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Abstract: Peer code review, or manual review of submitted code, which is an effective way to reduce defects and
improve quality, has been widely adopted by open source communities and many software development organizations,
such as Github. In the GitHub community, code reviews are an important part of its pull-based software development
model. Open source projects often have hundreds or thousands of candidate reviewers, recommend suitable reviewers for
code reivew is a very valuable and challenging work. Based on the data analysis of real open source projects, we found
that the response time of review is a common problem, which will extend the review cycle and reduce the enthusiasm of
participants. Existed work did not take the response time into account. Therefore, we proposed the code reviewer
recommendation problem with response time constraint, and then proposed the code reviewer recommendation method
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(MOC2R) based on multi-objective optimization by maximizing the experience of code reviewers, maximizing the
response probability within the time window, and maximizing the activity of staff within the latest time. We conducted
experiments based on data from six open source projects, and the results showed that under different time window
constraints (2h,4h,8h), Top-1 accuracy rate is 41.7%-61.5%,Top-5 accuracy rate is 66.5%-77.7%, significantly better
than the two commonly used and industry-leading baseline methods, and all three objectives contributed to the
recommendation among which the response probability within the time window contributes the most. The method can
further enhance code review efficiency, improve the activity of the open source community.

Key words: code review; response time constrained; multi-objective optimization
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B EBEE R bug KX IEACHD AT — 5 T2 B 1K B 04 (E 2 B0 OO B AR AR AC 45 T H L2k P I 2 DA & 915
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Table 1 Pull Request Response Time
&’ 1 GHIFKME LA 8]
W) 1N I [ W ]S I [ 1) )37 B[] M) J37 B[] 1) )37 B[] 1) )37 )

Project KF 2h K F 4h K F $h KT 16h KT 24h KT 72h
Fackbook/react 58.9% 51.7% 44.2% 35.4% 29.8% 20.2%
tensorflow/tensorflow 79.8% 72.8% 63.8% 52.7% 46.3% 32.1%
twbs/bootstrap 78.9% 68.5% 56.5% 44.4% 40.0% 26.8%
ohmyzsh/ohmyzsh 89.6% 85.9% 81.5% 75.8% 68.4% 63.2%
flutter/flutter 48.0% 42.3% 37.0% 30.4% 24.0% 15.3%
electron/electron 77.8% 69.8% 58.3% 44.0% 36.9% 20.7%

ANNTLE T IH 15.3%-63.2% 106 18 KA 72 /N N A I B, 24%-68.4% ) & FF 18 R 1E 24 /N
A B flutter/flutter S A 15 SR W1 BLE E S AR ITH B S2% M A& I KTE 2 /NE N 15 2 e B
ohmyzsh/ohmyzsh & & & 3R Wi o7 5 (8] 5 12 (1 00 5 I 60% 114 018 SR TE 24 /NP9 A e 73 2 R &3 — 25 1,
BATGT T flutter/flutter F1 ohmyzsh/ohmyzsh # >3 B 7E 2015 4£ % 2019 S84 3 A 1 H I SUHANE(NOF)
FARABAT L (LOC) ik 2 FAT7R . flutter/flutter QRS AU < i B & 40156 T ohmyzsh/ohmyzsh. L 7E 2018 4F 3
HZ 2019 4= 3 AMRBHEEK TiE—/ (33 TR KL 60 1T ,ifi ohmyzsh/ohmyzsh 7 5 4
I 8] POAR A R I KRS B — 5 (1.7 HATIE K 2.9 TifT) .

Table 2 Code size in flutter and ohmyzsh
= 2 flutter 5 ohmyzsh X3 M 4&E

Project 2015.3 2016.3 2017.3 2018.3 2019.3
NOF LOC NOF LOC NOF LOC NOF LOC NOF LOC
flutter/flutter 30 5508 598 93921 1105 197776 1572 331626 2235 599059
ohmyzsh/ohmyzsh 244 17518 283 21676 356 25881 381 26591 476 29566
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Figure 1 Code reviewer average response time
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Figure 2 Code reviewer activity distribution
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BRIE IR E N2 IFUE T H T AT I TTIRE RIS A W={wy, W, .. wp}.
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ActiveScore = ¥, g, active@t; re; (6)
1, if Now — ty1pes < ti < Now
0, if ti < Now — tyipes
Forht Now R 2 HT I 6] ,active@t pyes #7812 A5 16 NTEAKG VTR, HOAS I PFAE IR IR 18] 2 2 75 LE I (8] Y5 ] £,
PN TRJSES B £y 72 IT VR AN S 5E

3.3 ZEMMULSGE

AU 323, MOC2R 5 ¥E H B A =/ H AR AR B4R, R B 7E BT B A bk 31 st 2 1R W 3 1. MOC2R 7%
TR RITiA R (Pareto front) P L —41f# (solution) IX ZHfF At % Sl F H A ) A, tho sk 2 i bb LA iR
k.

MOC2R {i[f] NSGA-II %% (Non-dominated Sorting Genetic Algorithm-I1) B2JE Ak i i $2 2 i =4 B
PR NSGA-IT 2 75 5 A4 T A2 A0 A U35 4 )32 4 F (9 22 H AR AR AL 5 75 AR4E Harman 25 A (K 9F 7800, 47 i i
65%HTERAE A BT AR S AR AL B AR R B T8 A% By G T8 AL AT NSGA-IT (3T % HARflfb) .

ERATTEE AHER I b, 0 23T R F IR NSGA-II 5 2 AE =N B br 2 0] B B3 BT 8 BN 53 0T A
JE I A A BRI S R I B A I U .

MOC2R ) % H b b 77 iE 46 LT U4 3R

1) &R

15 Al 3 456 1) 5 — RED 2224 ARG A A 3% VP o AN GRS — A AR B A R AR Y 1
My 0.MOC2R 15 ZI AR & — A~ -k i) AR 5 0 1) 2, ) 2 P P88 2 P P 8 0 i NP o N 2 ) R )
7% 8] 2 T A g VT B N e R A ik b 2R

2) sk

MOC2R Bifi L7 A= 477t Pl 35, th 35 A2 V0 AT 72 25 ) o B ATL 36 9% K AN AR 9 Harman O @130 FRATTH K B & N
200.

3) BEHET

Sttt G B 4 A 9 A R A A o 3 A B LPOL RN B S A Y AR S S A R AR
FRATVAE FH itk 1) bl 28 077 3QHEAT U 545 4, 0 ol 2 130 L a2 3 I A A E 47 22 SORNAR St R 5 s 498 30 7 1A e i 1)
AMRFNT —AR.

4) &R L.

T FATA B =A B bR, SAMEE A 3.2 FWRHIAR K =A B 55 R E0 AT 45 5 0 T84 B 45,3847
BB AR N B AR E, R S R Z AR P ATE 1 R ON 5L H FRE SR A

active@ty res = { 7

4. LIt
4.1 W= EE

BAVELL LR =AW W5 R . A BARIER . S50 = AN J5 T 36 1 77 7% 1 RUR

RQI1: MOC2R J7 ik 1E 87 N HEE J T R R gl 2

RQ2: MOC2R F7i%E B =AM AL B bt TPF o A HERE I DTt 2 ERE M ?

RQ3: MOC2R EA[FZHUT MU dn e ?

AR T 35k 7 A S HE TR AT DU R R A& PR N, — A AR H P R BRI R R H T AR AR
A 25 B9 BT UK T 5 vk o B i S IR @, BRATT A B EL 2 /NIE L 4 /NEE L 8 /NI BEAT S B, 3R 48 T be 4 R RN 4y
#r.
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4.2 Ground TruthFnE 4k 75 3%

i 7 B[] 24 3R AR RS U o A HEFE 1) Ground Truth A2 I3 sEARKS PP 8 VG ) H 1F 8 A B S 5id 343 21,
FLARSR UL, AT E S IR BN o A ARG PP 5 SEBR 2 5 8T AT T8 — 2R I A 5 4% 4%
T T B 1) 222 F 1) 22 1] £ 170 8%, bk P 1 1) 8% B0 S 32 1 o N A Y o o P ) 7 )

ARSI T RAVERE T ReviewFinder®F1 IR+CNUMEG R A AL PF 65 A HEFE IR IR 4 X AN B3k 1) 2
b P A5 AR R PP o N AR SR R AR 2 A S BT 51 A

ReviewFinder ()3 2 AR R R SR 2 BOR BT B b, H 5% 450 41 20 R I, HLAT A ST A 4% 1) SO S L)
T it 2 AL I 5 % 2 SR IB 112 77 V0@ i T SR ST UL BE SR A5 1 IR AR RS V1 B AR AL BE 53 49 % — S B AR D
VPR AT 55, TF SRR G SV 5 AL A5 40 HE A 45 4 ) B 45 2 5 3k AH B 7 S8V B 3 N M 0 N\ Hh 4 B ALY
BB AR 258 AR W 4T 55

IR+CN J&—ANEEA T 15 B R AL A N 48 1R & HE 35 5 10, — D7 T % 7 V6 MG s PP i S 4R B — 47
1534 VP 5 N IR 2% 5 806 T — N BT ARG VP 8,5 1 AR PP 5 g 3 L AT M TR D B I VP 8 A BN N & & 3&E
FIARRD PR 7 N [R5 A 15 G 2R B0, 6 T B 15 SR AU AR BLRE 3R 4T EL G, 15 B e A RO HE TR 45
43 ZLWMBIBEREMMLE

N T RESLWBAE, KA GitHub P44 %8 Star MM G HERADMECRETE T AANITETH BT

facebook/react, tensorflow/tensorflow, twbs/bootstrap, ohmyzsh/ohmyzsh, flutter/flutter I electron/electron.iX 75>
TRIRIH C 5% & IF 3R AN B LE 5000 BLE IR I H 3745 1 5K+ Watch, 114.35K+] Star 1 357K+
i1 Fork. H o1 Watch 7 %38, W I H A A2 28 5, v N #0280 38 RV U s Star 27 ki B, 2R 2500 T H #) S HF
HMVE X Fork o 6 2 1 H AR 2 (0 70 32, 0085 DL QK-S . =S85 AN A A B2 Sk 7 350 H 1Y) 52 X078
JE2 AR K i WY 50 RS2 W A X S T Y I H A A AN AR R 1T R R AE & B R EOR SO 15
& HEEMIEH B A1EIE GitHub REST API v3 (https://developer.github.com/v3/) FIUHLIE 7SN FFIR I H 48 ¢ 41
I KA 58 BUR B 5 Bk 3 PR

Table 3 Data Set

=3 BEE
) G . AR ghi s FE
I H 4 FR »D N :f \ N N W N
A i 3K REE fif [ i [ N s Watch Star  Fork
Fackbook/react 8361 1348 2013/5/29 2019/8/1 1646 JavaScrip 6.3K 141K 27K
t
tensorflow/tensorflow 11815 2343 2015/11/9 2019/8/1 19116 C++ 8.2K 139K 79K
twbs/bootstrap 9603 1103 2011/8/19 2019/9/16 457 JavaScrip 7K 138K 67K
t
ohmyzsh/ohmyzsh 5106 1476 2010/8/31 2019/8/1 814 Zsh 2.5K 101K 18K
flutter/flutter 14300 501 2015/11/10 2019/9/16 3812 Dart 2.3K 82K 11K
electron/electron 8618 907 2013/6/19 2019/9/16 1762 C++ 2.6K 80K 10K

FEACSZG i b R 21 B0 45 IF 35 SR AT T 4R i g

a) Kig AT WAIEEH N RS 56 I8RO 2 — JACURS P i 1R A s NBOK T 2 U, I X
PR AR A AF o7,

b) $FE LR 510 IR+CNU 040 R 0 45 -4 R oo RERH R A5 B AT 1 26 I B0 9 R ) 38 Ji, O 4 A
FRRAAE B A R B D>+ 5 AN IS IR R 3.

LAV o 7 7 i OV S 06 v B A AT 35T H Th BT 1000 AN IR SRAF sk 4, A 75
5 RAE N ZRE.

XoF T 7 4 T BRI R AP P 8] Y65 ] 2 o, FRATAE VN ZR R 37 52 ISR T 3, 73 T PP tines 9 1 R3
R, RA5 K30 RIGHETEROR, G5 R K tines A 3 RIN, 2SI H £ 58 U B (K9 ROR, D BRI 18] 96 Bl 2 40t
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WEN3 K.
4.4 TEINIERR

T VARG FRATT Y 77 v, IR A AE A ] BT 4G TG Top-k B FRN B ] B 29 R T LY B # S (Mean
Reciprocal Rank,MRR) P & 48 bR, 1X 9N B 18 b 48 8 ol B2 F 001 TR 40Uk 4 7 &R 48 T Ay A v
[6,29,30]

1) W B LR E Top-k MR Z 5 H 2 T VEHETE ) Top-k ANTEEE A,/ — ANFEL) E I 7] P 1 IL7E SE bR
PR AN B R F & RGN G HER BN B G 5 A H— RABEEm N A BE ¢ WIHMNKE
i R (PR@o), 7] % £ ) Top-k #EHIZE AT IR HE A 5 8 #4715

I B 2 e Top-k e = ZmcrnenlsCorrecrenTon iy g ()

, {1, if HEFERASPE N 22 20— N AE 2058 i 5] @ A S3E AT i B
isCorrect(pr@go, Top-k)= ‘ ) i o o 9
0, if HEEKANVEH A A ATE L) 5E B [/ o N 3EAT 10 B
Hrr isCorrect(pr@o, Top-k) B EUE &2 /DFH —A Top-k FHIVEH NRSE 7 iZ&H1ERIIEITEH HH &
g B AN T o BRSSO IR (8] 1,75 MR [H] 0;
2) BRI ZIR I MRR THE 2 A PF 8 N HERE B3R Hr IR AR HEAE BV o NI BCHE A P .S H — &
B BE 6 70 W N2 I [R] B @ PN I S 1R R 1 SR (PR@@), MRR AT AR Wi~ A 34T 1H 5.

1

1
MRR = |PR@g| Zp]‘EPR@(p rank(Reviewers(pr)) (

100

Ht rank(Reviewers(pr))iR Bl HEFE IR F 5 —NLBRS 5 T iZA I RITHE NOHEL  QEEFI R BT
PFE NEBH LM —AN55 T iZEH 0RO SEPRIE S I IR B 0 AR R, — AN 7 ik Re s 52 L HEE AL TF 8 A
I MRR 1A 1.

5. 5RO

5.1 RQl. 773k1ERE

R AR S 75151 HH MOC2R LA B B8 J7VAAE 6 AN S0 T H AL AN [FJ B [7) B 20 ST B9 Top-k #EH 5 AT MRR
iR
Table 4 Result of Top-k accuracy in different time window
& 4 BB ELRE) Top-k MERHERLS

I 5] % 29 =2h I} 8] B £ 5 =4h I} 5] % 29 4=8h
Top-1 Top-3 Top-5 Top-1 Top-3 Top-5 Top-1 Top-3 Top-5
ReviewFinder | 31.0% 47.8% 558% | 35.6% 49.5% 59.8% | 44.6% 54.6%  60.6%
Fackbook/react IR+CN 349% 554% 63.6% | 43.1% 547% 67.5% | 53.9% 61.7%  68.3%

MOC2R 61.5% 749% T77.7% | 63.7% 723% 76.5% | 64.2% 714% 73.8%
ReviewFinder | 22.1%  374% 45.6% | 20.6% 34.6% 47.9% | 383% 60.3% 65.8%
tensorflow/tensorflow IR+CN 32.0%  483%  56.1% | 33.5% 49.0% 58.0% | 44.4% 60.8%  75.9%

MOC2R 52.7% 69.2% 73.5% | 55.9% 68.1% 74.1% | 58.0% 70.9% 75.1%
ReviewFinder | 14.5%  24.6% 34.0% | 194% 404% 482% | 24.7% 453% 57.6%
twbs/bootstrap IR+CN 273%  442%  562% | 29.6% 455% 54.6% | 35.0% 52.0% 62.2%

MOC2R 53.0% 65.0% 71.2% | 46.8% 61.2% 69.6% | 50.5% 66.2% 72.7%
ReviewFinder | 13.8%  23.7% 39.7% | 17.0% 292% 39.7% | 244% 347% 43.1%
ohmyzsh/ohmyzsh IR+CN 17.1%  31.4% 452% | 23.1% 41.4% 50.6% | 293% 442% 58.7%

MOC2R 52.9% 68.9% 73.8% | 47.1% 62.8% 70.2% | 47.0% 66.1% 71.1%
ReviewFinder | 26.0%  50.9%  553% | 37.1% 46.5% 60.8% | 41.6% 58.4% 73.3%
flutter/flutter IR+CN 343%  53.0% 59.7% | 37.6% 462%  58.7% | 39.5% 51.5% 64.7%

MOC2R 44.0%  63.1%  66.5% | 49.4% 654% 70.5% | 552% 67.4% 73.0%
ReviewFinder | 18.9%  29.8% 353% | 20.1% 32.5% 433% | 289% 40.5% 54.8%
electron/electron IR+CN 23.7%  34.0% 388% | 27.1% 39.7% 49.5% | 357% 533% 69.1%
MOC2R 41.7% 58.4%  69.6% | 46.7% 61.7% 70.4% | 52.7% 62.5% 71.8%

Project Approch
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ReviewFinder | 21.0% 35.7% 443% | 25.0% 38.8% 499% | 33.7% 49.0% 59.2%
mean IR+CN 282%  444%  533% | 323% 46.1%  56.5% | 39.6% 53.9% 66.5%
MOC2R 51.0%  66.6%  72.1% | 51.6% 65.2% 71.9% | 54.6% 67.4% 72.9%

Table 5 result of MRR in different time window
= 5 BTEEARA MRR 4531

Project Approch MRR
N [E &£ =2h IR B 49 0i=4h I |a) & £1=8h
ReviewFinder 0.40 0.46 0.50
Fackbook/react IR+CN 0.47 0.50 0.58
MOC2R 0.68 0.69 0.68
ReviewFinder 0.31 0.30 0.49
tensorflow/tensorflow IR+CN 0.42 0.44 0.57
MOC2R 0.63 0.61 0.64
ReviewFinder 0.26 0.30 0.32
twbs/bootstrap IR+CN 0.39 0.38 0.46
MOC2R 0.62 0.62 0.59
ReviewFinder 0.22 0.26 0.31
ohmyzsh/ohmyzsh IR+CN 0.28 0.34 0.38
MOC2R 0.61 0.55 0.56
ReviewFinder 0.41 0.47 0.51
flutter/flutter IR+CN 0.44 0.46 0.46
MOC2R 0.57 0.60 0.62
ReviewFinder 0.27 0.29 0.37
electron/electron IR+CN 0.32 0.36 0.45
MOC2R 0.53 0.58 0.59
ReviewFinder 0.31 0.35 0.42
mean IR+CN 0.39 0.41 0.48
MOC2R 0.61 0.61 0.61

HE 4 F1E 5 ATLLE K, AR AR [R5 280 T ,MOC2R #REAR BB IFRIZE:  Top-1 HERIZERA
41.7%-61.5%,Top-3 HEHHZ N 58.4%-74.9%, Top-5 HEHIZE N 66.5%-77.7%,MRR A 0.53-0.58;°F34 Top-1 #iffi 2
N 51%,7 3 Top-3 #EMHIZE N 66.6%, 3 Top-5 M ZE N 72.1%,°F3 MRR 4 0.61.3X % B] MOC2R #] LAMR 4 1
162 AL HERE TR I T 2 R (240 5 I [B) B AR IR ) g #5388 110 VP B N 7 ik 3 I o ) A T 348 149 338
B, H LU E N 00 W00 97 S P 50 1, A0 1) A K 4D T g 7 T 4 G R I 5 T K ek b 1 TR E L 2
BT Z 00 A PP H N (0 00 7 3R P 2658 A A i) T 7 658 it P s [ Ay e .

AT LUE B AH% T ReviewFinder 1 IR+CN P Rl 35 77 2%, B 1] 5 20 SROBR 58 1) & 1 ,MOC2R 75 i [ {12 3%
R S 24N TR T L9 2 /NI A EE ReviewFinder 777, MOC2R 7714 ) Top-1 #EW & b ReviewFinder *F-13
P 1 143% ((51%-21%)/21%) ,MOC2R J7 %1 Top-5 HER 2T 342 11 1 63% ((72.1%-44.3%)/44.3%) ,MRR
FERE T 97% ((0.61-0.31)/0.31) AL TR+CN 7775 MOC2R J5i% M Top-1 #EMRTFHRE T 81%

((51%-28.2%)/28.2% ) ,Top-5 #E#i FF W & T 35% ((72.1%-53.3%)/53.3% ) ,MRR & F T 56%
((0.61-0.39)/0.39) .Ff: HIR+CN J7iL7E #7750 R - F ReviewFinder J5¥2,1X /& [K N IR+CN 7E %5 F& 7 AU
P PR AL il b 3 3 5 A 2 R 48 5 TN R T RS PR TN B ARRLRE 3k — 5 1) 7 A i R B [ 9652 4 1) T
(#5111 ohmyzsh/ohmyzsh) FRATJ77: ) MRR 8456845 2 LA b ((0.61-0.28) /0.28) A T~ 4 52, 1X 4 4,
BAVIT LI B SR — AN B0 00 VR 5 N I HE P A B 5 S
52 RQ2. & Bfrpysaik

NT I W BB A B AR PR N HERE R BRI AL R ATTXE MOC2R [ =AN H AR 4y BEAT T SR8 40 B 3R
{i1# EXP (ExpertiseScore). RSP (ResponseScore) Fl ACT (ActivScore) 45l LLEE H A% 7 AW H 5 5 7tk
AT VP ANHESE 0T 5 H br 7 2,304 4% B8 B AR I A7 1 3 T 00 E An 5 2R AT TS B A7ig 17 2 H
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ez 6. B 7. B 8 25 5 AN R 2 & U5 3CAEAS [RI IR (8] % 20 30 f) Top-k #ERf Al MRR.

mm EXP mm ACT
mm RSP mm EXP+RSP = RSP+ACT

mm EXP+ACT mm MOCZR

0.8
@
£ 06 e =8
S el MM 3.7,
£ 04 *ﬁ ’ i j ‘
@
o
0.2 . . : .
TOP-1 TOP-3 TOP-5 MRR
Figure 6 Top-k&MRR in different objective, =2h
Bl 6 I [a) T Z21H N 2 /M, % H AR Top-k #ER A MRR
mm EXP mm ACT mm EXP+ACT mm MOC2ZR
08 mm RSP mm EXP+RSP = RSP+ACT
; . |
@ N
3 T e .
506 ' ‘ot
: == "
S04 j . i
[+7])
= 0.2
' TOP-1 TOP-3 TOP-5 MRR
Figure 7 Top-k&MRR in different objective, p=4h
B 7 IR & 2R 4 /N, % H A5 Top-k #E#i #€ 1 MRR
mm EXP mm ACT == EXP+ACT mm MOC2R
e = RSP mm EXP+RSP — RSP+ACT
2 g6 ! i * ke
@ e Ry +
foo] oo s
o -
E 0.4 - .
GE TOP-1 TOP-3 TOP-5 MRR

Figure 8 Top-k&MRR in different objective, =8h
B 8 HINIE £ 8 /N, & H AR Top-k #EHZ Al MRR

MR BUE BT R E 20h 2 /NI B BRI Top-1 #EHZE TN 21%-40%, MRR T34
0.31-0.49; 18 FH B A H #7 [) Top-1 HERH T34 44%-49%, MRR -1y 0.48-0.57,1] MOC2R J5 3% 1°F % Top-1
HEWI 2N 51%,MRR 4 0.61,15 T 5 B F5 A1 H bR A5 003X 350 B, MOC2R J7iHis &5 . i B2 . V& IR
PE =AY B bR — AN 0] 3L FR T 0F B N R IEAE H.

XF TR A B AR 15 00, 3RATE B, 25 B2 52 I [8] P4 1R g 2 A 2% H A, 07 B N HES ROR R 72 X BB H
TR of T 285 G W 7 T ) P 0 R N 22 00 T 1R e K L S BT (] 787 240 DR AR 38 K PP o N HE R AR T e ATl 2 3 v
4t /I BN T VP E A FE 1) TR AS /0N 3K AR e 2 AR P T 40 SR A 7R e, R T SR PR N PR R T (] A2 e P, T
PEAT N L0 52 B[R] P9 0 e 57 R 2 5t 2 VP A7 N iZ 7 T R FE &

o TR AN H bR, AT LG B, FCR A 5L 256 007 o NHEFE SR S X B R U B R H A&
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I8 ANGE I, 060 N 53 0 SR AN B8 K ) i P 7 AT 45, T B8 4 6k T E AN A DX AT Bk 3 7S A A THD RS X R 3
R = & ) 7 R 16 ) 9 7 N B 722 1100 2 T L 35 v 7 R i A M TR AR S B I HE R SR AR T T N R IR 1 HE
F R, 3 U WA E 5 RS S B TR f U N [ N i R E S T T B R FEMA SR EER R,
5.3 RQ3. F ARSI

TR PESR BRI BS TRIVE ] tges &2 MOC2R J5EHIS LN T 50 A H Xt F 5000 82 AT %o e (] i [ 1% 5
T —RINEIAE tyres={1 K,3 K,7 K,15 K,30 K}, 3% MOC2R fEARFSH T REREAT T 20 H1.3 6 %)) Hi i [A]
W LVH A 4 /NEFI Top-3 HEAf 2,78 FL A I (] 3 B HEAf R SR AL

Table 6 Top-3 accuracy of MOC2R in different ty,.; (p=4h)
2 6 MOC2R I [8] & Z) 5N 4 /NI 72 R RIS ()Y ] toes AP Top-3 HEHR ST EL 4> BT

Project A MOCZR Top-3 accgracy@(p:4h A A

tires=1 R tires=3 R tinres=7 K tinres=15 K tires=30 K
Fackbook/react 73.4% 74% 72.8% 72.3% 69.5%
tensorflow/tensorflow 72.2% 70.7% 68.9% 68.1% 65.3%
twbs/bootstrap 63.5% 64.1% 62.5% 61.2% 59.4%
ohmyzsh/ohmyzsh 59.7% 60.4% 62% 62.8% 65.2%
flutter/flutter 67.1% 68.3% 69.6% 65,4% 63.2%
electron/electron 64% 64.5% 63.7% 61.7% 58.6%

K% ohmyzsh/ohmyzsh T H 4}, 7E tires BUH 1 K EL 3 KAF,MOC2R 1) Top-3 #E#ffi & RE1F 3% b SL 46 5 1 e K
1B, tihres BUE 7 R 15 KA 30 KT, Top-3 HE#Z /MR T B2 BEIE DN T 5%. ATV, — BRR VL, tires WE K
AL BN, i 0% 5 76 (V08 T 22 AT i (N 565 a8 ok 8 D B 48 51 N 75 T i 2 R A HE A2 280 1T 24 teres B2 H5/MEL
5, B % Jo 308 4t I 7S Ot T o S I 5 W, 1 B AT A AR SR T S AN T E b DT R RS KM N
ohmyzsh/ohmyzsh, 554 i [7] ) 375 BR 4 1F 7] 90 Bl typres ST i 105 50 00090 6 F10 25 B0 AV T4 257 2368 (A AR AP A9 A

6. it

o SR M RE IR I H M 5. 3R 3 AIER 4 FToR , MOC2R TEANE I H o B AN [E Y Top-k A B AIA [
) MRR 2230, Fo A 50025 2 b FRATTAF A 20 A T 75 /NIRRT H 0 ACTE GitHub b 20 234 88 07 20, B
P ¥ A B[R] f 18 %) ohmyzsh/ohmyzsh T H 4k, HoAh 7 AN JF VR T H ) FE & T facebook M #L 2% A
Robot(https://github.com/facebookarchive/mention-bot), 5t H H1 fli 5 (1] & FF & K # & 75 25 — IS (1] 4% Robot HEAT 4
— A — AN B AR EAT 2 L s A . SOl BT PR BT AR SE AR AR I BLZE BT T B SR
A A R I E 1 Robot &2 R4 B 340 A5 AR A 25 BH 2 TR FR B AR O JF KN A ORI 1A IR SRR
A AR EA B FRATA flutter/flutter W1 H 3E4T T Sith. 1% 00 H K18 Robot TAb #-A F51 3R 2 5, H & FiE R 1)
ST R e R (R 24908 7.5 /NI T AR T Robot i BT — 4F 1A 1 SR 16T 380 5 e 82 B [A] SR FF7E 4 /)
I LA . Robot PRI I AT LS B DTk # A A% O FF N 03 TE 4 B BB M 6 JF 38 R E IS A i B B E W& IFE
K45 5T A R R AH LA K Robot 1 5 1 B A2 2 T 5Tk 3 48 28 I AR B AR RS AT TR 7 VR AN R
Robot AT LA# F A SCHE H ) MOC2R 751, B 3 & FE 1l R HEFEVE B N B4 X HE THARAD PP o 2% . $2 s TR 4L
XA ¥ R M 2 ke BIAR I IR A .

7y —J7 T AR NS PP a7 N 37 e 2 0 oy A AR HERE VP 7 N R AR 8 4R B B8 22 1% 1) L A e A o i
BRI 0 7 25 BRI A 4R R A S BT 983 LA D R R FRATT AT A RS V7 [ B B 138 B 7 B Re g gt — B4R A i
7 IR 5 R, I8 4 e DA — AR U B A AN GE S AT A FE AR AL VR B N ARV G AR RS R I EE 2 )
AN 2 O ERATTR — AN BRI 9 7 ).
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7. fHHXIfE

1T AR IE A B T 1 28 08 TS VP o7 N HE SR B F 50 R0 G030 FRATTAR 98 ' 11 25 R 10 =8 ZERRAE AN ) T HE 3%
RIGEE AN B T BER AR AVIH: )8k 355,036 F HLES 5 31 5907 725,10 28 458 M 1 5 15 iv) IR & 5 .
71 BERFE

A& SR AL 5 12540 BT AAE 14 22 ANV 85 (3 8L, W SO B O 7 s 3 SO A2 17 245 5. AUAB AT A8 U7 S
73 S o AR PN PR IR B IR I TR O A IE U 56 BV A 06 Ok TR B S AR PR N B 3 B S
724 ReviewBot. RevFinder. WRC Fl CORRECT %5 ReviewBot #& Balachandrany T 2013 &2 H FF 528 A —
TR Ml iz YR e AR S PR o AEFEE 2 — BRI AR R T i R fE A IR )
FRAG AT B 1% H 5 A 18 38 o A A AR RS AT (94 G F B N K 3F BF . Thongtanunam %5 AT 2015 442
ReviewFinder P/t /& H #7472 51 F A4 25 500512 05 VR FH 1000 45 91 185 SR v A 35 10 SCAPF i A AR B RE 1) 31 5
5HEF 07795 FPS (File Path Similarity) .Hannebauer %5 AT~ 2016 E#2H FPS Bk 5Tk WRCL % 5 ik 4
FPS (WAL B3N T /0 B 20 B SO iR 200 7 G T8 250 51 N FPS [ TH B0 72 b, DU 73 2 SE A5 1 1
HEFE 45 H Rahman 25 A\ T 2016 4E 2 HARED I 37 A\ HE 27 5095 CORRECT ) F 3ok AR BLBE A 55| 3 A AU i AR D
FE VTR A2 A 08 I A MRAD PR A
72 ETFHNREINEERENGE

XA 7 A R R L 88 2 ST S (5 RS R 5 ORISR d AN eI A T i — A E X
S TS EFEEY AT INZGERAR Pred Rev./Z Jeoung 25 AT 2009 E4R H P BT 4 T 708
P AT AEM bug S B E— R FVFAE, R UL 37 00 2 T30 AD VP o A GRRN T 852 8 1) 7 3. [ED R A
FHANZE DU 87 S0 T 3 57 A (9384 Lipeak U0 Jiang 256 A\ U314 Ly 25 AT 2016 £E 37 5L T I 18] A0 5% 7 B
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