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Abstract

Conventional expert systems have difficulties in the inference on time-varing situations because
they don’t have the structure for processing time related informations and rule representation method
to describe time explicitely. Some expert systems capable of temporal reasoning are not applicable to
the domain in which state changes happen by unpredictable events that cannot be represented by
periodic changes of data. In this paper, an event based temporal reasoning method is proposed. It is
capable of processing the unpredictable events, representing the knowledge related to event and time,
and infering by that knowledge as well as infering by periodically time-varing data. The NEO/
Temporal, an temporal inference engine, is implemented by applying the proposed temporal reasoning
method to the NEO, an already implemented inference engine. As one of airforce applications, a
situation assessment and decision supporting system is implemented to show the benefits of the
proposed temporal information processing model.
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Table 1. Representations and Functions in
Temporal Reasoning.
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Fig. 1. Structure of the NEO/Temporal.
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Fig. 2. The Flow Chart of the NEO/Temporal.
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Table 3. Examples of Time Representation.
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((mle()] if (at ((%y is—target-of ?x)(7x attack-time ?time))
(hostile-flight ?x is—found)))
(rule01 then (target ?y is—determined))
(rule02 if (at ((?y is-target-of 7x)(?x attack-time ?time))
(determine-new-target-of hostile—flight ?x)}) ‘
(rule02 then (target 7v is-determined)) /
|
(

(rule03 if (findtarget ?x 7))

(ruleQ3 then (?v is-target-of ?x))

(rule0d if ((7y is—target-of ?x)(timeto ?x 7y ?time)))
(ruledd then (?x attack-time ?time))

a8 5. 719 dAFAERe AATAATH HA
she 717

Rules for Deciding an Expected Target
of a Hostile Flight and Expected Ass—
aulting Time.

Fig. 5.

[ (rulel0 if (at (at (?x direction changed) (-~ (now) [4s}) )
(hostile—flight ?x is~found)))

(rulel0 then (hostile-flight ?x change-direction))

(rulel1 if ((directionof ?x 0 ?dirl) (directionof ?x -1 ?dir2)
(1= 2dirl 2dir2)))

(rulell then (?x direction changed))

(rulel2 if ((BEFORE (hostile~flight ?x is-found)

(hostile-flight ?x change-direction)))
determine-new-target-of hostile-flight ?x))

‘ (rulel? then (

T8 6. A7le) ke Aahe AR
Fig. 6. Rules for Detecting Direction Change of a
Hostile Flight.
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(rule?l if (at (?v defense-method is-determined)
(target ?v is-determined)))
(rule?l then (defense ?y is~determined))
i (rule22 if (?y can-defense self))
(rule?2 then (?y defense-method is-determined))
i (rule23 if (?y is—a friend-hase))
(rule23 then (?y can—defense self))
(rule24 if (?y can—defense assisted)) !
(rule24 then (?y defense-method is-determined)) \
(rule5 if ((?y is-a friend-radar) (?z is-a friend-base)
(?z can-assist ?y))
(ruleZ5 then (?y can-defense assisted))
(rule25-1 if ((?v is—a friend-radar) (?z is-a friend-flight)
(?z can-assist ?y))
(rule?5-1 then (?y can-defense assisted)) \
(rule26 if ((?y is-target-of ?x)(7x attack-time ?time)
{(timeto ?z ?v ?btime)(<= ?btime 7time)))
(rule26 then (?z can-assist ?y)) ’

a8 7. g ]l S 8
Fig. 7. Rules for Deciding a Defense Method.
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Fig. 8. (a) Detection of a Hostile Flight. (b)

Inference Results of the NEO/Temporal.

7E:i

V.8 &

Ho {J

7]*—4 AL F2 7geMEe A7E FEe W

£Ao2 YL delElE ol4gt FEOE Ho
3}74‘/}, A9 o) sl AztEls FRoR A
slo] Al7ks} Abell 3HgE AAE FHYIEHA B¥E)
olzdfic}t. 22} NEO/Temporal& 4302 9]
He dolgg) diag 5 ole
& 0]83) Xzt 2 Adlx A7 $AS xHs) H
AlA dAkrel Alzde) EAy A7k EA

(3

=

& 7 7e)

AZEel] AE AR

—}:

(345)

BME Ch FOH 101

. 215 [+] =
AE BHG S gl AL AA 715 atd Hols)d
AL Apole) ARE WA 0|83t REsh Apdat Azt
of Hibew WY e ol8Y FEE SuF
4 slsie

T - N E! ]

Elﬁﬁreul( by Inference sl
Radart is target-of H1| }
M1 attack-time 0908 3m155) |
[l direcion enasgean
(BT can-defense seif
| {162 can detense sei
| [87-0 can-assist Radari|
1 {181 can-assist Radarl)
o . Bt detense-methud is-determined)
_ * | B2 detense methoa is-determinca)
i 1[ {IRadar) can-detense assisted)
‘ | |[Radsrt detesse method is determined)
‘ Lot | {l9etermine:newstarger-af hostite fight H1)
7 [ i [ ftarget Radar? is determised)
e | Hdetense B2-0 is-determined
! |jaetense 1 is-determinea)
e S e
(a) (b)
T8 9. (@ AH714 w3 % (b) NEO/Temporal
91 F2 Qﬂr
Fig. 9. (a) Changing Direction of the Hostile

Flight. (b) Inference Results.
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