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» Number of Cores
» Memory Management

» Cache sizes
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Motivation

» Number of Cores

» Memory Management

aln optimal performance |
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Motivation

adjust tuning parameters
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Automatic Performance Tuning

» Auto-Tuner: Generate several program variants automatically

» on a specific architecture

» find an optimal tuning parameter configuration

] -

pl: 2,4,6,8
p2: static’,, dynamic”
p3: algol,algo?

parameter configuration

performance data
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Automatic Performance Tuning

» Auto-Tuner: Generate several program variants automatically

» on a specific architecture

» find an optimal tuning parameter configuration
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Automatic Performance Tuning

» Huge search space

» cross product of parameter domains

S =dom(py) X ... X dom(pp)

bl 2,4,6,8 dom(pl) =4
p2: static, dynamic dom(p2) =2
p3: algol,algo? dom(p3) =2
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» cross product of parameter domains

| 3 parameters

S = dom(p1) X ... X dom(py)

24 mio parameter

configurations

search space

|96

240000
program variants




Automatic Performance Tuning

» Huge search space

» cross product of parameter domains

| 3 parameters

S = dom(p1) X ... X dom(py)

need to prune the search space !

24 mio parameter

configurations

search space

|96
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program variants




Automatic Performance Tuning

» Three ways to prune the search space
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try & fall
make use of heuristics / previous tuning iterations

use the developers knowledge
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Automatic Performance Tuning

» Three ways to prune the search space

4

>
4

try & fall
make use of heuristics / previous tuning iterations
use the developers knowledge

»  Atune-IL: annotate tuning parameters,
independent sections, monitoring probes...

| 3 parameters

24 mio parameter

configurations

search space

|96

240000
program variants




Atune’s tuning cycle

Atune-IL
independent of host language
independent of application domain

iInstrument with Atune-IL
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program variant

c = (valy, ...,valy) val; € dom(p;)
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Numeric Parameters

» SETVAR keyword

public void SETVAR Example ()
{

int numThreads = 2;

for (int 1=1; 1 <=numThreads; 1++) {
Thread.Create (StartCalculation) ;

J
WaitAll () ;

}




Numeric Parameters

» SETVAR keyword

public void SETVAR Example ()

{
int numThreads = 2;
#pragma atune SETVAR numThreads TYPE int
VALUES 2-16 STEP 2

for (int 1=1; 1 <=numThreads; i1++) {
Thread.Create (StartCalculation) ;

} -

2,4, ..., 16 Threads

WaitAll () ;
J



Architectural Parameters

» SETVAR keyword

public void SETVAR ExampleZ2 ()

{
SortAlgorithm sortAlgo = new ParallelMergeSort():;

#pragma atune SETVAR sortAlgo TYPE generic VALUES
,new QuickSort()"“, ,new ParallelMergeSort ()"

1f (sortAlgo != null)
sortAlgo.run() ;



Parameter Dependencies

» DEPENDS keyword

public void DEPENDS Example ()

{
SortAlgorithm sortAlgo = new ParallelMergeSort():;

#pragma atune SETVAR sortAlgo TYPE generic VALUES
,new QuickSort()"“, ,new ParallelMergeSort()"“

1f (sortAlgo != null)
sortAlgo.run (depth) ;

|4 combinations




Parameter Dependencies

» DEPENDS keyword

public void DEPENDS Example ()

{
SortAlgorithm sortAlgo = new ParallelMergeSort():;

#pragma atune SETVAR sortAlgo TYPE generic VALUES
,new QuickSort()"“, ,new ParallelMergeSort()"“

1f (sortAlgo != null)
sortAlgo.run (depth) ;

8 combinations
iNnstead of 14!




Tuning Blocks

» Define independent sections

» Tuning-Approach 2:
»  Tuning-Block |: dom(py) X ... X dom(p3)
»  Tuning-Block 2. dom(p4) X oo X dom(pg)

Y Y

Tuning Block 1 Tuning Block 2

http://www.ipd.uni-karlsruhe.de/multicore/research/download/ATunell-Autotuning.pdf
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Tuning Blocks

» Define independent sections

» Tuning-Approach I: dom pP1) X ... X dom PS8

Tuning Block 1 Tuning Block 2
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Tuning Blocks

»  STARTBLOCK keyword

public void TUNINGBLOCKS Example ()
{

// other tuning parameters...

int numThreads = 2;

#pragma atune SETVAR numThreads
TYPE int VALUES 2-16 STEP 2

for (int i=1; 1 <=numThreads; i++) {

Thread.Create (StartCalculation);
}

WailtAll () ;




Nested Tuning Blocks

» INSIDE keyword

» optimization starts with the innermost block
» combines inner and outer parameters successively

public void TUNINGBLOCKS Example ()
{

int numThreads = 2;

#pragma atune SETVAR numThreads

TYPE int VALUES 2-16 STEP 2

(int 1=1; 1 <=numThreads; i++) {

for
Thread.Create ([ StartCaleulation() );

J
WaitAll () ;

J




Nested Tuning Blocks

» INSIDE keyword

» optimization starts with the innermost block
» combines inner and outer parameteters successively

public void [ StartCaleulation()

{
#pragma atune STARTBLOCK
nestedSection INSIDE parallelSection

/* calculation with own tuning
parameters */

public void TUNINGBLOCKS Example ()
{

- #pragma atune STARTBLOCK parallelSection #pragma atune ENDBLOCK

int numThreads = 2;
#ipragma atune SETVAR numThreads
TYPE int VALUES 2-16 STEP 2

for (int i=1l; i <=numThreads; i++) {
Thread.Create (

}
WaitAll();




Monitoring Probes

public void TUNINGBLOCKS Example ()

int numThreads =
#pragma atune SETVAR numThreads
TYPE int VALUES 2-16 STEP 2

for (int i=1,; 1 <=numThreads; i++) {
Thread.Create (StartCalculation()) ;

J
WaitAll () ;

http://www.iconfinder.com/icondetails/48883/256/
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Case Study

» Results
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Case Study

» MetabolitelD (Agilent Technologies)
» Identify effects caused by a drug on a very low level

» by comparing control samples to metabolite samples

.y drug effect

COMpare,, .
compare,.
compare -
http://www.tjohnsonmedia.com/wp-content/uploads/201 I/1 1 /kid-icon-256.jpg, T| me

http://icons.iconarchive.com/icons/devcom/medical/256/pill-icon.png
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Case Study: Results |

» Search space reduction

>

all combinations

» Difference in execution time

»  45% between the best and the worst configuration (8 core machine)



Case Study: Results 2

» Implementation effort

manually implemented used Atune-IL



Related Work

» POET!
» Iindependent of application domain / host language

» optimization on source code level

» Xlanguage
»  #pragma approach
» C/ CH++ code transformations

» loop unrolling

'Parameterized Optimizing for Empirical Tuning



Pros and Cons

v Drastical search space reduction
v Host-language independent
V' Independent of application domain

V' Portability, maintenance



Pros and Cons

v Drastical search space reduction
v Host-language independent
V' Independent of application domain

V' Portability, maintenance

Nothing available on the web

Portability, maintenance

Paper is incomplete / wrong
WEIGHT not specified
mixed START/DEFAULT

LOC: hardly depends on programming style
template files ignored

Section 6.4 , Results" is weak






