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context C::m(a
1 :C

1 ,...,a
n :C

n )

pre
: P(self,a

1 ,...,a
n ) 

post 
: Q(self,a

1 ,...,a
n ,result)
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1 ,...,a
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Consider the test specification (the “Test Case”):
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k(x,y,z).isTria

n
g
le() 

 X

i.e. for w
hich input (x,y,z) should an 

im
plem

entation of our contract yield w
hich X ?

Note that w
e define m

k(0,0,0) to invalid,
as w

ell as all other invalid triangles ...
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b
lem

s

#
T
h
u
s, a

n
y viola

tion
 of an

 in
varian

t, a p
re-co

n
d
ition

 or 
a p

o
st-con

d
itio

n
 is d

etected
. 

#
If a violation

 occu
rs w

ith
in

 an
 execu

tion
 of a

m
eth

o
d
, th

e erro
r is p

recisely rep
orted

.

#
O

n
 th

e oth
er h

an
d
 –

 ru
n
tim

e ch
eckin

g
 is p

ost-h
o
c. 

O
n
ly w

h
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 a
 p

rob
lem

 o
ccu

red
, w

e kn
o
w

 w
h
ere. A

n
d
 

w
e n

eed
 th

e co
m

p
lete p

rog
ram

.
 

#
In

efficien
cies can
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e p

artly overco
m

e b
y o

p
tim

ized
 

co
m

p
ila

tion
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Functional Unit Test : An Exam
ple

W
e add the constraints of the 
analysis:

 
 Triangles
a, b, c: Integer
- mk(Integer,Integer,I

nteger):Triangle
- is_Triang

le(): {equ 
(*equilateral*),

            
      iso (*isosceles*),

            
      

arb (*arbitrary*)}

 

inv    0<a 
 0<b 

 0<c
∧

∧
 

       
inv    c

≤a+b 
 a
∧

≤b+c 
 b
∧

≤c+a
 

       

operation t.is_Triangle():    
post    t.a=t.b 

 t.b=t.c 
 result=equ

∧
⟶

 
post  (t.a≠t.b 

 t.b≠t.c) 
∨

∧
    (t.a=t.b 

 t.b=t.c 
 t.a=t.c))

 result=iso
∨

∨
⟶

post  (t.a≠t.b 
 t.b≠t.c 

 t.a≠t.c))
 result=arb

∨
∨

⟶
post  modifiesOnly({})
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inv ∧
((

x≠y
y=z

x
=y

y=z)
(

∧
∧

∧
∨

x≠y
x=z

        
∧

∧
                    x=y

y=z)
(

∧
∨

x≠y
r=arb

x=y
y=z)

∧
∧

∧
  ∨

 (y≠z
x=y

x=y
y=z)

(y≠z
x=z

∧
∧

∧
∨

∧
∧

                    x=y
y=z)

(y≠z
r=arb

x=y
y=z)

∧
∨

∧
∧

∧
  ∨

 (r=equ
x
=y

x=y
y=z)

(r=equ
∧

∧
∧

∨
∧

                    y=z
x=y

y=z)
(r=equ

x=z
x=y

y=z)
∧

∧
∨

∧
∧

∧
) ∨

((
x≠y

y=z
x≠y

y≠z
x≠z)

(
∧

∧
∧

∧
∨

x≠y
x=z

x≠y
y≠z

x≠z)
(

∧
∧

∧
∧

∨
x≠y

r
=arb

 
∧

∧
x≠y

y≠z
x≠z)

(y≠z
x=y

x≠y
y≠z

x≠z)
(y≠z

x=z
x≠y

y≠z
 

∧
∧

∨
∧

∧
∧

∧
∨

∧
∧

∧
∧

x≠z)
(
y≠z

r=arb
x≠y

y≠z
x≠z)

(r=equ
x=y

x≠y
y≠z

x≠z)
(
r

∨
∧

∧
∧

∧
∨

∧
∧

∧
∧

∨
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y
=z

x≠y
y≠z

x≠z)
(r=equ

x=z
x≠y

y≠z
 x≠z)

∧
∧

∧
∧

∨
∧

∧
∧

∧
) ∨
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x≠y 
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(
∧

∧
∨

x≠y 
 x=z
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(

∧
∧

∨
x≠y

r
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∧

∧
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(y≠z
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∨

∧
∧

∨
∧

∧
∨

∧
∧
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∧
∨

∧
∧

∨
∧

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

y=z)
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∧
∧

∧
∨
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∧
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                    x=y
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∨
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∧
∧

∧
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∧
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∧
∧
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∧
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∧

∧
∧

∨
∧
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∧

∧
∨

∧
∧

∧
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∧

∧
∧

∧
∨
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∧
∧

∧
∧

∨
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r
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∧

∧
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∧
∧

∨
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∧
∧

∧
∨

∧
∧

∧
∧
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∧
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∧
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∧
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∧
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∧
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∧

∨
x≠y

r
=arb

r=iso)
∧

∧
 

 
(y≠z

x
=y

r=iso)
(y≠z

x=z
r=iso)

(y≠z
r=arb

r=iso)
∨

∧
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∨
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∨
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∧
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∧
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∧
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  (* elim
ination of the contradictions and redundancies *) 

inv ∧
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x≠y
y=z

x
=y

y=z)
∧

∧
∧

∨(
x≠y

x=z
∧

∧        
                    

x=y
y=z)
∧

∨(
x≠y

r=arb
x=y

y=z)
∧

∧
∧

  ∨
 (y≠z

x=y
x=y

y=z)
∧

∧
∧

∨(y≠z
x
=z

∧
∧

                    
x=y

y=z)
∧

∨(y≠z
r=arb

x=y
y=z)

∧
∧

∧
  ∨

 (r=equ
x
=y

x=y
y=z)

∧
∧

∧
∨(r=equ∧

                    
y=z

x=y
y=z)

∧
∧

∨(r=equ
x=z

x=y
y=z)

∧
∧

∧
) ∨
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x≠y

y≠z
x≠z)

∧
∧

∧
∧

∨(
x≠y

x=z
x≠y

y≠z
x≠z)

∧
∧

∧
∧

(∨
x≠y

r
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∧

∧
x≠y∧y≠z

x≠z)
∧

∨
(y≠z

x=y
x≠y

y≠z
x≠z)

∧
∧

∧
∧

∨(y≠z
x=z

x≠y
y≠z

 
∧

∧
∧

∧
x≠z)∨(y≠z
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x≠y

y≠z
x≠z)

∧
∧

∧
∧
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x≠y
y≠z

x≠z)
∧

∧
∧

∧
∨(r
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y≠z

x≠z)
∧

∧
∧

∧
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y≠z
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∧
∧

∧
∧

) ∨
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 y=z
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∧
∧

∨
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 x=z
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∧
∧
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x≠y

r
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r=iso)
∧

∧
 

 
(y≠z

x
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∨
∧

∧
∨

∧
∧

∨
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r
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∧

∧
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r=iso)
∧

∧
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r=iso)
∧

∧
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∧
∧
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  (* elim
ination of the contradictions and redundancies *) 

inv ∧
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x≠y
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x
=y

y=z)
∧

∧
∧

∨(
x≠y

x=z
∧
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x=y
y=z)
∧

∨(
x≠y
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x=y

y=z)
∧

∧
∧

  ∨
 (y≠z

x=y
x=y

y=z)
∧

∧
∧

∨(y≠z
x
=z

∧
∧

                    
x=y

y=z)
∧

∨(y≠z
r=arb

x=y
y=z)

∧
∧

∧
  ∨

 (r=equ
x
=y

x=y
y=z)

∧
∧

∧
∨(r=equ∧

                    
y=z

x=y
y=z)

∧
∧

∨(r=equ
x=z

x=y
y=z)

∧
∧

∧
) ∨
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x≠y

y=z
x≠y

y≠z
x≠z)

∧
∧

∧
∧

∨(
x≠y

x=z
x≠y

y≠z
x≠z)

∧
∧

∧
∧

(∨
x≠y

r
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∧

∧
x≠y∧y≠z

x≠z)
∧

∨
(y≠z

x=y
x≠y

y≠z
x≠z)

∧
∧

∧
∧

∨(y≠z
x=z

x≠y
y≠z

 
∧

∧
∧

∧
x≠z)∨(y≠z

r=arb
x≠y

y≠z
x≠z)

∧
∧

∧
∧
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x=y

x≠y
y≠z

x≠z)
∧

∧
∧

∧
∨(r
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y
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x≠y
y≠z

x≠z)
∧

∧
∧

∧
∨(r=equ

x=z
x≠y

y≠z
 x≠z)

∧
∧

∧
∧

) ∨
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r=iso)
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∧
∧

∨
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∧
∧

∨(
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r
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∧

∧
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x
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∨
∧

∧
∨

∧
∧

∨
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r
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∧

∧
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x
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r=iso)
∧

∧
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y
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∧

∧
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∧
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  (* elim
ination of the contradictions and redundancies *) 

inv ∧
((

x≠y
y=z

x
=y

y=z)
∧

∧
∧

∨(
x≠y

x=z
∧
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x=y
y=z)
∧

∨(
x≠y

r=arb
x=y

y=z)
∧

∧
∧

  ∨
 (y≠z

x=y
x=y

y=z)
∧

∧
∧

∨(y≠z
x
=z

∧
∧

                    
x=y

y=z)
∧

∨(y≠z
r=arb

x=y
y=z)

∧
∧

∧
  ∨

 (r=equ
x
=y

x=y
y=z)

∧
∧

∧
∨(r=equ∧

                    
y=z

x=y
y=z)

∧
∧

∨(r=equ
x=z

x=y
y=z)

∧
∧

∧
) ∨
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x≠y

y=z
x≠y

y≠z
x≠z)

∧
∧

∧
∧

∨(
x≠y

x=z
x≠y

y≠z
x≠z)

∧
∧

∧
∧

(∨
x≠y

r
=arb

 
∧

∧
x≠y∧y≠z

x≠z)
∧

∨
(y≠z

x=y
x≠y

y≠z
x≠z)

∧
∧

∧
∧

∨(y≠z
x=z

x≠y
y≠z

 
∧

∧
∧

∧
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x≠y

y≠z
x≠z)

∧
∧

∧
∧
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x≠y
y≠z

x≠z)
∧

∧
∧

∧
∨(r

=equ
y
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x≠y
y≠z

x≠z)
∧

∧
∧

∧
∨(r=equ
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x≠y

y≠z
 x≠z)

∧
∧

∧
∧

) ∨
((

x≠y 
 y=z

r=iso)
(

∧
∧
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r=iso)

∧
∧

∨(
x≠y

r
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r=iso)
∧

∧
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∨
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∧
∨

∧
∧
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  (* elim
ination of the contradictions and redundancies *) 
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∧
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∧
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∧
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∧
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∧
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∧
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∧
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∧
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∧
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∧
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  (* elim
ination of the contradictions and redundancies *) 
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∧
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∧
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  (* elim
ination of the contradictions and redundancies *) 
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∧
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∧
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∧
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∧
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∧
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Test-Case-Construction by DNF M
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yields six abstract test cases
relatibng input x y z to output r
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Note: In general, output r is not necessarily 
uniquely defined as in our exam

ple ... 
The spec can be non-determ
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itting several results.
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Test-Data-Selection:
For each abstract test-case, w
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concrete test, by choosing values that m
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the abstract test case true (« that satisfies the
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A
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n
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N
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u
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V
C
4
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r Z
3
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V
E
R
A
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E
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E
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N
:

D
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r each
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n
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cted
.  

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

#
Rem

ark: During Codiung phase, w
hen the Spec does not
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PHASE I: Test for exceptional behaviour.

W
e negate the precondition and to DNF generation 

on the precondition only.

Test objectives could be:

!
should raise an exception if public

!
should not diverge
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inv
LList_C

ore (n)= (
if n.next=null then n.

lgth = 1 
              else n.
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