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Stochastic TBFL Approach Based on Calibration

Factor
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Abstract: Approaches for fault localization based on test suites are now collectively called TBFL (testing based
fault localization). However, current algorithms have not taken advantage of the prior knowledge about test cases
and program so that they waste these valuable “resources”. [12] introduces a new kind of stochastic TBFL
approach whose spirit is to combine the prior knowledge with actual testing activities under stochastic theory, so as
to locate program faults. This algorithm presented in [12] may be regarded as a general patter of this kind of
approach, from which people can develop various algorithms. The approach presented in this paper is simplifying
the algorithm in [12]. We mainly revise the prior probability of program variable X from separate testing activity of
each test case. If there are n test cases, we then obtain n calibration factors. These n calibration factors are then
added and standardized, finally the posterior probability of the program is obtained. The approach is called
stochastic TBFL approach just because it depends on a matrix be so called calibration factor matrix. This paper
presents three standards for comparing different TBFL approaches and based on these standards, we find our
improved approach is feasible for some instances.

Keywords: Fault localization, Software test, Random testing based fault localization, Calibration factor

1. 38

12 FH A A B R AT (045 2 B B0 e R o B AR B ) — MR R By, A R
PAZiFR N TBFL (testing — based fault localization) 773k,

SCER[3TE T /SM K ahASEALK) TBFL J5vk: Dicing J77% (Agrawl et al. 1995),
TARANTULA J57% (Jones et al. 2002; Jones and Harrold 2005), Nearest Neighbor Queries /7
7% (Renieris and Reiss 2003), CT (Cleve and Zeller 2005), SoBER (Liu et al, 2005) F1 Liblit05

(liblit et al. 2005), A ILEATAS M T SEHEABE R IR 1T ge 7= A A Rl AL IR, SR

(6]t FE Y, ARALTE: RIS B AT G 24138 TBFL A IhRk. AT uaizia @, CHk[3]3:
HRIZHEMESHE, $£HE T SAFL (similarity — aware fault localization) Jy%. 7Ellia 5K
BT, D F ) AR AR AR e e HE DLIBE G i, T ATHIR 2R AL SAFL 776 F-4R 55 A A B
WRE AL T VEHS A AR

SR 5 e B I AR A IR () 1) R, g A2 VA 70 29 ) P D R e 00 P 8] A 5 4 25 )
5 R IS T AR R AR, XA R BT IR, T HAG AR T LS R
wEEE “TRREN 1. FERON TREVGX AN, SCER[1218R T — M 0 2 TR L R
() TBFL J5i%. %7955 /0 AH ALk R 48] 640 4% 5 4 0 T H A e

SCHRO1210 R A B R A tH s FE R S A0 & AR RR 7 R 5 1), (H2 BT 8
I A AN “HEPB TR, —2 “fRR” R FBNENR 2 TIE R, B CLSCER[12]%
BAFNFET e — MRV R, 08 52 B0t 7 78 AT 5¢ TF8 7 BB 4 (Blids
ANEBAED BT ] REPE RIS Tt SO BEAL A B (1) e B o3 Ai o RIS A X 451147 B A o i R
RIRE T 5 AR B 5 0 3 — AN BENL AR &, Ho oAt 2 e A PR R Re /1 i R R
FEIXELAE SRR b, R A0 A ] it 4 SRS A (R slodad ) e qi 178 28 AU 1)



B, SRR BEAEMEAR K MERE “Se8M” %, WG FIBERIRN G IR,
B B AR X 5 IR R E AT, AR A SR R S .
BEHL TBFL HiEn] DUH Fid A2 (3% Cmk[121- 3) Roam (R Inee s ):

TP X

sesI \ﬂﬁ‘m“iﬁ UL L IR FHRAER
Wikt T ;T:;p " > PXID — | X WERS | — T
e 4 Ai /

1.3CHR[12]HIBEHL TBFL Sk rE K

IR A 1 SCHER[12]82 B RIBEHL TBFL Z0ERIRS M, FERAESH1Z30.
BR[12] ¥ S5 A2 I 2 F R oty M A3 NI B R D2y BRI E I8 €, AR ¢ A2
CRMeGEE) MBS RES), KR X RS Ai st T Won 4 . R amt s — 4
WA X, FEINREE T ISR 58 Al & HTBIAS BIR2RF RS p(xo) IR &, HIX AR AL )
SR B AR ER A, ST AR R B JE B A, JFEac 2N Xr R
oA GRAGEA T SR IR D o

SCHR[I2]FR X BSERR A AR R “FEsX” M a2, IS ek 7
A 5 B B R SR A RO, EAT A SRR R A A A S iR A I R ] R AR sk
MRS RIS, I HIZESRI KRS, RERR E “IER”, eIt se Bzl
PRI SR MR AN Z AN R IR B AT R LA, Bt il A A 1R 08 LA B B . S
BRO12)7E — L BAARSL ] 1, SBERATE S LA IEdE AT X b, AESE 73— s

%2 3| e D REAR A /NS S R R, RS20 50E 2 TG FE, s T
LA G, JEREAS S R R4/ TIEH, TR AREBER pleft) 2 AE— i t A —
A “TEEBUN TR0 BRI, AR — AN SRR EAri

FEIXAS (Ao TYE R ¥ 08 b, SCR[12098 tH IR 23047 3 22 i gIH 1 thsE s B
THIRALE S SCR[12]0 ST P58 B0 L SR e S5 36 7oA AR A R 491 B0 0 i 2
RéG, EMNEMRERRE TR . AL ENRE I BIX L 74 8] L, £ 1k
EEMRBCT R S SOBR[12] BB, Blansiaris), X AMBER A BT 2%
REFF S 36 701 IR ER A SE I AT = A5 T, S EAT AR R LA 5, TR AR 4L A 7 SCHR12]
B RO 2R R R EREEEE RN, FRERE . RIEAER LT 0 “H
B R, AR NER . HEERTHE 2 2R,

¥ X
AR i
Ses oA Ak X ;;; » l;?lljiﬁﬁ e FHH A
i Tps p| cripice (3.2.1) > ch g »| iEaHEY
S T B EA) i=1,2,..,mj=1,2,...,n :
i=1,2,...,m
S5 A

2. FTRAERF T HIBEHL TBFL J7 i fE A



AR SCFFRRNFET T 23 MR A (8 A A MR B0k, N T RUR (A1, SO I fRi AR
(EVSE I A7

ASCHIH AR HAW T 55 2 W B EIENESE; 28 3 425 tH TBFL HIEPEM bRiE;
54 FISEBI T S WA AIEE.
2. EH#iER

1. FEFRENLAE & X

FH X = (X, Xy X} =4X | X RFRFE A R LT, EREMMES, Hhisa x T
i TR RS Rmis. BUERER 2 R0 MDY, BIHA S0 B A AR RE
FH RN ). SR H T S FEA TG R R, 727 KRR . 05
JPEFR A BNEAZ R, DO B RRAME R AR — AR S . R, WREF X A (H
B MAER, H rno=Px HEHRRNER] x HEFER . r,k=12,..,m, ZREF X HEHLE
BRI R B E. AT UARTE T R A5 . F S PR 4 R E ) S 2 3 5 U A R
AR, AR UOnT UARTIEFRT X B9 “FEl” Ml 2. SR FEB AT A AR
(A AR, AR T RIS o iy (B RS - AR B, BT R b e 7 R 5 4 55 I (R 2 AL 10
AT TR IR A FIE R . WSROI TR, fEEVEE, WL ST

#L“ﬁ%%ﬂ”ﬁw,%Q:%m:lem,E¢m%ﬁ$X%%@%ﬁo

(AR, A RTE A HTTRERE, A% RN IS, 4 S RET
NG, KBRS s, 8, s HoP s RIS, B e S. AN
TUAFE R BERIA, B a=sits+mtsn Mon=2, =2 o g =2, g
MR 51 AER A A 2 B8, AT TSR R L AR 40 th T R DN,
URIERREL, BRI s, 0, . so BITT. S T A IR R, FRAARIEA M50
WA, AR U T

2. MASEREHAR R T

FIT = b, b BRI, 30 4, = 12,0 ZoRiR L, DL R
PR AR X HATIRA. Bt 160 F 0 R AR R e R,
CATVR S 40 Tt SRR, 77 DR U0 53 0 20 0 R 2 i 2 40
WA B, I pr= PRIV ORI G RER I AR IR, [RE, #5001

ﬁﬁ%%ﬂ,X%Eﬁ&i,ﬁﬁm=%,E¢n%%ﬁ%$%ﬁ%%%%ﬁ,ﬁm%%ﬁ

s [ FIN R

(AR, AN 25 F B IREHR A RIS TSR, 4 K R
SSRGS IR TN K Kay o Koo 6 K€ Ky T @ =Ky + ko o+ ki
Sp =, =t p 2 AR, AT TR B
fr EEEFI K, Koy .oy ko HEAT FIH ST FRE, RERAEILEOF SURRAMER S, AT
Bl 7

3. BT

FIT WU X U5, ATDME T ST . T, M Tro T Jom MR B4 R I 2
BT B T, To Fom AR i R B R 5 TP IR T4 T,
ATy o PR 15 BRI PR BRI IO, 5 188 40 1 B S 2 4 LA 58
ARk, — Ak, MAAIRIEE, WO R LRPIAE A



4. Xof AR IR LS FAZ IE X IR 7 A
DAL T HAE— A BIES o R KRR AT HIE R, BRI AT LA TR P X
(RS IR 200 A 4l BEAT AL B IE . IXAMB IR R 3 X AR F R oA F ) 25 4
MBS =AT7H. R FRoRITAEBIERNE R F:
F= (tij)nx m
Hrp
#HeEGIEax, W pr,
It eT, . .
HtAREREEx, We,pr, .
t, = i . i=1,2,..,nj=1,2,...m (1)
n HtEREAX, Wohcpr
S lmkEREax, WANC,p,

KH, €, 0, C, CTHE €1 >C20,04> €320, ¢ > FAERX, EAMAIRES tHK, AR
IS, HARE ¢, ¢, €3, €4 ZfHo
FRE—ATREET—AABE EEWET X fHEEs 6. fvie {1,2, .., n}, X
PIREZR D AIEIE R : tin, tio, - time ERRSRAT 1, Ty oo, T KT EE | AN B IE . 1205 T
W) X, SRS TR r, BAEFH RS ¢ e { ¢y, ¢, C3, Ca} FIFF pi AR IEE N cpirje H pi
RIE rRESEE, 2T R c BB T AIREE B4EEs. Wt e T, WEESENE
A LCARTE 55 5 A R P R UK 52T, Frbhcy > ¢y Wt e Ty, WIBRTE 25 1935 )
PO 78 o5 TR A LA R I AT REVEEE R, LA ¢q > ¢, 1T H.GETH2% B R JE0,  2R W I 1 B
BT A AR A B AR EE, FTEA ¢4 > cyo
AR H R R RE B AR, FEA S B — A HEIE R R ¢, ¢, C3, Cy B
HEEHUAELE NI B AR, FTUCN TR EE T B B 54T, BATGArA R, #4 ¢ =3,
C1=2,C=C3=1. 2N “3-2-17 JF, Fr& t; 1 LAEN:
» {%ME%%@M, T R3p;r,
Ht eT
L ok Ex, WA, ) )
t = i=1,2,...,n j=1,2,....m (2)
! {%ti%ﬂ%ﬁ”ﬂxj, W pr,

it eT . .
HOREREX, W2,

NHEABIRAERE F, ERE TR G S B e N TR, thRIE AT AR
TR ERE R o Aii o A T PR F ORI AR

5. JEREER

Vie {1,2,...,m}, WEA) X 1 HEMER D BIBRAFHBIRIE, 5 n MEIERE, £

f, :ic” P, :(zn:c"' por, Hifde3,2,1,j=12...,m (3)
i=1 i=1
PR A1, By oo, T AFEIFAR R X (K (M) JRIOMESR, 0T DU IARUELL, EI%E i+ fot o + i

:a,ﬂéﬁeg,ge%,gfmmgeﬁMK@%ﬁﬁﬁ,H%Eﬁ@%%é,ﬁ%
S LB A PE R MBI DA B, AR AT I LR R B R A (0
T 5, BRI L RRAR.

)Rty BRI = (1 11— 1) n S0 AR RAr | 1, ISRl
FRAGTIEL = (F, f, -, fo) 1T BB R S 5245351)

f=1eF

(IR ERATFEARRE A A

54h, )R AT LA, AT RE F R F) R FRLATEE Gl F



HIGE = cpiry, Hdr Ve (3,2, 1AM T p M A5 xR, JEIMER AT DL T I BT
P

b=(bjby-by)=PeF%  fi=br,  j=1,2,...m (4)
Hort P = (pipor-pn) WIRER T 1 S50 7341 4H B [

Faf LB AR IR FRERE, b i al IR IE R i, Hhoi& b= 1, 2, ..., m)
NBIERE, TREWMZE §EH b2 R r S =bjr. NEHERH ER
VR BE, SINFERE F &0y 7 ST i B R0 BB 25 i) JE AL

6. iEH) AT

I i, i=1,2,.,mBE, WREVNMER, WBEETMEAHESE, WEZ2 ST NS
AR HEE GBS BUNHEBIZERTD, 135

fo>f >f >f 6))

FEE) T EAMIFER f O8I, RIEIE §, B BLHIES) X XA i Ak
A RETE KB NEI S 55 5 R k ARG, WS B A A% 2

@ @ | e ®)

X X o X

U Iy Iy 41 I, 1 In

1 HHEAE RIS

TR Gn] DA% IR BT Oy S HENES), — &), BB EGE AN B SRR IR BUE
PUG, stEFHNRE T (. M—2 A1) Wk, BRaihf RMme], Hicsk 1 gks:
R GBI RIER], eoeees )12 i P = = 3 R 7 i B G B S

7. BigRgs (K RE—E0

> WERTFARE X KR E: r=(rry )

BB MR T e fmE: P=(pip2-pn)

AR SR Tl Tp LSRR —AN G178 25 1154

REIEE TR F =t nwm Firh

. FtESEx, A3

At {%tiﬂi%%%’ﬂxj, 1

YT (e, A1 (©)
=he p{%tiﬂi%%%’ﬂxj, Il 52

Y V V

> BIER¥AEb=PeF’ BZIERE

by=>pet/ j=12,..m (7
i=1
> E%*%%Fﬂ%f:(haf& "'9fm)’ ;H\:EP
fj=bjrj, j=1,2,...,m (8)

> ARAJHVE AT RE TR WK BNREAT S HE
3. TBFL HZEIFMHtRE

A TBFL ik CABRE 18 A A ] REVEIZ S P R 1 M5S0 iR E ] A
VA& TE A I AT REVE IR MR I/ R I A EHEFP (5) 0

BARFY X HIHRIEAN X, X, s X5 XL EAVEAbRE:

2



D= BSHHRIE A BLAER | 02 A
D= MUSEHHREAHBIAER | P IUST (B X KIFH 1, s x, UOFH M) 20

Dy= & 1 HERMNE )

WARAWA TBFL Hi%, w3 aliHEeATHNE Dy, Dy, Dy 2 fH, —M&H, D5 D,
HNBLE, Dy BOKEGF. Dy, D, ZAHMBUNELE, WK, T D BKF IR 1% TBFL Hik
HEnlRe S, XoriBa) iR RGBT DU R SRl EL LBk o
4. BT

Y A Dicing J77%. TARANTULA J77%. SAFL J5iE LA K SCHER[ 12142 H 5 CR T fa
PR Wang 7732 VELCEL,  FRATIR F 1S4 R SR [ 12] v 0 S48 — B8

A FEERSCER12]H B 1 GXERRIETSCER3]D HL4h AR 7 Al . S T Bl
JrfE, BEEHTR, EARTRID N 3.

Test suite 1 Test suite 2
Hh B Iy ity Iy =2 iy

Mid () { S S S N B L
it X, v, &, m; statements o o .: > ,T, - ::: '2
read { * Enter 3 numbers:” . X, v, 2k | X * 9 80 8 e 0w
m= x; | X2 * ® & o @ * @@
if (y = z) |3 8 8 8 & B 8 e
if{x<y) l Xa . *® & @
m=y; | x5 )
else if (x < z) | xs . " o @
m =Y. | xe . . o
else | x5 L] .
if{(x=y) ! Xg [ »
m=¥; | Rl
else if (x = 2) | *u . @ .
m-ox; | 2 . .
printf{ “Middle number is: ™ m; : X13 " o " ° 8 ® 0
} FFPP P P PP

3. A faulty program and its execution traces

fENHMeHS, FRE 3 T NET L ZREFREREAE X, A m=2)
Flx; (X NMN: m=x)o

T THRERES X “m=x" SCNIEFIER X: “m=2z", HRERRBEAL,
FRXABRONFRT I, 5 T HA —MEREA X, (m=y).

BREFIF X (m=x) A X (m=2), X Celseif (x>2z)) BN X, Celseif (x <z)),
HARBAAZ, XA NI 1.

BT 1R RIER] X, (m = y) BCNIEFIER] x; (m = x), HREAAE, XL
WRFEF IV, BEA—MERIER X0

BAR IR 4 AR B SR R IBE R AN S AHE], BEAT] A7 seaAME, B DAl
EAJHARI (Jele) WA —RER, BATEE R FRER . IEANEZIANEF, K
ATERH X = {X1, Xa, -+, Xi3} X MEF R BRI, HHEREESMmA:

4 2

:%’ rS:r7:r10:r12:%

XAIG A SCHER[ 121 R, R ERER, ESFEIZ . mEe Lk, ik 4
MEFE A HE G OLR XA BN & X 1) 4 A “CHARSCE .

E e, FRE 3 B4l 8 AN B (R Test suitel + Test suite2) ZH AR
AT, HoHr 4 AN B Test suitel]) ALRAIMIREE T . W SCRRI12] P IOARIE, T ATUA

. , rk:%, K £2.5.7,10.12 (10)



M, TN . MMy, TURTEHEIE % a2 PR ME.
15 W CHR[12] -
MR EFENLAS & T K566 04 N

2 1
Pi=P=Pi= P =P =Pe= P =Pi=0y (11)
MR EEFEHLAS B T R 2L 4045 N
2 1
Pi=P=Pi=20 Pi=2 (12)

XL RESCRR[121R I, VERF RIS STIR[12]
Bl 1 AT, TR AR L
T RS R P 1, EAE s R oL AT AL 3 A .

ﬂ%&ﬁmyﬁﬁﬁEﬁ%ﬁ%ﬁ=mxﬂpmb=Pﬂvwmm)q:iQQJ=L

2,..., 13, FIHADIFEBEERSE, HHE), Bfi=br, j=1,2,...,13, +HHERD .
e, WIEfi=1,2, ..., 13, BN EEEA) A v RetE S g i 2 (LRSS
HNEL R T):

OREOREEON N ® ©® @
Xo | X7 | Xio | Xs Xp2 | XgXoXq1 | X1X3 Xe X13 | X4
# 2. REF TENBUE T PR AR AT

FAMRAE T IARL T I, T 00455 5 B0 A Al T 1 Test suitel [IMIRSE R . MBI, FI(12)
YR T AR IE R FAERE F R ATIUAT, B ART)H B HIEIE RS b, BT AR(S)
THHEEEMRWT, &IEHE, 1=1,2, ..., 13, B/ E A H A TT RE M4 S5
FIINE 3:

Ol |l®|e| ©® |© ©)
Xp | X7 | Xio | Xi2 | X5 | XiX3Xj3 | Xg | XgXoXip | Xy
3. BF TENRE T F s T

PR A SRR CH AR EED 53CBR[12]9 B5R% (1209 Wang 757%) LLK Dicing
J7i%. TARANTULA J5ik. SAFL JHE#HATHAEL R 7 ASCRIETR CREFZ 2 13K 3)
Ab, HARBIENBRHH B T30k [12]

FKTFREH AR AR (5580 HEF:

.. T XgXo X)) XsX; X HoRiEt)
Dicingq | -
XX, Xy Xg Xo Xy ﬁ\:%lﬂ/@
T XsXo Xy X Xy Xy XX X5 Xy HARiA)
TARANTULA{ | o
XsX; XXy Xy Xy Xg X9 X)1 X5 HARis)
SAFL {T XsXs X Xo Xy X Xy Xy Xy X3 HARIEH]
* SH

T XX, XXX, XX X3 Xy Xi3 RS

T Xy Xio X X5 XsXo X, Xs X X3 X X5
Wang- _,

T Xy X Xio X1y Xs Xs X X3 Xg X9 X)1 X5 Xy



%ﬁﬁ&“{r* X, X X, XX, XXX, XXX X5 X, a3
T X, X Xy X, X XXX X XXX, X,

SERT(I3) s, IEQISCER[12148 HIREE, TR R R IUAR, XA AR 11
&, Wang J7VECHT LR O AR AR . BAREAE T MH 4 IR A 35 ) X0 HECESS R H) X, 71
5 TR “ B ALz R, 2R ANRI 0 E . FEE, AA3)F R EH,
KU EET R NRE L EH T, # Wang 7754, 1 HAE T WM T IR, ¥
EHEAZRTURIMAGE, WARESIEAEEER) X, X HEBRIAL, HA EIEIERS A
75 Wang 77V,

2. 1 T IRRGENAFE R 11

IR TMRRFET I, AN 618 S B a s R BT b —FE, A, R
ty CERT 2 R MO, AEAR o adak P, At T 451 ) 25 SRR R AR

R R, ATULMS R IE R 7R B, BIER % b, i=1,2,...,13, & G )5
WM AT . T AR PR AR B AT BeE KRB NHERGE I, FF5 Wang J7iEXT LLANER 4:

wang Xo | X7 | Xio | Xiz2 | X5 | X6 | X4 | X1X3XgXoX[1X)3

BRI | X | X7 | Xio | X2 | Xs | X | Xa | XiXaXi3 XgXoX11
R AR TETREE TN E AT SR Wang J7idixd L

WEEER T Wang T7ik b e n — MER D A FR SN, A FIEH T 24—
XU EIL R Dy A1 D, PHEARSE, HBHILLE Wang 5240

1 3. FAMRRSE T HRAL T 11

FI T PR FE T, S5 5RKAN: Ti={t, b, ), Ty = {t}. ETEHRIEANME, G, 4B
i MR A RENIER] 1 hE SR IR, b, 6 E BRI TS . 2 IHT I 15
FRAE, AR R IR, RS IR O MERE Y T rh i A 4% H T e R/ HE
&I 5 Wang 7 E LN 5.

Wang Xp | X7 X12 | Xjo | XiX3XgXoX(1X3 X6 Xs | Xa

BEE | X | X7 X | Xio X1X3 X13 XgXoX11 | Xs | Xe | Xa
R SIEF L 7EMREE T A HET KA Wang 7715500 He

MRYESTHER[ 121/ 70 A, B T A7 7™ BB AR AR VR, B TR ) X IS RIE £ S 30N,
BHARTKINAE o WA BE B, B TRE BLA AR ERIET) X N “m=2", FHIMTE
RIEA]) X A “m=x". FIFETF I W RIER) G AT LUHZE A X, X7, X1, X120 FEAHAHTIE L
Hk[12].

IAEVPNFE XA BAA BRHOZ A R AR T BN EVEI DI, Wang 77321 D EN 9,
D, N 15, D3N 7, Ti#iA% Dy, Dy, Dy AES AN 10, 16, 8. PIAFIEMTEAJHFFIE KRS,
REMMZEN, XRBAEEAINBE Dy, Dy, D3 HZ o BARIXEAGEIE A A, HEARLAR
JiiT e BN o A “WEER)” EREF AABSmERT, HE—BEREL x, a7
BB L B NEE, AT DU IR E A Xy B8 ) R DL A e e 7 AR TR ) X S
R, PTLASERT FREHEEL X, X70 SRMILIZ N 221 5 PN IR DR A —FE . TRt x,,
X7, X2 B EM F (BONEE 7K 3 MER), BESKI x A8, MR EL B —
FE, RFERH SRR E R, AT 6 R T EIR T .

i 4. A5 4 i ik

VIR IEREF I, EAHWMEERIER] X, X7 FEFFARE X 5650041 H1(10) KR

IAEHMHALE To = {04, 02, 05, 04} X FE/F TREAT M, P BB 11 4 0, = {10, 13, 15},
0,=1{8,6,4},05=1{5,9,2},0,= {17, 19, 21} o To KISLI AT NI 04T, Bl pr=pr=p3 = ps=
1/4, R WA G SRS DR K AT REPEAH A o




I To M, RIEAI#RZEL . A LR BURMECRALTT 5, BHEIE AR 45 80F
5 Wang J7iE 45 RIFFIR LEUNEE 6:

Wang | X7 | XioXi2 X3 Xs | Xe X1 X4 XgXo | X1X3X13

WAL | X7 | XioXia | XaXs | Xe | Xui | Xa XgXo | XXz X3
F 6MEF T AR P51 4 2 a1 5 100 HH B ) 1k X Wang J772: LB

PINRNE (2D HEF—FE, {H Wang J7 i3 B0RE 404

R, MR R B AR AL, EDANREAR 5 BRI AN AE o (E 38 A
WAEFTA A BIEE L, 6 T3 GRE AR “Tovlml i . BRI SCHR[12] HE A A SC HL ) SR AE
XAEOLR, BRI ERAMER

5. SRR ARG U

P 1 RAHIRE R, B A8 X ISR I A AR J, X U E I 517045, B re = 1/13,
k=1,2, .., I3RS THATIR, T 0550k, X BUN SRS 94, B
pj = 1/4,j=1,2,3, 4.

PR T ) A T e M4 55 R ek 7
) @ ®| @

WL | XiXa X3Xe X7 X153 | Xa XgXo X11 | Xi0 | Xs Xi2

X 7. FIRMERA AT HEHE A HE T
N EIRHET A Wang 77 ELE Se I MEER R RS LI HE P BA K A 2(14) B % T Dicing,
TARANTULA 7572, SAFL FiEMHEF AT X M. VEE G = AN AR e] F e 7R 5 = 127 A
MEASE R eI RN (Rl ENniel), N T R, WIler EZnEs T, Wk 8.

© ©) ® @
Dicing J5i% X6 X7 X4 XgXo X1 HAaxiEn)
TARANTULA J7i% Xe X7 X1Xa X3X4 XgXo X11 X13 HAES)
SAFL 771 X6 X7 XsXo X11 Xi1Xp X3 Xg X3 | HARIEA]
Wang J77% X X7 X1Xa X3X4 XgXo X10X11 X13 Xs X12
Bk X1X2 X3X6 X7 X13 X4 XgXg X1 Xi0 X5 X12

% 8. UM ARSI UL R &b 7k L

UAEH Dy, Dy, Dy FRAEVPEMT EAT CHEIER] X0, X7)

Dicing: D;=1+3=4, D,=2+8=10, D;=3;

TARANTULA: D;=1+2=3, D,=2+4=6, D;=3;

SAFL: Dy=1+3=4, D,=2+7=9, D3;=4;

Wang: D;=1+2=3, D,=2+4=6, D;=3;

WP Di=1+1=2, D;=2+5=7, D3=4;

MR R, XA BRG] 71 S, Wang J775F TARANTULA 75 %. 5
XA TIEA L, BT EYER) D UK, 1 Dy K, SR EECE Dy 1 Dy R, AT L
WX =ATJTVEM A A, T HAL T Dicing 77581 SAFL J5ik. FrUATE “H3R” (RIH
298 R AR AE B M5 2D B R, Wang J7 VAR SO Bk 2 /0 R @ A0 2

i 6. W FH A9 T TS () R O

FERTT IS o, SRR TS MMR P R4, TEWR T, T B T, B3R 4T
IR A A S, Nzt B8, R ENIPATI REE S e 1 55 18— 2k k1t
LG N HT IR «
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T'= {e1, &, €3, €4, €5, €6}

Hrfe =16,7,9}, AN x=6,y=7,2=9,e,={8,7,9},e5={10,7,9}, e4= {11, 10, 7}, &5 =
{9,10,7}, 86 = {8, 10,9}« FUNFE/T T A B ARFE 7 #02 SR = A4 N I B850 L oy A 6 01
M=% /N dy K7 AFETTHEBIEEE 6 FiHEFT, FrbAan By ik il B S 7E EE e
EArPLUEE R TSR F 4R, R IR AEI %, 28R, XWTIETTE IR
v, BrHuF RAE 2 D IE ROZAFER N =M 0h B TS RG], DL KT
BYMH, *TEE, BIHFARAREE, T, dTAmIIReET, T #Ha8 TiX
RG], AT CLHE BISEPX S B 3G S FE I, B LA T B i AR R, Bt T T

TEA T RS I AT AR IV, WA T IR, RAE S E i K
KB, B TG IR AT 1R AT B PEAE ], B pi = P(ei 3R BIAR) = 1/6, 1= 1,2, ..., 6.JEE T
WIS R B An, HARET ST SR,

FE T WRT, BRI SCRR[12] 7 S B AU HE 7 A 45 ot Ee Bt i F

FI T MRARFE T 1, AT A AR HER 2 9.

Wang | Xy | X7 | XsXioXi2 | Xg X4 X1X3X11 X33 | XgXo

WIEE | X | X7 | XsXioXi2 | X | XiX3 X4 X3 X1 XgXg
9. AT AR 1A A HES BRI Wang J7 TR LR
PIAN5IE Dy, Dy, Dy SEMEARAASE, (T SETHR (] F
FA T WRFERE I, 384D ) RE A5 HER L2 10.

Wang | X7 | X2 | XsXioX12 | X6 | Xa | X1 XgX9 X1X3 X3

BIEIE | X | X7 | XsXioXia | X | Xa | Xi1 | XiXs XgXo X3
10 T WRRT I 8 AT AT RS AR HEF SR Wang J7 TR LR
FERXAN S, BT xp ARG A, T DUHT S L Wang J7 R80T HAR4H B2 AN Wang
Jiik. ERWZIEAHIY 8, FrERAK.
F T IR TV, 184 Al B AR HE R L3R 11.

Wang | Xy | XsX7XioXi2 | Xe Xig X4 XgXo XiX3 X3

WIEE | Xo | Xs X7 X10 X2 | X6 Xi1 | X1X3 X4 XgXo X3

F AL TR IV )R]k R SR Wang 7715 LR
PIANGIEH) Dy, Do, 2B ARSE, {H Wang JHERUEH, SBrEAH SR, a4,
5. ZiRTRE

SEATTRD, SCER[12179 TBFL JESIN T —ANFRA,  Fors 2 HIBE LR %5 0t
DA L A2 B SCHR[13][ 14156 10 R, A SCIRII21 I RENLEEAE T B0, e V4,
FERXAS 7 AT BEAI b5t — A BESCHR 1 2] B H SR (] SR 550, AR Il b — S se ], ESE
T WL S Wang JHiEAR 2 H B AR LR O N BRI

SEbr b, SCHRI12RE P AL & X R AR A AR EIUE B UM EALAZ &, X BUE x IR,
NER) AR, BNHERANRILEHEE, HREAEFRE X BRI 1.
FeBG oA R F BFNFT 5 RRm N ne=Px A, k=1,2, ...,m, Hfm2RF1EAEE
S I6 AR B E WO T R N SO TR PR RO FRIRR PRI ARl 2 — DR IAFEAE,
AR B, BARER T — KRAA MR “Sehn” B, MIER I AR 705027
A SR REFE, BRATAE TR, BT A SRR I e A SR, RISk B
T PR T8 ) A il AL X0 N0 e Y SR 98 0 AT R 1) o (BN S 36 0 A R EORARAIR, R ZE 0 <y

<1, irk:I?JtﬁTy PRUMBANAISE . 9 1 X Al v BEAE L, PR AR B — i e 8

k=1

TR ISR LM UE, SCIRI12] 2 il s 3 RS A (S B B IERA e fi. —
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AN P 03 B 2 RSB b A AR R PP A DR B R 2R IR R SR SR A s T VR 22 5 ok
SRS/ T AE WA DR T 3K 448 Ul 1) ST A rhomt B 2 2 s D BRATTBRAE I AE T T R 1))
Yo B AR RER p(qDRIE . SCHR[121H A 74438 p(x|t), #RJ5H p(t) @ p(x|)2R7s
X, DRI KA, B pt)p(x | t) FaRX, TIAG A Xr, BT E X K5,

M BIESRFEFF AR R X KA AR s, FE/Ey SRR SIOE AR, b
T 75 5 ARG B RS 296 SCHR12] -

BT IR0 0%, RATERRAEIB ¢ FEsh 4 R _EXE X H2eie A X #EATIIE,
SRR B t BRI FEAR IR IO BE T AT X AE1E ) x AORER BLR B t 215 A) x EZh c =
H Z AR A, 1T LE S O XA AR AL A S B A TR R IR U . R AR
n MG TREAA T n AMIED A, FIX n MIERNIEDN, HUEEFZRE X K (M)
JRUBER A, FREALRIDY X JEIRMER, TERistE ST, BT DU S R A A
BRI Ao BATRIE, EAUE P HT2 AN R BLE ) EZRE, R AR —Fh 2
JraUS 10 B DL IR A FL .

P A IR, 15 30 10 3 S0 3 B e IS LA RE B OBTRAE, T DA 44 A UL
NHEETRAER T HIBEHL TBFL 5%, IRA SR I2] A RIALEE, AR B,
M HIERETFAH I SIE, 45 Bl PR S 4R SRR, 55 R IX R AL ) TBFL J7 ik ER 1 A1
SEEAN TN 563 . SR L, FETRAER T HIBEHL TBFL 5k AT AL 2 — R 2 757,
It UL SR (0 LA R 2 — P A 2 IR I e HE T B SERR R R R A B A A B 5 52 6 1) L

ot O A AR AT ASHR M E St W, RS ER T ER AR SR &
OREIRE SR RDURESR . R IR T 2R A S TAR SR &
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