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A Heuristic Search Planner Based on Component Services
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ABSTRACT

Nowadays, one of the important functionalities required from robot task planners is to generate plans to compose existing component
services into a new service. In this paper, we introduce the design and implementation of a heuristic search planner, JPLAN, as a kernel
module for component service composition. JPLAN uses a local search algorithm and planning graph heuristics. The local search algorithm,
EHC+, is an extended version of the Enforced Hill-Climbing(EHC) which have shown high efficiency applied in state-space planners
including FF. It requires some amount of additional local search, but it is expected to reduce overall amount of search to arrive at a goal
state and get shorter plans. We also present some effective heuristic extraction methods which are necessarily needed for search on a
large state-space. The heuristic extraction methods utilize planning graphs that have been first used for plan generation in Graphplan. We
introduce some planning graph heuristics and then analyze their effects on plan generation through experiments.
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1 EA ) Al EF dojdd WSDLAAE ZF § A
£ 8 (@nput)} 3 (outpu)HS 7HAE ALZ FAI
o Alwlg ¢ Mu]2 dojE<Qd OWL-S[13]9 WSMO
[15] SolAE A2 A3 (input), & (output), A-Z7A
(precondition), &3 (effect) EFE ZHEE & U} AT
71E ATFES B AHl29 487 289& HEF FH9
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2.1 AZ Zo2l(planning domain)

sel Ag =vel DE (C AR ZdHH, oo Cs
%0] =g ZZ(predicate logic condition)E¢ A3tolx, A
= 5329 1gE 9rg.

2.2 SZH(action)

52 o= (Precs, Effect)®) %02 ZAEW, olu] Prec,
¢} Effects= 27 52 a9l A-ZZ(preconditions)# &2}
(effect) & UYERE €0l =8 ZAEY J§olrh
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2.3 7& ZH(planning problem)

sy A 4 Pe (D, I, O Fd8¥9t ol D&
A8 =dAE s, 19 Ge 4Z z7] AH9 X
ZAES YehlE €9 =8 ALY FFE 9wt

<E 1> BAF 2% Roverd Y A¥E 93 =l
3} A% +FAE PDDL(Planning Domain Description
Language) 2 Z7teF3| 7]&3 dojty. T Ao X%
=rd R =HQl olF &d AR #F(type), (at
?x - location)¥} Z& &o] =2 ZA4(predicate) 52
F, 281 A-ZZA(precondition)® ZH(effect)E TFAE

4 BAES T B9 stde] AT AY FA A
o Zdd AFE AlE(object) EF 27] ZAEY ¥
(init), &% 259 A3 (goa)ES T3}

(¥ 1) PDDLZ 7|&8t Rover & H|& 2H|

{define (domain rovers_classical)
(‘requirements strips ‘typing)
(‘types location data)
(‘predicates (at ?x - location) (avail ?d -data 7% - location)
(comm ?d - data ?x - location) (have ?d - data))

(:action drive

‘parameters (?x 7y - location)
‘precondition (at ?x )

| effect (and (at ?y) (not (at 7x ?¥))))

(:action commun
‘parameters (?d - data)
‘precondition (have ?d)
‘effect (comm ?d))

(‘action sample
‘parameters (7d - data ?x - location)
‘precondition (and (at ?x ) (avail ?d ?x))
reffect (have 7d))

)

(define (problem rovers_classicall)
{:domain rovers_classical)
{:obejcts soil image rock -data

alpha beta gamma - location)
(:init (at alpha)
(avail soil alpha)
(avail rock beta)
(avail image gamma))
(:goal (and (comm soil)
{comm image)
(comm rock)))
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N e ek uwlel 27] AeelA EF@Ete shtel
E AHE Zolrle A PM¥(forward search)d AFE
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22 AYriee 949 184 3
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AHE FolA B fis) = gls) + his) Fo] Fa
e wy Adstd FgFse HAH-94 S (best-first
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Forward—Search(s,, Si, A, 1)

s sp

7T < the empty plan

loop
if s €5 then return 7
A(s) < {a | a€A and Prec, € s}
if A(s)is empty, then return failure
Nondeterministically choose an action & from A(s)
s < f(sa)
T < T.a

endloop
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el AHE 7122 B ERAE 7% EHC ¥
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a2 FAAE v Hol-¢A B4e dA A8 2ot o 4
& FE2y ge 2E A AA F& FHE 2L 9N
AYs= EHC gngZdes 28 Hol-$4 g4e §d

a3 o] EA8te UdA A FEHE7A A o]
9 e 2% %7} gag 53 o Y& F& 3
S 7138 grd F gx, ofFd 1y §lo] FAelA u
A e AeFit % 29 4 9t (29 4= EHC+ 84 7}
ez 9ok 2ol EHC+ ©4E AH

Y e e FAs W}XI g4
A Y ye 3% *JEH sis EE F %S 8498 5 3l

. z Qokgl EHC+ g4 %}131“ 71&
3ta ek,

dwtg oz 27] AedA Edste I FHAAE &2
FsatAR, 2 AHdAM EE AEHAAE B2 # T e
A8 w2 Ae(deadlock state)gti F-2t}. gla ojH
AY EA7L olgd A FEE A TPt YA &S
A%, olAL uF At e AY FAz%zn ¥4
(deadlock-free planning problem). ¥ =&ol|A A|¢tst=

EHC+ &4 dugZe az Fe7t g oud A £
of alXE ¢Adsthcomplete). &, AF Fej7t §l= A



g A bd AAY HoE s g 2& 5 o

(E 3 EHC+ EMM d1g|E
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\EHC+—Search(sy, S, A, 1)

g S

m < the empty plan

Compute the heuristic function of s, A(s)

while 4(s) > 0 do

Begin the breadth—first search for a state s’

s.t. A(s”) < h(s)

if such a state can not be found then
return failure

endif

Further search for a sate s” on the same level as s

s.t. A(s") < h(s)

if a state s”can be found then
§ie— 5"

endif

Add the actions on the path to s at the end
of the current plan 7

s« s

endwhile

if s €5, then return
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9 22 A% AFEZ 74 U d@d ag ol o
Wz g ie v B& AF4,(5)9 e HA A%

P(s)9] Boz 49 £ A oldNEe T A
JYPZE FET BA AY 2z 24 RE
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aval(soil,a) sample(soil, @) avail(soil, &) sample(soil, ) l avail(soil, ) sample(soil, &) { avail(soil, ) ]
avalrock,b) | diive(a, §) aval(rock, ) drive{e,B) [ avail{rock,B) drive{e,B) l avail(rock,B) l
4 =
aveailimage.g) diive(a,r) aval(image,r) drive(e,r) avail(image,r) drive(e,r) ‘ avail{image,r) l
oy
aa) af(a) sample{image,r; afle) - sample(image,r; afa)
have(soil} sample({rock, have(soil) sample(rock, B), have(soil) ]
alp) commun{soi) haveimage) commun{soil) have{image)
alr) drive(,r) have(rock) drive(g,r) have{rock)
drive(B,e) ak(B) drive(B, &) af(p)
drive(r, o) commysod) drive(r,e.) { commisoil) l
drive(r,g) at(r) drive(r,8) aKr)
Commur(image comm(image)
commur{rock) Cometiock)
_)
(23l 5) Zhsfst A de=o| of

avail(soil, &)

d
d

't

drive!

2

sample(soil, e)
rive(e,B)

rive{a,r)

M

]
B
!

A

g
VA

I avail(soil, &) [ avail{soil, &) ]

l avail{rock,B) '

avail{rock,B)

oo )
4 H
\ sample(image,r)
l

A

have{soil}

See 2

(8,1 dive(gr) M)
4
s !»\\
o o AN
pr 1 |
—
J,
Level 1 Level 2 Level 3
Level Count=3
(22! 6) Set-LevelZt Max-Level F2|AE!
= B% p2 AX8h. &, Precy, = Effect's = {p} dAzg T WA AF9 WA EF ofFd o7t ¢l
o] N2 4X& u), AY 2YZ PG(s, Ae #E TN
e E 3% T d(goal achievement) gx g & g4 AZF_, ()% Ps)7t HZ F2o] &
AZ A RE EF A5 AY aHYZ PG(s, A A& o, AY aIPZ PG, A dE A HHo] F&
9 & WAl AZP,(s)d BF T, odf o] AF 1 Huoka gt
gz | WA Fgddx 24 =g ot F,
P.(s)2G ¢ A8 2= #A(planning graph expansion)

K3

oW FH(leveled off)

2 WA A AR 6NN ARsel Bgd F 24
SUE BEY WA A 1AL PG, A F3E

2 of)
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A= {(comm(soil), comm(rock), comm(image)}t Z2 A
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A Hogd nEste AY aPze g 22
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FA;(s)e A;(s) (i< j)ol &3 525 Pt #ue
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st (i) @ldo] F7hgtel wet zt #de BHA A
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71 g2 7M. &, P(s)c P,y (s)elth 2 o
BA AP (s)el T3E 2 HAe ds) 229 §A F
o] 52 A%A,,,(s)9H H8d 2 ol 53 A%

Aip1(s)dX H858e 2E 5359 24 & FHnegative
effect) = BA AZP,,, (s)o] WIHA @7] wEo|r},

HAE MHIA 7IEEe] FE|AE &

Gv) A8 zei=9 7 HA AZF

2 A,(s), Ay(s), ..
sol Az A4 A A7 Ao g2
P(s)s AA Ao v o B2 5359

w242 5 Yk

, A;(s)dl &8 2E

M

2

o,
-2
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P(s)e ¢4 2% 52 A

el
A

=2

=

tlo o

olg} e AT Ad BIRY AY 2YzZE A4
F4E AA AY A 04 o] BAS neAs A
& Qg g o 3

TAE WEsto] F=
AL AA EA A o] HHEY ¢ @&

BHPgow =

T #Zd Y9 AAES w i A$ 7
=S FgsE Yo £EH7| Ao EF £ 7%

stk a2l ojw E = #Ee

AN 5x U7 Ha E2AYE F4
dhde] gl FEE WA=

, A AY FATL od Fx=
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