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Motivation
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REM POLSCALZ2.BAS creates polar dial hour 1ines.
REM Mac Oglesby 990709
filenameS = "C:\POLSCAL2.txt
OPEN f1lenameS FOR OUTPUT AS #1
D2R = 3,141593 / 180
FOR J = 0 TO 67.5 STEP 1.25
H=76.2
X = H * TAN(J * D2R)
L=4: M=] % 12
IF M / 45 = INT(M / 45) THEN
IFM / 90 = INT(M / 90) THEN L
IFM / 180 = INT(M / 180) THEN
WRITE # b i Lt
WRITE #1, 2, X
NEXT 3J
WRITE #
WRITE
X1l =
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Unexploited parallelization
potential

® Modern OO-Systems difficult to analyze
® modularity: loosely coupled modules
® runtime reconfiguration
® abstraction: dynamic binding

® encapsulation: data and computation locality



Can we dynamically
extend static analyses!



Dynamic Binding
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Dynamic Binding

public void removeAll(
List A, List B)
{
for (Object elem: B) {
A.remove(elem);
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First Step: Profiling

?  How much parallelism exists in legacy

systems

' Analyse several program runs



Example

public class SumUp {

public static void main(String[] args) {
int n = Integer.parselnt(args[0]);
long[] sums = new long[n];

for (int 1=0; i<n; ++1) {
sums[i] = sumTo(i);

h

long overallSum = 0;

for (int 1=0; i<n; ++1) {
overallSum += sums[i];
¥
}

private static long sumTo(int n) {
return n == 0?7 @ : n + sumTo(n-1);

}



t Execution lrace

_______ (o) n = Integer.parselnt(args[0]): ) — = - -
——————— C f ) sums = new long[n; )= === -
——————— C i ) for (int i=0; i<n; +-+i) ... )= - -
——————— C i ) sumsli] = sumTo(i); )———---
——————— C }1 ) for (int i=0; i<n; ++i) ... )= === -
——————— C i ) sumsli] = sumTo(i); )= === -
——————— C i ) overallsum = 0; )= ===
——————— C i ) for(inti=0; i<n; ++i) ... )= === -
——————— C i ) overallsum += sums[il; )= === -
——————— C i ) for(inti=0; i<n; ++i) ... )= === -
——————— C 1lo ) overallsum += sums[il; )= === -




Data Dependencies

0 )  n=Integer.parselnt(args[O]); )
f ) sums = new long[n]; )>
C i ) for (inti=0; i<n; ++i) ...
C i ) sumsli] = sumTo(i);
C }1 ) for (inti=0; i<n; ++i) ... )
C i ) sumsli] = sumTo(i); >>
C i ) overallsum = 0; )
C i ) for (inti=0; i<n; ++i) ... )
C i ) overallsum += sums[il;
C i ) for (inti=0; i<n; ++i) ... )
C 1lo ) overallsum += sums[il; >
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Critical Path




Parallel Execution




Parallelization Potential

#nodes

potential =

#nodes
on CP

#nodes | |
Example: = — =
P #nodes 5 2.2

on CP




Basics

Dynamic Trace

Data Dependencies

Critical Path

Parallelization Potential



Applications

® Overall program analysis
® Suggesting parallelization candidates
® Automatic parallelization

® adaptive

® “justin time”

® Simulating parallelization strategies on a
trace



Overall program analysis
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Parallelization Candidates

public class SumUp {

public static void main(String[] args) {
int n = Integer.parselnt(args[0]);
long[] sums = new long[n];

for (int 1=0; i<n; ++1) {
sums[i] = sumTo(i);

h

long overallSum = 0;

for (int 1=0; i<n; ++1) {
overallSum += sums[1i];

private static long sumTo(int n) {
return n == 0 ? @ : n + sumTo(n-1);

}



Execution lrace




Execution lrace
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Critical Path
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Critical Path
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Work in Progress

® Automatically parallelizing just-in-time
compiler

® Continuously enhancing parallelized regions
® choose reasonable initial configuration

® keep tracked information across program
runs

® Fallback to serial execution on collisions



Summary

Dynamic Binding

public void removeAll( st
List A, List B)
{ + remove(e: Elem)
for (Object elem: B) { ///ﬂ ‘K\\
A.remove(elem);
} } Linked List | Vector |

X

Parallelization Candidates

public class SumUp {

public static void main(String[] args) {
int n = Integer.parselnt(args[0]);
long[] sums = new long[n];

for (int i=0; i<n; ++i) {

sums[i] = sumTo(i);

long overallSum = 0;

for (int i=0; i<n; ++i) {
overallSum += sums[i];

private static long sumTo(int n) {
return n == 0 ? @ : n + sumTo(n-1);

}

Parallel Execution
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Work in Progress

® Automatically parallelizing just-in-time
compiler

e Continuously enhancing parallelized regions
® choose reasonable initial configuration

® keep tracked information across program
runs

® Fallback to serial execution on collisions




Dynamic Binding

public void removeAl
List A, List B

for (Object elem:
A.remove(elem)
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Can we dynamically
extend static analyses?

runs

static long sumTo(int n) {
rnn==07 :

@ : n + sumTo(n-1);

Parallel Execution

—
L

gress
Ist-in-time

allelized regions

‘onfiguration

eTKkeep'tracked information across program

® Fallback to serial execution on collisions

—



Appendix



References

Christoph von Praun, Rajesh Bordawekar, and Calin Cascaval.
Modeling optimistic concurrency using quantitative dependence
analysis. In PPoPP '08: Proceedings of the |3th ACM SIGPLAN

Symposium on Principles and practice of parallel programming,
pages |185—196, New York, NY, USA, 2008. ACM.

Clemens Hammacher. Design and Implementation of an Efficient
Dynamic Slicer for Java. Bachelor’s Thesis, November 2008.
http://www.st.cs.uni-saarland.de/javaslicer/

Clemens Hammacher, Kevin Streit, Sebastian Hack, and Andreas
Zeller. Profiling Java Programs for Parallelism. In Proc. 2nd
International Workshop on Multi-Core Software Engineering

(IWMSE), May 2009.


http://www.st.cs.uni-saarland.de/javaslicer/
http://www.st.cs.uni-saarland.de/javaslicer/

Hooking into the VM

Machine
code

Thread | Thread 2

Y
<
o

uonewJdoluj
17815

| 3

uoiewJoju| diweui(
UOIIBWLIOJU| DIWBUA(]

Trace File



Gain Measurement
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Gain Measurement
(Example)
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Granularity

® so far:instruction level
® unrealistic for parallelization

® idea: basic blocks



Basic Blocks




Basic Blocks




Basic Blocks







Basic Blocks
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Basic Blocks
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Basic Block Artifacts




Overall program analysis

o trace potential potential
program descrlptlon |ength (instructions)  (blocks)
parser 212 384.28 14.01
generator
~ python 2812 185.13 | 16.83
interpreter
Java source 19 84.09 8.16
code analyzer






