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int foo(int i1, iInt j) {
int a, b, r;

a=1/17];
b =73 % i;
r=a+ b;
return r;




o Basic Block, BB

@ Dataflow Analysis
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constant folding

— Java -32768/-1

X=2%*3; l X = 6;







dead code elimination

X=a+b;, //Ix l —=a—+b—
if (false) { —if-fatse)r{
y=1 —y=—







common subexpression elimination

I X,a,b




partial redundancy elimination

— Java
BB BB BB BB
X =a*b XS a’b t=a*b
=3¢
.. \ / .. \ /
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loop invariant code motion

— Java







method Inlining

X = foo(a) ‘ X = (a*a);

Int foo(int 1) { Int foo(int 1) {
return i *i; return i *i;

} }




tail duplication, splitting

Intx = ... Intx = ...
BB . — BB . BB . BB .
Xx=0 X = foo(x) Xx=0 X = foo(x)
T~ BB BB

if (x == 0) if (x==0) | | if (x == 0)







strength reduction

. CPU
— CPU

XxX=a*8: /]2 X=a<<3;




class A {
Int f;
Int g;

}

A a=new A();
af=1;
af=af*2;

scalar replacement

class A {
Int f;
int g;

}

A a =new A();
t=1;

t=t*2;
a.f=t;



register allocation

- Graph coloring register allocator

- Linear scan register allocator

a=1, R1=1; [l a: R1
b = 2; 2 c [mem_Db] = 2;// b: mem
c=a+3; R2=R1+3;//c:R2

a=>b R1 = [mem_b]







: polymorphism

: encapsulation
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e virtual method
— Guarded devirtualization

— Direct devirtualization




nullcheck —
bndcheck —

null




nullcheck a nullcheck a

X = a.f; X = a.f;
/l a
nullcheck a —eleck——er
y =a.g; y=4a.g,
" BB BB ‘ BB BB
nullcheck a| |nullcheck a nullcheck a| |nullcheck a
X = a.f Z=a.h X = a.f Z=a.h
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BB BB
nullcheck a
X = a.f*b
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nullcheck a| |nullcheck a
X = a.f*b

nullcheck a
X = a.f*b
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X = a.f*b
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nullcheck a
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y=Db/c
nullcheck a
X = a.f*b
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nullcheck a| |nullcheck a
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X = a.f*b




a null

BB BB
nullcheck a| |nullcheck a
X = a.f*b

nullcheck a
X = a.f*b




if (@ != null) && (0<= s) && (e <= a.length)) {

for(i=s;i<e;i++){ /I optimized loop without exception checks
afi] =i, // require foa[[i(]l—:f; | <e;ith){
nullcheck and ) ’
bndcheck } else {
} /[ original loop with exception checks
for (i=s;i<e;i++){
nullcheck a;

bndcheck i, a.length;
afi] =1i;

}







type analysis

— new, instanceof, checkcast,

f (x instanceof A) { f (xinstanceof A) {
Ay = (AXX) ‘ Ay =1AFX;

} \ }

if instanceof




= Guarded devirtualization
— Class test

— Method test

— Polymorphic Inline Cache
= Direct devirtualization

— On stack replacement

— Code patching

— Preexistence




o Invokevirtual, invokeinterface

-=> devirtualization




Class test and Method test

foo(A X) { eI

r0O = <receiver object>
load rl, offset_class _in_object(r0)
x.m()' load r2, offset_method in_class(rl)
’ load r3, offset_code in_method(r2)

} call r3

Class test

r0O = <receiver object>

load rl, offset class_in_object(r0)

if (r1 == #address_of paticular_class) {
call paticular_method or inlined code

} else {
load r2, offset method _in_class(rl)
load r3, offset_code_in_method(r2)
call r3

T (7 dakdustintime

guard

class
(method table)

object method

Method test

r0O = <receiver object>

load rl, offset class_in_object(r0)

load r2, offset_method_in_class(rl)

if (r2 == #address_of paticular_method) {
call paticular_method or inlined code

} else {
load r3, offset_code_in_method(r2)
call r3




Class test and Method test

= Method test
— X B
® Class test A guard A'=B

® Method test &A.m() == &B.m()

foo(A x) { CI?T;S,S A

x.m() ~

} Class B




Polymorphic Inline Cache

. call
guard

— iImplement

r0O = <receiver object>

load rl, offset_class_in_object(r0)

if (rl == #address_of paticularl_class) {
call paticularl_method or inlined code

} else if (r1 == #address_of paticular2_class) {
call paticular2_method or inlined code

} else if (r1 == #address_of paticular3_class) {
call paticular3_method or inlined code

} else {
load r2, offset_method in_class(rl)
load r3, offset_code_in_method(r2)
call r3

virtual
Interface
A.m()
Class A
m()

Class B

Class C




Directed deV|rtuaI|zat|on
= Java guarded devirtualization
(quard)
— Guard devirtualization

— Code patching
— On stack replacement

— PreeX|stence

%l



type analysis

— new, instanceof, checkcast,

A X = new A(); x.m() .

A X;

if (...) {x=new A();}
else{x=newB();} /B A
x.m();  x.m( A B

4E4.| ! | ._ {EI.' --l: A S
it ) 1K S =1t
E i | IR o i P, i Lk
1l | RS 1

r0 = <receiver object>
call A.m() //



= Java

Class A

Class B

class hierarchy analysis

m()

Class A

AN

Class B

Class C
m()

A {A.m(), C.m()}

B : {Am()}

C:{C.m()}




Code patching

call A.m//

h ‘ after_call:

dynamic_call

Class A load rl, offset _class_in_object(r0)
m() load r2, offset_method_in_class(rl)

load r3, offset_code _in_method(r2)

call r3 /I

jmp after call




bl | 118

Code

jmp dynamic_call
after_call:

dynamic_call

load rl, offset_class_in_object(r0)
load r2, offset_method_in_class(rl)
load r3, offset_code_in_method(r2)
call r3 /I

jmp after call




On stack replacement

<check point>

foo () { foo () { foo () {
AXx=..; AXx=..; frame AX=..;
>.<...m(); ‘ .<.c.:heck point> ‘ .<.c-:heck point>
} A.m(); I x.m(); //

} }
m() { m1(); }
m10{ ...} Scope descriptor (foo)| a -




On stack replacement

foo () {
fzox():{ - m() ml() fZOX():{ | <check point> AX —
o om0,
x.m(); <check point> }
} <inlined code m() and m1()>

‘ ) ‘ mQ { m1(; }

m() { m1(); } n10{ ..}
mi1(){...}

Scope descriptor (m1)|

Scope descriptor (m) a>

Scope descriptor (foo)|




Preexistence

r0 = <receiver object>
<inlined code of A.m()>

x_m(); Class A




Preexistence

load rl, offset_class_in_object(r0)
load r2, offset_method_in_class(rl)
load r3, offset_code_in_method(r2)

} \ foo() call r3 //




— Interface Method Table

— IMT

— stub
IMT

ro compiled code

load rl, offset_class_in_object(r0)
load r2, offset IMT _in_class(rl)
call r2

G This
SRR 4







Class A { int f;}
static int z;
int foo() {
A X = new A();
z=XxF /X

bar(x.f); // x

return z: // x




Class A {intf;} X Class A{Intf;}

static int z; static int z;
Int foo() { Int foo() {
A X = new A(); t=0;
z = x.f; Z =t
bar(x.f); bar(t);
return z; return z;







- OS

CPU Compare and
swap
MyThread Lock OtherThread Lock
CompareAndSwap(Lockword, 0, MyThread) Lock
Object /\ /\
Lockword| O ‘ 0) \Y\Y, Thread‘ 0) Monitor ID ‘ 1
MyThread Unlock

Lockword = O




— Java JSR 133

Class A{intf;} Class A {intf;}
static int z; static int z;
int foo() { int foo() {

A X = new A(); A x = new A();

synchronized (x) { -SyRehrerized-0o-{

z=x.f /Ix z = x.f;
} }
bar(z); /I x X bar(z);

return z; // X return z;










= Sampling —

jump
— 0S

= Instrumentation —

= Hardware Performance Monitor Counter —

— CPU




= Sampling

= Instrumentation

= Hardware Performance Monitor Counter







call path

call path




(code reordering)




(specialization, customization)
= [nstrumentation




(prefetch)

Translation Look-aside Buffer:
->

TokenLoop:
for (inti =0; 1 <tv.ptr; i++) {
Token tmp = tv.v[i],
tmpNext = spec_load (&tv.v[i+1]); /I tmp
prefetch (tmpNext + offset(facts)); //facts prefetch
prefetch (tmpNext + offset(facts) + c); // facts array prefetch
for (intj =0; | <t.size; j++
if (It.facts[j].equals ]))
continue TokenLoop;
return tmp;

} Slide from [Inagaki03]
|




Class A{
By,
C z

}
Class B {

String s; 1
}

String s;

Memory address




Our research outcome  Pleaseyvisit

http://www.research.ibm.com
= JIT compiler ftrlprojects/jit/pub_int.htm

— Method invocation optimization[OOPSLAOO][JVMO02]

— Exception optimization[ASPLOSO00][OOPSLAO1][PACTO2Z]

— Profiling based optimization[JGOO][PLDIO3][PACTO3]

— Float optimization[JVMO2][ICS02]

— 64bit architecture optimization[PLDIO2]

— Register allocation[PLDIO2]

— Data prefetch[PLDIO3]

— Instruction Scheduling[CGOO03]

— Compiler overview[JG99][IBMSJO00][OOPSLAO3][IBMSJ04]
* Runtime systems

— Fast locklOOPSLA99][OOPSLAOZ2][ECOOP04][PACT04]

- Fast mterpreter[ASPLOSOZ]
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