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Effective Graph-Based Heuristics for Contingent Planning
Hyun-Sik Kim' - In-Cheol Kim™ - Young-Tack Park™

ABSTRACT

In order to derive domain-independent heuristics from the specification of a planning problem, it is required to relax the given problem
and then solve the relaxed one. In this paper, we present a new planning graph, Merged Planning Graph(MPG), and GD heuristics for
solving contingent planning problems with both uncertainty about the initial state and non-deterministic action effects. The merged
planning graph is an extended one to be applied to the contingent planning problems from the relaxed planning graph, which is a common
means to get effective heuristics for solving the classical planning problems. In order to get heuristics for solving the contingent planning
problems with sensing actions and non-deterministic actions, the new graph utilizes additionally the effect-merge relaxations of these
actions as well as the traditional delete relaxations. Proceeding parallel to the forward expansion of the merged planning graph, the
computation of GD heuristic excludes the unnecessary redundant cost from estimating the minimal reachability cost to achieve the overall
set of goals by analyzing interdependencies among goals or subgoals. Therefore, GD heuristics have the advantage that they usually
require less computation time than the overlap heuristics, but are more informative than the max and the additive heuristics. In this paper,
we explain the experimental analysis to show the accuracy and the search efficiency of the GD heuristics.

Keywords :Contingent Planning, Belief State Space, Search Heuristic, Planning Graph
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2a ol AR AYEA P = VS A T
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GD Frelzgeo] tig a7fe] olo], GD Fel2ge] AEgxs}
g gEAE BAs7] A Hady daE Agd

2. ZUR AEEHY EH

2 =RdAe uZ2A4y 533 A4 3L 2 2
AR AJEAE 20 23N AYEA 9 HE
A& % g WyEe] 185 AlEH goy,
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(B 1) ZUF AE2He of

bi = {unknown_garbage, 'dinner, “present}
G = {dinner, present, clean)
Action Preconditions Effects
cook {clean} {d]inner}
{dinner, garbage, clean}
carry | {garbage} {clean, “garbage}
{garbage, 'clean
sense_ | {unknown_garb | "unknown_garbage}
garbage | agel {clean, 'garbage
“'unknown_garbage)
wrap {clean} {present}

{~unknown_garbage,
clean, ~garbage,
dinner, —presant)

(3 1) J2H= Hefe| =AUR Al

(el 1] =A% AGEA g 3 AL (29 D3}
Zo]l BE AND #7]7FA (branch)7} 236 =88 4= 9=
shvbe] aelZ2 §¥ 7bssie)
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LAY AGEA] Folg A% A TP EAAHA &
A FE2EE A7) A% # HA Wye A, 2% A
{+eF3H(delete relaxation) ol FW A ol-&xe] gt [1,
2] AHA 7reFskg STRIPS g2 Folzl 7k 52 WA
ol Al AtA] & 3Hdeleting effect) 58 B5F Aoz =
25 Aboldl A& F e FA4H A45AEL vy AAA
71 AYEA zrEs e 2o Al e S
Zt BERzAA g 2dAE 44 #48 &£ =S
EoF s gy ARTE2 hsE AY 28 E(relaxed
planning graph)7} Atk 7hefste A e
oM Mg A/ME defe] AYaYzAY, geF Z(literal
layer)® % F(action layer)o] RlE HAHAE= dh}e)

ASstE ArTzoltt oyt efo] Az} g A
< 7t & 3o A 2t AAE FHEWR A4S +
dew, 25 Alol9] AATujA(mutex) TAIE HAMSIA
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= Graphplan[3] '
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EolE AT 23 AH T g ME= st Aest of
Yzt ZelEe AR s Bg Aejdl g Feag
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of ik BS FH FHE B4 FEzdge B3 /)
AdrEdAME e UE HHE 2 Ue A EFY
BHES EF dAHoR dAS: Ad Ud(state
enumeration)¥} &}e] @& AElE CNF, DNF, BDD %
shute] B9 =] 4 (complex logic formula)o& T #FE
W, dhte] WE AEE unknown WElEO|E X g
HEE Jgoz gdsh= By 5t WS A4
HA AH YEHE ol &shs dEHY 2AY AYrR
= GPTI5, 617} gloH, 98 AeE s CNFE #ds}
v 235 A7)+ Contingent-FF[7], 342 BDDE ®&
st 27% A187]2+& POND[4]$} MBP8], unknown uf
ElEol & o]&sle =AY AF7|2E PKS[9], P4J-CP[10]
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b 7] A d'(b, bi)E F 2& A ¥iE AHE
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& AFFoEZA 78 5 Qg 7Msd A og: 4
HE 7H9 A F(state-to-state distance) F Yz
(random), #24gH(min), & Hdigh(max)S H&sAL, o]
59 AA Z& BEAHQ itgsum)E 7 FE Ut
7|ES] ATE F GPT, 6loM e (29 29 & 3o
2 BH boll thF Felzg FAE AN f D& A
B biol € E sy spolA Ztz Zwsle] o9 28
g7t Hd =g A EQ d(sy, @9 disp, g8 +% g,
o9 HAFE UL AH bolAd @9 EF g7tA T9A
2 d'(b;, g)oll g FAXZ 4= WAL e}, ek
st AFag=E o] g3t POND[4lelAE 2 A b
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ARA e uZAAAH it 5 al B 27l AYHY,
a A%z 7] g& sy Ug A by EE beE A
olg& Fdstxn gick W], (28 39 (e Le FH
biel Al Bube] A FF sense A7F FHEHUL ¢, 1 A
B2 F A M2 g8 2F FH by EE be2 Hold
S gz 9} o) sense A+ FHA F2 sense AE
A A3} unknownol W 3ol AHd A7 Fog 89l
# 7398, sense A- AR Fd ZA9E 47 de

itk webA (29 3 i 248 AYTEE A8 98
A F7de gAnAge 27) W& Aol Fwse o
i Foly A BFE F UE A9se OR #7149
A F749 Az g 43488 Yehds AND #7185
2 o]Fo0jxl AND-OR 2= &4 AL o5& + 2
ot weba @ U& A digt Felzg FriAE AL
o, 7 98 47 AND-OR 84 2 =49 OR =E4
A, oly® AND =EQ1Ao] wel 58 =g 8o o +
Auto] detd 4 gidh 7|&EY AgrlE F GPTI6),
POND[4], Contingent-FF[7] &< AND #7|7}A &9 £3%
EEh g F HAEE AND == US AH FEsE 3
I Adstn 9oy, diEe MDP A¥7] £ &&
A7l 2+ AND 717149 24 87 58 &
Gu) 88 7|22 ANE HERE Felzd JAE A9
il sk

We A FZHAe aRFEQ g4 FE2€E A7) A
asfol & = o FAPE, 7] L& A 7 A
W BEEEAL wEEE UE dduzA] =EniEs F
g & o, o]E2RH Ny AHHYo| w2 Fel2EYE
o9 E&HoR AMAE & -y s Aotk o] £
AR sy d3) nAH AY A Felzg Al
ol£9 Hu F2AHY(max heuristic)d} T4+ Felxd
(additive heuristic) A& o] £& % gl kAW 7 &
Bz =uH 889 Huig S FAge SEQRY HA
o 4 xeH|$ez FE A Fe293 F4 FezH
2 v FxE Aol fda HAAW FEzgo
AnFo] YT v FFHe| o WA FEIYF A
Aol A xuES F487] A8 AT shte] st
g 8 AYE veldle #H Fel&E(overlap heuristic)
Felage] Ange vuy oo Feadg AE 93
UE e xo] apEcE wyo] gt uetA ExEx
AL Abole] A3 oEHE MY E&Hoz RBAsA HA
Felrdndg He Adxcgdozt PFRYo] £ FE2{
& 98 F de B dg 4771 gasid.
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41 88 HEO=

AWt o2 27| Aeje] EFAET FHE Y v EdARAY
o] X¢¢ sh}e] =AF AYEA Pyna = (b, G, 04UOw
Uo)E 71 2% 48 b o BE G 292 889 A
& 0sUOwUO, 22 FojRtth ojuf Qi ZA% 4N &
25 (deterministic effective operators)®] <, Ot Hl
AAA dul F2HE(non-deterministic effective operators)
o AL, O #A 52 E(sensing operators)?] H{He
ztzt Jepdit, shue] HAAH s 48 AR o



7HA E3E b 5 ok &, e ujgel Alde] o
4A AL 2 A #F AAE 474 ZdE /RHda
2 4 9ok webA shte] v EA 3 5 non-deterministic
operator) onav 3] H-Z7 AT pre(oT k 7S] A
2 g a3 JARE effeclon, j = 1, ., k 2 FHE}
E3 el AR fo] F, AR ARE Wdse A 5&
(sensing operator) os = unknown_fE EFse A-ZA
A% prelo) T 2709 HE & F3} HAFE effect;
(0s_0)={f, 'unknown_f}, effectz(os)={ 'f, 'unknown_f}= 3
A 2 244 FHENS ¥¥sts 143 AgEA
& A% (zEksky) Agag=s vdAH 3 A F
28 Egete 2A5 AZEAd HL387] HslAe v
48 FASH A FH A RSyt 27Ed. V&
AFEdME vdAY T2 AT 73 Yoz
o vAARH F&E v A4 FHER Ure &9
7 A 3H(effect-determinization) HHE o] &sgot ¥ =
FolXE MEE eFst uhiQl -8 Heffect- merge)
U & Aokt

o HZAA4 %% (non-deterministic action)®] &E¥-§3 k
Mo A2 g2 &3 JFE effection), § = 1, ., k &
7= e wdAdd & owd e AR
U effection)® 2= 2AA 53

j=1yenk
Ondmerge &2 W8S S W ZAAA 57 ool AT &
B-gtolgt 3t & oIF FF Onmerned EFH-FF
H udAH FHolg a0

e 747 %2H(sensing action)e] &3} &3 270 M= g
T3 AFE effect;(o.)={f), effects(og)={ )2 2= 8
we] 24 53 oo s @ehte] AR effect(0s t merge)
= effect;(0sg) U effectz(oss) = {f, 7'f, “unknown_f}&
2t AAA B3 0 pege 22 HEEE AL A 57
ool &t Ea-golet gk & olHF T2 05 tmee
2 29439 #A ol RE

effect (Omjme) =

AdA Aol aI-§3 AEFIE ol &3, AYEAE
TR AN FHET AA FHES BF e A
-2 ¥ s 23 RS 2 Au-s3d YA
A2 FRE A FHER ¥ s & =&9A
T 2% AYEA EolE A% EAHAHY F2H AME
s vARH FA A FAE TR & ALF A
T8 USE o) 43 AR E AYaYgzE ¥ FY
28 Ade A% 71&9 PEstE Az @3
A zrepste AA4 SAEWE ol 83le AYIYZE
AAstgich AT A2 AoHe Afagzixe 2
5 AYEAC e 2o wZAH FHA% #A T2
A Ed-ggE vdAd F37 AA FFE olddy

ZE AZSEE 28 I oH0 OHE 718 Jel2F 33

Ao zs AMFct el o] g3 7 ¥ 28 T(Merged
Planning Graph, MPG)& &3}-§% zHeFsle} 2h4 7heksh
g 4 e Az ARTRE B F o

o & A1 =(Merged Planning Graph): 1% AF
EA Ppond = (b, G, 0dUOUO)E Z7] 1§ 25 A
T & UE A byl diF &% Agayx
MPG(b)E ol2je 2 AL wFd: ggd 3
(literal layer)® %2} Z(action layer)E& T4 €t}

- 0¥A ZHE 3, F, 27 gHE F L& 25 2
bmE YEHE SEHEEY FJFoE FAE getA
%7 dH38 ¥ Lole 2g 4 by 843 A
& ¥#dl=d 20)E unknown vlEH gEdE0] ¥
g 4 Stk

- kA 53 F Ak kA FEHE 3 Lol o8 d-=
A50] BEHE RE 5% 0€04UOm mergeUOsmerge &
3 2|88 {252 (iteral persistence)5 2 TAE )
ojd], TAEY AF OntmergeHOs merge= HE Ona®t Os
oA dojF E-F3E vAAAH FAE] AP} &
}-§dE A A5 JEE 44 g

- k194 gEHE F L2 gJHE & Lol 3 -4
594 5% 3 Aol £33 7 579 A4 zhgstd a9
& YehiiE gHEER A9

- k+1¥A 2HE 3 Lot SX28 Gl £ 2E
YHEES EFAY kA ZHE $U L Y3t
o, o] feE Fo] §§ Az wpAt Fo
1=

olg} & &3 AYaYz st BE Aejol £
RE AHES 9AS ol 474E %7 FYHE Fo=
Aol o Eydd AYaYZEs FFstes T P E
= 22, unknown WEF YHEES T S %
71 EHE FollA AFste] @Y AYagreE g
3 N2 &53-§F EFsE ol&FoEN wZAAH
Szton} 7Ax SHER QF Aoz B A4
3 BE7)7HAE Abele] B Aazge] o $AL A
+ Ak

42 Fe|AE AN L2|E

M 2E §F AYagzE o] &3t e UE A
ol i@ Felxrqg HrAE A BHe Ay
Fola P& Adol digdte s 7] gEHE FolA
A ztste] EEZAE] BF 9EHE viA Y gdEHE F7
A ANE §8 AYadzZe 4 A 552PE0 Hzx2
wEEE ZHE F3 ol5% 9% AAF#H(supporting
action)E& Xt glof, ZF /i FxzEAM A HA:
i8S F4E & dd A 7 AY2YZE o]
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£33 Fel28 G AMEE o] AY BEZRHEY H4
S g FAHAXNES 7|22 o9 ZE A AAd g
AL =2HEE FEE Zolv st WEE ou|didh A
Y BERXAE B9 594 £ FE5A4 A A4 o
g g F3yo] Alokd & o B A9 BuE
EEZAE 7o FAH de A 435244 By &
X402 EMse AYRI & FYPrY FHANE A
s Aol

oA AE Fele] Hd(max), FiHadditive), HF
(overlap) |28 AMHHES BT AFag= A7}
43 gng F xR AYPHE AMAH L 27eATE,
2 =894 Agste FEay Adde 83 Adag=
o] AFE AMAARL FA A=, §F AYaHze
AN7F st FAlo] Aate] gtngozi Altzgo] o
§ E&Hot o] FE2¥ Abige §F AYay=r}
dAd ez AME deit A2E P F Lol $3ss
X HHEE9 ¥ GCGE Fohz, dA 2& el
A ER HEEY ¥ Gol =987 4T Ha Edy|
&8 F43oq AFER FF e $HoE A
o A% GOl A& =9H & EfHoR FAHI 99
Me, 3% GOl 238 24 d Z2E 4% oA AZ9
4 H3E(subgoa)tt & 7&(subplan) Abe]e] F&o|i}
A 4 248 5 glofof st o]AL g3 B =
9 GD(Goal Dependency) Fel2g Aoy e &3
AYaRZE SAHCE ANSAA oA FF F Axy
A AZe YFZ AdE FFEC M2E YHY F L
oA od EFgy R4 ZFES FHHer @AsdEA
B o] 28 Z(closedGoals)ol] 7] =& 7ht}.

(2% 9= 2% Aol G = (I, |5 I, HI2 F4A =7
5 AIGEANA, & DE AEH byo GD F2€E A4
371 A% €% Az F4A Ex IHY =
vl & Ad#A e JEE Yeha ok 04 g HE # L
9 AY closedGoalst %7] B¢ AHE R fHdy
9 A% 1, LI T 7 AYag=st ARE g
HE 3 LA A4Ed, Lo $38e 2xE59 A%
Gele gHE I} £¥HE A& ¢ & Uk gukyez
AEE AFY 5% IF G #H2 =9v 8 4 (D3
#ol Goll X3¢ Z EX 2Hd g9 H2 x9H| g9 §
¥ 2t}

costpm(Gr) = E costom(g) (1

9E Gy

b 25 AEH badlA HE FY G7HA Ha: =8|
& costom(G)E 291 S EE 7HA A =9 g3
2o, 29 X HE A Ha 226§ ol 4
(2)st 2] 0MA T2 Foll £ & F LE A effect)

Level 0 Level 1 Level 2
(2% 4) S AZTIH=E 0|28 5 =EH|E FF

2 2 5% o9 83 A-zA A pre(o)?) ¥ £ F
ael $48 4 9l

costpm(g) = min {cost(o)+costsm(pre(o)) | g€effect(o)
and 0EAx 1}, for each g=Gy (2)

(28 99 4%, E8 gHE LE A% 57 a9 A-=
AE I, b} o] 249 ZEE9 AT closedGoalsdl
@slo] glomg Wxo] ujgo] Wax e Aoz H#u
gte] A-27 Ao =D €S costymlpre(a)) = 07} €
o wetA o] A4, 2g B bpdlld EE AF G7HA 4
2 EEHE costm(GS ©E3] BF a9 AuLY
cost(a)3d Zth Ela olm YAHE EBExEe Y
closedGoalsell = &2} a9 AFHZ QYFA L AZAA 0=
He BE 2EHE LR oz 2HE LE 4 Fr9d.

& Agag=rt L, AF7A AA=EGD AR
Z, old o] A9 ZE AT G HA TaH|EL ol
Ly AZelA 2459 3§ colsedGoalsel EFE ] g+ I3
E A GEHEE &5, I, b 449 Hax =gn| g9 o
2 & g 9tk F, costom(Ge) = costum({ls, s, k}) =
costem(ls) + costum(ls) + costum(ly) AT 2lHE 159 5=
FTY T ] APz FA B4 st EEEo|mT
GD %29 AddMe F X YHEEY HL =84
€L ol dFo gy FUY Aoz UFH F
costim({ls, ls}) = costim(ls) = costym(lg)olth. Tyt o] H4
T4 af A-ZAE prelm T 4FY L L
colsedGoals®l X & =o| Sl AHoA, A-zAE] A
pre(a;)9] HA E=gn|4L ¥x2 Ao} 3k, GD F
g 28 o)9} o] Fe] H-ZAESo| ojn] GAH
EEE Aol XFH YA B B E, o] B-2AEY
HA =8-S AAA 4 A-zd B 2AHE AZY
g F A (max)2 A g2y % 2HE |, ¢
o] =8]8 ol go] At



costum(ls) = costum(ls) = cost(as) + cost(pre(as))
= cost(as) + max_level(pre(as))

(28 49 7%, A-20F prela)={ly L, L} #H2 =
guge |39 b HEHE ASY #@EA 1o €. @
#H & a9 A-2A LE o7 colsedGoalsel E§HE o]
Jderng B¥ e |9 HA =g gdE gy &
a®] APu ke T3ET F costmlly) = costlay) +
cost(pre(as)) = cost(agolth. &3, A§ closedGoalsoll = &
2 439t a0l AHEQ ks, I, kb 5ol AFE F7HE

8 Agaze d4 AF9 EX AW G HAF &
E AF Gy, b, I 1) 2 depx &3 AgadgEs
o o4 AE A& Bart g, UM A EX JF
G A4 =g A2 AdEHE 58 A Y dAx
=gn|go) o] HEHor WY A b,% GD Fel&H
el 9ok 2 hoplbm) = costim(Gi) + costom(Gz)olt ARk
Hoz § We AY byl tE GD Fezg H/HAE 4
@)} o] byd 7IZE ANEE % A2z 7 A
2 2% A% GO A4 =9y 8o 74 PR A,

hop(bm) = Y ) CoStom(Gi) 3)
k=0

(E 2 GD F2|2g Al &22|F

1. | GD_Heuristics(bm, G, O)

2. | /* by a belief state, G: the set of goals

3. O: the set of effect-merged actions, ie.

4. O=0s U Ond_mzrge U Os_fnerge ®/

5. | Begin

6. total_cost = 0;

i Lo = closedGoals = by

8. k=1

9, while (G @ 1x-1) {

10. (Ag1, Ly) = MPG_Expand_Level(Ly-, O);
11. Gy = Find_Goals(Ly, G)

12. (goal_cost, closedGoals) =

13. Estimate_Cost(Gy, Ax-1, closedGoals);
14. total_cost += goal_cost:

15. k=k+1

6. }

17. return total_cost;

18.| end

<E 2>t 2348 AYEA P = (b, G, O4UOUO0;)
g E7] 9% § 98 AH byol d@ GD FeElzg A
dnEFS gl ok o] dndFe X ¥ G
A}-§8E BAE (effect-merged actions)®] AT 0F 7l
22 Az¢$ d88 A% Lo FE J¥G 2F £
f7x &3 Aazzs @ #Hd o FELIMPG
Expand_Level), 2 A%9 5% I GE Z24% 4

(¥ 3) Estimate__Cost &

1. |Estimate_Cost(Gy, Ax-1, closedGoals)

2. |Begin

3 goal_cost = O

4. For each g€G, st. g& closedGoals do

5. Select an action o from Ay s.t. g € effect(o);
6. If pre(o) C closedGoals then

7. goal_cost += cost(o);

8. else

9. goal_cost += cost(o) + max_level(pre(o));
10. closedGoals = closedGoals U effect(o);

11. End

12. Return (goal_cost, closedGoals):

13. | End

(Find_Goals), %% FA# G H4 =94 § goal_costs
T3l (Estimate_Cost) & #itshs dAER o]Fo4 2
tH<E 2>9] line 9~16). o|2A Aitd AFH Hx
5o HA =g 73 FAAI BE A bed HF
GD Fel2g #71A71 fci<E 2>9] line 17). 338, @4
" ZHE9 AEE YehllE closedGoalst &0l H&
) bnol BHIER 27181 F(<E 2> line 7), ¥
Estimate_Costel 93] M2 @A¥ ZxEc] F7HEo2H
A& oz FFAHKE 2>9 line 12~13).

<E 3> GD FExg Aidel AH8=E= Estimate_Cost

48 7]1%sta 9ok Estimate_Cost #4E A2& AF
o B% A% Geol 39 EFEE F v colsedGoals®l
¥guo] oA F& 7 EF go] disf, g8 AR A= F
Z o8 MEsta 52 09 2 YuE cost(o)e &2 oo A
-z7 A% pre(o)?] =EH]4 cost(pre(0))d] o= 53 g
o] #HA =dH| % goal_costE AAITH<E 3>9] line 4~
11). old, A-z2A A pre(0)7t ZF closedGoalsel °]v]
x3=o] 9low costlprelo) = 02 A (<E 3>9
line 6~7), 28# oW cost(pre(o)s A-FUE] &
Ast= Ao @A (max_level(pre(o)7b BTH<E 3>9]
line 8~9). A&¥ F# o9 RE ARES HE EAH
EE EE B4 BRERA closedGoalsel F7HETH<E
3>9] line 10).

(29 5)E A AAME [d 119 235 AYEA Fol&
A% 7] & AH bol g &% AYaHE ANI}A
3 GD F2l2g AdARE A et ok

S% Agag = 7123 GD Fead ALbEE AY 1
Yzo] Mz AZA BHHE HH(goa) ¥ & FE
(subgoa) & 7Ho| 4% o|EAHL BAToEH FHA HiA
g 2% J¥se H4 =9HEES FAT + v w2y
ol8@ GD Fel2H Ak Aoz Qs Z /i R
5 Alolo] oHd FEA 5o od 5YAE s A
Fel2yg Asbdeld A Fal2d Alsbel uls] gubAe
2 AdYe] o ¥ FIP2g HAE 25 4 AUtk
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Level 0 Level 1 Level 2

(3% 5) [off 1]of 7| YF HEf bo CHE CD FelA5 Al

5 &8 % "It

B =FoA A¢d GD Fel2ge] AL FY &
A, aga Fa2g AN 2848 #4357 98, 2 /1A
AR e AYEA Tudg o] &3 Hu AFS AN
. GD #2937 vuss g FY2rHERZE U4 &
ME Hd Fel2€(max heuristic), T4 F2l 2 (additive
heuristic), #% 229 (overlap heuristic) Selt}. £
AR AYEA FolE S Fstd AY1YPZE o] &3}
£ o FezgE8 vZ2AEH 44 #A L E¥W
2% AGEA Eolo HL3s17] A3 £ =EaAA At
T3 AYIYZE o] 43EE st Aol =X
T ¢l (robot domain), &% % (blocks domain), 18]l
A&y =u)¢l(dinner domain), E¥ = (truck
domain) 5 4 7H M2 g& =uQleA oz A% F
15709 AZEAEL ol &3tk AYEy =vle 4A
[o 1]o1A o]m] A7fg vie} Za, 2R =il o2 7
o] HE2 FAE AFHNA 28| B} Aol &
A gys A& YEE A FA ZoglozA W Alo]d
¥ 9 AdGEE A #AA FHY  sense-
door-open, F& Aol 1 U=t uFAH A carry,
A& Wase 244 39 putdown, 2 E2 oFse
AARH FAQ move §& XU £F TS EF 4
7] £vglerE B9, F 2539 X #AE EAs
= 744 E39l sense-on-block, =& Fo] =+ v]AdF
# %259 pickupd} pickup-table, 183l E5& dEF
= 4434 259 putdown¥} putdown-table & F33h
th E¥ TdQle Eo] EAES A% =2& ue
SAAN AR 3EE wgde A 24 oA,
EAZE] 22 93 oq%E s A FEA
sense-connect, EZ E& A& vAAE FAL load,
2S¢ et 244 29 unload, EFo] F A Al
o]g 0|53t 244 T3 move 5& ¥ 3

(E O F2lAE HEY B0 FL=EH[S2 F2IAE HIHK

Hi: =9 [5]6 9 (113 10|14
Ho Felz" [3(4|7(5(|8(3[|3]|4|3]|4
a Felag [7)09(16(13]20] 8 (10|17 |20 34
A4 Fol2g |5(6|9(810|5|5|8([10]16
GD ##2+¢ |5|6|10]8|13[8]9|11[18]|22
Hrwdug |4 |5(6|7(8|4|6|8[9]10
A Fed29g (223|443 |4|5|6]|7
i Felz2g |7 (6|9 (111459 (121417
AR Felz29 (35|67 |8|4|6[8([8]9
GD #el~8 |4 |5](6 9| 4|6|8|9 |1

AES 98 HPATE T3 ¥ d7dol AL HSCP
(Heuristic Search for Contingent Planning) ©4 <igl#
& o] &3tgich

<E 4>F GD FeElzEHe AHYS Lotry] A% 49
ol ANZA, 7t A9 Z7] V& AHdA Ex7HA A
H2 =g g3} o)A FAHY 2 FelaE HHAES ¥
w3k Qo HE7A] AA Ha v gIte] Ao|E M
asuE, GD Felxd HAAF A Fxagat §F F
g 2o b3 AdHog o At AL FAF F
Aok, &, Aoz dig A4y $HE T3 st
& 718 (relaxed plan)& A4tsts #AH Felzgd wdA
E EE e AQdstd A 2 Ael7t flde A
S & F Qlth. Age) AlgE Eojgle] SAL 7oke,
Exo} FRE Alold A2 FEI AA A4 5 THR A
%24 (positive interaction)o] W& AFEA Z=vllEcA
53 GD #224¥9 Ao o & AL ¢ F Sk
g2 B2 Eoely Zo] HEHel FFHE Alold FAH
As o] AthHo t B AYEA v GD
Fel2ge AEr} PopAE AL & F Sl oL &
g3 zteFsie}l AA est & B3 AYEA WA
¥ 2R 434S wAsE GD FE2ge 540 v
AdE Ao oy,

(1% 6)2 GD Felxge] A v A4S B2
371 g A¥Y AnzA, gA4HF U 4 Fezy
o8] AAE U& Ad ¥ A71E vlastn ok A4
d 9 Ao 45 vus) ¥y GD FH2gy HY F
gl2go] Ao Felxgoly it Fe2dd b8 He 5
o] 9& AHES AAHIASE AT F Sk AL F
ol Felaga g Fel2ge vjs] FrYe] & GD F
g 283 A3 Felade] g4 o o A& fE
oy FAE 44 & & AUSE v



(2 e) S FBA H|D: AN ?J—**Eﬂa?_i-l BV

(E 5) F2|AE A §8Y UL WHE FESEFASS

H3 Fel=H
GD#a2¢|3|3[3|3[3|6|6|8]|12]16

AY #0298 |9 |14(14)18 8 |12]16|16]| 18
GOh#Fe2" | 5|4]|5(4)|5[3|3]3([3]3

(E 6y F2IAE AN F8Y H|W: AR XX SEHES| T

A4 wel2E| 5

GD Frel=H

AR #8296 | 6 |10|10[13| 4|6
GDH#e2¢|5([4|5|4|5]|3]|3

agt &% 21!3—]:13“594 o] uE I Yu, Ho F
gags} 4 Felrge 7 Exzdo] BEHE Hz9
e g "e“’}LH A ol 53] F7HA
ANE 28A] g v, o] 5l HlE] FRFHo| &
A #2493 GD FeE2€L 39 ¢ 2N
EXZAEY o5 WEAAE F Uv AA FHAE
(supporting actions)Eel thd 4% 24 4 AYE &7
gt} oy 2 =RdAE #A FE2ds GD FE&H
of g3t Falag AN &AL v BT <HE
559 <¥ 6>& 7 APEAL Z71ded A Felzd
ANFAEFL Y RESERAEY F9 o] 2HES
gA4d £ e AR FFEY HA d5E 47 vusa
ek el <¥ 559 <E 6>% Fd ¢ A= 9
oA 3lite] SAE & AYE mFstodof 3= HA R

ZHE AESEE 2T SR JHE 789 F2lAE 3

2¥o] GD Felzgel v3) AW ¢ §2 FE5EEA
o AAbek AA FHEC HF HAE .&%‘ﬁ‘r%%% &
Ak wEb B =EAA AdE= GD Fel2He] HAY
Felzde vg 48 =ddSdA FHA2H A BE

ol Aoz o % AT F AU

o?.., od

6.8 B

ERoAE B8AF 27 dust vdARH FHELE
Egshe 205 AYEAY FAZYEH ¢29 F4 F
28% Aoz =&MU AHM A2 & B 7HA
FARES AMNGAT. 22 ol2d FAHES dHF &
$AQ H2Wero 24, unknown WEECE o] &% T
el TAY ool 712E ¥ AY 2Y=Z, 23 GD
Felzag A 5 AL unknown WEH E0iE
ol &3 Vg e EHYL VE FHE ] PHEES]
Ager BAF F o], 7189 ¥ 2AF AY A=¥
E3t g8 e U delel £ de FHES
ET AT o, olE AZdA FE A EEu$

& BF ANE g8t Ao £F, &% AY 2f=Ze 1
"d’—*} AE BAY g4 Felzy =34 HEHUD T4
AA| 74es) o) 9o FrbHow FH-§Y HeFstE HEE
o2A, A FA% vZAAH FAES s 2UR
AY FAENAE & st st A 2= AW
dog EF T@H89 FHo| JFdn. E &% AY 1
#zo] Azje @A HdH ez AYPH= GD FH2H A
AL % AY aYgze Z PHE A THI= 5F
Z7E 9] 3AA B3 ENE S EEAHY WA
BAgoaM, He Adxdorr: AFA & FI2
g BE 78 5 Ae Aol Atk £ =FAAME
nAYE B8 HERAE N9 A5 TS BAHA &
= A ?r?«lﬁ'é]"l'-} T Fel2gd vlE GD Fe2H
ol i ¥ AFAF B &S HUAnE AE WS
Act. =g, e vudYge T v AR 94 &
48 1 AR Felzgd vis] £ =gA ALFE GD
Felagol WA £ FeEag AN 84S YEEE &
A% 4 AU

= |
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