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Abstract: In this paper, we address the problem of scheduling plans with probability and temporal constraints. We
illustrate our problem with an AND/OR graph, where we try to find a plan of tasks that satisfies all temporal
constraints and precedence relations between tasks, has a high probability of execution, a minimal cost and a
reduced time. Each task has a set of temporal constraints, a set of probabilities and a set of constant costs. Our
planner uses the temporal constraint propagation technique to simplify the resolution of a given problem.
We describe one approach to deal with a problem that has paid a little attention of planing community. This
problem is to combine temporal and probabilistic planning.

1 INTRODUCTION has a high probability of execution, a minimal cost
and a reduced time.

While today’s planners can handle large problems This problem consists in finding a set of tasks to
with durative actions and time constraints, few re- be executed respecting all temporal constraints and
searches have considered the problem concerning unprecedence relations between tasks. By temporal con-
certainty and the different durations of actions. For straints we mean the start times, the end times and
example, IxTeT ((Ghallab and Laruelle, 1994), (La- possible execution durations of tasks. By precedence
borie and Ghallab, 1995)) is a time-map manager that relation we mean the order of execution of tasks and
handles symbolic constraints (precedence), numericthe delays between tasks. Our planner uses the tem-
constraints (intervals) and sharable resources. Thisporal constraint propagation technique (Bresina and
planner provides an initial complete plan which is Washington, 2000) to simplify the resolution of a
then run by temporal executive following a cycle: in- given problem. Practically, that can consist in with-
tegrate external messages, repair the plan if neededdrawing the values which do not belong to any solu-
decide which actions to execute. Other planners, tion. This filtering avoids many attempts at resolution
like “C-Buridan” ((Draper et al., 1994), (Kushmer- which are likely to fail.
ick et al., 1994)) deal with prObabiliStiC information- In the fo"owing, we consider that an agent is con-
producing actions and contingent execution. their al- cerned with achieving a set of tasks connected to-
gorithm is sound and complete but they do not con- gether in a network that forms an acyclic directed
sider any kind of constraints between tasks. Their so- AND/OR graph where nodes are tasks and edges cor-
lutions are satisfying rather than optimal. respond to precedence relations. Given a set of tasks,
Many existing works have been developed on tem- a start time, an end time, a set of durations, a set of
poral planning or probabilistic planning but little at-  probabilities and a set of constant costs for each task,
tention has been paid to the combination of these two a time delay and a precedence relation between tasks,
planning techniques. our approach allows the agent to determine the set of
In this paper, we address the problem of scheduling tasks to be executed. The goal will be achieved and
plans with probability and temporal constraints. We all temporal and precedence constraints will be satis-
illustrate our problem with an AND/OR graph, where fied in order to guarantee a correct execution.
we try to find a plan of tasks that satisfies all temporal A plan leading to the achievement of the desired goals
constraints and precedence relations between tasksand satisfying temporal constraints would be consid-
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ered asadmissible From alladmissibleplans, we se-
lect the one with the minimal expected utility to be
executed.

The paper is organized as follows: in Section 2,

we describe some basic temporal concepts concern-execution of other tasks.

ing the knowledge of an agent, tasks and the repre-
sentation of a temporal precedence graph. In Sec-
tion 3 we formulate our problem; then in Section 4
we describe a temporal constraint propagation algo-
rithm. Section 5 shows how to calculate probabilities
of intervals of tasks, and in Section 6 we select the
admissibleplan which has the minimal expected util-
ity. Finally, we present some analysis and experiment
results in section 8 and we conclude in Section 9.

2 FORMAL FRAMEWORK

In this section, we describe the notion of a task and

a temporal precedence graph of tasks that we use

throughout the rest of the paper.

2.1 Task Description

The goal of the agent is to choose a subset of exe-
cuting tasks to convert some initial states into some
desired goals.

Definition 1 We call a task, the action realized by
an agent throughout a duration of time. For a task
t, one associates the list (I, I,", Ay, Pry, Cy) >,
where :

e [, isthe earliest start time, i.e., the earliest time at

which the execution of the task can start;

I is the latest end time, i.e., the time at which the
execution of the task must finish;

[I;, 1] is the time window referring to absolute
time during which task can be executed,;

Ay ={d},d7,...,d"} is a set of possible durations
of time such thatl; € R (i = 1...m), is a period of
time necessary to accomplish the task

Pry = {pr{,pri,....pr{"} is a set of probabilities
such thatpr; € R (0 < pry < 1andi = 1...m) is
the probability to executeduringd; € Ay;

Cy = {ct.cf,...,cj"} is a set of costs payed to ac-
complish the task such thatc; € R (i = 1...m) is
the cost to executeduringd; € A,.

In this framework, we shall consider a task to be an
atomic activity which can be undertaken and accom-
plished in whole. No medium states are taken into
account - either the task is successfully accomplished
or it fails.

78

1. Conjunctive

2.2 Precedence Constraints

In real world, The execution of task depends on cer-
tain conditions like the time, the resources and/or the
In this last case, we talk
about precedence constraints in the form of partial or-
der of a set of tasks. In this paper, We distinguish
between two kinds of precedence constraints :

Precedence Constrairt let
{t1,ta,...,tx} be tasks. There is a conjunc-
tive precedence constraint betweesnd the set of
tasks{ti, ta, ..., tx}, denotedty, to, ..., tx] — t,

if ¢ can be executed only if all tasks, ts, ...,
have already been executed.

. Disjunctive Precedence Constraint let
{t1,t2,...,tx} be tasks. There is a disjunc-

tive precedence constraint betweesnd the set of
taskst, to, ..., tg, NOtedty [to] . .. [ty — ¢, if t can
be executed if at least one of tasksts, ..., tx IS
executed.

A special case is wheh has a unique predeces-
sor (¢ — t), in this situation we talk about simple
precedence constraint.

Note also that, it is often the case that after execut-
ing the preceding task one should wait for some time
before the execution of the following task becomes
possible. We shall call;, ;; thetime delaybetween
taskst; andt;.

2.3 Temporal Precedence Graph

The goal of the agent is to execute a subset of tasks

represented by an acyclic temporal graph where nodes

represent tasks (described in 2.1) and arcs repre-

sent precedence constraints between tasks (described
in 2.2). More formally :

Definition 2 Let T be a set of tasks as described
in 2.1, £ be a set of conjunctive and disjunctive
precedence constraints such th& = {c|c =
[t1,t2,...,tk] — tOFc = ty]ta|...|tx — t where
ti,ta2,...,tx € T} and D be a set of delay con-
straints such thatD = {0;,¢,[0¢,.,;, € R, t5,t; €

T and 3 an arc from¢; to ¢;}, a temporal prece-
dence graph is an acyclic oriented graph notgéd=
(T, E, D) where nodes are elementsioind arcs are
elements ofv.

Note that, nodes of the sétof any temporal prece-
dence grapltz can be divided into three disjoint sets
T = T; U Ty U Tr of tasks having no preceding
tasks, intermediate tasks having preceding tasks and
being predecessors for other tasks and final tasks be-
ing no predecessors.

Figure 1 represents a temporal precedence gtaph
(T, E, D), whereT = {ti,...,t15}, E represents the
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Figure 1. A temporal precedence graph of tasks

precedence constraints between tasks Bnoepre-

2. Determining ofAdmissible Plans We call admis-

sible plan, a feasible plan where all temporal con-
straints of tasks and constraints between tasks are
satisfied.

. Selection ofThe Most Likely Temporal Plan.
This step selects from all admissible plans, the best
likely one to be executed. This last must have a
high probability of execution and reduced cost and
time.

. Selection offhe Most Likely Temporal Schedul-
ing. This step selects from all scheduling of the
selected admissible plan, the one with the minimal
total expected utility.

sents delay between tasks. We represent conjunctive

precedence constraints by arcs.

3 STATING THE PROBLEM

Given a temporal precedence graph of tagks=

(T, E, D) whereT is a set of temporal tasks as de-
scribed in 2.1 ,F represents conjunctive and disjunc-
tive precedence constraints as described in 2.3/and
is a set of delay between tasks, the problem to be
solved is to find a single plan of executable tasks in
T so that some goals which are of interest are satis-
fied. In fact a plan is specified by a partial order of
tasks. More formally :

Definition 3 A temporal plan generation problem is
a couple(G,T') whereG = (T, E, D) is a temporal
precedence graph of tasks afid ¢ T C T is a
subset of final tasks i

The plan should satisfy all the constraints i.e.
AND/OR graph, precedence and temporal con-

straints. We are interested in finding a plan that has a

high probability to be executed during a reduced time
and with a reduced cost. To do that, we proceed in
four stages:

1. Determining ofFeasible Plans A feasible plan is
a subgraph of the initial grapfl where constraints

We denote byP the set of all feasible plans in tem-
poral precedence gragh and byT'(P) the subset of
T of all the tasks occurring in the feasible pi&n

In the next section we present the propagation al-
gorithm of intervals execution allowing to determine
from the feasible plan set, the set of admissible plans.

4 CONSTRAINT PROPAGATION
ALGORITHM

Given a temporal plan generation probldid, 7")
where G is a temporal precedence graph dndis

a subset of final tasks, we determine for each task in
each feasible plan the set of temporal intervals during
which a task can be executed by propagating temporal
constraints through the graph. Recall that a feasible
plan is a subgraph where constraints are conjunctive
or simple.

This propagation organizes the graph into levels so
that: [ is the level containing initial tasksr), I
contains all nodes that are constrained only by ini-
tial tasks/; contains all nodes whose predecessors in-
clude nodes at levé] ;. For each node in any given
level I;, we compute all its possible execution inter-

are conjunctive or simple. This subgraph representsvals from its predecessors.

path in the graph starting by initial tasks and ending
by goal tasks. We use both depth-first and back-
wards search methods to find all feasible plahs.
being the set of all goal tasks afig the set of all
initial tasks, we start with the goal tasks to be ac-
complished, and we finish when all taskslipnare
accomplished.

For example, consider the problem givenyy =
{t1s} and T; = {t2} for the graph given in
Figure 1. Feasible plans, marked with a bold
||ne, are [{[t27 t7]7 [t17 tG]}7 tl()v t147 t157 tls] and
[{[t2, t7], [t1. t6]}. t1o, tie, tas]-

Given a taskt, we call s, (respectivelye;) a possi-
ble start time of (respectively a possible end time of
t), S; (respectivelyE,) the set of possible start times
of t (respectively the set of possible end timest)of
andZ; the set of all possible execution intervals of
thet. A possible execution interval is formed by a
possible start time and a possible end timg. =
{1}, 12, ..., I} wherel} = [si, e}] is the possible ex-
ecution interval to tasktaking its durationZ; € A;.

In the next section, we describe the algorithm used to
calculate the execution intervals of each task in each
feasible plarP.
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4.1 Execution Intervals of Tasks We call IF" = [s¥, k"] a possible execution inter-
val of t wheres} € S, andef” € E;.

Given a task belongs a feasible pla@ (¢ € T(P))
whereA; = {d},d?,...,d]"} is its set of durations,
I, isits earliest start time anfj is its latest end time,
the possible times for starting and ending execution of A feasibleplan? € P, in order to become aad-

4.2 Admissibility of Plans

t are calculated as follows :

levelly : t; € T (t; is an initial task) : Suppose that

missibleone, must satisfy all the temporal constraints.
More formally, for any taskt € T(P), for each

the agent can begin its execution at a given time e; € Ey, the following condition ¢} < I," must hold.

notedstart_time.

— St = {s¢]st = max(I; , start_time)}

— Fori = 1toi = m wherem is the number of
possible execution durations of task
Ey ={ejle; = s + di}

— Iy = {I} = [s4,€i] wherei = 1.m}. I} is a
possible execution interval to task

levell; : for each task in level;, its possible start

times are computed as all the times at which the

If a possible end time of’; exceedd;", we consider
that execution interval} = [s¢, ei] is not valid. In the
other hand, if all possible end times Bf exceed/;",

we consider that taskis not able to execute. Thus
we consider the plan which contains such task is not
admissible.

We denote byP,4 the set of all admissible plarB.

We haveP4 = |J P, whereP is an admissible plan.

predecessor tasks can finish. Thus we define the5 PROBABILISTIC TEMPORAL

set of possible start and end times of each task at

levell; as follows :

1. If t € Ty UTr whereA, = {d},d?,...,d7"}
is the set of execution durations béndt¢ has a
unique task predecessont’ — t) whereE; =
{e},...,eb} then:

(a) Determine the se; (initialized to()) like that :
— Fori = 1toi = p (pis the number of possible

execution end times of tagk)
Sy = S, U {st =maz(I; el + 6 4)}

(b) Determine the sdf; (initialized to() like that :
— Fori=1toi=p

—Forj=1toj=m _
Et = Et @] {6;] = S’é +d’g}
We call I;” = [s],€;’] a possible execution in-
terval oft wheres] € S; ande}’ € E.

2. If t € Toy UTr whereA, = {d},d?,...,d"}
is the set of execution durations ofvhich has
a set of direct task predecesséts, ts, ..., t,}
([t1,t2,...,tn] — t) and if for each task; (i =
1.m), By, = {e%i,e%i, .,ef }then:

(a) Determine the sef, (initialized to®) of possi-

ble execution start times oflike that :
— For each task;
— Fork=1t0k =j;
S = S U {sk = mam([t_,maaj(eﬁ +
5t7¢,t
(b) Determine the sek; (initialized 0) of possible
execution end time of tasklike that :
— Fork = 1tok = p (p represents the cardinal-
ity of the setS; calculated in 2a)
— Forr = 1tor = m (m is the number of
possible execution durations of tagk
Et = Et U {efr = Sf +d;}
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PROPAGATION

We describe in this section how we can weight each of
those intervals calculated as above, with a probability.
This probabilistic weight allows us to know the prob-
ability for a task to be executed during a given interval
of time. For that, a probability propagation algorithm
among the graph of tasks is described using for each
node its execution time probability and the end-time
probabilities of its predecessors.
The probability of a possible execution intervalde-
pends on its start time (the end time of the previous
tasks) and the probability of execution timei. To
simplify, we consider in the rest of this paper, that no
time delay between tasks.

In the next section, we compute the probability that
the execution for a taskto occur during an interval
I} wheres! is a possible start time ar is a possible
end time of task.

5.1 Probability Propagation
Algorithm

Before a task can start its execution, all its direct
predecessors must be finished. The probability for the
execution of start ats; is defined by :

1. If t has an only direct predecessb(t’ — t) in the
admissible plarP where B, = {e;,....el,} and
Sy = {s},s?,...,s7} is the set of possible execu-
tion start time of task then :

e The probability that task starts its execution at
s; when its predecessef finishes its execution
at e_i,, notedprs:qr+(silel, ), is calculated as fol-
lowing :
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— Fori=1toi=mdo
— Forj=1toj=pdo
- If si < e{, thenprsmrt(sﬂe{,) =0
— If st > e, thenprgari(sile],) =1
2. If t has a set of direct predecesséts, to, . . ., t, }
in the admissible plarP i.e. [ti,to,...,t,] —
t then lett; € {t1,t2,...,t,} Where E;, =
{ei e ,...,el'} such thatj; represents the num-
ber of possible end times of tagkand letS; =

{s},s?,...,57} be the set of possible start times of
t then :

e The probability that task starts its execution at
sy (r = 1...m) when each direct predecessor
t; € {t1,ta,...,t,} Of t finishes its execution
ate} (k = 1..5;) is calculated as following :

— If s < maxz{e} } thenprq,(silef ) =0
— If sf > maz{e} } thenprga,(silef) =1

A special case has to be considered for the first tasks.

Indeed, these initial taskss 7;) have no predeces-
sors, the probability of starting the execution of an
initial taskt at st is given by :prggar(s) = 1.

5.2 Execution Intervals Probability

A special case has to be considered for the first task.
The probability that an initial task executes in the
interval I; is equal to the probability that it starts its
execution at; and takesi; units of time. More for-
mally :

Prw(Ii") = prstart(st) * th(dHSt)

For example, suppose7 is the probability for the
execution of task that has an only direct predeces-
sor ¢/, to take 2 units of time when it starts ai
(Pry(di = 2|si = 5) = 0.7). We assume that the end
execution of the predecessor tasks 3. The proba-
bility of the interval[5, 7] is :

Pry,(If = [5,7)|el, =3) =1x0.7=0.7

If for example task’ ends its execution at, we ob-
tain :
Pry (I}

[5,7)lel, =7) =0x0.7=0

6 SELECTION OF THE MOST
LIKELY ADMISSIBLE PLAN

As the order of searching for plans is arbitrary, the
search may produce several admissible plans. In this
case, further criteria will be applied (Probability, cost

In this section, we describe the method used to calcu-and time) to analyze and compare them so as to select
late the execution intervals probability which depends ONne to be executed. In this section we describe the

on execution durations and execution start times.
Let pr,(di|si) be the probability that the execution of
taskt takesd! units of time when it starts at.

The probability of an execution intervd} of taskt
that has an only direct predecessas the probability
Pry,(Ifel,) that intervall] = [s}, e}] is the interval
during which a task is executed, if the predecessor
task ends at],. This probability measures the proba-
bility that a taskt starts its execution at and ends at
el. Itis defined as following :

Pry, (Itilei/) = prstwrt(sﬂe{/) *th(dﬂSi)

wheree/, is the end time of the last executed task.
Indeed, a task can start its execution only when its
predecessot’ finishes. That is why the probability

method we use to choose the most likely admissible
plan to be executed.

We are interested in finding a unique execution plan
that has a high probability and reduced cost and time.
To do that, we calculate expected utilities of cost and
time of all tasks. Then, we calculate the expected util-
ity of tasks of each admissible plan, finally we select
the one with the smallest expected utility to be the
most likely plan to be executed. We detail this as-
sumption in the next section.

6.1 Expected Utilities of Cost and
Time of Tasks

For each task in an admissible pl&nawe calculate its

of execution interval depends on the predecessor endeXPected utility of cost and time. The expected utility

time.

In the case wheret, such that A,
{d},d?,...,d"}, has a set of direct predecessors
{t1,t2,...,t,}, Wheret; € {t1,ta,...,t,}, €nds its
execution a'ref;” (ki, = 1..j; s.t. j; represents the
number of possible execution end times of task
we have :

. ke ke R,
Pry (I} ‘et;l) = Prstart (S |etitz) * pry(di]sy)

wherer = 1..m.

of cost is calculated in function of costs associated
of execution durations and of execution probabilities
associated of execution intervals (calculated in 5.2).

The expected utility of time is calculated in func-
tion of possible execution durations and of execution
probabilities associated of execution intervals (calcu-
lated in 5.2). More formally :

Let t, where A, = {d},d?,...,d;"} is the set of
possible durations of, C; = {c{,c?,...,c/"} is the
set of execution costs efwherec! is the cost to ac-
complisht taking durationd® (k = 1..m).
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1. If ¢t has an only direct predecesstrsuch that
Ey = {e},,e%,... el } is its set of possible ex-
ecution end times, and if the probability bfo be
executed in duratiod? where its predecesstirhas
finished its execution at/, is noted Pr,,(If|el,)
(section 5.2), then :

e Expected Utility of cost ot is calculated as fol-

lowing :
u(cost(t|t')) ZZPrw IF|el)) * cF
j=1k=1
To simplify, we denote u(cost(t|t')) by
u(cost(t)).
e Expected Utility of time oft is calculated as fol-
lowing :
p(time(t|t')) Z Z Pro(IF|e],) « dF
j=1k=1
To simplify, we denote u(time(t|t’)) by
wu(time(t)).

2. If t has a set of direct predecessgrts, ..., t,
then, let B;, = {e},e?,...,¢, '} be the
set of possible execution end times of <
{t1,t2,...,t,} then:

e Expected Utility of cost ot is calculated as fol-
lowing :
wulcost(tlty, ... ty)) = Z wu(cost(t|t;))
=1
To simplify, we denoteu(cost(t|t|t1,...,tn))
by p(cost(t)).
e Expected Utility of time oft is calculated as fol-
lowing :
p(time(tlty, ... t,)) = Y p(time(t|t;))
=1
To simplify, we denote(time(t|t1, . .., t,)) by

wu(time(t)).
In the next section, we calculate the total expected
utility of each admissible plaf.

6.2 Expected Utility of Plans

The expected utility of a pla® is calculated in func-
tion of expected utilities of cost and time (calculated
above).

The total expected utility of cost of a plgh is cal-
culated by adding all expected utilities of cost of all
tasks in this plan. More formally :

n

> nleost(t:))

=1

(cost(P))
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wheren is the number of tasks iR.
The total expected utility of time of a plah is calcu-
lated as following:
o ,(time(P)) is initialized to max(p(time(t;)))
wheret; € Tr
— If ¢ has an only direct predecessér with
expected utility p(time(t')), then we add
u(time(t’)) to the total expected utility of time
of the plan. More formally :

wu(time(P)) = p(time(P)) + u(time(t'))

—If ¢t has a set of direct predecessors
{t1,t2,...,t,} then, we add the maximum
of expected utilities of tasks , t», . . ., t,, to the

total expected utility of time of the plan. More
formally :

p(time(P)) = p(time(P))+max;_, p(time(t;))

To calculate the total expected utility for each plan
P € P4, we assign a value to each plan according to
the preferences of the user. We translate these pref-
erences into a functiop(P) : p called function of
utility. This function is prone to the cost and the time
that are balanced by coefficientsand 5. This al-
lows us to adjust the relative importance of the vari-
ous utilities according to the preferences of the user.
This utility function is described by :

#(P) = ap(cost(P)) + Bu(time(P))

wherea + 8 =1andP € Py.
Among all admissible plans, we choose the one
with the smallest utility to be executed :

P* = argminpep, u(P)

This plan is the most likely one to be executed satis-
fying all constraints and that has a high probability to
be executed with reduced cost an time of execution.
In the next section, we determinate the most likely
scheduling to be executed.

7 SELECTION OF THE MOST
LIKELY SCHEDULING

We call scheduling of a plaf®, the set of tasks of

P where each task is executed in a well defined in-
terval. If there is a simple precedence constraint be-
tween two tasks; andt; (t; — t;), then the execu-
tion interval of taskt; must occur before the one of
taskt;. More formally, letT'(P) = {t1,t2,...,tn}

be the set of tasks of an admissible pl&n and

I, = {I}.I2,...,I}'"} be the set of execution in-
tervals of task; in T(P) we have :

Pora = {(t1, I, (ta, I12), ooy (b, IF) )
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is a possible scheduling iR wherek;, = 1..j;, such
. X k¢ .
thatif¢; — t; (t; andt; € Pora) thenef:’ < st;-’.
We have also :
P = U Pord

7.2 Expected Utility of Scheduling

To calculate the total expected utility of a scheduling
P.rqa, We calculate first the total expected utilities of
cost and time ofP,,.; as following :

In the worst case, the total number of scheduling of 1. The total expected utility of cost @, is calcu-

a plan? is equal to the product of cardinalities of all
possible execution interval sets of all tasksTi(iP).
More formally this number is equal to :

NO(POTd) = jtl * jtz koK jt"

In the next section, we calculate the expected utility
of cost and the expected utility of time for each task

(t, Itkf) € Pord-

7.1 Expected Utilities of Cost and
Time of Tasks of Scheduling

for each Pord =
(1, 1), (b2, 112, ooy (b, IE)}, we  calcus-

late the expected utility of cost and the expected

utility of time for each task; to be executed irifi"i
More formally :

1. If (t,I'*) € P,.q has an only direct predecessor

(', I") € Porg Where(t, IF) — (¢, IF*) then :

e The expected utility of cost oft, I**) is calcu-
lated as following :

ke kt/ k¢ kt’ k¢
pulcost((t, I7)|(t, Iy"))) = Pro(I;* ey )*cy

e The expected utility of time is calculated as fol-
lowing :

p(time((t, IF)| (¢, I3))) = Pro(If|ep )xdst

2. If (tJff) € P..q has a set of direct predeces-

Sors {(t1, I11), (t2. 1), oo (tp, I, } then, let
ke, ke ke ke,
(tlﬁltil) € {(thItll)v(t271t22)7"'7(tp71t,, )}

then:

e The expected utility of cost oft, I**) is calcu-
lated as following :

- k
plcost((t, IE) (b1, I70), (b2, 102, ooy (b, L1 7)))

tp

=" uleost((t, 1) (t:, 1))

i=1
e The expected utility of time oft, I/*) is calcu-
lated as following :

ktq

. k k
,u(tzme((t, Itkt)|(t15 Itl )7 (t27 It;Q )7 R3] (tIU Itptp )))

= > nltime((t. 1) (8. 11)

lated by adding all expected utilities of all tasks in
Pora- More formally :

n

p1(cost(Pora)) = Y _ plcost(t;, L")

i=1

wheren is the number of tasks @P.

2. The total expected utility of time @®,,.4 is calcu-

lated as following :

o u(time(Pora)) is initialized
maz(p(time(t;, If:" ))) wheret; € Tr

— If (t,IF*) has an only direct predecessor
(t’,Ifﬁ’) such that its expected utility is

u(tz‘me(t’,[fﬁ’)) then we add this expected
utility to the total expected utility of time of
plan. More formally :

w(time(Porq)) =

p(time(Pora)) + p(time(t', 1))
— If (t,IF) has a set of direct predecessors
k¢ ke ktp
{(t1, 1;,"), (t2, 1,%), ..., (tp, I, 7))} then, we
add the maximum of expected utilities of these
tasks to the total expected utility of time of plan.
More formally :

p(time(Pora)) =

to

w(time(Pora)) + maxt_; p(time(t;, IZ” ))
For each scheduling Py =
ke, Ky

{(t, 1), (b2, I07), ooy (B, 1)} Of the  ad-
missible planP chosen to be executed, we calculate
its utility function, wheren + 5 = 1 and, defined by :

1(Pora) = a * p(cost(Pora)) + B * pu(time(Pora))

From all scheduling formed bf we choose the one
with the smallest expected utility to be executed :

*
PCJJGC

= argminp,, ,cpi(Pord)

This plan determines the expected intervals of execu-
tion in which tasks should be executed by the agent.

8 ANALYSIS AND EXPERIMENTS

In the next section, we calculate the total expected The number of execution intervals for each tasle-
utility of a schedulingP,,,.4. pends on the number of its direct precedence tasks, its
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time window([/;”, I;"] and the cardinality of its dura-  heuristics to choose the most likely plan to be exe-
tion set|A;|. When one of these constraints increases, cuted and reducing the search space then comparing
this number increases. The number of plans in a graphthem with the heuristics presented in this paper.
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