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Abstract Autonomous agents need considerable computational resources to perform rational
decision-making. The complexity of decision-making becomes prohibitive when large number of
agents are present and when decisions have to be made under time pressure. One of approaches in
time~critical domains is to respond to an observed condition with a predefined action. Although such
a system may be able to react very quickly to environmental conditions, predefined plans are of less
value if a situation changes and re-planning is needed. In this paper we investigate strategies intended
to tame the computational burden by using off-line computation in conjunction with on-line reasoning.
We use performance profiles computed off-line and the notion of urgency (i.e., the value of time)
computed on-line to choose the amount of information to be included during on-line deliberation. This
method can adjust to various levels of real-time demands, but incurs some overhead associated with
iterative deepening. We test our framework with experiments in a simulated anti-air defense domain.
The experiments show that the off-line performance profiles and the on-line computation of urgency
are effective in time-critical situations.
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Tagets: A BCDEF
Pusitions:.(2,3) (5,2) (7,1) (10,2) (13,3) (16,1)
Batteries; 1 2 3 4 5 6
Positions: (3,20) (6,20) (9,20) (12,20) (15,20) (18,20)
a3 3 I3 AxY A4rE AT A AL 670
9] BREARH FAAA)H 6719 AdF @
] AE(1HHE 671x))7} &gt

At time t, P(H,p)=0.979008

12 o EXE De ¥ojAge 3o F AF of
HE 7ol 2H, Ho] do|AES} £HE DAY Z
TE %A 2322 Z7tein, olue] AFEHE EE
SAYGEL 3T o] AT

At time t+1, P(H,p) =0.976680

EXE DY AP =(threat)s 250032 FojFon,
o @A JE - X 194 SHAHA JAEAE &
33l= W(Independent) - & 93t 0.017%<] ALk
Algte] Wa oz ojmjo] At vlEL the o]
& 4 At

EUa® H—EU(a®, t+0.017) =

(0.979008 — 0.976680) x 250 < 0.017 = 0.009894
19 Jeld 4FA=E =2 9Y(performance pro-
file)e vlgoz A 54 ) 9 53 =5 F

)& o5 Zo] Faich

EXa®*°, - EWa®, 1) =5271.9-516.2 = 11.7
w2bA, o] dA Al dAMe A o]5(117)9]
A v]8(0.000894) Rt} AEE do|FEE ERE D
E AHAZAFIEE F43U Sl F7HEU HRE
H2stazr & Zojk o)H3 21FH Fx e A Al
4k o]Fo] A4t nlgET AA & w7A] ALF ZHo
t} dFHog do|HEY} AME T3t AFE I
2 FY3 AAL A A ce|AES} FE o] 33
with depth 3)22 @HHAUck T2} Foiz At
A EFEEo] g& weA Poix g Bt o|FIA

U Ak £t =304, dAEAE A8 29
87 FEA HH B wE JAEHe) Bage A
oty dwtHoeR, IFF ARE Akl FFE M
e 848 ARAY I} FA Ao AFH
< 2Ase dF8dES THIT

5.3 XIiS WAL fost JAEA

AlZE AGHA BN FAF oArER PEEe
Brtsks] fst, 6708 o oo|HES} 6709 FH3

€ FRE0 ESAsle AlUE A deldE} %
g ATE AL qNERE 3T 2HE 3%
Aok E 1o YEhd HAAE zevdg veez 100
Ae AdF Fol AYeedy NFH F=E AL
A7E E 29 VER AT

%2 ANF PolBAN fU AR 9B =
W9 3ol W7 eEls B ol

=29y 39 B {el 2dy g1 B 300l
3.000 £ 0.142 3.010 + 0.225

E 20jM 9} o] wo] do|HES} mEHF mdy F
o] Ha duls 3.00001% e, FFE ol 30109
Atk = delFEE FojF 100749 Al Ak A
el A, W] do]AEe] ALHA AHEHL it
YAHOZ o& T do|HEE mdYsgon, F
£ Zole 3& A4t 2 HE A wo] #ANA
dolz AT EFE £59 YPAENA oojHE
t AN LT AL o552 nmdle HEFT Yl
zdy FEE AAFY F ey, FoiA AN F
Y AARG S FIE & Asdch
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AthF o] Al2ga e A7 AFHY FAA,
A2 A oo]REE FolA AN HZHY ALER
< ¥aE Ik B =4 A wEEe oAAF
AZrol wl¢ F9F APo] <8 oo|AES] 45 Y
g3l A3 HH3Hbounded rationality)[45]18 2
AT = =T 9t =3, exERle] 53 o]
HNEY AHALT Z2WY(performance profile)S HIE
oz AFo|AHU FHAAN 133 A=E FHIEA
o} ofe|HES}L FFH FAA o A4 FHAXNE EF
8t7] Yt AFAE TEvde ¥ FEY 0F
3 Fxo Asts 2R3 A& FEIEch

A PHES AT W) Al2Fe] HL3Hon,
Z2te) AEHlA BAAA LA do]HEL] HFH
TE 2334t AAX Z do|HEE AIRE A%H
el gAA AFAJA HHEE oFgA 2AI}=rE



AT BN 27T A= AdE TF ALY Co]HESY FAH JArEA 1203

HAFo B =82 F3to A dodEY #
date AEHA gAEF S FE Rl & 2 ot
Me Az 2 & e wdth e JolHES)
A4E FH3E GuHEHA A(shel)S ME3led 23
A AOlHEE Bgg Foju, ALY WHEL I
AZE AFHA B - 8 Y, T olF 84 § -
o H&& Reldh

Eugs

[1] Agre, PE. and Chapman, D., Pengii An imple-
mentation of a theory of activity, In Proceedings
of the National Conference on Artificial Intel-
ligence, Seattle, Washington, pp. 268-272, 1987.

[2] Fox, J. and Krause, P., Symbolic decision theory
and autonomous systems, In Proceedings of the
7th  Conference on Uncertainty in Artificial
Intelligence, UCLA, California, pp. 103-110, July
1991.

[3] Russell, S. J. and Wefald, E. H., Principles of
Metareasoning, Journal of Al, Volume 49, pp.
361-395, 1991.

f4] Russell, S.]. and Subramanian, D., Provably
bounded-optimal agents, Journal of Artificial
Intelligence Research, Volume 2, pp. 575-609,

1995.

[5] Russell, S.J., Rationality and Intelligence, Artificial
Intelligence, Volume 94, pp. 57-77, 1997.

[6] Rao, A.S. and Georgeff, M.P., BDI agents: From
theory to practice, In Proceedings of the 1st
International Conference on Multiagent Systems,
pp. 312-319, July 1995.

{7] Dean, T., Decision-theoretic planning and markov
decision processes, Technical Report, Brown Uni-
versity, Computer Science Department, Providence,
RI, 1994,

[8] Zilberstein, S. and Russell, S.J., Optimal com-
position of real-time systems, Artificial Intel-
ligence, vol. 82, no. 1, pp. 181-213, 1996.

[9] Noh, S. and Gmytrasiewicz, P.J.,, Uncertain

Knowledge Representation and Communicative
Behavior in Coordinated Defense, Lecture Notes in
Artificial Intelligence 1916,
Communication, pp. 281-300, Springer, 2000.

[10] Macfadzean, R.H.M., Surface-Based Air Defense
System Analysis, Artech House, 1992,

[11] Gmytrasiewicz, P.J. and Durfee, E.H. Rational
coordination in multi-agent environments, Auto-
nomous Agents and Multiagent Systems Journal,
vol. 3, pp. 319-330, 2000.

[12] Gmytrasiewicz, P.J, Noh, S., and Kellogg, T.,
Bayesian update of recursive agent models, User
Modeling and User-Adapted Interaction: An Inter-
national Journal, vol. 8, no. 1/2, pp. 49-69, 1998.

Issues in Agent

4%

19873 AM7Zdista ol#g &A}l 1939
W AZAdEgn FAHRE AAE Ha)
1999'@ University of Texas at Arlin-
gton FAFsE "RAL 1989 ~19953 =)
HetdFAs A3 20008 ~20029 Uni-
versity of Missouri-Rolla 214, 2002
d~3A ety AFEARTHE 2oy, gEor
t ATE ololAE, HE oolHE A2 A, 7))
g, AN B A" T



