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Software Fault Localization Method Based on Exception Checkpoint Injection

SONG Yi, XIE Xiao-Yuan, ZHANG Xi-Hao, XIN Qi, XING Chen-Liang
(School of Computer Science, Wuhan University, Wuhan 430072, China)

Abstract: Software fault localization tasks begin with the program execution failure, and locate the root cause of the fault at the code
level by analyzing the abnormal internal state during program execution. The current mainstream spectrum-based and mutation-based fault
localization techniques, and state-of-the-art technique SmartFL utilize coverage information, mutation information, and information
represented by program semantics respectively as windows to observe the internal state of the program. The employed information is too

broad and not targeted enough, and the three types of technology are limited by bottlenecks such as the tie of statement risk values,
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excessive mutation cost, and large information scale. To this end, EXPECT, a fault localization technique based on exception trigger
information, has been proposed recently to monitor the execution state of program failure via the program’s built-in exception handling
statements (Try-catch blocks), achieving fault localization effectiveness that surpasses the aforementioned mainstream techniques at a lower
cost. The premise of EXPECT is that the faulty program must contain enough exception handling statements. However, in the real open-
source environments, many software programs do not have a good exception handling mechanism, which causes their codes to contain
only very sparse or even no exception handling statements, thus directly affecting the basis on which EXPECT runs. To this end, a
software fault localization method based on exception checkpoint injection, INSPECT (inserted checkpoint-based fault localization), is
proposed. By automatically injecting temporary exception handling statements into the faulty program as checkpoints for the internal state
during running, and designing a more sophisticated method for program statements’ risk value calculation, the application scope of
EXPECT is extended to more general programs that do not contain exception handling statements. The application scenario of exception
trigger information as an efficient source of data for fault localization is extended to achieve generalization improvement. Experimental
results show that INSPECT obtains better fault localization effectiveness than the current state-of-the-art technique with improvements of
95.25%, 55.92%, and 16.65% (simulated faults) as well as 93.39%, 57.54%, and 13.92% (real-world faults) in the best, average, and worst
EXAM metrics respectively, and 311.47% (simulated faults) and 283.31% (real-world faults) in the MRR metric.

Key words: software fault localization; exception handling mechanism; checkpoint injection; software quality assurance

AR — PP NS, AN AT 8 S b 22 575 BRI, 7R3 R Gk SRbk 22 i 1 g a5 ik Aol N k2 R &40
W ST, B SREEIE R A AR 14 P2 . 40, 4% 22422 7] CrowdStrike T 2024 4 7 B R AR — X F A
B AT B, SR ERIEE P Windows R ZEHBUAFI, 4RAT. WLz, BERe S KB 55 (K vk 3z 252 ),
AN, BUBHLAA Synopsys BT R AT I — 34k 55 2w, 2022 4244 35 B S5 R EPF = 10 /R 2k 7 2220 2.41 Jife 36
7T, B T AER 170 MEK N GDP, TR —HUFAE 2020 5 1.31 F2F P, ik & A i, xS 2o
(6 Z AR R B AR DR AT B b o v b i, %t S b Hdt— 20 ab - oy S L B,

I JLAAE R, BRI 8 AL AR AR A 5T i PR B R ) R A R R S P 2R, 2B T E NS
2 I O BB S S I SEA R A, LU R SR Z HIPAT R AL GER) AN, SRR RN TR i 47 B
A SRS, BN RLZCAR B B 5T MR Z AR R FEAR ] CRESS). AT, JE Tk BRI € 47 (spectrum-based
fault localization, SBFL) A3 T~ 5845 [ B [ 2 17 (mutation-based fault localization, MBFL) /& Wi R i N F IR A HUR.
SBFL 5 J R 47 I P 451 Sz B 1 -5 T 00 1 2 75 AE AR, 1 B sl PR 490 0 S sl i A0 2R IO P, 8 i e sl ik
BIPAT IS AR R 17 7515 2, 9IS e 58 2 e WO sl 8] 5 /A sl ) i 490 78 i (A FRP SE A (O, Rk
TBA)SE) TT BE  A Be RUR ( ); MBFL AR B A AT BEAL AR, F L AR R i iR 45 1, INTE S
A RBE T R AT 9 AR B AT BEASE SR IO 5P A9 AR Sysdiaet, A A B 2 A SR A S s X 497 7 i ) R AR
AT B8 AR XGOS AR, — T T RE A SR B R A R SmartFL AR 1, A0 R R X
FEL BASIE RS PATIRERS BT 45 & @18, CHOE S M aT s otk B E B A B AR, R SBFL Al
MBFL $i A R IESE IS T R AT BB B A 80R, EA 154 5515 BAE X RR T I SRRAS AT /0 IR o, 2
BRERBETEEZ . XA RRITS S A, X IEAEBA & B 50 R BT S, SBFL BARUKSEE
FAF BRI SR AT RIS, 8145 B0 36 ShIA I FR 7 ST RS H E A A ) 7 2545 2 1 AR 3 S Ak 4 T 7 17D
FE RS AR (R RUBS B AR Z6 i) /&, 780K Tie 101 8R). 2% 1] #1404 WL, S Jeii v 20t 7 MR AR L i
SBFL Hi AR M A %t "2 MBFL $A i R A R RIS REA T 15 25, 7048 20U 7 B2 8 R REA T 4 PRI AT ik
2, BA R S I TR RO U S RAS . T 24 oK B AR P iR A 3 47 55 I, SmartFL A7 AT BRI 15 SUAS S RS oK 1) 7] .
DAY FIRPRR, BRI T R A R A B E AR EXPECT?, A e rh 4 (1 57 4 B85 4] (Try-catch
PO 150 AR I8 47 IR B R 2 07, 23 ) AE SR TR AT FHE i B AT T id 3K Try-catch $ b fil 5700,
Bz 5 B R 85 2 B (I H rp— AT AR A A SRR S T 0 — R0 e Ma & SR B,
S B R L FT 7 R — AN A 2 (A R P B A AT RS 5 5, e % o B Bk i ).

R EXPECT J7 92 HISR I @A A Rt RIE I 1 A SR BB 2 AL R SmartFL, H s FEAR T 85 =27 B
5 BT I e o AL BRAR AL AR, E B SRR TRIR IR, R E AR 7 RO TSR A A D A S &6 5 I, 9Fik
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A A BT R o S B A T 5 4 1A S A AL P, S SO TP A D e SR S A EE ) I U
+ 43 WL, i, xF Java #E X A RAT BB H Math &% OB 12363 AT ARRHEIT I, KRBT R H
VB I i A BRAHE. H e P] L, EXPECT J7VETE SR AL X B A J 40 S e 7778 R, 480 (R kb o 6
D3 DRIRR B SR R 1Y) 5 o AR BT ) 2 B 2 1, (4 5 Al R A B 3K — v B O SR s S B M LAAE )2 JSE
R B KR .

Ty, ASCHR T R R SR N B R A R B 52 A2 72 INSPECT (inserted checkpoint-based fault
localization), ¥ EXPECT I H G ¥ B ZE AR & 75 A EIE A 45 R 2. BRI S, & 50 M A iR A2 7 rh LLR
SE IR 25 BEFORLEE, I BNAE N Try-catch HE 9 BHRG A 21, 7EH Fid R P BT E R R EREE, 1F
9 Jig BRI TE A 1 R BT B, SRS R T AR D SR . AN R 43 S B 90 AR 55 s 515 280 2R TG X R 4] s it
AT, 5 RIGHAT I 3 0 i A5 B FEAT LT AR B FE PP AT RS 1 20 80 s 41 SRBE T 3% 43 LA I 2 AT B0 ok — ol
R PPV )RR ARL T B3 7 3%, 49 B0 215 ) R KU AEL, R E— 20 B T AT G B 8 LB AR 3 U REAT HE 1, 2%
FR IR 2 i ) R =2 [ — XU BT 32 B AT Tie 138 ¢ i 45 A2 P 18 1) Sk 40 )5 XU AL EAT HE PP, /24 INSPECT 7
IS . 7F Defects4] BRAERT 540 M IRFL R ARAS B I VEHEAT IR, 45 SRR W, MIBT 2Rl A0 i e i 7
%, INSPECT 7E EXAM Best. EXAM Average Fl EXAM Worst 1845 L HIFR TR 73 519 95.25%. 55.92% H1 16.65%
(BEULRBR), LLJZ 93.39%- 57.54% F1 13.92% (FL3LHFA), MRR $aAR I3 THIE > 311.47% (BERLBES) A1 283.31%
(BB A).

A TAERIEE R AR AE GitHub YR, Ui a4 https://github.com/yisongy/INSPECT Repo.

1 HEMAKR EXPECT 53N

AL INSPECT J7 A PR 7 57t 5 A A S AR Dy 2 MU, e IO S I o RO AR AT i g xe oz, T gl
FHRMES . ZEACHIR, DURHTHIFTE EXPECT 77 T LA/ 4.
1.1 BREGREEMESKETRAERIR

A o PR — 3 AP I R A R A B B 221, R e, 3 20 R 5 v () A M AR A 11
PRI 2R (U TCRFIR Ui B, A SO R SRR A B R B 3 AE B AR 58 1 18 i), JLaT TNl A ) Jdad b
XA PP S i EE R T A 5 AR TR, R 3R 2 g e 004K P AR SR B s 9, R ek R 491 s 1 7
J PR B B A AE B2 R R U S St R AT R 2 AR S T 1 5 7. (BB s AR 55, REMIHF R As 5 22 T
L, SREESE (AR BN o B R P R P A TR R R AL, ELRSONA AR I H ThRE AR R AR AR DK 1K
4543 PIE (propagation, infection, execution) #% B%, #PH 2 () b R A7 L 2 rh (A RS A IR, A REAMERIE N
R )2 AT WL R PP R 28 (B ARk P 9. AR A0 LAY T DAAS 38, AP b 7 A 55 S s DA i B A 2 el
UGN, B 28I MR PP s AT B PR, 4R BR R ARG T T 2 EIRSR R R AR A

SR, B TP A BRI E AL BOR SBFL ANEE T~ SRAZ (kB 52 A5 AR MBFL B2 i v i, SBFL HiAKFE
BT A5 B AR RIS AT h RPARZS BARER EdE, R Dk F 38 AT e A o i e 1 ) PO 7 i P L 1 SR O S TR R B
SRR k] R R (1 AR 8, 0 ARERRA 56), AR5k T ol SR FI ) A w5« /D Jel e i P 91082 5 )
R P B I L A B v 5 kB LR B AR, K% B AR A AR IE OO R e 1 A U (BT B A 3K, BE TS B RE P15 A (1
AR HE Y B AE A3t B MBFL R R LGB I A O 3 B 2347 % 52, FE e P2 e 1 F) AT B
HURAE, SR 5 5 A 5 A7 SR P FE 3 0 _E PR S AR SEAT W] R A R e i 491 32 Dy e oo, A8 AN A7 sk g v ) _E ) 5828
S AT RE A 1 P 1A D SR R AR, et RERS R EILIX — AR BB Al 2 sURONRE P il A) TH SROXHEL, fe e iR
(e XU A HE e B0, A Lok S B AR BT B I 5 o U 8 i, L4339 U AN R R AR . BT 5, SBFL 4%
ARUSCHE R 7 AT B o5 15 BRI T e K, (A% 07 VE B O S AT oA B, 7 2505 B R BEMR R M LI
WA I A7 I ) P RDIRAS, (845 22 R 7 8 A 7T RE R 58 4 M R IO 22 2505 8, "B AT DR BB 7 4 ) A JXURS: 1 T T
WX (R A [ RS AL A T A 8 R T AR “Tie™). 2 24 IR & A B R BB R AR T Tie HHI, SREEE AL KA 2%
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PET] 832 B BUM. MBFL SRR SRR Fp ARG B K 5 AR A4, T4 il IR A8 4435 75 FE T 4 B BAT, IS 1) 00 2% ) g
ARty AT, HLHA 20 [ RE 52 1) Tie 1) @A SE . JE 3, — R0 T35 SCABREA S LR SmartFL g4 17, 3
MR UE B TS TE B 53 SHAT IRES BT 456 B, SR A 2 T B3 10 77 o0 e 18 ) Tt XU 4
PLSRHILBRRE 52 7, IZ PR EIE SRR B8 T SBFL Al MBFL iR, BHL T8 XUE B H T Wi R 1817 R AR A,
T 8 S R EE T 7. R I, %07V AR RS S B A 52 P PAT IR IR BRI R A O, MR 2T
Y BRI IRE B 35 I, SmartFL BT G SUE B R/ AT Re AR G 7 45 Sk

25 LR, I 3B A T SLROR TG A5 BT RS B URPE R M DURE o0t BRI 7 B AT B A 2. IRk, —
A B 0] LR QAT 4R 21— P BB 8 A E R B BT R ROR R 2 R PR D] 2 ) g 7 e 42, (R B AR NS )
FEF AT AMRASE B R, LA T8 0 v R b 5 A
1.2 EFFELENH

SEH R T B AR e AT I B L O AR e AT R e, T DAE AR R AT A R AR A
B AT EREE AR I 7, I T R B R A B AR N % S AT R, 4 AT S R 1 A
TRHEFR 7 J5 BRI BAT SR, R A AL BT (0 R B 22—, R AR A i ] AR 5 AR P B AT BT 1 RS,
9 G BT RE B I B AR BVE S AR ALE B, DA B AR B AT SRR, S S I B P AN AR AT R
ERRFFPAT T EPRE WA G E, REAW R, BERER AL FI, 85600 30R PIE BAKE X, FH il R (E
BERZAERINFR 72 AT H EPIRES BE SR, 75 B A SOt S R E AT R R R RS TR S - R Z SBE R 5
W],

A Java 15 AN S AL BRHLEEAT AR, 7 Java B 5, 7% & Thorwable 251524, — MU FEZESRIT K
FATH R ARG A) AL FR Y Checked Exception.  fu ¥R & AL EE Y Unchecked Exception FHi# % 2 T2
FTAE LR A2 EIZ AT I Error. 271, Checked Exception i 52 16 % 1 5+ % ({1 IOException 1 FileNotFoundException
5), BRAEFE TV 5 M UG throws S WA 6T I 7 ¥k vh vl e L 1 o 2828, A I A 2014 ) Ty ARAS BT 3R I
A3 ; Unchecked Exception 8 AN 524 & 7 % (U1 ArithmeticException FI ClassCastException %), 7£ Java i& & 1,
it throw JCBE 740 H 48 7€ S 24 1) S 8 DA, 155315 R LE AT It A B 42 g 13 2 AR R DU 9 HH S 6, o 2
RN 2 FEET U5 18] 5% 45 Error $8451% (U OutOfMemoryError 1 StackOverFlowError £5), H-T IR R 8 M H A £
TP B AT IR H AR N 7 B () A%, TR R AR AN LA T4 ORI A 1 O30, 24 S5 ol i i B, H AT DA o ) 5
A FRARAY (BD Java H Y Try ARISER) 3K, HARYE S ERAE Try AAASHGE I catch AAAGH 8 2 1) =7 B4R TT L el
FERFE VT 7 AL BIE A, S8 5 IR IR X RO AR AT T Ep A OC B & AT e W 58 IR B L AR I8 1745
S TR
1.3 B EETREEENHEEN S A EXPECT

N T BRAERR T (S B TR E AT S I8 70, TRTHAEET 7 — TR &R ML, DL GitHub JHEALX F17732
8 F ¥ Gson T H "R &, K LR E A 5 AR AR AR B AT IR A B 1 (RO ek
BO), IR A A LRI R E MR S RE R (/AR il FIPATIREE (MHAHAT B AT A F2 75 D), 44 BL
TiE BAFRN T w MR R. 3T AR AL K Gson [ 40 MNELFE AR AR, 75 b MRAS AR 46 TE SR FE AR AR 14>
TNIEAT BRI F A, 73 45 31012 2 T FH 480 26 2R TS T FHE e AT v 1) S i R0, 2R AT B AR B4y
A (R A S S 3 S RCHRAT AR I 3 AT 57 3 e U 22 e TR 2 1), 5 SRR, 7F 80% IR BRIF R AR, BB 1E )
HRALT 23 B RN b — AN RT I AS A f L TH). X — BN T AR e Ak R A5 B B AL BB Uy T B R AFITE .
BT IR RTINS, S T —Fhdk T 5%l 5 B BRI 5 A7 /7% EXPECT. 1% 77 AR VAT R TR /7 A
T N ) 2R e A D N, T SR AR R e A U AR RS ASE A5 S MO0 F I E G E RS A8 gl AR 5 fE AR R
FE 7 A B ARUA |23 TARAT SR A 3], AR AR 12 2 e 3k 4010 £ 2 TSR AT R 0 0T 46T oKk, BT A2 e v
JER 2 T 0 S A B A, 43 BIAE 3 SR SRR AT A T BAT P SRR B R A R, S E e B 4R 2R 4EAE BT
UEAA T 22 e 19 23 030, DAAZy R R B R IR o R T RO IR TS FE S B 335 5 NAT R T8 e R, vl
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T ARE B IR AR RE 1 KU 1% T AR A SE S0 45 SRR WA, EXPECT J5vAfRENS I il i BT S i) SmartFL %
AR ARG LA ARG, 7] 2B SOk [21].

S EXPECT B 1 R A5 BRI 8 AL RCR, %77 V55 ZUR T AR e vh JEAC B s 7 S A BT 4, 244 0
FE AN B /B e W AR BRTE R I, HA R 32 3™ g . BLAAT S, EXPECT J59 (0 55 f R AR AR YL 4R 21
P S5 o A IR 5E 73 B, SRS A REAR I 20 SR e S SRR A KU BL T 5. TSR A RO i A A5 B T g2
FEFF S — s HCR R  H AR BT A, 3 OS2 0 57 il A A5 RO T M L 2O R AT A dm S
AEAE R TR AE R P v B0 BLAT 200 5 A A ), (B AR VF 2 A6 0 T IR AN 8, 3 B s TR AR P X
B VR AN T A B R A A L4 WL, FRAT TN GitHub AR X b (8 FFR I H AT T R, 32— BHESE T X —
PG i, Xt Java #E X PEAT HCH T IH Math &0 61 12363 7S IATHEE, KRBT R & 5K 5
HACPACH. X R W], EXPECT J5 ik SR Sl 1 B0 (SR 6 28 A2 ROR,, (8 Hoxt S 5 A BETE A A (O PR 1) 1 iz Ak
PE. PRI, ST £ 5 AL BRE A R X — 0 W LRI DL, MOARRE S A PR e 33 15 JELAE BRI R AT 55+ B T
73, TR R A 52 ir, 2 B X U 5 A D) — I 2 ) AL

2 ETRESENNREHREEN L INSPECT

N T R EIREE T R H AR BRI 8 AL EOARAE FOSCTTIRIARZ AL 52 BRI PR, ATt — A3 T4 25 i
N RTER AR B 5E 3 7732 INSPECT, S S NS 2 s 1077 2UAE A AR AR AR PP B0 e I BACHS FO RS 0L T, R4
RENE R B 57 M A5 2 P AR DI AR P AT IR (K B 11, 3 T WAc SR 45 21 5 BE 1Y) 57t e, AT g ik
B %€ . INSPECT J5i% B e AE A AR 7 LI AT A5 £, MR 408 S Bt A0 TR0 6 L 2 75 AR TRD, 8 i A D0 P 491
Kl 73y ek I P A9 00 2 Tk P 48, 2 WSk I K A e N, SR 2 LN DY IR ARCAS AR J S i
PSR B oy B € REFE A RS THELIX 4 NP IRIGITRE, il 1 P,

Dt U

= Statements_Begin_1
T T - I VBegi . @ B KR 1
:’ H B (@i_ i%‘ﬂL:Beg'": Checkpoint#i O35 iﬁ“wﬂ(u {&
U X ;Try-calchU\‘ % SigE. H || = | | ik 47 Statements_End_1 .

e o H : s : | o= i%}h’EiEnd: Checkpoint#i_triggeredOrNof i JRpra g@ 3
S b [ahend B — M | iR _ N UNEON
' %Tﬂ- X 3 :‘ . @ p e ': B R /& _ IStatements_Ending E E
) el i R ‘ ; lSBFL ;
i e ETYE ; e g
R A AT ; g1 Satements Begin | §W*“JW i
; "_‘ X : A : 1% 4} Begin: Checkpoint#i : 3

S KA L (e g | i H L
— an J A -— I'llo= :‘/‘yi BR End: Checkpoint#i_triggeredOrNot !
i 403 i [lo=] |/ . AR (T |
""""""""""""" - AT {1%"__,: Statements_Ending : LIS E'?-= i
S AR s ’

Bl 1 FET R fUE A R 8 58 L HR INSPECT Jife &
2.1 WESEAN

UNRGSCATIR, FE P 5 W A TR AR A R 5 R LA 55 (K040 P SR A 5 4 2 Aoy BB 1) AR 2 75 R S 5, DR RN T
J 8 AL PR AR R A i MRELNKLEE RN ORI N 3% B3 3 A4 B2 f A A s LN O DTV, N T 23 )
T UAVELHA A

(1) FAKLEE . A 7 i H KL SR 4R B MG 2 A B R P AT IR VB . 9 7 1 52 A 2 ROSE FRl N J2 5
HER A, JFC SRR M AE 2, SR Try ABSHATE U 5. BRI, A6 & A RN R SR b RREAS Try
AP T O F AR & RO RE 8 Y L TR TR — MU 2R 2, ARIBUE AR & 5 AR AT S
SR veit, TR T BEAEAFAE AR Try ARG H AT LLA R 3 RS Fr AT 1 A5 v i A B S, LAE A e S kAR P
PATIRE, T7 i AR B R RN Try ACRGHR, BIRE SN (A 2 m ME— X6 N2 — R 7 B 4L, B Try AL 3R
R B BT R 1R ) 0k 3 R R DA A RSO N (RDRE BE AT A SR SR IR — 75 T, {1 R FH B A kL P AT A
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A RN (WERAIER GO, S S Try ARSI O — K82 KR F1EH)), NN Try IS0
B BRI E FREE MG E R, SEREE S ENZ 2 B AT H FI RS, X5 INSPECT HiARTE =ikks
SENLZARE JTH B AT, 3 —J5 T, A2 Try ST Q2 AR 515 )il S I, R 2 s A B i Sz i fid
S B, & 45/ Try RASS A MFE PR A)YE HE, 1T R3S A2 Py P47 B il S 3 8 R O R 38, DR B RE E
(1) Try AESHCRT LA IR BT 2400 o 50 i 100 37, BRLILG R 8 B 4 M A2 300 24 T 10 R P AT IR

(2) K. A A s HE RN Try ARSI BT A AT S8 72 1 R R R, DA RSk 4t )
PR HATZ RS0, INSPECT 7E R4 EAE AR E s R & 2 s, o, 28 147 I “func” AR R EE 1, 56
5 1711 Statements™ 0% bR £ 4 IR AR A1), X IS0 R AR BR U R A N4 58 4-6 4TI Try-catch /RRE A,
ET BFrR BP0 ETE R TE A, Bk, 28R 30 R BB A AR T I, ER T LABRAEN ) Try-catch AR LA 3k,
25 6 1T catch REEFFR I T Try MRESHOR 3 #1073 % 358N Exception, B A AR H B AR T 75 228 (F &
Exception F)FZE0HE 71 iR £ 0938 A iR J5 B 28 6 1T 1 catch ARTEHH IR, S T 1d 3% H AR eR 508 7= 3 ok (5
B, 5 2 17 Lh-triggeredOrNot” (A XX L AL IR A triggeredOrNot) 25w bR iR 5 5 W fil &A% I, %48 T 46
B9 0 (R RECHIRA 77 B ). TEPAT BRI AR T, 5 3R AR A AR T 7, 5 4 S B O AT Bk %
Z 6 1T catch ARRLEL, WITIEFSEE 7 1715 A K “triggeredOrNot” 28 & [ME B MUA 1 (IRFEEH A T8 #i il K).
R ml b BAR ) 7 AR S BARSR HER 3 TR A (R P IR) FIEE 10 4T85 40) (R A& U4 ) S8R, P
“Checkpoint#i” (A X HHTE A AL IA N Checkpoint#) A& 7EA R R E_ AN LA @ N ME—FRIR RS 2 A
func{

String triggeredOrNot = “07;

System.out.println(“Begin:Checkpoint#i”);
try{
Statements;
} catch (Exception triggered){
triggeredOrNot = “17;
throw triggered;
} finally {
0. System.out.println(“End:Checkpoint#i_> + triggeredOrNot); }}

2 A R ABR

AL R M2, INSPECT JHEAMANIE k2N 1 EMIA 2T 57 H A5 2 I BRI E AR XIRE P B i 7 H Ak
PR A A ACORE, e R FE Fp T 3 A0 BT 0 R I 1 A, I R e S Ak B ) A B PO T BB
U, RN RS 5 AN JSE 0 R JUAT TR AT 22 8 A . 7E P 2 B RS 28 R NSRS o, 8 (S HE JE 0 i 0 A
A Try AR BRI 15 B AR Exception 381 catch fARGHR, AT E T 2o B0 JFUAS 2 [7] L JZ 8 AR 4l L 1) 53 3
TN IR S ARG, AT P LA 7 S5 AT I8 4. LA Java *PIRAT FERCEI I Spring HESE M2 57 KB (¥ B Ay
1, Spring {55 5 U Hs e 2 554 BRATAT: 2 A B 5 0 I AT 55 O B, B SRAZ SR H WA NI Try AURS B A
IRIFRE, T AE T SRR 5 2 VR (13 35 PR M 525, A5 2R R 3R AR AR, O 7 38 S iX Al 00, 7 iR AE TS
7RI catch AURGH ) 90 HY 3R A0 RH, anlEl 2 TR EIER 8 AT R, X — AL BAEAHE N AL T RO S AR R
A PATIZHE, B 8 1T throw 15 A AR FHIEEE 10 47 FPie & 85 R 5 B I %, RO AE 5 AL B % O 1E T2
W, — BEEFHATHEN Try FOASHE, AT return F1 throw i) ) 45 R ARK 4 BT I LR A7, FEAE SR 9 4TI finally AAFY
BT IR (],

(3) MELNEE P AT AR (K% B AR AE R AR P PR N 7 A R8O, B T INSPECT 757 AR BON R FEAE A
Try AR ER, 12 mUR IR SE b BRI 7 P BGE SR Try ACRSH) B8 B8R 5 P s AU L), TR RN
SRS v I S AR R A B e 1 A e O R, S 2 5 5 A BEA R A AE A7 T2 1 v S T it B R R
AR AL &, DR BE 5 DL 3% AT 0k B R P AT IRES. INSPECT J7idcR M B3t BEL N T B
I A A A DR R e S S SRR 1 AR, AT T e LA e 4 78 1 W e LA R AT IRAS AL . D, DA
RO R S A AR A (BT A BB R Try ACRGHRY) B 00 A AR 1 . BRI &, I $9 8 A R P o

P OVUoK~NOOUVUTE WN R
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Kol

MIRTA R AL, LA 2 R R% 4 D8 BN 25 5, BN AR 7 20% (1 BR B0 R 75 80 (R 75 AU Bk 2
ERERBIES 4.3 W it—2 0.

T VLRI, INSPECT 72 AR R PPN BRS8N £ 1 BN 2 1E T BB e DT 45, FEFR AR 2o S s
FINZIFR A5, A AT 250X — BN 2 3 AR 7 132 17 4.

2.2 HIEFRRR A5 B

55 SBFL. MBFL A KH 5515 5 FAE B IFRGRIE € AL —FF, R 7% (5 B BRI e A7 [F FE i i g
RIGHAT R SAT BEAT Hoxt, 45 218 172 BRFE AR R A7 B 28 32 A4S PIE LAY, 4858 T Frill Ry h R aiE A 47
TE I W0 P 1], SR 5 TR AR5 (0 JR BRIE T X el A T 185 T 8hBRiE ), SEHITIRE R
FIERGe. AR H, 38 50 0 S BRI 3, T IRASTE — B R T AR T R AR AT N,
BRI L 6 5 SR ICPAAT BEAT LUK A9 7). JRAR TC B PR 7 7E B SE N 5 R HANAEAE, S AT BRI o LASRAS, i
1 EXPECT J5 8 4 s bl IE TR AR, SR3RAT — 4% SR IO ik P 461130 S8 A sd i $hAT, DAREAT Eoxd. BT, O IE
HRAS S 38 S5 AR R AR P AN A, BEE A R A R FE P b — 2% SR IO F 451 % A2 il A P RS (KRS B RR
A1) RIS SRAG S GO % 49 36f 82 P38 i AT, DA — 3% BEAT E, i HEXT AR A 7 BEAT 18 B, BRI AR N
“DhIERiRRA). EXPECT 751 CA&UESE, fER P B & & A L 8 5 # A BE ) 1B 0L T, 25 T 09 IERf i A 15 3 (118
T 51 EAT R IR bR AT N I BE 7, BE S AG RORI R TR AT HEAT HUSXE I 28 A 8RB . TERR T B 5 57 A 2o
F)kE . INSPECT J5v% HEN A& sl i L, i P )2 B A X — B8 0 A Rk .

AL Math T H U6, 8 I B R M S IG I0E T X —HEW. B0, Bl Math 350 H 9 S EE R R A
(ArithmeticUtils java SCHFES 479 4T FRAFTE — AbBRIG: “=="18 HAFHOR S N1=>), Wl 3 Fios. BT E (2T,
T 91 “testLom” 1) S B HH -5 TOUA% H R — 350, B0 2 SR SO R 491 SR P 2 1 SR8 1) SR s AR s o) A M
AR I RAR, SR SR AR A% A 7500 120 FH 1l testLom™ A T8 3k PO D IE R RSOAS. 25 BB, KU SC 4 ArithmeticUtils.java
T3 509 AT ARG == FAFAL Jy“1=", ALK RO F 9] “testLom™ 48 Ay i@ i . 4% W8 55 A5 I R% P A 9] 1 77 V2 7E 1%
PIERRAR E RN i, ISR R iR A5 B, IR 1AE B S AE IR 46 T BhIE Math T H EUSCER 15 BgEAT XS
bb. g5 R SR, BN IERRSAS AT AR E SR A IE A, (I B “testLom™ 7E Dy IR RCAS b0 T FITE J5 46 TG R B i A
AT USSR B i A AR T — B X R HAFE INSPECT M LRI T, O IE WA 7T LU 50 8 JE 4G TE
R AR A KSR BCE I $0AT . B F AN AR EE i RIS (B SR ISCRAIE I AT TR 1R 55 6 2 0 LA B R P ARG
18, EA SR G R T LAt

475. public static int lcm(int a, int b) throws MathArithmeticException{

476 . if (a == 0 || b == 0){

477 . return 0;}

A478. int lcm = FastMath.abs(ArithmeticUtils.mulAndCheck(a / gcd(a, b), b));

479. if (lcm != Integer.MIN_VALUE) { BRBEIEA) < 1= NN ==

480 . throw new MathArithmeticException(LocalizedFormats.LCM_OVERFLOW_32_BITS, a, b);}
481 . return lcm;}

3 Math B H i) RIRA

N T BRI — LG, HE T RARHEN Y Bk Math JUH AR 40 S5 GRIE IR RARAS, SO0 A R
FERAS PR SR TSI P 491 2 Bl RE 5 418 (1 LS et AT A D AR A RAS, 5 ELT 00X P 7] 46 O I R A R U e ik A P L
WA 21 A0 5 3 i A A L SRR, 0T 100% F SR A9, A RE % 75 2y AR H ) e Oy IRt A, HL sl 431
FED IERA AR AS b5 TR\ B AG 2E il WCSR B 0 5 6 ik A 45 B S R SRR AR e ECER B — B iIZ85 R0, R T
N RSO R AR AR B DL, DR IR AR AT T AN SRR TE s A2 (A 2808 AR, A USRI 14T |
RIRREVERTTT A 40 AR AR I RIS ) Bk, DU HL ARG P 9 £ D IR ARCAS « JRUAR T s i AR _E UL
SB35 R R A5 AN B 85 2R, LEA SO IR B o v 1 DASR A

PAEAMER T D8 IE AR T INSPECT ARSI I ATVE, N 10 B AR 4 O IE A 3R BT i, O IR ARAS (1
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SREUVE 27 &, AFERENEDT EARA . FZ2ITTF Ry 3 S g AR SRS 2. ) S fRA R 7 JT R FE AR i
FERR AR, SR P 2 7R R P PR 0T AR At ™ 2 5 P AT (R0, TR, 3 St R A T 5 g R 3 A A T
VEHRAE T L1 U0 3% PR A9 26 A Syl 3ot g 7 A 2 S X T 490 P 308 3k R AT . T R 2 SOl 7R T R 22 R
P RF IR BUEE A WIS, BAABEXIA H RGN G T PO G0 . X 15 575 DI R AR 5 A T8 1) A
Ry, FREA T RER AR TR L AR SR WO F 491 % A Dyl i, BRI o] DA Oy TR R AR . 35 3 390 7 sk R AR BUA
[ 5 3 SR BN IER A A 2 51 NBAN T4, B R P28 R TE 1E SERRFE 7 T R A AU S A3 31 (19, IR
H Gson EA #2000 /7 82 fAS, FFIEIE Fastlson B A EERL 4000 A5 52 AR 10 ANVEERHITT K53 32). H4
TR s RRAR BAN R R 43 S TETF R ERR I 5 et 7 (4 B LE B R AR B e 2 30 S W S 1 Mt R A P A A
FARAR, K5 1 AN IO B (P AT 45 SR % Dl (1 AR AR D O TE Hff R AR

HARERNR, RE O IERRATE 5 il (5 8 75 T T UA 208 RUR IR TE R FARRA, MR8 M %%, 7R3 ik
EMIEGHE R (B RGBS H TR ATE R LG T AR I B35 22 5. R, O A R A 28 A fe 7 LA
TE T LG5 BIBEE MR, A, INSPECT J7iEEN—FRR ER MG EME AR, &SRB TR E
WAL BB AT A, 15 AT I R R, — A AT AR B R JFAH s E 40 b i (¥R F 55 59 AR 1 7 VR 2R bl
ERRRAS. H R, X R TEIE I 7 50 AR AR 5AN RN T R 4 338 TGRSR AR IE B AR AR BN 1) SRR 7 &, T S b b, D7 SE R AR
FFF R 43 SR A AR5 A B AR T 2 F =, 7 S T8 1) B0 SE I8 TR BRI B 58 AT 55w, S B v] LU
75 Zy RN, F, INSPECT MIHAT 4 5% Gk T 545 B IR 8 AL B R B AR, R 77 2R 2 TR
[ 75 ok A B IERRAR AR, INSPECT B FF A5 AN 2 T+ 5 54 MBFL BARAM LI K.
23 FEMARBERSESHE
231 HH AR IE

R S A T b S B SIS AT B R ER A, INSEPCT 6328 F 451 76 B AT BF 1) S o I WA 8 S 8 il R A B
PATERER I SRHUE, 5 = AN W MR, V505 82 R sk AL MRS B (B, S8 iR A5 B2 7 il R
W —AFH). TR G B AT MG E S A E DR E A R AR 75, ST RS B AR A
BIPITER S — &R IER. BFEMRRNERINE 1 PR, K, S rmE s ik sR, BEioRonR
FEFP AT BRER.
F1 REARREN

SEE AR TR

Statements Begin_1

B
P&l

Begin: Checkpoint#i
Statements End_1
End: Checkpoint#i_triggeredOrNot
Statements Begin 2
Begin: Checkpoint#i
Statements End 2
End: Checkpoint#i  triggeredOrNot

N

— Statements_Ending

TE 57 fil A5 B, “Begin: Checkpoint#i /N2 7 HAT HEA BT IR 25 53 Checkpoint#i (3 RZE] 2 56 3
47), LA“End: Checkpoint#i” yF Sk AT R RFR 7 PAT IR A& 25 £ Checkpoint#ti (W R[] 2 HHEE 10 47), Hrb i 25
AFTAEAR A S R ME— BRI, 25 RS B BN Y A5 (Try-catch ) T REE— IRFE P HAT 8 2 N, SR “MSr 52
1 X 3 R AT I R R A N (RS 25 05, B, 753 1 Hp, IS A 1M 248 2743 RN AR P AT REA T
B 2 MR A RIGEEHE (=R R INAR P B SR ), RSS2 A, BN AL A Y Checkpoint#i
A BEMH A BAN ). TEF2 3B ARG £ s i), £ 7E“End: Checkpoint#i _ triggeredOrNot”{T H LAAL & triggeredOrNot (%} i
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B2 RRIEE 20 747) TR AGE SO RO S A R B R R, M2 AE N 1B, RORKE A A Checkpoint#i HHfi 3K
BT HE, N0 RRKFIR.

FEREFP AT IR, LL“Statements_Begin”JT Sk AT Z /R TR P FERE N N SZ 32 A HT AT 915 A, BL“Statements_
End” Ik AT RANFRFIEHEANSSL 2R 5« B AR, SZ R AT PAT 35 7, EodR 9 41 ) TR AN A7 7R A8 B 9, 7
# 1 1, “Statements_Begin_1"ARFEFAERE | N S AT AT HI BT 15 ), “Statements_End_1"ARFEF1E
B UGEANRE S G BHZAE SR AT IR A 1A, KR b, “Statements Ending” R /R FEF AT &5 —
AP R JE AT T TR .

DAL 3 148 i R 5 0T S B i R IR AT . FH BT 2 s RN 9 M NA 2 A, RN ISR an & 4 P
N (FoA R RIZE A RN R AL BEE A, TG N RIS A v R A BiER), R 477 1T 56 486 1T IER) 4
BN R 1 H— 2% Lh“Begin” T 3k {15 A1) F1— 45 LA“End”FF Sk (JiEA) (B 538 filuZ (3 5. F LL“Begin”JF < f1 LL“End”
I3k (B AR N7y B, W EE 1 PL“Statements_Begin”“Statements_End” Tk [ 47 Ff 4 36 I FE 18 ) B A
“Statements_Ending”i& A3t (RIFE 7 AT FRER).

475. public static int lcm(int a, int b) throws MathArithmeticException{

476 . String triggeredOrNot = “0”;
AT77 . System.out.println(“Begin:ArithmeticUtils.java 475");
478. try{
479. if (a ==0 || b == 0){
480 . return 0;}
481 . int lcm = FastMath.abs(ArithmeticUtils.mulAndCheck(a / gcd(a, b), b));
482. if (lem != Integer.MIN_VALUE) { BRBEiE ) < 1= Rl c=="
483 . throw new MathArithmeticException(LocalizedFormats.LCM_OVERFLOW_32 BITS, a, b);}
484 . return lcm;}
485 . catch (Exception triggered) { triggeredOrNot = “1”; throw triggered; }
486 . finally { System.out.println(“End:ArithmeticUtils.java 475 > + triggeredOrNot); }}
(S R W WA ES a1
NAET e SRR AR, EBA n SR IE £ G =1,2,....0) BFRFIRE o, K0 f; A2 B D IE B A

AACN pev;, TEFRFMENRTET H I RIBCHRAT FITE pev, ERBELIAT 72 BIE N e; Fl pe;, TF e; Fl pe; BYCERR 1) S78
il R IR BIEN ets_fail; A ets_pass,.

INSPECT H4 Wit £ 21 1) 57 i fisk A AR S B 78 AT 55 TR AT 5, 7 P f R o P ik R 0t S i 3R 5 e 8 o0 AT
BURIIIE DL T, B U B L I ROR. i R GRBE RHAT AR AN B i 7 A B AL 7, UAE e % i A R OB 115 ] REHE
PAFS 3 s & OB fia s = S 8. ATy, TR (5 8 5 ot - P B 8 AR S — 1, MERASE 28 F T ok
Rtz s, 00, RIS B 28 2 — WRR P AT 7 5515 50T B8 I A8 AR 14 A 0] L, (R AR 48 PIE 15, R
FLSEBRAETE A M 7 25, R T RE AL S R P RIPUTIRE, SEUE RS BIE BB T TAEEATRAZ. N
T H AT B INSPECT 7 B SR A5 T ) A R AP 1 58 AL RE 7T, 75 L8R TP 25T Defects4l iX — i ffa 58 Ar 40
WERAT AR 2 — B Chart. Time. Math Al Lang TF%2, ZE /T 480 AN SR BRFEAR A, JFEEL T 60 1 H
SEERFERSCAR, AT e BE N4 T 4 S5 (VR3S 3 5 ANEE 4 749).

232 U HE

R4 PIE B8, i Z A & 1 BB 4L 3 B P PIRAS, A BEAMEARIIUA R Z AT SRR A SRR P 3 8 fil
RAAE NI IMFR P IZAT PR B E 1, B, TR KTERIAT o FUBEILIAT pe; b7 ISR 211 5 fik
Wt ets_fail, B ets_pass;, 1 — 3 5 R RIPATIRA Z F AL E 1L N0 B bpy, VAAE TS5 A2 FPE 7) ARG {8, 3217
E LR E ARG BR A AR .

WL ets fail, F ets_pass; B, T 506 P8 5 5 flUR G BA“End”JF 3k 1045 B XTS5, DUE R LLEL. 15 ets fail,
H count fail, % VA“Bnd”FF kWIS ., ets_pass; 1A count_pass; % L“End”FF 3k KIME 2. HUSCER 46 VA 25
ets_fail; M ets_pass; T LLEnd”H kB R, ets fail, P k (k=1,2,..., min(count _fail,,count_pass;)) %15 5¥%5
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ets_pass; TE k A5 BXFEE. 72 LEER—5%F BA“End” FF Sk S BB, HARBLRPAT RS BHEPIEL 73, B Checkpoint#i
1 triggeredOrNot. BAKIN &, & — X5 B Checkpoint#i AN ], 43R TR B R 57 52 A6 2 75 A 5] 1 5@ Bl Aa 7 55
LSER, TR e, O 5 pe; BB AR FIPAT IR, BB AAAAEA B AT IRES; & — 535 B triggeredOrNot
AR, K e; A pe; TEXT L AR L2 43 T ik 6 R AR ok R 5, EDRE S A A TE A B I BATIRAS . bl ift, 4
A —X%HE B Checkpoint#i Al triggeredOrNot $FHFIIT, e; Fl pe; B\ 9 AE X 82 I A 37 524G i HL A AH 5] (14 4R
IR, L BRIFAR IS ets_fail; A ets_pass; FHITT k 25645 BEAT HoXT, fR4E 2 5 KA B B AT IR, 7T LA 2
T 1 (TEMALSZ AT R IA FEHATIRES) FE L 2 (TEMAL 328 R R RIS B HATIRES).

BN, RILT ARBPITIRS RIS BEHIEA bp,. 752 X DL “End UG K15 BT T A H BIHAT IR
A, T A SR I AE BB bp;. 32 TR D 5 il R I e 4 HRRE 3 1) S B R AT IR WL R 1), AATIRZS B it
IUASEIEE, BRPETE A AT B T BAT, 12 0 ] el SR Rea 1 ) PR 2 2 ).

FXFL ets_fail, M ets_pass; FHT k 25 LA“End” T3k 15 B R e R BRI BT IR B 2), MiE—5 243K
IS count_fail; F count_pass; [WAERHHTE 73 B 8 bp,. BAKTT 75 ALAR 5 Fh-FI L.

o TI&EUL 2.1: count_fail, = count_pass;. 45 ets_fail;, M ets_pass; " RIIRSL 52 R A0SR, H %00 X6} L Jh S 52 46
BRI F IPATIRES, WAE f EE TR 2 SR I = il A5 BN 2 DU T R ATIRAS /B . FEIX —F
5L, bp; TVEME, f; W 1E J5 SE I BRI 52 A7 R 755 4 2.

o FHEIL 2.2: 0 < count_fail; < count_pass;. 5 ets_fail, FA7LE /D> WIMSL 246, WIEE count fail, & LA “End”JF-4h
BAE BB bp,. A e, TR AUG BHEEZ 1L THAT, T pe; NTEZ UG 4k 8 NTE 2 M2 32k, I DUV IZ
R BT Checkpoint#i BY triggeredOrNot FRINH e pe; Z IAIIHAT 2 57, HATATHEACA =& 2 MHPATRES
43 B L

o & 2.3: 0 < count_pass; < count_fail,. % ets_fail, FAFTEH 2 FIMSLZZAE, W count_pass; 2k LA“End”TF

GRS BAE N bp;. BN pe; TEAZ UG BLEEL L THAT, T e; EITEZ AUG QRS NTE 2 75248, BT LU 1%
FIFARE BT Checkpoint#i 5% triggeredOrNot RILH e;n pe; Z [HIPAT ZE 5, HAT T HEAL N =3 Z [MHATIR

o TV 2.4: 0 = count_fail; < count_pass;. 1N pe; N T BALZZHG, WITCERAE ] — 5% PL“End” FF 46 HIAE S
SEN bpy, MG T BIE A ARHE TS IT RS 2.4 T5 i i8.

o 15 2.5: 0 = count_pass; < count_fail;. #1X e; HEN T MALZHKE, BT ets_fail; 11 LL“End”FFAR MR B 3K
Z 5 W, AT A — 2% LL“End " FFUR 1S BRI E N bp,, ZFME LT 0I5 RS E TS 708 7RSS 2.4 i,
24 EFEANGETE

i #8 EXPECT Jj¥E C & UESE, TEAFIIFE 7 AR B e i AL BB A IS 0, WO B A9 30 10 Jm o Ak R I B ik T
73 B0 43 B AT AHE Bl s A 2800 R e 5 57 2 A ST TED 14 1) e 5 AL BB ) SRR IS L T, S i e R R A UL R % o)
I S B 2 56T 192 INSPECT 7792 H BB N FIRE A A, BERS BT 547 B % R 4T R B 2 AL Re 0 i A B Hf.
I, RIS 2.2 TTERR ML SIS BEATAL O 40 ANMREIES R AR A 4R B2 E AT I00E . BART 5, 7R S Rp I A R AR A 2
FHoxF B2 IR Oy IER AR b, WCBE BT R IOk FE 4810 £ 2R OB AT A AT, 1T 20 31 SRR P A A AT IR ZS T 110 7 e
RIFBEAT HER. 85 RBIR, 7E 100% B3 DB SR ARAS Hh, 359 RT LA B i it b o S s 23 B, HL LSRG A1)
PIAAAE T 43 BUR Z BT AT ERERAE B . _BIRIRZR R 7T 40 NS R IR AS B S BRIAE 6) 5 0 BUR AL E R & E
X gl B, TEAR SR BE A T AR A, 31X — 4518w B, 18 SO [9) 1) 7 Ab BB ) S SR R 00 T, B0l S ik R U
WSO 5 T AT AR ) 3 B e N T v, B N R I S AT S5 AR RO HE IV 7. B2, AT EXPECT J5 i S it
FT R FFEHRTR T BT 00 5 5 A BB A, FA B Bl T JF RN 510 R 7 R b T e A 26 A7 B ) B AR, DRIk, 7
HAb b, 480K 2 BB AT A T 43 USRI . 2 H T (R A i (). TIEE A SCHT 2 INSPECT 5, s b 2
A B SR, D 1 S B 057 B HE DABBOHS 1 1t B 76 [R]— i B, v R B b Bk st IS T 43 B 2 T
B, AT 78 SE AR 1) Y A Bt — B AR B ) RS A T BTV, & INSPECT J7iEAHE T ] EXPECT
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J7 1 T AR L — TURT Bk K.
A, FEH AR 7, MRS A A B SR BT B 1 ) RS T B 1A R TR AR R AR Y R ) — 4 AR
JFiER] s, FoRSAE Suspiciousness, AT (1) THE:

n
Suspiciousness = Z Sus’ +Assist_Sus, (1)

i=1

Ho, Sus’ RHET 2 i 26 RN BT A B B0IEA) s B REE, Fomad o Fe 3 @ 2% R0l A 9] 1) 2R IERAT e
W ets fail, FAEFE NN IER AR AR B HAT pe; B ets_pass;, F53 BT B MR 2 19 53 B8 bp, TS 2 ZSusi. =

FE n A IR ) v S R0iE ) s (XK 2 A, FEKE Ry INSPECT AR 7 1E 6] s - IR 266 32 %20
7y CRESS 2.4.1 T BARAN ). Assist_Sus, fe 3B FEAF I ES DR AR PP b R AT SR SR I 8 AL TT VR4S B FITE S s 1R
{8, 1E249 INSPECT NARFPiff) s Bk S RSB I B 43, LAZE MR 2 2515 A0 0T R LA A ) JRURSHEL3E B Tie 1] @8
CITESE 2.4.2 1T BB A 48).
241 FET 5 BRI A AR T

BATH i SR RMCN I, FEFPAE ) s 75— X RIBHAT ¢ AEIEIAT pe; L HIXISE Sus’ 1230 (2) TH5:

; {1, s € Suspicious_Group;
Sus', = =

= @)

0, s ¢ Suspicious_Group,
o, Suspicious Group, HITE e; Fl pe; 1 4% ) 58 AT GE& A Sk I (1918 A1) 4 /&, Suspicious Group, F BRI LAR 1
i PL“Statements_Begin”*“Statements_End”JT 3k {147 F1 Statements_Ending N7, {83 ets_fail, 7557 % i & i
DA 7 527 dar Pk N FHIR 2R 0 S — L AT AR 5 1R A (184 Statements' ). FIWT Statements’. & 75 4% & 1E
Suspicious_Group, F R WA (3) Fax:
End_Diff'> 0 or
Statements’ € Suspicious_Group, if End_Diﬂ”i: 0 and (Sit;=2.2 or 2.3 or 2.4) or 3)
End_Diff' = 0 and Begin_Diff' = 0 and Sit;= 2.5
AR, iR ets_fail,, W e; £ Statements’, ATHENT Begin_Count’ NSRS, BT EndﬁCount; ANl ST 27
o (LA 1 W S il R o, B R IR T ets_fail; M5E 454, WX T Statements_End_2, H Begin Count. {H.
92, End Count 64 1). RN, B e, TEMAT R bp;, NIERENT Begin_Count_bp; ML 54, I8 T End_Count_bp;
PSSR (B EF bp, B &2 — B ML Z A AL E, 115 End_Count_bp; W WAL bp, FT1E RIS % kiR
). BXTEE ets fail, T ets_pass; W AR BEHHE bp;, W Begin_Count_bp; F1 End_Count bp; WI{E N 0. A3 (3) HI1
Begin_Diff'. #1 End_Diff’ 53 WAXE e; 1E bp;« Statements' H#E AFIR H HIAST 2R BRI 2 {E, LA (4). (5) i
AT

i
X

Begin_Diff'= Begin_Count_bp; — Begin_Count. “4)

End_Diff' = End_Count bp,—End_Count' (&)

NS A (3)(5) KB BT VEARMERE. 23X (3) R, W2 3 BT HER A, W Statements’. HH
SEJ& T Suspicious Group,. I, 55 1 J556AF End_Diff:> 0 {3 Statements’. TF bp; BIHIAT, 1X 315 A AT AT
AESEL e; HIHATIRAS 2 BB YL, FR1E bp; B 3. A, T R A Smtementsi WS Suspicious_Group; i,
HONTTBE ). 55 2 H b, Sit, 1RF AP B (35 2.3.2 ) 3K bp, KRG TRL, 10, 75 b, 1EH
B 2.2 NHEHER, W Sie BB 2.2, WRIESRHE. 2 bp, FE TG 2.2 FIEML 2.3 BTHE L 2.4 AR, BIfE
End_Diff'. )9 0, Statements' N NEE T Suspicious Group, 11, BUNTISEE ). BAKT 5, End _Diff. 8 0 T RERE
WK Statements' AL T bp; 5 bp; Z JGWIHS 1 RMSL 2R H 2 18], WA BERWRE ets_fail, PAAFEAR I INSL A
Z B EIENL 2 FREIRIN bp, =2 T 0 AL 2 Ak B R T HE W Al A5 B 4 45 21, 7 BRI Me] R b, BBE1E )
[ ] BeA£7E T0 /& End_Diff' = 0 1) Statements'. 1. 55 3 FE&AFE T B R TIEM 2.5, KL, HTE
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ets_fail; PAFAEMSL SRS, THEINNERFEIE AR ¢; B IRHEANMSLZ R BT . B, BRI SRR 2 End_Diffi=0
I Begin_ Diff'.= 0 B 2A4, DLk — 45/ INML & T Suspicious Group, H TR T 15 AR,
2,42 THIIA] Tie i RRVHBR K 1 A KU (B 5

TR T3 B s o0 M B ) RS A T3, LA Statements'. NEEALHE T Suspicious Group,, A3 (1) BIHTFH5>
B A CAHBL. BT Statements’ AT READ &5 T A AT 1B 41, 5 00K L6 4 () U ot — 25 (X 43, Ak, 155
REFFTER) s W B RSB Asssist_Sus, (2330 (1) BG83, 8 56 B — T BT Pk b RSB TP B, 95
XFEFAEA] s THE B Original Assist Sus,. Assist Sus, 813 ¥ Original Assist Sus, VJA—HZ [0, 1) X [A]45 3],
BARE I A= (6) i

Original_Assist_Sus —Min_Original_Assist_Sus

(6)

Assist_Sus =
et Max_Original_Assist Sus—Min_Original_Assist Sus+ 1

HH, Max Original Assist Sus Fl Min_Original Assist Sus 735 /& BT Original Assist Sus, BI85 KAE f/MA. 15
AT 1) Tie fial RV 6 B4 1 ) RGBT S50 o, A AT AR A T )R B2 R 658 o 5 S B R AT LA Y. R HL e, &8
JL45PE, INSPECT SR A SBFL HARH TiZ K Bl 8 #. A H] SBFL $0A SE (L Bk A7 78 Jmy PR 1%, {EHAE INSPECT
7 2 A R R AE 20 BT 5 A R S 0 B AR B ) B R USRS, e B PR o A 4 ) 3 2 XU B T
At — 2 X 5.

3 KWt

AT BT H A BT R A AN I SR 52 7 7k INSPECT #EAT G A0 30E, R . 240
WE. HAREMEL TR LA 5.

3.1 #fi%[a]7% (research question, RQ)

9T K3 INSPECT 7 Bl AT 45 H HI R L (ELF8 BB e A 28 A 1R R A 18 5 Tie W BRAE D), 24T
INSPECT HANRIZH M SER R 7 ik R 500, ¥ B a0 T 9F 70 1] .

® RQI1: INSPECT /732 5 B A R 47 BB 2 Ar A 251k ?

INSPECT /5 I HE S 7E T-1EFR 7 5 0 AL BIE A R (M E B2 T, 09R RERE 4248 7 AR 77 5 45 B 40 Bh ki
SERLAT S5 78 73, MG R R 8 A B8 v 1 XU % INSPECT J7vE 5 24 % A% SOTA (state-of-the-art) 77
%: SmartFL AT %] Lk, 36 INSPECT /2 15 R85 K B IE & B 1018 A B 1 e HE 7 5 R M S ai A B

® RQ2: INSPECT J5i%ReTH A 3R AR AH [F) XS B 75 A1) 3 B Y Tie 7] 712

BRI B S AR R 22 SRR 1R AT T AH [ 0 XUBS AR, IX BT R T B — A Tie. Rl M HIE & A G
OB A AL T Tie FHET, BRI E AL A RO 32 S8, BUR, 35 Tie AOMURE (HD Tie HHAL& ROTEAJER) HU/N, T
T R S AR R /IS, AHE 5L I B OCHE INSPECT 7 VEN Tie 1)@ (22 A A% 70, B AE 5 sk By b U (E HE 5 51
Frh 5 v ) BAG A [ RS {E ) A ) R B

© RQ3: K s N % B 4] 520 INSPECT 51 R

W5 2.1 FTHFTIR, 76 INSPECT J7iEH, BT K 5 s (1% 2 U8 T 1A RE T A AR IR AR P BT RS 7 B
PR R 3R 2 —. B s B I K, T R85 805 R R I 575 15 S UK, BE 13 B DA 25093 Bl
EI0ME 5, IFHI5557 55 BB AL S8 e 605 BIRRI S, HARE SN E RS/, i8S B0 2 LA 2%
FIRAR P AT HRAS 23 030 o, 108770 5% M0 78 18 2 . ASHE 90 1) R E J7VE BRI 20% R & AN E EZ A0, i AEE £
B (1% 5% 10%. 25%) F I EERIE.

® RQ4: T2 715 A1) RS 1T 5 5 2 Wil 52 INSPECT 7 V2 38UR 2

TEWCAEAR B B8 AR T FFHEAT 4307 J5, INSPECT Wit T B 1 By 0 R o i A It 7 R (B (an 28 2.4 15 A
). ASHI TR AT SRR G B, DR SRR AN [E B AR A, %o HOAS R R A 5 A R TE R R E AL AT 5%
HHR R
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32 BHIRE

W% 2.4.2 F5 TR, INSPECT R SBFL £ AR N & ZARFIE ) s tH B4R E Assist_Sus,. fESLE Y, EHF
Crosstab™!. Ochiai™, DStar™ Al Naish2""ix 4 7 SBFL A M TiX — 22, BN EA1EA m % A% v HAGE
SETE [ 245 AR B I AR P24 8% iR 4 T8 SBFL AR 43 WIS T INSPECT 1, 43 574 INSPECT .«
INSPECTq. INSPECTp fl INSPECTy iX 4 FAS4A, LB N4 Thi #thigk AT 5246
3.3 HiiReE

AT 85 A INSPECT J5 v b F AN [R) 2R R A5 R R 7 B B BRI 58 7 e 0 I iz AR 0, % BX Chart. Time.
Math F Lang iX 4 ANFFU5ITE #4 2 S2 50 R 42, 1% L8100 H 3475 BB A7 R R AT BB £ 2 — Defects4] 113
BT A, H O E R T R R R BAR YA R Y, Jeh Chart A1 Time F2)5 R —
58 HUEL K 575 AL AR A, T Math Al Lang 72/ A 10 53 0 A BLARAS AR XS 820, T 783 WAl INSPECT X /b
S ACFE ) AR IAR T 002 A 8 70, FRHERR AR IR SR S AL TS )T SRR 0 T, K 28 BT BT E
S A FRARHD, AN I T RN FOAS AE SO S il R A5 B FE B3R 4 NI E R IETE S R, SR T R AR I 7 ik
NGBRFE, TR 480 N RF AR TR RAS. 4, S 7E LR AH R IR I HH L 60 A B STERFE R G SEEGHH 45,
PAVFAL INSPECT £ BLSE PR T 1] [ A [7) Al S0 e 1) 52 (8 A8 7. 2 BT LASR PR 1) 30 SZ R B i A /D T BB B B i A, A&
[A A Defects4] 1 _E3R TFIRIG H 1L Sk FE A AE B BT S i, 783X 2638 TR ] TDK RRCAS (R BB R A v, e
WS RFIN IDK RRAS A 1.8, 1 Xt B (1 FFIR 150 B B AT 1S RFI 5 IH IDK RRAS R 11, IX e S FRA AT He 25
TR EF TR —HAE, K iG ROKE 4.
3.4 1FHIstR

HEEN 3 TAE B A U EAT W TR A3 332 B A 52560 5 S d b EXAMPY, MRR (mean reciprocal rank) ™"
A WSR (Wilcoxon signed-rank) “>*7, o EXAM Fabr B B 5 107 55 A Az i i 4 KUK A HE 7 71 2 v 67 T B
TBA) Z R IR B A B0, MRR 845 BE R b 8 ) 78 RS (B HE P 21 38 7 A IR 18158, WSR $8 45 B & INSPECT J7
RIS R NS I Eh 3 R R e S RPN AT E A B

KT EXAM ¥ H%, S2U4% J83W F 502 )y Ho B EXAM Best. EXAM Average Fll EXAM Worst iX 3 ANJ5 1, 43
BIVPAS T VELE BT YR B 25 L (R 5 O BOR: (B0 B FE B ) TE Tie 1, 43 54 BILAE Tie P28 1
AL IEHEL. BJF MR E BT E). BAKIT 5, EXAM Best {03 58 KUK (2™ M K T BB 18 6] (078 5718 A0 50
2, XTS5 IEAAFAE Tie KR (AEANZE) 118 A), B STEBAE M) 2 B R, 5 AR, % T 5 6t
BRI Tie K RINIEHR), EXAM_Worst 15 15 2 15 B FE B A1) 2 AT AR 2, DR 325 R 1 e JRURS 5K 45 1 B
A IFE B A U EXAM Average fRELEFIE I T THE I EXAM 5341, SRFGTE A0 EXAM 53803 BN
FIT A 5 2 R 2 MR 25 (O FE 8 0 ) EXAM 53 3000 P30, T4 3 Bl EXAM $8Frit 507 1%, ERAIE kS =
R R B 52 137 I

MRR 18FRE SCNEE 1| ARG R AR B8 B HE 2, A= (7) Fos:

1
MRR =— 7
K ; rank; @

o, K RonTI P A R TR P AR B, rank; [REREE | ANERIUCAR HP Bk FEE A I AR B HE 4 . MRR W rank,
WA 2 % B Tie 10 BRI, SEISANTE B I 1B 00 T HEAT % 18, AR PIFMB LT W7 ERILCAE EXAM fa b5
AR APl . B8 &1 MRR 5 B AR R b 2 LR 3.

WSR Fa ks TRl 23645 A4 B & M, B: Frit INSPECT J7vE RISk 2 M R IR G B350 T I A &
Se Bk JT R, SEE VT B 45 R 1 NB (not bad, Bl INSPECT ({EBIAMK T HE4k J7i%) A1 B (better, B] INSPECT
R IR T B4 07 v ). Mo Tk 2 77 2 A B R R 5 o 45 R, NB AR AE 8 A BRI 15 A1) 1T 75 Bk & AR P 1B H) S
KT5T INSPECT A4 IR, B AFRAE & (o BB 1R A T 75 ke 25 (072 518 )80 ™ 4% KT INSPECT FirA: il
HER X —IEFR R FE Tie 10 MUK A I Bl i 0 T 45 1.
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4 ZWEERSH

4.1 INSPECT FARB AR RFNRIAEMBY M

T VRGBT INSPECT J57k 1 BE 71, AHIE 90 10 i B B3 72 A6 AT AT B e HE B R SmartFL 1 A4 7
AT LU BURATIIT S EXPECT 7512 I BB & A A M C e Sl i SmartFL, {H 1 248 Y H b7 /2 A5 L8
AR5 A% e AL AR A DU, HE AR AR SC A BT[] F) S o AL BB A BRI 51 T 78 4 REEAE Y, DRl AS 4
YERIELE 7k, InsE 3.2 W ATA, SL88AI& T INSPECTc. INSPECT,. INSPECT) Al INSPECTy iX 4 FhAsfd, LLTH
JNFE 53 MR 56 77 v SR o A 2. SRBe g5 N3k 2RISR 3 R, JLp S 2-4 1 @7R T INSPECT (1) 4 FhAz A ik
£:77V% SmartFL 7£ 3 AN ¥ EXAM $8FRME, 555 B0 E 2 B0 803 AHECT 5 & AR THIEEE; 56 5 5 RR T &4
Ji ) MRR 8B IFLERE S B4 THRTHIEEE; 25 6 FUAMSE 7 5 &R T INSPECT 1 4 FhAR{ATE WSR fa A5 1)

NB A1 B PYIURIL s BRI IR P AR, FLROBR T AR 2 PR O I ) SRR B 4 o S 5 1

# 2 INSPECT J7 kP i fr A 2501 (BB )
Ji EXAM _Best EXAM_Average EXAM_Worst MRR WSR_NB WSR B
SmartFL 13.27 13.27 13.27 0.2206 — —
INSPECT:  0.63 (95.25%1) 5.85(55.92%1) 11.06 (16.65%1)  0.9077 (311.47%7)  2.40E-102  5.49E-93
INSPECT,  0.63 (95.25%1) 5.86 (55.84%1) 11.06 (16.65%1)  0.9091 (312.10%1)  2.40E-102  5.49E-93
INSPECT,,  0.63 (95.25%1) 5.85 (55.92%1) 11.07 (16.58%1)  0.9090 (312.06%1)  2.40E-102  5.49E-93
INSPECTy  5.88(55.69%1)  11.10(16.35%1) 16.31 0.8966 (306.44%71)  4.86E-101  2.47E-92
3 INSPECT Jy vk I & A0 A 2 (BLSEHRIR)
WiRES EXAM Best EXAM_Average EXAM_ Worst MRR WSR_NB WSR_B
SmartFL 12.86 12.86 12.86 0.2415 — —
INSPECT:  0.85(93.39%1) 5.46 (57.54%1) 11.07 (13.92%1)  0.9257(283.31%1)  2.18E-14 1.28E-12
INSPECT,  0.85(93.39%1) 5.46 (57.54%1) 11.07 (13.92%1)  0.9257(283.31%1)  2.18E-14 1.28E-12
INSPECT;,  0.85(93.39%1) 5.46 (57.54%1) 11.07 (13.92%1)  0.9257(283.31%1)  2.18E-14 1.28E-12
INSPECTy 34.58 39.19 43.80 0.9091 (276.44%1)  3.62E-14 1.28E-12

PAXT2E 2 IR0 4 ), AT AR B, 5T EXAM 545, INSPECT [f) 4 R AR (R 7E S 4 W5 0 T AR L T3 48 5 19 Y
27 HERT, BIHRE RN 95.25% FAKN 55.69%; 15T HL R, INSPECT ) 4 FhAR (A AH T 3Lk VA K
RTHIEER — & N, BRIk 55.92%. HAKN 16.35%; £ ZHHLT, B INSPECTy #b, HAth 3 FhAs ik 32
FHIEEEYITE 16% LA L. 7E MRR $&4% I, INSPECT W 4 PR R A T B2 4k U7 VE R4 FHTE 306.44%-312.10% Z[A].
TE WSR $845 T, iR4E NB A1 B B UL 5 BB P A, 7T LLA K R 2496 48 25 B R B0 B 0 J5 AR &, MGLTt24 1
FAE %, INSPECT HIRFA 8 A 20 B3 I T B4 7578, 154K 3 1, X T EXAM $6#%, INSPECTc. INSPECTq.
INSPECTy, iX 3 Rl AR AR F- 36 28 07 i3 AR 7 W AR T, FE Rl P ¥ R0 B 22 45 0 R (4 TR BE 23 51K
93.39%- 57.54% #1 13.92%, INSPECTy [0 MIAH X K. 72 MRR 545 I, INSPECT ] 4 P28 R AH S T- 228 )7
LR FHE 276.44%-283.31% Z [f]. 7£ WSR F8hr 1, H4E NB F1 B 9 10 5030 & BB 0 P AE, 7T DLACR R 35 44
B PR N SRR B, MG T2 1 A B %, INSPECT [0 5k [ 8 Ao 47 R B 35 it 1 32 2k 07 k. 45 BT ik,
INSPECT¢. INSPECT, #l INSPECTy, 7E & Fiiadn T [ BRI 58 Or A Rt 25 i o i A S 7%, Rk SRR,
TEAN G FH AL PR A) (A AR R P 1, INSPECT RS HUSHEINA SOTA J5 2 Eif Bk a2 A AR, KT 7
WS RIX A AR BE AL BRI AL E] T 5 NS 1 B ST,
4.2 INSPECT 75 %8 BB ME MIER X EERIERM MY Tie [B]&%

AHIEFE A ] 18 INSPECT % Tie [ @52 W AR, % INSPECTc INSPECTq. INSPECTY, 1 INSPECTy iX
4 T A 4 5 HAE T B ) KRG B B A5 4R 45 P 20 91 51N DAZE AR Tie [ ABY 4 Fh SBFL H:K (Bl Crosstab. Ochiai-
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DStar # Naish2) #EAT XLk, PAPEAL INSPECT X Tie Wl @l f4b#ERE 7). S208 45 RNk 4 FIR 5 Fow, HA 5 2 7
7N T 4 B SBFL HiR CAERKEEIR, LA M) TERIEE S MR E RS L 1) 735 Tie MU, 56 3 /TR T &
FIECE AR M [ INSPECT AR [11F-45 Tie MUK, 2 4 1772 INSPECT, ME T M HIFETHIEE .

24 INSPECT J7¥EXT Tie 7] BRI L2 ARRE JT (FEHLBIE)

KA Crosstab Ochiai DStar Naish2
M 208.86 363.70 363.70 208.86
INSPECTy 10.43 10.44 10.43 10.43
RIHRE (%) 95.01 97.13 97.13 95.01

25 INSPECT J7VERT Tie W] MR EMRERE TT (BT I2BE)

KA Crosstab Ochiai DStar Naish2

M 160.28 284.18 284.22 160.28
INSPECTy 9.22 9.22 9.22 9.22
FRFHEIE (%) 94.25 96.76 96.76 94.25

CAXS 3% 4 B4 A, 7T LAE HE, 4 T SBFL O ARFESLIGHARAE b 7= (BRI 5 A7 45 R AP AE 5 ™ 5 1Y) Tie
i &, 5140, 7€ Crosstab 4 i 1IAR 7 1 A1) KU E HE 7 51 R, P34 477E 208.86 45 L SL R 15 4] B A AH 8] XU (H
)38 4], 7 Ochiai~ DStar Fl Naish2 &5 R h, X —%07 55 & 363.70. 363.70 F1 208.86. 7 FL 52 [ 4R 4B R 2 1o
755w, S KRB Tie 23 7™ 5§20 BB 8 S0 AR IS FAAE, RN TR R ZF TN Tie IE 54K H GG 1E
f). gl il SBFL HiAAM L, B4 7 SBFL [ INSPECT /7% BEM5 B B A% Tie MURURL, MR IR & & m ] ik
97.13%. I3 5 AT LAF H, 4 T SBFL 3 ARTE F LBk A EOR 42 1Bk & A7 FIRE 528 T Tie 198, 21, 7E Crosstab
A R B A RS EHE T 5138 i, SPI47AE 160.28 455 Bl 15 A1) LA AH R XU (5 (118 ). 5 sealiff A SBFL
FRAALL, e T SBFL Y INSPECT 7772 R B 2 FAI Tie MU, HIRkIR B % =i ml ik 96.76%.
43 MWESHEANZEEWAIFN INSPECT FERHR

2.1 WA T EANRE SRR, AN R (R v & S B AR IR s B e ) mraestJy
TR B 52 LR R AT SRS, 7 IR BRI IR N S5 N 20%, RIFF 3625 i T sR 8, DA 52 18168 4 R 8
FENAG A . AT FT 1) BRAANE R 1% 5% 10% F1 25% 3X 4 NSRRI 58 BEAE, RIZERE 25 s N B B2 50l DA 52
[R% 99+ 19+ 9 I 3 R FHIHE ¥ bR AU ARG ZE 5. Fod, 1% 5% FH 10% & LU JRECE 20% SR % B, 25%
VU BE 7R SIS IE AN 50%- 100% S5EE— 5w i % A, ONTEIX SE %5 B 1% B T A Ae AR BRI I K 53 Al R
R, SEREE R REZMEINAE R IZ R A KBS BIEATEA PR /N AT R AR AL AT 5T
Wl R el PR ZE I LT 1) EXAM TR T &, TR RNk 6. 3R 7 MBS Fim O T il & (8
T LB, A 50 19 @K T 3 Tie M BT R A 1 SBFL HiAR[E 72 4 Crosstab, BIX INSPECT . 28 # AN 7] (1) %5 FE{H).

%6 ARFEKESAZE T INSPECT J7iERIBLRE & A A Rtk (B ELRE)

% PEAE (%) EXAM Best EXAM_Average EXAM_Worst
1 193.72 215.73 237.73
5 107.05 124.37 140.79
10 0.91 28.03 33.74
20 (INSPECT() 0.63 5.85 11.06
25 23.78 29.66 35.53

PAXS 2R 6 (143 HT R, W LA I, INSPECT . 7 3 i i T (R BRI T8 A 25 1 35 Bl ARG 7 RURELN 2% JBE 1) AR 17
NB&. L EXAM Average N, T E 20% % B AE {5 45 INSPECT J7 ik HIFEARE N 5.85, MAE 10%- 5% Al 1% )
EEEAE T, {58 28.03 124.37 F1 215.73, BUR E R FEBEEH. X — IS HE -5 16 A2 S R A

© TEBREEEEIEDT  htp/ www. jos. org. cn



2864 HAFFIR 2026 FF 37 AF T H

K, BRI S, AF T RKE A CRE K5I, INSPECT HAIE A 55 A IR A B & TR #H 7
PR IR N TR, A5 A5 e e LN FH T SR o 5 57, ARG 7 e 7 AR X B v RO 2, AR £ L BE A 8 AR AR P A IR AT

WA IR, 15 7 V5 A R RE AR P8 ) 1 B HE — I IR AL, AT S0 0 S o R 5. 2 2 A A N B
e B LR IA 3 B 20% T s 25% B, AT AR B, INSPECT A SRR 52 0 05 [RIAE B0 T T B& (UnAE 20% % 13
(¥ EXAM_Average {H 4 5.85, TTE 25% HI% LR A2 29.66). 1X —IL R 1T B2 5 K2, R 2 Ui N 2 B2 1)
B 15 7 VR AR B B 5 Al R A B — R, SOOI IS B WTRE SIS R FHATIRA LR IR
5, RN, & 7 2I0EHB 53R 6 EHAMME. FFELL EXAM Average N, Bl & 20% % B AE M
JE 46 INSPECT 732 TR AR E N 5.46, TIAE 10%. 5% Al 1% MIZEAE T, ZAE 50 58 7.28. 9.74 F1 80.43, R L
HHIE B SS. R A  (RE N 5 R 1 O LU LR 2 B 20% BB =1 25% B, FTBAR I, INSPECT PRI B 58 A 3K
RFEFEH I TR, B EXAM Average {8 B T2 5.52.

F T OAFERE SRENE E N INSPECT J7 VA BRI E AL A R (SR

% EE (%) EXAM Best EXAM_Average EXAM_Worst
1 74.40 80.43 86.47
5 4.00 9.74 15.48
10 2.45 7.28 12.12
20 (INSPECT() 0.85 5.46 11.07
25 0.95 5.52 11.08

= 1% = 5% = 10% = 20% (INSPECT.) = 25%

250 PETNE 100
21573 90 | 86.47
200 F 193.72 80 t
70 ¢
150 140.79 60 &
124.37
107.05 50}
100 40t
30 r
W 2378 2803 29.66 33.74 3553 20 '182.12ll G108
0.910.63 5.85 B lg [ 4002450 850,05
EXAM Best EXAM Average  EXAM Worst EXAM Best EXAM Average  EXAM Worst

(a) BAUBRBA (b) H SR
B5 AR SEANEE T INSPECT J7 ik M sbe A E stk
2 BT, i B AR ARG 2 AN Y % INSPECT J5 & RIS 5B AL R0PE L Tie Il B4R iR GE 7177
A BT S L6 AT ) BB 1% 5% 10%- 20% Fl 25% 3X 5 FhASIR] IR 2 SN 25 FE 1, 20% (B! INSPECT
JRaa e ) BARMIRI. R, )5 90 7058 R A7 VERT, HEFE R 20% MR &5 SN, BN B EE
1 R B 351 2 SRR I T B, [RS8 vy 1 8 B 23 N 77 V250847 RO B TR AN TH LA, 55 INSPECT 77242 H B 11
BEPYIENST.
4.4 EFEANKRETES ZWAIFN INSPECT FHiARHR
INSPECT J7 V38 % 57t 6 il R I HEAT 0 T i 28 23 B8, FF 45 S I AT G M B AL R, JE RN R 2 7
AT ARG, Bknss 2.4 A (1) s, AR50 i) U 12 RSB T 557 VR 1 A BRI E T 108, il id &
BUEE A Sus, (TR AE BOAS R AR A, I3 BATTR BRI 8 AL R AT LR
MRIZHTIRAGH, AR P E A TS XS AR Suspiciousness, H Z Susi F Assist _Sus, WEIZE %, w2 T
g%, Ja & R Ay, AR R, Sus’ HFR PG s ﬁﬂﬁ%%élﬁ%gﬁ HIER)2H Suspicious Group, 1 &R R 1€ .
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SR B AN AN R T AR A R, O TR AT BECRUE 3T 1E SRR 15 A AL & 7E Suspicious Group, 1, INSPECT
TEFH A VS BIE P ARTE End_Diff'> 0 1B DL NARYE End_Diff. W BARME TR 715 7) 52 Suspicious Group, I,
B G OUSE— 20 X 73 A VTR B R SR 1 AR HR LR KRG 27 3 rh BTz B (0 RN, 0 M RS S50 e ) HE P
H e APAFAE SRR Tie. A0 FE )X Lk Sus! BOTHERN BEAT 1B 5, SRR PP R A4 Statements' £ End_Diff'> 0
UL N 5275 % Suspicious_Group, B HIFIK 2 0 — P BRGE, 72 JRUIR SR Z AVIANE R 4 TUEVEAR 1K, 1035 8
PR, AECT RAGSE R End_Diff > 0 GZEIERH I 2 1% K AT A 2 NG, BIEIC Y Algoyog,), 4 F
AARTEIX — 25 PRI A - 4R8N T 2544, BR End_Diff. /N T2%F End_Count_bp, [f1 80%- 60%. 40% 1 20% (4
AN Algoggy, Algoggy,s Algosgy, F1 Algoagy,). HaA]iE B, WO FH BIHAT B 43 BUSOA 1RIR IS SZ K 2 &
5HAT R Statements'. v 1118 H ST SZAS B ) 248 End_Diff. 73 AN REHEIE BT 19 80%. 60%. 40% F1 20%.
PL Algogge, A, TEIH A& End Diff'> 0 W24l b, Statements’. 167 B2 /& End_Diff: <max (End_Count_bpx0.4,1)
X4, B R B 4 s B 1 40% HIFEFPiE A dH e 22 NNE T Suspicious_Group;. FA max(..., 1) 3]
BN THIR2 End_Count_bp, FIEBUNN, ATHRBEREAF AL L 26 IRE 15 A 4. rhiX 4 72 (R A AL
FET, BB R AL RS, 750 5 BE 05 B IR R H 38 1 AT AR ECRAT TR AR FR AT IR AS 1) 22 53¢, T AR 20 B s B I
IFE BRI LN Suspicious Group,, Ik FH KRR K1 4 ok, 98020 BRBe 78 Ar 45 S 52 Tie W RRM 52, 5 RQ3 AR,
H AR B B 1, AL i BB B 8248 (R 2554 T INSPECT . 1247, FRIA Algo oy, BT BT 554 End_Diff <
max (End_Count bpx1,1) ] L\AIEA End_Diff. < End_Count_bp, (58 End_Diff' > O B End_Count _bp, FIHUH &
RKTFET 1); # EXE R/ (5) A1 End_Count_bp,— End_Count'< End_Count_bp,, B End_Count' > 0, %%
R RAR B R AL, BRI, Algoggy, HISERRFIWT &4 T5 End_Diff' > 0.

#* 8 INSPECT JRUSHHE il By AR R 11

HIE H i S A

Algoygy, 0 < End_Diff: <max(End_Count bp;x0.2,1)

Algoygy, 0 < End_Diff: <max(End_Count_bp;x0.4,1)

Algogpe, 0 < End_Diff: <max(End_Count_bp;x0.6,1)

Algoggy, 0< EndﬁDiﬁ"ﬂcs max (End_Count_bp;*0.8,1)
Algojgoy, (INSPECT) EndﬁDiﬁ"ﬂ} 0

BT 2SR EXAM Best. EXAM Average M EXAM Worst $8FRE 122 9 F13E 10 Fras.
% 9 INSPECT AN [A] JXURSHE VT fil B2 A8 A (¥ e b A6 A7 sk CREEADL e

HPAR K EXAM Best EXAM_Average EXAM Worst
Algose, 2.70 6.50 10.30
Algogg, 1.90 6.11 10.31
Algog, 1.52 6.06 10.61
Algogge, 0.71 5.59 10.46
Algo;0, (INSPECT() 0.63 5.85 11.06

HI%¢ 9 AT AL, £ EXAM Best $645 T, A Algojge, £ Algoggy, Algogon,~ Algosgy, M1 Algosgy, IX 4 EIRAL 1
FIFE AR SR BT e s (BVERIE 2 RLRUR T F%), R LI Suspicious_Group, HIFIAR 5 %0f 87 5503584 B Bk e 5 o2
AR SR R USSR, FE EXAM_Average Fl EXAM_Worst 545 T, 5 AN G R 4 AR R e e (ICE /I
WEPEEN). ZEE 10 H, A Algooen, 2l Algogge Algoggys Algosgy, M Algoyg, X 4 TEEAZA ) EXAM Best Al
EXAM_Average fa b H AR FERE (XA /MBS, H EXAM_Worst U 2 03 5 (1) T BE#a %, 10 48 03
Suspicious_Group, WHIBLRETE — & AR BE_ Rk BRI 72 L 45 532 Tie bl IR0, 25 8 BIEBBIE I T, Algo)ogy,
) EXAM Best ¥ bRAE BT, EXAM Average fll EXAM Worst 484718 5 Hifth 4 FhAS AL ACH 24, 7E L LB M T,
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Algoiggy, 1] EXAM_Best Fll EXAM_Average ¥8FRE 5 H AR 4 AR B A Y, EXAM_ Worst IR PR E BIATH 2, H
JERT AT 7 & e B ST B, 75 Worst 15350 T A B8 52 A B BLFA R 1E B LU > WL, EXAM. Worst fads R 2N T
X5 AT B AT R R —Fh 2 UL BT, 455 KT, ANTE End_Diff'> 0 (15U N IRYE End_Diff!, 1 BLAAAE X 72
¥ ER) % Suspicious Group, WL GGG — P 1X 43, BJ INSPECT JE 46 KBS AA THE 78 Algoggy, & B NG IER]
it

10 INSPECT AN [ JRUBSH B VAl 57248 % (1R B b 5 AT 280k (BRI

AP RE LS EXAM_Best EXAM_Average EXAM_ Worst
Algoyg, 0.73 4.26 7.78
Algosg, 0.80 4.60 8.40
Algoggy, 0.83 5.08 9.33
Algoggy, 0.83 5.27 9.70

Algo;og, INSPECT() 0.85 5.46 11.07

5 #HxIE

BET R AR (1 I 5 A7 A2 B BRI 3R AR R I 5 R AR 22—, WG 5 2 WA S i 43 38 3o
BIPAT I B 78 7505 5, AL ap (P2 1R A3 RGN F 491 78 55 R UK ), (R T8 B AR BE o I 491078 5
RHD) TR RN AE, I8 R B PP Ail 2 2020 A R 7 40 5 o Bt o 1) P T 6 O BB, e 449 BT A)
) EAR RS . Gt bR A s BET S VP A, BT O Y 2 U B 82 R 3R T M T4, Wi Jones 26 A P4 H
1 28 4L 1) UG VP4 28 302 — Tarantula, Wong iz \ FSATE i SE B B A 0 23 24 DStar Al Crosstab, DAz #3iFH
F A 3 Ochiai™ 1 Naish2U9%. th4h, Yoo %5 A B4R H 1 3118 SV AR B RURHE DR A A 2R 7125, Xie 55
N FHR Rui 55 B0 RURHE A SRR ETH /047 T HR%5 % &,

BET AR (18 7 A7 5 AR R 5 7 o7 5] Ay i BRI B SE AL B AR 22—, T IR AE N 78 AR 7 V8 ) VA
ARHAEIN, B 56X H AR 8 ) SHAT RAL SRR, A2 B2 MR T RABRUA, IFAERE N RAZRUA B 1847 U F 41, W il ik
FAITE RAZ A B BIHAAT 45 5 B, 20 A0 A5 48 60 SR AL i I ik 49 400 T 45 RS2 B i s, sdid et e A o =X
¥ 5 R b A AV ) P LR XU L. 6 AT (¥ AR B b 2 O F 72 54K, Papadakis 5 A P12 Hi ] Metallaxis Al
Moon 25 A PR ) Muse 2 B A REHEEA.

A V) v A2 — Bl ik I B ASAH G HE 43 gy AR 7 U IR, O — S8 3B b e A 7 18 F shas U1 R X Al
PP REAT (A4, LA AT 280t 237 R b 1) 5 2R O 49 22 0 £ S BBK. 491 41, Wen % N SRS V) R it
T FAR BURE P 0 2 2 18] (AR R AR BAAT 7 52, Mao %5 A VR F A U0 K AR R 1 S Ak g A7 Xt H F
DARAR BRI 58 LR BEAh, TR AT A8 S8 B A V) 55 5 T A i T 58 (R SR b se R AR 25 G, I B2 U0 ik
SR B SR S, ARG o T e 2. 814, Cao %5 N IR I BhAS D) R AE IR & D) 1% LAAR AL SIS i b o2 (o 72,
Chaleshtari 25 A\ i FH 8 25 0 1 92D 75 B4R 53 (1038 ) B0 e, FRAR S AR B 2 7 B PO PR T P44

UE4E, Zeng % N VR — TIUE T8 UM BB E SR SmartFL, %5 X R 18 U B B aiE R
MBS PAT IR LS BBEAT G, JER) A B TR 10 75 2 R e 1B ) PP Al XU A LA SR BB 7€ 2. SmartFL T4 IE
SEAEA R 75 T B I A A B SRAR R s L BOR, R TR % 5 AT 70 i B2t 19 INSPECT J7 :8E4T ELAR.

REV EFRRBFESE L. ARG BANE UE R EE BIRBTEG G E AT 55 BA & B, Ea
B LR, BTN R & AR BN, 7 515 AR E IR TUR . MEDEHES B, HIHAR
MBI B A BINAR 71847, Bl VR 215 A ) e B S8 2 M R 128 w5 5 RS RN SRS R X RAZ S5 1
VR AR R BEBRAT, B[R] 0255 ) AR 43 WTWE 38 S S RIS 2 57 AT BRERAS B IR S AR O, 2 K2 AR
J7 TR ) ¥ 05 7 2 I O /N T B RIAE G 25 A5 B, DR, FR B —FPTE iR . T B RIS B AL B R, IF
W AT H 5z A B LS S A R R0 55, X T 2 0 B (R R LR A B 5+ ) R AT INSPECT
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Jrikidid A SR A BEE ), (AR A X — SR RS LB X A4 SRR S AL B AR R L
T ATIRE R T BB E AL, AT R R T RIS R IR e BEAS S AR B ) B v B AROE, ST T R AR S A SR
TR RE LA S5 T Bz AL,

6 & %

Bt S A S B T I AR T I 045 R PR 2% o DA A3 AT 1) R, DA% T S T 408 5 1 S5 6 Al A A 1 SR B T AL B AR
EXPECT iZ A MEAS R K, A SCHR H — Tl e b 2 RO N PRV R AR B0 B 58 (LB R INSPECT. FEAF A 1R AR 7
Bk S A B A IS LR, BT E B T VEERE R AP BN Try-cateh B, 345 54 fil R (5 BOX — 85 HLAEAT 2808
B 5 AT A SR o T 00 A7 B ISR WS B 5 5 B L AR 17 2 kst BT AL 110 S5 5 R A5 JEL B R P AT R B AT 4
A, B SR ICAT A8 I AT 1 23 B R JE T 5 20 B 2 b, R P R 1B A SRR, IR B AT SRR 5
AR 2] (0 KRS A AT R AK, SR AR I 20 B 58 AT 55 240 FE 1) Tie 10 /. SESGZE SR W, INSPECT JiiERe A
WO A AR 75 Defects4) 1] 540 NS RFEFF I, INSPECT FFRE B 2 A (1) EXAM Best. EXAM_Average
M EXAM_ Worst $8ARE B4R THIRRE 2> 5119 95.25%. 55.92%. 16.65% (BALLELFE) LLA 93.39%. 57.54%. 13.92%
(EUSZORIE), MRR T8 ARE I3 THIEBE A 311.47% (B BRIA) F1 283.31% (ELSLHRIG), 3 T WA % H B0 B 2 1
I AUESE T INSPECT AHE T RELH AR 52 TE.

FEAR AR, Tk Jr ik BA B Az A, R T 4% [ € (8] B% (4 77 U N Try-catch $t, HATHLA Try-catch
PO 3R 53 15 S RSB IR, N — B AR, B R85 N IFE 8 B B vh AR 45 44 (1 S5 30 1R, i X £
DNFR PP HEAT IR ONBE AR, HERE H 5 T B S8 LA 55 HOR 7, A B AN T VE, DLE— B3R 7 R RUR.
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