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B E A APIAABXSZEMEEALERIZTAFRE. RAETATY RS L% G A M A (the Extended Branch-Re-
serving Call Graph, EBRCG) #9 API % # 45 X 45 B30 3% 7 ik . WA Java TR A B R A A %3 & .42 A EBRCG % &+ Java %
0975 ke A5 &, £ EBRCG ¥ . BRI B % & T APLE M & 4 .4 3% 6) (¥ if & &) fe BT A V5 3R 48 6) LA 4 £ 3% 4]) . switch-case
S5 538 ERIENF PR E T EBRCG B3 ik R KA APTRAAEX W R A LM, B o, R AR £ fe k569 k2
APTE R AER 09 S AR MAZ B RIT IR, RARFRAARAMG APLA AR G R ABLEH, HBEZS FHHR KR
% %5 TextRank # F# 477 3 A FIH LK, BRBEF.EH5 F A ZFEIR APLRA AKX 69 K A% H, 481k TextRank 7 %
BE A MR APL W9 A A — TR EL F AR FLARRET A5,

KA APTA AKX T R 5 ARG AN B ;KRB %EH;K-Means R £

hESES TP311

Study on Information Enhancement Method of API Structural Pattern Based on EBRCG

ZHONG Linhui' ,ZHU Yanxia"'* , HUANG Qixuan' . QU Qiaogiao' , XIA Zihao' and ZHENG Yi'
1 School of Computer Information Engineering, Jiangxi Normal University, Nanchang 330022, China

2 Tongcheng Teachers College, Tongcheng, Anhui 231400, China

Abstract A method for enhancing API structural pattern information is proposed in response to issues such as lack of structural
information and high redundancy in API call modes. The method is based on the extended branch-reserving call graph(EBRCG) ,
which is used to represent method structural information in Java open source project source code. In the EBRCG, API call state-
ments,branch statements (which treat if statements and all loop statements as branch statements) ., switch-case multi-branch
statements,and exception statements are considered. The EBRCG pruning algorithm is proposed to obtain code structures for
specific API call modes. Additionally,clustering and sorting methods are used to filter multiple code structure information for API
call modes,and representative API call mode code structures are selected. To validate the effectiveness of this method, three sets
of experiments are compared with the TextRank method. The results show that the proposed method can effectively obtain code
structures for API call modes,more accurately describing API usage than the TextRank method. This method has certain research

significance and provides a reference for software developers.

Keywords API invocation pattern, Extended branch-reserving call graph,Code structure, K-Means clustering
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KA APT SCRY, LIS B IF & A BB R0 AS . Hoffman %50 i
aob LA T 6% T AT O R 3 5 APT SCRY . Stylos
LEPOIF & — AL H Jadeite A B T R 5L & SR S 6 4k 1E
iy AP, Subramanian %" HGIAHS B b i) AP T % JF
HHAE 3] APL SCRS . Chen &R I T — ¥ A0 % L )
BUFRB AL BB APT SCRY T g T, BR T LA 1 AR, A SR A5
FHIRWEGE T APT AH G0 SO 3% 3 DL & fff il 3% % . 10 Kim
LI T —Fh 44l eXoaDocs (19T G M APT SC A% 3% 38 7
P ARG REA | 2h3% a3 API XY, Mover 4R H T — Fifs
MR IR 18 R v 4 I AE SR A T I B O vk R T — AR
1) groum JZHE I, I THEIR 2458 B X G 28 B J7 1k 2 [H]
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FEERHE BRSREAT T RS 40 STk [26 1R A J0 18 3
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3 ET EBRCGC B API A A#ERBRBEHER

3.1 HEXEX

EX 1(EBRCG) £ EBRCG Hr, %5 fiJ&— 4 API 1
A — 5y 3B B SR TR — A0 3 — SR 2 0
R B 22 Gy SR A — A3 3 R B AT Y try 3R] L catch
WA inally #4725 5 Z B4 T 5C & (Squential) L 43 32 6
% (Branching) . £ 43 % % & (Multi_Branching) F1 53 & 45 ¥4 5
% (Try_Catch),

A Je4l EBRCG=(N,S,B,M, T) k% EBRCG
BEAT E S H

DN J& API I8 HH o A) | 43 338 R R 43 3 1 A) o Y 43 32
20y OB M 24y 3BT 4 KRR IE R TR try 1A
catch i5A) finally G A A .

DS By X AMES . HP VY n)€S,m €N H
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%M D —5UlH] EBRCG HAMF KR AL LR . E5H
CRBRMBEWAEERG 4 MR, KM 6) — 100 B W
EBRCG 45 iAo —F ¢ RERBI TN F 455,

EX 2(APLAAB MRS 254D 52 BE4F 2 2 A 1Y)
A AP IR AR GG B BT X R KR Z 5
XA H AR AR AB LS LT S,

3.2 EBRCG %5

AN 4 T EBRCG M9 A4 L 6 % T 45 % Java PR
YA J7 ¥ A SCHR AR 3.1 5 X EBRCG Y€ K il Iy Ja-
va ZE 75 1 B R P R ) L AR BRI B9 EBRCG, A= 58 5 4
=37 W
Bk 1 PRM s R B K EBRCG A MU %

A Java 250907 1

i th . 2B B D5 B9 EBRCG

1. stepl s BIE— A~ LU ALY Java 251053 4 AR ZE 0 E G
2. step2:for t do //t T Iy ikt AL B iE )

3. if (¢ f=—4& API i FHiE 4 then

4, BIEEARIC % APL I 25 4 i 4505 L, IR 6 A G
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6. if(t JE— 254 3B AD then
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9. for t A4 X do

10. BIEEBRIC 1% 5 SR A0 48 44 RO 25 5 P A AR G o
1108 BS, 4 345 R Z B4y LR R AfA K G

12, if(t Ji& Switch-case £ 4 % i) then

13. B #4571 4 "Multi_Branching" ) 45 &5 BS,

14, TEAR 45 SR BS, 45 i Z [ @ IRUY 6 &

15. for #A> case 4+ % do

16. BIEEARIC N IZ case 43 LI A4 44 19 25 25 Ba T AR G
17. 5 BS 4 5L A Ba 453 Z W B 2 00 SCR R A B G

18. if(t J& try-catch-finally 5 % 1#47]) then

19. QAR IC R "try_catch" (945 &1 BS, LA B 45 45 finally

20. TEMR S 5 A BS, 25 s 2Z 8] 1 57 5 56 &

21, TEAMR4h A5 R finally 45 s 22 6] 2 5700 56 &

22. for R IEAIH N try Ml catch iB47] do

23, BIEARIC R try BEE IR AR AR G

1137 | 9 58 T Pk R 1E
public void update(String sql,Object ...args){
Connection conn = null;
PreparedStatement ps = null;
try {
I AR TR P oy 3
conn = JDBCUtils.getConnection(); //f1
1/2. 3 4% ¥ sqli& 47, % [E] PreparedStatement #y 52 {5
ps = conn.prepareStatement(sql); //f2
EE & Rug vk
for(int i = 0;i < args.length;i++) {
ps.setObject(i+1, args[i]); /f3
}
/14347
ps.execute(); //f4
jcatch (SQLException e) {
/1478 SQL %
e.printStackTrace();/f5
} catch (Exception e) {
IR B S %
e.printStack Trace();/f5'
Minally {
1155 IR 8 K A
JDBCUtils.closeResource(conn, ps); /f6

(a)Java ZE Py 7 ik

24. ¥ BS A try 85 Z B 50 R RIHARE G

25. BIEPRIC N catch HYZE A, FF K HAGA K G

26. %% BS, Ml catch Z5 AL Z M 5 7 R RHAK G

27, i (e R FHALIE 4D then

28. QbR IC R % 1R ) I 45 8 RS,

29. FERR 25 AR RS, 45 1 2 8] #3756 R

30. for try.catch Ml finally H09 fr 5 APL ¥ FHiE ] .43 184 | case 18
G 8 8530

31. do step2 //¥& ] step2 4b ¥

32. for case iAW BT APL I/ R 1G4 L 43 315 4 L case 1 A) 5
A

33. do step2 //F& M8 step2 AL

34. for 43 3CFA A ATA APL I I8 A L4y 3CTR ) L 2 00 SR A) L S
B A

35. do step2 //#& MR step2 4b B

36. return G

37. end

L)t T — Bt Java JARAS R 75 B 1(b) 45 1
T %IRRT EBRCG.,

Sequential (Multi_Branching

olo

(b) R 5% B4 R i EBRCG

K1 Java FAUISZERYJ7 2 K EBRCG
Fig. 1 EBRCG of a method in a Java source code class
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WP A 43 40 90 APL IR 3 ) 3 il RS2, catch i /) B
A B APLIR A £5 f £57 . finally i /) B b A 35 4
£6 #1 RS3, I3k BF A 15 B H EBRCG % 7=, W K
1(b) Fis
3.3 APLVHAENX MR IBEEM E K

HF Java JEACHSZE A9 77 35 B9 EBRCG(G) 1l B &% K
Z ok AR5 B L A SRR Bl Hop o TR A APLIE A
(L) EBRCG, W5 X5 2K (9 5 ¥ 1) EBRCG #1780 07,
BB RRINT

D ESEX G #4738 5 .
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FEERE f% LAAERE g, .

3) J W7 bR 0 45 55 I 5 77 78 AL 45 15 LB 45 R B AR AE AR
TOAC G IS 25 M I 5 A0 A I A R B A
g s SR T AR SR WA TR 3) X A 4 A5 HEAT 3 T L T B A4
LG hEs R AE R ZATHE g. .

DMNEIRE T H g, FAERE § D> G=len(L)) g, HFTZ R
EEIH I g Z RS BB MG — A5
SLREBIGIHFEN G, .
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EBRCG.
TR 1) iR AT 9 EBRCG, &% A (9 AP i

Sequential

() f1 s f20 f5 XL SR — BTG 1) EBRCG

S 1, 12, 5. MBI R LB B R E R T A%
T APL AR 71, 2, f5 B9 EBRCG, WA 2 iR,

Sequential

(b f1s fos f5 XPRLAYHE A BTG ) EBRCG

Pl 2 #TAE M EBRCG
Fig. 2 Trimming the generated EBRCG

Fei ey APT L0 AY EBRCG, A% 3CR JH 56 e i
D3 0 T v Sk 3 L e ) A 45 SO0 AR B APT 9 AR X
BRI S5

Se ) 5 B 2 # BT AR Y EBRCG, A i 3(e) & 3(d) i

Sequential

() f14 /2 f5 XRLHYEE — A5 1) EBRCG

update( ){
5

try {
conn = JDBCUTtils.getConnection(); /f1
ps = conn.prepareStatement(sql); /{2
9

}catch (?) {
e.printStack Trace():/f5
1

(o) &1 3 Ca) Xof 7 B AR B 45 4

RART SR, B APT i R4S 11,8265 ARAS 454, 76X A
it BR T RE T APTIHEGUE B B R E T 5% AT
MRS BRSO BN T — 2 5550 (5 B TR R iR AT,
AR SCE SO RSn, 72 i I3 Az AT S5 K (T 27" 0

Sequential

(b) f1+ f2 f5 XN 5 A # 35 i) EBRCG

update( ){
2

try {
conn = JDBCUTtils.getConnection(); /f1
ps = conn.prepareStatement(sql); /f2
e

jeatch (?) ¢
e.printStack Trace();/f5'
1

s

D 3Ch) %o 7 19 A8 A 45 4

B3 APTJH AR R AR 254 11

Fig. 3 Code structure generation for API invocation mode
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(3)
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L
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A4 FoR APLIE IR EBRCG ¥ 55 K 96 B N, W85 i
E S SR MAXON, TR 290 45 R8s 1Y 5 KA .
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(5)
Hooh v R EBRCG IR 3845 45 Depth () F R AR 45 5 %)
i v MR KR,

B R AR (AL, A2, A3, A4 AS) KRR APT I T4
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4.2 APl AEAMNRBLEHERE

PRUUE M5 distance VE 9 WF & SR AR IPE FE &
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distance(V,,V,) :éjl | 2, — y: | (6)
Horp Vi HIV, 2 BEREAE 1) 4k o By 23 5V, BTV, 195 0 A
TE,

TEARSCH ) F P K JE 4 8 APL A FH AR X i 105 45 44
A TSR A A REM . WERFESE N K (H k1T
B2, Silhouettte Score™ J& — 7 Fl F 1Tl B HUR 1945 45 5
W H AT K-Means H 2, 5t — K fH T ¥ Silhouettte Score
fEOBR T, ) SR R R R, 4T APT 9 AT U Cio. netty.
buffer. ByteBuf. writeByte, io. netty. buffer. ByteBuf. write-
Bytess,io. netty. buffer. ByteBuf. writeBytes) , 4= i (1) 14 i 45
A 24 A SR BOR S P 25 R sk 1 7,

#£1 EHEmEx
Table 1

Attribute vectors

J& & AR
(27,11,60,6,14),(27,11,60,6,14),(7,1,21,3,4)
(5,0,3,4.2),(27,11,57,6,14),(5,0,3,3,2),(7,1,5,2,4)
(25,10,53,3,14),(27,11,59,6,14),(27,11,59,6,14)
(27,11,59,6,14),(25,10,51,3,14),(21.,8,41,3.12),(9,2,7,4,4)
(25,10,52,3,14),(27,11,61,6,14),(27,11,61,6,14)

(7,1,5,2,4),(21,8,40,3,12),(17,6,29.4,10),(21,8,39,3,12)
(27,11,58,6,14),(25,10,53,3,14),(27,11,59,6,14)

il 1] K-means B3 %00 % S0 5048 5 HEAT IR 28R B & (B

FlM[2.24], AF K {8 T/ Silhouettte Score {HANK 4 Frs.

(50812)
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£

Kl 4 A K {8~ Silhouettte Score

Fig. 4 Silhouettte Score at different K values

24 K Bt 5 #f, Silhouettte Score 4 0. 812, i & Silhou-
ettte Score W) fr KAH . K B 5 BF RGO AE .

EXH K=5, i /i K-Means 3 288 ¥ 5% X 2601
iR AT BA MR IE 4L, 45 R SR 2 T,

2 LY
Table 2

Clustering results
el L R A AR HHREK AR,
(27,11,59.3,6,14) Ry =1(27,11,59,6,14)
(6.67,0.83,4.83,2.83,3.33) R, =(7,1,5,2,4)
(21,8,40,3,12) R;=1(21,8,40,3,12)
(25,10,52.25,3,14) R,=1(25,10,52,3,14)
(17,6,29,4,10) R;=(17,6,29,4,10)

1S

2 2 AT, K-Means A J5 , £ LT 5 45 R, [A] B 3R
it RE T BEN O AR B G R T 1,2,4 1
FHG AR AR AN TE X SE R T O T T A AT 2D
I3 AR SCRE B S vl R B Y AR M AR AR,

4.3 APIHRA#EAHRBEBERHF

J T AR APT 8 AR =i AR 6 5 4 v 35 B d B
AT . A& SR T eXoaRank 5 7 iU %t
REFHBIMR, 45 S AT HEF .

BT & AU Z R — A AR U T — Al A L SR B
mE .

B R, R, R, R, R; ]
R, 0.01 0.03 0.07 0.02
R, 0.01 0.02 0.01 0.02
R; 0.03 0.02 0.05 0.05
R, 0.07 0.01 0.05 0.02

| R; 0.02 0.02 0.05 0.02

1520 # 2z M — (AR PR S % B A T A B
R Ayt PRIAEE 2R, AR SCAR 4 091 — A A (0L A 6L 19 A 17 20 ok W 8
B 0 — AR R EX AL TR R, Ry,
Ry, Ry B — A AR (L 1) 20 A5 75 DL W 18 5 B

b4

5
4
3
2
MENE N
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Table 3 Different API call patterns

4 AR AP /i 4 X
M1 io. netty. buffer. ByteBuf. writeByte,io. netty. buffer. ByteBuf. writeByte.
io. netty. buffer. ByteBuf. writeByte
M2 io. netty. channel. Channel. write
M3 org. springframework. data. neo4j. support. node. Neo4jHelper. cleanDb
M4 org. springframework. data. neo4j. support. NeodjTemplate. createNode, org. springframework. data. neo4j. support.

Neo4jTemplate. createNode
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M5 org. jboss. weld. environment. se. WeldContainer. instance

M6 org. jboss. weld. environment. se. Weld. shutdown

M7 io. netty. channel. MessageEvent. getChannel

MS io. netty. channel. socket. nio. NioServerSocketChannelFactory. (init) ,io. netty. bootstrap. ServerBootstrap. {init) ,
io. netty. bootstrap. ServerBootstrap. setPipelineFactory,io. netty. bootstrap. ServerBootstrap. bind

M9 io. netty. channel. ChannelFuture. awaitUninterruptibly

M10 org. springframework. data. neo4j. support. Neo4jTemplate. createNode

Mi11 org. jboss. weld. context. bound. BoundConversationContext. deactivate
org. jboss. weld. context. bound. BoundRequestContext. invalidate,

M12 org. jboss. weld. context. bound. BoundRequestContext. deactivate.
org. jboss. weld. context. bound. BoundRequestContext. dissociate

M13 org. jboss. weld. context. http. HttpConversationContext. activate

Mi14 io. netty. channel. ChannelHandlerContext. getChannel

M15 io. netty. buffer. ChannelBuffer. writelnt
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Table 4 Comparison of completeness of code structure in API F5 AT Java JACTD o X7 B AR B9 5 L
invocation mode between our method and TextRank method HEABL B 1L A
API KX F & TextRank Table 5 Comparison of semantic similarity between our method
R B P 7k P and the corresponding method body in Java source code
M1 1.00 0.00 N N
APT i A # K RLERES AW E
M2 1.00 0.00
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M4 1.00 1.00
M3 1.29 0.16
M5 1.00 0.00
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M8 1.00 0.17
M7 1.28 0.17
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M10 1.00 0. 40
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Mi11 1.00 0.00
MI10 1. 39 0.04
Mi2 1. 00 0.00
Mil1 1. 36 0.07
M13 1.00 0.00
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M14 1.00 0. 10
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M15 1.00 0. 00
M14 1.33 0.11
S e XY L5 A BT AL 7 ik L2 0.2
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Table 6 Comparison of semantic similarity between TextRank

FEREE R § g E § § g method and the corresponding method body in Java source code
] APT ¥ i # R MILEREE MM E
APLH LA M1 0.25 0.97
M2 1.05 0.45
—@— TextRank#F % ik AXHRF & M3 1.38 0. 04
M4 1.24 0.23
BT M b e 089 0ot
Fig. 7 Analysis of comparison results of completeness M6 018 088
M7 0.58 0.83
H &L 7 (3 BT 25 S AT AR SO g O AR B APT I M8 1.17 0.32
R A 254, APT 8 B0 P 5 A S8 86 P 1,1 Tex- L 1.05 0. 44
tRank J7 775 50 i AT 25 Ha IF40 55 19 AP I8 FHBER R 91 19 5 o b 0z
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W 25
%l‘i&'ﬂ;&c Mi2 0.53 0. 86
5.2.2 RQ2 ¥ B3k Fe 547 M13 0.99 0.51
S TR A SO A LY APT A 04 AR 25 4 | Tex- Ml4 1.33 0.11
tRank 77 75 Az A RS 45 4 43 53 5 U5 A0S o xd Bz iy T 12k 1 E M5 0.76 0.7
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Fig. 8  Analysis of comparison results of semantic similarity
5.2.3 RQ3 # 3iE e 5 A7
XA B, T A SCHESE )7 % R TextRank

REAME

J7 VA L X T AP TS 69 1% 05 B 25 6 0 A Sakiatiebbbe b EELEL
W7 R L2 5 M T A BT B (F, (CL, AP
C2,+.Cn}E} ,JFRRFTEL .KRIANER 1.Cn BRI —@— TextRank ¥ KX

B 20 SR A L B APT IR TR ) 45 i B i E R OR S+
BTG B R, AR SCAE S5 Pl 25 6 g 2R R
F :{“method_name’ : BRIA{E N 1, { ¢ condition_count’ : 5 1
15 A8, € switch_count’ : switch-case 1 8] 19 4~ %4, “ for
count”’ : for 1 4] {9 4~ %0, € while_count” : while i 4] 1) 4~ %,

‘do_while_count’ : do_ while i &) ) 4~ %%, ¢ api_call_count’ ;

Ca) W i 7 2% 19 38 SCAR R

=
S
S

=}

RILERE R
i) |

b,

>

4

y

API & FH & &) 19 %5 B}, € exception _ count’ ; & 1% 4] 1) APIH A 5%
. —@— TextRank /i AKX F
Pl M1—M15 45 15 Fb i FAE 078 A 1R 05 v R A2 A
AR 25 g A g 0 3% % 5 Ak O ) T 0 R AR 45 40 19 25 g (I P BTy HONK I
BRHEAT HA . I AR BRAR B B A R RO L LA BE R AR AN P9 BEAAR PR XS A5 R 5
3 HAEGEM PR, 4R 7 i, Fig. 9 Analysis of comparison results of structural similarity

230900121-8



MO .25 3T EBRCG 9 AP 25 #9851 20(3 B 3888 )7 1 iF 5%

AP 9 W 7E APT 98 A XA 8] 041 00 L R AT 451
AR LR R Z5 SR a0 R D AE 5256 P, 60 %6 9 APT 98 FH 5 =X
FEAR SCIT AR A B AT 45 by 5 AR X I 7 32 k1 RR UL L
PRI Bt A TextRank J5 2 F 2B 1 09 A48 25 44 55 08 A 8 5 i
Ty g A B RROTL BLAS B B /N 52) 60 % B APT 38 JH AR R A8 A 3007
TR AR A AR G5 A 5 TR A e Iy i A 1 A SR AR BLBE HE A
TextRank J7 8 T Az B A A% 1% 45 A4 5 5 A0 X 57 7 25 44 19 4%
SEAHLEE R,

SEEU Il VO SRS 1 5 {77 S o VT I ST N s 2 S £ 11
) APT ] 1 A5 2 i A B 25 4 72 1 AR LT B AR T Tex-
tRank J7 1 T A B X RD 25 44, {0072 56 %8 1R R0 25 A0 A
AT TextRank J7 ik T A UG E54 .

GERIE A SCERL3T M Al LR T AP A
HEILEH (S A B T —Fh APT 38 182 0 1055 25 7 15 B 14
BT IR 2 RS S B 15 5 F R K-Means 328 535 %)
APT VIR 1 RS 25 44 6 47 0 1 . 48 = T R sk . 1
SEE AR T AR SO 5 TextRank J7 13 A 1 1 AC R 45 44) 14
SERETE TR ORI B2 B AN S5 R A AL L 25 SRR A SO Ik A
. AR S BLE T EAE 2 A T5 1 BEAT B0 LR 1 At )
PEIEAT S0 3G 0 S X g YR B Y S AR O AT
S ITIEX I,

2 % x W

[1] DE ROOVER C,LAMMEL R,PEK E.Multi-dimensional ex-
ploration of api usage[ C]// 2013 21st International Conference
on Program Comprehension(ICPC). IEEE,2013.:152-161.

[2] LIZ.WU J Z.,LI M S. Study on Key Issues in API Usage[]].
Journal of Software,2018.29(6):1716-1738.

[3] KO AJ.MYERSB A,AUNG H H. Six learning barriers in end-
user programming systems[ C]// 2004 IEEE Symposium on Vi-
sual Languages-Human Centric Computing. IEEE, 2004 199-
206.

[4] PARNASD L,MADEY J,IGLEWSKIM. Precise documentation
of well-structured programs[ ] ]. IEEE Transactions on Software
Engineering,1994,20(12) :948-976.

[5] ROBILLARD M P, DELINE R. A field study of API learning
obstacles[ J ]. Empirical Software Engineering, 2011, 16 703-
732.

[6] LAZAR D.CHEN H,WANG X.et al. Why does cryptographic
software fail? A case study and open problems[ C]// Proceedings
of 5th Asia-Pacific Workshop on Systems. 2014 :1-7.

[7] EGELE M,BRUMLEY D,FRATANTONIO Y,et al. An em-
pirical study of cryptographic misuse in android applications
[C]// Proceedings of the 2013 ACM SIGSAC conference on
Computer & communications security. 2013:73-84.

[8] GEORGIEV M,IYENGAR S.JANA S,et al. The most danger-
ous code in the world: validating SSL certificates in non-browser
software[ C] // Proceedings of the 2012 ACM Conference on
Computer and Communications Security. 2012:38-49.

[9] FAHL S.HARBACH M,PERLH,et al. Rethinking SSL devel-
opment in an appified world[ C]// Proceedings of the 2013 ACM
SIGSAC Conference on Computer & Communications Security.

2013:49-60.

[10]

[11]

[12]

[13]

[14]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

230900121-9

ROBILLARD M P,BODDEN E,KAWRYKOWD,et al. Auto-
mated API property inference techniques[ ] ]. IEEE Transactions
on Software Engineering,2012,39(5) :613-637.

NIU H,KEIVANLOO I,ZOU Y. API usage pattern recommen-
dation for software development[ J]. Journal of Systems and
Software,2017,129:127-139.

WANG J,DANG Y,ZHANG H,et al. Mining succinct and
high-coverage API usage patterns {rom source code[ C]// 2013
10th Working Conference on Mining Software Repositories
(MSR). IEEE.2013:319-328.

ZHONG H,XIE T,ZHANG L, et al. MAPO: Mining and rec-
ommending API usage patterns[ C]//23rd European Conference
(ECOOP 2009). Genoa, Italy, Springer Berlin Heidelberg,2009
318-343.

FOWKES J,SUTTON C. Parameter-free probabilistic API mi-
ning across GitHub[ CJ // Proceedings of the 2016 24th ACM
SIGSOFT International Symposium on Foundations of Software
Engineering. 2016 :254-265.

ACHARYA M,XIE T,PEI]J,et al. Mining API patterns as par-
tial orders from source code:from usage scenarios to specifica-
tions[ C] // Proceedings of the the 6th Joint Meeting of the Euro-
pean Software Engineering Conference and the ACM SIGSOFT
Symposium on The Foundations of Software Engineering. 2007 ;
25-34.

ZHAO W,ZHANG L, LIU Y,et al. SNIAFL: towards a static
non-interactive approach to feature location[ CJ] // International
Conference of Software Engineering. ICSE,2004.

TREUDE C,ROBILLARD M P. Augmenting API documenta-
tion with insights from stack overflow[ C] // Proceedings of the
38th International Conference on Software Engineering. 2016
392-403.

WU Y C,MAR L W,JIAUH C. Codocent: Support API usage
with code example and API documentation[ C]// 2010 Fifth In-
ternational Conference on Software Engineering Advances.
IEEE,.2010:135-140.

HOFFMAN D,STROOPER P. API documentation with execut-
able examples [ J]. Journal of Systems and Software, 2003,
66(2):143-156.

STYLOS J,FAULRING A,YANG Z,et al. Improving API do-
cumentation using API usage information[ C]// 2009 IEEE Sym-
posium on Visual Languages and Human-Centric Computing
(VL/HCC). IEEE,2009:119-126.

SUBRAMANIAN S,INOZEMTSEVA L,HOLMES R. Live
API documentation[ C] // Proceedings of the 36th International
Conference on Software Engineering. 2014 :643-652.

CHEN C,ZHANG K. Who asked what:Integrating crowd-
sourced fags into api documentation[ C] // Companion Proceed-
ings of the 36th International Conference on Software Engineer-
ing. 2014 :456-459.

KIM J, LEE S, HWANGS W, et al. Enriching documents with
examples: A corpus mining approach[ J]. ACM Transactions on
Information Systems(TOIS),2013,31(1):1-27.

MOVER S,SANKARANARAYANAN S,OLSENR B P,et al.

Mining framework usage graphs from app corpora[ CJ]// 2018



Com puter Science

HEHESY  Vol.51,No. 11A,Nov. 2024

[26]

[27]

(28]

[29]

[30]

IEEE 25th International Conference on Software Analysis, Evo-
lution and Reengineering(SANER). IEEE,2018.:277-289.
ZHANG J,JIANG H.REN Z,et al. Enriching API documenta-
tion with code samples and usage scenarios from crowd know-
ledge[ J ]. IEEE Transactions on Software Engineering, 2019,
47(6) :1299-1314.

FENG X,YANG Q H. The Collaborative Filtering Algorithm
for Information Enhancement Combined with Knowledge Graph
[J]. Journal of Jiangxi Normal University: Natural Science Edi-
tion,2022,46(4) :386-393. (in Chinese)

THHE B BRAL. 25 A FR RS HEAT 15 B 5R AL iy P IR] i a3 [ .
TLVGIN K 24 22 4R CR AR B2 D 2022,46(4) £ 386-393.
HARTIGAN J A.WONGM A. Algorithm AS 136:A k-means
clustering algorithm[ J]. Journal of the Royal Statistical Society.
Series C(Applied Statistics),1979,28(1) :100-108.
SALVADOR S,CHAN P. Determining the number of clusters/
segments in hierarchical clustering/segmentation algorithms
[C]//16th IEEE International Conference on Tools with Artifi-
cial Intelligence. IEEE.2004:576-584.

ROUSSEEUW P J. Silhouettes:a graphical aid to the interpreta-
tion and validation of cluster analysis[J]. Journal of Computa-
tional and Applied Mathematics,1987,20:53-65.

KIM J, LEE S, HWANGS W, et al. Enriching documents with

[31]

230900121-10

examples: A corpus mining approach[ J]. ACM Transactions on
Information Systems(TOIS),2013,31(1):1-27.

ZHONG L H.QIJ,YE H T.et al. The Study on the Method for
Matching the Software Evolutionary Style Based on Multi-Di-
mensional Evolutionary Tree[]J]. Journal of Jiangxi Normal Uni-

versity: Natural Science Edition, 2021, 45 (1):55-59. (in Chi-

nese)

BHOVE TS L I L S 3 T 20 T 4 VR AR AR I o f R XA
VEEJ5 ¥ WF 58 [ ). VL V6 ¥ K 22 22 4 CA SR B2 D , 2021,
45(1) :55-59.

ZHONG Linhui,born in 1974, Ph.D, as-
sociate professor,is a member of CCF
(No. 09772M). His main research in-
terests include software architecture,

software evolution.and maintenance.

ZHENG Yi, born in 1974, master. His
main research interests include computer
system architecture and the develop-
ment of software and hardware plat-

forms for embedded systems.



