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AIMS OF THE STUDY 

.* TO GIVE RIGOUROUS BASIS TO THE TESTING 

PROCESS: 

TO STUDY THE COI1PLEtlENTARITY BETWEEN 

TESTING AND PROVING; 

TO I1AKE(EXPLICIOALl THE ASSUI1PTIONS 

WHICH ARE GENERALL yeI1PLICIT) 

WHEN SOtfEONE SA YS: 

mmmrrr U' ~ mtD@~~iJ3)rt!llb 8» 

~W~~[[J 

* TO PROVIDE METHODS FOR TEST SETS 

CONSTRUCTION FROM FORMAL SPECIFICATIONS 

I)BASIC DEFINITIONS ON TESTING 

11) APPLICATION TO ALGEBRAIC 

SPECIFICATIONS .. 

Ill) WHY LOG I C PROGRAMM I NG 

IS AN APPROPRIATE TOOL 



THE PROBLEM 

Jl)JdP~~ 81 JPlidPlli8J1IlJ JP ~8J11J!~IfJY 

81 Sj))~~J!I!J!~8J11J!<8>1I/J S ; 

Le. 

Does a I-algebra X satisfy 

a I-axiom A ? 

IF A IS AN EQUATION: 

1/1JJ~(Jr) - 1i1JJ~(Jr) 

- instantiate K by some constant 

X-term,· 

- compute botll sides in x,. 
- decide ir tile results are equal,· 

- start again. 
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REQUIRED PROPERTIES 

(AXIOMS) 
.. 
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A Property to be tested 

(rormula) 

(5) Class or X-algebras 

(P belongs to (5}) 

H Testing Hypotheses 

raw/tdt;~J/'/!@H @/P J/'.Il$JT 

~.i1 JT.i1 $.IIJT$ 

r.. ~ (a : i~l# ... # ftp)} 
P I _ 

JY/Jcrc a· arc closed instantiations of A 
"I 

- I 
I 

i 

.Al H.Al1I TY Iff 1ff1r.Al.iil JIb!l1ff 

@J tU Il' 10 Il' (/J I!' 11 HJi Il' flPll'/& $' 

I = {emptyq, append, remove, first} 

P = a piece or sort ware implementing 

runetions or these names 

A = (q ~emptyq => 

first{oppend{q,x)=first{q) ) 
, .. 

!HI : lP'If'(ID1P>~If'ftn~~ (IDir n!IDft~m~!i~ 

~~~ ~ «:nm~~ (IDir mnn 1P>(ID~~nlIDn® fP)n~~®~ (IDir ~(IDirft\Wm!i~ 

n mm fP) n ~mm®!ID ft fi !ID m ir UIJ !ID «:: U fi (ID!ID ~ !ID mmm ® ml ~ mm fP) ft 'W ~ 

tnfP) 1P>@!IDafi D IT'@mID(IDW®D ir n IT' ~ ft 

EXAMPLE OF A COLLECTION OF TEST DATA SETS 

11> ::: ( first(append(tq.tx»:::first(tq) with 

Itql<p. Itql d<ltql remove. tx<p } appen 
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rrIlil;(ttn) 

JD)l!«:n JD)l! nIP Innl! m.l!SIDIL. IS Aml! l!~ill AIL. 

QUESTION: IS 1HE CONCLUSION SENSI BLE? 

OR 

WHAT ARE THE REQUIREMENTS ON (1 n) 

10 GET A MEAN I NGFUL 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 L-algebra is con
sidered .. 

Property slightly weaker than Goodenough and Gerhart's one: 
=> asymptotic reliability. 

VALIDITY 

Any incorrect behavior will be revealei by some test data in some T , i.e. n 

If testing is successful using all test sets Tn then the algebra fulfills th€. 
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 Tn. 

Converse of validity: 

\in E N, (H u A) 1- To 

If an experiment using the test set Tp selected from the collection (T n 

fails, then the algebra does not satisfy the axioms. . 
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THE SPECIFICATION IS HIERARCHICAL 

EQUATIONAL 
(ie there is a sort of interest in I 

there are predefined sorts 

oxioms ore equations) 

FOR EACH AXIOM A OF THE SPECIFICATION .. 
CONSIDER (T n) obtained by: 

* IF x IS A VARIABLE OF THE SO~T OF 

INTEREST, INSTANTIATE IT BY ALL THE 

TERMS OF THIS S<?RT, OF size LESS THAN 

0, WITHOUT VARIABLES OF THE SORT OF 

INTEREST; 

* IN THE RESULTING SET OF EQUATIONS 

INST ANTIA TE THE VARIABLES OF 

PREDEFINED SORTS BY RANDOM TERMS. 



REGULARITY HYPOTHESIS 

'ttx (complexity(x)~ => t(x)=t'(x)) => 'ttx (t(x)=t'(x)) 

{x I complexity(x) ~ n} finite for all integer n => 
T n = { t(x)=t'(x) I complexity(x) ~ n } 
is an acceptable collection of test sets. 

COMPLEXITY <=> 
length of a representative 'I.-term denoting an object 

(computation complexity) 

UNIFORMITY HYPOTHESES 

QUITE COMMON in TESTING METHODOLOGIES 
<=> RANDOM SAMPUNG TESTING STRATEGIES 

3x (t(x)=t'(x)) => 'ttx (t(x)=t'(x)) 

derived form of the above hypothesis: 
Introduction of a META-CONSTANT. 

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

(t(c)=t'(c)) => 'ttx (t(x)=t'(x)) 

An acceptable collection of test sets is given by 

Tn = { t(c)=t'(c) } 

for all integer n. 

E)(~r~~ 

et. (x..) 'cl) : f~ ~ 1)(7\Jtd ( atlwd (~,~)):. ~~ ==""> 

..l\V)fAJ (Cl.f1tM.oll e,L),~) = )' 
. tlff~d ltqf~d (eJ~)/~ 

E b: f''\'() u,:di ~V"-,,,)J v'd~U.4'" -I-~. 
~ J '~j ~ -

No~Q.: ~~ UNJ.ID\WJ.·~~ ~J'C~t4 ~ 
tA..A.eLA.Sa:N.d 40\ ~I) M ~o ~O\A. v~·oI 



1)- CASE OF EQUATIONAL AXIOMS 

Regularity hypothesis for the sort of interest 

Uniformity hypotheses for lower sorts . 

2)- CASE OF CONDmONAL AXIOMS 

Finite decomposition hypothesis 

'\t x e 0, a(x)=b(x) => t(x)=t'(x) 

<=> 

'\t x e 01, t(x)=t'(x) 
with 01 = {x I a(x) =b(x)} 

01 may be an union, for instance: 

'rt x e N, orOe(x,2),le(S,x»=true => t(x)=t'(x) 

'rt x e 011' t(x)=t'(x) 
'rt x e 012, t(x)=t'(x) 

where 011 = {n I n~} and 012 = {n I n>S} 

INFINITY OF SUCH SUBDOMAlNS => REGUIARITY-UKE 
HYPOTHESES: 

'\t i, 1~~,'rtxeOl",t(x)=t'(x) => 'rtxeOl, t(x)=t'(x) 
I 

FINITE DECOMPOSITION HYPOTHESES 

'TI\.~f(j\"'", ~~ ~lit.:o",.a.Q ~(O~A 

[ f' L 0. ( x.) = t AWl =") f C 'at) = 8 (~) J 
..l ~ re;> 0A4. ~.Li, V ~).,.. ~ 0 ~ ~q.u"..~: ""'.!l.Q. 

fJJf. t" OVA./.) : 

{ ~ ( k) =~ (e~) I o.l~) = tiWA. J 
C1.Mcl, CIff~ ). t.t. ~AW ... O\~ ~~~"" .. 

G ~~.~, J u)~'r~E. r".£)~· ~"" 
~ e,.~. a,k."", ~ ~,~ f)Cl.th:'3 f~ (~ a, 
b$C~Q..u.. ~q-o.elh'~ 

T~ ~.: 0 ..,.~, be. <...O,,~ " 

I f (~(~)) = g (07 (-x.))., <Ti Gc; 1 
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Cl: isempty(emptyq,true). 
C2: isempty(append(Q,I),false). 
C3: remove( emptyq,emptyq). 
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C4: remove(append(Q,I),emptyq):-isempty(Q,true). 
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C5: remove(append(Q,I),append(Q' ,1»:- isempty(Q,false),remove(Q.Q'). 
CB: flrst(append(Q,I),I):- iscmply(append(Q.l),false),i~emply(Q,true). 

"' >< 
~ 
\r. 
~ 
r-
Il\ 

C7: flrsl(append(Q,I),J):- isempty(append(Q,l),false),isempty{Q,false),ftrst(Q,J). 

flg.3 Translation 0/ the queue specification into PROLOG 
------- -.. --



'- . 
At: no constraint. no variable. 

/t2: no constraint. regularity hypothesis for Q. uniformity hypothesis for 1: 

Q. == emptyq. I. = c ll
2

: 

Qz = append(emptyq.cz.lI). 12 = c22
2

: 

Aa: no constraint, no variable. 

All: a constraint on Q: isempty(Q)=true solved by Q=isempty: no constraint on 1. uni
formity hypothesis for 1. 

Q = emptyq. I = c·. 

AS: a constraint on Q: isempty{Q)=false solved by Q=append(X.J): no constraint on X, 
regularity bypothesis on X; no conslraint on 1 and J. unirormity bypothesis on I and J. 

?-J:f.)9J,l.q.)~'t (a, fctiL~~.') 
Q1 = append(emptyq.c u

ll). I. = C.~II:. . 

~ = append{append(emptyq.c2•1I).czz
ll). 12 = c23

11: 

AB: constraints on Q and 1: isempty(Q)=lrue and isempty(append{Q.I))=false, 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,I»=false. solved 
with Q=append(X.J). for any I. Q and I are instantiated with similar values than for AS. 

jig.4lnstantiation sets generated/or the queue speciftcation 

speci/sorled-lisl = 
use bool. int 
sort list; 
operations 

el: 
ap: 
sorted: 
insert: 

list. • int 
list. 
list * int. 

-> list; 
-> list.; 
-> bool; 
-> list: 

/* empty-list constructor • / 
/* append conStructor·/ 

/* defined fora sorted list • / 

preconditions 
I. The operation insert is used to insert an integer in a sorted list. and to gel as a result a 

sorted list. • / 
pre(insert.L.X) = (sorted(L) = true) 

azioms • 
A1: sorted(el) = true; 
A2: sorted(ap(el.X» = lrue; 
A3: le(X.Y) = true => sorted(ap(ap(L,X).Y» = sorled(ap(L.X»; 
A4: le(X.Y) = false => sorled(ap(ap(L.X).Y» = false: 
A5: inserl(el.X) = ap(el.X); 
A6: le(X,y) = t.rue => inserl(ap(L.X),Y) = ap(ap(L,X),Y): 
A7: le(X.Y) = false => inserl(ap(L.X).Y) = ap(insert(L. Y).X); 

where 
1.: list.; X. Y: int; 

end sorted-list; 
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,. compleldly(L) = 1 and complexity of X and Y ~ 3 ., 
L=~ X=~ Y=~ 

. L = el, X = 8UCC{O), Y = succL): 
L = el, X = succ(succ(O», Y = succ(succL»; 

,. complexity(L) = 2 and complexity of X and Y ~3 ., 
L = ap(el,O), X = 0, Y =_: 
L = ap(eJ,O), X = succ(O), Y = succL); 
L = ap(cl,9ucc(O», X = 9UCC(O), Y = succL): 
L = ap(el,O), X = succ(succ{O», Y = succ(succL»; 
L = ap(el,succ(O», X = succ(succ(O», Y = succ(succL»; 
L = ap(el,succ(succ(O»), X = succ(succ(O». Y = succ(succ(_»; 

,. complexity(L) = 3 and complexity of X and Y ~ 3·' 
L = ap{ap{el.O).O). X = 0, 
L = ap(ap(el,O),O), X = succ(O). 
L = ap(ap{el,O).succ(O». X = succ(O). 
L = ap{ap{el.succ(O».succ{O», X = succ(O). 
L = ap(ap(el.O),O). X = succ(succ(O». 
L = ap{ap(el.O).succ(O». X = succ{succ{O». 
L = ap{ap{el,succ(O»,succ(O». X = succ(succ(O». 
L = ap(ap(el,O),succ(succ(O»), X = succ(succ(O». 
L = ap(ap{el,succ{O»,succ(succ(O»). X = succ{succ{O». 
L = ap(ap(el,succ(succ{O»),succ{succ(O»). X = succ(succ{O», 

• 

.-

--

Y=~: 
Y = succL): 
Y = succL): 
Y = succL):· 
Y = succ(succL»: 
Y = succ{succL»: 
Y = succ(succL»; 
Y = succ(succL»: . 
Y = succ{succL»; 
Y = succ(succL»; . 


