Python

Victor Bos

“And now for something completely different...” Python is a scripting language
with clear syntax and semantics, support for object orientation, and an exten-
sive standard library. In contrast with many other scripting languages Python
code is readable and, therefore, reusable. This makes Pyhton a useful tool for
software development, since it can be used to implement prototypes as well as

production versions of applications.

Intr oduction

Pythonis a scripting or extensionlanguagesimilar
to Perl [12], Tcl/Tk [8]. In his foreword to Pro-
grammingPython[6] Pythons creatorGuido van
Rossumwrote (See[11]): “I decidedto write an
interpreter for the new scripting language | had
beenthinking about lately: a descendanbf ABC
that would appealto Unix/C haders” The ABC
language[5], hasnever becomepopular which is
partly causedy its peculiarsyntax,but it waswell
designed. In additionto ABC, Pythonwas influ-

The language

The syntaxof Pythonis quite standardaswill be
shavn in examplesthroughoutthis article. How-
ever, thereare somecontroversial aspects.Inden-
tation of groupsof statementss oneof them. If a
groupstartson anew line, all its statementshould
be indentedby the samenumberof columns. For
example,awhile loopis written as:

while i<n and f(i)<f(n):

a[i] = f(i)

i =i +1
Thestatementa[i] = f(i) andi =i + 1
form a group. Sinceindentationis usedto indi-
cate groups, no group delimiterslike { and} or
begi n—-end are needed. Programmersunfamil-

encedby Modula-3,an objectorienteddescendant iar with Pythonmight find this irritating, however,

of Pascalmeantfor systemprogramming,see[7.
Thisresultedn ascriptinglanguagewith clearsyn-

it is not a drawback. Experiencedprogrammers
(in no matterwhat languagehave usuallyadopted

tax (which is not commonfor scriptinglanguages) their own style of indentationfor groupsof state-

andpowerful languageconstructs.

FurthermorePythoncomeswith anextensve stan-
dardlibrary thatprovidesthe programmemrccesso
a hugeset of routines. Therefore,a Python pro-
grammerusuallydoesnot have to spendmnuchtime
to implementatiordetailsof standardoutineslike
matchinga regular expressionon a string, or ac-
cessingperatingsystenfunctionalityto createpro-
cessespipes,etc. Instead,a Pythonprogrammer
canjustlook up therelevantPythonmodulesn the
standardibrary andusethemto solve her/hisprob-
lem.

ments.SincePythondoesnot prescribethe number
of columnsof indentationthesepeoplecankeepon
using their own style in Python. Furthermorethe
codedoesnotgetmessedip with groupdelimiters.

Build-in data structures Pythonhasthe follow-

ing datastructuresouild-in: integers,floats,strings,
tuples,lists, dictionaries,andfunctions. Thereare
no booleans,which is a shortcomingnot only of

Pythonbut of mostscripting languages.Integers,
floats,andstringsarestandardlatastructuresvhich
we will not discusshere. A tupleis animmutable
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sequenceof elements;thatis, it is a sequenceof

which the elementscannotchangeoncethe tuple

is created Lists aremutablesequencesf elements;
elementscan be addedto andremoved from lists.

A very powerful build-in datastructureis the dic-

tionary. A dictionaryis alook-uptableor associa-
tive array containingkey-value pairs. Hashingis

usedto look up a key in a dictionarywhich means
dictionarieshave fastaccesdimes. Finally, func-

tions are first-classobjectsin Python. Therefore,
Pythonprogramsanbeamix of functionalandim-

perative programs.A lambda-syntaxknown from

mary functional programminglanguagesjs used
to denoteanorymousfunction. For example,the

functionthataddstwo elementsould bewrittenin

Pythonasl anbda x, y: x + y. Sincethisis

a normalobject,it canbe assignedo variables,as
will beshawvn later

Universal object model Pythonhasa universal

objectmode] which meanghatevery pieceof data
in aPythonprogramis anobject. As usualin object
orientedprogramminganguagesan objecthasat-
tributesthatdefinethe stateof the objectandmeth-
odsto allow otherobjectsto performoperationson

the object. For example,thefollowing Pythoncode
definesaclassPoi nt of objectswith anz anday

coordinateanda methoddi st to computethedis-
tancebetweertwo objects.

cl ass Point:

def __init__ (self, x=0, y=0):
self.x = x
self.y =y

def dist(self, other):
dx = self.x - other.x

dy = self.y - other.y
return (dx**2 + dy**2) ** .5

In thedefinitionof di st , thetwo agument* * op-
eratorisused;x ** y raisesx tothepowery.

Theexampleshaws atleasttwo syntacticpeculiari-
ties. First of all, Pythonhasspecialsyntaxfor spe-
cialmethoddikethe __init__ method.Thespe-
cial syntax,which in my opinion is quite ugly, is
an identifier that startsand endswith two under
scores. The __i nit __ methodis special,since
it is a constructorof the Poi nt classandwill be
called wheneer a point is created,for example,
thepoint(1, 2) is createdy callingPoi nt (1, 2) .
Note thatthe coordinateargumentsof __init
have default values,x=0 and y=0, so the point
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(0,0) couldbecreatedy calling Poi nt () . Other
specialmethodsareusedto overloadoperatorsaand
build-in functions. For example, the _add__
methodcanbe usedto overloadthe + operator By
extendingthe Poi nt classwith thefollowing defi-
nition of __add__, we canwrite p1 + p2in or-
derto addthepointspl andp2.

def _ add__ (self, other):
return Point(self.x + other.x,
self.y + other.y)

The other strangepart of the examplesabove is

the sel f -parameterof __init__, dist, and
__add___. Thisparameters aself-referenceo the
objecton which the methodis invoked. Whereas
in mostobject-orientedanguageghereis usually
no needto make the referenceto an object it-

self explicit, in Pythonit is. Furthermore,the
self-referencds always the first parameternof the
method. By corventionit is calledsel f, but the
programmeis freeto chooseanotheridentifier

So,in aconstructor(__init__) sel f refersto

the objectthat is createdandin a normal method
(di st or__add__)sel f refersto theobjecton

which the methodis invoked. In someprogram-
ming languagest hi s is usedinsteadof sel f,

e.g.,C++[9] andJava[1].

Unlike mary object-oriented programming lan-

guagesthe setof attributesandthe setof methods
of anobjectarenot constantduringits lifetime. For

example, the following codecreatesa Poi nt ob-

ject, changests z-coordinateandaddsa color at-

tribute.

Programming styles Pythonsupportsthree pro-
grammingstyles: procedural object-orientedand
functionalprogramming.Furthermorethesestyles
canbemixedarbitrarily Of courseanunrestricted
mix of thesethree styleswill not improve read-
ability andmaintainabilityof the programandit is
thereforewiseto stick to onestyleasmuchaspos-
sible. However, programmingstylesare meantto
easeprogrammingand not to restrictthe freedom
of the programmer Therefore,if in a given situa-
tion one particularstyle is not adequateit should
be possibleto switchto anotherstyle. Pythonsup-
portsprogrammingusingmultiple styleswhereas



purefunctionallanguageor a pure objectoriented
languagedoesnot.

The following Pythonlisting is an example show-
ing the threeprogrammingstyles. First we take the
Poi nt classagainand extendit with the special
method__str__ . This methodwill be calledif

aPoi nt objectshouldbe representedby a string,
e.g., in orderto print it. After the classdefini-
tion, two functionsaredefined: cl oser ToOri g

andfi ndMax. The functionsare not part of the
Poi nt class,becauseheir indentationis not the
sameas the indentationof the classbody The
functioncl oser ToOr i g takestwo pointsandde-
terminesif the first is closerto the origin, i.e.,
Poi nt (0, 0), thanthe second. The f i ndMax

function is a generic function that takes a non-
empty list of elementsand a comparefunction
| esst han. Thecompardunctiondeterminesf its
firstaguments lessthanits secondargument.Note
thatcl oser ToOr i g is suchacompardunction.

cl ass Point:

def __init_ (self, x=0, y=0):
self.x = x
self.y =y
def dist(self, other):
dx = self.x - other.x
dy = self.y - other.y

return (dx**2 + dy**2) ** .5

def _ str__ (self):

return ("(" + str(self.x) +
", " + str(self.y) +
")

def closerToOrig(po0, pl):

return (p0.dist(Point(0,0)) <
pl.dist(Point(0,0)))

def findMax(list, |essthan):
if len(list)>0:
m= list[0]
for i inlist[1:]:
if lessthan(m i):
m= i
return m
el se:
print "No max in enpty list"

Given a list of elementsand a suitable compare
function on the elementsf i ndMax finds a max-
imal elementin the list with respectto the com-
parefunction. For instancegiven a list of points,
fi ndMax canbeusedto determinea point thatis
at leastas far from the origin as all other points.

For example,considerthe following Pythoncode.
Onthefirst line, alist | of threepointsis created.
On the secondline, this list is printed. The map

functiontakesa function anda list andappliesthe
function on eachelementin thelist. The function
st r returnsastringrepresentatioof its agument.
If appliedto a Poi nt, it calls the specialmethod
__str__ definedabore. The third line creates
a list of numbersrepresentinghe distanceof the
pointsin list | to the origin. Finally, the fifth line

callsthef i ndMax functionwith agumentd and
cl oser ToOri g in orderto find a pointin | that
is at leastasfor from the origin asall otherpoints
inl.

| = [Point(3,4), Point(), Point(2,1)]
print map(str, 1)

d = map(lanbda x: x.dist(Point()), 1)
print map(str, d)

m = findMax(l, closerToOig)

print m

Theoutputof this Pythoncodeis:

['(3 4", "(0, 07, "(2, 1)]
[’5.0", '0.0", '2.2360679775']
(3, 4)

Standard library

Python comeswith an extensve standardlibrary

organizedin modulesand padkages Furthermore,
the standardlibrary is mostly platform indepen-
dent. Peoplefamiliar with Java will recognize
much of the functionality like network program-
ming, threadsanda standardvindowing toolkit. In

addition, it includesmodulesthat define Perl-like

regular expressionsnd powerful string operations.
In this section,| will discusssomefunctionality of

Pythons standardibrary. For moredetailedinfor-

mation,se€[6, 2].

Internet Internetprogrammings one of the most
importantapplicationdomainsof Python. One
of the reasonsfor Pythons popularity is that
the standardlibrary provides functionality by
which both sener and client side Internetap-
plications can be written. For example, the
modulesur | parse and m net ool s pro-
vide functionality to manipulateurl stringsand
mime encodedmessagesrespectiely. In ad-
dition to thesemodules,there are modulesto
processHTML, XML, and SGML documents,
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modulesthat provide HTTP seners,and mod-
ulesto write CGI scripts. The fact that mary
CGl scripts are written in Python and that
thereexist full sizeweb-applicationslike Zope
(http://www.zope.og/), shavs that Python is
popular among internet application program-
mers.

Operating systemsewvices Python has build in
functionality to read and write files. In ad-
dition, the standardibrary offers functionality

alizationis platformindependentTherefore,it
is quite easyto storethe currentstateof anap-
plicationasasequencef bytesin afile, transfer
it to anothercomputerwhichalsorunsPython),
andto continuewith theapplicationin thesame
stateon that computer Usually serialization
is appliednot to completeapplications,but to
somecrucial datastructuresof the applications
thatshouldbe availablethe next time the appli-
cationis executed.

to handlefiles and directories,sub-processes,Thr eads Python supportsmulti-threadedapplica-

streamsandpipes. The sub-processeaseednot
be Pythonprograms,but can be ary program
that runson your system. In this way, Python
canbe usedto control differentapplicationsor
as a communicationmeansbetweendifferent
applications.

Profiling Pythoncomeswith a deterministicpro-
filer. Theonline Pythonreferencadescribesle-
terministicprofiling asfollows:

Deterministic profiling is meantto reflectthe
fact that all functioncall, functionreturn, and
exceptioneventsare monitoed,andprecisetim-

ings are madefor the intervals betweenthese
events(during which timethe users codeis ex-

ecuting). In contrast, statistical profiling ran-
domlysampleghe effectiveinstruction pointer

and deduceswhee time is being spent. The
latter techniquetraditionally involveslessover

head (as the codedoesnot needto be instru-
mented),but providesonly relative indications
of wher timeis beingspent.

A profiler is an importanttool for an extensi-
ble scriptinglanguagesinceit enablesoftware
developersgto analyzeanapplicationthoroughly
and malke the right decisionsaboutwhich rou-
tines are time critical and should be imple-
mentedn asystenmprogrammindanguageand
which routinesare less time critical and can

thereforebe written in the scripting language.

Below, | will explain the possiblerole of the
Pythonprofiler in a software developmentpro-
cess.

Serialization Serializationis thetransformatiorof
a (run-time) data structureinto a sequenceof
bytessuchthatit is possibleo recovertheorigi-
naldatastructurefrom thesequencef bytes.In
Pythons standardibrary, sezeralmodulesexist
to serializearbitraryobjects.Furthermoreseri-
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tions. Thethreadingmodulesresembldo some
extent the threadingmechanisnof Java. Multi
threadings very usefulfor writing sener appli-
cations. For example,an HTTP sener is usu-
ally written usingmultiple threads.In its main
loop it waitsfor a clientto make a connection.
As soonasa client makesarequestthe sener
createsa new threadthat processegherequest.
During the processingof the new thread, the
mainloopis readyto acceptanew request.

Windowing toolkit A widely seenapplicationof
Pythonis for writing graphicaluserinterfaces.
Since the standardlibrary has a windowing
toolkit, namedby t ki nt er andderived from
Tcl/Tk's Ul widgets,writing a userinterfacein
Pythonhasthe advantageof beingplatformin-
dependent.

Python glue

One of the goals of Python is to act as a
glue language that connects different applica-
tions and libraries. To be more precise, Python
was developedto be usedin an open erviron-
ment in which Python programscould be inte-
grated with non-Python programs. Therefore,
Pythonwas developedto be embed-ableas well
as extensible and interfaces of howv to embed
and extend Python are well documented, see
http://www python.og/dockturrert/ext/ext.hinl,
Chaptersl4 and 15 of [6], or AppendixB of [2].
As agluelanguagePythongreatlyfacilitatesreuse
of existing code for example,seg[3].

EmbeddingPython meansintegrating the Python
interpreterin anotherapplicationsuchthat Python
programscan be run from within the other appli-
cation. This effective addsall of Pythons script-
ing power to the hosting application. Extending



Python meansintegrating applicationsor libraries
in the Pythoninterpretersuchthatits is available
from within Pythonprograms.It is possibleto em-
bedandextendPythonat the sametime. As usual,
suchaunionbasedn equalitycanbevery fruitful.

If Pythonis usedto glue applicationsandlibraries
together careshouldbe taken that it doesnot re-
placetechnique®speciallydesignedo actasanin-
terfacebetweersoftwarecomponentsin fact,using

hasto beturnedin anobjectfile thatcanbeloaded
dynamicallye.g.,sharedibrariesor DLLs, or that
is linked staticallywith the Pythoninterpreter The

wrappershouldtake careof thetranslationbetween
datastructureof Pythonandthe datastructuresof

the library. The corversion betweenC/C++ and
Python data structuresis documentedextensvely

and,therefore after somereading notdifficult.

Toolshave beendevelopedthatcreatewrappersau-

Pythonasa gluelanguageandusinga standardized tomatically SWIG is one of suchtools andstands

interfacetechniqueshouldbe orthogonadesignde-

for Simplified Wrapper and Interface Geneator,

cisions.For example,if theapplicationis supposed seehttp://wwwswig.og/. SWIG is not just a tool

to be available at someobjectmarket, see[10], its
interfaceshouldbe definedusinga standardizedh-
terfacetechniquege.g.,CORBA or XML, insteadof
Python.

So, if therearegoodargumentsto useCORBA in
a situation where Pythonis not usedfor integra-
tion, thenit shouldstill be usedif Pythonis used
for integration. This claim canbeturnedaroundas
well: if Pythoncanbeusedfor integration,thenus-
ing a standardizednterface techniqueis probably
too much overhead. As is explained below, inte-
grating existing codewith Pythonrequiresthe in-
terface(C/C++headeffiles) of the codeto be avail-
ablewhich canbe problematian a commercialen-
vironment.However, in thatcase,ntegrationwith-
out Pythonis atleastasbig a problem.

A prerequisiteof extendingPythonwith a given li-

braryis thattheinterfaceof thelibrary is definedin

C-headefiles or thatthesourcecodeis availablein

C or C++. Thisis alimitation, sincethereareuseful
libraries out therefor which no C-headeffiles ex-

ists. However, for almostary subjectthereexist C
andC++librariesaswell or if thesourceis available
in, say Fortran,thenwriting a C-headefile for it is
not too difficult. Furthermorejf Pythonshouldbe
integratedwith Java applications,one shouldcon-
siderusingJython a Pythonimplementationwrit-

tenin Java, seehttp://wwwjython.og. It is saidthat
Jython-Jea integration is betterthan the corven-
tional Python-C/C++integration, since no recom-
pilation of Java codeis neededdueto Java’s reflec-
tion API. However, sincel have no experiencewith

Jython,l will only focusonthePython-C/C++com-
bination.

Extending Python with an existing library effec-

tively meanghatawrapperfor thelibrary hasto be
createdand togetherwith the wrapper the library

to createwrappersandinterfacesfor Python,it can
also generateinterfacesfor other languagese.g.,
PerlandTcl/Tk. SWIG comeswith extensve doc-
umentationand the SWIG user guide (available
on http://wwwswig.og/doc.html)hasdevoted one
chapterto the combinationof SWIG andPython.

Example of a Python Extension Sinceextensi-
bility of Pythonis oneof its mostpowerful features,
I spendthe remainderof this sectionto describe
my experiencewith extendingPythonwith an‘off-

the-shele’ BDD library. A BDD (binary decision
diagram) is a datastructureto storebooleanfunc-
tions [4] spaceefficiently. For this article, it is not
necessaryo explain BDDs, but it suficesto give
someexamplesof what can be donewith BDDs.
First of all, BDDs manipulateboolean function
symbolically For example,given a BDD for two

booleanfunctions fy and f;, thereareBDD opera-
tionsto computeaBDD for thefunctionand( fy, f1)

definedby

and(fo, f1)(b) = fo(b) A f1(b).

There are also operationsto computeother com-
monbooleanoperationslike v, —, etc. In addition
to thesesymbolicoperationson booleanfunctions,
a BDD library providesroutinesto determineif a
boolearfunction(representetly aBDD) canreturn
truefor someconcretevaluesof its aguments.That
is, thereareroutinesthatdeterminaf aboolearfor-
mula canbe satisfied.Giventhatalmostary prob-
lem definedformally canbe translatednto a prob-
lem definedin boolearformulas,BDD librariescan
be usedan mary areas. Historically BDDs have
beenappliedmostly to tasksin digital systemde-
sign, verification,andtesting.

The BDD library | choseis called BuDDy and its
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sourcecodeis freely available. It can be down-
loaded from http://wwwitu.dk/researchiimldy/.
Thereis no good reasonwhy | chosethis BDD
packageit just happenedo be the first package
found that was freely available and installedwith-
out problemson my machine.BuDDy is writtenin
C and hassomeadditional definitionsto useit in
C++.

ExtendingPythonwith BuDDy was not a compli-
catedtask, thanksto SWIG. The main difficulties
werein dealingwith pointer agumentsand func-
tion pointers,since SWIG doesnot processthem
automatically So,in thesecases hadto write some
extra codein aso-calledSWIG interfacefile. After
that, SWIG generateshe wrapperswhich couldbe
compiledandlinkedwith the original BuDDy code
into a Pythonmodule.Notethatthe BuDDy codeis
left unchanged

So, thefunctionality of BuDDy is now availableto
PythonprogramsHowever, it is ata somavhatlow
level; python programsdirectly call C functionsto
generateandmanipulateBDDs. Furthermoresince
garbagecollectionof objectscreatedoy BuDDy is
left to theprogrammerthe Pythoncodequickly be-
comesaunreadablenessof functioncallsandtem-
poraryvariables Notethatthisis moreaproblemof
BuDDy thanof Python;the C-examplesthatcome
with BuDDy exhibit the samemessof functioncalls
andtemporaryvariables.To male it betteraccessi-
ble,BuDDy hasa C++ classthattakescareof auto-
matic garbagecollectionandoverloadssomeoper
atorssuchthat function calls canbe written asop-
eratorapplications. | did the samein Pythonand
wrote a classthat definesBDDs asnormal Python
objects.Also, | overloadedsomePythonoperators
in the sameway the C++ classdid. As aresult,the
Pythoncodeis atleastasreadableasthe C++ code.
For example thefollowing listing shavs somelines
of C++ codeof animplementatiorof the N-queens
problemin C++ usingBuDDy (here,X is atwo di-
mensionakrrayof bddsanda, b, ¢, andd arebdd
variables):

bdd a=bddtrue,
b=bddt r ue,
c=bddt r ue,
d=bddt r ue;
int k,I;

/* No one in the sane colum */

for (1=0; I<N; |++)
if (1 1'=j)
a=a& (Xil[jl]
>> IXLP[]);
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The correspondindines of Pythoncodefor the N-
gqueengroblemreads:

a = bddtrue

b = bddtrue

Cc = bddtrue

d = bddtrue

# No one in the sane colum
for I in range(0,N):

if (1 '=j):
a=aé&(Xilljl
>> -X[P][1])

Software developmentwith Python

Sometimesscriptinglanguagesresaidto be good
for prototyping, but not for real application de-
velopment. A prototypebearsthe association®f
‘quick anddirty’ and‘to bethrown away. However,
Pythonis morethanjust a prototypelanguage Due
to its clear syntaxand its universal object model,
reuseof Pythonprogramsis a very attractie op-
tion. Therefore asubstantiapartof Pythoncodeof
aprototypeof anapplicationcouldverywell endup
in the codeof thefinal application.

So,whatis Pythonsrole in asoftwaredevelopment
processFirstof all, it canbe usedfor prototyping;

like ary scriptinglanguageit enableprogrammers
to write quickly amockup of anapplicationin order

to analyzethe feasibility of the project.

A simplifiedandPythoncenteredyiew on software
developmentcouldbe describedasfollows. Firstly,

determineuserrequirement®f the applicationand
build a prototypein Python. Next, a development
cycleis startedhatconsistof assessmerif the pro-

totype, estimationof costsof improving the proto-
type, andfinally a decisionwhetherto improve the
prototypeor to abortthe cycle anddeclarethe cur

rentprototypethefinal application.

During eachcycle, assessmerf the prototypecan
leadto new or more preciserequirements.Analy-
sisof the prototypeshavs, amongothers,computa-
tion intensive code which couldbeimplementedn
a systemprogramminganguage.The Pythonpro-
filer is very usefulto detectcomputationintensve
code. If, after somerunsof the developmentcy-
cle, all computationintensve codeis implemented
in a systemprogramminganguagethereis proba-
bly not muchmore speedto gain. At thattime, it



is awasteof time to translatetheremainingPython
codeinto a systemprogrammindanguage.

Conclusions

In thisarticlel have discussedhe Pythonlanguage.
Pythonis a scripting languagewith clear syntax
and an extensve standardibrary. It supports,but

doesnot enforce proceduralfunctional,andobject
orientedprogrammingstyles. Unlike mary other
scripting languagesPyhton codeis readableand,
therefore reusable.Reusabilityis even more sup-
portedby Pythons platformindependencePython
canplay animportantrolein softwaredevelopment,
sinceit is a powerful tool for prototypingaswell

as for implementingthe final application. If the
applicationcontainscomputationaintensve code,
which will betoo slow if programmedn a script-
ing languagdik e Python,the extensioninterfaceof

Pythonmalkesit very easyto implementhis codein

a systemprogramminglanguagdike C/C++. Fur

thermoretogethemwith its embeddingnterface the
extensioninterfaceof Pythonenablesfficientinte-

grationwith existing applicationsandlibraries.
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