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Abstract:  Concurrent bugs are difficult to trigger, debug, and detect. Dynamic program analysis techniques have been proven useful in
addressing such challenges. Due to non-deterministic nature of concurrent programs in which the major source of non-determinism is the
shared memory, obtaining the order of shared memory accesses, i.e., shared memory dependences, is the basis of such dynamic analyses.
This work proposes a survey framework to demonstrate the key issues in obtaining the shared memory dependences. The framework
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future work are studied in the paper.

Key words: concurrency; multi-processor system; dynamic analysis; shared memory dependence

S Ak BB 10 P B BB L 5 A7 2 b B % R S % . G R G o B U AR A AR AT R 8

« LG TH: E K IS SR KR RI(973)(2015CB352202); [ 5 AR RL 4 5 42(61472177, 61690204); 1 J57 45 B AF B b A
55l Ak W FR] 6 o0 B B
Foundation item: National Basic Research Program of China (973) (2015CB352202); National Natural Science Foundation of China
(61472177, 61690204); the Collaborative Innovation Center for Novel Software Tehcnology and Industralization
WA () 2016-06-19; & UM ): 2016-09-08; K HI I [1]: 2016-11-26; jos TELk I 1] 2017-01-24
CNKI W #8415 t i 2017-02-20 13:51:11, http://www.cnki.net/kems/detail/11.2560.TP.20170220.1351.010.html

© TEBREEEEIEDT  htp/ www. jos. org. cn



748 Journal of Software #AF33k Vol.28, No.4, April 2017

ITTESL LW AP R A FE St e 4 208, eIl R P AL ANR S B AT R T A S R A AR, T
BB Sl 7 A ™ o S AR, 9 R RR e AT AN o M, O 2R R A5 1 i R AN 75 B 5 (R N0 5 LR A 11
LR, SRR R R AR . I, AT

PRI — B, I RS 1 A o BT B R KR 7 AT 3 B BOR B AT R G AT A8 2GR S LI 5 R R I
AT BAT 9 T SEBRAT R AT I . #R BT RIS HISENLRE X BN A AT BOR CUE R T2 7 = DR By T
W48 7 5035 (1 B8 B 5 R AR BLAE A D5 T (1) B 0 T, i s AR B i e AP O R A Y,
8 F SRR (2) B AT I I A s, an 45 AU Bl S g g O R s 2 R R U R PV R R MEAE
ETHENRER P ENZ ORI TG R R T B R INA T LR R BIERSR. &
J7 BT AT TR A

KRGS BAR SRR A B AT BRI 12 5% 3R AR 7 1947 0, 85 2 #r 45) s BR AR 7 AT T IR A
iff 5 2k, T IS BRI L 52 Lok S R A IR 1 I AR S N AT 2 AR I AR R G R R P AT 45 SR I A e
P Bk AL A R (P 2 A A A R G P TR IR 5 1R ): A B URRAT [ — U A7 0 AR T+,
TR P 16 B T B8 KA AR 2 s I 2, 47 18 33 R — P A7 Huhk b fly 28 42 U i DI, 0 ] ff £ 2 D A i AT 45 3R
SCIX - Ja) 8 Ay 3 B U A7 A8 (3 52 P9 A7 U 9] 4K 8t shared memory dependences, BV 28 F2 U 0] 3 52 Py 77 59 657, JE
J8 R R AR T B A TR AR (W AT A S IR A U7 AR AR R T AR 7 B 248 43 BT 152 ARG 1m0 52 FH IR K Bk ik
Zz—.

[ A 4 O 281 R BT A 20 A B AR I £33 18 S AR 1T BT R AT 93 1 2R B T A o Al (— 28 30
BOMTEA B FTIR . SRR AR SR T AR, P AT Fs> 100, 5 A A R e 18 R B R G RN
JEF) F 3K L 43 2 [R] P P 7 BB 2R (R AS SRR 4 H B0 U7 A2 AR SR H ) R ), IR AR 78 4 3 1 | b 7 R R 9T 5 3201

AT VAR BERBUZ — I R FR )T 3045 70 AT I B ) 80, 0 36 3 AN FE R —— VP FR AR . SEIL VRN,
7 BAZRIR 05 S 22 AN I T AR U8 R AR S B 9T, 77 P& AN B e J2 2K ] B B 430 AR 7 45 A T THIARE HS PR AS TR AL A
FLJRERL, LA 04 £y T et DA TR I HOR L3455 A8 A2 18 1 4 HH RSk AT AT IR 5 07 1) AR SC = ZE N AL

Lo XPIFRIET . FHFRWAT . UiAERBOREAT T XAk 8 SO BRI 500 GO fn) B AR 1 799).

2. R HLUT AE A 0 JE R HE B2 40 7 3 AN TE 3 AR T 1) o SR HELE.

a) 4 NVEMFRARCILEE 2.1 40BNk AERAPE . et R0 TRy 10 1. BRI S R R AE U A7 R A AT R 3k
AR ; M A 2k 2 SR R AT 1) U7 A7 A0S RS T e T S b S B S o R AT TR 7 A7 5 o 280k ok
HARBUIT 4 AT Gt /N 187 4 1 2SR 3R A5 6 H A& TT RN 17

b) PRI VAT AR IR (LA 2.2 71978 238 B RN 25 28 & i AE e 3R ER 70 A2 /71847 I YT it

FH8 0 U7 A7 085 T B A o ) S ek A % ) A R A S A R A A i AT R U A
T

o) PEA VAR N (WS 2.3 79): 0328 43 BT R R 42 1 0028 53 A7 B A TR A i S i 8 4 6
(K3 V5 A7 A S BN S A5 D 200 e e 4 A 530 A e S I R A3 1) V75 47 MR 240 AR J7 A7,
111 5 B R 3

30 BETER 2.2 WA HOBUR IUBORHESE, 2R S04 Hb S 45 BT DR AR 3 25 23 B B b A 1) 7 A7 44
ARIOTIELER 3 717), 1k B R A S A 2 T (10 DX AR R BV SR 5 £ MR ) R Y A8 2B v, e SR R T
AT R R AT R RIS AT I T4, v 2N R A AN KL B B 10 U v S B R B R YRR B ) S B,
1 A0V 0B K RITBSE F S SR D T A P A VR AR I8 AT I e s A0 TR S AR At — 5 10 AR R B 1) e

P TR 5 S B U v SR B A SRR A5 S CAASU A 5 J AR RAE R v R A e AL
4. BT HE 2.3 W MU A AN P HE S, 28 45 U5 A7 MO 19 8 1 (L35 4 7191328 20 W AN O A 42238 D SE B
PR PP IR U R B PR s, B389 A H A M FE U5 A7 MBS R A (9 AT AT T8, 20 A m U TN, I A
AR 2 IR RE R B (0 B Bl JF B 42 B BOR WAL RE > B3 103 5 8 2l 4s 8 Shitons RE 132 47 I RT 6 i DL AR 4 ik
T LLRLIEE. T X 288 25 40 T ho R U B 2 H O AR DG 450d SCRUS), DR U AT AR P 1 — 26 A i SRR

© PEBEBPHIFST  hip:/www, jos. org. cn



B RE FORRIG AR EALTF ST R LR 749

5 UTAF A Z TR IR G 3T LA e

5. FEF 4R H M HESR TRV U A7 OB S IE ST I BRPLOILER 5 99). AT S AE BEHEZR B i 2 M IS 17— s (B
FORE 0 G A7 O AT TR L T 1 B R E POV R T b ik D) 3 1 M R4, D 7 B Al
R 4 ANRRATREMIBIE TS 17 Bl S DT BOR L SEBUBI G 8 BB A FR IR AN SE L L G WA ME S A SEBL R 2L
(KA B LA B0 BILSEE H () F: B Rt 4R AT 77 BLE A,

1 [ERENX

1.1 FEZEFHRITES
A AR IR R R G R BT RS IR S SR AT 1 T 20k s S, DA T U7 A7 M i i
& IR P=(T.XI)H = Je4l, 5
L SRR T={t,t,.. ot} 1 2 00 5 0§ BREIIRR TS,
2. BRES X EREES X= (v, o) LN R R SRS X, = {x],x),...,x. ) B T
()36 T2 AR AT R LR FE 3 v U ), ! DA PR LR 2 ¢ 7 I
3. F8ATFH I={iLin,. . ol 3P IE A3
a) M R ERAR i X A Bk Af (X)) goto i3
b)  EBILEAFRE X X = R(x);
¢)  BALENAELE X W (x,,x,);
d) R EEE: x =op(x,x,).
SE I RIEIF P=(T,X,HAEIEAT N PR o=(V,PC,E), M,
o VXN HAGA AR WS B Y i AU
o PC:T[mH4 A R REAR T W 2 M w7 AT K5 2
o E={ejey,... ) RV EMNHERES AEHAT D LA PVIAF SR I emW(tx,v) RELRE ¢
At x; HBNE vi,e=R(tx,v)RRERE ¢, W& x, B2 H v,
WIHHIR A, V(x)=0,PC(H)=1,E=D.
TEAT I Z1,P (384T RG] MTE R IE R — DN RREPAT — S48 2 AR ¢ Bk b, AT PC(o)AL 1148 4 1
PAT M i 2 F AL Y e (V,PCLE) AT i IR

% (E) | if(x)) goto i V(xi)#0 (V,PClt—~/1,E)""
S(R) | if(x) goto iy V(x)=0 (V,PC[t—PC(H)+1],E)
B N A X, = R(x,) (VIx, = V(x,)], PC[t = PC(t) + 11, E U {R(t, %,V (x;))})
G N W(x,,%;) Vx, 5 V(x)], PClt > PC(@t) +11,E U W (t,x,,V(x,.)})
A5 xi =op(x},x}.) (V[x; = op(xs,x,)], PC[t = PC(t) +1],E)

PR e — &S PATER G 1 E, /N A KIAT (D5 17 F A4 & A0 BRI rpy A5 — 2R T 0420 R 1 446 TR
ATHR 2 WA F— ,o(FE 77 ,program order)ly EF 185 /NIl 17 82306 A2 % TAT LR AR 1, {eift =t} TE—p, T REHET.
A, %A TR 5B 158 P A A AR 3l A 5 — SR B e =R (8,0, vi) OB AEL vy 25 T 853l — A x5 3R AR I 5 NI
B SO AE AR R BBV RS 1F T 32/ B 38 A1 (38 X, AT 47 J2 B ot Py AR P02 30 07 e 7 0 45 B AR
AT LA 8.
1.2 FERBIREL: B B E X

58 SLUTAFFAE ee; 11524 HALY tataxi=x; B A D —A & W R AP U5 78 S Vi A7 A (K DRI 3

s Mla>b R FE WU M TR a WSHE 40 b.

© TEBREEEEIEDT  htp/ www. jos. org. cn



750 Journal of Software #AF33Rk Vol.28, No.4, April 2017

(KIEE AT > miCEXE(ei—mae; K7 € 06T ¢ RA)HILAR T E AT sh R UATF FAE M2 >=tr(—mdI—=po) N
LR AT N3 —> o RNVT A g I ¥4 385 PAT 0,35 AL AT T R RIS FAE e BT 02,47 ey >epver—e.

AR TE = T ER T VTAE MUY 7 A2 B AN RE M A% I AR — AP AT E R IS0 R AT 2SR 1 AT
(REAS Z R ORAIE DRAT A [+ £ 6 422 EL 170 28 58 &M tE AR ) 70 8. MR Bl 2 R AT B 2R, 48 & 2 U AT, IR T A7 AE — A
5648 R R ELSERAT I e M ¥ — o, H T 3h R V5 A A A~ T HE SR, T B S8 vp (00 R R P a6 2 7
Mg R S A AR DT ), R SR T4 38 5 2 A LU 2 AR B T3 AN [, > g A5 — g S8 4T,
SN A1 5T AR B o g g L ARSI 1 R T ViAF S HANIE — PR B Xy WIME R 0,08
2N = pon SN —> ) VT AE AT ERIUE SO AERE Y 1847 Ol i B Bus AT I R GECERIREME . AT I R 28 sl 7
) 9 7 Al s A5 B I A B A4 (9 7 2ORAT g IR VT A7 OB U IF R e 348 7 BT B R )
A AE— BRI LR o 10— ga AT SEILAT T B AT IR 7 > T 100 2 AP B A 0 000 i 55 4 20145
TEAT IR A58 7E VT A7 K LT 3R AF > g, I B X R AT I 37 LA 4, D0 e 0 T = 45 P £ Vi s %2 e P 212%
I 4 1) T B A 3K 28 HAR B R 5 08 % AN AR 7], 5 FGAZ 0 Bk R 40 1 Ao v A M Af 3 SR EBC A7 A 6, A
111 5 Tl 2900 328 73 AT B 4 1) A S G A R K 2 5 A PR A 5 T A B0 O 7 A MRS — R AR [ R S R K,
3 VS G 3t B A AT R 5 () LA R SR BT 577 1)

B4 22 FE1 22

[ w2 | | wor2 | [ mw= fb—] wor2 |
i i i i

[ ror2 | | o | [ ror2 |——] R0 |

Fig.1 Shared memory dependence logs corresponding to equivalent execution traces
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Fig.4 Key challenges of tracing shared memory dependences: Lock assignment and implementation
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