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Github is an open-source platform which focuses on collaboration based on full-request. As an important task of
the Github collaboration platform, a code review is critically important, as it plays a key role in the collaboration
ecosystem as well as the software quality improvement. Therefore, there have been several works to recommend
proper reviewers to improve the Github collaboration ecosystem. Despite the fact, however, previous studies
have some common limitations. What is at the core in previous works is to focus on the recommendation of the
existing network only, not considering the chances of extending the network in order to consider more proper
candidates. For this purpose, this study suggests a GCN-based link prediction based on the network extension,
which expands the boundaries of potential reviewer candidates in the network. As a result, the model based on
the network extension shows a good performance compared to the existing network. In addition, we conducted a
comparison for the existing reviewers and new reviewers, and identified the new and potential reviewers as
having a positive impact compared to the existing reviewers.

Keywords: Github, Code Review, Recommendation System, Network Analysis, Link Prediction

1A = 9 ¥YL E-2 A2 E(Pull-Request) 2 o] FAATGE Zlo] &

AoIth(Yu et al, 2016). E-HH2EE AHAV} ZZHEE
Z &2 2ZE0)0SS)E At Aol MjZela £ 2A3 T wd e QA= FAH o T2AEL A£54 90
T AZEYOR F2 A5YH A TR ARBA AT E ZE AMAT @Yo 9T 5 Qo= 540 gtk A%
EloA 717 ool e MEAERRE & S 2L A= B gEAEY A 8 £494 F2ete 2= 4 2
Th(Chatziasimids & Stamelos, 2015). 28 B (GitHub)= o8] w7 A3 AE 59 7] & & 4= YTH(Yu ef al, 2016). -]
RE L2 AZENOE TR I 2 R FRE A2E FAHA AEAE WIS 2 24, FES A
ohooed A BoHE FE D 22 T4 L 44 EY 2Rl PRE 5 Y3, o F ARl AuHow %
T TR fglol ol FolA AL glaL, ol it B A7 H R 3 grole 248 wol WA E g Rol2 Ydt 844
%) =] 2 TH(Dabbish ef al., 2012; Zéller et al., 2020). 213} 2o A g Hoo T

£r$£§9Lm$L'l-o

rr 2

olt
o

53] AEA 2AF AL Tl 27

B Ates ddTAY B AR NI NRF-2020R1T1A2070429) 2 S 49T (FAME: 2023R1A2C1004752)2] A Y& W} FFHA L.
2 =E2A lxiz}"l AW AR Y 9 =is Ve R AYEHN S
T AZAA B 01811 A&y et)sty A¢] Fstal/d| o Abo] A A8 3} Tel @ 02-970-6528, Fax : 02-974-2849,

E mall yjgeum@seoultech.ac.kr
2023 39 8¢ A 20239 5€ 109 FAE A 20239 5€ 129 AA A,


https://crossmark.crossref.org/dialog/?doi=10.7232/JKIIE.2023.49.3.209&domain=https://jkiie.org/&uri_scheme=http:&cm_version=v1.5

210

& 4 93, o] HAA o gFs FRe oA 23
HHELEH(Yu et al,, 2016). %ALﬂWQAE%% ﬂﬂﬁ
THOE 9AHL MITAE AAd o EHA2EE
AL A% T2 H Y o] th(Zhang et al, 2022) w2} A
A B Yol A E-HHALE 7152 A HAG L, o] 2-
2 2Eo] QAo 443 g+ E%xﬂ*%ﬂﬂ7 EE
ZaH EEH0E 798 5 S Zoth AA R Alﬂx <l
S} A5 H Mﬁﬂ A3t ZdgA A giol F

ol A7} A9 vl ATH(Yu et al, 2014). =8+ FHS 7 &
YRt FAPS 2 A 3 =& Foe Ad1E EA
ﬂﬂ@mmalm 1). o] &% thoFgt el A B o, Ad
g ol A9 Fade Az g

9] A B A E g o] 3 Al 28 BA 7]6H
z%&@ﬂ%Qi%%W%ﬂﬂ%%ﬁ
2020)l+\ﬁngetal(2016}4

=

-
rir
i)
E)]
2

N

o
>
=3
>
=
=21

M = 1 rj

o ox ox 1o My g

o %
o oL r—‘-o“

1>

rlo

Rl

> U

ﬂd
=
ofk

= N A of
r;

e s
e
ol
1>
=
e
rZ
2P
T

ol o ffo off
ft rlo
AT G
de Je o
Q2 2 hu
Bl oox g
ko
o >
)
=i
°.
r:‘_‘
iz
BN D (m
[ o Ho o
>

31:4"

N

rr

o,

>
o

fi
2

L et

)4
2 M

a
o
e
1
Lo
o
_|>:,
o
oft 4
o
i
32 o
i)
B e N g i

Howe
ox ¢ N
of Jm

o
oy
)

Ao
i
Ao

2 12 ox o L E ox N {0 R (o =™

w© ©
WO e L T8

N = o o
Ho rir
>
0
o

o S

tlo = ox
oy FiI T
Lo E
30

mﬁ
lo

N oX ?2
M
ik
offt

T,

=

|
o

N
ol
o

M &
e o
ot

2 o e

o
2

ol
C e
e
ox, ¥°

Sy E

=

o

do] o] Fo] A
A F7HA @Al YTk WA A W
Ao &L= EHITHYI] 7|& LﬂE
o= Aot} A3 AT A &3 Al
Bl e s = giort g EAE *‘Xé
A= o] $THYu et al., 2015; Kononenko et al., 2018). 3HA 5+
A F4 7@ g #71 w41, g ] ol 5”5
o= @A7E ATk A H 2 A E] o] AfAp7F of A gt
20| o} FT g By} 7l5d AALAE 2451 “H-r"ﬂ
A A A ES FHHEGY *JE%M FANAE 7
o, olrt A B A Al o 0] 2 F °‘E}
T WA 3&74]*4 WA ERN Y E “553
b= Aol HE£3the Holth AF A lﬂﬁéﬂﬂ
2 e *} A 7 Yotk Aol A A
12 997t 9o, FAlo EHl=
# AFo A F5 f& e Bo &8 7HA)7
ol A A 5443 Zx
171 3HA H(Jiang et al., 2017),
A A T 74 SEE FA
oA B A A A ] o So) )53
AFe 71E A1 SAHES 7

oL ol
L
N,
=
>~
>

o O 2 © ¢ I [0 1>

ri
>
ofo
P,l‘,
£
ALH
dr
2
N
R

S
lo

o

2 NG Jo
Y
re
-
=

>
S
T

1

°j2r°*'
é
o rH o
X fu A=)
Py 2 2
rN rﬂ O ok o ¥0 N rr

L

1_.1_

|

r_{

O

P

]
i

ok
4y

ofr
rl
r

o

i
>

ofr
o)
rr
>,\1
3o, ro i

£ox

oo
‘“ r_>,:

I ta

5 E
_Z_':,‘

ox
o
fa

fu
e

2 © oo

"
I e

)
b
N =2

4* I

o o
°

,M
)

2

O

[r

H

-

o

o oZ ox 1o E o
2 oE Ao

\ OR F'l

>l

£
A

o

r*mgL
gﬂ
N
do
ol
e r

rfe

<)
HE 29 2lfrolef HH
TAEYE AA, FHUE
U ES A9 F7} HIE%EL 7&‘:?}0}04 ;m Lﬂ MEE
APt A8 os FFUEYANAY FAd5E T3] 7]
H]E%EL SN SHA AU 22 ==
L2 e I L i B R B I L i
Z83ted 23 2Rl E F4317] Hal F 7HA ¥4
FAET 4 e GON 28 76| J Ao 52 Ald
€ 8 & s
i E‘r—%ﬁqL Zro] AR ARl M e ZE 2 Ho 'ir
!‘d A A7E A9 En A3dA e o
£ Aedt Ad4godAe A dT ‘%}
T o}"’ A3E £ A5EAA
A g o, agja A

O

.Jl

N
to R
e P Jo
B &l

%ﬂﬂ%@%iz&qmmmawzmm
A BANE ZT& a
NME E-H 2

o

> [m
b
[kl
{m
o,
[ 2
il
Py
W o of
>.

Qe
|z

e
i

o ko ok
X

o

-
2

N

Kl

3:2

-

fmoox rlr 1 2 R
Tt

>
N
rE
o
>
o2
=2
=
)
rE’.
of
o
f:o
—Ll
ru?(_‘
kné
o

5}

ofr
-
s
1A

rr lﬂ_&m
F&Elﬂilﬂﬂlﬁ"lmlm

o

2 ol
4l
[
o
=4
N
o
-
2 o
PN
T
g
2 on
2 >
e oSt

ox
a2
o
fru
B
offt
ofr
ol
e
)
it
=)
ko
ofr
ol
i
=
=
L fo

N
jﬁ:
Yo
toby
N
AN
o
—
2
)
rr
)

ol ofr
N

o
—|—"_‘
-0,

c

U wozo ox
B St ok

L 434, gz e

B
9
:OL_',

RIS o LU = A= T ST A=

N
—
T

N
ri
2
[N 1>
\ rlo

=iy
o

£

)
[e5
d

lo
o
o =
i
)1
[
ofo
2

ol
>
X,
= q
o
e,
od —lN’
a 2
2 N
ol © (% of Wi flf 1 o

s
o=

o
—
(e
S
=
o3
o
<Y
S
2,
—
)
S
S
=
>
rr

S S
o
m

— o fo
o Lo
tlo &
23

LTS
12
off

te S AA ELJ*} Al &
| =gl t}. Balachandran(2013)2 2
HIE O 2 FE 9 7459}&781-4 2l 3
ReviewBot¥} 3+¥ W7 ]89S AL-8-¢ RevHistRECOE
A+ . Thongtanunam et al. (2015)° 8H Y ARA =
gl ol o] ol 2l 9 o AR =3t FAM S S8t

do

£ du B
<O,
¥
U
=
4
ol
5.:
oo
olﬂ
Eo
fitfe
o

2
mlm

W oy
r O
ot

= lﬂ

H

2

rsﬂ ru[o dr oz o 1>

r°l‘ -

ﬁ_i‘lﬁEJi%



Y EY 3 3A-& 3 GON 7] ¥t GitHub ZE 8] Ho] 33 A 2H 211

g E FAAG ol= a2 84 Hoket ol
T Eok 119 /‘P“ = %%ﬁﬂﬂr*’ AL 19% E5
SRR o] 3t
brary 2 technology«] -rr/\}/H = %}3—%3} Yu et al.,(2016)2 4
E 249 AE g &3 o7t ol Mol g w3k 2o Al
53 W89 A S TF-IDFE Al4tste] glfolE F 43
A 71 A e 279} gl o] 2 BA, 5 o] Ao
ety B f{ 2 HTAEE YA E O E FH s B
o]t} Jiang ef al,(2015) 2] Fo1¢k 22} 2t following HA,
g agae] -2 2E tief a9 2 Folrk 2 Holut
AL PeA 5o AXE AHAD Yu et al,(2016)2 237
&} 247017} mention, A2 52 Tl MEAFFAEE &8
3t A AEE %L%ES\HU} 53] o] 5 Bt} gAsto 34
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A (watch), E(fork), 2~El(star) 52| HO|HE 7}A 1 91 7]
of ZE giro] FH Agsitt. uekA 7]Ee] ZE 2o
g FHse dFddAM F2 &85 v ATh(Yu et al, 2016;
Yang et al., 2018).
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Figure 1. Framework of the Research
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ActiveRecord::TestFixtures#setup_shared_connection_pool < co-

#45246

jSg«.EL ) casperisfine wants to merge 1 commit into rails:main from Shopify:fixtures-sl

(3 Conversation 9 -0 Commits 1 [l Checks 3

%.” casperisfine commented 147

Don't override other pools if there is no writer pool.

It's perfectly valid to have some purely read only databases without any associated writer.

o @ activerecord:iTes

© [ rails-bot | bot  added the (CEEREE label X7

e rafaelfranca commented 1%

It seems there is one test that fails because of this change.

@ eileencodes commented L& 7 « edited ~

I don't know if #40622 should have been merged as-is, | didn't know about that PR

[® Files changed 1

tFixtures#setup_shared_connection_pool -

hared-connection-pool (L)
+9 -8 mENE

contributor (@ --- Reviewers

No reviews

Assignees
No one assigned
X efbsess

Labels

activerecord

Projects
Member | (@) «-- None yet

Milestone
No milestone
Member = @ «-- Development

Successfully merging this pull request may close
these issues.

otherwise | would have commented. A lot has changed around connections since 2020

and I'm not sure that change is correct. At the very least it changed behavior about which

None yet

connections are clearing query caches and that might not be desirable without more

investigation. I'd lean towards reverting #40622 since the comment from Matthew was
based on the time when there were multiple handlers, now there is only 1.

a eugeneius commented 175 74

This is the same fix as #40580; there's a test there too, if it's useful.

Notifications Customize
L\ subscribe

You're not receiving notifications from this
thread,

Member = (@ «:

5 participants

v9026

I can't tell how this is related to #40622 - | guess there was some discussion elsewhere

before this.

Figure 2. Example of a Pull-Request(From Github webside- https://github.com/rails/rails/pull/45246)
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A7} commit

Gorg = (Vyyo B,y (1)

org org’ ~org
V:)rg_ {U17u2m7 un}
E,,= {(u17U2)7~~-(u1’un)}

(2) F7HAEAEY Y Y ES L T4
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ﬂ«l YEHIE 7T F7} g Role 71E dEAEY Y
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FAME D7 4 A= et 2k A E A EA
Eg9 g Fo7kn® e W, 2 Hod JEE R= {reviewer,,
reviewer, } = EQT 9, AA g EAEF
o] A& Repository = {repo,; repoy, .., repo,,} & Z2dT
T A o o, gRojle] HEAET abE AFF A
reviewer, = {repo,,repo,} & £ 0| 7} 3t} 1 HAH S n
9] gl ool thaf whEato] 2ol ' Afstal Qe E 2
98 1oty 2340 2 o7 8 Ahe| A TAEE A5

st A e 9l w2 EA Y XA EYE E H
SHROP 3 S A3 31 A
E AA eqrolol tha) Aite Aok AL 382 4 (2)%
Z-o] A A g4 (Indicator function) S /\]-%0}04 B3t EA Y
ZAEY7} ool A &
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°h%ﬂ%1£l 25} A8 Erlele] A A 29 ¢ v}
Rii=g
Cropo, = 37 Irepo,Ereviewer) (2)
reviewer € R
repo, € Repository
1
Drepak - W Q'epa‘. (3)

F b AEAE ) el ALD B, Bl thek YAR
& ARs PAgk ool FFAGR 71 A ZAE 9 1)
O AAHY. o|F F7t HEAR ) HBE BT F7}

YEY A 7% AL 712 MEY A9 7% A3} T3
o] Foj itk

LA g ol A BAE B3 7AE FHUEN A
€T wdstd (4)% 2.

AL eES FAR FHHE FEEVIEVEYTY T

29} FYAT AL w5 VE FHE AR} 2l fol
ESECERRE EEERE L EEEEESE
497} Sleke BAA Aolt ok

Gadd = ( V;zdda Eadd) (4)
I/;)dd: { Uy, Ug s um}
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Table 1. Node Information Variable List
Vairable Description Type
Repository Number of repositories Int
Follower Number of followers Int
Following Number of followings Int
Commit Number of commits per year Int
Career Separated into Senior and Junior based on the user's subscription date Categorical(2)
Main language Among the programming languages of'the repository you registered with the programming Categorical(8)
language with the largest percentage
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Table 2. Additional Repository List

Repository G opo D,..,
Ruby/Ruby 129 0.2087
rubocop/rubocop 93 0.1504
rubygems/bundler 91 0.1472
rack/rack 84 0.1359
heartcombo/devise 75 0.1214
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Table 3. Dataset used in this Paper
Data set Positive link | Negative link Total link
Train 15,753 15,753 31506
Valid 9,451 9,451 18,902
Test 6,300 6,300 12,600

Table 4. Model Settings

Data set Positive link
Num of layer 2
Input layer 14
Hidden layer 16
Output dim 16
Optimizer Adam
Learning rate 0.01
Epoch 100

(2) GCN =g 74

GCN Zdof gt A Aghe <Table 4>9 20} A&
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Train accuracy graph
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Table 5. Model Performance
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Data set Accuracy Precision Recall F1 score
Train 0.7224 0.6623 0.9070 0.7657

Validation 0.7187 0.6590 0.9062 0.7631
Test 0.7268 0.6667 0.9071 0.7685

Table 6. Model Performance of Existing Network

Data set Accuracy Precision Recall F1 score
Train 0.7043 0.6415 0.9259 0.7579

Validation 0.6932 0.6322 0.9237 0.7507
Test* 0.5104 0.5512 0.5823 0.5663

*Tested for extended network.
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Table 7. Origin of Source and Target Node

ol 33 429
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Source Node (Reviewer) Target Node (Puller) Number of Connections Ratio
Existing Existing 436 64.02%
Additional Additional 13 1.9%
Additional Existing 33 4.85%
Existing Additional 58 8.52%
Existing Both 83 12.19%
Additional Both 3 0.44%
Both Existing 47 6.90%
Both Additional 5 0.73%
Both Both 3 0.44%

2 A7 vEYD SHolgte AR NS B3l 7€ & FH387] A8 olde £1E AH8A A E<D Repository,
YWEY T aHANA Y2 BFAE FHHFE= S 5 Follower, Following, Commit, Main lanugage, Career ¥ o} 2}
Ao g gt wetM QAT 71E WEY A &8, g H Text similarityS AHESTh Repository, Follower, Following,
o7} 27h WEYZe] &3 97 B4 tatel I, T Commit® 54 ALR HL5E BFHT G| 3L
girolse A4 2o 2522 AQAT AAA PRl Ukt T Axs ARER o)A E AAR F A4
D Hludel 2 252 23 gfolZt B 71 3 s o A4 AHE AT & s 4 T
UES ol &3 A2 87 gRoje2 7| g7 252 el W-3EY U A (Mann-Whitney U test)= 53l ¥l g
R ARG AHH 0 AAA 2ol 15339, 71E 8 Tk Text simliaritys= 2449} g Fof 2 =vlle] fAHIE
o] 1E2 436 9 el 2 FAE gletr] s 1d Az 24 24, girol7t &7 d

NE Dol 253 A Dol 25 AR UL BY EAEY F 1Y B 288 /128 0 dIAEY) e

Table 8. Basic Statistics for Each Group

Existing reviewer group Potential reviewer group
. . . Text . . . Text
Repository | Follower | Following | Commit . .. . | Repository | Follower | Following | Commit .
Similarity Similarity
Avg 54.51 143.96 35.70 701.28 0.190260 79.12 59 29.09 559.91 0.184394
Std 57.05 886.80 98.80 1128.93 | 0.158102 77.87 85.07 73.84 902.45 0.137887
Q1 16 9 2 8 0.072943 19 8 0 27 0.088895
Median 37 27 10 248.5 0.158604 52 19 5 136 0.152825
Q3 73 70 34 948.25 0.279039 132 77 28 623 0.259211
Min 0 0 0 0 0 2 0 0 0 0
Max 503 16741 1457 11556 0.691450 284 416 409 3235 0.544043
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admeE ZAE #4& AA TF-IDF(Term Frequency-Inverse
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Table 9. Basic Statistics after Outlier Removed
Existing reviewer group Potential reviewer group
. . . Text . . . Text
Repository | Follower | Following | Commit o Repository | Follower | Following | Commit o
Similarity Similarity
Count 416 394 392 403 331 33 31 29 30 26
Avg 45.82 35.72 47.84 461.18 | 0.180120 79.12 42.61 9.58 317.13 | 0.170562
Std 38.46 36.67 48.68 575.49 | 0.145326 71.87 49.34 14.94 466.20 | 0.120002
Q1 15.75 8 1 6 | 0.072943 19 7 0 0 | 0.085461
Median 36 23 35 188 | 0.152518 52 18 15 58 | 0.148445
Q3 67 52 62 767.5 | 0.259773 132 71.5 64 360.25 | 0.245034
Min 0 0 0 0 0 2 0 0 0 0
Max 158 161 503 2290 | 0.589173 284 175 416 1459 | 0.462525
Table 10. T-test: One-sided Tests
Existing reviewer group Potential reviewer group
Avg Std Count Avg Std Count P-value
Repository 45.82 38.46 416 79.12 71.87 33 0.031929°
Follower 35.72 36.67 394 59 85.07 31 0.536609
Following 47.84 48.68 392 29.09 73.84 29 0.976162
Commit 461.18 575.49 403 559.91 902.45 30 0.668602
Text Similarity 0.179477 0.143674 330 0.170562 0.120002 26 0.496445
<005, "p=<0.01, " p=<0.001
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Table 11. Chi-Square Test - Main Language & Career
Main language Existing Potential X p Career Existing Potential X p
Same 233 18 Senior 303 18
- 0 1.0 - 2.52 0.11
Different 203 15 Junior 133 15
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