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Intr oduction

This text providesan informal introductionto selectedpartsof the programming
languagePythonfor usein the ANU, SMS Summerschool2002. It shouldtake
about40 minutesto completemostof it.

A morecomprehensivetutorial is availableat

http://www.pyth on.o rg /d oc/ cu rr ent/ tut /t ut .h tml (Chapter 3)

The site www.python.org itself containseverythingworth knowing about
Python.Youwon't needto accessany of theWEB resourcesgivenhereto complete
thedemo— they areincludedfor your referenceonly.

� A big thanksto AgnesBoskovitz, RSISE,ANU for suggestionsgreatlyimproving this tutorial.
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1 A �rst glance

The�rst thing to try is to invoke thePythoninterpreterby typing thecommand

python

Youshouldseethefollowing messageandthepythonprompt(>>> ):

Python 2.1 (#1, Nov 20 2001, 09:58:43) [C] on osf1V5
Type "copyright", "credits" or "license" for more information.
>>>

Pythonis now readyto takeyourorder.
Pythoncando calculationslike in mostotherlanguages.For exampleto com-

putetheinterestearnedin half a yearon 5000dollarswith a rateof 4.8%peryear,
type:

>>> principal = 5000
>>> rate = 4.8
>>> years = 0.5
>>> interest = principal * (1+rate/100)** ye ar s - principal
>>> interest
118.5935568278 9101

ThelastcommandcausesPythonto print theresultto thescreen.
Pythonis oftenusedto manipulatetexts. Let us try print a statementfrom the

bank.For example

>>> 'Initial deposit: $%d' %(principal)
'Initial deposit: $5000'

Noticehow thevalueof thedecimalnumberprincipal is insertedin thetext
insteadof the placeholder%d. This is an exampleof string interpolation. Other
placeholdersare%f for �oating pointnumbersand%sfor strings1. A completelist
of placeholdersis availableat
http://www.python.org/doc/cur rent /lib /type sseq -stri ngs. html .
A key facetof Python'sstringinterpolationis thatit canoccuranywherethatastring
can.

Backto theexample:Let ustype

1Thesecodesareverysimilar to thoseusedin theprogramminglanguageC
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>>> s = 'Initial deposit: $%d' %(principal)
>>> s = s + '\n'
>>> s = s + 'Interest in %d months: $%.2f.' %(years*12, interest)
>>> print s
Initial deposit: $5000
Interest in 6 months: $118.59.

Note that text stringscanbe assignedto variablesandconcatenatedusing'+'.
Thespecialcharacter' \n ' is turnedinto a newline whenthestring is printed.The
�rst number(years*12)is insertedin theplaceholder%d thesecondin %.2f. The
roundedto 2 decimals.

Stringscanbeindexedto extractany charactersor substrings.The�rst character
in stringhasindex 0 andthelasthasindex -1. Substringscanbespeci�edwith the
slicenotation: two indicesseparatedby acolon.

>>> s[0]
'I'
>>> s[0:3]
'Ini'
>>> s[3:5]
'ti'
>>> s[-1]
'.'
>>> s[-4:-1]
'.59'

Exercise: (optional)Supposeyouwishto createa string like

'primes := select(isprime, [seq(i,i=1..10 0) ]): '

Thishappensto bevalid commandin theprogramminglanguage'Maple' which
we will encounterlater. For now just think of it as an arbitrary text string. Now
supposethat we wish the �r st numberto be taken from a variable called lower
andthesecondfroma variableupper .

Writea Pythonstatementcreatingsuch a stringbyreplacingappropriateplace-
holderswith thevaluesof lower andupper respectively.
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2 Pipes

Pythoncancall uponotherprogramsto performtasksfor it throughtheuseof
pipes.A pipeis essentiallya channelin which oneprogramcancommunicatewith
anotherby sendingandreceiving text strings.

Python program

Inout pipe

Output pipe

Other program

A simple example is to let Python call up the standardUNIX command
wc -w (word count), supplysomeinput throughthe input pipe and retrieve the
resultthroughtheoutputpipe.Thecommandis usedto countthenumberof words
in theinput string2. Firstweneedto openthepipes:

>>> from popen2 import popen2
>>> output, input = popen2('wc -w')

2If youdon't know thecommandwc -w, youcantry to runit from theUNIX commandline, then
typesomewords,endby typingCTRL-d,andwc will tell you how many wordsyou typed.
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Thecommandpopen2 will startthesuppliedprogram('wc -w'), associatethe
two pipeswith its outputandinput, returnthemto two variableson the left hand
sideof =, andthenwait. popen2 is not availableto the basicPythoninterpreter
soit needsto beimportedfrom themoduleof thesamename.This happensin the
�rst line. Pythoncomeswith a very largenumberof suchmodules- they arelisted
athttp://www.python.org/doc/cu rren t/lib /mod index .htm l .

Next thing is to is to write sometext to the input pipe using the command
input.write() andthencloseit to let theexternalprogramknow thatwe are
�nished. This is accomplishedby thecommandinput.close() . To retrievethe
resultthroughtheoutputpipewe useasyou guessedoutput.read() . Hereis
thecode:

>>> input.write('No w to something completely different')
>>> input.close()
>>> count = output.read()
>>> print count
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2.1 Another — not quite asuseless— example

Now supposewewishtocomputeall primenumbersin someinterval for ourPython
code.Pythonis a generalpurposelanguageanddoesnot have primality tests.On
theotherhandweknow thatMaplewhich is specialisedfor mathematicalproblems
cando it by usingthe codefrom the exerciseabove. We canget the bestof both
worlds— Pythonspower andgeneralitycombinedwith Maple's specialisedfunc-
tions— throughtheuseof pipes.First we build theMaplecommandasa Python
stringusingvaluesfrom thevariableslowerandupperdenotingthedesiredinterval.

>>> lower = 1
>>> upper = 50
>>> s = 'primes := select(isprime, [seq(i,i=%d..%d )] ): ' %(lower, upper)
>>> s = s + '\nprint(primes) :'
>>> print s
primes := select(isprime, [seq(i,i=1..50) ]) :
print(primes):

Now wehaveourMaplecommand.Next thing is to openpipesto Maple,issue
thecommandandretrieve theresult.Herewe go.

>>> maple_out, maple_in = popen2("maple -q")
>>> maple_in.write( s)
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>>> maple_in.close( )
>>> primes = maple_out.read( )
>>> print primes.strip()
[2, 3, 5, 7, 11, 13, 17, 19, 23, 29, 31, 37, 41, 43, 47]

Pretty simple really - except for that .strip() thing. All strings(as any other
type) have functionsassociatedwith themwhich allow us to modify them- they
areknown asmethods. Thecall primes.strip() getsrid of leadingandtrail-
ing spacesin strings. Try printing without it. To �nd out whatothermethodsare
availablein thestringwrite dir(primes) (or any stringin placeof primes- e.g.
dir('asdf')). Documentationof eachof themis availableat

http://www.python.org/doc/current/lib/string-me thods.h tml#str ing-me thods

Now leave thepythonpromptby pressingCTRL-d.

3 Python scripts

Writing commandsdirectly to Pythonaswe have donequickly becomestedious
for complex tasks.Pythoncommandscanthereforebecollectedin a �le to form a
Pythonprogram.

YourdirectoryontheAlphaServerPython demos containsa�le calledpipe demo.py
which is pythonprogramthatcallsupMapleto getall primesin agiveninterval us-
ing pipesaswe just did. It thenproceedsto call anotherprogramminglanguage
calledR which is specialisedin statisticsto get themeanvalueandthemedianof
theprimes- againusingasetof pipes.To execute,go to thedirectoryandwrite

python pipe_demo.py

at theunix prompt.Youcanlook or edit the�le with aneditor, for example

emacs pipe_demo.py &

Thecontentsof pipe demo.py is givenin Section5 for your reference.
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4 Parallel Python

...andnowto somethingcompletelydifferent

If you have more time you canhave a look at the programpara demo.py
availableon thecomputerandin Section6 which demonstrateshow to run Python
programsin parallelusingmessage passing- a paradigmwhereprocessorscom-
municateby explicitly sendingand receiving datato and from eachother. The
Pythonmodulepypar developedhereat the ANU implementsmessagepassing
parallelismfor Python.

Theprocessorsarenumberedfrom 0 to P � 1 whereP is thenumberof proces-
sorsin use.Theprogramis startedon all P processorsusingthecommand

prun -n 4 para_demo.py

whereP = 4 in thisexample(youcantry this!).
Eachprogrammust�nd outwhichnumberit is andhow many processorsarebe-

ing used.This is donein thebeginningof theprogramin thestatementsnumproc
= pypar.size() andmyid = pypar.rank() . Theprogramthenprints a
statementaboutwho it is to thescreen.In this demoa messageis passedin a ring
from processor0 to processor1 thenon to 2 andso forth until the last processor
sendsa messagebackto processor0. Not in itself a very usefulparallelprogram
but oftenusedto measurecommunicationspeedon parallelmachines.

0

1

2

4
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Theprogramrunningonprocessor0 initiatesthis communicationasfollows:

if myid == 0:
msg = "Anybody out there?"
pypar.send(msg, 1)

It makesa messageandsendsit to processor1 usingthe commandsend for
themodulepypar . Hereyoualsoseeanexampleof anif-statementin Python;the
indentedcodefollowing if is only executedin theprogramrunningon processor
0. After having sentits messageprocessor0 issuesthecommand

msg = pypar.receive(n umpro c- 1)

whichputsit to sleepuntil thelastprocessorsendsit something.
All otherprocessorsmustreceive a messagefrom theoneprecedingthemand

passit on to their successor(or processor0 in caseof thelastone).Thecodeis

else:
source = myid-1
destination = (myid+1)%numpr oc

msg = pypar.receive(s ource )
msg = msg + ' P' + str(myid) + '_OK'
print 'Processor %d sending msg "%s" to %d' %(myid, msg, destination)
pypar.send(msg, destination)

The else: statementindicatesthat the following indentedcodeis only exe-
cutedif myid 6= 0. It �rst identi�es the precedingprocessor(source)andthe fol-
lowing processor. Theexpression(myid+1)%numproc computesmyid+1mod-
ulo numproci.e. it evaluatesto myid+1 exceptin caseof the lastprocessor(myid
= numproc-1)whereit will evaluateto 0 asdesired.Thenit issuesthereceivecom-
mandandwaits. Whenthemessagearrivesit addsits own id to it (asanexample)
andpassesit on to destinationusingthesendcommand.And thatis really all there
is to it.

Thehardpart in parallelprogramming,however, is to arrangecommunications
andcomputationsto make the parallelprogrammoreef�cient thanthe sequential
counterpart.But thatis adifferentstory.

Hopeyou enjoyedthedemo!
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5 pipe demo.py

Hereis thePython(+MapleandR) sourcecodefor thepipedemo. Linesstarting
with # arecommentsnotexecutedby Python.

#!/bin/env python
############## ###########################################
#
# ANU Summer School in Computational Mathematics 2002
#
# Example: Using Python to invoke Maple and R using pipes.
#
# Author: Ole Nielsen, SMS, ANU, Jan. 2002.
#
############## ###########################################
#
# The purpose of this code is to demonstrate how Python can be
# used to combine functionality from foreign packages into
# one single program by using bi-directional Unix pipes.
# Understanding pipes is crucial for appreciating the
# Master-Slave program presented on Thursday 17 January 2002.
#
#
# The code invokes Maple to generate a vector of all primes
# in a given interval [lower, upper]
#
# The result is then transformed into a set of R commands
# form computing the mean and the median of those primes.
# R is invoked and the results are written to the screen

from popen2 import popen2 # The pipe function

# Interval in which prime numbers are generated.
#
lower = 1
upper = 50
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# Get primes in [lower, upper] from Maple
#
maple_cmd = """

primes := select(isprime, [seq(i,i=%d..%d )] ):
print(primes):
""" %(lower, upper)

print 'MAPLE COMMANDS:'
print maple_cmd

maple_out, maple_in = popen2("maple -q")
maple_in.write (mapl e_cmd)
maple_in.close ()
primes = maple_out.read ()

print 'MAPLE OUTPUT:'
print primes

primes = primes.strip()
print

# Get median and mean of primes from R
#
#
R_cmd = """

primes <- c(%s)
median(primes)
mean(primes)
""" %primes[1:-1]

print 'R COMMANDS:'
print R_cmd

print 'R OUTPUT:'
R_out, R_in = popen2("R --vanilla --quiet")
R_in.write(R_c md)
R_in.close()
print R_out.read()
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5.1 Output

Exampleoutputfrom thepipedemois:

> python pipe_demo.py
MAPLE COMMANDS:

primes := select(isprime, [seq(i,i=1..50) ]) :
print(primes):

MAPLE OUTPUT:
[2, 3, 5, 7, 11, 13, 17, 19, 23, 29, 31, 37, 41, 43, 47]

R COMMANDS:

primes <- c(2, 3, 5, 7, 11, 13, 17, 19, 23, 29, 31, 37, 41, 43, 47)
median(primes)
mean(primes)

R OUTPUT:
>
> primes <- c(2, 3, 5, 7, 11, 13, 17, 19, 23, 29, 31, 37, 41, 43, 47)
> median(primes)
[1] 19
> mean(primes)
[1] 21.86667
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6 para demo.py
Hereis thePythonsourcecodefor theparalleldemo.

#!/bin/env python
############## ###########################################
#
# ANU Summer School in Computational Mathematics 2002
#
# Example: Running Python in parallel using MPI.
#
# Author: Ole Nielsen, SMS, ANU, Jan. 2002.
#
############## ###########################################
#
# The purpose of this code is to demonstrate how Python can be
# used in parallel using MPI.
# Understanding parallel Python is desirable for appreciating the
# Master-Slave program presented on Thursday 17 January 2002.
#
# This demo passes messages on in a ring from processor n-1 to n starting
# and ending with processor 0.
# Each processor adds some text to the message before passing it on
# and writes a log statement to the screen.
#
# To execute on Alpha server:
#
# prun -n 4 MPI_demo.py

import pypar # The Python-MPI interface

numproc = pypar.size()
myid = pypar.rank()
node = pypar.Get_proce sso r_ name()

if numproc < 2:
raise "MPI_demo must run on at least 2 processors"

print "I am proc %d of %d on node %s" %(myid, numproc, node)
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if myid == 0:
msg = "Anybody out there?"
print 'Processor 0 sending message "%s" to processor %d' %(msg, 1)
pypar.send(msg, 1)
msg = pypar.receive(n umpro c- 1)
print 'Processor 0 received message "%s" from processor %d' %(msg, numproc-1)

else:
source = myid-1
destination = (myid+1)%numpr oc

msg = pypar.receive(s ource )
print 'Processor %d received message "%s" from processor %d'\

%(myid, msg, source)

msg = msg + ' P' + str(myid) + '_OK'
print 'Processor %d sending msg "%s" to %d' %(myid, msg, destination)
pypar.send(msg, destination)

6.1 Output
Theoutputof whenexecutedon four processorsasprun -n 4 para demo.py is

I am proc 1 of 4 on node sc0
I am proc 2 of 4 on node sc0
I am proc 0 of 4 on node sc0
Processor 0 sending message "Anybody out there?" to processor 1
I am proc 3 of 4 on node sc0
Processor 1 received message "Anybody out there?" from processor 0
Processor 1 sending msg "Anybody out there? P1_OK" to 2
Processor 0 received message "Anybody out there? P1_OK P2_OK P3_OK" from processor 3
Processor 2 received message "Anybody out there? P1_OK" from processor 1
Processor 2 sending msg "Anybody out there? P1_OK P2_OK" to 3
Processor 3 received message "Anybody out there? P1_OK P2_OK" from processor 2
Processor 3 sending msg "Anybody out there? P1_OK P2_OK P3_OK" to 0
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