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Nam ing trivia - Py thon's name is de rived from Monty Py thon, whom Py thon's cre ator
Guido van Rossum ob vi ously had watched. Monty Py thon ref er ences ap pear in Py thon code 
and cul ture, and spam and eggs are used in stead of the tra di tional foo and bah used in other 
lan guages. Visit
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for more in for ma tion.



History

I ended up writ ing these notes be cause of hear ing about Py thon, and how good it was for
nu meric and sci en tific com put ing. Here is a com ment about Py thon from an en thu si ast:

· I would rec om mend the Py thon route as it is the nu mer i cal pro gram ming lan -

guage du jour. It com petes well with the nu mer i cal IDEs like Matlab (with in ter -

ac tion and graphics) and also with the tra di tional com piled lan guages. Just about 

ev ery sci en tific dis ci pline has a set of Py thon ap pli ca tions, tools and/or li brar ies,

many of which are bun dled with some of the sci ence-ori en tated Linux dis tri bu -

tions. As it co mes with its own pack age man age ment, it is very easy for peo ple

to pull down all the li brar ies they need with out too much head-scratch ing - John

Pelan (Head of Sci en tific Com put ing at the Wellcome Cen tre, Uni ver sity Col -

lege Lon don).

The ex am ples have (in the main) been run on both Win dows and Linux. 

The orig i nal notes were writ ten in 2015. They have been up dated sev eral times in re sponse
to com ments made by del e gates and also as Py thon has evolved.

De cem ber 2017 

· Up dated to re flect changes that have been made to the multiprocessing li brary.

· Added a brief cov er age of QT Cre ator.

March 2018, with feed back from Nick and Poppy. 

· Semi co lons re moved amongst other changes. 

· Added cartopy ex am ple as a re place ment for the basemap plots.

April 2018. 

· Mi nor im prove ments. 

· Added C++ and Java pro grams to the per for mance com par i son chap ter.

July 2018. 

· Up dated to cor rect Ac ro bat nav i ga tion.

Sep tem ber 2018. 

· Added some ad di tional ma te rial on An a conda on Win dows.

Sep tem ber 2018. 

· Up dated the in stal la tion de tails to have more in for ma tion about how to run some 

of the ex am ples. 

· Added cov er age of Spyder. 

· Added some ad di tional matplotlib and cartopy ex am ples. 

· Added de tails of var i ous parts of the Py thon apis used in the ex am ples. 

· Up dated chap ter 27 to have sum mary tim ing fig ures for sev eral com pil ers. 

· Add a chap ter on in stall ing and call ing the Nag li brary. 

· Cor rected page size is sues across the postcript print file and Adobe Ac ro bat Dis -

tiller. 

· Also cor rected page tag is sues.

Con tin ued:



Jan u ary 2019. 

· Added the Monty Py thon de tails.

Feb ru ary 2019. 

· Cor rec tions and up dates.

March 2019. 

· Up dated the ver sion in for ma tion to bring up to date with the lat est Py thon dis tri -

bu tions. 

· Added an ex am ple sum mary chap ter.

April 2019. 

· Added ad di tional ex am ples in the fol low ing chap ters: 

· I/O, csv, in ter nal writes;

· Graphics and matplotlib.

· New ex am ples in the SQL chap ter based on the Met Of fice his toric data re cords.

April 2019. 

· Cor rected two d numpy arrray ex am ple, chap ter 6.

· Added OO Met Of fice ex am ple, chap ter 10.

· Added notes about sev eral Unix com mands in chap ter 11.

· Added genfromtxt  ex am ple, chap ter 11.

· Added ex am ple in the sql chap ter us ing genfromtxt and numpy ar rays that

calulates monthly av er ages.

May 2019. 

· Added two ex am ples to the string chap ter.

· Added 4 examples on Pan das work ing with the Met Of fice sta tion data to the

Scipy chap ter.

· Updated the multiprocessing pool ex am ples to give the over all par al lel time in -

clud ing pool cre ation and pool clo sure fig ures.

· Up dated ex am ples on web site to match lat est notes.

· Added de tails of the Win dows sub sys tem for linux of fer ing from Microsoft. It is

easy to add Py thon to the Ubuntu dis tri bu tion.

· Added de tails of us ing Microsoft Vi sual Stu dio Com mu nity Edi tion for Py thon

de vel op ment. Vi sual Stu dio is Py thon aware. There is cov er age of Vi sual Stu dio

2017 and 2019.

· Added de tails of Intel Py thon.

· Added de tails of Win dows Hy per-V and Py thon.

· Added ref er ences and ci ta tions for Cartopy and the map data used.

Con tin ued:



Sep tem ber 2019.

· Added two new graphics plots.

· Up dated the run time ta ble in chap ter 27.

Jan u ary 2020

· Up dated sam ple num ber ing. Added ex tra ma te rial on han dling Ex cel stored data

April 2020

· Cor rected blank pages is sue.

Sep tem ber 2020

· Up dated the tim ing fig ures com par ing Py thon to com piled lan guages.

April 2023

· Up dated to bring in line with cur rent sys tems.

· Cor rected some of the source files.

· Gen er ated up dated ex am ple sum mary ta ble.

· Up dated the Py thon source file ex am ples to re flect the cur rent notes con tents.
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‘The first thing we do, let’s kill all the lan guage law yers.’

Henry VI, part II

1 Overview
1.1 Aims

The aim of the notes is to pro vide an in tro duc tion to the Py thon lan guage. The fol low ing is
taken from the Py thon wiki.

· Py thon is a great ob ject-ori ented, in ter preted, and in ter ac tive pro gram ming lan -

guage. It is of ten  com pared (fa vour ably of course) to Lisp, Tcl, Perl, Ruby, C#,

Vi sual Ba sic, Vi sual Fox Pro, Scheme or Java… and it's much more fun. 

· Py thon com bines re mark able power with very clear syn tax. It has mod ules,

classes, ex cep tions, very high level dy namic data types, and dy namic typ ing.

There are in ter faces to many sys tem calls and li brar ies, as well as. New built-in

mod ules are eas ily writ ten in C or C++ (or other lan guages, de pend ing on the

cho sen). Py thon is also us able as an ex ten sion lan guage for  that need

easy-to-use script ing or au to ma tion in ter faces. 

The main Py thon site is.

https://www.py thon.org

The [down loads] tab has de tails of the ver sions that are avail able.

https://www.py thon.org/down loads//

and the [doc u men ta tion] tab has de tails of the doc u men ta tion.

https://docs.py thon.org/3

The [faq] tab

https://docs.py thon.org/3/faq/in dex.html

has the fol low ing en tries

Gen eral Py thon

Pro gram ming

De sign and history

Li brary and extension

Ex tend ing/Embedding

Py thon on Win dows

Graph i cal User Interface

Why is Py thon in stalled on my computer

These sites pro vide a re ally good star ing point, with the ben e fit that they don't cost any thing 
ex cept your time.

1.2 His tory

Here is the Wikipedia en try.

Py thon was con ceived in the late 1980s, and its im ple men ta tion was started in De cem ber
1989 by Guido van Rossum at CWI in the Netherlands as a suc ces sor to the ABC language
(it self in spired by SETL)  ca pa ble of  ex cep tion han dling and in ter fac ing with the Amoeba
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operating sys tem. Van Rossum is Py thon's prin ci pal au thor, and his con tin u ing cen tral role
in de cid ing the di rec tion of Py thon is re flected in the ti tle given to him by the Py thon com -
mu nity,  (be nev o lent dic ta tor for life - BDFL).

Here is some back ground taken from the Py thon site.

Here’s a very brief sum mary of what started it all, writ ten by Guido van Rossum:

I had ex ten sive ex pe ri ence with im ple ment ing an in ter preted lan guage in the ABC

group at CWI, and from work ing with this group I had learned a lot about lan guage

de sign. This is the or i gin of many Py thon fea tures, in clud ing the use of in den ta tion

for state ment group ing and the in clu sion of very-high-level data types (al though the

de tails are all dif fer ent in Py thon).

I had a num ber of gripes about the ABC lan guage, but also liked many of its fea -

tures. It was im pos si ble to ex tend the ABC lan guage (or its im ple men ta tion) to rem -

edy my com plaints – in fact its lack of ex ten si bil ity was one of its big gest prob lems. 

I had some ex pe ri ence with us ing Mod ula-2+ and talked with the de sign ers of Mod -

ula-3 and read the Mod ula-3 re port. Mod ula-3 is the or i gin of the syn tax and se man -

tics used for ex cep tions, and some other Py thon fea tures.

I was work ing in the Amoeba dis trib uted op er at ing sys tem group at CWI. We

needed a better way to do sys tem ad min is tra tion than by writ ing ei ther C pro grams

or Bourne shell scripts, since Amoeba had its own sys tem call in ter face which

wasn’t eas ily ac ces si ble from the Bourne shell. My ex pe ri ence with er ror han dling

in Amoeba made me acutely aware of the im por tance of ex cep tions as a pro gram -

ming lan guage fea ture.

It oc curred to me that a script ing lan guage with a syn tax like ABC but with ac cess
to the Amoeba sys tem calls would fill the need. I re al ized that it would be fool ish to 

write an Amoeba-spe cific lan guage, so I de cided that I needed a lan guage that was

gen er ally ex ten si ble.

Dur ing the 1989 Christ mas hol i days, I had a lot of time on my hand, so I de cided to 

give it a try. Dur ing the next year, while still mostly work ing on it in my own time,

Py thon was used in the Amoeba pro ject with in creas ing suc cess, and the feed back

from col leagues made me add many early im prove ments.

In Feb ru ary 1991, af ter just over a year of de vel op ment, I de cided to post to

USENET. The rest is in the Misc/HIS TORY file

Py thon 2.0 was re leased on 16 Oc to ber 2000 and had many ma jor new fea tures, in clud ing a 
cy cle-de tect ing gar bage col lec tor and sup port for Unicode. With this re lease the de vel op -
ment pro cess was changed and be came more trans par ent and community-backed.

Py thon 3.0 (also called Py thon 3000 or py3k), a ma jor, back wards-in com pat i ble re lease,
was re leased on 3 De cem ber 2008[31] af ter a long pe riod of test ing. Many of its ma jor fea -
tures have been backported to the back wards-com pat i ble Py thon 2.6 and 2.7.

1.3 Use

This is taken from the wikipedia en try. Num bers in [] brack ets re fer to wikipedia ref er ences.

· Main ar ti cle: List of Py thon soft ware

· Since 2003, Py thon has con sis tently ranked in the top ten most pop u lar pro gram -

ming lan guages as mea sured by the TIOBE Pro gram ming Com mu nity In dex. As

of Sep tem ber 2015, it is in the fifth po si tion.[91] It was ranked as Pro gram ming

Lan guage of the Year for the year 2007 and 2010.[19] It is the third most pop u -
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lar lan guage whose gram mat i cal syn tax is not pre dom i nantly based on C, e.g.

C++, Ob jec tive-C (note, C# and Java only have par tial syn tac tic sim i lar ity to C,

such as the use of curly braces, and are closer in sim i lar ity to each other than C).

· An em pir i cal study found script ing lan guages (such as Py thon) more pro duc tive

than con ven tional lan guages (such as C and Java) for a pro gram ming prob lem

in volv ing string ma nip u la tion and search in a dic tio nary. Mem ory con sump tion

was of ten "better than Java and not much worse than C or C++".[92]

· Large or ga ni za tions that make use of Py thon in clude Google,[93] Ya hoo!,[94]

CERN,[95] NASA,[96] and some smaller ones like ILM,[97] and ITA.[98]

· Py thon can serve as a script ing lan guage for web ap pli ca tions, e.g., via

mod_wsgi for the Apache web server.[99] With Web Server Gate way In ter face,

a stan dard API has evolved to fa cil i tate these ap pli ca tions. Web ap pli ca tion

frame works like Django, Py lons, Pyr a mid, TurboGears, web2py, Tor nado, Flask, 

Bot tle and Zope sup port de vel op ers in the de sign and main te nance of com plex

ap pli ca tions. Py ja mas and IronPython can be used to de velop the cli ent-side of

Ajax-based ap pli ca tions. SQLAlchemy can be used as data map per to a re la -
tional da ta base. Twisted is a frame work to pro gram com mu ni ca tions be tween

com put ers, and is used (for ex am ple) by Dropbox.

· Li brar ies like NumPy, SciPy and Matplotlib al low the ef fec tive use of Py thon in

sci en tific com put ing,[100][101] with spe cial ized li brar ies such as BioPython and 

Astropy pro vid ing do main-spe cific func tion al ity. Sage is a math e mat i cal soft -

ware with a "note book" pro gram ma ble in Py thon: its li brary cov ers many as pects 

of math e mat ics, in clud ing al ge bra, combinatorics, nu mer i cal math e mat ics, num -

ber the ory, and cal cu lus.

· Py thon has been suc cess fully em bed ded in a num ber of soft ware prod ucts as a

script ing lan guage, in clud ing in fi nite el e ment method soft ware such as Abaqus,

3D para met ric mod eler like FreeCAD, 3D an i ma tion pack ages such as 3ds Max,

Blender, Cin ema 4D, Lightwave, Houdini, Maya, modo, MotionBuilder,

Softimage, the vi sual ef fects com pos i tor Nuke, 2D im ag ing pro grams like

GIMP,[102] Inkscape, Scribus and Paint Shop Pro,[103] and mu si cal no ta tion

pro gram or scorewriter ca pella. GNU Debugger uses Py thon as a pretty printer

to show com plex struc tures such as C++ con tain ers. Esri pro motes Py thon as the 

best choice for writ ing scripts in ArcGIS.[104] It has also been used in sev eral

video games,[105][106] and has been adopted as first of the three avail able pro -

gram ming lan guages in Google App En gine, the other two be ing Java and

Go.[107]

· Py thon has also been used in ar ti fi cial in tel li gence tasks.[108][109][110][111] As 
a script ing lan guage with mod ule ar chi tec ture, sim ple syn tax and rich text pro -

cess ing tools, Py thon is of ten used for nat u ral lan guage pro cess ing tasks.[112]

· Many op er at ing sys tems in clude Py thon as a stan dard com po nent; the lan guage

ships with most Linux dis tri bu tions, AmigaOS 4, FreeBSD, NetBSD, OpenBSD

and OS X, and can be used from the ter mi nal. A num ber of Linux dis tri bu tions

use in stall ers writ ten in Py thon: Ubuntu uses the Ubiq uity in staller, while Red

Hat Linux and Fe dora use the An a conda in staller. Gentoo Linux uses Py thon in

its pack age man age ment sys tem, Por tage.
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· Py thon has also seen ex ten sive use in the in for ma tion se cu rity in dus try, in clud -

ing in ex ploit de vel op ment.[113][114]

· Most of the Sugar soft ware for the One Lap top per Child XO, now de vel oped at

Sugar Labs, is writ ten in Py thon.[115]

· The Rasp berry Pi sin gle-board com puter pro ject has adopted Py thon as its prin -

ci pal user pro gram ming lan guage.

· LibreOffice in cludes Py thon and in tends to re place Java with Py thon. Py thon

Script ing Pro vider is a core fea ture[116] since Ver sion 4.0 from 7 Feb ru ary

2013.

We use Py thon 3 in these notes.

1.4 As sump tions

It is as sumed that the reader is fa mil iar with us ing a com puter sys tem, in par tic u lar us ing an 
ed i tor and work ing with files.

1.5 Web re sources

A copy of these notes can be found at:

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

The main Py thon site is

https://www.py thon.org/

which is where you should start.

The An a conda ver sion of Py thon is avail able from a num ber of sites in clud ing:

https://www.an a conda.com/

and

https://repo.con tin uum.io/

1.6 Down loading and in stall ing the soft ware

I used openSuSe Linux and Win dows im ple men ta tions of Py thon writ ing these notes. There 
are a num ber of op tions avail able to do Py thon pro gram ming on Win dows and Linux, and
these are given be low

· down load and in stall an a conda from the anaconda site for Win dows;

· down load and in stall an a conda from the anaconda site for Linux;

· down load and in stall an a conda from the con tin uum.io site for Win dows;

· down load and in stall an a conda from the con tin uum.io site for Linux;

· down load and in stall cygwin for Win dows, which has Py thon packages avail -

able;

· use the na tive Py thon in stal la tion that co mes with your Linux dis tri bu tion. I use

openSuSe Linux and this can be in stalled with Py thon or added us ing the Yast

sys tems tool;

· down load and in stall Py thon for Win dows from the Py thon.org site;

· down load and build from source for Linux from the Py thon.org site;

· in stall the Win dows sub sys tem for Linux on a Win dows plat form;
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· down load and in stall Microsofts Hy per V man ager and in stall a linux dis tri bu -

tion;

There is a cov er age of each op tion in the sec tions that fol low.

1.7 Win dows

We will look at

· an a conda down load and in stall;

· cygwin down load and in stall;

· py thon down load and in stall;

· us ing Microsoft Vi sual Stu dio as a de vel op ment plat form;

· us ing the Win dows Sub sys tem for Linux for de vel op ment;

· in stall ing Hy per V man ager and a linux dis tri bu tion for Py thon de vel op ment;

We will also look at the cartopy and basemap mod ules for map ping.

1.7.1 Win dows and an a conda

If you visit

https://www.an a conda.com/

you will see a down load [tab]. 

Here is a screen shot of the down load page.
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A Win dows An a conda in stal la tion is done by down load the in staller, and running the .exe, 
fol lowing the in struc tions on the screen. 

One of the aims of the pro ject is to sim plify pack age man age ment and deployment as so ci -
ated with Py thon. Conda is its pack age man age ment sys tem.

Visit

https://docs.an a conda.com/an a conda

for doc u men ta tion.

Here is an ex tract from that page.

· An a conda® is a pack age man ager, an en vi ron ment man ager, a Py thon/R data
sci ence dis tri bu tion, and a col lec tion of over 1,500+ open source pack ages. An a -

conda is free and easy to in stall, and it of fers free com mu nity sup port.

· Get the An a conda Cheat Sheet and then down load An a conda.

· Want to in stall conda and use conda to in stall just the pack ages you need? Get

Miniconda.

· An a conda Nav i ga tor or conda?

· Af ter you in stall An a conda or Miniconda, if you pre fer a desk top graph i cal user

in ter face (GUI) then use Nav i ga tor. If you pre fer to use An a conda prompt (or

Ter mi nal on Linux or macOS), then use that and conda. You can also switch be -

tween them.

· You can in stall, re move or up date any An a conda pack age with a few clicks in

Nav i ga tor, or with a sin gle conda com mand in An a conda Prompt (Ter mi nal on

Linux or macOS).

· To try Nav i ga tor, af ter in stall ing An a conda, click the Nav i ga tor icon on your op -

er at ing sys tem’s pro gram menu, or in An a conda prompt (or Ter mi nal on Linux

or macOS), run the com mand an a conda-nav i ga tor.

· To try conda, af ter in stall ing An a conda or Miniconda, take the 30-min ute conda

test drive and down load a conda cheat sheet.

· Pack ages avail able in An a conda

· Over 200 pack ages are au to mat i cally in stalled with An a -

conda.

· Over 2000 ad di tional open source pack ages (in clud ing R)

can be in di vid u ally in stalled from the An a conda re pos i tory 

with the conda in stall com mand.

· Thou sands of other pack ages are avail able from An a conda 

Cloud.

· You can down load other pack ages us ing the pip in stall

com mand that is in stalled with An a conda. Pip pack ages

pro vide many of the fea tures of conda pack ages and in

some cases they can work to gether. How ever, the pref er -
ence should be to in stall the conda pack age if it is avail -

able.

· You can also make your own cus tom pack ages us ing the

conda build com mand, and you can share them with oth ers 
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by up loading them to An a conda Cloud, PyPi or other re -

pos i to ries.

· Pre vi ous ver sions

· Pre vi ous ver sions of An a conda are avail able in the ar chive. For a list of pack -

ages in cluded in each pre vi ous ver sion, see Old pack age lists.

· Anaconda2 in cludes Py thon 2.7 and Anaconda3 in cludes Py thon 3.7. How ever,

it does not mat ter which one you down load, be cause you can cre ate new en vi -

ron ments that in clude any ver sion of Py thon pack aged with conda. See Man ag -

ing Py thon with conda.

The above in for ma tion was taken in March 2019.

Here is the pack age list for An a conda 2.4.1. Notes for col umn 2 and 4 in the ta ble are given 
af ter the ta ble. As can be seen there are a wide va ri ety of pack ages, cov er ing a lot of ar eas.

Name V Sum mary / Li cense I

ab stract-ren der ing
(Linux)  (Mac)

0.5.1 Ren der ing as binning pro cess / 3-clause BSD Y

al a bas ter 0.7.6 configurable sidebar-en abled Sphinx theme / BSD Y

an a conda-build 0.13.2
An a conda build cli ent li brary / pro pri etary - Con tin uum
Ana lyt ics, Inc.

Y

an a conda-cli ent 1.2.1 an a conda.org com mand line cli ent li brary / BSD Y

ansi2html 1.1.0
Con vert text with ANSI color codes to 
HTML. / GPLv3+

Y

appnope (Mac) 0.1.0 Dis able App Nap on OS X 10.9 / BSD Y

appscript (Mac) 1.0.1
Con trol AppleScriptable ap pli ca tions from Py thon
 / Pub lic-Do main

Y

argcomplete 1.0.0
Bash tab com ple tion for argparse. Tab com plete all the
things! / Apache

Y

astroid 1.3.4
ab stract syn tax tree for Py thon with in fer ence sup port. /
LGPL

Y

astropy 1.0.6 Com mu nity-de vel oped py thon as tron omy tools / BSD Y

az ure 1.0.2
easy to ac cess the Microsoft Az ure com po nents
/ Apache Li cense 2.0

Y

ba bel 2.1.1 In ter na tion al iza tion util i ties / BSD Y

basemap
(Linux)  (Mac)

1.0.7 Plot data on map pro jec tions with matplotlib / PSF Y

bcolz 0.12.0 co lum nar and com pressed data con tain ers. / BSD Y

beautifulsoup4 4.4.1 screen-scrap ing li brary / MIT Y

biopython 1.66
Freely avail able tools for com pu ta tional mo lec u lar 
bi ol ogy / BSD-like

Y

bitarray 0.8.1 ef fi cient ar rays of booleans -- C ex ten sion / PSF Y
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Name V Sum mary / Li cense I

blaze 0.8.3 NumPy and Pan das in ter face to Big Data / BSD Y

blaze-core 0.8.3 Blaze is the next gen er a tion of NumPy / BSD Y

blist 1.3.6
a re place ment type with better per for mance for 
mod i fy ing large lists / BSD

Y

blockspring 0.1.13 Blockspring api wrap per for Py thon / MIT Y

blosc (Win dows) 1.7.0 Blosc data com pres sor / MIT Y

bokeh 0.10.0
sta tis ti cal and novel in ter ac tive HTML plots for Py thon
/ BSD

Y

boost 1.57.0
Boost pro vides free peer-re viewed por ta ble C++ source
li brar ies. / Boost li cense

Y

boto 2.38.0 Am a zon Web Ser vices Li brary / MIT Y

bot tle neck 1.0.0
Fast NumPy ar ray func tions writ ten in Cython. / Sim pli -
fied BSD

Y

bsdiff4 1.1.4 bi nary diff and patch us ing the BSDIFF4-for mat / BSD Y

btrees 4.1.4 scal able per sis tent ob ject con tain ers / ZPL 2.1 Y

bz2file 0.98
read and write bzip2-com pressed files 
/ Apache Li cense, Ver sion 2.0

Y

bzip2 (Win dows) 1.0.6 high-qual ity data com pres sor / BSD Y

cachecontrol 0.11.5 httplib2 cach ing for re quests / Apache Y

cffi 1.2.1
For eign Func tion In ter face for Py thon call ing C code /
MIT

Y

cha me leon 2.22 Fast HTML/XML Tem plate Com piler. / BSD-like Y

cherrypy 3.8.0 ob ject-ori ented HTTP frame work / BSD Y

chest 0.2.3 a dic tio nary that spills to disk / BSD Y

chrpath (Linux) 0.13 Tool to edit the rpath in ELF bi na ries / GPL2 Y

click 4.1
A sim ple wrap per around optparse for pow er ful com -
mand line util i ties. / BSD

Y

cligj 0.2.0 Click params for GeoJSON CLI. / MIT Y

cloudpickle 0.1.1 Ex tended pick ling sup port for Py thon ob jects / as-is Y

clyent 1.2.0
Com mand line cli ent Li brary for win dows and posix /
BSD

Y

cmake 
(Linux)  (Mac)

3.3.1
CMake is an ex ten si ble, open-source sys tem that man -
ages the build pro cess / 3-clause BSD

Y

colorama 0.3.3 Cross-plat form col ored ter mi nal text. / BSD Y

comtypes 
(Win dows) 

1.1.2 pure Py thon COM pack age / MIT Y
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conda 3.18.8
cross-plat form, Py thon-ag nos tic bi nary pack age 
man ager / BSD

Y

conda-api 1.1.0 A light weight conda in ter face li brary / BSD Y

conda-build 1.18.2
Com mands and tools for build ing conda pack ages 
/ BSD

Y

conda-env 2.4.5
pro vides a uni fied in ter face to deal ing with Conda 
en vi ron ments / BSD

Y

configobj 5.0.6 Config file read ing, writ ing and val i da tion / BSD Y

contextlib2 0.4.0
backports and en hance ments for the contextlib mod ule / 
PSF

Y

cov er age 4 Code cov er age mea sure ment for Py thon / BSD Y

cryptacular 1.4.1
pass word hash ing frame work with bcrypt and pbkdf2 /
MIT

Y

cryp tog ra phy 1.0.2
pro vides cryp to graphic rec i pes and prim i tives to Py thon 
de vel op ers / Apache

Y

cssselect (Linux)  
(Mac)

0.9.1
cssselect parses CSS3 Se lec tors and trans lates them to
XPath 1.0 / BSD

Y

csvkit 0.9.1
util i ties for work ing with CSV, the king of tab u lar file
for mats / MIT

Y

cubes 1.0.1
a light-weight Py thon OLAP frame work for data ware -
houses / MIT

Y

curl 7.45.0
tool and li brary for trans fer ring data with URL syn tax /
MIT/X deri vate

Y

cvxopt 
(Linux)  (Mac)

1.1.7
CVXOPT is a free soft ware pack age for con vex op ti mi -
za tion / GPL

Y

cycler 0.9.0 Composable style cy cles / BSD Y

cymem 
(Linux)  (Mac)

1.3 Man age calls to calloc/free through Cython / MIT Y

cython 0.23.4
The Cython com piler for writ ing C ex ten sions for the
Py thon lan guage / Apache

Y

cytoolz 0.7.4
Cython im ple men ta tion of Toolz, high 
per for mance func tional util i ties / BSD

Y

dask 0.7.3
Task sched ul ing and blocked al go rithms for 
par al lel pro cess ing / BSD

Y

datashape 0.4.7 A data de scrip tion lan guage / BSD Y

datrie 0.7 Super-fast, ef fi ciently stored Trie for Py thon / LGPLv2 Y

dbf
0.96.0
03

read ing/writ ing dBase, FoxPro, and Vi sual FoxPro .dbf
files / BSD

Y

Overview 21

 Ian D Chivers Chap ter 1



Name V Sum mary / Li cense I

dec o ra tor 4.0.4 Better liv ing through Py thon with dec o ra tors / BSD Y

dill 0.2.4 Se ri al ize all of py thon (al most) / 3-clause BSD Y

django 1.8.4
Web frame work that en cour ages rapid de vel op ment
 / BSD

Y

docopt 0.6.2
Pythonic ar gu ment parser, that will make you smile /
MIT

Y

docutils 0.12
Util i ties for gen eral- and spe cial-pur pose doc u men ta tion 
/ Pub lic-Do main, PSF, 2-clause BSD, GPLv3

Y

drmaa 
(Linux)  (Mac)

0.7.6 py thon DRMAA li brary / BSD Y

dynd-py thon 0.7.0 Py thon ex po sure of DyND / BSD Y

ecdsa 0.13
ECDSA cryp to graphic sig na ture li brary (pure py thon) /
MIT

Y

ephem 
(Linux)  (Mac)

3.7.6.
0

Com pute po si tions of the plan ets and stars / LGPL Y

execnet 1.3.0 rapid multi-Py thon de ploy ment / MIT Y

fastcache 1.0.2
C im ple men ta tion of Py thon 3 functools.lru_cache 
/ MIT

Y

feedparser 5.2.1 Uni ver sal feed parser / MIT Y

flake8 2.3.0
the mod u lar source code checker: pep8, pyflakes and co 
/ MIT

Y

flask 0.10.1
A microframework based on Werkzeug, Jinja2 and good 
in ten tions / BSD

Y

flask-login 0.2.11 User ses sion man age ment for Flask / MIT Y

flask-wtf 0.11 Sim ple in te gra tion of Flask and WTForms / BSD Y

fontconfig
(Linux) 

2.11.1
Fontconfig is a li brary for con fig ur ing and cus tom iz ing
font ac cess / BSD

Y

freeglut 
(Linux) 

2.8.1
a com pletely OpenSourced al ter na tive to the OpenGL
Util ity Toolkit li brary. / MIT

Y

freetype 2.5.5
A Free, High-Qual ity, and Por ta ble Font En gine 
/ FreeType Li cense

Y

funcsigs 0.4
Py thon func tion sig na tures from PEP362 for Py thon 2.6, 
2.7 and 3.2+ / Apache

Y

fu ture 0.15.2 Clean sin gle-source sup port for Py thon 3 and 2 / MIT Y

fu tures 3.0.3
Backport of the con cur rent.fu tures pack age from Py thon 
3.2 / BSD

Y
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gensim 0.12.2
Py thon frame work for fast Vec tor Space Mod el ling
/ LGPL

Y

geos 3.4.2
GEOS (Ge om e try En gine - Open Source) is a C++ port
of the Java To pol ogy Suite (JTS). / LGPL

Y

glueviz 0.6.0 Mul ti di men sional data visualzation across files / MIT Y

graphviz 2.38.0 Open Source graph vi su al iza tion soft ware. / EPL Y

greenlet 0.4.9 light weight in-pro cess con cur rent pro gram ming / MIT Y

gridmap 
(Linux)  (Mac)

0.13.0
map Py thon func tions onto a clus ter us ing a grid en gine 
/ GPL3

Y

gunicorn (Linux)  
(Mac)

19.1.0 WSGI HTTP Server for UNIX / MIT Y

h5py 2.5.0
Read and write HDF5 files from Py thon. 
/ 3-clause BSD

Y

hdf4 4.2.11 / BSD-style Y

hdf5
1.8.15
.1

HDF5 is a data model, li brary, and file for mat for stor -
ing and man ag ing data / BSD-like

Y

heapdict 1.0.0
a heap with de crease-key and in crease-key op er a tions /
BSD

Y

holoviews 1.3.2
composable, de clar a tive data struc tures for 
build ing com plex vi su al iza tions / BSD

Y

html5lib 0.999
HTML parser based on the WHATWG 
HTML specifcation / MIT

Y

icu (Linux)
  (Mac)

54.1 / MIT Y

idna 2 In ter na tion al ized Do main Names in Ap pli ca tions / BSD Y

iopro 1.7.2
py thon in ter face for da ta bases, NoSQL stores, Am a zon
S3, and large data files / pro pri etary - Con tin uum Ana -
lyt ics, Inc.

Y

ipykernel 4.1.1 IPython Ker nel for Jupyter / BSD Y

ipyparallel 4.1.0 Jupyter Qt Con sole / BSD Y

ipython 4.0.1 Pro duc tive In ter ac tive Com put ing / BSD Y

ipython_genutils 0.1.0 ves ti gial util i ties from IPython / BSD Y

ipywidgets 4.1.0 IPython Static Wid gets / BSD Y

itsdangerous 0.24
Var i ous help ers to pass trusted data to untrusted en vi -
ron ments and back. / BSD

Y

jbig (Linux)
  (Mac)

2.1
im ple men ta tion of the JBIG1 data com pres sion stan dard 
/ GPL2

Y
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jdcal 1
Julian dates from proleptic Gre go rian and Julian cal en -
dars. / BSD

Y

jedi 0.9.0 / MIT Y

jinja2 2.8
An easy to use stand-alone tem plate en gine writ ten in
pure py thon. / BSD

Y

joblib 0.8.4 us ing Py thon func tions as pipe line jobs / BSD Y

jpeg 8d
read/write jpeg COM, EXIF, IPTC medata 
/ Cus tom free soft ware li cense

Y

jsonschema 2.4.0
An im ple men ta tion of JSON Schema val i da tion for Py -
thon / MIT

Y

jupyter 1.0.0 Jupyter metapackage / BSD Y

jupyter_cli ent 4.1.1
Jupyter pro to col im ple men ta tion and cli ent li brar ies 
/ BSD

Y

jupyter_con sole 4.0.3 Jupyter ter mi nal con sole / BSD Y

jupyter_core 4.0.6 base pack age on which Jupyter pro jects rely / BSD Y

kealib 1.4.5
The KEA for mat pro vides an im ple men ta tion of the
GDAL spec i fi ca tion within the the HDF5 file for mat. 
/ MIT

Y

lan cet 0.9.0
launch jobs, or ga nize the out put, and dis sect the re sults
 / BSD

Y

launcher 
(Mac) (Win dows) 1.0.0

An a conda's ap pli ca tion launcher 
/ pro pri etary - Con tin uum Ana lyt ics, Inc.

Y

ldap3
0.9.8.
4

A strictly RFC 4511 con form ing LDAP V3 pure Py thon 
cli ent. / LGPLv3

Y

libdynd 0.7.0 C++ dy namic ndarray li brary / BSD Y

libffi (Linux) 3.0.13 A por ta ble for eign-func tion in ter face li brary / MIT Y

libgfortran
 (Linux) 

1 GNU For tran runtime li brary / GPL3 Y

libnetcdf
4.3.3.
1

li brar ies and data for mats that sup port 
ar ray-ori ented sci en tific data / MIT

Y

libpng 1.6.17
libpng is the of fi cial PNG ref er ence li brary / libpng li -
cense

Y

libsodium (Linux)
  (Win dows) 

1.0.3
a mod ern soft ware li brary for en cryp tion, 
sig na tures, pass word hash ing, etc. / MIT

Y

libtiff 4.0.6 tiff im age li brary / BSD-like Y

libxml2 
(Linux)  (Mac)

2.9.2 The XML C parser and toolkit of Gnome / MIT Y
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libxslt 
(Linux)  (Mac)

1.1.28
Libxslt is the XSLT C li brary de vel oped for 
the GNOME pro ject / MIT

Y

lighttpd 
(Linux)  (Mac)

1.4.36 light web server (httpd) / BSD Y

line_profiler 1 Line-by-line profiler / BSD Y

llvmlite 0.8.0
light weight wrap per around ba sic LLVM func tion al ity /
BSD

Y

locket 0.2.0 File based locks / BSD Y

lockfile 
(Linux)  (Mac)

0.10.2 Plat form-in de pend ent file lock ing mod ule / MIT Y

logilab-com mon 1.0.2
col lec tion of low-level Py thon pack ages and 
mod ules used by Logilab pro jects / LGPL

Y

lxml 3.4.4
XML pro cess ing li brary com bin ing libxml2/libxslt with
the ElementTree API / BSD

Y

mako 1.0.3 templating lan guage / MIT Y

mark down 2.6.2 Py thon im ple men ta tion of Mark down / BSD Y

markdown2 2.3.0 Py thon im ple men ta tion of Mark down / BSD Y

markupsafe 0.23
Im ple ments a XML/HTML/XHTML Markup safe string 
for Py thon / BSD

Y

mathjax 2.2
A JavaScript dis play en gine for math e mat ics that works
in all brows ers / Apache

Y

matplotlib 1.5.0 Py thon plot ting pack age / PSF-based Y

mccabe 0.3 McCabe checker, plugin for flake8 / MIT Y

mdp 3.3 a Py thon data pro cess ing frame work. / BSD Y

meld3 1.0.2 an HTML/XML templating en gine / BSD-de rived Y

menuinst 
(Win dows) 

1.3.1 cross plat form in stall of menu items / BSD Y

mingw 
(Win dows) 

4.7
GCC-like de vel op ment en vi ron ment for na tive 
Win dows / Pub lic-Do main

Y

mistune 0.7.1
The fast est mark down parser in pure Py thon with ren -
derer fea ture / BSD

Y

mock 1.3.0
A Py thon mock ing and patch ing li brary for test ing
 / BSD

Y

mpi4py (Linux) 1.3.1 MPI for Py thon / BSD Y

mpich2 (Linux) 
1.4.1p
1

a high per for mance widely por ta ble im ple men ta tion of
the MPI stan dard / mpich license

Y

Overview 25

 Ian D Chivers Chap ter 1



Name V Sum mary / Li cense I

mpmath 0.19
Py thon li brary for ar bi trary-pre ci sion 
float ing-point arith me tic / BSD

Y

msgpack-py thon 0.4.6
MessagePack is an ef fi cient bi nary se ri al iza tion for mat / 
Apache

Y

msvc_runtime
 (Win dows) 

1.0.1
Bun dles of the MSVC runtime for your Py thon / Pro pri -
etary

Y

multimethods 1.0.0 A sim ple py thon multidispatch. / MIT Y

multipledispatch 0.4.8 Mul ti ple dis patch / BSD Y

murmurhash
 (Linux)  (Mac)

0.24
Cython .pxd files for some of the MurmurHash 2 and 3
hash func tions / Pub lic-Do main

Y

mysql-
con nec tor-py thon

2.0.3 MySQL driver writ ten in Py thon / GPL2 Y

nano 
(Linux)  (Mac)

2.4.1 An en hanced clone of the Pico text ed i tor / GPL2 Y

natsort 4.0.3 Sort lists nat u rally / MIT Y

nbconvert 4.0.0
con verts note books to var i ous other for mats via 
Jinja tem plates / BSD

Y

nbformat 4.0.1
the base im ple men ta tion of the Jupyter Note book for mat 
/ BSD

Y

ncurses 
(Linux)  (Mac)

5.9
free soft ware em u la tion of curses in Sys tem V Re lease
4.0, and more / ncurses li cense

Y

netcdf4 1.1.9 py thon/numpy in ter face to netCDF li brary / MIT Y

networkx 1.1
Py thon pack age for cre at ing and ma nip u lat ing 
graphs and net works / BSD

Y

nltk 3.1 Nat u ral Lan guage Toolkit / Apache Y

node-webkit
(Mac) (Win dows)

0.10.1
calls Node.js mod ules from DOM and en ables a 
new way of writ ing ap pli ca tions / MIT

Y

nose 1.3.7 nose ex tends unittest to make test ing eas ier / LGPL Y

note book 4.0.6
a web-based note book en vi ron ment for in ter ac tive com -
put ing / BSD

Y

numba 0.22.1 com pil ing Py thon code us ing LLVM / BSD Y

numexpr 2.4.4 Fast nu mer i cal ex pres sion eval u a tor for NumPy / MIT Y

numpy 1.9.3
ar ray pro cess ing for num bers, strings, re cords, and ob -
jects. / BSD

Y

numpydoc 0.5
Sphinx ex ten sion to sup port docstrings in Numpy for -
mat / BSD

Y

odo 0.3.4 Data Mi gra tion for Blaze Pro ject / BSD Y
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openblas (Linux) 0.2.14 op ti mized BLAS li brary based on GotoBLAS2 / BSD Y

openpyxl 2.2.6
A Py thon li brary to read/write Ex cel 2007 
xlsx/xlsm files / MIT

Y

openssl 1.0.2d
OpenSSL is an open-source im ple men ta tion of the SSL
and TLS pro to cols / Apache-style

Y

pan das 0.17.1
Pow er ful data struc tures for data anal y sis, 
time se ries,and sta tis tics / BSD

Y

pan das-datareader 0.2.0
Data read ers ex tracted from the pan das codebase,
 should be com pat i ble with re cent pan das ver sions 
/ BSD License

Y

param 1.3.2
de clar a tive Py thon pro gram ming us ing Pa ram e ters
/ BSD

Y

paramiko 1.15.3 SSH2 pro to col li brary / LGPL Y

partd 0.3.2 Appendable key-value byte store / BSD Y

passlib 1.6.5
com pre hen sive pass word hash ing frame work sup port ing 
over 30 schemes / BSD

Y

pastedeploy 1.5.2
Load, con fig ure, and com pose WSGI ap pli ca tions and
serv ers / MIT

Y

patch (Win dows) 2.5.9 Na tive Win32 ver sions of com mon unix tools / GPL Y

patchelf (Linux) 0.6
a small util ity to mod ify the dy namic linker 
and RPATH of ELF executables / GPL3

Y

path.py 8.1.2 mod ule wrap per for os.path / MIT Y

patsy 0.4.0
a li brary for de scrib ing sta tis ti cal mod els and build ing
de sign ma tri ces. / BSD

Y

pbkdf2 1.3
the pass word-based key der i va tion func tion, PBKDF2 /
MIT

Y

pbr 1.3.0 Py thon Build Rea son able ness / Apache Y

pep8 1.6.2 Py thon style guide checker / MIT Y

per sis tent 4.1.1 trans lu cent per sis tent ob jects / ZPL 2.1 Y

pexpect 
(Linux)  (Mac)

3.3
Pexpect al lows easy con trol of in ter ac tive con sole ap pli -
ca tions / ISC

Y

pickleshare 0.5
tiny shelve-like da ta base with concurrency sup port
 / MIT

Y

pil low 3.0.0 Py thon Im ag ing Li brary (Fork) / PIL li cense Y

pip 7.1.2
PyPA rec om mended tool for in stall ing Py thon pack ages 
/ MIT

Y
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plac 0.9.1
The smart est com mand line ar gu ments parser in 
the world / BSD

Y

ply 3.8 Py thon Lex & Yacc / BSD Y

preshed 
(Linux)  (Mac)

0.44
Cython hash ta ble that trusts the keys are pre-hashed
 / MIT

Y

proj4 4.9.1 PROJ.4 Car to graphic Pro jec tions li brary / MIT Y

psutil 3.3.0
cross-plat form pro cess and sys tem util i ties mod ule for
Py thon / BSD

Y

psycopg2
(Linux)  (Mac)

2.6.1
Py thon-PostgreSQL Da ta base Adapter
/ LGPL, BSD-like, ZPL

Y

ptyprocess
(Linux)  (Mac)

0.5 Run a subprocess in a pseudo ter mi nal / ISC Y

py 1.4.30
li brary with cross-py thon path, ini-pars ing, io, code, log 
fa cil i ties / MIT

Y

pyasn1 0.1.9
Offline IP ad dress to Au ton o mous Sys tem 
Num ber lookup mod ule / BSD

Y

pycosat 0.6.1 bind ings to picosat (a SAT solver) / MIT Y

pycparser 2.14 C parser in Py thon / BSD Y

pycrypto 2.6.1 Cryp to graphic mod ules for Py thon. / Pub lic-Do main Y

pycurl
7.19.5
.1

PycURL -- cURL li brary mod ule for Py thon / LGPL,
MIT

Y

pyflakes 1.0.0 pas sive checker of Py thon pro grams / MIT Y

pygments 2.0.2
Pygments is a syn tax high light ing pack age writ ten 
in Py thon / BSD

Y

pylint 1.4.2 py thon code static checker / GPL Y

pymc 2.3.6
Markov Chain Monte Carlo sam pling toolkit 
/ Ac a demic Free Li cense

Y

pymongo 3.0.3 Py thon driver for MongoDB / Apache Y

pymysql 0.6.7 Pure-Py thon MySQL Driver / MIT Y

pyodbc 3.0.10 DB API Mod ule for ODBC / MIT Y

pyopengl
3.1.1a
1

Stan dard OpenGL bind ings for Py thon / BSD Y

pyopengl
-ac cel er ate

3.1.1a
1

Stan dard OpenGL bind ings for Py thon / BSD Y

pyopenssl 0.15.1
Py thon wrap per mod ule around the OpenSSL li brary /
Apache

Y

pyparsing 2.0.3 Py thon pars ing mod ule / MIT Y
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pyproj 1.9.4
Py thon in ter face to PROJ4 li brary for 
car to graphic trans for ma tions. / MIT

Y

pyqt 4.11.4
PyQt is a Py thon bind ing of the cross-plat form 
GUI toolkit Qt / Com mer cial, GPLv2, GPLv3

Y

pyr a mid 1.5.7 The Pyr a mid Web Frame work, a Py lons pro ject / BSD Y

pyr a mid_
cha me leon

0.3
bind ings for the Cha me leon templating sys tem for Pyr a -
mid / BSD

Y

pyr a -
mid_debugtoolbar

2.4.1
in ter ac tive HTML debugger for Pyr a mid ap pli ca tion de -
vel op ment / BSD

Y

pyr a mid_jinja2 2.5
Jinja2 tem plate bind ings for the Pyr a mid web 
frame work / BSD

Y

pyr a mid_mako 1.0.2
Mako tem plate bind ings for the Pyr a mid web 
frame work / BSD

Y

pyr a mid_tm 0.12
al lows Pyr a mid re quests to join the ac tive trans ac tion /
BSD

Y

pyreadline 
(Win dows) 

2.1 A py thon implmementation of GNU readline. / BSD Y

pyserial 2.7 Py thon Se rial Port Ex ten sion / PSF Y

pysnmp 
(Linux)  (Mac)

4.2.5 A pure-Py thon SNMPv1/v2c/v3 li brary / BSD Y

pystan 
(Linux)  (Mac)

2.8.0.
0

PyStan pro vides an in ter face to Stan / GPL3 Y

pytables 3.2.2
brings to gether Py thon, HDF5 and NumPy to 
eas ily han dle large amounts of data / BSD

Y

pytest 2.8.1 sim ple pow er ful test ing with Py thon / MIT Y

pytest-cache 1
pytest plugin with mech a nisms for cach ing across test
runs / MIT

Y

pytest-pep8 1.0.6 pytest plugin to check PEP8 re quire ments / MIT Y

py thon 3.5.1 gen eral pur pose pro gram ming lan guage / PSF Y

py thon-dateutil 2.4.2
Ex ten sions to the stan dard Py thon datetime mod ule 
/ BSD

Y

pytz
2015.
7

World timezone def i ni tions, mod ern and his tor i cal
 / MIT

Y

pywget 2.2 pure py thon down load util ity / Pub lic-Do main Y

pywin32 
(Win dows) 

219 Py thon ex ten sions for Win dows / PSF Y

pyyaml 3.11 YAML parser and emit ter for Py thon / MIT Y
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pyzmq 14.7.0 zeromq bind ings for Py thon / LGPL and BSD Y

qt 4.8.7
Qt is a cross-plat form ap pli ca tion and UI frame work /
LGPL

Y

qtconsole 4.1.1 Jupyter Qt Con sole / BSD Y

quandl 2.8.9 Pack age for Quandl API ac cess / MIT Y

queuelib 1.4.2 Col lec tion of per sis tent (disk-based) queues / BSD Y

readline 
(Linux)  (Mac)

6.2
line-ed it ing for pro grams with a com mand-line in ter face 
/ GPL3

Y

redis 
(Linux)  (Mac)

2.6.9
Redis is an open source, BSD li censed, 
ad vanced key-value cache and store / 3-clause BSD

Y

redis-py 
(Linux)  (Mac)

2.10.3 Redis Py thon Cli ent / MIT Y

reportlab 3.2.0 The ReportLab Toolkit / BSD Y

repoze.lru 0.6 A tiny LRU cache im ple men ta tion and dec o ra tor / BSD Y

re quests 2.8.1 Py thon HTTP for Hu mans / Apache Y

rope 0.9.4 a py thon refactoring li brary / GPL Y

routes 2.2 Rout ing Rec og ni tion and Gen er a tion Tools / MIT Y

runipy 0.1.3 Run IPython note books from the com mand line / BSD Y

sas7bdat 2.0.6 sas7bdat file reader for Py thon / MIT Y

scikit-bio 
(Linux)  (Mac)

0.4.0
Data struc tures, al go rithms and ed u ca tional 
re sources for bioinformatics. / BSD

Y

scikit-im age 0.11.3 Im age pro cess ing rou tines for SciPy / 3-clause BSD Y

scikit-learn 0.17
A set of py thon mod ules for ma chine learn ing and data
min ing / 3-clause BSD

Y

scikit-rf 0.14.1 Ob ject Ori ented Mi cro wave En gi neer ing / new BSD Y

scipy 0.16.0 Sci en tific Li brary for Py thon / BSD Y

sea born 0.6.0 sta tis ti cal data vi su al iza tion / BSD Y

se man tic_ver sion 2.4.2 A li brary im ple ment ing the 'SemVer' scheme. / BSD Y

setuptools 18.5
Eas ily down load, build, in stall, up grade, and uninstall
Py thon pack ages / PSF or ZPL

Y

setuptools_scm 1.9.0
the blessed pack age to man age your ver sions by scm
tags / BSD

Y

sh 
(Linux)  (Mac)

1.11 full-fledged subprocess re place ment for Py thon / MIT Y

shapely 
(Linux)  (Mac)

1.5.11 Geo met ric ob jects, pred i cates, and op er a tions / BSD Y
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Name V Sum mary / Li cense I

simplegeneric 0.8.1
lets you de fine sim ple sin gle-dis patch ge neric func tions
/ ZPL 2.1

Y

sip 4.16.9 / GPL3 Y

six 1.10.0 Py thon 2 and 3 com pat i bil ity util i ties / MIT Y

snowballstemmer 1.2.0
pro vides 16 stemmer al go rithms gen er ated from Snow -
ball al go rithms / BSD

Y

sockjs-tor nado 1.0.1
SockJS py thon server im ple men ta tion on top of 
Tor nado frame work / MIT

Y

spacy 
(Linux)  (Mac)

0.99 In dus trial-strength NLP / MIT Y

sphinx 1.3.1 Py thon doc u men ta tion gen er a tor / BSD Y

sphinx_rtd_theme 0.1.7 ReadTheDocs.org theme for Sphinx / BSD Y

spyder 2.3.8 Sci en tific PY thon De vel op ment En vi Ron ment / MIT Y

sqlalchemy 1.0.9 Da ta base Ab strac tion Li brary / MIT Y

sqlite 
(Linux)  (Mac)

3.8.4.
1

self-con tained, zero-con fig u ra tion, SQL da ta base en gine 
/ Pub lic-Do main

Y

sqlparse 0.1.16 A non-val i dat ing SQL parser mod ule for Py thon / BSD Y

statsmodels 0.6.1
Sta tis ti cal com pu ta tions and mod els for use with SciPy / 
3-clause BSD

Y

stripe 1.25.0 Stripe py thon bind ings. / MIT Y

sympy
0.7.6.
1

SymPy is a Py thon li brary for sym bolic math e mat ics /
3-clause BSD

Y

terminado (Linux)  
(Mac)

0.5
Ter mi nals served to term.js us ing Tor nado websockets / 
BSD

Y

text-unidecode
(Linux)  (Mac)

1 the most ba sic Text Unidecode port / Ar tis tic Li cense Y

theano 
(Linux) 

0.7.0
Op ti miz ing com piler for eval u at ing math e mat i cal
ex pres sions on CPUs and GPUs / BSD

Y

thinc 
(Linux)  (Mac)

4.0.0 Learn sparse lin ear mod els / Com mer cial, GPLv2 Y

tk 8.5.18
dy namic pro gram ming lan guage with GUI el e ments 
/ BSD-like

Y

toolz 0.7.4 List pro cess ing tools and func tional util i ties / BSD Y

tor nado 4.3
a Py thon web frame work and asyn chron ous net work ing
li brary / Apache

Y

traitlets 4.0.0 con fig u ra tion sys tem for Py thon ap pli ca tions / BSD Y

trans ac tion 1.4.4 trans ac tion man age ment for Py thon / ZPL 2.1 Y
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Name V Sum mary / Li cense I

translationstring 1.3
Util ity li brary for i18n re lied on by var i ous Repoze and
Pyr a mid pack ages / BSD

Y

twisted 15.4.0
Twisted is an event-driven net work ing en gine for Py -
thon / MIT

Y

ujson 1.33 Ul tra fast JSON en coder and de coder for Py thon / BSD Y

unicodecsv 0.14.1
The unicodecsv file reads and de codes byte strings for
you / BSD

Y

unidecode 0.4.17 ASCII trans lit er a tions of Unicode text / GPL2 Y

unixodbc 
(Linux) 

2.3.4
unixODBC is an open source pro ject that im ple ments
the ODBC API / LGPLv2

Y

unxutils 
(Win dows) 

14.04.
03

ports of com mon GNU util i ties to na tive Win32 / GPL3 Y

util-linux (Linux) 2.21
Util-linux is a suite of es sen tial util i ties for any Linux
sys tem / GPL2

Y

ve nu sian 1 A li brary for de fer ring dec o ra tor ac tions / BSD Y

virtualenv 13.0.1 Vir tual Py thon En vi ron ment builder / MIT Y

w3lib 1.12.0 Li brary of web-re lated func tions / BSD Y

wait ress 0.8.9
pro duc tion-qual ity WSGI server with very 
ac cept able per for mance / ZPL 2.1

Y

webob 1.4.1 WSGI re quest and re sponse ob ject / MIT Y

webtest 2.0.18 helper to test WSGI ap pli ca tions / MIT Y

werkzeug 0.11.2
The Swiss Army knife of Py thon web de vel op ment /
BSD

Y

wheel 0.26.0 built-pack age for mat for Py thon / MIT Y

whoosh 2.7.0
Fast, pure-Py thon full text in dex ing, search, and spell
check ing li brary / BSD

Y

workerpool 0.9.4
Mod ule for dis trib ut ing jobs to a pool of worker threads 
/ MIT

Y

wtforms 2.0.2
A flex i ble forms val i da tion and ren der ing 
li brary for Py thon / BSD

Y

xerces-c 3.1.2
Xerces-C++ is a val i dat ing XML parser writ ten in
 a por ta ble sub set of C++ / Apache 2.0

Y

xlrd 0.9.4
Li brary for de vel op ers to ex tract data from Microsoft
Ex cel spread sheet files / BSD

Y

xlsxwriter 0.7.7 A Py thon mod ule for cre at ing Ex cel XLSX files / BSD Y

xlwings
(Mac) (Win dows)

0.5.0
Make Ex cel fly. In ter act with Ex cel from Py thon and
vice versa / 3-clause BSD

Y
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Name V Sum mary / Li cense I

xlwt 1.0.0
writ ing data and for mat ting in for ma tion to
Ex cel files / BSD

Y

xray 0.6.1 N-D la beled ar rays and datasets in Py thon / Apache Y

xz (Linux)  (Mac) 5.0.5
data com pres sion soft ware with high 
com pres sion ra tio / Pub lic-Do main, GPL

Y

yaml 
(Linux)  (Mac)

0.1.6
a hu man friendly data se ri al iza tion stan dard
for all pro gram ming lan guages / MIT

Y

yt 
(Linux)  (Mac)

3.2.2
An anal y sis and vi su al iza tion toolkit for As tro phys i cal
sim u la tions / BSD

Y

zeromq 4.1.3
a messaging sys tem, or 
"mes sage-ori ented middleware" / LGPL

Y

zlib 1.2.8
mas sively spiffy yet del i cately 
un ob tru sive com pres sion li brary / zlib

Y

zope.dep re ca tion 4.1.2 Zope Dep re ca tion In fra struc ture / ZPL 2.1 Y

zope.in ter face 4.1.3 In ter faces for Py thon / ZPL 2.1 Y

zope.sqlalchemy 0.7.6
min i mal Zope/SQLAlchemy trans ac tion in te gra tion 
/ ZPL 2.1

Y

Ta ble notes

· Col umn 2 - V = Ver sion

· Col umn 4 - In in staller
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1.7.1.1 Ac cess ing An a conda and Py thon on Windows

By in stall ing An a conda on Win dows you get ac cess to An a conda from the start menu. I rec -
om mend in stall ing from a com mand prompt with ad min is tra tor rights. Here is a screen shot.

As you can see you get the choice of

· An a conda Nav i ga tor

· An a conda Nav i ga tor is a desk top graph i cal user in ter face

(GUI) in cluded in An a conda® dis tri bu tion that al lows you 

to launch ap pli ca tions and eas ily man age conda pack ages,

en vi ron ments and chan nels with out us ing com mand-line

com mands. Nav i ga tor can search for pack ages on An a -

conda Cloud or in a lo cal An a conda Re pos i tory. It is avail -

able for Win dows, macOS and Linux.

· An a conda prompt

· Jupyter Note book

· The Jupyter Note book is an open-source web ap pli ca tion

that al lows you to cre ate and share doc u ments that con tain 

live code, equa tions, vi su al iza tions and nar ra tive text. Uses 

in clude: data cleaningand trans for ma tion, nu mer i cal sim u -
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la tion, sta tis ti cal mod el ing, data vi su al iza tion, ma chine

learn ing, and much more.

· Re set Spyder settings

· Spyder

· Spyder is the Sci en tific PY thon De vel op ment En vi Ron -

ment: a pow er ful in ter ac tive de vel op ment en vi ron ment for

the Py thon lan guage with ad vanced ed it ing, in ter ac tive

test ing, de bug ging and in tro spec tion fea tures and a nu mer -

i cal com put ing en vi ron ment thanks to the sup port of

IPython (en hanced in ter ac tive Py thon in ter preter) and pop -

u lar Py thon li brar ies such as NumPy (lin ear al ge bra),

SciPy (sig nal and im age pro cess ing) or matplotlib (in ter ac -

tive 2D/3D plot ting).

· Spyder may also be used as a li brary pro vid ing pow er ful

con sole-re lated wid gets for your PyQt-based ap pli ca tions – 

for ex am ple, it may be used to in te grate a de bug ging con -

sole di rectly in the lay out of your graph i cal user in ter face.

The sec ond op tion al lows sim ple com pile and run from the com mand line.

To run the graphics ex am ples you will need to in stall matplotlib and to run the map ping ex -
am ples you will need to in stall cartopy.

From a python ad min is tra tor com mand prompt run the fol low ing com mands:

conda in stall matplotlib

fol lowed by

conda in stall -c conda-forge cartopy

and this will en able you to run the graphics ex am ples.

Note that the pro cess based par al lel ex am ples won't run cor rectly with this ver sion of Py -
thon un der Win dows. You need to use the cygwin ver sion.

Here are some use ful com mands.

· conda up date conda - up date the pack age man ager

· conda list conda - dis play ver sion in for ma tion

· conda up date an a conda - up date an a conda

· condal up date --all - up date all com po nents

· conda info - ba sic information

You will need to run the up date com mands as ad min is tra tor.

Here is the out put from run ning the conda info com mand on one of my sys tems.

     ac tive en vi ron ment : base
    ac tive env lo ca tion : C:\ProgramData\Anaconda3
            shell level : 1
       user config file : C:\Us ers\ian\.condarc
 pop u lated config files : C:\Us ers\ian\.condarc
          conda ver sion : 4.4.10
    conda-build ver sion : 3.4.1
         py thon ver sion : 3.6.4.fi nal.0
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       base en vi ron ment : C:\ProgramData\Anaconda3  (read
only)
           chan nel URLs : https://repo.con tin -
uum.io/pkgs/main/win-64
                          https://repo.con tin -
uum.io/pkgs/main/noarch
                          https://repo.con tin -
uum.io/pkgs/free/win-64
                          https://repo.con tin -
uum.io/pkgs/free/noarch
                          https://repo.con tin -
uum.io/pkgs/r/win-64
                          https://repo.con tin -
uum.io/pkgs/r/noarch
                          https://repo.con tin -
uum.io/pkgs/pro/win-64
                          https://repo.con tin -
uum.io/pkgs/pro/noarch
                          https://repo.con tin -
uum.io/pkgs/msys2/win-64
                          https://repo.con tin -
uum.io/pkgs/msys2/noarch
          pack age cache : C:\ProgramData\Anaconda3\pkgs
                          C:\Us ers\ian\AppData\Lo -
cal\conda\conda\pkgs
       envs di rec to ries : C:\Us ers\ian\AppData\Lo -
cal\conda\conda\envs
                          C:\ProgramData\Anaconda3\envs
                          C:\Us ers\ian\.conda\envs
               plat form : win-64
             user-agent : conda/4.4.10 re quests/2.18.4
CPython/3.6.4 Win dows/10 Win dows/10.0.17763
          ad min is tra tor : False
             netrc file : None
           offline mode : False

Try this out on your sys tem.

1.7.2 Win dows - cygwin py thon ver sion

Visit

https://www.cygwin.com/

The par al lel pro gram ming ex am ples un der Win dows re quire the in stal la tion of the Cygwin
ver sion of Py thon.
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Here is the cygwin home page.

I use the 64 bit ver sion. The setup pro gram can be used to do a new in stall or up date an ex -
ist ing ver sion. When you run the setup pro gram you get the fol low ing list of pack ages to
in stall. 

· ac ces si bil ity

· admin

· ar chive

· au dio

· base

· da ta base

· de bug

· devel

· doc

· ed i tors

· games

· GNOME
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· graphics

· in ter pret ers

· KDE

· libs

· lua

· LXDE

· Mail

· mate

· math

· misc

· net

· OCaml

· Of fice

· perl

· PHP

· pub lish ing

· py thon

· Ruby

· Scheme

· Sci ence

· Se cu rity

· Shells

· Sugar

· Sys tem

· tcl

· text

· utils

· video

· web

· X11

· Xfce

The fol low ing list has the Py thon pack ages first and the rest in dented.

  ac ces si bil ity
  admin
  ar chive
  au dio
  base
da ta base
de bug
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devel
doc
  ed i tors
  games
GNOME
graphics
in ter pret ers
KDE
libs
  lua
  LXDE
  Mail
mate
math
  misc
net
  OCaml
  Of fice
  perl
  PHP
  pub lish ing
py thon
  Ruby
  Scheme
  Sci ence
  Se cu rity
  Shells
  Sugar
  Sys tem
  tcl
text
utils
  video
  web
  X11
  Xfce

Make sure you in stall all of the Py thon pack ages. If you al ready have cygwin in stalled a

cygcheck -c

will pro vide de tails of in stalled pack ages.

The fol low ing com mands

cygcheck -c > in stalled.txt
$ cat in stalled.txt | grep py thon | wc
    236     708   18644

shows 236 in stalled Py thon com po nents on one cygwin in stal la tion.
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Here is a screen shot of part of a cygwin in stall. 

Note the py thon key word in the search box. I nor mally split the in stall into two stages

· first a down load

and sec ondly 

· in stall from lo cal di rec tory

in case any thing goes wrong with the down load.
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1.7.3 Win dows - Py thon down load

Visit

https://www.py thon.org/down loads/

to down load the soft ware. Here is a screenshot of their home page.

I down loaded the 3.5.x ver sion.

1.7.4 Win dows and Microsoft Vi sual Studio

An other op tion is to use Microsoft Vi sual Stu dio. On my lap top I have 

· Microsoft Vi sual Stu dio Com mu nity 2017, 15.6.4

in stalled. There is an op tion to cre ate Py thon pro jects from within Vi sual Stu dio. There are
the fol low ing op tions:

· Global de fault or an auto de tected en vi ron ment

· An a conda 5.0.0

· Py thon 3.6 (64 bit)

The IDE is Py thon aware and the code is col our coded. I set things up to point to my de -
fault example di rec tory

c:\documnt\py thon\ex am ples
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and all of the ex am ples ap pear in one of the Win dows. They can be clicked on and run in -
di vid u ally.

On one of my desk top sys tems I needed to in stall ad di tional com po nents. Here is a screen
shot.

The down load and in stall took sev eral min utes.
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Here is a screen shot of us ing Vi sual Stu dio for Py thon de vel op ment.

As can be seen in the on line ver sion of these notes Vi sual Stu dio is Py thon aware, and the
Py thon code is col our coded.

When set ting up a pro ject there are sev eral op tions for a ver sion of Py thon. On one sys tem
I have there were the fol low ing op tions

· Global de fault

· An a conda 4.1.1

· An a conda 5.2.0

· Anaconda3 3.6

· Py thon 3.5

· Py thon 3.6

I chose An a conda 3 3.6 for my numpy ex am ples.

1.7.4.1 Vi sual Stu dio Com mu nity Edi tion 2019

Vi sual Stu dio 2019 has just been re leased, and I chose to in stall the fol low ing op tions

· Py thon

· Py thon miniconda

· Py thon web sup port

· Py thon 3 64-bit (3.7.2)

· Live Share

· 2.26 GB

· Win dows (3)

· .NET desk top de vel op ment

· 5.23 GB
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· Desk top de vel op ment

· 7.12 GB

· 9.89 GB Com bined

Choos ing the [Start] but ton brings up the fol low ing

and there are sev eral Py thon op tions.

1.7.5 Win dows sub sys tem for Linux and Py thon in stall

Win dows Sub sys tem for Linux - The fol low ing has been taken from the Wikipedia en try.

https://en.wikipedia.org/wiki/Win dows_Sub sys tem_for_Linux

· Win dows Sub sys tem for Linux (WSL) is a com pat i bil ity layer for run ning Linux 

bi nary executables (in ELF for mat) na tively on Win dows 10 and Win dows
Server 2019. 

· WSL pro vides a Linux-com pat i ble ker nel in ter face de vel oped by Microsoft (con -

tain ing no Linux ker nel code), which can then run a GNU user space on top of

it, such as that of Ubuntu, openSUSE, SUSE Linux En ter prise Server, Debian

and Kali Linux. Such a user space might con tain a Bash shell and com mand lan -

guage, with na tive GNU/Linux com mand-line tools (sed, awk, etc.), pro gram -

ming lan guage in ter pret ers (Ruby, Py thon, etc.), and even graph i cal ap pli ca tions

(us ing a X11 server at the host side).
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· In tro duc tion and avail abil ity - When in tro duced with the An ni ver sary Up date,

only an Ubuntu im age was avail able. The Fall Cre ators Up date moved the in stal -

la tion pro cess for Linux dis tri bu tions to the Win dows Store, and in tro duced

SUSE im ages.

· WSL is avail able only in 64 bit ver sions of Win dows 10 from ver sion 1607. It is 

also avail able in Win dows Server 2019.

I rec om mend in stall ing the Ubuntu ver sion. This will make avail able com plete Unix func -
tion al ity on the Win dows plat form. I use vi, sed, diff etc on a reg u lar ba sis whilst pro gram -
ming.

Af ter start ing bash you will need to run one or more of the following com mands:

sudo apt in stall py thon-min i mal
sudo apt in stall python3

Here is a screen shot of us ing WSL on one of my sys tems.

I am com pil ing with Python3.

The fol low ing are some of the use ful com mands

sudo apt-get up date
sudo apt-get upgrade
sudo apt-get install
sudo apt-get full-upgrade
sudo apt-get in stall dos2unix
sudo apt-get in stall python3

when man ag ing soft ware.

1.7.6 Win dows Hy per-V man ager

Visit
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https://docs.microsoft.com/en-us/virtualization/
hy per-v-on-win dows/quick-start/en able-hy per-v

for de tails of how to en able and in stall Hy per-V man ager.

Then visit

https://docs.microsoft.com/en-us/virtualization/
hy per-v-on-win dows/quick-start/quick-cre ate-vir tual-ma chine

for de tails of how to in stall one or more vir tual ma chines.

Here is a screen shot from one of my Win dows 10 Pro sys tems that has Hy per-V man ager
in stalled.

As you can see I have the fol low ing op er at ing sys tems in stalled

· centos 7

· Redhat 8

· Ubuntu 18.x

· Win dows XP Pro

Py thon can be in stalled on the three Linux sys tems.

The fol low ing com mand 

sudo apt -in stall python3

in stalls Py thon 3 on the Ubuntu sys tem.

I then did

sudo apt up date
sudo apt up grade

to up grade the base op er at ing sys tem, fol lowed by
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sudo apt in stall python3-numpy python3-scipy
python3-matplotlib

to in stall the rest of the Py thon en vi ron ment.

1.8 Linux

In this sec tion we will look at some of the op tions of us ing Py thon on a Linux plat form. We 
will look at OpenSuSe Linux.

1.8.1 Py thon and openSuSe

I used openSuSe 13.1 writ ing these notes. Py thon was al ready in stalled. I nor mally do a
fairly com plete soft ware in stall when in stall ing openSuSe Linux as I use Linux for a wide
range of pur poses.

rpm -qal > rpm_list.txt

will give a com plete list of all soft ware in stalled. You can then use grep on the file to see
what Py thon com po nents are in stalled.

Here are some de tails from one of the openSuSe 13.1 sys tems that I use.

cat rpm_list.txt | grep py thon | wc
28094 lines
cat rpm_list.txt | grep python3 | wc
2145 lines

1.8.2 Py thon, openSuSe and an an a conda in stal la tion

I rec om mend do ing an an a conda Py thon in stall. The first thing to do is down load an ap pro -
pri ate ver sion.

https://www.con tin uum.io/down loads

I down loaded the 64 bit ver sion. I rec om mend log ging on as root and in stall ing in

/opt/anaconda3

and add ing

/opt/anaconda3/bin

to the PATH.

The down load file was called

Anaconda3-2.4.1-Linux-x86_64.sh

and typ ing

bash Anaconda3-2.4.1-Linux-x86_64.sh

from the console started the in stal la tion pro cess. Change the in stal la tion di rec tory to that
show above.

1.9 Intel Py thon for Win dows, Linux and Mac

Intel make avail able Py thon for all three plat forms. My Intel For tran licence in cludes ac cess 
to the soft ware. I use the soft ware on one of my sys tems.

1.10 Map ping with Py thon - basemap

Visit

http://matplotlib.org/basemap/

for de tails of how to do map ping with Py thon. Win dows executables and Linux tar files are
avail able.
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If you do the An a conda in stall above typ ing

conda in stall basemap

from the shell will in stall basemap, and all nec es sary soft ware.

1.11 Map ping with Py thon - Cartopy

Visit

https://scitools.org.uk/cartopy/docs/lat est/

for up to date in for ma tion.

Here is an ex tract from that site.

· Cartopy is a Py thon pack age de signed for geospatial data pro cess ing in or der to

pro duce maps and other geospatial data anal y ses.

· Cartopy makes use of the pow er ful PROJ.4, NumPy and Shapely li brar ies and

in cludes a pro gram matic in ter face built on top of Matplotlib for the cre ation of
pub li ca tion qual ity maps.

· Key fea tures of cartopy are its ob ject ori ented pro jec tion def i ni tions, and its abil -

ity to trans form points, lines, vec tors, poly gons and im ages be tween those pro -

jec tions.

· You will find cartopy es pe cially use ful for large area / small scale data, where

Car te sian as sump tions of spher i cal data tra di tion ally break down. If you’ve ever

ex pe ri enced a sin gu lar ity at the pole or a cut-off at the date line, it is likely you

will ap pre ci ate cartopy’s unique fea tures!

· The in stal la tion guide pro vides in for ma tion on get ting up and run ning. Cartopy’s 

doc u men ta tion is ar ranged in userguide form, with ref er ence doc u men ta tion

avail able inline.

· Co or di nate ref er ence sys tems in Cartopy

· Cartopy pro jec tion list

· Us ing cartopy with matplotlib

· The cartopy Fea ture in ter face

· Un der stand ing the trans form and pro jec tion keywords

· Us ing the cartopy shapereader

· Cartopy de vel oper in ter faces

· The out line link found above the cartopy logo on all pages can be used to

quickly find the ref er ence doc u men ta tion for known classes or func tions.

· For those up dat ing from an older ver sion of cartopy, the what’s new page out -

lines re cent changes, new fea tures, and fu ture de vel op ment plans.

· Cartopy was orig i nally de vel oped at the UK Met Of fice to al low sci en tists to

visu al ise their data on maps quickly, eas ily and most im por tantly, ac cu rately.

Cartopy has been made freely avail able un der the terms of the GNU Lesser Gen -

eral Pub lic Li cense. It is suit able to be used in a va ri ety of sci en tific fields and

has an ac tive de vel op ment com mu nity.

· Cartopy is a Py thon pack age de signed for geospatial data pro cess ing in or der to

pro duce maps and other geospatial data anal y ses.
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· Cartopy makes use of the pow er ful PROJ.4, numpy and shapely li brar ies and in -

cludes a programatic in ter face built on top of Matplotlib for the cre ation of pub -

li ca tion qual ity maps.

· Key fea tures of cartopy are its ob ject ori ented pro jec tion def i ni tions, and its abil -

ity to trans form points, lines, vec tors, poly gons and im ages be tween those pro -

jec tions.

· You will find cartopy es pe cially use ful for large area / small scale data, where

Car te sian as sump tions of spher i cal data tra di tion ally break down. If you’ve ever

ex pe ri enced a sin gu lar ity at the pole or a cut-off at the date line, it is likely you

will ap pre ci ate cartopy’s unique fea tures!

1.12 Py thon on line documentation

Visit

https://docs.py thon.org/3/down load.html

Here is some in for ma tion from that site.

· Down load Py thon 3.7.3rc1 Doc u men ta tion

· Last up dated on: Mar 20, 2019.

· To down load an ar chive con tain ing all the doc u ments for this ver sion of Py thon

in one of var i ous for mats, fol low one of links in this ta ble. The num bers in the

ta ble are the size of the down load files in mega bytes.

· For mat

· Packed as .zip

· Packed as .tar.bz2

· PDF (US-Let ter pa per size) Down load (ca. 13 MiB) Down load (ca. 13 MiB) 

· PDF (A4 pa per size) Down load (ca. 13 MiB) Down load (ca. 13 MiB) 

· HTML Down load (ca. 9 MiB) Down load (ca. 6 MiB) 

· Plain Text Down load (ca. 3 MiB) Down load (ca. 2 MiB) 

· EPUB Down load (ca. 5 MiB)  

· These ar chives con tain all the con tent in the doc u men ta tion.

· HTML Help (.chm) files are made avail able in the "Win dows" sec tion on the

Py thon down load page.

· Un pack ing

· Unix us ers should down load the .tar.bz2 ar chives; these are bzipped tar ar chives

and can be han dled in the usual way us ing tar and the bzip2 pro gram. The

InfoZIP un zip pro gram can be used to han dle the ZIP ar chives if de sired. The

.tar.bz2 ar chives pro vide the best com pres sion and fast est down load times.

· Win dows us ers can use the ZIP ar chives since those are cus tom ary on that plat -

form. These are cre ated on Unix us ing the InfoZIP zip pro gram.

I rec om mend down loading the A4 pdf ver sions.

The li brary ref er ence can be found at

https://docs.py thon.org/3/li brary/in dex.html
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· 1. In tro duc tion

· 2. Built-in Func tions

· 3. Built-in Con stants 

· 3.1. Con stants added by the site mod ule

·

· 4. Built-in Types 

· 4.1. Truth Value Test ing

· 4.2. Boolean Op er a tions — and, or, not

· 4.3. Com par i sons

· 4.4. Nu meric Types — int, float, com plex

· 4.5. Iterator Types

· 4.6. Se quence Types — list, tuple, range

· 4.7. Text Se quence Type — str

· 4.8. Bi nary Se quence Types — bytes, bytearray, memoryview

· 4.9. Set Types — set, frozenset

· 4.10. Map ping Types — dict

· 4.11. Con text Man ager Types

· 4.12. Other Built-in Types

· 4.13. Spe cial At trib utes

·

· 5. Built-in Ex cep tions 

· 5.1. Base classes

· 5.2. Con crete ex cep tions

· 5.3. Warn ings

· 5.4. Ex cep tion hi er ar chy

·

· 6. Text Pro cess ing Ser vices 

· 6.1. string — Com mon string op er a tions

· 6.2. re — Reg u lar ex pres sion op er a tions

· 6.3. difflib — Help ers for com put ing del tas

· 6.4. textwrap — Text wrap ping and fill ing

· 6.5. unicodedata — Unicode Da ta base

· 6.6. stringprep — Internet String Prep a ra tion

· 6.7. readline — GNU readline in ter face

· 6.8. rlcompleter — Com ple tion func tion for GNU readline

·

· 7. Bi nary Data Ser vices 
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· 7.1. struct — In ter pret bytes as packed bi nary data

· 7.2. codecs — Codec reg is try and base classes

·

· 8. Data Types 

· 8.1. datetime — Ba sic date and time types

· 8.2. cal en dar — Gen eral cal en dar-re lated func tions

· 8.3. col lec tions — Con tainer datatypes

· 8.4. col lec tions.abc — Ab stract Base Classes for Con tain ers

· 8.5. heapq — Heap queue al go rithm

· 8.6. bi sect — Ar ray bi sec tion al go rithm

· 8.7. ar ray — Ef fi cient ar rays of nu meric val ues

· 8.8. weakref — Weak ref er ences

· 8.9. types — Dy namic type cre ation and names for built-in types

· 8.10. copy — Shal low and deep copy op er a tions

· 8.11. pprint — Data pretty printer

· 8.12. reprlib — Al ter nate repr() im ple men ta tion

· 8.13. enum — Sup port for enu mer a tions

·

· 9. Nu meric and Math e mat i cal Mod ules 

· 9.1. num bers — Nu meric ab stract base classes

· 9.2. math — Math e mat i cal func tions

· 9.3. cmath — Math e mat i cal func tions for com plex num bers

· 9.4. dec i mal — Dec i mal fixed point and float ing point arith me tic

· 9.5. frac tions — Ra tio nal num bers

· 9.6. ran dom — Gen er ate pseudo-ran dom num bers

· 9.7. sta tis tics — Math e mat i cal sta tis tics func tions

·

· 10. Func tional Pro gram ming Mod ules 

· 10.1. itertools — Func tions cre at ing iterators for ef fi cient loop ing

· 10.2. functools — Higher-or der func tions and op er a tions on call able ob jects

· 10.3. op er a tor — Stan dard op er a tors as func tions

·

· 11. File and Di rec tory Ac cess 

· 11.1. pathlib — Ob ject-ori ented filesystem paths

· 11.2. os.path — Com mon pathname ma nip u la tions

· 11.3. fileinput — It er ate over lines from mul ti ple in put streams

· 11.4. stat — In ter pret ing stat() re sults
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· 11.5. filecmp — File and Di rec tory Com par i sons

· 11.6. tempfile — Gen er ate tem po rary files and di rec to ries

· 11.7. glob — Unix style pathname pat tern ex pan sion

· 11.8. fnmatch — Unix file name pat tern match ing

· 11.9. linecache — Ran dom ac cess to text lines

· 11.10. shutil — High-level file op er a tions

· 11.11. macpath — Mac OS 9 path ma nip u la tion func tions

·

· 12. Data Per sis tence 

· 12.1. pickle — Py thon ob ject se ri al iza tion

· 12.2. copyreg — Reg is ter pickle sup port func tions

· 12.3. shelve — Py thon ob ject per sis tence

· 12.4. mar shal — In ter nal Py thon ob ject se ri al iza tion

· 12.5. dbm — In ter faces to Unix “da ta bases”

· 12.6. sqlite3 — DB-API 2.0 in ter face for SQLite da ta bases

·

· 13. Data Com pres sion and Ar chiv ing 

· 13.1. zlib — Com pres sion com pat i ble with gzip

· 13.2. gzip — Sup port for gzip files

· 13.3. bz2 — Sup port for bzip2 com pres sion

· 13.4. lzma — Com pres sion us ing the LZMA al go rithm

· 13.5. zipfile — Work with ZIP ar chives

· 13.6. tarfile — Read and write tar ar chive files

·

· 14. File For mats 

· 14.1. csv — CSV File Read ing and Writ ing

· 14.2. configparser — Con fig u ra tion file parser

· 14.3. netrc — netrc file pro cess ing

· 14.4. xdrlib — En code and de code XDR data

· 14.5. plistlib — Gen er ate and parse Mac OS X .plist files

·

· 15. Cryp to graphic Ser vices 

· 15.1. hashlib — Se cure hashes and mes sage di gests

· 15.2. hmac — Keyed-Hash ing for Mes sage Au then ti ca tion

·

· 16. Ge neric Op er at ing Sys tem Ser vices 

· 16.1. os — Mis cel la neous op er at ing sys tem in ter faces
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· 16.2. io — Core tools for work ing with streams

· 16.3. time — Time ac cess and con ver sions

· 16.4. argparse — Parser for com mand-line op tions, ar gu ments and sub-com -

mands

· 16.5. getopt — C-style parser for com mand line op tions

· 16.6. log ging — Log ging fa cil ity for Py thon

· 16.7. log ging.config — Log ging con fig u ra tion

· 16.8. log ging.han dlers — Log ging han dlers

· 16.9. getpass — Por ta ble pass word in put

· 16.10. curses — Ter mi nal han dling for char ac ter-cell dis plays

· 16.11. curses.textpad — Text in put wid get for curses pro grams

· 16.12. curses.ascii — Util i ties for ASCII char ac ters

· 16.13. curses.panel — A panel stack ex ten sion for curses

· 16.14. plat form — Ac cess to un der ly ing plat form’s iden ti fy ing data

· 16.15. errno — Stan dard errno sys tem sym bols

· 16.16. ctypes — A for eign func tion li brary for Py thon

·

· 17. Con cur rent Ex e cu tion 

· 17.1. thread ing — Thread-based par al lel ism

· 17.2. multiprocessing — Pro cess-based par al lel ism

· 17.3. The con cur rent pack age

· 17.4. con cur rent.fu tures — Launch ing par al lel tasks

· 17.5. subprocess — Subprocess man age ment

· 17.6. sched — Event sched uler

· 17.7. queue — A syn chro nized queue class

· 17.8. dummy_thread ing — Drop-in re place ment for the thread ing mod ule

· 17.9. _thread — Low-level thread ing API

· 17.10. _dummy_thread — Drop-in re place ment for the _thread mod ule

·

· 18. Interprocess Com mu ni ca tion and Net work ing 

· 18.1. socket — Low-level net work ing in ter face

· 18.2. ssl — TLS/SSL wrap per for socket ob jects

· 18.3. se lect — Wait ing for I/O com ple tion

· 18.4. se lec tors – High-level I/O multiplexing

· 18.5. asyncio – Asyn chron ous I/O, event loop, coroutines and tasks

· 18.6. asyncore — Asyn chron ous socket han dler

· 18.7. asynchat — Asyn chron ous socket com mand/re sponse han dler
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· 18.8. sig nal — Set han dlers for asyn chron ous events

· 18.9. mmap — Mem ory-mapped file sup port

·

· 19. Internet Data Han dling

·  19.1. email — An email and MIME han dling pack age

· 19.2. json — JSON en coder and de coder

· 19.3. mailcap — Mailcap file han dling

· 19.4. mail box — Ma nip u late mail boxes in var i ous for mats

· 19.5. mimetypes — Map file names to MIME types

· 19.6. base64 — Base16, Base32, Base64, Base85 Data Encodings

· 19.7. binhex — En code and de code binhex4 files

· 19.8. binascii — Con vert be tween bi nary and ASCII

· 19.9. quopri — En code and de code MIME quoted-print able data

· 19.10. uu — En code and de code uuencode files

·

· 20. Struc tured Markup Pro cess ing Tools 

· 20.1. html — Hy per Text Markup Lan guage sup port

· 20.2. html.parser — Sim ple HTML and XHTML parser

· 20.3. html.en ti ties — Def i ni tions of HTML gen eral en ti ties

· 20.4. XML Pro cess ing Mod ules

· 20.5. xml.etree.ElementTree — The ElementTree XML API

· 20.6. xml.dom — The Doc u ment Ob ject Model API

· 20.7. xml.dom.minidom — Min i mal DOM im ple men ta tion

· 20.8. xml.dom.pulldom — Sup port for build ing par tial DOM trees

· 20.9. xml.sax — Sup port for SAX2 pars ers

· 20.10. xml.sax.han dler — Base classes for SAX han dlers

· 20.11. xml.sax.saxutils — SAX Util i ties

· 20.12. xml.sax.xmlreader — In ter face for XML pars ers

· 20.13. xml.pars ers.expat — Fast XML pars ing us ing Expat

·

· 21. Internet Pro to cols and Sup port 

· 21.1. webbrowser — Con ve nient Web-browser con trol ler

· 21.2. cgi — Com mon Gate way In ter face sup port

· 21.3. cgitb — Traceback man ager for CGI scripts

· 21.4. wsgiref — WSGI Util i ties and Ref er ence Im ple men ta tion

· 21.5. urllib — URL han dling mod ules

· 21.6. urllib.re quest — Ex ten si ble li brary for open ing URLs
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· 21.7. urllib.re sponse — Re sponse classes used by urllib

· 21.8. urllib.parse — Parse URLs into com po nents

· 21.9. urllib.er ror — Ex cep tion classes raised by urllib.re quest

· 21.10. urllib.robotparser — Parser for ro bots.txt

· 21.11. http — HTTP mod ules

· 21.12. http.cli ent — HTTP pro to col cli ent

· 21.13. ftplib — FTP pro to col cli ent

· 21.14. poplib — POP3 pro to col cli ent

· 21.15. imaplib — IMAP4 pro to col cli ent

· 21.16. nntplib — NNTP pro to col cli ent

· 21.17. smtplib — SMTP pro to col cli ent

· 21.18. smtpd — SMTP Server

· 21.19. telnetlib — Telnet cli ent

· 21.20. uuid — UUID ob jects ac cord ing to RFC 4122

· 21.21. socketserver — A frame work for net work serv ers

· 21.22. http.server — HTTP serv ers

· 21.23. http.cook ies — HTTP state man age ment

· 21.24. http.cookiejar — Cookie han dling for HTTP cli ents

· 21.25. xmlrpc — XMLRPC server and cli ent mod ules

· 21.26. xmlrpc.cli ent — XML-RPC cli ent ac cess

· 21.27. xmlrpc.server — Ba sic XML-RPC serv ers

· 21.28. ipaddress — IPv4/IPv6 ma nip u la tion li brary

·

· 22. Mul ti me dia Ser vices 

· 22.1. audioop — Ma nip u late raw au dio data

· 22.2. aifc — Read and write AIFF and AIFC files

· 22.3. sunau — Read and write Sun AU files

· 22.4. wave — Read and write WAV files

· 22.5. chunk — Read IFF chunked data

· 22.6. colorsys — Con ver sions be tween color sys tems

· 22.7. imghdr — De ter mine the type of an im age

· 22.8. sndhdr — De ter mine type of sound file

· 22.9. ossaudiodev — Ac cess to OSS-com pat i ble au dio de vices

·

· 23. In ter na tion al iza tion 

· 23.1. gettext — Mul ti lin gual in ter na tion al iza tion ser vices

· 23.2. lo cale — In ter na tion al iza tion ser vices
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·

· 24. Pro gram Frame works 

· 24.1. tur tle — Tur tle graphics

· 24.2. cmd — Sup port for line-ori ented com mand in ter pret ers

· 24.3. shlex — Sim ple lex i cal anal y sis

·

· 25. Graph i cal User In ter faces with Tk 

· 25.1. tkinter — Py thon in ter face to Tcl/Tk

· 25.2. tkinter.ttk — Tk themed wid gets

· 25.3. tkinter.tix — Ex ten sion wid gets for Tk

· 25.4. tkinter.scrolledtext — Scrolled Text Wid get

· 25.5. IDLE

· 25.6. Other Graph i cal User In ter face Pack ages

·

· 26. De vel op ment Tools 

· 26.1. typ ing — Sup port for type hints

· 26.2. pydoc — Doc u men ta tion gen er a tor and on line help sys tem

· 26.3. doctest — Test in ter ac tive Py thon ex am ples

· 26.4. unittest — Unit test ing frame work

· 26.5. unittest.mock — mock ob ject li brary

· 26.6. unittest.mock — get ting started

· 26.7. 2to3 - Au to mated Py thon 2 to 3 code trans la tion

· 26.8. test — Re gres sion tests pack age for Py thon

· 26.9. test.sup port — Util i ties for the Py thon test suite

·

· 27. De bug ging and Pro fil ing 

· 27.1. bdb — Debugger frame work

· 27.2. faulthandler — Dump the Py thon traceback

· 27.3. pdb — The Py thon Debugger

· 27.4. The Py thon Profilers

· 27.5. timeit — Mea sure ex e cu tion time of small code snip pets

· 27.6. trace — Trace or track Py thon state ment ex e cu tion

· 27.7. tracemalloc — Trace mem ory al lo ca tions

·

· 28. Soft ware Pack ag ing and Dis tri bu tion 

· 28.1. distutils — Build ing and in stall ing Py thon mod ules

· 28.2. ensurepip — Boot strap ping the pip in staller
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· 28.3. venv — Cre ation of vir tual en vi ron ments

· 28.4. zipapp — Man age ex e cut able py thon zip ar chives

·

· 29. Py thon Runtime Ser vices 

· 29.1. sys — Sys tem-spe cific pa ram e ters and func tions

· 29.2. sysconfig — Pro vide ac cess to Py thon’s con fig u ra tion in for ma tion

· 29.3. builtins — Built-in ob jects

· 29.4. __main__ — Top-level script en vi ron ment

· 29.5. warn ings — Warn ing con trol

· 29.6. contextlib — Util i ties for with-state ment con texts

· 29.7. abc — Ab stract Base Classes

· 29.8. atexit — Exit han dlers

· 29.9. traceback — Print or re trieve a stack traceback

· 29.10. __fu ture__ — Fu ture state ment def i ni tions

· 29.11. gc — Gar bage Col lec tor in ter face

· 29.12. in spect — In spect live ob jects

· 29.13. site — Site-spe cific con fig u ra tion hook

· 29.14. fpectl — Float ing point ex cep tion con trol

·

· 30. Cus tom Py thon In ter pret ers 

· 30.1. code — In ter preter base classes

· 30.2. codeop — Com pile Py thon code

·

· 31. Im port ing Mod ules 

· 31.1. zipimport — Im port mod ules from Zip ar chives

· 31.2. pkgutil — Pack age ex ten sion util ity

· 31.3. modulefinder — Find mod ules used by a script

· 31.4. runpy — Lo cat ing and ex e cut ing Py thon mod ules

· 31.5. importlib – The im ple men ta tion of im port

·

· 32. Py thon Lan guage Ser vices 

· 32.1. parser — Ac cess Py thon parse trees

· 32.2. ast — Ab stract Syn tax Trees

· 32.3. symtable — Ac cess to the com piler’s sym bol ta bles

· 32.4. sym bol — Con stants used with Py thon parse trees

· 32.5. to ken — Con stants used with Py thon parse trees

· 32.6. key word — Test ing for Py thon keywords
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· 32.7. tokenize — Tokenizer for Py thon source

· 32.8. tabnanny — De tec tion of am big u ous in den ta tion

· 32.9. pyclbr — Py thon class browser sup port

· 32.10. py_com pile — Com pile Py thon source files

· 32.11. compileall — Byte-com pile Py thon li brar ies

· 32.12. dis — Disassembler for Py thon bytecode

· 32.13. pickletools — Tools for pickle de vel op ers

·

· 33. Mis cel la neous Ser vices 

· 33.1. for mat ter — Ge neric out put for mat ting

·

· 34. MS Win dows Spe cific Ser vices 

· 34.1. msilib — Read and write Microsoft In staller files

· 34.2. msvcrt – Use ful rou tines from the MS VC++ runtime

· 34.3. winreg – Win dows reg is try ac cess

· 34.4. winsound — Sound-play ing in ter face for Win dows

·

· 35. Unix Spe cific Ser vices 

· 35.1. posix — The most com mon POSIX sys tem calls

· 35.2. pwd — The pass word da ta base

· 35.3. spwd — The shadow pass word da ta base

· 35.4. grp — The group da ta base

· 35.5. crypt — Func tion to check Unix pass words

· 35.6. termios — POSIX style tty con trol

· 35.7. tty — Ter mi nal con trol func tions

· 35.8. pty — Pseudo-ter mi nal util i ties

· 35.9. fcntl — The fcntl and ioctl sys tem calls

· 35.10. pipes — In ter face to shell pipe lines

· 35.11. re source — Re source us age in for ma tion

· 35.12. nis — In ter face to Sun’s NIS (Yel low Pages)

· 35.13. syslog — Unix syslog li brary rou tines

·

· 36. Su per seded Mod ules 

· 36.1. optparse — Parser for com mand line op tions

· 36.2. imp — Ac cess the im port in ter nals

·

· 37. Un doc u mented Mod ules 
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· 37.1. Plat form spe cific mod ules

The above com bined with the lan guage ref er ence (which can be found be low)

https://docs.py thon.org/3/ref er ence/in dex.html

· 1. In tro duc tion 

· 1.1. Al ter nate Im ple men ta tions

· 1.2. No ta tion

·

· 2. Lex i cal anal y sis 

· 2.1. Line struc ture

· 2.2. Other to kens

· 2.3. Iden ti fi ers and keywords

· 2.4. Lit er als

· 2.5. Op er a tors

· 2.6. De lim it ers

·

· 3. Data model 

· 3.1. Ob jects, val ues and types

· 3.2. The stan dard type hi er ar chy

· 3.3. Spe cial method names

· 3.4. Coroutines

·

· 4. Ex e cu tion model 

· 4.1. Struc ture of a pro gram

· 4.2. Nam ing and bind ing

· 4.3. Ex cep tions

·

· 5. The im port sys tem 

· 5.1. importlib

· 5.2. Pack ages

· 5.3. Search ing

· 5.4. Load ing

· 5.5. The Path Based Finder

· 5.6. Re plac ing the stan dard im port sys tem

· 5.7. Spe cial con sid er ations for __main__

· 5.8. Open is sues

· 5.9. Ref er ences

·
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· 6. Ex pres sions 

· 6.1. Arith me tic con ver sions

· 6.2. At oms

· 6.3. Pri ma ries

· 6.4. Await ex pres sion

· 6.5. The power op er a tor

· 6.6. Unary arith me tic and bitwise op er a tions

· 6.7. Bi nary arith me tic op er a tions

· 6.8. Shift ing op er a tions

· 6.9. Bi nary bitwise op er a tions

· 6.10. Com par i sons

· 6.11. Boolean op er a tions

· 6.12. Con di tional ex pres sions

· 6.13. Lambdas

· 6.14. Ex pres sion lists

· 6.15. Eval u a tion or der

· 6.16. Op er a tor pre ce dence

·

· 7. Sim ple state ments 

· 7.1. Ex pres sion state ments

· 7.2. As sign ment state ments

· 7.3. The as sert state ment

· 7.4. The pass state ment

· 7.5. The del state ment

· 7.6. The re turn state ment

· 7.7. The yield state ment

· 7.8. The raise state ment

· 7.9. The break state ment

· 7.10. The con tinue state ment

· 7.11. The im port state ment

· 7.12. The global state ment

· 7.13. The nonlocal state ment

·

· 8. Com pound state ments 

· 8.1. The if state ment

· 8.2. The while state ment

· 8.3. The for state ment
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· 8.4. The try state ment

· 8.5. The with state ment

· 8.6. Func tion def i ni tions

· 8.7. Class def i ni tions

· 8.8. Coroutines

·

· 9. Top-level com po nents 

· 9.1. Com plete Py thon pro grams

· 9.2. File in put

· 9.3. In ter ac tive in put

· 9.4. Ex pres sion in put

·

· 10. Full Gram mar spec i fi ca tion

should pro vide you a good start ing point.

1.12.1 Pub lished books and on line elec tronic manuscripts

Here are de tails of some on line ma te rial (html and pdf for mat) and books (printed and elec -
tronic, mainly pdf.).

Ref er ence ma te rial

A down load able zip file can be found at

https://docs.py thon.org/3/down load.html

There are the fol low ing doc u ments.

                        c-api.pdf                                                    209

                        dis trib ut ing.pdf                                           48

                        ex tend ing.pdf                                            102

                        faq.pdf                                                       110

                        howto-argparse.pdf                                     12

                        howto-clinic.pdf                                          23

                        howto-cporting.pdf                                       8

                        howto-curses.pdf                                          8

                        howto-descriptor.pdf                                    7

                        howto-func tional.pdf                                  19

                        howto-ipaddress.pdf                                     6

                        howto-log ging-cook book.pdf                     37

                        howto-log ging.pdf                                      16

                        howto-pyporting.pdf                                     6

                        howto-regex.pdf                                          17

                        howto-sock ets.pdf                                         6

                        howto-sort ing.pdf                                         5

                        howto-unicode.pdf                                      12
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                        howto-urllib2.pdf                                        11

                        howto-webservers.pdf                                11

                        in stall ing.pdf                                               46

                        li brary.pdf                                              1,722

                        ref er ence.pdf                                             141

                        tu to rial.pdf                                                133

                        us ing.pdf                                                     69

                        whatsnew.pdf                                              33

I have added a page count for each doc u ment.

Py thon Stan dard Library

· The Py thon Stan dard Li brary by Ex am ple, Doug Hellman, Ad di son Wes ley,

ISBN 978-0-321-76734-9. Bo nus is that a free e-ver sion co mes with it. 1302.

I have bought this. It is a good start ing place as it has a lot of sim ple ex am -

ples. Buy ing the book pro vided me with ac cess to the ebook.

Al go rithms and Data Structures

· Kent Lee, Steve Hub bard, Data Struc tures and Al go rithms with Py thon,

Springer, ISSN 1863-7310 ISSN 2197-1781 (elec tronic) ISBN

978-3-319-13071-2 ISBN 978-3-319-13072-9 (eBook), 369.

I have the pdf ver sion of this. Good cov er age of al go rithms and data struc -

tures in Py thon.

tkinter

· Py thon and Tkinter Pro gram ming, John Grayson, Man ning, pa per and ebook 684 

pages.I bought the pa per ver sion and that pro vided ac cess to the ebbok.

· John Shipman, Tkinter 8.5 ref er ence: A GUI for Py thon. Free down load.

· Ste phen Freg, Think ing in Tkinter, 32. Free down load.

Numpy

· Numpy User Guide, 107. Free down load.

· Numpy Ref er ence Man ual, 1528. Free down load.

matplotlib

· matplotlib man ual, 2,824 pages, pdf.

Mis cel la neous

· Scipy Lec ture Notes, 367. Free down load.

· How to think like a Com puter Sci en tist, Allen Downey, Jeffrey Elkner, Chris

Meyers, Green Tea Press, Wellesley, Mas sa chu setts, 288. Free down load.

· Amit Saha, Do ing Math with Py thon: Use Pro gram ming to Ex plore Al ge bra,

Sta tis tics, Cal cu lus, and More!, Au gust 2015, 264 pp. ISBN: 978-1-59327-640-9

Chap ter 1: Work ing with Num bers

Chap ter 2: Vi su al iz ing Data with Graphs

Chap ter 3: De scrib ing Data with Sta tis tics

Chap ter 4: Al ge bra and Sym bolic Math with SymPy

Chap ter 5: Play ing with Sets and Prob a bil ity
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Chap ter 6: Draw ing Geo met ric Shapes and Frac tals

Chap ter 7: Solv ing Cal cu lus Prob lems

https://www.nostarch.com/doingmathwithpython

· Py thon pro gram ming for Re search, Vol umes 1 and 2, UCL Lon don. UCL have

ma te rial avail able. Visit

http://de vel op ment.rc.ucl.ac.uk/train ing/in tro duc tory/

http://de vel op ment.rc.ucl.ac.uk/train ing/en gi neer ing/

1.13 Down load and in stal la tion sum mary

So there are a lot of Py thon in stalled com po nents. The ta ble be low pro vides de tails of what
is in stalled on some of the sys tems I use.

1.13.1 Sum mary of sys tems set ups

Here is a sum mary of the Py thon set ups on the sys tems used in pro duc ing these notes from
2015 to 2020.

Op er at ing sys tem

and hard ware

Com po nent Dell 435

Desk top

Dell 7100

Desktop

PC Specialist

Laptop

RAM - GB 24 16 16

Windows

cygwin

py thon

python3

N/A

N/A

2.7.15

3.6.8

2.7.10

3.4.3

python N/A N/A N/A

an a conda

python 3.6.8 3.6.8

basemap

cartopy

vi sual stu dio 
2017

In stalled

Intel Python

Linux openSuSe

15.0

openSuSe

15.0

openSuSe

15.0

py thon

python3

2.7.14

3.6.5

2.7.14

3.6.5

2.7.14

3.6.5

anaconda

Not all pro grams in the notes run on all sys tems, with all com bi na tions of Py thon ver sions.
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Here are some tim ing com par i sons for one pro gram (c2701) on three dif fer ent hard ware
plat forms, on 2 op er at ing sys tems, and with 3 Py thon ver sions on the Win dows OS.

Op er at ing system        Win dows                                                         Linux
                                    10                    10                    10                    openSuSe 15
Py thon ver sion            cygwin            an a conda         Vi sual              Stan dard
                                                                                    Stu dio 2017    
Dell 7100                    11.63               14.31               12.94               14.27
                                    14.68               15.56               16.00               14.00
Dell 435                      15.01               20.41               23.59               14.33
                                    18.54               12.50               15.05               12.23
Lap top                         11.37               11.27               16.35               10.98
                                    20.15               12.56               14.44               8.98

The top fig ure is for an ar ray in itial is ation and the bottom for a sum ma tion.

Here are some fig ures taken from Ubuntu un der Hy per-V.

Op er at ing Sys tem       Hy per-V
                                    Ubuntu
Dell 435                     12.39
                                    14.09
Lap top                         9.34
                                    9.68

The Dell 7100 orig i nally ran Win dows Home and couldn't run Hy per-V man ager.

The Dell 435 has been re tired and the PC Spe cial ist has died.
Here is a ta ble sum ma ris ing the cur rent sys tems.
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Op er at ing sys tem

and hardware

Component Dell 5820

desktop

Dell 5515

laptop

Dell 7100

desktop

RAM - GB 64 32 16

Windows

An a conda 3.9.13

Au gust 2022

3.9.12

April 2022

3.8.3

July 2020

Intel 1 1 1

Microsoft

Vi sual Studio

Python

2

17.3.5

3.9

2 2

Linux Na tive ubuntu NA openSuSe

hy per-v openSuSe 15.3

3

2.7.18

hy per-v Redhat 9.1

3.9.13

Redhat 9.1

3.9.14

wsl - opensuse 3.10.8 3.10.9

wsl - ubuntu 3.8.10 3.10.6

Notes

1 - Intel Part of the Intel AI Ana lyt ics Toolkit

2 - Microsoft Can be in cluded and ran from Vi sual Stu dio.

3 - openSuSe sudo zypper in stall base-py thon

This in stalls the 2.7.x re lease.
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1.14 Course De tails

The course is or gan ised as a mix ture of lec tures and prac ti cals as the most ef fec tive way to
learn a pro gram ming lan guage is by us ing it. Prac tice is es sen tial. Think about how you
learn French, Ger man, etc.

It is im por tant for you to read the notes be tween the time ta bled ses sions and also try com -
plet ing the ex am ples and prob lems set.

1.15 Prob lems

You will need ac cess to a sys tem run ning Win dows, Linux or Unix. You need ac cess to ei -
ther an IDE or sim ple com mand line ac cess to the com piler.
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‘Though this be mad ness, yet there is method in’t’

Shake speare.

‘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.

2 An Introduction to Python
In this chap ter we will look at some sim ple pro gram ex am ples, il lus trat ing some of the syn -
tax of Py thon pro grams. Py thon is an in ter preted lan guage so most pro grams can be typed
in whilst run ning the in ter preter.

2.1 Ex am ple 1 - Hello World

Here is an ex am ple of us ing the in ter preter un der Win dows.

Py thon 3.5.0 (v3.5.0:374f501f4567, Sep 13 2015, 02:16:59)
[MSC v.1900 32 bit (Intel)] on win32
Type "help", "copy right", "cred its" or "li cense" for more in -
for ma tion.
>>>

Here is the pro gram. 

print("Hello world")

You just type the pro gram in at the in ter preter prompt and press the [re turn] key.

Py thon 3.5.0 (v3.5.0:374f501f4567, Sep 13 2015, 02:16:59)
[MSC v.1900 32 bit (Intel)] on win32
Type "help", "copy right", "cred its" or "li cense" for more in -
for ma tion.
>>> print("Hello world")
Hello world
>>>

print() is one of the built in functions in Py thon. In this case we are us ing print to print out
some text in quotes "Hello world" to the screen.

You can also cre ate Py thon pro gram files and in voke Py thon from the com mand line. Here
is an ex am ple of do ing that.

$ python3 c0201.py
Hello world

Both meth ods achieve the same re sult.

2.2 Ex am ple 2 - Sim ple text I/o us ing Py thon style strings

This ex am ple uses the inout() func tion in Py thon 3. Here is the pro gram.

line = in put(" Type in some text ")
print(line)

Here is an ex am ple of run ning this pro gram.
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$ python3 c0202.py
 Type in some text My name is Ian
My name is Ian

The in put() func tion re turns a string which is as signed to the vari able line. We then use the
print() func tion to print out the value of the string vari able line to the screen.

2.3 Ex am ple 3 - Sim ple nu meric i/o

This ex am ple reads in 3 num bers and sums and av er ages them.

Here is the source.

x1 = float(in put(" Type in the first num ber  "))
x2 = float(in put(" Type in the sec ond num ber "))
x3 = float(in put(" Type in the third num ber "))
sum = x1+x2+x3
av er age=sum/3.0
print(" Sum =     " , sum)
print(" Av er age = " , av er age)

Here is a sam ple run.

$ python3 c0203.py
 Type in the first num ber  1
 Type in the sec ond num ber 2
 Type in the third num ber 3
 Sum =      6.0
 Av er age =  2.0

In this ex am ple we read one num ber at a time. In ter ac tion with the user is as strings. We
then ex tract the num ber from what the user has type in and as sign it to the vari able on the
left hand side of the =. We cast from a string type to a float type. Real num bers in Py thon
are real (have a dec i mal point), which gen er ally maps on to the  IEEE dou ble data type. We 
then cal cu late the sum and av er age and print out the re sults with some ex plan a tory text.

2.4 Run ning the ex am ples us ing jupyter qtconsole

Here is an ex am ple of us ing the jupyter qtconsole on Win dows. This is us ing a com plete
an a conda in stall on Win dows.

Typ ing

jupyter qtconsole
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from a Win dows com mand prompt brings up the fol low ing Win dow.

An Introduction to Python 69

 Ian D Chivers Chap ter 2



Here is the Win dow af ter run ning the first three ex am ples.
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2.5 Us ing spyder

An an a conda 3 in stall will also make spyder avail able. Goto to the start menu and
Anaconda3 and you will see an en try for spyder. Click ing on this will bring up a screen
shot sim i lar to the one be low.

I or gan ise my Py thon pro gram ming in a di rec tory and sub di rec tory struc ture as shown be -
low:

c:\doc u ment\py thon\books
c:\doc u ment\py thon\doc u men ta tion
c:\doc u ment\py thon\ex am ples
c:\doc u ment\py thon\notes

I set the work ing di rec tory in Spyder to

c:\doc u ment\py thon\ex am ples

An

ls *.py

in the con sole Win dow pro vides out put sim i lar to that shown be low.

23/12/2015  15:53               610 thread_10.py
23/12/2015  14:41               871 thread_11.py
14/12/2015  10:55                37 tk01.py
14/12/2015  10:56               104 tk02.py
14/12/2015  10:57               111 tk02_1.py
14/12/2015  10:57               107 tk02_2.py
14/12/2015  10:58               422 tk03.py
26/09/2018  20:04               535 tk04.py
14/12/2015  14:30             1,155 tkdoc01.py
27/12/2015  13:41               350 tk_but ton.py
27/12/2015  13:20               292 tk_but ton_01.py
27/12/2015  13:52               354 tk_en try.py
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25/11/2015  13:18             4,331 tt077.py
22/12/2015  14:08               468 tuple_01.py
27/01/2016  10:00               537 ucl_csv_01.py
27/01/2016  19:57               962 write_csv_01.py
12/01/2016  12:02               228 z01.py
             359 File(s)        169,594 bytes
               0 Dir(s)  187,465,453,568 bytes free

I can now com pile and run the ex am ples in this di rec tory from the con sole win dow.

The ls com mand is a Unix com mand, but is avail able from the Spyder con sole. The pwd
com mand from the Spyder con sole shows your cur rent di rec tory.

You can also cut and paste ex am ples from the notes into the ed i tor win dow in Spyder. 

We will be us ing a va ri ety of meth ods through out the notes to com pile and run Py thon pro -
grams.

2.6 Prob lems

Try these ex am ples out. Run them by

· typ ing them into the in ter preter

· cre at ing files and run ning them us ing files us ing the in ter preter

· us ing the qtconsole

· us ing Spyder
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3 Py thon base types, op er a tors and
ex pres sions

This chap ter looks at the fun da men tal data types in Py thon, and a num ber of rules that ap -
ply to their ef fec tive use. Quite a lot of tech ni cal ma te rial is in tro duced in this chap ter, so
don't panic if it does all make sense at first read ing. We will look at ex am ples through out
the notes that will hope fully clar ify things! The in for ma tion is taken from the on line ref er -
ence man ual.

3.1 Built-in Types

This chapter de scribes the stan dard types that are built into the in ter preter. The prin ci pal
built-in types are 

· numerics, 

· boolean types

· Iterator Types

· Se quence Types — list, tuple, range

· Text Se quence Type — str

· Bi nary Se quence Types — bytes, bytearray, memoryview

· Set Types — set, frozenset

· Map ping Types — dict

· Con text Man ager Types

· se quences, 

· mappings, 

· classes, 

· in stances and 

· ex cep tions.

Some col lec tion classes are mu ta ble. The meth ods that add, sub tract, or re ar range their
mem bers in place, and don’t re turn a spe cific item, never re turn the col lec tion in stance it self 
but None.

Some op er a tions are sup ported by sev eral ob ject types; in par tic u lar, prac ti cally all ob jects
can be com pared, tested for truth value, and con verted to a string (with the repr() func tion
or the slightly dif fer ent str() func tion). The lat ter func tion is im plic itly used when an ob ject
is writ ten by the print() func tion.

3.2 Py thon sym bols

The lan guage ref er ence makes the fol low ing dis tinc tions.

3.2.1 Op er a tors

The fol low ing to kens are op er a tors:

+       -       *       **
/       //      %      @
<<      >>      &       |       ^       ~
<       >       <=      >=      ==      !=
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3.2.2 De lim it ers and other characters

The fol low ing to kens serve as de lim it ers in the gram mar:

(       )       [       ]       {       }
,       :       .       ;       @       =       ->
+=      -=      *=      /=      //=     %=      @=
&=      |=      ^=      >>=     <<=     **=

The pe riod can also oc cur in float ing-point and imag i nary lit er als. A se quence of three pe ri -
ods has a spe cial mean ing as an el lip sis lit eral. The sec ond half of the list, the aug mented
as sign ment op er a tors, serve lex i cally as de lim it ers, but also per form an op er a tion.

The fol low ing print ing ASCII char ac ters have spe cial mean ing as part of other to kens or are 
oth er wise sig nif i cant to the lex i cal an a lyzer:

'       "       #       \

The fol low ing print ing ASCII char ac ters are not used in Py thon. Their oc cur rence out side
string lit er als and com ments is an un con di tional er ror:

$       ?       `

The com ment char ac ter is the # sym bol.

The line con tin u a tion char ac ter is the \ sym bol.

3.3 Nu meric Types — int, float, com plex

There are three dis tinct nu meric types: 

· in te gers, 

· float ing point num bers, and 

· com plex num bers. 

In ad di tion, Booleans are a sub type of in te gers. The arith me tic chap ter has sev eral ref er -
ences to ma te rial on nu mer i cal anal y sis and IEEE arith me tic.

In te gers have un lim ited pre ci sion. 

Float ing point num bers are usu ally im ple mented us ing dou ble in C; in for ma tion about the
pre ci sion and in ter nal rep re sen ta tion of float ing point num bers for the ma chine on which
your pro gram is run ning is avail able in sys.float_info. 

Com plex num bers have a real and imag i nary part, which are each a float ing point num ber.
To ex tract these parts from a com plex num ber z, use z.real and z.imag. (The stan dard li -
brary in cludes ad di tional nu meric types, frac tions that hold rationals, and dec i mal that hold
float ing-point num bers with user-de fin able pre ci sion.)

Num bers are cre ated by nu meric lit er als or as the re sult of built-in func tions and op er a tors.
Un adorned in te ger lit er als (in clud ing hex, oc tal and bi nary num bers) yield in te gers. Nu -
meric lit er als con tain ing a dec i mal point or an ex po nent sign yield float ing point num bers.
Ap pend ing 'j' or 'J' to a nu meric lit eral yields an imag i nary num ber (a com plex num ber with 
a zero real part) which you can add to an in te ger or float to get a com plex num ber with real 
and imag i nary parts.

Py thon fully sup ports mixed arith me tic: when a bi nary arith me tic op er a tor has operands of
dif fer ent nu meric types, the op er and with the “nar rower” type is wid ened to that of the
other, where in te ger is nar rower than float ing point, which is nar rower than com plex. Com -
par i sons be tween num bers of mixed type use the same rule. [2] The con struc tors int(),
float(), and com plex() can be used to pro duce numbers of a specific type.
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All nu meric types (ex cept com plex) sup port the fol low ing op er a tions, sorted by as cend ing
pri or ity (all nu meric op er a tions have a higher pri or ity than com par i son op er a tions):

Op er a tion                                Re sult  

x + y                                       sum of x and y     

x - y                                        difference of x and y     

x * y                                       prod uct of x and y     

x / y                                        quo tient of x and y     

x // y                                       floored quo tient of x and y (1)   

x % y                                      re main der of x / y (2)   

-x                                            x ne gated     

+x                                           x un changed     

abs(x)                                     ab so lute value or mag ni tude of x   abs() 

int(x)                                      x con verted to in te ger (3)(6) int() 

float(x)                                   x con verted to float ing point (4)(6) float() 

com plex(re, im)                      a com plex num ber with real part re, 
                                                imag i nary part im. im de faults to zero. (6) com plex() 

c.con ju gate()                          con ju gate of the com plex num ber c     

divmod(x, y)                          the pair (x // y, x % y) (2) divmod() 

pow(x, y)                                x to the power y (5) pow() 

x ** y                                     x to the power y (5)

3.4 Iterator Types

Py thon sup ports a con cept of it er a tion over con tain ers. This is im ple mented us ing two dis -
tinct meth ods; these are used to al low user-de fined classes to sup port it er a tion. Se quences,
de scribed be low in more de tail, al ways sup port the iteration methods.

3.5 Se quence Types

There are three ba sic se quence types: lists, tuples, and range ob jects. 

3.6 Text Se quence Type  -  str

Tex tual data in Py thon is han dled with str ob jects, or strings. Strings are im mu ta ble se -
quences of Unicode code points. String lit er als are writ ten in a va ri ety of ways:

· Sin gle quotes: 'al lows em bed ded "dou ble" quotes'

· Dou ble quotes: "al lows em bed ded 'sin gle' quotes".

· Tri ple quoted: '''Three sin gle quotes''', """Three dou ble quotes"""
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Tri ple quoted strings may span mul ti ple lines - all as so ci ated whitespace will be in cluded in 
the string lit eral.

3.7 Bi nary se quence types - bytes, bytearray, memoryview

The core built-in types for ma nip u lat ing bi nary data are bytes and bytearray They are sup -
ported by memoryview which uses thebuffer protocol to ac cess the mem ory of other bi nary
ob jects with out need ing to make a copy.

The ar ray mod ule sup ports ef fi cient stor age of ba sic data types like 32-bit in te gers and
IEEE754 dou ble-pre ci sion float ing val ues.

3.8 Set types - set, frozenset

A set ob ject is an un or dered col lec tion of dis tinct hashtable ob jects.

3.9 Map ping types - dict

A map ping ob ject maps hashtable val ues to ar bi trary ob jects.

3.10 Con text man ager types

Py thon’s with state ment sup ports the con cept of a runtime con text de fined by a con text
man ager. This is im ple mented us ing a pair of meth ods that al low user-de fined classes to de -
fine a runtime con text that is en tered be fore the state ment body is ex e cuted and ex ited when 
the statement ends.

3.11 Other types

Py thon also sup ports

· mod ules - the only spe cial op er a tion is at trib ute ac cess. 

· classes

· func tions - func tion ob jects are cre ated by func tion def i ni tion.

· meth ods - func tions called us ing the at trib ute notation

· code ob jects - Code ob jects are a low-level de tail of the CPython im ple men ta -

tion. Each one rep re sents a chunk of ex e cut able code that hasn’t yet been bound

into a function.

· type ob jects represent the var i ous ob ject types.

· null ob ject - re turned by func tions that don't re turn a value.

· el lip sis ob ject - used by slicing

· NotImplemented ob ject this ob ject is re turned from com par i sons and bi nary op -

er a tions when they are asked to op er ate on ob jects they don't sup port.

See the li brary ref er ence man ual for more in for ma tion.

We will look at some of these in the chap ters that fol low.

3.12 Prob lems

There are none in this chap ter.
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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 per fectly true. 

Lewis Carroll, The Hunt ing of the Snark

Round num bers are al ways false.

Sam uel John son.

4 Arithmetic
This chap ter looks at arith me tic in Py thon, and we will have a look at sev eral ex am ples in
this chap ter il lus trat ing arith me tic in Py thon. We cov ered the op er a tors in the pre vi ous
chap ter. 

The Py thon in ter preter has a num ber of func tions and types built into it that are al ways
avail able. They are listed here in al pha bet i cal order.

abs()                dict()               help()                           min()               setattr()
all()                 dir()                 hex()                            next()               slice()
any()                divmod()         id(        )                       ob ject()            sorted()
ascii()              enu mer ate()     in put()                         oct()                 staticmethod()
bin()                eval()               int()                             open()              str()
bool()              exec()              isinstance()                  ord()                sum()
bytearray()      fil ter()              issubclass()                 pow()               super()
bytes()             float()              iter()                            print()              tuple()
call able()         for mat()           len()                             prop erty()        type()
chr()                frozenset()       list()                             range()             vars()
classmethod()  getattr()           lo cals()                        repr()               zip()
com pile()         globals()          map()                           re versed()        __im port__()
com plex()        hasattr()           max()                           round()
delattr()           hash()              memoryview()            set()
We will use some of these func tions in ex am ples in this chap ter.

4.1 Ex am ple 1 - as sign ment and di vi sion

Here is the first ex am ple.

a = 1.5
b = 2.0
c = a/b
print(" a = " ,a)
print(" b = " ,b)
print(" c = " ,c)

Here is some sam ple out put.

$ python3 c0401.py
 a =  1.5
 b =  2.0
 c =  0.75
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The re sult is as ex pected from our experience with math e mat ics.

4.2 Ex am ple 2 - di vi sion with in te gers

Here is the ex am ple.

i = 5
j = 2
k = 4
l = i/j*k
print(" i = ",i)
print(" j = ",j)
print(" k = ",k)
print(" l = ",l)
print(" type i = ",type( i))
print(" type j = ",type( j))
print(" type k = ",type( k))
print(" type l = ",type( l))

Here is the out put.

$ python3 c0402.py
 i =  5
 j =  2
 k =  4
 l =  10.0
 type i =  <class 'int'>
 type j =  <class 'int'>
 type k =  <class 'int'>
 type l =  <class 'float'>

In this case even though i and j are in te gers the ex pres sion i/j*k evaluates as 10.0 This is at 
vari ance with For tran, C and C++.

4.3 Ex am ple 3 - time taken to reach the earth from the Sun.

Here is the pro gram.

light_year   = 9.46 * 10**12
light_min ute = light_year/(365.25*24.0*60.0)
light_sec ond = light_min ute/60.0
dis tance     = 150.0 * 10.0**6
elapse       = dis tance/light_min ute
min ute       = int(elapse)
sec ond       = int((elapse-min ute)*60)
print(" Light takes " , min ute , " min utes and ",sec ond ,
"sec onds")
elapse       = dis tance/light_sec ond
print(" or " , elapse , "sec onds")

and here is the out put.

$ python3 c0403.py
 Light takes  8  min utes and  20 sec onds
or  500.384778012685 sec onds

78 Arithmetic

Chap ter 4  Ian D Chivers



and the out put is as ex pected. Note that Py thon has an exponentiation op er a tor, un like the C 
fam ily of lan guages (C, C++, Java, C#).

4.4 Ex am ple 4 - con vert ing from Fahr en heit to cen ti grade.

Here is a sim ple pro gram to con vert from Fahr en heit to cen ti grade.

f = 75.0
c = 5/9*(f-32)
print(f , " Fahr en heit = ",c, " cen ti grade")

Here is the out put.

$ python3 c0404.py
75.0  Fahr en heit =  23.88888888888889  cen ti grade

4.5 Ex am ple 5 - con vert ing from Cen ti grade to Fahr en heit.

Here is a pro gram to con vert from cen ti grade to Fahr en heit.
c = 25
f = 32 + 9/5 * c
print(c , " cen ti grade = " , f , " Fahr en heit")

Here is the out put.

$ python3 c0405.py
25  cen ti grade =  77.0  Fahr en heit

4.6 Ex am ple 6 - num bers get ting too large - over flow

This pro gram illustrates over flow in Py thon.
x = 10.0
for i in range(1,320):
  print(x)
  x=x*10

Here is the out put. Lines have de leted to re duce the page count.

10.0
100.0
1000.0
10000.0
100000.0
1000000.0
…
1e+16
1e+17
…
1e+304
1e+305
9.999999999999999e+305
9.999999999999999e+306
9.999999999999998e+307
inf
inf

4.7 Ex am ple 7 - num bers get ting too small - underflow

Here is the pro gram.

Arithmetic 79

 Ian D Chivers Chap ter 4



x = 10.0
for i in range(1,330):
  print(x)
  x=x/10

Here is the out put. Again lines have de leted to re duce the page count.

10.0
1.0
0.1
0.01
0.001
0.0001
1e-05
1.0000000000000002e-06
1.0000000000000002e-07
1.0000000000000002e-08
…
1.0000000000000021e-305
1.0000000000000021e-306
1.000000000000002e-307
1.000000000000002e-308
1e-309
1e-310
…
1e-320
1e-321
1e-322
1e-323
0.0
0.0
0.0
0.0

4.8 Ex am ple 8 - sub trac tion of two sim i lar val ues

Here is the pro gram.

x = 1.00000002
y = 1.00000001
z = x-y
print(" {0:2.18f} ".for mat(x))
print(" {0:2.18f} ".for mat(y))
print(" {0:2.18f} ".for mat(z))

Here is the out put.

$ python3 c0408.py
 1.000000020000000100
 1.000000009999999939
 0.000000010000000161

4.9 Ex am ple 9 - sum ma tion

Here is the pro gram.
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x1 = 1.0
x2 = 0.1
x3 = 0.01
x4 = 0.001
x5 = 0.0001
for i in range(1,10):
  x1=x1+1.0
for i in range(1,10):
  x2=x2+0.1
for i in range(1,10):
  x3=x3+0.01
for i in range(1,10):
  x4=x4+0.001
for i in range(1,10):
  x5=x5+0.0001
print(" {0:2.18f} ".for mat(x1))
print(" {0:2.18f} ".for mat(x2))
print(" {0:2.18f} ".for mat(x3))
print(" {0:2.18f} ".for mat(x4))
print(" {0:2.18f} ".for mat(x5))

Here is the out put.

$ python3 c0409.py
 10.000000000000000000
 0.999999999999999889
 0.099999999999999992
 0.010000000000000002
 0.001000000000000000

4.10 Ab so lute and rel a tive er rors

In math e mat ics if p¢ is an ap prox i ma tion to p then the rel a tive er ror is given by

| |

| |

p p

p

- ¢

and the ab so lute er ror is given by

| |p p- ¢

We will use this in for ma tion in some of the prob lems.

4.11 Prob lems

1. The pe riod of a pen du lum is given by

 2 9 81p length
.  

Write a Py thon pro gram to eval u ate this for a length of 10m.

2. Cal cu late the rel a tive and ab so lute er ror for the dif fer ence of the two variables in ex am -
ple 8. Sub tract ing 1.0000001 from 1.00000002 is 0.00000001.

2. In math e mat ics the fol low ing are all equal. 

x y2 2-

x x y y´ - ´

( ) ( )x y x y- ´ +
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Test out the equal ity of these ex pres sions in Py thon. Try the fol low ing val ues

x = 1.002, y = 1.001

x = 1.0002, y = 1.0001

x = 1.00002, y = 1.00001

3. For

p = 0.4e-4

and

papprox = 0.41e-4

cal cu late the rel a tive and ab so lute er rors. Re peat for two more val ues of p and papprox,
mul ti ply ing by 1.0e5 each time.

4. A geo sta tion ary sat el lite will be in or bit ap prox i mately 35,870 km from the earth. Cal cu -
late the round trip time to the sat el lite and back. This will be the min i mum de lay for sat el -
lite based broad band.

You can just change the dis tance in the ex am ple ear lier in this chap ter.

5. The Moon is ap prox i mately 384,400 km from the earth. What is the time de lay here?

6. The fol low ing ta ble gives the dis tances in 109  m 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

            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 message from the
Earth to the other planets. 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 is good enough for us.

4.12 Bib li og ra phy

Some un der stand ing of nu mer i cal anal y sis is es sen tial for suc cess ful use of a pro gram ming
lan guage. As Froberg says ‘nu mer i cal anal y sis is a sci ence – com pu ta tion is an art.’ The
fol low ing are some of the more ac ces si ble books avail able.

Bur den R.L., Douglas Faires J., Nu mer i cal Analysys, Brooks/Cole, 2001.

Source code on a cd is avail able in C, For tran, Ma ple, Mathematica, Matlab and

Pascal. Good mod ern text.

Froberg C.E., In tro duc tion to Nu mer i cal Anal y sis, Ad di son Wes ley, 1969.

The short chap ter on nu mer i cal com pu ta tion is well worth a read, and it cov ers some 

of the prob lems of con ver sion be tween num ber bases, and some of the er rors that

are in tro duced when we com pute nu mer i cally. The Sam uel John son quote owes its
in clu sion to Froberg!

http://grouper.ieee.org/groups/754/

The work ing group we site.
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IEEE, IEEE Stan dard for Bi nary Float ing-Point Arith me tic, ANSI/IEEE Std 754-1985, In -
sti tute of Elec tri cal and Elec tronic En gi neers Inc.

The for mal def i ni tion of IEEE 754.

Knuth D., Seminumerical Al go rithms, Ad di son Wes ley, 1969.

A more thor ough and math e mat i cal cov er age than Wakerly. The chap ter on po si -

tional num ber sys tems pro vides a very com pre hen sive his tor i cal cov er age of the

sub ject. As Knuth points out the float ing point rep re sen ta tion for num bers is very

old, and is first doc u mented around 1750 B.C. by Bab y lo nian math e ma ti cians. Very

in ter est ing and worth while read ing.

Sun, Nu mer i cal Com pu ta tion Guide, SunPro, 1993.

Very good cov er age of the nu meric for mats for IEEE Stan dard 754 for Bi nary Float -

ing Point Arith me tic. All SunPro com piler prod ucts sup port the fea tures of the IEEE 

754 stan dard .

Wakerly J.F., Mi cro com puter Ar chi tec ture and Pro gramming, Wiley, 1981.

The chap ter on num ber sys tems and arith me tic is sur pris ingly easy. There is a cov -

er age of po si tional num ber sys tems, oc tal and hex a dec i mal num ber sys tem con ver -

sions, ad di tion and sub trac tion of non-decimal num bers, rep re sen ta tion of neg a tive

num bers, two’s com ple ment ad di tion and sub trac tion, one’s com ple ment ad di tion

and sub trac tion, bi nary mul ti pli ca tion, bi nary di vi sion, bcd or bi nary coded dec i mal

rep re sen ta tion and fixed and float ing point rep re sen ta tions. There is also cov er age of 

a num ber of spe cific hard ware plat forms, in clud ing DEC PDP-11, Motorola 68000,

Zilog Z8000, TI 9900, Motorola 6809 and Intel 8086. A lit tle old but quite in ter est -

ing nev er the less.

Wikipedia. There is a Wikipedia en try for IEEE 854.
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5 Arrays using the array module
Most pro gram ming lan guages have to in clude lan guage fea tures that pro vide ways of ma -
nip u lat ing tab u lar data. This is done most com monly by us ing ar rays. Here is a ba sic de -
scrip tion of the ar ray in Py thon.

http://docs.py thon.org/li brary/ar ray.html

This mod ule de fines an ob ject type which can com pactly rep re sent an ar ray of ba sic val ues: 
char ac ters, in te gers, float ing point num bers. Ar rays are se quence types and be have very
much like lists, ex cept that the type of ob jects stored in them is con strained. The type is
spec i fied at ob ject cre ation time by us ing a type code, which is a sin gle char ac ter. The in -
for ma tion be low is taken from 3.5.1 doc u men ta tion. The fol low ing type codes are defined:

Type code       C Type                        Py thon Type               Min i mum size in bytes

'b'                     signed char                  int                                1

'B'                    un signed char              int                                1

'u'                     Py_UNICODE            Unicode char ac ter       2 (1)) 

'h'                     signed short                  int                                2 

'H'                    un signed short             int                               2 

'I'                     signed int                     int                               2 

'I'                     un signed int                 long                            2 

'l'                      signed long                  int                               4 

'L'                    un signed long              long                            4 

'q'                     signed long long         int                                8(2)

'Q'                    unsigned long long     int                                8(2)

'f'                     float                             float                             4 

'd'                     dou ble                         float                             8 
Note:

1. The 'u' typecode cor re sponds to Py thon’s unicode char ac ter. On nar row Unicode builds
this is 2-bytes, on wide builds this is 4-bytes. 'u' will be removed together with the rest of
the Py_UNICODE API.

Dep re cated since ver sion 3.3, will be re moved in ver sion 4.0.

2. The 'q' and 'Q' type codes are avail able only if the plat form C com piler used to build Py -
thon sup ports C long long, or, on Win dows, __int64

5.1 Ar ray meth ods

The mod ule de fines the fol low ing type:

class ar ray.ar ray(typecode[, initializer])
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A new ar ray whose items are re stricted by typecode, and in i tial ized from the op -

tional initializer value, which must be a list, string, or iterable over el e ments of the

ap pro pri ate type. Changed in ver sion 2.4: For merly, only lists or strings were ac -

cepted. If given a list or string, the initializer is passed to the new ar ray’s fromlist(),

fromstring(), or fromunicode() method (see be low) to add ini tial items to the ar ray.

Oth er wise, the iterable initializer is passed to the ex tend() method.

ar ray.ArrayType

Ob so lete alias for ar ray. Ar ray ob jects sup port the or di nary se quence op er a tions of

in dex ing, slic ing, con cat e na tion, and mul ti pli ca tion. When us ing slice as sign ment,

the as signed value must be an ar ray ob ject with the same type code; in all other

cases, TypeError is raised. Ar ray ob jects also im ple ment the buffer in ter face, and

may be used wher ever buffer ob jects are sup ported. The fol low ing data items and

meth ods are also sup ported:

ar ray.typecode

The typecode char ac ter used to cre ate the ar ray.

ar ray.itemsize

The length in bytes of one ar ray item in the in ter nal rep re sen ta tion.

ar ray.ap pend(x)

Ap pend a new item with value x to the end of the ar ray.

ar ray.buffer_info()

Re turn a tuple (ad dress, length) giv ing the cur rent mem ory ad dress and the length in 

el e ments of the buffer used to hold ar ray’s con tents. The size of the mem ory buffer

in bytes can be com puted as ar ray.buffer_info()[1] * ar ray.itemsize. This is oc ca -

sion ally use ful when work ing with low-level (and in her ently un safe) I/O in ter faces

that re quire mem ory ad dresses, such as cer tain ioctl() op er a tions. The re turned num -

bers are valid as long as the ar ray ex ists and no length-chang ing op er a tions are ap -

plied to it.

Note: When us ing ar ray ob jects from code writ ten in C or C++ (the only way to ef -

fec tively make use of this in for ma tion), it makes more sense to use the buffer in ter -
face sup ported by ar ray ob jects. This method is main tained for back ward com pat i -

bil ity and should be avoided in new code. The buffer in ter face is doc u mented in

Buff ers and Memoryview Objects.

ar ray.byteswap()

“Byteswap” all items of the ar ray. This is only sup ported for val ues which are 1, 2,

4, or 8 bytes in size; for other types of val ues, RuntimeError is raised. It is use ful

when read ing data from a file writ ten on a ma chine with a dif fer ent byte or der.

ar ray.count(x)

Re turn the num ber of oc cur rences of x in the ar ray.

ar ray.ex tend(iterable)

Ap pend items from iterable to the end of the ar ray. If iterable is an other ar ray, it

must have ex actly the same type code; if not, TypeError will be raised. If iterable is

not an ar ray, it must be iterable and its el e ments must be the right type to be ap -

pended to the ar ray. Changed in ver sion 2.4: For merly, the ar gu ment could only be

an other ar ray.
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ar ray.fromfile(f, n)

Read n items (as ma chine val ues) from the file ob ject f and ap pend them to the end

of the ar ray. If less than n items are avail able, EOFError is raised, but the items that

were avail able are still in serted into the ar ray. f must be a real built-in file ob ject;

some thing else with a read() method won’t do.

ar ray.fromlist(list)

Ap pend items from the list. This is equiv a lent to for x in list: a.ap pend(x) ex cept

that if there is a type er ror, the ar ray is un changed.

ar ray.fromstring(s)

Ap pends items from the string, in ter pret ing the string as an ar ray of ma chine val ues

(as if it had been read from a file us ing the fromfile() method).

ar ray.fromunicode(s)

Ex tends this ar ray with data from the given unicode string. The ar ray must be a type 

'u' ar ray; oth er wise a ValueError is raised. Use ar ray.fromstring(unicodestring.en -

code(enc)) to ap pend Unicode data to an ar ray of some other type.

ar ray.in dex(x)

Re turn the small est i such that i is the in dex of the first oc cur rence of x in the ar ray.

ar ray.in sert(i, x)

In sert a new item with value x in the ar ray be fore po si tion i. Neg a tive val ues are

treated as be ing rel a tive to the end of the ar ray.

ar ray.pop([i])

Re moves the item with the in dex i from the ar ray and re turns it. The op tional ar gu -

ment de faults to -1, so that by de fault the last item is re moved and re turned.

ar ray.read(f, n)

Dep re cated since ver sion 1.5.1: Use the fromfile() method.

Read n items (as ma chine val ues) from the file ob ject f and ap pend them to the end

of the ar ray. If less than n items are avail able, EOFError is raised, but the items that

were avail able are still in serted into the ar ray. f must be a real built-in file ob ject;

some thing else with a read() method won’t do.

ar ray.re move(x)

Re move the first oc cur rence of x from the ar ray.

ar ray.re verse()

Re verse the or der of the items in the ar ray.

ar ray.tofile(f)

Write all items (as ma chine val ues) to the file ob ject f.

ar ray.tolist()

Con vert the ar ray to an or di nary list with the same items.

ar ray.tostring()

Con vert the ar ray to an ar ray of ma chine val ues and re turn the string rep re sen ta tion

(the same se quence of bytes that would be writ ten to a file by the tofile() method.)

ar ray.tounicode()
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Con vert the ar ray to a unicode string. The ar ray must be a type 'u' ar ray; oth er wise a 

ValueError is raised. Use ar ray.tostring().de code(enc) to ob tain a unicode string

from an ar ray of some other type.

ar ray.write(f)

Dep re cated since ver sion 1.5.1: Use the tofile() method. Write all items (as ma chine

val ues) to the file ob ject f.

We will only look at a small num ber of ex am ples in this chap ter. 

5.2 Arrray size known at com pile time

5.2.1 Ex am ple 1 - ar ray and con ven tional for loop syn tax

im port ar ray
n=12
month=0
sum=0.0
av er age=0.0
rain fall = ar ray.ar ray('d' , [ 3.1 , 2.0 , 2.4 , 2.1 , 2.2
, 2.2 , 1.8 , 2.2 , 2.7 , 2.9 , 3.1 , 3.1 ] )
for month in range (0,n):
  sum = sum + rain fall[month]
av er age = sum/n
print(" Sum     = ",sum)
print(" Av er age = " , av er age)

The first thing we need to do is make the ar ray mod ule avail able, which we do with the im -
port state ment.

The next thing we do is set the size of the ar ray. In the next ex am ple we will calculate this
us ing on of the ar ray meth ods.

We then de clare and in itial ise one in te ger vari able (month) and two float vari ables, sum and 
av er age.

We then de clare the ar ray rain fall and cre ate it us ing an ar ray con struc tor and pro vide ini tial 
val ues for the ar ray.

A sum ma tion

                        x
n

1å
is of ten writ ten in a pro gram ming lan guage as a loop over an ar ray. In Py thon we start at
zero.

We then cal cu late the sum, loop ing over each el e ment of the ar ray, us ing Py thon's for loop
con struct.

We will look in more de tail at the for state ment in a later chap ter. Here is some data taken
from the monthly rain fall fig ures for Lon don.

Month Month as integer Index Rain fall value

January 1 0 3.1

February 2 1 2.0

March 3 2 2.4

April 4 3 2.1
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Month Month as integer Index Rain fall value

May 5 4 2.2

June 6 5 2.2

July 7 6 1.8

August 8 7 2.2

September 9 8 2.7

October 10 9 2.9

November 11 10 3.1

December 12 11 3.1

The mea sure ments are in inches.

5.2.2 Ex am ple 2 - us ing the len func tion to de ter mine the size of ar ray

This ex am ple is a sim ple vari ant of the first.

im port ar ray
month=0
sum=0.0
av er age=0.0
rain fall = ar ray.ar ray('d' , [ 3.1 , 2.0 , 2.4 , 2.1 , 2.2
, 2.2 , 1.8 , 2.2 , 2.7 , 2.9 , 3.1 , 3.1 ] )
n = len(rain fall)
for month in range (0,n):
  sum = sum + rain fall[month]
av er age = sum/n
print(" Sum     = ",sum)
print(" Av er age = " , av er age)

We use the len func tion in this ex am ple.

5.3 Ar ray size known at run time

In this ex am ple we in put the ar ray size at run time.

5.3.1 Ex am ple 3 - read ing in the ar ray size

Here is the ex am ple

im port ar ray
i = 0
sum = 0
n = int(in put(" Type in the size of the ar ray: "))
temp = [0]*n
x = ar ray.ar ray('L',temp)
for i in range (0,n):
  x[i]=i
  sum=sum+x[i]
print (" Sum of ar ray el e ments is: ",sum)

The sec ond ar gu ment to ar ray.ar ray must be iterable. We have used a tem po rary iterable ob -
ject temp to set the ar ray size dy nam i cally at run time.
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5.4 Sum mary

The ar ray data type in this chap ter is fine for one di men sional ar rays. For math e mat i cal
mul ti di men sional ar rays Py thon pro vides NumPy. This is cov ered in the next chap ter.

5.5 Prob lems

1. Com pile and run the ex am ples.

2. Con vert the rain fall mea sure ments to mm. What is the sum and av er age?

3. Visit

http://www.metoffice.gov.uk/pub lic/weather/cli mate-his -
toric/#?tab=climateHistoric

The fol low ing is an al pha bet i cal list of sites.

· 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
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· southampton

· stornoway

· suttonbonington

· tiree

· val ley

· waddington

· whitby

· wickairport

· yeovilton

Chose a site and a year and re place the rain fall mea sure ments in the rain fall ex am ple with
your data.

Is your site and year wetter or dryer than Lon don?
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6 Arrays using the Numpy module
Here is the Numpy site.

http://www.numpy.org/

and here is their de scrip tion about Numpy:

· NumPy is the fun da men tal pack age for sci en tific com put ing with Py thon. It con -

tains among other things:

· a pow er ful N-di men sional ar ray ob ject 

· so phis ti cated (broad cast ing) func tions 

· tools for in te grat ing C/C++ and For tran code 

· use ful lin ear al ge bra, Fou rier trans form, and ran dom num -

ber ca pa bil i ties

· Be sides its ob vi ous sci en tific uses, NumPy can also be used as an ef fi cient
multi-di men sional con tainer of ge neric data. Ar bi trary data-types can be de fined. 

This al lows NumPy to seamlessly and speed ily in te grate with a wide va ri ety of

da ta bases.

· Numpy is li censed un der the BSD Li cense, en abling re use with few re stric tions.

The fol low ing has been taken from the wikipedia en try.

· In tro duc tion

· NumPy is an ex ten sion to the Py thon pro gram ming lan -

guage, add ing sup port for large, multi-di men sional ar rays

and ma tri ces, along with a large li brary of high-level

math e mat i cal func tions to op er ate on these ar rays. The an -

ces tor of NumPy, Nu meric, was orig i nally cre ated by Jim

Hugunin with con tri bu tions from sev eral other de vel op ers.

In 2005, Travis Oliphant cre ated NumPy by in cor po rat ing

fea tures of the com pet ing Numarray into Nu meric, with

ex ten sive mod i fi ca tions. NumPy is open source and has

many con tri bu tors.

· Traits

· NumPy tar gets the CPython ref er ence im ple men ta tion of

Py thon, which is a non-op ti miz ing bytecode in ter preter.

Math e mat i cal al go rithms writ ten for this ver sion of Py thon 

of ten run much slower than com piled equiv a lents. NumPy

ad dress the slow ness prob lem partly by pro vid ing mul ti di -

men sional ar rays and func tions and op er a tors that op er ate

ef fi ciently on ar rays, re quir ing (re)writ ing some code,

mostly in ner loops us ing NumPy. Thus any al go rithm that
can be ex pressed pri mar ily as op er a tions on ar rays and

ma tri ces can run al most as quickly as the equiv a lent C

code.[1]

· Us ing NumPy in Py thon gives func tion al ity com pa ra ble to 

MATLAB since they are both in ter preted, and they both
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al low the user to write fast pro grams as long as most op er -

a tions work on ar rays or ma tri ces in stead of sca lars. In

com par i son, MATLAB boasts a large num ber of ad di tional 

toolboxes, no ta bly Simulink; whereas NumPy is in trin si -

cally in te grated with Py thon, a more mod ern, com plete,

and open source pro gram ming lan guage. More over, com -

ple men tary Py thon pack ages are avail able; SciPy is a li -

brary that adds more MATLAB-like func tion al ity and

Matplotlib is a plot ting pack age that pro vides

MATLAB-like plot ting func tion al ity. In ter nally, both

MATLAB and NumPy rely on BLAS and LAPACK for

ef fi cient lin ear al ge bra com pu ta tions.

· The ndarray data struc ture

· The core func tion al ity of NumPy is its "ndarray", for n-di -

men sional ar ray, data struc ture. These ar rays are strided
views on mem ory.[2] In con trast to Py thon's built-in list

data struc ture (which, de spite the name, is a dy namic ar -

ray), these ar rays are ho mo ge neously typed: all el e ments

of a sin gle ar ray must be of the same type.

· Such ar rays can also be views into mem ory buff ers al lo -

cated by C/C++. Cython and For tran ex ten sions to the

CPython in ter preter with out the need to copy data around,

giv ing a de gree of com pat i bil ity with ex ist ing nu mer i cal li -

brar ies. This func tion al ity is ex ploited by the SciPy pack -

age, which wraps a num ber of such li brar ies (no ta bly

BLAS and LAPACK). NumPy has built-in sup port for

mem ory-mapped ndarrays.[2]

· Lim i ta tions

· NumPy's ar rays must be views on con tig u ous mem ory

buff ers. A re place ment pack age called Blaze at tempts to

over come this lim i ta tion.[3]

· Al go rithms that are not ex press ible as a vectorized op er a -

tion will typ i cally run slowly be cause they must be im ple -

mented in "pure Py thon", while vectorization may in crease 

mem ory com plex ity of some op er a tions from con stant to

lin ear, be cause tem po rary ar rays must be cre ated that are

as large as the in puts. Runtime com pi la tion of nu mer i cal
code has been im ple mented by sev eral groups to avoid

these prob lems; open source so lu tions that interoperate

with NumPy in clude scipy.weave, numexpr[4] and

Numba.[5] Cython is a static-com pil ing al ter na tive to

these.

· His tory

· The Py thon pro gram ming lan guage was not ini tially de -

signed for nu mer i cal com put ing, but at tracted the at ten tion 
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of the sci en tific/en gi neer ing com mu nity early on, so that a

spe cial in ter est group called ma trix-sig was founded in

1995 with the aim of de fin ing an ar ray com put ing pack -

age. Among its mem bers was Py thon de signer/maintainer

Guido van Rossum, who im ple mented ex ten sions to Py -

thon's syn tax (in par tic u lar the in dex ing syn tax) to make

ar ray com put ing eas ier.[6] An im ple men ta tion of a ma trix

pack age was com pleted by Jim Fulton, then gen er al ized by 

Jim Hugunin to be come Nu meric,[6] also var i ously called

Nu mer i cal Py thon ex ten sions or NumPy.[7][8] Hugunin, a

grad u ate stu dent at MIT,[8]:10 joined CNRI to work on

JPython in 1997[6] lead ing Paul Dubois of LLNL to take

over as maintainer.[8]:10 Other early con tri bu tors in clude
Da vid Ascher, Konrad Hinsen and Travis Oliphant.[8]:10

· A new pack age called Numarray was writ ten as a more

flex i ble re place ment for Nu meric.[2] Like Nu meric, it is

now dep re cated.[9] Numarray had faster op er a tions for

large ar rays, but was slower than Nu meric on small

ones,[ci ta tion needed] so for a time both pack ages were

used for dif fer ent use cases. The last ver sion of Nu meric

v24.2 was re leased on 11 No vem ber 2005 and numarray

v1.5.2 was re leased on 24 Au gust 2006.[10]

· There was a de sire to get Nu meric into the Py thon stan -

dard li brary, but Guido van Rossum (the au thor of Py thon) 

was quite clear that the code was not main tain able in its

state then.[when?][ci ta tion needed]

· In early 2005, NumPy de vel oper Travis Oliphant wanted

to unify the com mu nity around a sin gle ar ray pack age and

ported Numarray's fea tures to Nu meric, re leas ing the re sult 

as NumPy 1.0 in 2006.[2] This new pro ject was part of

SciPy. To avoid in stall ing the large SciPy pack age just to

get an ar ray ob ject, this new pack age was sep a rated and

called NumPy.

· The re lease ver sion 1.5.1 of NumPy is com pat i ble with

Py thon ver sions 2.4–2.7 and 3.1–3.2. Sup port for Py thon 3 
was added in 1.5.0.[11] In 2011, PyPy started de vel op ment 

on an im ple men ta tion of the numpy API for PyPy.[12] It

is not yet fully com pat i ble with NumPy.[13]

· Ref er ences

· 1. "SciPy PerformancePython". Re trieved 2006-06-25.

· 2. Stéfan van der Walt, S. Chris Colbert and Gaël

Varoquaux (2011). "The NumPy ar ray: a struc ture for ef fi -

cient nu mer i cal com pu ta tion". Com put ing in Sci ence and

En gi neer ing (IEEE).
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· 3. "Blaze 0.4.1 Doc u men ta tion". Blaze. Re trieved 8 March 

2014.

· 4. Francesc Alted. "numexpr". Re trieved 8 March 2014.

· 5. "Numba". Re trieved 8 March 2014.

· 6. Millman, K. Jarrod; Aivazis, Mi chael (2011). "Py thon

for Sci en tists and En gi neers". Com put ing in Sci ence and

En gi neer ing 13 (2): 9–12.

· 7. Travis Oliphant (2007). "Py thon for Sci en tific Com put -

ing" (PDF). Com put ing in Sci ence and En gi neer ing.

· 8. Da vid Ascher; Paul F. Dubois; Konrad Hinsen; Jim

Hugunin; Travis Oliphant (1999). "Nu mer i cal Py thon"

(PDF).

· 9. "Numarray Homepage". Re trieved 2006-06-24.

· 10. "NumPy Sourceforge Files". Re trieved 2008-03-24.

· 11. "NumPy 1.5.0 Re lease Notes". Re trieved 2011-04-29.

· 12. "PyPy Sta tus Blog: Numpy fund ing and sta tus up date". 

Re trieved 2011-12-22.

· 13. "NumPyPy Sta tus". Re trieved 2013-10-14.

· We next have a look at the main numpy site.

6.1 Documentation

Here is an ex tract from the numpy user guide.

This guide is in tended as an in tro duc tory over view of NumPy and ex plains how to

in stall and make use of the most im por tant fea tures of NumPy. For de tailed ref er -

ence doc u men ta tion of the func tions and classes con tained in the pack age, see the

NumPy Ref er ence.

Warn ing:

This “User Guide” is still a work in prog ress; some of the ma te rial is not or ga nized,

and sev eral as pects of NumPy are not yet cov ered suf fi cient de tail. We are an open

source com mu nity con tin u ally work ing to im prove the doc u men ta tion and ea gerly

en cour age in ter ested par ties to con trib ute. For in for ma tion on how to do so, please

visit the NumPy doc wiki.

More doc u men ta tion for NumPy can be found on the numpy.org website.

Thanks!

In tro duc tion ?What is NumPy?

Build ing and in stall ing NumPy

How to find doc u men ta tion

Numpy ba sics ?Data types

Ar ray cre ation

I/O with Numpy

In dex ing

Broad cast ing
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Byte-swap ping

Struc tured ar rays

Sub class ing ndarray

Per for mance

Mis cel la neous ?IEEE 754 Float ing Point Spe cial Val ues

How numpy han dles nu mer i cal ex cep tions

Ex am ples

In ter fac ing to C

In ter fac ing to For tran:

In ter fac ing to C++:

Meth ods vs. Func tions

Us ing Numpy C-API ?How to ex tend NumPy

Us ing Py thon as glue

Writ ing your own ufunc

Be yond the Ba sics

We rec om mend us ing this site when work ing with numpy ar rays.

6.2 Cre at ing ar rays

There are 5 gen eral mech a nisms for cre at ing ar rays:

· Con ver sion from other Py thon struc tures (e.g., lists, tuples)

· In trin sic numpy ar ray ar ray cre ation ob jects (e.g., arange, ones, ze ros, etc.)

· Read ing ar rays from disk, ei ther from stan dard or cus tom for mats

· Cre at ing ar rays from raw bytes through the use of strings or buff ers

· Use of spe cial li brary func tions (e.g., ran dom)

Numpy sup ports a much greater va ri ety of nu mer i cal types than Py thon does. 

Data type        De scrip tion
bool_ Boolean (True or False) stored as a byte 

int_ De fault in te ger type (same as C long; nor mally ei ther int64 or int32) 

intc Iden ti cal to C int (nor mally int32 or int64) 

intp In te ger used for in dex ing (same as C ssize_t; nor mally ei ther int32 or int64) 

int8 Byte (-128 to 127) 

int16 In te ger (-32768 to 32767) 

int32 In te ger (-2147483648 to 2147483647) 

int64 In te ger (-9223372036854775808 to 9223372036854775807) 

uint8 Un signed in te ger (0 to 255) 

uint16 Un signed in te ger (0 to 65535) 

uint32 Un signed in te ger (0 to 4294967295) 

uint64 Un signed in te ger (0 to 18446744073709551615) 

float_ Short hand for float64. 

float16 Half pre ci sion float: sign bit, 5 bits ex po nent, 10 bits man tissa 
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float32 Sin gle pre ci sion float: sign bit, 8 bits ex po nent, 23 bits man tissa 

float64 Dou ble pre ci sion float: sign bit, 11 bits ex po nent, 52 bits man tissa 

com plex_ Short hand for complex128. 

complex64 Com plex num ber, rep re sented by two 32-bit floats (real and imag i nary com -

po nents) 

complex128 Com plex num ber, rep re sented by two 64-bit floats (real and imag i nary com -

po nents) 

We will use some of these meth ods in the ex am ples be low.

6.3 Sim ple 1 and 2 d ar ray examples

The first set of ex am ples are a sim ple re write of the ex am ples in the pre vi ous chap ter. We
then move on to two di men sional ex am ples.

6.3.1 Ex am ple 1 - sim ple rain fall ex am ple

im port numpy as np
n=12
month=0
sum=0.0
av er age=0.0
rain fall = np.ar ray([ 3.1 , 2.0 , 2.4 , 2.1 , 2.2 , 2.2 ,
1.8 , 2.2 , 2.7 , 2.9 , 3.1 , 3.1 ] )
for month in range (0,n):
  sum = sum + rain fall[month]
av er age = sum/n
print(" Sum     = ",sum)
print(" Av er age = " , av er age)

In this ex am ple we store the ar ray size in the vari able n. We then loop over the ar ray to cal -
cu late the sum.

6.3.2 Ex am ple 2 - vari ant of one us ing len in trin sic func tion

im port numpy as np
month=0
sum=0.0
av er age=0.0
rain fall = np.ar ray([ 3.1 , 2.0 , 2.4 , 2.1 , 2.2 , 2.2 ,
1.8 , 2.2 , 2.7 , 2.9 , 3.1 , 3.1 ] )
n = len(rain fall)
for month in range (0,n):
  sum = sum + rain fall[month]
av er age = sum/n
print(" Sum     = ",sum)
print(" Av er age = " , av er age)

In this ex am ple we use the len() method to cal cu late the ar ray size.

6.3.3 Ex am ple 3 - set ting the size at run time

im port numpy as np
i = 0
sum = 0
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n = int(in put(" Type in the size of the ar ray: "))
x = np.empty([n],dtype=np.int32)
for i in range (0,n):
  x[i]=i
  sum=sum+x[i]
print (" Sum of ar ray el e ments is: ",sum)

In this ex am ple we read in the ar ray size at run time, and use the numpy.empty method to
cre ate an ar ray of 32 bit integers.

6.3.4 Ex am ple 4 - two d ar ray us ing numpy.ze ros method

im port numpy as np
nr = 3
nc = 3
x = np.ze ros([nr,nc] , dtype=np.int32)
print("\n 3 by 3 ma trix, us ing numpy.ze ros() method \n\n")
print(x)

Here we zero use the numpy.ze ros() method to cre ate the ar ray and in itial ise to zero.

6.3.5 Ex am ple 5 - two d ar ray us ing numpy.ar ray() method

im port numpy as np
nr = 3
nc = 3
x = np.ar ray([[1,2,3] , [4,5,6] , [7,8,9]])
print("\n 3 by 3 ma trix, in itial is ation us ing numpy.ar ray()
method\n\n")
print(x)

This ex am ple uses the numpy.ar ray() method.

6.3.6 Ex am ple 6 - two d ar ray and the numpy.sum() method

In this ex am ple we il lus trate the use of the numpy.sum method with a two d ar ray. We also
show whole ar ray as sign ment in Py thon. We then com pare with a C++ ver sion to il lus trate
the power of Py thon.

im port numpy as np
nr = 3
nc = 3
rsum = np.ze ros([nr],dtype=np.int32)
csum = np.ze ros([nc],dtype=np.int32)
x = np.ar ray([[1,2,3] , [4,5,6] , [7,8,9]])
csum=np.sum(x,axis=0)
rsum=np.sum(x,axis=1)
print("\n 3 * 3 ma trix \n\n",x)
print("\n Row sum      = ",rsum)
print(" Col umn sum   = ",csum)

Here is the out put.

 3 * 3 ma trix 

 [[1 2 3]
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 [4 5 6]
 [7 8 9]]

 Row sum      =  [ 6 15 24]
 Col umn sum   =  [12 15 18]

Here is the C++ im ple men ta tion.

#in clude <iostream>

us ing namespace std;

int main()
{
  const int nrows=3;
  const int ncols=3;

  int r;
  int c;

  int x[nrows][ncols] = {{1,2,3},
                         {4,5,6},
                         {7,8,9}};

  int rsum[nrows] = {0,0,0};
  int csum[ncols] = {0,0,0};

  cout << " Row sum     " ;

  for (r=0;r<nrows;r++)
  {
    for (c=0;c<ncols;c++)
    {
      rsum[r]=rsum[r]+x[r][c];
    }
    cout << rsum[r] << " " ;
  }

  cout << endl;
  cout << " Col umn sum " ;

  for (c=0;c<ncols;c++)
  {
    for (r=0;r<nrows;r++)
    {
      csum[c]=csum[c]+x[r][c];
    }
    cout << csum[c] << " ";
  } 

  cout << endl;
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  cout << "\n 3 * 3 ma trix plus row and col umn sums\n\n" ;

  for (r=0;r<nrows;r++)
  {
    for (c=0;c<ncols;c++)
    {
      cout.width(2);
      cout << x[r][c] << " ";
    }
    cout << rsum[r] << endl;
  }

  for (c=0;c<ncols;c++)
    cout << csum[c] << " ";
  cout << endl;

  re turn(0);
}

Here is the C++ out put.

c:\doc u ment\py thon\ex am ples>c0606
 Row sum     6 15 24
 Col umn sum 12 15 18

 3 * 3 ma trix plus row and col umn sums

 1  2  3 6
 4  5  6 15
 7  8  9 24
12 15 18

The Py thon ver sion is ob vi ously a lot sim pler.

We have a numpy.sum() method which en ables us to do the sum ma tion with out hav -

ing to use loops.

We also have whole ar ray as sign ment as the numpy.sum() method can re turn an ar -

ray.

One of the prob lems is to mod ify the Py thon ver sion to pro duce the same out put as the C++ 
ver sion.

Here are two vari ants of this show ing break ing a line at a white space point and us ing ex -
plicit con tin u a tion sym bols.

White space.
im port numpy as np
nr = 3
nc = 3
rsum = np.ze ros([nr],dtype=np.int32)
csum = np.ze ros([nc],dtype=np.int32)
x = np.ar ray([[1,2,3] , 
              [4,5,6] , 
              [7,8,9]])
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csum=np.sum(x,axis=0)
rsum=np.sum(x,axis=1)
print("\n 3 * 3 ma trix \n\n",x)
print("\n Row sum      = ",rsum)
print(" Col umn sum   = ",csum)

Ex plicit continuation
im port numpy as np
nr = 3
nc = 3
rsum = np.ze ros([nr],dtype=np.int32)
csum = np.ze ros([nc],dtype=np.int32)
x = np.ar ray([[1,2,3] , \
              [4,5,6] , \
              [7,8,9]])
csum=np.sum(x,axis=0)
rsum=np.sum(x,axis=1)
print("\n 3 * 3 ma trix \n\n",x)
print("\n Row sum      = ",rsum)
print(" Col umn sum   = ",csum)

6.4 Sim ple 1 and 2 d ar ray slic ing

Numpy ar rays sup port slic ing. The ba sic slice syn tax is start:end:in cre ment, where start, end 
and in cre ment are all in te gers. We will look sev eral ex am ples to illustrate slic ing.

6.4.1 Ex am ple 7 - sim ple one d slic ing

Here is the pro gram.
im port numpy as np
x=np.ar ray([0,1,2,3,4,5,6,7,8,9,10])
even = np.empty([6],dtype=np.int32)
odd  = np.empty([5],dtype=np.int32) 
even=x[0:11:2]
odd =x[1:11:2]
print(even)
print(odd)

Here is the out put.

$ python3 c0607.py
[ 0  2  4  6  8 10]
[1 3 5 7 9]

The slice syn tax is 0:11:2 in the even ex am ple, and 1:11:2 in the odd ex am ple.

6.4.2 Ex am ple 8 - two d slic ing

Here is the pro gram.

im port numpy as np
nr = 3
nc = 3
x = np.ar ray([[1,2,3] , [4,5,6] , [7,8,9]])
col      = np.ze ros([nr],dtype=np.int32)
row      = np.ze ros([nc],dtype=np.int32)
di ag o nal = np.ze ros([nc],dtype=np.int32)
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col=x[0:nr,1]
row=x[1,0:nc]
di ag o nal=np.di ag o nal(x)
print("\n 3 * 3 ma trix \n\n",x)
print("\n Col umn   = ",col)
print("\n Row      = ",row)
print("\n Di ag o nal = ",di ag o nal)

Here is the out put.

$ python3 c0608.py

 3 * 3 ma trix

 [[1 2 3]
 [4 5 6]
 [7 8 9]]

 Col umn   =  [2 5 8]

 Row      =  [4 5 6]

 Di ag o nal =  [1 5 9]

x[0:nr,1] se lects col umn 1, and x[1,0:nc] se lects row 1. There is a di ag o nal method to ex -
tract the di ag o nal el e ments of the 3*3 ma trix.

6.4.3 Ex am ple 9 - arith me tic and slic ing

Here is the ex am ple.

im port numpy as np
nr = 3
nc = 3
x = np.ar ray([[1,2,3] , [4,5,6] , [7,8,9]])
print("\n x be fore \n\n",x)
x[0:nr,1]=x[0:nr,1]*3
print("\n x af ter \n\n",x)

Here is the out put.

$ python3 c0609.py

 x be fore

 [[1 2 3]
 [4 5 6]
 [7 8 9]]

 x af ter

 [[ 1  6  3]
 [ 4 15  6]
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 [ 7 24  9]]

and we have mul ti plied the whole mid dle col umn by 3.

6.5 Mis cel la neous ex am ples: ag gre gate, re shape, cop ies and views

The next ex am ple look at some of the built in ag gre gate func tions avail able in Numpy.

6.5.1 Ex am ple 10 - Ag gre gate us age

Here is the source code.

im port numpy as np
nr = 3
nc = 3
rsum = np.ze ros([nr],dtype=np.int32)
csum = np.ze ros([nc],dtype=np.int32)
x = np.ar ray([[1,2,3] , [4,5,6] , [7,8,9]])
rsum=np.sum(x,axis=0)
csum=np.sum(x,axis=1)
print("\n 3 * 3 ma trix \n\n",x)
print("\n Row sum      = ",rsum)
print(" Col umn sum   = ",csum)
print(x.sum())
print(x.min())
print(x.max())
print(x.mean())
print(x.std())

Here is the out put.

$ 3 * 3 ma trix

 [[1 2 3]
 [4 5 6]
 [7 8 9]]

 Row sum      =  [12 15 18]
 Col umn sum   =  [ 6 15 24]
45
1
9
5.0
2.58198889747

6.5.2 Ex am ple 11 - Shape ma nip u la tion

Py thon has a re shape in trin sic. Here is an ex am ple.

im port numpy as np
x = np.ar ray([[1,2,3] , [4,5,6] , [7,8,9]])
y = x.re shape(1,9)
z = x.re shape(9,1)
print(x)
print(x.shape)
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print(x.size)
print(y)
print(y.shape)
print(y.size)
print(z)
print(z.shape)
print(z.size)

Here is the out put.

$[[1 2 3]
 [4 5 6]
 [7 8 9]]
(3, 3)
9
[[1 2 3 4 5 6 7 8 9]]
(1, 9)
9
[[1]
 [2]
 [3]
 [4]
 [5]
 [6]
 [7]
 [8]
 [9]]
(9, 1)
9

6.5.3 Ex am ple 12 - Cop ies or views

Look at the fol low ing ex am ple.

im port numpy as np
x = np.ar ray([[1,2,3] , [4,5,6] , [7,8,9]])
y = x
print(x)
print(y)
y[2,2]=99
print(x)
print(y)

Here is the out put.

$ python3 numpy_02.py
[[1 2 3]
 [4 5 6]
 [7 8 9]]
[[1 2 3]
 [4 5 6]
 [7 8 9]]
[[ 1  2  3]
 [ 4  5  6]
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 [ 7  8 99]]
[[ 1  2  3]
 [ 4  5  6]
 [ 7  8 99]]

There is a copy method if we need a copy.

6.6 Numpy doc u men ta tion

There are 2 pdfs that are avail able.

Numpy User Guide, 107. Free down load.

Numpy Ref er ence Man ual, 1528. Free down load.

6.7 Prob lems

1. Re write ex am ple 1 to use the sum method.

2. Re write ex am ple 6 to pro duce the sim i lar out put to the C++ ver sion.

3. Here is a ta ble of exam re sults.

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
Write a pro gram that in itial ises a 5 * 6 ar ray with the data as shown above. Then scale the
bi ol ogy data by 2.5. Then generate the peo ple and sub ject sums. When you have done this
cal cu late the peo ple and sub ject av er ages.

Print out the orig i nal ma trix with the row and col umn sums added.

4. Choose an other site from the Met Of fice list. Use the sum in trin sic. Cal cu late the sum
and av er age.
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7 Text in Python: Strings
7.1 Introduction

The fol low ing information is taken from

https://docs.py thon.org/3.5/li brary/stdtypes.html#str

Text in Py thon is pro vided by the text se quence type - str, Strings are im mu ta ble se quences
of Unicode code points. String lit er als are writ ten in a va ri ety of ways:

· Sin gle quotes: 'al lows em bed ded "dou ble" quotes'

· Dou ble quotes: "al lows em bed ded 'sin gle' quotes".

· Tri ple quoted: '''Three sin gle quotes''', """Three dou ble quotes"""

Tri ple quoted strings may span mul ti ple lines - all as so ci ated whitespace will be in cluded in 
the string lit eral.

String lit er als that are part of a sin gle ex pres sion and have only whitespace be tween them
will be im plic itly con verted to a sin gle string lit eral. That is, ("spam " "eggs") == "spam
eggs".

Strings may also be cre ated from other ob jects us ing the str con struc tor.

Since there is no sep a rate “char ac ter” type, in dex ing a string pro duces strings of length 1.
That is, for a non-empty string s, s[0] == s[0:1].

There is also no mu ta ble string type, but str.join() or io.StringIO can be used to ef fi ciently
con struct strings from mul ti ple frag ments.

7.2 String Meth ods

Strings im ple ment all of the com mon se quence op er a tions, along with the ad di tional meth -
ods de scribed be low.

Strings also sup port two styles of string for mat ting, one pro vid ing a large de gree of flex i bil -
ity and cus tom iz ation (see str.for mat(), For mat String Syn tax and String For mat ting) and the 
other based on C printf style for mat ting that han dles a nar rower range of types and is
slightly harder to use cor rectly, but is of ten faster for the cases it can han dle (printf-style
String For mat ting).

The Text Pro cess ing Ser vices sec tion of the stan dard li brary cov ers a num ber of other mod -
ules that pro vide var i ous text re lated util i ties (in clud ing reg u lar ex pres sion sup port in the re
mod ule).

str.cap i tal ize()

Re turn a copy of the string with its first char ac ter cap i tal ized and the rest

lowercased.

str.casefold()

Re turn a casefolded copy of the string. Casefolded strings may be used for caseless

match ing.

str.cen ter(width[, fillchar])

Re turn cen tered in a string of length width. Pad ding is done us ing the spec i fied

fillchar (de fault is an ASCII space). The orig i nal string is re turned if width is less

than or equal to len(s).

str.count(sub[, start[, end]])
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Re turn the num ber of non-over lap ping oc cur rences of substring sub in the range

[start, end]. Op tional ar gu ments start and end are in ter preted as in slice no ta tion.

str.en code(en cod ing="utf-8", er rors="strict")

Re turn an en coded ver sion of the string as a bytes ob ject. De fault en cod ing is 'utf-8'. 

er rors may be given to set a dif fer ent er ror han dling scheme. The de fault for er rors

is 'strict', mean ing that en cod ing er rors raise a UnicodeError. Other pos si ble val ues

are 'ig nore', 're place', 'xmlcharrefreplace', 'backslashreplace' and any other name reg -

is tered via codecs.reg is ter_er ror(), see sec tion Er ror Han dlers. For a list of pos si ble

encodings, see sec tion Stan dard Encodings.

str.endswith(suf fix[, start[, end]])

Re turn True if the string ends with the spec i fied suf fix, oth er wise re turn False. suf -

fix can also be a tuple of suf fixes to look for. With op tional start, test be gin ning at

that po si tion. With op tional end, stop com par ing at that po si tion.

str.expandtabs(tabsize=8)

Re turn a copy of the string where all tab char ac ters are re placed by one or more

spaces, de pend ing on the cur rent col umn and the given tab size. Tab po si tions oc cur 

ev ery tabsize char ac ters (de fault is 8, giv ing tab po si tions at col umns 0, 8, 16 and so 

on). To ex pand the string, the cur rent col umn is set to zero and the string is ex am -

ined char ac ter by char ac ter. If the char ac ter is a tab (\t), one or more space char ac -

ters are in serted in the re sult un til the cur rent col umn is equal to the next tab po si -

tion. (The tab char ac ter it self is not cop ied.) If the char ac ter is a newline (\n) or re -

turn (\r), it is cop ied and the cur rent col umn is re set to zero. Any other char ac ter is
cop ied un changed and the cur rent col umn is in cre mented by one re gard less of how

the char ac ter is rep re sented when printed.

str.find(sub[, start[, end]])

Re turn the low est in dex in the string where substring sub is found, such that sub is

con tained in the slice s[start:end]. Op tional ar gu ments start and end are in ter preted

as in slice no ta tion. Re turn -1 if sub is not found.

str.for mat(*args, **kwargs)

Per form a string for mat ting op er a tion. The string on which this method is called can 

con tain lit eral text or re place ment fields de lim ited by braces {}. Each re place ment

field con tains ei ther the nu meric in dex of a po si tional ar gu ment, or the name of a

key word ar gu ment. Re turns a copy of the string where each re place ment field is re -

placed with the string value of the cor re spond ing ar gu ment.

str.for mat_map(map ping)

Sim i lar to str.for mat(**map ping), ex cept that map ping is used di rectly and not cop -

ied to a dict. This is use ful if for ex am ple map ping is a dict sub class:

str.in dex(sub[, start[, end]])

Like find(), but raise ValueError when the substring is not found.

str.isalnum()

Re turn true if all char ac ters in the string are al pha nu meric and there is at least one

char ac ter, false oth er wise. A char ac ter c is al pha nu meric if one of the fol low ing re -

turns True: c.isalpha(), c.isdecimal(), c.isdigit(), or c.isnumeric().

str.isalpha()
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Re turn true if all char ac ters in the string are al pha betic and there is at least one char -

ac ter, false oth er wise. Al pha betic char ac ters are those char ac ters de fined in the

Unicode char ac ter da ta base as “Let ter”, i.e., those with gen eral cat e gory prop erty

be ing one of “Lm”, “Lt”, “Lu”, “Ll”, or “Lo”. Note that this is dif fer ent from the

“Al pha betic” prop erty de fined in the Unicode Stan dard.

str.isdecimal()

Re turn true if all char ac ters in the string are dec i mal char ac ters and there is at least

one char ac ter, false oth er wise. Dec i mal char ac ters are those from gen eral cat e gory

“Nd”. This cat e gory in cludes digit char ac ters, and all char ac ters that can be used to

form dec i mal-ra dix num bers, e.g. U+0660, ARABIC-INDIC DIGIT ZERO.

str.isdigit()

Re turn true if all char ac ters in the string are dig its and there is at least one char ac ter, 

false oth er wise. Dig its in clude dec i mal char ac ters and dig its that need spe cial han -

dling, such as the com pat i bil ity su per script dig its. For mally, a digit is a char ac ter

that has the prop erty value Nu meric_Type=Digit or Nu meric_Type=Dec i mal.

str.isidentifier()

Re turn true if the string is a valid iden ti fier ac cord ing to the lan guage def i ni tion,

sec tion Iden ti fi ers and keywords.

str.islower()

Re turn true if all cased char ac ters [4] in the string are low er case and there is at least 

one cased char ac ter, false oth er wise.

str.isnumeric()

Re turn true if all char ac ters in the string are nu meric char ac ters, and there is at least

one char ac ter, false oth er wise. Nu meric char ac ters in clude digit char ac ters, and all

char ac ters that have the Unicode nu meric value prop erty, e.g. U+2155, VUL GAR

FRAC TION ONE FIFTH. For mally, nu meric char ac ters are those with the prop erty

value Nu meric_Type=Digit, Nu meric_Type=Dec i mal or Nu meric_Type=Nu meric.

str.isprintable()

Re turn true if all char ac ters in the string are print able or the string is empty, false

oth er wise. Nonprintable char ac ters are those char ac ters de fined in the Unicode char -

ac ter da ta base as “Other” or “Sep a ra tor”, ex cept ing the ASCII space (0x20) which is 
con sid ered print able. (Note that print able char ac ters in this con text are those which

should not be es caped when repr() is in voked on a string. It has no bear ing on the

han dling of strings writ ten to sys.stdout or sys.stderr.)

str.isspace()

Re turn true if there are only whitespace char ac ters in the string and there is at least

one char ac ter, false oth er wise. Whitespace char ac ters are those char ac ters de fined in

the Unicode char ac ter da ta base as “Other” or “Sep a ra tor” and those with

bidirectional prop erty be ing one of “WS”, “B”, or “S”.

str.istitle()

Re turn true if the string is a titlecased string and there is at least one char ac ter, for

ex am ple up per case char ac ters may only fol low un cased char ac ters and low er case

char ac ters only cased ones. Re turn false oth er wise.

str.isupper()
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Re turn true if all cased char ac ters [4] in the string are up per case and there is at least 

one cased char ac ter, false oth er wise.

str.join(iterable)

Re turn a string which is the con cat e na tion of the strings in the iterable iterable. A

TypeError will be raised if there are any non-string val ues in iterable, in clud ing

bytes ob jects. The sep a ra tor be tween el e ments is the string pro vid ing this method.

str.ljust(width[, fillchar])

Re turn the string left jus ti fied in a string of length width. Pad ding is done us ing the

spec i fied fillchar (de fault is an ASCII space). The orig i nal string is re turned if width 

is less than or equal to len(s).

str.lower()

Re turn a copy of the string with all the cased char ac ters [4] con verted to low er case.

str.lstrip([chars])

Re turn a copy of the string with lead ing char ac ters re moved. The chars ar gu ment is

a string spec i fy ing the set of char ac ters to be re moved. If omit ted or None, the chars 

ar gu ment de faults to re mov ing whitespace. The chars ar gu ment is not a pre fix;

rather, all com bi na tions of its val ues are stripped:

static str.maketrans(x[, y[, z]])

This static method re turns a trans la tion ta ble us able for str.trans late().

str.par ti tion(sep)

Split the string at the first oc cur rence of sep, and re turn a 3-tuple con tain ing the part 

be fore the sep a ra tor, the sep a ra tor it self, and the part af ter the sep a ra tor. If the sep a -

ra tor is not found, re turn a 3-tuple con tain ing the string it self, fol lowed by two

empty strings.

str.re place(old, new[, count])

Re turn a copy of the string with all oc cur rences of substring old re placed by new. If

the op tional ar gu ment count is given, only the first count oc cur rences are re placed.

str.rfind(sub[, start[, end]])

Re turn the high est in dex in the string where substring sub is found, such that sub is

con tained within s[start:end]. Op tional ar gu ments start and end are in ter preted as in

slice no ta tion. Re turn -1 on fail ure.

str.rindex(sub[, start[, end]])

Like rfind() but raises ValueError when the substring sub is not found.

str.rjust(width[, fillchar])

Re turn the string right jus ti fied in a string of length width. Pad ding is done us ing the 

spec i fied fillchar (de fault is an ASCII space). The orig i nal string is re turned if width 

is less than or equal to len(s).

str.rpartition(sep)

Split the string at the last oc cur rence of sep, and re turn a 3-tuple con tain ing the part

be fore the sep a ra tor, the sep a ra tor it self, and the part af ter the sep a ra tor. If the sep a -

ra tor is not found, re turn a 3-tuple con tain ing two empty strings, fol lowed by the

string it self.

str.rsplit(sep=None, maxsplit=-1)
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Re turn a list of the words in the string, us ing sep as the de lim iter string. If maxsplit

is given, at most maxsplit splits are done, the rightmost ones. If sep is not spec i fied

or None, any whitespace string is a sep a ra tor. Ex cept for split ting from the right,

rsplit() be haves like split() which is de scribed in de tail be low.

str.rstrip([chars])

Re turn a copy of the string with trail ing char ac ters re moved. The chars ar gu ment is

a string spec i fy ing the set of char ac ters to be re moved. If omit ted or None, the chars 

ar gu ment de faults to re mov ing whitespace. The chars ar gu ment is not a suf fix;

rather, all com bi na tions of its val ues are stripped:

str.split(sep=None, maxsplit=-1)

Re turn a list of the words in the string, us ing sep as the de lim iter string. If maxsplit

is given, at most maxsplit splits are done (thus, the list will have at most maxsplit+1 

el e ments). If maxsplit is not spec i fied or -1, then there is no limit on the num ber of

splits (all pos si ble splits are made).

str.splitlines([keepends])

Re turn a list of the lines in the string, break ing at line bound aries. Line breaks are

not in cluded in the re sult ing list un less keepends is given and true.

str.startswith(pre fix[, start[, end]])

Re turn True if string starts with the pre fix, oth er wise re turn False. pre fix can also be 

a tuple of pre fixes to look for. With op tional start, test string be gin ning at that po si -

tion. With op tional end, stop com par ing string at that po si tion.

str.strip([chars])

Re turn a copy of the string with the lead ing and trail ing char ac ters re moved. The

chars ar gu ment is a string spec i fy ing the set of char ac ters to be re moved. If omit ted

or None, the chars ar gu ment de faults to re mov ing whitespace. The chars ar gu ment is 

not a pre fix or suf fix; rather, all com bi na tions of its val ues are stripped:

str.swapcase()

Re turn a copy of the string with up per case char ac ters con verted to low er case and

vice versa. Note that it is not nec es sar ily true that s.swapcase().swapcase() == s.

str.ti tle()

Re turn a titlecased ver sion of the string where words start with an up per case char ac -

ter and the re main ing char ac ters are low er case.

str.trans late(ta ble)

Re turn a copy of the string in which each char ac ter has been mapped through the

given trans la tion ta ble. The ta ble must be an ob ject that im ple ments in dex ing via

__getitem__(), typ i cally a map ping or se quence. When in dexed by a Unicode or di -

nal (an in te ger), the ta ble ob ject can do any of the fol low ing: re turn a Unicode or di -
nal or a string, to map the char ac ter to one or more other char ac ters; re turn None, to 

de lete the char ac ter from the re turn string; or raise a LookupError ex cep tion, to map 

the char ac ter to it self.

str.up per()

Re turn a copy of the string with all the cased char ac ters [4] con verted to up per case.

Note that str.up per().isupper() might be False if s con tains un cased char ac ters or if
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the Unicode cat e gory of the re sult ing char ac ter(s) is not “Lu” (Let ter, up per case),

but e.g. “Lt” (Let ter, titlecase).

str.zfill(width)

Re turn a copy of the string left filled with ASCII '0' dig its to make a string of length 

width. A lead ing sign pre fix ('+'/'-') is han dled by in sert ing the pad ding af ter the sign 

char ac ter rather than be fore. The orig i nal string is re turned if width is less than or

equal to len(s).

As can be seen there are a lot of string meth ods. We will look at a small num ber of ex am -
ples us ing some of the above.

7.3 String ex am ple 1 - in itial is ation, len and find methods

The first ex am ple il lus trates the fol low ing string con cepts

· string in itial is ation

· the use of the len() in ter nal method

· a string as an ar ray

· the find method

· sec tions or slices of a string

Here is the ex am ple.

name = "Ian Chivers"
l=len(name)
for i in range(0,l):
  print(name[i],end="")
print()
blank=name.find(" ")
print(name[0:blank])
print(name[blank+1:l])

Here is the out put.

$ python3 c0701.py
Ian Chivers
Ian
Chivers

7.4 String ex am ple 2 - con cat e na tion and split method

This ex am ple shows

· string con cat e na tion

· the use of the split()method

Here is the pro gram.

line1 = "The im por tant thing about a lan guage, is not so"
line2 = "much what fea tures the lan guage pos ses, but"
line3 = "the fea tures it does pos ses, are suf fi cient, to"
line4 = "sup port the de sired pro gram ming styles, in the"
line5 = "de sired ap pli ca tion ar eas."
to tal = line1 + " " + line2 + " " + line3 + " " + line4 +
" " + line5
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print(to tal)
words=to tal.split()
for word in words:
  print(word)

Here is the out put.

$ python3 c0702.py
The im por tant thing about a lan guage, is not so much what
fea tures the lan guage pos ses, but the fea tures it does pos -
ses, are suf fi cient, to sup port the de sired pro gram ming
styles, in the de sired ap pli ca tion ar eas.
The
im por tant
thing
about
a
lan guage,
is
not
so
much
what
fea tures
the
lan guage
pos ses,
but
the
fea tures
it
does
pos ses,
are
suf fi cient,
to
sup port
the
de sired
pro gram ming
styles,
in
the
de sired
ap pli ca tion
ar eas.

The next ex am ple us e reg u lar ex pres sions to break the text into phrases broken at punc tu a -
tion.
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7.5 String ex am ple 3 - split vari ant

Here is the source.

im port re

def main():

  line1 = "The im por tant thing about a lan guage, is not so"
  line2 = "much what fea tures the lan guage pos sess, but"
  line3 = "the fea tures it does pos sess, are suf fi cient, to"
  line4 = "sup port the de sired pro gram ming styles, in the"
  line5 = "de sired ap pli ca tion ar eas."
  to tal_string = line1 + " " + line2 + " " + line3 + " " + 
line4 + " " + line5
  print(to tal_string)
  phrases=re.split('[.,]',to tal_string)
  for phrase in phrases:
    print(phrase)

if ( __name__ == "__main__" ):
  main()

Here is the out put.

The im por tant thing about a lan guage, is not so much what
fea tures the lan guage pos sess, 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.
The im por tant thing about a lan guage
 is not so much what fea tures the lan guage pos sess
 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

The key dif fer ence  is

  phrases=re.split('[.,]',to tal_string)

where we now have a reg u lar ex pres sion[.,] as the ba sis of the char ac ters to split on.

7.6 String ex am ple 4 - read ing from an ex ter nal file

In this ex am ple we read data from an ex ter nal file. We will use a file from

http://www.metoffice.gov.uk/pub lic/weather/cli mate-his -
toric/#?tab=climateHistoric

In the ex am ple be low I will use

http://www.metoffice.gov.uk/pub/data/weather/uk/cli -
mate/stationdata/cwmystwythdata.txt

In the prob lems you can re place this file wiith one of your own choice.

Here is the pro gram.

data_file="cwmystwythdata.txt"
f=open(data_file)
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print(" Here are the header lines\n\n")
for i in range(0,7):
  line=f.readline()
  line=line.rstrip('\n')
  print(line)
print("\n\n ** 1959 and 1960 have miss ing rain fall val ues
\n\n")
for i in range(0,12):
  line=f.readline()
  line=line.rstrip('\n')
  print(line)
for i in range(0,12):
  line=f.readline()
  line=line.rstrip('\n')
  print(line)
print("\n\n ** 1961, 1962 and 1963 are in com plete ** \n\n")
for i in range(0,9):
  line=f.readline()
  line=line.rstrip('\n')
  print(line)
for i in range(0,8):
  line=f.readline()
  line=line.rstrip('\n')
  print(line)
for i in range(0,10):
  line=f.readline()
  line=line.rstrip('\n')
  print(line)
print("\n\n ** 1964 is the first com plete year of rain fall
val ues  ** \n\n")
for i in range(0,12):
  line=f.readline()
  line=line.rstrip('\n')
  print(line)

Here is the out put from run ning the pro gram.

 Here are the header lines

Cwmystwyth
Lo ca tion: 2773E 2749N, 301 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

Text in Python: Strings 113

 Ian D Chivers Chap ter 7



 ** 1959 and 1960 have miss ing rain fall val ues 

   1959   1    4.5    -1.9      20    ---     57.2
  1959    2    7.3     0.9      15    ---     87.2
  1959    3    8.4     3.1       3    ---     81.6
  1959    4   10.8     3.7       1    ---    107.4
  1959    5   15.8     5.8       1    ---    213.5
  1959    6   16.9     8.2       0    ---    209.4
  1959    7   18.5     9.5       0    ---    167.8
  1959    8   19.0    10.5       0    ---    164.8
  1959    9   18.3     5.9       0    ---    196.5
  1959   10   14.8     7.9       1    ---    101.1
  1959   11    8.8     3.9       3    ---     38.9
  1959   12    7.2     2.5       3    ---     19.2
  1960    1    6.3     0.6      15    ---     30.7
  1960    2    5.3    -0.3      17    ---     50.2
  1960    3    8.2     2.4       4    ---     73.9
  1960    4   11.2     2.6       7    ---    146.8
  1960    5   15.4     6.5       2    ---    153.9
  1960    6   18.5     8.2       0    ---    225.6
  1960    7   16.0     9.3       0    ---    111.3
  1960    8   16.5     9.4       0    ---    119.2
  1960    9   15.0     7.9       0    ---    120.3
  1960   10   12.0     5.3       5    ---     ---
  1960   11    8.8     2.9       5    ---     37.3
  1960   12    5.9     0.4      13    ---     33.9

 ** 1961, 1962 and 1963 are in com plete ** 

  1961    1    5.4     0.2      11   144.8    31.0
  1961    2    8.7     2.9       2   112.5    45.2
  1961    3   10.2     2.1      10    77.2   102.6
  1961    4   11.9     5.0       1   130.7    83.9
  1961    5   ---     ---     ---     66.3   173.7
  1961    6   ---      7.4    ---     66.1   190.6
  1961    7   16.7     8.2       0   141.1   149.2
  1961    8   16.8    10.1       0   149.5   106.6
  1961    9   17.4     9.3       0   134.8    79.7
  1962    5            4.2       3   117.8   102.2
  1962    6            6.8       1    72.8   163.9
  1962    7   16.8     9.1       0    56.7    ---
  1962    8   15.6     9.3       0   236.2    ---
  1962    9   14.6     7.8       1   218.0    ---
  1962   10   ---     ---     ---     69.7    ---
  1962   11    7.6     1.8       9    85.2    ---
  1962   12    5.3    -1.0      18   204.4    ---
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  1963    3   ---     ---     ---    106.2    ---
  1963    4   10.6     3.0       1   159.7    ---
  1963    5   12.1     4.9       1   126.9   117.4
  1963    6   ---     ---     ---    121.6    ---
  1963    7   ---     ---     ---     62.9    ---
  1963    8   ---     ---     ---    154.3    78.8
  1963    9   ---     ---     ---    165.0    ---
  1963   10   ---     ---     ---    139.0    ---
  1963   11    9.8     4.3       1   234.4    55.6
  1963   12    4.4    -0.9      18    19.7    59.9

 ** 1964 is the first com plete year of rain fall val ues  ** 

  1964    1    5.6     0.6      15    83.1    30.6
  1964    2    5.7     0.7      14    38.5    47.5
  1964    3    6.5     0.7      15    67.3    88.7
  1964    4   10.3     3.6       5    76.4   102.4
  1964    5   15.2     7.5       1    90.4   142.8
  1964    6   15.2     8.2       0    83.5   104.5
  1964    7   16.6    10.1       0   177.0    95.4
  1964    8   17.2     9.4       0   180.5   155.7
  1964    9   16.4     8.2       0    66.0   140.3
  1964   10   11.2     3.6       0   171.9    92.1
  1964   11    9.5     4.3       6   174.5    43.6
  1964   12    5.9    -0.2      14   334.8    44.0

7.7 String ex am ple 5 - read ing data from a file and cal cu lat ing sum
and average rain fall values

In the pre vi ous ex am ple the first year with 12 months of rain fall data was 1964. We will
read this data in and ex tract the rain fall val ues for the year and cal cu late the sum and av er -
age of the rain fall in inches.

Here is the pro gram.

im port numpy as np
data_file="cwmystwythdata.txt"
nmonths=12
cmsum=0.0
im pe rial_sum     = 0.0
im pe rial_av er age = 0.0
x = np.empty([nmonths] , dtype=np.float64)
f=open(data_file)
print(" ** Skip ping header lines ** \n")
for i in range(0,7):
  line=f.readline()
print(" ** Skip ping 1959 ** \n")
for i in range(0,12):
  line=f.readline()
print(" ** Skip ping 1960 ** \n")
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for i in range(0,12):
  line=f.readline()
print(" ** Skip ping 1961 ** \n")
for i in range(0,9):
  line=f.readline()
print(" ** Skip ping 1962 ** \n")
for i in range(0,8):
  line=f.readline()
print(" ** Skip ping 1963 ** \n")
for i in range(0,10):
  line=f.readline()
print(" ** Read ing 1964 ** \n")
for i in range(0,12):
  line=f.readline()
  x[i]=(float)(line[36:42])
  print(" %6.1f " % x[i])
print(" ** mms ** ")
print(" %6.1f " % x.sum())
print(" %6.1f " % (x.sum()/nmonths))
im pe rial_sum=x.sum()/25.4
im pe rial_av er age=im pe rial_sum/nmonths
print(" ** inches ** ")
print(" %6.1f " % im pe rial_sum)
print(" %6.1f " % im pe rial_av er age)

Here is the out put.

$ python3 c0804.py
 ** Skip ping header lines **

 ** Skip ping 1959 **

 ** Skip ping 1960 **

 ** Skip ping 1961 **

 ** Skip ping 1962 **

 ** Skip ping 1963 **

 ** Read ing 1964 **

   83.1
   38.5
   67.3
   76.4
   90.4
   83.5
  177.0
  180.5
   66.0
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  171.9
  174.5
  334.8
 ** mms **
 1543.9
  128.7
 ** inches **
   60.8
    5.1

We have also for mat ted the nu meric out put.

7.8 String ex am ple 6 - sim ple vari ant of the pre vi ous ex am ple us ing
the .for mat option

This is a sim ple vari ant of the last ex am ple us ing .for mat.

im port numpy as np
data_file="cwmystwythdata.txt"
nmonths=12
cmsum=0.0
im pe rial_sum     = 0.0
im pe rial_av er age = 0.0
x = np.empty([nmonths] , dtype=np.float64)
f=open(data_file)
print(" ** Skip ping header lines ** \n")
for i in range(0,7):
  line=f.readline()
print(" ** Skip ping 1959 ** \n")
for i in range(0,12):
  line=f.readline()
print(" ** Skip ping 1960 ** \n")
for i in range(0,12):
  line=f.readline()
print(" ** Skip ping 1961 ** \n")
for i in range(0,9):
  line=f.readline()
print(" ** Skip ping 1962 ** \n")
for i in range(0,8):
  line=f.readline()
print(" ** Skip ping 1963 ** \n")
for i in range(0,10):
  line=f.readline()
print(" ** Read ing 1964 ** \n")
for i in range(0,12):
  line=f.readline()
  x[i]=(float)(line[36:42])
  print(" %6.1f ".for mat(x[i]))
print(" ** mms ** ")
print(" %6.1f ".for mat(x.sum()))
print(" %6.1f ".for mat((x.sum()/nmonths)))
im pe rial_sum=x.sum()/25.4
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im pe rial_av er age=im pe rial_sum/nmonths
print(" ** inches ** ")
print(" %6.1f ".for mat(im pe rial_sum))
print(" %6.1f ".for mat(im pe rial_av er age))

The out put is as in the pre vi ous ex am ple.

7.9 Char ac ter data in Py thon

The next set of ex am ples look at char ac ter data  in Py thon. Some of the back ground ma te -
rial in this sec tion is taken from the fol low ing Wikipedia en try.

https://en.wikipedia.org/wiki/Char ac ter_en cod ing

The term char ac ter en cod ing means the use of a cod ing mech a nism to rep re sent a set of
char ac ters. Some of the early char ac ter encodings are

· Morse code - a char ac ter en cod ing scheme used in tele com mu ni ca tion that en -

codes text char ac ters as stan dard ized se quences of two dif fer ent sig nal du ra tions

called dots and dashes. Morse code is named for Sam uel F. B. Morse, an in ven -

tor of the tele graph. 

· Baudot code, a five-bit en cod ing, was cre ated by Émile Baudot in 1870, pat ented 

in 1874, mod i fied by Don ald Murray in 1901, and stan dard ized by CCITT as In -

ter na tional Tele graph Al pha bet No. 2 (ITA2) in 1930

· ASCII - ab bre vi ated from Amer i can Stan dard Code for In for ma tion In ter change,

is a char ac ter en cod ing stan dard for elec tronic com mu ni ca tion. ASCII codes rep -

re sent text in com put ers, tele com mu ni ca tions equip ment, and other de vices.

Most mod ern char ac ter-en cod ing schemes are based on ASCII, al though they

support many additional characters. 

Most pro gram ming lan guages use the ASCII char ac ter set as the ba sis for the char ac ters
used in writ ing pro grams.

7.10 String ex am ple 7 - the ASCII char ac ter set

The fol low ing pro gram

def main():

  for i in range(32,64):

    c1 = chr(i)
    c2 = chr(i+32)
    c3 = chr(i+64)

    print( "     {0:3d} {1}     {2:3d} {3}     {4:3d} {5} 
".for mat( (i) , c1 , (i+32) , c2 , (i+64) , c3 ) ) 

if ( __name__ == "__main__" ):
  main()

prints out the ASCII char ac ter set. Here is the out put from run ning the pro gram.

      32        64 @      96 ` 
      33 !      65 A      97 a 
      34 "      66 B      98 b 
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      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 • 

There are a num ber of lim i ta tions with the ASCII char ac ter set, in clud ing 

· no sup port for lan guages other than Eng lish

· no ac cess to sym bols widely used in sci ence and en gi neer ing

· no sup port for lig a tures

· no sup port for math e mat i cal equa tions

Unicode and the Unicode stan dard is an at tempt to ad dress some of these is sues. 

7.11 Unicode

Here is the home ad dress of the Unicode Con sor tium.

https://unicode.org/

In the ASCII char ac ter set we see the use of num bers to pro vide ac cess to char ac ters. Com -
put ers store let ters and other char ac ters by as sign ing a num ber for each one.

Be fore Unicode was in vented, there were hun dreds of dif fer ent sys tems, called char ac ter
encodings, for as sign ing these num bers. These early char ac ter encodings were lim ited and 
could not con tain enough char ac ters to cover all the world's lan guages. Even for a sin gle
lan guage like Eng lish no singleencoding was ad e quate for all the let ters, punc tu a tion, and
tech ni cal sym bols in com mon use.
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Early char ac ter encodings also con flicted with one an other. That is, two encodings could
use the same num ber for two dif fer ent char ac ters, or use dif fer ent num bers for the same
char ac ter. Any given com puter (es pe cially serv ers) would need to sup port many dif fer ent
encodings. How ever, when data is passed through dif fer ent com put ers or be tween dif fer ent
encodings, that data runs the risk of cor rup tion.

Unicode solves many of these prob lems. Unicode is a com put ing in dus try 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. The stan dard is main tained by the Unicode Con sor tium, and as of June
2018 the most re cent ver sion, Unicode 11.0, con tains a rep er toire of 137,439 char ac ters
cov er ing 146 mod ern and his toric scripts, as well as mul ti ple sym bol sets and emoji. The
char ac ter rep er toire of the Unicode Stan dard is syn chro nized with ISO/IEC 10646, and both 
are code-for-code identical. 

The Unicode Stan dard con sists of a set of code charts for vi sual ref er ence, an en cod ing
method and set of stan dard char ac ter encodings, a set of ref er ence data 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).

Unicode's suc cess at uni fy ing char ac ter sets has led to its wide spread and pre dom i nant use
in the in ter na tion al iza tion and lo cal iza tion of com puter soft ware. The stan dard has been im -
ple mented in many re cent tech nol o gies, in clud ing mod ern op er at ing sys tems, XML, Java
(and other pro gram ming lan guages), and the .NET Frame work. 

Unicode can be im ple mented by dif fer ent char ac ter encodings. The Unicode stan dard de -
fines UTF-8, UTF-16, and UTF-32, and sev eral other encodings are in use. The most com -
monly used encodings are UTF-8, UTF-16, and UCS-2, a pre cur sor of UTF-16. 

UTF-8, the dom i nant en cod ing on the World Wide Web (used in over 92% of websites),
uses one byte for the first 128 code points, and up to 4 bytes for other char ac ters. The first
128 Unicode code points are the ASCII char ac ters, which means that any ASCII text is also 
a UTF-8 text. 

UCS-2 uses two bytes (16 bits) for each char ac ter but can only en code the first 65,536 code 
points, the so-called Ba sic Mul ti lin gual Plane (BMP). With 1,114,112 code points on 17
planes be ing pos si ble, and with over 137,000 code points de fined so far, UCS-2 is only able 
to rep re sent less than half of all en coded Unicode char ac ters. There fore, UCS-2 is ob so lete,
though still widely used in soft ware. UTF-16 ex tends UCS-2, by us ing the same 16-bit en -
cod ing as UCS-2 for the Ba sic Mul ti lin gual Plane, and a 4-byte en cod ing for the other
planes. As long as it con tains no code points in the re served range U+D800–U+DFFF, a
UCS-2 text is a valid UTF-16 text. 

UTF-32 (also re ferred to as UCS-4) uses four bytes for each char ac ter. Like UCS-2, the
num ber of bytes per char ac ter is fixed, fa cil i tat ing char ac ter in dex ing; but un like UCS-2,
UTF-32 is able to en code all Unicode code points. How ever, be cause each char ac ter uses
four bytes, UTF-32 takes sig nif i cantly more space than other encodings, and is not widely
used. 

7.12 String ex am ple 8 - Unicode char ac ters

The following pro gram

im port ar ray

def main():
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# The first Unicode stan dard sup ported 16 bit char ac ters
# 65535

  n = (2**16)-1
  print(" Size = ",n)

# Cre ate a char ac ter ar ray of size n and
# fill the char ac ter ar ray with X
 
  char ac ter_ar ray = ['X'] * n

  start = 0
  end = int(n/64)

# 1023 lines

  print(" start = ",start)
  print(" end   = ",end)

  text_buffer = ar ray.ar ray( 'u' , char ac ter_ar ray )   

# The
# 
# chr() 
#
# func tion re turns the char ac ter that rep re sents the spec i -
fied unicode.

  for i in range(31,n):
    text_buffer[i] = chr(i)

  for l in range(0,32):
    print(" Line = {0:4d} ".for mat(l),end=" ")
    for c in range(0,64):
      print( text_buffer[start] , end="" )
      start = start + 1
    print()

if ( __name__ == "__main__" ):
  main()

looks at cre at ing an ar ray of Unicode char ac ters and print ing some of them out. Try run ning 
it from an IDE and from the com mand line. What do you no tice about the out put?

7.13 Ex am ple 9 - an other unicode ex am ple

Here is the source code.

im port ar ray

def main():
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# A more re cent Unicode stan dard sup ports
# 1,114,112 code points

  n = 1114112
  print(" Size = ",n)

# Cre ate a char ac ter ar ray of size n and
# fill the char ac ter ar ray with X
 
  char ac ter_ar ray = ['X'] * n

  start = 0
  end = int(n/64)

# 1023 lines

  print(" start = ",start)
  print(" end   = ",end)

  text_buffer = ar ray.ar ray( 'u' , char ac ter_ar ray )   

# The
# 
# chr() 
#
# func tion re turns the char ac ter that rep re sents the spec i -
fied unicode.

  for i in range(31,n):
    text_buffer[i] = chr(i)

  for l in range(0,32):
    print(" Line = {0:4d} ".for mat(l),end=" ")
    for c in range(0,64):
      print( text_buffer[start] , end="" )
      start = start + 1
    print()

if ( __name__ == "__main__" ):
  main()

Here is the out put.

 Size =  1114112
 start =  0
 end   =  17408
Traceback (most re cent call last):
  File "c0709.py", line 43, in <mod ule>
    main()
  File "c0709.py", line 33, in main
    text_buffer[i] = chr(i)
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TypeError: ar ray item must be unicode char ac ter

We will look at re solv ing the er ror with this pro gram in the prac ti cals.

7.14 Prob lems

1. Com pile and run the ex am ples in this chap ter.,

2. Re place the Cwmystwyth file with one of your choice from the Met Of fice site. Make the 
nec es sary changes to print the first 6 years data.

3. Us ing one of the ear lier pro grams write a pro gram that pro duces the fol low ing out put.

 !
 "#
 $%&
 '()*
 +,-./
 012345
 6789:;<
 =>?@ABCD
 EFGHIJKLM
 NOPQRSTUVW
 XYZ[\]^_`ab
 cdefghijklmn
 opqrstuvwxyz{
 |}~

One way to print mul ti ple char ac ters on a line is to use the print method and end="".

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{|}~

Again we as sume the ASCII char ac ter set

5. Us ing the split ex am ples as a start ing point write a pro gram that gen er ates the fol low ing
out put.

Out put:
Words = 34
  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]
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  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. Visit the UNICODE site.

http://www.unicode.org/stan dard/WhatIsUnicode.htm

Chose a code chart.

http://www.unicode.org/charts/

This is one of the code ta bles.

http://www.unicode.org/charts/PDF/U13A0.pdf

Choose one or more char ac ters. Can you get your char ac ters to dis play in a Py thon
program?
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Sum ma ris 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 Pro gram ming.

8 Control Structures - compound
statements

There are a rea son able range of con trol struc tures in Py thon. The fol low ing in for ma tion is
taken from sec tion 8 of the ref er ence man ual.

8.1 Com pound state ments

Com pound state ments con tain (groups of) other state ments; they af fect or con trol the ex e cu -
tion of those other state ments in some way. In gen eral, com pound state ments span mul ti ple
lines, al though in sim ple in car na tions a whole com pound state ment may be con tained in one 
line.

The if, while and for state ments im ple ment tra di tional con trol flow con structs. try spec i fies
ex cep tion han dlers and/or cleanup code for a group of state ments, while the with state ment
al lows the ex e cu tion of ini tial iza tion and fi nal iza tion code around a block of code. Func tion 
and class def i ni tions are also syn tac ti cally com pound state ments.

A com pound state ment con sists of one or more ‘clauses.’ A clause con sists of a header and
a ‘suite.’ The clause head ers of a par tic u lar com pound state ment are all at the same in den ta -
tion level. Each clause header be gins with a uniquely iden ti fy ing key word and ends with a
co lon. A suite is a group of state ments con trolled by a clause. A suite can be one or more
semi co lon-sep a rated sim ple state ments on the same line as the header, fol low ing the
header’s co lon, or it can be one or more in dented state ments on sub se quent lines. Only the
lat ter form of a suite can con tain nested com pound state ments; the fol low ing is il le gal,
mostly be cause it would n’t be clear to which if clause a fol low ing else clause would be -
long:
if test1: if test2: print(x)

Also note that the semi co lon binds tighter than the co lon in this con text, so that in the fol -
low ing ex am ple, ei ther all or none of the print() calls are ex e cuted:
if x < y < z: print(x); print(y); print(z)

The com pound state ments are

· if_stmt

· while_stmt

· for_stmt

· try_stmt

· with_stmt

· funcdef

· classdef

· async_with_stmt

· async_for_stmt
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· async_funcdef

· suite         ::=  stmt_list NEWLINE | NEWLINE IN DENT state ment+ DEDENT

· state ment     ::=  stmt_list NEWLINE | com pound_stmt

· stmt_list     ::=  sim ple_stmt (";" sim ple_stmt)* [";"]

Note that state ments al ways end in a NEWLINE pos si bly fol lowed by a DEDENT. Also
note that op tional con tin u a tion clauses al ways be gin with a key word that can not start a
state ment, thus there are no am bi gu ities (the ‘dan gling else‘ prob lem is solved in Py thon by 
re quir ing nested if state ments to be indented).

The for mat ting of the gram mar rules in the fol low ing sec tions places each clause on a sep a -
rate line for clar ity.

8.2 The if state ment

The if state ment is used for con di tional ex e cu tion:

if_stmt ::=  "if" ex pres sion ":" suite
             ( "elif" ex pres sion ":" suite )*
             ["else" ":" suite]

It se lects ex actly one of the suites by eval u at ing the ex pres sions one by one un til one is
found to be true (see sec tion Boolean op er a tions for the def i ni tion of true and false); then
that suite is ex e cuted (and no other part of the if state ment is ex e cuted or eval u ated). If all
ex pres sions are false, the suite of the else clause, if present, is executed.

8.3 The while state ment

The while state ment is used for re peated ex e cu tion as long as an ex pres sion is true:

while_stmt ::=  "while" ex pres sion ":" suite
                ["else" ":" suite]

This re peat edly tests the ex pres sion and, if it is true, ex e cutes the first suite; if the ex pres -
sion is false (which may be the first time it is tested) the suite of the else clause, if pres ent,
is ex e cuted and the loop ter mi nates.

A break state ment ex e cuted in the first suite ter mi nates the loop with out ex e cut ing the else
clause’s suite. A con tinue state ment ex e cuted in the first suite skips the rest of the suite and
goes back to test ing the ex pres sion.

8.4 The for state ment

The for state ment is used to it er ate over the el e ments of a se quence (such as a string, tuple
or list) or other iterable ob ject:

for_stmt ::=  "for" tar get_list "in" ex pres sion_list ":"
suite
              ["else" ":" suite]

The ex pres sion list is eval u ated once; it should yield an iterable ob ject. An iterator is cre -
ated for the re sult of the ex pres sion_list. The suite is then ex e cuted once for each item pro -
vided by the iterator, in the or der re turned by the iterator. Each item in turn is as signed to
the tar get list us ing the stan dard rules for as sign ments (see As sign ment state ments), and
then the suite is ex e cuted. When the items are ex hausted (which is im me di ately when the
se quence is empty or an iterator raises a StopIteration ex cep tion), the suite in the else
clause, if pres ent, is ex e cuted, and the loop terminates.

126 Control Structures - compound statements

Chap ter 8  Ian D Chivers



A break state ment ex e cuted in the first suite ter mi nates the loop with out ex e cut ing the else
clause’s suite. A con tinue state ment ex e cuted in the first suite skips the rest of the suite and
con tin ues with the next item, or with the else clause if there is no next item.

The for-loop makes as sign ments to the vari ables(s) in the tar get list. This overwrites all pre -
vi ous as sign ments to those vari ables in clud ing those made in the suite of the for-loop:

for i in range(10):
    print(i)
    i = 5             
# this will not af fect the for-loop
# be cause i will be over writ ten with the next
# in dex in the range

Names in the tar get list are not de leted when the loop is fin ished, but if the se quence is
empty, they will not have been as signed to at all by the loop. Hint: the built-in func tion
range() re turns an iterator of in te gers suit able to em u late the ef fect of Pascal’s for i := a to b 
do; e.g., list(range(3)) re turns the list [0, 1, 2].

Note There is a sub tlety when the se quence is be ing mod i fied by the loop (this can only oc -
cur for mu ta ble se quences, i.e. lists). An in ter nal coun ter is used to keep track of which
item is used next, and this is in cre mented on each it er a tion. When this coun ter has reached
the length of the se quence the loop ter mi nates. This means that if the suite de letes the cur -
rent (or a pre vi ous) item from the se quence, the next item will be skipped (since it gets the
in dex of the cur rent item which has al ready been treated). Like wise, if the suite in serts an
item in the se quence be fore the cur rent item, the cur rent item will be treated again the next
time through the loop. This can lead to nasty bugs that can be avoided by mak ing a tem po -
rary copy us ing a slice of the whole se quence, e.g.,
for x in a[:]:
    if x < 0: a.re move(x)

8.5 The try state ment

The try state ment spec i fies ex cep tion han dlers and/or cleanup code for a group of state -
ments:
try_stmt  ::=  try1_stmt | try2_stmt
try1_stmt ::=  "try" ":" suite
               ("ex cept" [ex pres sion ["as" iden ti fier]]
":" suite)+
               ["else" ":" suite]
               ["fi nally" ":" suite]
try2_stmt ::=  "try" ":" suite
               "fi nally" ":" suite

The ex cept clause(s) spec ify one or more ex cep tion han dlers. When no ex cep tion oc curs in
the try clause, no ex cep tion han dler is ex e cuted. When an ex cep tion oc curs in the try suite,
a search for an ex cep tion han dler is started. This search in spects the ex cept clauses in turn
un til one is found that matches the ex cep tion. An ex pres sion-less ex cept clause, if pres ent,
must be last; it matches any ex cep tion. For an ex cept clause with an ex pres sion, that ex -
pres sion is eval u ated, and the clause matches the ex cep tion if the re sult ing ob ject is “com -
pat i ble” with the ex cep tion. An ob ject is com pat i ble with an ex cep tion if it is the class or a
base class of the ex cep tion ob ject or a tuple containing an item compatible with the
exception.
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If no ex cept clause matches the ex cep tion, the search for an ex cep tion han dler con tin ues in
the sur round ing code and on the in vo ca tion stack. [1]

If the eval u a tion of an ex pres sion in the header of an ex cept clause raises an ex cep tion, the
orig i nal search for a han dler is can celled and a search starts for the new ex cep tion in the
sur round ing code and on the call stack (it is treated as if the en tire try state ment raised the
ex cep tion).

When a match ing ex cept clause is found, the ex cep tion is as signed to the tar get spec i fied
af ter the as key word in that ex cept clause, if pres ent, and the ex cept clause’s suite is ex e -
cuted. All ex cept clauses must have an ex e cut able block. When the end of this block is
reached, ex e cu tion con tin ues nor mally af ter the en tire try state ment. (This means that if two 
nested han dlers ex ist for the same ex cep tion, and the ex cep tion oc curs in the try clause of
the in ner han dler, the outer han dler will not han dle the ex cep tion.)

When an ex cep tion has been as signed us ing as tar get, it is cleared at the end of the ex cept
clause. This is as if
ex cept E as N:
    foo

was trans lated to
ex cept E as N:
    try:
        foo
    fi nally:
        del N

This means the ex cep tion must be as signed to a dif fer ent name to be able to re fer to it af ter
the ex cept clause. Ex cep tions are cleared be cause with the traceback at tached to them, they
form a ref er ence cy cle with the stack frame, keep ing all lo cals in that frame alive un til the
next gar bage col lec tion occurs.

Be fore an ex cept clause’s suite is ex e cuted, de tails about the ex cep tion are stored in the sys
mod ule and can be ac cessed via sys.exc_info(). sys.exc_info() re turns a 3-tuple con sist ing
of the ex cep tion class, the ex cep tion in stance and a traceback ob ject (see sec tion The stan -
dard type hi er ar chy) iden ti fy ing the point in the pro gram where the ex cep tion oc curred.
sys.exc_info() val ues are re stored to their pre vi ous val ues (be fore the call) when re turn ing
from a func tion that han dled an ex cep tion.

The op tional else clause is ex e cuted if and when con trol flows off the end of the try clause.
[2] Ex cep tions in the else clause are not han dled by the pre ced ing ex cept clauses.

If fi nally is pres ent, it spec i fies a ‘cleanup’ han dler. The try clause is ex e cuted, in clud ing
any ex cept and else clauses. If an ex cep tion oc curs in any of the clauses and is not han dled, 
the ex cep tion is tem po rarily saved. The fi nally clause is ex e cuted. If there is a saved ex cep -
tion it is re-raised at the end of the fi nally clause. If the fi nally clause raises an other ex cep -
tion, the saved ex cep tion is set as the con text of the new ex cep tion. If the fi nally clause ex -
e cutes a re turn or break state ment, the saved ex cep tion is dis carded:
>>>
>>> def f():
…     try:
…         1/0
…     fi nally:
…         re turn 42
…
>>> f()
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42

The ex cep tion in for ma tion is not avail able to the pro gram dur ing ex e cu tion of the fi nally
clause.

When a re turn, break or con tinue state ment is ex e cuted in the try suite of a try...fi nally
state ment, the fi nally clause is also ex e cuted ‘on the way out.’ A con tinue state ment is il le -
gal in the fi nally clause. (The rea son is a prob lem with the cur rent im ple men ta tion — this
re stric tion may be lifted in the fu ture).

The re turn value of a func tion is de ter mined by the last re turn state ment ex e cuted. Since the 
fi nally clause al ways ex e cutes, a re turn state ment ex e cuted in the fi nally clause will al ways
be the last one ex e cuted:
>>>
>>> def foo():
…     try:
…         re turn 'try'
…     fi nally:
…         re turn 'fi nally'
…
>>> foo()
'fi nally'

Ad di tional in for ma tion on ex cep tions can be found in sec tion Ex cep tions, and in for ma tion
on us ing the raise state ment to gen er ate ex cep tions may be found in sec tion The raise
statement.

8.6 The with state ment

The with state ment is used to wrap the ex e cu tion of a block with meth ods de fined by a con -
text man ager (see sec tion With State ment Con text Man ag ers). This al lows com mon try...ex -
cept...fi nally us age pat terns to be en cap su lated for convenient reuse.
with_stmt ::=  "with" with_item ("," with_item)* ":" suite
with_item ::=  ex pres sion ["as" tar get]

The ex e cu tion of the with state ment with one “item” pro ceeds as fol lows:

· 1. The con text ex pres sion (the ex pres sion given in the with_item) is eval u ated to 

ob tain a con text man ager.

· 2. The con text man ager’s __exit__() is loaded for later use.

· 3. The con text man ager’s __en ter__() method is in voked.

· 4. If a tar get was in cluded in the with state ment, the re turn value from __en -

ter__() is as signed to it.

Note The with state ment guar an tees that if the __en ter__() method re turns

with out an er ror, then __exit__() will al ways be called. Thus, if an er ror oc -

curs dur ing the as sign ment to the tar get list, it will be treated the same as an

er ror oc cur ring within the suite would be. See step 6 be low.

· 5. The suite is ex e cuted.

· 6. The con text man ager’s __exit__() method is in voked. If an ex cep tion caused

the suite to be ex ited, its type, value, and traceback are passed as ar gu ments to

__exit__(). Oth er wise, three None ar gu ments are sup plied.

If the suite was ex ited due to an ex cep tion, and the re turn value from the

__exit__() method was false, the ex cep tion is reraised. If the re turn value
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was true, the ex cep tion is sup pressed, and ex e cu tion con tin ues with the

state ment fol low ing the with state ment.

If the suite was ex ited for any rea son other than an ex cep tion, the re turn

value from __exit__() is ig nored, and ex e cu tion pro ceeds at the nor mal lo ca -

tion for the kind of exit that was taken.

With more than one item, the con text man ag ers are pro cessed as if mul ti ple with state -
ments were nested:

with A() as a, B() as b:
    suite

is equiv a lent to

with A() as a:
    with B() as b:
        suite

We will have a look at some ex am ples next.

8.7 The pass state ment

The pass state ment does noth ing. It can be used when a state ment is re quired syn tac ti cally
but the pro gram re quires no ac tion. For ex am ple:

while True:
  pass

This is com monly used for cre at ing min i mal classes:

class MyEmptyClass:
  pass

An other place pass can be used is as a place-holder for a func tion or con di tional body
when you are work ing on new code, al low ing you to keep think ing at a more ab stract
level. The pass is si lently ig nored:

def initlog(*args):
  pass # Re mem ber to im ple ment this!

8.8 Ex am ple 1 - the if state ment

Here is the first ex am ple. We have an if then else in this pro gram.

im port numpy as np
n=5
height=np.ar ray([1.85,1.80,1.85,1.70,1.75])
weight=np.ar ray([85.0,76.0,85.0,90.0,69.0])
bmi   =np.empty([n],dtype=np.float64)
for i in range(0,n):
  bmi[i]=weight[i]/(height[i]**2)
  print( "{0:5.2f}".for mat(bmi[i]),end=" ")
  if ( (bmi[i]>20.00) and (bmi[i]<25.00) ):
    print(" Nor mal")
  elif ( (bmi[i]>25.00) and (bmi[i]<30.00) ):
    print(" Over weight")
  elif ( (bmi[i]>30.00) and (bmi[i]<40.00) ):
    print(" Obese")



Here is the out put.

$ python3 c0801.py
24.84  Nor mal
23.46  Nor mal
24.84  Nor mal
31.14  Obese
22.53  Nor mal

The data is taken from a first year class of Me chan i cal En gi neer ing stu dents.

8.9 Ex am ple 2 - the while state ment

Here is a while ex am ple. This pro gram eval u ates exp(1.0) us ing a sum ma tion.

im port math
tol=1.0e-16
etox=1.0
term=1.0
nterm=0
x=1.0
while ( term > tol ):
  nterm+=1
  term = (x/nterm) * term
  etox+=term
print("Cal cu lated   = {0:20.15f} ".for mat(etox))
print("math.exp     = {0:20.15f} ".for mat(math.exp(x)))
print("N it er a tions = {0:6d} ".for mat(nterm))

Here is the pro gram out put.

$ python3 c0802.py
 Cal cu lated   =    2.718281828459046
 math.exp     =    2.718281828459046
 N it er a tions =     19

The se ries con verges rel a tively quickly.

8.10 Ex am ple 3 - the for loop with ar rays

You have al ready seen ex am ples of for loops and ar rays. Here is a vari a tion of an earlier
one. Here is the pro gram.

im port numpy as np
n=12
month=0
rain fall = np.ar ray([ 3.1 , 2.0 , 2.4 , 2.1 , 2.2 , 2.2 ,
1.8 , 2.2 , 2.7 , 2.9 , 3.1 , 3.1 ] )
for month in range (0,n):
  print(" {0:2d} {1:4.1f} ".for mat(month,rain fall[month]))

Here is the out put.

$ python3 c0803.py
  0  3.1
  1  2.0
  2  2.4
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  3  2.1
  4  2.2
  5  2.2
  6  1.8
  7  2.2
  8  2.7
  9  2.9
 10  3.1
 11  3.1

8.11 Ex am ple 4 - the for loop with lists and enu mer ate

This ex am ple looks at the type of for loop you can use with lists. Here is the pro gram.

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"]

print(type(months))
for m in months:
  print(m)
for in dex,value in enu mer ate(months):
  print(in dex,value)

Here is the out put.

$ python3 c0804.py
<class 'list'>
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
0 Jan u ary
1 Feb ru ary
2 March
3 April
4 May
5 June
6 July
7 Au gust
8 Sep tem ber
9 Oc to ber
10 No vem ber
11 De cem ber
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Note that months is not an ar ray, but a list.

8.12 Ex am ple 5 - the for in state ment

Here is a vari a tion on the pre vi ous ex am ple in how to initalise a col lec tion of strings, in
this case day names.

day_names = [s for s in [ 'Sunday', 'Mon day', 'Tues day',
'Wednes day', 'Thurs day', 'Fri day', 'Sat ur day' ] ]
print(type(day_names))
print(day_names)

Here is the out put.

<class 'list'>
['Sunday', 'Mon day', 'Tues day', 'Wednes day', 'Thurs day',
'Fri day', 'Sat ur day']

Note that day_names is not an ar ray, but a list.

8.13 Ex am ple 6 - try and ex cept

Here is the ex am ple.

try:
  testfile = open("silly")
  testfile.write(" Silly billy")
ex cept IOError:
  print("File er ror")
else:
  print("It worked")

When the file does not ex ist we get.

$ python3 c0805.py
File er ror

8.14 Ad di tional material

We will have a look at ad di tional ex am ples through out other sec tions of the notes. We will
look at

· with

· funcdef

· class def

· async with

· async for

· async funcdef

where ap pro pri ate.

8.15 Prob lems

1. Write a pro gram to print out the 12 times ta ble. Out put should be roughly of the form

            1          *          12        =          12
            2          *          12        =          24
2. 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
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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.

3. 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.

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.

4. If a cu bic equa tion is ex pressed as

                        z a z a z a3
2

2
1 0 0+ + + =

and we let

                        q a a a= -1 2 23 9( * )

and

                        r a a a a a a= - -( ) ( )1 2 0 2 2 23 6 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;

            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.
5. The form of break ing waves on beaches is a con tin uum, but for con ve nience we com -
monly re cog nise three ma jor types: surg ing, plung ing and spill ing. These may be clas si fied
em pir i cally by ref er ence to the wave pe riod, T (sec onds), the breaker wave height, Hb

(metres), and the beach slope, m. These three vari ables are com bined into a sin gle pa ram e -
ter, B, where

            B = Hb/(gmT2)
g is the grav i ta tional con stant (981 cm sec–2). If B is less than .003, the break ers are surg -
ing; if B is greater than 0.068, they are spill ing, and be tween these val ues, plung ing break -
ers are ob served.

(i) On the east coast of New Zea land, the nor mal pat tern of waves is swell waves, with
wave heights of 1 to 2 metres, and wave pe ri ods of 10 to 15 sec onds. Dur ing storms, the
wave pe riod is gen er ally shorter, say 6 to 8 sec onds, and the wave heights higher, 3 to 5
metres. The beach slope may be taken as about 0.1. What changes oc cur in breaker char ac -
ter is tics as a storm builds up?

(ii) Sim i larly, many beaches have a con cave pro file. The lower beach gen er ally has a very
low slope, say less than 1 de gree (m=0.018), but to wards the high tide mark, the slope in -
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creases dra mat i cally, to say 10 de grees or more (m=0.18). What changes in wave type will
be ob served as the tide co mes in?

6. Per sonal tax a tion is usu ally struc tured in the fol low ing way:–

            no tax a tion on the first m0 units of in come;

            tax a tion at t1% on the next m1 units;

            tax a tion at t2% on the next m2 units;

            tax a tion at t3% on any thing above.
For some rea son, this is termed pro gres sive tax a tion. Write a gen er al ised pro gram to de ter -
mine net in come af ter tax de duc tions. Write out the gross in come, the de duc tions and the
net in come. You will have to make some re al is tic es ti mates of the tax thresh olds mi and the
tax a tion lev els ti. You could use this sort of model to find out how sen si tive rev e nue from
tax a tion was in re la tion to cos metic changes in thresh olds and tax rates.

8. The spe cific heat ca pac ity of wa ter is 2009 J kg–1 K–1; the spe cific la tent heat of fu sion
(ice/wa ter) is 335 kJ kg–1, and the spe cific la tent heat of va por iza tion (wa ter/steam) is 2500 
kJ kg–1. As sume that the spe cific heat ca pac ity of ice and steam are iden ti cal to that of wa -
ter. Write a pro gram which will read in two tem per a tures, and will cal cu late the en ergy re -
quired to raise (or lower) ice, wa ter or steam at the first tem per a ture, to ice, wa ter or steam
at the sec ond. Take the freez ing point of wa ter as 273 K, and its boil ing point as 373 K. For 
those hap pier with Cel sius, 0o C is 273 K, while 100o c is 373 K. One cal o rie is 4.1868 J,
and for the truly at a vis tic, 1 BTU is 1055 J (ap prox i mately).

9. Get height and weight mea sure ments for your self and the other peo ple in the class. Cal -
cu late BMI val ues. 

8.16 Bib li og ra phy

Dahl O. J., Dijkstra E. W., Hoare C. A. R., Struc tured Pro gram ming, 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 rises 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 gram ming with GOTO State ments, in Cur rent Trends in Pro -
gram ming 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 dispells many of the myths con cern ing

the use of the GOTO state ment. Highly rec om mended.

Control Structures - compound statements 135

 Ian D Chivers Chap ter 8



I can call spir its from the vasty deep.
Why so can I, or so can any man; but will they come
when you do call for them?

Wil liam Shake speare, King Henry IV, part 1

9 Functions
This is the ma jor step for ward in the abil ity to con struct larger pro grams. We have to have a 
way of break ing prob lems down into smaller sub-problems. The ter mi nol ogy var ies with
pro gram ming lan guages:

· in For tran we have func tions and sub rou tines;

· in the Algol fam ily of lan guages we have func tions and pro ce dures;

· in the C fam ily we have func tions;

· in ob ject ori ented pro gram ming we have meth ods;

The ba sic idea is the same. We start by look ing at a small num ber of user writ ten func tions. 
We will then look at some of the intrinsics.

9.1 Ex am ple 1 - a big ger function

def big ger(a,b):
  if (a>b): 
    re turn a
  else:
    re turn b

x=10
y=20
print(" Big gest of {:3d} and {:3d} is {:3d} ".for mat(x,y,big -
ger(x,y)))
x1=1.0
x2=2.0
print(" Big gest of {:4.2f} and {:4.2f} is {:4.2f} ".for -
mat(x1,x2,big ger(x1,x2)))

The func tion is given below

def big ger(a,b):
  if (a>b): 
    re turn a
  else:
    re turn b

and we use the key word def to in di cate the start of the func tion def i ni tion. The func tion is
called big ger and takes two ar gu ments, a and b. We test to see if a is greater than b and if it 
is we re turn the value of a, else we re turn the value of b.

We call the func tion twice in the pro gram, once with in te ger ar gu ments, and once with real
ar gu ments. The func tion is what is called ge neric or poly mor phic in that it can work with
ar gu ments of a va ri ety of types.
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Here is the out put.

$ python3 c0901.py
 Big gest of  10 and  20 is  20
 Big gest of 1.00 and 2.00 is 2.00

The func tion works with both in te ger and real ar gu ments.

9.2 Ex am ple 2 - a swap func tion

A clas sic func tion to im ple ment to test out pa ram e ter pass ing in any lan guage is a swap
func tion.

Here is a tra di tional im ple men ta tion style in Py thon.

def swap(a,b):
  t=a
  a=b
  b=t

x=10
y=20
print(" Be fore {:3d} and {:3d} ".for mat(x,y))
swap(x,y)
print(" Af ter  {:3d} and {:3d} ".for mat(x,y))
x1=1.0
x2=2.0
print(" Be fore {:4.1f} and {:4.1f} ".for mat(x1,x2))
swap(x1,x2)
print(" Af ter  {:4.1f} and {:4.1f} ".for mat(x1,x2))

Here is the output.

$ python3 c0902.py
 Be fore  10 and  20
 Af ter   10 and  20
 Be fore  1.0 and  2.0
 Af ter   1.0 and  2.0

The val ues for x and y and for x1 and x2 are the same as be fore the call, i.e. the swap of
the val ues has not taken place. Note again that the func tion can take ar gu ments of both in te -
ger and real type.

9.3 Ex am ple 3 - an other swap

Here is a work ing Py thon im ple men ta tion.

def swap(a,b):
  re turn b,a

x=10
y=20
print(" Be fore {:3d} and {:3d} ".for mat(x,y))
x,y=swap(x,y)
print(" Af ter  {:3d} and {:3d} ".for mat(x,y))
x1=1.0
x2=2.0
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print(" Be fore {:4.1f} and {:4.1f} ".for mat(x1,x2))
x1,x2=swap(x1,x2)
print(" Af ter  {:4.1f} and {:4.1f} ".for mat(x1,x2))

Here is the out put.

$ python3 c0903.py
 Be fore  10 and  20
 Af ter   20 and  10
 Be fore  1.0 and  2.0
 Af ter   2.0 and  1.0

The swap has now taken place.

9.4 Ex am ple 4 - yet an other swap

Here is an even shorter im ple men ta tion.

x=10
y=20
print(" Be fore {:3d} and {:3d} ".for mat(x,y))
x,y=y,x
print(" Af ter  {:3d} and {:3d} ".for mat(x,y))
x1=1.0
x2=2.0
print(" Be fore {:4.1f} and {:4.1f} ".for mat(x1,x2))
x1,x2=x2,x1
print(" Af ter  {:4.1f} and {:4.1f} ".for mat(x1,x2))

Note - no func tion!

9.5 Ex am ple 5 - re cur sive functions

Here is the pro gram.

def fac to rial(i):
  if (i==0): 
    re turn 1
  else:
    re turn i*fac to rial(i-1)

i=5
print(" Fac to rial of {:5d} is {:10d} ".for mat(i,fac to -
rial(i)))

Here is the out put.

$ python3 c0905.py
 Fac to rial of     5 is        120

The next ex am ple is a sim ple vari a tion where we read the integer num ber in.

9.6 Ex am ple 6 - sim ple fac to rial vari ant, read ing the value in

Here is the source code.

def fac to rial(i):
  if (i==0): 
    re turn 1
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  else:
    re turn i*fac to rial(i-1)

i = int(in put(" Type in the num ber you want to find the fac -
to rial of - an in te ger  "))
print(" Fac to rial of {:5d} is {:10d} ".for mat(i,fac to -
rial(i)))

Here is the out put for 50.

 Type in the num ber you want to find the fac to rial of - an in te ger  50

Fac to rial of 50 is

30414093201713378043612608166064768844377641568960512000000000
000

How does this com pare with other pro gram ming lan guages you know?

9.7 In trin sic maths func tions

The fol low ing in for ma tion is taken from the li brary doc u men ta tion.

9.7.1 math — Math e mat i cal func tions

This mod ule is al ways avail able. It pro vides ac cess to the math e mat i cal func tions de fined
by the C stan dard.

These func tions can not be used with com plex num bers; use the func tions of the same name
from the cmath mod ule if you re quire sup port for com plex num bers. The dis tinc tion be -
tween func tions which sup port com plex num bers and those which don’t is made since most
us ers do not want to learn quite as much math e mat ics as re quired to un der stand com plex
num bers. Re ceiv ing an ex cep tion in stead of a com plex re sult al lows ear lier de tec tion of the
un ex pected com plex num ber used as a pa ram e ter, so that the pro gram mer can de ter mine
how and why it was gen er ated in the first place.

The fol low ing func tions are pro vided by this mod ule. Ex cept when ex plic itly noted oth er -
wise, all re turn val ues are floats.

9.7.1.1 Num ber-the o retic and rep re sen ta tion func tions

math.ceil(x) Re turn the ceil ing of x, the small est in te ger greater than or equal to x. 

If x is not a float, del e gates to x.__ceil__(), which should re turn an

In te gral value.

math.copysign(x, y) Re turn a float with the mag ni tude (ab so lute value) of x but the sign

of y. On plat forms that sup port signed ze ros, copysign(1.0, -0.0) re -

turns -1.0.

math.fabs(x) Re turn the ab so lute value of x.

math.fac to rial(x) Re turn x fac to rial. Raises ValueError if x is not in te gral or is neg a -

tive.

math.floor(x) Re turn the floor of x, the larg est in te ger less than or equal to x. If x is 

not a float, del e gates to x.__floor__(), which should re turn an In te gral 

value.

math.fmod(x, y) Re turn fmod(x, y), as de fined by the plat form C li brary. Note that the 

Py thon ex pres sion x % y may not re turn the same re sult. The in tent

of the C stan dard is that fmod(x, y) be ex actly (math e mat i cally; to in -
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fi nite pre ci sion) equal to x - n*y for some in te ger n such that the re -

sult has the same sign as x and mag ni tude less than abs(y). Py thon’s

x % y re turns a re sult with the sign of y in stead, and may not be ex -

actly com put able for float ar gu ments. For ex am ple, fmod(-1e-100,

1e100) is -1e-100, but the re sult of Py thon’s -1e-100 % 1e100 is

1e100-1e-100, which can not be rep re sented ex actly as a float, and

rounds to the sur pris ing 1e100. For this rea son, func tion fmod() is

gen er ally pre ferred when work ing with floats, while Py thon’s x % y

is pre ferred when work ing with in te gers.

math.frexp(x) Re turn the man tissa and ex po nent of x as the pair (m, e). m is a float

and e is an in te ger such that x == m * 2**e ex actly. If x is zero, re -

turns (0.0, 0), oth er wise 0.5 <= abs(m) < 1. This is used to “pick

apart” the in ter nal rep re sen ta tion of a float in a por ta ble way.

math.fsum(iterable) Re turn an ac cu rate float ing point sum of val ues in the iterable.

Avoids loss of pre ci sion by track ing mul ti ple in ter me di ate par tial
sums:

>>>>>> sum([.1, .1, .1, .1, .1, .1, .1, .1, .1, .1])
0.9999999999999999
>>> fsum([.1, .1, .1, .1, .1, .1, .1, .1, .1, .1])
1.0

The al go rithm’s ac cu racy de pends on IEEE-754 arith me tic guar an tees and the typ i cal case
where the round ing mode is half-even. On some non-Win dows builds, the un der ly ing C li -
brary uses ex tended pre ci sion ad di tion and may oc ca sion ally dou ble-round an in ter me di ate
sum caus ing it to be off in its least sig nif i cant bit.

For fur ther dis cus sion and two al ter na tive ap proaches, see the ASPN cook book rec i pes for
ac cu rate float ing point sum ma tion.

math.gcd(a, b) Re turn the great est com mon di vi sor of the in te gers a and b. If ei ther a 
or b is non zero, then the value of gcd(a, b) is the larg est pos i tive in te -

ger that di vides both a and b. gcd(0, 0) re turns 0.

math.isclose(a, b, *, rel_tol=1e-09, abs_tol=0.0)

Re turn True if the val ues a and b are close to each other and False

oth er wise.

Whether or not two val ues are con sid ered close is de ter mined ac cord ing to given ab so lute
and rel a tive tol er ances.

rel_tol is the rel a tive tol er ance – it is the max i mum al lowed dif fer ence be tween a and b, rel -
a tive to the larger ab so lute value of a or b. For ex am ple, to set a tol er ance of 5%, pass
rel_tol=0.05. The de fault tol er ance is 1e-09, which as sures that the two val ues are the same
within about 9 dec i mal dig its. rel_tol must be greater than zero.

abs_tol is the min i mum ab so lute tol er ance – use ful for com par i sons near zero. abs_tol must
be at least zero.

If no er rors oc cur, the re sult will be: abs(a-b) <= max(rel_tol * max(abs(a), abs(b)),
abs_tol).

The IEEE 754 spe cial val ues of NaN, inf, and -inf will be han dled ac cord ing to IEEE rules. 
Spe cif i cally, NaN is not con sid ered close to any other value, in clud ing NaN. inf and -inf are 
only con sid ered close to them selves.

math.isfinite(x)
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Re turn True if x is nei ther an in fin ity nor a NaN, and False oth er wise. 

(Note that 0.0 is con sid ered fi nite.)

math.isinf(x) Re turn True if x is a pos i tive or neg a tive in fin ity, and False oth er -

wise.

math.isnan(x) Re turn True if x is a NaN (not a num ber), and False oth er wise.

math.ldexp(x, i) Re turn x * (2**i). This is es sen tially the in verse of func tion frexp().

math.modf(x) Re turn the frac tional and in te ger parts of x. Both re sults carry the

sign of x and are floats.

math.trunc(x) Re turn the Real value x trun cated to an In te gral (usu ally an in te ger).

Del e gates to x.__trunc__().

Note that frexp() and modf() have a dif fer ent call/re turn pat tern than their C equiv a lents:
they take a sin gle ar gu ment and re turn a pair of val ues, rather than re turn ing their sec ond
re turn value through an ‘out put pa ram e ter’ (there is no such thing in Py thon).

For the ceil(), floor(), and modf() func tions, note that all float ing-point num bers of suf fi -
ciently large mag ni tude are ex act in te gers. Py thon floats typ i cally carry no more than 53
bits of pre ci sion (the same as the plat form C dou ble type), in which case any float x with
abs(x) >= 2**52 nec es sar ily has no frac tional bits.

9.7.1.2 Power and log a rith mic func tions

math.exp(x) Re turn e**x.

math.expm1(x) Re turn e**x - 1. For small floats x, the sub trac tion in exp(x) - 1 can

re sult in a sig nif i cant loss of pre ci sion; the expm1() func tion pro vides 

a way to com pute this quan tity to full pre ci sion:
>>>>>> from math im port exp, expm1
>>> exp(1e-5) - 1  # gives re sult ac cu rate to 11 places
1.0000050000069649e-05
>>> expm1(1e-5)    # re sult ac cu rate to full pre ci sion
1.0000050000166668e-05

math.log(x[, base]) With one ar gu ment, re turn the nat u ral log a rithm of x (to base e).

With two ar gu ments, re turn the log a rithm of x to the given base, cal cu lated as
log(x)/log(base).

math.log1p(x) Re turn the nat u ral log a rithm of 1+x (base e). The re sult is cal cu lated

in a way which is ac cu rate for x near zero.

math.log2(x) Re turn the base-2 log a rithm of x. This is usu ally more ac cu rate than

log(x, 2).

math.log10(x) Re turn the base-10 log a rithm of x. This is usu ally more ac cu rate than

log(x, 10).

math.pow(x, y) Re turn x raised to the power y. Ex cep tional cases fol low An nex ‘F’

of the C99 stan dard as far as pos si ble. In par tic u lar, pow(1.0, x) and
pow(x, 0.0) al ways re turn 1.0, even when x is a zero or a NaN. If

both x and y are fi nite, x is neg a tive, and y is not an in te ger then

pow(x, y) is un de fined, and raises ValueError.

Un like the built-in ** op er a tor, math.pow() con verts both its ar gu ments to type float. Use
** or the built-in pow() func tion for com put ing ex act in te ger pow ers.

math.sqrt(x) Re turn the square root of x.
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9.7.1.3 Trig o no met ric func tions

math.acos(x) Re turn the arc co sine of x, in ra di ans.

math.asin(x) Re turn the arc sine of x, in ra di ans.

math.atan(x) Re turn the arc tan gent of x, in ra di ans.

math.atan2(y, x) Re turn atan(y / x), in ra di ans. The re sult is be tween -pi and pi. The

vec tor in the plane from the or i gin to point (x, y) makes this an gle

with the pos i tive X axis. The point of atan2() is that the signs of both

in puts are known to it, so it can com pute the cor rect quad rant for the

an gle. For ex am ple, atan(1) and atan2(1, 1) are both pi/4, but

atan2(-1, -1) is -3*pi/4.

math.cos(x) Re turn the co sine of x ra di ans.

math.hypot(x, y) Re turn the Eu clid ean norm, sqrt(x*x + y*y). This is the length of the

vec tor from the or i gin to point (x, y).

math.sin(x) Re turn the sine of x ra di ans.

math.tan(x) Re turn the tan gent of x ra di ans.

9.7.1.4 An gu lar con ver sion

math.de grees(x) Con vert an gle x from ra di ans to de grees.

math.ra di ans(x) Con vert an gle x from de grees to ra di ans.

9.7.1.5 Hy per bolic func tions

Hy per bolic func tions are analogs of trig o no met ric func tions that are based on hy per bo las
in stead of cir cles.

math.acosh(x) Re turn the in verse hy per bolic co sine of x.

math.asinh(x) Re turn the in verse hy per bolic sine of x.

math.atanh(x) Re turn the in verse hy per bolic tan gent of x.

math.cosh(x) Re turn the hy per bolic co sine of x.

math.sinh(x) Re turn the hy per bolic sine of x.

math.tanh(x) Re turn the hy per bolic tan gent of x.

9.7.1.6 Spe cial func tions

math.erf(x) Re turn the er ror func tion at x.

The erf() func tion can be used to com pute tra di tional sta tis ti cal func tions such as the cu mu -
la tive stan dard nor mal dis tri bu tion:
def phi(x):
    'Cu mu la tive dis tri bu tion func tion for the stan dard nor -
mal dis tri bu tion'
    re turn (1.0 + erf(x / sqrt(2.0))) / 2.0

math.erfc(x) Re turn the com ple men tary er ror func tion at x. The com ple men tary er -

ror func tion is de fined as 1.0 - erf(x). It is used for large val ues of x

where a sub trac tion from one would cause a loss of sig nif i cance.

math.gamma(x) Re turn the Gamma func tion at x.

math.lgamma(x) Re turn the nat u ral log a rithm of the ab so lute value of the Gamma

func tion at x.

9.7.1.7 Con stants

math.pi The math e mat i cal con stant p = 3.141592..., to avail able pre ci sion.
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math.e The math e mat i cal con stant e = 2.718281..., to avail able pre ci sion.

math.inf A float ing-point pos i tive in fin ity. (For neg a tive in fin ity, use

-math.inf.) Equiv a lent to the out put of float('inf').

math.nan A float ing-point “not a num ber” (NaN) value. Equiv a lent to the out -

put of float('nan').

CPython im ple men ta tion de tail: The math mod ule con sists mostly of thin wrap pers around
the plat form C math li brary func tions. Be hav ior in ex cep tional cases fol lows An nex F of
the C99 stan dard where ap pro pri ate. The cur rent im ple men ta tion will raise ValueError for
in valid op er a tions like sqrt(-1.0) or log(0.0) (where C99 An nex F rec om mends sig nal ling
in valid op er a tion or di vide-by-zero), and OverflowError for re sults that over flow (for ex am -
ple, exp(1000.0)). A NaN will not be re turned from any of the func tions above un less one
or more of the in put ar gu ments was a NaN; in that case, most func tions will re turn a NaN,
but (again fol low ing C99 An nex F) there are some ex cep tions to this rule, for ex am ple
pow(float('nan'), 0.0) or hypot(float('nan'), float('inf')).

Note that Py thon makes no ef fort to dis tin guish sig nal ling NaNs from quiet NaNs, and be -
hav ior for sig nal ling NaNs re mains un spec i fied. Typ i cal be hav ior is to treat all NaNs as
though they were quiet.

9.8 Ex am ple 7 - test ing out the maths functions

The fol low ing pro gram tests out the maths func tions.

im port math
i=1
a=10
b=20
p=1.00000000001
q=1.00000000002
x=1.0
y=2.0
print("math.ceil(x) =        " , math.ceil(x))
print("math.copysign(x, y) = " , math.copysign(x, y))
print("math.fabs(x) =        " , math.fabs(x))
print("math.fac to rial(x) =   " , math.fac to rial(x))
print("math.floor(x) =       " , math.floor(x))
print("math.fmod(x, y) =     " , math.fmod(x, y))
print("math.frexp(x) =       " , math.frexp(x))
print("math.gcd(a, b) =      " , math.gcd(a, b))
print("math.isclose(p,q) =   " , math.isclose(p,q))
print("math.isfinite(x) =    " , math.isfinite(x))
print("math.isinf(x) =       " , math.isinf(x))
print("math.isnan(x) =       " , math.isnan(x))
print("math.ldexp(x, i) =    " , math.ldexp(x, i))
print("math.modf(x) =        " , math.modf(x))
#  print("math.re main der(x, y)) " , math.re main der(x, y))
print("math.trunc(x) =       " , math.trunc(x))
print("math.exp(x) =         " , math.exp(x))
print("math.expm1(x) =       " , math.expm1(x))
print("math.log(x) =         " , math.log(x))
print("math.log1p(x) =       " , math.log1p(x))
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print("math.log2(x) =        " , math.log2(x))
print("math.log10(x) =       " , math.log10(x))
print("math.pow(x, y) =      " , math.pow(x, y))
print("math.sqrt(x) =        " , math.sqrt(x))
print("math.acos(x) =        " , math.acos(x))
print("math.asin(x) =        " , math.asin(x))
print("math.atan(x) =        " , math.atan(x))
print("math.atan2(y, x) =    " , math.atan2(y, x))
print("math.cos(x) =         " , math.cos(x))
print("math.hypot(x, y) =    " , math.hypot(x, y))
print("math.sin(x) =         " , math.sin(x))
print("math.tan(x) =         " , math.tan(x))
print("math.de grees(x) =     " , math.de grees(x))
print("math.ra di ans(x) =     " , math.ra di ans(x))
print("math.acosh(x) =       " , math.acosh(x))
print("math.asinh(x) =       " , math.asinh(x))
#  print("math.atanh(x)) =      " , math.atanh(x))
print("math.cosh(x) =        " , math.cosh(x))
print("math.sinh(x) =        " , math.sinh(x))
print("math.tanh(x) =        " , math.tanh(x))
print("math.erf(x) =         " , math.erf(x))
print("math.erfc(x) =        " , math.erfc(x))
print("math.gamma(x) =       " , math.gamma(x))
print("math.lgamma(x) =      " , math.lgamma(x))
print("math.pi =             " , math.pi)
print("math.e =              " , math.e)
print("math.tau =            " , math.tau)
print("math.inf =            " , math.inf)
print("math.nan =            " , math.nan)
print(math.e)

Here is the out put.

math.ceil(x) =         1
math.copysign(x, y) =  1.0
math.fabs(x) =         1.0
math.fac to rial(x) =    1
math.floor(x) =        1
math.fmod(x, y) =      1.0
math.frexp(x) =        (0.5, 1)
math.gcd(a, b) =       10
math.isclose(p,q) =    True
math.isfinite(x) =     True
math.isinf(x) =        False
math.isnan(x) =        False
math.ldexp(x, i) =     2.0
math.modf(x) =         (0.0, 1.0)
math.trunc(x) =        1
math.exp(x) =          2.718281828459045
math.expm1(x) =        1.718281828459045
math.log(x) =          0.0
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math.log1p(x) =        0.6931471805599453
math.log2(x) =         0.0
math.log10(x) =        0.0
math.pow(x, y) =       1.0
math.sqrt(x) =         1.0
math.acos(x) =         0.0
math.asin(x) =         1.5707963267948966
math.atan(x) =         0.7853981633974483
math.atan2(y, x) =     1.1071487177940904
math.cos(x) =          0.5403023058681397
math.hypot(x, y) =     2.23606797749979
math.sin(x) =          0.8414709848078965
math.tan(x) =          1.5574077246549023
math.de grees(x) =      57.29577951308232
math.ra di ans(x) =      0.017453292519943295
math.acosh(x) =        0.0
math.asinh(x) =        0.8813735870195429
math.cosh(x) =         1.5430806348152437
math.sinh(x) =         1.1752011936438014
math.tanh(x) =         0.7615941559557649
math.erf(x) =          0.842700792949715
math.erfc(x) =         0.157299207050285
math.gamma(x) =        1.0
math.lgamma(x) =       0.0
math.pi =              3.141592653589793
math.e =               2.718281828459045
math.tau =             6.283185307179586
math.inf =             inf
math.nan =             nan

This is con sis tent with the use of the C run time maths li brary and gives dou ble as the un -
der ly ing type. What about the two com mented out lines?

9.9 Ex am ple 8 - math mod ule sin function

The ex am ple uses the plain Py thon ar ray type to hold a set of an gles in de grees. We use a
cou ple of the build in math mod ules func tions to print out the sines of these an gles.

im port math
im port ar ray
an gles=ar ray.ar -
ray('I',[-1,0,1,29,30,31,44,45,46,59,60,61,89,90,91])
print(type(an gles))
l=len(an gles)
for i in range(0,l):
  print(" {:4d}  {:20.16f} ".for mat(an gles[i],
math.sin(math.ra di ans(an gles[i]))))

Here is the out put.

<class 'ar ray.ar ray'>
   -1   -0.0174524064372835
    0    0.0000000000000000
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    1    0.0174524064372835
   29    0.4848096202463371
   30    0.4999999999999999
   31    0.5150380749100542
   44    0.6946583704589973
   45    0.7071067811865475
   46    0.7193398003386512
   59    0.8571673007021123
   60    0.8660254037844386
   61    0.8746197071393957
   89    0.9998476951563913
   90    1.0000000000000000
   91    0.9998476951563913

9.10 Ex am ple 9 - math mod ule us ing numpy arrays

This is a vari ant of the pre vi ous us ing numpy ar rays in stead.

im port math
im port numpy
an gles=numpy.ar ray(
[-1,0,1,29,30,31,44,45,46,59,60,61,89,90,91])
print(type(an gles))
l=len(an gles)
for i in range(0,l):
  print(" {:4d}  {:20.16f} ".for mat(an gles[i],
math.sin(math.ra di ans(an gles[i]))))

Here is the out put.

<class 'numpy.ndarray'>
   -1   -0.0174524064372835
    0    0.0000000000000000
    1    0.0174524064372835
   29    0.4848096202463371
   30    0.4999999999999999
   31    0.5150380749100542
   44    0.6946583704589973
   45    0.7071067811865475
   46    0.7193398003386512
   59    0.8571673007021123
   60    0.8660254037844386
   61    0.8746197071393957
   89    0.9998476951563913
   90    1.0000000000000000
   91    0.9998476951563913

The out put is the same as in the pre vi ous ex am ple.

9.11 Ex am ple 10 - math mod ule us ing a pi shortcut

In this ex am ple we use in tro duce the idea of a short cut for math.pi. We also in tro duce the
idea of a main pro gram method.
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im port math

PI = math.pi

def area_of_cir cle(ra dius):
  area=PI*ra dius**2
  re turn(area)

def main():

  def read_ra dius():
    r = float(in put(" Type in the ra dius ? "))
    re turn(r)

  r=read_ra dius()

  print( " Area of cir cle is {0:10.4f} ".for mat(
area_of_cir cle(r) ) )

if ( __name__ == "__main__" ):
  main()

Here is the out put.

 Type in the ra dius ? 10
 Area of cir cle is   314.1593

Note the fol low ing

· The state ment PI = math.pi pro vides with a short hand way of ref er enc ing the

math e mat i cal con stant p in our Py thon pro gram;

· We have a main() func tion which has an in ter nal func tion read_ra dius()

· The lo cal vari able r in read_ra dius() is in ter nal to the func tion;

· The vari able r in the main() func tion is lo cal to the main() func tion and in de -

pend ent of the vari able r in the read_ra dius() func tion;

· In the ex am ples we have seen so far we have im plic itly used the main() func tion 

in Py thon. In this ex am ple we make ex plicit the fact that we have a main() func -

tion;

· The fol low ing code
if ( __name__ == "__main__" ):
  main()

calls the main() func tion, to start the ex e cu tion. The if test re turns true if the

mod ule is ex e cuted by the in ter preter (which it is in this case). The if test re -

turns false when the mod ule is im ported into an other mod ule.

9.12 Fibonacci im ple men ta tions

Here we look at three im ple men ta tions of the Fibonnaci se ries.
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9.13 Ex am ple 11 - Us ing gen er a tors

# im per a tive
# gen er a tors

def fibonacci(n, first=0, sec ond=1):
    for i in range(n):
        yield first  # Re turn cur rent it er a tion
        first, sec ond = sec ond, first + sec ond
        
print([x for x in fibonacci(10)])

9.14 Ex am ple 12 - It er a tive

# it er a tive

def fibonacci(n):
    first, sec ond = 0, 1
    for i in range(n):
        print(first)  # Print cur rent it er a tion
        first, sec ond = sec ond, first + sec ond #Cal cu late
next val ues
        
fibonacci(10)

9.15 Ex am ple 13 - Re cur sive

# re cur sive

def fibonacci(n, first=0, sec ond=1):
    if n == 1:
        re turn [first]
    else:
        re turn [first] + fibonacci(n - 1, sec ond, first +
sec ond)
        
print(fibonacci(10))

Run these three ex am ples.

9.16 Func tional pro gram ming in Py thon

There is an ap pen dix on func tional pro gram ming for peo ple with out any back ground in this
area. Func tional pro gram ming is one of sev eral pro gram ming par a digms sup ported by Py -
thon. Sim plis ti cally func tional pro gram ming de com poses a prob lem into a set of func tions.
Func tions only take in puts and pro duce out puts, and don’t have any in ter nal state that af -
fects the out put pro duced for a given in put. Some well known func tional lan guages in clude
the ML fam ily (Stan dard ML, OCaml, and other vari ants) and Haskell. Here are some
sources.

https://docs.py thon.org/2/howto/func tional.html
http://www.ibm.com/developerworks/li brary/l-prog/in dex.html

Py thon has a num ber of tools that are use ful in func tional pro gram ming:
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· map(fuction,list)

· fil ter(func tion,list)

· re duce(func tion,list)

· lambda

· list com pre hen sion

A for loop can be re placed with a map func tion.

List com pre hen sions en able us to build lists in a sim ple fash ion.

Py thon sup ports the cre ation of anon y mous func tions (i.e. func tions that are not bound to a
name) at runtime, us ing a con struct called "lambda". This is not ex actly the same as lambda 
in func tional pro gram ming lan guages, but it is a con cept that's well in te grated into Py thon
and is of ten used in con junc tion with typ i cal func tional con cepts like fil ter(), map() and re -
duce().

9.17 Ex am ple 14 - gen er at ing prime num bers

Here is a list comprehension ex am ple that gen er ates prime num bers.

noprimes = [j for i in range(2, 10) for j in range(i*2, 100, 
i)]
primes = [x for x in range(2, 100) if x not in noprimes]
print(primes)

Here is the out put.

$ python3 list_com pre hen sion_01.py
[2, 3, 5, 7, 11, 13, 17, 19, 23, 29, 31, 37, 41, 43, 47,
53, 59, 61, 67, 71, 73, 79, 83, 89, 97]

9.18 Ex am ple 15 - list and lambda us age

Here is a com bined list com pre hen sion and lambda ex am ple.

words = 'The quick brown fox jumps over the lazy
dog'.split()
print("\n words are",end=" ")
print(words)
print("\n\n List comprehension so lu tion\n\n")
# list comprenhension so lu tion
stuff = [[w.up per(), w.lower(), len(w)] for w in words]
for i in stuff:
  print(i)
print("\n\n Lambda so lu tion")
# lambda so lu tion
print("\n\n")
stuff = map(lambda w: [w.up per(), w.lower(), len(w)], words)
for i in stuff:
  print(i)

Here is the out put.

$ python3 list_com pre hen sion_02.py
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 words are ['The', 'quick', 'brown', 'fox', 'jumps', 'over', 
'the', 'lazy', 'dog']

 List comprehension so lu tion

['THE', 'the', 3]
['QUICK', 'quick', 5]
['BROWN', 'brown', 5]
['FOX', 'fox', 3]
['JUMPS', 'jumps', 5]
['OVER', 'over', 4]
['THE', 'the', 3]
['LAZY', 'lazy', 4]
['DOG', 'dog', 3]

 Lambda so lu tion

['THE', 'the', 3]
['QUICK', 'quick', 5]
['BROWN', 'brown', 5]
['FOX', 'fox', 3]
['JUMPS', 'jumps', 5]
['OVER', 'over', 4]
['THE', 'the', 3]
['LAZY', 'lazy', 4]
['DOG', 'dog', 3]

Here are some more ex am ples.

9.19 Ex am ple 16 - func tional ex am ple

Here is the first ex am ple.

x = [1,2,3]
print(" \n for i in x         ",end=" ")
for i in x:
  print(i,end=" ")
print(" \n for i in iter(x)   ",end=" ")
for i in iter(x):
  print(i,end=" ")
print(" \n list(x_iterator))  ",end=" ")
x_iterator = iter(x)
print(list(x_iterator))
print(" list(x)            ",end=" ")
print(list(x))
square      = lambda y: y*y
cube        = lambda y: y*y*y
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re cip ro cal  = lambda y: 1/y
z=map(square,x)
print("\n Square             ",end=" ")
print(list(z))
z=map(cube,x)
print(" Cube               ",end=" ")
print(list(z))
z=map(re cip ro cal,x)
print(" Re cip ro cal         ",end=" ")
print(list(z))

Here is the out put.

python3 fun_01.py

 for i in x          1 2 3
 for i in iter(x)    1 2 3
 list(x_iterator))   [1, 2, 3]
 list(x)             [1, 2, 3]

 Square              [1, 4, 9]
 Cube                [1, 8, 27]
 Re cip ro cal          [1.0, 0.5, 0.3333333333333333]

We have three func tions, square, cube and re cip ro cal.

We then use the map state ment to in voke the func tions on some data.

9.20 Ex am ple 17 - func tional ex am ple

Here is the second ex am ple.

days = ("Mon day","Tues day","Wednes day","Thurs day","Fri -
day","Sat ur day","Sunday")
for day in days:
  print(day)
print(days)
up per case = lambda x: x.up per()
DAYS=map(up per case,days)
print(list(DAYS))

Here is the out put.

$ python3 fun_02.py
Mon day
Tues day
Wednes day
Thurs day
Fri day
Sat ur day
Sunday
('Mon day', 'Tues day', 'Wednes day', 'Thurs day', 'Fri day',
'Sat ur day', 'Sunday')
['MON DAY', 'TUES DAY', 'WEDNES DAY', 'THURS DAY', 'FRI DAY',
'SAT UR DAY', 'SUNDAY']
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9.21 Ex am ple 18 - func tional ex am ple vari ant us ing the ar ray module

Here is the third ex am ple. It is a sim ple vari ant of 1, us ing the Py thon intrinsic ar ray mod -
ule.

im port ar ray
x = ar ray.ar ray('I',[1,2,3])
print(" \n for i in x         ",end=" ")
for i in x:
  print(i,end=" ")
print(" \n for i in iter(x)   ",end=" ")
for i in iter(x):
  print(i,end=" ")
print(" \n list(x_iterator))  ",end=" ")
x_iterator = iter(x)
print(list(x_iterator))
print(" list(x)            ",end=" ")
print(list(x))
square      = lambda y: y*y
cube        = lambda y: y*y*y
re cip ro cal  = lambda y: 1/y
z=map(square,x)
print("\n Square             ",end=" ")
print(list(z))
z=map(cube,x)
print(" Cube               ",end=" ")
print(list(z))
z=map(re cip ro cal,x)
print(" Re cip ro cal         ",end=" ")
print(list(z))

The out put is the same as the first ex am ple.

9.22 Ex am ple 19 - func tional vari ant us ing the numpy module

Here is the fourth ex am ple. This is a vari ant of the last us ing the Numpy mod ule.

im port numpy
x = numpy.ar ray([1,2,3])
print(" \n for i in x         ",end=" ")
for i in x:
  print(i,end=" ")
print(" \n for i in iter(x)   ",end=" ")
for i in iter(x):
  print(i,end=" ")
print(" \n list(x_iterator))  ",end=" ")
x_iterator = iter(x)
print(list(x_iterator))
print(" list(x)            ",end=" ")
print(list(x))
square      = lambda y: y*y
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cube        = lambda y: y*y*y
re cip ro cal  = lambda y: 1/y
z=map(square,x)
print("\n Square             ",end=" ")
print(list(z))
z=map(cube,x)
print(" Cube               ",end=" ")
print(list(z))
z=map(re cip ro cal,x)
print(" Re cip ro cal         ",end=" ")
print(list(z))

The out put is the same as the first and third ex am ples.

9.23 Prob lems

1. Write a pro gram that cal cu lates the sine, co sine and tan gent of an gles be tween -1 and 91
de grees, at one de gree in ter vals.

2. Write a pro gram that reads in the lengths a and b of two sides of a right an gled tri an gle.
Cal cu late the hy pot e nuse c. Use the sqrt func tion.

3. Write a pro gram that will read in the lengths a and b of two sides of a tri an gle and the

an gle in be tween them q (in de grees). Cal cu late the third size c us ing the co sine rule.

                        c a b ab2 2 2 2= + - cosq
4. Stirling's ap prox i ma tion for large n is given by

                        n n n
e

n! ( )= 2p

Write a func tion in Py thon for this func tion and also write a pro gram to test out the func -
tion for a value of 50. Do the re sults agree with the earlier ex am ple?
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Rus sell’s the ory of types leads to cer tain com plex i ties in the foun da tions of math e mat ics,...
Its in ter est ing fea tures for our pur poses are that types are used to pre vent cer tain er ro ne ous
ex pres sions from be ing used in log i cal and math e mat i cal for mu lae; and that a check against 
vi o la tion of type con straints can be made purely by scan ning the text, with out any knowl -
edge of the value which a par tic u lar sym bol might hap pen to have.

C. A. R. Hoare, Struc tured Pro gram ming.

It is said that Lisp pro gram mers know that mem ory man age ment is so im por tant that it can -
not be left to the us ers and C pro gram mers know that mem ory man age ment is so im por tant
that is can not be left to the sys tem.

anon

10 Object oriented programming and
classes in Python

User de fined data types are an es sen tial part of gen eral pur pose pro gram ming lan guages.
Early lan guages pro vided this func tion al ity via con crete data types, later lan guages by ab -
stract data types.

Py thon pro vides the abil ity to pro gram user de fined types us ing classes. In this chap ter we
will look at some sim ple ex am ples high light ing the Py thon syn tax.

10.1 Ex am ple 1 - base shape class

Here is the source code.

#
# c1001.py
#
class shape:

  def __init__(self,x,y):
    self.x=x
    self.y=y

  def get_x(self):
    re turn (self.x)

  def get_y(self):
    re turn (self.y)

  def set_x(self,x):
    self.x=x

  def set_y(self,y):
    self.y=y

  def draw(self):
    print(" x = {0:4d}".for mat(self.x))
    print(" y = {0:4d}".for mat(self.y))

154 Object oriented programming and classes in Python

Chap ter 10  Ian D Chivers



def main():

  s=shape(10,20)
  s.draw()
  s.set_x(100)
  s.set_y(200)
  s.draw()
  print(s.get_x())
  print(s.get_y())

if ( __name__ == "__main__" ):
  main()

Here is the out put.

 x =   10
 y =   20
 x =  100
 y =  200
100
200

Note that in this ex am ple we have the source code all in one file. We can use shape as a
con struc tor name.

10.2 Ex am ple 2 - vari a tion us ing mod ules

In this ex am ple we have a sim ple vari ant of the above us ing mod ules.

Here is the source code for the shape mod ule.

#
# shape.py
#
class shape:

  def __init__(self,x,y):
    self.x=x
    self.y=y

  def get_x(self):
    re turn (self.x)

  def get_y(self):
    re turn (self.y)

  def set_x(self,x):
    self.x=x

  def set_y(self,y):
    self.y=y

  def draw(self):

Object oriented programming and classes in Python 155

 Ian D Chivers Chap ter 10



    print(" x = {0:4d}".for mat(self.x))
    print(" y = {0:4d}".for mat(self.y))

The file is called shape.py.

Here is the source code for the test pro gram.

#
# c1002.py
#
im port shape

def main():

  s=shape.shape(10,20)
  s.draw()
  s.set_x(100)
  s.set_y(200)
  s.draw()
  print(s.get_x())
  print(s.get_y())

if ( __name__ == "__main__" ):
  main()

Here s the out put from run ning the test pro gram.

 x =   10
 y =   20
 x =  100
 y =  200
100
200

Note the syn tax to in voke the con struc tor. We can't use shape on its own. Com pare this to
the first ex am ple.

10.3 Ex am ple 3 - a cir cle de rived class

Here is the source code for the cir cle class.

#
# circle.py
#
im port shape

class cir cle(shape.shape):

  def __init__(self,x,y,r):
    self.x=x
    self.y=y
    self.r=r

  def get_ra dius(self):
    re turn(self.ra dius)
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  def set_ra dius(self,r):
    self.ra dius=r

  def draw(self):
    print(" x = {0:4d}".for mat(self.x))
    print(" y = {0:4d}".for mat(self.y))
    print(" r = {0:4d}".for mat(self.r))

Here is the test pro gram.

#
# c1003.py
#

im port cir cle

def main():

  c=cir cle.cir cle(10,20,30)
  c.draw()
  c.set_x(100)
  c.set_y(200)
  c.set_ra dius(300)
  c.draw()
  print(c.get_x())
  print(c.get_y())
  print(c.get_ra dius())

if ( __name__ == "__main__" ):
  main()

10.4 Ex am ple 4 - test pro gram for the shape and cir cle classes

Here is the com plete source code.

#
# c1004.py
#
im port shape
im port cir cle

def main():

  s=shape.shape(10,20)
  s.draw()
  s.set_x(100)
  s.set_y(200)
  s.draw()
  print(s.get_x())
  print(s.get_y())
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  c=cir cle.cir cle(100,200,300)
  c.draw()
  c.set_x(111)
  c.set_y(222)
  c.set_ra dius(333)
  c.draw()
  print(c.get_x())
  print(c.get_y())
  print(c.get_ra dius())

if ( __name__ == "__main__" ):
  main()

Here is the out put.

 x =   10
 y =   20
 x =  100
 y =  200
100
200
 x =  100
 y =  200
 r =  300
 x =  111
 y =  222
 r =  300
111
222
333

10.5 Ex am ple 5 - poly mor phism and dy namic bind ing

This ex am ple il lus trates poly mor phism and dy namic bind ing in Py thon. Here is the code.

#
# c1005.py
#
im port shape
im port cir cle

def main():

  s=shape.shape(10,20)
  c=cir cle.cir cle(100,200,300)

  shape_ar ray = []

  shape_ar ray.ap pend(s)
  shape_ar ray.ap pend(c)

  for i in range(0,2):

158 Object oriented programming and classes in Python

Chap ter 10  Ian D Chivers



    shape_ar ray[i].draw()

if ( __name__ == "__main__" ):
  main()

Here is the out put.

 x =   10
 y =   20
 x =  100
 y =  200
 r =  300

10.6 Ex am ple 6 - data struc tur ing us ing the Met Of fice data

This ex am ple looks at cre at ing an ex am ple in Py thon that works with the Met Of fice his -
toric data. 

Here is the pro gram source.

#
# weather_01
#

class weather:

# CON STRUC TOR

  def __init__(self,year,month,tmax,tmin,af_days,rain,sun):
    self.year=year
    self.month=month
    self.tmax = tmax    
    self.tmin = tmin      
    self.af_days = af_days    
    self.rain = rain     
    self.sun = sun

# GET TERS

  def get_year(self):
    re turn (self.year)

  def get_month(self):
    re turn (self.month)

  def get_tmax(self):
    re turn (self.tmax)

  def get_tmin(self):
    re turn (self.tmin)

  def get_af_days(self):
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    re turn (self.af_days)

  def get_rain(self):
    re turn (self.rain)

  def get_sun(self):
    re turn (self.sun)

# SET TERS

  def set_year(self,year):
    self.year=year

  def set_month(self,month):
    self.month=month

  def set_tmax(self,tmax):
    self.tmax=tmax

  def set_tmin(self,tmin):
    self.tmin=tmin

  def set_af_days(self,af_days):
    self.af_days=af_days

  def set_rain(self,rain):
    self.rain=rain

  def set_sun(self,sun):
    self.sun=sun

# DIS PLAY

  def dis play(self):
   print(" {0:4d}".for mat(self.year),end=" ")
   print(" {0:4d}".for mat(self.month),end="  ")
   print(" {0:4.1f}".for mat(self.tmax),end="   ")
   print(" {0:4.1f}".for mat(self.tmin),end="    ")
   print(" {0:3d}".for mat(self.af_days),end="  ")
   print(" {0:5.1f}".for mat(self.rain),end="  ")
   print(" {0:5.1f}".for mat(self.sun))

  def dis play_head ing(self):
   print(" Year Month   tmax    tmin      af    rain    
sun")

   print("              degC    degC    days      mm  
hours")
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#
# End of class
#

def main():

  s=weather(2018,1,20.0,10.0,5,100.0,5.0)
  print("Us ing ob ject meth ods\n")
  s.dis play_head ing()
  s.dis play()
  print("\nUsing get ters\n")
  print(" {0:4d}".for mat(   s.get_year()    ),end=" ")
  print(" {0:4d}".for mat(   s.get_month()   ),end=" ")
  print(" {0:4.1f}".for mat( s.get_tmax()    ),end=" ")
  print(" {0:4.1f}".for mat( s.get_tmin()    ),end=" ")
  print(" {0:3d}".for mat(   s.get_af_days() ),end=" ")
  print(" {0:5.1f}".for mat( s.get_rain()    ),end=" ")
  print(" {0:5.1f}".for mat( s.get_sun()     )        )

if ( __name__ == "__main__" ):
  main()

Note that this ver sion says noth ing about the type of the data com po nents in the Met Of fice
data re cords. We will look at an im proved way of work ing with this data us ing the strong
data typ ing fa cil i ties pro vided by the numpy class in the next chap ter. 

10.7 Prob lems

1. Com pile and run the ex am ples.

2. Add a rect an gle class to the third and fourth ex am ples.
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Com mon sense is the best dis trib uted com mod ity in the world, for ev ery man is con vinced
that he is well sup plied with it.

Des cartes.

11 IO
In this chap ter we will look at the the fa cil i ties in Py thon for in put and out put. The fol low -
ing is taken from the on line doc u men ta tion

· The io mod ule pro vides Py thon’s main fa cil i ties for deal ing with var i ous types

of I/O. There are three main types of I/O: text I/O, bi nary I/O and raw I/O.

These are ge neric cat e go ries, and var i ous back ing stores can be used for each of

them. A con crete ob ject be long ing to any of these cat e go ries is called a file ob -

ject. Other com mon terms are stream and file-like ob ject.

· In de pend ently of its cat e gory, each con crete stream ob ject will also have var i ous 

ca pa bil i ties: it can be read-only, write-only, or read-write. It can also al low ar bi -

trary ran dom ac cess (seek ing for wards or back wards to any lo ca tion), or only se -

quen tial ac cess (for ex am ple in the case of a socket or pipe).

· All streams are care ful about the type of data you give to them. For ex am ple

giv ing a str ob ject to the write() method of a bi nary stream will raise a

TypeError. So will giv ing a bytes ob ject to the write() method of a text stream.

We start by pro vid ing a small num ber of ex am ples.

11.1 Ex am ple 1 - read ing from a file us ing substrings

This ex am ple is taken from the chap ter on strings. The key is the open state ment, where we 
link an in ter nal vari able with an ex ter nal file. We then use the readline method.

im port numpy as np
data_file="cwmystwythdata.txt"
nmonths=12
cmsum=0.0
im pe rial_sum     = 0.0
im pe rial_av er age = 0.0
x = np.empty([nmonths] , dtype=np.float64)
f=open(data_file)
print(" ** Skip ping header lines ** \n")
for i in range(0,7):
  line=f.readline()
print(" ** Skip ping 1959 ** \n")
for i in range(0,12):
  line=f.readline()
print(" ** Skip ping 1960 ** \n")
for i in range(0,12):
  line=f.readline()
print(" ** Skip ping 1961 ** \n")
for i in range(0,9):
  line=f.readline()
print(" ** Skip ping 1962 ** \n")
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for i in range(0,8):
  line=f.readline()
print(" ** Skip ping 1963 ** \n")
for i in range(0,10):
  line=f.readline()
print(" ** Read ing 1964 ** \n")
for i in range(0,12):
  line=f.readline()
  x[i]=(float)(line[36:42])
  print(" {0:6.1f} ".for mat(x[i]))
print(" ** mms ** ")
print(" {0:6.1f} ".for mat(x.sum()))
print(" {0:6.1f} ".for mat((x.sum()/nmonths)))
im pe rial_sum=x.sum()/25.4
im pe rial_av er age=im pe rial_sum/nmonths
print(" ** inches ** ")
print(" {0:6.1f} ".for mat(im pe rial_sum))
print(" {0:6.1f} ".for mat(im pe rial_av er age))

Here is the out put.

$  ** Skip ping header lines **

 ** Skip ping 1959 **

 ** Skip ping 1960 **

 ** Skip ping 1961 **

 ** Skip ping 1962 **

 ** Skip ping 1963 **

 ** Read ing 1964 **

   83.1
   38.5
   67.3
   76.4
   90.4
   83.5
  177.0
  180.5
   66.0
  171.9
  174.5
  334.8
 ** mms **
 1543.9
  128.7
 ** inches **
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   60.8
    5.1

So we are us ing the file.readline method.

11.2 Ex am ple 2 - read ing the same file us ing the split() method

Here is the source file.

im port numpy as np
data_file="cwmystwythdata.txt"
nmonths=12
cmsum=0.0
im pe rial_sum     = 0.0
im pe rial_av er age = 0.0
x = np.empty([nmonths] , dtype=np.float64)
f=open(data_file)
print(" ** Skip ping header lines ** \n")
for i in range(0,7):
  line=f.readline()
print(" ** Skip ping 1959 ** \n")
for i in range(0,12):
  line=f.readline()
print(" ** Skip ping 1960 ** \n")
for i in range(0,12):
  line=f.readline()
print(" ** Skip ping 1961 ** \n")
for i in range(0,9):
  line=f.readline()
print(" ** Skip ping 1962 ** \n")
for i in range(0,8):
  line=f.readline()
print(" ** Skip ping 1963 ** \n")
for i in range(0,10):
  line=f.readline()
print(" ** Read ing 1964 ** \n")
for i in range(0,12):
  line=f.readline()
  r=0
  col umns=line.split()
  for data in col umns:
    if (r==5):
      x[i]=(float)(data)
      print(" {0:6.1f} ".for mat(x[i]))
    r=r+1
print(" ** mms ** ")
print(" {0:6.1f} ".for mat(x.sum()))
print(" {0:6.1f} ".for mat((x.sum()/nmonths)))
im pe rial_sum=x.sum()/25.4
im pe rial_av er age=im pe rial_sum/nmonths
print(" ** inches ** ")
print(" {0:6.1f} ".for mat(im pe rial_sum))
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print(" {0:6.1f} ".for mat(im pe rial_av er age))

The out put is as in the pre vi ous ex am ple.

11.3 Ex am ple 3 - internet file read

This ex am ple looks at read ing a file that ex ists on the UK Met Of fice His toric Data site.
Visit

http://www.metoffice.gov.uk/pub lic/weather/cli mate-his -
toric/#?tab=climateHistoric

for more in for ma tion.

You may need to change the web ad dress if the Met Of fice move things around. Here is a
valid ad dress as of Jan u ary 2017.

http://www.metoffice.gov.uk/pub/data/weather/uk/
cli mate/stationdata/cwmystwythdata.txt

We will read one data file. Being Welsh I have cho sen the Cwmystwyth site. Here is the
pro gram.

im port time
im port re quests

def main():
  start_time=time.time()
  print(" ** Start time            **",end=" ")
  print(start_time)
  cwmystwyth_data=re -
quests.get("http://www.metoffice.gov.uk/cli -
mate/uk/stationdata/cwmystwythdata.txt").text
  print(cwmystwyth_data)
  t1=time.time()
  file_read=t1-start_time
  print(" ** Internet file read took  **",end=" ")
  print(" {0:12.6f}".for mat(file_read))

if ( __name__ == "__main__" ):
  main()

Here is an ex tract of the out put.
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  2009   12    5.2    -0.2      13   167.7    36.7

  2010    1    3.4    -2.3      22   127.9    32.9

  2010    2    4.8*   -1.6*     19*   70.4*   72.2*

  2010    3    8.7     0.8      16   102.0   119.3

  2010    4   13.0     3.8       4    56.8   194.3

  2010    5   14.2     4.7       4    71.5   207.3

  2010    6   18.8     8.0       0    80.5   220.0

  2010    7   17.3    11.9       0   209.3    80.3

  2010    8   16.6     9.3       0    88.8   130.5

  2010    9   16.3     8.7       1   181.2   135.5*

  2010   10   12.5*    5.2*      5*  108.0   117.2*

  2010   11    7.1*    0.5*     11*  154.9*   73.3*

  2010   12    3.1    -3.7      23    82.6    52.4*

  2011    1    5.8    -0.3      16   191.4    44.7

  2011    2    8.3     3.1       5   165.8    43.5

  2011    3   10.3     1.4      12    35.5   145.0

Site closed

 ** Internet file read took  **      0.179377

11.4 Ex am ple 4 - vari a tion on the internet file read where we save the
file

Here is the source.

im port time
im port re quests

def main():
  start_time=time.time()
  print(" ** Start time            **",end=" ")
  print(start_time)
  datafile="cwmystwyth.txt"
  f=open(datafile,"w")
  cwmystwyth_data=re -
quests.get("http://www.metoffice.gov.uk/cli -
mate/uk/stationdata/cwmystwythdata.txt").text
  f.write(cwmystwyth_data)
  t1=time.time()
  file_read=t1-start_time
  print(" ** Internet file read took  **",end=" ")
  print(" {0:12.6f}".for mat(file_read))

if ( __name__ == "__main__" ):
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  main()

Tim ing is sim i lar to the pre vi ous.

11.5 Ex am ple 5 - read ing all of the sta tion data files with tim ing

Here is the source.

im port time
im port re quests

def main():

  start_time=time.time()
  print(" ** Start time            **",end=" ")
  print(start_time)

  n_sta tions = 37

  base_ad dress =
"http://www.metoffice.gov.uk/pub/data/weather/uk/cli -
mate/stationdata/" 

  sta tion_names = ["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"]

  for i in range(0,n_sta tions):

    print(      sta tion_names[i]  )
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    com plete_ad dress = base_ad dress + sta tion_names[i] 
    f=open(sta tion_names[i],"w")
    sta tion_data = re quests.get(url=com plete_ad dress).text
    f.write(sta tion_data)
    f.close()

  t1=time.time()
  file_read=t1-start_time
  print(" ** Internet file read took  **",end=" ")
  print(" {0:12.6f}".for mat(file_read))

if ( __name__ == "__main__" ):
  main()

Here is the out put.

 ** Start time            ** 1549558759.968851
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
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whitbydata.txt
wickairportdata.txt
yeoviltondata.txt
 ** Internet file read took  **      6.891494

We now have all of the files saved lo cally.

On Unix and Linux there are a num ber of commans that are very use ful when work ing with 
text files, and they in clude

· wc - a util ity that prints line, word and byute counts for files;

· diff -a util ity that can be used to com pare text files a line at a time;

· vi and vim - a pow er ful ed i tor with ex ten sive pat tern match ing, and pow er ful

com mand set;

· sed - a stream ed i tor for ma nip u lat ing text files;

· unix2dos - a util ity to con vert Unix text files to dos for mat;

· dos2unix - a util ity to con vert Win dows text files to Unix for mat;

All of them have been used in the pro duc tion of these notes and I have been us ing vi since
I worked at Im pe rial Col lege in the 1970s. It is pos si ble to in stall a Unix shell on a Win -
dows ma chine to gain the above func tion al ity. 

The fol low ing com mand

wc *data.txt

pro duces the fol low ing out put af ter the run ning this ex am ple pro gram. 

    945    6652   50557 aberporthdata.txt
   2001   14046  106386 armaghdata.txt
    699    4933   37070 ballypatrickdata.txt
   1341    9424   71475 bradforddata.txt
    730    5153   39054 braemardata.txt
    493    3487   26511 cambornedata.txt
    729    5141   38965 cambridgedata.txt
    505    3574   27090 cardiffdata.txt
    765    5391   40405 chivenordata.txt
    626    4396   32556 cwmystwythdata.txt
    580    4097   30776 dunstaffnagedata.txt
   1677   11776   89188 durhamdata.txt
    729    5140   38959 eastbournedata.txt
   1305    9171   69361 eskdalemuirdata.txt
    861    6065   45954 heathrowdata.txt
    753    5308   40339 hurndata.txt
   1066    7499   56889 lerwickdata.txt
    753    5308   40328 leucharsdata.txt
   1258    8855   66929 lowestoftdata.txt
    939    6610   50040 manstondata.txt
   1066    7508   56844 nairndata.txt
    729    5141   38950 newtonriggdata.txt
   2001   14044  106385 oxforddata.txt
    729    5140   38987 paisleydata.txt
    714    5013   37164 ringwaydata.txt
   1066    7499   56953 rossonwyedata.txt
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    885    6232   47371 shawburydata.txt
   1641   11524   87305 sheffielddata.txt
   1752   12284   92910 southamptondata.txt
   1755   12322   93469 stornowaydata.txt
    729    5141   38956 suttonboningtondata.txt
   1101    7744   58814 tireedata.txt
   1066    7499   56959 valleydata.txt
    873    6147   46663 waddingtondata.txt
    698    4768   36275 whitbydata.txt
   1269    8920   66963 wickairportdata.txt
    661    4664   35479 yeoviltondata.txt
  37490  263616 1995279 to tal

and we will use the line count data in sev eral prob lems in the rest of the notes and ex am -
ples. The line count data is the first col umn of out put. This pro gram was run at 18:50 on
the 1st May 2019. Run ning it to day will pro duce up dated in for ma tion.

11.6 Ex am ple 6 - Writ ing to a set of files names gen er ated within Py -
thon

This pro gram cre ates 10 files, and gen er ates part of the file name from the for loop in dex.

base_file_name="test_file_"
for i in range (1,11):
  file_name=base_file_name + str(i)
  f=open(file_name,'w')
  f.write(file_name)
  f.close()

Run the pro gram and do a ls or dir af ter run ning the pro gram.

11.7 Ex am ple 7 - Copy ing a file and re plac ing miss ing val ues

This ex am ple can be used to re place the Met Of fice flag for miss ing data --- with -99 in the 
new ver sion. 

Here is the source.

im port numpy as np
in put_data_file ="cwmystwythdata.txt"
out put_data_file="cwmystwythdata_af ter.txt"
nlines=626
f1=open(in put_data_file)
f2=open(out put_data_file,'w')
for i in range(0,nlines+1):
  line=f1.readline()
  af ter=line.re place("---","-99")
  f2.write(af ter)
f1.close()
f2.close()

This pro gram is easy to mod ify to re place the * char ac ter in the Met Of fice files.

11.8 Ex am ple 8 - cre at ing an SQL file

Here is the source.
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im port os
in put_data_file ="cwmystwythdata.txt"
out put_data_file="cwmystwythdata_sql.txt"
#
# header lines
#
nh=7
#
# to tal lines
#
nt=626
f1=open(in put_data_file)
f2=open(out put_data_file,'w')
#
# skip header lines
#
for i in range(0,nh):
  line=f1.readline()
#
# pro cess data lines
#
for i in range(0,nt-nh-1):
  line=f1.readline()
  pass1=line.re place("--- ","null")
  pass2=pass1.re place("---","null")
  pass3=pass2.re place("*"," ")
  col umns=pass3.split()
  pass4="("
  for col umn in col umns:
    pass4 = pass4 + col umn + ","
  l=len(pass4)
  pass5=pass4[0:l-1] + ")"
  pass6 = pass5 + os.linesep
  f2.write(pass6)
f1.close()
f2.close()

11.9 Ex am ple 9 - Cre at ing a csv file

Here is the source. It is a mi nor vari a tion on the pre vi ous.

im port os
in put_data_file ="cwmystwythdata.txt"
out put_data_file="cwmystwythdata.csv"
#
# header lines
#
nh=7
#
# to tal lines
#
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nt=626
f1=open(in put_data_file)
f2=open(out put_data_file,'w')
#
# skip header lines
#
for i in range(0,nh):
  line=f1.readline()
#
# pro cess data lines
#
for i in range(0,nt-nh-1):
  line=f1.readline()
  pass1=line.re place("*"," ")
  col umns=pass1.split()
  pass2=""
  for col umn in col umns:
    pass2 = pass2 + col umn + ","
  l=len(pass2)
  pass3=pass2[0:l-1] 
  pass4 = pass3 + os.linesep
  f2.write(pass4)
f1.close()
f2.close()

11.10 Ex am ple 10 - CSV files and the csv mod ule

CSV stands for comma sep a rated val ues. It is a commonly used file in ter change for mat. The 
csv mod ule was in tro duced in Py thon 2.3 Here is a sim ple ex am ple pro gram.

im port csv
file_name="lines_per_sta tion.csv"
f=open(file_name)
reader = csv.reader(f)
for row in reader:
  print(row)

Here is the acutual csv file.

aberporth,877,7,870
armagh,1933,7,1926
ballypatrick,631,7,624
brad ford,1273,7,1266
braemar,661,8,653
camborne,425,7,418
cam bridge,661,7,654
car diff,437,7,430
chivenor,697,7,690
cwmystwyth,627,7,620
dunstaffnage,512,7,505
dur ham,1609,7,1602
eastbourne,661,7,654
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eskdalemuir,1237,7,1230
heathrow,793,7,786
hurn,685,7,678
lerwick,998,7,991
leuchars,685,7,678
lowestoft,1189,8,1181
manston,871,7,864
nairn,997,8,989
newtonrigg,661,7,654
ox ford,1933,7,1926
pais ley,661,7,654
ringway,715,7,708
rossonwye,998,7,991
shawbury,817,7,810
shef field,1573,7,1566
southampton,1752,8,1744
stornoway,1687,7,1680
suttonbonington,661,7,654
tiree,1033,7,1026
val ley,998,7,991
waddington,805,7,798
whitby,629,8,621
wickairport,1201,7,1194
yeovilton,593,7,586

Here is the out put.

['aberporth', '877', '7', '870']
['armagh', '1933', '7', '1926']
['ballypatrick', '631', '7', '624']
['brad ford', '1273', '7', '1266']
['braemar', '661', '8', '653']
['camborne', '425', '7', '418']
['cam bridge', '661', '7', '654']
['car diff', '437', '7', '430']
['chivenor', '697', '7', '690']
['cwmystwyth', '627', '7', '620']
['dunstaffnage', '512', '7', '505']
['dur ham', '1609', '7', '1602']
['eastbourne', '661', '7', '654']
['eskdalemuir', '1237', '7', '1230']
['heathrow', '793', '7', '786']
['hurn', '685', '7', '678']
['lerwick', '998', '7', '991']
['leuchars', '685', '7', '678']
['lowestoft', '1189', '8', '1181']
['manston', '871', '7', '864']
['nairn', '997', '8', '989']
['newtonrigg', '661', '7', '654']
['ox ford', '1933', '7', '1926']
['pais ley', '661', '7', '654']
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['ringway', '715', '7', '708']
['rossonwye', '998', '7', '991']
['shawbury', '817', '7', '810']
['shef field', '1573', '7', '1566']
['southampton', '1752', '8', '1744']
['stornoway', '1687', '7', '1680']
['suttonbonington', '661', '7', '654']
['tiree', '1033', '7', '1026']
['val ley', '998', '7', '991']
['waddington', '805', '7', '798']
['whitby', '629', '8', '621']
['wickairport', '1201', '7', '1194']
['yeovilton', '593', '7', '586']

As the file is read each row of the in put data is parsed and con verted into a list of strings.

11.11 Ex am ple 11 - CSV us age and data extraction

This ex am ple is a vari a tion of the pre vi ous. In this one we ex tract the data from each row
of the CSV file and as sign it to an ar ray of the ap pro pri ate type.

Here is the source.

im port csv
im port numpy as np
file_name="lines_per_sta tion.csv"
# n is al ways less than 128
n = 128
# sta tion name | to tal lines | header lines | data lines
f=open(file_name)
met_of fice_data = csv.reader(f)
sta tion_names  = ["" for x in range(n)]
to tal_lines    = np.ze ros([n] , dtype=np.int32)
header_lines   = np.ze ros([n] , dtype=np.int32)
data_lines     = np.ze ros([n] , dtype=np.int32)
r = 0
for row in met_of fice_data:
  sta tion_names[r] = row[0]
  to tal_lines[r]   = int(row[1])
  header_lines[r]  = int(row[2])
  data_lines[r]    = int(row[3])
  r=r+1
for i in range(r):
  print(sta tion_names[i],end=" : ")
  print(to tal_lines[i],end=" : ")
  print(header_lines[i],end=" : ")
  print(data_lines[i])

Here is the out put.

aberporth : 877 : 7 : 870
armagh : 1933 : 7 : 1926
ballypatrick : 631 : 7 : 624
brad ford : 1273 : 7 : 1266
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braemar : 661 : 8 : 653
camborne : 425 : 7 : 418
cam bridge : 661 : 7 : 654
car diff : 437 : 7 : 430
chivenor : 697 : 7 : 690
cwmystwyth : 627 : 7 : 620
dunstaffnage : 512 : 7 : 505
dur ham : 1609 : 7 : 1602
eastbourne : 661 : 7 : 654
eskdalemuir : 1237 : 7 : 1230
heathrow : 793 : 7 : 786
hurn : 685 : 7 : 678
lerwick : 998 : 7 : 991
leuchars : 685 : 7 : 678
lowestoft : 1189 : 8 : 1181
manston : 871 : 7 : 864
nairn : 997 : 8 : 989
newtonrigg : 661 : 7 : 654
ox ford : 1933 : 7 : 1926
pais ley : 661 : 7 : 654
ringway : 715 : 7 : 708
rossonwye : 998 : 7 : 991
shawbury : 817 : 7 : 810
shef field : 1573 : 7 : 1566
southampton : 1752 : 8 : 1744
stornoway : 1687 : 7 : 1680
suttonbonington : 661 : 7 : 654
tiree : 1033 : 7 : 1026
val ley : 998 : 7 : 991
waddington : 805 : 7 : 798
whitby : 629 : 8 : 621
wickairport : 1201 : 7 : 1194
yeovilton : 593 : 7 : 586

11.12 Ex am ple 12 - read ing a met of fice file us ing the csv mod ule

Here is the pro gram.

im port csv
im port numpy as np
file_name="cwmystwyth.csv"
n = 1024
# year , month , tmax , tmin , af_days , rain , sun
f=open(file_name)
met_of fice_data = csv.reader(f)
year_ar ray = np.ze ros([n] , dtype=np.int32)
month_ar ray = np.ze ros([n] , dtype=np.int32)
tmax_ar ray = np.ze ros([n] , dtype=np.float64)
tmin_ar ray = np.ze ros([n] , dtype=np.float64)
af_days_ar ray = np.ze ros([n] , dtype=np.int32)
rain_ar ray = np.ze ros([n] , dtype=np.float64)
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sun_ar ray = np.ze ros([n] , dtype=np.float64)
r = 0
#
for row in met_of fice_data:
  print(row)
  year_ar ray[r] = int(row[0])
  month_ar ray[r] = int(row[1])
  tmax_ar ray[r] = float(row[2])
  tmin_ar ray[r] = float(row[3])
  af_days_ar ray[r] = int(row[4])
  rain_ar ray[r] = float(row[5])
  sun_ar ray[r] = float(row[6])
  r=r+1
#
print(" Ac tual lines = ",r)
rain_sum = sum(rain_ar ray[0:r])
rain_av er age = rain_sum/r
#
print (" Av er age = {0:7.2f} mm ".for mat(rain_av er age))
rain_av er age=rain_av er age/25.4
print ("             {0:5.2f} ins".for mat(rain_av er age))

Here is a sam ple of the out put.

['  2010 ', ' 12 ', '  3.1 ', '  -3.7 ', ' 23 ', '  82.6
', '  52.4']
['  2011 ', '  1 ', '  5.8 ', '  -0.3 ', ' 16 ', ' 191.4
', '  44.7']
['  2011 ', '  2 ', '  8.3 ', '   3.1 ', '  5 ', ' 165.8
', '  43.5']
['  2011 ', '  3 ', ' 10.3 ', '   1.4 ', ' 12 ', '  35.5
', ' 145.0']
 Ac tual lines =  618
 Av er age =  138.18 mm 
              5.44 ins

11.13 Ex am ple 13 - read ing data us ing the genfromtxt method

In the OO chap ter we had a sim ple data struc tur ing ex am ple for work ing with the Met Of -
fice sta tion data. This ex am ple had the dis ad van tage in that it used the de fault dy namic typ -
ing mech a nism used in Py thon, which leaves the de ter mi na tion of type un til run time,
which can cause pro grams to fail through in cor rect pa ram e ter pass ing. Here is an ex am ple
us ing the Numpy genfromtxt method that is strongly typed and pro vides a better
enviornment for ac tu ally do ing arith me tic on the data.

Here is the source.

im port numpy as np
data_file_name="cwmystwythdata.txt"
ma trix = np.genfromtxt( data_file_name, \
                         skip_header=7 , \
                         skip_footer=1 , \
                         usecols=(0,1,2,3,4,5,6), \
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                         autostrip=True , \

dtype=(int,int,float,float,int,float,float), \
                         miss ing_val ues={"---"},\
                       )
print(" Type = ",type(ma trix))
print(" Size = ",ma trix.size)
print(ma trix)

Here is an ex tract of the out put.

 Type =  <class 'numpy.ndarray'>
 Size =  618
[(1959,  1,  4.5, -1.9, 20,   nan,  57.2)
 (1959,  2,  7.3,  0.9, 15,   nan,  87.2)
 (1959,  3,  8.4,  3.1,  3,   nan,  81.6)
 (1959,  4, 10.8,  3.7,  1,   nan, 107.4)
 (1959,  5, 15.8,  5.8,  1,   nan, 213.5)
 (1959,  6, 16.9,  8.2,  0,   nan, 209.4)
 (1959,  7, 18.5,  9.5,  0,   nan, 167.8)
 (1959,  8, 19. , 10.5,  0,   nan, 164.8)
 (1959,  9, 18.3,  5.9,  0,   nan, 196.5)
 (1959, 10, 14.8,  7.9,  1,   nan, 101.1)
 (1959, 11,  8.8,  3.9,  3,   nan,  38.9)
 (1959, 12,  7.2,  2.5,  3,   nan,  19.2)
...
...
...
(2010,  1,  3.4, -2.3, 22, 127.9,  32.9)
 (2010,  2,  4.8, -1.6, 19,  70.4,  72.2)
 (2010,  3,  8.7,  0.8, 16, 102. , 119.3)
 (2010,  4, 13. ,  3.8,  4,  56.8, 194.3)
 (2010,  5, 14.2,  4.7,  4,  71.5, 207.3)
 (2010,  6, 18.8,  8. ,  0,  80.5, 220. )
 (2010,  7, 17.3, 11.9,  0, 209.3,  80.3)
 (2010,  8, 16.6,  9.3,  0,  88.8, 130.5)
 (2010,  9, 16.3,  8.7,  1, 181.2, 135.5)
 (2010, 10, 12.5,  5.2,  5, 108. , 117.2)
 (2010, 11,  7.1,  0.5, 11, 154.9,  73.3)
 (2010, 12,  3.1, -3.7, 23,  82.6,  52.4)
 (2011,  1,  5.8, -0.3, 16, 191.4,  44.7)
 (2011,  2,  8.3,  3.1,  5, 165.8,  43.5)
 (2011,  3, 10.3,  1.4, 12,  35.5, 145. )]

We can now eas ily do arith me tic on Met Of fice data. The ex am ple that does some cal cu la -
tions is in the SQL chap ter where we com pare the SQL Met Of fice pro gram with one based 
on the above ex am ple.

Here are some notes about this ex am ple

· You must not use the file open method be fore call ing the genfromtxt method.

Do ing this will gen er ate run time er rors;
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· The Met Of fice data file needs pre-pro cess ing to re move the * char ac ters that in -

di cate es ti mated data. The * char ac ter at the end of line can be re moved com -

pletely, and the * char ac ter in the mid dle of the lines can be re placed with a

space char ac ter. We used vi to do this.

· On a Win dows plat form you will prob a bly need to use the unix2dos com mand to 

re solve is sues with car riage re turn and line feed char ac ters.

We rec om mend in stall ing vim on Win dows as a relacement for vi. We also rec om mend in -
stall ing cywin un der Win dows to pro vide unix func tion al ity.

11.14 Ex am ple 14 - Writ ing a CSV file

Here is the source

im port csv
im port numpy as np
file_name   = "lines_per_sta tion.csv"
out put_file = "out put_file.csv"
# n is al ways less than 128
n = 128
# sta tion name | to tal lines | header lines | data lines
f=open(file_name)
met_of fice_data = csv.reader(f)
sta tion_names  = ["" for x in range(n)]
to tal_lines    = np.ze ros([n] , dtype=np.int32)
header_lines   = np.ze ros([n] , dtype=np.int32)
data_lines     = np.ze ros([n] , dtype=np.int32)
r = 0
for row in met_of fice_data:
  sta tion_names[r] = row[0]
  to tal_lines[r]   = int(row[1])
  header_lines[r]  = int(row[2])
  data_lines[r]    = int(row[3])
  r=r+1
#for i in range(r):
#  print(sta tion_names[i],end=" : ")
#  print(to tal_lines[i],end=" : ")
#  print(header_lines[i],end=" : ")
#  print(data_lines[i])
ofile=open(out put_file,'w')
out put_data = csv.writer(ofile,de lim iter = ';')
for i in range(r):
  out put_data.writerow((sta tion_names[i],to -
tal_lines[i],header_lines[i],data_lines[i]))

Here is the file cre ated.

aberporth;877;7;870
armagh;1933;7;1926
ballypatrick;631;7;624
brad ford;1273;7;1266
braemar;661;8;653
camborne;425;7;418
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cam bridge;661;7;654
car diff;437;7;430
chivenor;697;7;690
cwmystwyth;627;7;620
dunstaffnage;512;7;505
dur ham;1609;7;1602
eastbourne;661;7;654
eskdalemuir;1237;7;1230
heathrow;793;7;786
hurn;685;7;678
lerwick;998;7;991
leuchars;685;7;678
lowestoft;1189;8;1181
manston;871;7;864
nairn;997;8;989
newtonrigg;661;7;654
ox ford;1933;7;1926
pais ley;661;7;654
ringway;715;7;708
rossonwye;998;7;991
shawbury;817;7;810
shef field;1573;7;1566
southampton;1752;8;1744
stornoway;1687;7;1680
suttonbonington;661;7;654
tiree;1033;7;1026
val ley;998;7;991
waddington;805;7;798
whitby;629;8;621
wickairport;1201;7;1194
yeovilton;593;7;586

We used semico lon as the de lim iter on out put.

11.15 Ex am ple 15 - write large ar ray as text file, el e ment by el e ment,
with tim ing

Here is the pro gram.

im port time
start_time=time.time()
print(" ** Start time                          
**",end=" ")
print(start_time)
im port numpy as np
data_file="large_data_file.txt"
f=open(data_file,"w")
n=10000000
x = np.empty([n],dtype=np.int32)
t1=time.time()
in itial is ation_time=t1-start_time
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print(" ** Vari able cre ation                    **",end=" 
")
print(" {0:12.6f}".for mat(in itial is ation_time))
for i in range (0,n):
  x[i]=i
t2=time.time()
ar ray_time=t2-t1
print(" ** Ar ray in itial is ation                 **",end="
")
print(" {0:12.6f}".for mat(ar ray_time))
for i in range (0,n):
  f.write("%12d \n" % x[i])
t3=time.time()
write_time=t3-t2
print(" ** Text ar ray write, el e ment by el e ment **",end=" ")
print(" {0:12.6f}".for mat(write_time))

Here is the out put.

$ ** Start time                       **
                                   1447502147.7951984
 ** Vari able cre ation                 **      0.163511
 ** Ar ray in itial is ation              **      1.940731
 ** Text ar ray write, el e ment by el e ment **     12.593289

The vari able cre ation and ar ray in itial is ation take very lit tle time. The for mat ted out put of
the ar ray dom i nates the pro gram ex e cu tion time.

11.16 Ex am ple 16 - write large ar ray as bi nary file , el e ment by el e ment, 
with tim ing

Here is the pro gram.
im port time
start_time=time.time()
print(" ** Start time                            
**",end=" ")
print(start_time)
im port numpy as np
data_file="large_data_file.dat"
f=open(data_file,"wb")
n=10000000
x = np.empty([n],dtype=np.int32)
t1=time.time()
in itial is ation_time=t1-start_time
print(" ** Vari able cre ation                     
**",end=" ")
print(" {0:12.6f}".for mat(in itial is ation_time))
for i in range (0,n):
  x[i]=i
t2=time.time()
ar ray_time=t2-t1
print(" ** Ar ray in itial is ation                  
**",end=" ")
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print(" {0:12.6f}".for mat(ar ray_time))
for i in range (0,n):
  f.write(x[i])
t3=time.time()
write_time=t3-t2
print(" ** Bi nary ar ray write, el e ment by el e ment **",end="
")
print(" {0:12.6f}".for mat(write_time))

Here is the out put.

$ ** Start time                             **
1447502130.3637505
 ** Vari able cre ation                      **      0.153189
 ** Ar ray in itial is ation                   **      1.781546
 ** Bi nary ar ray write, el e ment by el e ment **     11.331043

Re sults are sim i lar to the pre vi ous ex am ple.

11.17 Ex am ple 17 - write large ar ray as bi nary file , whole ar ray, with
tim ing

Here is the pro gram.

im port time
start_time=time.time()
print(" ** Start time                      **",end=" ")
print(start_time)
im port numpy as np
data_file="large_data_file.dat"
f=open(data_file,"wb")
n=10000000
x = np.empty([n],dtype=np.int32)
t1=time.time()
in itial is ation_time=t1-start_time
print(" ** Vari able cre ation               **",end=" ")
print(" {0:12.6f}".for mat(in itial is ation_time))
for i in range (0,n):
  x[i]=i
t2=time.time()
ar ray_time=t2-t1
print(" ** Ar ray in itial is ation            **",end=" ")
print(" {0:12.6f}".for mat(ar ray_time))
f.write(x)
t3=time.time()
write_time=t3-t2
print(" ** Bi nary ar ray write, whole ar ray **",end=" ")
print(" {0:12.6f}".for mat(write_time))

Here is the out put.

$ python3 c1204.py
 ** Start time                      ** 1447502254.5353513
 ** Vari able cre ation               **      0.152651
 ** Ar ray in itial is ation            **      1.783490

IO 181

 Ian D Chivers Chap ter 11



 ** Bi nary ar ray write, whole ar ray **      0.363772

We now have a con sid er able im prove ment in the write tim ing. 

11.18 Ex am ple 18 - list ing sub di rec tories

We will be us ing pathlib, which was new in ver sion 3.4.

This mod ule of fers classes rep re sent ing filesystem paths with se man tics ap pro pri ate for dif -
fer ent op er at ing sys tems. Path classes are di vided be tween pure paths, which pro vide purely 
com pu ta tional op er a tions with out I/O, and con crete paths, which in herit from pure paths but 
also pro vide I/O op er a tions.

Here is a short pro gram that prints all sub di rec to ries. We use two syn tax vari ants.

#List ing sub di rec tories:
from pathlib im port Path
p = Path('.')
for x in p.iterdir():
  if x.is_dir():
     print(x)
print(" Now print posix de tails")
print([x for x in p.iterdir() if x.is_dir()])

Here is the out put.

dbms
effbot
grayson
tkinter
__pycache__
 Now print posix de tails
[PosixPath('dbms'), PosixPath('effbot'), PosixPath('grayson'), 
PosixPath('tkinter'), PosixPath('__pycache__')]

11.19 Ex am ple 19 - list ing all Py thon files

Here is the source.

#List ing Py thon source files in this di rec tory tree:
from pathlib im port Path
p = Path('.')
for file name in p.glob('**/*.py'):
  print(file name)

Here is a seg ment of out put.

c01201.py
c0201.py
c0202.py
c0203.py
c0301.py
c0302.py
..
..
tkinter/tt077.py
tkinter/tt078.py
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tkinter/tt079.py
tkinter/tt080.py
tkinter/tt090.py
tkinter/tt095.py
tkinter/tt100.py
tkinter/z.py

Try this on your sys tem.

11.20 Back ground i/o tech ni cal in for ma tion

A small amount of back ground ma te rial is cov ered in the sec tions be low.

11.21 Text I/O

Text I/O ex pects and pro duces str ob jects. This means that when ever the back ing store is
na tively made of bytes (such as in the case of a file), en cod ing and de cod ing of data is
made trans par ently as well as op tional trans la tion of plat form-spe cific newline char ac ters.

The eas i est way to cre ate a text stream is with open(), op tion ally spec i fy ing an en cod ing:

f = open("myfile.txt", "r", en cod ing="utf-8")

In-mem ory text streams are also avail able as StringIO ob jects:

f = io.StringIO("some ini tial text data")

The text stream API is de scribed in de tail in the doc u men ta tion of TextIOBase.

11.22 Bi nary I/O

Bi nary I/O (also called buf fered I/O) ex pects and pro duces bytes ob jects. No en cod ing, de -
cod ing, or newline trans la tion is per formed. This cat e gory of streams can be used for all
kinds of non-text data, and also when man ual con trol over the han dling of text data is de -
sired.

The eas i est way to cre ate a bi nary stream is with open() with 'b' in the mode string:

f = open("myfile.jpg", "rb")

In-mem ory bi nary streams are also avail able as BytesIO ob jects:

f = io.BytesIO(b"some ini tial bi nary data: \x00\x01")

The bi nary stream API is de scribed in de tail in the docs of BufferedIOBase.

Other li brary mod ules may pro vide ad di tional ways to cre ate text or bi nary streams. See
socket.socket.makefile() for ex am ple.

11.23 Raw I/O

Raw I/O (also called unbuffered I/O) is gen er ally used as a low-level build ing-block for bi -
nary and text streams; it is rarely use ful to di rectly ma nip u late a raw stream from user code. 
Nev er the less, you can cre ate a raw stream by open ing a file in bi nary mode with buff er ing

f = open("myfile.jpg", "rb", buff er ing=0)

The raw stream API is de scribed in de tail in the docs of RawIOBase.

11.24 Per for mance

This sec tion dis cusses the per for mance of the pro vided con crete I/O im ple men ta tions.

11.24.1 Bi nary I/O

By read ing and writ ing only large chunks of data even when the user asks for a sin gle byte, 
buf fered I/O hides any in ef fi ciency in call ing and ex e cut ing the op er at ing sys tem’s
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unbuffered I/O rou tines. The gain de pends on the OS and the kind of I/O which is per -
formed. For ex am ple, on some mod ern OSes such as Linux, unbuffered disk I/O can be as
fast as buf fered I/O. The bot tom line, how ever, is that buf fered I/O of fers pre dict able per -
for mance re gard less of the plat form and the back ing de vice. There fore, it is al most al ways
pref er a ble to use buf fered I/O rather than unbuffered I/O for bi nary data.

11.24.2 Text I/O

Text I/O over a bi nary stor age (such as a file) is sig nif i cantly slower than bi nary I/O over
the same stor age, be cause it re quires con ver sions be tween unicode and bi nary data us ing a
char ac ter codec. This can be come no tice able han dling huge amounts of text data like large
log files. Also, TextIOWrapper.tell() and TextIOWrapper.seek() are both quite slow due to
the re con struc tion al go rithm used.

StringIO, how ever, is a na tive in-mem ory unicode con tainer and will ex hibit sim i lar speed
to BytesIO.

11.24.3 Multi-thread ing

FileIO ob jects are thread-safe to the ex tent that the op er at ing sys tem calls (such as read(2)
un der Unix) they wrap are thread-safe too.

Bi nary buf fered ob jects (in stances of BufferedReader, BufferedWriter, BufferedRandom and 
BufferedRWPair) pro tect their in ter nal struc tures us ing a lock; it is there fore safe to call
them from mul ti ple threads at once.

TextIOWrapper ob jects are not thread-safe.

11.24.4 Reentrancy

Bi nary buf fered ob jects (in stances of BufferedReader, BufferedWriter, BufferedRandom and 
BufferedRWPair) are not reentrant. While reentrant calls will not hap pen in nor mal sit u a -
tions, they can arise from do ing I/O in a sig nal han dler. If a thread tries to re-en ter a buf -
fered ob ject which it is al ready ac cess ing, a RuntimeError is raised. Note this does n’t pro -
hibit a dif fer ent thread from en ter ing the buf fered ob ject.

The above im plic itly ex tends to text files, since the open() func tion will wrap a buf fered ob -
ject in side a TextIOWrapper. This in cludes stan dard streams and there fore af fects the
built-in func tion print() as well.

11.25 Prob lems

1. Try run ning the ex am ples in this chap ter.
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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.

12 An In tro duc tion to Al go rithms and
the Big O no ta tion

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. 

12.1 Ba sic back ground 

The ta ble be low sum ma rises some of the de tails re gard ing com monly oc cur ring 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
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12.1.1 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.

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; 

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
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12.2 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

                                                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)

12.3 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) 

12.4 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. 
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· 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 

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 

12.5 Prob lems

There are no prob lems in this chap ter.
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The good teacher is a guide who helps oth ers dis pense with his ser vices.

R. S. Pe ters, Eth ics and Ed u ca tion.

13 Sequence types, Iterators and Lists
The in for ma tion in this chap ter is taken from sec tion 4 of

https://docs.py thon.org/3/li brary/in dex.html

which is on the Py thon built in data types, as listed be low

· Truth Value Test ing

· Boolean Op er a tions — and, or, not

· Com par i sons

· Nu meric Types — int, float, com plex

· Iterator Types

· Se quence Types — list, tuple, range

· Text Se quence Type — str

· Bi nary Se quence Types — bytes, bytearray, memoryview

· Set Types — set, frozenset

· Map ping Types — dict

· Con text Man ager Types

· Other Built-in Types

· Spe cial At trib utes

and we will con cen trate on

· Iterator Types

· Sequence Types — list, tuple, range

· Set Types — set, frozenset

· Map ping Types — dict

13.1 Iterator types

Py thon sup ports a con cept of it er a tion over con tain ers. This is im ple mented us ing two dis -
tinct meth ods; these are used to al low user-de fined classes to sup port it er a tion. Se quences,
de scribed be low in more de tail, al ways sup port the iteration methods.

Py thon’s gen er a tors pro vide a con ve nient way to im ple ment the iterator pro to col. If a con -
tainer ob ject’s __iter__() method is im ple mented as a gen er a tor, it will au to mat i cally re turn
an iterator ob ject (tech ni cally, a gen er a tor ob ject) sup ply ing the __iter__() and __next__()
meth ods. More in for ma tion about gen er a tors can be found in the doc u men ta tion for the
yield expression.

13.2 Ex am ple 1 - Sim ple iterator us age

Here is a sim ple iterator ex am ple.

l=[1,2,3,4]
for i in l:

Sequence types, Iterators and Lists 189

 Ian D Chivers Chap ter 13



  print(i)
for line in open("c1301.txt"):
  print(line)

Here is the out put

$ 

1
2
3
4
This is a file

with some text in it

over three lines

In this ex am ple we it er ate over a list and the lines in a file.

13.3 Se quence types

There are three ba sic se quence types: lists, tuples, and range ob jects. 

13.3.1 Com mon Se quence Op er a tions

The op er a tions in the fol low ing ta ble are sup ported by most se quence types, both mu ta ble
and im mu ta ble. The col lec tions.abc.Se quence ABC is pro vided to make it eas ier to cor -
rectly im ple ment these op er a tions on cus tom se quence types.

This ta ble lists the se quence op er a tions sorted in as cend ing pri or ity. In the ta ble, s and t are
se quences of the same type, n, i, j and k are in te gers and x is an ar bi trary ob ject that meets
any type and value re stric tions im posed by s.

The in and not in op er a tions have the same pri or i ties as the com par i son op er a tions. The +
(con cat e na tion) and * (rep e ti tion) op er a tions have the same pri or ity as the cor re spond ing
nu meric op er a tions.

Op er a tion                    Re sult (Notes)

x in s                          True if an item of s is equal to x, else False  

x not in s                    False if an item of s is equal to x, else True  

s + t                            the con cat e na tion of s and t 

s * n or n * s              equiv a lent to add ing s to it self n times  

s[i]                              ith item of s, or i gin 0  

s[i:j]                            slice of s from i to j  

s[i:j:k]                         slice of s from i to j with step k  

len(s)                          length of s   

min(s)                         small est item of s   
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max(s)                        larg est item of s   

s.in dex(x[, i[, j]])       in dex of the first oc cur rence of x in s (at or af ter in dex i and be fore
in dex j)  

s.count(x)                   to tal num ber of oc cur rences of x in s 
See the full ref er ence for the mean ing of the notes.

13.3.2 Im mu ta ble Se quence Types

The only op er a tion that im mu ta ble se quence types gen er ally im ple ment that is not also im -
ple mented by mu ta ble se quence types is sup port for the hash() built-in.

This sup port al lows im mu ta ble se quences, such as tuple in stances, to be used as dict keys
and stored in set and frozenset in stances.

At tempt ing to hash an im mu ta ble se quence that con tains unhashable val ues will re sult in
TypeError.

13.3.3 Mu ta ble Se quence Types

The op er a tions in the fol low ing ta ble are de fined on mu ta ble se quence types. The col lec -
tions.abc.MutableSequence ABC is pro vided to make it eas ier to cor rectly im ple ment these
op er a tions on cus tom sequence types.

In the ta ble s is an in stance of a mu ta ble se quence type, t is any iterable ob ject and x is an
ar bi trary ob ject that meets any type and value re stric tions im posed by s (for ex am ple,
bytearray only ac cepts in te gers that meet the value re stric tion 0 <= x <= 255).

Op er a tion                    Re sult (Notes)

s[i] = x                       item i of s is re placed by x   

s[i:j] = t                      slice of s from i to j is re placed by the con tents of the iterable t   

del s[i:j]                      same as s[i:j] = []   

s[i:j:k] = t                   the el e ments of s[i:j:k] are re placed by those of t 

del s[i:j:k]                   re moves the el e ments of s[i:j:k] from the list   

s.ap pend(x)                 ap pends x to the end of the se quence (same as s[len(s):len(s)] = [x])

s.clear()                        re moves all items from s (same as del s[:]) 

s.copy()                      cre ates a shal low copy of s (same as s[:]) 

s.ex tend(t) or s += t   ex tends s with the con tents of t 
                                    (for the most part the same as s[len(s):len(s)] = t)   

s *= n                         up dates s with its con tents re peated n times  

s.in sert(i, x)                in serts x into s at the in dex given by i (same as s[i:i] = [x])   

s.pop([i])                    re trieves the item at i and also re moves it from s  

s.re move(x)                re move the first item from s where s[i] == x  
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s.re verse()                  re verses the items of s in place  
See the full text for the mean ing of the notes.

13.4 Lists

Lists are mu ta ble se quences, typ i cally used to store col lec tions of ho mo ge neous items
(where the pre cise de gree of sim i lar ity will vary by ap pli ca tion).

class list([iterable])

Lists may be con structed in sev eral ways:

· Us ing a pair of square brack ets to de note the empty list: []

· Us ing square brack ets, sep a rat ing items with com mas: [a], [a, b, c]

· Us ing a list com pre hen sion: [x for x in iterable]

· Us ing the type con struc tor: list() or list(iterable)

The con struc tor builds a list whose items are the same and in the same or der as iterable‘s
items. iterable may be ei ther a se quence, a con tainer that sup ports it er a tion, or an iterator
ob ject. If iterable is al ready a list, a copy is made and re turned, sim i lar to iterable[:]. For
ex am ple, list('abc') re turns ['a', 'b', 'c'] and list( (1, 2, 3) ) re turns [1, 2, 3]. If no ar gu ment is
given, the con struc tor cre ates a new empty list, [].

Many other op er a tions also pro duce lists, in clud ing the sorted() built-in.

Lists im ple ment all of the com mon and mu ta ble se quence op er a tions. Lists also pro vide the
fol low ing ad di tional method:

sort(*, key=None, re verse=None)

This method sorts the list in place, us ing only < com par i sons be tween items. Ex cep tions are 
not sup pressed - if any com par i son op er a tions fail, the en tire sort op er a tion will fail (and
the list will likely be left in a par tially modified state).

sort() ac cepts two ar gu ments that can only be passed by key word (key word-only ar gu -
ments):

key spec i fies a func tion of one ar gu ment that is used to ex tract a com par i son key from each 
list el e ment (for ex am ple, key=str.lower). The key cor re spond ing to each item in the list is
cal cu lated once and then used for the en tire sort ing pro cess. The de fault value of None
means that list items are sorted di rectly with out cal cu lat ing a sep a rate key value.

The functools.cmp_to_key() util ity is avail able to con vert a 2.x style cmp func tion to a key
func tion.

re verse is a boolean value. If set to True, then the list el e ments are sorted as if each com -
par i son were re versed.

This method mod i fies the se quence in place for econ omy of space when sort ing a large se -
quence. To re mind us ers that it op er ates by side ef fect, it does not re turn the sorted se -
quence (use sorted() to ex plic itly re quest a new sorted list in stance).

The sort() method is guar an teed to be sta ble. A sort is sta ble if it guar an tees not to change
the rel a tive or der of el e ments that com pare equal — this is help ful for sort ing in mul ti ple
passes (for ex am ple, sort by de part ment, then by sal ary grade).

CPython im ple men ta tion de tail: While a list is be ing sorted, the ef fect of at tempt ing to mu -
tate, or even in spect, the list is un de fined. The C im ple men ta tion of Py thon makes the list
ap pear empty for the du ra tion, and raises ValueError if it can de tect that the list has been
mu tated during a sort.
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13.5 Ex am ple 2 - list type in itial is ation and sim ple for in state ment

Here is the pro gram.

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"]
days   = ["Sunday","Mon day","Tues day","Wednes day",
"Thurs day","Fri day","Sat ur day"]
for m in months:
  print(m,end=" ")
print()
for d in days:
  print(d,end=" ")
print()

Here is the out put

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
Sunday Mon day Tues day Wednes day Thurs day Fri day Sat ur day

13.6 Ex am ple 3 - list type and var i ous se quence meth ods

Here is the pro gram.

list_1 = range(10)
print(" List 1 is",end=": ")
for i in list_1:
  print(i,end=" ")
print()
n1=len(list_1)
print(" Length of list is ",n1)
list_2 = range(5)
n2=len(list_2)
list_3 = []
list_3[  0 : (n1-1)   ] = list_1
list_3[ n1 : (n1+n2-1)] = list_2
print(" List 2 is",end=": ")
for i in list_2:
  print(i,end=" ")
print()
print(" Length of list is ",len(list_2))
print(" List 3 is",end=": ")
for i in list_3:
  print(i,end=" ")
print()
print(" Length of list is ",len(list_3))
list_3.sort()
print(" Sorted  list is: ",end=" ")
for i in list_3:
  print(i,end=" ")
print()
list_3.re verse()
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print(" Re verse list is: ",end=" ")
for i in list_3:
  print(i,end=" ")
print()
list_3.in sert(5, 99)
list_3.in sert(6,999)
print(" List af ter in sert: ",end=" ")
for i in list_3:
  print(i,end=" ")
print()

Here is the out put.

 List 1 is: 0 1 2 3 4 5 6 7 8 9
 Length of list is  10
 List 2 is: 0 1 2 3 4
 Length of list is  5
 List 3 is: 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4
 Length of list is  15
 Sorted  list is:  0 0 1 1 2 2 3 3 4 4 5 6 7 8 9
 Re verse list is:  9 8 7 6 5 4 4 3 3 2 2 1 1 0 0
 List af ter in sert:  9 8 7 6 5 99 999 4 4 3 3 2 2 1 1 0 0

This example shows the use of

· list con struc tion us ing ranges

· list con struc tion us ing an empty list

· it er at ing over a list

· the len method

· list as sign ment

· list sort method

· list re verse method

· list in sert method

The doc u men ta tion has de tails of the com plete list of meth ods avail able.

13.7 Ex am ple 4 - list as sign ment ver sus copy() method

Con sider the fol low ing ex am ple.

list_1 = [1,2,3,4,5]
print(" List 1 is",end=": ")
for i in list_1:
  print(i,end=" ")
print()
n1=len(list_1)
print(" Length of list is ",n1)
list_2 = list_1
print(" List 2 is",end=": ")
for i in list_2:
  print(i,end=" ")
print()
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list_2[3]=99
print(" List 1 is",end=": ")
for i in list_1:
  print(i,end=" ")
print()
list_3 = list_1.copy()
print(" List 3 is",end=": ")
for i in list_3:
  print(i,end=" ")
print()
list_3[1]=999
print(" List 3 is",end=": ")
for i in list_3:
  print(i,end=" ")
print()
print(" List 1 is",end=": ")
for i in list_1:
  print(i,end=" ")
print()

Here is the out put.
 List 1 is: 1 2 3 4 5
 Length of list is  5
 List 2 is: 1 2 3 4 5
 List 1 is: 1 2 3 99 5
 List 3 is: 1 2 3 99 5
 List 3 is: 1 999 3 99 5
 List 1 is: 1 2 3 99 5

As sign ment does a shal low copy.

13.8 List com pre hen sions

List com pre hen sions pro vide a con cise way to cre ate lists. Com mon ap pli ca tions are to
make new lists where each el e ment is the re sult of some op er a tions ap plied to each mem ber 
of an other se quence or iterable, or to cre ate a subsequence of those el e ments that sat isfy a
certain con di tion. 

13.9 Ex am ple 5 - sim ple list com pre hen sion

Here is the source code.

def main():

  squares = []
  for x in range(10):
    squares.ap pend(x**2)
  print(squares)

if ( __name__ == "__main__" ):
  main()

Here is the output.

[0, 1, 4, 9, 16, 25, 36, 49, 64, 81]
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13.10 Example 6 - more list com pre hen sions

Here is the source.

def main():

  vec = [-4, -2, 0, 2, 4]
  # cre ate a new list with the val ues dou bled
  print([x*2 for x in vec])

  # fil ter the list to ex clude neg a tive num bers
  print([x for x in vec if x >= 0])

  # ap ply a func tion to all the el e ments
  print([abs(x) for x in vec])

  # call a method on each el e ment
  freshfruit = ['  ba nana', '  lo gan berry ', 'pas sion fruit  
']
  print([weapon.strip() for weapon in freshfruit])

  # cre ate a list of 2-tuples like (num ber, square)
  print([(x, x**2) for x in range(6)])

  # flat ten a list us ing a listcomp with two 'for'
  vec = [[1,2,3], [4,5,6], [7,8,9]]
  print([num for elem in vec for num in elem])

if ( __name__ == "__main__" ):
  main()

Here is the out put.

[-8, -4, 0, 4, 8]
[0, 2, 4]
[4, 2, 0, 2, 4]
['ba nana', 'lo gan berry', 'pas sion fruit']
[(0, 0), (1, 1), (2, 4), (3, 9), (4, 16), (5, 25)]
[1, 2, 3, 4, 5, 6, 7, 8, 9]

13.11 Example 7 - more list com pre hen sions

Here is the source

from math im port pi

def main():

  print([str(round(pi, i)) for i in range(1, 6)])

if ( __name__ == "__main__" ):
  main()

Here is the out put.

196 Sequence types, Iterators and Lists

Chap ter 13  Ian D Chivers



['3.1', '3.14', '3.142', '3.1416', '3.14159']

13.12 Ex am ple  8 - even more list com pre hen sions

Here is the source

def main():

  ma trix = [
    [1, 2, 3, 4],
    [5, 6, 7, 8],
    [9, 10, 11, 12],
    ]

  print([[row[i] for row in ma trix] for i in range(4)])

  # which is equiv a lent to

  trans posed = []
  for i in range(4):
    trans posed.ap pend([row[i] for row in ma trix])
  print(trans posed)

if ( __name__ == "__main__" ):
  main()

Here is the out put.

[[1, 5, 9], [2, 6, 10], [3, 7, 11], [4, 8, 12]]
[[1, 5, 9], [2, 6, 10], [3, 7, 11], [4, 8, 12]]

13.13 Tuples

Tuples are im mu ta ble se quences, typ i cally used to store col lec tions of het er o ge neous data
(such as the 2-tuples pro duced by the enu mer ate() built-in). Tuples are also used for cases
where an im mu ta ble se quence of ho mo ge neous data is needed (such as al low ing stor age in
a set or dict in stance).

class tuple([iterable])

Tuples may be con structed in a num ber of ways:

· Us ing a pair of pa ren the ses to de note the empty tuple: ()

· Us ing a trail ing comma for a sin gle ton tuple: a, or (a,)

· Sep a rat ing items with com mas: a, b, c or (a, b, c)

· Us ing the tuple() built-in: tuple() or tuple(iterable)

The con struc tor builds a tuple whose items are the same and in the same or der as iterable‘s
items. iterable may be ei ther a se quence, a con tainer that sup ports it er a tion, or an iterator
ob ject. If iterable is al ready a tuple, it is re turned un changed. For ex am ple, tuple('abc') re -
turns ('a', 'b', 'c') and tuple( [1, 2, 3] ) re turns (1, 2, 3). If no ar gu ment is given, the con struc -
tor cre ates a new empty tuple, ().

Note that it is ac tu ally the comma which makes a tuple, not the pa ren the ses. The pa ren the -
ses are op tional, ex cept in the empty tuple case, or when they are needed to avoid syn tac tic
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am bi gu ity. For ex am ple, f(a, b, c) is a func tion call with three ar gu ments, while f((a, b, c))
is a func tion call with a 3-tuple as the sole ar gu ment.

Tuples im ple ment all of the com mon se quence op er a tions.

For het er o ge neous col lec tions of data where ac cess by name is clearer than ac cess by in dex, 
col lec tions.namedtuple() may be a more ap pro pri ate choice than a sim ple tuple ob ject.

13.14 Ex am ple 9 - sim ple tuple us age

Here is the source code.

def main():

  tuple_ar ray = []

  t1 = ("ian","02077333896")
  t2 = ("joan","02078482671")
  t3 = 'ian','da vid','chivers'

  tuple_ar ray.ap pend(t1)
  tuple_ar ray.ap pend(t2)
  tuple_ar ray.ap pend(t3)

  (key,value) = tuple_ar ray[0]

  for i in range(len(tuple_ar ray)):
    print(tuple_ar ray[i])

  print(key)
  print(value)

  for s in t3:
    print(s)

  for i in range(len(t3)):
    print(t3[i])

if ( __name__ == "__main__" ):
  main()

Here is the out put.

('ian', '02077333896')
('joan', '02078482671')
('ian', 'da vid', 'chivers')
ian
02077333896
ian
da vid
chivers
ian
da vid
chivers
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13.15 Ranges

The range type rep re sents an im mu ta ble se quence of num bers and is com monly used for
loop ing a spe cific num ber of times in for loops.

class range(stop)class range(start, stop[, step])

The ar gu ments to the range con struc tor must be in te gers (ei ther built-in int or any ob ject
that im ple ments the __in dex__ spe cial method). If the step ar gu ment is omit ted, it de faults
to 1. If the start ar gu ment is omit ted, it de faults to 0. If step is zero, ValueError is raised.

For a pos i tive step, the con tents of a range r are de ter mined by the for mula r[i] = start +
step*i where i >= 0 and r[i] < stop.

For a neg a tive step, the con tents of the range are still de ter mined by the for mula r[i] = start
+ step*i, but the con straints are i >= 0 and r[i] > stop.

A range ob ject will be empty if r[0] does not meet the value con straint. Ranges do sup port
neg a tive in di ces, but these are in ter preted as in dex ing from the end of the se quence de ter -
mined by the pos i tive in di ces.

Ranges con tain ing ab so lute val ues larger than sys.maxsize are per mit ted but some fea tures
(such as len()) may raise OverflowError.

13.16 Ex am ple 10 - sim ple range us age

Here is the source code.

def main():

  print(list(range(10)))
  print(list(range(1, 11)))
  print(list(range(0, 30, 5)))
  print(list(range(0, 10, 3)))
  print(list(range(0, -10, -1)))
  print(list(range(0)))
  print(list(range(1, 0)))

if ( __name__ == "__main__" ):
  main()

Here is the out put.

[0, 1, 2, 3, 4, 5, 6, 7, 8, 9]
[1, 2, 3, 4, 5, 6, 7, 8, 9, 10]
[0, 5, 10, 15, 20, 25]
[0, 3, 6, 9]
[0, -1, -2, -3, -4, -5, -6, -7, -8, -9]
[]
[]

13.17 Prob lems

1. Run the ex am ples in this chap ter.
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The good teacher is a guide who helps oth ers dis pense with his ser vices.

R. S. Pe ters, Eth ics and Ed u ca tion.

14 Set types
14.1 Set Types

A set ob ject is an un or dered col lec tion of dis tinct hashable ob jects. Com mon uses in clude
mem ber ship test ing, re mov ing du pli cates from a se quence, and com put ing math e mat i cal op -
er a tions such as in ter sec tion, un ion, dif fer ence, and sym met ric dif fer ence. (For other con -
tain ers see the built-in dict, list, and tuple classes, and the collections module.)

Like other col lec tions, sets sup port x in set, len(set), and for x in set. Be ing an un or dered
col lec tion, sets do not re cord el e ment po si tion or or der of in ser tion. Ac cord ingly, sets do
not sup port in dex ing, slic ing, or other se quence-like be hav ior.

There are cur rently two built-in set types, set and frozenset. The set type is mu ta ble — the
con tents can be changed us ing meth ods like add() and re move(). Since it is mu ta ble, it has
no hash value and can not be used as ei ther a dic tio nary key or as an el e ment of an other set. 
The frozenset type is im mu ta ble and hashable — its con tents can not be al tered af ter it is
cre ated; it can there fore be used as a dic tio nary key or as an el e ment of an other set.

Non-empty sets (not frozensets) can be cre ated by plac ing a comma-sep a rated list of el e -
ments within braces, for ex am ple: {'jack', 'sjoerd'}, in ad di tion to the set con struc tor.

The con struc tors for both classes work the same:

class set([iterable])

class frozenset([iterable])

Re turn a new set or frozenset ob ject whose el e ments are taken from iterable. The el e ments
of a set must be hashable. To rep re sent sets of sets, the in ner sets must be frozenset ob jects. 
If iterable is not spec i fied, a new empty set is returned.

In stances of set and frozenset pro vide the fol low ing op er a tions:

len(s) Re turn the car di nal ity of set s.

x in s Test x for mem ber ship in s.

x not in s Test x for non-mem ber ship in s.

isdisjoint(other) Re turn True if the set has no el e ments in com mon with 

other. Sets are dis joint if and only if their in ter sec tion

is the empty set.

issubset(other)set <= other Test whether ev ery el e ment in the set is in other.

set < other Test whether the set is a proper sub set of other, that is, 

set <= other and set != other.

issuperset(other)set >= other Test whether ev ery el e ment in other is in the set.

set > other Test whether the set is a proper superset of other, that

is, set >= other and set != other.

un ion(other, ...)
set | other | ...

Re turn a new set with el e ments from the set and all
oth ers.

in ter sec tion(other, ...)
set & other & ...

Re turn a new set with el e ments com mon to the set and 

all oth ers.
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dif fer ence(other, ...)
set - other - ...

Re turn a new set with el e ments in the set that are not

in the oth ers.

sym met ric_dif fer ence(other)
set ^ other

Re turn a new set with el e ments in ei ther the set or

other but not both.

copy() Re turn a new set with a shal low copy of s.

Note, the non-op er a tor ver sions of un ion(), in ter sec tion(), dif fer ence(), and sym met ric_dif -
fer ence(), issubset(), and issuperset() meth ods will ac cept any iterable as an ar gu ment. In
con trast, their op er a tor based coun ter parts re quire their ar gu ments to be sets. This pre cludes 
er ror-prone con struc tions like set('abc') & 'cbs' in fa vor of the more read able set('abc').in ter -
sec tion('cbs').

Both set and frozenset sup port set to set com par i sons. Two sets are equal if and only if ev -
ery el e ment of each set is con tained in the other (each is a sub set of the other). A set is less
than an other set if and only if the first set is a proper sub set of the sec ond set (is a sub set,
but is not equal). A set is greater than an other set if and only if the first set is a proper
superset of the sec ond set (is a superset, but is not equal).

In stances of set are com pared to in stances of frozenset based on their mem bers. For ex am -
ple, set('abc') == frozenset('abc') re turns True and so does set('abc') in set([frozenset('abc')]).

The sub set and equal ity com par i sons do not gen er al ize to a to tal or der ing func tion. For ex -
am ple, any two nonempty dis joint sets are not equal and are not sub sets of each other, so all 
of the fol low ing re turn False: a<b, a==b, or a>b.

Since sets only de fine par tial or der ing (sub set re la tion ships), the out put of the list.sort()
method is un de fined for lists of sets.

Set el e ments, like dic tio nary keys, must be hashable.

Bi nary op er a tions that mix set in stances with frozenset re turn the type of the first op er and.
For ex am ple: frozenset('ab') | set('bc') re turns an in stance of frozenset.

The fol low ing ta ble lists op er a tions avail able for set that do not ap ply to im mu ta ble in -
stances of frozenset:

up date(other, ...)
set |= other | ...

Up date the set, add ing el e ments from all oth ers.

in ter sec tion_up date(other, ...)
set &= other & ...

Up date the set, keep ing only el e ments found in it and

all oth ers.

dif fer ence_up date(other, ...)
set -= other | ...

Up date the set, re mov ing el e ments found in oth ers.

sym met ric_dif fer ence_up date(other)
set ^= other

Up date the set, keep ing only el e ments found in ei ther

set, but not in both.

add(elem) Add el e ment elem to the set.

re move(elem) Re move el e ment elem from the set. Raises KeyError if 
elem is not con tained in the set.

dis card(elem) Re move el e ment elem from the set if it is pres ent.

pop() Re move and re turn an ar bi trary el e ment from the set.

Raises KeyError if the set is empty.

clear() Re move all el e ments from the set.

Note, the non-op er a tor ver sions of the up date(), in ter sec tion_up date(), dif fer ence_up date(),
and sym met ric_dif fer ence_up date() meth ods will ac cept any iterable as an ar gu ment.
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Note, the elem ar gu ment to the __con tains__(), re move(), and dis card() meth ods may be a
set. To sup port search ing for an equiv a lent frozenset, the elem set is tem po rarily mu tated
dur ing the search and then re stored. Dur ing the search, the elem set should not be read or
mu tated since it does not have a mean ing ful value.

14.2 Ex am ple 1 - sim ple set us age

Here is the source

def main():

  bas ket = {'ap ple', 'or ange', 'ap ple', 'pear', 'or ange',
'ba nana'}
  print(bas ket)                      # show that du pli -
cates have been re moved

  print('or ange' in bas ket)                 # fast mem ber -
ship test ing

  print('crabgrass' in bas ket)

  # Dem on strate set op er a tions on unique let ters from two
words

  a = set('ab ra ca dabra')
  b = set('alacazam')

  print(a)                                  # unique
let ters in a

  print(a - b)                              # let ters
in a but not in b

  print(a | b)                              # let ters
in ei ther a or b

  print(a & b)                              # let ters
in both a and b

  print(a ^ b)                              # let ters
in a or b but not both

  a = {x for x in 'ab ra ca dabra' if x not in 'abc'}
  print(a)

if ( __name__ == "__main__" ):
  main()

Here is the out put.

{'ap ple', 'or ange', 'pear', 'ba nana'}
True
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False
{'c', 'd', 'b', 'a', 'r'}
{'d', 'b', 'r'}
{'m', 'd', 'r', 'a', 'l', 'b', 'z', 'c'}
{'a', 'c'}
{'m', 'd', 'r', 'l', 'b', 'z'}
{'d', 'r'}

14.3 Ex am ple 2 - sim ple dic tio nary

In this ex am ple we look at cre at ing a dic tio nary of words for use as a spell ing checker.
Here is the source code.

im port time

def main():
  start_time=time.time()
  print(" ** Start time            **",end=" ")
  print(start_time)
  data_file="words"
  nwords=173528
  dic tio nary = set()
  f=open(data_file)
  for i in range(0,nwords):
    line=f.readline()
    word=line.rstrip('\n')
    dic tio nary.add(word)
  t1=time.time()
  in itial is ation_time=t1-start_time
  print(" ** Dic tio nary read took  **",end=" ")
  print(" {0:12.6f}".for mat(in itial is ation_time))
  print(" Dic tio nary length = ",end=" ")
  print(len(dic tio nary))
  my_word = in put(" Type in a word ?")
  print(" Look ing for ",end=" ")
  print(my_word)
  t1=time.time()
  if (my_word in dic tio nary):
    print(" ",end=" ")
    print(my_word,end=" ")
    print(" in dic tio nary")
  t2=time.time()
  find_time=t2-t1
  print(" **Set word look up took  **",end=" ")
  print(" {0:12.6f}".for mat(find_time))

if ( __name__ == "__main__" ):
  main()

Here is the out put from a sam ple run.
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c:\doc u ment\py thon\ex am ples>py thon set_02.py
 ** Start time            ** 1453652432.7970338
 ** Dic tio nary read took  **      0.187796
 Dic tio nary length =  173528
 Type in a word ?ba nana
 Look ing for  ba nana
  ba nana  in dic tio nary
 **Set word look up took  **      0.000000

14.4 Prob lems

1. Run these ex am ples.

What tim ing did you get for the dic tio nary ex am ple?
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The good teacher is a guide who helps oth ers dis pense with his ser vices.

R. S. Pe ters, Eth ics and Ed u ca tion.

15 Mapping types
The in for ma tion in.

15.1 Map ping types

A map ping ob ject maps hashable val ues to ar bi trary ob jects. Mappings are mu ta ble ob jects.
There is cur rently only one stan dard map ping type, the dic tio nary. (For other con tain ers see
the built-in list, set, and tuple classes, and the col lec tions module.)

A dic tio nary’s keys are al most ar bi trary val ues. Val ues that are not hashable, that is, val ues
con tain ing lists, dic tio nar ies or other mu ta ble types (that are com pared by value rather than
by ob ject iden tity) may not be used as keys. Nu meric types used for keys obey the nor mal
rules for nu meric com par i son: if two num bers com pare equal (such as 1 and 1.0) then they
can be used in ter change ably to in dex the same dic tio nary en try. (Note how ever, that since
com put ers store float ing-point num bers as ap prox i ma tions it is usu ally un wise to use them
as dic tio nary keys.)

Dic tio nar ies can be cre ated by plac ing a comma-sep a rated list of key: value pairs within
braces, for ex am ple: {'jack': 4098, 'sjoerd': 4127} or {4098: 'jack', 4127: 'sjoerd'}, or by the
dict con struc tor.

15.2 Ex am ple 1 - sim ple dict us age

Here is the source code.

def main():

  a = dict(one=1, two=2, three=3)
  b = {'one': 1, 'two': 2, 'three': 3}
  c = dict(zip(['one', 'two', 'three'], [1, 2, 3]))
  d = dict([('two', 2), ('one', 1), ('three', 3)])
  e = dict({'three': 3, 'one': 1, 'two': 2})
  print(a == b == c == d == e)

if ( __name__ == "__main__" ):
  main()

Here is the out put.

True

15.3 Ex am ple 2 - dict view us age

Here is the source code

def main():

  dishes = {'eggs': 2, 'sau sage': 1, 'ba con': 1, 'spam':
500}
  keys = dishes.keys()
  val ues = dishes.val ues()
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  # it er a tion
  n = 0
  for val in val ues:
    n += val
  print(n)

  # keys and val ues are it er ated over in the same or der
  list(keys)
  list(val ues)

  # view ob jects are dy namic and re flect dict changes
  del dishes['eggs']
  del dishes['sau sage']
  list(keys)

  # set op er a tions
  print(keys & {'eggs', 'ba con', 'salad'})
  print(keys ^ {'sau sage', 'juice'})

if ( __name__ == "__main__" ):
  main()

Here is the out put.

504
{'ba con'}
{'ba con', 'spam', 'juice', 'sau sage'}

15.4 Prob lems

1. Run the ex am ples.
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16 Operator overloading
16.1 Introduction

Op er a tor over load ing is al ready im ple mented for a va ri ety of the built-in classes or types in
Py thon. The fol low ing ta ble has a list of Py thons op er a tor over load ing meth ods.

Method Definition  Op er a tor      De scrip tion

__add__(self,y)           x + y The ad di tion of two ob jects. The type of x de ter mines

which add op er a tor is called.
__con tains__(self,y)   y in x When x is a col lec tion you can test to see if y is in it.

__eq__(self,y)             x == y Re turns True or False de pend ing on the val ues of x

and y.
__ge__(self,y)             x >= y Re turns True or False de pend ing on the val ues of x

and y.
__getitem__(self,y)     x[y] Re turns the item at the yth po si tion in x.

__gt__(self,y)              x > y Re turns True or False de pend ing on the val ues of x

and y.
__hash__(self)             hash(x) Re turns an in te gral value for x.

__int__(self)                int(x) Re turns an in te ger rep re sen ta tion of x.

__iter__(self)               for v in x Re turns an iterator ob ject for the se quence x.

__le__(self,y)             x <= y Re turns True or False de pend ing on the val ues of x

and y.
__len__(self)                len(x) Re turns the size of x where x has some length at trib -

ute.
__lt__(self,y)               x < y Re turns True or False de pend ing on the val ues of x

and y.
__mod__(self,y)         x % y Re turns the value of x modulo y. This is the re main der 

of x/y.
__mul__(self,y)           x * y Re turns the prod uct of x and y.

__ne__(self,y)              x != y Re turns True or False de pend ing on the val ues of x

and y.
__neg__(self)               -x Re turns the unary ne ga tion of x.

__repr__(self)              repr(x) Re turns a string ver sion of x suit able to be eval u ated

by the eval func tion.
__setitem__(self,i,y)    x[i] = y Sets the item at the ith po si tion in x to y.

__str__(self)                 str(x) Re turn a string rep re sen ta tion of x suit able for

user-level in ter ac tion.
__sub__(self,y)            x - y The dif fer ence of two ob jects.

Py thon Op er a tor Magic Meth ods

16.2 Ex am ple 1 - sim ple op er a tor overloading

Here is a sim ple ex am ple il lus trat ing op er a tor over load ing in Py thon.

class po si tion:

  def __init__ (self,x,y):
    self.x=x
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    self.y=y

  def X(self):
    re turn(self.x)

  def Y(self):
    re turn(self.y)
    

  def __add__(self,po si tion_2):
    re turn po si tion( self.x + po si tion_2.x , self.y + po si -
tion_2.y )

def main():
    p1=po si tion(10,20)
    p2=po si tion(100,200)
    p3=po si tion(1000,2000)
    print(p1.X(),p1.Y())
    print(p2.X(),p2.Y())
    print(p3.X(),p3.Y())
    p3=p1+p2
    print(p3.X(),p3.Y())

if __name__ == "__main__":
  main() 

Here is the out put.

10 20
100 200
1000 2000
110 220

16.3 Prob lems

1. Add a sub tract method to the above ex am ple.
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‘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.

17 Decimals, fractions, random
numbers

17.1 In tro duc tion

Py thon pro vides a num ber of ad di tional math e matic mod ules. In this chap ter we will have a 
look at

· dec i mal

· frac tion

· ran dom

The in for ma tion is taken from:

https://docs.py thon.org/3/li brary/dec i mal.html

https://docs.py thon.org/3/li brary/dec i mal.html#mod ule-dec i mal

Py thon's built in float ing point op er a tions are based on C's dou ble, which in turn is based
on the IEEE 64 bit float ing point rep re sen ta tion in most cases. This is suit able for a wide
range of sci ence and en gi neer ing cal cu la tions.

Where more ac cu racy is re quired Py thon pro vides the dec i mal mod ule.

17.2 The Dec i mal mod ule

The dec i mal mod ule pro vides sup port for fast cor rectly-rounded dec i mal float ing point
arith me tic. It of fers sev eral ad van tages over the float datatype:

· Dec i mal “is based on a float ing-point model which was de signed with peo ple in
mind, and nec es sar ily has a par a mount guid ing prin ci ple – com put ers must pro -

vide an arith me tic that works in the same way as the arith me tic that peo ple learn 

at school.” – ex cerpt from the dec i mal arith me tic spec i fi ca tion.

· Dec i mal num bers can be rep re sented ex actly. In con trast, num bers like 1.1 and

2.2 do not have ex act rep re sen ta tions in bi nary float ing point. End us ers typ i -

cally would not ex pect 1.1 + 2.2 to dis play as 3.3000000000000003 as it does

with bi nary float ing point.

· The ex act ness car ries over into arith me tic. In dec i mal float ing point, 0.1 + 0.1 +

0.1 - 0.3 is ex actly equal to zero. In bi nary float ing point, the re sult is

5.5511151231257827e-017. While near to zero, the dif fer ences pre vent re li able

equal ity test ing and dif fer ences can ac cu mu late. For this rea son, dec i mal is pre -

ferred in ac count ing ap pli ca tions which have strict equal ity invariants.

· The dec i mal mod ule in cor po rates a no tion of sig nif i cant places so that 1.30 +

1.20 is 2.50. The trail ing zero is kept to in di cate sig nif i cance. This is the cus -

tom ary pre sen ta tion for mon e tary ap pli ca tions. For mul ti pli ca tion, the “school -
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book” ap proach uses all the fig ures in the mul ti pli cands. For in stance, 1.3 * 1.2

gives 1.56 while 1.30 * 1.20 gives 1.5600.

· Un like hard ware based bi nary float ing point, the dec i mal mod ule has a user al -

ter able pre ci sion (de fault ing to 28 places) which can be as large as needed for a

given prob lem:

We have a look at a small num ber of dec i mal ex am ples.

17.3 Ex am ple 1 - us ing getcontext()

This ex am ple just prints out the de fault con text for dec i mal arith me tic.

Here is the source.

from dec i mal im port *
print(getcontext())

Here is the out put.

Con text(
prec=28, 
round ing=ROUND_HALF_EVEN, 
Emin=-999999, 
Emax=999999, 
cap i tals=1, 
clamp=0, 
flags=[], 
traps=[InvalidOperation, DivisionByZero, Over flow])

The out put has been split over sev eral lines to make it eas ier to read.

17.4 Func tion avail abil ity

abs(x) Re turns the ab so lute value of x.

add(x, y) Re turn the sum of x and y.

ca non i cal(x) Re turns the same Dec i mal ob ject x.

com pare(x, y) Com pares x and y nu mer i cally.

com pare_sig nal(x, y) Com pares the val ues of the two operands nu mer i cally.

com pare_to tal(x, y) Com pares two operands us ing their ab stract rep re sen ta tion.

com pare_to tal_mag(x, y) Com pares two operands us ing their ab stract rep re sen ta tion, ig -

nor ing sign.

copy_abs(x) Re turns a copy of x with the sign set to 0.

copy_ne gate(x) Re turns a copy of x with the sign in verted.

copy_sign(x, y) Cop ies the sign from y to x.

di vide(x, y) Re turn x di vided by y.

di vide_int(x, y) Re turn x di vided by y, trun cated to an in te ger.

divmod(x, y) Di vides two num bers and re turns the in te ger part of the re sult.

exp(x) Re turns e ** x.

fma(x, y, z) Re turns x mul ti plied by y, plus z.

is_ca non i cal(x) Re turns True if x is ca non i cal; oth er wise re turns False.

is_fi nite(x) Re turns True if x is fi nite; oth er wise re turns False.

is_in fi nite(x) Re turns True if x is in fi nite; oth er wise re turns False.
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is_nan(x) Re turns True if x is a qNaN or sNaN; oth er wise re turns False.

is_nor mal(x) Re turns True if x is a nor mal num ber; oth er wise re turns False.

is_qnan(x) Re turns True if x is a quiet NaN; oth er wise re turns False.

is_signed(x) Re turns True if x is neg a tive; oth er wise re turns False.

is_snan(x) Re turns True if x is a sig nal ing NaN; oth er wise re turns False.

is_sub nor mal(x) Re turns True if x is sub nor mal; oth er wise re turns False.

is_zero(x) Re turns True if x is a zero; oth er wise re turns False.

ln(x) Re turns the nat u ral (base e) log a rithm of x.

log10(x) Re turns the base 10 log a rithm of x.

logb(x) Re turns the ex po nent of the mag ni tude of the op er and’s MSD.

log i cal_and(x, y) Ap plies the log i cal op er a tion and be tween each op er and’s dig -

its.

log i cal_in vert(x) In vert all the dig its in x.

log i cal_or(x, y) Ap plies the log i cal op er a tion or be tween each op er and’s dig -

its.

log i cal_xor(x, y) Ap plies the log i cal op er a tion xor be tween each op er and’s dig -

its.

max(x, y) Com pares two val ues nu mer i cally and re turns the max i mum.

max_mag(x, y) Com pares the val ues nu mer i cally with their sign ig nored.

min(x, y) Com pares two val ues nu mer i cally and re turns the min i mum.

min_mag(x, y) Com pares the val ues nu mer i cally with their sign ig nored.

mi nus(x) Mi nus cor re sponds to the unary pre fix mi nus op er a tor in Py -

thon.

mul ti ply(x, y) Re turn the prod uct of x and y.

next_mi nus(x) Re turns the larg est rep re sent able num ber smaller than x.

next_plus(x) Re turns the small est rep re sent able num ber larger than x.

next_to ward(x, y) Re turns the num ber clos est to x, in di rec tion to wards y.

nor mal ize(x) Re duces x to its sim plest form.

num ber_class(x) Re turns an in di ca tion of the class of x.

plus(x) Plus cor re sponds to the unary pre fix plus op er a tor in Py thon.

This op er a tion ap plies the con text pre ci sion and round ing, so

it is not an iden tity op er a tion.

power(x, y, modulo=None) Re turn x to the power of y, re duced modulo modulo if given. 

With two ar gu ments, com pute x**y. If x is neg a tive then y must be in te gral. The re sult will
be in ex act un less y is in te gral and the re sult is fi nite and can be ex pressed ex actly in ‘pre ci -
sion’ dig its. The round ing mode of the con text is used. Re sults are al ways cor rectly-rounded 
in the Py thon ver sion.

With three ar gu ments, com pute (x**y) % modulo. For the three ar gu ment form, the fol low -
ing re stric tions on the ar gu ments hold:

· all three ar gu ments must be in te gral

· y must be nonnegative

· at least one of x or y must be non zero
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· modulo must be non zero and have at most ‘pre ci sion’ dig its

The value re sult ing from Con text.power(x, y, modulo) is equal to the value that would be
ob tained by com put ing (x**y) % modulo with un bounded pre ci sion, but is com puted more
ef fi ciently. The ex po nent of the re sult is zero, re gard less of the ex po nents of x, y and
modulo. The re sult is al ways ex act.

quantize(x, y) Re turns a value equal to x (rounded), hav ing the ex po nent of

y.

ra dix() Just re turns 10, as this is Dec i mal, :)

re main der(x, y) Re turns the re main der from in te ger di vi sion. The sign of the

re sult, if non-zero, is the same as that of the orig i nal div i dend.

re main der_near(x, y) Re turns x - y * n, where n is the in te ger near est the ex act

value of x / y (if the re sult is 0 then its sign will be the sign of 

x).

ro tate(x, y) Re turns a ro tated copy of x, y times.

same_quan tum(x, y) Re turns True if the two operands have the same ex po nent.

scaleb(x, y) Re turns the first op er and af ter add ing the sec ond value its exp.

shift(x, y) Re turns a shifted copy of x, y times.

sqrt(x) Square root of a non-neg a tive num ber to con text pre ci sion.

sub tract(x, y)¶ Re turn the dif fer ence be tween x and y.

to_eng_string(x) Con verts a num ber to a string, us ing sci en tific no ta tion.

to_in te gral_ex act(x) Rounds to an in te ger.

to_sci_string(x) Con verts a num ber to a string us ing sci en tific no ta tion

17.5 Ex am ple 2 - val ues for the maths con stants e and pi

Here is the source.

from dec i mal im port *
im port math

def pi():
    """Com pute Pi to the cur rent pre ci sion.

    >>> print(pi())
    3.141592653589793238462643383

    """
    getcontext().prec += 2  # ex tra dig its for in ter me di ate
steps
    three = Dec i mal(3)      # sub sti tute "three=3.0" for
reg u lar floats
    lasts, t, s, n, na, d, da = 0, three, 3, 1, 0, 0, 24
    while s != lasts:
        lasts = s
        n, na = n+na, na+8
        d, da = d+da, da+32
        t = (t * n) / d
        s += t
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    getcontext().prec -= 2
    re turn +s               # unary plus ap plies the new
pre ci sion

def main():

  print(pi())
  print(Dec i mal(math.pi))

print('3.14159265358979323846264338327950288419716939937510')
  print(Dec i mal(1).exp())
  print(Dec i mal(math.e))

print('2.71828182845904523536028747135266249775724709369995')

if ( __name__ == "__main__" ):
  main()

Here is the out put.

3.141592653589793238462643383
3.141592653589793115997963468544185161590576171875
3.14159265358979323846264338327950288419716939937510
2.718281828459045235360287471
2.718281828459045090795598298427648842334747314453125
2.71828182845904523536028747135266249775724709369995

Care must be taken when us ing ex tended pre ci sion.

17.6 Ex am ple 3 - sum ma tion us ing float and decimal

Here is the source.

from dec i mal im port *

def main():

  print( sum( [Dec i mal('0.1')]*10 ) )
  print( Dec i mal('1.0') )
  print( sum( [Dec i mal('0.1')]*10 ) ==  Dec i mal('1.0') )
  
  print(sum([0.1]*10))
  print(1.0)
  print( sum([0.1]*10) == 1.0 )

if ( __name__ == "__main__" ):
  main()

Here is the out put.

1.0
1.0
True
0.9999999999999999
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1.0
False

17.7 The Frac tion mod ule

The in for ma tion in this sec tion is taken from

http://docs.py thon.org/3/li brary/frac tions.html

The frac tions mod ule pro vides sup port for ra tio nal num ber arith me tic. A Frac tion in stance
can be con structed from a pair of in te gers, from an other ra tio nal num ber, or from a string.

· class frac tions.Frac tion(nu mer a tor=0, de nom i na tor=1)

· class frac tions.Frac tion(other_frac tion)

· class frac tions.Frac tion(float)

· class frac tions.Frac tion(dec i mal)

· class frac tions.Frac tion(string)

The first ver sion re quires that nu mer a tor and de nom i na tor are in stances of num bers.Ra tio nal 
and re turns a new Frac tion in stance with value nu mer a tor/de nom i na tor. If de nom i na tor is 0,
it raises a ZeroDivisionError. The sec ond ver sion re quires that other_frac tion is an in stance
of num bers.Ra tio nal and re turns a Frac tion in stance with the same value. The next two ver -
sions ac cept ei ther a float or a dec i mal.Dec i mal in stance, and re turn a Frac tion in stance
with ex actly the same value. Note that due to the usual is sues with bi nary float ing-point
(see Float ing Point Arith me tic: Is sues and Lim i ta tions), the ar gu ment to Frac tion(1.1) is not 
ex actly equal to 11/10, and so Frac tion(1.1) does not re turn Frac tion(11, 10) as one might
ex pect. (But see the doc u men ta tion for the limit_de nom i na tor() method be low.) The last
ver sion of the con struc tor expects a string or unicode instance. The usual form for this
instance is:

[sign] nu mer a tor ['/' de nom i na tor]

where the op tional sign may be ei ther ‘+’ or ‘-‘ and nu mer a tor and de nom i na tor (if pres ent)
are strings of dec i mal dig its. In ad di tion, any string that rep re sents a fi nite value and is ac -
cepted by the float con struc tor is also ac cepted by the Frac tion con struc tor. In ei ther form
the in put string may also have lead ing and/or trail ing whitespace.

17.8 Ex am ple 4 - sim ple frac tion us age

Here is the source code.

from frac tions im port Frac tion
from dec i mal im port Dec i mal

def main():

  f1 = Frac tion(16, -10)
  f2 = Frac tion(123)
  f3 = Frac tion()
  f4 = Frac tion('3/7')
  f5 = Frac tion(' -3/7 ')
  f6 = Frac tion('1.414213 \t\n')
  f7  = Frac tion('-.125')
  f8  = Frac tion('7e-6')
  f9  = Frac tion(2.25)
  f10  = Frac tion(1.1)
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  f11  = Frac tion(Dec i mal('1.1'))

  print(" f1 = " , f1)
  print(" f2 = " , f2)
  print(" f3 = " , f3)
  print(" f4 = " , f4)
  print(" f5 = " , f5)
  print(" f6 = " , f6)
  print(" f7= " , f7)
  print(" f8 = " , f8)
  print(" f9 = " , f9)
  print(" f10 = " , f10)
  print(" f11 = " , f11)

if ( __name__ == "__main__" ):
  main()

Here is the out put.

 f1 =  -8/5
 f2 =  123
 f3 =  0
 f4 =  3/7
 f5 =  -3/7
 f6 =  1414213/1000000
 f7=  -1/8
 f8 =  7/1000000
 f9 =  9/4
 f10 =  2476979795053773/2251799813685248
 f11 =  11/10

17.9 The Ran dom mod ule

The in for ma tion in this sec tion is taken from.

https://docs.py thon.org/3/li brary/ran dom.html

This mod ule im ple ments pseudo-ran dom num ber gen er a tors for var i ous dis tri bu tions.

For in te gers, there is uni form se lec tion from a range. For se quences, there is uni form se lec -
tion of a ran dom el e ment, a func tion to gen er ate a ran dom per mu ta tion of a list in-place,
and a func tion for ran dom sam pling with out re place ment.

On the real line, there are func tions to com pute uni form, nor mal (Gaussi an), lognormal,
neg a tive ex po nen tial, gamma, and beta dis tri bu tions. For gen er at ing dis tri bu tions of an gles,
the von Mises dis tri bu tion is avail able.

Al most all mod ule func tions de pend on the ba sic func tion ran dom(), which gen er ates a ran -
dom float uni formly in the semi-open range [0.0, 1.0). Py thon uses the Mersenne Twister as 
the core gen er a tor. It pro duces 53-bit pre ci sion floats and has a pe riod of 2**19937-1. The
un der ly ing im ple men ta tion in C is both fast and threadsafe. The Mersenne Twister is one of 
the most ex ten sively tested ran dom num ber gen er a tors in ex is tence. How ever, be ing com -
pletely de ter min is tic, it is not suit able for all pur poses, and is com pletely unsuitable for
cryptographic purposes.
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The func tions sup plied by this mod ule are ac tu ally bound meth ods of a hid den in stance of
the ran dom.Ran dom class. You can instantiate your own in stances of Ran dom to get gen er a -
tors that don’t share state.

Class Ran dom can also be sub classed if you want to use a dif fer ent ba sic gen er a tor of your
own de vis ing: in that case, over ride the ran dom(), seed(), getstate(), and setstate() meth ods.
Op tion ally, a new gen er a tor can sup ply a getrandbits() method — this al lows randrange() to 
pro duce se lec tions over an ar bi trarily large range.

The ran dom mod ule also pro vides the SystemRandom class which uses the sys tem func tion
os.urandom() to gen er ate ran dom num bers from sources pro vided by the op er at ing sys tem.

17.10 Ex am ple 5 - sim ple random usage

Here is the pro gram.

im port ran dom

def main():

  r1 = ran dom.ran dom()                      
# Ran dom float x, 0.0 <= x < 1.0
  r2 = ran dom.uni form(1, 10)                
# Ran dom float x, 1.0 <= x < 10.0
  r3 = ran dom.randrange(10)                 
# In te ger from 0 to 9
  r4 = ran dom.randrange(0, 101, 2)          
# Even in te ger from 0 to 100
  r5 = ran dom.choice('abcdefghij')          
# Sin gle ran dom el e ment
  r6 = [1, 2, 3, 4, 5, 6, 7]
  r7 = ran dom.sam ple([1, 2, 3, 4, 5],  3)   
# Three sam ples with out re place ment

  print(" r1 = " , r1)
  print(" r2 = " , r2)
  print(" r3 = " , r3)
  print(" r4 = " , r4)
  print(" r5 = " , r5)
  print(" r6 = " , r6)
  ran dom.shuf fle(r6)
  print(" r6 = " , r6)
  print(" r7 = " , r7)

if ( __name__ == "__main__" ):
  main()

Here is the out put.

 r1 =  0.9522312278705292
 r2 =  1.8207726773335011
 r3 =  3
 r4 =  30
 r5 =  h
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 r6 =  [1, 2, 3, 4, 5, 6, 7]
 r6 =  [4, 5, 3, 2, 6, 1, 7]
 r7 =  [3, 5, 1]

17.11 Prob lems

1. Run the ex am ples in this chap ter.
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18 Databases and sqlite
18.1 In tro duc tion to da ta base man age ment sys tems

There are three main types of data

· tabular data

· text based data

· spa tial data

and da ta base management sys tems have been de vel oped to han dle each of them. The main
da ta base man age ment sys tems (dbms) to han dle tab u lar data are re la tional sys tems. There is 
a sep a rate chap ter on SQL and the Re la tional Model.

18.2 SQL based sys tems and Python

The fol low ing in for ma tion is taken from

https://wiki.py thon.org/moin/SQL%20Server

18.2.1 Microsoft SQL Server

URL

http://www.microsoft.com/sql/de fault.mspx 

licence com mer cial/pro pri etary soft ware, al though a free (gra tis) edi tion "SQL

Server 2008 R2 Ex press" is avail able  for plat forms Win dows 2000 and later 

Pros

SQL Server is a ro bust and fully-fea tured da ta base, and it per forms very well. More -

over, I have not had any prob lems us ing this da ta base with Py thon. 

The SQL Server Ex press ver sions are free to down load, use and can even be re dis -

trib uted with prod ucts. 

Cons

Win dows only. 

SQL Server co mes in var i ous fla vours. The lat est free ver sion has a 10GB da ta base size
limit. It co mes with the GUI tools and Re port ing Ser vices. The stan dard and other ver sions
in clude many ex tra features. 

18.2.2 DB API 2.0 Driv ers

adodbapi

URL

http://adodbapi.sourceforge.net/ 

SourceForge

http://sourceforge.net/pro jects/adodbapi 

licenceLGPL platformsWindows only 

pymssql

URL

http://pymssql.org 

licenceLGPL platformsWindows and Unix 

mssql

URL
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http://www.ob ject-craft.com.au/pro jects/mssql/ 

licenceBSD platformsWindows 

mxODBC

URL

http://www.egenix.com/ 

LicenseeGenix.com Com mer cial Li cense PlatformsWindows, Unix, Mac OS X,

FreeBSD, Solaris, AIX, other plat forms on re quest Py thon versions2.4 - 2.7 

mxODBC re quires an ODBC driver to talk to SQL Server. On Win dows, you can

use the MS SQL Server Na tive Cli ent ODBC driver for Win dows, on the other plat -

forms, there are sev eral com mer cial ODBC high qual ity driv ers avail able, an

open-source http://www.freetds.org/ FreeTDS ODBC driver for Unix plat forms and

the free MS SQL Server Na tive Cli ent ODBC driver for Linux x64. 

mxODBC co mes with full sup port for stored pro ce dures, mul ti ple re sult sets,

Unicode, a com mon in ter face on all plat forms and many other use ful fea tures. 

pyodbc

URL

http://code.google.com/p/pyodbc 

LicenseMIT PlatformsWindows, Linux, MacOS X, FreeBSD, Solaris, Any (source

pro vided) Py thon versions2.4 - 3.2 

Ac tively main tained Open Source pro ject. 

Precompiled bi na ries are avail able for Win dows. RedHat En ter prise Linux, Centos,

and Fe dora have precompiled RPMs avail able in their Ex tras re pos i to ries. 

Sup ports ANSI and Unicode data and SQL state ments and in cludes an ex ten sive set

of unit tests for SQL Server. pyODBC re quire ODBC driver to work cor rectly with

SQL Server. You may down load lat est SQL Server ODBC driver and use it freely.

Or you may choose Microsoft ODBC driver for that needs which is posted above in

mxODBC driver de scrip tion. 

pypyodbc (Pure Py thon)

URL

http://code.google.com/p/pypyodbc 

LicenseMIT PlatformsWindows, Linux Py thon versions2.4 - 3.3 

A Hello World script of pypyodbc da ta base programing 

Con nect SQL Server in 3 steps with pypyodbc on Linux

Run SQLAlchemy on PyPy with pypyodbc driver PyPyODBC is a pure Py thon

script, it runs on CPython / IronPython / PyPy , Ver sion 2.4 / 2.5 / 2.6 / 2.7 , Win /

Linux , 32 / 64 bit. 

Al most to tally same us age as pyodbc ( can be seen as a re-im ple men ta tion of
pyodbc in pure Py thon ). 

Sim ple - the whole mod ule is im ple mented in a sin gle py thon script with less than

3000 lines. 

Built-in Ac cess MDB file cre ation and com pres sion func tions on Win dows. 

ODBC
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It is pos si ble to con nect to an SQL Server da ta base us ing ODBC, ei ther the

mxODBC driver or the one in cluded with Win32all. How ever, this is not rec om -

mended - adodbapi is a better so lu tion, in part be cause it sup ports unicode. 

Com ment: This is ac tu ally not true at all: ODBC is the na tive API used for SQL

Server and does sup port Unicode all the way. In fact, ODBC is the pre ferred way of 

ac cess ing SQL Server if you care for per for mance. Microsoft has just re leased the

SQL Server Na tive Cli ent which is an ex tended ODBC driver for SQL Server. ADO 

is just a layer on top of the ODBC in ter face and a lot slower as a re sult. See e.g. MS 

TechNet for a com par i son of ODBC, OLE DB and ADO, or this cook book en try. 

Com ment: Note about the com ment above -- just be cause it should be pointed out,

mxODBC is not a free prod uct from what I can see, and the 'cook book en try' from

2005 ref er enced above in di cates that it is. 

We will look at a sim ple of fer ing us ing SQLite/

18.3 SQLite

Here is their site.

http://sqlite.org/about.html

The fol low ing in for ma tion is taken from that site.

SQLite is an in-pro cess li brary that im ple ments a self-con tained, server less,

zero-con fig u ra tion, transactional SQL da ta base en gine. The code for SQLite is in the 

pub lic do main and is thus free for use for any pur pose, com mer cial or pri vate.

SQLite is the most widely de ployed da ta base in the world with more ap pli ca tions

than we can count, in clud ing sev eral high-pro file pro jects.

SQLite is an em bed ded SQL da ta base en gine. Un like most other SQL da ta bases,

SQLite does not have a sep a rate server pro cess. SQLite reads and writes di rectly to

or di nary disk files. A com plete SQL da ta base with mul ti ple ta bles, in di ces, trig gers,

and views, is con tained in a sin gle disk file. The da ta base file for mat is cross-plat -

form - you can freely copy a da ta base be tween 32-bit and 64-bit sys tems or be tween 

big-endian and lit tle-endian ar chi tec tures. These fea tures make SQLite a pop u lar

choice as an Ap pli ca tion File For mat. Think of SQLite not as a re place ment for Or a -

cle but as a re place ment for fopen()

SQLite is a com pact li brary. With all fea tures en abled, the li brary size can be less

than 500KiB, de pend ing on the tar get plat form and com piler op ti mi za tion set tings.

(64-bit code is larger. And some com piler optimizations such as ag gres sive func tion

inlining and loop un roll ing can cause the ob ject code to be much larger.) If op tional

fea tures are omit ted, the size of the SQLite li brary can be re duced be low 300KiB.
SQLite can also be made to run in min i mal stack space (4KiB) and very lit tle heap

(100KiB), mak ing SQLite a pop u lar da ta base en gine choice on mem ory con strained

gad gets such as cellphones, PDAs, and MP3 play ers. There is a trade off be tween

mem ory us age and speed. SQLite gen er ally runs faster the more mem ory you give

it. Nev er the less, per for mance is usu ally quite good even in low-mem ory en vi ron -

ments.

SQLite is very care fully tested prior to ev ery re lease and has a rep u ta tion for be ing

very re li able. Most of the SQLite source code is de voted purely to test ing and ver i fi -

ca tion. An au to mated test suite runs mil lions and mil lions of test cases in volv ing
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hun dreds of mil lions of in di vid ual SQL state ments and achieves 100% branch test

cov er age. SQLite re sponds grace fully to mem ory al lo ca tion fail ures and disk I/O er -

rors. Trans ac tions are ACID even if in ter rupted by sys tem crashes or power fail ures. 

All of this is ver i fied by the au to mated tests us ing spe cial test har nesses which sim -

u late sys tem fail ures. Of course, even with all this test ing, there are still bugs. But

un like some sim i lar pro jects (es pe cially com mer cial com pet i tors) SQLite is open

and hon est about all bugs and pro vides bugs lists and min ute-by-min ute  chro nol o -

gies of bug re ports and code changes.

The SQLite code base is sup ported by an in ter na tional team of de vel op ers who work 

on SQLite full-time. The de vel op ers con tinue to ex pand the ca pa bil i ties of SQLite

and en hance its re li abil ity and per for mance while main tain ing back wards com pat i -

bil ity with the pub lished in ter face spec, SQL syn tax, and da ta base file for mat. The

source code is ab so lutely free to any body who wants it, but pro fes sional sup port is
also avail able.

We the de vel op ers hope that you find SQLite use ful and we charge you to use it

well: to make good and beau ti ful prod ucts that are fast, re li able, and sim ple to use.

Seek for give ness for your self as you for give oth ers. And just as you have re ceived

SQLite for free, so also freely give, pay ing the debt for ward.

We will use SQLite in this chap ter.

Some sam ple SQLite web sites

http://pythoncentral.io/in tro duc tion-to-sqlite-in-py thon/
http://www.blog.pythonlibrary.org/2012/07/18/py thon-a-sim -
ple-step-by-step-sqlite-tu to rial/

18.4 On line doc u men ta tion at W3 Schools

Visit

https://www.w3schools.com/sql/de fault.asp

for a very good free ref er ence.

18.5 SQL examples

In this ex am ple we will cre ate a sim ple da ta base taken from a UNEP da ta base used in the
pro duc tion of the fol low ing pub li ca tion.

· United Na tions En vi ron ment Programme, Environmental Data Re port,

1989-1990, Ba sil Blackwell Ltd., ISBN 0-631-16987-3

Chap ter 9 of the re port is on nat u ral di sas ters, and in this ex am ple we will look at some of
the earth quake and tsu nami ta bles. We will look at the fol low ing steps

· da ta base cre ation

· ta ble cre ation

· load ing ta bles

· que ry ing ta bles

I had two secondments to UNEP where I work ed with a wide range of en vi ron men tal data
sets.
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18.5.1 Ex am ple 1 - Da ta base cre ation

Here is the short com mand file to cre ate our da ta base. Run ning these ex am ples will cre ate a 
file called chapter09, which is our da ta base.

im port sqlite3
db = sqlite3.con nect(':mem ory:')
db = sqlite3.con nect('chapter09')
db.close()

18.5.2 Ex am ple 2 - Ta ble cre ation

We will cre ate three ta bles. These are

· re gions - a ta ble with coun try and re gion clas si fi ca tions

· tsu nami - a ta ble with tsu nami data

· earthqk - a ta ble with earth quake data

The re gions ta ble con tains the fol low ing col umns

Re gions  WITH +

re gion   +

countryn +

re gions  +

Coun try  +

Countryf +

WHOreg   +

WHOregs  +

ECEmembr +

WRIreg   +

WRIregs  +

FAOclass +

FAOreg   +

FAOsortn

The above in for ma tion was taken from the re la tional dbms that we used at UNEP.

The tsu nami ta ble con tains the fol low ing col umns

runup    WITH +

re gion   +

re gions  +

Coun try  +

zregionn +

lat i tude +

longitud +

com ments +

year     +

Month    +

Day      +
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height   +

ahh      +

amm      +

ass      +

tmm      +

tss      +

countryn +

aregion 

The earthqk ta ble containes the fol low ing col umns

earthqk  WITH +

countryn +

Earthqkn +

year     +

Yearn    +

Month    +

Day      +

Time     +

lat i tude +

longitud +

depth    +

magnitud +

unknown1 +

unknown2 +

deaths   +

strength +

refs     +

sregion 

Here are de tails of the data types for each of the col umns in the com plete da ta base.

1974      TEXT        1
1975      TEXT        1
1976      TEXT        1
1977      TEXT        1
1978      TEXT        1
1979      TEXT        1
1980      TEXT        1
1981      TEXT        1
1982      TEXT        1
1983      TEXT        1
1984      TEXT        1
1985      TEXT        1
ahh       IN TE GER 
amm       IN TE GER 
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area      TEXT       60
aregion   TEXT       40
ass       IN TE GER 
cause     TEXT        3
cnotes    TEXT       20
com ment   TEXT       50
com ments  TEXT       40
Coun try   TEXT       25
Countryf  TEXT      100
countryn  IN TE GER  KEY
dam age    TEXT        1
Day       IN TE GER 
deathn    TEXT        1
deaths    IN TE GER 
depth     REAL    
De scribe  TEXT     1500
Earthqkn  IN TE GER 
ECEmembr  TEXT        1
f_depth   TEXT        2
FAOclass  TEXT       27
FAOreg    TEXT       42
FAOsortn  IN TE GER 
height    TEXT        1
lat i tude  REAL    
lo ca tion  TEXT       30
longitud  REAL    
magnitud  REAL    
Month     IN TE GER 
note      TEXT        1
notes     TEXT     1400
r_up      REAL    
ref       TEXT       30
re fer     TEXT     1500
refhead   TEXT     1500
refs      TEXT       24
reg_no    IN TE GER 
re gion    TEXT       13
re gions   IN TE GER 
site      TEXT       25
source    TEXT       28
sregion   TEXT       60
strength  TEXT       13
Tablenam  TEXT        8
Time      IN TE GER 
tint      REAL    
tmag      REAL    
tmm       IN TE GER 
To day     DATE    
to tal     IN TE GER 
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tregion   TEXT       50
tss       IN TE GER 
unk       TEXT        1
unknown1  IN TE GER 
unknown2  TEXT        1
va lid ity  IN TE GER 
WHOreg    TEXT       25
WHOregs   IN TE GER 
WRIreg    TEXT       23
WRIregs   IN TE GER 
year      IN TE GER 
Yearn     TEXT        1
zregionn  IN TE GER 

SQLite sup ports text, real and in te ger types.

Here is the com mand file used to cre ate the ta bles.

im port sqlite3
db = sqlite3.con nect(':mem ory:')
db = sqlite3.con nect('chapter09')
# Get a cur sor ob ject
cur sor = db.cur sor()
cur sor.ex e cute('''
cre ate ta ble re gions
(
re gion  text , 
countryn in te ger , 
re gions  in te ger , 
coun try text , 
countryf text , 
whoreg  text , 
WHOregs in te ger , 
ECEmembr text ,  
WRIreg   text , 
WRIregs  in te ger ,
FAOclass text , 
FAOreg   text , 
FAOsortn in te ger
)
''')
db.com mit()
print(" Re gions ta ble cre ated")
cur sor.ex e cute('''
cre ate ta ble tsu nami
(
re gion  text , 
re gions  in te ger , 
coun try text , 
zregionn in te ger , 
lat i tude real , 
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longitud real , 
com ments text ,
year     in te ger ,
Month    year , 
Day      in te ger , 
height   text , 
ahh      in te ger , 
amm      in te ger , 
ass      in te ger , 
tmm      in te ger , 
tss      in te ger , 
countryn in te ger , 
aregion  text
)
''')
db.com mit()
print(" Tsu nami ta ble cre ated")
cur sor.ex e cute('''
cre ate ta ble earthqk  
(
countryn in te ger , 
Earthqkn in te ger ,
year     in te ger , 
Yearn    text , 
Month    in te ger , 
Day      in te ger , 
Time     in te ger , 
lat i tude real , 
longitud real , 
depth    real , 
magnitud real , 
unknown1 in te ger , 
unknown2 text ,
deaths   in te ger , 
strength text , 
refs     text , 
sregion text
)
''')
db.com mit()
print(" Earth quake ta ble cre ated")
db.close() 

18.5.3 Ex am ple 3 - load ing the earthqk table

Here are ex tracts of the com mand files used to load the ta bles.
im port sqlite3
db = sqlite3.con nect(':mem ory:')
db = sqlite3.con nect('chapter09')
# Get a cur sor ob ject
cur sor = db.cur sor()

226 Databases and sqlite

Chap ter 18  Ian D Chivers



cur sor.ex e cute('''IN SERT INTO earthqk VAL UES
(199,1,-2000,"-",null,null,null,38.,58.2,null,null,null,"S",
null,null,"44","West ern Turkenia")''')
cur sor.ex e cute('''IN SERT INTO earthqk VAL UES
(101,2,-1566,"-",null,null,null,null,null,null,null,10,"-",
null,null,"611","Je ri cho")''')
cur sor.ex e cute('''IN SERT INTO earthqk VAL UES
(95,3,-600,"-",null,null,null,35.,45.,null,null,null,"-",null,
null,"57","Sinkarah: Tem ple of Taras")''')
cur sor.ex e cute('''IN SERT INTO earthqk VAL UES
(77,4,-225,"-",null,null,null,36.,28.5,null,null,null,"-",
null,"Se vere","147","Rhodes")''')
cur sor.ex e cute('''IN SERT INTO earthqk VAL UES
(39,5,-186,"-",2,22,null,33.4,104.8,null,null,null,"-",760,
null,"48",null)''')
cur sor.ex e cute('''IN SERT INTO earthqk VAL UES
(39,6,-70,"-",6,1,null,36.3,118.,null,null,9,"-",6000,null,
"48",null)''')
...

...
print(" Earth quake ta ble loaded")
db.com mit()
db.close()

18.5.4 Ex am ple 4 - load ing the re gions ta ble

Here is the sec ond.

im port sqlite3
db = sqlite3.con nect(':mem ory:')
db = sqlite3.con nect('chapter09')
# Get a cur sor ob ject
cur sor = db.cur sor()
cur sor.ex e cute('''IN SERT INTO re gions VAL UES
("Af rica",3,1,"Al ge ria",
"Peo ple's Dem o cratic Re pub lic of Al ge ria","Af rica",1,
null,"Af rica",1,"De vel op ing mar ket econ o mies","Af rica",5)''')
cur sor.ex e cute('''IN SERT INTO re gions VAL UES
("Af rica",6,1,"An gola","Peo ple's Re pub lic of An gola",
"Af rica",1,null,"Af rica", 1,"De vel op ing mar ket econ o mies",
"Af rica",5)''')
cur sor.ex e cute('''IN SERT INTO re gions VAL UES
("Af rica",17,1,"Benin","Peo ple's Re pub lic of Benin",
"Af rica",1,null,"Af rica", 1,"De vel op ing mar ket econ o mies",
"Af rica",5)''')
...
...
print(" Re gions ta ble loaded")
db.com mit()
print(" Da ta base com mit")
db.close()
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print(" Da ta base close")

18.5.5 Ex am ple 5 - load ing the tsu nami ta ble

Here is the third,

im port sqlite3
db = sqlite3.con nect(':mem ory:')
db = sqlite3.con nect('chapter09')
# Get a cur sor ob ject
cur sor = db.cur sor()
cur sor.ex e cute('''IN SERT INTO tsu nami VAL UES
("Asia",4,"China",4,23.13,113.33,null,1765,5,null,
" ",null,null,null,null,null,39,null)''')
cur sor.ex e cute('''IN SERT INTO tsu nami VAL UES
("Asia",4,"China",4,22.3,114.18,null,1960,5,22,
" ",23,22,20,27,9,39,null)''')
cur sor.ex e cute('''IN SERT INTO tsu nami VAL UES
("Asia",4,"China; Tai wan",4,25.15,121.75,null,1917,5,6,
" ",null,null,null,4,42,40,"Tai wan; Keelung")''')
...
...
print(" Tsu nami ta ble loaded")
db.com mit()
print(" Da ta base com mit")
db.close()
print(" Da ta base close")

18.5.6 Ex am ple 6 - Que ry ing the ta bles

Here is the query com mand file.

im port sqlite3
db = sqlite3.con nect(':mem ory:')
db = sqlite3.con nect('chapter09')
# Get a cur sor ob ject
cur sor = db.cur sor()
print(" Re gions query")
for row in cur sor.ex e cute("SE LECT * FROM re gions"):
  print(row)
db.close() 

18.6 Us ing SQLite from the com mand line

You can also use SQLite from the com mand line. 

18.7 Cre at ing a da ta base of the Met Of fice data

In this sec tion we cre ate a da ta base based on the data in the Met Of fice sta tion data.

18.7.1 Ex am ple 7 - cre at ing the da ta base

Here is the source file.

im port sqlite3
db = sqlite3.con nect(':mem ory:')
db = sqlite3.con nect('met_of fice')
db.close()
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18.7.2 Ex am ple 8 - cre at ing a ta ble for one of the sites

Here is the source file

im port sqlite3
db = sqlite3.con nect(':mem ory:')
db = sqlite3.con nect('met_of fice')
# Get a cur sor ob ject
cur sor = db.cur sor()
cur sor.ex e cute('''
cre ate ta ble cwmystwyth
(
s_year   in te ger ,
s_month  in te ger ,
t_max    real    ,
t_min    real    ,
af_days  in te ger ,
rain     real    ,
sun      real
)
''')
db.com mit()
print(" Cwmystwyth ta ble cre ated")
db.close() 

18.7.3 Ex am ple 9 - load ing data into the ta ble

Here is a sam ple of the source file.

im port sqlite3
db = sqlite3.con nect(':mem ory:')
db = sqlite3.con nect('met_of fice')
# Get a cur sor ob ject
cur sor = db.cur sor()
cur sor.ex e cute('''IN SERT INTO cwmystwyth VAL -
UES(1959,1,4.5,-1.9,20,null,57.2)''')
cur sor.ex e cute('''IN SERT INTO cwmystwyth VAL -
UES(1959,2,7.3,0.9,15,null,87.2)''')
cur sor.ex e cute('''IN SERT INTO cwmystwyth VAL -
UES(1959,3,8.4,3.1,3,null,81.6)''')
cur sor.ex e cute('''IN SERT INTO cwmystwyth VAL -
UES(1959,4,10.8,3.7,1,null,107.4)''')
cur sor.ex e cute('''IN SERT INTO cwmystwyth VAL -
UES(1959,5,15.8,5.8,1,null,213.5)''')
cur sor.ex e cute('''IN SERT INTO cwmystwyth VAL -
UES(1959,6,16.9,8.2,0,null,209.4)''')
cur sor.ex e cute('''IN SERT INTO cwmystwyth VAL -
UES(1959,7,18.5,9.5,0,null,167.8)''')
cur sor.ex e cute('''IN SERT INTO cwmystwyth VAL -
UES(1959,8,19.0,10.5,0,null,164.8)''')
cur sor.ex e cute('''IN SERT INTO cwmystwyth VAL -
UES(1959,9,18.3,5.9,0,null,196.5)''')
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cur sor.ex e cute('''IN SERT INTO cwmystwyth VAL -
UES(1959,10,14.8,7.9,1,null,101.1)''')
cur sor.ex e cute('''IN SERT INTO cwmystwyth VAL -
UES(1959,11,8.8,3.9,3,null,38.9)''')
cur sor.ex e cute('''IN SERT INTO cwmystwyth VAL -
UES(1959,12,7.2,2.5,3,null,19.2)''')
cur sor.ex e cute('''IN SERT INTO cwmystwyth VAL -
UES(1960,1,6.3,0.6,15,null,30.7)''')
cur sor.ex e cute('''IN SERT INTO cwmystwyth VAL -
UES(1960,2,5.3,-0.3,17,null,50.2)''')

This is just a sub set.

18.7.4 Ex am ple 10 - sim ple ta ble query

Here is the source file.

im port sqlite3
db = sqlite3.con nect(':mem ory:')
db = sqlite3.con nect('met_of fice')
# Get a cur sor ob ject
cur sor = db.cur sor()
print(" Cwmystwyth query")
for row in cur sor.ex e cute("SE LECT * FROM cwmystwyth or der by 
rain"):
  print(row)
db.close() 

Here is some sam ple out put.

 Cwmystwyth query
(1959, 1, 4.5, -1.9, 20, None, 57.2)
(1959, 2, 7.3, 0.9, 15, None, 87.2)
(1959, 3, 8.4, 3.1, 3, None, 81.6)
(1959, 4, 10.8, 3.7, 1, None, 107.4)
...
...
(1967, 10, 11.5, 6.5, 0, 400.1, 43.6)
(2002, 2, 8.6, 2.9, 5, 401.3, 38.2)
(1965, 12, 7.0, 1.6, 8, 417.3, 31.4)
(1966, 12, 7.5, 2.7, 3, 419.8, 17.9)
(2000, 11, 8.2, 3.5, 1, 424.4, 15.2)
(2009, 11, 9.4, 4.9, 0, 425.4, 34.0)

The row is the re cord re turned by the SQL se lect state ment.

18.7.5 Ex am ple 11 - com put ing av er ages

Here is the source file.

im port sqlite3
db = sqlite3.con nect(':mem ory:')
db = sqlite3.con nect('met_of fice')
# Get a cur sor ob ject
cur sor = db.cur sor()
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months=["Jan","Feb","Mar","Apr","May","Jun","Jul","Aug","Sep",
"Oct","Nov","Dec"]
print(" Cwmystwyth monthly av er ages")
print("         mm        ins")
for month in range(1,13):
  for row in cur sor.ex e cute("SE LECT AVG(rain) FROM cwmystwyth 
where s_month == ?",(month,)):
    line=row[0]
    av er age=float(line)
    av er age_ins=av er age/25.4
    print(" {0:}  {1:7.2f}  {2:7.2f}".for -
mat(months[month-1],av er age,av er age_ins))
db.close() 

Here is the out put.

 Cwmystwyth monthly av er ages
         mm        ins
 Jan   186.55     7.34
 Feb   134.09     5.28
 Mar   139.91     5.51
 Apr   109.43     4.31
 May   104.87     4.13
 Jun   107.35     4.23
 Jul   124.83     4.91
 Aug   137.44     5.41
 Sep   150.97     5.94
 Oct   189.16     7.45
 Nov   205.41     8.09
 Dec   210.75     8.30

Here we loop over the months as well.

18.7.6 Ex am ple 12 - Find ing the wet test month and dis play ing the year,
month and rain fall

Here is the source.

im port sqlite3
db = sqlite3.con nect(':mem ory:')
db = sqlite3.con nect('met_of fice')
# Get a cur sor ob ject
cur sor = db.cur sor()
print(" Cwmystwyth max i mum monthly rain fall")
print("               mm     ins")
for row in cur sor.ex e cute("SE LECT s_year , s_month ,
MAX(rain) FROM cwmystwyth"):
  y=row[0]
  m=row[1]
  rmm = row[2]
  rins= rmm/25.4
  print(" {0:}  {1:} {2:7.2f}  {3:7.2f}".for -
mat(y,m,rmm,rins))
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db.close() 

Here is the out put.

 Cwmystwyth max i mum monthly rain fall
               mm     ins
 2009  11  425.40    16.75

18.7.7 Ex am ple 13 - Find ing the wet test months and dis play ing the year,
month and rain fall

Here is the source.

im port sqlite3
db = sqlite3.con nect(':mem ory:')
db = sqlite3.con nect('met_of fice')
# Get a cur sor ob ject
cur sor = db.cur sor()
print(" Cwmystwyth max i mum monthly rain fall val ues")
print("               mm    ins")
for row in cur sor.ex e cute("SE LECT s_year , s_month ,
MAX(rain) FROM cwmystwyth GROUP BY s_month"):
  y=row[0]
  m=row[1]
  rmm = row[2]
  rins= rmm/25.4
  print(" {0:4}  {1:2} {2:7.2f}  {3:7.2f}".for -
mat(y,m,rmm,rins))
db.close() 

Here is the out put.

 Cwmystwyth max i mum monthly rain fall val ues
               mm    ins
 2008   1  348.90    13.74
 2002   2  401.30    15.80
 1981   3  350.00    13.78
 1970   4  222.70     8.77
 1979   5  247.00     9.72
 1985   6  259.00    10.20
 2007   7  260.80    10.27
 1992   8  257.40    10.13
 2004   9  283.50    11.16
 1967  10  400.10    15.75
 2009  11  425.40    16.75
 1966  12  419.80    16.53

We could make the y and m vari ables into numpy ar rays of course.

18.8 Ex am ple 14 - do ing monthly av er age cal cu la tions us ing the
genfromtxt ex am ple in the IO chap ter

Here is an ex am ple based  on the genfromtxt ex am ple in chap ter 11. Here is the new
source.
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im port numpy as np
im port math
data_file_name="cwmystwythdata.txt"
month_names = ["Jan u ary" , "Februry" , "March" , "April" ,
"May" , "June" , "July" , "Au gust" , "Sep tem ber" , "Oc to ber" 
, "No vem ber" , "De cem ber"]
ma trix = np.genfromtxt( data_file_name, \
                         skip_header=7 , \
                         skip_footer=1 , \
                         usecols=(0,1,2,3,4,5,6), \
                         autostrip=True , \

dtype=(int,int,float,float,int,float,float), \
                         miss ing_val ues={"---"},\
                       )
n=ma trix.size
print(n)
print(type(ma trix))
n_months=12
month=0
monthly_sums         = np.ze ros([n_months],dtype=np.float64)
monthly_av er ages     = np.ze ros([n_months],dtype=np.float64)
monthly_av er ages_ins = np.ze ros([n_months],dtype=np.float64)
monthly_counts       = np.ze ros([n_months],dtype=np.int32  )
monthly_nans         = np.ze ros([n_months],dtype=np.int32  )
for i in range(0,n):
  row=ma trix[i]
  month    = row[1] - 1
  rain fall = row[5] 
  if ( math.isnan(rain fall) ):
    monthly_nans[month]   = monthly_nans[month]   + 1
  else:
    monthly_counts[month] = monthly_counts[month] + 1
    monthly_sums[month]=monthly_sums[month] + rain fall
print(" Month               mm       in   Valid    Miss -
ing")
for i in range(0,n_months):
  monthly_av er ages[i]     = monthly_sums[i] /
monthly_counts[i]
  monthly_av er ages_ins[i] = monthly_av er ages[i] / 25.4
  print(" {:12s}    {:6.2f}   {:6.2f}    {:4d}   
{:4d}".for mat(month_names[i],monthly_av er ages[i],monthly_av er -
ages_ins[i],monthly_counts[i],monthly_nans[i]))
Here is the out put.

618
<class 'numpy.ndarray'>
 Month               mm       in   Valid    Miss ing
 Jan u ary         186.55     7.34      49       2
 Feb ru ary        134.09     5.28      49       2
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 March           139.91     5.51      50       2
 April           109.43     4.31      49       2
 May             104.87     4.13      50       2
 June            107.35     4.23      50       2
 July            124.83     4.91      50       2
 Au gust          137.44     5.41      50       2
 Sep tem ber       150.97     5.94      50       2
 Oc to ber         189.16     7.45      49       2
 No vem ber        205.41     8.09      48       3
 De cem ber        210.75     8.30      46       5

Com pare the out put to that from ex am ple 11. Do the re sults aggree?

18.9 Prob lems

1. Run the ex am ples in this chap ter.

2. If you visit

http://www.un.org/en/mem bers

you will see a list of UN mem ber states.  Here is a list based on that in for ma tion.
            Al ba nia                                                                                         14/12/1955

            Al ge ria                                                                                          08/10/1962

            An dorra                                                                                         28/07/1993

            An gola                                                                                          01/12/1976

            Antigua and Barbuda                                                                    11/11/1981

            Ar gen tina                                                                                      24/10/1945

            Ar me nia                                                                                        02/03/1992

            Aus tra lia                                                                                       01/11/1945

            Aus tria                                                                                          14/12/1955

            Azerbaijan                                                                                     02/03/1992

            Ba ha mas                                                                                       18/09/1973

            Bah rain                                                                                         21/09/1971

            Ban gla desh                                                                                   17/09/1974

            Bar ba dos                                                                                       09/12/1966

            Belarus                                                                                          24/10/1945

            Bel gium                                                                                        27/12/1945

            Belize                                                                                            25/09/1981
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            Benin                                                                                             20/09/1960

            Bhu tan                                                                                           21/09/1971

            Bolivia (Plurinational State of)                                                    14/11/1945

            Bosnia and Herzegovina                                                              22/05/1992

            Bot swana                                                                                      17/10/1966

            Brazil                                                                                            24/10/1945

            Brunei Darussalam                                                                       21/09/1984

            Bul garia                                                                                        14/12/1955

            Burkina Faso                                                                                20/09/1960

            Bu rundi                                                                                         18/09/1962

            Cabo Verde                                                                                   16/09/1975

            Cam bo dia                                                                                      14/12/1955

            Cam er oon                                                                                     20/09/1960

            Can ada                                                                                          09/11/1945

            Cen tral Af ri can Re pub lic                                                             20/09/1960

            Chad                                                                                              20/09/1960

            Chile                                                                                             24/10/1945

            China                                                                                             24/10/1945

            Co lom bia                                                                                      05/11/1945

            Como ros                                                                                        12/11/1975

            Congo                                                                                           20/09/1960

            Costa Rica                                                                                    02/11/1945

            Côte D'Ivoire                                                                                20/09/1960

            Croatia                                                                                          22/05/1992

            Cuba                                                                                              24/10/1945

            Cy prus                                                                                           20/09/1960

            Czech Re pub lic                                                                             19/01/1993
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            Dem o cratic Peo ple's Re pub lic of Ko rea                                      17/09/1991

            Dem o cratic Re pub lic of the Congo                                             20/09/1960

            Den mark                                                                                       24/10/1945

            Dji bouti                                                                                         20/09/1977

            Dom i nica                                                                                      18/12/1978

            Do min i can Re pub lic                                                                     24/10/1945

            Ec ua dor                                                                                         21/12/1945

            Egypt                                                                                             24/10/1945

            El Sal va dor                                                                                   24/10/1945

            Equa to rial Guinea                                                                         12/11/1968

            Eritrea                                                                                           28/05/1993

            Es to nia                                                                                          17/09/1991

            Ethi o pia                                                                                         13/11/1945

            Fiji                                                                                                 13/10/1970

            Fin land                                                                                          14/12/1955

            France                                                                                           24/10/1945

            Ga bon                                                                                           20/09/1960

            Gam bia                                                                                          21/09/1965

            Geor gia                                                                                         31/07/1992

            Ger many                                                                                       18/09/1973

            Ghana                                                                                            08/03/1957

            Greece                                                                                           25/10/1945

            Gre nada                                                                                         17/09/1974

            Gua te mala                                                                                     21/11/1945

            Guinea                                                                                           12/12/1958

            Guinea Bissau                                                                               17/09/1974

            Guy ana                                                                                          20/09/1966
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            Haiti                                                                                              24/10/1945

            Hon du ras                                                                                       17/12/1945

            Hun gary                                                                                        14/12/1955

            Ice land                                                                                          19/11/1946

            In dia                                                                                              30/10/1945

            In do ne sia                                                                                       28/09/1950

            Iran (Is lamic Re pub lic of)                                                            24/10/1945

            Iraq                                                                                                21/12/1945

            Ire land                                                                                           14/12/1955

            Is rael                                                                                             11/05/1949

            It aly                                                                                               14/12/1955

            Ja maica                                                                                         18/09/1962

            Ja pan                                                                                             18/12/1956

            Jor dan                                                                                           14/12/1955

            Kazakhstan                                                                                   02/03/1992

            Kenya                                                                                            16/12/1963

            Kiribati                                                                                          14/09/1999

            Ku wait                                                                                          14/05/1963

            Kyrgyzstan                                                                                    02/03/1992

            Lao Peo ple’s Dem o cratic Re pub lic                                             14/12/1955

            Lat via                                                                                            17/09/1991

            Leb a non                                                                                        24/10/1945

            Le sotho                                                                                         17/10/1966

            Li be ria                                                                                           02/11/1945

            Libya                                                                                             14/12/1955

            Liech ten stein                                                                                 18/09/1990

            Lith u a nia                                                                                       17/09/1991
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            Lux em bourg                                                                                 24/10/1945

            Mad a gas car                                                                                   20/09/1960

            Ma lawi                                                                                          01/12/1964

            Ma lay sia                                                                                       17/09/1957

            Mal dives                                                                                       21/09/1965

            Mali                                                                                               28/09/1960

            Malta                                                                                             01/12/1964

            Mar shall Is lands                                                                           17/09/1991

            Mau ri ta nia                                                                                     27/10/1961

            Mau ri tius                                                                                       24/04/1968

            Mex ico                                                                                          07/11/1945

            Mi cro ne sia (Fed er ated States of)                                                 17/09/1991

            Mo naco                                                                                         28/05/1993

            Mon go lia                                                                                       27/10/1961

            Montenegro                                                                                   28/06/2006

            Mo rocco                                                                                        12/11/1956

            Mo zam bique                                                                                 16/09/1975

            Myanmar                                                                                       19/04/1948

            Namibia                                                                                        23/04/1990

            Nauru                                                                                            14/09/1999

            Ne pal                                                                                             14/12/1955

            Neth er lands                                                                                   10/12/1945

            New Zea land                                                                                24/10/1945

            Nic a ra gua                                                                                      24/10/1945

            Niger                                                                                             20/09/1960

            Ni ge ria                                                                                          07/10/1960

            Nor way                                                                                         27/11/1945
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            Oman                                                                                            07/10/1971

            Pa ki stan                                                                                         30/09/1947

            Palau                                                                                             15/12/1994

            Pan ama                                                                                         13/11/1945

            Pa pua New Guinea                                                                       10/10/1975

            Par a guay                                                                                       24/10/1945

            Peru                                                                                               31/10/1945

            Phil ip pines                                                                                    24/10/1945

            Po land                                                                                           24/10/1945

            Por tu gal                                                                                         14/12/1955

            Qa tar                                                                                             21/09/1971

            Re pub lic of Ko rea                                                                        17/09/1991

            Re pub lic of Moldova                                                                   02/03/1992

            Ro ma nia                                                                                        14/12/1955

            Rus sian Fed er a tion                                                                       24/10/1945

            Rwanda                                                                                         18/09/1962

            Saint Kitts and Nevis                                                                   23/09/1983

            Saint Lu cia                                                                                    18/09/1979

            Saint Vin cent and the Grenadines                                                16/09/1980

            Sa moa                                                                                           15/12/1976

            San Ma rino                                                                                   02/03/1992

            Sao Tome and Prin cipe                                                                16/09/1975

            Saudi Ara bia                                                                                 24/10/1945

            Sen e gal                                                                                         28/09/1960

            Ser bia                                                                                            01/11/2000

            Sey chelles                                                                                     21/09/1976

            Si erra Le one                                                                                 27/09/1961
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            Sin ga pore                                                                                      21/09/1965

            Slovakia                                                                                        19/01/1993

            Slovenia                                                                                        22/05/1992

            Sol o mon Is lands                                                                           19/09/1978

            So ma lia                                                                                         20/09/1960

            South Af rica                                                                                 07/11/1945

            South Su dan                                                                                  14/07/2011

            Spain                                                                                             14/12/1955

            Sri Lanka                                                                                      14/12/1955

            Su dan                                                                                            12/11/1956

            Su ri name                                                                                       04/12/1975

            Swa zi land                                                                                     24/09/1968

            Swe den                                                                                         19/11/1946

            Swit zer land                                                                                   10/09/2002

            Syr ian Arab Re pub lic                                                                   24/10/1945

            Tajikistan                                                                                      02/03/1992

            Thai land                                                                                        16/12/1946

            The for mer Yu go slav Re pub lic of Mac e do nia                            08/04/1993

            Timor-Leste                                                                                  27/09/2002

            Togo                                                                                              20/09/1960

            Tonga                                                                                            14/09/1999

            Trin i dad and To bago                                                                    18/09/1962

            Tu ni sia                                                                                          12/11/1956

            Tur key                                                                                           24/10/1945

            Turkmenistan                                                                                02/03/1992

            Tuvalu                                                                                           05/09/2000

            Uganda                                                                                          25/10/1962
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            Ukraine                                                                                         24/10/1945

            United Arab Emirates                                                                   09/12/1971

            United King dom of Great Brit ain and North ern Ire land             24/10/1945

            United Re pub lic of Tan za nia                                                       14/12/1961

            United States of Amer ica                                                             24/10/1945

            Uru guay                                                                                        18/12/1945

            Uzbekistan                                                                                    02/03/1992

            Vanuatu                                                                                         15/09/1981

            Ven e zuela (Bolivarian Re pub lic of)                                            15/11/1945

            Viet Nam                                                                                      20/09/1977

            Ye men                                                                                           30/09/1947

            Zam bia                                                                                          01/12/1964

            Zim ba bwe                                                                                     25/08/1980

            Af ghan i stan                                                                                   19/11/1946

Com pare this data with that in the re gions ta ble. What up dates are you going to make to the 
re gions ta ble in the light of the changes?

3. Here are the col umn names from the Earth quake ta ble. 

earthqk  WITH +
countryn +
Earthqkn +
year     +
Yearn    +
Month    +
Day      +
Time     +
lat i tude +
longitud +
depth    +
magnitud +
unknown1 +
unknown2 +
deaths   +
strength +
refs     +
sregion 

Do a se lect on the ta ble us ing the fol low ing col umns
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· lat i tude 

· longitud 

· magnitud 

· deaths   

Or der by mag ni tude and num ber of deaths.

Write the data to a file. We will use the data in the chap ter on matplotlib, and plot a map of 
earth quakes. 
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19 Reg u lar ex pres sions and pat tern
match ing

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 tries 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

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 laboratories 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 package we used to ana lyse the data.

I use the tools on a day to day ba sis, mainly the vi editor, 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 bibliography at the end of the chap ter.
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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. 

I've taken the in for ma tion be low from stan dard Unix and Linux sources.

19.1 Metacharacters

            Sym bol            Ac tion
            .                       any char ac ter
            *                      zero or more
            ^                      start of line
            $                      end of line
            \                       es cape
            [ ]                    match one from a set
            \( \)                  named reg u lar ex pres sion
            \{ \}                 range of in stances
            \< \>                match words be gin ning or end
            +                      one or more pre ced ing
            ?                      zero or more pre ced ing
            |                       sep a rate choices to match
            ( )                   group ex pres sions to match
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.

19.2 Ex am ple 1 - UK post codes

The fol low ing in for ma tion is taken from Wikipedia. The for mat of UK post codes 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 Py thon.

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. 

Here is the source code.

im port re
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def main():

  s1 = "([a-zA-Z][0-9][\\s][0-9][a-zA-Z][a-zA-Z])"
  s2 = "|([a-zA-Z][0-9][0-9][\\s][0-9][a-zA-Z][a-zA-Z])"
  s3 = "|([a-zA-Z][a-zA-Z][0-9][\\s][0-9][a-zA-Z][a-zA-Z])"
  s4 =
"|([a-zA-Z][a-zA-Z][0-9][0-9][\\s][0-9][a-zA-Z][a-zA-Z])"
  s5 = "|([a-zA-Z][0-9][a-zA-Z][\\s][0-9][a-zA-Z][a-zA-Z])"
  s6 =
"|([a-zA-Z][a-zA-Z][0-9][a-zA-Z][\\s][0-9][a-zA-Z][a-zA-Z])"

  post code = s1+s2+s3+s4+s5+s6;

  p = re.com pile(post code)
  print(p)
  print(p.match(""))
  print(p.match('sw2 5jb'))
  print(p.match('np12 0pe'))
  print(p.match('sw2 5jb np12 0pe'))
  print(p.findall('sw2 5jb np12 0pe'))
  print(p.findall('sw2 5jb np12 0pe xx xx'))

if ( __name__ == "__main__" ):

  main()

Here is the out put.

re.com pile
('([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-z)
None
<_sre.SRE_Match ob ject; span=(0, 7), match='sw2 5jb'>
<_sre.SRE_Match ob ject; span=(0, 8), match='np12 0pe'>
<_sre.SRE_Match ob ject; span=(0, 7), match='sw2 5jb'>
[('', '', 'sw2 5jb', '', '', ''), ('', '', '', 'np12 0pe',
'', '')]
[('', '', 'sw2 5jb', '', '', ''), ('', '', '', 'np12 0pe',
'', '')]

Test the pro gram out with your home post code.

19.3 Prob lems

1. Try the ex am ple out.

19.4 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.
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Don’t in ter rupt me while I’m in ter rupt ing.

Winston Chur chill.

20 Built in exceptions
The in for ma tion in this chap ter is taken from the doc u men ta tion from the Py thon Stan dard
Li brary.

In Py thon, all ex cep tions must be in stances of a class that de rives from BaseException. In a 
try state ment with an ex cept clause that men tions a par tic u lar class, that clause also han dles 
any ex cep tion classes de rived from that class (but not ex cep tion classes from which it is de -
rived). Two ex cep tion classes that are not re lated via sub class ing are never equiv a lent, even 
if they have the same name.

The built-in ex cep tions listed be low can be gen er ated by the in ter preter or built-in func -
tions. Ex cept where men tioned, they have an “as so ci ated value” in di cat ing the de tailed
cause of the er ror. This may be a string or a tuple of sev eral items of in for ma tion (e.g., an
er ror code and a string ex plain ing the code). The as so ci ated value is usu ally passed as ar gu -
ments to the ex cep tion class’s con struc tor.

User code can raise built-in ex cep tions. This can be used to test an ex cep tion han dler or to
re port an er ror con di tion “just like” the sit u a tion in which the in ter preter raises the same ex -
cep tion; but be ware that there is noth ing to pre vent user code from rais ing an in ap pro pri ate
er ror.

The built-in ex cep tion classes can be sub classed to de fine new ex cep tions; pro gram mers are 
en cour aged to de rive new ex cep tions from the Ex cep tion class or one of its sub classes, and
not from BaseException. More in for ma tion on de fin ing ex cep tions is avail able in the Py -
thon Tu to rial un der User-de fined Ex cep tions.

When rais ing (or re-rais ing) an ex cep tion in an ex cept or fi nally clause __con text__ is au to -
mat i cally set to the last ex cep tion caught; if the new ex cep tion is not han dled the traceback
that is even tu ally dis played will in clude the orig i nat ing ex cep tion(s) and the fi nal ex cep tion.

When rais ing a new ex cep tion (rather than us ing a bare raise to re-raise the ex cep tion cur -
rently be ing han dled), the im plicit ex cep tion con text can be sup ple mented with an ex plicit
cause by us ing from with raise:

raise new_exc from orig i nal_exc

The ex pres sion fol low ing from must be an ex cep tion or None. It will be set as __cause__
on the raised ex cep tion. Set ting __cause__ also im plic itly sets the __sup press_con text__ at -
trib ute to True, so that us ing raise new_exc from None ef fec tively re places the old ex cep -
tion with the new one for dis play pur poses (e.g. con vert ing KeyError to AttributeError,
while leav ing the old ex cep tion avail able in __con text__ for in tro spec tion when de bug ging.

The de fault traceback dis play code shows these chained ex cep tions in ad di tion to the
traceback for the ex cep tion it self. An ex plic itly chained ex cep tion in __cause__ is al ways
shown when pres ent. An im plic itly chained ex cep tion in __con text__ is shown only if
__cause__ is None and __sup press_con text__ is false.

In ei ther case, the ex cep tion it self is al ways shown af ter any chained ex cep tions so that the
fi nal line of the traceback al ways shows the last ex cep tion that was raised.

20.1 Ex cep tion hi er ar chy

The class hi er ar chy for built-in ex cep tions is:
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BaseException
 +-- SystemExit
 +-- KeyboardInterrupt
 +-- GeneratorExit
 +-- Ex cep tion
      +-- StopIteration
      +-- StopAsyncIteration
      +-- ArithmeticError
      |    +-- FloatingPointError
      |    +-- OverflowError
      |    +-- ZeroDivisionError
      +-- AssertionError
      +-- AttributeError
      +-- BufferError
      +-- EOFError
      +-- ImportError
      +-- LookupError
      |    +-- IndexError
      |    +-- KeyError
      +-- MemoryError
      +-- NameError
      |    +-- UnboundLocalError
      +-- OSError
      |    +-- BlockingIOError
      |    +-- ChildProcessError
      |    +-- ConnectionError
      |    |    +-- BrokenPipeError
      |    |    +-- ConnectionAbortedError
      |    |    +-- ConnectionRefusedError
      |    |    +-- ConnectionResetError
      |    +-- FileExistsError
      |    +-- FileNotFoundError
      |    +-- InterruptedError
      |    +-- IsADirectoryError
      |    +-- NotADirectoryError
      |    +-- PermissionError
      |    +-- ProcessLookupError
      |    +-- TimeoutError
      +-- ReferenceError
      +-- RuntimeError
      |    +-- NotImplementedError
      |    +-- RecursionError
      +-- SyntaxError
      |    +-- IndentationError
      |         +-- TabError
      +-- SystemError
      +-- TypeError
      +-- ValueError
      |    +-- UnicodeError
      |         +-- UnicodeDecodeError
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      |         +-- UnicodeEncodeError
      |         +-- UnicodeTranslateError
      +-- Warn ing
           +-- DeprecationWarning
           +-- PendingDeprecationWarning
           +-- RuntimeWarning
           +-- SyntaxWarning
           +-- UserWarning
           +-- FutureWarning
           +-- ImportWarning
           +-- UnicodeWarning
           +-- BytesWarning
           +-- ResourceWarning

20.2 Prob lems

There are no prob lems in this chap ter.
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21 Concurrent execution - threading
The ma te rial in this chap ter is taken from the Stan dard Py thon Li brary ref er ence ma te rial.
The mod ules de scribed in this chap ter pro vide sup port for con cur rent ex e cu tion of code.
The ap pro pri ate choice of tool will de pend on the task to be ex e cuted (CPU bound vs IO
bound) and pre ferred style of de vel op ment (event driven co op er a tive multitasking vs pre -
emp tive multitasking). 

21.1 Thread based par al lel ism - the thread ing pack age

In this sec tion we have two short ex am ples. The first is a se rial so lu tion to a prob lem, and
the sec ond is a multi threaded so lu tion. The ex am ple is taken from

http://www.wellho.net/so lu tions/

py thon-py thon-threads-a-first-ex am ple.html

In the ex am ple be low I use ip ad dresses based on my set up at home. My net work has a
base ad dress of 192.168.0, and I have ma chines in the range 0 to 30. Both ex am ples ran on
an openSuSe 13.1 sys tem. This ex am ple will not run on a Windows sys tem.

21.2 Ex am ple 1 - Se rial so lu tion

Here is the source

im port os
im port re
im port time
im port sys

def main():

  life line = re.com pile(r"(\d) re ceived")
  re port = ("No re sponse","Par tial Re sponse","Alive")

  print(time.ctime())

  for host in range(0,30):
     ip = "192.168.0."+str(host)
     pingaling = os.popen("ping -q -c2 "+ip,"r")
     print("Test ing ",ip)
     sys.stdout.flush()
     while 1:
        line = pingaling.readline()
        if not line: break
        igot = re.findall(life line,line)
        if igot:
           print(re port[int(igot[0])])

  print(time.ctime())

if ( __name__ == "__main__" ):
  main()

Here is the out put
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python3 c2101.py
Fri Feb 15 15:21:00 2019
Test ing 
192.168.0.0                                           
Do you want to ping broad cast? Then -b. If not, check your
lo cal firewall rules.
Test ing  192.168.0.1
Alive
Test ing  192.168.0.2
No re sponse
Test ing  192.168.0.3
No re sponse
Test ing  192.168.0.4
No re sponse
Test ing  192.168.0.5
No re sponse
Test ing  192.168.0.6
No re sponse
Test ing  192.168.0.7
No re sponse
Test ing  192.168.0.8
No re sponse
Test ing  192.168.0.9
No re sponse
Test ing  192.168.0.10
Alive
Test ing  192.168.0.11
Alive
Test ing  192.168.0.12
No re sponse
Test ing  192.168.0.13
No re sponse
Test ing  192.168.0.14
No re sponse
Test ing  192.168.0.15
Alive
Test ing  192.168.0.16
No re sponse
Test ing  192.168.0.17
No re sponse
Test ing  192.168.0.18
No re sponse
Test ing  192.168.0.19
Alive
Test ing  192.168.0.20
No re sponse
Test ing  192.168.0.21
No re sponse
Test ing  192.168.0.22
Alive
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Test ing  192.168.0.23
No re sponse
Test ing  192.168.0.24
No re sponse
Test ing  192.168.0.25
No re sponse
Test ing  192.168.0.26
No re sponse
Test ing  192.168.0.27
No re sponse
Test ing  192.168.0.28
No re sponse
Test ing  192.168.0.29
No re sponse
Fri Feb 15 15:22:33 2019

We have a to tal time of one min ute 32 sec onds.

21.3 Ex am ple 2 - Multi-threaded so lu tion

Here is the source.

im port os
im port re
im port time
im port sys
from thread ing im port Thread

class testit(Thread):
   def __init__ (self,ip):
      Thread.__init__(self)
      self.ip = ip
      self.sta tus = -1
   def run(self):
      pingaling = os.popen("ping -q -c2 "+self.ip,"r")
      while 1:
        line = pingaling.readline()
        if not line: break
        igot = re.findall(testit.life line,line)
        if igot:
           self.sta tus = int(igot[0])

testit.life line = re.com pile(r"(\d) re ceived")
re port = ("No re sponse","Par tial Re sponse","Alive")

print(time.ctime())

pinglist = []

for host in range(0,30):
   ip = "192.168.0."+str(host)
   cur rent = testit(ip)
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   pinglist.ap pend(cur rent)
   cur rent.start()

for pingle in pinglist:
   pingle.join()
   print("Sta tus from ",pingle.ip,"is",re port[pingle.sta tus])

print(time.ctime())

Here is the out put from the same sys tem as the se rial so lu tion.

python3 c2102.py 
Fri Feb 15 15:24:15 2019
Do you want to ping broad cast? Then -b. If not, check your
lo cal firewall rules. 
Sta tus from  192.168.0.0 is Alive
Sta tus from  192.168.0.1 is Alive
Sta tus from  192.168.0.2 is No re sponse
Sta tus from  192.168.0.3 is No re sponse
Sta tus from  192.168.0.4 is No re sponse
Sta tus from  192.168.0.5 is No re sponse
Sta tus from  192.168.0.6 is No re sponse
Sta tus from  192.168.0.7 is No re sponse
Sta tus from  192.168.0.8 is No re sponse
Sta tus from  192.168.0.9 is No re sponse
Sta tus from  192.168.0.10 is Alive  
Sta tus from  192.168.0.11 is Alive  
Sta tus from  192.168.0.12 is No re sponse  
Sta tus from  192.168.0.13 is No re sponse  
Sta tus from  192.168.0.14 is No re sponse  
Sta tus from  192.168.0.15 is Alive  
Sta tus from  192.168.0.16 is No re sponse  
Sta tus from  192.168.0.17 is No re sponse  
Sta tus from  192.168.0.18 is No re sponse  
Sta tus from  192.168.0.19 is Alive  
Sta tus from  192.168.0.20 is No re sponse  
Sta tus from  192.168.0.21 is No re sponse  
Sta tus from  192.168.0.22 is Alive  
Sta tus from  192.168.0.23 is No re sponse  
Sta tus from  192.168.0.24 is No re sponse  
Sta tus from  192.168.0.25 is No re sponse  
Sta tus from  192.168.0.26 is No re sponse
Sta tus from  192.168.0.27 is No re sponse
Sta tus from  192.168.0.28 is No re sponse
Sta tus from  192.168.0.29 is No re sponse
Fri Feb 15 15:24:27 2019

The elapsed time is now12 sec onds. Quite an im prove ment over the se rial ver sion.

21.4 Prob lems

1. Run the ex am ples in this chap ter. What tim ing fig ures did you get?
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22 Concurrent execution -  multi
processing

22.1 Introduction

The ma te rial in this chap ter is taken from the Stan dard Py thon Li brary ref er ence ma te rial. 

https://docs.py thon.org/3/li brary/multiprocessing.html

The mod ules de scribed in this chap ter pro vide sup port for con cur rent ex e cu tion of code.
The ap pro pri ate choice of tool will de pend on the task to be ex e cuted (CPU bound vs IO
bound) and pre ferred style of de vel op ment (event driven co op er a tive multitasking vs pre -
emp tive multitasking). 

22.2 Pro cess based par al lel ism - the multiprocessing pack age

multiprocessing is a pack age that sup ports spawn ing pro cesses us ing an API sim i lar to the
thread ing mod ule. The multiprocessing pack age of fers both lo cal and re mote concurrency,
ef fec tively side-step ping the Global In ter preter Lock by us ing subprocesses in stead of
threads. Due to this, the multiprocessing mod ule al lows the pro gram mer to fully le ver age
mul ti ple pro ces sors on a given ma chine. It runs on both Unix and Windows.

The multiprocessing mod ule also in tro duces APIs which do not have analogs in the thread -
ing mod ule. A prime ex am ple of this is the Pool ob ject which of fers a con ve nient means of
parallelizing the ex e cu tion of a func tion across mul ti ple in put val ues, dis trib ut ing the in put
data across pro cesses (data par al lel ism). The fol low ing ex am ple dem on strates the com mon
prac tice of de fin ing such func tions in a mod ule so that child pro cesses can suc cess fully im -
port that mod ule. This ba sic example of data parallelism using Pool,

from multiprocessing im port Pool

def f(x):
    re turn x*x

if __name__ == '__main__':
    p = Pool(5)
    print(p.map(f, [1, 2, 3]))

will print to stan dard out put

[1, 4, 9]

22.3 Con texts and start meth ods¶

De pend ing on the plat form, multiprocessing sup ports three ways to start a pro cess. These
start meth ods are

· spawn

· The par ent pro cess starts a fresh py thon in ter preter pro -

cess. The child pro cess will only in herit those re sources

nec es sary to run the pro cess ob jects run() method. In par -

tic u lar, un nec es sary file descriptors and han dles from the
par ent pro cess will not be in her ited. Start ing a pro cess us -

ing this method is rather slow com pared to us ing fork or

forkserver.
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· Avail able on Unix and Win dows. The de fault on Win -

dows.

· fork

· The par ent pro cess uses os.fork() to fork the Py thon in ter -

preter. The child pro cess, when it be gins, is ef fec tively

iden ti cal to the par ent pro cess. All re sources of the par ent

are in her ited by the child pro cess. Note that safely fork ing

a multithreaded pro cess is prob lem atic.

· Avail able on Unix only. The de fault on Unix.

· forkserver

· When the pro gram starts and se lects the forkserver start

method, a server pro cess is started. From then on, when -

ever a new pro cess is needed, the par ent pro cess con nects

to the server and re quests that it fork a new pro cess. The

fork server pro cess is sin gle threaded so it is safe for it to

use os.fork(). No un nec es sary re sources are in her ited.

· Avail able on Unix plat forms which sup port pass ing file

descriptors over Unix pipes.

Changed in ver sion 3.4: spawn added on all unix plat forms, and forkserver added for some
unix plat forms. Child pro cesses no lon ger in herit all of the par ents in her it able han dles on
Win dows.

22.4 Ex am ple 1 - Sim ple multi-pro cess ing on a 6 core system

In this pro gram we are go ing to look at break ing a com pu ta tional prob lem down and par ti -
tion it over sev eral pro cesses. We will also look at tim ing of both the par al lel so lu tion and
the se rial so lu tion. Note that this ex am ple does not run cor rectly on the an a conda in stal la -
tion on Win dows as of Sep tem ber 2018. You will need to run these ex am ples on the cygwin 
ver sion. Here is the source for a six core sys tem - an AMD Phenom II X6. Ex am ple 2 is for 
an 8 core I7 sys tem.

# This ex am ple is de signed for a 6 core sys tem

from multiprocessing im port Pool

im port time
im port numpy as np
im port math

scale_fac tor = 10000000
n            = 6 * scale_fac tor
nn           = 6

x = np.empty([n],dtype=np.float64)

start = np.ar ray([0,
                  1 * scale_fac tor,
                  2 * scale_fac tor,
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                  3 * scale_fac tor,
                  4 * scale_fac tor,
                  5 * scale_fac tor])

end   = np.ar ray([    scale_fac tor,
                  2 * scale_fac tor,
                  3 * scale_fac tor,
                  4 * scale_fac tor,
                  5 * scale_fac tor,
                  6 * scale_fac tor])

def par tial_sum(i):
  re turn( sum( x[ start[i] : end[i] ] )  )

if __name__  == '__main__':
  print(" Pro gram starts")
  print(" ",time.ctime(),end=" ")
  t1=time.time()
  print(t1)
  print(" n = ",n)

  par al lel_sum = 0.0
  se rial_sum   = 0.0
  psum = np.empty([nn],dtype=np.float64)
  for i in range(0,nn):
    psum[i]=0.0

  x = np.empty([n],dtype=np.float64)
  for i in range(0,n):
    x[i]=1.0

  print(" x ar ray in itial ised               ",end=" ")
  t2=time.time()
  print(" {0:2.12f} ".for mat(t2-t1))
  t1=t2
  print(" *** Pool called ")

  pool = Pool(pro cesses=nn)

  print(" Pool cre ation took                ", end= " ")
  t2=time.time()
  t3=t2-t1
  print("  {0:2.12f} ".for mat(t3))
  t1=t2

  re sult = pool.map( par tial_sum , ( (i) for i in 
range(nn)) )

  pool.close
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  pool.join

  print(" *** Pool closed                   ",end=" ")
  t2=time.time()
  t4=t2-t1
  print("  {0:2.12f} ".for mat(t2-t1))
  t1=t2

  for i in range(nn):
    psum[i]=re sult[i]

  par al lel_sum = sum(psum)
  print(" Par al lel sum = ",par al lel_sum)
  t2=time.time()
  t5=t2-t1+t3+t4
  print(" Par al lel time                       
{0:2.12f}".for mat(t5))
  t1=t2

  se rial_sum=sum(x)
  print(" Se rial sum   = ",se rial_sum)
  t2=time.time()

  print(" Se rial time                         
{0:2.12f}".for mat(t2-t1))
  if ( math.fabs( par al lel_sum - se rial_sum ) > (1.0e-16) ):
    print(" ***** Er ror *****")
    print(" Par al lel and se rial sums do not match")
    print(" Are you us ing na tive Py thon on Win dows?")
  print(" Pro gram ends")

22.5 Ex am ple 2 - Sim ple vari ant for an 8 core sys tem

Here is the source code for an 8 core I7 sys tem. Tim ing de tails for both ver sions are given
later.

# This ex am ple is de signed for an 8 core sys tem
from multiprocessing im port Pool
im port time
im port numpy as np
im port math
scale_fac tor = 10000000
n            = 8 * scale_fac tor
nn           = 8
x = np.empty([n],dtype=np.float64)
start = np.ar ray([0,
                  1 * scale_fac tor,
                  2 * scale_fac tor,
                  3 * scale_fac tor,
                  4 * scale_fac tor,
                  5 * scale_fac tor,
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                  6 * scale_fac tor,
                  7 * scale_fac tor])
end   = np.ar ray([    scale_fac tor,
                  2 * scale_fac tor,
                  3 * scale_fac tor,
                  4 * scale_fac tor,
                  5 * scale_fac tor,
                  6 * scale_fac tor,
                  7 * scale_fac tor,
                  8 * scale_fac tor])
def par tial_sum(i):
  re turn( sum( x[ start[i] : end[i] ] )  )
if __name__  == '__main__':
  print(" Pro gram starts")
  print(" ",time.ctime(),end=" ")
  t1=time.time()
  print(t1)
  print(" n = ",n)
  par al lel_sum = 0.0
  se rial_sum   = 0.0
  psum = np.empty([nn],dtype=np.float64)
  for i in range(0,nn):
    psum[i]=0.0
  x = np.empty([n],dtype=np.float64)
  for i in range(0,n):
    x[i]=1.0
  print(" x ar ray in itial ised               ",end=" ")
  t2=time.time()
  print(" {0:2.12f} ".for mat(t2-t1))
  t1=t2
  print(" *** Pool called ")
  pool = Pool(pro cesses=nn)
  print(" Pool cre ation took                ", end= " ")
  t2=time.time()
  t3=t2-t1
  print("  {0:2.12f} ".for mat(t3))
  t1=t2
  re sult = pool.map( par tial_sum , ( (i) for i in 
range(nn)) )
  pool.close
  pool.join
  print(" *** Pool closed                   ",end=" ")
  t2=time.time()
  t4=t2-t1
  print("  {0:2.12f} ".for mat(t4))
  t1=t2
  for i in range(nn):
    psum[i]=re sult[i]
  par al lel_sum = sum(psum)
  print(" Par al lel sum = ",par al lel_sum)
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  t2=time.time()
  t5=t2-t1+t3+t4
  print(" Par al lel time                       
{0:2.12f}".for mat(t5))
  t1=t2
  se rial_sum=sum(x)
  print(" Se rial sum   = ",se rial_sum)
  t2=time.time()
  print(" Se rial time                         
{0:2.12f}".for mat(t2-t1))
  if ( math.fabs( par al lel_sum - se rial_sum ) > (1.0e-16) ):
    print(" ***** Er ror *****")
    print(" Par al lel and se rial sums do not match")
    print(" Are you us ing na tive Py thon on Win dows?")
  print(" Pro gram ends")

22.6 Dif fer ences be tween the two ver sion

Here is the diff out put showing the dif fer ences be tween the two ver sions.

1c1
< # This ex am ple is de signed for a 6 core sys tem
---
> # This ex am ple is de signed for an 8 core sys tem
10,11c10,11
< n            = 6 * scale_fac tor
< nn           = 6
---
> n            = 8 * scale_fac tor
> nn           = 8
20c20,22
<                   5 * scale_fac tor])
---
>                   5 * scale_fac tor,
>                   6 * scale_fac tor,
>                   7 * scale_fac tor])
27c29,31
<                   6 * scale_fac tor])
---
>                   6 * scale_fac tor,
>                   7 * scale_fac tor,
>                   8 * scale_fac tor])

22.7 Sam ple runs

Here is a run on the AMD 6 core sys tem for a na tive Win dows of Py thon.

 Pro gram starts
  Fri May 10 14:37:46 2019 1557495466.1634073
 n =  60000000
 x ar ray in itial ised                 13.227007865906
 *** Pool called
 Pool cre ation took                   0.275989532471
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 *** Pool closed                      2.543994665146
 Par al lel sum =  0.0
 Par al lel time                        2.821985721588
 Se rial sum   =  60000000.0
 Se rial time                          9.751012563705
 ***** Er ror *****
 Par al lel and se rial sums do not match
 Are you us ing na tive Py thon on Win dows?
 Pro gram ends

As can be seen the par al lel and se rial sums dif fer.

Here is a sam ple run for the Cygwin Py thon im ple men ta tion of Win dows.

 Pro gram starts
  Fri May 10 14:39:25 2019 1557495565.3735597
 n =  60000000
 x ar ray in itial ised                 11.209353685379 
 *** Pool called 
 Pool cre ation took                   2.172768115997 
 *** Pool closed                      2.029023408890 
 Par al lel sum =  60000000.0
 Par al lel time                        4.201887845993
 Se rial sum   =  60000000.0
 Se rial time                          9.101023674011
 Pro gram ends

The par al lel and se rial sums are the same.
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22.8 Sum mary tim ing table

Here are the re sults of run ning the pro grams on three sys tems un der both Win dows and
Linux.

AMD Phys i cal cores 6

Win dows openSuSe

cygwin py thon

Initialisation 13.545349359512 12.626096487045 11.328769207001

Pool cre ation 2.256503820419 0.609584331512 0.015357732773

Pool closed 1.991185426712 2.359382629395 1.463187217712

Par al lel time 1.991320371628 2.359382629395 1.463279008865

Se rial 9.890810012817 8.423060894012 7.641946315765

Pool + par al lel 6.239009618759 5.328349590302 2.941823959350

To tal time 29.675168991088 26.377506971359 21.912539482116

Intel Phys i cal cores 4

Hyperthreading * 2

Win dows openSuSe

cygwin an a conda

Initalisation 13.213007688522 15.205041885376 18.766371488571

Pool cre ation 2.221862316132 0.296875238419 0.116709947586

Pool closed 3.448457002640 3.296873569489 2.308131217957

Par al lel time 3.448578357697 3.296873569489 0.000143527985

Se rial 14.807518482208 8.238389492035 9.565270185471

Pool + par al lel 9.118897676469 6.890622377397 2.424984693528

To tal time 37.139423847199 30.334053754808 30.756626367570

Intel Phys i cal cores 4

Hyperthreading * 2

Win dows openSuSe

cygwin an a conda

Initalisation 14.877320051193 15.358544111252

Pool cre ation 0.484356403350 0.160874843597

Pool closed 4.468796491623 2.801591157913

Par al lel time 4.468796491623 2.801677703857

Se rial 9.499331951141 9.257079601288

Pool + par al lel 9.421949386596 5.764143705367

To tal time 33.798601388930 30.379767417907
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22.9 Prob lems

1. Run the ex am ple(s) in this chap ter. What sums and tim ing fig ures did you get?
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23 Modules
23.1 Introduction

The fol low ing is a com plete list of the Py thon mod ules taken from the 3.5.1 doc u men ta tion.

_

__fu ture__ Fu ture state ment def i ni tions 

__main__ The en vi ron ment where the top-level script is run. 

_dummy_thread  Drop-in re place ment for the _thread mod ule. 

_thread Low-level thread ing API. 

a

abc Ab stract base classes ac cord ing to PEP 3119. 

aifc Read and write au dio files in AIFF or AIFC for mat. 

argparse Com mand-line op tion and ar gu ment pars ing li brary. 

ar ray Space ef fi cient ar rays of uni formly typed nu meric val ues. 

ast Ab stract Syn tax Tree classes and ma nip u la tion. 

asynchat Sup port for asyn chron ous com mand/re sponse pro to cols. 

asyncio Asyn chron ous I/O, event loop, coroutines and tasks. 

asyncore A base class for de vel op ing asyn chron ous socket han dling ser vices. 

atexit Reg is ter and ex e cute cleanup func tions. 

audioop Ma nip u late raw au dio data. 

b

base64 RFC 3548: Base16, Base32, Base64 Data Encodings; Base85 and
Ascii85 

bdb Debugger frame work. 

binascii Tools for con vert ing be tween bi nary and var i ous ASCII-en coded bi -

nary rep re sen ta tions. 

binhex En code and de code files in binhex4 for mat. 

bi sect Ar ray bi sec tion al go rithms for bi nary search ing. 

builtins The mod ule that pro vides the built-in namespace. 

bz2 In ter faces for bzip2 com pres sion and de com pres sion. 

c

cal en dar Func tions for work ing with cal en dars, in clud ing some em u la tion of

the Unix cal pro gram. 

cgi Help ers for run ning Py thon scripts via the Com mon Gate way In ter -

face. 

cgitb Configurable traceback han dler for CGI scripts. 

chunk Mod ule to read IFF chunks. 

cmath Math e mat i cal func tions for com plex num bers. 

cmd Build line-ori ented com mand in ter pret ers. 

code Fa cil i ties to im ple ment read-eval-print loops. 
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codecs En code and de code data and streams. 

codeop Com pile (pos si bly in com plete) Py thon code. 

col lec tions Con tainer datatypes 

colorsys Con ver sion func tions be tween RGB and other color sys tems. 

compileall Tools for byte-com pil ing all Py thon source files in a di rec tory tree. 

con cur rent  

configparser Con fig u ra tion file parser. 

contextlib Util i ties for with-state ment con texts. 

copy Shal low and deep copy op er a tions. 

copyreg Reg is ter pickle sup port func tions. 

cProfile  

crypt (Unix) The crypt() func tion used to check Unix pass words. 

csv Write and read tab u lar data to and from de lim ited files. 

ctypes A for eign func tion li brary for Py thon. 

curses (Unix) An in ter face to the curses li brary, pro vid ing por ta ble ter mi nal han -

dling. 

d  

datetime Ba sic date and time types. 

dbm In ter faces to var i ous Unix "da ta base" for mats. 

dec i mal Im ple men ta tion of the Gen eral Dec i mal Arith me tic Spec i fi ca tion. 

difflib Help ers for com put ing dif fer ences be tween ob jects. 

dis Disassembler for Py thon bytecode. 

distutils Sup port for build ing and in stall ing Py thon mod ules into an ex ist ing

Py thon in stal la tion. 

doctest Test pieces of code within docstrings. 

dummy_thread ing Drop-in re place ment for the thread ing mod ule. 

e  

email Pack age sup port ing the pars ing, ma nip u lat ing, and gen er at ing email

mes sages, in clud ing MIME doc u ments. 

encodings  

ensurepip Boot strap ping the "pip" in staller into an ex ist ing Py thon in stal la tion

or vir tual en vi ron ment. 

enum Im ple men ta tion of an enu mer a tion class. 

errno Stan dard errno sys tem sym bols. 

f

faulthandler Dump the Py thon traceback. 

fcntl (Unix) The fcntl() and ioctl() sys tem calls. 

filecmp Com pare files ef fi ciently. 

fileinput Loop over stan dard in put or a list of files. 

fnmatch Unix shell style file name pat tern match ing. 

for mat ter Dep re cated: Ge neric out put for mat ter and de vice in ter face. 
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fpectl (Unix) Pro vide con trol for float ing point ex cep tion han dling. 

frac tions Ra tio nal num bers. 

ftplib FTP pro to col cli ent (re quires sock ets). 

functools Higher-or der func tions and op er a tions on call able ob jects. 

g

gc In ter face to the cy cle-de tect ing gar bage col lec tor. 

getopt Por ta ble parser for com mand line op tions; sup port both short and

long op tion names. 

getpass Por ta ble read ing of pass words and re trieval of the user id. 

gettext Mul ti lin gual in ter na tion al iza tion ser vices. 

glob Unix shell style pathname pat tern ex pan sion. 

grp (Unix) The group da ta base (getgrnam() and friends). 

gzip In ter faces for gzip com pres sion and de com pres sion us ing file ob jects.

h

hashlib Se cure hash and mes sage di gest al go rithms. 

heapq Heap queue al go rithm (a.k.a. pri or ity queue). 

hmac Keyed-Hash ing for Mes sage Au then ti ca tion (HMAC) im ple men ta tion

html Help ers for ma nip u lat ing HTML. 

http HTTP sta tus codes and mes sages 

i  

imaplib IMAP4 pro to col cli ent (re quires sock ets). 

imghdr De ter mine the type of im age con tained in a file or byte stream. 

imp Dep re cated: Ac cess the im ple men ta tion of the im port state ment. 

importlib The im ple men ta tion of the im port ma chin ery. 

in spect Ex tract in for ma tion and source code from live ob jects. 

io Core tools for work ing with streams. 

ipaddress IPv4/IPv6 ma nip u la tion li brary. 

itertools Func tions cre at ing iterators for ef fi cient loop ing. 

j

json En code and de code the JSON for mat. 

k

key word Test whether a string is a key word in Py thon. 

l  

lib2to3 the 2to3 li brary 

linecache This mod ule pro vides ran dom ac cess to in di vid ual lines from text

files. 

lo cale In ter na tion al iza tion ser vices. 

log ging Flex i ble event log ging sys tem for ap pli ca tions. 

lzma A Py thon wrap per for the liblzma com pres sion li brary. 

m  
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macpath Mac OS 9 path ma nip u la tion func tions. 

mail box Ma nip u late mail boxes in var i ous for mats 

mailcap Mailcap file han dling. 

mar shal Con vert Py thon ob jects to streams of bytes and back (with dif fer ent

con straints). 

math Math e mat i cal func tions (sin() etc.). 

mimetypes Map ping of file name ex ten sions to MIME types. 

mmap In ter face to mem ory-mapped files for Unix and Win dows. 

modulefinder Find mod ules used by a script. 

msilib (Win dows) Cre ation of Microsoft In staller files, and CAB files. 

msvcrt (Win dows) Mis cel la neous use ful rou tines from the MS VC++ runtime. 

multiprocessing Pro cess-based par al lel ism. 

n  

netrc  Load ing of .netrc files. 

nis (Unix) In ter face to Sun's NIS (Yel low Pages) li brary. 

nntplib NNTP pro to col cli ent (re quires sock ets). 

num bers Nu meric ab stract base classes (Com plex, Real, In te gral, etc.). 

o  

op er a tor Func tions cor re spond ing to the stan dard op er a tors. 

optparse Dep re cated: Com mand-line op tion pars ing li brary. 

os Mis cel la neous op er at ing sys tem in ter faces. 

ossaudiodev (Linux, FreeBSD) Ac cess to OSS-com pat i ble au dio de vices. 

p  

parser Ac cess parse trees for Py thon source code. 

pathlib Ob ject-ori ented filesystem paths 

pdb The Py thon debugger for in ter ac tive in ter pret ers. 

pickle Con vert Py thon ob jects to streams of bytes and back. 

pickletools Con tains ex ten sive com ments about the pickle pro to cols and

pickle-ma chine opcodes, as well as some use ful func tions. 

pipes (Unix) A Py thon in ter face to Unix shell pipe lines. 

pkgutil Util i ties for the im port sys tem. 

plat form Re trieves as much plat form iden ti fy ing data as pos si ble. 

plistlib Gen er ate and parse Mac OS X plist files. 

poplib POP3 pro to col cli ent (re quires sock ets). 

posix (Unix) The most com mon POSIX sys tem calls (nor mally used via mod ule

os). 

pprint Data pretty printer. 

pro file Py thon source profiler. 

pstats Sta tis tics ob ject for use with the profiler. 

pty (Linux) Pseudo-Ter mi nal Han dling for Linux. 
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pwd (Unix) The pass word da ta base (getpwnam() and friends). 

py_com pile Gen er ate byte-code files from Py thon source files. 

pyclbr Sup ports in for ma tion ex trac tion for a Py thon class browser. 

pydoc Doc u men ta tion gen er a tor and on line help sys tem. 

q  

queue A syn chro nized queue class. 

quopri En code and de code files us ing the MIME quoted-print able en cod ing. 

r  

ran dom Gen er ate pseudo-ran dom num bers with var i ous com mon dis tri bu tions.

re Reg u lar ex pres sion op er a tions. 

readline (Unix) GNU readline sup port for Py thon. 

reprlib Al ter nate repr() im ple men ta tion with size lim its. 

re source (Unix) An in ter face to pro vide re source us age in for ma tion on the cur rent

pro cess. 

rlcompleter Py thon iden ti fier com ple tion, suit able for the GNU readline li brary. 

runpy Lo cate and run Py thon mod ules with out im port ing them first. 

s  

sched Gen eral pur pose event sched uler. 

se lect Wait for I/O com ple tion on mul ti ple streams. 

se lec tors High-level I/O multiplexing. 

shelve Py thon ob ject per sis tence. 

shlex Sim ple lex i cal anal y sis for Unix shell-like lan guages. 

shutil High-level file op er a tions, in clud ing copy ing. 

sig nal Set han dlers for asyn chron ous events. 

site Mod ule re spon si ble for site-spe cific con fig u ra tion. 

smtpd A SMTP server im ple men ta tion in Py thon. 

smtplib SMTP pro to col cli ent (re quires sock ets). 

sndhdr De ter mine type of a sound file. 

socket Low-level net work ing in ter face. 

socketserver A frame work for net work serv ers. 

spwd (Unix) The shadow pass word da ta base (getspnam() and friends). 

sqlite3 A DB-API 2.0 im ple men ta tion us ing SQLite 3.x. 

ssl TLS/SSL wrap per for socket ob jects 

stat Util i ties for in ter pret ing the re sults of os.stat(), os.lstat() and

os.fstat(). 

sta tis tics math e mat i cal sta tis tics func tions 

string Com mon string op er a tions. 

stringprep String prep a ra tion, as per RFC 3453 

struct In ter pret bytes as packed bi nary data. 

subprocess Subprocess man age ment. 
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sunau Pro vide an in ter face to the Sun AU sound for mat. 

sym bol Con stants rep re sent ing in ter nal nodes of the parse tree. 

symtable In ter face to the com piler's in ter nal sym bol ta bles. 

sys Ac cess sys tem-spe cific pa ram e ters and func tions. 

sysconfig Py thon's con fig u ra tion in for ma tion 

syslog (Unix) An in ter face to the Unix syslog li brary rou tines. 

t  

tabnanny Tool for de tect ing white space re lated prob lems in Py thon source files 

in a di rec tory tree. 

tarfile Read and write tar-for mat ar chive files. 

telnetlib Telnet cli ent class. 

tempfile Gen er ate tem po rary files and di rec to ries. 

termios (Unix) POSIX style tty con trol. 

test Re gres sion tests pack age con tain ing the test ing suite for Py thon.

textwrap Text wrap ping and fill ing 

thread ing Thread-based par al lel ism. 

time Time ac cess and con ver sions. 

timeit Mea sure the ex e cu tion time of small code snip pets. 

tkinter In ter face to Tcl/Tk for graph i cal user in ter faces 

to ken Con stants rep re sent ing ter mi nal nodes of the parse tree. 

tokenize Lex i cal scan ner for Py thon source code. 

trace Trace or track Py thon state ment ex e cu tion. 

traceback Print or re trieve a stack traceback. 

tracemalloc Trace mem ory al lo ca tions. 

tty (Unix) Util ity func tions that per form com mon ter mi nal con trol op er a tions. 

tur tle An ed u ca tional frame work for sim ple graphics ap pli ca tions 

turtledemo A viewer for ex am ple tur tle scripts 

types Names for built-in types. 

typ ing Sup port for type hints (see PEP 484). 

u  

unicodedata Ac cess the Unicode Da ta base. 

unittest Unit test ing frame work for Py thon. 

urllib  

uu En code and de code files in uuencode for mat. 

uuid UUID ob jects (uni ver sally unique iden ti fi ers) ac cord ing to RFC 4122 

v  

venv Cre ation of vir tual en vi ron ments. 

w  

warn ings Is sue warn ing mes sages and con trol their dis po si tion. 

wave Pro vide an in ter face to the WAV sound for mat. 
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weakref Sup port for weak ref er ences and weak dic tio nar ies. 

webbrowser Easy-to-use con trol ler for Web brows ers. 

winreg (Win dows) Rou tines and ob jects for ma nip u lat ing the Win dows reg is try. 

winsound (Win dows) Ac cess to the sound-play ing ma chin ery for Win dows. 

wsgiref WSGI Util i ties and Ref er ence Im ple men ta tion. 

x  

xdrlib Encoders and de cod ers for the Ex ter nal Data Rep re sen ta tion (XDR). 

xml Pack age con tain ing XML pro cess ing mod ules 

xmlrpc  

z  

zipapp Man age ex e cut able py thon zip ar chives 

zipfile Read and write ZIP-for mat ar chive files. 

zipimport sup port for im port ing Py thon mod ules from ZIP ar chives. 

zlib Low-level in ter face to com pres sion and de com pres sion rou tines com -

pat i ble with gzip. 

The fol low ing in for ma tion is taken from the Py thon tu to rial.

23.2 In tro duc tion to mod ules

If you quit from the Py thon in ter preter and en ter it again, the def i ni tions you have made
(func tions and vari ables) are lost. There fore, if you want to write a some what lon ger pro -
gram, you are better off us ing a text ed i tor to pre pare the in put for the in ter preter and run -
ning it with that file as in put in stead. This is known as cre at ing a script. As your pro gram
gets lon ger, you may want to split it into sev eral files for eas ier main te nance. You may also
want to use a handy func tion that you’ve writ ten in sev eral pro grams with out copy ing its
definition into each program.

To sup port this, Py thon has a way to put def i ni tions in a file and use them in a script or in
an in ter ac tive in stance of the in ter preter. Such a file is called a mod ule; def i ni tions from a
mod ule can be im ported into other mod ules or into the main mod ule (the col lec tion of vari -
ables that you have ac cess to in a script ex e cuted at the top level and in calculator mode).

A mod ule is a file con tain ing Py thon def i ni tions and state ments. The file name is the mod -
ule name with the suf fix .py ap pended. Within a mod ule, the mod ule’s name (as a string) is
avail able as the value of the global vari able __name__. 

23.3 Ex am ple 1 - sim ple mod ule us age

For in stance, use your fa vour ite text ed i tor to cre ate a file called fibo.py in the cur rent di -
rec tory with the following contents:
# Fibonacci num bers mod ule
def fib(n):    # write Fibonacci se ries up to n
    a, b = 0, 1
    while b < n:
        print(b, end=' ')
        a, b = b, a+b
    print()
def fib2(n): # re turn Fibonacci se ries up to n
    re sult = []
    a, b = 0, 1

270 Modules

Chap ter 23  Ian D Chivers



    while b < n:
        re sult.ap pend(b)
        a, b = b, a+b
    re turn re sult

Now en ter the Py thon in ter preter and im port this mod ule with the fol low ing com mand:

>>> im port fibo

This does not en ter the names of the func tions de fined in fibo di rectly in the cur rent sym bol 
ta ble; it only en ters the mod ule name fibo there. Us ing the mod ule name you can ac cess the 
functions:

>>> fibo.fib(1000)
1 1 2 3 5 8 13 21 34 55 89 144 233 377 610 987
>>> fibo.fib2(100)
[1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89]python3

>>> fibo.__name__
'fibo'

If you in tend to use a func tion of ten you can as sign it to a lo cal name:

>>> fib = fibo.fib
>>> fib(500)
1 1 2 3 5 8 13 21 34 55 89 144 233 377

23.4 More on Mod ules

A mod ule can con tain ex e cut able state ments as well as func tion def i ni tions. These state -
ments are in tended to ini tial ize the mod ule. They are ex e cuted only the first time the mod -
ule name is en coun tered in an im port state ment. [1] (They are also run if the file is ex e -
cuted as a script.)

Each mod ule has its own pri vate sym bol ta ble, which is used as the global sym bol ta ble by
all func tions de fined in the mod ule. Thus, the au thor of a mod ule can use global vari ables
in the mod ule with out wor ry ing about ac ci den tal clashes with a user’s global vari ables. On
the other hand, if you know what you are do ing you can touch a mod ule’s global vari ables
with the same no ta tion used to re fer to its func tions, modname.itemname.

Mod ules can im port other mod ules. It is cus tom ary but not re quired to place all im port
state ments at the be gin ning of a mod ule (or script, for that mat ter). The im ported mod ule
names are placed in the im port ing mod ule’s global symbol table.

There is a vari ant of the im port state ment that im ports names from a mod ule di rectly into
the im port ing mod ule’s sym bol ta ble. For example:
>>> from fibo im port fib, fib2
>>> fib(500)
1 1 2 3 5 8 13 21 34 55 89 144 233 377

This does not in tro duce the mod ule name from which the im ports are taken in the lo cal
sym bol ta ble (so in the ex am ple, fibo is not de fined).

There is even a vari ant to im port all names that a mod ule de fines:
>>> from fibo im port *
>>> fib(500)
1 1 2 3 5 8 13 21 34 55 89 144 233 377
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This im ports all names ex cept those be gin ning with an un der score (_). In most cases Py thon 
pro gram mers do not use this fa cil ity since it in tro duces an un known set of names into the
in ter preter, pos si bly hid ing some things you have already defined.

Note that in gen eral the prac tice of im port ing * from a mod ule or pack age is frowned upon, 
since it of ten causes poorly read able code. How ever, it is okay to use it to save typ ing in in -
ter ac tive sessions.

23.4.1 Note:

For ef fi ciency rea sons, each mod ule is only im ported once per in ter preter ses sion. There -
fore, if you change your mod ules, you must re start the in ter preter – or, if it’s just one mod -
ule you want to test in ter ac tively, use imp.re load(), e.g. im port imp; imp.re -
load(modulename).

23.5 Ex e cut ing mod ules as scripts

When you run a Py thon mod ule with

py thon fibo.py <ar gu ments>

the code in the mod ule will be ex e cuted, just as if you im ported it, but with the __name__
set to "__main__". That means that by add ing this code at the end of your mod ule:
if __name__ == "__main__":
    im port sys
    fib(int(sys.argv[1]))

you can make the file us able as a script as well as an im port able mod ule, be cause the code
that parses the com mand line only runs if the mod ule is ex e cuted as the “main” file:
$ py thon fibo.py 50
1 1 2 3 5 8 13 21 34

If the mod ule is im ported, the code is not run:
>>> im port fibo
>>>

This is of ten used ei ther to pro vide a con ve nient user in ter face to a mod ule, or for test ing
pur poses (run ning the mod ule as a script ex e cutes a test suite).

23.6 The Mod ule Search Path

When a mod ule named spam is im ported, the in ter preter first searches for a built-in mod ule
with that name. If not found, it then searches for a file named spam.py in a list of di rec to -
ries given by the vari able sys.path. sys.path is in i tial ized from these locations:

· •The di rec tory con tain ing the in put script (or the cur rent di rec tory when no file

is spec i fied).

· •PYTHONPATH (a list of di rec tory names, with the same syn tax as the shell

vari able PATH).

· •The in stal la tion-de pend ent de fault.

23.6.1 Note:

On file sys tems which sup port symlinks, the di rec tory con tain ing the in put script is cal cu -
lated af ter the symlink is fol lowed. In other words the di rec tory con tain ing the symlink is
not added to the mod ule search path.

Af ter ini tial iza tion, Py thon pro grams can mod ify sys.path. The di rec tory con tain ing the
script be ing run is placed at the be gin ning of the search path, ahead of the stan dard li brary
path. This means that scripts in that di rec tory will be loaded in stead of mod ules of the same 

272 Modules

Chap ter 23  Ian D Chivers



name in the li brary di rec tory. This is an er ror un less the re place ment is in tended. See sec -
tion Stan dard Mod ules for more information.

23.7 “Com piled” Py thon files

To speed up load ing mod ules, Py thon caches the com piled ver sion of each mod ule in the
__pycache__ di rec tory un der the name mod ule.ver sion.pyc, where the ver sion en codes the
for mat of the com piled file; it gen er ally con tains the Py thon ver sion num ber. For ex am ple,
in CPython re lease 3.3 the com piled ver sion of spam.py would be cached as
__pycache__/spam.cpython-33.pyc. This nam ing con ven tion al lows com piled mod ules from 
dif fer ent re leases and dif fer ent versions of Python to coexist.

Py thon checks the mod i fi ca tion date of the source against the com piled ver sion to see if it’s 
out of date and needs to be recompiled. This is a com pletely au to matic pro cess. Also, the
com piled mod ules are plat form-in de pend ent, so the same li brary can be shared among sys -
tems with dif fer ent architectures.

Py thon does not check the cache in two cir cum stances. First, it al ways recompiles and does
not store the re sult for the mod ule that’s loaded di rectly from the com mand line. Sec ond, it
does not check the cache if there is no source mod ule. To sup port a non-source (com piled
only) dis tri bu tion, the com piled mod ule must be in the source di rec tory, and there must not
be a source module.

Some tips for ex perts:

· •You can use the -O or -OO switches on the Py thon com mand to re duce the size 
of a com piled mod ule. The -O switch re moves as sert state ments, the -OO switch 

re moves both as sert state ments and __doc__ strings. Since some pro grams may

rely on hav ing these avail able, you should only use this op tion if you know what 

you’re do ing. “Op ti mized” mod ules have an opt- tag and are usu ally smaller. Fu -

ture re leases may change the ef fects of op ti mi za tion.

· •A pro gram does n’t run any faster when it is read from a .pyc file than when it

is read from a .py file; the only thing that’s faster about .pyc files is the speed

with which they are loaded.

· •The mod ule compileall can cre ate .pyc files for all mod ules in a di rec tory.

· •There is more de tail on this pro cess, in clud ing a flow chart of the de ci sions, in

PEP 3147.

23.8 Stan dard Mod ules

Py thon co mes with a li brary of stan dard mod ules, de scribed in a sep a rate doc u ment, the Py -
thon Li brary Ref er ence (“Li brary Ref er ence” here af ter). Some mod ules are built into the in -
ter preter; these pro vide ac cess to op er a tions that are not part of the core of the lan guage but 
are nev er the less built in, ei ther for ef fi ciency or to pro vide ac cess to op er at ing sys tem prim -
i tives such as sys tem calls. The set of such mod ules is a con fig u ra tion op tion which also
de pends on the un der ly ing plat form. For ex am ple, the winreg mod ule is only pro vided on
Win dows sys tems. One par tic u lar mod ule de serves some at ten tion: sys, which is built into
ev ery Py thon in ter preter. The vari ables sys.ps1 and sys.ps2 define the strings used as
primary and secondary prompts:
>>> im port sys
>>> sys.ps1
'>>> '
>>> sys.ps2
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'... '
>>> sys.ps1 = 'C> '
C> print('Yuck!')
Yuck!
C>

These two vari ables are only de fined if the in ter preter is in in ter ac tive mode.

The vari able sys.path is a list of strings that de ter mines the in ter preter’s search path for
mod ules. It is in i tial ized to a de fault path taken from the en vi ron ment vari able
PYTHONPATH, or from a built-in de fault if PYTHONPATH is not set. You can mod ify it
us ing stan dard list operations:

>>> im port sys

>>> sys.path.ap pend('/ufs/guido/lib/py thon')

23.9 The dir() Func tion

The built-in func tion dir() is used to find out which names a mod ule de fines. It re turns a
sorted list of strings:
>>> im port fibo, sys
>>> dir(fibo)
['__name__', 'fib', 'fib2']
>>> dir(sys)  
['__displayhook__', '__doc__', '__excepthook__', '__loader__', 
'__name__',
 '__pack age__', '__stderr__', '__stdin__', '__stdout__',
 '_clear_type_cache', '_cur rent_frames', '_debugmallocstats', 
'_getframe',
 '_home', '_mer cu rial', '_xoptions', 'abiflags', 'api_ver -
sion', 'argv',
 'base_exec_pre fix', 'base_pre fix', 'builtin_mod ule_names',
'byteorder',
 'call_trac ing', 'callstats', 'copy right', 'displayhook',
 'dont_write_bytecode', 'exc_info', 'excepthook', 'exec_pre -
fix',
 'ex e cut able', 'exit', 'flags', 'float_info',
'float_repr_style',
 'getcheckinterval', 'getdefaultencoding', 'getdlopenflags',
 'getfilesystemencoding', 'getobjects', 'getprofile',
'getrecursionlimit',
 'getrefcount', 'getsizeof', 'getswitchinterval',
'gettotalrefcount',
 'gettrace', 'hash_info', 'hexversion', 'im ple men ta tion',
'int_info',
 'in tern', 'maxsize', 'maxunicode', 'meta_path', 'mod ules',
'path',
 'path_hooks', 'path_im porter_cache', 'plat form', 'pre fix',
'ps1',
 'setcheckinterval', 'setdlopenflags', 'setprofile',
'setrecursionlimit',
 'setswitchinterval', 'settrace', 'stderr', 'stdin',
'stdout',
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 'thread_info', 'ver sion', 'ver sion_info', 'warnoptions']

With out ar gu ments, dir() lists the names you have de fined cur rently:

>>> a = [1, 2, 3, 4, 5]
>>> im port fibo
>>> fib = fibo.fib
>>> dir()
['__builtins__', '__name__', 'a', 'fib', 'fibo', 'sys']

Note that it lists all types of names: vari ables, mod ules, func tions, etc.

dir() does not list the names of built-in func tions and vari ables. If you want a list of those,
they are de fined in the stan dard mod ule builtins:

>>> im port builtins
>>> dir(builtins)  
['ArithmeticError', 'AssertionError', 'AttributeError',
'BaseException',
 'BlockingIOError', 'BrokenPipeError', 'BufferError',
'BytesWarning',
 'ChildProcessError', 'ConnectionAbortedError',
'ConnectionError',
 'ConnectionRefusedError', 'ConnectionResetError',
'DeprecationWarning',
 'EOFError', 'El lip sis', 'EnvironmentError', 'Ex cep tion',
'False',
 'FileExistsError', 'FileNotFoundError', 'FloatingPointError',
 'FutureWarning', 'GeneratorExit', 'IOError', 'ImportError',
 'ImportWarning', 'IndentationError', 'IndexError',
'InterruptedError',
 'IsADirectoryError', 'KeyError', 'KeyboardInterrupt',
'LookupError',
 'MemoryError', 'NameError', 'None', 'NotADirectoryError',
'NotImplemented',
 'NotImplementedError', 'OSError', 'OverflowError',
 'PendingDeprecationWarning', 'PermissionError',
'ProcessLookupError',
 'ReferenceError', 'ResourceWarning', 'RuntimeError',
'RuntimeWarning',
 'StopIteration', 'SyntaxError', 'SyntaxWarning',
'SystemError',
 'SystemExit', 'TabError', 'TimeoutError', 'True',
'TypeError',
 'UnboundLocalError', 'UnicodeDecodeError',
'UnicodeEncodeError',
 'UnicodeError', 'UnicodeTranslateError', 'UnicodeWarning',
'UserWarning',
 'ValueError', 'Warn ing', 'ZeroDivisionError', '_',
'__build_class__',
 '__de bug__', '__doc__', '__im port__', '__name__', '__pack -
age__', 'abs',
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 'all', 'any', 'ascii', 'bin', 'bool', 'bytearray', 'bytes',
'call able',
 'chr', 'classmethod', 'com pile', 'com plex', 'copy right',
'cred its',
 'delattr', 'dict', 'dir', 'divmod', 'enu mer ate', 'eval',
'exec', 'exit',
 'fil ter', 'float', 'for mat', 'frozenset', 'getattr',
'globals', 'hasattr',
 'hash', 'help', 'hex', 'id', 'in put', 'int', 'isinstance',
'issubclass',
 'iter', 'len', 'li cense', 'list', 'lo cals', 'map', 'max',
'memoryview',
 'min', 'next', 'ob ject', 'oct', 'open', 'ord', 'pow',
'print', 'prop erty',
 'quit', 'range', 'repr', 're versed', 'round', 'set',
'setattr', 'slice',
 'sorted', 'staticmethod', 'str', 'sum', 'super', 'tuple',
'type', 'vars',
 'zip']

23.10 Pack ages

Pack ages are a way of struc tur ing Py thon’s mod ule namespace by us ing “dot ted mod ule
names”. For ex am ple, the mod ule name A.B des ig nates a submodule named B in a pack age
named A. Just like the use of mod ules saves the au thors of dif fer ent mod ules from hav ing
to worry about each other’s global vari able names, the use of dot ted mod ule names saves
the au thors of multi-mod ule pack ages like NumPy or the Py thon Im ag ing Li brary from hav -
ing to worry about each other’s module names.

Sup pose you want to de sign a col lec tion of mod ules (a “pack age”) for the uni form han dling 
of sound files and sound data. There are many dif fer ent sound file for mats (usu ally rec og -
nized by their ex ten sion, for ex am ple: .wav, .aiff, .au), so you may need to cre ate and main -
tain a grow ing col lec tion of mod ules for the con ver sion be tween the var i ous file for mats.
There are also many dif fer ent op er a tions you might want to per form on sound data (such as 
mix ing, add ing echo, ap ply ing an equal izer func tion, cre at ing an ar ti fi cial ste reo ef fect), so
in ad di tion you will be writ ing a never-end ing stream of mod ules to per form these op er a -
tions. Here’s a pos si ble struc ture for your package (expressed in terms of a hierarchical
filesystem):
sound/                          Top-level pack age
      __init__.py               Ini tial ize the sound
pack age
      for mats/                  Subpackage for file for -
mat con ver sions
              __init__.py
              wavread.py
              wavwrite.py
              aiffread.py
              aiffwrite.py
              auread.py
              auwrite.py
              ...
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      ef fects/                  Subpackage for sound ef -
fects
              __init__.py
              echo.py
              sur round.py
              re verse.py
              ...
      fil ters/                  Subpackage for fil ters
              __init__.py
              equal izer.py
              vocoder.py
              karaoke.py
              ...

When im port ing the pack age, Py thon searches through the di rec to ries on sys.path look ing
for the pack age sub di rec tory.

The __init__.py files are re quired to make Py thon treat the di rec to ries as con tain ing pack -
ages; this is done to pre vent di rec to ries with a com mon name, such as string, from un in ten -
tion ally hid ing valid mod ules that oc cur later on the mod ule search path. In the sim plest
case, __init__.py can just be an empty file, but it can also ex e cute ini tial iza tion code for the 
pack age or set the __all__ vari able, described later.

Us ers of the pack age can im port in di vid ual mod ules from the pack age, for ex am ple:

im port sound.ef fects.echo

This loads the submodule sound.ef fects.echo. It must be ref er enced with its full name.

sound.ef fects.echo.echofilter(in put, out put, de lay=0.7, atten=4)

An al ter na tive way of im port ing the submodule is:

from sound.ef fects im port echo

This also loads the submodule echo, and makes it avail able with out its pack age pre fix, so it
can be used as fol lows:

echo.echofilter(in put, out put, de lay=0.7, atten=4)

Yet an other vari a tion is to im port the de sired func tion or vari able di rectly:

from sound.ef fects.echo im port echofilter

Again, this loads the submodule echo, but this makes its func tion echofilter() di rectly avail -
able:

echofilter(in put, out put, de lay=0.7, atten=4)

Note that when us ing from pack age im port item, the item can be ei ther a submodule (or
subpackage) of the pack age, or some other name de fined in the pack age, like a func tion,
class or vari able. The im port state ment first tests whether the item is de fined in the pack -
age; if not, it as sumes it is a mod ule and at tempts to load it. If it fails to find it, an
ImportError ex cep tion is raised.

Con trarily, when us ing syn tax like im port item.subitem.subsubitem, each item ex cept for the 
last must be a pack age; the last item can be a mod ule or a pack age but can’t be a class or
func tion or vari able de fined in the pre vi ous item.

23.11 Im port ing * From a Pack age

Now what hap pens when the user writes from sound.ef fects im port *? Ide ally, one would
hope that this some how goes out to the filesystem, finds which submodules are pres ent in
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the pack age, and im ports them all. This could take a long time and im port ing sub-mod ules
might have un wanted side-ef fects that should only hap pen when the sub-mod ule is ex plic -
itly imported.

The only so lu tion is for the pack age au thor to pro vide an ex plicit in dex of the pack age. The 
im port state ment uses the fol low ing con ven tion: if a pack age’s __init__.py code de fines a
list named __all__, it is taken to be the list of mod ule names that should be im ported when
from pack age im port * is en coun tered. It is up to the pack age au thor to keep this list
up-to-date when a new ver sion of the pack age is re leased. Pack age au thors may also de cide
not to sup port it, if they don’t see a use for im port ing * from their pack age. For ex am ple,
the file sound/ef fects/__init__.py could contain the following code:

__all__ = ["echo", "sur round", "re verse"]

This would mean that from sound.ef fects im port * would im port the three named
submodules of the sound pack age.

If __all__ is not de fined, the state ment from sound.ef fects im port * does not im port all
submodules from the pack age sound.ef fects into the cur rent namespace; it only en sures that
the pack age sound.ef fects has been im ported (pos si bly run ning any ini tial iza tion code in
__init__.py) and then im ports what ever names are de fined in the pack age. This in cludes any 
names de fined (and submodules ex plic itly loaded) by __init__.py. It also in cludes any
submodules of the pack age that were ex plic itly loaded by pre vi ous im port statements.
Consider this code:
im port sound.ef fects.echo
im port sound.ef fects.sur round
from sound.ef fects im port *

In this ex am ple, the echo and sur round mod ules are im ported in the cur rent namespace be -
cause they are de fined in the sound.ef fects pack age when the from...im port state ment is ex e -
cuted. (This also works when __all__ is defined.)

Al though cer tain mod ules are de signed to ex port only names that fol low cer tain pat terns
when you use im port *, it is still con sid ered bad prac tise in pro duc tion code.

Re mem ber, there is noth ing wrong with us ing from Pack age im port spe cific_submodule! In
fact, this is the rec om mended no ta tion un less the im port ing mod ule needs to use
submodules with the same name from dif fer ent packages.

23.12 Intra-pack age Ref er ences

When pack ages are struc tured into subpackages (as with the sound pack age in the ex am -
ple), you can use ab so lute im ports to re fer to submodules of sib lings pack ages. For ex am -
ple, if the mod ule sound.fil ters.vocoder needs to use the echo mod ule in the sound.ef fects
pack age, it can use from sound.ef fects import echo.

You can also write rel a tive im ports, with the from mod ule im port name form of im port
state ment. These im ports use lead ing dots to in di cate the cur rent and par ent pack ages in -
volved in the rel a tive im port. From the sur round mod ule for ex am ple, you might use:
from . im port echo
from .. im port for mats
from ..fil ters im port equal izer

Note that rel a tive im ports are based on the name of the cur rent mod ule. Since the name of
the main mod ule is al ways "__main__", mod ules in tended for use as the main mod ule of a
Py thon ap pli ca tion must al ways use ab so lute imports.
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23.13 Pack ages in Mul ti ple Di rec to ries

Pack ages sup port one more spe cial at trib ute, __path__. This is in i tial ized to be a list con -
tain ing the name of the di rec tory hold ing the pack age’s __init__.py be fore the code in that
file is ex e cuted. This vari able can be mod i fied; do ing so af fects fu ture searches for mod ules 
and subpackages con tained in the package.

While this fea ture is not of ten needed, it can be used to ex tend the set of mod ules found in
a pack age.

Foot notes

[1] In fact func tion def i ni tions are also ‘state ments’ that are ‘ex e cuted’; the ex e cu tion of a
mod ule-level func tion def i ni tion en ters the func tion name in the mod ule’s global symbol
table. 

23.14 Sum mary

This chap ter briefly in tro duces some of the con cepts in volved in us ing mod ules in Py thon.

23.15 Prob lems

1. Com pile and run the ex am ples in this chap ter.
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24 SciPy and Pandas
24.1 In tro duc tion

The SciPy site is

http://www.scipy.org/

and the fol low ing in for ma tion is taken from that site.

SciPy (pro nounced “Sigh Pie”) is a Py thon-based eco sys tem of open-source soft ware for
math e mat ics, sci ence, and en gi neer ing. In par tic u lar, these are some of the core packages:

· NumPy Base N-di men sional ar ray pack age 

· SciPy li brary Fun da men tal li brary for sci en tific com put ing 

· Matplotlib Com pre hen sive 2D Plot ting 

· IPython En hanced In ter ac tive Con sole 

· Sympy Sym bolic math e mat ics 

· pan das Data struc tures & anal y sis 

We cov ered Numpy in an ear lier chapter and cover matplotlib in a later chap ter. In this
chap ter we will have a look at a small num ber of Pan das ex am ples, pro cess ing the Met Of -
fice sta tion data.

Here is some additional in for ma tion taken from the scipy site.

24.2 Doc u men ta tion

Doc u men ta tion is also avail able.

http://docs.scipy.org/doc/scipy/ref er ence/

24.3 Tu to ri als

A tu to rial is avail able cov er ing the fol low ing sub jects.

· In tro duc tion

· Ba sic func tions

· Spe cial func tions (scipy.spe cial)

· In te gra tion (scipy.in te grate)

· Op ti mi za tion (scipy.op ti mize)

· In ter po la tion (scipy.in ter po late)

· Fou rier Trans forms (scipy.fftpack)

· Sig nal Pro cess ing (scipy.sig nal)

· Lin ear Al ge bra (scipy.linalg)

· Sparse Eigenvalue Prob lems with ARPACK

· Com pressed Sparse Graph Rou tines (scipy.sparse.csgraph)

· Spa tial data struc tures and al go rithms (scipy.spa tial)

· Sta tis tics (scipy.stats)

· Mul ti di men sional im age pro cess ing (scipy.ndimage)

· File IO (scipy.io)

· Weave (scipy.weave)
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24.4 Ref er ence ma te rial

Ref er ence ma te rial is also avail able. Here are some of the ar eas.

· Clus ter ing pack age (scipy.clus ter)

· Con stants (scipy.con stants)

· Dis crete Fou rier trans forms (scipy.fftpack)

· In te gra tion and ODEs (scipy.in te grate)

· In ter po la tion (scipy.in ter po late)

· In put and out put (scipy.io)

· Lin ear al ge bra (scipy.linalg)

· Mis cel la neous rou tines (scipy.misc)

· Multi-di men sional im age pro cess ing (scipy.ndimage)

· Or thogo nal dis tance re gres sion (scipy.odr)

· Op ti mi za tion and root find ing (scipy.op ti mize)

· Sig nal pro cess ing (scipy.sig nal)

· Sparse ma tri ces (scipy.sparse)

· Sparse lin ear al ge bra (scipy.sparse.linalg)

· Com pressed Sparse Graph Rou tines (scipy.sparse.csgraph)

· Spa tial al go rithms and data struc tures (scipy.spa tial)

· Spe cial func tions (scipy.spe cial)

· Sta tis ti cal func tions (scipy.stats)

· Sta tis ti cal func tions for masked ar rays (scipy.stats.mstats)

· C/C++ in te gra tion (scipy.weave)

24.5 Pan das

In this sec tion we look at Pan das. Here is the Wikipedia en try.

https://en.wikipedia.org/wiki/Pan das_(soft ware)

Here are some ex tracts from that site.

· In com puter pro gram ming, pan das is a soft ware li brary writ ten for the Py thon

pro gram ming lan guage for data ma nip u la tion and anal y sis. In par tic u lar, it of fers 

data struc tures and op er a tions for ma nip u lat ing nu mer i cal ta bles and time se ries.

It is free soft ware re leased un der the three-clause BSD li cense. The name is de -

rived from the term "panel data", an econ o met rics term for data sets that in clude

ob ser va tions over mul ti ple time pe ri ods for the same in di vid u als. 

· Li brary fea tures

· DataFrame ob ject for data ma nip u la tion with in te grated in -

dex ing.

· Tools for read ing and writ ing data be tween in-mem ory

data struc tures and dif fer ent file for mats.

· Data align ment and in te grated han dling of miss ing data.

· Re shap ing and piv ot ing of data sets.
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· La bel-based slic ing, fancy in dex ing, and subsetting of

large data sets.

· Data struc ture col umn in ser tion and de le tion.

· Group by en gine al low ing split-ap ply-com bine op er a tions

on data sets.

· Data set merg ing and join ing.

· Hi er ar chi cal axis in dex ing to work with high-di men sional

data in a lower-di men sional data struc ture.

· Time se ries-func tion al ity: Date range gen er a tion[4] and

fre quency con ver sion, mov ing win dow sta tis tics, mov ing

win dow lin ear re gres sions, date shift ing and lag ging.

· Pro vides data fil tra tion.

· The li brary is highly op ti mized for per for mance, with crit i cal code paths writ ten

in Cython or C.

Here is the main Pan das site.

https://pan das.pydata.org

Here are some ex tracts from that site.

· pan das is an open source, BSD-li censed li brary pro vid ing high-per for mance,

easy-to-use data struc tures and data anal y sis tools for the Py thon pro gram ming

lan guage.

· pan das is a NumFOCUS spon sored pro ject. This will help en sure the suc cess of

de vel op ment of pan das as a world-class open-source pro ject, and makes it pos si -

ble to do nate to the pro ject.

· What prob lem does pan das solve?

· Py thon has long been great for data munging and prep a ra -

tion, but less so for data anal y sis and mod el ing. pan das

helps fill this gap, en abling you to carry out your en tire

data anal y sis workflow in Py thon with out hav ing to switch 

to a more do main spe cific lan guage like R.

· Com bined with the ex cel lent IPython toolkit and other li -
brar ies, the en vi ron ment for do ing data anal y sis in Py thon

ex cels in per for mance, pro duc tiv ity, and the abil ity to col -

lab o rate.

· pan das does not im ple ment sig nif i cant mod el ing func tion -

al ity out side of lin ear and panel re gres sion; for this, look

to statsmodels and scikit-learn. More work is still needed

to make Py thon a first class sta tis ti cal mod el ing en vi ron -

ment, but we are well on our way to ward that goal

In this chap ter we will look at pro cess ing the Met Of fice data us ing Pan das. We will be us -
ing the Cwmystwyth data through out the ex am ples.
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24.5.1 Ex am ple 1 - Ba sic Pan das syntax

The first ex am ple just looks at cre at ing a Pan das DataFrame from the Cwmystwyth data,
and show ing some sim ple ex am ples of Pan das func tion al ity. Here is the source.

im port numpy as np
im port pan das as pd
im port math
data_file_name="cwmystwythdata.txt"
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"]
ma trix = np.genfromtxt( data_file_name, \
                         skip_header=7 , \
                         skip_footer=1 , \
                         usecols=(0,1,2,3,4,5,6), \
                         autostrip=True , \

dtype=(int,int,float,float,int,float,float), \
                         miss ing_val ues={"---"}\
                       )
n=ma trix.size
print(n)
print(type(ma trix))
dataframe_1 = pd.DataFrame(ma trix)
print(dataframe_1.col umns)
print(dataframe_1.in dex)
print(dataframe_1['f1'])
print(dataframe_1.ix[[0,1]])
print(dataframe_1.sort_in dex(axis=1))
print(dataframe_1.sort_in dex(by='f5'))

We cre ate the data frame us ing the ma trix cre ated by genfromtxt, which we used in an ear -
lier ex am ple.

Here is some sam ple out put. We have de leted re pet i tive sec tions of the out put.
618
<class 'numpy.ndarray'>
In dex(['f0', 'f1', 'f2', 'f3', 'f4', 'f5', 'f6'], dtype='ob -
ject')
RangeIndex(start=0, stop=618, step=1)
0       1
1       2
2       3
       ..

608     6
609     7
610     8
611     9
612    10
613    11
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614    12
615     1
616     2
617     3
Name: f1, Length: 618, dtype: int32
     f0  f1   f2   f3  f4  f5    f6
0  1959   1  4.5 -1.9  20 NaN  57.2
1  1959   2  7.3  0.9  15 NaN  87.2
       f0  f1    f2    f3  f4     f5     f6
0    1959   1   4.5  -1.9  20    NaN   57.2
1    1959   2   7.3   0.9  15    NaN   87.2
2    1959   3   8.4   3.1   3    NaN   81.6
3    1959   4  10.8   3.7   1    NaN  107.4
..    ...  ..   ...   ...  ..    ...    ...
613  2010  11   7.1   0.5  11  154.9   73.3
614  2010  12   3.1  -3.7  23   82.6   52.4
615  2011   1   5.8  -0.3  16  191.4   44.7
616  2011   2   8.3   3.1   5  165.8   43.5
617  2011   3  10.3   1.4  12   35.5  145.0

[618 rows x 7 col umns]
       f0  f1    f2    f3  f4     f5     f6
447  1997   1   5.1  -0.7  19    8.2    NaN
202  1976   8  21.5   9.7   0    9.3  260.2
316  1986   2  -0.1  -4.9  26    9.6  116.5
570  2007   4  15.8   4.4   3   18.8  232.5
294  1984   4  11.9   2.4  11   19.1  201.7
..    ...  ..   ...   ...  ..    ...    ...
493  2000  11   8.2   3.5   1  424.4   15.2
601  2009  11   9.4   4.9   0  425.4   34.0
...
18   1960   7  16.0   9.3   0    NaN  111.3
19   1960   8  16.5   9.4   0    NaN  119.2
20   1960   9  15.0   7.9   0    NaN  120.3
21   1960  10  12.0   5.3   5    NaN    NaN
22   1960  11   8.8   2.9   5    NaN   37.3
23   1960  12   5.9   0.4  13    NaN   33.9
314  1985  12   NaN   NaN  -1    NaN    NaN
410  1993  12   7.1   1.9   8    NaN   12.4
445  1996  11   NaN   NaN  -1    NaN    NaN
446  1996  12   NaN   NaN  -1    NaN    NaN

[618 rows x 7 col umns]

24.5.2 Ex am ple 2 - Cal cu lat ing over all averages

In this ex am ple we cal cu late the over all monthly rain fall av er age for the site.

im port numpy as np
im port pan das as pd
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im port math
data_file_name="cwmystwythdata.txt"
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"]
ma trix = np.genfromtxt( data_file_name, \
                         skip_header=7 , \
                         skip_footer=1 , \
                         usecols=(0,1,2,3,4,5,6), \
                         autostrip=True , \

dtype=(int,int,float,float,int,float,float), \
                         miss ing_val ues={"---"}\
                       )
n=ma trix.size
print(n)
print(type(ma trix))
dataframe_1 = pd.DataFrame(ma trix)
print(dataframe_1.col umns)
print(dataframe_1.in dex)
print(" Av er age monthly rain fall = {:6.2f} mm".for -
mat(dataframe_1['f5'].mean()))

Here is the out put.

618
<class 'numpy.ndarray'>
In dex(['f0', 'f1', 'f2', 'f3', 'f4', 'f5', 'f6'], dtype='ob -
ject')
RangeIndex(start=0, stop=618, step=1)
 Av er age monthly rain fall = 149.43 mm

24.5.3 Ex am ple 3 - Cal cu lat ing min i mum and max i mum values

This one cal cu lates the min i mum and max i mum val ues.

im port numpy as np
im port pan das as pd
im port math
data_file_name="cwmystwythdata.txt"
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"]
ma trix = np.genfromtxt( data_file_name, \
                         skip_header=7 , \
                         skip_footer=1 , \
                         usecols=(0,1,2,3,4,5,6), \
                         autostrip=True , \

dtype=(int,int,float,float,int,float,float), \
                         miss ing_val ues={"---"}\
                       )
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n=ma trix.size
print(n)
print(type(ma trix))
dataframe_1 = pd.DataFrame(ma trix)
print(dataframe_1.col umns)
print(dataframe_1.in dex)
print(" Min i mum monthly rain fall = {:6.2f} mm".for -
mat(dataframe_1['f5'].min()))
print(" Max i mum monthly rain fall = {:6.2f} mm".for -
mat(dataframe_1['f5'].max()))

Here is the out put.

618
<class 'numpy.ndarray'>
In dex(['f0', 'f1', 'f2', 'f3', 'f4', 'f5', 'f6'], dtype='ob -
ject')
RangeIndex(start=0, stop=618, step=1)
 Min i mum monthly rain fall =   8.20 mm
 Max i mum monthly rain fall = 425.40 mm

24.5.4 Ex am ple 4 - Us ing the groupby method

This ex am ple uses the groupby method.

Here is the source.

im port numpy as np
im port pan das as pd
im port math
data_file_name="cwmystwythdata.txt"
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"]
ma trix = np.genfromtxt( data_file_name, \
                         skip_header=7 , \
                         skip_footer=1 , \
                         usecols=(0,1,2,3,4,5,6), \
                         autostrip=True , \

dtype=(int,int,float,float,int,float,float), \
                         miss ing_val ues={"---"}\
                       )
n=ma trix.size
print(n)
print(type(ma trix))
dataframe_1 = pd.DataFrame(ma trix)
print(dataframe_1.groupby('f1').mean())
dataframe_2 = dataframe_1[['f1','f5']]
print(dataframe_2)
print(" Av er age monthly rain fall in mm")
print( dataframe_2.groupby('f1').mean() )

Here is the pro gram out put.
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618
<class 'numpy.ndarray'>
             f0         f2         f3         f4          
f5          f6
f1                                                                      

1   1985.882353   5.902128   0.852000  11.647059  186.553061   
32.502041
2   1985.882353   6.129167   0.586000  11.862745  134.089796   
56.218000
3   1985.442308   8.000000   1.640000   9.211538 
139.906000   83.558000
4   1984.941176  10.528000   2.850980   6.274510  109.428571  
129.322449
5   1984.500000  13.920833   5.521569   1.942308  104.872000  
161.125490
6   1984.500000  16.195652   8.130000   0.153846  107.348000  
148.166667
7   1984.500000  17.655102  10.084000  -0.038462  124.834000  
142.354167
8   1984.500000  17.806250  10.096000  -0.038462  137.436000  
138.422449
9   1984.500000  15.675510   8.146000   0.269231  150.972000  
109.264583
10  1984.960784  12.477551   6.191837   1.843137  189.161224   
83.142553
11  1984.960784   8.730612   3.178000   6.117647  205.414583   
46.360870
12  1984.960784   6.637500   1.338776  10.215686  210.752174   
30.087234
     f1     f5
0     1    NaN
1     2    NaN
2     3    NaN
3     4    NaN
4     5    NaN
5     6    NaN
6     7    NaN
7     8    NaN
8     9    NaN
9    10    NaN
10   11    NaN
11   12    NaN
12    1    NaN
13    2    NaN
14    3    NaN
15    4    NaN
16    5    NaN
17    6    NaN
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18    7    NaN
19    8    NaN
20    9    NaN
21   10    NaN
22   11    NaN
23   12    NaN
24    1  144.8
25    2  112.5
26    3   77.2
27    4  130.7
28    5   66.3
29    6   66.1
..   ..    ...
588  10  317.6
589  11  237.3
590  12  140.1
591   1  167.1
592   2   35.1
593   3  110.8
594   4   78.6
595   5  126.1
596   6   99.9
597   7  219.9
598   8  140.7
599   9   86.3
600  10  126.6
601  11  425.4
602  12  167.7
603   1  127.9
604   2   70.4
605   3  102.0
606   4   56.8
607   5   71.5
608   6   80.5
609   7  209.3
610   8   88.8
611   9  181.2
612  10  108.0
613  11  154.9
614  12   82.6
615   1  191.4
616   2  165.8
617   3   35.5

[618 rows x 2 col umns]
 Av er age monthly rain fall in mm
            f5
f1            
1   186.553061
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2   134.089796
3   139.906000
4   109.428571
5   104.872000
6   107.348000
7   124.834000
8   137.436000
9   150.972000
10  189.161224
11  205.414583
12  210.752174

The first groupy out put has cal cu lated avearges for the years!

24.6 Sum mary

We have just shown part of what is pos si ble with Pan das. Our in ter est was in in show ing
some of the ways you could pro cess the Met Offce data. A lot of help is avail able on line.
Happy search ing.

24.7 Prob lems

Run the ex am ples in this chap ter.

Mod ify the ex am ples to work with a Met Of fice sta tion of your choice.
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25 Windows programming in Python
25.1 In tro duc tion to Windows pro gram ming

The fol low ing in for ma tion is taken from the Py thon FAQ. These are some of the plat -
form-in de pend ent GUI toolkits for Py thon

· Tkinter

· wxWidgets

· Qt

· Gtk+

· FLTK

· FOX

· OpenGL

In these notes we will be us ing Tkinter.

25.2 Tkinter

Stan dard builds of Py thon in clude an ob ject-ori ented in ter face to the Tcl/Tk wid get set,
called Tkinter. This is avail able on both the Linux and Win dows sys tems I use. They are
dual boot Win dows 10 and openSuSe 13.1. 

For more info about Tk, in clud ing point ers to the source, see the Tcl/Tk home page at 

http://www.tcl.tk. 

Tcl/Tk is fully por ta ble to the Mac OS X, Win dows, and Unix plat forms.

The web site below

https://wiki.py thon.org/moin/TkInter

is where the following in for ma tion was taken.

· Tkinter is Py thon's de-facto stan dard GUI (Graph i cal User In ter face) pack age. It

is a thin ob ject-ori ented layer on top of Tcl/Tk. 

· Tkinter is not the only Gui Pro gram ming toolkit for Py thon. It is how ever the

most com monly used one. Cameron Laird calls the yearly de ci sion to keep
TkInter "one of the mi nor tra di tions of the Py thon world." 

There is a Tkinter wiki: 

http://tkinter.unpythonic.net/wiki/

which is a good read ;-)

We will start by hav ing a look at a few sim ple pro grams. 

25.3 Ex am ple 1 - sim ple test pro gram in cluded with Tkinter dis tri bu -
tion

Here is the pos si bly the sim plest ex am ple. This just tests out the in stal la tion.

python3
>>im port tkinter
>>tkinter._test()

This pops up a small win dow with the fol low ing text

This is Tcl/Tk ver sion 8.5
This should be a ce dilla
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  [Click me]
    [QUIT]

This is the simplest ex am ple you can think of, only two lines of code! You can try this out
from the com mand line.

The out put above is taken from a Win dows 10 sys tem. In this ex am ple we use

im port tkinter

which is one of the ways that Py thon has for im port ing a mod ule. In most graphics ex am -
ples on the web you will see a va ri ety of im port state ments. Here is a brief ex pla na tion of
the var i ous forms

· im port foobah - im port the mod ule foobah and cre ate a ref er ence to that mod ule

in the cur rent namespace. This en ables you to use foobah.name to re fer to things 

de fined in the foobah mod ule;

· from foobah im port * - im ports the mod ule foobah, and cre ates ref er ences in the

cur rent namespace to all pub lic ob jects de fined by that mod ule (that is, ev ery -

thing that doesn’t have a name start ing with “_”). Af ter you’ve run this state -

ment, you can sim ply use a plain name to re fer to things de fined in mod ule

foobah. foobah it self is not de fined, so foobah.name doesn’t work;

· from foobah im port a,b,c - im port the mod ule foobah and cre ate ref er ences in the 

cur rent namespace to the spe cific ob jects, i.e. you can use a, b and c in your pro -

gram;

· foobah = __im port__('foobah') works like im port foobah with the dif fer ence that

first you pass the mod ule name as a string, and sec ond ex plic itly as sign it to a

vari able in your cur rent namespace;

The Py thon rec om men da tion is to use im port. How ever they make an ex cep tion for Tkinter, 
where the rec om men da tion is to use from ... im port. Tkinter is de signed to add only the
wid get classes and re lated con stants to your cur rent namespace. Us ing the im port Tkinter
makes you pro gram slightly harder to read. Let us have a look now at a sim ple vari ant.

25.4 Ex am ple 2 - Hello world ver sion 1

This is the sim ple hello world ex am ple. The hello world ex am ple goes back to C and
Kernighan and Ritchie.
from tkinter im port *

root = Tk()

w = La bel(root, text="Hello world")
w.pack()
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root.mainloop()

The out put is sim i lar to the test ex am ple. We have a Win dow with the typ i cal gui lay out.
Here is a screen shot of this pro gram.

The out put is from a Win dows 10 sys tem. Let us look at the code in more depth.

You start by im port ing the Tkinter mod ule. It con tains all classes, func tions and other things 
needed to work with the Tk toolkit. The fol low ing is a Py thon 3 ver sion.

from tkinter im port *

To ini tial ize Tkinter, we have to cre ate a Tk root wid get. This is a win dow with a small
num ber of gui com po nents, pro vided by your win dow man ager. Here is the code.

root = Tk()

We are go ing to use a La bel wid get to dis play hello world.

w = La bel(root, text="Hello world")
w.pack()

La bel wid gets can dis play text, graphics or icons. In this ex am ple we use the text op tion.

The pack method tells the wid get it to size it self to fit the given text, and make it self vis i -
ble. The win dow ap pears when we’ve en tered the Tkinter event loop:

root.mainloop()

The pro gram will stay in the event loop un til we close the win dow. The event loop does n’t
only han dle events from the user (such as mouse clicks and key presses) or the win dow ing
sys tem (such as re draw events and win dow con fig u ra tion mes sages), it also han dle op er a -
tions queued by Tkinter it self. Among these op er a tions are ge om e try man age ment (queued
by the pack method) and dis play up dates. This also means that the ap pli ca tion win dow will
not ap pear be fore you en ter the main loop.

There are two vari ants. They use

· im port tkinter

· im port tkinter as tk

re spec tively. 

25.5 Ex am ple 3 - Hello world vari ant 1

Here is the first vari ant.

im port tkinter

root = tkinter.Tk()

w = tkinter.La bel(root, text="Hello world")
w.pack()

root.mainloop()
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In this ex am ple we pre fix the com po nents with tkinter.

25.6 Ex am ple 4 - Hello world vari ant 2

Here is the sec ond vari ant.

im port tkinter as tk

root = tk.Tk()

w = tk.La bel(root, text="Hello world")
w.pack()

root.mainloop()

Us ing the as op tion re duces the amount of typ ing.

25.7 Ex am ple 5 - Hello world ver sion 2

Here is the source code for this ex am ple. It was taken from

http://infohost.nmt.edu/tcc/help/pubs/tkinter/
web/min i mal-app.html

It only con tains a [QUIT] but ton.

im port tkinter as tk

class Ap pli ca tion(tk.Frame): 
    def __init__(self, mas ter=None):
        tk.Frame.__init__(self, mas ter)
        self.grid()   
        self.createWidgets()

    def createWidgets(self):
        self.quitButton = tk.But ton(self, text='Quit',
            com mand=self.quit)
        self.quitButton.grid()

app = Ap pli ca tion() 
app.mas ter.ti tle('Sam ple ap pli ca tion')
app.mainloop()

Run the pro gram and look at the out put. You will see some thing sim i lar to the screen shot
be low.

Let is look at the code in a bit more depth.

im port tkinter as tk

Im port tkinter and make it avail able us ing the short name tk.

class Ap pli ca tion(tk.Frame): 

In herit from the Frame class.
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        tk.Frame.__init__(self, mas ter)

Call the con struc tor.

        self.grid()   

The grid method dis plays a wid get on your ap pli ca tion screen. In fact it reg is ters the wid get 
with the grid ge om e try man ager.
    def createWidgets(self):
        self.quitButton = tk.But ton(self, text='Quit',

            com mand=self.quit)

Cre ates a [Quit] but ton.

        self.quitButton.grid()

Places the but ton on the frame.

app = Ap pli ca tion() 

Instantiate the Ap pli ca tion class.

app.mas ter.ti tle('Sam ple ap pli ca tion')

Set the ti tle to 'Sam ple Ap pli ca tion'

app.mainloop()

Starts the pro gram.

25.8 Ex am ple 6 - Hello world ver sion 3

Here is the source code for the third hello world pro gram.

from tkinter im port *

class App:

    def __init__(self, mas ter):

        frame = Frame(mas ter)
        frame.pack()

        self.but ton = But ton(frame, text="QUIT", 
fg="red", com mand=frame.quit)
        self.but ton.pack(side=LEFT)

        self.hi_there = But ton(frame, text="Press me", 
com mand=self.say_hi)
        self.hi_there.pack(side=LEFT)

    def say_hi(self):
        print("Hello world")

root = Tk()

app = App(root)

root.mainloop()
root.de stroy() # op tional; see de scrip tion be low
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This ap pli ca tion is writ ten as a class. The con struc tor (the __init__ method) is called with a
par ent wid get (the mas ter), to which it adds a num ber of child wid gets. The con struc tor
starts by cre at ing a Frame wid get. A frame is a sim ple con tainer, and is in this case only
used to hold the other two widgets.

class App:
    def __init__(self, mas ter):
        frame = Frame(mas ter)
        frame.pack()

The frame in stance is stored in a lo cal vari able called frame. Af ter cre at ing the wid get, we
im me di ately call the pack method to make the frame vis i ble. We then cre ate two But ton
wid gets, as chil dren to the frame.

self.but ton = But ton(frame, text="QUIT", fg="red", 
com mand=frame.quit)
self.but ton.pack(side=LEFT)

self.hi_there = But ton(frame, text="Press me", 
com mand=self.say_hi)
self.hi_there.pack(side=LEFT)

This time, we pass a num ber of op tions to the con struc tor, as key word ar gu ments. The first
but ton is la belled “QUIT”, and is made red (fg is short for fore ground). The sec ond is la -
belled “Hello”. Both but tons also take a com mand op tion. This op tion spec i fies a func tion,
or (as in this case) a bound method, which will be called when the but ton is clicked.

The but ton in stances are stored in in stance at trib utes. They are both packed, but this time
with the side=LEFT ar gu ment. This means that they will be placed as far left as pos si ble in
the frame; the first but ton is placed at the frame’s left edge, and the sec ond is placed just to
the right of the first one (at the left edge of the re main ing space in the frame, that is). By
de fault, wid gets are packed rel a tive to their par ent (which is mas ter for the frame wid get,
and the frame it self for the but tons). If the side is not given, it defaults to TOP.

The “hello” but ton call back is given next. It sim ply prints a mes sage to the con sole ev ery
time the but ton is pressed:

def say_hi(self):
    print "Hello world"

In com puter pro gram ming, a call back is a piece of ex e cut able code that is passed as an ar -
gu ment to other code, which is ex pected to call back (ex e cute) the ar gu ment at some con ve -
nient time. Pro gram ming lan guages sup port callbacks in dif fer ent ways, of ten im ple ment ing 
them with sub rou tines, lambda ex pres sions, blocks, or func tion point ers. Py thon al lows a
func tion ob ject to be passed. Events and event handlers, as used in .NET lan guages, pro vide 
gen er al ized syn tax for callbacks.

Fi nally, we pro vide some script level code that cre ates a Tk root wid get, and one in stance
of the App class us ing the root wid get as its par ent:

root = Tk()

app = App(root)

root.mainloop()
root.de stroy()
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The mainloop call en ters the Tk event loop, in which the ap pli ca tion will stay un til the quit
method is called (just click the QUIT but ton), or the win dow is closed.

25.9 The remaining ex am ples

The rest of the ex am ples are based on in for ma tion from the fol low ing site.

http://effbot.org/tkinterbook/tkinter-in dex.htm#in tro duc tion

We will be look ing at ex am ples us ing the fol low ing wid gets:

· But ton

· A but ton can con tain text or im ages. A func tion or call -

back can be as so ci ated with the but ton. When the but ton is 

pressed the func tion is in voked.

· En try

· The en try wid get is used to en ter text strings. This widget

is re stricted to one line. The text wid get works with mul ti -

ple lines. A get method is used to retrieve the text typed

in.

· La bel

· Dis plays text or an im age on the screen. The text may

span mul ti ple lines. 

· Mes sage

· Dis play a text. Sim i lar to the la bel wid get, but can au to -

mat i cally wrap text to a given width or as pect ratio.

· Text

· For mat ted text dis play. Al lows you to dis play and edit text 

with var i ous styles and at trib utes. Also sup ports em bed ded 

im ages and win dows.

A call back is ex e cut able code. It is passed as an ar gu ment to other code. Callbacks are com -
monly used in win dow ing sys tems, where there is a re quire ment to re spond to events, e.g.
mouse clicks or but ton presses.

We will look at sim ple ex am ples of each of them.

25.10 Ex am ple 7 - sim ple but ton example

Here is the source code.

# con verted to python3

# Tkinter -> tkinter
# print   -> print()

from tkinter im port *

mas ter = Tk()

def b1():
    print("But ton 1 pressed")
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def b2():
    print("But ton 2 pressed")

b1 = But ton(mas ter, text="Press but ton 1", com mand=b1)
b2 = But ton(mas ter, text="Press but ton 2", com mand=b2)

b1.pack()
b2.pack()

mainloop()

Here is the out put from a Win dows 10 sys tem.

Press ing the but tons causes print state ments in the com mand win dow.

First we de fine two meth ods to carry out the ac tion we want when the but tons are pressed.
In Win dows or GUI pro gram ming we link the press of a but ton to a han dler or method. The 
name for this method is a call back in gen eral com put ing ter mi nol ogy.

The next thing we do is cre ate two but tons, b1 and b2, us ing the But ton con struc tor.

We next ap ply the pack() method to make the but tons vis i ble.

Fi nally we start the pro gram.

Here is sam ple out put from the com mand win dow.

$ python3 but ton_01.py 
But ton 1 pressed
But ton 1 pressed
But ton 2 pressed
But ton 2 pressed

See

http://effbot.org/tkinterbook/but ton.htm

for more de tailed cov er age of but tons.

25.11 Ex am ple 8 - But ton and mes sage ex am ple

Here is the source code.

# con verted to python3

# Tkinter -> tkinter
# print   -> print()
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from tkinter im port *

mas ter = Tk()

def b1():
  m1 = Mes sage(mas ter,text="But ton 1 pressed")
  m1.pack()

def b2():
  m2 = Mes sage(mas ter,text="But ton 2 pressed")
  m2.pack()

b1 = But ton(mas ter, text="Press but ton 1", com mand=b1)
b2 = But ton(mas ter, text="Press but ton 2", com mand=b2)

b1.pack()
b2.pack()

mainloop()

This is a sim ple vari ant of the first but ton ex am ple, where we have re placed the print()
state ments with dis play mes sages.

The sam ple out put is from a Win dows 10 sys tem.

See

http://effbot.org/tkinterbook/mes sage.htm

for more de tailed cov er age of mes sages.

25.12 Ex am ple 9 - But ton, mes sage and en try ex am ple

In this ex am ple we get user in put and then press one of two but tons to do a cal cu la tion and
dis play the re sults. Here is the source.

# con verted to python3

# Tkinter -> tkinter
# print   -> print()
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from tkinter im port *

mas ter = Tk()

e = En try(mas ter,width=25)
e.pack()

e.fo cus_set()

def square():
  i=int(e.get())
  j=(i*i)
  k=IntVar()
  k.set(j)
  m1 = Mes sage(mas ter,text=" Num ber squared is
",textvariable=k)
  m1.pack()

def cube():
  i=int(e.get())
  j = (i * i * i)
  k=IntVar()
  k.set(j)
  m2 = Mes sage(mas ter,text=" Num ber cubed is ",
textvariable=k)
  m2.pack()

square = But ton(mas ter, text=" Type in the num ber to be
squared", com mand=square)
cube   = But ton(mas ter, text=" Type in the num ber to be
cubed  ", com mand=cube)

square.pack()
cube.pack()

mainloop()
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Here is a screenshot of this ex am ple.

This is from a Win dows 10 sys tem.

See

http://effbot.org/tkinterbook/en try.htm

for more de tailed cov er age of the en try wid get.

25.13 Ex am ple 10 - But ton, en try and text wid get ex am ple

In this ex am ple we re place the mes sage wid gets with a text wid get. Here is the source code.

# con verted to python3

# Tkinter -> tkinter
# print   -> print()

from tkinter im port *

mas ter = Tk()

# text en try

e = En try(mas ter,width=25)
e.pack()
e.fo cus_set()

# Text wid get

T = Text(mas ter,height=10,width=30)
T.pack()

def square():
  i=int(e.get())
  j=(i*i)
  j_string = str(j)
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  T.in sert(END," Num ber squared is ")
  T.in sert(END,j_string)
  T.in sert(END,"\n")
  T.pack()

def cube():
  i=int(e.get())
  j = (i * i * i)
  j_string = str(j)
  T.in sert(END," Num ber cubed is ")
  T.in sert(END,j_string)
  T.in sert(END,"\n")
  T.pack()

square = But ton(mas ter, text=" Type in the num ber to be
squared", com mand=square)
cube   = But ton(mas ter, text=" Type in the num ber to be
cubed  ", com mand=cube)

square.pack()
cube.pack()

mainloop()

Here is sam ple out put.

See

http://effbot.org/tkinterbook/text.htm

for more de tailed cov er age of the text wid get.

25.14 Tkinter on line ex am ples and re sources

I have used and re worked ex am ples from a va ri ety of sources in clud ing

· John Shipmans site. Visit
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http://infohost.nmt.edu/tcc/help/pubs/tkinter/web/in dex.html

this is the home page. There is also a 168 page Tkinter 8.5 ref er ence man ual

there. We down loaded and used the pdf ver sion.

· the Think ing in Tkinter site.

http://thinkingtkinter.sourceforge.net/

This site has some sim ple ex am ples.

· The In tro duc tion to Tkinter site.

http://effbot.org/tkinterbook/

The ex pla na tion on this site is very good.

25.15 Other op tions

There are other op tions in this area and we pro vide some ad di tional in for ma tion be low.

25.15.1 QT Cre ator

The fol low ing is taken from the wikipedia en try.

Qt Cre ator is a cross-plat form C++, JavaScript and QML in te grated de vel op ment en -

vi ron ment which is part of the SDK for the Qt GUI ap pli ca tion de vel op ment frame -

work.

It in cludes a vi sual debugger and an in te grated GUI lay out and forms de signer.

The ed i tor's fea tures in clude syn tax high light ing and autocompletion. 

Qt Cre ator uses the C++ com piler from the GNU Com piler Col lec tion on Linux and

FreeBSD. 

On Win dows it can use MinGW or MSVC with the de fault in stall and can also use

Microsoft Con sole Debugger when com piled from source code. 

Clang is also sup ported.

The fol low ing is taken from the Qt De signer Man ual

Qt De signer is the Qt tool for de sign ing and build ing graph i cal user in ter faces

(GUIs) with Qt Wid gets. You can com pose and cus tom ize your win dows or dialogs

in a what-you-see-is-what-you-get (WYSIWYG) man ner, and test them us ing dif fer -

ent styles and res o lu tions.

Wid gets and forms cre ated with Qt De signer in te grate seamlessly with pro grammed

code, us ing Qt's sig nals and slots mech a nism, so that you can eas ily as sign be hav ior

to graph i cal el e ments. All prop er ties set in Qt De signer can be changed dy nam i cally 

within the code. Fur ther more, fea tures like wid get pro mo tion and cus tom plugins al -

low you to use your own com po nents with Qt De signer.

Note: You have the op tion of us ing Qt Quick for user in ter face de sign rather than

wid gets. It is a much eas ier way to write many kinds of ap pli ca tions. It en ables a

com pletely cus tom iz able ap pear ance, touch-re ac tive el e ments, and smooth an i mated

tran si tions, backed up by the power of OpenGL graphics ac cel er a tion.

If you are new to Qt De signer, you can take a look at the Get ting To Know Qt De -
signer doc u ment. For a quick tu to rial on how to use Qt De signer, re fer to A Quick

Start to Qt De signer.

De tails of pric ing can be found at

https://www1.qt.io/buy-prod uct/
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25.16 Prob lems

1. Com pile and run the ex am ples in this chap ter.

2. Re write some of the eariler ex am ples to have a gui in ter face.
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26 Graphics plotting in Python using
matplotlib

26.1 Graphics plot ting with matplotlib

In this chapter we will look at a small num ber of ex am ples of plot ting graphs us ing
matplotlib. Their site is given be low.

http://matplotlib.org/

Here is a bit of blurb from the above site.

· matplotlib is a py thon 2D plot ting li brary which pro duces pub li ca tion qual ity

fig ures in a va ri ety of hard copy for mats and in ter ac tive en vi ron ments across

plat forms. matplotlib can be used in py thon scripts, the py thon and ipython shell

(ala MATLAB or Mathematica), web ap pli ca tion serv ers, and six graph i cal user

in ter face toolkits.

· matplotlib tries to make easy things easy and hard things pos si ble. You can gen -

er ate plots, his to grams, power spec tra, bar charts, er ror charts, , etc, with just a

few lines of code. For a sam pling, see the screenshots, thumb nail gal lery, and

ex am ples di rec tory

· For sim ple plot ting the pyplot in ter face pro vides a MATLAB-like in ter face, par -

tic u larly when com bined with IPython. For the power user, you have full con trol 

of line styles, font prop er ties, axes prop er ties, etc, via an ob ject ori ented in ter -

face or via a set of func tions fa mil iar to MATLAB us ers.

Ex am ples are avail able.

http://matplotlib.org/ex am ples/in dex.html

and with most plot ting li brar ies choos ing an ex am ple that does part of what you want is
nor mally an ef fec tive way to start.

Here is a list of their ex am ple head ings.

· an i ma tion scat ter plots

· api 

· axes_grid  

· color  

· event_han dling  

· im ages_con tours_and_fields  

· lines_bars_and_mark ers 

· misc  

· mplot3d  

· pie_and_po lar_charts  

· pylab_ 

· scales 

· shapes_and_col lec tions ce

· show case  
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· spe cialty_plots 

· sta tis tics  

· style_sheets  

· sub plots_axes_and_fig ures  

· tests  b

· text_la bels_and_an no ta tions 

· ticks_and_spines 

· units 

· user_in ter faces 

· wid gets 

On a Win dows sys tem with the most re cent ver sion of cygwin the fol low ing worked

· cygwin in stall

· conda in stall matplotlib

· jupyter qtconsole

· from pylab im port *

· plot([1,2,3,4])

· show()

and this produced a sam ple plot.

26.2 The jupyter qtconsole on Win dows

Here is a screenshot of the jupyter qtconsole on a Win dows 10 sys tem run ning a cygwin in -
stall from Jan u ary 2016. 
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The next screenshot shows typ ing in the fol low ing com mands

from pylab im port *
plot([1,2,3,4])
show()

Here is the screen shot.
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Here is the plot.

26.3 Ex am ple 1 - Sim ple trig o no met ric plot

Here is the source code.

from pylab im port *
im port numpy as np
im port math
size=181
x=0.0
xaxis = np.empty([size],dtype=int32)
y1    = np.empty([size],dtype=float64)
y2    = np.empty([size],dtype=float64)
for i in range(size):
  xaxis[i]=(i-90)
  x=(i-90)*math.pi/180.0
  y1[i] = math.sin(x)
  y2[i] = math.cos(x)
plot(xaxis,y1,'r--',xaxis,y2,'g-.')
show()
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Here is the saved plot file.
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Here is the screen shot of the win dow it ap pears in.

Here is a brief cov er age of the matplot api.

acorr(x, *[, data]) Plot the autocorrelation of x. 

an gle_spec trum(x[, Fs, Fc, win -
dow, pad_to, ...])

Plot the an gle spec trum. 

an no tate(text, xy, *args,
**kwargs)

An no tate the point xy with text s. 

ar row(x, y, dx, dy, **kwargs) Add an ar row to the axes. 

autoscale([en able, axis, tight]) Autoscale the axis view to the data (tog gle). 

au tumn() Set the colormap to au tumn". "

axes([arg])
Add an axes to the cur rent fig ure and make it the cur -
rent axes. 

axhline([y, xmin, xmax]) Add a hor i zon tal line across the axis. 
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axhspan(ymin, ymax[, xmin,
xmax])

Add a hor i zon tal span (rect an gle) across the axis. 

axis(*v, **kwargs) Con ve nience method to get or set some axis prop er ties. 

axvline([x, ymin, ymax]) Add a ver ti cal line across the axes. 

axvspan(xmin, xmax[, ymin,
ymax])

Add a ver ti cal span (rect an gle) across the axes. 

bar(x, height[, width, bot tom,
align, data])

Make a bar plot. 

barbs(*args[, data]) Plot a 2-D field of barbs. 

barh(y, width[, height, left,
align])

Make a hor i zon tal bar plot. 

bone() Set the colormap to bone". "

box([on]) Turn the axes box on or off on the cur rent axes. 

boxplot(x[, notch, sym, vert,
whis, ...])

Make a box and whis ker plot. 

bro ken_barh(xranges, yrange, *[, 
data])

Plot a hor i zon tal se quence of rect an gles. 

cla() Clear the cur rent axes. 

clabel(CS, *args, **kwargs) La bel a con tour plot. 

clf() Clear the cur rent fig ure. 

clim([vmin, vmax]) Set the color lim its of the cur rent im age. 

close([fig]) Close a fig ure win dow. 

co here(x, y[, NFFT, Fs, Fc,
detrend, ...])

Plot the co her ence be tween x and y. 

colorbar([mappable, cax, ax]) Add a colorbar to a plot. 

con nect(s, func) Con nect event with string s to func. 

con tour(*args[, data]) Plot con tours. 

contourf(*args[, data]) Plot con tours. 

cool() Set the colormap to cool". "

cop per() Set the colormap to cop per". "

csd(x, y[, NFFT, Fs, Fc, detrend, 
win dow, ...])

Plot the cross-spec tral den sity. 
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delaxes([ax])
Re move the Axes ax (de fault ing to the cur rent axes)
from its fig ure. 

dis con nect(cid) Dis con nect call back id cid 

draw() Re draw the cur rent fig ure. 

errorbar(x, y[, yerr, xerr, fmt,
ecolor, ...])

Plot y ver sus x as lines and/or mark ers with at tached
errorbars. 

eventplot(po si tions[, ori en ta tion, 
...])

Plot iden ti cal par al lel lines at the given po si tions. 

figimage(*args, **kwargs) Add a non-resampled im age to the fig ure. 

figlegend(*args, **kwargs) Place a leg end in the fig ure. 

fignum_ex ists(num) Re turn whether the fig ure with the given id ex ists. 

figtext(x, y, s, *args, **kwargs) Add text to fig ure. 

fig ure([num, figsize, dpi,
facecolor, ...])

Cre ate a new fig ure. 

fill(*args[, data]) Plot filled poly gons. 

fill_be tween(x, y1[, y2, where,
...])

Fill the area be tween two hor i zon tal curves. 

fill_betweenx(y, x1[, x2, where,
step, ...])

Fill the area be tween two ver ti cal curves. 

findobj([o, match, in clude_self]) Find art ist ob jects. 

flag() Set the colormap to flag". "

gca(**kwargs)
Get the cur rent Axes in stance on the cur rent fig ure
match ing the given key word args, or cre ate one. 

gcf() Get a ref er ence to the cur rent fig ure. 

gci() Get the cur rent colorable art ist. 

get_cur rent_fig_man ager() Re turn the fig ure man ager of the ac tive fig ure. 

get_figlabels() Re turn a list of ex ist ing fig ure la bels. 

get_fignums() Re turn a list of ex ist ing fig ure num bers. 

get_plot_com mands() Get a sorted list of all of the plot ting com mands. 

ginput(*args, **kwargs) Block ing call to in ter act with a fig ure. 

gray() Set the colormap to gray". "

grid([b, which, axis]) Con fig ure the grid lines. 
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hexbin(x, y[, C, gridsize, bins,
xscale, ...])

Make a hex ag o nal binning plot. 

hist(x[, bins, range, den sity,
weights, ...])

Plot a his to gram. 

hist2d(x, y[, bins, range,
normed, weights, ...])

Make a 2D his to gram plot. 

hlines(y, xmin, xmax[, col ors,
linestyles, ...])

Plot hor i zon tal lines at each y from xmin to xmax. 

hot() Set the colormap to hot". "

hsv() Set the colormap to hsv". "

imread(fname[, for mat]) Read an im age from a file into an ar ray. 

imsave(fname, arr, **kwargs) Save an ar ray as in im age file. 

imshow(X[, cmap, norm, as pect, 
...])

Dis play an im age, i.e. 

in ferno() Set the colormap to in ferno". "

in stall_repl_displayhook()
In stall a repl dis play hook so that any stale fig ure are
au to mat i cally re drawn when con trol is re turned to the
repl. 

ioff() Turn the in ter ac tive mode off. 

ion() Turn the in ter ac tive mode on. 

isinteractive() Re turn the sta tus of in ter ac tive mode. 

jet() Set the colormap to jet". "

leg end(*args, **kwargs) Place a leg end on the axes. 

lo ca tor_params([axis, tight]) Con trol be hav ior of tick lo ca tors. 

loglog(*args, **kwargs) Make a plot with log scal ing on both the x and y axis. 

magma() Set the colormap to magma". "

mag ni tude_spec trum(x[, Fs, Fc,
win dow, ...])

Plot the mag ni tude spec trum. 

mar gins(*mar gins[, x, y, tight]) Set or re trieve autoscaling mar gins. 

matshow(A[, fignum]) Dis play an ar ray as a ma trix in a new fig ure win dow. 

minorticks_off() Re move mi nor ticks from the axes. 

minorticks_on() Dis play mi nor ticks on the axes. 
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nipy_spec tral() Set the colormap to nipy_spec tral". "

pause(in ter val) Pause for in ter val sec onds. 

pcolor(*args[, al pha, norm,
cmap, vmin, ...])

Cre ate a pseudocolor plot with a non-reg u lar rect an gu -
lar grid. 

pcolormesh(*args[, al pha, norm, 
cmap, vmin, ...])

Cre ate a pseudocolor plot with a non-reg u lar rect an gu -
lar grid. 

phase_spec trum(x[, Fs, Fc, win -
dow, pad_to, ...])

Plot the phase spec trum. 

pie(x[, ex plode, la bels, col ors,
autopct, ...])

Plot a pie chart. 

pink() Set the colormap to pink". "

plasma() Set the colormap to plasma". "

plot(*args[, scalex, scaley, data]) Plot y ver sus x as lines and/or mark ers. 

plot_date(x, y[, fmt, tz, xdate,
ydate, data])

Plot data that con tains dates. 

plotfile(fname[, cols, plotfuncs,
com ments, ...])

Plot the data in a file. 

po lar(*args, **kwargs) Make a po lar plot. 

prism() Set the colormap to prism". "

psd(x[, NFFT, Fs, Fc, detrend,
win dow, ...])

Plot the power spec tral den sity. 

quiver(*args[, data]) Plot a 2-D field of ar rows. 

quiverkey(Q, X, Y, U, la bel,
**kw)

Add a key to a quiver plot. 

rc(group, **kwargs) Set the cur rent rc params. 

rc_con text([rc, fname]) Re turn a con text man ager for man ag ing rc set tings. 

rcdefaults()
Re store the rc params from Matplotlib's in ter nal de fault 
style. 

rgrids(*args, **kwargs) Get or set the ra dial gridlines on the cur rent po lar plot. 

savefig(*args, **kwargs) Save the cur rent fig ure. 

sca(ax) Set the cur rent Axes in stance to ax. 

scat ter(x, y[, s, c, marker, cmap,
norm, ...])

A scat ter plot of y vs x with vary ing marker size and/or 
color. 
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sci(im) Set the cur rent im age. 

semilogx(*args, **kwargs) Make a plot with log scal ing on the x axis. 

semilogy(*args, **kwargs) Make a plot with log scal ing on the y axis. 

set_cmap(cmap) Set the de fault colormap. 

setp(obj, *args, **kwargs) Set a prop erty on an art ist ob ject. 

show(*args, **kw) Dis play a fig ure. 

specgram(x[, NFFT, Fs, Fc,
detrend, win dow, ...])

Plot a spec tro gram. 

spring() Set the colormap to spring". "

spy(Z[, pre ci sion, marker,
markersize, ...])

Plot the spar sity pat tern of a 2D ar ray. 

stackplot(x, *args[, data]) Draw a stacked area plot. 

stem(*args[, linefmt, markerfmt, 
basefmt, ...])

Cre ate a stem plot. 

step(x, y, *args[, where, data]) Make a step plot. 

streamplot(x, y, u, v[, den sity,
linewidth, ...])

Draw stream lines of a vec tor flow. 

sub plot(*args, **kwargs) Add a sub plot to the cur rent fig ure. 

subplot2grid(shape, loc[,
rowspan, colspan, fig])

Cre ate an axis at spe cific lo ca tion in side a reg u lar grid. 

sub plot_tool([targetfig]) Launch a sub plot tool win dow for a fig ure. 

sub plots([nrows, ncols, sharex,
sharey, ...])

Cre ate a fig ure and a set of sub plots. 

sub plots_ad just([left, bot tom,
right, top, ...])

Tune the sub plot lay out. 

sum mer() Set the colormap to sum mer". "

suptitle(t, **kwargs) Add a cen tered ti tle to the fig ure. 

switch_backend(newbackend) Close all open fig ures and set the Matplotlib backend. 

ta ble(**kwargs) Add a ta ble to the cur rent axes. 

text(x, y, s[, fontdict, withdash]) Add text to the axes. 

thetagrids(*args, **kwargs) Get or set the theta gridlines on the cur rent po lar plot. 
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tick_params([axis])
Change the ap pear ance of ticks, tick la bels, and
gridlines. 

ticklabel_for mat(*[, axis, style,
...])

Change the ScalarFormatter used by de fault for lin ear
axes. 

tight_lay out([pad, h_pad, w_pad, 
rect])

Au to mat i cally ad just sub plot pa ram e ters to give spec i -
fied padding. 

ti tle(la bel[, fontdict, loc, pad]) Set a ti tle for the axes. 

tricontour(*args, **kwargs) Draw con tours on an un struc tured tri an gu lar grid. 

tricontourf(*args, **kwargs) Draw con tours on an un struc tured tri an gu lar grid. 

tripcolor(*args, **kwargs)
Cre ate a pseudocolor plot of an un struc tured tri an gu lar
grid. 

triplot(*args, **kwargs)
Draw a un struc tured tri an gu lar grid as lines and/or
mark ers. 

twinx([ax]) Make a sec ond axes that shares the x-axis. 

twiny([ax]) Make a sec ond axes that shares the y-axis. 

uninstall_repl_displayhook() Uninstall the matplotlib dis play hook. 

violinplot(dataset[, po si tions,
vert, ...])

Make a vi o lin plot. 

viridis() Set the colormap to viridis". "

vlines(x, ymin, ymax[, col ors,
linestyles, ...])

Plot ver ti cal lines. 

waitforbuttonpress(*args,
**kwargs)

Block ing call to in ter act with the fig ure. 

win ter() Set the colormap to win ter". "

xcorr(x, y[, normed, detrend,
usevlines, ...])

Plot the cross cor re la tion be tween x and y. 

xkcd([scale, length, ran dom -
ness])

Turn on xkcd sketch-style draw ing mode.This will only 
have ef fect on things drawn af ter this func tion is
called.. 

xlabel(xlabel[, fontdict,
labelpad])

Set the la bel for the x-axis. 

xlim(*args, **kwargs) Get or set the x lim its of the cur rent axes. 

xscale(value, **kwargs) Set the x-axis scale. 
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xticks([ticks, la bels])
Get or set the cur rent tick lo ca tions and la bels of the
x-axis. 

ylabel(ylabel[, fontdict,
labelpad])

Set the la bel for the y-axis. 

ylim(*args, **kwargs) Get or set the y-lim its of the cur rent axes. 

yscale(value, **kwargs) Set the y-axis scale. 

yticks([ticks, la bels])
Get or set the cur rent tick lo ca tions and la bels of the
y-axis. 

We will only use a very small sub set of these func tions in the ex am ples.

26.4 Ex am ple 2 - En hanced trig o no met ric plot

Here is the source code.

from pylab im port *
im port numpy as np
im port math
size=181
x=0.0
xaxis = np.empty([size],dtype=int32)
y1    = np.empty([size],dtype=float64)
y2    = np.empty([size],dtype=float64)
y3    = np.empty([size],dtype=float64)
for i in range(size):
  xaxis[i]=(i-90)
  x=(i-90)*math.pi/180.0
  y1[i] = math.sin(x)
  y2[i] = math.cos(x)
  y3[i] = math.tan(x)
axis([-90,90,-1,1])
ti tle(' Sine, co sine and tan gent plots')
plot(xaxis,y1,'r-')
plot(xaxis,y2,'g.')
plot(xaxis,y3,'b-.')
show()
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We have added a tan gent plot, ti tle and relabelled the axis. Here is the out put.

We use this ex am ple in the next cou ple of ex am ples.

26.5 Ex am ple 3 - add ing a leg end, matplotlib de faults

Here is the pro gram.

from pylab im port *
im port numpy as np
im port math
size=181
x=0.0
xaxis = np.empty([size],dtype=int32)
y1    = np.empty([size],dtype=float64)
y2    = np.empty([size],dtype=float64)
y3    = np.empty([size],dtype=float64)
for i in range(size):
  xaxis[i]=(i-90)
  x=(i-90)*math.pi/180.0
  y1[i] = math.sin(x)
  y2[i] = math.cos(x)
  y3[i] = math.tan(x)
axis([-90,90,-1,1])
ti tle(' Sine, co sine and tan gent plots')
plot(xaxis,y1,'r-')
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plot(xaxis,y2,'g.')
plot(xaxis,y3,'b-.')
leg end(['Sine','Co sine','Tan gent'])
show()

Here is the plot.

Py thon finds a space to put the plot. The po si tion ing can be con trolled using the matplotlib
api. Here is a link to some of the doc u men ta tion.

https://matplotlib.org/api/_as_gen/matplotlib.pyplot.leg -
end.html

Happy read ing.

26.6 Ex am ple 4 - add ing a leg end with man ual po si tion ing

Here is the pro gram.

from pylab im port *
im port numpy as np
im port math
size=181
x=0.0
xaxis = np.empty([size],dtype=int32)
y1    = np.empty([size],dtype=float64)
y2    = np.empty([size],dtype=float64)
y3    = np.empty([size],dtype=float64)
for i in range(size):
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  xaxis[i]=(i-90)
  x=(i-90)*math.pi/180.0
  y1[i] = math.sin(x)
  y2[i] = math.cos(x)
  y3[i] = math.tan(x)
axis([-90,90,-1,1])
ti tle(' Sine, co sine and tan gent plots')
plot(xaxis,y1,'r-')
plot(xaxis,y2,'g.')
plot(xaxis,y3,'b-.')
text(-65,-0.75,'Sine')
text(-80, 0.00,'Co sine')
text(-30,-0.75,'Tan gent')
show()

Here is the plot.

The leg ends have been placed us ing the text com po nent of the matplotlib api. The co or di -
nates have been cho sen with a bit of trial and er ror.

Lon ger text de scrip tions could be achieved by an no tat ing the plots and mak ing ref er ences to 
the ac tual text of the doc u ment.

26.7 Ex am ple 5 - Bar charts

Here are some bar chart ex am ples. The data is taken from the fol low ing site:

http://www.metoffice.gov.uk/pub lic/weather/cli mate-his -
toric/#?tab=climateHistoric
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A va ri ety of pro grams are used to ma nip u late this data. 

· Pro grams to down load the files from the Met Of fice site and save the files lo -

cally are writ ten in C# and Java.

· A sed script is used to con vert the miss ing val ues (---) to a flag value (-999)

· A For tran pro gram is used to pro duce sum mary cal cu la tions on the data

· Py thon pro grams are used to do plots on the data

Use the best tool for the job!

Here is the source code for the first pro gram.

from pylab im port *
im port numpy as np
nmonths=12
off set=0.5
xaxis = np.empty([nmonths],dtype=int32)
y1    = np.empty([nmonths],dtype=float64)
y2    = np.empty([nmonths],dtype=float64)
y1=[7.33,5.26,5.49,4.29,4.11,4.21,4.90,5.39,5.93,7.43,8.07,8.2
8]
for i in range(nmonths):
  xaxis[i]=i+1
  y2[i]=y1[i]*25.4
axis([1,12,0.0,10.0])
ti tle(' Monthly rain fall fig ures for Cwmystwyth inches')
bar(xaxis,y1,off set,color='b')
#axis([0,13,0.0,200.0])
#ti tle(' Monthly rain fall fig ures for Cwmystwyth mm')
#bar(xaxis+off set,y2,off set,color='r')
show()
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Here is the plot.

26.8 Ex am ple 6 - bar chart with stan dard deviations

Here is the source code for the sec ond pro gram.

from pylab im port *
im port numpy as np
nmonths=12
offset1 = 0.4
offset2 = 0.5
offset3 = 0.6
xaxis = np.empty([nmonths],dtype=int32)
y1    = np.empty([nmonths],dtype=float64)
y2    = np.empty([nmonths],dtype=float64)
y1      = [  7.33 ,  5.26 ,  5.49 ,  4.29 ,  4.11 ,  4.21 
,  4.90 ,  5.39 ,  5.93 ,  7.43 ,  8.07 ,  8.28]
y2      = [186.10 ,133.67 ,139.50 ,109.02 ,104.46 ,106.92
,124.40 ,136.28, 150.54 ,188.76 ,204.96 ,210.28]
std_dev = [ 78.01 , 77.36 , 70.51 , 51.33 , 49.12 , 52.13 , 
59.28 , 55.72 , 55.72 , 61.84 , 85.96 , 90.57]
for i in range(nmonths):
  xaxis[i]=i+1
axis([1,13,0.0,325.0])
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ti tle(' Monthly rain fall fig ures for Cwmystwyth mm')
bar(xaxis+offset1,y2,offset1,color='r',yerr=std_dev)
xticks(xaxis+offset2,['Jan','Feb','Mar','Apr','May','Jun','Jul
','Aug','Sep','Oct','Nov','Dec'])
show()

Here is the plot.

There is ob vi ously quite a wide vari a tion in monthly rain fall over this 50 year pe riod.

26.9 Ex am ple 7 - bar chart with 4 fre quen cies

Here is the source code.

from pylab im port *
im port numpy as np
n_in ter vals= 10
off set     = 10

#xaxis = np.empty([n_in ter vals],dtype=int32)
#xaxis = [10,20,30,40,50,60,70,80,90,100]
#axis([0,110,0,50])
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la bels =
('2010','2011','2012','2013','2014','2015','2016','2017','2019
','2019')
y_pos  = np.arange(len(la bels))

y1    = np.empty([n_in ter vals],dtype=int32)
y1    = [ 184, 186, 180, 179, 180, 176, 176, 154, 160, 147]

y2    = np.empty([n_in ter vals],dtype=int32)
y2    = [   0, 164, 169, 162, 166, 166, 176, 141, 145, 140]

y3   = np.empty([n_in ter vals],dtype=int32)
y3    = [   0,  20,  17,  18,  13,   4,  0,  36,   11, 
20]

y4    = np.empty([n_in ter vals],dtype=int32)
y4    = [   0,  22,  11,  17,  14,  10,   9,  13,  18,  
8]

plt.fig ure(figsize=(6,6))

bar(y_pos-0.30,y1,align='cen ter',color='red',width=0.125)
bar(y_pos-0.10,y2,align='cen ter',color='green',width=0.125)
bar(y_pos+0.10,y3,align='cen ter',color='yel low',width=0.125)
bar(y_pos+0.30,y4,align='cen ter',color='blue',width=0.125)

plt.xticks(y_pos, la bels)
plt.ylabel('Fre quency')
ti tle(' BCS For tran SG Mem ber ship num bers over last 10
years')

show()
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Here is the plot.

The mean ing of the colours are given be low:

· red - to tal mem ber num bers in August

· green - com mon num bers be tween last year and this year

· yel low - the num ber who left

· blue - the num ber who joined

The cap tions would have dif fi cult to add to the plot.
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26.10 Ex am ple 8 - bar chart with 10 fre quen cies

Here is the source code.

from pylab im port *
im port numpy as np
n_in ter vals=  8
off set     = 10

#xaxis = np.empty([n_in ter vals],dtype=int32)
#xaxis = [10,20,30,40,50,60,70,80,90,100]
#axis([0,110,0,50])

la bels =
('20-29','30-39','40-49','50-59','60-69','70-79','80-89','90-9
9')
y_pos  = np.arange(len(la bels))

# 2010

y0    = np.empty([n_in ter vals],dtype=int32)
y0    = [ 7, 23, 42, 36, 46, 15, 0, 0]

# 2011

y1    = np.empty([n_in ter vals],dtype=int32)
y1    = [ 7, 18, 46, 55, 40, 18, 1, 0]

# 2012

y2    = np.empty([n_in ter vals],dtype=int32)
y2    = [ 8, 15, 42, 49, 43, 21, 1, 0]

# 2013

y3    = np.empty([n_in ter vals],dtype=int32)
y3    = [ 4, 17, 38, 51, 45, 20, 2, 1]

# 2014

y4    = np.empty([n_in ter vals],dtype=int32)
y4    = [ 3, 16, 32, 50, 51, 23, 2, 1]

# 2015

y5    = np.empty([n_in ter vals],dtype=int32)
y5    = [ 4, 11, 32, 50, 50, 25, 2, 1]
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# 2016

y6    = np.empty([n_in ter vals],dtype=int32)
y6    = [ 3, 9,31,49,53,26, 3, 1]
# 2017

y7    = np.empty([n_in ter vals],dtype=int32)
y7    = [ 2,10,25,37,48,25, 6, 1]

# 2018

y8    = np.empty([n_in ter vals],dtype=int32)
y8    = [ 4,10,27,37,44,28, 8, 1]

# 2019

y9    = np.empty([n_in ter vals],dtype=int32)
y9    = [ 1, 6, 22, 38, 43, 27, 9, 0]

plt.fig ure(figsize=(6,6))

bar(y_pos-0.375,y0,align='cen ter',color='blue',width=0.05)
bar(y_pos-0.300,y1,align='cen ter',color='red',width=0.05)
bar(y_pos-0.225,y2,align='cen ter',color='cyan',width=0.05)
bar(y_pos-0.150,y3,align='cen ter',color='ma genta',width=0.05)
bar(y_pos-0.075,y4,align='cen ter',color='yel low',width=0.05)
bar(y_pos+0.075,y5,align='cen ter',color='or ange',width=0.05)
bar(y_pos+0.150,y6,align='cen -
ter',color='darkgreen',width=0.05)
bar(y_pos+0.225,y7,align='cen ter',color='lime',width=0.05)
bar(y_pos+0.300,y8,align='cen ter',color='vi o let',width=0.05)
bar(y_pos+0.375,y9,align='cen ter',color='pink',width=0.05)

plt.xticks(y_pos, la bels)
plt.ylabel('Fre quency')
ti tle(' BCS For tran SG Age fre quen cies 2010-2019')

show()
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Here is the plot.
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26.11 Ex am ple 9 - Map ping with Py thon 2.x and basemap

Visit

http://matplotlib.org/basemap/

for some ba sic in for ma tion. You may have some prob lems run ning this ex am ple, due to im -
port is sues, and de pend en cies be tween ver sions of Py thon and the var i ous im ported mod -
ules.

We are go ing to cre ate a map of tsu nami events. I did the origial plot whilst on a United
Na tions En vi ron ment Programme se cond ment. Sec tion 9 of their En vi ron men tal Re ports
cover nat u ral di sas ters, and these in clude

· Earth quakes

· Vol ca noes

· Tsu na mis

· Floods

· Land slide

· Nat u ral Dams
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· Droughts

· Wildfires

The bib li og ra phy has de tails of the pub li ca tions I worked on. The map plots have been done 
on both Win dows and openSuSe.

On a Win dows platfrom you need to down load and in stall the Py thon 2.7 ver sion as
basemap works with this ver sion, but not with the Py thon 3.5 ver sion.

On the openSuSE sys tem I did the fol low ing as root

· down loaded the Py thon 3.5 ver sion an a conda ver sion;

· in stalled an a conda do ing bash down load.sh file;

· chose /opt/anaconda3 as the in stall di rec tory;

· you must add the above di rec tory to your path to be able to run the soft ware;

On both plat forms you will need to run 

conda in stall basemap 

from a con sole to in stall the ad di tional map ping soft ware. You can then run jupyter
qtconsole and then run ning the py thon source file will gen er ate the plots.

Here is the source file.

im port numpy as np
im port matplotlib.pyplot as plt
from mpl_toolkits.basemap im port Basemap

# tsu nami data file is called
# tsu nami.txt
# There are 3033 en tries
# re gion size
# 0       378
# 1       206
# 2        41
# 3        54
# 4        60
# 5      1540 
# 6        80
# 7       144
# 8       245
# 9       285
#
# 1x,f7.2,2x,f7.2
#
# i need 9 * 2 ar rays
#

tsu nami_file = "tsu nami.txt"

reg0 =  378
reg1 =  206
reg2 =   41
reg3 =   54
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reg4 =   60
reg5 = 1540
reg6 =   80
reg7 =  144
reg8 =  245
reg9 =  285
lat0 = np.empty([reg0] , dtype=np.float64)
lon0 = np.empty([reg0] , dtype=np.float64)
lat1 = np.empty([reg1] , dtype=np.float64)
lon1 = np.empty([reg1] , dtype=np.float64)
lat2 = np.empty([reg2] , dtype=np.float64)
lon2 = np.empty([reg2] , dtype=np.float64)
lat3 = np.empty([reg3] , dtype=np.float64)
lon3 = np.empty([reg3] , dtype=np.float64)
lat4 = np.empty([reg4] , dtype=np.float64)
lon4 = np.empty([reg4] , dtype=np.float64)
lat5 = np.empty([reg5] , dtype=np.float64)
lon5 = np.empty([reg5] , dtype=np.float64)
lat6 = np.empty([reg6] , dtype=np.float64)
lon6 = np.empty([reg6] , dtype=np.float64)
lat7 = np.empty([reg7] , dtype=np.float64)
lon7 = np.empty([reg7] , dtype=np.float64)
lat8 = np.empty([reg8] , dtype=np.float64)
lon8 = np.empty([reg8] , dtype=np.float64)
lat9 = np.empty([reg9] , dtype=np.float64)
lon9 = np.empty([reg9] , dtype=np.float64)

f=open(tsu nami_file)

for i in range(0,reg0):
  line=f.readline()
  lat0[i]=(float)(line[1:7])
  lon0[i]=(float)(line[10:16])
#  print " {0:7.2f} ".for mat(lat0[i])
#  print " {0:7.2f} ".for mat(lon0[i])

for i in range(0,reg1):
  line=f.readline()
  lat1[i]=(float)(line[1:7])
  lon1[i]=(float)(line[10:16])
#  print " {0:7.2f} ".for mat(lat1[i])

#  print " {0:7.2f} ".for mat(lon1[i])

for i in range(0,reg2):
  line=f.readline()
  lat2[i]=(float)(line[1:7])
  lon2[i]=(float)(line[10:16])
#  print " {0:7.2f} ".for mat(lat2[i])
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#  print " {0:7.2f} ".for mat(lon2[i])

for i in range(0,reg3):
  line=f.readline()
  lat3[i]=(float)(line[1:7])
  lon3[i]=(float)(line[10:16])
#  print " {0:7.2f} ".for mat(lat3[i])
#  print " {0:7.2f} ".for mat(lon3[i])

for i in range(0,reg4):
  line=f.readline()
  lat4[i]=(float)(line[1:7])
  lon4[i]=(float)(line[10:16])
#  print " {0:7.2f} ".for mat(lat4[i])
#  print " {0:7.2f} ".for mat(lon4[i])

for i in range(0,reg5):
  line=f.readline()
  lat5[i]=(float)(line[1:7])
  lon5[i]=(float)(line[10:16])
#  print " {0:7.2f} ".for mat(lat5[i])
#  print " {0:7.2f} ".for mat(lon5[i])

for i in range(0,reg6):
  line=f.readline()
  lat6[i]=(float)(line[1:7])
  lon6[i]=(float)(line[10:16])
#  print " {0:7.2f} ".for mat(lat6[i])
#  print " {0:7.2f} ".for mat(lon6[i])

for i in range(0,reg7):
  line=f.readline()
  lat7[i]=(float)(line[1:7])
  lon7[i]=(float)(line[10:16])
#  print " {0:7.2f} ".for mat(lat7[i])
#  print " {0:7.2f} ".for mat(lon7[i])

for i in range(0,reg8):
  line=f.readline()
  lat8[i]=(float)(line[1:7])
  lon8[i]=(float)(line[10:16])
#  print " {0:7.2f} ".for mat(lat8[i])
#  print " {0:7.2f} ".for mat(lon8[i])

for i in range(0,reg9):
  line=f.readline()
  lat9[i]=(float)(line[1:7])
  lon9[i]=(float)(line[10:16])
#  print " {0:7.2f} ".for mat(lat9[i])
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#  print " {0:7.2f} ".for mat(lon9[i])

# draw map with mark ers for float lo ca tions
m = Basemap(pro jec tion='ham mer',lon_0=180)
m.drawmapboundary()
m.fillcontinents()
x, y = m(lon0,lat0)
m.scat ter(x,y,3,marker='o',color='red')
x, y = m(lon1,lat1)
m.scat ter(x,y,3,marker='o',color='or ange')
x, y = m(lon2,lat2)
m.scat ter(x,y,3,marker='o',color='green')
x, y = m(lon3,lat3)
m.scat ter(x,y,3,marker='o',color='blue')
x, y = m(lon4,lat4)
m.scat ter(x,y,3,marker='o',color='in digo')
x, y = m(lon5,lat5)
m.scat ter(x,y,3,marker='o',color='vi o let')
x, y = m(lon6,lat6)
m.scat ter(x,y,3,marker='o',color='cyan')
x, y = m(lon7,lat7)
m.scat ter(x,y,3,marker='o',color='ma genta')
x, y = m(lon8,lat8)
m.scat ter(x,y,3,marker='o',color='pink')
x, y = m(lon9,lat9)
m.scat ter(x,y,3,marker='o',color='tur quoise')
plt.ti tle(' Tsu nami plots - 3033 to tal',fontsize=14)
plt.show()

332 Graphics plotting in Python using matplotlib

Chap ter 26  Ian D Chivers



Here is the plot.

The plot file is in png for mat. You can save in a va ri ety of for mats.

26.12 Map ping with Py thon 3 and Cartopy

Cartopy is a mod ern map ping pack age that works with Py thon 3.x Here is their home page.

http://scitools.org.uk/cartopy/in dex.htm

Here is some in for ma tion taken from their pages.

· In tro duc tion

· Cartopy is a Py thon pack age de signed for geospatial data

pro cess ing in or der to pro duce maps and other geospatial

data anal y ses.

· Cartopy makes use of the pow er ful PROJ.4, numpy and

shapely li brar ies and in cludes a programatic in ter face built 

on top of Matplotlib for the cre ation of pub li ca tion qual ity

maps.

· Key fea tures of cartopy are its ob ject ori ented pro jec tion

def i ni tions, and its abil ity to trans form points, lines, vec -

tors, poly gons and im ages be tween those pro jec tions.
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· You will find cartopy es pe cially use ful for large area /

small scale data, where Car te sian as sump tions of spher i cal

data tra di tion ally break down. If you’ve ever ex pe ri enced

a sin gu lar ity at the pole or a cut-off at the date line, it is

likely you will ap pre ci ate cartopy’s unique fea tures!

· Get ting started - The in stal la tion guide pro vides in for ma tion on get ting up and

run ning. Cartopy’s doc u men ta tion is ar ranged in user guide form, with ref er ence

doc u men ta tion avail able inline.

· Co or di nate ref er ence sys tems in Cartopy

· Cartopy pro jec tion list

· Us ing cartopy with matplotlib

· The cartopy Fea ture in ter face

· Un der stand ing the trans form and pro jec tion keywords

· Us ing the cartopy shapereader

· Cartopy de vel oper in ter faces

The out line link found above the cartopy logo on all pages can be used to quickly find the
ref er ence doc u men ta tion for known classes or func tions.

For those up dat ing from an older ver sion of cartopy, the what’s new page out lines re cent
changes, new fea tures, and fu ture de vel op ment plans.

· Get ting in volved

· Cartopy was orig i nally de vel oped at the UK Met Of fice to 

al low sci en tists to visu al ise their data on maps quickly,

eas ily and most im por tantly, ac cu rately. Cartopy has been

made freely avail able un der the terms of the GNU Lesser

Gen eral Pub lic Li cense. It is suit able to be used in a va ri -

ety of sci en tific fields and has an ac tive de vel op ment com -

mu nity.

26.12.1 Ex am ple 10 - tsu nami plot us ing cartopy

Here is a re write of the tsu nami ex am ple to use cartopy, rather than basemap. You need to
run the following

conda in stall -c conda-forge cartopy

af ter the An a conda in stall. You need to run this as ad min is tra tor.

Here is the out put on one sys tem from run ning this com mand.
conda in stall -c conda-forge cartopy
Solv ing en vi ron ment: done

==> WARN ING: A newer ver sion of conda ex ists. <==
  cur rent ver sion: 4.4.10
  lat est ver sion: 4.6.2

Please up date conda by run ning

    $ conda up date -n base conda
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## Pack age Plan ##

  en vi ron ment lo ca tion: C:\ProgramData\Anaconda3

  added / up dated specs:
    - cartopy

The fol low ing pack ages will be down loaded:

    pack age                    |            build
    ---------------------------|-----------------
    pykdtree-1.3.1             |py36h452e1ab_1002          
54 KB  conda-forge
    pyproj-1.9.6               |py36h1fcc0e4_1000         
237 KB  conda-forge
    numpy-1.14.2               |   py36h5c71026_0         
3.7 MB
    blas-1.0                   |              mkl           
6 KB
    matplotlib-2.2.2           |           py36_1         
6.5 MB  conda-forge
    shapely-1.6.4              |py36hc90234e_1000         
379 KB  conda-forge
    owslib-0.17.1              |             py_0         
118 KB  conda-forge
    openssl-1.0.2p             |    hfa6e2cd_1002         
5.4 MB  conda-forge
    kiwisolver-1.0.1           |py36he980bc4_1002          
60 KB  conda-forge
    ca-cer tif i cates-2018.11.29 |       ha4d7672_0        
179 KB  conda-forge
    proj4-5.2.0                |    hfa6e2cd_1001         
3.4 MB  conda-forge
    cartopy-0.17.0             |py36h2ddeffc_1001         
2.1 MB  conda-forge
    certifi-2018.11.29         |        py36_1000         
145 KB  conda-forge

------------------------------------------------------------
                                           To tal:        
22.2 MB

The fol low ing NEW pack ages will be IN STALLED:

    blas:            1.0-mkl
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    kiwisolver:      1.0.1-py36he980bc4_1002 conda-forge
    pykdtree:        1.3.1-py36h452e1ab_1002 conda-forge

The fol low ing pack ages will be UP DATED:

    ca-cer tif i cates: 2017.08.26-h94faf87_0              
--> 2018.11.29-ha4d7672_0    conda-forge
    cartopy:         0.16.0-py36_0           conda-forge
--> 0.17.0-py36h2ddeffc_1001 conda-forge
    certifi:         2018.1.18-py36_0        conda-forge
--> 2018.11.29-py36_1000     conda-forge
    matplotlib:      2.1.2-py36h016c42a_0               
--> 2.2.2-py36_1             conda-forge
    numpy:           1.14.0-py36h4a99626_1               
--> 1.14.2-py36h5c71026_0
    openssl:         1.0.2n-h74b6da3_0                   
--> 1.0.2p-hfa6e2cd_1002     conda-forge
    owslib:          0.16.0-py_0             conda-forge
--> 0.17.1-py_0              conda-forge
    proj4:           4.9.3-vc14_5            conda-forge
--> 5.2.0-hfa6e2cd_1001      conda-forge
    pyproj:          1.9.5.1-py36_0          conda-forge
--> 1.9.6-py36h1fcc0e4_1000  conda-forge
    shapely:         1.6.4-py36_0            conda-forge
--> 1.6.4-py36hc90234e_1000  conda-forge

Pro ceed ([y]/n)? y

Down loading and Ex tract ing Pack ages
pykdtree 1.3.1:
##############################################################
################################# | 100%
pyproj 1.9.6:
##############################################################
################################### | 100%
numpy 1.14.2:
##############################################################
################################### | 100%
blas 1.0:
##############################################################
####################################### | 100%
matplotlib 2.2.2:
##############################################################
############################### | 100%
shapely 1.6.4:
##############################################################
################################## | 100%
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owslib 0.17.1:
##############################################################
################################## | 100%
openssl 1.0.2p:
##############################################################
################################# | 100%
kiwisolver 1.0.1:
##############################################################
############################### | 100%
ca-cer tif i cates 2018.11.29:
##############################################################
##################### | 100%
proj4 5.2.0:
##############################################################
#################################### | 100%
cartopy 0.17.0:
##############################################################
################################# | 100%
certifi 2018.11.29:
##############################################################
############################# | 100%
Pre par ing trans ac tion: done
Ver i fy ing trans ac tion: done
Ex e cut ing trans ac tion: done

Here is the source code for this ver sion.

im port numpy as np
im port matplotlib.pyplot as plt
im port cartopy.crs as ccrs

# tsu nami data file is called
# tsu nami.txt
# There are 3033 en tries
# re gion size
# 0       378
# 1       206
# 2        41
# 3        54
# 4        60
# 5      1540 
# 6        80
# 7       144
# 8       245
# 9       285
#
# 1x,f7.2,2x,f7.2
#
# i need 9 * 2 ar rays
#
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tsu nami_file = "tsu nami.txt"

reg0 =  378
reg1 =  206
reg2 =   41
reg3 =   54
reg4 =   60
reg5 = 1540
reg6 =   80
reg7 =  144
reg8 =  245
reg9 =  285
lat0 = np.empty([reg0] , dtype=np.float64)
lon0 = np.empty([reg0] , dtype=np.float64)
lat1 = np.empty([reg1] , dtype=np.float64)
lon1 = np.empty([reg1] , dtype=np.float64)
lat2 = np.empty([reg2] , dtype=np.float64)
lon2 = np.empty([reg2] , dtype=np.float64)
lat3 = np.empty([reg3] , dtype=np.float64)
lon3 = np.empty([reg3] , dtype=np.float64)
lat4 = np.empty([reg4] , dtype=np.float64)
lon4 = np.empty([reg4] , dtype=np.float64)
lat5 = np.empty([reg5] , dtype=np.float64)
lon5 = np.empty([reg5] , dtype=np.float64)
lat6 = np.empty([reg6] , dtype=np.float64)
lon6 = np.empty([reg6] , dtype=np.float64)
lat7 = np.empty([reg7] , dtype=np.float64)
lon7 = np.empty([reg7] , dtype=np.float64)
lat8 = np.empty([reg8] , dtype=np.float64)
lon8 = np.empty([reg8] , dtype=np.float64)
lat9 = np.empty([reg9] , dtype=np.float64)
lon9 = np.empty([reg9] , dtype=np.float64)

f=open(tsu nami_file)

for i in range(0,reg0):
  line=f.readline()
  lat0[i]=(float)(line[1:7])
  lon0[i]=(float)(line[10:16])
#  print " {0:7.2f} ".for mat(lat0[i])
#  print " {0:7.2f} ".for mat(lon0[i])

for i in range(0,reg1):
  line=f.readline()
  lat1[i]=(float)(line[1:7])
  lon1[i]=(float)(line[10:16])
#  print " {0:7.2f} ".for mat(lat1[i])
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#  print " {0:7.2f} ".for mat(lon1[i])

for i in range(0,reg2):
  line=f.readline()
  lat2[i]=(float)(line[1:7])
  lon2[i]=(float)(line[10:16])
#  print " {0:7.2f} ".for mat(lat2[i])
#  print " {0:7.2f} ".for mat(lon2[i])

for i in range(0,reg3):
  line=f.readline()
  lat3[i]=(float)(line[1:7])
  lon3[i]=(float)(line[10:16])
#  print " {0:7.2f} ".for mat(lat3[i])
#  print " {0:7.2f} ".for mat(lon3[i])

for i in range(0,reg4):
  line=f.readline()
  lat4[i]=(float)(line[1:7])
  lon4[i]=(float)(line[10:16])
#  print " {0:7.2f} ".for mat(lat4[i])
#  print " {0:7.2f} ".for mat(lon4[i])

for i in range(0,reg5):
  line=f.readline()
  lat5[i]=(float)(line[1:7])
  lon5[i]=(float)(line[10:16])
#  print " {0:7.2f} ".for mat(lat5[i])
#  print " {0:7.2f} ".for mat(lon5[i])

for i in range(0,reg6):
  line=f.readline()
  lat6[i]=(float)(line[1:7])
  lon6[i]=(float)(line[10:16])
#  print " {0:7.2f} ".for mat(lat6[i])
#  print " {0:7.2f} ".for mat(lon6[i])

for i in range(0,reg7):
  line=f.readline()
  lat7[i]=(float)(line[1:7])
  lon7[i]=(float)(line[10:16])
#  print " {0:7.2f} ".for mat(lat7[i])
#  print " {0:7.2f} ".for mat(lon7[i])

for i in range(0,reg8):
  line=f.readline()
  lat8[i]=(float)(line[1:7])
  lon8[i]=(float)(line[10:16])
#  print " {0:7.2f} ".for mat(lat8[i])
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#  print " {0:7.2f} ".for mat(lon8[i])

for i in range(0,reg9):
  line=f.readline()
  lat9[i]=(float)(line[1:7])
  lon9[i]=(float)(line[10:16])
#  print " {0:7.2f} ".for mat(lat9[i])
#  print " {0:7.2f} ".for mat(lon9[i])

plt.fig ure(figsize=(20, 24))
ax = plt.axes(pro jec tion=ccrs.PlateCarree())
ax.stock_img()

x, y = lon0,lat0

plt.scat ter(x,y,3,marker='o',color='red')
x, y = lon1,lat1
plt.scat ter(x,y,3,marker='o',color='or ange')
x, y = lon2,lat2
plt.scat ter(x,y,3,marker='o',color='green')
x, y = lon3,lat3
plt.scat ter(x,y,3,marker='o',color='blue')
x, y = lon4,lat4
plt.scat ter(x,y,3,marker='o',color='in digo')
x, y = lon5,lat5
plt.scat ter(x,y,3,marker='o',color='vi o let')
x, y = lon6,lat6
plt.scat ter(x,y,3,marker='o',color='cyan')
x, y = lon7,lat7
plt.scat ter(x,y,3,marker='o',color='ma genta')
x, y = lon8,lat8
plt.scat ter(x,y,3,marker='o',color='pink')
x, y = lon9,lat9
plt.scat ter(x,y,3,marker='o',color='tur quoise')

plt.ti tle(' Tsu nami plots - 3033 to tal',fontsize=14)
plt.show()
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Here is a sam ple plot.

The map plot is sim i lar to the basemap ex am ple.

26.12.2 Ex am ple 11 - shift ing the cen ter of the map

This is a sim ple vari ant of the pre vi ous with the cen tre of the map now based on the in ter -
na tional date line. Here is the source.

im port numpy as np
im port matplotlib.pyplot as plt
im port cartopy.crs as ccrs

# tsu nami data file is called
# tsu nami.txt
# There are 3033 en tries
# re gion size
# 0       378
# 1       206
# 2        41
# 3        54
# 4        60
# 5      1540 
# 6        80
# 7       144
# 8       245
# 9       285
#
# 1x,f7.2,2x,f7.2
#
# i need 9 * 2 ar rays
#
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tsu nami_file = "tsu nami.txt"

reg0 =  378
reg1 =  206
reg2 =   41
reg3 =   54
reg4 =   60
reg5 = 1540
reg6 =   80
reg7 =  144
reg8 =  245
reg9 =  285
lat0 = np.empty([reg0] , dtype=np.float64)
lon0 = np.empty([reg0] , dtype=np.float64)
lat1 = np.empty([reg1] , dtype=np.float64)
lon1 = np.empty([reg1] , dtype=np.float64)
lat2 = np.empty([reg2] , dtype=np.float64)
lon2 = np.empty([reg2] , dtype=np.float64)
lat3 = np.empty([reg3] , dtype=np.float64)
lon3 = np.empty([reg3] , dtype=np.float64)
lat4 = np.empty([reg4] , dtype=np.float64)
lon4 = np.empty([reg4] , dtype=np.float64)
lat5 = np.empty([reg5] , dtype=np.float64)
lon5 = np.empty([reg5] , dtype=np.float64)
lat6 = np.empty([reg6] , dtype=np.float64)
lon6 = np.empty([reg6] , dtype=np.float64)
lat7 = np.empty([reg7] , dtype=np.float64)
lon7 = np.empty([reg7] , dtype=np.float64)
lat8 = np.empty([reg8] , dtype=np.float64)
lon8 = np.empty([reg8] , dtype=np.float64)
lat9 = np.empty([reg9] , dtype=np.float64)
lon9 = np.empty([reg9] , dtype=np.float64)

f=open(tsu nami_file)

for i in range(0,reg0):
  line=f.readline()
  lat0[i]=(float)(line[1:7])
  lon0[i]=(float)(line[10:16])+180.00
#  print " {0:7.2f} ".for mat(lat0[i])
#  print " {0:7.2f} ".for mat(lon0[i])

for i in range(0,reg1):
  line=f.readline()
  lat1[i]=(float)(line[1:7])
  lon1[i]=(float)(line[10:16])+180.00
#  print " {0:7.2f} ".for mat(lat1[i])

#  print " {0:7.2f} ".for mat(lon1[i])
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for i in range(0,reg2):
  line=f.readline()
  lat2[i]=(float)(line[1:7])
  lon2[i]=(float)(line[10:16])+180.00
#  print " {0:7.2f} ".for mat(lat2[i])
#  print " {0:7.2f} ".for mat(lon2[i])

for i in range(0,reg3):
  line=f.readline()
  lat3[i]=(float)(line[1:7])
  lon3[i]=(float)(line[10:16])+180.00
#  print " {0:7.2f} ".for mat(lat3[i])
#  print " {0:7.2f} ".for mat(lon3[i])

for i in range(0,reg4):
  line=f.readline()
  lat4[i]=(float)(line[1:7])
  lon4[i]=(float)(line[10:16])+180.00
#  print " {0:7.2f} ".for mat(lat4[i])
#  print " {0:7.2f} ".for mat(lon4[i])

for i in range(0,reg5):
  line=f.readline()
  lat5[i]=(float)(line[1:7])
  lon5[i]=(float)(line[10:16])+180.00
#  print " {0:7.2f} ".for mat(lat5[i])
#  print " {0:7.2f} ".for mat(lon5[i])

for i in range(0,reg6):
  line=f.readline()
  lat6[i]=(float)(line[1:7])
  lon6[i]=(float)(line[10:16])+180.00
#  print " {0:7.2f} ".for mat(lat6[i])
#  print " {0:7.2f} ".for mat(lon6[i])

for i in range(0,reg7):
  line=f.readline()
  lat7[i]=(float)(line[1:7])
  lon7[i]=(float)(line[10:16])+180.00
#  print " {0:7.2f} ".for mat(lat7[i])
#  print " {0:7.2f} ".for mat(lon7[i])

for i in range(0,reg8):
  line=f.readline()
  lat8[i]=(float)(line[1:7])
  lon8[i]=(float)(line[10:16])+180.00
#  print " {0:7.2f} ".for mat(lat8[i])
#  print " {0:7.2f} ".for mat(lon8[i])
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for i in range(0,reg9):
  line=f.readline()
  lat9[i]=(float)(line[1:7])
  lon9[i]=(float)(line[10:16])+180.00
#  print " {0:7.2f} ".for mat(lat9[i])
#  print " {0:7.2f} ".for mat(lon9[i])

# plt.fig ure(figsize=(6, 3))
# ax = plt.axes(pro jec tion=ccrs.PlateCarree(
#    cen tral_lon gi tude=180))
# ax.coast lines(res o lu tion='110m')
# ax.gridlines()

plt.fig ure(figsize=(20, 24))
ax = plt.axes(pro jec tion=ccrs.PlateCarree(
     cen tral_lon gi tude=180))
# ax = plt.axes(pro jec tion=ccrs.PlateCarree())
ax.stock_img()

x, y = lon0,lat0
plt.scat ter(x,y,3,marker='o',color='red')

x, y = lon1,lat1
plt.scat ter(x,y,3,marker='o',color='or ange')

x, y = lon2,lat2
plt.scat ter(x,y,3,marker='o',color='green')

x, y = lon3,lat3
plt.scat ter(x,y,3,marker='o',color='blue')

x, y = lon4,lat4
plt.scat ter(x,y,3,marker='o',color='in digo')

x, y = lon5,lat5
plt.scat ter(x,y,3,marker='o',color='vi o let')

x, y = lon6,lat6
plt.scat ter(x,y,3,marker='o',color='cyan')

x, y = lon7,lat7
plt.scat ter(x,y,3,marker='o',color='ma genta')

x, y = lon8,lat8
plt.scat ter(x,y,3,marker='o',color='pink')

x, y = lon9,lat9
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plt.scat ter(x,y,3,marker='o',color='tur quoise')

plt.ti tle(' Tsu nami plots - 3033 to tal',fontsize=14)
plt.show()

Note that we have to shift the co or di nates.

Here is the plot.

The plots were done with dif fer ent ver sions of matplotlib and cartopy.

26.12.3 Ex am ple 12 - map ping us ing UK postcodes

In this ex am ple we look at plot ting a mem ber ship map of the BCS For tran Spe cial ist
Group. I am mem ber ship sec re tary.

The fol low ing site

https://gridreferencefinder.com/postcodeBatchConverter/

pro vides the abil ity to con vert UK postcodes into UK map ping for mats.

Here are 5 sam ple postcodes.

SM5 4JT

BN16 2QT

G77 5DR

SO50 4LQ

PA6 7NY

Here is the con verted data.
Post code                     De scrip tion                  Grid Ref er ence           X (easting)Y (north ing)                Lat i tude                       Lon gi tude

SM5 4JT                     SM5 4JT                     TQ 27078 62759        527078      162759                        51.34971                     -0.17660918

Graphics plotting in Python using matplotlib 345

 Ian D Chivers Chap ter 26



BN16 2QT                  BN16 2QT                  TQ 04481 01558        504481      101558                        50.804169                   -0.51863235

G77 5DR                    G77 5DR                    NS 55211 56378        255211      656378                        55.778979                   -4.3101071

SO50 4LQ                  SO50 4LQ                  SU 45516 22106        445516      122106                        50.996555                   -1.3527812

PA6 7NY                    PA6 7NY                    NS 42045 66100        242045      666100                        55.862124                   -4.5254592

We con vert the postcodes, and then edit the out put to gen er ate data files that we can read
into the Py thon pro gram to ac tu ally do the map ping.

Here is a sam ple of the data in put file for the Py thon pro gram.

51.34971 , -0.17661
50.80417 , -0.51863
55.77898 , -4.31011
50.99669 , -1.35290
55.86234 , -4.52512

Here is the pro gram source.

im port numpy as np
im port matplotlib.pyplot as plt
im port cartopy.crs as ccrs

# ax.gridlines()

# BCS For tran mem ber dat
# Two sets of data
#
# I need 2 * 2 ar rays
#

data_file = "bcs_2018.txt"

reg0 =  56
reg1 =  87

lat0 = np.empty([reg0] , dtype=np.float64)
lon0 = np.empty([reg0] , dtype=np.float64)

lat1 = np.empty([reg1] , dtype=np.float64)
lon1 = np.empty([reg1] , dtype=np.float64)

f=open(data_file)

for i in range(0,reg0):
  line=f.readline()
  lat0[i]=(float)(line[0:7])
  lon0[i]=(float)(line[11:18])
#  print(" {0:7.2f} ".for mat(lat0[i]))
#  print(" {0:7.2f} ".for mat(lon0[i]))

for i in range(0,reg1):
  line=f.readline()
  lat1[i]=(float)(line[0:7])
  lon1[i]=(float)(line[11:18])
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#   print " {0:7.2f} ".for mat(lat1[i])
#   print " {0:7.2f} ".for mat(lon1[i])

x, y = lon0,lat0
  
plt.fig ure(figsize=(30,50))
ax = plt.axes(pro jec tion=ccrs.OSGB())
#ax.stock_img()
ax.set_ti tle("Cur rent (red) and re tired (green) BCS mem bers")
ax.coast lines(res o lu tion='10m')
ax.scat ter(x,y,16,marker='o',color='green',trans -
form=ccrs.PlateCarree())
x, y = lon1,lat1
ax.scat ter(x,y,16,marker='o',color='red'  ,trans -
form=ccrs.PlateCarree())
plt.show()
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Here is the plot.

Note that the UK out line is just a skel e ton.
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26.13 Bib li og ra phy

26.13.1 Py thon

The on line doc u men ta tion is good, es pe cially the ex am ples. Here are some other books and 
sources.

· Py thon Data Ana lyt ics, Fabio Nelli, Apress. This has a chap ter on matplotlib. 

The book is avail able as an ebook through Springer. As a Springer au thor I got a 

dis count :-).

26.13.2 Cartopy

Cartopy, Met Of fice, Cartopy: A car to graphic py thon li brary with a Matplotlib in ter face,
2010-2015, Exexter, Devon.

http://scitools.org.uk/cartopy.

26.13.3 Map data

Visit

https://scitools.org.uk/cartopy/docs/lat est/ci ta -
tion.html#data-copy right-ta ble

for com plete in for ma tion.

OpenSteetMap: Copy right OpenStreetMap

Nat u ral Earth ras ter and vec tor map data: Made with Nat u ral Earth.

26.13.4 UNEP

UNEP, En vi ron men tal Data Re port, Sec ond Edi tion, ISBN 0-631-16987-3, 1989.

UNEP, En vi ron men tal Data Re port, Third Edi tion, ISBN 0-631-18083-4, 1991.

26.14 Prob lems

1. Run the ex am ples in this chap ter.
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2. Us ing the earthquake data from an ear lier chap ter plot a map of earthquakes. In the first
in stance just do a plot of all of the earth quakes. Here is an ex am ple plot.

When you have suc cess fully done this break down the plots by mag ni tude, us ing a dif fer ent 
col our for each mag ni tude range.

If you feel ing par tic u larly ad ven tur ous do a plot by num ber of deaths.
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27 Python performance versus other
programming languages

27.1 In tro duc tion

In this chap ter we look at com par ing the tim ing of Py thon against some other lan guages, in -
clud ing For tran, C++ and Java.

27.2 Ex am ple 1 - Py thon solution

Here is the source.

im port numpy as np
im port time

def main():
  
  print(" Pro gram starts      ",end=" ")
  print(time.ctime(),end=" ")
  t1=time.time()
  print(t1)
  n  = 100000000

  x = np.empty([n],dtype=np.float64)
  t2=time.time()
  print(" Cre ate empty ar ray  ",end=" ")
  print(time.ctime(),end=" ")
  print(" {0:3.6f} ".for mat(t2-t1))
  t1=t2
  for i in range(0,n):
    x[i]=1.0

  t2=time.time()
  print(" Initalise the ar ray ",end=" ")
  print(time.ctime(),end=" ")
  print(" {0:3.6f} ".for mat(t2-t1))
  t1=t2
  ar ray_sum = sum(x)

  t2=time.time()
  print(" Sum       the ar ray ",end=" ")
  print(time.ctime(),end=" ")
  print(" {0:3.6f} ".for mat(t2-t1))
  t1=t2
  print(" Sum = ",end=" ")
  print(ar ray_sum)

  print(" Pro gram ends        ",end=" ")
  print(time.ctime(),end=" ")
  t2=time.time()
  print(t2)
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if ( __name__ == "__main__" ):
  main()

Tim ing de tails are at the end of the chap ter.

27.3 Ex am ple 2 - For tran solution

Here is the source.

mod ule tim ing_mod ule

  im plicit none
  in te ger, di men sion (8), pri vate :: dt
  real, pri vate :: h, m, s, ms, tt
  real, pri vate :: last_tt

con tains

  sub rou tine start_tim ing()
    im plicit none

    call date_and_time(val ues=dt)
    print 100, dt(1:3), dt(5:8)
    h = real(dt(5))
    m = real(dt(6))
    s = real(dt(7))
    ms = real(dt(8))
    last_tt = 60*(60*h+m) + s + ms/1000.0
100 for mat (1x, i4, '/', i2, '/', i2, 1x, i2, ':', i2, ':',
i2, 1x, i3)
  end sub rou tine start_tim ing

  sub rou tine end_tim ing()
    im plicit none

    call date_and_time(val ues=dt)
    print 100, dt(1:3), dt(5:8)
100 for mat (1x, i4, '/', i2, '/', i2, 1x, i2, ':', i2, ':',
i2, 1x, i3)
  end sub rou tine end_tim ing

  real func tion time_dif fer ence()
    im plicit none

    tt = 0.0
    call date_and_time(val ues=dt)
    h = real(dt(5))
    m = real(dt(6))
    s = real(dt(7))
    ms = real(dt(8))
    tt = 60*(60*h+m) + s + ms/1000.0

352 Python performance versus other programming languages

Chap ter 27  Ian D Chivers



    time_dif fer ence = tt - last_tt
    last_tt = tt
  end func tion time_dif fer ence

end mod ule tim ing_mod ule

mod ule pre ci sion_mod ule
  im plicit none
  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)
end mod ule pre ci sion_mod ule

pro gram ar ray_sum
use tim ing_mod ule
use pre ci sion_mod ule, wp => dp
im plicit none
in te ger , pa ram e ter :: n=100000000
real (wp) ,di men sion(n) :: x
real (wp) :: x_sum
  call start_tim ing()
  x=1.0_wp
  print *," ar ray in itial is ation ",time_dif fer ence()
  x_sum=sum(x)
  print *," ar ray sum ma tion      ",time_dif fer ence()
  print *,x_sum
  call end_tim ing()
end pro gram ar ray_sum

27.4 Ex am ple 3 - C++ so lu tion

Here is a C++ so lu tion.

#in clude <iostream>
#in clude <cassert>
#in clude <chrono>
#in clude <string>
#in clude <cstdlib>

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();
  }
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  dou ble elapsed() const
  {
    re turn(std::chrono::du ra tion_cast<sec ond_>
    (hi_res_clock::now() - start_tim ing).count());
  }

  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;
};

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()
{

  string head ing;
  dou ble t;
  timer timer_01;
  timer timer_02;
  head ing = "\n Pro gram starts   ";
  t=timer_01.elapsed();
  print_time( head ing , t);
  cout << endl;

  constexpr int n=100000000;
  int i ;
  dou ble x_sum=0.0;
  dou ble * x;

  head ing = " Ar ray al lo ca tion ";

  x = new dou ble[n];

  for (i=0;i < n ; ++i)
  {
    x[i]=1.0;
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  }

  t=timer_01.elapsed();
  print_time(head ing , t);
  timer_01.re set();
  head ing = " Ar ray sum ma tion  ";

  for (i=0;i < n ; ++i)
  {
    x_sum += x[i];
  }

  t=timer_01.elapsed();
  print_time(head ing , t);
  timer_01.re set();

  cout << " \n Sum = " ;
  cout.width(12);
  cout.pre ci sion(2);
  cout.setf(ios::right);
  cout.setf(ios::showpoint);
  cout.setf(ios::fixed);

  cout << x_sum << endl;

  t=timer_02.elapsed();
  head ing = "\n To tal time       ";
  print_time(head ing , t);

  re turn(0);

}

27.5 Ex am ple 4 - Java so lu tion

Here is the source and tim ing in for ma tion.

im port java.time.LocalDateTime;

class ch2704
{

  pub lic static void main(String[] args)
  {

    Sys tem.out.print(" Pro gram starts ");
    LocalDateTime t = LocalDateTime.now(); 
    Sys tem.out.println(t.toString()); 

    fi nal int n=100000000;
    dou ble x_sum=0.0;
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    dou ble[] x=new dou ble[n];

    Sys tem.out.print(" Al lo ca tion     ");
    t = LocalDateTime.now(); 
    Sys tem.out.println(t.toString()); 

    int i ;
    for (i=0;i < n ; ++i)
    {
      x[i]=1.0;
    }

    Sys tem.out.print(" As sign ment     ");
    t = LocalDateTime.now(); 
    Sys tem.out.println(t.toString()); 

    for (i=0;i < n ; ++i)
    {
      x_sum += x[i];
    }

    Sys tem.out.print(" Sum ma tion      ");
    t = LocalDateTime.now(); 
    Sys tem.out.println(t.toString()); 
    Sys tem.out.println(x_sum);

  }

}

27.6 Sum mary

Here is a sum mary of the tim ing. All runs were on the same sys tem.

Py thon For tran C++ Java

Nag Intel Microsoft g++

3.6.5 6.2 19 17.x 7.3.0 1.8.0_131

In itial is ation 12.314372 0.433094 0.589469 0.394777 0.420932 0.609000

Sum ma tion 14.283259 0.125000 0.132813 0.148464 0.158285 0.164000

To tal 26.597631 0.558094 0.722282 0.543241 0.579217 0.773000

Percentage 2.10% 2.72% 2.04% 2.18% 2.91%
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The per cent age fig ures re fer to the run time as a per cent age of the Py thon run time. Py thon
is not the quick est!

27.7 Prob lems 

1. Run the ex am ples in this chap ter. What tim ing fig ures did you get?
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28 Calling the Nag library from Python
28.1 In tro duc tion

In this chap ter we look at call ing the Nag li brary from Py thon.

Here is the Nag base url.

https://www.nag.com/nu meric/py/
nagdoc_lat est/readme.html#in stall ing-us ing-pip

Here is a sum mary of the installation steps on one of my sys tems.

py thon -m pip in stall --up grade pip
py thon -m pip in stall msgpack
py thon -m pip in stall --ex tra-in dex-url 
https://www.nag.com/down loads/py/naginterfaces_mkl
naginterfaces

Nag sug gest us ing

py thon -m pydoc naginterfaces

to test the im ple men ta tion. This pro duced the fol low ing out put.

Help on pack age naginterfaces:

NAME
    naginterfaces

DE SCRIP TION
    Pack age Sum mary
    ---------------
    Py thon in ter faces for the NAG Li brary En gine, which is
the
    soft ware im ple men ta tion of NAG's col lec tion of sev eral
    hun dred math e mat i cal and sta tis ti cal rou tines serv ing a
    di verse range of ap pli ca tion ar eas.

    Subpackage Sum mary
    ------------------
    In ter faces to the NAG Li brary are pro vided in the
:mod:`~naginterfaces.li brary`
    subpackage.

    The ``base.utils`` submodule con tains a num ber of core
util i ties for
    work ing with the sup plied Li brary in ter faces. See the
doc u men ta tion
    for the :mod:`~naginterfaces.base` subpackage for more
in for ma tion.

    Some util i ties for in ter act ing with the NAG Kusari
licence-man age ment
    sys tem are in a :mod:`~naginterfaces.kusari` submodule.
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    Submodules must be im ported sep a rately:

    >>> from naginterfaces.li brary im port opt, roots

-- More  --

The next step is to get a licence. Running

py thon -m naginterfaces.kusari

brings up a gui form, which gen er ates the in for ma tion that Nag re quire to pro vide a key.

Batch files can be found on the Rhymney Con sult ing site that help with the in stall.

28.2 Ex am ple 1 - test ing the Nag li brary calls

Here is a test pro gram from the Nag doc u men ta tion.

from naginterfaces.li brary.opt im port bounds_bobyqa_func
rosen = lambda x: ( sum(100.0*(x[1:]-x[:-1]**2.0)**2.0 +
(1.0-x[:-1])**2.0) )
im port numpy as np; x = np.ar ray([1.2, 1.0, 1.2, 1.0])
n = len(x)
bl, bu = ([0.0]*n, [2.0]*n)
npt = 2*n + 1
rhobeg, rhoend = (1e-1, 1e-6)
maxcal = 500
x_min, f, nf = bounds_bobyqa_func
(rosen, npt, x, bl, bu, rhobeg, rhoend, maxcal,)
print('Func tion value at low est point found is 
{:.5f}.'.for mat(f))
print('The ob jec tive func tion was called 
{:d} times.'.for mat(nf))
print('The cor re spond ing x is 
(' + ', '.join(['{:.4f}'] * n).for mat( *x_min ) + ').')

Here is the out put.

(base) C:\doc u ment\py thon\ex am ples>
py thon -m naginterfaces.kusari

(base) C:\doc u ment\py thon\ex am ples>
(base) C:\doc u ment\py thon\ex am ples>py thon nag_01.py
Func tion value at low est point found is 0.00000.
The ob jec tive func tion was called 143 times.
The cor re spond ing x is (1.0000, 1.0000, 1.0000, 1.0000).

which il lus trates that the in stal la tion has worked.

A down load able ar chive of the Li brary Man ual to ac com pany this re lease can be found at

https://www.nag.com/numeric/fl/nagdoc_26.2/nagdoc_26.2.zip

We will be us ing the doc u men ta tion in the course.
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28.3 Ex am ple 2 - test ing the Py thon ran dom num ber gen er a tors

In this ex am ple we test the pre ci sion to which the ran dom num ber gen er a tors work. Here is
the source.

im port ran dom
im port numpy as np
im port time

def main():
   
  print(" Pro gram starts              ",end=" ")
  print(time.ctime())

  print(type(ran dom.ran dom()))
  print(type(np.ran dom.ran dom()))

if ( __name__ == "__main__" ):
  main()

Here is the out put from a Win dows sys tem.

 Pro gram starts               Tue Oct  2 11:11:49 2018
<class 'float'>
<class 'float'>

Float is nor mally IEEE dou ble.

28.4 Ex am ple 3 - Py thon na tive tim ing

In this ex am ple we look at tim ing ran dom num ber gen er a tion and sort ing with Py thon. Here 
is the source.

im port ran dom
im port numpy as np
im port time

def main():
   
  print(" Pro gram starts              ",end=" ")
  print(time.ctime(),end=" ")
  t1=time.time()
  print(t1)

# set n to suit your sys tem

  n  = 100000000
  x = np.empty([n],dtype=np.float64)

  print(type(x))
  print(type(x[1]))
  print( type( ran dom.ran dom() ) )

  t2=time.time()
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  print(" Cre ate empty ar ray          ",end=" ")
  print(time.ctime(),end=" ")
  print(" {0:3.6f} ".for mat(t2-t1))
  t1=t2

  for i in range (0,n):
    x[i] = ran dom.ran dom()                      # Ran dom 
float x, 0.0 <= x < 1.0

  t2=time.time()
  print(" Set ar ray to ran dom val ues  ",end=" ")
  print(time.ctime(),end=" ")
  print(" {0:3.6f} ".for mat(t2-t1))
  t1=t2

  for i in range(0,5):
    print(" {0:20.16f} ".for mat(x[i]))

  temp = np.empty([n],dtype=np.float64)

  t2=time.time()
  print(" Cre ate tem po rary ar ray      ",end=" ")
  print(time.ctime(),end=" ")
  print(" {0:3.6f} ".for mat(t2-t1))
  t1=t2

  temp = np.sort(x)

  t2=time.time()
  print(" Numpy sort method           ",end=" ")
  print(time.ctime(),end=" ")
  print(" {0:3.6f} ".for mat(t2-t1))
  t1=t2
  
  for i in range((n-5),n):
    print(" {0:20.16f} ".for mat(temp[i]))

if ( __name__ == "__main__" ):
  main()

Here is some sam ple out put.

 Pro gram starts               Sat Oct  6 11:41:38 2018
1538822498.7798429
<class 'numpy.ndarray'>
<class 'numpy.float64'>
<class 'float'>
 Cre ate empty ar ray           Sat Oct  6 11:41:38 2018 
0.001497 
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 Set ar ray to ran dom val ues   Sat Oct  6 11:42:02 2018 
23.880204 
   0.6783614879021483 
   0.2778128395928219 
   0.4947912341740682 
   0.7813040366914789 
   0.2953368493077114 
 Cre ate tem po rary ar ray       Sat Oct  6 11:42:02 2018 
0.002001 
 Numpy sort method            Sat Oct  6 11:42:15 2018 
12.380830 
   0.9999999307082369 
   0.9999999564000758 
   0.9999999747624113 
   0.9999999766293831 
   0.999999998143773

In the next ex am ple we will look at call ing the Nag li brary rou tines for gen er at ing the ran -
dom num bers and sorting.

28.5 Ex am ple 4 - Nag timing

In this ex am ple we look at us ing rou tines from the Nag li brary. Here is the pro gram source.
im port ran dom
im port numpy as np
im port time
from naginterfaces.li brary.sort im port realvec_sort
from naginterfaces.li brary.rand im port init_nonrepeat
from naginterfaces.li brary.rand im port dist_uniform01

def main():
   
  print(" Pro gram starts              ",end=" ")
  print(time.ctime(),end=" ")
  t1=time.time()
  print(t1)

# set n to suit your sys tem

  n  = 100000000
  x = np.empty([n],dtype=np.float64)

  t2=time.time()
  print(" Cre ate empty ar ray          ",end=" ")
  print(time.ctime(),end=" ")
  print(" {0:3.6f} ".for mat(t2-t1))
  t1=t2

  genid     = 1                     # Nag ba sic gen er a -
tor
  statecomm = init_nonrepeat(genid)
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  x = dist_uniform01(n,statecomm)

  print( type( x    )  )
  print( type( x[1] )  )

  for i in range(0,5):
    print(" {0:20.16f} ".for mat(x[i]))

  t2=time.time()
  print(" Set ar ray to ran dom val ues  ",end=" ")
  print(time.ctime(),end=" ")
  print(" {0:3.6f} ".for mat(t2-t1))
  t1=t2

  temp = np.empty([n],dtype=np.float64)

  t2=time.time()
  print(" Cre ate tem po rary ar ray      ",end=" ")
  print(time.ctime(),end=" ")
  print(" {0:3.6f} ".for mat(t2-t1))
  t1=t2

  temp = np.sort(x)

  t2=time.time()
  print(" Numpy sort method           ",end=" ")
  print(time.ctime(),end=" ")
  print(" {0:3.6f} ".for mat(t2-t1))
  t1=t2
  
  for i in range((n-5),n):
    print(" {0:20.16f} ".for mat(temp[i]))

  or der = 'A'
  temp = realvec_sort(x,1,or der)

  t2=time.time()
  print(" Nag   sort method           ",end=" ")
  print(time.ctime(),end=" ")
  print(" {0:3.6f} ".for mat(t2-t1))
  t1=t2
  
  for i in range((n-5),n):
    print(" {0:20.16f} ".for mat(temp[i]))

if ( __name__ == "__main__" ):
  main()
Here is a sam ple run.
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 Pro gram starts               Sat Oct  6 11:44:29 2018
1538822669.644663
 Cre ate empty ar ray           Sat Oct  6 11:44:29 2018 
0.002000 
<class 'numpy.ndarray'>
<class 'numpy.float64'>
   0.5042501560547314 
   0.9779543443423764 
   0.1287328480622457 
   0.9849552600053949 
   0.2424051132344787 
 Set ar ray to ran dom val ues   Sat Oct  6 11:44:31 2018 
1.474478 
 Cre ate tem po rary ar ray       Sat Oct  6 11:44:31 2018 
0.002003 
 Numpy sort method            Sat Oct  6 11:44:43 2018 
12.350846 
   0.9999999580795395 
   0.9999999603659318 
   0.9999999628400260 
   0.9999999707114384 
   0.9999999957634748 
 Nag   sort method            Sat Oct  6 11:44:56 2018 
12.998827 
   0.9999999580795395 
   0.9999999603659318 
   0.9999999628400260 
   0.9999999707114384 
   0.9999999957634748 

Note the im prove ment with the Nag ran dom num ber tim ing.

So this ex am ple shows how easy it is to call the Nag li brary from Py thon.

28.6 Prob lems 

1. Run the ex am ples in this chap ter. What tim ing fig ures did you get?
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29 Functional programming
background

29.1 In tro duc tion

In this chap ter we pro vide a back ground to func tional pro gram ming. The fol low ing in for -
ma tion is taken from the Wikipedia en try.

https://en.wikipedia.org/wiki/Func tional_pro gram ming

29.2 Back ground

In com puter sci ence, func tional pro gram ming is a pro gram ming par a digm—a style of build -
ing the struc ture and el e ments of com puter pro grams—that treats com pu ta tion as the eval u -
a tion of math e mat i cal func tions and avoids chang ing-state and mu ta ble data. It is a de clar a -
tive pro gram ming par a digm, which means pro gram ming is done with ex pres sions. In func -
tional code, the out put value of a func tion de pends only on the ar gu ments that are in put to
the func tion, so call ing a func tion f twice with the same value for an ar gu ment x will pro -
duce the same re sult f(x) each time. Elim i nat ing side ef fects, i.e. changes in state that do
not de pend on the func tion in puts, can make it much eas ier to un der stand and pre dict the
be hav ior of a pro gram, which is one of the key motivations for the development of
functional programming.

Func tional pro gram ming has its roots in lambda cal cu lus, a for mal sys tem de vel oped in the
1930s to in ves ti gate computability, the Entscheidungsproblem, func tion def i ni tion, func tion
ap pli ca tion, and re cursion. Many func tional pro gram ming lan guages can be viewed as elab -
o ra tions on the lambda cal cu lus. An other well-known de clar a tive pro gram ming par a digm,
logic pro gram ming, is based on re la tions.[1]

In con trast, im per a tive pro gram ming changes state with com mands in the source lan guage,
the most sim ple ex am ple be ing as sign ment. Im per a tive pro gram ming does have func -
tions—not in the math e mat i cal sense—but in the sense of sub rou tines. They can have side
ef fects that may change the value of pro gram state. Func tions with out re turn val ues there -
fore make sense. Be cause of this, they lack ref er en tial trans par ency, i.e. the same lan guage
ex pres sion can re sult in dif fer ent val ues at dif fer ent times de pend ing on the state of the ex e -
cut ing pro gram.[1]

Func tional pro gram ming lan guages, es pe cially purely func tional ones such as Hope and
Rex, have largely been em pha sized in ac a de mia rather than in com mer cial soft ware de vel -
op ment. How ever, prom i nent pro gram ming lan guages which sup port func tional pro gram -
ming such as Com mon Lisp, Scheme, [2] [3] [4] [5] Clojure, [6] [7] Wol fram Lan guage [8]
(also known as Mathematica), Racket, [9] Er lang, [10] [11] [12] OCaml, [13] [14] Haskell,
[15] [16] and F#[17] [18] have been used in in dus trial and com mer cial ap pli ca tions by a
wide va ri ety of or ga ni za tions. Func tional pro gram ming is also sup ported in some do -
main-spe cific pro gram ming lan guages like R (sta tis tics), [19] J, K and Q from Kx Sys tems
(fi nan cial anal y sis), XQuery/XSLT (XML), [20] [21] and Opal.[22] Wide spread do -
main-spe cific de clar a tive lan guages like SQL and Lex/Yacc use some el e ments of func -
tional pro gram ming, es pe cially in es chew ing mu ta ble val ues.[23]

Pro gram ming in a func tional style can also be ac com plished in lan guages that are not spe -
cif i cally de signed for func tional pro gram ming. For ex am ple, the im per a tive Perl pro gram -
ming lan guage has been the sub ject of a book de scrib ing how to ap ply func tional pro gram -
ming con cepts.[24] This is also true of the PHP pro gram ming lan guage.[25] C# 3.0 and
Java 8 added con structs to fa cil i tate the func tional style. The Julia lan guage also of fers
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func tional pro gram ming abil i ties. An in ter est ing case is that of Scala[26] – it is fre quently
writ ten in a func tional style, but the pres ence of side ef fects and mu ta ble state place it in a
grey area be tween im per a tive and func tional lan guages.

29.3 His tory

Lambda cal cu lus pro vides a the o ret i cal frame work for de scrib ing func tions and their eval u -
a tion. Al though it is a math e mat i cal ab strac tion rather than a pro gram ming lan guage, it
forms the ba sis of al most all func tional pro gram ming lan guages to day. An equiv a lent the o -
ret i cal for mu la tion, combinatory logic, is com monly per ceived as more ab stract than lambda 
cal cu lus and pre ceded it in in ven tion. Combinatory logic and lambda cal cu lus were both
orig i nally de vel oped to achieve a clearer ap proach to the foun da tions of math e mat ics.[27]

An early func tional-fla vored lan guage was Lisp, de vel oped by John Mc Car thy while at
Mas sa chu setts In sti tute of Tech nol ogy (MIT) for the IBM 700/7000 se ries sci en tific com -
put ers in the late 1950s.[28] Lisp in tro duced many fea tures now found in func tional lan -
guages, though Lisp is tech ni cally a multi-par a digm lan guage. Scheme and Dylan were later 
at tempts to sim plify and im prove Lisp.

In for ma tion Pro cess ing Lan guage (IPL) is some times cited as the first com puter-based func -
tional pro gram ming lan guage.[29] It is an as sem bly-style lan guage for ma nip u lat ing lists of
sym bols. It does have a no tion of "gen er a tor", which amounts to a func tion ac cept ing a
func tion as an ar gu ment, and, since it is an as sem bly-level lan guage, code can be used as
data, so IPL can be re garded as hav ing higher-or der func tions. How ever, it re lies heavily on 
mu tat ing list struc ture and sim i lar im per a tive fea tures.

Ken neth E. Iverson de vel oped APL in the early 1960s, de scribed in his 1962 book A Pro -
gram ming Lan guage (ISBN 9780471430148). APL was the pri mary in flu ence on John
Backus's FP. In the early 1990s, Iverson and Roger Hui cre ated J. In the mid-1990s, Ar thur
Whit ney, who had pre vi ously worked with Iverson, cre ated K, which is used com mer cially
in fi nan cial in dus tries along with its de scen dant Q.

John Backus pre sented FP in his 1977 Tu ring Award lec ture "Can Pro gram ming Be Lib er -
ated From the von Neumann Style? A Func tional Style and its Al ge bra of Pro grams".[30]
He de fines func tional pro grams as be ing built up in a hi er ar chi cal way by means of "com -
bin ing forms" that al low an "al ge bra of pro grams"; in mod ern lan guage, this means that
func tional pro grams fol low the prin ci ple of compositionality. Backus's pa per pop u lar ized re -
search into func tional pro gram ming, though it em pha sized func tion-level pro gram ming
rather than the lambda-cal cu lus style which has come to be as so ci ated with func tional pro -
gram ming.

In the 1970s, ML was cre ated by Robin Milner at the Uni ver sity of Ed in burgh, and Da vid
Turner ini tially de vel oped the lan guage SASL at the Uni ver sity of St. An drews and later the 
lan guage Miranda at the Uni ver sity of Kent. Also in Ed in burgh in the 1970s, Burstall and
Dar ling ton de vel oped the func tional lan guage NPL.[31] NPL was based on Kleene Re -
cursion Equa tions and was first in tro duced in their work on pro gram trans for ma tion.[32]
Burstall, MacQueen and Sannella then in cor po rated the poly mor phic type check ing from
ML to pro duce the lan guage Hope.[33] ML even tu ally de vel oped into sev eral di a lects, the
most com mon of which are now OCaml and Stan dard ML. Mean while, the de vel op ment of
Scheme (a partly func tional di a lect of Lisp), as de scribed in the in flu en tial Lambda Pa pers
and the 1985 text book Struc ture and In ter pre ta tion of Com puter Pro grams, brought aware -
ness of the power of func tional pro gram ming to the wider pro gram ming-lan guages com mu -
nity.
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In the 1980s, Per Mar tin-Löf de vel oped intuitionistic type the ory (also called con struc tive
type the ory), which as so ci ated func tional pro grams with con struc tive proofs of ar bi trarily
com plex math e mat i cal prop o si tions ex pressed as de pend ent types. This led to pow er ful new 
ap proaches to in ter ac tive the o rem prov ing and has in flu enced the de vel op ment of many
sub se quent func tional pro gram ming lan guages.

The Haskell lan guage be gan with a con sen sus in 1987 to form an open stan dard for func -
tional pro gram ming re search; im ple men ta tion re leases have been on go ing since 1990.

29.4 Con cepts

A num ber of con cepts and par a digms are spe cific to func tional pro gram ming, and gen er ally
for eign to im per a tive pro gram ming (in clud ing ob ject-ori ented pro gram ming). How ever, pro -
gram ming lan guages are of ten hy brids of sev eral pro gram ming par a digms, so pro gram mers
us ing "mostly im per a tive" lan guages may have uti lized some of these con cepts.[34]

29.4.1 First-class and higher-or der func tions

Higher-or der func tions are func tions that can ei ther take other func tions as ar gu ments or re -
turn them as re sults. In cal cu lus, an ex am ple of a higher-or der func tion is the dif fer en tial
op er a tor d/dx, which re turns the de riv a tive of a function f.

Higher-or der func tions are closely re lated to first-class func tions in that higher-or der func -
tions and first-class func tions both al low func tions as ar gu ments and re sults of other func -
tions. The dis tinc tion be tween the two is sub tle: "higher-or der" de scribes a math e mat i cal
con cept of func tions that op er ate on other func tions, while "first-class" is a com puter sci -
ence term that de scribes pro gram ming lan guage en ti ties that have no re stric tion on their use 
(thus first-class func tions can ap pear any where in the pro gram that other first-class en ti ties
like num bers can, in clud ing as ar gu ments to other func tions and as their re turn val ues).

Higher-or der func tions en able par tial ap pli ca tion or cur ry ing, a tech nique in which a func -
tion is ap plied to its ar gu ments one at a time, with each ap pli ca tion re turn ing a new func -
tion that ac cepts the next ar gu ment. This al lows one to suc cinctly ex press, for ex am ple, the
suc ces sor func tion as the ad di tion op er a tor par tially ap plied to the nat u ral num ber one.

29.4.2 Pure func tions

Purely func tional func tions (or ex pres sions) have no side ef fects (mem ory or I/O). This
means that pure func tions have sev eral use ful prop er ties, many of which can be used to op -
ti mize the code:

If the re sult of a pure ex pres sion is not used, it can be re moved with out af fect ing other ex -
pres sions.

If a pure func tion is called with ar gu ments that cause no side-ef fects, the re sult is con stant
with re spect to that ar gu ment list (some times called ref er en tial trans par ency), i.e. if the pure 
func tion is again called with the same ar gu ments, the same re sult will be re turned (this can
en able cach ing optimizations such as memoization).

If there is no data de pend ency be tween two pure ex pres sions, then their or der can be re -
versed, or they can be per formed in par al lel and they can not in ter fere with one an other (in
other terms, the eval u a tion of any pure ex pres sion is thread-safe).

If the en tire lan guage does not al low side-ef fects, then any eval u a tion strat egy can be used;
this gives the com piler free dom to re or der or com bine the eval u a tion of ex pres sions in a
pro gram (for ex am ple, us ing deforestation).

While most com pil ers for im per a tive pro gram ming lan guages de tect pure func tions and per -
form com mon-subexpression elim i na tion for pure func tion calls, they can not al ways do this
for pre-com piled li brar ies, which gen er ally do not ex pose this in for ma tion, thus pre vent ing
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optimizations that in volve those ex ter nal func tions. Some com pil ers, such as gcc, add ex tra
keywords for a pro gram mer to ex plic itly mark ex ter nal func tions as pure, to en able such
optimizations. For tran 95 also al lows func tions to be des ig nated "pure".

29.4.3 Re cursion

It er a tion (loop ing) in func tional lan guages is usu ally ac com plished via re cursion. Re cur sive
func tions in voke them selves, al low ing an op er a tion to be per formed over and over un til the
base case is reached. Though some re cursion re quires main tain ing a stack, tail re cursion can 
be rec og nized and op ti mized by a com piler into the same code used to im ple ment it er a tion
in im per a tive lan guages. The Scheme lan guage stan dard re quires im ple men ta tions to rec og -
nize and op ti mize tail re cursion. Tail re cursion op ti mi za tion can be im ple mented by trans -
form ing the pro gram into con tin u a tion passing style during compiling, among other
approaches.

Com mon pat terns of re cursion can be fac tored out us ing higher or der func tions, with
catamorphisms and anamorphisms (or "folds" and "un folds") be ing the most ob vi ous ex am -
ples. Such higher or der func tions play a role anal o gous to built-in con trol struc tures such as 
loops in im per a tive lan guages.

Most gen eral pur pose func tional pro gram ming lan guages al low un re stricted re cursion and
are Tu ring com plete, which makes the halt ing prob lem undecidable, can cause un sound ness
of equational rea son ing, and gen er ally re quires the in tro duc tion of in con sis tency into the
logic ex pressed by the lan guage's type sys tem. Some spe cial pur pose lan guages such as Coq 
al low only well-founded re cursion and are strongly nor mal iz ing (nonterminating com pu ta -
tions can be ex pressed only with in fi nite streams of val ues called codata). As a con se -
quence, these lan guages fail to be Tu ring com plete and ex press ing cer tain func tions in them 
is im pos si ble, but they can still ex press a wide class of in ter est ing com pu ta tions while
avoid ing the prob lems in tro duced by un re stricted re cursion. Func tional pro gram ming lim -
ited to well-founded re cursion with a few other con straints is called to tal func tional pro -
gram ming.[35]

29.4.4 Strict ver sus non-strict eval u a tion

Func tional lan guages can be cat e go rized by whether they use strict (ea ger) or non-strict
(lazy) eval u a tion, con cepts that re fer to how func tion ar gu ments are pro cessed when an ex -
pres sion is be ing eval u ated. The tech ni cal dif fer ence is in the denotational se man tics of ex -
pres sions con tain ing fail ing or di ver gent com pu ta tions. Un der strict eval u a tion, the eval u a -
tion of any term con tain ing a fail ing subterm will it self fail. For ex am ple, the ex pres sion:

print length([2+1, 3*2, 1/0, 5-4])

will fail un der strict eval u a tion be cause of the di vi sion by zero in the third el e ment of the
list. Un der lazy eval u a tion, the length func tion will re turn the value 4 (i.e., the num ber of
items in the list), since eval u at ing it will not at tempt to eval u ate the terms mak ing up the
list. In brief, strict eval u a tion al ways fully eval u ates func tion ar gu ments be fore in vok ing the 
func tion. Lazy eval u a tion does not eval u ate func tion ar gu ments un less their val ues are re -
quired to eval u ate the func tion call it self.

The usual im ple men ta tion strat egy for lazy eval u a tion in func tional lan guages is graph re -
duc tion.[36] Lazy eval u a tion is used by de fault in sev eral pure func tional lan guages, in clud -
ing Miranda, Clean, and Haskell.

Hughes 1984 ar gues for lazy eval u a tion as a mech a nism for im prov ing pro gram mod u lar ity
through sep a ra tion of con cerns, by eas ing in de pend ent im ple men ta tion of pro duc ers and
con sum ers of data streams.[37] Launchbury 1993 de scribes some dif fi cul ties that lazy eval -
u a tion in tro duces, par tic u larly in an a lyz ing a pro gram's stor age re quire ments, and pro poses
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an op er a tional se man tics to aid in such anal y sis.[38] Harper 2009 pro poses in clud ing both
strict and lazy eval u a tion in the same lan guage, us ing the lan guage's type sys tem to dis tin -
guish them.[39]

29.4.5 Type sys tems

Es pe cially since the de vel op ment of Hindley–Milner type in fer ence in the 1970s, func tional 
pro gram ming lan guages have tended to use typed lambda cal cu lus, as op posed to the
untyped lambda cal cu lus used in Lisp and its vari ants (such as Scheme). The use of al ge -
braic datatypes and pat tern match ing makes ma nip u la tion of com plex data struc tures con ve -
nient and ex pres sive; the pres ence of strong com pile-time type check ing makes pro grams
more re li able, while type in fer ence frees the pro gram mer from the need to man u ally de clare 
types to the com piler.

Some re search-ori ented func tional lan guages such as Coq, Agda, Cay enne, and Ep i gram are 
based on intuitionistic type the ory, which al lows types to de pend on terms. Such types are
called de pend ent types. These type sys tems do not have de cid able type in fer ence and are
dif fi cult to un der stand and pro gram with[ci ta tion needed]. But de pend ent types can ex press
ar bi trary prop o si tions in pred i cate logic. Through the Curry–Howard isomorphism, then,
well-typed pro grams in these lan guages be come a means of writ ing for mal math e mat i cal
proofs from which a com piler can gen er ate cer ti fied code. While these lan guages are mainly 
of in ter est in ac a demic re search (in clud ing in for mal ized math e mat ics), they have be gun to
be used in en gi neer ing as well. Compcert is a com piler for a sub set of the C pro gram ming
lan guage that is writ ten in Coq and for mally ver i fied.[40]

A lim ited form of de pend ent types called gen er al ized al ge braic data types (GADT's) can be
im ple mented in a way that pro vides some of the ben e fits of de pend ently typed pro gram -
ming while avoid ing most of its in con ve nience.[41] GADT's are avail able in the Glas gow
Haskell Com piler, in OCaml (since ver sion 4.00) and in Scala (as "case classes"), and have
been pro posed as ad di tions to other lan guages in clud ing Java and C#.[42]

29.4.6 Ref er en tial Trans par ency

Func tional pro grams do not have as sign ment state ments, that is, the value of a vari able in a
func tional pro gram never changes once de fined. This elim i nates any chances of side ef fects
be cause any vari able can be re placed with its ac tual value at any point of ex e cu tion. So,
func tional pro grams are referentially trans par ent. [43]

Con sider C as sign ment state ment x = x * 10, this changes the value as signed to the vari able 
x. Let us say that the ini tial value of x was 10, then two con sec u tive eval u a tions of the vari -
able x will yield 10 and 100 re spec tively. Clearly, re plac ing x = x * 10 with ei ther 10 or
100 gives a pro gram with dif fer ent mean ing, and so the ex pres sion is not referentially trans -
par ent. In fact, as sign ment state ments are never referentially transparent.

Now, con sider an other func tion such as int plusone(int x) {re turn x+1;} is trans par ent, as it
will not im plic itly change the in put x and thus has no such side ef fects. Func tional pro -
grams ex clu sively use this type of func tion and are there fore referentially transparent.

29.4.7 Func tional pro gram ming in non-func tional lan guages

It is pos si ble to use a func tional style of pro gram ming in lan guages that are not tra di tion ally 
con sid ered func tional lan guages.[44] For ex am ple, both D and For tran 95 ex plic itly sup port 
pure func tions.[45]

JavaScript, Lua[46] and Py thon had first class func tions from their in cep tion.[47] Amrit
Prem added sup port to Py thon for "lambda", "map", "re duce", and "fil ter" in 1994, as well
as clo sures in Py thon 2.2, [48] though Py thon 3 rel e gated "re duce" to the functools stan dard 
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li brary mod ule.[49] First-class func tions have been in tro duced into other main stream lan -
guages such as PHP 5.3, Vi sual Ba sic 9, C# 3.0, and C++11.[citation needed]

In Java, anon y mous classes can some times be used to sim u late clo sures; [50] how ever,
anon y mous classes are not al ways proper re place ments to clo sures be cause they have more
lim ited ca pa bil i ties. [51] Java 8 sup ports lambda ex pres sions as a re place ment for some
anon y mous classes. [52] How ever, the pres ence of checked ex cep tions in Java can make
func tional pro gram ming in con ve nient, be cause it can be nec es sary to catch checked ex cep -
tions and then rethrow them—a prob lem that does not oc cur in other JVM lan guages that
do not have checked ex cep tions, such as Scala.[citation needed]

In C#, anon y mous classes are not nec es sary, be cause clo sures and lambdas are fully sup -
ported. Li brar ies and lan guage ex ten sions for im mu ta ble data struc tures are be ing de vel oped 
to aid pro gram ming in the func tional style in C#.

Many ob ject-ori ented de sign pat terns are ex press ible in func tional pro gram ming terms: for
ex am ple, the strat egy pat tern sim ply dic tates use of a higher-or der func tion, and the vis i tor
pat tern roughly cor re sponds to a catamorphism, or fold.

Sim i larly, the idea of im mu ta ble data from func tional pro gram ming is of ten in cluded in im -
per a tive pro gram ming lan guages, [53] for ex am ple the tuple in Py thon, which is an
immutable array.

29.5 Com par i son to im per a tive pro gram ming

Func tional pro gram ming is very dif fer ent from im per a tive pro gram ming. The most sig nif i -
cant dif fer ences stem from the fact that func tional pro gram ming avoids side ef fects, which
are used in im per a tive pro gram ming to im ple ment state and I/O. Pure func tional pro gram -
ming com pletely pre vents side-ef fects and pro vides ref er en tial trans par ency, which makes it 
eas ier to ver ify, op ti mize, and parallelize pro grams, and eas ier to write au to mated tools to
per form those tasks.[ci ta tion needed]

Higher-or der func tions are rarely used in older im per a tive pro gram ming. A tra di tional im -
per a tive pro gram might use a loop to tra verse and mod ify a list. A func tional pro gram, on
the other hand, would prob a bly use a higher-or der “map” func tion that takes a func tion and
a list, gen er at ing and re turn ing a new list by ap ply ing the function to each list item.

29.5.1 Sim u lat ing state

There are tasks (for ex am ple, main tain ing a bank ac count bal ance) that of ten seem most
nat u rally im ple mented with state. Pure func tional pro gram ming per forms these tasks, and
I/O tasks such as ac cept ing user in put and print ing to the screen, in a dif fer ent way.

The pure func tional pro gram ming lan guage Haskell im ple ments them us ing mo nads, de -
rived from cat e gory the ory. Mo nads of fer a way to ab stract cer tain types of com pu ta tional
pat terns, in clud ing (but not lim ited to) mod el ing of com pu ta tions with mu ta ble state (and
other side ef fects such as I/O) in an im per a tive man ner with out los ing pu rity. While ex ist ing 
mo nads may be easy to ap ply in a pro gram, given ap pro pri ate tem plates and ex am ples,
many stu dents find them dif fi cult to un der stand con cep tu ally, e.g., when asked to de fine
new mo nads (which is some times needed for cer tain types of li brar ies).[54]

An other way in which func tional lan guages can sim u late state is by pass ing around a data
struc ture that rep re sents the cur rent state as a pa ram e ter to func tion calls. On each func tion
call, a copy of this data struc ture is cre ated with what ever dif fer ences are the re sult of the
func tion. This is re ferred to as 'state-pass ing style'.

Im pure func tional lan guages usu ally in clude a more di rect method of man ag ing mu ta ble
state. Clojure, for ex am ple, uses man aged ref er ences that can be up dated by ap ply ing pure
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func tions to the cur rent state. This kind of ap proach en ables mu ta bil ity while still pro mot -
ing the use of pure func tions as the pre ferred way to express computations.

Al ter na tive meth ods such as Hoare logic and unique ness have been de vel oped to track side
ef fects in pro grams. Some mod ern re search lan guages use ef fect sys tems to make the pres -
ence of side ef fects explicit.

29.5.2 Ef fi ciency is sues

Func tional pro gram ming lan guages are typ i cally less ef fi cient in their use of CPU and
mem ory than im per a tive lan guages such as C and Pascal.[55] This is re lated to the fact that
some mu ta ble data struc tures like ar rays have a very straight for ward im ple men ta tion us ing
pres ent hard ware (which is a highly evolved Tu ring ma chine). Flat ar rays may be ac cessed
very ef fi ciently with deeply pipelined CPUs, prefetched ef fi ciently through caches (with no
com plex pointer-chas ing), or han dled with SIMD in struc tions. It is also not easy to cre ate
their equally ef fi cient gen eral-pur pose im mu ta ble coun ter parts. For purely func tional lan -
guages, the worst-case slow down is log a rith mic in the num ber of mem ory cells used, be -
cause mu ta ble mem ory can be rep re sented by a purely func tional data struc ture with log a -
rith mic ac cess time (such as a bal anced tree).[56] How ever, such slow downs are not uni ver -
sal. For pro grams that per form in ten sive nu mer i cal com pu ta tions, func tional lan guages such 
as OCaml and Clean are only slightly slower than C.[57] For pro grams that han dle large
ma tri ces and mul ti di men sional da ta bases, ar ray func tional lan guages (such as J and K) were 
de signed with speed optimizations.

Im mu ta bil ity of data can in many cases lead to ex e cu tion ef fi ciency by al low ing the com -
piler to make as sump tions that are un safe in an im per a tive lan guage, thus in creas ing op por -
tu ni ties for inline ex pan sion.[58]

Lazy eval u a tion may also speed up the pro gram, even as ymp tot i cally, whereas it may slow
it down at most by a con stant fac tor (how ever, it may in tro duce mem ory leaks if used im -
prop erly). Launchbury 1993[38] dis cusses the o ret i cal is sues re lated to mem ory leaks from
lazy eval u a tion, and O'Sullivan et al. 2008[59] give some prac ti cal ad vice for an a lyz ing and 
fix ing them. How ever, the most gen eral im ple men ta tions of lazy eval u a tion mak ing ex ten -
sive use of dereferenced code and data per form poorly on mod ern pro ces sors with deep
pipe lines and multi-level caches (where a cache miss may cost hundreds of cycles)[citation
needed].

29.5.3 Cod ing styles

Im per a tive pro grams tend to em pha size the se ries of steps taken by a pro gram in car ry ing
out an ac tion, while func tional pro grams tend to em pha size the com po si tion and ar range -
ment of func tions, of ten with out spec i fy ing ex plicit steps. A sim ple ex am ple il lus trates this
with two so lu tions to the same pro gram ming goal (cal cu lat ing Fibonacci num bers). The
imperative example is in Py thon. Work ing ver sions of these Py thon pro grams can be found
in the func tions chap ter.

29.5.3.1 Ver sion 1 – With Gen er a tors

# Fibonacci num bers, im per a tive style

# https://docs.py thon.org/2.7/tu to rial/mod ules.html

def fibonacci(n, first=0, sec ond=1):

    for i in range(n):

        yield first  # Re turn cur rent it er a tion

        first, sec ond = sec ond, first + sec ond
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print [x for x in fibonacci(10)]

29.5.3.2 Ver sion 2 – It er a tive

def fibonacci(n):

    first, sec ond = 0, 1

    for i in range(n):

        print first  # Print cur rent it er a tion

        first, sec ond = sec ond, first + sec ond #Cal cu late next val ues

        

fibonacci(10)

29.5.3.3 Ver sion 3 – Re cur sive

def fibonacci(n, first=0, sec ond=1):

    if n == 1:

        re turn [first]

    else:

        re turn [first] + fibonacci(n - 1, sec ond, first + sec ond)

        

print fibonacci(10)

29.5.3.4 Haskell

A func tional ver sion (in Haskell) has a dif fer ent feel to it[vague]:

-- Fibonacci num bers, func tional style

-- de scribe an in fi nite list based on the re cur rence re la tion for Fibonacci num bers

fibRecurrence first sec ond = first : fibRecurrence sec ond (first + sec ond)

-- de scribe fibonacci list as fibRecurrence with ini tial val ues 0 and 1

fibonacci = fibRecurrence 0 1

-- de scribe ac tion to print the 10th el e ment of the fibonacci list

main = print (fibonacci !! 10)

Or, more con cisely:

fibonacci2 = 0:1:zipWith (+) fibonacci2 (tail fibonacci2)

The im per a tive style de scribes the in ter me di ate steps in volved in cal cu lat ing fibonacci(N),
and places those steps in side a loop state ment. In con trast, the func tional im ple men ta tion
shown here states the math e mat i cal re cur rence re la tion that de fines the en tire Fibonacci se -
quence, then se lects an el e ment from the se quence (see also re cursion). This ex am ple re lies
on Haskell's lazy eval u a tion to cre ate an "in fi nite" list of which only as much as needed
(the first 10 el e ments in this case) will ac tu ally be com puted. That com pu ta tion hap pens
when the runtime sys tem car ries out the ac tion de scribed by "main".

29.5.3.5 Er lang

The same pro gram in Er lang pro vides a sim ple ex am ple of how func tional lan guages in
gen eral do not re quire their syn tax to con tain an "if" state ment.

-mod ule(fibonacci).

-ex port([start/1]).

%% Fibonacci num bers in Er lang
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start(N) -> do_fib(0, 1, N).

do_fib(_, B, 1) -> B;

do_fib(A, B, N) -> do_fib(B, A + B, N - 1).

This pro gram is con tained within a mod ule called "fibonacci" and de clares that the start/1
func tion will be vis i ble from out side the scope of this mod ule.

The func tion start/1 ac cepts a sin gle pa ram e ter (as de noted by the "/1" syn tax) and then
calls an in ter nal func tion called do_fib/3.

In di rect con trast to the im per a tive cod ing style, Er lang does not need an "if" state ment be -
cause the Er lang runtime will ex am ine the pa ram e ters be ing passed to a func tion, and call
the first func tion hav ing a sig na ture that matches the cur rent pat tern of pa ram e ters. (Er lang
syn tax does pro vide an "if" state ment, but it is con sid ered syn tac tic sugar and, com pared to
its us age in im per a tive lan guages, plays only a mi nor role in ap pli ca tion logic de sign).

In this case, it is un nec es sary to test for a pa ram e ter value within the body of the func tion
be cause such a test is im plic itly per formed by pro vid ing a set of func tion sig na tures that de -
scribe the dif fer ent pat terns of val ues that could be re ceived by a func tion.

In the case above, the first ver sion of do_fib/3 will only be called when the third pa ram e ter
has the pre cise value of 1. In all other cases, the sec ond ver sion of do_fib/3 will be called.

This ex am ple dem on strates that func tional pro gram ming lan guages of ten im ple ment con di -
tional logic im plic itly by match ing pa ram e ter pat terns rather than ex plic itly by means of an
"if" state ment.

29.5.3.6 Elixir

Elixir is a func tional, con cur rent, gen eral-pur pose pro gram ming lan guage that runs on the
Er lang vir tual ma chine (BEAM).

The Fibonacci func tion can be writ ten in Elixir as fol lows:

defmodule Fibonacci do

   def fib(0), do: 0

   def fib(1), do: 1

   def fib(n), do: fib(n-1) + fib(n-2)

end

29.5.3.7 Lisp

The Fibonacci func tion can be writ ten in Com mon Lisp as fol lows:

(defun fib (n &op tional (a 0) (b 1))

  (if (= n 0)

      a

      (fib (- n 1) b (+ a b))))

The pro gram can then be called as

(fib 10)

29.5.3.8 D

D has sup port for func tional pro gram ming[clar i fi ca tion needed] [ci ta tion needed]:

im port std.stdio;

im port std.range;

void main()
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{

    /* 'f' is a range rep re sent ing the first 10 Fibonacci num bers */

    auto f = re cur rence!((seq, i) => seq[0] + seq[1])(0, 1)

             .take(10);

    writeln(f);

}

29.5.3.9 R

R (pro gram ming lan guage) is an en vi ron ment for sta tis ti cal com put ing and graphics. It is
also a func tional pro gram ming lan guage.

The Fibonacci func tion can be writ ten in R as a re cur sive func tion as fol lows:

fib <- func tion(n) {

 if (n <= 2) 1

 else fib(n - 1) + fib(n - 2)

}

Or it can be writ ten as a sin gly re cur sive func tion:

fib <- func tion(n,a=1,b=1) { 

 if (n == 1) a 

 else fib(n-1,b,a+b) 

}

Or it can be writ ten as an it er a tive func tion:

fib <- func tion(n) {

 if (n == 1) 1

 else if (n == 2) 1

 else {

  fib<-c(1,1)

  for (i in 3:n) fib<-c(0,fib[1])+fib[2]

  fib[2]

 }

}

The func tion can then be called as

fib(10)

29.6 Use in in dus try

Func tional pro gram ming has long been pop u lar in ac a de mia, but with few in dus trial ap pli -
ca tions.[60]:page 11 How ever, re cently sev eral prom i nent func tional pro gram ming lan -
guages have been used in com mer cial or in dus trial sys tems. For ex am ple, the Er lang pro -
gram ming lan guage, which was de vel oped by the Swed ish com pany Ericsson in the late
1980s, was orig i nally used to im ple ment fault-tol er ant tele com mu ni ca tions sys tems.[11] It
has since be come pop u lar for build ing a range of ap pli ca tions at com pa nies such as T-Mo -
bile, Nortel, Facebook, Électricité de France and WhatsApp. [10] [12] [61] [62] [63] The
Scheme di a lect of Lisp was used as the ba sis for sev eral ap pli ca tions on early Ap ple
Macintosh com put ers, [2] [3] and has more re cently been ap plied to prob lems such as train -
ing sim u la tion soft ware[4] and tele scope con trol.[5] OCaml, which was in tro duced in the
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mid-1990s, has seen com mer cial use in ar eas such as fi nan cial anal y sis, [13] driver ver i fi ca -
tion, in dus trial ro bot pro gram ming, and static anal y sis of em bed ded soft ware.[14] Haskell,
al though ini tially in tended as a re search lan guage, [16] has also been ap plied by a range of
com pa nies, in ar eas such as aero space sys tems, hard ware de sign, and web pro gram -
ming.[15] [16]

Other func tional pro gram ming lan guages that have seen use in in dus try in clude Scala, [64]
F#, [17] [18] (both be ing func tional-OO hy brids with sup port for both purely func tional and 
im per a tive pro gram ming) Wol fram Lan guage, [8] Lisp, [65] Stan dard ML, [66] [67] and
Clojure.[68]

29.7 In ed u ca tion

Func tional pro gram ming is be ing used as a method to teach prob lem solv ing, al ge bra and
geo met ric con cepts.[69] It has also been used as a tool to teach clas si cal me chan ics in
Struc ture and In ter pre ta tion of Clas si cal Me chan ics.
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Aims

This chap ter pro vides a short back ground to SQL.

30 SQL background
This chap ter pro vides a brief back ground to SQL. Most of the in for ma tion is taken from the 
Wikipedia en try. The Wikipedia en try is a good place to start. I have been us ing  re la tional
da ta base management soft ware since work ing at Im pe rial Col lege in the 1970s and 1980s.
One of the first re la tional sys tems was RIM (Re la tional In for ma tion Man age ment), orig i -
nally a NASA de vel oped soft ware pack age as part of the Space Shut tle pro ject. We used the 
CDC im ple men ta tion at Im pe rial. We also used MicroRIM which was the first pc based re -
la tional dbms. This is now avail able as Rbase. See the fol low ing site for more in for ma tion.

http://www.rbase.com/

I have also used

· IBM's DB2

· Or a cle

· MySQL

Most pro gram mers will end up work ing with SQL at some point. 

30.1 SQL back ground

The Wikipedia home page is:

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

Par a digm Multi-par a digm 

De signed by Don ald D. Chamberlin Ray mond F. Boyce 

De vel oper ISO/IEC 

First ap peared 1974 

Sta ble re lease SQL:2011 / 2011 

Typ ing dis ci pline Static, strong 

OS Cross-plat form 

File for mats File for mat de tails 

File name ex ten sion  .sql 

Internet me dia type ap pli ca tion/sql[1][2] 

De vel oped by ISO/IEC 

Ini tial re lease 1986 

Lat est re lease SQL:2011 (2011; 4 years ago) 

Type of for mat Da ta base Stan dard ISO/IEC 9075 

Open for mat?  Yes 

Ma jor im ple men ta tions Many 

Di a lects SQL-86, SQL-89, SQL-92, SQL:1999, SQL:2003, SQL:2006,

SQL:2008, SQL:2011 

In flu enced by Datalog 
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In flu enced CQL, LINQ, SOQL, Win dows PowerShell,[3] JPQL, jOOQ 

SQL Struc tured Query Lan guage is a spe cial-pur pose pro gram ming lan guage de signed for
man ag ing data held in a re la tional da ta base man age ment sys tem (RDBMS), or for stream
pro cess ing in a re la tional data stream man age ment system (RDSMS).

Orig i nally based upon re la tional al ge bra and tuple re la tional cal cu lus, SQL con sists of a
data def i ni tion lan guage, data ma nip u la tion lan guage, and a data con trol lan guage. The
scope of SQL 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. Al though SQL is of ten de scribed as, and to a great ex tent is, a 
de clar a tive lan guage (4GL), it also includes procedural elements.

SQL was one of the first com mer cial lan guages for Ed gar F. Codd's re la tional model, as de -
scribed in his in flu en tial 1970 pa per, "A Re la tional Model of Data for Large Shared Data
Banks."[10] De spite not en tirely ad her ing to the re la tional model as de scribed by Codd, it
be came the most widely used da ta base language.[11][12]

SQL be came a stan dard of the Amer i can Na tional Stan dards In sti tute (ANSI) in 1986, and
of the In ter na tional Or ga ni za tion for Stan dard iza tion (ISO) in 1987.[13] Since then, the
stan dard has been re vised to in clude a larger set of fea tures. De spite the ex is tence of such
stan dards, though, most SQL code is not com pletely por ta ble among dif fer ent da ta base
systems without ad just ments. We have cov er age be low of the fol low ing:

· His tory

· De sign

· Syn tax: Lan guage el e ments

· Op er a tors

· Que ries: Subqueries

· Inline View

· Null or three-val ued logic (3VL)

· Data ma nip u la tion

· Trans ac tion con trols

· Data def i ni tion

· Data types

· Data con trol

· Pro ce dural ex ten sions

· Interoperability and stan dard iza tion

· Al ter na tives

· Dis trib uted SQL pro cess ing

· See also

· Notes

· Ref er ences

· Ex ter nal links

30.1.1 His tory

SQL was ini tially de vel oped at IBM by Don ald D. Chamberlin and Ray mond F. Boyce in
the early 1970s.[14] This ver sion, ini tially called SE QUEL (Struc tured Eng lish QUEry Lan -
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guage), was de signed to ma nip u late and re trieve data stored in IBM's orig i nal quasi-re la -
tional da ta base man age ment sys tem, Sys tem R, which a group at IBM San Jose Re search
Lab o ra tory had de vel oped dur ing the 1970s.[14] The ac ro nym SE QUEL was later changed
to SQL be cause "SE QUEL" was a trade mark of the UK-based Hawker Siddeley aircraft
company.[15]

In the late 1970s, Re la tional Soft ware, Inc. (now Or a cle Cor po ra tion) saw the po ten tial of
the con cepts de scribed by Codd, Chamberlin, and Boyce, and de vel oped their own
SQL-based RDBMS with as pi ra tions of sell ing it to the U.S. Navy, Cen tral In tel li gence
Agency, and other U.S. gov ern ment agen cies. In June 1979, Re la tional Soft ware, Inc. in tro -
duced the first com mer cially avail able im ple men ta tion of SQL, Or a cle V2 (Version2) for
VAX computers.

Af ter test ing SQL at cus tomer test sites to de ter mine the use ful ness and prac ti cal ity of the
sys tem, IBM be gan de vel op ing com mer cial prod ucts based on their Sys tem R pro to type in -
clud ing Sys tem/38, SQL/DS, and DB2, which were com mer cially avail able in 1979, 1981,
and 1983, respectively.[16]

30.1.2 SQL on line doc u men ta tion

Visit

https://www.w3schools.com/sql/de fault.asp

for a free ref er ence. 

30.1.3 De sign

SQL de vi ates in sev eral ways from its the o ret i cal foun da tion, the re la tional model and its
tuple cal cu lus. In that model, a ta ble is a set of tuples, while in SQL, ta bles and query re -
sults are lists of rows: the same row may oc cur mul ti ple times, and the or der of rows can be 
em ployed in que ries (e.g. in the LIMIT clause).

Crit ics ar gue that SQL should be re placed with a lan guage that strictly re turns to the orig i -
nal foun da tion: for ex am ple, see The Third Man i festo.

30.1.4 Syn tax

It has been sug gested that this sec tion be split into a new ar ti cle ti tled SQL syn tax. (Dis -
cuss) (June 2015) 

30.1.5 Lan guage el e ments

A chart show ing sev eral of the SQL lan guage el e ments that com pose a sin gle state ment

The SQL lan guage is sub di vided into sev eral lan guage el e ments, in clud ing:

· Clauses, which are con stit u ent com po nents of state ments and que ries. (In some

cases, these are op tional.)[17]

· 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) (true/false/un known) or Boolean truth val ues and are used to limit

the ef fects of state ments and que ries, or to change pro gram flow.

· Que ries, which re trieve the data based on spe cific cri te ria. This is an im por tant

el e ment of SQL.

· State ments, which may have a per sis tent ef fect on sche mata and data, or may

con trol trans ac tions, pro gram flow, con nec tions, ses sions, or di ag nos tics. SQL
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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.

30.1.6 Op er a tors

Op er a tor          De scrip tion                 Ex am ple

=                      Equal to                      Au thor = 'Alcott' 

<>                    Not equal to                (many DBMSs ac cept != in ad di tion to <>) Dept <>
'Sales' 

>                      Greater than                Hire_Date > '2012-01-31' 

<                      Less than                    Bo nus < 50000.00 

>=                   Greater than or equal  De pend ents >= 2 

<=                     Less than or equal     Rate <= 0.05 

BE TWEEN     Be tween an in clu sive range
                                                            Cost BE TWEEN 100.00 AND 500.00 

LIKE               Match a char ac ter pat tern
                                                            First_Name LIKE 'Will%' 

IN                    Equal to one of mul ti ple pos si ble val ues
                                                            DeptCode IN (101, 103, 209) 

IS or IS NOT  Com pare to null (miss ing data)
                                                            Ad dress IS NOT NULL 

IS NOT DIS TINCT FROM
                        Is equal to value or both are nulls (miss ing data) 
                                                            Debt IS NOT DIS TINCT FROM - Re ceiv ables 

AS                   Used to change a field name when view ing re sults
                                                            SE LECT em ployee AS 'department1' 
Other op er a tors have at times been sug gested and/or im ple mented, such as the sky line op er -
a tor (for find ing only those re cords that are not 'worse' than any others).

SQL has the case/when/then/else/end ex pres sion, which was in tro duced in SQL-92. In its
most gen eral form, which is called a "searched case" in the SQL stan dard, it works like else 
if in other pro gram ming lan guages:
CASE WHEN n > 0
          THEN 'pos i tive'
     WHEN n < 0
          THEN 'neg a tive'
     ELSE 'zero'
END
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SQL tests WHEN con di tions in the or der they ap pear in the source. If the source does not
spec ify an ELSE ex pres sion, SQL de faults to ELSE NULL. An ab bre vi ated syn tax—called
"sim ple case" in the SQL stan dard—mir rors switch statements:
CASE n WHEN 1
            THEN 'one'
       WHEN 2
            THEN 'two'
       ELSE 'I can not count that high'
END

This syn tax uses im plicit equal ity com par i sons, with the usual ca ve ats for com par ing with
NULL.

For the Or a cle-SQL di a lect, the lat ter can be short ened to an equiv a lent DE CODE con -
struct:
SE LECT DE CODE(n, 1, 'one',
                 2, 'two',
                    'i can not count that high')
FROM   some_ta ble;

The last value is the de fault; if none is spec i fied, it also de faults to NULL. How ever, un like 
the stan dard's "sim ple case", Or a cle's DE CODE con sid ers two NULLs equal with each
other.[18]

30.1.7 Que ries

The most com mon op er a tion in SQL, the query, makes use of 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 provided
in some databases.[19]

Que ries al low the user to de scribe de sired data, leav ing the da ta base man age ment sys tem
(DBMS) to carry out 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 result as it chooses.

A query in cludes a list of col umns to in clude in the fi nal re sult, nor mally im me di ately fol -
low ing the SE LECT key word. An as ter isk ("*") can be used to spec ify that the query
should 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 include:

The FROM clause, which in di cates the ta ble(s) to re trieve data from. The FROM clause can 
in clude op tional JOIN sub clauses to spec ify the rules for join ing tables.

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 where the com par i son 
pred i cate does not eval u ate to True.

The GROUP BY clause pro jects 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 predicate.
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The OR DER BY clause iden ti fies which col umn[s] to use to sort the re sult ing data, and in
which di rec tion to sort them (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 undefined.

The DIS TINCT key word[20] elim i nates du pli cate data.[21]

The fol low ing ex am ple of a SE LECT query 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 result set.
SE LECT *
 FROM  Book
 WHERE price > 100.00
 OR DER BY ti tle;

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 AS 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

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, one could re-write the query above 
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[quan tify] ven dors ei ther do not sup port this ap proach, or re quire cer tain
col umn-nam ing con ven tions for nat u ral joins to work effectively.

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;
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30.1.8 Subqueries

Que ries can be nested so that the re sults of one query can be used in an other query via a re -
la tional op er a tor or ag gre ga tion func tion. A nested query is also known as a subquery.
While joins and other ta ble op er a tions pro vide computationally su pe rior (i.e. faster) al ter na -
tives in many cases, the use of subqueries in tro duces a hi er ar chy in ex e cu tion that can be
use ful or nec es sary. In the fol low ing ex am ple, the ag gre ga tion func tion AVG re ceives as
input the result of a subquery:
SE LECT isbn,
       ti tle,
       price
 FROM  Book
 WHERE price < (SE LECT AVG(price) FROM Book)
 OR DER BY ti tle;

A subquery can use val ues from the outer query, in which case it is known as a cor re lated
subquery.

Since 1999 the SQL stan dard al lows named subqueries called com mon ta ble ex pres sions
(named and de signed af ter the IBM DB2 ver sion 2 im ple men ta tion; Or a cle calls these
subquery fac tor ing). CTEs can also be re cur sive by re fer ring to them selves; the re sult ing
mech a nism al lows tree or graph tra vers als (when rep re sented as re la tions), and more gen er -
ally fixpoint computations.

30.1.9 Inline View

An Inline view is the use of ref er enc ing an SQL subquery in a FROM clause. Es sen tially,
the inline view is a subquery that can be se lected from or joined to. Inline View func tion al -
ity al lows the user to ref er ence the subquery as a ta ble. The inline view also is re ferred to
as a de rived ta ble or a subselect. Inline view func tion al ity was in tro duced in Oracle 9i.[22]

In the fol low ing ex am ple, the SQL state ment in volves a join from the ini tial Books ta ble to
the Inline view "Sales". This inline view cap tures as so ci ated book sales in for ma tion us ing
the ISBN to join to the Books ta ble. As a re sult, the inline view pro vides the re sult set with
ad di tional col umns (the num ber of items sold and the com pany that sold the books):
Se lect b.isbn, b.ti tle, b.price, sales.items_sold, sales.com -
pany_nm
from Book b,
(se lect SUM(Items_Sold) Items_Sold, Com pany_Nm, ISBN
from Book_Sales
group by Com pany_Nm, ISBN) sales
WHERE sales.isbn = b.isbn

30.1.10 Null or three-val ued logic (3VL)

Main ar ti cle: Null (SQL)

The con cept of Null was in tro duced[by whom?] into SQL to han dle miss ing in for ma tion in
the re la tional model. The word NULL is a re served key word in SQL, used to iden tify the
Null spe cial marker. Com par i sons with Null, for in stance equal ity (=) in WHERE clauses,
re sults in an Un known truth value. In SE LECT state ments 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 and also ex cludes those whose value is Unknown.

Along with True and False, the Un known re sult ing from di rect com par i sons with Null thus
brings a frag ment of three-val ued logic to SQL. The truth ta bles SQL uses for AND, OR,
and NOT cor re spond to a com mon frag ment of the Kleene and Lukasiewicz three-val ued
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logic (which dif fer in their def i ni tion of im pli ca tion, how ever SQL de fines no such
operation).[23]

p AND q                                                         p

                                                True                 False                Un known

q          True                             True                 False                Un known 

            False                            False                False                False 

            Un known                    Un known        False                Un known 

p OR q                                                            p

                                                True                 False                Un known

q          True                             True                 True                 True 

            False                            True                 False                Un known 

            Un known                    True                 Un known        Un known 

p = q                                                               p

                                                True                 False                Un known

q          True                             True                 False                Un known 

            False                            False                True                 Un known 

            Un known                    Un known        Un known        Un known 

q                                                                      NOT q

            True                                                     False 

            False                                                    True 

            Un known                                            Un known  
There are how ever dis putes about the se man tic in ter pre ta tion of Nulls in SQL be cause of its 
treat ment out side di rect com par i sons. As seen in the ta ble above, di rect equal ity com par i -
sons be tween two NULLs in SQL (e.g. NULL = NULL) re turn a truth value of Un known.
This is in line with the in ter pre ta tion that 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. How -
ever, the prin ci ple that two Nulls aren't equal to each other is ef fec tively vi o lated in the
SQL spec i fi ca tion for the UN ION and IN TER SECT op er a tors, which do iden tify nulls with
each other.[24] Con se quently, these set op er a tions in SQL may pro duce re sults not rep re -
sent ing sure in for ma tion, un like op er a tions in volv ing ex plicit com par i sons with NULL (e.g.
those in a WHERE clause dis cussed above). In Codd's 1979 pro posal (which was ba si cally
adopted by SQL92) this se man tic in con sis tency is ra tio nal ized by ar gu ing that re moval of
du pli cates in set op er a tions hap pens "at a lower level of de tail than equal ity test ing in the
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eval u a tion of re trieval op er a tions".[23] How ever, com puter-sci ence pro fes sor Ron van der
Meyden con cluded that "The in con sis ten cies in the SQL stan dard mean that it is not
possible to ascribe any intuitive logical semantics to the treatment of nulls in SQL."[24]

Ad di tion ally, be cause SQL op er a tors re turn Un known when com par ing any thing with Null
di rectly, SQL pro vides two Null-spe cific com par i son pred i cates: IS NULL and IS NOT
NULL test whether data is or is not Null.[25] SQL does not ex plic itly sup port uni ver sal
quan ti fi ca tion, and must work it out as a ne gated ex is ten tial quan ti fi ca tion.[26][27][28]
There is also the "<row value ex pres sion> IS DIS TINCT FROM <row value ex pres sion>"
in fixed com par i son op er a tor, which re turns TRUE un less both operands are equal or both
are NULL. Like wise, IS NOT DIS TINCT FROM is de fined as "NOT (<row value ex pres -
sion> IS DIS TINCT FROM <row value ex pres sion>)". SQL:1999 also in tro duced
BOOLEAN type vari ables, which ac cord ing to the stan dard can also hold Un known val ues.
In prac tice, a num ber of sys tems (e.g. PostgreSQL) implement the BOOLEAN Unknown as 
a BOOLEAN NULL.

30.1.11 Data ma nip u la tion

The Data Ma nip u la tion Lan guage (DML) is the sub set of SQL used to add, up date and de -
lete data:
IN SERT adds rows (for mally tuples) to an ex ist ing ta ble,
e.g.:
IN SERT INTO ex am ple
 (field1, field2, field3)
 VAL UES
 ('test', 'N', NULL);
UP DATE mod i fies a set of ex ist ing ta ble rows, e.g.:
UP DATE ex am ple
 SET field1 = 'up dated value'
 WHERE field2 = 'N';
DE LETE re moves ex ist ing rows from a ta ble, e.g.:
DE LETE FROM ex am ple
 WHERE field2 = 'N';

MERGE is used to com bine the data of mul ti ple ta bles. It com bines the IN SERT and UP -
DATE el e ments. It is de fined in the SQL:2003 stan dard; prior to that, some da ta bases pro -
vided sim i lar func tion al ity via dif fer ent syn tax, some times called "upsert".
 MERGE INTO ta ble_name US ING ta ble_ref er ence ON (con di tion)
 WHEN MATCHED THEN
 UP DATE SET column1 = value1 [, column2 = value2 ...]
 WHEN NOT MATCHED THEN
 IN SERT (column1 [, column2 ...]) VAL UES (value1 [, value2
...])

30.1.12 Trans ac tion con trols

Trans ac tions, if avail able, wrap DML op er a tions:

START TRANS AC TION (or BE GIN WORK, or BE GIN TRANS AC TION, de pend ing on
SQL di a lect) marks the start of a da ta base trans ac tion, which ei ther com pletes en tirely or
not at all.

SAVE TRANS AC TION (or SAVEPOINT) saves the state of the da ta base at the cur rent
point in trans ac tion
CRE ATE TA BLE tbl_1(id int);
 IN SERT INTO tbl_1(id) VAL UES(1);
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 IN SERT INTO tbl_1(id) VAL UES(2);
COM MIT;
 UP DATE tbl_1 SET id=200 WHERE id=1;
SAVEPOINT id_1upd;
 UP DATE tbl_1 SET id=1000 WHERE id=2;
ROLL BACK to id_1upd;
 SE LECT id from tbl_1;

COM MIT makes all data changes in a trans ac tion per ma nent.

ROLL BACK dis cards all data changes since the last COM MIT or ROLL BACK, leav ing the 
data as it was prior to those changes. Once the COM MIT state ment com pletes, the trans ac -
tion's changes can not be rolled back.

COM MIT and ROLL BACK ter mi nate the cur rent trans ac tion and re lease data locks. In the
ab sence of a START TRANS AC TION or sim i lar state ment, the se man tics of SQL are im -
ple men ta tion-de pend ent. The fol low ing ex am ple shows a clas sic trans fer of funds trans ac -
tion, where money is re moved from one ac count and added to an other. If ei ther the re moval 
or the ad di tion fails, the entire transaction is rolled back.
START TRANS AC TION;
 UP DATE Ac count SET amount=amount-200 WHERE ac count_num -
ber=1234;
 UP DATE Ac count SET amount=amount+200 WHERE ac count_num -
ber=2345;
IF ER RORS=0 COM MIT;
IF ER RORS<>0 ROLL BACK;

30.1.13 Data def i ni tion

The Data Def i ni tion Lan guage (DDL) man ages ta ble and in dex struc ture. The most ba sic
items of DDL are the CRE ATE, AL TER, RE NAME, DROP and TRUN CATE statements:

CRE ATE cre ates an ob ject (a ta ble, for ex am ple) in the da ta base, e.g.:

CRE ATE TA BLE ex am ple(

 column1 IN TE GER,

 column2 VARCHAR(50),

 column3 DATE NOT NULL,

 PRI MARY KEY (column1, column2)

);

AL TER mod i fies the struc ture of an ex ist ing ob ject in var i ous ways, for ex am ple, add ing a
col umn to an ex ist ing ta ble or a con straint, e.g.:

AL TER TA BLE ex am ple ADD column4 NUM BER(3) NOT NULL;

TRUN CATE de letes all data from a ta ble in a very fast way, de let ing the data in side the ta -
ble and not the ta ble it self. It usu ally im plies a sub se quent COM MIT op er a tion, i.e., it can -
not be rolled back (data is not writ ten to the logs for roll back later, unlike DELETE).

TRUN CATE TA BLE ex am ple;

DROP de letes an ob ject in the da ta base, usu ally ir re triev ably, i.e., it can not be rolled back,
e.g.:

DROP TA BLE ex am ple;
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30.1.14 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 data types.[29]

30.1.14.1 Char ac ter strings

CHARACTER(n) or CHAR(n): 

fixed-width n-char ac ter string, pad ded with spaces as needed

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

30.1.14.2 Bit strings

BIT(n): an ar ray of n bits

BIT VARY ING(n): an ar ray of up to n bits

30.1.14.3 Num bers

INTEGER, SMALLINT and BIGINT

FLOAT, REAL and DOU BLE PRE CI SION

NU MERIC(pre ci sion, scale) or DEC I MAL(pre ci sion, scale)

For ex am ple, the num ber 123.45 has a pre ci sion of 5 and a scale of 2. The pre ci sion is a
pos i tive in te ger that de ter mines the num ber of sig nif i cant dig its in a par tic u lar ra dix (bi nary 
or dec i mal). The scale is a non-neg a tive in te ger. A scale of 0 in di cates that the num ber is an 
in te ger. For a dec i mal num ber with scale S, the ex act nu meric value is the in te ger value of
the significant digits divided by 10S.

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, SQLite, Sybase, Or a cle,
PostgreSQL and Microsoft SQL Server)[30]

30.1.14.4 Tem po ral (date/time)

DATE: for date val ues (e.g. 2011-05-03)

TIME: for time val ues (e.g. 15:51:36). The gran u lar ity of the time value is usu ally a tick
(100 nano sec onds).

TIME WITH TIME ZONE or TIMETZ: 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. 2011-05-03
15:51:36).

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. The IBM Informix im ple men ta -
tion pro vides the EX TEND and the FRAC TION func tions to in crease the ac cu racy of time,
for sys tems re quir ing sub-second precision.[31]
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30.1.15 Data con trol

The Data Con trol Lan guage (DCL) au tho rizes us ers to ac cess and ma nip u late data. Its two
main state ments are:

GRANT au tho rizes one or more us ers to per form an op er a tion or a set of op er a tions on an
object.

RE VOKE elim i nates a grant, which may be the de fault grant.

Ex am ple:
GRANT SE LECT, UP DATE
 ON ex am ple
 TO some_user, an other_user;
RE VOKE SE LECT, UP DATE
 ON ex am ple
 FROM some_user, an other_user;

30.1.16 Pro ce dural ex ten sions

SQL is de signed for a spe cific pur pose: to query data con tained in a re la tional da ta base.
SQL is a set-based, de clar a tive pro gram ming lan guage, not an im per a tive pro gram ming lan -
guage like C or BA SIC. How ever, ex ten sions to Stan dard SQL add pro ce dural pro gram -
ming lan guage func tion al ity, such as con trol-of-flow constructs. These include:

Source                         Com mon name                       Full name

ANSI/ISO Stan dard    SQL/PSM                               SQL/Per sis tent Stored Mod ules 

Interbase / Firebird     PSQL                                      Pro ce dural SQL 

IBM DB2                    SQL PL                                   SQL Pro ce dural Lan guage 
                                                                                    implements SQL/PSM) 

IBM Informix             SPL                                         Stored Pro ce dural Lan guage 

IBM Netezza              NZPLSQL [3]                         (based on Postgres PL/pgSQL) 

Microsoft / Sybase     T-SQL                                     Trans act-SQL 

Mimer SQL                SQL/PSM                               SQL/Per sis tent Stored Mod ule 
                                                                                    (im ple ments SQL/PSM) 

MySQL                       SQL/PSM                               SQL/Per sis tent Stored Mod ule
                                                                                    (im ple ments SQL/PSM) 

MonetDB                    SQL/PSM                               SQL/Per sis tent Stored Mod ule
                                                                                    (im ple ments SQL/PSM) 

NuoDB                        SSP                                         Starkey Stored Pro ce dures 

Or a cle                         PL/SQL                                   Pro ce dural Lan guage/SQL 
                                                                                    (based on Ada) 

PostgreSQL                PL/pgSQL                               Pro ce dural Lan guage/PostgreSQL
                                                                                   (based on Or a cle PL/SQL) 

SQL background 387

 Ian D Chivers Chap ter 30



PostgreSQL                PL/PSM                                  Pro ce dural Lan guage/
                                                                                    Per sis tent Stored Mod ules
                                                                                    (im ple ments SQL/PSM) 

Sybase                         Watcom-SQL                          SQL Any where Watcom-SQL Di a lect 

Teradata                      SPL                                         Stored Pro ce dural Lan guage 

SAP                             SAP HANA                            SQL Script 
In ad di tion to the stan dard SQL/PSM ex ten sions and pro pri etary SQL ex ten sions, pro ce -
dural and ob ject-ori ented pro gram ma bil ity is avail able on many SQL plat forms via DBMS
in te gra tion with other lan guages. The SQL stan dard de fines SQL/JRT ex ten sions (SQL Rou -
tines and Types for the Java Pro gram ming Lan guage) to sup port Java code in SQL da ta -
bases. SQL Server 2005 uses the SQLCLR (SQL Server Com mon Lan guage Runtime) to
host man aged .NET as sem blies in the da ta base, while prior ver sions of SQL Server were re -
stricted to unmanaged ex tended stored pro ce dures pri mar ily writ ten in C. PostgreSQL lets
us ers write func tions in a wide va ri ety of lan guages — in clud ing Perl, Python, Tcl, and
C.[32]

30.1.17 Interoperability and stan dard iza tion

SQL im ple men ta tions are in com pat i ble be tween ven dors and do not nec es sar ily com pletely
fol low stan dards. In par tic u lar date and time syn tax, string con cat e na tion, NULLs, and com -
par i son case sen si tiv ity vary from ven dor to ven dor. A par tic u lar ex cep tion is PostgreSQL,
which strives for standards compliance.[33]

Pop u lar im ple men ta tions of SQL com monly omit sup port for ba sic fea tures of Stan dard
SQL, such as the DATE or TIME data types. The most ob vi ous such ex am ples, and in ci -
den tally the most pop u lar com mer cial and pro pri etary SQL DBMSs, are Or a cle (whose
DATE be haves as DATETIME,[34][35] and lacks a TIME type)[36] and MS SQL Server
(be fore the 2008 ver sion). As a re sult, SQL code can rarely be ported be tween da ta base
systems without modifications.

There are sev eral rea sons for this lack of por ta bil ity be tween da ta base sys tems:

· The com plex ity and size of the SQL stan dard means that most im ple men tors do

not sup port the en tire stan dard.

· The stan dard does not spec ify da ta base be hav ior in sev eral im por tant ar eas (e.g.

in dexes, file stor age...), leav ing im ple men ta tions to de cide how to be have.

· The SQL stan dard pre cisely spec i fies the syn tax that a con form ing da ta base sys -

tem must im ple ment. How ever, the stan dard's spec i fi ca tion of the se man tics of

lan guage con structs is less well-de fined, lead ing to am bi gu ity.

· Many da ta base ven dors have large ex ist ing cus tomer bases; where the newer

ver sion of the SQL stan dard con flicts with the prior be hav ior of the ven dor's da -

ta base, the ven dor may be un will ing to break back ward com pat i bil ity.

· There is lit tle com mer cial in cen tive for ven dors to make it eas ier for us ers to

change da ta base sup pli ers (see ven dor lock-in).

· Us ers eval u at ing da ta base soft ware tend to place other fac tors such as per for -

mance higher in their pri or i ties than stan dards con for mance.

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[37] and the In ter na tional Or ga ni za tion for Stan dard iza tion (ISO) in 1987.
Now a days the stan dard is sub ject to con tin u ous im prove ment by the Joint Tech ni cal Com -
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mit tee ISO/IEC JTC 1, In for ma tion tech nol ogy, Sub com mit tee SC 32, Data man age ment
and in ter change, which af fil i ate to ISO as well as IEC. It is com monly de noted by the pat -
tern: ISO/IEC 9075-n:yyyy Part n: title, or, as a shortcut, ISO/IEC 9075.

ISO/IEC 9075 is com ple mented by ISO/IEC 13249: SQL Mul ti me dia and Ap pli ca tion Pack -
ages (SQL/MM), which de fines SQL based in ter faces and pack ages to widely spread ap pli -
ca tions like video, au dio and spatial data.

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 products.[38]

The orig i nal stan dard de clared that the of fi cial pro nun ci a tion for "SQL" was an initialism:
("es queue el").[11] Re gard less, many Eng lish-speak ing da ta base pro fes sion als (in clud ing
Don ald Chamberlin him self[39]) use the ac ro nym-like pro nun ci a tion of "se quel"),[40] mir -
ror ing the lan guage's pre-re lease de vel op ment name of "SEQUEL".[14][15]

The SQL stan dard has gone through a num ber of re vi sions:

Year                Name               Alias                Com ments

1986                SQL-86           SQL-87           First for mal ized by ANSI. 

1989                SQL-89           FIPS 127-1      Mi nor re vi sion that added in teg rity con straints,
                                                                       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 (e.g. tran si tive clo sure), 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 (e.g. struc tured types). Sup port
for em bed ding SQL in Java (SQL/OLB) and vice versa (SQL/JRT). 

2003                SQL:2003       SQL 2003       In tro duced XML-re lated fea tures (SQL/XML),
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       SQL 2006       ISO/IEC 9075-14:2006 de fines ways that SQL
can be used 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 lets ap pli ca tions in te grate que ries into their SQL
code with 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.[41] 

2008                SQL: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.[42] 

2011                SQL:2011 
In ter ested par ties may pur chase SQL stan dards doc u ments from ISO,[43] IEC or ANSI. A
draft of SQL:2008 is freely avail able as a zip ar chive.[44]

The SQL stan dard is di vided into nine parts.

· ISO/IEC 9075-1:2011 Part 1: Frame work (SQL/Frame work). It pro vides log i cal

con cepts.
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· ISO/IEC 9075-2:2011 Part 2: Foun da tion (SQL/Foun da tion). It con tains the most 

cen tral el e ments of the lan guage and con sists of both man da tory and op tional

fea tures.

· ISO/IEC 9075-3:2008 Part 3: Call-Level In ter face (SQL/CLI). It de fines in ter -

fac ing com po nents (struc tures, pro ce dures, vari able bind ings) that can be used to 

ex e cute SQL state ments from ap pli ca tions writ ten in Ada, C re spec tively C++,

CO BOL, For tran, MUMPS, Pascal or PL/I. (For Java see part 10.) SQL/CLI is

de fined in such a way that SQL state ments and SQL/CLI pro ce dure calls are

treated as sep a rate from the call ing ap pli ca tion's source code. Open Da ta base

Con nec tiv ity is a well-known superset of SQL/CLI. This part of the stan dard

con sists solely of man da tory fea tures.

· ISO/IEC 9075-4:2011 Part 4: Per sis tent Stored Mod ules (SQL/PSM) It stan dard -

izes pro ce dural ex ten sions for SQL, in clud ing flow of con trol, con di tion han -

dling, state ment con di tion sig nals and resignals, cursors and lo cal vari ables, and

as sign ment of ex pres sions to vari ables and pa ram e ters. In ad di tion, SQL/PSM
for mal izes dec la ra tion and main te nance of per sis tent da ta base lan guage rou tines

(e.g., "stored pro ce dures"). This part of the stan dard con sists solely of op tional

fea tures.

· ISO/IEC 9075-9:2008 Part 9: Man age ment of Ex ter nal Data (SQL/MED). It pro -

vides ex ten sions to SQL that de fine for eign-data wrap pers and datalink types to

al low SQL to man age ex ter nal data. Ex ter nal data is data that is ac ces si ble to,

but not man aged by, an SQL-based DBMS. This part of the stan dard con sists

solely of op tional fea tures.

· ISO/IEC 9075-10:2008 Part 10: Ob ject Lan guage Bind ings (SQL/OLB). It de -

fines the syn tax and se man tics of SQLJ, which is SQL em bed ded in Java (see

also part 3). The stan dard also de scribes mech a nisms to en sure bi nary por ta bil ity 

of SQLJ ap pli ca tions, and spec i fies var i ous Java pack ages and their con tained

classes. This part of the stan dard con sists solely of op tional fea tures, as op posed

to SQL/OLB JDBC, which is not part of the SQL stan dard, which de fines an

API.[ci ta tion needed]

· ISO/IEC 9075-11:2011 Part 11: In for ma tion and Def i ni tion Schemas (SQL/Sche -

mata). It de fines the In for ma tion Schema and Def i ni tion Schema, pro vid ing a

com mon set of tools to make SQL da ta bases and ob jects self-de scrib ing. These

tools in clude the SQL ob ject iden ti fier, struc ture and in teg rity con straints, se cu -

rity and au tho ri za tion spec i fi ca tions, fea tures and pack ages of ISO/IEC 9075,

sup port of fea tures pro vided by SQL-based DBMS im ple men ta tions, SQL-based
DBMS im ple men ta tion in for ma tion and siz ing items, and the val ues sup ported

by the DBMS im ple men ta tions.[45] This part of the stan dard con tains both man -

da tory and op tional fea tures.

· ISO/IEC 9075-13:2008 Part 13: SQL Rou tines and Types Us ing the Java Pro -

gram ming Lan guage (SQL/JRT). It spec i fies the abil ity to in voke static Java

meth ods as rou tines from within SQL ap pli ca tions ('Java-in-the-da ta base'). It also 

calls for the abil ity to use Java classes as SQL struc tured user-de fined types.

This part of the stan dard con sists solely of op tional fea tures.
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· ISO/IEC 9075-14:2011 Part 14: XML-Re lated Spec i fi ca tions (SQL/XML). It

spec i fies SQL-based ex ten sions for us ing XML in con junc tion with SQL. The

XML data type is in tro duced, as well as sev eral rou tines, func tions, and

XML-to-SQL data type mappings to sup port ma nip u la tion and stor age of XML

in an SQL da ta base.[41] This part of the stan dard con sists solely of op tional fea -

tures.[ci ta tion needed]

ISO/IEC 9075 is com ple mented by ISO/IEC 13249 SQL Mul ti me dia and Ap pli ca tion Pack -
ages. This closely re lated but sep a rate stan dard is de vel oped by the same com mit tee. It de -
fines in ter faces and pack ages based on SQL. The aim is a uni fied ac cess to typ i cal da ta base 
ap pli ca tions like text, pic tures, data min ing or spa tial data.

· ISO/IEC 13249-1:2007 Part 1: Frame work

· ISO/IEC 13249-2:2003 Part 2: Full-Text

· ISO/IEC 13249-3:2011 Part 3: Spa tial

· ISO/IEC 13249-5:2003 Part 5: Still im age

· ISO/IEC 13249-6:2006 Part 6: Data min ing

· ISO/IEC 13249-8:xxxx Part 8: Metadata reg is tries (MDR) (work in prog ress)

30.1.18 Al ter na tives

A dis tinc tion should be made be tween al ter na tives to SQL as a lan guage, and al ter na tives to 
the re la tional model it self. Be low are pro posed re la tional al ter na tives to the SQL lan guage.
See nav i ga tional da ta base and NoSQL for al ter na tives to the relational model.

· .QL: ob ject-ori ented Datalog

· 4D Query Lan guage (4D QL)

· BQL: a superset that com piles down to SQL

· Datalog: crit ics sug gest that Datalog has two ad van tages over SQL: it has

cleaner se man tics, which fa cil i tates pro gram un der stand ing and main te nance, and 

it is more ex pres sive, in par tic u lar for re cur sive que ries.[46]

· HTSQL: URL based query method

· IBM Busi ness Sys tem 12 (IBM BS12): one of the first fully re la tional da ta base

man age ment sys tems, in tro duced in 1982

· ISBL

· jOOQ: SQL im ple mented in Java as an in ter nal do main-spe cific lan guage

· Java Per sis tence Query Lan guage (JPQL): The query lan guage used by the Java

Per sis tence API and Hi ber nate per sis tence li brary

· LINQ: Runs SQL state ments writ ten like lan guage con structs to query col lec -

tions di rectly from in side .Net code.

· Ob ject Query Lan guage

· OttoQL

· QBE (Query By Ex am ple) cre ated by Moshè Zloof, IBM 1977

· Quel in tro duced in 1974 by the U.C. Berke ley Ingres pro ject.

· Tu to rial D

· XQuery
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30.1.19 Dis trib uted SQL pro cess ing

Dis trib uted Re la tional Da ta base Ar chi tec ture (DRDA) was de signed by a work group within 
IBM in the pe riod 1988 to 1994. DRDA en ables net work con nected re la tional da ta bases to
co op er ate to ful fill SQL requests.[47][48]

An in ter ac tive user or pro gram can is sue SQL state ments to a lo cal RDB and re ceive ta bles
of data and sta tus in di ca tors in re ply from re mote RDBs. SQL state ments can also be com -
piled and stored in re mote RDBs as pack ages and then in voked by pack age name. This is
im por tant for the ef fi cient op er a tion of ap pli ca tion pro grams that is sue com plex, high-fre -
quency que ries. It is es pe cially im por tant when the ta bles to be accessed are located in
remote systems.

The mes sages, pro to cols, and struc tural com po nents of DRDA are de fined by the Dis trib -
uted Data Man age ment Ar chi tec ture.

30.1.20 See also

The fol low ing are hot links from the Wikipedia pages.

· Com par i son of ob ject-re la tional da ta base man age ment sys tems

· Com par i son of re la tional da ta base man age ment sys tems

· D (data lan guage spec i fi ca tion)

· D4 (pro gram ming lan guage)

· Hi er ar chi cal model

· List of re la tional da ta base man age ment sys tems

· MUMPS

· NoSQL

· Trans act-SQL

· On line an a lyt i cal pro cess ing (OLAP)

· On line trans ac tion pro cess ing (OLTP)

· Data ware house

· re la tional data stream man age ment sys tem

· Star schema

· Snow flake schema

· DB2 SQL re turn codes

30.1.21 Notes

1. "Me dia Type reg is tra tion for ap pli ca tion/sql". Internet As signed Num bers Au thor ity. 10
April 2013. Re trieved 10 April 2013.

2. "The ap pli ca tion/sql Me dia Type, RFC 6922". Internet En gi neer ing Task Force. April
2013. p. 3. Re trieved 10 April 2013.
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31 Example summary
31.1 In tro duc tion

In this chap ter we pro vide sum mary de tails about the ex am ples. The fol low ing ta ble has the 
de tails.

Chap ter
number

Ex am ple
number

De scrip tion Page
number

2 Ex am ple 1 Hello World 67

2 Ex am ple 2 Sim ple text I/o us ing Py thon style strings 67

2 Ex am ple 3 Sim ple nu meric i/o 68

4 Ex am ple 1 as sign ment and di vi sion 77

4 Ex am ple 2 di vi sion with in te gers 78

4 Ex am ple 3 time taken to reach the earth from the Sun. 78

4 Ex am ple 4 con vert ing from Fahr en heit to cen ti grade. 79

4 Ex am ple 5 con vert ing from Cen ti grade to Fahr en heit. 79

4 Ex am ple 6 num bers get ting too large - over flow 79

4 Ex am ple 7 num bers get ting too small - un der flow 79

4 Ex am ple 8 sub trac tion of two sim i lar val ues 80

4 Ex am ple 9 sum ma tion 80

5 Ex am ple 1 ar ray and con ven tional for loop syn tax 87

5 Ex am ple 2 us ing the len func tion to de ter mine the size of ar ray 88

5 Ex am ple 3 read ing in the ar ray size 88

6 Ex am ple 1 sim ple rain fall ex am ple 96

6 Ex am ple 2 vari ant of one us ing len in trin sic func tion 96

6 Ex am ple 3 set ting the size at run time 96

6 Ex am ple 4 two d ar ray us ing numpy.ze ros method 97

6 Ex am ple 5 two d ar ray us ing numpy.ar ray() method 97

6 Ex am ple 6 two d ar ray and the numpy.sum() method 97

6 Ex am ple 7 sim ple one d slic ing 100

6 Ex am ple 8 two d slic ing 100

6 Ex am ple 9 arith me tic and slic ing 101
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6 Ex am ple 10 Ag gre gate us age 102

6 Ex am ple 11 Shape ma nip u la tion 102

6 Ex am ple 12 Cop ies or views 103

7 Ex am ple 1 in itial is ation, len and find meth ods 110

7 Ex am ple 2 con cat e na tion and split method 110

7 Ex am ple 3 split vari ant 112

7 Ex am ple 4 read ing from an ex ter nal file 112

7 Ex am ple 5
read ing data from a file and cal cu lat ing sum and 
av er age rain fall val ues

115

7 Ex am ple 6
sim ple vari ant of the pre vi ous ex am ple us ing the
 .for mat option

117

7 Ex am ple 7 the ASCII char ac ter set 118

7 Ex am ple 8 Unicode char ac ters 120

7 Ex am ple 9 an other unicode ex am ple 121

8 Ex am ple 1 the if state ment 130

8 Ex am ple 2 the while state ment 131

8 Ex am ple 3 the for loop with ar rays 131

8 Ex am ple 4 the for loop with lists and enu mer ate 132

8 Ex am ple 5 the for in state ment 133

8 Ex am ple 6 try and ex cept 133

9 Ex am ple 1 a big ger func tion 136

9 Ex am ple 2 a swap func tion 137

9 Ex am ple 3 an other swap 137

9 Ex am ple 4 yet an other swap 138

9 Ex am ple 5 re cur sive func tions 138

9 Ex am ple 6 sim ple fac to rial vari ant, read ing the value in 138

9 Ex am ple 7 test ing out the maths func tions 143

9 Ex am ple 8 math mod ule sin func tion 145

9 Ex am ple 9 math mod ule us ing numpy ar rays 146

9 Ex am ple 10 math mod ule us ing a pi short cut 146
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9 Ex am ple 11 Us ing gen er a tors 148

9 Ex am ple 12 It er a tive 148

9 Ex am ple 13 Re cur sive 148

9 Ex am ple 14 gen er at ing prime num bers 149

9 Ex am ple 15 list and lambda us age 149

9 Ex am ple 16 func tional ex am ple 150

9 Ex am ple 17 func tional ex am ple 151

9 Ex am ple 18 func tional ex am ple vari ant us ing the ar ray mod ule 152

9 Ex am ple 19 func tional vari ant us ing the numpy mod ule 152

10 Ex am ple 1 base shape class 154

10 Ex am ple 2 vari a tion us ing mod ules 155

10 Ex am ple 3 a cir cle de rived class 156

10 Ex am ple 4 test pro gram for the shape and cir cle classes 157

10 Ex am ple 5 poly mor phism and dy namic bind ing 158

10 Ex am ple 6 data struc tur ing us ing the Met Of fice data 159

11 Ex am ple 1 read ing from a file us ing substrings 162

11 Ex am ple 2 read ing the same file us ing the split() method 164

11 Ex am ple 3 internet file read 165

11 Ex am ple 4 vari a tion on the internet file read where we save the file 166

11 Ex am ple 5 read ing all of the sta tion data files with tim ing 167

11 Ex am ple 6 Writ ing to a set of files names gen er ated within Py thon 170

11 Ex am ple 7 Copy ing a file and re plac ing miss ing val ues 170

11 Ex am ple 8 cre at ing an SQL file 170

11 Ex am ple 9 Cre at ing a csv file 171

11 Ex am ple 10 CSV files and the csv mod ule 172

11 Ex am ple 11 CSV us age and data ex trac tion 174

11 Ex am ple 12 read ing a met of fice file us ing the csv mod ule 175

11 Ex am ple 13 read ing data us ing the genfromtxt method 176

11 Ex am ple 14 Writ ing a CSV file 178
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11 Ex am ple 15
write large ar ray as text file, el e ment by el e ment, 
with tim ing

179

11 Ex am ple 16
write large ar ray as bi nary file , 
el e ment by el e ment, with tim ing

180

11 Ex am ple 17
write large ar ray as bi nary file , whole ar ray, 
with tim ing

181

11 Ex am ple 18 list ing sub di rec tories 182

11 Ex am ple 19 list ing all Py thon files 182

13 Ex am ple 1 Sim ple iterator us age 189

13 Ex am ple 2 list type in itial is ation and sim ple for in state ment 193

13 Ex am ple 3 list type and var i ous se quence meth ods 193

13 Ex am ple 4 list as sign ment ver sus copy() method 194

13 Ex am ple 5 sim ple list com pre hen sion 195

13 Ex am ple 6 more list com pre hen sions 196

13 Ex am ple 7 more list com pre hen sions 196

13 Ex am ple  8 even more list com pre hen sions 197

13 Ex am ple 9 sim ple tuple us age 198

13 Ex am ple 10 sim ple range us age 199

14 Ex am ple 1 sim ple set us age 202

14 Ex am ple 2 sim ple dic tio nary 203

15 Ex am ple 1 sim ple dict us age 205

15 Ex am ple 2 dict view us age 205

16 Ex am ple 1 sim ple op er a tor over load ing 207

17 Ex am ple 1 us ing getcontext() 210

17 Ex am ple 2 val ues for the maths con stants e and pi 212

17 Ex am ple 3 sum ma tion us ing float and dec i mal 213

17 Ex am ple 4 sim ple frac tion us age 214

17 Ex am ple 5 sim ple ran dom us age 216

18 Ex am ple 1 Da ta base cre ation 222

18 Ex am ple 2 Ta ble cre ation 222
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18 Ex am ple 3 load ing the earthqk ta ble 226

18 Ex am ple 4 load ing the re gions ta ble 227

18 Ex am ple 5 load ing the tsu nami ta ble 228

18 Ex am ple 6 Que ry ing the ta bles 228

18 Ex am ple 7 cre at ing the da ta base 228

18 Ex am ple 8 cre at ing a ta ble for one of the sites 229

18 Ex am ple 9 load ing data into the ta ble 229

18 Ex am ple 10 sim ple ta ble query 230

18 Ex am ple 11 com put ing av er ages 230

18 Ex am ple 12
Find ing the wet test month and dis play ing the year,
 month and rain fall

231

18 Ex am ple 13
Find ing the wet test months and dis play ing the year,
 month and rain fall

232

18 Ex am ple 14
do ing monthly av er age cal cu la tions us ing the
genfromtxt ex am ple in the IO chapter

232

19 Ex am ple 1 UK post codes 244

21 Ex am ple 1 Se rial so lu tion 250

21 Ex am ple 2 Multi-threaded so lu tion 252

22 Ex am ple 1 Sim ple multi-pro cess ing on a 6 core sys tem 256

22 Ex am ple 2 Sim ple vari ant for an 8 core sys tem 258

23 Ex am ple 1 sim ple mod ule us age 270

24 Ex am ple 1 Ba sic Pan das syn tax 283

24 Ex am ple 2 Cal cu lat ing over all av er ages 284

24 Ex am ple 3 Cal cu lat ing min i mum and max i mum val ues 285

24 Ex am ple 4 Us ing the groupby method 286

25 Ex am ple 1 sim ple test pro gram in cluded with Tkinter dis tri bu tion 290

25 Ex am ple 2 Hello world ver sion 1 291

25 Ex am ple 3 Hello world vari ant 1 292

25 Ex am ple 4 Hello world vari ant 2 293

25 Ex am ple 5 Hello world ver sion 2 293
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25 Ex am ple 6 Hello world ver sion 3 294

25 Ex am ple 7 sim ple but ton ex am ple 296

25 Ex am ple 8 But ton and mes sage ex am ple 297

25 Ex am ple 9 But ton, mes sage and en try ex am ple 298

25 Ex am ple 10 But ton, en try and text wid get ex am ple 300

26 Ex am ple 1 Sim ple trig o no met ric plot 307

26 Ex am ple 2 En hanced trig o no met ric plot 316

26 Ex am ple 3 add ing a leg end, matplotlib de faults 317

26 Ex am ple 4 add ing a leg end with man ual po si tion ing 318

26 Ex am ple 5 Bar charts 319

26 Ex am ple 6 bar chart with stan dard de vi a tions 321

26 Ex am ple 7 bar chart with 4 fre quen cies 322

26 Ex am ple 8 bar chart with 10 fre quen cies 325

26 Ex am ple 9 Map ping with Py thon 2.x and basemap 328

26 Ex am ple 10 tsu nami plot us ing cartopy 334

26 Ex am ple 11 shift ing the cen ter of the map 341

26 Ex am ple 12 map ping us ing UK postcodes 345

27 Ex am ple 1 Py thon so lu tion 351

27 Ex am ple 2 For tran so lu tion 352

27 Ex am ple 3 C++ so lu tion 353

27 Ex am ple 4 Java so lu tion 355

28 Ex am ple 1 test ing the Nag li brary calls 359

28 Ex am ple 2 test ing the Py thon ran dom num ber gen er a tors 360

28 Ex am ple 3 Py thon na tive tim ing 360

28 Ex am ple 4 Nag tim ing 362

Note that some of the ex am ples are not Py thon pro grams.

31.2 Chap ter notes

Chap ter 6 has two vari ants for c0606.py. Here is the diff out put.

diff c0606.py c0606_1.py
6c6,8
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< x = np.ar ray([[1,2,3] , [4,5,6] , [7,8,9]])
---
> x = np.ar ray([[1,2,3] , 
>               [4,5,6] , 
>               [7,8,9]])

i.e. there is a dif fer ence in the initalisation of the ar ray.

diff c0606.py c0606_2.py
6c6,8
< x = np.ar ray([[1,2,3] , [4,5,6] , [7,8,9]])
---
> x = np.ar ray([[1,2,3] , \
>               [4,5,6] , \
>               [7,8,9]])

where we use ex plicit con tin u a tion mark ers.

Chap ter 7 has an ex tra ex am ple based on a later Unicode stan dard.

Chap ter 27 has For tran, C++ and Java source files.

The Nag ex am ples in chap ter 28 need a Nag li brary licence.
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