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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 morecomprehenske tutorial is availableat

http://mwww.pyth on.o rg /d oc/ curr ent/ tut /t ut.html (Chapter 3)

The site www.python.org itself containseverythingworth knowing about
Python.Youwon't needto accessry of the WEB resourcegivenhereto complete
thedemo— they areincludedfor your referenceonly.

A big thanksto AgnesBoslovitz, RSISE,ANU for suggestiongreatlyimproving this tutorial.
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1 A rst glance

The rst thingto try is to invoke the Pythoninterpreterby typing the command
python

You shouldseethefollowing messagandthe pythonprompt(>>> ):

Python 2.1 (#1, Nov 20 2001, 09:58:43) [C] on osflV5
Type "copyright", "credits” or 'license" for more information.
>>>

Pythonis now readyto take your ordet
Pythoncando calculationdik e in mostotherlanguagesFor exampleto com-
putetheinterestearnedn half a yearon 5000dollarswith arateof 4.8%peryeat

type:

>>> principal = 5000

>>> rate = 4.8

>>> years = 0.5

>>> interest = principal * (1+rate/100)** years - principal

>>> nterest
118.5935568278 9101

Thelastcommandcause$ythonto print theresultto thescreen.
Pythonis often usedto manipulatetexts. Let ustry print a statemenfrom the
bank.For example

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

Notice how thevalueof thedecimalnumberprincipal isinsertedn thetext
insteadof the placeholder%d. Thisis anexampleof string interpolation Other
placeholdersre%f for oating pointnumbersand%sfor strings. A completdist
of placeholderss availableat
http://www.python.org/doc/cur rent /lib /type sseq-stri ngs. html .
A key facetof PythonSstringinterpolationis thatit canoccuranywherethatastring
can.

Backto theexample:Let ustype

Thesecodesarevery similar to thoseusedin the programminganguageC



>>> 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 thattext stringscanbe assignedo variablesandconcatenatedsing'+'.
The specialcharactef\n ' is turnedinto a newline whenthe stringis printed. The
rst number(years*12)is insertedin the placeholdefbtd the secondn %.2f. The
roundedo 2 decimals.

Stringscanbeindexedto extractarny charactersr substringsThe rst character
in stringhasindex 0 andthelasthasindex -1. Substringanbe speci ed with the
slicenotation two indicesseparatetby a colon.

>>> g[0]

it

>>> g[0:3]
‘Ini’

>>> g[3:5]
"

>>> g[-1]

>>> s[-4:-1]
.59’

Exercise: (optional)Supposeouwishto createa string like

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

Thishappendo bevalid commandn the programminganguage ‘Maple' which
we will encountedater. For now just think of it as an arbitrary text string. Now
supposehat we wish the r st numberto be taken from a variable called lower
andthesecondroma variable upper .

Write a Pythonstatementreatingsud a string by replacingappropriateplace-
holders with thevaluesof lower andupper respectively



2 Pipes

Pythoncancall uponotherprogramgo performtasksfor it throughthe useof
pipes.A pipeis essentiallya channein which oneprogramcancommunicatevith
anotherby sendingandreceving text strings.

Python program

Other prograr
Inout pipe

T—

i Output pipe

I

A simple example is to let Python call up the standardUNIX command
wc -w (word count), supply someinput throughthe input pipe andretrieve the
resultthroughthe outputpipe. Thecommands usedto countthe numberof words
in theinput string?. Firstwe needto openthe pipes:

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

2If youdon't know thecommandwc -w, you cantry to runit from the UNIX commandine, then
type somewords,endby typing CTRL-d, andwc will tell you how mary wordsyou typed.
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Thecommandoopen2 will startthesuppliedprogram(‘wc -w'), associat¢he
two pipeswith its outputandinput, returnthemto two variableson the left hand
sideof =, andthenwait. popen2 is not availableto the basicPythoninterpreter
soit needgo beimportedfrom the moduleof the samename.This happensn the
rst line. Pythoncomeswith avery large numberof suchmodules- they arelisted

at http://www.python.org/doc/cu rren t/lib  /modindex .htm | .

Next thing is to is to write sometext to the input pipe using the command
input.write() andthencloseit to let the externalprogramknow thatwe are
nished. Thisis accomplishedby thecommandnput.close() . Toretrievethe
resultthroughthe outputpipe we useasyou guesseautput.read() . Hereis
thecode:
>>> jnput.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 supposeve wishto computeall primenumbersn someinterval for our Python
code. Pythonis a generalpurposdanguageanddoesnot have primality tests.On
the otherhandwe know thatMaplewhichis specialisedor mathematicaproblems
cando it by usingthe codefrom the exerciseabore. We cangetthe bestof both
worlds— Pythonspower andgeneralitycombinedwith Maple's specialisedunc-
tions— throughthe useof pipes. First we build the Maple commandasa Python
stringusingvaluesfrom thevariabledowerandupperdenotingthedesirednterval.

>>> lower =1
>>> upper = 50
>>> s = 'primes = select(isprime, [seq(i,i=%d..%d )N )t %(lower,

>>> s = s + ‘\nprint(primes)

>>> print s

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

Now we have our Maple command Next thing is to openpipesto Maple,issue
thecommandandretrieve theresult. Herewe go.

>>> maple_out, maple_in = popen2("maple -q")
>>> maple_in.write( S)

upper)



>>> maple_in.close( )

>>> primes = maple_outread( )

>>> print  primes.strip()

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

Pretty simplereally - exceptfor that .strip() thing. All strings(asary other
type) have functionsassociatedvith themwhich allow us to modify them- they
areknown asmethods The call primes.strip() getsrid of leadingandtrail-
ing spacesn strings. Try printing without it. To nd out what othermethodsare
availablein the stringwrite dir(primes) (or ary stringin placeof primes- e.g.
dir('asdf)). Documentatiorof eachof themis availableat

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

Now leave the pythonpromptby pressingCTRL-d.

3 Python scripts

Writing commanddirectly to Pythonas we have donequickly becomegedious
for comple tasks.Pythoncommandsanthereforebe collectedin a le to form a
Pythonprogram

YourdirectoryontheAlphaSenerPython _demos contains le calledpipe demo.y
whichis pythonprogramthatcallsup Mapleto getall primesin agiveninterval us-
ing pipesaswe just did. It thenproceeddo call anotherprogramminglanguage
calledR which is specialisedn statisticsto getthe meanvalueandthe medianof
theprimes- againusinga setof pipes.To execute go to thedirectoryandwrite

python pipe_demo.py
attheunix prompt.You canlook or editthe le with aneditor, for example
emacs pipe_demo.py &

The contentf pipe.demo.|y is givenin Section5 for yourreference.



4 Parallel Python

...andnowto somethingcompletelydifferent

If you have moretime you canhave a look at the programpara _.demo.py
availableonthe computerandin Section6 which demonstratekow to run Python
programsin parallelusing messge passing- a paradigmwhere processorg£om-
municateby explicitly sendingand receving datato and from eachother The
Pythonmodulepypar developedhereat the ANU implementsmessageassing
parallelismfor Python.

TheprocessorarenumberedromOtoP 1 whereP is thenumberof proces-
sorsin use.Theprogramis startedonall P processorsisingthecommand

prun -n 4 para_demo.py

whereP = 4in thisexample(you cantry this!).

Eachprogrammust nd outwhichnumbelit isandhow mary processorarebe-
ing used.Thisis donein the beginning of the programin the statementsumproc
= pypar.size() andmyid = pypar.rank() . The programthenprintsa
statemenaboutwhoit is to the screen.In this demoa messagés passedn aring
from processol to processorl thenonto 2 andso forth until the last processor
sendsa messagdackto processof. Not in itself a very usefulparallelprogram
but oftenusedto measure&eommunicatiorspeecon parallelmachines.



The programrunningon processof initiatesthis communicatiorasfollows:

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

It makesa messagendsendsit to processol usingthe commandsend for
themodulepypar . Hereyou alsoseeanexampleof anif-statementn Python;the
indentedcodefollowing if is only executedin the programrunningon processor
0. After having sentits messag@rocessof issueshecommand

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

which putsit to sleepuntil thelastprocessosendst something.
All otherprocessorsnustreceve a messagérom the oneprecedinghemand
passt onto their successofor processof in caseof thelastone). The codeis

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)

Theelse: statementndicatesthat the following indentedcodeis only exe-
cutedif myid 6 0. It rst identi es the precedingprocessofsource)andthe fol-
lowing processarThe expressionmyid+1)%numproc  computesnyid+1 mod-
ulo numproci.e. it evaluateso myid+1 exceptin caseof the lastprocessofmyid
= numproc-1)whereit will evaluateto 0 asdesired.Thenit issueghereceve com-
mandandwaits. Whenthe messagarrivesit addsits own id to it (asanexample)
andpassedt onto destinatiorusingthe sendcommand And thatis really all there
istoit.

Thehardpartin parallelprogramminghowever, is to arrangecommunications
andcomputationdo make the parallelprogrammoreef cient thanthe sequential
counterpartBut thatis a differentstory.

Hopeyou enjoyedthe demo!



5 pipe_.demo.py

Hereis the Python(+Maple andR) sourcecodefor the pipe demo. Lines starting
with # arecommentshot executedby Python.

#l/bin/env python
HHHH T HHHE R T T T T 1 A 1 A

#

# ANU Summer School in Computational Mathematics 2002

#

# Example: Using Python to invoke Maple and R using pipes.

#

# Author: Ole Nielsen, SMS, ANU, Jan. 2002.

#

HHHHHHIHH R T R T A R A R R R
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

HHHFHHFHHHHHEHHFHFH

from popen2 import popen2 # The pipe function

# Interval in which prime numbers are generated.
#

lower =1

upper = 50



# Get primes in [lower, upper] from Maple
#
maple_cmd
primes
print(primes):
"™ %(lower, upper)

—_

select(isprime, [seq(i,i=%d..%d )] ):

print 'MAPLE COMMANDS:'
print  maple_cmd

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

maple_in.close 0

primes = maple_outread ()

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 the pipedemaois:
> 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 the Pythonsourcecodefor the paralleldemo.

#l/bin/env python
HHHH T HHHE R T T T T 1 A 1 A

#

# ANU Summer School in Computational Mathematics 2002

#

# Example: Running Python in parallel using MPL.

#

# Author: Ole Nielsen, SMS, ANU, Jan. 2002.

#

HHHH T HHHE R T T T T 1 A 1 A
The purpose of this code is to demonstrate how Python can be
used in parallel using MPL
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:

HHHHHFHHHHHHHFH R

prun -n 4 MPI_demo.py

import pypar # The Python-MPI interface
numproc = pypar.size()

myid = pypar.rank()

node = pypar.Get_proce ssor_namg)

if numproc < 2:
raise "MPl_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

"Anybody out there?"

message "%s" from processor

message "%s" from processor

|_O Kl

message "Anybody out there?" to processor 1

message "Anybody out there?" from processor O

P1 OK" to 2

message "Anybody out there? P1_OK" from processor 1

P1 OK P2_OK" to 3

message "Anybody out there? P1_OK P2_OK" from processor

msg =
print  'Processor
pypar.send(msg, 1)
msg = pypar.receive(n unpro c- 1)
print  'Processor 0 received
else:
source = myid-1
destination = (myid+1)%numpr oc
msg = pypar.receive(s ource )
print  'Processor %d received
%(myid, msg, source)
msg = msg + ' P' + str(myid) +
print  'Processor
pypar.send(msg, destination)
6.1 Output
Theoutputof whenexecutedon four processorasprun
| am proc 1 of 4 on node scO
I am proc 2 of 4 on node scO
| am proc 0 of 4 on node scO
Processor 0 sending
| am proc 3 of 4 on node scO
Processor 1 received
Processor 1 sending msg "Anybody out there?
Processor 0 received message "Anybody out there?
Processor 2 received
Processor 2 sending msg "Anybody out there?
Processor 3 received
Processor 3 sending msg "Anybody out there?
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P1_OK P2_OK P3_OK" to 0

-n 4 para .demo.py is

2

0 sending message "%s" to processor %d' %(msg, 1)

%d' %(msg, numproc-1

%d'\

%d sending msg "%s" to %d' %(myid, msg, destination)

P1_OK P2_OK P3_OK" from processor 3



