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Determining temporal properties of intervals by quantitative constraints and relations

Hiroshi Sasaki Seiji Yamada Junichi Toyoda
I.S.I.LR. Osaka University

This paper describes new representation and a method of determining temporal properties of intervals based on
Allen's Interval Logic and Kowalski's Event Calculus. In this paper, to determine "time points” of intervals,
which is suitable for the environment around agents, a method with mathematical programing, in which
qualitative and quantitative constraints are integrated, is proposed. First, we input quantitative constraints,
qualitative constraints, optimal values into system. The quantitative constraints are "duration” of intervals, and
“time points" of intervals. The qualitative constraint is temporal relations proposed by Allen. The optimal value
is duration of intervals as an optimal duration of interval. Finally, the system makes out an appropriate list of
intervals that is suitable for environment. Furthermore, for maintaining the consistency of whole relations, we
use mathematical programing.
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Table3.1 translate into equations from "duration”

Table3.2 translat
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TRANSLATED EQUATIONS TYPES TRANSLATED EQUATIONS
® = (INTERVAL _,- INTERVAL - OPTIMAL) FORWARD INTERVAL = t1
min < INTERVAL _,- INTERVAL _< max INTERVAL g2 1
BACKWARD INTER VAL, < t1
INTERVAL_,=11
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INTERVAL, =11
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(setting)

(duration ‘at_company 8 nil nil)

(duration luncht 5/8 1/2 3/4)

(duration ‘lunch2 3/2 1 2)

(duration ‘lunch3 7/8 3/4 1)

(duration ‘meeting1 2 nil nil)

{duration 'meeting2 2 nil nil)

{uncertain-event ‘at_company ‘(taro) ‘(10 18) ‘interval)
{uncertain-event luncht ‘(taro) {11 13} 'interval)
{uncertain-event ‘at_company '(hanako) (9 17) 'interval)
(uncertain-event 'lunch2 ‘(hanako) *(11 14) ‘interval)
(uncertain-event ‘at_company ‘(jiro} ‘(11 19) 'interval)
(unceriain-event 'flunch3 '(jiro) (12 14) ‘interval)
(uncertain-event ‘meeting1 '(taro hanako) () interval)
{uncertain-event 'meeting2 (taro jiro) () forward)
(relation ‘(lunch1 taro) '(at_company taro) ‘during)
(relation '(lunch2 hanako) '(at_company hanako) 'during)
(relation ‘(lunch2 hanako) ‘(at_company hanako) ‘during)
{relation '(lunch3 jiro) ‘(at_company jiro) ‘during)

(relation ‘(meeting1 tarc) '(at_company taro) ‘during)
(relation ‘(meeting? taro) '(at_company taro) ‘during)
(relation ‘(mesting1 hanako) ‘(at_company hanako) 'during)
(relation '(meeting2 jira) *(at_company jiro) ‘during)
(relation ‘(meeting? taro) ‘(meeting1 taro) ‘after)
(relation (meeting? jiro) ‘(funch3 jiro) 'after)

(relation '(meeting 1 hanako) '(lunch2 hanako) ‘after)
(relation {meeting1 taro) '(lunch1 taro) ‘after)

{"eof)
Fig.4.1 program for problem
0 24
taro
“lunch1 meeting2
Y 9 232 27214 16 17 24
hanako
at_company meeting1
lunch2
0 11 25/2 27/2 16 18 19 24
jiro
Fig.4.2 solution of problem
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(setting)

(duration “task1 2 nil nil)

(duration ‘task2 2 nil nil)

(certain-event 'task1 ‘(agent1) '(12) ‘forward)
(uncertain-event 'task2 ‘(agentt) ‘() ‘forward)
(relation "(task2 agentt) "(task1 agentt)
‘before)

(*anf)

task
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t—_——move(b,c.a)
pickup(b,a) helding(b) puton(b,c)
clr(a) clr(c) clr{b)
pickup(a,c)lholding(a) +puton(a,b)
move(a,b,c)

Fig.6 planning result using a temporal world model
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