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p (Program Slice) p n
v n v p

Mark Weiser [1] ,

Calling-Context[4] Calling-
Context Calling-Context

Calling-Context

Calling-Context

.GUI) (5 ) GUI

2 3 Java



(Program Slicing) P s
v K s w
w Q
(Slice) Mark Weiser[1]
2.1
Phase 1: (
Phase 2: (Program Dependence Graph, PDG)
Phase 3: PDG
2.1.1 Phase 1:
Phasel
(6] ) 2
[ ]
p 51 52
51 9 (Control Dependence CD)
— 51
- 52 51
[ ]
p 51 82 3
51 9 v (Data Dependence DD)
- S1 v
- 59 v



2.1.2 Phase 2:

Phase?2 Phasel
(Program Dependence Graph PDG
(
)
[4, 6]

2.1.3 Phase 3:

Phase3 Phase2 PDG
PDG
2.2
2.2.1
[5]
[ ]
PDG
if while

PDG

S1

PDG

52

[4, 6]
(PDG)



(Reaching Definitions RD)

PDG t RD v s (v,s)
1 s v
2 s 1 v
t RD (v,s) t v s t
(DD(s,v,1))
S t st
(CD(s,1)) if while
PDG
( )
PDG PDG
RD PDG
[6].
PDG &G & E
S v V
1. V—{nn S }

2. N — {n|{v,n) € RD;n(5)}

3. N #£¢
e leN
o« N—N-{l}
o V—Vu{l}
o N — NU{k|(k€ V)A(kZsl € EVk—=)A(k g-in YAk para—in
1} kXl k l
e kb para—n para—n
N —NU{kl(kg V)A(k Zule EVEk—al)} k2.l
k ! )



2.3

2.3.1
p p [7]
1. Definition-Use DU
p =Def(q, w) q w
p<r<gq
w p
Ins(p) P Def(p) p
Use(p) p Ins(p)
p 9(p < q)
DU(p, q) w € Use(q) p =Def(q, w)
DU(p, q) p w
w € Use(q)
DUw(p, q)
2. Test-Control TC
t CtlExec(t)

CtlExec(t) ={ s|CD(s,t)}

t t  CtlExec(t)
p a(p < q) TC(p.q)
p=max{ ili < q Ins(?) € CtlExec(Ins(q))}
TC(p,q) q Ins(q)
P Ins(p)
q Ins(q)
q TC(p,q)
q Ins(q)

Ins(p)



r

(0, p) P
VarREF(p)

VarREF(p) = { (v,q) | DUv(q,p)}

P q Control(p)
C=(x,mV)
o P
o7 P x
o V P
P C=(z,mV)
1. DS — &
CalcDsObj «— ¢
CalcDsObj

2. DS « {Ins(r)}
CalcDsObj — { q] veV q=Def(r,v)}

3. p € CalcDsObj
CalcDsObj — { q | VarREF(p) U Contorol(p)} U CalcDsObj
DS — DS U {Ins(p)}
CalcDsObj — CalcDsObj - {p}

P

CalcDsObj 3 CalcDsObj DS

C=(x,mV)



2.4 Dependence-Cache

(
)
( )
( )
DC [?]
2.4.1 Dependence-Cache
s v v (1)
DD(t,v,s) v
s DDS(s)
DDS(s) 2 («
")
v DefS(v)
DefS
(1) s DDS(s)=¢
(2) 5
e s v L DDS(s)— DDS(s)U(v,DefS(v))
e s v DefS(v)=s
* kO 2 VXU ok k U

*U

10



DDS(s) DDS(s) =
{(v,t)|DD(t,v,s) }

(3) DDS PDG s

o DDS(s)# ¢
— DDS(s)— DDS(s)— {(v, 1)}

v

- —s s

e S { S-—-» 1
2.5
DC 1
(3]
> DC >
> DC >
> DC >
1:
| DC
PDG
C (23,d)
1 2 DC 2

11



C

1: #include <stdio.h> 1: #include <stdio.h>
2: #define SIZE 5 2: #define SIZE 5

3:

4: int cube(int x) { 4: int cube(int x) {

5: return x*x*Xx; 5: return x*x*Xx;

6: } }

7:

8: void main(void) 8: void main(void)

9: { 9: {

10: int a[SIZE]; 10: int a[SIZE];

11: int b[SIZE]; 11: int b[SIZE];

12: int c, d, i; 12: int ¢, d, i;

13:

14: al0o] = 0; 14: alo] = 0;

15: al1] = -1; 15: al1] = -1;

16: al2] = 2; 16: al[2] = 2;

17: al3] = -3; 17: al[3] = -3;

18: al4] = 4; 18: al4] = 4;

19:
20: for (i=0;i<SIZE;i++) { 20: for (i=0;i<SIZE;i++) {
21: bli]l = alil; 21: bl[i] = alil;
22: b 22: }
23:
24: printf("Input: ");
25: scanf ("%d", &c); 25: scanf ("%d", &c);
26:
27: if (¢ >= SIZE) { 27: if (¢ >= SIZE) {
28: c =c % SIZE; 28: c =c % SIZE;
29: b 29: }
30:
31: d = cube(blcl); 31: d = cube(blcl);
32:
33: if (d < 0) { 33: if (d < 0) {
34: d=-1 % d; 34: d=-1% d;
35: b 35: }
36:
37: printf ("%d\n", d); 37: printf ("%d\n", d);
38: }

1: C (23,d) 1

12



DC
1: #include <stdio.h> 1: #include <stdio.h>
2: #define SIZE 5 2: #define SIZE 5
int cube(int x) { 4: int cube(int x) {
return xX*x*Xx; 5: return xX*x*Xx;
} }
: void main(void) 8: void main(void)
9: { 9: {
10: int a[SIZE]; 10: int a[SIZE];
11: int b[SIZE]; 11: int b[SIZE];
12: int c, d, i; 12: int ¢, d, i;
14: al0] = 0;
15: al1] = -1;
16: al2] = 2; 16: al2] = 2;
17: al[3] = -3;
18: al4] = 4;
20: for (i=0;i<SIZE;i++) { 20: for (i=0;i<SIZE;i++) {
21: bl[i]l = alil; 21: blil = alil;
22: } 22: }
25: scanf ("%d", &c); 25: scanf ("%d", &c);
31: d = cube(blcl); 31: d = cube(blcl);
37: printf ("%d\n", d); 37: printf ("%d\n", d);

2: C (23,d) 2

13



3 Java

C Java, C4++

Java[l12, 13, 15] Java

3.1

Java

Java
DC [10] DC Calling-
Context[4](4.2
4

PDG

3. GUI

3.2

(@unG )

GUI

14



source byte code +
program translate code )™
| | | !
l javac -slice | l java-dlice
Trandate Compiler VM ul

N / N\

source +
translate code PDG

static control dynamic data + inter-method
dependence analysis depandence analysis

3: Java

15




Calling-Context[4]

4.1

PDG

PDG

global-def-in /

global-def-out /

global-out /

parameter-in /

parameter-out / (

actual-in / /

actual-out / /

func-return

func-exit

4.2 Calling-Context

Calling-Context[4]
4
4 main 6 c Calling-Context
5 m main 5

Calling-Context 5 m main

16



int a;

main()
{
1 a=1;

2 int b = m(a);
3  print(b);
4 a = 3;

5 int ¢ = m(a);

6 print(c);

2.5
1,2

Java

Calling-Context

4.3

Calling-Context

PDG
PDG

Context

PDG

m(int x)

: Calling-Context

RETURN

17

2 return y;

1 int y = x+1;

Java
PDG
(index)
Calling-
mndex =0
CALL
) index
CALL



RETURN
4.4 PDG index(
PDG

4.4 Add Method-Indexed-Edge

4.5

Add Method-Indexed-Edge PDG
index retun  (
)
PDG index
index
5  Java 2 Add Method-Indexed-Fdge
PDG 7
n(int x)
int a = 1; // global
{
main(){
int y = n(x+a);
int b = 1;
return y;
int ¢ = m(b);
print(c);
if (¢ > 5){;
int d = m(c);
print(d);
int t = s*2;
return t;
5: Java
2Java ,System.out.println(c)

18

index

return

print(c)



1
2
3

4

6
7
8
9

(
(
(
(
(5
(
(
(
(

10

12
13
14
15
16
17
18
19
20

21

)
)
)
)
)
)
)
)
)
)
11)
)
)
)
)
)
)
)
)
)
)

(
(
(
(
(
(
(
(
(
(
(
(

ADD METHOD-INDEXED-EDGE

call_number = call_number + 1

end

s PDG N
Java
DD-Edge index PDG
PDG DD-Edge index
call_number = 1
while then begin
if 3 t x then begin
ng—ng X
end
else if 3 t then begin
ng—ng X
end
else if 3 then begin

while then begin
mdex = call_number
end
end
else if s return then begin
call_number = call_number + 1
while then begin
index = call_number parameter return
end
end
6: ADD METHOD-INDEXED-EDGE

19



int a=1; 1/ global

:PDG point '

:data dependence edge :

. 2 = ===» :control dependence edg';e
: —-—=> :method dependence edge
; R » :method-argment edge

: RGN .
. . a-actual-in [ .

: L mereturn ... N _—
- N e M~ - I I :
' 1 H . .
: _.call : JI )
Z } index=5 L :
. _/" r '
' } P /./‘/ H .
. _- .
e e e e e e, D ... call . . _..... s
'/_,e -/_a— - ) I -I
_________________ T, index=5- .
.~ " — - I
, .- ——— i
it —— e T e — =
N G W e o W SRR ,
i x-formalin i a-formal-in i . :
: emmm——— r ..... _,\\.‘.‘“_‘“__; ..... 7.._» . : /'l'.—--f ..... l._ .
. R : . s-formal-in .
Qo int mint ) ) S a o cal T AT IITT d .
: _\. ..... .‘ ..... ~ index=2,6 a \ '

D

(i) (x+a)-actual-in P

g . '

i ;
~T¥~._return .

—.
o~

}

B

N N— ——
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" index=3,7 T~ -—. n-exit

~ - ———

—

!
|
!
|
!
|
!
|
!
|
!
|
!
|
!
!
!
|
!
|
!
|
!
|
!
|
!
|
!
|
- .

“return



4.5 Trace Indexed-Edge PDG

Trace Indexed-FEdge PDG

index PDG
Calling-Context CALL RETURN
index index
mdexr =n  RETURN RETUN
CALL CALL CALL
index 1
RETURN CALL index
index <=n index CALL
mdexr = 13 RETURN M
M CALL
CALL index = 4,7,10
RETURN CALL mdexr = 10 CALL
CALL
RETURN index n RETURN CALL
index m m==mn m==n—1 CALL
RETURN m<n-—1 CALL
RETURN
m<=z<n—1 T
index
index
HashTabale mndex = n
HashTable[n]
mndex = n

HashTable[n]

PDG
3
8 method A mmdex =6 RETURN
method B . RETURN CALL

21



method A()
A

method B(x) | method C()

B(0)

i (x<0
7 ! (éf/ retrun
B(l)“ 3
return
8:
indexr = 5 indexr = 3
index =4 RETURN
indexr = 3 method C
index
CALL CALL index
CALL index index CALL
2
PDG s s
index ==n RETURN s
t
— index
— index CALL Calllndex — Calllndex U {index}
— index = m m == n m==n—1

HashTable[index] — HashTable[index] U {t}
Tracelndex — Tracelndex U {index}

— lindex = m m<n—1

HashTable[index] — HashTable[index) U {t} CheckIndex —
CheckIndex U {index}

22



* CALL CheckIndex m<=z<n-—1

z  Tracelndex

— index index n
t
- n
Calllndex m<=n index m
CheckIndex m<=z<n-—1 z  Tracelndex
Calllndex Tracelndex CheckIndex CALL index
index
index

9  Trace Indexed-Edge PDG
10 Check PDG-Point Trace Indexed-Edge PDG
Check PDG-Point

23



TracE INDEXED-EDGE PDG

PDG DD-Edge index
HashTable][i],
index Tracelndex
index CheckIndex
v(=PDG s)
DD-Edge index PDG
(1) while s t then begin
(3) ifs PDG e index then begin
(4) ife v then begin
(5) Check PDG(t,0)
(6) end
(7) elseif e index then begin
(8) Check PDG(t,index)
(9) end
(10) while Tracelndex then begin
(11)  Tracelndex i
(12)  while HashTable][i] then begin
(13) HashTable[i] s
(14) Check PDG-Point(s,i)
(15) end
(16) end
(17) T

9: TracE INDEXED-EDGE PDG

24



CHECK PDG-PoiNnT

PDG DD-Edge  index

CALL index Calllndex
PDG s, index  max

T
PDG

Algorithm Check PDG-Point(s,max)
() T —Tu{s}

(2) while s then begin
3) ifs PDG e index then begin
(4) if t T then begin
(5) Check PDG(t,max)
(6) end
(7) else if t T maz # Othen begin
(8) {n | n,Va C Calllndex Aa <=n <= maz} n
{m |Ym C CheckIindex A n <= m <= maz} m
Tracelnder — Tracelndex U {m}
(9) end
(10)  end
(11) elseif e index then begin
(12) if t T then begin
(13) if CALL  then begin
(14) Calllndex U {index}
(15) end
(16) if index == maz — 1 maz == 0 then begin
(17) HashTable[index] — HashTable[indexz] U {t} Tracelndexr — Tracelndex U {index}
(18) end
(19) else if inder < max — 1 then
(20) HashTable[index] — HashTable[indexz] U {t}
(21) if CALL  then
(22) {m |¥m C CheckIndezx An <=m <= maz} m
Tracelnder — Tracelndex U {m}
(23) end
(24) end
(25) end
(26) else if t T then begin
(27) {n | n,Va C Calllndex Aa <=n <= maz} n
{m |Ym C CheckIindex A n <= m <= maz} m
Tracelnder — Tracelndex U {m}
(28) end
(29) end
(30) end

10: BHECK PDG-PoINT



@-’®"®' - -» HashTable[8]<-m8, Pointer<-8
\@@ @ - -» HashTable[4]<-m8, Pointer<-4

{ index = 8«— Pointer :— { S <+— HashTable[8] = m8 }

@»@ -»@ NS :ﬁ¥:::[[gzgg Pointer<-7

{ index = 4«— Pointer : — { S <— HashTable[4] = m8

- - .» Pointer<-3

{ index = 7¢— Pointer : — { S <— HashTable[7] = n5

@ -—@»@ o :ggﬁ::{{g}:m Pointer<-6

{ index = 6+— Pointer :— { S <+— HashTable[6] = m4 t=mm--- !

_,@ .. .» HashTable[5]<-11, Pointer<-5 J reached point
HeshTable[1]<-5 ~—

.« -» HashTablg5]<-10
HashTable[1]<-4

{ index = 2«— Pointer :— § S <— HashTable[2] = m4 }

{ index = 1«— Pointer : — { S <— HashTable[1] = 5,4

11:
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4.6

(all-indexed Slice)

Java
. (method-indexed Slice)
[ ]
. (DC Slice)
3
[ ]
[ ]
[ ]
Context
4.6.1
4.6.1

PDG

PDG

12

27

index

Calling-

index



TRACE ALL-INDEXED PDG
index

PDG s, index max

PDG

Algorithm Trace all-indexed PDG(s,max)

(Hifs T then begin
(2) T —Tu{s}
(3) end
(4) while s then begin
(5) if index < max index then begin
(6) index m Trace all-indexed PDG(t,m)
(7)  end
(8) end
12: TRACE ALL-INDEXED PDG

28



4.6.2

( 21 3 )
3
3:
method-indexed Slice | all-indexed Slice | DC Slice
() 9 8 13
index 6 20 -
PDG (ms) 3072 3566 2795
PDG (ms) 583 784 942
Calling-Context
PDG
( 32 ) 4
4:
method-indexed Slice | all-indexed Slice | DC Slice
() 14 14 14
index 0 80 -
PDG (ms) 2769 3155 2718
PDG (ms) 1101 1230 1060

29



241 )

5:
method-indexed Slice | all-indexed Slice | DC Slice
( 42 40 83
index 3316 19680 -
PDG (ms 55817 331256 15016
PDG (ms 7052 1275834 3489
1
1
)
1

4.6.3

Calling-Context

30
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3 Java

(GUI)

5.1

(Prgram Slice)[1]

AT&T SeeSlice[8]
[9]
. (
o
o
o
o
SeeSlice
( 13 GUI )
1:
2:
3:
)

32

SeeSlice

SeeSoft[7]

Java



=

o8 \O Slice
503 O
T s

ool 4_,9

13: ( )
5.2
5.2
Java GUI [5, 11]
13, 14] 3100 Java
5.2.1
Java Java
( )
Java = Execute (Compile)
14
Reference
14
Execute Command OK
5.2.2
)

33

Java[l2,
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File R jevs e

| —

|- | 1 senhurml
|“| 2 - T s

- | [WERL ] ]

E

g4

File
Intarmat ion
Filetame -

Packapelenn, jav

Iﬂli

Filefarh
it home L -
Fu iS5l ses pafu 51 9/d
At Packageleag. java
]

14:

Java = Slice = Translate

PDG

Java

Java = Slice = Get PDG

Complete Translate.Get PDG at once?
PDG

Java = Slice = Criterion

PDG

( 16 )

16
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H
H

inl € = Bk
Spstem out. print1ngo)

1] &gl €]

b= 1
ot o mnlcl;
Epuban. gut. println(d);

File

=

2t a

InTormalion L= ALY

FileMane : L=

J Sgubam gul. prinkl
testy. java | RS E T T
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15:

printinmyarray[1
printTnimyarray[2

printinmyarray[3]

out.printinial;

16:

35



5.2.3

Java

GUI

17

e
@ clans Pachaegilam |
ekl simbic wedd minCString ergaillls €
W Aa = rew KD
) U B ]
!E'llllljg...ir““ B b= o B
T int o= @bl
i File I. C¢om naw CL;
@ Trformat ian It 2 = €cliK, ¥
FileRane : Symbum. 3ul.pristInix}|
Fackagefionn, jav System dut.prietinle’)
a Symbem, gut.privtingzk;
Filgfars |
A amd_mmtTipmes e ;
fa i ETicay ek i 2
wocapeliem . fnve

EETIE [ PITTSRIm rer sy R

17:
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Calling-Context

Java

Java
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