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Abstract: Test suite optimization aims at satisfying all testing objectives with the least number of test cases.
According to the given testing objectives, the reduced testing reguirement set can improve the effectiveness and
efficiency of test suite optimization. This paper proposes a testing requirement reduction model that can describe the
interrelations among the testing requirements in detail. Based on the model, this paper presents a testing
requirement reduction method to generate the reduced testing reguirement set, which is the basis of test suite
generation, reduction and optimization. The experimental results show that the method is helpful to generate the
smaller test suite and it contributes to the systematic, reasonable and effective testing.
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2 T r Req(T)=r, VteTt r, VvitgTt r.
Test(r) R T Test(R)= | JTest(r). r T
reR
,  Test(r)=0, r . r=g;
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S0 ST (9 § ror,  R={rinr}.
(4) ri><rj , Ti,Tj ti,tj rifj. Wil ,R’={ri,r]~}.
, 1 R={r1,r2,r3,r4,r5}, [4=Is,
rs; roCra, ra; r,®rs, roNrs; ri><r;(i=2,3,4,5), r.
R’={r1,r2mr3},|R’|=2. s y
, ty ry, t o3, t I2,03,0 405,
R {ts,ta}, R. ,
1 R'={r1,r2r\r3} 5x6 2x2.
] {testy, testy} .
_ .-"'J — r4,r5'-‘x1
II B lI|
': 1 |'|._ . | |
| — -| -
"'-\._ rg
Fig.1 Relationship of testing requirements
1
Tablel Satisfiability relation of test cases and testing requirements
1
Test r ry r rs 1 I's 51 f2Mrs
test; x X
test, X X X x X
tests X X X
test, x x X
test5 X
tests X X
3
, TSO_TRR.
3.1
3 ‘TRR_Sub,TRR_Greedy = TRR_Linear. ,
TRR_Sub . ,
TRR_Greedy TRR_Linear.
TRR_Sub R={ry,ro....rm}, R. 1 ,TRR_Sub
Pair,|Pair|=C2; : Pair ,
, 2 cz
@ (2 O(log(m)).
Oo(m*log(m)). ,TRR_Sub )
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1. (TRR_Sub).
R.
: R.
R:=R; /! 1:
Pair:={ (r;,rj)Iri,rjeR(,j=1,2,....m,i<j)};
while (Pair ) 1 2:
Pair (ri,ry),Pair:=Pair—{ (r;,r)};
if (ricr;) then
R=R-{r}; 11(1) , ri
elseif (ricr;) then
R=R—{r}; 1(2) ; L
end if
end if
end while
TRR_Sub R'={ry,r,,....,} (k<m), TRR_Greedy ,
2 ,TRR_Greedy r,r R
: : R TRR_Greedy (1) O(1)(A
)y T @ 3 O(K), (€Y e ©) O(2k+1).if
then R , k (4) o9y, if O(k29.
while 21, O((2-1)(2k+1)+k- 29=0(3k- 2.
0(2", O(3k 2. , A A
P T .TRR_Greedy
2. (TRR_Greedy).
R.
: R".
R":=g; I 1:
A=R : " A R ( K1 )t
while (R ) 1 2:
A B,A:=A-{B}; (1) B A , R
F=rUrou.. . Ury, 11(2) r R
foreach rieB do 11(3)
r:=ror;; 1/ r B ,
end for
if (r2) then
R:=R-B; /I R
R":=R"+{r}; 1 r R"
A=R ; 11(4) A
end if
end while
TRR_Greedy ) , )
TRR_Linear. 3 , R, ( )
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, k R" R. , R
k , oK, o(K?). TRR_Linear
, ,  TRR_Greedy
,TRR_Linear , .
3. (TRR_Linear).
R.
: R".
R":=; 1l
while (R ) 1
R r,R:=R—-{r};
k:=r;
foreach rieR’ (r;=r) do
if (knri=d) then
k:=knr;; /! k R ,
R:=R'—{r}; I R
end if
end for
R":=R"+{K}; 1 k R"
end while
32
; R’ ;
: R ,
TS|T§=R".  .R” r :
t r. r=r NG, NN, s r s
, T r r, ty to, tieTest(ry)=Test(r, Nr, N..Ar, ),
tae Test(rp)=Test(r, , A, , N..NT). T fyoliy e fig s S
. R . :
R" . , R" r=r, Nr,N..Nr_, Tori r
) r ) )
r rp Iy t1,t2€ Tori, teTest(ry)=Test(r, N1, N...n1 ) teTest(r)=
Test( T N, NN ). Ng (9P (TN (o ,
3.3
(GE[2],H[1],GRE[2]) . ,
pushdown() by~biof 2 )y,
R={by,b,...,b1a}. (o1; by=b,=by,bs=h10,b7=bg,011=013=D14,015=b17=D1g,D16=10,b3=D,
by, bscbs, bscbs,brchs, becbs, 011h6, 012216, D152b12, 016 b1 , TRR_Sub
R'={by,bg,b11,b15,016} ; , . R ,
TRR_Greedy R". :b7,bg,bys 3 ( bynbg=bbe=
bgb1s=0), b11MbisNb=D, biiNbisNbg2D,biinbisbig2d. TRR_Greedy b11Mbisby
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R'={bjinbisnby,bg,bse} . ; 19
: 3 , :
b
| START == r=first
— 1 i )
bZl : i D14 T b1g
P r=2r r=2r+1 |
by - . _l_l %
—= r<=(last/2) = E by
N T swap(alr].a[2r]) | swap(alr].a[2r+1])
N ‘ -
YJP3 _-.Y___ __Ebu }I__.Hﬁ_:)ls
- ~ - T - =
e e N Al 88 T N el el &
e LA T dlr)salarey) oy, e al2rH]<al2] -
o "-.__\_ L . e
Y _lL bs o -;\TTF
T D16
_w = alrjraf2r] .~ —*= swap(a[r],a[2r r=last
"'-\.__\_'___.- : b7 be big
P e 9
S_TS_ N Bg ] r=last I
b1o
Fig.2 Control flow diagram of pushdown()
2 pushdown()
R"'={b11nbisb7,bg, b6} .2 R
TS TS R , 3.
Table2 Test suite TSfor R’
2 R” TS
R’ TS ali] first last
b1inbismby ty 7,1,15,2,1,8,9,11,10,5 1 10
bg t 1,2 1 2
D16 t3 1,2,3 1 3
) . 3
@ g 6 ., GEH GRE
: @,GE'H" GRE'
. 3 b1inbisby, )
R'={b7,bg,b11,015,016}, GE,H,GRE
Table3 Satisfiability relation of test casest;~t;, and testing requirements b;~byg
3 ti~t1o by~byg
b1 b, by by bs bg by bg by big b bz bz by bis b by big  big
1y % X X X X X X X
to X X X X X X X X x x X
t3 x X X X X X X X X
ts X X X X X X X X X
ts x X X x X X X
ts X X X X X X x x
ty x x X X x X X X
ts X X X x X x X x X X X
to x X X X X X X X X X X X
tio  x X X X x X X X X X X X
tn % X X X X X X
tiy  x X X X X X X X X X X X X
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R TY={tybtstutstet;} GRE {ta.tata(t7)}(

);
T(2)={t1,t2,t3,t4,tg,t9} H {ty,ta(te) to(t0)} 5 T(s):{tl:t3vt41t51t61t81t10vt11't12} ,GE
{taz,tg,ts(tea)} . ,GE,H,GRE ,
R,GE',H’,GRE'

Table4 Test suite reduction comparison of GE, H, GRE, GE', H' and GRE’
4 GE,H,GRE,GE',H',GRE'

Initial test suite GE H GRE GE'/H'/GRE'

T(lJ:{ tl,tz,tg,t4,t5,t5,t7} { t3,t1(t7) ,t4(t6) ,tz(ts)} { t3,t1(t7) ,t4(te) ,tz(ts)} {t21t4rt1(t7)} { t21t4rt1(t7)}
TA={ty,tp,ta,ta,ta,to} {tyta,ta(to) ta(te)} {t1,ta(te), ta(to)} {tutata(to) ta(te)} {ta,ta(te), ta(to)}
T(3)={ ty,ta,ta.ts.te,te,ta0,taa t12} {t12,ts,ts(t11)} {ts(t1a) ta,ta(tro,t12) taltete)}  {ts(t1a),ts,tao(tan), ta(te)} {ta,t1o,ts(t11)}

4
( TR) (
RR_TR), , ,
4.1
, b ri,fj
ALA o AA , = A A ,oonicr ALA
. L@r ALA , <t ; 3@ .6 ry,ro,....l'e,

I3l 1 2T 151 6Tl 5, 5S4, 1@ 4,1 1D 5,1 2B 4,1 9@ 5,1 3><I 4,1 3><[ 5,1 3><[ ;1 1><[ ;1 ><[ 6.3

:tleTest(rzmrg,);tzGTeSt(rg);t3€TeSt(r5). ,

ts,
)
4
Is
r I's s
ry - . "
: :
I3 t1 . I3

5

(a) Before reduction : (b) After reduction
(@ (b)

Fig.3 Reduction of testing requirements
3
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5 (1) Ri(2) (
), :(3) : :
1(4) :
R”,(S) R RN’ G[l],H[l] GRE[Z] s .
: (RN) (TN) STRP. :1-STRP
.  SIRP ,
, ae[0,1], a>STRP, ; ,
. ,  RN=20,TN=1000,STRP [0.025,0.900].
(RN, TN,STRP) 20 , 5 . :GH GRE
R, ( TR),G,H GRE R’
( RR_TR).
Table5 Test case number comparison between TR and RR-TR
5 TR RR-TR
STRP G G H H' GRE  GRE
0.025 19.2 35 192 35 19.2 35
0.050 184 6.9 18.4 6.9 18.4 6.9
0.075 16.8 8.7 168 87 16.8 8.7
0.100 154 106 154 106 15.4 10.6
0.125 151 11.0 151 110 15.1 11.0
0.150 147 112 147 112 14.7 11.2
0.175 147 123 147 123 147 12.3
0.200 145 126 145 126 145 12.6
0.250 130 121 122 121 12.2 12.1
0.300 19 118 117 117 11.7 11.7
0.400 111 105 106 104 10.6 10.4
0.500 85 8.1 8.0 8.0 8.0 8.0
0.600 7.9 75 7.3 7.3 7.3 7.3
0.700 6.2 6.0 5.9 5.9 5.9 5.9
0.800 5.1 5.0 48 48 48 48
0.900 4.8 4.8 45 45 45 45
5 (1) STRP [0.025,0.250] ,
RR_TR TR. 4 ; STRP ,
(2 STRP [0.250,0.900] ,TR RR_TR
, G ) . G’
G 4
2 22 | —TR |
017-_'——--.._____-_-_-_-_ - = = =RR TR
g e
s 12 — T e R R R
g 7 | tler T
E -
g :
Z 5t . A . 2 : . : }
0025 005 0075 01 0125 015 0175 02 025
STRP

Fig.4 Test case number comparison between TR and RR-TR when STRP<[0.025,0.250]
4 STRPe[0.025,0.250],TR RR-TR
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4.2
G ; STRP
G( ) )
G )
3@ G t1 4 {rurararst, t
t3 rs Trs, 3 . , 2 {tats} 6
,G . y , R':{ rg,re},
[F3><rg, 3(b) . .G t, ft3 rs reg {ta,t3} . ,
G’ , G ’ H GRE
, G . H GRE G , H
GRE G G, G .G
. SIRP : TR . STRP
[0.025,0.250] , TR ,
) ,GH GRE )
RR_TR , , ,
, SIRP 0250 , TR RR_TR
) ) ,RR_TR
5
[1-9]
(1) , ,
) ( GMHMGREA )
3 , [5] ,
, (1)
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