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DEVS Modeling with Hierarchical Planning: HRG-DEVS

Mina Yi

As the needs of intelligent systems increase, there have been diverse approaches that combine artificial intelligence
(Al) and simulation in the last decade. RG-DEVS, which is the basis for this paper, embedded Al planning
techniques into the simulation modeling methodology of DEVS, in order to specify dynamically a simulation model.
However, a hierarchy concept, which is used for various types of problem solving systems, is not included in the
planning of RG-DEVS. The hierarchy concept reduces the computational cost of planning by reducing the search
space, and also makes it easy to apply the hierarchical process flow of a target system to planning. This paper
proposes Hierarchical RG-DEVS (HRG-DEVS) in an attempt to insert hierarchical planning capability into
RG-DEVS. For the verification of the proposed modeling methodology, HRG-DEVS is applied to model the block’s
world problem of ABSTRIPS, which is a classical planning problem.
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o] Ty Event Processorol|A] Alo]7} o]&3}1(3), ¢
A€ 7A12& Dynamic Model ZE°] AATOZMH(3%)
wdlo] Wakg Al 9 QIAEA 73] BAETF QAL
Aglo] A o|Toll mEo] 274k shollA A
Aef s 2 Al oIS FORH S HEE AT, 9
B A Ho]7} By Bojl= 6B B Wi AMe] Blolrt
AHHEHS). UF oHE] ik A=) T Snolils,
A%le] Atz A o)H Dynamic Model ] %5 ¥1s}
oi(5”) e ¥lolE AFRITHS). Sy Dynamic Model
o ZoElo] gl em#old A finiuniol &gt vz
gk A sh = (57, %, v, ) Ol 0127)74%] HHEE
o], upRefo 2 Ynull) 2uold 21l @of o3t A4
) Ho) Ea) BES s AP ubE AR Wi A
g o] S WHE-E uhzlch Wi Ad #ol7h o
Foj oHIE AHlojHE BE HoR HIITH6).

2 Z7kAe] & ackshy, QR o] ol ¥
(), Q)HEE Bl Zdo] AT =AHH 12| AAEA
2 A Ee] AFo R QYR L, o]o] Ao (5)IA
o] Wit Al WHolg shEste AjEdelide] Hadh
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(b)
3 4. SEA7] dAH (a), SEAE (b)
E 1 e FHE Y3 &0|(predicate)
Predicate Description
On(a, b) EE a= 5 b9 Ut
CIrBlk (a) B2 399 o}R Ax gt}
AtTbl (a,t) £ a= g%} to] ot

HHold (a) RERE &o) B a2 FHu guk

&
E &of gzt tof gltk
4
s

ol ®loj gick

4, E8 W7| 2xe| HRG-DEVS 232

of Aol Al Al A7} BAle] BHHG R 2]
29l 25 4] BANH A M2 Aag
ABSTRIPSE 27} 4=35te] HRG-DEVS Rdl 2 2FA)5}

ol9) 4% HPL Bl

41 28 47| EX

EE A7) ZAeAE Al 7 ?*é 20l gl=t, ©f
Eo %%0] Aol 2= 9L ez}, = 2719 24}\}71-?53
£8, 858 Ve #A7 HE EEEOIE} BRE
BAle 2] ol AdelA Tt &g o £ES
N e 3o 02 B5 YR AE 5 lor & o 5t
o] BE & £ otk &, oM B ES T E
[ o)

I 92 #S ¢ Qe FFolgte HgEitt

I 4= BE B7] BAE 59 271 Aok £3x
Ayele) 3t o2, o= H7HE HRG-DEVSHEof A
o] AF 4 L AEHoHAY df)g fla THE
AJejo]ct.

@D =)0 =20)M8kE =2

E 2. 25 E2] 3% (operation) +3]

Rule
Lev. | Operation Pre- j Action
condition Delete Add
ClrBlk (a)
1 stack (a,b) CirBlk (b) CirBlk (b) | On(a,b)
ALTHI (a,t) ]
. CIrBlk (a) | AtTbl (a,t)
pickup (a,t) HAL (0 HEmpty HHold (a)
HEmpty
2
putdown | HHold (a) HEmpty
id
(ap) HAt | RO @ e
move
tl
(L) HAt (t1) HAt(t1) | HAtt2)

3. 28E 2o a4 el Az

Operation Processing Time
Pickup (a,t) 3.0
PutDown (a,t) 3.0
Move (t1,12) 1.5

4.2 25 7| 2x0AM] AlE(planning)

S8 47 ZA)A tad A2 AHE Bdsl]
A3t Lrof(predicate) 5> 3 13} 21, H3iE7t = FH|
2 EEZS A Y3 2REY §F FA2 & 29 Ptk

Algdold mEg AAste] AAs)] flsiAle 33t
9 @AllA 2 BAES AA)7)7] 3 A Ae
Holg) Folop gtrt & 3 T 204 Hatg] A
level 20] Sl AMMSe] 32| Alzbolc).

¥ 401]/44 27| Aot Z3k el E 19 AH &

& £ol5S o 8ste] HHSHY, 2z vt Utk

- 271 Al ATBIA, TDHA ATOC, TH A On(C,A)
A CIrBIk(C) A AtTHI(B,T2) A ClrBIk(B)
AHAt(T1) AHEmpty
1 AtTBI(B,T2) A AtTBI(C, T2) A On(C,B)
A ALTBI(A, T2) A On(A,C) A ClrBlk(A)
AHAt(T2) A HEmpty

- =% 4

HRG-DEVS mulojA B AMe|2HE 27] AlgS
WA wizkAlel 7 oA AR S O 59 S
AA g e A AAE gso] @t



Level 1

- Level 104 2% Alg|2o] A3
:{stack(C,B), stack(A,C)}

- Level 204 53 Aej29] A¥
{pickup(C,T1), move(T1,T2), putdown(C,T2),
move(T2,T1), pickup(A,T1), move(T1,T2),

putdown(A,T2)}

o] % »43H A Q] Level 26f4] 9] AL o]F A]
B ol e AHst7] it A A7) Hd), npat
B putdown(A,T2)0] HPEH F02 Z AE(On
(A,C) AOn(C,B)ACIrBIK(A), AfTbI(B,T2) AHAL(T2)A
HEmpty)oll tigh AlEeo]d A8 £7ls FuA dd

A 8l(planning) o] Bt To= %} Furt th&
o Ze Yygor AAHEch

S"x
:{Sdl(OH(C,A) A ChrBIk(CY A ClrBIk(B), AtTbI(C,T1)
AHAHT1) A HEmpty ),
Sdz(Cerlk(C) A CleBIk(B),HAL(T1) A HHold(C)),
s%(On(A,C) A On(C,B) A CIrBIk(A), AtTbI(B,T2)
AHAKT2) A HEmpty) }

Fu = { pickup(C,T1), move(T1,T2), putdown(C,T2),
move(T2,T1), pickup(A,T1), move(T1,T2),
putdown(A,T2) }

4.3 28 7] 2xoiMe AlE|0o|M(AIE M)
#12(planning) 2| ﬁi’.}é HAE S% oF Fug 7|22
AEH O] A(AIE] AF)e ol LHY A} wolrt dof

U, ohe A2 2 AR AR Holrt X3se 2y

Sext (S0, € X)
Sext((s5,5™0), €, X)
= Seul((0, Va), 5), € X)
Bl (0, (v'o, Vi) ), s, €, %)
Bext(((2,(On(C,A) A CIrBIK(C) A ClrBIk(B),AtTbl
(A, THA AtTBI(B, T2) A AtTbI(C,T1)
ANHA(T1) A HEmpty))
, passive ),
0, (On(A,C) A On(C,BYA CIrBIk(A),
AtTbI(B,T2) AN HAt(T2) AHEmpty )
)
= ((0, (On(C,A) A CIrBIk(C) A ClrBIk(B),
AtTbI(A, T1) AAtTbI(B,T2) A AtTbI(C,T1)
AHA(TH AHEmpty)),
(On(C,A) ACIrBIK(C) A ClrBIk(B),
AtTHI(C.T1) AHAK(T1) A HEmpty )
)
= (o, va) ("1,5") )
= (%, )

=35

o] A9 passive AEfOlA S| AWA Alel] A& %k"‘
SR A 5o Ao ofgtk Al X&) E 73AIEI )
Aee H3E Aol mEslr] s Aol 27V EEA,
AEE SAA|7)= A7F o0& 00|tk o7} 091 AL A3

A 25o) Aero]7} AgEe oujgit). F, ﬂ‘:' A
& ofof thgh Az AIZFE 00] HEZ, oloj= i
Al Hlo] oHlEX ZA] dhAjElc,

Sea’t BY ATl Fuof e A
pickup(C,T1)) AgE W&o sl= 7 Hi JE—?C’“
gk A W AEl #lo] dojdth ohd 4]
< AN Aol

Sime (51, fuy)
= i (5, s™), Fruy)
= S (((0, va), (s™1, s%), Fruy)
S (0, (V'a, Vo), 1, s2)), Fuy)
Sim (((0, (On(C,A) A CItBIk(C) A ClrBIk(B),
AtTbI(A,T1)A AtTbI(B,T2) A
ATbI(C,T1) A HAYT1)A HEmpty)),
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ozt

(On(C,A) ACIBIK(C) A CirBIk(B), - (1)
ALTHI(C, TH AHAT1) AHEmpty)) - (2)
, pickup(GT1) )

= ((3.0, (CIrBIK(C) A CIrBIk(B), AtTbA, THA

AtTbI(B,T2) AHA(T1) A HHold(C) )),
(CIrBIk(CY A CIrBIk(B), HAt(T1) A HHold(C))-*- (3}
)
= ((o, va), "2, s%))
= (s s%)

=

gt Plan[ —
On(A,C A On(CBY
A CIrBIK(A) A ATHI(B,T2 )
A HAY(T2) A HEmpty |

Cli ]
AtTHIB, T)AAITBIC, THABALT1)AHEmpty
. ThiB, T HAUT)HE mp
pickup(C,T1) <

CIrBIR(C) A ClrBIK(B) A CLBIK(A),
. ALTBYB,T2) A HA(T1) AHHOI(C) -

stack
(c.8) move(T1 T2)

CirBik k(A
putdown(C T2
On(C.B) A CIrBIK(C) A CIrBIK{A).

< Athl(B TZ) A me(A,TW

move(T2 1) it

On(C.B) A CIrBIK(C) A CLrBIK(A).

Athl(B T2)AA(TbI(A, T1)AHAL(T1)AHE mpty

plcku (A.T1)
stack v On(C.B) A CIrBIK(C) A CIBIK(A),
(A.C) - ATBIBT2) A HA!(Tl) AHH?E(/!”/

move(T 1,72)
On(C,B) A CIrBIK(C) A ClrBIk(A),

ACTHI(B,T2) A HAL(T2) AHW

8
putdown{A, T2N
On(CB} A C) A CirBIKk

_AUThI(B,T2) A ATTBI(A,T1) A HA(T2) AHEmp!
\\~—-

1% 6. HRG-DEVS 7|5t 239 A8 Asjo| u}2 Abe ¥
3= BE 47

Z, A Y2 A s 7 AR Ao Qs =i
A 2 v 3L 71ed Zolth

A 52 5o} s om FAEET), s 2AR(0,v)
olc}. Alge] o5t 73] AAEA o) A A7k oulE
7r= 00} 022 Hoj Ql=t], o) soollAl 51020 AE)
#o}7} Sexoll 2l HAEHA ALE BY3HE G A
2l A7t 002 7145907 giolct. malo) dx) AJgk
o) tj3t nE predicateﬂ] a9l Al W4 ve= ZH A

Zol|4)9] prediate S B 2531 Qleh &, va = (Vi VV)

rat

12 Alg 0] 45}

_|oll
Ton
e
Ho
Pl

o] k. 2, #) AHE e AR 3] el
B fu ot TR A 7 2 e o)l
pleUP(C THES ABAZ 2709 4e7) == 2 4S8
s, sTE Fgd Aol (1), O 47,
s 1°ﬂ sgate A AEEolch ‘pickup” HHLE U
£ Al o] §47h AdE o] Folle thg oflE/A|Y
75‘4 Azt o7} ‘pickup” ¥ o] 8] A2 AJ7HQ] 3.02
2 3, 2Eo) Ae w3 (3)9F 2ol vHch (3)2 W
3t 7 A% A sy, s%0] B, o) sh7E H
oF A o1Fe] 57} FHrh
Ho] Aef Wo] 2L o] AZE FH HAEE W
et 53 ”Eﬂc’ﬂ =g 3 gz AgER, 19 62 1
4o Mol 22 27 AejollA] Bik Adei7) oF ggoz
EoihE o] AlEH ol X8 TS el BlojeE &
#gk Aotk ERoR RHE e 2+ AZAY
predicate 5-& 7}E]ATO.E HASH Zo|H, predicates
F EE0] U AL A level 1 WHM A, WEo]
= R level 2 BRolM ] HRiE &3 Aol 7
AeE AN A7 predicates & TAE F4. predicate
The o] 83t 7|43t AWA At Holi el 9
& AZ(planyo] BAH AT A=, FAAREHE A
gy A A5 gt BXef B & w7t Siwoll 2ah
AL,

4.4 ASX A CE M 32 A
AZH AL BAZA A2 Ao A ulg-2 B
& 710 R vlasEAl g 7S *1] 7HA) WeE
7pgate] Zhers) At & 4 Qo Al Wise 434 A
Zol A AZ9] dol(depth)! d, 2t AlSollA 4 A
‘?11*‘\ g FAFAIZL AF(plan)o)] 2= N A(action)
a, 7+ AZol|x 9] B4 7}R]4x(branching factory) 2l b
M "4l 2ol Fote) Aol L,

- ASA Aol g ui
= b1 + ba.al 4o 4 ba.ad'l
oA AR B vl
T T

o] gt

4) 7}A]g=(branching factor) : BA EgoA] =T HE
Ed(sub-tree)2] M uldtel, ol o2&
242 317 913 £ BE wCt 22 S 2
= Aoz 7}xngll4l



A8 groue] BE 4] BAle] Fem A8
7171 %EH Al B g AmERE A3 Zoldld =
Aol A ABe] HA 2= a, ayle 77} stack,
stack: o[zl 27| AbglolA] B3 AM|R 7}7] 23 A4
), 3.5(level 19 stack& =3317] ¢35t level 204 2]
Bt HA pyolm, 2t A 7HA] H(eHF ol 113
8l by, ba= ZH2}F I(stack), 3(pickup, move, putdown)
ojtt. ojuf, AFA AL T S ok L.
- AFA Age] g Hg

— b+ b2 ay

124359
- HASA A" 24 Hg

— n . —
7b2 7%_:1.’“7

ara = 2-35

99} F At Fa 2 AS AR Hoe= o
HAE AXe ASH 74@01 %jiﬂ gAY 37k ©
24 Ag(planning) W82 S
o} &, o3t & _:47}_4 :’%/\——] E-L} 2
AZLE B v A=, o= HRG- DEVS Etﬂ A18)
Al AZplanning) 7o) EFE0] e Send] HBAZE
i

oot A5 RG-DEVS d/l]—f'ég
A 71a& 371 BHgsir] Yt
RG-DEVSE o224 0% o &4 A7l AZH A o4t
AR Aol mdE Wil HRG-DEVSE 49
81, A BEE 47 2AE B ZE¥Y qAE
2y
AEd ol wdlo] A AT HEE ghddtozy,
A& (planning)FA) A} AZ (plan)& ol BT
g AA T 4 QA HEE oA AARe) ASE A
5L Whgst7| 7} golsitt E3L, AlEH 0] HEofA|
ASH Alge] EAL ANEH A 2IE EAs] Y3l
Mz §-88 Ao 7|diE=r), olg 542 ﬁc}f’%
T =204 o]& M Eist AA AlAgHoR

M
_>g~

10.

11.

12.

. Zeigler,

. Lehmann, A.,

. Monostori, L.,

. Chow, A.,

. Zeigler, B.P. and Chi, S.D.,

5 7|82 0i8% 0JA ARl B0l BHR: HRGDEVS

=

o

Ho

B.P., Cho, T.H., and Rozenblit, J.W. “A
Knowledge-Based Simulation Environment for Hierar-
chical Flexible Manufacturing.” IEEE Trans. on Sys-

tems, Man and Cybernetics, vol. 26, no. 1, 1996.
. Javor, A., Benko, M., Leitereg, A.,, More, G., “Al
controlled simulation of complex systems.” Computing

& Control Engineering Journal, vol. 5, no. 2, 1994.

. Russell, C.S., Elmaghraby, A.S., Graham and J.H., “An

Investigation of a Standard Simulation-Knowledge inter-
face.” Proc. of the 24th conference on Winter simulation

table of contents, Arlington, Virginia, 1992.

. Yang, M., Katayama, A., Mnabe, K. and Aikawa, N.,

“An Al process control system with simulation database
and adaptive filter for V-bending.” Proc. Of Intelligent
Process of Material and Manufacturing, 1999.
“Taxonomy and Applications of Expert
systems in Simulation.” Proc. of the International Sym-
posium on Al, Expert System and Languages in Mo-
deling and Simulation, North-Holland Publish company,
1987.

Viharos, Z.J., “Hybrid, Al- and
simulation-supported optimization of process chains and
production plants.” Annals of the CIRP, vol. 50, no. 1,
2001.

. Zeigler, B.P., Prachofer, H. and Kim, T.G., Theory of

Modeling and Simulation: Integrating Discrete Event
and Continuous Complex Dynamic Systems. Academic
Press, 2000.

“Parallel DEVS: a Parallel, Hierarchical,
Modular Modeling Formalism and Its Distributed
Simulator.” Trans. of SCS, vol. 13, no. 2, 1996.
“Symbolic Discrete Event
System Specification.” IEEE Tans. On Systems, Man,
and Cybernetics, 1992.

Barros, F.J.,
Specification: Formalism, Abstract Simulators and App-

“Dynamic Structure Discrete Event System

lications.” Trans. of the Society of Computer Simu-
lation, vol. 13, no. 1, 1996.

Cho, SM. and Kim, T.G., “Real-Time DEVS Simul-
ation: Concurrent, Time-Selective Execution of Com-
bined RT-DEVS Model and Interactive Environment.”
Proc. of SCSC, Reno, NV, 1998.

Cho, T.H., “Embedding Intelligent Planning Capability

158 AM23 2006 6% @R



- olojzt

to DEVS Models by Goal Regression Method.” Trans.
of The Society for Modeling and Simulation Inter-
national, vol. 78, no. 12, 2002.

. Yang, Q., Intelligent Planning. Springer Verlag, Berlin,

1997

. Rich, E., Artificial intelligence. McGraw-Hill, 1991
. Nilsson, N.J., Artificial Intelligence: A New Synthesis.

Morgan Kaufmann, San Francisco, California, 1998

. Russell, S.J. and Norvig, P., Artificial Intelligence: A

Modern Approach, Prentice Hall, 1995

. Sacerdoti, E., A Structure for Plans and Behavior.

American Elsevier, New York, 1977

0] O] 2} (yimira@mmu.ac.kr)

StAlZefolMate| =EXI

1998 Ajgdigtn FRyatat shat

2000 JarEeheta A7) A2 W AFE S A

2005 Atofsrn A7)z 9 e gt what
2005~ @A HEsigrhstu sjFdAtE Al AAGAL

L

18.

20.

21.

Stefik, M., “Planning with Constraints.” Artificial In-
telligence, vol. 16, no. 2, 1981

. Unruh, A. and Rosenbloom, P.S., “Abstraction in Pro-

blem Solving and Learning.” Proc. of 1IJCAI-89, San
Mateo, CA, 1989

Wilkins, D., “Domain-independent Planning: Repre-
sentation and Plan Generation.” vol. 22, no. 3, 1984
Wilensky R., “An Introduction to Artificial Intellige-
nce.”, http://www.cs.berkeley.edu/~wilensky/cs 188/ lec-
tures/index.html

3t Algdlold, AlEdold /g #7, ERP, ARg23A|AH

TyH - 2YY YAZ, ABAS



