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K-IMleans Algenthm

One of the moest popular clustering algerithms.

1. Randomly assign cluster centers (e.g. select random points
fliom within the dataset)

2. Eor each point calculate the distance to the cluster centers
and assign the point to the closest “cluster”.

5. Based on the membership calculated in step (2) calculate
the center of the new clusters.

4. Repeat steps (2) and (3) until stopping criteria are met (e.g.
No point change cluster membership).

MacQueen, 1967 [1]
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K-IMleans Algenthm

Initial Setup lteration 1 T tteration 2

teration 3 fteration 4 - Final

Brute Force: 549,755,813,800 = 5.5*1011 possible 2-cluster arrangements
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K-IMleans Algenthm

Project:
Implement single-threaded and 2 methods for “parallelization”
1) Single Threaded Version

2)  Distributed Memory Approach

3) | Shared Memory Approach
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Test Dataset

Could net test the system on the full 100,000 point dataset
(the application runs out of memory with just 8 points)
lest dataset: 3 points
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Safe Point

dimensions: int: int
coard[dim]: dauble :int

DataPaint
calcDistanceTo) © double

classhembership :int

Stores coordinates of the points
Allows calculating distance to other points
Acguiring and Releasing of a lock on data points
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PData Lecking

P(mutex_locked);

if ('locked and !processed) {
locked = true;
V(mutex_locked);

/I calculate cluster membership

P(mutex_membership);
/I set membership
V(mutex_membership);

P(mutex_locked);
processed = true;
locked = false;

}

V(mutex_locked);

[Data storage and precessing are in different objects.
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muUtex_memiobersnip

ax memo

loaded code: » 2=101, methods=4316
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mutex locked

If ('locked and !processed) {
synchronized(this) {
this.verify locked ct++;

}

assert(this.verify _locked == 1);
locked = true;

Il calculate cluster membership
/I set membership

processed = true;
locked = false;

B o Y rESultS

error #l: gov.hasa.jpf.jvon.NolUncaughtExceptionsProperty "java. lang. AzsertionError at SafePoint.acquirelock...”™
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PData Lecking

P(mutex_locked);

if ('locked and !processed) {
locked = true;
V(mutex_locked);

/I calculate cluster membership
/Il set membership

/[ P(mutex_locked);
processed = true;
locked = false;

} else {
V(mutex_locked);

Causes no error in JPE
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Order ofi Operations

P(mutex_locked);

If ('locked and !processed) {
locked = true;
V(mutex_locked);

Il calculate cluster membership
/Il set membership

locked = false;

processed = true;
} else {

V(mutex_locked);

}

Causes an enmor in JPE — order of these two operations IS important
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Changed Viemership

changedMembership flag Is used to track If any ofi the points
nave changed: thelr cluster membership; thus, if the algorithm
IS required to run again.

Implemented as a class with a synchronized “write” method.

Checked If the synchronization Is indeed necessary.
It is.
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Iimpreved Performance

Substantial improvement to the performance wWhen unnecessary.
lOeks are removed (fixed prokleni size: 321D, 2 threads)

no memb

no locked

26% performance improvement
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Iimpreved Performance

Substantial imprevement to the perfermance When unnecessary.
locks are remoeved

2 Thread - Problem Size @ Distributed
m Shared (before)

@ Shared (after)

York University May 14, 2009

14



Conclusions

Java appears to have a high cost of thread synchronization,
therefore, It IS Important to examine the necessity of each

data lock — may lead te a substantial improvement in
perfermance.
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