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» IREFIERIEEXER

KYZ=f5 Ariane 5 SEEE 737 Max BAH, S FPEEE K 7.23518

» R RIEELSBURZSREERR
. (REXENERETSEE

1]}

+ SENRGZERN: FEFRTAMFEERIENZ (specification)




» {REIERTERY X int foo(int a, int b) {

return a + b;

}

1. ﬁgi—tt'ﬂf:ﬁ if Formal Method:
(@a>=08&8&b <=0)||
DAL — correct (a<=08&8&b>=0)||

@a>=0&&b>=0&& a+b>=0)|
@<=0&&b<=0&&a+b<=0)

TS B A RS

2. BN Testing:
foo(0, 1) = 1;
— correct foo(INT MAX, 1) = ERROR;

foo(INT_MAX -1, 1) = INT_MAX;
foo(INT_MAX, INT_MIN) = -1;
PN

W2 A EHY !
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» iR EEECINEEXERE

s ROEE: Bl A ENATEFA?
M R FR G T
* R LT
- THEF
* FAFMERIRE . FEMNIRE A I E LR
- (BRERIZA], HSLRIERFEXI THRAIRARAY
- AL AR ERbUGEE, {EA0TSATENbUgHI T
* FATTLAER—EEtr, EiztEEnRE
- i
TR FIAIS IS T ST S Tl
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> TRAAL

public int max(int a, int b){
*Er%_ return? a : b;
} Original
l public int max(int a, int b){
return ((a >= b)]? a : b;
. } Mutant 1
& REZF R (mutant):
QE%¥(mUtatlon operator) public int max(int a, int b){
return((a != b))? a : b;
l } Mutant 2
~
\\
. J BN TRINRRIBIERINESG AN
=
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» TRl

T | [

LR B (mutant):

T HEF(mutation operator)

2 |
= | ( ERERTEES
HIELA5 -
RUE=V AT —> | ZWESE(Mutation
L L score) P
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» B ER AR R

- T2 E 1971 &4 DeMillo #1 Hamlet 2Lk, BNt EESE

- ZBUIE: N—NZER(first orden)ZIEPR(higher-order), S#HEZ4b

. FEEETT R
- HESRKESIEG: C. Java, Python, JS...

- EAETEFRSR: Java bytecode, LLVM-IR
- MEmEMFEZ Android, MPI, SBReSANEFSE

» MNERTTIhY ERIE AL TER :
« SRR
- WITHIER (PIRNEETRERREF RAIREFE X IRITFSMATER R




» NEFRNNEIZER o

- EFTEEIEESNIERI (mutation-based fault localization) 2Z-SMEXAAT4:

AR

- BIEEmEM: FElidE (EVE— I RETNR) FEF, REEFRTIIEGHET
EDHL

- EREMAE: ETFABEEEINETHEF (spectrum-based fault localization)

- ETTERAAZE: BERERERIDERISETTERE
. double compute(double[] nums){

- BATREEMUAEDT, BETARERT HEES PR TS TeaE
| double sum = 0;

foriinti =0;i <n;i+ +){
failed(m;) i

Snutant (M) =
rutant (114) V totalfailed - (failed(m;) + passed(m;)) L}

T

return sum;
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» TEHtrRHEERE

« ZEMH

- CiEE:
« Proteum (108 mutation operators)
« Milu (Higher-order)
« WinMut (IR-based)

. JavaiEs:
« Mulava
« Major [By Rene Just]
« Javalanch (IR-based) [By Zeller]
+ PITest (Commercial tool)

- NS

Software-artifact Infrastructure Repository (somehow outdated)

Defects4) (Java)
ManyBugs (C)
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» Hkﬁﬁ1 . E&E‘_E = m;ﬂ: E Name Description Example
L) AOR Replace arithmetic operator a+ b—a —0»b
. BREREERYSL 7T -

LOR Replace logic operator a&b—-alb
ROR Replace relational operator a==b—a>=0b
LVR Replace literal value T—T+1
COR Replace logical connector a&& b—>allb
- + P P SOR Replace shift operator a>>b—a<<b
° f)lrl.l' E i"- m_h_ E" g. M* STDC Delete a call f() — nop
- / - >~ STDS Delete a store a =95 — nop

UQI Insert a unary operati?n b=a—a++; b=a
« ETRINIRMER A RO | Rertce e operion e | Sw0) 2 T )
« PIT. Major, JavaLanche, AccMut
« TR TEER, FAEEABLTY, XA LES5EbugZERIRERX
* =" /_JE/JTU_I£

- YIZREY, =3I HEIL Bug BB ETHEAART
. DeepMutatlon [ICSME-19]. LEAM [ASE-22]

- IGFEHEREBIR, ERAKETRER

2024 AI+TREHFIES | AIRSIFFAZE (il iy xsz




» Fkik2: Al RIS

- [BI§ZZ o iR LA SCHAIZ AT B4 (Scalability) 2K
- BB M 1MEE, NN
- TROTENTESESLE !

° Ttotal = ZmEM tseed,m + ZmEM tcompile,m + ZmEM ZnEN ttest,m,n

» FELPRRRIREERRF, M 2RX
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» Fkik2: Al RIS

s IZBFUNAG, IF—1TRBFE— T2 1R

a>b? a: b
a~=h? a:ib 9>b?2a: b -a>b? a:b
a< b?7a:b a>072 a b a>b? a:b
a<=hb?a:b a>b?0:b a>b?-a:b
asi=h? a:b a>b?2a:® a>b? a:-b
BE==2h 7 a3 b ) a>b? a:-b
Car=2b) 2 a = b hb=ae¢ashb ~Ca>b 7?2 a b
true ?a:b a>b?b: a a
false? a: b b

2024 A+ EHFiRS | AIRNHATE (Rl AR
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- FNTRN. BRENEFSREERENE L EHEE, BT
(SIS ==t 0L 1WA = Sl |- Nk R

for(inti=0;1<10; i++)

o EEINTREQL ==
1“ #E/J%I: . ‘
. i%ﬂbulmuiitﬁzzlg for(inti=0;i1'=10; i++)

- BRSNS

* FlRFIEFEN BRIRATAIERR: MEE—TBFEER
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» ERkEE1: KIRERMRZESEER

s KIRBERIBIEFNAETR EHENEEN, NEAZRSITIE
7S

s KISBIEIEFEE LRSS T BEATRER
« buggy -> correct

+ (AR KEAEZ RO ERE S ES RIFHUER?

2024 AI+TREHFIES | AIIRSALETE (B EAIER ¥ =



» mEkk2: BEFHE=TERIE

s TESHITEREPEER ST
- HRFEEXERRITE
- T UEREZE N RITEHITINE

N

\
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 IRISRIFI IR S ESLAAE—EL
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» BFAIRBERZRER: REIgE
 YEFET 4 MR
IEFREEARE AR (SRR )

°
A\'l.udcl Model 'l'raifl‘i'ng R’c!casc
I'ype Data Time I'ime
g GPT-3.5-turbo 2021/09 2023/03
Closed I~ GPT-a-turbo 2023/04 2023/06
Open CodeLlama-13b-Instruct 2023/08
StarChat-f-16b 2023/06

e GPT-3.5-Turbo #J GPT-4-Turbo &I APl Token
- FREMEELEISFEA 2 & WK 3090 ARSSES

2024 A+ R BFIES | ARIFLRZE Rt IERBY £



» BFAKIRBIRZERER: RS

e E[A] Java 1B

2024 Al+tR &2 & F

= (Java ZHE
« Defects4) v1 20 _F 395 NNESCHYTRPE
« ConDefects R 45

I_I »

2% Baseline fNiIES)

NEBEEIEHEX AR
e = ); \Y
Dataset Project # of Bugs Time Span
Math 106 2006/06/05 - 2013/08/31
Lang 65 2006/07/16 - 2013/07/07
Chart 26 2007/07/06 - 2010/02/09
Hetechit) Time 27 | 2010/10/27 - 2013/12/02
Closure 133 2009/11/12 - 2013/10/23
Mockito 38 2009/06/20 - 2015/05/20
ConDefects - 45 2023/09/01 - 2023/09/30
Total 440 2006/07/16 - 2023/09/30

84 | ARG AT E (B

e s 1 S




» BFAEBENTERERN: WEHEAE

* BAIRUXILL %S 7 RArER Java Sh B FEMT A

« ETHINY
. PIT [ISSTA-16]
« Major [ISSTA-11]

s BTF3
. LEAM [ASE-22]

« BT/ \IERIFI) |2
« muBert [ICST-22]

=

=
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» HFKIEBRIZERERL: Promptizit

"\WHOLE_JAVA_METHOD}' [ Context (Whole
Above is the original code. your task is to generate '{MUT_NUMBER}' mutants, 1 Method) /
(notice: mutant refers to the mutant in software engineering, i.e., making subtle (" Instructions and
changes to the original code) in: '{CODE ELEMENT}', —\ Input Data )

as follows are some examples of mutants which you can refer to:

AT ERHIEME, |

)EETQUIXBU EF'EI’]GAE "precode": "while (Math.abs(x-approx*approx) > epsilon) { " Context (Few-Shot ]
*HBE{’Ej} FeW shot "aftercode": " while (Math.abs(x-approx) > epsilon) {", Examples)
Example }

#Requirement: |

1. Provide generated mutants directly
2. A mutation can only occur on one line
3. Your output must be like:
[ { "id":;, "line":, "precode":"", "filepath":"kk", "aftercode":"" } ],
where "1d" stands for the mutant serial number, "Line" represents the line number
of the mutated, "precode" represents the line of code before mutation and it can not be
empty, "aftercode" represents the line of code after mutation
4. Prohibit generating the exact same mutants

5. All write in a JSON file

-[ Output Indicator ]

2024 A+ EBFIES | ARSFARZE (Rt fEAE A




s (LIMIER:
« BJRMIT (RD)

o _/:t/J/-

» BF IR RER:

=Rl Tk PN ESHIRAN

(S BRI

Nieteic Categary Metric GPT 3.5 CodeLlama-13b LEAM UBERT PIT Major
i D4 | CD | D4] | CD D4 | CD | D4 | CD | D4 | CD | D4] | CD
Mut. Score 0.731 0.734 0.716 0.698 0.529 0.682
N Mut. Count 351,557 303,166 671,737 141,031 1,032,392 314,694
Cost Avg. Gen. Time 1.79 9.06 3.06 23 0.017 0.083
$ Cost per 1K Mul. 0.288 0.577 0.195 - —_ -

2024 AlI+TR A& FIE

& | AIRAEATE (Bt




» BFARERIZRER: FEURE
- B IS A R B R A R TR =
- ARSI

TSRS
/—&ﬂ‘R E,z;—(

. :n’:‘ﬁl\ﬂ‘ﬂ E,?,}T

1R95%E(SE 5 IREIREFREE)

A~~~
L

Metric Category Metric GPT 3.5 CodeLlama-13b LEAM UBERT PIT Major
D4]J CD D4]) CD D4] CD D4J CD D4] CD D4] CD
Compilability Rate 61.7% 79.6% 75.8% 73.3% 33.8% 50.9% 21.9% 26.6% = — 98.3% 92.8%
Usability Useless Mut. Ratio 11.6% 9.2% 41.0% 9.3% 0.5% 9.6% 1.8% 4.6% - - 0.0% 0.0%
Eq. Mul. Rate 2.3% 2.1% 1.3% 0.7% 1.6% 1.0% 2.1% 3.1% — — 0.5% 0.8%
Dataset Type GPT-3.5 CL-13b LEAM pBert Major
#All 351,332 302,941 | 671,342 | 140,753 | 314,527
Defecs4] # Sampled 384 384 384 384 384
# Eq. Mul. 9 5 6 8 2
# All 225 225 395 278 167
ConDefects # Sampled 143 143 196 162 123
# Eq. MulL. 3 1 2 5 1

2024 Al+TREHBFIES | AIRSNIALRZE (R FERIES




» BEFXEBINERER: LTS

« THRZIE ISR :
- TREGIINFAI AST TaE (Flg0, a + b -> a— b iRESIAFHE
7 {Ba+b->foo(a b) BINT A EEH)

BasicType
SuperMethodInvocation MemberReference -

GPT-3.5: 45
ClassCreator
CodeLlama-13b: 33 BlockStatement  BinaryOperation ---
LEAM: 24 VariableDeclarator

' StatementExpression LocalVariableDeclaration ---
uBert: 8
This
Assignment IfStatement ---

2024 AI+HFREHFIES | ARSI AR ES (Rt il RAIBRY



» BFXIRBINERER: LTRSS

« THRZIE ISR :
- IR FZRS LI
« SINFTRY AST 525807

11

Top K GPT-3.5 CodeLlama-13b LEAM UBERT Major
Del. 5.1% 0.3% 49.7% 0.2% 17.6%

1st LT (47.6%) LT (49.5%) LT (23.6%) LT (53.8%) ST (59.9%)
2nd BO (24.7%) BO (35.5%) MI (17.6¢ ") MR (22.7%) LT (40.1%)

ST: Statement, BO: BinaryOperation, LT: Literal, MI: Me lll()(“ll\"()('zlli()lL MR: MemberReference

2024 Al+EHBFIES | AIRHA LT E (B ﬂkﬂ’ézlii%ﬂiﬁ;



» BFXISERITERER: SHECRIGAEZBLIE

* 18R

- WRSESCHRFAAY BLEU 5381

N
I/}

85
- BESESTHIAR AST 4RSI

MenieCatagae S— GPT 3.5 CodeLlama-13b LEAM UBERT PIT Major

: & Di] | CD Di] | CD DiJ | CD Di] | CD Dij | CD | D4aJ | CD
Synlaclic BLEU Score 0.649 0.672 0.703 0.658 0.248 0.307 0.709 0.676 — —_ 0.226 0.316
AST Distance 2.369 1.62 2.413 1.65 3.07 1.19 2.631 1.74 — — 28.284 1.98

2024 A+ A HFIES | AIRSDAATE R EARIEY
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Frequency

» BEFAIRBENERER,: SH

SESCHREEIAST RIEIEE

SCIRPERYT

EiZEUE

GPT3.5-turbo Leam CodelLlama-13b Major mBERT
80000 -
| 20000 |
100000 40000 4 70000 4
60000 -
15000 4
. ., 30000 1 . 50000 .
9 2 [ 9
c c c c
o o o o
=] =] =] =]
g g g & 10000 -
E £ 20000 A i S
10000 4 5000
o0 0- y T T
4 5 6 7 8 9 7 7 9 10 0 4 5 6 7 9 10 1200
AST distance AST distance AST distance AST distance AST distance
GPT3.5-turbo Leam CodeLlama-13b Major mbert
140 |
804 80 - 40 4
120 |
100 - 601 60 - 30 A
> > > >
2 2 2 2
o 80 7] 7] ]
=] =] =] =]
g g £ w0 £ 2
404 _ _
£ o & & &
40 4
20 4 10
0- 0-
0 1 2 3 4 0 1 2 3 4 5

0 1 2 3
AST distance

2 3
AST distance

1 2 3
AST distance

AST distance

AST distance




» BFXIRRPHTRER: SETRENTHEEIE

- (TR ELER:
- BT
- SHHIEEAE
- Ochiai Z# (EXARIUEIRHR)

Metric Category Metric GPT 3.5 CodeLlama-13b LEAM UBERT PIT Major
D4] CD D4] CD D4] CD D4] CD D4] CD D4]J CD
Real Bug Detectability 0.967 0.867 0.906 0.667 0.767 0.489 0.785 0.378 0.511 0.489 0.916 0.689
Behavior Coupling Rate 0.416 0.625 0.398 0.612 0.267 0.318 0.409 0.581 0.133 0.593 0.342 0.479
Ochiai Coeflicient 0.638 0.689 0.390 0.378 0.286 0.400 0.230 0.578 0.271 0.489 0.519 0.600

2024 Al+TREHZFIES | ARSI AT E ﬁﬁﬁﬂﬂ’ézm%ﬂ%; Y 2



» HFXKIEBERNZERER: ARPromptHIzZiH

031'

ZRIAprompt

« P2: P1 #BBgrfew-shot example
- P3: P2 #BP&A% Context

* P4: P1 + &IN5 A% M AN

o i GPT-3.5
Metric Category Metric Pi 75 73 Pi
Mutation Count 47,666 47,905 41,548 39,638
N Mutation Score 0.705 0.703 0.731 0.782
Cost $ Cost per 1K Mutations 0.288 0.288 0.287 0.289
Average Generation Time 1.79 1.78 1.81 1.88
Compilability Rate 65.7% 64.1% 61.9% 60.8%
Usability Useless Mutation Ratio 13.7% 11.3% 22.3% 15.0%
Equivalent Mutation Rate 1.5% 1.2% 1.2% 1.5%
Real Bug Detectability 0.895 0.857 0.714 0.629
Behavior Coupling Rate 0.140 0.136 0.096 0.096
Ochiai Coeflicient 0.590 0.571 0.438 0.362

2024 AHTFERFES | ARHFLTE (it BAEy =



» BEFAIRBENTRERN: ARREARIT

Closed Source LLM

Open Source LLM

TSl Ealeiony mcisle GPT-35 | GPI-1 | StarChat-16b | CodeLlama-13b

Mutation Count 47,666 23,526 25,496 41,808

N Mutation Score 0.705 0.702 0.538 0.734
Cost $ Cost per 1K Mutations 0.288 18.701 0.876 0.577
Average Generation Time 1.79 42.25 13.76 9.06

Compilability Rate 65.7% 79.9% 58.2% 74.1%

Usability Useless Mutation Ratio 13.7% 7.2% 38.3% 39.2%
Equivalent Mutation Rate 1.5% 0.9% 2.1% 1.0%

Real Bug Detectability 0.895 0.905 0.324 0.724

Behavior Coupling Rate 0.140 0.143 0.101 0.110
Ochiai Coeflicient 0.590 0.619 0.152 0.286

2024 AI+TREMFIES | AKHATE Rt bl ERIEY




» EFKEREPNTRER: SHAUREERNRE

’ ’ /A " Twv %
ID Error Type - ID Error Type )
1 Usage of Unknown Methods 27.3% 6 Type Mismatch 7.6%
2 Code Structural Destruction 22.9% 7 Incorrect Initialization 3.1%
;. correct Methc ar: S 12.8% correc calic 3.1%
3 Incorrect Method Parameter 12.8% 8 Incorrect Location 3.1%
N Usage of Unknown Variables 11.2% 9 Incorrect Exceptions 2.3%
5 Usage of Unknown Types 9.6% — — —_
Otbrers Others! Others|
TernanyxprSSD)'gl TCrnaI'YEXpTCSSIaOSFt\: ClassCreator|
Casti This! This|
Cldssciﬁ%tr%rl: Classcilet%lrgll'- BinaryOperationl
8 Asg:gnmtent— 8i Asgignmtent— Assignment N
inar €ration ——— inar eration ————
Men1be¥Rgference— Membey'R ference m——— MemberReference I
Methodinvocation Methodinvocation N——— Methodinvocation IEEGE_EE
01020304 01020304 0.10.20.30.4
(a) GPT-3.5 (b) CodeLlama-13b (c) LEAM
Oteeg Others
. . T?us: Literall
m Xpri | .
R Assignment
Clas C{ﬁ%tr%'i'_ MemberReferencel
Assignment Methodinvocationll

MemberReference mum——————— :
Methodinvocation E—— BinaryOperation NG

0.10.20.304 0.2040.608

(d) uBert (e) Major

2024 Al+TREREFIES | AIIRFITH AT E (R EARRERY




» BEFAIRBENZREN: ARLTXNKE

Metric o 1-Line 2-Line 3-Line
Category ) Context Context Context
Compilability Rate 0.610 0.617 0.657
Usability Useless Mutation Ratio 0.119 0.128 0.137
Equivalent Mutation Rate 1.6% 1.1% 1.3%
Real Bug Detectability 0.933 0.917 0.917
Behavior | Coupling Rate 0.141 0.121 0.136
Ochiai Coefficient 0.517 0.417 0.467
Settings Spea. Coef. | p-value Pear. Coef. | p-value
1-Line v.s. 2-Line 0.9762 3.31E-05 0.9980 2.12E-08
2-Line v.s. 3-Line 0.9762 3.31E-05 0.9997 1.04E-10
1-Line v.s. 3-Line 0.9524 2.60E-04 0.9978 2.69E-08

2024 Al+TREREFIES | AIIRFITH AT E (R EARRERY



» BFAIRBINZERER: AREBFew-shot Example

Metric OB-6a (Default) | OB-3 | OB-6b | OB-9 | D4J-6
Comp. Rate 65.7% 62.7% 63.9% 61.8% 62.1%
Useless Mut. Ratio 13.7% 12.8% 12.8% 13.8% 12.5%
Equivalent Mutation Rate 1.3% 1.6% 1.3% 1.1% 1.6%

Real Bug Det. 0.917 0.933 0917 0917 0.900
(_‘oupling Rate 0.136 0.128 0.132 0.121 0.139
Ochiai Coeflicient 0.467 0.450 0.434 0.434 0.367

QB-N: Select N Examples from QuixBug. QB-6a is the set of default examples, while QB-6b involves
6 other examples.

Settings Spea. Coef. | p-value Pear. Coef | p-value
OB-6a (Default) v.s. QB-3 0.9701 6.55E-05 0.9996 1.70E-10
OB-6a (Default) v.s. QB-3b | 0.9762 3.31E-05 0.9984 1.00E-08
OB-6a (Default) v.s QB-9 0.9762 3.31E-05 0.9985 7.98E-09
OB-6a (Default) v.s D4J-6 0.9524 2.60E-04 0.9980 2.13E-08

2024 AHREHFIES | ARDALESE (RidlERIEH




» BFXIRENZERER: EREEHENER

* NEREKERYEIFEERIZ S
* BAVSFE TEEMRIRFEPRBA&DHI— (muBert)

Metric GPT-3.5 | CL-13b | LEAM | uBERT | Major PIT
Comp. Rate 62.9% 74.2% 38.9% 18.5% 96.5% -
Useless Mult. Ratio 11.0% 39.0% 1.47% 1.4% 0.0% -
Real Bug Del. 0.892 0.735 0.675 0.550 0.833 0.437
Coupling Rate 0.133 0.105 0.132 0.132 0.128 0.024
Ochiai Coeflicient 0.358 0.178 0.167 0.150 0.341 0.192
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»HFH=

ITRAYIME:

ANRBERAERD

Each mutant has a small
syntactic change

[ Program ]
foo(inta, int b, int c){
intd=a+ b;
inte=d+c;
return e;

mutate

[ Test suite ]

void test_foo(){

assert(foo(a,b,c) == RES);

}

2024 Al+tR &2 & F

execute

analyze by the
test results

foo(inta, intb, intc){| |foo(inta, intb, intc) foo(int a, int b, int c){
intd=(a+1) + b; intd=(++a) + b; intd=a+b;
inte=d+c; inte=d +c; int e =(++d) +
return e; return e; return e;

} M1 | |} M2 | |} M3

compile l l l
[ al.out J [ a2.out J [ a3.out }

_[.lJ_.l_.l

{ pass/fail? } { pass/fail? J

e test quality assessment - mutation score
e fault localization - pass or fail

L | ARG AT E (R ERARIEY 4




» BEFHESETERNINE: inEZRstrRRRRITE

Cycles represent states, the
numbers inside are id

intd=a+b; r=---- it .
inte=d+c; @ et >@ eare @ return € @ Arrows represent state
return e; transitions by executing the

label statement

intd=(a+1) + b;
inte=d+c;
return e; M1

intd=(++a) + b;
inte=d+c;
return e; M2

d=(++a)+b e=d+c return e I
»@ >@ »@ There are a lot of redundant

computation. For example,
) the execution from the
intd=a+b;, | __ o [T TTTT o smsomsooomes

d=a+b e=(++d)¥c return e I inni
nte = (++d) + @ ( H‘@ @ : beginning to the state 0

return e; M3 e e e = fTT T T T T T T T T T e
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» BHFHEITERILE: 232ZRiTE

- Split-stream execution: fork at the first mutated statement [King, Offutt,
1991][Tokumoto et al., 2016][Gopi rhe computation }01 6] Eundancy fter }
before the state Ois P
the first line is still alive

intd=a+Db; e S

inte=d+c; | : d=a+b | e=d+c return e .
’ Replace mutated ! . , Ori

return e; statements with SSE - - Lo

. interpreter in compile time. fork
intd=(a+l) +b; ork | o ___

. d=(a+1)+b e=d+c - return e :
inte=d+gc; . _ C : M1
returne: VI intd =interpret(a,b,ADD); | = ool .

— | int e =interpret(d,c,ADD); fork
intd=(++a) + b; return e;
nte=d+c d=(++a)+b e e=d+c e return e 3
return e; M2 Start with a process

carrying all mutants Ferl

intd=a+ b; Lo AV L et e

. 0 d=a+b | e=(++d)+c 1/ return e '
inte=(++d) +¢c; — The interpreter forks child ; ( j @: M3
processes when encounters | . !

return €; JIE a mutated statement. ,  TTTTTTTTTTIToS

2024 Al+TREHFIEL | AR AZE (B E At xﬁz




» BEFHE=HERIME: AccMut [ISSTA-17]

- Equivalence Modulo States: Two mutants are equivalent modulo the current state if

NN A 7

executing them leads to the same state from the current state [V Theabel below i the
executed expression

inside interpreter
Instrument as SSE ] t t(d, Apg/i return e
[ M1, m2 interpret(d,c M3
J | e= (++d)+c/

int d = interpret(a,b,ADD); fork

int e = interpret(d,c,ADD); interpret(a,b,ADD) @i Interpret(d,c,ADD) return e .

return e; \. 0 1 & Ori
M3 d=a+b | - e=d+c

fork
The interpreter also carries \ !
t t(a,b,ADD '
[ 3ll mutants interpret(a,b, @|nterpret(d,C,ADD). return e . v
d=(a+1)+b e=d+c

It clusters the mutants of
one statement by EMS, and fork

forks new process for each interpret(a,b,ADD) interpret(d,c,ADD) return e
rou 7 > M2
group
d=(++a)+b e=d+c

2024 Al+TREHFIEL | AR AZE (B E At xﬁz




» BEFHZITRRIINE:

AccMut (RAFEXRERFRITE

|

1. AccMut is unable to merge more mutants 2. AccMut involves a lot of overhead : : :
M3 is Split cause it
is in a different line

intd=a+b; intd=(a+1) + b; intd = (++a) + b; intd=a+b;, .

inte=d+gc; inte=d+c; inte=d+c; inte=(++d) +c; | interpret(d C ADD)I return e :

return e; returne; | M1 returne; | M2 returne; | M3 — >@—>@. M3

\ | e=(++d)+c N !
intd= interpret(a,b,ADD); interpret(a,b,ADD) interpret(d,c,ADD return e .
int e = interpret(d,c,ADD); 0 1 Ori
, d=a+b e=d+c

return e; \, e ol L L L e :

fork :
The interpreter ! interpret(a,b,ADD) A interpret(d,c,ADD)" return e i E I

invocations in a child ' I

. : d=(a+1)+b e=d+¢ e

process is useless ' |

— fork :

M1 and M2 are split by the s !
value of the variable g, : interpret(a,b,ADD) amlinterpret(d,c,ADD return e Irvs

however, which has no effect i d=(++a)+b > e—dc |

on the final result .

2024 Al+tR &2 & F
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» BEFHEERME: WinMut [ASE-21]

\

1. Enlarge analysis scope from a statement to a basic block

p— [ Fewer processes J

2. Only compare the variables that may affect the final result | __

3. Avoid unnecessarily interpreting mutated statements E—) [ Smaller overheads ]
Continuously interpret Only compare the
a basic block variable e
| 4mm interpret(a,b,ADD) 4 interpret(d,c,ADD) 4i! return'e -
: @ @ Ori Merge all the
D e oo -7 mutants in a
d=a+b e=d+c o single process
d=(a+1)+b e=(++d)+c -\
return‘e
d=(++a)+b @ M1, M2, M3
In the child process
of a former mutant wme the origin code ]

return e

Avoid invoking
e the interpreter
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» HFit

ST ERINNE

« 7£ LLVM-IR EAi_3C3,

WinM

utgy=ciy

RiEZ

==

psgyay: NEEE

Name

Description

Example

AOR
LOR
ROR
LVR
COR
SOR
STDC
STDS
UOlI
ROV
ABV

Replace arithmetic operator
Replace logic operator
Replace relational operator
Replace literal value
Replace logical connector
Replace shift operator
Delete a call
Delete a store
Insert a unary operation
Replace the operation value
Take absolute value

a +b—a — b
a&b—alb
a==5b—a>=0b
T—-T+1
a&&b—allb
a>>b—a<<b
f() = nop
a=>5— nop
b=a—a++; b=a
fla,b) — f(b,a)
f(a,b) = f(abs(a),b)

2024 Al+tR &2 & F
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» BHFHEHEILE: WinMutlyZi8 Sz

Name Loc | # Exec Tests # Mut # BB # Split | # Mut per Inst | # Mut per Split
Binutils-gas 299K 290 166,488 6.477 11.261 13.5 14.8
Coreutils 144K 287 400,150 11,532 19.628 20.4 7.2
Gmp [ 15K 30 613,595 10,774 23.225 22.3 26.4
Libsodium 45K 43 426,025 5.657 13.813 18.4 30.8
Lz4 13K 185 472,591 11,286 22,656 16.9 22.7
Pcre2 SOK 33 266,399 6.900 11,722 16.7 22.7
Libpng 56K 9 282,831 8,527 15.394 15.0 18.4
Lua 16K 19 172,493 6.981 11.840 13.6 14.6
Grep 83K 207 217,399 8.406 16,144 12.9 13.5
Ffmpeg 1.032K 46 | 17,185,545 | 359.400 | 819.284 16.2 21.0
Total [.584K 1.149 | 20,203,516 | 435,949 | 964.967 16.3 20.9
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» BEFHZITRRIINE:

Total Run Time
400

350
300
250
200
150
100

50

, 1N

Time(hours)

B WinMut mAccMut

WinMutfIscIs e

WinMut is faster than AccMut with an
geometric average speed up of 5.57X.

2024 A+ R BFIER | ARG AZE (Rt dl EARIEY

Total Process Number
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B WinMut mAccMut
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WinMut uses 7.3% fewer processes than
AccMut.
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» HFEHSHEHIILE: FT—FHIWinMut-Turbo

» JPIGRERESILILE Fork ZRIRIITER
s BN TBIREFDHT, AL Fork ZfFRITTR

* NERFAHE Fork ZIiIFHIE—ESHMUINGER, KR
221k

« WinMut-Turbo: EWinMut;

fifl £, H—2R30%RYNNER
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» HFXKIEBINTERAER

 KASRIEE R SO0
BB ASTET AT LB R ESIbugE S
- BRIEIRAIRF /A T

Size2D size = this.rightBlock.arrange(g2, c4);
Size2D size = this.leftBlock.arrange(g2, c4);

. . // Mutation-2
- ffEFfprompt-engineering e
= g2.setStroke(getltemOutlineStroke(row, column, selected));

= }
° 1% LLM?’%&-I‘E % else if (seriesCount == 1) {
- -

g2.setStroke(getItemOutlineStroke(row, column, selected));
- RRSERIMERRERRIN

}
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» ARARENSRTRINE
- BSMBLLT LRI (SSE) . EARIHANE 50X
 HIRIAIE A E —ERRIE
- (BB PREN B AR AR

I AEBERNSRES, TR —SHCERRTE

lmll
[
\DT
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