Automatic SA

T-Compilation of Planning Problems

Mic hael D. Ernst, T o dd D. Millstein, and Daniel S. W eld

�

Departmen t of Computer Science and Engineering

Univ ersit y of W ashington, Bo x 35235 0 Seattle W

A 9819 5{ 23 50 USA

fmernst, to dd, w eldg@cs.w ashington.edu

Abstract

Recen t w ork b y Kautz et al. pro vides tan talizing

evidence that large, classica l planning problems

ma y b e e�cien tly solv ed b y translating them in to

prop ositional satis�abili t y problems, using sto c has-

tic searc h tec hniques, and translating the resulting

truth assignmen ts bac k in to plans for the original

problems. W e explore the space of suc h transfor-

mations, pro viding a simple framew ork that gener-

ates eigh t ma jor enco dings (generated b y selecting

one of four action represen tations and one of t w o

frame axioms) and a n um b er of subsidiary ones.

W e describ e a fully-implemen ted compiler that can

generate eac h of these enco dings, and w e test the

compiler on a suite of STRIPS planning problems

in order to determine whic h enco dings ha v e the

b est prop erties.

1 In tro duction

Despite the early form ulation of planning as theorem pro v-

ing

[

Green, 1969

]

, most researc hers ha v e long assumed that

sp ecial-purp ose planning algor ithms are necessary for practi-

cal p erformance. Ho w ev er, recen t impro v emen ts in the p er-

formance of prop ositional satis�abilit y metho ds

[

Co ok and

Mitc hell, 1997

]

cast doubt on this conclusion. Initial results

for compiling b ounded-length planning problems to SA T w ere

unremark able

[

Kautz and Selman, 1992

]

, but recen t exp eri-

men ts

[

Kautz and Selman, 1996

]

suggest that compilatio n to

SA T migh t yield the w orld’s fastest STRIPS-st yle planner.

Ho w ev er, sev eral op en questions m ust b e answ ered b efore

concluding that SA

T-based planning dominates sp eciali zed

algorithms. The exp erimen ts of

[

Kautz and Selman, 1996

]

used hand-crafted SA

T enco dings, and while

[

Kautz et al.,

1996

]

describ e metho ds for compilation, no one has rep orted

exp erimen ts on automatical ly compiled problems and no one

kno ws whic h enco dings are b est. The enco dings used b y

[

Kautz and Selman, 1996

]

included domain information that

is inexpressible in the STRIPS action language (e.g., the u-

en t On is irre exiv e and noncomm utativ e); to what exten t is

this informatio n resp onsible for the sp eedup they observ ed?

This pap er addresses these issues:

�

This pap er app ears in Pr o c e e dings of the

15th International Joint Confer enc e on A rti-

�cial Intel ligenc e (IJCAI-97), Nago y a, Aic hi,

Japan, August 23{29, 1997, pp. 1169-1176.

This researc h w as funded in part b y O�ce of Na v al Researc h

Gran t N00014-94-1-0060, b y National Science F oundat ion Gran t

IRI-9303461 , b y ARP

A / Rome Labs gran t F30602-95-1-0024, and

b y a gift from Ro c kw ell In ternationa l P alo Alto Researc h.

� W e presen t an analytic framew o rk that accoun ts for

all previously rep orted non-causal enco dings,

1

including

sev eral no v el p ossibilities . W e parameterize the space

of enco dings along t w o ma jor dimensions, action and

frame represen tation. F or t w elv e p oin ts in this t w o-

dimensional space, w e list the axioms necessary for a

minimal enco ding, and w e calculate the asymptotic en-

co ding sizes.

� W e describ e an automatic compiler that generates all of

these enco dings. While it is di�cult for a compiler to

pro duce enco dings that are as lean as the hand-co ded

v ersions of

[

Kautz and Selman, 1996

]

, w e describ e t yp e-

analysis and factori ng tec hniques that get us close. Ex-

p erimen ts demonstrate these metho ds can reduce the

n um b er of v ariables b y half and form ula size b y 80%.

� W e run the compiler on a suite of STRIPS-st yle planning

problems, determining that the regular and simply-split

explanatory enco dings are smallest and can b e solv ed

fastest.

2 The Space of Enco dings

This section presen ts a framew ork that describ es all of the

A T&T enco dings (except for the causal enco dings) as w ell

as some new alternativ es. Previous w ork has describ ed indi-

vidual enco dings in a v ariet y of w a ys (e.g., \direct," \state-

based," etc.), but w e a v oid these terms. Instead w e presen t

a parameterized space with t w o dimensions:

� The c hoice of a regular, simply split, o v erloaded split,

or bit wise action r epr es ent ation sp eci�es the corresp on-

dence b et w een prop ositional v ariables and ground (fully-

instan tiated) plan actions. These c hoices represen t dif-

feren t p oin ts in the tradeo� b et w een the n um b er of v ari-

ables and the n um b er of clauses in the form ula.

� The c hoice of classica l or explanatory fr ame axioms

v aries the w a y that stationary uen ts are constrained.

Our enco dings use a standard uen t mo del in whic h time

tak es nonnegativ e in teger v alues. State- uen ts o ccur at ev en-

n um b ered times and actions at o dd times. All of the enco d-

ings use the following set of universal axioms:

init The initial state is completely sp eci�ed at time zero,

including all prop erties presumed false b y the closed-

w orld assumption.

go al In order to test for a plan of length n, all desired goal

prop erties are asserted to b e true at time 2n.

1

The omitted \state-ba sed" enco dings can b e obtained b y re-

solving a w a y the actions in our enco dings

[

Kautz et al., 1996

]

.

a)p,e Actions imply their preconditions and e�ects. F or

eac h o dd time t b et w een 1 and 2n � 1 and for eac h con-

sisten t ground action, an axiom asserts that execution

of the action at time t implies that its e�ects hold at

t + 1 and its preconditions hold at t � 1. F or example,

supp ose that the initial conditions sp ecify four blo c ks

A, B, C, and D. The STRIPS op erator of Figure 1 is in-

consisten t when instan tiated with o = A and s = A, but

with o = A, s = B, and d = C it yields the axioms sho wn,

and analogo us axioms for preconditions.

2.1 Action Represen tation

The �rst ma jor enco ding c hoice is whether to represen t ac-

tions as regular, simply split, o v erloaded split, or bit wise.

In the regular represen tation, eac h ground action is rep-

resen ted b y a di�eren t logical v ariable, for a total of A =

nj Ops j j

Domj

A

o

suc h v ariables (Figure 2 de�nes these sym-

b ols). Since systematic solv ers tak e time exp onen tial in the

n um b er of v ariables, and large n um b ers of v ariables also slo w

sto c hastic solv ers, w e w ould lik e to reduce this n um b er.

In order to do this,

[

Kautz and Selman, 1996

]

in tro duced

simple op erator splitting, whic h replaces eac h n-ary ac-

tion uen t with n unary uen ts throughout the enco ding. F or

example, Move(A, B,C,t) is replaced with the conjunction of

MoveArg1( A,t) , MoveArg2 (B,t) , MoveArg3(C, t) . Doing this

for all fully-instan tiated actions reduces the n um b er of v ari-

ables needed to represen t all actions to nj

Ops j j

DomjA

o

.

In simple splitting, only instances of the same op era-

tor share prop ositional v ariables. An alternativ e is o v er-

loaded splitting, whereb y all op erators share the same

split uen ts. Ov erloaded splitting replaces Move(A,B,C,t)

b y the conjunction of Act(Move,t) , Arg1(A,t) , Arg2(B,t) ,

Arg3(C,t) , while a di�eren t action Paint(A,Re d,t) is re-

placed with Act(Pain t,t) , Arg1(A,t) , Arg2(Red ,t) . This

tec hnique further reduces the n um b er of v ariables needed to

represen t all actions to n(j

Ops j + j

Domj A

o

).

The bit wise represen tation shrinks the n um b er of v ari-

ables ev en more, b y represen ting the actions with only

dlog

2

Ae prop ositional sym b ols (p er o dd time step), eac h

represen ting a bit. The ground actions are n um b ered from

0 to A � 1. The n um b er enco ded b y the bit sym b ols

determines the ground action whic h executes at eac h o dd

time step. F or instance, if there w ere four ground actions,

then (:bit1(t) ^ :bit2(t) ) w ould replace the �rst action,

(:bit1(t) ^ bit2(t) ) w ould replace the second, and so forth.

2.2 F rame Axioms

frame Classic al or explanatory frame axioms constrain un-

a�ected uen ts when an action o ccurs.

Classical frame axioms

[

McCarth y and Ha y es, 1969

]

state

what uen ts are left unc hanged b y a giv en action. F or ex-

ample, one classic al frame axiom for the Mo v e op erator in

Figure 1 w ould sa y \Mo ving blo c k A from B to C lea v es D’s

clearness unc hanged," e.g.,

Clear(D, t � 1) ^ Move(A ,B,C ,t) ) Clear(D ,t + 1)

Adding classi cal frame axioms for eac h action and eac h

o dd time t to the univ ersal axioms almost pro duces a v alid

enco ding of the planning problem. Ho w ev er, if no action

o ccurs at time t, the axioms of the enco ding can infer nothing

ab out the truth v alue of uen ts at time t + 1, whic h can

therefore tak e on arbitrary v alues. The solution is to add

a t-least-one axioms for eac h time step.

Move(o; s; d )

Precond : Block(o ) ^ Clear(o )^

(Table(d ) _ Clear(d ))^

On(o; s) ^ o 6= s ^ o 6= d ^ s 6= d

Effect : Clear(s ) ^ :On(o; s)^

:Clear(d ) ^ On(o; d)

Move(A, B,C ,t) ) Clear(B, t + 1)

Move(A, B,C ,t) ) :On(A,B,t + 1)

Move(A, B,C ,t) ) :Clear(C, t + 1)

Move(A, B,C ,t) ) On(A,C,t + 1)

Figure 1: T op: STRIPS de�nition of a blo c ks-w orld op erator for

mo ving an ob ject from a source to a destination. Bottom: Axiom

sc hema sho wing an instance of Move implies its e�ects.

j Opsj n um b er of op erators

j Pr e d j n um b er of predicate sym b ols

j Domj n um b er of constan ts in the domain

n n um b er of o dd time steps in plan (ma y b e < plan length)

A

p max arit y of predicates

A

o max arit y of op erators

A

r length of action represen tation (predicate sym b ols

p er action): regular = 1; simple split = A

o

;

o v erloaded split = A

o

+ 1; bit wise = dlog

2

Ae

A = j

Opsjj

Domj

A

o

n um b er of ground actions

F = j Pr e d jj

Dom j

A

p

n um b er of ground uen ts

P

o

= O (F ) max n um uen ts men tioned in op erator

Figure 2: Sym b ols used in complexit y analyses.

a t-least-one A disjunction of ev ery p ossible fully-

instan tiated action ensures that some action o ccurs at

eac h o dd time step. (A no-op action is inserted as a pre-

pro cessing step.) Note that action represen tation has a

h uge e�ect on the size of these axioms (Figure 3).

2

The resulting plan consists of a totally-ordered sequence of

actions; indeed it corresp onds roughly to a \linear" enco ding

in

[

Kautz et al., 1996

]

, except that they include exclusion ax-

ioms (see b elo w) to ensure that at most one action is activ e

at a time. Ho w ev er, exclusion axioms are unnecessary b e-

cause the classi cal frame axioms com bined with the a)p,e

axioms ensure that an y t w o actions o ccurring at time t lead

to an iden tical w orld-state at time t + 1. Therefore, if more

than one action do es o ccur in a time step, then either one

can b e selected to form a v alid plan.

Explanatory frame axioms

[

Haas, 1987

]

en umerate the

set of actions that could ha v e o ccurred in order to accoun t

for a state c hange. F or example, an explanatory frame ax-

iom w ould sa y whic h actions could ha v e caused D’s clearness

status to c hange from true to false.

Clear(D ,t � 1) ^ :Clear(D,t + 1) ) (Move( A,B ,D,t ) _

Move(A, C,D, t) _ : : : _ Move(C, Tabl e,D ,t) )

As a supplemen t to the univ ersal axioms, explanatory

frame axioms m ust b e added for eac h ground uen t and

eac h o dd time t to pro duce a reasonable enco ding. With

explanatory frames, a c hange in a uen t’s truth v alue implies

that some action o ccurs, so (con trap ositiv ely) if no action o c-

curs at a time step, this will b e correctly treated as a no-op.

Therefore, no a t-least-one axioms are required.

Since explanatory frames do not explicitly force the uen ts

not a�ected b y an executing action to remain unc hanged,

2

A t-least-one axioms are not necessary if the bit wise action

represen tation is used, b ecause all spare bit patterns can b e used

to refer to actual ground actions.

Axiom Action Represen tation Clauses Clause size

init All F 1

goal All arbitrary form ula, t ypically small

a)p,e All O (nP

o

A) A

r

+ 1

frame Classical O (nF A) A

r

+ 2

Explanato ry O (nF A

r

A

) O (A)

a t-least-one Simple factored O (n) j

Opsjj

Domj

Ov erloaded factored O (n) j

Opsj

All other represen tation s O (nA

r

A

) A

exclusion Simple factored O (nj

Opsj(j

Opsj + A

o

� 1)j

Dom j

2

) 2

Ov erloaded factored O (n(j

Ops j

2

+ A

o j Domj

2

)) 2

All other represen tation s O (n(A

r

A)

2

) 2

no-p ar tial Simple F actored: O (nj

Opsjj

DomjA

o

) j Dom j + 1

Ov erloaded F actored: O (nj

Dom j(A

o

+ 1)) j

Dom j + 1

Figure 3: The sizes of eac h axiom sc hema as a function of action represen tation. Note that com binations whose en tries are iden tical

ma y ha v e di�eren t sizes b ecause the v alue of A

r is itself a function of action represen tation (see Figure 2).

they p ermit paralleli sm. Sp eci�cally

, an y actions whose pre-

conditions are satis�ed at time t and whose e�ects do not

con tradict eac h other migh t b e executed in parallel. This

kind of parallelism is problematic b ecause it can create v alid

plans whic h ha v e no linear solution. F or example, supp ose

action � has precondition X and e�ect Y , while action � has

precondition :Y and e�ect :X . While these actions migh t b e

executed in parallel (b ecause their e�ects are not con tradic-

tory) there is no legal total ordering of the t w o actions, whic h

is problematic for non-instan taneous real-w orld actions.

ex clusion Linearizabilit y of resulting plans is guaran teed

b y restricting whic h actions ma y o ccur sim ultaneously .

Tw o kinds of exclusion enforce di�eren t constrain ts in the

resulting plan:

� Complete exclusion: F or eac h o dd time step, and for all

distinct, fully-instan tiated action pairs �; � , add clauses

of the form :�

t

_ :�

t

. Complete exclusion ensures that

only one action o ccurs at eac h time step, guaran teeing

a totally-ordered plan.

� Con ict exclusion: F or eac h o dd time step, and for

all distinct, fully-instan tiated, con icting action pairs

�; � , add clauses of the form :�

t

_ :�

t

. In our frame-

w ork, t w o actions con ict if one’s precondition is incon-

sisten t with the other’s e�ect.

3

Con ict exclusion results

in plans whose actions form a partial order. An y total

order consisten t with the partial order is a v alid plan.

Because w e wish to consider the minimal enco ding corre-

sp onding to eac h c hoice of action and frame represen tations,

w e will assume that con ict exclusion is used whenev er p ossi-

ble. Con ict exclusion cannot b e exploited when using a split

action represen tation, b ecause splitting causes there not to b e

a unique v ariable for eac h fully-instan tiated action. F or ex-

ample, with simple splitting, it w ould b e imp ossible to ha v e

t w o instan tiations of the same op erator execute at the same

time, b ecause their split uen ts w ould in terfere. Ov erloaded

splitting further disallo ws t w o instan tiations of di�eren t op-

erators to execute at the same time.

The bit wise action represen tation requires no action ex-

clusion axioms. A t an y time step, only one fully-

instan tiated action’s index can b e represen ted b y the bit sym-

b ols, so a total ordering is guaran teed.

3

Con trast our de�nition of con ict with that of Graph-

plan

[

Blum and F urst, 1995

]

and

[

Kautz and Selman, 1996

]

. Unlik e

Kautz and Selman’s parallel enco ding, but lik e their linear one,

our enco dings ha v e axioms stating that actions imply their e�ects;

their parallel enco ding prohibits e�ect-e�e ct con icts instead.

3 Optimizing Axioms with F actoring

Eigh t base enco dings are generated b y c ho osing among the

regular, simple split, o v erloaded split, and bit wise action

represen tations and c ho osing either classical or explanatory

frames. Unfortunately , c hoices that lead to a small n um b er

of v ariables (i.e.

, the splitting strategies and bit wise) tend to

explo de the n um b er of clauses or size of eac h clause. Con-

sider the a t-least-one axiom, whic h is a disjunction of all

fully-instan tiated actions. Substituting a conjunction of split

or bit wise v ariables for eac h regular action literal pro duces

a disjunctiv e normal form form ula whic h blo ws up exp onen-

tially when con v erted to conjunctiv e normal form. With sim-

ple splitting, this axiom gro ws

4

from n clauses of size A to

nA

o

A

clauses of size A (see Figure 3).

The form ula blo wup results from blindly substituting a

complete conjunction of split v ariables for eac h action in the

a)p,e, frame, a t-least-one, and ex clusion axioms. F ac-

toring can dramatically reduce b oth the n um b er of clauses

and their sizes for simple and o v erloaded splitting. The idea

is to use only a subset of the full conjunction for an ac-

tion whenev er p ossible. Suc h a partially-instan tiated action

represen ts the set of all fully-instan tiated actions consisten t

with it. The bit wise action represen tation do es not admit an

easy metho d of factoring b ecause partial conjunctions of the

bit v ariables are not useful unless a clev er action n um b ering

sc heme is created.

3.1 F actoring a)p,e and frame Axioms

The a)p,e and frame axioms, whic h relate a single uen t

to a single action, can mak e go o d use of partial action in-

stan tiations. F or example, Figure 1 sho ws the Move op erator

and some of the a)p,e axioms for one p ossible instan tiation

of the op erator. Ordinary simple splitting will transform the

�rst axiom at the b ottom of Figure 1 in to

MoveArg1( A,t ) ^ MoveArg2 (B, t) ^ MoveArg 3(C ,t)

) Clear(B, t + 1)

A similar axiom is generated for all pairs of constan ts s

and d for whic h Move(s,B,d,t) is a consisten t action. Since

t w o of the argumen t v alues are irrelev an t for this axiom, the

simpler axiom MoveArg2(B ,t) ) Clear(B, t + 1) can b e used

instead, eliminating the need to explicitly consider all j

Domj

2

v alues for MoveArg1 and MoveArg3.

4

The n um b er of logically indep endent clauses ma y b e substan-

tially smaller than this w orst-case b ound whic h results from naiv e

con v ersion: some clauses ma y con tain duplicated literals, and some

clauses ma y logically imply others. Our implemen tation eliminates

these unnecessary literals and clauses.

Action represen tation

Regular Simple Ov erloaded Bit wise

Unfactored F actored Unfactored F actored

V ars nF + nA nF + nj

OpsjA

o j Dom j nF + nj

OpsjA

o j Domj nF + n(j

Opsj + A

o j Dom j) nF + n(j

Opsj + A

o j Dom j + 1) nF + n log

2

A

Class-

ical a t-least-

one

O (nF A) a t-least-one

O (nF AA

o

+ nA

o

A

A) a t-least-one, no-p ar tial

O (nF AA

o

+ nj

Opsjj

Domj

2

A

o

) a t-least-one

O (nF AA

o

+ nA

o

A

A) a t-least-one, no-p ar tial

O (nF AA

o

+ nj

Domj

2

A

o

)

O (nF A log

2

A)

Explan-

atory exclusion

O (nF A

+ nA

2

) exclusion

O (nF A

o

A

+ n(A

o

A)

2

) exclusion, no-p ar tial

O (nF A

o

A

+ nj

Opsj

2

j Dom j

2

A

o

) exclusion

O (nF (AA

o

)

2

+ nF A

o

A

A) exclusion, no-p ar tial

O (nF A

o

A

A

+ nj

Domj

2

(A

o

+ j Opsj

2

))

O (nF (log

2

A)

A

)

Figure 4: Comp osition and w orst case size of the enco dings. The bit wise action represen tation yields the smallest n um b er of v ariables,

but the most clauses; regular actions are the exact opp osite. All enco dings init, goal, a)p,e, and frame axioms. An y additional

clauses are noted, and the total size for all clauses is giv en. The rep orted n um b ers are asymptotic n um b ers of literals (i.e., the pro duct

of n um b ers of clauses and clause sizes).

F actoring a)p,e axioms relies on this idea: when relating

an action to a uen t, w e need only include the parts of the

action conjunct p ertaining to the argumen ts that app ear in

the a�ected uen t.

The tec hnique extends easily to b oth classi cal and ex-

planatory frame axioms. Consider the classic al frame

example giv en in Section 2.2. Instead of naiv ely split-

ting Move(A,B,C, t) in to MoveArg1 (A,t) ^ MoveArg2(B ,t) ^

MoveArg3( C,t) , w e observ e that the source and ob ject of the

Move are irrelev an t and generate

Clear(D, t � 1) ^ MoveAr g3(C ,t) ) Clear(D ,t + 1)

This form ula implicitly represen ts the set of all classi cal

frame axioms relating the clearness of D to an y Move action

ha ving C as its destination argumen t.

Note that while the factoring optimizatio n is crucial in

practice (see Section 5.5), it is equiv alen t to ordinary splitting

in the w orst case. In particular, when the arit y of precondi-

tion and e�ect uen ts is equal to the arit y of the op erator,

no factoring is p ossible.

3.2 F actoring ex clusion Axioms

Since pairwise exclusion clauses relate actions to other actions

(e.g., :Move(A,B,C ,t) _ :Move(A, B,D,t) ) instead of relating

actions to uen ts, the previous tec hnique cannot b e used.

Instead, w e factor these axioms b y noting that, rather than

excluding whole actions from o ccurring sim ultaneously , w e

can indep enden tly exclude the v alues of eac h argumen t to an

action.

F or example, factored exclusions of the Move op erator lo ok

lik e (:MoveArgi(a,t) _ :MoveArg i(b,t) ), ranging o v er all ar-

gumen ts i and distinct constan ts a and b. This ensures that

at most one fully-instan tiated Move action is activ e at time

t. By doing this for all op erators, w e ensure that only one

instance of eac h op erator is activ e at time t.

T o complete the exclusion, w e need to ensure that no t w o

op erators ha v e an activ e instance at time t. This is accom-

plished b y pairwise excluding all p ossible �rst argumen ts of

eac h op erator with one another. In other w ords, w e add

clauses (:�Arg1(a,t) _ :� Arg1(b,t) ) for all distinct op er-

ators � and � and all (not necessarily distinct) constan ts a

and b. Figure 3 sho ws ho w factoring reduces the asymptotic

n um b er and size of clauses as compared with unfactored split

ex clusion axioms.

3.3 F actoring a t-least-one Axioms

Without factori ng, the a t-least-one axiom explo des in to

an exp onen tial morass during the con v ersion to CNF. F or-

tunately

, it can b e factored v ery easily

, yielding the disjunc-

tion of all p ossible �rst argumen ts to all op erators, i.e., an axiom of the form: (Op

1

Arg1(A,t) _ Op

1

Arg1(B,t) _ : : : _

Op

2

Arg1(A,t) _ Op

2

Arg1(B,t) _ : : : ). This axiom no w re-

quires only n clauses of size j

Ops jj

Domj , quite a reduction

from the unfactored case.

3.4 Prev en ting P artial Action Execution

The previous three subsections sho w ho w to factor eac h part

of the enco ding. All three parts rely on the abilit y to refer to

parts of an action instead of alw a ys referring to a complete

instan tiation of an action. Ho w ev er, the underlying assump-

tion is that, whenev er an y part is instan tiated, so is the rest

of the action.

F or example, w e w ould not w an t a factored frame clause to

ha v e an y e�ect unless a full action implied b y that frame w as

actually b eing executed at the curren t time step. Otherwise,

the frame could constrain the resulting plan, ev en though the

action referred to b y the frame is nev er fully executed.

no-p ar tial W e add axioms whic h state that, whenev er an y

part of an op erator is instan tiated, so is the rest.

Here are the partial action eliminatio n axioms for the Move

op erator:

(MoveArg1 (A, t) _ MoveArg 1(B ,t) _ : : :) ,

(MoveArg2 (A, t) _ MoveArg 2(B ,t) _ : : :)

(MoveArg1 (A, t) _ MoveArg 1(B ,t) _ : : :) ,

(MoveArg3 (A, t) _ MoveArg 3(B ,t) _ : : :)

These axioms ensure that whenev er an y split uen t of Move

is true, then some complete instan tiation of Move is true.

Figure 3 sho ws the n um b er and size of the resulting clauses.

4 The Medic Planner

F ollo wing the enco dings describ ed ab o v e, w e ha v e imple-

men ted a classic al planner whic h accepts traditional

5

inputs

(initial state, goal form ula, and STRIPS action sc hemata)

and returns a sequence of actions that will ac hiev e the goal.

The Medic planner op erates b y compiling the planning prob-

lem in to clausal form, solving the SA

T problem, and trans-

lating the satisfying truth assignmen t bac k in to actions. De-

p ending on the switc h settings, an y of the SA

T enco dings

describ ed ab o v e can b e generated. Th us the Medic planner

forms a unique testb ed for exploring the prop erties of the

di�eren t enco dings.

The arc hitecture of the planner is sho wn in Figure 5. Ac-

tion sc hemata are parsed using the prepro cessor from the

5

By con trast, the implemen tation of

[

Kautz and Selman, 1996

]

accepts \direct" enco dings in a logical constrain t language, rather

than STRIPS actions.