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- Uto Bac xpget B onunkauwwummn vac

= invokedynamic (indy)
— invoke, npoctute, 4to?!

= Method handles (aka method pointers)

— OHW-TO TYT NpUYEM?..

= [leTanu-getanu-getanu
— MOHEMHOryY, HO 060 BCeEM
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. HeMHOro nctopum...
JSR 292: Supporting Dynamically Typed Languages on the Java Platform

= 2011, July 28: Released as part of Java 7

= 2010: API refinement (e.g., BootstrapMethods)

= 2009: API refinement (e.g., CONSTANT MethodHandle)
= 2008: APl with Method Handles (Early Draft Review)

= 2007: Expert Group reboot

= 2006: JSR 292 Expert Group formed

= 2005: Initial design sketch
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YTo Takoe invokedynamic?

“In summary, invokedynamic...
is a natural general purpose primitive
— Not tied to semantics of a specific programming language
— Flexible building block for a variety of method invocation semantics
enables relatively simple and efficient method dispatch.”

Gilad Bracha

Java Language Architect,
Sun Microsystems, JAOO, 2005
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YTto Takoe indy?

“In summary, invokedynamic...
is a natural primitive
— Not tied to semantics of a specific programming language
- building block for a variety of method invocation semantics
enables relatively and method dispatch.”

Gilad Bracha

Java Language Architect,
Sun Microsystems, JAOO, 2005
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. JSR 292

HoBoBBeOeHUs

= IHCTpYKUMS ¢ nporpaMmmMmupyembiM NoBeaeHNEM
— nonHas ceoboaa B BbIbope noeaeHust JVM
= bbICTpble «yKa3saTenu Ha MeToabl» 1 aganTtepbl
= ONTUMU3NPYeTCH He XyXe YyeM ObblYHbIN Java Koa
= N36exxaTb Mogudukaunm B dyaywiem
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. KnouyeBblie HOBOBBeOAEeHUSA

= HOBad MHCTPYyKUKMA: invokedynamic.
— JIMHKYETCS Nod KOHTPOMeM nonb3oBaTtens
— BMOMMbIV Norib3oBaTento ob6bekT: java.lang.invoke.CallSite
— MOXET ObITb CNMHKOBaHa U NOTOM NeperinHKoBaHa
= HOBbIW «aTtoM» noBegeHus: method handle
— call site cogepxut ccoinky Ha method handle
— Method handle — ykasatens Ha meTtog ana JVM
— (nnn, kaxaein MH peanusyet nHtepgenc ¢ oagHMM METOLOM)
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. YTo Takoe indy?

user-def'd bytecode method pointers

INnvoke dynamic

=’JavalOne” oRrAcCLE



. YTo Takoe indy?

bytecode + method handles
bootstrap meTtop

INnvoke dynamic
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. ApXxuTeKTypa

= banTkog nopoxaaercs
Java komnunstopamu
NIN «Ha NETY».

Bantkon
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. ApXxuTeKTypa

= banTkog nopoxaaercs = InHamunyeckmn call site
Java komnunstopamu co3gaeTcs Ansl Kaxxaoun
NN «Ha neTy». WMHCTPYKUMK invokedynamic.
5 HnHamunyeckne
Bantkon o
call site’nl
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. ApXxuTeKTypa

= Innamnyeckun call site
co3gaeTcsa AnA Kaxaow
WMHCTPYKUMK invokedynamic.

= banTkog nopoxaaercs
Java KOMMNUNATOpamMu
NN «Ha NeTy».
5 AvHamndeckne
Bantkon o
call site’nbl

= Kaxxabin call site cBa3aH ¢ ogHUM
Method unu 6onee method handle’om,
handles KOTOPbIN YKa3blBaeT Ha HEKOTOPbLIN

MeToA B banTKoae.
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. ApXxuTeKTypa

= banTkog nopoxaaercs
Java komnunstopamu
NIN «Ha NETY».

= [Tpn HeobBxoanmocTy,
JVM, npospayHo ans
NPUNOXeHns,
ONTUMU3NPYET B
MaLUNHHBIN KOoA.

[nHamnyeckmne

Bantkon

= Innamnyeckun call site
co3gaeTcsa AnA Kaxaow
WMHCTPYKUMK invokedynamic.

call site’bl

Method
handles

= Kaxxabin call site cBa3aH ¢ ogHUM
nnmn 6onee method handle’owm,
KOTOPbIN YKa3blBaeT Ha HEKOTOPbLIN
MeTon B banTkoge.
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iInvoke™

bytecode + bootstrap metoq

«
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. Invokedynamic Ha ypoBHe Java banTtkoae
IameHeHna B CTpYKType .class dpannos

= HoBas MHCTPYLIKUS
— invokedynamic (OxBA)
= HoBble TUMNbI ANIEMEHTOB B constant pool’e
— CONSTANT _InvokeDynamic_info
— CONSTANT _MethodHandle_info
— CONSTANT _MethodType info

= ynyJweHHbin LDC
= ATpnoyT BootstrapMethods
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. Invokedynamic

CpaBHeHue ¢ apyrumum invoke-mHCTpyKLMAMHK

invokestatic invokespecial | invokevirtual | invokeinterface |invokedynamic

no receiver no receiver receiver class receiver interface no receiver
no dispatch no dispatch single single dispatch custom
dispatch dispatch

& .
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. Invokedynamic: noruka pab6otbl
11 BbI30B

[ 12: invokedynamic [#bsm] foo (“s”, 1, 3.14) ]
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. Invokedynamic: noruka pab6otbl
11 BbI30B

[ 12: invokedynamic [#bsm] foo (“s”, 1, 3.14) ]

Bbl3bIBaeTl #bsm(..., “s”, 1, 3.14)

[ Bootstrap metoa ]
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. Invokedynamic: noruka pab6otbl

11 BbI3OB

[ 12: invokedynamic [#bsm] foo (“s”, 1, 3.14) ]

Bbl3bIBaeTl #bsm(..., “s”, 1, 3.14)

[ Bootstrap metoa ]
Bosspau_gaeT\]/

CallSite
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. Invokedynamic: noruka pab6otbl

20

11 BbI3OB

[ 12: invokedynamic [#bsm] foo (“s”, 1, 3.14) ]

Bbl3bIBaeTl #bsm(..., “s”, 1, 3.14)

[ Bootstrap metoa ]
Bosspau_gaeT\]/

| calSite |

yKasblBaloLLM Ha \l,
MethodHandle
public Object foo(...) {...}

KOTOpbLIN U Bbl3biBaeTcs!
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. Invokedynamic: noruka pab6otbl
211 1 nocreayLime Bbi30Bbl

[ 12: invokedynamic [#bsm] foo (“s”, 1, 3.14) ]

nasnekaet MH un3

!
CallSite

yKasblBaloLLM Ha \l,

MethodHandle
public Object foo(...) {...}
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. Invokedynamic: noruka pab6otbl
211 1 nocreayLime Bbi30Bbl

[ 12: invokedynamic [#bsm] foo (“s”, 1, 3.14) }\
N

\

\

B

4

nssnekaet MH n3 ‘\
| W cpasy Bbi3biBaET
¥ | MeToa Hanpamyo
) i
CallSite /!
yKasblBaloLLM Ha \l, ,l

MethodHandle
public Object foo(...){...} &=~

«
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. Invokedynamic: noruka pab6otbl
211 1 nocreayLime Bbi30Bbl

aload_1; aload_2
invdyn lessThan:2
if icmpeq

this pointer links to
the target methed,
a "Method Handle"

class Runtime

MH|lessThan(,)Z:

/(,
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. Bootstrap metop

= I3Ha4yanbHO, Kaxabin call site He cnnMHKoBaH

= Call site gormxkeH ObITb CIMHKOBAH nepen NepsbiM BbI30OBOM
— MOXET ObITb «1eHNBO»

= JlnHKyeTca nocpencTBomM Bbi3oBa bootstrap metoga
— KOTOpOMY nepenaetcs ctatnyeckas nHgpopmauus o call site’e

= KOHTEKCT, UMsi MeTofa, curHaTypa MeToaa, A0NONHUTENbHbIE
napameTpbl

— BoO3BpaLaeT oobekT Tnna CallSite, cogoepxalinm CCbISIKy Ha MeToA

= Kaxkgas invokedynamic MHCTPYLKNS CTaTUYECKU onpeaenseT CBOU
bootstrap meton (kak cceinky B constant pool)
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. Jjava.lang.invoke.CallSite

= OOBEKT, ONUCbIBAKOLLMNA « MECTO» BbI30OBA B KOAE

= XpaHUT CCbINKY Ha MeTof («Uerby), KOTOPbIN OOSMKEH Bbl3biBATbCS
= JluHkyeTca ¢ invokedynamic MHCTpyLmen Yyepes bootstrap metoq

= MoXeT ObITb HECKOMNBKUX TUMNOB
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. CallSite

Tunbl

= ConstantCallSite

— «uenb» (method handle) nocrne co3gaHna MeHATBCA HE MOXET
= MutableCallSite

— Kak 0DObl4HOE none, XxpaHsLee CChIfiky Ha MeTo[,

— fenervpyet Kaxabiv Bbl3oB Tekywemy MH
= VolatileCallSite

— Kak volatile none

— N3MEHEHNS BUAOHLI Cpasy

— ... 3a CYeT NOoTeHUManbLHOro yxyaweHnsa nponsBogmMTenbHOCTY
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. Bbi30B 4yepe3 invokedynamic

= BbI30B MeToaa Yepes3 MHCTpYKUUo invokedynamic BbiCcTp
— Bcerga «ToOYHbINY
= TUMbl NAPaMETPOB MNOSIHOCTbLIO coBMagatoT
= call site’bl cTporo TMNU3nNpoBaH:LI
— HeT HeobxoanMOCTK B NMpoBepKe Tuna npu Bbi3oBe
= VM rapaHTupyeTt KOppeKTHOCTb

— Ko, Ha KoTopbln ykasbiBaeT method handle wacTto MoxeT 6bITb
3anHNanHeH
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. invokedynamic

[Tpumep: banTkon

invokedynamic baz:(LSomeClass;|D)V [#bsm2, 1234.5]

4
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. invokedynamic

[Tpumep: banTkon

invokedynamic baz:(LSomeClass;|D)V [#bsm2, 1234.5]

static CallSite bsm2(Lookup lookup, String name, MethodType type, Object... arg) {
MethodHandle mh = lookup.findVirtual(SomeClass.class, name, type);
return new ConstantCallSite(mh);

}
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invokedynamic
[Tpumep: banTkon

invokedynamic baz:(LSomeClass;|D)V [#bsm2, 1234.5]

static CallSite bsm2(Lookup lookup, String name, MethodType type, Object... arg) {
MethodHandle mh = lookup.findVirtual(SomeClass.class, name, type);
return new ConstantCallSite(mh);

}

== invokevirtual SomeClass.baz:(ID)V

% =’JavalOne: oRAcCLE



*dynamic

Method Handles

«
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Method Handles

“The most fundamental change to Java since it's
iInception.”

Charles Oliver Nutter
JRuby Lead Developer

&
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. Method Handles

YUt0 3107

= KpaeyrosnbHbi kKameHb anga JSR 292
= OcHoBa ans UHCTpyKumn invokedynamic
= KntoyeBas pyHKUMOHANBbHOCTL A4 OPYrMX NPOeKToB
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Method Handles

YUt0 3107

= YKka3arenu Ha metoabl/nona/anemMmeHTbl MaccmBa
= MaHunynauusa aprymeHTamm
= YnpasnsoLlas roruka

= [lormkHO ObITb onTumMusnpyemo JVM
— 9TO OY€eHb BaXXHO!
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. Invoke MHCTpYKLUUN
[o JSR292

= invoke™
invokevirtual  javalio/PrintStream.printin:()V
iInvokeinterface javal/util/List.add:(Ljava/lang/Object;)Z
invokestatic java/lang/System.currentTimeMillis:()J
iInvokespecial javal/lang/Object.<init>:()V
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. Invoke MHCTpYKLUUN

N He Tonbko invoke*

= invoke™
invokevirtual  javalio/PrintStream.printin:()V
invokeinterface javalutil/List.add:(Ljava/lang/Object;)Z
invokestatic java/lang/System.currentTimeMillis:()J
iInvokespecial javal/lang/Object.<init>:()V

= obpalleHne K nonsm
getfield, setfield, getstaticfield, setstaticfield

= paboTta c maccuBamm
*aload, *astore
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. Method Handles

[Tpsamble ykasaTtenu

= YKasaTtenu Ha meTtoabl

— findStatic, findVirtual, findSpecial, findConstructor
= YKasarenu Ha nongd

— findGetter, findSetter, findStaticGetter, findStaticSetter
= YKasartenu Ha afieMeHTbl MaccuBea

— arrayElementGetter, arrayElementSetter
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Method Handles

MaHunynupoBaHue aprymeHTamm

= insert, drop, permute
= filter, fold, cast
= spread (unbox varargs)
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. Method Handles

Flow control

= guardWithTest: ycrnosHbIN nepexon
— KomMmbuHaumsa 3x MH:
= condition, true path, false path

= SwitchPoint: on/off branch
— KoMbuHaumsa 2x MH
= true and false paths
— Once off, always off
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. Method Handles

PaboTa ¢ ucknoyeHnamm

= catchException
— body, exception type, handler
= throwEXxception
— throws Throwable in argument O
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. Method Handles

JKM3HEHHbIN LUK

= Co3paHue (direct MHSs)
— reflective factory APl: MethodHandles.Lookup
— Idc of CONSTANT _MethodHandle
— special factories: identity, invoker
= TpaHcopmaumsa/agantauus (bound or adapter MHs)
— bindTo, insertArguments, guardWithTest, etc.
— asType, filterArguments, etc.
= Bbi3oB (exact or inexact)

= lInHkoBka (invokedynamic call site nnu HekoTopasa KOHCTaHTa)
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. Method Handles

Tunbl

= Direct Method Handle yka3sbiBaeT Ha Java meTog.
— MOXET 3MYynnpoBaTh CYLLECTBYHOLNE UHCTPYKLUN
= Bound Method Handle xpaHuTt 3HaueHne napameTpa
— CBSI3aHHbIN apryMeHT yKa3blBaeTcs nNpu co3gaHunmn
— UCNOJIb3YETCA NP Ka>KaoM Bbl30BE
— mobon MH moxeT ObITb CBA3aH U 3TO HE BUOHO Bbi3blBAOLLEMY
= Adapter Method Handle npeobpa3syeTt 3Ha4yeHns «Ha neTy»
— KakK aprymeHTbl, Tak n BoO3BpalliaemMoe 3Ha4yeHne
— cast, box/unbox, collect/spread, filter, etc.
— mobon MH moxeT ObITb aganTupoBaH N 3TO HE BUAHO Bbl3bliBalOLLIEMY
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43

aload 1; aload 2
invdyn lessThan:Z
if icmpeq

String
"lessThan"

WECt| ; nyoke 2 (String message,
Object, Object):

this chain of targets
converts a return

value to boolean, and

inserts an extra

message argument




. Method Handles

YKnsHeHHbIn uukn: CosgaHue

= [1pn cospoaHnm method handle’a ocywiecTBnaeTcs n cBsa3bIBaHME C
KOHKPETHBbIM METOAOM

= MoxeT ObITb MeaneHHbIM
— ,u,enal?ﬁe TOJIbKO OAUNH pa3, eClyin BO3MOXHO

= cnonb3ynte CONSTANT _MethodHandle
— ecIu reHepupyete bantkoa
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. Method Handles

JKn3HeHHbI uunkn: Bbidos

= OcyLiecTBnsieTcqa Yepes3 MeTodbl, NOIMMOPMHbLIE OTHOCUTENBHO CUrHATYpbI
= CurHaTypa Metoga onpenensietTca B mecte Bbi3oBa (call site)
= CTatndeckn (B MOMEHT KOMMUMALMN)
= Hanpumep, MethodHandle.invoke()
— (int)mh.invoke(1, 1L, new Object()) =>(int, long, Object)int
= Curnartypa gormkHa TodHo cooTBeTcTBoBaTh TUNy MethodHandle’a
— UKW HYXHO ncnons3osatb invokeWithArgument

= [lomeyveHbl @SignaturePolymorphic B koge
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. Method Handles

JKn3HeHHbI uunkn: Bbidos

= « TouHbIn» BbI30B (MH.invokeExact) npocTt
— YCIOBHbIW nepexon
— HEeMHOIo OopOoXKe YeM OObIYHbIN BI/IpTyaJ'IbeII7I BbI30OB.

= «HeTou4HbINY» BbI3oB (MH.invoke) MOXeT ObITb CroXeH
— €CJ1 TUunbl HEe CoBlMaaakoT
— MHaye Kak invokeExact

= Bb130oB 4epes invokedynamic MHCTPYKLKIO DbICTP
— Bcerga «TodeH» (call site Bcerga cTporo TMnn3nMpoBaH)
— Kog meTtoaa OoOblYHO MHNAaWHUTCA
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. Method Handles

YKn3HeHHbIn uukn: Cea3biBaHUE

= MHCTpyKUKMAa invokedynamic

— call site c onTMNCTNYHO npegcKka3aHHbIM BbISOBOM METOOa

— npepackasaHHbin method handle npegnonaraeTca KOHCTaHTOW
= “static final” MH nepemeHHbIe paccMmaTpuBalOTCs Kak KOHCTaHTbI
= KoHcTaHTHble method handle’sl MoryT ObITb 3aMHNanHEHbI

— MOXET NO3BONUTb N30aBUTLCS OT afantepoB U CBA3aHHbIX apryMmeHToB
— MOXET npoaorKarbCqa 40 NPAMbIX y|<a3aTene|7| Ha Java meTopbl
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. Method Handles

[TakeT java.lang.invoke

= MethodHandle
— I'IpFlMOI7I yKa3aTernb + pa3nunyHble agantauum
= MethodType
— CurHartypa metoga
= MethodHandles.Lookup
— KoHcTpyupoBaHue method handle’os
= MethodHandles

— Habop BcrnioMmoraTenbHbIM PYHKUMIA O nonyyvyeHus n agantaumm method
handle’oB
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. Method Handles

[TpMepbl NCNonb3oBaHUA
MethodHandles.Lookup LOOKUP = MethodHandles.lookup();
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. Method Handles

[TpMepbl NCNonb3oBaHUA
MethodHandles.Lookup LOOKUP = MethodHandles.lookup();

MethodHandle HASHCODE =
LOOKUP. findStatic(
System.class,
"identityHashCode",
MethodType.methodType(int.class, Object.class));
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. Method Handles

[TpMepbl NCNonb3oBaHUA
MethodHandles.Lookup LOOKUP = MethodHandles.lookup();

MethodHandle HASHCODE =
LOOKUP. findStatic(
System.class,
"identityHashCode",
MethodType.methodType(int.class, Object.class));

assertEquals(

System.identityHashCode("xy"),
(int) HASHCODE.invokeExact("xy"));
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. Method Handles

[TpMepbl NCNonb3oBaHUA
MethodHandles.Lookup LOOKUP = MethodHandles.lookup();

MethodHandle CONCAT =
LOOKUP. findVirtual(
String.class,
"concat",
MethodType.methodType(String.class, String.class));
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. Method Handles

[TpMepbl NCNonb3oBaHUA
MethodHandles.Lookup LOOKUP = MethodHandles.lookup();

MethodHandle CONCAT =
LOOKUP. findVirtual(
String.class,
"concat",
MethodType.methodType(String.class, String.class));

assertEquals("xy", (String) CONCAT.invokeExact("x", "y"));
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. Method Handles

[TpMepbl NCNonb3oBaHUA
MethodHandles.Lookup LOOKUP = MethodHandles.lookup();

MethodHandle CONCAT =
LOOKUP. findVirtual(
String.class,
"concat",
MethodType.methodType(String.class, String.class));

assertEquals("xy", (String) CONCAT.invokeExact("x", "y"));

MethodHandle CONCAT_x = CONCAT.bindTo("x");
assertEquals("xy", CONCAT_x.invoke("y"));
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. CpaBHeHue c Reflection API

= bbicTpee 4YeMm Reflection API
— MPOBEPKM NpaB AOCTyna rnpu KaXaom Bbl30BE HE HYXKHbl
= ocyLllecTenaiTcs npm cosgaHiumn MH
— ueno4vkn MH xopoluo nHnanHAaTcsA
= YnobHee yem Reflection API
— KOoMbuHaTopHasa bubnuoteka ans tpaHcgpopmaummn MH
— TOYHasa TMNN3aunsa(no XesaHuio)
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Ucnonb3oBaHue JSR292
KpynHble NpoeKTbl, aKTUBHO Ucnosib3ywme JSR292

* JRuby
= Project Lambda (Java 8)
= Nashorn (Java 8)
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Project Lambda (Java 8)

“... We can achieve both of these goals [maximizing flexibility & providing
stability] by using the invokedynamic feature from JSR 292 to separate the

binary representation of lambda creation in the bytecode from the mechanics
of evaluating the lambda expression at runtime.

Brian Goetz

Java Language Architect,
Oracle, April, 2012

«
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. NTtorun

= Pockowb? [laneko He Bcerga!
= bbicTpee yem Reflection API
= YoobHee yem Reflection AP
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. Ncnonb3oBaHue

= invokedynamic gocTynHa TonbKo Ha ypoBHe banTkoga
— Yyepes 6mbnmoteky ASM, Hanpumep
= ... HO method handle’sl MOXXHO ncnonb3oBaTb B 0O6bIMHOM Java koae!
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