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Pojem planovani Definice

[Nau09]

Koncept planu

Plan of Attack of First Army, October 14, 1918

i f@’ﬂou\t-aux—aois Barricourt {f’ T O T f
£ @ L [ — — ( N
£ 5 far -~ /
Lo ':3‘? I }
0

héhéry

o }S_\Aprcmnm

j\ First .Army

e Jump-off Line == Front Line Oct. 17 ~ ==~== Front Line Oct. 31
—xxxx- Army Boundary =~ —xxx— Corps Boundary Numerals indicate divisions
Arrows indicate direction and weight of principal attacks

@ mnoho definic a pohledd ....

@ Schéma, program nebo metoda p¥ipravend dopfedu k dosazeni
néjakého cile.
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Pojem planovani Definice

[Nau09, Pec10]

Definice planu

Planovani

@ Uvazovdni o hypotetické interakci mezi agentem a prostfedim
vzhledem k dané lloze.

@ Motivaci k procesu pldnovani je zdivodnéni, Ze dand dle planu
provedend sada akci zméni prostfedi tak, aby bylo dosazeno vytéeného
cile ¢i feSeni zadani ulohy.
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Pojem planovani Definice

7 [Nau09]

Planovani a rozvrhovani

@ Rozvrhovani ... pfitazuje fadé procesti zdroje s ¢asovym omezenim,

@ Planovani ... uvaZzuje mozné interakce mezi komponentami planu.

Planovani

@ Dano: potdtetni stav, cilovy stav, operdtory.

@ Hledame sekvenci operatorti, které dosdhnou na cilovy stav z
podatecniho stavu

o vybér prislusnych akci, usporadanim akci, zahrnuti kauzalit

Rozvrhovani

@ Dano: zdroje, akce, omezeni.
@ Hledame rozvrh, ktery vyhovuje omezenim
e usporddani akci, pfifazeni zdrojl, splnéni omezeni.
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Pojem planovani Definice

[Nau09]

Realné aplikace - prizkum vesmiru

Projekty

@ Autonomni pladnovani, rozvrhovani, ¥izeni
e NASA: JPL a Ames.

@ Remote Agent Experiment (REX)
e Deep Space 1.

@ Mars Exploration Rover (MER)
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Pojem planovani Koncepéni model

| [Nau09]

Koncepéni model planovani

| Description of >

Initial state . . :
*| Planner @ Systém s prechody mezi
Objectives stavy
Execution status ! Flans @2 = (5 A E, ’7)
Controller o S = {states}
4 @ A = {actions
Observations Actions { }
Y @ E = {exogenous events}
System X
@ vy =
T Events {state-transition function}
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Pojem planovani Koncepéni model

Roboty v docich ™"

llustrace planovacich procedur

@ pristav s né&kolika misty (doky) BN
lodg,

o
@ sklady s kontejnery
)

parkovaci mista pro
e vlaky,
e ndkladni auta
e cil:
o vyloZit/naloZit lod& atd.
e premistovat kontejnery
pomoci robotil
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Pojem planovani Koncepéni model

[Nau09]

P¥iklad pfechodového systému

Systém s pfechody mezi stavy

Sl SO
ﬂ' OZ:(S,A,E,’}/)
£ - H/ take E 4 H e S= {States}
Iocationls location 2 ' location 1. location 2 Y A — {aCtionS}
movezl move 1 move2x move1
. 5 e E = {exogenous events}
ﬁ@ | T o v=Sx (AUE) — 25
v
' il Systém s prechody mezi stavy
location 1 location 2 location 1 location 2
unloadx Ioad ° 5 — {SOa 517 o 755}

o A = {move;, move,, put,

—: take, load, unload}
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2
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Y
5 .
|

o E={}
@ v = {viz Sipky}

location 1 location 2 location 1 location 2 '
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Pojem planovani Koncepéni model

[Nau09]

Koncepéni model planovani |

i et
Initial state l Radi¢

— ~| Planner @ pozorovaci funkce
Objectives h-S—0
Execution status ! Plans @ za pozorovani o € O
Controller produkuje akci a € A ]
Observations I | Actions Plinovad
System X @ produkuje plany

TEVBntS @ instrukce pro ¥adi¢
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Pojem planovani Koncepéni model

[Nau09]

Planovaci uloha

51 So
put .
’ 5 angl. Planning problem
A By [ e is systému ¥
— : - @ popis systemu
location 1 location 2 location 1 location 2 v . o~ s b
moveZl move1 move2x 1move1 ° Pocaj:_ecm Sta\ol nepo
v mnozina stavu
53 52
il e pocateéni stav = s
' _ @ Zadani dlohy
" | take A 4 2
y_ gl =i o cilovy stav
location 1 location 2 location 1 location 2 - mnoiina CIIIOV,Ch stavﬁ
unloadx Ioad - p y
e mnozina uloh,
5 " - - 1) o
5 e "trajektorie” stavi,
moveZ s s
ks e hodnotici funkce
ﬂ o= -i e cilovy stav = sj J
location 1 location 2 location 1 location 2 a
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Pojem planovani Koncepéni model

put

take

@ = 4l Klasicky plan

location 1 location 2 location1 location 2 Y Sekvence akCI'

\
!
i

move?2 move1 move?2 move

W 53 ﬁ@ 52 @ < take, movey, load, move, >
put

| take

—

\\‘

Postup, taktika (angl. policy)

location 1 location 2 location1 location 2

unIoadW Ioad @ &asteénd funkce z S do A

o {(so, take), (s1, movey),

E"ef (s3,load), (sa, moves)}
| = -4

move

\|.

location 1 location 2 location1 location 2
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Pojem planovani = Typologie planovacu

[Nau09]

Typy planovaci

Planovacde pro specifickou doménu
@ navrzeny a vyladény pro danou doménu
@ nebudou pracovat dob¥e (jestli viibec) v jiné doméné

@ Vvétsina Uspésnych realnych planovadi pracuje timto zplisobem

Planovade nezavislé na doméné

@ v principu pracuje v jakékoliv planovaci doméné

@ nepouziva Zadnou doménové specifickou znalost s vyjimkou definic
zakladnich akci
@ v praxi je neproveditelné, aby pracovalo pro kazdou moznou doménu,

@ zavedeni fady zjednodusujicich predpokladi

o klasické planovani
e zaméfena vétSina vyzkumu automatizovaného planovani
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Pojem planovani  Typologie planovacu

[Nau09]

Omezujici predpoklady

e AO: Konecny systém
o kone&n& mnoho stavu, akci, udalosti
@ Al: PIné pozorovatelny
e tadi¢ vZdy mize pozorovat soucasny stav
@ A2: Deterministicky
o kazda akce ma pouze jediny vystup
e A3: Staticky (Z3dné vngjsi udalosti)
e zmény jsou zplsobeny pouze akcemi Fadice
@ A4: Dosazitelnost cili
e existence mnoZziny cilovych stavi S,
e Ab: Sekvencni plany
e plan je linedrn& usporddand sekvence akci < ag, a1, ...,ap >
e AG6: Implicitni ¢as
e z4adné Casové prodlevy, linedrni sekvence okamzitych stavi
e A7: Off-line planovani
e planovac¢ neznd aktudlni stav béhu
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Pojem planovani = Typologie planovacu

7 [Nau09]

Klasické planovani

@ Vychazi ze v8ech 8 omezujicich predpokladi
e Offline generovani sekvenci akci pro deterministické, statické, kone¢né
systémy s Uplnou znalosti, dosazZitelnymi cili a implicitnim ¢asem.
@ Redukuje se na nasledujici dlohu:
e Diano (Z,So,sg)
e Nalezni sekvenci akci m =< ag, a1, ..., a, >, kterd produkuje sekvenci
prechodii mezi stavu < sg, s1,...,5, > takovou, Ze s, € 5,.

@ Metodou je vyhledavani cesty v grafu
e uzly = stavy
e hrany = akce

@ Je to trivialni?
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Pojem planovani = Typologie planovacu

Klasické planovani - p¥iklad ™

PYevozy nakladi letadly

@ 10 letist

@ 50 letadel
@ 200 kust nakladu

e pocet stavil
5010 X 20050+10 ~ 10155
Y

@ Potet &astic ve vesmiru je pouze okolo 1087

Vyzkum automatizovaného planovani
@ prevazné klasické planovani

@ existuji desitky (stovky) rlznych algoritmi
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Reprezentace STRIPS

[Wic11]

Klasické representace

@ reprezentace pomoci vyrokiu
e stav svéta je mnoZina vyrokil
o akce obsahuje predpoklady ve formé vyrokili a efekty ve formé& vyroka,
které se pridavaji &i smaZou
@ STRIPS reprezentace

e podobné jako vyrokova reprezentace
e misto vyroki se v8ak pracuje s literaly prvého ¥adu

@ reprezentace pomoci stavovych proménnych

e stav je k-tice stavovych proménnych {xi,...,x,}
e akce je parcidlni funkce nad stavy
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Reprezentace STRIPS

RozloZend reprezentace stavu

Reprezentace stavu svéta

@ atomickd .. .stav je dale nedélitelny

@ rozlozend ...stav je kolekce proménnych
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Reprezentace STRIPS

[Wic11]

STRIPS - reprezentace stavi

@ Necht £ je jazyk prvého ¥adu
e s kone¢né mnoha predikatovymi symboly,
e s kone¢nym poc¢tem konstatnich symboli,
e a zadnymi funkénimi symboly

e stav STRIPS planovaci domény je mnoZina zakladnich atomi z L:

o (zakladni) atom p plati ve stavu s < p € s

o s spliiuje mnozinu (zakladnich) literdld g (s = g), jestlize
e kazdy pozitivni literdl v g je v s
e kazdy negativni literdl v g neni v s

Radek Maf¥ik (marikr@felk.cvut.cz) Klasické planovani 16. dubna 2014

Reprezentace STRIPS

P¥iklad STRIPS stavu ™"

Stav v DWR doméné

state = {attached(pi,loc;),

23 /77

attached(po, locy),

in(ct, p1), in(c3, p1),
top(cs, p1), on(cs, c1),
on(cy, pallet), in(cz, p2),
top(c, p2), on(cz, pallet),
belong(craney, locy),
empty(craney),
adjacent(locy, locy),

loc2

locl

adjacent(locy, locy),
at(ry, loc),
occupied(locy),
unloaded(r)}

24 / 77
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Reprezentace STRIPS

[Wic11]

STRIPS - reprezentace operatorii a akci

e planovaci operator STRIPS planovaci domény je trojice
e o = (name(o), precond(0), effects(0)),

kde jméno operatoru name(o)

je syntakticky vyraz tvaru n(xi, ..., xk),

kde n je (jednozna&ny) symbol

a xi,...,Xk jsou véechny proménné,

které se vyskytuji v o, a

e vstupni podminky precond(o) a efekty effects(o) operatoru jsou
mnoZiny literdld.

@ akce STRIPS planovaci domény je uzavfena instance planovaciho
operatord.
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Reprezentace STRIPS

Ptiklad STRIPS operatori ™"

e move(r, [, m)

e robot r se presune z mista / do sousedniho mista m

e precond: adjacent(/, m), at(r, ), moccupied(m)

o effects: at(r, m), occupied(m), ~occupied(l), —at(r, /)
@ load(k, I, c,r)

e jefab k na misté / nalozi kontejner ¢ na robot r

e precond: belong(k, 1), holding(k, c), at(r, 1), unloaded(r)

o effects: empty(k), —holding(k, c), loaded(r, c), ~unloaded(r)
® pUt(k7 /7 ¢, d7 p)

e jefab k na misté | poloZi kontejner ¢ na d v svazku p

e precond: belong(k, 1), attached(p, 1), holding(k, c), top(d, p)
o effects:

—holding(k, c), empty(k), in(c, p), top(c, p), on(c, d), ~top(d, p)
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Reprezentace STRIPS

Aplikovatelnost a prechody mezi stavy

[Wic11]

@ Necht L je mnoZina literdli
o LT je mnoZina atomd, které jsou pozitivni literdly v L,
e L™ je mnozina v8ech atomi, jejichZ negace jsou v L
@ Necht a je akce a s je stav.
Potom a je aplikovatelna v s <
o precond®(a) Cs; a
o precond™ (a)Ns == {}
@ Stavova prechodova funkce y pro akci aplikovatelnou ve stavu s je
definovdna jako:
o y(s,a) = (s — effects—(a)) U effects™(a)
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Reprezentace STRIPS

STRIPS: planovaci domény

[Wic11]

e Necht £ je jazyk prvého ¥adu bez funkci.
@ STRIPS planovaci doména na £ omezeny stavové-pfechodovy
systém ¥ = (S, A, ) takovy, Ze:
e Sje mnozina STRIPS stavi, tj. mnoZina uzavfenych atomi,
e A je mnoZina uzavfenych instanci néjakych STRIPS planovacich
operatori O
e y:SxA— S kde
o y(s,a) = (s — effects (a)) U effects'(a), jestlize a je aplikovatelnd v s
e y(s,a) = nedefinovani jinak

e S je uzavfena v ramci y
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Reprezentace STRIPS

STRIPS: planovaci dloha ™

@ STRIPS planovaci dloha je trojice P = (¥, s;, g), kde:
o ¥ =(S,A,v) je STRIPS pldnovaci doména na daném jazyce prvého
fadu L
e s; € S je polatedni stav
e g je mnozina uzavrenych literdld popisujici cil tak,
Ze mnozina cilovych stavi je

Se={scSls kg
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Reprezentace STRIPS

P¥iklad STRIPS planovaci ulohy ™"

Stav v DWR pldanovaci tloha

@ Y : STRIPS planovaci doména DWR r— S
@ s;: jakykoliv stav
so = {attached(pile, locy),
in(cont, pile), top(cont, pile), !7 A
on(cont, pallet), belong(crane, locy), s
empty(crane), adjacent(locy, locy), | =2 Lo
adjacent(locy, locy),
at(robot, locy), A S5
occupied(locy),
unloaded(robot)}
°ogcClL (I
g = {—unloaded(robot), e L S
at(robot, locy)}
t- Sg = {ss}
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Reprezentace PDDL

Zaklady PDDL ™

Planning Domain Definition Language (PDDL)

@ http://cs-www.cs.yale.edu/homes/dvm/
@ vlastnosti jazyka (verze 1.x):
e zakladni forma STRIPS akcfi
e riiznd rozsiteni jako explicitni pozadavky
@ pouZivan k definicim:
e pldnovacich domén:
@ pozadavki,
e typd,
e predikatd,
@ moznych operatori
e planovacich problémi:

objekty,

@ rigidni a priibézné relace,
@ pocatelni situace,

@ popis cile.

@ dnes jiz verze 3.x
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Reprezentace PDDL

Planovaci doména " Opice”

(define (domain MONKEY)
(:requirements :strips :typing)
(:types monkey box location fruit)
(:predicates

(isClear 7b - box) (onBox ?m - monkey ?b - box)
(onFloor 7m - monkey) (atM ?m - monkey ?loc - location)
(atB ?b - box ?loc - location) (atF ?f - fruit ?loc - location)

(hasFruit ?m - monkey ?fruit))
raction GOTO
:parameters (7m - monkey 7locl ?loc2 - location)
:precondition (and (onFloor 7m) (atM ?m 7locl))
:effect (and (atM ?m 7loc2) (nmot (atM ?m 7locl))))
(:action PUSH
:parameters (7m - monkey 7b - box 7locl 7loc2 - location)
:precondition (and (onFloor 7m) (atM ?m ?locl) (atB ?b 7locl) (isClear 7b))
:effect (and (atM ?m ?loc2) (atB ?b ?loc2)
(not (atM ?m ?7locl))
(not (atB ?b 7locl))))
(:action CLIMB
:parameters (7m - monkey 7?b - box 7locl - location)
:precondition (and (onFloor 7m) (atM ?m ?locl) (atB 7b ?locl) (isClear ?b))
:effect (and (onBox ?m ?b) (not (isClear 7b)) (mot (onFloor ?m))) )
(:action GRAB-FRUIT
:parameters (7m - monkey 7b - box ?7f - fruit 7locl - location)
:precondition (and (onBox ?m ?b) (atB ?b ?locl) (atF ?f ?locl))
reffect (and (hasFruit ?m 7£))))

~
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Reprezentace PDDL

Planovaci problém " Opice”

(define (problem MONKEY1)

(:domain MONKEY)

(:objects monkeyJudy - monkey
bananas - fruit
boxA - box
locX locY locZ - location)

(:init (and

(onFloor monkeyJudy)
(atM monkeyJudy locX)
(atB boxA locY)

(atF bananas locZ)
(isClear boxA)

)

(:goal (and (hasFruit monkeyJudy bananas))
)
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Reprezentace PDDL

7/

ReSeni planovaciho problému " Opice”

Begin plan

1 (goto monkeyjudy locx locy)

2 (push monkeyjudy boxa locy locz)

3 (climb monkeyjudy boxa locz)

4 (grab-fruit monkeyjudy boxa bananas locz)
End plan
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Metody planovani Logika a prohledavani

STRIPS reprezentace - pfiklad

@ pocatecni stav: start
o cil: writeValue(a, 3)

@ akce:

startPlan: PAR
PRE
ADD
DEL
connectServer: PAR
PRE
ADD
DEL
writing: PAR
PRE
ADD
DEL

[]
[start]

[declared(server, a), declared(server,

[start]

[A]

[declared(server, A)]
[bound (server,A)]
[declared(server, A)]
[a, 3]

[bound (server,a)]
[writeValue(a, 3)]

[]

b)]

Radek Maf¥ik (marikr@felk.cvut.cz)

Vysledek prikladu

Klasické planovanf{ 16. dubna 2014

Metody planovani Logika a prohledavani

o cil: writeValue(a,3);

@ vysledna sekvence:
Q start

@ connectServer(a)

© writing(a, 3)

37 /77
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Metody planovani Logika a prohledavani

Planovani - hledani logickych formuli do hloubky

% Depth first search

Y ==================

depthFirstSearch(AnsPath) :-
initialState(Init),
depthFirst ([Init], AnsPath).

depthFirst ([S|_], [S]) :-
finalState(S), !.

depthFirst ([S|Path], [S|AnsPath]) :-
extend([S|Path], S1),
depthFirst ([S1, S |Path], AnsPath).

extend([S|Path], S1) :-
nextState(S, S1),
not (memberState(S1, [S|Pathl])).

memberState (S, Path) :-
member (S,Path) .
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Metody planovani Logika a prohledavani

Planovani - specifikace tlohy v Prologu

% Farmer, Wolf, Goat, Cabbage
A —
initialState([n,n,n,n]).
finalState([s,s,s,s]).

nextState(S, S1) :- move(S, S1), safe(S1).

move([F, W, G, C], [F1, W, G, C]) :- cross(F, F1).
move([F, F, G, C], [F1, F1, G, C]) :- cross(F, F1).
move([F, W, F, C], [F1, W, F1, C]) :- cross(F, F1).
move([F, W, G, F], [F1, W, G, F1]) :- cross(F, F1).

safe([F, W, G, C]) :- F=G, !; F=W, F=C.

cross(n,s).
cross(s,n).

t1(AnsPath) :- depthFirstSearch(AnsPath). e
Radek Ma¥ik (marikr@felk.cvut.cz) Klasické planovéni 16. dubna 2014




Metody planovani Stavovy prostor

[Wic11]

Prohledavani stavového prostoru

hra Misiona¥i a kanibalové

@ prepravit 3 kanibaly a 3 misiond¥e pres Feku

@ jakmile je nékde vice kanibald nez misiondfi, jsou misionati snédéni
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Metody planovani ~ Stavovy prostor

[Wicl1]

Planovani ve stavovém prostoru

Myslenka:

@ aplikace standardnich prohledavacich algoritmu

e do Sitky,
e do hloubky,
o A*, atd.

@ k feSeni planovaci ulohy

prohledavany prostor je podmnoZzina stavového prostoru
e uzly odpovidaji staviim svéta

e hrany koresponduji pfechodiim mezi stavy

e cesta v prohledavaném prostoru odpovida planu
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Metody planovani Stavovy prostor

Planovani ve stavovém prostoru - pfiklad """

crane Sﬂ crane 32 crane 85
_
- . |
[ zobot || |* robot
locationl location?2 locationl location?2 locationl location?2
F F Fy
¥ ¥
crane Sq 33 crane 34
—_—
—_—
robot ® robot | robot |
locationl location? locationl location?2 locationl location?2

@ uzly: zaviené atomy

@ hrany: akce (uzav¥ené instance operator()
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Metody planovani ~ Stavovy prostor

Progresivni hledani ™"

@ Forward-search(O, sp, g)

O s< 5
@ 7 < the empty plan
©® loop
@ jestlize s = g, potom vrat 7
@ E < {ala je uzavfend instance operatoru € O
a precond(a) je pravdiva v s}
@ jestlize E == (), potom vrat FAILURE
@ nedeterministicky vyber akci a € E
@ s < (s, a)
@ m+m.a
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Metody planovani Stavovy prostor

1 [Wic11]

P¥iklad prohledavani prostoru stavi

[q
[A]

[Cl[=]=]
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Metody planovani ~ Stavovy prostor

P¥iklad prohleddvani prostoru stavi 2 ™

[q
[A]

[6] (Al €]

[Cl=]=]

Radek Maf¥ik (marikr@felk.cvut.cz) Klasické planovani 16. dubna 2014



Metody planovani Stavovy prostor

Pt¥iklad prohledavani prostoru stava 3 ™"
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Metody planovani ~ Stavovy prostor

Pt¥iklad prohledavani prostoru stavi 4 ™"

Radek Maf¥ik (marikr@felk.cvut.cz) Klasické planovani 16. dubna 2014 49 / 77



Metody planovani Stavovy prostor

Pt¥iklad prohledavani prostoru stavi 5 ™"
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Metody planovani ~ Stavovy prostor

[Nau09]

Relevantni akce

@ Necht P = (X, s;,g) je STRIPS planovaci tloha.
@ Akce a je relevantni pro cil g, jestlize
e a zpusobi, Ze alesponi jeden z literdld g je pravdivy
o gnNeffects(a) # 0
e a nezpusobi, Ze ani jeden z literadl(i g je nepravdivy
o gt Neffects (a) =D A\ g™ Neffects*(a) =0
@ Regresni mnozina cile g pro relevatni akci a € A je:
o v 1(g,a) = (g — effects(a)) U precond(a)
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Metody planovani Stavovy prostor

7 [Wicll]

/pétné hledani

@ Backward-search(O, sp, g)

@ 7 < the empty plan
@ loop

jestlize sp = g, potom vrat 7

A < {a|a je uzav¥end instance operdtoru € O
a v (g, a) je definovano }

jestlize A== (), potom vrat FAILURE
nedeterministicky vyber akci a € A

T 4 a.m

g 7'(s,a)

Q000 00
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Metody planovani ~ Stavovy prostor

Sussmanova anomalie

@ interakce podcilii, jejichZ YeSeni se musi prolozit, aby je bylo mozné
splnit soucasné,
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Metody planovani Stavovy prostor

I [Nau09]

Sussmanova anomalie - priklad s kostkami

START

On(C,A) On(A, Table) CI(B) On(B,Table) CI(C) m

[Bl[=]>]

On(A,B) On(B,C)

*f FINISH
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Metody planovani ~ Stavovy prostor

[Nau09]

Sussmanova anomalie - priklad s kostkami Il

START

On(C,A) On(A, Table) CI(B) On(B,Table) CI(C) m

CI(B) On(B,z) CI(C)

PutOn(B,C)

[Bl[=]>]

On(A,B) On(B,C)

# FINISH
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Metody planovani Stavovy prostor

[Nau09]

Sussmanova anomalie - p¥iklad s kostkami [lI

START

On(C,A) On(A, Table) CI(B) On(B,Table) CI(C) m

CI(B)On(B,z) CI(C)

s PutOn(B,C)

CI(A) On(A, z) CI(B) \,

PutOn(A,B)

[Bl[=]>]

On(A,B) On(B,C)

*f FINISH
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Metody planovani ~ Stavovy prostor

Sussmanova anomalie - p¥iklad s kostkami [V ™

START

On(C,A) On(A, Table) CI(B) On(B,Table) CI(C) m

On(C,2) CI(C)

PutOnTable(C) |,

CI(B) On(B,z) CI(C)

P PutOn(B,C)

’

CI(A) On(A, z) CI(B) \,

PutOn(A,B)

[Bl[=]>]

On(A,B) On(B,C)

# FINISH
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Metody planovani Prostor plana

[Wic11]

Prohledavani prostoru stavi vs. plani

prohledavani stavového prostoru

@ prohledavani grafu, jehoz uzly reprezentuji stavy svéta

prohleddvani prostoru plani

@ prohledavani grafu, jehoZ uzly reprezentuji ¢aste¢né plany

uzly: ¢aste¢né uréené plany
hrany: operace zjemnéni plani

N4

reSeni: ¢4ste¢né usporddané plany

¢astecny plan:
e podmoZina akci
e podmnoZina organizaéni struktury
@ Casové usporadani akci
@ zdlvodnéni: co akce znamena pro plan

e podmnoZina vazeb promé&nnych
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Metody planovani Prostor plana

[Nau09]

Planovani v prostoru plani - omezujici podminky

@ podminka ptredchazeni
e a musi pfedchazet b
@ vazebni podminka

e podminky nerovnosti, nap¥. v; # v» nebo vy # ¢
e podminky rovnosti a substituce, nap¥. vi = v» nebo v; = ¢

@ kauzalni vazby
e pouZij akci a k vytvoreni podminky p potfebné pro akci b
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Metody planovani Planovaci grafy

GRAPHPLAN planovac

e 1997
@ plany jsou reprezentovdny pomoci planovaciho grafu,
e myslenka je velmi podobna dynamickému programovani &i ¥eSeni toku
Siti,
@ VsSechny plany jsou konstruovany soub&zné.
e roz&ifovani grafu (dopfedny bé&h)
o vyhledani planu (zp&tny béh)
@ Planoval udrzuje relaci bindrni vzajemné vylu¢nosti (mutex) mezi uzly
representujici aplikované akce a vyroky popisujici stav.
@ Problém s cyklenim odstranén.
@ Nelze pouZivat parametrizované akéni schémata (instance).
e VytvaFi obrovsky prostor vyrokd.
@ Existuje Yada podplrnych strategii, které podstatné urychluji
planovani.
@ Implementace jsou schopny zvladnout plany s 50-100 volanimi metod
do minut.
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Metody planovani Planovaci grafy

GraphPlan - planovaci graf
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Metody planovani Planovaci grafy

Implementace pldnovadii

Pocatecni pokusy

@ STRIPS [1971] ..., prvni pldnovag, zpétné planovani dle podminek

akci
Prostor stavii/pland
o WARPLAN [1973] ...linedrn{ planova¢, Sussmanova anomdlie FeSenf

posouvani akci

e PWEAK, TWEAK [1987], UCPOP [1992] ... pldnovale s Casteénym
usporadanim

Planovaci grafy

@ GRAPHPLANJ1997] ... prvni pldnoval s pldnovacim grafem
@ Blackbox [1998] ... kombinuje GRAPHPLAN a SATPLAN

e FF [2000] ... pldnovaci graf jako heuristika s velmi rychlym
dopfednym a lokalnim prohleddvanim
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Q@ Priloha

@ PDDL Specifikace
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P¥iloha

PDDL Specifikace

PDDL domény "

<domain> =
(define (domain <name>)
[<extension-def>]
[srequire-def>]
[<types-def>]trina
[sconstants-def>]
[<domain_vars_def}]:expression—e'-taluation
[<predicates-def>]
[<timeless-def>]
[.:safety_def}]:safety— constraints
<structure-def=*)

<extension-def>::=

(:extends <domain name>+)
<require-def>::=

(:requirements <require-key=+)
<require-key> ::=

.strips | ;typing | ...

Radek Maf¥ik (marikr@felk.cvut.cz)

P¥iloha

PDDL typy ™"

e PDDL types syntax

<typed list (x)> ::= x*

<typed list (x)> ::=ping

Klasické planovanf{

<types-def>::= (‘types <typed list (hame)=)
<constants-def> ;=

(:constants <typed list (name)>)
<domain-vars-def> ::=

(:domain-variables

<typed list(domain-var-declaration)=)
<predicates-def> ::=

(:predicates <atomic formula skeleton>+)
<atomic formula skeleton>::=

(<predicate> <typed list (variable)>)
<predicate>::= <name>
<variable> ::= ?<name>
<timeless-def>::=

(:timeless <literal (name)>+)
<structure-def> ::= <action-def>
<structure-def> :;=domain-axoms <ayjom-def>

<structure-def> ;;=action-expansions < meathod-
def=>

16. dubna 2014

PDDL Specifikace

x* - <type> <typed list(x)>

<type> ::= <name>

<type> :.= (either <type>*)
<type> ::=fluents (flyent <type>)

Radek Maf¥ik (marikr@felk.cvut.cz)
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P¥iloha PDDL Specifikace

PDDL ptiklad: DWR typy ™

(define (domain dock-worker-robot)

(:requirements :strips :typing )

(:types
location :there are several connected locations
pile 'is attached to a location,
;it holds a pallet and a stack of containers
robot ‘holds at most 1 container,
;only 1 robot per location
crane ;belongs to a location to pickup containers
container )
)
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P¥iloha PDDL Specifikace

PDDL predikaty: p¥iklad ™"

(:predicates

(adjacent 711 ?12 - location) :location ?I1 is adjacent to ?12
(attached ?p - pile ?I - location) ‘pile ?p attached to location ?I
(belong 7k - crane ?| - location) :crane 7k belongs to location 7?I
(at ?r - robot ?I - location) :robot ?r is at location ?I
(occupied ?I - location) .there is a robot at location ?I
(loaded ?r - robot ?c - container ) ;robot ?r is loaded with container 7c
(unloaded ?r - robot) ;robot ?r is empty

(holding 7k - crane ?c - container) ;crane 7Kk is holding a container ?c
(empty 7K - crane) ;:crane 7Kk is empty

(in ?c - container 7p - pile) :container 7c is within pile ?p

(top ?c - container ?p - pile) :container 7c is on top of pile ?p

(on ?c1 - container 7c2 - container) ;container ?c1 is on container 7c2
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P¥iloha PDDL Specifikace

PDDL akce ™

<action-def> ;=
(:action <action functor=
‘parameters ( <typed list (variable)>)
<action-def body>)
<action functor> ::= <name>
<action-defbody> ::=
[Z‘u’a rs (<typed Iist(va ria b|e);,)]:existential-preconditions .conditional-effects
[:precondition <GD>]
[:expansion <action spec>]-action-expansions
[:expansion :methods]action-expansions
[:maintain <GD>]:action—expansions
[-effect <effect>]
[:only-in-expansions <boolean>]:action-expansions
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P¥iloha PDDL Specifikace

PDDL popis cile """

<GD> ;= <atomic formula(term)>

<GD> ;= (and <GD=>%)

<GD> ;= «literal(term)>

<G> - =:disjunctive-preconditions (or <GD'—>+)

<G> :-=:disjunctive-preconditions (not <GD>)

<G> - :=:disjunctive-preconditions (|mp|y <GD> <GD>)

<GD> :;=existential=preconditions (axjsts (<typed list(variable)>) <GD>)
<GD> ;;=universal-preconditions (forg|| (<typed list(variable)>) <GD>)
<literal(t)> ::= <atomic formula(t)>

<literal(t)> ::= (not <atomic formula(t)>)

<atomic formula(t)> ::= (<predicate> t*)

<term> ::= <name>
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P¥iloha PDDL Specifikace

PDDL efekty ™"

<effect> ;= (and <effect>")
<effect> .= <atomic formula(term)>
<effect> ::= (not <atomic formula(term)>)
<effect> ::=:conditional-effects

(forall (<variable>*) <effect>)
<effect> ::=:conditional-effects

(when <GD> <effect>)

<effect> ::=Tluents (change <fluent> <expression>)
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P¥iloha PDDL Specifikace

PDDL operator: ptiklad ™

., moves a robot between two adjacent locations

(:action move
‘parameters (?r - robot ?from ?to - location)
‘precondition (and
(adjacent ?from ?to) (at ?r ?from)
(not (occupied 7t0)))
-effect (and
(at ?r 7to) (occupied 7to)

(not (occupied 7from)) (not (at ?r ?from)) ))
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P¥iloha PDDL Specifikace

PDDL problém "<

<problem> ::= (define (problem <name>)
(:domain <name>)
[<require-def>]
[<situation> ]
[<object declaration> ]
[<init>]
<goal>*
[<length-spec> ])
<object declaration> ::= (.objects <typed list (name)>)
<situation> ::= (:situation <initsit name>)
<initsit name> ::= <name>
<init> ;= (:init <literal(name)>*)
<goal> ::= (:goal <GD>)
<goal> :;=action-expansions (-axpansion <action spec(action-term)>)
<length-spec> ::= (:length [(:serial <integer>)] [(:parallel <integer>)])
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P¥iloha PDDL Specifikace

PDDL problém: DWR p¥iklad ™"

:; @ simple DWR problem with 1 robotand 2 incdgl)(inceqgl)(incfql)

locations on cd pallet) (on ce cd) (on cfce)
(define (problem dwrpb1) topcfql)
:domain dock-worker-robot)
:objects Etop pallet p2g
r1 - robot top pallet g2
1112 - location
k1 k2 - crane atrii1)
p1qlp2q2- pile unloadedr1)
: ca cb cccd ce cf pallet - container) occupied|1)
init
adjacent 112 {empty Iﬂg
adjacent 1211 empty k2))
attached p1l

. task is to move all containers to locations |12

attached p212 = ca and cc in pile p2, the restin g2

attached q111
attached g2 12

(:goal (and
belongk2 12] (n'cap) nce pd
. in cb g2) (in cd g2) (in ce q2) (in cfq2))))

on ca pallet) (on cbca) (on cc cb)

{in capl)(incbpl)(inccpl)
topcc p1)
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P¥iloha PDDL Specifikace
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