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Priklady obecnych postupl k feSeni algoritmickych tloh

@ Linearni programovani

@ Konvexni optimalizace

@ Constraint satisfaction programming (splhovani podminek)
@ SAT (splnitelnost logickych formuli)

@ Automatické planovani
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Automatické planovani
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Automatické planovani

Zakladni idea

Najit posloupnost akcf, ktera postupné meéni stav z poc¢ateéniho do cilového.
@ Stav je popsan kone¢nou mnozinou proménnych
o Zakladni feSice maji jen logické proménné, pokrocilé resice maji i ¢iselné proménné
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@ Ohodnoceni proménnych se méni pomoci akci

o Kazda akce ma predpoklady, které musi byt spinény, aby bylo mozné akci provést
o Kazda akce mé efekty ménici hodnoty proménnych
o Parametry, aby akce mohli byt obecné
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@ Stav je popsan kone¢nou mnozinou proménnych
o Zakladni reSiCe majf jen logické proménné, pokrocilé fesice maji i Ciselné proménné

@ Pocatecni stav: Ohodnoceni vSech proménnych na zacatku planu

@ Cilovy stav: Logické nebo aritmetické podminky na hledany stav

@ Ohodnoceni proménnych se méni pomoci akci
o Kazda akce ma predpoklady, které musi byt spinény, aby bylo mozné akci provést
o Kazda akce mé efekty ménici hodnoty proménnych
o Parametry, aby akce mohli byt obecné

Planning Domain Definition Language (PDDL)

@ PDDL je jazyk, ktery se snazi standardizovat planovani v Ul
@ Popis modelu je rozdélen do dvou souborl

@ Problém: Seznam objektl, pocatecni a cilovy stav
o Doména: Seznam proménnych a akci
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Priklad: Pfesun micti mezi mistnostmi

Problem

(define (problem balls)

(:domain balls)
(:objects rooml room2 balll)
(:init (room rooml)

(room room?2)

(ball balll)

(at balll rooml))
(:goal (at balll room2)))
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Jirka Fink



Spatny popis tlohy mizeme vést k nerealnému vysledku

Problem

1 (define (problem balls)
» (:domain balls)
(:objects rooml room2 room3 room4 balll)
(:init (room rooml) (room room2) (room room3) (room roomé)
(ball balll)
(at balll rooml))
(:goal (and (at balll room2)
(at balll room3)
(at balll roomd))))
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Problem

1 (define (problem balls)
(:domain balls)

(:objects rooml room2 room3 room4 balll)

(:init (room rooml)

(ball balll)

(at balll rooml))

(and (at balll room2)
(at balll room3)
(at balll roomd))))

(room room2) (room room3)

(:goal

(room room4)

(define

(domain balls)
(:predicates

(:action move
:parameters (?b ?from ?to)
:precondition (at ?b ?from)
reffect (at ?b ?to)))

(room ?r) (ball ?b) (at ?b ?r))
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Spatny popis tlohy mizeme vést k nerealnému vysledku

Problem

1 (define (problem balls)
(:domain balls)
(:objects rooml room2 room3 room4 balll)
(:init (room rooml) (room room2)
(ball balll)
(at balll rooml))
(:goal (and (at balll room2)
(at balll room3)
(at balll room4d))))

(room room3) (room room4)

(define (domain balls)
(:predicates (room ?r)
(:action move

:parameters (?b ?from ?to)
:precondition (at ?b ?from)
reffect (at ?b ?to)))

(ball ?b) (at ?b ?r))

Nalezeny plan

1 (move balll rooml roomé)
(move balll rooml room3)
(move balll rooml room2)
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Priklad: Strip Problem

Popis problému

Mame robota, ktery méa dveé chapadla, do kterych umi uchopit mi¢, polozit jej na zem a
presouvat se mezi mistnostmi.

(define (problem strips-gripper2)
(:domain gripper-strips)
(:objects rooma roomb balll ball2 left right)
(:init (room rooma)

(room roomb)
(ball balll)
(ball ball2)
(gripper left)
(gripper right)
10 (at-robby rooma)
1 (free left)
12 (free right)
13 (at balll rooma)
1 (at ball2 rooma))
15 (:goal (at balll roomb)))
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Priklad: Strip Domain 1/2

(define (domain gripper-strips)
> (:predicates (room ?r) (ball ?b) (gripper ?g) (at-robby ?r)

(at ?b ?r) (free ?g) (carry 7?0 ?9))

(:action move
:parameters (?from ?to)
:precondition (and (room ?from)
(room ?to)
(at-robby ?from))
reffect (and (at-robby ?to)
(not (at-robby ?from))))
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Priklad: Strip Domain 2/2

(:action pick
:parameters (?o0bj ?room ?gripper)
:precondition (and (ball ?0bj)
(room ?room)
(gripper ?gripper)
(at ?obj ?room)
7 (at-robby ?room)
(free ?gripper))
reffect (and (carry ?obj ?gripper)
(not (at ?2obj ?room))
(not (free ?gripper))))
raction drop
:parameters (?o0bj ?room ?gripper)
:precondition (and (ball ?20bj)
(room ?room)
(gripper ?gripper)
(carry ?0bj ?gripper)
(at-robby ?room))
reffect (and (at ?obj ?room)
) (free ?gripper)
2 (not (carry ?obj ?gripper)))))

e e e e i e
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Popiste hledani Hamiltonovské kruznice pomoci PDDL

BRUTE-FORCE DYNAMIC _
SOLUTION: PROGRAMMING SELUNG ON ERAY:
C)(f?') ALGORITHMS: c)(| )
. O (n‘lzﬂ)
STILL WORKING
ON YOUR ROUTE?
AN
~
SHUT THE
HEW VP

Source: https://xkcd.com/399/
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Hanojské véze

@ Cilem je premistit vSechny kotou€e na druhou véz.

@ V jednom tahu Ize premistit vrchni kotou¢ z nékteré véze a poloZit jej na jinou véz
majici vétsi kotou¢ navrchu.

@ Popiste hledani feSeni pomoci PDDL.
@ llustrativni animace
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Popiste feSeni Loydovy patnacky pomoci PDDL

15/ 2|1 |12
6 |11
10| 7
14|13
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5. domaci ukol: PDDL

Zadani (zkraceno)

@ Mame dany pocatecni a cilové pozice krabic, které mame prevést pomoci aut
@ Kazdé auto kapacitu jedné krabice

@ NapisSte PDDL doménu obsahujici pravé tyto akce

o load(box car place): Nalozi krabici do auta.
@ unload(box car place): Vylozi krabici z auta.
@ move(car origin destination): Pfesune auto.

@ Napiste jednu doménu, ktera vyresi vSech 10 problém.
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Knihovna pro Python

@ pyperplan: Jednoduchy fesi¢ PDDL
https://github.com/aibasel/pyperplan
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