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An Alloy Specification Based Automated Test Data Generation Technique

In-Sang Chung’

ABSTRACT

In general, test data generation techniques require the specification of an entire program path for automated test data generation. This

paper presents a new way for generating test data automatically even without specifying a program path completely. For the ends, this

paper presents a technique for transforming a program under test into Alloy which is the first-order relational logic and then producing

test data via Alloy analyzer. The proposed method reduces the burden of selecting a program path and also makes it easy to generate test

data according to various test adequacy criteria. This paper illustrates the proposed method through simple, but illustrative examples.
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2.2 Alloy

Alloy= MITY Daniel Jackson® 19 585 <) 7l
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sig People {} sig Fish {}
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sig CatFish, Mullet extends Fish {}
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fact {
all f: Fish | int flen >0
all f: Fish | lone d: People | f in p.catch
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sig Fish { len: Int }.
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pred doFishing() {
all p: People | some d: Fish | p->d in catch
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run doFishing for exactly 3 People, 4 Fish, 4 Int

o] wW#Eol= People 7AAE AFEA IAE ALz
Fish /A< Int A+ H) 44F A}-8384o] “doFishing” <
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JF/] 14 & 4 gl%o ] Alloy 271 People] 4] 37}

9] A Ge., People_0, People_1, Peopl_3) Fishe] 4719 71
Al(ie., Fish 0, Fish_1, Fish_2, Fish_3) Zg 1 Intle, 1, 2,

sig People extends univ = {People_0, People_1, People_2}
catch © some models/shape/paperl/Fish =
{
People_0 -> Fish_0,
People_1 —> Fish_1,
People_2 -> {Fish_2, Fish_3}
}
sig Fish extends univ = {Fish 0, Fish_1, Fish_2, Fish_3}
len :  alloy/lang/Int/Int =
{
Fish 0 — 1, Fish .1 — 3, Fish 2 — 3, Fish 3 — 2
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int mid(int x, int y, int z) {

int mid
mid = z;
if (y<z) {
if (x<y)
mid = y;
else if (x<z)
mid = x;
} else {
it x>=y)
mid = y;
else if (x>7)
mid = X
}
return mid;

}
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X=10; X1=10;
Y=20; Y1=20;
X=X+Y+30; Xo=X3+Y1+30;
a) A =239 (b) W3d SSA &
(0% 4) SSA E HiE of
abstract sig Integer {}
sig X, Y, Z, MID extends Integer {
val: Int
}
(22! 5) Alloy2 RH2lst =278 4 of
sig State {
X one X,
y: one Y,
z. one Z,
mid: one MID
}
(72! 6) Alloy®R D5t A M2
midE Alloy® EH= g Zolth. o7]A] & 5 95| A
JWA g2 B3] X Y, Z, MIDE Integerd] 2% MAE
o] it FEATER Adsty Wrt ARl o5 Bl
2 ettt A9 GPoRRE A28 AAE Adod A
S EE gtoh Integerd] val 9EE x v, x, mid7l A9
Aol7] wie Bart zte e 2ddsy] 93 =9
Ak dE B, ¥Wg x9 ol 109 2os AR ‘int
xval = 1022 el ¢ 9t
MHE olg 2ol mAYATA f3 AY mde) 7 4
e dA W dxfzd gig ARE kA3 glojof
of I 62 3 e Zdef AEE AlloyE 3 Ao
o}, StatelA x, y, z, mid Boe FEH9 oW AFE
ddzte BAECH FEsA ZF Aol Z W A
Wat shin Edsieh g ANS AR one'd A
sto] AT o8 B9 ‘int sxval=l0= AE] solA x
9 g2 109 2the AME Zd3i
3.3.2 He] 2d
_Pr_-qs_ EH Ut—ﬂoﬂ/l—] }\LEH 7},] zqo]~ J.EJ_PJJ,] oH\:P
pred ruleForCondition(s, s': State) {
int s’.a.val relop int exp
s’ xX=8.X
s'.z=s.z
(a)
(32! 9) (a) Z=24AlE Aloy.

pred doAssignl(s, s’

9] ge, int s :rmdval)i} uj
A3 e soll Al
ghhs Al oA o), 01“ 1A
W MID## 29 gto]l 2A =& AMdzEE

oy 47174 X, Y, 7o =gH

State) {
some mid’ | smid !=mid’ && mid’=s’.mid
int s".mid.val = int s.z.val

s’ X=sX
s’ . y=sy
s'.z=s.z

: State) {
some a' | sa l=a’ && a'=s’.a

pred ruleForAssignment(s, s’

int s".aval = int exp
s’ .X=8.X

s'z=s.z

e ]

A
F 79 (e, int szva)e
I ‘mid=z'E +3

=

47
~G)1e A% AR 93 9T 2R
19 gelsh £ Al W) ¢

3
Aot} wtet o]F WAl o

o2 ZHIA
Qo)) AAEL

2o 2o} BAT 5

&

st wof A

State) {
int s.y.val > int s.zval

pred performComp(s, s’

§'X = 8X
s’y = sy
s'.z=s.z

s’mid = s.mid

—lo[: m\l
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29 102 Alloy =4 oz Agsd a3 2

sin & => Puls, 8") && s’ in S Il ... || Pils, 8) && ¢’ in Sim

o7\ A =>, &&, || & 242 implication, and , org
Ehf7] 918 Alloyol A ARE3she =8 Aibatolth whek
7b Al ez el Aol EAFTR -‘Hg] s g 7
& =YAE FIre ok 7?}5}( oy 11 F=2).

Aoz Hold uf W Hj— W7t glojob gtk
AMdE OF 1A B —’F 91%0] ‘doNothing’ &ol& A&
ato] FHSGTh ol ‘skip Pt WEHe AoE T
F otk 73 Ag 2de 28 A dis] A Foi
A3 conjunction)dhe] E&H ),
Foixl Trf‘} FE =2l ol o
FE7Y FoA

EI

a8 12604
y>=7, .. o d@aE Alloy €80tk 73 AH 22
Alloyz H38 w 7|28 02 Alloye ‘ordering’ 2 E

‘doAssignl’,

open util/ordering[State] as so // import ordering utility

fact doTrans {
all s State-so/last() |
let s'=so/next(s) | {

Aloy B} 7I8F XHs HIAE HIOIH 8o 71g 197
S
P :j

sin S

doNothing(s, s’

th2g 129 #
gl AFERE BAE FRkE A

=™ State?d 4G (scope)d] Z7]7F 6¢]

State 7RAE

(T 10) HEf Fole| of

=> .|| Puls, s') && " in Sy Il doNothing(s, s") && s’ in Si

State) {
s'X1 = X1

s’ Xz = 8%

S . Xp = S.Xn

HA 24 ZZF). Alloy? ordering
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s in SO => doAssignl(s, s') && s’ in S1
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sig SO, S1, S2, ..., S11 extends State {}
fact {

so/first() in SO

.

Sy o)

L 551

}
pred testItO) {

so/last() in S9

doMothingis, ) doMothing(s, s7)

Sh

run testlt for 6 State, 5 Integer, 5 Int
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pred testlt() {
so/last() in S8
some SH

)
run testlt for 6 State, 6 Integer, 5 Int
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int dftest(int x, y) {
intv, t
Lt=3
2 i x>y)
3t =5
4 v = tHx+y
5 return v;

}
(J2! 16) X}2 &2 HAESQ ofH =2

abstract sig State {

X one X,

v one Y,

v: one V,

t: one T,

DEF : set Vars,

USE: set Vars
)

(T 17) A= 58 HAYS 98 State ¥

s

pred dfAssign(s, s': State) {
some v: V| sv = v && v'=s'v
int s’.v.val= int s.x.val + int s.y.val + int s.t.val

s"DEF = swv
s’ USE = sx+sy+st
s.x=8'.X
sy=s'y
st=s't
}
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fact dfTesting {
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B85 1. AMloy 24719 &8 3t

sig Integer extends Integer = {M_0, M_1, X 0, Y0, Z 0}
val : alloy/lang/Int/Int =
{M_O0 —> 0,
M1->-1
X0 -> -1,
Y0 > 4
70 >0

4

sig State extends univ = {S0_0, S1_0, S3.0, S6_0, S9_0, S9_1}
X models/shape/mid/X =
{S0_0 > X0,
S1.0 > X 0,
S3.0 > X 0,
S6.0 -> X0,
S8.0 -> X0,
891 -> X 0}
y * models/shape/mid/Y =
{S0.0 -> Y0,
S1.0-> Y0,
S30-> Y0,
S6.0-> Y0,
S8.0-> Y0
S9.1 > Y. 0
z  models/shape/mid/Z =
{S0.0 -> Z.0,
S1.0-> 7.0,
S30->Z.0,
S6.0 > 7.0,
SO0 -> 7.0,
S91-> 70}
m ! models/shape/mid/M =
{S0.0 —> M_J,
S1.0 -> MO,
S3.0 > MO,
S6.0 -> MO,
SO0 -> MO,
S9.1 > M_O}

module util/ordering[models/shape/mid/State]

sig Ord extends univ = Ord 0

first_ : models/shape/mid/State =
{Ord 0 -> S0_0}

last_ : models/shape/mid/State =
{Ord_0 ~> S9_1}

next_ : ( models/shape/mid/State) —>lone ( models/shape/mid/State) =
{Ord 0 —> {S0.0 —> S1.0, S1.0 —> S3.0, S3.0 -> S6.0, S6_0
-> 590, 390 —> S9_1}}

prev_ © ( models/shape/mid/State) —>lone ( models/shape/mid/State) =
{Ord 0 -> {S1.0 -> S0.0, S30 -> S1.0, 6.0 -> S30, 890
> S6.0, 89 1 —> S9 0}



