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Motivation

a.0 | b.0 = a.b.0+ b.a.0
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Motivation cont.
that ? is not present in the sort of any system component). 

This equation is not sufficiently general. We do not yet know how to frame 

a sufficiently general law without, in a sense, explicating parallelism in terms 

of non-determinism. More precisely, this means that we explicate a (parallel) 

composition by presenting all serializations - or interleav.ings - of its possible 

atcrnic actions. This has the disadvantage that we lose distinction between 

causally necessary sequence, and sequence which is fictitiously imposed upon 

causally independent actions; we are aware of the theoretical importance of this 
distinction, which is thoroughly investigated in the work of Petri and his followers 
[6]. However, it may be justified to ignore it if we can accept the view that, 
in observing (communicating with) a composite system, we make our observations in 
a definite time sequence, thereby causing a sequencing of actions which, for the 
system itself, are causally independent. 

In this spirit, we propose a final law which relates ccmposition, ambiguity 



Motivation cont.

fix(X = a.X) | fix(X = b.X) = fix(X = a.X + b.X)
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Motivation cont.
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Labelled transition 
coalgebras

Pow �(L⇥ Id)

Thm. B is a bisimulation between hC1, ⌧1i and hC2, ⌧2i if and only if

for any c1 and c2 such that c1 B c2, the following are true:

(a) if c1
l��!⌧1 c01, then there is c02 such that c2

l��!⌧2 c02 and c01 B c02;

(b) if c2
l��!⌧2 c02, then there is c01 such that c1

l��!⌧1 c01 and c01 B c02.



Labelled execution 
coalgebras

Pow � Seq �(L⇥ Id)

Thm. B is a bisimulation between hC1, "1i and hC2, "2i if and only if

for any c1 and c2 such that c1 B c2, the following are true:

(a) if c1 B"1 e1, then there is e2 such that c2 B"2 e2 and e1 Seq(L⇥B) e2;

(b) if c2 B"2 e2, then there is e1 such that c1 B"1 e1 and e1 Seq(L⇥B) e2.



s0 and s2 are not bisimilar,

even though the only execution starting from s0
and the only execution starting from s2
are in perfect agreement.

First side-effect
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Second side-effect
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s0 and s5 are bisimilar,

even though the two executions starting from s0 diverge right away at s0,
whereas those starting from s5 diverge after the first step at s6.



Abrahamson coalgebras

Thm. L-LECAbr is a (Pow � Seq � (L⇥ Id))-covariety.

Cor. L-LECAbr has a final coalgebra.

hC, "i is Abrahamson if and only if the following are true:

(i) hC, "i is su�x closed:

(ii) hC, "i is fusion closed:



Underlying labelled 
transition coalgebras

Pow Seq(L⇥ C1) Pow(L⇥ C1)

Pow Seq(L⇥ C2) Pow(L⇥ C2)

⌘(C1)

Pow Seq(L ⇥ f) Pow(L ⇥ f)

⌘(C2)

for every S 2 Pow Seq(L⇥ C), ⌘(C)(S) = {head s | s 2 S and s 6= h i}



Underlying labelled 
transition coalgebras 

cont. 

Thm. If h is a homomorphism from hC1, "1i to hC2, "2i,
then h is a homomorphism from hC1,⌘(C1) � "1i to hC2,⌘(C2) � "2i.

Cor. If B is a bisimulation between hC1, "1i and hC2, "2i,
then B is a bisimulation between hC1,⌘(C1) � "1i and hC2,⌘(C2) � "2i.



Not suffix closed
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s0 and s2 are bisimilar among the two underlying labelled transition systems,

which are identical, but not among the two labelled execution systems.



Not fusion closed
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s0 and s2 are bisimilar among the two underlying labelled transition systems,

which are identical, but not among the two labelled execution systems.



Not limit closed

s
l0 l1

s is not bisimilar with itself among the overlying labelled execution system

whose executions correspond to all infinite paths in the diagram,

and that whose executions correspond to the infinite paths that go through

each of the two loops infinitely often.



Not limit closed cont.

s0
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l0
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l0

l0

s0 is not bisimilar with itself among the overlying Abrahamson system whose

executions starting from s0 correspond to all maximal paths in the diagram,

and that whose executions are all the executions of the first system except the

infinite execution stuttering around s0.



Indeterminately 
terminating

s

l

s is not bisimilar with itself among the overlying labelled execution system

whose single execution corresponds to the only infinite path in the diagram,

and that whose executions correspond to all finite paths and the only infinite

path.



"(c) = ;

s

s is not bisimilar with itself among the overlying labelled execution system

that has no execution, and that whose only execution is the empty execution.



Generable coalgebras

for every ⌧ : C ! Pow(L⇥ C), (gen ⌧)(c) = {e | e is a ⌧ -orbit of c}

hC, "i is generable if and only if there is ⌧ such that " = gen ⌧

Prop. The following are true:

(a) ⌘(C) � gen ⌧ = ⌧ ;

(b) if " is generable, then " = gen(⌘(C) � ").



Characterization
Thm. hC, "i is generable if and only if the following are true:

(a) hC, "i is su�x closed;

(b) hC, "i is fusion closed;

(c) hC, "i is limit closed;

(d) hC, "i does not terminate indeterminately;

(e) for any c 2 C, "(c) 6= ;.



Characterization cont.
Thm. If hC1, "1i and hC2, "2i are generable,

then h is a homomorphism from hC1, "1i to hC2, "2i
if and only if h is a homomorphism from hC1,⌘(C1) � "1i to hC2,⌘(C2) � "2i.

Cor. If hC1, "1i and hC2, "2i are generable,

then B is a bisimulation between hC1, "1i and hC2, "2i
if and only if B is a bisimulation between hC1,⌘(C1) � "1i and hC2,⌘(C2) � "2i.

Thm. L-LECGen and L-LTC are isomorphic.
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The Power of the Future Perfect 

in Program Logics 

MATTHEW HENNESSY AND COLIN STIRLING 

University of Edinburgh, Edinburgh, United Kingdom 

The expressiveness of branching time tense (temporal) logics whose eventually 

operators are relativised to general paths into the future is investigated. These logics 

are interpreted in models obtained by generalising the usual notion of transition 

system to allow infinite transitions. It is shown that the presence of formulae 

expressing the future perfect enables one to prove that the expressiveness of the 

logic can be charaeterised by a notion of bisimulation on the generalised transition 

systems. The future perfect is obtained by adding a past tense operator to the 

language. Finally the power of various tense languages from the literature are 

investigated in this framework. © 1985 Academic Press, Inc. 

1. INTRODUCTION 

Many varieties of tense (temporal) logics have been suggested for 

describing properties of programs (Gabbay, Pnueli, Shelah, and Stavi, 

1980; Clarke, Emerson, and Sistla, 1983; Emerson and Halpern, 1983; Ben- 

Ari, Manna, and Pnueli, 1981; Pnueli, 1979; Manna and Pnueli, 1983; 

Harel, Kozen, and Parikh, 1982; Abrahamson, 1979). This proliferation 

suggests that there is no simple criterion for judging the adequacy of such 

languages. They should be able to describe all properties which are com- 

monly agreed to be of interest. However this class of properties is difficult 

to delineate and the most that one can hope for is to prove that language A 

is more expressive than language B in the sense that there is an interesting 

property expressible in A which is not expressible in B. There are of course 

other criteria for comparing these logics, such as the simplicity of their 

related proof systems. This paper will examine only their descriptive 

powers, i.e., their expressiveness. 

One interesting question posed of such logics is whether they are ade- 

quate for expressing the various formulations of fairness (Gabbay et  al., 

1980; Lamport, 1980; Emerson and Halpern, 1983). Since this inevitably 

involves consideration of infinite sequences the models for these languages 

should state which infinite sequences are admissible. Most often these 

models are some form of transition system together with some criteria for 

admissible infinite sequences through the transition system. This is the 
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Conclusion

• labelled execution systems have very rich 
branching structure

• must be suffix closed and fusion closed to 
be well behaved

• must be not limit closed or indeterminately 
terminating to be justified



Future work

• abstraction

• application

• stratification



Questions?


