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Overview of JSR 292

Uncouple call site and callee

Invokedynamic
method handle

1+v
¢ float plusF(float f, float f2) {
iconst 1
aload 1 }

iInvokedynamic + (ILObject;)LODbject; i A
int plusl(int i, int i2) {

-

method handles

+ API for creating/managing method handles



Method Handle

Single type: java.dyn.MethodHandle

Type safe function pointer
embodies its type (MethodType)

Callable with 2 polymorphic signature methods

(intmh.invokeExact(2, 3.0)
(int)mh.invokeGeneric(new Integer(2), 3.0)
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Managing method handles

Create a Method Handle

constant: String#charAt(int)

lookup: MHs.lookup().findVirtual(String.class,
"charAt", methodType(char.class, int.class))

Core combinators

asType(), bindTo(), asCollector()/asSpreader(),
InvokeWithArguments()

Other combinators

guardWithTest(), dropArguments/insertArgumentsy(),
filterArguments()/filterReturnValue(),
constant(), etc.



Invokedynamic

First call

a bootstrap method does the linkage

Each invokedynamic has its own BSM

Creates a reified CallSite
CallSite contains the target method handle

Next calls
Use the target method handle

CallSite.setTarget()
Ask a relinking !
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How to implement an inlining cache ?

The BSM Iinstalls a fallback method

iconst 1
aload 1
invokedynamic [#bsm] +(ILObject;)LObject;

CallSite bsm(Lookup lookup, String name, MethodType type) {
CallSite cs = new CallSite(type);
MethodHandle mh = #fallback(CallSite, Object[]);
mh = MHs.insertArguments(mh, 0, cs);
mh = MHs.collectArguments(mh, type.pCount(), type.generic());
mh = Mhs.convertArguments(mh, type);
cs.setTarget(mh) ;

return cs ;
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Object fallback(CallSite cs, Object[] args) { ... }



How to implement an inlining cache ?

The fallback prepends a guard

iconst 1
aload 1
invokedynamic [#bsm] +(ILObject;)LObject;

@CallSite
Object fallback(CallSite cs, Object[] args) {
5 D Method'l;ype type = type(cs, args?,
convert collect insert MH mh = findMH(type, cs.type());
MH test = findTest(type, mh.type());
MH mh = MHs.guardWithTest(test,
mh,
cs.getTarget());

cs.setTarget(mh);
return mh.invokeWithArguments(args);

} 9



How to implement an inlining cache ?

The tree iIs stable until a new class Is discovered

iconst 1
aload 1
invokedynamic [#bsm] +(ILObject;)LObject;

Integer.class

insert
boolean test(Class c, Object 0, Object 02) {
_ return c.islnstance(02);
guardWithTest !
fallback int plus(int i1, inti2) {
co%?erﬂ» return il +1i2 ;
}
Z%\»%D\» Obiject fallback(CallSite cs, Object[] args) {
convert collect insert .

10
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Dalvik

Not that fast VM but easy to port

One template interpreter by platform
A small JIT

Java-bytecode, DEX

Register based + clever encoding tricks
1 constant pool by type (String, NameAndType, etc)
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Bytecode changes

5 new Instructions:
need to add 3 new constant pools.

8 new opcodes:

LDC MethodType reuse proto cp
LDC MethodHandle new cp
iInvokeexact (mh.invokeExact)

iInvokegeneric (mh.invokeGeneric)

Invokedynamic



Invodynamic in DEX

iInvokedynamic [#bsm, "name"] plus(1, 2.0) (ID)I
Invokedynamic instruction

Constants splits in 3 parts :

- nameAndType foo (ID)I
- bsm #bsm
- bsm constants ['name"]

+ arguments registers
2 new constant pools

InvokeDynamic [NameAndType, MethodHandle, BSM]
BSM (variable length) pairs of cp type/cp index
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Anatomy of a Method Handle

C function pointer + method type (safety) +
Invocation mode

Data structure :

2 words object header

type : MethodType (interned in Java code)
method : *Method

call_mode : speciallstatic|virtual|interface|direct
+ a varargs bit
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Method Handle

Several of kind Method*:

direct/static java call
ex : identity: One identity() by primitive + Object
vtable/itable slot

native

VM function in C / NI
javaBridge

Several subclasses :
C stub subclasses + javaBridge subclasses

18



Method Handle Hierarchy

ConvertMH

The idea is to move MHs from right to left

ReceiverBoundMH

MethodHandle
// \ JavaBridgeMH
\ FilterMH
FolderMH
Exactinvoker PermuteMH
Genericlnvoker CollectorMH
InserterMH SpreaderMH
DroperMH GuardMH
19




JavaBridge

Special C Stub:

If (paramCount<10)

Invokegeneric bridge_table[paramCount]
else

Invokegeneric bridge_Iinvoke_ array

varags

abstract class JavaBridgeMH extends MethodHandle {
Object invoke() { ... }
Object invoke(Object01) { ... }
Object invoke(Object 01, Object 02) { ... }
Object invoke(Object 01, Object 02, Object 03) { ... }

6bject invoke(Object... vargs) { ... }
}
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MethodHandle Invocation

InvokeExact

check methodType => call stub
else WrongMethodTypeException

InvokeGeneric

check methodType => call stub

else check not varargs => convert types + call stub
else => varargs wrap + convert types + call stub
else WrongMethodTypeEXxception

iInvokeWIithArguments (native)
asSpread() + invokeGeneric
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CallSite & Invokedynamic

Invokedynamic

If (target[id] == null)
CAS(&target[id], null, initBSM(...))
Invokeexact target[id](args...)
Side table of target method handles

each invokedynamic has a class local index
load target Iis a volatile read !

bootstrap method initialialization:

call BSM with invokegeneric
Inject class + target index into CallSite for setTarget,

MutableCallSite (normal write), VolatileCallSite (volatile write)
ends with a CAS(null, newTarget)
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Schedule & Future

Where we are ?

dx, dexopt, DEX we are here (
add method handles
add invokedynamic

basic interpreter targeted for mid-march
JIT 77

Method handle reflection to JIT IR ?

perf counters ? & Guards ?
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