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ABSTRACT

We presenta new nonblockingimplementationof the exchange
channe) aconcurrentlatastructurein which2N participantform
N pairsandeachparticipantexchangeslatawith its partner Our
new implementatiorcombinegechniquesrom our previous work
in dual stacksandfrom the elimination-basedtackof Hendleret
al. toyield very high concurreng.

We assessthe performanceof our exchangechannel using
experimental results from a 16-processorSunFire 6800. We
compareour implementationto that of the Jasa SE 5.0 class
java.util.concurent.Extianger usingbotha syntheticmicrobench-
mark anda real-world applicationthat nds anapproximatesolu-
tion to the traveling salesmarproblemusing geneticrecombina-
tion. Our algorithmoutperformghe Java SE5.0 Exchanger in the
microbenchmarky afactorof two attwo threadsup to afactorof
50 at 10; similarly, it outperformghe Java SE5.0 Exchanger by a
factorof vein thetraveling salesmamproblemattenthreads.Our
exchangehasbeenadoptedor inclusionin Java 6.

Categoriesand Subject Descriptors

D.1.3 [Programming Techniqueg: ConcurrentProgramming—
Parallel Programming

General Terms
algorithms performanceexperimentation

Keywords

nonblockingsynchronizationdualdatastructureselimination,ex-
changerlock-freedomparallelgeneticalgorithms

1. INTRODUCTION

The problemof exchang channels(sometimesknowvn asren-
dezvoushannel$ arisesin a variety of concurrentprograms. In
it, athreadt, with datumd,, thatentersthe channelpairsup with
anotherthreadt, (with datumd,) andexchangeslatasuchthatt,,
returnswith d, andt, returnswith d,. More generally2N threads
form N pairs (ta,;ts,); (tas;tes ) (tasites); 20 (tay s tey) and
exchangedatapairwise.

In thebasicexchangeproblem.,if nopartneris availableimmedi-
ately threadt,, waitsuntil onebecomeswvailable.In theabortable
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exchangeproblem,however, t, speci esa patiencep, thatrepre-
sentsamaximumlengthof timeit is willing to wait for a partnerto
appearif nopartnerappearsvithin p, secondst, returnsempty-
handed Cautionmustbeappliedin implementations$o ensurethat
athreadt, thatseed, justasit “givesup” andreturnsfailuremust
notreturnd,: Exchangemustbebilateral.

Exchangechannelsare frequentlyusedin parallel simulations.
For example,the Promelamodelinglanguageor the SPIN model
checler[8] usesendezouschannelg¢o simulateinterprocessom-
municationchannels.Anothertypical useis in operatingsystems
andsener software. In a systemwith one producerandonecon-
sumer the producemight work to Il a buffer with data,thenex-
changeit with the buffer-drainingconsumer This simultaneously
boundsmemoryallocationfor buffersandthrottlesthe producerto
generatalatano fasterthanthe consumercanprocesst.

2. BACKGROUND

2.1 Nonblocking Synchronization

Linearizability [5] has becomethe standardtechnique for
demonstratinghata concurrentmplementatiorof anobjectis cor
rect. Informally, it “provides the illusion that eachoperation..
takes effect instantaneouslat somepoint betweenits invocation
andits response’[5, abstract]. Linearizability is nonbloding in
thatit never requiresa call to a total method(onewhoseprecondi-
tionis simply t rue) to wait for theexecutionof ary othermethod.
Thefactthatit is nonblockingmalkeslinearizability particularlyat-
tractive for reasoningaboutnonblockingimplementation®f con-
currentobjects,which provide guaranteesf variousstrengthre-
gardingthe progresf methodcallsin practice.ln await-freeim-
plementationevery contendinghreads guaranteetb completdts
methodcall within aboundechumberof its own time stepg6]. Ina
lock-freeimplementationsomecontendinghreadis guaranteedo
completeits methodcall within a boundedhumberof steps(from
ary threads point of view) [6]. In anobstruction-feeimplemen-
tation, a threadis guaranteedo completeits methodcall within a
boundednumberof stepsin the absenceof contention,i.e. if no
otherthreadsexecutecompetingmethodsconcurrently{4].

2.2 Dual Data Structures

In traditional nonblockingimplementationsof concurrentob-
jects, every methodis total: It hasno preconditionghat mustbe
satis ed beforeit cancomplete. Operationsthat might normally
block beforecompleting suchasdequeuingrom anemptyqueue,
are generallytotalizedto simply returna failure codein the case
that their preconditionsare not met. Then, calling the totalized
methodin aloop until it succeedallows oneto simulatethe partial
operation.



But this doesnt necessarilyespecbur intuition for the seman-
tics of anobject! For example,considerthe following sequencef
eventsfor threadsA, B, C, andD:

A calls dequeue

B calls dequeue

C enqueues a 1

D enqueues a 2

B’s call returns the 1
A’s call returns the 2

If threadA's call to dequeues known to have startedbefore
threadB's call, then intuitively, we would think that A should
getthe rst resultout of the queue. Yet, with the call-in-a-loop
idiom, orderingis simply a function of which threadhappengo
try a totalized dequeueoperation rst once databecomesavail-
able. Further eachinvocationof the totalizedmethodintroduces
performance-sappingontentionfor memory—interconnedband-
width on the datastructure.Finally, notethatthe mutual-svap se-
manticsof an exchangechanneldo not readily admit a totalized
implementationif onesimplyfails whena partneris notavailable
at the exactmomentone entersthe channel the rate of successful
rendezwousconnectionvill beverylow.

As analternatve, supposeve couldregisterarequesfor a part-
nerin the channel. Insertingthis reservationcould be donein a
nonblockingmanner and checkingto seewhethersomeonehas
comealongto ful ll our resenation could consistof checkinga
boolean ag in the datastructurerepresentinghe request. Even
if the overall exchangeoperationrequiresblocking, it canbe di-
videdinto two logical halves: the pre-blockingresenation andthe
post-blockingful lIment.

In ourearlierwork [10], wede ne adualdatastructueto beone
thatmayholdreservationgregisteredequestsinsteadf, orin ad-
dition to, data. A nonblockingdual datastructureis onein which
(a) every operationeithercompletesor registersa requestn non-
blocking fashion;(b) ful lled requestscompletein non—blocking
fashion;and(c) threadghatarewaiting for their requestso beful-

lled do notinterferewith the progresof otherthreads.In alock-

free dual datastructure then, every operationeithercompletesor
registersarequestn alock-freemannerandful lled requestgom-
pletein alock-freemanner

For amoreformaltreatmenbf linearizabilityfor dualdatastruc-
tures,andfor practicalexamplesf dualstacksandqueueswe refer
thereadetto our earlierwork [10].

2.3 Elimination

Eliminationis atechniquentroducedoy Shavit andTouitou[11]
that improves the concurreng of datastructures. It exploits the
obsenration,for example thatonePushandonePop,whenapplied
with no intermediateoperationsto a stackdatastructure,yield a
stateidenticalto thatfrom beforethe operations.Intuitively, then,
if one could pair up Pushand Pop operationstherewould be no
needto referencethe stackdatastructure;they could“canceleach
otherout”. Elimination thusreducescontentionon the main data
structureandallows parallelcompletionof operationghat would
otherwiserequireaccessing commoncentralmemorylocation.

More formally, onemayde ne linearizationpointsfor mutually-
cancelingelimination operationsin a mannersuchthat no other
linearizationpoints intervene betweenthem; sincethe operations
effect (collectively) no changeto the basedatastructurestate,the
history of operations- andits correctness- is equivalentto onein
which thetwo operationsiever happened.

Although the original eliminating stack of Shait and
Touitou [11] is not linearizable[5], follow-up work by Hendleret

al. [3] detailsonethatis. Eliminationhasalsobeenusedfor shared
counterd1] andevenfor FIFO queueg9].

3. ALGORITHM DESCRIPTION

Our exchangerusesa novel combinationof nonblockingdual
datastructuresndeliminationarraysto achieve highlevelsof con-
curreng. Theimplementatioris originally basedbnacombination
of ourdualstack{10] andtheeliminatingstackof Hendleretal.[3],
thoughpeculiaritiesof theexchangechanneproblemlimit thevisi-
bility of thisancestrySourcecodefor our exchangemaybefound
in the Appendix.

To simplify understandingwe presenbour exchangeralgorithm
in two parts. Section3.1 rst illustratesa simple exchangerthat
satis estherequirementdgor beinga lock-free dual datastructure
asde nedearlierin Section2.2. Wethendescriban Section3.2the
mannerin which we incorporateeliminationto producea scalable
lock-freeexchanger

3.1 A Simple Nonblocking Exchanger

Themaindatastructurewe usefor the simpli ed exchangeiis a
modi ed dualstack[10]. Additionally, we useaninnernodeclass
that consistsof a referenceto an object offered for exchange
andanAtomicReference representinghe hole for anobject.
We associatene nodewith eachthreadattemptingan exchange.
Exchangés accomplishedby successfullyexecutinga compare—
AndSet, updatingthe hole from its initial null valueto the part-
ner's node. In the eventthata threadhaslimited patiencefor hov
long to wait before abandoningan exchange,signalingthat it is
no longerinterestectonsistsof executinga compareAndSet on
its own hole, updatingthe value from null to a FATL sentinel. If
this compareAndSet succeedsyo otherthreadcansuccessfully
matchthenode;corversely the compareAndsSet canonly fail if
someotherthreadhasalreadymatchedt.

Fromthis descriptionpnecanseehow to constructasimplenon-
blocking exchanger Referencinghe implementatiorin Listing 1:
Upon arrival, if the top-of-stackis null (line 07), we compare-
AndSet ourthreads nodeinto it (08) andwait until eitherits pa-
tienceexpires(10-12)or anothetthreadmatchests nodeto us (09,
17). Alternatively, if the top-of-stackis non-null (19), we attempt
to compareAndSet our nodeinto the existing nodes hole (20);
if successfulye thencompareandsSet thetop-of-stackbackto
null (22). Otherwise we help remove the matchednodefrom the
top of thestack;hencethe compareaAndsSet is unconditional.

In this simpleexchangertheinitial linearizationpoint for anin-
progresswapis whenthe compareAndSet online 18succeeds;
this insertsa resenation into the channeffor the next dataitem to
arrive. The linearizationpoint for a ful lling operationis when
thecompareaAndSet online 20 succeedshis breakshewaiting
threads spin (lines9-16). (Alternatively, a successfutompare—
AndSet on line 11 is the linearizationpoint for an abortedex-
change.) As it is clearthat the waiter's spin accesseso remote
memorylocationsandthatbothinsertingandful lling reserations
arelock-free(a compareaAndSet in this casecanonly fail if an-
otherhassucceeded}he simpleexchangerconstitutesa lock-free
implementatiorof the exchangerdual datastructureasde ned in
Section2.2.

3.2 Adding Elimination

Althoughthesimpleexchangeffrom theprevioussectionis non-
blocking, it will not scalevery well: The top-of-stackpointerin
particularis a hotspotfor contention.This scalabilityproblemcan
be resohed by addingan eliminationstepto the simpleexchanger
from Listing 1.



00 Object exchange(Object X, boolean timed,

01 long patience)  throws TimeoutException {
02 boolean success = false;

03 long start = System.nanotime();

04 Node mine = new Node(x);

05 for () |

06 Node top = stack.getTop();

07 if (top == null) {

08 if (stack.casTop(null, mine)) {
09 while  (null == mine.hole) {

10 if  (timedOut(start, timed, patience) {
11 if (mine.casHole(null, FAIL))
12 throw new TimeoutException();
13 break;

14

15 /* else spin *

16

17 return  mine.hole.item;

18 }

19 } else {

20 success = top.casHole(null, mine);
21 stack.casTop(top, null);

22 if  (success)

23 return  top.item;

24 }

25 }

26 }

Listing 1: A simple lock-freeexchanger

In orderto supportelimination, we replacethe single top-of-
stackpointerwith an arena (array)of (P + 1)=2 Jasa SE5.0
AtomicReferences, whereP is the numberof processorsn
the runtimeervironment. Logically, the referencean position0 is
thetop-of-stackthe otherreferencesresimply locationsatwhich
eliminationcanoccur

Following theleadof Hendleretal., we incorporateslimination
with bacloff whenencounteringcontentionat top-of-stack.As in
theirwork, by only attemptingeliminationunderconditionsof high
contentionwe incur no additionaloverheador elimination.

Logically, in eachiterationof a main loop, we attemptan ex-
changen theOth arengpositionexactly asin thesimpleexchanger
If we successfullynsertor ful ll areseration,we proceedxactly
asbefore.Thedifference hovever, comesvhenacompareAnd—
Set fails. Now, insteadof simply retryingimmediatelyat thetop-
of-stack,we backoff to attemptan exchangeat another(random-
ized) arenalocation. In contrastto exchangesat arena[0], we
limit the length of time we wait with a resenation in the remain-
der of the arenato a value signi cantly smallerthan our overall
patience After cancelingtheresenation,wereturnto arena [0]
for anotheiiterationof theloop.

In iterationi of the mainloop, the arenalocationat which we
attempta secondaryexchangeds selectedandomlyfrom therange
1::b, whereb is the lesserof i andthe arenasize. Hence,the rst
secondanexchangeis alwaysat arena [1], but with eachitera-
tion of the main loop, we increasethe rangeof potentialbacloff
locationsuntil we arerandomlyselectinga bacloff locationfrom
the entirearena. Similarly, the lengthof time we wait on a reser
vation at a bacloff locationis randomlyselectedrom the range
0::2(%* %) _ 1 wherek is a basefor the exponentiabacloff.

Froma correctnesperspectie, the samelinearizationpointsas
in the simple exchangerare againthe linearizationpointsfor the
eliminatingexchangerhowever, they canoccuratary of thearena
slots, not just at a single top-of-stack. Although the eliminating
stackcanbe shawvn to supportLIFO orderingsemanticsye have
no particularorderingsemanticgo respectin the caseof an ex-
changechannel:Any threadin the channelis free to matchto ary
otherthread regardlesof whenit enteredhe channel.

The use of timed bacloff accentuateshe probabilistic nature
of limited-patienceexchange. Two threadsthat attemptan ex-
changewith patiencezerowill only discover eachotherif they both
happento probethe top of the stackat almostexactly the same
time. However, with increasingpatiencdevels, the probability de-
crease®xponentiallythat they will fail to matchaftertemporally
proximatearrivals. Otherparametershatin uence this rapid fall
include the numberof processorand threads,hardware instruc-
tion timings, andthe accurag andresponsienessof timed waits.
In modernenvironments the chanceof bacloff arenausecausing
two threadsto miss eachotheris far lessthan the probability of
threadschedulingr garbageollectiondelayingablockedthreads
wakeupfor long enoughto missa potentialmatch.

3.3 Pragmatics

Our implementatiorof this algorithm (shavn in the Appendix)
re ects afew additionalpragmaticconsiderationso maintaingood
performance:

First, we usean array of AtomicReferences ratherthana
single AtomicReferenceArray. Using a distinct reference
objectperslothelpsavoid somefalsesharingandcachecontention,
and placesresponsibilityfor their placemenbon the Java runtime
systenratherthanonthis class.

Secondthetime constantsisedfor exponentiabacloff canhave
a signi cant effect on overall throughput.We empirically chosea
basevalueto be just fasterthanthe minimum obsered round-trip
overheadacrossasetof platforms fortimedparkNanos () calls
on already-signaledhreads. By so doing, we have selectedthe
smallestvalue that doesnot greatly underestimatéhe actualwait
time. Over time, future versionsof this classmight be expectedto
usesmallerbaseconstants.

4. EXPERIMENTAL RESULTS

4.1 Benchmarks

We presentexperimentalresultsfor two benchmarks.The rst
is a microbenchmarkn which threadsswap datain an exchange
channebsfastasthey can.

Our secondbenchmarkexempli es the way that an exchange
channelmight be usedin areal-world application. It consistsof a
parallelimplementatiorof asolver for thetraveling salesmarprob-
lem, implementedsia geneticalgorithms.It acceptsaasparameters
anumberof citiesC, apopulationsizeP , anda numberof gener
ationsG, in eachof which B breedersnateandcreateB children
to replaceB individualsthatdie (the remainingP — B individu-
als carry forward to the next generation).Breedersentera central
exchangechanneloneor moretimesto nd a partnerwith which
to exchangegeneqa subsebf the circuit); the numberof partners
rangesfrom four down to onein a simulatedannealingfashion.
Betweenrandomizationof the order of breedersand the (semi-)
nondeterministienanneiin which pairingshapperin theexchange
channelwe achieve adiversesetof matingswith high probability

4.2 Methodology

All resultswere obtainedon a SunFire6800, a cache-coherent
multiprocessomwith 16 1.2GHz UltraSRARC Il processors.We
tested each benchmarkwith both our new exchangerand the
Java SE 5.0 java.util.concurent.Extianger! in Sun's Java SE 5.0

1Actually, the Java SE 5.0 Exchanger containsa aw in which a
wake-upsignalis sometimegeliveredto the wrong thread,forc-
ing a would-beexchangerto time out beforenoticing it hasbeen
matched.For our tests,we compareinsteadto a modi ed version
(Exdhangerl5g thatcorrectsthisissue.
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Figure 1: Micr obenchmark: Throughput (top) and Success
rate (bottom). Note that the thr oughput graph isin log scale.

HotSpotVM, rangingfrom 2 to 32 threadsFor bothtests we com-
putethe averageof threetestruns.

Forthetraveling salesmampplicationwe usedl00cities,apop-
ulation of 1000chromosomesand 200 breeders We measurghe
total wall-clock time requiredto complete20000generationsand
calculatethe total numberof generationger secondachieved at
eachthreadlevel.

Figurel displaysthroughputandtherateatwhich exchangesre
successfufor our microbenchmarkanalysisof exchangers.Fig-
ure 2 presentgotal runningtime, as a function of the numberof
threadsandthe generatiorcompletionthroughputfor our parallel
geneticalgorithm-basedraveling salesmarsolver.

4.3 Discussion

As can be seenfrom the top half of Figure 1, our exchanger
outperformsthe Jasa SE 5.0 Exchanger by a factorof two at two
threadsup to a factorof 50 by 10 threads.The performancef the
Jara SE 5.0 Exchanger degradesasthe numberof threadspartici-
patingin swapsincreasesThislack of scalabilitymaybeattributed
to the coarse-grainetbcking stratgy thatit uses.Anotherpartof
thereasorfor this differencemaybe obseredfrom the bottomhalf
of Figure1l. While our nonblockingexchangelis ableto maintain
nearly 100% successn exchangeoperationsthe Jasa SE 5.0 Ex-
changer getsdramaticallyworse asthe numberof active threads
increasesparticularly in the presenceof preemption(beyond 16
threads).

For the traveling salesmarapplication,we seeno differencein
the total running time (Figure 2 top) at two threads,but by 10
threadsthe differencein runningtime is nearly a factor of ve.
Whenwe look at the throughputrate of computation(generations
per second)n the bottom half of Figure 2, we seethatagain,our
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Figure 2: Parallel GA-Traveling Salesman: Total Execution
Time (top) and Generationsper secondthr oughput (bottom).

exchangerscalesmore-orlesslinearly up to 8 threads,and con-
tinuesto gain parallel speedupthrough 12, but the Java SE 5.0
Exchanger degradesin performanceasthe numberof threadsin-
creasesThedrop-of in throughputfor our exchangemve seebe-
ginning at 16 threadsre ects theimpactof preemptionin slowing
down exchangesndinter-generatiorbarriers

4.4 Field Notes: Multi-party Exchange

Considerthe exchangeusedwith morethantwo threads.n our
paralleltraveling salesmaimplementatior{pseudocodéor apiece
of which appeardn Listing 2), eachthreadis assigned certain
numberof individualsto breed,andthe breedingsareconductedn
parallel. As mentionedearlier eachbreedingconsistsof swapping
geneswith apartnerfoundfrom a centralexchangechannel.

With two threadsno complicationsarise,but beginning at four,
a problemappearsvhereinall but onethreadcanmeetup enough
timesto nish breeding)eaving onethreadhighanddry. Consider
the following example,in which four threads(T;::T4) eachhave
threeelementq a; b;c) to swap. Supposédhatswapsoccuraccord-
ing to thefollowing schedule:

hT1(a); T2(a)i
hT1(b); T3(a)i
hT2(b); T3(b)i
hT1(c); T2(c)i
hT3(c); Ta(a)i

Now, T4 still needsto swapb andc, but hasno oneleft to swap
with. Although one could use a barrier betweentrips to the ex-
changerto keepthreadssynchronizedthis would be an exceed-
ingly high-overheadsolution;it would hurt scalabilityand perfor
mance.Further it would resultin moredeterministicpairingsbe-



for (int 1 = 0; i < numToBreed; i++)
Chromosome parent = individuals[breeders[first+i]];
try
Chromosome child = new Chromosome(parent);
*1* Chromosome peer = x.exchange(child, 100,
TimeUnit. MICROSECONDS);
childrenli] = child.reproduceWith(peer, random);
} catch (TimeoutException e) {
*x if (1 == barrier.getPartiesRemaining()) {
/I No peers left, so we mate with ourselves
*3* mateWithSelf(i, numToBreed, children);

break;
*4* /I Spurious
i

}

barrier.await();

failure; retry the breeding

Listing 2: Multi-party exchange

for (int 1 =0; i < numToBreed; i++) {
Chromosome parent = individuals[breeders[first+i]];
Chromosome child = new Chromosome(parent);
Exchanger.Color cr = (1 ==td &1 ? RED: BLUE;
Chromosome peer = x.exchange(child, clr);
children(i] = child.reproduceWith(peer,

}

random);

Listing 3: Multi-party exchangewith ared-blueexchanger

tweenthreadsn ourtraveling salesmampplicationwhichis unde-
sirablein geneticalgorithms.

Instead, we detectthis caseby limiting how long would-be
breederswait in the exchangechannel. If they time out from the
breeding(*1*), we entera catchblock wherewe checkabarrierto
seeif we're the only onesleft (*2*). If not, we retry the breeding
(*4*); otherwisewe know thatwe're the only threadleft andwe
simply recombinewithin the breedersve have left (*3*).

It is unfortunatethat an external checkingidiom is requiredto
malke useof theexchangechannelwith multiple threads Our trav-
eling salesmarbenchmarkalreadyneedsa barrierto ensurethat
onegeneratiorcompletedeforethe next begins, sothis addslittle
overheadn our speci ¢ case However, thesamecannotbereadily
guaranteeacrossall potentialmulti-party swapapplications.

Onthe otherhand,supposeve hada channelthatallows an ex-
changeparty to be one of two colors(red or blue) andthat con-
strainsexchangeso beingbetweerpartiesof dissimilarcolor. Such
anexchangercouldbe built, for example,asa shared-memorim-
plementationof generalizednput-outputguards[2] for Hoares
CommunicatingSequentiaProcesse§CSP)[7]. Then,by assign-
ing RED to threadswith oddID andBLUE to threadswith evenID,
we could simplify thecodeasshawn in Listing 3.

Note thatwe no longerneedtimeout: Assumingthe numberof
threadsandbreedersarebotheven,anequalnumberwill swapwith
red aswith blue; strandedexchangesareno longerpossible.(The
slightly reducednon-determinisnin breedingseemsa small price
to payfor simplercodeandfor eliminatingthedeterminisnthatoc-
curswhena threadmustbreedwith itself.) A red-blueexchanger
also generalizegproducerconsumerbuffer exchangeto multiple
producersand multiple consumersBy simply markingproducers
blue and consumersed, swapswill always consistof a producer
receving anemptybuffer anda consumereceving afull one.

Implementing a red-blue exchangerwould be a relatively
straightforvard extensionto our nev exchanger In particular
ratherthanassuminghatary pair of threadsmatchin arena [0],
we could switch to a full implementationof a dual stack, using
Push () for redthreadsandpop () for blue. We would similarly

needto updateeliminationin the nonzeroarenaslots. No other
changego our algorithmwould be neededhawever, to supporta
bi-chromaticexchangechannel.

5. CONCLUSIONS

In this paper we have demonstrated novel lock-freeexchange
channethatachievesvery high scalabilitythroughthe useof elim-
ination. To ourknowledge thisis the rst combinationof dualdata
structuresandeliminationarrays.

In a head-to-headnicrobenchmarlkcomparison,our algorithm
outperformsthe Java SE 5.0 Exchanger by a factorof two at two
threadsand a factorof 50 at 10 threads. We have further shavn
thatthis performancalifferentialspellsthedifferencebetweerper
formancedegradationand linear parallel speedugn a real-world
geneticalgorithm-basedraveling salesmarapplication. Our nev
exchangechannehasbeenadoptedor inclusionin Java 6.

For futurework, we suspecthatothercombinationf elimina-
tion with dual datastructuresmight seesimilar bene ts; in partic-
ular, our dual queueseemsto be anideal candidatefor suchex-
perimentation Additionally, we look forwardto implementingand
experimentingwith our red-blueexchanger
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APPENDIX

ExchangerSource Code

The following code may be found online at http://
gee.cs.oswego.edu/cgi-bin/viewcvs.cgi/
jsrl66/src/main/java/util/concurrent/
Exchanger. java

public class Exchanger<V> {
private  static final int SIZE =
(Runtime.getRuntime().availableProcessors() +1) | 2
private  static  final long BACKOFF_BASE= 128L;
static  final  Object FAIL = new Object();

private  final  AtomicReference[] arena;
public  Exchanger() {
arena = new AtomicReference[SIZE + 1J;
for (nt i = 0; i < arenalength; ++i)
arenali] = new AtomicReference();

public V exchange(V x) throws InterruptedException {
try {

return  (V)doExchange(x, false, 0);

} catch (TimeoutException cannotHappen)  {

throw new Error(cannotHappen);

}
public V exchange(V x, long timeout, TimeUnit unit)
throws InterruptedException, TimeoutException {

return  (V)doExchange(
X, true, unit.toNanos(timeout));
}

private Object doExchange(
Object item, boolean timed, long nanos)

throws  InterruptedException, TimeoutException {
Node me = new Node(item);

long lastTime = (timed)?  System.nanoTime() : 0
int idx = 0;

int backoff = 0;

for () {

AtomicReference<Node> slot =
(AtomicReference<Node>)arenalidx];

/Il If this slot is occupied, an item is waiting...

Node you = slot.get();

if (you != null) {

Object v = you.fillHole(item);

slot.compareAndSet(you, null);

if (v != FAIL) /I ... unless it's  cancelled
return v;

/I Try to occupy this slot
if  (slot.compareAndSet(null, me)) {
Object v = ((idx == 0)?
me.waitForHole(timed, nanos)
me.waitForHole(true, randomDelay(backoff)));
slot.compareAndSet(me, null);
it (v != FAIL)
return V;
if  (Thread.interrupted())
throw new InterruptedException();

if  (timed) {
long now = System.nanoTime();
nanos -= now - lastTime;
lastTime = now;

if (nanos <= 0)
throw new TimeoutException();
}

me = new Node(item);
if  (backoff < SIZE - 1)
++backoff;
idx = 0; /Il Restart at top
}

else // Retry with a random non-top slot <= backoff
idx = 1 + random.nextInt(backoff + 1);

}

private long randomDelay(int backoff) {

return  ((BACKOFF_BASE << backoff) - 1) &
random.nextInt();

static final class Node

}

extends AtomicReference<Object> {
final  Object item;

final  Thread waiter;

Node(Object item) {

this.item = item;

waiter = Thread.currentThread();

}

Object fillHole(Object val) {

if  (compareAndSet(null, val)) {
LockSupport.unpark(waiter);
return  item;

}

return FAIL;

}

Object  waitForHole(
boolean timed, long nanos) {

long lastTime = (timed)?
System.nanoTime() 1 0;

Object h;

while  ((h = get()) == null) {

/I If  interrupted or timed out, try to
/I cancel by CASing FAIL as hole value.
if  (Thread.currentThread().isInterrupted() 1|
(timed  && nanos <= 0))
compareAndSet(null, FAIL);
} else if (timed) {
LockSupport.park();
} else {
LockSupport.parkNanos(nanos);
long now = System.nanoTime();

nanos -= now - lastTime;
lastTime = now;
}
return  h;

}



