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Code Function Mining Tool Based on Topic Medeling Technology
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Abstract Code reuse is an important way of software reuse. Software engineers need to understand the code functions
before they reuse the code. A Code Function Mining (CFM) method based on static code analysis and LDA technologies
was proposed. CFM method is a code-oriented method for mining, filtering, organizing and describing topics. The output
of CFM method is a hierarchy structure of functional topics with descriptions. Topic descriptions can help better learn
code functions and the hierarchy structure can help better understand code functions from different abstraction levels.
CFM method can be used as a supplement of traditional methods based on topic modeling technology to make up for the
lack of semantic analysis of topics, CFM method includes four parts: Topic Mining, Topic Filtering, Topic Organizing,
Topic Describing, A CFM tool based on CFM method can automatically analyze code and show the function topic hierar-
chy to users through Web page. To verify the validity of CFM method, the experimental analysis was also presented on
several key algorithms in it,

Keywords Software code, Static code analysis, LDA,Code function mining

Vol. 41 No. ¢

1 5§

RUERRTERHFRTBABERFINMRITR. &
SRR, TURBRGFROBEMREY . KEEHA
FRESRFRERMSIBER, AXEERRNBE AT
KGR

EREEHATAEERZE, BT EEBRABE
BATIRE . B AT B A RO A RS EAR SR SO B 7 =

FIF B 48.2013-12-25 R4 H #A: 2014-01-16

RIBMINEE. BAXMERH WA REER BREM TRE
BRUESRL, FARSC SO AR Bk AR R A (B R . SORM fik
KRB LR KRR, #5 HR TR, BEE SR T R 0T ik
HYRAT  REH AT B S TEM MR . SRR 1 A
WRAT ZAMEIRE . BT A, T84 SR B v LR SC
M ARSSBEEAEEABEANIRPHARE. 3T
B AR E R, FHit, HiRREEEH
ERBHAAEIRNERERZ —. AMRBHPETTR

AXZEEEHATE LRI R (863 H21) (2012AA01A403), B K B R A% H 4 (611
21063), M &K B S BB A 21973 321 (2009CB320703) ¥E ih

S£E/H B4, EEWRSY M4 THE, Email: huazbl989@126. com; T  #  B, W +4, FEHRF ENKE TR AAERSE; RS
2L, BIEER, ERMR T ARG TR AR TR RS ITES B8 &, 8L, B8R, TERR ARG TESKGEHERSE;
Bk B4 S8 TERAFRIRETIR BRAFESE B B 8L IERR ARG TR FEWEE.

0520



ENRBERATHEL, EAERERKESEWALHRS
ST B (BRI AT ERIR AT AR E R LT
k.

TELAE, 2 F M E M (Topic Modeling) A #7827 3
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Public Boolean isMorning(int hours,int minuts,int seconds) {
If (! isDate(hours, minutes, seconds))
throw Exception("Invalid input:not a time value. ") ;
return hours <C 12 & & minutes << 60 & & seconds <C 60;
}
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len; FRICHY d; A E W BN wi,, B S0R ¢ PSS A
BiE, AXWEWHRE, £18 TR T 8978 T WA Topic B9
BT, SCRY A0 B Y BRI Y A L BE 2R Topic 5 3CHY
B BEAE R A Topic HiZ HLiRK CBRBER KR, U HE—
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L BRFTin{a LA L5 8 it B9 Topic. :

David M. Blei % A #8178 LDA #8 , £% -~ Topic B
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AU Java 1B F MRS CELEE RS B R A B
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RIESHEBETHEYIMRX, N T2 8 FEZRERAD
TIRERY Topic, FFEXRDHIT HIALHE , e LA A 8 AR R
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B B AR5 3 HH 9 Topic, B A$E X £ Topic AR
B B RE ., CFM gl i F X B = B {E
R A E Topic S RBMTER . £ Topic &1 3 HB|A
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erre F. Baldi 25 A3 LR BHEAIES 2T .

)91

REPH—-ETEGREESEFLANREANEAT
., 0 “IndexReader” 22 i “ Index” F1“ Reader” 4H A% #J » “In-
dexWriter” J&  “Index” #1“ Writer” 20 LAY . A0SR ARt ix #0
# BiA1)1d], “IndexReader” #1“IndexWriter” #E LDA & ik
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CFM I LN E S K E FRYIS— 1818, )20 “ UserD-
A"V R “User” #1“DAO”,
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. CFM J7ikig s a0 B iR 4 S AR — B3R, im A
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FLE B, Count (W) F2 75 BT “W, " FE ARG o H B B9 IR 5
% PWy W) KT R—RES (CFM iz B E N
0.5),“W, W, ” Bia] 4 & W L AE — AN S1H]

33t g

R BE G AL 2 )G, CFM J5 50 W% 0% B i) 25
T2k (a)id I Java I T W8T, ] 40 “import”,
“class” . “public”Z %8 F, (b EEELREESFFEL
B2 AL, 0 “the” [ “a” | “set” “get”Z B4R, (c)idiE Java i
BEWANEEMEOL, Java iBF ® LM DR E
JDK 8% JRE & rt. jar B java. lang H & F, %0 “String”,
“Math” ,“System” %,

4 1EARAL

BB SERE T E X MR AT AR, DL s iR g T
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AR BE Ry CEM 5 84548 th B9 Topic BURIF T4
BE RAR LU B BR B4 5 145 48 Y B Topic BIZUR .
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JGibbLDAY 22— T LDA FEM IR B , & IT
PRI B A Gibbs B i BLEAR K © 1 &, CFM 5%
XF LDA AW LEREHT W B WA, E#fT
LDA BREEZAT. FERE LB H, 10 « ¥HRE. S WA
B R P S A Topic B, AHEAMRBELERE
B, XY o BIIRIE BN 50/ K (K RE 5 Topic BB .S VIHh
B0 0. 1 &F, LDA B 8458 th 89 Topic KIZCR BN . #
B SRIE T SO AT MARES T B A S IR B B 0 i IR B
A BER. A 4 A FERUE S TR 0 i 51415 B
B # 4T T 5L 88 : APT_Example, TSR, CoWS # Lucene,
AT 3 N0 B b db s R R TR B BT B B BT IR /N
TP R B H , LuceneCore 2 Lucene 3 H B0 3B 4
Lucene” 22—~ & F apache” G- E LS LM EHE , ELH
AR ARITHHFRESCHRIIETREAS., TERA KR
WHL A 1000 F1 2000, LDA BT E B 1 U R UK B 2
IR, BARHE CFM Jrikd, LDA Bikxt @ #1 @ it
BB 1000,

KT a2 Topic B BIBMMMBR TR, XX S%E
T Girish £ AR THEM . ZEMAT9% 8 B Topic BB T
&, 5%t Topic XEM 1 8] N #4730 DT L8, ARG B8 5T
HICRHEMRER KSR ENBESEREN. I TREREX
AR 1+ G—1) * Step(i=1,2,-,Step=15) 7 X
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B REE R BT IR A B AE Topic BN 1. AXFEEHE
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LDA Bk ry% AU 5248 H 8 Topic, 3B 51X
Topic HURESZ B FSCBRBERIERE . FERIEREH , B Topic
MBS — N KRB R, X T E MU Hm
T E5 A Topic MRBERZFR 1, BIEFERBE S
5Er Topic REXRE — 2, Topic # % &~ TopicNum, A
4, ZAS B T H PR —A~ Topic MBEFR R % K 1/ Topic-
Num, #43CH 1/ TopicNum 24 Topic £ & A% 34 1Y H
B. HRBEIHE Topic Z (81 KRB R K T X R E, 37
LS 5 Topic FXER EFBRER T —RIBNR.
3.3 %% Topic

/9 LDA HARIZHE HH A & R8BI Topic 41, RAINEE
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(AR BB AR R . /N H 5657 Topic 548
BINERMBE SR RS AT T RE BY Topic FIH 258! Topic &
FHRBZREB X R EHEREN XS], 34 B ik Topich
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3.3.1 Topic EREI I A

E [ ES A LDA H AR #2548 i #Y Topic X —Hif X%
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i MR LR — TR AR Z B A EE IR X R, F—
TIRE T MARBEFE TS

DITErd AR 58 B R — 2 aE A — A T
Efwg B E ML,

DBFEMEAY . AR - EMBZELARE
XF. B, e ClassA F—1 ClassB XF R B, B4 2
ClassA & FE— AN E B “ClassB b7, WIS SCAR A F
B BB AAE ClassB”,

Fl—Tie FRBE— R AT RS BT —13)
BEXF R BACHS A o] RE 4 LDA $i AR B 2l [§— 4~ Topic F. {f
Fi LDA $R #2488 H Topic ZJ& » R EMER A GEMIIREEE R
B EA L E K Topic, &G SR EE - gIh6e
T S EREE/ N Topic, F B STIREE & RBEEE VE
¥#Y Topic,
3.3.2 ATRBEMARSWHEEF X

[&]—A~ Topic 418 B9 CHS B 3 R 19 & AN 2R a8 1 22 8] |]
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BEX R E® WA BB RME, TR —TheE T &M RN
ZEZRREEN. HABPHENRIFEAOZEHRER
FERE E—ERE L LUK BH Topic 27 K ZhEER! Topic.
AR SOHE K O 2 ] AR R AR ORISR RS Z R
BRI R .

EF A LDA AR Topic Z /&, CFM J7 Sk H RIR
BESIPTEAR, ¥R — Topic TR BIMKHEER, HE
BRIBXREREER Topic, CFM FEMU—MEFRBEER
BEFEBEMTER T ERER Topic @ FMEREOZM
REWBE .

RALEE — -1 EIE-F 0 REK THE 4 #r,
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DHERA MR AFH—AFTEPEAMATEBHF
®o2UE AMEBEBAREERR.
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Topic & RBEOMHPE. CFM FRFENXREFTRE
BEN:.T=0.8 » [2RHRBXREFEEE]. ABXR
BEHERERTZBEER Topic A —II8EE Topic,

3.4 4% Topic

BUWAREME A& E B E BRI RB e T
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THHERBE D 1 RERHAR Topic,
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T Topic 5 EMUERFHIMR Topic B&. LIREE
R, BEEIB R KR Topic BB AR KT8 E # Topic B WRFE /)
gy, BEE L,

EiE 1 A Topic ME L, EHRERAL LM
reduceRate = 5B #11E/R Topic FRYH/NRIEEL
topicNum = ¥ H¥&fE Topic $&;
rootTopicList = LDA(topicNum) ;
while topicNum>>reduceRate) {

topicNum = topicNum / reduceRate;

newTopicList = LDA(topicNum) ;

for(each topic in rootTopicList) {

for(each newTopic in newTopicList) {
% topic fl newTopic MIAH{LEE ;
}
fatherTopic = newTopicList {5 topic HH{LE B EH topic;



fatherTopic, childTopicl.ist. add(topic) ;
}

root TopicList = newTopicList;

B Topic MU SCHHA KB, Bk, 81
Topic H— MR FREXMGHRBEERME, A XUMERT
IR ] B I A E‘J??Z{Eﬂf?ﬂﬂﬁ/\ Topic fALE, ITHE L
HRAKG):

SimilaritYipica,wopice =

EJPMJ * Piopics a
V 24P wpica.d * Pupicad * ' 24P wpics.a * Puopich,d
H:h, topica il topichb 3B E M a 5 F b; Popica.« FUFE
Topica SR d HIRBRER . ZAECUEREBET UA
BB E R I 2 K Topic fE R FIERM UM B MR EK
Topic H1#)F Topic,
3.5 #4iR Topic

IhHRERY Topic K ELE LR, A5 B EM. AL H kR
H T —FhThEE R Topic AY1E XA (Code Topic Descrip-
tion Model, CTDM) , CFM i3 T iz R R 5 sh i AR
R REL(E Bk ik Topic.

3.5.1 —HBRMFKB A Topic #9451 RH

WP RE Topic M7 B Z 7T, 5 B B Soif 2 B URS
TRER! Topic MFERBIAL, A CTDM A 6 Fis.
CTDM BEH TR D UBIREMHATIRE. KIEEE
NTHEE, /DIIBEE S /N ITIEE. DX THRRFEEN I FE
BEATRER  SCFHERR L OB EEE O TR

X?&ﬁ S
ﬁ B
i opxc Topxc Top|c
BS Bﬁ

& 6 CTDM R

3.5.2 #% Topic #4#%i%

R LI A CTDM, UM A #ED .,
Fimfl 3 A~ FEFEE Topic WA,

ERHERBH, BEETXFEFERAN TERER.
CFM F i HahAE CF MR F RN EE BB ERRA T
Y141 S8 5 X X B ) F i T TR HE T A HE R B A FAE R
Topic M EHERR . RHHEAFE Topic M KRG £
B , o0 B4R X el F RO 4. MAUERNERME N
i) B (B AR A o ) e A AR SKAE .

—A~ Topic HEIBLEBRE D, — B S PE Topic T
ZHHERBEOERE. BIRBEBRSSTEAR, TLEE
A REEE O Z AR R . A SCRBUINTF K #g Xt Topic
P HRBE D HEOBRETES

DR800 #ix Topic T RYFE R DR, 3R
BT O WHAEO 1.

2) AR A VL T 2 B O kR /S T, AR AT R
B2 VR R B AR B O B - SR T R R O AORRER * 0. 5,

(5

3) BRI L BRI S Ho AR BE VST

ASCRARYE bR SRR 1B 4 ET 10 BB 0L 1E
1 Topic MIBLLEEEEN

— Bk, M ORBEN S5 ENERERE, RS
BEE, A0k HAE N AR G5 Bk, RE T RS XT
Topic T MM FIEFITIES

DR ZFEFA S, BB A B0 83O, T8
LETT B RS N BB N - S HOT R B D AR 4.

DWMRZE T EARERR, LR FEHRBAZOHESED,
ARAZTT R AR A B R - O B D AR 4.

DWREFTEHRIMERFN, HREERMER A
DB D IRAR T ENE S IE D  RERER A
POPE 2 Jul: LY

HMPZFERNTBHRTPEFERAM, BrERAN R
HH BRECN B O IR AT RS I E s .
Ji 8 F Bt B2 L 154

A SUKARYE LIRSS T AR BT 10 MO E IR
Topic {# F/R .

i FRBEERRRYE, 83 bMBCRER A —E 3.
Fit, A e gl CFM TEEBRME T -/ AN TR TR,
ik PRI L EE Topic BIHER .

4 SREEERSHW

AN AEL T BRI RBERAETER TSI
W DA T i3 0 A S0 T B 78 3 I 3 RHTE L.
4.1 47 LDA AWK B HHBEYR

LDA R BB5H 18 X AHT /9 2L [7) L B[R] — Zh BB 59 A48
BEIER—4 Topic F, XRAEX TAENBEIBERM, &R307
T 40 LA TEIE : LuceneCore f& Lucene T B #4078
SRS A, A SO Z B TR 3 4~F H R “analysis”  “in-
dex”,“search” T Ay {475 32 B i 3, f A LDA HR MIX 26,
5 4548 Topic. LuceneCore BE— AR AHEMF HREES
ETHA, EEDREI ST EEEN, MEREER
#) Topic ¥t H X 3 BF, %% 3 I H FHABi#IT LDA LK,
AT Topic 5 H B ——X B % 2, Wi LDA #£3## H
) Topic FBRREE R BLARRS H DIRE .

# 1 Topic“term field doc” XERMERHEF

KA X R4 5 Topic th X B E
Lucene2\ index\ SegmentReader, java 0. 9942
Lucene?\ index\ IndexWriter. java 0. 9931
Lucene?\ index\MultiReader. java 0.9919
Lucene2\ index\ IndexReader. java 0. 9911
Lucene2\ index\ DocumentsWriter. java 0, 9908
Lucene2\index\SegmentCoreReaders. java 0. 9903
Lucene2\ index\ ConcurrentMergeScheduler, java 0. 9887
Lucene2\ index\ IndexFileDeleter, java 0. 9887
Lucene2\index\IndexWriterConfig. java 0. 9881
Lucene2\index\ TermVectorsTermsWriter, java 0. 9873

F 10 H LDA HR=#HAE P 1 A Topic LR,
LIRS, B A, 85 25 Az AR 3L
145 Topic §FEBRMETR , 8 B R BX MR X 45 e PR RS . 58
L EA DL E I, 5 Topic“term field doc” 368k E /L

« 57 o



TSI HHERTE index BT AP ANEER K, 5 Topic“doc
reader field” 35k & B RIS {4 %875 search B® T, 5 Top-
ic“term offset token” %2 BE B G FL LR 7E analysis B #
To EL XU, LDA MR AR ATRE, BN
BT lucene BIFF & A B XTSI ThEEELH R 43

A LI R AT DL & B, Topic WA FHARZIEAE
BEASNRBLIMIIEE. Bl “doc reader field”3 4~1d)
PRI EIEABEFRBLIANIIERE index,
4.2 5 ¥t Topic MR BEFTERERENNR

anfar R 8 Topic MBS HME S TR SR, %
BRLA3E W BB AR A A TR % RV R 1 DG, CFML J 1858 Y
& 1/TopicNum, inR ARG 5 Topic B KCBRBEHE K T X R E,
IR2HZ R BE VY Topic 85 . 5L LuceneCore B 3 4~
F H R SE B BE , A 1% R 8 B TS B 7 i B R 1T
SLESHT, HGeit g5 R 0k 2 Frdl.

# 2 Topic UBAILEKLRER
Topicxf KBFEFE BFARE FRFMELE

RHE  FEE

Rahik TR XHH RMXHH ROXHH
Index 145 134 11 92.4%  92.4%
Search 140 121 11 91.7% 86.4%
Analysis 74 74 32 69.8%  100%

HRHE(Lucene in Action)— 5 BIN28, index 1 search [
R ST BT BE , BOX PR ER B ERR B B BT L A
¥ 3 1 analysis FSE /R index Fll search BRI IR 5519
B=EER, ZERE L 5N, Fit, B index
F search B FF AIUHE 304 98 B8 4 2 X T analysis £
Topic T, #id LDA Jr & #2548 t B analysis #5689 topic #E
WRBAHAMWE I AR, BEBEFRKXH T 100%, 4R
SHEAER
4.3 SHRBXEETREERAENUR

TIHERY Topic FIH B A A Topic ML, KA & HHALH
ZRIBAE BN EREOCR ., AN H ARG
REFREER I EHETARMERIE.

ALK Lucene 3 ~F B RHEE 30 4 Topic, ¥ ix 30 4>
Topic UG % R EFREHITZRMT B HE 3 4554,

# 3 Lucene30 4> Topic FAIIX R EFRE LI

2 BR% &K Topic &/ Topic . - .
XEEX REx % KA = % th Fﬁ:{iﬁ ! 1‘%011:2‘651‘(#J
2E FERE  EERE P
5.01 7.47 2.91 6 24

LA T AR B AR “queri weight reader” Fl1 3 £ “ version
array match” 43561 & BB S, N AT LL & BR, Topic
“queri weight reader” & & HIF— B R F AR HHE LT
Topic*version array match”, RI{#H Topic*queri weight read-
e R ThEEN ., BL L X FEREAREEMEEREAR
ERBTHWHENEAINEE. ACHEAE Topic #1741 /E
B ASCRHEM Topic RVBXRREFREEE VBT UE
R bR Wt i Topic &7 A IIARER! Topic,

4.4 SHETFHOEITHEA Topic BXEAKR

AL A LI EE v A LDA RS8R RH &

EREY Topic: 43512 3 1B Z W E B Topic # 30 MMl%
. 58 .

BWAKH Topic, A5LHHE T MR E MR IZ K Topic 5KH#
FRZ K Topic Z[AKAE KR, Kk CFM J5 i+ #) Topic 48
U E % Topic BIRGHMESKENE.

7% 4 24 Lucene BY index T BB % i B9 B #i 22 2 ¥ Topic
“term field doc” %1 30 MEH R E IR Topic AHUE I E(E.
A ] LR 2, index T REXT R 4 R 52 B K 19 Topic 5
RS E KA Topic ZAIMM U TR SRR S T L
PRI A48 5 LI U6 BA A 3L F Topic MMRUEITE B
RHA R .

F 4 TFEHRER Topic z MALUE R EL
5 % Bk Topic

13 £ 2 K Topic “term field doc” 48 il & FIRREHRR
field doc thread 0.594015318 index
field info index 0. 501280038 index

segment info directori 0. 493021104 index
term doc reader 0. 452532788 index
skip freq pointer 0. 439773049 index
index commit directori 0. 438439119 index
term prefix differ 0. 436289372 index or search
document doc buffer 0, 417881054 index
merg segment info 0. 406227614 index
term vector offset 0. 36511486 index
reader index processor 0. 33527115 index or search

0. 293949897
0. 280231937
0. 250928697
0. 246849769

index ref searcher search or index

posit post array search or index
iterqueri doc index or search

extens read reset analysis or index

4.5 SHFHRE Topic X F IR KR

8B CFM ik, LR RBUAY KT Lucene ) index I 68
N search SIEERY CEMERRINT

Index— “IndexReader is an abstract class, providing an
interface for accessing an index. ”

search—“Expert;a FieldComparator compares hits so as
to determine their sort order when collecting the top results
with -LCB - @link TopFieldCollector -RCB -. ”

RS EMRTE—ERE LB T ThakiE L H R
WA B ME LRR E AR, W EBS G HF
HR M R — R RE L EMIIETIRE . X ERAFE—
ERE LA B P AR Topic XTRL M TIEE, (HANR & LUK T
BRFRERE, XERTERNERSHNRMMENE. XFH
R B BCRB RS T RN R,

4.6 4rHFIREX Topic #ZOJEa O MR

{ Lucene in Action)—F/-48#Y indexing TIRERIIZ (K8
¥% : IndexWriter, Directory, Analyzer, Document . Field; 4458 #
searching Zf 68 i #% .0 25 42 #E ; IndexSearcher, Term, Query.
TermQuery, Hits, CFM J53: LUK #1309 AN JE /R R 25 s
BROEERENE RIS . ATHXZT BB RHETH
.

A HEF E BRI R -

XFRLT Index HIRERY Topic 1843 HEZ BT 10 WS EldE N .
Field, Directory, FieldInfo Document. IndexInput, Lock, Seg-
mentInfo, IndexReader. Token, FieldInfos; Xt if F Search ThfE
] Topic 184 HE & By 10 Ay 25803 O Term, Query. Scorer



Collector, Weight, Filter ,Cache,Searcher, Similarity . Entry,

¢ Lucene in Action)/\ B 10 Nkh , A HEn] DLHEE
HBRIAAE 5 1. BbHh IndexSearcher 47K F Searcher, Ter-
mQuery #k7& F Query, Analyzer J& T Xt F Analysis ZHRER)
Topic,

ARSI R B AR SO R T AR B KR A 036
BREQ,RERSHERMERERED.
4.7 SHREX Topic 75 iETRHIMRIR

{Lucene in Action )-8 H)— index ThEE &Y 778 7 B 10
THR:
protected void addDocuments(Directory dir) throws IOException {
IndexWriter writer = new IndexWriter(dir,getAnalyzer(),true);
writer, setUseCompoundFile(isCompound());
for (inti = 0;i< keywords. length;i+-+) {

Document doc = new Document();

doc. add(Field. Keyword("id" , keywords[i])) ;

doc. add(Field. Unindexed("country” , unindexed[i]));

doc. add(Field. Unstored("contents" , unstored[i]));

doc. add(Field. Text("city",text[i]));

writer. addDocument(doc) ;

}

writer, optimize() ;

writer, close();

}
i CFM iR B — A a0 F R
static void addDocWithIndex(IndexWriter writer,int index)

throwsIOException
{
Document doc = new Document();

doc. add(newField("content", "aaa"+ index, Field. Store. Yes,
Field, Index. ANALYZED)); ‘

doc. add(newField("id",""+ index, Field. Store. Yes,
Field. Index. ANALYZED));

writer. addDocument(doc) ;

b

WA F R BIERE R T AT A Document X4 doc 5
MAZ. EREIRERUH CFM FER R LIRER H
yRe NN

HRIE  WTREE AT BT R A R E i S A A
A BRI E P A BRI B R B A R R AR R — 1
M. SHEHRBBSSTFEAL, TM FiEEGHEE
WE I BRI A, AR, MBI T R Bt Topic #— 25
BB L4547, 7E7E Topic 38 XN MM, &2XE4TH
MEENTERS FEBEEHEAR, B/ T CFM F&EZHE
RUTIRE. EEAHRA T/EMERME BB T -BEXT
Topic K42 38 . 0 1% 2141 3 38 J7 ¥, b Topic BN T35 L4
B FESEBLT CFM TR, SR 3% AT A7 40 ] 4K 52 55K R o
KI5 B.& Topic FIMSCFEHRR , BLO KD FER N

HEFF SR B S R AR AR AR

2 % x w
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