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Representations

e Transition System (DG?)
» states (nodes)
> transitions (edges)
e Formalism (STRIPS?, FDR? 4)
» facts (forming states)
» actions (set of transitions, preconditions, effects)
> initial state, goal state(s)
e Language (PDDL®, )
» predicates (parametrized facts)
» operators (parameterized actions)
> types (optional), objects, functions

!Directed Graph
2Stanford Research Institute Problem Solver — today used only as formalism
3Finite Domain Representation
*Simplified Action Structures M P e ER
Planning Domain Definition Language
February 27,2023 3/28



Transition System

Intuition

e model of the planning problem (modeling — description, algorithms)
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Transition System

Intuition
@ modeling a sequential decision problem of modifying a world
@ state space of a planning task + transitions between the states
@ nodes: describing states (configurations) of the world

@ edges: describe transitions between states (modifications of the world)
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Transition System
Formally

@ transition system is a DG with labeled edges ¥ = (N, E, L, ¢)

@ N is a finite set of graph nodes representing the states of the state
space
E is a finite set of edges e € E, between two nodes e C N x N
representing transitions between two states
L is a finite set of action labels (one action can label more transitions)
c: N — R% is a cost function (unit costs planning iff c¢(n) — 1)

goal state
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Transition System

Example

@ transition system is a DG with labeled edges ¥ = (N, E, L, ¢)

@ nodes represent states N € {A,... F}, labels actions
L € {red,green,blue}, edges transitions

Ec {( bluel ) (E redlB)7(A red,2 L,c(.)

—"B),...}; notation 'ebg

goal states

initial state
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Transition System
Formally
@ given a state represented as a node n and an action label /, action
application is denoted as nln’, where n’ is the successor state node
@ the application is deterministic there is only one / as outgoing e out
of each n
@ action with / is applicable in n iff there is a outgoing e with /
e n’ = app,(n) — application function (non-injective, non-surjective)
e app, : (N' € 2N) — N — action application is not necessarily defined

for each n
@ deterministic planning: a sequence o = (I, b, ..., I¢) of labeled
actions /1,..., I, € L and state nodes ng, ..., nx (the execution of o) is

a path in the transition system iff:
© ng is a designated initial state node
@ n; = app,(n;j_1) for every i € {1,..., k}, and
© ny is a goal state.
@ equivalently expressed as

nk = appy, (app;,_,(---appy(mo) .. .)) M FEECTU
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STRIPS/FDR Formalisms

Intuition
inner structure of the states (factorization of the state)
factors ~ facts holding in particular states of the world

facts about the world

e.g., “blue block is on the table”, “blue block is on the green block”,
“truck #1 is at location #2", “crane #1 is empty”, ...

@ subset of zeroth-order (propositional) logic

goal states
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STRIPS/FDR Formalisms

Intuition
@ a planning problem with 1 truck, 1 crane, 2 locations, and 1 crate

o states: {so,...,Ss}
@ actions: {put,take,movel, move2, load,unload}
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STRIPS/FDR Formalisms

Intuition

@ transition system of the Truck-Crane planning problem

@ states {so,...
(nodes in respective X))

, 85} describing configuration of the three blocks

@ actions {put, take,movel, move2, load, unload} describing
modifications in the world for particular states (put is one action, but

represents 2 transitions!)
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STRIPS/FDR Formalisms

Intuition

@ transition system of the Blocksworld problem with 3 blocks

e states: describing configuration of the three blocks (on the table and
on each other)

@ actions: describe stacking and unstacking of each one block clear

from the top
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STRIPS/FDR Formalisms

Formally (STRIPS)

A planning problem in STRIPS is defined as a tuple [1 = (F, A, c,s;, G)
o finite set of facts f € F
» facts define a set of all states as S = 2F (all subsets of F)
> a particular state is defined as s € S
o finite set of actions a € A, a = (pre(a), add(a), del(a), c(a))
» preconditions: pre(a) C F (a is applicable in s iff pre(a) C s)
additions: add(a) C F (facts added to s after application)
deletions: del(a) C F (facts removed from s after application

action cost: ¢ : A — RO
application of an action a in state s resulting into state s’ is defined:

vV vyVvYy

s' = (s\ del(a)) U add(a)
@ initial state: s, € S
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@ goal condition: G C F, a state s¢ is a goal state iff G C Sﬁ
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STRIPS/FDR Formalisms

Example (STRIPS)
@ the Truck-Crane problem in STRIPS
o facts: {cratel-in-truckl,cratel-at-locationi,...}
@ actions: {put,take,...}, e.g.:

» pre(put) = {cratel-heldby-cranel,locationl-platform-empty}
» add(put) = {cratel-at-locationl}
» del(put) = {cratel-heldby-cranel,locationl-platform-empty}
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STRIPS/FDR Formalisms

Induction of a transition system from STRIPS

(nodes = states) < facts: n = s (defined via facts F)

edges < (labels = actions): / = a (inducing one or more edges e)

nln’ = sas’ (transition, action application)

app;(n) = app,(s)
o = 7 (path in transition system from the initial state s; to a goal
state sx O G is a solution to the STRIPS planning problem, i.e. a
plan m = (a1,...,ak))

@ plan 7 induces a state-action sequence: sy, a1, S1, - - -, dk, Sk, Where
S| = 50, Sk D) G

°
°
@ analogous cost function ¢
°
°
°

@ equivalently expressed as

G C app,, (app,,_,(---app,,(s1) - --))
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STRIPS/FDR Formalisms

Why STRIPS?1?

@ STRIPS actions are particularly simple, yet expressive enough to
capture general planning problems.

@ In particular, STRIPS planning is no easier than general planning
problems.

@ Many algorithms in the planning literature are easier to present in
terns of STRIPS.

@ STRIPS states can be represented as binary vectors of size |F|

» each fact either holds in the state (binary value T)
» or does not hold (binary value 1)
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STRIPS/FDR Formalisms

Formally (FDR)
A planning problem in FDR is defined as a tuple 1 = (VA ¢, s/, G)

@ variables v € V
» each variable has a finite domain dom(v) of possible values
dom(v) = {valy,valy,...,valgom(v)}
> a state s is defined as a complete assignment of a value from dom(v)
to each variable v € V, denoted as vals(v) — val;
» a partial assignment over V' C V defines values only for variables
veV
@ actions a € A, defined as a = (pre(a), eff (a), c(a))
» preconditions: pre(a) is a partial assignment (a is applicable in s iff
Vv € pre(a) : valpe(s)(v) = vals(v))
» effects: eff(a) is a partial assignment (values changed by a)
» action cost: ¢ : A RO
» application of an action a in state s resulting into state s’ is defined:

Valer(a)(v) v € eff(a)
vals(v) otherwism Al CENTER
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STRIPS/FDR Formalisms

Formally (FDR)

A planning problem in FDR is defined as a tuple 1 = (V A, c,s;, G)

@ initial state: s; € S, where the set of all states
S = dom(v1) x dom(v2) x - -+ x dom(vy) for all v € V

@ goal condition: is a partial assighment G and a state s, is a goal iff
Vv € G : vals,(v) = valg(v)
FDR vs STRIPS:
@ plan, state-action sequence, expressivity the same as STRIPS
@ FDR variable/value pairs =~ STRIPS facts
@ usually more efficient implementation
@ how many STRIPS facts we need to encode a FDR variable?
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STRIPS/FDR Formalisms

Example (FDR)
o the Truck-Crane problem in FDR
@ variables: {cratel,trucki-at,truckl-empty, cranel-empty,
locationl-platform-empty}
» dom(cratel) = {heldby-cranel, on-truckl,at-locationl}
» dom(truckl-at) = {locationl,location2}
» dom(truckl-empty) = {true, false}, dom(cranel-empty) =,...
@ actions: {put, take,...}, e.g.:
> Valpe(put)(cratel) = heldby-cranel
Valpre(put)(locationi-platform-empty) = true
valefr(pur)(cratel) = at-locationl
valefr(put)(Locationl-platform-empty) = false

v

v

v
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Planning Domain Definition Language (PDDL)

Intuition

@ declarative language (high-level principles similar to Prolog)

@ subset of first-order (predicate) logic

@ s-expressions (LISP syntax)

@ domain definition X instance definition

@ easy to describe (exponentially) many STRIPS/FDR facts and actions

o lifted representation (parametrized facts/actions)

@ various versions (temporal, continuous variables, negative
preconditions, disjunctive goals, ...)

@ various extensions (multi-agent, probabilistics, ...)

@ de-facto standard language for all automated planners
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Planning Domain Definition Language (PDDL)

Syntax Basics

Domain definition:

(define (domain <domain name>)
(:predicates <predicate-list>)
(:action <action-details>)

Problem definition file:

(define (problem <title>)
(:domain <domain-name>)
(:objects <object-list>)
(:init <predicates>)
(:goal <predicates>)
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Planning Domain Definition Language (PDDL)
Planning Domain

Predicates — parametrized facts:

(:predicates

(truck ?truck) (crane 7crane) (crate 7crate) (loc 7loc)
(at-location 7obj ?loc) (on ?crate 7truck)
(platform-at-location ?loc)

(heldby ?crate 7crane) (empty 7obj) ;one empty type
(road-between ?locationl 7location2))

location 1 _location 2 location 1 _location 2
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v
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Planning Domain Definition Language (PDDL)

Planning Domain

Operators (aka actions in PDDL):
(:actions
(:action move ;one PDDL move for STRIPS movel and move2
:parameters (7truck ?from-loc 7to-loc)
:precondition (and
(truck 7truck) (loc 7from-loc) (loc 7to-loc) ;types
(road-between ?from-loc ?7to-loc)
(at-location ?truck ?from-loc)
:effect (and (not (at-location ?truck ?from-loc))
(at-location ?7truck 7to-loc))
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Planning Domain Definition Language (PDDL)

Planning Problem (Instance)

(define (problem 1-truck-1l-crane-2-locations-1-crate)
(:domain truck-crane)
(:objects truckl cranel locationl location2 cratel)
(:init <predicates>)
(:goal <predicates>))
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Planning Domain Definition Language (PDDL)
Planning Problem (Instance)
(:init
(truck truckl) (crane cranel) (crate cratel)
(loc locationl) (loc location2)
(road-between locationl location2)
(road-between location2 locationl)
(platform-at-location locationl) ;red are constant
(at-location truckl location2)
(at-location cranel locationl)
(at-location cratel locationl)
(empty cranel) (empty truckl))
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Planning Domain Definition Language (PDDL)

Planning Problem (Instance)

(:goal
(and ;conjunctive goal facts
(at-location truckl location2)
(on cratel truckil)

S5

- e

location 1 location 2
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Planning Domain Definition Language (PDDL)

Grounding of PDDL to STRIPS/FDR

@ predicates — facts/variables

@ operators — actions
@ naive approach (enumeration of all parameter permutations®):
» enumeration of all facts from predicates using objects
» enumeration of all actions from operators using objects
@ some permutations are forbidden (by object types or preconditions)

@ some states are unreachable from the initial state (there is no path
from init to them in the induced transition system)

@ some actions are inapplicable on any path from the initial state (there
is no reachable state fulfilling all preconditions of such action)

o if we can detect that a state is a dead-end we do not need to ground
following predicates/actions

@ some facts are mutually exclusive (mutex) — grounding to FDR
Al CENTER
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Compact Representation

Exponential blowups
e PDDL
| exponential blowup #1 (parameter permutations)
e STRIPS/FDR
| exponential blowup #2 (fact permutations)
@ Transition System (DG)

Parameter permutations in operators:
@ analogy in all possible parametrization of a function
@ Dy x Dy x --- x D,, where n is the number of parameters
o |Di||Do|---|Dy| > 2" (assuming |D;i| > 2:i€ {1,...,n})
Fact permutations in states:
@ analogy in compact representation of numbers in prefix notation
@ STRIPS ~ digits 1,0; FDR ~ digits of variable domains Al CENTER
o recall S =2F ie, |S| = 2IF A
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