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CENTRALIZED PLANNING FOR DISTRIBUTED PLANS

move(b,x,y) // move b from x to y
PRECOND: on(b,x) A clear(b)
POSTCOND: on(b,y) A clear(x) A

—on(b,x) A —clear(y) on(B,A)

movetotable(b,x)
PRECOND: on(b,x) A clear(b)
PosTconD: on(b,T) A clear(x) A —on(b,x)

S1: move(B,T,A)

work backward from each “on” goal:

= Y=

/\
movetotable(A,B) move(A,B.y)

on(B,T) clear(B) clear(A)

K%

on(B,T) on(D,T) on(F,T)

: ¥t -

- i A : move(A,B,E)

é S £ F Sfinal
S A C clear(A) clear(E) on(A,B) A D

% B D F .............. E C

o T e (B on(FD

5 on(A,B) on(C,D) on(E,F) on(E.T) o_nEXE)) onéD C))

l on(E,T) on(C,T)
S3: movetotable(E,F)
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init

S1: move(B,T,A) To satisfy the preconditions, we have:
S2: move(A,B,E) S2<S1,S3< 54

S3: movetotable(E,F) S6 <54, 56 <S5

S4: move(F,T,D) Also

S5: move(D,T,C) S2 threat to S3 = S3 < S2

S6: movetotable(C,D) S4 threat to S5 = S5 < S4

Then the partial orderingis: S3<S2<5S1
S6<S5<54
S3< 54

Any total ordering that satisfies this partial ordering is a good plan for Agentl

B F
A C A
B D F E C

Sfinal
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init

sl Jole gu 335
DECOMP1
SUBPLAN1: S3<S2<3S1
SUBPLANZ: S6<S5S5< 34
and S3 < $4
Agentl: S3<send(clear(F)) <S2<Sl1
Agent2: S6 < S5 < wait(clear(F)) < S4

S3: movetotable(E,F) } . {521 move(A,B,E) } < {

S6: movetotable(C,D)

S5: move(D,T,C)

(9]

S1: move(B,T,A) }
S4: move(F,T,D)

B - Sfinal
A D
E C
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CENTRALIZED PLANNING FOR DISTRIBUTED PLANS

sl Jole gu 335
DECOMP2
SUBPLAN1: S3<35S5<34
SUBPLANZ2: S6<32<3S1
and S2 < S2 and S6 < S5
Agentl: S3 <send(don’t care(E)) < wait(clear(D)) < S5 < S4
Agent2: S6 < send(don’t_care(E)) < wait(clear(F)) < S2 < S1
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Sfinal
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init

Agent 1 - is specialized in doing movetotable(b,x)
Agent 2 - is specialized in doing move(b,x,y)

P agent1 = { S3: movetotable(E,F) satisfies on(E,T)
S6: movetotable(C,D) satisfies on(C,T)
}
P agent 2 = { S1: move(B,T,A), S2: move(A,B,E) satisfies on(B,A) A on(A,E)
S4: move(F,T,D), S5: move(D,T,C) satisfies on(F,D) A on(D,C)
}

Merge Pagenyy With Pageni, by checking preconditions and threats
S3 S6 S3
one agent executes (as is centralized)

(9]
oL

Sfinal
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PLANNING WITH MULTIPLE SIMULTANEOUS ACTIONS: TRANSITION MODEL
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Actors(A, B)
Init(At(A, LeftBaseline) N At(B, RightNet) N
Approaching (Ball, RightBaseline)) A Partner(A, B) N Partner(B, A)
Goal(Returned(Ball) N (At(a, RightNet) V At(a, LeftNet))
Action(Hit(actor, Ball),
PRECOND: Approaching(Ball, loc) N At(actor,loc)
EFFECT: Returned(Ball))
Action(Go(actor, to),
PRECOND: At(actor,loc) A to # loc,
EFFECT: At(actor,to) N — At(actor,loc))

e 99 S (gelius

taiils 55 Jae sl O (So 5o Bl siee 5 WS (o (5 pa LLS B 5 A S50 50
LeftBaseline, RightBaseline, LeftNet, RightNet
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PLAN 1:

A: [Go(A, RightBaseline), Hit( A, Ball)]
B : [NoOp(B),NoOp(B)] .
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COOPERATION: JOINT GOALS AND PLANS

el sud S5 Jale 5o 58 slagi 51 oS el 473 M o sl

PLAN 1:
A: [Go(A, RightBaseline), Hit(A, Ball)]
B: [NoOp(B), NoOp(B)] .

PLAN 2:

. [Go(A, LeftNet), NoOp(A)]

. |Go(B, RightBaseline), Hit(B, Ball)] .

Sue
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[< Go(A,[Left,Net]), Go(B,[Right, Baseline]>; <NoOp(A), Hit(B, Ball)>]
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MULTI-BODY PLANNING
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Action(Hit(a, Ball),
~ - CONCURRENT:b # a = —Hit(b, Ball)
988 S PRECOND: Approaching(Ball, loc) N\ At(a, loc)
Concurrent Action EFFECT: Returned(Ball)) .

[ole oo 53 s S o 1 JUie] (required actions) s 5 s slass

Action(Carry(a, cooler, here, there),
CONCURRENT:b # a A Carry(b, cooler, here, there)
PRECOND: At(a, here) A At(cooler, here) A Cooler(cooler)
EFFECT: At(a, there) A At(cooler, there) N = At(a, here) A = At(cooler, here)).
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FLOCKING EXAMPLE

m Three rules:
71 Separation: Steer away from neighbors when you get too close
caad S0 LT la (B85 s sd 550 Ladglues 5l s Hluslas
71 Cohesion: Steer toward the average position of neighbors
c500 Lagluses (:Ske cal go e 4 alod
=1 Alignment: Steer toward average orientation (heading) of neighbors
ca s laie Laglunes (:Silie (s S e 4 3 )| B
m Flock exhibits emergent behavior of flying as a pseudo-rigid body.
IS o aled 0 sl 0 S Olgie s 5 Hlgoe Sl ouiS gy 48, 6 o4
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Stuart Artificial Intelligence

Russell

o0 A Modern Approach
Norvig Third Edition

Stuart Russell and Peter Norvig,
Artificial Intelligence: A Modern Approach,
314 Edition, Prentice Hall, 2010.
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PLANNING AND ACTING
IN THE REAL WORLD

11.1

In which we see how more expressive representations and more interactive agent
architectures lead to planners that are useful in the real world.

The previous chapter introduced the most basic concepts, representations, and algorithms for
planning. Planners that are are used in the real world for planning and scheduling the oper-
ations of spacecraft, factories, and military campaigns are more complex; they extend both
the representation language and the way the planner interacts with the environment. This
chapter shows how. Section 11.1 extends the classical language for planning to talk ahout
actions with durations and resource constraints. Section | 1.2 describes methods for con-
structing plans that are organized hierarchically. This allows human experts to communicate
to the planner what they know about how to solve the problem. Hierarchy also lends itself to
efficient plan construction because the planner can solve a problem at an abstract level before
delving into details. Section 11.3 presents agent archilectures that can handle uncertain envi-
ronments and interleave deliberation with execution, and gives some examples of real-world
systems. Section 11.4 shows how to plan when the environment contains other agents.

TIME. SCHEDULES. AND RESOURCES

The classical planning representation talks about what to do, and in what order, but the repre-
sentation cannot talk about time: fiow long an action takes and when it occurs. For example,
the planners of Chapter 10 could produce a schedule for an airline that says which planes are
assigned to which flights, but we really nead to know departure and arrival times as well. This
is the subject matter of scheduling. The real world also imposzs many resource constraints;
for example, an airline has a limited number of staff—and staff who are on one flight cannot
be on another at the same time. This section covers methods for representing and solving
planning problems that include temporal and resource constraints.

The approach we take in this section is “plan first, schedule later™: that is, we divide
the overall problem into a planning phase in which actions are selected, with some ordering
constraints, to meet the goals of the problem, and a later scheduling phase, in which tempo-
ral information is added to the plan to ensure that it meets resource and deadline constraints.

401




