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A Study on the Dynamic Object—Oriented

Program Slicing

Soon-Hyung Park

Department of Computer Science Graduate School of

PuKyong National University

ABSTRACT

Program slicing is a progress of finding all statements in a
program F that may directly or indirectly affect the value of a
variable var at a point p. Accordingly, program slicing is a useful
technique with other applications in program debugging by providing
other programs that gather statements relating to an interested
variable in a program.

The slicing technique is classified by the two criteria. Firstly, it
can be divided into static slicing and dynamic slicing by existence of
execution history. Secondly, it can be divided into program slicing,
system slicing and object-oriented program slicing by the number of

programs that are ohjects of slicing.




Static slices are a set of nodes that affect criterion variables.
Dynamic slices are a set of nodes that affect actually the values of
variables tracing on the test case. Therefore we can use usefully a
dynamic concept in the field of the debugging through a test case.
Object-oriented program slicing is working to get slices of
object-oriented program by tracing the flow of classes that is the core
of object-oriented program and objects. Generally it is important that
in the object-oriented program slicing we present polymorphism,
dynamic binding, class inheritance, etc.

Traditional program slicing techniques often use graphs as a
process of slicing to generate correct slices. But traditional dependence
graphs especially object-oriented dependence graphs and dvnamic
object-oriented dependence graphs are complicated because that it need
many vertexes and edges to represent data transmission inter
procedures. So it is very difficult that programmer and tester use them
to debug source programs. And size of the slices is larger.

We propose the representation of a dynamic object-oriented
program dependence graph so as to process the slicing of
object-oriented programs that is composed of related programs in
order to process certain jobs. We also propose an efficient slicing
algorithm using the relations of relative tables in order to compute
dynamic slices of object-oriented programs. And we programmed the

algorithm by using Fortran and Visual C++.




The procedure that computes the dynamic object-oriented program
slices using the improved dynamic object-oriented program dependence

graph(IDOPDG) is divided into four steps.

Firstly, a step of the nodes analysis in program

Secondly, a step of the program execution history analysis

Thirdly, a step of the dynamic object-oriented program dependence
graph generation

Finally, a step of the sliced program generation

Consequently, the efficiency of the proposed improved dynamic
object-oriented program dependence graph(IDOPDG) technique is also
compared with the dependence graph techniques discussed previously.
As a result, this is certifying that an improved dynamic
object-oriented program dependence graph is more efficient in
comparison  with  the  traditional object-ortented  dependence
graphs(OPDG) and dynamic object-oriented program dependence
graph(DOPDG).

An Improved Dynamic Object-oriented Program Dependence
Graph{IDOPDG) proposed in this paper is similar to the Program
Dependence Graph(PDG) in the respect that the graphs represent the
control dependence information by the control dependence edges and

the data dependence information by the data dependence edges at the




statements  vertexes. The traditional object-oriented program
dependence graphs is added the member variable edges, the call edges
for construction of objects, the polymorphic call edges, the method call
edges, etc. However, IDOPDG only is added the polymorphic call
edges.

We find that the complexities of the IDOPDG is 42, the
traditional complexities of the OPDG is 271 and the traditional
complexities of the DOPDG is 69 with a result that we apply an
example program to the formulas of the complexities using the
traditional OPDG technique, the traditional DOPDG technique and the
IDOPDG technique. As the result, the values of the actual complexities
of the IDOPDG, OPDG and DOPDG are 17, 89 and 22 respectively.
The size of the slices of the IDOPDG, OPDG and DOPDG are 15, 28

and 18 respectively.
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S o

10:

11

12

13:

14:

15:

16:

17

begin
I=1
while {I <= 3)
do
I=1+1
read (El, E2, E3);
S =05+ (El + E2 + E3),

AREA = (S * (§ - El) = (S - E2} * (S - E1)) #* 05;

if (E1 == E2)
then
if (El1 == E3)
then
TYPE := 'Equilateral’;
else
TYPE := 'Isosceles’;
end_if;
else
if (El == E3)
then
TYPE := 'Isosceles’;
else
if (E2 == E3)
then
TYPE
else
TYPE :
end_if;
end_if;
end_if;
write (AREA, TYPE);
end_while;
end,

1t

"Tsosceles’;

'Scalene’;

I

(ZzaY 1-1) A48 3 dA 25813y

(Program 1-1) Example program for triangle
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begin

Sl: read(X);
S2: if (X <0);
then
S3: Y = fI(X);
S4: Z = gl(X)
else
Sb if (X = 0);
then
S6: Y = f2(X);
ST Z = g2(X);
else
S8&: Y = f3(X);
SO Z = g3X)
end_if;
end_if;
S10: write(Y);
S11: write(Z);
end.

(22734 2-1) oA =239 2

(Program 2-1) Example Program 2
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(2% 2-1) A =233 20 T3y FE =

(Figure 2-1) PDG of Example Program 2
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B E2ay Po FA &dolae 0 ) o] WHEES Aoy P
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E Y doA e AFstu A8 rbed =209 proloH7I[10]59].

A xoll A A& o8 H, Wo) Ut position pllA =5 YV =
Hi(p) = Y= YpE XFHH sho] Wale] digh 4352 action)S 91
b (2ROYW 2-2)9) A Z2ady 394 N = 29 w A3 o3 f,
of W3l Hx(9) = 5 Hx(14) = 92 Jed + o 183, 49 JAAES
AFEEeEA AY olFeA 2 xTe g UAS FTHE £ gl
wrebA, deld  H= (1Y 2 3 4 5 6, 7 8 5 6 7 &5 9Y)
of "t} dlg 5ol (T2 2-2)9 A3 oy HlM 5'¢ 5 1ex
5 22 =t 58 ZgstE 4l e 43 % 2Haction)o| o
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begin

SI: read(N);
52 Z =0
S3: Y = 0
S4: [:=1
S5: while (I <= N)
do
S6: Z = fl(Z Y)
ST Y = f2(Y);
S8 [ =1+1
end_while;
S9: write(Z);
end.

(X223 2-2) A4 =239 3

(Program 2-2) Example Program 3
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2.3.1 Korel & Laski 71"

bl Eetojd 71l dig 3 HEloj2d AME HE Korel &
Laski 4 &atold dndFeol (dxngF 2-1d yehy . ¢z
9 Aere dsd 2ok W HE o] dngddy TE FREL
W Ag vasA] G GEHA G deHdA 2718d F o)EES I
o 7b A Ao =& Fof npAadot 1 thE while-loopy] 7} ub
Bo tisf rtast gy EHA dE s 3 X'g d493 29
o, TEHARE S F XN AgE RE B5E0 H2 As
HA% F wiagt 2 o dAlE 535 AloldA AREFESH(IHS B
Astzd W&ok aglm, X ga Alo]FELe] EadtE RE 53
< t3dY. I tgF w2 XE vlEdg 223, while-loopdl ¢l8) w)
A9 2E FA5 AR HEE drkz 9 B34S 9Edg a2da, ¢
HAe] wi¥ol ZAYE ¥ vpHd wrE9 o] 53 Hupolse] A
o] THB][10][13].

e

lﬂ

i
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g:
10
11:

G xoll st =233 PE daqstd YA 729 A
g olg T & 7IE3.
Tx o e ZE THEL vi29A F3 HEHR &L
SEE 2213A 71T
e} b " Ao YE 2 F YPE nasyg
while 7ol rtaE HA o MEHA & 580 &4
Eid=)
do
T oA vtz HAJouy BFEEHA FE 3 e
52 x*g AH3c)
Xg raees gA99,
ve U(X)E ttEste uE
A9 (last definition) Y*
Z' % X° AololA kel Ao F
aHg 28§23 2% viagd,
== X dig 2e $IFEL w3k
end while
Tl 81 vhasa g
@ F Pz vy 754

TE=w
=
=

OHT s
2 g
apy (I
i)
e
>
il
FT
£
S
i

(28 F 2-1) Korel & Laski 54 &elo]d dngS
(Algorithm 2-1) Korel & Laski’s dynamic slicing algorithm
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2.3.2 Agrawal & Hogan 7]'§

FolzZl Aol i3k Wi #Hs) FTH Zol2EF T 93l
Agrawal ¥ Horgano] A3 2 712 7|HS %4 24 39X E 535
A3 v HeH91114115).

1) 71¥ 1

(Zx21q] 2-3)9] oAl =213 49) Ag A€lE2A N = 3 o]z
X =143 -2} & o e Zo] g 53 &edo]2E A&, o
q, 28 o)ge (1), 2, 3, 4, 5 6, 8§, 9 10 4T
107, 3%, £ 5% 68, 8 9 10°, 3t 2 1 18 AgA 7 dne
(2" 2-2)9 dehd g 283, 71y 28 4847 dAge (2d
2-3)°l UE )z, 53 o] aHEE 2 54 T4 2HZRDDG
. Reduced Dynamic Dependence Graph)e}il 3},
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begin

I: read(N);
2 [=1
3: while (I <= N)
do
4: read(X);
o if (X <0)
then
6: Y = fI(X);
else
7: Y = f2(X);
end_if
8 Z = 3(Y);
9: write(Z);
10: [i=1+1
end_while;
end.

(Z21% 2-3) dA 2829 4

(Program 2-3) Example Program 4
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I

®

DDl

I,

OO0

OO T ]

(29 2-2) dA 220 49] 3 5 9=
{Figure 2-2) DDG of Example Program 4

)\

:




(29 2-3) ofjad]l T2 49 24 B3 ££& g
(Figure 2-3) RDDG of Example Program 4
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24 ARQAGF 220 &eo]y

241 AAANG Z219S AF N2d £ 9=

ARG T2aRg A A2y T4 g Jjge 7)Ee AxH
T4 Y2 E AAAY NS ZE3T + A &2 A og Aad
Al 2t Fd2& BEAS] AF FH2 $£4 THZ(CLDG : Class
Dependence Graph)¢} 35 #7328 ¢ T2 A £4 28 Z(procedure
dependence graph)® TFA#Tt}.

s FE IYPZ(CLDGAA 7 wWies Wiz 209de Hw
25 9} AHd(method entry vertex)& 7FAw Z#~9d firos o
b @2 Wy 7HX(class member edge)d F A WS 93

2 Z19] AA(class entry vertex)E 71t} ze]3, WAz 9=

=)

i
k)

o

N

formal parameter® 93 formal-in AT WiAzd <3 +£AHE 7
formal reference parameterg 93 formal-out A< 713}, 283, o
Ao 9F HZEH gobal WEE classY instance W59 4
formal-in parameter®} formal-out parameters 7} o},

Al FH 2zl 3 FZZE(function cal)e 52 AFPow
FAEY, o] T4 EEE return BHE ol Wl Ao F&HH,
return ‘Y HFL parameter-out HAE AR 3& AR JdAdg
[461.

o384 & Z(polymorphic cal)e Z# 2o tsh FHHS #Fx7F 9
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g0l A o 12ln FEIIATL Yt LHAE sl A% Azkl &
944 g W ARk CLDGE Bay 25e 2AA2 R
3oy A PAe Asuc gdd 529 32 44e gay
o AHel o3 2HE AN nEy A9 AP 0gy 129 2
Fs@ BAA el £EE Fdeke An adne) e A

o o

L

i

o
2

2E AHE Yas A9 AAHA 287 actual-in A S formal-in
T3 formal-out 48E actual-out Ao JAE FozH oA
T oAlad 5 O EE F5Y 5 Ao
71E9) Al2d F5 aY= dugFoAe] saold 7[EL <p, x>
oy, HA pllA AeHAY AHEE HWHE poll dF ¥ xE vl
o2y, AAAE A2 F5 g2 PPl e kel T1E <p,
x> WHE pilAe We BL Wis & xE gmEich wd xv @

Zebd AL polA AYHAY AgHolok 83, B WAL B ol
%

theol AWsts F wAE T3 Sdolxd ARES FY 4 ok
3 HA GAE Sdols 71F AFOZRE parameter-out HAE A Y
Foz Al vud BE AWETS Ho} HAD
A AR dAdA BAE AAES n8std cald
parameter-in {H4S A 2)F 2E A

E AHEe BB &

FAE FHE9 ffolvH4ll

)
fo
i
o
rx
e
rie 2
ol
o
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242 AAAFY 220 F& 2=

AARAGE z23W F& TZ(OPDG : Object-oriented Program
Dependence Graph) 7| & 7|&€9 T3 4 2o 7de 7z
2 8o AAAY ZeaPs FIT MR FYA ASF Apadgs
(CHS : Class Hierarchy Subgraph) ¢} #lo} & AME 18 =(CDS :
Control Dependence Subgraph), 28l & %% MNP 1d=(DDS :
Data Dependence Subgraph)= 4 ¥ c}[5].

CHS% 7|23l #doz Fd a9 ZL A9 oo e dax=
T Atotoll A d&aAle] mHolu. Z} CHSE 7} 228 Y3 o~
e AR Felisd A" 7 vA2E 9% Wiz &g AHe A
O CHSOA P2 7t 22 dlye 4% 345 713 g Zg49
AHE Qg di=e 250 Aol FP22 9% 2YA Hdo
7" 259 ddd o8 med.

CDSE= 7 MAEE A% #8& 93 238 ¥39ch DDSE A A
o sl EIE s 531 A 4L 943 AAA EH wWiso
W FHo2 abegats HAx e N mA ol
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A3, A A2 FTE& aHPE A<t

AAAGF 239 Setold s AT AN Z2ayd $4 agx
T 22394 AEF A2" F4& ZIQZ(SDG ¢ System Dependence
Graph) M & wgto g &3 ok 22y 7)E9 A2 24 ggxs
e B FERE Hojgonmz yEe Aay & 1T Jgad
Hy BExAol Fo80 B Add F4 2" 24 29 =(DSDG ¢
Dynamic System Dependence Graph) 71H-& #A¢tsie), B =2 oA A
et TA Al2d 4 X e 54 ol Ade AaE d
of A2 2% AdS BEY ¢ AES s £5 2 Yol o

MEE 7IR2 g ZdA AAT 54 AfgxeE Zzad &ty

=3

(dynamic object-oriented program slicing)& $1§ A" £5 M= 3k
Z2a% F% Y E(IDOPDG : Improved Dynamic Object-oriented
Program Dependence Graph)ol & &gt}

31 71F9 Al2=g F£ gg=

7|E AA" Fé OYEZE AAde] £ Za oA FHI Tag

W Fd gz A" RFE TFAXE FHD LA

N
ofN
dbr
L
=
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e, 71 Alad FE g ZoA APE AX TBAA kE
(procedure node)¢t "7l ¥4~ = (parameter node)E i F A3 7HA
£ Ao} A, AE A, TEAAH WE T E(intra-procedure flow) 7HA
aga ZgAA ZF s (inter-procedure flow) HH o2 s £ 9l
71& SDGA A E7IH 2H ®mrlYel (B 313 (F 3-2)o veht
A

procedure name
w | O

vertex
procedure| general vertex gv O
node

call vertex cv O

call parameter cp ':::)
parameter

procedure e
node pp )

parameter

(£ 3-1) 71F SDGe 44 #7219
(Table 3-1) Notation of vertexes of established SDG
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control, data w—p-
—>

intra-procedure flow

inter-procedure flow -2

(¥ 3-2) 7|& SDGe 4 2719

{Table 3-2) Notation of edges of established SDG

2y, wpES AR 2ulwbEe) RSOl FuhEs) wWRe) AA
AR F7F S7HH 3, & 250 Mo AdHy) i ad=
7t BEsAE ddel vk (Zxad 319 dAl T2 5o @
Nzgl B4 2 Zsh (29 3-Do) e ok,
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1: program Main 8 procedure A(ab,cd)
2 x=1 9 read a
3 y=1 10:  call IFF{(ab,c)
4 =1 11:  call Increment(d)
b while 1<=2 do end
6: call A(x,y,zi)
end while
7 write z
end
12: procedure IFF(p,q,r) 18 procedure Increment(e)
13: if p<0 then 19: e=e+l
14: q=f1(p) end
15 r=f2(q)
else
16: q=f3(p)
17: r=f4(q)
end if
end

(ZR3 3-1) A =219 5

(Program 3-1) Example Program 5
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(2% 3D ol T2 59 AAH 24 gz
(Figure 3-1) SDG of Example Program 5




32 3 A" F&£ 19 =

+ =oolAd Adhsle §4 A2g 4% 2 =Z(DSDG ¢ Dynamic
System Dependence Graph)® ZTE 7232 AZF AR 2 T JRE o
goto] 71E9 Al2® ¥4 2 E Hd pdeA a2d=s g8 7
et

DSDGE v& #A4& T3 wEodd

(1) Asfoldo] e o tha) QA Z2We HA ARE AlL3ld
obefdl Sli= F& 2YEE YL

@ procedure Ao T4 7+A
@ while ¥ Alo] F4 A
@ if & Ao F4 7HA

@ call ol 9% inter-procedure 7HA

(2) Aol A& 7|E =22 A7 T4 4L 73 F o 714
o] 1A pathz EAFA Fow 1

)
[
2,
W
N
ot
i

(3 & de 7IE =52 RE Ao} & PHE FTE F o 7hA
o] | Zoll A path® FAsHA o 1gme) Frbstch e,
9]

)
K
%‘
ofl

i
N

At FEHHE nEEL Ftol2ofA AA T Ao Fo] A

H
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A5 e 2= e 2

O Aol 7|FmEdA At 71F =29 AZF o]
GEHE REAAY FLAN FOH o) FEEAM BAHE
i Al kB Aol F59 AlFtesst g £ Qo

@ 71E wEdM AFste] 71E w29 g F4o] 9B
A8 F A A E T A9 leveld] & b

e Aol £49 Az xe E f gl

il
rir
M
I

L

Al

2

(Z229 319 oA Z2a9 504 Y & a= (3 -2 F
As o HPo|g2 (1, 2 3, 4,5 6,8 9, 10, 12, 13, 16, 17, 11, 18, 19,
5, 6,89, 10, 12, 13, 14, 15, 11, 18, 19, 5, 7}°] S},

getoly 7lE(criterion)& (H, 1, v)& EA T 7oA, H= A
dole e vehlz, L ddold giA wSg oudc azlz, ve

E Lo e HMsEA L9 R 8 d¥eld 71E x2E H, Ty, 2}
stzh &, Aol A 0UA e == 79 28 JF Bl L u
DSDG& T3l =},

DSDGA A procedure Aol 4 1+ (1-4), (1-5), (1-7), (8—

9), (8—10), (8—11), (12—14), (18—19) o], while & Ao =& 74

=N
= G

(5—6) I¥ 1, inter-procedure Ao F& ML (6-8), (10—-12), (11—
18)olt}. Zx F& AL (9-10), (14-15), (15—7) o3 Alo] £% 7+
A2 (4-5) 9F (19-5) ot}

9 71E WFE AYoly A o] AL WEHE £ A~

o
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F& 928 2ed (Y 329 2o ol Bs &golA 7
(29 3-2) Qe F4 Alad T4 @z 43 {1, 4,5 6, 7,
8,9, 10, 11, 12, 14, 15, 18, 19}& &ololx d32 948 & I} (221
H 3-2d= sgtels JE (H, Tw, 2& (Z233 3-19) oA 2233y
Sl H&ye W 1 2HE dS 4 v SdtolaH T2 o] vehy
i},

FN

tilo
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(19 3-2) oA =20 59 23 AlA®H £4 Jgx
(Figure 3-2) DSDG of Example Program 5
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program Main
i=1
while i<=2 do
call A(x,y,z1)
end while
write z

end

procedure A(a,b,c,d)
read a
call IFF(ab,c)
call Increment(d)

end

procedure IFF{(p,q,r)
q=f1(p)
r=f2(q)

end
procedure Increment(e)

e=et+]

end

(Z23 3-2) ol 2 713 (H, Ty, 2ol N3 Salolig Ze g

(Program 3-2) Sliced program of criterion (H, 7x, z)
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33 N=d F& a9x9 Exx

e A2 F4 1ZEDG) FHEN Y AL o G
3} g},

- 2 2 (SDG)

=pv rgv+cev+(cpx*2) +(pp*2)

2 =wolA AN T4 A28 & /1PDSDG)H dE T4 2
Az H2E g g 2o

- 2 2 (DSDG)

= pv +gv +cv

BPE HES A% WFEY 2

7F (& 3-3)ll el

Bt
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o SRCRVES
pv procedure vertex® I~

pp procedure®| parameter®] <

gv procedure tHell o] URE vertex] 4

v procedure Woll A o] call vertex?] 4

® procedure e} A9 call 9] parameters] 5

(% 3-3) BFE 4&L 9% ¥4 Hol &

(Table 3-3) Table of variables for computation of complexities

(28 3-D9 71&9) A2d 4 adrs} (29 3-2)0 e B =
oA ANE BH Azd E4& @ Ee) BALE 24357 98 (2
2 3-D9 oA 223 el EFE TS didstE (% 3-49)9 B
E3E dHolEo] a2Hr}

(E 3-DAM HE vl o] o]gA4Y 7|E A2y & Iz
EREE blout AARE 4700 A4 BAEr) o)249 BAT wg
FE olfe T2dA wANE o] AN AAHA e FE Y7 o
wolth. & =8dAAM AT T2 Aad £45 adgze Bes o)gy
C.E 19ev HAZE 140tk o] o]ft MAl &Etolae] miE A o

T EZRa9e WHEE wurt 249y qion), aam Zaeld o
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7 e g@leli AVIE Axd T4 2= iRl dIg do
Joeetolkd A7)7F 199 Mg FA A2 FE5 IYE vjHer F
29 sdo|2e AVl 4ot SDGe DSDGY Edxe seto] A
A717F (& 3-4) & (& 3-D)ol) vl

ZZaReE pv gv cv pp cp
1 1 5 1 0 4*2
2 1 1 2 4*2 4%2
3 1 5 0 3*2 0
4 1 1 0 1%2 0

(E 3-4) oA =233 59 Eax

(Table 3-4) Complexities of example program 5

A B3 | 44 2gE | eolse 3]

A= F& O

]

51 47 19
(SDG)
54 Ax=d T4 o

i i 19 14 14
2 Z(DSDG)

(£ 3-5) SDGY DSDGE Baxst &afo]xe] 27
(Table 3-5) Complexities and size of slices of SDG$ DSDG
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A4, AHAD TH AAQAF Zza9 5
ez o] Ak

AkstE AR T4 AAMAY Z2ad FEH 2HIIDOPDG
Improved Dynamic Object-oriented Program Dependence Graph): 7] &
o AAAF 223 TH YT AP VIR da 3 FoA AL
FEH AAg T4 adZ IS AL AAAY T2oPe 5y
g+ U=E = AFHolt IDOPDGE 284S 93 ZTaxx 2
& 2=} 7k ZP2E Q¥ Fox 2L IHEZE FAHHY ZPA9
Al Zeade] 43ag g3¥Ad 52 5@

RAAG TR E NA T new I, AAd 5 FaA A
At dE 9, WY olol Fx cl9 MAd, AA ole] AA A
HAM Fd 2 19 B A (constructor) WA= E ] TFo] EAst) o
e 520 A ol A4 AAAM A FA2 cl9 2es A A
o & NS dAstad mdIY. 9y, FAdx 29 99 via=
m2ol 4 Eex cle] ¥4 F9d Y WA= mloeg & o] g}
H, 2d2 29 WA= m29 5% AFNM WiAs mld 9y dez
dZE FH2 19 d= Ader & AL ddsd HEATY. o
o2& A4 ez ol Wy pHoE Ad" WA= ml Ao
AMAH TE o] wHHL

ik}

_45_




4.1 IDOPDG ¥714Y
411 35 193

Zz239 Po 5§ T E(flow-graph)x (V, A, En, Ex)2 FA4H
th. V& assign, read 183 write 3 22 dwrdo @Ry 2AE
7 wtEF o] xS Uee M %A (predicate statement) ©jth. AE
AHE Abolell Aol whaky 7hAM(directed edges)S ERATE. End Ex:
Vel 4] A x=Elentry node)®} ETF:E(exit node)E 7zt vebd)
FHPLE CL 1931, &Y Wi= HHELE CMogtn & o, gL
F 2 (Class), EZF(call), ™A =(method), T3F(assign statement), 2=
AF 2du HEFd g 55 2o oig T2 9o FIE
vetdt B =8dAM Zed ZRade doly Fae Zradgy o
of MLAIM FAF T2 AR let-inT 25 AHEFHHA9].

let <declarations> in <expression>

<declarations> & <expression>o|A Al&HojAE WLER I gto=
T/ 5] ot <expression> M I 1 ATE letOE return@ h
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Flow(CL; S) =
let Flow(S) = (V, A, En, Ex),
V' =CL UV,
A" = A U {(CL, En)}
in (V', A, CL, Ex)

Flow(CM; S) =
let Flow(S) = (V, A, En, Ex),
Vi=CM U V,

A’ = A U {(CM, En)}
in (V', A’, CM, En)

Flow(Sy; S2) =
let Flow(S1) = (Vi, Ay, Eni, Exy),
let Flow(Sp) = (Va, As, Em, Exo),
V=V, U Vy
A" = Ar U Ay U {(Exy, Eng)}
in (V', A’, Eny, Exz)
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Flow(if P S; else Sg) =
let Flow(S1) = (Vi, Ay, Eny, Exy),
let Flow(S2) = (Vy, As, Eng, Exy),
V=V, UV UP,
A=A U A U {(P, Eny), (P, Eny)}
in (V', A’ P, Ex)

Flow(while P S) =
let Flow(S) = (V, A, En, Ex),
V=V U P
A" = A U {(P, En), (Ex, P)}
in (V', A", P, P)

412 &5 1329 7%
Fe2 ) AHLS AR eow ®rlsy, da= A AFHE €4

Yoz mzayel 4 WAL 5EE AHe doz oS 29
2 g A3 AR F4 28T, A B4 NS YT FY)%Y

b

IDOPDGe] E&871Z] W3 A7 (F 4-1)ell Jept glh,
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class entry vertex

O method entry

statement / call

data dependence, control dependence

|

(i 4-1) IDOPDG®9 #£@7|3d g A2
(Table 4-1) Definition about representation symbol of IDOPDG
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421 Y& F& 2y

= =EAA At AANE A AANE Tzoay 24 ags

(IDOPDG) 712 AHAA & Tz o) olae} RS A 7] st
$A FH2E Ay, 7 Foas Fos 24 29 Z(CLDG)E FH
¢+ 8.

(18 4-1)2 (Z2Z2%® 4-1)9 C++ class Elevator $F class
Elevator2 78 249 C++ class AlarmElevatorel] tigt S92~ & 1

EH—*E —133-0:]"'”]:}'
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CEl :

EzZ:
S3:
S4:
Sh:

ET:
S8:
Eo:
S510:

E1l:

S12Z:

El3:

Sl4:

E15:
S16:
S17:

C18:

class Elevator {

public:

Elevator(int 1_top_floor)

{ current_floor = 1,
current_direction = UP;
top_floor = 1_top_floor; }

virtual “Elevator() {}
void upf()

{ current_direction = UP; }

void down()
{ current_direction = DOWN;, }
int which_floor()

{ return current_floor; }

Direction direction()

{ return current_direction; }

virtual void go (int floor)
{ if (current_direction == UP)
{ while ({current_floor = floor) &&
(current_floor <= top_floor))

add(current_floor, 1); }
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else
S19: { while ((current_floor = floor) &&

(current_floor > ())

C20: add(current_floor, 1) )
!
private:

E21: add(int &a, const int& b)

S22 {la=a+Db kL
protected:

int current_floor;
Direction current_direction;

int top_floor;

b

CEZ23: class AlarmElevator : public Elevator {
public:
E24. AlarmElevator(int top_floor):

S25: Elevator{top_floor)
S26: { alarm_on = 0; }
E27T: void set_alarm()

S28: { alarm_on = 1; }

E29: void reset_alarm()
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S30:
E31:
S32:
C33:

{ alarm_on = 0; }
void golint floor)
{ if (lalarm_on)
Elevator::go{floor)

b

protected:

int alarm_on;

}

(22319 4-1) C++ Elevator class ¢ class Elevator 25§

class AlarmElevator

A

%9 Cor

(Program 4-1) the C++ Elevator class and the C++ class

AlarmElevator inherited from the class Elevator
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(¥ 4-1) class Elevator ¢ class Elevator=%-€] AF<9 class
AlarmElevatorE %3 CLDG
(Figure 4-1) CLDG for the class Elevator and the class

AlarmElevator inherited from class Elevator




422 9434 F5% a9x

tE A 2% (polymorphic cal) classel s} 7+42 A z7 1S9
d o, 28 FERHAAR e QHAE Eglo] AU 7 o
A s W ARG a9 A9, #ode s pointer F2EYL T3
o8 ddsr] A ZEE XA ¥ 329 5 E¥xE ¥
#atol AsA @A H € (polymorphic choice) FHS AHgdch oA
&9 call AHe P H8 Aol dE) BHHE A ¥ A4
e UEAY 329 RE e BEHA ds 522 m¥3I
sub-graphell W3l Fz4# < & s,

(222 4-2)9€ class Elevator$} class AlarmElevatorg % %3}
= main(o] ey A (29 4-2)0 % A ZEo) dja JEehd 9
oh. C38ol A ohE A HEl gde] o] 2= call Hol Qx, ThEA AHH
AN e 5E BEAA ZHZe] gd 32L& FHEE call A0
o2 call 7Hdo] itk o] call AHE FEHe A F 9=
methodsE #13 entry AHI BAHo] I} o] ALd 753
methods+= #Zo B2 = AlarmElevator & go()oly] 3o Boz|=
Elevator @ go()o|t},

r 0
rr
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E34: main(int argc, char “argv) {

Elevator *e_ptr;

S35: if (argv{1])
S36: e_ptr = new AlarmElevator(10);
else
S37: e_ptr = new Elevator(10);
C38: e_ptr->go(3);
S3o: cout << "\n Currently on floor:” << e_ptr->which_floor()
<< "\n";

(Z271% 4-2) C++ class Elevator®} class AlarmElevatorE 343}

rir

main()
(Program 4-2) main() calling the C++ class Elevator and class

AlarmElevator
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CLPG for CLPG for
------------ ! AlarmElevator::go Elevator::go

(2% 4-2) polymorphic 3.&

(Figure 4-2) polymorphic call
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obeffol]l Sl 4 g E 19T}
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D class Aol &2 71
@ procedure Ao} F& 7hAd
@ method Ao} #

@ while & Ao] =4 714

@ if & A L A

® call ¥ 98 inter-procedure 7HA
@ return Aol F& 714

gEd A9 &
® 4984 2% %
QO A A =

(x

2

dp
S
2

J}-}
)
29

(2) Aefolgef gl V& E25EH A8 T4 A 1F T o] 714

of A ZAA pathz EAFA kow g Lo Frlsit)

(3) AYolge] Y 71FE wERREH Ao) £ AL F@ F o 24

of 2 Z ol path® EA&A] @ow aeize] Frksc) a8,
FA Y i Aol ==E ol AMdH T, HF i
EAT FEHE x2S FFejad A AAdTh Ao] To] 4
AHE e 05 2o

D ARolgaA ] @l Adsed 7E wEe) RFRFSo)
SR LA P F oA ol FRAA BAHE i
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@ 7l& ==dA AAstd 7)E =z AR5 F&o] g8
7R o] Rl A] AR E =50 AY leveld] 9l uh
e Ao F59 AF 2=t 4 5 A

i

rr
o

e
B}
2

Eetold 71E C<ab>olA als 71&xTo]T bE %E ad = 7]
FAFHD AL <ab>E <my>9 53013 me no MYxen
& o, <myv>el W Setols 7| B SEto]ad wrE9 FI NS
F¥sts AL oA 2 H4AA de AEFSES YL, 93 o=
Aol E&E oul gt

(1) B ((ixa_b>< m, vy

B Liopnin, v ifv & defs(n)
Béaninxy , n|JN? others
YV x € refs(n)
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(2) Bimuv> , wherek = 2Cla bV aec N°

= BEnx> Vaxe refln), nlN°®

3y N=NlJ N
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(2% 4-3) mainQe] t% IDOPDG

{Figure 4-3) IDOPDG for main()
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ASF. 4 AAAF 220 &eloly

51 71&9 T4 AAAGg Zg 33 &elo]4

715 A AAAG z2ad Loy JYE Edtol ARE A
E817] Asl Agrawalo]l Ate 3 T2l F4 g JPRE o)
& T3 AAAY =Z=239 F4% I9ZE(DOPDG :  Dynamic
Object-oriented Program Dependence Graph)2& A} ghc}.

ARG Zeade) g4 AAANG Zzad F4 e AL
AT WA Z2age] Ao 3F AR BFA F FH BN sz
oAtk 28|31, o] 3 procedural EEIW O]d £FH B g T
753  FARRIY U9 procedural EZ 1AM 9] call WHEL
function 715 71 WH ol procedured &3t W@l Fo|th g
u, AAAG 22 a8 M= classes, instances, objects 123, 3 u}
A9E nHHMobeeh. (17 5-D& (T2 4-D)F (T2 4-2)0)
Nk T2 ARG Z2aW T4 g Zol.

AAAGE 23R g3 Sl 71EL (s, v, ¢, D)o]th s= T
O HHET vE s N AgE W tE o el gF A A
ot}

PE ZAAAF z2agdelz} stz G = (V, A)E Po W& DOPDGeE
b2k olw) Ve AdEe] o, Av S HPojt) Fojn A
FEol 28 VIE (s, v, t, DOl e G B4 o]z DSeE GO 4 A
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£ subseto]t}, olwl, GollA v MFE] vAA ] path’} SASCH v
€V, v & DSe (s, v, t, Dol &8l DS (s, v, t, ) C Veolrh

Folzl A H=zol sl DOPDGE FAd:E A 7 == o
3 DOPDGE <337 #18l depth-first &2 breadth-first ZT#) = 23}
duzsE ATz B3 gdolag AdEY 5 oo a8z, 44
A% Zz3e] DOPDGY die 534 Fgto]l2 DOPDGY A E9
subset©] t}.
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(19 5-1) (213 4-D)3 (T2 4-2)0 M C = (s39,
which_floor)el] o 3+ DOPDG
(Figure 5-1) DOPDG on C = (s39, which_floor) of (Program 4-1) and

{Program 4-2)
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ol 48 T3 MAAAY T 1W Holo)| A8 T HAAE 3A 4 GAR

P
2
ofT
B
)
_@
5
(K
u
¥
o)
of
Iy
8
)
E
b
X
Ey
o

521 X219 = HA g7

|k
HU
i
iy
b
i
2
2
.
X
rir
FjE
e
1K
oY

o) 3k »==we HolE
(table related nodes)& 23t WAlolvh m=@d HeolB2 2z HAE
o ARHE =280 A 225 AFE L A5 PPozH w=
, =Etype, DEF, REF, 242 EW3 2932, AYAeoj-rclszs ¢

_66_




(1) =& 57
ZR2I9WE A% REES UA FFE PEHY (F 5-1)9)
LR Qo

=9 FF ool

class CE

method

procedure

call

return

> ooz

assign

—

1nput

Ui

write

repeat

select

z |9 || =

constructor

(£ 5-1) ZR2I48 TAFE v Ho

(}:4

(Table 5-1) Node table that constitutes programs
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(2) DEF

dF mzolM vy s 7hd Wge FY
(3) REF

AT oA AMEH @S bR WS A%
4) 245 E8WE

A9 w29 WS
5) A=

8 R Ao) k= W

DEF$} REFE 745t o] (L2 5-1) vheh} gich,

DEF(class(parameter)) = {class}

REF(class(parameter)) = {parameter}

DEF(method(parameter)) = {method}

REF (method(parameter)) = {parameter)

DEF(call(parameter)) = {call}

REF(call(parameter)) = {parameter}

DEF (procedure(parameter)) = {procedure}

REF (procedure(parameter)) = {parameter}
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DEF(var = expression) = {var}

REF(var = expression) = {expression}

DEF(read(var)) = {var}
REF(read(var)) = @

I
@

DEF(write(var))
REF(write(var)) = {var)

Hi

DEF (predicate) = @&

REF(predicate) = {predicate}

|

(=713 5-1) DEF$ REFE FAlss 2
(Program 5-1) Expressions that constitute DEFs and REFs

522 EZ2aY A3l A A
A ZrW(source program)o] AA AHEHU-E we] H3yojH L
B sl Halold g o] E(execution history table)S ZFA st thAlo]u},
Agold gojBol#t A LATEYo] T 180 Ags]ojH L uo)

AU ofHd E AR P 2A LSHYSWUTG ez E ¢
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stto] & (Mark)s AA&ste 418§ (418ld 5Dl ey U

524 T2 Slols R dHA

7l W izt T4 ggtolx FEE Y 523904 A4F
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Program  — Declarations Stmt_list
Stmt_list - Stmt;, Stmt_list
Stmt — Simple_stmt | If stmt | While_stmt
Simple_stmt — Assgn_stmt | Read_stmt |
Write_stmt
Assign_stmt — Var .= Exp
Read_stmt — read(Var)
Write_stmt — write(Var)
If stmt > if (Predicate_exp) then Stmt_list
else Stmit_list
end if
While_stmt — while (Predicate_exp)
Stmt_list
end while
Predicate_exp — Exp

Exp —  Exp Binary_op Exp | Unary_op Exp | Var | Const

(ZR19Y 5-2) TRIPL Pt WEH B Lz

(Program 5-2) Structure of statements that constitutes programs
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IDOPDG(<prevhist | Mark>) =
SetVar’ = Ins(Criterion, SetVar)
DependCheck(Criterion, 1, 1)
while k = 1, n
DependCheck(IfCriterion, lasthum, 2)
end while
while k = I, m
if SubSist{k, CheckObject)
then DependCheck(RepeatCriterion, 1, 2)
end if
end while
in (Criterion, IfCriterion, RepeatCriterion, CheckObject,
Mark’, SetVar’)

DependCheck(Criterion, lastnum, RepeatUpper, CheckObject, init) =
let startnum = Criterion
while k = startnum, lastnum, -1
if (NodeTypelnum) = "R")
then Return (Ref, num, SetVar, sist, Mark, last),

end if

if (NodeType(num) = "A")
then Assign(Mark, num, Def, Ref, SetVar, last),

-T2 =




end if

if (NodeType(num) = "I")
then Input(Mark, num, Def, SetVar, last),
end if

if (NodeType(num) = "CE" or NodeType(num) = "M”" or
NodeType(num) = "P" or NodeType(num) = "C" or
NodeType{num) = "N")

then Ins(Mark(i) , num),

last = |
end if
if (init = 1 and RepeatUpper(num) not = " ")

then CheckObject(x) = num
end if

if (init = 1 and NodeType(num) = "D’")
Criterion(n) = (Ref, num),

Select{Mark, num, Ref SetVar, sist)
end if

if (init = 1 and NodeType(num) = "L")
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Criterion(m) = (Kef, num),
Repeat{Mark, num, Ref, SetVar)
end if
end while
lastnum = last

in (Criterion’, lastnum’, RepeatUpper, CheckObject’, init)

Return (Ref, num, SetVar, sist, Mark, last)
SubSist(Refltnum), SetVar)
if (sist = 1)
then Ins(Mark(i) , num),
last = [
end if

in (Ref, num, SetVar’, sist, Mark’, last”)

Assign(Mark, num, Def, Ref, SetVar, last)
Ins(Mark(i), num),
last = i,
Del(Deflnum), SetVar)
if (Reflnum) not =" ")
then Ins(Refilnum), SetVar)
end if

in (Mark’, num, Def, Ref, SetVar’, last’)
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Input(Mark, num, Def, SetVar, last)
Ins(Mark(i), num),
last = 1,
Del{ Deflnum) |, SetVar)
in (Mark’, num, Def, SetVar’, last’)

Repeat(Mark, num, Ref, SetVar)
SubSist(Ref(num), SetVar)
if (sist = 1)
then Ins(Mark(i), num),
Ins(Reflnum), SetVar)
end if

in (Mark’, num, Ref, SetVar’)

Select(Mark, num, Ref, SetVar, sist)
SubSist(Refinum), SetVar)
if (sist = 1)
then Ins(Mark(i) , num),
Ins(Reflnum), SetVar)
end if

in (Mark’, num, Ref, SetVar’, sist’)

-75 -




InsVar, SetVar) =
Ins(Var, SetVar’) = Uxep Var( x ) U Uyep SetVar( x )
in (Var, SetVar’)

Del(Var, SetVar) =
Del(Var, SetVar’) = Uxep SetVar{ x ) -~ Uxep Var( x )

in (Var, SetVar’)

SubSist(Var(x), SetVar) =

let sist = 0
if ( Uxep Var( x ) N Uxep SetVar( x ))
then sist = 1
end if

in (Var, SetVar, sist’)
(@1EZ 5-1) 53 AAAG T2 S0l 2E HEHE dudF

(Algorithm 5-1) Algorithm that computes dynamic object-oriented

program slices
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A6, A8 Atd 2 Bt

6.1 48 Ad 1

(2229 4-D3 (22139 4-2)9 oA =2 WM argv(l] = 3
oli, &eteld 71Ee] (H, 39, which floor)¥d o, 3 A=A &}ol
25 317 3l B =FcA A3 5FH ARG 2oy Ldoli

darelFel HgA7
611 ZZ 1P == ¥4 G

(Z29 4-1) I} (T2 4-2)9 oA T39S FAsta g
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LR N = 2ER |G YA
A DEF REF _

H 3 type EHE |

1 CE [Elevator 1

2 M {Elevator 1_top_floor 1

3 A |current_floor 2

4 A |current_direction 2

5 A top_floor 1_top_floor 2

6 M [“Elevator 1

7 M |up 1

8 | A |current_direction 7

9 M |down 1

10 | A |current_direction 9

11 | M |which_floor 1

1Z | R current_floor 11

13 | M [direction 1

14 | R current_direction | 13

15 | M |go floor 1

16 { D current_direction | 15
current_floor,

17 | L floor, 15
top_floor

18 | C |add current_floor 15 17
current_floor,

19 | L 15
floor

20 | C J|add current_floor 15 17

21 |P |add a b 18
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_'t% rE DEF ER ﬁ’:—f%f‘ﬂ 9] A o
3 tvpe RS | kE
22 A ja a b 21

23 | CE |AlarmElevator 23

24 | M |AlarmElevator |top_floor 23

25 | C |[Elevator top_floor 23

26 | A Jalarm_on 23

27 | M |set_alarm 23

28 | A |alarm_on 27

29 | M |reset_alarm 23

30 | A J|alarm_on 29

31 | M [go floor 23

32 |D alarm_on 31

33 | C |go floor 31

34 | M |main argc, **argv 34

3% |D argv[l] 34

36 | N [AlarmElevator 34

37 | N |Elevator 34

38 | C |go 34

39 |W which_floor 34

(F 6-1) oAl a2 ade vo= Bd 2w

(Table 6-1) The data of related nodes for the Example Program
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6.12 223 Hfolg &4 dA

(Z28 4-1) H (Z239 4-2)¢] dA Z2 7oA argv[l] = 3
d W A oY {34, 35 37, 2, 3, 4,5, 38 15, 16, 17, 18, 21, 22, 17,
18, 21, 22, 17, 11, 12, 39}7F ¢}

613 53 ANAY L2 F& aYXE 34y o

(H, 392, which_floor)& &told 7|52 ML o = 7)|& v

399 = o] 715 M which_floorE &ekolAl 7|3 W4z

£ 1 IDOPDGE 4230 ¢+ IDOPDG WtE= Axel ofs) 4A st

4

3%

N

(1) IDOPDG®IA class Aol F& 7H4& (1-2), (1-1D), (1-15) o],

procedure Aol F& 7HHAE (34-35), (34—-38), (34—39)ojt}. 17
i, method Ao} Z

it

L& (2-03), (2—4), (2-5), (11—12), (15—
16), (21—-22) ol3, while ¥ Ao} &% ML (17-18) a8l 1, if
Aol T4 WAL (16—17), (35370t} inter-procedure Ao

FTE AL (18-21), (37-2) o)L, return A & 7HHE (3-37),

rh

(53D, (12—11), (22-18)olt}. 281, A He & 2148 (37

=] i
Sr)olth B 53 F5 UL (8-y) olm gEy Ay Fa
HHLE (y—-15) ol

(2) F7HA8E F4 AL (18-12), (11-39) o)t}
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3y 3 A5-18)07 (16172 (15-171Z2 WAL, 4 2-4)F
AbAlE g8z, A (343608 (363708 (34—37)E WAH
o,

(239 4-1) 3 (2229 4-2)9 oA Z2ade )3 IDOPDG
7} (29 6-1D9 b} g
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(19 6-1D 71¥=E 399 s MY 53 AN 221 F&
ki g

(Figure 6-1) IDOPDG for criterion node 39
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ZAATar
“loeatariint 1ot
clprreat thnar = 1;
current._directio
top tlamy = 1 top_faar! |
virtual ~Elevator
void up()
{ current_direction = UP; }
void down()
* current_direction = DOWN:
1l < .
; st _tosrs -
Direction direction
return current_direction.
Lty Al g g vt ol

cirrert loor = Aap oo

{ while ({current_floor != floar) && (current_flogr > 0))
add(current_floor, -1).
AO0UINT &3 00 v LY
43 =
protected: i .
int current_fleor; Direction current_direction; int tep_floor: }:

class AlarmElevaglor | public Elevator { public:
AlarmElevator(int top floor):
Elevatar(top_floor
_{alarm_on =0; }
void set_alarm(}
$ alarm.on = 1; }
void reset_alarmg)
glarm_on = 0 }
%(lnt floor)

h

it (Yalarm_on)
Elevator::go(floos) } ;

protected: int alarm.on; } ;

voi
{

Fraifnnt arce char +=3
evator =e_ptr;
if {argv[11)
e_ptr = new AlarmElevator{10);
glse
s pt = meey Elovato
£_ffr-rgnd
et s et an fony” 0

(19 6-2) Eefold Ax

(Figure 6-2) Slicing results
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(Z239 4-1D) 3 (Z23Y 4-2)9 oA ZaaPdA argvll] = 3
d W HPelge 16WA v x==HI 189 current_floor &, (H,
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g Fel H g0

Seelde A% o WA F %o F 9 F, m2ad wm 24
GAlst 22 A o]y BA gAE FYs 28B2E o] T wA
o] 23 AIg nlgo s A WA dA 54 AAANGE zray £

TAE A Bk v AA DA Zead Sehels 3 AR F

stol &8 FE

2

621 38 AAANF T2 F& X 34 o

(H, 18s, current_floor}s &etold 7IFo@ S o (2239 4-1)
I (Z23% 4-2)9 oA =gadq o3 IDOPDGZE (28 6-3)o v}
El} qlch

622 22 Zdo]lA AA G4

(H, 18, current_floor)g &&He]A 7|&08 & 9 =

iy
N,
N
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it
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1899 e €9l 71 WA current_floord] e T3 SdolAE
T38t7]1 93 (I8 6-3)°) e IDOPDGE 9 £33 A3 A&d &g
ol =E& {1, 2, 3,5 15, 17, 18, 21, 22, 34, 37, 38}o| dt}. ojRAL F
d zzadd HEX7] AFAME &eola Ayt 2L FAg
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(29 6-3) (H, 1855, current_flooryell et £ Az s}

ZR e F4& gL

(Figure 6-3) IDOPDG for (H, 18, current_floor)
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urrent_lrectmn UF:
vp oo = tapbooe
virtual ~Elevator
void up()
{ current_direction = UP; }
void down()
{ current_direction = DOWN; }
int which_floar()
{ return current floor; }
Direction direction()
return current.direction;
I I I TR R T

- TR current_ reclion == UpP

DTl DO et Stoerk s cognent Slaoe c = e thann

Jd Cusrent ot

{ wh|Ie ({current_floor ! = floor) 84 (current_floor > 0))
add(currentﬂoar -I)
Af,

prutece
int current Afloor: Direction current_direction; int top_floor; };

class AlarmElevator : public Elevator { public:
AlarmElevator(int top floor):
Elevator(top_fi onrsJ
{alarm_on=0; }
void set_alarm()
éalarm_on =1}
void reset_alarm()

3 alarm_on = 0; }
voi I?U(ll‘lt floor}
{talarm_on)
Elevator::go(floor) } ;
protected: int alarm_on; } ;

I R R TP D S reT ] i A
evator =e_ptr,
if Cargv[11)
e_ptr = new AlarmElevator{10);
else
el S heyatop Ty

(19 6-4) Eeto]l =y A
(Figure 6-4) Slicing results
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class Elevator {
public:
Elevator(int 1_top_floor)

{ current_floor = 1;
current_direction = UP;
top_floor = 1_top_floor; }

int which_floor()

{ return current_floor; }

virtual void go (int floor)
{ if (current_direction == UP)
{ while ((current_floor != floor) &&
(current_floor <= top_floor))
add(current_floor, 1); }
else
{ while ((current_floor != floor) &&
(current_floor > 0))

add(current_floor, -1); }

private:
add(int &a, const int& b)
{a=a+h )
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protected.
int current_floor,
Direction current_direction;

int top_floor;

|

class AlarmElevator : public Elevator {
public:
AlarmElevator(int top_floor):
Elevator(top_floor)
{ alarm_on = 0; }
void golint floor)
{ if (!alarm_on)

Elevator::go(floor)

}s

protected:
int alarm_on,

b

main(int argc, char “argv) {
Elevator *e_ptr;

if (argv[1])

..94_




e_ptr = new AlarmElevator(10);
else

e_ptr = new Elevator(10);
e_ptr->go(3);
cout << "\n Currently on floor:”

<< e_ptr->which_floor() << "\n";

(Z229 6-1) OPDGE o] 43 Sejolig g 7
{(Program 6-1) A sliced program using OPDG

71 AAA G 220 T4
R

o
=l
1Kl

' v o+ * (] + * 2) + +
procedure &4 b be pep P
2*pp+ sc* (]l + scv*2)

s+ (sv+sc)+m=*2 *

Jp

class £
(mp + scp)

(R 6-2) 71€9 NAAZE 22398 T4 a9 23c
(Table 6-2) Complexities of a traditional object-oriented program

dependence graph
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He ™ Ao We

D procedure

pp procedure €] parameter

pv procedure Well Aol dxt vertex
pe procedure Ujoll A €] call

pcp procedure ol 4] call ¥2] parameter
sc class B4 &

sCV class 443 &0 WE W

S class

m class "1¥ %] method

mp class WH Q! method?] parameter
sc class el A4t} call

scp class oA ¢} call ¥2] parameter
sV class Wl A e} Uwt vertex

(£ 6-3) 5HE=E FAste dF HolE

(Table 6-3) Table of variables that constitute complexities
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254 ¢ (71 20PDG)

BR}E p(procedure F&) + EIFE p(class %)

i

I

pv+pc*x (1 +pep *2) +p+2=pp+sc*(l+scv=2)

+s+sv+sc+m=*2* (mp+ scp)

632 54 AN G T2 F& JFxe BRIy
(223 4-1) 3 (Z239 4-2)9] oA T2 g 7]&9)
FH AAAGY T2 F& aHZ 7IHE ol &3] Selo)~E TabH

(2233 6-2)9% 2ot 7|&9 T AAXYg zE2a3y FL£ Lo
ek 53%E g7 (£ 6-4)9 el et
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class Elevator {
public:
Elevator(int 1_top_floor)

{ current_floor = 1;
current_direction = UP;
top_floor = 1_top_floor; }

int which_floor()

{ return current_floor; }

virtual void go (int floor)
{ if (current_direction == UP)
{ while ((current_floor != floor) &&
(current_floor <= top_floor))

add{current_floor, 1); }

private:

add(int &a, const int& b)
{a=a+hb}

protected:

int current_floor,

Direction current_direction;

int top_floor;
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main{int argc, char “argv) {
Elevator *e_ptr;
if (argvil])

e_ptr = new AlarmElevator(10);

else

f

e_ptr = new Elevator(10);
e_ptr->go(3);
cout << "\n Currently on floor:"
<< e_ptr->which_floor() << "\n";
}

(Z2 1% 6-2) DOPDGE o] &3 SdlolAd g 7

(Program 6-2) A sliced program using DOPDG
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procedure ¥4 p+tpc+t3*py
class £ S+ sc+m+ 3 *sv

(£ 6-4) 7|€9 3 ARG 2Z1W & 1z By
(Table 6-4) Complexities of a traditional dynamic object—oriented

program dependence graph
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= B % g(procedure $4) + BIE plclass %)
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633 MDA &3 AAAY 221 T4 29z BFx

(=224 4-1) ¢ (ﬁil% 4-2)9] oA T s B =
oA AAG A" 54 ANAEG zE2aP 24 32 (IDOPDG)Y
BAE o7} (F 6-5)9 YERY 9loh,

IDOPDG E#4=

procedure &4; pv + p + 2 * (pc + sc)
class % S+ svV+sc+tm

(£ 6-5) AMH 54 ANAY T2ad F& 19xe] Byx
(Table 6-5) Complexities of a Improved Dynamic Object-oriented

Program Dependence Graph
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B4 E g(procedure £%) + 2ZE p(class £%)

N
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pv +p+rZ2*(pct+tsc)+tstsv+tsctm
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634 E&4 v

(Z23 413 (222 4-2)9 oA =2 tjsle} JHE
39¥ 9} which_floorO& 7IF o2 & d, 7]&2] OPDGS} DOPDG 1¥
i, ¥ =%dA AA® IDOPDGY &#tolxel =715 Hlude Hold
ol (& 6-6)°] et i, BRAEE Hwsti= HolBol (¥ 6-7)o e
U it

(1) getol=9 27]

ol 2o A7
AAAGF 221y
%4 3= (OPDG) »
T AAAY =gy
F4 a9 = (DOPDG) 18
NAE 54 A A&
T2 & = 15
(IDOPDG)

(¥ 6-6) &gtol29] A7|E v w3t HolE

(Table 6-6) Table that compares sizes of slices
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