PYTHON ACADEHY

DIE PROGRAMMIERSCHULE

PYRO

Tutorial High Performance Computing in Python

1. Treffen Leipzig Python User Group, 14.02.2006

Parallel Computing in Python with
Pyro
Comfortable, Flexible, Transparent, Pythonic

Mike Muller, mmueller @python-academy.de
Python Academy Leipzig



PYTHON ACADEHY

DIE PROGRAMMIERSCHULE

¥l

PYRO

Overview
What is Pyro?
Pyro Principles
Pyro Technology
Simple Example
Cluster Example
Security
Questions?



PYTHON ACADEHY

DIE PROGRAMMIERSCHULE

PYRO

What Is Pyro?
Python Remote Objects, http://pyro.sourceforge.net/

pure Python package that makes distributed computing
(nearly) effortless

author: Irmen de Jong, irmen@users.sourforge.net
MIT licences

current version 3.4, API stable no new features
planned for the next releases

extensive Documentation



Pyro technology

 PYRO protocol based on TCP/IP using pickle

PYTHON ACADENY e can be used on heterogeneous networks (LAN, WAN),
D FROGRUAERSALL clusters ... even multiprocessor machines

e server and client can switch roles (callbacks)
o feels(mostly) just like ordinary Python
e plenty of configuration options

PYRO




Principles of Pyro
Pyro uses a name server (NS) to find the remote objects :

PYTHON ACADEMY e remote objects have to be registered with the NS

DERORAIER « clients query the NSfor an object and get an URI
(looks likeaWWW URL)

Clients use proxiesto forward their method calls to remote

objects. There are three kinds of proxies:

e static proxies
e dynamic proxies and
e dynamic proxies with attribute access support

PYRO




Simple Example

PYTHON ACADENY Example from the distribution that demonstrates
DI PROGRANMERSCHULE pr INCI pl es.

e tst.py: Remote code that does computation.

e server.py: Server that allows exesto tst.py.

e client.py: Client that calls methods from tsts.py
remotely.

PYRO




tst.py
# tst.py

# These classes will be renptely accessed.

PYTHONACADEMY cl ass testclass:

DI PROGRANMIERSCHULE def nul (s, argl, arg2): return argl*arg?2
def add(s, argl, arg2): return argl+arg2
def sub(s, argl, arg2): return argl-arg2
def div(s, argl, arg2): return argl/arg2
def error(s):

x=f 00()

Xx.crash()

cl ass foo:
def crash(s):
s.crash2(' going down...")
def crash2(s, arg):
# this statenent will crash on purpose:
x=ar g/ 2
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Server .py

| nport Pyro.core
| nport Pyro. nam ng
| nport tst

class testclass(Pyro.core. ObjBase, tst.testcl ass):
def init_ (self):
Pyro.core. CbjBase. __init__ (self)

Pyro.core.initServer()

ns=Pyr 0. nam ng. NanmeSer ver Locat or (). get NS()
daenon=Pyr 0. cor e. Daenon()

daenon. useNanmeSer ver ( ns)

uri =daenon. connect (testcl ass(), "si npl e")

print "Server is ready."
daenon. r equest Loop()



client.py

i mport Pyro.util
PYTHON ACADEMY i nport Pyro. core
DIE PROGRAMMIERSCHULE Pyr o core.initdient ()

test = Pyro.core.getProxyForURl (" PYRONANVE: // si npl e™)

print test.nul (111, 9)

print test.add(100, 222)

print test.sub(222,100)

print test.div(2.0,9.0)

print test.nmul (' .", 10)

print test.add( Stringl ,"String2")

print '*** jnvoking server nethod that crashes ***'
print test.error()




Starting the calculation

On computer/shell 1 start the name server:
PYTHON ACADENY conput er 1$ ns

*** Pyro Nane Server ***
Pyro Server Initialized. Using Pyro V3.4
URI is: PYRO//169.254. 10. 233: 9090/ a9f e0ae9017c2f 9e44b865150e28f 3de

URI witten to: ...\Pyro-3.4\exanpl es\sinple\Pyro NS URI
Name Server started.

On computer/shell 2 start pyro server:

conput er 2$ server. py

Pyro Server Initialized. Using Pyro V3.4
Server is ready.

On computer/shell 3 call the remote object with the client:
comput er 3% client. py

DIE PROGRAMMIERSCHULE
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Results

... Pyro-3. 4\ exanpl es\ si npl e>client. py
Pyro Client Initialized. Using Pyro V3.4
999
322
122
0. 222222222222
StringlString2
*** jinvoking server nethod that crashes ***
Traceback (nost recent call |ast):

File "...Pyro-3.4\exanpl es\sinple\client. py", |
ine 18, in ?

print test.error()

File "...Pyro\core.py", line 444, in _ _invokePYRO _
constants. RI F_Var argsAndKeywor ds, vargs, kargs)
File "...Pyro\protocol.py", line 431, in renotelnvo
cation
answer . rai sekEx()
File "...Pyro\errors.py", line 115, in raiseEkx

rai se sel f.excQoj
TypeError: unsupported operand type(s) for /:

Sstr

and

I nt



Cluster Example
calculator .py

Very sinple calculation to denonstrate the use pyro on a cluster.
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| nport Nuneric

cl ass Cal cul ator:
def setParaneters(self, offset, nmultiplyer):

__init__ can not be called renotely.
Use ot her net hod i nstead.

sel f.of fset = offset
self.multiplyer = nultiplyer

def cal cul ate(self, nunericArray, t):
result = (self.offset + nunericArray * self.nultiplyer) * t
return result
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cluster Server.py

| nport Pyro.core

| nport Pyro. nam ng
| nport cal cul at or

| nport sys

cl ass Cal cul at or Proxy(Pyro. core. Qbj Base, cal cul ator. Cal cul ator):
def _init_(self):
Pyro.core. CbjBase. init__ (self)

try:
host name = sys. argv|[ 1]
except | ndexError:
print 'Please give hostnane as command |ine argunent.'
print "It wll be used to register the calculator with the NS.'
print 'Exanple: hostnane: nodel, object nane:cal cul ator _nodel’
Pyro.core.initServer()
ns=Pyr 0. nam ng. NaneSer ver Locat or (). get NS()
daenon=Pyr 0. cor e. Daenon()
daenon. useNanmeSer ver ( ns)
uri =daenon. connect (Cal cul ator Proxy(), ' cal cul ator %' %host nane)

print 'Server with object calcualtor % i1s ready.' %hostnane
daenon. r equest Loop()



cluster Client.py

| nport Pyro.util
| nport Pyro.core

| nport Nuneric
| nport threading
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cl ass sinpl eSi nul ati on:
def init_ (self, offset, multiplyer, arraySi ze,
del taT, steps, nodes):
self.deltaT = deltaT
sel f.steps st eps
sel f. nodes nodes
self.offset = offset
self.multiplyer = nultiplyer
sel f. nunbers = Nuneric.array(range(arraySi ze), Nuneric. Fl oat)
self.results []
sel f. bounds = self.findArrayBounds(sel f.nunbers. shape[ 0],
| en(sel f. nodes))

sel f. connect ToNodes()
self.t =0

PYRO




cluster Client.py ||

cl ass sinpl eSi nul ati on:

déf findArrayBounds(sel f, arrayLength, nunber O Thr eads):
"""Split array in nearly equal sized parts.

PYTHON ACADEHY

DIE PROGRAMMIERSCHULE

Maxi num di f f erence between | ongest and shortest part is 1.

I f nunber O Threads > arraylLengt h:
nunber O Threads = arraylLength
m nArraylLength, extra = divnod(arrayLength, nunber O Thr eads)
bounds = []
| ower = 0
oneMore = 0
for thread in range(nunber O Thr eads) :

I f extra:
oneMore = 1
el se:
oneMbre = 0
upper = lower + m nArraylLength + onelMore

bounds. append( (| ower, upper))
extra max(0, extra - 1)

A AN —
| ower = upper
return bounds




cluster Client.py |1

class sinpl eSi nul ati on:

déf connect ToNodes(sel f):
Pyro.core.initCient()

PYTHON ACADENY sel f. pyroNodes = []
0P for node in self.nodes:
EHOGRANERSHLE sel f. pyroNodes. append( Pyro. core. get ProxyFor URI (

" PYRONANE: / / cal cul ator %" 9%mode)




clusterClient.py |V

cl ass sinpl eSi nul ati on:

def runSi mul ation(self):
for step in range(self.steps):

n =20
result = Nuneric.zeros(sel f.nunbers. shape, Nuneric. Fl oat)
PYTHONACADEMY threads = []
DIF PROGRAMMIERSCHULE for pyr oNode in self. pyr oNodes:

t hr eads. append( Cal cul at or Thr ead( pyr oNode, self. of fset,
self.multiplyer))
| ower = sel f. bounds[n][ O]
upper = self.bounds[n][1]
t hreads[ n]. nuneri cArray = self.nunbers[| ower: upper]
threads[n].t = self.t
threads[n].start ()
n += 1
for thread in threads:
t hread. join()
n =20
for thread in threads:
| ower sel f. bounds[ n] [ O]
upper sel f. bounds[ n][ 1]

- A result[| ower:upper] = thread.result
PYRO gt
self.results. append(result)

self.t += self.deltaT




cluster Client.py V

cl ass Cal cul at or Thread(t hreadi ng. Thread) :
def init_ (self, renoteCal cul ator, offset, nultiplyer):

PYTHONACADEMY threading. Thread. __init__ (self)

sel f.renot eCal cul ator = renoteCal cul at or
sel f.renot eCal cul ator. set Paraneters(offset, multiplyer)

DIE PROGRAMMIERSCHULE

def run(self, nunericArray, t):
return self.renoteCal cul ator. cal cul ate(nuneri cArray, t)

PYRO




cluster Client.py VI

| f __hane_ == '__rrai n__
offset = 3
multiplyer =5
PYTHONACADEMY arraySi ze = 7
deltaT = 0.5
DIE PROGRAMMIERSCHULE steps = 5

s = sinpleSinulation(offset, nultiplyer, arraySi ze,
deltaT, steps, [' nodel', 'node2'])
s. runSi nul ati on()

# check results
t =0
for pyroResult in s.results:
| ocal Result = (offset + Nuneric.array(range(arraySi ze),
Nunmeric.Float) * nmultiplyer) * t
t += deltaT
print "pyro results:’
print pyroResult
print 'local results:'
print | ocal Result

¥l
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Starting the calculation

Start the name server:

PYTHON ACADENY ns_comput er $ns

*** Pyro Nane Server ***

Pyro Server Initialized. Using Pyro V3.4

URI is: PYRO//192.168. 1.50: 9090/ c0a80132044c2f c732f badf 23b086a2e
URI witten to: ...Python24\Scripts\Pyro NS URI

Name Server started.

DIE PROGRAMMIERSCHULE

On node 1 start pyro server 1.

nodel$ cl uster Server. py nodel
Pyro Server Initialized. Using Pyro V3.4
‘Server with object calcualtor _nodel is ready.'

On node 2 start pyro server 2.

node2$ cl ust er Server. py node2
Pyro Server Initialized. Using Pyro V3.4
"*Server wth object calcualtor _node2 is ready.'

PYRO




Result

On client computer call the remote object with the client:
PYTHON ACADEMY client_computer$ clusterclient.py

Pyro Cient Initialized. Using Pyro V3.4

pyro results:

[ 0. 0. 0. 0. 0. 0. 0.]

| ocal results:

[ 0. 0. 0. 0. 0. 0. 0.]

pyro results:

DIE PROGRAMMIERSCHULE

[ 1.5 4. 6.5 9. 11.5 14. 16. 5]
| ocal results:
[ 1.5 4. 6.5 9. 11.5 14. 16. 5]

pyro results:
[ 6. 16. 26. 36. 46. 56. 66.]
| ocal results:
[ 6. 16. 26. 36. 46. 56. 66.]
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Security
o pickleispotentially insecure
PYTHON ACADENY e use XML instead of pickle, order of magnitude slower
DIE PROGRANMIERSCHULE . SSL | S av al I abl e
e don't alow mobile code
e Uuseacode validator for mobile code
e Wwrite custom connection validator
e [imit number of connections
o alow accessfrom certain |P numbers only
e check passphrase
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Questions?
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