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VR TPERLIZANL P = RN FUDS, Z
DERTLE e ol —2a— FEEILT 2z LTFa
VA IDBEET B [1]. TV FE DY N—R T
YIVEFZV TV —LTHD, HRABRBNTHHEEINS.
—ODFERAEE, Y—Ra—FAT7 7 A TERVER
HRTONRDOIRSEENDIUETDH 5. IntelliJ % Eclipse
PREILDHETEZLDIDERTay 4 S 2EHLTE
b, MHAYDZ4 7500 BRNRUHENEZHERT 2
ZEDHEBETH B, Tz, T2 %4 F13IAALF U ENR
L7zt Fa )T 4 N 2] OEERBEMDO—DTH D,
Android 7 7V Iz F 2~ = 7R TFE [3)[4] DIRER
INTW3B.
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B Ta o I DT =Xy b ReCal9] 1IZxf L THRE
FHEOBERAZAAT. ZOME, il FHICET2EAD
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HY, FEL—=NRRR—=VIZHEDOWTREDEL 7 —
PHRHLEBIET 2. &5 —2l3#EHNR7 a—-5TdH
3. KEBLGSEN 2 a— 22 HH LU THEFES L2 B
L—=V7L, ET T —OMHEBERITS. EFEITHE
JE - % FIH U7 A8 EIER (Neural Machine Translation;
NMT) N—ZDFE [12][13] BETRE > TWB. AR5
T, NMT R—Z2ADERDE[IEZ AT 5.

2.2 FEFH
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BRI Wo BT EHEINS. £z, HIREIER
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X511l o7.
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T — X DOIEDNRE I XX 71T L TD, DRV TF—&XT
HEEBEAETAE I 7 AV Fa—v T3 01Tk
DEWHEEDETFLEZSG2 Z e AAREL 72 5. REMWRE
HIZEEEATT AL LTI, 2018 i Devlin 512 & - T
RE X N7z BERT[14], 2020 £E1C Brown 512 & » TIRE
S N7z GPT-3[15], £ 7= EiEH T % CodeT5[16] 7% &3
H5.
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i IFEATIEVRND DD, HHERRT occurence LEUHE
EE5%FT numbers LW o7z, T T LADIRSZFENOH
PRI DR DIZ L AR TWVW3.,

RICHEENZEAICERT 3. H—I2 final BHiF24
X TED, ZOESPSEBIFETHS L VIHEFKED
BERRHINIFARNIZ. final BEiFRX Y v FIEHT
Flxa v g 13 2 H0OBSTHD, a> Lk
DA ba—FRIZEEIRW., Ko TZDEERIETIZ
LW, X512, HE (-1 0EHE) OFERELMII for @
FORD IR LEBFITHEINTWE. ZOHAIHE->T,
FBLRAZMEOREE (=05 1= "DKIE) WS EADF
ALTW3, FEBMATEATIEIHZDOD, HIHEE T
D++HFIE2THREDI SATBEICERINTWS. 2Nz Y —
22— FZDHDDIRBELNIEMTIEH 2D DD, BHIFE
FHOERMNIGR L 72 HODFHARDIZ o TWB L
Wz 5.

Kiz2oDFar47 (CFR & JAD) OEILY — A&
a—-RERETZ L, BRIEAZERLTVS Z DT
5. FHCHEA T3 JAD 13 CFR & 13872 2 ¥lg T8
JELTWS H2HARNS. Al FHIEANL Fa— Ricik
BENTWRWED, ZRORESLZDHRR EDIFR» S
TR E 22150\, ZOETTOMIEI R 2 &2 B g
L TRADPFEET S, T a4 F Fernflower D&
X, BT SR L TR T var0, varl @O X 5 REFDHLHE]
5T 5. BENEAL WO BN T, BEEMHOD for
NADIRE & WS HEDKIRZEAZ CFR e @ L T
0, HIHEETOEARFEELTOEREY. ZOLHRT
ALK TRAETIEAITRR LD, L—L
N—2ZDH MR TETOEADBIEIZED TR,
3. R’EFE
3.1 #E

AR TIET 2 ¥ 84 7 OFEEICHKITE LR WEAEIED
EHEZHPE LT, GEC 28/ L - EBEABIEFEEZRE
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B2 FE L LTI, Transformer N— 2 DHFEEH
HBETNTH S CodeT5[16] AV, BEAZEZL - FER



Original code

Decompiled code (CFR)

int count(final int[] numbers) {
int occurence = 0;
for (int i = ©; i < numbers.length; i++) {
if (numbers[i] -1) { // found sentinel
break;
}

occurence++;

}

return occurence;

}

lCome
Decompile by CFR

011010
101101l

Bytecode

Decompile by JAD

v

Identifier quirk

Structure quirk

K 1: 7arf 72Xk THRELEEADH

Original code

int count(int[] arrn) {
int n = 0;
for (int i = @; i < arrn.length
&& arrn[i] != -1; ++i) {
++n;
}
return n;
}

Decompiled code (JAD)

int count(int ai[])

{
int i = o;
for(int j = 0; j < ai.length
& ai[j] !'= -1; j++)
it++;
return i;
}

Pre-trained model

@ Fine-tuned model
N B

oo
— ° —
Fine tune
l il Train data
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e11e16 Pair ® o ||| Divide °e
101101 A —> °
l Decompile Dataset Evaluation data Fix quirks
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Extract .. . .
9 — Co| =———p|%o “* 2| ® Quirk remained
¢ o Quirk ° ° ® ol 4 quirkinjected
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DF—Xty FERWERERA A7 v 5. RRINCEA
EXFBRYDISICARULEBETZETANELNS.
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4. HERRTE

4.1 XEEREMW
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a—- FIEEN TV FRA L ENEAD, 202
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PENENES. 208, 220050 EEBZERE L,
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RETFIRE, FEDOI v I IV IESEeTary 45
WRHE LR WEABIENTRETH 5. 12 LARTIE, 7
0275375 LT Java ZRRICEREZITS. F7-,
T ay4 12 CFRY 2 FIH$ 5. CFR I, Hta—
FOa v A LA E K TTa— e D AST DEFH
INEWN[T] 72, Java DT A VR4 DR THERLTNS
72D L.
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ARCIE, 7B — X3 — K LDV — 23— FO%
WSORDED R BALERT 2. SF, QMEDEAEE
£5 5.

A TFEH
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IZBEWT 7 XN SimpleName 2 QualifiedName T & %
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*1 https://www.benf.org/other/cfr/

WHET 5. M1IBOWTRAN L, BERREGOKE
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BKRCORD3. %/, REOHEETTT T LDIRSHEHN
WHHEEELEZTLES.

4.3 FEHDEHFE
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AST O %% BE$ 5. GumTree 37027 F LD N—
Va BTOLEEBHRZREL, ZAODEHNEL 7
TSN RERY — L TH B, D 7 FHFEHIE, match,
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tree, move-tree TH 5.
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ForStmt

|

—— VarDecl InfixExpr

t: PrimtvType
VarDecl

t: SimpleName: i
NumLiteral

— InfixExpr

InExprOp

SimpleName: i

QualName: arrn

Block

L— IfStmt

L— InfixExpr
ArrayAccess

L SimpleName: numbers

— SimpleName: i

—— PostfixExpr InExprop
— InExprOp PrefixExpr
PreExprOp
— InfixExpr L PreExpOp
SimpleName: i
— ArrayAccess — NumLiteral
PostExprOp .
SimpleName: numbers — Block —— BreakStmtr
SimpleName: i — ExprStmt
— InExprOp L— PostfixExpr
— PrefixExpr PreExprOp
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PreExpO impleN 3
removed node Identifier quirk 82 SimpleName: n
NumLiteral
added node Structure quirk HiELterd PostExprop
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. o 4.6 FERIFBEHETI
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X o TIRE I NIz CodeT5[16] TH . CodeTs 1&, Code-
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A XDETIADEBD 50, XE)OMED»SSMEIX
CodeT5-small ZF|H L 7.
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NANR=IRFT A=K il
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5. REERCER

5.1 SEERER
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Quirks in decompiled code

Quirks in fixed code

14,3328
Quirks fixed
1,2101&
— )
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Quirks injected
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X 5: @l FEADR VN

31,835(

TLa— FZEENZHINTFEADAEFE 31,835 ATH -
2. 2055, BEFHRICEDEDREL 2N TELDIX
17,503 ETH D, #55%DEABIEICHKII L. —HT,
BREFHEICX-T, HRZ1210HOEBEABBINEIATL
FoTWa. T, BIEa— FCEENIHINFEAD

I35 8% i DY TH - 7.

Kz, B 6 »oETa— FICEEN3ENTEADETH
1X50,645 e D3, ZDHH, REFEICLDEDERL
CEMTELDIZ46219HTH D, ¥ 91%E KT DE
BEBIETE. —HT, FHlGBEMEI N EENEA
9,999 HTHbH, BIEa—RIZEFNIEADS B 69%
eih, BATFEAOEA XD DML,

X 72, IREFERCLZ2EABEOE[EZRT. 272
L, BIECX2MRPIOL DT REE Y —Ra—
Fo—#HEzEKBLTWS. ZOEFICBWT—FICERHL
F2VDIEE Y 7 DAL T4 MHRREINTWBEENEAT
H3. FIPDIZ, Tta— KTl boolean DL £ % 7
S LTED, ZHUT K> TRENZH I REXNS.
—HT, ta— FTXint HOZHn DEE 7 7 7Kb
DIZLTW3ED, ZOEBOBEZERMNCHEET S
FHEHEL <, AIHESMETRLTWS. X512, for XDHFD
if XOFBRDBKIE L2 vick ), NMEE@EEED 2
WESkha—FikkoTWwWs, ZHUTFE X LL AlFHEDE
TORKTHZ. FAIIHRLT, BIEa—FTE777%
L T boolean MO ZER Z i~ THB D, ZDKE ZIHMEIZL
T3, /2, if XWKELTH XV EBRDO LT WL —
FOEEHNBELTED, AHEsElkoTWV3.

Fi, HEDNA T4 P TORINIHBANTFEACEHT
2y, HBita— FeBIEa— R TEADBIIEN W8
IFLBETETOVRVWESICARZS. LaL, BIEa—
RTEHD arr, 77 7 flag e WH ko7 vr o
LHIT OB D E RN IR RE R BT L L TW 3.
WD, JEa— FeFCARANDBIEIZTETWRWED
SEIOERCBVTUIMEIERKTH 253, L AAHED
BETRBIEa- FoAERATVWS. ZoRIE, BEF
EORAD—DTHELEZSD.

Quirks in decompiled code

Quiicks in fixed code
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Quirks fixed

% = 69%

Quirks injected

50,6458 4,426

X 6: FEEREADR VK

52 ER

RBEFEC L ZBIET, @Al FEAD S B 55% 2 E1E
TEZDOIX LT, MENEATKN %Ll FEALD
HRIBIELERNENEL Botz. TOLIRIERY -
TEREEET 5.

WA FHDDOF X, HEEEOHERRIFET 20
FRENDKIFELFE L, AULEKROERTH-> THER
BEEINOI LN e NLLHB. —HT, Y—RAaA—
FORSICEA L TIEF CERBTHIUIZ UL HEE D
WEEEE LRV EZ 5. SHEER L -EiiEEEAT
FILDOERFEYEHDTF—ZLy b T 7 4 v Fa—=
WHEHLEF—ZEy ME, WIhbEHOBREREICE -
TERENY —2a—F2rba5. Lzh->T, Hi¥
BEAETFMIFAREIC L > TIEMBKREZL S ik
BFEADEIELD D, HIEEEMIEE > TV AHHE
HEADEBEDHFPBEL TVNEDEEEZ 5.

6. BHDOHIC

AWZETIX, Tar 4 STHEITEINZY —2a— R
EENZ 2BEDOEADBIEREYL LT, ERiFEYEBEAT
TOERER L-FEERE L. Ry LT, Bra—F
WKEENZHEANTFEADN 55%, HEHEADR 91% %1
RFIRICEDBIETE 2 Z e 2HER L.

F/2, SHOMFEY LTUTRD 3222155, 1 2HI,
FERTHWS Tay 4 ZOEEHLT I THS. 7
AR TOMERE LTEADTKENDH DD, TOEHA
BFayv4 SOBETRLZ->TL 5. #E2FEE, 77
AVFa—=VI7DOBOT -2ty N2EZ B TT
VA4 T ORI X O THRBENICEADEBIERITS 22 d
AREL B R D. ZD7®d, BRBOTa v 4 I W5
BETODENRD L. 2 0B, BB EOFGEEE
Hwz e Ths. SENE, EAMBEIEDREZFHET %12
B2, AST DEZDOAICEHLTWS. LarL, 5EH
WEEZZYL, BIEa— FXa Y XA LARETH 2, TC
aA—RDTRA M —RZEET 20 20 o 7B T OFFH
BITO5RENDH L. 30HZ, MEFELOKTHS.
7 a4 ZIT KD RAET DA FEADBIEFIESTFE



Original code

void main(...) {
int[] a = . abbreviated
boolean f = true;
for (int i = @; i < a.length - 1; i++) {
long t = a[i] * 2;
if (a[i+1] < t && a[i] != a[i+1]) {
f = false;
break;

}

}

if ()
System.out.println("NO"); Compile & Decompile

else
System.out.println("YES");

} Fix by proposed method
Decompiled code (CFR) I 1 Fixed code
void main(...) { void main(...) {
int[] nArray = ... abbreviated int[] arr = ... abbreviated
int n; boolean flag = true;
n=1; for (int i = @0; i < arr.length - 1; i++) {
for (int i = @; i < nArray.length - 1; ++i) { long k = arr[i] * 2;
long 1 = nArray[i] * 2; if (arr[i+1] < k && arr[i] != arr[i+1]) {
if ((long)nArray[i + 1] >= 1 flag = false;
|| nArray[i] == nArray[i + 1]) continue; break;
n = 0; }
break; }
} if (flag)
if (n !=0) { System.out.println("NO0");
System.out.println("NO"); else
} else { System.out.println("YES");
! System.out.println("YES") Identifier quirk }
} Structure quirk

7: ReCa O H 3 Iz BT 2 BEABIEDEH]

T 5 [19][20]. SR, IBEFEL 2o 0FiEL DI
EREILTW3.

HEE AW O—FE, JSPS Bt E (JP21H04877,
JP20H04166, JP21K18302, JP21K11829) 2 X % BhiAl%

Zi¥7=.

BE

[1]  Cifuentes, C. and Gough, K. J.: Decompilation of binary
programs, Software: Practice and Experience, Vol. 25,
No. 7, pp. 811-829 (1995).

[2] Cifuentes, C., Waddington, T. and Van Emmerik, M.:
Computer security analysis through decompilation and
high-level debugging, Working Conference on Reverse
Engineering (WCRE), pp. 375-380 (2001).

[3] Milosevic, N., Dehghantanha, A. and Choo, K.-K. R.:
Machine learning aided Android malware classification,
Computers and Electrical Engineering, Vol. 61, pp. 266—
274 (2017).

[4]  Cen, L., Gates, C. S., Si, L. and Li, N.: A probabilis-
tic discriminative model for android malware detection
with decompiled source code, Transactions on Depend-
able and Secure Computing (TDSC), Vol. 12, No. 4, pp.
400-412 (2014).

[5] Jaffe, A., Lacomis, J., Schwartz, E. J., Goues, C. L.
and Vasilescu, B.: Meaningful variable names for decom-
piled code: A machine translation approach, Interna-

[7]

(8]

[9]

[10]

[11]

tional Conference on Program Comprehension (ICPC),
pp. 20-30 (2018).

Hofmeister, J., Siegmund, J. and Holt, D.: Shorter
identifier names take longer to comprehend, Interna-
tional Conference on Software Analysis, Fvolution and
Reengineering (SANER), pp. 217-227 (2017).

Harrand, N., Soto-Valero, C., Monperrus, M. and
Baudry, B.: The strengths and behavioral quirks of
Java bytecode decompilers, International Working Con-
ference on Source Code Analysis and Manipulation
(SCAM), pp. 92-102 (2019).

Mauthe, N., Kargén, U. and Shahmehri, N.: A large-
scale empirical study of android app decompilation, In-
ternational Conference on Software Analysis, Evolution
and Reengineering (SANER), pp. 400-410 (2021).

Liu, H., Shen, M., Zhu, J., Niu, N., Li, G. and Zhang,
L.: Deep Learning Based Program Generation From Re-
quirements Text: Are We There Yet?, Transactions on
Software Engineering (TSE), Vol. 48, No. 4, pp. 1268—
1289 (2022).

Felice, M., Yuan, Z., Andersen, @. E., Yannakoudakis,
H. and Kochmar, E.: Grammatical error correction using
hybrid systems and type filtering, Conference on Com-
putational Natural Language Learning: Shared Task
(CoNll), pp. 15-24 (2014).

Yuan, Z. and Felice, M.: Constrained grammatical er-
ror correction using statistical machine translation, Con-
ference on Computational Natural Language Learning:

Shared Task (CoNLL), pp. 52-61 (2013).



(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

20]

Yuan, Z. and Briscoe, T.: Grammatical error correc-
tion using neural machine translation, Conference of the
North American Chapter of the Association for Com-
putational Linguistics: Human Language Technologies
(NAACL), pp. 380-386 (2016).

Wang, Y., Wang, Y., Dang, K., Liu, J. and Liu, Z.:
A comprehensive survey of grammatical error correc-
tion, Transactions on Intelligent Systems and Technol-
ogy (TIST), Vol. 12, No. 5, pp. 1-51 (2021).

Devlin, J., Chang, M.-W., Lee, K. and Toutanova,
K.: Bert: Pre-training of deep bidirectional trans-
formers for language understanding, arXiv preprint
arXi:1810.04805 (2018).

Brown, T., Mann, B., Ryder, N., Subbiah, M., Kaplan,
J. D., Dhariwal, P., Neelakantan, A., Shyam, P., Sastry,
G., Askell, A. et al.: Language models are few-shot learn-
ers, Advances in Neural Information Processing Sys-
tems (NeurIPS), Vol. 33, pp. 1877-1901 (2020).

Wang, Y., Wang, W., Joty, S. and Hoi, S. C.
Codetb: Identifier-aware unified pre-trained encoder-
decoder models for code understanding and generation,
arXiv preprint arXiv:2109.00859 (2021).

Falleri, J., andXavier Blanc, F. M., Martinez, M. and
Monperrus, M.: Fine-grained and accurate source code
differencing, International Conference on Automated
Software Engineering (ASE), pp. 313-324 (2014).
Husain, H., Wu, H.-H., Gazit, T., Allamanis, M. and
Brockschmidt, M.: Codesearchnet challenge: Evaluat-
ing the state of semantic code search, arXiv preprint
arXiv:1909.09436 (2019).

Lacomis, J., Yin, P., Schwartz, E., Allamanis, M.,
Le Goues, C., Neubig, G. and Vasilescu, B.: Dire: A
neural approach to decompiled identifier naming, Inter-
national Conference on Automated Software Engineer-
ing (ASE), pp. 628-639 (2019).

Nitin, V., Saieva, A., Ray, B. and Kaiser, G.: DIRECT:
A Transformer-based Model for Decompiled Identifier
Renaming, Workshop on Natural Language Processing
for Programming (NLP/Prog), pp. 48-57 (2021).



