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Towards Static Specification-based Unit Test

0 How can this testing scenario be applied
a priori (before deployment, at coding time,
even at design-time ?)
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Difficulties with Static Unit Tests so far

0 When is our test "adequate” ?

We have to decide on adequacy criteria in advance.
This can be:

»  criteria on the coverage of the spec of the program

> criteria on statistical models and an
error model

0 Some empirical observations:

> No relation between detection order and detection difficulty
> No relation between detection difficulty and correction

> The more errors you found, the more you find more...

> The quality of a test set is independent of its size.
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Functional Unit Test : An Example

The specification in UML/MOAL:

Triangles
a, b, c: Integer

- mk (Integer, Integer, Integer) : Triangle

- 1s Triangle(): {equ (*equilateral™),
iso (*isosceles*),
arb (*arbitrary¥*)}
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Functional Unit Test : An Example

N
Recall: inv 0<a A 0<b A 0O<c

linv c<a+b A asb+c A b<c+a

Triangles
a, b, c: Integer

- mk (Integer, Integer, Integer) :Triangle
- 1s Triangle(): {equ (*equilateral™),
T iso (*isosceles¥*),
arb (*arbitrary¥*)}
)

operation t.is_Triangle(): __
pre t#null
post ta=t.b A t.b=t.c — result=equ
post (t.a#t.b v t.b#t.c v t.a#t.c) A
(t.a=t.b v t.b=t.c v t.a=t.c))— result=iso

post (L.a#t.b A t.b#t.c A t.a#t.c))— result=arb
post modifiesOnly ({})
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Generating Test-Data by Example

Consider the test specification (the “Test Goal”):

mk(x,y,z).isTriangle() = X

i.e. for which input (x,y,z) should an
implementation of our contract yield which X ?

Note that we define mk(0,0,0) to invalid,
as well as all other invalid triangles ...
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Intuitive Test-Data Generation

Q0 an arbitrary valid triangle: (3, 4, 5)
0 an equilateral triangle: (5, 5, 5)

0 an isoscele triangle and its permutations :
(6I 6[ 7)/ (7I 6/ 6)/ (6I 7I 6)

0 impossible triangles and their permutations :

(11 21 4)/ (41 1/ 2)/ (21 4/ 1) - X+ Y > Z
(1, 2, 3), (2, 4, 2), (5, 3, 2) -- X +y =z (nhecessary?)
0 azerolength: (0O, 5, 4), (4, 0,5),

0 Would we have to consider negative values?
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Test-Data Generation

0 Ouf, is there a systematic and automatic way to compute
all these cases ?
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Revision: Boolean Logic + Some Basic Rules

O =(aab)=mav-=ab (* deMorganl *)

O =(avb)=maar-=b (* deMorgan2 *)

O aara(bvec)=(aab)v(aac)

O =(-a)=a,av-a=T ,ar-a=F

O aanb=bara;, avb=bva

O aa(bac)=(aab)ac

O av(bvc)=(avb)vc

O a—b=(=a)vhb

0  (a=b A P(a)) = P(b) (* one point rule *)
0 Jletx =Ein C(x) = C(E) (* let elimination *)

0 ifcthenCelseD =(cAaC)Vv(mcaD)
=(C—>C)/\ (- c— D)
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Test-Data Generation

Q

Ouf, is there a systematic and automatic way to compute
all these cases ?

Well, lets see and calculate ...
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Test-Data Generation

0 Recall the test specification:

mk(X,y,z).isTriangle() = r
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Test-Data Generation

0 Recall the test specification:
mKk(X,y,z).isTriangle() = r
= ir"VTriangIe(O) A preisTriangIe(mk(X/Y:Z))(O) A
iNVTriangle(07) A POStisTriangle(MK(X,Y,2),r)(0,0”)
(* see semantics in MOAL II, page 22. *)

Some Facts:
> From modifiesOnly({}) follows ¢ = &’ hence

INVTriangle(0) = INVTriangle(0”)
> From mK(X,y,z) # null (see prejstriangle) and from
INVTriangle(0) and mMK(X,y,z) € Triangle (o) follows that:

0<xXAO<yAO<z A xSy+z A ySx+z A zSx+y (= inv)
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Test-Data Generation

0 Recall the test specification:
mk(X,y,z).isTriangle() = r
= inVTriangIe(O) A preisTriangIe(mk(X,y,Z))(O) A
ir‘VTriangIe(G') A pOStisTriangIe(mk(X,Y/Z),r)(U,O')
(* see semantics in MOAL II, page 22. *)

Some Facts:
> arb#equ#iso

(X=y N V=2 — rzeqU) VAN

((X#y V y#z) A (X=y V y=z V X=z) — r=iso) A

((x#y A YFZ AN XFZ) — r=arb)
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Test-Data Generation

Q0 Summing up:
mk(X,y,z).isTriangle() =r
= iNVTriangle(O) A Préistriangle(MK(X,y,2))(0) A

iNVTriangle(07) A POStisTriangle(MK(X,Y,2),r)(0,0")
(* see semantics of MOAL II, page 22. *)

— (* the discussed facts *)

inv A
(x=y A y=2 — r=equ) A
((X¢y V y#Z) A (X=y V y=z V X=2Z)— r=iso) A

(X¢y A VFZ N XFZ — r=arb)
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Test-Data Generation

0 Recall the test specification:
inv A (x=y A YV=Z — r=equ) A
((X¢y V y#Z) A (X=y V y=z V X=2Z)— r=iso) A

(x¢y AN V#FZ AN XFZ — r=arb)
= (* elimination — , deMorgan*)

inv A
(X#y V y#Z V r=equ) A
((x=y A y=z) V (X#FYy A yFZ A XFz) V r=iso) A

(x=y V y=z V X=z V r=arb)

14/10/17 B. Wolff - GLA - Black Box Test 15



Test-Data Generation

Q  This first part of the calculation could be called
PURIFICATION

We eliminate UML, object-orientation, MOAL etcpp
and reduce it to the pure logical core ..

Now, under which precise conditions do we have
> r=1s0

> r=arb

> r=equ ???
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Test-Data Generation

Q  This first part of the calculation could be called
PURIFICATION

We eliminate UML, object-orientation, MOAL etcpp
and reduce it to the pure logical core ..

Can we transform the spec info the form
> A Ao A A AT =ISO

> B1/\"'/\ Bk/\ r = arb

= 7?7
> Coanon G A r=equ ?7:
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Test-Data Generation

Q  This first part of the calculation could be called
PURIFICATION

We eliminate UML, object-orientation, MOAL etcpp
and reduce it to the pure logical core ..

Can we transform the spec into a

Disjunctive Normal Form (DNF) ?
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Excursion

Q

Generalized Distribution Laws:

(A, vA)) A (B;v B) =(A; A (B, vB))v (A,n (B, v B)))

= (A;A~B)v (A,AnB)v (AjA B, v (A,A B,)

(A, vALvVA)) A (B, v B,v B)a(C, v CvC)

= (A,AB, A C)H)v (AAaB AC)v (AjAaB, AC)v
(A,rn B, A C)H)Vv (ALAhB A C)v (A,r B A C)v

(Ajn B A C)v (A,a By A C)v (Aja By A C))
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Test-Data Generation

O  Recall the test specification:

= 1nv A
(x#y V y#FzZ V r=equ) A
(X=y V y=2Z V X=zZ V r=arb)A
((X=y A Yy=2Z) V (X#FY A yFZ A XFz) V r=iso)

(* generalized distribution 2nd/3rd line *)

inv A

((x#y A X=V)V (XEFY A V=Z)V (XEY A X=Z)V (XY A r=arb)) %
((y#z AX=Y)VI(V#Z AN Vy=Z)V(V#Z A X=2z)V (Yy#z A r=arb)) \%
((r=eqqu=y)v(r=equAy=z)v(r=equAX=z)v(r=equAr=arb)) \Y
((X=y A y=2z) V (X#FYy A y#Z A XFzZ) V r=iso)
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Test-Data Generation

O  Recall the test specification:

= 1nv A
(x#y V y#FzZ V r=equ) A
(X=y V y=2Z V X=zZ V r=arb)A
((X=y A Yy=2Z) V (X#FY A yFZ A XFz) V r=iso)

(* elimination contradictions *)

inv A

(-b(aéyﬁ'c-xey—)—v(x#y A V=Z)V(XEY A X=2z)V (X#y A r=arb) vV
(V#Z A X=VY) VAFFZz—A~—5=2rV (Yy#Z A X=2z)V (y#zZ A r=arb) V

(r=eqqu=y)v(r=equAy=z)v(r=eqqu=z)v+f=eqﬁﬂf=afb%) \Y4
((X=y A y=2z) V (X#FYy A y#Z A XFzZ) V r=iso)
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Test-Data Generation

O  Recall the test specification:

(* elimination contradictions *)

inv A

((X¢y A V=Z)V (XEYy A X=2z)V (X#y A r=arb) Vv
(V#z A X=V)V(Yy#zZ A X=z)V(y#2Z A r=arb) V

(r=eqqu=y)v(r=equAy=z)v(r=eqqu=z)) A

(

( X=y A V=2Z) V (XFY A yV#FZ A X#Z) V r=iso)
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Test-Data Generation

Q = (* generalized distribution 2nd/3rd ((9 * 3 = 27 cases !)*)

inv A
((x#yAy=ZAx=yAy=z)v(x#yAX=ZA
X=YAY=2Z)V (X¥YAr=arbAx=yAy=z) V
(VEZAX=YAX=YAYV=Z)V (VFZAX=ZA
X=YAY=Z)V (YFZAr=arbAx=yAy=z) V
(r=equAx=yAxX=yAy=2z) V (r=equA
y=ZAx=yAy=z)v(r=eqqu=ZAx=yAy=z))v
((X#yAy=ZAX¢yAy¢ZAX¢z)v(X#yAx=ZAX¢yAy¢ZAX¢z)v(x#yAr=arbA
XEVYAVFZAXFZ)V (VFZAX=YAXFYAVFZAXFZ)V (VEFZAX=ZAXFYAYVFZA
X#Z)V (VEZAT=ATDAXFEYAYVFZAXFEZ) V (Fr=€QUAX=VAXFYAVEFZAXFZ) V (T
=E€qQUAV=ZAXEVAYFZAXFZ)V (F=€qQUAX=ZAXFEFYAYVFZA x#z))v
((x#y A Y=ZATr=1S0)V (X#y A X=ZAr=150)V (XAYAr=arbAr=1so)
V(VFZAX=YATr=1S0) V (V#ZAX=ZAr=150)V (y#zZAr=arbAr=iso) V
(r=eqqu=yAr=iso)v(r=equAy=ZAr=iso)v(r=eqqu=ZAr=iso))
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Test-

Data Generation

U
|l

(

* elimination of the contradictions and redundancies )

inv A
(ryry=srn=yry=2FVtxtyrn—2A
R=PAT =2 VAT ATE=E AR =FAT=Z) V

Y FIAR=TAR=TAT=Z ) VT FZAX=ZA
ﬁ?z?ﬁ%?EEZﬁ—V—6y75Z7%ffﬁaiﬂ©7ﬁXEEYﬁk§H=fT% \%

(%*#yﬁy=ﬁﬂx#yﬂy#zﬁx#ﬁ+vf*#yﬁx=zﬂx%yﬂy%ﬁﬁx%2+v(x#yArzarbA

XEVAVFZAXFZ ) VT FZ ARV ARF T AT F ZARF 2 VT F ZAR=ZARF YT AT FZA
RFZFV (YEZALZALOAREYAYEZAREZ) V= quAR=yARFYAYFZAXF 2z VL

U= Z AR AT AT EARA 2V A e AR = Z A Ay Ay A2 A F 2 ) V

((X¢y A Y=ZATY=1S0)V (X#y A X=ZAr=150) VAXFFAFr=aFrbATr=1tSOr
V(YFZAX=YAT=1S0) V (Y#ZAX=ZAr=1S0) V{yFZAr=arbAr=1so) V
tr—equrr—yrr=tsorVtr—egqury=sAr—tsorVtr—equir=zsArr—iso})

14/10/17
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Test-Data Generation

0 = (* cleanup, distribution *)
(1nv A X=y A X=y A y=Z A r=equ) V (1)
(Inv A X#Y A V#Z A X#zZ A r=arb ) v (2)
(Inv A X#y A y=Z A ¥=1S0) V (3)
(Inv A X#y A X=zZ A r=1s0) V (4)
(1nv A y#Z A X=Y A r=1so0) V (5)
(Inv A V#Z A X=Z A Ir=1S0) (0)

Q0 Test-Case-Construction by DNF Method

yields six abstract test cases
relatibng input X y z to output r

QO  Note: In general, output r is not necessarily
uniquely defined as in our example ...
The spec can be non-deterministic admitting several resulfs.
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Test-Data Generation

QO Test-Data-Selection:

For each abstract test-case, we construct one
concrete fest, by choosing values that make

the abstract test case true (« that satisfies the
abstract test case »)

(2) 3

(4) 5

(6) 4

14/10/17 B. Wolff - GLA - Black Box Test
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Test-Data Generation

O A First Summary on the Test-Generation Method:
> PHASE I: Stripping the Domain-Language (UML-MOAL) away,
“purification”
> PHASE II: Abstract Test Case Construction by
“"DNF computation”
> PHASE III: Constraint Resolution (by solvers like CVC4 or Z3)
“Test Data Selection”

> COVERAGE CRITERION:
DNF - coverage of the Spec; for each abstract test-case
one concrete test-input is constructed.

(ISO/IEC/IEEE 29119 calls this: Equivalence class testing)

0  Remark: During Codiung phase, when the Spec does not
change, the test-data-selection can be repeated easily
creating always different test sets ..
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Test-Data Generation

Q

Variants:

>

Alternative to PHASE II (DNF construction):
Predicate Abstraction and Tableaux-Exploration.

Reconsider the (purified) specification:

inv A
(x=y A V=Z — r=equ) A
((x#y V y#z) A (X=y V y=2z V X=2)— r=iso) A

(x#y A VFZ AN XFZ — rzarb)

It is possible to abstract this spec to a fairly small
number of ,base predicates” .. They should be logically
independent and not contain the output variable...

14/10/17
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Test-Data Generation

0  Variants:

> Alternative to PHASE II (DNF construction):
Predicate Abstraction and Tableaux-Exploration.

Reconsider the (purified) specification:

inv A

(A AN B — r=equ) A

((ﬁAvﬁB) A (AV BV C)— r=iso) A
(—|A/\—|B/\—|C—> rzarb)

where A » x=y, B » y=z, C b X=z

(actually: A and B imply C)
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Q

Test-Data Generation

Variants:

>

.. Now we can construct a tableau and get by simplification:

e« r=equ (!!!)

-—-——
e r=1S50

-—-——
e r=1s0

----—
e r=arb

14/10/17 B. Wolff - GLA - Black Box Test 30



Test-Data Generation

O  Variants:
> PHASE III: Borderline analysis.
Principle: we replace in our DNF inequalities by
.the closest values that make the spec true"
XFY » x =y +1Vx=y -1
x Ly > X =y V X <y
x <y X =y - 1 etc.
> .. and recompute the DNF. In general, this gives a much
finer mesh ...
14/10/17

B. Wolff - GLA - Black Box Test

31



Test-Data Generation

Q  Variants:
>  PHASE I: Test for exceptional behaviour.

We negate the precondition and to DNF generation
on the precondition only.

Test objectives could be:

0 should raise an exception if public
0 should not diverge

14/10/17 B. Wolff - GLA - Black Box Test
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Test-Data Generation

2 How to handle Recursion ?

14/10/17 B. Wolff - GLA - Black Box Test
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Test-Data Generation

2 How to handle Recursion ?

In UML/MOAL, recursion occurs (at least)
at two points:

> at the level of data

14/10/17 B. Wolff - GLA - Black Box Test
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Test-Data Generation

How to handle Recursion ?

In UML/MOAL, recursion occurs (at least)
at two points:

> LList 0..1
lgth:Integer [next
>
at the level om0 Tnteger
of data
1
invariant: N
inv, .. = VnodeelLlList.
o node.lgth = if node.next = null
then 1
else next.lgth + 1

14/10/17 B. Wolff - GLA - Black Box Test 35



Test-Data Generation

2 How to handle Recursion ?

In UML/MOAL, recursion occurs (at least)

at two points:

> at the level
of data

Note that this excludes
cyclic lists !

> LList 0..1
lgth:Integer [next
sum () : Integer
1
invariant: N
inv,, ., = VnodeeLList.
o node.lgth = if node.next = null
then 1
else next.lgth + 1

14/10/17
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Test-Data Generation

2 How to handle Recursion ?

In UML/MOAL, recursion occurs (at least)
at two points:

LList 0..1
~ at the level of oper- lgth:Integer |next
. :Int
ations (post-conds sum() :Infeger
may contain calls ...) 1]
query contract (modifiesOnly({})): N
definition pre_ (1) = True

deﬁMﬁonpost&m(l,res)E res=if l.next=null then 1.lgth
else 1.1lgth + 1l.next.sum/(
definition sum (1) = arb{r|pre__ (1) A post_ (1,r)}

14/10/17
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Test-Data Generation

2 How to handle Recursion ?

In UML/MOAL, recursion occurs (at least)

at two points:

LList 0..1
~ at the level of oper- lgth:Integer |next
- sum () : Integer
ations (post-conds
may contain calls ...) E
Note that arb (S) gives an
(1) = True

(‘N

The (0,0") convention applies.

arbitrary member of S: arb (S) €S. =
since from x=arb ({y}) follows x=y;sun
thus sum (1) is (uniquely) defined.

(1) = arb{rlpremm(l) A postam(l,r)}

&

(1, res)= res=if l.next=null then 1l.lgth
else 1.1gth + l.next.sum()

14/10/17
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Test-Data Generation

0 Prerequisite: We present the invariant as recursive predicate.

definition inv n o E(n.lgth(o) = if n.next (0)=null then 1

else n.next.lgth(o) + 1)

LList Core

we have:

inv (0) = VnelLlList (o). inv n o

LList LList Core

and
invumgbm(n) (0)= (if n.next(0)=null then n.lgth(o) =1
else n.lgth (o) =n.next.lgth(o) + 1
A n.next (0)elLlList (O)

A mquLCme(n.next)(O))

(under the assumption that neLlList (o) )
Furthermore we have:
sum(1l) (o’ ,0) = if l.next(0)=null then 1.lgth(0O)
else l.1lgth(o) + sum(l.next) (o’ ,0)
We have o'=0 (why?). We will again apply (0°,0) - convention.

14/10/17 B. Wolff - GLA - Black Box Test 39



Test-Data Generation

0 Consider the test specification:

X.sum()

Y (for some XelList, i.e. X#null)

invirist (X) A pregum (X) A postgym (X,Y)

POoStayy (X, Y)=(if X.next = null then Y = X.lgth
else Y =X.1lgth + sum(X.next))
= (X.next=null A Y = X.lgth)
V (X.next#null A Y = X.lgth+sum(X.next)
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Test-Data Generation

0 DNF computation yields already the test cases:

X.sum() =Y (for some XelList, i.e. X#null)
— j-nVLList_Core (X) A postgyn(X,Y))

(if X.next=null then X.lgth =1

else X.lgth =X.next.lgth+l A X.nexteLList A inv

LList Core (X.next)) A

(if X.next = null then Y = X.lgth
else Y =X.1lgth + sum(X.next))

(DNF)

(X.next=null A X.lgth=1 A Y = X.lgth)
V (X.next#null A X.lgth =X.next.lgth+1l
A X.nexteLList A NV . oo (X-neXt)

AY = X.lgth+sum(X.next))
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Test-Data Generation

0 DNF computation yields already the test cases:

X.sum()

Y (for some XelList, i.e. X#null)

’ invLListbre(X) A POstgum (X, 7))
(if X.next=null then X.lgth =1
else X.lgth =X.next.lgth+l A X.nexteLList A inv

New

st Cor Test-Casel!!
(if X.next = null then Y = X.lgth

else Y =X.1lgth + sum(X.next))
(if c then C else D elim, DNF)

(X.next=null A X.lgth=1 A Y = X.lgth) >
V (X.next#null A X.lgth =X.next.lgth+1l

A X.nexteLList A NV . oo (X-neXt)

ANY = X.lgth+sum(x.ne2£))
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Q

Test-Data Generation

Intermediate Summary: test-cases known so far ?

X

Y

CisLList | e

14/10/17
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Test-Data Generation

0 Prerequisite: We present the invariant as recursive predicate.

inv if n.next=null then n.lgth = 1

else n.lgth =n.next.lgth + 1

LList_ Core (1’1) - (

A n.nextelLlList A mVuMme(n'neXt))
Q sum(l) = 1if l.next=null then 1.1lgth
else 1l.1gth + sum(l.next)
sum(l) = 1f X.next.next=null then X.next.lgth

else X.next.lgth + sum(X.next.next)

14/10/17 B. Wolff - GLA - Black Box Test
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Test-Data Generation

0 DNF computation yields already the test cases:

X.sum()

Y (for some XelList, i.e. X#null)

!

(unfolding sum and inv ., .)

(X.next=null A X.lgth=1 A Y = X.lgth)

V (X.next#null A X.lgth=X.next.lgth+l A X.nextelLList
A (if X.next.next=null then X.next.lgth = 1
else X.next.lgth =X.next.next.lgth + 1

A X.next.nextellist A mvumjbm(x.next.next))

A (Y = X.1lgth+t(1f X.next.next=null then X.next.lgth
else X.next.lgth + sum(X.next.next))))
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Test-Data Generation

0 DNF computation yields already the test cases:

X.sum()

Y (for some XelList, i.e. X#null)

!

(DNF partial)
(X.next=null A X.lgth=1] A Y = X.lgth)
V (X.next#null A X.lgth=X.next.lgth+l A X.nextelLList

A ((X.next.next=null A X.next.lgth =1 A
Y = X.lgth+X.next.1lgth)

V (X.next.next#null A X.next.lgth=X.next.next.lgth+l
A X.next.nextelLlList A MVum(bm(X.next.next)

ANY = X.lgtht X.next.lgth + sum(X.next.next))
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Test-Data Generation

0 DNF computation yields already the test cases:

X.sum() =Y (for some XelList, i.e. X#null)

!

(DNF partial)
(X.next=null A X.lgth=1] A Y = X.lgth)
V (X.next#null A X.lgth=X.next.lgth+l A X.nextelLList
A X.next.next=null A X.next.lgth=1 A
Y = X.lgth+X.next.1lgth))
V. (X.next#null A X.lgth=X.next.lgth+l A X.nextelLlList
A X.next.next#null A X.next.lgth=X.next.next.lgth+l
A X.next.nexteLList A NV . coe (X.next.next)
ANY = X.lgth+ X.next.lgth + sum (X.next.next)))
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Test-Data Generation

0 DNF computation yields already the test cases:

X.sum() =Y (for some XelList, i.e. X#null)

New
Test-Casel!!

!

(DNF partial)
(X.next=null A X.lgth=1] A Y = X.lgth)
V (X.next#null A X.lgth=X.next.lgth+l A X.nii;gﬁList
A X.next.next=null A X.next.lgth=1 A
Y = X.lgth+X.next.lgth))
Vo (X.next#null A X.lgth=X.next.lgth+l A X.nextelLlList
A X.next.next#null A X.next.lgth=X.next.next.lgth+l
A X.next.nexteLList A NV . coe (X.next.next)
ANY = X.lgth+ X.next.lgth + sum (X.next.next)))
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Test-Data Generation

Intermediate Summary: test-cases known so far ?

X Y
i:LList
®igth=1 moull 1
i:LList | _ [ i:LList
Pligth=2 > gth=1 ! 3

14/10/17 B. Wolff - GLA - Black Box Test



Summary: Symbolic Test-Case Generation

Q ... and we could continue forever

> compile to semantics
(-> convert in mathematical, logical notation)

> use recursive predicates, recursive contracts
> enter loop:

unfold predicates one step
compute DNF

simplify DNF

extract test-cases

O O O 0O

until we are satisfied, i.e. have ,enough"
test cases ...
> Select test-data: constraint resolution of test cases.
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Test-Data Generation

2 Observation: “all other cases” ...
were represented by the clauses still
containing recursive predicates.

0 Logically: we used a regularity hypothesis, i.e ...

(V X. [X|<k = X.sum() =Y)
= (VX. X.sum() =Y)

where we choose as “"complexity mesure” | X]|
just X.Igth and k (the number of unfoldings)
was 2 ...
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Test-Data Generation

Q Coverage Criterion for a Test:

DNF,

For all data up to complexity k, we constructed abstract

test-cases and generated a test.

In our example, the “complexity measure” is just the length

of the LLists.
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Test-Data Generation

0 What are the alternatives to symbolic
test-case generation ?

Must this really be so complicated ??7?

Well, think about the probability to
“guess” input with a complex invariant
and precondition, if you use “blind”
random-generation procedure ...
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Test-Data Generation

2 Summary

> We have (sketched) a symbolic Test-Case
Generation Procedure for UML/MOAL
Specifications

» It takes into account:
0 object orientation
0 data invariants (recursive predicates)
0 recursive functions (via unfolding)

> The process can be tool-supported
(HOL-TestGen)

> The process is intended for automation.

14/10/17 B. Wolff - GLA - Black Box Test

54



Test-Data Generation

2 Summary
Key-Ingredients are:

» Unfolding predicates up to a given depth k

» computing the Disjunctive Normal Form (DNF )

> Adequacy:
Pick for each test-case (a conjoint in the DNF )

one test, i.e. one substitution for the free
variables satisfying the test-case !

14/10/17 B. Wolff - GLA - Black Box Test 55



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55

