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Software Text Semantic Search Approach Based on Code Structure Knowledge
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Abstract: Natural language text is a common form of knowledge representation in various software artifacts. During the practice of
software reuse, software developers usually need to search the large amount of textual resource. This paper presents a software text
semantic search approach based on code structure knowledge. This approach extracts a code structure graph from software source code
and leverages it as a domain-specific knowledge base to analyze the semantic meanings of natural language texts. The semantic
information is combined with information retrieval technology to re-rank text search results semantically. Experimental results on
StackOverflow dataset show that this approach achieves at least 13.77% improvement in mean average precision (MAP) comparing to
several text retrieval approaches.
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SCRY A RO SCRY B AR 7E £k Rl 24 (X StackOverflow b /) il 8, & ATT#8 -5 JF IR ##F 10 1 Apache Lucene £ 5%,
LA T IX A Ir) PR A R LA S VR AR SCRS A TR S rP 8 Y, SCRY B IS B (1 i 285508 mI DA T [0 28 S0 A
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Table 1 Two sample documents selected from StackOverflow
F 1 M StackOverflow #73% 5[] 5 A7~ 191 SRS

R4 A:Lucene query parser to use filters for wildcard queries (B7 #2 H! [ 1) i)
7] B4 3 :My problem is how to parse wildcard queries with Lucene that the query term is passed
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L% B:How to get a Token from a Lucene TokenStream (— /™15 S04 A ELAT iy 1 8 SORIG P 11 1) 50)2
i) A8 F & 1’m trying to use Apache Lucene for tokenizing, and | am baffled at the process to obtain Tokens
from a TokenStream. The worst part is that I’m looking at the comments in the JavaDocs of
TokenStream.incrementToken(-) that address my question. Somehow, an AttributeSource is supposed to be used,
rather than Tokens. I’'m totally at a loss. Can anyone explain how to get token-like information from TokenStream?
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Fig.1 Abrief illustration of how we can use conceptual knowledge in source code to
capture the semantic relatedness between two documents
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Fig.2 Workflow of the software text semantic search approach based on code structure knowledge
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Table 2  Eleven different edge types in code structure graphs
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problem is how to parse wildcard queries with Lucene that the query term is passed through a
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AH IR L B 0 BRrb B TR A0 AR 45 a0 1] b v S5 P AN AN [ A AL P R A 5 8, LA b i JE2 2t A SRS ) 1143 SCAH
KEE.

A A TR A T3 ¢ B AU B C RIARULEE 52 SO ARIS ICER ¢ 31 C i g &AM 70 38 A ATALLEE
I KA, I 2 (7).
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sim(c,C) = rpggsim(c,c’) (7

Ak Cq 2 A VHIVE ) BT 0 B (1) A7 AT 1], Cg A — A 6 SR J %o E [t AL 7 JB1, 3RATT 3 L Cq AR T+ Cy IRIARBA
L]
sim(C, - C4) = Y sim(c,C,) xw, (8)

ceCy
AR, BATT AT LA X Cy AHXT T Cq AR sim(Cy—>Co) A (8) 1 1) Cq Fl Cg HEAT AT He B 1] .
ZJa BATRE Co Fl Cy Z TH FIARALLEE 5E SCh
sim(C, —)Cq)Jerim(Cq —C,) ©)
AL sim(Cq, Ca) 2 JE 1 A 75 1) g FIMBEIE SCRY d 2 1) PR SOAH DG J8E A P B SR8 SUAR KT R R GE M £
RGP REAT I HE R, I S B S R RO, 2 X (10) .
S(d)=a-So(d)+(1-a)-sim(Cg,Cy) (10)
T2 R(LO)H, o — AN HR 38 FEI [0, 115 1] 1 5 68 2 45; o) 6 7% SC AR 2 R GERS SCAY df 5L ¥4,
BT X PR R A T SO T O 2 SCABLRE A 1 WAL A, FRATTRE So(d) 1 HRU{E VS FL B
SJEAE[0,1]1X 1] _F.sim(Cq, Cy) AR Y FEI 52 [0,1]. 22 I, FATTHE So(d) 55 sim(Cq, Co) il i S H o AT I 4145, AT
SEPLXS SCARS B RGEE AL EHEF.

3 KWEN

h T B AR A SC TR H 0 R KA Sk 3R ATTHE T StackOverflow HUE4E ¥ it T — R 41 S2 i 3% 26 5256 1] T+ (7]
Z AT IR .

o WU LA ST TR I 5 R 1 RE ST R e R SRS AS R I A R ?

BATIOA SR K 0 5 AR SUR RS R R G AT R 45 AT EHET 5, 2 5 Be 4% A O (i 18 SOR HEAE
EREAT AL E R T U UEIX — 5, 1 50, AT AR v T N S BN I BB R B AT A T VRS 2 R O S
AN R ITIEAT X L

o U 20 A 3L AR IR SCAC T SURR AR KA Sk e ?

TE AR SC T4 B 5 v v BRAT R A SCRY )8 U O AR 45 44 J8] b ) — AN BT I AT R D IR R —
AR B 75 BB A R0 2 58 SCAC N 28 T 2 13 AR IR AT 03 3R SRS A, 2R 1R 28R ERL e B 1 e vk T
A IV (10 SI2 56 465 A ST BT AT 1) SCAR V8 SRR 7 J7 5 5 1 28 i VR R AT SR B, LG AIF SC A BT 3 (¥ 7 v 1 A Rk

o WFFUIN A 4% 3L b ST AR FH ) SCASTE SCAF DG B BE 1 7 25 R A A e 2

PEAR L% W 1R 5 i o BRAT TG A &5 ) Tl o 1) T A AR 78 28 e 38 ) — AN 4 L S Y 1) 3R 7 2 )
Fh T T T AR TG I AR TN ) T )P AR R R SRR R A () ) SCAS TR B SO G B L JRAT TR AN
I ) AR 7 2% 22 1A) AR AL BE s S AR AR 25 4 T B B AR G 32 1 1 SR ARBLRE R ATT GO B 1 o ST
TAE SRS 1 S8 RAT 55 P R A5 6 88 BRI, FRATT 0 o 1 A I 1) S 580 85 SCAR T A8 P 1) 35 T 2 R IR R 3R R 2 )
AR B 70 3 AL RS V450 v 5 5 T AR S T Z AR LR VS D7 v HEAT T L, LA 3G TIE AR SC R (9 SCAR T SUAH
O & IR A R
31 KWt

A ML 3 N4 1 Java FFUE 4k 435 H : Apache Lucene. Apache POI F1 JFreeChart 1k 2y FeAT (1) S 86 % 4.
SEIOAT 25 S A ORI AT R R AEIX 3 AN E b 4399 58 I S B0 & v I A s 8 28 0
311 SUANAE

StackOverflow & —AN2 4 [T 7 K0 R & IAE LR R B4 X B R T K& S5 B4 R KM R &%
S SCRS R, R ATT AN StackOverflow a4 rp it EHS AT ) S 96 30 00F T 75 1 SO AR T Bl AN F 155
B 0 RIS A 3 AR A — AN T L3R ATTN StackOverflow b 3 bR %5 A 408 % 50 H 44 F% (6 BT A AH 26 1 1) 20 0t

$im(C,,Cy) =
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TG A A 10 R A B e o %o I 140 48 SR M 11 85 48 58 SO — AN SCRY A — A 1 780380 7 4 SR M T 2 22, I3 A i) R E AR
ST B FRAT IR SCRY AR rh X BGOSR AR (1 SRS B AT DR UE. XA B 23 0 X 3 AN A I H
FIE T — AN SR B GX 3 N UM AR K LU ORGSO B L P OGRS TR R 3 kA
Table 3 Various statistics from our dataset
3 I UEBE R A G HE R
AT RIS TC % L]

SCRPR PEER RSP IR

B # B O s TR e R T E AR
Apache Lucene 6.3.0 19 701 65 216 4753 64.13 85.96(7.48)
Apache POI 3.14 37 594 87 629 1348 70.85 90.10(18.36)
JFreeChart 1.0.19 12 655 32974 1078 78.98 38.89(21.60)

3.1.2 AHEEiHE

T REANBAF T H  BATH 5 E N IR ARD PR B T — MRS M T L — AN R H A G IR %
AN AN TR (R R AR, AT 398 G mv B 39 1D R A AT AT 5 ) FE (R B2 . 5 AR A 45 W S AR G I B M5 BB SR 3 it
1T TR, AR A RS o HE M. RPCRHE A GACE T 3.40GHz XU A BRI I IR 4575 L, i
WA 3 AN H (1) A5 45 44 B %) I ) FF485 43 00 2 18min., 31min FI 12min.

LEFRATI 72 FRATHE AR AN SO 08 SR A AR 25 A4 B b () — AN AT B3R 3 R (1 SCRY T 38 SR IR 3
AR Te 3 B 7 IX — 2 45 tH T X L6y AT B o P 3 45 s R 9] T, 85.96(7.48) 7 e 1R I L A S0
SR F] 85.96 MEILTT K, Hih 47 7.48 AMRHT TT 25 2 48 SCRY ik B B4R S 1.

3.1.3 A4

h T RAEBAT T VE R B X TN AT H  FRATT A SCRS R P BEALER 100 A ) REAE A R N A
e e 34 o T T . P SRS A AT N SCR AR o A FRATT I S AT 55 A 0 T A 1) R A SRS A 4R
AT DL T (R 800 nl ) SCRY.

AL FET TF-IDF [ 1) & 25 AR S T — AN 22 () SOAR R R 48 Bl 10 45 AN IR 1) il f 3 47 9
SR BRI, T T WS ) BN B SCAN R R R G AT 15 B 5 5 A ) A R 2 SO AT B A ARLE F SO RS,
X TR ), FRAT 0 EURS: R 4 SR R IR ET 20 AN SCRSAE D B E SRS FRATTI H AR XTIX 20 A SR HEAT FH A 4
136 0 B ) SCAY e 88 b T HE 7 30 SE SE AT IGA7 B R 749 B0, ATk 3 A7 BNk 1 AR AR R AR X
B {3 SCRYBEAT FRVE X EERRE N R 14 UL R Java iR, A T E X 3 AN TR H RIZ .
X TR R () 8, AR % ) LA B 3 A ) ) 4 SR 4 1) 2 8 R e b 2 B S 5 T 20 AN IE SORY AR
F R EAN S O 14 R gl 1R 25 22 EAT 58T L, LA W73 126 SRS 2 A5 56 gt e 2% il A AL 0T — A ) J- SR
X AR B DA FOAR A B AR A 3 AR K — AN SR BRE Dy, W ERAT T A i 1) - SCR ) —
AN IEAREAS A5 W), BATTIA R IEAS ) - SR & — AR 4 45 T AN ) AT A 1) L6 R A 1 B o0 A1
05 TR )8, 457 2.76 AN SCRE B DA A 2 0l gt e i ) A B .
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Fig.4 Distribution of the number of ground truth related documents
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3.14 X%
AV TRATI 7230 2 CK(conceptual knowledge) Ie AT 1% 05 1 580 K 4 AN SCAKY R 7 VESEAT X L.
(1)  TF-IDF3X—SCAKE R 7V 1 Sk RA SCRY R 7R by il ) 12 28 (W) P i) — AN TF-IDF Jm) &, 2 J5 A A
T £k 2 160 1) 4% 52 ARG JRE >R 3 85k SRS 2 1) kg AR o 031,
(2) Okapi BM25.3X— SCA K % Jy vk it TF-1DF J i PR3 A0 ot 76 £ B R AT AT 25 )32 110 19 FH 11O e
148 H Apache Lucene #2414 1) Okapi BM25 ik 581X — Ji ik
(3) LDA.LDA &Py SCA Rb BIEATIRAE )32 A8 F (98 7 5 AR OB X — 5 i A SO R s 5
ANEAE A E 10— AN AL AT TR R mallet s LDA LR T SRR SORS i1
R AT (G TF TIRAL, AT 1K LDA B b (1) AN 2 400 BB 8 W F - 32 N4 k=100, 2=0.5, 8=
0.01). 22 J , FATTREBEAS 32 843 A A — AN 1) &2, T KL B 8 e 32 A SRS 2 TR PRI AR ABL
(4) Word2vec.Word2vec & — Fi /e SCA Ab B AT ISR 4 ) V2 A A 40 28 18 5 B Y X — Ty iR RS M TR TE R
JE T ) bR SCAE SR X A B3] [ 1 SCHEAT R 7S 5 2 IS A S Am] B S — AR . SEAE 1)
e A% ) v 6 3] g7 e L AS [ 3)  22 DA) 6 B 88 A, R R 5 T ) 7 A B3] 2 ) 5 SCHABLEE
v AT Ye 2 A\ 32 1 77 92080, LA word2vec 1] 1) B A kg A B 70 SR S AN SRS 1] AR B E
3.1.5 PHIFEAR
BAVE I AL R U — Al 2 A P ) V1 DU A, BIDSF 34 v A 2 (MAP) K 56 30E FRAT 6 77 725 1 7 vk
a7 B SR U, % T 22 AN A, S 3 M A 20 0 i U7 v TE R AN AR b v e 6 1 ST 34 8. B L A, 2 X (1) R A 5
(12)% H T T3 HER 2R I L.

i AveP(q)
MAP == (11)
3 P(K) x rel (k)
AveP(q) = k=L (12)

number - of - related - documents
o,
o kRFERRERIEDINE K
o P(K)ZIRTERI RS RIHT K 2, IEAEAR T & 1% e 451
o rel(K)PYHAE Y 0 B 12 HIRAE D 1 I BEWTHRAE 5 K A7 IR SORS 2 — AN TEREAS 75 T, LU 2 0.
it 2% 18— AN U TR A AT PN SCRS 5 HAH G, B AT 0 AR AR A R 4l SR P K 58 2 A7 A 5 AL R X A a0

Pt op L2

=0.45.

3.2 LEWHER

A RIS Ie) B LA ST Y B 7 15 A7 B M08 A 50 A A SRS A 2R R AR

FEFRATT A7 3 B ATTH SRS AN A 2 Th] ¥ J2 SCASAABLRE MRS 45 4y b (1 T8 SCAR S BEREAT T R 4h 4,
MR SCA K 2R (1 45 R AT AP ot A S AR Z SCAARBLREAE LA (1 11y EE LAY o=0, e W AT A
2 FE A 45 A (1 T8 SCRH O B, 10 AN 5 RS AR 2 SCAS RHABURE 25 o= 1, WU BRATT ) v IR A Oy s 1) SCAS AR 38 5 12 (R
TF-IDF J5i%). [ 5 b T B ATHTe U 3 >S4 F R AR I00H 20 590 45 1 A7 1 o B ~F- 350 1 fify 2 FR) S i

MBS Ha] DU 36 7 R I ROR W W 4 T TR-IDF J7 vk o — ¢ 7t W 3% HA% ks ), LA Apache Lucene Jii
H 8,24 «=0.7 I B AT T7 8 50 T foe e 1P I HERF 42, O 0.314;1 TF-1DF J7 AP B HER %< 0.245(a=1).

BEAN P 5 IR TR SRS AR 2 1] PR 2 2 SCASARALLEE MRS 45 4y b () o SOAR G BEHEAT ER A 25 5 J2 AT
A B AR FRATT I AR S5 K L 1) v SCRH G T AN 18 2 J2 SUA HHBLE (r=0), - 32 THE A 2 At 2 W) Ak P I
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Fig.5 Effect of varying « on the MAP of our approach
5 WREA T VE I S ax P IHER . MAP 150

BT 3 ANEARIH o i B A BUE 23 51 2 0.7,0.5 F11 0675 T 3¢ o, /AT AR 15 33 A g B A

AEPATH T R TT R R R E I B LIEH WS ESECK B Ky AT ) 5225 1) 1 4 B JRA 1 7 SE 50
Tk K AN 280 100~500 [ 5 B P AT R A, R B AT K S 6 4 SR 0 5 e R R BR 1 TR b, B AT A s
A AR T g5 TATRCE A 200.

Kl 6 LU IUER R e bR, K JATH )75 TF-IDF J7¥%. Okapi BM25 J53%. LDA J5 ¥4l word2vec 77 2%
HEAT T X LG

0.35
0.3
<
R
g 03
0.2
0.15 ; : -
Apache Lucene Apache POL ITreeChart
W cK 0.314 0.333 0.296
M word2vec 0273 0.291 0.266
B TrnF 0.245 0.276 0.251
[ LbA 0.231 0.242 0.216
E] Okapi BM25 0.207 0.218 0.235

Fig.6 Comparison of our approach and four other text retrieval approaches
Bl 6 ATkt HAt 4 Fh STAKE 2275 10101 4 HE R 28 R XS LE
R AL T &MITEARIX 3ANTH EIRSEE MAP 355, LUK EATTAHRS TR-IDF J7 3k R4 T 3%

Table 4 Average MAP results across all the three software projects
F 4 FRONELE3IATH P MAP i

i CK word2vec TF-IDF BM25 LDA
MAP 0.314 0.276 0.257 0.230 0.220
MAP Improvement (w.r.t. TF-IDF) (%) 22.2 7.4 0 -10.5 -14.4

MIE 6 1 4 fpaf LLE BRI 7B T TR-IDF J7vEBERE LIS 22.2% 10 R R T T R BLEE 2 4 (1)
word2vec J5iERISETHRIA 7.4%. DI, 5 HAl SCACKSE 2R 7 VR AR PU, FRATTH Y (10 55 A QRS S5 4 S AR A SR
i S R T A R 1.
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3.3 MAKRBNERRFELES
AR AT B AT ) A 2: 2 S0 B A F 1 SRV SR IR T 1R (AT Rk T 2
N T B AIE A ST T AL FH (¥ SCARVE: SR IR 7 ¥ AT 20 K AT 110 D7 vk 5 W A g AT R L
(1) CK-RecodocOnly.iX — 77 i 48 B A1 7 1 O Ll b 6 SCAE SRR 5 BT T B0 T Rom U E
SCH)F B A AL 2 el Recodoc TR HH 78 SCAS Hh Bz 4 4 2 iR AR5 76 32, 10 AN A 25 i1 1] DT 7
U R A AR RS T 2R B IR AT 7 553X — 7 VR AT LA A AT 19 B A 36 AIE 2 3] DT FC AR T
FHRATY 7 AT L E.
(2) CK-UnWeighted.iX — J5 V245 317 32 IO Al _b 6F SCAS 8 R 0 BEBEAT T B G A FE 8 7 B R kAR
6 E T HRE B RAT T 55 X — 5B T e T B H B SRS e B E R e H
Y.
Bl 7 g5 T BATT J5 10 5 X W R 7 7 A LG 2 & R nT A B, FRAT T 1) D7 VRO B 107 Bk R 1 v X
Fh o5k Bl 4N, fE Apache Lucene I H b, B ATTH 7 IEE =07 WX B T & & KPR R 0.314; % T
CK-RecodocOnly J7 i, Ho f rm E# % 4 0.257(=0.9); % T CK-UnWeighted J5 ¥, H d5 = MEAf % 24 0.279(=0.8).

/‘\
- S

(a) Apache Lucene (b) Apache POI () JFreeChart

Fig.7 Comparison between different conceptual document representation strategies
K7 SCOAE ORISR LU BT 45 2R

X4 R
(1) f#/1 Recodoc PRI H I SCRY B B R A HIARDE T8 3 AN A2 LU SRR SO 1A v SRt 55 T 3] U i
AL TC R BEATY 70 .
(2) HET TF-IDF HEAN T B b i ACRS 70 22 1B AT B 8 1 AR AR I 48 T SO 4GS SUR IR A 2.
34 XAEBNHEXEEEFR LB
AT B RS In) 8 32 A S A T ) SCAS T SCRH DG 8 JE 5 U7 IR A R e 2
Sh T BRI AR ST A P 1) SCAS TR SCAH O 88 15 45 U7 v I AT R0 e BATT IR J v 5 i B VR AT X L
(1) CK-Coupling.iX — 75 VELE AT 7 92 O FE Ak L 6 SCAS TS SUAH 5% FE B &b BRHEAT T & e e v WA
AR TT 2% 2 1] PR ARALLRE IR A P e Briand 25 A3 H A0 26 0 45 38 110 9 000 T A AT 0 v v 42 1
2T 22 SR B B 4 2 S IR B
(2) CK-ShortestPath.ix — J7 548 AT K 7 v (K il b, 5o SCAR T SCAH G B 38 20 SRk AT T B e e
ARG I 2 2 18] (W AH D0 5 I A6 ARG 45 44 e AT 6 T Dijkstra S5 88 B 4284 B 1A 300 T AS 2 R AT
AR R T 2 R R R 2 ) M.
8 2t T T 7 v 1K W R 5 vE I A 45 R, rT DU 30, BATT 1R U5 VR B 10~ S e ff 3 S 3 v T Ik
Fh 5k 440, 45 Apache Lucene 35 H o7,CK-ShortestPath 77 V% 7E o=0.8 ik £ 7 f5 i 16T B i % 0.248, 111X —
SR WM T TF-1DF J7 92510 %) CK-Coupling J79%,35 21 5 i P B UHER R 1 afti h 1% Bk HOR 12
KT TF-IDF J7 ¥ 100X — SE A0 45 JE 38 0, Fe A 1K AT 7T 22 2 1] AR AL /8 SO B AT TZEAR A 45 # 1] 1 b SCAH
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ALLE () 5 A2 3 5 T SCAS U, SOAH QB2 PR3 A 55 1. 55 JRAT T (R AT A L, S A A o B AMBLEE 1y o ST R O
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(a) Apache Lucene (b) Apache POI (c) JFreeChart

Fig.8 Comparison between different code element pairwise similarity calculation strategies
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PAE6-290 e g 45 0S| 2 ) 2 (X 182380
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T MR SRS P AN [ 37 2 1) 0 T8 AR O BE AR R P TR A Tian 48 ABUILF 5 145 B PPMI X
StackOverflow = [ i) 25 SCAS 3k 742 9, AT 25 BRI 11 465 2 AR 3 Y0 MEABL B 508 126 e 2 N IM8Mg T o 23 55
IR R AT ) R DG SCRSBEAT 43 BT, A B 85 A 3T T (1 {1 248 S 1) o) 22, DA T R 8 2 AN (] 1 1) Y 2 ] F A AR
J ;Howard %5 N\ BRI Yang %5 A B i 43 B s AR5 b (K _E R SCORF2 4 AS ) () 3819 2 1] R HLABURE ; Wang 25 A7)
)3 3 43 M7 FreeCode AR5 122 F (K1 6R 25 155 L 42 4 AN 7] (6 35191 22 150 (14 4 4002 s Haidue 28 NPPHR 7 — FhIE T4
W PRS2 ST 10 A ) 2 ) T K 771 Refoqus, LAKT A #I1E f) 34T 4 % ;Panichella 45 A BB 1 7 —Fh 45 598 75
B2 AR AR R I A SRV TR A SCRYAS 3R T % A S AR, TR T VR R B R SRS VR R I B 43 A
1147, 35 SRt 3 SR AR T T VI 1 A s A TR A R B ) T A B R o B B AN 22 R
X7 VLA LAAZ A e AT S A R T AR BB

EAR AT T T 22 0 JE SCACHR A 0 3 E SCR G 22 05 35481 4 Ponzanelli 25 N P24 T —Fof i 1)
StackOverflow [l 25 SCAY AT R J7 5 fEZ i BV 4y . B RVTFor . TS, il @AR 2 S5 4R SCAR AR 2
o2 g P T HE T ) T2 N 22 Ye A5 N TSME Y T — bl I 10 ol B 5 O RS SC A R T vk, 1% 7 VA 08 T Bl ik
Bt 1. el 8 SR A5 AR SCAR R AL ; Zou 45 N BOMR L T Bl 17 il FBE 0 2 SRS AR 28 %, 1% 05 1% 1
T A TR ) v ) SE IR 3R (1 T “how “why ™ which™, 55 45 ) S A 2% SR g IR 5% )3 B8 07 VA TR R S8 I SRR AR 45
B8 0 AR THRS Z 80U R IR R 52 1R AR SCARRRAE S HAT 76 25 B S8 U1K SCRS v 10wl 9™ e P A5 i) R 4
BV GG ) AR 28 55 SCAREE RE 0% 1R I Hh SGdk £ X StackOverflow ) 27 SRS IR AR (H H
Ay AT () SRS (G 5 SR AR SCRY . BRFEIR . MRV RY 25) IR AT I LR A, T VR AT 1K SRR AE
42 EFHRIMIRMIENHEE

AR R Bl A5 BB I L R RS ) S0 P BBE 2 40 R 22 (151 1 WordNet. DBpedia. Freebase. 73 #4011 % . Yago
A5 () K IE S B AT T 2 O TR A A T S R 05 iR DU AR SRR T e B R AN [ 3 2
TFT) ) SCAH DG B A 3 HL AR A8 JAT T2 4 IO S A 7 o 7 0 5 Tl S A LA I AP S 22 W) PR 45 o 4 SRR R A
AR R R A 3 Jo4l, 1 in(Michael_Jackson,publish_song,Billi_Jean),(Barack_Obama,born_in,Honolulu)
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S5 T W A RN R SCHR R IR S A I R 1 1 0, TR0 b SO r R % 1RSI AR 0 R I 2 T R R BB O AR R
JEE R SR 2 ) PR 1 SCAH 9% J3E s o R T A5 38 10 T8 SR 5 NS SCAS AR 28 (10 45 R 04T HE Hk P X S8 9T T AR RN 17
GBS AL 2 SRR 5 B AL B A SCAS P ¥ SCRE WS A 2080 M g e 1] 1 T 52 ) R, D SCASA: 28 (R 28R 32 310X
LB TR R 5, FRAT A S T S VR SE B SORA IR i SCAR 2R AR T, 0P SO R AR ATE 9 K 81 K FX) 8 20
LR 2 (R 22 R0 K i £ A 2R 308 SR 2 S A e A 55 K S A L DR e A R SO b A
P ECIR 104 P A KRS 3 ) 460 R P AT 1 SIS R T g a8 21 A RCR AR T2 A A B, FRATT 7 2 3 Rz B p 30
FIRF A A S ORI — 850 T AR L SN 3 O AS AR A D B T 1 4R 5 110 MR 28 Ak VORI, L R SO A R
P PR ] T 88 T SR 11, P L SRR R A AP S A 3o v, X 3 BT SR TE T RS .

ANSCHRE AT I H R 5 (R R AT UM 0 AR o il A 20, 0 T SE B SO 4 7 X
R AL TR TOAL DR BAE DA ) S M O B D2l 2 H N T AE T 2 % H S Bk F TREAE 55
048] U By B IF RN SAAE B TT R 4 R 52 R R oot PRI H 4T 4 > 15 % McMaillan 25 A1
1 Panichella %5 A USVE 5 T 15 A 2 58S v 1 5 K AR A7 JEFH VR 0K P 0 D 2 A MR 2 e A, AT S AR
AT 55 PO B TR A BEAT ST IS AR SCRE— SRR A e R P AR I AR m R PR P I A
AR VR R JRE B SR 2 1) R T SO S B8, AT A 0 3L 1T _F 0] SOACKS 2R 0 46 R 3R AT T HE e

5 RES5RE

ARSCHR T P AR 454 1 UK A SRS T SRR U ik A% 5 P AT AR R ARG : R AR
(K3 A AL 31 HCH AR g 161, B A D 50 36 e RO 4 B L4 B 98 G 6 40 1) 1 AR 35 SCAS . S L A, AT TR
AN SRS 1) v SO R iz A G4 P 1K) — A i U7 P, JF oL v 5 1 P A AR 5 g 11 PR AR AL R P
SCRS 2 8] PR T SCAH B BAT A P o SO OR BEXS SCAS S, 38 A 43R [ g A 38 4 SR AT sl P, N S B Y 3 33
R IAIHE StackOverflow Hdi £ 1 AT ik KA RMEREAT T Bk LK S HERG R (MAP) 1 o PEIIFE b, 45 R R
WA 5 AN T FAt SO R Uy ik DL 2270 13.77% I BOR $2TF

FATE 28 (0 ARV Sl A 55 I T 0 ] Dk AR 5 25 m (0 SCAS T AR 20 B AR IR W08 S o A 3t 3 s SOA T
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