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OpenDigger: Data Mining and Information Service System for Open Collaboration Digital Ecosystem

Abstract The widespread development and adoption of open-source software have built an ecosystem for open
development and collaboration. In this ecosystem, individuals and organizations collaborate to create high-quality
software that can be used by everyone. Social collaboration platforms like GitHub have further facilitated large-scale,
distributed, and fine-grained code collaboration and technical interactions. Countless developers contribute code,
review code, report bugs, and propose new features on these platforms every day, generating a massive amount of
valuable behavioral data from the open collaboration process. This paper presents the design and implementation of
OpenDigger, a comprehensive data mining and information service system for open collaboration in the digital
ecosystem. The goal is to build a data infrastructure for the open-source domain and promote the continuous
development of the open-source ecosystem. The metrics and analysis models in the OpenDigger system can mine
various knowledge from the macro to micro levels in the open-source digital ecosystem. Through a unified
information service interface, OpenDigger provides various open-source information services to different user
groups, including governments, enterprises, foundations, and individuals. As a novel information service system in
the open-source ecosystem, this paper demonstrates the effectiveness of the metrics and models in OpenDigger
through several real-world scenarios, including products, tools, applications, and courses. It showcases the

significant and diverse practical applications of the metrics and models in both algorithmic and business aspects.
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Fig. 1 OpenDigger Data Mining and Information Service Ecological Structure
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Fig. 5 Visualizations of the Data Service
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Table 2 Data Interface Parameters

*2 BEEOSH

BRI iR

startYear AR ARG E G, By 2015
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userlds KRURBHEERH R ID 85
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groupTimeRange
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233 XEASHLE
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® Node.js Core JupyterNotebook: OpenDigger
WHE T — &7 H T Nodejs Core
JupterNotebook {5 1765 API, [FIN1EH
J7 BEHE ) Notebook 525 i P B 7 T
Plotly.js ] 2 ] AL RE 77 FREEELHE T ]
JEJEHlE e ) B V5 [ e 0 5%, W T R
R EEAT B R o i AR

® Python Core JupyterNotebook: 5 Node.js
Core JupyterNotebook Z5fBL, OpenDigger
$Ait 7 —% Python [f') API #1 Notebook 5451,
PEALEET Python iVEMIAZ BT HTRE

® CLI TE: OpenDigger SZHl 7 —/Nr[{EZ&
Ui G AT B LR, A T DU I
A RIATHEER W . TR, P, KA.
Gk SAEANEIR AR Z LRANE T E%
DLRIFEPR AT 3 BT AR, dR s, REAA]
¥R 77 AOoRAR AL SR AR Al A % 1 5L
P A IRSS .

641, OpenDigger 234X} GitHub 43815 H A
FRE, EHAEGERAIE 5 kK # R RTA T 4
PREE, T8 OH AR AR T S EgR AR, IR AR
B AP RS, BAEATFRMS P . #uk
2023 4 6 H, OpenDigger 5 H 4 %) 60 J5 A~ ) A
40 J3MNF R AE TR AR, Fe AR SOt 2400 277 .

3 OpenDigger R SR S HIEIS TR

iHik OpenDigger Z 4t T8 B A8 IR MIMESL
P, AT DAY RGO RS HR bR, FHE T
TRASHAR I S 00 . Az MG TR R BIR)
VE 28 AP AN A, /48 OpenDigger FTSZ8IL I
AT RS VR R 5 R FE S R T H 52 77,
R E 3 M S ER TR g2 45

3.0 BTSRRI AL EERE

3.1.1 S hTAR R A

OpenDigger Pt SEHL I & 38 i B BE PEAN T FF
REETHIEPAT & E R HES), 22— FiEd gt Itk
FIMEAT BRI BRI 5 Aok ST R A TS
BREEBTHE DTV . NIFREIGIRFER & S, AT

Xia 5 N KR TAER,

GitHub VA KK [F K -5 PR 22 A5 g 3 2
PE, LA commit NAZO ) Git ARG S) N RE T
R AT A0S FRIE UM RS, PR, ASCHR
R IR BRI T GitHub “F & LA Issue A1 Pull
Request (PR) JWMERRHIE, a1 oAb iE
1T RRAL, B PRig. B Issue. Bii PR, B #X PR
M PR AN BAREALUT:

Ag = X wic (1

Hoh, da NIFRFAGIREE, o A ERAFT N
4 T R R (P R R R wi ZAT NI B
B XF HFEMEAT R HIA R 3 P, T
GitHub AT RHUH pull-based HIoT#APMERRILR, iX
FFRAT MR T/ GitHub BT RS
DTHRES R Z HIMETE SR . FRATEA % & fork A1 star
TN, PO MAT A S — IR MR, AN
E; 1% push. release &5 HANAT JtH A7 7E AL ] 8 :
(D BAEUME: (2) TEFFHRBIR . X T47 9 E
MECE, AR T TR TAERT, fESLhRl s
st R AT AL DTERAE TR R AT, AT DL A X A BT
NEMFEAT M E

Table 3 The Five Collaboration Behaviors
< 3 AMMEIT R

"
THRRE TRRE #k
B
1E Issue B{ PR T K%
Comment IssusCommentEvent 1
—%Fie
Openlsssue IssuesEvent B — AU 2
OpenPR PullRequestEvent B — MR AR T K 3
PullRequestReviewCo it — i 2 ARG AR T
ReviewPR 4
mmentEvent 3R
PRMerged PullRequestEvent ARILAB TR AN 2

3.1.2 HiEiRE

AN 2019 444 GitHub H &S T RG>
Hr, B HEREL) 5.46 10.5%, ME 2018 4F (1) 4.21 ¢
ZKIKL) 29.7%. 15 FIRIFREFRERIE LR, 4
THFH] 2019 FLIERIF K EHEL 360W, M
2018 “FTEERIT R EHHOIEK 2] 18.8% (2018 -4
303W) . AR¥E FIRVERREE € S, AR 2019 44
EEIT R E AT TIRRES G 5H4, 5301 5%k
& Top 10 JF R M5 5IGELE & SCH I HFATH
HUHESMUWE 4 IR,
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Table 4 Top10 GitHub Active Developers in 2019
=4 2019 £ GitHub Fr& & 7&K Top10

He4 BEE ERE Comment Openlssue OpenPR ReviewPRc PRMerged
1 dependabot[bot] 3641110 272213 0 3006606 0 374345
2 direwolf-github 589065 0 0 340105 0 0
3 dependabot-preview[bot] 503923 808143 19595 1675424 0 790491
4 pull[bot] 281141 0 0 1127083 0 1124472
5 github-learning-lab[bot] 262617 372192 142165 43742 12864 33362
6 renovate[bot] 200693 37663 1807 574740 0 455955
7 greenkeeper[bot] 147530 825189 56071 161884 0 81707
8 imgbot[bot] 105982 0 0 58822 0 11459
9 autotester-one 88989 0 89029 0 0 0

10 snyk-bot 88096 1 0 126804 0 10589

MBS R KA, EFIERE Top 10 KIJT
KEMWSBIINE AR S, H 7 NMKS GitHub
Appe MANFAT N FAF RIS A L7 DUE Y
PR BT RS & AT AT, HikE
PR AT DULEE 5 HED T K 1 B sk B[R >
15 TFAcE T2 AE ) B S & P8 T B dbAT Mt e
¥ BBIFED B GitHub %2, IR ThRE .

3.2 ETREMEREENIRE MR

GitHub &1 7 ¥ME S+ M Thae, H M7 R
B AT LT et gt o HL AT DA R — AN —
Bos X B L. B, 7ESEHL CHAOSS H1H
gt B R bR T K TR BR R G v AL 2 4b
OpenDigger MR ZE T GitHub 43847 A EHE M HME
KEAMLS, FFIFH—F N PageRank Hyki1- 5 i H
faj- AR

3.2.1 SFIREEEIR

T 50 7 0 v SR T S TS B X ) R i A
FEAER, )38 9 2% 1) 7 S M d— AN IT R BRI E (1)
—#BK (Bipartite Graph) B, FF&F I H &P
WAL, A R ERE X T s a1, BIA 2
TERFE Z A H 2 [ ). B 6 &N
K, A pa 1 pb ZEWANIE . da N db &P
H R o da WG1E pa WL —2% Issue, i db REAE pa
WAL Issue 8 PR FIVFIE, XIAIFE pb WAL PR
PRIV o B0 T a0 B B s () S A B AT 20 A
S BONE IR, ARG B i R 2 2T R 5 S R
WRZ%, PRI ] DA I AN 0 2 PR e T B4, A AR —
AN B 2 28

ReviewPR

OpenPR

Fig. 6 Heterogeneous Collaboration Network
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FEFER T (FTIF—4% PR KNEERAE N 3, # &% PR
FIEERMEN 4). W 7 Fis.
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Fig. 7 Dimensionality Reduction of Relationship
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PIANTH o XHXRICIBOC R IR, FAVEM IR E
FEPIAN T H b 3% BR B2 038 FH-~F- S 4 iz T K %
PTG H SRR ok, 0 59T

_ AdaAdb
R - Zdev Agat+Aap (2)

pa. pb PIATHREKEE, NIFEAEMNATH
TR B 9 R P T 2 A PR T E PR B R AP
BIM. T da RAE pa TUH HIEER, it AR /N1
HHI<BEEE A Timke 110 db {EANIH 3496 15X,
JIT LA AT RAKE AN 350 H DGR B DUk, HooTERAE &
7/(1+7) = 0.875. WIFEXFIT, AT LRI R E
HRS B, A4 R ML S T H A AT 2 TR SR B FE R[]
FifE B, ikl 8 Fri.

. - .

Fig. 8 Dimensionality Reduction of Node
Kl 8 7RI R4
(3) #mAitHE

I FR AR OpenDigger #1141 ,
A AR S AE — BURR 78 I 8] Y A 43I0 0 1) )5 1Y) 4%
X T B 4T SR FH AL PageRank 537:( Weighted
PageRank, JG#% WPR) BUTFET it O, &
O JE HE T SR 2 T H FE00 4R R .

PageRank 5% /2 Google fix3 4 MM TLHET 5
B2, 2 B PageRank S22 HEAT A A JoAE 5
(R —Rh S, TR DU B BN R R o TITAEA ST,
R IR TC R, WAL R = Reao FLUGRTAL
K, BIEEPIAN I E T8 [ SRR FEARAE — M AL TR FR,
XAEARHAE T IE Z [RGB AR, W
# PageRank SFAJFAREE G . TRIAIGIA
WPR 532:B1, WPR HIETEZL L[] PageRank ik
FINIARL, BEIEACTH LI, 5 fUhot B E AN - 13
Sy ENAH AR 55, Tl AR € 73 e Ee il .

FH4h, BT WPR R THEE LR, Bl
FEIENTIAWS, K R ST N300 H 48 A — 2% 1)
2, T HIABAREE, ¥ BIR TR B AN T E G
WRPE . ASCEHBEN M2 H M g AT 7 A3t 5. (|
HT GitHub EAA7E KRB B 3L NK S, wTRe
X T SRR I SRS, OPE e R I T S AR R
e KT 200 ANIH BT R K S O .

3.2.2 HiiEiRZE

(1) BikgEH

AFKIBE T 2019 F44F 5.46 144 GitHub
HEBEAT Z 615081, 2019 4E GitHub J5 K& FEH I

papb

it 3972.3W 4, Bk 173 MESREE KT 200 4
I R KT 5 HARDCEAR 5, RIRTER G R EIL
T 870249 Ao S 2R T AT H SCIEM 45 5 £
HEH 870249 N, WHEN 43203W k. HAKX
Tz BB TIE@E M, BILEE 30870 ASsRiEiE
e, K RIEE> 20 786659 1NIiH, R
GitHub H' 90.4% {151 B 7E Fik KRBT 2 F &%
W), FR 83590 NMHIMEL T 30869 MMALI 73
K, KR KMiEEs®aS 156 MH, Hihk
T I H NI E T A, RS AT 5 E # A
ARk

BAT I AT H KT 50 1@ 4 kAT i
—BMEE, RIS H RANAITE , wTReH—A
S LB B o T 3 Z R VA T SR I HS B S 1) 2
B e, HAROR — LR ik B H A K%
Wiy vEEL Srecs, G P, RV TR E R
SR H I M R B I O e AT 5 RS AR T R
T 3R A IR AL X B 1 — b B A
(2) BiEHB T

ZIH )t AR AT LS GitHub B 7 R AN
i) Octoverse TR 55T 3T b . 454 BARZEW], AL
HHEE TP E 251 7 A %P . Octoverse 2019
SEREER Topl0 T H A% AT H vTdk & H 2 AE AV 4
[ 3% 5 R T 8 RS20 HE 4 R DTk HeHE 4 T
H Top10 &5 5E%F b, BEZR MIAH 5 53 4 [F]IE H LA 9%
FHH, EAREEE 60%. HEm HEA m R H
WA E AR, & RKANE . 1 7ERm ) HE 4
Top20 ', [ first-contributions I H 4k, Octoverse
Topl0 I H A 9 NI H #B7ER% .

(3) Kbl

microsoft/vscode WL 5 1 TG HE 2 H #2451 55—,
M R R T4k, R4 flutter/flutter
PRI PRS2 6 B/R 75 vscode REXFE A =il 10
ANGUH RS 3 &2 1), fEiX 10 ANITH 1,
BHZiE 4 ANUIHYE vscode —[FACTEABREZNN ST Top
10, E% 7% vscode HIiES I H TypeScripts 5
TypeScript =, 245 Nodejs FEEARINZEA i HH
] DefinitelyTyped. Google JFR[1E5F- & N T K AE
48 flutter F1AET React FIPIETF K HESE gatsby. 114
TH 5 B ORI RIE S 2 B BRI EE Sk 800, M
W 2% R AT LLE 3] vscode 55— I H — ik
KR T — N PE R B FFIRALRE, AbATTZ [R] D% R V)T X
FHEARRE, Wol EH T B H TR E LRSS H
R R 5 DTk .

5 https://octoverse.github.com/2019/
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firstcontributions/first-contributions T H [X 77k
F %, 1E Octoverse 2019 [k &5 FhHE4Z AR U,
MAEDH g2 i E R, 2Rk 2 532, 20 J)E
A 49, FEARIEET it K 2 510 H A
SIRHERIR KK R fEA— GitHub )5 >J A
WH, ZHHBES 7B MES WAL
GitHub 55— PR M #HE . REWY)FEH 2k HZI
F K57 214258 PR, #7EIUH b= 7 RS R Tk
FrLL® GitHub PLVEERTTERF R A mt, 20 H
TR, X 7 25%00H B R 10 /NI
H, PASARATRI DG FX LI H [ & 5200 7148 .
nTULE R, B gatsby #b, HAIH BI5200 J135 A4 5
HOREEN S, 1ZOIH 51X eI H 2 (8] (1) B FE AR
%, BPfE LB i =1 freeCodeCamp i H SR
WA 280 TR AT H 1) S BE 5 A] 31)52k 5|
BEH 2 BT, # W kubernetes/kubernetes
kubernetes/enchancements [ A~ 6 J 1) 5¢ BE & 15 1A

1815, & I A EI R A R LA 7T e 6 25 A A

D HTRE—MEIRIE, WRAETH T
REIN GitHub W54« AT 1FE A TERE I A
BN HAR TR I H 4% 0 R, Br LUz H RS
S TR I H 2 18] A Rk

2) [FFEHTRE A REE, KEaHRE
5200 H 1B — IR0 . B & 223 e
KN T TR H W R, BT 51%00 H KRR
55, WASFEOZOH S H 2 877458 K HK .
%41 gatsbyjs/gatsby BEARH HHA R &, HE51ZH
HIRHBREE RA 11, Bt URMEXRH1Z I H 1HES 7= A2 5 1
AL

first-contributions i H 75 Tk # $0HE R 5520 1)
HEA4 0F EEAR B i RE 1 5200 48 b5 B T W SC Ik
WL EAT IR RS, B RESTIH ., UAIHZ
(] R I T 3 BAT R ER T R o IR e ORI AR 4
A, AT T — MIERMZ

Table 5 Results Comparison of Project Influence Ranking and Octoverse Ranking

% 5 B HHFE S Octoverse HER LR XTEE

-2 WAL 21 B -2l TR Sk &
1 microsoft/vscode 1135 1 microsoft/vscode
2 flutter/flutter 645 2 MicrosoftDocs/azure-docs
3 kubernetes/kubernetes 624 3 flutter/flutter
4 DefinitelyTyped/DefinitelyTyped 564 4 firstcontributions/first-contributions
5 microsoft/Typescript 544 5 tensorflow/tensorflow
6 tensorflow/tensorflow 535 6 facebook/react-native
7 gatsbyjs/gatshy 504 7 kubernetes/kubernetes
8 golang/go 448 8 DefinitelyTyped/DefinitelyTyped
9 rust-lang/rust 448 9 ansible/ansible
10 facebook/react-native 426 10 home-assistant/home-assistant

Table 6 Top 10 Most Relaed Projects of vscode

Table 7 Top 10 Most Related Projects of first-contributions

% 6 vscode XHLE Top10 TiH % 7 first-contributions XEXE Top10 1 H
®E RERE -2 o RERE W
microsoft/TypeScript 799 544 freeCodeCamp/freeCodeCamp 28 7
microsoft/vscode-remote-release 594 162 pandas-dev/pandas 15 195
microsoft/vscode-python 458 157 firstcontributions/firstcontributions.github.io 15 4
DefinitelyTyped/DefinitelyTyped 410 564 gatsbyjs/gatshy 11 504
Microsoft/vscode-cpptools 360 102 publiclab/plots2 10 52
microsoft/Terminal 323 243 scikit-learn/scikit-learn 9 138
electron/electron 255 256 ows-ali/Hacktoberfest 9 3
flutter/flutter 236 645 systers/mentorship-backend 9 5
microsoft/vscode-docs 227 40 Ishaan28malik/Hacktoberfest2019 8 5
gatsbyjs/gatshy 220 504 danthareja/contribute-to-open-source 8 4
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Fig. 9 Scenarios and Applications Supported by OpenDigger
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BRI T R AT O H SRR, MOFIREE R K e
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BRIFURIH | i5EK) S AT RGN [T
rh R TR T 2ES; (GitHub 2020 HriAgaik &) &
5T OpenDigger, WA 2 X BN S #E X
FLIA) 58 B — AN S B4 BROF YR IR 5 8 35 1 — AN ik
HIWEHT teah, kR (R EFRFEERSE) OF
WAL D C EFE AR R R ) (b B IR A
HEREBC R tH D OFEAS B KA (ki)
%, KM T OpenDigger 1115 B R 551E NEHRIR .

1E =i, OpenDigger TV 12 N FH T %28
Fbg. PR S ARSI EER A ok, Jixt
W55 S s pe AR IR S5 . SRR ITYE R 2% WIHE RS,
VO R RO K 2756 22 P s R T 1e) A BHAE S5 TR AR )
SR A AR URRE A U Al R R AR 2 & A
OpenDigger #2315 5E JJ1E N R R A B PR
240 50 BT #0HS; OpenDigger 25 3% AR
KRB ALE IR A AT AN IR S5, WU 43k
THERAES, CCF A IR BIHT KT8 Paddle #E
X H 4 73 A BB A K05 OpenDigger H & I A2 7~
REJIFIHER RGEWAAE T &R 7Tin @, s H
HEFEBS R FAT AR T R X g 5 B2 47
MrBO&E . TN IHF E A 845 =AM T OpenDigger )4
BN H

4.1 #HRXRESUWAA: Hypererx T B

Hypercrx & —M¥H OpenDigger #2411 £ Ik
IR GitHub PIHLALE B H . GitHub 2
V2 NIRZE IR SB35 —ul, 748 A5 4 i
% GitHub E Wy IR T H T R 3, dl ik i %
OpenDigger HI1EFr R A FEAREIEFE T, Hypererx
HIFH AT ARAL F52 AP0 Y 284 FHRFE GitHub U
BN T 2 NEERA, Wi 10 . H, BT
GitHub 4355 28 545 (1) 100 H AR 9 28 LRI %2
TEM B ER T “BiH-IH ", “TH-JFRE”
AT RE-TERE” ZBRECR, B8 BB K.
YERN—ATFIESUE , Hypererx IR 5] 1 V12 H P FIFE
REFEH)RE 1

6 https://developer.aliyun.com/article/1044488

7 http://oss.x-lab.info/github-insight-report-2020.pdf

8 https://github.com/X-1ab2017/0ss101

% https://atomgit.com/x-lab/OpenSODA

10" https://github.com/PaddlePaddle/Paddle/issues/43938
1 https://github.com/hypertrons/hypertrons-crx
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Fig. 10 Hypercrx: GitHub Visualization Dashboard Extension Project
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Fig. 11 Open Source Governance Standards
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Fig. 12 Mulan Community Open Source Governance Dashboard
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