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Planning

Chapter 11
Russell and Noraig
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Monkey & Bananas

A hungry monksy is in a room. Suspended from the roof, just
out of his reach, is a bunch of bananas. In the comer of the

raom is 3 bos The monksy desperately wants the bananas
but ha can't reach them. YWhat shall he do?
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Monkey & Bananas (2)

»  After several unsuccessful attiempts to reach the bananas, the
monkey walks o the box, pushes it under the bananas, climbs

on the box, picks the bananas and eats them.
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= The hungry monkey is now a happy monksy.

anning

|T'

Planning

To solve this problem the monkey needed to devise a
plan, a sequence of actions that would allow him o
reach the deszired goal

Planning is a topic of traditional interest in Artificial
Intelligence as it is an important part of many different
Al applications, such as robotics and intelligent agents.
To be able to plan, a system needs to be able to reason
about the indvidual and cumulative effects of a series
of actions. This is a skill that is only observed in a few
animal species and only mastered by humans.

The planning problems we will be discussing today are
mostly Toy-World problems but they can be scaled up
to real-world problems such as a robot cruising a space.
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Planning vs. Problem Solving

Planning is a special case of Problem Solving (Search].

Problem solving searches a =zisfe-zpsce of possible
sciicns, starting from an initial sfate and following any
path that it believes will lead it the goal =ziafe.
Recording the actions along the path from the initial
state to the goal state gives you a plan.

Planning has two distinet features:

1. The planner doss not have to solve the problem in order (from
initial to goal state). t can suggest actions o solve any sub-
goals at anytme.

2. Planners assume that mas: pans of the word are independent
= they can be stripp=d spart and solved individually {turming
the problem info practically sized chunks).

Planning using STRIPS

The “classical” approsch mast planners use today is derived from
the STRIPS language.

STRIFS was devised by SR in the early 1870s to control 3 robat
called Shakey.

Shakey's task was to negotiste & senes of roorms, move baxss,
and grab objecis.

The STRIPS language was used to derive plans that would control
<hakey's movements so that he could achieve his goals.

—
:" The STRIPS language is very simple but expressive language that
N lends itself o efficient planning algonthms.
— The representation we will use in Proleg is demved from the
E arginal STRIPS representation.
Ll
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STRIPS Representation

= [Planning can be considerad as a kegical inferance problen:
a plan i= inferad from facts and lopical relationships.

» STRIPS represented planning problems as a series of sfale
descnphions and opersfors expressed in first-order predicate
ogic.

State descripbions represant the state of the world at thres points
during the plan:

— Iniial sate, the state of the workd at the stan of the problem;
— Cuwrenf sfate, and
— (Goal sate, the state of the world we want fo get to.

Operators are actions that can be applied to change the state of

the world.

— Each operator has owfcomes e how it afiects the world.

— Each operator can only be applied in certain circumstancas.
These are the precondifions of the operator.

Planning in Prolog

As STRIPS usas a logic based repressntation of states it lends
itsedf well to being imgplementad in Prolog.

«  To show the dewslopment of 3 planning system we will implement
the Monkey and Bananas problem in Prolog using STRIPS.

When beginning to produce a planner thers are certain
rapr=seniation consideraions that need to be made:

— How do we represent the state of the world?

— How do we represent cperators?

— Does cur representation make it easy o
« check preconditions;
» ater the state of the world after performing actions: and
* recognise the goal staje?
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Representing the World

In the Monkey&Banana problern we have:
— objects: 3 monkey, a3 box, the bananas, and a floor.
— locations: we'll call them a, b, and ¢
— redations of abjects fo locsbons. For example:
= the monkey is at location ;
= the monkey is on the floor;

=« the banan:as are hanging
= fhe bax is n e same ocalion 2= e bananas.

« Torepresent these relabions we need to choose appropnate

Ly predicates and arguments:
E = ooyl
T g + onjmonkey, loar),
_ s siatus(bansnas, banging).
— « aljbox, X}, allbananas, X).
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Initial and Goal State

= Onoe we have decded on appropriaie sksie predicales we need o
represent $ie Inilial and Goal siales. <%

s nidial Skaie:
on [monkwy , filoars] .
on [Boe, Eloor).,
at [monkay , mf .
at{box, BI,
Bt [DEnEa=ax, =} .
stabusibenenas. hamging) .

s Zoal Sl .
on [monkwy , box) |, | . |
on (boe, Eloor).
At [oonkwy, cf .

at{boee, =],

Bt [DEnEa=ax, =) .
stabusibenenas,. graskbesd) .

= Only tis last stale can be known withoul
kmawing the detals of the Plan (Le. haw we're gaing o gel there ).

Representing Operators
« STRIPS operators are defined as:

— MAME: Howr we refer o the operator eg. godAgent, From, Ta).

— PRECOMDITIONS: What states need to hold for the
operator to be applied. e.p. [=8Agent, From]].

— ADD LIST: YWhat new states are addad to the world as a
result of applying the operator e.g. [=t(Agent, To)].

— DELETE LIST: What oid states are remowved from the world
as a result of applying the operator. eg. [aliAgent, From)).

=+ e will specify operators within a Prolog predicate opn/4:
E opn( golAgent, Fram, Tal , +——— Name

— [at(Agant, From)], . Precondilions

pu_ [at [Agart, Tol]. * fdd Lisi

— ’ Diehate List

[at[Agant, From)j] ).
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The Frame Problem

When represanting operators we make the assumption that the
ondy effects our operator has on the workd are those specified by

the add and delete lisis.

In real-world planning this is a hard assumption to maks 35 we can
never be absolutely certain of the extent of the effects of an acton.

— This s known in Al a5 the Frame Frobiem.

Real-World systems, such as Shakey, are notoriowsly difficul to
plan for because of this problem. Flans must constantly adapt
based on incoming sensory infomnation about the new state of the
wiorkd otherwise the operator preconditions will no longar apply.

The planning domains we will be working in our Toy-Worlds 5o we
can assume that our framing assumiptions are accurate.




