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Abstract: Libraries are widely used in software development, and it is important to keep the libraries
up-to-date through updates. However, library updates are often not implemented due to the difficulty of
understanding changes in software behavior due to updates. In this paper, we propose an impact analysis
method that shows the range of programs that can potentially cause behavioral changes due to library up-
dates by obtaining differences in call graphs before and after library updates. Experimental evaluation for
small sample software is performed and this method is discussed.
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5 public class Human extends Hominina{
6 public Human(Double height, Double weight, int age,

108
=

11 :5,,. erride

12 public boolean isOverWeight(){
13 return this.getBMI() > 25;
15

- A i

16 @0verride

17 public String getSex(){

3 return super.getSex();
20}

3 import library.l1.Human;

4

5  public class App {

public static void main(String[] args) {

6

7 Human man = new Human(170.2, 60.0, 20, "Male");

8 System.out.println(man.getsex());

9 return;
10 }
1}
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4.1 R

3ET/RLUZHETFEICOWT, pulled-up method
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FETH D Java ZRRE LTty — 12320, K1 0¥
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W by TN

AN RO 4 75V Y —2a—F Ly
AN HE®DZ4 779V —2a—F Lo
AN VvV —Ra—FK A
i HEHha-FES—E Ar

S000 (Pwn, Po, Pa) «<Parse(Ln,Lo,.A)

S001 A <+ ASTDiff(Pn, Po)

S002  Go <+ BuildCallGraph(A, Po)

S003 Gy «+BuildCallGraph(A, Py)

S004  Ag «+ I— FEDEHT (A, GN)

S005 Ag « a—1277 7ESEN (A, Go,GN)
S006 Arx <« AsUAg

S007 return Ar

ANENS2Y —Ra— REBXRNTT 5

AST OESERRLa— RESDY R OEAE (1)
FATIV Ty T F—= DY 7 bDa—1rT 7 O (1T 2)
FATIVT v ITF—MEDY 7 bDa—LT 5 7 OREE (TF 2)

a-FES-HOEEMERD

£ 1: HEFERoLENE

¥ 1 AST (Abstract Syntax Tree) DZEDEUFITIE gumtree diff 4] REDY — L ZFHT 2 LI TE 3.
H2 a—27 7 ORFE WALA [18] % Soot [8] REDY — LV 2RHT 2N TE 3.

W a—LT 5 7R
AN a—F#ESA

AN FATIVT v IT= MDY 7 MDA —LT T T Go
AN ATV T I F—MNEDY T Da—LT 5T Gy

Hi7: a— F#ES Ag

S100  B§ < {r € Rgy | r & Rg,}
S101  ©f + {s € Sgy | s 5S¢}

8102 A, + {(C,n) € A | 3s € ©F,(C,n) = getQName(s)}

8103 Agotd = Ugsy,ep)exy Fold(s1,0)

S104  Ag + AL, UAfqq
S105  return Ag

On (ZIBME N7 B R 2 i
Gn IZBMXNzXY vy R
FhZa v A b7 ZEHH

Of WwEEh 2 a— FESEIH

EE DEZ r = (s0,51) 12T Fold
WA LIERERLADES

£ 2. a—T T 7 E LI

4.3 ER, H

5246 —)L D WALA [18] 135Eif£ 7% context-sensitive I —
NI T T EWEETE I, BINROY 727 (54
727V EL) OBBEMNEKICE S L context-sensitive 32—
NTZ 7R EIGBENLBREM TR T LRWEESH 5.
context-insensitive 2 —/1 77 Z7ERERAYIHHEZ 52T
ZOMEIENETE 20, ZOHEa—NLT T T OREEDN
T23D, EEEMEERR WIS UG EHIl x5 A]
BEMEDRRET S, T2, V7L 7Y a yREDHNITIE
FTRERIMELENTEST, ZHE5IZO20WTIEIA
77V 7R METIRETEROMC UG Z /RS 2.0
EbbThH5.

5. FEEHRTE

5.1 ZEEMEN
V7 b = 7 ANOWIBENEEDER [3,16], D5 WVIEE)
7Tk 12 THEINTE L. 25V o Al
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9477 VDBRETHEEL, 477V D7 vy FT—
MHESEERERICY 7 by = 7 ITHET 20050
WORABERRIAT I Ed o7,
BaxOEMMEY 7 w278 74750 DM ENRIC
NI 27208, EY T 27 E LTIV EMNRIEZ
L OMIRTHEDRTENZE, ZhSDOMEI ST LNE
o T2 HIEE SN 2 ATREMEATE .

5.2 ZTEERN

EHEFEBENT (change impact analysis, TA) 1% 1 #iTd
HMALEED, YI VY27 ADOEEND -5 FTIEEN
RAERERET 2 a2 [1,17) REAiEE [2,5,10,13] T
Ho. 1ETHRNT@ED, BEFOEEZEBN R
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deleted edge: sample.s6.uselib.App.main([Ljava/lang/String;) --> library.ll.Hominina.getSex()
added edge: sample.s6.uselib.App.main([Ljava/lang/string;) --> library.l1l.Human.getsex()

X 6: vV —1DHH

pulled-up method (pushed-down method) D K575 4 7
ZV7y T TF— M EHOH B2 K LTLESA]
REMED D D, HEREMEOBRE WS HTIE 2GR
BoTW\W3.

4 DFEAIZ pulled-up method (pushed-down method)
FCEDLHAEMNCTIEIMETERVWEE LML T
ZHELTED, o e 52 2 BRITOVWTHHE -
BHTE2 XSHRL TV RIATS 5.

6. LIULIC

AT, 24772V 7 v 77— 1rOXRITBNT, a—
NT57 LEETZ T4 75 VERBEMIEZTTRL, T
TTF= RO -V T I T DESERETAZETT v
77— M X o TEEFRLDBERNCAET S5 2 T n 7 F A
DHIPH bR T ERN TR 2R L.

P& BREFER Java WIS ERNTY — L2523,
pulled-up method (pushed-down method) Zff5 7’r 75
LEERZUY Y TINY TV T 27, Y TNITAT T
EMRICFHEZITo 72, MR, TV T PT T HS
FET 23— FESIMAT, BHEENTIIREE LTL
% 5 pulled-up method (pushed-down method) & /53
2a—N77 7% % E, RTELI 2R L.

f &

Al RERSATSVT7vTT—bADEA
Dt

SHIDHIEFIEICOWT, EHFDIA4 7507 v F7F—
MDA ZIRAT-NE LR E UTE#T 5. Mk L
T, HTML S—%54 77V D Jsoup™ 3 #FHE L /=

WAL 7AER 2R A LIZEER T 2. RP O pulled-up
/ pushed-down (&7 7V & —2 a > S EET 2 HiPHCH|
7E E 417z pulled-up method (pushed-down method) D¥
TH3. XYy FEERZT v 77— MES ZoHFE
TEAYY ROA, 77V 5= arhpoEETEXY Y
FOEIEZRT.

Jsoup DB TR 7 TV r—>ar»o3EET B3
# i 12 pulled-up method (pushed-down method) O
HHE 1, 3) ZilieSHEH LBERORT 23 MHRH
I, BHEWE—FIPK AL THS. HOHL
B9 {2 Document.findFirstElementByTagName(String,
Node) -->nodeName () IZ2W\WTC, #7272 Node 27 T R &k

*3 https://github.com/jhy/jsoup

(© 2022 Information Processing Society of Japan

v 44 HEEEE src/main/java/org/jsoup/nodes/DocumentType.java @

@@ -0,0 +1,44 @@
8 4+ public class DocumentType extends Node {

9+ // todo: quirk mode from publicId and systemId
26+ @override

27 4 public String nodeName() {

28 4 return "#doctype";

29 4+ }

v i 14 EEEER src/main/java/org/jsoup/nodes/Document . java LD

X @@ -15,6 +15,7 @@

15 15 @author Jonathan Hedley, jonathan@hedley.net */

16 16 public class Document extends Element {

17 17 private outputSettings outputSettings = new OutputSettings();
18  + private QuirksMode quirksMode = QuirksMode.noQuirks;

18 1

61 162 / fast method to get first by tag name, used for html, head, body finders

62 163 private Element findFirstElementByTagName(String tag, Node node) {
1 if (node.nodeName().equals(tag))

164 165 return (Element) node;

1
1

1

1

165 166 else {
1 167 for (Node child: node.childnodes) {
1

1

7 168 Element found = findFirstElementByTagName(tag, child);
68 169 if (found != null)
169 170 return found;
170 171 }
171 172 }
172 173 return null;

173 174 }

X A-1: Jsoup 1.5.2 -> 1.6.0 ATTHHE XL 7=MHE (1, 3)
BT 7 v 7 — N

3 % DocumentType 7 7 AHHENE N2 Z & TR URAR
WEL, F72a—8 4 +D 16417 H node.nodeName ()
HEBEIN TV, 72721, DocumentType 27 7 R & X}
53 %27 J R XmlDeclaration TH D, Wi 7 AL D
Node 7 7 AD T2 7 AZH 1% (Fhbbr 7 AMEME
DERIZIZN) 7D HHE (2) %72 X3 pulled-up method
(pushed-down method) ¥ \FHIE X 72h o 7. pulled-up
method (pushed-down method) ®MEHE (1, 3) ZikL,
HE (2 RilizIh0Wr—21%, 477V 7 v TTF—
MZHES RIS 7 RDEHR Y OFIHE 2 54, pulled-up
method (pushed-down method) & RIBRIZEEFHEAMNT TR
RTHEIFELELLEZONS.

D, TV =2 arReI4 T 7YV DNY) -3
V7%= L, pulled-up method (pushed-down method) %
& T BHERM 2 Fak S B O W TRHF Z e L T»
eI LTS, i, SELEH LK &0, 7
TV =2 a v oEELRWEIFICFEES % pulled-up
method (pushed-down method) IZDWT % ¥ OIEEFELE
TE2DNHET B HATHS.
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