JVM dynamic languages
metaobject protocol
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Technical goal

® Code written in one language should be
able to:

® call code written in another language




Social goal

® Establish interoperability mindset in |VM
language implementers.




Social goal matters

® |n long term, technical goal is the means to
achieve the social goal.




ldea vs. implementation

® The idea is more important, but...

® .. you also need something tangible to get
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Current (20077
implementation

® There is a MOP interface with typical
operations. Currently:

® properties: get, put, has, delete,
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Externalized vs.
internalized behavior

® Most languages expect objects to
implement an interface in order to
handle them:
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Externalized vs.
internalized behavior

® [he objects internalize the behavior

® With MOP the behavior is externalized
from objects into the MOP

® xX= Obj prop—>mop get(obj, "prop")
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Properties

® xX=0bj.prop-mop.get (obj,

® ObJ].pProp=x -




Calls
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Type coercion




Composability

® Protocols are composable

° SpeC|aI (Result enum) return codes




Composability

public Object get(Object target, Object propertyld)

{

for (MetaobjectProtocol mop : members) {
Object res = mop.get(target, propertyld);
1f(res != Result.noAuthority) {
return res;

¥
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return Result.noAuthority;




lType coercion on call

public Object call(Object fn, CallProtocol cp, Object...

args) {
for (MetaobjectProtocol mop : members) {
Object res = mop.call(fn, cp, args);

1f(res != Result.noAuthority) {
return res;

¥
¥

return Result.noAuthority;




Type coercion on call

mop [
jythonMop,

beansMop

IR s,

javaObj.fn(jyObj) -




Faster than linear
dispatch

® We have an optimized composite MO




Initializing
import org.dynalang.mop.impl.*;

MetaobjectProtocol mop =
StandardMetaobjectProtocol
.createStandardMetaobjectProtocol ();
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Initializing with native
MOP

import org.dynalang.mop.impl.*;

MetaobjectProtocol mop =
StandardMetaobjectProtocol
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Built-in POJO support

® BeansMetaobjectProtocol included

® Uses JavaBeans introspector

® Translates property access into getXx/isXx,

setXX reflected calls
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Access control

® Currently, only public methods/constructors
are supported.

® Java package-private and protected concepts

are hard to map:
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POJO call example

® |nvoke method dolt with Object[] args:
mop.callCobj, "doIt", mop, args)

® More efficient for repeated invocation with
same arguments:

final DynamicMethod m = beanMop.getInstanceMethod("doIt");
final SimpleDynamicMethod sm;
1f m instanceof OverloadedDynamicMethod) {
sm = ((OverloadedDynamicMethod)m).getResolvedMethodFor(mop, args);
ks

else
sm = (SimpleDynamicMethod)m;

}

sm.call(obj, mop, args); // repeatable; handles vararg packing




2008: invokedynamic
bootstrap dispatch

® Mechanism similar to the previous
mechanism for obtaining a
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invokedynamic
bootstrap dispatch

® The JAR service discovery mechanism
can be used for creating a composite of
following interface implementers:

public interface DynamicInvocationBootstrapper {
publlc Object bootstrapInvokeDynamlc(
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invokedynamic

bootstrap dispatch

Classes’ own bootstrapper
implementations would delegate to the
composite, and it would in turn delegate to

all discovered language-specific
bootstrappers, until one succeeds.
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Composability again

public Object bootstrapInvokeDynamic(CallSite site, Object receiver, Object... arguments) {
for (DynamicInvocationBootstrapper dib : members) {
Object res = dib.bootstrapInvokeDynamic(site, receiver, arguments);
1f(res != Result.noAuthority) {
return res;

}

}

return Result.noAuthority;

}




Using composite MOP
to get method handle
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POJO bootstrapper

® POJO bootstrapper is the last (fallback)
in composite bootstrapper.

® |t uses the logic similar to one for
obtaining the SimpleDynamicMethod

previously shown.

- Lodia LS P T v o1 e ¥ - " T iy AN [
- [P S0 by b 7o . i pemt Y ) Lo Xr R pA ~ g o2 POV LA XN | . £
A e T TR . iz < L A R NV S e Rl ¥ [T e g L AR AP LN P
- ! (PPETEAY G et PR N iats, , Selevs o s 5 g o
ih i B0 L \ dandcruGad i e So ot el e i RGO LT TR |
N B y g3 8 N




Use invokedynamic for
property access

® Possible approaches:

® Compile obj.foo as invocation of
obj.getFoo?
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Use invokedynamic for
property access

® |ast two aren’t mutually exclusive:

[ ) [ ] [ ] [ )
¢ Se Ob etprop:foo when identifier Is
[} [ J
[ ] [ ]
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MOP summary:
we have...

® Protocol for language independent property
access on objects and for invocation of
methods,

® designed for composability,
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MOP summary:
we need...

to extend the protocol to cover other




Summary:
invokedynamic protocol

® ..is actually independent from current MOP
effort, although they’re twins brothers:

® similar composable protocol for
invokedynamic bootstrapping,
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Your turn!

ots of decisions are not
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