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(CHENGCREHERELELERE  JiE 100190)
(" P EMERITERRFRE I 100190)
("™ EAERAE LK 100049)

(™ AESFHERAFRAT  JxE 100190)

W B ANTEATEFNERITFRAESWERER S, RETATHFXRER
% 43 ¥ “ happens-before” 5 X R kS A LA B FE R FTMKWHE %, HEER AN AEAKR
EH I REANBWHTREF , AAMERA R LI EARATTFRX R, BLAXFMER
X WY 5T LA BB LA 3 AW ST s B AR AT X Rk AT X A
FWPATHE, RTURBEARPT T ARBHRWTROBEE S rANEHRNH
TREFPRBEREES, TUE O(an) WHE R 2HBBNHE R, Kb n YRFFHAWF
BUEWANAH, 0 YEMEFHE EW R AU E S K, & Java Grande WKBFE LW LR
ERUA, LREZTUR R AFHSONBE X SFW T ERTEANWRE RS, T HLE %
B E b e 2 AW LW O(an) BB H 28

Rbia BEES, ATRFERK, KEWHB), TTF

0 3 &

MaE S B BERNT ZEM, HTRF R H &
Yot w R A, LA 32 th S AL BT R B PERE SR TT
R, 5 BTRF AR, FTRFRHITREE A
e, 18 3747 72 F7 19 83 ( debugging ) 2818 % H A
Mo TEIFATREIF B AR ZHH R SR (bug) H, T
RE—FREBEES . BERE SRR AN
HATREFF bug IRHFHERE—H, EFREERSF
BITEABRESTEMETE, ST BT LR
BIFTAE MBS G (BB RSB HRIR, S ITE
HAERBI B UPAT H R H BT S APTFH
BARRAE AT BT 1R B E RS
G, MEIA T AT R REEE R T AT
RERAEGRH“ AR (happens-before, HB) JF £
ARSI SR B W, KRR, &%
LA HRBIHAMAS ST ERA BN HER S, WH
i} TE) R 2R BEAR A

1 AR

XT3k B R R LR K — X TR, IR E A
Vil AR, W E A 2 AR B BAE, X
SHRAERR R A — X o A o S TF— A HATR
MR ZREFFE—NEREHERFFHE
P R FF R — Xt R R AR R SR EY , BRERATRLIA
HURFE - BERES . BRESBANL
BER, BAENN®SRFHRHFRESFREH
iR

B B TE S T ok o A SR
S AT IHATRR F MIRTS, HE R BT R AT R R
PATHD F FEEARTE o BARXETT 51T LA k3
FrE HSLMBHR R F, (B2 B T — MR T SRR
TRLERIB R R S R 248 2 B A, BT
T EARA AT AR SRt BRI IER R AL, 1LAh,
BTG SIS R BAR RIS RAE R, B R
AERR LGRS e T D77 48 © Z B K F R R, MR
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R e 2 BRI,

HTFAERS TEA MR E R P EME RS
BFERS R R HEA DT, TR
FERE TSR TR R XK"Y, A
PSR, X BT IR FE R T B — IR PRAT A B AR X TR 3R
TR S A S48 4 s, i B R g 3|
HHATHUE S R R T R IS B R e S 23
FFILFE iR fE . BRI A LIA R 3
BRMATH R PEAE T F, [H R LK AT
BH RENEAER 4 TR gHx B r b H i 4k,
SR, IEINET IR E By, — P IFTIRT AT BB AR ITEL
HREESNEE SR LR, I XERiE—
AT A KPATHRE I —K . Bk, fnfrfE s
WHEAT PRI B SRR S R EBsA T EE
i R R .

AU, A W B T R SR e
RPATHGE , DMEAE B AT R B E 2 R dEE
G MG AP EATERE B, FRATTRT DL 20 3R
P AERE N ENEIERE . AHRE, &
SCRY N R 2 TR R — B3R MR SR XA
W, IR A E S5 1 (read-after-write, RAW ) HIKEH,
X P B IX (B A T IR 3 T LA A B A A4y 3
RyRATHUE . BRI E—R rp R BRAEAE A M B A RATHL
WP REX ERIT T, — BXF KX
FRIV5 TR P BB , 3% e SR BRAE R T BEAE SRS 1Y
PATH PR — MRS

mE 1R, « 1y REANEER R, HAIRE
RO, LR—ABER, PATHE(al) B —WH
RIPATHE , PPN RB XA G EEFE (write-
after-write, WAW) PR M, Bl (al ) HREKE
BT B, B AR AT — X b SRR A ER A TR [R)
BT o R, ¥ (al) o B R B X [E] PAT IR T 55
{8, RATAT A 3E AT R (a2) o 7E(a2) H1, AT
A PR B — B35 S write (i, 3) #ll read (y) o [
B, PATHGE (b1) & — AW AT BT, H A
AKX AR5 E (write-after-read, WAR ) R
EEM, TR Hh 50 B IX Rl BT U, 1Al
LU PATRE (b2) ,IF7E (b2) R BIBER E S
write(y,3) Fl read (y),

T B3R5, A SO T — R AT AT B HE
&o AT —F L Lamport 2 H I “ & AER]” (HB)
EHHFLRY, BB RBREEER
BR AT RIRER, RATAT LU W3 X b SRR
B TR EE N RPATH R BN — MRS
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—p» Synchronization ender

v Datarace
Thread 1 Thread 2 Thread 1 Thzead 2
write { »,3} acqaire {L]
acquire (L] write (x,2}
write [x, L) telease (L]
rzlease (L] aread {13
\a'x_uire (A write { 3,3]
write (%, 27 acquire (L]
relzase (L) write {x,1]
Tead [ 1] release {L]
{al) aly
Thread L Thread 2 Thread 1 Thread X
write [ v, 3) acquirz L)
acquire (L) write (x,2}
read {3 telease (L]
rzlease (L] mread (]
\aoc,uire () writeiy.3)
write {x,2) acquire {L)
release (L) teed (x]
read [11] releasa (L)
(b1 (b}

PATHEE al A1 b1 BF-SRN B RPATPLE , BEABIER S,
{HEBAH al F1 bl RFEAPARTS T LUEIHEPITHE a2 M
b2 FR K

1 BEZHERFHEGF

KRBUBVE, —MEIE u 73 —PMRAERITFZ
B, 5042 F R — TR

1) #fEufMvRAR—NRE, ME ufEvH
TP Z A

2) o'l u R—ABIRBURM BB, v v 2R
Ah— 2 [F) Bt bk B SR RBORR B R, EL R IX ]
w'-eou HEER —NRAE w, R X vy Z B —
AN ryw R r R —ZI v RARE, B w A ,r A,

3) FEAE—RAE o, 618 u 7E ¢ I P 2T, B
t¥E v BIFT R Z Al

RATEI, R PR BAEBF AT F R
R, HEMTAEE— 8RR ABNZEREE
AEEE — BT A EE L. Fk, PUR RS
LUE S A BT R R R B SO R 1k

RATH TR T 6875 SR B ST H ok H 31
RIBIEE S, BB E R R ZRE, RITHE



Z HE AT RN

HERRBAETEF R R RN 0(an) , K o BFE
—MEERMIEE I FREHBES KL B
FRB VIR B B8, & LR, ASCRH T —Fb
PROATETATFE BT B P 2 R , S P T v SR 4R A 2 )
RRTATIF R R, RATAT LLRR HTE R PATHR B
R MBIETE S AL, RITAA RN R IRER
DABBAL T ELSE R MR TR F o BB, BRATTSE
BT —ANSEBY E BB SE R T 2%, SE R R
VLB T BATIT B R AR

2 TR

X—T e R ATF , RS
B & 1Y happens-before 56 RFEFTX L, FAI1403E,
—PNTRTFREE B BRARK, B RERE
HEBANERE M PITH ., BERRAEE. &R
B/ A XA E /3, X1 TR B R A K&
W, ZEXE, RITAEBNENE/SBRE S
HIRE BEBURAE , HoA B E T A A AT AT 7
B3 o

—AMERF AT HOE R — N R
BEBRNERIENETF ., BNRERTURTIR
— =T (p,0,1) , K p RRZRIELENLRL
id, o RZBRMERNRB (.5 BRI BB ,i &
XNZBEELF PR,

TEX 1: 524 HI (happens-before, HB) 5 3 R &
BRHARR, EEBE-MITHEF u v
HB JF2Z 8, &2 T AR A — TR :

1) BFF:u fl vk AR—-NERRE, BERST
BLEH u 7E v ZHl.

2) SUREHRBUT ;v B — MR, v —ITHL
B HHE T SR BT[] kB AR B

MR MR EHEESE HB X R, RAXEA
BRI RN, MRXPNRIEEZIE T
R, BATHR— B8 32— N PATHGE 4%
“REET MK, Hit, REXE— X R ERE TR
&, BENMNZEREFE HBJF AR, AT LB H
RPATH BB S . R T ERKITHHI]
FEMEAERS , RIVEE TATFXR,

EX 2T RARR/DIHAXR, BFEE
HE—NPITHES w 7E v (TR ZH, RMH—R T E
FIAE AT — T B ST :

1) BFF:u fl vk AR—-NERRE, BERST
BLEH u 7E v ZHl.

2) BERENSBEIRBUT :u & — MR, v
R PAT P FrEXT R Mk BB AR B, u e A Y
oy RN R H] . FEAE— X WP SSBRAE w Al r,
wRREXE u'--u FR—PNEERAE, r RREXE
v/ RER—ANEERE, R ERORUL, — MR BRI
HR—ANFATIE R, S5 Xt B B > 56 58 X [
7B — %t 'E 5 (read-after-write, RAW ) [ 1 25 352
fEo

fER—MARRRR, T R_R—MRT , BTE
AT AT MRS 5 M AESAAT H 25 W, thsh, AT
IR RN 2) s RATATLAE B, BB HOR B R —
ANFIATIE B, A5 24 % 7 A SR 588 X [R] o & — X
RAW Hph 38, Bk, AT4T)F 2 1L HB JF S K
—FPRR, WU, N RAERATFZH, A u—
FETE v HB JFZ i,

ETWAAEER S IITHIERES” 2,
RAVELE R LT FAE L

TE S 30 F— M PATHL H B SR HRAE u
v, MREE-PREXEEE v, 57 —E
[F—AE e X B & v, RATEURR u Fi v 7E
BIKPAT P B AR

TE X 40 F— M PATHE H W PI A T RE8R4E,
MR ENZEEEAITFEXRR, MEEE gE R
7, RATRAR X PN R B ZRPATH -1
CIEFy /€A

MR- NPATHLH, A REAEZ BB
A HB HIRR, PBAX PN BAEZERE —NEEE
o TR, RIMNSEHA, RN hREEAEZIA
BREATRRR, BAXPI N EAIERE AT B E—
ME R W PATHLE P R — PN HE R FHE
B,

3 HAREEE N

FEATT A, BTG h— R B AR AT R
TR B e b S RE T AT R T o T IX 2 4
T, BATATLUE i, W47 € S B AR R A
AT

IEMTERTE R BN, FE— N PIATHLL H , R P
ARBXEZEEH AT FRIRR, XPA X
(6] AT LAHBI AT B RUF R IR R B 5o R2Z, 00
RPANREXEA TTF, TS A eI r
IR FPARA AT B SR ER 32 I TR IR o

WAL 2 FiR  SRATHUE (al ) RARFF B — AT
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BMPATRLE ., ERF LB 2 ERMPTERN
FREXE, AR ERBHELE 1 B A, 7 (al)
H AR X R Z A — X553 (RAW) IR
BAE RIEESL2 AL 2) , XA KX R A
ATATRPEY o — ELRX I S8 DX [R] PR AT Uk P 351
iR, MR B PATH0E (a2 ) B A AT BEFR N 72 7 F R
FTPLEH . BRERRR 2 AN AR IITER L E

—p  Syochrocdzalion arder

——= Dataracs Thread 1 Thread 2
Threac 1 Thread 2 wrile 1,3
. 4=, acquire (£}
=k While{d I=1}{ o
Lock(L]; LockiL} wrileix,1]
x=l; A=z release (L)
LnLockiLl:  TnLockiL )} \acmu'r\e L
it
L tead (x)
Program x
e release (L]
tead (¥]

fal}

X, = A PATHE (23) o T HRATHE (a3)
BRI RE. Bl BERNEETTFRX
B DX B2 6] A AT P 1 B AT 0 (a2) Y
BAETEF R Bk, TEE T ATATFp A T4
FERF RS, RATH @S BEEE 1T
B8 IX IR SR S B A BT SRR o

Taread 1 Thread 2 Thread 1 Thread 2
acquire L) aoquine (L)
read [x) write [¥,3F tead (%]

“elease (L] acquire { L) wg— release {£]

mread (] write [x,2}

acquire (L1
wiite [143] release { L] —W T

read (x]
acquire (L)
release {£]
write [x,2]
read (¥]
releass (L)
ral (a3}

Hifd] al WA AT R OG R AR X (8] AT IR S R B 2 S B DRI
2 #iTHIE al BN B EIHITHIE

B 7 S R BAE PATR R BRI AT PR
BT NIRRT S, W4T X R B RE BRI AT
KRBT HKIEB WA 3 Brn, 7RI B (b1)
B, BATAT AR — AT HR e Fo BSCPRE,

Thread 1 Thread 2 Thread 1 Thread 2
acquire].L] acquiredL }
writelx) acquire 4]
acquires (M} write(x]
released 347 acquire| i)
releasz(L} acquiref L)
acquirai A4
acquire(L) releaseld)  rveleasell)
relezse(L) release(L}  write(x)
write{x) Teleased 14}
teleased 14}
ibl} ih2]

3 B HITHIE (b1) FATEER S, TRLEE
BRI (b2) Sk B — 1~ FE 5
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AT 25 A VLI Bl (b1 ) A 0 5K B8 IX 1] AT I
7, RATER T B ik « bk b v EBRAE DL BEAR &8
B2, B M E AT HLE (b2) , BATAT AR A 5 4
HB—ARFREE H BT

BEIRYL, T R JLAMT LB T AT E
o E R R AT SRR, 3 B, — AT 4R
T EmMEIR R RTIRZ SRR R T
BEIZEK

4 FESER KA EE % E AT

RREN 4, —ATITHIE RS ER R A M
PRI — X BER AT R R R WP R 8 T A
BAEEF , RATHEZRIEF— X RPea BT o
REBAEZ M HIREE TP RR RASERHN
B AITEE AL RITESS R ERm B dhk
S MRS A R 2 [ ATAT PR B3

—ROR UL, AR p K B ST EANERR 1
A — T EHGEE C.(0)) s XTBEAXRENE
PMERBIELAE p K HRIPITIE S AT F Z A1
BiENRE, MK EERS C.(p) =1, () =
0(i #p)o HOEBHENM C,(p) TEREER



Z HE AT RN

I — AR EEYRBUS N 1, X T&Ep K
BAE u AR q KBRAME v RYE, —BE—-ATF
I u—ov BB, SMEB K 1, AR q KB e
BHEHA C,(i) = max(C, (i), C,(i))o

BT BAEREE D PITE AR P R B
b, A ERAE w R — I BER (G VE,) 2
u ZEPAT B BT 7E AR B ) BB B o X PR AE u AN
v R, u—v R HHAE VC, (i) < VC,(i) ME
p=:0E 9 v

Step 1: for each write « protected by lock L

RRIE AT SCH B 2) , — MR R
MR —AN AT I % RIS R X TRl 5 —
X5 J5 12 ( read-after-write, RAW ) WP ZEEVE, AT
FEPATIS R AL 2 40T 47 FF 132, 51 SR 68 IX )
B S ERAE B 10 B RSP ERIC R T R, TR
FTBICEE DX F N B SRR AR L, HINT R B — R
IS B B R — BRI B 5 5 X 18] S gk
1o DNRAE , ROV T — K AT/, 3 E X RiE
PR FTTE AR B ) B PP R AT o

{x=u.address;

U i) = max (L7 (1), VO (i) for each iz }

Step 2: for each read « protected by lock L

{x=u.address;

p=u.thread: p(i) = max(UE (i), Vi,

Step 3: for each read « protected by lockset £ fincluding @)

{x=u address; RS (i) = max( B2}, VOL(1)) for each i

{x=uaddress; WE(D) = maz( W

for each write u protected by Iocls.vet L iimcluding ¢)
(i), WOL(E)) for each i }

(i) for each i; }

ifrecord write evenis protecied in critical sections,

Mfind edges between threads.

ffrecord K. for each lockset.

frecord W, for each lockset.

Step 4: for each write w proected t-'. hcka:l Lii mludmﬂ @l
{ x=u.address;

for each previous Iu-cls;se[ £ (including @) on o satisfyving £ M £'== o]
V(i) <= H‘L (i) does not hold for some 1, then report a race;
If V(i) <= W s i1} does not hold for some i, then report a race; )

}
Step 5. for each read w protected by lockset £ (including o)
{ x=u.address;

for each previous lockset £ (including null seth on x satisfyving £ M L'== p{
VO <= W3 ! (i) does not hold for some 7, then report a race; }

Step 6: for each reported race (., v) (v is executed before v)

{ p=vihread; i) = max(Cy{d), VO, (i) foreach i; }

Heonsicer non-properly protected events only.
f¥an race with previous read conflicting events.
Slan rece with previous write conflicling evenls.

lfzonsider non-properly protected events only.
ffan rece with previous write conflicting events.

fMConsider each race as a edge to handle multiple races.

4 WHIEERSENEL

BT AIAT PP R A U B4 55 9 BRI
B 4. Mtk » BB — RS UL, RERHE
B L RPN 2 EREFRAN MRS, RI5
RN 1 FI5 2 4, U, SRR (~0,-+,0);
BRELE v E—DEHRME o gEIATH, I05R v 28
PLRIPW, U, HEHFH U,(0) = max(U; (),
VC,(i)) (MER ) . EAERRR, IR v 24
iRy, HABSXT R U, B EWEH . 7 —T7
T, BRATE » E— B u PEATEY, J05R u
BB L ORYEY, u FRELRAR p B 1) BB BTG SE TR
C,(i) = max(C, (i), U;(i)) (RHER i) ,EHHZAT
HEBRIED o H—FKATF R, EREBRNE,
A0SR w BB, BTSRRI B i S Xt
BT

B T AR B AR AT AT 25 AT i B S Y[R B
BATEE LB AR A BRI P R BRI B
i Sh LS AT AT HAR S o N T FIBT— X rh R AR
REFE AT, RITEZILRENRERHILA

BURIFERT o MENERME o, KBRS £ 1505
R u BETE BRI R RS . IR u A
SRy RBESMREE, ﬁn% — X R
ERBIE S MR R ZE, RABNIRPE HR
o BATE—NBIES £ L Z ML » IR
FE—NEuTEx b, H u BBIESR 2

FERMEEF, SANIEE WA H E KA
PEAEE A R AW, D HRREZRE « LK
PEREN 2 WEMEREF R EHERS, 0
HILIE 3 BN, TE o BEEERAE u BT, R u
MBEEA £, R, FEHN R, (i) =max(R; (i),
VC, (i) HEBEI i) o A, 7E x EHHRAE u Bk
7, 00 u B AN 2, W, TEFA W, (i) =max
(W;(5), VC,(0)) (FHEBHI i) o B, B 3EE M
HE Y BIER & b BB K B 1 Bk S AR AT DL R T
*o

HHE— IRILHEE 4 B S5 BPR,TE x
EEERAE o PEHATH, IR u BIREA 2,0 WEE

— 673 —



EHAER 201447H 4R ETH

BOPEERTERE £ Ne=¢ K R ()R W, (i)
PHATEOES, IR VC, (i) <R (i) 8 VC,(i) <
W2 (i) X E2e i RESr, VBB #AE u 52 ATEA
R EFEP RIS BRI NEETHFE, W
B, — AT SR SRR B T, AR, 7Ex b
BRARAE w BEIATEY, I u B AR £, u MmN
SEERFTEWR £ Ne=¢ K W (i) FTHE,
R VC, (i) SW? (i) X i RESr, YEBT R
u 5 2B R A TG KB e 2 0 B A ATAT
Ko HL, — TSRS BRI T,

BS , RITE SN TITHORE S8 S AT T
FE—RPAT P sSeat i b ML MRS S, B
% 6 TR , BN R BN R AT AT BN 35 4 08 24 4
AAT 3 B B 1) B 4

HASRESW. BERENENRRBS2S
4 BFE S . b H « RREHEHHE FIVE
KEBESE,p TR BILRREE, n R7 BILH
VRS, BHEE4SMES BELNET
O(pan) W], B AR AR B 10 B b B S 4 10
BT o Ro XHTBILWBRIESR n A, BK LE
A AhEE p (A, RATEBIEE 1 MRS
JREER O(pan) o BAM, BAHHE x FHSIES 2, R
IS 0(1) WZSEIRAE R F1 W, BRI R 2

I ASBE I O(pan) o
5 EBER

BATFEF IR KL KR F & RoadRunner'™ | 525§,
TEFATFEEREFRNEERN LR, Road-
Runner 5@ 37 Java WA T B @ 3h S T
TSR XA P PAT AT . A SCRR R S IAE
RoadRunner | DA AT IR F. AT
WEET AT F B0 78 R B R0k, RATE
ST —NET HB P EEE TSR E 34T T X
Ho

BRATHI AT FHRR A Java Grande' JIl34
TR, fudE crypt, lufact, sparse, series, sor, mold-
yn, montecarlo, # raytracer, Ff7& B IR 8 B
B8 &, I R M E RN BIEEIEN WA
TEX AR P & , montecarlo FI raytracer 75 —
MRS, MEANTREFRERERES, R
fIREDLAE BN EAR P A T 10 NS R%L
WS, ORI WATF M HB AR . BB K
SEESHERAE—S 8 % M 2. 13G 1Y Intel Xeon 4hFHZE
R, ERERSBNE]L,

®1 5 HBRFEEZSHHNEEL

N HB HB WiF Wi BERBESK
CE) 1ok (F¥)  (10%) (%0

crypt 3.2 5 10 10 2
lufact 2.6 4 10 10 2
sparse 2.8 7 8.2 10 2
series 2.2 4 9.8 10 2
sor 4.4 7 9.3 10 2
moldyn 3 7 9.0 10 2
montecarlo 3.7 6 10.5 11 2
raytracer 4.3 6 9.5 11 7

AIF H T HE 10 KIATH, ] HB JFFIA4T)F
Rl B W BUE 7 4 R B BB R Wik EF
montecarlo F raytracer 1 JR AR FLE — PNEIE = o
7 10 RIATH, T AT BRI mT L4
TR KRR RBHE T A5 R AR
G, AT, ET HB JFHEIRSHERE WA
B SRR T Hdh—2%, Wi, RIOEH TES
ANEEHIE ERBERMSESR(BEEERETH
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BH0) , RAXANSEAEFTE WIRER T P e %
/N <10),

HFESMHAEFE R T 2 -3 MaASK
WBE , RATBEVAE S MR ET PEBEAT —&
DI BRAE ARAIE A SCE B A R AR 2 B . BRATIZI
T RATENIRFLSF sparse F1 sor -4 A 8000000, |
72000000 NMEERH LR, B 5 R FRITHES
BABRERRXRE, WK S5 iR, BERERS



Z HE AT RN

B, MR AT BRI M Bk, NS BT A SCR BN E ZRE T,
00K
[0 spars _
2500 [~ mcar
= 2000 —
£
E 1500
2 1000
~ 1k
)
0 1 2 3 4 5 f 7 & o
AR Qo BODCON)
5 BEFIITHBESENRESRIXRE (A sparse #1 sor 1E 5 51F)

6 % i

R 78 SR R AT AT bug B EE
H—F. BF REI T T DARBIETE MEdE
RHESERZHRE, MahA Tk RERIEK
PATHRBR RN S, I 7E BR AT H 3
FZRARRRENNEBEER S, £33/ 7k min
HERBEBENPR, A3 THERRPITHRIIES
FIBERTE 4R H E T AT P S M BE E Sis
Wk —ME R Ik, Bl 17 F T L k3
— B ERPITHHEIT T ERABNEIERE S
XAEF AT REHERESIY 0(n) ,n BRFH
FRBRBAERAN L R ZE VBT AT LU
SEH KRR F . 7 Java Grande IR P& FHY
SRR T IR RE Bk

B 3wk
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Abstract

To catch more data races in one-time execution of concurrent programs, a new algorithm using the feasible-

ahead relation to substitute the happens-before relation to dynamially explore data races is put forward. Technically,

the algorithm follows the rules below: Two critical sections without a feasible-ahead relation in an inspected execu-

tion trace can be reordered to construct conceived execution traces; The data races invoked in these conceived exe-

cution traces can be effectively explored by reasoning about the feasible-ahead relation in the inspected execution

trace; The data race exploration via the feasible-ahead relation can be efficiently done with the time complexity of

O(an) , where a is the maximum number of locksets over a shared location, and n is the total number of memory

events. Both the effectiveness and efficiency of the above-mentioned algorithm were verified by the experiments on

the Java Grande benchmark, and the results demonstrate that the algorithm can detect the data races other app-

reaches can not detect, and has a lower time complexity.

Key words: data race, concurrent program debugging, happens-before (HB) , feasible-ahead
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