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Motivation #1

Leveraging Programmer Abstractions

. Engler. Interface Compilation: Steps toward Compiling Interfaces as Languages.
.
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Motivation #1

« Less “Bang for
Buck”

o Loss of
Optimization
Opportunities

4



Motivation #1
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Motivation #2

Niche Optimizations and Market Forces

Instruction Scheduling

A. Robinson. Impact of Economics on Compiler Optimization.
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Motivation #3

Extensible JIT Compilation allows Self-Optimizing Libraries
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Motivation #3

Extensible JIT Compilation allows Self-Optimizing Libraries

Library programmer can define optimizations in C#
that plug into the JIT compiler

oy
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Presentation Outline

XJit System Overview
Example

Results

Conclusion
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XJit System Overview

NET supports
“attributes”

« Attributes can specify
optimizer and trigger
event

o Optimizer is written in
C# using XJit API

o XJitrecognizes
attribute, detects,

C# Program

compiles, and invokes }
optimizer upon event

e

(Mono open-source .NET frarr115ework)
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Example

public static void Min()

{
| nt Vector A, B, C, D, E
for( int i = 0; i < 10000; ++i ) {
E=(A+B+C/(D- A+ B);
}
}
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E=(A+B+Q/(D- A+ B);

tenpl = A+ B
temp2 = tenpl + C
temp3 = D - A
tenp4 = tenp3 / B
E =tenp2 + tenp4

17



Ho 1

AN

B OH

Example

public IntVector op Addition(lntVector A IntVectorB) {
I nt Vector tenp = new IntVector(A length());
for( i =0; 1 <Alength(); i++ ) {
tenp(i) = A(i) + B(i);
}

return tenp;
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Example

IntVector Library Programmer detects simple optimization
opportunity

Function Inlining + Loop Fusion + Use Integer Temps

| nt templ, tenp2, tenps3;
for( i =0; i < Alength(); i++) {
templ = A(i) + B(i);
temp2 = templ + C(i);
templ = D(1) - A(i);
tenmp3 = tenpl + B(i);
E(i) = tenp3 / tenp2;




Self Optimizing Libraries

[ XJitOptimzeMeAttri bute(specializer)]

static void MyLi braryMet hod(i nt RunTi neConstant) {

| f( RunTi neConstant == ... ) {
} else if( RunTinmeConstant == ... ) {
} else if( RunTinmeConstant == ... ) {
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Self Optimizing Libraries

[ XJitOptim zeMeAttri bute(specializer)]
static void MLibraryMethod(int RunTi neConstant) {

i f( RunTimeConstant == ... ) {
} else if( RunTineConstant == ... ) {
} else if( RunTineConstant == ... ) {

public void specializer(cfg) {
XJitvVar a = XJitGetVar (RunTi nreConst ant) ;

éﬁ? /* nodify cfg so it is specialized
* for RunTi mneConstant */
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Self Optimizing Libraries

[XJitOptimzeMeAttribute(specializer)]
static void MyLi braryMet hod(i nt RunTi meConstant) {

if( RunTimeConstant == ... ) {
} else if( RunTinmeConstant == ... ) {
} else if( RunTinmeConstant == ... ) {

public void specializer(cfg) {
XJitVar a = XJitGetVar (RunTi meConst ant) ;

/* modify cfg so it is specialized
* for RunTi neConstant */

22

|
ARBOH



Self Optimizing Libraries

public static void Main()

{
| nt Vector A, B, C, D, E;
for( int i =0; I < 10000; ++i ) {
E=(A+B+ Q/(D- A+ B);
}
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Self Optimizing Libraries

public static void Miin() {

for( int i = 0; I < 10000; ++i ) {

push A

push B

call op Addition
push C

call op Addition
push A

push D

call op_Subtraction
push B

call op_ Addition
call op_Di vision
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Self Optimizing Libraries

public static void Main(){

for( int i =0; i < 10000; ++i ) {

[ XJitOptimzeMyCal l erAttribute(optinzer)] e
public IntVector op Addition(lntVector A ;Z"S'h op-Additien
| nt Vect or B) { cal | op_Addition
| nt Vector tenp = new I ntVector (A |length()); EEEE .
fOI’( I = 0; 1 < Al engt h(), | ++ ) { call op_Subtraction
. . . h B
tenp(i) = A(i) + B(i); call op_additi on
} call op_Division
}
return tenp;
) }
]
25
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Self Optimizing Libraries

public static void Min(){

for( int i = 0; i < 10000; ++i ) {

push A

push B

call op_Addition
push C

call op_Addition
push A

push D

call op_Subtraction
push B

call op_Addition
call op_Division

}
[XJitOptimzeMyCall erAttribute(optimzer)]
public I ntVector op_Addition(lntVector A,
I nt VectorB) {
I nt Vector tenp = new IntVector(A length());
for( i =0; i <Alength(); i++) {
temp(i) = A(i) + B(i);

} 26
return tenp;
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Self Optimizing Libraries

public static void Min(){
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push A
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Status (A Work in Progress)

Detects OptimizeMe and OptimizeCaller
|dentifies plug-in optimizations
Dynamically constructs pass list
Invokes pass list
Optimization APl is in flux

« High-level APl (MSIL-like)

o Low-level API (MONO-like)
Small toy optimizer has been built
Detection overheads studied
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Results

IntVector Example
— Original Execution Time: 17 sec
— New Execution Time: 6.7 sec

Detection overhead “ C#Grande” virtually zero
— No custom attributes

Optimization overhead
— Small and amortizable
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Conclusion

o XJit: A Framework for Self-Optimizing Libraries
« Allows library writers to define plug-in optimizations

« User code is transparently optimized using plug-in
optimization
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