A 2#IR ISSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn

Journal of Software,2019,30(5):1561-1574 [doi: 10.13328/j.cnki.jos.005733] http://www.jos.org.cn

O [E Rk Bt F AT 58 T RSB A7 Tel: +86-10-62562563
Y Ry ~ *

ETFZAAEHXMAREEFESRS

$HL o0 2L HEE, % A IEL?

==

YARAE R HENIRE S TR T SER 110169)
bRt TR NI BE db st 100081)
EIRAEE: EN%, E-mail: yinying@ mail.neu.edu.cn

H OB MAEZFMBEANIELRATFLAFARGRFE-BEZE ARG KTRA KRS FLAR M RKAT
FE . Gy EFTBEMGERFRI— o AT LA R T 4939 H R0 i P A 5 2 AR
7% R4 & & P8 T T Stack Overflow F= Github #ASEA X Fb 09 £ IR K 4 AL R AR X HAE 4D EA=0A7,
IRE| Bl K P AR A A A RAR AR HE4G 3 ANILR(L) A P ARE B RILR B LA AR F A P 69 i5%fz
AW P A TEIESLFF, 0 AF R GARSE P8 o SAT A BIAFR(2) FAFARERILE PP P oT e e AR
o I & B AL R o E IR AR AR R P R B B S ERALE B 2 RER () A FEHMNE A EAR
o 4 ) R ) B AR IR )R SR a4 KA 1E), do R R AIE SUAE X 69 X AEIE ATt vl bR AR AT R A AL K
W P A B GBI P 5 R P XA 6 BB AT A S A K TR A W 4 R — A T E B AL A 0 ok
FH R P ARE #—F 81345 A Taxonomy R 719 AR 69 B34 K425 50 B A sk eh b R B P AEMESEAT B AmfE
I SR T A A AR P AT B R A ISR .38 170 TAE R EA. Rt 40 B A P AR LT A AR
K L Ihsk RIESE FTIR 64 ik B 49549 F-measure F= NDCG B2 45 5| 2 A 145035 T 5 AR A&7 %
I FEAR, AT NDCG 2 WG EAEEVTRZ 2B A5 LEETHE 442

KR S A FHAR;E B ALEA Taxonomy; Bl i JE 45 & 4

PEESZES: TP31L

RN
&

Vi

s g AR A R A B B S oW, E S T 2 O R AL X R e AR FOVE R 2 41, 2019,30(5):1561-1574.
http://www.jos.org.cn/1000-9825/5733.htm

P 5| #% 38 Shi YC, Yin Y, Zhao YH, Zhang B, Wang GR. User recommendation algorithm based on multi-developer
community. Ruan Jian Xue Bao/Journal of Software, 2019,30(5):1561-1574 (in Chinese). http://www.jos.org.cn/1000-9825/5733.
htm

User Recommendation Algorithm Based on Multi-developer Community
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Abstract: Internet technology is developing rapidly. The developer community’s question-answering based experience communication
method has become one of the important means for many developers to solve problems encountered in software development and
maintenance. How to promptly and accurately recommend a question responder to a questioner in the developer community is an
important issue with practical needs. Through the collection and analysis of the data of two representative mainstream developers in Stack
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Overflow and Github, three phenomena are observed that affect the timeliness and accuracy of the above recommended questions: (1)
User label customization phenomenon. In the developer community, the user’s tag information is subjectively defined by the user, rather
than the system is objectively calibrated according to the user’s historical behavior; (2) Asymmetric activity. The user may be active in
one or some developer communities, however, it is not equally active or even inactive in other communities; (3) Keyword set closure
phenomenon. That is the question answerer in the developer community recommends only based on the keywords in the question text, but
does not consider other semantic related key words. In view of the above problems, the user information of the developer community is
integrated, the interaction between users and users is analyzed, a cross-community developer network is established, and an algorithm
based on restart random walk is proposed to update user tags. Further, by using Taxonomy to expand the query keyword range of the
problem, on the basis of this, the user matrix is more accurately recommended, and the range of effective users at the time of
recommendation is increased. Finally, the experimental results of F-measure and NDCG are good, which can effectively improve the
efficiency and accuracy of problem recommendation.

Key words: multi-developer community; restart random walk; Taxonomy; collaborative filtering; recommendation system

IR I A PR TS K IR AR B T 22 U AL G A 0 7 XA A 7 O R AR, i T R A X R
-0 2 230 AT i 7 SO AR (T LAEE |2 852, O R D A I 2 e # v il ) ) R T Br 2 —
W] kg T 3 A DR v ) i 3 A A B IRE A A e ) R [ AR A — AN LA SE B R SR ) ) L A Sl
I xt Stack Overflow £l Github P AN ELAT AR 2 M 19 32 9 T A& 3 4 X K S AH DB RSS20 i W s B g i) B3k
A ) RO A P R I 4 B I T 3 NI

(1) AP AEIS%

L% Stack Overflow 1 Github F 7 V8 A e R A ks 28530 35 e L 5 S22 A0 15 Ul 19 43 W R E R B, O 3 Ak X
T P AR S B B T 30 A E LR AR P RME LO T RIE B AR NS 5 T bR AN I )
B a@ R ER T AR H LR I R S A% AR B 1 I BT 20733 R R 100 2 S i 2 11 VR A A R A
) B b e LR A AE T P bR 28 I 0 e

(2) XS FRIG RIS

WL X% Stack Overflow F1 Github A8 J¢ £ 4 (1 3% 45 70 20 #r, k LA AE A 3840 F P AE— A4 X (- Stack
Overflow)H + 435K, 2 5 K & ) BB 25 IM0 7E 55— AN X (G Github) il 2> 2 5 ) R ol 4, B L v s e T
FH F#Parvin Gasimzade” ZE B AN A A 4L X A i 22 30 1/ 1(a) 7] W, 1% JH 7 7€ Github = ) Repositories {5 4 3,/0#%
HAF Github Y2 5 T 31K 10) &% 3h; 1 78 Stack Overflow 71/ i) POSTS 18} 143,483 1% 1 /7 X ZE mongdb
bR RS 5T 143 R &6, 5 B (1) SCORE {8 2 846,/R 3K 1% /' B A5 846 43 (1 1E 17 V¥ 43 AR W 2 1% H
7 Github 712 15 1) 2% ) 1375 B B2 1 AR T 32 55 Stack Overflow 4 [X. [ 255 3 (¥ 3% 2K B R & I, 5
“Parvin Gasimzade™ 15 {5t 2 AL Ho Al H 2 JEATE D 4L

Overview Repumls 16

Popuilar repositories
Top Tags

HellaGit google-interview-univers

(a) F/“Parvin Gasimzade”# Github H 14T K (b) H " “Parvin Gasimzade”{£ Stack Overflow H [1J4T

Fig.1 Performance of user “Parvin Gasimzade” in two communities
K1 “Parvin Gasimzade” 78 #§ /N4 IX g R B
(3) KB EH IS
WA TT B N D AE T K8 28 1R e I, 28 6 2 4 T R 1Y IR 815 S 42 5 TR Ut 38 O 2 I anly v 7 45 R HE Y
W4T A5 ). Stack Overflow F Github 1 (435 5 v Ik 35 1 P 35 28 SCA FR 1 S it ], ) A O S 1] DT T i AT 4
e a5 R F P 4228 SO SR B DG SR 25 HH, 208 T J0Ath 78 SO G OGSt 3] 0 #4545 I 8 78

© EEEES

BEFRIFSERT  https/ www. jos. org. cn




HEA FAT 3 FAKR A P IRAH A 1563

VA (30 B ] 4 1T 6 5 50T 0N 5 TR ok 2% S A AR e R e e

TFR AL XA 2 22 B 3 At 1 R N A T W o 0 B 3 R ey R 1K RS 5 6 A R T R B 28
S T (1 Mt 07 TR DR 6 T A A B AR ) R 0 A ST T M R T LA AR e T R AR X b R E A
HEA RIS (L), 30 I — b T R R AL AE 1) S R R 4% e P bR A AT SR, A AR T P AR A
19 = WA BT X B (2), 42 HH — T 22 JF R 38 4 DX (1 009 28 g 3 Jy 9 8 AR [ 4 DX o [ 0 R 3 AT i 2, S 9 O R
4%, LR v ) JU 1 HE 7 0% A B 5 (3), 48 ) Taxonomy i 1) 51 (1) 7 25 ¥ PR BE AT 9 8 00— 2B I & R 22 (1 O
R WL AT 85 S (R FH P A 2 K S0 VP AL 3 W A ST JE 3 (R R 38 TP 48 A T e A E I 7, LR BT 2%
TG BT R P 5 bR 2 T S 2R 1K) & 0 a4 Taxonomy, 7T LT RCHR va 1] AL HE A 1 MR 1 ARG S AR 11 B
ik

ARICH 10 ) DL R A 0% AT A5 2 1 B IR A VR i v AR S BRI 3 R IR
AN S 10 VN S, 4 H S 45 TR IE AT AT AR 4 TR AR SCIM AR OC TAE B B8 5 TR A SCHEAT TAE B g
LR,

1 [BEEX KRR E®E

1.1 #HXEX

ARSCIAHIRE SRR TS5 2 0 U0 P i 20 (0 SCAS R ADLEE o 8, LKV S P 55 T 56 28 BT 2
LA — e X

TE X L(CARHRAN ). SCACHH AR 3 S/ B 08 P A b 28 [] PR AL 30 AT 1 12, DR b6 A SO0 T4 % a 5 4R46 b
BEAT SCASAHALBE V155 sim(a,b) FH 22 2 (1) & Ll B
ab PR KA T HKE )

alybip KR

EX 2(%MIF—). X T—MES A WP ICR a(iSN)ZEATZ Mk — A AR LS I B> Jo s Bt il
AR S A WA U R BEZ AR T R AR IR &) IEMEIR it S A K@)

a = 76' 2

i
I Z:lzlak

sim(a,b) =

1.2 &) @ik

AR SC I AL DX A B R P S T T SRR A R A1 R R AN B, L v - AR
o nxn BYAR R P AR B RS nsem B BRI L P 5 P R P SRR A DG 2R 1E B R B LT A v i A
WA 171 11432 545 38 57 4 R 1) P LAARER FH P S b 8 6 R 19 nxm B FH 7 - s 2 KL

52 SCHR[2]Hh £ 1% Taxonomy i &, 7545 258 10 FH P 5 bR 200 &G, e B 2 BRI 2 AT B ORI
BB, FH 1T 8 4 DX (1 ) A0 22 5 T 9 e e i, W ) 8030 A0 5 85 G R AT ol L 4 2 FH P AR
T A e A P R4

performance

N

time memory

N

timestamp datetime

Fig.2 An example of a Taxonomy tree rooted at performance
B2 —ALL performance AR 1) Taxonomy # (¥ %1

1.3 HxRA
AL IR T I T A BEN LI E I S AR S B AR S EE T Taxonomy WO PSR, EEH 2

© TEBREEEEIEDT  htp/ www. jos. org. cn



1564 Journal of Software #:#F%73& Vol.30, No.5, May 2019

et Y 25 1 Y 8 SR i B 2 I ) M A 82 5 1 T8 B L o S50 3l ) P P 5 R 22 T £ 9% 200
J G RR R Z 8) 1R 2R AR HEAT SR, BRAFAH BT 8 Bobm i S AER (¥ 1] 7 i i 25 T Taxonomy (9T 7 #E#E S3E
FEF K T R AR I, vl DA DG PE 381 0 b 28 ¥ [ 7 v B AR ME SRt 1] 3 s,

Stack Overflow

Kot

PRI R E X W | —> | Taxonomy [l /8 N 7541 g |

N
MRS | — (1 et 4

| | s | — [
“
wEbbLE g
A
AW
L pr-b A

Fig.3 Algorithm framework
&3 HIEHELE

AR SO ST AL BT AL DA i Bt 2847 AR DR T WU R AR R 5 0 S LS AR O R M
2 T RE A SV v I T RS B AL A8 5032 O P 5 bR A8 96 38 3R A S n R A (0 Y A A5 UL D I O o
DX H (1 i) LG O B ) DR HEAT HE T Taxonomy ) 1) i@ A 25 471 Jie, 1t — AU IR A3 3RA5 (0 P A A S 2B AT BT
S A e R B HE 44 EA T L HE A

2 ETEFAEHEMAPEERZE

ASCEESY N 3 FB A AT AR (1) B T Ad B, A 45 I 45 H0H 00 50 AIE A B DL % i A XA TR P ) 1R
(2) P FR%E 3T, A SC2 B B R BEALIE L SR 03 R Bk T — Bk T 318 BE LT AE I P AR B 08 559255(3)
FH P HERE AR SO SE A T H Taxonomy S - 3 4 DX HR 119 A 85 8 N7 8 SR 38 3o 15 SUR X6 o & 28 41X AP ) i)
AR S AT 0 T 35 o Wy R 3R AR B P bR 28 06 R AT F P #EREHE 4.

2.1 B XHERERFIRA

WS Gt AS R AR X H R 2 5 )R] AT O, A SCA5 3 P AR [0 1n) ORI i 47, 9 DU 7 S AR A8
KRR N ARSI 53 W7 P AN 4 DX v 42 AR AL FH 7 7R A [) v 780 %) 4 e ke TR AN () 4 DX e f A R 7 01
THEPRANHE X A A P2 BIARALEE sim(a,b), A48 30 = BEd s v 55 2 A FRAHBLEE simg(a,b) 5 F P A5 2840 R 4 w2k
R, e 1 T3 A (3).

_ [ LCS(seq(a), seq(b)) | 3)
| max(seq(a), seq(b)) |

HALCSOMMER P a5l b 2 FREAFETFHRPIKE TS~ PREF R KEEITHRER AR 4
FRAFABLRE X B R4 d P 42 BRARABLRE I, 5 v B8 SCAR TR AFARL BE AN [ 1) 2t A SCARASE FH VB F 7 A 0k 2 TRD 1
KA e R AT AT =38 1] dee 1 2 3 e DK 3o 40y 19 24 vh P 0 00e P A4 BRI 70 T B B 11 44 FR
A P o s TR B O R E AR R AR R AT RE Sy DL P A4 BRI b — 5 1 )5 4R B
RN B I E R 0 T 2 34T B A AT 38 A JL TR B AT BU IR, 7E S e 00 AT DL 4R 204
PS4 0 L7 5 BEAHAT (W 7 48 Bk AR A 5 VR NG T 44 A B A 1 1A I e AR TT e LE AR RS e 1A AR O A
RN P 58 A A AH G 7 IF BLAE UM R BUAHE 1B DL R VH A LT R A B TR 22 K Tk A 3L T 5

TESREH 7 M 2 AR ACL S 2 i 0 5 FH 7 IR0 AH [ bR 28 4 DL — 58 P kAT 40 I, nT LAS Bl & 7 5
H P 2 R ARBLRE sim(a,b).al i vh 58 sim() J 150 37— B BAEL, AR SCRAG AN 1) T 8 #E DX HpomT g 2 [R]— F -
A NIEREAT 53 B A SCHE VRN I8 B, 22008 24 DL R 45 KN B I 00 R A A K b A 2 K B 44 B og 4
AR TR] PR FH P AR 8 U5 1] B P AN N 32 DU SOR IR, AR TR 44 - 58 A R) B A5 R S8 28 I 00 F =38 2 ) —

sim, (a,b)

© PEBEERKCEIFR  htps/www. jos. org. cn



FA FATEHAELAARGA PG FE 1565

HH P BT BEPEAR i (AT AR A7 A A WA AL DX I I A FH A A 58 4 R) 1R 68 i 4 A ST AN FL A A TR 47 169
FHP AT B RRCR A [F) L DX rb (R A R FH P BTk 7 48 FRARARLRE A DR R AN FH 1 X FR AR IR P 444 R A 305 TN
TR EE AN R R EE —2E TR IR 228 Sk A () B AR TR PR A A B
B AR bR, 5 AU e B 0;7F 3% A M R AR 1015 DL 6 — 3% 44 FRAHACLRE DL S AH [R] bR 2%
o A DL — 5 B AR I 3RAS S & A H P AR LB AR SC &5 5 P A O ic 5 AR SCSe o 1 P AR 28 4E
J3%H P AR AR 4 75 RAE XS LEAR U A KT 1 IS O0F XA EE v 5 ) 6o I8 B AT BOGH 5ok 55 LAY /N AR [F7)
FREZEHCE b 22 HoF AHABLE J) W7 36 ol 11 5 Mg, D) A

sim(a,b) = {0_’ @=0 )

sim,(a,b) +log, w, ®#0

Horpr, oA R AE VIS P IR0 A AL E I RAIE 44 FR AR ACLBE IF, g T E R 3 AF ) 7 M Aff 88 T A 2 160 PR P A ) s 2
B R AL 2 J5 S5 A A adie ZE ORI P RO I 0T 10 ol of RN FH P %225 FH P AR A 111X [
AR TR ) b 5 0 & ] T8 A IR B 1 FH P BT AN 1k — 4, IR A S sl sk g B KT — @ AU i H
JARACLEE W P AT DR AR 2 5 CRAE VRO AR B RS R, TR AR IO [R5 sim () 16 B E R U BE 2
I H .
22 BETERMINFENAREHER

TEIEAT 5 R B LI & T i A SO e e AR P S P XA P S8 02 MH A~ 5H
FURFRIE R R TR ARBE AL PRI RS AL X R oS R K P S P RER T E ) o] DU T
H P 2 2R RBCGE & AT, A X(B) s

r ={32211+(1_“)22211’_i *1o<n <1 0<n,<1 ©)
, i= |

BEWE S REHP IENRNFERR LSBT |2 5% 80 88 E N, AR ZHRNENSS
AN B R B S R O R R 3 TR R, o R U ) 0 LA R P (5 ) A
Z G, o UE R 0.66, B0 AT UE X T2 5 U ABCE g =3 RS 25— A 0] /80 B N
) A% I ELAE S50 P A S R I I i S T 3R A 4 R B T PRI RIS LA .

AR 75 J5 5 S B v A ORI AR L P 5 P T8 ) 96 Z00 F P B B 28 2 TR 1R 90 R HEAT B BT I A7 76 3
53R FR R BB 7 70 ST ) A — S8 Y ()b B A {3 DR, 0 HE 77 I8 38 ) Al oK 1) % ). DA e 7R vt
KRABEZJG AT H A SR Z MR rg AT I3 — AR P, i e 2 /45 23K (6), LARS 1k R 1% L1 R
A FTRURTEH P S P SR T

N
g Z:jzlrik ©

55 CAHACL s FH R 28 S B 5 G P AR T 3 A DX v il ) [ ] H TEAT SR AR X T AR A AL

HEIFE AWM A X7 PR,

di =AY 1+1-AY . 1L 0<sl<1 0<s2<1 )

P 51,82 4> B4R F 1 48 Github 575 Stack Overflow 55 FFR%5 j IR I 8, T AR A TF & F Ak X i

HIFR% 40 B, pIRF Stack Overflow Wl P X T FR 28 2L 4T AN TR th - P SRR 28 2 1R 1 50 2 L H4E A A2 I 1)
S (5 AT BT 0 — AR A B 28 b SRA5 ) 7 5 AR 5 R AR

2 3 T ) BE LT E S50 8 R AR SCRETE T — AR P S P 2 [\ B 58528 2 i) ok &

A7 ST IR B T W WL A AR T AR R R R — A 4 A R, R A T W A A 32 %, B L2 P8 A 408 4 a8

JR[EFF A6 5L T e BEA LI E BVR B S8 a bR K, 1-a AR B B BIA AR AT AOMER, Sk — e LR %

ARENIE VAR, TR 5 13 S 14 ME 236 3 A vl Bl WL AE 52 F Ui 37 1056 180 1) A | 1 00 P 8 L 5 007 9T 3k 45 AL ] LA

WRAE 22 B P 55 1 P 2 100 26 28 B W 43 01 FE P 5 b 88 2 TR 1R 9 2R A SRR [ M R S5 JEUAA TR L P A 355K 2R

© PEBEBPHIFST  hip:/www, jos. org. cn



1566 Journal of Software #t#F% 4% Vol.30, No.5, May 2019

R B A — RAVIEACTE AR o AW My -7 5887, 5505 3R A3 1) M VB R 3R A9 1A P P - A 28 A6 A TR AR,
AICHEE n UGEACT P SRR 2 TG R dy SAERE ME T dff SRR 5 dig FRAGIE AN R BE 9 1R 7T 3. 18
U, di A SCRT BURS G (2 3 (8) AT T4
di;Hl = z“iep(uk) ik 'dl?j (8)

o p(u) h — AR B uy Brdi i 0 BT 0 T (0 s 88 T ARAIE A R B 8 A S5 TR T — AN B AL S
A ¢ HHE &M T BHRE Mp, U HEA 38 B L E SRR T U A ()T R 1A,

Mt =cxM, xMJ +@-c)xM, (9)
Forp T HIBE Mp 2 HATARHERE M 13 1.

Y HEA BENLIEE S RSB — AP ARARZS I, v LR — AN e W P -AR B8 R s, P P
P28 2 1) 1) 5 R Bk AR ST 5 SR 5 28 E A B — AN MR 236 00 AT B M g™ ARSI R, 2 A 76 320 2 2 X (10) 4 1
I, A 3ok R R R S
dr -y

a

T3 47 W Sk e T A% ) AL OB A R AT I IR B 1 A R ) B R 2R TT LSRR 2 R oL A R
S e AE SRS I P - AR &R
2.3 EFTaxonomy®I A F#EFE %

AR RN AP TR By A A T 2028 T B Taxonomy. Taxonomy #2& — R faj AL (K K0 IH R, & 78 £ R bR
Z I BTN SRR AR T V25 s A5 24 198 LG & Taxonomy  {E45 84 EJ2 — /N2 ARW 7E A0,
AT RRE A MENELZTHEH 1 DS AT A R H bR 28 4 i, b5 4 “Scrapy” 71
Taxonomy H[I 4 #r25“Python”{f]— 135 fLaE T Taxonomy 37 i, 1T LA St ok ) BURR 285 1) i v 78 [ 5 40
AR 1P HER

1833 B4 (1 Taxonomy #4, A SCBTE T WAV LRIV RN EY R EE MR NEY A RERN T A S
HCHH 11 A SR T AR A A 0 AR SO SR AR 25 0t 30 PR 4 2 R i) S e 4 4 3l {this, i, java, spl}, T 1
RN IOT A ALK P AR AR R 22 B0 S {java,sqI 6 T AT T Hh IR 7 s, BB s EAT A0 Ab B 0 1 5 i A1 B3 1) B 28
HIRCE FT 4 6 T A2 3T A B3 g ALY AR — AN KR REL o IIANET Y T s R, 2 J5 T
o7 R AR AR SORE I 0 B 1 R LA — AN KR R e N T B TS D0 N c1 5 ¢ 1T LLERCHE [R] 1) 22 2 A
fAi A SR o Add(t,a) BB B AT a INEARAS t 71 45 AR (AL E, GetParent(t) A A GetBrother (t;) 73 il 3545 24
F T At B ALY ORI S0 265 799 15 BCGE BT SR VR A SOV T SCR[2) T s R S R I T bt AR R
¥R LK ARYE Taxonomy Bl A IFRZE, /A t, 5 16 w, AR IZFR S 400 vk 1 Ab 35 AT (B

Bl BERARYT mE

Input: T={ty,to,ts,...,tn}-

Output: T, ={(t;,w,), (tz, W,), (t3, Wy), ... (t;, W, )} .
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9: Tg«Add(ty,c) I 58, 26 B8 28 (L SR A7 TE)
10:  end for
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12: end for
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1: Initalize L={ry,r»,...,r,},Scores={0,0,...,0}

2: forall rieR do

3 for all tjeT, do

4 if ;eU; then
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6 end if

7 end for
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12:  end for
13: end for
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Table 1 Data set of our paper
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Fig.4 Overall ratio of three users under sampling conditions
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Fig.5 Different « values and number of identified users in the label area
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Fig.6 Different label area F-measure values under different restart rates
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Fig.7 Consider user’s recommended performance under different master tags under the ranking weights
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Fig.8 Do not consider the NDCG value under the user’s ranking weight
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