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Software Debug Supporting Tool
Based on Program Dependence Analysis

SHINICHI SATO,t HAJiMU IiDA 1t and KATSURO INOUE?

Debugging large and complex software is not easy task since localizing and identifying faults
are very diffcult. We have depeloped a debug tool which extracts program slices and which
partially evaluates program texts based on program dependence analysis. Using this toolOwe
can extract parts of the program which would relates to bugs( and also we can execute and
trace the extracted parts. Using this toold we would expect that the debugging process will

be more efficient.
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00D000000000D0000DO000DO00 170 program euclid(input,output);
00000000

000001 00000000000PDGOO2
000000 PDGOODOOOODODOOOOOOO

1

2 var Xx,y,g,l:integer;

3

4
gboobo0oOobooobUooboouoobbobobo 5 var temp:integer;

6

7

8

9

function ged(m,n:integer) :integer;forward;

procedure swap(var a,b:integer);

0000000000D0000D000D000000n begin
DDODOODOOODODO0OOOCDOODODOONDO temp:=a;
0000000000000 DDOODOODOONn a:=b;
0000000000000 0000DO000000n b:=temp;
0000000000000 O0000DO0 10 end;

22 0000 11 function lecm(a,b:integer) :integer;
000000000 D000000DODDOODO 12 var c:integer;
00000000000 s000000»00000 13 begin
00O0DDO0OPDGOODOOOOCDOOOOODOD 14 c:=gcd(a,b);
DDODOODDDDOsODOD0 00000000 15 lem:=(a div c)*(b div c)*c
000000000000 D00 0 16 end;
PODGOOOOODDODOOODODOOOOOOO 17 function ged;

00000 forward sliceD 000000000000 18 var w:integer;

000 O backward sliceD 00O 19 begin

000000001 0000000000000 36 20 if m0 n then begin
000000000000 g0000 backward slice 21 swap(m,n) ;
00000D000D0000000D000000000 22 end;
g0D00000D0000000000001emn 000 23 while n0 [ 0 do begin
0000000 Do000 24 w:=m mod n;

23 0000 25 m:=n;
0000000000000 D0000000000 26 n:=w;
00000000000000D0000000000 27 end;
0000000000D0000D000D000000n 28 ged:=m;
0000000000 0D000D0000000DO00 29 end;
0000000000000 000DD0O000O00n 30 begin
00000000000 000D0000000000 31 writeln(’Input x and y’);
000000000000 D000000000000 32 readln(x,y);
0000000000000 D0000D0D0O000O00 33 writeln(’x=’,x,” y=’,y);
000000000000 160000000000 34 g:=gcd(x,y);
000D0000000D000D0 POOOOODOOODO 35 l:=len(x,y);

oooono 36 writeln(’ged=’,g);
(1) PODODODOOOOODODODOODOOO 37 writeln(’lem=",1);

O«:000000D00DODOO 38 end.
01 PDGOOOOOOOO
(2) Hobopobooooboooon <00 Fig. 1 Original program of PDG.
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program wordcount(in,out);
var a,b,c:char;
in:array[0..1000] of char;
liinteger;
letter,word line:integer;

isinword:boolean;

begin
writeln(’Count the letter?(y/n)’);
readln(a);
writeln(’Count the word?(y/n)’);
readln(b);
writeln(’Count the line?(y/n)’);
readln(c);
i:= 0
letter := 0;
word := 0;
line := 0;
isinword := false;
while inf[i] 00 EOF do begin
if a =y’ then
letter := letter + 1;
if ¢ = 'y’ then
if in[i] = EOL then
line := line + 1;
if b =y’ then
if (infi]0 0’ ’)and(in[i]0 O EOL) then
begin
if isinword = false then
begin
isinword := true;
word := word +1
end
end
else
isinword := false;
1:=1+1
end;
if a = 'y’ then
writeln(’letter =’ letter);
if b =y’ then
writeln("'word =’ ,word);
if ¢ =y’ then
writeln(’line =’ line)
end.
03 0O0O0O0O0ODOOOOOO

Fig. 3 Original program before partial evaluation.
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program wordcount(in,out);
var a,b,c:char;
in:array[0..1000] of char;
liinteger;
letter,word line:integer;

isinword:boolean;

begin
writeln(’Count the letter?(y/n)’);
readln(a);
writeln(’Count the word?(y/n)’);
writeln(’Count the line?(y/n)’);
1:=0;
letter:=0;
line:=0;
while inf[i] 00 EOF do begin
if a="y’ then

letter:=letter+1;
if in[i]=EOLN then

line:=line+1;

1i=i+1

end;

if a=’y’ then

writeln(’letter =’ letter);
writeln(’line =’ line)
end.
04 0O0OO0OO0OODOOOOO

Fig. 4 Result of partial evaluation.
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Fig. 5 Components of this tool.
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| progrem coverage(input ontputy ward slice 0 00 0000000000000
2 var Sum, Max, Min, Mean: integer; 000000000090000000000
: o e DL-ol ofinteger 000000000000000000000
5 procedure calc(var sum, max, min, mean: integer); UDMaxDOOODOODODDN24,26,270 0
6 var i integer; 0000000000000000000000
o UL 2800000000000000000000
5 e T 0000000D00000000000000
11 sum = sum + A[]; 000000000000000000000
12 if Ali] O max then
13 max i= A[1] 00000000
i L (3) 30000Mx0000000000000013
o =i 000000000000000000000
18 mean = sum div n; 000000000100000000000
10 ends 00000000000
20 begin (4) DO00D0000D0000000000000

21 n = 5;

22 writeln(’Please Input ’,n,” values’);
23 readln(A[1],A[2],A[3],A[4],A[5]);
24  Sum := A[l];

25  Max := A[l];

26  Min := A[1];

27 Mean := A[l];

28  calc(Sum, Max, Min, Mean);
29  writeln(’SUM 17, Sum);

30  writeln("MAX : 7, Max);

31  writeln(’ MIN : 7, Min);

32 writelnMEAN : 7, Mean)
33 end.

06 0O00O0O0OOOOOO
Fig. 6 Example of program including a bug.
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0000000000007 O00O00O00O0O0O
0000000000000 0MAXOOOOD
oooOo
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Table 1  Analysis speed.
program oo oooo oooo(o)
wce 48 0 0.09
calendar 84 4 0.22
201 89 4 0.63
arraysum 93 13 0.07
pal 230 13 3.95
hanoi 28 2 0.1
mutual 95 4 0.91

oooboooooo2200000000000O0
Oo0O00oooooooopbGOOOOOOOOOO
oooooooobobobobbO00000o0oooob1
O000000pai000003.9500000000
ooooooooooooo0oooooooboboo.e2
goboo0o.00boooooboooooooooDn
gooobobooooooobooobooOoooDbDbDbn



Vol. 37 No. 4

gobooooooooboooooooobbboboon
ooboooobooooooooo
obooobOoooO0DOwc0ODODOODODO
oooooboooooboboooDbDoobooobOoooboo
4690 000000000000000O0000O0O00O0
oob200000000000000D000DDO
oooooobOooooboobooobooboobOboooDo
ooooooobooo
43 000O0O
ooobooooooooobooooooooboooobo
gobobooooooooOo0oooooobDbOboDbDobD
gobobooooooooooooooboObbbOoDn
oooo01000000000000000b000038
oboooboobOo200000000003000
04000000000000D00004600000
oobO02000000
4.4 0 O
oooobobooooooooooooooooobo
goboooooooooooo0ooobooDbbbn
gobobooooobooooooooooobobDon
gobooooooooooOoobo0oooooboon
goboooooooooboooooobbObbDbb
gobooooooooooO0o0o0ooo0oooboDoon
gobooooboooooooooooooooboDoon
ooooooboooobooo
obooooobooooOobOoO0oDOob0o0ooonoo
0000000000Y0000000000000
gooooooooooopbGOOOOOCODODOO
goboooooooooobO0o0o0ooo0oooboDon
goboooooooooOo0o0ooo0oooDboDbn
OooooooooooooopbGOOoOoOOOg
gobooboboooooooooooobbOboboon
gooobooooooooboooooooooDbDbDbb
gobooooboooooooooooooooboDbDoD
ooboooooooooo
ooooobooooooooooooooooobo
gobooooooooooOooDbOoooooDboDbon
gobobooobooooooooobooooooobobDon
gobooooooooooOooDbOoooooDboDbDbn
gobooooooooboooOoOoDbOOo0ooooDbobDoD
ooooboboooooooooooooooooobo
gobooooooooooooooooobbbobOon
goooobooooooooooooooobDbbDbD
gobooooboooooooooDOooooooboDoDbD
goooboooooooooooooooooboDoDon
ooooooo

gooooooooOoOOoOoO0o0o0ooooooOobOo0o0o0ooo 7

5. 0O 0O O

00000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000000000
000000000000000000000000
000000000000000000000000
0000007 000000000000000
00000000000000000000000
00000000000000 292000000
000000000000 0000000

00 00000000000000000000
000000000000000000000000
0000000000000000

g o o0 0

1) Agrawal, H., Demillo, R. A. and Spafford,
E. H.: Debugging with Dynamic Sllicing and
Backtracking, Software—Practice and Fzperi-
ence, Vol. 23, No. 6, pp. 589-616 (1993).

2) Choi, I.-D., Burke, M. and Carini, P.: Effi-
cient Flow—Sensitive Interprocedural Compu-
tation of Pointer—Induced Aliases and Side Ef-
fects, Conference Record of 20th ACM Sym-
postum on Principles of Programming Lan-
guages, Charleston, South Carolina, pp. 232—
245 (1993).

3) Coen-Porisini, A., Paoli, F. D., Ghezzi, C.
and Mandrioli, D.: Software Specialization Vi-
a Symbolic Execution, IEEFE Transactions on
Software Engineering, Vol. 17, No. 9, pp. 884—
899 (1991).

4) Fritzson, P., Gyimothy, T., Kamkar, M. and
Shahmehri, N.: Generalized Algorithmic De-
bugging and Testing, Proceedings of the ACM
SIGPLAN ’91 Conference on Programming
Language Design and Implementation, Vol. 26,
No. 6, pp. 317-326 (1991).

5) Fritzson, P., Shahmehri, N. and Kamkar, M.:
Generalized Algorithmic Debugging and Test-
ing, ACM Letters on Programming Languages
and Systems, Vol. 1, No. 4, pp. 303-322 (1992).

6) J00000:0000000,0000, chap-
ter 4, pp. 63-79 (1987).

7) Gallagher, K. B. and Lyle, J. R.: Using Pro-



8 ooooooooo

gram Slicing in Software Maintenance, IEEFF
Transactions on Software Engineering, Vol. 17,
No. 8, pp. T51-761 (1991).

8) Lyle, J. R. and Weiser, M.: Automatic
Program Bug Location by Program Slic-
ing, Proceedings 2nd International Conference
on Computers and Applications, pp. 877-883
(1987).

9) Naoi, K. and Takahashi, N.: Detection of In-
feasible Paths with a Path Dependence Flow
Graph, Transactions of the Institute of FElec-
tronics, Information and Communication En-
gineers, Vol. JT6D-1, No. 8, pp. 429-439 (1993).

10) Pande, H. D., Landi, W. A. and Ryder,
B. G.: Interprocedural Def-Use Association-
s for C Systems with Single Level Pointers,
IEEE Transanctions on Software Engineering,
Vol. 20, No. 5, pp. 385-402 (1994).

11) Ramalingam, G.: The Undecidability of Alias-
ing, ACM Transactions on Programming Lan-
guages and Systems, Vol. 16, No. 5, pp. 1467—
1471 (1994).

12) 00 00,00 00,00 00:0000000
000000000000 00000o0oo0o00
0,0000, Vol. 95, No. 475, pp. 9-16 (1996).

13) Shimomura, T.: Bug Localization Based on
Error—-Cause—Chasing Methods, Transaction-
s of Information Processing Society of Japan,
Vol. 34, No. 3, pp. 489-500 (1993).

14) 00 0D0:000000000D000D0D0O0OO0,
0ooo (1995).

15) 00 00:000000000000D000OO0
000000000, 0000,0000000
0000000 (1994).

16) OO0 00,0 0,0000,0000:0000
00000000 oooooo,000gooo
0oog, Vol. 178-D-1, No. 1, pp. 11-22 (1995).

Apr. 1996

(0070802000)
(008D 207000)

o0 0ooooooo

O0460000060000D0DO
ooooooooooooboooon
oooooooooooooooo
oboobooobooooooDo

oobooODbDO0o0ooooooobboo

od oooobooo

obe30D00O0DOD0ODODODO
oooooooooooooooo
oooooooooooooooo
oooooooooooooooo

oooooooooooooooo

gobooooooooooooooobobODbbobOoDo
gobooboooooooDOoDOoooboDbDbbDbb
goboooooooooOobO0o0o00o0oo0oooboDon
O0O0000OoOoolIEEEDDODODOOOOCODOO0
ooo0o

o0 ooooooo

obs4000000000000
oobooODO00Osy000ooooon
oooooooooooooooo
ooooooooobsgooooon

ooooooooooooooboo

0610000000000 OODODOODDODOO
ooooobbooos3songoooooooooro
1200000000000O00DODODOO0O0O0O0O0OO
O00O0000000ACMOIEEEDOCDOOOOO
ooboo




Vol. 37 No. 4 gooooooooOoOOoOoO0o0o0ooooooOobOo0o0o0ooo 9
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b-para-in
a-para-in

while n<>0 d "

: N :’
N=w |=\..-

| 4 m

|

ettt e ettt ee e ‘ writen(Input x and y’*

e
: a
a

i readin(x,y)
‘ ii "
b y
i ged X [Writeln(’x=’,x,'y=’,y)]

g:=gcd(x,y)

02 PDGOO
Fig. 2 The PDG.
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o
=00 o =10 =l

e s e e e e
00 S =100 0N d= Qd kD

[l awly ity Sl Sl S Sl Sl Sl Sl Sl e
CO PRI = 200 00 =100 O = 00 kO =

display
Flease Input 5 values
12345
SUM + 15
MAR 01
MIN 01
FEHN HIC
07 0000000000
Fig. 7 Output of the program.
— Slice

vamame | 4 Backward |W Control flow|[Level| Cancel |

har] ~- Forward |0 Data flow | 0K, |

08 00000000
Fig. 8 Select window.

progran coverage (output) ;
var  Sum, Max, Min, Mean: integer;
Ar array[l..5] of integer;
n: integer;
procedure calc{var sum, mad, min, mean: integer);
var it integer;
hegin
i=1+1;
while i <= n do
hegin
sum $= sum + A1l
if ALL] > max then
mas 3= ALL]
else if A[i] < min then
min = A[i];
is=i+1
end;
mean 1= sum div ns
end;
hegin
n o= 5;

writeln(’Please Input ',n,’ walues’);
readln(A[1], A2, AL3], Al41,A050);

Sum = A[1];

Max := A[1];:

Min = A[1];

Mean := A[1];

calc(Sum, Max, Min, Mean):
writeln(’ SUM t ', Sum)
writeln(’ MAX t Y, Mawds
writeln(’ MIN Y, Mins
writeln( MEAM : 7, Mean)

end.

09 0O0O00O0OOOOOOOOOOOOOO
Fig. 9 Result of slicing(slices are shaded).
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