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EMPS : An Efficient Software Merging Technique for Preserving Semantics

Jisun Kim" - Cheong Youn™

ABSTRACT

Branching and merging have been being the outstanding methods for SCM in terms of supporting parallel developments. Since
well-known commercial merging tools based on textual merging have not detecting semantics conflicts, they can cause semantic errors in
the result of merging. Although a lot of researches for detecting semantic conflict and merging up to recently, these researches have been
doing individually. Therefore, it is necessary for a rescarch detecting semantic conflict on textual merging and solving it.

In this paper, we propose a new method for merging which preserve semantics on textual merging. The method merging two revisions
from a source program is as follows : 1) defining changing operations, which include Update, Delete, and Insert operation, per line on two
revisions corresponding to the line in source program, 2) detecting textual conflicts and semantic conflict in terms of executional behaviors,
3) solving these conflicts before merging. So, the proposed method can be regarded as a hybrid method that combines a method of textual

merging and a behavioral semantic merging.

Key Words : Software Merging, Software Configuration Management

1. 2 A R e AZEY AA"E AAdstil AAI7)EH
el A oA Wawale] Fd(state)S ARA AAHx
s AZEYol dE AXEdo] ixvjoiyd - p A /V‘* VN xAela Fad wAG & 4 3
Fofof Al B& A TAHES AR U X ES (1, 2]
23+ "o Z(release)itwto] ofyl HejRE AloldHE sZEYO e (Software Configuration Manage-
Hadshde] it BAE ofrista vk S LZLEYe ment)= AZEY o] A 2 FA RN HAEE ZF
A7) F7be HEARAEE Aga7)a olen Awziite T ANES) W AD, AY, & TS TR A~
Asagn AuoEAE Fusir7la vk aga gt S vhEal oo gk WAS AARoR Hy, Aol
Pl Al Fre e E 5 AY wHEE 7] ek o R R AZEY ] sk glojr HH
AdEstd EFE F JEE Hofglo vy AEAE Aboo H3l 9kAH(Parallel Change States)S Alojata #YE &
Aol Ao glo} FAH-E WwAATE wekA] H3s FEE shal T2l AZEde] addas AZEY Y A
ol dg WsE BAst) 98 #ESHAA FHAAE,
t 28 o s 49 Ao, FAdHRD, JYA 2 HE & Adsta
4 3 9 avisie ARnLs s 5 2o 4= = &
%rf:f]%}%:;)o:’)j ) tvh} J:ra'z(x S gs 1o Ak, w3k Az S RS AleldA Tty B



[ilnd

o M2z (2006.4)

XD HM13-D

=

b

d2MIE

224

=

, ovA,

3

&
i

el w2, %
o] TH5l

3

bol 9

5]

Fan QheH3).

5K

< A

Lo

o
o

SIPaS
7] (Branching) ¢}

o]

(Build),

(Merging)

t;sdl—

A

i

ol

oy

&4

o
=
e
r

ey

ol

o]

oju

1 WHE Ato]e

3

Aeratrh 2

fol E¢ w7tA 7vd da glo|

)

o

i

-
A}

o
=

2

Al A49E

Ak

63/\

BN

(<3}
R

al

ol

oo

o Alzto]

171w &

ZRo
olel7b i

L

ojn] B 9

=1
=

iR

3l

ol

3l

&

el

et

23|
%

Buse

jas}

-

o

- AA - aB

Base

o

ol
o

&

)

xr

iz

(==
o

o

o
W
3

ol

i)
pal

A

—~
TH

EEEDES

A5l

s

of o

T
70
>
O
=
o —
—~ <l
210
>
(4]
=
oD
=y
T
00
>
O
=
[aN]
—r ml
=
S
O
=
[qN]
<
=
1
oR iy
=
w
ﬂv_A” i
T
ul
= I8
BE
o} 3%
S
o
=
CElcy
o
o
% =0
Bz
ol o)
R
~ w
ol
B Ho
'R
Fo
b ar

AT Qe weA

ol

KR

22 2R Helv|y

O 0 X opr % W oof %
BH %H% m N B - o
N ; ~ ®
x F OB 5O M
Pl {1
Uiﬂl.wlxﬁﬂ@uutﬂ
oo op B = Mo L o
w oo W o
j ‘al,:obiﬂ‘_wﬂeﬂ
®oT o N By AR
OME‘OI‘IO'I E‘.#\/\moqe
sl [3) - N
i How 2w X
LT R et 5 R <
=Pl .|
DE m PSR
T c 9 oh = 3
— ,.;.].l T T
Moldﬂmﬂﬁlﬁ_‘m‘_
mﬂﬂﬂiﬂ _nﬁmﬂomﬁ
T R
A =y 7 o 2
iwaME._Hm.ﬂW =
ol :L.Caﬂo# oF
= o T o4 5f A W
T AN
= & s ‘
T Bt T
; o o <
A I
T =4 H = o2
s T do M E
ﬂﬁw.,o1 o oy
Ermadis 2T g
utwﬁ,moﬂﬂ —_— o B
M o) o o N
T BT T X AW OBEW oM N
G = o:w__ BK W o X
I~ . o o o
™~ &MA]EE,WMFW 71|L
- o) o . — B
% ﬂ_z?dl q_ﬂﬂﬂ
Nro ]LE _ oy L T X
5 B g I e
o w0 R o ogn i
o ZO,ﬁLlﬁd;o W,murL_T
y o TN W s XMy
Low=wR ST X e
oR ™ ol T
=T Lflro_ o 3 T
) o AT —~ X9
A — y]F;l,IaH.VSZ,ur
- RN s - B
oo T s ERT
T D= -
3 ﬂvll.o, ol SEaCE
WO R GO gy w
e o o o i~
—~ :.L M.zfﬂ,wmma ™~
R .
L AR
WX omEE L gy
o} o FL TS o of A W = i
s o o — A~ ol
< o < o N R o
EE dIEL.H TO L
] h.,ﬂrﬂlrwjﬂ o = L
o:rLIJI ) o O M mo
i 1ﬂ g W g
BT T £
= O7 oj Il ahl
ﬁﬁk‘_bmnmxmﬂuﬂmom%mu
wocu ~ G = ~
I S -l KR B S
° T B R WG "

ou o i
o of
1
woE R
W BR
GDE
zd
vmﬂ
o S W
=
) <
ol
TR _
B X
NEE
4 2
iia
oo g oH
nOE S
N 2oy
E #
r ® oy
B o &7
i WHHT_]@
o oot
o~ g
)
A M
o
® R X
1 =
E——
= K
] Rl
g
X = XK
=
o
= = M
© o
Urmﬂomﬂdw.
ﬂﬂo\w.l._l_or‘_
iy =
o o
—_—
Wu,umw.&o:,_
Do o B
Ltﬂlﬁ =0
Plﬁaﬂjl_
= B m o
-
ﬂAro‘mo o
™ ﬂkﬂo
Xy
OE R
17,Mﬂ1_/lio
™ X g o
N o
WoRe K W

TR

2 Tl oA

s

b g

5]

=

al

[i3
2]

]
]
B

[Ho
i

ot
K
i
oy
"
,AO
o
N

o)
=

g YA 24 gl o 3

st .

Ahg e
1} b

W 7ee

§-l,

Hlal oi/de)l ol wel 24 2-Way Ao o

o
T

il

H] u

F g g



24 lo|a Wl

sud owese A, Zeadd o W A B

4 72E HAZ 5 Qout ogd APAE 2F 6E

SuA wgE Aol g A 4+ gk Adasiel o
o

g Wee s+ Denotational Semantics, Program De-
pendence Graph, Program Slicing 53 #-& 53d 43514
gag Abgac 53, a2 sk WEvIHe 2=
it W ool Abgol dig W3e Jd2E FA
ghet, 13“"1 Aaage AuE ouiH WHEFEo]
5o disl APAAE 27 RESUA HFE 2HS
S g ok dEHY oA #EIEe t

[8]7} Semantic Diff[9]%°] ¢t}

-

2.4.1 HPRY18l<

Horitz & Agkd st T=75 o
{(Program Dependence Graph)< 7]Hto.2 fa_ oo #a
=) /]n]ﬂ \:ﬂ6’1-7~_‘::0 Elx]o}_]_ x_r_o] ul—/\g 7(] ol AHo
Hgehs HPRY 12l Z(HOROWITZ S, PRINS J, and REPS
R, “Integrating Non-Interfering Versions of programs”)[8]
& HzE gk

HPRY ue] &2 8 ZRa9 Basedt L7lol i +4
¥ A9 B7} 918 @ Base, A, B& 717 PDGE #9133l
PDG(Base)9} PDG(A)A}e] E—l PDG(Base)S’Jr PDG(B)A}o] o]
A zZvzy WEte 223 PDGBase)9t PDG(A), PDGB) &
Toll Al BE Fio oigh $u Z2 09 SofolAE 1
o] z2+7ZF PDG(A), PDG(B)9}F PDG(Base)e] MBI#~L=
Bz, 2RSS A% Union)stel A28 PDG (J\r‘ Lig=s

afy

MNE
Ot

e

— "J'L
_}L
B
El
-
o
3

ltl

-

AR ool

ooz
i1
“lijoﬁrgaoﬁ*
E‘—ﬁooﬁﬁﬂﬂ
N
o
o~
rlo
1o
=
>,]r

o

S
Mo TN OME g (%

lo w0 ¢ b oo w

#a
o

54

i
_O|L
rg
B
g M
it

ot

ok
>

M

2
o s
_\1

¥

2.4.2 Semantic Diff

o} o)A 5}—2‘ gAg= FE3 E2 287 Semantic
Diff[9]&= oaugE9E= e PDG 2l Dependence
Relation® O]%OPC’# W Aoje] ojmwstE Fohditt
HPRY 22 F0] ¥4 renaming® 1 2jrlof] #AAgl= ©

gol M= B $E2 HF8le 9, Semantic Diffts

EMPS: Q0|2 2&sls 2880 2ZER0 dg 225
W9 input® output?He BlaEt T FHAQ BluE £
314 fom® W4 renaming¥ e W] @ A
A 9w Wik APt Semantic Diffw
OUIE“’L Hste] i3] th3 2o

— g

old version .

void add (int x) { /* old version */
if (x = HI) {TOT = TOT + x;
else TOT = TOT + DEF;}
old version® &#A #=>

(TOT, TOT), (TOT x), (FOT,DEF), (TOT,HD
(x,x), (DEF,DEF), (HLHI)

new version
votd add (int x) {/* new version */
if {x = HD {TOT = TOT + DEF,
else TOT = TOT + x;}
new version® 2|&#7A %=>

(TrOT, TOD), (TOT,DEF), (TOT,HD
(x,HI), (DEF,DEF), (HI HI)

new version removes dependences: x on x, TOT on x
new version adds dependences: x on HI
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base A B
pasel: Program baset: Program tasel: Program
base?: sum = 0: Al prod = 1; base?2: sum = 0;
based: x:=1; A2: /x sumat =& #/ basel: x:=1;
based: a.=2; base?2: sum = 1: based: ai=1;
base5: y:=0; A3 frmmmm oo */ g1
base6: while x<11 do based: x:=1: base6: while x<11 do
base?: SUMI=sum+x: based: while x<11 do base7: SUM:I=sum+x;
base8:  xi=x+1: Ad: [+ alt &t «f Lase8: Xi=x+1;
pased: end Ab prod = prodx*x: based: end
base10: End AB: [r=mmmm */ B2 mean:=sum/10
base?: sum:=sum+x; basel0: End
base8: X:i=x+1:
base% end
pasell: End
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ssl wZaol MolF 1l { 0,,=(A1,& 2 base2 "'prod:=1;"),
oot el MR Aol o2 A gt} Opo=(A2, &4 2 base2,” /» sumat =& /"),
OBASE(2 (base2,=+ & ba/se? sum:=1;", "sum:=0;"),
. _ =(A3, &Y basel3,” /x————-—-——-—— */"))
HiSH X5 Ef ] Sh A3
32 SoH OF %Xl E< 'guj'—l'g OBASE4:(base4 &l .base4,, a=27'),
ot 0 =(baseb,4 Kl ,base5,,"y:=0;")
3.2.1 COS(Change Operation Set) #H4 024“25&4'@@ base?.” fx adt ég@ *}/".)
EMPS7|# ol COSE BaseZHE ASh B7b wHE0i%)7] Ont (A& 2! base?." prod = prodsx:”,).
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ASgpgea =1

O, =(A1,& 2l base2,”prod:=1:"),

0np=(A2,8 ¢ base2,” /» sumat + & «/”,),

OBAS =(base2,+ 3 base2,"sum:=1:", "sum:=0;"),
1=1A3, & & based,” /r—-———— - ).

OBASE4 (base4, & Xl ,based,,” "),

Opgpses=(base5, A K, base5,,"y:=0;") }

OM:?AA.Q%',base%" feadt ALRIB /).

OASZ(AS & 2 base7,” prod := prod*x;".),

0,s=(A6 & & base?,” /3—————-—- */" 1}
ASBAS:B ={
Op,=(B1,& & ,base5,” "),

BASE,,=(bas 4,¢§,base4,"a:=1:","a:xz;"),

(base5, & M ,base5,, y:=0:"),
&9 base10,” mean:=sum/10:".}}

(2 7) Ast

OBAE?

ZFA)

3.2.2 APS(Affected Point Set) #Ad

EMPS7|¥l A& COST Z2ad Ao oge
= LHAHES Hol =& A& APS(Affected Point
Set)2 A gt} Z2 oo AyPo] IS F OF

[s] T
golAEe COSY 7 oHeo]d UFo| Latslo] 9= o
A e ¥ & U digt Ane gagtoay
slo] Arh dutgoz ouyold e WA A 2
0] ]

& "X *1 /*Z“*/”S": HHIHL} x =l HHL‘“ =
3 o] Ay WelEA ke FeE Ayl Wil
F&= ouHold Heloa AFit) Basedld +4® Z27
# A B 7ol Baseol thdh APSe COS9) REz3to zH
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3.2.3 PDG (Program Dependence Graph) 24

PDG= HPREE 2| Fel A vl Wihs 98] Ahgs
gado] 9l ez 2] ZF e s 7o Ao
2 doly &S E?ﬁ_'h‘/} PDGE THste dE52 9

nel AAE ZEaH QAMAE 2 AHojE)e ek,
g AEA7e QQL(Edge e z2ad geA
Ehrbe el gigk Ao 2 AREe BA(flow edge)E U

Hao gk dol &M (Def-order edge)
‘/}EP‘HHL}, AolE Aol o8 dase & Tz
8A47re] FA(control edge)E ERATE weld Za o
Woll A o= g 245 F4o2 I APPY JFS
FAHEH TR Zetolx) e Ay o)

of Y& rlA=
EMPS7|®el M= BASE, A, B4Z] tHaH 7+ gh1el A
At Aolwe] g eolvks Aegee] Hog ¥hgn 1
om A PDGE Ak 7 e sk Bas ¥
FAIZI Base R Aol st PDGE (29 8), (28 99 2t
s 6{ﬂl

oe)% Wg7)4e) HPRe e Ze Aol et

B8puse =1

O, =(A1, & & ,base2,”prod:=1;,),
Ogaseo=(base2,+ & base?2,’sum:=1:",
sases=(based, & Ml base4, a:=2;),
Ogases=(base5, 4 ®l \base5,,”y:=0;"),
Ons=(A5, & & base7,” prod := prod=x:",) }

"sum:=0:"},

ASgage s’ =1

OBASH (based, ==& based.’a=1:""a:=2;")
Ogpges=(base5, 4 Kl base5,,"y:=0:"),
,=(B2,&+ 2 base10.” mean:=sum/10:",)}

' APS (ASBaseA ASBase,B")

Program
sum := 0:
xi=1:

ai=2

y=0:

while x<11 do
SUM=sum+x

/
prod = prod=x:

SURI=SUM+x;
x=x+l

end

- End

(08 9) =272 Aol CHEH PDG

3.2.4 AA(Affected Area) A

= APS7F 9%E vAAY 4F8e S 5 Sle 9

9 =, APl g Astexd] dge ve HMYE
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