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Algorithm 1 000000000000 [22]

procedure DetectPhases (
in [e1, ea, ..., €qst]: list of method call event;
in ¢, w, m: integer;
in threshold: double;
out P: set of integer);
1. LRUCache C < new LRU _cache(c)
integer|] update < ]

double[] frequency < ||

- W

set of integer P < ¢
5. for integer ¢ in [1 ... last] do

6.  boolean bl < C.update(e;.caller,t)
7. boolean b2 < C.update(e;.callee, t)
8. if b1 v b2 then update[t] < 1 else update[t] < 0

9. double flags <+ 0

10.  for integer k in [max(t —w+1, 1) ... ] do
11. flags < flags + update[k]

12.  end for

13.  frequency[t] + flags/w

14. if frequency[t] > threshold then

15. integer min < max(t —m + 1, 1)

16. for integer k in [max(t —m+1, 1) ... t] do

17. if ein.callstack > e,.callstack then min «+ k
18. end for

19. P + P.add(min)

20. end if

21. end for
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class Sample { class A {
private void print(String msg) { private void a(String a) {
System.out.printin(“PRE”+msg); System.out.printin(“PRE"+a);

} (a)
public void something() { public void b() {

print(“Hello”); :> a(“Hello");
} }

¥ }
class Ex { class B {
¥ ¥
(b)
(c)

class Sample {
public void something() {
Ex.print(this, “Hello”);

class Sample {
private void print(String msg) {
System.out.printin(PRE+msg);

¥
public void something() { ¥
System.out.printin(“PRE”+"Hello”); class Ex {
}} public static void print(Sample a,
String msg) {
class Ex { }System.out.prlntln( PRE”+msQ);
; }
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Algorithm 2 00 0000000000000
procedure MatchingPhases (

in P, P': set of phases;
in threshold: integer;

out M P: set of MatchPhase);

1. list of MatchPhase M Py < CalcPhaseSimilarity (P, P, threshold)
2. set of MatchPhase M P < OneOnOnePhase(M Py)
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Algorithm 300000000000 OOO0O0O0ODOO

procedure CalcPhaseSimilarity (
in P, P': set of phases;
in threshold: integer;

out M P: list of MatchPhase);

1. list of MatchPhase M P «+ ¢
2. for pin P do

©

for p’ in P’ do

4 if len(p) > threshold A len(p’) > threshold then
5 MatchPhase mp + Approximate-DP(p, p’)
6. MP < MP.add(mp)
7 end if

8. end for

9

. end for

Algorithm 4 D0 OD0O0OD0OODOODOODOODO

procedure OneOnOnePhase (
in M Py: list of MatchPhase;
out M P: set of MatchPhase);

[t

set of MatchPhase M P < ¢
set of phases Matched + ¢
M Py + sort_by_descending_similarities(M F)
for MatchPhase mp in M P, do
if =Matched.contains(mp.p) A =Matched.contains(mp.p’) then
MP < M P.add(mp)
Matched < Matched.add(mp.p)
Matched < Matched.add(mp.p")
end if

© e N e o W N

end for

[y
e

17



AN 2BDTTAXDES
T1 JzA4RX1  IxzA(4RX2 . e x4 An

T2 FzA4RX1  TzAR2 . e 74 ZXm

[

TARRI4NE) Y

T1 JzA4X1  IxzA(RX2 . e 24X’

T2 FzA4RX1  IFzA(R2 . T4 A m’

, ,

BUXFIRYFYT
FILTYX L

Tl | 74Xl IzA(R2 IR A Rn’

T2 / \
7z4X1 sim 1,1 sim 1,2 = sim 1,n’
7z4R2 sim 2,1 sim 2,2 LI . sim 2,n’

IJxA4 X m’ \sim m’,1 simm’,2 LR sim m'y

 BMEECHBEY
HA: /s Font=2z/ ADMNES (" =m)
T1 FzARa1  xzARXa . e Jx4 Xan’
T2 x4 RXb1 T4 RXb2 - e s x4 Xbw

U4 000000000

18



0000000000000 S00000000000{A0BOCHD {XOYODZ}OO
gobooboooboooobbooboooboobbooboboboobooob 1000
goooooboobospguoooobooyYyouoboobuoooobooboooboobooo
gboogbobooooboobobooooooobooboobobbobobooboobooDo
gobooooooOoooOoooOoOoOoOoOoOo0obObOOoooOoocopooobD zoooo
gobobostbooboooboobobobb200b0o0booooobbobboboonoo
o000 cCcObOOO0O0XOoooooooo cooobooooooooooboooo
00000o0000ooooooOoO0oDOO000oooO0oooDooOoOooooooOO ADDOO
b zZzooboooooooooooooooog

34 0O0OUOO0OOOODODOODOO

jbubooboobooboouoboboboooobobobooboboobobobooboobo
AOOOOBOOOOOODOOOOOOODDOOOOOOOOAODDODOOOOOOOO
0000000 Nye(A)DODOODOOOD AODOOOOBOUOOODOOOOOOOOOOOOO
0000000000000 000000000000000000000 Npaer(A, B)
goog

2 Nma C A’ B
class_similarity(A,B) = N : (A) —T—f;\(f ()B)
MC MC

gbooobobooobobotboebObbbe0b0ObObOODODOODODOODO
gboobobobooboobobuooboboobooooooboobuoobobooobo
oooooooooooooooooooCocOoboOooooooooooOo0g egopo 200
ooooOOCOOO0000U00Ud0 ObOo00 /O0000 e 0OO0DOO g,O0000O
0000000ODO0O0O000O0O0O0O0 AO0O0OOBOOODOOOO AODODDOOOOO
goooe0OdO0O0BOOOOODODOODOOOOBRIOOODADDDDOOOOODODODOO
O0BOOOOOOOOOOOOOOODOOOOOOD 3000000class-similarity(A,B)
goss0000

OO00O0OO0DO0O0ODO0O ADCOOCO BOOODOO ADOOOO BOODOODOoOOoOOO
goboobobooobooooo

20000000000 bO0obOobOO0b0bobooOoboboboobOoboboooon
gobodgbbooobooboooboobooobuooboboobuoooboo

0000000000000 D000 Algorithm 50607080 000 Algorithm 50000
00033000000 MatchPhase OO DO OODOOOODOOODOOOODOOODOOOO
000000000000 0000000000 similarity(Algorithm 70 600)0000

19



AN 2D ITAXDES
~ 16 ~ 30 ~ 13
T1 ’ A XA ’ ’ x4 XB g::*ffh
T2 ] x4 XX 24 RY \ JIARZ \
N 15 8 ~/ ~/

TJIAXREI1ILE) G

12

T JTAXA  Tx4XB  TIAZAC
| ZEARX

BUXESITYFT
FILTYX L

T1 ’ T4 XA ‘ ‘ 7x4(XB ‘ ‘ Jx4XC

T2

0.7 0.3 0.8
0.2 0.0 0.9

[ ]

FUEIRICR S

HA: ix Uz ST T on=7z4 ADEDEES

T1 ‘ (XA ‘ ‘ x4/ XC ‘

T2 \ x4 XX \ \ Ix4(R7 \

05 00000000000 (00000000 10)

20



DS AA 95XB
Y
'
x \\J A 0)" Y] B 0)\,
vl
| Xy KBIOME
i Xy RAGDIE Xy RBADMLE |
> XYy RBSOHE
I TV RA6DM
D5 AX ISRY
AVw RX1DHEE AVw RY1DMEH
AV w RX20DMH AVw RY20DMHY
XV w RX3DIEE AV w RY3DIEH
AV w RXADIEH, AV w RY4DIFS
AV w RYSDIEH
a B
== "\ s == "\
= | g | I
— I oo o
T A1DMEH IEI B1ODMF I
%! = | = |
R | XIOFEH \I\:\ B2 HH :
I
el | oo \ YIOFEH |
- l = I \
I A2 H P Y2DFEH : e A REER L
I X3 =t~ YIOMH |
|| e | : A RIFUH L OSSR
: JzA(Xa1 | : JzA4Ap1 |
1 : I :[ﬁﬂ:lrfz(A,B)=2*3/(6+5)=o.55]
: A3DIEH I B3 IFH I $EEA, Y)=2*%1/(6+5)=0.18
| AR BADFEH | MABUE(X,B)=2%0/(4+5)=0
: XaDWEH —+—1— vaprEs I FEBUEX, Y)=2%4/(4+5)=0.89
| ASOFEH [$ BSOREH; :
: A6DFEH —|—:— YSDREH I
. | . |
I\ I/ R /’ I\ Jx(XB2 !

06 000000000000

21



gooooooooooOoOobooo0oobOoOoOoOoooDooOOoOoooobOoOooDoboOooo
000000000000 0DOOOMatchClassOOOOOO0ODODOOOMatchClassOODO0O
000000000000 0000000000Osort-by_descending_similarities(Algorithm
80300)00MatchClass 0000000000000 O0OO0OO0O0O0OOODOOOOO
ooboooooOoooboooooboOoooo

oboobobo3gnoooooooonog

Step 1. 000000000O0OD0OOOOO (Algorithm 6) ODO0O00DO0O0O0O0O0OOOOOO
gbobooboobooboobooboobbobooboboobooboooo
gobooboobboobooooboobbooboobbooboobo

Step 2. 00000000 O0OOO (Algorithm 7) 000000000000 OOO sim-
larity OO O0DOOO0ODOOOODDOO MatchClass OO0OO0O0OD0OO0OOOOOOOO

Step 3. 0000000 (Algorithm 8) D00 MCy, 0000000 OOOOOODOOO
gbboobooboobooobooboobbobobooboobooobooonoo
OO00OMCOOOODO

000000000000 700000000000000 {<0000 00000 o>0
<0000 00000 B>} 00000000000000000000O00O0ODOOD
gbooobobooooobooooboobooooobobboooooboboobooo
gbobooboboobooboboobooobooboobobooboobooooboo
00 AO00OO0XOOOODOODODO AODOOOOOODOOO120000XO00000
o00o0o0oOgdb0o200000 AOODDOOOO0ODOOO0ODOOXOoOOoooooooooo
0000000000 900000Ocdass-similarity(A,X)0 0560000000000
Oo0ooooooooO0OoOoooooOoO0ooooOOob0 ACODOoOoXooooooo B
oobobyoboboboboboboboboboboboobobooobo

Algorithm 5 00 000000000000
procedure MatchingClasses (

in M P: set of MatchPhase;

in N: HashMap of the number of methodcall event in each class;
out MC': set of MatchClass);

1. HashMap map + CountMatchClass(M P)

2. list of MatchClass M Cy < CalcClassSimilarity(map, N)

3. set of MatchClass M C' < OneOnOneClass(MCyp)
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Algorithm 6 0000000000000 O0O0O0O0O0DG0OCO
procedure CountMatchClass (

in MP: set of MatchPhase;

out map: HashMap of the number of match methodcall count between class pair);

1. HashMap map < ¢
2. for MatchPhase mp in M P do

3. for < class, class’ > in mp.info do

4 if map.contains(< class, class’ >) then

5 map < map.put(< class, class’ >, map.get(< class,class’ >) + 1)
6. else

7 map < map.put(< class, class’ >, 1)

8 end if

9. end for

10. end for

Algorithm 700 0000000D0ODOODODOODO
procedure CalcClassSimilarity (

in map: HashMap of the number of match methodcall count between class pair;
in N: HashMap of the number of methodcall event in each class;
out MC": list of MatchClass);

1. list of MatchClass MC < ¢

2. for < class, class’ > in map do

3. integer #methodcall < N.get(class)

4.  integer #methodcall’ < N.get(class’)

5. integer #matchcall + map.get(< class, class’ >)

6 MatchClass mec < similarity(< class, class’ >, < #methodcall, #methodcall’ >

, #matchcall)
7. MC <+ MC.add(mc)
8. end for
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procedure OneOnOneClass (

—_

,_.
e

© 0 N oA wN

in MCjy: list of MatchClass;
out MC": set of MatchClass);

set of MatchClass MC + ¢
set of classes Matched < ¢
MCy < sort_by_descending_similarities(M Cj)
for mc in MCy do
if —~Matched.contains(me.c) A =M atched.contains(me.c’) then
MC + MC.add(mc)
Matched < Matched.add(mec.c)
Matched < Matched.add(me.c)
end if

end for
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8 Java Decompiler: http://java.decompiler.free.fr/
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