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Abstract

For software systems mainly driven by events, a special specification tech-
nique is introduced which allows to define the systems in a very clear way by
the separation of event handling from the control of program actions. From
this specification, an efficient implementation can be derived automatically.
The approach allows to check the correctness of the specification with respect
to certain expected properties. Moreover, some interesting temporal proper-
ties can be verfied using the technique of predicate transformers.

1 Introduction

In a lot of applications (windows-, web applications, embedded systems) the pro-
gram flow is mainly controlled by raising events. Each event can cause some actions
like procedure calls in the program. In this way, the state of the program namely
the existence and value of objects is influenced.

The connection between events and caused actions is described in different ways,
dependent on the used system and technology. Commonly, events and corresponding
actions are directly coupled. In C# (.NET), an event is delegated to a sequence
of actions by means of delegates. This is described in the program parts (classes)
where the occurrence of the event is expected. However, not all the events influence
the program flow really. For instance, the only effect of moving the mouse over a
window is mostly to change the mouse pointer. Either such an event is not delegated
to an action or its occurrence is disabled. In the last case, this is expressed by a
property of an object like a windows button.

This means, that event handling is distributed over the whole program text. So,
there is no clear overview where and under which circumstances events may occur
and which effects they release. It depends always on the current general situation
of a program which is mainly characterized by the existence and values of program
objects, i.e. the current memory assignment. This makes software maintenance
complicated.

The basic idea to overcome this problem is to clearly separate event handling
from the actions of the program. We introduce a special program state which is
responsible for event handling alone. Let us call it the event state. Every event may
change the event state.

So, there is one cycle in the program flow which is determined by raising events
and changing the event state.

The connection between events and actions of the program is also controlled by
means of the event state. A control function selects the actions which are executed
on the basis of the current event state. Of course, this coupling between events and
actions is much more loosely described as before but by a suitable structure of the
event state this can be clearly expressed too. The focus of consideration is stronger
directed to the actions than to the events.



The advantages of this approach consist in:

• The separation of event-handling from control of actions allows to design the
whole system by two distinct persons: one is only responsible for managing
events and the other one for the effects depending on the different states.

• The separated description of event-handling cycle as well as control of pro-
gramm actions can be done in a relative abstract, specification like, manner.
For this specification, no knowledge of any programming language is neces-
sary. Nevertheless, an automatic transformation of the specification into the
source code of the used programming language is possible. Moreover, the
event-handling cycle can now be considered as a special transaction system.
As it is shown in sections 3, 4.2 and 5, some optimizations for the transforma-
tion into programming language code and verifications of temporal assertions
can be carried out.

2 Event Driven Systems

2.1 Structure

An Event Driven System (EDS) is modelled by

• S - a set of states,

• E ⊂ SS - a finite set of events, i.e. each event e ∈ E is a total function
e : S → S, and

• δ : S → A∗ - a control function, where A is a certain set of program actions,
i.e. for each state s ∈ S it is δ(s) ∈ A∗ a finite sequence of program actions
which all have to be carried out under the current state s.

2.2 Semantics

The pair (S, E) can be considered as a transition system where to each state s and
each event e a transition s → e(s) belongs.
A sequence ε ∈ E∗ of events defines the final state after all the events whithin ε are
executed in the correspondig order, i.e.:

ε(s) := s, e.ε(s) := ε(e(s))

where ε denotes the empty sequence.
We extend the effect of a sequence ε ∈ E∗ of events to produce all the intermediate
states by considering the function ε∗ : S → S∗ defined as

ε(s) := s, e.ε∗(s) := s.ε∗(e(s))

Analogously, we extend the control function δ to δ∗ : S∗ → A∗, by

δ∗(ε) := ε, δ∗(s.σ) := δ(s).δ∗(σ).

Now, for any sequence ε ∈ E∗ of events and any initial state s we get a sequence
δ∗(ε∗(s)) of program actions which are executed when ε occurs. This defines the
meaning of event driven system EDS.



2.3 Refinements

To define S, E, δ we go into more details.

We introduce a set X of variables and set S = INX where IN denotes the set of
natural numbers. So, each s ∈ S is a function s : X → IN which assigns to every
variable x a number s(x), the value of variable x.
An event e is defined by a sequence of statements of form C ⇒ t. Here, C =

∧
i∈[n] ci

is a condition built by a conjunction of the ci where [n] = {1, . . . , n}. Each ci is a
comparison where the operands are variables out of X or natural numbers and the
operators are from the set {<,≤, =,≥, >}.
The ci as well as the C define sets of states. A comparison ci defines all the states
for which the comparison is satisfied and condition C defines the states for which
all the comparisons in C are satisfied. Therefore, we identify the comparison ci and
condition C whith there states and use the same symbols for the formulas as well
as for there sets of states.
So, we have C =

⋂
i∈[n] ci. C is satisfied by state s if and only if s ∈ C. If n = 0 we

have C = S.
Every t is a sequence of simple assignments of form x := e where x is a variable
and e an expression over variables and numbers as operands and addition and
substraction as operators. The execution of sequence t implements an unconditional
transformation of states t : S → S.
If an event occurs then all the included statements are checked. If for any statement
C ⇒ t the current state s satifies condition C, i.e. s ∈ C, then the transformation
t is executed. We demand that for any two statements C ⇒ t, C ′ ⇒ t′ within the
same event the set of variables changed in t and t′ must be disjoint if C ∩ C ′ 6= ∅.
As a consequence, the order of these statements is not important and, the effect of
an event e can be considered as a function e : S → S.

The control function is also defined by a sequence of statements of form C ⇒ α.
Here, C is a condition as in an event, α is a sequence of program actions. For
a current state s, it is δ(s) the concatenation of all sequences α for which the
corresponding condition C is satisfied. This means, that the effect of the control
function may depend on the order of the statements C ⇒ α. However, reordering
of these statements is allowed. So, there is no warranty that the control function
works in accordance with the given order.

3 Optimizations

3.1 Simplifications

Each condition C =
∧

i∈[n] ci can be simplified in a threefold manner:

• Elimination of tautologies:
If for some j ∈ [n] : cj = S, then C =

∧
i∈[n]−{j} ci.

If n = 0, i.e. [n] = ∅, then we get S ⇒ t.

• Elimination of contradictions:
If C = ∅, then a statement C ⇒ t can be removed from the event.

• Elimination of implications:
If for some j, k ∈ [n] : ck ⊆ cj then C =

∧
i∈[n]−{j} ci.

For any comparison c it holds that c = S iff c has the form o ≤ o, o = o or o ≥ o
for some operand o. And, it holds that c = ∅ iff c has the form o < o or o > o for
some operand o.



3.2 Check of Contradictions

The method to check whether C = ∅ is adapted to the tableau-method of proposi-
tional calculus:
Stepwise we transform condition C into a set C of simple conditions which all of
them contain only comparisons of form o < o′. This transformation is done in such
a way that C is satisfyable iff one of the conditions from C can be satisfied.

Step 1:
In C, replace every comparison of form o > o′ by o′ < o and every comparison of
form o ≥ o′ by o′ ≤ o.

Step 2:
Start with C := {C}.
While there is in C a C which contains a comparison of form o ≤ o′: split C into
two sets C ′ and C ′′ where the comparison o ≤ o′ in C ′ is replaced by o = o′ but in
C ′′ it is replaced by o′ < o.

Step 3:
While in C there is a set C which contains a comparison of form o = o′ remove it
from C and do:

• if o is a variable, say x, then replace any occurrence of x in C by o′,

• otherwise, if o′ is a variable, say x, then replace any occurrence of x in C by
o,

• otherwise, if both, o as well as o′, are different natural numbers then remove
whole set C from C.

Step 4:
While C is not empty do:
Take any C ∈ C. Let O be the set of all operands of comparisons in C and IN the
set of natural numbers. Now, try to build a function s : O → IN in the following
way:

• if o is a number then set
s(o) := o

• otherwise, if o is a variable then set

s(o) :=
{

0 if there is no comparison o′ < o in C
max{s(o′) | o′ < o ∈ C}+ 1 otherwise

If such an function s does not exist or for the existing s there is a comparison o′ < o
in C such that s(o) ≤ s(o′) then remove C from C.
Theorem 3.1 The method above allways terminates and, condition C is a contra-
diction if and only if set C becomes empty.

Proof:
The original condition C is a contradiction if and only if after step 2 every set in C
is a contradiction.
In step 3, all equations are resolved. But, if there is an equation which cannot
be resolved because the left-hand side and right-hand side are different, the corre-
sponding set is a contradiction and is removed from C.
In step 4, by constructing the function s, we try to find values s(o) for all operands
o such, that all the comparisons in the corresponding conditions are fullfilled. Func-
tion s exists if and only if the transitive closure of relation < is asymmetrically since
in this case it defines a partial ordering which always can be completed to a total



one. But, for numbers as operands on the right-hand side function s may not meet
the needed order. This must be checked separately.
A remaining condition of C can be satisfied by the founded function s. Therefore,
the original condition C can be satisfied and is not a contradiction. 2

3.3 Reordering

A specification as defined in section 2.3 for the events as well as for the control
function, consists of a sequence

C1 ⇒ x1; . . . Cn ⇒ xn;

where the Ci are conditions (conjunctions of comparisons) and the xi are either
sequences of simple assignments (in the case of events) or sequences of actions (in
the case of control function).
From such a specification we can get a text of a programming language, like Java,
C, C++ or C#, just by transforming it into a sequence of if-statements

if(C1) x1; . . . if(Cn) xn;
But, in some cases it would be advantageous to reorder this sequence and to build
nested if-statements. This may prolong the length of the text but improve the
efficiency of execution. We do this by the following steps:

Step 1:
We reorder the sequence C1 ⇒ x1; . . . Cn ⇒ xn; such that if Ci ⊆ Cj then j ≤ i.
Step 2:
We build the following sequence of nested if-statemens:

if(C1) {x1; if(C2) x2; . . . if(Cn) xn; return; }
if(C2) {x2; if(C3) x2; . . . if(Cn) xn; return; }

· · ·
· · ·
· · ·

if(Cn−1) {xn−1; if(Cn) xn; return; }
if(Cn) xn;

Step 3:
We remove each if-statement if(Ci){. . .} if there exists an j where Ci ⊆ Cj .
Step 4:
In each remaining if-statement

if(Ci) {xi; if(Ci+1) xi+1; . . . if(Cn) xn; return; }
we replace Ci+k by C ′i+k if Ci+k has the form Ci ∧ C ′i+k.
Step 5:
In each remaining if-statement

if(Ci) {xi; if(Ci+1) xi+1; . . . if(Cn) xn; return; }
we remove the contained if-statement if(Ci+k) xk; if Ci ∩ Ci+k = ∅.

4 Predicate Transformer

4.1 Basics

Use of predicate transformer is a well investigated method for the verification of
programs. Without reviewing the whole theory, we consider two special cases of
predicate transformers. This idea goes back to Sifakis ([Si82]) who applied this
theory to general transition systems.



A transition system can be considered as a triplet T = (Q,T, R) where

• Q is a countable set of states,

• T = {t1, . . . , tn} is a set of transitions and

• R = {r1, . . . , rn} is a set of binary relations on Q.

The meaning of the whole transition system can be considered as the union
r :=

⋃
R, also a binary relation on Q.

In our case, an event system can be considered as a transition system too. Here,
S is the set of possible states and any event, say e, is a possible transition which
transforms the current state. But, we have the special case that every event is a
total function e : S → S. As a consequence, r :=

⋃
E is a relation defined for all

states s ∈ S, i.e. sr := {s′ | (s, s′) ∈ r} 6= ∅ always holds.
Analogously to Sifakis, for any relation r ⊆ S × S we define two predicate trans-
former 〈r〉 : ℘(S)× ℘(S) and [r] : ℘(S)× ℘(S) by

Definition 4.1

〈r〉(A) := {s | sr ⊆ A} and [r](A) := {s | sr ∩A 6= ∅}.
In the sense of Dijkstra ([Di76]), 〈r〉(A) is the weakest liberal precondition of propo-
sition A which means that for any state s ∈ 〈r〉(A) all results sr of s by using
relation r must meet the postcondition A. Note that for any state s whith sr = ∅
we have s ∈ 〈r〉(A). And, 〈r〉(∅) = {s | sr = ∅} is the set of all states for which r is
not defined. Therefore, 〈r〉(∅) = {s | sr 6= ∅} is the set of all states for which r is
defined, for which at least one result exists.
The weakest precondition is defined by 〈r〉(A)∩〈r〉(∅). It contains exactly all states
s with rs 6= ∅ and sr ⊆ A. Note that if r is always defined, as in our case, then
〈r〉(∅) = S and therefore, weakest liberal precondition and weakest precondition
coincide.
In terms of event systems, 〈r〉(A) is the set of all states for which all by any event
transformed states, fulfil the postcondition A.
The meaning of predicate transformer [r] is slightly different. [r](A) is the set of all
states which can be transformed by some events into states which fulfil the post-
condition A.
It is obvious that:

Lemma 4.2 ∀s : (s ∈ S → sr 6= ∅) → (∀A : A ⊆ S → 〈r〉(A) ⊆ [r](A))

Proof: rs 6= ∅ ∧ sr ⊆ A → sr ∩A 6= ∅ 2

As we will see in section 5, both predicate transformers are useful to verify in-
teresting properties of event systems. However, only one is necessary, because of:

Lemma 4.3

[r](A) = 〈r〉(A) and 〈r〉(A) = [r](A).

Proof:

[r](A) = {s | sr ∩A 6= ∅} = {s | sr ∩A = ∅} = {s | sr ⊆ A} = 〈r〉(A)

and anagously

〈r〉(A) = {s | sr ⊆ A} = {s | sr ∩A = ∅} = {s | sr ∩A 6= ∅} = [r](A)

2



And, for the special case of event e : S → S we get:

Lemma 4.4 〈e〉 = [e]

Proof: 〈e〉(A) = {s | {e(s)} ⊆ A} = {s | e(s) ∈ A} = {s | {e(s)} ∩A 6= ∅} 2

Both predicate transformer are monotonic:

Lemma 4.5 If A ⊆ A′ then 〈r〉(A) ⊆ 〈r〉(A′) and [r](A) ⊆ [r](A′).

Proof: It holds

〈r〉(A) = {s | sr ⊆ A} ⊆ {s | sr ⊆ A′} = 〈r〉(A′).

And from A ⊆ A′ follows A
′ ⊆ A, consequently 〈r〉(A′) ⊆ 〈r〉(A) what means

[r](A) = 〈r〉(A) ⊆ 〈r〉(A′) = [r](A′). 2

For any relation r ⊆ S×S we define relations rn ⊆ S×S for n ∈ IN and r∗ ⊆ S×S
by

r0 := {(s, s) | s ∈ S}, rn+1 := r ◦ rn and r∗ :=
⋃
{rn | n ∈ IN}.

Now, for r =
⋃

E, the predicate transformers 〈r∗〉 and [r∗] says:
If for the current state s we have s ∈ 〈r∗〉(A) and a finite number of any events
was raised then the resulting state s′ must fulfil A, i.e. for any sequence ε ∈ E∗ of
events we get ε(s) ∈ A.
And, if s ∈ [r∗](A) and a finite number of any events was raised then it can happen
that a resulting state s′ fulfils A. In other words, there exists a sequence ε ∈ E∗ of
events such that ε(s) ∈ A.

Lemma 4.6 〈r〉(A ∩A′) = 〈r〉(A) ∩ 〈r〉(A′)
Proof:

〈r〉(A ∩A′) = {s | sr ⊆ (A ∩A′)} = {s | sr ⊆ (A) ∧ sr ⊆ (A′)}

= {s | sr ⊆ (A)} ∩ {s | sr ⊆ (A′)} = 〈r〉(A) ∩ 〈r〉(A′)
2

Lemma 4.7 [r](A ∪A′) = [r](A) ∪ [r](A′)

Proof:

[r](A ∪A′) = {s | sr ∩ (A ∪A′) 6= ∅} = {s | sr ∩A 6= ∅ ∨ sr ∩A′ 6= ∅}

= {s | sr ∩A 6= ∅} ∪ {s | sr ∩A′ 6= ∅} = [r](A) ∪ [r](A′)

2

4.2 Calculation of predicate transformers

It is well known (e.g. [Ho78]) that for a simple assignment like x := e it holds that

Lemma 4.8 〈x := e〉(A) := Ax
e

where Ax
e is the assertion got from a logical formula of A by substituting there all

free occurrences of variable x by expression e.
And by lemma 4.4 we get



Lemma 4.9 [x := e](A) := Ax
e

Furthermore, it holds

Lemma 4.10 〈r ◦ r′〉 = 〈r′〉 ◦ 〈r〉.
Proof:

〈r ◦ r′〉(A) = {s | s(r ◦ r′) ⊆ A} = {s | (sr)r′ ⊆ A} = {s | sr ⊆ {s′ | s′r′ ⊆ A}}

= {s | sr ⊆ 〈r′〉(A)} = 〈r〉(〈r′〉(A)) = (〈r′〉 ◦ 〈r〉)(A).

2

Similarly:

Lemma 4.11 [r ◦ r′] = [r′] ◦ [r].

Proof:

[r ◦ r′](A) = 〈r ◦ r′〉(A) = 〈r〉(〈r′〉(A)) = [r](〈r′〉(A)) = [r]([r′](A)) = ([r′] ◦ [r])(A).

2

However, we get

Lemma 4.12 〈r ∪ r′〉(A) = 〈r〉(A) ∩ 〈r′〉(A).

Proof:
〈r ∪ r′〉(A) = {s | s(r ∪ r′) ⊆ A} = {s | (sr ∪ sr′) ⊆ A} =

{s | sr ⊆ A ∧ sr′ ⊆ A} = {s | sr ⊆ A} ∩ {s | sr′ ⊆ A} = 〈r〉(A) ∩ 〈r′〉(A).

2

But:

Lemma 4.13 [r ∪ r′](A) = [r](A) ∪ [r′](A).

Proof:

[r ∪ r′](A) = 〈r ∪ r′〉(A) = 〈r〉(A) ∩ 〈r′〉(A) = 〈r〉(A) ∪ 〈r′〉(A) = [r](A) ∪ [r′](A).

2

By lemma 4.12 we get for r =
⋃

E:

Lemma 4.14 〈r〉(A) =
⋂{〈e〉(A) | e ∈ E}.

And, by lemma 4.10

Lemma 4.15 〈rn〉 = 〈r〉n

Together we have

Theorem 4.16 〈r∗〉(A) =
⋂{〈r〉n(A) | n ∈ IN}.

But:

Theorem 4.17 [r∗](A) =
⋃{[r]n(A) | n ∈ IN}.



Proof:
[r∗](A) = 〈r∗〉(A) =

⋂
{〈r〉n(A) | n ∈ IN} =

⋃
{〈r〉n(A) | n ∈ IN} =

⋃
{[r]n(A) | n ∈ IN}.

2

It remains to describe the calculation of 〈e〉. In order to formalize that we introduce
for any finite subset I ⊂ IN of natural numbers and any set {fi | fi : X → X∧i ∈ I}
of functions the operation ◦i∈Ifi, defined by

( ◦i∈I fi

)
(x) :=

{
x if I = ∅,( ◦i∈I−{k} fi

)
(fk(x)) if k = max(I).

Using this operation, we get for t = (x1 := e1, . . . , xn := en) and [n] = {1, . . . , n}:
〈t〉 := ◦i∈[n]〈xi := ei〉.

Finally, for e = (C1 ⇒ t1, . . . , Cn ⇒ tn) we claim that

Theorem 4.18

〈e〉(A) :=
⋃

I⊆[n]

( ⋂

i∈I

Ci ∩
⋂

i∈I

Ci ∩ (◦i∈I〈ti〉)(A))
)
.

Proof:
By lemma 4.10 and the fact that the order of ti is not important we have for any
I ⊂ IN : 〈◦i∈Iti〉 = ◦i∈I〈ti〉.
Let now s be any state where e(s) ∈ A and let Is := {i | s ∈ Ci}. This means that
e(s) = (◦i∈Isti)(s). It follows (◦i∈Isti)(s) ∈ A and s ∈ 〈◦i∈Iti〉(A) = (◦i∈I〈ti〉)(A).
Furthermore, it is s ∈ ( ⋂

i∈Is
Ci ∩

⋂
i∈Is

Ci

)
and therefore,

s ∈ ( ⋂
i∈Is

Ci ∩
⋂

i∈Is
Ci ∩ (◦i∈Is〈ti〉)(A))

)
.

But, for any I 6= Is we have s /∈ ( ⋂
i∈I Ci ∩

⋂
i∈I Ci ∩ (◦i∈I〈ti〉)(A))

)
, what means,

that s ∈ 〈e〉(A). 2

5 Applications

5.1 Invariant and Trajectory

Definition 5.1 An assertion A is called an invariant if A ⊆ 〈r〉(A).

If some state s meets the invariant A, i.e. s ∈ A, then sr ⊆ A, consequently:
sr∗ ⊆ A and if S0 ⊆ A then S0r

∗ ⊆ A too.

Lemma 5.2 It is A an invariant if and only if
A is fixed point of F (X) = X ∩ 〈r〉(X).

Proof: A ⊆ 〈r〉(A) ⇔ A = A ∩ 〈r〉(A) 2

Lemma 5.3 A is an invariant if and only if A = 〈r∗〉(A).

Proof: Let A be an invariant. By theorem 4.16 we have

〈r∗〉(A) = A ∩
⋂
{〈r〉n+1(A) | n ∈ IN}

and therefore: 〈r∗〉(A) ⊆ A. By definition 5.1 and lemma 4.5 we get ∀n ∈ IN : A ⊆
〈r〉n(A), i.e. A ⊆ ⋂{〈r〉n(A) | n ∈ IN} = 〈r〉∗(A).
If, vice versea, A = 〈r∗〉(A) then by theorem 4.16 we have 〈r∗〉(A) ⊆ 〈r〉(A) and
therefore A ⊆ 〈r〉(A). 2



Theorem 5.4 It is 〈r∗〉(A) the greatest invariant which is less or equal to A.

Proof: By theorem 4.16 and lemma 4.6 we have

〈r∗〉(A) = A ∩
⋂
{〈r〉n+1(A) | n ∈ IN} ⊆

⋂
{〈r〉n+1(A) | n ∈ IN} = 〈r〉(〈r∗〉(A)

)
.

That means, 〈r∗〉(A) is an invariant and 〈r∗〉(A) ⊆ A.
Let now A′ be any invariant less or equal to A. Then, by lemma 5.3 and lemma 4.5
we get A′ = 〈r∗〉(A′) ⊆ 〈r∗〉(A). 2

Definition 5.5 An assertion A is called a trajectory if A ⊆ [r](A).

Analogously to lemma 5.2 we get

Lemma 5.6 It is A a trajectory if and only if
A is fixed point of G(X) = X ∩ [r](X).

Proof: A ⊆ [r](A) ⇔ A = A ∩ [r](A) 2

However, the calculation of the fixed point is slightly different.
The lemma 5.3 cannot be adapted to [r∗]. A counterexample is given by:

S = {0, 1, 2, 3}, r = {(0, 1), (0, 3), (1, 3), (2, 2), (3, 2)}.

Here, set {2} is a trajectory since {2} ⊆ [r]({2}) = {2, 3} but [r∗]({2}) = {0, 1, 2, 3}.
On the other hand, we have [r∗]({0, 1}) = {0, 1} but [r]({0, 1}) = {0}, and {0, 1} is
not a trajectory.
As a consequence, also theorem 5.4 cannot be adapted, as the counterexample
shows. We have indeed to calculate a fixed point of G(X) in accordance with the
general theory.

Theorem 5.7 It is G×(A) :=
⋂{Gn(A) | n ∈ IN} the greatest trajectory less or

equal to A.

Proof:
It is Gn+1(A) = Gn(A)∩ [r]Gn(A) and therefore, Gn(A) ⊆ Gi(A) for all i ≤ n. Let
now s be any state with s ∈ ⋂{Gn+1(A) | n ∈ IN}. Then, for all n ∈ IN we have
s ∈ Gn+1(A) and therefore, s ∈ [r](Gn(A)).
That means: for all n ∈ IN a state sn exists with sn ∈ sr and sn ∈ Gn(A). But,
relation r =

⋃
E is the union of finite many functions and therefore, set sr is al-

ways finite. As a consequence, at least one of the elements of set sr, say s′, must
occur infinitely often in the sequence sn. We have ∀n ∈ IN : s′ ∈ Gn(A), therefore
s′ ∈ ⋂{Gn(A) | n ∈ IN} and, finally, s ∈ [r](

⋂{Gn(A) | n ∈ IN}). This shows
that

⋂{Gn(A) | n ∈ IN} ⊆ [r](
⋂{Gn(A) | n ∈ IN}) and proves that G×(A) is a

trajectory.
If A′ is any trajectory with A′ ⊆ A then we get by monotocy of G and, obviously
G×(A) ⊆ A: A′ = G×(A′) ⊆ G×(A) ⊆ A. That proves the rest. 2

5.2 Some Temporal Assertions

Usually, verification of reactive systems is done by means of model-checking: from
any formula of temporal logic an automaton is constructed and it is checked whether
this automaton is compatible with the original system. Using this method needs a
sound knowledge of temporal logic.
In our case, we restrict ourself on certain assertions which can be proved using the
predicate transformers described above. This may be already very helpful to find



out some mistakes in the specification. In the following we show it by some exam-
ples. Remember, that S0 means the set of initial states.

• A is invariant: if A is fulfilled then it is always fulfilled.

• A is invariant and S0 ⊆ A: A is always fulfilled.

• A is trajectory: if A is fulfilled then it can always be fulfilled.

• A is trajectory and S0 ⊆ A: A can always be fulfilled.

• S0 ⊆ 〈r∗〉(A): A can never be fulfilled.

• S0 ⊆ [r∗](A): After a certain number of steps, A can be fulfilled.

• A ∩ [r∗](A) = ∅: If A is sometimes fulfilled then afterwards never.

• S0 ∩ [r∗](A) 6= ∅ ∧A ∩ [r∗](A) = ∅: A is almost once fulfilled.

May be, somebody is especially interested in the effect of an event, say e. Then, for
instance, we get:

• 〈e〉(A): the condition under which after e always A holds.

• S0 ⊆ 〈(r − e)∗〉(A): If e does not occur then A is never fulfilled.

• S0 ⊆ 〈(r− e)∗〉(A)∧ S0 ∩ [r∗](A) 6= ∅: A can be fulfilled if e occured but never
else.

Other cases can be contructed if we extend our constructions to

• 〈r〉∗ :=
⋃{〈r〉n(A) | n ∈ IN} and

• [r]×(A) :=
⋂{[r]n(A) | n ∈ IN}.

Now, for instance, we get

• S0 ⊆ 〈r〉∗(A). After a certain number of steps, A must be fulfilled.

• S0 ⊆ [r]×(A): In every step, A can be fulfilled.
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