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An Efficient Test Case Genaration Method for Software Changing

Nobutoshi FURUYA, Koichi ONO, Yoshiaki FUKAZAWA, Toshio KADOKURA
School of Science and Engineering, Waseda University

We present a method for automatic test case generation to test a changed software effec-
tively. With test cases generated by our method, only influenced parts by changing of the
software are tested. In general, specification changing doesn’t directly correspond to program
changing. In order to cope with each changing, both specification and program infomations
are utilized to decide where to be tested in the changed software. The former is assumed to be
written in formal algebraic specification language. Test cases are generated from the axioms
in the specification. By our method, effective testing is realized with far less test cases than
wholly coverd ones.
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module int_set;
sort int_set;
use INT, BOOL;
ops
cstr
empty: -> int_set;
add: int * int_set -> int_set;
non_cstr .
member: int * int_set -> boal;

eqns : ;
add(X,add(X,Y)) = add(X,Y); ce (%)
add(X,add(Y,2)) = add(Y,add(X,2)); ...(¥)

member (X,empty) = false;
member (X,add(Y,Z)) =
if eql_int(X,Y)
then true
olse member(X,Z)
endif;
end;
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medule int_set: final;
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40
ops
non_cstr
half: posint -> posint;

eqns
half(X) = div(X,2);

(FRAMr—2R)
half(0) = div(0,2);
half(1) = div(1,2);
half(32767) = div(32767,2);
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a(X,Y) = d(X,1)+Y;
d(X,0) = 1;

[o(X) = d(0.X):]
[6(X) = b(x-1); ]

[ 6: 7O I AEEITLDT X MERT

TR haRAE

3.4 {EHTESR

(1) RKREHEHED S CESP NOEH

Bouge & BMAR MBS EICER LT, RB¥H
DEMYEE Wz TE R HET 720IC 2P o 2 Bouge 135
HAIEFE T Prolog X Metalog % 7225, ABETIXZ
DFEREEY CESP KHEET 5,

F 7Yz MENOBREEILY Ansz CESP Tid, o+
TV FOREARFTLATY b EFHINRAZEHR
WeDOATF 20 NIFOTENTES 4o o Ts IR
REBEFNVEIER L TR - KT &M4HE2 Yot
DR EE D S O CESP ~OEBEFS—KMICHKRTH B L
Obhs,

HFETHAKMEREE CESP CERT A & xHlA
720 CESP D S ARARF TV =y b, DF DMK T—
FTHBY, T THEBOERET HNEBCRICHIE S ¢
%, Prolog THBHOMREFRD OME S WD ik%E 7o




TILIEWSED L RRMETH - 7245, BRERT
FNEFTHIZENTE S, .

77 ARRBRIHB SRS, F— s HBBTLY—
F(E) OBRERMS L L3 LV, FODY—
MBS ARIE—ELTITIZ T A sort 5B LD LD
ERLTEE, 7 I ADHEHESOEHRORKET, 7
FAsort EBLTCY = bDF 2y 7 %FbEB LI L
Ko 7T X sort MBI R L o LHBEEOFT— 5 <~
AEFLE TR EZLZ2VH, ThIZFEMICBOY -
EVERSNL, DLELDSEERIN-HETEDLS

BHRR B 12 LB RIFUHTEICY - b F oy
7§ B ORBOHREIBEDOL ZAHHFTELV,

CESP ~DOEHBAN %R, EBDERRIZ C & CESP

DRI OEDPo>THELTWS,

<D use HIOLH>
(4E#%) module modo;
use modi,...,modn;
(CESP) local
find_st(A,B) :-
:find(#sort, [mod0,modd, ... ,modn] ,A,B);
<HEEZFBOLHR>
(ft#%) non_cstr

p: xI1x. . .*xn -> y;

(CESP) 2 5 A RFEE#L
:p(0,X1,...,Xn,Y) :-
p(X1,...,Xn,Y),
:sort (#sort,X1,x1),...,
:sort (#sort,Xn,xn),
:sort (#sort,Y,y);

<if LODEEHS>
(HEHE) a(x) = if t(x)
then b(x)
else c(x)
endif;
(CESP) a(x) = b(x) :- t(x,bl_true), !;
a(x) = c(x) - 1
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<HH 1>
coog(xl, . 0xn) =y L. <=

Cgxl, . xnLy) L.

<HH 2>
plg(x1,...,xn),22,...,zm) :- ... <=>
p(¥,22,...,2m) :- g(x1,...,xn) =y ...

<Bi 3>
= plglxl,...,xn),z2,...,zn) ... <=>
.- gxt, .o ,xn) =y, p(y,22,...,zm) ...
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= ..op(x1,...,xm) L. <= _
= ... find_st(p,0), :p(0,x1,...,xn) ...
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class int_set has
:member(0,A,B,C) :- member(4,B,C),
:sort(#sort,A,int),
:sort(#sort,B,int_set),
:sort(#sort,C,bool);
local
find_st(A,B) :-
:find(#sort, [int_set, int, bool]l,A,B);
member (X,empty,bl_flase);
member (X,add(Y,Z),bl_true) :-
:find_st(eql,0),
:eq1(0,X,Y,bl_true), !;
member(X,add(Y,2),A) :-
:find_st (member,0);
:member(0,X,Z,A), !;
end.
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eql(X,X) = true;

eql(X,Y) = eql(Y,X);

imply(and(eql(X,Y),eql(Y,2)),eql(X,Z)) = true;
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eql(a,a) = true;
eql(a,b) = false;
falsae;

eql(a,c) =
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ops
non_cstr
eql: s * s -> bool;
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class ... has
:0q1(0,4,B,C) :- eql(4,B,C),
:sort(#sort,A,s),
:sort(#sort,B,s),
:sort(#sort,c,bgol);

local
aql(A,A,true):-!;
eql(_,.,false);
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£(X) = if eql(X,1)
“then true:
else false

endif ;
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iswin(red,score(R,W)) =
if eql(R,15)
then true
else false
endif

4
iswin(red,score(R,W)) =
if R >= 15 and R >= W+2
then true
else false
endif
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ge one(X) = (X >= 1);
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bool ge_one(int x)
{
if (x == 1)
return true;
else
return false;

}
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1 >=1);
(0 >= 1);

go.one(1)
ge_one(0)
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red_win(R,W) =
white_win(R,W)
gameset(R,W) =

Thicx L, BROHEE 15 mANEFio T, i game-
set A VT AV hERIET B,

(R >= 15) and (R >= W+2);
= (W >= 15) and (W >= R+2);
red_win(R,W) or white_win(R,W);

Bool gameset(r,w)
int r, w;
{
if ((r == 18) || (w == 15))
return true;
else
return false;

b

gameset ZEHTH=FHOATICH L, FAFr—A%
ERT DL,

gameset(15,0)=red_win(15,0) or white_win(15,0);
gameset(0,15)=red_win(0,15) or white_win(0,18);
gameset(0,0)=red_win(0,0) or white_win(0,0);

Ehb, HOPKIDTFA M r—ATId, NTERRT
v,

CDEIRNTERFELTLE ) O, RO
BHONFUHELE{KE, 7O 60T 12— VOIFY
B LEFHEF B L TRz Th b, o> T gameset
EFAMTAEAE. gameset % LC red_win, white-win
DTFAMEHELRZTEIR2 L 20, L LB
BB & o T, MO LOREREIEL 25 Z LIZLET,
FRICESTTF A M r— A0EEHMICHALTLE
v, ERAMNTE .

EVaA-VEBRSSEHBHUWSEL HELHEILR
B, BHICHKAD o 2TV a— VBB L ORY
HMLUBROMIEE &5 L 3EEICEMETH 5,

FAM —AOHRBETAIVOEAD M V—FF 7 %2E
ANE ChECOFTENRETHL LB bNE, L
LD, SO ENTEH DI, TEB5THE
DIFRBEE OO LR ICRERER PR TA &
PHE—DFETHHLEZ TN,

5 #&U

EEFfTbhAv 7 byz7 L. RE»oMED
BRVFRA M r— AT DFEEG 272,

ABRTE, P LEBR ST O T AHFILELL
WES 5 &9 ISR RA L, Shs L, il

— R e AR~ DICH SRR T & 5 [3] [6].

Tl WRIVAFLEF T2y MER 0T T AT
[RETAIEKE->T, 7R MEMHE L VBB CRET
BT EBMETETH B,

BifE Sun-4 @ CESP = VT, CESP & C%2ho
TAY TR M EFFoTnD,

GHiE. TAFOBBETR, A MEROARNE
ROEDLHANE T A PRERMELTWFETD
60
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