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Timetable:
e 10 minutes to explain what is going on. Some sentences for each chapter.

e Chapter 1 can be entirely done in the remaining time.
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Timetable:

e Chapter 7 needs 30 minutes.

/ Temporal Agent Reasoning
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7.1 Timed Actions

e Most real-world actions have duration. heli: fly("BA”,"US").

¢ It might be important to specify intermediate timepoimtiseckpoints
(Definition 7.1), ando update the current stateincrementally at these
prespecified points.

Thus, in order to specify timed action, we must:
1. Specify the total amount of time it takes for the action to be “completed”.

2. Specify exactly how the state of the agent changeghile the action is being
executed.
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Definition 7.1 (Checkpoint Expressiongel: {X | x},abs:{X | x})

e Ifi € Nis a positive integer, thenrel:{i} and abs:{i} are checkpoint expressions.

e [fX 1s a code call condition involving a non-negative, integer-valued variable X,
thenrel:{X | X} and abs:{X | X} are checkpoint expressions
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Example 7.1
(Rescue: Checkpoints)

e rel:{100}. This says that a checkpoint occurs at the time of the start of the action,
100 units later, 200 units later, and so on.

e abs:{T|in(T,clock:time()) & in(0, math:remainde(T,100)) & T > 5000. This says
that a checkpoint occurs at absolute times 5000, 5100, 5200, and so on.

e abs:{T|in(T,clock:time)) & in(X, a:getMessag&omc)) & X.Time — T = 5}. This
says that a checkpoint occurs at 5 time units after a message is received from the
comc agent.
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Definition 7.2 (Timed Effect Triple ({chk}, Add, Del))
A timed effect tripleis a triple of the form ({chk}, Add, Del) where {chk} is a
checkpoint expression, and Add and Del are add lists and delete lists.

Example 7.2
(Rescue: Timed Effect Triples)

e The truck agent may use the following timed effect triple to update its fuel at
absolute times 5000, 5100, 5200, and so on.

Ist arg :

abs: {T | in(T,clock:time() & in(0, math:remainde(T, 100)) & T > 5000}
2nd arg:{in(NewFuelLevel,truck:fuelLeve{X,ow)) }

3rd arg:{in(01ldFuellevel, truck:fuelLeve{X,,, — 20)) }
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Definition 7.3 (Timed Action)
A timed actiona consists of:

Name: A name, usually written 0 (X1, ..., X,), where the X;’s are root variables.

Schema: A schema, usually written as (11, ...,Tp), of types. Intuitively, this says that
the variable X; must be of type 1j, for all 1 <1 <n,

Pre: A code-call condition X, the preconditionof the action, denoted by Pre(a)

our An expression of the form {i} or {X | x}. Depending on the current object

state, this expression determines a durationduration(a) € N of .

A set Tet(a) of timed effect triples such that if both ({chk}, Add, Del)
and ({chk}’,Add,Del’) are in Tet(a), then {chk} and {chk}’ have no
Tet: | common solution w.r.t. any object state. The set Tet(a) together with

Dur (a) determines the set of checkpoints checkpoints(a) for action o
(as defined below ).
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Intuitively, if a is an action that we start executing &, then
e Dur(a) specifies how to compute the duratidmration(a) of a, and
e Tet(a) specifies the checkpoints associated with aaiion

It is important to note thaDur (a) andTet(a) may not specify the duration and
checkpoint times explicitly (even if the associated checkpoints are of the form

abs:{X | x}, i.e. absolute times). There is a method to computation(a).
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7.2 Temporal Agent Programs

Definition 7.4 (Temporal Annotation Item tai)

1. Every integer is a temporal annotation item.
2. The distinguished integer valued variable X, 1S a temporal annotation item.
3. Every integer valued variable is a temporal annotation item.

4. Iftaiq,...,tain are temporal annotation items, and b1, ..., by are integers (positive

or negative), then (bjtaiy + ...+ bptain) is a temporal annotation item.

e 1, Xoow, Xnow+3, Xnow+2v+4 are all temporal annotation itemswvis an
Integer valued variable.

e Temporal annotation items, when ground, evaluate to time points. They are used
to specify a time interval.
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Definition 7.5 (Temporal Annotation [tai1,taio])
If taiq, taip are annotation items, then [taiq,taio | is a temporal annotation.

e [2,5] is a temporal annotation item describing the set of time points between 2
and 5 (inclusive).

e [2,3X+4Y] Is a temporal annotation.

e WhenX ;= 2,Y := 3, this defines the set of time points between 2 and 18.
[ Xnow.Xnow + 5] is a temporal annotation.
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Definition 7.6 ((Temporal) Action State Condition)
Suppose X is a (possibly empty) code call condition, L1, ... L, are action status
literals, and ta is a temporal annotation. Then:

I. (X&L1& ...&L,) is called an action state conditian

2. (X&L1& ...&Ly):ta is called a temporal action state conjung@sc).

3. Ity is empty, then (L1& ...&Lp):ta is called a state-independermsc .

Intuitively, whenp:ta is ground for some action state conditipywe may read this
as ‘p is true at some point im”. The following is a simpleasc.

e (in(X,heli:inventonffuel)) & X.Qty < 50) : [Xnow — 10,Xnow]-
Intuitively, thistasc is true if at some point in timg in the last 10 time units, the
helicopter had less than 50 gallons of fuel left.
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We are now ready to define the most important syntactic construct of this
chapter, aemporal agent rule

Definition 7.7 (Temporal Agent Rule/Program< P)
A temporal agent rulé an expression of the form

Opa : [taitair] «— p1:ta1& --- & pn:tap,

where Op € {P,Do,F,O,W}, and p1:tay,...,Pn:tan are tascs.

A temporal agent prograin a finite set of temporal agent rules.
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Intuitive Reading of Temporal Agent Rule
“If forall 1 <i <n, there exists a time pointguch thatp; is true at timeit
such that either

1. p; Is state independent anda taj, or

2. pj Is not state independent andd to (I.€. t IS NOW Or IS in the past)
and i < ta;,

thenOpa Is true at some point® t,qw (i.€. now or in the future) such that
taip <t <taip".

Opa : [tai1,tai2] — Pr:tar& ---& ppitap,

7.2 Temporal Agent Programs and Status Sets 356



Chapter 7: Temporal Agent Reasoning Multi Agent Systems, Ushuaia (Oct. 2000)

“If a prediction package expects a stock to rise K% afteunits of time and
K > 25 then buy the stock at tim@ oy + Tk — 2).”

We assume a prediction package that given a stock uses (some stock expertise) to
predict the change in the value of the stock at future time points. This function returns
a set of pairs of the forniT,C). Intuitively, this says that units from now, the stock
price will change byC percent (positive or negative).

DobuyS: [Xnow +X.T — 2, Xnow + X.T — 2] «
(in(X,pred:des{s)) & X.C > 25) : [Xnow-Xnow] -
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7.3 Semantics

Definition 7.8 (Temporal Status Set7' S

A temporal status seX'S, _ at time tnoy is a mapping from natural numbers
to ordinary status sets satisfying TS, _ (i) = 0 for all i > i for some ig € N.

now )

As usual a feasible status set must satisfy
e Closure under rules,
e Deontic consistency wriState History (~» Definition 7.9).
e Deontic closure,

e Checkpoint consistency(~» Definition 7.10).
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As an agent that reasons about time may need to reason about the current, as
well as past states it was/is in, a notion of state history is needed.

Definition 7.9 (State History Functionhisty,_, )
A state history functiomist,_, at time tnoy is a partial function from N to agent

states such that histy__ (tnow) is always defined and for all i > tnow, histy, (1) is
undefined.
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The definition of state history does negjuirethat an agent store the entire past.

He may decide to store no past information at all. In this caisg, , (i)
IS definedf and only If 1= tou.

He may decide to store information only about the pasinits of
time. This means that he stores the agent’s state at tR&S(tnow —
1),..., (tnow —1), i. €. histy_ is defined for the following arguments:

hiSttnOW (tnow), hiSttnOW (tnow - 1), e o oy hiSttnOW (tnow - I) are deflned.

3. He may decide to store, in addition to the current state, the history every five time
units. That ishist; ., (tnow) iS defined and for eachQi < tow, if I mod 5= 0,
thenhist,_ (i) is defined. Such an agent may be specified by an agent designer
when he believes that maintaining some (but not all) past snapshots is adequate
for his application’s needs.
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For a temporal status set to be feasible, at each checkpoint the state needs to
be updated.
The expected future states of the agent need to satisfy the integrity consjraints.

Definition 7.10 (Checkpoint Consistency)
TS, is said to be checkpoint consistent time t,q, If, by definition,for all
| > tnow, EO(i) (see Definition 7.11) satisfies the integrity constraints IC.
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Definition 7.11 (Expected States at time: E£0(t))
Suppose the current time is tnow, histy,,, 1S the agent’s state history function and
TS, 1s a temporal status set. The agent’s expected states are defined as follows:

® EO(tnow) — hiSttnOW <tn0w).

e For all time points | > tnow, EO(I) is the result of concurrently executing
{a|Doa € TSonw(i—1)}U
{B'|DoB € TSow(j) for j <i—1and i—1is acheckpoint for 3, and 3’

denotes the action (non-timed) which has an empty precondition,

and whose add and del lists are as specified by Tet(3) }
in state EO0(i — 1).

We note that that from a certain ig € N onwards, we have EO(i) = 0 for all i > ig (this
is because of the same property for the action history and the temporal status set).
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