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AIMS OF THE STUDY

~=T0 GIVE RIGOUROUS BASIS TO THE TESTING

PROCESS:

70 STUDY THE COMPLENMENTARITY BETWEEN

TESTING AND PROVING,
70 MAKE(EXPLICIT)ALL THE ASSUMPTIONS

WHICH ARE GENERALL YUHIPLICIT

WHEN SOIMEONE SAYS:

THEST T IS SUCEESSFIL =
| PROERGN P IS CoREEeT™

* T0O PROVIDE METHODS FOR TEST SETS

CONSTRUCTION FROM FORMAL SPECIFICATIONS

- PLAN

 1DBASIC DEFINITIONS ON TESTING

1) APPLICATION TO ALGEBRAIC

SPECIFICATIONS

111) WHY LOGIC PROGRAMMING

IS AN APPROPRIATE TOOL



: TESTING PROCESS /DIAGRAL
THE PROBLEM | |

Does & Program P saltlisly

a Specification S ? E"’ALGEBRA

+

i.e.

_ REQUIRED PROPERTIES
Does a X-algebra X satisfy Q

a I—axiom A ? | | | (AXIOMS)

LBASIC 10E4
IF A IS AN EQUATION:

Ihslx) = rhslx)

(- instantiate x by some constant
| |- 2-term, _

- compulte both sides in X,

- decide if the results are equal,

~ start again.

_ | »
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TESTING CONTERT | |
| R A NATVE EXAMPLE

. QUEUE OF INTEGERS

A Property to be tested | | | |
(rormula) o 2= 14 emﬁtya, append, remove, first/
- ' o : : P =g priece of software implementing
(s) Class of J-algebras - s S

é runctions of these names

(P be/angs to (S8)) | | A=(qg=emptyg =>
| | ' | B firstlappend(y, x)=ﬁ;r51 (q))

H  7esting Hypotheses
N I » y - TESTING CONTERT: < A. (S). B>
' ‘ H : Properties of Integers
COLLBCTION OF TBS5T
‘ (S) : Class of all possible pieces of software
o DATA SBIS implementing functions named emptyq
N\ | append, remove, first |
n’né&N » EXAMPLE OF A COLLECTION OF TEST DATA SETS
; =(a -7i=1..... f(p)] | . | |
E / : 'Ii) = { first(append(tq.tx))=first(tq) with
where a. are closed instantiations of A ' '
! 7 Itql<p. Itqilmpenddtql remove 'X<P )




SUMMARY

DOES THE S-ALGEBRA P SATISFY THE
EQUATION Ihalx) = rhalx) ¥

BUILD (Tg) o W

SELECT Tp={ Ibs(ty)=rhs(ty) /
I=l.....0(P)}

FOR EACH t; COMPUTB lhs(t;) and

H’th(ﬁﬂ)

DECIDE IF THE RESULTS ARE EQUAL

QUESTION: 18 THE CONCLUSION SENSIBLE?
OR
WHAT ARE THE REQUIREMENTS ON (Tp)

TO GET A MEANINGFUL CONCLUSION?

RELIABILITY
A collection of test sets is said to be reliable if a test set of higher index is

"better" than a test set of lower index whatever potential 3-algebra is con-
sidered.

vne N,(HUT, )T,

Property slightly weaker than Goodenough and Gerhart's one:

=> asymptotic reliability.

VALIDITY

Any incorrect behavior will be revealed by some test data in some T , L.e. |

HU (U, T) A

If testing is successful using all test sets T, then the algebra fulfills the

required properties. A collection which satisfies this property is said to be

=> asymptotically valid.

LACK OF BIAS.

Any correct algebra should pass any test set T,
Converse of validity:

¥ne Ny(HuA)|-T

If an experiment using the test set T » selected from the collection (T,
fails, then the algebra does not satisfy the axioms.
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~ EQUATIONAL CASE

THE SPECIFICATION IS HIERARCHICAL
EQUATIONAL

(i.e there is & sort of interest in 2
there are predefined sorts

axroms are equalions)

FOR EACH AXIOM A OF THE SPECIFICATION -
CONSIDER (T,,) obtained by: |

* IF x IS A VARIABLE OF THE SOR_TVOF
INTEREST, INSTANTIATE IT BY ALL THE
TERMS OF THIS SORT, OF size LESS THAN
n, WITHOUT VARIABLES OF THE SORT OF
INTEREST;

* IN THE RESULTING SET OF EQUATIONS
INSTANTIATE THE VARIABLES OF |
PREDEFINED SORTS BY RANDOM TERMS.

DRA T ARE TEE HTPOTRIBSES?



2""&' ( moa /\Q,CLQ;A'/-Q s

REGULARITY HYPOTHESIS : : 4' RX!'O‘/‘M L. _CD‘/‘-OU }.,':_,\;_0.9,, '

¥ x (complexity(x)<k => t(x)=t’(x)) => ¥ x (t(x)=t’(x))

_ {x | complexity(x) < n} finite for all integer n =>
T,={ t(x)=t’(x) | complexity(x) <n }

is an acceptable collection of test sets. A | , ExX MPQQ- :
G LEXITY <= | | 7 - ' = fal 4=
length of a represZ:t!:tive ).'.-terr<n d>enoting ‘an object , : v- ee (,1—, %) = PM.LQ g 0mk¢d ( G.HQAAA (e' x) ) " >

(computation complexity)

et (ayemd (0,2),4) = o ‘
i | a,ﬂfguogl (eqjemel (042),4)

QUITE COMMON in TESTING METHODOLOGIES . | Eb : PI\.O Uc,'th M.QAUGW." valduas -%:9'\

<=> RANDOM SAMPLING TESTING STRATEGIES
) ‘Q A .L) L’\' -

UNIFORMITY HYPOTHESES

T (0= ®) => ¥x (R=t') - "
derived form of the above hypothesis: A ' NO}Q : Pe"ﬂ umi F0v W}g e‘a ,"D v M .
_ Introduction of a META-CONSTANT. : o d"‘”{‘ gu. M.o‘ A0\ *o AN No MmO UdQlO‘ '

The value of such a constant is intuitively a random value of the
subdomain. The hypothesis becomes:

(t(0)=t(c)) => ¥'x (t()=t'(x))
An acceptable collection of vtest sets is given by
T, = { t©)=t'(c) } ’

for all integer n.



~1)- CASE OF EQUATIONAL AXIOMS
B ‘Regularity hypothesis for the sort of interest

Uniformity hypotheses for lower sorts

2)- CASE OF CONDITIONAL AXIOMS

Finite decomposition hypothesis

. ¥ x e D, ax)=b(x) => t(x)=t’(x)
V <=>

v x € D1, t(x)=t’(x)
with D1 = {x | a(x) = b(x)}

D1 may be an union, for instance:
" ¥t x € N, or(le(x,2),le(5,x))=true => t(x)=t(x)

¥ x e DI, t(x)=t'(x)
Xt xe Dlz, t(x)=t’(x)

where Dl1 = {n | n<2} and Dl2 = {n | n>5}
INFINITY OF SUCH SUBDOMAINS => REGULARITY-LIKE
HYPOTHESES:
' ¥ i, 1<i<k,¥ xe D1, t()=t'(x) => ¥ xe D1, tx)=t'(x)

FINITE DECOMPOSITION HYPOTHESES
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C1: isempty(emptyq,true).

C2: isempty(append(Q.l),false).

C3: remove(emptyq,emptyq). '

C4: remove(append(Q,]),emptyq):-isempty(Q,true).

CS5: remove(append(Q.l),append(Q',1)):- isempty(Q.false),remove(Q.Q').

C8: first(append(Q.1).I):- isempty(append(Q.l).false),isempty(Q,true).

C7: first(append(Q.1).J):- isempty(append(Q,]).false).isempty(Q,false),first(Q.J).

fig.3 Translalion of the queue specification into PROLOG




Al: no constraint, no variable.

A2: no constraint, regularity hypot.heéia for Q. uniformity hypothesis for I: .

Q, = emptyq, 1, = c,, 2
Q= append(emptyq.c,,%), I, = -

Q.= nppend""(emptyq,cntz),cnzz);...).cm,l“). I,=c.t
A3: no constraint, no variable.

A4: a constraint on Q: isempty(Q)=true solved by Q=isempty; no constraint on ], uni-
formity hypothesis for 1. »

Q = emptyq, 1 = c*.

A5: a constraint on Q: isempty(Q)=false solved by Q=append(X.J): no constraint on X, ‘ ]
regularity hypothesis on X; no constraint on 1 and J, uniformity hypothesis on | and J.

T aamnra (&, Ta)
Q= append(emptygq,c,,°). 1, = L .

Q= append(append(emptyq,c;,®).c5,%), 1, = cpq™:

Q, = append™(emptyq,c,,%).c,.2)-)iCpn )s Iy = Coner™

AB: constraints on Q and I: isempty(Q)=true and isempty(append(Q,]))=talse, solved
with Q=emptyq, for any I (uniformity hypothesis). Q and I are instantiated with similar
values than for A4. '

A7: constraints on Q and I: isempty(Q)=false and isempty(append(Q.]))=false, solved
with Q=append(X.J), for any 1. Q and I are instantiated with similar values than for A5,

fig.4 Instantiation sets generated fdr the queue specification

specif sorted-list =
use bool, int

sort list;
operations
el: _ ->list;  /* empty-list constructor ¢/
ep: list*int  ->list; /* append constructor */
sorted: list -> bool;
insert : list *int  -> list; /* defined for a sorted list */
preconditions

/* The operation insert is used to insert an integer in a sorted list and to getas a result a
sorted list. */ :

pre(insert,L.X) = (sorted(L) = true)
arioms

Al: sorted(el) = true;

A2; sorted(ap(el.X)) = true; ,

A3: 1e(X,Y) = true => sorted(ap(ap(L.X).Y)) = sorted(ap(L,X));

Ad: le(X,Y) = false => sorted(ap(ap(L.X).Y)) = false; '

A5: insert(el,X) = ap(el.X);

A8: le(X.Y) = true => insert(ap(L.X).Y) = ap(ap(L.X).Y):

A7: 1e(X.Y) = false => insert(ap(L.X).Y) = ap(insert(L,Y).X);
where _ .
L: list; X,Y: int; , _ r
end sorted-list ; ' ' ‘
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/% complexity(L) = 1 and complexity of Xand Y = 3 */
L=e, X=0, Y H

‘L=el, X=succ(0), Y = suce(_):

L=-el, X =succ(succ(0)), Y = succ(suce(_));

/* complexity(L) = 2 and complexity of Xand Y <3 */

L = ap(el,0), X=0, Y=_:

L = ap(el,0), X = succ(0), Y = suce(_);

L = ap(el,succ(0)). X = succ(0), Y = suce():

L = ap(el,0), - X =succ(suce(0)), Y = succ(suce(_));
L = ap(el,succ(0)), X = succ(succ(0)), Y = succ(suce(_)):

L = ap(el,succ(succ(0))), X = succ(suce(0)), Y =succ(succ(_)): |

/* complexity(L) = 3 and complexity of XandY < 3 */

\ fv;,n,jﬂ-h\«m t'fmmvw {om o ‘inmn&

L = ap(ap(el.0).0). X=0, Y=_3

L = ap(ap(el,0).0). , - X=suce(0), Y = succ(_):

L = ap(ap(el,0),succ(0)), X = succ(0), Y = suce(_):

L = ap(ap(el,succ(0)),succ(0)), X = succ(0), Y=suce();

L = ap(ap(el,0),0), : X = succ(succ(0)), 'Y = succ(suce(_));
L = ap(ap(el,0),succ(0)), X = suce(suce(0)), Y = suce(succ(_));
L = ap(ap(el,succ(0)),succ(0)), X = succ(succ(0)), Y = suce(suce(_)):
L = ap(ap(el,0),succ(succ(0))). X = succ(succ(0)), Y = suce(suce(_));
L = ap(ap(el,succ(0)),succ(succ(0))). X = suce(suce(0)), Y = succ(suce(_)):
L = ap(ap(el,suce(succ(0))),succ(succ(0))), X =succ(suce(0)), Y = succ(suce()):
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