KR

Entwic klung objektorientier ter Software mit formalen Methoden

Program Verification — Dynamic Logic for Users

Bernhar d Beckert

UNIVERSITAT KOBLENZ-LANDAU

Praktikum WS0304: Formale Entwicklung objektorientierter Software — Introduction to OCL - p.1



Verification in diff erent design phases Kﬁy

RSy

Analyse
Diagrams

+

Requirement
OCL + nat. Languag

time_

Praktikum WS0304: Formale Entwicklung objektorientierter Software — Introduction to OCL - p.2



Verification in diff erent design phases Kﬁy

RSy

Analyse
Diagrams

+

Requirement
OCL + nat. Languag

time_

(semantic gap)

Praktikum WS0304: Formale Entwicklung objektorientierter Software — Introduction to OCL - p.2



Verification in diff erent design phases KRY

f ClassH ClassA

N i
f ClassH Cg
Analyse Design
Diagrams Diagrams
Requirement Specification
OCL + nat. Languag OCL (inv., pre—/post

time_

(semantic gap)

Praktikum WS0304: Formale Entwicklung objektorientierter Software — Introduction to OCL - p.2



Verification in diff erent design phases Kﬁy

f [ClassE ClassA
= . i
f ClassH Cg
Analyse Design
Diagrams Diagrams
Requirement Specification
OCL + nat. Languag OCL (inv., pre—/post
Refineme™
time
R Horizontal
(semantic gap) Verification

Praktikum WS0304: Formale Entwicklung objektorientierter Software — Introduction to OCL - p.2



Verification in diff erent design phases KRY

f \ [ClassE ClassA ?ffs) 3 %(S?A gﬁﬁs?H
Analyse Design Implementatior
Diagrams Diagrams Diagrams
Requirement Specification Source Code
OCL + nat. Languag OCL (inv., pre—/post Java, C++, Prolog
Refineme™
time
L Horizontal
(semantic gap) Verification

Praktikum WS0304: Formale Entwicklung objektorientierter Software — Introduction to OCL - p.2



Verification in diff erent design phases Kﬁy

f \ [ClassE ClassA i'ffsf %(S?A gl:?;?H
Analyse Design Implementatior

Diagrams Diagrams Diagrams
Requirement Specification Source Code

OCL + nat. Languag OCL (inv., pre—/post Java, C++, Prolog

. \ ~——
time
N Horizontal Vertical
(semantic gap) Verification Verification

Praktikum WS0304: Formale Entwicklung objektorientierter Software — Introduction to OCL - p.2



What has to be proved? Kﬁ)’_

Horizontal Verification f\ inv: 3=5

Specification

\ Design
Contract
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What has to be proved? Kﬁy

Horizontal Verification f\M

e Consistenc y properties

Specification
e Compliance to design principles

= sour ce code is not involved L}

Contract
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What has to be proved? Kﬁy

Horizontal Verification f\M

e Consistenc y properties

Specification
e Compliance to design principles

= sour ce code is not involved L}

Contract

Horizontal Verification can be done in
Classical First-Order Logic (FOL)
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Syntax of Propositional Logic Kﬁ)’

Signature ¥ = (P, 0)

e Propositional Variables P = {F;|i € IN}

Praktikum WS0304: Formale Entwicklung objektorientierter Software — Introduction to OCL - p.4



Syntax of Propositional Logic Kﬁ)’

Signature ¥ = (P, 0)

e Propositional Variables P = {F;|i € IN}

e Logical Operators O = {A,V,—} (handle —, <> as abbre viations)
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Syntax of Propositional Logic Kﬁ)’

Signature ¥ = (P, 0)

e Propositional Variables P = {F;|i € IN}

e Logical Operators O = {A,V,—} (handle —, <> as abbre viations)

Formulas For?

e Propositional Variables are formulas
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Syntax of Propositional Logic Kﬁ)’

Signature ¥ = (P, 0)

e Propositional Variables P = {F;|i € IN}

e Logical Operators O = {A,V,—} (handle —, <> as abbre viations)

Formulas For?
e Propositional Variables are formulas
e If G and H are formulas then
-G, (GANH)and (GV H)

are also formulas
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Semantics of Propositional Logic Kﬁy

Interpretation (Assignment) [

Assigns a definite truth value to each propositional variable

I :P — {true, false}
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Semantics of Propositional Logic Kﬁy

Interpretation (Assignment) [

Assigns a definite truth value to each propositional variable

I :P — {true, false}

Valuation wvaly: Contin uation of I on For§

valy : Fory — {true, false}
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Semantics of Propositional Logic Kﬁy

Interpretation (Assignment) [

Assigns a definite truth value to each propositional variable

I :P — {true, false}

Valuation wvaly: Contin uation of I on For§

valy : Fory — {true, false}

’Ual[(Pi) = I(Pz')
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Semantics of Propositional Logic Kﬁy

Interpretation (Assignment) [

Assigns a definite truth value to each propositional variable

I :P — {true, false}

Valuation wvaly: Contin uation of I on For§

valr(P;) =

1(F;)

... (and so on)

valy : Fory — {true, false}

)
true if val;(P;) = true and

valr(P; A\ Pj) = valy(P;) = true

\ false otherwise
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»The truth that's me.«, said the tautology . KR

Let & € Ford, I C For?

e [is amodel for @ iff. val;(P) = true (write: I = P)
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o I' = @ iff. for all interpretations I:

Praktikum WS0304: Formale Entwicklung objektorientierter Software — Introduction to OCL - p.6



»The truth that's me.«, said the tautology . KR

Let & € Ford, I C For?

e [is amodel for @ iff. val;(P) = true (write: I = P)

o I' = @ iff. for all interpretations I:

I =V forall W €T thenalsol =@
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»The truth that's me.«, said the tautology . KR

Let & € Ford, I C For?

e [is amodel for @ iff. val;(P) = true (write: I = P)
o I' = @ iff. for all interpretations I:
I =V forall W €T thenalsol =@

e If ®is valid under all interpretations, i.e
0 &= @ (short: &= @)

then @ is called a tautology .
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Orientation Map KR/

THE SUN SHINES THE PEOPLE ARE HAPPY
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Orientation Map KR/

THE PEOPLE ARE HAPPY

Syntax B
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Orientation Map KR/

IF THE SUN SHINES THEN THE PEOPLE ARE HAPPY

Syntax A —> B
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Orientation Map KR/

IF THE SUN SHINES THEN THE PEOPLE ARE HAPPY

Syntax A — B

True ) <Semantics » &) False
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Orientation Map Kﬁ

IF THE SUN SHINES THEN THE PEOPLE ARE HAPPY

Syntax A — B

True ) <Semantics » &) False

Now: Syntactical reasoning
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Orientation Map KR/

IF THE SUN SHINES THEN THE PEOPLE ARE HAPPY

Syntax A — B

True ) <Semantics » &) False

Now: Syntactical reasoning

A THE SUN SHINES

A— B |[F THE SUN SHINES THEN THE PEOPLE ARE HAPPY.
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Orientation Map Kﬁ

IF THE SUN SHINES THEN THE PEOPLE ARE HAPPY

Syntax A — B

True ) <Semantics » &) False

Now: Syntactical reasoning

A THE SUN SHINES

A— B |[F THE SUN SHINES THEN THE PEOPLE ARE HAPPY.

B THE PEOPLE ARE HAPPY
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A Bridg e between Semantics and Syntax KRY

Deduction Theorem

Let I' C Fory, @,V € Fory,

TOEDif.TET—

Establishes a relationship between the semantical consequence '=’

and the syntactical implication '—’
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Reasoning as Syntactical Transf ormations Kﬁ)’

Task: Compute I' = @ by performing syntactical transf ormations
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Reasoning as Syntactical Transformations Kﬁ)’

Task: Compute I' = @ by performing syntactical transf ormations

Solution: Calculus F and a set of rules 'R
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Reasoning as Syntactical Transformations Kﬁ)’

Task: Compute I' = @ by performing syntactical transf ormations
Solution: Calculus F and a set of rules R
Sequent Calculus "=

UL,y = P1,.. . G0

" "
Premases Consequences
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Reasoning as Syntactical Transformations Kﬁ)’

Task: Compute I' = @ by performing syntactical transf ormations
Solution: Calculus F and a set of rules R
Sequent Calculus "=

UL,y = P1,.. . G0

~

Premases Consequences

has the same semantic as

D1 A Ay — LV ...V by,
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Rules of the Sequent Calculus KGY

left side right side
' = AA A = A

not
Ih-A = A ' = -AA
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Rules of the Sequent Calculus KGY

left side right side
' = AA A = A
not
Ih-A = A ' = -AA
q I''A,B — A ' = AA I' = B,A
an
I'NANB = A ' = AABA
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Rules of the Sequent Calculus KGY

left side right side
' = AA A = A
not
Ih-A = A ' = -AA
q I''A,B — A ' = AA I' = B,A
an
I'NAANB — A I' = AANB,A
A = A I''B = A I' = A,BA
or
I'AvB — A I' = AVBA
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Rules of the Sequent Calculus KGY

left side right side
' = AA A = A
not
Ih-A = A ' = -AA
q I''A,B — A ' = AA I' = B,A
an
I'NAANB — A I' = AANB,A
A = A I''B = A I' = A,BA
or
I'AvB — A I' = AVBA
_ ' = AA I''B = A I''A = B,A
Imp
I'N'A—B — A ' —= A— BA
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Rules of the Sequent Calculus KGY

left side right side
' = AA A = A
not
Ih-A = A ' = -AA
q I''A,B — A ' = AA I' = B,A
an
I'NAANB — A I' = AANB,A
A = A I''B = A I' = A,BA
or
I'AvB — A I' = AVBA
_ ' = AA I''B = A I''A = B,A
Imp
I'N'A—B — A ' —= A— BA

*

IA — AA
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Proof of Modus Ponens Kﬁ)’

[ = (AN(A— B)) —» B,A
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Proof of Modus Ponens Kﬁ)’

T, (AA(A— B)) = B,A

[ = (AN(A— B)) —» B,A
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Proof of Modus Ponens Kﬁ)’

T, A,(A— B) = B,A

T, (AA(A— B)) = B,A

[ = (AN(A— B)) —» B,A
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Proof of Modus Ponens Kﬁ)’

I''A = B,AA I''A,B — B,A

T, A,(A— B) = B,A

T, (AA(A— B)) = B,A

[ = (AN(A— B)) —» B,A
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Proof of Modus Ponens Kﬁ)’

% %

I''A = B,AA I''A,B — B,A

T, A,(A— B) = B,A

T, (AA(A— B)) = B,A

[ = (AN(A— B)) —» B,A
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Proof of Modus Ponens Kﬁ)’

% %

I''A = B,AA I''A,B — B,A

T, A,(A— B) = B,A

T, (AA(A— B)) = B,A

[ = (AN(A— B)) —» B,A

A proof is closed, if all its goals are closed.
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Propositional logic Is insufficient Kﬁ}’

A ALL PERSONS ARE HAPPY
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Propositional logic Is insufficient Kﬁ}’

A ALL PERSONS ARE HAPPY

PAT IS A PERSON
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Propositional logic Is insufficient Kﬁ}’

A ALL PERSONS ARE HAPPY

PAT IS A PERSON

? PAT IS HAPPY

Propositional Logic lacks a possibility to talk about individuals.
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Propositional logic Is insufficient Kﬁ}’

A ALL PERSONS ARE HAPPY

PAT IS A PERSON

? PAT IS HAPPY

Propositional Logic lacks a possibility to talk about individuals.

= First-Order Logic (FOL)

Praktikum WS0304: Formale Entwicklung objektorientierter Software — Introduction to OCL - p.12



Syntax of First-Order Logic K

Signature > = (P, F,V,a,0U QU {=})
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Syntax of First-Order Logic K

Signature > = (P, F,V,a,0U QU {=})

Predicate Symbols
o

Function Symbols

Variab les

\ o : PUF — IN (arity)

VI{IA?JGHV}
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Syntax of First-Order Logic K

Signature > = (P, F,V,a,0U QU {=})

Predicate Symbols P = {F;|i € IN}, W
. \ o i PUF — IN (arity)

Function Symbols F = {fili € IN}, J

Variab les V ={z;|li € IN}

e Operators O = {A,V,—}, Quantifier s @ = {V, 3} and

the syntactical equality =
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Syntax of First-Order Logic K

Signature > = (P, F,V,a,0U QU {=})

Predicate Symbols P = {F;|i € IN}, W
. \ o i PUF — IN (arity)

Function Symbols F = {fili € IN}, J

Variab les V ={z;|li € IN}

e Operators O = {A,V,—}, Quantifier s @ = {V, 3} and

the syntactical equality =

Terms T'ermy, and Formulas F'ors, are defined inductivel y as usual.
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Syntax of First-Order Logic K

Signature > = (P, F,V,a,0U QU {=})

Predicate Symbols P = {F;|i € IN}, W
. \ o i PUF — IN (arity)

Function Symbols F = {fili € IN}, J

Variab les V ={z;|li € IN}

e Operators O = {A,V,—}, Quantifier s @ = {V, 3} and

the syntactical equality =

Terms T'ermy, and Formulas F'ors, are defined inductivel y as usual.

Additional: Let ¢1,%t2 be terms then t1 = {5 is a formula.
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Semantics of First-Order Logic Kﬁ)’

Interpretation D=(U, I):

U is the non-empty univer se
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Semantics of First-Order Logic Kﬁy

Interpretation D=(U, I):

U is the non-empty univer se

P! C{(z1,...,20)|z; € U,n=a(P)}
L.y 5 U
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Semantics of First-Order Logic Kﬁy

Interpretation D=(U, I):

U is the non-empty univer se

P! C{(z1,...,20)|z; € U,n=a(P)}
L.y 5 U

Variable Assignment 5:V — U
)

true (B(x1),..., B(z,)) € P!

false otherwise
\

B

valp g(P(x1,...,Ty)) =
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Semantics of First-Order Logic Kﬁy

Interpretation D=(U, I):

U is the non-empty univer se

P! C{(z1,...,20)|z; € U,n=a(P)}
L.y 5 U

Variable Assignment 5:V — U
)

true (B(x1),..., B(z,)) € P!

false otherwise
\

B

valp g(P(x1,...,Ty)) =

;

true foralld € U :valp ga(P) = true
valp g(Vr.®(z)) = < T

false otherwise
\
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Definitions Kﬁ)’

Satisfiability , Model and Univer sal validity
D,f = iff. wvalpg(®)=true (P is satisfiab le)
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Definitions Kﬁ)’

Satisfiability , Model and Univer sal validity
D,f = iff. wvalpg(®)=true (P is satisfiab le)

D E=o iff. forall 5:D,=® (Pis valid)
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Definitions Kﬁ)’

Satisfiability , Model and Univer sal validity

D,f = iff. wvalpg(®)=true (P is satisfiab le)

D E iff. foral 8:D,8=® (®is valid)

— iff. forall D: DE® (Pis universally valid)
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Definitions Kﬁ)’

Satisfiability , Model and Univer sal validity

D,f = iff. wvalpg(®)=true (P is satisfiab le)

D ko iff. forall 5:D,0=® (Pis valid)

— iff. forall D: DE® (Pis universally valid)

REMARK:Sorted First-Order Logic

Variables and functions is given a sorte Sorts
Ve :S.®(z)ie.Vr.(S(z) = @(x))
dz: S.®(x) i.e. Jx.(S(x) A P(x))
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' 2
Do we have a deduction theorem at hand” Kﬁ)’_

TOEDiff.TET—

?
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' 2
Do we have a deduction theorem at hand” Kﬁ)’_

TOEDiff.TET—

?

Yes, but only if W is closed.
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' 2
Do we have a deduction theorem at hand” Kﬁ)’_

TOEDiff.TET—

?

Yes, but only if W is closed.

From now on only closed formulas are considered.
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Sequent Calculus for FOL Kﬁy

left side right side

e t € T'ermy. an arbitrar y ground term (no variab les)

® C new constant
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Sequent Calculus for FOL Kﬁy

left side right side
Al LWV ®(z),{z/t}P(z) = A I' = {z/c}®(z),A
\WVr.d(z) = A ' = Vz.®(z),A

e t € T'ermy. an arbitrar y ground term (no variab les)

® C new constant
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Sequent Calculus for FOL Kﬁy

left side right side
Al I\WVr.®(x),{z/t}P(z) = A I' = {z/c}P(x),A
\WVr.d(z) = A ' = Vz.®(z),A
ox. ' = {z/t}®(x),Jz.®(x), A [ {z/c}P(x) = A
' = dz.®(z),A [dz.®(zx) = A

e t € T'ermy. an arbitrar y ground term (no variab les)

® C new constant
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Sequent Calculus for FOL Kﬁy

left side right side
Al I\WVr.®(x),{z/t}P(z) = A I' = {z/c}P(x),A
\WVr.d(z) = A ' = Vz.®(z),A
ox. ' = {z/t}®(x),Jz.®(x), A [ {z/c}P(x) = A
' = dz.®(z),A [dz.®(zx) = A
nsert | Nty — (a/y)0(x).A B

=y = &(z),A

e t € T'ermy. an arbitrar y ground term (no variab les)

® C new constant
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Explaining the Rules (I) Kﬁ

The following description shall explain the first-order calculus rules on an intuitive
(informal) level. For the remainding section all mentioned terms are ground terms,

this means they contain no variables.

all left If aVz.®(x) occurs in the premise, one can add an instantiation with an
arbitrary term ¢ to the premises. This is sound as {z/t}®(z) holds for all
elements of the universe, in particular for the element ¢ is evaluated to. In
contrast to the former rules one keeps the quantified formula in the antecedent

as one may require more than one instantiation.

ex. left dz.®(x) can be replaced by {z/c}® where c is a new constant. c is
thought to be evaluated to the element for which ®(x) holds. An already
existing term ¢ must not be used as its value is already fixed but in general not

to the element satisfying ®(x).
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Explaining the Rules (Il) KR

all right A common way to show that Vz.®(x) holds, is to take an element of an

ex.

arbitrary value. In other words, if {z/c}®(z) can be shown for a new constant c
then the result can be generalised, as no assumptions about the value of c have
been made.

In contrast, the generalisation is not possible if an already existing term ¢ is
used instead. The value of ¢ has been already fixed to a certain value, which
may randomly satisfy ®(x), but this may not necessarily be the case for all
other elements of the universe (similar to: 2,3, 5,7 are primes, so all odd
numbers are primes).

right If 3z.®(x) has to be proven, one can try to prove it for an arbitrary

term ¢. If one uses the wrong term ¢, this means a term for which ®(x) is false it
is not worse, one only gets false on the right side, which is the neutral element
of V and so it can just be removed from the sequent. The existential quantified
formula is not removed from the sequent, so that one can try to prove the
formula for another term ¢’ (sometimes one even has to instantiate the
existential quantifiers and all instances are required).
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Example Kﬁy

DEMO
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Towards Program Verification Kﬁ

Vertical Verification

e Prove that the implementation fulfills the specification (equivalence

for complete specifications)
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Vertical Verification

e Prove that the implementation fulfills the specification (equivalence

for complete specifications)
e Reasoning about programs

e Formalise program properties as formulas of Dynamic Logic
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Towards Program Verification Kﬁy

Vertical Verification

e Prove that the implementation fulfills the specification (equivalence

for complete specifications)
e Reasoning about programs

e Formalise program properties as formulas of Dynamic Logic

In contrast to testing,
verification can show the absence of errors
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. . 5
Do we really need another kind of logics” Kﬁ)’_

»There is a tradition in logic, carried over into computer science
to think of pure first order logic as a univer sal langua ge.
In fact first order langua ge is about as useful in verification as a
Turing machine is in software engineering:

CUTE TO WATCH BUT NOT VERY USEFUL.«

V. Pratt

Praktikum WS0304: Formale Entwicklung objektorientierter Software — Introduction to OCL - p.22



State Dependance of Truth Values Kﬁy

What is the truth value of

? 'The value of program variable z is 3. 7
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State Dependance of Truth Values Kﬁy

What is the truth value of
? 'The value of program variable z is 3. 7

May vary during the execution time of a program.

Praktikum WS0304: Formale Entwicklung objektorientierter Software — Introduction to OCL - p.23



State Dependance of Truth Values Kﬁy

What is the truth value of
? 'The value of program variable z is 3. 7

May vary during the execution time of a program.

For example , after the execution of

e x=3; the value is true
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State Dependance of Truth Values Kﬁy

What is the truth value of
? 'The value of program variable z is 3. 7

May vary during the execution time of a program.

For example , after the execution of
e x=3; the value is true

e x=4; the value is false
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State Dependance of Truth Values

KRY

What is the truth value of

? 'The value of program variable z is 3. 7

May vary during the execution time of a program.

For example , after the execution of
e x=3; the value is true

e x=4; the value is false

= Reasoning about programs must consider the current program state.
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Dynamic Logics for a simple 'while’ language Kﬁ)’

Sighature

Y= (P, F, Iy, OU{{-),[.]}), Sorts = {int,boolean}
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Dynamic Logics for a simple 'while’ language Kﬁ)’

Sighature
Y= (P, F, Iy, OU{{-),[.]}), Sorts = {int,boolean}

Iy is a set of atomic programs (e.g. «, 3)
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Dynamic Logics for a simple 'while’ language Kﬁ)’

Sighature

Y= (P, F, Iy, OU{{-),[.]}), Sorts = {int,boolean}

Iy is a set of atomic programs (e.g. «, 3)

Definition of Programs 11
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Dynamic Logics for a simple 'while’ language Kﬁ)’

Sighature

Y= (P, F, Iy, OU{{-),[.]}), Sorts = {int,boolean}

Iy is a set of atomic programs (e.g. «, 3)

Definition of Programs 11

If o, 8 € IIp and b a term of sort bool then

o ;[
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Dynamic Logics for a simple 'while’ language Kﬁ)’

Sighature

Y= (P, F, Iy, OU{{-),[.]}), Sorts = {int,boolean}

Iy is a set of atomic programs (e.g. «, 3)

Definition of Programs 11

If o, 8 € IIp and b a term of sort bool then
o o[
e if (b) then {a} else {fA}
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Dynamic Logics for a simple 'while’ language Kﬁ)’

Sighature

Y= (P, F, Iy, OU{{-),[.]}), Sorts = {int,boolean}

Iy is a set of atomic programs (e.g. «, 3)

Definition of Programs 11

If o, 8 € IIp and b a term of sort bool then
° a;f
e if (b) then {a} else {fA}
e wvhile (b){a}

are programs in II.
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Terms and Formulas of Dynamic Logics Kﬁ)’

Definition of Terms

Defined as in first-or der logics. But we distinct between

e rigid terms, whic h are meant to be state independant
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Terms and Formulas of Dynamic Logics Kﬁ

Definition of Terms

Defined as in first-or der logics. But we distinct between
e rigid terms, whic h are meant to be state independant

e non-rigid (or flexible) terms, whose value (interpretation) will

depend on the current program state
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Terms and Formulas of Dynamic Logics Kﬁ)’

Definition of Terms

Defined as in first-or der logics. But we distinct between
e rigid terms, whic h are meant to be state independant

e non-rigid (or flexible) terms, whose value (interpretation) will

depend on the current program state

Definition of Formulas

All formulas of FOL are also dynamic logic formulas (DL formulas).
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Terms and Formulas of Dynamic Logics Kﬁy

Definition of Terms

Defined as in first-or der logics. But we distinct between
e rigid terms, whic h are meant to be state independant

e non-rigid (or flexible) terms, whose value (interpretation) will

depend on the current program state

Definition of Formulas

All formulas of FOL are also dynamic logic formulas (DL formulas).

If o is a program and ® a formula then

Praktikum WS0304: Formale Entwicklung objektorientierter Software — Introduction to OCL - p.25



Terms and Formulas of Dynamic Logics Kﬁy

Definition of Terms

Defined as in first-or der logics. But we distinct between
e rigid terms, whic h are meant to be state independant

e non-rigid (or flexible) terms, whose value (interpretation) will

depend on the current program state

Definition of Formulas

All formulas of FOL are also dynamic logic formulas (DL formulas).

If o is a program and ® a formula then

(a)® is a DL-Formula
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Terms and Formulas of Dynamic Logics Kﬁy

Definition of Terms

Defined as in first-or der logics. But we distinct between
e rigid terms, whic h are meant to be state independant

e non-rigid (or flexible) terms, whose value (interpretation) will

depend on the current program state

Definition of Formulas

All formulas of FOL are also dynamic logic formulas (DL formulas).

If o is a program and ® a formula then

(a)® is a DL-Formula

[a]® is a DL-Formula
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Semantics of Dynamic Logic - Kripke Structurekﬁy

Kripke-Structure K = (States, p)
where s € State,s = (U,I) and p : [Ig — States x States
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Semantics of Dynamic Logic - Kripke Structurekﬁy

Kripke-Structure K = (States, p)
where s € State,s = (U,I) and p : [Ig — States x States

p(a)
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Semantics of Dynamic Logic - Kripke Structur%ﬁy

Kripke-Structure K = (States, p)
where s € State,s = (U,I) and p : [Ig — States x States

p(a), p(B)
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Diamond and Box Revealed Kﬁ)’

(a)® There exists an a-reachable state, such that ® holds.
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Diamond and Box Revealed Kﬁ)’

(a)® There exists an a-reachable state, such that ® holds.

[a]® @ holds in all a-reachable states.
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Diamond and Box Revealed Kﬁ)’

(a)® There exists an a-reachable state, such that ® holds.

[a]® @ holds in all a-reachable states.

What does this mean in terms of program execution?
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Diamond and Box Revealed Kﬁ

(a)® There exists an a-reachable state, such that ® holds.

[a]® @ holds in all a-reachable states.

What does this mean in terms of program execution?

(-): total correctness; [.]: partial correctness
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Diamond and Box Revealed Kﬁ)’

(a)® There exists an a-reachable state, such that ® holds.

[a]® @ holds in all a-reachable states.

What does this mean in terms of program execution?
(-): total correctness; [.]: partial correctness

Duality: (a)® iff. =[a]| P
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Semantics of Dynamic Logic Kﬁ)’

Let P ={A,B,C}, D= IN and
sl:1={A,B},s2: 1 ={C},s4:1={A}

Praktikum WS0304: Formale Entwicklung objektorientierter Software — Introduction to OCL - p.28



Semantics of Dynamic Logic Kﬁ)’

Let P ={A,B,C}, D= IN and
sl:1={A,B},s2: 1 ={C},s4:1={A}

sl = (a)A?
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Semantics of Dynamic Logic Kﬁ)’

Let P ={A,B,C}, D= IN and
sl:1={A,B},s2: 1 ={C},s4:1={A}

sl =(a)A
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Semantics of Dynamic Logic Kﬁ)’

Let P ={A,B,C}, D= IN and
sl:1={A,B},s2: 1 ={C},s4:1={A}
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Semantics of Dynamic Logic Kﬁ)’

Let P ={A,B,C}, D= IN and
sl:1={A,B},s2: 1 ={C},s4:1={A}

s1 = (a)A (oK), s1f=(B)A(—)
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Semantics of Dynamic Logic Kﬁ)’

Let P ={A,B,C}, D= IN and
sl:1={A,B},s2: 1 ={C},s4:1={A}

s1 = (a)A (oK), s1f=(B)A(—)
s5 = (B)A?
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Semantics of Dynamic Logic Kﬁ)’

Let P ={A,B,C}, D= IN and
sl:1={A,B},s2: 1 ={C},s4:1={A}

s1 = (a)A (oK), s1f=(B)A(—)
sb = (B)A (—),
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Semantics of Dynamic Logic Kﬁ)’

Let P ={A,B,C}, D= IN and
sl:1={A,B},s2: 1 ={C},s4:1={A}

s1 = (a)A (oK), s1f=(B)A(—)
sb = (B)A (—), s5 = [B]A?
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Semantics of Dynamic Logic Kﬁ)’

Let P ={A,B,C}, D= IN and
sl:1={A,B},s2: 1 ={C},s4:1={A}

s1 = (a)A (oK), s1f=(B)A(—)
sb = (B)A (=), s5=[BlA
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A 'While’-Langua ge with Assignments (I) Kﬁy

e The atomic programs are assignments:

r=t (sort(x)= sort(t) = int)
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A 'While’-Langua ge with Assignments (I) Kﬁy

e The atomic programs are assignments:

r=t (sort(x)= sort(t) = int)

e Terms are arithmetical expressions (functions +-,—, %)
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A 'While’-Langua ge with Assignments (I) Kﬁy

e The atomic programs are assignments:

r=t (sort(x)= sort(t) = int)
e Terms are arithmetical expressions (functions +-,—, %)

e Conditions are built with > and >=
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A 'While’-Langua ge with Assignments (I) Kﬁy

e The atomic programs are assignments:

r=t (sort(x)= sort(t) = int)
e Terms are arithmetical expressions (functions +-,—, %)

e Conditions are built with > and >=

Example

y=1;

x=3;

while (x>0) {
Y=Y*X;
x=x-1;

+
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A 'While’-Langua ge with Assignments(ll) Kﬁy

States s = (U, 1,0)

e have all the same univer se U
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A 'While’-Langua ge with Assignments(ll) Kﬁy

States s = (U, 1,0)
e have all the same univer se U

e predicate symbols are rigid
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A 'While’-Langua ge with Assignments(ll) Kﬁ

States s = (U, 1,0)
e have all the same univer se U
e predicate symbols are rigid
Further agreement:

e Logic variables vs. program variables:

Program variables cannot be quantified. Their value depends on the
current state. Therefore each state contains a function

o: ProgVar —U.
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A 'While’-Langua ge with Assignments(ll) Kﬁ

States s = (U, 1,0)
e have all the same univer se U
e predicate symbols are rigid
Further agreement:

e Logic variables vs. program variables:
Program variables cannot be quantified. Their value depends on the
current state. Therefore each state contains a function
o: ProgVar —U.
On the other hand, logic variables are not allowed to occur in

programs and they must be bound by a quantifier .
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Local Validity Kﬁy

There is some choice selecting the consequence relation =.

The deduction theorem holds for the local version:

rEd
Iff .

for all states g: if g =1 then g = ®
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Local Validity Kﬁ

There is some choice selecting the consequence relation =.

The deduction theorem holds for the local version:

rEd
Iff .

for all states g: if g =1 then g = ®
(global version:

e ®
ff

for all states g: g =TI then for all states g: g = ®
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Sequent Calculus Rules Kﬁy

[o=true = ()®,A T = b=true, (5)P,A
' = (if (b) then «; else 3;)P, A

IF-ELSE
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Sequent Calculus Rules Kﬁy

[o=true = ()®,A T = b=true, (6)P,A
' = (if (b) then «; else 3;)P, A

IF-ELSE

_ r*Yz=t + & AY .
Assignment (y new variable)
r F (zx=t)P, A
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IF-ELSE
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Assignment (y new variable)
r F (zx=t)P, A
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Example Kﬁy

DEMO
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