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'The first thing we do, let's kill all the lan guage law yers.'

Henry VI, part II

Aims

The aims of the chap ter are to pro vide a back ground to the or ga ni za tion of the book.

1 Overview
1.1 Au di ences

The orig i nal Springer book was writ ten for some one with a back ground in pro gram ming.
This ver sion has added in tro duc tory ma te rial so the book is also suit able for the com plete
be gin ner with lit tle or no back ground in pro gram ming.

1.2 Sys tem Re quire ments

We will be run ning the course us ing a recent ver sion of Vi sual Stu dio .Net. This means us -
ing Win dows 10 (which was re leased in July 2015), and a rea son able spec i fi ca tion ma chine 
to try out the ex am ples in these notes and at tempt the prob lems.

We will also look at us ing the mono im ple men ta tion of C# un der Linux. De tails of how to
both are given be low.

1.3 Vi sual Stu dio Com mu nity Edi tion

Visit

https://visualstudio.microsoft.com/vs/com mu nity/

and you can down load Vi sual Stu dio and var i ous com pil ers. It is a free down load. Here is
some blurb taken from the Microsoft site.

· For in di vid u als

Any in di vid ual de vel oper can use Vi sual Stu dio Com mu nity to cre ate their

own free or paid apps.

· For or ga ni za tions

An un lim ited num ber of us ers within an or ga ni za tion can use Vi sual Stu dio

Com mu nity for the fol low ing sce nar ios: in a class room learn ing en vi ron -

ment, for ac a demic re search, or for con trib ut ing to open source pro jects.

· For all other us age sce nar ios:

In non-en ter prise or ga ni za tions, up to five us ers can use Vi sual Stu dio Com -

mu nity. In en ter prise or ga ni za tions (mean ing those with >250 PCs or >$1

Mil lion US Dol lars in an nual rev e nue), no use is per mit ted be yond the open

source, ac a demic re search, and class room learn ing en vi ron ment sce nar ios de -

scribed above.

1.4 C# un der Linux

This sec tion looks at do ing C# de vel op ment un der Linux.

Here is a link to the Wikipedia en try.

https://en.wikipedia.org/wiki/Mono_(soft ware)
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Here is a link to the github en try.

https://www.mono-pro ject.com/docs/about-mono/lan guages/csharp/

I cur rently use the fol low ing linux im ple men ta tions and distributions:

· cygwin

· openSuSe

· Na tive in stall - in stalled on sep a rate hard drive and cho sen 

at boot time us ing a boot man ager.

sudo zypper in stall mono-core

mcs c0901.cs

mono c0901.exe

· Hy per V: openSuSe Leap 15.1

sudo zypper in stall mono-core

mcs c0901.cs

mono c0901.exe

· SuSe

· WSL Linux Enterprise Server 15

· ubuntu

· WSL - 18.04 lts

sudo apt in stall mono-devel

mcs c0901.cs

c0901.exe

· Hy per V 18.04 lts

sudo apt in stall mono-devel

mcs c0901.cs

c0901.exe

WSL stands for Win dows Sub sys tem for Linux. Visit

https://docs.microsoft.com/en-us/win dows/wsl/in stall-win10

for more de tails, and how to in stall ubuntu 18.04 lts.

Hy per-V lets you run mul ti ple op er at ing sys tems as vir tual ma chines on Win dows. Visit 

https://docs.microsoft.com/en-us/virtualization/hy -
per-v-on-win dows/about/

for more in for ma tion, and de tails on how to in stall ubuntu 18.04 lts.

The openSuSe and ubuntu in stalls are ex tremely straight for ward.

1.5 On line course

The on line course is delivered us ing Zoom. Visit

https://zoom.us/

and reg is ter for a free ac count. 

1.6 Web addresses

My home ad dress is

Chapter1 Overview 17

© Ian D Chivers



http://www.rhymneyconsulting.co.uk/

and the C# ad dress is

http://www.rhymneyconsulting.co.uk/csharp/

and a range of re sources are avail able there.

The ex am ples are avail able as

· zip file

· in di vid ual files

The notes are called

· csharp_dot_net_pro gram ming_xxx.pdf

where xxx are three dig its.

You will need an PDF viewer. Adobe make a reader avail able at

https://get.adobe.com/uk/reader/

This doc u ment is nav i ga ble using hyperlinks, and it has a ta ble of con tents.
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Aims

The aims of the chap ter is to pro vide a brief cov er age of the his tory and on go ing de vel op -
ment of C#.

2 C# history and development
2.1 In tro duc tion

Microsoft is con tin u ing to de velop both C# and the .NET Frame work. 

2.2 Ver sion his tory

As of Fri day, June 5th, 2020, Vi sual Stu dio 2019 is the cur rent ver sion. Here is a his tory of 
the var i ous Vi sual Stu dio ver sions, taken from Wikipedia.

Re lease

date

Ver sion
num ber

Lat est
Up date
Ver sion

Lat est
Up date
Date

Sup port Ends
Sup ported
.NET 
Frame work

Sup ported
.NET 
Core

2019-04-02
[62]

16
16.6.0
[63]

19/05/2020

Cur rent sta ble 
ver sion: 
April 10, 2029
[65]

3.5 - 4.8
[66]

2.1,
2.2[66], 
3.0[67], 
3.1[68]

2017-03-07
[70]

15
15.9.23
[71]

19/05/2020

Older ver sion, 
yet still 
main tained: 
April 13, 2027
[72]

3.5 - 4.7.2
[73]

1.0-1.1
[74], 
2.0
[75], 
2.1

2015-07-20
[77][78]

14
Up date
3
[79]

27/06/2016

Older ver sion, 
yet still 
main tained: 
Oc to ber 14,
2025[80]

2.0 - 4.6.1 1

2013-10-17
[81][82]

12
Up date
5
[77]

20/07/2015

Older ver sion, 
yet still 
main tained: 
April 9, 2024
[83]

2.0 - 4.5.1 N/A

2012-09-12
[84][85]
[86]

11
Up date
5
[87]

24/08/2015

Older ver sion, 
yet still 
main tained: 
Jan u ary 10,
 2023
[88]

2.0 - 4.5 N/A
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Re lease

date

Ver sion
num ber

Lat est
Up date
Ver sion

Lat est
Up date
Date

Sup port Ends
Sup ported
.NET 
Frame work

Sup ported
.NET 
Core

2010-04-12
[90][91]

10

Ser vice
Pack 1
[92]
[93]

10/03/2011

Older ver sion, 
yet still 
main tained: 
July 14,
 2020[94]

2.0 - 4.0 N/A

2007-11-19
[96]

9
Ser vice
Pack 1
[97]

11/08/2008

Old ver sion, 
no lon ger 
main tained: 
April 10, 2018
[98]

2.0, 3.0, 3.5 N/A

2005-11-07
[100]

8
Ser vice
Pack 1
[101]

15/12/2006

Old ver sion, 
no lon ger
main tained: 
April 12, 2016
[102]

2 N/A

2003-04-24
[104]

7.1
Ser vice
Pack 1
[105]

15/08/2006

Old ver sion, 
no lon ger 
main tained: 
Oc to ber 14,
2013[106]

1.1 N/A

2002-02-13
[108]

7
Ser vice
Pack 1
[109]

08/03/2005

Old ver sion, 
no lon ger 
main tained: 
July 14, 2009
[110]

1 N/A

1998-09-02
[112][113]

6
Ser vice
Pack 6
[114]

29/03/2004

Old ver sion, 
no lon ger 
main tained: 
Sep tem ber 30,
2005
[115][116]

N/A N/A

1997-03-19
[118][119]
[120]

5
Ser vice
Pack 3

04/12/1997

Old ver sion, 
no lon ger 
main tained: 
June 30,
2003
[121][122]

N/A N/A
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2.3 Pro gram lan guage evolution

It is com mon with pro gram ming languages to evolve or de velop over time. C, C++, Co bol
and For tran have what are called stan dards com mit tees that work un der the aus pices of the
ISO. 

C# de vel op ment and evo lu tion is done by Microsoft.

2.4 C# lan guage his tory

The fol low ing has been taken ver ba tim from the Microsoft doc u men ta tion.

2.4.1 C# 1.0

When you go back and look, C# ver sion 1.0, re leased with Vi sual Stu dio .NET 2002,
looked a lot like Java. As part of

its stated de sign goals for ECMA, it sought to be a "sim ple, mod ern, gen eral-pur pose ob -
ject-ori ented lan guage." At the time, look ing like Java meant it achieved those early de sign
goals.

But if you look back on C# 1.0 now, you'd find your self a lit tle dizzy. It lacked the built-in
async ca pa bil i ties and some of the slick func tion al ity around generics you take for granted.
As a mat ter of fact, it lacked generics al to gether. And LINQ? Not avail able yet. Those ad -
di tions would take some years to come out.

C# ver sion 1.0 looked stripped of fea tures, com pared to to day. You'd find your self writ ing
some ver bose code. But yet, you have to start some where. 

C# ver sion 1.0 was a vi a ble al ter na tive to Java on the Win dows plat form.

The ma jor fea tures of C# 1.0 in cluded:

· Classes

· Structs

· In ter faces

· Events

· Prop er ties

· Del e gates

· Ex pres sions

· State ments

· At trib utes

2.4.2 C# 1.2

C# ver sion 1.2 shipped with Vi sual Stu dio .NET 2003. It con tained a few small en hance -
ments to the lan guage. Most no ta ble is that start ing with this ver sion, the code gen er ated in
a foreach loop called Dis pose on an IEnumerator when that IEnumerator im ple mented
IDisposable.

2.4.3 C# 2.0

Now things start to get in ter est ing. Let's take a look at some ma jor fea tures of C# 2.0, re -
leased in 2005, along with Vi sual Stu dio 2005:

· Generics

· Par tial types

· Anon y mous meth ods
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· Nullable value types

· Iterators

· Covariance and contravariance

Other C# 2.0 fea tures added ca pa bil i ties to ex ist ing fea tures:

· Get ter/set ter sep a rate ac ces si bil ity

· Method group con ver sions (del e gates)

· Static classes

· Del e gate in fer ence

While C# may have started as a ge neric Ob ject-Ori ented (OO) lan guage, C# ver sion 2.0
changed that in a hurry.

Once they had their feet un der them, they went af ter some se ri ous de vel oper pain points.
And they went af ter them in a sig nif i cant way.

With generics, types and meth ods can op er ate on an ar bi trary type while still re tain ing type
safety. For in stance, hav ing a List<T> lets you have List<string> or List<int> and per form
type-safe op er a tions on those strings or in te gers while you it er ate through them. Us ing
generics is better than cre ate ListInt that de rives from ArrayList or cast ing from Ob ject for
ev ery op er a tion.

C# ver sion 2.0 brought iterators. To put it suc cinctly, iterators let you ex am ine all the items 
in a List (or other Enumerable types) with a foreach loop. Hav ing iterators as a first-class
part of the lan guage dra mat i cally en hanced read abil ity of the lan guage and peo ple's abil ity
to rea son about the code.

And yet, C# con tin ued to play a bit of catch-up with Java. Java had al ready re leased ver -
sions that in cluded generics and iterators. But that would soon change as the lan guages con -
tin ued to evolve apart.

2.4.4 C# 3.0

C# ver sion 3.0 came in late 2007, along with Vi sual Stu dio 2008, though the full boat of
lan guage fea tures would ac tu ally come with .NET Frame work ver sion 3.5. This ver sion
marked a ma jor change in  the growth of C#. It es tab lished C# as a truly for mi da ble pro -
gram ming lan guage. Let's take a look at some ma jor fea tures in this ver sion:

· Auto-im ple mented prop er ties

· Anon y mous types

· Query ex pres sions

· Lambda ex pres sions

· Ex pres sion trees

· Ex ten sion meth ods

· Im plic itly typed lo cal vari ables

· Par tial meth ods

· Ob ject and col lec tion initializers

In ret ro spect, many of these fea tures seem both in ev i ta ble and in sep a ra ble. They all fit to -
gether stra te gi cally. It's gen er ally thought that C# ver sion's killer fea ture was the query ex -
pres sion, also known as Lan guage-In te grated Query (LINQ).
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A more nuanced view ex am ines ex pres sion trees, lambda ex pres sions, and anon y mous types 
as the foun da tion upon which LINQ is con structed. But, in ei ther case, C# 3.0 pre sented a
rev o lu tion ary con cept. C# 3.0 had be gun to lay the ground work for turn ing C# into a hy brid 
Ob ject-Ori ented / Func tional lan guage.

Spe cif i cally, you could now write SQL-style, de clar a tive que ries to per form op er a tions on
col lec tions, among other things. In stead of writ ing a for loop to com pute the av er age of a
list of in te gers, you could now do that as sim ply as list.Av er age() . The com bi na tion of
query ex pres sions and ex ten sion meth ods made it look as though that list of in te gers had
got ten a whole lot smarter.

It took time for peo ple to re ally grasp and in te grate the con cept, but they grad u ally did.
And now, years later, code is much more con cise, sim ple, and func tional.

2.4.5 C# 4.0

C# ver sion 4.0, re leased with Vi sual Stu dio 2010, would have had a dif fi cult time liv ing up
to the ground break ing sta tus of ver sion 3.0. With ver sion 3.0, C# had moved the lan guage
firmly out from the shadow of Java and into prom i nence. The lan guage was quickly be com -
ing el e gant.

The next ver sion did in tro duce some in ter est ing new fea tures:

· Dy namic bind ing

· Named/op tional ar gu ments

· Ge neric covariant and contravariant

· Em bed ded interop types

Em bed ded interop types al le vi ated a de ploy ment pain. Ge neric covariance and
contravariance give you more power to use generics, but they're a bit ac a demic and prob a -
bly most ap pre ci ated by frame work and li brary au thors. Named and op tional pa ram e ters let
you elim i nate many method over loads and pro vide con ve nience. But none of those fea tures
are ex actly par a digm al ter ing.

The ma jor fea ture was the in tro duc tion of the dy namic key word. The dy namic key word in -
tro duced into C# ver sion 4.0 the abil ity to over ride the com piler on com pile-time typ ing.
By us ing the dy namic key word, you can cre ate con structs sim i lar to dy nam i cally typed lan -
guages like JavaScript. You can cre ate a dy namic x = "a string" and then add six to it, leav -
ing it up to the runtime to sort out what should hap pen next.

Dy namic bind ing gives you the po ten tial for er rors but also great power within the lan -
guage.

2.4.6 C# 5.0

C# ver sion 5.0, re leased with Vi sual Stu dio 2012, was a fo cussed ver sion of the lan guage.
Nearly all of the ef fort for that ver sion went into an other ground break ing lan guage con cept: 
the async and await model for asyn chron ous pro gram ming. Here is the ma jor fea tures list:

· Asyn chron ous mem bers

· Caller info at trib utes

· Code Pro ject: Caller Info At trib utes in C# 5.0

The caller info at trib ute lets you eas ily re trieve in for ma tion about the con text in which
you're run ning with out re sort ing to a ton of boilerplate re flec tion code. It has many uses in
di ag nos tics and log ging tasks.
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But async and await are the real stars of this re lease. When these fea tures came out in 2012, 
C# changed the game again by bak ing asynchrony into the lan guage as a first-class par tic i -
pant. If you've ever dealt with long run ning op er a tions and the im ple men ta tion of webs of
callbacks, you prob a bly loved this lan guage fea ture. 

2.4.7 C# 6.0

With ver sions 3.0 and 5.0, C# had added ma jor new fea tures in an ob ject-ori ented lan guage. 
With ver sion 6.0, re leased with Vi sual Stu dio 2015, it would go away from do ing a dom i -
nant killer fea ture and in stead re lease many smaller fea tures that made C# pro gram ming
more pro duc tive. Here are some of them:

· Static im ports

· Ex cep tion fil ters

· Auto-prop erty initializers

· Ex pres sion bod ied mem bers

· Null prop a ga tor

· String in ter po la tion

· nameof op er a tor

· In dex initializers

· Await in catch/fi nally blocks

· De fault val ues for get ter-only prop er ties

Each of these fea tures is in ter est ing in its own right. But if you look at them al to gether, you 
see an in ter est ing pat tern. In this ver sion, C# elim i nated lan guage boilerplate to make code
more terse and read able. So for fans of clean, sim ple code, this lan guage ver sion was a
huge win.

They did one other thing along with this ver sion, though it's not a tra di tional lan guage fea -
ture in it self. They re leased Ros lyn the com piler as a ser vice. The C# com piler is now writ -
ten in C#, and you can use the com piler as part of your pro gram ming ef forts. 

2.4.8 C# 7.0

C# ver sion 7.0 was re leased with Vi sual Stu dio 2017. This ver sion has some evo lu tion ary
and cool stuff in the vein of C# 6.0, but with out the com piler as a ser vice. Here are some of 
the new fea tures:

· Out vari ables

· Tuples and de cons truc tion

· Pat tern match ing

· Lo cal func tions

· Ex panded ex pres sion bod ied mem bers

· Ref lo cals and re turns

· Dis cards

· Bi nary Lit er als and Digit Sep a ra tors

· Throw ex pres sions
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All of these fea tures of fer cool new ca pa bil i ties for de vel op ers and the op por tu nity to write
even cleaner code than ever. A high light is con dens ing the dec la ra tion of vari ables to use
with the out key word and by al low ing mul ti ple re turn val ues via tuple.

But C# is be ing put to ever broader use. .NET Core now tar gets any op er at ing sys tem and
has its eyes firmly on the cloud and on por ta bil ity. These new ca pa bil i ties cer tainly oc cupy
the lan guage de sign ers' thoughts and time, in ad di tion to com ing up with new fea tures. 

2.4.9 C# 7.1

C# started re leas ing point re leases with C# 7.1. This ver sion added the lan guage ver sion se -
lec tion con fig u ra tion el e ment, three new lan guage fea tures, and new com piler be hav iour.

The new lan guage fea tures in this re lease are:

· async Main method

· The en try point for an ap pli ca tion can have the async

mod i fier.

· de fault lit eral ex pres sions

· You can use de fault lit eral ex pres sions in de fault value ex -

pres sions when the tar get type can be in ferred.

· In ferred tuple el e ment names

· The names of tuple el e ments can be in ferred from tuple

ini tial iza tion in many cases.

· Pat tern match ing on ge neric type pa ram e ters

· You can use pat tern match ex pres sions on vari ables whose 

type is a ge neric type pa ram e ter.

Fi nally, the com piler has two op tions -refout and -refonly that con trol ref er ence as sem bly
gen er a tion.

2.4.10 C# 7.2

C# 7.2 added sev eral small lan guage fea tures:

· Tech niques for writ ing safe ef fi cient code

· A com bi na tion of syn tax im prove ments that en able work -

ing with value types us ing ref er ence se man tics.

· Non-trail ing named ar gu ments

· Named ar gu ments can be fol lowed by po si tional ar gu -

ments.

· Lead ing un der scores in nu meric lit er als

· Nu meric lit er als can now have lead ing un der scores be fore

any printed dig its.

· pri vate pro tected ac cess mod i fier

· The pri vate pro tected ac cess mod i fier en ables ac cess for

de rived classes in the same as sem bly.

· Con di tional ref ex pres sions

·
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· The re sult of a con di tional ex pres sion ( ?: ) can now be a

ref er ence.

2.4.11 C# 7.3

There are two main themes to the C# 7.3 re lease. One theme pro vides fea tures that en able
safe code to be as performant as un safe code. The sec ond theme pro vides in cre men tal im -
prove ments to ex ist ing fea tures. In ad di tion, new com piler op tions were added in this re -
lease.

The fol low ing new fea tures sup port the theme of better per for mance for safe code:

· You can ac cess fixed fields with out pin ning.

· You can re as sign ref lo cal vari ables.

· You can use initializers on stackalloc ar rays.

· You can use fixed state ments with any type that sup ports a pat tern.

· You can use ad di tional ge neric con straints.

The fol low ing en hance ments were made to ex ist ing fea tures:

· You can test == and != with tuple types.

· You can use ex pres sion vari ables in more lo ca tions.

· You may at tach at trib utes to the back ing field of auto-im ple mented prop er ties.

· Method res o lu tion when ar gu ments dif fer by in has been im proved.

· Over load res o lu tion now has fewer am big u ous cases.

The new com piler op tions are:

· -publicsign to en able Open Source Soft ware (OSS) sign ing 

of as sem blies.

· -pathmap to pro vide a map ping for source di rec to ries.

2.4.12 C# 8.0

C# 8.0 is the first ma jor C# re lease that spe cif i cally tar gets .NET Core. Some fea tures rely
on new CLR ca pa bil i ties, oth ers on li brary types added only in .NET Core. C# 8.0 adds the
fol low ing fea tures and en hance ments to the C# lan guage:

· Readonly mem bers

· De fault in ter face meth ods

· Pat tern match ing en hance ments:

· Switch ex pres sions

· Prop erty pat terns

· Tuple pat terns

· Po si tional pat terns

· Us ing dec la ra tions

· Static lo cal func tions

· Dis pos able ref structs

· Nullable ref er ence types

· Asyn chron ous streams
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· In di ces and ranges

· Null-co alesc ing as sign ment

· Unmanaged con structed types

· Stackalloc in nested ex pres sions

· En hance ment of in ter po lated ver ba tim strings

De fault in ter face mem bers re quire en hance ments in the CLR. Those fea tures were added in
the CLR for .NET Core 3.0. Ranges and in dexes, and asyn chron ous streams re quire new
types in the .NET Core 3.0 li brar ies. Nullable ref er ence types, while im ple mented in the
com piler, is much more use ful when li brar ies are an no tated to pro vide se man tic in for ma tion 
re gard ing the null state of ar gu ments and re turn val ues. Those an no ta tions are being added
in the .NET Core li brar ies.

2.5 Bib li og ra phy

The Microsoft site is a good place to start.
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“Don't Panic.”

Douglas Adams, The Hitch Hiker's Guide to the Gal axy

Aims

The aims of this chap ter are to in tro duce the fol low ing:

· The com po nents of a com puter — the hard ware.

· The com po nents of a com plete com puter sys tem — the other de vices that you

need to do use ful work with a com puter.

· The soft ware needed to make the hard ware do what you want it do.

3 Introduction to Computer Systems
A com puter is an elec tronic de vice and can be thought of as a tool like a le ver or a wheel,
which can be made to do use ful work. At the fun da men tal level it works with bits (bi nary
dig its or se quences of ze ros and ones). Bits are gen er ally put to gether in larger con fig u ra -
tions, e.g., 8, 16, 32, or 64. Hence com put ers are of ten re ferred to as 8-bit, 16-bit, 32-bit, or 
64-bit ma chines. Most sys tems to day are 64 bit.

3.1 The core of a com puter sys tem

The heart of most com puter sys tems com prises a moth er board, CPU, mem ory, one or more
bus ses and a power sup ply. We will look at the CPU, mem ory and bus in more depth be -
low.

3.1.1 Cen tral pro ces sor unit — CPU

This is the brains of the com puter. All of the work that the com puter does is or gan ised here.

3.1.2 Mem ory

The com puter also has a mem ory. Mem ory on a com puter is a solid state de vice that com -
prises an or dered col lec tion of bits/bytes/words that can be read or writ ten by the CPU. A
byte is gen er ally 8 bits (as in 8-bit byte), and a word is most com monly ac cepted as the
min i mum num ber of bits that can be ref er enced by the CPU. This ref er enc ing is called ad -
dress ing. The mem ory typ i cally con tains pro grams and data. 

The two most com mon word sizes are 32 and 64 bits.

A com puter mem ory is of ten called ran dom ac cess mem ory, or RAM. This sim ply means
that the ac cess time for any part of the mem ory is the same; in or der to ex am ine lo ca tion
(say) 97, it is not nec es sary to first look through lo ca tions 1 to 96. It is pos si ble to go di -
rectly to lo ca tion 97. A slightly better term might have been ac cess at ran dom. The mem ory 
it self is highly or dered.

3.1.3 Bus

A bus is a set of con nec tions be tween the CPU and other com po nents. The bus is used for a 
va ri ety of pur poses. These in clude ad dress sig nals, which tell the mem ory which words are
wanted next and data lines, which are used to trans fer data to and from mem ory and to and
from other parts of the com puter sys tem. This is typ i cal of many sys tems, but sys tems do
vary con sid er ably; so while the in for ma tion above may not be true in spe cific cases, it pro -
vides a gen eral model.
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3.2 Other com po nents of a com puter sys tem

So far the com puter we have de scribed is not suf fi ciently ver sa tile. We have to add on other 
pieces of elec tron ics to make it re ally use ful.

3.2.1 Disks

These are de vices for stor ing col lec tions of bits, which are in ev i ta bly or ga nised in re al ity
into bytes and files. One ad van tage of add ing these to our com puter sys tem is that we can
switch the ma chine off, go away and come back at a later time and con tinue with what we
were do ing.

Mem ory is ex pen sive and fast, whereas disks are slower but cheaper. Most com puter sys -
tems bal ance speed against cost, and have a small mem ory in re la tion to disk ca pac ity.

Many peo ple will be fa mil iar with the two main types of disks: in ter nal and ex ter nal. In ter -
nal disks are in side the sys tem and rarely seen. Ex ter nal disk are typ i cally usb con nected
and vary in ca pac ity and size enor mously. 

Optical drives are an es sen tial part of pres ent day sys tems. They ex ist in a va ri ety of fla -
vours in clud ing CD, DVD and Bluray forms.

3.2.2 Oth ers

There are a large num ber of other in put and out put de vices. These vary con sid er ably from
sys tem to sys tem, de pend ing on the work be ing car ried out. They in clude:

· Net work (ethernet or wifi) cards for ac cess to lo cal and wide area net works.

· Print ers of a va ri ety of types.

· Col our plot ters.

· Phototypesetters.

· Pens.

· Sound in ter faces, both for speech rec og ni tion and sound pro duc tion.

· Scan ners.

· Web cam eras.

· Joy sticks.

· Mem ory sticks.

The most im por tant I/O de vices are the key board and the screen, whether you use a ter mi -
nal, PC or work sta tion. This book has been writ ten as sum ing that most of your work will be 
done at one of these de vices.

Ter mi nals fall into two cat e go ries, char ac ter-based de vices (and the DEC VT se ries was a
very pop u lar one) and graph i cal de vices (the X-Windows ter mi nals are the most pop u lar).
Ter mi nal ac cess to re mote sys tems is of ten pro vided on PCs us ing ter mi nal em u la tion soft -
ware, e.g., Telnet, WinQVT and X-Windows ac cess to UNIX sys tems via soft ware like
Vista Ex ceed.

PCs pro vide the op por tu nity for cheap and pow er ful desk top com put ing fa cil i ties, where the 
pro cess ing is done lo cally.

Work sta tions are more pow er ful than mi cro com put ers but this di vi sion is be com ing rather
blurred with the re cent gen er a tions of pro ces sors. Screens on these de vices are graph i cally
ori ented. Ac cess to these sys tems is via a graph i cal or win dows in ter face.

This means that the de vice we use looks rather like an or di nary type writer key board, al -
though some of the keys are dif fer ent. How ever, the lo ca tion of the let ters, num bers and
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com mon sym bols is fairly stan dard. Don't panic if you have never met a key board be fore.
You don't have to know much more than where the keys are. Few pro gram mers, even pro -
fes sion als, ad vance be yond the stage of us ing two in dex fin gers and a thumb for typ ing.
You will find that speed in typ ing is rarely im por tant; it's ac cu racy that counts.

One thing that peo ple un fa mil iar with key boards of ten fail to real ise is that what you have
typed in is not sent to the com puter un til you press the car riage re turn key. To achieve any
sort of com mu ni ca tion you must press that key; it will be some where on the right-hand side 
of the key board, and will be marked re turn, c/r, send, en ter, or some thing sim i lar.

3.3 Software

So far we have not men tioned soft ware. Soft ware is the name given to the pro grams that
run on the hard ware. Pro grams are writ ten in lan guages. Com puter lan guages are fre quently 
di vided into two cat e go ries: high level and low level. A low-level lan guage (e.g., as sem -
bler) is closer to the hard ware, whereas a high-level lan guage (e.g., For tran) is closer to the
prob lem state ment. There is typ i cally a one-to-one cor re spon dence be tween an as sem bly
lan guage state ment and the ac tual hard ware in struc tion. With a high-level lan guage there is
a one-to-many cor re spon dence; one high-level state ment will gen er ate many ma chine-level
in struc tions.

A cer tain amount of gen eral pur pose soft ware will have been pro vided by the man u fac turer. 
This soft ware will typ i cally in clude the ba sic op er at ing sys tem, one or more com pil ers, an
as sem bler, an ed i tor, and a loader or link ed i tor.

· A com piler trans lates high-level state ments into ma chine in struc tions.

· An as sem bler trans lates low-level or as sem bly lan guage state ments into ma chine 

in struc tions.

· An ed i tor makes changes to text files, e.g., pro gram sources.

· A loader or link ed i tor takes the out put from the com piler and com pletes the

pro cess of gen er at ing some thing that can be ex e cuted on the hard ware.

These pro grams will vary con sid er ably in size and com plex ity. Cer tain pro grams that make
up the op er at ing sys tem will be quite sim ple and small (like copy ing util i ties), whereas cer -
tain oth ers will be rel a tively large and com plex (like a com piler).

In this book we con cen trate on soft ware or pro grams that you write for your re search or
course work. As the book pro gresses you will be in tro duced to ways of build ing on what
other peo ple have produced and how to take ad van tage of the vast amount of soft ware al -
ready writ ten, tested and doc u mented.

3.4 Prob lems 

1. Dis tin guish be tween a mem ory ad dress and mem ory con tents.

2. What does RAM stand for?

3. What would a WOM (write only mem ory) do? How would you use it?

4. What does CPU stand for? What does it do?

5 What does a com piler do?

6 What does a linker do?

3.5 Bibliography

Baer J.L., Com puter Sys tems Ar chi tec ture, Com puter Sci ence Press.
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Ex tremely read able cov er age of this whole area. The ver sion could do with an up -

date, but it is still a very im pres sive cov er age. Highly rec om mended.

Bhandarkar D.P., Al pha Im ple men ta tion and Ar chi tec ture: Com plete Ref er ence and Guide,
Dig i tal Press, 1996.

Ex cel lent source of in for ma tion on the Al pha ar chi tec ture.

Intel cur rently make a lot of ma te rial avail able on their web site. Two use ful URLs are:

http://www.intel.com/

and

http://de vel oper.intel.com/

Well worth a look. Many pub li ca tions are avail able in Adobe Ac ro bat Por ta ble Doc -
u ment For mat — PDF.

Reeves C.M., An In tro duc tion to Log i cal De sign of Dig i tal Cir cuits, CUP, 1972.

This book pro vides cov er age of the con struc tion of the very sim ple elec tronic build -
ing blocks from which most mod ern com puter sys tems are made. Rel a tively the o ret -

i cal.

Tannenbaum A.S., Struc tured Com puter Or gani sa tion, Prentice-Hall, 1976.

Very good cov er age look ing at a com puter sys tem in terms of a hi er ar chy of lev els.

An easy read.
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“‘Where shall I be gin your Maj esty’ he asked.
‘Be gin at the be gin ning,’ the King said, gravely ‘and go
on till you come to the end then stop.’”

Lewis Carroll, Al ice's Ad ven tures in Won der land

Aims

The aims of this chap ter are:

· To pro vide a brief his tory of op er at ing sys tem de vel op ment.

· To look briefly at some com monly used op er at ing sys tems:

· DOS and Win dows.

· UNIX and X-Win dows.

· Linux and X-Win dows.

· VMS and Open VMS.

4 Introduction to Operating Systems
A sim ple def i ni tion of an op er at ing sys tem is the suite of pro grams that make the hard ware
us able. Most com puter sys tems pro vide one. They vary con sid er ably from those avail able
on early mi cro com put ers, like CP/M, to DOS and the var i ous ver sions of Microsoft Win -
dows on PCs and UNIX with X-Windows and Linux with X-Windows on workstations and
super com put ers.

From the de signer's point of view op er at ing systems are mainly re source man agers. They
al low man age ment of the CPU, disks and I/O de vices. They have to pro vide a user in ter face 
for com puter op er a tors, pro fes sional pro gram mers (whether sys tems or ap pli ca tions), ad -
min is tra tors of the sys tem, and fi nally the ca sual end user. As can be imag ined, these
groups have dif fer ent func tional re quire ments. It is there fore use ful to look at the de vel op -
ment of op er at ing sys tems, and see a shift from sat is fy ing the re quire ments of the pro fes -
sional to sat is fy ing the re quire ments of the ca sual end user.

4.1 His tory of op er at ing sys tems

4.1.1 The 1940s

Early com puter sys tems had no op er at ing sys tems in the mod ern sense of the word. An
early com mer cially avail able ma chine was the IBM 604 which could un der take some 60
pro gram steps be fore us ing punch cards as back ing store. The end user had in ti mate knowl -
edge of the ma chine and pro grammed at a very low level.

4.1.2 The 1950s

This era saw a rapid change in the ca pa bil i ties of op er at ing sys tems. They were de signed to 
make ef fi cient use of an ex pen sive re source. Jobs were batched so that the time be tween
jobs was min i mised. The end user was now dis tanced from the ma chine. This era saw rapid 
de vel op ment in pro gram lan guage de sign and a no ta ble end to the pe riod was the de sign of
Algol 60.
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4.1.3 The 1960s

The next mile stone was the in tro duc tion of multiprogramming. Prob a bly ini tially seen as a
way of mak ing ef fi cient use of hard ware it her alded the idea of time shar ing. A time-shar -
ing sys tem is char ac ter ised by the con ver sa tional na ture of the in ter ac tion and the use of a
key board. This had a tre men dous im pact on the range of uses that a com puter sys tem had
and on the pro gram de vel op ment pro cess.

4.1.4 The 1960s and 1970s

The re al isa tion that com puter sys tems could be used in a wide range of hu man ac tiv i ties
saw the de vel op ment of large, gen eral pur pose sys tems, and prob a bly the most fa mous of
these was the IBM 360 se ries. These sys tems were some of the most com plex pro gram ming 
endeavours un der taken, and most pro jects were late and well over bud get. These costly mis -
takes helped lead to the es tab lish ment of soft ware en gi neer ing as a dis ci pline.

The con tri bu tion of the time-shar ing sys tem to pro gram de vel op ment was quickly real ised
to be con sid er able. A sys tem that was de vel oped dur ing this pe riod was UNIX — and this
op er at ing sys tem has a very sharp set of tools to aid in pro gram de vel op ment.

4.1.5 The 1970s, 1980s, and 1990s

The 1970s rep re sented a pe riod of rel a tive sta bil ity with newer and more com plex ver sions
of ex ist ing sys tems.

Dur ing this pe riod the im por tance of graph i cal in ter faces emerged and, with drop ping hard -
ware costs, graph i cal in ter faces started to dom i nate.

The Ap ple Macintosh her alded a new era and be came a pop u lar choice for many peo ple. At 
the same time graph i cal in ter faces were be ing added to ex ist ing ma jor op er at ing sys tems,
with X-Windows and as so ci ated higher-level sys tems hid ing raw UNIX from many us ers
and Microsoft Win dows on the Intel fam ily of pro ces sors.

Linux (a free UNIX vari ant) is pop u lar in the sci en tific field, and a very good al ter na tive to 
DOS and Win dows on the Intel fam ily of pro ces sors.

4.2 Networking

Net working sim plis ti cally is a way of con nect ing two or more com puter sys tems.
Networking com puter sys tems is not new. One of the first was the SAGE mil i tary net work,
funded by the US DoD in the 1950s.

Net working ca pa bil ity has un der gone a mas sive in crease dur ing the com puter age. Lo cal
net works of two or three sys tems through tens of sys tems in small re search groups and or -
ga ni za tions are now ex tremely com mon place. It is not un usual now to have in ex cess of a
thou sand net work con nected de vices on one lo cal area net work.

Wide-area net work ing is also quite com mon, and most ma jor or ga ni sa tions now have net -
works span ning a coun try or even the whole world.

One of the most widely used wide-area net works in the ac a demic and sci en tific world is the 
Internet, and there are many mil lions of sys tems on the Internet at the time of writ ing this
book.

A num ber of books on net work ing are in cluded in the bib li og ra phy.

4.3 Prob lems

1. What type of sys tem do you use, i.e., is it a stand alone mi cro com puter, ter mi nal, work -
sta tion, etc?

2. Is it net worked, and if so in what way?
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3. Is wide-area net work ing avail able?

4. Is a graph i cal in ter face avail able?

4.4 Bibliography

Whilst some of the fol low ing books are old, they do pro vide an in tro duc tion to some of the
his tory of com put ing. 

Brooks F.P., The Myth i cal Man Month: Es says on Soft ware En gi neering, Ad di son-Wes ley,
1982.

A very tell ing cov er age of the de vel op ment of the op er at ing sys tem for the IBM 360 

se ries of sys tems. A must for any one in volved in the lon ger term in pro gram de vel -

op ment.

Deitel H.M., An In tro duc tion to Op er ating Sys tems, Ad di son-Wes ley, 1984.

One of the most ac ces si ble books on op er at ing sys tems with cov er age of pro cess

man age ment, stor age man age ment, pro ces sor man age ment, aux il iary stor age man -
age ment, per for mance, net works and se cu rity, with case stud ies of the ma jor play ers 

in clud ing UNIX, VMS, CP/M, MVS, VM, DOS and Win dows.

Feit S., TCP/IP, Ar chi tec ture, Pro to cols, and Im ple men ta tion, McGraw-Hill.

A more tech ni cal book than Kroll, well writ ten with a wealth of in for ma tion for the

more in quis i tive reader.

Kroll E., The Whole Internet User's Guide and Cat a log, O'Reilly, 1994.

The Internet book. Writ ten with very ob vi ous en thu si asm by Mis ter Internet him self!

Wikipedia has sev eral en tries worth look ing at. This is the UNIX en try.

https://en.wikipedia.org/wiki/Unix

Here is the Linux en try.

https://en.wikipedia.org/wiki/Linux

Here are some fig ures on mar ket share of op er at ing sys tems taken from Wikipedia.

Desktops and laptops

· as of March 2015, the es ti mated mar ket share of Linux on desktops  is around

1.5%. In com par i son, Win dows has a mar ket share of around 91.5%, while the

Mac cov ers around 7%.

Web serv ers

· Linux held 12.7% of the over all server mar ket in 2007 This es ti mate was based

on the num ber of Linux serv ers sold by var i ous com pa nies, and did not in clude

server hard ware pur chased sep a rately which had Linux in stalled on it later. In

Sep tem ber 2008 Microsoft CEO  stated that 60% of Web serv ers ran Linux ver -

sus 40% that ran Win dows.

Here is their en try on Linux dis tri bu tions.

https://en.wikipedia.org/wiki/Com par i son_of_Linux_dis tri bu -
tions

Two of the older dis tri bu tions are Redhat and Suse. Here are links to their wiki pages.

https://en.wikipedia.org/wiki/SUSE_Linux_dis tri bu tions

https://en.wikipedia.org/wiki/Red_Hat_En ter prise_Linux
https://en.wikipedia.org/wiki/Red_Hat_Linux

Free open source ver sions of the above also ex ist. Visit the fol low ing sites for more de tails.

34 Introduction to Operating Systems Chapter 4

© Ian D Chivers



https://en.wikipedia.org/wiki/Fe dora_(op er at ing_sys tem)
https://en.wikipedia.org/wiki/CentOS
https://en.wikipedia.org/wiki/OpenSUSE

The opensuse dis tri bu tion has a very good dual boot in staller and in te gra tion with the Win -
dows op er at ing sys tem.
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“Maybe one day we will be glad to re mem ber even these things.”

Vir gil

Aims

The aims of this chap ter are to in tro duce some of the fun da men tals of us ing a com puter
sys tem, in clud ing:

· Files.

· Ed i tors.

· Sys tems ac cess and net work ing.

5 Introduction to Using a Computer System
There are a num ber of con cepts that un der pin your use of any com put ing sys tem. Sit ting at
a high-res o lu tion col our screen with a myr iad of icons this may not be im me di ately ap par -
ent, but de vel op ing an ap pre ci a tion of it will help con sid er ably in the long term and when
you in ev i ta bly mov e from one sys tem to an other.

5.1 Files

A file is a col lec tion of in for ma tion that you re fer to by name, e.g., if you were to use a
word pro ces sor to pre pare a let ter then the let ter would ex ist in de pend ently as a file on that
sys tem, gen er ally on a disk. With graph i cal in ter faces there will be a sys tem atic iconic rep -
re sen ta tion of files.

There will be many ways of ma nip u lat ing files on the op er at ing sys tem that you work on.
You will use an ed i tor to make changes to a file. This file might be the source of a pro gram 
and you could then use a com piler to com pile your pro gram. The com piler will gen er ate a
num ber of files, some of in ter est to you, oth ers for its own use. There will be com mands in
the op er at ing sys tem to make cop ies of files, back files up onto a va ri ety of me dia, etc.

5.2 Ed i tors

All gen eral pur pose com puter sys tems have at least one ed i tor so that you can mod ify pro -
grams and data. Screen ed i tors are by far the eas i est to use, with changes you make to the
file be ing im me di ately vis i ble on the screen in front of you.

Some ed i tors will have so phis ti cated com mand modes of op er a tion with pat tern match ing
al low ing very pow er ful text-pro cess ing ca pa bil i ties. These can au to mate many com mon
tasks, tak ing away the man ual, re pet i tive drudg ery of screen-based ed it ing.

5.3 Sin gle-user sys tems

These are be com ing in creas ingly com mon, in use both at work and in the home. The PC is
a very pop u lar choice in the sci en tific com mu nity. They of fer ease of use and ac cess to a
con sid er able amount of raw pro cess ing power for com puter-in ten sive ap pli ca tions.

5.4 Net worked sys tems

It is quite com mon to in ter con nect the above to lo cal and wide-area net works. This same
net work would also have file serv ers, print ers, plot ters, mail gate ways, etc. 
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Work sta tions are gen er ally net worked in an en vi ron ment like the above, pro vid ing very
pow er ful pro cess ing ca pa bil ity.

5.5 Multiuser sys tems

One step above mi cro com put ers and workstations are multiuser sys tems. The di vid ing lines
be tween mi cro com put ers, in di vid ual workstations and multiuser sys tems are rap idly be com -
ing blurred.

Multiuser sys tems, es pe cially the larger ones, are very pop u lar as they re lieve the ca sual
end users from much of the drudg ery of the day-to-day tasks: back ing up disks, in stall ing
new ver sions of the soft ware, lo cat ing and fix ing prob lems with soft ware that does n't work
quite as it should, etc., are car ried out by a sys tem man ager or op er a tor.

Here we find one per son with the role of reg is ter ing new us ers, back ing up the file sys tem,
sort ing out printer prob lems, net work ing prob lems, etc. This also means that not all of the
us ers of the sys tem have to re mem ber rather ar cane and some times rather mag i cal com -
mands! They can get on with solv ing their ac tual prob lems.

5.6 Other use ful things to know

You will soon need to know what files you are work ing with and there will be com mands
to do this. There will be a need to get rid of files and there will be com mands to achieve
this.

There will be ways of get ting on-line help, and help as a com mand is (for once!) used by a
va ri ety of op er at ing sys tems. On UNIX sys tems the rather more un in tel li gi ble man com -
mand is avail able.

There will be com mands to print pro gram list ings and data files

With net worked and multiuser sys tems there will be com mands to send and re ceive elec -
tronic mail to/from other us ers. It is easy to send and re ply to mail from peo ple across the
world, of ten in hours and even min utes. Ta ble 4.1 has ex am ples of some com mon op er at ing 
sys tem com mands in DOS, UNIX, Linux and VMS.

Op er at ing sys tem                   DOS                UNIX              VMS
and com mand                                                 Linux

What files are there                dir                    ls                     dir

Get rid of a file                       del                   rm                    del

Copy a file                              copy                cp                    copy

Dis play a file on the screen   type                 cat                   type

Print a file                               print                 pr                     print

Cre ate or make changes

to a file                                   edit                  ed                    edit

                                                                        vi                     edit/tpu
Make a subdi rec tory               mkdir, md       md                   cre ate/dir

Change to an other di rec tory   chdir, cd          cd                    set de fault

Ta ble 4.1 Com mon Op er at ing Sys tem Com mands
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5.7 Com mon meth ods of us ing com puter sys tems to de velop pro -
grams

The fol low ing are some of the ways in which you can use a com puter sys tem to de velop
pro grams:

· PC run ning Win dows and X-Win dow ing soft ware to ac cess a re mote sys tem

with a com piler in stalled, GUI in ter face.

· PC run ning Linux and X-Win dows to ac cess a re mote sys tem with a com piler
in stalled, GUI in ter face.

· PC run ning Win dows and telnet or ssh to ac cess a re mote sys tem with a com -

piler in stalled, ter mi nal-style in ter face.

· PC run ning Linux and telnet or ssh to ac cess a re mote sys tem with a com piler

in stalled,  ter mi nal-style in ter face.

· PC run ning Win dows, lo cal com piler in stalled.

· PC run ning Linux, lo cal com piler in stalled.

· Pro pri etary work sta tion, lo cal com piler in stalled.

· Pro pri etary work sta tion, ac cess ing com piler on re mote sys tem.

All will have one thing in com mon and that is that the fol low ing cy cle is used:

· Edit your pro gram.

· Com pile the pro gram.

· Run the pro gram.

· Check the an swers.

· Go back and edit the pro gram to cor rect the er rors and re peat un til the an swers

are what you ex pect!

5.8 Bibliography

The main sources here are the man u als and doc u men ta tion pro vided by the sup plier of
what ever sys tem you use. These are in creas ingly of a very high stan dard. How ever they are 
in ev i ta bly writ ten to high light the pos i tive and down play the neg a tive as pects of the sys -
tems. The next sources are the many third-party books writ ten and widely avail able
through out the world. These vary con sid er ably in price from ba sic in tro duc tory coverages
to very com pre hen sive ref er ence works. These are a very good com ple ment to the first. The 
fol low ing URL is a very good source of UNIX in for ma tion.

· http://unixhelp.ed.ac.uk/

Gilly D., UNIX in a Nut shell, O'Reilly.

A very good quick ref er ence guide. As sumes some fa mil iar ity with UNIX. Cur rent
edi tion (at the time of writ ing this book) was Sys tem V Re lease IV, with Solaris 2.0. 

Also pro vides cov er age of the var i ous shells, Bourne, Korn and C.

El len Seiver, Linux in a Nut shell, O'Reilly.

Linux ver sion of the above. 

Microsoft, Win dows User's Guide, Microsoft Press.

Good cov er age of Win dows and suit able for the be gin ner and in ter me di ate level
user. Suf fi cient for most us ers. A mas sive im prove ment over ear lier ver sions.
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Other use ful O'Reilly pub li ca tions in clude

Learnig the vi ed i tor

Learn ing the bash shell

Sed and Awk.
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“They con structed lad ders to reach to the top of the en emy's wall, and they did this by cal -
cu lat ing the height of the wall from the num ber of lay ers of bricks at a point which was
fac ing in their di rec tion and had not been plas tered. The lay ers were counted by a lot of
peo ple at the same time, and though some were likely to get the fig ure wrong the ma jor ity
would get it right... Thus, guess ing what the thick ness of a sin gle brick was, they cal cu lated 
how long their lad der would have to be.”

Thucydides, The Peloponnesian War

“‘When I use a word,’ Humpty Dumpty said, in a rather scorn ful tone, ‘it means just what I 
choose it to mean — nei ther more nor less.’
‘The ques tion is,’ said Al ice, ‘whether you can make words mean so many dif fer ent
things.’”

Lewis Carroll, Through the Look ing Glass and What Al ice Found There

Aims

The aims of this chap ter are:

· To ex am ine some of the ideas and con cepts in volved in prob lem solv ing.

· To in tro duce the con cept of an al go rithm.

· To in tro duce two ways of ap proach ing al go rith mic prob lem solv ing.

· To in tro duce the ideas in volved with sys tems anal y sis and de sign, i.e., to show

the need for pen cil and pa per study be fore us ing a com puter sys tem.

6 Introduction to Problem Solving
It is in for ma tive to con sider some of the dic tio nary def i ni tions of prob lem:

· A mat ter dif fi cult of set tle ment or so lu tion, Cham bers.

· A ques tion or puz zle pro pounded for so lu tion, Cham bers.

· A source of per plex ity, Cham bers.

· Doubt ful or dif fi cult ques tion, Ox ford.

· Prop o si tion in which some thing has to be done, Ox ford.

· A ques tion raised for en quiry, con sid er ation, or so lu tion, Web ster's.

· An in tri cate un set tled ques tion, Web ster's.

A com mon thread seems to be a ques tion that we would like an swered or solved. So one of
the first things to con sider in prob lem solv ing is how to pose the prob lem. This is of ten not
as easy as is seems. Two of the most com mon meth ods to use here are:

· In nat u ral lan guage.

· In ar ti fi cial or styl ised lan guage.

Both meth ods have their ad van tages and dis ad van tages.
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6.1 Nat u ral lan guage

Most peo ple use nat u ral lan guage and are fa mil iar with it, and the two most com mon forms 
are the writ ten and spo ken word. Con sider the fol low ing lan guage us age:

· The dif fer ence be tween a 3-year-old child and an adult de scrib ing the world.

· The dif fer ence be tween the way an en gi neer and a phys i cist would ap proach the
de sign of a car en gine.

· The dif fer ence be tween a man ager and a worker con sid er ing the im pli ca tions of

the in tro duc tion of new tech nol ogy.

Great care must be taken when us ing nat u ral lan guage to de fine a prob lem and a so lu tion. It 
is pos si ble that peo ple use the same lan guage to mean com pletely dif fer ent things, and one
must be aware of this when us ing nat u ral lan guage whilst prob lem solv ing.

Nat u ral lan guage can also be am big u ous: Old men and women eat cheese. Are both the
men and women old?

6.2 Ar ti fi cial lan guage

The two most com mon forms of ar ti fi cial lan guage are tech ni cal ter mi nol ogy and no ta tions. 
Tech ni cal ter mi nol ogy gen er ally in cludes both the use of new words and al ter nate use of
ex ist ing words. Con sider some of the con cepts that are use ful when ex am in ing the ex pan -
sion of gases in both a the o ret i cal and prac ti cal fash ion:

· Tem per a ture.

· Pres sure.

· Mass.

· Iso ther mal ex pan sion.

· Adi a batic ex pan sion.

Now look at the fol low ing:

· A chef us ing a pres sure cooker.

· A ga rage me chanic work ing on a car en gine.

· A doc tor mon i tor ing blood pres sure.

· An en gi neer de sign ing a gas tur bine.

Each has a par tic u lar prob lem to solve, and all will ap proach their prob lem in their own
way; thus they will each use the same ter mi nol ogy in slightly dif fer ent ways.

6.2.1 No ta tions

Some ex am ples of no ta tions are:

· Al ge bra.

· Cal cu lus.

· Logic.

All of the above have been used as no ta tions for de scrib ing both prob lems and their so lu -
tions.

6.3 Resumé

We there fore have two ways of de scrib ing prob lems and they both have a learn ing phase
un til we achieve suf fi cient un der stand ing to use them ef fec tively. Hav ing ar rived at a sat is -
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fac tory prob lem state ment we next have to con sider how we get the so lu tion. It is here that
the power of the al go rith mic ap proach be comes use ful.

6.4 Algorithms

An al go rithm is a se quence of steps that will solve part or all of a prob lem. One of the most 
eas ily un der stood ex am ples of an al go rithm is a rec ipe. Most peo ple have done some cook -
ing, if only mak ing toast and boil ing an egg.

A rec ipe is made up of two parts:

· A check list of things you need.

· The se quence or or der of steps.

Prob lems can oc cur at both stages, e.g., find ing out half way through the rec ipe that you do
not have an in gre di ent or uten sil; find ing out that one stage will take an hour when the rest
will be ready in ten min utes. Note that cer tain things can be done in any or der — it may
not make any dif fer ence if you pre pare the po ta toes be fore the car rots.

There are two ways of ap proach ing prob lem solv ing when us ing a com puter. They both in -
volve al go rithms, but are very dif fer ent from one an other. They are called top-down and
bot tom-up.

6.4.1 Top-down

In a top-down ap proach the prob lem is first spec i fied at a high or gen eral level: pre pare a
meal. It is then re fined un til each step in the so lu tion is ex plicit and in the cor rect se quence, 
e.g., peel and slice the on ions, then brown in a fry ing pan be fore add ing the beef. One
draw back to this ap proach is that it is very dif fi cult to teach to be gin ners be cause they
rarely have any idea of what prim i tive tools they have at their dis posal. An other draw back
is that they of ten get the se quenc ing wrong, e.g., now place in a mod er ately hot oven is
frus trat ing be cause you may not have lit the oven (se quenc ing prob lem) and sec ondly be -
cause you may have no idea how hot mod er ately hot re ally is. How ever, as more and more
prob lems are tack led, top-down be comes one of the most ef fec tive meth ods for pro gram -
ming.

6.4.2 Bot tom-up

Bot tom-up is the re verse to top-down! As be fore you start by de fin ing the prob lem at a high 
level, e.g., pre pare a meal. How ever, now there is an ex am i na tion of what tools, etc. you
have avail able to solve the prob lem. This method lends it self to teach ing since a rep er toire
of tools can be built up and more com pli cated prob lems can be tack led. Thinking back to
the rec ipe there is not much point in try ing to cook a six course meal if the only thing that
you can do is boil an egg and open a tin of beans. The bot tom-up ap proach thus has ad van -
tages for the be gin ner. How ever, there may be a prob lem when no suit able tool is avail able. 
A col league and friend of the au thors learned how to make Bechamel sauce, and was so
pleased by his suc cess that ev ery other meal had a course with a Bechamel sauce. Try it on
your eggs one morn ing. Here is a case of spec i fy ing a prob lem, pre pare a meal, and us ing
an in ap pro pri ate but plau si ble tool, Bechamel sauce.

The ef fort in volved in tack ling a re al is tic prob lem, in tro duc ing the con structs as and when
they are needed and solv ing it is con sid er able. This ap proach may not lead to a rea son ably
com pre hen sive cov er age of the lan guage, or be par tic u larly use ful from a teach ing point of
view. Case stud ies do have great value, but it helps if you know the el e men tary rules be fore 
you start on them. Imag ine learn ing French by study ing Balzac, be fore you even look at a
French gram mar book. You can learn this way but even when you have fin ished, you may
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not be able to speak to a French man and be un der stood. A good ex am ple of the case study
ap proach is given in the book Soft ware Tools, by Kernighan and Plauger.

In this book our aim is to grad u ally in tro duce more and more tools un til you know enough
to ap proach the prob lem us ing the top-down method, and also re al ise from time to time that 
it will be nec es sary to de velop some new tools.

6.4.3 Stepwise refinement

Both of the above tech niques can be com bined with what is called step wise re fine ment. The 
orig i nal ideas be hind this ap proach are well ex pressed in a pa per by Wirth, en ti tled “Pro -
gram De vel op ment by Step wise Re fine ment”, pub lished in 1971. It means that you start
with a global prob lem state ment and break the prob lem down in stages, into smaller and
smaller subprob lems that be come more and more ame na ble to so lu tion. When you first start 
pro gram ming the prob lems you can solve are quite sim ple, but as your ex pe ri ence grows
you will find that you can han dle more com plex prob lems.

When you think of the way that you solve prob lems you will prob a bly re al ise that un less
the prob lem is so sim ple that you can an swer it straightaway some think ing and pen cil and
pa per work are re quired. An ex am ple that some may be fa mil iar with is in prac ti cal work in 
a sci en tific dis ci pline, where com ing un pre pared to the sit u a tion can be very frus trat ing and 
un re ward ing. It is there fore ap pro pri ate to look at ways of do ing anal y sis and de sign be fore
us ing a com puter.

6.4.4 Mod u lar pro gram ming

As the prob lems we try solv ing be come more com plex we need to look at ways of man ag -
ing the con struc tion of pro grams that com prise many parts. Mod ula 2 was one of the first
lan guages to sup port this meth od ol ogy and we will look at mod u lar pro gram ming in more
depth in a sub se quent chap ter.

6.4.5 Ob ject ori ented pro gram ming

There is a class of prob lems that are best solved by the treat ment of the com po nents of
these prob lems as ob jects. We will look at the con cepts in volved in ob ject ori ented pro -
gram ming and ob ject ori ented lan guages in the next chap ter.

6.5 Sys tems anal y sis and de sign

When one starts pro gram ming it is gen er ally not ap par ent that one needs a meth od ol ogy to
fol low to be come suc cess ful as a pro gram mer. This is usually be cause the prob lems are rea -
son ably sim ple, and it is not nec es sary to be ex plicit about all of the stages one has gone
through in ar riv ing at a so lu tion. As the prob lems be come more com plex it is nec es sary to
be come more rig or ous and thor ough in one's ap proach, to keep con trol in the face of the in -
creas ing com plex ity and to avoid mak ing mis takes. It is then that the ben e fit of sys tems
anal y sis and de sign be comes ob vi ous. Broadly we have the fol low ing stages in sys tems
anal y sis and de sign:

· Prob lem definition.

· Fea si bil ity study and fact find ing.

· Anal y sis.

· Ini tial sys tem de sign.

· De tailed design.

· Implementation.

· Eval u a tion.

Chapter 6 Introduction to Problem Solving 43

© Ian D Chivers



· Maintenance.

and each prob lem we ad dress will en tail slightly dif fer ent time spent in each of these
stages. Let us look at each stage in more de tail.

6.5.1 Prob lem definition

Here we are in ter ested in de fin ing what the prob lem re ally is. We should aim at pro vid ing
some re stric tion on both the scope of the prob lem, and the ob jec tives we set our selves. We
can use the meth ods men tioned ear lier to help us out. It is es sen tial that the ob jec tives are:

· Clearly de fined.

· Un der stood and agreed to by all peo ple con cerned, when more than one per son
is in volved.

· Re al is tic.

6.5.2 Fea si bil ity study and fact find ing

Here we look to see if there is a fea si ble so lu tion. We would try and es ti mate the cost of
solv ing the prob lem and see if the in vest ment was war ranted by the ben e fits, i.e., cost-ben e -
fit anal y sis.

6.5.3 Anal y sis

Here we look at what must be done to solve the prob lem. Note that we are in ter ested in
find ing out what we need to do, but that we do not ac tu ally do it at this stage.

6.5.4 De sign

Once the anal y sis is com plete we know what must be done, and we can pro ceed to the de -
sign. We may find there are sev eral al ter na tives, and we thus ex am ine al ter nate ways in
which the prob lem can be solved. It is here that we use the tech niques of top-down and bot -
tom-up prob lem solv ing, com bined with stepwise re fine ment to gen er ate an al go rithm to
solve the prob lem. We are now mov ing from the log i cal to the phys i cal side of the so lu tion. 
This stage ends with a choice among sev eral al ter na tives. Note that there is gen er ally not
one ideal so lu tion, but sev eral, each with its own ad van tages and dis ad van tages.

6.5.5 De tailed design

Here we move from the gen eral to the spe cific, The end re sult of this stage should be a
spec i fi ca tion that is suf fi ciently tightly de fined spec i fi ca tion to gen er ate ac tual pro gram
code.

It is at this stage that it is use ful to gen er ate pseudocode. This means writ ing out in de tail
the ac tions we want car ried out at each stage of our over all al go rithm. We grad u ally ex pand 
each stage (step wise re fine ment) un til it be comes For tran — or what ever lan guage we want.

6.5.6 Implementation

It is at this stage that we ac tu ally use a com puter sys tem to cre ate the pro gram(s) that will
solve the prob lem. It is here that we ac tu ally need to know enough about a pro gram ming
lan guage to use it ef fec tively to solve our prob lem. This is only one stage in the over all
pro cess, and mis takes at any of the stages can cre ate se rious dif fi cul ties.

6.5.7 Eval u a tion and testing

Here we try to see if the pro gram(s) we have pro duced will ac tu ally do what they are sup -
posed to. We need to have data sets that en able us to say with con fi dence that the pro gram
re ally does work. This may not be an easy task, as quite of ten we only have nu meric meth -
ods to solve the prob lem, which is why we are us ing the com puter in the first place —
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hence we are re ly ing on the com puter to pro vide the proof; i.e., we have to use a com puter
to de ter mine the ve rac ity of the pro grams — and as Heller says, Catch 22.

6.5.8 Maintenance

It is rare that a pro gram is run once and never used again. This means that there will be an
ongoing task of main tain ing the pro gram, gen er ally to make it work with dif fer ent ver sions
of the op er at ing sys tem or com piler, and to in cor po rate new fea tures not in cluded in the
orig i nal de sign. It of ten seems odd when one starts pro gram ming that a pro gram will need
main te nance, as we are re luc tant to re gard a pro gram in the same way as a me chan i cal ob -
ject like a car that will even tu ally fall apart through use. Thus main te nance means keep ing
the pro gram work ing at some tol er a ble level, of ten with a high level of in vest ment in man -
power and re sources. Re search in this area has shown that any thing up to 80% of the man -
power in vest ment in a pro gram can be in main te nance.

6.6 Con clu sions

A draw back, in her ent in all ap proaches to pro gram ming and to prob lem solv ing in gen eral,
is the as sump tion that a so lu tion is in deed pos si ble. There are prob lems which are sim ply
in sol u ble — not only prob lems like bal anc ing a na tional bud get, weather fore cast ing for a
year, or pre dict ing which ra dio ac tive atom will de cay, but also prob lems which are ap par -
ently computationally solv able.

Knuth gives the ex am ple of a chess prob lem — de ter min ing whether the game is a forced
vic tory for white. Al though there is an al go rithm to achieve this, it re quires an in or di nately
long time to com plete. For prac ti cal pur poses it is un solv able.

Other prob lems can be shown math e mat i cally to be undecidable. The work of Gödel in this
area has been of enor mous im por tance, and the bib li og ra phy con tains a num ber of ref er -
ences for the more in quis i tive and math e mat i cally ori en tated reader. The Hofstader cov er -
age is the eas i est, and least math e mat i cal.

As far as pos si ble we will re strict our selves to solv able prob lems, like learn ing a pro gram -
ming lan guage.

Within the for mal world of Com puter Sci ence our de scrip tion of an al go rithm would be
con sid ered a lit tle lax. For our in tro duc tory needs it is suf fi cient, but a more rig or ous ap -
proach is given by Hopcroft and Ullman in In tro duc tion to Au tom ata The ory, Lan guages
and Com pu ta tion, and by Beckman in Math e mat i cal Foun da tions of Pro gramming.

6.7 Prob lems

1. What is an al go rithm?

2. What dis tin guishes top-down from bot tom-up ap proaches to prob lem solv ing? Il lus trate
your an swer with ref er ence to the prob lem of a car, mo tor-cycle or bi cy cle hav ing a flat
tire.
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“We have to go to an other lan guage in or der to think clearly about the prob lem.”

Sam uel R. Delany, Ba bel-17

Aims 

The pri mary aim of this chap ter is to pro vide a short his tory of pro gram lan guage de vel op -
ment. It con cen trates on some but not all of the ma jor mile stones of the last 50 years, in
roughly chro no log i cal or der. The sec ond ary aim is to show the breadth of lan guages avail -
able. The chap ter con cludes with cov er age of a small num ber of more spe cial ised lan -
guages.

7 Introduction to Programming Languages
It is im por tant to real ise that pro gram ming lan guages are a re cent in ven tion. They have
been de vel oped over a rel a tively short pe riod — ap prox i mately 70 years — and are still un -
der go ing im prove ment. Time spent gain ing some his tor i cal per spec tive will help you un der -
stand and eval u ate fu ture changes. This chap ter starts right at the be gin ning and takes you
through some, but not all, of the de vel op ments dur ing this 70 year span. The bulk of the
chap ter de scribes lan guages that are rea son ably widely avail able com mer cially, and there -
fore ones that you are likely to meet. The chap ter con cludes with a cov er age of some more
spe cial ised and/or re cent de vel op ments.

7.1 Some early the o ret i cal work

Some of the most im por tant early the o ret i cal work in com put ing was that of Tu ring and von 
Neumann. Tu ring's work pro vided the base from which it could be shown that it was pos si -
ble to get a ma chine to solve prob lems. The work of von Neumann added the con cept of
stor age and com bined with Tu ring's work to pro vide the ba sis for most com put ers de signed
to this day.

7.2 What is a pro gram ming lan guage?

For a large num ber of peo ple a pro gram ming lan guage pro vides the means of get ting a dig i -
tal com puter to solve a prob lem. There is a wide range of prob lems and an equally wide
range of pro gram ming lan guages, with par tic u lar lan guages be ing suited to a par tic u lar
class of prob lems, all of which of ten ap pears be wil der ing to the be gin ner.

7.3 Pro gram lan guage de vel op ment and en gi neer ing

There is much in com mon be tween the de vel op ment of pro gram ming lan guages and the de -
vel op ment of any thing from the en gi neer ing world. Con sider the car: old cars of fer much of 
the same func tion al ity as more mod ern ones, but most peo ple pre fer driv ing newer models.
The same is true of pro gram ming lan guages, where you can achieve much with the older
lan guages, but the newer ones are eas ier to use.

7.4 The early days

A con cept that proves very use ful when dis cuss ing pro gram ming lan guages is that of the
level of a ma chine. By this is meant how close a lan guage is to the un der ly ing ma chine that 
the pro gram runs on. In the early days of pro gram ming (up to 1954) there were only two
broad cat e go ries: ma chine lan guages and as sem blers. The lan guage that dig i tal ma chines
use is that of 0 and 1, i.e., they are bi nary de vices. Writ ing a pro gram in terms of pat terns
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of 0 and 1 was not par tic u larly sat is fac tory and the ca pa bil ity of us ing more mean ing ful
mne mon ics was soon in tro duced. Thus it was re al ised quite quickly that one of the most
im por tant as pects of pro gram ming lan guages is that they have to be read and un der stood by 
both ma chines and hu mans.

7.4.1 For tran

The next stage was the de vel op ment of higher-level lan guages. The first of these was For -
tran and it was de vel oped over a 3 year pe riod from 1954 to 1957 by an IBM team led by
John Backus. This group achieved con sid er able suc cess, and helped to prove that the way
for ward lay with high-level lan guages for com puter-based prob lem solv ing. For tran stands
for formula translation and was used mainly by peo ple with a sci en tific back ground for
solv ing prob lems that had a sig nif i cant arith me tic con tent. It was thus rel a tively easy, for
the time, to ex press this kind of prob lem in For tran.

By 1966 and the first stan dard For tran:

· Was widely avail able.

· Was easy to teach.

· Had dem on strated the ben e fits of sub rou tines and in de pend ent com pi la tion.

· Was rel a tively ma chine in de pend ent.

· Of ten had very ef fi cient im ple men ta tions.

Pos si bly the sin gle most im por tant fact about For tran was, and still is, its wide spread us age
in the sci en tific com mu nity.

7.4.2 For tran 77

The next stan dard in 1977 (ac tu ally 1978, and thus out by one — a very com mon pro gram -
ming er ror, more of this later!) added char ac ter han dling, but lit tle else in the way of ma jor
new fea tures, re ally ti dy ing up some of the de fi cien cies of the 1966 stan dard.

7.4.3 Cobol

The busi ness world also real ised that com put ers were use ful and sev eral lan guages were de -
vel oped, in clud ing FLOWMATIC, AIMACO, Com mer cial Trans la tor and FACT, lead ing
even tu ally to Co bol — Com mon Busi ness Ori en tated Lan guage. There is a need in com -
mer cial pro gram ming to de scribe data in a much more com plex fash ion than for sci en tific
pro gram ming, and Co bol had far greater ca pa bil ity in this area than For tran. The lan guage
was unique at the time in that a group of com pet i tors worked to gether with the ob jec tive of
de vel op ing a lan guage that would be use ful on ma chines used by other man u fac tur ers.

The con tri bu tions made by Co bol in clude:

· Firstly the sep a ra tion among:

· The task to be un der taken.

· The de scrip tion of the data in volved.

· The work ing en vi ron ment in which the task is car ried out.

· Sec ondly a data de scrip tion mech a nism that was largely ma chine in de pend ent.

· Thirdly its ef fec tive ness for han dling large files.

· Fourthly the ben e fit to be gained from a pro gram ming lan guage that was easy to

read.

Mod ern de vel op ments in com put ing — of re port gen er a tors, file-han dling soft ware,
fourth-gen er a tion de vel op ment tools, and es pe cially the in creas ing avail abil ity of com mer -
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cial re la tional da ta base man age ment sys tems — are grad u ally re plac ing the use of Co bol,
ex cept where high ef fi ciency and/or tight con trol are re quired.

7.4.4 Algol

An other im por tant de vel op ment of the 1950s was Algol. It had a his tory of de vel op ment
from Algol 58, the orig i nal Algol lan guage, through Algol 60 even tu ally to the Re vised
Algol 60 Re port. Some of the de sign cri te ria for Algol 58 were:

· The lan guage should be as close as pos si ble to stan dard math e mat i cal no ta tion
and should be read able with lit tle fur ther ex pla na tion.

· It should be pos si ble to use it for the de scrip tion of com put ing pro cesses in pub -

li ca tions.

· The new lan guage should be me chan i cally trans lat able into ma chine pro grams.

A sad fea ture of Algol 58 was the lack of any in put/out put fa cil i ties, and this meant that
dif fer ent im ple men ta tions of ten had in com pat i ble fea tures in this area.

The next im por tant step for Algol oc curred at a UNESCO-spon sored con fer ence in June
1959. There was an open dis cus sion on Algol and the out come was Algol 60, and even tu -
ally the Re vised Algol 60 Re port.

It was at this con fer ence that John Backus gave his now fa mous pa per on a method for de -
fin ing the syn tax of a lan guage, called Backus Nor mal Form, or BNF. The full sig nif i cance
of the pa per was not im me di ately rec og nised. How ever, BNF was to prove of enor mous
value in lan guage def i ni tion, and helped pro vide an in ter face point with com pu ta tional lin -
guis tics.

The con tri bu tions of Algol to pro gram lan guage de vel op ment in clude:

· Block struc ture.

· Scope rules for vari ables be cause of block struc ture.

· The BNF def i ni tion by Backus — most lan guages now have a for mal def i ni tion.

· The sup port of re cursion.

· Its off spring.

Thus Algol was to prove to make a con tri bu tion to pro gram ming lan guages that was never
re flected in the use of Algol 60 it self, in that it has been the par ent of one of the main
strands of pro gram lan guage de vel op ment.

7.5 Chomsky and pro gram lan guage de vel op ment

Pro gramming lan guages are of con sid er able lin guis tic in ter est, and the work of Chomsky in 
1956 in this area was to prove of in es ti ma ble value. Chomsky's sys tem of transformational
gram mar was de vel oped in or der to give a pre cise math e mat i cal de scrip tion to cer tain as -
pects of lan guage. Sim plis tically, Chomsky de scribes gram mars, and these gram mars in turn 
can be used to de fine or gen er ate cor re spond ing kinds of lan guages. It can be shown that
for each type of gram mar and lan guage there is a cor re spond ing type of ma chine. It was
quickly re al ised that there was a link with the ear lier work of Tu ring.

This link helped pro vide a firm sci en tific base for pro gram ming lan guage de vel op ment, and 
mod ern com piler writ ing has come a long way from the early work of Backus and his team
at IBM. It may seem un im por tant when play ing a video game at home or in an ar cade, but
for some it is very com fort ing that there is a firm the o ret i cal ba sis be hind all that fun.
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7.6 Lisp

There were also de vel op ments in very spe cial ized ar eas. List pro cess ing was prov ing to be
of great in ter est in the 1950s and saw the de vel op ment of IPLV be tween 1954 and 1958.
This in turn led to the de vel op ment of Lisp at the end of the 1950s. Lisp has proved to be
of con sid er able use for pro gram ming in the ar eas of ar ti fi cial in tel li gence, play ing chess,
au to matic the o rem prov ing and gen eral prob lem solv ing. It was one of the first lan guages to 
be in ter preted rather than com piled. Whilst in ter preted lan guages are in vari ably slower and
less ef fi cient in their use of the un der ly ing com puter sys tems than com piled lan guages, they 
do pro vide great op por tu ni ties for the user to ex plore and try out ideas whilst sit ting at a
ter mi nal. The power that this gives to the com pu ta tional prob lem solver is con sid er able.

Pos si bly the great est con tri bu tion to pro gram lan guage de vel op ment made by Lisp was its
func tional no ta tion. One of the ma jor prob lems for the Lisp user has been the large num ber
of Lisp fla vours, and this has re duced the im pact that the lan guage has had and de served.

7.7 Snobol

Snobol was de vel oped to aid in string pro cess ing, which was seen as an im por tant part of
many com put ing tasks, e.g., pars ing of a pro gram. Prob a bly the most im por tant thing that
Snobol dem on strated was the power of pat tern match ing in a pro gram ming lan guage, e.g., it 
is pos si ble to de fine a pat tern for a ti tle that would in clude Mr, Mrs, Miss, Rev, etc., and
search for this pat tern in a text us ing Snobol. Like Lisp it is gen er ally avail able as an in ter -
preter rather than a com piler, but com piled ver sions do ex ist, and are of ten called Spitbol.
Pat tern-match ing ca pa bil i ties are now to be found in many ed i tors and this makes them
very pow er ful and use ful tools. It is in the area of text ma nip u la tion that Snobol's great est
con tri bu tion to pro gram lan guage de vel op ment lies.

7.8 Sec ond-gen er a tion lan guages

7.8.1 PL/1 and Algol 68

It is prob a bly true that For tran, Algol 60 and Co bol are the three main first-gen er a tion
high-level lan guages. The 1960s saw the emer gence of PL/1 and Algol 68. PL/1 was a syn -
the sis of fea tures of For tran, Algol 60 and Co bol. It was soon re al ised that whilst PL/1 had
great rich ness and power of ex pres sion this was in some ways off set by the greater dif fi cul -
ties in volved in lan guage def i ni tion and use.

These lat ter prob lems were also true of Algol 68. The re port in tro duced its own syn tac tic
and se man tic con ven tions and thus forced an other stage in the learn ing pro cess on the pro -
spec tive user. How ever, it has a small but very com mit ted user pop u la tion who like the
very rich fa cil i ties pro vided by the lan guage.

7.8.2 Simula

An other strand that makes up pro gram lan guage de vel op ment is pro vided by Simula, a gen -
eral pur pose pro gram ming lan guage de vel oped by Dahl, Myhrhaug and Nygaard of the
Nor we gian Com puting Cen tre. The most im por tant con tri bu tion that Simula makes is the
pro vi sion of lan guage con structs that aid the pro gram ming of com plex, highly in ter ac tive
prob lems. It is thus heavily used in the ar eas of sim u la tion and mod el ling. It was ef fec tively 
the first lan guage to of fer the op por tu nity of ob ject ori en tated pro gram ming, and we will
come back to this very im por tant de vel op ment in pro gram ming lan guages later in this chap -
ter.
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7.8.3 Pascal

The de signer of Pascal, Niklaus Wirth, had par tic i pated in the early stages of the de sign of
Algol 68 but con sid ered that the gen er al ity and com plex ity of Algol 68 was a move in the
wrong di rec tion. Pascal (like Algol 68) had its roots in Algol 60 but aimed at pro vid ing ex -
pres sive power through a small set of straight for ward con cepts. This set is rel a tively easy to 
learn and helps in pro duc ing read able and hence more com pre hen si ble pro grams.

It be came the lan guage of first choice within the field of com puter sci ence dur ing the 1970s 
and 1980s, and the com ment by Wirth sums up the lan guage very well: “al though Pascal
had no sup port from in dus try, pro fes sional so ci et ies, or gov ern ment agen cies, it be came
widely used. The im por tant rea son for this suc cess was that many peo ple ca pa ble of re cog -
nis ing its po ten tial ac tively en gaged them selves in its pro mo tion. As cru cial as the ex is tence 
of good im ple men ta tions is the avail abil ity of doc u men ta tion. The con cise ness of the orig i -
nal re port made it at trac tive for many teach ers to ex pand it into valu able text books. In nu -
mer a ble books ap peared be tween 1977 and 1985, ef fec tively pro mot ing Pascal to be come
the most wide spread lan guage used in in tro duc tory pro gram ming courses. Good course ma -
te rial and im ple men ta tions are the in dis pens able pre req ui sites for such an evo lu tion.”

7.8.4 APL

APL is an other in ter est ing lan guage of the early 1960s. It was de vel oped by Iverson early
in the decade and was avail able by the mid to late 1960s. It is an in ter pre tive vec tor- and
ma trix-based lan guage with an ex ten sive set of op er a tors for the ma nip u la tion of vec tors,
ar rays, etc., of what ever data type. As with Algol 68 it has a small but ded i cated user pop u -
la tion. A pos si bly un fair com ment about APL pro grams is that you do not de bug them, but
re write them!

7.8.5 Basic

Ba sic stands for Beginners All Pur pose Symbolic Instruction Code, and was de vel oped by
Kemeny and Kurtz at Dartmouth dur ing the 1960s. Its name gives a clue to its au di ence and 
it is very easy to learn. It is gen er ally in ter preted, though com piled ver sions do ex ist. It is
prob a bly the most heavily used lan guage on micros and home com put ers. It has proved to
be well suited to the rapid de vel op ment of small pro grams. It is much crit i cised be cause it
lacks fea tures that en cour age or force the adop tion of sound pro gram ming tech niques.

7.8.6 C

There is a re quire ment in com put ing to be able to ac cess the un der ly ing ma chine di rectly or 
at least ef fi ciently. It is there fore not sur pris ing that com puter pro fes sion als have de vel oped
high-level lan guages to do this. This may well seem a con tra dic tion, but it can be done to
quite a sur pris ing de gree. Some of the ear li est pub lished work was that of Mar tin Rich ards
on the de vel op ment of BCPL.

This lan guage di rectly in flu enced the work of Ken Thomp son and can be clearly seen in the 
pro gram ming lan guages B and C. The UNIX op er at ing sys tem is al most to tally writ ten in C 
and dem on strates very clearly the ben e fits of the use of high-level lan guages wher ever pos -
si ble.

With the wide spread use of UNIX within the ac a demic world C gained con sid er able ground 
dur ing the 1970s and 1980s. UNIX sys tems also of fered much to the pro fes sional soft ware
de vel oper, and be came widely used for large-scale soft ware de vel op ment and as Ritchie
says: “C is quirky, flawed, and an enor mous suc cess. While ac ci dents of his tory surely
helped, it ev i dently sat is fied a need for a sys tem im ple men ta tion lan guage ef fi cient enough
to dis place as sem bly lan guage, yet suf fi ciently ab stract and flu ent to de scribe al go rithms
and in ter ac tions in a wide va ri ety of en vi ron ments.”

52 Introduction to Programming Languages Chapter 7

© Ian D Chivers



7.9 Some other strands in lan guage de vel op ment

There are many strands that make up pro gram lan guage de vel op ment and some of them are
in tro duced here.

7.9.1 Ab strac tion, stepwise re fine ment and mod ules

Ab strac tion has proved to be very im por tant in pro gram ming. It en ables a com plex task to
be bro ken down into smaller parts con cen trat ing on what we want to hap pen rather than
how we want it to hap pen. This leads al most au to mat i cally to the ideas of step wise re fine -
ment and mod ules, with col lec tions of mod ules to per form spe cific tasks or steps.

7.9.2 Structured programming

Struc tured pro gram ming in its nar row est sense con cerns it self with the de vel op ment of pro -
grams us ing a small but suf fi cient set of state ments and, in par tic u lar, con trol state ments. It
has had a great ef fect on pro gram lan guage de sign, and most lan guages now sup port the
min i mal set of con trol struc tures.

In a broader sense struc tured pro gram ming sub sumes other ob jec tives, in clud ing sim plic ity,
com pre hen si bil ity, verifiability, modifiability and main te nance of pro grams.

7.9.3 Standardisation

The pur poses of a stan dard are quite var ied and in clude:

· In vest ment in peo ple: by this we mean that the time spent in learn ing a stan dard

lan guage pays off in the long term, as what one learns is ap pli ca ble on any hard -

ware/soft ware plat form that has a stan dard conformant com piler.

· Por ta bil ity: one can take the code one has writ ten for one hard ware/soft ware

plat form and move it to any hard ware/soft ware plat form that has a stan dard

conformant com piler.

· Known ref er ence point: when mak ing com par i sons one starts with ref er ence to

the stan dard first, and then be tween the ad di tional func tion al ity of the var i ous

im ple men ta tions

These are some but not all of the rea sons for the use of stan dards. Their im por tance is
summed up beau ti fully by Ron ald G. Ross in his in tro duc tion to the Cannan and Otten book 
on the SQL stan dard: “Any body who has ever plugged in an elec tric cord into a wall out let
can readily ap pre ci ate the in es ti ma ble ben e fits of work able stan dards. In deed, with re spect
to elec tri cal power, the very fact that we sel dom even think about such ac cess (un til some -
thing goes wrong) is a sure sign of just how fun da men tally im por tant a suc cess ful stan dard
can be.”

7.10 Ada

Ada rep re sents the cul mi na tion of many years of work in pro gram lan guage de vel op ment. It 
was a col lec tive ef fort and the main aim was to pro duce a lan guage suit able for pro gram -
ming large-scale and real-time sys tems. Work started in 1974 with the for mu la tion of a se -
ries of doc u ments by the Amer i can De part ment of De fence (DoD), which led to the
Steelman doc u ments. It is a mod ern al go rith mic lan guage with the usual con trol struc tures
and fa cil i ties for the use of mod ules, and al lows sep a rate com pi la tion with type check ing
across mod ules.

Ada is a pow er ful and well-en gi neered lan guage. Its wide spread use is cer tain as it has the
back ing of the DoD. How ever, it is a large and com plex lan guage and con se quently re -
quires some ef fort to learn. It seems un likely to be widely used ex cept by a small num ber
of com puter pro fes sion als.
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7.11 Mod ula

Mod ula was de signed by Wirth dur ing the 1970s at ETH, for the pro gram ming of em bed -
ded real-time sys tems. It has many of the fea tures of Pascal, and can be taken for Pascal at
a glance. The key new fea tures that Mod ula in tro duced were those of pro cesses and mon i -
tors.

As with Pascal it is rel a tively easy to learn and this makes it much more at trac tive than Ada 
for most peo ple, achiev ing much of the ca pa bil ity with out the com plex ity.

7.12 Mod ula 2

Wirth car ried on de vel op ing his ideas about pro gram ming lan guages and the cul mi na tion of 
this can be seen in Mod ula 2. In his words: “In 1977, a re search pro ject with the goal to de -
sign a com puter sys tem (hard ware and soft ware) in an in te grated ap proach, was launched at 
the Institut fur Informatik of ETH Zu rich. This sys tem (later to be called Lilith) was to be
pro grammed in a sin gle high level lan guage, which there fore had to sat isfy re quire ments of
high level sys tem de sign as well as those of low level pro gram ming of parts that closely in -
ter act with the given hard ware. Mod ula 2 emerged from care ful de sign de lib er a tions as a
lan guage that in cludes all as pects of Pascal and ex tends them with the im por tant mod ule
con cept and those of multi-pro gram ming. Since its syn tax was more in line with Mod ula
than Pascal's the cho sen name was Mod ula 2.”

The lan guage's main ad di tions with re gard to Pascal are:

· The mod ule con cept, and in par tic u lar the fa cil ity to split a mod ule into a def i ni -

tion part and an im ple men ta tion part.

· A more sys tem atic syn tax which fa cil i tates the learn ing pro cess. In par tic u lar,

ev ery struc ture start ing with a key word also ends with a key word, i.e., is prop -

erly brack eted.

· The con cept of pro cess as the key to multiprogramming fa cil i ties.

· So-called low-level fa cil i ties, which make it pos si ble to breach the rigid type

con sis tency rules and al low one to map data with Mod ula 2 struc ture onto a
store with out in her ent struc ture.

· The pro ce dure type, which al lows pro ce dures to be dy nam i cally as signed to vari -

ables.

A sad fea ture of Mod ula 2 has been the long time taken to ar rive at a stan dard for the lan -
guage.

7.13 Other lan guage de vel op ments

The fol low ing is a small se lec tion of lan guage de vel op ments that the au thors find in ter est -
ing — they may well not be in cluded in other peo ple's cov er age.

7.13.1 Logo

Logo is a lan guage that was de vel oped by Papert and col leagues at the Ar ti fi cial In tel li -
gence Lab o ra tory at MIT. Papert is a pro fes sor of both math e mat ics and ed u ca tion, and has
been much in flu enced by the psy chol o gist Piaget. The lan guage is used to cre ate learn ing
en vi ron ments in which chil dren can com mu ni cate with a com puter. The lan guage is pri mar -
ily used to dem on strate and help chil dren de velop fun da men tal con cepts of math e mat ics.
Prob a bly the tur tle and tur tle ge om e try are known by educationists out side of the con text of 
Logo. Tur tles have been in cor po rated into the Smalltalk com puter sys tem de vel oped at
Xerox Palo Alto Re search Cen tre — Xerox PARC.
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7.13.2 Postscript, TeX and LaTeX

The 1980s saw a rapid spread in the use of com put ers for the pro duc tion of printed ma te -
rial. The 3 lan guages are each used quite ex ten sively in this area.

Post script is a low-level in ter pre tive pro gram ming lan guage with good graph ics ca pa bil i ties. 
Its pri mary pur pose is to en able the easy pro duc tion of pages con tain ing text, graph i cal
shapes and im ages. It is rarely seen by most end us ers of mod ern desktop pub lish ing sys -
tems, but un der lies many of these sys tems. It is sup ported by an in creas ing num ber of la ser
print ers and type set ters.

TeX is a lan guage de signed for the pro duc tion of math e mat i cal texts, and was de vel oped by 
Don ald Knuth. It linearises the pro duc tion of math e mat ics us ing a stan dard com puter key -
board. It is widely used in the sci en tific com mu nity for the pro duc tion of doc u ments in volv -
ing math e mat i cal equa tions.

LaTex is Leslie Lamport's ver sion of TeX, and is re garded by many as more friendly. It is
ba si cally a set of mac ros that hide raw TeX from the end user. The TeX/LaTeX ra tio is
prob a bly 1 to 9 (or so I'm re li ably in formed by a TeXie).

7.13.3 Prolog

Prolog was orig i nally de vel oped at Mar seille by a group led by Colmerauer in 1972/73. It
has since been ex tended and de vel oped by several peo ple, in clud ing Pereira (L.M.), Pereira
(F), War ren and Kowalski. Prolog is un usual in that it is a ve hi cle for logic pro gram ming.
Most of the lan guages de scribed here are ba si cally al go rith mic lan guages and re quire a
spec i fi ca tion of how you want some thing done. Logic pro gram ming con cen trates on the
what rather than the how. The lan guage ap pears strange at first, but has been taught by
Kowalski and oth ers to 10-year-old chil dren at schools in Lon don.

7.13.4 SQL

SQL stands for Struc tured Query Lan guage, and was orig i nally de vel oped by peo ple mainly 
work ing for IBM in the San Jose Re search Lab o ra tory. It is a re la tional da ta base lan guage,
and en ables pro gram mers to de fine, ma nip u late and con trol data in a re la tional da ta base.
Sim plis tically, a re la tional da ta base is seen by a user as a col lec tion of ta bles, com pris ing
rows and col umns. It has be come the most im por tant lan guage in the whole da ta base field.

7.13.5 ICON

ICON is in the same fam ily as Snobol, and is a high-level gen eral pur pose pro gram ming
lan guage that has most of the fea tures nec es sary for ef fi cient pro cess ing of nonnumeric
data. Griswold (one of the orig i nal de sign team for Snobol) has learnt much since the de -
sign and im ple men ta tion of Snobol, and the lan guage is a joy to use in most ar eas of text
ma nip u la tion.

It is avail able for most sys tems via anon y mous FTP from a num ber of sites on the Internet.

7.14 Ob ject ori en tated pro gram ming — OOP

OOP rep re sents a ma jor ad vance in pro gram lan guage de vel op ment. The con cepts that this
in tro duces in clude:

· Classes.

· Ob jects.

· Mes sages.

· Meth ods.
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These in turn draw on the ideas found in more con ven tional pro gram ming lan guages and
cor re spond to

· Ex ten si ble data types.

· In stances of a class.

· Dy nam i cally bound pro ce dure calls.

· Pro ce dures of a class.

In her i tance is a very pow er ful high-level con cept in tro duced with OOP. It en ables an ex ist -
ing data type with its range of valid op er a tions to form the ba sis for a new class, with more
data types added with cor re spond ing op er a tions, and the new type is com pat i ble with the
orig i nal.

As was men tioned ear lier, the first lan guage to of fer func tion al ity in this area was Simula,
and thus the ideas orig i nated in the 1960s. The book Simula Be gin by Birtwistle, Dahl,
Myhrhaug and Nygaard is well worth a read as it rep re sents one of the first books to in tro -
duce the con cepts of OOP.  

7.14.1 Oberon and Oberon 2

As Wirth says: “The pro gram ming lan guage Oberon is the re sult of a con cen trated ef fort to
in crease the power of Mod ula-2 and si mul ta neously to re duce its com plex ity. Sev eral fea -
tures were elim i nated, and a few were added in or der to in crease the ex pres sive power and
flex i bil ity of the lan guage.”

Oberon and Oberon 2 are thus de vel op ments be yond Mod ula 2. The main new con cept
added to Oberon was that of type ex ten sion. This en ables the con struc tion of new data
types based on ex ist ing types and al lows one to take ad van tage of what has al ready been
done for that ex ist ing type.

Lan guage con structs re moved in cluded:

· Vari ant re cords.

· Opaque types.

· Enu mer a tion types.

· Subrange types.

· Lo cal mod ules.

· WITH state ment.

· Type trans fer func tions.

· Concurrency.

The short pa per by Wirth pro vides a fuller cov er age. It is avail able at ETH via anon y mous
FTP.

7.14.2 Smalltalk

Lan guage plus use of a com puter sys tem.

Smalltalk has been un der de vel op ment by the Xerox PARC Learning Re search Group since 
the 1970s. In their words: “Smalltalk is a graph i cal, in ter ac tive pro gram ming en vi ron ment.
As sug gested by the per sonal com puter vi sion, Smalltalk is de signed so that ev ery com po -
nent in the sys tem is ac ces si ble to the user and can be pre sented in a mean ing ful way for
ob ser va tion and ma nip u la tion. The user in ter face is sues in Smalltalk re volve around the at -
tempt to cre ate a vi sual lan guage for each ob ject. The pre ferred hard ware sys tem for
Smalltalk in cludes a high res o lu tion graph i cal dis play screen and a point ing de vice such as
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a graph ics pen or mouse. With these de vices the user can se lect in for ma tion viewed on the
screen and in voke mes sages in or der to in ter act with the in for ma tion.” Thus Smalltalk rep -
re sents a very dif fer ent strand in pro gram lan guage de vel op ment. The ease of use of a sys -
tem like this has long been ap pre ci ated and was first dem on strated com mer cially in the
Macintosh mi cro com put ers.

Wirth has spent some time at Xerox PARC and has been in flu enced by their work. In his
own words “the most elat ing sen sa tion was that af ter six teen years of work ing for com put -
ers the com puter now seemed to work for me.” This in flu ence can be seen in the de sign of
the Lilith ma chine, the orig i nal Mod ula 2 en gine, and in the de vel op ment of Oberon as both 
a lan guage and an op er at ing sys tem.

7.14.3 C++

Stroustrup did his Ph.D the sis at the Com puting Lab o ra tory, Cam bridge Uni ver sity, Eng -
land, and worked with Simula. He had pre vi ously worked with Simula at the Uni ver sity of
Aarhus in Den mark. His com ments are il lu mi nat ing: “but was pleas antly sur prised by the
way the mech a nisms of the Simula lan guage be came in creas ingly help ful as the size of the
pro gram in creased. The class and co-rou tine mech a nisms of Simula and the com pre hen sive
type check ing mech a nisms en sured that prob lems and er rors did not (as I - and I guess most 
peo ple - would have ex pected) grow lin early with the size of the pro gram. In stead, the to tal 
pro gram acted like a col lec tion of very small (and there fore easy to write, com pre hend and
de bug) pro grams rather than a sin gle large pro gram.”

He de signed C++ to pro vide Simula's func tion al ity within the frame work of C's ef fi ciency,
and he suc ceeded in this goal as C++ is a widely used ob ject ori ented pro gram ming lan -
guage. The ma jor dis ad van tage now con cerns the largely in com pat i ble class li brar ies that
ex ist. It is hoped that the var i ous stan dards bod ies ad dress this prob lem in the im me di ate
fu ture.

7.14.4 Java

Bill Joy (of Sun fame) had by the late 1980s de cided that C++ was too com pli cated and
that an ob ject ori ented en vi ron ment based upon C++ would be of use. At around about the
same time James Gos ling (mis ter emacs) was start ing to get frus trated with the im ple men ta -
tion of an SGML ed i tor in C++. Oak was the out come of Gos ling's frus tra tion. 

Sun over the next few years ended up de vel op ing Oak for a va ri ety of pro jects. It was n't
un til Sun de vel oped their own web browser, Hotjava, that Java as a lan guage hit the streets. 
And as the say ing goes the rest is his tory.

Java is a rel a tively sim ple ob ject ori ented lan guage. Whilst it has its or i gins in C++ it has
dis pensed with most of the dan ger ous fea tures. It is OO through out. Ev ery thing is a class.

It is in ter preted and the in ter me di ate byte code will run on any ma chine that has a Java vir -
tual ma chine for it. This is por ta bil ity at the ob ject code level, un like por ta bil ity at the
source code level — which is what we ex pect with most con ven tional lan guages. Some of
the safe fea tures of the lan guage in clude:

· Built in gar bage col lec tion.

· No point ers — ev ery thing is passed by ref er ence.

It is multithreaded, which makes it a de light for many ap pli ca tions. It has an ex ten sive win -
dows toolkit, the so called AWT that was in the orig i nal re lease of the lan guage and Swing
that came in later. It achieves much of what Vi sual Ba sic 6 of fers but within the frame work 
of a far more pow er ful lan guage. De vel op ment en vi ron ments are be com ing widely avail able 
to aid in this task.
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A ma jor draw back is the rapid de vel op ment of the lan guage and the large num ber of dif fer -
ent ver sions, and further com pounded by the dif fer ent vir tual ma chines avail able.

7.14.5 Vi sual Basic

Vi sual Ba sic (VB) has de vel oped into one of the most widely used de vel op ment plat forms
for Win dows. Its main strength is the abil ity to quickly put a vi sual in ter face onto an a pro -
gram. The fol low ing are some dates for the var i ous ver sions that Microsoft have re leased:-

· VB 1.0 May 1991 for Win dows.

· VB 1.0 for  MS-DOS Sep tem ber 1992.

· VB 2.0 No vem ber 1992. 

· VB 3.0 Sum mer 1993.

· VB 4.0 Au gust 1995.

· VB 5 Feb ru ary 1997.

· VB 6.0 Sum mer 1998.

· VB .NET 2002.

Two ma jor draw backs are:

· It only runs un der Microsoft Win dows

· It is a pro pri etary pro gram ming lan guage and has been changed sev eral times by 

Microsoft. The .net ver sion is a back wards in com pat i ble up grade to pre vi ous
ver sions.

It is one of the most widely used pro gram ming lan guages on the Win dows plat forms.

7.14.6 C#

C# is a new lan guage from Microsoft and is a key part of their .net frame work. It is a mod -
ern, well-en gi neered lan guage in the same fam ily of pro gram ming lan guages in terms of
syn tax as C, C++ and Java. If you have a knowl edge of one of these lan guages it will look
very fa mil iar.

One of the de sign goals was to pro duce a com po nent ori ented lan guage, and to build on the 
work that Microsoft had done with OLE, ActiveX and COM:

· Ac tiveX is a set of tech nol o gies that en ables soft ware com po nents to in ter act

with one an other in a net worked en vi ron ment, re gard less of the lan guage in

which they were cre ated. Ac tiveX was built on the Com po nent Ob ject Model
(COM). 

· COM is the ob ject model on which Ac tiveX Con trols and OLE are built. COM

al lows an ob ject to ex pose its func tion al ity to other com po nents and to host ap -

pli ca tions. It de fines both how the ob ject ex poses it self and how this ex po sure

works across pro cesses and net works. COM also de fines the ob ject's life cy cle.

· OLE is a mech a nism that al lows us ers to cre ate and edit doc u ments con tain ing

items or ob jects cre ated by mul ti ple ap pli ca tions. OLE was orig i nally an ac ro -

nym for Ob ject Link ing and Em bed ding. How ever, it is now re ferred to sim ply

as OLE. Parts of OLE not re lated to link ing and em bed ding are now part of Ac -

tive tech nol ogy.

Other de sign goals in cluded cre ating a lan guage:
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· Where ev ery thing is an ob ject — C# also has a mech a nism for go ing be tween

ob jects and fun da men tal types (in te gers, reals, etc.).

· Which would en able the con struc tion of ro bust and re li able soft ware — it has

gar bage col lec tion, ex cep tion han dling and type safety.

· Which would use a C/C++/Java syn tax which is al ready widely known and thus

help pro gram mers con vert ing from one of these lan guages to C#.

Microsoft has sub mit ted C# to the ECMA for for mal stand ardi sa tion and it be came an ISO
stan dard in 2003 - ISO/IEC 23270. Visit

· http://en.wikipedia.org/wiki/C_Sharp_pro gram ming_lan guage#Stan dard iza tion

for up-to-date in for ma tion on the stan dard isa tion ef fort. 

7.15 For tran 90

Al most as soon as the For tran 77 stan dard was com plete and pub lished, work be gan on the
next ver sion. The lan guage drew on many of the ideas cov ered in this chap ter and these
help to make For tran 90 a very prom is ing lan guage. Some of the new fea tures in cluded:

· New source form, with blanks be ing sig nif i cant and names be ing up to 31 char -

ac ters.

· Better con trol struc tures.

· Con trol of the pre ci sion of nu mer i cal com pu ta tion.

· Ar ray pro cess ing.

· Point ers.

· User de fined data types and op er a tors.

· Pro ce dures.

· Modules.

· Recursion.

· Dy namic stor age al lo ca tion.

7.16 For tran 1995, 2003 and 2008 fol lowed

For tran has been stand ard ised sev eral times since the ma jor changes in tro duced with For -
tran 90. 2003 added ob ject ori ented pro gram ming and 2008 added par al lel pro gram ming via 
coarrays.

7.17 Sum mary

It is hoped that you now have some idea about the wide va ri ety of uses that pro gram ming
lan guages are put to.
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Date C.J., A Guide to the SQL Stan dard, Ad di son-Wes ley, 1997.
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Flanagan D., Java in a Nut shell, O'Reilly, 1996.
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Very good cov er age of the var i ous fla vours of C, in clud ing K&R C, Stan dard C

1989, Stan dard C 1995, Stan dard C 1999 and Stan dard C++

Jacobi C., Code Gen er a tion and the Lilith Ar chi tec ture, Dis ser ta tion 7195, ETH Zu rich
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which I have adopted and de vel oped over a num ber of years, namely that the pri -
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Aims 

The pri mary aim of this chap ter is to look at some key pro gram ming lan guage con cepts.

8 Language Concepts
The fol low ing is a short cov er age of lan guage ter mi nol ogy and con cepts. The first part
looks at pro gram ming lan guages gen er ally, the sec ond looks at C# in par tic u lar. Con sider
the fol low ing con cepts in terms of the lan guage or lan guages that you know. We will come
back to this area later in this chap ter, af ter cov er ing some more lan guage de vel op ments.

8.1 In de pend ent Com pi la tion

The abil ity to break a prob lem down into parts and work on one part at a time. No check ing 
be tween com pi la tion units.

8.2 Sep a rate Com pi la tion

As above with check ing across com pi la tion units. This rep re sented a ma jor step for ward in
the con struc tion of more com plex pro grams. Lint helps out with C. Forcheck is use ful for
For tran 66 and 77 pro gram mers.

8.3 Con crete Data Types

The abil ity for the user to de fine data types that map di rectly onto their prob lem. The user
has to know about the im ple men ta tion.

8.4 Ab stract Data Types

The twin con cept of data types and pro ce dures that ma nip u late the data. The in ter nals are
hid den. In a con ven tional pro gram ming lan guage we would call a func tion or pro ce dure
with an ab stract data type as an ar gu ment, and the pro ce dure would pro cess the data.

8.5 Dy namic ar rays

Ar rays that are al lo cated dy nam i cally at run time, and the size is spec i fied at run time.

8.6 Poly mor phism

8.6.1 Nu meric Poly mor phism

In the sim plest case the abil ity to have so called mixed mode arith me tic ex pres sions, e.g.
mix in te gers and reals (both of one or more un der ly ing rep re sen ta tions) with out cast ing be -
tween one type and an other. 

· At the next level the abil ity to call built in func tions with nu meric data of one or 
more types. 

· Fi nally the abil ity to cre ate one's own func tions that ac cept nu meric data of a va -

ri ety of nu meric types.

8.6.2 Gen eral Poly mor phism

The abil ity to cre ate user de fined func tions that ac cept data of a va ri ety of types. Ob ject
Ori ented (OO) pro gram ming lan guages have to of fer this func tion al ity. 
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8.7 Struc tured Pro gramming

Struc tured pro gram ming in its nar row est sense con cerns it self with the de vel op ment of pro -
grams us ing a small but suf fi cient set of state ments and in par tic u lar con trol state ments. It
has had a great ef fect on pro gram lan guage de sign and most lan guages now sup port a min i -
mal set of con trol struc tures. In a broader sense it sub sumes other ob jec tives in clud ing sim -
plic ity, com pre hen si bil ity, verifiability, modifiability and main te nance of pro grams. The
ideas are very well cov ered in the Dahl, Dijkstra, Hoare text.

8.8 Step wise Re fine ment

Sim plis tically this in volves break ing down a prob lem in to sub-problems and re peat ing the
pro cess as many times as is nec es sary to achieve a com plete so lu tion.

The orig i nal ideas are very well ex pressed in a pa per by Wirth en ti tled Pro gram De vel op -
ment by Step wise Re fine ment, pub lished in 1971. The pa per is also avail able on-line at

http://www.acm.org/clas sics/dec95/#7

8.9 In for ma tion Hiding – Mod ules

A ma jor step for ward in the de vel op ment of pro gram ming lan guages. The pa per by Parnas
ad dresses the idea of in for ma tion hid ing and the mod ule con cept is one that a num ber of
lan guages now of fer to help in this area. The pri mary pur pose of mod ules is to pro vide the
abil ity to group re lated func tions and pro ce dures. This is a pow er ful pro gram de com po si tion 
tool. They nor mally have a well con trolled mech a nism for mak ing vis i ble what the ex ter nal, 
call ing rou tine needs to have ac cess to.

8.10 Pointers and Ref er ences

Pointers in a pro gram ming lan guage ex tend the range of prob lems that can be solved con -
sid er ably. Multi-dimensional struc tures are eas ily pro grammed us ing point ers, e.g. linked
lists, queues, trees, quad-trees, oct-trees etc.

The ma jor prob lem is that the user is pro vided with very lit tle help if they are pro grammed
in cor rectly. It is as sumed that you know what you are do ing.

In C# all ob jects are ac cessed via an ob ject ref er ence. When you see an ob ject vari able in a
C# pro gram you ac tu ally see a ref er ence to an ob ject. We will look into the con cept of ref -
er ences in much greater de tail through out the book.

8.11 Op er a tor Over loading

Very use ful to peo ple with nu meric prob lems, e.g. com plex arith me tic, ma trix al ge bra. It
enables a com pact no ta tion to be used, rather than a ba sic functional no ta tion. Given that
some lan guages have a large num ber of op er a tors it poses prob lems of read abil ity and com -
pre hen si bil ity. The re stric tions that C# has in this area will be looked at later.

8.12 Threads and Multitasking

Multitasking and or threads are needed in a pro gram ming lan guage when solv ing prob lems
in the ar eas of real-time sys tems, equip ment in ter fac ing, em bed ded sys tems and par al lel
pro gram ming.

8.13 Ex cep tion Han dling

Ex cep tion han dling is needed in a pro gram ming lan guage when solv ing prob lems in the ar -
eas of real-time sys tems, equip ment in ter fac ing, em bed ded sys tems, par al lel pro gram ming
and ro bust sys tems.
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8.14 Ob ject Ori ented Pro gramming

The fol low ing pro vides a link be tween con ven tional pro gram ming lan guage ter mi nol ogy
and that used in ob ject ori ented pro gram ming.

Class               Ex ten si ble ab stract data type

Ob ject             In stance of a class

Mes sage          Pro ce dure call, dy nam i cally bound

Method            Pro ce dure of a class.

We will il lus trate the dif fer ences be tween con ven tional pro gram ming and ob ject ori ented
pro gram ming with an ex am ple based on han dling shapes. Con sider writ ing a pro gram to
pro cess:-

· square

· rect an gle

· cir cle

In a con ven tional ap proach we would have to write a sep a rate func tion to work out the area 
of each shape, and de cide with pro gram logic which func tion to call. Adding the abil ity to
han dle an el lipse would mean add ing one or more new func tions and al ter ing the pro gram
logic to call the ap pro pri ate new func tion. This meth od ol ogy re quires a lot of skill from the
pro gram mer to make it work cor rectly.

The key in an ob ject ori ented ap proach is to de fine an ab stract base class shape with an as -
so ci ated suite of func tions to pro cess shapes. We use in her i tance to ex tend this class to han -
dle our new shapes. We don't need to al ter the pro gram logic to achieve this. We use dy -
namic bind ing to in ter ro gate the shape ob ject at run time to work out which func tion to call.

We will look at two ob ject ori ented ap proaches here. The work of Meyer and Rumbaugh et
al are both well re garded, and we will cover both briefly.

8.14.1 Meyer's Ap proach

Meyer in his first edi tion  iden ti fied seven steps that lead to wards ob ject ori ented so lu tions.
These were:–

· ob ject based mod u lar struc ture – sys tems are modularised on the ba sis of the

data struc tures;

· data ab strac tion – ob jects should be de scribed as im ple men ta tions of ab stract

data types;

· au to matic mem ory man age ment – un used ob jects should be deallocated by the

un der ly ing lan guage sys tems, with out pro gram mer in ter ven tion;

· classes – ev ery non sim ple type is a mod ule, and ev ery high level mod ule is a

type;

· in her i tance – a class may be de fined as an ex ten sion of re stric tion of an other;

· poly mor phism and dy namic bind ing – pro gram en ti ties  should be per mit ted to

re fer to ob jects of more than one class and op er a tions should be per mit ted to

have dif fer ent re al iza tions in dif fer ent classes;

· mul ti ple and re peated in her i tance – it should be pos si ble to de clare a class as
heir to more than one class and more than once to the same class;

The sec ond edi tion is a new book, rather than an up date of the first edi tion. Chap ters 1 and
2 are an in tro duc tion and over view. Chap ters 3 through 6 pro vide cov er age of the road to
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ob ject ori en ta tion. Chap ters 7 through 18 are the tech ni cal core of the book look ing at ob -
ject ori ented tech niques. There is a cov er age of:

· classes

· ob jects

· mem ory man age ment

· genericity

· de sign by con tract

· ex cep tion han dling

· sup port ing mech a nisms

· in her i tance

· mul ti ple in her i tance

· in her i tance tech niques

· typ ing

· global ob jects and con stants

Pro gramming is an en gi neer ing ac tiv ity and has evolved con sid er ably since the first pro -
gram ming lan guages of the 1950's. The changes be tween the first and sec ond edi tions re -
flect the de vel op ments that have taken place over nearly 10 years. This book is es sen tial
read ing if you are se ri ously in ter ested in ob jected ori ented pro gram ming. 

8.14.2 Rumbaugh et al

This book con cen trates on OO mod el ling, rather than us ing a par tic u lar pro gram ming lan -
guage for OO pro gram ming. If you have a back ground in the re la tional da ta base area then
much of the cov er age should be quite fa mil iar. They pres ent a meth od ol ogy for ob ject ori -
ented de vel op ment – the Ob ject Modelling Tech nique or OMT. They iden tify four stages:–

· anal y sis: build a model of the real world sit u a tion;

· sys tem de sign: make the high level de ci sions about the over all ar chi tec ture;

· ob ject de sign: build a de sign model (based on the anal y sis model) with im ple -

men ta tion de tails;

· im ple men ta tion: trans late into an im ple men ta tion us ing a par tic u lar pro gram ming 
lan guage, da ta base, or hard ware im ple men ta tion;

and three kinds of mod els to de scribe the sys tem:–

· the ob ject model: de scribes the static struc ture of the ob jects and their re la tion -
ships;

· the dy namic model: de scribes the as pects of the sys tem that change with time;

· the func tional model: de scribes the data value trans for ma tions within the sys tem;

and the three mod els are or thogo nal, with cross links. This book is a must for large scale
sys tems.

In her i tance com mits you to much more than be com ing a cli ent. As a cli ent you are pro -
tected against fu ture changes in the im ple men ta tion of a class. When you in herit you gain
ac cess to the im ple men ta tion and all that goes with it.

The above has to be done be fore any code is writ ten. Pro gramming is an it er a tive pro cess
and it is in ev i ta ble that you will need to cy cle through the de sign and im ple men ta tion stages 
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as you write code, i.e. it will be ob vi ous that you will need to go back and re de sign and
reimplement base classes in the light of ex pe ri ence.

8.15 De vel op ment En vi ron ments

The tra di tional work ing prac tice for pro gram de vel op ment in volves the fol low ing steps:–

· edit

· com pile

· link

· run

· de bug

in a loop. This method has the ad van tage of work ing on most hard ware and soft ware plat -
forms. The ma jor draw back is learn ing sev eral ways of do ing ex actly the same thing as we
move from plat form to plat form and from one lan guage to an other. How many ed i tors do
you know how to use?

There have also been de vel op ments to pro vide an in te grated en vi ron ment for pro gram de -
vel op ment. These en vi ron ments started out as work benches pro vid ing sim ple ac cess to the
ed i tor, com piler, linker etc through sim ple key strokes and the mouse. They have grown to
be come very so phis ti cated.

8.16 Graph i cal De vel op ment Tools

There has also been the de vel op ment of a vi sual in ter face to pro gram ming. In creas ingly
peo ple want easy to use soft ware that al most by def i ni tion has a win dows based in ter face.
Microsoft Vi sual Ba sic pro vides a good ex am ple of this. Prod ucts like this typ i cally have:–

· a tool box of com po nents that can be dragged and dropped onto a screen

· a screen or form that the user will see – this com prises the user in ter face

· a set of prop er ties for each of the com po nents that can be tai lored for your own

re quire ments

You typ i cally use the mouse to se lect the item you want from the tool box (menu, form etc)
drag and drop onto the form and then al ter the var i ous as so ci ated set ting us ing the property
en tries on the right hand side. Skel e ton code is of ten gen er ated for you which you then tai -
lor to your own spe cific re quire ments.

8.17 Soft ware Com po nents

As the prob lems that we at tempt to solve be come more com plex and the in ter faces we pro -
vide be come more so phis ti cated we need better tools to help with pro gram de vel op ment.
One ma jor step for ward is in re us able soft ware com po nents. This can be seen as an ex ten -
sions to the ob ject ori ented ap proach to pro gram ming.

Con sider build ing an ap pli ca tion that re quired a spell ing checker. The idea is to buy one off 
the shelf and slot it straight in to our pro gram. This is grad u ally be com ing a re al ity.

Sun and Microsoft both made de vel op ments in this area and we will look at each in turn.

8.17.1 COM, OLE, Ac tiveX

First let us de fine each of the above in turn:–

· COM – Com po nent Ob ject Model

· OLE – Ob ject Linking and Em bedding
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· ActiveX – Now called Ac tive Tech nol ogies

ActiveX is a set of tech nol o gies that en ables soft ware com po nents to in ter act with one an -
other in a net worked en vi ron ment, re gard less of the lan guage in which they were cre ated.
ActiveX is build on the Com po nent Ob ject Model.

OLE or OLE Automation makes it pos si ble for one ap pli ca tion to ma nip u late ob jects im ple -
mented in an other ap pli ca tion or to ex pose ob jects so that they can be ma nip u lated.

A sim ple ex am ple of this would be em bed ding a spread sheet of graph from Ex cel in a
Word doc u ment. Dou ble click ing on the spread sheets drops you into Ex cel. There are some
prob lems with this when work ing with a doc u ment on a num ber of com puter sys tems with
dif fer ent ver sions of the ap pli ca tions con cerned.

The Com po nent Ob ject Model (COM) is a plat form in de pend ent, dis trib uted, ob ject
oriented, sys tem for cre at ing bi nary soft ware doc u ments that can in ter act. COM is the foun -
da tion tech nol ogy for OLE and ActiveX.

8.17.2 JavaBeans

JavaBeans is the Java lan guage soft ware com po nent of fer ing. JavaBeans ex tends the Java
lan guage write once run ev ery where ca pa bil ity to resuable com po nent de vel op ment.

There is con sid er able in ter est in JavaBeans be cause of the plat form neu tral ity of the de vel -
oped code. Sun also pro vide mech a nisms to mi grate ActiveX/OLE/COM to JavaBeans.

8.18 C# Con cepts and Ter mi nol ogy

The fol low ing are some C# con cepts and ter mi nol ogy.

8.18.1 Classes

Class dec la ra tions de fine new ref er ence types. Types come in two main cat e go ries in C#,
value types (e.g. the built in nu meric types like in te ger and float) where you actually work
with a value (1 or 1.0), and ref er ence types (e.g. Strings, ar rays and ob jects) where you
work with a ref er ence to the val ues. A class can in herit from an other class, and can im ple -
ment in ter faces.

Class mem bers can in clude con stants, fields, meth ods, prop er ties, in dex ers, events, op er a -
tors, con struc tors, de struc tors, and nested type dec la ra tions. Each mem ber has an as so ci ated 
ac ces si bil ity, which con trols the re gions of pro gram text that are able to ac cess the mem ber. 
There are five pos si ble forms of ac ces si bil ity. These are sum ma rized be low.

· pub lic Ac cess not lim ited

· pro tected Ac cess lim ited to the con tain ing class or types de rived from

the con tain ing class

· in ter nal Ac cess lim ited to this pro gram

· pro tected in ter nal Ac cess lim ited to this pro gram or types de rived from the con -

tain ing class

· pri vate Ac cess lim ited to the con tain ing class

8.18.2 Con stants

A con stant is a class mem ber that rep re sents a con stant value, i.e. a value that can be com -
puted at com pile-time. Con stants are per mit ted to de pend on other con stants within the
same pro gram as long as there are no cir cu lar de pend en cies.

8.18.3 Fields

A field is a mem ber that rep re sents a vari able as so ci ated with an ob ject or class.
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8.18.4 Methods

A method is a mem ber that im ple ments a com pu ta tion or ac tion that can be per formed by
an ob ject or class. Methods have a list of for mal pa ram e ters (which may be empty), a re turn 
value (or void), and are ei ther static or non-static. Static meth ods are ac cessed through the
class. Non-static meth ods, which are also called in stance meth ods, are ac cessed through in -
stances of the class.

8.18.5 Prop erties

A prop erty is a mem ber that pro vides ac cess to an at trib ute of an ob ject or a class. Ex am -
ples of prop er ties in clude the length of a string and the size of a font. Prop erties are an ex -
ten sion of fields. Both are named mem bers with as so ci ated types, and the syn tax for ac cess -
ing fields and prop er ties is the same.

8.18.6 Events

An event is a mem ber that en ables an ob ject or class to pro vide no ti fi ca tions. A class de -
fines an event by pro vid ing an event dec la ra tion, which re sem bles a field dec la ra tion,
though with an added event key word, and an op tional set of event ac ces sory. The type of
this dec la ra tion must be a del e gate type.

8.18.7 In dexers

An in dexer is a mem ber that en ables an ob ject to be in dexed in the same way as an ar ray. 

8.18.8 In stance con struc tors

An in stance con struc tor is a method that im ple ments the ac tions re quired to ini tial ize an in -
stance of a class.

8.18.9 De struc tors

A de struc tor is a method that im ple ments the ac tions re quired to de struct an in stance of a
class. The de struc tor for an in stance is called au to mat i cally dur ing gar bage col lec tion.

8.18.10 Static con struc tors

A static con struc tor is a method that im ple ments the ac tions re quired to ini tial ize a class.
The static con struc tor for a class is called au to mat i cally when the class is loaded.

8.18.11 In her i tance

Classes sup port sin gle in her i tance, and the type ob ject is the ul ti mate base class for all
classes.

8.18.12 In ter faces

An in ter face de fines a con tract. A class or struct that im ple ments an in ter face must ad here
to its con tract. In ter faces can con tain meth ods, prop er ties, in dex ers, and events as mem bers.

8.18.13 Del e gates

Del e gates pro vides the func tion al ity that C++ and some other lan guages have ad dressed
with func tion point ers. Un like func tion point ers, del e gates are ob ject-oriented, type-safe,
and se cure.

Del e gates are ref er ence types that de rive from a com mon base class: Sys tem.Del e gate. 

This means that a del e gate does not have to know or care about the type of the ob ject that it 
ref er ences. Any ob ject will do; all that mat ters is that the method's sig na ture matches the
del e gate's. 
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8.18.14 At trib utes

C# is a pro ce dural lan guage, but like all pro ce dural lan guages it does have some de clar a tive 
el e ments. For ex am ple, the ac ces si bil ity of a method in a class is spec i fied by dec o rat ing it
pub lic, pro tected, in ter nal, pro tected in ter nal, or pri vate. Through its sup port for at trib utes,
C# gen er al izes this ca pa bil ity, so that pro gram mers can in vent new kinds of de clar a tive in -
for ma tion, spec ify this de clar a tive in for ma tion for var i ous pro gram en ti ties, and re trieve this 
de clar a tive in for ma tion at run-time. Pro grams spec ify this ad di tional de clar a tive in for ma tion 
by de fin ing and us ing at trib utes.

8.19 Bib li og ra phy.

The pre vi ous chap ter has a lengthy book bib li og ra phy.

8.19.1 Some use ful web addresses

These are some of the web ad dresses that I found use ful in writ ing this chap ter.

8.19.1.1 Ada

http://www.adahome.com/

http://www.adaic.org/

8.19.1.2 C

http://www.accu.org/

8.19.1.3 C++

http://www.accu.org/

8.19.1.4 C#

http://msdn.microsoft.com/net/lan guages/de fault.asp

http://msdn.microsoft.com/de fault.asp

http://msdn.microsoft.com/vstudio/

http://msdn.microsoft.com/net/

8.19.1.5 Eif fel

http://www.eif fel.com/

http://www.eif fel-forum.org/

http://msdn.microsoft.com/li brary/de fault.asp?URL=/li brary/techart/PDC_eif fel.htm

8.19.1.6 For tran

http://www.fortranplus.co.uk

8.19.1.7 Microsoft Vi sual Ba sic

http://msdn.microsoft.com/net/lan guages/de fault.asp

http://msdn.microsoft.com/de fault.asp

http://msdn.microsoft.com/vstudio/

8.19.1.8 Mod ula 2

http://sc22wg13.twi.tudelft.nl/

http://www.arjay.bc.ca/Mod ula-2/m2faq.html

8.19.1.9 Oberon 2

http://www.oberon.ethz.ch/

8.19.1.10 Pascal

http://www.pascal-central.com/extpascal.html
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'Though this be mad ness, yet there is method in't'

Shake speare, Ham let, Act 2, Scene 2.

'Plenty of prac tice' he went on re peat ing, all the time that Al ice was get ting him on his feet
again. 'plenty of prac tice.'

The White Knight, Through the Look ing Glass and What Al ice Found There, Lewis
Carroll. 

Aims

The aims of the chap ter are:–

· to look at a sim ple hello world ex am ple, run ning from a Dos box or con sole ses -

sion.

· to look at the above us ing De vel oper Stu dio

· to look at sim ple text i/o

· to look at sim ple nu meric i/o.

9 Introduction to Programming using C#
This chap ter is an introduction to pro gram ming us ing C#.

9.1 Pro gram De vel op ment

We will start by look ing at the fol low ing model of pro gram ming:–

· write the pro gram us ing an ed i tor;

· com pile the source us ing a com piler, with pos si ble hid den link ing the out put

from the com piler to pro duce an ex e cut able;

· run ning the ex e cut able;

and as most of us know this is an it er a tive pro cess. We rarely get it right first time. We first 
look at a C# ex am ples writ ten us ing this ap proach.

9.2 Ex am ple 1: Hello World

The fol low ing is the clas sic hello world pro gram in C#. This has be come a very com mon
first pro gram ex am ple in in tro duc tions to programming. It has its or i gins in the C pro gram -
ming lan guage and was the first ex am ple in the Kernighan and Ritchie book on C back in
the 1970's. It is a fa vour ite in the C fam ily of lan guages (C, C++, Java and C#).

us ing Sys tem;

class c0901
{

static int Main() 
{

Con sole.WriteLine("Hello World");
re turn 0;

}
}
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This can be com piled and run at the MS-DOS or com mand prompt. On ver sions of Vi sual
Stu dio pre the com mu nity edi tion you would do the fol low ing

            Start

                        Pro grams

                                    Microsoft Vi sual Stu dio .Net

                                                Vi sual Stu dio .Net Tools

                                                            Vi sual Stu dio .Net com mand prompt

Since the ar rival of the Com mu nity Edi tion try

            Start

Scroll down to

                        Vi sual Stu dio 2019

Click on this and choose

                                    De vel oper Command Prompt for Vi sual Stu dio 2019

Type the pro gram in us ing Note pad and save it with the name c0901.cs. Then type

· csc c0901.cs

and this will com pile the pro gram and gen er ate a file called

· c0901.exe

if there are no er rors. Typing

· c0901

will then run the pro gram. C# is case sen si tive so take care to en sure that you spell things
cor rectly.

We will look at each line of the pro gram in turn.

9.2.1 us ing Sys tem;

This is a di rec tive and makes avail able the classes that make up the .NET Frame work class
li brary. One of the classes in this namespace is the Con sole class. This class pro vides com -
mu ni ca tion within a DOS box or com mand line ses sion.

9.2.2 class c0901

C# is an ob ject ori ented lan guage and we cre ate our own class called c0901. Within this
class there is one method called Main.

9.2.3 { and }

Left and right curly braces are used to or ga nize our pro grams in C#. The first and last set of 
braces sur round the class c0901. The sec ond and third sur round what is within the Main
method. We use in den ta tion to high light how we struc ture our C# pro grams.

9.2.4 static int Main()

This is the start ing point for our pro gram. It is a method within the c0901 class. It must be
a static func tion as it is not as so ci ated with an in stance of an ob ject. It re turns an in te ger
value.

9.2.5 Con sole.WriteLine("Hello World");

This is a class within Sys tem and will print out Hello World to the screen or con sole.

Chapter 9 Introduction to Programming using C# 73

© Ian D Chivers



9.2.6 re turn 0;

It is a tra di tion within the C fam ily of lan guages to re turn a value of zero if things have
worked.

9.2.7 ;

The semi co lon is a state ment ter mi na tor.

9.2.8 The com pi la tion process

A com piler is a com puter pro gram(s) that trans lates source code from a high-level pro gram -
ming lan guage (C, C++, C#, For tran) to a lower level lan guage (e.g., as sem bly lan guage or
ma chine code).

A com piler will prob a bly per form one or more of the fol low ing op er a tions:

· lex i cal anal y sis

· pre pro cess ing

· pars ing

· se man tic anal y sis

· code gen er a tion

· code op ti mi za tion

A na tive or hosted com piler is one in which out put is in tended to di rectly run on the same
type of com puter and op er at ing sys tem that the com piler it self runs on.

A cross com piler may gen er ate code to be run on

· dif fer ent hard ware

· one or more ver sions of the same hard ware

· dif fer ent op er at ing sys tems

A com piler may also pro duce out put or code for a vir tual ma chine (VM). The Java lan -
guage gen er ates code for a vir tual ma chine.

A com piler may gen er ate na tive ex e cut able code di rectly, as in the case of the C# com piler
we are us ing.

The com pi la tion pro cess may also cre ate in ter me di ate files called ob ject or relocatable files. 
There will then be a link phase to gen er ate an ex e cut able. C, C++ and For tran are lan -
guages where there is of ten a link phase.

9.3 Ex am ple 1: vari a tion us ing De vel oper Stu dio and an empty
project

This ex am ple takes you through pro gram ming in C# us ing De vel oper Stu dio. The same ex -
am ple is used, as the em pha sis is on get ting fa mil iar with De vel oper Stu dio.

There are screen shots tak ing you through all of the steps. These are from a Win dows 10
Pro. 

9.3.1 Starting De vel oper Stu dio

The fol low ing is a screen shot of do ing this on one of my de vel op ment sys tems. You start
with the Win dows logo at the bot tom right of your screen.

74 Introduction to Programming using C# Chapter 9

© Ian D Chivers



I have sev eral ver sions of Vi sual Stu dio in stalled.

9.3.2 De vel oper Stu dio Open ing Screen
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Fig ure 1 - Start ing De vel oper Studio



This should bring up a screen sim i lar to the one be low. The ex act screen will de pend on
which ver sion of Vi sual Stu dio you start.. 
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9.3.3 Cre ating a new pro ject

Click on -> File -> New - > Pro ject
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9.3.4 Pro ject Types

With Vi sual Stu dio 2015 this should bring up a screen sim i lar to the one be low. 

The key fea tures are the type of pro ject, the tem plate to be used, the pro ject name and the
pro ject lo ca tion. Later ver sions of Vi sual Stu dio will have dif fer ent op tions. You will have
to reg is ter with re cent ver sions of Vi sual Stu dio. 

9.3.5 Cre at ing an Empty pro ject

With Vi sual Stu dio 2015 fol low the fol low ing steps.
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Se lect empty pro ject.

With Vi sual Stu dio 2017 choose

            Vi sual C#

                        Win dows Clas sic Desk top

                                    Empty Pro ject - .Net Frame work
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This should bring up a screen sim i lar to the fol low ing.
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Figure 6 - Pro ject start page



9.3.6 Adding ex ist ing item

Click on Pro ject -> Add Ex isting Item

Chapter 9 Introduction to Programming using C# 81

© Ian D Chivers
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9.3.7 Choosing a file - 1

This should bring up a screen sim i lar to the fol low ing.
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Copy your ex ist ing hello world C# pro gram into the ap pro pri ate di rec tory.  You should end 
up with a screen sim i lar to the one be low.
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9.3.8 Build project

Now click on Build -> Build pro ject

You should end up with a screen sim i lar to the fol low ing. The key here is the out put win -
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Fig ure 10 - Build ing the project



dow at the bot tom. This has the com pi la tion or build mes sages. In this case it tells us that
the build was suc cess ful.
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9.3.9 De bug and Start

Now click on De bug -> Start with out debugging
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Fig ure 12 - Run ning the project



This should bring up the fol low ing Dos box or con sole ses sion.

Press ing the return key should bring us back to De vel oper Stu dio.

9.3.10 Ed it ing the pro ject
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If it does not bring up the fol low ing screen click on the C# source file in the So lu tion Ex -
plorer win dow. The key fea ture is the C# source high light ing.

9.4 Ex am ple 1: variation let ting Vi sual Stu dio cre ate a skel e ton pro -
gram

The next ex am ple looks at let ting the De vel oper Stu dio en vi ron ment cre ate a skel e ton C#
pro gram for us. We will let it cre ate a con sole ap pli ca tion. Fol low the pre vi ous steps, but
this time choose a con sole ap pli ca tion.

This is the skeleton C# source file cre ated with Vi sual Stu dio 2010.1 The code may vary
de pend ing on the ver sion of Vi sual Stu dio you are us ing.

us ing Sys tem;
us ing Sys tem.Col lec tions.Ge neric;
us ing Sys tem.Linq;
us ing Sys tem.Text;

namespace ConsoleApplication1
{
    class Pro gram
    {
        static void Main(string[] args)
        {
        }
    }
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Fig ure 14 - Ed it ing the project

1 The full version information is Microsoft Visual Studio 2010 
Version 10.0.30319.1 Microsoft .NET Framework Version 4.0.30319



}

We need to add the fol low ing line:

Sys tem.Con sole.WriteLine("Hello World");

in be tween the 

{
}

of the code block that starts with

        static void Main(string[] args)

We then build and run the pro gram.

A screen opens and the text ap pears and then closes.

Now go to a Dos prompt and go to the pro ject di rec tory. In my case this is

· c:\doc u ment\csharp\c0901

Type

· dir /s /p

and look in the bin/de bug di rec tory. You can now run it from the DOS prompt by typ ing

· c0901

We will now look at two more ex am ples, and we will do these from the DOS prompt,
rather than within the De vel oper Stu dio en vi ron ment.

9.5 Ex am ple 2: Sim ple text i/o

This ex am ple will read and write a line of text.

us ing Sys tem;

class c0902
{

static int Main() 
{

string line;
Con sole.WriteLine(" Type in a line ");
line=Con sole.ReadLine();
Con sole.WriteLine(line);
re turn 0;

}
}

Let us look at the pro gram one line at a time.

string line;

This is a vari able dec la ra tion. line is a vari able of type string, which is one of the built in
C# data types. Most pro grams pro cess data and data has an as so ci ated type. Most pro gram -
ming lan guages sup port text and num bers as in trin sic types.

Con sole.WriteLine(" Type in a line ");

This state ment prints out the text Type in a line on the screen. 

The state ment

line=Con sole.ReadLine();
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uses the ReadLine method to get the text we want and as sign it to the string vari able line.
This will read all we type up to press ing the re turn key. The re turn key is used in most pro -
gram ming lan guages to sig nify the end of the in put. The text we type in will be as signed to
the vari able line. Strings are a com mon way to han dle text in pro gram ming lan guages. We
will look at strings in more depth in a later chap ter.

9.5.1 Vari ables - name, type and value

The idea of a vari able is one that you are likely to have met be fore, prob a bly in a math e -
mat i cal con text. Con sider the fol low ing

            cir cum fer ence = 2 p r

This is an equa tion for the cal cu la tion of the cir cum fer ence of a cir cle. The following rep re -
sents a trans la tion of this into a pro gram ming lan guage

cir cum fer ence = 2 * pi * ra dius

There are a num ber of things to note about this equa tion.

· Each of the vari ables on the right hand side of the equals sign (pi and ra dius)

will have a value, which will al low the eval u a tion of the ex pres sion.

· When the ex pres sion is fully eval u ated the value is as signed to the vari able on

the left hand side of the equals sign.

· In math e mat ics the mul ti pli ca tion is im plied but in most pro gram ming lan guages 

we have to use the * op er a tor to in di cate that we want to mul ti ply 2 by pi by the 
ra dius.

· We do not have ac cess to math e mat i cal sym bols like p in most pro gram ming

lan guages and have to use vari able names based on let ters from the Roman al -

pha bet.

The whole line is an ex am ple of an arith me tic as sign ment state ment in most pro gram ming
lan guages. 

The fol low ing arith me tic as sign ment state ment il lus trates clearly the con cepts of name and
value, and the dif fer ence be tween the equals sign in com put ing and math e mat ics

            I = I + 1

In C# this reads take the cur rent value of the vari able I, add one to it and store the new
value back into the vari able I. Al ge bra ically

            I = I + 1

does not make any sense.

9.5.2 The rest of the program

The state ment

Con sole.WriteLine(line);

prints back out what we have typed in.

The state ment 

re turn 0;

ends the pro gram.

Com pile and run this pro gram.
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9.6 Ex am ple 3: Sim ple nu meric i/o - real numbers

This ex am ple reads in three num bers and prints out their sum.

us ing Sys tem;

class c0903
{
  static int Main() 
  {
    dou ble x1;
    dou ble x2;
    dou ble x3;
    dou ble sum=0;
    string line;
    Con sole.Write(" Type in the first num ber ");
    line=Con sole.ReadLine();
    x1=dou ble.Parse(line);
    sum=sum+x1;
    Con sole.Write(" Type in the sec ond num ber ");
    line=Con sole.ReadLine();
    x2=dou ble.Parse(line);
    sum=sum+x2;
    Con sole.Write(" Type in the third num ber ");
    line=Con sole.ReadLine();
    x3=dou ble.Parse(line);
    sum=sum+x3;
    Con sole.WriteLine(" The num bers were");
    Con sole.WriteLine(x1);
    Con sole.WriteLine(x2);
    Con sole.WriteLine(x3);
    Con sole.WriteLine(" and the sum is");
    Con sole.WriteLine(sum);
    re turn 0;
  }
}

The fol low ing three statements.

    dou ble x1;
    dou ble x2;
    dou ble x3;

de clare x1, x2 and x3 to be vari ables of type dou ble. The dou ble data type is one of the C#
in trin sic data types (or value types in C# ter mi nol ogy) and is used with real num bers. Real
num bers have a dec i mal point. A vari able dec la ra tion in most pro gram ming lan guages is of
the form

            type vari able_name

and the rules for vari able names in most pro gram ming lan guages is that they may con tain a
mix ture of al pha betic and nu meric char ac ters and of ten the un der score (_) char ac ter. Names 
in C# are case sen si tive and this x1 and X1 are dif fer ent vari ables. In the above state ments
we have n't given x1, x2 or x3 ini tial val ues. They would be called un de fined or
uninitialised in many pro gram ming lan guages. The fol low ing statement
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    dou ble sum=0;

de clares sum to be a vari able of type dou ble, but now we give it an ini tial value of zero. 
The fol low ing statement

    string line;

again de clares line to be a vari able of type string. In ter ac tion with us ers is gen er ally via
vari ables of type string. The fol low ing statements

    Con sole.Write(" Type in the first num ber ");
    line=Con sole.ReadLine();

print a prompt to the screen, read what the user types in. The fol low ing statement

    x1=dou ble.Parse(line);

tries look ing for a num ber (of type dou ble) in the string vari able line - called pars ing the
string in com puter jar gon and if there is a valid num ber assigning it to the vari able x1. The
fol low ing state ment

    sum=sum+x1;

adds the cur rent value of x1 to the value of sum and then as signs the re sult to sum, i.e. as -
signs it a new or up dated value. Re mem ber that we set the ini tial value of sum to zero.

We then re peat the above se quence for the vari ables x2 and x3.

    Con sole.Write(" Type in the sec ond num ber ");
    line=Con sole.ReadLine();
    x2=dou ble.Parse(line);
    sum=sum+x2;
    Con sole.Write(" Type in the third num ber ");
    line=Con sole.ReadLine();
    x3=dou ble.Parse(line);
    sum=sum+x3;

The fol low ing state ments

    Con sole.WriteLine(" The num bers were");
    Con sole.WriteLine(x1);
    Con sole.WriteLine(x2);
    Con sole.WriteLine(x3);
    Con sole.WriteLine(" and the sum is");
    Con sole.WriteLine(sum);

print out the val ues of the vari ables x1, x2 and x3 and the sum.

We then have

re turn 0;

which ends the pro gram. Com pile and run this ex am ple. 

Ex per i ment with a va ri ety of num bers as in put.
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9.7 Ex am ple 4: Sim ple nu meric i/o - in te ger num bers

The fol low ing is a sim ple vari ant of the pre vi ous ex am ple us ing in te ger vari ables. Most
pro gram ming lan guages sup port two kinds of num bers, so called real and in te ger types.

us ing Sys tem;

class c0904
{
  static int Main() 
  {
    int x1;
    int x2;
    int x3;
    int sum=0;
    string line;
    Con sole.Write(" Type in the first num ber ");
    line=Con sole.ReadLine();
    x1=int.Parse(line);
    sum=sum+x1;
    Con sole.Write(" Type in the sec ond num ber ");
    line=Con sole.ReadLine();
    x2=int.Parse(line);
    sum=sum+x2;
    Con sole.Write(" Type in the third num ber ");
    line=Con sole.ReadLine();
    x3=int.Parse(line);
    sum=sum+x3;
    Con sole.WriteLine(" The num bers were");
    Con sole.WriteLine(x1);
    Con sole.WriteLine(x2);
    Con sole.WriteLine(x3);
    Con sole.WriteLine(" and the sum is");
    Con sole.WriteLine(sum);
    re turn 0;
  }

}

The first dif fer ences are in the fol low ing lines

    int x1;
    int x2;
    int x3;
    int sum=0;

where the vari ables are now of int type. The C fam ily of lan guages use short ened names for 
the integer types. We will cover this in more depth in the next chap ter.

The next dif fer ence is in the fol low ing state ment

    x1=int.Parse(line);

Now we are look ing for an in te ger in the in put from the user.

Most of the rest of the pro gram is the same and il lus trates a very im por tant part of
programming where when we learn how to some thing with one of the nu meric data types it
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will carry over to the other nu meric types. Com pile and run this pro gram and ex per i ment
with the in put.

9.7.1 Ac cessing The Microsoft Vi sual Studio .Net Doc u men ta tion

The fol low ing screenshot shows what is avail able.

In this screen shot we have the [Con tents] tab in for ma tion dis played. The [In dex] tab also
pro vides very use ful in for ma tion.

9.8 Programming key con cepts

Com puter pro gram ming in volves the fol low ing stages

· write the pro gram us ing an ed i tor;

· com pile the source us ing a com piler;

· link ing the out put from the com piler to pro duce an ex e cut able;

· run ning the ex e cut able;

and this is nor mally as it er a tive pro cess as we gen er ally makes mis takes!

We some times have the op tion of us ing an IDE or in te grated de vel op ment en vi ron ment to
do our pro gram ming.

· Pro grams are made up of state ments.
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· Pro gram ming lan guages have a sim ple syn tax and gram mar.

· C# has a sim i lar syn tax to the C, C++ and Java fam ily of lan guages.

· C# pro grams are or ga nized us ing classes.

· C# pro gram ex e cu tion starts with the Main method.

· C# sup ports a va ri ety of data types in clud ing 

· string

· dou ble

· int

The con cepts in tro duced in this chap ter ap ply to other com monly used pro gram ming lan -
guages in clud ing C, C++, For tran and Java.

9.9 Sum mary

The ex am ples have been cho sen to high light some of the key con cepts of C#.

9.10 Prob lems

1. Com pile and run the ex am ples in this chapter to gain fa mil iar ity with C# and the de vel -
op ment en vi ron ment.

2. Given a height in im pe rial mea sure ments of 5 feet 8 inches write a pro gram that will
con vert the height to metres. 1 inch equals 2.54 centi metres. There are 12 inches in a foot.

3. Given an weight in im pe rial mea sure ments of 11 stone 13 pounds write a pro gram to
con vert this to ki lo grams. There are 2.2 pounds in a ki lo grams.

4. Us ing the height in metres and weight in ki lo grams cal cu late the body mass in dex (bmi)
value for the above per son. The bmi value is equal to the weight di vided by the height
squared. 

Grades of obe sity for the gen eral pop u la tion ac cord ing to Garrow are as fol lows

            0 - de sir able 20 - 24.9

            1 - over weight 25 - 29.9

            2 - obese 30 - 40

            3 - mor bidly obese > 40

Ideal ranges are given be low

            Men: 20.1 - 25 kg/m2

            Women: 18.7 - 23.8 kg/m2

5. Redo 4 us ing your own height and weight.
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Tak ing Three as the sub ject to rea son about — 
  A con ve nient num ber to state —
We add Seven, and Ten, and then mul ti ply out
  By One Thou sand di min ished by Eight. 
The re sult we pro ceed to di vide, as you see,
  By Nine Hun dred and Ninety and Two: 
Then sub tract Sev en teen, and the an swer must be
  Ex actly and perfectly true. 

Lewis Carroll, The Hunt ing of the Snark

Round num bers are al ways false.

Sam uel John son.

Aims

The aims of this chap ter are to in tro duce:–

· the nu meric data types avail able in C#;

· the in te ger nu meric model used in C#;

· the float ing point nu meric model used within C# 

– the IEEE 754-1985 stan dard;

· the lim i ta tions of arith me tic us ing 32, 64 and 128 bit floating point

representations;

· pre ci sion - the num ber of sig nif i cant digits

· the dif fer ences be tween float ing point num bers - ep si lon

· max i mum and min i mum vales;

· round ing er rors;

· over flow;

· un der flow;

· to in tro duce briefly all of the op er a tors in C#;

· the rules for the eval u a tion of arith me tic ex pres sions;

· the rules that ap ply in type con ver sion;

· ex pres sion equivalence

· con stants – static fi nal;

· the mathematical func tions avail able in C#;

· sim ple types and aliased types;

· nu meric for mat ting on out put;

10 Arithmetic and Expressions in C#
This chap ter looks at the fun da men tal nu meric data types in C# and the rules for ex pres sion 
eval u a tion. There are a large num ber of op er a tors and a quick look at them all is pro vided
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in this chap ter. How ever for most ap pli ca tions you will only re quire a good knowl edge of a 
small sub set of them. The main cov er age is of arith me tic and the numeric data types in C#.

Com puter arith me tic is not guar an teed to give the same re sults as nor mal arith me tic. This
goal is vir tu ally im pos si ble es pe cially when one con sid ers float ing point arith me tic. Rea -
sons for this include:

· the lim ited in ter nal pre ci sion used by com put ers to store and ma nip u late

numbers;

· the con ver sion of num bers be tween dec i mal and bi nary for mats;

· the use of el e men tal li brary func tions (e.g. the trig o no met ric func tions sine, co -

sine tan gent etc);

· re sults of cal cu la tions may be in hard ware in ac ces si ble to the pro gram mer;

· in ter me di ate re sults in sub ex pres sions or ar gu ments to pro ce dures.

Two other ar eas of con cern are firstly that dif fer ent pro gram ming lan guages have dif fer ent
rules for ex pres sion eval u a tion and sec ondly dif fer ent pro gram ming lan guages have dif fer -
ent rules for so called mixed mode arithmetic.

We nor mally need to look at

· the rules for form ing ex pres sions - the syn tax

· the rules for in ter pret ing ex pres sions - the se man tics

· the rules for eval u at ing ex pres sions - the role of op ti mi sa tion

The syn tax rules gov ern which ex pres sions are valid. The se man tics de ter mine a valid in ter -
pre ta tion.

The rules for mixed mode arith me tic are dif fer ent be tween Fortran and the C fam ily of lan -
guages.

Thus pro grams writ ten in C#, C++ and Fortran in volv ing arith me tic can le git i mately give
dif fer ent answers.

The fol low ing rules are gen er ally rec om mended

· use brack ets to de fine the pri or ity in the eval u a tion of an ex pres sion

· op er a tors have a pre ce dence or pri or ity 

· mul ti pli ca tion and di vi sion are of the same pre ce dence

· ad di tion and sub trac tion are of the same pre ce dence, and

are of a lower pri or ity to mul ti pli ca tion and division

10.1 In te gral types

The C# in te gral type is used when the num bers do not have a dec i mal point. C# sup ports
nine in te gral types:

· sbyte - signed 8-bit in te gers, val ues be tween –128 and 127. 

· byte - un signed 8-bit in te gers, val ues be tween 0 and 255. 

· short - signed 16-bit in te gers, val ues be tween –32768 and 32767. 

· ushort - un signed 16-bit in te gers, val ues be tween 0 and 65535. 

· int - signed 32-bit in te gers, val ues be tween –2147483648 and 2147483647. 

· uint - un signed 32-bit in te gers, val ues be tween 0 and 4294967295. 
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· long - signed 64-bit in te gers, val ues be tween –9223372036854775808 and

9223372036854775807. 

· ulong - un signed 64-bit in te gers, val ues be tween 0 and 18446744073709551615.

· char - un signed 16-bit in te gers, val ues be tween 0 to 65535. The set of pos si ble

val ues for the char type cor re sponds to the Unicode character set. 

The fol low ing are some rules that ap ply with in te gral arith me tic in C#. Don't panic if you
don't un der stand ev ery thing in what fol lows be low. The ex am ples later in this chap ter
should help clar ify things. 

The in te gral-type unary and bi nary op er a tors al ways op er ate with one of the fol low ing
types

· signed 32-bit pre ci sion

· un signed 32-bit pre ci sion

· signed 64-bit pre ci sion

· un signed 64-bit pre ci sion: 

For most op er a tors, type pro mo tion takes place when nec es sary, i.e. the operands will be
pro moted to the first type that can rep re sent all pos si ble val ues of the op er and. The spe cific
rules are given below.

· For the unary + and ~ op er a tors, the op er and is con verted to type T, where T is

the first of int, uint, long, and ulong that can fully rep re sent all pos si ble val ues

of the op er and. The op er a tion is then per formed us ing the pre ci sion of type T,

and the type of the result T. 

· For the unary – op er a tor, the op er and is con verted to type T, where T is the first

of int and long that can fully rep re sent all pos si ble val ues of the op er and. The

op er a tion is then per formed us ing the pre ci sion of type T, and the type of the re -

sult is T. The unary – op er a tor can not be ap plied to operands of type ulong. 

· For the bi nary +, –, *, /, %, &, ^, |, ==, !=, >, <, >=, and <= op er a tors, the

operands are con verted to type T, where T is the first of int, uint, long, and

ulong that can fully rep re sent all pos si ble val ues of each op er and. The op er a tion

is then per formed us ing the pre ci sion of type T, and the type of the re sult is T

(or bool for the re la tional operators). 

· For the bi nary << and >> op er a tors, the left op er and is con verted to type T,

where T is the first of int, uint, long, and ulong that can fully rep re sent all pos si -

ble val ues of the op er and. The op er a tion is then per formed us ing the pre ci sion of 

type T, and the type of the result T. 

The char type is clas si fied as an in te gral type, but it dif fers from the other in te gral types in
two ways: 

· There are no im plicit con ver sions from other types to the char type. In par tic u lar, 

even though the sbyte, byte, and ushort types have ranges of val ues that are fully 

rep re sent able us ing the char type, im plicit con ver sions from sbyte, byte, or

ushort to char do not exist. 

· Con stants of the char type must be writ ten as character-lit er als. Char ac ter con -

stants can only be writ ten as in te ger-lit er als in com bi na tion with a cast. For ex -
am ple, (char)10 is the same as '\x000A'. 
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10.1.1 In te ger Arithmetic Overflow

The arith me tic op er a tors (+, -, *, /) can pro duce re sults that are out side the range of pos si -
ble val ues for the nu meric type in volved and in general: 

· In te ger arith me tic over flow ei ther throws an OverflowException or dis cards the

most sig nif i cant bits of the re sult (see be low). In te ger di vi sion by zero al ways
throws a DivideByZeroException. 

When in te ger over flow oc curs, what hap pens de pends on the ex e cu tion con text, which can
be checked or un checked. In a checked con text, an OverflowException is thrown. In an un -
checked con text, the most sig nif i cant bits of the re sult are dis carded and ex e cu tion con tin -
ues. Thus, C# gives you the choice of han dling or ignoring overflow.

In ad di tion to the arith me tic op er a tors, in te gral-type to in te gral-type casts can cause over -
flow (for ex am ple, cast ing a long to an int) and are sub ject to checked or un checked ex e cu -
tion. The bitwise op er a tors and shift op er a tors never cause overflow.

We will look at some ex am ples later in this chap ter.

10.2 Float ing point types

C# sup ports two float ing point types: float and dou ble. The float and dou ble types are rep -
re sented us ing the 32-bit sin gle-pre ci sion and 64-bit dou ble-pre ci sion IEEE 754 for mats,
which pro vide the fol low ing sets of values: 

· Pos i tive zero and neg a tive zero. In most sit u a tions, pos i tive zero and neg a tive

zero be have iden ti cally as the sim ple value zero, but cer tain op er a tions dis tin -

guish between the two. 

· Pos i tive in fin ity and neg a tive in fin ity. In fin i ties are pro duced by such op er a tions

as di vid ing a non-zero num ber by zero. For ex am ple 1.0 / 0.0 yields pos i tive in -

fin ity, and –1.0 / 0.0 yields negative infinity. 

· The Not-a-Num ber value, of ten ab bre vi ated Nan. NaNs are pro duced by in valid
float ing-point op er a tions, such as di vid ing zero by zero. 

· The fi nite set of non-zero val ues of the form s * m * 2e, where s is 1 or -1, and

m and e are de ter mined by the par tic u lar float ing-point type: For float, 0 < m <

224 and -149 <= e <= 104, and for dou ble, 0 < m < 253 and -1075 <= e <= 970. 

The float type can rep re sent val ues rang ing from ap prox i mately 1.5 * 10-45 to 3.4 * 1038

with a pre ci sion of 7 digits.

C# dif fers from the nor mal IEEE def i ni tion here, in that num bers in the range 1.1754942 *
10-38 through 1.40129846 * 10-45 are clas si fied as sub nor mals.

The dou ble type can rep re sent val ues rang ing from ap prox i mately 5.0 * 10-324 to 1.7 *
10308 with a pre ci sion of 15-16 dig its. Again C# dif fers from the nor mal IEEE def i ni tions
for num bers smaller than 2.2250738585072014 * 10 -308.

If one of the operands of a bi nary op er a tor is of a float ing-point type, then the other op er -
and must be of an in te gral type or a float ing-point type, and the op er a tion is eval u ated as
follows: 

· If one of the operands of is of an in te gral type, then that op er and is con verted to

the float ing-point type of the other op er and. 

· Then, if ei ther of the operands is of type dou ble, the other op er and is con verted
to dou ble, the op er a tion is per formed us ing at least dou ble range and pre ci sion,

and the type of the re sult is dou ble (or bool for the re la tional operators). 
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· Oth er wise, the op er a tion is per formed us ing at least float range and pre ci sion,

and the type of the re sult is float (or bool for the re la tional op er a tors). 

The float ing-point op er a tors, in clud ing the as sign ment op er a tors, never pro duce ex cep tions.
In stead float ing-point op er a tions can pro duce zero, in fin ity, or Nan, as described below: 

· If the re sult of a float ing-point op er a tion is too small for the des ti na tion for mat,

the re sult of the op er a tion be comes pos i tive zero or neg a tive zero. 

· If the re sult of a float ing-point op er a tion is too large for the des ti na tion for mat,

the re sult of the op er a tion be comes pos i tive in fin ity or neg a tive infinity. 

· If a float ing-point op er a tion is in valid, the re sult of the op er a tion be comes Nan. 

· If one or both operands of a float ing-point op er a tion is Nan, the re sult of the op -

er a tion be comes Nan. 

C# al lows float ing-point op er a tions to be per formed with higher pre ci sion than the re sult
type of the op er a tion. For ex am ple, some hard ware ar chi tec tures (Intel and Sun) sup port an
ex tended or long dou ble float ing-point type with greater range and pre ci sion than the dou -
ble type, and the out put from some of the ex am ples in this chap ter have in di cated that this
has taken place. This means that writing expressions like

· a * b / c

in C# when a * b is greater than a dou ble and the di vi sion by c brings the whole ex pres sion 
back into the range of a dou ble may gen er ate a valid dou ble in C# if higher pre ci sion is
used be hind the scenes.

10.3 The dec i mal type

The dec i mal type is a 128-bit data type suit able for fi nan cial and mon e tary cal cu la tions.
The dec i mal type can rep re sent val ues rang ing from 1.0 * 10-28 to ap prox i mately 7.9 * 1028

with 28-29 sig nif i cant digits.

The fi nite set of val ues of type dec i mal are of the form s * m * 10e, where s is 1 or –1, 0
<= m < 296, and -28 <= e <= 0. The dec i mal type does not sup port signed ze ros, in fin i ties,
or nan's.

A dec i mal is rep re sented as a 96-bit in te ger scaled by a power of ten. For dec i mals with an
ab so lute value less than 1.0m, the value is ex act to the 28th dec i mal place, but no fur ther.
For dec i mals with an ab so lute value greater than or equal to 1.0m, the value is ex act to 28
or 29 dig its. Con trary to the float and dou ble data types, dec i mal frac tional num bers such as 
0.1 can be rep re sented ex actly in the dec i mal rep re sen ta tion. In the float and dou ble rep re -
sen ta tions, such num bers are of ten in fi nite frac tions, mak ing those rep re sen ta tions more
prone to round-off errors.

If one of the operands of a bi nary op er a tor is of type dec i mal, then the other op er and must
be of an in te gral type or of type dec i mal. If an in te gral type op er and is pres ent, it is con -
verted to dec i mal be fore the op er a tion is performed.

Op er a tions on val ues of type dec i mal are ex act to 28 or 29 dig its, but to no more than 28
dec i mal places. Re sults are rounded to the near est rep re sent able value, and, when a re sult is 
equally close to two rep re sent able val ues, to the value that has an even num ber in the least
sig nif i cant digit position.

If a dec i mal arith me tic op er a tion pro duces a value that is too small for the dec i mal for mat
af ter round ing, the re sult of the op er a tion be comes zero. If a dec i mal arith me tic op er a tion
pro duces a re sult that is too large for the dec i mal for mat, an OverflowException is thrown.
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The dec i mal type has greater pre ci sion but smaller range than the float ing-point types.
Thus, con ver sions from the float ing-point types to dec i mal might pro duce over flow ex cep -
tions, and con ver sions from dec i mal to the float ing-point types might cause loss of pre ci -
sion. For these rea sons, no im plicit con ver sions ex ist be tween the float ing-point types and
dec i mal, and with out ex plicit casts, it is not pos si ble to mix float ing-point and dec i mal
operands in the same expression.

10.4 Math Mem bers

10.4.1 Pub lic Static (Shared) Fields

Math.E The nat u ral ex po nent, e. 

Math.PI The ra tio of the cir cum fer ence of a cir cle to its di am e ter. 

10.4.2 Pub lic Static (Shared) Methods

Abs Re turns the ab so lute value of the spec i fied num ber. 

Acos Re turns the arc co sine (in ra di ans) of a spec i fied num ber. The arc co sine is

the an gle whose co sine is the spec i fied number. 

Asin Re turns the arc sine (in ra di ans) of a spec i fied num ber. The arc sine is the

an gle whose sine is the spec i fied num ber. 

Atan Re turns the arc tan gent (in ra di ans) of a spec i fied num ber. The arc tan gent is 
the an gle whose tan gent is the spec i fied number. 

Atan2 Re turns the arc tan gent of a num ber whose an gle is spec i fied by draw ing a

vec tor from the or i gin (0,0) to a point whose co or di nates are (x, y). The arc

tan gent is the an gle whose tan gent is the quo tient, y/ x. 

Ceil Re turns the small est whole num ber greater than or equal to the num ber.

Cos Re turns the co sine of the spec i fied an gle, mea sured in ra di ans. 

Cosh Re turns the hy per bolic co sine of the spec i fied an gle, mea sured in ra di ans.

Exp Re turns e raised to the spec i fied power. 

Floor Rounds a num ber down to the small est whole num ber less than or equal to

the num ber. 

IEEERemainder Re turns the re main der of x di vided by y, as de fined by the re main der

op er a tion in Section5.1 of ANSI/IEEE Std 754-1985; IEEE Stan dard

for Bi nary Float ing-Point Arith me tic; In sti tute of Elec tri cal and Elec -

tron ics En gi neers, Inc; 1985. 

Log Re turns the nat u ral (base e) log a rithm of a spec i fied num ber. There is also an 

equiv a lent dec i mal ver sion of this function. 

Log10 Re turns the base 10 log a rithm of a spec i fied num ber. 

Max  Re turns the max i mum of two num bers. 

Min Re turns the smaller of two num bers. 

Pow Raises a spec i fied num ber to the spec i fied power. 

Rint Re turns the whole num ber near est the spec i fied pa ram e ter (that is, the pa -

ram e ter is rounded). 

Round Over loaded. Re turns the whole num ber near est the spec i fied value. There are 

two forms, with one and two ar gu ments. The two ar gu ment form al lows you

to spec ify the num ber of places af ter the dec i mal point. There is also a dec i -

mal equivalent.
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Sign Re turns the sign of a num ber. 

Sin Re turns the sine of a spec i fied an gle, mea sured in ra di ans. 

Sinh Re turns the hy per bolic sine of the spec i fied an gle, mea sured in ra di ans.

Sqrt Re turns the square root of a spec i fied num ber. 

Tan Re turns the tan gent of a spec i fied an gle, mea sured in ra di ans. 

Tanh Re turns the hy per bolic tan gent of the spec i fied an gle, mea sured in ra di ans.

10.4.3 Pub lic In stance Methods

Equals De ter mines whether the spec i fied Ob ject is the same in stance as the cur rent

Ob ject. 

GetHashCode Serves as a hash func tion for a par tic u lar type, suit able for use in

hash ing al go rithms and data struc tures like a hash table. 

GetType Gets the Type of the Ob ject. 

ToString Re turns a String that rep re sents the cur rent Ob ject.

Each of these is in her ited from Ob ject.

10.4.4 Pro tected In stance Methods

Fi nal ize Al lows an Ob ject to at tempt to free re sources and per form other cleanup op -

er a tions be fore the Ob ject is re claimed by the Gar bage Col lec tor (GC). This

method may be ig nored by the Com mon Lan guage Runtime; there fore, nec -

es sary cleanup op er a tions should be done elsewhere. 

MemberwiseClone Cre ates a shal low copy of the cur rent Ob ject.

Both of these are in her ited from Ob ject.

10.5 Op er a tors

C# pro vides a large set of op er a tors, which are sym bols that spec ify which op er a tions to
per form in an ex pres sion. C# predefines the usual arith me tic and log i cal op er a tors, as well
as a va ri ety of oth ers as shown in the fol low ing ta ble. In ad di tion, many op er a tors can be
over loaded by the user, thus chang ing their mean ing when ap plied to a user-de fined type.
We pro vide de tails of the operators in a variety of ways

· op er a tor and mean ing

· op er a tor and cat e gory

· op er a tor and pre ce dence

and will look at their mean ing first.

10.5.1 Op er a tors and meaning

The fol low ing ta ble lists all op er a tors in C# with their name and mean ing.

Op er a tor          Name and Mean ing

[] Square brack ets. Used for ar rays, in dex ers, and at trib utes. They can also be

used with point ers.

() Pa ren the ses. Expression eval u a tion spec i fi ca tion and casting.

. Mem ber ac cess.

+ ad di tion. Unary or bi nary.

- Sub trac tion. Unary or bi nary.

* Mul ti pli ca tion. Prod uct of its operands.
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/ Di vi sion. Di vide the first op er and by the sec ond. 

% Modulus or re main der. Com putes the re main der af ter di vid ing its first op er -

and by its second.

& De pends on con text. The & op er a tor can func tion as ei ther a unary or a bi -

nary op er a tor. The unary & op er a tor returns the ad dress of its op er and (re -

quires un safe con text). Bi nary & op er a tors are pre de fined for the in te gral

types and bool. For in te gral types, & com putes the bitwise AND of its

operands. For bool operands, & com putes the log i cal AND of its operands;

that is, the re sult is true if and only if both its operands are true.

| Bi nary | op er a tors are pre de fined for the in te gral types and bool. For in te gral

types, | com putes the bitwise OR of its operands. For bool operands, | com -

putes the log i cal OR of its operands; that is, the re sult is false if and only if

both its operands are false.

^ Bi nary ^ op er a tors are pre de fined for the in te gral types and bool. For in te gral 

types, ^ com putes the bitwise ex clu sive-OR of its operands. For bool

operands, ^ com putes the log i cal ex clu sive-or of its operands; that is, the re -

sult is true if and only if ex actly one of its operands is true.

! Ne ga tion. The log i cal ne ga tion op er a tor (!) is a unary op er a tor that ne gates

its op er and. It is de fined for bool and returns true if and only if its op er and is 

false.

~ Bitwise com ple ment. The ~ op er a tor per forms a bitwise com ple ment op er a -

tion on its op er and. Bitwise com ple ment op er a tors are pre de fined for int,
uint, long, and ulong.

= As sign ment. The as sign ment op er a tor (=) stores the value of its right-hand

op er and in the stor age lo ca tion, prop erty, or in dexer de noted by its left-hand

op er and and returns the value as its re sult. The operands must be of the same 

type (or the right-hand op er and must be im plic itly con vert ible to the type of

the left-hand operand).

< Less than. All nu meric and enu mer a tion types de fine a "less than" re la tional

op er a tor (<) that returns true if the first op er and is less than the sec ond, false 

otherwise.

> Greater than. All nu meric and enu mer a tion types de fine a "greater than" re la -

tional op er a tor (>) that returns true if the first op er and is greater than the sec -

ond, false otherwise.

?: Con di tional - if then else. The con di tional op er a tor (?:) returns one of two

val ues de pend ing on a third value. The con di tional op er a tor is used in an ex -

pres sion of the following form:

++ In cre ment. The in cre ment op er a tor (++) in cre ments its op er and by 1. The in -

cre ment op er a tor can ap pear be fore or af ter its operand:

— Dec re ment. The dec re ment op er a tor ( — ) dec re ments its op er and by 1. The

dec re ment op er a tor can ap pear be fore or af ter its operand:

&& Log i cal and. The con di tional-AND op er a tor (&&) per forms a log i cal-AND

of its bool operands, but only eval u ates its sec ond op er and if necessary.

|| Log i cal or. The con di tional-OR op er a tor (||) per forms a log i cal-OR of its

bool operands, but only eval u ates its sec ond op er and if necessary.
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<< Left shift. The left-shift op er a tor (<<) shifts its first op er and left by the num -

ber of bits spec i fied by its sec ond op er and.

>> Right shift. The right-shift op er a tor (>>) shifts its first op er and right by the

num ber of bits spec i fied by its sec ond op er and.

== Equal ity. For pre de fined value types, the equal ity op er a tor (==) returns true

if the val ues of its operands are equal, false oth er wise. For ref er ence types

other than string, == returns true if its two operands re fer to the same ob ject. 

For the string type, == com pares the val ues of the strings.

!= In equal ity. The in equal ity op er a tor (!=) returns false if its operands are equal, 

true oth er wise. In equal ity op er a tors are pre de fined for all types, in clud ing

string and ob ject. User-de fined types can over load the != operator.

<= Less than or equal. All nu meric and enu mer a tion types de fine a "less than or

equal" re la tional op er a tor (<=) that returns true if the first op er and is less

than or equal to the sec ond, false otherwise.

>= Greater than or equal. All nu meric and enu mer a tion types de fine a "greater

than or equal" re la tional op er a tor (>=) that returns true if the first op er and is

greater than or equal to the sec ond, false otherwise.

+= Add and as sign. The ad di tion as sign ment op er a tor.

-= Sub tract and as sign. The sub trac tion as sign ment op er a tor.

*= Mul ti ply and as sign. The mul ti pli ca tion as sign ment op er a tor.

/= Di vide and as sign. The di vi sion as sign ment op er a tor.

%= Re main der and as sign. The modulus as sign ment op er a tor.

&= and as sign. The AND as sign ment op er a tor.

|= Or and as sign. The OR as sign ment op er a tor.

^= Ex clu sive or and as sign. The ex clu sive-OR as sign ment op er a tor.

<<= Left shift and as sign. The left-shift as sign ment op er a tor.

>>= Right shift and as sign. The right-shift as sign ment op er a tor.

-> Dereference. The -> op er a tor com bines pointer dereferencing and mem ber

ac cess.

10.5.2 Op er a tors by category

Cat e gory                                                         Op er a tors 

Arith me tic                                                        +   -   *   /   % 

Log i cal (boolean and bitwise)                         &   |   ^   !   ~   &&   ||   true   false 

String con cat e na tion                                        + 

In cre ment, dec re ment                                      ++   — 

Shift                                                                 <<   >> 

Re la tional                                                         ==   !=   <   >   <=   >= 

As sign ment                                                      =   +=   -=   *=   /=   %=   &=   |=   ^=   <<=

>>= 

Mem ber ac cess                                                . 

In dex ing                                                           [] 

Cast                                                                  () 
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Con di tional                                                      ?: 

Del e gate con cat e na tion and re moval              +   - 

Ob ject cre ation                                                new 

Type in for ma tion                                             is   sizeof   typeof    

Over flow ex cep tion con trol                            checked   un checked 

In di rec tion and Ad dress                                  *   ->   []   & 

10.5.3 Op er a tor by precedence

The fol low ing ta ble sum ma rizes all op er a tors in or der of pre ce dence from high est to lowest:

Cat e gory                                 Op er a tors 

Pri mary                                    (x) x.y f(x) a[x] x++ x— new 

                                                typeof sizeof checked un checked

Unary                                       + - ! ~ ++x —x (T)x 

Multi pli ca tive                         * / % 

Ad di tive                                  + - 

Shift                                        << >> 

Re la tional                                < > <= >= is 

Equal ity                                   == != 

Log i cal                                    AND & 

Log i cal                                    XOR ^ 

Log i cal                                    OR | 

Con di tional                             AND && 

Con di tional                             OR || 

Con di tional                             ?: 

As sign ment                             = *= /= %= += -= <<= >>= &= ^= |= 

When an op er and oc curs be tween two op er a tors with the same pre ce dence, the as so cia tiv ity 
of the op er a tors con trols the or der in which the op er a tions are performed.

All bi nary op er a tors are left-as so cia tive, ex cept for as sign ment and the con di tional (?:) op -
er a tor, mean ing that op er a tions are per formed from left to right. For ex am ple, x + y + z is
eval u ated as (x + y) + z. and x = y = z is eval u ated as x = (y = z). 

Pre ce dence and as so cia tiv ity can be con trolled us ing pa ren the ses. For ex am ple, x + y * z
first mul ti plies y by z and then adds the re sult to x, but (x + y) * z first adds x and y and
then mul ti plies the result by z.

10.5.4 Op er a tor pre ce dence and associativity

The three key rules for ex pres sion eval u a tion are

· left to right scan ning - ex pres sions are scanned from left to right

· op er a tor pre ce dence - de fined in the ta ble be low.

· pa ren the ses or brack ets - ex pres sions in brack ets are eval u ated first.

Con sider the fol low ing

· x + y * z

is eval u ated as
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· x + (y * z)

be cause the * op er a tor has higher pre ce dence than the + op er a tor. 

10.5.5 Sim ple types and Aliased types

C# pro vides a set of pre de fined struct types called the sim ple types. The sim ple types are
iden ti fied through re served words, but these re served words are sim ply aliases for pre de -
fined struct types in the Sys tem namespace, as de scribed in the table below.

Re served word            Aliased type 

sbyte                            Sys tem. Sbyte 

byte                             Sys tem.Byte

short                            Sys tem.Int16 

ushort                          Sys tem.UInt16 

int                                Sys tem.Int32 

uint                              Sys tem.UInt32 

long                             Sys tem.Int64 

ulong                           Sys tem.UInt64 

char                             Sys tem.Char 

float                             Sys tem.Sin gle 

dou ble                         Sys tem.Dou ble 

bool                             Sys tem.Boolean 

dec i mal                       Sys tem.Dec i mal

A sim ple type and the struct types it aliases are the same.

10.6 In te ger Arithmetic

The fol low ing pro grams il lus trate some of the be hav iour of in te ger arith me tic in C#.

10.6.1 Ex am ple 1: In te ger di vi sion in C#

us ing Sys tem;

class c1001
{
  static int Main() 
  {
    int x1=5;
    int x2=2;
    int x3=4;
    int x4;
    x4=x1/x2*x3;
    Con sole.WriteLine(x1);
    Con sole.WriteLine(x2);
    Con sole.WriteLine(x3);
    Con sole.WriteLine(x4);
    re turn 0;
  }
}

Here is the out put
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5

2

4

8

x4 eval u ates to 8, as 5/2 giv ing an an swer of 2, as we are deal ing with in te gers. Care must
be taken with ex pres sions that in volve in te gers! You may not get the an swer you expect.

10.6.2 Ex am ple 2: Mixed mode arith me tic in C#

Con sider the fol low ing ex am ple.

us ing Sys tem;

class c1002
{
  static int Main() 
  {
    dou ble x1=1.5;
    dou ble x2=2.0;
    dou ble x3;
    int     i;
    x3=x1/x2;
     i=x1/x2;
    Con sole.WriteLine(x1);
    Con sole.WriteLine(x2);
    Con sole.WriteLine(x3);
    Con sole.WriteLine( i);
    re turn 0;
  }
}

This will not com pile in C#, as C# is strongly typed and you are not al lowed to im plic itly
con vert from a dou ble type on the right hand side to an int on the left hand side of the as -
sign ment op er a tor.

Here is the out put from the com piler.

D:\doc u ment\csharp\csharp_pro gram ming\ex am ples>csc c1002.cs
Microsoft (R) Vi sual C# 2010 Com piler ver sion 4.0.30319.1
Copy right (C) Microsoft Cor po ra tion. All rights re served.

c1002.cs(12,8): er ror CS0266: Can not im plic itly con vert type
'dou ble' to 'int'.
        An ex plicit con ver sion ex ists (are you miss ing a
cast?)

The fol low ing C++ ex am ple will how ever.

#in clude <iostream>

us ing namespace std;

int main() 
{
  dou ble x1=1.5;
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  dou ble x2=2.0;
  dou ble x3;
  int     i;
    x3=x1/x2;
     i=x1/x2;
    cout << x1 << endl ;
    cout << x2 << endl ;
    cout << x3 << endl ;
    cout <<  i << endl ;
  re turn 0;
}

The out put from this C++ pro gram is

1.5
2
0.75
0

and dif fer ent pro gram ming lan guages have dif fer ent rules re gard ing type cast ing. C# re -
quires an ex plicit cast. 

10.6.3 Ex am ple 3: mixed mode arith me tic in C# with an ex plicit cast

The fol low ing ex am ple will com pile and run.

us ing Sys tem;

class c1003
{
  static int Main() 
  {
    dou ble x1=1.5;
    dou ble x2=2.0;
    dou ble x3;
    int     i;
    x3=x1/x2;
     i=(int)(x1/x2);
    Con sole.WriteLine(x1);
    Con sole.WriteLine(x2);
    Con sole.WriteLine(x3);
    Con sole.WriteLine( i);
    re turn 0;
  }
}

and the syn tax for the cast is given by

     i=(int)(x1/x2);

and the out put is as for the C++ ex am ple.

1.5
2
0.75

0
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10.6.4 Ex am ple 4: In te ger Overflow

The fol low ing pro gram il lus trates in te ger over flow.

us ing Sys tem;

class c1004
{

static int Main()
{

sbyte i_b = (sbyte)1;
short i_s = (short)1;
int i= 1;
long i_l = 1;
Con sole.Write(i_b);Con sole.Write(" ");
Con sole.Write(i_s);Con sole.Write(" ");
Con sole.Write(i);Con sole.Write(" ");
Con sole.Write(i_l);Con sole.WriteLine();
for (int count=1;count<33;++count)
{
  i_b = (sbyte)(i_b * 2);
  i_s = (short)(i_s * 2);
  i = i * 2;
  i_l = i_l * 2;
  Con sole.Write(i_b);Con sole.Write(" ");
  Con sole.Write(i_s);Con sole.Write(" ");
  Con sole.Write(i);Con sole.Write(" ");
  Con sole.Write(i_l);Con sole.WriteLine();
}

re turn (0);
}

}

Let us look at this pro gram in some de tail.

class c1004

Class name.

static int Main()

Stan dard pro gram header.

sbyte i_b = 1;

Vari able dec la ra tion and in itial is ation.

short i_s = 1;

Vari able dec la ra tion and in itial is ation.

int i= 1;

Vari able dec la ra tion and in itial is ation.

long l_l = 1;

Vari able dec la ra tion and in itial is ation.

Con sole.Write(i_b);Con sole.Write("  ");

Stan dard mech a nism to print to the screen. This makes i/o seem a lit tle ver bose com pared
to more con ven tional pro gram ming lan guages.
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Con sole.Write(i_s);Con sole.Write("  ");

Print short.

Con sole.Write(i);Con sole.Write("  ");

Print int.

Con sole.Write(i_l);Con sole.WriteLine();

Print long.

for (int count=1;count<33;++count)

This is the C# and C++ syn tax of a for loop. We are al lowed to de clare and ini tial ize vari -
ables with a for state ment. In this case we in tro duce a new vari able count and ini tial ize to
1. The ; is a state ment ter mi na tor. count < 33 means re peat the loop whilst count is less
than 33. ++count means in cre ment count by 1 each time round the loop.

i_b = (sbyte)(i_b * 2)

In this ex am ple we are forced to cast the ex pres sion i_b*2 from its de fault type of int back
to sbyte. This is be cause an in te ger lit eral (a num ber) has a de fault type of int. Hence the 2
forces the ex pres sion i_b*2 to be pro moted to be of type int. This is the C# syn tax for
casting.

i_s = (short)(i_s * 2)

In this ex am ple we are forced to cast the ex pres sion i_s*2 from int to short. 

i = i * 2

Fa mil iar arith me tic ex pres sion and as sign ment.

i_l = i_l * 2

Fa mil iar arith me tic ex pres sion and as sign ment. In this case 2 is pro moted to type long by
C# au to mat i cally.

Con sole.Write(i_b);Con sole.Write("  ");
Con sole.Write(i_s);Con sole.Write("  ");
Con sole.Write(i);Con sole.Write("  ");
Con sole.Write(i_l);Con sole.WriteLine();

Print out the val ues. The for loop will ter mi nate when count reaches 32. Here is the out put
from run ning the pro gram.

1 1 1 1
2 2 2 2
4 4 4 4
8 8 8 8
16 16 16 16
32 32 32 32
64 64 64 64
-128 128 128 128
0 256 256 256
0 512 512 512
0 1024 1024 1024
0 2048 2048 2048
0 4096 4096 4096
0 8192 8192 8192
0 16384 16384 16384
0 -32768 32768 32768
0 0 65536 65536
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0 0 131072 131072
0 0 262144 262144
0 0 524288 524288
0 0 1048576 1048576
0 0 2097152 2097152
0 0 4194304 4194304
0 0 8388608 8388608
0 0 16777216 16777216
0 0 33554432 33554432
0 0 67108864 67108864
0 0 134217728 134217728
0 0 268435456 268435456
0 0 536870912 536870912
0 0 1073741824 1073741824
0 0 -2147483648 2147483648

0 0 0 4294967296

The lines of par tic u lar in ter est are

-128 128 128 128

and

0 -32768 32768 32768

and

0 0 -2147483648 2147483648

What we have here is an ex am ple of in te ger over flow for each type of in te ger, i.e. for
sbyte, short, and int.

Here is a ta ble which has the bi nary rep re sen ta tion for all 8 bit num bers, .i.e all pos si ble
val ues of the sbyte data type.
N           Value                   N            Value                   N            Value                   N            Value

1           00000001          65         01000001          -127      10000001          -63        11000001

2           00000010          66         01000010          -126      10000010          -62        11000010

3           00000011          67         01000011          -125      10000011          -61        11000011

4           00000100          68         01000100          -124      10000100          -60        11000100

5           00000101          69         01000101          -123      10000101          -59        11000101

6           00000110          70         01000110          -122      10000110          -58        11000110

7           00000111          71         01000111          -121      10000111          -57        11000111

8           00001000          72         01001000          -120      10001000          -56        11001000

9           00001001          73         01001001          -119      10001001          -55        11001001

10         00001010          74         01001010          -118      10001010          -54        11001010

11         00001011          75         01001011          -117      10001011          -53        11001011

12         00001100          76         01001100          -116      10001100          -52        11001100

13         00001101          77         01001101          -115      10001101          -51        11001101

14         00001110          78         01001110          -114      10001110          -50        11001110

15         00001111          79         01001111          -113      10001111          -49        11001111

16         00010000          80         01010000          -112      10010000          -48        11010000

17         00010001          81         01010001          -111      10010001          -47        11010001

18         00010010          82         01010010          -110      10010010          -46        11010010

19         00010011          83         01010011          -109      10010011          -45        11010011
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20         00010100          84         01010100          -108      10010100          -44        11010100

21         00010101          85         01010101          -107      10010101          -43        11010101

22         00010110          86         01010110          -106      10010110          -42        11010110

23         00010111          87         01010111          -105      10010111          -41        11010111

24         00011000          88         01011000          -104      10011000          -40        11011000

25         00011001          89         01011001          -103      10011001          -39        11011001

26         00011010          90         01011010          -102      10011010          -38        11011010

27         00011011          91         01011011          -101      10011011          -37        11011011

28         00011100          92         01011100          -100      10011100          -36        11011100

29         00011101          93         01011101          -99        10011101          -35        11011101

30         00011110          94         01011110          -98        10011110          -34        11011110

31         00011111          95         01011111          -97        10011111          -33        11011111

32         00100000          96         01100000          -96        10100000          -32        11100000

33         00100001          97         01100001          -95        10100001          -31        11100001

34         00100010          98         01100010          -94        10100010          -30        11100010

35         00100011          99         01100011          -93        10100011          -29        11100011

36         00100100          100       01100100          -92        10100100          -28        11100100

37         00100101          101       01100101          -91        10100101          -27        11100101

38         00100110          102       01100110          -90        10100110          -26        11100110

39         00100111          103       01100111          -89        10100111          -25        11100111

40         00101000          104       01101000          -88        10101000          -24        11101000

41         00101001          105       01101001          -87        10101001          -23        11101001

42         00101010          106       01101010          -86        10101010          -22        11101010

43         00101011          107       01101011          -85        10101011          -21        11101011

44         00101100          108       01101100          -84        10101100          -20        11101100

45         00101101          109       01101101          -83        10101101          -19        11101101

46         00101110          110       01101110          -82        10101110          -18        11101110

47         00101111          111       01101111          -81        10101111          -17        11101111

48         00110000          112       01110000          -80        10110000          -16        11110000

49         00110001          113       01110001          -79        10110001          -15        11110001

50         00110010          114       01110010          -78        10110010          -14        11110010

51         00110011          115       01110011          -77        10110011          -13        11110011

52         00110100          116       01110100          -76        10110100          -12        11110100

53         00110101          117       01110101          -75        10110101          -11        11110101

54         00110110          118       01110110          -74        10110110          -10        11110110

55         00110111          119       01110111          -73        10110111          -9          11110111

56         00111000          120       01111000          -72        10111000          -8          11111000

57         00111001          121       01111001          -71        10111001          -7          11111001

58         00111010          122       01111010          -70        10111010          -6          11111010

59         00111011          123       01111011          -69        10111011          -5          11111011

60         00111100          124       01111100          -68        10111100          -4          11111100

61         00111101          125       01111101          -67        10111101          -3          11111101

62         00111110          126       01111110          -66        10111110          -2          11111110

63         00111111          127       01111111          -65        10111111          -1          11111111

64         01000000          -128      10000000          -64        11000000          0           00000000
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and we see that as the num ber in creases by one at each step even tu ally the top bit is set and 
the num ber be comes neg a tive. We con tinue add ing one and even tu ally the num ber be comes 
zero. We will look at ways of han dling this in a late chap ter us ing checked code.

10.6.5 Ex am ple 5: Expression ex am ple us ing in te ger di vi sion and re main -
der

us ing Sys tem;

class c1005
{
  static int Main()
  {
    int i=9;
    int j=2;
    int k=-2;
    Con sole.WriteLine(i/j);
    Con sole.WriteLine(i/k);
    Con sole.WriteLine(i%j);
    Con sole.WriteLine(i%k);
    re turn(0);
  }
}

Type this ex am ple in and run it. C# de fines / and % to obey the fol low ing:–

(x/y)*y + x%y = x

10.6.6 Ex am ple 6: Pre and post in cre ment

us ing Sys tem;

class c1006
{
  static int Main()
  {
    int i=0;
    int j=0;
    int k=0;
    int l=0;
    i=i+1;
    j+=1;
    ++k;
    l++;
    Con sole.WriteLine(i);
    Con sole.WriteLine(j);
    Con sole.WriteLine(k);
    Con sole.WriteLine(l);
    Con sole.WriteLine(" now use the ++ in the write");
    Con sole.WriteLine(++i);
    Con sole.WriteLine(j++);
    re turn(0);
  }
}
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Here is the out put from running the pro gram.

1

1

1

1

 now use the ++ in the write

2

1

The fol low ing 4 state ments in volv ing the ad di tion op er a tor

    i=i+1;
    j+=1;
    ++k;
    l++;

all achieve the same re sult, add ing 1 to the vari able.

With the fol low ing 2 state ments

    Con sole.WriteLine(++i);
    Con sole.WriteLine(j++);

the value of I is in cre mented be fore the value is writ ten out - pre-in cre ment, and the value 
of j is writ ten out and then in cre mented - post-in cre ment.

10.7 Float ing point arith me tic.

Here are a cou ple of ex am ples to look at the be hav iour of float ing point arith me tic in C#.
Microsoft sup port three float ing point types

· float

· dou ble

· dec i mal

and whilst Microsoft don't ref er ence the IEEE stan dard in their doc u men ta tion, the C# float
and dou ble type are equiv a lent to the IEEE float and dou ble type. We have a num ber of ex -
am ples that il lus trate the be hav iour of these types.

10.7.1 Ex am ple 7: Sim ple sin gle and dou ble pre ci sion ex am ple

The first ex am ple looks at de clar ing vari ables of type float and dou ble and in itial is ing them. 
Con sider the fol low ing ex am ple:

us ing System;

class c1007
{
  static int Main()
  {
    float f1 = 1.0f;
    float f2 = (float)1.0;
    float f3 = (float)(1.0);
    float f4 = 1;
    dou ble d1 = 1.0;
    dou ble d2 = 1;
    Con sole.WriteLine(f1);
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    Con sole.WriteLine(f2);
    Con sole.WriteLine(f3);
    Con sole.WriteLine(f4);
    Con sole.WriteLine(d1);
    Con sole.WriteLine(d2);
    return 0;
  }
}

The key point here is that the lit eral num ber 1.0 is of type dou ble by de fault, and C# is
strongly typed. The fol low ing state ment

    float f1 = 1.0f;

ap pends an f to the num ber to in di cate that it is to be re garded as a float. 

The fol low ing state ment

    float f2 = (float)1.0;

cast the num ber that fol lows (in this case 1.0) to a float, and the fol low ing ex am ple

    float f3 = (float)(1.0);

casts what is in () to a float. We can how ever in itial ise a float to an in te ger lit eral value
with out re quir ing a cast. Run this pro gram. 

10.7.2 Ex am ple 8: Light year cal cu la tion - dou ble through out for real data

C# pro vides dou ble and float for real arith me tic. This ex am ple uses dou ble through out.

us ing System;

class c1008
{
  const dou ble light_year = 9.46*10E12 ;

  static int Main()

  {
    dou ble light_min ute ,  dis tance , elapse ;
    int min ute , sec ond ;
    light_min ute = light_year / ( 365.25 * 24.0 * 60.0 ) ;
    dis tance = 150.0 * 10E6 ;
    elapse = dis tance / light_min ute ;
    min ute = (int)elapse ;
    sec ond = (int)(( elapse - min ute ) * 60) ;
    Con sole.Write(" Light takes ");
    Con sole.Write(elapse);
    Con sole.WriteLine(" min utes");
    Con sole.Write(" Which is ");
    Con sole.Write(min ute);
    Con sole.Write(" min utes and ");
    Con sole.Write(" ");
    Con sole.Write(sec ond);
    Con sole.WriteLine(" sec onds");
    return 0;
  }
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}

Here is the out put from run ning the pro gram.

d:\doc u ment\csharp\csharp_pro gram ming>c1008
 Light takes 8.33974630021141 min utes
 Which is 8 min utes and  20 sec onds

The fol low ing line

  const dou ble light_year = 9.46*10E12 ;

de clares the vari able light_year to be a dou ble and be a con stant. It can not ap pear on the
left hand side of an as sign ment state ment. It's value is fixed for the du ra tion of the program.

The fol low ing lines

    min ute = (int)elapse ;
    sec ond = (int)(( elapse - min ute ) * 60) ;

in volved mixed types. The right hand side has ex pres sions in volv ing dou bles. An ex plicit
cast is re quired to as sign to the in te ger vari ables of the left hand side.

10.7.3 Ex am ple 9: Vari ant with time in sec onds

This pro gram cal cu lates the time in sec onds.

us ing Sys tem;

class c1009
{
  const dou ble light_year = 9.46*10E12 ;

  static int Main()

  {
    dou ble light_min ute ;
    dou ble light_sec ond ;  
    dou ble dis tance ; 
    dou ble elapse ;
    light_min ute = light_year / ( 365.25 * 24.0 * 60.0 ) ;
    light_sec ond = light_min ute /60.0;
    dis tance = 150.0 * 10E6 ;
    elapse = dis tance / light_sec ond ;
    Con sole.Write(" Time taken = ");
    Con sole.Write(elapse);
    Con sole.WriteLine(" sec onds");
    re turn 0;
  }
}

We will use this ex am ple and sev eral vari ants of it in the prob lems.

10.8 Com puter arith me tic, and some of the con se quences of fi nite
precision

We will now look at  an ex am ple that looks at the fol low ing cal cu la tions

            x=1.002

            y=1.001
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            (x+y)*(x-y)

            x*x-y*y

            x2-y2

and in math e mat ics all of these are the same and the an swer is 0.002003. We will look at a
pro gram that does the same arith me tic, first us ing float through out and sub se quently in dou -
ble through out.

All of the above ex pres sions in volve sub trac tion and we are go ing to see an ex am ple of er -
rors that can oc cur in volved in what is called sub trac tion can cel la tion. Subtractive can cel la -
tion re fers to the loss of sig nif i cant dig its dur ing a float ing point com pu ta tion due to the
sub trac tion of nearly equal floating-point numbers.

10.8.1 Ex am ple 10: floats and ex pres sion equiv a lence

us ing Sys tem;

class c1010
{
  static int Main() 
  {
    float x = 1.002f;
    float y = 1.001f;
    float z = 0.002003f;
    float t1,t2,t3;
      t1=(x-y)*(x+y);
      t2=(x*x)-(y*y);
      t3=(float)((Math.Pow(x,2))-(Math.Pow(y,2)));

      Con sole.WriteLine("
                                x = {0:f10}",x);
      Con sole.WriteLine("
y = {0:f10}",y);
      Con sole.WriteLine(" Al ge braic an swer is
0.002003");
      Con sole.WriteLine(" (x-y)*(x+y) is
{0:f20}",t1);
      Con sole.WriteLine(" Ab so lute er ror
{0:f20}",(z-t1));
      Con sole.WriteLine(" Rel a tive er ror
{0:f20}",(z-t1)/z);
      Con sole.WriteLine(" Rel a tive % er ror
{0:f20}",((z-t1)/z)*100);

      Con sole.WriteLine(" Al ge braic an swer is
0.002003");
      Con sole.WriteLine(" (x*x)-(y*y)
{0:f20}",t2);

      Con sole.WriteLine(" Al ge braic an swer is
0.002003");
      Con sole.Write("((Math.Pow(x,2))-(Math.Pow(y,2)))");
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      Con sole.WriteLine(" is {0:f20}",t3);
    re turn 0;
  }
}

Here is the out put.

                                 x = 1.0020000000
                                 y = 1.0010000000
 Al ge braic an swer is                 0.002003
 (x-y)*(x+y) is
0.00200285500000000000
 Ab so lute er ror
0.00000014505350000000
 Rel a tive er ror
0.00007241812000000000
 Rel a tive % er ror
0.00724181200000000000
 Al ge braic an swer is                 0.002003
 (x*x)-(y*y)
0.00200295400000000000
 Al ge braic an swer is                 0.002003
((Math.Pow(x,2))-(Math.Pow(y,2))) is 0.00200285500000000000

The al ge braic an swer is 0.002003 and each method of do ing the cal cu la tion has an er ror.
The ab so lute er ror is given by (real an swer - cal cu lated an swer), the rel a tive er ror is given
by (ab so lute er ror) / (mea sured value) and the rel a tive per cent age er ror is given by (relative 
error * 100)

1.002 and 1.001 are re garded as nearly equal num bers in 32 bit float ing point arith me tic.

All three ex pres sions are equiv a lent in nor mal al ge bra, but not when do ing float ing point
arith me tic to fi nite pre ci sion - in this case 6 to 9 digits.

10.8.2 Ex am ple 11: dou bles and ex pres sion equiv a lence

This is the sim i lar cal cu la tion us ing dou ble through out. Dou bles have be tween 15 and 18
dig its of sig nif i cance and we now have two 7 dig its numbers.

us ing Sys tem;

class c1011
{
  static int Main() 
  {
    dou ble x = 1.000002;
    dou ble y = 1.000001;
    dou ble z = 0.000002000003;
    dou ble t1,t2,t3;
      t1=(x-y)*(x+y);
      t2=(x*x)-(y*y);
      t3=Math.Pow(x,2)-Math.Pow(y,2);

      Con sole.WriteLine("
x = {0:f20}",x);
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      Con sole.WriteLine("
y = {0:f20}",y);
      Con sole.WriteLine(" Al ge braic an swer is
0.000002000003");
      Con sole.WriteLine(" (x-y)*(x+y) is
{0:f20}",Math.Abs(t1));
      Con sole.WriteLine(" Ab so lute er ror
{0:f20}",Math.Abs((z-t1)));
      Con sole.WriteLine(" Rel a tive er ror
{0:f20}",Math.Abs((z-t1)/z));
      Con sole.WriteLine(" Rel a tive % er ror
{0:f20}",Math.Abs(((z-t1)/z)*100));

      Con sole.WriteLine(" Al ge braic an swer is
0.000002000003");
      Con sole.WriteLine(" (x*x)-(y*y)
{0:f20}",t2);

      Con sole.WriteLine(" Al ge braic an swer is
0.000002000003");
      Con sole.Write("((Math.Pow(x,2))-(Math.Pow(y,2)))");
      Con sole.WriteLine(" is {0:f20}",t3);
    re turn 0;
  }
}

Run the pro gram and com pare the out put with the pre vi ous pro gram.

10.9 Com puter arith me tic and base con ver sion

This ex am ple looks at base con ver sion, i.e. the prob lems that oc cur when go ing be tween
two num ber bases.

10.9.1 Ex am ple 12: base con ver sion and floats

The first ex am ple uses floats.

us ing System;

class c1012
{
  static int Main()
  {
    float x1=(float)1.0;
    float x2=(float)0.1;
    float x3=(float)0.01;
    float x4=(float)0.001;
    float x5=(float)0.0001;
    float x6=(float)0.00001;
      Con sole.WriteLine( " {0:e10} " , x1);
      Con sole.WriteLine( " {0:e10} " , x2);
      Con sole.WriteLine( " {0:e10} " , x3);
      Con sole.WriteLine( " {0:e10} " , x4);
      Con sole.WriteLine( " {0:e10} " , x5);
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      Con sole.WriteLine( " {0:e10} " , x6);
      return 0;
  }
}

Here is the out put.

 1.0000000000e+000
 1.0000000100e-001
 9.9999997800e-003
 1.0000000500e-003
 9.9999997500e-005
 9.9999997500e-006

Floats have be tween 6 and 9 dig its of pre ci sion. What we are see ing here is the im pre ci sion 
in volved in go ing from a dec i mal num ber to bi nary. Not all con ver sions are ex act, even
with one digit of precision.

10.9.2 Ex am ple 13: base con ver sion and dou bles

Here is the same ex am ple with dou ble through out.

us ing Sys tem;

class c1013
{
  static int Main()
  {
    dou ble x1=1.0;
    dou ble x2=0.1;
    dou ble x3=0.01;
    dou ble x4=0.001;
    dou ble x5=0.0001;
    dou ble x6=0.00001;
      Con sole.WriteLine( " {0:e20} " , x1);
      Con sole.WriteLine( " {0:e20} " , x2);
      Con sole.WriteLine( " {0:e20} " , x3);
      Con sole.WriteLine( " {0:e20} " , x4);
      Con sole.WriteLine( " {0:e20} " , x5);
      Con sole.WriteLine( " {0:e20} " , x6);
      re turn 0;
  }
}

Here is the out put from this pro gram.

 1.00000000000000000000e+000
 1.00000000000000010000e-001
 1.00000000000000000000e-002
 1.00000000000000000000e-003
 1.00000000000000000000e-004
 1.00000000000000010000e-005

Dou bles have be tween 15 and 18 dig its of pre ci sion.

10.10 Com puter arith me tic and over flow and un der flow

The next ex am ples look at over flow and un der flow.
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10.10.1 Ex am ple 14: over flow and underflow us ing floats

This ex am ple shows what hap pens in C# when num bers get too big (over flow) and too
small (un der flow),

us ing System;

class c1014
{
  static int Main()
  {
    float f=(float)1.0;
    float f1=f;
    float f2=f;
    for(int i=1;i<50;i++)
    {
      Con sole.Write(" {0:D} ", i);
      Con sole.Write(" {0:E10} " , f1);
      Con sole.WriteLine(" {0:E10} " , f2);
      f1=f1*(float)10;
      f2=f2/(float)10;
    }

    return 0;
  }
}

Here is a sam ple of the out put from the pro gram

 1  1.0000000000E+000  1.0000000000E+000 
 2  1.0000000000E+001  1.0000000100E-001 
 3  1.0000000000E+002  9.9999997800E-003 
 4  1.0000000000E+003  9.9999993100E-004 
 5  1.0000000000E+004  9.9999990200E-005 
 6  1.0000000000E+005  9.9999988400E-006 
 7  1.0000000000E+006  9.9999988400E-007 
 8  1.0000000000E+007  9.9999987000E-008 
 9  1.0000000000E+008  9.9999990500E-009 
 10  1.0000000000E+009  9.9999986100E-010 
 11  1.0000000000E+010  9.9999987500E-011 
 12  9.9999998000E+010  9.9999990900E-012 
 13  9.9999999600E+011  9.9999988800E-013 
 14  9.9999998300E+012  9.9999991500E-014 
 15  1.0000000000E+014  9.9999989800E-015 
 16  9.9999998700E+014  9.9999989800E-016 
 17  1.0000000300E+016  9.9999988500E-017 
 18  9.9999998400E+016  9.9999990100E-018 
 19  9.9999998400E+017  9.9999994200E-019 
 20  9.9999999800E+018  9.9999996800E-020 
 21  1.0000000200E+020  9.9999996800E-021 
 22  1.0000000200E+021  9.9999996800E-022 
 23  9.9999997800E+021  9.9999996800E-023 
 24  9.9999997800E+022  1.0000000000E-023 
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 25  1.0000000100E+024  1.0000000200E-024 
 26  1.0000000700E+025  1.0000000200E-025 
 27  1.0000000300E+026  9.9999998900E-027 
 28  1.0000000600E+027  1.0000000300E-027 
 29  1.0000000600E+028  1.0000000000E-028 
 30  1.0000000200E+029  1.0000000000E-029 
 31  1.0000000200E+030  1.0000000000E-030 
 32  9.9999998500E+030  9.9999998000E-032 
 33  1.0000000300E+032  9.9999995000E-033 
 34  1.0000000700E+033  9.9999993200E-034 
 35  1.0000000400E+034  9.9999993200E-035 
 36  1.0000000400E+035  9.9999994600E-036 
 37  1.0000000400E+036  9.9999994600E-037 
 38  1.0000000600E+037  9.9999999100E-038 
 39  1.0000000700E+038  9.9999993500E-039 
 40  In fin ity  1.0000002200E-039 
 41  In fin ity  9.9999461000E-041 
 42  In fin ity  9.9996658400E-042 
 43  In fin ity  1.0005271000E-042 
 44  In fin ity  9.9492191000E-044 
 45  In fin ity  9.8090892500E-045 
 46  In fin ity  1.4012984600E-045 
 47  In fin ity  0.0000000000E+000 
 48  In fin ity  0.0000000000E+000 
 49  In fin ity  0.0000000000E+000 

At the 40th it er a tion the sec ond col umn be comes too large and over flows. We end up with
in fin ity on out put. Af ter the 47th it er a tion the num bers be come too small and un der flow oc -
curs. Note that the pro gram con tin ues to ex e cute. We will look at ways of con trol ling this
in the later chap ter on ex cep tion han dling. Sim i lar be hav iour will occur with doubles.

10.11 Com puter arith me tic and variable sta tus

This pro gram at tempts to use an uninitialised vari able. Try com pil ing and run ning the pro -
gram.

10.11.1 Ex am ple 15: try ing to use an unitialised vari able

us ing System;

class c1015
{
  static int Main()
  {
    int a;
    int b=1;
    int c=2;
    int i=a+b*c;
    Con sole.WriteLine(i);
    return 0;
  }
}
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C# pro tects us against mak ing a com mon pro gram ming er ror, us ing an uninitialised vari -
able.

10.12 Nu meric formatting

There are a num ber of ways of for mat ting num bers in C#. The first is to ac cept the stan dard 
nu meric for mat ting, and the sec ond is to spec ify your own.

Here are a few ex am ples that il lus trate the de fault for mat ting C# pro vides.

10.12.1 Ex am ple 16: In te ger ex am ple

Here is the pro gram.

us ing Sys tem;

class c1016
{
  static int Main()
  {
    int i;
    for (i=1;i<=12;i++)
    {
      Con sole.Write(i);
      Con sole.Write(" * 12 = ");
      Con sole.WriteLine(i*12);
    }
    re turn(0);
  }
} 

Here is the out put.

D:\doc u ment\csharp\csharp_pro gram ming>c1030
1 * 12 = 12
2 * 12 = 24
3 * 12 = 36
4 * 12 = 48
5 * 12 = 60
6 * 12 = 72
7 * 12 = 84
8 * 12 = 96
9 * 12 = 108
10 * 12 = 120
11 * 12 = 132
12 * 12 = 144

The out put does n't look too bad, but we re ally want the in te gers to right align. We'll have a
look at a cou ple of ex am ples in volv ing real num bers next.

10.12.2 Ex am ple 17: Dou ble ex am ple 1

Here is the pro gram.
us ing Sys tem;

class c1017
{
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  static int Main()
  {
    int i;
    Con sole.WriteLine(" inches     cm");
    for (i=1;i<=12;i++)
    {
      Con sole.Write(i);
      Con sole.Write(" * 2.54 = ");
      Con sole.WriteLine(i*2.54);
    }
    re turn(0);
  }
} 

Here is the out put

D:\doc u ment\csharp\csharp_pro gram ming>c1031
 inches     cm
1 * 2.54 = 2.54
2 * 2.54 = 5.08
3 * 2.54 = 7.62
4 * 2.54 = 10.16
5 * 2.54 = 12.7
6 * 2.54 = 15.24
7 * 2.54 = 17.78
8 * 2.54 = 20.32
9 * 2.54 = 22.86
10 * 2.54 = 25.4
11 * 2.54 = 27.94
12 * 2.54 = 30.48

Again the out put does n't look too bad, but we would re ally like the in te ger col umn to right
align and the real col umn to dec i mal point align. There is also the is sue of the num ber of
dig its out put vary ing for the real number.

10.12.3 Ex am ple 18: Dou ble ex am ple 2

Here is the pro gram.

us ing Sys tem;

class c1018
{
  static int Main()
  {
    int i;
    dou ble d;
    Con sole.WriteLine(" cm            inches");
    for (i=1;i<=12;i++)
    {
      d=(dou ble)i;
      Con sole.Write(i);
      Con sole.Write("   / 2.54 = ");
      Con sole.WriteLine(d/2.54);
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    }
    re turn(0);
  }
} 

Here is the out put.

D:\doc u ment\csharp\csharp_pro gram ming>c1032
 cm            inches
1   / 2.54 = 0.393700787401575
2   / 2.54 = 0.78740157480315
3   / 2.54 = 1.18110236220472
4   / 2.54 = 1.5748031496063
5   / 2.54 = 1.96850393700787
6   / 2.54 = 2.36220472440945
7   / 2.54 = 2.75590551181102
8   / 2.54 = 3.1496062992126
9   / 2.54 = 3.54330708661417
10   / 2.54 = 3.93700787401575
11   / 2.54 = 4.33070866141732
12   / 2.54 = 4.7244094488189

Again, not too bad - but we re ally don't want all of the pre ci sion in the last col umn. Most
pro gram ming languages have ways of for mat ting out put into neat, well aligned tables.

10.13 Stan dard formatting

            Char ac ter         Mean ing

            C or c Cur rency

            D or d              Dec i mal

            E or e              Sci en tific or ex po nen tial

            F or f               Fixed point

            G or g              Gen eral

            N or n              Num ber

            P or p              Per cent

            R or r              Roundtrip

            X or x              Hex a dec i mal

10.14 Cus tom

            0                      Zero place holder

            #                      Digit place holder

            .                       Dec i mal point

            ,                       Thou sand sep a ra tor

            %                     Per cent age place holder

            E0 E+0            Sci en tific no ta tion      

These pro vide quite a de gree of con trol over the fi nal out put.

10.15 Es capes and Lit erals

The fol low ing are some com mon es cape se quences
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\'          sin gle quote

\"         dou ble quote

\\          back slash

\0         null

\a         alert

\b         back space

\f          form feed

\n         new line

\r          car riage return

\t          hor i zon tal tab

\v         ver ti cal tab

Con stants can ex ist in one of three fla vours

· lit er als

· sym bolic

· enu mer a tion

10.16 In te ger ex am ple pro grams

Here are 4 at tempts at us ing the above in for ma tion to pro duce a well laid out 12 times ta -
ble. Run the pro grams and ex am ine the output.

10.16.1 Ex am ple 19: us ing {0:d2}

us ing Sys tem;

class c1019
{
  static int Main()
  {
    int i;
    for (i=1;i<=12;i++)
    {
      Con sole.Write("{0:d2}",i);
      Con sole.Write(" * 12 = ");
      Con sole.WriteLine("{0:d3}",i*12);
    }
    re turn(0);
  }
} 

10.16.2 Ex am ple 20: us ing {0:##}

us ing Sys tem;

class c1020
{
  static int Main()
  {
    int i;
    for (i=1;i<=12;i++)
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    {
      Con sole.Write("{0:##}",i);
      Con sole.Write(" * 12 = ");
      Con sole.WriteLine("{0:###}",i*12);
    }
    re turn(0);
  }
} 

10.16.3 Ex am ple 21: us ing {0:00}

us ing Sys tem;

class c1021
{
  static int Main()
  {
    int i;
    for (i=1;i<=12;i++)
    {
      Con sole.Write("{0:00}",i);
      Con sole.Write(" * 12 = ");
      Con sole.WriteLine("{0:000}",i*12);
    }
    re turn(0);
  }
} 

10.16.4 Ex am ple 22: us ing {0,2}

us ing Sys tem;

class c1022
{
  static int Main()
  {
    int i;
    for (i=1;i<=12;i++)
    {
      Con sole.Write("{0,2}",i);
      Con sole.Write(" * 12 = ");
      Con sole.WriteLine("{0,3}",i*12);
    }
    re turn(0);
  }
} 

If you are a gam bler which one (or more) would you put your money on?

10.17 Dou ble ex am ple pro grams

We have two pro grams that try to solve the is sues raised in the dou ble ex am ples earlier.
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10.17.1 Ex am ple 23: us ing {0,5:##.##}

us ing Sys tem;

class c1023
{
  static int Main()
  {
    int i;
    Con sole.WriteLine(" inches     cm");
    for (i=1;i<=12;i++)
    {
      Con sole.Write("{0,2}",i);
      Con sole.Write(" * 2.54 = ");
      Con sole.WriteLine("{0,5:##.##}",i*2.54);
    }
    re turn(0);
  }
} 

Here is the out put.

D:\doc u ment\csharp\csharp_pro gram ming>c1037
 inches     cm
 1 * 2.54 =  2.54
 2 * 2.54 =  5.08
 3 * 2.54 =  7.62
 4 * 2.54 = 10.16
 5 * 2.54 =  12.7
 6 * 2.54 = 15.24
 7 * 2.54 = 17.78
 8 * 2.54 = 20.32
 9 * 2.54 = 22.86
10 * 2.54 =  25.4
11 * 2.54 = 27.94
12 * 2.54 = 30.48

Not quite what we wanted!

10.17.2 Ex am ple 24: us ing {0,5:##.00}

Here is a ver sion that works.

us ing Sys tem;

class c1024
{
  static int Main()
  {
    int i;
    Con sole.WriteLine(" inches     cm");
    for (i=1;i<=12;i++)
    {
      Con sole.Write("{0,2}",i);
      Con sole.Write(" * 2.54 = ");
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      Con sole.WriteLine("{0,5:##.00}",i*2.54);
    }
    re turn(0);
  }

} 

Here is the out put.

D:\doc u ment\csharp\csharp_pro gram ming>c1038
 inches     cm
 1 * 2.54 =  2.54
 2 * 2.54 =  5.08
 3 * 2.54 =  7.62
 4 * 2.54 = 10.16
 5 * 2.54 = 12.70
 6 * 2.54 = 15.24
 7 * 2.54 = 17.78
 8 * 2.54 = 20.32
 9 * 2.54 = 22.86
10 * 2.54 = 25.40
11 * 2.54 = 27.94
12 * 2.54 = 30.48

10.17.3 Ex am ple 25: us ing {0,5:##.##}

us ing Sys tem;

class c1025
{
  static int Main()
  {
    int i;
    dou ble d;
    Con sole.WriteLine(" cm            inches");
    for (i=1;i<=12;i++)
    {
      d=(dou ble)i;
      Con sole.Write("{0,2}",i);
      Con sole.Write("   / 2.54 = ");
      Con sole.WriteLine("{0,5:##.##}",d/2.54);
    }
    re turn(0);
  }
} 

Here is the out put

D:\doc u ment\csharp\csharp_pro gram ming>c1039
 cm            inches
 1   / 2.54 =   .39
 2   / 2.54 =   .79
 3   / 2.54 =  1.18
 4   / 2.54 =  1.57
 5   / 2.54 =  1.97
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 6   / 2.54 =  2.36
 7   / 2.54 =  2.76
 8   / 2.54 =  3.15
 9   / 2.54 =  3.54
10   / 2.54 =  3.94
11   / 2.54 =  4.33
12   / 2.54 =  4.72

10.17.4 Ex am ple 26: us ing {0,5:#0.##}

It is a com mon re quire ment to want a 0 be fore the dec i mal point. Here is a pro gram that
achieves this.

us ing Sys tem;

class c1026
{
  static int Main()
  {
    int i;
    dou ble d;
    Con sole.WriteLine(" cm            inches");
    for (i=1;i<=12;i++)
    {
      d=(dou ble)i;
      Con sole.Write("{0,2}",i);
      Con sole.Write("   / 2.54 = ");
      Con sole.WriteLine("{0,5:#0.##}",d/2.54);
    }
    re turn(0);
  }
} 

Here is the out put.

D:\doc u ment\csharp\csharp_pro gram ming>c1026
 cm            inches
 1   / 2.54 =  0.39
 2   / 2.54 =  0.79
 3   / 2.54 =  1.18
 4   / 2.54 =  1.57
 5   / 2.54 =  1.97
 6   / 2.54 =  2.36
 7   / 2.54 =  2.76
 8   / 2.54 =  3.15
 9   / 2.54 =  3.54
10   / 2.54 =  3.94
11   / 2.54 =  4.33
12   / 2.54 =  4.72

10.18 For mat ting sum mary

These ex am ples have in tro duced some of the for mat ting ca pa bil ity avail able in C#.
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10.19 Arith me tic in other lan guages.

Try some of the above ex am ples and the prob lems in other pro gram ming lan guages.

10.20 Summary

There are the fol low ing prim i tive nu meric data types in C#:–

· 8, 16, 32 and 64 bit signed and un signed in te ger types

· float – 32 bit real: IEEE 754-1985

· dou ble – 64 bit real: IEEE 754-1985

· dec i mal type - 128 bits, used for mon e tary cal cu la tions

In te ger con stants in ex pres sions are of type int. Cast ing is re quired when do ing in te ger
arith me tic us ing the other in te ger types.

C# does not pro vide query func tions to pro vide de tailed in for ma tion about floats and dou -
bles. C, C++ and For tran do. The fol low ing pro grams and out put pro vide more de tailed in -
for ma tion about floats and dou bles.

Here is a C++ pro gram.

#in clude <iostream>
#in clude <cfloat>
us ing namespace std;
int main()
{
  cout << " " << FLT_EP SI LON << " " << FLT_DIG << 
    " " << FLT_MIN << " " << FLT_MAX << " " << endl;
  cout << " " << DBL_EP SI LON << " " << DBL_DIG << 
    " " << DBL_MIN << " " << DBL_MAX << " " << endl;
  cout << " " << LDBL_EP SI LON << " " << LDBL_DIG << 
    " " << LDBL_MIN << " " << LDBL_MAX << " " << endl;
  re turn(0);
}

Here is the out put.

 1.19209e-07  6 1.17549e-38  3.40282e+38
 2.22045e-16 15 2.22507e-308 1.79769e+308
 2.22045e-16 15 2.22507e-308 1.79769e+308

Here is a For tran pro gram.
pro gram ch0510
  im plicit none
! real arith me tic
!
! 32 and 64 bit reals are nor mally avail able.
! The IEEE for mat is as de scribed be low.
!
! 32 bit reals  8 bit ex po nent, 24 bit man tissa
! 64 bit reals 11 bit ex po nent, 53 bit man tissa
!
  real :: r
  in te ger, pa ram e ter :: sp = se lected_real_kind(6, 37)
  in te ger, pa ram e ter :: dp = se lected_real_kind(15, 307)
  in te ger, pa ram e ter :: qp = se lected_real_kind(30, 291)
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  real (sp) :: rsp
  real (dp) :: rdp
  real (qp) :: rqp

  print *, '           ====================='
  print *, '           Real kind in for ma tion'
  print *, '           ====================='
  print *, ' kind num ber'
  print *, '    ', kind(r), ' ', kind(rsp), 
' ', kind(rdp), ' ', kind(rqp)
  print *, ' dig its de tails'
  print *, '    ', dig its(r), ' ', dig its(rsp), 
' ', dig its(rdp), ' ', dig its(rqp)
  print *, ' ep si lon de tails'
  print *, '    ', ep si lon(r)
  print *, '    ', ep si lon(rsp)
  print *, '    ', ep si lon(rdp)
  print *, '    ', ep si lon(rqp)
  print *, ' huge value'
  print *, '    ', huge(r)
  print *, '    ', huge(rsp)
  print *, '    ', huge(rdp)
  print *, '    ', huge(rqp)
  print *, ' maxexponent value'
  print *, '    ', maxexponent(r)
  print *, '    ', maxexponent(rsp)
  print *, '    ', maxexponent(rdp)
  print *, '    ', maxexponent(rqp)
  print *, ' minexponent value'
  print *, '    ', minexponent(r)
  print *, '    ', minexponent(rsp)
  print *, '    ', minexponent(rdp)
  print *, '    ', minexponent(rqp)
  print *, ' pre ci sion de tails'
  print *, '    ', pre ci sion(r), ' ', pre ci sion(rsp), 
' ', pre ci sion(rdp), ' ', pre ci sion(rqp)
  print *, ' ra dix de tails'
  print *, '    ', ra dix(r), ' ', ra dix(rsp), ' ', 
ra dix(rdp), ' ', ra dix(rqp)
  print *, ' range de tails'
  print *, '    ', range(r), ' ', range(rsp), ' ',
 range(rdp), ' ', range(rqp)
  print *, ' tiny de tails'
  print *, '    ', tiny(r)
  print *, '    ', tiny(rsp)
  print *, '    ', tiny(rdp)
  print *, '    ', tiny(rqp)
end pro gram

Here is the out put.
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            =====================
            Real kind in for ma tion
            =====================
  kind num ber
      1   1   2   3
  dig its de tails
      24   24   53   106
  ep si lon de tails
        1.1920929E-07
        1.1920929E-07
        2.2204460492503131E-16
      2.46519032881566189191165177E-32
  huge value
        3.4028235E+38
        3.4028235E+38
       1.7976931348623157E+308
      8.98846567431157953864652595E+307
  maxexponent value
      128
      128
      1024
      1023
  minexponent value
      -125
      -125
      -1021
      -968
  pre ci sion de tails
      6   6   15   31
  ra dix de tails
      2   2   2   2
  range de tails
      37   37   307   291
  tiny de tails
        1.1754944E-38
        1.1754944E-38
       2.2250738585072014E-308
      2.00416836000897277799610805E-292

Real lit eral con stants are of type dou ble. Cast ing is re quired when do ing real arith me tic us -
ing float types.

C# draws heavily on C and C++ for its op er a tors and syn tax. If you have some back ground
in these lan guages then this ob vi ously helps. How ever there are no point ers in C#, or ex -
plicit de lete mech a nisms to free mem ory. C# has a gar bage collector.

Con stants are pro vided us ing the static fi nal at trib utes.

There is a lot of ma te rial in this chap ter. Don't panic. As the book pro gresses more and
more of it will stick.

10.21 Bibliography

IEEE 754-1985, Re af firmed 1990.
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The stan dard is the de fin i tive state ment. Other sources in clude Sun’s Nu mer i cal Com pu ta -
tion Guide. Sim i lar pub li ca tions will ex ist for other platforms.

What Ev ery Com puter Sci en tist Should know About Float ing Point Arith me tic

This pa per first ap peared in the March 1991 is sue of Com put ing Sur veys, ACM Inc. It can
also be found (af ter some rum mag ing around) on Sun sys tems. I rec om mend the pa per very 
highly.

The fol low ing are some use ful web ad dresses.

http://grouper.ieee.org/groups/754/

http://docs.sun.com/htmlcoll/coll.648.2/iso-8859-1/NUMCOMPGD/n
cg_goldberg.html

Http://www.cs.berke ley.edu/~wkahan/ieee754status/754story.html

for ad di tional in for ma tion in this area.

10.22 Prob lems

1. Try compiling and run ning the ex am ples given in this chap ter. Re mem ber that you need
to gain fa mil iar ity with the C# rules. You need to make mis takes and see what goes wrong. 

2. Write a pro gram that asks the user to type in a value of the ra dius r of a cir cle. Make it a 

dou ble. Cal cu late the cir cum fer ence ( 2 p r) and print out both the ra dius and the cir cum fer -

ence. Use the Math.PI field for the value of p.

3. Mod ify the above to cal cu late and print out the area as well. The area is given by p r2

4. Write a pro gram to cal cu late the pe riod of a pen du lum. Use the fol low ing for mula:–

            t = 2 * Math.PI * Math.Sqrt(length/9.81)

The length is in metres and the time is in sec onds. Use a length of 10.0 metres. Use vari -
ables of type dou ble through out.

5. An im pe rial or UK gal lon is le gally de fined as 4.54609 litres. A US liq uid gal lon is de -
fined as 3.785411784 litres. Write a pro gram that cal cu lates the ra tio of a UK gal lon to a
US gal lon and prints out the result.

6. An im pe rial pint is 20 im pe rial fluid ounces and is equiv a lent to about 568 mL, while the 
U.S. ver sion is 16 U.S. fluid ounces and is equiv a lent to about 473 mL. Write a pro gram to
cal cu late the ra tio of an im pe rial pint to a US pint and prints out the result.

7. One of the eas i est ways to write a pro gram is to mod ify an ex ist ing one. The ex am ple
given ear lier, deal ing with the time taken for light to travel from the sun to the earth could
form the ba sis of sev eral other programs.

Many com mu ni ca tions sat el lites fol low a geosynchronous or bit, some 35,870 Km above the 
earth's sur face. Us ing c1009 pro gram as a start ing point change the dis tance and de ter mine
the time lag in us ing such a sat el lite for a tele phone con ver sa tion or broad band ac cess.

Would you want to play a com puter game over a sat el lite link with this time lag?

· the moon is about 384,400 Km from the earth (on av er age). What im pli ca tions

does this have for con trol ex per i ments on the moon? What is the time lag?

· the fol low ing ta ble gives the dis tance in MKm from the sun to the plan ets in the

so lar sys tem:

                        mer cury           57.9                 ve nus               108.2

                        earth                149.6               mars                227.9

                        ju pi ter              778.3               sat urn              1427.0
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                        ura nus             2869.6             nep tune           4496.6

                        pluto                5900.0

Use this in for ma tion to find the great est and least time taken to send a mes sage from the
earth to the other plan ets. As sume that all or bits are in the same plane and cir cu lar (if it was 
good enough for Co per ni cus, it’s good enough for this ex am ple). For all prac ti cal pur poses
the speed of light in a vac uum is a con stant, and there fore a good can di date for a const
statement. Use it.
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'Where shall I be gin your Maj esty' he asked.
'Be gin at the be gin ning,' the King said, gravely 'and go
on un til you come to the end then stop.'

Lewis Carroll, Al ice's Ad ven tures in Won der land.

Aims 

The aims of this chap ter are to:–

· look at the ba sic ar ray syn tax in C#; 

· look at the as so ci ated con trol struc tures;

· look at ar ray el e ment or der ing in C#;

· look at the var i ous ways we can cre ate and ini tial ize ar rays in C#;

· look at the ar ray meth ods that are avail able in C#;

11 Arrays In C#

11.1 Ta bles of data

Con sider the ex am ples be low.

11.1.1 Tele phone di rec tory

A tele phone di rec tory con sists of the fol low ing kinds of en tries:

Name                           Ad dress                                                 Num ber

Adcroft A.       61 Connaught Road, Roath, Car diff              223309

Beale K.         14 Aire dale Road, Balham                             745 9870

Blunt R.U.      81 Stanlake Road, Shep herds Bush               674 4546

…

...

…

Sims Tony      99 Andover Road,Twickenham                     898 7330

This struc ture can be con sid ered in a va ri ety of ways, but per haps the most com mon is to
re gard it as a ta ble of data, where there are three col umns and as many rows as there are
en tries in the tele phone di rec tory.

Con sider now the way we ex tract in for ma tion from this ta ble. We would scan the name col -
umn look ing for the name we are in ter ested in, and then read along the row look ing for ei -
ther the ad dress or tele phone num ber, i.e., we are us ing the name to look up the item of in -
ter est.

11.1.2 Book cat a logue

A cat a logue could con tain:

Au thor(s)                                 Ti tle                                         Pub lisher
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Carroll L.        Al ice through the Look ing Glass                        Pen guin

Steinbeck J.    Sweet Thurs day                                                   Pen guin

Wirth N.          Algorithms plus data Structures = pro gram       Prentice-Hall

Again, this can be re garded as a ta ble of data, hav ing three col umns and many rows. We
would fol low the same pro ce dure as with the tele phone di rec tory to ex tract the in for ma tion. 
We would use the Name to look up what books are avail able.

11.1.3 Ex am i na tion marks or re sults

This could con sist of:

Name              Phys ics            Maths  Bi ol ogy           His tory            Eng lish            French

Fowler L.           50                47           28                   89                   30                   46

Barron L.W       37                67           34                   65                   68                   98

War ren J.           25                45           26                   48                   10                   36

Mallory D.         89                56           33                   45                   30                   65

Codd S.              68                78           38                   76                   98                   65

This can again be re garded as a ta ble of data. This ex am ple has seven col umns and five
rows. We would again look up in for ma tion by us ing the Name.

11.1.4 Monthly rain fall

The fol low ing data are a sam ple of monthly av er age rain fall for Lon don in inches:

                        Month                         Rain fall

                        Jan u ary                           3.1

                        Feb ru ary                         2.0

                        March                             2.4

                        April                               2.1

                        May                                2.2

                        June                                2.2

                        July                                1.8

                        Au gust                            2.2

                        Sep tem ber                      2.7

                        Oc to ber                          2.9

                        No vem ber                      3.1

                        De cem ber                       3.1

In this ta ble there are two col umns and twelve rows. To find out what the rain fall was in
July, we scan the ta ble for July in the Month col umn and lo cate the value in the same row,
i.e., the rain fall fig ure for July.

These are just some of the many ex am ples of prob lems where the data that are be ing con -
sid ered have a tab u lar struc ture. Most gen eral pur pose lan guages there fore have mech a -
nisms for deal ing with this kind of struc ture. Some of the spe cial names given to these
struc tures in clude:

Lin ear list.

List.
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Vector.

Ar ray.

The term used most of ten here, and in the ma jor ity of books on pro gram ming, is ar ray.

Ar rays may be sin gle-dimensional or multi-dimensional. Both con ven tional rect an gu lar ar -
rays and jag ged ar rays are sup ported in C#.

Ar rays are ob jects in C# and there are a num ber of meth ods that can be ap plied to ar ray ob -
jects. There is a com plete list of the ar ray meth ods avail able at the end of the chap ter.

11.2 Ex am ple 1: sim ple one d ar ray us ing tra di tional C and C++ style
syntax

This ex am ple looks at a one di men sional ar ray in C#. The pro gram reads the twelve data
val ues from the key board, ex tracts the num bers from the in put line, as signs each value to an 
el e ment of the ar ray and then cal cu lates the sum and av er age of the val ues.

us ing Sys tem;

class c1101
{
  static int Main() 
  {
    const int nmonths=12;
    dou ble [] rain fall = new dou ble [nmonths];
    dou ble sum=0;
    dou ble av er age=0;
    string line;
    Con sole.Write(" Type in rain fall val ues");
    Con sole.WriteLine(" one per line");
    for (int i=0;i<nmonths;i++)
    {
      line=Sys tem.Con sole.ReadLine();
      rain fall[i]=dou ble.Parse(line);
      sum+=rain fall[i];
    }
    av er age=sum/nmonths;
    Con sole.WriteLine(" sum is {0:F} ",sum);
    Con sole.WriteLine(" av er age is {0:F} ",av er age);
    re turn (0);
  }
}

The key lines are

    const int nmonths=12;

This is the C# syn tax for de clar ing and in itial is ing vari ables whose val ues don't change dur -
ing pro gram ex e cu tion, a con stant or pa ram e ter in other pro gram ming lan guages.

     double [] rain fall = new double [nmonths];

Here we de clare rain fall to be an ar ray of type double and as ar rays are ob jects we use new
to al lo cate the ar ray.

    for (int i=0;i<nmonths;i++)
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This is one way of ac cess ing ar ray el e ments in C#. First we de clare a vari able I as the in -
dex for the for loop. We then in dex from 0 to nmonth-1. Ar rays of size n in the C fam ily of 
lan guages start at 0 and end at –1. In this case 0 to nmonth-1. We then in cre ment the for
loop coun ter us ing I++, and start the loop again.

Here is the data to use.

3.1
2.0
2.4
2.1
2.2
2.2
1.8
2.2
2.7
2.9
3.1
3.1

which is avail able with the C# source on the Rhymney Con sult ing web site. Data files nor -
mally have the same file name as the ex am ple but with a .txt ex ten sion. The data are
monthly rain fall figures from the Met Of fice for Lon don in inches.

11.3 Ex am ple 2: sim ple vari ant with mod ern C# syntax

In this ex am ple we use the fol low ing syn tax vari ants

· first we ini tial ize the ar ray in the pro gram

· sec ondly we set nmonths to the size of the rain fall ar ray us ing the

rain fall.Length at trib ute

· thirdly we loop over the ar ray us ing the C# foreach con struct

and thus we are us ing mod ern pro gram ming style in this ex am ple.

us ing Sys tem;

class c1102
{
  static int Main() 
  {
    dou ble [] rain fall = {3.1,2.0,2.4,2.1,2.2,2.2,
                      1.8,2.2,2.7,2.9,3.1,3.1};
    int nmonths=rain fall.Length;
    dou ble sum=0;
    dou ble av er age=0;
    foreach (dou ble x in rain fall)
    {
      sum+=x;
    }
    av er age=sum/nmonths;
    Con sole.WriteLine(" sum is {0:F} ",sum);
    Con sole.WriteLine(" av er age is {0:F} ",av er age);
    re turn 0;
  }
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}

The key state ments are

    double [] rain fall = {3.1,2.0,2.4,2.1,2.2,2.2,

                      1.8,2.2,2.7,2.9,3.1,3.1};

This de fines rain fall to be an ar ray of doubles and initializes the ar ray el e ments to the val -
ues within the braces. No tice we don't ac tu ally ex plic itly men tion the ar ray size in the
above.

    int nmonths=rain fall.Length;

We set the vari able nmonths to the cor rect value by us ing the Length property.

    foreach (dou ble x in rain fall)

loops through the ar ray with out us ing a loop counter at all! C# han dles ev ery thing trans par -
ently for us us ing the foreach con struct.

11.4 Ex am ple 3: sim ple weights ex am ple

Your body mass in dex (bmi) is given by your weight (in ki los) di vided by your  height (in
metres) squared. The fol low ing pro gram cal cu lates the bmi of a group of first year Me chan -
i cal En gi neer ing un der grad u ates. BMI is a com monly used mea sure ment in the health and
med i cal sci ences.

us ing Sys tem;

class c1103
{
  static int Main() 
  {
    dou ble [] weights = {85,76,85,90,69,83,64,57,65,76};
    dou ble [] heights = {1.85, 1.80, 1.85, 1.70, 1.75,
                      1.67, 1.55, 1.63, 1.79, 1.78};
    int npeople=weights.Length;
    dou ble [] bmi     = new dou ble[npeople];
    int i;
    for (i=0;i<npeople;i++)
    {
      bmi[i] = weights[i]/(heights[i]*heights[i]);
      Con sole.WriteLine(" {0:f} ",bmi[i]);
    }
    re turn 0;
  }
}

Note that in this ex am ple we have to use a con ven tional in dex as a loop coun ter as we are
ac cess ing ar ray el e ments of the three ar rays weights, heights and bmi.

Grades of obe sity ac cord ing to Garrow as fol lows:

            Grade 0 (de sir able) 20–24.9

            Grade 1 (over weight) 25–29.9

            Grade 2 (obese) 30–40

            Grad 3 (mor bidly obese) >40

            Ideal BMI range, 
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            Men, Range 20.1–25 kg/m2

            Women, Range 18.7–23.8 kg/m2

Com pile and run the pro gram. How healthy are the stu dents? Add your height and weight
to the ar rays. How healthy are you?

11.5 Ex am ple 4: sim ple 2 d ar ray us ing [,] syn tax and nested for
loops

This looks at two di men sional ar rays in C#.

us ing Sys tem;

class c1104
{
  static int Main() 
  {
    const int nrow=3;
    const int ncol=3;
    int [,] x = new int [nrow,ncol]
      {{1,2,3},
       {4,5,6},
       {7,8,9}};
    for (int i=0;i<nrow;i++)
    {
      for (int j=0;j<ncol;j++)
      {
        Con sole.Write(" {0:D} ",x[i,j]," ");
      }
      Con sole.WriteLine();
    }
    re turn 0;
  }
}

The following state ments are

    const int nrow=3;
    const int ncol=3;

de fine the num ber of rows and col umns for our 2 d ar ray. The next statement

    int [,] x = new int [nrow,ncol]
      {{1,2,3},

       {4,5,6},

       {7,8,9}};

de clares the vari able x to be a 2 d ar ray of ints, and uses new to al lo cate mem ory for the ar -
ray. It also in itial ises the el e ments of the ar ray.

Ar ray el e ment ac cess is shown in the fol low ing state ment

     x[i,j]

We have the ar ray vari able name x and use the [i,j] to ac cess the in di vid ual el e ments. This
pro gram uses con ven tional style pro gram ming to con trol ac cess to the two d ar ray, us ing
two const vari ables nrow and ncol.
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11.6 Ex am ple 5: 2 d ar rays us ing the [,] syn tax and the GetLength
meth ods

Here is a 2d ex am ple based on the exam re sults ta ble you saw ear lier. In this ex am ple we
use GetLength(0) to ac cess the first di men sion or num ber of rows and GetLength(1) to ac -
cess the sec ond di men sion or num ber of col umns.

us ing Sys tem;
class c1105
{
  static int Main()
  {
    int r;
    int c;
    int nr;
    int nc;

    dou ble [,] exam_re sults = 
      { {50 , 47 , 28 , 89 , 30 , 46} , 
        {37 , 67 , 34 , 65 , 68 , 98} , 
        {25 , 45 , 26 , 48 , 10 , 36} , 
        {89 , 56 , 33 , 45 , 30 , 65} , 
        {68 , 78 , 38 , 76 , 98 , 65} };

    nr = exam_re sults.GetLength(0);
    nc = exam_re sults.GetLength(1);

    dou ble [] rsum = new dou ble[nr];
    dou ble [] csum = new dou ble[nc];

    for (r=0;r<nr;r++)
      rsum[r]=0.0;

    for (c=0;c<nc;c++)
      csum[c]=0.0;

    Con sole.WriteLine
    ("\n      Exam re sults and av er ages are \n");
    for (r=0;r<nr;r++)
    {
      for (c=0;c<nc;c++)
      {
        rsum[r] = rsum[r] + exam_re sults[r,c];
        Con sole.Write("  {0,4:##.0} ",
        exam_re sults[r,c]," ");
      }
      Con sole.WriteLine("   {0,6:##.0} ", rsum[r]/nc);
    }

    Con sole.WriteLine("");
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    for (c=0;c<nc;c++)
    {
      for (r=0;r<nr;r++)
      {
        csum[c] = csum[c] + exam_re sults[r,c];
      }
      Con sole.Write(" {0,5:##.0} ", csum[c]/nr);
    }
    Con sole.WriteLine("");
    re turn(0);
  }
}

Here is the out put.

      Exam re sults and av er ages are 

  50.0   47.0   28.0   89.0   30.0   46.0      48.3 
  37.0   67.0   34.0   65.0   68.0   98.0      61.5 
  25.0   45.0   26.0   48.0   10.0   36.0      31.7 
  89.0   56.0   33.0   45.0   30.0   65.0      53.0 
  68.0   78.0   38.0   76.0   98.0   65.0      70.5 

  53.8   58.6   31.8   64.6   47.2   62.0 

Note that in this ex am ple we are us ing \n to gen er ate new lines in the out put.

11.7 Ex am ple 6: ar rays of ar rays us ing [][] syn tax and tra di tional
nested for loops

This ex am ple ap pears at first sight to be a sim ple vari a tion on the above. In fact what we
have in this ex am ple is an ar ray of ar rays.

us ing Sys tem;

class c1106
{
  static int Main() 
  {
    const int nrow=3;
    const int ncol=3;
    int [][] x = new int [nrow][];
    x[0] = new int[ncol] {1,2,3};
    x[1] = new int[ncol] {4,5,6};
    x[2] = new int[ncol] {7,8,9};
    for (int i=0;i<nrow;i++)
    {
      for (int j=0;j<ncol;j++)
      {
        Con sole.Write(" {0:d} ",x[i][j], " ");
      }
      Con sole.WriteLine();
    }

Chapter 11 Arrays In C# 143

© Ian D Chivers



    re turn (0);
  }
}

The key state ments are

    int [][] x = new int [nrow][];

This state ment de clares x to be an ar ray of ar rays of int. We cre ate and al lo cate the space
for this us ing new. Note that we de fine the size of the first dimension only.

    x[0] = new int[ncol] {1,2,3};
    x[1] = new int[ncol] {4,5,6};
    x[2] = new int[ncol] {7,8,9};

These state ments com plete the def i ni tion and in itial is ation of the ar ray of ar rays. We use a
con ven tional pro gram ming style us ing the const vari ables nrow and ncol.

11.8 Ex am ple 7: ar rays of ar rays and the .Length and [].Length at trib -
utes 

Now con sider the fol low ing vari ant.

us ing Sys tem;

class c1107
{
  static int Main() 
  {
    const int nrow=3;
    const int ncol=3;

    int [][] x = new int [nrow][];

    x[0] = new int[ncol] {1,2,3};
    x[1] = new int[ncol] {4,5,6};
    x[2] = new int[ncol] {7,8,9};

    for (int i=0;i<x.Length;i++)
    {
      for (int j=0;j<x[i].Length;j++)
      {
        Con sole.Write(" {0:d} ",x[i][j], " ");
      }
      Con sole.WriteLine();
    }

    re turn (0);
  }
}

The state ment

    for (int i=0;i<x.Length;i++)

pro vides ac cess to the num ber of rows in the ar ray, and
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      for (int j=0;j<x[i].Length;j++)

pro vides ac cess to the num ber of el e ments in each row.

11.9 Ex am ple 8: rag ged ar rays of ar rays

The fol low ing is an ex ten sion of the above. In this ex am ple we are work ing with a so called 
rag ged ar ray.

us ing Sys tem;

class c1108
{
  static int Main() 
  {
    const int nrow=3;

    int [][] x = new int [nrow][];

    x[0] = new int[] {1};
    x[1] = new int[] {2,3};
    x[2] = new int[] {4,5,6};

    for (int i=0;i<nrow;i++)
    {
      for (int j=0;j<x[i].Length;j++)
      {
        Con sole.Write(" {0:d} ",x[i][j], " ");
      }
      Con sole.WriteLine();
    }
    re turn (0);
  }
}

Here is the out put from run ning the pro gram.

 1 
 2  3 
 4  5  6 

So C# sup ports a syn tax that al lows a dif fer ent num ber of col umns in a row in a 2d ar ray.

11.10 Ex am ple 9: an other rag ged ar ray of ar rays

Here is a vari ant.

us ing Sys tem;

class c1109
{
  static int Main() 
  {
    const int nrow=5;
    int [][] x = new int [nrow][];
    x[0] = new int[] {};
    x[1] = new int[] {1};
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    x[2] = new int[] {2,3};
    x[3] = new int[] {};
    x[4] = new int[] {4,5,6,7};

    for (int i=0;i<nrow;i++)
    {
      for (int j=0;j<x[i].Length;j++)
      {
        Con sole.Write(" {0:d} ",x[i][j], " ");
      }
      Con sole.WriteLine();
    }
    re turn (0);
  }
}

Here is the out put.

 1 
 2  3 

 4  5  6  7

The key here is that the num ber of el e ments in each row now var ies and can in fact be
zero! 

11.11 Ar ray Mem ber List

The fol low ing is a com plete list of the ar ray mem ber meth ods in C#.

11.11.1 Pub lic Static (Shared) Methods

BinarySearch Over loaded. Searches a one-dimensional sorted Ar ray for a value, us -

ing a bi nary search al go rithm. 

Clear Sets a range of el e ments in the Ar ray to zero or to a null ref er ence 

Copy Over loaded. Copies a sec tion of one Ar ray to an other Ar ray and per -

forms type downcasting as re quired. 

CreateInstance Over loaded. Ini tial izes a new in stance of the Ar ray class. 

IndexOf Over loaded. Re turns the in dex of the first oc cur rence of a value in a

one-dimensional Ar ray or in a por tion of the Ar ray. 

LastIndexOf Over loaded. Re turns the in dex of the last oc cur rence of a value in a

one-dimensional Ar ray or in a por tion of the Ar ray. 

Re verse Over loaded. Re verses the or der of the el e ments in a one-dimensional
Ar ray or in a por tion of the Ar ray. 

Sort Over loaded. Sorts the el e ments in one-dimensional Ar ray ob jects. 

11.11.2 Pub lic In stance Prop erties

IsFixedSize Gets a value in di cat ing whether the Ar ray has a fixed size. 

IsReadOnly Gets a value in di cat ing whether the Ar ray is read-only. 

IsSynchronized Gets a value in di cat ing whether ac cess to the Ar ray is syn chro nized

(thread-safe). 
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Length Gets the to tal num ber of el e ments in all the di men sions of the Ar ray. 

Rank Gets the rank (num ber of di men sions) of the Ar ray. 

SyncRoot Gets an ob ject that can be used to syn chro nize ac cess to the Ar ray. 

11.11.3 Pub lic In stance Methods

Clone Cre ates a shal low copy of the Ar ray. 

CopyTo Copies all the el e ments of the cur rent one-dimensional Ar ray to the

spec i fied one-dimensional Ar ray start ing at the spec i fied des ti na tion

Ar ray in dex. 

Equals De ter mines whether two Ob ject in stances are equal. 

GetEnumerator Re turns an IEnumerator for the Ar ray. 

GetHashCode Serves as a hash func tion for a par tic u lar type, suit able for use in

hash ing al go rithms and data struc tures like a hash ta ble. 

GetLength Gets the num ber of el e ments in the spec i fied di men sion of the Ar ray. 

GetLowerBound Gets the lower bound of the spec i fied di men sion in the Ar ray. 

GetType (in her ited from Ob ject) Gets the Type of the cur rent in stance. 

GetUpperBound Gets the up per bound of the spec i fied di men sion in the Ar ray. 

GetValue Over loaded. Gets the val ues of the Ar ray el e ments at the spec i fied in -

dexes. 

Ini tial ize Ini tial izes ev ery el e ment of the value-type Ar ray by call ing the de -

fault con struc tor of the value type. 

SetValue Over loaded. Sets the spec i fied Ar ray el e ments to the spec i fied value. 

ToString (in her ited from Ob ject) Re turns a String that rep re sents the cur rent

Ob ject. 

11.11.4 Pro tected In stance Con struc tors

Ar ray Con struc tor Ini tial izes a new in stance of the Ar ray class. 

11.11.5 Pro tected In stance Methods

Fi nal ize Al lows an Ob ject to at tempt to free re sources and per form other

cleanup op er a tions be fore the Ob ject is re claimed by gar bage col lec -

tion. In C# and C++, finalizers are ex pressed us ing de struc tor syn tax.

MemberwiseClone Cre ates a shal low copy of the cur rent Ob ject. 

11.12 Ex am ple 10: sim ple ar ray mem ber us age

Here is an ex am ple il lus trat ing some of the above.

us ing Sys tem;

class c1110
{
  static int Main()
  {
    int[] x = {10,1,9,2,8,3,7,4,6,5};
    foreach(int i in x)
      Con sole.Write(" {0:d} ",i);
    Ar ray.Re verse(x);
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    Con sole.WriteLine();
    foreach(int i in x)
      Con sole.Write(" {0:d} ",i);
    Con sole.WriteLine();
    Ar ray.Sort(x);
    foreach(int i in x)
      Con sole.Write(" {0:d} ",i);
    Con sole.WriteLine();
    Con sole.WriteLine(" Fixed size   {0} ",x.IsFixedSize);
    Con sole.WriteLine(" Read only    {0} ",x.IsReadOnly);
    Con sole.WriteLine(" Syn chro nized {0} ",x.IsSynchronized);
    re turn(0);
  }
}

Here is the out put.

 10  1  9  2  8  3  7  4  6  5 
 5  6  4  7  3  8  2  9  1  10 
 1  2  3  4  5  6  7  8  9  10 
 Fixed size   True 
 Read only    False 
 Syn chro nized False 

11.13 Ex am ple 11: us ing == and Equals with ar rays

Here is the ex am ple.

us ing Sys tem;

class c1111
{
  static int Main()
  {

    int [] x1 = {1,2,3};
    int [] x2 = {1,2,3};
    int [] x3 = x1;
    int [] x4 = (int[])(x1.Clone()) ;

    Con sole.WriteLine(" x1==x2 {0} ",x1==x2);
    Con sole.WriteLine(" x1==x3 {0} ",x1==x3);
    Con sole.WriteLine(" x1==x4 {0} ",x1==x4);

    Con sole.WriteLine(" x1.Equals(x2) {0} ",x1.Equals(x2));
    Con sole.WriteLine(" x1.Equals(x3) {0} ",x1.Equals(x3));
    Con sole.WriteLine(" x1.Equals(x4) {0} ",x1.Equals(x4));

    re turn(0);
  }
}   

Here is the out put.
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 x1==x2 False 
 x1==x3 True 
 x1==x4 False 
 x1.Equals(x2) False 
 x1.Equals(x3) True 
 x1.Equals(x4) False 

Did you ex pect this?

Here is an ex tract from the Microsoft doc u men ta tion.

· Value types equal ity

· Operands of the built-in value types are equal if their val -
ues are equal.

· Ref er ence types equal ity

· By de fault, two ref er ence-type operands are equal if they

re fer to the same ob ject.

· String equal ity

· Two string operands are equal when both of them are null

or both string in stances are of the same length and have

iden ti cal char ac ters in each char ac ter po si tion.

Ar rays are ob jects - ref er ence types.

Here is a vari a tion.

us ing Sys tem;

class c1111
{
  static int Main()
  {

    int [] x1 = {1,2,3};
    int [] x2 = {1,2,3};
    int [] x3 = x1;
    int [] x4 = (int[])(x1.Clone()) ;

    Con sole.WriteLine(" x1==x2 {0} ",x1==x2);
    Con sole.WriteLine(" x1==x3 {0} ",x1==x3);
    Con sole.WriteLine(" x1==x4 {0} ",x1==x4);

    Con sole.WriteLine(" x1.Equals(x2) {0} ",x1.Equals(x2));
    Con sole.WriteLine(" x1.Equals(x3) {0} ",x1.Equals(x3));
    Con sole.WriteLine(" x1.Equals(x4) {0} ",x1.Equals(x4));

    x1[0]=10;

    Con sole.Write(" x1 ");Con sole.Write(x1[0]);Con -
sole.WriteLine();
    Con sole.Write(" x2 ");Con sole.Write(x2[0]);Con -
sole.WriteLine();
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    Con sole.Write(" x3 ");Con sole.Write(x3[0]);Con -
sole.WriteLine();
    Con sole.Write(" x4 ");Con sole.Write(x4[0]);Con -
sole.WriteLine();

    re turn(0);

  }
}

Here is the out put.

 x1==x2 False 
 x1==x3 True 
 x1==x4 False 
 x1.Equals(x2) False 
 x1.Equals(x3) True 
 x1.Equals(x4) False 
 x1 10
 x2 1
 x3 10
 x4 1

Con fus ing!

11.14 Ar ray el e ment or der ing

When deal ing with two di men sion ar rays and above the ques tion of ar ray el e ment or der ing
arises. With the fol low ing two d ar ray

  int [ , ] x = { {1 , 2 , 3},
                 {4 , 5 , 6},
                 {7 , 8 , 9} };

if the ar ray is stored by row we have

1

2

3

4

5

6

7

8

9

in mem ory and if stored by col umn we have

1

4

7

2

5

8
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3

6

9

in mem ory.

There are 4 problems that look at the tim ing of ac cess to 2 d ar rays by row and by col umn.
You should run these ex am ples to see the dif fer ences in tim ing. Af ter run ning the pro grams 
it should be ob vi ous how ar rays are stored in mem ory in C#.

11.15 Sum mary

The ar ray class pro vides meth ods for cre at ing, ma nip u lat ing, search ing and sort ing ar rays.
Once an ar ray is cre ated its size is fixed. If you need a data struc ture that can grow dy nam i -
cally you should use the col lec tion class. This is cov ered in a later chap ter. Sub script
check ing is pro vided au to mat i cally in C#.

11.16 Prob lems

1. Com pile and run ex am ple 1 from this chap ter. Type the data in that was given earlier.

2. When work ing on ei ther a UNIX sys tem or a PC in a DOS box it is pos si ble to use the
fol low ing char ac ters to en able you to read data from a file or write out put to a file when
run ning your pro gram:

            char ac ter                     Mean ing

            <                                  read from file

            >                                  write to file

On a typ i cal UNIX sys tem we could use
a.out < data.txt > re sults.txt

to read the data from the file called data.txt and write the out put to a file called re sults.txt.

On a PC in a DOS box the equiv a lent would be

pro gram.exe < data.txt > re sults.txt

This is a quick and dirty way of de vel op ing pro grams that do sim ple I/O; we don't have to
keep typ ing in the data and we also have a re cord of the be hav iour of the pro gram. 

Type the fol low ing rainfall data

3.1
2.0
2.4
2.1
2.2
2.2
1.8
2.2
2.7
2.9
3.1
3.1

into a file. Call it rain fall.txt.

Use this file and re run the first pro gram. 
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3. Mod ify the rain fall pro gram (which as sumes that the mea sure ment is in inches) to con -
vert the val ues to centi metres. One inch equals 2.54 centi metres. Print out the two sets of
val ues as a ta ble.

Hint: use a sec ond ar ray to hold the met ric mea sure ments.

4. Visit

http://www.metoffice.gov.uk/pub lic/weather/
cli mate-his toric/#?tab=climateHistoric

Here is a sam ple of the data from one of the sites.

Car diff Bute Park
Lo ca tion 3176E 1773N, 9 metres amsl
Es ti mated data is marked with a * af ter the value.
Miss ing data (more than 2 days miss ing in month) is marked
by  ---.
Sun shine data taken from an au to matic Kipp & Zonen sen sor
marked with a #, oth er wise sun shine data taken from a Camp -
bell Stokes re corder.
   yyyy  mm   tmax    tmin      af    rain     sun
              degC    degC    days      mm   hours
   1977   9   18.3     8.1       0    48.6   117.9
   1977  10   15.4     9.0       0    76.0    80.4
   1977  11   10.3     4.7       4   147.9    76.4
   1977  12    9.6     4.6       2    88.0    25.6
   1978   1    7.5     2.0       6   134.1    64.7
   1978   2    6.2     0.9      13   134.1    56.9
...
...
   1979   1    4.6    -2.9      27   117.8    63.1
   1979   2    4.4    -0.4      13    81.9    58.1
   1979   3    8.4     2.6       2   112.9    83.2
...
...
   1979   7   21.1    12.4       0    37.3   224.8
   1979   8   18.9    11.2       0   135.4   189.1
   1979   9   17.7     9.0       0    59.1   167.2
   1979  10   15.5     8.7       0    88.8   105.7
   1979  11   11.2     3.5       5    90.9    59.2
   1979  12   10.1     4.0       8   180.9    46.6

Choose a site and save the data to a file. We will use the data in later pro grams. Choose a
year and save that data to a file. Edit the file to only con tain the rain fall data. Cal cu late the
sum and monthly av er age rain fall for this site and year.

5. Re write the exam re sults pro gram to scale the bi ol ogy sub ject col umn by 2.5 What are
the new av er ages?

6. Write a pro gram to as sign the fol low ing data val ues into a 3*3 in te ger ar ray.

            1          2          3

            4          5          6

            7          8          9

Pro duce to tals for each row and col umn. It should pro duce out put as shown be low:

152 Arrays In C# Chapter 11

© Ian D Chivers



            1          2          3          6

            4          5          6          15

            7          8          9          24

            12        15        18

7. This pro gram (c1113.cs) looks at two d ar ray ac cess us ing [,] ar ray no ta tion. We use
DateTime.Now to ob tain tim ing in for ma tion. We ac cess by row and by col umn.

us ing Sys tem;
class c1113
{
  static int Main()
  {

    Con sole.Write("\n Pro gram starts            ");
    Con sole.WriteLine(DateTime.Now);

    int r;
    int c;
    const int nr = 10000;
    const int nc = 10000;

    dou ble [,] x = new dou ble[nr,nc];
    dou ble xsum  = 0.0 ;

    Con sole.Write(" Ar ray cre ation            ");
    Con sole.WriteLine(DateTime.Now);

    for (r=0;r<nr;r++)
    {
      for (c=0;c<nc;c++)
      {
        x[r,c] = 1.0;
      }
    }

    Con sole.Write(" Ar ray in itial is ation      ");
    Con sole.WriteLine(DateTime.Now);

    for (r=0;r<nr;r++)
    {
      for (c=0;c<nc;c++)
      {
        xsum+=x[r,c];
      }
    }

    Con sole.Write(" Sum ma tion by row          ");
    Con sole.WriteLine(DateTime.Now);
    Con sole.WriteLine(" xsum = {0} ",xsum);
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    xsum=0.0;

    for (c=0;c<nc;c++)
    {
      for (r=0;r<nr;r++)
      {
        xsum+=x[r,c];
      }
    }

    Con sole.Write(" Sum ma tion by col umn       ");
    Con sole.WriteLine(DateTime.Now);
    Con sole.WriteLine(" xsum = {0} ",xsum);

    re turn(0);
  }
}

8. This pro gram (c1114.cs) looks at two d ar ray ac cess us ing [][] ar ray no ta tion. We use
DateTime.Now to ob tain tim ing in for ma tion. We ac cess by row and by col umn.

us ing Sys tem;
class c1114
{
  static int Main()
  {

    Con sole.Write("\n Pro gram starts            ");
    Con sole.WriteLine(DateTime.Now);

    int r;
    int c;
    const int nr = 10000;
    const int nc = 10000;

    dou ble [][] x = new dou ble[nr][];
    for (r=0;r<nr;r++)
      x[r] = new dou ble[nc];
    dou ble xsum  = 0.0 ;

    Con sole.Write(" Ar ray cre ation            ");
    Con sole.WriteLine(DateTime.Now);

    for (r=0;r<nr;r++)
    {
      for (c=0;c<nc;c++)
      {
        x[r][c] = 1.0;
      }
    }
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    Con sole.Write(" Ar ray in itial is ation      ");
    Con sole.WriteLine(DateTime.Now);

    for (r=0;r<nr;r++)
    {
      for (c=0;c<nc;c++)
      {
        xsum+=x[r][c];
      }
    }

    Con sole.Write(" Sum ma tion by row          ");
    Con sole.WriteLine(DateTime.Now);
    Con sole.WriteLine(" xsum = {0} ",xsum);

    xsum=0.0;

    for (c=0;c<nc;c++)
    {
      for (r=0;r<nr;r++)
      {
        xsum+=x[r][c];
      }
    }

    Con sole.Write(" Sum ma tion by col umn       ");
    Con sole.WriteLine(DateTime.Now);
    Con sole.WriteLine(" xsum = {0} ",xsum);

    re turn(0);
  }
}

9. This pro gram (c1115.cs) is a vari ant of c1113.cs. We also use the Stop Watch class from
Sys tem.Di ag nos tics to ob tain finer grained tim ing in for ma tion.

us ing Sys tem;
us ing Sys tem.Di ag nos tics;

class c1115
{
  static int Main()
  {

    Con sole.Write("\n Pro gram starts            ");
    Con sole.WriteLine(DateTime.Now);

    Stop watch stop Watch = new Stop watch();
    stop Watch.Start();
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    int r;
    int c;
    const int nr = 10000;
    const int nc = 10000;

    dou ble [,] x = new dou ble[nr,nc];
    dou ble xsum  = 0.0 ;

    stop Watch.Stop();
    TimeSpan ts = stop Watch.Elapsed;

    Con sole.Write(" Ar ray cre ation            ");
    Con sole.Write(DateTime.Now);
    string elapsedTime = String.For -
mat("{0:00}:{1:00}:{2:00}.{3:000}",
            ts.Hours, ts.Min utes, ts.Sec onds,
            ts.Mil li sec onds);
    Con sole.WriteLine(" " + elapsedTime);

    stop Watch.Start();

    for (r=0;r<nr;r++)
    {
      for (c=0;c<nc;c++)
      {
        x[r,c] = 1.0;
      }
    }

    stop Watch.Stop();
    ts = stop Watch.Elapsed;

    Con sole.Write(" Ar ray in itial is ation      ");
    Con sole.Write(DateTime.Now);
    elapsedTime = String.For -
mat("{0:00}:{1:00}:{2:00}.{3:000}",
            ts.Hours, ts.Min utes, ts.Sec onds,
            ts.Mil li sec onds);
    Con sole.WriteLine(" " + elapsedTime);

    stop Watch.Start();

    for (r=0;r<nr;r++)
    {
      for (c=0;c<nc;c++)
      {
        xsum+=x[r,c];
      }
    }
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    stop Watch.Stop();
    ts = stop Watch.Elapsed;

    Con sole.Write(" Sum ma tion by row          ");
    Con sole.Write(DateTime.Now);
    elapsedTime = String.For -
mat("{0:00}:{1:00}:{2:00}.{3:000}",
            ts.Hours, ts.Min utes, ts.Sec onds,
            ts.Mil li sec onds);
    Con sole.WriteLine(" " + elapsedTime);
    Con sole.WriteLine(" xsum = {0} ",xsum);

    stop Watch.Start();

    xsum=0.0;

    for (c=0;c<nc;c++)
    {
      for (r=0;r<nr;r++)
      {
        xsum+=x[r,c];
      }
    }

    stop Watch.Stop();
    ts = stop Watch.Elapsed;

    Con sole.Write(" Sum ma tion by col umn       ");
    Con sole.Write(DateTime.Now);
    elapsedTime = String.For -
mat("{0:00}:{1:00}:{2:00}.{3:000}",
            ts.Hours, ts.Min utes, ts.Sec onds,
            ts.Mil li sec onds);
    Con sole.WriteLine(" " + elapsedTime);
    Con sole.WriteLine(" xsum = {0} ",xsum);

    re turn(0);
  }
}

10. This pro gram (c1116.cs) is a vari ant of c1114.cs. We also use the Stop Watch class from 
Sys tem.Di ag nos tics to ob tain finer grained tim ing in for ma tion.

us ing Sys tem;
us ing Sys tem.Di ag nos tics;

class c1116
{
  static int Main()
  {
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    Con sole.Write("\n Pro gram starts            ");
    Con sole.WriteLine(DateTime.Now);

    Stop watch stop Watch = new Stop watch();
    stop Watch.Start();

    int r;
    int c;
    const int nr = 10000;
    const int nc = 10000;

    dou ble [][] x = new dou ble[nr][];
    for (r=0;r<nr;r++)
      x[r] = new dou ble[nc];
    dou ble xsum  = 0.0 ;

    stop Watch.Stop();
    TimeSpan ts = stop Watch.Elapsed;

    Con sole.Write(" Ar ray cre ation            ");
    Con sole.Write(DateTime.Now);
    string elapsedTime = String.For -
mat("{0:00}:{1:00}:{2:00}.{3:000}",
            ts.Hours, ts.Min utes, ts.Sec onds,
            ts.Mil li sec onds);
    Con sole.WriteLine(" " + elapsedTime);

    stop Watch.Start();

    for (r=0;r<nr;r++)
    {
      for (c=0;c<nc;c++)
      {
        x[r][c] = 1.0;
      }
    }

    stop Watch.Stop();
    ts = stop Watch.Elapsed;

    Con sole.Write(" Ar ray in itial is ation      ");
    Con sole.Write(DateTime.Now);
    elapsedTime = String.For -
mat("{0:00}:{1:00}:{2:00}.{3:000}",
            ts.Hours, ts.Min utes, ts.Sec onds,
            ts.Mil li sec onds);
    Con sole.WriteLine(" " + elapsedTime);

    stop Watch.Start();
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    for (r=0;r<nr;r++)
    {
      for (c=0;c<nc;c++)
      {
        xsum+=x[r][c];
      }
    }

    stop Watch.Stop();
    ts = stop Watch.Elapsed;

    Con sole.Write(" Sum ma tion by row          ");
    Con sole.Write(DateTime.Now);
    elapsedTime = String.For -
mat("{0:00}:{1:00}:{2:00}.{3:000}",
            ts.Hours, ts.Min utes, ts.Sec onds,
            ts.Mil li sec onds);
    Con sole.WriteLine(" " + elapsedTime);
    Con sole.WriteLine(" xsum = {0} ",xsum);

    stop Watch.Start();

    xsum=0.0;

    for (c=0;c<nc;c++)
    {
      for (r=0;r<nr;r++)
      {
        xsum+=x[r][c];
      }
    }

    stop Watch.Stop();
    ts = stop Watch.Elapsed;

    Con sole.Write(" Sum ma tion by col umn       ");
    Con sole.Write(DateTime.Now);
    elapsedTime = String.For -
mat("{0:00}:{1:00}:{2:00}.{3:000}",
            ts.Hours, ts.Min utes, ts.Sec onds,
            ts.Mil li sec onds);
    Con sole.WriteLine(" " + elapsedTime);
    Con sole.WriteLine(" xsum = {0} ",xsum);

    re turn(0);
  }
}

You should run all 4 ex am ples and com pare the tim ing in for ma tion.
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Aims

The aims are to look at the other built in C# data types:–

· bool;

· char;

· dec i mal;

· string;

· value types;

· con struc tors;

· ref er ence types;

· class types

· ob ject types;

· enum types;

· in ter face types;

· del e gate types;

· at trib utes;

12 Some more on C# data types
This chap ter looks at some more of the built in C# data types.

12.1 Boolean data type

There is a log i cal or boolean type in C#.

12.1.1 Ex am ple 1: sim ple boolean us age

This data type is used to rep re sent val ues that are true or false. The fol low ing short pro gram 
il lus trates the use of a vari able of this type.

us ing Sys tem;

class c1201
{
  static int Main()
  {
    bool b=true;
    Con sole.WriteLine(b);
    b=false;
    Con sole.WriteLine(b);
    re turn 0;
  }
}

The out put is given be low.

True
False
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12.2 Char ac ters and strings in C# - Unicode

Unicode is a com put ing stan dard for the con sis tent en cod ing, rep re sen ta tion and han dling of 
text ex pressed in most of the world's writ ing sys tems. De vel oped in con junc tion with the
Uni ver sal Char ac ter Set stan dard and pub lished in book form as The Unicode Stan dard, the
lat est ver sion of Unicode con sists of a rep er toire of more than 109,000 char ac ters cov er ing
93 scripts, a set of code charts for vi sual ref er ence, an en cod ing meth od ol ogy and set of
stan dard char ac ter encodings, an enu mer a tion of char ac ter prop er ties such as up per and
lower case, a set of ref er ence data com puter files, and a num ber of re lated items, such as
char ac ter prop er ties, rules for nor mal iza tion, de com po si tion, col la tion, ren der ing, and
bidirectional dis play or der (for the cor rect dis play of text con tain ing both right-to-left
scripts, such as Arabic and He brew, and left-to-right scripts). As of 2011, the most recent
major revision of Unicode is Unicode 6.0.

Fundamentally com put ers just deal with bi nary dig its, se quences of ze ros and ones. These
se quences are or ga nized in a va ri ety of ways in clud ing 8, 16, 32 and 64 bit se quences.
Char ac ters and strings are typ i cally or ga nized in 8 and 16 bit se quences. Com puters store
let ters and other char ac ters by as sign ing a num ber for each one. Eight bit en cod ing pro vides 
256 char ac ters and 16 bit en cod ing pro vides 65,536 char ac ters. Be fore Unicode was in -
vented, there were a wide range of dif fer ent en cod ing sys tems. The Eu ro pean Un ion re -
quires sev eral dif fer ent encodings to cover all its lan guages. Even for an ap par ently sim ple
char ac ter set such as that used by Eng lish no sin gle en cod ing is suf fi cient for all the let ters,
punc tu a tion, and tech ni cal sym bols in use.

The Unicode Stan dard has been adopted by

· Ap ple

· HP

· IBM

· Microsoft

· Or a cle

· Sun

· Sybase

· Unisys 

to name just a few.

Unicode is ob vi ously go ing to be re quired by stan dards such as

· CORBA 3.0

· ECMAScript (JavaScript)

· Java

· LDAP

· XML

It is sup ported in many op er at ing sys tems and brows ers. 

12.3 char

The char type is used to rep re sent Unicode char ac ters. A vari able of type char rep re sents a
sin gle 16-bit Unicode char ac ter. The fol low ing ex am ples look at the char data type in C#.
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12.3.1 Ex am ple 2: char ac ter arrays

This ex am ple looks at an ar ray of char ac ters in C#.

us ing Sys tem;

class c1202
{
  static int Main()
  {
    char[] myname = new char[] 
      {'I','a','n',' ','C','h','i','v','e','r','s'};
    Con sole.WriteLine(myname);
    re turn 0;
  }
}

The key state ment is made up of the fol low ing com po nents:
char[]
myname
=
new
char[]
{'I','a','n',' ','C','h','i','v','e','r','s'};

Let us look at each com po nent in turn. The first thing to note is that the vari able myname is 
an ar ray of char ac ters. This is an ex am ple of the ar ray syn tax of C#.

We then have an as sign ment. On the right hand side of the as sign ment we use new to ac tu -
ally cre ate the ar ray and ini tial ize it us ing the quoted char ac ters in side the braces {}.

We then print out the vari able myname.

12.3.2 Ex am ple 3: char ac ter ar rays and sim ple iteration

The fol low ing ex am ple is very sim i lar to the pre vi ous, but now we ac tu ally work with each
char ac ter in the ar ray in turn.

us ing Sys tem;

class c1203
{
  static int Main()
  {
    char[] myname = new char[]
      {'I','a','n',' ','C','h','i','v','e','r','s'};
    for (int i=0;i<myname.Length;++i)
      Con sole.Write(myname[i]);
    Con sole.WriteLine();
    re turn 0;
  }
}

This is done by us ing the length property of the char ac ter ar ray. This is an in te gral com po -
nent of the ar ray. This is there fore a safe way to pro cess  ar rays, as we can not go out side of
the ar ray us ing this syn tax.
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12.3.3 Ex am ple 4: char ac ter arrays, de fault in itial is ation and ob ject
assignment

The fol low ing ex am ple high lights two key con cepts of C# and these are de fault in itial is -
ation and ob ject as sign ment.

us ing Sys tem;

class c1204

{
  static int Main()
  {
    char[] myname = new char[]
      {'I','a','n',' ','C','h','i','v','e','r','s'};
    char[] yourname ;
    for (int i=0;i<myname.Length;++i)
    Con sole.Write(myname[i]);
    Con sole.WriteLine();
    yourname = myname;
    for (int i=0;i<yourname.Length;++i)
      Con sole.Write(yourname[i]);
    Con sole.WriteLine();
    re turn 0;
  }
}

In this ex am ple we both de clare myname and give an ini tial value.

We also use ob ject as sign ment. This is done with the

· yourname = myname

as sign ment state ment.

12.3.4 Ex am ple 5: in dex ing out side a char ac ter array

In this ex am ple we at tempt to ac cess el e ments of the char ac ter ar ray yourname that are out -
side of the ar ray. What do you think will hap pen? Test this by com pil ing and run ning the
pro gram.

us ing Sys tem;

class c1205
{
  static int Main()
  {
    char[] myname = new char[]
      {'I','a','n',' ','C','h','i','v','e','r','s'};
    char[] yourname ;
    for (int i=0;i<myname.Length;++i)
      Con sole.Write(myname[i]);
    Con sole.WriteLine();
    yourname = myname;
    for (int i=0;i<100;++i)
      Con sole.Write(yourname[i]);
    Con sole.WriteLine();
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    re turn 0;
  }
}

12.4 Dec i mal

The dec i mal key word de notes a 128-bit data type.  The dec i mal type has a greater pre ci sion 
and a smaller range than float and dou ble. It is com monly used for fi nan cial and mon e tary
cal cu la tions. 

The ap prox i mate range is ±10±28 and the pre ci sion is 28-29 dig its

12.4.1 Dec i mal lit er als

You need to use an m or M so tell the com piler that a lit eral is a dec i mal.

12.4.2 Con ver sions

In te gral types are au to mat i cally con verted to dec i mal. A cast is re quired for float and dou -
ble types.

12.4.3 Ex am ple 6: sim ple dec i mal usage

us ing Sys tem;

class c1206
{
  static int Main()
  {
    int     i1=10;
    int     i2=20;
    float   f1=10.0f;
    dou ble  d1=10.0;
    dec i mal c1=10;
    dec i mal c2=(dec i mal)10.0;
    dec i mal c3=10*c1+c2-(dec i mal)d1;
    Con sole.WriteLine(i1);
    Con sole.WriteLine(i2);
    Con sole.WriteLine(f1);
    Con sole.WriteLine(d1);
    Con sole.WriteLine(c1);
    Con sole.WriteLine(c2);
    Con sole.WriteLine(c3);
    re turn(0);
  }
}

It is pos si ble to mix in te ger, dou ble and dec i mal in arith me tic ex pres sions but casts are re -
quired for the dou bles.

12.4.4 Ex am ple 7: dec i mal over flow and underflow

The fol low ing pro gram il lus trates what hap pens when a dec i mal over flows and underflows.

us ing Sys tem;

class c1207
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{
  static int Main()
  {
    dec i mal d=1.0m/3.0m;
    dec i mal big=d;
    dec i mal small=d;
    for(int i=1;i<50;i++)
    {
      Con sole.Write(" {0:D} ", i);
      Con sole.Write(" {0:E30} " , big);
      Con sole.WriteLine(" {0:E30} " , small);
      big=big*10;
      small=small/10;
    }
    re turn 0;
  }
}

Here is the out put.
D:\doc u ment\csharp\csharp_pro gram ming>c1207
 1  3.333333333333333333333333333000E-001 
3.333333333333333333333333333000E-001

 2  3.333333333333333333333333333000E+000 
3.333333333333333333333333330000E-002

 3  3.333333333333333333333333333000E+001 
3.333333333333333333333333300000E-003

 4  3.333333333333333333333333333000E+002 
3.333333333333333333333333000000E-004

 5  3.333333333333333333333333333000E+003 
3.333333333333333333333330000000E-005

 6  3.333333333333333333333333333000E+004 
3.333333333333333333333300000000E-006

 7  3.333333333333333333333333333000E+005 
3.333333333333333333333000000000E-007

 8  3.333333333333333333333333333000E+006 
3.333333333333333333330000000000E-008

 9  3.333333333333333333333333333000E+007 
3.333333333333333333300000000000E-009

 10  3.333333333333333333333333333000E+008 
3.333333333333333333000000000000E-01
0
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STUFF DELETED
 28  3.333333333333333333333333333000E+026 
3.000000000000000000000000000000E-02
8
 29  3.333333333333333333333333333000E+027 
0.000000000000000000000000000000E+00
0
 30  3.333333333333333333333333333000E+028 
0.000000000000000000000000000000E+00
0

Un han dled Ex cep tion: Sys tem.OverflowException: Value was ei -
ther too large or too
 small for a Dec i mal.
   at Sys tem.Dec i mal.FCallMultiply(Dec i mal& d1, Dec i mal& d2)
   at c1207.Main()

12.5 Value and Ref er ence Types

C# sup ports two kinds of types and these are value types and ref er ence types. Value types
in clude char, int, float, enum types, and struct types. Ref er ence types in clude ar ray types,
class types, in ter face types and del e gate types. 

Value types dif fer from ref er ence types in that vari ables of value types di rectly con tain their 
data. This means that if i and j are both in te ger types and have been set to zero then chang -
ing i will not af fect j as they both have their own copy of the un der ly ing data.

With ref er ence types, it is pos si ble for two vari ables to ref er ence the same ob ject, and thus
pos si ble for op er a tions on one vari able to af fect the ob ject ref er enced by the other vari able.
This is sim i lar to point ers in other lan guages.

The pre de fined ref er ence types are ob ject and string. The type ob ject is the ul ti mate base
type of all other types. The type string is used to rep re sent Unicode string val ues. Values of 
type string can not be changed.

The fol low ing ta ble shows the de fault val ues for value types.

            Value type                  De fault value

            bool                             false

            byte                             0

            char                             '\0'

            dec i mal                       0.0M

            dou ble                         0.0D

            enum                           The value pro duced by the ex pres sion (E)0, 

                                                where E is the enum iden ti fier.

            float                             0.0F

            int                                0

            long                             0L

            sbyte                            0

            short                            0

            struct                           The value pro duced by set ting all value-type fields to 
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                                                their de fault val ues and all ref er ence-type fields to null.

            uint                              0

            ulong                           0

            ushort                          0

 

12.6 Enum types

It is a com mon pro gram ming re quire ment to want to choose one item from a re stricted
num ber of sim i lar items, e.g.

· days of the week

· months

· sex

· play ing card suit

· play ing card rank

and enum types in C# al low us to do this.

12.6.1 Ex am ple 8: enums and days of the week

The num ber of days in a week make it a good can di date for us ing enums.

us ing Sys tem;

class c1008
{
  enum days 
  {
    Sunday, 
    Mon day, 
    Tues day,
    Wednes day,
    Thurs day,
    Fri day,
    Sat ur day
  }

  static int Main()
  {
    days dayofweek = days.Sunday;
    for (int i=(int)days.Sunday;i<=(int)days.Sat ur day;++i)
    {
      Con sole.WriteLine(" {0} ",dayofweek);
      dayofweek=dayofweek+1;
    }
    for (dayofweek = days.Sunday;
        dayofweek<=days.Sat ur day;dayofweek++)

          {
      Con sole.WriteLine(" {0} ",dayofweek);
    }
    re turn 0;
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  }
}

The out put is given be low.

 Sunday
 Mon day
 Tues day
 Wednes day
 Thurs day
 Fri day
 Sat ur day

This style of writ ing is very much C ori ented, where enu mer ated types are tightly cou pled
to their in te ger im ple men ta tion. The next ex am ple uses a mod ern C# syn tax.

12.6.2 Ex am ple 9: enums and foreach usage

Here we have the same enu mer ated type but now use the C# foreach con struct.

us ing Sys tem;

class c1009
{
  enum days 
  {
    Sunday, 
    Mon day, 
    Tues day,
    Wednes day,
    Thurs day,
    Fri day,
    Sat ur day
  }
  static int Main()
  {
    foreach (days d in Enum.GetValues(typeof(days)))
    {  Con sole.WriteLine(d);  }
    re turn 0;
  }
}

The out put is as in the pre vi ous ex am ple.

12.6.3 Ex am ple 10: enums and colours

This is an other good can di date for the use of enums.

us ing Sys tem;

class c1010
{

  enum colours 
  {
    red,
    or ange,
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    yel low,
    green,
    blue,
    in digo,
    vi o let
  }

  static int Main()
  {
    foreach (colours t in Enum.GetValues(typeof(colours)))
    {  Con sole.WriteLine(" {0} ",t);  }
    re turn (0);
  }
}

Run the pro gram.

12.7 Other C# types

These are in tro duced briefly in this chap ter for com plete ness. Ex am ples can be found in
later chap ters.

12.7.1 Struct types

Structs are par tic u larly use ful for small data struc tures that have value se man tics. Com plex
num bers and points in a co or di nate sys tem are both can di dates to be im ple mented us ing
structs. The key to these data struc tures is that they have few data mem bers and that they
can be con ve niently im ple mented us ing value se man tics where as sign ment cop ies the value
in stead of the ref er ence.

12.7.2 Class types

A class type de fines a data struc ture that con tains data mem bers (con stants, fields, and
events), func tion mem bers (meth ods, prop er ties, in dex ers, op er a tors, con struc tors, and de -
struc tors), and nested types. Class types sup port in her i tance, a mech a nism whereby de rived
classes can ex tend and spe cial ize base classes.

12.7.3 Ob ject types

The ob ject class type is the ul ti mate base class of all other types. Ev ery type in C# di rectly
or in di rectly de rives from the ob ject class type.

12.7.4  Ar ray types

An ar ray is a data struc ture that con tains a num ber of vari ables which are ac cessed through
com puted in di ces. The vari ables con tained in an ar ray, also called the el e ments of the ar ray, 
are all of the same type, and this type is called the el e ment type of the ar ray.

12.8 C# Key words

The fol low ing is a com plete list of C# keywords.

            ab stract            as                     base                 bool                 break               byte

            case                 catch                char                 checked           class                const

            con tinue          dec i mal           de fault             del e gate           do                    dou ble

            else                  enum               event               ex plicit            extern              false

            fi nally              fixed                float                 for                   foreach            goto

            if                      im plicit            in                     int                    in ter face          in ter nal
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            is                     lock                 long                 namespace       new                 null

            ob ject              op er a tor           out                   over ride           params             pri vate

            pro tected         pub lic              readonly          ref                    re turn               sbyte

            sealed              short                sizeof               stackalloc        static                string

            struct               switch              this                  throw               true                  try

            typeof              uint                  ulong               un checked       un safe              ushort

            us ing               vir tual              void                 vol a tile            while

The fol low ing are the C# con tex tual keywords.

            add                  alias                 ascending        async               await               by

            de scend ing      dy namic          equals              from                get                   global

            group               into                  join                  let                    on                    orderby

            par tial              re move            se lect               set                    value               var

            where              yield

The con tex tual keywords can be use as iden ti fi ers out side the con texts in which they are
keywords, but this is not rec om mended.

The fol low ing are query keywords.

Clause De scrip tion

from Spec i fies a data source and a range vari able (sim i lar to an it er a tion vari able).

where Fil ters source el e ments based on one or more Boolean ex pres sions sep a rated

by log i cal AND and OR op er a tors ( && or || ).

se lect Spec i fies the type and shape that the el e ments in the re turned se quence will

have when the query is ex e cuted.

group Groups query re sults ac cord ing to a spec i fied key value.

into Pro vides an iden ti fier that can serve as a ref er ence to the re sults of a join,

group or se lect clause.

orderby Sorts query re sults in as cend ing or de scend ing or der based on the de fault

comparer for the el e ment type.

join Joins two data sources based on an equal ity com par i son be tween two spec i -

fied match ing cri te ria.

let In tro duces a range vari able to store sub-ex pres sion re sults in a query ex pres -

sion.

in Con tex tual key word in a join clause.

on Con tex tual key word in a join clause.

equals Con tex tual key word in a join clause.

by Con tex tual key word in a group clause.

as cend ing Con tex tual key word in an orderby clause.

de scend ing Con tex tual key word in an orderby clause.

Vi sual Stu dio 2012 in tro duced async pro gram ming and the async and wait keywords. There 
is cov er age of this area in a later chap ter.

Vi sual C# 2010 in tro duces a new type, dy namic. The type is a static type, but an ob ject of
type dy namic by passes static type check ing.
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12.9 Com ments in C#

Two forms of com ments are sup ported. A reg u lar com ment be gins with the characters

 /* 

and ends with the char ac ters 

*/. 

Reg u lar com ments can oc cupy one or more lines.

A one-line com ment be gins with the characters

// 

and ex tends to the end of the line.

12.10 Sum mary

This chap ter has in tro duced some of the other types avail able in C#. Later chap ters have
more re al is tic ex am ples.

12.11 Prob lems

1. Com pile and run the ex am ples in this chap ter.
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Winnie-the-Pooh read the two no tices very care fully,
first from left to right, and af ter wards,
in case he had missed some of it, from right to left.

A. A. Milne, Winnie-the-Pooh.

From a pro gram mer's point of view the user is a pe riph eral that types when you is sue a read 
re quest.

Pe ter Wil liams.

Aims

The aims of this chap ter are to look at the String data type in C#. There is a cov er age of

· de clar ing vari ables of type string

· de clar ing vari ables of type StringBuilder

· a small set of ex am ples il lus trat ing the use of the fol low ing string meth ods

· Copy

· Clone

· Split

· Join

· IndexOf

· Equals

· Substring

· com par ing strings

· ==

· Equals

· the Length at trib ute

· ar rays of strings

13 Strings
This chap ter pro vides a ba sic in tro duc tion to strings. The type string is used to rep re sent
Unicode string val ues. Values of type string can't be changed and are called im mu ta ble
within the C#.

The ex am ples look at us ing a small sub set of the func tion al ity pro vided by the string class
within C#.

13.1 Ex am ple 1: ba sic string us age

This ex am ple il lus trates the use of

· im mu ta ble strings

· mod i fi able strings - the StringBuilder class

· string con struc tors
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· copy ing strings

· clon ing strings

· com par ing strings

· com par ing ob jects

· string con ver sion

· the Re place string method

The ex am ple looks at the care we need to take when com par ing vari ables and val ues in an
ob ject ori ented pro gram ming lan guage. 

Here is the tech ni cal def i ni tion of == from Microsoft for this op er a tor.

· For pre de fined value types, the equal ity op er a tor (==) re turns true if the val ues

of its operands are equal, false oth er wise. For ref er ence types other than string,

== re turns true if its two operands re fer to the same ob ject. For the string type,

== com pares the val ues of the strings.

Here is the tech ni cal def i ni tion for the Ob ject.Equals Method (Ob ject)

· De ter mines whether the spec i fied ob ject is equal to the cur rent ob ject. Here is

the note that goes with this def i ni tion. If the cur rent in stance is a ref er ence type,

the Equals(Ob ject) method tests for ref er ence equal ity, and a call to the

Equals(Ob ject) method is equiv a lent to a call to the ReferenceEquals method.

Ref er ence equal ity means that the ob ject vari ables that are com pared re fer to the

same object.

us ing Sys tem.Text;

class c1301
{
  static void Main()
  {
    string s1 = "This is a sam ple line of text";
    string s2 = "This is a sam ple line of text";
    string s3 = string.Copy(s1);
    string s4 = (string)s1.Clone();
    StringBuilder s5 = new StringBuilder(s1);
    Sys tem.Con sole.Write("s1 == s2 ");
Sys tem.Con sole.WriteLine(s1 == s2);
    Sys tem.Con sole.Write("s1 == s3 ");
Sys tem.Con sole.WriteLine(s1 == s3);
    Sys tem.Con sole.Write("s1 == s4 ");
Sys tem.Con sole.WriteLine(s1 == s4);
    Sys tem.Con sole.Write("s1.Equals(s2) ");
Sys tem.Con sole.WriteLine(s1.Equals(s2));
    Sys tem.Con sole.Write("s1.Equals(s3) ");
Sys tem.Con sole.WriteLine(s1.Equals(s3));
    Sys tem.Con sole.Write("s1.Equals(s4) ");
Sys tem.Con sole.WriteLine(s1.Equals(s4));
    Sys tem.Con sole.Write("s1.Equals(s5) ");
Sys tem.Con sole.WriteLine(s1.Equals(s5));
    Sys tem.Con sole.Write("(ob ject)s1 == (ob ject)s2 ");
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Sys tem.Con sole.WriteLine((ob ject)s1 == (ob ject)s2);
    Sys tem.Con sole.Write("(ob ject)s1 == (ob ject)s3 ");
Sys tem.Con sole.WriteLine((ob ject)s1 == (ob ject)s3);
    Sys tem.Con sole.Write("(ob ject)s1 == (ob ject)s4 ");
Sys tem.Con sole.WriteLine((ob ject)s1 == (ob ject)s4);
    Sys tem.Con sole.Write("(ob ject)s1 == (ob ject)s5 ");
Sys tem.Con sole.WriteLine((ob ject)s1 == (ob ject)s5);
    s1.Re place("a"," ");
    s5.Re place("a"," ");
    Sys tem.Con sole.WriteLine(s1);
    Sys tem.Con sole.WriteLine(s5);
    Sys tem.Con sole.WriteLine(s1.Re place("a"," "));
    Sys tem.Con sole.WriteLine(s1 == s1.Re place("a"," "));
  }
}

Com pile and run the pro gram. What do you think the out put will be?

13.2 Ex am ple 2: the split method

This ex am ple il lus trates the use of

· con cat e nat ing strings us ing the + op er a tor

· pars ing strings to ex tract the words us ing

· an ar ray of punc tu a tion char ac ters

· the use of the Split method to achieve this

us ing Sys tem;

class c1302
{
  static void Main()
  {
    string line1 = "A sim ple line of text.";
    string line2 = "Flann O'Brien: At-Swim-Two-Birds.";
    string line3 = "Queens Park Rangers (QPR) FC. ";
    string to tal = line1 + line2 + line3;
    char[] breakon = new char[] 

{' ' , '.' , ',' , ';' , ':' , '?' , '-'};
    foreach (string temp in to tal.Split(breakon))
    {
      Sys tem.Con sole.Write(temp);
      Sys tem.Con sole.Write(" ");
    }
    Sys tem.Con sole.WriteLine();
  }                                 
}

What other char ac ters would you con sider as valid punc tu a tion?

13.3 Ex am ple 3: ar rays of strings

This ex am ple il lus trates the use of

· ar rays of strings
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· the use of the Join method to con cat e nate strings
us ing Sys tem;

class c1303
{
  static void Main()
  {
    string line1 = "A sim ple line of text.";
    string line2 = "Flann O'Brien: At-Swim-Two-Birds.";
    string line3 = "Queens Park Rangers (QPR) FC. ";
    string blank=" ";
    string[] to tal = new string[3];
    to tal[0]=line1;
    to tal[1]=line2;
    to tal[2]=line3;
    string com plete= string.Join(blank,to tal);
    Sys tem.Con sole.WriteLine(com plete);
    char[] breakon = new char[]

 {' ' , '.' , ',' , ';' , ':' , '?' , '-'};
    foreach (string temp in com plete.Split(breakon))
    {
      Sys tem.Con sole.Write(temp);
      Sys tem.Con sole.Write(" ");
    }
    Sys tem.Con sole.WriteLine();
  }
}

The first ar gu ment to the Join method is the char ac ter we use to sep a rate the strings.

13.4 Ex am ple 4: the Length at trib ute and the IndexOf method

This ex am ple il lus trates the use of

· the string Length prop erty to de ter mine the num ber of characters in a string

· the use of the IndexOf method to lo cate all oc cur rences of one string within an -

other

us ing Sys tem;

class c1304
{
  static void Main()
  {
    string line1 = "A sim ple line of text.";
    string line2 = "Flann O'Brien: At-Swim-Two-Birds.";
    string line3 = "Queens Park Rangers (QPR) FC. ";
    string blank=" ";
    string[] to tal = new string[3];
    to tal[0]=line1;
    to tal[1]=line2;
    to tal[2]=line3;
    string com plete= string.Join(blank,to tal);
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    Sys tem.Con sole.WriteLine(com plete);
    int stringlength=com plete.Length;
    Sys tem.Con sole.Write(" String is of length ");
    Sys tem.Con sole.WriteLine(" {0} ",stringlength);
    int start=0;
    Sys tem.Con sole.WriteLine(" Blanks oc cur at ");
    for (;;)
    {
      start=com plete.IndexOf(blank,start);
      if ( start == -1 )
        break;
      else
        {
          Sys tem.Con sole.Write(start);
          Sys tem.Con sole.Write(" ");
          start++;
        }
    }
    Sys tem.Con sole.WriteLine();
  }
}

We have an in fi nite loop and exit when the in dex re turns an in valid value. We in cre ment
the start ing po si tion each time we find a blank.

13.5 Ex am ple 5: the substring method

In an earlier chap ter we had the fol low ing data

  1.85  85
  1.80  76
  1.85  85
  1.70  90
  1.75  69
  1.67  83
  1.55  64
  1.63  57
  1.79  65
  1.78  76

It is very com mon in pro gram ming to have data in an ex ter nal file and have the data in spe -
cific col umns, and to have to read one or more col umns of the data into vari ables in your
pro gram. Here is a sim ple pro gram that uses the substring method to ex tract each data value 
from the line. Here are some col umn num bers that have been added to the above file to en -
able us to ex tract the data cor rectly.

         1         2

12345678901234567890

  1.85   85

So the height data is in col umns 3 through 6 and the weight data is in col umns 10 and 11.

How ever in the C fam ily of lan guages ar rays start at 0, so we need an off set of -1 to ad just
for this.
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There are two substring meth ods and we need the 2 ar gu ment form. This uses a start ing po -
si tion and length. Here is the com plete pro gram.

us ing Sys tem;

class c1305
{
  static int Main() 
  {
    const int n=10;
    int i;
    dou ble [] weights=new dou ble[n];
    dou ble [] heights=new dou ble[n];
    string line;
    for (i=0;i<n;i++)
    {
      line=Sys tem.Con sole.ReadLine();
      heights[i]=dou ble.Parse(line.Substring( 2,4));
      weights[i]=dou ble.Parse(line.Substring( 9,2));
    }
    Con sole.WriteLine(" Heights and weights were");
    for (i=0;i<n;i++)
    {
      Con sole.WriteLine(heights[i] + " " + weights[i]);
    }
    re turn 0;
  }
}

Here is the out put:

 Heights and weights were
1.85 85
1.8 76
1.85 85
1.7 90
1.75 69
1.67 83
1.55 64
1.63 57
1.79 65
1.78 76

The de fault for mat ting is not ideal, but the pro gram does work.

13.6 Ex am ple 6: the ASCII char ac ter set

The fol low ing pro gram.

us ing Sys tem;

class c1306
{
  static int Main()
  {
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    int i;
    char c1;
    char c2;
    char c3;
    for (i=32;i<64;i++)
    {
      c1=(char)i;
      c2=(char)(i+32);
      c3=(char)(i+64);
      Con sole.WriteLine(" {0,3} {1} {2,3} {3} {4,3} {5} ",
i, c1,(i+32),c2,(i+64),c3);
    }
  re turn(0);
  }

}

gen er ates the fol low ing out put.

  32    64 @  96 ` 
  33 !  65 A  97 a 
  34 "  66 B  98 b 
  35 #  67 C  99 c 
  36 $  68 D 100 d 
  37 %  69 E 101 e 
  38 &  70 F 102 f 
  39 '  71 G 103 g 
  40 (  72 H 104 h 
  41 )  73 I 105 i 
  42 *  74 J 106 j 
  43 +  75 K 107 k 
  44 ,  76 L 108 l 
  45 -  77 M 109 m 
  46 .  78 N 110 n 
  47 /  79 O 111 o 
  48 0  80 P 112 p 
  49 1  81 Q 113 q 
  50 2  82 R 114 r 
  51 3  83 S 115 s 
  52 4  84 T 116 t 
  53 5  85 U 117 u 
  54 6  86 V 118 v 
  55 7  87 W 119 w 
  56 8  88 X 120 x 
  57 9  89 Y 121 y 
  58 :  90 Z 122 z 
  59 ;  91 [ 123 { 
  60 <  92 \ 124 | 
  61 =  93 ] 125 } 
  62 >  94 ^ 126 ~ 
  63 ?  95 _ 127 • 

which is the ASCII char ac ter set.
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13.7 String Con struc tors, Fields, Methods, Op er a tors and Prop erties

The fol low ing is a brief list of string’s con struc tors, fields, prop er ties and meth ods. 

· Con struc tors - String

· Fields - Empty

· Prop erties - Chars, Length

· Methods - Clone, Com pare, CompareOrdinal, CompareTo, Concat, Copy,
CopyTo, EndsWith, Equals, For mat, GetEnumerator, GetHashCode, GetType,

GetTypeCode, IndexOf, IndexOfAny, In sert, In tern, IsInterned, Join,

LastIndexOf, LastIndexOfAny, PadLeft, PadRight, Re move, Re place, Split,

StartsWith, Substring, ToCharArray, ToLower, ToString, ToUpper, Trim,

TrimEnd, TrimStart, 

· Op er a tors - Equal ity, In equal ity 

· Pro tected Methods - Fi nal ize, MemberwiseClone 

De tailed in for ma tion can be found in the on-line help.

13.8 Prob lems

1. Com pile and run the ex am ples in this chap ter.

2. In this chap ter we have seen the use of the substring method. Have a look at the fol low -
ing web site

http://www.metoffice.gov.uk/cli mate/uk/stationdata/

which con tains his toric weather sta tion data for a num ber of sites across the UK. The data
con sist of:

· Mean daily max i mum tem per a ture (tmax)

· Mean daily min i mum tem per a ture (tmin)

· Days of air frost (af)

· To tal rain fall (rain)

· To tal sun shine du ra tion (sun)

Here is a sam ple of the data for one year. The first row has been added so that you can see
which col umns each data item is in.

0123456789012345678901234567890123456789012345678901234567890

   1976   1    8.8     3.0       8    13.9    68.3
   1976   2    7.8     2.3       7    21.1    39.7
   1976   3    9.5     2.0       8    11.3   127.1
   1976   4   13.7     4.3       1     9.9   182.3
   1976   5   19.3     8.9       0    19.3   209.2
   1976   6   25.5    13.7       0     6.3   261.2
   1976   7   26.6    14.9       0    15.4   263.5
   1976   8   25.1    13.2       0    16.4   263.7
   1976   9   19.0    11.2       0    96.6   118.9
   1976  10   14.9     8.8       0    93.0    61.4
   1976  11    9.9     3.5       5    81.7    60.1
   1976  12    5.6    -0.2      11    72.3    57.4

Write a pro gram that reads each line of the file in and ex tract the data in col umn six. This
is the monthly rain fall for Lon don for 1976.
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Cal cu late the sum and av er age of the data.

Print out the data for each month and the sum and av er age.

A data file will be made avail able for the course, or you can type the data into a file your -
self, tak ing care ob vi ously over the lay out.

3. Us ing the fol low ing pro gram as a start ing point.

us ing Sys tem;

class ascii
{
  static int Main()
  {
    int i;
    char c1;
    for (i=32;i<127;i++)
    {
      c1=(char)i;
      Con sole.WriteLine(c1);
    }
  re turn(0);
  }
}

Gen er ate the fol low ing out put.

 !
 "#
 $%&
 '()*
 +,-./
 012345
 6789:;<
 =>?@ABCD
 EFGHIJKLM
 NOPQRSTUVW
 XYZ[\]^_`ab
 cdefghijklmn
 opqrstuvwxyz{
 |}~

The above are the print ing char ac ters from the ASCII char ac ter set.

4. Mod ify the above pro gram to pro duce the fol low ing out put.

           !
          "#$
         %&'()
        *+,-./0
       123456789
      :;<=>?@ABCD
     EFGHIJKLMNOPQ
    RSTUVWXYZ[\]^_`
   abcdefghijklmnopq
  rstuvwxyz{|}~
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Again we as sume the ASCII char ac ter set.

5.  Given the fol low ing text

  "The im por tant is sue about a lan guage, is not so"
  "much what fea tures the lan guage pos sesses, but"
  "the fea tures it does pos sess, are suf fi cient, to" 
  "sup port the de sired pro gram ming styles, in the" 
  "de sired ap pli ca tion ar eas."

Write a pro gram that breaks the text into phrases, us ing the comma and full stop as break -
ing char ac ters. The out put ex pected is given be low.

 The im por tant is sue about a lan guage
 is not so much what fea tures the lan guage pos sesses
 but the fea tures it does pos sess
 are suf fi cient
 to sup port the de sired pro gram ming styles
 in the de sired ap pli ca tion ar eas

6. Mod ify the above to break the text into words and count the fre quency of oc cur rence of
words by length. The out put should be sim i lar to that given be low.

1   a            1
2   is so it to in            5
3   The not the but the are the the            8
4   much what does            3
5   is sue about ar eas            3
6   styles            1
7   pos sess sup port de sired de sired            4
8   lan guage fea tures lan guage fea tures            4
9   im por tant pos sesses            2
10  suf fi cient            1
11  pro gram ming ap pli ca tion            2

7. Which func tion would you use in or der to find the lo ca tion of all the strings 'is' in the
fol low ing data?
If a pro gram mer is found to be in dis pens able, the best thing 
to do is to get rid of him as quickly as pos si ble.

8. Find the 'mid dle' char ac ter in the fol low ing strings. Do you in clude blanks as char ac ters?
What about punc tu a tion?
Prac tice is the best of all in struc tors. ex pe ri ence is a
dear teacher, but fools will learn at no other.

The rest of the prob lems are for mas och ists and com pletely op tional.

9. In Eng lish, the or der of oc cur rence of the let ters, from most fre quent to least is

E, T, A, O, N, R, I, S, H, D, L, F, C, M, U, G, Y, P, W,
B, V, K, X, J, Q, Z

Use this in for ma tion to ex am ine the two files given below (one is a trans la tion of the other) 
to see if this is true for these two ex tracts of text.

YET IF HE SHOULD GIVE UP WHAT HE HAS BE GUN, AND AGREE TO MAKE US
OR OUR KING DOM SUB JECT TO THE KING OF ENG LAND OR THE ENG LISH, WE 
SHOULD EX ERT OUR SELVES AT ONCE TO DRIVE HIM OUT AS OUR EN EMY
AND A SUB VERTER OF HIS OWN RIGHTS AND OURS, AND MAKE SOME OTHER 
MAN WHO WAS ABLE TO DE FEND US OUR KING; FOR, AS LONG AS BUT A
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HUN DRED OF US RE MAIN ALIVE, NEVER WILL WE ON ANY CON DI TIONS BE
BROUGHT UN DER ENG LISH RULE. IT IS IN TRUTH NOT FOR GLORY, NOR
RICHES, NOR HON OURS THAT WE ARE FIGHT ING, BUT FOR FREE DOM - FOR
THAT ALONE, WHICH NO HON EST MAN GIVES UP BUT WITH LIFE IT SELF.

QUEM SI AB INCEPTIS DIESISTERET, REGI ANGLORUM AUT ANGLICIS NOS
AUT REGNUM NOS TRUM VOLENS SUBICERE, TANQUAM INIMICUM NOS TRUM
ET SUI NOSTRIQUE JURIS SUBUERSOREM STATIM EXPELLERE NITEREMUR ET
ALIUM REGEM NOS TRUM QUI AD DEFENSIONEM NOSTRAM SUFFICERET
FACEREMUS. QUIA QUANDIU CEN TUM EX NOBIS VIUI REMANSERINT,
NUCQUAM ANGLORUM DOMINIO ALIQUATENUS VOLUMUS SUBIUGARI. NON
ENIM PROPTER GLORIAM, DIUICIAS AUT HONORES PUGNAMUS SET PROPTER
LIBERATEM SOLUMMODO QUAM NEMO BO NUS NISI SIMUL CUM VITA
AMITTIT. 

from 'The Declaration of Arbroath' c.1320.

The Eng lish trans la tion is by Sir James Fergusson.

The sec ond text is in me di eval Latin (c. 1320). Note that a fair amount of com pres sion has
been achieved by ex press ing the pas sage in Latin rather than mod ern Eng lish. Does this
pro vide a pos si ble model for in for ma tion com pres sion?

10. A very com mon cypher is the sub sti tu tion cypher, where, for ex am ple, ev ery let ter A is
re placed by (say) an M, ev ery B is re placed by (say) a Y, and so on. These en ci phered mes -
sages can be bro ken by ref er ence to the fre quency of oc cur rence of the let ters (given in the
pre vi ous ques tion).

Since we know that (in Eng lish) E is the most com monly oc cur ring let ter, we can as sume
that the most com monly oc cur ring let ter in the en ci phered mes sage rep re sents an E; we
then re peat the pro cess for the next most com mon and so on. Of course, these cor re spon -
dences may not be ex act, since the mes sage may not be long enough to de velop the fre -
quen cies fully.

How ever, it may pro vide suf fi cient in for ma tion to break the cypher.

The fol low ing text con tains an en coded mes sage.

OH YABY NSFOUN, YAN DUBZY LZ DBUYLTUBFAJ BYYBOHNX GPDA
FNUZNDYOLH YABY YAN SBF LZ B GOHTMN FULWOHDN DLWNUNX YAN
GFBDN LZ BH NHYOUN DOYJ, BHX YAN SBF LZ YAN NSFOUN OYGNMZ BH
NHYOUN FULWOHDN. OH YAN DLPUGN LZ YOSN, YANGN NKYNHGOWN SBFG 
VNUN ZLPHX GLSNALV VBHYOHT, BHX GL YAN DLMMNTN LZ
DBUYLTUBFANUG NWLMWNX B SBF LZ YAN NSFOUN YABY VBG YAN GBSN
GDBMN BG YAN NSFOUN BHX YABY DLOHDOXNX VOYA OY FLOHY ZLU
FLOHY. MNGG BYYNHYOWN YL YAN GYPXJ LZ DBUYLTUBFAJ,
GPDDNNXOHT TNHNUBYOLHG DBSN YL RPXTN B SBF LZ GPDA SBTHOYPXN
DPSENUGLSN, BHX, HLY VOYALPY OUUNWNUNHDN, YANJ BEBHXLHNX OY
YL YAN UOTLPUG LZ GPH BHX UBOH. OH YAN VNGYNUH XNGNUYG,
YBYYNUNX ZUBTSNHYG LZ YAN SBF BUN GYOMM YL EN ZLPHX,
GANMYNUOHT BH LDDBGOLHBM ENBGY LU ENTTBU; OH YAN VALMN
HBYOLH, HL LYANU UNMOD OG MNZY LZ YAN XOGDOFMOHN LZ
TNLTUBFAJ.

Break it. Clue — Pg +Fybdujuvef jo Tdjfodf, Jorge Luis Borges.
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11. Write a pro gram that counts the to tal num ber of vow els in a sen tence or text. Out put the 
fre quency of oc cur rence of each vowel.
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Aims

The aims of this chap ter are to look at the reg u lar expression and pat tern match ing fa cil i ties 
avail able in C#.

The small num ber of ex am ples look at the following

· mak ing the func tion al ity avail able via;

· us ing Sys tem.Text.RegularExpressions;

· cre at ing reg u lar ex pres sions - Regex;

· cre at ing matches us ing MatchCollection;

· cre at ing groups us ing GroupCollection and the Groups method;

· us ing the In dex method to de ter mine where the matches are;

· us ing the Com piled and IgnoreCase meth ods;

· us ing the Count method;

· us ing the Es cape method;

There is also some more gen eral ma te rial on reg u lar ex pres sions in C#. 

14 Regular expressions and pattern matching
The Unix op er at ing sys tems was one of the first com puter sys tems to make pat tern match -
ing tools avail able us ing reg u lar ex pres sions. The fol low ing com po nents of the Unix and
Linux op er at ing sys tem sup port pat tern match ing

· ed the stan dard com mand driven ed i tor

· vi the Unix ed i tor. It is some times the only ed i tor avail able on a

Unix or Linux sys tem.

· grep gen eral reg u lar ex pres sion parser

· egrep ex tended ver sion of the above

· fgrep file based ver sion of the above

· sed stream ver sion of vi. Works re ally well on large files.

They en able the so lu tion of quite a range of prob lems that would be dif fi cult or even im -
pos si ble in prac tice if they did n't ex ist.

I've used them sev eral times in an ger

· the pro duc tion of a type set ver sion of the col lege tele phone di rec tory whilst at

Im pe rial Col lege. The de part ments were asked to pro vide files which con tained

de tails of the peo ple in their de part ments. These files were pro cessed in two

ways. The first in volved the pro duc tion of the de part men tal en tires in the tele -

phone di rec tory and the sec ond in volved a sorted list of all peo ple and per son nel 

at Im pe rial. The pro cess is go ing to be re pet i tive and so man u ally pro duc ing the

tele phone di rec tory ev ery 2 or 3 months would be very time con sum ing and er -
ror prone.

· the pro duc tion of the United Na tions En vi ron ment Pro gram Data re ports. I had

two secondments to UNEP to work on the pro duc tion of the sec ond and third

edi tions of these re ports. Some of the ta bles are com plex and span over 20
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pages. They in volve large amounts of com plex nu meric data. Again the man ual

type set ting of these re ports is te dious and er ror prone.

· Da ta base ad min is tra tor for an EEC study into en vi ron men tal kid ney dam age due

to ex po sure to heavy met als and or ganic sol vents. It in volved the con struc tion of 

a da ta base of all of the test re sults (over 100 tests) from 8 lab o ra to ries across

Eu rope in volv ing Bel gium (Ant werp and Louvain), Ger many (Hannover and

Berlin), Spain, It aly, Po land and the UK. Once the da ta base had been con -

structed sta tis ti cal anal y sis of the data started. Sev eral hun dred models were run, 

and some of the com mand files for these runs ran into sev eral thou sand lines of

SAS, the sta tis ti cal pack age we used to ana lyse the data.

I use the tools on a day to day ba sis, mainly vi, which is one of the first things I in stall on
any Win dows based PC I work with. Learn ing how to use reg u lar ex pres sions and pat tern
matching will quickly re pay the time and ef fort in volved.

A the o ret i cal cov er age can be found in the Aho, Hopcroft and Ullman book. De tails are
given in the bib li og ra phy at the end of the chap ter.

The fol low ing in for ma tion is taken from

http://msdn.microsoft.com/en-us/
li brary/az24scfc(v=vs.110).aspx

and has been re set. We will look at some ex am ples at the end of the chap ter.

We will look at a sim ple ex am ple first, based on UK post codes.

I've in cluded quite a lot of ref er ence ma te rial, as in solv ing a par tic u lar prob lem you will
need to look at the doc u men ta tion to check what is pos si ble, and help you find where you
have gone wrong.

I've also in cluded sev eral Microsoft ex am ples.

14.1 Ex am ple 1: UK post codes

The fol low ing in for ma tion is taken from Wikipedia. The for mat of UK postcodes is as fol -
lows, where A sig ni fies a let ter and 9 a digit:

For mat Ex am ple Cov er age

A9   9AA M1 1AA B, E, G, L, M, N, S, W post code ar eas 

A99  9AA B33 8TH

AA9  9AA CR2 6XH All post code ar eas ex cept B, E, G, L, M, N, S, W, WC 

AA99 9AA DN55 1PT

A9A  9AA W1A 1HQ E1W, N1C, N1P, W1 post code dis tricts (high-den sity ar eas

where more codes were needed) 

AA9A 9AA EC1A 1BB WC post code area; EC1-EC4, NW1W, SE1P, SW1 post code

dis tricts (high-den sity ar eas where more codes were needed) 

We will use the above in for ma tion to write a pro gram that will test for the va lid ity of a UK 
post code us ing the reg u lar ex pres sion ca pa bil ity of C#.

Here is the pro gram.

us ing Sys tem;
us ing Sys tem.Text.RegularExpressions;

pub lic class c1401
{
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  pub lic static void Main ()
  {
    string uk_post code = 
 "([a-zA-Z][0-9][\\s][0-9][a-zA-Z][a-zA-Z])" +
"|([a-zA-Z][0-9][0-9][\\s][0-9][a-zA-Z][a-zA-Z])" +
"|([a-zA-Z][a-zA-Z][0-9][\\s][0-9][a-zA-Z][a-zA-Z])" +
"|([a-zA-Z][a-zA-Z][0-9][0-9][\\s][0-9][a-zA-Z][a-zA-Z])" +
"|([a-zA-Z][0-9][a-zA-Z][\\s][0-9][a-zA-Z][a-zA-Z])" +
"|([a-zA-Z][a-zA-Z][0-9][a-zA-Z][\\s][0-9][a-zA-Z][a-zA-Z])";

    Regex rx = new Regex(uk_post code,
      RegexOptions.Com piled | 
      RegexOptions.IgnoreCase);

    string test_post code;
    int i;

    for (i=1;i<7;i++)
    {
      Con sole.WriteLine(" Type in a post code");
      test_post code = Con sole.ReadLine();
      MatchCollection matches = rx.Matches(test_post code);
      foreach (Match match in matches)
      {
        GroupCollection groups = match.Groups;
        Con sole.Write("Valid UK post code found at po si tion 
{0}  and value = ",groups[0].In dex);
        Con sole.WriteLine(groups[0].Value);
      }

    }

  }

}

The first thing we need to do is con struct the pat terns we are in ter ested in match ing. The
fol low ing lines do this.
 "([a-zA-Z][0-9][\\s][0-9][a-zA-Z][a-zA-Z])" +
"|([a-zA-Z][0-9][0-9][\\s][0-9][a-zA-Z][a-zA-Z])" +
"|([a-zA-Z][a-zA-Z][0-9][\\s][0-9][a-zA-Z][a-zA-Z])" +
"|([a-zA-Z][a-zA-Z][0-9][0-9][\\s][0-9][a-zA-Z][a-zA-Z])" +
"|([a-zA-Z][0-9][a-zA-Z][\\s][0-9][a-zA-Z][a-zA-Z])" +
"|([a-zA-Z][a-zA-Z][0-9][a-zA-Z][\\s][0-9][a-zA-Z][a-zA-Z])";

Each lines matches one of the valid UK post code pat terns.

The next state ment

    Regex rx = new Regex(uk_post code,
      RegexOptions.Com piled | 
      RegexOptions.IgnoreCase);
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cre ates a reg u lar ex pres sion rx, based on the string above. We spec ify two op tions

     RegexOptions.Com piled | 
     RegexOptions.IgnoreCase);

and the first spec i fies that the reg u lar ex pres sion is com piled to an as sem bly. This yields
faster ex e cu tion but in creases startup time.

The sec ond op tion ig nores the case of the text typed in.

The fol low ing state ment

    MatchCollection matches = rx.Matches(test_post code);

searches an in put string for all oc cur rences of a reg u lar ex pres sion and re turns all the suc -
cess ful matches.

The fol low ing state ment loops over the matches.
      foreach (Match match in matches)

The GroupCollection class re turns the set of cap tured groups in a sin gle match.

The fol low ing state ment

      GroupCollection groups = match.Groups;

cre ates a vari able groups of type GroupCollection. The GroupCollection class con -
sists of one or more Group ob jects that pro vide in for ma tion about cap tured groups in a reg -
u lar ex pres sion match. The col lec tion is im mu ta ble (read-only) and has no pub lic con struc -
tor. A GroupCollection ob ject is re turned by the Match.Groups prop erty, which we use in
this ex am ple.

The col lec tion con tains one or more Sys tem.Text.RegularExpressions.Group ob jects. If the
match is suc cess ful, the first el e ment in the col lec tion con tains the Group ob ject that cor re -
sponds to the en tire match. Each sub se quent el e ment rep re sents a cap tured group, if the reg -
u lar ex pres sion in cludes cap tur ing groups. Matches from num bered (un named) cap tur ing
groups ap pear in nu meric or der be fore matches from named cap tur ing groups. If the match
is un suc cess ful, the col lec tion con tains a sin gle Sys tem.Text.RegularExpressions.Group ob -
ject whose Suc cess prop erty is false and whose Value prop erty equals String.Empty.

The fol low ing state ments
        Con sole.Write("Valid UK post code found at po si tion 
{0}  and value = ",groups[0].In dex);
        Con sole.WriteLine(groups[0].Value);

prints out the match if found.

Here is my test data file.

a1 2bc d45 6ef kl90 1mn 
d45 6ef d45 6ef
gh7 8ij d45 6ef kl90 1mn
kl90 1mn
o2p 3qr d45 6ef
st2u 3vw kl90 1mn

and here is the out put.

 Type in a post code
Valid UK post code found at po si tion 0  and value = a1 2bc
Valid UK post code found at po si tion 7  and value = d45 6ef
Valid UK post code found at po si tion 15  and value = kl90
1mn
 Type in a post code
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Valid UK post code found at po si tion 0  and value = d45 6ef
Valid UK post code found at po si tion 8  and value = d45 6ef
 Type in a post code
Valid UK post code found at po si tion 0  and value = gh7 8ij
Valid UK post code found at po si tion 8  and value = d45 6ef
Valid UK post code found at po si tion 16  and value = kl90
1mn
 Type in a post code
Valid UK post code found at po si tion 0  and value = kl90 1mn
 Type in a post code
Valid UK post code found at po si tion 0  and value = o2p 3qr
Valid UK post code found at po si tion 8  and value = d45 6ef
 Type in a post code
Valid UK post code found at po si tion 0  and value = st2u 3vw
Valid UK post code found at po si tion 9  and value = kl90 1mn

Test the pro gram out with your home post code. Try sev eral postcodes.

14.2 Reg u lar Ex pres sion Lan guage - Quick Ref er ence
.NET Frame work 4.5 

A reg u lar ex pres sion is a pat tern that the reg u lar ex pres sion en gine at tempts to match in in -
put text. A pat tern con sists of one or more char ac ter lit er als, op er a tors, or con structs. 

Each sec tion in this quick ref er ence lists a par tic u lar cat e gory of char ac ters, op er a tors, and
con structs that you can use to de fine reg u lar expressions: 

· Char ac ter es capes

· Char ac ter classes

· An chors

· Group ing con structs

· Quan ti fi ers

· Backreference con structs

· Al ter na tion con structs

· Sub sti tu tions

· Reg u lar ex pres sion op tions

· Mis cel la neous con structs

14.2.1 Char ac ter Es capes

The back slash char ac ter (\) in a reg u lar ex pres sion in di cates that the char ac ter that fol lows
it ei ther is a spe cial char ac ter (as shown in the fol low ing ta ble), or should be in ter preted lit -
er ally. 

Es caped

char ac ter
De scrip tion Pat tern Matches

\a Matches a bell char ac ter, \u0007. \a
"\u0007" in "Er ror!"
 + '\u0007'

\b
In a char ac ter class, 
matches a back space, \u0008.

[\b]{3,}
"\b\b\b\b"  in 
"\b\b\b\b"
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Es caped

char ac ter
De scrip tion Pat tern Matches

\t Matches a tab, \u0009. (\w+)\t
"item1\t", "item2\t"  in 
"item1\titem2\t"

\r
Matches a car riage re turn, \u000D. 
(\r is not equiv a lent to the 
newline char ac ter, \n.)

\r\n
(\w+)

"\r\nThese" in 
 "\r\nThese are
\ntwo lines."

\v Matches a ver ti cal tab, \u000B. [\v]{2,} "\v\v\v" in "\v\v\v"

\f Matches a form feed, \u000C. [\f]{2,} "\f\f\f" in "\f\f\f"

\n Matches a new line, \u000A. \r\n(\w+)
"\r\nThese" in
 "\r\nThese
are\ntwo lines."

\e Matches an es cape, \u001B. \e
"\x001B" in
"\x001B"

\nnn
Uses oc tal rep re sen ta tion to spec ify
a char ac ter (nnn con sists of two or three
dig its).

\w\040
\w

"a b", "c d" in
"a bc d"

\xnn
Uses hex a dec i mal rep re sen ta tion to
spec ify a char ac ter (nn con sists of
ex actly two digits).

\w\x20
\w

"a b", "c d" in
"a bc d"

\cX

\cx

Matches the ASCII con trol char ac ter that
is spec i fied by X or x, where X or x is
the let ter of the con trol char ac ter.

\cC
"\x0003" in
"\x0003" (Ctrl-C)

\unnnn

Matches a Unicode char ac ter by
us ing hex a dec i mal rep re sen ta tion
(ex actly four dig its, as rep re sented
by nnnn).

\w
\u0020
\w

"a b", "c d" in
"a bc d"

\

When fol lowed by a char ac ter that is
not rec og nized as an es caped char ac ter
in this and other ta bles in this
topic, matches that char ac ter.
For ex am ple, \* is the same as \x2A,
and \. is the same as \x2E.
This al lows the reg u lar ex pres sion en gine
to dis am bigu ate lan guage el e ments
(such as * or ?) and char ac ter
lit er als (represented by \* or \?).

\d+[\+-
x\*]
\d+\d+
[\+-
x\*\d+

"2+2" and 
"3*9" in 
"(2+2) * 3*9"

14.2.2 Char ac ter Classes

A char ac ter class matches any one of a set of char ac ters. Char ac ter classes in clude the lan -
guage el e ments listed in the fol low ing ta ble.
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Char ac ter class De scrip tion Pat tern Matches

[ char ac ter_group ]

Matches any sin gle char ac ter in
char ac ter_group. By de fault, 
the match is case-sen si tive.

[ae] 
"a" in "gray"
"a", "e" 
in "lane"

[^ char ac ter_group ]

Ne ga tion: Matches any 
sin gle char ac ter that is not in 
char ac ter_group. By de fault, 
char ac ters in char ac ter_group 
are case-sen si tive.

[^aei]
"r", "g", "n" 
in "reign"

[ first - last ]
Char ac ter range: Matches any 
sin gle char ac ter in the range from
first to last.

[A-Z]
"A", "B" in 
"AB123"

.

Wild card: Matches any sin gle
char ac ter ex cept \n.
To match a lit eral pe riod 
char ac ter  (. or \u002E), 
you must pre cede 
it with the es cape char ac ter (\.).

a.e
"ave" in "nave"
"ate" in "wa ter"

\p{ name }
Matches any sin gle char ac ter
in the Unicode gen eral cat e gory
or named block spec i fied by name.

\p{Lu}
\p
{IsCyrillic}

"C", "L" in
 "City Lights"
"?", "?" in 
"??em"

\P{ name }

Matches any sin gle char ac ter that
is not in the Unicode gen eral cat e -
gory or named block spec i fied by
name.

\P{Lu}
\P
{IsCyrillic}

"I", "t", "y" in 
"City"
"e", "m" in 
"??em"

\w Matches any word char ac ter. \w
"I", "D", "A", 
"1", "3" in 
"ID A1.3"

\W Matches any non-word char ac ter. \W
" ", "." in 
"ID A1.3"

\s
Matches any white-space 
char ac ter.

\w\s
"D " in 
"ID A1.3"

\S
Matches any 
non-white-space char ac ter.

\s\S
" _" in 
"int __ctr"

\d Matches any dec i mal digit. \d
"4" in 
"4 = IV"

\D 
Matches any char ac ter other than a 
dec i mal digit.

\D
" ", "=", " ", 
"I", "V" in
 "4 = IV"
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14.2.3 An chors

An chors, or atomic zero-width as ser tions, cause a match to suc ceed or fail de pend ing on the 
cur rent po si tion in the string, but they do not cause the en gine to ad vance through the string 
or con sume char ac ters. The metacharacters listed in the fol low ing ta ble are an chors.

As ser tion De scrip tion Pat tern Matches

^
The match must start at the be gin ning of
the string or line.

^\d{3}
"901" in

"901-333-"

$
The match must oc cur at the end of the
string or be fore \n at the end of the line or 
string.

-\d{3}$
"-333" in
"-901-333"

\A
The match must oc cur at the start of the
string.

\A\d{3}
"901" in
"901-333-"

\Z
The match must oc cur at the end of the
string or be fore \n at the end of the string.

-\d{3}\Z
"-333" in
"-901-333"

\z
The match must oc cur at the end of the
string.

-\d{3}\z
"-333" in
"-901-333"

\G
The match must oc cur at the point where
the pre vi ous match ended.

\G\(\d\)
"(1)", "(3)",
"(5)" in
 "(1)(3)(5)[7](9)"

\b
The match must oc cur on a bound ary 
be tween a \w (al pha nu meric) and 
a \W (nonalphanumeric) char ac ter.

\b\w+
\s\w+\b 

"them theme", 
"them them" in 
"them theme 
them them"

\B
The match must not oc cur on a \b bound -
ary.

\Bend\w*\b
"ends", "end er" in
"end sends 
en dure lender"

14.2.4 Group ing Con structs

Group ing con structs de lin eate subexpressions of a reg u lar ex pres sion and typ i cally cap ture
substrings of an in put string. Group ing con structs in clude the lan guage el e ments listed in
the fol low ing ta ble. 

Group ing con struct De scrip tion Pat tern Matches

( subexpression )

Cap tures the matched
subexpression and as signs
it a zero-based 
or di nal num ber.

(\w)\1 "ee" in "deep"

(?< name > 
subexpression)

Cap tures the matched
subexpression into a
named group.

(?<dou ble>
\w)\k<dou ble> 

"ee" in "deep"
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Group ing con struct De scrip tion Pat tern Matches

(?< name1 - name2 > 
subexpression)

De fines a bal anc ing group
def i ni tion. 

(((?'Open'\()

[^\(\)]*)

+((?

'Close-Open'\))

[^\(\)]*)+)*

(?(Open)(?!))$

"((1-3)*(3-1))"
in
 "3+2^((1-3)*
(3-1))"

(?: subexpression)
De fines a noncapturing
 group.

Write
(?:Line)?

"WriteLine" in
"Con sole.
WriteLine()"

(?imnsx-imnsx:
 subexpression)

Ap plies or dis ables the 
spec i fied op tions
within subexpression. 

A\d{2}

(?i:\w+)\b

"A12xl",
"A12XL" 
in
"A12xl 
A12XL a12xl"

(?= subexpression)
Zero-width pos i tive
 lookahead as ser tion.

\w+(?=\.)

"is", "ran", and 
"out" in 
"He is. 
The dog 
ran. The sun 
is out."

(?! subexpression)
Zero-width neg a tive
 lookahead as ser tion.

\b(?!un)
\w+\b

"sure", "used"
in "un sure 
sure unity
 used"

(?<= subexpression)
Zero-width pos i tive
 lookbehind as ser tion.

(?<=19)
\d{2}\b

"99", "50",
 "05" in 
"1851 1999 
1950 1905
2003"

(?<! subexpression)
Zero-width neg a tive
lookbehind as ser tion.

(?<!19)
\d{2}\b

"51", "03" in
"1851 1999
1950 1905
2003"

(?> subexpression)
Nonbacktracking
(or "greedy") 
subexpression.

[13579]
(?>A+B+)

"1ABB",
 "3ABB", and
"5AB"
in 
"1ABB
3ABBC
 5AB 5AC"
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14.2.5 Quan ti fi ers

A quan ti fier spec i fies how many in stances of the pre vi ous el e ment (which can be a char ac -
ter, a group, or a char ac ter class) must be pres ent in the in put string for a match to oc cur.
Quan ti fi ers in clude the lan guage el e ments listed in the fol low ing ta ble. 

Quan ti fier De scrip tion Pat tern Matches

*

Matches the pre vi ous 
el e ment zero or
more times.

\d*\.\d ".0", "19.9", "219.9"

+
Matches the pre vi ous
el e ment one or more times.

"be+"
"bee" in "been", 
"be" in "bent"

?
Matches the pre vi ous
el e ment zero or one time.

"rai?n" "ran", "rain"

{ n }
Matches the pre vi ous
el e ment ex actly n times.

",\d{3}"
",043" in "1,043.6", 
",876", ",543", and 
",210" in "9,876,543,210"

{ n ,}
Matches the pre vi ous
el e ment at least n times.

"\d{2,}" "166", "29", "1930"

{ n , m }

Matches the pre vi ous
el e ment at least n 
times, but no more than 
m times.

"\d{3,5}"
"166", "17668"
"19302" in "193024"

*?

Matches the pre vi ous
el e ment zero or 
more times, but as 
few times as pos si ble.

\d*?\.\d ".0", "19.9", "219.9"

+?
Matches the pre vi ous 
el e ment one or more times, but 
as few times as pos si ble.

"be+?"
"be" in "been", "be"
in "bent"

??

Matches the pre vi ous 
el e ment zero or one 
time, but as few times 
as pos si ble.

"rai??n" "ran", "rain"

{ n }?
Matches the pre ced ing el e ment 
ex actly n times.

",\d{3}?"

",043" in "1,043.6", 
",876", ",543", 
and ",210" 
in "9,876,543,210"

{ n ,}?

Matches the pre vi ous 
el e ment at least n 
times, but as few times as pos -
si ble.

"\d{2,}?" "166", "29", "1930"
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Quan ti fier De scrip tion Pat tern Matches

{ n , m }?

Matches the pre vi ous 
el e ment be tween n and
m times, but as few times as
pos si ble.

"\d{3,5}?"
"166", "17668"
"193", "024" in "193024"

14.2.6 Backreference Con structs

A backreference al lows a pre vi ously matched subexpression to be iden ti fied sub se quently in 
the same reg u lar ex pres sion. The fol low ing ta ble lists the backreference con structs sup -
ported by reg u lar ex pres sions in the .NET Frame work. 

Backreference

con struct
De scrip tion Pat tern Matches

\ num ber

Backreference. Matches the
value of a 
num bered subexpression.

(\w)\1
"ee" in
 "seek"

\k< name >
Named backreference. 
Matches the value of a named
ex pres sion.

(?<char>\w)
\k<char>

"ee" in
 "seek"

14.2.7 Al ter na tion Con structs

Al ter na tion con structs mod ify a reg u lar ex pres sion to en able ei ther/or match ing. These con -
structs in clude the lan guage el e ments listed in the following ta ble.

Al ter na tion 

con struct
De scrip tion Pat tern Matches

|

Matches any one el e ment 
sep a rated by the ver ti cal bar 
(|) char ac ter.

th(e|is|at)
"the", "this" in
"this is the day. "

(?( ex pres sion ) 
yes | no )

Matches yes if the 
reg u lar ex pres sion 
pat tern des ig nated by 
ex pres sion matches; 
oth er wise, matches 
the op tional no part. ex pres sion 
is in ter preted as a 
zero-width assertion.

(?(A)A\d{2}
\b|\b\d{3}\b)

"A10", "910" in
"A10 C103 910"

(?( name ) yes | 
no )

Matches yes if name, 
a named or 
num bered cap tur ing
group, has a match; 
oth er wise, matches 
the op tional no.

(?<quoted>")?
(?(quoted).+
?"|\S+\s)

Dogs.jpg, 
"Yiska 
play ing.jpg"
in 
"Dogs.jpg 
"Yiska
play ing.jpg""
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14.2.8 Sub sti tu tions

Sub sti tu tions are reg u lar ex pres sion lan guage el e ments that are sup ported in re place ment
pat terns. The metacharacters listed in the fol low ing ta ble are atomic zero-width assertions.

Char ac ter De scrip tion Pat tern
Re place ment 
pat tern

In put
string

Re sult
string

$ num ber

Sub sti tutes the
substring matched 
by group num ber.

\b(\w+)
(\s)
(\w+)\b

$3$2$1
"one
two"

"two
 one"

${ 
name }

Sub sti tutes the
substring matched
by the named 
group name.

\b(?<word1>\w+)
(\s)
(?<word2>\w+)\b

${word2}
${word1}

"one
 two"

"two
 one"

$$
Sub sti tutes a lit eral
"$".

\b(\d+)
\s
?USD

$$$1
"103
 USD"

"$103"

$&
Sub sti tutes a 
copy of 
the whole match.

(\$*(\d*
(\.+\d+)?)
{1})

**$& "$1.30"
"**
$1.30
**"

$`

Sub sti tutes all the
text of the 
in put string 
be fore the match.

B+ $`
"AA
BBCC"

"AA
AACC"

$'

Sub sti tutes all the
text of the in put 
string af ter 
the match.

B+ $'
"AA
BBCC"

"AA
CC
CC"

$+
Sub sti tutes the last 
group that was
cap tured.

B+(C+) $+
"AA
BBCC
DD"

AA
CC
DD

$_
Sub sti tutes the 
en tire in put string.

B+ $_
"AA
BBCC"

"AA
AA
BB
CCCC"

14.2.9 Reg u lar Ex pres sion Op tions

You can spec ify op tions that con trol how the reg u lar ex pres sion en gine in ter prets a reg u lar
ex pres sion pat tern. Many of these op tions can be spec i fied ei ther inline (in the reg u lar ex -
pres sion pat tern) or as one or more RegexOptions con stants. This quick ref er ence lists only
inline op tions. 

You can spec ify an inline op tion in two ways:

· By us ing the mis cel la neous con struct (?imnsx-imnsx), where a mi nus sign (-) be -

fore an op tion or set of op tions turns those op tions off. For ex am ple, (?i-mn)

turns case-in sen si tive match ing (i) on, turns multiline mode (m) off, and turns

un named group cap tures (n) off. The op tion ap plies to the reg u lar ex pres sion
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pat tern from the point at which the op tion is de fined, and is ef fec tive ei ther to

the end of the pat tern or to the point where an other con struct re verses the op tion.

· By us ing the group ing con struct (?imnsx-imnsx:subexpression), which de fines

op tions for the spec i fied group only.

The .NET Frame work reg u lar ex pres sion en gine sup ports the fol low ing inline op tions.

Op tion De scrip tion Pat tern Matches

i
Use case-in sen si tive
match ing.

\b(?i)a(?-i)a\w+\b

"aard vark",
"aaaAuto" 
in 
"aard vark
AAAuto
aaaAuto
Adam 
break fast"

m

Use multiline mode. ^ and 
$ match the be gin ning and end 
of a line, in stead of 
the be gin ning and end 
of a string.

For an ex am ple, see 
the "Multiline Mode" 
sec tion in Reg u lar 
Ex pres sion Op tions.

n
Do not cap ture 
un named groups.

For an ex am ple, see 
the "Ex plicit 
Cap tures Only" sec tion 
in Reg u lar Ex pres sion 
Op tions.

s Use sin gle-line mode.

For an ex am ple, see 
the "Sin gle-line 
Mode" sec tion in 
Reg u lar Ex pres sion 
Op tions.

x

Ig nore unescaped 
white space in the 
reg u lar ex pres sion 
pat tern.

\b(?x) \d+ \s \w+

"1 aard vark",
"2 cats" in 
"1 aard vark 
2 cats IV 
cen tu ri ons"

14.2.10 Mis cel la neous Con structs

Mis cel la neous con structs ei ther mod ify a reg u lar ex pres sion pat tern or pro vide in for ma tion
about it. The fol low ing ta ble lists the mis cel la neous con structs sup ported by the .NET
Frame work. 

Con struct Def i ni tion Ex am ple

(?imnsx-imnsx)

Sets or dis ables op tions such as
case in sen si tiv ity in the mid dle of
a pat tern.

\bA(?i)b\w+\b matches 

"ABA", "Able" in 

"ABA Able Act"
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Con struct Def i ni tion Ex am ple

(?# com ment)
Inline com ment. The com ment
ends at the first clos ing pa ren the -
sis.

\bA(?#Matches words 
start ing with A)\w+\b

# [to end of line]
X-mode com ment. The com ment
starts at an unescaped # and con -
tin ues to the end of the line.

(?x)\bA\w+\b#Matches
words start ing with A

The above 10 sec tions pro vide us with most of the syntactic el e ments of what is avail able
in C# to work with reg u lar ex pres sions and pat tern match ing.

We need to look at a few more top ics and then we can have a look at one or more ex am -
ples to hope fully il lus trate some of the power of what reg u lar ex pres sions can do.

14.3 Sys tem.Text.RegularExpressions Namespace

The Sys tem.Text.RegularExpressions namespace con tains classes that pro vide ac cess to the
.NET Frame work reg u lar ex pres sion en gine. The namespace pro vides reg u lar ex pres sion
func tion al ity that may be used from any plat form or lan guage that runs within the Microsoft 
.NET Frame work. In ad di tion to the types con tained in this namespace, the Sys tem.Con fig -
u ra tion.RegexStringValidator class en ables you to de ter mine whether a par tic u lar string
con forms to a regular expression pattern.

14.3.1 Classes

Here are the classes.

Class De scrip tion

Cap ture
Rep re sents the re sults from a sin gle 

suc cess ful subexpression cap ture.

CaptureCollection
Rep re sents the set of cap tures made by a sin gle cap tur ing

group.

Group Rep re sents the re sults from a sin gle cap tur ing group.

GroupCollection Re turns the set of cap tured groups in a sin gle match.

Match
Rep re sents the re sults from a sin gle reg u lar 

ex pres sion match.

MatchCollection

Rep re sents the set of suc cess ful matches found

by iteratively ap ply ing a reg u lar ex pres sion pat tern to the

in put string.

Regex Rep re sents an im mu ta ble reg u lar ex pres sion.

RegexCompilationInfo

Pro vides in for ma tion about a reg u lar ex pres sion that 

is used to com pile a reg u lar ex pres sion to a stand-alone

as sem bly.

RegexMatchTimeoutException
The ex cep tion that is thrown when the ex e cu tion time of

a reg u lar ex pres sion pat tern-match ing method ex ceeds its

time-out in ter val.
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Class De scrip tion

RegexRunner
In fra struc ture. The RegexRunner class is the 
base class for com piled reg u lar ex pres sions.

RegexRunnerFactory
In fra struc ture. Cre ates a RegexRunner class 
for a com piled reg u lar ex pres sion.

14.3.2 Del e gates

Here are the del e gates

Del e gate De scrip tion

MatchEvaluator
Rep re sents the method that is called each time a reg u lar ex pres -
sion match is found dur ing a Re place method op er a tion.

14.3.3 Enu mer a tions

Here are the enu mer a tions.

Enu mer a tion               De scrip tion 

RegexOptions             Pro vides enu mer ated val ues to use to set reg u lar ex pres sion op tions. 

14.4 The Re gel class

Rep re sents an im mu ta ble reg u lar ex pres sion.

14.4.1 Con struc tors

Name De scrip tion

Re gel() Initializes a new in stance of the Re gel class.

Regex(String) Initializes a new in stance of the Re gel class for the spec i fied

reg u lar ex pres sion.

Regex(SerializationInfo, 
StreamingContext)

Initializes a new in stance of the Re gel class by us ing se ri al -

ized data.

Regex(String, 
RegexOptions)

Initializes a new in stance of the Re gel class for the spec i fied

reg u lar ex pres sion, with op tions that mod ify the pat tern.

Regex(String, 
RegexOptions, 
TimeSpan)

Initializes a new in stance of the Re gel class for the spec i fied

reg u lar ex pres sion, with op tions that mod ify the pat tern and a

value that spec i fies how long a pat tern match ing method

should at tempt a match be fore it times out.

14.4.2 Prop er ties

Here are the prop er ties.

Name De scrip tion

CacheSize Gets or sets the max i mum num ber of en tries in the cur rent static

cache of com piled reg u lar ex pres sions.

MatchTimeout Gets the time-out in ter val of the cur rent in stance.

Op tions Gets the op tions that were passed into the Re gel con struc tor.
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RightToLeft Gets a value that in di cates whether the reg u lar ex pres sion searches

from right to left.

14.4.3 Meth ods

Here are the meth ods.

Name              De scrip tion

CompileToAssembly(RegexCompilationInfo[], AssemblyName)

· Com piles one or more spec i fied Re gel ob jects to a named as sem bly.

CompileToAssembly(RegexCompilationInfo[], AssemblyName, CustomAttributeBuilder[])

· Com piles one or more spec i fied Re gel ob jects to a named as sem bly with the
spec i fied at trib utes.

CompileToAssembly(RegexCompilationInfo[], AssemblyName, CustomAttributeBuilder[],
String)

· Com piles one or more spec i fied Re gel ob jects and a spec i fied re source file to a
named as sem bly with the spec i fied at trib utes.

Equals(Ob ject)

· De ter mines whether the spec i fied ob ject is equal to the cur rent ob ject. (In her ited
from Ob ject.)

Es cape

· Es capes a min i mal set of char ac ters (\, *, +, ?, |, {, [, (,), ^, $,., #, and white
space) by re plac ing them with their es cape codes. This in structs the reg u lar ex -

pres sion en gine to in ter pret these char ac ters lit er ally rather than as

metacharacters.

Fi nal ize

· Al lows an ob ject to try to free re sources and per form other cleanup op er a tions

be fore it is re claimed by gar bage col lec tion. (In her ited from Ob ject.)

GetGroupNames

· Re turns an ar ray of cap tur ing group names for the reg u lar ex pres sion.

GetGroupNumbers

· Re turns an ar ray of cap tur ing group num bers that cor re spond to group names in

an ar ray.

GetHashCode

· Serves as the de fault hash func tion. (In her ited from Ob ject.)

GetType

· Gets the Type of the cur rent in stance. (In her ited from Ob ject.)

GroupNameFromNumber

· Gets the group name that cor re sponds to the spec i fied group num ber.

GroupNumberFromName

· Re turns the group num ber that cor re sponds to the spec i fied group name.

InitializeReferences

· In fra struc ture. Used by a Re gel ob ject gen er ated by the CompileToAssembly

method.
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IsMatch(String)

· In di cates whether the reg u lar ex pres sion spec i fied in the Re gel con struc tor finds

a match in a spec i fied in put string.

IsMatch(String, Int32)

· In di cates whether the reg u lar ex pres sion spec i fied in the Re gel con struc tor finds

a match in the spec i fied in put string, be gin ning at the spec i fied start ing po si tion

in the string.

IsMatch(String, String)

· In di cates whether the spec i fied reg u lar ex pres sion finds a match in the spec i fied

in put string.

IsMatch(String, String, RegexOptions)

· In di cates whether the spec i fied reg u lar ex pres sion finds a match in the spec i fied

in put string, us ing the spec i fied match ing op tions.

IsMatch(String, String, RegexOptions, TimeSpan)

· In di cates whether the spec i fied reg u lar ex pres sion finds a match in the spec i fied

in put string, us ing the spec i fied match ing op tions and time-out in ter val.

Match(String)

· Searches the spec i fied in put string for the first oc cur rence of the reg u lar ex pres -

sion spec i fied in the Re gel con struc tor.

Match(String, Int32)

· Searches the in put string for the first oc cur rence of a reg u lar ex pres sion, be gin -

ning at the spec i fied start ing po si tion in the string.

Match(String, String)

· Searches the spec i fied in put string for the first oc cur rence of the spec i fied reg u -

lar ex pres sion.

Match(String, Int32, Int32)

· Searches the in put string for the first oc cur rence of a reg u lar ex pres sion, be gin -

ning at the spec i fied start ing po si tion and search ing only the spec i fied num ber of 

char ac ters.

Match(String, String, RegexOptions)

· Searches the in put string for the first oc cur rence of the spec i fied reg u lar ex pres -

sion, us ing the spec i fied match ing op tions.

Match(String, String, RegexOptions, TimeSpan)

· Searches the in put string for the first oc cur rence of the spec i fied reg u lar ex pres -

sion, us ing the spec i fied match ing op tions and time-out in ter val.

Matches(String)

· Searches the spec i fied in put string for all oc cur rences of a reg u lar ex pres sion.

Matches(String, Int32)

· Searches the spec i fied in put string for all oc cur rences of a reg u lar ex pres sion,

be gin ning at the spec i fied start ing po si tion in the string.

Matches(String, String)
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· Searches the spec i fied in put string for all oc cur rences of a spec i fied reg u lar ex -

pres sion.

Matches(String, String, RegexOptions)

· Searches the spec i fied in put string for all oc cur rences of a spec i fied reg u lar ex -

pres sion, us ing the spec i fied match ing op tions.

Matches(String, String, RegexOptions, TimeSpan)

· Searches the spec i fied in put string for all oc cur rences of a spec i fied reg u lar ex -

pres sion, us ing the spec i fied match ing op tions and time-out in ter val.

MemberwiseClone

· Cre ates a shal low copy of the cur rent Ob ject. (In her ited from Ob ject.)

Re place(String, String)

· In a spec i fied in put string, re places all strings that match a reg u lar ex pres sion

pat tern with a spec i fied re place ment string.

Re place(String, MatchEvaluator)

· In a spec i fied in put string, re places all strings that match a spec i fied reg u lar ex -

pres sion with a string re turned by a MatchEvaluator del e gate.

Re place(String, String, Int32)

· In a spec i fied in put string, re places a spec i fied max i mum num ber of strings that

match a reg u lar ex pres sion pat tern with a spec i fied re place ment string.

Re place(String, String, String)

· In a spec i fied in put string, re places all strings that match a spec i fied reg u lar ex -

pres sion with a spec i fied re place ment string.

Re place(String, String, MatchEvaluator)

· In a spec i fied in put string, re places all strings that match a spec i fied reg u lar ex -

pres sion with a string re turned by a MatchEvaluator del e gate.

Re place(String, MatchEvaluator, Int32)

· In a spec i fied in put string, re places a spec i fied max i mum num ber of strings that

match a reg u lar ex pres sion pat tern with a string re turned by a MatchEvaluator

del e gate.

Re place(String, String, Int32, Int32)

· In a spec i fied in put substring, re places a spec i fied max i mum num ber of strings

that match a reg u lar ex pres sion pat tern with a spec i fied re place ment string.

Re place(String, String, String, RegexOptions)

· In a spec i fied in put string, re places all strings that match a spec i fied reg u lar ex -

pres sion with a spec i fied re place ment string. Spec i fied op tions mod ify the

match ing op er a tion.

Re place(String, String, MatchEvaluator, RegexOptions)

· In a spec i fied in put string, re places all strings that match a spec i fied reg u lar ex -

pres sion with a string re turned by a MatchEvaluator del e gate. Spec i fied op tions

mod ify the match ing op er a tion.

Re place(String, MatchEvaluator, Int32, Int32)
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· In a spec i fied in put substring, re places a spec i fied max i mum num ber of strings

that match a reg u lar ex pres sion pat tern with a string re turned by a

MatchEvaluator del e gate.

Re place(String, String, String, RegexOptions, TimeSpan)

· In a spec i fied in put string, re places all strings that match a spec i fied reg u lar ex -

pres sion with a spec i fied re place ment string. Ad di tional pa ram e ters spec ify op -

tions that mod ify the match ing op er a tion and a time-out in ter val if no match is

found.

Re place(String, String, MatchEvaluator, RegexOptions, TimeSpan)

Split(String)

· Splits an in put string into an ar ray of substrings at the po si tions de fined by a

reg u lar ex pres sion pat tern spec i fied in the Re gel con struc tor.

Split(String, Int32)

· Splits an in put string a spec i fied max i mum num ber of times into an ar ray of

substrings, at the po si tions de fined by a reg u lar ex pres sion spec i fied in the Re gel 

con struc tor.

Split(String, String)

· Splits an in put string into an ar ray of substrings at the po si tions de fined by a

reg u lar ex pres sion pat tern.

Split(String, Int32, Int32)

Split(String, String, RegexOptions)

· Splits an in put string into an ar ray of substrings at the po si tions de fined by a

spec i fied reg u lar ex pres sion pat tern. Spec i fied op tions mod ify the match ing op -

er a tion.

Split(String, String, RegexOptions, TimeSpan)

· Splits an in put string into an ar ray of substrings at the po si tions de fined by a

spec i fied reg u lar ex pres sion pat tern. Ad di tional pa ram e ters spec ify op tions that

mod ify the match ing op er a tion and a time-out in ter val if no match is found.

ToString

· Re turns the reg u lar ex pres sion pat tern that was passed into the Re gel con struc -

tor. (Over rides Ob ject.ToString().)

Unescape

· Con verts any es caped char ac ters in the in put string.

UseOptionC

· In fra struc ture. Used by a Re gel ob ject gen er ated by the CompileToAssembly

method.

UseOptionR

· In fra struc ture. Used by a Re gel ob ject gen er ated by the CompileToAssembly

method.

ValidateMatchTimeout

· In fra struc ture. Checks whether a time-out in ter val is within an ac cept able range.
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14.4.4 Fields

Here are the fields.

Name              De scrip tion

capnames

· In fra struc ture. Used by a Re gel ob ject gen er ated by the CompileToAssembly

method.

caps

· In fra struc ture. Used by a Re gel ob ject gen er ated by the CompileToAssembly

method.

cap size

· In fra struc ture. Used by a Re gel ob ject gen er ated by the CompileToAssembly

method.

capslist

· In fra struc ture. Used by a Re gel ob ject gen er ated by the CompileToAssembly

method.

fac tory

· In fra struc ture. Used by a Re gel ob ject gen er ated by the CompileToAssembly

method.

InfiniteMatchTimeout

· Spec i fies that a pat tern-match ing op er a tion should not time out.

internalMatchTimeout

· In fra struc ture. The max i mum amount of time that can elapse in a pat tern-match -

ing op er a tion be fore the op er a tion times out.

pat ternIn fra struc ture. 

· Used by a Re gel ob ject gen er ated by the CompileToAssembly method.

roptions

· In fra struc ture. Used by a Re gel ob ject gen er ated by the CompileToAssembly

method

14.5 Microsoft ex am ple 1

The fol low ing ex am ple uses a reg u lar ex pres sion to check for re peated oc cur rences of
words in a string. 

The reg u lar ex pres sion 

\b(?<word>\w+)\s+(\k<word>)\b 

can be in ter preted as shown in the fol low ing ta ble.

Pat tern De scrip tion

\b Start the match at a word bound ary.

(?<word>\w+) Match one or more word char ac ters up to a word bound ary.

Name this cap tured group word.

\s+ Match one or more white-space char ac ters.

(\k<word>) Match the cap tured group that is named word.

\b Match a word bound ary.
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us ing Sys tem;
us ing Sys tem.Text.RegularExpressions;

pub lic class Test
{
    pub lic static void Main ()
    {
        // De fine a reg u lar ex pres sion for re peated words.

        Re gex rx = new
          Regex(@"\b(?<word>\w+)\s+(\k<word>)\b",
          RegexOptions.Com piled |
          RegexOptions.IgnoreCase);
        // De fine a test string.         
        string text = 
"The the quick brown fox fox jumped over the lazy dog dog.";
        // Find matches.
        MatchCollection matches = rx.Matches(text);
        // Re port the num ber of matches found.
        Con sole.WriteLine("{0} matches found in:\n   {1}",
          matches.Count, 
          text);
        // Re port on each match. 
        foreach (Match match in matches)
        {
            GroupCollection groups = match.Groups;
            Con sole.WriteLine(
            "'{0}' re peated at po si tions {1} and {2}",
            groups["word"].Value,
            groups[0].In dex,
            groups[1].In dex);
        }

    }

}

The ex am ple pro duces the fol low ing out put to the con sole: 

//       3 matches found in: 
//          The the quick brown fox  fox jumped over the
lazy dog dog. 
//       'The' re peated at po si tions 0 and 4 
//       'fox' re peated at po si tions 20 and 25 
//       'dog' re peated at po si tions 50 and 54

14.6 Microsoft ex am ple 2

The fol low ing ex am ple il lus trates the use of a reg u lar ex pres sion to check whether a string
ei ther rep re sents a cur rency value or has the cor rect for mat to rep re sent a cur rency value. In 
this case, the reg u lar ex pres sion is built dy nam i cally from the
NumberFormatInfo.CurrencyDecimalSeparator,
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CurrencyDecimalDigits,
NumberFormatInfo.CurrencySymbol,
NumberFormatInfo.NegativeSign,
NumberFormatInfo.PositiveSign

prop er ties for the user's cur rent cul ture. If the sys tem's cur rent cul ture is en-US, the re sult -
ing reg u lar ex pres sion is

^\s*[\+-]?\s?\$?\s?(\d*\.?\d{2}?){1}$. 

This reg u lar ex pres sion can be in ter preted as shown in the following table.

Pat tern De scrip tion

^ Start at the be gin ning of the string.

\s* Match zero or more white-space char ac ters.

[\+-]? Match zero or one oc cur rence of ei ther the pos i tive sign or the 
neg a tive sign.

\s? Match zero or one white-space char ac ter.

\$? Match zero or one oc cur rence of the dol lar sign.

\s? Match zero or one white-space char ac ter.

\d* Match zero or more dec i mal dig its.

\.? Match zero or one dec i mal point sym bol.

\d{2}? Match two dec i mal dig its zero or one time.

(\d*\.?\d{2}?){1} Match the pat tern of in te gral and frac tional dig its sep a rated by 

a dec i mal point sym bol at least one time.

$ Match the end of the string.

In this case, the reg u lar ex pres sion as sumes that a valid cur rency string does not con tain
group sep a ra tor sym bols, and that it has ei ther no frac tional dig its or the num ber of frac -
tional dig its de fined by the cur rent cul ture's CurrencyDecimalDigits property.
us ing Sys tem;
us ing Sys tem.Glob al iza tion;
us ing Sys tem.Text.RegularExpressions;

pub lic class Ex am ple
{
   pub lic static void Main()
   {
      // Get the cur rent NumberFormatInfo
      // ob ject to build the reg u lar
      // ex pres sion pat tern dy nam i cally.
      NumberFormatInfo nfi = NumberFormatInfo.CurrentInfo;
      // De fine the reg u lar ex pres sion pat tern. 
      string pat tern; 
      pat tern = @"^\s*[";
      // Get the pos i tive and neg a tive sign sym bols.
      pat tern += 
        Regex.Es cape(
          nfi.PositiveSign + 
          nfi.NegativeSign) + 
          @"]?\s?";
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      // Get the cur rency sym bol.
      pat tern += Regex.Es cape(nfi.CurrencySymbol) + @"?\s?";
      // Add in te gral dig its to the pat tern.
      pat tern += @"(\d*";
      // Add the dec i mal sep a ra tor.
      pat tern += 
        Regex.Es cape(
          nfi.CurrencyDecimalSeparator) + 
          "?";
      // Add the frac tional dig its.
      pat tern += @"\d{";
      // De ter mine the num ber of frac tional 
      // dig its in cur rency val ues.
      pat tern += 
        nfi.CurrencyDecimalDigits.ToString() + 
          "}?){1}$";
      Re gex rgx = new Regex(pat tern);
      // De fine some test strings. 
      string[] tests = 
        { "-42"  , "19.99" , "0.001"    , "100 USD", 
          ".34"  , "0.34"  , "1,052.21" , "$10.62", 
          "+1.43", "-$0.23" };

      // Check each test string against the 
      // reg u lar ex pres sion. 
      foreach (string test in tests)
      {
         if (rgx.IsMatch(test))
            Con sole.WriteLine(
              "{0} is a cur rency value.", 
              test);
         else
            Con sole.WriteLine(
              "{0} is not a cur rency value.", 
              test);
      }
   }
}

The ex am ple dis plays the fol low ing out put: 

//       -42 is a cur rency value. 
//       19.99 is a cur rency value. 
//       0.001 is not a cur rency value. 
//       100 USD is not a cur rency value. 
//       .34 is a cur rency value. 
//       0.34 is a cur rency value. 
//       1,052.21 is not a cur rency value. 
//       $10.62 is a cur rency value. 
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//       +1.43 is a cur rency value. 
//       -$0.23 is a cur rency value.

14.7 Microsoft ex am ple 3

The fol low ing ex am ple uses a reg u lar ex pres sion with cap tur ing groups to ex tract in for ma -
tion about trade marks and reg is tered trade marks used in text. The reg u lar ex pres sion pat tern 
is 

  \b(\w+?)([\u00AE\u2122])

which is in ter preted as shown in the fol low ing ta ble.

Pat tern De scrip tion

\b Look for a word bound ary.

(\w+?) Look for one or more word char ac ters. To gether, these form

the trade marked name. (Note that this reg u lar ex pres sion as -

sumes that a trade mark con sists of a sin gle word.) This is the
first cap tur ing group.

([\u00AE\u2122]) Look for ei ther the ® or the ™ char ac ter. This is the sec ond

cap tur ing group.

Here is the pro gram to il lus trate the above.

us ing Sys tem;
us ing Sys tem.Text.RegularExpressions;

pub lic class Ex am ple
{
   pub lic static void Main()
   {
      string pat tern = @"\b(\w+?)([\u00AE\u2122])";
      string in put = "Microsoft® Of fice Pro fes sional" + 
        "Edi tion com bines sev eral of fice " +
        "pro duc tiv ity prod ucts, in clud ing" + 
        " Word, Ex cel®, Ac cess®, Out look®, " +
        "PowerPoint®, and sev eral oth ers." + 
        " Some guide lines for cre at ing " +
        "cor po rate doc u ments us ing these " + 
        "pro duc tiv ity tools are avail able " +
        "from the doc u ments cre ated " + 
        "us ing Silverlight™ on the cor po rate " +
        "intranet site.";

      MatchCollection matches = Regex.Matches(in put, pat -
tern);
      foreach (Match match in matches)
      {
         GroupCollection groups = match.Groups;
         Con sole.WriteLine("{0}: {1}", 
           groups[2], 
           groups[1]);
      }                               
      Con sole.WriteLine();
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      Con sole.WriteLine(
        "Found {0} trade marks or reg is tered trade marks.",
         matches.Count);
   }
}
// The ex am ple dis plays the fol low ing out put: 
//       r: Microsoft 
//       r: Ex cel 
//       r: Ac cess 
//       r: Out look 
//       r: PowerPoint 
//       T: Silverlight

Here we have two groups. The first group com prises words that end with a trademark or
regsitered char ac ter. The sec ond group is the reg is tered or trade mark char ac ter.

14.8 Prob lems

Try the ex am ples out.

14.9 Bib li og ra phy

Aho A.V., Hopcroft J.E., Ullman J.D., The De sign and Anal y sis of Com puter Al go rithms,
Ad di son Wes ley.

United Na tions En vi ron ment Programme, En vi ron men tal Data Re port, 1989-1990,
Blackwell, ISBN 0-631-16987-3.

United Na tions En vi ron ment Programme, En vi ron men tal Data Re port, 1991-1992,
Blackwell, ISBN 0-631-18083-4.
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Sum ma riz ing: as a slow-witted hu man be ing I have a very small head and I had better learn 
to live with it and to re spect my lim i ta tions and give them full credit, rather than try to ig -
nore them, for the lat ter vain ef fort will be pun ished by fail ure.

Edsger W. Dijkstra, Struc tured Programming.

Aims 

The aims of this chap ter are to in tro duce the con trols struc tures avail able in C# with sim ple 
ex am ples.

The ex am ples il lus trate the use of the fol low ing statements

· if

· if else

· if else if else

· switch

· for

· foreach

· while

· do

· in fi nite loops

· break

· con tinue

· goto

· re turn

· throw

· try and catch

15 Control Structures
C# has the fol low ing set of con trol struc tures.

· if

· switch

· it er a tion

· while

· do

· for

· foreach

· jump

· break

· con tinue
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· goto

· re turn

· throw

· try, catch and throw

We will look at sim ple ex am ples that il lus trate the use of each of them. Be fore we do that
we need to in tro duce a num ber of other con cepts.

15.1 State ments

There are three kinds of state ment in C#. These are:

· la belled-state ment

· dec la ra tion-statement

· em bed ded-statement

and we will look at each in turn.

15.1.1 la belled state ment

A la belled-state ment is a state ment that is pre fixed by a la bel. La belled state ments are per -
mit ted in blocks, but are not per mit ted as em bed ded state ments. The syn tax is given by

· la belled-state ment: iden ti fier : state ment

A la belled state ment de clares a la bel with the name given by the iden ti fier. The scope of a
la bel is the block in which the la bel is de clared, in clud ing any nested blocks. A la bel can be 
ref er enced from goto state ments within the scope of the la bel. This means that goto state -
ments can trans fer con trol in side blocks and out of blocks, but never into blocks.

15.1.2 dec la ra tion state ment

A dec la ra tion-statement de clares a lo cal vari able or con stant. Dec la ra tion state ments are
per mit ted in blocks, but are not per mit ted as em bed ded state ments.

15.1.3 em bed ded state ment

An em bed ded state ment is one of the fol low ing

· block

· empty-statement

· ex pres sion-statement

· se lec tion-statement

· it er a tion-statement

· jump-statement

· try-statement

· checked-statement

· un checked-statement

· lock-statement

· us ing-statement

The use of em bed ded-statement rather than state ment ex cludes the use of dec la ra tion state -
ments and la belled state ments in these con texts.
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15.2 End points and reachability

Ev ery state ment has an end point. In sim ple terms, the end point of a state ment is the lo ca -
tion that im me di ately fol lows the state ment. The ex e cu tion rules for com pos ite state ments
(state ments that con tain em bed ded state ments) spec ify the ac tion that is taken when con trol
reaches the end point of an em bed ded state ment. For ex am ple, when con trol reaches the end 
point of a state ment in a block, con trol is trans ferred to the next state ment in the block.

If a state ment can pos si bly be reached by ex e cu tion, the state ment is said to be reach able.
Con versely, if there is no pos si bil ity that a state ment will be ex e cuted, the state ment is said
to be un reach able.

15.3 Blocks

A block per mits mul ti ple state ments to be writ ten in con texts where a sin gle state ment is al -
lowed. The syn tax is given by:

· block: { state ment-listopt }

A block con sists of an op tional state ment-list en closed in braces. If the state ment list is
omit ted, the block is said to be empty.

A block may con tain dec la ra tion state ments. The scope of a lo cal vari able or con stant de -
clared in a block ex tends from the dec la ra tion to the end of the block.

15.4 State ment lists

A state ment list con sists of one or more state ments writ ten in se quence. State ment lists oc -
cur in blocks and in switch-blocks.

15.5 The empty state ment

An empty-statement does noth ing.

15.6 La belled state ments

A la beled-statement per mits a state ment to be pre fixed by a la bel. La belled state ments are
per mit ted blocks, but are not per mit ted as em bed ded state ments.

15.7 Dec la ra tion state ments 

A dec la ra tion-statement de clares a lo cal vari able or con stant. Dec la ra tion state ments are
per mit ted in blocks, but are not per mit ted as em bed ded state ments.

15.8 Ex pres sion state ments

An ex pres sion-statement eval u ates a given ex pres sion. The value com puted by the ex pres -
sion is dis carded.

15.9 Checked and un checked state ments

The checked and un checked state ments are used to con trol the over flow check ing con text
for in te gral-type arith me tic op er a tions and con ver sions.

15.10 The lock state ment 

The lock state ment ob tains the mu tual-exclusion lock for a given ob ject, ex e cutes a state -
ment, and then re leases the lock. The syn tax is given by

· lock-statement: lock ( ex pres sion ) em bed ded-statement

The ex pres sion of a lock state ment must de note a value of a ref er ence-type. 
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15.11 The us ing state ment

The us ing state ment ob tains one or more re sources, ex e cutes a state ment, and then dis poses
of the re source. The syn tax is given by:

· us ing-statement: us ing ( re source-acquisition ) em bed ded-statement

· re source-acquisition: lo cal-variable-declaration ex pres sion

A re source is a class or struct that im ple ments Sys tem.IDisposable, which in cludes a sin gle
pa ram e ter less method named Dis pose. Code that is us ing a re source can call Dis pose to in -
di cate that the re source is no lon ger needed. If Dis pose is not called, then au to matic dis -
posal even tu ally oc curs as a con se quence of gar bage col lec tion. 

15.12 Com pound State ment or Block

A com pound state ment or block of state ments is a se quence of state ments en closed in {}. A 
com pound state ment is treated as a sin gle item and may ap pear any where that a sin gle
state ment may oc cur.

15.13 Ex pres sion

An ex pres sion is made up of one or more op er a tions. They in turn are a mix ture of
operands and op er a tors. The eval u a tion of an ex pres sion typ i cally means that one or more
op er a tions are car ried out and a value is re turned.

15.14 if ex am ples

The if state ment se lects a state ment for ex e cu tion based on the value of a boolean ex pres -
sion. The ba sic syn tax is given by:

· if ( boolean-expression ) em bed ded-statement

· if ( boolean-expression ) em bed ded-statement else em bed ded-statement

We'll look at a cou ple of sim ple ex am ples.

15.14.1 Ex am ple 1: Sim ple if test

This ex am ples shows the ba sic syn tax of an if state ment.

us ing Sys tem;

class c1501
{
  static int Main() 
  {
    float x ;
    string line;
    Con sole.WriteLine(" Type in a num ber");
    line=Sys tem.Con sole.ReadLine();
    x=(float)dou ble.Parse(line);
    if ( x < 0 ) 
      Con sole.WriteLine(" x was neg a tive");
    re turn (0);
  }
}

Thus if x is less than zero the mes sage that x was neg a tive is printed to the screen.
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15.14.2 Ex am ple 2: Sim ple if else

This ex am ple shows the syn tax of the if else state ment.

us ing Sys tem;

class c1502
{
  static int Main() 
  {
    float x ;
    string line;
    Con sole.WriteLine(" Type in a num ber");
    line=Sys tem.Con sole.ReadLine();
    x=(float)dou ble.Parse(line);
    if ( x < 0 ) 
      Con sole.WriteLine(" x was neg a tive");
    else 
      Con sole.WriteLine(" x was pos i tive or zero ");
    re turn (0);
  }
}

15.14.3 Ex am ple 3: if else if else

This ex am ple shows how to com bine the if else with an other if test.

us ing Sys tem;

class if03
{
  static int Main() 
  {
    float x ;
    string line;
    Con sole.WriteLine(" Type in a num ber");
    line=Sys tem.Con sole.ReadLine();
    x=(float)dou ble.Parse(line);
    if ( x < 0 ) 
      Con sole.WriteLine(" x was neg a tive");
    else if (x > 0)
      Con sole.WriteLine(" x was pos i tive");
    else
      Con sole.WriteLine(" x was zero");
    re turn (0);
  }
}

15.15 Switch ex am ples

The switch state ment ex e cutes the state ments that are as so ci ated with the value of the con -
trol ling ex pres sion. The ba sic syn tax is

· switch-statement: switch ( ex pres sion ) switch-block

· switch-block: { switch-sectionsopt }
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· switch-sections: switch-section

· switch-sections switch-section

· switch-section: switch-labels state ment-list

· switch-labels: switch-label

· switch-labels switch-label

· switch-label: case con stant-expression :

· de fault :

A switch-statement con sists of the key word switch, fol lowed by a parenthesized ex pres sion
(called the switch ex pres sion), fol lowed by a switch-block. The switch-block con sists of
zero or more switch-sections, en closed in braces. Each switch-section con sists of one or
more switch-labels fol lowed by a state ment-list.

15.15.1 Ex am ple 4: Sim ple switch on in te ger in put

This ex am ple shows the ba sic syn tax of a switch state ment. In this ex am ple we use an in te -
ger vari able as the ba sis of the switch.

us ing Sys tem;

class c1504
{
  static int Main() 
  {
    int x ;
    string line;
    Con sole.WriteLine(" Type in an in te ger num ber");
    line=Sys tem.Con sole.ReadLine();
    x=int.Parse(line);
    switch (x)
    {
      case 0  : Con sole.WriteLine(" zero"); break;
      case 1  : Con sole.WriteLine(" one"); break;
      de fault : Con sole.WriteLine(" some thing else"); break;
    }
    re turn (0);
  }
}

What do you think will hap pen if you don't type in a valid in te ger?

15.15.2 Ex am ple 5: switch and sim ple cal cu la tor

This ex am ple looks at us ing a char ac ter vari able as the ba sis of the switch.

us ing Sys tem;

class c1505
{
  static int Main() 
  {
    int x1=0     ;
    int x2=0     ;
    int an swer=0 ;
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    string line;
    Con sole.WriteLine(" Type in the first in te ger num ber");
    line=Sys tem.Con sole.ReadLine();
    x1=int.Parse(line);
    Con sole.WriteLine(" Type in the sec ond in te ger num ber");
    line=Sys tem.Con sole.ReadLine();
    x2=int.Parse(line);
    Con sole.WriteLine(" Type in the op er a tor");
    line=Sys tem.Con sole.ReadLine();
    char c = line[0];
    switch (c)
    {
      case '+'  : an swer=x1+x2 ;

     Con sole.WriteLine(" + {0:F} ",an swer);break;
      case '-'  : an swer=x1-x2 ;

     Con sole.WriteLine(" - {0:F} ",an swer); break;
      case '/'  : an swer=x1/x2 ;

     Con sole.WriteLine(" / {0:F} ",an swer); break;
      case '*'  : an swer=x1*x2 ;

     Con sole.WriteLine(" * {0:F} ",an swer); break;
      de fault : Con sole.WriteLine(" in valid op er a tor");

     break;
    }
    re turn (0);
  }
}

15.15.3 Ex am ple 6: switch and count ing char ac ter types.

This ex am ple counts the num ber of vow els, con so nants, dig its and punc tu a tion in a line of
text.    
us ing Sys tem;

class c1506
{

static int Main() 
{

string line;

int l;
          int vowel=0,
              con so nant=0,
              digit=0,
              p=0;

Con sole.WriteLine(" Type in a line ");
line=Con sole.ReadLine();

          l=line.Length;
          char [] buffer = new char[l];
          for (int i=0;i<l;i++)
          {

Chapter 15 Control Structures 215

© Ian D Chivers



            buffer[i]=line[i];
          }
          foreach (char c in buffer)
          {
            switch (c)
            {
              case 'a' : 
              case 'e' : 
              case 'i' : 
              case 'o' : 
              case 'u' : 
              case 'A' : 
              case 'E' : 
              case 'I' : 
              case 'O' : 
              case 'U' : vowel++;break;
              case 'b' : 
              case 'c' : 
              case 'd' : 
              case 'f' : 
              case 'g' : 
              case 'h' : 
              case 'j' : 
              case 'k' : 
              case 'l' : 
              case 'm' : 
              case 'n' : 
              case 'q' : 
              case 'r' : 
              case 's' : 
              case 't' : 
              case 'v' : 
              case 'w' : 
              case 'x' : 
              case 'y' : 
              case 'z' : 
              case 'B' : 
              case 'C' : 
              case 'D' : 
              case 'F' : 
              case 'G' : 
              case 'H' : 
              case 'J' : 
              case 'K' : 
              case 'L' : 
              case 'M' : 
              case 'N' : 
              case 'P' : 
              case 'Q' : 
              case 'R' : 
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              case 'S' : 
              case 'T' : 
              case 'V' : 
              case 'W' : 
              case 'X' : 
              case 'Y' : 
              case 'Z' : con so nant++;break;
              case '1' : 
              case '2' : 
              case '3' : 
              case '4' : 
              case '5' : 
              case '6' : 
              case '7' : 
              case '8' : 
              case '9' : 
              case '0' : digit++;break; 

              de fault  : p++     ;break;
            }
          } 

     Con sole.Write(" vow els ");    
       Con sole.WriteLine(vowel);

     Con sole.Write(" con so nants ");
       Con sole.WriteLine(con so nant);

     Con sole.Write(" dig its ");
       Con sole.WriteLine(digit);

     Con sole.Write(" the rest ");  Con sole.WriteLine(p);
re turn 0;

}
}

15.16 It er a tion state ments: while, do, for and foreach

It er a tion state ments re peat edly ex e cute an em bed ded state ment. There are four types of it er -
a tion state ments, and these are

· while-state ment - The while state ment con di tion ally ex e cutes an em bed ded
statement zero or more times. 

· The ba sic syn tax is given by: while-state ment: while (

boolean-ex pres sion ) em bed ded-state ment

· do-state ment. The do state ment con di tion ally ex e cutes an em bed ded statement

one or more times. 

· The ba sic syn tax is given by: do-state ment: do em bed -

ded-state ment while ( boolean-ex pres sion );

· for-state ment. The for state ment eval u ates a se quence of ini tial iza tion ex pres -

sions and then, while a con di tion is true, re peat edly ex e cutes an em bed ded

statement and eval u ates a se quence of it er a tion ex pres sions.
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· The ba sic syn tax is given by: for-state ment: for 

( for-initializeropt ; for-conditionopt ; for-iteratoropt ) 

em bed ded-state ment

· foreach-state ment - The foreach state ment enu mer ates the el e ments of a col lec -

tion, ex e cut ing an em bed ded statement for each el e ment of the col lec tion.

· The ba sic syn tax is given by: foreach-state ment: foreach (

type iden ti fier in ex pres sion ) em bed ded-state ment

We will look at each in turn.

15.16.1 Ex am ple 7: while ex am ple us ing a sentinel

This ex am ple looks for a num ber within a list of num bers. It em ploys a tech nique called a
sen ti nel. We in sert the num ber we are look ing for into the list, one be yond the end. It is a
very ef fi cient way of solv ing the prob lem, as we only have one test each time through the
loop.

us ing Sys tem;
us ing Sys tem.IO;

class c1507
{
   pub lic static int Main()
   { 
     FileStream datastream = new 
       FileStream("c:\\ian\\sen ti nel_data.txt",
       FileMode.OpenOrCreate,
       FileAccess.Read);
     StreamReader r = new StreamReader(datastream);        

     string line;
     
     Con sole.WriteLine(" What num ber are you look ing for?");
     line=Con sole.ReadLine();
     int mark = int.Parse(line);

     Con sole.WriteLine(" How many num bers are there?");
     line=Con sole.ReadLine();
     int end = int.Parse(line);
     int [] a = new int[end+1];
     a[end]=mark;
     int i;
     for (i=0;i<end;i++)
     {
       line = r.ReadLine();
       a[i] = int.Parse(line);
       Con sole.WriteLine(a[i]);
     }
     r.Close();
     i=0;
     while (a[i] != mark) i++ ;
     if ( i == end)
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       Con sole.WriteLine(" Item not in list ");
     else
       Con sole.WriteLine(" Item at po si tion {0:f} ",i);

re turn(0);
  }
}

15.16.2 Ex am ple 8: do loop for the nu meric eval u a tion of e to the x

This ex am ple includes a way of cal cu lat ing ex

us ing Sys tem;

class c1508
{
  pub lic static int Main()
  {
    float x;
    float term=(float)1.0;
    int nterms=0;
    float etox=(float)1.0;
    float tol er ance = (float)1.0E-7;
    string line;

    Con sole.WriteLine(" Type in a num ber");
    line=Con sole.ReadLine();

    x=(float)dou ble.Parse(line);

    do
    {
      nterms=nterms+1;
      term=(x/nterms)*term;
      etox=etox+term;
    }
    while (Math.Abs(term) > tol er ance);

    Con sole.WriteLine(etox);
    Con sole.WriteLine(Math.Exp(x));

    re turn(0);
  }

}

Run the ex am ple. Com pare the re sult with the built in func tion.

15.16.3 Ex am ple 9: As in the pre vi ous ex am ple but now dou ble through out

We have an ex am ple us ing dou ble through out. No tice the new value for the tol er ance.

us ing Sys tem;

class c1509
{
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  pub lic static int Main()
  {
    dou ble x;
    dou ble term=1.0;
    int nterms=0;
    dou ble etox=1.0;
    dou ble tol er ance = 1.0E-15;
    string line;

    Con sole.WriteLine(" Type in a num ber");
    line=Con sole.ReadLine();

    x=dou ble.Parse(line);

    do
    {
      nterms=nterms+1;
      term=(x/nterms)*term;
      etox=etox+term;
    }
    while (Math.Abs(term) > tol er ance);

    Con sole.WriteLine(etox);
    Con sole.WriteLine(Math.Exp(x));

    re turn(0);
  }

}

Run this ex am ple and compare the out put with the built in func tion.

15.16.4 Ex am ple 10: for loop and sim ple loop dec re ment

We have seen sev eral for loop ex am ples through out the notes al ready. The fol low ing shows 
that we can dec re ment through the loop too.

us ing Sys tem;

class c1510
{
  static int Main()
  {
    for (int i=10;i>=0;--I)
      Con sole.WriteLine(i);
    re turn(0);
  }
}

15.16.5 Ex am ple 11: Cu ri ous for loop

What do you think will hap pen in this ex am ple? Try run ning it.

us ing Sys tem;
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class c1511
{
  static int Main()
  {
    for (;;)
      Con sole.WriteLine(" Hello");
    re turn(0);
  }
}

Try us ing [CTRL] + C to stop the pro gram.

15.16.6 Ex am ple 12: sim ple foreach

You have al ready seen this state ment through out the book. This is an other sim ple ex am ple
which also uses two ar ray meth ods, Ar ray.Re verse and Ar ray.Sort.

us ing Sys tem;
us ing Sys tem.IO;

class c1512
{
  static int Main()
  {
    const int size = 12;
    dou ble [] rain fall = new dou ble[size];
    dou ble sum=0.0,av er age=0.0;
    int month;
    string line;
     FileStream datastream = new 
       FileStream("c:\\doc u ment\\csharp\\ptr\\1952.txt",
       FileMode.OpenOrCreate,
       FileAccess.Read);
     StreamReader r = new StreamReader(datastream);

    for (month=0;month<rain fall.Length;month++)
    {
      line=r.ReadLine();
      rain fall[month]=dou ble.Parse(line);
      sum+=rain fall[month];
    }
    Con sole.WriteLine(" Orig i nal val ues are ");
    foreach (dou ble value in rain fall)
    {
      Con sole.WriteLine("{0,5:###.0}",value);
    }
    av er age = sum/size;
    Con sole.Write(" Sum is  ");
    Con sole.WriteLine(sum);
    Con sole.Write(" av er age is  ");
    Con sole.WriteLine(av er age);
    Con sole.WriteLine(" Val ues af ter call to re verse ");
    Ar ray.Re verse(rain fall);
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    foreach (dou ble value in rain fall)
    {
      Con sole.WriteLine("{0,5:###.0}",value);
    }
    Ar ray.Sort(rain fall);
    Con sole.WriteLine(" Val ues af ter call to sort ");
    foreach (dou ble value in rain fall)
    {
      Con sole.WriteLine("{0,5:###.0}",value);
    }
    re turn 0;
  }
}

Run the pro gram.

15.17 Jump state ments

Jump state ments un con di tion ally trans fer con trol. There are five jump state ments:

· break-statement

· con tinue-statement

· goto-statement

· re turn-statement

· throw-statement

The lo ca tion to which a jump state ment trans fers con trol is called the tar get of the jump
state ment.

15.17.1 break ex am ples

The break state ment ex its the near est en clos ing switch, while, do, for, or foreach state ment.

break-statement: break ;

The tar get of a break state ment is the end point of the near est en clos ing switch, while, do,
for, or foreach state ment. 

15.17.2 con tinue ex am ples

The con tinue state ment starts a new it er a tion of the near est en clos ing while, do, for, or
foreach state ment. The ba sic syn tax is given by:

con tinue-statement: con tinue ;

The tar get of a con tinue state ment is the end point of the em bed ded state ment of the near est 
en clos ing while, do, for, or foreach state ment. 

When mul ti ple while, do, for, or foreach state ments are nested within each other, a con tinue 
state ment ap plies only to the in ner most state ment. To trans fer con trol across mul ti ple nest -
ing lev els, a goto state ment must be used.

15.17.3 goto

The goto state ment trans fers con trol to a state ment that is marked by a la bel.

goto-statement:

goto iden ti fier ;

goto case con stant-expression ;

goto de fault ;
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The tar get of a goto iden ti fier state ment is the la belled state ment with the given la bel. This
rule per mits the use of a goto state ment to trans fer con trol out of a nested

scope, but not into a nested scope.

15.18 re turn

The re turn state ment re turns con trol to the caller of the func tion mem ber in which the re -
turn state ment ap pears.

re turn-statement: re turn expressionopt ;

A re turn state ment with no ex pres sion can be used only in a func tion mem ber that does not
com pute a value, that is, a method with the re turn type void, the set accessor of a prop erty
or in dexer, a con struc tor, or a de struc tor.

15.18.1 Ex am ple 13: sim ple jump usage

The fol low ing is a com plete ex am ple il lus trat ing the use of some of the above. We will
cover the use of the throw state ment later.

us ing Sys tem;

class c1513
{
  static int Main()
  {
    int i;
    int [] j={0,1,2,3,4,5,6,7,8,9};
    for (i=0;i<j.Length;i++)
    {
      if (j[i]>5) goto end;
      Con sole.Write(" In dex = ");
      Con sole.Write(i);
      Con sole.Write(" value = ");
      Con sole.WriteLine(j[i]);
      con tinue;
      end: Con sole.WriteLine(" j[i] now greater than 5 ");
      break;
    }
    re turn(0);
  }
}

Run the pro gram to see what hap pens at ex e cu tion time.

15.19 try, catch and throw

This is a brief cov er age of try, catch and throw. Later chap ters have com plete and more re -
al is tic ex am ples. The ba sic syn tax is:

throw - The throw state ment throws an ex cep tion.

throw-statement: throw expressionopt ;

A throw state ment with an ex pres sion throws the ex cep tion pro duced by eval u at ing the ex -
pres sion. The ex pres sion must de note a value of the class type Sys tem.Ex cep tion or of a
class type that de rives from Sys tem.Ex cep tion. If eval u a tion of the ex pres sion pro duces
null, a NullReferenceException is thrown in stead.
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try

The try state ment pro vides a mech a nism for catch ing ex cep tions that oc cur dur ing ex e cu -
tion of a block. The try state ment fur ther more pro vides the abil ity to spec ify a block of
code that is al ways ex e cuted when con trol leaves the try state ment.

try-statement:

try block catch-clauses

try block fi nally-clause

try block catch-clauses fi nally-clause

catch-clauses:

spe cific-catch-clauses gen eral-catch-clauseopt

spe cific-catch-clausesopt gen eral-catch-clause

spe cific-catch-clauses:

spe cific-catch-clause

spe cific-catch-clauses spe cific-catch-clause

spe cific-catch-clause:

catch ( class-type identifieropt ) block

gen eral-catch-clause:

catch block

fi nally-clause:

fi nally block

There are three pos si ble forms of try state ments:

· A try block fol lowed by one or more catch blocks.

· A try block fol lowed by a fi nally block.

· A try block fol lowed by one or more catch blocks fol lowed by a fi nally block.

When a catch clause spec i fies a class-type, the type must be Sys tem.Ex cep tion or a type
that de rives from Sys tem.Ex cep tion.

These state ments are used pri mar ily when han dling ex cep tions. The ex am ples are in the
next chap ter.

15.20 Sum mary

This chap ter has shown the use of most of the con trol struc tures in C#. The rest can be
found through out the book, in more re al is tic ex am ples.

15.21 Prob lems

1. Write a pro gram that reads a num ber from in put and then prints a mes sage tell ing the use 
if the num ber is pos i tive or neg a tive.

2. Mod ify the above pro gram to test for zero also and print out a mes sage say ing so.

3. Write a pro gram to print out the 12 times ta ble. Out put should be of the form

            1          *          12        =          12

            2          *          12        =          24

            3          *          12        =          36

            4          *          12        =          48

            5          *          12        =          60
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...

...

4. Write a pro gram that pro duces a con ver sion ta ble from litres to pints and vice versa. One 
litre is ap prox i mately 1 ¾ pints. The out put should com prise three col umns. The mid dle
col umn should be an in te ger and the col umns to the left and right should be the cor re spond -
ing pints and litre val ues. This en ables the mid dle col umn to be scanned quickly and the
cor re spond ing equiv a lent in litres or pints read eas ily.

5. Re write the pro gram for the pe riod of a pen du lum. The new pro gram should print out the 
length of the pen du lum and pe riod for lengths of the pen du lum from 0 to 100 cm in steps
of 0.5 cm.

6. Re write the BMI pro gram from an ear lier chap ter to print out the BMI value plus a com -
ment about their weight. Use the fol low ing in for ma tion.

Grades of obe sity ac cord ing to Garrow as fol lows:

            Grade 0 (de sir able) 20–24.9

            Grade 1 (over weight) 25–29.9

            Grade 2 (obese) 30–40

            Grad 3 (mor bidly obese) >40

            Ideal BMI range, 

            Men, Range 20.1–25 kg/m2

            Women, Range 18.7–23.8 kg/m2

6. In math e mat ics, the Fibonacci num bers are the num bers in the fol low ing in te ger se -
quence:

0, 1, 1, 2, 3, 5, 8, 13, 21, 34, 55

By def i ni tion, the first two num bers in the Fibonacci se quence are 0 and 1, and each sub se -
quent num ber is the sum of the pre vi ous two. In math e mat i cal terms, the se quence Fn of
Fibonacci num bers is de fined by the re cur rence re la tion

                        Fn = Fn-1 + Fn-2

with seed val ues

                        F0=0 and F1=1 

Write a pro gram us ing a loop that cal cu lates and prints the first 20 Fibonacci num bers.

The phys i cal world has many ex am ples where pro cesses re quire some thresh old to be over -
come be fore they be gin op er a tion: crit i cal mass in nu clear re ac tions, a given slope to be ex -
ceeded be fore fric tion is over come, and so on. Un for tu nately, most of these sorts of cal cu la -
tions be come rather com plex and not re ally ap pro pri ate here. The fol low ing prob lem tries to 
re strict the range of cal cu la tion, whilst il lus trat ing the pos si bil i ties of de ci sion mak ing.

7. If a cu bic equa tion is ex pressed as:

            z3 + a2z2 + a1z + a0 = 0

and we let:

            q=a1/3-(a2*a2)/9

and:

            r=(a1*a2-3a0)/6-(a2*a2*a2)/27

we can de ter mine the na ture of the roots as fol lows:

            q3 + r2 > 0; one real root and a pair of com plex;
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            q3 + r2 = 0; all roots real, and at least two equal;

            q3 + r2 < 0; all roots real;

In cor po rate this into a suit able pro gram, to de ter mine the na ture of the roots of a cu bic from 

suit able in put. 

15.22 Bib li og ra phy

Dahl O. J., Dijkstra E. W., Hoare C. A. R., Struc tured Pro gramming, Ac a demic Press, 1972.

· This is the orig i nal text, and a must. The quote at the start of the chap ter by

Dijkstra sum ma rizes beau ti fully our lim i ta tions when pro gram ming and the dis -

ci pline we must have to suc cess fully mas ter pro gram ming.

Knuth D. E., Struc tured Pro gramming with GOTO State ments, in Cur rent Trends in Pro -
gramming Meth od ol ogy, Vol ume 1, Prentice Hall.

· The chap ter by Knuth pro vides a very suc cinct cov er age of the ar gu ments for the 

adop tion of struc tured pro gram ming, and dis pels many of the myths con cern ing

the use of the GOTO state ment. Highly rec om mended.
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Aims

The aim of this chap ter is to pro vide a brief in tro duc tion to in put and out put in C#.

The ex am ples il lus trate the use of

· ReadLine

· WriteLine

· the Con sole class

· the StreamReader class

· spec i fy ing file names

· writ ing large text files with tim ing

· read ing large text files with tim ing

· writ ing large bi nary files with tim ing

· read ing large bi nary files with tim ing

· read ing files from a web server

· read ing the Met Of fice His toric Data files and sav ing lo cally

· read ing tab u lar data from a text file

16 Input and Output
In put and out put can be done in C# us ing streams and files.

Sim plis tically a file can be thought of as hav ing a num ber of at trib utes in clud ing

· name

· size

· ex is tence within a di rec tory struc ture

amongst oth ers. It is also per ma nent.

A stream can be thought of as a ge neric mech a nism for read ing and writ ing bytes, with out
re gard for the un der ly ing de vice, e.g. disk, net work, tape or mem ory.

The Sys tem.IO namespace con tains types that pro vide both syn chro nous and asyn chron ous
read ing and writ ing on data streams and files. 

The Sys tem.Con sole class pro vides ba sic sup port for ap pli ca tions that read and write char -
ac ters to and from the con sole, gen er ally the key board and screen. There are three sup -
ported streams:

· stan dard in put

· stan dard out put

· stan dard er ror

These streams are au to mat i cally as so ci ated with the con sole when your ap pli ca tion starts,
and are pre sented to you as the In, Out, and Er ror prop er ties.

The Sys tem.IO.File class pro vides static meth ods for the cre ation, copy ing, de le tion, mov -
ing, and open ing of files, and aids in the cre ation of FileStream ob jects.

We will look at some sim ple ex am ples that high light the above.
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16.1 Ex am ple 1: Text i/o us ing the Con sole class

The fol low ing pro gram reads and writes a line of text.

us ing Sys tem;

class c1601
{
  static int Main() 
  {
    string line;
    Con sole.WriteLine(" Type in a line ");
    line=Con sole.ReadLine();
    Con sole.WriteLine(line);
    re turn 0;
  }
}

We are us ing the Sys tem.Con sole class to do the i/o. De tails of the mem bers of this class
are given later in the chap ter.

16.2 Ex am ple 2 : Nu meric i/o us ing the Con sole class

The fol low ing ex am ple does sim ple nu meric i/o us ing the Sys tem.Con sole class.

us ing Sys tem;

class c1602
{
  static int Main() 
  {
    float [] x = new float [3];
    float sum=(float)0;
    string line;
    Con sole.Write(" Type in three num bers");
    Con sole.WriteLine(", one per line");
    for (int i=0;i<x.Length;i++)
    {
      line=Sys tem.Con sole.ReadLine();
      x[i]=(float)dou ble.Parse(line);
      sum+=x[i];
    }
    Con sole.WriteLine(" sum is {0:F} ",sum);
    re turn (0);
  }
}

We read the whole line and parse the line to ex tract the num ber we are in ter ested in. You
will get a parse er ror if the num bers are not in the for mat ex pected by C#. 

16.3 Ex am ple 3: Text i/o from files us ing the StreamReader class

In this ex am ple we look at i/o us ing the StreamReader class.

us ing Sys tem;
us ing Sys tem.IO;
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class c1603
{
  static int Main() 
  {
    string line;
    const string file name="io11.txt";
    if (!File.Ex ists(file name))
    {
      Con sole.WriteLine("{0} not found.", file name);
      re turn 1;
    }
    StreamReader in put_file=File.OpenText(file name);
    line = in put_file.ReadLine();
    Con sole.WriteLine(line);
    re turn 0;
  }
}

In this ex am ple the file name is hard coded into the pro gram. The file is as sumed to ex ist in 
the di rec tory where you run the pro gram.

The File.Ex ists method is part of the Sys tem.IO.File class and more de tails are
given later in the chap ter.

Here is the sig na ture of the File.OpenText(String)  method.

pub lic static Sys tem.IO.StreamReader OpenText (string path)

This method is equiv a lent to the StreamReader(String) con struc tor over load.

16.4 Ex am ple 4: Nu meric i/o from files us ing the StreamReader class

This is a sim ple vari ant on the above, but now we are read ing nu meric data.

us ing Sys tem;
us ing Sys tem.IO;

class c1604
{
  static int Main() 
  {
    float [] x = new float [3];
    float sum=(float)0;
    string line;

    const string file name="io12.txt";

    if (!File.Ex ists(file name))
    {
      Con sole.WriteLine("{0} not found.", file name);
      re turn 1;
    }

    StreamReader in put_file=File.OpenText(file name);
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    for (int i=0;i<x.Length;i++)
    {
      line=in put_file.ReadLine();
      x[i]=(float)dou ble.Parse(line);
      sum+=x[i];
    }
    Con sole.WriteLine(" sum is {0:F} ",sum);
    re turn (0);
  }
}

The file io12.txt is as sumed to ex ist in the di rec tory that the pro gram runs in.

16.5 Ex am ple 5 : Spec i fy ing the file name fully - ver sion 1

In this ex am ple we com pletely spec ify where the file is. Note the use of \\ within the string. 
This is be cause the \ char ac ter is used to spec ify es cape se quences in strings.
us ing Sys tem;
us ing Sys tem.IO;

class c1605
{
  static int Main() 
  {
    string line;
    const string file name="c:\\doc u ment\\csharp\\io11.txt";
    if (!File.Ex ists(file name))
    {
      Con sole.WriteLine("{0} not found.", file name);
      re turn 1;
    }
    StreamReader in put_file=File.OpenText(file name);
    line = in put_file.ReadLine();
    Con sole.WriteLine(line);
    re turn 0;
  }
}

16.6 Ex am ple 6: Spec i fy ing the file name fully - ver sion 2

C# pro vides an other way of han dling the is sue of the oc cur rence of \ char ac ters in strings.
Have a look at the fol low ing ex am ple.

us ing Sys tem;
us ing Sys tem.IO;

class c1606
{
  static int Main() 
  {
    string line;
    const string file name=@"c:\doc u ment\csharp\io11.txt";
    if (!File.Ex ists(file name))
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    {
      Con sole.WriteLine("{0} not found.", file name);
      re turn 1;
    }
    StreamReader in put_file=File.OpenText(file name);
    line = in put_file.ReadLine();
    Con sole.WriteLine(line);
    re turn 0;
  }
}

The key here is

@"c:\doc u ment\csharp\io11.txt"

where the @ char ac ter turns off es cape pro cess ing be tween the open ing and clos ing “.

16.7 Ex am ple 7 : Read ing a file name from stan dard input

This ex am ple prompts for the in put file name.

us ing Sys tem;
us ing Sys tem.IO;

class c1607
{
  static int Main() 
  {
    string line;
    string file name;

    Con sole.Write(" Type in the file name : ");
    file name=Con sole.ReadLine();

    if (!File.Ex ists(file name))
    {
      Con sole.WriteLine("{0} not found.", file name);
      re turn 1;
    }

    StreamReader in put_file=File.OpenText(file name);
    line = in put_file.ReadLine();
    Con sole.WriteLine(line);
    re turn 0;
  }
}

16.8 Ex am ple 8: Read ing a file name from the com mand line

This ex am ple reads the file name from the com mand line.

us ing Sys tem;
us ing Sys tem.IO;

class c1608
{
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  static int Main(string[] args) 
  {
    string line;
    string file name;
    int i=args.Length;
    if (i==0)
    {
       Con sole.WriteLine(" No file name pro vided");
       re turn(1);
    }
    
    file name=args[0];
    if (!File.Ex ists(file name))
    {
      Con sole.WriteLine("{0} not found.", file name);
      re turn (1);
    }
    StreamReader in put_file=File.OpenText(file name);
    line = in put_file.ReadLine();
    Con sole.WriteLine(line);
    re turn 0;
  }
}

16.9 Ex am ple 9: Writ ing large text files

The next four ex am ples look at tim ing the reading and writ ing of text and bi nary files. 

us ing Sys tem;
us ing Sys tem.IO;

pub lic class c1609
{
  pub lic static int Main()
  {
    const int n=100000000;
    int    [] x = new int[n];
    int i;
    const string file name=
      "c:\\doc u ment\\csharp\\random01.txt";
    StreamWriter out put_file = File.CreateText(file name);
    Ran dom ran dom_num ber = new Ran dom();

    Con sole.WriteLine(DateTime.Now);

    for(i=0;i<n;i++)
    {
      x[i]=ran dom_num ber.Next();
    }

    Con sole.WriteLine(DateTime.Now);
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    for(i=0;i<n;i++)
    {
      out put_file.WriteLine(x[i]);
    }
    out put_file.Close();

    Con sole.WriteLine(DateTime.Now);

    re turn(0);
  }
}

Here is the out put from run ning the pro gram.
02/12/2011 16:45:02
02/12/2011 16:45:03
02/12/2011 16:45:28

16.10 Ex am ple 10: Read ing large text file

This pro gram reads back in the data file cre ated by the pre vi ous pro gram.

us ing Sys tem;
us ing Sys tem.IO;

pub lic class c1610
{
  pub lic static int Main()
  {
    const int n=100000000;
    int    [] x = new int[n];
    int i;
    const string file name=
      "c:\\doc u ment\\csharp\\random01.txt";
    StreamReader in put_file = File.OpenText(file name);

    Con sole.WriteLine(DateTime.Now);

    for(i=0;i<n;i++)
    {
      x[i]=int.Parse(in put_file.ReadLine());
    }
    in put_file.Close();

    Con sole.WriteLine(DateTime.Now);

    for(i=0;i<10;i++)
    {
      Con sole.WriteLine(x[i]);
    }
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    Con sole.WriteLine(DateTime.Now);

    re turn(0);

  }
}

Here is the out put from run ning the pro gram.
02/12/2011 16:48:22
02/12/2011 16:48:50
2142481193
352359801
593426147
1483873963
1155966312
855627561
540917346
525808542
1375462962
598223867
02/12/2011 16:48:50

16.11 Ex am ple 11: Writ ing large bi nary files

Here is the pro gram.

us ing Sys tem;
us ing Sys tem.IO;

pub lic class c1611
{
  pub lic static int Main()
  {
    const int n=100000000;
    int    [] x = new int[n];
    int i;
    const string file name=
      "c:\\doc u ment\\csharp\\random01.out";
    FileStream fs = File.Cre ate(file name);
    BinaryWriter bw = new BinaryWriter(fs);
    Ran dom ran dom_num ber = new Ran dom();

    Con sole.WriteLine(DateTime.Now);

    for(i=0;i<n;i++)
    {
      x[i]=ran dom_num ber.Next();
    }
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    Con sole.WriteLine(DateTime.Now);

    for(i=0;i<n;i++)
    {
      bw.Write(x[i]);
    }
    bw.Close();

    Con sole.WriteLine(DateTime.Now);

    re turn(0);

  }
}

Here is the out put from run ning the pro gram.
02/12/2011 16:50:54
02/12/2011 16:50:55
02/12/2011 16:50:59

16.12 Ex am ple 12: Read ing large bi nary files

This pro gram reads in the file cre ated in the pre vi ous pro gram.

us ing Sys tem;
us ing Sys tem.IO;
us ing Sys tem.Text;

pub lic class c1612
{
  pub lic static int Main()
  {
    const int n=100000000;
    int    [] x = new int[n];
    int i;
    const string file name= 
      "c:\\doc u ment\\csharp\\random01.out";
    FileStream fs = File.Open(file name,FileMode.Open);
    BinaryReader br = new BinaryReader(fs);

    Con sole.WriteLine(DateTime.Now);

    for(i=0;i<n;i++)
    {
      x[i]=br.ReadInt32();
    }
    br.Close();

    Con sole.WriteLine(DateTime.Now);

    for(i=0;i<10;i++)

Chapter 16 Input and Output 235

© Ian D Chivers



    {
      Con sole.WriteLine(x[i]);
    }

    Con sole.WriteLine(DateTime.Now);

    re turn(0);
  }
}

Here is the out put from run ning the pro gram.
02/12/2011 16:54:11
02/12/2011 16:54:15
1865268733
1423355262
1392464613
2136959089
1309859604
2091720977
606180050
332660615
1423578994
395170841
02/12/2011 16:54:15

16.13 Ex am ple 13: Read ing a file from a web server

This ex am ple reads a file from a web server.

us ing System;
us ing Sys tem.Net;
us ing Sys tem.Net.Sockets;
us ing Sys tem.IO;
us ing Sys tem.Text;

class c1613
{
  static int Main()
  {
    HttpWebRequest  httpwreq   = (HttpWebRequest)
    WebRequest.Cre ate(
"http://www.rhymneyconsulting.co.uk/csharp/ian_art ists.txt");

    HttpWebResponse httpwresp  = (HttpWebResponse)
      httpwreq.GetResponse();
    StreamReader in put_stream = new 
      StreamReader
      (httpwresp.GetResponseStream(),En coding.ASCII);
    string in put_string;
    in put_string=in put_stream.ReadToEnd();
    Con sole.WriteLine(in put_string);
    in put_stream.Close();
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    return(0);
  }

}

This is a sur pris ingly short pro gram! Here is a sam ple of the out put from run ning the pro -
gram.
"Allman Broth ers Band"
"Amen Cor ner"
"Andy Wil liams"
"An nie Lennox"
...
...
"The Steve Miller Band"
"The Vel vet Un der ground"
"The Who"
"Thin Lizzy"
"Todd Rundgren"
"Tom Petty and the Heart break ers"
"Tracy Chap man"
"U2"
"Van Mor ri son"
"Weather Re port"
"XTC"
"Yardbirds"
"Yes"
"ZZ Top"

Let us look in more de tail at the pro gram. The first thing that we need to do is make avail -
able some of the net work ing classes. These is done with the us ing System.Net; and
us ing System.Net.Sock ets; state ments.

The next thing that we need to do is cre ate a vari able of type HttpWebRequest. This is done 
in the fol low ing state ment.
    HttpWebRequest  httpwreq   = (HttpWebRequest)
    WebRequest.Cre ate(
"http://www.rhymneyconsulting.co.uk/csharp/ian_art ists.txt");

and we pro vide a url of a file on a web server. The file is a list of mu si cal art ists, taken
from some of the mu sic on my ipod.

The next thing we need to do is cre ate a vari able of type HttpWebResponse and we do this
in the state ment be low.
    HttpWebResponse httpwresp  = (HttpWebResponse)
      httpwreq.GetResponse();

We then need to cre ate a StreamReader and link the StreamReader to the file on the web
server. This is done in the state ment be low.
    StreamReader in put_stream = new 
      StreamReader
      (httpwresp.GetResponseStream(),En cod ing.ASCII);

We then need a string vari able to read the data into.
    string in put_string;

Fi nally we ac tu ally read the file from the web server and print it out, and close the file.
    in put_string=in put_stream.ReadToEnd();
    Con sole.WriteLine(in put_string);
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    in put_stream.Close();

As we said be fore this is re mark ably short pro gram, and the net work classes hide a lot of
com plex ity.

16.14 Ex am ple 14: Read ing the Met Offfice His toric data files

The UK Met Of fice make avail able sta tion data for over 30 sites. Here is their web ad dress.

http://www.metoffice.gov.uk/pub lic/weather/cli mate-his -
toric/#?tab=climateHistoric

Visit the site and you will see a map of the UK with the sta tion sites high lighted.

The pro gram reads each sta tion data file in turn and saves lo cally. The sites are
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·  aberporth

·  armagh

·  ballypatrick

·  brad ford

·  braemar

·  camborne

·  cam bridge

·  car diff

·  chivenor

·  cwmystwyth

·  dunstaffnage

·  dur ham

·  eastbourne

·  eskdalemuir

·  heathrow

·  hurn

·  lerwick

·  leuchars

·  lowestoft

·  manston

·  nairn

·  newtonrigg

·  ox ford

·  pais ley

·  ringway

·  rossonwye

·  shawbury

·  shef field

·  southampton

·  stornoway

·  suttonbonington

·  tiree

·  val ley

·  waddington

·  whitby

·  wickairport

·  yeovilton
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Here is the pro gram.

us ing Sys tem;
us ing Sys tem.Net;
us ing Sys tem.Net.Sock ets;
us ing Sys tem.IO;
us ing Sys tem.Text;

class c1514
{

  static int Main()
  {

    const int n_sites=37;

/*
check the base ad dress
https://www.metoffice.gov.uk/pub/data/weather/uk/cli -
mate/stationdata/cwmystwythdata.txt
*/

    string base_ad dress =
@"https://www.metoffice.gov.uk/pub/data/weather/uk/cli -
mate/stationdata/";

    string [] sta tion_name = 
    {
    "aberporth"       , "armagh"       ,  "ballypatrick",   

    "brad ford"        , "braemar"      ,  "camborne",    
    "cam bridge"       , "car diff"      ,  "chivenor",
    "cwmystwyth"      , "dunstaffnage" ,  "dur ham",
    "eastbourne"      , "eskdalemuir"  ,  "heathrow",
    "hurn"            , "lerwick"      ,  "leuchars",    

    "lowestoft"       , "manston"      ,  "nairn",
    "newtonrigg"      , "ox ford"       ,  "pais ley",    
    "ringway"         , "rossonwye"    ,  "shawbury",
    "shef field"       , "southampton"  ,  "stornoway",   
    "suttonbonington" , "tiree"        ,  "val ley",
    "waddington"      , "whitby"       ,  "wickairport",    
"yeovilton",
    };

    string [] web_ad dress = new string[n_sites];

    string last_part="data.txt";
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    string in put_string;

    int i;

    // cre ate the web ad dress of each file

    for (i=0;i<n_sites;i++)
    {
      web_ad dress[i]=base_ad dress+sta tion_name[i]+last_part;
      Sys tem.Con sole.WriteLine(web_ad dress[i]);
    }

    string[] lo cal_data_file = 
    {
      "aberporthdata.txt",  "armaghdata.txt",     
"ballypatrickdata.txt",   "bradforddata.txt",
      "braemardata.txt",    "cambornedata.txt",   
"cambridgedata.txt",      "cardiffdata.txt",
      "chivenordata.txt",   "cwmystwythdata.txt", 
"dunstaffnagedata.txt",   "durhamdata.txt",
      "eastbournedata.txt", "eskdalemuirdata.txt",
"heathrowdata.txt",       "hurndata.txt",
      "lerwickdata.txt",    "leucharsdata.txt",   
"lowestoftdata.txt",      "manstondata.txt",
      "nairndata.txt",      "newtonriggdata.txt", 
"oxforddata.txt",         "paisleydata.txt",
      "ringwaydata.txt",    "rossonwyedata.txt",  
"shawburydata.txt",       "sheffielddata.txt",
      "southamptondata.txt","stornowaydata.txt",  
"suttonboningtondata.txt","tireedata.txt",
      "valleydata.txt",     "waddingtondata.txt", 
"whitbydata.txt",         "wickairportdata.txt",
      "yeoviltondata.txt"
    }; 

/*

The fol low ing er ror ocurred in No vem ber 2022.
Un han dled Ex cep tion: Sys tem.Net.WebException: 
The re quest was aborted: Could not cre ate SSL/TLS se cure
chan nel.
   at Sys tem.Net.HttpWebRequest.GetResponse()

The so lu tion was scraped off the internet.

The fol low ing 2 lines were in serted.

*/

    ServicePointManager.Expect100Continue = true;
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    ServicePointManager.SecurityProtocol =
SecurityProtocolType.Tls12;

    StreamWriter out put_file;

    for (i=0;i<n_sites;i++)
    {
      // cre ate the web ad dresses

      Sys tem.Con sole.WriteLine("Cre at ing the web ad -
dresses");

      HttpWebRequest  httpwreq   = (HttpWebRequest)
      WebRequest.Cre ate(web_ad dress[i]);

      // set up con nec tion

      Sys tem.Con sole.WriteLine("Set ting up the con nec tion");

      HttpWebResponse httpwresp  = (HttpWebResponse)
      httpwreq.GetResponse();

      // set up in put stream

      Sys tem.Con sole.WriteLine("Set ting up the in put
stream");

      StreamReader in put_stream = new 
        StreamReader
        (httpwresp.GetResponseStream(),En cod ing.ASCII);

      // read the whole file

      Sys tem.Con sole.WriteLine("Read ing the whole file");

      in put_string=in put_stream.ReadToEnd();

      // cre ate the out put file

      Sys tem.Con sole.WriteLine("Cre at ing the out put file");

      out put_file = File.CreateText(lo cal_data_file[i]);

      out put_file.WriteLine(in put_string);

      in put_stream.Close();
      out put_file.Close();

      Sys tem.Con sole.WriteLine("End of loop");
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    }
    re turn(0);
  }
}

We  will use this pro gram to down load the files for some of the prob lems.

16.15 Ex am ple 15: Read ing tab u lar data from a text file

Data is of ten pre sented in a tab u lar for mat, and the fol low ing is a sim ple ta ble of peo ples
heights and weights.

1.70 70
1.68 58
1.82 80
1.68 57
1.78 50
1.80 60
1.70 58
1.85 77
1.78 57
1.72 61
1.61 55
1.90 80
1.76 69
1.77 69
1.57 56
1.70 70
1.81 66
1.78 73
1.68 79
1.75 60

In the ex am ples so far we have only read one num ber at a time from a file. In this ex am ple
we will show how to ex tract two num bers from the file. The pro gram can be eas ily mod i -
fied to cope with three or more val ues.

We will use this data to cal cu late body mass in dex for each per son. The data is taken from
a group of first year un der grad u ates.

Your body mass in dex is your weight di vided by your height squared.

Grades of obe sity ac cord ing to Garrow are as fol lows

· Grade 0 - de sir able 20-24.9

· Grade 1 - over weight 25-29.9

· Grade 2 - obese 30-40

· Grade 3 - mor bidly obese > 40

Ideal BMI ranges

· Men - 20.1-25 kg/m2

· Women 18.8-23.8 kg/m2

us ing System;

class c1615
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{
pub lic static int Main()

    {
int  n=20;

        float [] h=new float [n];
        float [] w=new float [n];
        float bmi;
        string line;
        string hs;
        string ws;
        for (int i=0;i<h.Length;i++)
        {
            line=Sys tem.Con sole.ReadLine();
            hs=line.Substring(0,4);
            ws=line.Substring(5,2);
            h[i]=(float)dou ble.Parse(hs);
            w[i]=(float)dou ble.Parse(ws);
        }
        for (int i=0;i<w.Length;i++)
            {
            bmi=w[i]/(h[i]*h[i]);
            Sys tem.Con sole.WriteLine(" {0:f} " , bmi);
            }
     return 0;
   }

}

The key point in this ex am ple is to read in the whole line into a string and then ex tract
substrings from this string, one for each num ber.

The Substring method is used to do this. The first ar gu ment is the start ing po si tion and the
sec ond is the num ber of char ac ters to ex tract. Counting starts at 0 in C# when han dling
strings. We can then parse each string in run to get the num bers we are in ter ested in.

16.16 Ex am ple 16: Ex tract ing the C# source files from the notes

Here is a pro gram to ex tract the pro gram ex am ples in the book from the chap ter files. We
also use a sed script first that cre ates one filw with all of the ex am ples. The pro gram then
ex tracts each file in turn.

Here is the one line sed script.

sed -n '/^us ing /,/^}/w c15_ex am ples.txt' c15.txt

Here is the source file.

us ing Sys tem;
us ing Sys tem.IO;

/*

Up date each run for the
num ber of ex am ples in each chap ter

*/
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class gen er ate_pro gram_ex am ples
{

  static int Main()
  {

    const int      n =  13 ;
    string base_name = "c15";
    string file_type = ".cs";

    string        in put_file_name   = "c15_ex am ples.txt";
    StreamReader  in put_file        = File.OpenText(in -
put_file_name);

    string        out put_file_name  ;
    StreamWriter  out put_file ;
    string line;

    for (int i=0;i<n;i++)
    {

      out put_file_name = base_name + String.For -
mat("{0:d2}",i+1) + file_type;
      Con sole.WriteLine(out put_file_name);

      out put_file = File.CreateText(out put_file_name);

      for(;;)
      {

        line = in put_file.ReadLine();

        if ( line.Length > 0 )
        { 
          if ( line.Substring(0,1) == "}" )
          {
            out put_file.WriteLine(line);
            out put_file.Close();
            break;
          }
        }

        out put_file.WriteLine(line);

      }         
      
    } 
 
  re turn (0);
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  }

}

16.17 The Sys tem.Con sole Class

This class has the fol low ing pub lic prop er ties

· Er ror - Gets the stan dard er ror out put stream. 

· In - Gets the stan dard in put stream. 

· Out - Gets the stan dard out put stream. 

and the fol low ing pub lic meth ods

· OpenStandardError - Ac quires the stan dard er ror stream. 

· OpenStandardInput - Ac quires the stan dard in put stream. 

· OpenStandardOutput - Ac quires the stan dard out put stream. 

· Read - Reads the next char ac ter from the stan dard in put stream. 

· ReadLine - Reads the next line of char ac ters from the stan dard in put stream. 

· SetError - Sets the Er ror prop erty to the spec i fied TextWriter. 

· SetIn - Sets the In prop erty to the spec i fied TextReader. 

· SetOut - Sets the Out prop erty to the spec i fied TextWriter. 

· Write - Writes to the stan dard out put stream. 

· WriteLine - Writes to the stan dard out put stream, add ing a new line. 

More de tailed in for ma tion can be found in the on-line help.

16.18 The StreamReader Class

The StreamReader class is de signed for char ac ter in put in a par tic u lar en cod ing. The Stream 
class is de signed for byte in put and out put. You should use the StreamReader class for
read ing lines of in for ma tion from a stan dard text file.

The class has sev eral con struc tors

· StreamReader - Ini tial izes a new in stance of the StreamReader class for the

spec i fied stream. 

the fol low ing pub lic field

· Null - A StreamReader around an empty stream. 

the fol low ing pub lic prop er ties

· BaseStream - Re turns the un der ly ing stream. 

· CurrentEncoding - Gets the cur rent char ac ter en cod ing that the cur rent

StreamReader is us ing.

and these are some of the pub lic meth ods

· Close - Closes the StreamReader and re leases any sys tem re sources as so ci ated

with the reader. 

· DiscardBufferedData - Al lows a StreamReader to dis card its cur rent data. 

· Peek - Re turns the next avail able char ac ter but does not con sume it. 
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· Read - Reads the next char ac ter or next set of char ac ters from the in put stream. 

· ReadBlock - Reads a max i mum of count char ac ters from the cur rent stream and

writes the data to buffer, be gin ning at in dex. 

· ReadLine - Reads a line of char ac ters from the cur rent stream and re turns the

data as a string. 

· ReadToEnd - Reads the stream from the cur rent po si tion to the end of the

stream. 

and the fol low ing pro tected meth ods

· Dis pose - Re leases the unmanaged re sources used by the StreamReader and op -

tion ally re leases the man aged re sources. 

· Fi nal ize - Al lows an Ob ject to at tempt to free re sources and per form other

cleanup op er a tions be fore the Ob ject is re claimed by gar bage col lec tion. 

More de tailed in for ma tion can be found in the on-line help.

16.19 The Sys tem.IO.File Class

This class pro vides meth ods for the cre ation, copy ing, de le tion, mov ing, and open ing of
files. All meth ods of the File class are static and per form se cu rity checks. By de fault, full
read/write ac cess to new files is granted to all us ers.

You can con trol ac cess to files us ing the fol low ing enu mer a tions

· FileAccess  - Spec ifies read and write ac cess to a file. 

· FileShare  - Spec ifies the level of ac cess per mit ted for a file that is al ready in

use. 

· FileMode  - Spec ifies whether the con tents of an ex ist ing file are pre served or

over writ ten, and whether re quests to cre ate an ex ist ing file cause an ex cep tion. 

Care must be taken when pass ing path names as ar gu ments to meth ods as an ex cep tion will
be raised if the path is not well formed.

The path can re fer to

· a file - "c:\\doc u ment\csharp\\file.txt"

· a di rec tory - "c:\\doc u ment\\csharp"

· a rel a tive path - "doc u ment\\csharp"

· a Uni ver sal Naming Con ven tion (UNC) path for a server and share name -

"\\\\Server\\Share" 

and the class has the fol low ing pub lic meth ods

· AppendText Cre ates a StreamWriter that ap pends UTF-8 en coded text to an ex -

ist ing file. 

· Copy Copies an ex ist ing file to a new file. 

· Cre ate Cre ates a file in the spec i fied fully qual i fied path. 

· CreateText Cre ates or opens a new file for writ ing UTF-8 en coded text. 

· De lete De letes the file spec i fied by the fully qual i fied path. An ex cep tion is not

thrown if the spec i fied file does not ex ist. 

· Ex ists De ter mines whether the spec i fied file ex ists. 

Chapter 16 Input and Output 247

© Ian D Chivers



· GetAttributes Gets the FileAttributes of the file on the fully qual i fied path. 

· GetCreationTime Re turns the cre ation date and time of the spec i fied file or di -

rec tory. 

· GetLastAccessTime Re turns the date and time the spec i fied file or di rec tory was 

last ac cessed. 

· GetLastWriteTime Re turns the date and time the spec i fied file or di rec tory was

last writ ten to. 

· Move Moves a spec i fied file to a new lo ca tion, pro vid ing the op tion to spec ify a 

new file name. 

· Open Opens a FileStream on the spec i fied path. 

· OpenRead Opens an ex ist ing file for read ing. 

· OpenText Opens an ex ist ing UTF-8 en coded text file for read ing. 

· OpenWrite Opens an ex ist ing file for writ ing. 

· SetAttributes Sets the spec i fied FileAttributes of the file on the spec i fied path. 

· SetCreationTime Sets the date and time the file was cre ated. 

· SetLastAccessTime Sets the date and time the spec i fied file was last ac cessed. 

· SetLastWriteTime Sets the date and time that the spec i fied file was last writ ten

to. 

More in for ma tion can be found in the on-line doc u men ta tion.

16.20 Sum mary

The ex am ples have pro vided a brief cov er age of what can be done with i/o in C#.

16.21 Prob lems

Try run ning these pro grams. When read ing and writ ing to files it is of ten con ve nient to use
the fol low ing char ac ters to re di rect con sole in put and out put.

· < - read from file, rather than the key board

· > - write to a file rather than the screen.

1. Mod ify the BMI ex am ple to print out a grade as well as the ac tual BMI val ues. Add your 
own data to the file and cal cu late your BMI.

2. Using the BMI pro gram as your start ing point cal cu late the mean and stan dard de vi a tions 
for the heights and weights.

3. Write a pro gram to pro duce out put sim i lar to the fol low ing.

Fahr en heit   Tem per a ture   Cel sius

  -40.00       -40        -40.00 
  -38.20       -39        -39.44 
  -36.40       -38        -38.89 
  -34.60       -37        -38.33 
  -32.80       -36        -37.78 
  -31.00       -35        -37.22 
  -29.20       -34        -36.67 
  -27.40       -33        -36.11 
  -25.60       -32        -35.56 
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  -23.80       -31        -35.00 
  -22.00       -30        -34.44 
  -20.20       -29        -33.89 
  -18.40       -28        -33.33 
  -16.60       -27        -32.78 
  -14.80       -26        -32.22 
  -13.00       -25        -31.67 
  -11.20       -24        -31.11 
   -9.40       -23        -30.56 
   -7.60       -22        -30.00 
   -5.80       -21        -29.44 
   -4.00       -20        -28.89 
   -2.20       -19        -28.33 
   -0.40       -18        -27.78 
    1.40       -17        -27.22 
    3.20       -16        -26.67 
    5.00       -15        -26.11 

This is a sim ple tem per a ture con ver sion ta ble. The mid dle col umn rep re sents the tem per a -
ture - and this should loop from - 40 to 260 for ex am ple.

Fahr en heit = 32 + 9 /5 * T

Cel sius     = 5 / 9 * (T-32)

There are a cou ple of catches in this ex am ple.

Ex am ine the out put at the fol low ing tem per a tures

-40                  -40 Fahr en heit is equal to -40 Cel sius

0                      0 Cel sius is 32 Fahr en heit

32                    32 Fahr en heit is 0 Cel sius

100                  100 Cel sius is 212 Fahr en heit

212                  212 Fahr en heit is 100 Cel sius

Do you get the cor rect re sults?

Can you get the data to for mat so that the two float ing point col umns are dec i mal point
aligned and the mid dle col umn is right aligned?

Chapter 16 Input and Output 249

© Ian D Chivers



A pic ture paints a thou sand words.

anon

Aims

The aims of this chap ter are:

· To con sider some of the rea sons for the in clu sion of func tions in a pro gram ming 

lan guage.

· To in tro duce, with ex am ples, some of the pre de fined func tions avail able in C#.

· To in tro duce a clas si fi ca tion of in trin sic func tions

· To in tro duce the con cept of a user de fined func tion.

· To in tro duce the con cept of a re cur sive func tion.

The ex am ples il lus trate the use of

· func tions and fields in the Math class;

· sim ple pass ing pa ram e ters;

· over loaded func tions;

· cre at ing your own user de fined func tions;

· re cursion in C#

· the use of the checked state ment

· us ing try and catch

· pa ram e ter pass ing us ing ref and out

17 Functions
The role of func tions in a pro gram ming lan guage and in the prob lem-solv ing pro cess is
con sid er able and in cludes:

· Al low ing us to re fer to an ac tion us ing a mean ing ful name, e.g., sine(x) a very

con crete use of ab strac tion.

· Pro vid ing a mech a nism that al lows us to break a prob lem down into parts, giv -

ing us the op por tu nity to struc ture our prob lem so lu tion.

· Pro vid ing us with the abil ity to con cen trate on one part of a prob lem at a time

and ig nore the oth ers.

· Al low ing us to avoid the rep li ca tion of the same or very sim i lar sec tions of code 

when solv ing the same or a sim i lar subproblem which has the sec ond ary ef fect

of re duc ing the mem ory re quire ments of the fi nal pro gram.

· Al low ing us to build up a li brary of func tions or mod ules for solv ing par tic u lar

subproblems, both sav ing con sid er able de vel op ment time and in creas ing our ef -

fec tive ness and pro duc tiv ity.

Some of the un der ly ing at trib utes of func tions are:

· They take pa ram e ters or ar gu ments.
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· The pa ram e ter can be an ex pres sion.

· A func tion will nor mally re turn a value and the value re turned is nor mally de -

pend ent on the pa ram e ter(s).

· They can some times take ar gu ments of a va ri ety of types.

Most lan guages pro vide both a range of pre de fined func tions and the fa cil ity to de fine our
own. 

Func tions are the key build ing block of most pro gram ming lan guages. They are given dif -
fer ent names depending on the pro gram ming lan guage.

The C fam ily of lan guages - C, C++, C#, Java

func tions and void func tions

For tran

Func tions and sub rou tines

The Algol fam ily of lan guages - Algol, Algol 60, Algol 68, Pascal, Mod ula 2,

Oberon

Func tions and procedures

The key dif fer ence is that func tions re turn val ues and void func tions, sub rou tines and
procedures carry out ac tions.

We will start by look ing at some of the built in or in trin sic func tions and their us age.

17.1 In trin sic func tions

We will start by look ing at the C# Math class. This class con tains the fol low ing func tions

Name                                      De scrip tion

Abs(Dec i mal) Re turns the ab so lute value of a Dec i mal num ber.

Abs(Dou ble) Re turns the ab so lute value of a dou ble-pre ci sion float ing-point 

num ber.

Abs(Int16) Re turns the ab so lute value of a 16-bit signed in te ger.

Abs(Int32) Re turns the ab so lute value of a 32-bit signed in te ger.

Abs(Int64) Re turns the ab so lute value of a 64-bit signed in te ger.

Abs(SByte) Re turns the ab so lute value of an 8-bit signed in te ger.

Abs(Sin gle) Re turns the ab so lute value of a sin gle-pre ci sion float ing-point

num ber.

Acos Re turns the an gle whose co sine is the spec i fied num ber.

Asin Re turns the an gle whose sine is the spec i fied num ber.

Atan Re turns the an gle whose tan gent is the spec i fied num ber.

Atan2 Re turns the an gle whose tan gent is the quo tient of two spec i -

fied num bers.

BigMul Pro duces the full prod uct of two 32-bit num bers.

Ceil ing(Dec i mal) Re turns the small est in te gral value that is greater than or equal 

to the spec i fied dec i mal num ber.

Ceil ing(Dou ble) Re turns the small est in te gral value that is greater than or equal 

to the spec i fied dou ble-pre ci sion float ing-point num ber.

Cos Re turns the co sine of the spec i fied an gle.
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Cosh Re turns the hy per bolic co sine of the spec i fied an gle.

DivRem(Int32, Int32, Int32) Cal cu lates the quo tient of two 32-bit signed in te gers

and also re turns the re main der in an out put pa ram e ter.

DivRem(Int64, Int64, Int64) Cal cu lates the quo tient of two 64-bit signed in te gers

and also re turns the re main der in an out put pa ram e ter.

Exp Re turns e raised to the spec i fied power.

Floor(Dec i mal) Re turns the larg est in te ger less than or equal to the spec i fied

dec i mal num ber.

Floor(Dou ble) Re turns the larg est in te ger less than or equal to the spec i fied

dou ble-pre ci sion float ing-point num ber.

IEEERemainder Re turns the re main der re sult ing from the di vi sion of a spec i -

fied num ber by an other spec i fied num ber.

Log(Dou ble) Re turns the nat u ral (base e) log a rithm of a spec i fied num ber.

Log(Dou ble, Dou ble) Re turns the log a rithm of a spec i fied num ber in a spec i fied

base.

Log10 Re turns the base 10 log a rithm of a spec i fied num ber.

Max(Byte, Byte) Re turns the larger of two 8-bit un signed in te gers.

Max(Dec i mal, Dec i mal) Re turns the larger of two dec i mal num bers.

Max(Dou ble, Dou ble) Re turns the larger of two dou ble-pre ci sion float ing-point num -

bers.

Max(Int16, Int16) Re turns the larger of two 16-bit signed in te gers.

Max(Int32, Int32) Re turns the larger of two 32-bit signed in te gers.

Max(Int64, Int64) Re turns the larger of two 64-bit signed in te gers.

Max(SByte, SByte) Re turns the larger of two 8-bit signed in te gers.

Max(Sin gle, Sin gle) Re turns the larger of two sin gle-pre ci sion float ing-point num -

bers.

Max(UInt16, UInt16) Re turns the larger of two 16-bit un signed in te gers.

Max(UInt32, UInt32) Re turns the larger of two 32-bit un signed in te gers.

Max(UInt64, UInt64) Re turns the larger of two 64-bit un signed in te gers.

Min(Byte, Byte) Re turns the smaller of two 8-bit un signed in te gers.

Min(Dec i mal, Dec i mal) Re turns the smaller of two dec i mal num bers.

Min(Dou ble, Dou ble) Re turns the smaller of two dou ble-pre ci sion float ing-point

num bers.

Min(Int16, Int16) Re turns the smaller of two 16-bit signed in te gers.

Min(Int32, Int32) Re turns the smaller of two 32-bit signed in te gers.

Min(Int64, Int64) Re turns the smaller of two 64-bit signed in te gers.

Min(SByte, SByte) Re turns the smaller of two 8-bit signed in te gers.

Min(Sin gle, Sin gle) Re turns the smaller of two sin gle-pre ci sion float ing-point

num bers.

Min(UInt16, UInt16) Re turns the smaller of two 16-bit un signed in te gers.

Min(UInt32, UInt32) Re turns the smaller of two 32-bit un signed in te gers.
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Min(UInt64, UInt64) Re turns the smaller of two 64-bit un signed in te gers.

Pow Re turns a spec i fied num ber raised to the spec i fied power.

Round(Dec i mal) Rounds a dec i mal value to the near est in te gral value.

Round(Dou ble) Rounds a dou ble-pre ci sion float ing-point value to the near est

in te gral value.

Round(Dec i mal, Int32) Rounds a dec i mal value to a spec i fied num ber of frac tional

dig its.

Round(Dec i mal, MidpointRounding) Rounds a dec i mal value to the near est in te ger.

A pa ram e ter spec i fies how to round the value if 

it is mid way be tween two other num bers.

Round(Dou ble, Int32) Rounds a dou ble-pre ci sion float ing-point value to a spec i fied

num ber of frac tional dig its.

Round(Dou ble, MidpointRounding) Rounds a dou ble-pre ci sion float ing-point value

to the near est in te ger. A pa ram e ter spec i fies

how to round the value if it is mid way be tween 

two other num bers.

Round(Dec i mal, Int32, MidpointRounding) Rounds a dec i mal value to a spec i fied num ber

of frac tional dig its. A pa ram e ter spec i fies how

to round the value if it is mid way be tween two

other num bers.

Round(Dou ble, Int32, MidpointRounding) Rounds a dou ble-pre ci sion float ing-point value

to the spec i fied num ber of frac tional dig its. A

pa ram e ter spec i fies how to round the value if it

is mid way be tween two other num bers.

Sign(Dec i mal) Re turns a value in di cat ing the sign of a dec i mal num ber.

Sign(Dou ble) Re turns a value in di cat ing the sign of a dou ble-pre ci sion float -
ing-point num ber.

Sign(Int16) Re turns a value in di cat ing the sign of a 16-bit signed in te ger.

Sign(Int32) Re turns a value in di cat ing the sign of a 32-bit signed in te ger.

Sign(Int64) Re turns a value in di cat ing the sign of a 64-bit signed in te ger.

Sign(SByte) Re turns a value in di cat ing the sign of an 8-bit signed in te ger.

Sign(Sin gle) Re turns a value in di cat ing the sign of a sin gle-pre ci sion float -

ing-point num ber.

Sin Re turns the sine of the spec i fied an gle.

Sinh Re turns the hy per bolic sine of the spec i fied an gle.

Sqrt Re turns the square root of a spec i fied num ber.

Tan Re turns the tan gent of the spec i fied an gle.

Tanh Re turns the hy per bolic tan gent of the spec i fied an gle.

Trun cate(Dec i mal) Cal cu lates the in te gral part of a spec i fied dec i mal num ber. 

Trun cate(Dou ble) Cal cu lates the in te gral part of a spec i fied dou ble-pre ci sion

float ing-point num ber. 

The fields of the Math class are e and p. 
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E Rep re sents the nat u ral log a rith mic base, spec i fied by the con -

stant, e.

PI Rep re sents the ra tio of the cir cum fer ence of a cir cle to its di -

am e ter, spec i fied by the con stant p

17.1.1 Ex am ple 1: the calculation of the cir cum fer ence of a cir cle

Here we just use the PI field from the Math class. In math e mat ics e and p and used very
fre quently and C# in cludes val ues for them as part of the Math class.

us ing Sys tem;

class c1701
{
  static int Main()
  {
    dou ble ra dius=10.0;
    dou ble cir cum fer ence;
    cir cum fer ence = 2 * Math.PI * ra dius;
    Con sole.WriteLine(" The cir cum fer ence is " + cir cum fer -
ence );
    re turn 0;
  }
}

and the out put is

 The cir cum fer ence is 62.8318530717959

In this ex am ple the ex pres sion

2 * Math.PI * ra dius

is eval u ated us ing the build in vaue for p pro vided by the maths class C# field Math.PI and
then the re sult is as signed to the variable cir cum fer ence. We then print out the value.

17.1.2 Ex am ple 2: sim ple trig o no met ric func tion us age

This ex am ple uses the sine func tion from the Math class, as well as the PI field. We have
an in te ger ar ray with the an gles in de grees of 0, 30, 45, 60 and 90. You may be able to re -
mem ber enough of your maths from school to know that these are spe cial val ues. We cal cu -
late an an gle in ra di ans from it us ing the ex pres sion

Math.PI /180.0 * an gle[i]

and as sign the re sult to the vari able r. We then use the an gle in ra di ans as the ar gu ment or
pa ram e ter (a num ber of type dou ble) to the sine func tion, and this re turns a num ber of type
dou ble. 

us ing Sys tem;

class c1702
{
  static int Main()
  {
    int [] an gle = {0,30,45,60,90};
    dou ble r;
    int i;
    for (i=0;i<an gle.Length;i++)
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    {
      r = Math.PI /180.0 * an gle[i];
      Con sole.WriteLine("Sine of " + an gle[i] + " de grees
is " + Math.Sin(r));
    }
    re turn 0;
  }
}

Here is the out put.

Sine of 0 de grees is 0
Sine of 30 de grees is 0.5
Sine of 45 de grees is 0.707106781186547
Sine of 60 de grees is 0.866025403784439
Sine of 90 de grees is 1

So 

Math.Sin(r)

takes an argument i of type dou ble and re turns a value of type dou ble.

17.1.3 Ex am ple 3: over loaded func tions - abs

As you have seen in the list of func tions in the Maths class sev eral of them have vari ants,
based on the type of the ar gu ment, i.e. they same name but a dif fer ent type of pa ram e ter.
This is called over load ing. The ex am ple be low uses the abs func tion to il lus trate this.

us ing Sys tem;

class c1703
{
  static int Main()
  {
    Dec i mal   d1=10;
    dou ble    d2=-27.4;
    short     s=-10;
    int       i=1009;
    long      li=100009;
    float     f=-27.4f;
    byte      b=9;
      Sys tem.Con sole.WriteLine(Math.Abs(d1));
      Sys tem.Con sole.WriteLine(Math.Abs(d2));
      Sys tem.Con sole.WriteLine(Math.Abs(s));
      Sys tem.Con sole.WriteLine(Math.Abs(i));
      Sys tem.Con sole.WriteLine(Math.Abs(li));
      Sys tem.Con sole.WriteLine(Math.Abs(f));
      Sys tem.Con sole.WriteLine(Math.Abs(b));
      re turn 0;
  }
}

Here is the out put.
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10
27.4
10
1009
100009
27.4
9

We have vari ables of seven dif fer ent types and we call the Maths.Abs func tion once with
each type as a pa ram e ter or ar gu ment. The com piler can work out at com pile time which
ver sion of the func tion to call, as the com pu ta tion varies with the type. This is a very pow -
er ful fea ture in a pro gram ming lan guage and we can over load our own, user de fined func -
tions in C#. We will look at a va ri ety of ex am ples of this through out the rest of the notes.

17.2 User de fined functions

We are go ing to look at a range of ex am ples. We will start with ex am ples that are es sen -
tially based on pro ce dural pro gram ming, and how these get writ ten in C#.

17.2.1 Ex am ple 4: Great est Com mon Di vider

This pro gram looks at cal cu lat ing the great est com mon di vider of two in te ger num bers. 

us ing Sys tem;

class c1704
{
  static int gcd(int x,int y)
  {
    int temp;
    if ( x<y )
      temp=x;
    else
      temp=y;
    while ((mod(x,temp) !=0) || (mod(y,temp) !=0))
      temp=temp-1;
    re turn temp;
  }

  static int mod(int x,int y)
  {
    re turn(x-((x/y)*y));
  }

  static int Main() 
  {
    int x ;
    int y ;
    int t ;
    string line;
    Con sole.WriteLine(" Type in two num bers, one per line");
    line=Sys tem.Con sole.ReadLine();
    x=int.Parse(line);
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    line=Sys tem.Con sole.ReadLine();
    y=int.Parse(line);
    t=gcd(x,y);
    Con sole.WriteLine(" GCD is {0} ",t);
    re turn (0);
  }

}

The key points here are that the class con tains two in te ger func tions called gcd and mod.
The gcd, mod and Main meth ods are all mem bers (in C# ter mi nol ogy) of the class.

Let us look at each func tion in turn.

static int gcd(int x,int y)

de fines an in te ger func tion called gcd with two in te ger ar gu ments or pa ram e ters x and y.
The func tion is de clared as static as we have an ex am ple of a typ i cal pro ce dural style func -
tion. We will look at static in more depth in the chap ter on classes and ob ject ori ented pro -
gram ming.

Within the open and clos ing {} we have the ac tual im ple men ta tion of the gcd func tion.
  {
    int temp;
    if ( x<y )
      temp=x;
    else
      temp=y;
    while ((mod(x,temp) !=0) || (mod(y,temp) !=0))
      temp=temp-1;
    return temp;
  }

First we have the dec la ra tion for the lo cal in te ger vari able temp. This only ex ists when the
func tion is called. We then have the code that cal cu lates the great est com mon di vider. Fi -
nally we have

re turn temp

which is the way that the func tion gcs re turns the value cal cu lated.

The func tion

  static int mod(int x,int y)

de clares  mod to be an in te ger func tion with two in te ger ar gu ments or pa ram e ters x and y.
This func tion re turns the value cal cu lated in the state ment

  return(x-((x/y)*y))

The statement

    t=gcd(x,y);

in the main pro gram calls the func tion gcd with x and y as ar gu ments. The gcd func tion
then calls the mod func tion in the line

    while ((mod(x,temp) !=0) || (mod(y,temp) !=0))

with x and temp as ar gu ments in the first call and y and temp as ar gu ments in the sec ond
call.

Com pile and run the pro gram.
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17.2.2 Ex am ple 5: Re cursion in C#

Many prob lems have a re cur sive so lu tion. 

                        5! = 5 * 4!

                        4! = 4 * 3!

                        3! = 3 * 2!

                        2! = 2 * 1!

                        1! = 1 * 0!

                        0! = 1

This ex am ple looks at pro gram that solves the above prob lem us ing a re cur sive func tion. 

us ing Sys tem;

class c1705
{

  static int fac to rial(int i)
  {
    int temp;
    Con sole.WriteLine(" {0} ",i);
    if (i==0)
      re turn(1);
    else
      temp=i*fac to rial(i-1);
    Con sole.WriteLine(" leav ing fac to rial ");
    re turn(temp);
  }
    
  static int Main() 
  {
    int i=0;
    int f=0;
    string line;
    Con sole.WriteLine(" Type in an in te ger");
    line=Sys tem.Con sole.ReadLine();
    i=int.Parse(line);
    f=fac to rial(i);
    Con sole.WriteLine(" {0} ",f);
    re turn (0);
  }
}

The fac to rial func tion has two state ments that write to the screen so that you can ac tu ally
see what is hap pen ing at run time. Try run ning this with 5 as the ini tial value.

Here is the out put from run ning the pro gram with 5 as an in put value.
line 1   Type in an in te ger
line 2    5
line 3        5
line 4        4
line 5        3
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line 6        2
line 7        1
line 8        0
line 9        leav ing fac to rial
line 10       leav ing fac to rial
line 11       leav ing fac to rial
line 12       leav ing fac to rial
line 13       leav ing fac to rial
line 14   120
At lines 1 and 2 we are in the main pro gram.

At line 3 we are in the first ver sion of the fac to rial func tion with 5 as the ini tial value.

At line 4 we are in the second ver sion of the fac to rial func tion with 4 as the ini tial value.

At line 5 we are in the third ver sion of the fac to rial func tion with 3 as the ini tial value.

At line 6 we are in the fourth ver sion of the fac to rial func tion with 2 as the ini tial value.

At line 7 we are in the fifth ver sion of the fac to rial func tion with 1 as the ini tial value.

At line 8 we are in the sixth ver sion of the fac to rial func tion with 0 as the ini tial value.

Lines 9 through 13 then exit each copy of the func tion in re verse or der.

Fi nally we are back in the main pro gram and we print out the value of the fac to rial func -
tion.

What hap pens when the in put value is 12?

17.2.3 Ex am ple 6: Checked arith me tic

This ex am ple is a sim ple vari ant on the above. Now the ex pres sion eval u a tion is done in a
checked con text.

us ing Sys tem;

class c1706
{

  static int fac to rial(int i)
  {
    int temp;
    if (i==0)
      re turn(1);
    else
      temp=checked(i*fac to rial(i-1));
    re turn(temp);
  }
    
  static int Main() 
  {
    int i=0;
    int f=0;
    string line;
    Con sole.WriteLine(" Type in an in te ger");
    line=Sys tem.Con sole.ReadLine();
    i=int.Parse(line);
    f=fac to rial(i);
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    Con sole.WriteLine(" {0} ",f);
    re turn (0);
  }
}

The key here is the line

      temp=checked(i*fac to rial(i-1));

Where the eval u a tion of the ex pres sion in brack ets is done in a checked con text.

What hap pens now when us ing 13?

17.2.4 Ex am ple 7: Us ing try and catch

This ex am ple is a sim ple vari ant of the above. Now we use try and catch to make the pro -
gram more user friendly by of fer ing them a sec ond chance.

us ing Sys tem;

class c1707
{

  static int fac to rial(int i)
  {
    int temp;
    if (i==0)
      re turn(1);
    else
      temp=checked(i*fac to rial(i-1));
    re turn(temp);
  }
    
  static int Main() 
  {
    int i=0;
    int f=0;
    string line;
    reinput : try
    {
      Con sole.WriteLine(" Type in an in te ger");
      line=Sys tem.Con sole.ReadLine();
      i=int.Parse(line);
      if (i<0)
      {
        Con sole.WriteLine(

     " Can't eval u ate fac to rial for neg a tive in te gers");
        goto reinput;
      }
      f=fac to rial(i);
    }

    catch(OverflowException e) 
    {
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       Con sole.WriteLine(" Over flow oc curred - In te ger too
large {0} ",i);
       goto reinput;
    }
    
    Con sole.WriteLine(" {0} ",f);
    re turn (0);
  }
}

The key here is 
    reinput : try
 {

}
Where the try block has a la bel.

And
    catch(OverflowException e) 
    {
       Con sole.WriteLine(

     " Over flow oc curred - In te ger too large {0} ",i);
       goto reinput;
    }
Where we catch the ex cep tion and go back to the start of the try block.

Run this ex am ple.

17.3 Pa ram e ter Pass ing

We have n't said any thing so far about pa ram e ter pass ing in C# and all of the ex am ples rely
on the de fault mech a nism which is to make a copy of the pa ram e ter passed. There will be
cases where we clearly don’t want this, e.g. when pass ing large data struc tures or ar rays.

C# sup ports two ad di tional mod i fi ers to be spec i fied to help out here, and these are ex -
plained be low.

· ref - The  ref key word on a method pa ram e ter causes a method to re fer to the

same vari able that was passed into the method. Any changes made to the pa ram -
e ter in the method will be re flected in that vari able when con trol passes back to

the call ing method. An ar gu ment passed to a ref pa ram e ter must have a value

prior to the call.

· out - The out  key word on a method pa ram e ter causes a method to re fer to the

same vari able that was passed into the method. Any changes made to the pa ram -

e ter in the method will be re flected in that vari able when con trol passes back to

the call ing method. A vari able passed as an out ar gu ment need not be in i tial ized

prior to the call.

The fol low ing ex am ple il lus trate the use of the above.

17.3.1 Ex am ple 8: Pass ing by ref and out

us ing Sys tem;

class c1708
{
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  pub lic static int f(int i)
  {
    i=100;
    re turn (i*i);
  }

  pub lic static int f(ref int i)
  {
    i=200;
    re turn (i*i);
  }

  pub lic static int g(out int i)
  {
    i=300;
    re turn (i*i);
  }

  static int Main() 
  {
    int i=10;

    Con sole.WriteLine(" {0} ",i);
    Con sole.WriteLine(" {0} ",f(i));
    Con sole.WriteLine(" {0} ",i);
    Con sole.WriteLine(" {0} ",f(ref i));
    Con sole.WriteLine(" {0} ",i);

    int j;
    Con sole.WriteLine(" {0} ",g(out j));
    Con sole.WriteLine(" {0} ",j);

    re turn 0;
  }
}
The out put from run ning this pro gram is given be low.
 10 
 10000 

 10 

 40000 

 200 

 90000 
 300 

17.3.2 Notes

You have to spec ify at call time as well that you are pass ing the pa ram e ter by ref or out.
    Con sole.WriteLine(" {0} ",f(ref i));
    Con sole.WriteLine(" {0} ",g(out j));
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You can not over load meth ods that only dif fer by pass ing pa ram e ters by ref or out, i.e. You
could not re name method g in the above to f.  This would not com pile.

C# does not sup ply a mech a nism to pass a pa ram e ter by ref er ence and make it read only or
const in C++ ter mi nol ogy. Care must be taken when pass ing by ref if that was your in ten -
tion.

17.4 Ex am ple 9: Im plicit con ver sions when pa ram e ter pass ing

Con sider the fol low ing ex am ple.

us ing Sys tem;

class c1709
{

  static void print_me(dou ble x)
  {
    Con sole.WriteLine(x);
  }
    
  static int Main() 
  {

    sbyte    sb = 97;
    byte      b = 97;
    short    si = 97;
    ushort  usi = 97;
    int       i = 97;
    uint     ui = 97;
    long      l = 97;
    ulong    ul = 97;
    char      c = 'a';
    float     f = 97;
    dou ble    d = 97;

    print_me(sb);
    print_me(b); 
    print_me(si); 
    print_me(usi); 
    print_me(i); 
    print_me(ui); 
    print_me(l); 
    print_me(ul); 
    print_me(c); 
    print_me(f); 
    print_me(d); 
 
    re turn (0);
  }
}

Here is the out put from run ning the pro gram.
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97
97
97
97
97
97
97
97
97
97
97

There are no com pi la tion warn ings about this be hav iour, where the pa ram e ters are con -
verted to dou ble in the call.

17.5 Ex am ple 10: pass ing func tions as pa ram e ters

It is a com mon re quire ment in pro gram ming to want to pass a func tion as a pa ram e ter. In
C# this is done us ing del e gates. If you have a back ground in C or C++ they can be thought
of as pro ce dure point ers. Un like C++ func tion point ers, how ever, del e gates are fully ob ject
ori ented, and un like C++ point ers to mem ber func tions, del e gates en cap su late both an ob -
ject in stance and a method. In the fol low ing ex am ple we il lus trate how we pas a func tion as 
a pa ram e ter in C#.

Here is the source.

us ing Sys tem;

del e gate int method(int x);

class c1710
{

  pub lic static int square(int i)
  {
    re turn(i*i);
  }

  pub lic static int cube(int i)
  {
    re turn(i*i*i);
  }

  static void print_me(method p,int i)
  {
    Con sole.WriteLine(" {0,3}",p(i) );
  }
    
  static int Main()
  {

    method p_01 = new method(square);
    print_me(p_01,10);
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    method p_02 =  new method(cube);
    print_me(p_02,20);

    p_02=p_01;
    print_me(p_02,30);

    re turn(0);
  }

}

Here is the out put.

 100
 8000
 900

The line

del e gate int method(int x);

ef fec tively says that method is a func tion that takes an int pa ram e ter and re turns an int
value.

In the pro gram we then have two func tions square and cube that have the same sig na ture,
i.e. they take an int ar gu ment and re turn an int value.

We then cre ate vari ables p_01 and p_02 that are of type method and instantiate with func -
tions of type square and cube. We can then pass p_01 and p_02 as pa ram e ters. We can also 
as sign to p_01 and p_02.

17.6 Ex am ples 12 and 13 - chang ing the pre ci sion of real arith me tic

These two ex am ples show the same cal cu la tions using 32 bit (float) and 64 bit (dou ble) real 
arith me tic.

17.6.1 Float ver sion

Here is the source.

us ing Sys tem;

// com pile with cl /main:ch2101

pub lic static class maths_con stants
{

  pub lic static float  c = 299792458.0f;

  // units m s-1

  pub lic static float  e =
2.7182818284590452353602874713526624977f;

  pub lic static float  g = 9.812420f;

  // 9.780 356 m s-2 at sea level on the equa tor
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  // 9.812 420 m s-2 at sea level in lon don
  // 9.832 079 m s-2 at sea level at the poles

  pub lic static float  pi =
3.141592653589793238462643383279502884f;

  static int Main()
  {
    re turn(0);
  }

}

static class ch2101
{

  pub lic static void cal cu late(ref float ra dius , ref float
area , ref float cir cum fer ence)
  {
    area = maths_con stants.pi*ra dius*ra dius;
    cir cum fer ence = 2.0f*maths_con stants.pi*ra dius;
  }

  static int Main()
  {
    float r=0.0f;
    float a=0.0f;
    float c=0.0f;

    r=1.0f;

    cal cu late(ref r,ref a,ref c);

    Con sole.Write(" ra dius        = ");
    Con sole.WriteLine(r);
    Con sole.Write(" area          = ");
    Con sole.WriteLine(a);
    Con sole.Write(" cir cum fer ence = ");
    Con sole.WriteLine(c);
  
    re turn (0); 
  }

}

Here is the out put.

 ra dius        = 1
 area          = 3.141593
 cir cum fer ence = 6.283185
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17.6.2 Dou ble ver sion

Here is the source.

us ing Sys tem;

// com pile with cl /main:ch2101

pub lic static class maths_con stants
{

  pub lic static dou ble  c = 299792458.0;

  // units m s-1

  pub lic static dou ble  e =
2.7182818284590452353602874713526624977;

  pub lic static dou ble  g = 9.812420;

  // 9.780 356 m s-2 at sea level on the equa tor
  // 9.812 420 m s-2 at sea level in lon don
  // 9.832 079 m s-2 at sea level at the poles

  pub lic static dou ble  pi =
3.141592653589793238462643383279502884;

  static int Main()
  {
    re turn(0);
  }

}

static class ch2101
{

  pub lic static void cal cu late(ref dou ble ra dius , ref dou -
ble area , ref dou ble cir cum fer ence)
  {
    area = maths_con stants.pi*ra dius*ra dius;
    cir cum fer ence = 2.0*maths_con stants.pi*ra dius;
  }

  static int Main()
  {
    dou ble r=0.0;
    dou ble a=0.0;
    dou ble c=0.0;

    r=1.0;
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    cal cu late(ref r,ref a,ref c);

    Con sole.Write(" ra dius        = ");
    Con sole.WriteLine(r);
    Con sole.Write(" area          = ");
    Con sole.WriteLine(a);
    Con sole.Write(" cir cum fer ence = ");
    Con sole.WriteLine(c);
  
    re turn (0); 
  }

}

Here is the out put.

 ra dius        = 1
 area          = 3.14159265358979
 cir cum fer ence = 6.28318530717959

Here is the diff out put.

8c8
<   pub lic static float  c = 299792458.0f;
---
>   pub lic static dou ble  c = 299792458.0;
12c12
<   pub lic static float  e =
2.7182818284590452353602874713526624977f;
---
>   pub lic static dou ble  e =
2.7182818284590452353602874713526624977;
14c14
<   pub lic static float  g = 9.812420f;
---
>   pub lic static dou ble  g = 9.812420;
20c20
<   pub lic static float  pi =
3.141592653589793238462643383279502884f;
---
>   pub lic static dou ble  pi =
3.141592653589793238462643383279502884;
32c32
<   pub lic static void cal cu late(ref float ra dius , ref
float area , ref float cir cum fer ence)
---
>   pub lic static void cal cu late(ref dou ble ra dius , ref
dou ble area , ref dou ble cir cum fer ence)
35c35
<     cir cum fer ence = 2.0f*maths_con stants.pi*ra dius;
---
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>     cir cum fer ence = 2.0*maths_con stants.pi*ra dius;
40,42c40,42
<     float r=0.0f;
<     float a=0.0f;
<     float c=0.0f;
---
>     dou ble r=0.0;
>     dou ble a=0.0;
>     dou ble c=0.0;
44c44
<     r=1.0f;
---
>     r=1.0;

The changes in volve type dec la ra tions and nu meric lit eral con stants.

17.7 Summary

This chap ter has in tro duced some of the ba sics of us ing the in trin sic func tions in C# and of
how to write your own func tions. More ex am ples are found through out the rest of the
notes.

17.8 Prob lems

1. Us ing the fol low ing pro gram as a start ing point

us ing Sys tem;

class p1701
{
  static int Main()
  {
    dou ble r;
    int i;
    for (i=0;i<=90;i++)
    {
      r = Math.PI /180.0 * i;
      Con sole.WriteLine("Sine of " + i + " de grees is " +
Math.Sin(r));
    }
    re turn 0;
  }
}

mod ify it so that it prints a ta ble of an gles, sines, co sines and tan gents for the an gles from 0 
to 90 de grees. Make the ta ble look neat us ing for mat ting.

2. Com pile and run the fol low ing pro gram. The swap func tion is sup posed to swap the val -
ues of the ar gu ments. 

us ing Sys tem;

class p1702
{
  static void swap(int i, int j)
  {
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    int t;
    t=i;
    i=j;
    j=t;
  }

  static int Main()
  {
    int x=10;
    int y=20;
    Con sole.WriteLine(" {0} {1} ",x,y);
    swap(x,y);
    Con sole.WriteLine(" {0} {1} ",x,y);
    re turn(0);
  }
}

Cor rect the pro gram.

3. In the fol low ing equa tions

    f=32+9.0/5.0*t

and

    c=5.0/9.0*(t-32)

t is an in te ger and c and f are of type dou ble. The first con verts from cen ti grade to fahr en -
heit and the sec ond con verts from fahr en heit to cen ti grade.

Write two func tions of type dou ble called ctof and ftoc that use the above equa tions to do
the con ver sion. Call the func tions from the main pro gram with the in te ger ar gu ment go ing
from -50 to +250. Print out a neat three col umn ta ble us ing the fol low ing state ment

Con sole.WriteLine(" {0,5:##0.0} {1,3} {2,5:##0.0}" , ctof(t)
, t , ftoc(t) ) ;

Here is some sam ple out put.

 -58.0 -50 -45.6
 -56.2 -49 -45.0
 -54.4 -48 -44.4
 -52.6 -47 -43.9
 -50.8 -46 -43.3
 -49.0 -45 -42.8
 -47.2 -44 -42.2
...
 -41.8 -41 -40.6
 -40.0 -40 -40.0
 -38.2 -39 -39.4
 -36.4 -38 -38.9
...
  26.6  -3 -19.4
  28.4  -2 -18.9
  30.2  -1 -18.3
  32.0   0 -17.8
  33.8   1 -17.2

270 Functions Chapter 17

© Ian D Chivers



  35.6   2 -16.7
  37.4   3 -16.1
  39.2   4 -15.6
  41.0   5 -15.0
  42.8   6 -14.4
...
  53.6  12 -11.1
  55.4  13 -10.6
  57.2  14 -10.0
  59.0  15  -9.4
  60.8  16  -8.9
  62.6  17  -8.3
  64.4  18  -7.8
  66.2  19  -7.2
  68.0  20  -6.7
  69.8  21  -6.1
  71.6  22  -5.6

Your out put should look sim i lar to this.

4. Write a func tion to cal cu late the cir cum fer ence of a cir cle from the ra dius. The ra dius
and cir cum fer ence should be of type dou ble. Test it out by call ing it from a main pro gram.

5. Re peat the above for the area of a cir cle cal cu lated from the ra dius.

17.9 Bib li og ra phy

The fol low ing are a  cou ple of books about al go rithms. They are in C++, but are easy to
con vert to C#.

Al go rithms in C++, Parts 1-4: Fun da men tals, Data Struc ture, Sort ing, Search ing, 3rd Edi -
tion. Rob ert Sedgewick;  Pub lished Jul 13, 1998 by Ad di son-Wes ley Pro fes sional.
ISBN-10: 0-201-35088-2, ISBN-13: 978-0-201-35088-3, eBook (Adobe DRM) ISBN-10:
0-7686-8476-5, ISBN-13: 978-0-7686-8476-6

Al go rithms in C++ Part 5: Graph Al go rithms, 3rd Edi tion, Rob ert Sedgewick, Pub lished
Dec 27, 2001 by Ad di son-Wes ley Pro fes sional. ISBN-10: 0-201-36118-3, ISBN-13:
978-0-201-36118-6, eBook (Adobe DRM), ISBN-10: 0-7686-8477-3, ISBN-13:
978-0-7686-8477-3
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Don't in ter rupt me while I'm in ter rupt ing.

Winston Chur chill.

Aims

The pri mary aims of the chap ter are:–

· to look gen er ally at er rors and how they can be han dled in a pro gram ming lan -

guage;

· to look at the mech a nisms in C# for ex cep tion han dling – try, catch, throw, fi -

nally;

· to look at a sev eral ex am ples. These il lus trate the use of

· de fault run time be hav iour

· us ing checked

· us ing checked with try and catch

· vari a tions on the above with float ing point variables

18 Exceptions
Er rors al ways oc cur at run time in pro grams that do any thing use ful. The fa cil i ties for han -
dling er rors have grad u ally im proved in pro gram ming lan guages over the years. The con -
cept of rais ing an ex cep tion and then pass ing con trol to an er ror han dler is one that is now
seen in a num ber of pro gram ming lan guages in clud ing C#, C++, Ada 95 and Java. For tran
pro vides ISO Tech ni cal Re port 15580 for IEEE Arith me tic which sup ports er ror han dling
for arith me tic. 

Let us look at some com mon er rors and so lu tions:–

· in valid in put: ask the user to re type the data val ues;

· file not found: ask the user to re type the file name;

· nu meric over flow: ter mi nate the pro gram with a warn ing;

· nu meric un der flow: ter mi nate the pro gram with a warn ing;

· ar ray out of bounds: ter mi nate the pro gram with an er ror mes sage;

and you will all be fa mil iar with one or more of these com mon er rors.

One of the ma jor prob lems in lan guages that do not sup port the con cept of rais ing an ex -
cep tion and pass ing con trol to an er ror han dler is that the logic of some thing re ally quite
sim ple can be lost com pletely be cause of the ad di tional cod ing com plex ity of er ror han -
dling.

We will look at sev eral sim ple pro grams in volv ing in te ger and float ing point arith me tic to
high light what can be done in C#.

18.1 The Ex cep tion Hi er ar chy

The base class is

· Sys tem.Ex cep tion

which is de rived from
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· Sys tem.Ob ject

We are go ing to con cen trate on the ArithmeticException class and the com plete hi er ar chy
for this class is given be low:

            Sys tem.Ob ject

                        Sys tem.Ex cep tion

                                    Sys tem.SystemException

                                                Sys tem.ArithmeticException

                                                            Sys tem.DivideByZeroException

                                                            Sys tem.NotFiniteNumberException

                                                            Sys tem.OverflowException

To han dle float ing point er rors we need to look at the Sin gle struc ture, which is part of the
fol low ing hi er ar chy

            Sys tem.Ob ject

                        Sys tem.ValueType

                                    Sys tem.Sin gle

and we will also look at Sin gle and some of the fields and meth ods avail able. Some of
these are given be low.

18.1.1 Sin gle Pub lic Fields

Ep si lon Rep re sents the small est pos i tive Sin gle greater than zero. This field is 

con stant. 

MaxValue Rep re sents the larg est pos si ble value of Sin gle. This field is con stant. 

MinValue Rep re sents the small est pos si ble value of Sin gle. This field is con -
stant. 

NaN Rep re sents not a num ber (NaN). This field is con stant. 

NegativeInfinity Rep re sents neg a tive in fin ity. This field is con stant. 

PositiveInfinity Rep re sents pos i tive in fin ity. This field is con stant. 

18.1.2 Pub lic Methods

IsInfinity Re turns a value in di cat ing whether the spec i fied num ber eval u ates to

neg a tive or pos i tive in fin ity. 

IsNaN Re turns a value in di cat ing whether the spec i fied num ber eval u ates to

not a num ber (NaN). 

IsNegativeInfinity Re turns a value in di cat ing whether the spec i fied num ber eval u ates to

neg a tive in fin ity. 

IsPositiveInfinity Re turns a value in di cat ing whether the spec i fied num ber eval u ates to

pos i tive in fin ity. 

The on-line help has com plete de tails of all ex cep tions.

18.2 In te ger Arith me tic Ex cep tions

The first set of ex am ples look at han dling in te ger er rors. 

18.2.1 Ex am ple 1: de fault run time be hav iour

This ex am ple looks at the byte in te gral data type and what hap pens at run time when the
num ber over flows.
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us ing Sys tem;

class c1801
{
  static int Main()
  {
    byte i_b = (byte)1;
    for (int count=1;count<10;++count)
    {
      Con sole.Write(count);Con sole.Write(" ");
      Con sole.Write(i_b);Con sole.WriteLine(" ");
      i_b = (byte)(i_b * 2);
    }
    re turn 0;
  }
}

Run the pro gram and ex am ine the out put.

18.2.2 Ex am ple 2: checked

This ex am ple puts the arith me tic into a checked con text. The whole of the for loop is now
in a checked state.

us ing Sys tem;

class c1802
{
  static int Main()
  {
    byte i_b = (byte)1;
    checked
    {
      for (int count=1;count<10;++count)
      {
        Con sole.Write(count);Con sole.Write(" ");
        Con sole.Write(i_b);Con sole.WriteLine(" ");
        i_b = (byte)(i_b * 2);
      }
    }
    re turn 0;
  }
}

Run the pro gram and ex am ine the out put.

18.2.3 Ex am ple 3: checked with try catch

This ex am ple ex tends the pre vi ous by now catch ing the ex cep tion ex plic itly within the pro -
gram.

us ing Sys tem;

class c1803
{
  static int Main()
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  {
    byte i_b = (byte)1;
    try

    {
      checked
      {
        for (int count=1;count<10;++count)
        {
          Con sole.Write(count);Con sole.Write(" ");
          Con sole.Write(i_b);Con sole.WriteLine(" ");
          i_b = (byte)(i_b * 2);
        }
      }
    }

    catch(Ex cep tion e) 
    {
       Con sole.WriteLine("An er ror oc curred: '{0}'", e);
    }

    re turn 0;
  }
}

18.3 Floating point exceptions

The ex am ples look at the default behaviour for float ing point arith me tic, us ing checked
arith me tic, and fi nally us ing ex cep tion han dling.

18.3.1 Ex am ple 4: float ing point de fault be hav iour

us ing Sys tem;

class c1804
{
  static int Main()
  {
    float zero=0.0f;
    float x=1.0f;
    float z=x/zero;
    Sys tem.Con sole.WriteLine(zero);
    Sys tem.Con sole.WriteLine(x);
    Sys tem.Con sole.WriteLine(z);
    x=z*zero;
    Sys tem.Con sole.WriteLine(zero);
    Sys tem.Con sole.WriteLine(x);
    Sys tem.Con sole.WriteLine(z);
    re turn 0;
  }
}

Run the pro gram and ex am ine the out put.
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18.3.2 Ex am ple 5: checked with float ing point arith me tic

us ing Sys tem;

class c1805
{
  static int Main()
  {
    checked
    {
      float zero=0.0f;
      float x=1.0f;
      float z=x/zero;
      Sys tem.Con sole.WriteLine(zero);
      Sys tem.Con sole.WriteLine(x);
      Sys tem.Con sole.WriteLine(z);
      x=z*zero;
      Sys tem.Con sole.WriteLine(zero);
      Sys tem.Con sole.WriteLine(x);
      Sys tem.Con sole.WriteLine(z);
    }
    re turn 0;
  }
}

Run the pro gram and ex am ine the out put.

18.3.3 Ex am ple 6: throw ing an ex cep tion

us ing Sys tem;

class c1806
{
  static int Main()
  {
    try
    {
      checked
      {
        float zero=0.0f;
        float x=1.0f;
        float z=x/zero;
        if (Sin gle.IsInfinity(z)) throw 
          (new Sys tem.OverflowException());
        Sys tem.Con sole.WriteLine(zero);
        Sys tem.Con sole.WriteLine(x);
        Sys tem.Con sole.WriteLine(z);
        x=z*zero;
        Sys tem.Con sole.WriteLine(zero);
        Sys tem.Con sole.WriteLine(x);
        Sys tem.Con sole.WriteLine(z);
      }
    }
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    catch(Ex cep tion e) 
    {
       Con sole.WriteLine("An er ror oc curred: '{0}'", e);
    }
    re turn 0;
  }
}

Run the pro gram and ex am ine the out put.

18.4 Sum mary

There are a num ber of ex am ples that cover this area in more depth later in the book, as it is 
best to see ex cep tion han dling done in a re al is tic con text to ap pre ci ate the power and ex -
pres sive ness that the con cepts pro vide.

18.5 Prob lems

Try the ex am ples out.
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A per son with one watch knows what time it is; a per son with two watches is never sure

Prov erb.

Aims

The aim of this chap ter is to in tro duce some of the fea tures of the .Net Frame work that sup -
port

· multitasking

· thread ing

· par al lel pro gram ming

and we will cover them roughly chronologically.

The ex am ples look at

· se rial eval u a tion of the Fibonacci se quence

· par al lel eval u a tion of the Fibonacci se quence us ing threads;

· use of the Stop Watch class to ob tain tim ing;

19  Parallelism and the .Net Framework
Microsoft have had sup port for multitasking and par al lel ism in the .Net Frame work since
the orig i nal re lease. In this chap ter we first look at us ing threads to parallelise Fibonacci
cal cu la tions.

19.1 Ex am ple 1: se rial Fibonacci calculation

Here is the source code.

us ing Sys tem;
us ing Sys tem.Di ag nos tics;
us ing Sys tem.Thread ing;

pub lic class c1901
{

  static int Main()
  {
    int start = 20;
    int end   = 40;
    int i;
    Stop watch stop watch = new Stop watch();
    stop watch.Start();
    Con sole.WriteLine(DateTime.Now);
    for (i=start;i<end;i++)
      Con sole.WriteLine(fibonacci(i));
    stop watch.Stop();
    Con sole.WriteLine(
      "Se quen tial loop time in mil li sec onds: {0}",
      stop watch.ElapsedMilliseconds);
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    Con sole.WriteLine(DateTime.Now);
    re turn(0);

  }

  pub lic static int fibonacci(int n)
  {
    if (n <= 1) re turn n;
    re turn fibonacci(n - 1) + fibonacci(n - 2);
  }

}

Here is a sam ple run.

01/11/2016 14:51:44
6765
10946
17711
28657
46368
75025
121393
196418
317811
514229
832040
1346269
2178309
3524578
5702887
9227465
14930352
24157817
39088169
63245986
Se quen tial loop time in mil li sec onds: 5456
01/11/2016 14:51:49

19.2 Ex am ple 2: multi threaded Fibonacci cal cu la tion

Here is the source code.

us ing Sys tem;
us ing Sys tem.Di ag nos tics;
us ing Sys tem.Thread ing;

pub lic class Fibonacci
{

  pri vate int _n;
  pri vate int _fibOfN;
  pri vate ManualResetEvent _doneEvent;
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  pub lic int N { get { re turn _n; } }
  pub lic int FibOfN { get { re turn _fibOfN; } }

  // Con struc tor.

  pub lic Fibonacci(int n, ManualResetEvent doneEvent)
  {
    _n = n;
    _doneEvent = doneEvent;
  }

  // Wrap per method for use with thread pool.

  pub lic void ThreadPoolCallback(Ob ject threadContext)
  {
    int threadIndex = (int)threadContext;
    Con sole.WriteLine("thread {0} started...", threadIndex);
    _fibOfN = Cal cu late(_n);
    Con sole.WriteLine("thread {0} re sult cal cu lated...",
threadIndex);
    _doneEvent.Set();
  }

  // Re cur sive method that cal cu lates the Nth Fibonacci num -
ber.

  pub lic int Cal cu late(int n)
  {
    if (n <= 1) re turn n;
    re turn Cal cu late(n - 1) + Cal cu late(n - 2);
  }

}

pub lic class c1902
{
  static void Main()
  {
    
    int start = 20;

    const int FibonacciCalculations = 20;

    // One event is used for each Fibonacci ob ject.

    ManualResetEvent[] doneEvents = 
      new ManualResetEvent[FibonacciCalculations];

    Fibonacci[] fibArray = 
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      new Fibonacci[FibonacciCalculations];

    // Con fig ure and start threads us ing ThreadPool.

    Con sole.WriteLine(DateTime.Now);
    Stop watch stop watch = new Stop watch();
    stop watch.Start();

    Con sole.WriteLine(
      "launch ing {0} tasks...", 
      FibonacciCalculations);
    for (int i = 0; i < FibonacciCalculations; i++)
    {
      doneEvents[i] = new ManualResetEvent(false);
      Fibonacci f = new Fibonacci(start, doneEvents[i]);
      fibArray[i] = f;
      ThreadPool.QueueUserWorkItem(f.ThreadPoolCallback, i);
      start++;
    }

    // Wait for all threads in pool to cal cu late.

    WaitHandle.WaitAll(doneEvents);
    Con sole.WriteLine("All cal cu la tions are com plete.");
    stop watch.Stop();
    Con sole.WriteLine(
      "Par al lel loop time in mil li sec onds: {0}",
      stop watch.ElapsedMilliseconds);
    Con sole.WriteLine(DateTime.Now);

    // Dis play the re sults.

    for (int i= 0; i<FibonacciCalculations; i++)
    {
      Fibonacci f = fibArray[i];
      Con sole.WriteLine("Fibonacci({0}) = {1}", f.N,
f.FibOfN);
    }

  }

}

Here is a sam ple run.

01/11/2016 14:53:39
launch ing 20 tasks...
thread 0 started...
thread 1 started...
thread 3 started...
thread 4 started...
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thread 5 started...
thread 2 started...
thread 0 re sult cal cu lated...
thread 6 started...
thread 1 re sult cal cu lated...
thread 7 started...
thread 2 re sult cal cu lated...
thread 8 started...
thread 6 re sult cal cu lated...
thread 9 started...
thread 7 re sult cal cu lated...
thread 10 started...
thread 8 re sult cal cu lated...
thread 11 started...
thread 3 re sult cal cu lated...
thread 12 started...
thread 9 re sult cal cu lated...
thread 13 started...
thread 4 re sult cal cu lated...
thread 14 started...
thread 5 re sult cal cu lated...
thread 15 started...
thread 10 re sult cal cu lated...
thread 16 started...
thread 11 re sult cal cu lated...
thread 17 started...
thread 12 re sult cal cu lated...
thread 18 started...
thread 13 re sult cal cu lated...
thread 19 started...
thread 14 re sult cal cu lated...
thread 15 re sult cal cu lated...
thread 16 re sult cal cu lated...
thread 17 re sult cal cu lated...
thread 18 re sult cal cu lated...
thread 19 re sult cal cu lated...
All cal cu la tions are com plete.
Par al lel loop time in mil li sec onds: 2403
01/11/2016 14:53:41
Fibonacci(20) = 6765
Fibonacci(21) = 10946
Fibonacci(22) = 17711
Fibonacci(23) = 28657
Fibonacci(24) = 46368
Fibonacci(25) = 75025
Fibonacci(26) = 121393
Fibonacci(27) = 196418
Fibonacci(28) = 317811
Fibonacci(29) = 514229
Fibonacci(30) = 832040
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Fibonacci(31) = 1346269
Fibonacci(32) = 2178309
Fibonacci(33) = 3524578
Fibonacci(34) = 5702887
Fibonacci(35) = 9227465
Fibonacci(36) = 14930352
Fibonacci(37) = 24157817
Fibonacci(38) = 39088169
Fibonacci(39) = 63245986

Quite an imporovement over the se rial tim ing, but the so lu tion is quite low level in terms of 
the use of threads.

19.3 Par al lel Pro gram ming in the .Net Frame work

The in for ma tion in these sec tions is taken from the ma te rial pro vided by Microsoft at

http://msdn.microsoft.com/en-us/li -
brary/dd460693(v=vs.110).aspx

Most pcs now have two or more cores and the next gen er a tion with many cores are un der
de vel op ment. To take ad van tage of the hard ware you can parallelize your code to dis trib ute
work across mul ti ple pro ces sors. In the past, parallelization re quired low-level ma nip u la tion 
of threads and locks. Vi sual Stu dio 2010 and the .NET Frame work 4 en hance sup port for
par al lel pro gram ming by pro vid ing a new runtime, new class li brary types, and new di ag -
nos tic tools. These fea tures sim plify par al lel de vel op ment so that you can write ef fi cient,
fine-grained, and scal able par al lel code in a nat u ral id iom with out hav ing to work di rectly
with threads or the thread pool. The fol low ing il lus tra tion pro vides a high-level over view of 
the parallel programming architecture in the .NET Framework 4.

The fol low ing ta ble pro vides de tails of some of the ad di tional ma te rial that Microsoft make
avail able on line.
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Tech nol ogy De scrip tion

Task Par al lel Li brary
(TPL)

Pro vides doc u men ta tion for the Sys tem.Thread ing.Tasks.Par al lel 
class, which in cludes par al lel ver sions of For and 
ForEach loops, and also for the Sys tem.Thread ing.Tasks.Task
class, which rep re sents the pre ferred way to ex press asyn chron -
ous operations.

Par al lel LINQ
(PLINQ)

A par al lel im ple men ta tion of LINQ to Ob jects that sig nif i cantly 
im proves per for mance in many scenarios.

Data Struc tures for 
Par al lel Pro gram ming

Pro vides links to doc u men ta tion for thread-safe 
col lec tion classes, light weight syn chro ni za tion types, and types
for lazy ini tial iza tion.

Par al lel Di ag nos tic
Tools

Pro vides links to doc u men ta tion for Vi sual Stu dio debugger
win dows for tasks and par al lel stacks, and the Concurrency 
Vi su al izer, which con sists of a set of views in the Vi sual 
Stu dio Ap pli ca tion Lifecycle Man age ment Profiler that you can
use to de bug and to tune the per for mance of parallel code.

Cus tom Par ti tion ers for 
PLINQ and TPL

De scribes how par ti tion ers work and how to con fig ure the de -
fault par ti tion ers or cre ate a new partitioner.

Task Fac to ries
De scribes the role of the Sys tem.Thread ing.Tasks.TaskFactory
class.

Task Sched ul ers
De scribes how sched ul ers work and how the de fault sched ul ers
may be con fig ured.

Lambda Ex pres sions
in PLINQ and TPL

Pro vides a brief over view of lambda ex pres sions in C# and Vi -
sual Ba sic, and shows how they are used in PLINQ and the
Task Par al lel Li brary.

For Fur ther Read ing 
(Par al lel Pro gram ming)

Pro vides links to ad di tional doc u men ta tion and sam ple re -
sources for par al lel pro gram ming in the .NET Framework.

Ad vanced Read ing
for the .NET 
Frame work

Top level node for ad vanced top ics such as thread ing and par al -
lel pro gram ming.

We next look at some ex am ples that use the par al lel for con struct.

19.4 The Par al lel.For con struct

The Par al lel class pro vides li brary-based data par al lel re place ments for com mon op er a tions
such as for loops, for each loops, and ex e cu tion of a set of state ments.

Here are de tails of some of the forms of the par al lel for con struct.

· For(Int32, Int32, Ac tion<Int32>)

Ex e cutes a for  loop in which it er a tions may run in par al lel.

· For(Int64, Int64, Ac tion<Int64>)

Ex e cutes a for  loop with 64-bit in dexes in which it er a tions may run in par al -
lel.

· For(Int32, Int32, Ac tion<Int32,ParallelLoopState>)    
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Ex e cutes a for  loop in which it er a tions may run in par al lel and the state of

the loop can be mon i tored and ma nip u lated.

· For(Int64, Int64, Ac tion<Int64,ParallelLoopState>) 

Ex e cutes a for  loop with 64-bit in dexes in which it er a tions may run in par al -

lel and the state of the loop can be mon i tored and ma nip u lated.

· For(Int32, Int32, ParallelOptions, Ac tion<Int32,ParallelLoopState>) 

Ex e cutes a for  loop in which it er a tions may run in par al lel, loop op tions can 

be con fig ured, and the state of the loop can be mon i tored and ma nip u lated.

· For(Int64, Int64, ParallelOptions, Ac tion<Int64,ParallelLoopState>) 

Ex e cutes a for  loop with 64-bit in dexes in which it er a tions may run in par al -

lel, loop op tions can be con fig ured, and the state of the loop can be mon i -

tored and ma nip u lated.

· For(Int32, Int32, ParallelOptions, Ac tion<Int32>)   

Ex e cutes a for  loop in which it er a tions may run in par al lel and loop op tions

can be con fig ured.

· For(Int64, Int64, ParallelOptions, Ac tion<Int64>)   

Ex e cutes a for  loop with 64-bit in dexes in which it er a tions may run in par al -

lel and loop op tions can be con fig ured.

· For<TLocal>(

Int32, 

Int32,

Func<TLocal>,

Func<Int32,ParallelLoopState,TLocal,TLocal>, 

Ac tion<TLocal>)

Ex e cutes a for  loop with thread-lo cal data in which it er a tions may run in

par al lel, and the state of the loop can be mon i tored and ma nip u lated.

· For<TLocal>(

Int64, 

Int64, 
Func<TLocal>, 

Func<Int64,ParallelLoopState,TLocal,TLocal>, 

Ac tion<TLocal>)    

Ex e cutes a for  loop with 64-bit in dexes and thread-lo cal data in which it er a -

tions may run in par al lel, loop op tions can be con fig ured, and the state of the 

loop can be mon i tored and ma nip u lated.

· For<TLocal>(

Int32, 

Int32, 

ParallelOptions, 

Func<TLocal>, 

Func<Int32,ParallelLoopState,TLocal,TLocal>, 

Ac tion<TLocal>)
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Ex e cutes a for  loop with thread-lo cal data in which it er a tions may run in

par al lel, loop op tions can be con fig ured, and the state of the loop can be

mon i tored and ma nip u lated.

· For<TLocal>(

Int64, 

Int64, 

ParallelOptions, 

Func<TLocal>, 

Func<Int64,ParallelLoopState,TLocal,TLocal>, 

Ac tion<TLocal>)

Ex e cutes a for  loop with 64-bit in dexes and thread-lo cal data in which it er a -

tions may run in par al lel, and the state of the loop can be mon i tored and ma -

nip u lated.

The use of this con struct is best il lus trated with some ex am ples.

The in for ma tion above is taken from the fol low ing source.

https://docs.microsoft.com/en-us/dotnet/api/
sys tem.thread ing.tasks.par al lel.for?view=netframework-4.7.2

Microsoft doc u men ta tion should be con sulted for com plete de tails.

In the first case we look at solv ing a prob lem in a se rial man ner. We then solve the same
prob lem us ing the par al lel for con struct.

19.4.1 Ex am ple 3: mul ti ple pings and se rial so lu tion

We are go ing to ping 30 ip ad dresses on a lo cal net work. Here is the se rial code.

us ing Sys tem;
us ing Sys tem.IO;
us ing Sys tem.Text;
us ing Sys tem.Thread ing;
us ing Sys tem.Di ag nos tics;

class c1903
{

  pub lic static string ExecuteCommand(string Com mand)
  {

    Pro cess cmd = new Pro cess();
    cmd.StartInfo.File Name = "cmd.exe";
    cmd.StartInfo.RedirectStandardInput = true;
    cmd.StartInfo.RedirectStandardOutput = true;
    cmd.StartInfo.CreateNoWindow = true;
    cmd.StartInfo.UseShellExecute = false;
    cmd.Start();

    cmd.StandardInput.WriteLine(Com mand);
    cmd.StandardInput.Flush();
    cmd.StandardInput.Close();
    cmd.WaitForExit();
    re turn ( cmd.StandardOutput.ReadToEnd() );
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  }

  pub lic static int Main()
  {
    int i;
    string cmd = "ping 192.168.0." ;
    const int n=30;
    string [] x = new string[n];
    string to tal_out put="";

    Con sole.WriteLine(" Pro gram starts");
    Con sole.WriteLine(DateTime.Now);

    for( i=0 ; i<9 ; i++ )
    {
      x[i] = cmd + String.For mat( "{0,1}" , (i+1) );
      Con sole.WriteLine(x[i]);
    }

    for( i=9 ; i<n ; i++ )
    {
      x[i] = cmd + String.For mat( "{0,2}" , (i+1) );
      Con sole.WriteLine(x[i]);
    }

    Con sole.WriteLine(" Com mand loop starts");
    Con sole.WriteLine(DateTime.Now);

    for(i=0;i<n;i++)
    {
      to tal_out put += ExecuteCommand(x[i]);
    }

    Con sole.WriteLine(" Com mand loop ends");
    Con sole.WriteLine(DateTime.Now);

    Con sole.WriteLine(to tal_out put);

    Con sole.WriteLine(" Pro gram ter mi nates");
    Con sole.WriteLine(DateTime.Now);

    re turn(0);

  }
}

Here is the out put.

C:\doc u ment\csharp\ex am ples>se rial_ping.exe
 Pro gram starts
31/10/2016 14:53:32
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ping 192.168.0.1
ping 192.168.0.2
ping 192.168.0.3
ping 192.168.0.4
ping 192.168.0.5
ping 192.168.0.6
ping 192.168.0.7
ping 192.168.0.8
...
... stuff de leted
...
ping 192.168.0.27
ping 192.168.0.28
ping 192.168.0.29
ping 192.168.0.30
 Com mand loop starts
31/10/2016 14:53:32
 Com mand loop ends
31/10/2016 14:58:51
Microsoft Win dows [Ver sion 10.0.14393]
(c) 2016 Microsoft Cor po ra tion. All rights re served.

C:\doc u ment\csharp\ex am ples>ping 192.168.0.1

Ping ing 192.168.0.1 with 32 bytes of data:
Re ply from 192.168.0.1: bytes=32 time=5ms TTL=64
Re ply from 192.168.0.1: bytes=32 time=6ms TTL=64
Re ply from 192.168.0.1: bytes=32 time=1ms TTL=64
Re ply from 192.168.0.1: bytes=32 time=2ms TTL=64

Ping sta tis tics for 192.168.0.1:
    Pack ets: Sent = 4, Re ceived = 4, Lost = 0 (0% loss),
Ap prox i mate round trip times in milli-sec onds:
    Min i mum = 1ms, Max i mum = 6ms, Av er age = 3ms

C:\doc u ment\csharp\ex am ples>Microsoft Win dows [Ver sion
10.0.14393]
(c) 2016 Microsoft Cor po ra tion. All rights re served.

C:\doc u ment\csharp\ex am ples>ping 192.168.0.2

Ping ing 192.168.0.2 with 32 bytes of data:
Re ply from 192.168.0.13: Des ti na tion host un reach able.
Re ply from 192.168.0.1: Des ti na tion host un reach able.
Re ply from 192.168.0.1: Des ti na tion host un reach able.
Re ply from 192.168.0.1: Des ti na tion host un reach able.

Ping sta tis tics for 192.168.0.2:
    Pack ets: Sent = 4, Re ceived = 4, Lost = 0 (0% loss),
...
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...STUFF DE LETED

...
C:\doc u ment\csharp\ex am ples>ping 192.168.0.24

Ping ing 192.168.0.24 with 32 bytes of data:
Re ply from 192.168.0.13: Des ti na tion host un reach able.
Re ply from 192.168.0.1: Des ti na tion host un reach able.
Re ply from 192.168.0.1: Des ti na tion host un reach able.
Re ply from 192.168.0.1: Des ti na tion host un reach able.

Ping sta tis tics for 192.168.0.24:
    Pack ets: Sent = 4, Re ceived = 4, Lost = 0 (0% loss),

C:\doc u ment\csharp\ex am ples>Microsoft Win dows [Ver sion
10.0.14393]
(c) 2016 Microsoft Cor po ra tion. All rights re served.

C:\doc u ment\csharp\ex am ples>ping 192.168.0.25

Ping ing 192.168.0.25 with 32 bytes of data:
Re ply from 192.168.0.13: Des ti na tion host un reach able.
Re ply from 192.168.0.1: Des ti na tion host un reach able.
Re ply from 192.168.0.1: Des ti na tion host un reach able.
Re ply from 192.168.0.1: Des ti na tion host un reach able.

Ping sta tis tics for 192.168.0.25:
    Pack ets: Sent = 4, Re ceived = 4, Lost = 0 (0% loss),

The tim ing is given by the fol low ing out put.

 Com mand loop starts
31/10/2016 14:53:32
 Com mand loop ends
31/10/2016 14:58:51

The pro gram took 5 min utes 19 sec onds.

19.4.2 Ex am ple 4: mul ti ple pings and par al lel so lu tion

We are go ing to use the

For(Int32, Int32, Ac tion<Int32>)

form of the par al lel for loop, which has the following at trib utes.

Parameters 

· fromInclusive int32

The start in dex, in clu sive.

· toExclusive int32

The end in dex, ex clu sive.

· body Ac tion<int 32>

The del e gate that is in voked once per it er a tion.

Here is source code.
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us ing Sys tem;
us ing Sys tem.IO;
us ing Sys tem.Text;
us ing Sys tem.Thread ing;
us ing Sys tem.Thread ing.Tasks;
us ing Sys tem.Di ag nos tics;

class c1904
{

    pub lic static string ExecuteCommand(string Com mand)
    {

        Pro cess cmd = new Pro cess();
        cmd.StartInfo.File Name = "cmd.exe";
        cmd.StartInfo.RedirectStandardInput = true;
        cmd.StartInfo.RedirectStandardOutput = true;
        cmd.StartInfo.CreateNoWindow = true;
        cmd.StartInfo.UseShellExecute = false;
        cmd.Start();

        cmd.StandardInput.WriteLine(Com mand);
        cmd.StandardInput.Flush();
        cmd.StandardInput.Close();
        cmd.WaitForExit();
        re turn (cmd.StandardOutput.ReadToEnd());
    }

    pub lic static int Main()
    {
        int i;
        string cmd = "ping 192.168.0.";
        const int n = 30;
        string[] x            = new string[n];
        string[] to tal_out put = new string[n];

        Con sole.WriteLine(" Pro gram starts");
        Con sole.WriteLine(DateTime.Now);

        for (i = 0; i < 9; i++)
        {
            x[i] = cmd + String.For mat("{0,1}", (i + 1));
            Con sole.WriteLine(x[i]);
        }

        for (i = 9; i < n; i++)
        {
            x[i] = cmd + String.For mat("{0,2}", (i + 1));
            Con sole.WriteLine(x[i]);
        }
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        Con sole.WriteLine(" Com mand loop starts");
        Con sole.WriteLine(DateTime.Now);

        Par al lel.For
        (
          0, 
          n, 
          j => {to tal_out put[j] = ExecuteCommand(x[j]);}
        );

        Con sole.WriteLine(" Com mand loop ends");
        Con sole.WriteLine(DateTime.Now);

        for (i=0;i<n;i++)
        Con sole.WriteLine(to tal_out put[i]);

        Con sole.WriteLine(" Pro gram ter mi nates");
        Con sole.WriteLine(DateTime.Now);

        re turn (0);

    }
}

Here is the out put.

 Pro gram starts
31/10/2016 15:09:26
ping 192.168.0.1
ping 192.168.0.2
ping 192.168.0.3
ping 192.168.0.4
ping 192.168.0.5
ping 192.168.0.6
ping 192.168.0.7
...
... STUFF DE LETED
...
C:\doc u ment\csharp\ex am ples>ping 192.168.0.1

Ping ing 192.168.0.1 with 32 bytes of data:
Re ply from 192.168.0.1: bytes=32 time=1ms TTL=64
Re ply from 192.168.0.1: bytes=32 time=5ms TTL=64
Re ply from 192.168.0.1: bytes=32 time=2ms TTL=64
Re ply from 192.168.0.1: bytes=32 time=3ms TTL=64

Ping sta tis tics for 192.168.0.1:
    Pack ets: Sent = 4, Re ceived = 4, Lost = 0 (0% loss),
Ap prox i mate round trip times in milli-sec onds:
    Min i mum = 1ms, Max i mum = 5ms, Av er age = 2ms
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C:\doc u ment\csharp\ex am ples>
Microsoft Win dows [Ver sion 10.0.14393]
(c) 2016 Microsoft Cor po ra tion. All rights re served.
...
... STUFF DE LETED
...
C:\doc u ment\csharp\ex am ples>ping 192.168.0.30

Ping ing 192.168.0.30 with 32 bytes of data:
Re ply from 192.168.0.1: Des ti na tion host un reach able.
Re ply from 192.168.0.1: Des ti na tion host un reach able.
Re quest timed out.
Re ply from 192.168.0.1: Des ti na tion host un reach able.

Ping sta tis tics for 192.168.0.30:
    Pack ets: Sent = 4, Re ceived = 3, Lost = 1 (25% loss),

C:\doc u ment\csharp\ex am ples>
 Pro gram ter mi nates
31/10/2016 15:10:16

The time is given by
 Com mand loop starts
31/10/2016 15:09:26
 Com mand loop ends
31/10/2016 15:10:16

So the par al lel ver sion took 50 sec onds. Quite a dra matic im prove ment.

19.5 Ex am ple 5: in te ger par al lel sum ma tion

This ex am ple looks at par al lel in te ger sum ma tion. It is based on a Microsoft ex am ple, and
there are a num ber of additions:

· tim ing in for ma tion has been added

· tim ing of the in itial is ation has been added

· tim ing of both the se rial and par al lel sum ma tions has been added

The ex am ple uses the fol low ing ver sion of the par al lel for:
For<TLocal>(
Int32, 
Int32,
Func<TLocal>,
Func<Int32,ParallelLoopState,TLocal,TLocal>, 
Ac tion<TLocal>)

which ex e cutes a for  loop with thread-lo cal data in which it er a tions may run in par al lel,
and the state of the loop can be mon i tored and ma nip u lated.

Here is the source code.
us ing Sys tem;
us ing Sys tem.Col lec tions.Ge neric;
us ing Sys tem.Thread ing;
us ing Sys tem.Thread ing.Tasks;
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us ing Sys tem.Di ag nos tics;

class c1905
{
    static void Main()
    {
        const int n = 100000000;
        int[] x = new int[n];
        int to tal = 0;
        int i;
        dou ble t1,t2,t3,t4,t5,t6,t7;
        Con sole.WriteLine(DateTime.Now);
        Con sole.Write("Pro gram starts");
        var sw = Stop watch.StartNew();

        t1=sw.ElapsedMilliseconds / 1000.0;
        Con sole.WriteLine("              {0,5:0.000}",t1);
  
        for (i=0;i<n;i++)
          x[i]=1;

        Con sole.Write("In itial is ation");
        t2=sw.ElapsedMilliseconds / 1000.0;
        t3=t2-t1;
        Con sole.WriteLine("              {0,5:0.000}",t3);

        Par al lel.For<int>
        (
          0, 
          x.Length, 
          () => 0, 
          (j, loop, sub to tal) => {
                                   sub to tal += x[j];
                                   re turn sub to tal;
                                  },
          (xx) => In ter locked.Add(ref to tal, xx)
        );

        Con sole.Write("Par al lel sum ma tion");

        t4=sw.ElapsedMilliseconds / 1000.0;
        t5=t4-t3;
        Con sole.WriteLine("          {0,5:0.000}",t5);

        if ( n != to tal )
          Con sole.WriteLine(
            "Er ror in sum ma tion \n To tal = {0:N0}", 
            to tal);

        to tal=0;
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        for(i=0;i<n;i++)
          to tal+=x[i];

        Con sole.Write("Se rial sum ma tion");

        t6=sw.ElapsedMilliseconds / 1000.0;
        t7=t6-t5;
        Con sole.WriteLine("            {0,5:0.000}",t7);
        if ( n != to tal )
          Con sole.WriteLine(
            "Er ror in sum ma tion \n To tal = {0:N0}", 
            to tal);

        Con sole.WriteLine("Pro gram ends");
        Con sole.WriteLine(DateTime.Now);
    }
}

Here is the out put from a sam ple run.

11/09/2018 17:10:07
Pro gram starts              0.000
In itial is ation              0.242
Par al lel sum ma tion          0.262
Se rial sum ma tion            0.485
Pro gram ends
11/09/2018 17:10:08

The par al lel sum ma tion is much quicker.

19.6 Ex am ple 6: func tions for in te ger par al lel in itial is ation and sum -
ma tion

Here is a sim ple vari ant of the above where we now have func tions to do the in itial is ation
and sum ma tion. Here is the source code.

us ing Sys tem;
us ing Sys tem.Col lec tions.Ge neric;
us ing Sys tem.Thread ing;
us ing Sys tem.Thread ing.Tasks;
us ing Sys tem.Di ag nos tics;

class c1906
{
    static void Main()
    {
        const int n = 100000000;
        int[] x = new int[n];
        int to tal = 0;
        int i;
        dou ble t1,t2,t3,t4,t5,t6,t7;
        Con sole.WriteLine(DateTime.Now);
        Con sole.Write("Pro gram starts");
        var sw = Stop watch.StartNew();
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        t1=sw.ElapsedMilliseconds / 1000.0;
        Con sole.WriteLine("              {0,5:0.000}",t1);
  
        par al lel_in itial ise(x,1);

        Con sole.Write("Par al lel in itial is ation");
        t2=sw.ElapsedMilliseconds / 1000.0;
        t3=t2-t1;
        Con sole.WriteLine("     {0,5:0.000}",t3);
        t1=t2;
        t3=t2;

        for (i=0;i<n;i++)
          x[i]=1;

        Con sole.Write("Se rial   in itial is ation");
        t2=sw.ElapsedMilliseconds / 1000.0;
        t3=t2-t1;
        Con sole.WriteLine("     {0,5:0.000}",t3);
        t1=t2;
        t3=t2;

        to tal = par al lel_sum(x);

        Con sole.Write("Par al lel sum ma tion");

        t4=sw.ElapsedMilliseconds / 1000.0;
        t5=t4-t3;
        Con sole.WriteLine("          {0,5:0.000}",t5);
        if ( n != to tal )
          Con sole.WriteLine(
            "Er ror in sum ma tion \n To tal = {0:N0}", 
            to tal);

        to tal=0;
        for(i=0;i<n;i++)
          to tal+=x[i];

        Con sole.Write("Se rial   sum ma tion");

        t6=sw.ElapsedMilliseconds / 1000.0;
        t7=t6-t5;
        Con sole.WriteLine("          {0,5:0.000}",t7);

        if ( n != to tal )
          Con sole.WriteLine(
            "Er ror in sum ma tion \n To tal = {0:N0}", 
            to tal);
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        Con sole.WriteLine("Pro gram ends");
        Con sole.WriteLine(DateTime.Now);

    }

    static int par al lel_sum(int [] z)
    {
        int to tal = 0;
        Par al lel.For<int>
        (
          0, 
          z.Length, 
          () => 0, 
          (j, loop, sub to tal) => {
                                   sub to tal += z[j];
                                   re turn sub to tal;
                                  },
          (xx) => In ter locked.Add(ref to tal, xx)
        );
        re turn(to tal);
    }

    static void par al lel_in itial ise(int [] z , int n)
    {
        Par al lel.For
        (
          0, 
          z.Length, 
          j => { z[j] = n; }
        );
    }

}

Here is the out put from a sam ple run.

11/09/2018 17:07:54
Pro gram starts              0.000
Par al lel in itial is ation      0.308
Se rial   in itial is ation      0.132
Par al lel sum ma tion          0.250
Se rial   sum ma tion          0.552
Pro gram ends
11/09/2018 17:07:55

The in itial is ation and sum ma tion fig ures are very in ter est ing!

19.7 Ex am ple 7: tim ing com par i son with C++ and openmp
parallelisation

This is a C++ sum ma tion ex am ple us ing openmp. Here is the source.
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#in clude <chrono>
us ing namespace std;
class timer
{
pub lic:
  timer() : start_tim ing(hi_res_clock::now()) {}
  void re set()
  {
    start_tim ing = hi_res_clock::now();
  }
  dou ble elapsed() const
  {
    dou ble temp;
    temp = std::chrono::du ra tion_cast<sec ond_>
      (hi_res_clock::now() - start_tim ing).count();
    re turn(temp);
  }
  dou ble time_dif fer ence() const
  {
    dou ble temp;
    temp = std::chrono::du ra tion_cast<sec ond_>
      (hi_res_clock::now() - last_time).count();
    re turn(temp);
  }
pri vate:
  typedef std::chrono::high_res o lu tion_clock hi_res_clock;
  typedef std::chrono::du ra tion<dou ble, std::ra tio<1> >
    sec ond_;
  std::chrono::time_point<hi_res_clock> start_tim ing;
  std::chrono::time_point<hi_res_clock> last_time;
};
#in clude <iostream>
#in clude <cmath>
#in clude <string>
#in clude <omp.h>
us ing namespace std;
void print_time(const string & head ing, const dou ble & t)
{
  cout << head ing << " : ";
  cout.setf(ios::right);
  cout.setf(ios::showpoint);
  cout.setf(ios::fixed);
  cout.width(10);
  cout.pre ci sion(6);
  cout << t << endl;
}
int main()
{
  int openmp_sum;
  int int_sum;
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  int * x;
  int nthreads;
  int i;
  int j;
  int k;
  int n;
  dou ble t1, t2;
  timer timer_01;
  timer timer_02;
  string head ing;
  nthreads = omp_get_max_threads();
  cout << " Max i mum num ber of threads is " << nthreads <<
endl;
  head ing = "\nProgram starts";
  t1 = timer_01.elapsed();
  t2 = timer_02.elapsed();
  print_time(head ing, t1);
  k = 1;
  n = 100000000;
  x = new int[n];
  int_sum = n * 1;
  for (i = 0; i < nthreads; i++)
  {
    omp_set_num_threads(k);
    openmp_sum = 0.0;
    cout << "***********************" << endl;
    cout << " Num ber of threads = " << k << endl;
    cout << "***********************" << endl;
#pragma omp par al lel for pri vate(j) shared(n) shared(x)
    for (j = 0; j < n; j++)
    {
      x[j] = 1;
    }
    t1 = timer_01.elapsed();
    head ing = "In itial is ation          ";
    print_time(head ing, t1);
    timer_01.re set();
#pragma omp par al lel for pri vate(k) shared(n) shared(x) re -
duc tion(+:openmp_sum)
      for (k = 0; k < n; k++)
      {
        openmp_sum += x[k];
      }
    t1 = timer_01.elapsed();
    head ing = "Sum ma tion               ";
    print_time(head ing, t1);
    cout << int_sum << endl;
    cout << openmp_sum << endl;
    timer_01.re set();
    k = k + 1;
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  }
  cout << " Pro gram ends" << endl;
  t2 = timer_02.elapsed();
  head ing = " To tal time";
  print_time(head ing, t2);
  re turn(0);
}

Here is the tim ing for this pro gram.

Pro gram starts :   0.000156
***********************
 Num ber of threads = 1
***********************
In itial is ation           :   0.507021
Sum ma tion                :   0.504534
100000000
100000000
***********************
 Num ber of threads = 2
***********************
In itial is ation           :   0.211108
Sum ma tion                :   0.259808
100000000
100000000
***********************
 Num ber of threads = 3
***********************
In itial is ation           :   0.149595
Sum ma tion                :   0.178510
100000000
100000000
***********************
 Num ber of threads = 4
***********************
In itial is ation           :   0.118833
Sum ma tion                :   0.142739
100000000
100000000
***********************
 Num ber of threads = 5
***********************
In itial is ation           :   0.097058
Sum ma tion                :   0.113715
100000000
100000000
***********************
 Num ber of threads = 6
***********************
In itial is ation           :   0.083147
Sum ma tion                :   0.097001
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100000000
100000000
 Pro gram ends
 To tal time :   2.464771

As can be seen the C++ runs are much faster.

19.8 Ex am ple 8: the ParallelEnumerable.Sum method

The ParallelEnumerable class provides a set of meth ods for que ry ing ob jects that im ple ment 
ParallelQuery{TSource}. This is the par al lel equiv a lent of Enumerable. More in for ma tion
can be found at

https://docs.microsoft.com/en-us/dotnet/api/
sys tem.linq.parallelenumerable?view=netframework-4.7.2

This ex am ple use the ParallelEnumerable.Sum() meth od. Here is the pro gram source.

us ing Sys tem;
us ing Sys tem.Col lec tions.Ge neric;
us ing Sys tem.Linq;
us ing Sys tem.Thread ing;
us ing Sys tem.Thread ing.Tasks;
us ing Sys tem.Di ag nos tics;

class c1908
{
    static void Main()
    {
        const int n = 100000000;
        dou ble[] x = new dou ble[n];
        dou ble to tal = 0;
        int i;
        dou ble t1,t2,t3,t4,t5,t6,t7;
        Con sole.WriteLine(DateTime.Now);
        Con sole.Write("Pro gram starts");
        var sw = Stop watch.StartNew();

        t1=sw.ElapsedMilliseconds / 1000.0;
        Con sole.WriteLine("              {0,5:0.000}",t1);
  
        par al lel_in itial ise(x,1.0);

        Con sole.Write("Par al lel in itial is ation");
        t2=sw.ElapsedMilliseconds / 1000.0;
        t3=t2-t1;
        Con sole.WriteLine("     {0,5:0.000}",t3);
        t1=t2;
        t3=t2;

        for (i=0;i<n;i++)
          x[i]=1.0;

        Con sole.Write("Se rial   in itial is ation");
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        t2=sw.ElapsedMilliseconds / 1000.0;
        t3=t2-t1;
        Con sole.WriteLine("     {0,5:0.000}",t3);
        t1=t2;
        t3=t2;

        to tal = par al lel_sum(x);

        Con sole.Write("Par al lel sum ma tion");

        t4=sw.ElapsedMilliseconds / 1000.0;
        t5=t4-t3;
        Con sole.WriteLine("          {0,5:0.000}",t5);
        if ( n != to tal )
          Con sole.WriteLine(
"Er ror in sum ma tion \n To tal = {0:N0}", to tal);

        to tal=0;
        for(i=0;i<n;i++)
          to tal+=x[i];

        Con sole.Write("Se rial   sum ma tion");

        t6=sw.ElapsedMilliseconds / 1000.0;
        t7=t6-t5;
        Con sole.WriteLine("          {0,5:0.000}",t7);

        if ( n != to tal )
          Con sole.WriteLine(
"Er ror in sum ma tion \n To tal = {0:N0}", to tal);

        Con sole.WriteLine("Pro gram ends");
        Con sole.WriteLine(DateTime.Now);

    }

    static dou ble par al lel_sum(dou ble [] z)
    {
        dou ble to tal = 0;
        to tal = z.Sum(x => (dou ble)x);
        re turn(to tal);
    }

    static void par al lel_in itial ise(dou ble [] z , dou ble n)
    {
        Par al lel.For
        (
          0, 
          z.Length, 
          j => { z[j] = n; }
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        );
    }

}

Here is some sam ple out put.

13/09/2018 15:26:59
Pro gram starts              0.000
Par al lel in itial is ation     0.387
Se rial   in itial is ation     0.201
Par al lel sum ma tion          1.028
Se rial   sum ma tion          0.767
Pro gram ends
13/09/2018 15:27:01

What we are see ing here is the overhead of parallelising the sum ma tion us ing the
ParallelEnumerable.Sum() method adds con sid er ably to the ex e cu tion time, and the se rial
ver sion is much quicker.

Here is the tim ing out put from an in te ger ver sion of this ex am ple.

13/09/2018 15:26:59
Pro gram starts              0.000
Par al lel in itial is ation     0.387
Se rial   in itial is ation     0.201
Par al lel sum ma tion          1.028
Se rial   sum ma tion          0.767
Pro gram ends
13/09/2018 15:27:01

This com pares quite badly to ex am ples 11 and 12. One has to be care ful what parallel op -
tions one uses from the .Net frame work.

19.9 Prob lems

The im por tant thing with these ex am ples is to see them ac tu ally run ning. See if you can
pre dict what the out put will be.

The next thing is to try all of the ex am ples out on an other plat form. Do you think that you
will get the same re sults.

Com pare the ac tual out put for each of the ex am ples on the var i ous sys tems that you have
ac cess to.

19.10 Bib li og ra phy

The two main types of sources are texts on op er at ing sys tems and pro gram ming lan guages
that sup port real time pro gram ming. Ada 95 and Mod ula 2 of fer sup port in this area.

Barnes J., Pro gramming in Ada 95, Ad di son Wes ley, 1995.

· The chap ter on task ing pro vides a de scrip tion of the way that Ada han dles

multitasking.

Chris tian K., A Guide to Mod ula 2, Springer Verlag, 1986.

· The chap ter on coroutines is worth look ing at.

Deitel H. M., An In tro duc tion to Op er ating Sys tems, Ad di son Wes ley, 1990.
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· There are sev eral chap ters that look at the whole area of multi-processing, asyn -

chron ous and syn chro nous pro cesses. Easy read. Very com pre hen sive bib li og ra -

phy.

The fol low ing faq is ex cel lent. 

· http://www.best.com/~bos/threads-faq/

Searching Am a zon will re veal a fas ci nat ing spread of books on threads. Try it!

Other forms of par al lel pro gram ming in clude OpenMP and MPI pro gram ming. Visit

http://openmp.org/wp/

which is the openmp home page.

Wikipedia also has a good en try.

https://en.wikipedia.org/wiki/OpenMP

Visit

http://www.mcs.anl.gov/re search/pro jects/mpi/

and

http://www.open-mpi.org/

for more information.

Microsoft's C++ com piler suuports openmp.
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Aims

The aims of this chap ter are to look at structs in C#.

20 Structs in C#
The value types in C# con sist of two main cat e go ries: 

· Structs 

· Enu mer a tions 

Structs fall into these cat e go ries:

· Nu meric types 

· In te gral types 

· Float ing-point types 

· dec i mal 

· bool 

· User de fined structs

In this sec tion we will look at user de fined structs. First we will cover some background
ma te rial.

20.1 Main Fea tures of Value Types 

Vari ables that are based on value types di rectly con tain val ues. As sign ing one value type
vari able to an other cop ies the con tained value. This dif fers from the as sign ment of ref er -
ence type vari ables, which cop ies a ref er ence to the ob ject but not the ob ject it self.

All value types are de rived im plic itly from the Sys tem.ValueType.

Un like with ref er ence types, you can not de rive a new type from a value type. How ever, like 
ref er ence types, structs can im ple ment in ter faces.

Un like ref er ence types, a value type can not con tain the null value. How ever, the nullable
types fea ture does al low for value types to be as signed to null. 

Each value type has an im plicit de fault con struc tor that initializes the de fault value of that
type. For in for ma tion about de fault val ues of value types, see De fault Val ues Ta ble.

20.2 Main Fea tures of Sim ple Types 

All of the sim ple types -- those in te gral to the C# lan guage -- are aliases of the .NET
Frame work Sys tem types. For ex am ple, int is an alias of Sys tem.Int32. 

Con stant ex pres sions, whose operands are all sim ple type con stants, are eval u ated at com pi -
la tion time.

Sim ple types can be in i tial ized by us ing lit er als. For ex am ple, 'A' is a lit eral of the type
char and 2001 is a lit eral of the type int.

20.3 Initializing Value Types 

Lo cal vari ables in C# must be in i tial ized be fore they are used. 

The fol low ing ta ble il lus trates the map ping be tween the C# base types and .NET Frame -
work type.
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            C# Type                      .NET Frame work Type

            bool                             Sys tem.Boolean 

            byte                             Sys tem.Byte 

            sbyte                            Sys tem.SByte 

            char                             Sys tem.Char 

            dec i mal                       Sys tem.Dec i mal 

            dou ble                         Sys tem.Dou ble 

            float                             Sys tem.Sin gle  

            int                                Sys tem.Int32 

            uint                              Sys tem.UInt32 

            long                             Sys tem.Int64 

            ulong                           Sys tem.UInt64 

            ob ject                          Sys tem.Ob ject 

            short                            Sys tem.Int16 

            ushort                          Sys tem.UInt16 

            string                           Sys tem.String 

20.4 Ex am ple 1: Box ing and Unboxing

Box ing is the pro cess of con vert ing a value type to the type ob ject or to any in ter face type
im ple mented by this value type. When the CLR boxes a value type, it wraps the value in -
side a Sys tem.Ob ject and stores it on the man aged heap. Unboxing ex tracts the value type
from the ob ject. Box ing is im plicit; unboxing is ex plicit. The con cept of box ing and
unboxing un der lies the C# uni fied view of the type sys tem, in which a value of any type
can be treated as an object.

Here is a sim ple ex am ple.

us ing Sys tem;

class c2001
{
  static int Main()
  {
    int     i=10;
    ob ject  o;
    // The state ment be low boxes i
    o = i;
    Con sole.WriteLine(o);
    // The state ment be low il lus trates unboxing
    i=(int)o;
    re turn(0);
  }
}//

20.5 Struct types

A struct type is a value type that can con tain

· con struc tors
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· con stants

· fields

· meth ods

· prop er ties

· in dex ers

· op er a tors

· nested types.

Structs can im ple ment an in ter face but they can not in herit from an other struct. For that rea -
son, struct mem bers can not be de clared as pro tected. The struct type is suit able for rep re -
sent ing light weight ob jects such as 

· Com plex

· Point

· Rect an gle

· Color

In this chap ter we will look at a cou ple of sim ple ex am ples based on points and dates. The
later chap ter on over load ing will use structs when we look at com plex num bers.

20.6 Ba sic struct syn tax

The syn tax for a struct dec la ra tion is given be low, where left and right square bracket [] in -
di cates op tional;

· [at trib utes] [mod i fi ers] struct iden ti fier [:in ter faces] body [;]

· at trib utes - ad di tional de clar a tive in for ma tion;

· mod i fi ers - the al lowed mod i fi ers are new and the ac cess

mod i fi ers pub lic, pro tected, in ter nal, pri vate;

· iden ti fier - the struct name;

· in ter faces - a list that con tains the in ter faces im ple mented
by the struct, all sep a rated by com mas;

· body - the struct body that con tains mem ber dec la ra tions. 

When you cre ate a struct ob ject us ing the new op er a tor the ap pro pri ate con struc tor is called 
and it gets cre ated. Structs can be instantiated with out us ing the new op er a tor. If you do not 
use new, the fields will re main un as signed and the ob ject can not be used un til all of the
fields are in i tial ized.

It is an er ror to de clare a de fault, pa ram e terless, con struc tor for a struct. A de fault con struc -
tor is al ways pro vided to ini tial ize the struct mem bers to their de fault val ues.

There is no in her i tance for structs as there is for classes. A struct can not in herit from an -
other struct or class, and it can not be the base of a class. Structs, how ever, in herit from the
base class Ob ject.

Un like C++, you can not de clare a class us ing the key word struct. In C#, classes and structs
are se man ti cally dif fer ent. A struct is a value type, while a class is a ref er ence type.

Un less you need ref er ence type se man tics, a class that is smaller than 16 bytes may be
more ef fi ciently han dled by the sys tem as a struct.
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20.7 Ex am ple 2: Point struct type - c2001.cs

The fol low ing pro gram im ple ments a point data type us ing a struct in C#.

us ing Sys tem;

pub lic struct point 
{
   pub lic int x, y;

   pub lic point(int x_, int y_) 
   { 
     x = x_;
     y = y_; 
   }

}

class c2002
{
   pub lic static void Main()  
   {
      point p1 = new point();
      point p2 = new point(10,10);

      Con sole.Write("p1   ");
      Con sole.WriteLine("x = {0}, y = {1}", p1.x, p1.y);
      Con sole.Write("p2   ");
      Con sole.WriteLine("x = {0}, y = {1}", p2.x, p2.y);
   }
}//

Ac cess to the data within the struc ture is via the fol low ing syn tax

· [struc ture vari able name] - p1 and p2

· [full stop] - .

· [struc ture com po nent name] - x,y

and we have

p1.x, p1.y
p2.x, p2.y

Here is the out put from run ning this pro gram.

p1   x = 0, y = 0
p2   x = 10, y = 10

and when we cre ate point p1 we call the com piler pro vided zero ar gu ment con struc tor
which in itial ises x and y to zero.

The ex am ples in the rest of the notes end with }\\ to en able au to matic gen er a tion of the
ex am ple files for the web site.

20.8 Ex am ple 3: Sim ple struct ex am ple - dates - c2002.cs

This ex am ple is a sim ple con crete data struc ture us ing dates.
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us ing Sys tem;

pub lic struct Date
{
   pub lic int day,month,year;

   pub lic Date(int d, int m, int y)
   {
     day    = d;
     month  = m;
     year   = y;
   }
}

class c2003
{
   pub lic static void Main()  
   {
      Date date1 = new Date();
      Date date2 = new Date(11,2,1952);

      Con sole.Write("First Date:   ");
      Con sole.WriteLine("{0}/{1}/{2}",

     date1.day, date1.month,date1.year);
      Con sole.Write("Sec ond Date: ");
      Con sole.WriteLine("{0}/{1}/{2}",

     date2.day, date2.month,date2.year);
   }
}//

Here is the out put from run ning this pro gram.

First Date:   0/0/0
Sec ond Date: 11/2/1952

and in the first date case we call the com piler pro vided zero ar gu ment con struc tor which in -
itial ises the day, month and year to zero.

Im ple ment ing dates us ing structs in the ex am ple above has the dis ad van tage that we can
assign invalid val ues to day, month and year!

The chap ter on classes will look at an im ple men ta tion where we can add check ing on the
val ues of days, months and years.

20.9 Prob lems

1. Com pile and run the point ex am ple.

Mod ify the struct to add a z com po nent, i.e make our point a 3d point.

Mod ify the con struc tor ac cord ingly.

2. Mod ify the date ex am ple to work with USA style dates, i.e. month/day/year.
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A pic ture paints a thou sand words.

anon

Aims

The aim of this chap ter is to pro vide an in tro duc tion to ob ject ori ented pro gram ming in C#.
There is cov er age of

· classes

· pri vate data

· pub lic meth ods

· con struc tors

· ar rays of ob jects

· static data

· pri vate helper func tions or meth ods

21 Object oriented programming
Ob ject ori ented pro gram ming is done in C# us ing classes.

21.1 Classes

A class in the broad est sense is a data struc ture that can con tain

· data mem bers - con stants and fields;

· func tion mem bers - meth ods, prop er ties, in dex ers, events, op er a tors, in stance

con struc tors, static con struc tors, de struc tors;

· nested types.

Class types sup port in her i tance, a mech a nism whereby a de rived class can ex tend and spe -
cial ize a base class.

21.2 Ba sic Class syn tax

Classes are de clared us ing the key word class. The syn tax is given be low, where left and
right square brack ets [] are used to sig nify op tional fea tures:

· [at trib utes] [mod i fi ers] class iden ti fier [:base-list] { class-body }[;]

· at trib utes - ad di tional de clar a tive in for ma tion.

· mod i fi ers - the al lowed mod i fi ers are new, ab stract, sealed, 

and the four ac cess mod i fi ers are pub lic, pro tected, in ter -

nal and pri vate. Their use is il lus trated in later ex am ples.

· iden ti fier - the class name. 

· base-list - a list that con tains the one base class and any

im ple mented in ter faces, all sep a rated by com mas. 

· class-body - dec la ra tions of the class mem bers.

· op tional trail ing semi co lon
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A class dec la ra tion is a type dec la ra tion that de clares a new class. 

A class dec la ra tion may op tion ally in clude a se quence of class mod i fi ers, and these in clude

· new

· pub lic

· pro tected

· in ter nal

· pri vate

· ab stract

· sealed

The pub lic, pro tected, in ter nal, and pri vate mod i fi ers con trol the ac ces si bil ity of the class.
The new mod i fier is only per mit ted on nested classes. It spec i fies that the class hides an in -
her ited mem ber by the same name.

21.3 Dates

We will be us ing a date data type in the next few chap ters. 

21.4 Ex am ple 1: Date class

This ex am ple looks at cre at ing a date data type us ing classes. The key points are

· the use of two con struc tors - they have the same name as the class. They have

the pub lic ac cess mod i fier. They are vis i ble.

· the vari ables used to han dle the day, month and year are now hid den. They can't

be seen out side of the class. The ac cess mod i fier for these vari ables is pri vate.

· the use of a pub lic method to print out the date.

· the use of an ob ject and a method ap plied to an ob ject with date.print

The ac cess mod i fi ers and their mean ings are given be low:

pub lic Ac cess is not re stricted. 

pro tected Ac cess is lim ited to the con tain ing class or types de rived from the

con tain ing class. 

in ter nal Ac cess is lim ited to the cur rent pro ject. 

pro tected in ter nal Ac cess is lim ited to the cur rent pro ject or types de rived from the con -

tain ing class. 

pri vate Ac cess is lim ited to the con tain ing type. 

We'll come back to this in a later ex am ple.

us ing Sys tem;

pub lic class date
{
  pri vate int d_,m_,y_;

  pub lic date(int d, int m , int y)
  {
    d_=d;
    m_=m;
    y_=y;
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  }

  pub lic date()
  {
    d_=1;
    m_=1;
    y_=1;
  }

  pub lic void print()
  {
    Con sole.WriteLine("{0,2}/{1,2}/{2,4}", d_,m_,y_);
  }
}

class c2101
{
  pub lic static void Main()  
  {
    date date1 = new date();
    date date2 = new date(11,2,1952);

    Con sole.Write("First  date: ");
    date1.print();

    Con sole.Write("Sec ond date: ");
    date2.print();
  }
}//

This state ment

  pri vate int d_,m_,y_;

en sures that the com po nents of the date data type can not be ma nip u lated di rectly. We then
have two con struc tors. Con struc tors have the same name as the class. The zero ar gu ment
con struc tor sets value of the date to 1st Jan u ary 1 AD.

21.5 Ex am ple 2: ar rays of dates

This ex am ples is a sim ple ex ten sion of the pre vi ous and shows how to con struct and use an 
ar ray of ob jects.

us ing Sys tem;

pub lic class date
{
  pri vate int d_,m_,y_;

  pub lic date(int d, int m , int y)
  {
    d_=d;
    m_=m;
    y_=y;
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  }

  pub lic date()
  {
    d_=1;
    m_=1;
    y_=1;
  }

  pub lic void print()
  {
    Con sole.WriteLine("{0,2}/{1,2}/{2,4}", d_,m_,y_);
  }
}

class c2102
{
  pub lic static void Main()  
  {
    date[] dates = new date[2];
    
    dates[0] = new date();
    dates[1] = new date(11,2,1952);

    foreach (date d in dates)
      d.print();
  }
}//

This ex am ple shows the sim ple syn tax for cre at ing and us ing an ar ray of ob jects.

21.6 Ex am ple 3: static months data

In this ex am ple we illustrate the use of static data in a class.

us ing Sys tem;

pub lic class date
{

  pri vate static string[] month_names =
    {"","Jan u ary","Feb ru ary","March","April","May","June",
    "July","Au gust","Sep tem ber","Oc to ber","No vem ber",
    "De cem ber"};

  pri vate int d_,m_,y_;

  pub lic date(int d, int m , int y)
  {
    d_=d;
    m_=m;
    y_=y;
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  }

  pub lic date()
  {
    d_=1;
    m_=1;
    y_=1;
  }

  pub lic void print()
  {
    Con sole.WriteLine("{0,2}/{1,2}/{2,4}", d_,m_,y_);
  }

  pub lic void print_month()
  {
    Con sole.WriteLine("{0,2}/{1}/{2,4}",
    d_,month_names[m_],y_);
  }
}

class c2103
{
  pub lic static void Main()  
  {
    date date1 = new date();
    date date2 = new date(11,2,1952);

    Con sole.Write("First  date: ");
    date1.print();
    date1.print_month();

    Con sole.Write("Sec ond date: ");
    date2.print();
    date2.print_month();
    
  }
}//

In this ex am ple we have in tro duced static data.
  pri vate static string[] month_names =
    {"","Jan u ary","Feb ru ary","March","April","May","June",
    "July","Au gust","Sep tem ber","Oc to ber","No vem ber",
    "De cem ber"};

The month_names ar ray is shared by all date ob jects. It is pri vate and only ac ces si ble from
within the date class.
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21.7 Ex am ple 4: pri vate helper func tion

In this ex am ple we ex tend the pre vi ous one with ad di tional pri vate static data and also with 
an in ter nal pri vate func tion which is used within the class.

us ing Sys tem;

pub lic class date
{

  pri vate static string[] month_names =
    {"","Jan u ary","Feb ru ary","March","April","May","June",
    "July","Au gust","Sep tem ber","Oc to ber","No vem ber",
    "De cem ber"};

  pri vate static string[] day_names =
    {"Sunday","Mon day","Tues day","Wednes day","Thurs day",
     "Fri day","Sat ur day"};

  pri vate int d_,m_,y_;

  pub lic date(int d, int m , int y)
  {
    d_=d;
    m_=m;
    y_=y;
  }

  pub lic date()
  {
    d_=1;
    m_=1;
    y_=1;
  }

  pub lic void print()
  {
    Con sole.WriteLine("{0,2}/{1,2}/{2,4}", d_,m_,y_);
  }

  pub lic void print_month()
  {
    Con sole.WriteLine("{0,2}/{1}/{2,4}",
    d_,month_names[m_],y_);
  }

  pri vate int day_of_week_in dex()
  {
    int in dex, day, month, year;

    day = d_;
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    month = m_;
    year = y_;

    if (month > 2)
      month -= 2;
    else
    {
      month += 10;
      year--;
     }

    in dex = ((13 * month - 1) / 5) + day + (year % 100) 
            + ((year % 100) / 4) + ((year / 100) / 4) 
            - 2 * (year / 100) + 77;
         
    in dex = in dex - 7 * (in dex / 7);

    if (in dex == 7)
      in dex = 0;

    re turn (in dex);
  }

  pub lic void print_day()
  {
    Con sole.WriteLine("{0,4}/{1,2}/{2}",
    y_,m_,day_names[day_of_week_in dex()]);
  }
}

class c2104
{
  pub lic static void Main()  
  {
    date date1 = new date();
    date date2 = new date(11,2,1952);

    Con sole.Write("First  date: ");
    date1.print();
    date1.print_month();
    date1.print_day();

    Con sole.Write("Sec ond date: ");
    date2.print();
    date2.print_month();
    date2.print_day();    
  }
}//

In this ex am ple we have two private vari ables 
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  pri vate static string[] month_names =
    {"","Jan u ary","Feb ru ary","March","April","May","June",
    "July","Au gust","Sep tem ber","Oc to ber",
    "No vem ber","De cem ber"};

  pri vate static string[] day_names =
    {"Sunday","Mon day","Tues day","Wednes day","Thurs day",
     "Fri day","Sat ur day"};

and one pri vate in ter nal func tion. The func tion is pri vate to the class and used to cal cu late
the day of the week from a date.

These ex am ples illustrate some of the ba sics of ob ject oriented pro gram ming in C#.

21.8 Ad di tional Syn tax

Ad di tional in for ma tion on the fol low ing can be found in the on-line doc u men ta tion:

· Class mod i fi ers

· Class base 

· Class body

· Class mem bers

· In her i tance 

· The new mod i fier

· Ac cess mod i fi ers

· Con stit u ent types 

· Static and in stance mem bers

· Nested types

· Re served mem ber names 

· Con stants 

· Fields 

· Static and in stance fields 

· Readonly fields 

· Vol a tile fields 

· Field ini tial iza tion

· Vari able in itial is ation

· Methods

· Method pa ram e ters 

· Static and in stance meth ods

· Vir tual meth ods 

· Over ride meth ods 

· Sealed meth ods

· Ab stract meth ods 

· Ex ter nal meth ods
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· Method body

· Method over load

· Prop erties

· Static and in stance prop er ties 

· Ac ces sory

· Vir tual, sealed, over ride, and ab stract ac ces sory 

· Ex ter nal property

· Events

· Event ac ces sory

·  Static and in stance events 

· Vir tual, sealed, over ride, and ab stract ac ces sory 

· Ex ter nal events 

· In dexers

· In dexer overload

· Op er a tors 

· Unary op er a tors 

· Bi nary op er a tors 

· Con ver sion op

· In stance con struc tors 

· Con struc tor initializer 

· In stance vari able initializer 

· Con struc tor ex e cu tion

· De fault const

· Pri vate con struc tors 

· Op tional in stance con struc tor pa ram e ters

· Static con struc tors 

· De struc tors 

21.9 Prob lems

1. Com pile and run these ex am ples. Use your own date of birth to find out which day of the 
week you were born on.

2. Us ing ex am ple 1 as a start ing point mod ify it to cre ate a US data class. The se quence is
now Month - Day - Year.

3. Us ing ex am ple 1 as a start ing point mod ify it to cre ate a   ISO date class. The sequence
for this is Year - Month - Day.

21.10 Bib li og ra phy

21.10.1 Ob ject Ori ented Pro gram ming

The fol low ing are a se lec tion of books about ob ject ori ented pro gram ming. The Birtwistle
book is rather old but is worth a read from an  his tor i cal view point as Simula was one the
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first ob ject ori ented pro gram ming lan guages. The Meyer book uses the Eif fel pro gram ming
lan guage. The Booch and Rumbaugh books are regarded as some of the clas sics texts on
ob ject ori ented pro gram ming. They are es sen tial read ing in the lon ger term.

Birtwistle G.M., Dahl O. J., Myhrhaug B., Nygaard K., SIMULA BE GIN, Chart well-Bratt
Ltd, 1975.

Booch G., Ob ject Ori ented De sign with Ap pli ca tions, Benjamin Cummings, 1994.

Meyer B., Ob ject Ori ented Soft ware Con struc tion, Prentice Hall, 1997.

Rumbaugh J., Blaha M., Premerlani W., Eddy F., Lorenson W.,Ob ject Ori ented Modelling
and De sign, Prentice Hall, 1991.

21.10.2 Dates and Cal en dars

Wikipedia has a very good en try on dates and cal en dars.

http://en.wikipedia.org/wiki/Cal en dar

The ISO also have a pub li ca tion ad dress ing the is sue of dates.

ISO 8601:1988 Data El e ments and In ter change for mats - Information In ter change -
Representations of Dates and Times.

It has been su per seded by a sec ond edi tion in 2000 and by the cur rent third edi tion pub -
lished on 3 De cem ber 2004. The third edi tion cab be found at

http://dotat.at/tmp/ISO_8601-2004_E.pdf

There is a Wikipedia en try that should be re ferred to in pref er ence to buy ing the stan dard.

http://en.wikipedia.org/wiki/ISO_8601

Lance Latham has pub lished a very good book in this area and the de tails are given be low.

Lance Latham, Stan dard C Date/Time Li brary, Pro gram ming the World's Cal en dars and
Clocks, R & D Books, ISBN: 0-87930-496-0.

His home page is

http://www.cs.al bany.edu/~llatham/techchron/techchron.htm

An ar ti cle by him

http://www.her metic.ch/compsci/techchron.html

His book home page

http://www.cs.al bany.edu/~llatham/scdtl/scdtl.html

An other site.

http://norbyhus.dk/calrefs.html

Yet an other

http://www.tondering.dk/claus/cal en dar.html

And an other

http://emr.cs.iit.edu/home/reingold/cal en dar-book/third-edi -
tion/in dex.html

Some peo ple are fascinated by cal en dars!
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Aims

This chap ter has a cov er age of

· sim ple in her i tance in C#

· in her i tance and poly mor phism

22 Object Oriented Programming - Inheritance and 
Polymorphism

This chap ter has some new ex am ples to extend the ones in the ear lier chap ter on classes.

22.1 Ex am ple 1: Shape base class

This ex am ple looks at the implementation of a ba sic shape class. We will use it as the ba sis 
for our ex am ple on ge neric or poly mor phic shapes.
us ing Sys tem;

pub lic class shape
{

  pri vate int x_;
  pri vate int y_;

  pub lic shape()
  {
    x_=0;
    y_=0;
  }

  pub lic shape(int x,int y)
  {
    x_=x;
    y_=y;
  }

  pub lic void print()
  {
    Sys tem.Con sole.WriteLine(" shape {0}  {1}",x_,y_);
  }
}

class c2201
{
  pub lic static int Main()
  {
    int i;
    string line;
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    shape [] s = new shape[2];

    s[0]=new shape();
    s[1]=new shape(10,20);

    for (i=0;i<s.Length;i++)
      s[i].print();

    for (i=0;i<s.Length;i++)
      dis play(s[i]);

    line=Sys tem.Con sole.ReadLine();

    re turn(0);
  }

  pub lic static void dis play(shape s)
  {
    s.print();
  }

}//
In this ex am ple we have just got an x and y po si tion for a shape ob ject. We are con sid er ing 
a two di men sional shape. We are not as sum ing in her i tance in this ex am ple.

22.2 Ex am ple 2: In her i tance and ge neric or 
poly mor phic ob jects

In this ex am ple we show how one can achieve dy namic bind ing in C#.
us ing Sys tem;

pub lic class shape
{

  pro tected int x_;
  pro tected int y_;

  pub lic shape()
  {
    x_=0;
    y_=0;
  }

  pub lic shape(int x,int y)
  {
    x_=x;
    y_=y;
  }

  pub lic vir tual void print()
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  {
    Sys tem.Con sole.WriteLine(" shape {0}  {1}",x_,y_);
  }
}

pub lic class cir cle : shape
{

  pri vate int ra dius_;
  
  pub lic cir cle()
  {
    x_=0;
    y_=0;
    ra dius_=0;
  }

  pub lic cir cle(int x,int y,int ra dius)
  {
    x_=x;
    y_=y;
    ra dius_=ra dius;
  }

  pub lic over ride void print()
  {
    Sys tem.Con sole.WriteLine(" cir cle {0}  {1}
{2}",x_,y_,ra dius_);
  }
}

class c2202
{
  pub lic static int Main()
  {

    int i;
    string line;

    shape [] s = new shape[2];

    s[0]=new shape(10,20);
    s[1]=new cir cle(100,200,300);

    for (i=0;i<s.Length;i++)
      s[i].print();

    for (i=0;i<s.Length;i++)
      dis play(s[i]);
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    line=Sys tem.Con sole.ReadLine();

    re turn(0);
  }

  pub lic static void dis play(shape s)
  {
    s.print();
  }

}//
Here is the out put from a diff of the two source files in ex am ples 3 and 4. This shows how
few changes we had to make to achieve polymorphism.
$ diff shape01.cs shape02.cs
6,7c6,7
<   pri vate int x_;
<   pri vate int y_;
---
>   pro tected int x_;
>   pro tected int y_;
21c21
<   pub lic void print()
---
>   pub lic vir tual void print()
26a27,51
> pub lic class cir cle : shape
> {
>
>   pri vate int ra dius_;
>
>   pub lic cir cle()
>   {
>     x_=0;
>     y_=0;
>     ra dius_=0;
>   }
>
>   pub lic cir cle(int x,int y,int ra dius)
>   {
>     x_=x;
>     y_=y;
>     ra dius_=ra dius;
>   }
>
>   pub lic over ride void print()
>   {
>     Sys tem.Con sole.WriteLine(" cir cle {0}  {1}
{2}",x_,y_,ra dius_);
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>   }
> }
>
37,38c62,63
<     s[0]=new shape();
<     s[1]=new shape(10,20);
---
>     s[0]=new shape(10,20);
>     s[1]=new cir cle(100,200,300);
The key dif fer ences are

<   pri vate int x_;
<   pri vate int y_;
---
>   pro tected int x_;
>   pro tected int y_;
where we al ter the x_ and y_ vari ables to pro tected, and
21c21
<   pub lic void print()
---
>   pub lic vir tual void print()

where we make the print method vir tual. Fi nally we have

>   pub lic over ride void print()

where we make this ver sion of the print method over ride the one in the base class.

22.3 Ex am ple 3: In her i tance and the Date class

The fol low ing ex am ple is based on the date class from the pre vi ous chap ter. We now use
in her i tance to de rive the iso_date class from the base date class.
us ing Sys tem;

pub lic class date
{

  pro tected static string[] month_names =
    {"","Jan u ary","Feb ru ary","March","April","May","June",
    "July","Au gust","Sep tem ber","Oc to ber","No vem ber",
    "De cem ber"};

  pro tected static string[] day_names =
    {"Sunday","Mon day","Tues day","Wednes day","Thurs day",
     "Fri day","Sat ur day"};

  pro tected int d_,m_,y_;

  pub lic date(int d, int m , int y)
  {
    d_=d;
    m_=m;
    y_=y;
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  }

  pub lic date()
  {
    d_=1;
    m_=1;
    y_=1;
  }

  pub lic vir tual void print()
  {
    Con sole.WriteLine("{0,2}/{1,2}/{2,4}", d_,m_,y_);
  }

  pub lic vir tual void print_month()
  {
    Con sole.WriteLine("{0,2}/{1}/{2,4}",
    d_,month_names[m_],y_);
  }

  pro tected int day_of_week_in dex()
  {
    int in dex, day, month, year;

    day = d_;
    month = m_;
    year = y_;

    if (month > 2)
      month -= 2;
    else
    {
      month += 10;
      year--;
     }

    in dex = ((13 * month - 1) / 5) + day + (year % 100) 
            + ((year % 100) / 4) + ((year / 100) / 4) 
            - 2 * (year / 100) + 77;
         
    in dex = in dex - 7 * (in dex / 7);

    if (in dex == 7)
      in dex = 0;

    re turn (in dex);
  }

  pub lic vir tual void print_day()

324 Object Oriented Programming - Inheritance and
Polymorphism Chapter 22

© Ian D Chivers



  {
    Con sole.WriteLine("{0}/{1,2}/{2,4}",
    day_names[day_of_week_in dex()],m_,y_);
  }
}

pub lic class iso_date : date
{
  pub lic iso_date(int y, int m , int d)
  {
    y_=y;
    m_=m;
    d_=d;
  }

  pub lic iso_date()
  {
    y_=1;
    m_=1;
    d_=1;
  }

  pub lic over ride void print()
  {
    Con sole.WriteLine("{0,4}/{1,2}/{2,2}", y_,m_,d_);
  }

  pub lic over ride void print_month()
  {
    Con sole.WriteLine("{0,4}/{1}/{2,2}",
y_,month_names[m_],d_);
  }

  pub lic over ride void print_day()
  {
    Con sole.WriteLine("{0,4}/{1,2}/{2}",
y_,m_,day_names[day_of_week_in dex()]);
  }

}

class c2203
{
  pub lic static void Main()  
  {

    date [] d = new date[2];
    d[0] = new date(11,2,1952);
    d[1] = new iso_date(1952,2,11);
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    Con sole.WriteLine("Nor mal first, iso sec ond");
    d[0].print();
    d[1].print();

    Con sole.WriteLine("Nor mal first, iso sec ond");
    d[0].print_day();
    d[1].print_day();

    Con sole.WriteLine("Nor mal first, iso sec ond");
    d[0].print_month();
    d[1].print_month();
  }
}//

Com pile and run this ex am ple. 

22.4 Prob lems

1. Take the shape class and add an inherited rect an gle class. A rect an gle has length and
breadth.

2. Take the date class and add an in her ited US date class. The se quence in the US is month, 
day year.
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``Er rors us ing in ad e quate data are much less than those us ing no data at all.'' 

Charles Babbage

Aims 

The aims of this chap ter are to pro vide an in tro duc tion to al go rithms and their be hav iour. In 
Com puter Sci ence this is nor mally done us ing the so called big O no ta tion.

23 An Introduction to Algorithms and the Big O
notation

A method for deal ing with ap prox i ma tions was in tro duced by Bachman in 1892 in his work 
Analytische Zahlen Theorie. This is the big O no ta tion. 

The big O no ta tion is used to clas sify al go rithms by how they per form de pend ing on the
size of the in put data set they are work ing on. This typ i cally means look ing at both their
space and time be hav iour. 

A more de tailed and math e mat i cal cov er age can be found in Knuth's Fun da men tal Al go -
rithms. Chap ter one of this book looks at the ba sic con cepts and math e mat i cal pre lim i nar ies 
re quired for ana lys ing al go rithms, and is around 120 pages. Well worth a read. 

23.1 Ba sic back ground 
The ta ble be low summarises some of the details regarding commonly occurring types of
prob lem.

            No ta tion                                                          Name

            O(1)                                                                con stant

            O(n)                                                                 lin ear

            O(log n)                                                          log a rith mic

            O(n log  n) = O(log n!)                                  linearithmic,

                                                                                    loglinear,

                                                                                    quasilinear

            O(log log n)                                                    dou ble log a rith mic

            O(n log^* n)                                                   n log-star n

            O(n^2)                                                             qua dratic

            O(n^c) 0<c<1                                                  frac tional power 

            O(n^c) c>1                                                      poly no mial 

                                                                                    or al ge braic

            O(c^n) c>1                                                      ex po nen tial

            O(n!)                                                               fac to rial

23.1.1 Brief ex pla na tion

O(1) De ter min ing if a num ber is even or odd; us ing a con stant-size lookup

ta ble

O(log log n) Find ing an item us ing in ter po la tion search in a sorted ar ray of uni -

formly dis trib uted val ues.

O(log  n) Find ing an item in a sorted ar ray with a bi nary search or a bal anced

search tree as well as all op er a tions in a Bi no mial heap.
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O(n^c) 0 < c < 1 Search ing in a kd-tree

O(n) Find ing an item in an un sorted list or a mal formed tree (worst case)

or in an un sorted ar ray; Add ing two n-bit in te gers\in dex{bit in te gers

by rip ple carry. 

O(n log^* n) Per form ing tri an gu la tion of a sim ple poly gon us ing Seidel's al go -

rithm.

O(n log n) Per form ing a Fast Fou rier trans form; heapsort, quicksort (best and av -

er age case), or merge sort.

O(n^2) Mul ti ply ing two n-digit num bers by a sim ple al go rithm; bub ble sort

(worst case or na ive im ple men ta tion), Shell sort, quicksort (worst

case), se lec tion sort or in ser tion sort.

O(n^c) c > 1 Tree-ad join ing gram mar pars ing; max i mum match ing for bi par tite

graphs.

 O(c^n) c>1 Find ing the (ex act) so lu tion to the trav el ling sales man prob lem us ing

dy namic pro gram ming; de ter min ing if two log i cal state ments are

equiv a lent us ing brute-force search.

 O(n!) Solv ing the trav el ling sales man prob lem via brute-force search; gen -

er at ing all un re stricted per mu ta tions of a poset; find ing the de ter mi -

nant with ex pan sion by mi nors.

The fol low ing ta ble il lus trates the be hav iour of 4 of the above for in creas ing n.

n O(1) O(n) O(n*n) O(log n) O(n log n)

1 1 1 1.00E+00 0 0.00E+00

10 1 10 1.00E+02 2.3 2.30E+01

100 1 100 1.00E+04 4.61 4.61E+02

1,000 1 1,000 1.00E+06 6.91 6.91E+03

10,000 1 10,000 1.00E+08 9.21 9.21E+04

100,000 1 100,000 1.00E+10 11.51 1.15E+06

1,000,000 1 1,000,000 1.00E+12 13.82 1.38E+07

10,000,000 1 10,000,000 1.00E+14 16.12 1.61E+08

100,000,000 1 100,000,000 1.00E+16 18.42 1.84E+09

1,000,000,000 1 1,000,000,000 1.00E+18 20.72 2.07E+10

23.2 Quicksort and in ser tion sort com par i son

Al go rithm       Data                 Time                                                                Worst Case

                        Struc ture         Com plex ity                                                     Aux il iary

                                                                                                                        Space Com plex ity
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                                                Best                 Av er age           Worst              Worst

Quicksort        Ar ray               O(n log(n))      O(n  log(n))    O(n^2)             O(n) 

In ser tion Sort  Ar ray               O(n)                 O(n^2)             O(n^2)             O(1)

23.3 Ba sic ar ray and linked list per for mance

The fol low ing ta ble sum ma rises this in for ma tion.

Data 

Struc ture

Time
Complexity

     
Space
Complexity

     

Av er age    Worst  Worst

In dex Search In sert De lete In dex Search In sert De lete

Ba sic 
Ar ray

 O(1)  O(n)  -  -  O(1)  O(n)  -  -  O(n) 

Dy -
namic
Ar ray

 O(1)  O(n)  O(n)  O(n)  O(1)  O(n)  O(n)  O(n)  O(n) 

Sin gly
Linked
List

 O(n)  O(n)  O(1)  O(1)  O(n)  O(n)  O(1)  O(1)  O(n) 

23.4 Bib li og ra phy 

The ear li est books that we have used in this area are those by Don ald Knuth, and de tails are 
given be low in chro no log i cal or der. 

· Vol ume 1, Fun da men tal Al go rithms, first edi tion, 1968, xxi+634pp, ISBN

0-201-03801-3. 

· Vol ume 2, Seminumerical Al go rithms, first edi tion, 1969, xi+624pp, ISBN

0-201-03802-1. 

· Vol ume 3, Sort ing and Search ing, first edi tion, 1973, xi+723pp+cen ter fold,

ISBN 0-201-03803-X 

· Vol ume 1, sec ond edi tion, 1973, xxi+634pp, ISBN 0-201-03809-9. 

· Vol ume 2, sec ond edi tion, 1981, xiii+ 688pp, ISBN 0-201-03822-6.

Knuth uses the Mix as sem bly lan guage (an ar ti fi cial lan guage) and this lim its the ac ces si -
bil ity of the books. 

How ever within the Com puter Sci ence com mu nity they are gen er ally re garded as the first
and most com pre hen sive treat ment of its sub ject. item ize 
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For some thing more ac ces si ble, Sedgewick has writ ten several programming language
versions of a book on algorithms. He was a student of Knuth's. The earliest used Pascal,
and later editions have used C, C++ and Modula 2 and Modula 3.

· Sedgewick, Rob ert (1992). Al go rithms in C++, Ad di son-Wes ley. ISBN

0-201-51059-6. 

· Sedgewick, Rob ert (1993). Al go rithms in Mod ula 3, Ad di son-Wes ley. ISBN

0-201-53351-0. item ize 
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A man should keep his brain at tic stacked with all the fur ni ture he is likely to use, and the
rest he can put away in the lum ber room of his li brary, where he can get at it if he wants.

Sir Ar thur Conan Doyle, Five Or ange Pips.

Aims 

The Sys tem.Col lec tions namespace was part of the orig i nal .Net re lease. It has been
superceded by the Sys tem.Collections.Ge neric namespace which was re leased in .Net 2 The 
later chap ter reimplements the ex am ples in this chap ter us ing the mod ern pre ferred
namespace.

24 An Introduction to the System.Collections
Namespace

The abil ity to work with lists, queues, trees, hash ta bles and other data struc tures oc curs
quite fre quently when pro gram ming and Microsoft has in cluded some func tion al ity in this
area via the Sys tem.Col lec tions namespace. The bib li og ra phy con tains de tails of a num ber
of sources on al go rithms and data struc tures for lists, queues, trees and hash ta bles.

The Sys tem.Col lec tions namespace con tains the fol low ing classes

Class                                                   De scrip tion 

ArrayList Im ple ments the IList in ter face us ing an ar ray whose

size is dy nam i cally in creased as re quired. 

BitArray Man ages a com pact ar ray of bit val ues, which are rep -

re sented as Booleans, where true in di cates that the bit

is on (1) and false in di cates the bit is off (0). 

CaseInsensitiveComparer Compares two ob jects for equiv a lence, ig nor ing the

case of strings. 

CaseInsensitiveHashCodeProvider Sup plies a hash code for an ob ject, us ing a hash ing al -

go rithm that ig nores the case of strings. 

CollectionBase Pro vides the ab stract (MustInherit in Vi sual Ba sic)

base class for a strongly typed col lec tion. 

Comparer Compares two ob jects for equiv a lence, where string

com par i sons are case-sensitive. 

DictionaryBase Pro vides the ab stract (MustInherit in Vi sual Ba sic)

base class for a strongly typed col lec tion of

key-and-value pairs. 

Hashtable Rep re sents a col lec tion of key-and-value pairs that are
or ga nized based on the hash code of the key. 

Queue Rep re sents a first-in, first-out col lec tion of ob jects. 

ReadOnlyCollectionBase Pro vides the ab stract (MustInherit in Vi sual Ba sic)

base class for a strongly typed read-only col lec tion. 

SortedList
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Rep re sents a col lec tion of key-and-value pairs that are

sorted by the keys and are ac ces si ble by key and by in -

dex. 

Stack Rep re sents a sim ple last-in-first-out col lec tion of ob -

jects. 

and the fol low ing in ter faces

In ter face                                              De scrip tion 

ICollection De fines size, enu mer a tors and syn chro ni za tion meth ods 

for all col lec tions. 

IComparer Ex poses a method that com pares two ob jects. 

IDictionary Rep re sents a col lec tion of key-and-value pairs. 

IDictionaryEnumerator Enu mer ates the el e ments of a dic tio nary. 

IEnumerable Ex poses the enu mer a tor, which sup ports a sim ple it er a -

tion over a col lec tion. 

IEnumerator Sup ports a sim ple it er a tion over a col lec tion. 

IHashCodeProvider Sup plies a hash code for an ob ject, us ing a cus tom

hash func tion. 

IList Rep re sents a col lec tion of ob jects that can be in di vid u -

ally ac cessed by in dex. 

and the fol low ing struc ture

Struc ture                                             De scrip tion 

DictionaryEntry De fines a dic tio nary key-and-value pair that can be set

or re trieved. 

The first two ex am ples look at the fa cil i ties for han dling so called key + value pairs.

24.1 Ex am ple 1: Names and Tele phone Num bers us ing the Hashtable
Class

The fol low ing is a sim ple pro gram high light ing the ba sic use of the Hashtable class. 

us ing Sys tem;
us ing Sys tem.Col lec tions;

class c2401
{

  static int Main()
  {
    Hashtable col lec tion_name = new Hashtable();

    col lec tion_name.Add("Alex","7274 1676");
    col lec tion_name.Add("Amanda","7326 1876");
    col lec tion_name.Add("Andy","01646 690 483");
    col lec tion_name.Add("Angela","7274 8173");
    col lec tion_name.Add("Arian","011895 542 406");
    col lec tion_name.Add("Bob","8743 4828");
    col lec tion_name.Add("Brixton_Rec","7926 9779");
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    col lec tion_name.Add("Ca ble","7207 5288");
    col lec tion_name.Add("Ca ble_faults","0800 068 1374");
    col lec tion_name.Add("Caro line","7271 0763");
    col lec tion_name.Add("Caro line_2","7274 3949");
    col lec tion_name.Add("Char lotte","7274 4844");
    col lec tion_name.Add("Claire","8692 3829");
    col lec tion_name.Add("Clare","8671 3238");

    Con sole.WriteLine( "  Num ber of en tries:    {0}", col -
lec tion_name.Count );

    IDictionaryEnumerator enumv = col lec -
tion_name.GetEnumerator();

    Con sole.WriteLine( "\t-KEY-\t-VALUE-" );

    while ( enumv.MoveNext() )
      Con sole.WriteLine("\t{0}:\t\t{1}",

     enumv.Key, enumv.Value);
    Con sole.WriteLine();

    string key;

    key=Sys tem.Con sole.ReadLine();

    if (col lec tion_name.Con tains(key)) 
    Con sole.WriteLine(" Phone num ber = {0} " ,

  col lec tion_name[key]);

    re turn 0;
   }
}//

Key points are give be low.

The us ing System.Col lec tions; state ment makes avail able the Sys tem.Col lec tion
namespace.

    Hashtable col lec tion_name = new Hashtable();

Cre ate the hash ta ble - note that we do not spec ify the size.

    col lec tion_name.Add("Alex","7274 1676");

Add the en tries. The hash ta ble will grow dy nam i cally in size as the pro gram ex e cutes.

    Con sole.WriteLine( "  Num ber of en tries:    {0}", 
col lec tion_name.Count );

Print out the num ber of en tries.

    IDictionaryEnumerator enumv = 
col lec tion_name.GetEnumerator();

Cre ate an enu mer a tor for the hash ta ble.
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    while ( enumv.MoveNext() )
      Con sole.WriteLine("\t{0}:\t\t{1}", enumv.Key,
enumv.Value);

While there is data in the hash ta ble print out the key value pairs.

    if (col lec tion_name.Con tains(key)) 
    Con sole.WriteLine(" Phone num ber = {0} " ,

  col lec tion_name[key]);

If the key is in the hash ta ble print out the tele phone num ber.

Sam ple out put is given be low.

  Num ber of en tries:    14
-KEY-   -VALUE-
Claire:   8692 3829
Char lotte:     7274 4844
Arian:    011895 542 406
Caro line:    7271 0763
Andy:     01646 690 483
Caro line_2:    7274 3949
Angela:   7274 8173
Bob:    8743 4828
Clare:    8671 3238
Amanda:   7326 1876
Alex:     7274 1676
Ca ble:    7207 5288
Ca ble_faults:     0800 068 1374
Brixton_Rec:   7926 9779

The or der ing is a re flec tion of the al go rithm used by the Hashtable class.

24.2 Ex am ple 2: Names and Tele phone Num bers us ing the SortedList 
Class

This ex am ples solves the same prob lem us ing the SortedList class.

us ing System;
us ing Sys tem.Col lec tions;

class c2402
{

  static int Main()
  {
    SortedList col lec tion_name = new SortedList();

    col lec tion_name.Add("Ca ble","7207 5288");
    col lec tion_name.Add("Ca ble_faults","0800 068 1374");
    col lec tion_name.Add("Caro line","7271 0763");
    col lec tion_name.Add("Caro line_2","7274 3949");
    col lec tion_name.Add("Char lotte","7274 4844");
    col lec tion_name.Add("Claire","8692 3829");
    col lec tion_name.Add("Clare","8671 3238");
    col lec tion_name.Add("Alex","7274 1676");
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    col lec tion_name.Add("Amanda","7326 1876");
    col lec tion_name.Add("Andy","01646 690 483");
    col lec tion_name.Add("Angela","7274 8173");
    col lec tion_name.Add("Arian","011895 542 406");
    col lec tion_name.Add("Bob","8743 4828");
    col lec tion_name.Add("Brixton_Rec","7926 9779");

    Con sole.WriteLine( "  Num ber of en tries:    {0}", col -
lec tion_name.Count );

    IDictionaryEnumerator enumv = col lec -
tion_name.GetEnumerator();

    Con sole.WriteLine( "\t-KEY-\t-VALUE-" );

    while ( enumv.MoveNext() )
      Con sole.WriteLine("\t{0}:\t\t{1}", 

     enumv.Key, enumv.Value);
    Con sole.WriteLine();

    string key;

    key=Sys tem.Con sole.ReadLine();

    if (col lec tion_name.Con tains(key)) 
    Con sole.WriteLine(" Phone num ber = {0} " , col lec -
tion_name[key]);

    re turn 0;
   }
}//

The key points are given be low.

    SortedList col lec tion_name = new SortedList();

Cre ate an empty sorted list - note again no size spec i fied. This will grow at run time.

    col lec tion_name.Add("Alex","7274 1676");

Add the en tries.

    Con sole.WriteLine( "  Num ber of en tries:    {0}",

  col lec tion_name.Count );

Print out the num ber of en tries.

    IDictionaryEnumerator enumv = col lec -
tion_name.GetEnumerator();

Cre ate an enu mer a tor for the sorted list.

    while ( enumv.MoveNext() )
      Con sole.WriteLine("\t{0}:\t\t{1}",

     enumv.Key, enumv.Value);

While there data in the sorted list print out the key value pairs.

Sam ple out put is given be low.
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  Num ber of en tries:    14
-KEY-   -VALUE-
Alex:     7274 1676
Amanda:   7326 1876
Andy:     01646 690 483
Angela:   7274 8173
Arian:    011895 542 406
Bob:    8743 4828
Brixton_Rec:   7926 9779
Ca ble:    7207 5288
Ca ble_faults:     0800 068 1374
Caro line:    7271 0763
Caro line_2:    7274 3949
Char lotte:     7274 4844
Claire:   8692 3829
Clare:    8671 3238

The data is now sorted. This was done au to mat i cally for us as we added the data to the
SortedList.

24.3 Ex am ple 3: A Spell ing Checker us ing the ArrayList class

The fol low ing pro gram is a very sim ple spell ing checker. In this case we will use the
ArrayList class. In this ex am ple we will also spec ify the size of the data struc ture. We will
also look at tim ing parts of the pro gram.

The file used as the ba sis of our dic tio nary ex ists on most if not all Unix and Linux sys -
tems. It is called words. If you don't have ac cess to a Unix or Linux sys tem, don't panic. A
copy can be found at

http://www.rhymneyconsulting.co.uk/cpp/words
Http://www.es sen tial-se ries.com/

This one has  173528 words in it, and hence the size of the ArrayList.
us ing Sys tem;
us ing Sys tem.Col lec tions;
us ing Sys tem.IO;

class c2403
{
  static int Main()
  {
    ArrayList arrayl = new ArrayList(173528);

    const string words = "words";

    string word;

    StreamReader words_file = File.OpenText(words);

    Sys tem.DateTime dt = new DateTime();

    dt=DateTime.UtcNow;
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    Sys tem.Con sole.Write(dt);
 
    int mil li sec ond = dt.Mil li sec ond;
 
    Sys tem.Con sole.WriteLine(" {0} ",mil li sec ond);
    
    Sys tem.Con sole.WriteLine(" Dic tio nary load ing ");

    for (int i=1;i<173528;++i)
    {
      word = words_file.ReadLine();
      arrayl.Add(word);
    }
    Sys tem.Con sole.WriteLine(" Loading com plete.");
    
    Sys tem.Con sole.Write(dt);
    dt=DateTime.UtcNow;
    mil li sec ond=dt.Mil li sec ond;

    Sys tem.Con sole.WriteLine(" {0} ",mil li sec ond);

    string key;

    key=Sys tem.Con sole.ReadLine();

    if (arrayl.Con tains(key)) 
      Con sole.WriteLine(" Word in dic tio nary ");
    else
       Con sole.WriteLine(" Word not in dic tio nary ");

    re turn 0;
   }
}//

The key points are given be low.

    Sys tem.DateTime dt = new DateTime();

Cre ate a DateTime vari able.

    dt=DateTime.UtcNow;

Ini tial ize to the cur rent date and time.

    Sys tem.Con sole.Write(dt);

Print out the value.

    int mil li sec ond = dt.Mil li sec ond;
    Sys tem.Con sole.WriteLine(" {0} ",mil li sec ond);

Print out the mil li sec ond com po nent of the DateTime.

    for (int i=1;i<173528;++i)
    {
      word = words_file.ReadLine();
      arrayl.Add(word);
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    }

Load the dic tio nary.

    dt=DateTime.UtcNow;
    mil li sec ond=dt.Mil li sec ond;

Set the cur rent date and time, and pick up the mil li sec ond com po nent and then print it out.

Sam ple out put is given be low. No tice the tim ing de tails. This is taken from a dual pro ces sor 
(933 MHz) Dell Pre ci sion Work sta tion 220 with 256 Mb of mem ory. The time is in mil li -
sec onds.

09/04/2002 09:26:11 264 
 Dic tio nary load ing 
 Loading com plete.
09/04/2002 09:26:11 358 
 Word in dic tio nary 

Run the pro gram sev eral times to get an av er age fig ure for the tim ing re quired to load the
dic tio nary. 

24.4 Ex am ple 4: Spell ing Checker 2

This is a sim ple vari ant to the above. In this case we don't spec ify the size of the ArrayList. 
It just grows as re quired at run time. 

us ing Sys tem;
us ing Sys tem.Col lec tions;
us ing Sys tem.IO;

class c2402
{
  static int Main()
  {
    ArrayList arrayl = new ArrayList();

    const string words = "words";

    string word,line;

    int nwords;

    StreamReader words_file = File.OpenText(words);

    line=Sys tem.Con sole.ReadLine();
    
    nwords=(int)int.Parse(line);

    Sys tem.DateTime dt = new DateTime();

    dt=DateTime.UtcNow;
  
    Sys tem.Con sole.Write(dt);
 

338 An Introduction to the System.Collections Namespace Chapter 24

© Ian D Chivers



    int mil li sec ond = dt.Mil li sec ond;
 
    Sys tem.Con sole.WriteLine(" {0} ",mil li sec ond);
    
    Sys tem.Con sole.WriteLine(" Dic tio nary load ing ");

    for (int i=1;i<nwords+1;++i)
    {
      word = words_file.ReadLine();
      arrayl.Add(word);
    }
    Sys tem.Con sole.WriteLine(" Loading com plete.");
    
    Sys tem.Con sole.Write(dt);
    dt=DateTime.UtcNow;
    mil li sec ond=dt.Mil li sec ond;

    Sys tem.Con sole.WriteLine(" {0} ",mil li sec ond);

    string key;

    key=Sys tem.Con sole.ReadLine();

    if (arrayl.Con tains(key)) 
      Con sole.WriteLine(" Word in dic tio nary ");
    else
       Con sole.WriteLine(" Word not in dic tio nary ");

    re turn 0;
   }
}//

The key state ments are firstly

    ArrayList arrayl = new ArrayList();

where we cre ate the ArrayList, but don't spec ify the size, and sec ondly the for loop be low

    for (int i=1;i<nwords+1;++i)
    {
      word = words_file.ReadLine();
      arrayl.Add(word);
    }

where we loop, in creas ing the size of the ArrayList by one each time we go through the
loop.

Out put from run ning this ver sion is given be low.

09/04/2002 09:26:20 623 
 Dic tio nary load ing 
 Loading com plete.
09/04/2002 09:26:20 733 
 Word in dic tio nary 
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Try run ning the pro gram sev eral times to get an av er age of the time re quired to load the
dic tio nary.

Com pare the tim ing with the pre vi ous ex am ple.

24.5 Sum mary

We only briefly touched on the Sys tem.Col lec tions namespace. Hope fully it has made you
aware of some of the func tion al ity pro vided. Don't re-invent the wheel!

24.6 Bib li og ra phy

Knuth D.E., The Art of Pro gramming, Vol ume 1: Fun da men tal Al go rithms, Ad di son Wes -
ley.

Knuth D.E., The Art of Pro gramming, Vol ume 2: Seminumerical Al go rithms, Ad di son
Wes ley.

Knuth D.E., The Art of Pro gramming, Vol ume 3: Sorting ad Searching, Ad di son Wes ley.

These are the orig i nal texts on al go rithms and data struc tures. If you re ally want to know
what is go ing on then these are the place to start. Visit

· Http://www-cs-staff.stan ford.edu/~knuth/taocp.htm

for more in for ma tion about Don ald Knuth. Also try an Am a zon search and read some of the 
re views about these books

Wirth N., Al go rithms and Data Struc tures, Prentice Hall.

Short Mod ula 2 based text on al go rithms and data struc tures by the de signer of Pascal,
Mod ula 2 and Oberon. Very easy read.

24.7 Prob lems

Try the ex am ples out.
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'Can you do ad di tion?' the White Queen asked. 'What's one and one and one and one and
one and one and one and one and one and one?' 'I don't know' said Al ice. 'I lost count.' 'She 
can't do ad di tion,' the Red Queen in ter rupted.

Lewis Carroll, Through the Look ing Glass and What Al ice Found There.

Aims

The aims of this chap ter are to pro vide a brief cov er age of op er a tor over load ing in C#..

25 Operator Overloading
In this chap ter we will look at op er a tor over load ing in C#. We will use com plex arith me tic
as the ba sis of our ex am ples. Com plex num bers have two parts, real and imag i nary. The
imag i nary com po nent has the prop erty that its square is a neg a tive num ber, i.e. the imag i -
nary part of a com plex num ber is the fac tor i, which is the square root of -1. Com plex arith -
me tic is re quired for a range of prob lems, and is sup ported in lan guages used in the nu -
meric area. 

25.1 Com plex in other lan guages

For tran has a built in com plex data type and pro vides a large num ber of in trin sic func tions
that work with the com plex data type, that also work with ar rays of com plex num bers. It is
of ten the lan guage of first choice for peo ple re quir ing com plex arith me tic.

C++ pro vides com plex arith me tic via the Stan dard Tem plate Li brary. It has been im ple -
mented us ing tem plates and pro vides very good func tion al ity.

The orig i nal Java lan guage spec i fi ca tion did not sup port com plex arith me tic as part of the
base lan guage. It is not in the cur rent ver sion at this mo ment. Work is un der way to pro vide 
com plex arith me tic for Java. The fol low ing are some use ful ad dresses for work in prog ress.

http://www.vni.com/cor ner/ga rage/grande/

This Java re search pro ject from Vi sual Numerics is a col lec tion of nu mer i cal Java classes
and an ex tended Java com piler. 

http://www.javagrande.org/

To quote the Fo rum The goal of the Java Grande Fo rum (JGF) is to de velop com mu nity
con sen sus and rec om men da tions for ei ther changes to Java or es tab lish ment of stan dards
(frame works) for Grande li brar ies and ser vices. These lan guage changes or frame works are
de signed to re al ize the best ever Grande pro gram ming en vi ron ment. 

Let us now have a look at do ing this in C#.

25.2 Ex am ple 1: us ing the float data type

This is a sim ple ex am ple that uses the float data type.

us ing Sys tem;

pub lic struct com plex 
{
   pri vate float r;
   pri vate float i;
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   pub lic com plex(float r, float i) 
   {
      this.r = r;
      this.i = i;
   }

   pub lic static com plex op er a tor +(com plex c1, com plex c2) 
   {
      re turn new com plex(c1.r + c2.r, c1.i + c2.i);
   }

   pub lic static com plex op er a tor -(com plex c1, com plex c2) 
   {
      re turn new com plex(c1.r - c2.r, c1.i - c2.i);
   }
  
   pub lic over ride string ToString()
   {
      re turn(String.For mat("{0} + {1}i", r, i));
   }
   
}

pub lic class c2501
{

   pub lic static void Main() 
   {
      com plex c1 = new com plex(2,3);
      com plex c2 = new com plex(3,4);

      com plex c3 = c1 + c2;
      com plex c4 = c1 - c2;

      Con sole.WriteLine(" {0}",c1);
      Con sole.WriteLine(" {0}",c2);
      Con sole.WriteLine(" {0}",c3);
      Con sole.WriteLine(" {0}",c4);
 
   }

}//

Let us look at some of the key points here.
pub lic struct com plex 

This state ment sets up the struct as pub lic and with the name com plex.
   pri vate float r;
   pri vate float i;

These are the two pri vate data items, both of type float, one to hold the real com po nent and 
the other to hold the imag i nary com po nent.
   pub lic static com plex op er a tor +(com plex c1, com plex c2) 
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   {
      re turn new com plex(c1.r + c2.r, c1.i + c2.i);
   }

This func tion or method over loads the ad di tion op er a tor. The key points are:

· pub lic - vis i ble out side of the struc ture.

· static - mod i fier which means that the method be longs to the type, rather than a

spe cific ob ject. 

· com plex - Re turn type.

· op er a tor - key word to in di cate we want to over load an op er a tor.

· + - op er a tor to over load.

· (Com plex c1, com plex c2) - pa ram e ters passed to the func tion  or method, both

of type com plex.

We have a sim i lar method to over load sub trac tion.

   pub lic over ride string ToString()
   {
      re turn(String.For mat("{0} + {1}i", r, i));
   }

Over loaded method that will be called when you want to print out a com plex num ber.
      com plex c1 = new com plex(2,3);
      com plex c2 = new com plex(3,4);

Cre ation of two com plex num bers ex plic itly call ing new.
      com plex c3 = c1 + c2;
      com plex c4 = c1 - c2;

Im plicit cre ation of two com plex num bers. When these state ments are executed the cor re -
spond ing meth ods are called to do the ad di tion and sub trac tion.
      Con sole.WriteLine(" {0}",c1);
      Con sole.WriteLine(" {0}",c2);
      Con sole.WriteLine(" {0}",c3);
      Con sole.WriteLine(" {0}",c4);

Ex e cuting these state ments will call the over loaded ToString method to print out the com -
plex num bers.

25.3 Ex am ple 2: us ing the dou ble data type

This is a sim ple vari ant of the first ex am ple us ing dou ble through out.
us ing Sys tem;

pub lic struct com plex 
{
   pub lic dou ble real;
   pub lic dou ble imag i nary;

   pub lic com plex(dou ble real, dou ble imag i nary) 
   {
      this.real = real;
      this.imag i nary = imag i nary;
   }
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   pub lic static com plex op er a tor +(com plex c1, com plex c2) 
   {
      re turn new com plex(

     c1.real + c2.real, c1.imag i nary + c2.imag i nary);
   }

   pub lic static com plex op er a tor -(com plex c1, com plex c2) 
   {
      re turn new com plex(

     c1.real - c2.real, c1.imag i nary - c2.imag i nary);
   }

   
   
   pub lic over ride string ToString()
   {
      re turn(String.For mat("{0} + {1}i", real, imag i nary));
   }

}

class c2502
{   
   pub lic static void Main() 
   {
      com plex c1 = new com plex(2,3);
      com plex c2 = new com plex(3,4);

      com plex c3 = c1 + c2;
      com plex c4 = c1 - c2;

      Con sole.WriteLine(" {0}",c1);
      Con sole.WriteLine(" {0}",c2);
      Con sole.WriteLine(" {0}",c3);
      Con sole.WriteLine(" {0}",c4);
 
   }
}//

Note how lit tle work was in volved in con vert ing be tween data types.

25.4 Ex am ple 3: Sup port ing mixed mode com plex arith me tic us ing
im plicit type con ver sions

The fol low ing ex am ple is a lit tle more re al is tic and adds the fol low ing func tion al ity:

· An ad di tional sin gle ar gu ment con struc tor which cre ates a com plex num ber with 

the imag i nary com po nent set to zero.

· Two ad di tional meth ods to ex tract the real and imag i nary com po nents of a com -
plex num ber

· An ad di tional method to en able im plicit type con ver sion. 

We’ll come back to the above af ter look ing at the com plete pro gram.
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us ing Sys tem;

pub lic struct com plex 
{
   pri vate dou ble r;
   pri vate dou ble i;

   pub lic com plex(dou ble r, dou ble i) 
   {
      this.r = r;
      this.i = i;
   }
   
   pub lic com plex(dou ble r) 
   {
      this.r = r;
      this.i = 0;
   }

   pub lic static com plex op er a tor +(com plex c1, com plex c2) 
   {
      re turn new com plex(c1.r + c2.r, c1.i + c2.i);
   }
   
   pub lic static com plex op er a tor -(com plex c1, com plex c2) 
   {
      re turn new com plex(c1.r - c2.r, c1.i - c2.i);
   }

   pub lic static dou ble real(com plex c)
   {
     re turn c.r;
   }

   pub lic static dou ble imag(com plex c)
   {
     re turn c.i;
   }

   pub lic static im plicit op er a tor com plex(dou ble d)
   {
     re turn new com plex(d,0);
   }
  
   pub lic over ride string ToString()
   {
      re turn(String.For mat("{0} + {1}i", r, i));
   }

}
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class c2503
{
   pub lic static void Main() 
   {
      com plex c1 = new com plex(2,3);
      com plex c2 = new com plex(3);

      com plex c3 = c1 + c2;
      com plex c4 = c1 - c2;
 
      com plex c5 = c1 + 2.0;
      com plex c6 = 1.0 - c2;

      Con sole.WriteLine(" {0}",c1);
      Con sole.WriteLine(" {0}",c2);
      Con sole.WriteLine(" {0}",c3);
      Con sole.WriteLine(" {0}",c4);
      Con sole.WriteLine(" {0}",c5);
      Con sole.WriteLine(" {0}",c6);
      Con sole.WriteLine(" {0}",com plex.real(c5));
      Con sole.WriteLine(" {0}",com plex.imag(c6));

   }
}//

The key ar eas are:

   pub lic static im plicit op er a tor com plex(dou ble d)
   {
     re turn new com plex(d,0);
   }

This is the method that will be called when ever we have mixed mode arith me tic in volv ing
data of types dou ble and com plex, i.e. When the fol low ing state ments are ex e cuted

      com plex c5 = c1 + 2.0;
      com plex c6 = 1.0 - c2;

The above method will be called to do the ap pro pri ate con ver sion, be fore do ing the ad di tion 
and sub trac tion.

The fol low ing state ments show how to ac cess the meth ods that ex tract the real and imag i -
nary parts of the com plex num bers in volved. We have the fol low ing syn tax

· [Struc ture name] - com plex

· [Pe riod] - .

· [Method name] - real or imag

to en able us to use these meth ods.

25.5 Ex am ple 4: Sup port ing mixed mode com plex arith me tic us ing
ex plicit type con ver sions

This is a sim ple vari ant, but now we re quire ex plicit con ver sion be tween data types. 
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us ing Sys tem;

pub lic struct com plex 
{
   pri vate dou ble r;
   pri vate dou ble i;

   pub lic com plex(dou ble r, dou ble i) 
   {
      this.r = r;
      this.i = i;
   }
   
   pub lic com plex(dou ble r) 
   {
      this.r = r;
      this.i = 0;
   }

   pub lic static com plex op er a tor +(com plex c1, com plex c2) 
   {
      re turn new com plex(c1.r + c2.r, c1.i + c2.i);
   }
   
   pub lic static com plex op er a tor -(com plex c1, com plex c2) 
   {
      re turn new com plex(c1.r - c2.r, c1.i - c2.i);
   }

   pub lic static dou ble real(com plex c)
   {
     re turn c.r;
   }

   pub lic static dou ble imag(com plex c)
   {
     re turn c.i;
   }

   pub lic static ex plicit op er a tor com plex(dou ble d)
   {
     re turn new com plex(d,0);
   }
  
   pub lic over ride string ToString()
   {
      re turn(String.For mat("{0} + {1}i", r, i));
   }

}
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class c2504
{
   pub lic static void Main() 
   {
      com plex c1 = new com plex(2,3);
      com plex c2 = new com plex(3);

      com plex c3 = c1 + c2;
      com plex c4 = c1 - c2;
 
      com plex c5 = c1 + (com plex)2.0;
      com plex c6 = (com plex)1.0 - c2;

      Con sole.WriteLine(" {0}",c1);
      Con sole.WriteLine(" {0}",c2);
      Con sole.WriteLine(" {0}",c3);
      Con sole.WriteLine(" {0}",c4);
      Con sole.WriteLine(" {0}",c5);
      Con sole.WriteLine(" {0}",c6);
      Con sole.WriteLine(" {0}",com plex.real(c5));
      Con sole.WriteLine(" {0}",com plex.imag(c6));

   }
}//

25.6 Ex am ple 5: Ar rays of Com plex Num bers

The fol low ing ex am ples shows how to work with ar rays of com plex num bers.
us ing Sys tem;

pub lic struct com plex 
{
   pri vate dou ble r;
   pri vate dou ble i;

   pub lic com plex(dou ble r, dou ble i) 
   {
      this.r = r;
      this.i = i;
   }
   
   pub lic com plex(dou ble r) 
   {
      this.r = r;
      this.i = 0;
   }

   pub lic static com plex op er a tor +(com plex c1, com plex c2) 
   {
      re turn new com plex(c1.r + c2.r, c1.i + c2.i);
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   }
   
   pub lic static com plex op er a tor -(com plex c1, com plex c2) 
   {
      re turn new com plex(c1.r - c2.r, c1.i - c2.i);
   }

   pub lic static dou ble real(com plex c)
   {
     re turn c.r;
   }

   pub lic static dou ble imag(com plex c)
   {
     re turn c.i;
   }

   pub lic static im plicit op er a tor com plex(dou ble d)
   {
     re turn new com plex(d,0);
   }
  
   pub lic over ride string ToString()
   {
      re turn(String.For mat("{0} + {1}i", r, i));
   }

}

class c2505
{
   pub lic static void Main() 
   {
      com plex [] c1 = new com plex[3];
      com plex [] c2 = new com plex[3];

      c1[0] = new com plex(1,2);
      c1[1] = new com plex(2,3);
      c1[2] = new com plex();
      
      c2[0] = c1[0] + c1[1]; 
      c2[1] = c1[1] + c1[2]; 
      c2[2] = c1[2] - c1[0];

      Sys tem.Con sole.WriteLine(" {0} " , c1[0]);
      Sys tem.Con sole.WriteLine(" {0} " , c1[1]);
      Sys tem.Con sole.WriteLine(" {0} " , c1[2]);
      Sys tem.Con sole.WriteLine(" {0} " , c2[0]);
      Sys tem.Con sole.WriteLine(" {0} " , c2[1]);
      Sys tem.Con sole.WriteLine(" {0} " , c2[2]);
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      c1=c2;
      Sys tem.Con sole.WriteLine(" {0} " , c1[0]);
      Sys tem.Con sole.WriteLine(" {0} " , c1[1]);
      Sys tem.Con sole.WriteLine(" {0} " , c1[2]);
      Sys tem.Con sole.WriteLine(" {0} " , c2[0]);
      Sys tem.Con sole.WriteLine(" {0} " , c2[1]);
      Sys tem.Con sole.WriteLine(" {0} " , c2[2]);
   }
}//

25.7 Sum mary

The main aim was to show how to go about op er a tor overloading in C#, us ing a numeric
ex am ple. It is hoped that Microsoft or an other de vel oper (e.g. Vi sual Numerics) will pro -
vide a high qual ity complex im ple men ta tion for C#. It will be in ter est ing to see how ef fi -
cient this implementation is com pared to For tran, C++ and other lan guages.
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Aims

The aim of this chap ter is to in tro duce the new foreach state ment.

26 Interators and the IEnumerable interface
In C# you can it er ate over data struc tures such as ar rays and col lec tions us ing a foreach
loop. In fact, you can use any cus tom data col lec tion in the foreach loop, as long as that
col lec tion type im ple ments a GetEnumerator method that re turns an IEnumerator in ter face. 

C# 2 in tro duces a much more pow er ful ver sion. To sim plify pro gram ming C# 2 de fines the
ge neric, typesafe IEnumerable<ItemType> and IEnumerator<ItemType> in ter faces in the
Sys tem.Col lec tions.Generics namespace.

26.1 In ter faces

An interface contains definitions for a group of related functionalities that a class or a struct
can implement.

By us ing in ter faces, you can, for ex am ple, in clude be hav iour from mul ti ple sources in a
class. That ca pa bil ity is im por tant in C# be cause the lan guage does n't sup port mul ti ple in -
her i tance of classes. In ad di tion, you must use an in ter face if you want to sim u late in her i -
tance for structs, be cause they can't ac tu ally in herit from another struct or class.

In this chap ter we have a gen eral pur pose print method that works with any data type that
implements the IEnumerable in ter face.

26.2 Iterators Over view

An iterator is a sec tion of code that re turns an or dered se quence of val ues of the same type.

An iterator can be used as the body of a method, an op er a tor, or a get accessor.

The iterator code uses the yield re turn state ment to re turn each el e ment in turn. yield break
ends the it er a tion. 

Mul ti ple iterators can be im ple mented on a class. Each iterator must have a unique name
just like any class mem ber, and can be in voked by cli ent code in a foreach state ment as fol -
lows: foreach(int x in SampleClass.Iterator2){}

The re turn type of an iterator must be IEnumerable, or IEnumerator.

The yield key word is used to spec ify the value, or val ues, re turned. When the yield re turn
state ment is reached, the cur rent lo ca tion is stored. Ex e cu tion is re started from this lo ca tion
the next time the iterator is called.

Iterators are es pe cially use ful with col lec tion classes, pro vid ing an easy way to it er ate
non-triv ial data struc tures such as bi nary trees.

26.3 Ex am ple 1: Ba sic foreach usage

The fol low ing ex am ple il lus trates this fa cil ity.

us ing Sys tem;
us ing Sys tem.Col lec tions;
us ing Sys tem.Col lec tions.Ge neric;

class c2601
{
    pub lic static void Main(string[] args)
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    {
        int[] x = { 1, 10, 2, 9, 3, 8, 4, 7, 5, 6 };

        print(x, " In te ger ar ray");

        ArrayList y = new ArrayList();

        y.Add("1");
        y.Add("10");
        y.Add("2");
        y.Add("9");
        y.Add("3");
        y.Add("8");
        y.Add("4");
        y.Add("7");
        y.Add("5");
        y.Add("6");

        print(y, " Ar ray List");

        List<int> l = new List<int>();

        l.Add(1);
        l.Add(10);
        l.Add(2);
        l.Add(9);
        l.Add(3);
        l.Add(8);
        l.Add(4);
        l.Add(7);
        l.Add(5);
        l.Add(6);

        print(l," List");

        Ar ray.Sort(x);

        print(x, " Sorted In te ger ar ray");

        y.Sort();

        print(y, " Sorted Ar ray List");

        l.Sort();

        print(l," Sorted list");
    }

    pub lic static void print(IEnumerable x, string head ing)
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    {
        Con sole.WriteLine(" {0} ", head ing);
        foreach (var i in x)
            Con sole.WriteLine(i);
    }
}//

The print method and hence the foreach state ment works with any data type that im ple -
ments the IEnumerable in ter face, i.e. 

· x - a con ven tional ar ray

· y - an ArrayList

· l - a List

and the syn tax is the same for all three.

We also see the use of a Sort method ap plied to the ar ray, ArrayList and List.

26.4 Iterator cre ation and ba sic re quire ments

The most com mon way to cre ate an iterator is to im ple ment the GetEnumerator method on
the IEnumerable in ter face, for ex am ple:
pub lic Sys tem.Col lec tions.IEnumerator GetEnumerator()
{
    for (int i = 0; i < max; i++)
    {
        yield re turn i;
    }
}
The pres ence of the GetEnumerator method makes the type an enumerable type and al lows
us ing the foreach state ment. If the method above was part of a class def i ni tion for
ListClass, then it would be pos si ble to use foreach on the class like this:

static void Main()
{
    ListClass listClass1 = new ListClass();

    foreach (int i in listClass1)
    {
        Sys tem.Con sole.WriteLine(i);
    }
}

The foreach state ment in vokes ListClass.GetEnumerator() and uses the re turned enu mer a tor 
to it er ate through the val ues. 

It is also pos si ble to use named iterators to sup port dif fer ent ways of it er at ing through the
same col lec tion of data. For ex am ple, you could pro vide one iterator which re turns el e ments 
in as cend ing or der, and one which re turns el e ments in de scend ing or der. An iterator can
also have pa ram e ters to en able cli ents to con trol all or part of the it er a tion be hav ior. The
fol low ing iterator im ple ments the IEnumerable in ter face us ing the named iterator
SampleIterator:

// Im ple ment ing the enumerable pat tern
pub lic Sys tem.Col lec tions.IEnumerable SampleIterator(int
start, int end)
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{
    for (int i = start; i <= end; i++)
    {
        yield re turn i;
    }
}

The named iterator is in voked like this:

ListClass test = new ListClass();
foreach (int n in test.SampleIterator(1, 10))
{
    Sys tem.Con sole.WriteLine(n);

}
You can use more than one yield state ment in the same iterator as in the fol low ing ex am -
ple:

pub lic Sys tem.Col lec tions.IEnumerator GetEnumerator()
{
    yield re turn "With an iterator, ";
    yield re turn "more than one ";
    yield re turn "value can be re turned";
    yield re turn ".";
}

You can then print the re sults us ing the fol low ing foreach state ment:

foreach (string el e ment in new TestClass())
{
    Sys tem.Con sole.Write(el e ment);
}

This ex am ple dis plays the fol low ing text:

With an iterator, more than one value can be re turned. 

On each suc ces sive it er a tion of the foreach loop (or the di rect call to
IEnumerator.MoveNext), the next iterator code body re sumes af ter the pre vi ous yield state -
ment and con tin ues to the next un til the end of the iterator body is reached, or a yield break 
state ment is en coun tered.

26.5 Ex am ple 2: Iterator ex am ple

This ex am ple il lus trates iterator us age.

us ing Sys tem;
us ing Sys tem.Col lec tions;
us ing Sys tem.Col lec tions.Ge neric;

pub lic class DaysOfTheWeek : Sys tem.Col lec tions.IEnumerable
{
    string[] days = { "Sun", "Mon", "Tue", "Wed", "Thr",
"Fri", "Sat" };

    pub lic Sys tem.Col lec tions.IEnumerator GetEnumerator()
    {
        for (int i = 0; i < days.Length; i++)
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        {
            yield re turn days[i];
        }
    }
}

class c2602
{
    static void Main()
    {
        // Cre ate an in stance of the col lec tion class
        DaysOfTheWeek week = new DaysOfTheWeek();

        // It er ate with foreach
        foreach (string day in week)
        {
            Sys tem.Con sole.Write(day + " ");
        }
    }
}//

Here is the out put.

// Out put: Sun Mon Tue Wed Thr Fri Sat

26.6 Ex am ple 3: Iterator variation

Here is an other ex am ple.

us ing Sys tem;
us ing Sys tem.Col lec tions;
us ing Sys tem.Col lec tions.Ge neric;

// De clare the col lec tion:
pub lic class SampleCollection
{
    pub lic int[] items;

    pub lic SampleCollection()
    {
        items = new int[5] { 5, 4, 7, 9, 3 };
    }

    pub lic Sys tem.Col lec tions.IEnumerable BuildCollection()
    {
        for (int i = 0; i < items.Length; i++)
        {
            yield re turn items[i];
        }
    }
}

class c2603
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{
    static void Main()
    {
        SampleCollection col = new SampleCollection();

        // Dis play the col lec tion items:
        Sys tem.Con sole.WriteLine("Val ues in the col lec tion
are:");
        foreach (int i in col.BuildCollection())
        {
            Sys tem.Con sole.Write(i + " ");
        }

        // Keep the con sole win dow open in de bug mode.
        Sys tem.Con sole.WriteLine("Press any key to exit.");
        Sys tem.Con sole.ReadKey();
    }
}//

Here is the out put.
/* Out put:
    Val ues in the col lec tion are:
    5 4 7 9 3        
*/

26.7 Prob lems

1. Mod ify the first foreach ex am ple to work with an ar ray of dou bles.

2. Mod ify the same ex am ple to work with a List of Strings.
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Aims

We will look briefly at par tial classes in this chap ter.

27 Partial classes
C# 1 re quires you to put all the code for a class in a sin gle file. C# 2.0 al lows you to split
the def i ni tion and im ple men ta tion of a class or a struct across mul ti ple files. It is pos si ble to 
split the def i ni tion of a class or a struct, or an in ter face over two or more source files. Each
source file con tains a sec tion of the class def i ni tion, and all parts are com bined when the
ap pli ca tion is com piled. There are sev eral sit u a tions when split ting a class def i ni tion is
desirable:

· When work ing on large pro jects, spread ing a class over sep a rate files al lows

mul ti ple pro gram mers to work on it si mul ta neously.

· When work ing with au to mat i cally gen er ated source, code can be added to the

class with out hav ing to rec re ate the source file.

Vi sual Stu dio uses this ap proach when creating Win dows Forms, Web Ser vice wrap per
code etc. You can cre ate code that uses these classes with out hav ing to edit the file cre ated
by Vi sual Stu dio.

To split a class def i ni tion, use the par tial key word mod i fier, as shown be low:

pub lic par tial class Em ployee
{
    pub lic void DoWork()
    {
    }
}

pub lic par tial class Em ployee
{
    pub lic void GoToLunch()
    {
    }
}

27.1 Notes

Us ing the par tial key word in di cates that other parts of the class, struct, or in ter face can be
de fined within the namespace. All the parts must use the par tial key word. All of the parts
must be avail able at com pile time to form the fi nal type. All the parts must have the same
ac ces si bil ity, such as pub lic, pri vate etc.

If any of the parts are de clared ab stract, then the en tire type is con sid ered ab stract. If any of 
the parts are de clared sealed, then the en tire type is con sid ered sealed. If any of the parts
de clare a base type, then the en tire type in her its that class.

All of the parts that spec ify a base class must agree, but parts that omit a base class still in -
herit the base type. Parts can spec ify dif fer ent base in ter faces, and the fi nal type im ple ments 
all of the in ter faces listed by all of the par tial dec la ra tions. Any class, struct, or in ter face
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mem bers de clared in a par tial def i ni tion are available to all of the other parts. The fi nal type 
is the com bi na tion of all the parts at com pile time.

The par tial mod i fier is not avail able on del e gate or enu mer a tion dec la ra tions.

Nested types can be par tial, even if the type they are nested within is not par tial it self. For
ex am ple:
class Con tainer
{
    par tial class Nested
    {
        void Test() { }
    }
    par tial class Nested
    {
        void Test2() { }
    }
}

At com pile time, at trib utes of par tial-type def i ni tions are merged. For ex am ple, the fol low -
ing dec la ra tions:

[Sys tem.SerializableAttribute]
par tial class Moon { }

[Sys tem.ObsoleteAttribute]
par tial class Moon { }

are equiv a lent to:

[Sys tem.SerializableAttribute]
[Sys tem.ObsoleteAttribute]
class Moon { }

The fol low ing are merged to gether from all the par tial-type def i ni tions: 

· XML com ments

· in ter faces

· ge neric-type pa ram e ter at trib utes

· class at trib utes

· mem bers

For ex am ple, the fol low ing dec la ra tions:

par tial class Earth : Planet, IRotate { }
par tial class Earth : IRevolve { }

are equiv a lent to:

class Earth : Planet, IRotate, IRevolve { }

27.1.1 Re stric tions

There are sev eral rules to fol low when work ing with par tial class def i ni tions:

All par tial-type def i ni tions meant to be parts of the same type must be mod i fied with par -
tial. For ex am ple, the fol low ing class dec la ra tions gen er ate an er ror: 

pub lic par tial class A { }
//pub lic class A { }  // Er ror, must also be marked par tial
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The par tial mod i fier can only ap pear im me di ately be fore the keywords class, struct, or in -
ter face.

Nested par tial types are al lowed in par tial type def i ni tions, for ex am ple: 
par tial class ClassWithNestedClass
{
    par tial class NestedClass { }
}

par tial class ClassWithNestedClass
{
    par tial class NestedClass { }
}

All par tial-type def i ni tions meant to be parts of the same type must be de fined in the same
as sem bly and the same mod ule (.exe or .dll file). Par tial def i ni tions can not span mul ti ple
mod ules.

The class name and ge neric-type pa ram e ters must match on all par tial-type def i ni tions. Ge -
neric types can be par tial. Each par tial dec la ra tion must use the same pa ram e ter names in
the same or der.

The fol low ing keywords on a par tial-type def i ni tion are op tional, but if pres ent on one par -
tial type def i ni tion, can not con flict with the keywords spec i fied on an other par tial def i ni tion 
for the same type: 

· pub lic

· pri vate

· pro tected

· in ter nal

· ab stract

· sealed

27.2 Ex am ple 1: sim ple par tial class usage

In the fol low ing ex am ple, the fields and the con struc tor of the class, CoOrds, are de clared
in one par tial class def i ni tion, while the mem ber, PrintCoOrds, is de clared in an other par tial 
class def i ni tion.

us ing Sys tem;
us ing Sys tem.Col lec tions;
us ing Sys tem.Col lec tions.Ge neric;

pub lic par tial class CoOrds
{
    pri vate int x;
    pri vate int y;

    pub lic CoOrds(int x, int y)
    {
        this.x = x;
        this.y = y;
    }
}

Chapter 27 Partial classes 359

© Ian D Chivers



pub lic par tial class CoOrds
{
    pub lic void PrintCoOrds()
    {
        Sys tem.Con sole.WriteLine("CoOrds: {0},{1}", x, y);
    }

}

class TestCoOrds
{
    static void Main()
    {
        CoOrds myCoOrds = new CoOrds(10, 15);
        myCoOrds.PrintCoOrds();
    }
}//

Out put

CoOrds: 10,15

27.3 Ex am ple 2: par tial classes and interfaces

The fol low ing ex am ple shows that you can also de velop par tial structs and in ter faces.

us ing Sys tem;
us ing Sys tem.Col lec tions;

us ing Sys tem.Col lec tions.Ge neric;

par tial in ter face ITest
{
    void In ter face_Test();
}

par tial in ter face ITest
{
    void In ter face_Test2();
}

par tial struct S1
{
    void Struct_Test() { }
}

par tial struct S1
{
    void Struct_Test2() { }
}//

27.4 Prob lems

1. Take an ex am ple you have al ready writ ten and split it into two par tial classes.
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Aims

We will look briefly at static classes in this chap ter.

28 Static classes
A class can be de clared static, in di cat ing that it con tains only static mem bers. It is not pos -
si ble to cre ate in stances of a static class us ing the new key word. Static classes are loaded
au to mat i cally by the .NET Frame work com mon lan guage runtime (CLR) when the pro gram 
or namespace con tain ing the class is loaded.

Static class are used to con tain meth ods that are not as so ci ated with a par tic u lar ob ject. For
ex am ple, it is a com mon re quire ment to cre ate a set of meth ods that do not act on in stance
data and are not as so ci ated to a spe cific ob ject in your code. You could use a static class to
hold those meth ods. The main fea tures of a static class are:

· They only con tain static mem bers.

· They can not be instantiated.

· They are sealed.

· They can not con tain In stance Con struc tors

Cre at ing a static class is there fore much the same as cre at ing a class that con tains only
static mem bers and a pri vate con struc tor. A pri vate con struc tor pre vents the class from be -
ing instantiated.

The ad van tage of us ing a static class is that the com piler can check to make sure that no in -
stance mem bers are ac ci den tally added. The com piler will guar an tee that in stances of this
class can not be cre ated. 

Static classes are sealed and there fore can not be in her ited. Static classes can not con tain a
con struc tor, al though it is still pos si ble to de clare a static con struc tor to as sign ini tial val ues 
or set up some static state. 

It is quite com mon to have classes with only static meth ods or mem bers (static classes). In
such cases there is no point in instantiating ob jects of these classes.

28.1 Ex am ple 1: static gcd class

Here is a C# pro gram that has a static class and static mem ber func tion.

us ing Sys tem;

pub lic static class gcd_class
{
  pub lic static int gcd(int x,int y)
  {
    int temp;
    if ( x<y )
      temp=x;
    else
      temp=y;
    while ((mod(x,temp) !=0) || (mod(y,temp) !=0))
      temp=temp-1;
    re turn temp;
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  }

  static int mod(int x,int y)
  {
    re turn(x-((x/y)*y));
  }

  static int Main() 
  {
    re turn (0);
  }
}//

The fol low ing pro gram uses the above class. We call the gcd func tion.

us ing Sys tem;

class use_gcd_class
{

  static int Main() 
  {
    int[] x={ 10,100,20,90};
    int[] y={120, 50, 5, 9};
    int t ;
    int i ;
    for (i=0;i<x.Length;i++)
    {
      t=gcd_class.gcd(x[i],y[i]);
      Con sole.WriteLine(" GCD of {0} and {1} is {2}
",x[i],y[i],t);
    }
    re turn (0);
  }

}//

These pro grams are com piled from the com mand line with the following com piler op tions.

csc gcd_class.cs use_gcd_class.cs /main:use_gcd_class

The out put from the pro gram is shown be low.

C:\doc u ment\csharp\newbook>use_gcd_class.exe
 GCD of 10 and 120 is 10
 GCD of 100 and 50 is 50
 GCD of 20 and 5 is 5
 GCD of 90 and 9 is 9

28.2 Ex am ple 2: util ity class with fac to rial func tion

This is a vari a tion on the ex am ple from the func tion chap ter. 

us ing Sys tem;

static class util ity

Chapter 28 Static classes 363

© Ian D Chivers



{

  pub lic static int fac to rial(int i)
  {
    int temp;
    if (i==0)
      re turn(1);
    else
      temp=i*fac to rial(i-1);
    re turn(temp);
  }
}

class use_util ity
{    
  static int Main() 
  {
    int i=0;
    int f=0;
    string line;
    Con sole.WriteLine(" Type in an in te ger");
    line=Sys tem.Con sole.ReadLine();
    i=int.Parse(line);
    f=util ity.fac to rial(i);
    Con sole.WriteLine(" {0,6}! = {1}",i,f);
    re turn (0);
  }
}//

28.3 Ex am ple 3: util ity class with min i mum and max i mum func tions

This ex am ple il lus trates a minimum and max i mum func tion.

us ing Sys tem;

static class util ity
{
  pub lic static int min i mum( int[] ar ray ) 
  {
    int min i mum_value=ar ray[0];
    for (int i=1 ; i < ar ray.Length; ++i)
      if ( ar ray[i]< min i mum_value) 
        min i mum_value = ar ray[i];
    re turn min i mum_value;
  }

  pub lic static int max i mum( int[] ar ray ) 
  {
    int max i mum_value=ar ray[0];
    for (int i=1 ; i < ar ray.Length; ++i)
      if ( ar ray[i] > max i mum_value) 
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        max i mum_value = ar ray[i];
    re turn max i mum_value;
  }
}

class test
{
  pub lic static int Main()
  {
    int[] x={10,1,9,2,8,3,7,4,6,5};
    int i=util ity.min i mum(x);
    Con sole.WriteLine(" Min i mum is {0,4}",i);
    i=util ity.max i mum(x);
    Con sole.WriteLine(" Max i mum is {0,4}",i);
    re turn(0);
  }
}//

Here is the out put.

c:\doc u ment\csharp\ptr>static_03
 Min i mum is    1
 Max i mum is   10

28.4 Ex am ple 4: util ity class with a func tion re turn ing a multiplication
ta ble

Here is the source.

us ing Sys tem;
us ing Sys tem.Text;

static class util ity
{
  pub lic static string times_ta ble(int n)
  {
    string s = "" ;
    for (int i=1;i<=12;i++)
    {
      s += String.For mat("{0,3}",i);
      s += "  * ";
      s += String.For mat("{0,3}",n);
      s += " = ";
      s += String.For mat("{0,3}",i*n);
      s += "\n";
    }
    re turn(s);
  }
}

class test
{
  static int Main()
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  {

    int i=5;
    string s = "" ;

    s = util ity.times_ta ble(i);

    Con sole.WriteLine(s);
  
    re turn(0);
  }
}//

Here is the out put.

c:\doc u ment\csharp\ptr>times_ta ble

  1  *   5 =   5
  2  *   5 =  10
  3  *   5 =  15
  4  *   5 =  20
  5  *   5 =  25
  6  *   5 =  30
  7  *   5 =  35
  8  *   5 =  40
  9  *   5 =  45
 10  *   5 =  50
 11  *   5 =  55
 12  *   5 =  60

We can use this as a way to for mat out put in a rich text box in the chap ter on Win dows
pro gram ming.

28.5 Prob lems

1. Tem per a ture con ver sion pro gram.

Us ing the fol low ing two func tions:

pub lic dou ble ctof(int c)
{
  dou ble f ;
  f = (c * 9 / 5) + 32;
  re turn f;
}

pub lic dou ble ftoc(int f)
{
  dou ble c;
  c = (f - 32) * 5 / 9;
  re turn c;
}

cre ate a con vert class with ctof and ftoc as two static func tions.

Then us ing the fol low ing main pro gram:
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class Testconvert
{
    static void Main()
    {
      int t;
      for (t=-50;t<=250;t++)
      {
        Con sole.Write(" {0} ", con vert.ftoc(t) );
        Con sole.Write(" {0} ", t );
        Con sole.WriteLine(" {0} ",con vert.ctof(t) );
      }
    }
}

test out your con ver sion func tions. What do you no tice?. Pay par tic u lar re gard to the fol -
low ing tem per a tures

            -40

            0

            32

            100

            212

Add for mat ting to pro duce a neat three col umn ta ble.
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We will look at generics in this chap ter.

29 Generics
Generics are the most pow er ful new fea ture of C# 2.0 They are sim i lar to C++ tem plates.
Generics in tro duce the con cept of type pa ram e ters, which make it pos si ble to de sign classes 
and meth ods that de fer the spec i fi ca tion of one or more types un til the class or method is
de clared and instantiated by cli ent code.

Ge neric classes en cap su late op er a tions that are not spe cific to a par tic u lar data type. The
most com mon use for ge neric classes is with col lec tions like linked lists, hash ta bles,
stacks, queues, trees and so on where op er a tions such as add ing and re mov ing items from
the col lec tion are per formed in much the same way re gard less of the type of data be ing
stored. For most programs re quir ing col lec tion classes, the rec om mended ap proach is to use 
the ones pro vided in the .NET Frame work class library.

29.1 Ex am ple 1: Ge neric min i mum func tion

This is a sim ple ex am ple that il lus trates the ba sic syn tax of ge neric func tions. We call the
func tion with two types of ar rays, one of type in te ger, one of type dou ble.

us ing Sys tem;

pub lic static class generic01
{
  pub lic static T min i mum< T > ( T[] ar ray ) 
    where T : IComparable< T >
  {

T min i mum_value=ar ray[0];
for (int i=1 ; i < ar ray.Length; ++i)

if ( ar ray[i].CompareTo(min i mum_value) < 0 )
  min i mum_value = ar ray[i];

re turn min i mum_value;
  }

  pub lic static int Main()
  {

int[] ia={10,1,9,2,8,3,7,4,6,5};
dou ble[] da={10.0,1.0,9.0,2.0,8.0,3.0,7.0,4.0,6.0,5.0};
int ii=min i mum(ia);

        Con sole.WriteLine(ii);
dou ble di=min i mum(da);

        Con sole.WriteLine(di);
re turn(0);

  }

}//

Con sider the fol low ing im ple men ta tion of a min i mum func tion for in te ger ar rays.
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  pub lic static int min i mum ( int[] ar ray ) 
  {

int min i mum_value=ar ray[0];
for (int i=1 ; i < ar ray.Length; ++i)

if ( ar ray[i].CompareTo(min i mum_value) < 0 )
  min i mum_value = ar ray[i];

re turn min i mum_value;
  }

Here is a vari ant for an ar ray of dou bles.

  pub lic static dou ble min i mum ( dou ble[] ar ray ) 
  {

dou ble min i mum_value=ar ray[0];
for (int i=1 ; i < ar ray.Length; ++i)

if ( ar ray[i].CompareTo(min i mum_value) < 0 )
  min i mum_value = ar ray[i];

re turn min i mum_value;
  }

So we need a syn tax that is paramerised by the type of the ar gu ment.

  pub lic static T min i mum< T > ( T[] ar ray ) 
    where T : IComparable< T >
  {

T min i mum_value=ar ray[0];
for (int i=1 ; i < ar ray.Length; ++i)

if ( ar ray[i].CompareTo(min i mum_value) < 0 )
  min i mum_value = ar ray[i];

re turn min i mum_value;

  }

There is an ad di tional bit of syn tac tic sugar in the header or func tion pro to type. The re -
place ment of int or dou ble by T is rel a tively straight for ward. We also need an ad di tional
sytax to in di cate that (in this case) the func tion is a ge neric func tion.

We are also com par ing val ues of the ar ray. So we need to im ple ment the IComparable in -
ter face.

29.2 Ex am ple 2: Ge neric Quicksort function

Con sider the fol low ing C++ code.

tem plate <class Type>
void swap(Type ar ray[],int i, int j)
{
  Type tmp=ar ray[i];
  ar ray[i]=ar ray[j];
  ar ray[j]=tmp;
}

tem plate <class Type>
void quicksort( Type ar ray[], int l, int r)
{
int i=l;
int j=r;
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Type v=ar ray[int((l+r)/2)];
for (;;)
{

while (ar ray[i] < v) i=i+1;
  while (v < ar ray[j]) j=j-1;
  if (i<=j) { swap(ar ray,i,j); i=i+1 ; j=j-1; }
  if (i>j) goto ended ;
}
ended: ;
if (l<j) quicksort(ar ray,l,j);
if (i<r) quicksort(ar ray,i,r);
}

tem plate <class Type>
void print(Type ar ray[],int size)
{
  cout << " [ " ;
  for (int ix=0;ix<size; ++ix)

 cout << ar ray[ix] << "  ";
  cout << "] \n";
}

#in clude <iostream>
us ing namespace std;

int main()
{
dou ble da[]={1.9,8.2,3.7,6.4,5.5,1.8,9.2,3.6,7.4,5.5};
int    ia[]={1,10,2,9,3,8,4,7,6,5};
int size=sizeof(da)/sizeof(dou ble);

  cout << " Quicksort of dou ble ar ray is \n";
  quicksort(da,0,size-1);
  print(da,size);

  size=sizeof(ia)/sizeof(int);
  cout << " Quicksort of in te ger ar ray is \n";
  quicksort(ia,0,size-1);
  print(ia,size);
re turn(0);
}

The fol low ing is a C# ver sion.

us ing Sys tem;

pub lic static class util ity
{

  pub lic static void swap< T >( T[] ar ray,int i, int j)
  {
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    T tmp=ar ray[i];
    ar ray[i]=ar ray[j];
    ar ray[j]=tmp;
  }

  pub lic static void quicksort < T > ( T[] ar ray, int l,
int r)
    where T : IComparable< T >
  {
    int i=l;
    int j=r;
    T v=ar ray[(int)((l+r)/2)];
    for (;;)
    {
      while ( ar ray[i].CompareTo(v) < 0 ) i=i+1;
      while ( v.CompareTo(ar ray[j]) < 0 ) j=j-1;
      if (i<=j) { swap(ar ray,i,j); i=i+1 ; j=j-1; }
      if (i>j) goto ended ;
    }
    ended: ;
    if (l<j) quicksort(ar ray,l,j);
    if (i<r) quicksort(ar ray,i,r);
  }

  pub lic static void print< T >  (T[] ar ray,int size)
  {
    Con sole.WriteLine("") ;
    for (int ix=0;ix<size; ++ix)
      Con sole.Write(" {0} " ,ar ray[ix]);
    Con sole.WriteLine("\n") ;
  }

}

pub lic static class test_quicksort
{
  pub lic static int Main()
  {
    dou ble[] da={1.9,8.2,3.7,6.4,5.5,1.8,9.2,3.6,7.4,5.5};
    int[]    ia={1,10,2,9,3,8,4,7,6,5};
    int size = da.Length;
      Con sole.WriteLine("Orig i nal dou ble ar ray");
      util ity.print(da,size);
      Con sole.WriteLine("Af ter quicksort");
      util ity.quicksort(da,0,size-1);
      util ity.print(da,size);
      size=ia.Length;
      Con sole.WriteLine("Orig i nal in te ger ar ray");
      util ity.print(ia,size);
      Con sole.WriteLine("Af ter quicksort");
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      util ity.quicksort(ia,0,size-1);
      util ity.print(ia,size);
      re turn(0);
  }
}//

Here is the out put.

Orig i nal dou ble ar ray

 1.9  8.2  3.7  6.4  5.5  1.8  9.2  3.6  7.4  5.5 

Af ter quicksort

 1.8  1.9  3.6  3.7  5.5  5.5  6.4  7.4  8.2  9.2 

Orig i nal in te ger ar ray

 1  10  2  9  3  8  4  7  6  5 

Af ter quicksort

 1  2  3  4  5  6  7  8  9  10 

The util ity class has three static meth ods, swap quicksort and print..

29.3 Ex am ple 3: Ge neric classes 

C# also sup ports ge neric classes. We look at a sim ple linked list im ple men ta tion.

us ing Sys tem;
us ing Sys tem.Col lec tions;
us ing Sys tem.Col lec tions.Ge neric;
pub lic class GenericList<T> 
{
    // The nested class is also ge neric on T
    pri vate class Node
    {
        // T used in non-ge neric con struc tor
        pub lic Node(T t)
        {
            next = null;
            data = t;
        }

        pri vate Node next;
        pub lic Node Next
        {
            get { re turn next; }
            set { next = value; }
        }
        
        // T as pri vate mem ber data type
        pri vate T data;
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        // T as re turn type of prop erty
        pub lic T Data  
        {
            get { re turn data; }
            set { data = value; }
        }
    }

    pri vate Node head;
    
    // con struc tor
    pub lic GenericList() 
    {
        head = null;
    }

    // T as method pa ram e ter type:
    pub lic void AddHead(T t) 
    {
        Node n = new Node(t);
        n.Next = head;
        head = n;
    }

    pub lic IEnumerator<T> GetEnumerator()
    {
        Node cur rent = head;

        while (cur rent != null)
        {
            yield re turn cur rent.Data;
            cur rent = cur rent.Next;
        }
    }
  }
}
// Here is the test class that tries out the above code.
class TestGenericList
{
    static void Main()
    {
        // int is the type ar gu ment
        GenericList<int> list = new GenericList<int>();

        for (int x = 0; x < 10; x++)
        {
            list.AddHead(x);
        }
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        foreach (int i in list)
        {
            Sys tem.Con sole.Write(i + " ");
        }
        Sys tem.Con sole.WriteLine("");
    }
}//

29.4 Dif fer ences be tween C++ Tem plates and C# generics

C# Generics and C++ tem plates are both lan guage fea tures that pro vide sup port for
parameterized types. How ever, there are many dif fer ences be tween the two. At the syn tax
level, C# generics are a sim pler ap proach to parameterized types with out the com plex ity of
C++ tem plates. In ad di tion, C# does not at tempt to pro vide all of the func tion al ity that C++ 
tem plates pro vide. At the im ple men ta tion level, the pri mary dif fer ence is that C# ge neric
type sub sti tu tions are per formed at runtime and ge neric type in for ma tion is thereby pre -
served for instantiated ob jects. 

The fol low ing are the key dif fer ences be tween C# Generics and C++ tem plates: 

· C# generics do not pro vide the same amount of flex i bil ity as C++ tem plates. For 

ex am ple, it is not pos si ble to call arith me tic op er a tors in a C# ge neric class, al -
though it is pos si ble to call user de fined op er a tors.

· C# does not al low non-type tem plate pa ram e ters, such as tem plate C<int i> {}.

· C# does not sup port ex plicit spe cial iza tion; that is, a cus tom im ple men ta tion of a 

tem plate for a spe cific type.

· C# does not sup port par tial spe cial iza tion: a cus tom im ple men ta tion for a sub set

of the type ar gu ments.

· C# does not al low the type pa ram e ter to be used as the base class for the ge neric 

type.

· C# does not al low type pa ram e ters to have de fault types.

In C#, a ge neric type pa ram e ter can not it self be a ge neric, al though con structed types can
be used as generics. C++ does al low tem plate pa ram e ters.

C++ al lows code that might not be valid for all type pa ram e ters in the tem plate, which is
then checked for the spe cific type used as the type pa ram e ter. C# re quires code in a class to 
be writ ten in such a way that it will work with any type that sat is fies the con straints. For
ex am ple, in C++ it is pos si ble to write a func tion that uses the arith me tic op er a tors + and -
on ob jects of the type pa ram e ter, which will pro duce an er ror at the time of instantiation of
the tem plate with a type that does not sup port these op er a tors. C# dis al lows this; the only
lan guage con structs al lowed are those that can be deduced from the con straints

29.5 Prob lems

1. Ge neric big ger or smaller func tion.

2. Ge neric max i mum func tion.
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The Sys tem.Col lec tions.Ge neric namespace con tains in ter faces and classes that de fine ge -
neric col lec tions, which al low us ers to cre ate strongly typed col lec tions that pro vide better
type safety and per for mance than non-ge neric strongly typed collections.

Many of the ge neric col lec tion types are di rect analogs of nongeneric types.

· Dic tio nary<TKey, TValue> is a ge neric ver sion of Hashtable; it uses the ge neric 

struc ture KeyValuePair<TKey, TValue> for enu mer a tion in stead of

DictionaryEntry. 

· List<T> is a ge neric ver sion of ArrayList. There are ge neric Queue and
Stack<T> classes that cor re spond to the non-ge neric ver sions. There are ge neric

and non-ge neric ver sions of SortedList<TKey, TValue>. Both ver sions are hy -

brids of a dic tio nary and a list.

· The SortedDictionary<TKey, TValue> ge neric class is a pure dic tio nary and has

no non-ge neric coun ter part.

· The LinkedList<T> ge neric class is a true linked list. It has no non-ge neric

coun ter part.

30 An Introduction to the
System.Collections.Generic Namespace

The first ta ble lists the classes with a de scrip tion.

Class De scrip tion

Comparer
Pro vides a base class for im ple men ta tions of the
IComparer ge neric in ter face.

Dic tio nary<TKey, TValue>
Rep re sents a col lec tion of keys and val ues.
To browse the .NET Frame work source code for
this type, see the Ref er ence Source.

Dic tio nary<TKey,
 TValue>.KeyCollection

Rep re sents the col lec tion of keys in a 
Dic tio nary<TKey, TValue>. 
This class can not be in her ited.

Dic tio nary<TKey,
 TValue>.ValueCollection

Rep re sents the col lec tion of val ues in a Dic tio -
nary<TKey, TValue>. This class can not be in her -
ited.

EqualityComparer
Pro vides a base class for im ple men ta tions of the
IEqualityComparer ge neric in ter face.

HashSet
Rep re sents a set of val ues. To browse the
.NET Frame work source code for this type, see
the Ref er ence Source.
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Class De scrip tion

KeyedByTypeCollection<TItem>
Pro vides a col lec tion whose items are types that
serve as keys.

KeyNotFoundException
The ex cep tion that is thrown when the key spec i -
fied for ac cess ing an el e ment in a col lec tion does 
not match any key in the col lec tion.

LinkedList Rep re sents a dou bly linked list.

LinkedListNode
Rep re sents a node in a LinkedList
This class can not be in her ited.

List

Rep re sents a strongly typed list of ob jects that
can be ac cessed by in dex. Pro vides meth ods to
search, sort, and ma nip u late lists.
To browse the .NET Frame work source code for
this type, see the Ref er ence Source.

Queue
Rep re sents a first-in, first-out col lec tion 
of ob jects.

SortedDictionary<TKey, TValue>
Rep re sents a col lec tion of key/value pairs 
that are sorted on the key.

SortedDictionary<TKey,
 TValue>.KeyCollection

Rep re sents the col lec tion of keys in
a SortedDictionary<TKey, TValue>. 
This class can not be in her ited.

SortedDictionary<TKey,
 TValue>.ValueCollection

Rep re sents the col lec tion of val ues in 
a SortedDictionary<TKey, TValue>. 
This class can not be in her ited

SortedList<TKey, TValue>
Rep re sents a col lec tion of key/value pairs 
that are sorted by key based on the 
as so ci ated IComparer im ple men ta tion.

SortedSet
Rep re sents a col lec tion of ob jects that is main -
tained in sorted or der.

Stack
Rep re sents a vari able size last-in-first-out 
(LIFO) col lec tion of in stances of the same 
spec i fied type.

SynchronizedCollection
Pro vides a thread-safe col lec tion that 
con tains ob jects of a type spec i fied by the 
ge neric pa ram e ter as elements.

SynchronizedKeyedCollection<K, T>
Pro vides a thread-safe col lec tion that 
con tains ob jects of a type spec i fied by a 
ge neric pa ram e ter and that are grouped by keys.
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Class De scrip tion

SynchronizedReadOnlyCollection
Pro vides a thread-safe, read-only col lec tion that
con tains ob jects of a type spec i fied by the ge -
neric pa ram e ter as elements.

The next ta ble lists the structures

Struc ture De scrip tion

Dic tio nary<TKey, 
TValue>.Enu mer a tor

Enu mer ates the el e ments of a 
Dic tio nary<TKey, TValue>.

Dic tio nary<TKey,
TValue>.KeyCollection.Enu mer a -
tor

Enu mer ates the el e ments of a 
Dic tio nary<TKey, TValue>.KeyCollection.

Dic tio nary<TKey,
TValue>.ValueCollection.Enu -
mer a tor

Enu mer ates the el e ments of a 
Dic tio nary<TKey, TValue>.ValueCollection.

HashSet.Enu mer a tor Enu mer ates the el e ments of a HashSet ob ject.

KeyValuePair<TKey, TValue> De fines a key/value pair that can be set or re trieved.

LinkedList.Enu mer a tor Enu mer ates the el e ments of a LinkedList.

List.Enu mer a tor Enu mer ates the el e ments of a List.

Queue.Enu mer a tor Enu mer ates the el e ments of a Queue.

SortedDictionary<TKey,
 TValue>.Enu mer a tor

Enu mer ates the el e ments of
 a SortedDictionary<TKey, TValue>.

SortedDictionary<TKey,
TValue>.KeyCollection.Enu mer a -
tor

Enu mer ates the el e ments of
 a SortedDictionary<TKey, TValue>.KeyCollection.

SortedDictionary<TKey,
 TValue>.ValueCollection.Enu -
mer a tor

Enu mer ates the el e ments of
 a SortedDictionary<TKey, TValue>.ValueCollection.

SortedSet.Enu mer a tor Enu mer ates the el e ments of a SortedSet ob ject.

Stack.Enu mer a tor Enu mer ates the el e ments of a Stack.

The last ta ble lists the in ter faces.

In ter face De scrip tion

ICollection De fines meth ods to ma nip u late ge neric col lec tions.
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In ter face De scrip tion

IComparer
De fines a method that a type im ple ments to
com pare two ob jects.

IDictionary<TKey, TValue> Rep re sents a ge neric col lec tion of key/value pairs.

IEnumerable

Ex poses the enu mer a tor, which sup ports a sim ple it er a -
tion over a col lec tion of a spec i fied type. To browse the 
.NET Frame work source code for this type, see the Ref -
er ence Source.

IEnumerator Sup ports a sim ple it er a tion over a ge neric col lec tion.

IEqualityComparer
De fines meth ods to sup port the com par i son of ob jects
for equal ity.

IList
Rep re sents a col lec tion of ob jects that can be in di vid u -
ally ac cessed by index.

IReadOnlyCollection
Rep re sents a strongly-typed, read-only col lec tion of el e -
ments.

IReadOnlyDictionary<TKey,
TValue>

Rep re sents a ge neric read-only col lec tion of key/value
pairs.

IReadOnlyList
Rep re sents a read-only col lec tion of el e ments that can
be ac cessed by in dex.

ISet Pro vides the base in ter face for the ab strac tion of sets.

The first two ex am ples look at the fa cil i ties for han dling so called key + value pairs.

30.1 Ex am ple 1: Names and Tele phone Num bers us ing the
SortedList<> Class

The fol low ing is a sim ple pro gram high light ing the ba sic use of the SortedList<> class. 

us ing Sys tem;
us ing Sys tem.Col lec tions;
us ing Sys tem.Col lec tions.Ge neric;

class SortedListExample
{

  static int Main()
  {
    IDictionary col lec tion = new SortedList<string,string>();

    col lec tion.Add("Alex","7274 1676");
    col lec tion.Add("Amanda","7326 1876");
    col lec tion.Add("Andy","01646 690 483");
    col lec tion.Add("Angela","7274 8173");
    col lec tion.Add("Arian","011895 542 406");
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    col lec tion.Add("Bob","8743 4828");
    col lec tion.Add("Brixton_Rec","7926 9779");
    col lec tion.Add("Ca ble","7207 5288");
    col lec tion.Add("Ca ble_faults","0800 068 1374");
    col lec tion.Add("Caro line","7271 0763");
    col lec tion.Add("Caro line_2","7274 3949");
    col lec tion.Add("Char lotte","7274 4844");
    col lec tion.Add("Claire","8692 3829");
    col lec tion.Add("Clare","8671 3238");

    Con sole.WriteLine( "  Num ber of en tries:    {0}", 
col lec tion.Count );

    Con sole.WriteLine( "\t-KEY-\t\t-VALUE-" );

    foreach ( DictionaryEntry d in col lec tion)
    {
      Con sole.WriteLine(" \t {0} \t\t {1}", 
          d.Key, d.Value);
    }

    Con sole.WriteLine();

    string key;

    key=Sys tem.Con sole.ReadLine();

    if (col lec tion.Con tains(key)) 
    Con sole.WriteLine(" Phone num ber = {0} " ,

  col lec tion[key]);

    re turn 0;
   }
}//

30.2 Ex am ple 2: Names and Tele phone Num bers us ing the
SortedDictionary<string,string> Class

This ex am ples solves the same prob lem us ing the SortedDictionary<string,string> class.

us ing Sys tem;
us ing Sys tem.Col lec tions;
us ing Sys tem.Col lec tions.Ge neric;

class SortedDictionaryExample
{

  static int Main()
  {
    IDictionary col lec tion = new
SortedDictionary<string,string>();
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    col lec tion.Add("Ca ble","7207 5288");
    col lec tion.Add("Ca ble_faults","0800 068 1374");
    col lec tion.Add("Caro line","7271 0763");
    col lec tion.Add("Caro line_2","7274 3949");
    col lec tion.Add("Char lotte","7274 4844");
    col lec tion.Add("Claire","8692 3829");
    col lec tion.Add("Clare","8671 3238");
    col lec tion.Add("Alex","7274 1676");
    col lec tion.Add("Amanda","7326 1876");
    col lec tion.Add("Andy","01646 690 483");
    col lec tion.Add("Angela","7274 8173");
    col lec tion.Add("Arian","011895 542 406");
    col lec tion.Add("Bob","8743 4828");
    col lec tion.Add("Brixton_Rec","7926 9779");

    Con sole.WriteLine( "  Num ber of en tries:    {0}",
 col lec tion.Count );

    Con sole.WriteLine( "\t-KEY-\t-VALUE-" );

    foreach ( DictionaryEntry d in col lec tion)
    {
      Con sole.WriteLine(" \t {0} \t\t {1}", 
          d.Key, d.Value);
    }

    Con sole.WriteLine();

    string key;

    key=Sys tem.Con sole.ReadLine();

    if (col lec tion.Con tains(key)) 
    Con sole.WriteLine(" Phone num ber = {0} " , 
col lec tion[key]);

    re turn 0;
   }
}//
The data is now sorted. This was done au to mat i cally for us as we added the data to the
SortedList.

30.3 Ex am ple 3: A Spell ing Checker us ing the List<> class

This pro gram is a re write of the one on the sys tems col lec tions chap ter us ing the List<>
class.

us ing Sys tem;
us ing Sys tem.Col lec tions;
us ing Sys tem.Col lec tions.Ge neric;
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us ing Sys tem.IO;

class SpellingCheckerExample01
{
  static int Main()
  {
    List<String> list_01 = new List<String>();
    const string words = "words";
    string word;
    int nwords=0;
    StreamReader words_file = File.OpenText(words);
    int Mil li sec ond;
    Sys tem.DateTime dt = new DateTime();

    dt=DateTime.UtcNow;
    Con sole.Write(dt);
    Mil li sec ond=dt.Mil li sec ond;
    Con sole.WriteLine(" {0,3} ", dt.Mil li sec ond);
    
    Sys tem.Con sole.WriteLine(" Dic tio nary load ing ");

    for (;;)
    {
      word = words_file.ReadLine();
      if (!words_file.EndOfStream)
      {
        list_01.Add(word);
        nwords++;
      }
      else
        break;
    }
    Sys tem.Con sole.WriteLine(" {0} words read" , nwords);
    Sys tem.Con sole.WriteLine(" Load ing com plete.");
    
    dt=DateTime.UtcNow;
    Con sole.Write(dt);
    Mil li sec ond=dt.Mil li sec ond;
    Con sole.WriteLine(" {0,3} ", dt.Mil li sec ond);

    string key;
    Con sole.WriteLine(" Type in a word");
    key=Sys tem.Con sole.ReadLine();

    dt=DateTime.UtcNow;
    Con sole.Write(dt);
    Mil li sec ond=dt.Mil li sec ond;
    Con sole.WriteLine(" {0,3} ", dt.Mil li sec ond);
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    if (list_01.Con tains(key)) 
      Con sole.WriteLine(" Word in dic tio nary ");
    else
       Con sole.WriteLine(" Word not in dic tio nary ");

    dt=DateTime.UtcNow;
    Con sole.Write(dt);
    Mil li sec ond=dt.Mil li sec ond;
    Con sole.WriteLine(" {0,3} ", dt.Mil li sec ond);

    re turn 0;

   }

}//

Here is some sam ple out put from run ning the pro gram.

15:11:06 C:\doc u ment\csharp\web_site >  c3003
04/07/2020 14:14:16  43
 Dic tio nary load ing
 375085 words read
 Load ing com plete.
04/07/2020 14:14:16 111
 Type in a word
and
04/07/2020 14:14:18   1
 Word in dic tio nary
04/07/2020 14:14:18   5

15:14:18 C:\doc u ment\csharp\web_site >

We re port the time to mil li sec onds.

Run the pro gram sev eral times to get an av er age fig ure for the tim ing re quired to load the
dic tio nary and find if the word is in the col lec tion.

30.4 Ar ray sec tion - ArraySegment

Sev eral lan guages pro vide the abil ity to work with ar ray sec tions. C# pro vides a method to
help here. Here is the source code.

us ing Sys tem;

pub lic class SamplesArray  {

   pub lic static void Main()  {

      // Cre ate and ini tial ize a new string ar ray.
      String[] myArr = { "The", "quick", "brown", "fox",
"jumps", "over", "the", "lazy", "dog" };

      // Dis play the ini tial con tents of the ar ray.
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      Con sole.WriteLine( "The orig i nal ar ray ini tially con -
tains:" );
      PrintIndexAndValues( myArr );

      // De fine an ar ray seg ment that con tains the en tire
ar ray.
      ArraySegment<String> myArrSegAll = new
ArraySegment<String>( myArr );

      // Dis play the con tents of the ArraySegment.
      Con sole.WriteLine( "The first ar ray seg ment (with all
the ar ray's el e ments) con tains:" );
      PrintIndexAndValues( myArrSegAll );

      // De fine an ar ray seg ment that con tains the mid dle
five val ues of the ar ray.
      ArraySegment<String> myArrSegMid = new
ArraySegment<String>( myArr, 2, 5 );

      // Dis play the con tents of the ArraySegment.
      Con sole.WriteLine( "The sec ond ar ray seg ment (with the 
mid dle five el e ments) con tains:" );
      PrintIndexAndValues( myArrSegMid );

      // Mod ify the fourth el e ment of the first ar ray seg -
ment myArrSegAll.
      myArrSegAll.Ar ray[3] = "LION";

      // Dis play the con tents of the sec ond ar ray seg ment
myArrSegMid.
      // Note that the value of its sec ond el e ment also
changed.
      Con sole.WriteLine( "Af ter the first ar ray seg ment is
mod i fied, the sec ond ar ray seg ment now con tains:" );
      PrintIndexAndValues( myArrSegMid );
   }

   pub lic static void PrintIndexAndValues(
ArraySegment<String> arrSeg )  {
      for ( int i = arrSeg.Off set; i < (arrSeg.Off set +
arrSeg.Count); i++ )  {
         Con sole.WriteLine( "   [{0}] : {1}", i, arrSeg.Ar -
ray[i] );
      }
      Con sole.WriteLine();
   }

   pub lic static void PrintIndexAndValues( String[] myArr )  
{
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      for ( int i = 0; i < myArr.Length; i++ )  {
         Con sole.WriteLine( "   [{0}] : {1}", i, myArr[i]
);
      }
      Con sole.WriteLine();
   }
}

Com pile and run the ex am ple.

30.5 Sum mary

This chap ter has looked briefly at the Sys tems.Col lec tions.Ge neric namespace.

30.6 Bib li og ra phy

Knuth D.E., The Art of Pro gramming, Vol ume 1: Fun da men tal Al go rithms, Ad di son Wes -
ley.

Knuth D.E., The Art of Pro gramming, Vol ume 2: Seminumerical Al go rithms, Ad di son
Wes ley.

Knuth D.E., The Art of Pro gramming, Vol ume 3: Sorting ad Searching, Ad di son Wes ley.

These are the orig i nal texts on al go rithms and data struc tures. If you re ally want to know
what is go ing on then these are the place to start. Visit

· Http://www-cs-staff.stan ford.edu/~knuth/taocp.htm

for more in for ma tion about Don ald Knuth. Also try an Am a zon search and read some of the 
re views about these books

Wirth N., Al go rithms and Data Struc tures, Prentice Hall.

Short Mod ula 2 based text on al go rithms and data struc tures by the de signer of Pascal,
Mod ula 2 and Oberon. Very easy read.

30.7 Prob lems

Try the ex am ples out.
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Aims

This chap ter looks at LINQ.

31 LINQ
31.1 In tro duc tion

Lan guage-In te grated Query (LINQ) is a set of fea tures in tro duced in Vi sual Stu dio 2008
that ex tends pow er ful query ca pa bil i ties to the lan guage syn tax of C#. LINQ in tro duces
stan dard, eas ily-learned pat terns for que ry ing and up dat ing data, and the tech nol ogy can be
ex tended to sup port po ten tially any kind of data store. Vi sual Stu dio 2008 in cludes LINQ
pro vider as sem blies that en able the use of LINQ with .NET Frame work col lec tions, SQL
Server da ta bases, ADO.NET Datasets, and XML doc u ments. Tra di tion ally, que ries against
data are ex pressed as sim ple strings with out type check ing at com pile time or IntelliSense
sup port. Fur ther more, you have to learn a dif fer ent query lan guage for each type of data
source: SQL da ta bases, XML doc u ments, var i ous Web ser vices, and so on. LINQ makes a
query a first-class lan guage con struct in C# and Vi sual Ba sic. You write que ries against
strongly typed col lec tions of ob jects by us ing lan guage keywords and fa mil iar op er a tors.

31.2 In tro duc tion to LINQ que ries

A query is an ex pres sion that re trieves data from a data source. Que ries are usu ally ex -
pressed in a spe cial ized query lan guage. Dif fer ent lan guages have been de vel oped over time 
for the var i ous types of data sources, for ex am ple SQL for re la tional da ta bases and XQuery
for XML. There fore, de vel op ers have had to learn a new query lan guage for each type of
data source or data for mat that they must sup port. LINQ sim pli fies this sit u a tion by of fer ing 
a con sis tent model for work ing with data across var i ous kinds of data sources and for mats.
In a LINQ query, you are al ways work ing with ob jects. You use the same ba sic cod ing pat -
terns to query and trans form data in XML doc u ments, SQL da ta bases, ADO.NET Datasets,
.NET col lec tions, and any other for mat for which a LINQ pro vider is avail able.

31.2.1 Three Parts of a Query Op er a tion

All LINQ query op er a tions con sist of three dis tinct ac tions:

· Ob tain the data source.

· Cre ate the query.

· Ex e cute the query.

The fol low ing ex am ple shows how the three parts of a query op er a tion are ex pressed in
source code. The ex am ple uses an in te ger ar ray as a data source for con ve nience; how ever,
the same con cepts ap ply to other data sources also. This ex am ple is re ferred to through out
the rest of this topic.
{        
    static void Main()
    {
        // The Three Parts of a LINQ Query:
        //  1. Data source.
        int[] num bers = new int[7] { 0, 1, 2, 3, 4, 5, 6
};
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        // 2. Query cre ation.
        // numQuery is an IEnumerable<int>
        var numQuery =
            from num in num bers
            where (num % 2) == 0
            se lect num;

        // 3. Query ex e cu tion.
        foreach (int num in numQuery)
        {
            Con sole.Write("{0,1} ", num);
        }
    }
}

31.2.2 The Data Source

In the pre vi ous ex am ple, be cause the data source is an ar ray, it im plic itly sup ports the ge -
neric IEnumerable<T> in ter face. This fact means it can be que ried with LINQ. A query is
ex e cuted in a foreach state ment, and foreach re quires IEnumerable or IEnumerable<T>.
Types that sup port IEnumerable<T> or a de rived in ter face such as the ge neric
IQueryable<T> are called queryable types.

A queryable type re quires no mod i fi ca tion or spe cial treat ment to serve as a LINQ data
source. If the source data is not al ready in mem ory as a queryable type, the LINQ pro vider
must rep re sent it as such. For ex am ple, LINQ to XML loads an XML doc u ment into a
queryable XElement type: 
// us ing Sys tem.Xml.Linq;
XElement con tacts = XElement.Load(@"c:\myContactList.xml");
With LINQ to SQL, you first cre ate an ob ject-re la tional map ping at de sign time ei ther man -
u ally or by us ing the Ob ject Re la tional De signer (O/R De signer). You write your que ries
against the ob jects, and at run-time LINQ to SQL han dles the com mu ni ca tion with the da ta -
base. In the fol low ing ex am ple, the Northwnd class en cap su lates the da ta base, and Cus tom -
ers rep re sents a spe cific table in the da ta base. The query, when ex e cuted, will re turn a se -
quence of Cus tomer ob jects, whose type is in ferred by the com piler. The type of the query
re sult, IQueryable<T>, com piles to an ex pres sion tree, which is con verted at run time into a 
SQL query.

Northwnd db = new Northwnd(@"c:\northwnd.mdf");

// Query for cus tom ers in Lon don.
IQueryable<Cus tomer> custQuery =
    from cust in db.Cus tom ers
    where cust.City == "Lon don"
    se lect cust;

For more in for ma tion about how to cre ate spe cific types of data sources, see the doc u men -
ta tion for the var i ous LINQ pro vid ers. How ever, the ba sic rule is very sim ple: a LINQ data
source is any ob ject that sup ports the ge neric IEnumerable<T> in ter face, or an in ter face that 
in her its from it.
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31.2.2.1 Note

Types such as ArrayList that sup port the non-ge neric IEnumerable in ter face can also be
used as a LINQ data source.

31.2.3 The Query

The query spec i fies what in for ma tion to re trieve from the data source or sources. Op tion -
ally, a query also spec i fies how that in for ma tion should be sorted, grouped, and shaped be -
fore it is re turned. A query is stored in a query vari able and in i tial ized with a query ex pres -
sion. To make it eas ier to write que ries, C# has in tro duced new query syn tax.

The query in the pre vi ous ex am ple re turns all the even num bers from the in te ger ar ray. The 
query ex pres sion con tains three clauses: from, where and se lect. (If you are fa mil iar with
SQL, you will have no ticed that the or der ing of the clauses is re versed from the or der in
SQL.) The from clause spec i fies the data source, the where clause ap plies the fil ter, and the 
se lect clause spec i fies the type of the re turned el e ments. These and the other query clauses
are dis cussed in de tail in the LINQ Query Ex pres sions (C# Pro gram ming Guide) sec tion.
For now, the im por tant point is that in LINQ, the query vari able it self takes no ac tion and
re turns no data. It just stores the in for ma tion that is re quired to pro duce the re sults when
the query is ex e cuted at some later point. 

31.2.3.1 Note: 

Que ries can also be ex pressed by us ing method syn tax. For more in for ma tion, see LINQ
Query Syn tax ver sus Method Syn tax (C#).

31.2.4 Query Ex e cu tion

31.2.4.1 De ferred Ex e cu tion

As stated pre vi ously, the query vari able it self only stores the query com mands. The ac tual
ex e cu tion of the query is de ferred until you it er ate over the query vari able in a foreach
state ment. This con cept is re ferred to as de ferred ex e cu tion and is dem on strated in the fol -
low ing ex am ple: 
foreach (int num in numQuery)
{
    Con sole.Write("{0,1} ", num);
}
The foreach state ment is also where the query re sults are re trieved. For ex am ple, in the pre -
vi ous query, the it er a tion vari able num holds each value (one at a time) in the re turned se -
quence.

Be cause the query vari able it self never holds the query re sults, you can ex e cute it as of ten
as you like. For ex am ple, you may have a da ta base that is be ing up dated con tin u ally by a
sep a rate ap pli ca tion. In your ap pli ca tion, you could cre ate one query that re trieves the lat est 
data, and you could ex e cute it re peat edly at some in ter val to re trieve dif fer ent re sults ev ery
time.

31.2.4.2 Forc ing Im me di ate Ex e cu tion

Que ries that per form ag gre ga tion func tions over a range of source el e ments must first it er -
ate over those el e ments. Ex am ples of such que ries are Count, Max, Av er age, and First.
These ex e cute with out an ex plicit foreach state ment be cause the query it self must use
foreach in or der to re turn a re sult. Note also that these types of que ries re turn a sin gle
value, not an IEnumerable col lec tion. The fol low ing query re turns a count of the even num -
bers in the source ar ray:
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var evenNumQuery = 
    from num in num bers
    where (num % 2) == 0
    se lect num;

int evenNumCount = evenNumQuery.Count();

To force im me di ate ex e cu tion of any query and cache its re sults, you can call the
ToList<TSource> or ToArray<TSource> meth ods.

CopyList<int> numQuery2 =
    (from num in num bers
     where (num % 2) == 0
     se lect num).ToList();

// or like this:
// numQuery3 is still an int[]

var numQuery3 =
    (from num in num bers
     where (num % 2) == 0
     se lect num).ToArray();

You can also force ex e cu tion by putt ing the foreach loop im me di ately af ter the query ex -
pres sion. How ever, by call ing ToList or ToArray you also cache all the data in a sin gle col -
lec tion ob ject.

31.3 Ex am ple 1: ba sic LINQ syn tax us ing a stan dard array

This ex am ple just uses a stan dard ar ray.

us ing Sys tem;
us ing Sys tem.Linq;
us ing Sys tem.Col lec tions.Ge neric;

class linq01
{
  pub lic static void Main(string[] args)
  {
    int[] i_ar ray={1,10,2,9,3,8,4,7,5,6};

    print(i_ar ray," Orig i nal ar ray");

    var sorted_ar ray = from x in i_ar ray orderby x se lect
x;

    print(sorted_ar ray," Sorted ar ray");   
  }

  pub lic static void print(IEnumerable< int > x, string
head ing)
  {
    Con sole.WriteLine(" {0} ",head ing);
    foreach (var i in x)
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      Con sole.WriteLine(i);
  }
}//

31.4 Ex am ple 2: LINQ us ing a user de fined class

This one is foot ball based. No prizes as to which foot ball team I sup port.
us ing Sys tem;
us ing Sys tem.Linq;
us ing Sys tem.Col lec tions.Ge neric;

pub lic class cham pi on ship_team
{
    pri vate int po si tion_;
    pri vate String team_;
    pri vate int played_;
    pri vate int won_;
    pri vate int drawn_;
    pri vate int lost_;
    pri vate int for_;
    pri vate int against_;
    pri vate int goal_dif fer ence_;
    pri vate int points_;

    pub lic cham pi on ship_team(int po si tion,
                             String team,
                             int played,
                             int won,
                             int drawn,
                             int lost,
                             int for__,
                             int against,
                             int goal_dif fer ence,
                             int points)
    {
       po si tion_ = po si tion;
       team_ = team;
       played_ = played;
       won_ = won;
       drawn_ = drawn;
       lost_ = lost;
       for_ = for__;
       against_ = against;
       goal_dif fer ence_ = goal_dif fer ence;
       points_ = points;
    }

    pub lic string teamname
    {
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        get { re turn team_; }
        set { }
    }

    pub lic int goal_dif fer ence
    {
        get { re turn goal_dif fer ence_; }
        set { }
    }

    pub lic int num ber_of_points
    { 
        get { re turn points_; }
        set { }
    }

    pub lic over ride string ToString()
    {
        re turn string.For mat(
        " {0,3} {1,15} {2,3} {3,3} {4,3} {5,3} {6,3} {7,3}
{8,3} {9,3} ",
        po si tion_,
        team_,
        played_,
        won_,
        drawn_,
        lost_,
        for_,
        against_,
        goal_dif fer ence_,
        points_);
    }
}

pub lic class foot ball
{
    pub lic static int Main()
    {
        cham pi on ship_team[] teams =
        {
           new cham pi on ship_team
             (1,"QPR",7,6,1,0,19,2,17,19),
           new cham pi on ship_team
             (2,"Ipswich Town",7,4,2,1,10,6,4,14),
           new cham pi on ship_team
             (3,"Car diff City",7,4,1,2,12,6,6,13),
           new cham pi on ship_team
             (4,"Norwich City",7,4,1,2,10,8,2,13),
           new cham pi on ship_team
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             (5,"Watford",7,3,3,1,15,8,7,12),
           new cham pi on ship_team
             (6,"Swansea City",7,4,0,3,10,7,3,12),
           new cham pi on ship_team
             (7,"Doncaster",7,3,3,1,11,9,2,12),
           new cham pi on ship_team
             (8,"Burnley",7,3,2,2,10,7,3,11),
           new cham pi on ship_team
             (9,"Millwall",7,3,2,2,13,11,2,11),
           new cham pi on ship_team
             (10,"Barnsley",7,3,2,2,13,12,1,11),
           new cham pi on ship_team
             (11,"Coven try City",7,3,2,2,11,10,1,11),
           new cham pi on ship_team
             (12,"Leeds United",7,3,2,2,10,10,0,11),
           new cham pi on ship_team
             (13,"Middlesbrough",7,3,1,3,7,10,-3,10),
           new cham pi on ship_team
             (14,"Shef field Utd",7,3,1,3,4,9,-5,10),
           new cham pi on ship_team
             (15,"Read ing",7,2,3,2,9,8,1,9),
           new cham pi on ship_team
             (16,"Scunthorpe",7,3,0,4,9,8,1,9),
           new cham pi on ship_team
             (17,"Nottm For est", 7,1,5,1,6,6,0,8),
           new cham pi on ship_team
             (18,"Hull City",7,2,2,3,5,9,-4,8),
           new cham pi on ship_team
             (19,"Crys tal Pal ace",7,2,1,4,8,12,-4,7),
           new cham pi on ship_team
             (20,"Derby County",7,1,2,4,7,11,-4,5),
           new cham pi on ship_team
             (21,"Bris tol City",7,1,2,4,7,13,-6,5),
           new cham pi on ship_team
             (22,"Leicester City",7,1,2,4,6,12,-6,5),
           new cham pi on ship_team
             (23,"Pres ton",7,1,0,6,5,14,-9,3),
           new cham pi on ship_team
             (24,"Portsmouth",7,0,2,5,2,11,-9,2)
        };
        print(teams, "These are the teams");
        var sorted_by_name =
        from t in teams
        orderby t.teamname
        se lect t;
        print(sorted_by_name, 
        "These are the teams sorted by name");
        var sorted_by_goal_dif fer ence =
        from t in teams

Chapter 31 LINQ 391

© Ian D Chivers



        orderby t.goal_dif fer ence
        se lect t;
        print(sorted_by_goal_dif fer ence, 
        "These are the teams sorted by goal dif fer ence");
        var sorted_by_num ber_of_points =
        from t in teams
        orderby t.num ber_of_points
        se lect t;
        print(sorted_by_num ber_of_points, 
        "These are the teams sorted by num ber of points");
        re turn (0);
    }

    pub lic static void print<T>(IEnumerable<T> x, string
head ing)
    {
        Con sole.WriteLine(" {0} ", head ing);
        foreach (T i in x)
            Con sole.WriteLine(i);
    }
}//

We will go through this pro gram in some de tail.

31.5 Ex am ple 3: us ing the Met Of fice Cwmystwyth site data

Here is an ex am ple us ing the Met Of fice site data.

Some pre pro cess ing of the sta tion files is re quired.

The Met Of fice use --- to sig nify miss ing nu meric data. We have writ ten a sed script to re -
place the --- with -99, along with sev eral other changes. Here is the cur rent sed file.

s/---/-99/g
s/-99$/ -99/
s/\*$//
s/#$//
s/# .*$//
/Site closed/d

We have pre pared a sta tion de scrip tion file which has de tails of the to tal line count, num ber 
of lines to skip and sta tion file names; A copy of the sed file and sta tion de scrip tion file can 
be found on the web site.

Here is the pro gram source.

us ing Sys tem;
us ing Sys tem.IO;
us ing Sys tem.Linq;
us ing Sys tem.Col lec tions.Ge neric;

pub lic class sta tion_data
{
  pri vate int year_;
  pri vate int month_;
  pri vate dou ble tmax_;
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  pri vate dou ble tmin_;
  pri vate int af_days_;
  pri vate dou ble rain fall_;
  pri vate dou ble sun shine_;

  pub lic sta tion_data(int year,int month,dou ble tmax,dou ble
tmin,int af_days,dou ble rain fall,dou ble sun shine)
  {
    year_ = year;
    month_ = month;
    tmax_ = tmax;
    tmin_ = tmin;
    af_days_ = af_days;
    rain fall_ = rain fall;
    sun shine_ = sun shine;
  }

  pub lic int year
  { 
    get { re turn year_; }
    set { }
  }

  pub lic int month
  { 
    get { re turn month_; }
    set { }
  }

  pub lic dou ble tmax
  { 
    get { re turn tmax_; }
    set { }
  }
  
  pub lic dou ble tmin
  { 
    get { re turn tmin_; }
    set { }
  }

  pub lic int af_days
  { 
    get { re turn af_days_; }
    set { }
  }

  pub lic dou ble rain fall
  { 
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    get { re turn rain fall_; }
    set { }
  }

  pub lic dou ble sun shine
  {
    get { re turn sun shine_; }
    set { }
  }

  pub lic over ride string ToString()
  {

    re turn string.For mat(" {0,4} {1,2} {2,5:##0.0}
{3,5:##0.0} {4,3:##0} {5,5:##0.0} {6,5:##0.0}",
                           year_,
                                 month_,
                                          tmax_,

tmin_,

af_days_,

rain fall_,

sun shine_);

  }
}

pub lic class weather
{
  pub lic static int Main()
  {

    // The pro gram works with the Cwmystwyth site.
    // There are 618 re cords

    const int n_re cords = 618;

    sta tion_data[] x = new sta tion_data[n_re cords];

    read_sta tion_data(x,n_re cords);

    print(x, "These are the re cords as read");

    var sorted_by_rain fall =
      from t in x
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      orderby t.rain fall
      se lect t;

    print(sorted_by_rain fall,  "These are the re cords sorted 
by           rain fall");

    re turn (0);
  }

  pub lic static void read_sta tion_data(sta tion_data [] x,int
n_re cords)
  {

    int year;
    int month;
    dou ble tmax;
    dou ble tmin;
    int af_days;
    dou ble rain fall;
    dou ble sun shine;

    const int h=7;
    int i;
    string line;

    string file name ="cwmystwythdata.txt";   

    if (!File.Ex ists(file name))
    {
      Con sole.WriteLine("{0} not found.", file name);
      En vi ron ment.Exit(1);
    }

    StreamReader in put_file=File.OpenText(file name);

    // skip 7 header lines
    // print out the header lines

    for (i=0;i<h;i++)
    {
      line = in put_file.ReadLine();
    }

    for (i=0 ; i<n_re cords ; i++)
    {
       line     = in put_file.ReadLine();
       year     = int.Parse(   line.Substring( 2, 4) );
       month    = int.Parse(   line.Substring( 9, 2) );
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       tmax     = dou ble.Parse(line.Substring(14, 4) );
       tmin     = dou ble.Parse(line.Substring(21, 4) );
       af_days  = int.Parse(   line.Substring(31, 3) );
       rain fall = dou ble.Parse(line.Substring(37, 5) );
       sun shine = dou ble.Parse(line.Substring(45, 5) );
       x[i] = new sta tion_data(year,
month,tmax,tmin,af_days,rain fall,sun shine);
    }

  }

  pub lic static void print<T>(IEnumerable<T> x, string head -
ing)
  {
    Con sole.WriteLine(" {0} ", head ing);
    foreach (T i in x)
      Con sole.WriteLine(i);
  }
    

}

Here is some sam ple out put from the last part of the Linq query where we sort by rain fall
val ues.

 1999  1   7.0   1.0   7 302.4  22.2
 1970 11   9.0   4.0   3 304.2 -99.0
 2006 12   8.0   3.0   7 304.2  31.0
 1974 12   8.0   4.0   3 305.9   8.4
 2001 11  10.0   3.0   4 311.6  32.5
 1986 11   9.0   3.0   1 315.4  57.2
 1979 12   7.0   2.0   8 315.8  25.4
 2008 10  11.0   5.0   1 317.6  79.1
 1994  3   8.0   3.0   2 323.1  75.7
 1995  1   6.0   1.0  11 324.2  29.2
 2004 10  12.0   6.0   0 333.3  96.2
 1964 12   5.0   0.0  14 334.8  44.0
 1999 12   7.0   1.0   7 347.4  15.9
 2008  1   8.0   2.0   4 348.9  27.0
 1981  3   8.0   4.0   3 350.0  57.0
 1994 12   8.0   3.0   5 350.1  35.2
 2000 10  11.0   5.0   0 352.5  39.6
 1998 10  12.0   6.0   1 354.4  67.8
 1981 10   9.0   3.0   4 356.1  64.2
 1986 12   7.0   2.0   8 356.4  25.7
 1967 10  11.0   6.0   0 400.1  43.6
 2002  2   8.0   2.0   5 401.3  38.2
 1965 12   7.0   1.0   8 417.3  31.4
 1966 12   7.0   2.0   3 419.8  17.9
 2000 11   8.0   3.0   1 424.4  15.2
 2009 11   9.0   4.0   0 425.4  34.0
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As can be seen Cwmystwyth can be pretty wet!

31.6 Ex am ple 4: se rial and par al lel linq que ries

This ex am ple looks at tim ing a se rial and par al lel linq query. Here is the source code.

us ing Sys tem;
us ing Sys tem.IO;
us ing Sys tem.Linq;
us ing Sys tem.Col lec tions.Ge neric;
us ing Sys tem.Di ag nos tics;

pub lic class sta tion_data
{
  pri vate int year_;
  pri vate int month_;
  pri vate dou ble tmax_;
  pri vate dou ble tmin_;
  pri vate int af_days_;
  pri vate dou ble rain fall_;
  pri vate dou ble sun shine_;

  pub lic sta tion_data(int year,int month,dou ble tmax,dou ble
tmin,int af_days,dou ble rain fall,dou ble sun shine)
  {
    year_ = year;
    month_ = month;
    tmax_ = tmax;
    tmin_ = tmin;
    af_days_ = af_days;
    rain fall_ = rain fall;
    sun shine_ = sun shine;
  }

  pub lic int year
  { 
    get { re turn year_; }
    set { }
  }

  pub lic int month
  { 
    get { re turn month_; }
    set { }
  }

  pub lic dou ble tmax
  { 
    get { re turn tmax_; }
    set { }
  }
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  pub lic dou ble tmin
  { 
    get { re turn tmin_; }
    set { }
  }

  pub lic int af_days
  { 
    get { re turn af_days_; }
    set { }
  }

  pub lic dou ble rain fall
  { 
    get { re turn rain fall_; }
    set { }
  }

  pub lic dou ble sun shine
  {
    get { re turn sun shine_; }
    set { }
  }

  pub lic over ride string ToString()
  {

    re turn string.For mat(" {0,4} {1,2} {2,5:##0.0}
{3,5:##0.0} {4,3:##0} {5,5:##0.0} {6,5:##0.0}",
                           year_,
                                 month_,
                                          tmax_,

tmin_,

af_days_,

rain fall_,

sun shine_);

  }
}

pub lic class weather
{
  pub lic static int Main()
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  {

    dou ble t1,t2,t3;
    Con sole.WriteLine(DateTime.Now);
    Con sole.Write("Pro gram starts");
    var sw = Stop watch.StartNew();

    t1=sw.ElapsedMilliseconds / 1000.0;
    Con sole.WriteLine("              {0,5:0.000}",t1);

    // The pro gram works with the Cwmystwyth site.
    // There are 618 re cords

    const int n_re cords = 618;

    dou ble rain fall_sum      =  0.0;
    dou ble rain fall_av er age  =  0.0;

    sta tion_data[] x = new sta tion_data[n_re cords];

    read_sta tion_data(x,n_re cords);

    Con sole.Write("Read ing");

    t2=sw.ElapsedMilliseconds / 1000.0;
    t3=t2-t1;
    Con sole.WriteLine("                    
{0,5:0.000}",t3);
    t1=t2;
    t3=t2;

    var se lect_rain fall =
      from t in x
      where t.rain fall > -98.0
      se lect t.rain fall;

    rain fall_sum     = se lect_rain fall.Sum();
    rain fall_av er age = se lect_rain fall.Av er age();
    Con sole.WriteLine(" Sum     = {0,7:#####.0}", rain -
fall_sum     ) ;
    Con sole.WriteLine(" Av er age = {0,8:####.00}", rain -
fall_av er age ) ;

    Con sole.Write("Se quen tial");
    t2=sw.ElapsedMilliseconds / 1000.0;
    t3=t2-t1;
    Con sole.WriteLine("                  {0,5:0.000}",t3);
    t1=t2;
    t3=t2;
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    var se lect_par al lel_rain fall =
      from t in x.AsParallel()
      where t.rain fall > -98.0
      se lect t.rain fall;

    rain fall_sum     = se lect_par al lel_rain fall.Sum();
    rain fall_av er age = se lect_par al lel_rain fall.Av er age();
    Con sole.WriteLine(" Sum     = {0,7:#####.0}", rain -
fall_sum     ) ;
    Con sole.WriteLine(" Av er age = {0,8:####.00}", rain -
fall_av er age ) ;

    Con sole.Write("Par al lel ");

    t2=sw.ElapsedMilliseconds / 1000.0;
    t3=t2-t1;
    Con sole.WriteLine("                  
{0,5:0.000}",t3);

    Con sole.WriteLine("Pro gram ends");
    Con sole.WriteLine(DateTime.Now);

    re turn (0);

  }

  pub lic static void read_sta tion_data(sta tion_data [] x,int
n_re cords)
  {

    int year;
    int month;
    dou ble tmax;
    dou ble tmin;
    int af_days;
    dou ble rain fall;
    dou ble sun shine;

    const int h=7;
    int i;
    string line;

    string file name ="cwmystwythdata.txt";   

    if (!File.Ex ists(file name))
    {
      Con sole.WriteLine("{0} not found.", file name);
      En vi ron ment.Exit(1);
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    }

    StreamReader in put_file=File.OpenText(file name);

    // skip 7 header lines
    // print out the header lines

    for (i=0;i<h;i++)
    {
      line = in put_file.ReadLine();
    }

    for (i=0 ; i<n_re cords ; i++)
    {
       line     = in put_file.ReadLine();
       year     = int.Parse(   line.Substring( 2, 4) );
       month    = int.Parse(   line.Substring( 9, 2) );
       tmax     = dou ble.Parse(line.Substring(14, 4) );
       tmin     = dou ble.Parse(line.Substring(21, 4) );
       af_days  = int.Parse(   line.Substring(31, 3) );
       rain fall = dou ble.Parse(line.Substring(37, 5) );
       sun shine = dou ble.Parse(line.Substring(45, 5) );
       x[i] = new sta tion_data(year,
month,tmax,tmin,af_days,rain fall,sun shine);
    }

  }

  pub lic static void print<T>(IEnumerable<T> x, string head -
ing)
  {
    Con sole.WriteLine(" {0} ", head ing);
    foreach (T i in x)
      Con sole.WriteLine(i);
  }
    
}

Here is the tim ing.

17/09/2018 15:09:05
Pro gram starts              0.000
Read ing                     0.003
 Sum     = 88165.3
 Av er age =   149.43
Se quen tial                  0.001
 Sum     = 88165.3
 Av er age =   149.43
Par al lel                    0.033
Pro gram ends
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17/09/2018 15:09:05

The query is sim ple and there is no ben e fit from parallelising the query.

31.7 Ex am ple 5: par al lel linq vari a tion

This is a vari a tion on the pre vi ous ex am ple with a slightly more cmplex linq query. Here is
the source code.

us ing Sys tem;
us ing Sys tem.IO;
us ing Sys tem.Linq;
us ing Sys tem.Col lec tions.Ge neric;
us ing Sys tem.Di ag nos tics;

pub lic class sta tion_data
{
  pri vate int year_;
  pri vate int month_;
  pri vate dou ble tmax_;
  pri vate dou ble tmin_;
  pri vate int af_days_;
  pri vate dou ble rain fall_;
  pri vate dou ble sun shine_;

  pub lic sta tion_data(int year,int month,dou ble tmax,dou ble
tmin,int af_days,dou ble rain fall,dou ble sun shine)
  {
    year_ = year;
    month_ = month;
    tmax_ = tmax;
    tmin_ = tmin;
    af_days_ = af_days;
    rain fall_ = rain fall;
    sun shine_ = sun shine;
  }

  pub lic int year
  { 
    get { re turn year_; }
    set { }
  }

  pub lic int month
  { 
    get { re turn month_; }
    set { }
  }

  pub lic dou ble tmax
  { 
    get { re turn tmax_; }
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    set { }
  }
  
  pub lic dou ble tmin
  { 
    get { re turn tmin_; }
    set { }
  }

  pub lic int af_days
  { 
    get { re turn af_days_; }
    set { }
  }

  pub lic dou ble rain fall
  { 
    get { re turn rain fall_; }
    set { }
  }

  pub lic dou ble sun shine
  {
    get { re turn sun shine_; }
    set { }
  }

  pub lic over ride string ToString()
  {

    re turn string.For mat(" {0,4} {1,2} {2,5:##0.0}
{3,5:##0.0} {4,3:##0} {5,5:##0.0} {6,5:##0.0}",
                           year_,
                                 month_,
                                          tmax_,

tmin_,

af_days_,

rain fall_,

sun shine_);

  }
}

pub lic class weather
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{
  pub lic static int Main()
  {

    dou ble t1,t2,t3;
    Con sole.WriteLine(DateTime.Now);
    Con sole.Write("Pro gram starts");
    var sw = Stop watch.StartNew();

    t1=sw.ElapsedMilliseconds / 1000.0;
    Con sole.WriteLine("              {0,5:0.000}",t1);

    // The pro gram works with the Cwmystwyth site.
    // There are 618 re cords

    const int n_re cords = 618;
    const int n_months  = 13;

    dou ble [] rain fall_sum      = new dou ble[n_months] ;
    dou ble [] rain fall_av er age  = new dou ble[n_months] ;
    string [] months = new string[n_months]
      { "",
        "Jan u ary","Feb ru ary","March"    ,"April"  ,"May"     
,"June",
        "July"   ,"Au gust"  ,"Sep tem ber","Oc to ber","No vem -
ber","De cem ber"
      };

    for (int i=0;i<n_months;i++)
    {
      rain fall_sum[i]     = 0.0;
      rain fall_av er age[i] = 0.0;

    }

    sta tion_data[] x = new sta tion_data[n_re cords];

    read_sta tion_data(x,n_re cords);

    Con sole.Write("Read ing");

    t2=sw.ElapsedMilliseconds / 1000.0;
    t3=t2-t1;
    Con sole.WriteLine("                    
{0,5:0.000}",t3);
    t1=t2;
    t3=t2;

    Con sole.WriteLine("\n Met ric \n");
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    Con sole.WriteLine("             Sum     Av er age");
    for (int i=1;i<n_months;i++)
    {
      var se lect_rain fall =
        from t in x
        where ( ( t.rain fall > -98.0 ) && (t.month==i) )
        se lect t.rain fall;

        rain fall_sum[i]      = se lect_rain fall.Sum(); 
        rain fall_av er age[i]  = se lect_rain fall.Av er age();
        Con sole.Write("{0,10}",months[i]);
        Con sole.Write(
" {0,8:##,###.0}", rain fall_sum[i]     ) ;
        Con sole.WriteLine(
" {0,8:####.00}", rain fall_av er age[i] ) ;
    }

    Con sole.Write("\nSequential");
    t2=sw.ElapsedMilliseconds / 1000.0;
    t3=t2-t1;
    Con sole.WriteLine("                  
{0,5:0.000}",t3);
    t1=t2;
    t3=t2;

    Con sole.WriteLine("\n Im pe rial \n");
 
    Con sole.WriteLine("             Sum     Av er age");
    for (int i=1;i<n_months;i++)
    {
      var se lect_par al lel_rain fall =
        from t in x.AsParallel()
        where ( ( t.rain fall > -98.0 ) && (t.month==i) )
        se lect t.rain fall;

        rain fall_sum[i]      = 
se lect_par al lel_rain fall.Sum()/25.4; 
        rain fall_av er age[i]  = 
se lect_par al lel_rain fall.Av er age()/25.4;
        Con sole.Write("{0,10}",months[i]);
        Con sole.Write(
" {0,8:##,###.0}", rain fall_sum[i]     ) ;
        Con sole.WriteLine(
" {0,8:####.00}", rain fall_av er age[i] ) ;
    }
    Con sole.Write("\nParallel ");

    t2=sw.ElapsedMilliseconds / 1000.0;
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    t3=t2-t1;
    Con sole.WriteLine("                   
{0,5:0.000}\n",t3);

    Con sole.WriteLine("Pro gram ends");
    Con sole.WriteLine(DateTime.Now);

    re turn (0);

  }

  pub lic static void read_sta tion_data(
sta tion_data [] x,int n_re cords)
  {

    int year;
    int month;
    dou ble tmax;
    dou ble tmin;
    int af_days;
    dou ble rain fall;
    dou ble sun shine;

    const int h=7;
    int i;
    string line;

    string file name ="cwmystwythdata.txt";   

    if (!File.Ex ists(file name))
    {
      Con sole.WriteLine("{0} not found.", file name);
      En vi ron ment.Exit(1);
    }

    StreamReader in put_file=File.OpenText(file name);

    // skip 7 header lines
    // print out the header lines

    for (i=0;i<h;i++)
    {
      line = in put_file.ReadLine();
    }

    for (i=0 ; i<n_re cords ; i++)
    {
       line     = in put_file.ReadLine();
       year     = int.Parse(   line.Substring( 2, 4) );
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       month    = int.Parse(   line.Substring( 9, 2) );
       tmax     = dou ble.Parse(line.Substring(14, 4) );
       tmin     = dou ble.Parse(line.Substring(21, 4) );
       af_days  = int.Parse(   line.Substring(31, 3) );
       rain fall = dou ble.Parse(line.Substring(37, 5) );
       sun shine = dou ble.Parse(line.Substring(45, 5) );
       x[i] = new sta tion_data(
year, month,tmax,tmin,af_days,rain fall,sun shine);
    }

    Con sole.WriteLine("\n Start year = {0,4}",x[0].year);
    Con sole.WriteLine(" End   year = {0,4}\n",x[n_re -
cords-1].year);

  }

  pub lic static void print<T>(IEnumerable<T> x, string head -
ing)
  {
    Con sole.WriteLine(" {0} ", head ing);
    foreach (T i in x)
      Con sole.WriteLine(i);
  }
    
}

Run the pro gram and see if the query is com plex enough to ben e fit from parallelisation.

31.8 Ref er ence material

The Microsoft doc u men ta tion is pretty good here.

31.9 query syn tax

The fol low ing is the syn tax of the query com po nent of LINQ.

query-ex pres sion:

            from-clause   query-body

from-clause:

            from   typeopt   iden ti fier   in   ex pres sion

query-body:

            query-body-clausesopt   se lect-or-group-clause   query-continuationopt

query-body-clauses:

            query-body-clause

            query-body-clauses   query-body-clause

query-body-clause:

            from-clause

            let-clause

            where-clause

            join-clause
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            join-into-clause

            orderby-clause

let-clause:

            let   iden ti fier   =   ex pres sion

where-clause:

            where   boolean-ex pres sion

join-clause:

            join   typeopt   iden ti fier   in   ex pres sion   on   ex pres sion   equals   ex pres sion 

join-into-clause:

            join   typeopt   iden ti fier   in   ex pres sion   on   ex pres sion   equals   ex pres sion  

into   iden ti fier

orderby-clause:

            orderby   or der ings

or der ings:

            or der ing

            or der ings   ,   or der ing

or der ing:

            ex pres sion    or der ing-directionopt

or der ing-di rec tion:

            as cend ing

            de scend ing

se lect-or-group-clause:

            se lect-clause

            group-clause

se lect-clause:

            se lect   ex pres sion

group-clause:

            group   ex pres sion   by   ex pres sion

query-con tin u a tion:

            into   iden ti fier   query-body

31.10 LINQ to SQL

We will use the ex am ples pro vided in the Microsoft ex am ples to il lus trate the LINQ to
SQL us age. The fol low ing is taken from the readme.html file that co mes with the sam ples.

31.11 Vi sual Stu dio 2010 LINQ Sam ples for C# 4.0

Microsoft make avail able a range of LINQ spe cific ex am ples. The fol low ing is taken from
what is in stalled on a Vi sual Stu dio 2010 sys tem.

31.11.1 LinqSamples

These sam ples help you learn LINQ quickly. They also act as a ref er ence and guide for
those with ex ist ing LINQ ex pe ri ence. A few handy util i ties are also in cluded. They are
avail able in the LinqSamples folder.
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· DynamicQuery: Code to cre ate LINQ que ries at run time.

· LinqToNorthwind: A ba sic ex am ple of how to use LINQ To SQL to query a da -

ta base

· LinqToXmlDataBinding: Bind LINQ to XML code to WPF con trols

· ObjectDumper: A util ity for writ ing the out put from a LINQ query to the screen

in text mode

· PasteXmlAsLinq: A Vi sual Stu dio addin that au to mat i cally con verts XML to

LINQ to XML.

· QueryVisualizer: Al lows LINQ to SQL de vel op ers to see the SQL for their

query, and also to see the re sults of the query in a grid.

· Re flec tor: Use LINQ to right que ries against the ob jects in your code us ing the

Re flec tion APIs

· RSS: This sam ple acts as a tiny web server that ag gre gates sev eral RSS feeds

· SampleQueries: This is the most im por tant sam ple and con tains about 500 ex am -

ples of how to use each of the query op er a tors in LINQ to Ob jects, LINQ to

SQL, LINQ to XML and LINQ to DataSet.

· SimpleLambdas: Sev eral ex am ples of how to write and use lambda ex pres sions

· SimpleLinqToObjects: The hello world of the LINQ sam ples. This shows you

how easy it is to do sim ple que ries of in-mem ory ob jects us ing LINQ to Ob jects.

· SimpleLinqToXml: Get started us ing LINQ to XML.

· WebServiceLinqProvider(TerraService): A cus tom LINQ pro vider and cli ent for

the TerraServer-USA Web ser vice.

· Whitepapers: The fol low ing pa pers are stored in this di rec tory in Word for mat: 

· LINQ Pro ject Over view

· LINQ to SQL Over view for C# and VB

· Stan dard Query Op er a tors

· LINQ to XML Over view

· WinFormsDataBinding: Learn how to dis play LINQ que ries with grids in a Win -

dows form. It in cludes a one to many query ex am ple.

· XQuery: An other sim ple LINQ to XML sam ple query. This sam ple shows the

min i mal code nec es sary to write a LINQ to XML query

31.11.2 LINQ Sam ples Da ta base Con nec tiv ity Is sues

The de fault con nect string for the sam ples should work with out mod i fi ca tion if you have
SQL Server Ex press in stalled on your de vel op ment ma chine. Here is an al ter nate con nect
string that you can mod ify for your own pur poses if you are not us ing SQL Ex press but
have SQL Server avail able. You will prob a bly need to mod ify the word test wher ever it ap -
pears in the sample connect string.
string connString = 
  "server=test;da ta base=northwind;user id=test;pass word=test";
On some SQL Ex press in stal la tions, you may not have the rights to start a user in stance. If
you get an er ror mes sage to that ef fect, try re mov ing the clause ";user in stance = true" from 
the con nec tion string.

Chapter 31 LINQ 409

© Ian D Chivers



Be sure that the cop ies of the northwind da ta base that you are ac cess ing are not marked
read only. If nec es sary, browse to the copy of NORTHWIND.MDF you are try ing to ac -
cess, right click on the file, choose prop er ties. Clear the Read-only at trib ute.

On some slow ma chines, or when us ing a vir tual pc, us ers have re ported that some da ta base 
ap pli ca tions give er rors the first time they run. Try run ning the sam ple two or three times.

The cus tom ized cop ies of the Northwind da ta base in cluded with the sam ples ship with out
an LDF (log) file. This is done in ten tion ally, so that the LDF and MDF files do not get out
of sync. When you run a sam ple that uses the da ta base, or at tach to the da ta base from the
Server Ex plorer in side Vi sual Stu dio, the LDF file will be cre ated au to mat i cally. You may
have trou ble con nect ing to the MDF file if you are us ing the SQL Server Man age ment Stu -
dio with out first cre at ing a log file.

31.12 Set up

You need to have SQL server in stalled. There are a va ri ety of ver sions of this.

31.12.1 Vi sual Stu dio 2010 Pro fes sional

An in stall of Vi sual Stu dio 2010 Pro fes sional will in stall a ver sion of SQL server with a
full in stall. The fol low ing in in stalled on the Dell Inspiron 435

· Microsoft - Ser vice Pack 1 for SQL Server 2008 (KB968369) (64-bit) SQL2008 

· Microsoft SQL Server Ver sion 10.0.2531.0

Microsoft SQL Server Ex press Edi tion

The fol low ing is taken from the Microsoft site.

http://www.microsoft.com/sqlserver/en/us/edi tions/ex press.aspx

SQL Server Ex press is a free edi tion of SQL Server ideal for de vel op ing and pow er ing
desk top, web and small server ap pli ca tions.

31.13 Notes

As can be seen from the above Microsoft have pro vided a lot of ex am ples about C#. A di -
rec tory list ing of the ex am ples co mes to over 3000 lines, and the source code for the main
Linq to SQL ex am ple com prises 3811 lines of code. Need less to say we will not be in clud -
ing the source or di rec tory struc ture in these notes.

We will work through the ex am ple within Vi sual Stu dio.
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31.14 Prob lems

1. Run the first Met Of fice ex am ple (c3103.cs) with the site of your choice. Here is a short -
hand way of do ing this.

c3103.exe < mysite_in put.txt

but you will have to down load the

mysite_in put.txt 

file for your site, plus the 

mysiteafter.txt 

file for your site first.

For the cu ri ous here is an ex pla na tion of what has been done to make the above work.
Preprocessed files are avail able on the Rhymney Con sult ing site. Here are some de tails
about the files:

· The first file of in ter est is the sed file I use to con vert the Met Of fice raw files

into a for mat that be used with the pro gram. The file is called 

met_of fice.sed 

Here is the com plete file.

s/---/-99/g
s/-99$/ -99/
s/\*$//
s/#$//
s/# .*$//
/Site closed/d

· The next file of in ter est is the sed shell script that does the con ver sion. The file

is called 

con vert_met_files.sh
Here is a sam ple.

sed -f met_of fice.sed aberporthdata.txt > aberporthafter.txt
sed -f met_of fice.sed armaghdata.txt > armaghafter.txt
sed -f met_of fice.sed bradforddata.txt > bradfordafter.txt

· The next file of in ter est is the sta tion de scrip tion file. The file has three fields,
which are the line or re cord count (gen er ated by run ning the unix com mand wc), 

the header line count and the sta tion file name. The file is called

sta tion_de scrip tion.txt 

Here is a sam ple of the file from the last time I downloded the files, in early

July 2020.

 961 7 aberporthdata.txt
2017 7 armaghdata.txt
 715 7 ballypatrickdata.txt
1357 7 bradforddata.txt
 746 7 braemardata.txt
 509 7 cambornedata.txt

· The fol low ing is a Win dows batch file that I use to run c3103 against all of the

Met Of fice data files. Here are a cou ple of lines.

sed -f met_of fice.sed aberporthdata.txt > aberporthafter.txt
sed -f met_of fice.sed armaghdata.txt > armaghafter.txt
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..
sed -f met_of fice.sed bradforddata.txt > bradfordafter.txt
sed -f met_of fice.sed braemardata.txt > braemarafter.txt
sed -f met_of fice.sed cambornedata.txt > camborneafter.txt
sed -f met_of fice.sed cambridgedata.txt > cambridgeafter.txt
sed -f met_of fice.sed cardiffdata.txt > cardiffafter.txt
sed -f met_of fice.sed chivenordata.txt > chivenorafter.txt
..
sed -f met_of fice.sed durhamdata.txt > durhamafter.txt
unix2dos *af ter*.txt

· The unix2dos com mand con verts the file from Unix text for mat to Win dows text 

for mat.

· The next file of in ter est is the Win dows batch file I use to run pro gram c3103

with all of the Met Of fice data files. Here is a smple of this file.

c3103.exe < brad ford_in put.txt > brad ford_out put.txt
c3103.exe < braemar_in put.txt > braemar_out put.txt
c3103.exe < camborne_in put.txt > camborne_out put.txt

· Here is a sam ple of the sta tion in put files for this run.

 961 7 aberporthafter.txt
2017 7 armaghafter.txt
 715 7 ballypatrickafter.txt
1357 7 bradfordafter.txt

31.14.1 Notes on Met Of fice files

There are prob lems with the data files for fol low ing sites:

· Lowestoft

· Miss ing sun shine data: March 1945. Man u ally cor rected.

· Whitby

· $ signs: re moved us ing vi;

· spu ri ous ad di tional in for ma tion: re moved us ing vi;

· Miss ing sun shine data: Sep tem ber 1961 - Jan u ary 1976;

Added -99 to lines us ing note pad and vi;

2. Try out the se rial and par al lel ex am ple (c3104.cs) with the sta tion of your choice.

3. Try out the par al lel ex am ple (c3105.cs) with the sta tion of your choice.

31.15 Bibliography

The on line doc u men ta tion is the best place to start.
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Aims

This chap ter looks at col lec tion initalisers.

32 Object and Collection initialisers
32.1 In tro duc tion

The fol low ing is taken from the Microsoft over view of C# 3.

http://msdn.microsoft.com/en-us/li brary/bb308966.aspx

32.2 Ob ject and Col lec tion Initializers

An ob ject cre ation ex pres sion may in clude an ob ject or col lec tion initializer which
initializes the mem bers of the newly cre ated ob ject or the el e ments of the newly cre ated
col lec tion.
ob ject-cre ation-ex pres sion:
new   type   (   ar gu ment-listopt   )   ob ject-or-col lec -
tion-initializeropt 
new   type   ob ject-or-col lec tion-initializer
ob ject-or-col lec tion-initializer:
ob ject-initializer
col lec tion-initializer
An ob ject cre ation ex pres sion can omit the con struc tor ar gu ment list and en clos ing pa ren -
the ses pro vided it in cludes an object or col lec tion initializer. Omit ting the con struc tor ar gu -
ment list and en clos ing pa ren the ses is equiv a lent to spec i fy ing an empty ar gu ment list.

Ex e cu tion of an ob ject cre ation ex pres sion that in cludes an ob ject or col lec tion initializer
con sists of first in vok ing the in stance con struc tor and then per form ing the mem ber or el e -
ment initializations spec i fied by the ob ject or col lec tion initializer.

It is not pos si ble for an ob ject or col lec tion initializer to re fer to the ob ject in stance be ing
in i tial ized.

32.2.1 Ob ject Initializers

An ob ject initializer spec i fies val ues for one or more fields or prop er ties of an ob ject.
ob ject-initializer:
{   mem ber-initializer-listopt   }
{   mem ber-initializer-list   ,   }
mem ber-initializer-list:
mem ber-initializer
mem ber-initializer-list   ,   mem ber-initializer
mem ber-initializer:
iden ti fier   =   initializer-value
initializer-value:
ex pres sion
ob ject-or-col lec tion-initializer
An ob ject initializer con sists of a se quence of mem ber initializers, en closed by { and } to -
kens and sep a rated by com mas. Each mem ber initializer must name an ac ces si ble field or
prop erty of the ob ject be ing in i tial ized, fol lowed by an equals sign and an ex pres sion or an
ob ject or col lec tion initializer. It is an er ror for an ob ject initializer to in clude more than
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one mem ber initializer for the same field or prop erty. It is not pos si ble for the ob ject
initializer to re fer to the newly cre ated ob ject it is initializing.

A mem ber initializer that spec i fies an ex pres sion af ter the equals sign is pro cessed in the
same way as an as sign ment to the field or prop erty.

A mem ber initializer that spec i fies an ob ject initializer af ter the equals sign is a nested ob -
ject initializer, i.e., an ini tial iza tion of an em bed ded ob ject. In stead of as sign ing a new
value to the field or prop erty, the as sign ments in the nested ob ject initializer are treated as
as sign ments to mem bers of the field or prop erty. Nested ob ject initializers can not be ap -
plied to prop er ties with a value type, or to read-only fields with a value type.

A mem ber initializer that spec i fies a col lec tion initializer af ter the equals sign is an ini tial -
iza tion of an em bed ded col lec tion. 

In stead of as sign ing a new col lec tion to the field or prop erty, the el e ments given in the
initializer are added to the col lec tion ref er enced by the field or prop erty. 

The fol low ing class rep re sents a point with two co or di nates:
pub lic class Point
{
   int x, y;
   pub lic int X { get { re turn x; } set { x = value; } }
   pub lic int Y { get { re turn y; } set { y = value; } }
}
An in stance of

Point

can be cre ated and in i tial ized as fol lows:

var a = new Point { X = 0, Y = 1 };

which has the same ef fect as
var __a = new Point();
__a.X = 0;
__a.Y = 1; 
var a = __a;
where __a is an oth er wise in vis i ble and in ac ces si ble tem po rary vari able. The fol low ing
class rep re sents a rect an gle created from two points:
pub lic class Rect an gle
{
   Point p1, p2;
   pub lic Point P1 { get { re turn p1; } set { p1 = value; } 
}
   pub lic Point P2 { get { re turn p2; } set { p2 = value; } 
}
}
An in stance of
Rect an gle
can be cre ated and in i tial ized as fol lows:
var r = new Rect an gle {
   P1 = new Point { X = 0, Y = 1 },
   P2 = new Point { X = 2, Y = 3 }
};
which has the same ef fect as
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var __r = new Rect an gle();
var __p1 = new Point();
__p1.X = 0;
__p1.Y = 1;
__r.P1 = __p1;
var __p2 = new Point();
__p2.X = 2;
__p2.Y = 3;
__r.P2 = __p2; 
var r = __r;
where __r, __p1 and __p2 are tem po rary vari ables that are oth er wise in vis i ble and in ac ces -
si ble.

If the Rect an gle con struc tor al lo cates the two em bed ded Point in stances
pub lic class Rect an gle
{
   Point p1 = new Point();
   Point p2 = new Point();
   pub lic Point P1 { get { re turn p1; } }
   pub lic Point P2 { get { re turn p2; } }
}
the fol low ing con struct can be used to ini tial ize the em bed ded Point in stances in stead of as -
sign ing new in stances:
var r = new Rect an gle {
   P1 = { X = 0, Y = 1 },
   P2 = { X = 2, Y = 3 }
};
which has the same ef fect as
var __r = new Rect an gle();
__r.P1.X = 0;
__r.P1.Y = 1;
__r.P2.X = 2;
__r.P2.Y = 3;
var r = __r;

32.2.2 Col lec tion Initializers

A col lec tion initializer spec i fies the el e ments of a col lec tion.
col lec tion-initializer:
{   el e ment-initializer-list   }
{   el e ment-initializer-list   ,   }
el e ment-initializer-list:
el e ment-initializer
el e ment-initializer-list   ,   el e ment-initializer
el e ment-initializer:
non-as sign ment-ex pres sion
{   ex pres sion-list   }
A col lec tion initializer con sists of a se quence of el e ment initializers, en closed by { and }
to kens and sep a rated by com mas. Each el e ment initializer spec i fies an el e ment to be added
to the col lec tion ob ject be ing in i tial ized, and con sists of a list of ex pres sions en closed by {
and } to kens and sep a rated by com mas. A sin gle-ex pres sion el e ment initializer can be writ -
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ten without braces, but can not then be an as sign ment ex pres sion, to avoid am bi gu ity with
mem ber initializers.

The fol low ing is an ex am ple of an ob ject cre ation ex pres sion that in cludes a col lec tion
initializer:

List<int> dig its = new List<int> { 0, 1, 2, 3, 4, 5, 6, 7,
8, 9 };

The col lec tion ob ject to which a col lec tion initializer is ap plied must be of a type that im -
ple ments Sys tem.Col lec tions.IEnumerable or a com pile-time er ror oc curs. For each spec i -
fied el e ment in or der, the col lec tion initializer in vokes the Add method on the tar get ob ject
with the ex pres sion list of the el e ment initializer, ap ply ing nor mal over load res o lu tion for
each invocation.

The fol low ing class rep re sents a con tact with a name and a list of phone num bers:
pub lic class Con tact
{
   string name;
   List<string> phoneNumbers = new List<string>();
   pub lic string Name { get { re turn name; } set { name =
value; } }
   pub lic List<string> PhoneNumbers { get { re turn
phoneNumbers; } }
}
A List<Con tact> can be cre ated and in i tial ized as fol lows:
var con tacts = new List<Con tact> {
   new Con tact {
      Name = "Chris Smith",
      PhoneNumbers = { "206-555-0101", "425-882-8080" }
   },
   new Con tact {
      Name = "Bob Har ris",
      PhoneNumbers = { "650-555-0199" }
   }
};
which has the same ef fect as
var con tacts = new List<Con tact>();
var __c1 = new Con tact();
__c1.Name = "Chris Smith";
__c1.PhoneNumbers.Add("206-555-0101");
__c1.PhoneNumbers.Add("425-882-8080");
con tacts.Add(__c1);
var __c2 = new Con tact();
__c2.Name = "Bob Har ris";
__c2.PhoneNumbers.Add("650-555-0199");
con tacts.Add(__c2);
where __c1 and __c2 are tem po rary vari ables that are oth er wise in vis i ble and in ac ces si ble.

32.3 Prob lems

None at this time.
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Aims

The aims of this chap ter are to look briefly at de vel op ing Win dows ap pli ca tions.

33 An Introduction to Windows Programming
The ex am ples so far have been con ven tional pro grams.  In this chap ter we will look at writ -
ing some sim ple pro grams with a graph i cal user in ter face (short ened to gui and gen er ally
pro nounced guey or gooee). There are a num ber of things that we will have to cover to en -
able us to do this and they in clude

· Vi sual soft ware de vel op ment us ing the .Net De vel oper Stu dio En vi ron ment or

IDE (In te grated De vel op ment En vi ron ment);

· Graph i cal ob jects or com po nents, e.g. menu bars, la bels, list boxes etc.

· Event Han dling, e.g. mouse clicks, but ton presses etc;

· Ba sic graph i cal con cepts, e.g. De vice con texts, co or di nate spaces, graph ics de -

vice in ter faces (gdi), vec tor graph ics, bitmap graph ics, etc

· us ing the .Net Doc u men ta tion to lo cate sam ple code and get help when writ ing

Win dows programs

The ex am ples in this chap ter were writ ten by lo cat ing ex am ples and sam ple code in the
on-line doc u men ta tion and then us ing it within the code gen er ated dur ing the vi sual de vel -
op ment pro cess.

The orig i nal Springer Essentials se ries was aimed at stu dents want ing a quick, short in tro -
duc tion to a programming lan guage. The range of ex am ples in this chap ter was in tended to
get them started with Win dows pro gram ming for use in their de gree.

33.1 Web ac cess to the Win dows ex am ples in this chap ter

The ex am ples in this chap ter are im ple mented mainly us ing Vi sual Stu dio pro ject files. Ex -
am ples 6 and 12 ex ist as sin gle C# source files. The zip file con tains all of the ex am ples.

33.2 The .Net IDE

The IDE pro vides a com mon front end to developing soft ware in a num ber of pro gram ming 
lan guages and these in clude the fol low ing Microsoft languages

· Vi sual Ba sic

· Vi sual C++

· C#

· Vi sual J#

33.2.1 Other lan guages and the .Net en vi ron ment

Microsoft also works with com pa nies to bring their lan guages to the .NET Plat form, and
the lan guages cov ered cur rently in clude CO BOL, Perl, Eif fel, Py thon, Pascal, Mer cury,
Mondrian, Oberon, For tran, SmallTalk, ML and APL. Ad dresses for For tran 95, Oberon
and Eif fel are given be low.

For tran 95

http://www.salfordsoftware.co.uk/com pil ers/ftn95/dotnet.shtml
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This com piler is in te grated into the .Net IDE. 

Eif fel
http://www.eif fel.com/
http://www.eif fel.com/doc/man u als/tech nol -
ogy/dotnet/eiffelsharp/
http://msdn.microsoft.com/li brary/de fault.asp?url=/li -
brary/en-us/dndotnet/html/pdc_eif fel.asp

Oberon

http://www.oberon.ethz.ch/light ning/

If you want in for ma tion on the other lan guages try Google with your lan guage and .net as
the keywords for the search.

33.2.2 Vi sual De vel op ment

The eas i est way of de vel op ing Win dows pro grams is in a vi sual en vi ron ment, where one
can use a graph i cal in ter face to de sign the user in ter face. Let us look now at us ing
Microsoft Vi sual Stu dio .NET to do this.

The fol low ing is the open ing screen from start ing Vi sual Stu dio.

The key things re gard ing the or gani sa tion of the en vi ron ment are

· The Start Page

· The So lu tion Ex plorer window
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· The Dy namic Help Window

If the screen does n’t look like this then goto the

            Tools

                        Op tions

menu and choose

· Re set Win dows Lay out.

Let us now look at start ing a new pro ject. This is done by

            File

                        New

                                    Pro ject

From the open ing screen or us ing the New Pro ject but ton from the Start Page win dow.
Nav i gate un til you get to the fol low ing sta tus.

Microsoft pro vide a num ber of ways of do ing so called Win dows based pro gram ming. We
will ue the orig i nal Win dows Forms method.

Now choose

· Win dows Forms Ap pli ca tion
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If the fol low ing ap pears

go to the 

· View

menu and choose

· Tool box

and click on the pin in the Tool Box win dow to an chor the Tool Box.
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You should now see some thing sim i lar to the fol low ing screen.

The key thing is that the screen is bro ken down into

· A Tool box

· A Form

· The So lu tions Win dow

· The Prop erties Win dow

Let us look at each of these in turn.

Chapter 33 An Introduction to Windows Programming 421

© Ian D Chivers

Added tool box - c3404



33.2.2.1 The Tool box

The fol low ing is a screenshot of the Tool box.

The fol low ing is an al pha betic list of con trols and com po nents (with as so ci ated func tion al -
ity) that can be used in Win dows forms

· But ton Con trol - Pres ents a stan dard but ton that the user can click to per form ac -

tions. 

· CheckBox Con trol - In di cates whether a con di tion is on or off. 

· CheckedListBox Con trol - Dis plays a list of items with a check box next to each 

item. 

· ColorDialog Com po nent - Al lows the user to se lect a color from a pal ette in a

pre-con fig ured di a log box and to add cus tom col ors to that pal ette. 

· ComboBox Con trol - Dis plays data in a drop-down combo box. 

· ContextMenu Com po nent - Pro vides us ers with an eas ily ac ces si ble menu of fre -

quently used com mands that are as so ci ated with the se lected ob ject. 

· DataGrid Con trol - Dis plays tab u lar data from a dataset and al lows for up dates

to the data source. 

· DateTimePicker Con trol - Al lows the user to se lect a sin gle item from a list of

dates or times. 
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· Di a log-Box Con trols and Com po nents - De scribes a set of con trols that al low

us ers to per form stan dard in ter ac tions with the ap pli ca tion or sys tem. 

· DomainUpDown Con trol - Dis plays text strings that a user can browse through

and se lect from. 

· ErrorProvider Com po nent - Dis plays er ror in for ma tion to the user in a non-in tru -

sive way. 

· FontDialog Com po nent - Ex poses the fonts that are cur rently in stalled on the

sys tem. 

· GroupBox Con trol - Pro vides an iden ti fi able group ing for other con trols. 

· HelpProvider Com po nent - As so ci ates an HTML Help file with a Win dows ap -

pli ca tion. 

· HScrollBar and VScrollBar Con trols - Pro vide nav i ga tion through a list of items

or a large amount of in for ma tion by scroll ing ei ther hor i zon tally or ver ti cally

within an ap pli ca tion or con trol. 

· ImageList Com po nent - Dis plays im ages on other con trols. 

· La bel Con trol - Dis plays text that can not be ed ited by the user. 

· LinkLabel Con trol - Al lows you to add Web-style links to Win dows Forms ap -

pli ca tions. 

· ListBox Con trol - Al lows the user to se lect one or more items from a pre de fined 

list. 

· ListView Con trol - Dis plays a list of items with icons, in the man ner of Win -

dows Ex plorer. 

· MainMenu Com po nent - Dis plays a menu at run time. 

· MonthCalendar Con trol - Pres ents an in tu itive graph i cal in ter face for us ers to

view and set date in for ma tion. 

· NotifyIcon Com po nent - Dis plays icons for pro cesses that run in the back ground 

and would not oth er wise have user in ter faces. 

· NumericUpDown Con trol - Dis plays nu mer als that a user can browse through

and se lect from. 

· OpenFileDialog Com po nent - Al lows us ers to open files via a pre-con fig ured di -

a log box. 

· PageSetupDialog Com po nent - Sets page de tails for print ing via a pre-con fig ured 

di a log box. 

· Panel Con trol - Pro vide an iden ti fi able group ing for other con trols, and al lows
for scroll ing. 

· PictureBox Con trol - Dis plays graph ics in bitmap, GIF, JPEG, metafile, or icon

for mat. 

· PrintDialog Com po nent - Se lects a printer, chooses the pages to print, and de ter -

mines other print-re lated set tings. 

· PrintDocument Com po nent - Sets the prop er ties that de scribe what to print, and

prints the doc u ment in Win dows ap pli ca tions. 
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· PrintPreviewControl Con trol - Al lows you to cre ate your own PrintPreview com -

po nent or di a log box in stead of us ing the pre-con fig ured ver sion. 

· PrintPreviewDialog Con trol - Dis plays a doc u ment as it will ap pear when it is

printed. 

· ProgressBar Con trol - Graphically in di cates the prog ress of an ac tion to wards

com ple tion. 

· RadioButton Con trol - Pres ents a set of two or more mu tu ally ex clu sive op tions

to the user. 

· RichTextBox Con trol - Al lows us ers to en ter, dis play, and ma nip u late text with

for mat ting. 

· SaveFileDialog Com po nent - Se lects files to save and where to save them. 

· Split ter Con trol - Al lows the user to resize a docked con trol. 

· StatusBar Con trol - Dis plays sta tus in for ma tion re lated to the con trol that has fo -

cus. 

· TabControl Con trol - Dis plays mul ti ple tabs that can con tain pic tures or other

con trols. 

· TextBox Con trol - Al lows editable, multiline in put from the user. 

· Timer Com po nent - Raises an event at reg u lar in ter vals. 

· ToolBar Con trol - Dis plays menus and bitmapped but tons that ac ti vate com -

mands. 

· ToolTip Com po nent - Dis plays text when the user points at other con trols. 

· TrackBar Con trol - Al lows nav i ga tion through a large amount of in for ma tion or

vi su ally ad just ing a nu meric set ting. 

· TreeView Con trol - Dis plays a hi er ar chy of nodes that can be ex panded or col -

lapsed. 

Each type of con trol has its own set of prop er ties, meth ods, and events that make it suit able 
for a par tic u lar pur pose.

A com po nent is a class that im ple ments the Icomponent in ter face. A con trol is a com po nent 
that is vis i ble.
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33.2.2.2 The Form

The fol low ing is a screenshot of the Form Win dow.

A form is a con tainer for com po nents and con trols. We will be de sign ing our user in ter face
us ing this form, by drag ging con trols from the Tool box and po si tion ing them on the form.
For each con trol we then look at what prop er ties we need to change. In the sim ple case you 
may as well leave most prop er ties un changed.
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33.2.2.3 The So lu tions Win dow

The fol low ing is a screenshot of the initial So lu tions Win dow.

Microsoft pro vides the So lu tions Win dow as a method to ef fi ciently man age the items that
are part of your pro gram, e.g. ref er ences, data con nec tions, fold ers, and files.

Click on the +  along side

· Ref er ences 

to ex pand the de tail.
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You will end up with the fol low ing.

You can view the code as so ci ated with the form by right click ing on the Form.cs in the So -
lu tions Win dow or right click ing on the ac tual form in the main Win dow (the tab Form1.cs
[De sign] should be vis i ble) and choosing View Code. We will look at the gen er ated code in 
a com plete ex am ple, later in this chap ter.

Chapter 33 An Introduction to Windows Programming 427

© Ian D Chivers



33.2.2.4 The Prop erties Win dow

If you left click on the form you should see the fol low ing Prop erties win dow. 

We will now look at us ing the .Net IDE to de sign and write some sim ple pro grams.

33.3 Ex am ple 1: But tons and event han dling us ing a MessageBox
con trol

First cre ate an empty Win dows Ap pli ca tion pro ject as shown in the ear lier ex am ple. 
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Left click on the But ton con trol in the Tool box and po si tion the but ton on the form. You
should end up with a screen sim i lar to the fol low ing.

Have a look at the Prop erties win dow and scroll if nec es sary to find the Text at trib ute un -
der Ap pear ance. This field has the text that appears on the button. Al ter this to Press Me
and press the re turn key. This will up date the text ap pear ing on the but ton on the form.

Microsoft pro vide a num ber of vi sual ways of as so ci at ing an event han dler with a con trol.
Move the mouse over the but ton on the form and dou ble click.
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You should see some thing sim i lar to the fol low ing.

The key is the fol low ing empty code seg ment - the event han dler for the key press.
pri vate void button1_Click(ob ject sender, Sys tem.EventArgs e)

{

}

Our but ton is called button1 (we did not mod ify this prop erty) and the method is called
button1_Click. The Click event is raised when the  con trol is clicked. 

We will add the fol low ing one line of code that will be ex e cuted when the but ton is
pressed, us ing the MessageBox class. In this sim ple ex am ple we use the class to dis play
Hello World. Here is the code to  do this.
MessageBox.Show("Hello World!");

And this is the com plete source for han dling the but ton press.
pri vate void button1_Click(ob ject sender, Sys tem.EventArgs e)

{
MessageBox.Show("Hello, World!");
}

33.3.1 Get ting help when writ ing pro grams

It is essential that you have the Microsoft Vi sual Stu dio .Net doc u men ta tion open at the
same time as writ ing and de vel op ing Win dows applications. The ex am ples in this chap ter
have been de vel oped by work ing through the on-line help, tech ni cal doc u men ta tion and
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sam ple code pro vided by Microsoft, whilst us ing the vi sual de vel op ment tools pro vided
within the .net IDE.

The help sys tem can be con fig ured to dis play the fol low ing open ing screen.

The key is to fil ter by

· C# and re lated ma te rial

as this will pres ent in for ma tion of use when de vel op ing C# pro grams.

Ex per i ment by typ ing

· Form

· But ton

· MessageBox

into the Look for box. 

Chapter 33 An Introduction to Windows Programming 431

© Ian D Chivers



The fol low ing screen is ob tained from typ ing in form.

Un der

· Form Class

Click on

· About Form Class
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And this will gen er ate the fol low ing screen.

As you can see there is a lot of in for ma tion with links to re lated ma te rial.

When look ing for in for ma tion about but tons the key is the in for ma tion un der the 

· But ton Class (Sys tem.Win dows.Forms)

· But ton Con trol (Win dows Forms)

en tries, as we are developing a Win dows ap pli ca tion. The fol low ing en tries will be dis -
played for the but ton class

· About But ton Class

· all mem bers

· con struc tors

· events

· meth ods

· properties

and the following en tries un der but ton con trol

· Ac cess keys

· But ton text

· Click re sponse
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· Des ig nating as can cel

· Des ig nating as de fault

· Im age 

· Over view

· Se lecting at run time

· Text  dis play

Nav i gate you way round some of these en tries to see what fur ther in for ma tion is avail able.

Ex per i ment by fol low ing one or more of the links. Right click ing in the in for ma tion Win -
dow will pres ent with the op tion of nav i gat ing back wards through the ma te rial.

33.3.2 Run ning the pro gram

Press the F5 func tion key to com pile and run the pro gram. You should end up with a
screenshot sim i lar to the fol low ing.
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Pressing the but ton should bring up the fol low ing mes sage box.

Pressing OK closes the MessageBox.

The fol low ing is a com plete code list ing with annotation. Note that we have only had to
pro vide one line of our own code in this ex am ple.
us ing Sys tem;
us ing Sys tem.Draw ing;
us ing Sys tem.Col lec tions;
us ing Sys tem.ComponentModel;
us ing Sys tem.Win dows.Forms;
us ing Sys tem.Data;

The namespaces made avail able for a Win dows ap pli ca tion. Note that not all of them may
be re quired in any one ex am ple.
namespace WindowsApplication13

Microsoft add a namespace di rec tive to the source code. Note that this is not re quired in
sim ple ex am ples, but may well be in more com plex ex am ples.
{

/// <sum mary>
/// Sum mary de scrip tion for Form1.
/// </sum mary>
pub lic class Form1 : Sys tem.Win dows.Forms.Form

Our vari able Form1 in her its from Sys tem.Win dows.Forms.Form.
{

pri vate Sys tem.Win dows.Forms.But ton button1;

Vari able dec la ra tion for the but ton.
/// <sum mary>
/// Re quired de signer vari able.
/// </sum mary>
pri vate Sys tem.ComponentModel.Con tainer
  com po nents = null;

Pri vate vari able com po nents of type Sys tem.ComponentModel.Con tainer, set to null
initially.
    pub lic Form1()
    {
      //
      // Re quired for Win dows Form De signer sup port
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      //
      InitializeComponent();

      //
      // TODO: Add any con struc tor code af ter
InitializeComponent call
      //
    }

This method only calls InitializeComponent. We have not been re quired to add any of our
own code in this sim ple case.
    /// <sum mary>
    /// Clean up any re sources be ing used.
    /// </sum mary>
    pro tected over ride void Dis pose( bool dis pos ing )
    {
      if( dis pos ing )
      {
        if (com po nents != null) 
        {
          com po nents.Dis pose();
        }
      }
      base.Dis pose( dis pos ing );
    }

This method han dles ti dy ing up af ter the ap pli ca tion ter mi nates. Note again that we have
not had to pro vide any of our own code in this ex am ple.
    #re gion Win dows Form De signer gen er ated code
    /// <sum mary>
    /// Re quired method for De signer sup port - do not mod ify
    /// the con tents of this method with the code ed i tor.
    /// </sum mary>
    pri vate void InitializeComponent()
    {
      this.button1 = new Sys tem.Win dows.Forms.But ton();
      this.SuspendLayout();
      // 
      // button1
      // 
      this.button1.Lo ca tion = new Sys tem.Draw ing.Point(24,
32);
      this.button1.Name = "button1";
      this.button1.Size = new Sys tem.Draw ing.Size(112, 40);
      this.button1.TabIndex = 0;
      this.button1.Text = "Press Me";
      this.button1.Click += new
        Sys tem.EventHandler(this.button1_Click);
      // 
      // Form1
      // 
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      this.AutoScaleBaseSize = new Sys tem.Draw ing.Size(6,
15);
      this.ClientSize = new Sys tem.Draw ing.Size(292, 260);
      This.Con trols.AddRange(new
        Sys tem.Win dows.Forms.Con trol[] {   
this.button1});
      this.Name = "Form1";
      this.Text = "Form1";
      this.ResumeLayout(false);

    }
    #endregion

As can be seen the InitializeComponent method must not be mod i fied us ing the source code 
ed i tor. The Ide sets up the fol low ing prop er ties for the form and but ton.

· lo ca tion - sets the co or di nates of the up per-left cor ner of the con trol rel a tive to

the up per-left cor ner of its con tainer  us ing the Point method

· name - sets the name of the button

· size - sets the height and width of the con trol.

· tabindex - sets the tab or der of the con trol within its con tainer. Tabs are used to

move be tween con trols.

· text - the text that ap pears on the but ton. 

· click - link click ing the but ton to an event han dler. We did this vi su ally.

· AutoScaleBaseSize - the value of the AutoScaleBaseSize prop erty is used at

form-dis play time to com pute the scal ing fac tor for the form. The autoscaling

base size is used by the form as a base line for com par i son to the sys tem’s font

size to de ter mine how much to scale the form when autoscaling is used.

· ClientSize - sets the height and width of the cli ent area of the con trol

Next
    /// <sum mary>
    /// The main en try point for the ap pli ca tion.
    /// </sum mary>
    [STAThread]
    static void Main() 
    {
      Ap pli ca tion.Run(new Form1());
    }

The start ing point of the pro gram.
    pri vate void button1_Click(ob ject sender,
      Sys tem.EventArgs e)
    {
    MessageBox.Show("Hello, World!");
    }
  }

The event han dler for the but ton press.

}

The end of the pro gram! The key things to note are
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· The var i ous namespaces that are made avail able at the start of the pro gram by

the IDE

· The au to mat i cally gen er ated code for the form, but ton and event han dler, which

cre ate and initialise the con trols with a set of de fault prop er ties

And the one line of code that we have added to bring up a MessageBox when the but ton is
pressed. 

If the de fault prop er ties and be hav iour are not what you want then you can learn more
about them us ing the on line help. 

Here is a sim ple vari ant that uses par tial classes. 

us ing Sys tem;
us ing Sys tem.Col lec tions.Ge neric;
us ing Sys tem.ComponentModel;
us ing Sys tem.Data;
us ing Sys tem.Draw ing;
us ing Sys tem.Linq;
us ing Sys tem.Text;
us ing Sys tem.Thread ing.Tasks;
us ing Sys tem.Win dows.Forms;

namespace WindowsFormsExample_01
{
    pub lic par tial class Form1 : Form
    {
      pri vate void doit()
      {
        MessageBox.Show("Hello world!");
      }
    }
}

This is a sep a rate file, called par tial_01.cs that we add to the pro ject.

We have a par tial class for the form with one pub lic method doit, that con tains the
MessageBox.Show method. Here is the mod i fied but ton click method that calls doit.

pri vate void button1_Click(ob ject sender, EventArgs e)
{
  doit();
}

33.4 Ex am ple 2: Us ing TextBoxes to get user in put

The next ex am ple looks at get ting user in put us ing a TextBox. Cre ate an empty Win dows
Ap pli ca tion.
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Click on the TextBox con trol in the Tool box and po si tion on the form. You should end up
with a screen sim i lar to the fol low ing.

Go to the Text attribute un der Ap pear ance in the Prop erties win dow and re place the text
with

· En ter the an gle in de grees

You may need to in crease the size of the text box to get all of the this prompt to ap pear.

Click on the form and now add a but ton. Lo cate the text at trib ute un der ap pear ance in the
prop er ties win dow and al ter the text to

· Data en try com plete
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Dou ble click on the TextBox and you should be pre sented with a screenshot sim i lar to the
fol low ing.

The key is the fol low ing event han dling code.
    pri vate void button1_Click(ob ject sender, 
      Sys tem.EventArgs e)
    {
    
    }

We will add one line to the event han dler.
      MessageBox.Show(this.textBox1.Text);

And when the data has been en tered in the textbox and the but ton pressed a mes sage box
will ap pear with the value typed in.
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Here is a screenshot from run ning the pro gram.

Here is the code for a sim ple vari ant.

pub lic par tial class Form1 : Form
{
  pub lic void do_it()
  {
    string s = "";
    int i = 0;
    i = int.Parse(this.textBox1.Text);
    i = i * i;
    s = " Num ber squared = ";
    s += String.For mat("{0,3}", i);
    MessageBox.Show(s);
  }
}

In this ex am ple we ex tract the in te ger num ber typed in, square it and and then use a
MessageBox to dis play the up dated value. The code can be in cluded in a va ri ety of ways
and we have cho sen to add it as a par tial class.
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33.5 Ex am ple 3: Us ing RichTextBoxes to dis play pro gram out put

The next ex am ple looks at us ing a RichTextBox to dis play pro gram out put. Cre ate a new 
pro ject. In crease the size of the form both horizantally and ver ti cally.

Scroll down the Tool box and lo cate the RichTextBox con trol. Drag and drop this con trol
onto the form. Go to the Text prop erty un der ap pear ance in the prop erty win dow and clear
out the text.

Click on the un der ly ing form and now drag and drop a but ton onto the form. Go to the Text 
prop erty un der Ap pear ance in the prop erty win dow and change to

· Cal cu late and dis play squares

Dou ble click on the but ton and this will bring up the fol low ing event han dler.
pri vate void button1_Click(ob ject sender, 
  Sys tem.EventArgs e)
{
  do_it();
}

Add the fol low ing code
pub lic par tial class Form1 : Form
{
  pub lic void do_it()
  {
    StringBuilder line = new StringBuilder(4096);
    for (int i = 1; i <= 12; i++)
    {
      line.Ap pend(i);
      line.Ap pend("\t");
      line.Ap pend(i * i);
      line.Ap pend(" \n");
    }
    this.richTextBox1.Text = line.ToString();
  }
}

Now go to the top of the source file and add
Using Sys tem.Text;

To make avail able the StringBuilder class.
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Now com pile and run the pro gram. You should get a screen sim i lar to the fol low ing.

We have used \t to tab the out put and help gen er ate a sim ple ta ble. Note that the
RichTextBox has scroll bars and these have been added au to mat i cally for us.

33.6 Ex am ple 4: Us ing a PictureBox to dis play a graph ics im age

This ex am ple uses a PictureBox to dis play a graph ics file. The fol low ing are some of the
sup ported file types

            Type                File Ex ten sion

            Bitmap            .bmp

            Icon                 .ico

            GIF                  .gif

            Metafile           .wmf

            JPEG               .jpg

In this ex am ple we will hard code the name of the file into the pro gram. Cre ate an empty
Win dows Ap pli ca tion pro ject. Drag and drop a PictureBox onto the form. Go to the im age
at trib ute in the prop erty Win dow. Click on the but ton to the left of this field. This will
bring up a Open file di a log box. Browse your hard disk to lo cate a file to dis play in the
PictureBox. It will prob a bly be nec es sary to resize both the form and the pic ture box to dis -
play the im age. Com pile and run the pro gram.
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The fol low ing is sam ple out put from run ning this ex am ple.

I use Linux too!

33.7 Ex am ple 5: Se lect ing a file with the OpenFileDialog con trol

In this ex am ple we will look at us ing the OpenFileDialog con trol. We will use a but ton
press event to do this. We will then dis play the graph ics file in a PictureBox.

Cre ate an empty Win dows Ap pli ca tion pro ject. Click on the form and increase the size.

Add a but ton. This will be used to in voke the OpenFileDialog con trol.

Add a pic ture box. In crease the size of this con trol.

Add the fol low ing event code for press ing the but ton

      Bitmap photo;

      OpenFileDialog openFileDialog1 = new OpenFileDialog();

      openFileDialog1.InitialDirectory = 
        "c:\\doc u ment\\pho tos" ;
      openFileDialog1.Fil ter = 
"Im age Files(*.BMP;*.JPG;*.GIF)|*.BMP;*.JPG;*.GIF|All files
(*.*)|*.*";
      openFileDialog1.FilterIndex = 1 ;
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      openFileDialog1.RestoreDirectory = true ;

      if(openFileDialog1.ShowDialog() == DialogResult.OK)
      {
        if((openFileDialog1.OpenFile())!= null)
        {
          photo = new Bitmap(openFileDialog1.File Name);
          pictureBox1.Im age=photo;
        }
      }

This is taken from the ex am ple in the on-line help.

Add

us ing Sys tem.IO;

To the start of the file to make avail able the Sys tem.IO namespace. Run ning the pro gram
will gen er ate the fol low ing screen shots.

This is the opening form.
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Click ing the but ton will bring up the fol low ing OpenFileDialog box.
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And pick ing a pic ture should bring up some thing sim i lar to the fol low ing.

I pass the Houses of Par lia ment on the way to work.

33.8 Text and Graph ics us ing GDI+

The last thing we will look at is simple text and graph ing in C#. We need to look at the fol -
low ing con cepts

· graph ics de vice in ter faces (gdi) and Microsoft GDI+

· De vice con texts

· Co or di nate sys tems

· Graph ics ob jects

· Pen ob jects

· The OnPaint method and pa ram e ters

· The DrawLine method

· the Draw String method

Let us now look at each in turn.

33.8.1 GDI+

GDI+ is the part of the Win dows op er at ing sys tem that is re spon si ble for dis play ing in for -
ma tion on screens and print ers. From the pro gram mers viewpoint it is an ap pli ca tion pro -
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gram ming in ter face (API) that is made avail able through a set of classes de ployed as man -
aged code and it pro vides two-di men sional vec tor graph ics, im ag ing, and ty pog ra phy func -
tion al ity un der Win dows.

A gdi al lows pro gram mers to dis play in for ma tion with out hav ing to be con cerned about the 
de tails of a par tic u lar dis play de vice. You makes calls to meth ods pro vided by GDI+
classes and those meth ods in turn make the ap pro pri ate calls to spe cific de vice driv ers. You 
are iso lated from the de tails of the mon i tor, graph ics card or printer ac tu ally used.

The man aged class in ter face to GDI+ con tains about 60 classes, 50 enu mer a tions, and 8
struc tures. The Graph ics class is at the core of GDI+ func tion al ity; it is the class that ac tu -
ally draws lines, curves, fig ures, im ages, and text. 

The com plete functionalityis only avail able (at the time of writ ing) un der Win dows XP.
GDI+ im proves on GDI (the graph ics de vice in ter face in cluded with ear lier ver sions of
Win dows) by add ing new fea tures and op ti miz ing ex ist ing fea tures. 

If you want to know more about the whole area of com puter graph ics then I would rec om -
mend get ting hold of

· Foley, van Dam, Feiner, Hughes, Com puter Graph ics, Prin ci ples and Prac tice,

Sec ond Edi tion in C, Ad di son Wes ley, ISBN 0-201-84840-6

and whilst it is dated it is still one of the best coverages I have found.

33.8.2 Cre ating Graph i cal Im ages with GDI+

The first thing you need to do is cre ate a graph ics ob ject. From an art ists view point this can 
be thought of as the can vas upon which you will paint with a brush, pen etc.

The next thing is to use the Graph ics ob ject to draw lines and shapes, ren der text, and dis -
play and ma nip u late im ages. 

A graph ics ob ject can be cre ated in a num ber of ways: 

· By re ceiv ing a ref er ence to a graph ics ob ject as part of the PaintEventArgs in

the Paint event of a form or con trol. This is usu ally how you ob tain a ref er ence

to a graph ics ob ject when cre at ing paint ing code for a con trol. 

· By call ing the CreateGraphics method of a con trol or form to ob tain a ref er ence

to a Graph ics ob ject that rep re sents the draw ing sur face of that con trol or form.

You would use this method if you wanted to draw on a form or con trol that al -

ready ex isted. 

· By cre at ing a Graph ics ob ject from any ob ject that in her its from Im age. This ap -

proach is use ful when you want to al ter an al ready ex ist ing im age. 

33.8.3 Ren der ing with GDI+

Ren der ing re fers to the pro cess of cre at ing a vi sual rep re sen ta tion on a user’s screen. There
are three main ways of do ing this, and these are with

· Vec tor graph ics

· Im ages

· Text

and we will look at each in turn.

33.8.3.1 2-D Vec tor Graph ics

Vec tor graph ics in volves draw ing prim i tives (lines, curves etc) that are spec i fied by sets of
points on a co or di nate sys tem, e.g. 
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· a straight line can be spec i fied by its two end points

· a rect an gle can be spec i fied by a point giv ing the lo ca tion of its up per-left hand

cor ner and its width and height

· A sim ple path can be spec i fied by an ar ray of points to be con nected by straight

lines. 

For more in for ma tion on what can be done type in Graph ics in the Look for box in the .Net 
on-line doc u men ta tion. You will find meth ods for draw ing arcs, bezier curves, el lip ses etc.

33.8.3.2 Im aging

Pic tures are gen er ally best rep re sented us ing bit mapped graph ics and GDI+ pro vides the
Bitmap class for dis play ing, ma nip u lat ing, and sav ing bitmaps.

33.8.3.3 Text and Ty pog ra phy

Ty pog ra phy in volves the dis play of text in a va ri ety of fonts, sizes, and styles. GDI+ pro -
vides a con sid er able amount of sup port in this area.. You can use any graph ics ob ject as a
sur face to ren der text. Ren der ing text re quires a Brush ob ject, which in di cates what pat tern
will fill the text, and a Font ob ject, which de scribes the pat tern to be filled. 

33.8.4 Co or di nate sys tems

GDI+ draws lines, rect an gles, etc using a co or di nate sys tem. The de fault co or di nate sys tem
has the or i gin in the up per-left hand cor ner with the x-axis go ing from left to right and the
y-axis going down. The de fault unit of mea sure in this sys tem is the pixel.

GDI+ uses three co or di nate spaces: world, page, and de vice. As GDI+ draws a line on the
screen the co or di nates pass through the fol low ing se quence of trans for ma tions

· world -> page -> de vice 

We will look at this in more depth in the ex am ples.

33.8.5 The OnPaint method and pa ram e ters

The OnPaint method of a Form class re ceives a PaintEventArgs ob ject as a pa ram e ter. One
of the mem bers of this ob ject is a Graph ics ob ject as so ci ated with the form.

The  Paint event oc curs when a con trol is re drawn. A PaintEventArgs spec i fies the  Graph -
ics ob ject to use to paint the con trol and the  ClipRectangle in which to paint.

In the ex am ples that fol low we add an OnPaint method to each pro ject.

33.8.6 Graph ics ob jects

When a Graph ics ob ject has been cre ated it can used to draw lines and shapes, ren der text,
and dis play and ma nip u late im ages us ing the fol low ing objects

· Pen Class - Used for draw ing lines, out lin ing shapes, or ren der ing other geo met -

ric rep re sen ta tions. 

· Brush Class - Used for fill ing ar eas of graph ics, such as filled shapes, im ages, or 

text. 

· Font Class - Pro vides a de scrip tion of what shapes to use when ren der ing text. 

· Color Struc ture - Rep re sents the dif fer ent col ors to dis play. 

We are go ing to look at a num ber of ex am ples that should clarify the above.

33.9 Ex am ple 6: Sim ple graphics us ing the DrawLine method

The fol low ing pro gram brings all of the above to gether.
us ing Sys tem;
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us ing Sys tem.Win dows.Forms;
us ing Sys tem.Draw ing;
us ing Sys tem.Draw ing.Drawing2D;
us ing Sys tem.Draw ing.Im aging;
us ing Sys tem.Draw ing.Text;

pub lic class LineForm : Form 
{
   pro tected over ride void OnPaint(PaintEventArgs e)
   {
      Graph ics g = e.Graph ics;
      Pen p = new Pen(Color.Red);
      int x1=0;
      int y1=0;
      int x2=100;
      int y2=100;
      g.DrawLine(p, x1,y1,x2,y2);
   }

   pub lic static void Main()
   {
      Ap pli ca tion.Run(new LineForm());
   }

}

Com pile and run the pro gram via the Vi sual Stu dio .Net com mand prompt, i.e.

· csc simplegraphics.cs

· simplegraphics
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And you will see some thing sim i lar to the fol low ing 

The form has a de fault ap pear ance and size, which is quite rea son able for our sim ple ex am -
ple. We will look at im prov ing on this in the fol low ing more com plex ex am ple.

Let us look at the source in more de tail.
us ing Sys tem;
us ing Sys tem.Win dows.Forms;
us ing Sys tem.Draw ing;
us ing Sys tem.Draw ing.Drawing2D;
us ing Sys tem.Draw ing.Im aging;
us ing Sys tem.Draw ing.Text;

Stan dard namespaces to use.
pub lic class LineForm : Form 
{

Cre ate a form.
   pro tected over ride void OnPaint(PaintEventArgs e)
   {

Over ride onPaint. The PaintEventArgs class pro vides data for the Paint event. One of the
pub lic prop er ties of this class is the graph ics ob ject used to paint.
      Graph ics g = e.Graph ics;

Cre ate a graph ics ob ject.
      Pen p = new Pen(Color.Red);

Cre ate a red pen.
      int x1=0;
      int y1=0;

Ini tial x and y po si tion.
      int x2=100;
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      int y2=100;

Fi nal x and y po si tion.
      g.DrawLine(p, x1,y1,x2,y2);

Draw a line be tween x1, y1 and x2, y2 us ing the pen p.
   }

   pub lic static void Main()
   {
      Ap pli ca tion.Run(new LineForm());
   }

}

This is a very sim ple pro gram, but it does high light the fol low ing

· Over riding the onPaint method and us ing it to han dle the Paint event

· Cre ating a graph ics ob ject

· The de fault co or di nate sys tem, based on the top left hand cor ner

· Draw ing lines us ing the DrawLine method us ing a pen

We will look at a more slightly more com plex ex am ple next.

33.10 Ex am ple 7: Graphics and plot ting sines and co sines - de fault
co or di nate sys tem
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Cre ate a new Win dows pro ject. Click on the form and en large it in both the x and y axes.
Try mak ing the size sim i lar to that shown be low.

Now have a look at the Properties Win dow and scroll down and lo cate the Size at trib ute
un der Lay out. Edit the val ues to 500,400. Press re turn and the Form will resize it self to the
new val ues.

Add the fol low ing code.
    pro tected over ride void OnPaint(
      PaintEventArgs paintEvent )
    {
      int an gled;
      dou ble an gler;
      int x1=0;
      int x2=360;
      int y1=180;
      int y2=180;

      Graphics g = paintEvent.Graph ics;
      Pen pen = new Pen( Color.Black );

      g.DrawLine(pen,x1,y1,x2,y2);
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      x1=0;
      y1=180;
      pen.Color=Color.Red;

      for (an gled=1;an gled<361;++an gled)
      {
        an gler=an gled*2*Math.PI/360;
        x2=an gled;
        y2=180+(int)(180*Math.Sin(an gler));
        g.DrawLine(pen,x1,y1,x2,y2);
        x1=an gled;
        y1=y2;
      }

      x1=0;
      y1=360;
      pen.Color=Color.Blue;

      for (an gled=0;an gled<361;++an gled)
      {
        an gler=an gled*2*Math.PI/360;
        x2=an gled;
        y2=180+(int)(180*Math.Cos(an gler));
        g.DrawLine(pen,x1,y1,x2,y2);
        x1=an gled;
        y1=y2;
      }
    }
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Now com pile and run the pro gram. You should see some thing sim i lar to the fol low ing.

Let us now go through the code.
pro tected over ride void OnPaint(
  PaintEventArgs paintEvent )

We will use the OnPaint method to plot the graph. We are us ing the 
Sys tem.Win dows.Forms.Con trol

Class. One of the events that this class can gen er ate is
Paint

And one of the pro tected meth ods in this class is
OnPaint

{
  int an gled;
  dou ble an gler;
  int x1=0;
  int x2=360;
  int y1=180;
  int y2=180;

We will be loop ing in de grees from 0 to 360. We will be cal cu lat ing the sines and co sines
in ra di ans.

  Graph ics g = paintEvent.Graph ics;
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  Pen pen = new Pen( Color.Black );

Cre ate a graph ics ob ject and back pen.
  G.DrawLine(pen,x1,y1,x2,y2);

Plot the x axis.

  x1=0;
  Y1=180;

Ini tial x and y po si tions.
  Pen.Color=Color.Red;

Change the pen col our.

  for (an gled=1;an gled<361;++an gled)
  {
     an gler=an gled*2*Math.PI/360;
     x2=an gled;
     y2=180+(int)(180*Math.Sin(an gler));
     g.DrawLine(pen,x1,y1,x2,y2);
     x1=an gled;
     y1=y2;
  }

Now loop from 1 to 360 de grees, con vert ing to ra di ans in the loop. Af ter us ing DrawLine
to plot a line be tween x1,y1 and x2,y2 set the new start point to the old x2,y2.

  x1=0;
  Y1=360;

Re set for co sine.
  pen.Color=Color.Blue;

Choose new col our.
  for (an gled=0;an gled<361;++an gled)
  {
     an gler=an gled*2*Math.PI/360;
     x2=an gled;
     y2=180+(int)(180*Math.Cos(an gler));
     g.DrawLine(pen,x1,y1,x2,y2);
     x1=an gled;
     y1=y2;
  }

Re peat for co sines.

}

We have had to make a um ber of ad just ments to the val ues we are in ter ested in plot ting to
accomodate the fact that the or i gin is in the top left hand cor ner.

Ap pen dix A con tains a C++ version of the above, written us ing De vel oper Stu dio 6. This
ex am ple was based on the Microsoft Foun da tion Class li brary. None of the code was gen er -
ated au to mat i cally, it all had to be de vel oped from scratch.  

33.11 Ex am ple 8: Graphics and plot ting sine and co sine with al ter -
nate co or di nate sys tem

In this ex am ple we will redo the above but now al ter the x and y or i gin to fit our prob lem. 
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The key code in the fol low ing is
  g.TranslateTransform(50,200);

Which moves the or i gin into the form.

This is the com plete new code.
pro tected over ride void OnPaint(
  PaintEventArgs paintEvent )
{
  int an gled;
  dou ble an gler;

  Graph ics g = paintEvent.Graph ics;
  Pen pen = new Pen( Color.Black );

  int x1=0;
  int x2=360;
  int y1=0;
  int y2=0;

  g.TranslateTransform(50,200);

  g.DrawLine(pen,x1,y1,x2,y2);

  x1=0;
  y1=0
     ;
  pen.Color=Color.Red;

  for (an gled=1;an gled<361;++an gled)
  {
     an gler=an gled*2*Math.PI/360;
     x2=an gled;
     y2=(int)(180*Math.Sin(an gler));
     g.DrawLine(pen,x1,y1,x2,y2);
     x1=an gled;
     y1=y2;
  }

  x1=0;
  y1=180;
  pen.Color=Color.Blue;

  for (an gled=0;an gled<361;++an gled)
  {
     an gler=an gled*2*Math.PI/360;
     x2=an gled;
     y2=(int)(180*Math.Cos(an gler));
     g.DrawLine(pen,x1,y1,x2,y2);
     x1=an gled;
     y1=y2;
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  }
}

No tice in this ex am ple the x and y co or di nates match our prob lem.Run ning the pro gram
should gen er ate out put sim i lar to the fol low ing.

The new or i gin al lows some thing for the top of the form.

33.12 Ex am ple 9: Graphics and sim ple font us age

Cre ate an empty win dows pro ject.

Add the fol low ing code.
pro tected over ride void OnPaint(
  PaintEventArgs paintEvent )
{
  Graph ics g = paintEvent.Graph ics;

  SolidBrush brush = new SolidBrush(Color.Black);
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  FontStyle style = FontStyle.Reg u lar;

  Font font = new Font("Times",14,style);

  g.Draw String("Sim ple text out put in  " + brush.Color
+ " Style " + font.Style , font, brush, 10, 10);

  brush.Color=Color.DarkBlue;
  style = FontStyle.Bold;

  font = new Font("Times" , 14, style);

  g.Draw String("Sim ple text out put in  " + brush.Color
+ " Style " + font.Style , font, brush, 10, 40);

  brush.Color=Color.Red;
  style = FontStyle.Italic;

  font = new Font("Times" , 14, style);

  g.Draw String("Sim ple text out put in  " + brush.Color
+ " Style " + font.Style , font, brush, 10, 70);

  brush.Color=Color.DarkGreen;
  style = FontStyle.Un der line;

  font = new Font("Times" , 14, style);

  g.Draw String("Sim ple text out put in  " + brush.Color
+ " Style " + font.Style , font, brush, 10, 100);

}
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Run the pro gram You will see some thing sim i lar to what fol lows.

The key con cepts in volve

· Brush - and in this case the brush is solid and black.

· Style - the style of the font, and the fol low ing style are avail able, bold, italic,

reg u lar, strike out, un der line.

· Font - the Font class defines a par tic u lar for mat for text, in clud ing font face,

size, and style at trib utes. You can use any font that is in stalled on your sys tem.

To see what is in stalled goto the con trol panel and click on Fonts. The sec ond

ar gu ment is the size in points.

· Draw String - the method used to dis play the text.

Font size

The font size is spec i fied in points. A point is a unit of mea sure used pri mar ily in type set -
ting. There are ap prox i mately 72 points (pts.) to an inch and ex actly 12 points to a pica.

33.13 Ex am ple 10: Sum of three num bers

This ex am ple looks at con vert ing the fol low ing from a con sole ap pli ca tion to  a win dows
ap pli ca tion.

us ing Sys tem;

class c0303
{
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static int Main() 
{

float [] x = new float [3];
float sum=(float)0;
string line;
Con sole.Write(" Type in three num bers");
Con sole.WriteLine(", one per line");

for (int i=0;i<x.Length;i++)
{
  line=Sys tem.Con sole.ReadLine();
  x[i]=(float)dou ble.Parse(line);
  sum+=x[i];
}
Con sole.WriteLine(" sum is {0:F} ",sum);
re turn 0;

}
}

Cre ate an empty Win dows ap pli ca tion. In crease the size of the form. Add a la bel at the top
of the form and re place the text field un der ap pear ance with

· En ter the three num bers in the boxes be low.

You may need to in crease the size of the la bel to see the com plete prompt.

Add three text boxes to the form for the user in put. Clear out the en try for each text box
un der ap pear ance and Text at trib ute.

Add a but ton to carry out the cal cu la tion. Un der this add a la bel. Al ter the Text at trib ute
un der ap pear ance to

· An swer is

And al ter the TextAlign at trib ute to

· MiddleCentre

By click ing on the cen tre but ton.

Add a fourth text box to dis play the sum. 

Dou ble click on the Cal cu late but ton and add the fol low ing event han dling code.
pri vate void button1_Click(ob ject sender,
  Sys tem.EventArgs e)
{
  string textboxentry;
  float [] x = new float [3];
  float sum=(float)0;
  
  textboxentry = textBox1.Text;
  x[0]=(float)dou ble.Parse(textboxentry);

  textboxentry = textBox2.Text;
  X[1]=(float)dou ble.Parse(textboxentry);

  textboxentry = textBox3.Text;
  x[2]=(float)dou ble.Parse(textboxentry);
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  sum=x[0] + x[1] + x[2];

  textBox4.Text = sum.ToString();

}

Com pile and run the pro gram. You should end up with some thing like the fol low ing.

There is sur pris ingly lit tle added code re quired to con vert from a con ven tional pro gram to a 
Win dows ap pli ca tion.

33.14 Ex am ple 11: BMI Cal cu la tions

This is a re write of the fol low ing ex am ple as a win dows pro gram.

class BodyMassIndex
{

pub lic static int Main()
    {

int  n=20;
        float [] h=new float [n];
        float [] w=new float [n];
        float bmi;
        string line;
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        string hs;
        string ws;
        for (int i=0;i<h.Length;i++)
        {
            line=Sys tem.Con sole.ReadLine();
            hs=line.Substring(0,4);
            ws=line.Substring(5,2);
            h[i]=(float)dou ble.Parse(hs);
            w[i]=(float)dou ble.Parse(ws);
        }
        for (int i=0;i<w.Length;i++)
            {
            bmi=w[i]/(h[i]*h[i]);
            Sys tem.Con sole.WriteLine(" {0:f} " , bmi);
            }

re turn 0;
    }

}

Cre ate an empty Win dows Ap pli ca tion.

Add a but ton. Alter the text at trib ute to

· Choose data file

Add a RichTextBox to dis play the re sults. Clear out the Text at trib ute in the ap pear ance
section un der prop er ties.

Add

· us ing Sys tem.IO;

· us ing Sys tem.Text;

To the start of the pro gram.

Double click on the but ton and add the fol low ing event han dling code.
pro tected void button1_Click(ob ject sender,
  Sys tem.EventArgs e)
  {
     string file name;

     OpenFileDialog openFileDialog1 = new 
     OpenFileDialog();

     openFileDialog1.InitialDirectory = 
       "c:\\doc u ment\\" ;
     openFileDialog1.Fil ter = 

"Text Files(*.txt;*.dat;)|*.txt;*.dat;|All files (*.*)|*.*";
     openFileDialog1.FilterIndex = 1 ;
     openFileDialog1.RestoreDirectory = true ;

     if(openFileDialog1.ShowDialog() == DialogResult.OK)
     {
       if((openFileDialog1.OpenFile())!= null)
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       {
          file name = openFileDialog1.File Name;
          StreamReader in put_file = 
            File.OpenText(file name);

          int  n=20;
          float [] h=new float [n];
          float [] w=new float [n];
          float bmi;
          string line;
          string hs;
          string ws;
          StringBuilder outputline=new 
          StringBuilder(100);

          for (int i=0;i<h.Length;i++)
          {
            line=in put_file.ReadLine();
            hs=line.Substring(0,4);
            ws=line.Substring(5,2);
            h[i]=(float)dou ble.Parse(hs);
            w[i]=(float)dou ble.Parse(ws);
          }

          for (int i=0;i<w.Length;i++)
          {
            bmi=w[i]/(h[i]*h[i]);

            outputline.Ap pend(h[i]);
            outputline.Ap pend("\t");
            outputline.Ap pend(w[i]);
            outputline.Ap pend("\t");
            outputline.Ap pend(bmi);
            outputline.Ap pend(" \n");
            this.richTextBox1.Text=outputline.ToString();
          }

       }
     }
  }
  }
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Run ning the pro gram will gen er ate some thing like the fol low -
ing.

No tice the scroolbars that have been added for us.

33.15 Ex am ple 12: us ing par tial classes

This is a vari a tion of the pre vi ous ex am ple. We use par tial classes.

The source files are

· Pro gram.cs

· Form1.cs

· Form1.De signer.cs

· myForm1.cs, which is a par tial class, based of Form1.cs

· util ity.cs

Here is Pro gram.cs

us ing Sys tem;
us ing Sys tem.Col lec tions.Ge neric;
us ing Sys tem.Linq;
us ing Sys tem.Thread ing.Tasks;
us ing Sys tem.Win dows.Forms;

namespace WindowsFormsApp2
{
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    static class Pro gram
    {
        /// <sum mary>
        /// The main en try point for the ap pli ca tion.
        /// </sum mary>
        [STAThread]
        static void Main()
        {
            Ap pli ca tion.EnableVisualStyles();
            Ap pli ca -
tion.SetCompatibleTextRenderingDefault(false);
            Ap pli ca tion.Run(new Form1());
        }
    }
}

Here is Form1.cs

us ing Sys tem;
us ing Sys tem.Col lec tions.Ge neric;
us ing Sys tem.ComponentModel;
us ing Sys tem.Data;
us ing Sys tem.Draw ing;
us ing Sys tem.Linq;
us ing Sys tem.Text;
us ing Sys tem.Thread ing.Tasks;
us ing Sys tem.Win dows.Forms;

namespace WindowsFormsApp2
{
    pub lic par tial class Form1 : Form
    {
        pub lic Form1()
        {
            InitializeComponent();
        }

        pri vate void richTextBox1_TextChanged(ob ject sender, 
EventArgs e)
        {
        }

        pri vate void button1_Click(ob ject sender, EventArgs
e)
        {
            do_it();
        }

        pri vate void Form1_Load(ob ject sender, EventArgs e)
        {
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        }
    }
}

Here is Form1.De signer.cs

namespace WindowsFormsApp2
{
    par tial class Form1
    {
        /// <sum mary>
        /// Re quired de signer vari able.
        /// </sum mary>
        pri vate Sys tem.ComponentModel.IContainer com po nents
= null;

        /// <sum mary>
        /// Clean up any re sources be ing used.
        /// </sum mary>
        /// <param name="dis pos ing">true if man aged re -
sources should be dis posed; oth er wise, false.</param>
        pro tected over ride void Dis pose(bool dis pos ing)
        {
            if (dis pos ing && (com po nents != null))
            {
                com po nents.Dis pose();
            }
            base.Dis pose(dis pos ing);
        }

        #re gion Win dows Form De signer gen er ated code

        /// <sum mary>
        /// Re quired method for De signer sup port - do not
mod ify
        /// the con tents of this method with the code ed i -
tor.
        /// </sum mary>
        pri vate void InitializeComponent()
        {
            this.richTextBox1 = new Sys tem.Win -
dows.Forms.RichTextBox();
            this.button1 = new Sys tem.Win dows.Forms.But -
ton();
            this.SuspendLayout();
            // 
            // richTextBox1
            // 
            this.richTextBox1.Lo ca tion = new Sys tem.Draw -
ing.Point(53, 106);
            this.richTextBox1.Name = "richTextBox1";
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            this.richTextBox1.Size = new Sys tem.Draw -
ing.Size(259, 196);
            this.richTextBox1.TabIndex = 0;
            this.richTextBox1.Text = "";
            this.richTextBox1.TextChanged += new Sys -
tem.EventHandler(this.richTextBox1_TextChanged);
            // 
            // button1
            // 
            this.button1.Lo ca tion = new Sys tem.Draw -
ing.Point(57, 17);
            this.button1.Name = "button1";
            this.button1.Size = new Sys tem.Draw -
ing.Size(254, 55);
            this.button1.TabIndex = 1;
            this.button1.Text = "Dis play ta ble";
            this.button1.UseVisualStyleBackColor = true;
            this.button1.Click += new Sys -
tem.EventHandler(this.button1_Click);
            // 
            // Form1
            // 
            this.AutoScaleDimensions = new Sys tem.Draw -
ing.SizeF(6F, 13F);
            this.AutoScaleMode = Sys tem.Win -
dows.Forms.AutoScaleMode.Font;
            this.ClientSize = new Sys tem.Draw ing.Size(800,
450);
            this.Con trols.Add(this.button1);
            this.Con trols.Add(this.richTextBox1);
            this.Name = "Form1";
            this.Text = "Form1";
            this.Load += new Sys -
tem.EventHandler(this.Form1_Load);
            this.ResumeLayout(false);

        }

        #endregion

        pri vate Sys tem.Win dows.Forms.RichTextBox
richTextBox1;
        pri vate Sys tem.Win dows.Forms.But ton button1;
    }
}

Here is myForm1.cs, the par tial class.

us ing Sys tem;
us ing Sys tem.Win dows.Forms;
us ing Sys tem.Text;
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namespace WindowsFormsApp2
{
    pub lic par tial class Form1 : Form
    {

        pri vate void do_it()
        {

            StringBuilder outputline = new
            StringBuilder(100);

            String s;
            s = util ity.times_ta ble(12);

            outputline.Ap pend(s);
            this.richTextBox1.Text = outputline.ToString();

        }

    }
}

Here is util ity.cs

us ing Sys tem.Text;
us ing Sys tem;
static class util ity
{
  pub lic static string times_ta ble(int n)
  {
    string s = "" ;
    for (int i=1;i<=n;i++)
    {
      s += String.For mat("{0,3}",i);
      s += " * ";
      s += String.For mat("{0,3}",n);
      s += " = ";
      s += String.For mat("{0,3}",i*n);
      s += "\n";
    }
    re turn(s);
  }
}
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Here is a screen shot of the pro gram run ning.

Here is a screen shot af ter press ing the but ton.
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The com plete source as one file is given be low.

us ing Sys tem;
us ing Sys tem.Col lec tions.Ge neric;
us ing Sys tem.ComponentModel;
us ing Sys tem.Data;
us ing Sys tem.Draw ing;
us ing Sys tem.Linq;
us ing Sys tem.Text;
us ing Sys tem.Thread ing.Tasks;
us ing Sys tem.Win dows.Forms;

namespace WindowsFormsApp2
{
    static class Pro gram
    {
        /// <sum mary>
        /// The main en try point for the ap pli ca tion.
        /// </sum mary>
        [STAThread]
        static void Main()
        {
            Ap pli ca tion.EnableVisualStyles();
            Ap pli ca -
tion.SetCompatibleTextRenderingDefault(false);
            Ap pli ca tion.Run(new Form1());
        }
    }
}

// Here is Form1.cs

namespace WindowsFormsApp2
{
    pub lic par tial class Form1 : Form
    {
        pub lic Form1()
        {
            InitializeComponent();
        }

        pri vate void richTextBox1_TextChanged(ob ject sender, 
EventArgs e)
        {
        }

        pri vate void button1_Click(ob ject sender, EventArgs
e)
        {
            do_it();

Chapter 33 An Introduction to Windows Programming 471

© Ian D Chivers



        }

        pri vate void Form1_Load(ob ject sender, EventArgs e)
        {

        }
    }
}

// Here is Form1.De signer.cs

namespace WindowsFormsApp2
{
    par tial class Form1
    {
        /// <sum mary>
        /// Re quired de signer vari able.
        /// </sum mary>
        pri vate Sys tem.ComponentModel.IContainer com po nents
= null;

        /// <sum mary>
        /// Clean up any re sources be ing used.
        /// </sum mary>
        /// <param name="dis pos ing">true if man aged re -
sources should be dis posed; oth er wise, false.</param>
        pro tected over ride void Dis pose(bool dis pos ing)
        {
            if (dis pos ing && (com po nents != null))
            {
                com po nents.Dis pose();
            }
            base.Dis pose(dis pos ing);
        }

        #re gion Win dows Form De signer gen er ated code

        /// <sum mary>
        /// Re quired method for De signer sup port - do not
mod ify
        /// the con tents of this method with the code ed i -
tor.
        /// </sum mary>
        pri vate void InitializeComponent()
        {
            this.richTextBox1 = new Sys tem.Win -
dows.Forms.RichTextBox();
            this.button1 = new Sys tem.Win dows.Forms.But -
ton();
            this.SuspendLayout();
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            // 
            // richTextBox1
            // 
            this.richTextBox1.Lo ca tion = new Sys tem.Draw -
ing.Point(53, 106);
            this.richTextBox1.Name = "richTextBox1";
            this.richTextBox1.Size = new Sys tem.Draw -
ing.Size(259, 196);
            this.richTextBox1.TabIndex = 0;
            this.richTextBox1.Text = "";
            this.richTextBox1.TextChanged += new Sys -
tem.EventHandler(this.richTextBox1_TextChanged);
            // 
            // button1
            // 
            this.button1.Lo ca tion = new Sys tem.Draw -
ing.Point(57, 17);
            this.button1.Name = "button1";
            this.button1.Size = new Sys tem.Draw -
ing.Size(254, 55);
            this.button1.TabIndex = 1;
            this.button1.Text = "Dis play ta ble";
            this.button1.UseVisualStyleBackColor = true;
            this.button1.Click += new Sys -
tem.EventHandler(this.button1_Click);
            // 
            // Form1
            // 
            this.AutoScaleDimensions = new Sys tem.Draw -
ing.SizeF(6F, 13F);
            this.AutoScaleMode = Sys tem.Win -
dows.Forms.AutoScaleMode.Font;
            this.ClientSize = new Sys tem.Draw ing.Size(800,
450);
            this.Con trols.Add(this.button1);
            this.Con trols.Add(this.richTextBox1);
            this.Name = "Form1";
            this.Text = "Form1";
            this.Load += new Sys -
tem.EventHandler(this.Form1_Load);
            this.ResumeLayout(false);

        }

        #endregion

        pri vate Sys tem.Win dows.Forms.RichTextBox
richTextBox1;
        pri vate Sys tem.Win dows.Forms.But ton button1;
    }
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}

// Here is myForm1.cs, the par tial class.

namespace WindowsFormsApp2
{
    pub lic par tial class Form1 : Form
    {

        pri vate void do_it()
        {

            StringBuilder outputline = new
            StringBuilder(100);

            String s;
            s = util ity.times_ta ble(12);

            outputline.Ap pend(s);
            this.richTextBox1.Text = outputline.ToString();

        }

    }
}

//util ity.cs

static class util ity
{
  pub lic static string times_ta ble(int n)
  {
    string s = "" ;
    for (int i=1;i<=n;i++)
    {
      s += String.For mat("{0,3}",i);
      s += " * ";
      s += String.For mat("{0,3}",n);
      s += " = ";
      s += String.For mat("{0,3}",i*n);
      s += "\n";
    }
    re turn(s);
  }
}

I have moved all of the us ing state ments to the be gin ning of the file.
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33.16 Ad di tional examples

If you want to ex tend your knowl edge in Win dows pro gram ming the Deitel and Deitel
books are a good place to start. They pro vide two chap ters on Win dows forms. The fol low -
ing is taken from their Vi sual C# 2010 How to Pro gram book. They have ex am ples on

· 14 Graph i cal User In ter faces with Win dows Forms: Part 1 510

· 14.1 In tro duc tion 511

· 14.2 Win dows Forms 512

· 14.3 Event Han dling 514

· 14.3.1 A Sim ple Event-Driven GUI 514

· 14.3.2 Vi sual Stu dio Gen er ated GUI Code 516

· 14.3.3 Del e gates and the Event-Han dling Mech a nism 518

· 14.3.4 An other Way to Cre ate Event Han dlers 519

· 14.3.5 Lo cat ing Event In for ma tion 519

· 14.4 Con trol Prop er ties and Lay out 521

· 14.5 La bels, TextBoxes and But tons 525

· 14.6 GroupBoxes and Pan els 528

· 14.7 CheckBoxes and RadioButtons 531

· 14.8 PictureBoxes 539

· 14.9 ToolTips 541

· 14.10 NumericUpDown Con trol 543

· 14.11 Mouse-Event Han dling 545

· 14.12 Key board-Event Han dling 548

· 14.13 Wrap-Up 551

· 15 Graph i cal User In ter faces with Win dows Forms: Part 2 561

· 15.1 In tro duc tion 562

· 15.2 Menus 562

· 15.3 MonthCalendar Con trol 571

· 15.4 DateTimePicker Con trol 572

· 15.5 LinkLabel Con trol 575

· 15.6 ListBox Con trol 579

· 15.7 CheckedListBox Con trol 583

· 15.8 ComboBox Con trol 586

· 15.9 TreeView Con trol 590

· 15.10 ListView Con trol 595

· 15.11 TabControl Con trol 601

· 15.12 Mul ti ple Doc u ment In ter face (MDI) Win dows 606

· 15.13 Vi sual In her i tance 613

· 15.14 User-De fined Con trols 618
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· 15.15 Wrap-Up

The num ber ing is taken from their book. Cheap cop ies of their books are avail able sec ond
hand from Abebooks.

Courses are also avail able on Win dows pro gram ming. They are typ i cally be tween 3 and 5
days.

33.17 Bib li og ra phy

Foley, van Dam, Feiner, Hughes, Com puter Graph ics, Prin ci ples and Prac tice, Sec ond Edi -
tion in C, Ad di son Wes ley, ISBN 0-201-84840-6

This is a very com pre hen sive cov er age of graphics gen er ally. A bit dated.
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34 Microsoft and third party on line material
Microsoft make a lot of C# and .NET ma te rial avail able on their web site. Start at

https://docs.microsoft.com/en-us/dotnet/csharp/

for up to date in for ma tion.

I've put a Microsoft PDF up on the Rhymney Con sult ing site. It is 2,371 pages as of June
2020. It goes up to C# 8.

http://www.rhymneyconsulting.co.uk/csharp/

In No vem ber 2011 there was cov er age of

· Vi sual C#

· Over view

· Get ting Started with Vi sual C#

· In tro duces the fea tures of C# 4.0 for pro gram mers who are 

new to the lan guage or are new to Vi sual Stu dio, and pro -

vides a roadmap for find ing Help about Vi sual Stu dio.

· Us ing the Vi sual C# De vel op ment En vi ron ment

· In tro duces the Vi sual C# de vel op ment en vi ron ment.

· C# Pro gram ming Guide

· Pro vides in for ma tion and prac ti cal ex am ples about how to

use C# lan guage con structs.

· C# Ref er ence

· Pro vides de tailed ref er ence in for ma tion about C# pro gram -

ming con cepts, keywords, types, op er a tors, at trib utes, pre -

pro cessor di rec tives, com piler switches, com piler er rors,

and com piler warn ings.

· Vi sual C# Sam ples and Walkthroughs

· Pro vides sam ple source code that dem on strates how to

pro gram by us ing Vi sual C#.

· What's New in Vi sual C# 2010

· De scribes new fea tures in the Vi sual C# IDE and com -
piler.

· C# Lan guage Spec i fi ca tion

· Links to the lat est ver sion of the C# Spec i fi ca tions in

Microsoft Word for mat.

· Be gin ning Vi sual C# 2010

· In tro duces Be gin ning Vi sual C# 2010 and pro vides links

to the fol low ing chap ters: In tro duc ing C#, Writ ing a C#

Pro gram, Vari ables and Ex pres sions, Flow Con trol, and

More About Vari ables.

· Be gin ning Microsoft Vi sual C# 2008
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· In tro duces Be gin ning Vi sual C# 2008 and pro vides links

to the fol low ing chap ters: In tro duc ing C#, Writ ing a C#

Pro gram, Vari ables and Ex pres sions, Flow Con trol, and

More About Vari ables.

· C# 3.0 Cook book, Third Edi tion: More Than 250 So lu tions for C# 3.0 Pro gram -

mers

· In tro duces C# 3.0 Cook book and pro vides links to the fol -

low ing chap ters: Del e gates, Events, and Lambda Ex pres -

sions, Se cu rity, Thread ing and Syn chro ni za tion, and Tool -

box.

· C# 3.0 De sign Pat terns: Use the Power of C# 3.0 to Solve Real-World Prob lems

· In tro duces C# 3.0 De sign Pat terns and pro vides links to

the fol low ing chap ters: Struc tural Pat terns: Adapter and

Façade and Creational Pat terns: Pro to type, Fac tory

Method, and Sin gle ton.

· C# 3.0 in a Nut shell, Third Edi tion: A Desk top Quick Ref er ence

· In tro duces C# 3.0 in a Nut shell and pro vides links to the

fol low ing chap ters: Ad vanced C#, Net work ing, Thread ing, 

Asyn chron ous Meth ods, and Di ag nos tics.

· Learn ing C# 3.0: Mas ter the Fun da men tals of C# 3.0

· In tro duces Learn ing C# 3.0 and pro vides links to the fol low ing chap ters: C# and 

.NET Pro gram ming, Vi sual Stu dio 2008 and C# Ex press 2008, C# Lan guage

Fun da men tals, In ter faces, Del e gates and Events, Win dows Pre sen ta tion Foun da -
tion, and ADO.NET and Re la tional Da ta bases.

Today you will get de tails of what ever is the cur rently avail able ver sion of Vi sual Stu dio.

34.1 Lan guage spec i fi ca tions and sam ple code

I've put up some of their ma te rial at

http://rhymneyconsulting.co.uk/csharp/microsoft/

Firstly you will find sev eral Word files which document ver sions 1.0, 1.2, 2.0, 3.0 and 4.0
of the C# lan guage specification.

You will also find a zip file which has the Vi sual Stu dio 2010 and C# 4 code sam ples. You 
should down load the file and un zip it lo cally. The ex am ples are or gan ised into two cat e go -
ries:

· Lan guage sam ples

· Linq sam ples

34.2 Lan guage sam ples

Here is the com plete list of lan guage sam ples, taken from the doc u men ta tion:

· Anon y mous Del e gates: 

Dem on strates the use of un named del e gates to re duce ap pli ca tion com plex -

ity.

· Ar rays: 

Shows how to use ar rays.
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I can't find this one.

· At trib utes: 

Shows how to cre ate cus tom at trib ute classes, use them in code, and query

them through re flec tion.

· Col lec tion Classes: 

Shows how to make non-ge neric col lec tion classes that can be used with the

foreach state ment.

· COM Interop Part I: 

Shows how to use C# to interoperate with COM ob jects.

· COM Interop Part II: 

Shows how to a use a C# server to gether with a C++ COM cli ent.

· Commandline: 

Dem on strates sim ple com mand-line pro cess ing and ar ray in dex ing.

· Conditional Meth ods: 

Dem on strates con di tional meth ods, which pro vide a pow er ful mech a nism by

which calls to meth ods can be in cluded or omit ted de pend ing on whether a

sym bol is de fined.

· Del e gates: 

Shows how del e gates are de clared, mapped to static and in stance meth ods,

and com bined into multicast del e gates.

· Events: 

Shows how to de clare, in voke, and con fig ure events in C#.

· Ex plicit In ter face: 

Dem on strates how to ex plic itly im ple ment in ter face mem bers and how to ac -

cess those mem bers from in ter face in stances.

· Generics: 

Shows how to make ge neric col lec tion classes that can be used with the

foreach state ment.

· Hello World: 

A Hello World ap pli ca tion.

· In dex ers Part I: 

Shows how C# classes can de clare in dex ers to pro vide ar ray-like ac cess to

ob jects.

· In dex ers Part II: 

Shows how to im ple ment a class that uses in dexed prop er ties. In dexed prop -

er ties en able you to use a class that rep re sents an ar ray-like col lec tion.

· Li brar ies: 

Shows how to use com piler op tions to cre ate a DLL from mul ti ple source

files; also, how to use the li brary in other pro grams

· Named and Op tional (C# 4.0): 

Chapter 34 Microsoft and third party on line material 479

© Ian D Chivers



Dem on strates Named and Op tional pa ram e ters, an al ter na tive to method

over loads

· Nullable: 

Dem on strates value types, such as dou ble and bool, that can be set to null

· Of fice Sam ple (C# 4.0): 

Dem on strates how Dy namic and COM Interop make it easy to call Microsoft 

Of fice in C# 4.0

· OLEDB: 

Dem on strates how to use a Microsoft Ac cess da ta base from C# by cre at ing a 

dataset and add ing ta bles to it.

· Op er a tor Over load ing: 

Shows how user-de fined classes can over load op er a tors

· Par tial Types: 

Dem on strates how classes and struc tures can be de fined in mul ti ple C#

source-code files

· PInvoke

Shows how to call ex ported DLL func tions from C#

· Prop er ties: 

Shows how prop er ties are de clared and used; also dem on strates ab stract

prop er ties

· Py thon Sam ple (C# 4.0): 

Learn how to call a Py thon script by us ing the Dy namic fea ture in C# 4.0

· Se cu rity: 

Dis cusses .NET Frame work se cu rity and shows two ways to mod ify se cu rity

per mis sions in C#: us ing per mis sion classes and per mis sion at trib utes

· Sim ple Vari ance (C# 4.0): 

See how Covariance and Contravariance are sup ported in ge neric in ter faces

and del e gates

· Structs: 

Shows how to use structs in C#.

· Thread ing: 

Dem on strates var i ous thread ac tiv i ties such as cre at ing and ex e cut ing a

thread, syn chro niz ing threads, in ter act ing be tween threads, and us ing a

thread pool

· Un safe: 

Shows how to use unmanaged code (code that uses point ers) in C#

· User Con ver sions: 

Shows how to de fine con ver sions to and from user-de fined types

· Versioning: 

Dem on strates versioning in C# by us ing the over ride and new keywords
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· XML Doc u ments: 

Shows how to doc u ment code by us ing XML

· Yield: 

Dem on strates how to use the yield key word to fil ter items in a col lec tion

34.2.1 Linq Sam ples

These sam ples help you learn LINQ quickly. They also act as a ref er ence and guide for
those with ex ist ing LINQ ex pe ri ence. A few handy util i ties are also in cluded. They are
avail able in the LinqSamples folder.

· DynamicQuery: 

Code to cre ate LINQ que ries at run time.

· LinqToNorthwind: 

A ba sic ex am ple of how to use LINQ To SQL to query a da ta base

· LinqToXmlDataBinding: 

Bind LINQ to XML code to WPF con trols

· ObjectDumper: 

A util ity for writ ing the out put from a LINQ query to the screen in text mode

· PasteXmlAsLinq: 

A Vi sual Stu dio addin that au to mat i cally con verts XML to LINQ to XML.

· QueryVisualizer: 

Al lows LINQ to SQL de vel op ers to see the SQL for their query, and also to

see the re sults of the query in a grid.

· Re flec tor: 

Use LINQ to right que ries against the ob jects in your code us ing the Re flec -

tion APIs

· RSS: 

This sam ple acts as a tiny web server that ag gre gates sev eral RSS feeds

· SampleQueries: 

This is the most im por tant sam ple and con tains about 500 ex am ples of how

to use each of the query op er a tors in LINQ to Ob jects, LINQ to SQL, LINQ

to XML and LINQ to DataSet.

· SimpleLambdas: 

Sev eral ex am ples of how to write and use lambda ex pres sions

· SimpleLinqToObjects:

The hello world of the LINQ sam ples. This shows you how easy it is to do

sim ple que ries of in-mem ory ob jects us ing LINQ to Ob jects.

· SimpleLinqToXml: 

Get started us ing LINQ to XML.

· WebServiceLinqProvider(TerraService): 

A cus tom LINQ pro vider and cli ent for the TerraServer-USA Web ser vice.
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· Whitepapers: 

The fol low ing pa pers are stored in this di rec tory in Word for mat:

LINQ Pro ject Over view

LINQ to SQL Over view for C# and VB

Stan dard Query Op er a tors

LINQ to XML Over view

· WinFormsDataBinding:

Learn how to dis play LINQ que ries with grids in a Win dows form. It in -

cludes a one to many query ex am ple.

· XQuery:

An other sim ple LINQ to XML sam ple query. This sam ple shows the min i -

mal code nec es sary to write a LINQ to XML query

34.3 Microsoft Linq ex am ple

We will be look ing at

· SampleQueries: 

This is the most im por tant sam ple and con tains about 500 ex am ples of how

to use each of the query op er a tors in LINQ to Ob jects, LINQ to SQL, LINQ

to XML and LINQ to DataSet.

As this is a very com pre hen sive cov er age of Linq. Here is a com plete list of the ex am ples.

· LINQ - Join Op er a tors This sam ple shows dif fer ent uses of Join Op er a tors

· Microsoft ADO.NET Data Ser vices Ap pli ca tion This sam ple shows a sim ple

ADO.NET Data Ser vice ex pos ing data through the ADO.NET En tity Frame work 

and a WPF ap pli ca tion con sum ing the ADO.NET Data Ser vice. 

· LINQ - Group ing Op er a tors This sam ple shows dif fer ent uses of Group ing Op er -

a tors

· ADO.NET En tity Frame work This sam ple shows a WPF ap pli ca tion built on top 

of the Microsoft ADO.NET En tity Frame work. The ap pli ca tion shows how the

En tity Frame work can be used in some com mon de sign pat terns that pro mote

testability and main tain abil ity of code. 

· LINQ - Re stric tion Op er a tors This sam ple shows dif fer ent uses of Re stric tion

Op er a tors.

· LINQ - Sam ple Que ries This pro ject con tains about 101 sam ples us ing LINQ.

· LINQ - Pro jec tion Op er a tors This sam ple shows dif fer ent uses of Pro jec tion Op -

er a tors

· LINQ - Ag gre gate Op er a tors This sam ple shows dif fer ent uses of Ag gre gate Op -

er a tors

· LINQ - Or der ing Op er a tors This sam ple shows dif fer ent uses of Or der ing Op er a -

tors

· LINQ - Set Op er a tors This sam ple shows dif fer ent uses of Set Op er a tors.

· LINQ - Query Ex e cu tion This sam ple shows dif fer ent uses of Query Ex e cu tion
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· LINQ - Par ti tion ing Op er a tors This sam ple shows dif fer ent uses of Par ti tion ing

Op er a tors

· LINQ - El e ment Op er a tors This sam ple shows dif fer ent uses of El e ment Op er a -

tors

· LINQ - LINQ to XML us ing XQuery An other sim ple LINQ to XML sam ple

query. This sam ple shows the min i mal code nec es sary to write a LINQ to XML

query.

· LINQ - Quan ti fi ers This sam ple shows dif fer ent uses of Quan ti fi ers

· LINQ - Con ver sion Op er a tors This sam ple shows dif fer ent uses of Con ver sion

Op er a tors

· Thread ing Sam ple This sam ple dem on strates the fol low ing thread ing tech niques. 

See Thread ing (C# Pro gram ming Guide) for more in for ma tion. Cre at ing, launch -

ing, and ter mi nat ing a thread Us ing a thread pool Thread syn chro ni za tion and in -

ter ac tion This sam ple code is pro vided to il lus trate a con cept an

· Events Sam ple This sam ple shows how to de clare, in voke, and con fig ure events

in C#. For ad di tional in for ma tion, see Events (C# Pro gram ming Guide). This

sam ple code is pro vided to il lus trate a con cept and should not be used in ap pli -

ca tions or Web sites, as it may not il lus trate the saf est cod ing.

· LINQ - Mis cel la neous Op er a tors This sam ple shows dif fer ent uses of Mis cel la -

neous Op er a tors

· LINQ - RSS Aggregator us ing LINQ to XML This sam ple acts as a tiny web

server that ag gre gates sev eral RSS feeds.

· LINQ - Cus tom Se quence Op er a tors This sam ple shows dif fer ent uses of Cus -

tom Se quence Op er a tors

· Data-Bound Con tent Con trols Sam ple This sam ple dem on strates the fol low ing
con cepts: Bind ing the fol low ing con tent con trols to da ta base fields:

PlainTextContentControl PictureContentControl DatePickerContentControl Sav -

ing data in a data-bound con tent con trol to the da ta base (this is also named

two-way data bind ing)

· OLE DB Sam ple This sam ple dem on strates how to use a Microsoft Ac cess da ta -

base from C#. It shows how you can cre ate a dataset and add ta bles to it from a

da ta base. The BugTypes.mdb da ta base used in the sam ple pro gram is a

Microsoft Ac cess 2000 .mdb file. 

· Mas ter De tail Data Sam ple This sam ple dem on strates how to: Re trieve and use

data from an XML file that was ex tracted from a SQL Server da ta base. Dis play

the data us ing data-bound Ex cel con trols. Work with mul ti ple sets of mas ter/de -

tail data.

· Se cu rity Sam ple This sam ple dem on strates how to mod ify se cu rity per mis sions

through per mis sion classes and per mis sion at trib utes. For ad di tional in for ma tion, 

see Se cu rity (C# Pro gram ming Guide). Se cu rity Note This sam ple code is pro -

vided to il lus trate a con cept and should not be used in 

· Li brar ies Sam ple This sam ple shows how to cre ate and use a DLL in C#. This

sam ple code is pro vided to il lus trate a con cept and should not be used in ap pli -
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ca tions or Web sites, as it may not il lus trate the saf est cod ing prac tices.

Microsoft as sumes no li a bil ity for in ci den tal or con se quen tial dama

· Data Anal y sis Sam ple The sam ple dem on strates the fol low ing tasks: Read ing

data from XML files. Cus tom iz ing menus and toolbars. Us ing Ex cel built-in

func tions to an a lyze data. Cre at ing pivot ta bles that are linked to data in XML

files. Bind ing XML data to Ex cel list con trols. Cre at ing charts.

· LINQ - Gen er a tion Op er a tors This sam ple shows dif fer ent uses of Gen er a tion

Op er a tors

· Del e gates Sam ple This sam ple dem on strates the del e gate types. It shows how to

map del e gates to static and in stance meth ods, and how to com bine them to cre -

ate multicast del e gates. This sam ple code is pro vided to il lus trate a con cept and

should not be used in ap pli ca tions or Web sites, as it may no

· LINQ to XML - Mis cel la neous Sam ples These sam ples dem on strate var i ous

ways of work ing with XML data.

· LINQ to XML - Load Sam ples These sam ples show how to load an XML doc u -

ment and run que ries against it.

· COM Interop Part 1 Sam ple This sam ple dem on strates how a C# pro gram can

interoperate with an unmanaged COM com po nent. This sam ple code is pro vided 

to il lus trate a con cept and should not be used in ap pli ca tions or Web sites, as it

may not il lus trate the saf est cod ing prac tices. 

· LINQ - Sim ple Lambdas Sev eral ex am ples of how to write and use lambda ex -

pres sions.

· XML Doc u men ta tion Sam ple This sam ple shows how to use XML to doc u ment
code. See XML Doc u men ta tion Com ments (C# Pro gram ming Guide) for ad di -

tional in for ma tion. This sam ple code is pro vided to il lus trate a con cept and

should not be used in ap pli ca tions or Web sites, as it may not il lus trate the saf est 

cod ing.

· UI Man ager Sam ple This sam ple dem on strates the fol low ing con cepts: Cre at ing

a Rib bon cus tom iz ation by im ple ment ing the Microsoft.Of -

fice.Core.IRibbonExtensibility in ter face in an add-in. Cre at ing a cus tom task

pane by im ple ment ing the Microsoft.Of fice.Core.ICustomTaskPaneConsumer in -

ter face in an ad

· Generics Sam ple (C#) This sam ple shows how to cre ate a cus tom ge neric list

class with a sin gle type pa ram e ter, and how to im ple ment IEnumerable&lt;T&gt; 

to en able foreach it er a tion over the con tents of the list. 

· Plat form In voke Sam ple This sam ple dem on strates how to call plat form in vokes

(ex ported DLL func tions) from C#. See Interoperability (C# Pro gram ming

Guide) for more in for ma tion. 

· LINQ - Us ing Sys tem.Re flec tion with LINQ Que ries

· Use LINQ to right que ries against the ob jects in your code us ing the Re flec tion

APIs.

· Prop er ties Sam ple This sam ple shows how prop er ties are an in te gral part of the

C# pro gram ming lan guage. It dem on strates how prop er ties are de clared and
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used. See Prop er ties (C# Pro gram ming Guide) for more in for ma tion. This sam -

ple code is pro vided to il lus trate a con cept and should not be used in a

· This sam ple shows how to use the This sam ple shows how to use the C# 4.0

fea tures called COM Interop, omit ting ref, in dexed prop er ties and Named and

Op tional Pa ram e ters to cre ate a C# ap pli ca tion that com mu ni cates with

Microsoft Of fice. C# de vel op ers have tra di tion ally had to write rel a tively ver -

bose code I

· UI Man ager Sam ple This sam ple dem on strates the fol low ing con cepts: Cre at ing

a Rib bon cus tom iz ation by im ple ment ing the Microsoft.Of -

fice.Core.IRibbonExtensibility in ter face in an add-in. 

· LINQ to XML - Write Sam ples These sam ples dem on strate how to use

XmlWriter to out put XML data.

· LINQ to XML - Query Op er a tor Sam ples These sam ples dem on strate how to use 

var i ous query op er a tors on XML data, such as TakeWhile, Any, All, Dis tinct,

Concat, and oth ers.

· LINQ to XML - Lan guage In te gra tion Sam ples These sam ples show how to in -

te grate C# code with LINQ que ries.

· Col lec tion Classes Sam ple This sam ple shows how to im ple ment a col lec tion

class that can be used with the foreach state ment. See Col lec tion Classes (C#

Pro gram ming Guide) for more in for ma tion. This sam ple code is pro vided to il -

lus trate a con cept and should not be used in ap pli ca tions or Web sites, as it m

· LINQ to XML - Con struc tion Sam ples These sam ples show how to con struct
XML el e ments and doc u ments from code us ing LINQ to XML.

· LINQ to XML - Us ing Event Lis ten ers on XML El e ments These sam ples show

how to at tach event lis ten ers to XML el e ments.

· SequentialWorkflow2010 This sam ple will start a workflow once a doc u ment is

up loaded to the Shared Doc u ments Li brary. The workflow will make an en try in

the task list. The workflow is com pleted once the user sets the task as 100%

com plete.To run the sam ple - Change the Site URL prop erty of the pro ject

· WebPart This sam ple of a Vi sual WebPart dem on strates how to list all of the

site col lec tions on the lo cal SharePoint server. &nbsp;For the se lected site col -

lec tion it dis plays sta tis ti cal data for each list within the site col lec tion.To run

the sam ple - Change the Site URL prop erty of th

· Vi sual C# 2010 - IronPython Sam ple ReadMe This ex am ple shows how to in te -

grate Vi sual C# 2010 and IronPython us ing the new 'dy namic' fea ture added in

C# 4.0 To run the sam ple, you will need to in stall IronPython 2.6.1, which is a

avail able as a sep a rate down load. It may also work with more re cent ver sions of

IronPytho

· Con di tional Meth ods Sam ple This sam ple dem on strates con di tional meth ods,

which pro vide a pow er ful mech a nism by which calls to meth ods can be in cluded 

or omit ted de pend ing on whether a sym bol is de fined. This sam ple code is pro -

vided to il lus trate a con cept and should not be used in ap pli ca tions or Web sites

· Ex cel Doc u ment Pro tec tion Tech niques Sam ple
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· How to re-cre ate a con trol af ter a user de letes it. How to write data to a

data-bound ListObject con trol on a pro tected worksheet. How to write data to a

NamedRange con trol on a pro tected worksheet. How to pro tect a value in a

NamedRange con trol from un au tho rized mod i fi ca tion

· LINQ to XML - XName Sam ples These sam ples dem on strate us ing

XNamespace in LINQ to XML to work with XML Namespaces.

· LINQ to DataSets - Or der ing Op er a tors This sam ple shows dif fer ent uses of Or -

der ing Op er a tors

· In dex ers Sam ple This sam ple shows how C# classes can de clare in dex ers to pro -

vide ar ray-like ac cess to the classes. This sam ple code is pro vided to il lus trate a

con cept and should not be used in ap pli ca tions or Web sites, as it may not il lus -

trate the saf est cod ing prac tices. Microsoft as sumes no 

· LINQ to XML - Us ing Data Ma nip u la tion Lan guage (DML) These sam ples

show how to use Data Ma nip u la tion Lan guage (DML) us ing LINQ to XML.

· Hello World Sam ple This sam ple shows sev eral ver sions of a Hello World pro -

gram in C#. This sam ple code is pro vided to il lus trate a con cept and should not

be used in ap pli ca tions or Web sites, as it may not il lus trate the saf est cod ing

prac tices. Microsoft as sumes no li a bil ity for in ci den tal or cons

· User-De fined Con ver sions Sam ple This sam ple shows how to de fine con ver sions 

to or from classes or struc tures, and how such con ver sions are used. See Con ver -

sion Op er a tors (C# Pro gram ming Guide) for more in for ma tion. This sam ple code 
is pro vided to il lus trate a con cept and should not be used in ap pli ca tions or We

· Ex plicit In ter face Im ple men ta tion Sam ple This sam ple dem on strates how to ex -

plic itly im ple ment in ter face mem bers and how to ac cess those mem bers from in -

ter face in stances. For back ground in for ma tion, see In ter faces (C# Pro gram ming

Guide). This sam ple code is pro vided to il lus trate a con cept and should not be

used in appli

· Un safe Code Sam ple This sam ple dem on strates how to use unmanaged code

(code us ing point ers) in C#. This sam ple code is pro vided to il lus trate a con cept

and should not be used in ap pli ca tions or Web sites, as it may not il lus trate the

saf est cod ing prac tices. Microsoft as sumes no li a bil ity for incid

· LINQ to DataSets - Linq Over Typed DataSet This sam ple shows dif fer ent uses

of Linq Over Typed DataSet

· Out look Form Re gion RSS Reader Sam ple This sam ple dem on strates the fol low -

ing con cepts: Cre at ing sep a rate and ad join ing form re gions. Us ing man aged con -

trols in a form re gion. Ac cess ing an in stance of the Microsoft.Of -

fice.Interop.Out look.PostItem class. 

· Versioning Sam ple This sam ple dem on strates versioning in C# through the use

of the over ride and new keywords. Versioning helps main tain com pat i bil ity be -

tween base and de rived classes as they evolve. For ad di tional in for ma tion, see

Versioning with the Over ride and New Keywords (C# Pro gram ming Guide

· Sim ple Vari ance Sam ple The SimpleVariance sam ple pro gram shows C# 4.0

sup port for covariance and contravariance when us ing ge neric types in del e gates
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and in ter faces. In C# 3.0 ge neric types were in vari ant. As a re sult, this sam ple

com piles fine in C# 4.0, while it does not com pile in pre vi ous ver

· COM Interop Part 2 Sam ple This sam ple dem on strates us ing a C# server with a

C++ COM cli ent. You must have ad min is tra tor rights to run this pro gram and

Vi sual C++ must be in stalled to com pile this sam ple. This sam ple code is pro -

vided to il lus trate a con cept and should not be used in ap pli ca tions or Web 

· Named & Op tional C# 4.0 sup ports named and op tional pa ram e ters. This pro -

gram dem on strates how to de clare a method with named and op tional pa ram e -

ters, and how to call the method while mak ing use of the de fault val ues for the

pa ram e ters, and by ex plicit nam

· LINQ to XML - Sort ing Op er a tor Sam ples These sam ples dem on strate how to

sort re sults us ing "orderby" in LINQ to XML.

· Op er a tor Over load ing Sam ple This sam ple dem on strates how user-de fined

classes can over load op er a tors. See C# Op er a tors for more in for ma tion. This

sam ple code is pro vided to il lus trate a con cept and should not be used in ap pli -

ca tions or Web sites, as it may not il lus trate the saf est cod ing prac tices. Microso

· LINQ to XML - Gen er at ing an SGML Doc u ment These sam ples dem on strate

how to work with XmlReaderSettings and DtdProcessing to out put an SGML

doc u ment.

· Yield Sam ple This sam ple shows how to cre ate a list class which im ple ments

IEnumerable&lt;int&gt; and the yield key word to en able foreach it er a tion over
the con tents of the list. Two prop er ties are de fined, one re turn ing the odd num -

bers, the other re turn ing the even num bers. This sam ple code 

· Com mand Line Pa ram e ters Sam ple This sam ple shows how the com mand line

can be ac cessed and two ways of ac cess ing the ar ray of com mand-line pa ram e -

ters. This sam ple code is pro vided to il lus trate a con cept and should not be used

in ap pli ca tions or Web sites, as it may not il lus trate the saf est cod ing prac tices.

M

· LINQ to XML - Trans form Sam ples These sam ples show how to trans form

XML data into HTML code.

· LINQ to XML - Group ing Op er a tor Sam ples These sam ples show how to group

re sults in a LINQ to XML query.

· Par tial Types Sam ple This sam ple dem on strates the use of par tial types, which

en able a class or struct to be de fined in two or more C# files. This al lows mul ti -

ple pro gram mers to work on dif fer ent por tions of a class in par al lel, and for dif -

fer ent fac ets of a com plex class to be kept in sep a rate files

· Nullable Sam ple This sam ple dem on strates the use of nullable types. This fea -

ture al lows value types to have an uninitialized, or empty, state sim i lar to how

ref er ence types can be set to null. Se cu rity Note   This sam ple code is pro vided

to il lus trate a con cept and should not be used in applicat

· At trib utes Sam ple This sam ple dem on strates how to cre ate cus tom at trib ute

classes, use them in code, and query them through re flec tion. For ad di tional in -

for ma tion on at trib utes, see At trib utes (C# Pro gram ming Guide). This sam ple

code is pro vided to il lus trate a con cept and should not be used in ap
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· LINQ to XML - Que ries Based on Se quence These sam ples dem on strate how to

re trieve a se quence of data based on cer tain cri te ria.

· BDCSamples Ap ply to both VB and C# sam ple pro jects.These BDC sam ples

con nect to Northwind da ta base as ex ter nal data source. Please read be low notes

care fully and make sure you have the Northwind da ta base con nec tion be fore you 

run the sam ple pro ject.Pre pare Northwind DBIf you al ready have a 

· CustomActionProjectItem This is a sam ple of a Vi sual Stu dio 2010 ex ten sion for 

use with the new SharePoint pro ject tem plates. &nbsp;It takes ad van tage of the

ex ten si bil ity APIs that are part of the new SharePoint de vel op ment tools within

Vi sual Stu dio 2010. &nbsp;The ex ten sion is for a SharePoint cus tom

· Structs Sam ple This sam ple pres ents the syn tax and us age of structs. It also cov -

ers the im por tant dif fer ences be tween classes and structs. See Ob jects, Classes

and Structs (C# Pro gram ming Guide) for more in for ma tion. This sam ple code is

pro vided to il lus trate a con cept and should not be used in

· LINQ to XML - Ex pe ri ences and Ex em plars These sam ples dem on strate some

ways to use LINQ to XML to join, fil ter, or der, search, etc.

· LINQ to DataSets - Gen er a tion Op er a tors This sam ple shows dif fer ent uses of

Gen er a tion Op er a tors

· In dex ers_2 Sam ple This sam ple shows how C# classes can de clare in dex ers to

rep re sent an ar ray-like col lec tion of dif fer ent kinds of things. See Prop er ties (C#

Pro gram ming Guide) for ad di tional in for ma tion. This sam ple code is pro vided to 
il lus trate a con cept and should not be used in ap pli ca tions 

· LINQ to XML - Que ries That Pre serve Hi er ar chy These sam ples dem on strate

how to out put data into a new XML file struc ture while pre serv ing the over all

data and hi er ar chy.

· ListwithEventReciever This sam ple cre ates a new SharePoint List(DonationList)

and ListInstance(DonationInstance) with an EventReceiver(DonationDeleting) at -

tached. To run the sam ple - Change the Site URL prop erty of the pro ject to a

valid SharePoint site on your de vel op ment sys tem (i.e. http://&lt;Mac

· SequentialWorkflow2007 To en able this sam ple to run on Microsoft Of fice

SharePoint Server (MOSS) 2007 you must make the fol low ing changes to the

workflow pro ject: - Change the De bug ging Site URL prop erty to

&quot;http://localhost/Docs/&quot;, or an other valid SharePoint site on your de -

vel op ment sys tem.

· LINQ to DataSets - DataSet Load ing Ex am ples This sam ple shows dif fer ent

DataSet Load ing Ex am ples

34.4 Open ing the pro ject in Vi sual Stu dio

Here is the di rec tory where the VisualStudio files are for the Linq Sam ple Que ries pro ject
on one sys tem I work on. There should be a sim i lar stucture on your pc af ter un zip ping the
ex am ples.

C:\soft ware\microsoft\vs2010\
Of fi cial Vi sual Stu dio 2010 Sam ples for C# 4.0\
LINQ - Sam ple Que ries\C#
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Here is the open ing screen when run ning this ex am ple.

We will work through some of these ex am ples.

34.5 Third party ma te rial

A num ber of au thors pro vide cov er age of C#. Be low we have de tails of one set of of fer -
ings.

34.5.1 Deitel and Deitel

Deitel and Deitel pub lish two main se ries of pro gram ming books on the C fam ily of lan -
guages (C, C++, Java and C#). They are

· C# How to Pro gram

and

· C# for Pro gram mers

Both se ries have code ex am ples and ad di tional chap ters avail able.
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Aims

This chap ter pro vides a short back ground to SQL.

35 SQL Background
This chap ter pro vides a brief back ground to SQL.

35.1 In tro duc tion

SQL is a da ta base com puter lan guage de signed for man ag ing data in re la tional da ta base
man age ment sys tems (RDBMS), and orig i nally based upon re la tional al ge bra. Its scope in -
cludes data in sert, query, up date and de lete, schema cre ation and mod i fi ca tion, and data ac -
cess con trol. SQL was one of the first lan guages for Ed gar F. Codd's re la tional model in his 
in flu en tial 1970 pa per, "A Re la tional Model of Data for Large Shared Data Banks"and be -
came the most widely used lan guage for re la tional da ta bases.

35.2 Lan guage el e ments

The SQL lan guage is sub-di vided into sev eral lan guage el e ments, in clud ing:

· Clauses, which are in some cases op tional, con stit u ent com po nents of state ments 

and que ries.

· Ex pres sions which can pro duce ei ther sca lar val ues or ta bles con sist ing of col -

umns and rows of data.

· Pred i cates which spec ify con di tions that can be eval u ated to SQL three-val ued

logic (3VL) or Boolean (true/false/un known) truth val ues and which are used to

limit the ef fects of state ments and que ries, or to change pro gram flow.

· Que ries which re trieve data based on spe cific cri te ria.

· State ments which may have a per sis tent ef fect on schemas and data, or which

may con trol trans ac tions, pro gram flow, con nec tions, ses sions, or di ag nos tics. 

· SQL state ments also in clude the semi co lon (";") state ment ter mi na tor. Though

not re quired on ev ery plat form, it is de fined as a stan dard part of the SQL gram -

mar.

· In sig nif i cant whitespace is gen er ally ig nored in SQL state ments and que ries,

mak ing it eas ier to for mat SQL code for read abil ity.

35.3 Que ries

The most com mon op er a tion in SQL is the query, which is per formed with the de clar a tive
SE LECT state ment. SE LECT re trieves data from one or more ta bles, or ex pres sions. Stan -
dard SE LECT state ments have no per sis tent ef fects on the da ta base. Some non-stan dard im -
ple men ta tions of SE LECT can have per sis tent ef fects, such as the SE LECT INTO syn tax
that ex ists in some da ta bases.

Que ries al low the user to de scribe de sired data, leav ing the da ta base man age ment sys tem
(DBMS) re spon si ble for plan ning, op ti miz ing, and per form ing the phys i cal op er a tions nec -
es sary to pro duce that re sult as it chooses.

A query in cludes a list of col umns to be in cluded in the fi nal re sult im me di ately fol low ing
the SE LECT key word. An as ter isk ("*") can also be used to spec ify that the query should
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re turn all col umns of the que ried ta bles. SE LECT is the most com plex state ment in SQL,
with op tional keywords and clauses that in clude:

· The FROM clause which in di cates the ta ble(s) from which data is to be re -

trieved. The FROM clause can in clude op tional JOIN sub clauses to spec ify the

rules for join ing ta bles.

· The WHERE clause in cludes a com par i son pred i cate, which re stricts the rows

re turned by the query. The WHERE clause elim i nates all rows from the re sult

set for which the com par i son pred i cate does not eval u ate to True.

· The GROUP BY clause is used to pro ject rows hav ing com mon val ues into a

smaller set of rows. GROUP BY is of ten used in con junc tion with SQL ag gre ga -

tion func tions or to elim i nate du pli cate rows from a re sult set. The WHERE

clause is ap plied be fore the GROUP BY clause.

· The HAV ING clause in cludes a pred i cate used to fil ter rows re sult ing from the

GROUP BY clause. Be cause it acts on the re sults of the GROUP BY clause, ag -

gre ga tion func tions can be used in the HAV ING clause pred i cate.

· The OR DER BY clause iden ti fies which col umns are used to sort the re sult ing

data, and in which di rec tion they should be sorted (op tions are as cend ing or de -

scend ing). With out an OR DER BY clause, the or der of rows re turned by an SQL 

query is un de fined.

35.3.1 Ex am ple 1: SQL sim ple se lect usage

The fol low ing is an ex am ple of a SE LECT query that re turns a list of ex pen sive books. The 
query re trieves all rows from the Book ta ble in which the price col umn con tains a value
greater than 100.00. The re sult is sorted in as cend ing or der by ti tle. The as ter isk (*) in the
se lect list in di cates that all col umns of the Book ta ble should be in cluded in the re sult set.

SE LECT *
    FROM Book
    WHERE price > 100.00
    OR DER BY ti tle;

35.3.2 Ex am ple 2: SQL se lect and groups

The ex am ple be low dem on strates a query of mul ti ple ta bles, group ing, and ag gre ga tion, by
re turn ing a list of books and the num ber of au thors as so ci ated with each book.

SE LECT Book.ti tle,
        count(*) AS Au thors
    FROM  Book JOIN Book_au thor 
       ON Book.isbn = Book_au thor.isbn
    GROUP BY Book.ti tle;

Ex am ple out put might re sem ble the fol low ing:
Ti tle                   Au thors
----------------------  -------
SQL Ex am ples and Guide     4
The Joy of SQL             1
An In tro duc tion to SQL     2
Pit falls of SQL            1
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35.3.3 Ex am ple 3: SQL sim ple vari ant of 2

Un der the pre con di tion that isbn is the only com mon col umn name of the two ta bles and
that a col umn named ti tle only ex ists in the Books ta ble, the above query could be re writ ten 
in the fol low ing form:

SE LECT ti tle,
        count(*) AS Au thors
    FROM  Book NAT U RAL JOIN Book_au thor
    GROUP BY ti tle;

How ever, many ven dors ei ther do not sup port this ap proach, or re quire cer tain col umn nam -
ing con ven tions in or der for nat u ral joins to work ef fec tively.

35.3.4 Ex am ple 4: SQL se lect and expressions

SQL in cludes op er a tors and func tions for cal cu lat ing val ues on stored val ues. SQL al lows
the use of ex pres sions in the se lect list to pro ject data, as in the fol low ing ex am ple which
re turns a list of books that cost more than 100.00 with an ad di tional sales_tax col umn con -
tain ing a sales tax fig ure cal cu lated at 6% of the price.

SE LECT isbn,
        ti tle,
        price,
        price * 0.06 AS sales_tax
    FROM Book
    WHERE price > 100.00
    OR DER BY ti tle;

35.4 Null

Null and three-val ued logic (3VL)

The idea of Null was in tro duced into SQL to han dle miss ing in for ma tion in the re la tional
model. The in tro duc tion of Null (or Un known) along with True and False is the foun da tion
of three-val ued logic. Null does not have a value (and is not a mem ber of any data do main) 
but is rather a place holder or “mark” for miss ing in for ma tion. There fore com par i sons with
Null can never re sult in ei ther True or False but al ways in the third log i cal re sult, Un -
known.

SQL uses Null to han dle miss ing in for ma tion. It sup ports three-val ued logic (3VL) and the
rules gov ern ing SQL three-val ued logic (3VL) are shown be low (p and q rep re sent log i cal
states).[13] The word NULL is also a re served key word in SQL, used to iden tify the Null
spe cial marker.

Ad di tion ally, since SQL op er a tors re turn Un known when com par ing any thing with Null,
SQL pro vides two Null-spe cific comparison pred i cates: The IS NULL and IS NOT NULL
test whether data is or is not Null.[14]

Note that SQL re turns only re sults for which the WHERE clause re turns a value of True.
I.e., it ex cludes re sults with val ues of False, but also those whose value is Un known.

35.5 Data types

Each col umn in an SQL ta ble de clares the type(s) that col umn may con tain. ANSI SQL in -
cludes the fol low ing datatypes.[18]

35.5.1 Char ac ter strings

CHAR AC TER(n) or CHAR(n) — fixed-width n-char ac ter string, pad ded with spaces as
needed
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CHAR AC TER VARY ING(n) or VARCHAR(n) — vari able-width string with a max i mum
size of n char ac ters

NA TIONAL CHAR AC TER(n) or NCHAR(n) — fixed width string sup port ing an in ter na -
tional char ac ter set

NA TIONAL CHAR AC TER VARY ING(n) or NVARCHAR(n) — vari able-width NCHAR
string

35.5.2 Bit strings

BIT(n) — an ar ray of n bits

BIT VARY ING(n) — an ar ray of up to n bits

35.5.3 Num bers

IN TE GER and SMALLINT

FLOAT, REAL and DOU BLE PRE CI SION

NU MERIC(pre ci sion, scale) or DEC I MAL(pre ci sion, scale)

SQL pro vides a func tion to round numerics or dates, called TRUNC (in Informix, DB2,
PostgreSQL, Or a cle and MySQL) or ROUND (in Informix, Sybase, Or a cle, PostgreSQL
and Microsoft SQL Server)

35.5.4 Date and time

DATE — for date val ues (e.g., 2010-05-30)

TIME — for time val ues (e.g., 14:55:37). The gran u lar ity of the time value is usu ally a tick 
(100 nano sec onds).

TIME WITH TIME ZONE or TIMESTAMP — the same as TIME, but in clud ing de tails
about the time zone in ques tion.

TIMESTAMP — This is a DATE and a TIME put to gether in one vari able (e.g.,
2010-05-30 14:55:37).

TIMESTAMP WITH TIME ZONE or TIMESTAMPTZ — the same as TIMESTAMP, but
in clud ing de tails about the time zone in ques tion.

SQL pro vides sev eral func tions for gen er at ing a date / time vari able out of a date / time
string (TO_DATE, TO_TIME, TO_TIMESTAMP), as well as for ex tract ing the re spec tive
mem bers (sec onds, for in stance) of such vari ables. The cur rent sys tem date / time of the 

da ta base server can be called by us ing func tions like NOW.

35.6 Stan dard iza tion

SQL was adopted as a stan dard by the Amer i can Na tional Stan dards In sti tute (ANSI) in
1986 as SQL-86[20] and In ter na tional 

Or ga ni za tion for Stan dard iza tion (ISO) in 1987. The orig i nal SQL stan dard de clared that
the of fi cial pro nun ci a tion for SQL is "es queue el"

Un til 1996, the Na tional In sti tute of Stan dards and Tech nol ogy (NIST) data man age ment
stan dards pro gram cer ti fied SQL DBMS com pli ance with the SQL stan dard. Ven dors now
self-cer tify the com pli ance of their prod ucts.

The SQL stan dard has gone through a num ber of re vi sions, as shown be low: The first in -
dent has Year Name Alias en tries and the sec ond in dent has Com ments.

· 1986 SQL-86 SQL-87

First for mal ized by ANSI. 

· 1989 SQL-89 FIPS 127-1
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Mi nor re vi sion, adopted as FIPS 127-1. 

· 1992 SQL-92 SQL2, FIPS 127-2

Ma jor re vi sion (ISO 9075), En try Level SQL-92 adopted as FIPS 127-2. 

· 1999 SQL:1999 SQL3

Added reg u lar ex pres sion match ing, re cur sive que ries, trig gers, sup port for

pro ce dural and con trol-of-flow state ments, non-sca lar types, and some ob -

ject-ori ented fea tures. 

· 2003 SQL:2003

In tro duced XML-re lated fea tures, win dow func tions, stan dard ized se quences, 

and col umns with auto-gen er ated val ues (in clud ing iden tity-col umns). 

· 2006 SQL:2006

ISO/IEC 9075-14:2006 de fines ways in which SQL can be used in con junc -

tion with XML. It de fines ways of im port ing and stor ing XML data in an

SQL da ta base, ma nip u lat ing it within the da ta base and pub lish ing both XML 

and con ven tional SQL-data in XML form. In ad di tion, it en ables ap pli ca tions 

to in te grate into their SQL code the use of XQuery, the XML Query Lan -

guage pub lished by the World Wide Web Con sor tium (W3C), to con cur -

rently ac cess or di nary SQL-data and XML doc u ments. 

· 2008 SQL:2008

Le gal izes OR DER BY out side cur sor def i ni tions. Adds IN STEAD OF trig -

gers. Adds the TRUN CATE state ment.[23] 

35.7 Ad di tional SQL ma te rial

I have writ ten some SQL ex am ples us ing Py thon. The base ad dress for the Py thon ma te rial
is:-

http://www.rhymneyconsulting.co.uk/py thon/

and the notes are in the

http://www.rhymneyconsulting.co.uk/py thon/notes/

di rec tory.

There are two sets of ex am ples. 

The first co mes from a se cond ment I had to The United Na tions En vi ron ment Programme,
and looks at nat u ral di sas ter data sets.

The sec ond uses the Met Of fice his toric data.

Chap ter 18 is the SQL chap ter.

35.8 Bib li og ra phy

These are some of the SQL books I've used, YMMV.

Cannan St., Otten G., SQL - The Stan dard Hand book, McGraw Hill.

This book cov ers ISO 9075: 1992(E).

Date C.J., Darwen H., A Guide to the SQL Stan dard, Third Edi tion, Ad di son Wes ley.

Cov ers the 1992 stan dard.
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Aims

This chap ter looks at a small num ber of other fea tures of C#.

36 Miscellaneous
The ma te rial in this chap ter cover a num ber of other fea tures of C#. It has been in cluded to
ex plain a num ber of com mon ques tions peo ple ask about C#.

36.1 ab stract

The ab stract mod i fier in di cates that the thing be ing mod i fied has a miss ing or in com plete
im ple men ta tion. The ab stract modifier can be used with classes, meth ods, prop er ties, in dex -
ers, and events. Use the ab stract mod i fier in a class dec la ra tion to in di cate that a class is in -
tended only to be a base class of other classes. Mem bers marked as ab stract, or in cluded in
an ab stract class, must be im ple mented by classes that de rive from the ab stract class.

36.1.1 Ex am ple 1: sim ple ab stract class

In this ex am ple, the class Square must pro vide an im ple men ta tion of Area be cause it de -
rives from ShapesClass:
ab stract class ShapesClass
{
    ab stract pub lic int Area();
}
class Square : ShapesClass
{
    int side = 0;

    pub lic Square(int n)
    {
        side = n;
    }
    // Area method is re quired to avoid
    // a com pile-time er ror.
    pub lic over ride int Area()
    {
        re turn side * side;
    }

    static void Main() 
    {
        Square sq = new Square(12);
        Con sole.WriteLine("Area of the square = {0}",
sq.Area());
    }

    in ter face i
    {
        void M();
    }
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    ab stract class C : i
    {
        pub lic ab stract void M();
    }

}
// Out put: Area of the square = 144

Ab stract classes have the fol low ing fea tures:

· An ab stract class can not be instantiated.

· An ab stract class may con tain ab stract meth ods and accessors.

· It is not pos si ble to mod ify an ab stract class with the sealed (C# Ref er ence)

mod i fier be cause the two mod i fi ers have op po site mean ings. The sealed mod i fier 

pre vents a class from be ing in her ited and the ab stract mod i fier re quires a class to 

be in her ited.

· A non-ab stract class de rived from an ab stract class must in clude ac tual im ple -

men ta tions of all in her ited ab stract meth ods and accessors.

Use the ab stract mod i fier in a method or prop erty dec la ra tion to in di cate that the method or
prop erty does not contain im ple men ta tion.

· Ab stract meth ods have the fol low ing fea tures:

· An ab stract method is im plic itly a vir tual method.

· Ab stract method dec la ra tions are only per mit ted in ab stract classes.

· Be cause an ab stract method dec la ra tion pro vides no ac tual im ple men ta tion, there 

is no method body; the method dec la ra tion sim ply ends with a semi co lon and

there are no curly braces ({ }) fol low ing the sig na ture. For ex am ple: 

pub lic ab stract void MyMethod();

The im ple men ta tion is pro vided by an over rid ing methodoverride (C# Ref er -

ence), which is a mem ber of a non-ab stract class.

· It is an er ror to use the static or vir tual mod i fi ers in an ab stract method dec la ra -

tion. 

Ab stract prop er ties be have like ab stract meth ods, ex cept for the dif fer ences in dec la ra tion
and in vo ca tion syn tax.

· It is an er ror to use the ab stract mod i fier on a static prop erty.

· An ab stract in her ited prop erty can be over rid den in a de rived class by in clud ing

a prop erty dec la ra tion that uses the over ride mod i fier. 

An ab stract class must pro vide im ple men ta tion for all in ter face mem bers. 

An ab stract class that im ple ments an in ter face might map the in ter face meth ods onto ab -
stract meth ods. For ex am ple:
in ter face i
{
    void M();
}
ab stract class C : i
{
    pub lic ab stract void M();
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}
In this ex am ple, the class DerivedClass is de rived from an ab stract class BaseClass. The ab -
stract class con tains an ab stract method, AbstractMethod, and two ab stract prop er ties, X
and Y.
    ab stract class BaseClass   // Ab stract class
    {
        pro tected int _x = 100;
        pro tected int _y = 150;
        pub lic ab stract void AbstractMethod();   // Ab -
stract method
        pub lic ab stract int X    { get; }
        pub lic ab stract int Y    { get; }
    }

    class DerivedClass : BaseClass
    {
        pub lic over ride void AbstractMethod()
        {
            _x++;
            _y++;
        }

        pub lic over ride int X   // over rid ing prop erty
        {
            get
            {
                re turn _x + 10;
            }
        }

        pub lic over ride int Y   // over rid ing prop erty
        {
            get
            {
                re turn _y + 10;
            }
        }

        static void Main()
        {
            DerivedClass o = new DerivedClass();
            o.AbstractMethod();
            Con sole.WriteLine("x = {0}, y = {1}", o.X,
o.Y);
        }
    }
    // Out put: x = 111, y = 161
In the pre ced ing ex am ple, if you at tempt to instantiate the ab stract class by us ing a state -
ment like this:
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Base less bc = new Base less();   // Er ror

you will get an er ror say ing that the com piler can not cre ate an in stance of the ab stract class
'Base less'.

36.2 In ter faces

In ter faces de scribe a group of re lated functionalities that can be long to any class or struct.
You de fine an in ter face by us ing the in ter face key word, as shown in the fol low ing ex am ple.
in ter face IEquatable<T>
{
    bool Equals(T obj);
}
In ter faces con sist of meth ods, prop er ties, events, in dex ers, or any com bi na tion of those four 
mem ber types. An in ter face can not con tain con stants, fields, op er a tors, in stance con struc -
tors, de struc tors, or types. It can not con tain static mem bers. In ter faces mem bers are au to -
mat i cally pub lic, and they can not in clude any ac cess mod i fi ers.

When a class or struct im ple ments an in ter face, the class or struct pro vides an im ple men ta -
tion for all of the mem bers de fined by the in ter face. The in ter face it self pro vides no func -
tion al ity that a class or struct can in herit in the way that base class func tion al ity can be in -
her ited. How ever, if a base class im ple ments an in ter face, the de rived class in her its that im -
ple men ta tion. The de rived class is said to im ple ment the in ter face im plic itly.

Classes and structs im ple ment in ter faces in a man ner sim i lar to how classes in herit a base
class or struct, with two ex cep tions: 

· A class or struct can im ple ment more than one in ter face.

· When a class or struct im ple ments an in ter face, it re ceives only the method
names and sig na tures, be cause the in ter face it self con tains no im ple men ta tions,

as shown in the fol low ing ex am ple.
pub lic class Car : IEquatable<Car>
{
    pub lic string Make {get; set;}
    pub lic string Model { get; set; }
    pub lic string Year { get; set; }

    // Im ple men ta tion of IEquatable<T> in ter face
    pub lic bool Equals(Car car)
    {
        if (this.Make == car.Make &&
            this.Model == car.Model &&
            this.Year == car.Year)
        {
            re turn true;
        }
        else
            re turn false;
    }
}
The IEquatable<T> in ter face an nounces to the user of the ob ject that the ob ject can de ter -
mine whether it is equal to other ob jects of the same type, and the user of the in ter face does 
not have to know how this is im ple mented.
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To im ple ment an in ter face mem ber, the cor re spond ing mem ber of the class must be pub lic,
non-static, and have the same name and sig na ture as the in ter face mem ber. Prop er ties and
in dex ers of a class can de fine ex tra accessors for a prop erty or in dexer defined on an in ter -
face. For ex am ple, an in ter face might de clare a prop erty that has a get accessor. The class
that im ple ments the in ter face can de clare the same prop erty with both a get and set
accessor. How ever, if the prop erty or in dexer uses ex plicit im ple men ta tion, the accessors
must match. 

In ter faces and in ter face mem bers are ab stract; in ter faces do not pro vide a de fault im ple men -
ta tion. 

In ter faces can in herit other in ter faces. It is pos si ble for a class to in herit an in ter face mul ti -
ple times, through base classes it in her its or through in ter faces in her ited by other in ter faces. 
How ever, the class can im ple ment an in ter face only one time, and only if the in ter face is
de clared as part of the def i ni tion of the class, as in class ClassName : InterfaceName. If the
in ter face is in her ited be cause you in her ited a base class that im ple ments the in ter face, its
im ple men ta tion is pro vided by the base class. It is also pos si ble for a base class to im ple -
ment in ter face mem bers by us ing vir tual mem bers. In that case, a de rived class can change
the in ter face be hav iour by over rid ing the vir tual mem bers. 

36.2.1 In ter faces Over view

An in ter face has the fol low ing prop er ties:

· An in ter face is like an ab stract base class: any non-ab stract type that im ple ments 

the in ter face must im ple ment all its mem bers.

· An in ter face can not be instantiated di rectly.

· In ter faces can con tain events, in dex ers, meth ods, and prop er ties.

· In ter faces con tain no im ple men ta tion of meth ods.

· Classes and structs can im ple ment more than one in ter face.

· An in ter face it self can in herit from mul ti ple in ter faces.

36.3 Prop er ties

A prop erty is a mem ber that pro vides a flex i ble mech a nism to read, write, or com pute the
value of a pri vate field. Prop er ties can be used as if they are pub lic data mem bers, but they
are ac tu ally spe cial meth ods called accessors. This en ables data to be ac cessed eas ily and
still helps pro mote the safety and flex i bil ity of meth ods.

In this ex am ple, the TimePeriod class stores a time pe riod. In ter nally the class stores the
time in sec onds, but a prop erty named Hours en ables a cli ent to spec ify a time in hours.
The accessors for the Hours prop erty per form the con ver sion be tween hours and sec onds.

36.3.1 Ex am ple 2: sim ple property usage

class TimePeriod
{
    pri vate dou ble sec onds;

    pub lic dou ble Hours
    {
        get { re turn sec onds / 3600; }
        set { sec onds = value * 3600; }
    }
}
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class Pro gram
{
    static void Main()
    {
        TimePeriod t = new TimePeriod();

        // As sign ing the Hours prop erty causes the 'set'
accessor to be called.
        t.Hours = 24;

        // Eval u at ing the Hours prop erty causes the 'get'
accessor to be called.
        Sys tem.Con sole.WriteLine("Time in hours: " +
t.Hours);
    }
}
// Out put: Time in hours: 24

36.3.2 Prop er ties Over view

Prop er ties en able a class to ex pose a pub lic way of get ting and set ting val ues, while hid ing
im ple men ta tion or ver i fi ca tion code.

A get prop erty accessor is used to re turn the prop erty value, and a set accessor is used to
as sign a new value. These accessors can have dif fer ent ac cess lev els. 

The value key word is used to de fine the value be ing as signed by the set accessor. 

Prop er ties that do not im ple ment a set accessor are read only.

For sim ple prop er ties that re quire no cus tom accessor code, con sider the op tion of us ing
auto-im ple mented prop er ties.

36.4 In dex ers

In dex ers al low in stances of a class or struct to be in dexed just like ar rays. In dex ers re sem -
ble prop er ties ex cept that their accessors take parameters.

36.4.1 Ex am ple 3: get and set with ge neric classes

In the fol low ing ex am ple, a ge neric class is de fined and pro vided with sim ple get and set
accessor meth ods as a means of as sign ing and re triev ing val ues. The Pro gram class cre ates
an in stance of this class for stor ing strings.
class SampleCollection<T>
{
    // De clare an ar ray to store the data el e ments.
    pri vate T[] arr = new T[100];

    // De fine the in dexer, which will al low cli ent code
    // to use [] no ta tion on the class in stance it self.
    // (See line 2 of code in Main be low.)        
    pub lic T this[int i]
    {
        get
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        {
            // This in dexer is very sim ple, and just re -
turns or sets
            // the cor re spond ing el e ment from the in ter nal 
ar ray.
            re turn arr[i];
        }
        set
        {
            arr[i] = value;
        }
    }
}

// This class shows how cli ent code uses the in dexer.
class Pro gram
{
    static void Main(string[] args)
    {
        // De clare an in stance of the SampleCollection
type.
        SampleCollection<string> stringCollection = new
SampleCollection<string>();

        // Use [] no ta tion on the type.
        stringCollection[0] = "Hello, World";
        Sys tem.Con sole.WriteLine(stringCollection[0]);
    }
}

36.4.2 In dex ers Over view

In dex ers en able ob jects to be in dexed in a sim i lar man ner to ar rays.

A get accessor re turns a value. A set accessor as signs a value.

The this key word is used to de fine the in dex ers.

The value key word is used to de fine the value be ing as signed by the set in dexer.

In dex ers do not have to be in dexed by an in te ger value; it is up to you how to de fine the
spe cific look-up mech a nism.

In dex ers can be over loaded.

In dex ers can have more than one for mal pa ram e ter, for ex am ple, when ac cess ing a two-di -
men sional array.

36.5 As sem blies

As sem blies form the fun da men tal unit of de ploy ment, ver sion con trol, re use, ac ti va tion
scoping, and se cu rity per mis sions for a .NET-based ap pli ca tion. As sem blies take the form
of an ex e cut able (.exe) file or dy namic link li brary (.dll) file, and are the build ing blocks of
the .NET Frame work. They pro vide the com mon lan guage runtime with the in for ma tion it
needs to be aware of type im ple men ta tions. You can think of an as sem bly as a col lec tion of 
types and re sources that form a log i cal unit of func tion al ity and are built to work to gether.
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As sem blies can con tain one or more mod ules. For ex am ple, larger pro jects may be planned
in such a way that sev eral in di vid ual de vel op ers work on sep a rate mod ules, all com ing to -
gether to cre ate a sin gle as sem bly. 

As sem blies have the fol low ing prop er ties:

· As sem blies are im ple mented as .exe or .dll files.

· You can share an as sem bly be tween ap pli ca tions by putt ing it in the global as -

sem bly cache. As sem blies must be strong-named be fore they can be in cluded in

the global as sem bly cache. 

· As sem blies are only loaded into mem ory if they are re quired. If they are not

used, they are not loaded. This means that as sem blies can be an ef fi cient way to

man age re sources in larger pro jects.

· You can pro gram mat i cally ob tain in for ma tion about an as sem bly by us ing re -

flec tion. 

· If you want to load an as sem bly only to in spect it, use a method such as

ReflectionOnlyLoadFrom.

36.5.1 As sem bly Man i fest

Within ev ery as sem bly is an as sem bly man i fest. Sim i lar to a ta ble of con tents, the as sem bly 
man i fest con tains the following:

· The as sem bly's iden tity (its name and ver sion).

· A file ta ble de scrib ing all the other files that make up the as sem bly, for ex am ple, 

any other as sem blies you cre ated that your .exe or .dll file re lies on, or even

bitmap or Readme files.

· An as sem bly ref er ence list, which is a list of all ex ter nal de pend en cies—.dlls or

other files your ap pli ca tion needs that may have been cre ated by some one else.

As sem bly ref er ences con tain ref er ences to both global and pri vate ob jects.

Global ob jects re side in the global as sem bly cache, an area avail able to other ap -

pli ca tions, some what like the System32 di rec tory. The Microsoft.VisualBasic

namespace is an ex am ple of an as sem bly in the global as sem bly cache. Pri vate

ob jects must be in a di rec tory at ei ther the same level as or be low the di rec tory

in which your ap pli ca tion is in stalled.

Be cause as sem blies con tain in for ma tion about con tent, versioning, and de pend en cies, the
ap pli ca tions you cre ate with Visual Basic and C# do not rely on reg is try val ues to func tion
prop erly. As sem blies re duce .dll con flicts and make your ap pli ca tions more re li able and
eas ier to de ploy. In many cases, you can in stall a .NET-based ap pli ca tion sim ply by copy -
ing its files to the target com puter. 

36.5.2 Add ing a Ref er ence to an As sem bly

To use an as sem bly, you must add a ref er ence to it, as de scribed in How to: Add or Re -
move Ref er ences in Vi sual Stu dio. Next, you use the Im ports state ment in Vi sual Ba sic or
us ing di rec tive in C# to choose the namespace of the items you want to use. Once an as -
sem bly is ref er enced and im ported, all the ac ces si ble classes, prop er ties, meth ods, and other 
mem bers of its namespaces are avail able to your ap pli ca tion as if their code were part of
your source file.

In C#, you can also use two ver sions of the same as sem bly in a sin gle ap pli ca tion. For
more in for ma tion, see extern alias.
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36.5.3 Cre at ing an As sem bly

Com pile your ap pli ca tion by click ing Build on the Build menu or by build ing it from the
com mand line us ing the com mand-line com piler. 
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