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SZETRVWEBAIBERETICABLLD, =Ny FITKEWw, KHLTIE, EELFEELM
SREFRB LTSN FAHBEEL ALY F34 75 ) APLIZHARAL I L 22T 5. MRRER
BT, PRI L D FON TV A F— F EEOREZ HEORBICHEILLTEL, 20ENE
ENTHST 258 IS REFESNICANSE PEIRET S Z L THEARL T FIEM 22— FE{ER
T&5. AL TIIEKNZ API ORE, ZORRESE, WiEHE, 21— FOBELT R EKRD
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Incorporating State Abstraction-based Synchromzatlon
into. Thread Libraries

AT1suo OHkKIt and YASusHI KUNoOf

Thread libraries are widely used for concurrent programming on shared-memory multipro-
cessors. On POSIX Thread and other well-known thread libraries, condition variables are used
for conditional inter-thread synchronization. However, code with multiple condition variables
are difficult to understand and error-prone. Hence, programming style with single condition
variable is widely used. Standard synchronization scheme on Java programming languages is
effectively designed likewise. However in this scheme, all threads are woken up on each event
and have to check for their continuing conditions repeatedly, leading to large overhead. In this
paper we propose to incorporate state abstraction-based synchronization into thread libraries.
In our scheme, state of the data structure guarded by an mutex is mapped to small num-
ber of “abstract states.” Every mutex acquisition are guarded by a set of abstract states on
which the processing can continue. We also report our API proposal, along with experimental
implementation, performance evaluation and some discussion on code readability.
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(3) T I BEIBMLIEE, BAROEITHEEZES
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%7, CCR (conditional critical region, §fFo &
BhAEIR) B L EBAWTLEEROBEEBET A HRD
BTRENTWEDY, EEOKBLEEILESE 572
D, EEIELIERBICHBI D205k E, Bl
DEFH2PPREILITEoTWVAE.

EXZ0T, BEROETEMNHEOETHED DO
it e U CHRIRERE (abstract state syn-
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FMBHISENDHARRICOVTHIELTE 72D,
FRILTIE, MRERERPFEZALVF ALY FILT 5
VOFEBEEE LCRARD Z & T, ERoRMESY
KiBICHETE B Z L ERT.

T, ALy F54 75 ICHRRERL %
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7, TOBATRLEEE 77075307
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ThHdLWnR 5.

AR LICBITBEMTIE CEERMEH LTV,
MOEETHEEBHICEFR—DF 475 Y API 75
FATE5 (Java DL IZIHRD API MBS TV«
7 MHARIN TV EGAIIE I N2 EERET HLE
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DERICOVWTHH L, ZDOFRICEIT - OBFZ
IZDOWTHBMAT 5. 3 BT, HSRERBEOBS
KOWTHEBL, ZREALy RS54 75 Y ORLHE
B LTHARAGARICOWVWTHRET 5. 4 BT,
3 BTIR/ZREETOEER L UHREEHE I DV TR,
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ALy PI4T35 )OMBRERIOEA 29

V5 #E R PR L IER) . Chi, BROFTE
TERPBREWIIT = 2T 7 XA LiIZGE, Z0%K
EEPRIEEN 2N L 2EZNTERTHZ. 20
ERWBETIVIE, PHUEROAOTE y 7 25 L,
HOTOy 7 2@ 0T 5, &) DDTHL%,
BRM 0y 7 BB /BROI— F EToRHAFE
LTI, BREICT Y 2 ORISR T 5
BE, BRLTOREDEIHE % JHEI T &
REFELDH S, MFEIFIETERZRRE L
WERTHIA 7T VHRTHLICL o TEETE S,
I— FORBEOEN D b RBEEVPBENL TS, BE
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PRVEHEEESSY LIRE. BETHE, 7V
7 MEASEN Y I AT E ZHISHIE S €5 Z Lt
S0, |
BET AP LREENDLT—FIHL, ZhE
NOETEEPNE LT BBIEITZ BDEIE, —
BENCIZT— Y DREBICL o TEDLoTL B, 7k 2
ZERNY 77 DFE, putQ 3%y 77 FHWHFTH
NITFTRZVL, get) 3Ny 7 7 BB THNTFT 2
v, Oy 7 2RELZHTHCSSEE, IhbORE
DATNTHLPIE, Oy 7 EBRICT— 5 2SR L
TREDTHPAE. ELTEDHER, [ITR%2\] RE
RolzgEidvolAny 7 R L, OEFTER
PIREE RS ECLDeRHL, [T 5] KEICL o7
BRTHEED Yy 7 25 L TRIERIT ) LEF D 5.
Hoare DE=%4 TiF, 20k RBAICEELE
Z# (condition variable) X AFFEE%E1T). HR
Ny 7 7 DBIETERT BES 72T 2RT.
type buffer(T) = monitor;
nonfull, nonempty : condition;
prodecure put(p : T);
begin
if size = N then nonfull.wait;
BB Y 7 7127 — & & ¥}
nonempty.signal;
end;
procedure get(var it : T);
begin
if size = 0 then nonempty.wait;
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nonfull.signal;
end; .
begin {#IHAEXE} end;
SUHEBROEFIETERVRFEGEET I DD
Fa—Tdh, [FHEE vait] 1L o TEHLIREL
o 2EFFERE, JET 5 [LMEE. signall I
Lo TERHZELNSE (120 signalvﬂif:#ff# 118
DEFTEFRZERTS. BRLEDETVIETESRD
VB EE signal IMTORED b 726 %), fH4
DEHEFHIIV L2 i 4 OfFLEbEL
S| SLICAETLI LI B, OBl Hoare ©
E= 5 DB E VA, C/C++ & POSIX Thread
THWAEAED, 72l 2XRDEITTATITIVRY
HLEBWT, RE0BHELERTEL !
void put(T p) {
pthread_mutex_lock(dmutex) ;
/* Yo */
pthread_cond_wait (&nonfull, &mutex);
/% BRRNY T 70T — 5 M +/
pthread_cond_signal (&nonempty) ;
pthread_mutex_unlock(&mutex) ;
}
COFREMERLEETEDLD, DUTORHAFD

while(size == N)
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BMEOEBEHICTAILIZTET, RETHEN
ARFERXHATAI LI B,

2.2 Java DE=Z A2 EREHE

Java® TR 12003 7V27 k81200 7 35

%, synchronized fEEMN A Vv FIZAO/HAOTHY

7 DR [BREAT) LI BT, E=F 25FICHEA

AATWES, 72721, Java TREEEEN 1207

Vs b (=uvy) T2 1DOLeHESATYE:

* Hoare MEMEHKTH, signal 2 NI SHAETERI
BRENC (BOEZFCAB I L LTVBEFTEAIYER) £

=Y DETHEEZEERT L0 L, POSIX Thread API Tl

FO LD BRESELZV. TORD, AOTOEBEF v 7 % if
XK DI while LWL T, BELBTEELEEF v
THELEFHAS.

W% 54751 APL IC [BHOEHER% and/or % L THRAE
L hETED] BENETATVRIE, A L BT s 2o
DEBERTHRE B, TDL) 2 rzEOALy FI47
T IE—fEEIT R,
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Wiz, BERORL AEGEFLELELETERD

120F 22— ZBETAILIIRAE, DD, E=

FHTT— Y DREEZEFE L7 i3 notifyAll()

LD TRTOETEROFLEHHRL, FETER

B ENENDIAT I W RIEIC LB R DAL L 72

PEIPERDII IRV BELARDLEFDS
class Buffer {

synchronized void put(T p) {

while(size == N) wait();
/! BN 7707~ 5 %KM
notifyAll();

}
synchronized T get() {
while(size == 0) wait();
/] BBy 77 b TF—-F ERYHL
notifyA11();
return data; ‘
}
¥
DL RHRERBHELHEZ LTS, RE
HACRREBEOEHRNESE/FEEEMLETF v /T
EBHEV) — LD B DS, FORE, ROMERH
5 .
o MWFOETERELBRILELIEIZ, $XTEE
I LTENETNIEHFOBIRELZITOEHI LI
%0, HEETAFTH 5.
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g,

o RIZU Y7 2 BRTIETERIAT V2 -1~
TDZAL IV TIZEoTHRT B0, fairness &
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2.3 FEMHOZHHEE (CCR)
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T LR ENENHEEDFEHPEY LD F THARE

WOETREFBIESRADIFELNLEDT, 0

L9 i L HHMiER A E LT3 EE T L

WEHATH S, Thx &2 ZPEfiiEE (conditional

critical region, CCR)® &IER. HHUEBICAS

DOEBERETE [H— F] EFHENS Z & 55\,

CCR Tid, FEATEMHIT T THHME &M % 5

L, ZORKRIPETH 556 PRI OFIEICE
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ZOFHE (EROBXICIVEIFEFLRVEN
IMBERBRENDELTD) HRETORF L)
it b,

XHE 1) Tik, FI VI TaYIEYDOY T B
7 TIC X 5%EE (software transactional memory,
STM) %HeftflE AW/ 5% LD CCR nEE%
Java IZHARKR, £OBWREFMICB VT, ERES
FEEINTEED Java 12 X 5 FEE L AL oM
PHRL-ELTWAS. 727L, STM 2554,
HEIBATOERDGAE S T TXT STM D%
BLTITIVESH 70, 2034 FOEENLE
ThHYH, BEDIATIVELTERTHILITEL

Vawl

3. MHIRER & HMFIRBRIER

3.1 HMRRKE

7V MBEISETHE, 12037V =7 b
SFSEFRRER LB ENTELY2, 7TV b
DIRREIEA ¥ X8 v ABHBOEIC L > TEHEND
B, ZOF TV VENESPS (HRF-FRE L
T) BOHE, TRTCOREOEVNERHT L LT
DT L OLETR,

ol i, BORY v 712 “a” #FRATZIREEL “b”
R RRAZZIRBIZR R 2IREELD, 2% v 2 23 AN
LoTiE, EZ 1 OWMYEALTETHEZNTI VD
b, MEERNT2LBE L. F72, “@” L D
D2ORBALZIRERZEZ DL, VRS LEK
BHREZEID, RV 7 2HVELE{Da—Fi
[T NEBY A LTL 5] 720, “a” itk
RBAZIRBLEXBT HLEN VS, LT, R
¥y 7 OREENBLLBRT D56, BRISL0
i {empty, mid, full} ODWFTIOREICH P D
RRZEVZE, ZDXHIZ, + 7V 2y FAROIR
BE A HZAL U 72 BORBITHIE O 725 O 2 #Hgik
REL R, :

BEOF TV MERISRETIE, YU I<d%ad
hoc |2 isEmpty(), isFull() ZEDMBFEAV Y F%&
AETA L TERNICHEREBOERERE L T
577, (1) ad hoc ZD TAAIRRETH 520551 12<
CEBORERRERAIELY, (2) AV v FIRUH

*OgEmce R, TRTOERORAIE X ICBWT STM ORY
L% 707 Tl BATITERTESY, BENTEL
T2 EEMATEERAT T2 VOB, ATV =2 MAMEL R

BETSISERRED) L0 1 2P BITh, DBRELLE

bOLEXBZENTED.
w3 AT ELENDL LD AEHEDHY ) B, ZOHLETED
BOLHSREL LTARATELIBRY v 7 DEHERFTS.

AVY RS A4 T7TFU~OHGIREREIOEA 31

LD =3~y F95d 5%4, (3) MZRENEILL T
Wi THEDDERXAY Y FNTERER 25T 2 &
BKOSEE L A, LW FBEENDH 5.

ZITEEDR, 7727 ML DD 2 HSIRE
DEEZFIFZEL LTHRNICESL, BEDA VX
YV ABBICFOBREERRET A2 LT, sk
EEPRIICERT 2 2 L2 RE L2, HRREER
FT7V 27 POREBEELZIEDE AV v FHPEKEDE)
FEL—RBICEHL, +77 7 MBS IdgtAR L
DAWEELTEH, ThIZL ), &EROFEMEVES
BRRICEEDBZLATE, SEB» 5 IHRE g
RELSHTE 3.

3.2 HRIRERE

FERBIEZE 7V 27 FOREIBEED S DIZh S
FTCETRBET A ERDT, T OIREE L WZIREE
ST CLZERTH L. EELIZZFDL
IGRBEREL, BIRRERHALEOT.

HISUREEREIATIX, 77 V22 bR ICHBRES
BT 2 2 LIIATET L ARE2S, DNz CHEM4ERL (W
TNPOF TV 2y MHE) T IiED AOICHEE
EBOET R HTHESREOESTIRE L, BHusES,
WCAB) ETHEFERIIT TV 7 FOBEOHS
REFZFOESIEINEVIEAICIETEEET 3.
FEMEIRIC A o 2 ET ERIT 2O OB W TR O
SRBEREL, TOREBTETEZHINLIEEFTD
EITEEDPS 1 OPRIZNTCET2EHT 5.

R RERP T, MEREOEIN—-FT727D
1EE0E Yy MDA THNIE, BIREZ 1 ¥y Moyt
s, By MEEICL ) BESHEDR &) R
BLHETERD., T, 77 ABOMEKBHRID S
BREICEATABATY, B2 5 ACBIT HSIREE
2TV 7 ADEROMBREICRHEHICHET L L
THAREMELZOEL, FHPFEROBFFEZ TS
T& 59,

3.3 XL v R4 TS5 UADMSIRERIDE A

E5 S D\EOHED® 13, HEREFAPLHY A
Nl wr/urs s3IV rEBERETAEVI TS
U—F 2R L. KX TRBIO7 F7u—F& LT,
BEOWTTO I ATEREZoTWS, [HROE
FBEAVY FIA4T7 7Y ORETICHSIRERN 28
ATHZEEZBLC, BIfiE CICRRAEAL Y RS54
T3V AROFEPBREBICELIFEEORELRA L.

EEMICIE, 12080y 28 120F 7V 2s M2
METHbDEEZ, Oy s DF— I EEFICFOL
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TV x POWMBIRNEZRIFIEL., ELTuy 7#
BEICTA 77 VIFUH LOFIEE LT, BHbHERIC
ABZEPHFSINIMBREBOESTET (ZITi
BB TR FEICL Y, BREZ 1 ¥y PTERL,
1FEOYA THREREDESEZERTONET ). £
7z, PHIfEEE A L A THLVWHRREZRET
B, MBFIREBOMEAEIZ, 77 FOMPIRREIC
ieL-bnzay 7 GH{EOBRICIEET 5.

INHEMAEDEDL L, FFOFRNY 7 71
THREIWAEE SEMPTY ICRRETAHdNELT,
ROEHICFEMRTE 5.

void put (T p) {

ast_mutex_enter (¢mutex, S_MID|S_EMPTY);
/¥ BRINY 77127 — 5 AWM +/
if (N 7 7 DR
ast_mutex_exit (&mutex, S_FULL);
else
ast_mutex_exit (&mutex, S_MID);

}

Y 5 BRBRIEIIRDO I 1L 5.

void get(T *p) {

ast_mutex_enter (&mutex, S_FULL|S_MID);
/% *p ICERBRNY 77 67— 72RO HL */
if Ny 7 7 D5ZE)

ast_mutex_exit (&mutex, S_EMPTY);
else

ast_mutex_exit (&mutex, S_MID);

}

Z DR AT, ast_mutex_enter @B L7
TIRAIET 57— F BEIX 25 BT RE R IRREIC
BoTWADT, £E%F v 27 LTY M4 T A
PEEIAEIZ R D, Oy 7T ast_mutex_exit (ZX V) #F

ST A, EDLET Y I R BEROF L WHIZRIREE
ICERSEAS.

FLdbH L, enter 5 exit T TOREITHEMEESE
ThY), fMOEFTEEKI enter L L) & LABEIX
Fl-&3ha, FLT, exit L72L Z2ICEFoTAS
EEOEFTERPPHEBICANEOTIE %L, fFo
TWAHETERD ) B, RESNIZHERBIZEST
%% DH 1 OBINPHBIDRICANL S DET 5.
DGE, REDEBDIETHIZL o TIRYEIES S
ZEbHY B, FREITUTIvDERLEZS.

4%

%+ |3 FreeBSD 6.0-RELEASE IZfHET 5% 2
Ly FIA4 79N (eEL T, MIETHRA APIIC X

.
L

=

4. X

TRy Ivys July 2006

pthread_mutex
umix_t m_lock

housekeeping data

pthread_cond
umtx_t c_lock
umtx_t c_seqgno

housekeeping data

ast_mutex

pthread_mutex ast_mutex

int ast_bits

1 2—YEEHAOT— I EE
Fig.1 Data structures in user-land.

BIMSIREF S E Y £2 L7z, FreeBSD I3 ALy
FIA4759ELT, (1) Z—FLRXVDATALY
F%#EETLID (Qiber), (2) A—RNVALY ¥
YaA—HFZLy K451 1T 55D (Libthr),
3) BHD A — ANV LNVAL Yy FPEEDL—F L
ANV ALY FIZM NIRRT 55D (libpthread),
D 3OPEETHE LTS, ST — R VOB
BROYE CHERERPLEATIILEOE LI
B, (2) kb EICHERTo 7

A EIYE L7285 R T A —FEREIOT— ¥
Tﬁiﬁ’i’ 1 \Z/"Y. pthread mutex (34 VNV D
F4 75D mutex T—FBEETHY), TOFIIH5
umtx_t BT —F i3h — R VEAIOT v 2 EEHYES
F-IBETHY, TOL-FET—FBEOYLT
7 2 AfEHT A. pthread_cond (3[F U { £HEHK
DF—FBETDHY, THLIXIOT— 5 EBEDHHE
TreRE, ZEEBETORFAEDLE EITH—F VA
BOFx 2 —fE (BR) HEHTLHLD, 2000 —
ANy 7 (wmtx_t) 2D, ast_mutex ITIHHIREE
FE API 2ME ) F7- %7 — ¥ BETH B, &I
4 1) V5V pthread mutex & HEDHRIREE %
ET1REBEPLLA.

H—RANVEHRBAOFT—IEELZR 2 ITRT.
umtx_chain Ny 2K TH Y, BHFEEFKY X b
DNy F o TW5h, mutex REBEBDOENE L
BoHRITNE, 120Xy M 1 D0 mutex 45
HEBHTHESTWAAL Y FETDERE VA M eEX
TIv, EEVAMDEERICE, VTV F VDA —
ANVTIEALY FID L 2—FEEEAOH—F LTy
7 (umtxt T—FHE) OF FLADPEMI N TW
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umtxqg_chain][ ]

-

Thread ID
addr. of lock

ast_bits added
owner fields

2 I-AINVZEBROT-5H#EE
Fig.2 Data structures in kernel land.

7255, SEOHETIEZFNIZKD 20D T4 —V K%

EfL7

e ast bits —HFo TWVWARBESZETIV{E.
o ovner —FoTWVAAL Y FASRI &N o L&

Zumtx t DU v 7 2EETLDIEHT 51E.
INHLDT 4= FIZHRRERH I Lo TRHBICAS

TBEICORMERENA.

FreeBSD 6.0 T, umtz t (F—F VATV Z) ©
BEE umtx op() LV 1 DDV AFLAI—LD
AREFRALTBY, 2085 X—-FTED X ZEE
SR VDERET S, FUTVFVRTIEBIEE L
Tluvr3a]| [BETs] [0y s 2iBELTES]
EEL7-0y 7 TETWAAL Y FEREEEEES
1 DADODBEPHBEIN TS, THIZKRD 2

DxEML7.
o RE~X/EEELTUY 7 TES.

o UV I THETWAALY KOmIL, REEHEIZE

ETHYATEFHEOLNR 1 ORI T

BEODEEIERZIA N 2EEIOIEREZEL TR
o RO D DERI T L) Bl ERE), %
DFMTRT LI, ALy FEIKERECIIEY -

MR FONRF VT 4 BRSSP o7,

I—=HFYFDIALATITYTIE, YAFLa—)
cumtx_op() ITEMLUBEDFUHLELST —F 2y

T DREIT.

BEL7a— FTEIZH 10047, &I EL-EE
EIEEDO I AMEELTALIBIEZETH o7 (TD

FATTYEH—RNVOEEERE ST,

TF20BET, R—F T VEREEORIERIC
POSIX Thread API 2 W CH UL ERHL-D
DOHEF L7 (F6% 2 12HBE). 25 5ITAMTRE
HEZIT) OT, HEENLZ XY v Mk Ehki
B 725). MEEZRHT A0, UTTEARDE

% [&h, POSIX Thread API L@ D% [T
K] LRI EICT A,

BB, WTFNOFEEIZOWTDH, BEENOAL Y F API
EDREZV LEFIFICHER Y. T4bb, 1D
DTOATFGAEIAVY FIZBWT, 57— viEE%
= P BEHTIIHERD mutex, BEHL: E%2F)
HAL, Ho7—38&% 7 — ¥ a85 I3 kKERES
w7z LTH, FFICRIEIRE S v,

5. §F i

PE LAV Y FI9A4 75 25HMET 570, 8%
DEIE (5F—R) 2B, ZELZFA4 75 THS
RERALFEo-EEL, ZhEFAROKELZERD
APl TREHEB LU (THELEHE) FHEHTE
ZLbLoB:, MEREEZRLTIOMEDR
biTol:. BNy —ABLUFDOESIIUTDO L
BY.

o BEEDHMENY 77, REL LT {empty, mid,
full} D 3OHFHY, AL v FiF [full TH5
BB (put T§HAL Y F), [empty TH % MiE
E] (get THAL Y F) O 20o%bsb. BED
FEHEHTRBAELROT, LOEBR, RKEH
MR, SRR (FTAR, &) » 4 o Tl
L A -

o VA—F—T—UDEHFMNvTF. Ny TFIlE
FUET = BAoThEHLE) e RGT 57
%, iREEA® {empty, midlow, midhigh, full} -
D4aDLhb. put THAL Y FIZ2BFHOREE
& LT lemptylmidlow] T& 5 MEIE]| %850
ZDEIICTB L, put THEMOLEHENELR YD
H5BH2DhBI0, BEOEEEHTIERT
g%V, LD oTIE607r—ATiE, KEH
EHL, THRIREBRR (TR, SERR) @ 3 o Tl
Bxfro7-.

WEFND T =DV Th, LAV Y FEI D%
WHELSVHAETHET A0, put() TAHAL Y
F& getO) $§H5ALy FHRRBDEE L, get() T
BAVy F& LEZFICLBE TN 2T 7.

UTCTRBEDOERNY 77 Tput TAHEDAL v
F# N, B, £AL v K25 put 32013 C, [, get
THRDAL Yy FE N, i, EAL Y Fi¥ get T5
B# C, BN L & (NyxCyu:N,xCr) O XS IZET.
SHITA—F == DZFFRNY 77 TIE, N
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£33 EOEFENY 77 /LR
(250% 100 : 250%100 : 500% 100)
Table 3 Water-marked buffer/a few waiting threads.

July 2006

F1 BEOERNY 77 /FLEN
(500x100 : 500x100)
Table 1 Finite buffer/a few waiting threads.

EEOBE | T—VRM | VX7FARE | ZAKE EHORE | 2T | YAToKE | EBRHE
EHER 1.273 12.277 7.16 RgHE 4.161 46.892 27.83
RKEHE. 3.133 34.181 20.26 AR 3.934 44.130 26.19

GIE 30 3.080 33.637 19.91 BERR 0.594 8.261 6.38
IR 0.601° 8.269 6.41

2 BEOABRNY 77 /HFBEK

(500x100 : 1x50,000)
Table 2 Finite buffer/many waiting threads.

za HOEERNY 77 /FLEK
(250%100 : 250x100 : 1x:50,000)
Table 4 Water-marked buffer/many waiting threads.

EXROHEE | - WHRMH VAT LARE | EERHE
REHE 3.158 33.392 19.82
ATHEIR 2.924 30.858 18.27
YOERR 0.539 7.432 5.83

EEROBE | 1 —¥EH AT AR | BAREH
EHEY 1.081 9.872 5.80
Rz 2.713 28.684 16.99

BT HRAR 2.785 29.366 17.40
YRR 0.530 7.340 5.75
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A1 AENYyZ70O3-FK (put )

FHACHW &7 — ADFRRNY 7 71200 T, put
fioa—FerRd. BEOEFR/NNY 7 7 TiId#riEss
HHEDT get FIOFEK. T r—F—v—70%
ERENY 77 Tid put QlOA2BEITPN TS,

B, REERR
void put(int data) {

pthread_mutex_lock(&mutex) ;

while(count >= BS)

pthread_cond_wait(&full, &mutex);

buf [ipt] = data; ipt = (ipt+1)%BS; ++count;

pthread_cond_signal (&empty) ;

pthread_mutex_unlock(&mutex) ;

3
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void put(int data) {
pthread_mutex_lock(&mutex) ;
while(count >= BS)

pthread_cond_wait (&delay, &mutex);

buf [ipt] = data; ipt (ipt+1)¥BS; ++count;
pthread_cond_broadcast(&delay) ;
pthread_mutex_unlock(&mutex) ;

THHRALE

i
E

b

¥

}
B, HMRIKEER

void put(int data) {
ast_mutex_enter(&mutex, S_EMPTY|S_MID);
buf [ipt] = data; ipt = (ipt+1)%BS; ++count;
ast_mutex_exit (&mutex, (count>=BS)?7S_FULL:S_MID);
}

Eio%, REHEM

void put(int data) {
pthread_mutex_lock(&mutex) ;
while(count >= BS)

pthread_cond_wait(&delay, &mutex);

buf [ipt] = data; ipt (ipt+1)7%BS; ++count;
pthread_cond_broadcast (&delay) ;
pthread_mutex_unlock(&mutex) ;

}

& h EiCid put LEWRRIE BS o2 bDhIC
WM(=BS/2) &L L THE.
FlD %, RIKASRR

void put(int data) {
ast_mutex_enter (&mutex,S_EMPTY|S_MIDLO|S_MIDHI);
buf [ipt] = data; ipt = (ipt+1)%BS; ++count;
ast_mutex_exit (&mutex,
(count>=BS) ?S_FULL: (count>=WM) ?S_MIDHI:S_MIDLO)

»

}
void putb(int data) {
ast_mutex_enter (&émutex, S_EMPTY|S_MIDLO);
buf [ipt] = data; ipt = (ipt+1)%BS; ++count;
ast_mutex_exit(&mutex,
(count>=WM) ?S_MIDHI:S_MIDLO);

A.2 POSIX Threads lROMBFIRERIAS 1 7
A,

M RERIZ A4 75 1) % POSIX Thread 74 7
SYVERACTERLEZDOEZUTIIRT. YR%2055,
AR TREHEEZEHAL TV D, HETETO X
Jw Mz,

#include <pthread.h>

struct ast_mutex {
pthread_mutex_t ast_pmutex;
pthread_cond_t ast_pcond;
int ast_bits;

};
typedef struct ast_mutex *ast_mutex_t;
int ast_mutex_init(ast:mutex_t *mutex, int state) {

struct ast_mutex *t =
(ast_mutex_t)malloc(sizeof (struct ast_mutex));

Tursivys July 2006

int v;

v = pthread_mutex_init(&t->ast_pmutex, NULL);
v |= pthread_cond_init(&t->ast_pcond, NULL);
t->ast_bits state;

*mutex = t;

return v;

}

int ast_mutex_destroy(ast_mutex_t *m) {
int v;
v = pthread_mutex_destroy(&(*m)->ast_pmutex);
v |= pthread_cond_destroy(&(*m)->ast_pcond) ;
free(*m) ;
*m = NULL;
return v;

}

void ast_mutex_enter(ast_mutex_t *m, int mask) {
pthread_mutex_lock(&(*m)->ast_pmutex);
while(((*m)->ast_bits. & mask) == 0) {
pthread_cond_wait (& (*m)->ast_pcond,
&(*m)->ast_pmutex);
}
}

void ast_mutex_exit(ast_mutex_t *m, int state) {
(*m)->ast_bits = state;
pthread_cond_broadcast (&(*m)->ast_pcond) ;
pthread_mutex_unlock(&(*m)->ast_pmutex);

}
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