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A Code Clustering Technique for Unifying Method Full Path
of Reusable Cloned Code Sets of a Product Family

Kim Taeyoung’ - Lee Jihyun™ « Kim Eunmi'™

ABSTRACT

Similar software is often developed with the Clone-And-Own (CAQO) approach that copies and modifies existing artifacts. The CAO
approach is considered as a bad practice because it makes maintenance difficult as the number of cloned products increases. Software
product line engineering is a methodology that can solve the issue of the CAO approach by developing a product family through systematic
reuse. Migrating product families that have been developed with the CAO approach to the product line engineering begins with finding,
integrating, and building them as reusable assets. However, cloning occurs at various levels from directories to code lines, and their
structures can be changed. This makes it difficult to build product line code base simply by finding clones. Successful migration thus
requires unifying the source code's file path, class name, and method signature. This paper proposes a clustering method that identifies
a set of similar codes scattered across product variants and some of their method full paths are different, so path unification is necessary.
In order to show the effectiveness of the proposed method, we conducted an experiment using the Apo Games product line, which
has evolved with the CAO approach. As a result, the average precision of clustering performed without preprocessing was 0.91 and the
number of identified common clusters was 0, whereas our method showed 0.98 and 15 respectively.

Keywords : Clone—and-own Approach, Software Product Line Migration, Product Line Code Base, Code Clustering
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Product variants developed with the CAO
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Fig. 1. Motivating Example
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e (e
A ] i
A B }’/a?tzble ptocdln i) int gcd(int p, int q) {
1:int ged(int p, int q) 1:int ged(int p, int q) { 1:int ged(int p, int q) { 9
2:{ 2. if(q==0)returnp; [[ 2 if (q == 0) return p;
. 3. if (q == 0) return p; 3 intr=p%aq; 3 else { n - 5% o
(I) 4 intr=p%q; 4:  return gcd(q, 1); 4: intr=p%q; » InuR=tpEhld; L 7 S (25 G
5:  return ged(q, r); 5:} 5 return ged(q, 1); return gcd(q, r)j
6:} 6: }
7)
gaortn;mon if(q == 0) return pj
A B’
1:int ged(int p, int q) { 1:int ged(int p, int q) { 1:int ged(int p, int q) { A B
2:if (q == 0) return p; 2:if (q == 0) return p; 2:if (q == 0) return p;
- 3intr=p%q; 3intr=p%q; 3: else { i else
(II) 4: return ged(q, 1); 4: return ged(q, 1); 4intr=p%q; » \P/antable I !
5:) 5} 5: return ged(q, r); AL h
g; Common int gcd(int p, int q) { if (@ == 0) return pj
: Parts eturn gcd(q, 1);

Fig. 3. Example Showing the Impacts of Coding Style Difference
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Fig. 4(a= 574 SAH| x3d A4 odE9 AA
FEEo] duh fARHA] 11 qu_ 004 14te]9 —,—X]
HeFstol etye]Zo|tt O, Adto| matw zhzko] A
el F=E 2Rl GHE ﬁ7H_1_(hne 4), g ”JFO]«]
Asto] SAEHO &3 BE AN IE9
d AAFetHline 5). HE A4 1o
BHOoE EAste 2RI 1 eE AEshlo oA 2E

oo]-_l

Zel F& H|wE 5 AHE F& FRIES A+ R 3
atthline 6). @A &4 Tdo] A WA oy Hw
tgol gleEs, iy FE9] HE FRlo] 7] 38 Rl
2 AHHEE 273%tHline 7-8). A 2AME otdEo
A FEHoE AEd ISR dA S Hgs5he =
52 AA &0 Hlwste] ZEHoR UYehts FE 29l
= WHEHORE AFoREN PYor Fojx I HE
ﬁ\_é ”Jr%"ﬂ/ﬂ SEH0E Ut ZEQ 1 2RIY 5

Fotch(line 10-24). UfA|H o2 RE 4AA TdES 74

H}f Fo] & 20l 2 7|E0F BE 44 HAGA TE
Hog Uehts A=Y 2Rl 7 JA|sh= HE&S AAbst
of &4 Y 719] IE FBAH F=E FEFseith(ine 30).

Fig. 4(b)= Zt &4 mpdof] xghe HAE AIYAHE
< 7I5te g Z2 #A Y 7ol e EFHAY IS &
HAE FHE A, AEE ZEAH SEEINE 3
gt 28 FHAHE AFste daEFolth ¢4 AEE
o] BE AA YR RE AMRH HAE AIUA JEE 7
ofstal, 7t HlAE A|ZIYA0| st s #HAE AU
7 AHEE A TAES Fol ZEaH FEE A
(line 1-11). & %1_ SEAH FHE= A2 599 740l
T Aok &2 A E9 FJolH, shte] A mrYo]
o7 749 %FMH FHo| xFHg & Qik IEER °1L
S A2 ool gist A2 Y AP T AW E &+

B oA & gt Mo AEE = JEE AghE|ojof FE}.

O

(a) Measuring Commonality based on Sorted Lines of Code (b) Clustering Cloned Source Files based on Method Signature
Input Input
- F: a file list - P: a product list
- threshold: a floating value for determining a clone set
Output Output
- commonality: a real number representing the rate of common lines - C: a list of sets that consist of cloned source files
1 | entire < create an empty list 1 | S < initialize a list of labeled sets
2 | common + create an empty list 2 | for all product € P do
3 | forall file € F do 3 F < get all source files of the product
4 L « split all lines in the source code of the file 4 for all file € F do
5 add all lines of L to entire 5 M « get all methods of the file
6 SL < sort L in alphabetical order 6 for all method € M do
7 if common is empty then 7 set « get the set labeled the method's signature
8 common < SL 8 add file to set
9 else 9 end
10 i1 10 end
1" j<1 11 | end
12 temp « create an empty list 12
13 while i < |common| and j < |SL| do 13 | PQ[] + initialize a priority queue array with size |P|
14 11 + get the i-th line in common 14 | for all set € S do
15 12 « get the j-th line in SL 15 n « get the number of products relevant to files in set
16 if I1 precedes 12 in alphabetical order then 16 enqueue set to PQ[n]
17 i—i+1 17 | end
18 else if 12 precedes I1 in alphabetical order then 18
19 jei+1 19 | C « initialize a list of sets
20 else 20 | visit < initialize a set
21 add I1 to temp 21 | while PQ is not empty do
22 i—i+1 22 top < get the largest index value i that PQ[i] is not empty
23 jei+a 23 set — dequeue a set from PQ[top]
24 end 24 if setNvisit = @ then
25 end 25 commonality < measure the similarity between files in the set
26 common < temp 26 if commonality is above threshold then
27 end 27 add set to C
28 | end 28 visit « visit U set
29 29 end
30 | c lity < ([file|*|c |) / |entire| 30 else
31 31 subset — set - (setNyvisit)
32 | return commonality 32 n « get the number of products relevant to files in subset
33 enqueue subset to PQ[n]
34 end
35 | end
36
37 | return C

Fig. 4. Algorithms for Clustering and Commonality Index Calculation
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AE BUL A A4 TAES FE FAHLYL HAEE g
B2 5:0] AlFo] xehE FEAEH FHO AA mYEo] F
U3t A2 E A= 99 o AFE 1Y 724 594 &

wo| 77l /4 Ark oleidt AE Yo A=) fAbE
of met YAk R Hhsl $4&Y FE AR A%
@ S0k, A Felad FuEe

of wet Am TE
13-17), B9 AB S 2 Belad FREZ 249 S
M9 75 SAFoR Aoin, $Hey FRRE 22
| 2eAE FRo) At 284 AE7t 94 (threshold)
olgel Aol Sl FeAH FuE 22 ZerHE 2
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2= =2

o, 22 Feiieet BUE a4 RAEL P2 FU
4ol Ftkline 22-30). Tk ojmst S AE TR} o]
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O ox,
filo
(A
oH,
o
i)
&3,
)

: n
l‘l[‘
03
—
é
>

S~
>,
l=0
ﬂ
é

4.1 HE z[Xst
A% DA DAL 4B
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A& E°1, Fig. 5914 AF P2& A& P1& 2295t
7H‘?—__]’H AEoZ & 7H4 A2 T util. BE util. CE X9
olek. SHAEE AES Axeuloly S W) H A2

FE 1ib.DE ZHAI5}R I main. A AFREE util. BO]

AE B.m20E D.m60ZE WHAsIFLt. 1 A AE P2Y
main. A= util BE FE2SHAT AME-2 5HA] ¢b= FEE U

A €}, o] "5t Fig. 6(a)ollA A& P29 = 17
I= main AA utilB29 AZL JA sHtEE B
o} o2 3§ ¥, AE P29 main.AE lib.DE Fx5ta £
ARgslE g 2% I T4 main. A9A] lib.DRO] AZL
A MR RAEY AF AP A AF 2EEHE WAE
£ mlQolzt 7PdRithd, AlF P29 3z A Z= AIA 1
A5 ml0°] Z3H mainAE THE &89 AIF} LEZ
RASH "t olFA ABEE AF P29 FE L LofA
A2} iEEHH ,q;d— ].0;1 Adog A" LrtEo \:Ho]—
I gAE st £ 7t =EE main A%
lib.D7F "tk 2230 AF P2olA] util.BE} util.C= =
g0 wgo] B8 L to|ug grFer) o)

42 NE ZEZ2Q &Y
AE ZEETQ 24 HA A= 7 AlFol AlE2Y o

6(a)= Fig. 59 Z+ AEof i3]
st IR #AE

=2+
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=
=
o

o

=
A
)

=S Aolo] £

JHjn2 BAsky, T2 AZHoR

o Fig. 6} ABS 15 SAEE

& ABE 7 A0R ot SARAE SRS, 7]
54 GAETL G ABSL vhol a0l 4 dhaolA Aele

A 147 A

(e] It =]
FE O g S AdEHe B4EEe qeEI=E F ZEEDRE ZAcke WS HofEH
®ol&7 glrk, Fig. 6(b-)E ABEE FAoHE 22 FE| WLE A1
. =7 - =] It =] =]
Fig. 64 IHZe] Wt wEl g AE] AY  Ud ARES HEoR 75d SARES Al 3He B
= A Z = =] -
T ol &tole HEA FEEA AR Ee ZEE ovist olaL i}, o] oA A WAz FPH= ZPS AEEY
_ = o = = = -
o, 84 == g Al Aol oA o o = AN < &2 AR RE AE Vhett BE HAaE AIYA
P1 P2 P3 P4
/main/Afile | ./util/B.file | ./util/C.file /main/A file | ./util/B.file | ./util/C.file | ./lib/D.file J/main/Afile | ./util/B.file | ./util/E.file ./main/C.file | ./tool/Ffile | ./tool/G file
import util.B; import util.C; | class C { import util.B; import util.C; | class C { class D { import util.B; import tool.E; | class E { import tool.F; | class F { class G {
class A{ class B { mé4() { import lib.D; class B { mé4() { m6() { class A { class B { m4() { import tool.G; m2() { m11(){
m1(){ m2() { stmt41; class A { m2() { stmt41; stmt61; m1(){ m2(){ stmt41; class C { stmt25; stmtl111;
B.m2(); C.m5(); stmt42; m1(){ C.m5(); stmt42; stmt62; B.m2(), H.m5(), stmt42; m1(){ stmt26; stmt112;
stmtll; stmt21; } D.m6(); stmt21; } stmt63; stmt11, stmt21, } F.m2(); stmt27; }
stmt12; stmt22; m5() { stmtll; stmt22; m5() { stmt64; stmt12, stmt22, m5() { stmtll; } m12() {
stmt13; stmt23, stmt51; stmt12; stmt23; stmt51; } stmt13, stmt23 stmt51; stmt12; m10() { stmt121;
stmt14; stmt52; stmt13; } stmt52; m7() { stmt14; stmt52; G.m11(); stmt101; stmt122;
} m3() { stmt53; stmt14; m3() { stmt53; stmt71; m3() { stmt53; stmt102;
} stmt31, stmt54; } stmt31; stmt54; stmt72; m3() { stmt31; stmt54; m4() { }
stmt32; } } stmt32; } stmt73; stmt81; stmt32; } stmt41; }
} } } } } stmt33; m9() { stmt42;
} } } } } stmt91; }
} stmt92; m5() {
} stmt51;
} stmt52;
stmt53;
stmt54;
}
}
Fig. 5. Products used in the Motivating Example
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(a) Optimizing products

1 o G0 T oo (N OO WD oo

m1() m1() [:] Dead Code

—

Import and use

p2 o [N Ty e ®

m1() m1()

4' P1={main.A, util.B, util.C} , P2={main.A, util.B, util.E} , P3={main.A, lib.D} , P4={main.C, tool.F, tool.G} li

(b) Deciding a product portfolio

i n N il. Step| 1 2 3! 4
. e Method Signature List Similarity Exclusion| - 2 Pa P3
m10 | m20 | m30 | m40 | m50 | m60 | m70 | m80 | m9o | m100 | m110 | m120]| ZS) Products| 4 3 2 1
P1 X X X X X 22 Methods | 12 10 7 5
P2 X X X 7 » Variable Methods | 11 6 2 0
Common Methods | 1 4 5 5
P3 X X X X X X X 20 Wiean
P4 | x | x X | x x | x| x 18 Variable Methods | 27> | 200 | 100 | 000
P 4 13| 2|3]|3]1 1 1 1 1 1 1 MIN. Average Ruse Rate | 27% | 67% | 83% | 100%
Product with
f& [ 941 aa|alalalalalala P2 Min Simiarity| P2 | P4 | P3| P1
l Portfolio = { P4, P3, P1} I
(c) Determining clusters for unifying method full path
i Method
Signature m1() m2() m3() m4() m5() ma8() m9() m10() m11() m12()
Related | { P1_main.A, | { P1_util.B, (P1_utilB { P1_util.C, { P1_util.C,
Source | P3_main.A, P3_util.B, P3 util B ) P3_util.E, P3_util.E, |[{P3_mainA} | { P3_toolE} | { P4_tool.F} | { P4_tool.G } | { P4_tool.G }
Files | P4_main.C } P4_util.F } - P4_main.C} | P4_main.C}
Candidate S1 S, S3 Sy N/A N/A N/A N/A N/A
ii. S| c lity(S;) P1_util.B P3_util.B || P4_tool.F P1_util.B P3_util.B Related Products(RP): 3
import util . C; |[import tool . E; || class F { . 1 Common Lines(CL): 4
S, 0.42 %‘f;f,:(‘ » Ef;f):(f _ g;gg)éi split and sort 2 Total Lines(TL) = 38
S, 0.32 sﬁnr?u(;) ’ stfnrtv‘ll(;) ! ::::27 : » g Commonality(S;)
stmt22 stmt22 6
53 0.81 stmt23 ; stmt23 ; m10(){ 7@ RP=+CL
)3()( zns()( §§E§ig% 3c = TL
Sa 069 i3 ; stmt31; } ! 10| ;
S 0.76 §"“’32; Sniep } 1| smi102 | = 0,32
} b
}
iii. threshold = 0.5
Step 1 2 3 4 5 6 i PR
Priority Queues PQ[3] = {S4 Sy, S} | PQI3] = {Sy, S} | PQI3] = {Sy} PQE3] = {} PQ[3] = {} PQ[3] = {} S'l
PQ[2] = {S;} PQ[2] = {S3} PQ[2] = {S, S5} | PQI2] = {S; S5} [PQ[2] = {S3} PQ2] = {} P1_main.A
{} {P1_util.C {P1_util.C, {P1_util.C, {P1_util.C, {P1_util.C, P3_main.A
P3_util.E, P3_util.E, P3_util.E, P3_util.E, P3_util.E,
rocessed P4_main.C} P4_main.C} P4_main.C} P4_main.C, P4_main.C,
peres P1_mainA, P1_mainA, S
P3_main.A} P3_main.A, 3
P1_utilB, » P1_util.B
P3_util.B} P3_util.B
S S4 S; S, S, S3 -
$;nX {} { PA_main.C } {} {} {} - S
commonality(S) R 4
- thresholdl true N/A false true true P1_util.C
Cluster Set {S,} {S,} {S4 S} {S4 Sy, S3} |{S4 Sy, S3} P3_ut‘iI.E
did S, = P4_main.C
new cancidate N/A {P1_mainA, N/A N/A N/A -
i P3_main.A } \_ )

Fig. 6. Step—-by-step lllustration of Our Method Using the Products in the Motivating Example
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(a) Before (b) After
J/main/A file J/main/A file
import util.B; import util . B ;
class A { class A {
m1() { ml(){

B.m2(); B.m2();
stmtll; stmtll;
stmt12; stmtl2;
stmtl3; stmtl3;
stmtl4; stmtl4;
} }
} }

Fig. 7. Preprocessing Result
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AEE FASIE AA FE 7F FEAS APSsts 3 )
AE yehdth 181 SYAH SR I8 AL &
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Table 1. Metrics in Accordance with the Product Portfolio Decision

No. | excluded product total total variable common methods average . product .wi.th .
products methods methods methods | per product | commonality | minimum similarity

1 - 20 3320 3292 28 193 15% TutorVolley

2 TutorVolley 19 3286 3258 28 199 14% ApoCheating
3 ApoCheating 18 3152 3117 35 208 17% ApoDefence

4 ApoDefence 17 2850 2776 74 237 31% ApoStarz

5 ApoStarz 16 2737 2658 79 245 32% ApoSoccer

6 ApoSoccer 15 2290 2209 81 228 35% ApoBot

7 ApoBot 14 2190 2097 93 243 38% ApoSlitherLink
8 ApoSlitherLink 13 2062 1958 104 255 41% Apolcejump

9 Apolcejump 12 1921 1810 111 262 42% ApoMario

10 ApoMario 11 1624 1462 162 295 55% ApoCommando
11 ApoCommando 10 1364 1199 165 285 58% ApoMarc

12 ApoMarc 9 1317 1151 166 294 56% ApoSkunkman
13 ApoSkunkman 8 1065 896 169 281 60% ApoSimpleSudoku
14 | ApoSimpleSudoku 7 1020 844 176 297 59% ApoPongBeat
15 ApoPongBeat 6 966 788 178 309 58% Apolmp

16 Apolmp 5 930 747 183 332 55% ApoSnake

17 ApoSnake 4 880 671 209 377 55% ApoSimple

18 ApoSimple 3 481 266 215 304 71% Apolcarus

19 Apolcarus 2 406 113 293 350 84% ApoNotSoSimple
20 ApoNotSoSimple 1 325 0 325 325 100% ApoRelax

o, A ool xdd 7719 F8 & FollA 67ito] o=
Hyonz M=t (i)9 AdeS 0.860] ot
FE ZYAHYY aves SHAos Aol 5ke o
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o] & wAR F3t elE 4 glong FE0| BLe}
< W er aHg o, Al 23 F M
e o2 Hojgua #dd 4 Qo
S 2 mpde] Zis 8 A
ARE/3E AT o3l ST AE ] At Afelof|l A e
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Table 2. Clustering Performance without the Proposed Approach

HEZQ MAE 7ts8t 28 ZEY HAE Z2 8Y
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. unique cloned total single shared common average minimum
orosuss gl s files files clusters clusters clusters clusters | commonality | commonality
20 1318 730 588 785 730 55 0 0.863 0.028
Table 3. Clustering Performance with the Proposed Approach

. unique cloned total single shared | common average minimum
medieis | il fe| deshol files files clusters | clusters | clusters | clusters | commonality | commonality
0.1 214 306 259 214 30 15 0.462 0.112
0.2 264 256 306 264 28 14 0.598 0.211
0.3 287 233 328 287 28 13 0.740 0.313
0.4 296 224 334 296 25 13 0.795 0.408
" 520 0.5 308 212 343 308 22 13 0.838 0.520
0.6 315 205 348 315 20 13 0.863 0.632
0.7 338 182 367 338 18 11 0.915 0.703
0.8 348 172 377 348 19 10 0.945 0.806
0.9 366 154 391 366 17 8 0.960 0.902
1.0 452 68 464 452 9 1.000 1.000
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Table 4. Precision and Recall of Clustering Results

20 Products 11 Products
Threshold Method Signature Source Code Method Signature Source Code
Precision Recall Precision Recall Precision Recall Precision Recall
0.1 0.96 0.06 1.00 0.01 0.93 0.09 1.00 0.02
0.2 0.96 0.15 1.00 0.03 0.92 0.17 1.00 0.04
0.3 0.96 0.29 1.00 0.28 0.93 0.26 1.00 0.35
0.4 0.95 0.38 0.99 0.67 0.99 0.34 0.99 0.70
0.5 0.93 0.46 0.97 0.78 0.98 0.41 0.98 0.80
0.6 0.92 0.59 0.95 0.83 0.99 0.55 0.99 0.90
0.7 0.91 0.71 0.91 0.90 0.97 0.61 0.97 0.85
0.8 0.89 0.76 0.87 0.94 0.98 0.66 0.98 0.84
0.9 0.84 0.78 0.79 0.97 0.98 0.64 0.98 0.87
1.0 0.76 0.79 0.62 0.79 1.00 0.34 1.00 0.66
avg. 0.91 0.50 0.91 0.62 0.97 0.41 0.99 0.60
Al 1o] Hth. AEEY] offrt 542 AEE ST AETL 1) oh. 183 CAO 7|8t AlF 7 3o A TSk ol
F 22 & 354S 2 He 4 HEVE < 2421 uto] 1ol do] A 7lEH R HHgo] &
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A Aol diste] ErE A2 Qlo] oo *W 3& 7|5t #9] FAMdS Lefsto] FE2 T ddS Adste 499
SHAET PHS 283 AdE FUg g H=2 9 o AL o 22 LS FEToEN AokE & QU
S A= ﬁJr%l‘é S ZH7te] SeAEE A5t Wl 4 = Zelstnh
Aot AAES BojErh 123 11709] AlF] gk 23
R o] gl Atk BAadd HuE ABoiel 2 6 p a7
Parg Ausigle uo JUEe AALS HolE
A O] 3 A ATUR SHlNe] AR (127 BES $F T 39T RHS AN oz
QA Wk 0.76~0.9601 A Zkol 0.92~1.0002 A 7HFotm, 2 AFo| PLES| wlolTeoldo] 8T
Hon, 42 FE ZwoN9 FUEE QAN web  SalionolHo) AL Fo Sels) Foth 22 A% Yol
0.62~1.00°1%% Ztel 0.97~1.00°2.2 7WA= et ot Ae o 225 § WG] IdE AT 282 35
Ade A o AEE SYHAH 52 IE 84 Jo= BA"H FEL2 7MAGoR ERotet AMSE £ 3
< HAStEE SYAHE FAcks HEEY WAaE FRE ok AEEY HHE 79 EAEAY EAE +4EH ZE
TSI CEN AFEY F2F TIHS FHEY 5 U=E S Zopof gt [13—17]TJr 22 FE H2E e AESt
= = 752 AR AL S ARSSte] 288 Y FA
g, At AZYA SHO AEES AR wet T Atstal F3 Al ‘ﬂrﬂ} 354 R 7HA A
0.06~0.79°1449 #re] 0.09~0.66°2 TAsty, &AA I= A sl (1612 MFEFCRE AHoH vHju HEZHS A
SHAM Y] AFE&2 AAA ] Wt 0.01~0.97°1%F Fhol 3ot ek (1613 (1712 2% Hd=RE 3547 7}
0.02~0.90°0.2 #Askgint. T2y mpdo] Ao F= 7|5t HgE FEot1 Qlokh (1817 (191 3% 3E 58 78
SYAEHTY P A8olS o 0.0289 ZE FEAHS % SHAl st7] f1RF B wE Aljstar Qieh (161
= SU&H7F AEEGoH, FE9 FEAol SEEA & CAO=Z 7N AFo2HH AFeRICR o] o] d 7
< ZE&EHE HAE F27F sdHERE 24 594 oA FHERS S3Pste] AREoR & IS FE9
gH= Q% oS 7] offth= A FA s o] = WS AASL ik (1712 F4-2o]Z(minwise) 3
= 2YLHY PR Adeo] sHHE w2 o2 FY B 71ES B85t &4 & ok ?Je—iﬂi o} FARREH

©7h wAE R grerhd AE 2HAEY} aRoR e

g & gleg vehirk

Mg A3, CAO 7NoE AE AFZUAYE 75
Moz fARH] %L AFol AFZOl ZFD & UL
selsticy. EaF 224 elH 35 2= AR B2
MAE ARE 2 RAER AFoE & U482 TS

A3} 24 QA4S 25351 F= 2 A|otsict. o]

£ J7= A2 A9yt 25 39} 714 iE94 HlE YRS
Agshe Szol 242 et

i, 94 2A ol HHE 1A ZH0]H o]% 354

S| g W ok oA Bdg FA%T [Ble

AU Zo] ulg} 2oz 71 1y F=2

TLE ] jv,}
7t A

/g
|5 74



HEZQ MAE 7ts8t 28 ZEY HAE Z2 8Y

= % ZPE-E}E] A 2A0ldS st 1
ANERY JYo g ARG 2 AFEY Aol 7hsit
1\“—1‘/} a1 734—}7“ ”Viﬂﬂi‘:}L SN FES
of et 1FBoR & & Qlrt olE 1FWL FH(granu-
larity)7} 2& 99= o] &+ {39 dite BF HA 29
TE5= 9Ie AIREE AEsH sHARE PLAA AR &5
AEE] g 15Z At FEl= otk
Z71H 02, CAO HAog Add 44 FEZRE ofy]
YA E Aot A B3 Y=o goh21-23]. [21]2
But4Reuse2} CodeCompare =75 o|-&5to] TA&E =&
3 & Lo s mA 2dg Bt [22]= AEE<
op7|El A HelZ fgt HELL AEFSTt NEA ARl
gt Algtol 1, 23] &4 FEZREH FF 4 7 SHA
£ xFot= aﬂi/\ tholo]15E EHUgE dAtolth. ol ¢
T= AEER] oF|EA 9] A& o] & = YA o]F =

rlI-t:l

EHjo] FE7HA] MEY g o] EYsojof Gk,
7. 22 9 8% o9

o] =2 CAO 7|§te 2 7ie Al F==7F nfo] 1
old HF AlEES AR i AEE0] 2o1A Y= A 2
= A%e dEsto] WAt 420 FYo| WA AL 4]

Hote AT WHE AL

A A, Aot e FL5YS [ 35 ZY2HY
M7t 71 07l A A4 dAF ol lﬂrﬂ} 3~157= F7tst
AUck. & SEAEY E2A% 1 M= B AFoIA A
& 7t ERES ST 5 °‘LXl°ﬂ gt o 5ot A& 7
2 Al EHEFO] G 5AE AAStEE 1 oulz} At
ES, AIRF W] AUEE B 0.98% wYo A A=
715t S AE o] Uert Bt 0.9120 Zof s A
AE $AE HoF3lth

AQt HHE A FPE YoM FAHZR] AAE Ko

Ttk 22y o] Aol AMEE ApoGames AlEF-o]
CAO 7I5t] A& 7HdolA A 7hsdt e Aot A=
e = gtk FF AF2E o ot Qlojet Fuz
ZQE AEo] ARMer WS 4-85ko] A9 o] Ukt
Aoz AE 7hset W] B7FE Ago|th ¥ yoprt A4
e 35 FEI 7P BES EGE v 3 EE 55
AFo 2 S5l o] B2 AnEo] AFIY A
£ &5t A7E £33 Aol

References

[1] C. W. Krueger and K. Jackson, “Requirements engineering
for systems and software product lines,” Product line man-
agement white paper, Dec. 2009. (http://www.biglever.co
m/extras/RE_for_SPL.pdf).

o

Slst IE AL Yy 17

[2] R. Lapefia, M. Ballarin, and C. Cetina, “Towards clone-
and-own support. Locating relevant methods in legacy
products,” in Proceedings of the 20th International
Systems and Software Product Line Conference (SPLC),
pp.194-203, 2016.

(3] J. Bosch, “Maturity and evolution in software product lines:
Approaches, artefacts and organization,” The Znd Inter-
national Systems and Software Product Line Conference
(SPLC), Lecture Notes in Computer Science, Vol.2379,
pp.247-262, 2002.

[4] V. Anwikar, R. Naik, A. Contractor, and H. Makkapati.
“Domain-driven technique for functionality identification
in source code,” in SIGSOFT Software Engineering Notes,
Vol.37, No.3, pp.1-8, 2012.

[5] E. Kuiter, J. Kriiger, S. Krieter, T. Leich, and G. Saake,
“Getting rid of clone-and-own: Moving to a software
product line for temperature monitoring,” in Proceedings
of the 22nd International Systems and Software Product
Line Conference (SPLC), Vol.A, pp.1-11, 2018.

[6] M. Abbas, R. Jongeling, C. Lindskog, E.P. Enoiu, M.
Saadatmand, and D. Sundmark, “Product line adoption in
industry: An experience report from the railway domain,”
in Proceedings of the 24th International Systems and
Software Product Line Contference (SPLC), Vol.A,
pp.14-24, 2020.

[7] Y. Dubinsky, J. Rubin, T. Berger, S. Duszynski, M. Becker,
and K. Czarnecki, “An exploratory study of cloning in
industrial software product lines,” in Proceedings of 17th
EBuropean Conference on Software Maintenance and
Reengineering (CSMR), pp.25-34, 2013.

[8] E. Ghabach, “Supporting clone-and-own in software pro-
duct line,” Doctoral thesis, Software Engineering, Univer-
sit¢ Coted Azur, 2018.

[9] C. Lima, I. do Carmo Machado, E. S. de Almeida, and C.
von Flach G Chavez, “Recovering the product line archi-
tecture of the apo-games,” in Proceedings of the 22nd
International  Systems and Software Product Line
Conference (SPLC), pp.289-293, 2018.

[10] J. Rubin, K. Czarnecki, and M. Chechik, “Managing cloned
variants: A framework and experience,” in Proceedings of
the 17th International Software Product Line Conference
(SPLC), pp.101-110, 2013.

[11] N. Lodewijks, “Analysis of a clone-and-own industrial
automation system: An exploratory study,” in Proceedings
of the Seminar Series on Advanced Techniques and Tools
for Software Evolution (SATToSE), pp.1-12, 2017.

[12] I. D. Baxter and D. Churchett, “Using clone detection to
manage a product line,” Workshop on Industrial Experience
with Product Line Approaches, pp.1-3, 2002.



18 HEXSIB=SX/ATEY0l U GlO[E 25 H127 H15(2023. 1)

[13] D. Faust and C. Verhoef, “Software product line migration
and deployment,” in Software. Practice and Experience,
Vol.33, No.10, pp.933-955, 2003.

[14] R. Koschke, P. Frenzel, A. P. J. Breu, and K. Angstmann,
“Extending the reflexion method for consolidating soft-
ware variants into product lines,” in Software Quality
Journal, Vol.17, No.4, pp.331-366, 2009.

[15] T. Mende, F. Beckwermert, R. Koschke, and G. Meier,
“Supporting the grow-and-prune model in software pro-
duct lines evolution using clone detection,” in Proceedings
of the 12th European Conference on Software Mainten-
ance and Reengineering, pp.163-172, 2008.

[16] A. Schlie, S. Schulze, and I. Shaefer, “Recovering variability
information from source code of clone-and-own software
systems,” in Proceedings of the 14th International Working
Conference on Variability Modelling of Software-Intensive
Systems (VAMOS), pp.1-9, 2020.

[17] A. Schlie, A. Kniippel, C. Shidl, and I. Shaefer, “Incre-
mental feature model synthesis for clone-and-own soft-
ware systems in MATLAB/Simulink,” in Proceedings of the
24th International Systems and Software Product Line
Conference (SPLC), Vol.A, pp.53-64, 2020.

[18] W. Fenske, J. Meinicke, S. Schulze, and G. Saake, “Variant-
preserving refactorings for migrating cloned products to
a product line,” in Proceedings of the IEFE 24th Interna-
tional Conference on Software Analysis, Evolution and
Reengineering (SANER), pp.316-326, 2017.

[19] T. Ishio, Y. Sakaguchi, K. Ito, and K. Inoue, “Source file
set search for clone-and-own reuse analysis,” in Proceed-
ings of the 14th International Conference on Mining
Software Repositories (MSR), pp.257-268, 2017.

[20] L. Linsbauer, R. E. Lopez-Herrejon, and A. Egyed, “Vari-
ability extraction and modeling for product variants,” Soft-
ware System Model, Vol.16, No.4, pp.1179-1199, 2017.

[21] J. Debbiche, O, Lignell, ] Kriiger, and T. Berger, “Migrating
Java-based apo-games into a composition-based software
product line,” in Proceedings of the 23nd International
Systems and Software Product Line Conference (SPLC),
Vol.A, pp.98-102, 2019.

[22] C. 1, W. Assuncio, ]. Martinez, W. Mendonga, 1. C Machado,
and C. Chavez, “Product line architecture recovery with
outlier filtering in software families: the apo-games case
study,” in Journal of the Brazilian Computer Society,
Vol.25, No.7, pp.1-17, 2019.

[23] J. Lee, T. Kim, and S. Kang, ‘Recovering software product
line architecture of product variants developed with the
clone-and-own approach,” in Proceedings of the [EEE
44th International Conference on Computers, Software
and Applications (COMPSAC), pp.985-990, 2020.

4 H
https://orcid.org/0000-0002-5002-9472
pas e-mail : wareengineer@gmail.com
T | 20199 ABOsE anEgelgstaiE
| o0d-d A Bude
A3 E Yol BETHATH)

T EoF: Software Product Line &

Architecture Reconstruction

0| X
https://orcid.org/0000-0003-4512-806X
e-mail : jihyun30@jbnu.ac.kr
19934¢ HEHSE A EHFATTIHEAD
20009 AETEtn AAAALID (A A}
20059 AETHe AFE LSt (A
20169 ~d A HEdet

AZEF ol Fo wa
FHAEof: Software Product Line & Architecture

Reconstruction

4 2 0

https://orcid.org/0000-0003-2108-8809
e-mail : ekim@howon.ac.kr

19939 A5 AL-GASIHAAD
19979 QARISt L A BF S

19979 ~&d A sty
AFE AL W
A Hof : Software Quality Evaluation & Development
Methodology




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


