























Fluents:

e queue(s). A functional fluent denoting the queue of requests in situation s.

e robotLocation(s). A functional fluent denoting the robot’s location in situation s.
e hasCoffee(person,s). person has coffee in s.

e going(locy,locy, s). In situation s, the robot is going from loc; to locs.

e holdingCoffee(s). In situation s, the robot is holding a cup of coffee.

Situation Independent Predicates and Functions:
e office(person). Denotes the office of person.
e C'M. Constant denoting coffee machine’s location.

o Sue, Mary, Bill, Joe. Constants denoting people.

Primitive Action Preconditions:

Poss(requestCoffee(p), s) = misFull(queue(s))

Poss(selectRequest(p), s) = —isEmpty(queue(s)) A p = first(queue(s))
Poss(pickupCoffee,s) = -holdingCoffee(s) A robot Location(s) = CM
Poss(giveCoffee(person),s) = holdingCoffee(s) A robotLocation(s) = office(person)
Poss(startGo(locy,loca), s) = —(3, 1) going(l,1', s) Alocy # loca A robot Location(s) = loc;
Poss(endGo(locy , locs), s) = going(locy, locy, ).

Successor State Axioms:
Poss(a, s) D [queue(do(a, s)) = q =
(3p)a = requestCoffee(p) A ¢ = enqueue(queue(s),p) V
(3p)a = selectRequest(p) A ¢ = dequeue(queue(s),p) V
(Vp)a # requestCoffee(p) A a # select Request(p) A ¢ = queue(s)]

Poss(a, s) D [hasCof fee(person,do(a, s)) =
a = giveCoffee(person) V hasCoffee(person, s)]

Poss(a, s) D [robotLocation(do(a, s)) = loc =
(3loc")a = endGo(loc', loc) V
robot Location(s) = loc A =(3loc',loc”)a = endGo(loc, loc")]

Poss(a, s) D [going(l,1',do(a, s)) =
a = startGo(l,1") v
going(L,l';s) A a # endGo(l,1")]

Poss(a, s) D [holdingCoffee(do(a,s)) =
a = pickupCoffee VvV
holdingCoffee(s) A ~(Iperson)a = giveCoffee(person)].
Additional Axioms: 7
(Vs)IsQueue(queue(s)) (the values of queue(-) are queues)

Unique names axioms stating that the following terms, together with those formed from nil and cons(-,-)
(see above), are pairwise unequal:

Sue, Mary, Bill, Joe, CM, office(Sue),
office(Mary), office(Bill), office(Joe).

"The first axiom is not strictly necessary, we add it for sake of clarity.




Initial Situation:

robot Location(Sy) = CM A —holdingCoffee(So) A —(3,1")going(l,l', Sp) A
—(Ip)hasCoffee(p, So) N queue(Sy) = nil

Robot’s GOLOG Program: The robot execute the program DeliverCoffee defined as follows (note
the suppressed situation argument in primitive and test actions):

proc DeliverCoffee
while True do
if ~isEmpty(queue)
then (7p)select Request(p); ServeCoffee(p)
else True? (skip)
endWhile
endProc

proc ServeCoffee(p)
Goto(CM);
pickupCoffee;
Goto(office(p));
giveCoffee(p)

endProc

proc Goto(loc)
startGo(robotLocation, loc);
endGo(robot Location, loc)
endProc

Dynamics of Exogenous Actions: Along all possible evolutions of any program g, starting from Sy,
into any configuration, in a finite number of transitions, a situation s is reached where somebody may
request coffee (DynaPoss holds) (provided that it is possible to request coffee, i.e. that also Poss holds):

(Yo, 8, s) Trans* (0o, So, 9, s) D ExoLaws(d, s)

EzoLaws(41, sl)déf

we.5.s{[(3p)DynaPoss(requestCoffee(p),s)] V [V, s\ Trans(d, s,d',s") D E(',s")]}(d1,s1)

7.3 Reasoning

Next we show some dynamic properties of the overall system (the program plus the exogenous actions).
First it is easy to see, from its structure, that the program DeliverCoffee will never reach a final
configuration:

(V4, s) Trans* (DeliverCoffee, Sy, 8, s) D —Final(d).
A more complex property that is possible to show is the following: every request for coffee sooner or later
will be served. Formally, the fairness property Fair(DeliverCoffee, Sp) holds, where:

Fair(bo, so)déf

(Vp, 9, s)T'rans*(do, s, d, do(requestCoffee(p), s)) D EventuallyServed(p, d, do(requestCoffee(p),s))
and P
EventuallyServed(p, d1, s1) &
wps,s{[(3s")s = do(select Request(p), s")] V
[((3¢'.s")Trans(d,s,d',s")) A (V' , s )Trans(d,s,d',s") D P(8',s")]}(d1, 1)
It is also possible to show that there exists an (infinite) execution path where no coffee is ever served:
Possibly AlwaysIdle(DeliverCoffee, Sp)

where

Possibly AlwaysIdle(do, so)déf

vas,s{[(VD, s")(s # do(select Request(p), s")| A (3, s") Trans(d,s,d',s") A A(d, s")]}(do, so)-

However, by the fairness property above, this means that no requests for coffee were made along that
execution path.
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8 Conclusion and further work

In this paper we have given an account of non-terminating programs in the Situation Calculus. The
framework obtained is quite powerful. It allows the specification of the dynamic system by modeling one
agent with a program, and external events by suitable dynamic laws (extensions to multiple agents are
also possible, see [DGLL97] for hints). Observe that although related this framework is more general than
that typically considered in program verification, where exogenous actions that are specified by dynamic
laws (axioms) are not allowed. There are many directions for further research. Among these we mention
the development of systematic techniques for verification, such as suitable induction principles.
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