TG A BB =EA A148 A435(2009. 12)

do-5Hl AFAS AYINE ol 8% Az

32 Aulze] 74

(Implementation of temporal reasoning services using a

domain-independent Al planner)

= * - *® —q *
r IR S I R TR T

(Hyun-Sik Kim, Chan-Young Park, In-Cheol Kim)

oF  HE8 MMl =
Py B =RdAE o
addoen Fdste o
Aulag dalr] $isiA
AA2 FAs=Y ot A4 11

o] Ejso|~g oGl FEBtIof Frk s Al H *;1741 —5’:2&1% fMﬂ 311@"6}040?
L ERAAME 7MAE MEa g ok

Ates AL, ol5S BFE A Oéﬁ 9] OJOLFL Eﬁjé}
MM A2 A FE AH=E

122 shte] Au)x dejHEE ?—?ﬂ;ﬁ}t— ol KHSME

Fg A FE A H]i%% X%]%%‘ T
5 a
[]

mm&m

—i
)

i o S L do i [ 2

w“

AQFA A7 FE A

Abstract Household service robots should be able to provide their users with a variety of
temporal reasoning services. In this paper, we propose an effective way of developing such
temporal reasoning services using a domain-independent AI planmer. Developing temporal
reasoning services with a domain-independent AI planner, we have to address both the
knowledge engineering problem of how to represent various real-world temporal constraints in a
planning domain definition language, and the system design problem of how to realize the
interface between the Al plannner and the service consumer. In this paper, we introduce an
example scenario and a set of typical temporal constraints for a household service robot, and
then present how to represent them in the standard planning domain definition language. We
also explain how to implement a service agent based on an Al planner in order to develop and
provide new services efficiently.

Key Words : Temporal planning, Service agent, Household robot

= Aulsg AFshs 1Ae Ava 2R Al
sxje] @ BEW ohjd olg AUy A
A QARG MRS 5 e wel 2R Aael Ade sl A medel A
TR ATE AU RY AV EASREATAHAG e Yoz = FE AR 7Eel %%6] H, 2, 91 ﬂﬁ& A
gaas ) SET o zne ou A7 g A% 2o BA 3

+ A7eak A ek



o shte AABAAA AF THsE AY4Q
NZE Ak S o= AY A Ao Aol H
etk = Aot E3)

PDDL(Planning
Domain Definition Language)(4, 5, 613 #Z< #
T A8 99 49 Ao 7)zste MuE gg-
E‘T'qu JAFAT Ag7NE At 2
Bt A, olds AF A4 F5 %Xﬂ% u
To% AdALA7t ¥tk PDDLE 99-5Y49
A5 AsAGEAE Tds7] A8 e

Az, A¥Y  9Y(domain)F AE
(problem)E A2lst=dl Al&Ft} PDDLY
Aol Ko = AP

o] 7lEH L, FA AHoFol= AA A A
AHE-E(object) @ o9 %7] AHl, 18x
8} 5] 719t PDDLS STRIPS #Ejol %
7] B Y= opeet 7)ol FrHE oy e
o &4 Bxdge] EAgt 53 PDDL 2.2[6]&
T gh(numeric value)& 2t el A9 7%
I3 Z+ 529 48 A 7Hduration time), AlZF A%
Zl(temporal preconditions), 417+ & ¥} temporal
effects) A9 7|5, #% A< AHderived predicate)
4ol 7l AZbgE x7)8t AM(timed initial
literal) B9 7|5 To] F7l€ &3 wHo|t}
L E=RdAE 7ML Auls 2Ro] mE el
AA AvtEl et HFAHA AL A
olESs EF AF

=
=
%
9 0% BFRAY FHEs
A%
L7
!

o
2l oo

_'.d
2 L

19 Ol
Homo
o

2
2
rir
=S
oot

o
i

_(_)rL

rir

g

e

tlo

X,

ol

o

°

b

o
18

i
it i oZi

X

o M

>,

o

U

Ot

)

i

o,

>

=
| e

ri

>

=

1

2
momE o X X
g fo By fo off

o
>
N
N,
o
rh
>
=
).
i
i
o
rN
it = & -0 ol o fn Lo

o Mo
>

il

f

[0 R lo HU |
X

w5

28} §7)Aow Azo v AR
128 €A AT + A&

=idAE A F2 Az 71dEE 9

ATE B 2 AFAA g Az
TPlan[10]& ©] &%t TPlana
74 2 A)ZH(duration time)¥ A7+ %7
E(timed predicates), 2831 ZxEA A

(deadline)& X3 A7+ AF EAE & ¢+ 4
2 AAYUY. TPlane 298 13+ Zo] AH
T2+ e A (state-space search)¥ 7+A3tE AjZE
A8 22 Z(Relaxed Temporal Planning Graph,
RTPG)E ol &3t At A adzs T34
B3 ANIEEC wE FHPEE FH3 B
Qe FFE AF aYZoltH7]. TPland °]#
3 A AY aYZE o] &FoZH, e Al
st HAY AT AYE A
A 4 ok TPlanodlAE & Al 49 39

1 PDDL (Planning Domain Definition
Language) 22 [6]1& 7122 At A EAE
zd s

[e)
Z7& T

08 082
=19

ol HE

<29 1> TPlan9 Ag4HAA

PDDL 2.2+ 4% Y4 (numeric variable) A 2|
N5, Z+ %1—}4 A8 A 7H(duration time) A ¢
71%, A7t A ZA(temporal preconditions) Al
7+ &3 (temporal effects) A9 7|7, & A&
AH(derived predicate) A< 7|5, AoE %7
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if  on(x,y) "OR (exists z: on(x,z) AND
above(z,y))
then above(x,y)
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{‘init
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<E 5> A AgE o8& 1A A/ HE o
(:durative-action user_move_from_home_to_bank
‘parameters (?U - user)
‘duration (= ?duration 30)
‘condition (and
(at start (user_in_home ?U))
(over all (accessible_from_home_to_bank))
reffect (and
(at end (user_in_bank ?U))
(at end (not (user_in_home ?U))

)
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A (distance ?L1 ?12)E AA3 olF %
T2 Ure S os EdEsa v aga
ME T2 YRE Y Age AY ®
(problem)®] Z7] Aref(initial state) A o}3o] X
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<E 6> qTE o] &3 7t 28T BE o
(:durative-action user_move
:parameters (?U - user ?L1 - location ?L2 - location)
‘duration (= Zduration (/ (distance 7L1 7L2) 10))
icondition (and

(at start (user_in 7U 7L1))
(over all (accessible 7L1 7L2))
)
ceffect (and
(at end (user_in 7U 7L2))
(at end (not (user_in ?U ?L1)))

<E > Fe x27|A AR o
(= (distance home dental_officel) 200
(= (distance dental_officel home) 200)
(= (distance home bankl) 300)
(= (distance bankl home) 300
(= (distance dental_officel bankl) 150)
(= (distance bankl dental_officel) 150)
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et Ak 2HE FollA obHAXY FEe HA
A ZEA b Tl g AlekE A7 A=A A7

i=3 h a4 Tl T )
v &2 2AAS (at start (prepared_breakfast_for
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o 3 AxAL UHIFEE AHdgezH,
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AZANZHE AYEAY AR gEsty] A
WS qokstd, I T2k Ag AzxddAM &
T3 AMAS A A FA TR 2] WEAIZ
F e AdE 2718 A S Adstd "

<E 8 Bz HA AMAAT BE 9
(:durative-action have_breakfast
‘parameters (70 - user 7R - room)
‘duration (= ?duration (have_breakfast_duration_time))
‘condition (and
(at start (prepared breakfast for 70 7R))
(at start (hungry ?7U))
(over all (user_in ?U 7R))
)
reffect {and
(at start (having_breakfast 7U 7R))
(at end (not (having breakfast ?U ?R}))
(at end (done_breakfast 7U))
(at end (not Chungry ?U)))
(at end (not (prepared_breakfast_for 7U 7R)))
)

)

(at 480 (prepared_breakfast_for Tom Dining Room))
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(:goal
(and
(done_breakfast Tom) - 540
(done_lunch Tom) — 840
(done_dinner Tom) - 1230
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Abgate] gHgoln AMula 2RO FAE AF
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A ZH(Latest Start Time, LST) #efole} ¥-&
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Fozd HHog ¥Y JtEsith gy o=
4 a9l Hd F3A3 LET(@3F A4
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Abgzbel FEolu) Aldl A B2Ho Bz &g
& 7 de 7 ol ANite O & A F
E A ZH(Earliest End Time, EET) #¢tole} R&
o 54 a9l Hx FEAIL EET(@)7F t9 49
= EET(a) = t, o]AL T2 a9 AA A7y =
BAIZFE AT trta (@ = 0O)Ye 9uEu)
TPlan®] ZF JHAAANM EA F Ao Hx

FTERAZHEET) AL I A% while et
a2 F49 Ha AlZA|7HEarliest Start Time,
EST)3 1 29| 4R AlZHduration time)<
A AtFoRA Aoz xd sMseth

o

Ao B4 a9 Ha AAAZ EST() £
R{AIZF Duration(a)o] &7 FolA4, (2 2)¢]
BAH s 1 T4 HA FEAZ EET(a)
v AEE AAEH7] 9o,
EET(a) = EST(a) + Duration(a) (2]2)
dAY, ‘PR T3 BEste] T Kol A

AE AE 2713F AP S o] &8 o] Fate

Ao ABALE 48008 T o] o) &

SAIZHE 3002 A Fd, o9 e AzkAlek
£ WESY] HsiAE wetol A7 510 o] Fof

o
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AV Eake] Aee] gudt: Ax Fw

(Start Time, ST) A eko] 2}t
A AFAAL ST@7F t9 A$, & ST(a) =
€2 a® HA Aol A& A7t td
4 oluj gttt TPlan®] XF Yoo A
4 49 5 ANFAST) Al g &
g W we o FFel Ha Al ZFA] 2F
(Earliest Start Time, EST), 2 & A7 (duration
time), 12]31 Hdl FZAZH(Latest End Time,
LET) o] Al 7tA& ELFr Akt oz 7HH A o

2 #9 7Fseid. Uye ged 2o WA =
SEE ES /\]1}/\]{ EST(a)& ST(a)2 A As)
+Th F, EST(@) = ST@) =t & AAI=}

oA 1 T 497 Duration(a)&
alFh mp o 2, (4] 3ol we}p o] T2 FH
 FEAIF LET(a)E AXbstal, o] AJzke] ub
Fo Hd FEALES AoksH Q‘?} AH o
B (A 32 o] Aol AZF ST(a)=t o] 4A&
A& A F A QD Al A A E °i°] ﬁél 28 A
ZF Duration(a) ¥ A43¥& 483 EE 529
Ao TEAIEE AT
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F

LET(a) = EST(a) + Duration(a) (2]3)

o A, ‘oFHAAY T T FH
AL 5 A7 50000 A3 Al Fsor o
H, AZHE 278 AMAE o] &3] o] FAe
Ha AFANE 50002 AeFa o] B3 A
AT 3007 AalFE ths (4 3)o] utgt o]
E2tol Al F5AHE 500 + 30 = 53002 A
Aeld do g Ao T340 5307H4]
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o BAL @Ry AN AL Az
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dAE YF 2dz ol o7 7tx A7 =2
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2 93 92 49 vAXES Yehdd ok
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o} 6}14
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+ &% Ed9(Action Model), A8 = 9(State
Model), A1+ A8 29 (Temporal Plan Model) 5
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Processor), 8.3 "AIX] AA7](Request Generator),
Az 2 A7) (Temporal Planner), =@ 7§17
(Model Updater), 22 o 3}7]((Model Filter) &
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