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2 @ S0 OIR0HT XS3E Haldd Jigol
BEZ2 BHM HIH =28 B2 =2 A& i(planner)ol ds
HEE ItXRRCE Ol248 HEDIQ =22 48 WH2 A g2
B 2 24 ER2| A8 (reachablility heuristic) HiAtg 2

g2As] OINE EHANIN HS8 2 WROIC 20
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gprEoz  giitel & 2H(planning  problem)s
P=(4,1,G) 8 FOZCH4]. OIIH 4 = S=H(action)2l
ZgE LIEUD, I = 27| NH, G= 8BE XAg 22
LIEHHCH AENHAE 0l 2 E& oed = NBEEHOZ
S =0l HYSILE: o = (pre(o),add(o),del(o)) . ®BIIA
pre(o) = S&2 Mg MEH(precondition)8, add(o) &
del(0) = S=o B(effect)® 22 LIEIHC 18 12
StLtel OiZ2A, &4 EAE Rover® XYJAdE K
SRD2YY HESWE UEIHD JACH 1Y HEL SHEY
HE UEHND, RPER2 T AEHS 88 XHOZ Jj4EH
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tdefine (problem rovers_classical 1)
{:domam rovers.classical)
{:objects

tdefine (domain rovers_elassical)
{requirements strips tvping
{(:types waypoint data)

(:predicates soil image rock - data
{at X - waypoint} alpha beta gamma - waypoint)
tavail d - data 7x - waypoint) 1:init (a1 alpha)
teomm 7d - data) {avail soil alpha)
(: have 7d - data)} {avail rock beta)

{avail image gammal)
{:goal (and (comm soil}
{conmn wmage}
(eomm rock )

(:action drive
‘parameters (7x 7y - waypoint)
:precondition (ai 7x)
ceffect tand 1at v} (not (at *x)})

{:action commun
sparamgters {7d - data)
sprecondition {have 2d)
reffeet icomm 2d))

(:action sample
rparameters (7d - data 7X - waypoint)
sprecondition (and (at ?x) {avail 2d X))
ceffect thave 7dy

)
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HE MEN 22t H&(forward state space planning)2
RIIMEHOUA AESIN 012 22 AHEZEE St SEAHE
0Pt BMUNHOZ g £ JUCH I AEHUAH AMERSIH
SH MEO TE&5t= 8LIS 28 Lol o sHER
FO{® HE2HO CHE 8Ll 31 A& (solution plan)Ol € Ct.
Olote BIUHZ ST MEHMIA AIESIH I AEHE RO0Is
Setgr SME BX= HEYAE S8 AN 32 Afois
BHCH.

Ol 22 A 22 HE HAg BEZI =2 &AA
SESSHEN HABHSZ HRESII fHAME &840 =2
S 2 DN2IE LD SVUEQ FERLIAEY HAO BEA
LOB5ICH S0l e A S HEZAMR 5 HE 20
High LMoz EBMER|S JIXl 2=(branching factor)2t O
g0l EMIY [AE S ERCAE HAEO0 HEIQ
S0 2 g8 0/™CH[2].
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negiEel

& M (Best-First
A= B840 Use BER2IAE(admissible
heunstlc)g Ol8ste B 2= BHE FE 4+ A2, M
Etalgteol BILIOID| THE20 EA8AI2H01 2D FEE H2a
20l DHR ICh= MBHA0| UL MM LS HE AR B2t
HEDIE2 E&2AEN Ot |2E T Jis40 =22
EAIIXIEE XX DI(pruning) B 310 BMBAS =A8ls
N g ANEEE H 4SO E 12 HEER N
B 2121 EQ Enforced Hill-Climbing (EHC)[5]8 LEHHD
ULCH  EHCE=E  JIES AYRZII(Hill-Climbing) Ea49
SNBSS Hus Aoz A, B A S=S0A AEEIH
H0|-R4 EM(Breadth-First Search)2 ®M5IH 2E2 S TY

Search)

SE EEU Y2 FRLAE US A= FE2LEE FEDL
2l 0l 28 BMIUNZ HSgREN SHAHE

Ot2tCt

Hi, AE 32 S84 2028
function EnforcedHillClimbing() computes
validPlan: Plan or fails
input: InitialState : State
input: GoalState : State
local: S : State /* the current computed state */
Jocal: §”: State /* possible successor of S */
local: currPlan : Plan /* current plan */
local: A: int
/* the distance of S to a goal computed by use of Relaxed Planning Graph
*/
local: A, : int
local: N, [] : List of Actions /* List of helpful action based on state §*/
Yocak: V- {] : List of Actions
begin
/* The initial plan is empty */
currPlan = <>;
8 = InitialState;
/* Compute the distance from starting state to goal */
h, = BuildRelaxedPlangraph(S.GoalState);
N, = GetHelpfulActions(S);
while #,# 0 do
S' = BFS Expand(S, N,
if ' == NULL then
return FAILURE;
else
/* If a state §” is found. the action sequence is attached to the end
of the current plan, that enables to get from S to S”. */
currP lan = currP lan + ActionsPath(S, S);
UpdateGlobalFluents(S,S’):
/* The search goes on beginning with S’, N, is computed before
by BFS Expand and can still be use. */
§=S"
N,=Ny;
end
end
return currPlan;
End
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A& OYIZ(planning graph)e= S ZIF A9 B AEHE
AZLTEZ A A ZAIE BMERIE BEYE2ZM R
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H2. A8 2= 44 ¢hels
function BuildRelaxedPlanningGraph() computes
relaxedPlanningGraph or fails
input: nitialFacts{] : List of Facts
input: GoalFacts{] : List of Facts
local: CurrentlayerFacts{], NextLayerFacts[] : List of Facts
local: CurrActivActions([] : List of Actions
local: CurrentLayer : int
begin

CurrentlayerFacts = InitialFacts; CurrentLayer = 0;
while ! AliGoalsActive(GoalFacts) do
foreach Fact fin CurrentLayerFacts do
Increment precondition counter of actions
which fis a precondition of}
end
foreach Fact fin CurrentLayerFacts do
/* Select all executable actions, that are part of the current layer */
CurrActivActions +=
GetActiveActions(CurrentLayer, f);
end
foreach Action a in CurrActivActions do
if all preconditions of a are satisfied AND
Layer of a == CurrentLayer then
NextLayerFacts +=
GetAddedFactsFromAction(a);
RemoveFromList(a, CurrentActiveActions);
end
end
CurrentLayerFacts = NextLayerFacts;
NextLayerFacts = <>;
/* Increasing layer counter and continue with next layer */
Currentlaver = CurrentlLayer + I;
if CurrentlaverFacts == <> then
/* 1f a fix point is reached regarding facts and actions and
the goal isnt fulfilled, the problem isn’t solvable */
if ! AllGoalsActive(GoalFacts) then
return FAILURE;
end
end
return CurrentLayer;
end
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JHD g ddots 2leid&S LEUD ACH 28 29 KA
X

O X&0) KAXE X HE P MAS POE XD AHE
LIEHHE (at aipha), (avail soil alpha), (avail rock beta) E0I
HEgE), M 2=0 @X8 0K Hge Atasds

SHEHEQ (comm soil), (comm. image), (comm. rock)
S0l 25 ZEZ0 UL

Ha HIZE OI85 I8 3, 18 42 0] Chast
R8O FRCIAEE ANSHY & AUCH 0% 32 HE =S
dg HBL2 088l 3 JIX |EY ERTIAE A
2 (set~level, max-level, sum-level)® LIEILHD QUCH Ol&
Z0l set-levels ST MEHOA METHA BE AN e
TNMX HE D2HEE =28 O, 20 20 Al 2=(maximal
level numbern)/& B AEHA ST AMEHH 0l2&=
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2tHOICH O3 4&= OiEdi= Sl Sus gag 5 2 o9
SHE 43510 At Zos &N SHES JUHT A0A
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sum-actionZ 8 20FD UCH 18 22 HE JZ B,
o2 BH (comm soil), (comm. image), (comm. rock)&0!
HE LIELIE dgER 242 2, 3, 30|0H. MetA 38 34t 20t
set-levellt max-level H&HE0| MIEH HRC|AE UL 2F
30110, sum-=level HAIRHOI T29 80ICH a0, 18 49
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HAMEHEES 2% HEE 248l EEE MO EMste
23 aSHE(negative interaction)g N2ASIX Q=Ch
MEtd 4 JIX 28 2% SENMXNY HlB 2H=C

MUABIIGIN BERLIAEY 5S4 (admissibility) 8 HESICH
BHE, ZESE HE BRRCAEHY FR:= HEY Jpre
EREIAESHE 22 =Y HEH EWels SHE0 25
gy 28 Jiscilis JHEE StX =0 J#=gk ofLizt

X
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HeE Fdels SHE MM EMElE 2R

A3 & Z(positive interaction)S EOILHKH ER2IAE A LH
PIHSIOZ M 1B BR2ASBU U ER8 HZE AL

Count Actions
RP(s, G) =8

4. 83 D|ete gREAE

H3. 8% JlE aclAE Ko DS

function ActionBasedHeuristic() computes HeuristicValue: int
Yocal: GoalFacts[] : List of GoalFacts

local: CurrentLayerFacts[] : List of Facts

local: AllLayers[]:List of Layer

local: CurrActivActions{] : List of Actions

Yocal: CurrentLayer : int

local: CurrentActionCount : int

local: H_Value: int

begin

CurrentLayer = 0;

foreach Fact fin AllLayers do
if Fact of f == GoalFacts then

SetCurrentLayerGoalFact(f);

end
CurrentLayer ++;

end

while CurrentLayer > 1 do
foreach Fact f in CurrentLayerFacts do
if Fact fin GetCurrentLayerGoalFact == CurrentLayerFacts then
if all effects of a are satisfied AND
Layer of a == CurrentLayer then
CurrentActionCount += GetSatisfiedActions(a);
end
end
end

foreach Action a in CurrActivActions do
if Action a in GetSatisfiedActions == CurrActivActions then
if all preconditions of a are satisfied AND
Layer of f== CurrentLayer then
GetSatisfiedfacts(f);
end
end
end
CurrentLayer--;
end
H_Value = CurrentActionCount;
return H_Value;
end
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dee

JdelE J|etY sR2lAEH K EUE Mg MEf 32t
H&Jl(forward state space planner) JPLANS & &IRCH
JPLAN2 18 5% &0| Parser, Grounding. State Manager,
Heuristic, Search, Plan Synthesizer S§2| =2 I&AEN
State Queue, Planning Graph 52 JI&t I& IFXEZR
T4 EC Parser= PODLE JlglE SEIUN HESHO
gt 22EAHE St Domain, problem, Predicate, Action
82 Ue TINEIFXS&8 0tE= AE8 8lH, Grounding
&0l=tl(predicate logic) HEHQ AHELEY SIADEES
Hi=2l(propositional logic)Z B &5l= A& 50},

AE5 A EAIA”Y RE

Search= & MHf 32 M8 B 3 Has 3= oggs
+835t0, StateManager®2 Heuristic®= 224 0|2 <6l
AN YMSE AE NHEE Z2IotD OlSH S
ERCIAEHE HUEle IS BICH SN SHEUR 2 MR
ERCIAEE HEOHIZE O30 HARCH Oz
PlanSyn¥&= EMUF2 S| I HE Bt =Y

HECE S4ot) HESI s JEE S8BT
5. 4%

2 =20MeE &M JAIS 42 02 3 21X 889 A=
AT sLelAES(max-level, sum-level, sum-action)
A0Sl EAMESD ZUMEE dlnddl Ad KEsS
HNBIRUCH ANEES ASIM Y BN 2NIBECZ A+
SNEES AMBSRLD, JPLAN HED) W=0 M2 OB
ESRCIAE AHAMEE FEHAULC

ABil=E & 8 JIX M2 OE g9 HaE=2mNss

ASOIRLL, 2 FHE A2 MHE 304 HERHE A0
HgoIULt. 480 AB" 8 I HME LUE 9o
AMZHSE USDH 20, &40 0E g €31 o=

ZoYME OISOt 3t=XI8 H&ESI= Class 2M, W=D
A HADE HD D2 AN HEH WHE 3HO0F Sl=XIE
H&B= Ambush 22X, HEBES ONEH 22 A7 I8
H&5H= Cargo 22X, & MHlA 20| 330 24 A0 3310t
& #ES N &= Robot_Emergency 22X, & MblA 220!
AR S84 &REE8 HBdID R8 Robot_Service

ocToDE

2H, H¥ BZE H&dH= Travel 2H, ALZWHOI HEHA
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SEHOZ DHEESE #XE HEdl= Tsp 2H, 228
HEH A2 XIS HES= Block 22X SOICH A& ARE
2t 2R EL2 B 40 QUSACH. H 4= 2 HESHE
IEEs  HAtXHoperator)® &, EZ  JiXl<%(branching
factor), £ & &l (optimal solution)2| 20| 8 LIEHAD ACH

H4. ¢80 AEE HERHE

HAERE R B fe]

%= PINES 20l

4.3 4

Class 2 4.0 2

4.3 6

9.7 4

Ambush 13 9.3 4

14.3 5

6.2 6

Cargo 3 6.2 6

5.6 4

2.4 8

Robot_Emergency 7 3.4 6

2.3 6

4.4 5

Robot_Service 9 4.4 5

3.6 4

3.3 2

Travel 4 3.0 2

3.5 9

1.2 6

Tsp 4 2.6 10

1.7 10

2.9 3

Block 3 3.5 4

7.8 6
2 ABUAE B HES SEE MK 2 EREAE0
SCE MO SEHE 2EAMSEID| A6, HHE F AH >,
X & MEjS £E FeHEUCH J23 stuez %
BRUAEQ KL HMHAWUZ JHT & HEY =8
TEED] 9o o HEe ZO0lE Himoh EUll. B 5=

ASZNE LIEHH 2 UL

max—level BRCIABES HE SHI NEGE= OHXY
g =Q2AE o2 HIAH O, Oeld 2os
HESHS R 8 Jiss 22 AHHEN Z5 Hlx&
B2IAE S JHXA S 0248 0IRE UHl R4 A

SASH AEH 22t SN2 HINSIAUCH YA =2 T A
20 M max—level BR2IAS0 TR ERCIAE AN
HisH SCi= 28 I 50lMd & £ UCH iU A~ B
2NTUEY EHOZ 2k 2= 2FHY i HEE RoALE=
MaS E 43 52 HILE S &0/& & AL

sum-level ER2/AES AR, max-level EREIAED
QHEJIXIZ dlgolerel ¢neiE0l0, ol aRel2E2 JEL
max—level ER2|AE Y CI2N 2 & S HI HE &&=
HUEEE CF SASIH EREAEHE

S8 25 AEE HMSHE S-OICH



200603 = FFARA S 1L FEUFE=FEF Vol 33, No. 2(B)

BS5. 483
Max—Level Sum-Level Sum-Action
a4 o83 b 44 o83 A 44 o3 =
Le £33 20l £33 e 20l L= 3= 20l
239 52 4 26 6 4 26 6 4
Class - 9 2 2 9 2 2 9 2 2
2504 564 8 43 10 <] 43 10 6
2602 238 4 63 7 4 63 7 4
Ambush 1006 109 4 39 4 4 78 8 5
5243 462 5 347 21 5 128 8 6
15098 2541 6 255 40 6 255 40 6
Cargo 14258 2253 8 178 31 6 178 31 [}
780 134 4 122 24 4 122 22 4
844 333 8 212 86 8 212 86 8
Robot_Emergency 230 74 6 93 25 6 93 25 6
471 194 [ 43 19 6 43 19 6
322 73 5 322 73 5 322 73 5
Robot_Service 322 73 5 95 21 5 95 21 5
35 10 4 43 19 4 43 19 4
1 4 2 1 4 2 1 4 2
Travel 13 4 2 13 4 2 70 18 6
32544 9270 9 270 86 9 103 31 9
440 239 6 34 20 6 34 22 6
Tsp 907 740 10 27 14 10 31 20 10
965 907 10 51 37 10 43 33 10
12 3 3 12 4 3 125 44 3
Block 47 1A 4 58 4 4 58 4 4
4592 562 6 193 26 6 193 26 6
122 0l B2 AE 2 max-level BRI A0 HISH AHL 30 28

2 ETIAE UB 2N S0, & O WS ZB2# ZTEEH
S0 metd al 482N B 50 20| tiRey 32
SMER0 O =2 HEUB UEIHACL. &, max-level
ERCIAED HIDHS T, MM +2 BERAL I} 2F
O =HCe 28 A0E <« UCH E8t SMg S8 22 o
Helg TEHSIACHE AE & 4+ AUCH

BtE, & Jlgt2l sum-action ER2IAEE 24 ¢4
SD@ 4517 # Egs JdE M9 =SEEE BF
BHABHE WYOZ RELL IH 0] SR2|AEE HEs
T 2 SEE A0S SN 4SXNRT DB DEtA
Ha JHIe YREUE Ddle HRSUASSH HiS O
EDE JPE L BH50H 20| &R A482I0UAMAE
sl 22 max-levelll Blai AOESE2 O &2
SMEEE 20 FUD, sum-ieveltT U=t SIS
2o FRUALCH

6. ==

2 =20MEe AY dZo el S8XQ HH 3
Heg #18 Ha QD FREIAR HMEES 2M6IACHL =2
=S0A AMS A& JHIZ Jigel ERClAE ALY ES
TS Y HEBHO UE A2E S HM JEHUA
SEMANS Helg FHEU B =R0Ms USE S99
HeSHE AR Hiw a8s +83IU0 O/ S A
J2HZ fRCAE SO Y SUHE OIS 4 AULH
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