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Abstract Programming is a fundamental aspect of software development, serving as the building
block for creating robust. functional, and efficient applications. In today’s technology-driven
world, the demand for software solutions is growing at an unprecedented rate. As a result, there
is an increasing need for streamlined programming processes that can keep pace with this rapid
growth. To address this need, many researchers have turned their attention towards code
generation as a means to automate and expedite the coding process, making it more accessible and
efficient for developers. Code generation systems are designed to accept an input in the form of a

natural language description and then automatically generate the target program. This approach
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has the potential to revolutionize the programming landscape by reducing the time and effort
required to develop software solutions. However, despite the potential benefits of code
generation, existing approaches are not without their limitations. One of the most significant
challenges faced by code generation systems is their sensitivity to changes in the input sentence.
Even minor modifications to the input can lead to substantial and undesirable changes in the
output, ultimately impacting the reliability and effectiveness of code generation systems in real-
world applications. This sensitivity poses a significant obstacle to the widespread adoption of code
generation technologies, as developers need to have confidence in the consistency and accuracy of
the generated code. In order to tackle this challenge, we propose a COntext-aware code
generation TEsting and Repair approach (COTE). COTE integrates mutation and metamorphic
testing techniques. This method utilizes context-similar mutations to generate mutated sentences,
which serve as test inputs for the code generation system being evaluated. If a context-similar
mutation causes a disruption exceeding the predetermined threshold in the code generation system
of the non-mutated portion, the approach identifies and reports it as a bug. Once a bug is
reported, COTE further leverages its black-box/grey-box repair capabilities to automatically
repair these bugs, thereby enhancing the overall quality and reliability of the generated code. To
assess the effectiveness of COTE, we conducted a comprehensive series of experiments using
CodeGPT, a state-of-the-art code generation system. Our experimental results provide valuable
insights into the performance of COTE in a real-world setting. With the implementation of
COTE., we found that bugs were detected in approximately 39% of CodeGPT’s input. This
demonstrates COTE’ s capacity to identify a substantial number of issues within the generated
code that might have otherwise gone unnoticed. Furthermore, COTE showcases a remarkable
ability to automatically repair the detected bugs, further emphasizing its potential as a powerful
tool for improving code generation systems. Our experiments reveal that COTE successfully
repaired between 33%~42% of the identified bugs, which underlines its capacity to enhance the
overall reliability and quality of the generated code.
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i dE WL G 11T, b AT DU AT BERA AR AE s
Mw,e€ W, B w iR B ik

%5 s COTE-NAR KA ] H1i8] w, € W, B ffe s
H ) B o, IEXT s A B BT A A R DA AR
AR A) T4 M, COTE-N $453% B6 f 24 A= il 4 ) 1
H ) g — AR AR R AR S AR A R AR S A
HE—25 A gl (R A28 544 5 J5 G /A 7 Fic
YER— s AXH FE R .

COTE-L fil COTE-N #t: H{ — &Mk fiis &
% COTE. N T FH£IR AEAR LG IE TR 5
— i COTE R #EAT A4 . R 76 A SO R 2R 50 56
Fh 7 87 2 A AR DL ] T A e Ty 32 1 A
IR GERR A COTE-L 408 3 T4 28 0 2% 1 ]
AL E 4 T e PR COTE-N.
3.3 HRA—HENK

J T AT AR =B COTE 7 Zx H
A A TEAT BT , BDAG A 2 75 Rk A RO — 3K
PEIRLE . COTE Bk i A )b i R B G o - A
TENINA WE LT . & e 48 AR iy
R T ER, B EA S EEL RN
o fH i

Bt (57 ) S F s Fls” BOXT N R, Forrs?
TR s /) AR R R T TR e ] w
Sk w’ A E] L AT SE PR ) 2 RO — B TR
COTE 75 Z7E 720 BT 25 4 B w] wo 11w ” X i 1 F2 P
T M (14 1 250 T A SRR 22 (R A AR AL R
7 B [ 3k 220 B3] o Fwo” Xof iy HH AR 3 A 5
W IFAE S . R w il w’ Bt il fE L gl i A8
J¥ » I LR RS 1 i A SCAR R A8 B3] o R o T X



2032 it ML 2% R 2023 4
N HIFEF LR IFAEY) . RURE 438, o | TR0 T a0 R e A TR A T
k2, —#HMESBGTEER. KN BRJE - COTE i FH H: wb de v A AL, BEAELAE N
B 1(s) : GRS AR T B B FR IR 52 (s 7)o 728 S 440 A — A B R B 16 17).
R AR 0P A S UK /L T A S g %o R 1 B A B

ki : ConScore: t(s ) ¢(s” )z [8] i) — B0 43481

Bs,Bs’ = Wdiff(t(s), t(s’))

T, = {t(s)}

T, = {t(s’)}

FOR #4741 b, € B, DO
r = DeleteSub(t(s), b,)
T,=T,U [rf

END

FOR #4741 b, € B, DO
r’ = DeleteSub(¢(s’), bs’)

10. T,=T,U{r"}

11. END

12. ConScore = —1

13. FOR %4~ ¥4 a € T, DO

© 00Nk w

4. FOR#AFS6 € T, DO

15. Sim = ComputeSimilarity(a, b)
16. ConScore = Max (ConScore, Sim)
17. END

18. END

19. RETURN ConScore

J Y LE kX AN A, COTE 18 i 54 () Al
¢t (7 YRR IR A F 17 51D A AR I
ZAF AR B R KB MG T (O T () 2
[F1] 2 32 S MR 43 () — EOME K L Bk 2 JBOR T XA
R X TF rG) Me(s7 ) . COTE 48 W i GNU
Wil SR ARG AR FE 7 Z [0 B9 22 5501 B 1)
GNU Wdiff LAia] kS hib LR 7, 1% 07 6 F He s
SUA /b S48 20 i PR S A LR 3 AR AT 2.
Wdiff, P FLF“ABCDF” fi“BBCGHE”Z
] 9 22 5 U0 43 50l 3R 7 R il — S R TR i < AR
“D”LL MG —ARR P B “G H”.

COTE t(H R (s 2= 51 B o3 i R A7 2148
A& BBz . SR COTE MM AR o b 5 —
M FU) R 22 7385 s B N BR — A~ G 547 R
591, il XA 20, COTE &3 8] — /Ny
2185 . X F L. “ABCDF” ¥
HWATHFS“B CDF”UWER“A”)FI“A B C E”
MER“D”). COTE ¥ 1(s)/1(s”) FI3% EEH7 1 1 )
WINENEES T,/ T, B 647 F1% 1047).

XS T, M A7 50 E , COTER
58S T, BT 75150 R 9 2 18153
PECCH; 1547). I . COTE A8 8| T |+ T, /4> A [F] 4H

T A — B Ey B . R AR AL B K
AT 5 A B BT R4 8 T X6 7 A R P A6 T 4
J HAth R 43 (8 FRBLRE the b 22 25 0 25, PN B 3 1o
AR AT RE R A 25 A s e i) 1] 5 3507 A M 22 DT
R .

3.4 ARF—HHEEE

ARAT A RN FR—BUEAB R AR 1 AR L
SRIGA AR R 18 B i R v AR P HE P g (T
MR B RE P HE I AL T 28 X5 R P HE ).
3.4.1 BARMBEE SR

COTE Jet& & Jsihs ) Xt L (R P, SR 5 1B R
AR SR N AR, A5 R o COTE AR P A —
FHPEMR .

L3R TRARME R R . X T E R IAE
TEL AN — B M [ B F2 7 1) COTE A= il — 41
A ARIFAR RN ((5) 4 2(s) s ooy 1(5,). X
oA S A K AR T 32 [8) B 0 ) F SO AR T Bl A
FHT P CE 1), R)F . COTE i FH 150 4 2R 5§
2S5 A 7 X FRE P HES T oo &R IR 45 AR
FLA OrderedList(25 247). 5 3. 4. 275 FI%5 3. 4. 375
25T A RN AE X5 FHES BRI TEANE L

F5F ok . COTE N FH AR 55 K 3R 45 s Fil 1(s) 2Z [A]
(WL EHR 98 0 a (o) 55 347). T 55 J& —Ff [ 4%
T AR A 2 HACS B 1) LA R e R
B AR PR E R . R . COTE R A T4
T4 VLI A ) % 5 A . e X % 2 )5 . COTE £
275 0] LR A OrderedList #7 # 7] 7 X (s,
() RAE B FIATRT . COTE # BHE4 I , B3
22— Fp AT LU R 2 O — g B BRI AR R
PRI

W s ] (5, == ) » X BRI JFAI 0 R 1Y
T3 B A Ry s b H A 8 S (R 6T 3 11 R I B A ) 22
5. 0T L COTE A2 0 AR P #- A T AR AT 8 20 (56 6-
8 47). H M, COTE X 5, Fl 2Cs ) AT 5 5 Fl () A TF]
BXT 5% . AR w,. w, KR s s, PRI A . COTE
A 3 6 S A5 20 X R AR 00 (o) s () (B 9-
1247).

@ ARSCHBTT PURPERY R LR 2 B CHR A5 B2 WLy
4.1.2).
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TR S AR A 3 2 A HERR Y [ TR
FP )RR AR o R B ARLARL A i A L A= A [ 1
JF . IR COTE M 1 LT B SK 52 A Fr e S5 -
TR I 48 AR 3R] O B A AE T 0 5551 b, ]
ARAFLAE B R P AN ZAT AT IR (55 13-1547).

TEE AL SRR R I (5 16 17) . COTE 20
SR BB S A5 R (55 1747) S SR IE K A A i e Oy 58
S5 18 5 A i IR B — B (5 18-204T7).
WRA—3, COTE 4k 2248 e 5 H A e 3 .
3.4.2 FETHARMETFHEF

X F— ) F s LHAFRS = 514 5,0 0005, £(5)
FIRA s XF N B FR T 5 2Cs,) FR7R R 728 S5 A 5, 6 o7 () R
JF T I il s A ¢ G IR T A2 iUE %, T
RN o ey 728 S ARV S R P i e i 2 . IR
A5 AR A2 S R ) P RS [l 8 S R P LA P
TADOT S5 A B s Xk I 1 B 4R T

R EEE Ik AT E A
WA EIN R RS B 2R P AR R S
FEAEA T AL A . A SCR I FR N K &8 52 071
Sh A T RN I N BE DT ) B AR R AR BN
IR N ER T
3.4.3 BT AHI IR

X F— A s LOHARKS = 5,5 5,5 05,0 £(5)
TR s XS I FRIT 5 2Cs,) Foom AR SEAA s, %o oy ) R
FF TR 1) s 1G5 s 2(sy) s -+2Cs,) Z T Y A
RLBE , Il S A AR Y Jc i CHUA e - AR L
3850 RO R PP WS 1T 54 52 D I i A% I ) R

XOE—FREBE I B RSSO
FP A R G FNIZ R SRR P i

k3. AzhifbBELRE.

HIAs: — DA 1(s): s FERR P A LR G N
WIFRIT 5 5,, 550 w00, s, s B S A A IR
RS 2(s,)s 2(s,), -+, 1(5,): B RAKITS
(e

Hith . NewTrans : s )P B R 455

1.T=1G,t(s)), (. t(s)), (s, 8(5,)), =, (s,

t(s,))}

. OrderedList = Rank(T)

a(s) = wordAlignment (s, t(s))

. NewTrans = t(s)

. FOR % 5% % A i) S By i R R 0T s, 2(s.) €
OrderedList DO

Gl W o

6. IFs,—==s THEN
7. BREAK
8 END

9. a(s,) = wordAlignment (s, t(s,))

10. w;, W, = getReplacedWord (s, s,)

11.  t(w,) = getTranslatedWord (w;, a(s))

12.  t(w,) = getTranslatedWord (w'; , a(sr))

13.  (s,) = mapBack(t(s), t(s,), s, s,, a(s), a(s,))
14.  IF isinaligner (w’,) THEN

15. NewTrans = ¢ (s,)

16. s,, 1(s,) = getRepairedResult (s)

17. IF NOT isConsistent(t(s,), t°(s,)) THEN
18. CONTINUE

19. END

20. END

21. IF isTest(s) THEN

22. s,, L(s,) = getRepairedResult (s )

23. IF NOT isConsistent(t(s,), t'(s,)) THEN
24. CONTINUE

25. END

26. END

27.  NewTrans = (s,)

28. BREAK

29. END

30. RETURN NewTrans

4 SCIRESIE

4.1 XWEE

ARATEEA R H sh R A A H A —
MR [ SR —SUEE = A SR
4.1.1 WF5EI) S

ASCE i3 VA COTE A sl T2 A — 3
P 3 I AR RE T R TR IR AR ST B S . BRI
ARSI S OCE

RQ1: COTE J5 ¥4 B 3K A B 7 28 4
fare  ASCGE T BEAUIAE— LA B I AT I
(N TOREAEE AR A ROR 7125 53X A58 1) 8
XA 0] 1 4 25 S AR COTE B S2 4B i 1l & 4R
AN—E AR KA B

ST R R BT COTE A LA 1A 250,
i AT B UESE A SCHE— 2044 7 2 ) % ) COTE £
I3 24 SRR — S0P ] 881 1T 1 2550 ) PR e AR
SCHE M TR AR IR)

RQ2:COTE #7241 3R — Btk IRl R 14 BE 77 40
far? R T & RQ2, AR SCARHE AL PR A 45— 2K

“’EECD N A A 38 SCRT PSR & 2547 T AR TR 45 5 1T ik

d



2034 22 W - S R S 20234F
P B AE Ay 29 AN — 5P I s v R fe 3k J2: AT [0 CALE w ) F IR
BAHEA—ZNENED . A TG COTE B2 %A W, = log ( (ICH 1)/(];+ 1)) €Y)

— SOV RS 7R B8 ) AR 3G I A 0 T X T
RS R IR Tk A L5 R S B ShilliA4s R ik
ITHER .

TERESE Tz 8 Z f5, A SCilF— 2P T
COTE WM& LB, UL T i B B8 A —SrE R
IRRE ST . PRI AR SO Y

RQ3:COTE X AHRA—F BB E/E T
wnfar? ST A AN R, AR SCREAS T COTE
I8 2 RAS — R ) A ) 5o R L 481 G o — BevE
bR F-sh ke A AT AR . [ AR SGA N TR A T
H COTEBZMET IR A BN SRR TRF
B — B AT 252 M O TP B A i )
4.1.2 MUEE RS

ARSCHRZ T WURN) 2 R AR EFE ke Al it
Az R P B ARRURE . oy T T U0 A SCH 7ok s
Ji ety i 8K 107 B AR 5 A S 2, SR 7R 78 SR
i A X R T

T LCS WAHRIEARTER. Bl fe 2
[i1] £ 1 7 3 F ¢ 371 (Longest Common Subsequence s
LCS) By FE A A AR DUEE -

len(LCS(1,,1,))
Max(len(t,), len(t,))
TEX A LCS S — N HETE ¢ 2, Z 18] LUAH
DS e N 8 /AN o a5 2 71 Rl ¢ T G 17 B
AJFHI“ABCDGHHI“AEDF HR”LCS &
KR 3H“A D H”. len(t) Fil len(2,) W TR 127
G 1, F1 1, B A

T ED WAL EERIES . X EiRr i E
LT 1 M 2, Z 18] 1 4w 45 B 25 (Edit Distance, ED). %%
R B — s T A AR R AR R D —
FAF R T 0 e MR EBOR AL P AT HR AN [
BB JTIE A T H— b dm i M B AR SO T
ZHT AR R AR LR A

ED(t,,t,)
- Max(len(t,), len(t,))
TEXADAK A ED & — T8 2 F1 2, 2 6] G 5 B 25
MY PRIZL .

2 TF of-idf (AHDLEEE I . (-idf (term
frequency-inverse document frequency) RJ FH F i &
AT T A AR AL L RS PR o E A — A
T R LI A Hoh C R SURIERHE , [Cl&

Mics= (2)

MEI):1 (3)

ARSI AR AR FOR R F Y XOR AR
THE AR R I —Fh RoR R L EX MR A
BT 1 2% 2% AR F oo R B R (D
“ABCA”ERNA”:2,“B”:1,“C”: 1, Bl [m] &
M2, 1D, mye i A2 LR R DL B ALE w,,. A
SCHEL £ A 2, B IR 1) 5 7 4% 2 AR AL (A 3K DAE
FEANTERL R T t-id B —ZE 5.

#F BLEU WAHPIE &+ 45 . BLEU (Bi-
Lingual Evaluation Understudy) f& — 38 £ £ 25 A1
TR ERE S PN S R HIVE = 2P O POV S
K A SV RR T A BT R SR L B RT DU R T
SR S A X6 o R AR S A 1 R 22 ] ) AR RLBE
BLEU 280 PEAIR 2. iR A sh AL T RAFERR )3 3¢
R AR E TR IR AR a3 B A A A

BLEU Je48 341+ (FEA SO 2 R 5 ) A
Z [EVC L 40 ) 85 T 5ORS B p, (R RS 1)
n-gram A B, Horpon R TR S0 D . Filan, 78
AIF“AABCGOFM“ABB C”(s,) s, =4
2-gram TJ¥5): A B.B B f1B C. g5 s, /p iy
PLfid . A B HIB C. FHIk.p, & 2/3.

BLEU 438 1) 31530540 75 2238 i f e A8 A
F BPRAES AR T . AKX SR . o R (s)
FH B & (O IR EE

1 ifc>r

BP= »

a-o
e < ife<r

BLEU 5 #5236 115345 81 L e b 2 X

O Ew,=1/NRCBEEN=4).
BLEU = BP*exp( >}" w,logp,)  (6)

i F BLEU J& 5[] (9 ( Bl BLEU (s, 57 ) #
BLEUs”,5)) P AS SO H P A 43 B0 e 1)
O BORAT i s s Z AR RLPE . X SARSCHE AR 2
P R DR — B0 TR — S B Y R RR L A
17 3k B G PR A A e [ R T S R 4
4.1.3 BIFERRS

ARSI SR 1 T H IR CodeGPT 27 A i R
4t . ARSUHH CodeGPT, b B —MERR P A S
B LA FIRATY e — i R R T AR RS

A K CodeGPT I #% 21| A< SC BT fiff FH 11 250 45
£ RSO FH BRI BRI 2R CodeGPT. CodeGPT
T —AR A B 4R (Concode B 42O A7l
45 . Concode ¥4t £ 43,7 100, 000 £ I 2%  H:
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WA SRR R H A ARE S B T SRS . B UEAL
P CHS B 8 2% 0 280 2k B Concode %04 4 , H:
2,000 456 A H SRR T AR . AT
Transformers 5 Pytorch ¥ B 2% > J % #5874 o 47
Yl

4.1.4 k4

ARSCAF K F Concode $id 5 B B E 4V Ky
RAE . B s 42 FH A CodeGPT 455 2 (1)
P IEEAL S AR T YIZREE 9 2,000 5858 . A<
SCMFRBERLIERE T 500 258G/ R F5e & B 4L .
4.1.5 SIS E

COTE-N 1y 52 8 3 T & JF T H 09 45 1
BERT™. BERT R4 % 24 22 . 1024 K/ B &
2163k IZBRAE 16 TPU S - EaEA T 1 1007
IR IR AL RNy 256.

Z:7% TransRepair "', 28 SCLEMNR L 7 v ol B4
AT U 2 5 A RUE SR B R R
SRR TF A R 2 16 A AR SR

A SCH)SEE S AE 256GB RAM A1 PO i i &
32 N N B 19 Intel E5-2620 v4 CPU (2. 10 GH2) 1)
Ubuntu 16. 04 F#EFT 1 . A% SO A9 0 28 X 45 #1002
1E/\k Nvidia Titan RTX (24 GB W1E) Il kA
T .

4.2 ZWHER

AR 1A 5 [ RS 7 S 56 2%
4.2.1 XA AR (RQL)

A B AN [ R, X6 T AR SO AR v i g A
A CRE 5004 o A 343 S A A 1 42
7 COTE-N fl COTE-L iy J5 ik A i AR S04 . FEA4
AR S AR 5 JE A A T RO DU R A . SRR E R
Him CRPIN i A A B0 B 30 CRp S A
(1728 S R AR ) F 2 B Al T FPE A 3O — 3ot
M) .

ot . X 501 M A ). COTE-N i 1 [7]
PR e A T 2, 362 N8 A, 3 S S A ]
VL5 I b A - BE X 1 S B AR A TR 1) 0 3K A
A XF COTE-L, B4 1634 TA% A .

A B - A RO AR I AR T A
PO — B R A LB L SR A A AR S A
TEAER 15 BB A 5 RS ) 8 AR TR Y
TR R AL 2 TR 40 1) A1) BT X 7 A AR 38 ) AR
SCOA A It A A B . AR SO COTE-N Al
COTE-L 435 BEH LI 100 4 A1 .

ARSCH N TG B COTE-N A= 1% Y 08 4

AHH 80 AR . i TEURAE =M Rp
WA DR H TR A7 AR AR 22 AN P A, Rl
AR R T RAE . AN SR AR IR TR L B
SRUE T HLXE R B i A A B A ROCR L T
COTE-L, H i AR 75%0 JE A 50 . ax shgh
KU COTE-NA I THEHM COTE-L AN 17T
LA R A

SESEE R T RQL, A SCH LR 4518 -

#5136 1(RQ1) : COTE-L A DA i 163 4N i
A HAE U A B A R R 75%. COTE-N A LUAE
B2, 3624 A HAE i A B B0R R 80 %6
4.2.2 COTE 74878 29 A — S0k ) By 181 (1) fig
F1(RQ2)

TEA S, 5 CAT™ ), A SC3EE DU A4
oL 5 B 45 bR LCS.ED. tf-idf A1 BLEU (1% 5 {5 Jy
0.963.0. 963.0. 999.0. 906 . iZ FE AR I N TARERY
BOPs i of 8 R k45 8. X T COTE-N Al
COTE-L A= 5 () & A4~ 0 i A, A SOR Hofi A
CodeGPT 4 AR ICH T R R FF » 98 I 1oy FH AR BLEE

Bhr M R A sk e HOE S AR L A — Sk
[P AP FFRAT T ) B ED

# 28 T COTE-N #1 COTE-L i 45 i) &4
AR, F8 A B9 X6 R 0 2 A n) B L X
COTE-L i & . £ CodeGPT A —F i A4 i 5
AN BORI A EE B A BB 0 A L A ) R
LCS: 75(46%) s ED: 75(46 %) 5 ti-idf: 77(47%) ;
BLEU.73(45%). B, SR . KA 2 1
27 AR T A S0k % 19— B0k B(E . AR SO %R #)
COTE-N7fee & iy n g & B R AL T COTE-L.
XFF COTE-N T 75 » 76 CodeGPT 1Y [ AR —F (1)
FE PP A BORUA L 550 AR B0 19 B A b oy S
LCS: 928 (39%) ; ED: 928 (39%) ; ti-idf: 926
(39%);BLEU:911(39%). *F#1fi 5 . COTE-N7£
CodeGPT B [ I3 2 i 7] 8 e COTE-L £+ 4%
5 AE T o i AR B8R 1 A o3 LA T T B

ST I R s S A Rt AR S — AT
J5 1 Y It 45 5 v SR kR 50 4R L 29 TR — B k1]

&2 P HEARA - EE R RQ2)

¥ b5 COTE-L COTE-N
LCS 75(46 %) 928(39%)
ED 75(46 %) 928(39%)
CodeGPT
TFIDF 7747 %) 926(39%)
BLEU 73(45%) 911(39%)




2036 it A

Pl

¥R 2023 4F

IR AR . TR S SR I il A B A
A IRUES R S AR ST G A I e A b H R R
AR — B )

N T AL F W] X F COTE-L, Hnf LLL
72% BIUER R L CodeGPT HH T AL & B ) AN —
M)A . COTE-N [6) # DL 7204 19 1 ) 5 4
CodeGPT H BT AL 5 B LY RO — Bk [l . s 24k
KW COTE-N it 19 [ U A7 24t 5 COTE-L A
ol ASCHE— 2B 3 M 1 PR B R 1 0 S BRLAR B
PR H AT Z2 R0 PR 28 k3 COIM i ACZE G
B 5 (ORI SRR AR AR R TR P A i A A=
O FR P R 22 8, PR T B — 2/ VR (i 2 e i
HARPRTERR R . 20k, LCS $8FRIAN N1 L
AHE A FEF “return createRefactoringWizardDialog
( ) 3 7 Fll “return (createRefactoringWizardDialog
O s "BYFRRUE A ED . SR UL, AT S50 A 3
RN LI UE WA fA B2 3] T COTE ByA &tk s I
H AN TR AR COTE-N i 25 19 [ 2 1) A
BPEZA T COTE-L 45 1 ) 5

251 2(RQ2) : FEMNIR CodeGPT HEAY 1y 25 7
Rt e iR, COTE-L ] LAMIR S35 75424
HAN—FPE R 1 COTE-N WAy L2 2] 1%
Z AR —E . COTE-L Ayl i %
72%,COTE-N Ml COTE-L HA 2 LBk 5 , Hoife

RN 72%.
4.2.3 COTE 7485 2 WA — Pk [a) 387 T B9 RE
J1(RQ3)

J T E T & AR Sk COTE-N il COTE-L
& & [F) — 4103 2] (% 7] &, B i COTE-N 3%
COTE-L = 2] () ) BT . X6 F5 A 7] 80, A 3¢k
COTE-N A1 COTE-L 7 Ji iy A /&) 1 3 FH 5] v 1)
SR EHEE R Z 16 B R IRCGEA LS AR
SR A8 A RO T H BB &R

T 12 RQ3, AR SCHE 7R T 38 2k AH AL B B
IMEARMEBE B E. e A RRT
N TR T A B R T BB S AR

i A R B U ) 08 R B
COTE-L I COTE-N {32 2] 1% [7] 25 119 45 S 5301
INTEFR 3R Ah . B> BT AR P AR UM 48 45
7N BB AR 0 )RR L LA % A8 A2 Il A e A9 R
F COTE Friii 2] 5 fn) LR KO .

MIZ s A LA . COTE-L £E CodeGPT I
PIB &/ K &BE L nT g E 4 51%/67%
1 COTE-L M2 19 29 A — Pl . it T

&3 185 COTE-L Frilllil H AR A — Bt B p #EFn

FEBI(RQ3)
ik Fatx HEFHME  ETEXEH
LCS 41(55%) 54(72%)
ED 41(55%) 53(71%)
COTE-L
TFIDF 39(51%) 55(71%)
BLEU 32(44 %) 39(53%)
LCS 37(49%) 41(55%)
ED 37(49%) 41(55%)
COTE-N
TFIDF 38(49%) 41(53%)
BLEU 39(53%) 43(59%)

=4

f&£& COTE-N Frilif H AR A — B4 e gy = 0
Le I (RQ3)

Jrid (7 PR BTG
LCS 37(4%) 38(4%)
ED 37(4%) 38(4%)
COTE-L
TFIDF 55(6%) 58(6 %)
BLEU 20(2%) 20(2%)
LCS 308(33%) 378(41%)
ED 308(33%) 377(41%)
COTE-N
TFIDF 308(33%) 398(43%)
BLEU 302(33%) 397(44 %)

H COTE-N 3 2] f1f [ 851, JHAB &2 250 0 U R AR 22
49%/4%. A CMELFE COTE-NEE # i1 COTE-L
I3 3 B 1) 3% L AR LT COTE-LAARR (U 2 1
¥150% F156 % (Rl . 76 COTE-N 2] iy 7]
ML, H e COTE-L 2, IR &8 1 7 A0k Ut
COTE-N&E T 42% Wi 45 ) &8, i COTE-LAY
BE T 4%, ST A4S A 5 2 B3] i ) &t
b B VR AR A D O b RN [RI
P B Y a8 |, COTE-N J7 2 M SR 45k #a
€, 1 COTE-L 7 % 78 COTE-N B il i £ ) [n] 851
AR

BT A R A T3k A T LCS AR
PEFR AR L 22 X5 977 20 CodeGPT #57 I-
H1 COTE-N JIr il 3 1) (% ] 85 119 249 5O — S0 (7]
B L5 . BB R kA 5L TR DL B i 1 ) e 2
SRR T A R I — 3k ARSI Y AR S
EFE COTE-N Fir il a8 21 i) [ 50 PR Sy H ) S o
I B e

TEHUE COTE & 5 A= AR ¥ 29 A — Sk )
R SE RS T, AR SCIIE T B 8h 29 W e 2 H bs
CHE R A R P T 2 M B ). T sz R A
TSI AR A BRI PEANY  EIR 2RO R B
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il A P AR A A A E i G AR, LRI S5 A
FPAAE R B T I AN BRI & . ik, N TA
A AT T A8 RS AR R ) — B s B 2
H S W RE P Al 3320 . X PR AR SCIRRE T
SR CFETE T CORAR TR R R TSk
Ul TR BRUE R 5 B2 08 S ARLYE . i SR8 & 5
JF i SCHAE B T S 423 T R AN — Sk Il R b 5
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Background

Programming is important in software development. In order
to improve the efficiency of programming, many researchers are
devoted to program generation, code search, and code
completion.

As a representative task in these areas, program generation
has attracted extensive attention from both academia and
industry. Given an input natural language description, a program
generation system generates the target program automatically.

Existing approaches apply deep neural-based machine
translation technology to convert an input natural language
description into the target program. However, the program
generated by program generation is different from the natural
language generated by machine translation. The program contains
a lot of constraints that are not included in natural language: (1)
The grammar constraint. The generated program must satisfy the
predefined grammar, otherwise, its compilation should fail; (2)
The semantics constraint. The variable names and function
names in the generated program must satisfy a property that when
they are renamed, the semantics should not be changed,

otherwise their semantics must be incorrect; (3) The task-specific
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constraint. In the program generation task, the generated
program and the input natural language description should satisfy
the perturbation constraint. If the natural language description is
perturbed without hurting the semantics, the structure of the
generated program should be unchanged, otherwise, the program
may be incorrect.

Encoding the constraints into program generation may improve
the performance. However, it is a very challenging problem.
Although the existing work has focused on grammar encoding and
semantics encoding , their performance is still not ideal.

To tackle this problem, this paper focuses on the task-
specific constraint in program generation.

This paper represents a kind of task-specific constraint as a
metamorphic constraint. Based on this metamorphic constraint,
COTE,

automatically detects the corresponding issues In a program

this thesis proposes a detection approach, to
generation system. Then, COTE uses an ensemble learning-
based approach to fix the detected issues. The proposed COTE
was evaluated on a widely used program generation tool. The
experimental results on CodeGPT show the effectiveness of

COTE.



