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<p>Z3 JDK JRfBidfEd, &I T java.lang.invoke.VarHandle XN, BT —TF, XMEKRT
a href="https://Id246.com/forward?goto=http%3A%2F%2Fopenjdk.java.net%2Fjeps%2F193"
arget="_blank" rel="nofollow ugc">JEPS193</a>, EIET—TFHE. LU TNMEENEIEARR
LIRS ASERE, Hep FFREZRIECENF, FFRENER, &l<a href="https://Id246.co
/forward?goto=https%3A%2F%2Fjekton.github.io%2F2018%2F07%2F22%2Fjava-translation-j
p-193-Variable-Handles%2F" target="_blank" rel="nofollow ugc">N_tEB& </a>, EFLLFEE
27, BEtRETR, LIFEREBENPIRGIRES, HEEE. </p>

<h2 id="Summary-fF&-">Summary ({EZE) </h2>

<p>Define a standard means to invoke the equivalents of variousjava.util.concurrent.atomic
nd sun.misc.Unsafe operations upon object fields and array elements, a standard set of fence
perations for fine-grained control of memory ordering, and a standard reachability-fence ope
ation to ensure that a referenced object remains strongly reachable.</p>

<p>EN T —LFRER AT java.util.concurrent.atomic 1 sun.misc.Unsafe & FXIXISEME
$ATTRRVRE, RETUAEFIEAEILENSBIERERE, F— MR ERIA =R ERIRGR
5|FRRYXISERANIAR (strongly reachable) , </p>

<h2 id="Goals-Btx-">Goals (Btx) </h2>

<p>The following are required goals:</p>

<ul>

<li>Safety. It must not be possible to place the Java Virtual Machine in a corrupt memory stat
. For example, a field of an object can only be updated with instances that are castable to the f
eld type, or an array element can only be accessed within an array if the array index is within t
e array bounds.</li>

<li>Integrity. Access to a field of an object follows the same access rules as with getfield and
utfield byte codes in addition to the constraint that a final field of an object cannot be updat
d. (Note: such safety and integrity rules also apply to MethodHandles giving read or write acc
ss to a field.)</li>

<li>Performance. The performance characteristics must be the same as or similar to equivalen
sun.misc.Unsafe operations (specifically, generated assembler code should be almost identica
modulo certain safety checks that cannot be folded away).</li>

<li>Usability. The API must be better than the sun.misc.Unsafe API.</li>

</ul>

<p>Itis desirable, but not required, that the API be as good as thejava.util.concurrent.atomic
APlL.</p>

< p|> ETREMFELINER: </p>

<ul>

<li>Zet, BUIRAEEE VM EARERIIATRE. i, SRE—FERARBEHRIESAATLA
RS NERBIRISE, BB EURRYZS | SE K ESCE R A BEwiaa, </li>

<li>—Ett. HARISHIFEREM getfield 5 pufield BEBIERBRIEE], B5b, # final IEIHAIFER
BEiE. (F: XER2UM—SMRINERFNAT MethodHandles IZ5FE, ) </li>
<li>tEgE, TIRMHAIMEEVAS sun.misc.Unsafe EERZ. (153, RTRLELHFENES
B8, ERRICRBAIZ LFeEeER. ) </li>

<li>eJ A, API SCElw/REY sun.misc.Unsafe B4FH, </li>

</ul>

<p>FAIFEEiZ APl TTLAS java.util.concurrentatomic —#£F, {BERENEN. </p>

<h2 id="Motivation-zi#/l-">Motivation (z¥l) </h2>

<p>As concurrent and parallel programming in Java continue to expand, programmers are in
reasingly frustrated by not being able to use Java constructs to arrange atomic or ordered op
rations on the fields of individual classes; for example, atomically incrementing a count field.
ntil now the only ways to achieve these effects were to use a stand-alone AtomicInteger (add
ng both space overhead and additional concurrency issues to manage indirection) or, in some
situations, to use atomic FieldUpdaters (often encountering more overhead than the operatio
itself), or to use the unsafe (and unportable and unsupported) sun.misc.UnsafeAPI for JVM in
rinsics. Intrinsics are faster, so they have become widely used, to the detriment of safety and
ortability.</p>
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<p>Without this JEP, these problems are expected to become worse as atomic APIs expand t
cover additional access-consistency policies (aligned with the recent C++11 memory model)
s part of Java Memory Model revisions.</p>

<p>Java PHESHTRIEFEIES, FRARBKEZEIER, EAREEIRAIMRIITRS R
BXIIRAEHITHER, Hean, [RFAGIENN count PR, 12501k, BEtESLiEiZBmRINEER— 1 5M
Atomicinteger(BIN T ZEFFHE, LURAAKAR) 8, EREHET, #RAKRF FieldUpdaters (
BHUFRBESINTBZAIFHE) | SifsEF unsafe (ARSFIAHSZIFAY) sun.misc.UnsafeAP| k(s
JVM WEX. WEXEREUZRIRAY, FEICABERREEREEEN 2, XIRETEZEMEREME. </p>
<p>RAXMH JEP, XLAMSTESHAGHAELE, KK IMM (EIHRET, [RFE(F AP 2 BLUE
Ehipa—3EReg (S&EN c++ 11 IFEER—5)., </p>

<h2 id="Description-gi&-">Description (f#R) </h2>

<p>A variable handle is a typed reference to a variable, which supports read and write access
o the variable under a variety of access modes. Supported variable kinds include instance fiel
s, static fields and array elements. Other variable kinds are being considered and may be sup
orted such as array views, viewing a byte or char array as a long array, and locations in off-he
p regions described by ByteBuffers.</p>

<p>—NTEARE—INRAIEES A, AFRSGHERAERINIRIVIZEANESERFE. #5305
LEREE: URFR, #SFRIIEEAETR, HEZREXROSWER, Laseansds, thil
BE, B byte 8 char ZBEMAE long £4H, LIRTE off-heap #{i#iA K ByteBuffer fIXIH,
/p>

<p>Variable handles require library enhancements, JVM enhancements, and compiler support
Additionally, it requires minor updates to the Java Language Specification and the Java Virtua
Machine Specification. Minor language enhancements, that enhance compile-time type chec
ing and complement existing syntax, are also considered.</p>

<p>The resulting specifications are expected to be extensible in natural ways to additional pr
mitive-like value types or additional array-like types, if they are ever added to Java. This is not,
however, a general-purpose transaction mechanism for controlling accesses and updates to
ultiple variables. Alternative forms for expressing and implementing such constructs may be e
plored in the course of this JEP, and may be the subject of further JEPs.</p>
<p>TEAINHEREER. VM BBImIERSTT. B, SREN Java IFSES JVM #5E
1TUNEFT. IBSOEADIHERE, mFERANEIITRNECSEREL, BEEREEN. </p>
<p>—BEfIMINA Java, RLRFGCTEILABRANSIRITY B, BINKRInESRE A

. </p>

<p>AM, XAAZRBATEFHNSNRENHEIMERINBASESTE. £ JEP g+, TSR
RIAFNEILX MR, FRIBERAASK JEPs IERR., </p>

<p>Variable handles are modelled by a single abstract class,java.lang.invoke.VarHandle, wher
each variable access mode is represented by a <a href="https://Id246.com/forward?goto=ht
p%3A%2F%2Fdocs.oracle.com%2Fjavase%2F8%2Fdocs%2Fapi%2Fjava%2Flang%2Finvoke%?2
MethodHandle.html%23sigpoly" target="_blank" rel="nofollow ugc">signature-polymorphic
/a> method.</p>

<p>The set of access modes represents a minimal viable set and are designed to be compatib
e with C/C++11 atomics without depending on a revised update to the Java Memory Model.
dditional access modes will be added if required. Some access modes may not be applicable
or certain variable types and, if so, when invoked on an associated VarHandle instance will th
ow anUnsupportedOperationException.</p>

<p>LEARHRSCILA— M RIRAYIHSRE, java.lang.invoke.VarHandle, S MXISIGIEHRTURERIL
BRZETE. MIREERR—IRNTITE, RITARS C/C++11 (NRFHE, ARG
A~ Java ATARBIRUESEST, FOMOLIIREIVINREHRE, REATLRPAEIRIMN. —EihasEir]
TENATREENRTERA, MREXE, SJHIT—1XKEA) VarHandle ZTERY, SHIH—4 Uns
pportedOperationException.</p>

<p>The access modes are grouped into the following categories:</p>

<p>1. read access modes, such as reading a variable with volatile memory ordering effects; <
P>

<p>2. write access modes, such as updating a variable with release memory ordering effects;
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/p>

<p>3. atomic update access modes, such as a compare-and-set on a variable with volatile m
mory order effects for both read and writing;</p>

<p>4. numeric atomic update access modes, such as get-and-add with plain memory order ef
ects for writing and acquire memory order effects for reading.</p>

<p>5. bitwise atomic update access modes, such as get-and-bitwise-and with release memor
order effects for writing and plain memory order effects for reading.</p>
<p>AEMEARALRRLA T O </p>

<p>1. i8R, HILE—NEA volatile BIFFFIRNTE, </p>

<p>2. Bz, LWIEH—EE release BEFFIBERNTE. </p>

<p>3. RFEHRN, LI —IHEEEHEA volatile ATFFFIRERINZERHIT CAS B(E. </
>

<p>4. HERFEHFHEI, LU0 get-and-add #(E, MWEEIEES plain REFFIRER, izEE a
quire AEFFIRER. </p>

<p>5. IBUJRFEFMRT, LN get-and-bitwise-and #{F, WEEFER release RFFFIZER
XHEBA plain BFFIIRER. </p>

<p>The later three categories are commonly referred to as read-modify-write modes.</p>
<p>RE=NPEALUIEAHELERHR., </p>

<p>The signature-polymorphic characteristic of the access mode methods enables variable h
ndles to support many variable kinds and variable types using just one abstract class. This avo
ds an explosion of variable kind and type-specific classes. Furthermore, even though the acce
s mode method signatures are declared as a variable argument array of Object, such signatur
-polymorphic characteristics ensure there will be no boxing of primitive value arguments and
no packing of arguments into an array. This enables predictable behaviour and performance a
runtime for the HotSpot interpreter and C1/C2 compilers.</p>
<p>HEARANGEEEERSTEHYE, HIEXETWER— MSEEHEESIFTSTERE, X
% 7R BIPEMBERER class RIZAK. BEit—2F, RENARIUTEZSZMHBEI— Object 28
SEEE, XMERZSTIERRIEATIEEIRERIRERESHREEERE, BRESHIFE
. 33F HotSpot #ERERRF1 C1/C2 fmi¥ss, IXHA(R 7 oI T AFIEITRIMRE, </p>
<p>Methods to create VarHandle instances are located in the same area as that to produce
ethodHandle instances which access equivalent or similar variable kinds.</p>

<p>glE VarHandle LIS EFEER—MXIEK, BFEFBRENTHEMRIT RSN Metho
Handle £, </p>

<p>Methods to create VarHandle instances for instance and static field variable kinds are loc
ted in java.lang.invoke.MethodHandles.Lookup and are created by a process of looking up the
field within the associated receiving class. For example, such lookup to obtain a VarHandle for
a field named i of type int on a receiver class Foo might be performed as follows:</p>
<p>8lf& VarHandle LIRS FELAI SErSFER T EXBFAETE java.lang.invoke.MethodHandles.L
okup, ZHEHREIZWESEPIIFRANIIECIZER, #MlF, FEiF% Foo TFREN I, X8 int
A VarHandle 335, aJLAHHARIITI: </p>

<pre><code class="highlight-chroma"> <span class="highlight-line"> <span class="highlight
cl">class Foo {

</span></span><span class="highlight-line"> <span class="highlight-cl"> inti;
</span></span><span class="highlight-line"> <span class="highlight-cl">
</span></span><span class="highlight-line"> <span class="highlight-cl">}
</span></span><span class="highlight-line"> <span class="highlight-cl"
</span></span><span class="highlight-line"> <span class="highlight-cl"
</span></span><span class="highlight-line"><span class="highlight-cl">class Bar {
</span></span> <span class="highlight-line"> <span class="highlight-cl"> static final VarH
ndle VH_FOO FIELD |;

vV V

</span></span><span class="highlight-line"> <span class="highlight-cl">
</span></span><span class="highlight-line"> <span class="highlight-cl"> static {
</span></span><span class="highlight-line"> <span class="highlight-cl|"> try {
</span> </span><span class="highlight-line"> <span class="highlight-cl"> VH FOO F
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ELD | = MethodHandles.lookup().

</span></span><span class="highlight-line"> <span class="highlight-cl"> in(Foo.c
ass).

</span></span><span class="highlight-line"> <span class="highlight-cl"> findVar

andle(Foo.class, "i", int.class);

</span></span><span class="highlight-line"> <span class="highlight-cl"> } catch (Exce

tion e) {

</span></span><span class="highlight-line"> <span class="highlight-cl"> throw new
Error(e);

</span></span><span class="highlight-line"> <span class="highlight-cl"> }

</span></span><span class="highlight-line"> <span class="highlight-cl">
</span></span><span class="highlight-line"> <span class="highlight-cl">}
</span></span></code></pre>

<p>The lookup of a VarHandle that accesses a field will, before producing and returning the
arHandle, perform the exact same access control checks (on behalf of the lookup class) as tho
e performed by the lookup up of a MethodHandle that gives read and write access to that sa
e field (see the find{ Static}{Getter,Setter} methods in the MethodHandles.Lookup class).</p>
<p>XNEHIIEEENFIRE] VarHandle B, SIGE—RFIRGHEEHRR, X+ MethodHandle
Sith—RE, £EEMTIE. B MethodHandle (£% MethodHandles.Lookup B9 find{,Static}
Getter,Setter} 73i%) RUISEFRESEXIMNANIR, </p>

<p>Access mode methods will throw UnsupportedOperationException when invoked under t
e following conditions:</p>

<ul>

<li>Write access mode methods for a VarHandle to a final field.</li>

<li>Numeric-based access mode methods (getAndAdd and addAndGet) for a reference varia
le type or a non-numeric type (such as boolean).</li>

<li>Bitwise-based access mode methods for a reference variable type or the float and double
types (the latter restriction may be removed in a future revision)</li>

</ul>

<p>TETFEXLLEMET, HaERGESHE UnsupportedOperationException §&: </p>

<ul>

<li>X—" final TEFAGIHARITTiE</li>

<li>395 | SR AFEEEY (4 boolean) EMEEILIEMEI/E (getAndAdd, addAndGet)
/li>

<li >|5(9‘§ |FA3E48), float/double HUTHRALGIAEIFE (FELUGTRESEMR) </li>

</ul>

<p>A field need not be marked as volatile for an associated VarHandle to perform volatile ac
ess. In effect, the volatile modifier, if present, is ignored. This is different to the behaviour of |
va.util.concurrent.atomic.Atomic{Int, Long, Reference}FieldUpdater where corresponding field
have to be marked as volatile. This can be too restrictive in certain cases where it is known ce
tain volatile accesses are not always required.</p>

<p>—NFERAEEREIPA volatile BATLAER VarHandle 3i#417 volatile access, LfrL, WIHR
5 1 volatile (BI6fF, ELWZRgE, XMTHIR java.util.concurrent.atomic.Atomic{int, Long, Re
erence}FieldUpdater 24—, (FREERNYIMAFERFEERE/ volatile, IR LA R
E volatile {E X MEMAHNEATERS, FilldUpdater BiBETTFZRT. </p>

<p>Methods to create VarHandle instances for array-based variable types are located in java.
ang.invoke.MethodHandles (see the arrayElement{Getter, Settermethods in the MethodHand
es class). For example, a VarHandle to an array of intmay be created as follows:</p>
<p>4%RATFEEER VarHandle £i7F java.lang.invoke.MethodHandles (£% MethodHandles
arrayElement{Getter, Setter} /5i%) . &N, BT int #¢BHY VarHandle TLUXIELERL: </p>
<pre><code class="highlight-chroma"> <span class="highlight-line"> <span class="highlight
cl">VarHandle intArrayHandle = MethodHandles.arrayElementVarHandle(int[].class);
</span></span></code> </pre>

<p>Access mode methods will throw UnsupportedOperationException when invoked under t
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e following conditions:</p>

<ul>

<li>Numeric-based access mode methods (getAndAdd and addAndGet) for an array compon
nt reference variable type or a non-numeric type (such as boolean)</li>

<li>Bitwise-based access mode methods for a reference variable type or the float and double
types (the latter restriction may be removed in a future revision)</li>

</ul>

<p>ETHIERT, HaEAiEEHE UnsupportedOperationException §&: </p>

<ul>

<li>fEREELFRITIEREN S | B EHFESEE (40 boolean) #AHAITE</Ili>

<li >|5(9‘§ |FA3EY8Y, float/double HUTHRALGIAEIFE (FELUGHRESER) </li>

</ul>

<p>All primitive types and references types are supported for the variable type of variable ki
ds that are instance fields, static fields and array elements. Other variable kinds may support a
| or a subset of those types.</p>

<p>FTERIRESERNIREASE (primitive types) F05|FARAEERSIFI, RBEIRIREMXE
variable kinds) 2RRTE, HSEEHEE. B EMEITRISIOEIITF. </p>
<p>Methods to create VarHandle instances for array-view-based variable types are also locat
d in java.lang.invoke.MethodHandles. For example, a VarHandle to view an array of byte as an
unaligned array of long may be created as follows:</p>

<p>HRL AT array-view-based g9 VarHandle B9757%/ZF java.lang.invoke.MethodHandles,
MiF, TEEMAY VarHandle IE—1 byte #HER—MEXHE (unaligned) AYlong #4H: </
>

<pre><code class="highlight-chroma" > <span class="highlight-line" > <span class="highlight
cl">VarHandle longArrayViewHandle = MethodHandles.byteArrayViewVarHandle(
</span></span><span class="highlight-line"> <span class="highlight-cl"> long[].class, j
va.nio.ByteOrder.BIG_ENDIAN);

</span></span></code> </pre>

<p>Although similar mechanisms can be achieved using java.nio.ByteBuffer, it requires that a
ByteBuffer instance be created wrapping a byte array. This does not always guarantee reliable
performance due to the fragility of escape analysis and that accesses have to go through the
yteBuffer instance. In the case of unaligned access all but the plain access mode methods will
hrow lllegalStateException. For aligned access certain volatile operations, depending on the v
riable type are possible. Such VarHandle instances may be utilized to vectorize array access.<
P>

<p>REREFIMERLUET java.nio.ByteBuffer 152, {BiXfANFEE— ByteBuffer SLAIFEF
= byte #H. BHTXSHTHRSSHINEDHT, CHALSERESEEIRIEZAIEREFHBEERINIIERE
Bid— ByteBuffer Stfhl, EAFGEIGAAIER T, BRTEE (plain) FERIVTE, #Bitd |
egalStateException &, WFFHERIERT, BURTZERIERE, —L& volatile iHEHERZERIT

. 1XL VarHandle SILARBRMEE (vectorize) #UBFEUR(E. </p>

<p>The number of arguments, the argument types, and return type of access mode methods
are governed by variable kind, the variable type and the characteristics of the access mode. V
rHandle creation methods (such as those previously described) will document the requiremen
s. For example, a compareAndSet on the previously-looked up VH_FOO FIELD | handle requir
s 3 arguments, an instance of receiver Foo and two ints for the expected and actual values: </

>

<p>pARIVIZRISHAINE. SHAIRE. IRBIERIREEUR TS (viriable kind) | %
REFNGEAY%E. VarHandle RYSERTE (BAIRIERZIRIBRL) SESEEIRNESRM,
an, XIEEEAIFTERAY VH_FOO FIELD | R compareAndSet % 3 N &#1, — Foo SLHIE
ZWE, — int {E/9 expected value F15—/MEJ3 actual value: </p>

<pre><code class="highlight-chroma"> <span class="highlight-line"> <span class="highlight
cl">Foo f = ...

</span></span><span class="highlight-line"> <span class="highlight-cl">boolean r = VH F
O FIELD_l.compareAndSet(f, 0, 1);
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</span></span></code></pre>

<p>In contrast, a getAndSet requires 2 arguments, an instance of receiver Foo and one int th
t is the value to be set:</p>

<p>fE¥IAY, getAndSet AFEWNSEL, — Foo SLHERIEIEE, — 1 int BTREE: </p>
<pre><code class="highlight-chroma"> <span class="highlight-line"> <span class="highlight
cl">int o = (int) VH_FOO FIELD_|.getAndSet(f, 2);

</span></span></code></pre>

<p>Access to array elements will require an additional argument, of type int, between the re
eiver and value arguments (if any), that corresponds to the array index of the element to be o
erated upon.</p>

<p>ipaEATTRIIHMRFEZ— RN int BR924, ST RENRMSEHCE (WREE

, XN BEI N T HBERFRITRN TR </p>

<p>For predictable behaviour and performance at runtime VarHandle instances should be he
d in static final fields (as required for instances of Atomic{Int, Long, Reference}FieldUpdater).
his ensures that constant folding will occur for access mode method invocations, such as fold
ng away method signature checks and/or argument cast checks.</p>

<p> AT AR T AFLE TRIMERE, VarHandle SEEIWARRFE— static final FUZERE (FRER At
mic{Int, Long, ReferencejFieldUpdater FTEEKAIBREF) . IXATLARIEAEARLIEHETERHRS
SEERE, fINEEREEZRINEN/ESERIRERIRINE, </p>

<p>Note: Future HotSpot enhancements might support constant folding forVarHandle, or M
thodHandle, instances held in non-static final fields, method arguments, or local variables.</
>

<p>iF: BRI HotSpot 1EsBnIaEa 2% BEH static final $5H#Y VarHandle #1 MethodHandl|
. </p>

<p>A MethodHandle may be produced for a VarHandle access mode method by usingMeth
dHandles.Lookup.findVirtual. For example, to produce a MethodHandle to the "compareAndS
t" access mode for a particular variable kind and type:</p>

<p>— MethodHandle SJUA{#FE VarHandle BYiGaER /5i4@id MethodHandles.Lookup.find
irtual REpL. Fla0, THELE—MTERIZERBZEMEEN—1 compareAndSet i5[at&ET75
XIMAY MethodHandle: </p>

<pre><code class="highlight-chroma"> <span class="highlight-line"> <span class="highlight
cl">Foo f = ...

</span></span><span class="highlight-line"> <span class="highlight-c|">MethodHandle m
ToVhCompareAndSet = MethodHandles.publicLookup().findVirtual(

</span></span><span class="highlight-line"> <span class="highlight-cl|"> VarHandle.cl
Ss,

</span></span><span class="highlight-line"> <span class="highlight-cl"> "compareAn
Set”,

</span></span><span class="highlight-line"> <span class="highlight-cl"> MethodType
methodType(boolean.class, Foo.class, int.class, int.class));

</span></span></code> </pre>

<p>The MethodHandle can then be invoked with a variable kind and type compatibleVarHan
le instance as the first parameter:</p>

<p>MethodHandle FTLAB— 3 EFSEFNZERLERGRZAY VarHandle SCHFASE—NSECRIERA:
/p>

<pre><code class="highlight-chroma"> <span class="highlight-line"> <span class="highlight
cl">boolean r = (boolean) mhToVhCompareAndSet.invokeExact(VH_FOO FIELD |, f, 0, 1);
</span></span></code> </pre>

<p>0r mhToVhCompareAndSet can be bound to the VarHandle instance and then invoked:<
p>

<p>&#&, mhToVhCompareAndSet ATLISBEE|—1 VarHandle SLOIAIFBEIERA: </p>
<pre><code class="highlight-chroma"> <span class="highlight-line"> <span class="highlight
cl">MethodHandle mhToBoundVhCompareAndSet = mhToVhCompareAndSet

</span> </span><span class="highlight-line"> <span class="highlight-cl"> .bindTo(VH_
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OO FIELD I);

</span></span><span class="highlight-line"> <span class="highlight-cl">boolean r = (bool
an) mhToBoundVhCompareAndSet.invokeExact(f, O, 1);

</span></span></code> </pre>

<p>Such a MethodHandle lookup using findVirtual will perform an asTypetransformation to
djust arguments and return values. The behaviour is equivalent to a MethodHandle produced
using MethodHandles.varHandlelnvoker, the analog of MethodHandles.invoker™:</p>
<p>{%L$$E’J1§FH findVirtual #17HY MethodHandle B &ERA— asType EIEREESEHIA
BIREILER, XMTHERER MethodHandles.invoker B935EEY MethodHandles.varHandlelnvok
r k4R MethodHandle 2—#H9: </p>

<pre><code class="highlight-chroma"> <span class="highlight-line"> <span class="highlight
cl">MethodHandle mhToVhCompareAndSet = MethodHandles.varHandleExactinvoker(
</span></span><span class="highlight-line"> <span class="highlight-cl"> VarHandle. A
cessMode.COMPARE_AND SET,

</span></span><span class="highlight-line"> <span class="highlight-cl"> MethodType
methodType(boolean.class, Foo.class, int.class, int.class));

</span></span><span class="highlight-line"> <span class="highlight-cl">boolean r = (bool
an) mhToVhCompareAndSet.invokeExact(VH_FOO FIELD |, f, O, 1);
</span></span></code></pre>

<p>Thus a VarHandle may be used in erased or reflective scenarios by a wrapping class, for e
ample replacing the Unsafe usages within thejava.util.concurrent.Atomic<em>FieldUpdater/A
omic</em>Array classes. (Although further work is required such that the updaters are grant
d access to the look up fields in the declaring class.)</p>

<p>PrLABEREE—1ESP, VarHandle AJLAITE (CREMUEIR) BRSIIBES TMERA. L,
K& java.util. concurrent Atomic<em>FieldUpdater/Atomic</em>Array #3133 Unsafe A9{sEFS
REZFEFEH—LMNITIE, LMRBIBXL updater NHENHNF BT EBIHENIR) . </p>
<p>The source compilation of an access mode method invocation will follow the same rules
s for signature-polymorphic method invocation toMethodHandle.invokeExact and MethodHa
dle.invoke. The following additions will be required to the Java Language Specification:</p>
<ol>

<li>Make reference to the signature-polymorphic access mode methods in the VarHandle cla
s.</li>

<li>Allow signature-polymorphic methods to return types other than Object, indicating that t
e return type is not polymorphic (and would otherwise be declared via a cast at the call site).
his makes it easier invoke write-based access methods that return void and invoke compareA
dSet that returns a boolean value.</li>

</ol>

<p>XHAEME AR BRFIREE SR S5 MethodHandle.invokeExact 1 MethodHandl
.invoke FME<FAIAMNIZ—HR. THEHXLEXS Java iIESAUEFMIINRS: </p>

<p>1. &£pXd VarHandle fIEEZE E’Jlﬁllﬂ*ﬁ‘tfiliﬂ’ﬁlﬁﬁ</p>

<p>2. RIFEEEETAREAZ Object KEMYE, XEUREREEXREFBREZTH (FEBE
_JLH‘ VBRI IR — 1RSI HR) . XAJLALE %1EIEH$E‘CH iZME void, compareAndSet
[@] boolean EERZH. </p>

<p>It would be desirable, but not a requirement, that source compilation of a signature-pol
morphic method invocation be enhanced to perform target typing of the polymorphic return
ype such that an explicit cast is not required.</p>

<p>UNRASE R SEATTIEZAIE T ﬁTLlimﬁﬁjJEz:mR%J REHERIRBILIREY, (BXARUMAT, <
P>

<p>Note: a syntax and runtime support for looking up a MethodHandle or aVarHandle lever
ging the syntax of method references, such as VarHandle VH FOO FIELD | = Foo::i is desirable
but not in scope for this JEP.</p>

<p>iE: (ERE&ES | FEBREANE LR VarHandle #1 MethodHandle, Et75i VarHandle VH
OO _FIELD_| = Foo:i, EFffFZEANE AN THISFETRN, BASEXR JEP Bijit. </p>

<p>The runtime invocation of an access mode method invocation will follow similar rules as
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or signature-polymorphic method invocation toMethodHandle.invokeExact and MethodHand

e.invoke. The following additions will be required to the Java Virtual Machine Specification: </

>

<ol>

<li>Make reference to the signature-polymorphic access mode methods in the VarHandle cla

s.</li>

<li>Specify invokevirtual byte code behaviour of invocation to access mode signature-polym

rphic methods. It is anticipated that such behaviour can be specified by defining a transformat

on from the access mode method invocation to a MethodHandle which is then invoked using

nvokeExact with the same parameters (see previous use ofMethodHandles.Lookup.findVirtual)

</li>

</ol>

<p>IBfTHXSAIEER AR BIREER MethodHandle.invokeExact #1 MethodHandle.invoke

1TERESHEERMERIIMNZXMI. TEEX Java EUHHGEEMINRIEX: </p>

<p>1. 1£ VarHandle W5 |AEEZSLIEERGiE</p>

<p>2. EXHEZZSHIHRERF5E#(T invokevirtual FIA9TA. FREBXFMTASEIT— NG

RV EAEAREIRINAY MethodHandle Z[BRIERERISERVEIREEN (SFFIEXS MethodH

ndles.Lookup.findVirtual AF9ERA) . </p>

<p>It is important that the VarHandle implementations for the supported variable kinds, type

and access modes are reliably efficient and meet the performance goals. Leveraging signatur

-polymorphic methods helps in terms of avoiding boxing and array packing. Implementations

will:</p>

<ul>

<li>Reside in the java.lang.invoke package where HotSpot treats final fields of classes in that

ackage as really final, which enables constant folding when the VarHandle itself is referenced

n a static final field;</li>

<li>Leverage the JDK internal annotations @Stable for constant folding of values that change

only once, and @Forcelnline to ensure methods get inlined even if normal inlining thresholds

are reached; and</li>

<li>Use sun.misc.Unsafe for underlying enhanced volatile access.</li>

</ul>

<p>VarHandle 3FFr>c IR EEA, FRAetE BRI SAERIUAZI Bt Re R B FRER

. %IUJEHE%%’?%?EI’\JT:T AR LAEE SR B s RSB RY TR,  (Java) SEHIWM: </p>

<ul>

<li>7E# java.lang.invoke FIER, HotSpot #&3hf final ZERASEEIER final, X8 VarHa

dle #% static final 55 |RRYRMRRILIHITEEIRS. </li>

<li>FF3 JDK RERAY @Stable AFPLANKEE—RAVEHITHEEITS, FA @Forcelnline K{RIES

BMEERARIEESTER inline ERRBEA inline</Ili>

<li>f#F3 sun.misc.Unsafe SCHEEERAY volatile 1A </li>

</ul>

<p>A couple of HotSpot intrinsics are necessary, some of which are enumerated as follows:<
>

Eu|>

<li>

<p>An intrinsic for Class.cast, which has already been added (see <a href="https://Id246.com

forward?goto=https%3A%2F%2Fbugs.openjdk.java.net%2Fbrowse%2FJDK-8054492" target="

blank" rel="nofollow ugc">JDK-8054492</a>). Before this intrinsic was added a constant fol

ed Class.castwould leave behind redundant checks that may cause unnecessary de-optimizati

ns.</p>

</li>

<li>

<p>An intrinsic for an acquire-get access mode that can synchronize with an intrinsic for a se

-release access mode (seesun.misc.Unsafe.putOrdered{Int, Long, Object}) when concurrently a

cessing variables.</p>
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</li>

<li>

<p>Intrinsics for array bounds checks <a href="https://|d246. com/forward7goto https%3A%

F%2Fbugs.openjdk.java.net%2Fbrowse%2FJDK-8042997" target="_blank" rel="nofollow ugc"

JDK-8042997 </a>. Static methods can be added java.util. Arrays that perform such checks and

accept a function that is invoked to return an exception to be thrown or string message, to be

included in an exception to be thrown, if the check fails. Such intrinsics enable better compari

ons using unsigned values (since an array length is always positive) and better hoisting of ran

e checks outside of unrolled loops over the array elements.</p>

</li>

</ul>

<p>—~ HotSpot BRI (intrinsics) 2RI, BRRZFIANT: </p>

<ul>

<li>3g Class.cast BY>2§F, EEEWRIT (2% JDK-8054492) , FEREMURINXANSFFRI, —

FEITER Class.cast ERBENRIMEGE, XSSV ENMEERE, </li>

<li>YFA&HERS, acquire-get iHIEEIEENS S set-release iHAERHITHEE (2% sun.misc.Un

afe.putOrdered{Int, Long, Object}) . </li>

<Ii>$d§$zfﬁ,al¢ﬁ§ JDK-8042997 RUIRAESHF, #8STARILASGRINZ! java.util. Arrays SEHIXAS

&, CES—MHIRNEY, AEEREHENENT, RO SERE — HEEE, X8

i ERTLRFT AT SIS ST, (GRSl ISR S ST R (

g, *QZIHKJEIU VEIER) AEEFTTERERAR— MR (unrolled) TRYEIRGIINEHIT

g, </li>

</ul>

<p>In addition further improvements to range checks by HotSpot have been implemented (

a href="https://Id246. com/forward?goto https%3A%2F%2Fbugs openjdk.java.net%2Fbrows

%2FJDK-8073480" target="_blank" rel="nofollow ugc">JDK-8073480</a>) or are needed (<a

href="https://|d246. com/forward?goto https%3A%2F%2Fbugs openjdk.java.net%2Fbrowse%

FJDK-8003585" target="_blank" rel="nofollow ugc">JDK-8003585</a> to strength reduce ra

ge checks in say the fork/join framework or in say HashMap or ConcurrentHashMap).</p>

<p>Ltk5h, HotSpot EEIA—RSEEICEREE JDK-8073480 LY (JDK-8003585 MIBF5&8

B fork/join #2228, HashMap #0 ConcurrentHashMap EBASEEIGE) . </p>

<p>The VarHandle implementations should have minimal dependencies on other classes with

n the java.lang.invoke package to avoid increasing startup time and to avoid cyclic dependenc

es occurring during static initialization. For example, ConcurrentHashMap is used by such clas

es and if ConcurrentHashMap is modified to use VarHandles it needs to be ensured no cyclic

ependencies are introduced. Other more subtle cycles are possible with the use of ThreadLoca

Random and its use of Atomiclnteger. It is also is desirable that the C2 HotSpot compilation t

me is not unduly increased for methods containing VarHandle method invocations.</p>

<p>VarHandle FSCEI/RRIFRT java.lang.invoke B EBRYESSAYER/IMKHR, LABRSEIATEIRY

IFTERHSHIMR RS P EBIMARL. LEI51%, 405R VarHandle ROSELESCIRfER] ConcurrentHashMa
i ConcurrentHashMap S8 ALER T VarHandle, HWATARIESESINBIMKE, B—

E?ﬁiﬂ"‘ﬂ’]ﬁﬁ%% ThreadLocalRandom Ffti%d Atomicinteger FYfEEFE, {FIE HotSpot Ay C2 4RiXes

FHEIASE XS VarHandle ROERME EEIITE2RESERN. </p>

<h2 id="Memory-fences-lEFH=-">Memory fences (RFHMH=) </h2>

<p>Fenced operations are defined as static methods on the VarHandle class and represents a

minimal viable set for fine grained control of memory ordering.</p>

<p>FEER(E (fenced operations) {E/9 VarHandle B985 HIAREN, B— 1 &/ \AJ BRI

FIRFIRFIESE, </p>

<pre><code class="highlight-chroma"> <span class="highlight-line"> <span class="highlight

c|">/-k~k

</span></span><span class="highlight-line"> <span class="highlight-cl">* Ensures that loa

s and stores before the fence will not be

</span></span><span class="highlight-line"> <span class="highlight-cl">* reordered with |

ads and stores after the fence.
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</span></span><span class="highlight-line"
</span></span><span class="highlight-line"
ng the many semantic differences from C and
</span></span><span class="highlight-line"
has memory ordering effects compatible with
</span></span><span class="highlight-line"
nce(memory_order_seq_cst)
</span></span><span class="highlight-line"
</span></span><span class="highlight-line"
ullFence() {}

</span></span><span class="highlight-line"
</span></span><span class="highlight-line"
</span></span><span class="highlight-line"
s before the fence will not be reordered with
</span></span><span class="highlight-line"
after the fence.

</span></span><span class="highlight-line"
</span></span><span class="highlight-line"
ng the many semantic differences from C and
</span></span><span class="highlight-line"
has memory ordering effects compatible with
</span></span><span class="highlight-line"
nce(memory_order_acquire)
</span></span><span class="highlight-line"
</span></span><span class="highlight-line"
cquireFence() {}

</span></span><span class="highlight-line"
</span></span><span class="highlight-line"
</span></span><span class="highlight-line"
s and stores before the fence will not be
</span></span><span class="highlight-line"
ores after the fence.

</span></span><span class="highlight-line"
</span></span><span class="highlight-line"
ng the many semantic differences from C and
</span></span><span class="highlight-line"
has memory ordering effects compatible with
</span></span><span class="highlight-line"
nce(memory order release)
</span></span><span class="highlight-line"
</span></span><span class="highlight-line"
eleaseFence() {}

</span></span><span class="highlight-line"
</span></span><span class="highlight-line"
</span></span><span class="highlight-line"
s before the fence will not be reordered with
</span></span><span class="highlight-line"
nce.

</span></span><span class="highlight-line"
</span></span><span class="highlight-line"
oadLoadFence() {}

</span></span><span class="highlight-line"
</span></span><span class="highlight-line"
</span></span><span class="highlight-line"

><span class="
><span class="

><span class="
><span class="

><span class="
><span class="

><span class="
><span class="
><span class="

><span class="

><span class="
><span class="

><span class="
><span class="

><span class="
><span class="

><span class="
><span class="
><span class="

><span class="

><span class="
><span class="

><span class="
><span class="

><span class="
><span class="

><span class="
><span class="
><span class="

><span class="

><span class="
><span class="

><span class="
><span class="
><span class="

highlight-cl"
highlight-cl"

highlight-cl”
highlight-cl”

highlight-cl"
highlight-cl”

highlight-cl”
highlight-cl”
highlight-cl”
highlight-cl”

highlight-cl”
highlight-cl”

highlight-cl"
highlight-cl”

highlight-cl”
highlight-cl”

highlight-cl”
highlight-cl”
highlight-cl”
highlight-cl"

highlight-cl”
highlight-cl”

highlight-cl”
highlight-cl"

highlight-cl”
highlight-cl”

highlight-cl"
highlight-cl"
highlight-cl”

highlight-cl”

highlight-cl"
highlight-cl"

highlight-cl”
highlight-cl”
highlight-cl”

>*
>* @apiNote Ignor

>* C++, this metho
>* atomic_thread f

>*/
>public static void

\

>/**
>* Ensures that loa

>* |oads and stores

>*

>* @apiNote Ignor
>* C++, this metho
>* atomic_thread f

>*/

>public static void

\%

>/**
>* Ensures that loa

>* reordered with s

>*
>* @apiNote Ignor

>* C++, this metho
>* atomic_thread f

>*/

>public static void

\%

>/**
>* Ensures that loa

>* |oads after the f

>*/

>public static void

\Y

>/**
>* Ensures that sto
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es before the fence will not be reordered with

</span></span><span class="highlight-line"> <span class="highlight-cl">* stores after the f
nce.

</span></span><span class="highlight-line"> <span class="highlight-cl">*/
</span></span><span class="highlight-line"> <span class="highlight-cl">public static void s
oreStoreFence() {}

</span></span></code></pre>

<p>A full fence is stronger (in terms of ordering guarantees) than an acquire fence which is st
onger than a load load fence. Likewise a full fence is stronger than a release fence which is str
nger than a store store fence.</p>

<p>— full fense Lt acquire fence BEER—L (TEXNHEERIRIEBX—2NX L) . B& XL load lo
d fence 58, 5{LIAY, full fence Lt release fence 858, [5&LL store store fence XN&E&, </p>
<h2 id="Reachability-fence-aJi/ia){4i4=-" >Reachability fence (RIi/aMEMs=) </h2>
<p>The reachability fence is defined as a static method on java.lang.ref.Reference:</p>
<p>BARITHIEE R8RS AE XL java.lang.ref.Reference #1: </p>

<pre><code class="language-go highlight-chroma"> <span class="highlight-line"> <span cla
s="highlight-cl"> <span class="highlight-nx">class</span> <span class="highlight-nx">java
/span> <span class="highlight-p">.</span><span class="highlight-nx">lang</span><span c
ass="highlight-p">.</span><span class="highlight-nx">ref</span> <span class="highlight-p
>.</span><span class="highlight-nx">Reference</span> <span class="highlight-p">{</spa
>

</span></span><span class="highlight-line"> <span class="highlight-c|"> <span class="hi
hlight-c1">// add:

</span></span></span><span class="highlight-line"> <span class="highlight-cl"> <span cla
s="highlight-c1"></span>

</span> </span><span class="highlight-line"> <span class="highlight-cl"> <span class="hi
hlight-cm" > /**

</span></span></span><span class="highlight-line"> <span class="highlight-cl"> <span cla
s="highlight-cm"> * Ensures that the object referenced by the given reference
</span></span></span><span class="highlight-line"> <span class="highlight-cl"> <span cla
s="highlight-cm"> * remains &It;,em&gt;strongly reachable&lt;/em&uqgt; (as defined in the {
link

</span></span></span><span class="highlight-line"> <span class="highlight-cl"> <span cla
s="highlight-cm"> * java.lang.ref} package documentation), regardless of any prior
</span></span></span><span class="highlight-line"> <span class="highlight-cl"> <span cla
s="highlight-cm"> * actions of the program that might otherwise cause the object to
</span></span></span><span class="highlight-line"> <span class="highlight-cl"> <span cla
s="highlight-cm"> * become unreachable; thus, the referenced object is not
</span></span></span><span class="highlight-line"> <span class="highlight-cl"> <span cla
s="highlight-cm"> * reclaimable by garbage collection at least until after the
</span></span></span><span class="highlight-line"> <span class="highlight-cl"> <span cla
s="highlight-cm"> * invocation of this method. Invocation of this method does not
</span></span></span><span class="highlight-line"> <span class="highlight-cl"> <span cla
s="highlight-cm"> * itself initiate garbage collection or finalization.
</span></span></span><span class="highlight-line"> <span class="highlight-cl"> <span cla
s="highlight-cm"> *

</span></span></span><span class="highlight-line"> <span class="highlight-cl"> <span cla
s="highlight-cm"> * @param ref the reference. If null, this method has no effect.
</span></span></span><span class="highlight-line"> <span class="highlight-cl"> <span cla
s="highlight-cm"> */</span>

</span></span><span class="highlight-line"> <span class="highlight-c|"> <span class="hi
hlight-nx">public</span> <span class="highlight-nx">static</span> <span class="highlight
nx">void</span> <span class="highlight-nf">reachabilityFence</span> <span class="highli
ht-p">(</span><span class="highlight-nx">Object</span> <span class="highlight-nx">ref<
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span> <span class="highlight-p">)</span> <span class="highlight-p">{}</span>
</span></span><span class="highlight-line"> <span class="highlight-cl">
</span></span><span class="highlight-line"> <span class="highlight-cl"> <span class="high
ight-p">}</span>

</span></span></code> </pre>

<p>See <a href="https://Id246.com/forward?goto=https%3A%2F%2Fbugs.openjdk.java.net
2Fbrowse%2FJDK-8133348" target="_blank" rel="nofollow ugc">JDK-8133348</a>.</p>
<p>Itis currently out of scope to provide an annotation, @Finalized say, to be declared on a
method, which at either compile or runtime results in as if the method body was wrapped as
ollows:</p>

<p>BEBEKRT, TEFI— T @Finalized BIZRFE, BFIEIG—NGiE, (FEEREN
BITRIXINAYTT AR B RFE N EXE: </p>

<pre><code class="highlight-chroma"> <span class="highlight-line"> <span class="highlight
cl">try {

</span></span><span class="highlight-line"> <span class="highlight-cl"> &lIt;method bo
y&gt;

</span></span><span class="highlight-line"> <span class="highlight-cl">} finally {
</span></span> <span class="highlight-line" > <span class="highlight-cl"> Reference.reac
abilityFence(this);

</span></span><span class="highlight-line"><span class="highlight-cl">}
</span></span></code></pre>

<p>Itis anticipated that such functionality could be supported by a compile-time annotation
processor.</p>

<p>AJLIFR, EIURIHENSSERLmFRGCEREESTS. </p>

<h2 id="Alternatives-H'Ei%#%-">Alternatives (EBi%#E) </h2>

<p>Introducing new forms of "value type" were considered that support volatile operations.
owever, this would be inconsistent with properties of other types, and would also require mor
effort for programmers to use. Reliance uponjava.util.concurrent.atomic FieldUpdaters was al
o considered, but their dynamic overhead and usage limitations make them unsuitable.</p>
<p>5| N—FFHZAYESEEL (value type) FIF3z85 volatile ##4E, A, XSSEERHEHZRERT
A3, BRRUFEMHESENXREIERE. BERIIHKE java.util.concurrent.atomic Fie
dUpdaters kFepiX—HB#x, BEMIRIEIANRFE (dynamic overhead) FfERPRHIHEGX—EIF
&Y. </p>

<p>Several other alternatives, including those based on field references, have been raised an
dismissed as unworkable on syntactic, efficiency, and/or usability grounds over the many yea
s that these issues have been discussed.</p>

<p>—LUEBAGIER, BIEPLETFRSIA (field references) RIZAEXLFEB ARLFT
o, BREERMEELATT. EHETRULEREKRT. </p>

<p>Syntax enhancements were considered in a previous version of this JEP but were deemed
too "magical”, with the overloaded use of the volatile keyword scoping to floating interfaces,
ne for references and one for each supported primitive type.</p>

<p>IEEEBREXA JEP ZRIRIMRAERIE, BEHAAKTTES (magical) 7. BE#HT volatile

FREFINEVF RBEEFED (3% with the overloaded use of the volatile keyword scopi
g to floating interfaces) , — 1T 3 |FEEEMB —MNBTFEESIFHEARZE (primitive type
. </p>

<p>Generic types extending from VarHandle were considered in a previous version of this JE
but such an addition, with enhanced polymorphic signatures for generic types and special tr
atment of boxed type variables, was considered immature given a future Java release with val
e types and generics over primitives with <a href="https://Id246.com/forward?goto=http%3

%2F%2Fopenjdk.java.net%2Fjeps%2F218" target="_blank" rel="nofollow ugc">JEP 218</a>,
nd improved arrays with <a href="https://Id246.com/forward?goto=http%3A%2F%2Fcr.open
dk.java.net%2F%7Ejrose%2Fpres%2F201207-Arrays-2.pdf" target="_blank" rel="nofollow ugc
>Arrays 2.0</a>.</p>

<p>_tE—"HRARY JEP tBEZIIM VarHandle 7 EHIZEIREY (generic type) , BXNMEBEEZE
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BRYEZEINN_ XS BaE=B R BRSIANI S, SOAARAREY. E/9EEN Java iRA=mHEERE (
alue type) . AFETEAZUERENZE (8% JEP-218) FI—/MEEAIEIE Arrays 2.0, </p>
<p>An implementation-specific invokedynamic approach was also considered in a previous v
rsion of this JEP. This required that compiled method calls with and without invokedynamic w
re carefully aligned to be the same in terms of semantics. In addition the use of invokedynami
in core classes such as sayConcurrentHashMap will result in cyclic dependencies.</p>
<p>EFIHFELIMA invokedynamic IX—75iAEXA JEP NZRIRAEERIT, XBEE(FHILLT
A invokedynamic BUmIEERYAAAMREIE N LIRS 5, —L6EAT invokedynamic
2, Wl ConcurrentHashMap BaSEEIMKHE. </p>

<h2 id="Testing- ik -">Testing (ix) </h2>

<p>Stress tests will be developed using the <a href="https://Id246.com/forward?goto=http
3A%2F%2Fopenjdk.java.net%2Fprojects%2Fcode-tools%2Fjcstress%2F" target="_blank" rel="
ofollow ugc">jcstress</a> harness.</p>

<p>EHMHIG SR jestress TERFLR, </p>

<h2 id="Risks-and-Assumptions-X|f&F0{ERi&-" > Risks and Assumptions (XEFIRIZ) </h2>
<p>A prototype implementation of VarHandle has been performance-tested with nano-benc
marks and fork/join benchmarks, where the fork/join library's use ofsun.misc.Unsafe was repl
ced with VarHandle. No major performance issues have been observed so far, and the HotSpo
compiler issues identified do not seem onerous (folding cast checks and improving array bo
nds checks). We are therefore confident of the feasibility of this approach. However, we expec
that it will require more experimentation to ensure the compilation techniques are reliable in
he performance-critical contexts where these constructs are most often needed.</p>
<p>B1 VarHandle BRESLHEL(FHH nano-benchmarks # fork/join benchmarks #1771
iz, Eroh fork/join AT sun.misc.Unsafe Uit ERES R 7 VarHandle, BaTRIEIRSE R
BARIMREMIS, HotSpot ERIBIEBERAR KR (FrEimsas| 2 BUeia EAUHEEEERE)
IIHXNTTZNEA TR BE O, REWNL, F(EEREEHITESHISIIR, FRIEEMREEX
BEBIEME TETRMmERA, RAXMERSEFZE VarHandle, </p>

<h2 id="Dependences-{Kifi-">Dependences(#kif) </h2>

<p>The classes in java.util.concurrent (and other areas identified in the JDK) will be migrated
rom sun.misc.Unsafe to VarHandle.</p>

<p>This JEP does not depend on <a href="https://|d246.com/forward?goto=http%3A%2F%?2
openjdk.java.net%2Fjeps%2F188" target="_blank" rel="nofollow ugc">JEP 188: Java Memory
Model Update</a>.</p>

<p>PBLEFER java.util.concurrent EBAYZE (B1E JDK FpEfE—THE) SM sun.misc.Unsafe i

Fl VarHandle, </p>

<p>iXfE JEP AMK#F JEP 188: Java Memory Model Update, </p>
<h2id="2FX#E">SFEk</h2>

<p><a href="https://Id246.com/forward?goto=http%3A%2F%2Fopenjdk.java.net%2Fjeps%2
193" target="_blank" rel="nofollow ugc">JEP 193: Variable Handles</a> </p>

<p><a href="https://Id246.com/forward?goto=https%3A%2F%2Fjekton.github.i0%2F2018%
FO7%2F22%2Fjava-translation-jep-193-Variable-Handles%2F" target="_blank" rel="nofollow

gc">&NFE - JEP 193: Variable Handles | Jekton</a></p>
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