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Function Template Mining and Retrieval Based on Code Clone Difference Analysis

XIAO Quan-Bin'?, CHEN Yuan'? WU Yi-Jian'?, PENG Xin'?
'(School of Computer Science, Fudan University, Shanghai 200438, China)
*(Shanghai Key Laboratory of Data Science (Fudan University), Shanghai 201203, China)

Abstract: In the field of software engineering, code repositories contain a wealth of knowledge resources, which can provide developers
with examples of programming practices. If repetitive patterns, frequently occurring in source code, can be effectively extracted in the
form of code templates, programming efficiency could be significantly improved. In current practice, developers often reuse existing

solutions by searching through source code. However, this method typically generates a large number of similar and redundant results,
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increasing the burden of subsequent filtering. Moreover, template mining techniques based on cloned code often fail to cover extensive
patterns constructed from dispersed small clones, thereby limiting the practicality of the templates. A method is proposed for extracting
and retrieving code templates based on code clone detection. This method achieves more efficient function-level code template extraction
by stitching together multiple fragment-level clones and extracting and aggregating the shared parts of method-level clones and addresses
the issue of template quality. Based on the mined code templates, this study comes up with a triplet representation method for code
structural features that effectively supplements plain text features, and implements an efficient and concise structural representation. In
addition, this study presents a template feature retrieval method that combines structural and textual search to retrieve these templates by
matching features of the programming context. The tool implemented based on this method, CodeSculptor, demonstrates its significant
capability to extract high-quality code templates in a test against a codebase containing 45 high-quality Java open-source projects. The
results show that the templates mined by the tool achieve an average code reduction of 60.87%, with 92.09% produced by stitching
fragment-level clones, a proportion of templates that is not identifiable by traditional method. It proves the superior performance of the
method in recognizing and constructing code templates. Furthermore, the accuracy of the top-5 search results in the code template search
and recommendation is 96.87%. A preliminary case study on 9600 randomly selected templates reveals that most of the sampled code
templates are complete and coherent in semantics, thus affirming their practicality. Nonetheless, there are a few meaningless templates,
highlighting the future potential to refine the proposed template extraction strategy. The user research further shows that code development
tasks can be done more efficiently with CodeSculptor.

Key words: clone detection; code search; feature representation; software development; code reuse
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KA 1: IMeter showInputDialog 5%

1. private JSyntaxTextArea cURLCommandTA;

2. ...

3. private void showInputDialog(ActionEvent event) {

4. EscapeDialog messageDialog = new EscapeDialog(getParentFrame(event);
IMeterUtils.getResString(“curl import”), false);

Container contentPane = messageDialog.getContentPane();

statusText = new JLabel(“ ”, JLabel. CENTER);
. statusText.setForeground(UIManager.getColor(JMeterUIDefaults. LABEL _ERROR_FOREGROUND));
10. contentPane.add(statusText, BorderLayout. NORTH);
11. cURLCommandTA = JSyntaxTextArea.getlnstance(20, 80, false);
12.  cURLCommandTA.setCaretPosition(0);
13. contentPane.add(JTextScrollPane.getInstance(cURLCommandTA), BorderLayout. CENTER);

14. // 11 special lines of code

5
6
7. contentPane.setLayout(new BorderLayout());
8
9
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15.  messageDialog.pack();

16. ComponentUtil.centerComponentinComponent(

17. GuiPackage.getInstance().getMainFrame(), messageDialog);
18. SwingUtilities.invokeLater(() — messageDialog.setVisible(true));
19.}

R ALK 2: IMeter showResult /715,

1. private static void showResult(ActionEvent event, String result) {

EscapeDialog messageDialog = new EscapeDialog(getParentFrame(event);
IMeterUtils.getResString(“‘export_transactions_title”), false);

Container contentPane = messageDialog.getContentPane();

contentPane.setLayout(new BorderLayout());

contentPane.add(new JLabel(
JMeterUtils.getResString(“export_transactions_exported_property”),

SwingConstants. CENTER), BorderLayout. NORTH);
JSyntaxTextArea syntaxTextArea = JSyntaxTextArea.getInstance(10, 80, true);

A e A U o

_
e

syntax TextArea.setCaretPosition(0);

contentPane.add(JTextScrollPane.getInstance(syntax TextArea), BorderLayout. CENTER);

—_
N —

messageDialog.pack();

._.
had

ComponentUtil.centerComponentinComponent(

_.
>

GuiPackage.getInstance().getMainFrame(), messageDialog);
15. SwingUtilities.invokeLater(() — messageDialog.setVisible(true));
16. }

IEUACRS R 61 1 H ) showInputDialog J7¥EFT 4 W 11 4TS, XU Se Bl 7 — RPUEFE MIThAE. 15 £ 52
BRIT & oA B RARS RN AR AL, AT R O ARRY SEIAT AT S AE AN R (30 07 B HH . B AR L 8 AR 45 A A
Ly DhReAI L, (E i T & B A T A KB SO b, e A7 LR E D sE I v] 5E B A UM AR AL, DL R 6 1
B, TR EAETT R R 2 AR e SN AR ARG, W] LA B IR BIARRG =] 1 A iR A B s 30 20 ARG, AT k2D
TERE ISR N

private void showInputDialog(ActionEvent event) {

EscapeDialog messageDialog = new EscapeDialog(getParentFrame(event))

ZHT, IR E) 2 05 B ARBUAAD DA/ B A 55 3 A R, A AT T AR A A AURD R R LR SR, IX LT
BAFAEAD 1, —J7 ], EATATRES IR B R R R AR, TR R A R T i A AR 1538 1, i el ARG A B i
TS RRE AL G HOUR Zid A HofE DAL, 8900 1A 1 & j F 4. 55— T, A B ARG #h 4 TR ARAE A gexs
JURP P AR U ER AL SRR, 0 T8 X AR =X 5 A 7 st R T T 3R, T R ARG 9] o 1) 32 52 e T 0l 55 1
R T 25 5 — T X

R EFI, AT EE R KA FEAE Type-1. Type-2 F1 Type-3 1X 3 PSR A 7 .

Type-1 Fub&: FrA RAE SCATE v B4 v B K b 8 58 4 AH A 91411, showInputDialog J5 %155 15-18 47 HIAR
55 showResult 7772725 1215 47 BACS 58 2AH [F]. 1R AE N EATTH R IUA IL 17T S fe 5 5 b B A% 100

Type-2 5o bE: EAMCAL T BT RE 5, B A3 i Be R 5E 2 AH [E). 5140, showlInputDialog J5 757 28 4-7 17 HIAX
i, 5 showResult J7¥EH 5 2-5 AT HARALARLL, RA 1 DARERFE. AT IEF R getResString 11545y
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1, 1 showResult J7EH 155 9 1Tk showlnputDialog 5 iEH 5 11 77285 — token.

TR I R ) T BRI TR, FRATTRE S AR St X L A AR T QR 2 v ¥ B R I AR, (2 SR Al P v A
a3 T 2, RAek &R 5 & B — SR AR B, ZEARRE R, A2 AE 3 WA R B Be g e FEARAD,
SR IRAR v B 5 B R B, AE G249 T TV B RN 3 T 4 b S AR B2 . R A AT 18 B A s A B
J7 R T e A N 45 R — 2P A BRI T ARG AR, IXAE, 40T K38 THI I B R AR S5 1, AR & 5 4040
B, tae s AR LR ARRSARAR, A e T AR e, JUH AR [ K BAHD e H G4 B & 1E 2 %R E, % 1
BT LA K8 A5 130 F

5 b, BT B AS 2R 1 iR AT T — o AR R . 1R T R AR B HH IR b, 341178 18 T AR I SR
NGE R RFAE, B T A HER 51 TR R . BATE =3, EE AR B2 e A E, FFREEE R, 1
L AE AT S F P ARAD Fr B (A1 RS v DT O AR DT AC 0 2. ALk, 3RATV I UE T 2% SR UT R RHAE 50R BM25 AL E
HEATHEFF B S, DARA DR 2410 AQRS Fr B UL A B A v O RSEAR A S e .

25 b, AT H AR 2 I8 I G R A S A M AT AR SR ENBOR, DATE RVE . BERE 1 b S0 A A o 53 ), 317
T I I B A= J3 RS T . FRATI B0 Tl X Fh 7 vE SR I TR AR AR $ BRI 28 (1 b 38 7 5,
HERE . s b fig e o, AR T R SRR AR T 2

SR, B A AL 1) 5 R ST K38 o, Ja e AR 5 1) 7 USRAR B S8 36 I AL B R OB AR R A, b
Wil i 8 AR T i L A 35 | R 3, DARATA SR E, RS 5 A3 BN SCHR IR sR e K, nT RS 8L
AR BRSO T 4k, BLRT RE S EOCEEE B . AR, 0 SR R B D, AR R RSEAR U TT R Il 2 e
Ml 5% S B RARTS,.

1M HL, AR BLR 25 RS b A2 FNACHD B AL AR TG 25 T2 1 S AN, FoAT 1A B TE IR T 38 T N IR0 23 XS
Jr BOE 2 SEHE T, AT RE TS IR R BIRF A 2 BT T AT S5 BR80T & LD TAE &, 2810, i AR
BURER o iE, FRATT AT RE 75 2 5] N5 22 1 SCAA AT B R g S8R IR] B AR e 2, A N\ ARTS Fr B AR E— e I 45
Ry et T 75 EEACRE S5 M RHAIE SR SRR RS B IR BEAR R 2, X TRHESG N 1 SE B 82 A e, B BAFFAEAS R AR T3 75
T — 0 I SEBR IS LR AN,

2 ETREEFSNHRBIERIZRSHEEG A

PAVR—E T —Fh A T H AR 5 b SR B A STAR P T A A6 R AR 10381 /775 CodeSculptor. J&3C ] 1 #iA
TAZTT IR AR BE S5, B5 S M T AR 38 pR BORAR T2, B BASAR HEE (10 se B B, 6 R SR AR B
B, VAASTH B AR A 5 A DU Ay 2 o5, 385 3 3 A3 1 S B I T L  BEE S DA R VR b A3 T A P B e AR
T, B8 7 P24 SR AR (K Stk B S VRN A T BR BRI (0 o, SR 7E S A Bk 00 ) 7 o e S AT 2
VRSN HT I v R R ) R AR . AEA R T AR R S, TR — D b HUARAD 0 SRR A, R R IE R A,
e A ARG BRI AR B BE . Gk, R #E TE R HARAD Fy B i SR B, CodeSculptor BRIV A S H 16 22 H ik S5 19
ARABARAR, LAFT 2R TH I R K.

2.1 EPEINISRRES

NT MRS A FE R IA FE R 3, BATE SBAE BT O B A AR T B, AR S AR S AT R ST AR

PR ARG 5 B e B AT 4 4.

© TEBREEEEIEDT  htp/ www. jos. org. cn



B R 5 TR LIS £ M 09 B HARRATE A & ik 2779

TERE R HE FAIESRHL RFIEZR 5] F i

JriEsN

T 4T (T4 R,254)
LN R B

ToRE A4
Egafwwu

f RIS \

5| BER

Fr B b

THENZA
TeRE R B

F BRI v

AT f—w
JTEPAH STk I (b ) (—spes
PAREANTT RN TR e

AADHESS

B m) e A T & RHEZR T #E_ ||B

A5 1 B

Pl 1 CodeSculptor 224K

211 EHERINT RS E

R B30 A 5 1 5 AR FEE S 7 V2 ), AL 3 3 B R SCRT REARBRAETE, A W VB ) FR R AR A, [F) 5
ke, TR b R A AT DL — SRR AR — AN R, B % R ) T EAE, T DABRAV IR 7 R R B
HHEAT T 5 .

TE IR F I T EL A48, FRATEFR T SAGA!M. 1% T ELZER I 73 20 S0 R P B 59 ) AR i e T 2 9L 1
A R IR, FTLAZE 11 min PRSI 1 AZAT ARG AR ST e . H I AR () AR S0 2 1 S AR AT 75 2 A Ak
B U2 R F ) FE R AT IS0 VA T B2, LA % A o B A B e R 3k o AT B, T L
WA H e D7 R 15 6, FRHR LT S A v (R AL B

e 55 140 B8 B AR D 58 WA R I 55388 3 63 22 A B B B L (9 S A B 8 AR B . R T, 7 4R BB RE f 3o 75
o, BB AN b R S R G M. A C R SO, TS open() J1iE, BT close() BEIFEUE. Hak
SETERRETREL AT, T e AT 2 SR (R IX B bR SO 1) AT REAELE VF 2 22 BIUAR K 304y, A I3 b R e
T AEAT BT . AL, 6 26400 B v M R U [ SR L A SO VA xe TR 0 AR PR HEAT 1 BRI R . 7
TR A AR o, SR DL R R .

(1) 7735 % AR 5 o o 0 R 0L AR 4 A 0.7, 36— AN 79 [ SR MRS 3 o 1A B P40 () 2 0 WL
ek BREL 10 B 5 Dy T M, A B REL () R A T .

(2) FVERLE DAL 50 MFFIE, HBOS Z AL 20 AMFRIE. B B TUE W], £ 7 R BN T R 2
S 7 PR A
2,12 Type-3 FiFEAa il 4b3E

Type-3 58RI B 5 Bty 0 e ) — b B ke, 2 BBy e B PR 1 B 0 4 A AT T A2 2 01 SC AR A
DM 33l i 8 25 TR0 T 4 A M T A0 S 3 A 0, 5 AR R 30 5 S0 6 4 10 407 T K IR
8 E 1 AR A B

KT R — ki, TA15I AT/ N B (MED) Kt SRR T AR AN FRIT 5 2 180 (6 ML . S o g
R — AT B — A0 R AR AT (0 B N BRI S R GRS N . IR EEh ), IR B
AR ST T ST CLA (R 2805 PANBRIC P 81 2 ) AR AR AU £ 3 A 3R A

MED (s, s,)

~ max(ls,],[s.])

ey

similarity (s;s,) =1

Hrh, MED s\, 5,) R FFA s, FALIRFE S 5, B BB ANGRAECEL, |s,| A |s5] 20 I ZR PP AL, max (s [,]s2)

© TEBREEGESIEIFEFDT htp/ www. jos. org. cn



2780 HAFFIR 2025 FF 36 5% 6 &

VIR )2 P A P B B A KA. XN LGSR B T AN 9 2 IR (0 22 R B2, A 1, AP 4544 AR
.

2R B AR AL R I 1 58 1 RME 0.7 B, AH R IARED B Bt a0 N A — 7 vl e B2 b, D s kb
FRRBAR A2 B (I Al XA B o R S TSRl M 7T . Sl E2 ol 4 B i B 1Y, H A2 X 2 S5 k2%
FIARTS B S5 A AR IS RIARED B B, 423 DAL SRS, Type-3 58 FEAG I 4 i A5 31 1 20 L, 4 8 2% 1 oe P el ik
FEEEICN T —FPiEW . AT PR T . R, X — TR A R A T AR AR i R AR B L =2 | R SRR
f it R, o AR T — AN R Se AR, LRI R R S SR SR T2 3.

22 FBUIRIRERK
221 B AR R A e

S50 T AR R o, MRAR LN ST ARG 5 i 2 2R B R — 5 iR o B SE B R A B S ARG 1)
e, G Al LUK B, 8] — 7 72 N S 10 22 36 5 B AR i BEAR L BE T, T BB A e B TR . X R I R R BN
TEJTER N b, 2R [F] B A QRS S Ak v B A QRS 2 B T

TR 3L ] N SCH A B A 1) T B A BT T (W) U7 R 2 SR SR B AR B AT % B I BRI RS p . i — 2B b, A
B2 AR BRI B 00 7 VAN o SRR, T A4) AL A B K s ) [R] B £ 7 92 0% o B 288031 T 2 ) R ot g ] LA A
Type-3 FLlE I —FhfT AT, A JERIARES 1A N 5 800w B 1 BRI, 5200 T e BEAR A R 4R k.

Vi) 2 T e PO A A0 T R s 56 T A DU Fr i o 45 TR, S o BR S Reidb AT IR I K . R R R, I 2
U 5 B BOR A B AT TE VAT o0 4H. 55, RIS 8BS AL I T B e Rl — 5 i P IR o B B
TR, AT B — AN & A 56 B 7 vk b SO R BUBEAR . 26 11 E bR 2 75 R RFA QRS JE AT 1038 48 425 W R 18 S (R e 4
BEIE N, DUERCA [ S 1 5. 2 AN 30 BE Fr BORTTE 1R 75 194 6 DU AW K 8] B 5 B2 T, A I 1, K ] i o B 2
TR AT S A TEASIRAE THESE. B9 1 MR T iR R A R R s

B L A BIUIEREHE

N U R BARE P = {p1, pa, pu) » SERERTI I BUAE threshold,
fth: JTERA RS C.

1. begin
2. C«—wo
11 KA e Ja& 77 0 5 By B AT 43 2
3. M <« groupByMethod(P)
4. foreach 77V By g, € M do
5. Template,, — {}
6. PreviousEnd <— NULL
7. foreach Wi Bk p € g, do
8. if PreviousEnd # NULL then
9. Gap « findGap(PreviousEnd, p)
10. Placeholder — createPlaceHolder(Gap)
11. Template,, < Template,, U Placeholder
12. Template,, < Template,, U p
13. PreviousEnd < end(p)
14. C «— C U createCloneClass(Template,,, threshold)
15. return C
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WEETRIL T SERE Fr BUAE G B TR0 v B SR B A B, SRR 1 RT3 5 SRR ] B SRS A e B )
Bt R OB AR [ S . BN o Bt ) IR T 2 i, S I SRS B o5 AL A, 380 T ARSI R, R ORI R
— M. X AR STt DRSS v P A B R B (1 T
222 wkEERHT

TEJ T 5 P PR AR A i R v, A3 22 o B S]] 225 S5 5% B TR IR o Bt 4D 7 90 A ol v o R A A 28 G E 2.

T 5018 S R A AR AR Y B AR, HR X S A2, DABERHCEATI 3 A 1 R S A4, R Rk
FERR. T VAR 2 AT IR R A AT R BB, BATTFIN T S AT )71 (longest common subsequence,
LCS) 51k LCS Sk R —Fhah A RIS I%. 1X — 5095 AT LB B iR AR 0 A S5 48, e 4R M BEAR 26 AT R 2
fill. T RARFE S LCS BVESREL 2 AN AR S5 [ ASAR o 10 s PRI Bk K, 18 o T SIS 4gi] ] P Ak /s 22 e S B B A 3
o> AL, FEMARSAR ) SE 2, AHTFFUTE LCS AESE T 31 N T —FhFT 20 HLal. ALl i 1 v 15 78 T8RS 4t h 52 e AT
R B AR,

B, 3ARE  BE — 5 2 ORI, (B IR AETE — WIS AE A T A v, ek J8 Sh4T 0 F2 7
2 EE ) 4 P AR AR DD SCAS AR AL, RIViE i A /N g i B B AR T K B BT B4, DA ARBE A5 5 (1) — 201k,
S AR UL B B SO A H e T seBRan 4. Bl an, BIER AR AL RS 5, BAITEE 8 LA R M 6
B, B R IR B A D . R B B ST S A AR A R BUR () 5, A H I T T A Ay, 15
VAR A SR . 1K —4T 5 AL 2 3 52T 7 ARSI ) R I, A SO HERR T 40 2= S5 BT R B T4, B PR 7 4
AR (1) 0 B RS )

LCS BIENEN computeLCS(), TR A BUP SR FIANTAE B2 2 R 23 S8 M MR ) 5 RE2R 1 n AN T
LA B threshold 57— NEZHL, ATBE BIHE (threshold) 79 0.5, FAVE B — A H I threshold,
RIZE AR AE 2 B R DA T AR AR AT S N TRATAE Ay, AT 8 ER FRATT RIS 456 £ 301 e L AR A
o PR ARRB A A FERE 2 BIEE 1-16 AT RN T my H IR —ATR IR templateLines ', FEHRAT 1 LR B 0%
N LRI, BATUHSE templateLines FNF — A1 my Z A1) LCS 2N les. %t T templateLines H HIE—17, FATHER
1 occurs FIIINE P BLIREL. 5T m, FEIEE—4T, AT HIEN templateLines, SR JGTE occurs 80 HBLIK
. LB templateLines FF R T7 15 2 (B LCS 2 J&, BAE B HTA J7 i 00 BTG A7 AL B S 4
& templateLines. T JG 7L 17-20 17, FAVG % H H ISR 5 T threshold W4T, 15 2 FEHN 1) 50 FEARAR.

B0 2. BB IR,

BN TTVEAR M = {m,,ma,m,}, TTIEARKN n, BILBME threshold,
Hith: #ARAT 5K List<Templatelines> T =[l,,1,...].

1. begin

2. templateLines < @

3. occurs — @

4. forall line [ of m; do

5. templateLines.add(l)
6 occurs.add(1)

7. fori«<—2tondo

8 les < computeLcs(templateLines, occurs, m;)
9 indices «— determineCommonlLinelndices(lcs)
10. forall indice of indices do

11. occurs(indice]++

12. (places, indices) «— determineUniqueLinelndices(lcs)
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13. methodLines < lines of m;

14. forall (place, indice) of (places, indices) do

15. templateLines.add(place, methodLines[indice])
16. occurs.add(place, 1)

17. k< size of templateLines

18. results — @

19. fori«— 1tokdo

20. if (occurs[i]/n) = threshold then
21. results.add(templateLines[i])

22. return results

AR, RERNMXF I ZHLE R MICoDe I H "My — 52 Rl b, BIE G B E X 5. Bikk
Ui, AT TAETE I & T it LCS AT 43 B R A AT R B ARAB AR, 1 MICoDe 32 22 H F5 2 Jl i ) 7%
SRR X BT F JC 2R, IR HG R 2 MRS T2 2 8] B 22 57, 8 ) EsC RN Bt 5 I 1 T
2.3 ADHHERER

AERFAE S A 2R AN AL ACRD AR (¥ TARYE. P (ARSI 5 v ) B AR BE AT 0 ). R ER I HoE H
REME, QOBRIRFF SCAFIZE 1), R BT
231 SCARFFAESRER

26, TATKARKE U FRIR AT SCARBATRHESR AL, B3R B A 15 LR E MG R, fnigf 48 =50 APL
TE R, BRGSO N, S 4 R A RREA, DSRICE 706 UE B LZR.

BT S, TATREAEA 7 — A SR, Ho i 4R G5 57 SUA N BB 91 FRATT8 BRI A B R T (11
n, Beny 3, LAHERR A AL IR 1] R RS 20 A7 38 BT 40), FEAERTBR IRFT BEAT SR WA T R4 43 B 5B 15 2% 1R 10 3]
AL AR HI R . B ok, BATVHFIX L4 (¥) BM25 {f. TF-IDF 1 BM25 #5 /& F F SCAE BAG 22 AR 44 (1 5.
BM25 Gl T —ANEAMA MR R 4, AR ER A SRS R AE SCRS 2 (A 22 5. B 1) BM25 BB ROR B 1% S8 7 1)
RAR 5 A0S Fr BRI A DIt B ey, B2 oG o 5 nl Re AR S A ARSI ARAD Fr B, el i i Fh g vk, FRAT 1 RE6 T8 A5 Al
FIR AR, TR SRR 1 1] SR B R PR E R A S B S TR AR IRHIE R B, DRI Skt
T SRR A P
232 SRRFIEHRE

MARRE 2 I K5 BRI A2, FATRA 7T 2 HH R Tree-sitter (https:/tree-sitter.github.io/tree-sitter/),
X A& — PR A T “Croncrete Syntax Tree (CST) i AR WM . 53 5155 (abstract syntax tree, AST) AHLI, CST 7
AbFRSERRAIE H BASTE N R RAL, BRI R — AN R T AR AT (0 L R 5 4 R RT A IR T 45 4. TR,
RS ARAS T g 3 i B, FRATVAB RS HEAT Ab 2, MARRE o AT H S5 4445 B

BATHAIF T o A QR 25 MRS AE B2 B, 235 5184k T Aroma FF AL AST J77%. Aroma H I 45 MR AiE R IR
J5 1B FR A “Simplified Parse Tree Representation”. TEIXF 57k H, BN N # SARR — AL ARHTA, 8 A
TE XM ARZEHEAT AR L. IR — N0 F e AR AR, B SR EERTE — . R — IR R e
BE LRI, B SR AT S 4 . 5 Aroma WIJ7VEA L, BATTIAT T B30 PR 1. FATRRRI GER)
VR ALTE for JE3A . while fE¥F. if AW try-catch 5454 DL R IR EIE IS, @l il i ARIS &5 HE B, Wit T
ZICH T RURHEZR Y, S AL SN - JR AR AR

BARTE, AR R E AR BB L R AR N R H =00 (AR5, W EER, BFsF5) M
TELE. Bl4n: (forl, 1, L) (if1, 1, forl) (for2, 1, if1) (for2, 2, forl) Fm—NIFEH A 1 A for F53F, HEHA 1 4 if #)
W, if FIWTHIEA 1A for FEH, BA X P AR AL R~ 4 3 Fios.
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RAG TR 30 SRR IERR R,

public void structureDemo() {
for (inti=0; 1< 10; i++) { // (forl, 1, L)
if 1%2==0) {//(ifl, 1, forl)
for (intj = 0; j <5; j++) { // (for2, 1, if1) (for2, 2, forl)
/I do something

}
233  ACHDARAERT H

1 LR, BATRANR S TAUSRHERE S R, BE RN H M =00 FRES Aroma FIHRHER R
B2 RIS N T IiEM 20X — X, SRR 5 4 RIS B B, AT SR RHE R T in i 2 .

KA RG] 4: FRAER IR TTVERE).
if (view instanceof ViewGroup) { // (if1, 1, L)
for (int i=0; i < (ViewGroup) view).getChildCount(); i++) { // (forl, 1, if1) (forl, 2, L)
View innerView = ((ViewGroup) view).getChildAtt(i);
¥

[ a1 | | dortLif) | [(fr22,1)]

VS. l view ‘ [ViewGroupl IinnerViewl

|instanceofl IgetChildCountl |getChildAtt|

Aroma: simplified parse tree representation AL & 45 FRFE
B2 FRERRITER
Aroma [HFFIER KTl S5 VR (AST) 177 5 AR BEATZ M FI SR &R, X RO A TEf P RAD &5 0 Lk w
S, A RS L URE S IR m 3, JF B 75 B0 B AW AT 5 B3 7. AR T &, AT = e RoR
VESRAL T — T w250 1V I G AR R s TR, EAMUIE R T T B AST Mgm B PR, 1 g fe 7 IR E W
TELEFII R, AT MARAR k2 1 T S RIAAfig J7 TR 7.
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ARG S5 44 il HE A TE T A% G 10 DS DU L, T A2 4 DGR sURE T ARES K 2 Ok R AN i il 45 44 |, ix
FE NI (5 BB AR RIE T SCARHME 2 . =0 SRR (AR5 ETFER. BRAS) gk, %
2R HRIS Z 05 B R 4R 1 I SRR oR, XA AT BT 58 Pt 77 Fo A 3, o 56 S5 iy AR RS HEFR B AL T
T RS PE RS 0.

IhAh, 1% =R AR RIEIE MR AL TR R RS B FE, T 2R 51 T 5 R 45 4 6 R I =i 5%
MAETER MR T Z5 8, XA R 51 IR, 1T+ TR R AR,

2.4 HFERSIME

FEAG LR ASFE AT B A AR RS AR A5 B AT AR HEAL AL T IS, FRATT 75 B2 o S54RI o P AR DS TR O A MR 2 ST R
51T SCARNGE AL, FRATTRT LA JE o 0 R fiE - 5 e 4 B S R SR S R 2R, BRATT A8 X 33K 5 A7 A B e e
YRR, 0T 5 SE R4 A2 i,

BT ORI R R 51, A Y R R VR LB, TR SCA R IA RIS S 2 FEME, DUK SR
AR (A5 BRAFALE 1) VA4 £ 38 5| BT A 2R TT BB 2 5 80— RS AR B DR I 5 SR 25 . 1™ g 3 o e Y T Saml P
Word2Vec ik " 455 RN ZEH AR, R BRI URHHE A, AT R4S RV B, 1T 5 20 3% TR 51K & il LA3RAS
A Bf R A T 0 45 R AR N R R ARCURRAE TR R R D 45 55 000 4 SR B 75 2 R AU 1] 36 43 T AN 2 ST I
il R B A EE 7 S R

4G, %A T AR TE R AT AL EE, R AST AT SR E H AR SO b 0 B ARl R T bR IR A 5
H. b5, XA PR IR R T 506 SR o FE T AR R 2, JEA BT BB BN Word2Vee Hr Il 575 2 R5 e 41
B R AR R, 2 AL, AT DLTE S 1A 2 1R ARACLEE, 4, “del”F*delete” FIARMBLFE £ Lh i mr. 545
B BT A U, 5140, “del” /& “delete” FIRTER, NI LASRISHS e BRI 45 'S 1 22, F 2 & FRAE .

BT SR R R T, W T B = A R R R, B S5 RRAE 2R 51 T FC S 7 5 [ 21 1) 45 R R AIE
B %, R ARG 2 8] [ 45 F AR AL
25 BEREERE

15 FRFFAE R SRS HE R T IS, BRI Rt AT A AR S TR R R HEFEM BN A 2 BT 3 3043 BN
ARG P B BRFAE R A . T RRAE (1 QAT A 2R RAG 2R 485 SRR 7.

251 HNAREDF B I RRAE R

BB DARAD A BRI, DR RATT 75 B A N RO AR R SR URRAE, SRS IO VR 5 55 2.2 WP AR A, 2%
e EN I NARKY TT §E 2 AU BN 52 B (10 Fr B, o mT BE R AR Se B K 5 2%, FRATT 75 BE RIS R SCAR R AE AN EE MO E O 32
B AR NS AT REAS Se IS LR, i TN IR I S5 MR 5e 38, SCARYF AR BE A S 2L, AR AR08 50 22 (118 3L

EHE.

TE SERRAFAE A AR AP, 30 4 7 M o0 A 25 ST 5517V AT CASRECE EARRME R AN ARES A0 3E M5 B X iR
AR BAE— R ARG R A P B E. AP R EARE RS R E USRS R . X
U PR AT JE Y TS ST 1R, DR Lk 5 0 i B A A R P 2 R 5 R A T BT
252 FETHHMEMRIDR R

TESRBUGR NS EZ 5, ZE T TG i 10 R 5 T R RS R,

2521 B—HHMERAR

KR I T o — UG RS, FA T BT R WY 8, IR EWBIHE RSN TR DB, ST R G ks
TETIRS 22, REOE PR EAS R I HERN . X T 5 T MR E IR 2R, BRATAT LR A 56 2.2.2 715 HP ARG T 45 MO RFAE SR LY
AR B I TR S 45 R ) = G 4 1) R R S EARBLRE, BRATTRT LS AR B AT AR 1R SO B S R AE B AR, £
TR 2%, AT DURE IR (O S5 B AE (B AST IS5 MIHE OG0 R) W & IX BIRE 76 T SRR RS, FRATTRE
SRIOE EX BEIN=EF . A, X1 S A 254, R AEAE BN D, R B 3 A ik A7 ASO R T B

A 2L DAY PR S B S8 SRR ST 22 SR M A AT BRI T A LR Ay, S A BRATTRE W R At AT A AR AR B

© TEBREEEEIEDT  htp/ www. jos. org. cn



B R 5 T ARA LIS £ M 09 B HARRATE AN & F ik 2785

FATRT A — 40 75 o B 40 P9 BT 25 (0 5 v, A R ORISR, i e S RI AR 3R

AR IR, BATTE B —ANRE 5 B 2% 3 — B R AR Y. X B AR D B R % VA 90 HH 1% 7 26 1)
I, RN B ZE F . BT DAY — AN AR BAR. M RATFE AT ARRE AT Z A, SR EEANRE R 1 e b
AHAH A SR SRR DUIC T 06, R ] 1) 45 S0 B X AR A AR 3R [0 (1 PRy 2500k 5 e 19 3 1 22 R 43
@B,

TEAGEE A AR BEAR 1, 0 4 b B @A QA R I 6 [ o A RS P 25 BT L. SRS, M2 AOARED SR 4G R S
FNACHD ) R SO — 25t FRATTRT LAGE A VT R AR A 4, e L S5 M A MR DL, SR SRS e RN A
S5F. 1 g A B ATT e R Y 38 DT P AR A 1, 0 AR D o e 2 DA S AR A AR
2522 BAEKZER

TESERR AT AL 237 5 b, AR IIRE 21, TT RE 208 B SCARRHIE AN G5 FIRHE I = = TR AN R ) /L
M SCARRAERT RAT REITETC IR ARAS 2 75 B BB 544 015 I R AR 2R R ATET 7 10ARES, XA ILE R R E R
T2 SR, IX A7 VAR AT TE R AL 25 1), g2 U, 208 B K 8 B A R SCASRRE AR A B, FRATTAR 3 [X 4y
HH R R AT B IE T B TR RME UL T, SARRIE R T LUR B B E L, AR NSRRI b 78, BRSO T, SO
KRR MR RN R — 2 AT, R, AT SCARRHE A S FIRFIE NI A R R, LAY s I A
A AT

TESE B, FRATTAT LLAG HEAT SCARPRAERS 2R, FEAR TR 28 2 00 45 Lk AT G5 W RRIEARS 28, DAL i 98 H B v 4K
g, FHRLH, S5 FRFIE RS 2R AR T AR D i D BT, 285 SR SCARRHE AT 3 — D R 0Ri k. FRATT AT DUR H i A AR
T PR pSORD S B 5 3R, R TGRS 2R 1 SEmE AN B UK. mT DATRUNL, S P e 6460 R 7 V0 S i 2 2 oedb . 4R
AAGHT R T K.

253 SiRHF

TEAR B SCA AN GE A RRAE FIRE 2R 45 5, FRANT 75 B I e 2 R A7 He P DA TR A bt 2 FH P 35 R AT B 8
9 R VG BE ) STAS RN 5 R AIE BB . TEARRAE B A 1R B 1 0 R, AT BTN SRR SRAE S HE K3 1% M 2@
it BM25 HE4 s EAR R 1.

Billn, 45— W Q, WA UAFHE f,,.... 1, , [RESFBES 1 BM25 5 30CR:

score(S,Q0) = ZIDF(%)' /(@S)- ki +1)

F@nS) 4k (1-b+b -
avgdl

(@)

Hr, f(g,5) =2 q ERRD T B S L REL, |S| 2D BOCARRHE S KR (LAY 3L, avgd] /& iR
HUARHS B SCARER & P OSCAHE RSP, kA b B IS8, B IR PRAE SR Z S RIS OL T, & € [1.2,2.0]
Mb=0.75. IDF(q,) ZEWI ¢, [ IDF (¥ SCRYTR) BUE. @5 T H A
N-n(g)+0.5 )
n(g)+0.5
Her, N R2EETRIGDRBREEL, n(g) RO q PRI BHIEE.
XA RAEMEIF B8 T UM S MIRFAE, DA IR S5 2 HT AR Jr B DU TG ISR L Ak 2 HERR 25 SR b (W H 42 R ]

A .
3 SKLuSrHh

N T VS BATR 00771, BATRFL T LUF 3 A1) .

© RQI: FATRETS AARHD ZE Hp R E R % H. i 03 i (AR LA 2 2 B B Hp () 75 3R 2
® RQ2: fr & M HERf P a2

® RQ3: HEMRHEAZTE BRI e P B R B an AT ?

IDF (q) = ln( 3)

i
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3.1 HIRES5ITMiENs

ARSI A2 AR X FRA T O BT, (R, AT AN Sk (R 6 th AR B0 H A 9 RATT I i 4
SRUR: BT — BRI R AT A — B, TR R RARE S T, BT Java IS WA, 1A £ 8 WS
ZIHIETE, BATE A e N S2I T H 1018 5 k5. Z T mI0 RS, N T RIERIRIEE R &R &, ATE Bk
WH B — 8 gmis )as. FHE R 7 38 BT B L Java SRiSR0E K0 H 1E v S0 £ 42 R .

FEIRIX —FRvE, FRATBT R E BRI T 15 A Java FRIEDHH . X L8050 B 3507 B BT Java iSRG, H40A
— g IL XK. 7 4h, FATHEEENLEEIE T Apache Foundation F1 Google 1) 30 A~ 2 H . X LI H Ut #3E L&
s TEFEE (BDH 500 RAEATEs) BIE MR (B8 24> 100 A Java SCHF). 6T X — i bnt, 401t
Wk TR NS B EdR & 1 45 AN IE.

N T PG FRA TR CodeSculptor FAT R, AV A T 7E 5256 Hh i FI K H4S: Recall@k (R@k ). Recall@k
TRVRIEASTERT £ MELER T EDAE | NERZRIER G, Recall@k BITHEINT:

1 10l

o Z S(FRank, < k) )
g=1

Hh, 9 BREIMLE, 6() B—AREL RN NEIGERE 1, FERE 0. FRank, ZE ) g MG RIIFRFE 1
e R,

BT ORI S b, FRAT1 4 PR 15 B 2944 CodeSculptor 78BSz 5 T (R B Bk, FAT12 144 CodeSculptor
T T e T2 1 pR BOBAR P2 R i R SO G 2R A 2R LA S A S i
3.2 RQI: &R

CodeSculptor B /3 TR IETE, 5 AEH BT A M7 S AR 28 b 5 TR, DASR o A R0 2R, 2 Sl
X E bR, R A T AR A A R R

B R AR AR E 08 A At AR R s AR B 0 P 8 K R A, AR A B 2 24 5 T3 . fEH, JF HLRE i iE
JSEJT R BTG R X T R S RS AR, (RN SCORAF Ham F A, D& RS R 2 R 5t SO 78 R R
W RENS S {3t B 22 O T REAE, LhJT A3 A0 A o e RBUNS A B0 22 (R %, AT B8 vt fb AT T AR 2 A2 R0

N T IRNGS BL R, FATIE LR LA RGeS

AR AR BATLAT T AT 22 > AV AE BB FT LA S AR A S . XA Bl T 1At AR FROASE B A A0 T =
PE. KEABR AT BE R ARE R Z M R BB R BT, AT S i A QRS PR T 47 P R RT 7 e k. 72 JAT T B 4
H, BEET 45 ANMFEDTUH, AhIRATREBSHEEL 392580 AR, Kk, WA, $R U AASTRR HloE 2 78 2 1.

PR A L AV B MRS 17 2 /DA s B, DU E AR 0 5= 2% MR T RE AT o5 FE . MR i 5 1 R
HBCR AT DA S HL m] BT, () th T B A R A 4 AR F X PR 3 ) B R S T DA e AR 1 R P A T
Yegp k. sl 3 PR, AR SETHEROR IR ) bR B s B AR, Bl S v AR 2 SRRl & 1 B I RR B 45 AR
A 10 SRR EUNTE B AL SRTT, A — EERRARORIEE T ORI BR B, e Al LU o 30 R ER, A1 16 MR AT LU 2
XA R IXFEMIE] T — LR A E

Function count vs. Template count

Recall@k =

10°
10*
10°

10?

Template count (log scale)

10!
5 10 15 20 25 30

Function count

I3 AR AR R K 5 P
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AU 75 28 AT TF AR I B S5 AR SRR 14 SR 4R U7 v - A B ] B LA 19 3RS 78 26 2R, X MR AR ]
CLF T PPl AR 78 SR Aa ARAD o (0 78 26 FE T . w7 o 3R 3R A AR 5 JiR R A QAL ) O3 4 IX 37 AR s i IR VE P,
R AR AT LA 59T R B WS BR R oK, B4 1 & T DL B B X AR R B AN T 4640 5 D, A Bh
Tk F B g i AR AT R B IR R, BRI A R e TR B PR 22 YR G IR 1Y, L TR 1 AR
HRETS BILRIE, S ARORE 1728 K AR IR RIRG 7). {78 25 28 1] 6 3R W (R 7 55 28 mT AR 7~ AR P03 FH i L /8.

TEFTA 1) 392580 MR, FRATTH B3, BP9 55 T JR IR 5511 60.87%, X — LU R BR, n AR 15
CAYA MHERE, M7 — B ARSI TT R (R gmis fie. B G IT2, lid  BR e e & T U BSR BEE 2 T 361528,
AR L 1K 92.09%, 31X — 43 BEAR 2 1% B 1 7 VR TCIR AR HA 1), 3% — o5 WA M AR L T FRA 178 SR AR A ASLAR 7 THI
e e

XA BT B S AT L TSR (1 5 R AN, LTI SIS R AR R rR R AT R FEE .

3.3 RQ2: WFREMHM

PATVERAT T I8 b S I IGUEAS FREAEREAT R 22 (K A0 R B 5 HEAT T AR R kI P S0, X PO VA R e i 4 Bh 3K
ATE IR N HOFEARERAT 0 71, FF Bl AR
331 JHRARSEEG

T X AN R E AT 2R AR, 0 G5 MRS R0 SO E R 2R AN TR /E L, FRATTTT R T T Al se g8,
B TE STl AN BRI S, DR e AT SR R T DASR FHRAEAS R 1 1 . TEFRATH SEIGHAR H, AT
23, FARFTA M7 LRI A X A e AR . R, FRATIR I T A 3 AN IERT 125111 N
X ETTVE R S T T TR TR 36%. (E IR I, FRATFENLES: T 2 115 MR G, X B 5N
S SR SIS SR AEVT Al bR vt . EAR KRGS a0k 1 FR.

K1 JHESLIGEE R (%)

ez Jy = Recall@]1 Recall@100
Text search 99.47 99.47
Structure search 63.80 99.79
CodeSculptor 99.84 100

I b TR ER A R, FRAT R IUAE P SCARFAE AT R 2R O HER AR M TR T 45 AT 7R IR [ 5 1
SRR B TR AR, AT R A GRS HE AT R R, S R HERR RS BT R B R A B A 45 MR AL B
TEAERFIRME 1 ALFITT R A XU, JRT, =9 KB SR L5 RIHT 100 A, FRATAIHAZE ¥ 25 58 o 7T DLk
.

(Kb, 1XANSEEG A5 — AN EE N 4510 TEAEAE R SCARAMRUNE IS DU, SCARRHMIER 2 7T e 2 BIRHIE A 2
PIRR I, FBOREE RIS R IERIER B4 R IS8T, 78 4b B KRS 7 B EOR S 00 T, S5 M RRIE I AR S SO
FHER R AT, A Bh TR Sk - 45 AL i i 1.

332 UEMATESLE

CodeSculptor fEZ 5T FEFE MR MR . RHETRIANRHME R 51 M@ ST E AP IR G, G 1) 32 BAT 55 R i IR
FEN AR ST R R 2 7oKk, BARSRUL, X — NS e B A AR i BN, B A e R R A
FIRIIETZ. T ISR H AR, ToATTRE O A E AL PE b UG 1 7 VR AR rR AR B 3 50405 F Bk G 2 — AN B 2 i
B AR, T IX SeACRY F B, AT TIASRE CodeSculptor AEd H R A6 77 AR ks R 45 A WUR [, ZEFRAT 1 R TRV
RhSEEe ST I 2115 AN J5ik. T FZEE A WARD B, Rl e RAEAT £ b 12 17, i, e 7
1917 ANT7V A SEIGAE . BT XX AN B, AT IM 8 T S i ARAD A BL.

(1) LAY F B BATWEA J7 iER PR AT 5 47009, T RG22 AT B

(2) AEEBARHE v B FATNEAN TR rh BEALPRGE 5 A7 ARRY, #4 Bt 20 B ARE 1 BR.

FTUEIRLE, BATVEYG T CodeSculptor 12 A [FIPERE. FEANRTSRIGEE R UK 2 k.
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R2 OESSIRESAR R B R A R LR LR (%)

18 B Recall@1 Recall@3 Recall@5 Recall@50 Recall@100
Contiguous 94.00 96.56 97.44 99.47 99.84
Non-contiguous 94.00 95.67 96.87 98.06 99.11

HRFE S 25 5, BATTMER E CodeSculptor 75K 2 U i~ BEHERR HLIE WA 45 HEAE 28 1 47, TR A 5iES:
ARG P B & A S ARRD 1 B o F AR SARAD 1 B, AR A RIS TR 80 B, (IR 22 7 5 R B 4%
T B B3 S BT, SR T2 R
3.4 RQ3: #EFESTAM

N TIRANIEZ CodeSculptor 7E S TAEPR L (R I, BATEAT THRR O RBITEF, B AR VAl AR HE 2 E
BRI AR TE AT S5 24 (RS2 . A 708 F e vk b i T B 4, AR IR PTIE R AR R Ge it B AR
SRR I HLdR MR R 22, 3 T 2 TE 1 B S KPR,

BN L3, FATE LI AED 95% WMEFRE. ik, BAVKYE LU B XA A SOk e % B
N

_(Z*-p-(1-p)
==
Her, n RATHORARR, Z 2B EKTE Z 55 GHF 95% BIEE, Z{ER8 1.96), p &FEATHUALLE (P
MIE R M), ERWEZ IR ZER. B ZANX, R T B ARG fE ST 2 FBCA M b S AR 1)
LS

ARV, ARSEIGAE 392 580 A R BUBAR 1 2L At T BEHLIE L 9 600 [ R BUBAR AT T IR AT R, LA
LB S AR R 5, BRI T S R B S FE SN 95%. 5 9600 AN bR AR 1, ARS8 HAR 47 7 20
AN BEALIE B RRAR, 2 BRI SRR S5 AT DA Xl o0 AR 2K, 75 B R S AR P AR HOR AR SRR A, 41145 B o i
TR SHUR 50%. BAAKE, AR AL & T BT 0 A M PR IGAE . AT SQL AT InEBmakes . K%k
HECH TR S BRI AE. SRR B (ARGS9 5) W56 T switch 6] VLELHY try-catch B,
A (VA B ARG A RIAR G AR 45— AN T 4R IX S ABAR AT RE AR AN [ 3737 T ARG () 2 FH S AL 35 1.

AT 5: 388 (F) SARESE () AIGEAR.

5

boolean equals(Object o) { /* unique code here */

if (this == o) { try

return true; {
} /* unique code here */
if (o == null || getClass() != o.getClass()) { }

return false; catch(Exception ¢)
b {
ReadablePathMatcher that = (ReadablePathMatcher) o; fail(e.getMessage());
// Don’t use the delegate as toString is unique. }

return Objects.equals(toString, that.toString);

T AL SERR M R ISR, FRAAE S 28 AT RS EI N, SR )5 2 B CodeSculptor SRIEFHH K A0%. £
9600 I FE] F, FATIE T 76 &S24 FE i AR i vh TSR BT 75 S\ K R0, LRI 7E AR 1)
B R IREE R 3 B, B 078 o RAERARH 20% Flhm i 87.2% 2 284k, AR, 87.2% HIAAR AL AT LA
I A XD RN AR L X — 25 SR — P EIHIE T CodeSculptor 78 S5 iz 5 Hh k) e k.
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®3 REHIFT

gE| Java X4 T4 ERLE 0 E S
WA BR Rk

copybara ReadablePathMatcher eugals 14 141 311 0.453 1
polardbx-sql AlterTableGroupBaseTest initDML1 16 770 1316 0.585 1
dragonwell8 SecureLoader getSystemClassLoader 11 295 480 0.615 1
dragonwell8 ComponentColorModel getAlpha 12 594 1654 0.359 2
freemarker ConfigurationTest testTagSyntaxSetting 25 277 1371 0.202 2
dragonwell8 SecureLoader getClassClassLoader 11 268 466 0.575 1
polardbx-sql AlterTableTest testAlterTableOneGrOneAtom 45 394 609 0.647 1
polardbx-sql SOLSelectParser query 14 1547 2488 0.622 2
Alink OptimizerOuterClass buildPartial 66 841 1176 0.715 2
polardbx-sql SQLExprParser parseRowFormat 28 1434 1 840 0.779 2
polardbx-sql SQLStatementParser parsePurge 23 865 1611 0.537 2
druid OracleCursorExpr equals 18 308 511 0.603 1
dragonwell8 DocLint init 19 835 2149 0.389 2
polardbx-sql SubQueryExecCorresTest testScalarNormalEquals 34 760 1279 0.594 1
arthas ObjectUtils nullSafeToString 11 317 595 0.533 1
skywalking BanyanDBNetAddrDAO BanyanDBNet AddrDAO 24 108 193 0.559 2
guava TreeMultiset add 7 730 1520 0.480 2
dragonwell8 AppendStringBuffer generateTestBuffer 12 226 385 0.587 1
polardbx-sql AlterTableMergePar JobFac ~ merAndMoveToExistTableGro 16 3183 4112 0.774 1
logging-log4j2 CompositeFilter filter 6 188 446 0.422 2

4 AP#MR

N T IRAVEAS CodeSculptor 7EFETHRFERER LIS E, FATTE R E I Facebook Aroma S5 1«42 2 1%
FOW B B B A SCA T IRAIE o, BERXSAHE B BERAT AST FRAT, AE b 752 5% J08 6 T vk 1 iff s 1R R A BT 1)
B A BT %%, IER dn s, 7K CodeSculptor 5 Aroma #H4T BELEERT ELE:. Rk, ALt 7 — T P HER, &
AT BT KN R ECAE A CodeSculptor TR, 58 i T 5 H M mARAE 55 FIRCE. X8 50 A B T304
B HE @ CodeSculptor 78IS & H A FH 243
41 MRRE

TEARWF T, BATEIL B 1H— RFVMFET S5 K% 5 CodeSculptor L B7E H & HAEFF K& 0B FH R A1 52 F
P, AL T RS 5 E [ H CodeSculptor ArHEFF FIMBAR K T2 ILEE & T K ThRe, I 255 B Lo Bic 2 448 H
CodeSculptor [fJSELGH A CodeSculptor X {4, DMELEM [F I TF RAT S T WA IR RE == N T #i
TR 2 53 %} CodeSculptor FIHAEISH 7853 1 fif, TAIEE ST GG HTRHABA 1E4T T VR4 R TR

SR X GO E BOR S HAE TREAH ST 16 ArBFFiA:, AT 135 B 2-5 4F 1) Java JF K& 5. 163250 5 3T,
BAE S TR E L TR T S 55 MR AR R AL, R K S 558 LU0 R §E 1 RN B REEAT R 44,
Bt G B AL B 2 SE BG40 Gl (5 # P1-P8) MIXTHR4L G2 (S 5% P9-P16). G1 4L7E AT 4 B2 AT 55 i 4 i
CodeSculptor I &, G2 MK H LA 14K Intelli) IDEA.

FEEBITRDE 7T e S B AR S I Z A S 53 IR oK, SRR T B BRSBTS E
TR CodeWisdom ARG KEHE - & 1E AL S Al %P EILETRIGATT . A TESF T, UEHAE
FRGEFE I B BE AT 1, ST &, BATHE T 6 MA RGN I KAL S, s 5 6k 5 B AR
BARThRE ST, DL R — LT 36 A 4 4 B it T RIF R AE S

PATAZHERMET 2 h FI 58 BAT 50T 8], HZRIC BN IF R I TR 0 B8, BT 8 5 25t HE AR AR
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AT R RBATVER . SERUE, 2 5F5 I TN TAERB ST R RS, FHES T — 0 mS R, DERAT
WG JAT: 55 578 A1 RN T B g AR I R R BT, X T SEBG IR BSR40 i, BRATAMY B T Wi S 5 3 58 L& OIMT
25 BT BRI R), I VAl T AT TZE AN 1R 2 )2 vk b TAE B0, B EAX TRV CodeSculptor i TAEVEREFISLFRIT K
8. XA H B2 3632 CodeSculptor EN—ANFF R4 BY TR MR E, HR 7 — 5 Sudt i) ] se k12
42 LLER

F 4K S R TIPSR, Zad ) LA Se e HE, FATE H LU 4518 CodeSculptor 40 (G1) £ 58 AT
25 R AR T Intelli IDEA 41 (G2). fETH 52 AT 1 Gl el 559, RE P8 5 & A 5EME RITS,
ST N SRS BFER, HE R B HALTE R AT S NS 5#H, Gl ARF8EFER N 65.78 min, 77 %A
14.17. %F G2 4, P11 1 P16 X W& 2 5 KL MR AT 55, S BB EEE LR T 11 573 BRER, (H2
VEH 6 42 5#H5EH T A T5%, FHEFER A 83.29 min, J7 %4 20.08.

# 4 CodeSculptor ZH fJHF & %% (min) %5 Intelli] IDEA #H T & 2% (min)
FERANGL BRALSFER BT SFERT SFER RE TR FRANG BPALSFER SRMTSFERT SFER R H e
Pl 15.25 34.85 50.10 = P9 13.03 30.27 48.30 =
P2 18.89 35.20 54.09 = P10 23.00 46.50 69.50 =
P3 22.97 25.45 48.42 & P11 28.97 — - i
P4 24.67 47.33 72.00 = P12 26.67 58.03 84.70 =
P5 32.38 51.68 84.06 = P13 36.38 72.68 109.06 =
P6 33.98 50.38 84.36 = P14 33.98 69.51 103.49 =
P7 29.45 38.00 67.45 = P15 29.25 69.47 98.72 =
P8 45.92 - N = P16 35.92 — - 5
EYME 27.93 40.41 65.78 - EYE 28.40 57.74 84.80 -
R 9.08 8.96 14.17 — Lk 7.25 15.17 22.69 —

TEAR RIS Hrdh, TATHE— B g3, 72 R gm AR D) Be Y SE I, CodeSculptor T H 19/ 7 I AR R ILH
5 IntelliJ IDEA FH /A LU S35 A0 3. 3% A 2 R N 147 B 2 R R S 0@ AR AN K, BIEE BTAR HERE, SR IE T
W A R SR, 76 SEBLE & 2% (AT 55, {8/ CodeSculptor (1l /7 I T B AL (0 B S5, 1X 2 B, Intelli)
IDEA W F 7 75 EAE 5% 50 22 e 1) 2 B 75 SR IR AR i L s i & B 44T 45 BOFF R B3R, ML 2 R, CodeSculptor
TR AT LA e o R B A ARADAEAR , A 75 FH P fit 0% 5 2% 5 3L O 08 I T AR 58 I RAT 55 (B R 2,
T BT 55 114 58 U R4 5 98 T AT 55 B R B4R K —#0 47, 1X S 30 T 7E ST %5 B9 ) I, CodeSculptor i /1 Intelli] IDEA
F P TR 22 e e i /. Rtk CodeSculptor P TEAT45 58 i ESF35 475 HE Intelli IDEA FIF 4R T 4 19 min.
4.3 BRI

BAVGH PO RAFAE 3 M. 1 56, FAVEBE AT I AL A0 2, R AR B RN, N T R ax A
i, FAVTAN LR T 2 55 ARG, JEENUE TR IS 55 SRR A4 d. 88 =, AT IIEFRE AT
REMELIR A ok T BA i 00, IR T B SL 30 22, AR ERAT I T LR 2, BT 55 % #6342 Eclipse IDE
(¥ Eclipse fE AT F 1 IDE). Bk, FATVCONIX BRI E R KA BRI 31 T & g, BATRE—1
Java Wil FEAT 7 2455000, IR RS0 £ 18 AT I I BR . 75 B2 — 2D 0 Sk BRATM R BB E Z M R 5 L.

AT R ST HG 3 AN FZE. 0, BARTRATEINP AN AL 2 S5 2001, (H SERR B MK S S AFAE 2
5N T RX kL, AT S 58 SRR 13T T AN LR, K RE A 2 2 5 3 BEAL A BC B S
e, Hak, BATEAT R /T RN LI S 5 F R4 T AN “TACE LG, XA Be 5| N T SRR k. (HARYE
PATIEHAT IR A, FrA 2 5% 5% Intelli] IDEA #AFEA (JEH IntelliJ IDEA 1 4#%H FH) IDE). Bk, FRATA
NIRRT RER R 2 TR KAEE H8 81 T . Ba, BT TR BRI, A 183245 238 A AE —A Java i H AT,
FoR T B 2 BB TORIGIEIRAT R R IS B REREIE A T 50 2 M RSB
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5 HXIME

51 RIBWEIR

FEFAF TREATIR, 24 TR SAPIF & ok U™ (E 155 & 3 m LU F o ARRS Fr B AR M da N, SR ARAS P v
16 22 R FIAY. FaCoY A Aroma #fi A& H A AN BLARFR ML T AL,

FaCoY & — A F45 H F 4 NAREDIE SCHIALIIARED B B T 5. AR 4% G i ARRS A6 %% 51 %, FaCoY SEIL
T PR 1) B AS B S, 5 U T RE S A N ARED B T AR AT AR SC AR IR A R T A S AR R R
SRR, BER R IN H Type-4 HOE ARRS T B, 4R 1T, 7615 Z T _E, FaCoY A 21 MAS % 45 5 b G e fRi vk 1)
e

Aroma L VET 45 MG I ARRGAS 22, 75 MK BLARRD 3 vh A RCHE 22 1817 ARG i BT TR B . et 2 RE4E
(A W R REIE = VRN, 456 F P A9, 43 DR R LSt A PE. 13 Aroma tHA7E — 26 ) 7, & 08 B 0B 2 AR R F
F 58 B P 25 DASRAS E A RO G5 SR, IR T RE S BSR4 BE A K. IF L, XT3 B0 73 7 v B S8 B8, RS
FEELAEEI T 3700 J7. dLAh, EARAE B RE IS AT AR sk A, SR B E B PR K AR A B I RCR O BT AR
[ERESSEN

141, Aroma i 95 45 S (0 AR R X B AR AL e vh S bR S0 1 23 AT R e 2 SR G /D DRIk, BRAT T 75 25
FE AR S (FLAnA RS AR AR 2 v () AT DA AR (EL AR A B ) 5 B 1 ) SRARRE AR HE 245

S —J51H, Senatus M 7E Aroma fIFERE_E3EAT T Bk, St 5] N T De-Skew LSH 53k, ik 7 Al 4™ & 14 Ak
R W, BEPET T HERE R R E ERE . SR, BME Wik, 5 Aroma FH < — L [0 BT AR AEAE.
52 ETFERAMRBHIELTIA

FESEUACRG b 4 PO T, A5 22 Pl 7 vk AT AR 4%, A o B SRS 3 4R AR (14 45 #_E R SC R R i
AT (g I S B i, % 5] T E GraPace R ] GrouMiner™ sk%48 UA B % s i i b 3. 4R, GraPace 254
PN BIARED i B Fe e 28 H A e rP LA oA =X, 30 T 2 AR b S . X Ao s AR A 2 T R AR s b 4.

I R ) — S 7 U 2% 17 7 3 3o T A QRS S U (KR — AN APT 1 FH R G 5im AR A *h 4= g o A ) G Aol v R
FA 7 AR R R FH T 0 R e g s, SR S R — AN T REA T 1 APT SRR RN A

SR, M T CodeSculptor, 1 £ 75 i3 AR AR AR AR X5 /)N, ABIRR AR 2% (1 AR T R0 . Eh 1 I e PRl 3k )y
VA KRBT B 1 b T Se T R BB SR8 48 Rk, BL GrouMiner J9fl, & B W I Be H AR 4T 6 AN H
AT Z ARRS . Rk, FAT 1A CodeSculptor R34 FE T A B K IUAACAD 2 ¥ 315, 42 (1t K & i Bl 11
AR, $ A QR D 4 1A A 2 R
5.3 RN

e BRI T B, il 40 SourcererCC™, NiCad™, SAGA!%%, S 5 —Fh ] ik MM 2 HOR. XK T AT LA
A R H AR AR F BORIEATHERE. L, SAGA SR T R ALK B 4R34l ¥eit, R T GPU AL R, fig
FE 11 min PYSERERT 1 AZATARRD (0 T2 BEAG . SR 17, 328 T EL M & 2 S e e A 1) S o et , ik B T3
B RS, DI RE TEB LM LR E BR BT RAT S, X 28 T RG22 753K,

S D7 T, SEAFAE — 88 5 T B A AR SR SR T 55 2 ThE ¥ T L. $ill, CloneDifferentiator””, A&k 1 Hh i
Sl T AR F) B R SO 2 S, AR T e 3 T LA S R A 1) 7 ) S SRR BT A s S AT 45 P 1 v B AR A% a
CloneDifferentiator K 5o QRS A L SCER s AFE A, i 3t 1B 25 0 BUARSK IR 51 BT 75 B Se B ARAS L R Se 22
SR, BT HEE T AR, CloneDifferentiator £ KB EHR AL b )Rk ZE FRATHAH.

6 IE\ éél:

AHE TR T — Al T v B AR AR SR BN HERE TV, 4409 CodeSculptor. X ff 5 218 i A8 AU e o
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AR 7 R 3R R 55 T RE 2 57 1 J5 v v B R) LR S, TR RO AR 3t — 20 3, BRATISR A 3 SCARHIE L&
= e AR SRS AR R A T — MBIHER ST R AR Y. BRATTXT 45 AR IE AT IR H AT 1) SRR 7L R,
CodeSculptor 1F4—FhA7 KRS 5] TR, W] LU - TH T R R B AR i &

FEJEERIIIT FO, BA T RIPR BB AR — 25 dih G Ak, X ASEAR () 3 A B AN T A2 58 73 AT SR 2 o0 i, AT
TR FAE AR 9 5 rp S SRR DR BRI A . SN I A SORE A B 3k — B el T i SO R 2 R, (RN (g ik
TR ] DA 225 4 THACHE S5 B AR 0 A . A 1A TR SRR AE 1 DI RE, AR SRR A 2 R4, R THRIBINE
2 HACES R, 48 CodeSculptor (G ZRS FZHR T, (i H RUMNfEA, DA & R & 5K,

References:

[1] Luan SF, Yang D, Barnaby C, Sen K, Chandra S. Aroma: Code recommendation via structural code search. Proc. of the ACM on
Programming Languages, 2019, 3(OOPSLA): 152. [doi: 10.1145/3360578]

[2] Lopes CV, Maj P, Martins P, Saini V, Yang D, Zitny J, Sajnani H, Vitek J. DéjaVu: A map of code duplicates on GitHub. Proc. of the
ACM on Programming Languages, 2017, 1(OOPSLA): 84. [doi: 10.1145/3133908]

[3] Syriani E, Luhunu L, Sahraoui H. Systematic mapping study of template-based code generation. Computer Languages, Systems &
Structures, 2018, 52: 43-62. [doi: 10.1016/j.c1.2017.11.003]

[4] Wei M, Zhang LQ. Research progress of code search methods. Application Research of Computers, 2021, 38(11): 3215-3221, 3230 (in
Chinese with English abstract). [doi: 10.19734/j.issn.1001-3695.2021.04.0096]

[5] Kim K, Kim D, Bissyandé TF, Choi E, Li L, Klein J, Le Traon Y. FaCoY —A code-to-code search engine. In: Proc. of the 40th
IEEE/ACM Int’l Conf. on Software Engineering. Gothenburg: IEEE, 2018. 946-957. [doi: 10.1145/3180155.3180187]

[6] Silavong F, Moran S, Georgiadis A, Saphal R, Otter R. Senatus—A fast and accurate code-to-code recommendation engine. In: Proc. of
the 19th IEEE/ACM Int’] Conf. on Mining Software Repositories. Pittsburgh: IEEE, 2022. 511-523. [doi: 10.1145/3524842.3527947]

[7] Nguyen AT, Nguyen TT, Nguyen HA, Tamrawi A, Nguyen HV, Al-Kofahi J, Nguyen TN. Graph-based pattern-oriented, context-
sensitive source code completion. In: Proc. of the 34th Int’l Conf. on Software Engineering (ICSE). Zurich: IEEE, 2012. 69-79. [doi: 10.
1109/ICSE.2012.6227205]

[8] Nguyen TT, Nguyen HA, Pham NH, Al-Kofahi JM, Nguyen TN. Graph-based mining of multiple object usage patterns. In: Proc. of the
7th Joint Meeting of the European Software Engineering Conf. and the ACM SIGSOFT Symp. on the Foundations of Software
Engineering. Amsterdam: Association for Computing Machinery, 2009. 383-392. [doi: 10.1145/1595696.1595767]

[9] Wang PC, Svajlenko J, Wu YZ, Xu Y, Roy CK. CCAligner: A token based large-gap clone detector. In: Proc. of the 40th Int’l Conf. on
Software Engineering. Gothenburg: IEEE, 2018. 1066-1077. [doi: 10.1145/3180155.3180179]

[10] Robertson S, Zaragoza H. The probabilistic relevance framework: BM25 and beyond. Foundations and Trends® in Information Retrieval,
2009, 3(4): 333-389. [doi: 10.1561/1500000019]

[11] Li GH, Wu YJ, Roy CK, Sun J, Peng X, Zhan NJ, Hu B, Ma JY. SAGA: Efficient and large-scale detection of near-miss clones with GPU
acceleration. In: Proc. of the 27th IEEE Int’l Conf. on Software Analysis, Evolution and Reengineering (SANER). London: IEEE, 2020.
272-283. [doi: 10.1109/SANER48275.2020.9054832]

[12] Grefenstette G. Tokenization. In: Halteren H, ed. Syntactic Wordclass Tagging. Dordrecht: Springer, 1999. 117-133. [doi: 10.1007/978-
94-015-9273-4]

[13] Hirschberg DS. A linear space algorithm for computing maximal common subsequences. Communications of the ACM, 1975, 18(6):
341-343. [doi: 10.1145/360825.360861]

[14] LinY, Meng GZ, Xue YX, Xing ZC, Sun J, Peng X, Liu Y, Zhao WY, Dong JS. Mining implicit design templates for actionable code
reuse. In: Proc. of the 32nd IEEE/ACM Int’l Conf. on Automated Software Engineering (ASE). Urbana: IEEE, 2017. 394-404. [doi: 10.
1109/ASE.2017.8115652]

[15] Lu ML, Sun XB, Wang SW, Lo D, Duan YC. Query expansion via WordNet for effective code search. In: Proc. of the 22nd IEEE Int’]
Conf. on Software Analysis, Evolution, and Reengineering (SANER). Montreal: IEEE, 2015. 545-549. [doi: 10.1109/SANER.2015.
7081874]

[16] Church KW. Word2Vec. Natural Language Engineering, 2017, 23(1): 155-162. [doi: 10.1017/S1351324916000334]

[17] Buckland M, Gey F. The relationship between recall and precision. Journal of the American Society for Information Science, 1994, 45(1):
12-19. [doi: 10.1002/(SICT)1097-4571(199401)45:1<12::AID-ASI2>3.0.CO;2-L]

[18] Xu Y, Chen XJ, Tang DY, Huang H. Code-search-oriented function multigraph embedding. Ruan Jian Xue Bao/Journal of Software,

© TEBREEEEIEDT  htp/ www. jos. org. cn


https://doi.org/10.1145/3360578
https://doi.org/10.1145/3133908
https://doi.org/10.1016/j.cl.2017.11.003
https://doi.org/10.19734/j.issn.1001-3695.2021.04.0096
https://doi.org/10.19734/j.issn.1001-3695.2021.04.0096
https://doi.org/10.19734/j.issn.1001-3695.2021.04.0096
https://doi.org/10.1145/3180155.3180187
https://doi.org/10.1145/3524842.3527947
https://doi.org/10.1109/ICSE.2012.6227205
https://doi.org/10.1109/ICSE.2012.6227205
https://doi.org/10.1145/1595696.1595767
https://doi.org/10.1145/3180155.3180179
https://doi.org/10.1561/1500000019
https://doi.org/10.1109/SANER48275.2020.9054832
https://doi.org/10.1007/978-94-015-9273-4
https://doi.org/10.1007/978-94-015-9273-4
https://doi.org/10.1007/978-94-015-9273-4
https://doi.org/10.1007/978-94-015-9273-4
https://doi.org/10.1007/978-94-015-9273-4
https://doi.org/10.1007/978-94-015-9273-4
https://doi.org/10.1007/978-94-015-9273-4
https://doi.org/10.1007/978-94-015-9273-4
https://doi.org/10.1007/978-94-015-9273-4
https://doi.org/10.1145/360825.360861
https://doi.org/10.1109/ASE.2017.8115652
https://doi.org/10.1109/ASE.2017.8115652
https://doi.org/10.1109/SANER.2015.7081874
https://doi.org/10.1109/SANER.2015.7081874
https://doi.org/10.1017/S1351324916000334
https://doi.org/10.1002/(SICI)1097-4571(199401)45:1<12::AID-ASI2>3.0.CO;2-L
https://doi.org/10.1002/(SICI)1097-4571(199401)45:1<12::AID-ASI2>3.0.CO;2-L
https://doi.org/10.1002/(SICI)1097-4571(199401)45:1<12::AID-ASI2>3.0.CO;2-L
https://doi.org/10.1002/(SICI)1097-4571(199401)45:1<12::AID-ASI2>3.0.CO;2-L
https://doi.org/10.1002/(SICI)1097-4571(199401)45:1<12::AID-ASI2>3.0.CO;2-L
https://doi.org/10.1002/(SICI)1097-4571(199401)45:1<12::AID-ASI2>3.0.CO;2-L
https://doi.org/10.1002/(SICI)1097-4571(199401)45:1<12::AID-ASI2>3.0.CO;2-L

B R 5 R TR L £ T4 60 RSB AT A4S & 7 ik 2793

2024, 35(8): 38093823 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/6940.htm [doi: 10.13328/j.cnki.jos.006940]

[19] Liu ZY, Xing YX, Yu H, Li T, Zhang XD. Retrieval and management technology for industrial-scale massive code. Ruan Jian Xue
Bao/Journal of Software, 2019, 30(5): 1498—1509 (in Chinese with English abstract). http://www jos.org.cn/1000-9825/5718.htm [doi: 10.
13328/j.cnki.jos.005718]

[20] Hill R, Rideout J. Automatic method completion. In: Proc. of the 19th Int’l Conf. on Automated Software Engineering. Linz: IEEE, 2004.
228-235. [doi: 10.1109/ASE.2004.1342740]

[21] Bruch M, Monperrus M, Mezini M. Learning from examples to improve code completion systems. In: Proc. of the 7th Joint Meeting of
the European Software Engineering Conf. and the ACM SIGSOFT Symp. on the Foundations of Software Engineering. Amsterdam:
ACM, 2009. 213-222. [doi: 10.1145/1595696.1595728]

[22] Robbes R, Lanza M. How program history can improve code completion. In: Proc. of the 23rd IEEE/ACM Int’l Conf. on Automated
Software Engineering. L’ Aquila: IEEE, 2008. 317-326. [doi: 10.1109/ASE.2008.42]

[23] Holmes R, Murphy GC. Using structural context to recommend source code examples. In: Proc. of the 27th Int’l Conf. on Software
Engineering. St. Louis: IEEE, 2005. 117-125. [doi: 10.1109/ICSE.2005.1553554]

[24] Chen QY, Li SP, Yan M, Xia X. Code clone detection: A literature review. Ruan Jian Xue Bao/Journal of Software, 2019, 30(4): 962-980
(in Chinese with English abstract). http://www.jos.org.cn/1000-9825/5711.htm [doi: 10.13328/j.cnki.jos.005711]

[25] Sajnani H, Saini V, Svajlenko J, Roy CK, Lopes CV. SourcererCC: Scaling code clone detection to big-code. In: Proc. of the 38th Int’l
Conf. on Software Engineering. Austin: IEEE, 2016. 1157-1168. [doi: 10.1145/2884781.2884877]

[26] Cordy JR, Roy CK. The NiCad clone detector. In: Proc. of the 19th Int’l Conf. on Program Comprehension. Kingston: IEEE, 2011.
219-220. [doi: 10.1109/ICPC.2011.26]

[27] Xing ZC, Xue YX, Jarzabek S. Distilling useful clones by contextual differencing. In: Proc. of the 20th Working Conf. on Reverse
Engineering (WCRE). Koblenz: IEEE, 2013. 102-111. [doi: 10.1109/WCRE.2013.6671285]

MR 3055 30K :
[4] L, sk M. AR R Oy k0T Jo kB L v ELRL A WE 9T, 2021, 38(11): 3215-3221, 3230. [doi: 10.19734/j.issn.1001-3695.

2021.04.0096]

[18] 1&#, BRIEA, B Hlidt, Boud. T AT 4% 22 1 iR 00 e 2 3 EHIRON. 3544, 2024, 35(8): 3809-3823. http://www.jos.org.cn/1000-
9825/6940.htm [doi: 10.13328/j.cnki.jos.006940]

[19] XA, JHANE, T, 220, sk 7R, b g AR AR 2 5 8 BEOR . B4, 2019, 30(5): 1498-1509. hitp:/www.jos.org.cn/
1000-9825/5718.htm [doi: 10.13328/j.cnki jos.005718]

[24] BRAkizm, 45351, BRE, 285, (U oo B A I o FU kR . #R AR 323K, 2019, 30(4): 962-980. http:/www.jos.org.cn/1000-9825/5711.htm
[doi: 10.13328/j.cnki.jos.005711]

B SR#M(1998—), 53, Wb A, ETERF AU
TR K, B REAL AT

REFR1979-), F, WL, mIFER, L4,
CCF #liex i, EZWF LGS EE TRE, Bk
LI .

FRIR(2000—), 3, t8 14, CCF 244 5, 35
E 2 W T RS T B, B R o 43 BT

F8(1979—), I, L, Bz, L4 T, CCF
A0, EEF RSP R R, =
AR SRR IB e, 2 I M R G, R REN
RV R LT

© PEBEERKCEIFR  htps/www. jos. org. cn


http://www.jos.org.cn/1000-9825/6940.htm
http://www.jos.org.cn/1000-9825/6940.htm
http://www.jos.org.cn/1000-9825/6940.htm
https://doi.org/10.13328/j.cnki.jos.006940
http://www.jos.org.cn/1000-9825/5718.htm
http://www.jos.org.cn/1000-9825/5718.htm
http://www.jos.org.cn/1000-9825/5718.htm
https://doi.org/10.13328/j.cnki.jos.005718
https://doi.org/10.13328/j.cnki.jos.005718
https://doi.org/10.1109/ASE.2004.1342740
https://doi.org/10.1145/1595696.1595728
https://doi.org/10.1109/ASE.2008.42
https://doi.org/10.1109/ICSE.2005.1553554
http://www.jos.org.cn/1000-9825/5711.htm
http://www.jos.org.cn/1000-9825/5711.htm
http://www.jos.org.cn/1000-9825/5711.htm
https://doi.org/10.13328/j.cnki.jos.005711
https://doi.org/10.1145/2884781.2884877
https://doi.org/10.1109/ICPC.2011.26
https://doi.org/10.1109/WCRE.2013.6671285
https://doi.org/10.19734/j.issn.1001-3695.2021.04.0096
https://doi.org/10.19734/j.issn.1001-3695.2021.04.0096
https://doi.org/10.19734/j.issn.1001-3695.2021.04.0096
https://doi.org/10.19734/j.issn.1001-3695.2021.04.0096
http://www.jos.org.cn/1000-9825/6940.htm
http://www.jos.org.cn/1000-9825/6940.htm
http://www.jos.org.cn/1000-9825/6940.htm
https://doi.org/10.13328/j.cnki.jos.006940
http://www.jos.org.cn/1000-9825/5718.htm
http://www.jos.org.cn/1000-9825/5718.htm
http://www.jos.org.cn/1000-9825/5718.htm
http://www.jos.org.cn/1000-9825/5718.htm
https://doi.org/10.13328/j.cnki.jos.005718
https://doi.org/10.13328/j.cnki.jos.005718
https://doi.org/10.13328/j.cnki.jos.005718
http://www.jos.org.cn/1000-9825/5711.htm
http://www.jos.org.cn/1000-9825/5711.htm
http://www.jos.org.cn/1000-9825/5711.htm
https://doi.org/10.13328/j.cnki.jos.005711

	1 背景知识与动机
	2 基于克隆差异分析的函数模版挖掘与推荐方法
	2.1 克隆检测策略
	2.1.1 克隆检测工具与设置
	2.1.2 Type-3克隆检测处理

	2.2 函数模板生成
	2.2.1 片段级克隆代码的聚合策略
	2.2.2 克隆差异分析

	2.3 代码特征提取
	2.3.1 文本特征提取
	2.3.2 结构特征提取
	2.3.3 代码特征对比

	2.4 特征索引构建
	2.5 检索推荐流程
	2.5.1 输入代码片段的特征识别
	2.5.2 基于特征的代码检索
	2.5.2.1 单一特征检索
	2.5.2.2 联合检索

	2.5.3 结果排序


	3 实验分析
	3.1 数据集与评估指标
	3.2 RQ1: 模板分析
	3.3 RQ2: 检索准确性
	3.3.1 消融实验
	3.3.2 准确性实验

	3.4 RQ3: 推荐实用性

	4 用户研究
	4.1 研究设置
	4.2 实验结果
	4.3 有效性威胁

	5 相关工作
	5.1 代码检索工具
	5.2 基于模式的代码补全工具
	5.3 克隆检测器

	6 总　结
	参考文献

