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Abstract: There is no unified definition of Data anomalies, which refers to the specific data operation mode that may destroy the consistency of the
database. Known data anomalies include Dirty Write, Dirty Read, Non-repeatable Read, Phantom, Read Skew and Write Skew, etc. In order to improve the
efficiency of concurrency control algorithms, data anomalies are also used to define the isolation levels, because the weak isolation level can improve the
efficiency of transaction processing systems. This paper systematically studies the data anomalies and the corresponding isolation levels. We report
twenty-two new data anomalies that have not been reported by other papers, and all data anomalies are classified miraculously. Based on the classification
of data anomalies, two new isolation levels system with different granularity are proposed, which reveals the rule of defining isolation levels based on
data anomalies and makes the cognition of data anomalies and isolation levels more concise.
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B4 B A B 2 2% S 2 GV R S BB S8 Sl B SURYLANSI-SQL AR vE[1]383R T DU A B4l S IF S (Dirty Write), i 32
(Dirty Read),/7J # %% (Fuzzy or Non-repeatable Read),%Ji(Phantom), A8 81, H e SC 7 DU % B 2 A1 13 R 4858, 132 D458, 7T
B, AT AT A sk AR A AT LAV B IR S R0 5 R S v PR R ER AT A ) R DAY BR BT R BB S R 2 B S R SRR
7 IX DY RE B 2% 51, 4n DB2,Informix,MySQL,PostgreSQL, TDSQL 253 Lb #4522 78 BRIANC B T 48 FH %58 59 PR B 39 25 501, 1T 62 55 147 Bl
SR R A T DASR v A T S A B A

James Gray %5 A [2]48 i ANSI-SQL bkt Fdt F 5 i 15 3 D 2 200 s S pexst B0 50 i) 3R A7 70 i 22, TR Ik 22 T X
e FIEN IR AN 04 5 AT T EHTE X FRR T AN B R R B (Lost Update #1 Cursor Lost Update), i3 i /7
(Read Skew), S i /3 (Write Skew). # 1k 21 H §i, 4 3Cd i % AH 5& SCHR 00 76 A0 B, R 30 2 4 28 I 4 ol o8 55 o 88+ A
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[1,2,3,4,5,6,7,8,9,10,11,12], % 1 Jfi/x.
21 DU EE R LA

WS SmATOTE GO R) RAEX
1 Dirty Write,[1] 1992,[2] 1995 Wi[].. Wo[x]...(Cror A))and (C, or A, )inanyorder
2 Lost Update,[2] 1995 Rl[X]...WZ[X]...Wl[X]...Cl
3 Dirty Read,[1] 1992,[2] 1995 WA[X]...R [x]...(A and C; ineither order)
4 Aborted Reads,[3] 2000,[4] 2015 Wi (XL:i)...Ry (XL:1)...(A and C, in any order)
5 Fuzzy OR Non-Repeatable Read,[1] 1992 Rl[x]...Wz[x]...Cz...Rl[x]...Cl
6 Phantom,[1] 1992 R[P]...R[yinP]...C,...R[P]...C,
7 Intermediate Reads,[3] 2000,[4] 2015 Wl(xl: i)...Rz(Xli i)...Wl(Xl: j)...Cz
8  Read Skew,[2] 1995 Ri[X].. Wo[X].. Wa[y]...Co...R[Y]...(Cror A)
9 KA 44 11 5% ,[5] 2000 R[Y]Re[X]Wi[X]R.[yWA[ Y]Ci Ry [X]W: [X] Rz [2]W:[2]C, Rs[2]Cs
10 fractured reads,[6] 2014,[7] 2017 Rl[Xo]---Wz[X1]---VV2[Y1]---Cz---R1[Y1]
11 Serial-Concurrent-Phenomenon,[8] 2014 Rl[Xo]---Wz[Xl]---Wz[yl]---cz---Rl[y1]
12 Cross-Phenomenon,[8] 2014 Rl[Xo]---Rz[YO]--Ws[Xl]---Ca--W4[Y1]C4---R2 [Xl]---Rl[yl]
13 long fork anomaly,[7] 2017 R4[Xo]---W1[X1]---R3[YO]---Rs[Xl]--Wz[Y1]---R4[Y1]
14 causality violation anomaly,[7] 2017 Rs[><o]--W1[X1]---C1---R2[Xl]--Wz[Y1]---Cz---Rs[Y1]
15 A read-only transaction anomaly,[9] 1982,[10] 2004 Rz(Xo,O) Rz(yo,O) Rl(yo,O)Wl(yl,ZO)Cle(xo,O) Rs(yl,ZO)Cswz(Xz,—ll)Cz
16 Write Skew,[2] 1995 Ri[X]--.Re[y]-Wa[y].-W; [x]...(C, and C; occur)
17 Predicate-Based Write Skew,[11] 2005 Rl({xo in P})...Rz({yo in P})--Wl[{Y1 in P}]---Q--Wz I:{Xl in P}]
18 p CURSCHUR S (1 B ) L [12] 2019 R[X].. Wa[X].. Ws[y]..Co..R[Y]...C.

AR SCH) F B TTIRAE TR R A FT 7 7 % 48— B 0308 ST B S OF S 8 = R R Bl it I B ), OF
B FE T B8 7 4 (R AR, X BT AT B 7 W HEAT 20 28, 2 T RO R R K 00 SR VAR T e 2 T R SR R SCAS [RDREEE F) I 8 .
ARICE 2 AR A O AR5 3 14 R B S 8 IHEZR, R Kl S AT 0 SRR A LB 4 TR T RO R I SR E
SCFRES ). 28 5 T 4 4 SCF S0t

2 HXIfE

T AR TE, AR 8 AR B S AT RGBT 5T 0 ) SCHRETE FT 58 T i 1, 2 A DU LA 5 T

AW DL 1 05 SRS B B R 2 AR RAGHIF IT B B — R B R A R S T T O R AR
BAE T =50 05 30, i E 1 AR, 2000 4E,2005 4E,2014 4F,2017 4525 #R A 5 B0 50 B 7 W B0 R RO g — B 1A
Wit

ANSI-SQL AR [ 11472 L FA) DU Fofr e 0 e 5 , 40 o B A A8 g B ) 0l St i [4, BT3RS v (] 32 (Intermediiate Reads), [m1 ¥R 12 (Abort
Read) &5 7 i 2 R EAAN AR 5240 56 R 0HE i [ 2058t IR 5 A0 55 J e 568 S 0 0 T AN A8 38 1 ) 800 e L[S H = A
A B HH R ) S ABA AR 5 1) 7 5 [13]4E PostgreSQL Hhist it | B 22 7 U 5 f 1 7 86 A8 A [9, 1014k T AN =AM RE S
& B 5 (A read-only transaction anomaly).[9,10,11,8,7,6]142 t i) =B VU AN 3 55 44 B K TS AL & o I — BT A 2748
R T S IE AH R T R B R E U AR R R A T A R R AR AN R IR R,

[81#2 H T W F 43 A 2N £ ¥E = & (Serial-Concurrent-Phenomenon A1 Cross-Phenomenon).[7]#2 H 5 [8]AH AL it {E 0 37 A 44 1) 799
5% (Long Fork Anomaly i1 Causality Violation Anomaly).[6]3% H 5524 AL 57 % (Fractured Reads).ixX S8 % ¥ 5 5 32
H AR FRATT = A TUAN 100 R 43 A =B 7 5 (0 AR SR AT 4 2 R R 7540 s = 8 2 0] 2 5 A7 A % R 2 — Lo B LA L i 8 S
Ft 4B WAHAME A [F N 45T A [\ 1 A 44 2

[11]F R T T P AN A8 2 9158 ) 29 SR8 17 5 MR 7 (Predicate-Based Write Skew) 55 574 .

FIE AT L A TE R 7 R 20 R E L A AR B R R?

AR R H SR ATALE [14]45 T B AT e b S, I R F 45 R LR 2 /T B AT IR FE R A B ORE A tH I 34 S+
W [A51F FH AT B AT A ME S i 2 7 B8 S 10 58 S, DA 3578 B A 2R, 3 A 0 P — 100 5 0 S o AT 8 SR STk T T
HATL I R i £ R [16]48 Hi % T DSG(Direct Serialization Graph) & —~ NP(non-deterministic polynomial-time) ] @& [&] i, 7]
AT R LA IR0 AIE — AN 8 B TS B A IR B0 — BOME[L7, 18] M (B TV A SE B .2 JE [19,20]35 i T 1 R AT SR A7 4k i 98 ]
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AT AL T E AT A B 78 40 AE 0 BE S K HE ph 98 AT R 4T 4K ) Serialization Graph[19]/Precedence Graph[21]/Dependency Graph
[21/DSG[3,11]55 5 A B A7 45 T 55 55 U 2 5] S0 (9 SR A 1 (H L R AT L B AR S 48 2PL[14], T/O[23] 45 Sidk vt [A] 75 5 1T BERf &
A ERAT AT 3 B [B R v A SO 78 T Ok FR N i AT B AT AL B B 8, 8 LT e R AR B L AR S AR A 0 B
A58 ST R S RS, T BE5E T A ST B B

FEFESEBELH.[1,2, 3] 55405 T-H MR AEE 75 2 LT ANFE, HREE900 2 A 18] R 3 00 i R AR 2 AR S8 i
TR A 1) B L 0 R A TR A, U R AR RR L T T 1 S SR 8 SURR B 2, ) 23 b T BA s AT 20T A SR AT 4
JR) (1 J BR A T AR SCOE I o) i A R S R AT TR AR 45 T B R T B ORI AL, X BN R AT 4 2K 2k T T ) P
A W (A S 43 MR FR T SR B8 4 ) A A5 Rl 18 2 30 114 5 S s b, 167 1

BIEFEEBALS 4 2K0F 50906 0T 50 TAE, = AE SR, A BRIEEE S VE N (R BFER 1 PR SadsE 7)),
I AT B AT A0 B 0 [22] ANAR I B R e TT e Bl e I AL 5 4 SR I AR [23]0T kK T — B L E M Tk, 0 B B I 8UE =
FER R B R R BT T B shAa . [24,25,26,27] 5% F 7E B2 ANECHEE B b ), RN — = rh e A 1 O 5, A AR 2 3 st TPC-C X4
Y5 5 8 AT AR 43 28 1% 5 VRS RE AR I R LB I B0 S . [28] 08 R HBAF 7T T R R BE B HOR TR B S TR A B B S 2 S i)
H) 56 B M A R b 2R (B VR A R IR BB =R L [315E T DSG R — LR 7 W AN, B LT — e SRR B IR
(phenomena), {H &5 3t — 0 & 4k MU 70 5008 S35 AR SO AT DG i A 00808 5 DA SCARN 43 288, R 48 H 25008 S5 R R 85 4% a1l A
R IR TR 42 ) SR R O R AR

AL BTERRWFATIERE A CE R T E5IEFE, G — 055 LT 80E 55, R0 R T 2008 75 IREE, X
B B0 AT 0 8 ORI = R s i R %), R T 4 K5 MEURE R M RE 8 XA TR TR 2K 1 B 2 21
il

3 BESRENEAUEXSHZHE

IR A ) L sk gt T A A 0 7 SR B O A — N P 45 PR AT AN 32 H A 25 55 0 T P, M 38 4 3 Il i A — 2
Bt B 5

AT B = AT b A T b s SO R BRATT SR A e — A S

Bt P v B R GO RRON R L IG D={xy,z..} . DA LU — AN o4 (tuple) B i 3% (record), B T BLR — AN TUH
(page) H FE — 4 F (table) ¥ % &5 — AN 4 5 B EME G 2 s HORE FONIX AN B K — AN A, H PR R — A2 = AN [H
AR, IE M X, X, X S5 HEEFORNT = (b, 4 Hh 6 =(opy, <) Forh ops TR H 55 4 HEAERUR GRS, pi <, oy TR E
s REAE poe T g RAEBUE o Z AT TR i
3.1 FEmliE X
B X 1:34E(Operation)

—ANHEEEA R LIERE, A4 5 (Read R), S (Write, W), I R [Xn | FIW, [ya] 7 AR H 55t B8 & x SRAFRA X FIFF 55 1
By AR y, SRR T PN ZERIET BN H % 5.

LIRSS IR AZ (Commit,C), [A17& (Abort, A) Al & 58 B (Undone,U), I Ci BoRH 45t NIRATIRE T A BaRHES 4 AR
RE U BRESE 4O RFEBORES, 5 TR 2 355 4 BVHERAE, 85 A 20 R 58 SRS AT RERI AR 2.

FEAS RS TR B 55 B i I3 I 00 U &9 1, BT 5 B0 B50HE A 2 B0k 1, 3R A8 R X AR T I AR AT AL

(5] R PR A 2R 7R T 45 RO T 8 1 0 T, 9 R A T 55 T S T B OB T K 5T S R 2 R X R 1B (RTHR).

FETCT X0 RW,C, ARIU IS, p 8 g RARE — M EAE B —FIREE B0 py ={R;[x].W[x.].Cj, Aj[xeD,neN,t; eT} I

TT ONHGE LS D NRIFINRRSE, n RORZENERA S BAVE p;[xn] Rox %55 t; XA m 022 & x 34T H4F, 50 p;

A AR F 5t 1 — DR B AR
& X 2:18 B (Schedule, s)
TR R —HE SN2 RAEBCRES A 7 H,1d M s .
WRE s h BT K F S AR A IE N T (s) A Ml A s R4 A N D(s) A R E RN 5 &1 Op(s) .
3.2 BRRE
B X 3: 7R AL & (Conflicts and Conflicts Relation):
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FERHE s B, 6.4 eT(s)t =t FEAFZEBEERANTE LT WRAAEWIRNE pet Maety EHTH AR IFHERAE

p.q HEDEAE A5 HfE ie (p=R[X]Aq=W[X])v(p=W[x]Aq=R[x])v(p=W[x]rq=W[x]) Fi/E p,q HHE s

— /P gE (Conflict).
VIR s h A P RARR M EA TN RE s FIRIMPRE R, LN

conf (s)={(p.a)| p, gL BEs IS, I Hp <, o} .

L6111 T s =W [x0 Wi [0 ]Wa [ s [R: [ %5 | C.Co TR A N conf (s) = {(We [X]), (WaRi[x] ) -

LG ph gk R b R R T 3 5 PRI VR 4L b 28, SRR P (R b 5 55 R 5 345 11 4R 2 7 B s AR o6 IR o, 3RA 15
AR G5 1 98 9 25 1 5 SCHR 3G NI P Rl gk 4 AL R B s PR R Ok &R
BN 4: BB R RE I SEF0 3 5 5% & (Conflicts and Conflicts Relation with status ):

FERE s 1, 6.t €T (8),6 # b WERAFEPIERAE p et M q ety AT R84 (pi,aj) S R AT 20 9 LR B2k

(1) p-Ci—q;—U;/ A /Cj #-ME p,q HEDFAE DB HAEIFH p <, Ci< ;< U; /A /C;
(@) pi—A-0q;-U;/A/Cj:H8AE p,q hEDAFE D5 #ME I H p <o A< g5 < Uj /A IC;
() p—0;—C—U;/ A /CyHRAE p,q HEDFFAE DB HIE I H p <0 < C < U /A ICy
(4) pi—q;—A-U;/AIC;:#AE p,q PEDIFFAE DG EMEIFH p<c a5 < A< Uj I A ICy
(5) pi—9;—-C;-Ui/AIC H#fF p.q PEDFAE DB HEIH p <05 < Cj < Ui /AIC
(6) pi—0j—A-Ui/AICHAE p.g hEDFE AT HREIH p< 0 < A< Ui I AIC

(M p—a={p-VUi—-a;-U;/AIC;vp—q-Ui-U; /A /Cjv p—q; U -Ui | AIC} 381 p,g HEDFFE D5

B, IF HLW H 55 9 R 58 U A
Ferh 2000(1)-(4) Mt 5t Z AT SRS HIAR B py <6 0553209 (P01, 05 ) 2 (pi0;,01) , 0 e {ACY; Z51I(5)-(6) 4 t; £ t Z AT HR AT Bk
1R, Flps <s 0 %78, 189 (i, 0;,05) 06 { A CL ()RR HEE s A HHARER A p <o a;,12 4 (pia;) s Lk 25
PR ZR S SRS B b R0 KM EE s PP E 2R 5 55 RS b RA KA EAFONIRE s 2B FSIRER MM RRKR, LN

confy () , AP

confee () ={(p1,01, ;) v (P1,05,01) v (P1,05,0;) v (1,05 ) | (P, ) € conf (s)) A (0 € {ACJ}.
FEX 5: HFRELS RS KW REHr (Conflict with status)

PIHE s Fil s FRONZHIREE SRS IR TN S ~eo,, S, TSR P VA BE A A1 5] 04 AR, R I 72 5 B SRS TIP3 R
*Hﬁap% S Rconfac s ;%B/A‘ %g¥%ﬂ

1) op(s)-op(s)

(2)  confy(s)=confy(s')-
X 6: MBS RA R 2 B R (Conflict with Status Graph, CCAG):

TE s 2R SRAE I P R G(s)=(V,E)  H

(1) v=T(s),

[612] s =R [%]R[yo]Wa[ya Ws[z: W[z, [CW [y, | HIZRIA T 55 IR A5 o 5 2R N
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conf (S) = {( RW, [y]),(W3W1[Z]),(R1W3 [Y])v(chzws [Y])} 3

o B 250 S 5 RS B b R ] 1

B LU s (0250 55 IR A 1 o R PRI 2R

5E X 7ARFFXT (Partial order pair, Pop)
FEVAIEE S o 260 T 4R A5 o 5 28 o 2L o B8 (2) 2 o ol Tt B SR TSR BT py S ST a7 S0

(6) K HRAF A& R H K (p,q) e (WW,WR,RW } =R fEH A AT A 5 AL AT 43 15 Al .
AT 15 P> 12 2K
(1) WCR; ={WCR;}: t FT5 1 H C 2 BUIRRA, B ) BEHG

(2)  WCW; ={WCW;} 1 t JTS [ RRCAS A5 t; FH ST A RRAS B i, (9L & VA B i AN 2 38 CHI RS A — 2

(3)  RCW; ={RCW;}: t; BT B BIREAS, B t; FH ST HORAS T o, P S AT A BB AR AL 45 o o 76 A 5 R 1E,

(4)  VAW; = {WIW; WW;C; ) <t TS5 RS, B ;P SEC T £ A 8 a8, 4 T B A7 1 B RS A — 2

(5)  WR; ={WiR;WiR,C;} : t, FT'5 HURRA, 4 t; B,

(6)  RW; ={RW;,RW,C;} : t, BEIMIARA, B t; 1350 A OB ARU A, A B S ¢, S0 SR 5 o £ 7 B

() WRJA ={WiRjA |+ t; BEHURIRRAS R IS, B8 ¢, 15 AT REAEA ¢ BRI T — NS AE AR (RS

(8)  WW,C = {WW,C/} : t, FIF 5 IR, Bl t, M B8 1 A 3 7 4 o, AR RS R SRS ) 5 0 MO 01 £
(9)  WW;A = {WW;A ) t; TS IRIRUA, B ¢ DRI I T {5 I A A 7 .

(10) RW;Ci ={RW,C}: t FATisiIRRAS, 4 t; FISE BT KIARA B 5 ) 1, 327

(11) WR,C ={WRC;}: t Fr'S HIRRA, 7 t; B EJ5 ¢ 423

(12) RW,A = {RW,AL T t FF 5 IR A, it I T 7 (R A T8 36U 1, B2

TR, H(T)-(12) KARAE A AR B A, HL2 (10) 289 55 & ROIRSTHRAF TR AR 9555 t) 195 #0 7 AE Ro i, IR (5 RW; M
[A]; 55 (11) 38 WiR;C; [ 3, .55t 1 H 58 SR A B 55 ) SRR AR (O RSAS R L SC 5 WERy AR 38 (12) 28 b 31 55t 1) Il VR B A A S i
F5 1 15 AR K IEIE S RW; A [H.

E(7)-(9)7 A= 55 t; R A TC R 45 R (L o WIW, G A WIWG A R B 5 LB 3 1), AN 2% — SO, AR X = 2R kAT 4l 1L

(7Y rp FATAT LU (WR A} 37 (WIR [X]} AT {RyA [X]} B4 (4) 260 {Ry A [X]} 76 A — 28 i x T (AR 4145, I L 565 (7) 2677
i RA AT R A 2.
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2N

55 (8)K P AT I (WL [X]) 558 {Waw; [} 1 (WiGi [x]} B35 (3) 350 (WG [x]} €6 02 B x OB AEAL S, TR 35 (8)
KT HE A WGy, 1T 2 ] 3.

Pl 3 {5 WG 11 5 4 P PR

55(9) 28 FATHT LUK (WW; A 37 {Ww; [x ]} (WA [X]} BT (3) A0 (W A [X]) 7E TR — 28 B x I 1R 414 IR L 56 (9) 2

AW, A 745 4.
W Wjlx]
- in[X]

B 4 {5 W A 11 5 R 5

Fr(1)-(9) i) O SRERAEALE i Foxed Xt 1 BE s o 2R B wx e D(s), Vs <s 0,184 py (s, X) EXpy [ X] -
VEEZ s H BT i ot AL R B B RO Pop(s) ={p; (5,X) [ x e D(S) Aty <, t;}-

S i X 4R 6 2808 Pop ={p(s, X) | SAIER A A x e D(s)}-

E X 8:{WFxF B (Partial order pair Graph, PG)
AR 3R PR X 7 % 254 240 TR 5 55 R 2 1 e % P R T 4 ) 4 30 1) PR g i ek BRI 109 PG = (V, E) L

1) V=T(s):
(2) (t.t))eEAti=t;AvxeD
Py [X] € WICiR; WiCW;, RCW; WiW; WiRj, RWj, WiR; A WW;Ci WW; A |

(%3] XHEs :W1[X] RZ[X]A&Wz[Y]CzR3[y] Al 15

Pop(s) = {(WiReA [X]). (W.C2Rs[ y))}
R e A1 266 5 e L
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RyA;[x] Wik, [x

[x]
W, C3Rs[y]

B 5 s K5t

58 3L 9: 1 ¥ X SEH
PI L s Rl s" B A i 1o 3 S5 A0, A0 S ~p 8" 01 SR T U 2 A R 1) £ 458 4% , O L 78 3 52 i F 2 F) i 1 o P A [ RV S mp 87, 7
E 2

(1) op(s)=op(s’).

@) E(s)=E(s).

X 10:¥3E 7 # (Data Anomalies, DA)
HAE s BRSNS 0 WERAR AR R BE o AR 7 T B A2 2E P B (B2 I J 3o X B B S 3R), 9 HL s mpg 7 -

i P %5 B PR A 17 P 3R 761 F Al AR 2R (Partial order pair circle graph, PCG),id ¥ PCG(s)=(V, E) .

R 7 3 (K] 52 S Al 3 20 o 22 2055 A A 2 55 () I R A 1 TR B 28 /AT 23 S AR TR E s R T () T RAAT TR R A

1% pcG AT LA JE T A, AT A7 AE JE B P R PR B0 e 0 A A 6 2R TR A v R RE L I R dle S A TR A B kg
T3 2 M HHE 7 AT 0 SR B AT E BN LA A B TR G (0 S AT 0 28 I8 BRATT R LCKE S S AR e 24 P 36
HEAT 73 28, T B 1 Hedis 72 70 28100 H .

FESERR U LA AT O 7 0 P v B oD e e BB R 2 30 1 9 TR s o X0 St o () 4 P 20 345 TR I A7 A 22 e 3R 2 2
F5 A5 2 T R R AR PP R 81, 30 Sl HEAT $ AF R B DA i 8 2 v F Bl 2 2.

(614 % s = R[x]Wol xi] W v W] v W] 2] R 2 RE o Wi . /T XF AL SR 5 A

Pop(5) = {( R [x) (R [x). (WiR [x]) (W ) (Wans ). (R [2)}

1 5 X6t B R 6.

W,R;[x]

Bl 6 L s 1A fi e o 1

IE s ok FE A HO D FLR S L EE 0 G = ({1t ), {(RWL [X]). (WaRs [X]) (WaR. [ 2])}) -

B 10.1:3 3 HL5 BT EHRRT IR N —EFE 2 E25HRP T
Poof:

AN e 3 45 ATEA R E I G = ({t .t 1, {( k), (P2s). (P} ).

F A T 5% R R AELE A 7 X {RAWAWC ) A 544 B 2 5855 Bie /NI,
H T i e O 28 PP SRAEAE S B AR TR IS R B2 m A 38 A Pyt A8 5, AT S AT A8 F 3+
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(1) 24 p, oy BT p, Ao B PR e 3R, o T PR USRS 2 B 56 2 (puo) 11 ((popy) PR 258 (pupa) i
TAENRFE X 7 (pas) U FEATRAEMIF p, <, p, <. qp UK 5 R (pucs) 5 (po) OB 2 B 259 2559 (popy) 15
CAFLERI Y (P ) 19 2 T 555

(2) M p =R B, BT EERERR (pay) A —EH g o, BT p, oo 5 4 M M i 5 0 2R, o T WU <
V(i 5 R (o) BT (o) PR 254 (Qos) L TAELEIRIF 5 R (o) JU— 5 BRI g <, p, <, o DAL AR P %

Z (Pll2) 5 (0) W 2 T 5535, 2509 (o) JU 5 EAFAERIIRFF (pats) 9K 2 655 3F.

(41 51 3 = %M 3 30 AT FLZ0 2 2 .55 0 /- 20, 2o e A2 el 7.

(VFERW, <g Wy, 1

KW, CoWs[x], Wy <g Ws

(z)%ﬁm

B 7 359555 s AR B i P 2R AR L O 2 855 AR B 2

W3R, [x] W, CWs[x]

W, W1 G, [x]

B 10.2: BRBRNEZHE(>3)KMTFPAITRL N 2 FHWFIH.
Poof:

Ao @ o R % W % i F W G=(V.E) , Tl A K N Voltbo thnz4veT(s) . & % H

E ={(P2).( P20 ).( P20 ). - - ( Prcsln ). ( PnCh )} A FH B VA G TAIE .
e 10.1, %4 N, =3 i &or.

224 Ny < B i B AR B2 E = (pu), (Do) PaCla) o Bca@) (B @), k< M FTREZ 9 2 3625 55 (ot ) (Pl ) -

2 Ny =nhif, E(n)=(pG2),(P20s),(Ps0a)s- - ( Pr-sln ), (Pak) ,

(1) 24 po =Wy I, B8 poy A BEERS e AE M B J7° 0% 2R, |l T B AR PP AN 5 1, D 77 9% R AT (PuPny) A1 (Poay) B DL R
(PuPn-t ), BT AELENRFF KR (Poaln ), W — 8 H BT Py <s Pooy <s On» BIIEAGBAR T X R (Pt ) 5 (Palh) FAHK 2 553K
AN (Paaby) » W5 B A7 AE B i P (pue) 4 8% W P (Paale) » BE I 5 C A i P& R M B Ne=n—-2 B fi /7 35
E=(P20s),(Psa ). Paallz) » BB B, FTRRZ N 2 H 45 HE.

(2) H p=RHI, HTHEERTRKR (Pl), BA—EH =W, , BILTE1E p, BT BRAEIM B 7 o8 R, BT #RAE T A

TV, 55 AT (Gopn) (o) PIE. 254 (b BT 122 MR 3K 5 (poh) M5 F AR IUFF o <o o <s 0, (ALK
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B R R (Gth) » 5 (Pte) W 2 553 55N (pag:) , BEF 5 2 A i Pk R Ne=n-1 19 i 5 3

E =(Pas),(Pole)r- - pollz) » AR, TTHRLI Ay 2 $E 55 3R

(41 61 5 5555 M P 24 rTRL 29 0 2 5 55 M /7 30, 20 i o A G ] 8.

HIEEE 10.1,{t,, t,, ts}

) i 2 Bl
TH.

HIEEE 10.1,{t,, t5, £,}

L

T

FE ! 10.1,{ty, to, t,}
A fRifb N 2 F 55T

—

Bl 8 5 5155 MR i i 5 A AT Ly 2 3 5% AR B A P A

B2 HBRENL

5 fili ik
S 7 L
P <s Q VR s thERAE p TEHRAE q; 200
opi(s) PHJE s 55 ¢ HHRIES S
pﬂﬂ:@mﬂﬂ) VAR s g5 ¢ bS53t IRV 8RR A 0 x o A M g e 4 £
Wi [ Xn] F55 t, M SHAE W S ORI X 135 m AR
R [%] F5 ¢, IIERAE R SO T x 105 n M RA
T(s) FPE s 5 LS
Pop(s) VL s o e R A
D(s) W s TR B A MRS
Pop G R AR R
PCG i 7 34 T
Np TRE s AR A4
Ny PE s o5 A HL
Cda:(NDaNT) g%%gﬁ
Ll CE
RAT E3anid
el EX
SDA BIL5
DDA XUTCFE
MDA eIt

AL IR A AT 5, 2 WA 2.

£ 3 PRI A A
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5 AR b RIE i 31
VW, —W, A
WW; -W;C;
_ _ WW,C; —RW,C
1) Dirty Write Wi [Xm]~ - W; [Xm+1]'~A /G WW,C; — RWC;
WW,C; —-WW,C;
WW,C; - RWC;
WR, ~R;A
(2) Dirty Read \Ni[Xm]...Rj[Xm]...A WW;A; —RW A

RW;A; —RWiA,
WW,C; —W,C;R

3) Lost Self Update Committed W, [Xm]. W [Xmﬂ]...Cj LR [Xm+1] WR,C; ~W,C,R
WW;C; —W,;CW;
W,R.C; —W,C;W,;

(4)  Full-Write Committed Wi [ X -« Wi [Xes ] -C o W[ X2 ] T

WW;C; —R;C,W,
WW;C; —R;C,W,
(5)  Non-repeatable Read Committed ~ Ri[Xm].. W [Xni1]-..Cj...Ri[Xn]  RW;C; =W,C;R,
RW;C; —W;C,W,
(6) Lost Update Committed R; [X,TJ...WJ- [Xmﬂ]...Cj W [Xm+2] RW;C; - R;C;W,
RW;C; —R;C;W,
VAW, —W W
WER; —WW
(7)  Full Write Wi [ X |- Wi [ Xt - - Wi [ X2 ] WW; — RW,
WiR;Ci —WW,C;
WR;C; —R;C,W,
RW; —W,W,
RW; -RW,
(8)  Lost Update Ri[Xm ] Wi [Xma ] Wi [ Xne2 ] RW;Ci —W,W,C;
RW;Ci —RW.C
RW;C; —RWC;
WW; -W;R;
WR; -W;R;
WW;C; —W,RC;
WR;C; -WjRC;
RW; -W;R
(10)  Non-repeatable Read Ri [X,TJ...W,- [Xm+1]...Ri [Xmﬂ] RW;C; —W;RC;
RW;Ci —W,RC;
WiR; — R W,
WR;Ci - RW,C;

9) Lost Self Update W [Xm |- Wi [ Xmia]- - Ri [ Xt ]

(11)  Intermediate Read Wi [Xm - -Rj [ Xm ] Wi [ X ]

3.3 H|REN DX

AR, H T 55 A AR B MR A B AR, W] RE R 2R 0 HlE S AT TJE O 3 TE BORN Al S 2 T Ok AR AR AR,
AR T NRECYE 7 1022 R, I F2 40 20 57 18] A 78 PR RUAE, 32 T TR Rl 2 BT AR 114 70 SR 4 2% O RS 5 — M0 57 W PR R AT
B BRI, LA IE AN R FEE 7 3 2 IR () SRR 2 0 28R B4 SRR, 20 B 1A A i A A A k0 30 0 3 A B 8 X
Bl 120 ) (55 4 49), 0 I 5 U 10 42 ) SRE25 8L T TR BRI (R DA R0, 25 T R A R AR SR BB — i A R S K 0 SOV, R 58
e 78 S B ) 5 = I B O mT AR 2 A AN [ R X I 5 ST 38 58 =, 22 T 1 A 10 1 8 2 140 7 S, A3 B 1 TRT A 9 D T 4 ) 4
RIS (A [X 70 22 R 0 ). 5224k 1A B 128 2 ) 140 5 S TR 5 22 O 80000 T AT B A BN S 5 20 S8 22 TE) Al ) 22 5 A Bt o 5
R A Xk Bl 7 W) 53 Ah— 2y 207 5K

R4 RE SC 10, K08 57 1 AN G P 20 DA O DR 0, AT AT 15 838 3 S M i 3 A B A SRS gl S AT S R
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331 BBRBHEHFZHWREHIR
MRAEE L 10.1 FERL 10.2 W] R, SR B )i 5 24 die 24 A 2 VA1 45 38 5 55 3 op e i i, B AR R O B R I A R 5 E)

25 5 R 1 b TR0 BT B RS G G R K B A AR KB s BT A T X 4L A & Pop(s) R B
VA A WA RW, A 0 i 7 B A 5 B0 5 3R R D368 = 05 P 00 2 — A 98 50 P 3R LI 2 596 (1)
(2)). AR E AR, 55 AR ALRT I PCG(s) = ({ti.t; . { py [x], py [x]}) AL B SR IE AT 9 ALY 2 57
(3)-(10)) 44 HAE L SRR 2 3.

SR 5 5 A A BRI DT AR 1L R R L 0 24 . A 5 (1) (3)(4)(7)(8) (9) 5 /S LI 57 0T s fe
S TP E Wy [ X)W [ Xewa] 5 55 (2) (LO)(LL) O HCHR 545 0 15 S B8 P A B Wy [ - W [ ] (LR 0 2 5 5 2 6 1
Wi [ X |- Ry [ X ] BW; [Xenaa |- Ri [ X ] 5 555 (B5) it il 5 8 3 3L € B Wi [ X ] Ri [ Xmaa ] 20 B T 5K, 565 (6) e il ¢ % 3l 3L € of
Wi [ X ] Wisi [Xmoa ] 23 BT K.

47 095 B0 5 0 T, AT LS 5.5 25 125 0 5 R e300 R 4 X000 5 AT 4028 B
FE3F PCG = (V, E) %5 1 1046 B #4755 A Dpco (5)

1)  BRHFEE(Write Anomaly Type, WAT): {755 5016 5 H LS Wi [Xa |- - Win [Xna] -

B Eyar ={PCG(V, E) | TEAMAIETLEW, X |- . Wi [Xnea ] ZW; [ X ].. Wi [Xenea [}

R, 2 D(s)={x} B, 0 8E 7 5 (1) (3)(4)(7)(8)(9) €Ewar [X]; B HA NS B N B AR B 45 7 (Single-variable by
Double-transactions Anomalies, SDA, & % 5.t 7 % ) id N WAT-SDA.

2) ERHARE(Read Anomaly Type, RAT): {7 ¥ JE ALK IE FAELE Wiy [ |- Wi [ Xnia | LS W [Xa ] Ry [Xn] 5
E]] ERAT Z{PCG(V, E) I ﬁﬁiﬁﬂ(é@ﬂiqu:@é\w“ [Xm]. . ~Wj/i [Xm+1] /\ﬁﬁﬁ’f’ti@:&k_tﬁ@é\w“ [Xm].. -lei [XmD .

FEA T, 2 D(s) ={x} I 288 73 5 (2)(10)(11) e By [X] PREIEAR ML 7 N 10 3855 AR B 57 5 (SDA), ity RAT-SDA.

3) RXRHZEE(Intersect Anomaly Type, |AT): i[5> FF T 204k 2R 18 H L T P R 15 00 2 AN 5 ) 155
E]] EIAT :{PCG (Vv E) | ﬂéﬁ’f’tﬁjﬁqu_\‘@té\W“ [Xm]. . -Wj/i [Xm+1] N ﬂéﬁ{’t%jﬁqu_\‘@é\vm” [Xm]. . -Rj/i [Xm]} .

FEMI, 24 Doco (5) = {x) IFF HCHE 524 (5)(6)  Exar [ ] 5 6L HR A% X 5% F 10 =045 45 5 723 (SDA) ity IAT-SDA.

332 WEE_HFBEREWNE

ARG = A R BRAT 12 v ) H e e 28, 3 T4 T AL 3R I SR I S 1) 20 A T8 o XA B 5 45 B e e 4y
K bR EEAT R 43

173 B8 95 LR 388 13 5 BT A 8 — T8 55 XU LA R PCG()= ({8, 4} [ o, pal J)) H 6 < ty AT AEL A KOO 706 T
A 15 PP (UL 3% 2 55 (12)-(26)) 45 ik — 5 55 X0AR & e A 4 AR O B0 77 o S 45 R 4.

R T 0 S 8 1) — 2 20 AN, FRATT T DAAS Y AR e 52
55 (12)(13)(18)-(21)(24)(25) it 57t N 5 57t #, B (12)(13)(18)-(21)(24)(25) € Eyyar 5 REEFRN G 2 H T — 4 55 WA E 7 #
(Double-variables by Double-transactions Anomalies, DDA, f& #7 X JG 7+ # ), ic A WAT-DDA.
R 4 BB BT HRAE
me AW NS I )5 3R
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(12)  Double-Write Skew2 Committed ~ Wi[Xn .. Wj[Xmi1].. Wi [Vn]-..Cj...R[¥a]  WW,C;[x]-W,C;R[Y]

(13)  Full-Write Skew Committed Wi [Xm |- Wi [Xmiz]-- Wi [Ya]-- .Cj .. Wi Ynea]  WIW,C;[X]-W;CWi[ Y]
(14)  Write-Read Skew Committed V\/i[Xm]...Rj[Xm]...Wj[yn]...Cj...Ri[yn] V\/iRjCJ-[X] —WjCjRi[y]
(15)  Double-Write Skew1 Committed \Ni[Xm]...RJ- [Xm]...Wj[yn]...C,- ...V\/i[yml] WiRJ-CJ-[X] —W,-C,-Wi[y]
(16)  Read Skew Committed Ri[Xm]...Wj[Xmﬂ]...Wj[yn]...Cj...Ri[yn] RiWJ-CJ-[X] —WjCjRi[y]
(17)  Read-Write Skewl Committed R; [Xm]. W [Xm+1]. W [yn]. .Ci. W, [Yn+1] RW;C; [X] —W,CW; [y]
(18)  Full Write Skew Wi [ X |- - Wi [ Xt ]-- Wi [ Vi |- WA [ Ve ] WW; [x]-WWi[y]

WR, [ - W ]

ble-Write Skew1 Wil X [+ R [ Xm [« Wi | Y |- - Wi | Vs
(19)  Double-Write Skew [ ] J[ ] ,[y] [y 1] VViR,-Ci[x]—W,-VViCi[y]
(20)  Read-Write Skew1 Ri[Xm]-- Wi [Xmaa]-- Wi Ya]-- Wi [ Vo] RW; [X]-Wii[y]
i Am |- Wi Amaa |- Wi Yn |- Wi [ Ynsa RinCi[x]—WjWiCi[y]
WW; [ x| -WiRi[y
(21)  Double-Write Skew?2 VVi[Xm]...W,-[Xmﬂ]...Wj[yn]...Ri[yn+l] J[ ] ! [ ]

WW;C;[x]-W;RC;[y]
WiR; [X]-W;Ri[ Y]
(22)  Write-Read Skew V\/i[Xm]...Ri[Xm]...Wj[yn]...Ri[yn] V\/iRjCi[X] —WjRiCi[y]

WiRC; [x]-W;RC;[y]

RW;[x]-W;R [y]
(23)  Read Skew Ri[Xm]-- Wi [Xmi]-- Wi[¥n]---Ri[¥n] RW,C;[x]-W;RC;[y]
RW,Ci [X]-W;RG;[x]
o [x]- R ]
WW;C;[x] - RiCWi[y]
WW;C;[x] - RWC;[y]
WIW; A [X] - RWiA; [y]
W, - R[]
(25)  Read Skew2 Wi [Xm]---Rj [ Xm ]---Ry [ Yo ]-- WA [ Ynia ] WiR; [x]-R;CWi[y]
WiRC; [x] - RWC;[y]
RW; [x]-RWi[y]
RW,C;[x]-RiCWi[y]
RW;C;[x]-RWC;[y]
RW;A; [x]-RWiA;[y]
55(14)(15)(22) (23)Fl 57t 1 v i 575, B (14)(15)(22)(23) € Epar 5 W HFRON BT F 19 = 3% WL & 573, iy RAT-DDA.
Tl 42 55 (16) (17) (26) B 5735 Ay 28 XS B AR N AE XU I - H 5 WU & 53, ik M IAT-DDA.

R 5 HIEFE E R

(24)  Read-Write Skew2 Wi [ X |- - Wi [ Xz - Ry [ Vo - Wi [ Ynea ]

(26)  Write Skew Ri[Xm]-- Wi [Xmia]---Ri[Yn]-- Wi [ Ynea]

s = 4 Hos i e b X PCG
10-(k)
Lost Update Committed Rl[Xm]...Wz[Xmﬂ]...Cz...Wl[xmz] V= {tlltZ}
E = {RIWZCZ [X] ,W2C2W1 [X]}
& 11-(m)

Read Skew Committed Rl[xm]...Wz[xmﬂ]...wz[yn]...Cz...Rl[yn] V= {tl’tz}
E = {RW.C, [X], W.CoR[ Y]}

[ 71 PiA~C AR =% Lost Update Rl Read Skew 5 X 41 5.

PR AR 2 555 2 AR B K50, BLUR R 2 5 R

2 455 5t W 0 LR IR Coa =(No, Np) o 26 31 54 53 3% o 228 810 A B3R 88 Np =|D(s)| Np 22 F 5 I M BR R H
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Ny =[T(s)

1)

Ny >3 [FIFE I, 5068 2 35 55 2 A8 B il v 240, 20 SR i P 346 16070 304k e SOl A2 -

{7 58 7% 584 2 3 0L Wi, [ |- Wy [Xmes] B9 5 5% 3 F 189 % 4 % 5% % (Multi-variables by Double-transactions

Anomalies, MDA, fiiFR £ 76 7 1,108 WAT-MDA;

2) AR FR IR AL T A Wy [ ], Wi [ Yoo ] BRI T L5 W [ |- Ry [ ] RIS 36 R F 2 9055 533,10y RAT-
MDA;
3) I AL T AN LT A LR D0 PR OSSR R 2 $ 55 R iL Y |AT-MDA.
26 B R I B E SCRI 2y R CRLIR T4 i 1 3 )

% T3/Cua Bl 5 A4 R B 7w S E X CIked PCG 4
SDA Dirty Write W, [Xm]...Wj [Xm+1]---A /C, 1) & 10-(a)

SDA Lost Self Update Committed W, [Xm]‘ ) -Wj [Xm+1]- ) .Cj R [Xm+1] 3) A 10-(b)

SDA Full-Write Committed W, [Xm]...Wj [Xm+1]~~-Cj W, [Xm+2] 4) & 10-(c)

SDA  Full-Write Wi [ Xen ]« Wi [ Xmsa |-« Wi [ X2 ] ) A& 10-(d)

SDA Lost Update R, [Xm]-~-Wj [Xm+1]---Wi [Xm+2] (8) & 10-(e)

SDA Lost Self Update W, [Xm]...Wj [Xm+1]---Ri [Xm+1] 9) A 10-(f)

DDA Double-Write Skew 2 Committed W, [Xm]-~~Wj [Xmﬁ]...Wj [yn]...C,- .R [yn] (12) K 11-(a)

WAT DDA Full-Write Skew Committed Wi [Xn ] W, [Xaea ] - W [V - -C - Wi [ Viea] (13) A 11-(b)
DDA Full-Write Skew Wi [Xn ] W [Xenea ] - Wi [V ] - Wi [ Yo ] (18) B 11-(c)

DDA Double-Write Skew 1 Wi [ X |- R [Xan |- Wi [ Yn |- - W[ Yo ] (19) A 11-(d)

DDA Double-Write Skew 2 Wi [ X |- Wi [ Xmsa ]-- Wi [ Yn]---Ri [ Va] (21) B 11-(f)

DDA Read-Write Skew 1 R [Xm]---Wj [Xmﬂ]...Wj [yn]~--\Ni [Yn+1] (20) B 11-(e)

DDA Read-Write Skew 2 W, [Xm]...W,- [Xm+1]---Rj [Yn]---Wi [Yn+1] (24) Al 11-(9)

MDA Step WAT W [xm]--lei [Xm+1]--- and N =3 12-(a)

SDA Dirty Read W, [Xm]ij [Xm]---A 2) 10-(g)

SDA Non-repeatable Read Ri[Xm]...W,— [Xm+1]---Ri [Xm+1] (10) 10-(h)

SDA Intermediate Read W, [m]...R; [Xm]--~\Ni [Xm+1] (11) 10-(i)

DDA Write-Read Skew Committed W, [Xm]ij [Xm]...W,- [yn]...Cj R [yn] (14) B 11-(h)

DDA Double-Write Skew 1 Committed W, [Xm]-~-Rj [xm]...Wj [yn]~-~cj W [ym] (15) B 11-(i)

RAT DDA Write-Read Skew Wi [Xn ] -Ry X ] W, [Ya ]+ R [ o] (22) A 11-(j)
DDA Read Skew R [Xn ] Wi [Xma]-- Wi [Ya]---Ri[Yn] e 11-(k)

DDA Read Skew 2 Wi[Xm ] -Ri[Xm ]---Ri [ Vn]-- Wi [ Ynea] (25) A& 11-(1)

MDA Step RAT Wi [Xm]---Rj/i [Xm]--- and N =3 Bl 12-(b)

and not include (.. W;/; [Xm]--lei [Xm+l]---)

SDA Non-repeatable Read Committed R, [Xm].~-Wj [Xm+1]~~-cj R [XmA] (5) B 10-(j)

SDA Lost Update Committed Ri[Xm]-- Wi[Xmoa]--.Cj. Wi [Xms2] (6) & 10-(k)

DDA Read Skew Committed Ri[Xm]-- Wi[Xmoa]-- Wi[Ya]---C.. R [ V] (16) & 11-(m)

IAT DDA Read-Write Skew 1 Committed Ri[Xm]-- Wi[Xmsa]-- Wi[Yn]---Cj.. Wi[ Vnua] a7 & 11-(n)
DDA Write Skew Ri[Xm - Wi [Xmor]---Ri [ Yn - Wi [ Yo ] (26) & 11-(0)

MDA Step IAT Not include (..Wi/; [ X ]...Ryi [ Xm ] & 12-(c)

and ... W,/ [xm]..Wj/i [Xm+1] ~) Np =3
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51 = Ry [xo]Wh[xo]Wa[x114,

Pop(sy) = {(W, W, A, [x])}

W,y [x]
WiW,[x e
(a) Dirty Write

Sq = W[, JW; [, ]Wi [x5]

Pop(sy) = {(W Wy [x]), WoWy[x])}

' o

wiw, [x

(d)  Full-Write

57 = Wi[x1]R, [x,]4,

Pop(s;) = {(WiR,A;[x])}

RyA;[x]

WiR,[x] e

(g) Dirty Read

s10 = Rilxo]Wa[x11C, Ry [x1]

Pop(sy9) = {(RW,C,[x]), W,CR [x])}

SHERTRER

# (WAT-SDA)

ZHENERER
e e

$$§§?ﬁ¥ (WAT-

% BAT M
# (WAT-SDA)

4

ZHERER
¥ (RAT-] DDA)

BREBRR RAT-
MDA)

SHEHAR
5% (IAT-SDA)

BN

r—\

BimARH

B
X
g
3
;
g%
il

F%

W
g
A\

S EE 3

E
a
b

BHENERR?

FHEETRER

H*

B 9 Mol 7 2 4 H 1

5 = Wi[x1]W,[x,]1Co Ry [x,]

Pop(s;) = {(W, W, Cy[x]), (W, CoR, [x])}

W2C2R1[X]
W1W2

Lost Self Update Committed

S5 = Ry [xo]W, [x1]W1 [x,]

Pop(ss) = {(RWs[x]), W, W, [x])}

Wz Wilx
Ry Wyx

(e) Lost Update

Sg = Ry [xo]Wa[x, 1Ry [x,]

Pop(sg) = {(Rle[X]) (WR[x]D}

W,R, [x
Ry Wyx

Non-repeatable Read

\W>CaRy [x]

Ry Wy [x] e

(i)  Non-repeatable Read Committed

B 10 el % PCG

(k)

53 = Wi[x;]W;[x,]Co W [x5]

Pop(s3) = {(W1W, G, [x]), (WoC, W1 [x]D}

5 CiWix]

W, W, [x e

(c)  Full-Write Committed

56 = Wilx W [xz]Ry [x,]

Pop(ss) = {(W, Wy [x]), (W,R, [x])}

. o

W, [X

(f)  Lost Self Update

59 = Wy [x1]R, [, ]W [x,]

Pop(sg) = {(W1R,[x]), (R,W1[x])}

R, Wi [x]

Wi R, [x] e

(i)  Intermediate Read

511 = Ry[xo]Wa [, 16, Wi [x,]

Pop(sy1) = {(R{W,C,[x]), (W, Co Wy [x]D}

W,CoW[x]

R W,[x °

Lost Update Committed

5]
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51 = Wilx1 W, [ IWs [y11C, R [31]

Pop(sy) = {(W1W2C2 1, W2 CaRy [y]D}

W,CoR, [y
ww, [x

(a) Double-Write Skew 2 Committed

54 = Wilx1]Ry [x1 W, [y11W4 [y,

Pop(s,) = {(Wl [xD, (W, [y

woW, [yl
Wi R, [x]

Double-Write Skew 1

57 = Wil JWa [x2] R, [yo Wi [34]

Pop(s;) = {(W1W2 [xD, (RaW1[yD}

R,Wily
WiW, [x

Read-Write Skew 2

s10 = Wi, 1R, [x11W, (311 R, [y1]

Pop(syo) = {(W1R2 [x]), W,R [y}

W2R,
WiR,[x] e

Write-Read Skew

S13 = Ry [xo] W [, JW, [y, 1C2 Ry [31]

Pop(sy3) = {(R1W2(:2 [xD, (W2C,R [y]}

W,R,
&mﬂ‘,

(m) Read Skew Committed

K 52 IR AT R os A 9.
R AT 1 B S R SCRN 9y 2051, B —
W A4 AN HOE S E

55 = Wil W, [, W, [y11C Wi 2]

Pop(s;) = {(W1Wz(:2 DAUAATAD

WoC, Wiy
Wl WZ

Full-Write Skew Committed

S5 = Rylxo W, [, 1Wa [y11Wi [y ]

Pop(ss) = {(R1W2[X]) WWhly

W Wiyl
RyW,[x] °

(e) Read-Write Skew 1

sg = Wilx1]R; [x1 W, [y1]1Co R, [y1]

Pop(sg) = {(WIRZCZ[X]) (W2GoRy [y

ZCZRl
WlRZ

Write-Read Skew Committed

s11 = Rilxo]W,[x11Wa[y1]Ry [y1]

Pop(s11) = {(Rle[X]) WR:[yD}

WaR, [y]
Ry W, [x] e

Read Skew

S14 = Ry [xo] W [x, JW2 [y, 1C, Wi [y, ]

Pop(s14) = {(R1W2C2[X]) W,CWy[yD}

,CoWi[y]
Ry Wa[x] e

(n) Read-Write Skew 1 Committed

B 11 sockds =5 PCG H

53 = Wil W, [ JWs [y, Wi [y,]

Pop(s3) = {(W1Wz [xD), (WoW; [y])}

WoWily
Wy W, [x

(c) Full-Write Skew

56 = Wilx1 W, [xo IWs [y, 1Ry [y4]

Pop(sg) = {(W1W2 1, WaR [y}

WaR, [y]
wyW, [x

Double-Write Skew 2

S = Wilx1]R; [, IW, [y11Ca W1 [, ]

Pop(ss) = {(Wle ), WL CWy[yD}

W, CoWly]
WiR,[x]

(i) Double-Write Skew 1 Committed

s12 = Wilxq]R, [x1 1Rz [yo Wi [y ]

Pop(syp) = {(Wle [xD, (R,W1[yD}

R,W, [y
Wi R, [x] o

Read Skew 2

s15 = Ry[xo] W, [x1]R, [yoIWy [y1]

Pop(sys) = {(R1W2 D, R,W: [y}

R2W1
RyW,[x] °

(0) Write Skew

Tl B8 0K 5 SCHNAR 6 PR AZARARE BdlE 5 73 98, R4 A Al B AR 1 Bl
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[%18) B 9 MDA 255 nf GEXT B2 (¥ 1 & a0 K fior:
1. & 12-a,Step WAT, J i 2R IE SN0 Ry [ [Wa [ X JWa [ ya [Wa [ 2 ] Re[ 2o [Wa[zi] - i A BE A 35 17 wwy X

2. K 12-b,Step RAT I EERIE N Ry [ %0 Wa [ W[ ya | Rs[ ya ] Ra[ 20 WA [z, ] - 2 R b AT B2 wwy i 2 X 65 17 wR i 7

X7

3. [ 12-c,Step IAT, Il RIE N R [0 ]Wa [ X0 ] Re[ Yo Wa [ 1] Re[ 2o [Wa[zi] - #% VA J5E B A8 ww AT wR i P X EAE T Rw

fiiFy %F {5 Step |AT 25 #1I4 IFF2E08 {RW. WCR. WCW | FF H A SR 534 Rw -

R3W, [z]
]

W, Wy

R W, [x]

(a) Step WAT

4 FRERH

R Wy [x]

R3W,[z]

W,Rs[y]
(b) Step RAT

12 ZuHdE R PCG

R3W,[z]
RyWs[y]

(c) Step IAT

Ry W,[x]

SCHRIL,2, 31585 70 590 22 T R A B0 3 6 58 ST AN 8] A B0 B8 8 i), HL 5 SRR 5 3 PO A 28 R 7 3 52 24k w1 e 156 1) B A
T R O MR R R R A E SCCUHRIL, 2] 2 TA7 BRAS B Bl 57 4 e ST AN R 2000 A B ol 52 iR 1 RARSL 3.2 7
I 5 H A TOHON, B B T BR AN B0 b 5 8 SCRR 8 ) i = B 2 1), — 2 R 8 20 ) 7 AR HEAS Gt — (SCRR[L, 2] 2%
T R BB 5 e SRR B Z00, SCHR[31E T b SRR 32 )R ALE ARY S 1) 7 A 50808 S 0 5 SRR S 0] ), = A2 Rl v 4l B %
ANTRT LB T (SCRRILD5E LT DU Bl 25 28001, SR [2] 32 S 1 )\ IsE: 5 25 ).
R 7 RS I A F B S 0

FEE  THICu Bl 7 AR NRW NA
SDA Dirty Write Not Possible  Not Possible
SDA Lost Update Not Possible  Not Possible
SDA Lost Self Update Not Possible  Not Possible
SDA Full-Write Not Possible  Not Possible
SDA Full-Write Committed Not Possible  Not Possible
DDA Read-Write Skew 1 Not Possible  Not Possible
WAT DDA Read-Write Skew 2 Not Possible  Not Possible
DDA Double-Write Skew 1 Not Possible  Not Possible
DDA Double-Write Skew 2 Not Possible  Not Possible
DDA Double-Write Skew 2 Committed  Not Possible  Not Possible
DDA Full-Write Skew Not Possible  Not Possible
DDA Full-Write Skew Committed Not Possible  Not Possible
MDA Step WAT Not Possible  Not Possible
SDA Dirty Read Not Possible  Not Possible
SDA Non-repeatable Read Not Possible  Not Possible
SDA Non-repeatable Read Committed  Not Possible  Not Possible
SDA Intermediate Read Not Possible  Not Possible
RAT DDA Read Skew Not Possi_ble Not Possible
DDA Read Skew 2 Not Possible  Not Possible
DDA Write-Read Skew Not Possible  Not Possible
DDA Write-Read Skew Committed Not Possible  Not Possible
DDA Double-Write Skew 1 Committed  Not Possible  Not Possible
MDA Step RAT Not Possible  Not Possible
SDA Lost Update Committed Possible Not Possible
DDA Read Skew Committed Possible Not Possible
IAT DDA Read-Write Skew 1 Committed Possible Not Possible
DDA Write Skew Possible Not Possible
MDA Step IAT Possible Not Possible

SCHRL, 2,31 0 AN [7] F4 I8 185 20 00 ¥ 5 A T £ 0 St 3, L AR o £ 08 Bt S A7 S0 ) o R e, 8 128 0 ) 2 o 0l S o 7 2
7 IR S i J2 UK 73 2T 3 T A 496 01 R 8 20 ) 5 SO B 5 14 il 2 T AR AS (7D PR 9 8 4 ) b e 58 380 9 0 1l 0 10 O 2R (HL I Ao
J7 A FOE AL —Fh o3 6 T7 i R, AN TR 0 H RS, FRATTAT DAR 35 R SCAS [ F) I 8 2 ) 4 28 i R i S SRR s 0 2 9 181 T

FESCEUM AR AR R 5 il s 4 &R



EEMAF HBEETERAATHBEFFTRALE LS9 £ 17

FTR 6 MBI 7 8 SO 4 98, AR SC 45 H PR RN BG9G8 SO 3, DAV 7R ] 22 - A 3 a5 o 56 4% L R TG b e SRR 2y
.

AT (T R 25 400 0 f e SO, R FE P BB 5 4 50 (3R 7), I IR0 82 1T R R DU AR AV b 38 6 — 350 40 B8 B 5 9 PRI 9 U ) 42
B EVER S 2R % 7 T T e e i g TR R4

No Read-Write Anomalies(NRW): EI /R £ 7E WAT FI RAT 5504 558 (HAN B 4 IAT 253000

No Anomalies(NA): AN Fo VFAE AT H0H 7 8 & AR R 564 T ANSI-SQL SR [1]58 SCRT AR AT 10 BE 25 4% 1.

NRW 257343 55, NA 25 53] 5 k.

TAT1A PR R 129 2000 B0 5 SO AR 5 R U7 Il s o B2 0 B 9 2 3 BB ER 7 16T 44 190 0% B 5 4, T LI e RO (SR R 2 1 WW
IR e WAT 5 SR 3R A, R R 1 45 77 538 A RAT 2880 5 804 5 85), 4 ) NRW 2% 593 1o 28400 7T &8 474k b g
(Serializable Snapshot Isolation,SSI1)[29]4% A X 75 PR A FELL 1) 2 4~ RW I T A 31 NA 25 5 SC i b 5 25 Sl A5 95 B 125 2 3l 7
Ak, LR R0 0] )7 D T 5 850 RV ) S N 4 T R, 5 R RV T R D e 22 0P S I B B R — PR AR 0 9 R SR S TR
77 3, BRI I R 590K FH B 2 149 200 5 AT {of (1 5 45 A 3 1) A ik SR AR I

FAI TR S5 0], AR A T At ) 3 v e 4 ) SRV i 2P L[14],T/0[23],0CC[30],MVCC[19,29,31]%%.

AV 187 Ak 14T B 125 % S 1 5 S LS U B 15 4% 50l (3R 8), 43 M 1 A2 0041 5 Rl 3 it 22 e 7 S 0 00 o A3 e, (EUAS ) 1) B 05
FAF TR 0 20 50 A 45605 22 i B 8 8 % 5 SXmT L 205 T0R R G0, DU /R 308 7 5 B 2 4 31 2 TR) I Aok &

1. No Write Anomalies(NW): Bl RA7E7E WAT 8504 77 (R AR B RAT Al AT 285004 =
2. No Read-Write Anomalies(NRW): BN {Z7E WAT I RAT ZEE04E 538 (A BT B I AT 283004 7o R BR T R 405 e i 7

FEHE R
3. No Predicate Anomalies(NPA): RIANAE7E WAT Fl RAT 8304 57 A AFLE LT 138, 15k /77 288088 7 (BN Re T B AT 23048

S AR AR SO T R R T T 5, R A TR, A TR R SO R TR LD R R RE AR ILAE R 6 1Y SO Rk R

RERBIAER 7T FIE 8 .

No Anomalies(NA): /S S VATl B8 7 1 i A RS540 T ANSI-SQL ARHE[ 1158 ST R AT A0 RR B 2001,

NW 25 5% 55, NRW 7k 22, NPA 25 5 %58, NA 2% 51 5 58

ST NW, 2R 1 WW b 58 B AT S B 1% 2R 30 7 6T NRW, SR 52 2 32 50 J0 00 BV AT 3% I 2 28 50008 S 3 0 T NPACR R IR

BT B 1 AN R AL 3K R U A S e — Y B R S R e 0 g KA — R0 P DA ok AN T D R 8 ) i = e R

U 3 A58 P gl 2 2057 7 PR O 88 125 200 30 5 == 0 D [ o6 sl S5 2 7 41 0 88 125 20 ), D) bt v J6m B 5 0 T DA SR 9% e S

R 8 iR I A006LE B 2 201

F¥  FH/Caq B B AR NW NRW NPA NA
SDA Dirty Write Not Possible  Not Possible  Not Possible  Not Possible
SDA Lost Update Not Possible  Not Possible ~ Not Possible  Not Possible
SDA Lost Self Update Not Possible  Not Possible  Not Possible  Not Possible
SDA Full-Write Not Possible  Not Possible  Not Possible  Not Possible
SDA Full-Write Committed Not Possible  Not Possible  Not Possible  Not Possible
DDA Read-Write Skew 1 Not Possible  Not Possible ~ Not Possible  Not Possible
WAT DDA Read-Write Skew 2 Not Possible  Not Possible  Not Possible  Not Possible
DDA Double-Write Skew 1 Not Possible ~ Not Possible  Not Possible  Not Possible
DDA Double-Write Skew 2 Not Possible  Not Possible  Not Possible  Not Possible
DDA Double-Write Skew 2 Committed Not Possible  Not Possible  Not Possible  Not Possible
DDA Full-Write Skew Not Possible  Not Possible ~ Not Possible  Not Possible
DDA Full-Write Skew Committed Not Possible  Not Possible ~ Not Possible  Not Possible
MDA Step WAT Not Possible ~ Not Possible ~ Not Possible  Not Possible
SDA Dirty Read Possible Not Possible  Not Possible  Not Possible
SDA Non-repeatable Read Possible Not Possible ~ Not Possible  Not Possible
SDA Non-repeatable Read Committed Possible Possible Not Possible  Not Possible
SDA Intermediate Read Possible Not Possible  Not Possible  Not Possible
RAT DDA Read Skew Possible Possibl_e Not Possi_ble Not Possible
DDA Read Skew 2 Possible Not Possible  Not Possible  Not Possible
DDA Write-Read Skew Possible Not Possible Not Possible  Not Possible
DDA Write-Read Skew Committed Possible Not Possible  Not Possible  Not Possible
DDA Double-Write Skew 1 Committed Possible Not Possible Not Possible  Not Possible
MDA Step RAT Possible Not Possible  Not Possible  Not Possible
SDA Lost Update Committed Possible Possible Possible Not Possible
DDA Read Skew Committed Possible Possible Possible Not Possible
IAT DDA Read-Write Skew 1 Committed Possible Possible Possible Not Possible
DDA Write Skew Possible Possible Possible Not Possible

MDA Step IAT Possible Possible Possible Not Possible
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5 HWiE

AR RAHUBTE 5L T 2 e R A A 7 B B ST B R O AT 40 28 A4S T DL IX A3 BT A B S L R A
T HARE 0 4 S ST AT BRI R B

AR, FRA K 5018 15 SR S, I R Ul T ) SRR S FR T AT 90, DA — 2 58 B B S A R AL AT 5 LA,

A AELEWE T AR R 15 B N BRSSO TRE AN iR TR N S 0 =R TR A S 5 R0 SRR R M H 2
L VNS EEE S

BT AL T — SR BB 3 RO B A SRS 4 7 github JTE.

https://github.com/tencent/3TS
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Mt 3T 8 SCRk:
[12] At/ B &5 KR B B 25 40 R AL, 2017
[18] T3, 5% Il ket B3 P R MR8 (B8 TUhR) . & S5 408 A, 2014

B3R 1: Wi..W;...(AorG)and(AjorC;) FERIEMES

ERRSE SN S (FISE N
> WX | FREE G IS A, AR R X NS AR IS U X

> AR RIATE EROE S ) S R A R JRUA
> CRRRERZHAEE.

KL W;.. W .. (A orCy)and (Ajor C; ) AL & 151 8 il
L Wix]..Wj[x]...Ci...C;:

PRAE WL [ ] Wi [ ] 7R ZE B X ()T X, ;
PRAE C RIS YT X = X ;S 5 6 A ARSI x = % FE7E 3
2. Wilx].- Wi[x]...Ci.. A ST LAIFL L C R RIS BIAT A2 1 57 s

3. Wi[xt].. Wj[%]...A..C;:

Bl A FrAs 2 R R 5t IR S R R A7 B B X =%, s
WA C; Fm AR A T X = %o 1LY 15 ) 5 HRAT ) X = o 17 LE SR

Wi[x].. Wi[%].. A A

PR A KB UEME PR NES & V] S B EN R GE X=X 5
PAE A RRK LHE ENR TS £ W) S ARG R A8 ME X = x B2 x S EUR B A DR AT il (%) B4, DR e A7 7 3
e H

Wi[x].. Wj[*%]...C;..C;

BIE C; FORMAE A x=
WA C, R A48 BT x = %o LI 15 4, 75 SRS 10 X = %o FEAE S 3
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Wi[x].. Wj[%]...Cj...A

#F C) RN AT X = ;
B AR TIE TR O 355 & o) S SRAE A2 A0 0 AR B X = xo AN A2 B0 57

W] W %] Ay .G

PBAE AR A HTE PR OV 55t ) S B AR AR 0 R A6 x =X
HAE C RIS HIE x = % AR

Wi[x].. Wi[%].. A A

BAE AR ATE PR Y55t ) S B B R A6 x = ;
Bl AR HTHTE OS5 6 ) S BRAE AR B IR B x = xo AR H

PRE, W[5 ] - Wy [ ). Ci (T L-2) BT WG [ ] Wi o] A (H T 3-4)— SEAELE 5855 W[ ].. W [ ]...C A 75 FEFE 573 RT3,
L) SRR LA PR WX ] Wy [ %] A — R
ik 2: BEENARFAERILHES
FirA i Fr 3 AR &8 Pop = {WiGiR;, WICW;, RCW;,WW; WiR;, RW; WiR; A, WW,Ci WW; A } 3§ 9 1 L wiw; = Wwj, WWw,C;
WR; =WiR;,WR,C;,\WiR,Ci, RW; =RW,,RW,C;,RW,Ci,RW;A .HEXULH S HET W,
L s T e X AR EIER S Pop(s) TR (WIWG AL WIW,CH RW, A L =l F7 0 B, AR B B Ay i 4
> WA ERTFLE I THW, [ X W [ Xia ] =W [Xmea ] A
TB RALTE S W [ X |- W, [ X ] A B Dirty Write. @)
> WC RIRAFLEN T I W [ X Wi [ X ] =W [Xes1 ] Ci
T SE SN W[ X |- W [ Xmia - .Ci B Dirty Write, [7(1).
> RARAFAED T W [ X0 [R; [Xm ] = R [Xm | A
A TE SN W [ X - -Ry [Xn]...A LB Dirty Read. 2)
DRt 25 B8 (WICR, WICW;, RCW;, WIW; WiR;, RW; | I 2L 6 1 7.
55 AR PCG(s) = ({t,ty ) { py [X], Py [X]}) B o < ty AR i 7 54T 01 W7 B RO 4L 45 7 5K
1. py AATEEJ M FF X WICR; , WICW, B RCW; - 5 W T T ) < t; UM AP py tRAS & B It 9384
2. FARFFEAT py [x] o HUELR R WICR WG W, R RICWs JUI py SR TFE C BRI R 0 245 77 3 BA LR 0L
> WW,C; -W,C;R i WR,C; -W,C;R,
A SE SN W X |- Wi [Xmia]---Cj - -Ri [Xmia ] B! Lost Self Update Committed. (3)

> WW,C; -W,CW, B WR,C; -W,C,W, L WW,C; —R,CW,
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>

A TE SONW X |- W [ Xma ] -Cj . WE [ X2 ], B Full-Write Committed.

RW,C; ~W,C;R

T AE SO R X |- Wi [Xmsa]- . .Cj .. .Ri[Xma] B Non-repeatable Read Committed.

RW,C; ~W,CW, = RW,C; —R;CWi
TEAAIE SN Ri[ X |- Wi [ X ] .Cjo. Wi [ X2 ] B Lost Update Committed.

WiR(C; — RC W S AR A7 53

3. MR FRDSE S D P WAWG = (W5, WiWC T i e 24 K 4 5 D7 KO LR LA

1) 45 py[x] =W, 7T B ffi 7 26

>

WW; ~WW; 2 WiR; —W,W;
TEARATE SN WE [ X |- W [ X1 - WE [ Xeni2 ] 5 B Full Write.
RW; —W)W,

TR SO R X |-« Wi [Xsa]- - Wi [ X2 ] L B Lost Update.

2) # py[X] = WG, MR FEX py [x] P8 48 & e R B T 4 i 3F

>

WW,C; —WWC; B py[x] = Wi, C; 28 ) RS 4 £ 32 0, i 32 2 A 26 7 (1),
WR,C ~WWC,
TS SE SN W[ X |- - Wi [ X ] - W [Xena2 ] 1D (7))

RiW]'Ci —WJVV|C| ,JH:HTJ‘ Pij [X] = R,WJC,,]EJ(B)

4. R Py X AR 5E S D 7 WR = {WiR;, WiRC WiR G} JUI i F7 3 R 2 45 75 KO BA T T LA

1 3 py[x]=W;R, , o 44 B fi 6

>

WW; —W;R, B WiR; -W,R,
T AE W [ X ] W [Xinaa |- R [Xemea ] - BF Lost Self Update.
RW; -W;R

A SE SN Ri[Xn - - Wi [Xma]-..R [ Xmaa ] » B Non-repeatable Read.

2) 5 py[x]=W,RC MR FER py [x] AL SR R 1 C,, JEL I T B 2

>

WG, ~W,RC, IR py [X] = Wi, C, L2 i el 3, B e B R 2 7 (1),

(4)

(6)

(6)

()

(8)

(9)

(10)



EEMAF HBEETERAATHBEFFTRALE LS9 £

22

> WRCi -WRC
TEAATE SN WX |- - W [Xenaa ]« Ri [ Xmea ], (9)-
> RW,Ci -W,RCi BERS py[x]= RW;C,,[FI(10).
3) A pu[x]=W,RC; UM FFXT py [x] e SRS HEAE C B8 LT A A 57 3R
> WW,C; -W,RC;
T RATE W [ X |- W [ X ] - R [ X ] (9).
> WRC,-W,RC;
A TE SN W [ X -« Wi [Xsa - R [Xmea ] [ (9).
> RWC;-W,RC;,
FEAAIE SN Ri[ X |-« Wi [Xmsa]---Ri [Xmia ], [F1 (10).
HRAE B 7 4 52 S, B RW = {RW,, RW,C, RW, A} UL 5 5F 1 41 45 7 2 A T
1 py[x]= RW,, 1T A4 R 37 3R
> WW;-RW,
FEAALITE AW [ Xn |- W [ X ]« WE [ Xeia ] D (7).
> WR -RW,
TS SE SN WX - Ry [ X - - Wi [ X ] » B Intermediate Read.
> RW;-RW,
T AATE LR [Xn |- Wy [ X |-+ Wi [Xins2 ] D (8).-
2> 3 pylX]= RWCH IR py [x] P8 48 2 B0 €, BBt T g A 31
> WG — RWC, LR py [ ] = Waw G, £ 2800 s i P B8 e BR A 5 ) (1),
> WR,C -RWC,
FEAAIE SN W [ X |- Ry [Xin |- - WE [ Xeia ], L (L),
> RW,Ci —RWC; BEI py[x]= RW,;C,, 7 (8).
3) % py[X]= RWC JUMRRR py [x] oA 28 3 AE C BRIk T 44 i F 3

> WG, — RWC; JEI py [x] = WiWiC; T 26 A Bl 7 38, B e 36 5 (1),

(11)
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> WRC; - RWC; S A 17 12 5
> RWCj —RWC; ST p;[x] = RW,C;,[7(8).
4) 3 pi[x] = RWEA UG py [x] AL 2RS40 Ay, R M TR A 152 3
> WIWA — RWEA, LR ERRIELLEr W, Wi A, TR FF BRI (2);
> WRA —RWA LI 17 LEBR AR AL A7 A 5
> RW,A —RWA LN FEERAEALE W, . WA, TR FRFR 5 (2);
Bk 3: REENARFAER LS
B R AR PCG(5) = ({tt . { oy [X], pi [y} H s <oty ARV RIFER A7 T T e 04 20 77 5K

Lo BARXER TR s A Xt 4R E S Pop(s) A L5 (WW A WW,C, RW, A L =il i 5 X, 5 0 A% B ) Rl A
AR PP A AN 2 T OW AR B3
2. [FFEM Pij Kﬂﬁ%?‘ﬂﬁ?ﬁV\LQR] EJZW,C,WJ %:EI\IJEEH:L < tJ Ui 3 %oF Piji FASH I tl M4 A

3. AT R py [y] THIPRR X WiCIR SWICW I pyy 2 ARAFLE C LR 05 9 4L 257 2O BT LA B
> WW;C; [x]-W,C;Ri[ Y]

T AATE SO WX |-« Wi [Xsa]-- Wi [Ya]--.C;..R [ ya] &l Double-Write Skew2 Committed (12)
> WWCi[x]-W,CWi[y]

AT S X ] W Dt W [ +-Cy - W [yna] B0 Full-Write Skew Committed. -
> WRC[x]-W,CiR[Y]

FESUALE XWX ] R [Xa - Wy [y0])--.C; R [y ] B Write-Read Skew Committed. oo
> WRC;[x]-W,CWi[y]

T RALE X9 W[ X0 |- Ry [Xn - - Wi [Ya]---C; .. Wk [Yn.a] 7 Double-Write Skew1 Committed. (15)
> RWC[x]-W,CiR[Y]

FEARAE SN Ri[Xn]- - Wi [Xnia]-- Wi [Ya]--.Ci...R [ya] , B Read Skew Committed. (16)
> RWC[X]-W,CWi[y]

T AE N Ri[Xn ]« W [Xeaa - Wi [V ]---Cj .. Wi [ ynia ] B! Read-Write Skew1 Committed. 17)

4. R D 7 B SE S D P WW = {(WIWG, WW;C b DU i e 3 (8 445 7 09 B LA
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D pyly] =W, o7 4 e fi 7 4
> W [x] Wi [y]

AT SN W[ X ]« Wi [ X ]« Wi [ Yo -« Wi [ Yinia ] - B Full Write Skew.
> WR[x]-Wwi[y]

TEAAE W [ X - Ry [Xo ] - Wi [Ya |- Wi [ Yo ] B Double-Write Skewl.
> RW;[x]-wwi[y]

TEAATE SON R [ X |- Wi [Xma ] - Wi [ Ya |- Wi [ Ve ] - B Read-Write Skewl.
2) H piy]=WMWC SR X py [x] s 28 5 HRAE C IR LT A Bl T 3R
> WWC[X]-WWCi [y] PR py[x] = Wew; C 28K 1 fim 5 0, O 2 A b 2 ] (1)
> WRC[x]-WWG[y]

T AME W X |- Ry [ X |- Wi [ Yn |-« Wi [V ] [ (19).
> RWG[x]-WWCi[y] JE p;[x]= RW;C;, [ (20).

5. AL IR X K 5E S IR F X WR = {WiRj WiR;C; WiR;C; } Tt F3° A A 4 45 07 X BA R J LR

D % p[y]=W;R, AT R 7 34
> W [x]-WR[Y]

TEAATE SO W[ X |- - Wi [Xensa ]-- Wi [ Yn ]---R [ Yosa ] - B! Double-Write Skew2.
> WRi[x]-WR[y]

T ARALE SR W[ X |- R [ ] Wi [y ] R [y ] 2] Write-Read Skew.
> RW[x]-WR[y]

TEAAETE LA R X |- Wi [ Xenea]-- Wi [Yn ] R [ya ] . B! Read Skew.
2) A p[y]=WiRC U FEXE py [x] e SR B AE €, R L TR A 3R
> WW,C[x]-W;RCi[y] LI py;[X] = Wiw;C; C A4 Rt 17 34, i 7 30 k2 7] (1).
> WRG[X]-W,RCi[y]

T AAME W [Xa ] Ry [ X |- Wi [ Yo ] Ri[ya ], 171 (22).

> RW,C[x]-W;RC[x].4LH py[x] = RW,C, [ (23).

(18)

(19)

(20)

(21)

(22)

(23)
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3) H pu[y]=WRC; IR AT py [x] HHA SR & BAE C BRItk T A 1 G P 3
> WWC[x]-WRC;[y]

FEARALTE SN W [ ]« Wi [ ]. - W3 [ ] R [y ] (21).
> WRC;[x]-W;RC;[Y]

FERALTE SN WX |- R; [ ] Wi [y - R [y ] 1 (22).
> RWC[x]-W,RC;[y].

TEAATE AR [Xa ] Wy [Xnoa]-- W [Va - -R [y ] T (23).

6. AR TR R S AR R RW = {RW;, RW,C, RW,Ci, RW; A } U i F7 38 ) 2 5 75 U9 LT LA

D py[y]=RW, 1 H Hef 73R
> Ww;[x]-RW[y]

FEAACTE SO W[ X |- - Wi [Xansa ]---Ri [ Y |- - Wi [ Yoa ] - B Read-Write Skew?2. (24)
> WR[x]-RWi[y]

TR SO W X |-+ Ry [ ¥Ry [ Y] W [ Y. ] B Read Skew?. @
> RW;[x]-RWi[y]

TEARATE SN R [ X - Wi [Xmia]---Ri [ Yo - Wi [ Yna ] B Wrrite Skew. (26)
2) % puly]=RWC JUMRRR py [x] oAb 24 3 1 C,, B8t A A0 1 0 F BF
> WW,Ci[x]— RWIC [y] BB py [ x] = Wi, C, L2846 Bl Bl 2 3, B 152 26 96 D (2).
> WRG[x]-RWCi[y]

TERAE S W [ X |- Ry [0 Ry [V W [Yiia ] 7 (25).
> RWG[x]-RWCi[y] B py[x]= RW,C;

TG SO9: R [ |- W [Xa]- Ry [Ya |- Wk [ Vo] - (26,
3) # py[y]=RWC; IR py [x] tHAL SR & BAE C; BRIk T A g e 3
> WW,C[x]-RWC[y],

TERAE S W X |- W5 [ X ]+ Ry [ Y- W [Yiea ]I (24

> WRCi[x]-RWC;[y]
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TEAATE SN W [ |- R [Xn ] Ry [ Yo ] - Wi Yo ] F(25).
> RWCi[x]-RWC;[y] ELE py[x]=W,WiC;,
T ARATE 2 R [X |- Wi [ X ] Ry [ Vo |-« Wk [ e ] [T (26).
4 pily]= RWA R FFXS py [x] e 85 A A TR B AT A B 7
> WW A [X] - RWA Y],
T A SE SO W [ X ] Ry [Xn |- Ry [V ] - Wh [ Ynua ] I (24).
> WR A [X] - RWA; [y] BT H55 ¢ MR T WA SR AT, To s 5 3
TEAATE SN W [ |- R [Xn |- Ry [ Yn ] - W[ Yo ] F(25).
> RW A [X]-RWA [y] ZEH#] py[x]=WWiC;,

AT SN Ri[%n]-- Wi [Xn ] -Ri [Va]- - Wi [ Ynia ], T (26).



