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Mediation mechanism based on shared knowledge for real-world agents
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Abstract: In this paper, we propose a framework for cooperation among heterogeneous real-

world agents based on shared ontologies. Ontologies give a background of knowledge to share

among agents, that is, systems of concepts are defined which are used to communicate to each

other. We present three different ontologies, namely, ontologies for object, space, and action.

Based on these ontologies, we then show mediation mechanism to generate action sequences for

agents from given tasks. We realized and verified our mediation mechanism by applying task

planning for mobile robots and computer-controlled instruments. Our framework is appropriate

for cooperation among heterogeneous real-world agents because of (1) adaptiveness for environ-

ments and agents, (2) implicit representation of cooperation, and (3) integration of information

and real-world agents.

1 00OOd

gbooboooboooobooboooooboooDo
gbboooboobobboooboboobbbooo
gobooboboooobbooboboobobooo
goooooobobobobooboooboobobooDbo
gbooobooobobboooboboobbboo
gbbooobobobbooobbooobbbooo
goboooooboboboboboooboobooog
gbooobooboobobooboboobooboboon

2 J0ObhUoOodobbooobbooon
gobboooboobbooobobbooobooon
gbboooboobobbooobobooobbooo
gooboboboobobobooboooooooobo
gbbooboboobobboobobobooobboo
gbbooobbooobbooobboobbogoo
goboooboobobooobbooboboobobobooo
gbbooobobooobbboobboobbooo
gbbooboboooobbooobooobboo
gobooboboooobbooboboobobobooo

0oooooooo
00000000000000000000000

0000000000000000000000000
0000000000000000000000 [2]8]0
000000000000000000000000

000000000000000000000000

000000000000000000000000

000000000000000000000000

000000000000000000000000

000000000000

2,1 000O0O0OO0OOD

0000000000000 000000 (taxonomy)
goboobooooob 200000000D0O0D0O00O
goobbooobobooobboooobobooobog
00000oo0o0Uooopoooooooooogn is-
al0O0O0OD0OODOODOOODOOODODOOOO
gooboboooboboobooobobbooobo
goobobooobbooobobbboooobobog
gooboooobobobooobboobboobooboog
gooboooobooobboooboboboobbog

0O00: 0000000000000 DO000O000,0630-01 000000 8916-5, 00:07437-2-5262, fax:07437-2-5269,

E-mail: takedaQis.aist-nara.ac.jp, URL: http://ai-www.aist-nara.ac.jp/ takeda/



0O 1: 0000000 Kappalad OO

0(C0o0O0O0ODDO0)00000000000000
goooooooooon

2.2 000O0OO0ODO
goboboooooboooobbooobboon
00000000000 00000000o0o0000
gbooobooobobbooobobobooobboo
gboooboooobobbooobboooboboo
ooooboobooobobooobobooobooboon
gbboobooobobboobobboobbbooo
googo
e JOIDDODODODODOODUODOODLOD
0000000000 at, on, in, in-front-of, be-
hind, to-the-right-of, to-the-left-of 0O 0 OO
00000oDoo0oooonD Aooooo
(in-front-of agent-a)
gooooo
e JOIDDODODODODOODUODOODLOD
O00o0o0oo0ooo0oooo0oooooo
10o0o0oooo 20000000
(meetpoint agent-1,agent-2)
O00o0o0oo0ooo0oooo0oooooo
gboooboboobobooboboobob
goooobon

23 0O0ODOOOOODO

gboboooboboobobooboooobooono
gbobooboboooobboboboboobbboo
gobooobobooobboobobooooboo
gobooooobobooboboboooboobobo
ao

24 000OO0OODOOOO
goboboooobbooobboooboboon

gbbooobobooobooboboboobbboo

gbbooobobooobboooboooobboo

O20000boooogoo

gboboooboobobooboooboobooobogoo
gobooobdg

goobooooboooobobboobobboon
goobobooboboobobooobobbooboog
goobbooobboooboobobboobbog
goobgoobooon

3 Ooooboo
gbooboobooboboobobooboboo
gooboooobooobobooobobboooboog
gooboboobooobbooobobboobbog
gogbooooobdg
gbooboobooboobooboobooboon

1. 0000000 ODoboooobobooobogoo
gboooboboooboboooboboobon
ooooooooon

2. 000000000 DOobbobobOooobooboobo
gboobobooboboobobooboobo
gboooooobooooboboobooooooon
gbooboboobobooboboobobo
gbooboboobobooboboobon
gbooobobooobobooobooboo

3. 0000 bDOoDbOooooboobobooooboobooo
gbooboboobobooboboobon
gboooboboooboboooboboobon
goooooboooooboobooooo

4. D00DO0O0O0OOOOODOODOO 100300
gboooboboooboboooboboobon
gboooooobooooboboobooooooon

gbooboobooboboobobooboboo
gooooooobobobooooboobooobooon
goobooboboooobobooboboooobboo
goobooobbooobboobbooooboobog
goobooooboboooboooobboooooog
gobobooon



fetch

(object solaris)

(from_place ?place-a)
(to_place
(subject
(from

(to

(on operatorl))
?agent-b)
?place-c)
?place-d)

Shared Representation\

(from (at kappalb))
(to (in front of rack agtl))

(from_place (on rack_agt1))

(on kappalb))

(subject kappalb )

(from (at kappalb))

(to (meetingpoint rack agtl kappalb))

(to_place

bring
2 4
ov r_handover h_Nandover carry
(subject kappalb) (object solaris) (object solaris) (object solaris)

(from_place (on rack_agt1))
(to_place
(subject
(from (meetingpoint rack_agtl kappalb))
(to (meetingpoint rack agtl kappalb

(from_place (on kappalb))
(to_place (on kappalb))
(subejct kappalb)
(from (at kappalb))

(on kappalb))
rack_agtl)

(to (|nl_fr0nt of operatorl)) )

( Translation) ( Translation)
move m!point w3) MKW_MZM) toridasi (cell no 3) (point no 20) Mw
L Local Representation
0 3: 00 fetchOOO
4 00000 oooooo KQML OODOOoDOoOoooooooo

gobboooobbooobobboooboon
gbooboboooboboooboooon

4.1 0O0OOQOOODOO
ooo0oDoOoOoUoUoUoOOooOooOOOoOoOoOoOoOO
0000000 (Kappala) 600002000000
20000000 CChOOoOoOoooooooO
000000oo0oooooooooonD (O 10
D)DDDDDDDDDDDDDDDDDDDD
ggoobobobuooooobobboooooobo
oooooOoOoUoUoooooooDOoOoOoOoOO
000 Ethernet OO OO0 O0O0OO0OO0OOCOOOOO
ggoobobobuooooobobbooooooobo
ooooooooooooo

0000000 (Kappalb) 000000D0O0OOO
00 KappalaOOOO

ooooooo Dbhoboooobobbooooooo
goboooooboboobobboobboooon
0 (0200)0

Joooooboo0o bobooooobbooooo

4.2 0O0O0OOODOOO

00o0oo00U0UoUoooOO KQMLOOooooo
O000o0oooo0ooooooooouoooo KQML
0000000000 [1)JoD0000000o0ooooo
00000 KQMLOOOOOoooooooooood
gbooobbooobbooobbooooboo
oobbooobobooobooooboobobobooo
gbooobooboobobooboboobooboboon

goooboooboooobobbooooboooobg
goboboobooboboooboobbooobobog
ggoo

gogobooooooboobboobbooooo
gobooobooooobooobooooboooboooo
gobooooobobooooboboobboooooba
goboooobobooo

4.3 O
gobobooooboboobboobobooooboobo
gobobooobobooobooboboo

4.3.1 0OO0OOOOODO
0000000000 (SolarisOO0ODODODO)OODO
goboboooboboobooboboo

((fetch (object Solaris))

goobobooobobooobboboboobooboog
gobobooobobdg

((fetch (object Solaris)(from_place 7place-a)
(to_place (at operatorl))(subject Zagent-b)
(from ?place-c)(to ?place-d)))

gobobooooboboooboboobobooobobog
0000000000 OooUoUD feechooonod
0000000000000 0000000 fetch O
00 move 0 bring 0O0UOOOO0O0OO bringO O
000000000000 r-handoverd h-hanover[
carry 000000000000 moved r-handover[



3
operatorl l r
2

4
I a—

0 4: 00 fetch0ODOODODO (1)

carry 0000000 Kappalb OOOOODOO h-
handover 00000000 ODOO0ODOOOOOO 30
ggobobbboooouobbbodoouoobbboooa
00o00Db00000000oooDoD 4000000
00000 30000ooobooooao

4.3.2 0DO0O0O0OODOOODOODOOOOO
goobbooobbooobboobbooon

gbboooobobboobboooboooboo

0000000000000 00 moveO bring OO

000000000000 00000000000 search

OfetchOOOOOO search00000O0OOODOO
gbbooboboooobbooobbooboboo
gbooobooboobobooboboobooboboon
000000000000 000 (move)DODOOO
00000 (ind) 0000000000 600000
Ofind0000000O0O00O0OOCOOODODOODOOO
OO0 KappalbOO 5000000000

5 OO0
goboobooboboobobooboboobo
000000000 bOO0bO0oOoobobbogoDo
goobobobobobobobooobooboobo
obooooboooon
gooobobooobobo0 oboobobooo
obooobooobooboooboobobooooo
goooboboobobobooboboobob
gooooo
oobooood0 cobooobooboooboobogoo
goooboboobobobooboboobob
gobooboboobobboboboobob
obooobooobooboooboobobooooo
goooboboobo
gboobooboobobooboboobo goo
gbobooboboboobooboobobbooboo
goooboboobobooboboobob

operatorl

| et =
Q- L=l

i

ocation of the obje
Image Processing Agent

05 00 fetch0OODO0D0 (2)

search

(object solaris)

(at_place (on ?place-d))

(subject ?agent-1)

(from  (at ?agent-1))

(to (in_front_of ?place-d))

T~

move move find
(subject kappalb) (subject kappalb) (object  solaris)

(from  (at kappalb)) (from  (at kappalb)) (at_place (on rack_agt1))
(to (in_front_of rack_agt1)) (to (viewpoint rack_agtl)) (color  blue)
(subject kappalb)

0 6: 00 search 000

gooooooboooboooog
goboooobobooobbooobbooobon
goboboooboboobobooboboboobda

agoog

[1] Tim Finin, Don McKay, Rich Fritzson, and
Robin McEntire. KQML: An information and
knowledge exchange protocol. In Kazuhiro Fuchi
and Toshio Yokoi, editors, Knowledge Building
and Knowledge Sharing. Ohmsha and IOS Press,
1994.

[2] Thomas R. Gruber. Toward principles for the
design of ontologies used for knowledge sharing.
Technical Report KSL 93-4, Knowledge Systems
Laboratory, Stanford University, 1993.

[3] Hideaki Takeda, Kenji Iino, and Toyoaki
Nishida. Agent organization and communication
with multiple ontologies. International Jour-
nal of Cooperative Information Systems, Vol. 4,
No. 4, pp. 321-337, December 1995.



