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Abstract

Java provides explicit multi-threading capa-
bilities through thread classes and a language level
synchronization construct based on Hoare's monitor
However, the condition variable mechanism that
coordinates the passage of threads through the monitor
is missing in Java. The wait/notify methods of Java do
not work with a particular condition variable.
Consequently, programmers are forced to use the highly
ingfficient notifyAll method to avoid the problems that
may result from the arbitrary selection among threads
waiting for a shared resource by the notify method. This
paper presents a design pattern for simulating Hoare
monitor in Java. Using this pattern, programmers can
not only define condition variables to coordinate
threads for different purposes without using notifyAll,
but also adapt algorithms based on Hoare monitor to

Java easily.
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1. s

% #12 (multi-threaded)T2 XAV BT iBTE S » £
RRSERETTERERITRE  LEREEE
Z#RTE e (thread synchronization) s, LUBtZsE
MIETEF AL BRI AT AT SR B B R — B
(1] - ERZBIBHIESI, Hoare ETFREIEHY
monitor2JEEIF T, BHFLRMRA - HEEER
HERHREBFEFETEE - [REgsyE
RFEREEREFREFNLEEEHLIZRELR
(mutual exclusion)zZ E3K ; HX » monitor FREIEE
{6& {48 8 (condition variable) R FE S TET Ein Y
AL > LUIEFf(wait) BB (signal or notify/iE EigiE

H AR AR -

Java FBEDBINBEE S HERTHEE, WK
Hoare monitor ZZ5THIHEHIZR S 2008 T LIFER
HEEHZ K - (BFEZE Java monitor K255
[4]1% » FFISIREEE Hoare monitor fEi7FH — bz
£ By FERR Java monitor 11875 HR LIRS
BRITHAE « HEFTR - FEEE Java 2455212500 -
THEE BRI Hoare monitor FTEREFHESimE
% EBT RGBSR EEE T E B s
B LAE - TR 2 B R (notify Al — 27
REEN AR TR SRR -

ST —MIRE » RERRH—ERE T (design
pattern)[SIRYER IR 2 38 - B — 8IS B
class ~ —ZLFHHY monitor class ELFEFSIERAME classes
REFELE monitors FULEFRAN - HEREHE
AR, 1EAE M (modularity)®: fRIELHZE - EEK
T EHEEFCETTHRIZ AN Java 1258 - SETLIEE:
M EE R FREHEK -

ARG T © B ER R Java
monitor BEEF A » 54 E 6 Hoare monitor FZ &
FfE, MoiE Java SHIZRTAREREIIER. TTASER
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e (e AERTSE - B S ETRLI Java 1
## Hoare monitor FYEZEHES, - FIUERRIZE MR E f 82
PR — R, - RS TR

2. Java Monitor

Java B—YEEERENES, RTOEFERE
BEOL, FREEIERIESLL class EE. DI HEF
7E - Monitor &£ B IR ERR PR EERY(FiEE
M —1E, FrLL Java (RBRBLUHFRER
monitor « FEEE, Java S EGEEEE—E
lock , PI{53#&HLL synchronized {EETFATRER
methods , [t lock G &, FWHEIKE—
monitor , [REEFINE lock FIRTEFLIZTHE
synchronized methods - ¥2EZ, Java YHEEFIE
monitor, ¥J{PHY synchronized methods HIfEE 7
monitor procedures °

BT lock 24t Java WEEYIFRGEE—
(@ wait set fit wait ~ notify F notifyAll = HEHEH -
ERIEIEEE lock % $1TT synchronized methods
B o IO wait) o GHIRA wait set tf MR
lock FLEFELEARFEHEA monitor H7 ¢ FEIEAL notify() »
Java GFEHEENEITE wait set PEYE—ERIZE » B un
queue 1 - AFTIRETHRIEFS CPU RYHEHRE
Y notifyAll() » BIFFETE wait set PRIRIZH G
WARBTREIF CPU B9EFRIME - HoP wait 8 notify 71
Hoare monitor &#Y wait B2 signal ZEL > notifyAll Bl
FE NIRRT broadeast[6] °

Java monitor £ Hoare monitor HRRE T ETRE
2k o E— » &1 Java monitor({F)RE — wait
set » Jii] Hoare monitor S8 EH Z E{EH42E - &6
a2 e EEBRY wait set 5 Java Y wait B2 notify
FEREESEMEEE » FL2 monitor A& [
Hoare monitor FE wait 82 signal 7RI ERRE
g (c.wait(), cnotify() - FTLLR RS REESH
B » Hoare monitor R]iE B FEEIRIZAESE wait
sets + [fj Java monitor (&5 — wait set A]f - JAE)EE
2%+ Java monitor (B2 X {EE & -

H&k » Java monitor £ notifying (SF27F notify

—{8 waiting #R72%% - #% notified FYRE LT GILED

HY#5 CPU WYEFIE - MWEHETRRE—ERS

CPU Hy{EFB#E - Hoare monitor BlEEEHREEL

signal —{l waiting G2 - GIEEHIEESH signal

RIS - 3 signal FUARTZRERT monitor % - FHEIE
EIHEZT ] signaling #5718 -
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Synchronization Patterns

I FRHSE - FFTAT LU ES Hoare 82 Java HOSRTE
SRSt -

Hoare synchronization pattern:

void Hoare_monitor_procedure() {
if (condition is false ) someCond.wait();
...other operations...
someCond.signal();

}

Java synchronization pattern:

void synchronized JavaMethod() {
while (condition is false) wait();
...other operations...
_notifyAll();

FaFA Java monitor H9# notified BIEREI &I
BIER#& CPU WyfEFHE » FrLLUERMA while sEEZR
HIE » DIBFE TARIZTE notified HIARTRRE T AT
HEERFEIT - ERFZER notify All i -7 A notify ?
KE Java (£ BB — wait set - FTARY waiting 372
THESHFERSE - SHAER—ME wait set o - ]
notify FEHS AN — 5872, WM T REFAEETI iz EREE
IR - FILLRIF AT TE wait set HYARTEZLL
notifyAll ZEEER - SRILFFIF while PIETE(RKE
EHCENBETEAEER - BIERERE wait set
EBFRFERE » BIIbREE B while 3@ 1__ - i
gt -

Bl: FEZ— single buffer (4 EXHEEEILA, £

monitor code 40 -

class BufferMonitor {
private int count=0;
private Object buffer;  // buffer size =1

public synchronized void put(Objéct 304
while (count == 1) wait();  // waitl

buffer=x; -
count=1;
notify();
3
public synchronized Object get(){
Object x;
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while (count == 0) wait();  // wait2
x=buffer; -
count=0;

notify();

return X;

}

BRE=(E572: ProducerA . ProducerB #
ConsumerC , FiF{EIE BN put , B=ERIE
A get o BRELUTRIEITIERF: ProducerA St#hfT
52 put %, $%] ProducerB ¥4{T put i, EETE waitl
SR EEEINR ProducerA BT put, thEgf®
7E waitl [EFHF o #41% ConsumerC $4{T get , (HELTE
BEBFRT notify S2H] ProducerB , {252 ConsumerC 3.
BN get PMHESTE wait2 &+ 2% ProducerB
REIITE notifyQOFF, 53EE( ProducerA TTETE
HAHY ConsumerC , #55 ProducerA K while BY
condition {JRFXAT, MEEEA wait set &, [
ProducerB B33 A put B t{S7E waitl 5, ER=E
RIS TE wait set B, JPRYTESE(deadlock) «

BT #E RIS EMEmmE, R
A notifyAll 5 HHIMEEFTHERIE, ERMNIFER
REEIHRAETE - LHRE wait set PHESE
FRRUARIERS - RACEE R AR RENRR LA
HETE, HBAT -

HEBRRA7E

Birrell[6]#8:38 TET T 5> ML B 2 BN AR F2RIE
TEES spurious wakeup o Cargill[7]8/|£%f Java B[S
TfEE £ haphazard notification , fIEYFERAVINET
BHREEHMERENSNT2EE, EERER
PR SC TR BYIE R R ER S5 TR T2, FTLUAAY AR
ER R, EAENTORMEE -

3. 15E% Hoare Monitor

FEFHL I TIATER LA VIEEE Hoare mointor Y5
£, BE—HELEBREEHE class - —HHAH
monitor class B2 FEFIIERG (@ classes REZ LB
monitors FYRREAR AN o LA MA0TF -

Condition Class

D-95

e E—EM RSB EEREEREN
BEAIhEE, UEBRETEFRUBRERR: E
B2 b, RESEHRMAEE waitset , BILIERHEE
LA Java monitor B 5 AR EE PR EEE]

class Condition
private int condCounter=0;
public synchronized void condWait(IMonitor m){
condCounter++;
m.releaseLock();
wait();
}
public synchronized void condSignal{Monitor m){
if (condCounter > 0)
condWaiter--;
notify();
m.signalFlag = true;
}
}

public synchronized boolean queue()
return (condCounter > 0) ? true : false; -
}
.

it Condition class 78 it & Java monitor ,
&—%&¥} condCouniter , EDHEIEE wait set HYHRIE
20 WA synchronized methods — -condWait F
condSignal , EFIEME#E Hoare monitor BY wait F
signal , RIBEFIHIERAFEEEBILF monitors , Ff
Ll condWait # condSignal #7588 A — monitor 228,
LB RERIRE - BE—{E queve method FHZE
FUER wait set RS HFIE -

Monitor Class

HK, RIEE—EAKH Monitor class , 124t
Fii#g monitors FFHFEMNE FINEE, £ —HFERY
monitor FR]HELL class #EEIZLEIRIERRFF -

class Monitor §{
private boolean lock = false;
private int counter = 0;
public boolean signalFlag = false;
public synchronized void setLock() {
if (lock) {
counter++;
wait();
} else lock = true;
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public synchronized void releaseLock() {
if (!signalFlag) {
if (counter !=0) {
counter--;
notify();
} else lock = false;
} else signalFlag = false;

}
}

it Monitor class LA—1 lock BEUAEHIFRIZE
A monitor © £F (@ #5 12 & 40 E S WA I 5T AR

seiLock , FEEBNTHME monitor HYER(FIER B
H 4532 7E mointor A, HILETE wait set FIERF - 40
BN { I lock BERERIA R, MiE B i monitor
BB ET FE £ 5 synchronized methods , HI|FJEEFE
{65 FE R (- B B IR AR nested monitors [TTEEEJE
$418] - '

BEoh, $RIZLERERA monitor RYRRFFAT, BCEATT
condWait B, WAZEFEAL releaseLock LAZEH monitor
BE A - (BETFREELZH, ZRECHTT
condSignal F 3% notify 387 — iR I2 A E R FTAY
&9 monitor I{EFRRES, TJE Java Y notify I LB
BislE, SRREEEMATARERREA
monitor , FEFIEHE T — @B signalFlag KEERH
era— ST A monitor - HELRR, SEEERME
SBABEHY wait set BUFRTZEEL S 1F7E monitor BY wait set
BRI B IS TR - E—FENER
BMERERTESIFR - TLUR Hoare monitor —
A it $ORF LA while SERE o

5 E R monitors

HT LiftmifE classes #, HIELTTLURE St
L) Java ZK$%& Hoare monitor By AR ERSERER
monitors ° B4, SEEZERY monitor HEHR Ll
Monitor class ] subclass , LU lock FHERIRER
FREIRLE - BoR, AIMEFEEFE T Condition ¥
HEBGESHT R - BEERERTIRNXESM

2264 monitor F2FF o

returnType method(...parameters...) {
setLock();
...operation...
// may include if (!condition) ¢.condWait(this) and
/I ¢'.condSignal(this) for some conditions ¢, ¢'
releaseLock();
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EZIE L monitor FZFFEI TR synchronized
methods , RS2 B it 2518 lock BEHIIRIFTEZE
By 12 F B A B R AL setLock , A AT I A
releaseLock - QIEIZEMEME ¢ MAZRFR, R
c.condWait ; EHEWETEGFRE cEFHRE 7]
LAY ¢'.condSignal °

4. H{FEEpl

RIS, (5 BHFRTTLLA Java RER
Hoare monitors ° ;E72 1% Hoare BRI SL[21EER
(B s ig R E B E FEh -

f2E—: Bounded buffer Problem

JEEEER A EERAY buffer E5{ER
BrREs - Eh—ERRGEER)TEREEY
{ELURE] buffer Y, B—EREGREE)RITEDERE
buffer FUEMH

HilE—RRHEMe9ER, ¥ Hoare BYEREELL
Java B9 monitor 2=, SMEFIEE _LIHEFRY
BEIEEEL: £EFT append FHYHE
buffer 3+t F {258 nonempty A wait set , JHEH
EIIWENL remove LATE buffer BUH {4 (58 P R {2620
nonfull #J wait set ° .

RERE—: Readers and Writers Problem

SIS ER B R 5 {E Readers 1 Writers ¥
TR E R E IS T B R EIE R T —EL
M o BA L, 3% readers T FIRFEEANML BN, {H
EE Writr EFHILERIE, HTHY readers £
writers E3TEEEEL: B T B3 readers — [ —{&
LGRS writers SEIEEEHER, HE—
B writr EZEH, RTAHFEEHRY readers =
el T H EETEESEY readers £ TR, FASE
—EZE 750 writer EEFEF ©

FliE Z2REMER, 1§ Hoare FIEEIELL
Java BFERAY monitor F25, RiEHE, 3E{E monitor 7£
HEFEE LEh8 Hoare FURAEE EIEHEM:
readers TESHE LAV ES BRI startRead 7
endRead , I:EF{EEFEEL OKtoread H wait set ,
writers BILAZE 53 BUEEAL startWrite F1 endWrite , F£F
& {548 OKtowrite fY wait set -
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Java BUAR T2 15 1% #1 82 Hoare monitor FH{LU{ET
#EE, BNV ERGEBRYAITHEE, ERES
FEPAARTERE, THREMEERFERIRIE, MAEEL
WEREENZEREN A RERGTCHEEME -

SRCEH—LL Java fE#F Hoare monitor HYEXEHE
N, BEERERG AR BAEMS, LRSS
T2/ Java BAEHHFE, TETULE BHBEEZET
B9FRIE, M EFATE K Hoare monitor Z%&THIEEIRED
AEETEHEA -
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5li#E—: Bounded Buffer Monitor

class BoundedBufferMonitor
extends Monitor{

private Object buffer(];
private int count=0,lastPointer=0;
private Condition nonempty,nonfull;

public BoundedBufferMonitor () {
buffer = new Object([N];
nonempty = new Condition();
nonfull = new Condition ();

public void append(Object x) {
setLock(});

if (count == N)
nonfull.condWait (this);
buffer[lastPointer] = x;
lastPointer =
(lastPointer+1l)mod N;
count++;
nonempty.condSignal (this);

releaseLock();

public Object remove () {
Object x;
setLock();

if (count == 0)

nonempty.condWait (this);
x = buffer[lastPointer];
lastPointer =

(lastPointer-count) mod N;
count--;
nonfull.Signal(this);

releaselock();
return Xz
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H|#2 . Readers and Writers Mointor
class RWMonitor extends Monitor {
private int readerCount = 0;
private boolean busy = false;

private Condition OKtoread,
OKtowrite;

public RWMonitor() {
OKtoread = new Condition{():;
OKtowrite = new Condition{():

public void startRead() {
setLock ()
if (busyl| |OKtowrite.queue())

OKtoread.condWait (this);

readerCount++; )
OKtoread.condSignal (this);
releaselock{);

public void endRead() {

setLock();

readerCount--;
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if (readerCount==0)
OKtowrite.condSigral(this);

releaseLock ()

public void startWrite() {
setLock():
if (busy || readerlount!=0)

OKtowrite.condWait (this);
busy=true;
releaselock();
public void endWrite() {

setLock();
busy = false;

if (OKtoread.queue!))
OKtoread.condSignal (this);

else OKtowrite.condSignal (this);

- releaselLock();



