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A Framework for Flexible Programming in
Complex Grid Environments

KEN HIRONAKA,T HiDEO SAITO,T! KEI TAKAHASHIT!
and KENJIRO TAURAT!

Problem-solving frameworks in large-scale and wide-area environments must
handle connectivity issues (NAT and firewalls), maintain scalability with
respect to connection management, accommodate dynamic processes join-
ing/leaving at runtime, and provide simple means to tolerate communica-
tion/node failures. This paper designs and implements such a framework by
minimally extending distributed object-oriented models for maximum general-
ity and flexibility. In the framework, parallelism is expressed via asynchronous
method invocations to allow a natural transition from sequential programs. To
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cope with asynchronous events such as dynamic process joins and asynchronous
method invocation returns, we introduce an implicit serialization semantics on
objects to relieve programmers from explicit synchronization primitives while
avoiding recursion deadlock problems. In our implementation, participating
nodes automatically construct a TCP overlay so as to address connectivity and
scalability issues. We have implemented our framework as a library for Python
to allow rapid development of complex workflows and to maximally leverage
the richness of its libraries. For evaluation, we show on over 900 cores across
9 clusters with complex networks (involving firewall and NATs) and process
managements (involving SSH, torque, and SGE) configurations, how a simple
branch-and-bound search application can be expressed simply and executed
easily.
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class Master:
def __init__(self):
self .nodes = []

class Master:
def __init__(self):
self.jobs = []
self.workers = []
self.tabs = {}
self.lock = Lock() # for mutex

self.jobs = []

def addJob(self, job):
self.jobs.append(job)

self.signal() # notify new job #invoked on new event with arg. e

def handleEvent(self, e):

def nodeJoin(self, node): #need mutual exclusion

self .nodes.append(node)

self.lock.acquire()
self.signal() # notify join

try:
#give job to new node
def run(self):

if e.type NEW_NODE:
assigned = {} node = e.node
while True: #give new job, if any
# dispatch work to available workers if len(self.jobs) > 0:
while len(self.nodes)>0 job = self.jobs.pop()
and len(self.jobs)>0: self .tabs[node] = job
node = self.nodes.pop() self.giveJob(node, job)
job = self.jobs.pop() else:
# asynchrous RMI to worker self .workers.append(node)
f = node.work.future(job)
assigned[f]| = (node, job) #give new job to master
elif e.type = NEW_JOB:
# wait for any results job = e.job
readys = wait(assigned.keys()) self.jobs.append(job)
# if got signal, loop back #assign to master, if any
if readys == None: continue if len(self.workers) > O0:
node = self.workers.pop()
#read ready results job = self.jobs.pop()

for f in readys: self.giveJob(node, job)

node job = assigned.pop(f
o & ( ) #handle result and give-out a new job

try:

5 » » elif e.type — JOB_DONE:
print "done:”, £.get() print ”done:”, e.result
self .nodes.append(node) . d > @

node = e.node

except RemoteException, e: . . ;
#give new job, if any

if len(self.jobs) > 0:
job = self.jobs.pop()
self.tabs[node] = job
self.giveJob(node, job)

# in case of a fault, rerun job
self.jobs.append(job)

class Worker:
def work(self, job):
#do work on job...

else:

self .workers.append(node)
return results #re-enque lost job on node failure
#do not re-enque worker

def run(self, mastername): elif e.type = FAILURE:
#obtain reference to master and join node = e.node
master = RemoteRef(mastername) job = self.tabs.pop(node)
master.nodeJoin(self) self.jobs.append(job)
finally:
01 0000oooooooooooooooooooo0o0oo0orwnODODOOODOOOOOOODODOOOO self.lock.release ()

gooooOoOooooo

Fig.1 The core for a simple Master-Worker Program. Classes for the Master and the Worker are 02 000D00o0oono0oononnooononnooonanoononoonnd

shown. Both the master and the worker initialize by invoking its run method. Fig.2 Pseudo-code for when written in a typical Master-Worker programming framework.
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*1 http://www.logos.ic.i.u-tokyo.ac.jp/gxp/
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01 00000000
Table 1 Specifications of each cluster.

Name CPU Nodes Network
(Cores)
chiba Pentium M 1.86 GHz | 70 (70) global TP
Core2 Duo 2.13 GHz 58 (116)
hongo Pentium M 1.86 GHz | 70 (70) global TP
Core2 Duo 2.13 GHz 14 (28)
kototoi Xeon 2.33 GHz 22 (88) global IP
03 0000000000 RMI Requestd RMI Return 000 000000000000000000000 (firewall)
O0000D0O0O0O0oO0O0o0O0O RMI Request 000000000 0OODOOOOOOOOOOOOOOOO imade Core2 Duo 2.13 GHz 30 (60) private IP
oooooooon okubo Core2 Duo 2.13 GHz 14 (28) global IP
Fig.3 The left and right figures show how the RMI Request and the RMI Return messages respec- suzuk Core2 Duo 2.13 GHz 36 (72) global IP
tively, are forwarded along the connections. The center figure depicts what would happen if kyoto Core2 Duo 2.13 GHz 35 (70) private IP
an intermediate connection is lost. istbs Xeon 2.40 GHz 158 (316) global IP
(blocked)
tsubame | Dual Core - (64) global IP
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Fig.4 The network settings for each cluster in our experiment.
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Fig. 6 Master-Worker RMI interaction for the Permutation Flowshop Solver. The master assign
tasks via the doJob method. Workers invoke exchange_bound periodically to exchange the
latest bounds, and return search results as the return value for doJob.
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