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Car construction example

Init(Chassis(C1) A Chassis(C2) A Engine(E1,C1,30) A Engine(E1,C2,60) A
Wheels(W1,C1,30) » Wheels(W2,C2,15))
Goal(Done(C1) A Done(C2))
Action(AddEngine(e,c,m)
PRECOND: Engine(e,c,d) A Chassis(c) A ~Engineln(c)
EFFECT: Engineln(c) A Duration(d))
Action(AddWheels(w,c)
PRECOND: Wheels(w,c,d) A Chassis(c)
EFFECT: WheelsOn(c) A Duration(d))
Action(Inspect(c)
PRECOND: Engineln(c) A WheelsOn(c) n Chassis(c)
EFFECT: Done(c) A Duration(10))
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ES and LS

A[REEROE L (ES) . sBELY (LS) sk
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ES(Start) = 0 EDRK

ES(B)=max,_z ES(A) + Duration(A)
LS(Finish)=ES(Finish)
LS(A) = min,_g LS(B) -Duration(A)
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Car example with resources

Init(Chassis(C1) A Chassis(C2) A Engine(E1,C1,30) A Engine(E1,C2,60)
Wheels(W1,C1,30) A Wheels(W2,C2,15) A EngineHoists(1) A WheelStations(1)
A Inspectors(2))

Goal(Done(C1) A Done(C2))
Action(AddEngine(e,c,m)
PRECOND: Engine(e,c,d) n Chassis(c) A ~Engineln(c)
EFFECT: Engineln(c) A Duration(d),
RESOURCE: EngineHoists(1))
Action(AddWheels(w,c)
PRECOND: Wheels(w,c,d) A Chassis(c)
EFFECT: WheelsOn(c) A Duration(d)
RESOURCE: WheelStations(1))
Action(Inspect(c)
PRECOND: Engineln(c) A WheelsOn(c) A Chassis(c)

EFFECT: Do ian(10)
RESOURCEF Inspectors(1)) | aggregation




Car example with resources
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— {5l : building a house = getting a permit + hiring a
contractor + doing the construction + paying the
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Build House example
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House
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Build House example

Action(Buyland, PRECOND: Money, EFFECT: Land A —Money)
Action(GetLoan, PRECOND: Goodcredit, EFFECT: Money n Mortgage)
Action(BuildHouse, PRECOND: Land, EFFECT: House)
Action(GetPermit, PRECOND: LAnd, EFFECT: Permit)
Action(HireBuilder, EFFECT: Contract)

Action(Construction, PRECOND: Permit » Contract, EFFECT: HouseBuilt
A ~Permit),

Action(PayBuilder, PRECOND: Money n HouseBuilt, EFFECT: —Money
House n — —Contract),

Decompose(BuildHouse,

Plan ::STEPS{ S1: GetPermit, S2:HireBuilder, S3:Construction, S4
PayBuilder}

ORDERINGS: {Start < S1 < S3< S4<Finish, Start<S2<S3},
LINKS {

Start—L‘ﬂ»Sl,Start—M’ﬂ—>S4,Sl—M’"—”—>S3,S2M>S3,}

3 HouseBuilt >S4,S4 ﬂ—)FiniSh,Sél' M)Finish
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POP+HTN example
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POP+HTN example
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Start = Finish Start Finish
Hair HapoyiShel
i HapoyfH
(a) Intial Problem o e
Har | Chain |—war
ib) Abstract Inconsistent Plan
Wakh| Give Comb | %o Watch| Deliver | -Watch
;1 (On Credi) [j o~ | Waich |TOw(Wath
Stait > Finish
g Give Challn Owe(Hat) eliver | g, |
watgh| (0N Credit) Harpy(Hel Hm'- Hair | —~0OwsfHai

(c) Decomposition of (b) into a Conzistent Solution




C_ETIIERNTET, SN TRENLFEE,
- %—/I/Hiﬁ—*ﬂ(:?rﬁb HZFAL CETEIZ3EITT
FREELRE: T 52 (5 0 HET T
TEHY) M DAFED(TH t:57_')l/03ﬁ5ﬁ0)§) Y|
- MBEZED

- WEBELGLEICHBEFIERTS

FETFEIZEDTRESAINEEINDIEE

—~ ﬁé'?l FMEIX TR TELULNRZEF DA, E{ED IR

BTEFNEYRNT YT TES

-~ ;ﬁzi’(m«\ AHREHLMERELRIMNBAONTENFE
\

TE
FiR
Ak




PMEEEZHRDOIZIX

e TUH—LRETEILE (

BEETEILLE)

- AIREARINR DR TI —)LEERT DETEZRT (FHR
BEHEDHRIZEKLT)

» FHTETERLE(BREFELE)

— FBYS5 DB R EE
Sl EE RS 5

2T L TCTELGARIEZTE TS

« EZRYTDNETEBRETEILE

— ETEZILTTLNAEEIC,
¥IEr9 %

o EHL -tE I ZE

STEAMEEZNEET DHZE

— ﬁff\')t‘l'.,ﬁﬂFHﬁ@FHﬁE‘f@fL%%i%Ei\i\(ZZ ZEL-IRIE(C
BhhStEhEEDEIZ. BWENBNITT—ILEIELET S



Sensorless planning
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#EAIKBE = <chair,table, cans of paint, unknown
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Example, the vacuum-world

(F LD

e LT FD (& 1L T [0




SR BB

. E){E: left, right, suck

. JREEZF RO DAnRE: AtL, AtR, CleanL, CleanR
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Action(Left, PRECOND: AtR, EFFECT: AtL)
Becomes : Action(Left, PRECOND: AtR, EFFECT: AtLVAIR)

- BEREHAORBREC-0T

Action(Left, PRECOND:AtR, EFFECT: AtLv(AtLAwhen
cleanL: —cleanlL)
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— If <test>then plan_A else plan B
if AtLACleanL then Right else Suck
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Game tree

State node

g| |=dl ]
=

Left \“'—"’f chance node
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BaRL Right Suck LR Left Suck
4 oFf - g | o L » ] 1 off | R .
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And-Or-search algorithm

function AND-OR-GRAPH-SEARCH(problem) returns a conditional plan or failure
return OR-SEARCH(INITIAL-STATE[problem], problem, [])

function OR-SEARCH(state, problem, path) returns a conditional plan or failure
if GOAL-TEST|[problem](state) then return the empty plan
if state 1s on path then return failure
for action,state_set in SUCCESSORS|problem](state) do
plan < AND-SEARCH(state_set, problem, [state | plan] )
if plan # failure then return [action | plan]
return failure

function AND-SEARCH(state set, problem, path) returns a conditional plan or failure
for each s, in state set do
plan; < OR-SEARCH(s,, problem,path )
if plan = failure then return failure
return [ if s, then plan, else if s, then plan, else ... if s, ; then plan, ; else plan, ]
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PO: alternate double murphy
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Replanning-agent

function REPLANNING-AGENT (percept) returns an action
static: KB, a knowledge base (+ action descriptions)
plan, a plan initially []
whole plan, a plan initially []
goal, a goal
TELL(KB, MAKE-PERCEPT-SENTENCE(percept,t))
current « STATE-DESCRIPTION(KB,t)
if plan =[] then return the empty plan
whole plan < plan < PLANNER(current, goal, KB)
if PRECONDITIONS(FIRST(plan)) not currently true in KB then
candidates <~ SORT(whole plan,ordered by distance to current)

find state s in candidates such that
failure = repair < PLANNER(current, s, KB)
continuation < the tail of whole plan starting at s

whole plan < plan < APPEND(repair, continuation)
return POP(plan)



Repair example
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Repair example: painting

Init(Color(Chair, Blue) AnColor(Table,Green) A
ContainsColor(BC,Blue) n PaintCan(BC)
ContainsColor(RC,Red) A PaintCan(RC))

Goal(Color(Chair,x) A Color(Table,x))
Action(Paint(object, color)
PRECOND: HavePaint(color)
EFFECT: Color(object, color))
Action(Open(can)
PRECOND: PaintCan(can) A ContainsColor(can,color)
EFFECT: HavePaint(color))

[Start; Open(BC); Paint(Table,Blue), Finish]
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Block world example

Initial state (a)

Action(Move(x,y),

PRECOND: Clear(x) » Clear(y) » On(x,z)

EFFECT: On(x,y) . Clear(z) » —On(x,z) » —Clear(y)

The agent first need to formulate a goal: On(C,D) A
On(D,B)

Plan is created incrementally, return NoOp and check
percepts



Block world example

: »fw@eiﬂ.m \
Star1 / eq68 | Finish

Assume that percepts don’t change and this plan is
constructed

Ordering constraint between Move(D,B) and Move(C,D)
Start is label of current state during planning.
Before the agent can execute the plan, nature intervenes:

D is moved onto B
D%_;Ba)ﬂ:%zu:]

L9 5H&. StartlER
DEIIZEDHD




Block world example

Fnish

Loz Maowe(C,D
Ontabley 4 ':-""J'j;' )
OneE)

Move(D,B)

Start contains now On(D,B)
Agent perceives: Clear(B) and On(D,G) are no longer true
— Update model of current state (start)

Causal links from Start to Move(D,B) (Clear(B) and On(D,G)) no longer
valid.

Remove causal relations and two PRECOND of Move(D,B) are open
Replace action and causal links to Finish by connecting Start to Finish.



Block world example

lﬂ'r.q'l.".“.lél
cezng | Move(C,D)

Stari

o
Onjic.

C. -
gr.- iﬁﬂ’l . .:-.5',1 Finish

Extending causal link

Extending: whenever a causal link can be supplied by a
previous step

All redundant steps (Move(D,B) and its causal links) are
removed from the plan

Execute new plan, perform action Move(C,D)
— This removes the step from the plan
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Block world example

Ornizbleyd)

-::h.'E'.E,I
OniC
Siart Gan'.E"I

Clar

Eﬁg

Clar

Execute new plan, perform action Move(C,D)
— Assume agent is clumsy and drops C on A

No plan but still an open PRECOND
Determine new plan for open condition

Fnish




Block world example

OnyC. dl
Dz
ki ﬂu::rrﬂ,': Maowve(C,D)
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Char(iG)

« Again Move(C,D)

Fnish




Block world example
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Similar to POP
On each iteration find plan-flaw and fix it

Possible flaws: Missing goal, Open precondition, Causal conflict,
Unsupported link, Redundant action, Unexecuted action, unnecessary
historical goal
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Agents(A,B)

Init(At(A,[Left, Baseline]) » At(B,[Right, Net]) n Approaching(Ball,[Right,
Baseline]) A Partner(A,B) A Partner(B,A))

oal(Returned(Ball) A At(agent,[x,Net]))
Action(Hit(agent, Ball)

PRECOND: Approaching(Ball,[x,y]) A At(agent,[x,y]) » Partner(agent,
partner) A —At(partner,[x,y])

EFFECT: Returned(Ball))
Action(Go(agent,[x,y])

PRECOND: At(agent,[a,b])

EFFECT: Af(agent,[x,y]) A — At(agent,[a,b]))
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« Example:
A: [Go(A,[Right, Baseline]), Hit(A,Ball)]
B: [NoOp(B), NoOp(B)]
Or
A: [Go(A,[Left, net), NoOp(A)]
B: [Go(B,[Right, Baseline]), Hit(B, Ball)]

. 7@D%Eé‘bf:ﬁ@l:iw)od:&)l:(i72’55/5775%%!:
s




ZIRETIEIALE

+ —DDI—UIrD=HDFTEILERIA, 20
Tz MILK OO DY ERICEMEZTE R
ERAOR

- ENERTIEHEZET—2 VTG

- BEEM%: BEDOREAE
- BT HDIS. ETOEEIFIFMLATYTREL

;:Ls gﬁﬁébf:?@@%h%‘h@%ﬁﬁ’@ﬂ{’ﬁlilﬁH%(:ﬁfr)
[<Go(A,[Left,Net]), Go(B,[Right,Baseline]>;
<NoOp(A), Hit(B, Ball)>]
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— Concurrent action
Action(Hit(A, Ball)
CONCURRENT: —Hit(B,Ball)
PRECOND: Approaching(Ball,[x,y]) A At(A,[x,y])
EFFECT: Returned(Ball))

— Required actions (carrying object by two agents)
Action(Carry(A, cooler, here, there)
CONCURRENT Carry(B,cooler, here there)
PRECOND:

 ETIEIL %(i FIEFETEZALNSCENTSE
SMNEFRHFITORZRTOLEENLE




73R DR

GEETEI CORRD—BEHRI =02 FE
RS

- AE =#FEL-EEZESLETORN (T—o

TNZERALEL, e L-ETEFEELZ T NIER LR
L‘&L"B%ﬂ%’ﬂ’&ﬁit%@fﬁ)é)-

e.g. stick to your court or one player stays at the net.
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e.g. Mine! Or Yours! in tennis example
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e.g. zero-sum games like chess
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