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JER K AR A Bk it S Abstract

Abstract

Software reuse is critical for modern software development. The most common form of
software reuse is by adding third party libraries as “dependencies” to a project. The flourishment
of open source software has led to increasing adoption of open source software libraries. The reuse
of software libraries is convenient but also risky. More specifically, projects face significant
difficulties in choosing, updating and replacing dependent libraries, which can be mitigated by
leveraging dependency change data in existing open source projects. A dataset of commit-level
dependency changes can be used for in-depth study of dependency management behaviors in
software projects, and can also serve as a foundation for industry supply chain management
decisions. However, it is not trivial to build such a dataset on large corpus of open source projects.
On one hand, the dataset construction algorithm must be robust to noisy data, highly efficient, and
scalable to large number of projects. On the other hand, the final dataset must be reliable, easy to
use and can be continuously updated.

The main objective of this paper is to study the feasibility of building such a dataset in large
corpus of open source projects, and its potential applications. In this paper, we propose a parallel
incremental algorithm for dataset construction, and build a prototype database based on 60030
Java projects extracted from World of Code data. The size of final dataset is about 500GB. Finally,
we show the potential applications of this dataset through three application scenarios: version
recommendation for library update, analysis of dependency management activities, and analysis of
library migration in Java projects. We have identified intensive dependency management activities
in terms of library addition, removal, migration and version changes, which can serve as a

foundation for in-depth researches on the topic of dependency management.

Key Words: Open Source Software, Software Supply Chain, Mining Software Repositories,

Empirical Study, Library Migration
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1. FIRERMEAIR

BRI RS AT CH P EH . CAETFER, SRR AT
AT AR B, IR A S AS B RR I (8], AT BB A 2 )y SR A
(R0 s B AT a0 PR A 52 P U R AR SR A T H PP s n 28 =5 g, IR
FH3E =07 FESR A1) AP SR 58 U IT H I A 2 58 I T RE o Bl B s 01 1 T
PR FEANTFIRAE ) e, 77 A TR 2 IRV BE . T UL EII, BL NPMZAT
Maven AR E T & I H L, AU 2w LT K& 7T LR 5tk
A — AN, BRI RE R HERE SR E S, S 5 A H
FIN—N RS =07 P

ILE, FRUR RO S R0, I LR IR0 E 700 A R A U8 P R 56 il
LeThEE. i, 2010 4EEF, Maven HAN[EIRAS I B R C 4 Id T 260,000,
MILAESE 2 id 7 4,000,000 4~°. —TEXF GitHub - —T-4A4N K4 Java T H
GuitRoR, A Java I0H P32 BRI 28 ANMFEEER, AR, X LR
JET] Rl o AR A PR, = AR 2 i k. TUH 5, BEHEZ
IR R T SRR R B o AR AN b 4 T A R S — 1], SRedi AR
BRAFI0UH BT R IR A, AR — R KRR T IR PE S IR
JE 2 RN S AR IR OG 3R

SR, Y50 P R A P P B A XU o P08 P28 T B 2 A7 o 2 o R 22 4
TR s RIS T BE 2 MR s TRURZE T BE S e 44 s TFIR e ] e JC i 2 101
H AR TR, 2545, i, OpenSSL & A 3% 4 Y Heartbleed YRS T T L
JIER T IXAFEE SRS, B, NPM H—A~ 1A 11 474051 leftpad

LR TFE Clibrary), Tk 56 1# H L (package). ZH1F (component). HEZE (framework). & (dependency)
SEAERIAIEANTT R R BT XS 2 MR A B 05, AR SO S AINIX 7 Hi A X 2
B, DB HREE O A HISE S (central package management platform) b HE B 49 Bl A A e

2 https://www.npmijs.com/

3 http://maven.apache.org/

4 https://blog.sonatype.com/2010/12/now-available-central-download-statistics-for-oss-projects/#.Vmgw77 207q
5 https://search.maven.org/stats

6 https://heartbleed.com/
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PETH AR AS AR+ T30 H RS BT 535 2 0t AT H 1 SRR A Ol e i - £
JETHRIRAIERAT S5 o, 8 ZEAR AR A Kt , wT DL ELRE IR I H R AR T2
S R A2, BT XS — AN RRCAS G AN [F] g SR 8] B rp 24 b 3 o T2 B
Z RS s A PRI AR A A, W DA TR H s RN T4 2 15 1
BEAT AT, ARSI H B OB B S SIS Dl as 1 — D R g tEZI ;. fa,
5 FH P AR A A A A, T DA IR 00T mRARABL 2R 22 1) B 3E A% 15 DL R AT 221 1 A 73
BT, AT B0 I A2 B GOdEAT SR AN BORIE T, RABOR PESE A2 1 A AR idE AT HE
o CR PR, PEAKAALACEE W] LU 2 Bh 24 (B B2 IR AE S5 1R i S0,
PNITEINPS (VS 7 SR SN VAR D B2 B

4. FXHAR

AR TR P 88— F i e M H S A SO I S,
BIEAE L. Git 71 World of Code &5, A5 = TVEANAAM K TAE, PLAARS
FHSC AR s 58 = 5 2 VEA A 40 50400 B O AL i S A B 2 I B v s 256
VU &2 PR 0 UM AR S O S 5, LR IR SN g 5 B B S5 R 5
FESVTRARL MR ARAAKTAE, FFmblags.

11



JEFOR AR A ViR S B OHR

“Update

“Initial Commit” “Update README" README again” “Merge branch”
g ©) (=
\\\ “Add License” “Add Main.cpp’~~ g
/| T /| T2 NC cs )

Yot~
‘l\

| . /| T4
@ ‘ — 113 _7_7_7_7_,_4'_7———*—*—’::;;?' E
_— | — ~

R EAD M E md N |‘ - — \‘; _7_7_,-7-*'"’_7’-:::i§;ij:i:ij
él L
: L - /src| T6
(O Commit | ReADME.md é |
E’ Tree

LICENSE README.md
/\ Blob :
Main.cpp

o1 — AR Git B ESEH

E-E IHEE

RERG SN WG SCH RIE SRR TR AT EENE Git, &
EHLAA World of Code, RJFNMEHSACARM AT, AR HAF LN G
PR RGBT W IF A BIHBUE BT AOm s 7t s LSS BRI AT
s R -

1. ZEpiER

1.1 Git fijfr

AT — AN RELHAF I E BRI R G (A R H R 4,
35 H AT CABE I (AR REAT— AN P S hAs, AT BASCRE 2 NS RV RITF K. B4t
AR A AL AT B B 20 A7 » #8 B AT Wi AR 42 8] 28 4 P i s B B AR T T
$. B EFRAE R RGOELL SYN AR R LA R 24012, BT
O SRS RS 2 I, F AT B R Z S 2 402 B Git A«
I A sORA IS I R G2 B 7 ABOE Z I E 2 5h, JLTBrA e 4E 4
BATIUH AR Git BHATRRAE B . IeAh, AT ERA S H R G0 T8 T2

12 https://subversion.apache.org/
13 https://git-scm.com/
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TR R RAAE T, AR AT H BRI AP E I K5 8B ARh
e BRIk, CUET R PEFZ R TE AR TN R — RS R Git B E RS 6
JE

R Git — A TEHBAIH, 3L ER R —AS S0k T RS — 4
SCAE AN SR e BEAT A B . Git BT BRI SO R — R O Git 6 &
(repository). N T IHATHAEHE, Git SECEFES— MR, HTEHED
N=Fh Git Xf%: Commit, Tree, Blob, H&—A" Git X Z4LEAM— SHAL
PRRFFEL, Git MR XAFE— A I, RRRNRZEMRR, HEAS
I A NK Git LA EE e, FR{E Merkle A 763 8 (DAG,
Directed Acyclic Graph) ¥ /%,

B 12— AN AL Git £ P 254 = ] Git A Commit SRR 7 i B ST #F
B —APrsRA . —A> Commit FIRESA — A EZ A Commit, AR |7 RA
B b —AA s RIS 2 N 5 R A9 (merge) #3281, ABAIXA
Commit & £ 44 Commit. [, —/ Commit WA[fE=H —NEEZ AT
Commit, F/RiXA Commit ¥ F—ANRAS . 40 R [\ 2 NFET 1 Commit Xf 3
AT TAES, AL R AE , At 2= 2 AN Commit. JE I X Fl oy
i, Commit 5 Commit ZIAIJEEL ¥ — A A &l @, FAIMEH HEAD >k
T E T I e hAs, A TAIL SRIBRE T Z RIS RA . N T ORAE 24T
Commit N 48 SCERR A, —> Commit 24815 —A Tree. Tree Xf R NN T3¢
HERGTE R, W LLHREHIE R Z A Tree A1Z A Blob. %—4> Blob X} T3¢
RGNS, T Tree 1 Blob #FLL SHAL /E ME—4riR, HZA
Commit/Tree 7] LAF& 7] [A]—A> Tree/Blob, [Kit 4 Commit AR 2 1 18 e (¥ ST #F
FRASANZ I, T LAA R G 22 /S A PO [R) ST AT H S5t R TU AR « B R AR
EPIS Commit Z IR ), Git L £EF> Commit % H ) Tree Figf7H: T3¢
AAT 1 Tree Diff HIEY, 3 RIAEMRLESCAF EASIAIER 1 WFLL4T 1) GNU Diff 4%
A

14 https://docs.ipfs.io/quides/concepts/merkle-dag/
15 https://git-scm.com/docs/qgit-diff-tree
16 https://www.gnu.org/software/diffutils/
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FERAEIF Rrh, IR O AU 2 i S B R 7 5. SR, AR Y
KEEFIFM 4P 1R E 2 0, W55 5 51\ Bug, X A#EAT 58 Al
THAEEEDO, PR, BRI TR A i S B RO R REAE I H A B AR
W 55 AN ERAHS, 42 5 58 =7 BRI IN LA 3 & . O 1l e iX — oK, 4iR%
Homgmfein 5 MR E R TR, mMAMHEEETH, B i AHEdwE

1 <project>

2

3 <properties>

4 <mavenVersion>3.0</mavenVersion>

5. </properties>

6 <dependencies>

7 <dependency>

8 <groupId>org.apache.maven</groupId>
9 <artifactId>maven-artifact</artifactId>
10. <version>${mavenVersion}</version>
11. </dependency>

12. <dependency>

13. <groupId>org.apache.maven</groupId>
14. <artifactId>maven-core</artifactId>
15. <version>${mavenVersion}</version>
16. </dependency>

17. </dependencies>

18.

19. </project>

2 Java iE 5 W H A B SO pom. xml
—AMECE S, Fee I H AR ER LR, BRE g iE S TR PR, b

EHTHAZSMAOE & LT EEERNE, RS REF R e
T EAFE7: Java i 5 H0 Maven. JavaScript i 5 ) NPM. Python & & [
pip 1 PyPl, 5%,

2 3¢ Java i 5 1, kT Maven HEEE A pomaxml BB 5. JFAETT
PLAE X AN S 1 7 in<dependency ></dependency> 3, 7EH LA groupld,
artifactId Ml version = /NS5 LI H 75248 FH (1 88 =5 &, AT vl BASE
ZwiERy, ik Maven TR HzhM MEGXLLE, 5N —EITE IR &AM
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Commit2Project

e ——
Author2Commit

S —
Author2File
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S
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BitBucket H Local Repository Tree
Other Forges |-

K 3 World of Code Z 47~ & &

!

1.3  World of Code i/}

IEANRETSCHTE, T Git fEBTHZ IR [ RS2 A 73 B B 755K
ELARAE Git G _EREATIT AP 5270 B R W AR R, e ABEAT KA b7 5 LA
B2 Git £ PRSI AFE &P fE B A Y. World of Code (AR &% WoC)
5e ML TR A BEYZ I8 A 3 B B Be vt 608 1 i S R SR i Rl A 42
B, I HL AT DA B 0 B FES ., [ 3 R T A R B S 1 B AR
WoC & 2RI ZFiE KX 07, M GitHub 255 W EF & 3R BT 2 Git & FE(S
B RJE, KH—FE SR git clone Vri, MHE G e o3 5 XHb SR U BE 376
FERE, I G FEEE 43 i Commit. Tree A1 Blob =25, DL SHAL {E NEE{E AKX
THRMEAER T &a, LUIXLEJFLG Git Object JFLfl, 4 AF G FEIZ TS
It 75 EE % B BCHE o B AS BB BE A R B S, 9 4 Author2Commit
Commit2Project. Author2File % .

WoC &4 1 7041 SR 55 2R A0 R e o JE AR, R Hicdie A AT 55 A e ) Bl
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] iR RE
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b Blob, H{3ZHT/ 441 Git Object ] —
c Commit, R SCHT/4H11) Git Object ff—
f File, om0, ERGHAMLULE Tree AT ERAEI Blob 130144
p Project, Fn— AN H

pkg Package, Hmn—ANFE

cg Commit Graph, Commit 2 [EJ#4 s ¥ DAG, FHTEnR~—AWH KR E
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toh & A SO S LT R B 2R, s Fl.gz K& 2R SOAE R URE U 18] 6 s 46 4 S0 A B

PRAT i B
[fast/All.shalo/shal.blob_{0-127}.tch SHAL % 5| Blob %4
[fast/All.shalo/shal.commit_{0-127}.tch SHA1 % 5] Commit 4
/da0_data/basemaps/p2cFull{ver}.{0-31}.tch It H 2 Commit Fr) B it
/da0_data/basemaps/gz/c2fbbFullR{0-127}.5 Diff %45, L Commit SHAL HEF
/da3_data/basemaps/gz/bbcfFullR{0-127}.s Diff #(#%, LLUHT Blob SHAL HEF

/da0_data/play/javathruMaps/bQjavapkgs.{0-127}.9z .java SCfth import ) Class %4/

A RE S I BT AR, AR A ERT LA RS AR, AEAN IR IR 55 A
AT AR AT EE BT . WOC H e A% o A 250405 PE & DR A7 AN SHAL 31| Commit/Tree/Blob
(¥R 46 Git Object 4 e, Hi T 8E AL R,y 1 ORUE K& BENL S v ) 1t
RE AR AAN T4 (low overhead), f# ] Tokyo Cabinet fE B (E X Bl e, F4%
SHAL BRI PIAL /N BERIECF HEAT 708, DL ) 0k S7 8 0o 0 e KD
B 1 BEAIL S 0] 204 R At R BB AL B PA gz 4% A7 A I A0 SO R 4 SR
AN AT ASCRE s B0 D7 10), 3 w] DAEAN R IR 45 2% L ORAF, T AT LU AT R R AIG
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21 BHAPNEEEESRA

“HRAFAEREE” (Software Supply Chain) —iAIR gt H T H A E I H Af &
AR A8, sk, B FRIR AR R AN R BT S %R,
B A B — IR IE T AR I E I A 2 R AR R 5 U5 T T
AR RGN, FARFCEAEREN T AR RGMER T . Wittern 55 A
7T NPM FEAZS RGBT GitHub 350 H A5 NPM PEAE 7S RG0S ML, R
R AR AT B FE AR 2 [l X 500, Decan %8 NSEJEWFFE 1 R AR 25 R GE MM
[P 28 28 e AR I o 1] P4 A2 A DRI, P Ak ) 4% v B8 R B R B3R (Technical Lag)
(K177 9R 18, DA R i e A R L6 AR 00 24 v ) s (PH45  f ;- Zerouli 25 ABFAL T
TE P A 245 v B S AR A5 1) 7 YR R A A5 6 X 24 P (R 43 A 1 0 200, S
77 A IHRA JavaScript ) Docker 845 122 2RI T2, Kula 28 A
T T AE FE AR RS F G b nT LA B R URAT BE < 4 521 DU AN 43 AT 1 D0 IR v RO
Zimmermann 25 A M\ 22 R FE (1 M E R G R T NPM B R G002 20w
(R RIS 1, HERH T TR s RP; Bogart S5 AW T EAS R4 BT
Wz A% API HEAMERIZ R, Dey & NI T ERIRITE SEES RS
RAOEMFEAR AR S, Soto-Valero %5 AWFFL T Maven 4275 & 4t FE M IRA £
FEVEIE RO, stk AT S FIRBF TR EAMNGE R, BN EIR 5 o
FRPEAEDRG, BAVBIREMT TN SRR EAES REMRGTH, HGE
PRI LE A PR AR A AR BRI A 3 (1 1]
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JEFOR AR A ViR S

:
o
prd
i

22  PFRRBEEMRIITRIES)

AT H AR R AR FIR E . BARRERE AR R BUAS , (A 23 5 SR &P i)
Al BRI, AR S AFAE KB 70 R WO B A A7 AE 1 )@, DL R i i e T
i) 758 () A DR 7T

PR B 1 — DR SR AR BRI R TH o BT IR RSUOAR W e 3 AN 1K AP
A Bug RIEMRAS s T ORAFAE IH B A7 AR 22 4 AR . FEIIIT 70 32 50
T E S AT T . B0, Kapur 25 ABEFE T W] ([ shik Hhore 122 7+ 2%
v 4 Java ARG At — AN FE AR ZS APL 51 IS, SRT, — X5 E Sk E T
G T B SR AU AR, BT EEA R AP AARE R E RN, OF
77 Z LT R BRTEREE A 3 50 R A RCTAERY . O T R e 7 5 M B %
5], GitHub ik A2 ) Tom Preston-Werner 2 H 5 H FFIR T K& & 810G
Semantic Versioning [ AESL e, @it — @ MA@ 2N, SREIERBTA S
IFRRCAS I X 73, PR T IT K AR R 5 T B BT R BRI A . AR 2
7K, Semantic Versioning L& 7E R4 X 45 2] 1) 7z b A8, SR, Semantic
Versioning tHAZ7ERL I I T-BAE AL, ¥k DL SE 445 28 IE I 10 @, 51401, Raemeaker
HENKIL, JR4E Semantic Versioning £ 3K MINOR hAS ‘5 AR 5] AAS ] J5 e 25 1
API A4k, SR SERR I Maven Artifacts & K 9 Fiobh 5 X £E MINOR fiiA H1 5]\
TIXFER APLASEET, JEAh, FF R o e AT — N B T RIS AE IH IR AR
Kula 55 NFE5 TR E AT PEMF LA, PRER TH RRAS i (1 55 B 22 4 U Il 5 1)
B4, @ g T REAFHRERIFRRER, 55—, PR P A A T e
FAAERRAS P g2 1) 20, DL A TR R B, BLSEIg S E R E T GAT MR AR
ORI, I HAT A E IR 5 .

R BRI o — KR R R R 5 R R . BRI, JF R 7 e S R
U, R E OO R, SRJSEDTH A A, AT RR T & AR A
LR IELE AR F 0 B IR ) — A D Re AR R ECE AR R . R T AR R I R 1)
8, Chen 558 AL T 1 FH Stack Overflow 45 H 24k 32 8 AHBLEE (1) 77 12:%8); Thung
S NAFFGE T U e) 53200 5 TELE A B I R A 22 ) AR De la Mora 55 A
FE T AR A R A A S i b R LR D RE AR AR 2R %9 Ma & A9 T MRS [R] 3

18 https://semver.org
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JEFOR AR A ViR S B OHR

SR RE PR A MY Data Frame FERY; 255 X6 -F100 H b 72
(¥ EEL A o)/, Teyton &8 NI FE 1 W] B S Ak A2 48 P #% I+ HE A% DR Rk
FEIEFE IR, Kabinna 5 A\ HAARF7E T Apache 35 H 1 Logging 2 8] i) ZE T A2 15
O, RIVERE. 2 HIVE . B> HORURTIE SROBT D Re R T e R R R I IR R, R
FRE TN Bug, HEEIZRIFALGET R, N7 R PEIERS AR, Teyton
s N3 T —Fh A S HBUCECARBLZE APL ()75 7EB8]; Alrubaye #11 Chen 2% )5 % it
I A T ek DRI, Chen 48 AU API XS RE RAH S B A%, JEARRE
A —— XN Xu S5 ASREH T — P B T S e S R AE S, AT
H Bk T 1 7 ke,

FATRIEE S v] DO 380 PEARARE BET R TG Sh it SU R Sk At FLAAR
MBI AT LLIRAG K BT R B AE Commit BRI ZE TH . e B AN R 5 Hicdis
A 1SRRG B E IR AE G U B IR T

2.3  HERERHREIRSE

TEAIFTSCATSE,  FHIAE SCHT 7T 2 B B A A GitHub AL B & k32
B AP SRSREUAT T 808 . Kalliamvakou %5 A48 H B4R GitHub & — A% 5t 4L
PR, HN GitHub F2 8 B0 A7 75— Le PR AN [ i Sy T8 TR 0 3 3R A
73 # GitHub %4, Gousios 55 A2 I Fd 1 GHTorrent a4, Fl T licdemn
fii# GitHub EAFTERI ATFH A RIS B, JR1f0, GHTorrent FEAVEL & #1
O EERI AR B, X 0] RE A PR USCAR IX 50 73 B AN 75 BAR 2 R S5,
FAAEROR I TAREAMERE o O 7 WACER T TSR A B RS A 42 1 8080 DA SCHE R A PR AZ 4 T
7, Ma S5 A2 H 528 T World of Code, 3R FH 434 3R 45 ZE M S T U B 1
Hm, FEORAEROE G B T 3T 5 O R A2 48 10 Bd 4% R0 [F)R,  Pietri 55 A M
TR A B0 I ZNHL,  AE RN 4R JFSEI T Software Heritage, 15
O PR I ORA7 9 Merkle DAG 4 72, I SCHFHEAT TFIRA D f e A7 BUR
I, T RN T G2 AR BT R R A S, Tidelift 2 FISCEEHF A
JT 1 Libraries.io 4™, 24t 1 30 KA TR EHT & h R A7 FITTIR I 2
KAEH, LUK GitHub. GitLab A1 BitBucket T~ & b (%14 2 A FH i ik I8 1

19 https:/libraries.io/data
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JEFOR AR A ViR S B OHR

f50L. [FIRF, Libraries.io HdEfEib4R 4t TR 2P LAFE R, UAES
FE H AN TR A 2 1) () B2 = A Ok R K15 8. DL R R e iz ig T 2.1 15 f0 2.2
TR LI TE . SR, AR EE S AN AL DLSCEE S AR T B 2R R AR AL
3 S 437 IR GHTorrent AT Libraries.io # AN 2 i S84 K I S IR A
HHHE, 1M World of Code SARELE A S RCA = | Bt , (H R ANABE L] T-0F
FHOBUE B AL 5. BRI, ASCH T ZTTERE T, 2T World of Code, #)
T TR AR BT A B R MO A e 2

20



JEFOR AR A ViR S BT RO 23R

BZE EBERBTHHIENEZHE

AFEHG A AR W WK 00 42 0 e RO . 1 5, &
120 PR T2 3 1) 2 TR AL 5E 3G R, B4 Mz EE A,
I FEHAT R IR s BJa, FA1= /4 World of Code _EH A SEHLE R AN
i RIAR R SR, 4 tHSEBL P PR RE DAL . B IR AG B T3 V2 AN A 7 2 A

1. HEEX

TERTRG SCRT UL, ARSI H AR 2 —1E T 46 G EE AR AR 1 S 1 R MR 4
& M, BRAAAR “ERBAE” We? RIS IME, R
Bk g H AREE HE o
i B FHEMN— AT E @ Mg . Bk A ITH A A,
SRR E RSN
P = {p1,p2, -, P}
TR —ABHp € P, HITHUH pi)4# Commit #5 DAG, & X

p=(C,E)
C = {Cl,CQ,...,Cm}
E = {{c;, ¢j)|c; is parent of ¢;}

HrAph ORI )4 # Commit 24, EJ& Commit Z [ KA RIS
XFF Commit ¢ € C, &4~ Commit FF Tree Al RES B W SIEE LA Tree FIE
BEZA Blob, {HZHTHRATAGOEE T EMAEIE SR Blob &XHAZE,
e X

¢ = {{fy, Ly)|b is a blob in ¢ and f; is file path of b}
Ly = {{1,0)](l,v) declared in b, [ € L Av € V}}

b, £, Blob BUSCHFERAE, W] DU F AR P 1 5 48 44 oK X 23 AN [R) S 2
(¥ Blob. Xt THHERIEFT S, FATH K05 R S LA SRR
A, BT Java iE S S, WRILANTA SO pomxml LR java X, A4

fy € {x/pom.eml, x java}, *ERTH B

21



JEFOR AR A ViR S BT RO 23R

RJE, LyP A8 T Blob FAEM NS S, & XLRABATIO I B 1)
a, VIRFEINARRAFENRES . HEESRE, BTl A S i
BRI, ATRERE MR IRRCA, AT R — MR E RORRCAE A X 8], PRl
RFERIR VI EIER T . R, I ARRAY, = (v, va, ..., v 14
Ay, Mo

[ayay

PN
A

H

Vi={0u{vjveV}uU {[v1, va]|v; € Vi Aus eV, Avy < vg}

T —ANIH , FATRXANTE 1 PR30 P 58 5E S 7E Commit %
AR — RIVBE . A0 PUE =R dom— e, IR — A A A
FERIRAS . X SRl 5 E— Commit AT HLE /G 2], BARHE, X+ F
A~ Commit, FATAZE S 43 HriX A~ Commit N ¥JFTA Blob, 341X
Commit H 8 H B I A EEAL L ARCA AR, FFR L 53— 52 Commit H i F 1
BT e AL RRAS B A3 AT LA . i SRk Commit H o AN FE T A2 Commiit H%
A, Iatt Commit A TEIN—AFEE AR ik Commit Hhigf AN
142 Commit W4, A4tk Commit Hk AL T IMER—ANEER 34T Wi 2Rt Commit
A2 Commit A FAE, AHZMATFE A FTAE, A4tk Commit k4 T
A —ANERR . R, 3T, ¢) € B, 8Aile X

L= |J L
(fv,Ly)€ci
Li= |J L
(fo,Lv)Ecy

Added(c;) = {{l,v)[{l,*) ¢ L; A(l,v) € L;}
Removed(c;) = {(l,v)|(l,v) € Ly N(l,*) ¢ L;}
VerChgd(c;) = {(l,v1,v2)[{{,v1) € Li A (l,v2) € L;}

Horf, (1) € L&, REFEIFUEE —MRAETL, v,
BTV S FRATTE SO SR AR 3 1m)
o MAN: WIHESGPHELEEL

o fitli: Added(c), Removed(c), Verchgd(c), Ve € U,epp

2. HIE#HR

T BRI ER, — A TE AT Re A B0 5 =574 Commit, il

22



JEFOR AR A ViR S BT RO 23R

Z Git H* Commit 5 Commit Z [AJfF7E B KHIME BI04, B R BRI Bid
5E 3G, KRS Commit (1 ZEAE A BLER 5 70 Al THSE AN, FREAT R AR AR AL Y
TR, BT LR A R 32 1. 1T Commit Z A #) i) DAG )
PR, AT LA A E R Cincremental) F U592 R HEAT F A D SR HOR 2 . BV T
A AHR LA 4.

Algorithm 1 Library Dependency Change History Construction
Input: P, L
Output: Added(c), Removed(c), Verchgd(c), Ve € U,cpp

1: T is the set of file types. For Java, T' = {pom.xml, .java}

2: for p e P do

3: (C, E) = getCommitGraph(p)
4: L is a Dict of Dict
5: forteT, ce C do
6: L[t][c] = 0 (L[t][¢] is multiset)
7: end for
8: for c € C in topological order do
9: ¢, = one of ¢’s parent
10 if ¢, = (0 then
11: Added(c) = L[t][c] = U; 1yecntype( )=t
12: Removed(c) = VerChgd(c) =
13: continue
14: end if
5 D) = {{f Lo L)ltywe()) € T AL L) € ey A, L) € c}
16: fort € T do
17 Lif)ld] = L{dle)
18: end for
19: for (f,L;,L;) € D(c,c,) do
20: t = type(f)
21: Lit][c] = (L[t][c] U L;) — L;
22: end for
2 Added(c) = Uper AL 0L ) ¢ L[] A (L 0) € LIt}
2t Removed(c) = Uyer (L v)l(0,v) € Litle) A () € Litle]}
25: VerChgd(c) = U,cr{(l, v1,v2)[(l,v1) € L[t][c,] A (l,v2) € L[t][c]}
26: end for
27: end for

4 FEARISARAL 7 S M R
IXAN L SR A AR, X]‘?E%~A Commit ¢, I1H & IS Commit

cp IR e BT BEAE PG DL L t][cp] 250, B A THHEAIZ A4 Commit ) Diff
D(c,cp) (55 15 47), ] LUEHERS 2 27T Commit (Y I HLL[L][c] (19-22
170, FFHAF M L TIX AL Commit, T H H R AE I FEGRIN . RT3 AR A

23



JEFOR AR A ViR S BT RO 23R

A (23-25 17D, HIT Commit Z IR SCA [a] ToFR K, AT AT LLKE 42
Commit FEATHRINHET , H4% B3R FDHEF (7 BEAT 3 17, ko] AR IEAEAT & —
A~ Commit o, T —> Commit B FEME I IE L — € CEpit 5. A —RHE,
N T BE ST R IR, L [ S seBlN £ EE (R EE TE).

XA EIE MRS R BAE T 45 15 47D (c, ¢ 5 (32 Commit 22 A (174
P Diff 50D, sz b, —AMERKI Tree Diff 5% a] B 2 (675 KB EIE4E -,
FREE LT T TE . W SRR B Commit Z (A (¥) Diff C& fiiT Fif, wl LA
FEHEBON TIN5 0], Diff 138 7 af DAZE 8 800 R 58, H—> Commit A4
(P B CR AN I — NS KIHE R, A XA FE I 8] 2 %2 9O (P|CY).
tegh, FETHE S, T —A Commit FriHA 152 Commit & — AL HIAS,
HIAT B EASRENE R, FUTE®R P CH BT T H R, # i) 4i
T Commit ¢ fRIL[[c]OEBTHR, AT LURBL{t] (BT G4 s8] . dnth—%,
WESE AR R 2R BN O (2| C), x ABHE RTS8 . e, BT
H 2 B THSR 8 Ao, e m] BACAIT B A A B, AT BEAR T B EAT K
MIFAT IS

3. RSy

FESEPLAT, 1 R AT REbET bak o b b B K i BV I [0 = (] P g, 0020
TS AR E Y, I LAE PR AT A7 . B 5 eI 1 Bl SR M AR,
Kl 6 I | B A KR B 4 2145 (data schema).

B, ATHRBIBHEAP, TAVEH Libraries.io £E 422 4L ) GitHub
GRS, 2% O FREFEARUER, Wik d% Star KT 1. Contributor %%
KT 1. HAE Fork ) Java T H , 34453 62023 4~ Java i H; 785, FIH WoC
HFIE  (p2cFull) A1 Commit 4 (shal.commit.tch), HEHUAHIE Commit )4
monfs B, IFHMEERSANTHK Commit Graph (C,E) (p2cg): B, FIH
WoC EWiiH5 41 Diff {55 (c2fbbFull), $ZEUEEA Commit (¥ Diff D.; &5,
N T A2 Blob BT HFAAME I EES BLE S, 8/ T WoC ittt 5, 4
Blob SHAL HE/7 1) Diff {5 & (b2bcfFull, % Blob ARSI A EH 2D, i

20 https://libraries.io/data
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JEFOR AR A ViR S BT RO 23R

JE43 3. java F1 pom.xml J5 25 Blob, #R/5HR#E Blob SHAL HH H S A 34T
oM, 1BREEAS Blob 12 AE F 5 HLAE B Ly. T pom.xml SCAETT . FRATTHEE
A58 1 Maven Artifact [ H A B o HAE A Ly X T java XM, FRATTHEEL
HAE import B S NI ATE Java Class /E ALy, H¥MAE B2, (E5LhR
H1, —> POM Artifact F] RE2 XN — P Z A Java Bl A TRHE POM Artifact
1 Java 2 [H] (% NG RIEAAR TAE. A 7L EATMANE, HiEiraikl,
B2 Commit HHEEGR N I BRAN AR R AR 145 R

EIRBERR AR AR T, DT Be A AR AE R B . E %, Libraries.io
Hid k1) GitHub & FES B AT REAE WoC HAFELE. XAl RE R A WoC %A KL
XA GitHub 5 H , thA] 2 XA GitHub T B 24 8L IER 1o T3 Al
THEOATE N, H—REAZIEE LRI E, D FRATT 0 48 fa] 5 Bk od i A~
GitHub %, f& %453 60030 A R ITH « Fok, fER @ f s k21 Blob
KO TR ERAS, T R A7 AR A% A EUE AR R I I T o e T IR i AR
Wy B0 SRAS AL 3 (15 2> B R B A B R, R 1 R, R
Commit ¢ [{5ELE Blob WABRKEE FEREER, HAL[[h 2 EE A
gk 7 A Blob (R FH 5L, (R ELL[ [, TSR L,
TRAZ AT HE VR ¥ Blob SHAL 3] F—ANEA 521K Blob HH ) Ly (L .

K 5, AR ER —ANRZEHE . BRI, N S
AEFAREE DL, — A2 F T RENL U I (R SaAR B P s 53— B2 FH T U 75 il )
FEAGAE AT o 7 TR I SRR U el BT, (X SRR 1) J il E o
T REMVIMED. B 6 B T AR, RAHIRENEIRALNEN. K
LB RN XS H S W& 3.

2 X B ERATE R T WoC _ETTHE 4F i) b2pkgJava £
25



JEFOR AR A ViR S

B R AR 2R

shal.blob.tch

b2bcfFull

Blob POM

Blob Java

c2fbbFull JL

[
[
[ b2pkglava
l
l

Added/Removed
Packages

Dependency
Change History
Construction

p2cFull Commits
‘ f—— Added/Removed/V
shal.commit.tch p2cg ersion Changed
I Maven Artifacts
e
[ Libraries.io Projects
w e IH
Kl 5 Bl S i e
P H A N % St e = N
b, BSR4 .
N A\ . Ve Sk e e -
KTBANEHE R IIESH S 5 L3 Wk 1Mk 2.
Projects Commits
Name ©r string SHA1 O« SHA1
Head SHA1 Diffs array[int]
Tail SHA1 Parents  array[string]
CommitSHAs  array[SHA1] Message string DependencyChanges
CommitGraph DAG CommittedAt time CommitSHA1 int
Author string AddedPOMArtifacts array[string]
RemovedPOMArtifacts array[string]
Diffs VersionChangedPOMArtifacts  array[string]
Blobs AddedPackages array[string]
1D Ov int R dPack {string]
emovedPackages array[string
SHA1 Or SHAT CommitSHAT  int
Type string FilePath string
Libraries  array[string] OldBlob SHA1
NewBlob SHA1

K 6 &R HEE AR LR R A
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JEFOR AR A ViR S BT RO 23R

R 3 MANBIRESH
Horp, SR/ OBFDT IR 482 4ead B4 i A8 SCAREUE 1R
SR/ CBERLYTIE)D $R ¥/ A TokyoCabinet 4] 422 14 8 i % B4 22 1) K /)N
BEAk, N AR T OB AT G BRI H B oh, HAB SR AT 7 sk 2

Hmk o HA HE BN OBFFJFIRD RN CBERLYT D
Projects 60,139 1 8.1GB 11.5GB
Commits 26,466,383 128 8.0GB 39.8GB
Diffs 454,799,142 128 23.8GB 107.1GB
Dependency Changes 429,119,158 128 7.8GB 56.4GB
Java Blobs 416,703,279 128 48.5GB 217.6GB
POM Blobs 32,255,060 128 3.8GB 34.6GB
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JEFOR AR A ViR S ST R AR i ) A

FHE BEXRBETCHBENNA

A TG A O e 1) =R S 3755, LA LA I Bt SR 4% 1
T L FH AR 55 B R AT PE A A& 1 o 28— N3 5 TR PR IR T Rt A7 45
E M EERIRA, @230 CA IH XA RITHRAF I, 45 R TR
PEMIHERETT 585 20 AN SR T H BT K imsh ot A Edlde, XHIT
PRIGHE A BRSBTS SRR PR PR 220 1, 56 THI5 2 (K0 78
MIER THATBE A DL g tH— AR TR 2 25 =R 3752 A 1 P2
ot i R RS AW TT B, X IR H AR Z A R 15 L

BEAT 21 1

1. JHEERRATTRAER

1.1 HEER

A RE BT E R R A b3 0 A o o FH RE el o f) 0 o o AN
AR, ROUEFAEDH B TR . X TR0 H gt R BB A A, IE
s — P, KRB E R 2 R R BRI, TR R R RE 2 ok
AR o 21— R A DA AL 2 i, NGB TR B
XA IR R, IR, SEbR, ARAEIEANE B e T R R4 THR
A . RZ I, TH 2 0T S MR ER L —MECERAN, 5 A%
L HRIRRA T BE =77 2E AP AR LEL, M ORI 22 B RRAS R BE R R — L2
DIReB. T AT R AR IR AT RS R, T B LB AT SCHF

12 fRRFTR

AN, ZEHAT e S SRR IR, AT LCRA] “ Crowd of Wisdom” 24
)75 BARMY, XTFK 1S, S AR EMBRA(, v), JATAT
LA B 5 h Gt XA AR BEE RS 2R RRCA IR 00 S oA RIS U i AR 5 & gk
1ot
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JEFOR AR A ViR S ST R AR i ) A

V = {w[{l,v1, 1) € VerChgd(c), e € C}

Hrr, CERARAEHK Commit £45 . X T L ER—RRA, FATT UG H

HILRI L], B A5x4, Commit {5 BAIAHCHIINE, — PRt I H A & & 18
P

1.3 SZIOZER

FATTEHL Jackson ) 2.9.0 AENBATTHIBE T B . Jackson JE 2 Java H
e AT, H T T JSON fEE. 4RTM, 2018 4FJik, Jackson M)— Mgk
com.fasterxml.jackson.core:jackson-databind 1] 2.9.x KA & BIAFLE™ & 2% 4 )W
T, B 2.9.6 RAAFLRER2, Ft, R —ADWHE 2.9.0 A&, B4
ANTRE IR BEAT T+ o P PEARIG A AL B 4, FRATTAT AR B B S b, A
2.9.0 RA R T TR T A Commit, FFEHAT BRI Hr, BRI RINT,
R 4 BIEET 2.9.0 BAM TS

SHREE 2019 F 2 J5 5

ERAVITE IR ERANITEN IR E

2.9.2 62 2.9.8 22

295 44 2.10.0 9

2.9.7 23 2.9.5 3

2.9.8 22 2.10.1 3

291 13 2.9.9 1

5 HHEE T RB TS Commit {5 5 2441
Wi Commit T RA THE I} 18]

HalBuilder/halbuilder-jaxrs  623a97 2.10.0 2019-11-02 23:05:46

Commit Message: Bump jackson.version from 2.9.0 to 2.10.0
openmrs/openmrs-core b6f0be 2.9.8 2019-05-21 16:33:44
Commit Message: TRUNK-5533: Upgrade com.fasterxml.jackson.core:jackson Libraries (#2902)
sstrickx/yahoofinance-api 88a3ee? 2.9.8 2019-05-11, 14:11:54

Commit Message: Fix jackson-databind vulnerability

22 nttps://github.com/advisories/GHSA-qr7j-h6gg-jmgc
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JEFOR AR A ViR S ST R AR i ) A

4 hEIR T HEYEEST, T jackson-databind ZEMY 2.9.0 FRAS R H Xt
2.9.0 R TGt Il % 5 T2l 7 JLANE5 R ol Commit A HAHSGAE B
WA B I gE R, BATAT LRI, 3N 2019 4F2 5, M 2.9.0 TR EZ IR
AR5 2.9.8 F12.10.0, I Hi#ik Commit Message, FAl 1t 7] LW £ F], T4 5 2.9.8
(R IR 2 — &N T 8 jackson-databind 2 2.9.0 fRA (IR . 4 1 XL HAK 4
A5 A, FTLAHS BT H B R RIS 0 = 15 4% 2.9.0 MUA Y jackson &, B
B SEZTH % B AR SR AL B

2. TRHBIHBEEIT RES T

21  [FEER

BARHETCEAH 7 RS PO S B R 4 BT TR X O BT A%
AT T, SRS P, B AT 3 IR A B HOE B ST s
BEAT BEARNE EAL AT I TE o R PR AR Bt B AT LIRS 0T H ) 4 e
BT RS B G DUEAT BEAAE (20 1 o I 20, B m) ARE BT R st 24 iy
IR E BT A g2l thm] DO B SCEHOBUE BE S OOT R T H SR 408 %

N TR Java JFIRI H R ARKAE BEAH R A SIS DUBEAT — S REARPE R Z1
, FATVERXT Java T H AT Java FEH H DL AF AT i)

RQ1L: I H 7 B I DL A AT A FE R0 2

RQ2: T H I A sl v, IR0« I 2 AN A28 2 A R S DL A AR 1) 2
RQ3: i H ) Commit HCRE A A IR B R T H [ b 3R 2 P o BT
WA AT AR RAE?
> RQ4: AFERZEEITH F GG MR ARRCA AR 0L 4 X ?

E|

YV V V

22  HWRAIFE

B4, FATHT Java iE S H I Maven Artifact A1 Package PifPASEIRIEE, &
SMHFA RIS, e L, ML, FEE P ErA f I E T D e
Pt FAFBN L, ML, o T AIEAS H FZIE) Java Package ML & RAE B,
SRR A, SRR SRR R AR AN X £, BEAT B
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JEFOR AR A ViR S ST R AR i ) A

N T RQL, X TP, Ly, L,y THE LT HaAR 34T FTAAL B -

L WTHHpeP. DUHBH N Commit . i A A e B B
LibNumpeqa FTRR AR PIEEYV er Numyeqq (XFF Java Package SR iFEETE)
Lhead(p) - U Lb
(tv,b)EChead
VerNumpeaa(p) = | Lhead|
LibNumpeaq(p) = [{U|{l, *) € Lhcaa}|
2.

MTHAL € Ly, 1 € Ly, FEFRHT Commit #1488 H PRI 15T H A 44
Dependent Projects(l) = [{plp € P Al € LibNumneaa(p)}|
N T A RQ2, HATEGMRYE RQL Y45 Rk FEHA 100 4~LL_E R Commit.
FER AR T4 1 10 4~LA_E Java Package A11# i 3 4NLL_E Maven Artifact
WIH TP, RIEXTHANIHp € P, JA 170 050 L 1L, THE LU 845,
FRH N 4R FRHEAT AT RLAL 2 A
L THMFER DI SEA, I, MR AAE SO%E BORRCAS 2 R B

Total Added(p) = _ |Added(c)|

cep

Total Removed(p) = Z | Removed(c)|

ceEp

TotalVerChgd(p) = Z \VerChgd(c)|

cEp

2. THMIF AP SLA, BN BERATE % (R A () Commit A

Total Added
AddIntensity.(p) = |[Tota ed(p)|

|p|
Removelntensity.(p) = |T0talRe‘77|wved(p)|
p
Total hagd
Verchglntensity,(p) = -2 Vler|c gd(p)|
p

3. TUHWIIT AP, A MHBRAIE 2528 B RRAR R I T A 5
AT = Time interval between HEAD and TAIL in days
Total A '
AddIntensity,(p) = [Total Added(p)|

AT
Total R d
Removelntensity,(p) = | T'otal Removed (p)|
AT
TotalVerchgd
VerchglIntensity,(p) = | TotalV erchgd(p)|

AT
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4. TRHE BT R PSP RN EININ ) 2 B AR AR B AR AR

TotalVerChgd(p)
AvgVerCh =
vgVer g(p) Total Added (p)

5. TUHBIF AP, PRSI0 0 O R AR
Total Removed(p)
Total Added(p)

AT EZ RQ3, FRATTR AT H A K S ATHT Commit i R FiAS 7] (1
febr ok ZIE I H W A E. ARG, T ERE—A s, AT S ATH
Commit Z&-1+ 5 Spearman A<t REOIFHHAT L.

NT R RQ4, FRATE JeARYE RQL 45, EHEAE 10 AL T H 15 2 4H
BB 4L, L, PO —E 7 EA A R R THR S = J7 e . SRJE, AT T
Pl € L, VHEAT R b e AT rT AL A

1. XANPETETE AN IR A0 5O B AR BRI 3

Total Added(l) = |{p|lp € P A 3c € p,l € Added(c)}|
Total Removed(l) = |{p|p € P A Jc € p,l € Removed(c)}|
TotalVerChgd(l) = |[{plp € P AN 3c € p,l € VerChgd(c)}|

2. PEMTHER

ProbRemove(p) =

_ TotalVerChgd(l)
UpdateIntensity(l) =
pdateIntensity(l) Total Added(l)
3. FEMEfEE
. Total Removed(l)
tention(l) = 1 —
Retention(l) Total Added(l)

1T IEARRS 4 R Java Package JF ANELE FRA(E 2, BILXT AL € L,

FATAR TS RA N IBR B AR o BAh, AT e A S £ 1) A
T H B A B Commiit FARAE A O X8 R e A2 B SR A s on B8 AR O e
HISAT LR AR, THE PR 2R (AT BE TR AR 5 BE AN IS O . IIERTS DL ARAS 25028
ol FHBARFN B AE 315 Spearman AHOGHE B3, FFIEAT LU

23 HWRER

231 Java B H S EKE B

i 60030 4 Java Wi H (JP| = 60030), XLk Java Wi HILEH T
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211596 N [A] ) Maven Artifact(|£,,,| = 211596) A1 1669058 4™ A~ [H] [t Java Package
(|£,] = 1669058).
R 6 T HHESP bR R I S R A 1

fabn B rE &ME 5% 60 g 5% EORE
Commit % & 779.7 48275 1 35 103 329 347910
R REL 1068.3 1162.7 1 159 714 1619 18338
Java Package 52.36  92.56 0 12 28 57 3846
Ver Numpeqq(p) 10.37 38.14 0 0 0 7 2008
LibNump,eqq(p) 8.20 25.35 0 0 0 7 988
6000 7000
5000 6000
.% 4000 5000
% 4000
2 3000
2 3000
S 2000
z 2000
1000 1000
0 0
1 10 100 1000 10000 100000 1 10 100 1000 10000
Commits Development Time (in days)
35000
8000 30000
25000
6000
20000
4000 15000
10000
2000
5000
0 0
0 10 100 1000 0 10 100 1000
Number of Packages Used Number of Maven Artifacts Used

K 7 I0H SRS P IIT A S G DU AL A1 L

% 6 R Java W HEESPH, Commit ¥ FF R KE. f#i i Java Package
#E M Maven Avrtifacts 20 FIHHR G THS 0 (JaPiAT 210 H Maven Artifact 115
BEREE R B 7 BoR 1 PL B A5 0 CRADS Besds) o JATTAT LLE 2
Kol S R Y Java T H 7E Commit £ FARW RIS, WITEF A A] i ;
LAk, Java Tt H 24 F Y Package % & F1 Maven Artifacts % bt 2 Bl IE 5 A1
ARG, XA RE S ANEIE K5 AR R AT R GREAT K. S35k, AAER
Sy 5L H RIS — AR 2 AR, ZAN RIS — DU R BT 782 — 2 i,
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15422, F74E 9.37% (5635/60030) 15 H %4 f# FHAF{T Java Package,
XBER I H AT RE R A A PR Java AU R R T H ; 7 1E 61.15%
(36706/60030) (135 H %43 fdi FIAE 4] Maven Avrtifact, SXAEIIR H AT G Al 25
=J7FE, PIREARAE A A, WA R Gradle 45 HAth £0 %8 P 38 ok 8 #1 I0T
H P 2. R, #2812 RQ2 A RQ3 I, N 4 HERR I & I 1a1 B s . AN A
55 =07 B AV 88 =07 BEAR DL M ANTE R I E
& 7 Java Package fil Maven Artifact 75351 H 57 A b (1) 4 F 15

Ve BE mE mDME 5% P TS% ML RAE
Maven Artifact 2.30 48.70 0 0 0 1 14522
Java Package 1.88 86.62 0 0 1 1 50641
800000
100000 700000
80000 §1600000

£
& 500000
@

Fl

60000 o
© 400000

40000 300000

Number

200000

Number of Maven Artifacts

20000
100000

0 0
1 10 100 1000 10000 1 10 100 1000 10000

Number of Dependent Projects Number of Dependent Projects

8 Java Package il Maven Artifact 7531 H 87 A (14 F 15 0 40 A

7 B7% 211596 > Maven Artifact A1 1669058 4™ Java Package 7E 37 H F¥) 58
FEAS A8 S 5 ( Dependent Projects(1)). B 8 MR 748 FAHHLEI /0 A0 ([

FAXT AR ) o 3% 8 RIS 9 43 A 7R T 5eifiAT i) Maven Avrtifact 1 Java Package.
FATTAT CUR I, AN P WIS ok 82 K i S — e, EEAE T H A (10 F A 0 2 A
AN S KT Maven Artifact 111 5, R 12.8%(27008/211596) ) Maven Artifact
RAEZ T Java TUH KIGHTRA T2 H]: 2.07% (4386/211596) ] Maven

Artifact 2x7E% T~ 10 /> Java Tl H (FiRcHi A A3 2048 A 0.24% (523/211596)
[¥] Maven Artifact 2x7£% T 100 4~ Java 3 H FIET A PR 216 H . 1 Java
Package i3 200 Fik =ANEeB 7008 9.31% (155484/1669058). 1.08%
(18067/1669058) LA K 0.13% (2224/1669058) ., H HLIX Ffi 45 J () —AN R K 7E T,
#1242 1) Java Package Il Maven Artifacts #5250 H N H & &1, F-A 2 — A~ E
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8 ¥4I H 5B A8 H £ 2 1) Maven Artifact

Maven Avrtifact RBEANM S Dige
junit:junit 14522 FA T
org.slf4j:sIf4j-api 6015 Hi&
com.google.guava:guava 4383 JSON fi#fr
commons-io:commons-io 4270 e D RE
log4j:log4; 3335 H&
9 BREE I H fHhii A8 FH B 2 (1) Java Package
Java Package fEADE ML Thie
java.util 50641 T F Dhfe
java.io 43769 LPN Tl
java.net 26477 PR £
org.junit 24012 BT
java.util.concurrent 20383 AT

Bz ERMERZE. S8 —4> Java Package/Maven Artifact 752 4~3i H $115 31|
R, AHEKATRMER AR =T . B, fER% RQ3 Al RQ4 I, [
WRPEAE Z AT H T #15 3048 ) Java Packages A1 Maven Artifacts /£ A8 55 % %
BT

i TP Java WH T, BHBIFRIESNE 2R 2R, BRI L0
M. K, R0 H S KREMHE, HESDRAG /NI 2e8)"
A RS =07 PE o 6T 35 H AOUVE BT AOE S AT T, AT Z O K R
PEIEBA — TR TR T E . BLAAE &M H 45 2132 A8 FH B P

2.3.2  Java T HEI. MIBRAI B E R A BB

TRATHRYE RQL 45 R, 1EHE A A 100 AL L) Commit, FF A I ] K T2 4F
f#FH 10 4~ LA_L Java Package H.f# A 3 4~LL_I= Maven Artifact 50 H 74, 315 2
11946 /> Java T H (|| = 11946). 3 10 JEHL 7 iX 4 Java I H F s in. Mg A
M3 Maven Artifact fU1E L. Hdr, —ANbTH A7 £ Java T H /e K R
AN 36 ML MR 11 AN FHETR 23 MERIRA. ZET Commit RE, —4
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10 Java T H HRas 0. MHERFIELAS Maven Artifact 175150

LAY wiE  iE RME 25% i 75%  EKME
Total Added 110.6 3625 3 16 36 89 11848
Total Removed 55 240 0 3 11 37 8247
TotalVerChgd 208.5 2070 0 6 23 79 129247
AddIntensity, 0.139 0.237 0.000 0.040 0.081 0.016 12.75
Removelntensity. | 0.053  0.107  0.000 0.008  0.024 0.060 5.305
VerChglIntensity. | 0.156 0.546 0.000 0.014 0.050 0.139 24.78
AddIntensity; 0.076  0.212  0.000 0.010  0.025 0.068 14.82
Removelntensity, 0.030 0.097 0.000 0.000 0.007 0.025 3.541
VerChglntensity, | 0.102  0.887  0.000 0.004  0.015 0.049 49.32
AvgVerChg 1.430 4.088 0.000 0.202 0.609 1.440 251.4
ProbRemove 0.373  0.387  0.000 0.164  0.342 0.534 24.25

AT R E A B Y Java T H P44 12.5 4> Commit 2 in—ANE; P4 25 4
Commit 2 #HIER—N2%E; P4 20 A Commit A& — N ERIRAS . F T E] ok
B, AT APALEL B Java TH P 40 RININ—AFE: 4 142 RMIBR—
ANE; B 66 R —ANERRA. FWIMNE, — M eES s 1.43
A, HA 37.3%MIMEZ ok ibk. S8, X TARMBIHMNS, A%
AR K. {8 Java Package 75 31 145 2 KA, TEHATFECR .

S5 Java T H AN M BR AT SRR PERRCAS (R LR AR B L, HLAS R T3
HZ EARKESR. Hd, SIERREAE RS RE R SRR > T
INPE: TR e ) RO AR o AN DA ] $31 26580 72 A Commiit AR R AT &, Java 33
H T 3 R s AR MO B RSN K )

233  TH Commit EMF KM IR SKBE B KGRI ME

® 1145 TWIH Commit Hi 5T A [ VS BT ATE S 52 . H
TR oA 2 a1 Chighly skewed), [Hth it Spearman #H5¢ RECR 4
BlAR R Z [ AR . WRARATLLE 2], T H fF A 18] A1 Commit Hi 5 fKi
B EIT RS 5 A B RE  Herh, SN IBRATRRA SR R S
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# 11 TUH Commit %5 71 A I [ T 0 2l 1) R i

L5 Commit £ & (1 AH K14 5T RS ) AR S A
Maven Artifact f5#x HHR R AL p1H HHR R E pa
Total Added 0.538 <0.0001 0.142 <0.0001
Total Removed 0.542 <0.0001 0.235 <0.0001
TotalVerChgd 0.470 <0.0001 0.304 <0.0001
AvgVerChg 0.153 <0.0001 0.270 <0.0001
ProbRemove 0.307 <0.0001 0.241 <0.0001
Java Package 5 #x P p & I REL p fH
Total Added 0.724 <0.0001 0.172 <0.0001
Total Removed 0.684 <0.0001 0.230 <0.0001
ProbRemove 0.287 <0.0001 0.172 <0.0001

Commit # R 2B EE 3B a MM, H Java Package 845 A A <4 B 5 .
ERARA N R R i A 3 o e 5 T R N ) PR A S MR e 55 HIE =35 22 TR 1 A
KRR ANFAE DT X o G S5 TN TB) B39 4, AR 532 R e e ) 5
S B LG VAR N e ) B30 B P, X R R RS SR R N 5 2 ) 0 ) BE A ) T
FETF RIS TV I H 3. B, B T H BT I () A Commit 55 ) 1
K, PR T R Z, — A PEOIN R B AT RETE Bl R, X
3 AN 28 P2 AT 9 2 B BT R I T i I E

8 TH PRI . Commit $E%, T H MR B &5 SN
WL, PR ER TR B B PER N B A AT R O .
B RN T 2R AT v 32 B LT I R I T K 1 T E

234 AR Java FERIBEIN . B ERAIHE R ARCA B 1B L

FATE iR RQL &5 R, e #:4E 10 LA B 1 H 45 246 H ) 4L, A
L, PIAX—H#5r A AT eI SR =T7 e . AEA BRIk S5, 354595 1
4384 1~ Maven Artifact (|£),| = 4384) #1 18067 4~ Java Packages (|L£},| = 18067 ).

12 2 HIEL T X £ Java Packages F11 Maven Artifact &A1 5 45 A 45 bR
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12 Java FEAETUH T IASALTE DL

Maven Artifact 545 wE iE RMA 25% AL 5% HKME
Total Added(l) 252.7 9035 10 46 82 177 36525
Total Removed(l) 117.7  359.8 0 18 38 83 12901
TotalVerChgd(l) |2359  606.3 0 23 66 203 129247
UpdateIntensity(l) | 1.704 5283  0.000 0291  0.676 1470 2293
Retention(l) 0.554  0.172  0.000 0440  0.561 0.667  1.000
Java Package f5#x wiE HE RME 25% LA 75%  HRAH
Total Added(l) 4743 2342 10 51 103 253 99433
Total Removed(l) 137.8  681.6 0 11 28 74 20088
Retention(l) 0.687  0.206  0.000 0570  0.723 0.840  1.000

5O . WRARTBURIL, 5 B2 18] R AGA IR TR AT 532 AR B 1 D0 AT 1R
RZEH . HIRPEA e H 7 B 9, ANERAEARTET S A HEREH
ARG, ARPER RE AR S . R 13 I T FE MIRAT FEXT BEE T H i) B
FFZERTHRAGOLRIFENE o FRATRT LUREL, P B TP 5 P (R imA T B AR 55 1 972
SR, A2 R BT AR B8, A XA BERRAN T RERAT - LEAh, PR B
7260 5 PEIRAT BE AT R 55 B SR OGP, SR 25 SR OF AN S35 10, BRI T LA,
JE B B A2 5 P AT B AR SR PR 85 o IXTEWRAE , T H AL 38 A I AN B — Bt 1]
ZJas K FEMER MRS PR AT RETC R . IRIL, 18 P IALAT BE SR P E T H % feE
AT 45, ATREFFA B EE M.

5. ANIFM Java FEAE Java I0H RN IHERATCOASRRCAR IR O JZEAE
T H B B A R AR AR AT AR R AN R o 12 B TR 5 e AT A AR
YR RNE, TS ERAFEIRR, PR AR S R AT BRI A IR 58, X
BRI IAT BEOR G T A NAZ AT A%, ATREFFAS 2 B o
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R 13 FERGRATRE S BRI H P B AR AT DL A

Dependent Projects(l) Total Added(1)
Maven Artifact 47 MR EREL pfE R AR E p
UpdateIntensity(l) -0.102 <0.0001 -0.070 <0.0001
Retention(l) -0.007 0.6682 -0.216 <0.0001
Java Package fi5 47 MR AREL pfE R AR E p1E
Retention(l) -0.092 <0.0001 -0.002 0.7525

3. BHHEIBRHELI T

3.1 HETER

B bR, R0 H MR, FFR SRR B NI RS
BRI BRI BEAR G (1 2 P & B 7040 T 1 H (8N B o R,
AT BERENS FN3E , JT A8 T H B FH B0 PR AT s N BR AME 2 i) 75 J5 TR AL
R FIEIg R MR A 0, T00H A IR0 i 2 1) JR R v] R AR S 4%, AN A i
FowaR, Fod—NE R FE AR T A2 R A RO (Library Migration). i
BRARTET H I R AR, BUONB RS R, A3 ASEE — AN IELE S 0 22 B 46
Ty AT ReAH R B B B TF R G B o ML AN EEIE R I P s W HER, TFR
A AR m i, HAGEIEAR R, TR EEEEM E Z A TR ASCRE o A R
AR AE, FT LN T H TR G OUAT — DM 2 E, I NIRRT
JE R BORIT e Rt 4 B S A 0 1 B4k T LR A B JE o DRI, AT [0 4 i)
LU
> RQ: Java il H i EIT B 1B L= AT A BE ?

32  HWRAE

B, BATFEERIERLE Java R 2 (A AEAE RS 5 R o AT E % £ Teyton
s NERAE TR (Migration Rules) 1E YA 78 FERE . M ITVE K3
PR AT A U A — N B 1 8, FRATDRE e B8 4 3T RS A A Ry oA ok
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TAE. T EBHF ] Maven Artifact /EART 0 %, BRI FRA 1L E—
L, AERBAT TR ESES . W Th e L), 1, € £, WmRLALTEEAHIT H
AT LME NI E A BB e, B ATRATE (1, L) — TNl thsth, T
T BA AL IE, W1, ), (o, ) BB R TR, IBA (L, ls) B — KT M
o FRATT5E AT A RS BV R & M.

SRJE, FRAIFE B AEI H e Commit WAALEE RIS . CATRERH
N HLZ IR 5T R ARG Commit A — A28 5) (1 il fEBI0, sRim, s —
ANTLEAE—A Commit SRR T FELAINER 1 2L Hly, 1) € M, RARA
Commit A IEH KA AEIEZ — AN I 7 FEIEF K Commit. Pk, FRATIEHESE
Hr 424 40 ¥ Commit 5245 VE IE RS AR S ) 52451

Co = {c|l1 € Removed(c) N ly € Added(c) A (l1,1) € M}

FUE X AT B S5 R BE R 22 A Commit (TR 2], FATHIEC KR 2 —
AN HEAR R LHERSEBI S . FATK BT B 3 e A% Sepld2 48 77 ik AE
NARRKTAE.

N T HERQ, FMSFE A TE, MHITHE (Migration Graph) SkHiiA
FESEZ ARSI R R TRER—NERIE(L E), 1R, LiRESE
I TR R R, NERRZ AT RERIRE S BN R, B

LCZL,
E={{l1,L)[{l1,1) € M}
Weight((l1,12)) = |{c|li € Removed(c) Nly € Added(c)}|

33  HIRSER

M Teyton 55 NS MBS, FATILAFH] 194 A FE RN L1 IE R B0,

X 194 NPEYIAFAET L), o BATRE R AR TR WU 4% RE AL 3 e AT J 5 i T

BATIZ98 . Bon, BATHEERIGAL (AR 42 3045 31 T 1165 X L SEAFAE AT

BRZR (M| =1194), X 1165 XfiL# Kk RAF/E T 25736 4> Commit
(|C| = 25736), XL Commit 745 T 6145 NMHF . a2 il, HmEd,

26.3% (6145/23324) WIFATIUH AFAEETH . RLLITM I R Z AR B — A FFEAS

B AUCE 0 B, S 29 M@ R, FANEE SRR s — A DA BT
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I N T A RIE, A0 e P =@ & HTTP FEZ AT,
Logging P& Z [A] (L A£ A1 JSON g Z ] (3L A%

K 9 /8 7 HTTP FE 2 E T #® . AT LK, £
org.apache.httpcomponents:httpcore 5 org.apache.httpcomponents:httpclient 2 [&] 1]
EBRMZH, MM HTTP FEZHEEBMR D, X—TTHEERN
org.apache.httpcomponents & FAT HTTP F, HAT#E 2RZL8, JEHEef
THIFEE AP, TUH AT RE< TR R RE B 8 2 M Y) 4. B 10 BoR T
Logging J&E 2 [a] )it F%s . AT LAES], 4E org.slfdj:sifdj-api HIiER 2R K], X
FEH N org.sifdjsifaj-api s — AT HARET A Logging FERI 2%, PUE AR
Logging A M M . 1 11 o T JSON JFE 2 8] it #8, JSON FE 2 [a] 47
FERIRIER R R

OHTTP RIS, b kil 8 A AR BRI RS B
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JEFOR AR A ViR S

E
2 o 5
/ r \
2 s

K] 10 Logging J& 2 8] 1iE#

K 11 JSON JZ& 2 [a][F1iE %
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FHE W54

1. BFEBIE X (Implications)

XEFREFEE S, FATTAHT TR B D38 IR IR AR S T i 2tk o BAT TR
WEFCEE R 1, TH O B RS S AN s sl 2 AR HE AR 1. RE 2 L
PR T+ BRI DRI EAT 1 AR B 2, {E 2 H Al i Bea 0 T2 B2 HRR
FNFABRRAS SR AT S B BRI AT 220 0 (R 5T, MU R G0 1 R 28 2 I o3 17 1o P
Fo PRIE, FRATHIAHE S vl DA 50 BOSR ROV E BT s 3l #EAT EANER A7)
Bro Besh, BATWAT TR T, MEET O TIFMSER, AT Java JH H
PEER R BLGGE AN S, I, A ZEX SR PR EE R IR, #HAT
RANMIWETC o B, XPSRBCE 5, BATHI A4 T LU 9 8 Ao i B i 2
THERHGE AN, TR AR SRR

2. XERB (Threat to Validity)

2.1 HAEUE

WHSZUE Cinternal validity) AFEAERT SR &R, 78 58 2 [F it seid
FEFPEHIBETAE RIOFEEE . X TASCM 5, RN EARSLILF, World of Code
FIBEAFAE R AE s A Bt S i Sk T BEAFAE Bugs BEAh, Git /5 R
SR B A AE B ANAERA O 1R L 245 DA B3 i) U] RE 23 (649 B 4 1O B8
AR R W, JF SR AN DI 8 R M ZE . D8 1 BEAREL_E B,
FRANHE S5 AR R T BE AL B T % Fl World of Code AT Git 1 )4 o £ i) i,
Bl sk R B S5 . 8 B R R AR B 5 B e e o, BATUONRR AN
AR AT FTAE FAE Ak 2 ) 22

22 ANERE

ANERRGE Cexternal validity) F&Fi 5206 45 HE 2 HE 31 HoAth AN 3R 85 145 %01
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MFAICMN S, ARG Java il 5 A Maven G P S AE AR 500 ST 4K
P B ER AN FT, W 9045 A AT Re o v T HARgm AR 15 5 B8 100 H AR AR S 2R
s U s 5 0 R A S B R R AR, SR, FRATTAEAS
T Java i 5 A1 Maven 7 & (AT IEAARER L, ATHOWE Fo 48 RARIN 2 BB i
(1o EAh, AR B B SR IR B X R T 5 AP B U AR AT B,
AT DL H T AR RS I H A A G X T Java B S S
AT FE 7 60030 AFFUEIHAE AT FIR G Bk, FRATHRIBE L Rn]
~REAE il SSIFUR T SR L, BT Be TE i S ARl I E s L. D T
XA By, IS H CHRFRMITEE, 0 EREAE GitHub FHik#AAE—
EREMIFRIE . BAVEE, XEHHHZBRA SRR ES.

3. RXRIfE

B, FATH RIS E S, SR 2 AR TR S A 2 B P
F&, FltnscEr JavaScript. Python. PyPl. NPM. Gradle %. #R)5, FATiHRI
H R PE 5 AARS APL A ——XF SR 5, AN BT H AR BT R TG sh k4T
SRR AT T Bm, FRATTHRIS FEIE A I R HEAT E MR AN IR 7T, A 45
PEIER B R AR SRR L 220 P A% R A R 7t L 45 4%

4. INGE

RS [ - 2 AR B F 72 45 SEBR R, S 17— O AR B
FRZ AR S 2 AR AR A B dfE ) 18 R UM i 55005, JF 85T World of Code %z 7
£ 60030 /> Java 1t H _E58 Rl 1 SIE SEHUA R S IR AU . B F-45 211 Java T
H R B, BRATRZR 173 AT AT R BT AT 1, X Java T0UH A %
AN MR DLREAT T RAL T, JEXT Java TUH TR G DLEAT T
B8 20 o BATHIBIE T4 5 AT IO RN AT BN EEA SCAE 74T T kA, Bl
CASHE Al ) fH S B BN H
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