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1. A=l =& (planning)

<+ A= +&(planning)

. FOIT A 2H ol Yolo| A7
=B 4 QA o RO WES HHSHE %

{ pickup(x) ’
a l b [ putdown(x, y) ]
27) A} 5/ A4

% 6.1 A&sE 22X ol

A2l (plan) : pickup(c) > putdown(c, floor) > pickup(b) >
putdown(b, a) = pickup(c) = putdown(c,b)
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A=Zl+2o At - cont.

= HE AY

» ETEE X




- YUots 2XY HYUS SUSIZE HAXUS BEAF|BA FA0| 4
go= Uol 23 YAS FofhE Y

- ZE A= =% (path planning)

— A RIXo| =& /K= 77| {5 2#EO[Lt HFRE O|sA|Z =Xt
XMol QX E A™MSI= o
i = = O — =

- HIA™ A2l (trajectory planning)
- FOT B2 Mgz & SE|Hel 5ES 12{ot0] Of A[Ho| &
SO ®A, £, 7I5E S5 2785t= ¢ Rs0eB<0:Ts

Comics

"HIS PATH-PLANNING MAY BE
SUB-OPTIMAL, BUT IT'S GOT FLAIR."

Image : spir.al, gamma.cs.unc.edu
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< H=Z+EO A - cont.
= Z2tstS0o M HM(policy)2l Sts
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2. A=zl =X

¢ A4 2Ho 1HRA

= X7| MEl(initial state)O| CHSH HA|(description)

= st= S8 MEl(goal state)Of| CHEH HA|
» 7h5%t @S (action)S0f| CH3H BA

[ pickup(x) J b

{ putdown(x, y) ] d

27] A B/ AR %3 Afel
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< O| 0| M E (agent)2t A& ST
= OO|ME

* Tlno

1 X|5H(intelligent)SH|

ZHA|
« 2T EL0] OO|HE, 22X 00| E(robot)
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AgS 25|

m

i 0}°d (Markov Decision Process, MDP)

B2 023 = A1 (Partially Observable Markov Decision

Process, POMDP)

CtE ol 0| ™ E(multi-agent) A& +E



HMl(classical planning problem)
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AgSY 25

|

< Of23ax= Z™EIE 2X(Markov Decision Process, MDP)
» AHZ =0 A= H| A ™ (nondeterministic)0| 12
HO|IHEZI ME2 M += A= =A

= O|MA|ZE OIE2E3 = AP PE 2X|(Discrete-time Markov decision
processes, discrete-time MDP)
. SHEE S X|&A|ZFO| QiC}

OOE

Hso| A}t 2HE0| U2 Z™E|0f H{ZA™AO|LC},

o O —

oF

- WSO Ait= #F 71551 =elgh = UL
. HASHE(reward function)2 X|Cistél= AS SX O = oir}
- BS= ot= OO|HE = StLEE O|Ct,

= Z3}8tE (reinforcement learning)0fl 2l 2 4= 2K



AgS 25|

|

o FEHZ 0 23T AP
O

.
lally observable Markov decision process, POMDP)
Ao Zutvt &0 et ™= HZ2EANQ Oi23x 2730
Ad39 Zut= FEHLR(UHHLR) 5
« OIXf JENE o € = Sl HENY 22 =
oA SEHO| Chet =EXH 0 225 R SbelefO|2f L o
A== otHA Olget EEs AlS A



< C}Z Oo|HE A& & EHM(multi-agent planning)

= O OfIO|HMET} /U= A=E ZAH|
O3 GO|HES YoM E2 At

o
« OtLto| & FEES ?{¢ HO[HESO| Al"+ES ot= A

| CHet gdS Sofl Al"S dHsh=

1A

| IQ
A2
- 0
rHo
i)

http://gamma.cs.unc.edu/research/crowds/ ‘



ml
<
jofl

3.

<+ A= +&l7|(planner)
x|
—
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L)

A2l 7](domain-specific planner)

T8 7|(domain-independent planner)

7| (configurable planner)
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image : S. K. Gupta, et al. 1998
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A =2l +& 7| (domain-independent planner)

o

& (classical planning)

<

(state-space planning)

(plan-space planning)
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<

7| (configurable planner)

.
A

ojo JJ
< 1o

= HEH EjA3 Y ES|A(hierarchical task network, HTN) A|




2 olof
1+Y 2

00| HEE =

Gl

HH

&= (action) ]| Cf

/|

rot

AE BH %= (state variable)7} 4!

E M Al(world)2] SEl= SENEH=0 2= X
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% STRIPS(STanford Research Institute Problem Solver)
= O|=2| SRI International2| Richard Fikes2} Nils NilssonO| 7 &(1971)
- At& A=’ d4d7|(planner?| O &
- A2lE Z8E ®7eldt= A0l O|F
= MEjQt WSS HASH?| fol =0 =2l (first-order predicate logic) AtHE

TS| 42 3™ 2|E|™-(positive literal)E2

- Of. 'Eofl A1 HiLELEIE QCH = SHEf

At(Home) /A Have(Banana)



AZ S oo

«» STRIPS - cont.
= X H(goal)
- B|EEE2| =2 E2E B
- B 2HE U EXeHAM B2 AR I3k Hy T It

- Of. ‘&0l =ol HiLiLE2t BTk 2f "o Cfofj 4 7F HELILES ECE

At(Home) /A —Have(Banana)
At(x) A Sells(x, Banana)

o x: B



O|E, Oj7H= 2&, precondition(AtH

74 22

=T /17

T ), effect(BIHE 74

— precondition1} effect0 7f2 M= HE=

precondition (At ZE7H)

— d5= AHASHY| Mo 2FEOF St= = Y=
— B AIESHA| &= 2HES| =E|&2 = B
effect (21}
- d3e 2 =0 MU= HEfHIE LIEILH= A
— &5 AMESHX| Bt= 2IHE S =ElEeR B
- 2™ B EHYEES ds Aoz ME MI|= ME HEH (add-list)
- B8 gHEE2 ¥ 2l =E [ Oy BrEE[X] Rie 82 HH

(delete-list)



A g4 olof

s STRIPS - cont.
= Of: 'MXt 0] S2tZtcl = ClimbUp &s 8
« Precondition:
— 't e X[t X2l X7 €1 £0]= ofeZFo|Ck
« Effect:
— '£0|7} o2 ZF A HZFL2= HIRLCY

|O

Action: ClimbUp(location)
Precondition: At(location), BoxAt(location), Level(Low)
Effect:

add—list: Level(High)

delete—list: Level(Low)
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< PDDL(Planning Domain Definition Language)

- DAY ALY DR BB
Drew McDermott (1998)0]| 7jj&t

rok o
r2 kil

= X A= +- CH2|(International Planning Competition, IPC; ipc.icaps-
conference.org)l| EEAOZ A2, A% T3t

« A G A A= M (object), Z4H| 2| RO CHet =0
(predlcate ), 7] & A B, S8 JH, 5= 7=
= A=l 2HE F 0 oEY L= N
* domain I} : 50, S0 Ciot S&2 MY
7

- problem I}¥ : K|, X7| ¥Ef, S8 NT



Agl53 o]

s* PDDL - cont.
= domain It 2| BNF & Ef

{domain) ::= (define (domain {(name)) [{require—def)| [{types—def)]:typing
[{constants—def)| [{predicates—def)| [{functions—def) ]:fluents

[{constraints)] {structure—def)*)

= Problem I}¥2| BNF HEH

{problem) ::= (define (problem <{name)) (:domain <name)) [{require—def)]
{object declaration)] <{nit) <{goal)
{constraints) |.constraints [{metric—spec)].numeric—fluents

{(length—spec)])

| s I s I e I e ¥
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>+ PDDL - cont.
= 0. strips-gripper4 =X
. gripper-strips2t= =8 EH
- objectsO| 2K|=
o initd| =7 =A
- goall| =1 fEl

(define (problem strips—gripper4)
(:domain gripper—strips)
(‘objects rooma roomb balll ball2 ball3 ball4 left right)
(:init (room rooma) (room roomb)
(ball balll) (ball ball2) (ball ball3) (ball ball4)
(gripper left) (gripper right)
(at—robby rooma)
(free left) (free right)
(at balll rooma) (at ball2 rooma) (at ball3 rooma) (at ball4d rooma))
(‘goal (and (at balll roomb) (at ball2 roomb) (at ball3 roomb))))
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«* PDD - cont.
= 0. P|ck-up HEs HEA
. effect 220 M notO| k= F20| STRIPSO| A delete-list0]| 3l E
g =PN OJO HE2 add-list0] s
« 22 A& A2 Wy

(‘action pick—up :parameters (?x ?y ?z)
:precondition (and (BALL ?x) (ROOM ?y) (GRIPPER ?z)
(at—ball ?x ?y) (at—robby ?y) (free ?z))
‘effect (and (carry ?z ?x)
(not (at—ball ?x ?y)) (not (free ?z))))




M S| A 2] HiE
5. J_l—l_-l_l 7:"%!T=| oHd
o N¥H A=l+E Uy
= HEjS 7t A=l =T (state-space planning)
o T EHAM
. 53k EFA
T O -1

= A& S 7 A& 2 (plan-space planning)

= A28 J2i= WM (planning graph method)
* GraphPlan €12|&

AZEH A=+ (hierarchical planning)
« HTN €1 2|&



6. JEHSZ A= +E

< MENSZH A= 5T (state-space planning)

= ME|BZH(state space) A2| X7| MEJO|M SE MEfZO| A= B
« - E(node) : MA(world)2| 4FEH
« Of|X|(edge) : & Eff 7 O|(transition)E €27

= S (action)

= AS0| HZ MBS = /U= 7|2 WS (primitive action)
« AL X}operator) = 7|2 &



L
put
take
location 1 location 2 location 1 location 2
A 7
move2 movel move2 movel
\
v
location 1 location 2 location 1
y
unload load
\
6 move2 6
movel ‘L—7

location 1 location 2

A% 6.2 XE-3E-32 EX2| YEefS2

location 1

location 2

3t e



6.1 M ST} S A

gk EFM (Forward Search)
e 7| MEROIA] AIRE
N8Il53 GRS BE AH YT K Ng
O

5t A 08|E XE Its

« L{H|2M EFM(Breadth-first search)

- Z0|M EFM(Depth-first search)
- Rola8 gH A H0EE

3t el

07 6.3 SE AHE 37| Y Y A

L.
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6.2 STRIPS AlZ2l+& €12|&

% STRIPS & 1E|=
» J|EXMO=Z Sk EFM HE

ALEXLO| D7 H=Z BESt
preconditionO| Fr=E|=X|
= precondition 0| THFE|X| 2= A0| Y2 H,
AAE effect2 510 ¢ 2 HE S
= 2.E preconditionS0| PHEHEIH
ArEE Oj70H s 2EHE AMXEE =2 = LIS AHl=d

L

rl_r
>

jQb)

w

Q !
jQb)
=




STRIPS Al 2l+& ¥1n2|&

< STRIPS €112|E2| HE 0 R ‘ R2
= M| A|(world)
. 2719| H: R1, R2 D
- 9 ALO|o] =& ) ﬁ
- 25| 8 R10{ X
- =E:B. 2 R20|| {X|

8 6.5 AgsE XS o

= FH(goal)
- 22 19 5 B7F & R20|| & UEE St= A

= Z0{(predicate)
e InRoom(x, r): &Y = U= =4 x7I & r0f AL}
« NextTo(x, t): 2 x7I & £&= U2 7I2|7|= t §O0f| ULt
. Status(d, s) : 2= d7t s HEli(Open EE._ Closed)0f| f
- Connects(d, rx, ry) : =& d7h & rxet & ryE Eﬁomf



STRIPS A

R1

< STRIPS €¢12|E HM& (f

R2

= X7|AE]
InRoom(I, R1)
InRoom(B, R2)
Connects(D, R1, R2)
Connects(D, R2, R1)
Status(D, Open)

. SEAE
InRoom(I, R2)
InRoom(B, R2)
Connects(D, R1, R2)
Connects(D, R2. R1)
Status(D, Open)



STRIPS Al2l-8l Y1E|F

Rl
& STRIPS €12|Z ™ML 0 : ‘
« ALKl (operator) ® NP

A

B

R2

Operator: GoToDoor(I, dr)
Precondition: InRoom(I, ra), Connects(dr, ra, rb)
Kffect.

add—list: NextTo(I, dr)

delete—list.

Operator: GoThruDoor(I, dr)

Precondition: Connects(dr, ra, rb), NextTo(I,dr), Status(d, Open)

Effect.
add—list: InRoom(I, rb)

delete—list: InRoom(I, ra)




STRIPS Al 2l+& ¥1n2|&

< STRIPS ¥12|Z ML 0 R ‘ R2
. X7|AE| - S D
InRoom(l, R1) InRoom(l, R2) (@] %
InRoom(B, R2) InRoom(B, R2) /1) B |
Connects(D, R1, R2) Connects(D, R1, R2) | F- "
Connects(D, R2, R1) Connects(D, R2, R1)
Status(D, Open) Status(D, Open)
= X}O|

—InRoom(l, R2)

Operator: GoThruDoor(l, dr) rb = R2
Precondition:
Connects(dr, ra, rb), NextTo(l,dr), Status(d, Open) | Connects(dr, ra, R2), NextTo(l, dr), Status(dr, Open)

Effect:

add-list: InRoom(l, rb) Connects(D, R1, R2)
delete-list: InRoom(l, ra) dr =D, ra = R1
NextTo(l, D)
Operator: GoToDoor(l, dr) dr=D
Precondition:
InRoom(l, ra), Connects(dr, ra, rb) InRoom(l, ra), Connects(D, ra, rb)
Effect: — —
add-list: NextTo(l, dr) ra = R1,rb = R2
delete-list: InRoom(l, R1), Connects(D, R1, R2)

GoToDoor(l, D) > GoThruDoor(l, D)



6.3 GraphPlan &

< A=$E J2= W (planning graph method)

« A= +8 J2 = (planning graph)E At8%t0] EHMZ 7t B
« EFM AN Z|FO0M 27| A 5= (branching factor) J 4

S A Y| MERO| E2E 4 UE Sk BEO| AT

nk=|




GraphPlan €12|&

< GraphPlan €12|&
= J|ZE A=2l37t Al2l5=&(plan-space planning)0l |l O W2 &=
= O|= GraphPlan 7|Eto| B2 A28 L12|F 7HL

= HET1 Qs AMXIEE £ E STRIPS 24| of &4
= B T ALK} Hst
- B0 7t BE 4K HolY
- 7tsoh HIQIE =8Ol JH4=0tE WHaTt 9l AHAK} 4
— Ofl. GIARE On(xy)Oll CHSF 270 Z4 K| : 4702 HARKE A4
- THE . ALKEO| =T} BEO| SO0 E
- Y8 HE ALESHA| Q0F OE P4t 20|



GraphPlan €112|&

<+ A8 2= (planning graph)
» A THA| (proposition level) 2F #E THA|(action level)7} B Z07t0{ 714
BAGA0  BEUA 1 FA A2 BEDAS  BA oA 4

P J" e)

pu-{'( e

| NEffect ]

Q

]
S @

X ds

(maintenance)

.l)

12 6.6 A2 J2f=(planning graph)
= HAH A o
« 7| HENO F=OX[= Z 2|H E(litera)E EZ2 HEHA



GraphPlan ¥1c]

11k

:0 slAa2

'gj‘" L._I ’*ﬂ §] '(?)-l_:?}:_ [1_| ).Il 1

P SA 2 BE A 3
j]

) ]
@
pru{und

FA A 4

Q

S @

. S Ty

1”

- BH THA 02 A =0 Lol HEE + A= A

1
A

« BA A 0o0f LtEfLt=
A

MBEH s A= 4 WSS 2 HY
= Precondition?| Z|EHE L EQ} HA
« A SHA 10| LtEtLHE Effect] 2IHE LEQF HA



GraphPlan €12|&

N

28l d2f = (planning graph)

A A O BE oA 1 A HAl 2 dE A 3

jl !J .
[.Jru|zm1d

Q

P

. WHE CHH 12| HFO| Effects 20| LIEILI= 2|E{E S0t
HAH THA 02| 2IEE =0 C 3P" e MY

- M BA 09 2= L= A A 10 7XI

A oA 4



GraphPlan ¥12|&

L)

» A28 d2iZ(planning graph)
BAEA 0  WE Al YA A2 BEGA3  FA ©A 4

J“ 'fl. .

[.]I'i.’|}111d

Q

R @

S @

THAl 22F A CHA 2§ SYT YHoE 5

e



L)

GraphPlan

A28 a2l =(planning graph)2| =&

= A S HIH|(mutual exclusion, mutex) &3

« AS THAIQF HAH| BA of 2| FIHA|, A0

U= S TAI2] LES AO| HE
= A3 T J=HiA|
A

- Zt¥(interference)

2|5

Ar=rgle= A3 ZZ&(inconsistent effect)
— ot WF0| effect?t CHE WHE2| effect”} T

ot HE0| CHE WHE2| preconditiond A AR E[=
|

ML BEY 5

o — = 1

E= BHE MASts 8%

M ZE MAHSt= 8%

o AMEA AMHZEZ(competing needs preconditions)

_ S 3HE0| HFZ O™ THA O A A S HYR|EHA O

precondition¥|A] AFESH= 8%

Q, 0
\ —
5 -)\3 ><.<

DOOO

YaEs 2 2 —
(|ncon5|stent effect) ?_“é'.'(lnterference)

A= A==

Q 0
"\.\

Q lio
0 ) 0
e 0
e 0

BAYEA MEZEH (competing
needs preconditions)
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GraphPlan €12|&

A=l+=8 a2 = (planning graph)2| 2%
= A THA2| &= HYH|
« M=E|= X|X|(inconsistent support)
- 3= F BHE US0L= o[ EHA o =2
A 2HA0 A= B2

=
>

HEE|= X|X|(inconsistent support)

= 50| ME

0x
ot



GraphPlan €12|&

GraphPlan 2112|&

on

Z7] o] elejdEoel Fehe mEES T 00 YHEL

k < 0

A A Aol AH-Ed 4= s WEEol gt e =E A WA k1o YHEI, o]F dF9)

effecto] Q= 2lEjglo] dgddh= =58 WAl ©A k+20f TH=EC)

k <« k+2

FAA GA A koA H3E Abejel] Q= BE e EEe] ATlerA o] 2] gk AFejE 9o,

oA ko] i elE S FEEERE Sh= A8E F=ch OgA] ¢row A 308 Zi

5.1 ©A k9] 2} B Ell?fSHJ*I A k-10)4 g FESEE GAT 5 e 5
Aegicy,

5.2 Ae¥l dgo] ojn) ey A k-12] c}2 353 AoufeliA o] o, Y FEE
= Afgt Aog 7hstal, oA 308 7

5.3 Ae¥l 3)52| preconditiono] Q)= 2lE|E5o| AauletbAof] olA] ghoH, I 2lHHE
S BRERR 5101, k « k-2 3o T 6,18 FolrbA] whEgi,

54 k = 00|, Aejy P55 A 15 oAdR JAdg Zlo] Algle] ¥},



OF

GraphPlan &=

BH7|=

garb : 22|77} =20 ATk
dinner : YA At7F ZH|E[0f RULT
present : 41=0] F=H|E| O] RUCk
clean : &0| 7§ 2SI}

quiet : ZE3|C}

=l

11k



X 7| ALY

-

— -

o ZHIO| MY7|7F Q1 22 st

« garb A clean A quiet

25 AEY

. ZEO| M27| 7} 9T, K AALS M2

« —garb A dinner A present



GraphPlan €12|&

<« deXY FH| X - cont.
= WHF (action)
« 22|5}7|(cook), & ZEHSH [(wrap), =22 X[R7]|(carry), ==
ZE X[27|(dolly)
Action . cook

L2517 E £0| N Rs|of st

Precondition . clean g o=
Q2|7 BLIH X QAATL FH]

Effect . dinner

Action . wrap

Precondition @ quiet ME EZX617|= =8¢t [0 ojof 5t
. Hals MEo| ZH|H

Effect . present
Action . carry
=02 X27|= A= 247|F XHAM

Precondition . garb A1 7h Ol X 3 O x| S El X
228 7]7F R X| Al ot &2 XX ZeH

Effect : —garb /A —clean

Action : dolly
Precondition : garb +H 2 X 27|= A= 24 7| F X|2=H
agst 22|17t

Effect : —garb /A —quiet
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x7| LEfe] 2[E=E

clean

grab

quiet

o
a4

R

W5 Xg A
ASTHA|, BH| THA 47
L o—— o
clean s clean
~~ cook
° o o
grab N\ grab
; N, _—1 wWrap N
° e b
quiet ‘ L% . quiet
| carry N N
\ b \ o
dimnper
dolly N\
\\\ A °
. \F{Qﬁ?ﬂf
e
—~gkab
o
eléan
o

—quiet

clean

grab

quiet

S2H{H| 2HA F3 F=7t

o o
~4_ — clean
— cook N\
‘\
: grab
N U Amme ) N\
.'—',,/_ -1 &~ c 4 '-.~. e ‘7. d ‘
\ \\ quiet
™ carry | \
‘ W N
\ \ -
1/ dinpiey
=l "i("“}' ,\\ N |
R {
\ =
‘preseny
N T
“J
s
l‘ 9
~grgh
‘ \
©°
eleahn

.

—quiet



GraphPlan €12|&

& MAUX W =H| 28| - cont.

HH THA| 10| SEAE] 2|E{E =2l : —garb A dinner A present

o= 9

- —— °
clean ~~_ clean clean e clean
~{ cook | cook \
~ b P
grab \\\\\ | |  go— grab grab
N 88 s p N wrap \
. =N\ I e ——@
quiet A\ N quiet \ \\ Niet
\ \\ = carry \ carmrry
~ dolly , ~ dolly R
Q
—_ur;%
=cléan
quiet —quiet
BME X5 . "
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» H=lZ7t A2l =8l (state-space planning)

= EFM 27H0| B EH 8 (partial plan)E 2 74

« HREXMO=Z 40| 2™ El 2l (partially instantiated actions)2| & &t

XISt
=
7

« H| 2= ZH(constraints)2| &
— Mal(precedence) H|ZUXH :a «b
— HIQIZ (binding) M| =H
» KW #F WKLOrVEC

» L= KLOorvs=_c

» LCHA|(substitution) foo(x)
— Ola}A A (causal link) Precond: -
» S oA EHTH Effect: p(x)

JOHX?_—{ p_
UZAF| 7] 2K
S a A

agb

= 5| AH|E (solution plan)O| A= Wh7HX| H

bO« )
Precond. ply)
Effect. -

dool(z)
Precond: p(z)
Effect. -

O 2 M (refinement)



= S| A 2l
- LS
A3t Al
% 2| < (threat)
» AME| X AS AR (deleted-condition interaction)
* AE aZt &S b2 AIHEA pE ‘d-d5t= At A(causal link) £HA|
= HE c7t pE AX|SH= Effects B
b

= c7HQITpTA a Bb 2 QHSHE MY

black(y)
l)l'('\'“ll(l: -
Effect: —ply) -,
C
.
tool) X-»pl2)| doolz)
Precond: — »  Precond: pl2)
Effect: D(I) Effect:
a /)
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. ZTHOIM £, OEOIM 28, S AM To| S0IRE

Operator: Start
Precondition: none
Effect: At(A]). Sells(34 =d) Sells(FlE &) Sells(nlE #)

Operator: Finish

Precondition: Have(=%), Have($-5), Have(®), At(#)
Operator: Goll,m)

Precondition: At(l)

Effect: At(m), —At(l)

Operator:. Buy(p,s)
Precondition: At(s), Sells(s,p)

kffect: ][;wv[p}
= Start?} Finish= =7| JEfot 55 SE{ S LIELR



AZS A= +E

< ZX7| A 2(initial plan): Start, Finish, 43 H %=

Start

Effect: At(W}E), Sells(F+H, £E9), | Sells(VlE, $-%), Sells(vtE, )

Precondition: Have(=%) Have($F) Have(™}) At(%E)

8 6.15 AIESZ AlE+E 48 - 1
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AYE7A) [Sells(FFH, E8)  AtEHE) ISells(HE, $4)  AEHE) | Sells(vhs

Buy(=4, 3+3) Buy($-++, VIE) Buy(®, ulE)

Have(")
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<+ At(STE)L At(OE)E HE7| 2l Go & F7t
- 9" At 230 g4 BHEE)E HAZHEY

Start . At(,)
At(l) Go(l,, VHE)
Goll S
p Y
At(BTH) YSells(F+H, =) At(WtE) "Solls(n}_E._ °9)
Buy(=%, 3+3) Buy($-1F, UIE) Buy(®, ulE)
Y
Have(®) At(3)
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A= S Al=l+E

< FinishO|A] At(%E!) A
= Go(h, &) F7I > o] ¢ 448

------------------- Swlt SN \.\------""""""> AI(‘(‘,'"]L"H]
o | ™ T
At(3) [\~ Go(F+4, vtE)
Go(A, FF+A) [~—femman: g
. vl ’ ,f
At(Z7A) YSells(37+3, E¥) /\t,(nH:‘.y,‘ Sellg"IE, 9-) At(VIE

Buy(=¥, &%)

Se
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Have(™)  At() €£io:

Have(=%¥) Have($-)
Y

Finish
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> < Go(vlE, A)
Have(®) AtA) €22

Have(=¥) Have($-%)

Y

Finish
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Start — Go(f, 514) — Buy(&E¥, &+4) = Go(¥+4, vtE)

— Buy($-S-, vlE) — Buy(® v}lE) — Go(v}E, Z]) — Finish
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ASH EfA T Y EQ A (hierarchical task network, HTN) 2+
= EfAA(task)’t SEE FO{E M, O] EfAIE X A0 A 25t
of A fHHel 7|2 HUE= 7d5t0 A=lE =E5t= &Y

= FOX|= =
« 7|2 El2A (primitive task) : HLUXHE-S)0f 25
« S Ef2 3 (non-primitive task)

— & E (method)E AFESHY O 22 BEE AT (subtask)=
I=|o|-'L|.'— |:||'|:H _.H._'C'S:I

_ 23 AT o:|a.|7|.)(| HHHO 2 B35t 1=
— HHEIAT 30| H2%EZH(constraint) EX 7ts



AZ=H™ A3 Y ELA HTN
o HSH EHAD YEYA HIN

= EjA3 travel(x, y)Ol CHSF K& E (method)2] EH 0f

method : taxi—travel(x,y)
task @ travel(x,y)
precondition : short—distance(x,v)
subtasks . get—taxi, ride(x,y), pay—driver

constraints : {get—taxi { ride(x,y), ride(x,y) { pay—driver}

method : air—travel(x,y)

task : travel(x,y)

precondition : long—distance(x,y)

subtasks : buy—ticket(a(x),a(y)), travel(x,a(x)), fly(a(x),a(y)),

travel(a(y),y)

constraints : { buy—ticket(a(x),aly)) ¢ fly(a(x),aly)),
travel(x,a(x)) { fly(a(x),a(y)),
fly(a(x),aly)) ¢ travel(a(y),y)l



ASH Ej23 HEXHI HTN

<« ASH E{A3 Y E{I HTN - cont
» Bj23 2 HESE Boots M
SISl HADE oie] H¥ioe 23 s

task | travel(x, y)

\AK method : air-travel(x, y) A

buy-ticket(a(x), a(y))
get-taxi [~ ride(x, y) pay-driver >{ fly(a(x),a(y)) 1 travel(a(y).y)
travel(x, a(x))

- J - J

-

method : taxi-travel(x, y)
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ASH EfA3 Y EXA HTN

ASH™ EfA3 Y E A HTN - cont.

» HAEO HEQZ BH

travel(x, y)

short-distance(x, y)

A N

travel(x, y)

long-distance(x, y)

m

get-taxi

ride(x, y)

pay-driver

buy-ticket(a(x), a(y)) | [ travel(x, a(x)) | [ fly(a(x).a(y)) | | travel(a(y).y)

\y\/




ASH Ej23 HEXHI HTN

« ASH H) |E9{3 HTN A& +H
- 0|7 =B EfA 0| O
240 &= HaES X0t HE, 7= BA32 5odE UK 22

. AE7A
. 7|2 ElATE s AARE |2 A0 SOIE 2MEA
of meh extEoR L

. APuy
. A7| MERO|M SAIH O QMRS HBHHE HFHOZ FO|7
EfAT 7 ABE|= 2H A



ASH Ej23 HEXHI HTN

< AE5H Ej23 HELXA HTN - cont.

- ASH A== I

precondition

/\

7|2 EjA3 7|2 gjA3

y

1 AkX} & 4%t

So Precond. Effect S, Precond. Effect S,




ASH Ej23 HEXHI HTN

< HTN HE& 0
- travel(ZECH, Mol ci3t A=

travel(x, y) travel(5=Cl, X|==CO)

\ buy- tlcket(**—r%@, =S
X

travel(E 50, 8T8
N get-taxi
_ ride(Z 20, HF2
buy-ticket(a(x), a(y)) S pay-driver
travel(x, a(x)) -
ride(x, y) . S
fly(a(x),a(y)) fly®@F3e, MF3E)
pay-driver travelX| =52, X FCH)
travel(a(y),y) \
2 ride(M|F=3%, HFCH)
pay-taxi

e

buy-ticket(3F 3%, HIF3%) — get-taxi — ride(ZE5L, HF3E) — pay-driver —
fly 8333, HF3F) - get-taxi — ride(xﬂ-’f-%"'é,", ML) — pay-driver



