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8.1. Planning Problems

What is Planning H+4 2#ix)

[1 We have defined Al as the study of rational action. Action is a critical
part for an intelligent agent.
HABZIBATBEEARENENTR. ESEEAEN—PLBBS.

[] Planning means devising a plan of Qccaon to achieve one’s goals.
X EREHIE—EITanTXIRIAZ|BLE R B 5.
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8.1. Planning Problems

What are Planning Problems 4 2#%iia)5

L1 A longer definition #mzyx
given the descriptions for a problem in the real world:
48 FE TSt 5B ch— /] R AR
M the initial states, the desired goals, and the possible actions,

VRS TAHIEHR. ATTRERIEHIE,

planning is to find a plan that is generating a sequence of actions that
leads from any of the initial states to one of the goal states.
MRBHEB—NITR]: BFEEMEMIEREBNE— BFRRESH— R TIEHE.

[1 A shorter definition #:emzx

devising a plan of action to achieve one’s goals.
2 — VA B BEE B AR TEN IR o
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8.1. Planning Problems

What is Classical Planning A4 2% s##%)

Classical planning has following features:
2 IR RGN THHE

fully observable

a unigue known initial state
static environments
deterministic actions

can be taken only one at a time
a single agent
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Simplest planning known as Classical Planning
fé7 88 BRI FR 0 22 SR
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8.1. Planning Problems

Planning Difficulties #Mx#oxErE

Properties 4%1% Questions |&)5%

e deterministic or nondeterministic? #E T ERHEE M
actions zhfE « have a duration? B—giseatig
» can take concurrently or only one at a time? aH&HMITIEEHIT

state variables k#&=aI-E£  discrete or continuous? =EEEES

initial states #isR7 « finite or arbitrarily many? BIRIZEEE%

* to reach a designated goal state? ZxzjisERBIFRES

objective B - to maximize a reward function? Z£kLE4RE %

* only one or several? {(XR—PMEEZA

%0 &
agents &Aefk - cooperative or selfish? &fEE2aF
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8.1. Planning Problems

Problem-solving Agent vs. Planning Agent [a)55 sk #iR & & 14 5 #i X & RE(4

Problem-solving agent Planning agent
o) K % & BE A4 X B aefF
State Atomic representation Factored representation
(Initial / Goal) | mrx= EFa=r |
A e/ BRR) | -- collection of variables TEr&E4
Actions schemas
Action Instantiated actions EFR
hiE SLELEN1E -- use Planning Domain Definition Language
(PDDL) s FA #i%)4Rtsi E X 38 = PDDL
Heuristic Domain-specific heuristics | Domain-independent heuristics
R% % PIHFER LA P T KRB EIE
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8.1. Planning Problems

About PDDL =FPDDL

PDDL (Planning Domain Definition Language) is an attempt to standardize Al
planning languages. First developed in 1998.

PDDL (RIXIGUREXIBES) EXAIMXNES EXR—M=IN. T1998FE 8R4

The latest version is PDDL 3.1 (2011), its BNF syntax definition can be found from
the IPC-2014 homepage:

B AThi =PDDL 3.1 (2011), EBNFIEEE X FTLAMIPC-2014E T1$k E -

https://helios.hud.ac.uk/scommv/IPC-14/software.htmi

The PDDL used in this course 7i&#%sE F#YPDDL
It select a simple version, and alter its syntax to be consistent with the rest of the

course.
EFE T REREAMA, FEREBTHEEE UESKRENEEBRTREF—H.
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8.1. Planning Problems

Three Components to Define a Planning Task EXHAXESH=/EE
L1 State ##

B represented as a conjunction of fluents (fluents: a relation that varies from one to next).
RAATHEEE (fuents: MN—PEIF—PTBURIXR)
e.d., At(Truck,, Melbourne) /A At(Truck,, Sydney).

L1 Actions =&

B described by a set of action schemas, implicitly define the functions.
A—HEEERER, REX R,
e <
€.0., ACTION(S), RESULT(s, a).
[1 Goal Bi=
M represented as a conjunction of literals (literals: an elementary proposition).
RTAXFHEE (literals: —MNEARRIEHER) .
e —  ——
e.g., At(p, SFO) /\ Plane(p).
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8.1. Planning Problems

Example 1: Air cargo transport fiizs s549is4

[J Problem: iaz
To load cargo, then fly, and unload it. #1%. ®ETIT. EEE.

B from SFO (San Francisco Airport) to JFK (New York John Fitzgerald Kennedy Airport).
MSFO (IR LML) BFK (HANE - SERANIE - EREHIA) .

L] Actions: znte
B [oad(.)
B Unload(.)
m Fly()
L] Predicates: igi
B In(c, p) -- cargo c is inside plane p, #&4IcE XHlpA,
B At(X, a) -- object x (either plane or cargo) is at airport a. #tkx (ks EY) EHIAa.
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8.1. Planning Problems

Example 1: Air cargo transport fiizs s549is4

Init(At(C,, SFO) A At(C,, JFK) A At(P,, SFO) A At(P,, JFK) A Cargo(C,) A
Cargo(C,) /A Plane(P,) /A Plane(P,) /\ Airport(JFK) /A Airport(SFO))

Goal(At(C,, JFK) A At(C,, SFO))

Action(Load(c, p, a),
PRECOND: At(c, a) /\ At(p, a) /\ Cargo(c) /\ Plane(p) /\ Airport(a)
EFFeCT: — At(c, a) /A In(c, p))

Action(Unload(c, p, a),
PRECOND: In(c, p) /\ At(p, a) /\ Cargo(c) /\ Plane(p) /\ Airport(a)
EFFECT: At(c, a) /A —In(c, p))

Action(Fly(p, from, to),
PRECOND: At(p, from) /A Plane(p) /\ Airport(from) /\ Airport(to)
EFFECT: — At(p, from) /A At(p, to))

A PDDL description for the air cargo transportation planning problem
£ XA SR YT M AL X (5] RE RO PDDL 1A
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8.1. Planning Problems

Example 1: Air cargo transport fiizs $549i54
[] Solution e

[Load(C,, P, SFO), Fly(P,, SFO, JFK), Unload(C,, P,, JFK),
Load(C,, P,, JFK), Fly(P,, JFK , SFO), Unload(C,, P,, SFO)]

L1 Spurious action zizzpie

Fly(P,, JFK, JFK)

L1 Contradictory effect > &R

At(P,, JFK) A — At(P,, JFK)
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8.1. Planning Problems

Example 2: The blocks world #AtSR

[1 Problem: iz C
B three blocks sitting on a table, the goal is to get block A N
on B, and block B on C. |
ST IEME=ZRILIAKR, BREERARAREB. FHEBMECL. Start State
[1 Actions: =t @

B Move(.), MoveToTable(.)
[ Predicates: iz

B On(b, x) -- block b is on x (either another block or table)
MARb7EXL (HEFRAKSHEF)

B Clear(x) -- true when nothing is on x. '
HSx EEZET—IR AR, Goal State

o‘w|>
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8.1. Planning Problems

Example 2: The blocks world #AtSR

Init(On(A, Table) /A On(B, Table) /\ On(C, A)
/\ Block(A) /\ Block(B) /\ Block(C) /\ Clear(B) /\ Clear(C))

Goal(On(A, B) /A On(B, C))
Action(Move(b, x, y),
PRECOND: On(b, x) /A Clear(b) /\ Clear(y) /\
Block(b) /A Block(y) /\
(b#£x) A (b#£y) A\ (X£Y),
EFFECT: On(b, y) /\ Clear(x) /A —On(b, x) /\ — Clear(y))

Action(MoveToTable(b, x),
PRECOND: On(b, x) /A Clear(b) /\ Block(b) /\ (b # x),
EFFECT: On(b, Table) /\ Clear(x) /A —On(b, x))

Start State

U

o‘w|>

A PDDL description for the blocks world problem
£ XA F (0] @ AYPDDLIEIA
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