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ABSTRACT

Design is an interactive behavior involving the evolution of ideas between two or more
participants in discussion, especialy during the early design stage. Idea association is an
important behavior for generating diverse ideas through the dynamic exchange of varied
knowledge possessed by the participants. Linking and distribution within idea
association are the key issues for understanding the interactive behavior. To understand
the mechanism and effectiveness of the distributed linking, this research proposes a
computational model named Dynamic Idea Maps (DIM), which supports participants to
generate correlated and diverse ideas in a distributed design environment.

There are three research steps in this thesis. By applying the technology of case-based
reasoning and software agent, the first step is to establish the mechanisms of the
distributed idea linking, which includes representation, recalling and communication.
Furthermore its computational model is proposed. In the second step, some
computational components within DIM are computed for supporting distributed idea
linking by using a multi-agent framework (DARIS). In the third step, the computational
feasibility and effective linking of DIM are evaluated through a design experiment.

Consequently, this research indicates that the distributed idea linking of idea association
can be understood through DIM. Also, the DIM system can support participants to
generate diverse ideas and effective linking in a distributed design environment.
Following the development of DIM, future studies such as agent learning, case
adaptation or supporting the creative problem solving can be pursued.

Keywords. idea association, distributed linking, computational model, case-based
reasoning, software agent
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Definition 1: Idea Entity

ie=(i,c, f,p)

IE={(ic,f,p)liel,ceC,feF,peP,r=1~n},whereic, f and p designate an issue,
concept, aform and preference respectively.

I = {isyiiaeeee i}, wherei is akeyword.

C={CyC:,Csye--- ¢}, wherec isaset of keywords.

F

{fofo fopeeee f.}, wheref isakeyword associated with multi-media.

P ={1,2,3 4,5}, wherep isan integer.

Definition 2: Link

—={"L, L} where L and ‘. arethe non-dircectinal links between attributes and between

ie respectively.

1= {i o &} ,where S, @ and 9 designate asimilarity link, a contrast link and a contiguity
link respectively. These links exist between two attributes which are the same type of attribute.

L ={ s, R, .‘?'.q},where S, SR and © designate asimilarity link, a contrast link and a

contiguity link respectively. These links, which includes two types of ., exist between two ie.

= Ixx= (i) N (e 6) orx=(in-i) V(£S5 6))
R ={x|x= (i is)N (e 6)or x = (i) (£, )]
L= {xIx=(cSc)N(f5 6))

Definition 3: Idea Maps
There are two types of Idea Maps in DIM-2: Map. and Map.

Map: =(IE, L) consist of
1) afinite set IE = {ie,ie,,ie, -+ ie.}, whose elements are called idea entities, and
2) asubset L of the Cartesian product |IE x |E, the elements of which are called links

Map. = (1E, L) determinesabinary linking - onthe set IE of itsideaentities,
through the rules

ie Lie ifandonlyif (ie,ie)el

L={(ie,ie) e IExIE|ie “.ig andie = ie|



Three types of Map. supports the memory organizations of different DIM-2 components.

Mapgz{MapU, Map: ., Mapu}, where Map-: -isfor arole, Map: -isfor ascript holder, and
Map: - isfor ascene and stage.

Map. = {Map, Map:, Map:}, where Map.- includes Map,, Map: and Map:, which are stored in the
memory organization of arole.

Map =(1,l) consist of
1) afinite set | = {isiz,is, +-+i.}, whose elements are called issue, and
2) asubset | of the Cartesian product | x |, the elements of which are called links

Map = (1,l) determinesabinary linking . ontheset | through the rules
i i if andonlyif (ini)el
I ={(ini) e I xI |iLi and i =i

Map. =(C,I) consist of
1) afiniteset C = {C,,C:, G-+ C.}, whose elements are called concept, and
2) asubset | of the crocoss product | x |, the elements of which are called links

Map: = (C,|) determines abinary linking '.on the set C through the rules
¢ Lo ifandonlyif (c,c)el
I={(c.c)eCxClc .candc=a)

Map- = (F,I) consist of
1) afiniteset F ={f,, fs, fq--oo: f.}, whose elements are called concept, and

2) asubset | of the crocoss product F x F, the elements of which are called links

Map: = (F,|) determinesabinary linking ' on the set F through the rules
L f ifandonlyif (f,f)el
| ={(f,f)e FxF|fL fandf=f}

Definition 4: ICF Dictionary

Dictionary. includesdifferent sets of two similar domain conceptua vocabularies.

Dictionary.- ={(a,b)|a € Ab e B,andr =1~ n}, where a and b designate an external domain
and an internal domain conceptual vocabulary respectively.

A={a,a:,as a.},wherea isakeyword.

B={b.,b;,bs,----- b.},where b is akeyword
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Definition 5: Events

In DIM-2, there are different types of events within Principle for rolesto link and generate
ie dynamically. The mathematical expressions of these events are described below:

Event .
(if Map = (ie. S.ie) and

temp_i.=i.Ntemp_c.=cNtemp_ f.= f, then temp_ie 5 ie

Event _.
(if temp_i.=iNtemp_c.=c.Ntemp_f.# f. then temp_ie S.ie)
(if temp_i.=iNtemp_c.=cNtemp_f.= f. then temp_ie. 3.ie)

Event _.

if temp_i.=i,Ntemp_c.#cNtemp_f.= f, and temp_c S.c
then temp_ie. S .ie. ese return false

if temp_i.=i.Ntemp_c.=cNtemp_ f.= f, and temp_i.-S.i.
then temp_ie. S .ie ese return false

if temp_i.#i.Ntemp_c.=cNtemp_ f.=f, and temp_i. 5.i,

then temp_ie. S ie ese return false

if temp_i.=i.Ntemp_c.#cNtemp_f.= f, and temp_f. 5 f,
then temp_ie. S ie. ese return false

Event _.

if temp_i.#i.Ntemp_c.=cNtemp .= f. and temp i. S.i.Ntemp_c. S.c
[then temp_ie. S ie. dse return false J
if temp_i.=i.Ntemp_c.=cNtemp_ f.= f, and temp_i.-S.i.Ntemp_ f. 5. f,
[then temp_ie S ie ese return false j

Event: _s
if Map: =(ie R.ie) and
temp_i.=i.Ntemp_c.=cNtemp_ f.= f, then temp_ie. Rje

Event _s

if temp_ie=isNC e =C1temp_ fo= f
(then temp_ie. Rie J
if temp_i.=isNtemp_C.# &[N fa_cmes = o
[then temp_ie. R.ie j

Event _-

if temp_i.#i.N p.temp c.=cNtemp_ f.= f, and temp_i.-S.i,
then temp_ie. “Rie. dse return false
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if temp_i.#i.Ntemp_c=cp.temp f.=f. and temp _i. 5.,
then temp_ie. “R.ie dse return false

Event .
if Map.=(ie-Sie) and temp_i.=iNtemp_c.=c.Ntemp_f.= f,
then temp_ie. ' ie

Event _.
if temp_i.=isNtemp_c.=cNtemp_ f.= 1,
then temp_ie. % ie

Event _»

if temp_i.#i.Ntemp_c.=cNtemp_f.= f, and temp_f. 5.1,
[then temp_ie “.ie ese return false J
if temp_i.=i.Ntemp_c.=cNtemp_f.=f, and temp_c S.c
(then temp_ie “.ie dse return false ]

Event _u
if temp_i.=i.Ntemp_c.=cNtemp_ f.= f, and temp_c. S aNtemp_ f. S 1,
then temp_ie. ' ie. dse return false

Event _»

if potemp i.=i.Ntemp_c.=cNtemp_ f.= . then temp_ie % e

(else return false j

whereinput _ieoutput _ie,cand _ie areinput ie, output ie and candidate ie respectively. Also,

temp _ietemp _i,temp_c,temp_ f aretemporary ig i,c and f respectively.
The Linking Communication Language (LCL) provides the communication mechanisms, including
sending and receiving messages, among DIM-2 components. Through the LCL, these components

can link ie and generate Map- in the externa and the interna interplays.

LCL ={(s,r.la,lc,Il,l0)[lac LAandIce LC},wheres,r,la,IcIl,lo are sender, receiver
speech acts, message content, language syntax and ontology respectively.

LA = {1 am, | B, | Brones s, 18, | B, | B}

LC = {ICun, | Cut, | Cie, |, | Cr, | G, | e, | G |
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jade.core.AlD class AID
AlID object
<nickname> @< platform-name>
RA nickname RA1l platform-name
lai:1099/jade 1099 RMI
AID RA1@ lai:1099/jade AID
AID id = new AID (RA1@ lai:1099/jade);
522
runtime
[156]
setup() doDelete() action() done() takedown() 44
DIM
RA 1 Kill
Yes RA_1 No
RA_1 pool of active behavior
RA 1 RA 1
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523

3)

DIM

RA_1 UA DA

zatiupl ]

Ageni hess been killed

(dolelerel) method called T

(7t the next belaviour from
o of actyve Belaviouns

the

*

action

DIM

Remove curreniflchious &
the: pool of Actree Bl ol

um

YES

DIM

asynchronous message passing
the agent message queue

45

FIPA
field 1)
communi cative-act

4)

104

ACL
sender

- L s oo
¢ «Addition of infiel behaioun

- Mgt "Bfe” (exenition of
" [ s LR T |

!

[’ - Ukein-op opefalioss

4

DIM
LCL
ACL
2) receiver
content  5)



language 6) ontology DIM LCL
443 LCL ACL

N | Tl Ty

Prepare the friom the messape
|||.'E.u-='.' Iy A2 _l guene ad process i
Al g
Send the message Most the message n
A 27% message guene
DIM-2 environment
45. DIM
DIM ACL slot
jadelang.acl. ACLMessage class objects
JESS ACL
JESS template ACLMessage
ACL DIM
JESS 53
(deftemplate ACL Message

(slot communicative-act) (slot sender) (multisiot receiver)

(slot language) (slot ontology) (slot content)

)
ACLMessage protocol envelope
reply-with  conversation-id DIM DIM
524 Yellow Pages

DIM Yellow Pages
Yellow Pages

DIM
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46
DF

i L - v S
o ScA 1

Puhtish

Search fo

Yelbow Pages service

Expliont reguaned
RA 3 servise ScA 3

46 .DIM  Yellow Pages

DFService class register( )
“house’ “linking-ideas”
protected void setup( ) {

DFAgentDescription dfd = new DFAgentDescription( );
dfd.setName(getAID( ));
ServiceDescription sd = new ServiceDescription( );
sd.setType(“ house”);
sd.setName(“linking-ideas”);
dfd.addServices(sd);
try {
DFService.register(this, dfd);
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DFService class

search()
“house” “linking-ideas”
protected void setup( ) {
DFA gentDescription template = new DFAgentDescription( );
ServiceDescription sd = new ServiceDescription( );
sd.setType(* house™);
sd.setType(* linking-ideas”);
template.addServices(sd);
try {
DFAgentDescription[ ] result = DFService.search(myAgent, template);
roleAgents = new AlD[result.length];
for (inti =0; i <result.length; ++i) {
roleAgentd[i] = result.getName( );
}
}
5.3
JAVA JADE DIM RA RAS
SCA SA JESS
CLP
JADE addBehaviour () CLP
RA1 c:/DIM/RAL.clp
RA1 jade.core.Agent class addBehaviour () RA1

public class RA1 extends Agent {
protected void setup( ) {
addBehaviour(new BasicJessBehaviour (this,"c:/DIM/RA1.clp”,1));

}
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JESS facts

template
slots DIM JESS
rule-based [157]
JESS
53.1
RA DIM RA
RAS UA DA RA
JESS RA 1)
2) 3) IE IE Generator 4) RA Role Repository
47
IE Genersiar i Mag
CF aps
{f IFF Dicionary
L b L P siaga
s g [Working Memary
Commanication
it Fule Base
\ -
R
47.
RA RA
ICF ICF IE
RA
IE Matcher  Agenda
RA RA
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5311

RA
ICF

ICF

ICF
token RA
token RA

ICF
ICF
RA IE

(movement circulation)

“circulation”
RA

preference
multislot

(deftemplateie

ICF ICF
ICF list

IE

tokens

RA
“movement” RA ICF

“circulation” “movement”

“circulation”
issue concept form

(slot issue) (multislot concept) (multislot form) (slot preference (default 1))

RA
“centralization”

http://lai.cyut.edu.tw/DIM/RA1 1 URL

“light” “opening”

“courtyard”

RA 3
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(ie (issue light) (concept opening centralization)
(form courtyard http://lai.cyut.edu.tw/DIM/RA1 1) (preference 3)

)
IE
IE map ICF issue concept
form IE
URL IE
(deftemplate map
(dotissue 1) (multislot concept_1) (multislot form 1)
(slot link_type)
(ot issue_2) (multislot concept_2) (multislot form_2)
)
IE “light”
“opening” “centralization” “courtyard”
http://lai.cyut.edu.tw/DIM/RAL 1 URL
“light” “opening” “centralization” “garden”
http://lai.cyut.edu.tw/DIM/RA1 12 URL
IE IE
(map (issue_1 light) (concept_1 opening centralization)
(form_1 courtyard http:/lai.cyut.edutw/DIM/RA1 1)
(link_type similarity)
(issue_2 light) (concept_2 opening centralization)
(form_2 garden http://lai.cyut.edu.tw/DIM/RA1 12)
)
ICF
ICF
issue_map concept_map  form_map

similarity, contrast  contiguity
ICF
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(deftemplate issue_map
(dotissue 1)(dot link_type)(slot issue 2)

(deftemplate concept_map
(multislot concept_1)(slot link_type)(multisiot concept_2)

(deftemplate form_map
(multislot form_1)(slot link_type)(multislot form_2)

“courtyard”
http://lai.cyut.edu.tw/DIM/RAL 1 URL “garden”
http://lai.cyut.edu.tw/DIM/RA1 12 URL

similarity
(form_map (form_1 courtyard  http://lai.cyut.edu.tw/DIM/RAL 1)
(link_type similarity)
(form_2 terrace http://lal.cyut.edu.tw/DIM/RAL 12)
)
ACL
ACL ACLMessage RA RAS
JESS ACL 5.2.3
gpatial organization RA 1
“similarity” “light, opening, courtyard”  “PROPOSE”
RAS ACLMessage

(ACLMessage (communicative-act PROPOSE) (sender RA_1) (receiver RAS)
(content “similarity light opening courtyard”)

(language JESS) (ontology spatial_organization)

DIM

ICF search_issue template search_concept template
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search_form template temporary_ie template
selected ie template

5312
RA RA
DIM
RA RAS
DIM JESS forward chaining
LHS RHS
if...then statement [157]
RA input_ie
RA RA ICF
RA IE
RA input_ie ICF
search-issue search-concept  search-form templates input_ie
LHS RA
tolerance input_ie
RA ICF token token
RHS assert temporary_ie

(defrule search-key-word-3
(tolerance (number 3))
(search-issue (word ?i))(search-concept  (word ?c))(search-form (word ?f))
(?my_i1 2my_i2)( ?my_cl ?my_c2)( ?my_f1?my f2)
(test (‘and (or (eq ?my_i2 ?i)(eq ?my_i1 7))
(or (eq ?my_c2 ?c)(eq ?my_c1 c))
(or (eq Zmy_f2 7)(eq Zmy_f1 ))))
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(assert (temporary_ie (issue ?my_i2)(concept ?my_c2)(form ?my_f2)))

)
temp_ie RA
temp_ie
cand_ie
4.3.2
Eventt . Event . Event s Event .
Event _. RA IE cand ie
Event; . LHS
IE ICF
similarity RHS assert

IE ICF

(defrule similarity_principle 1
(temporary_ie (issue ?my_i2)(concept ?my_c2)(form ?my_f2))
?fact <- (map(issue 1 ?i&:(eq? ?my_i2))
(concept_1 ?c&:(eq 7c ?my_c2))
(form_1 2% &:(eg ?f ?my_f2))
(link_type similarity)
(issue 2 ?i2)
(concept_2 2c2)
(form_2 ?f2))
=>

(assert (map_ie(issue ?7i2)(concept 2c2)(form 22)))

map_ie ICF RA ie
RHS assert selected ie

(defrule si_convert_selected ie
(map_ie(issue ?i_map)(concept ?c_map)(form 2 _map))
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Event .

RHS
ICF



act <- (ie (issue 7i&:(eq 7 7i_map)) (concept ?c& :(eq ?c ?c_map))
(form ?f&:(eq ?f 2f_map)))

=>
(bind ?p (fact-slot-value fact preference))
(assert (selected_ie (principle similarity)
(issue ?i) (concept ?c) (form ?f) (preference ?7p)))
)
Event - RA cand_ie
Event - LHS temporary ie
issue  concept issue form ie
RHS assert selected ie
temporary_ie map
temporary ie ie
RA  JESS RA_2.clp

(defrule similarity_principle 3
(temporary_ie (issue ?my_i2)(concept ?my_c2)(form ?my_f2))
act <-(ie (issue ?i&:(eq 2 ?my _i2)) (concept 2c&:(eq ?c ?my_c2))
(form ?f&:(neq 7f ?my_f2))(preference ?7p))

=>
(assert (selected_ie(principle similarity) (issue ?i) (concept ?c) (form 7)
(preference 7p)))
(assert (ie(issue ?my_i2)(concept ?my_c2)(form ?my_f{2)))
(assert (map (issue_1 ?i)(concept_1 2c)(form_1 2f)(link_type similarity)
(issue_2 ?2my_i2)(concept_2 ?my_c2)(form_2 ?my_£2)))
(save-facts c:/DIM/RA_2.clp MAIN::ie MAIN::map)
)
Event s Event _. ICF cand_ie
LHS temporary_ie
concept_map RHS
concept_map assert

similarity _concept

(defrule matching_similarity _concept_map r
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(temporary_ie (issue ?my_i2)(concept ?my_c2)(form ?my_f2))
?fact <- (concept_map(link_type similarity)(concept_1 ?i&:(eq 2 ?2my_i2)))

(bind ?similarity_concept (fact-slot-value ?fact concept_2))

(assert (similarity_concept (icf ?similarity_concept)))

cand ie LHS temp_ie similarity _concept
ie RHS
assert selected ie
ie temporary_ie
map temporary_ie ie
RA  JESS
RA _2.clp Event, s

(defrule similarity_principle 5
(temporary_ie (issue ?my_i2)(concept ?2my_c2)(form ?my_f2))
(similarity_concept (concept ?similarity_concept))
act <- (ie (issue 7i&:(eq 2 ?my_12)) (concept ?c&:(eq ?c ?similarity _concept))
(form ?f&:(neq f 2my_f2))(preference ?p))

(assert (selected ie (principle similarity)
(issue ?i)(concept ?c)(form ?f)(preference ?p)))
(assert (ie(issue ?my_i2)(concept 2my_c2)(form ?my_f2)))
(assert (map (issue_1 ?i)(concept_1 ?c)(form_1 ?)(link_type similarity)
(issue_2 ?my_i2)(concept_2 ?my_c2)(form_2 ?my_f2)))
(save-facts c:/DIM/RA_2.clp MAIN::ie MAIN::map)

cand ie RA

4.3.3 1) selected ie
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sdlected e
sdected je

sdected je

2) RA
output_ie

LHS

selected ie principle principle

sdlected ie RHS
URL

(defrule selected_prefered_ie

(principle (type ?my_type))

fact <- (selected ie (principle 2t&:(eq 2t ?my_type)) (issue ?i) (concept 2c)
(form ?f 2url) (preference ?p))

(not (selected_ie (preference ?p2&:(> ?p2 7p))))

(bind 2*num* (+ ?*num* 1))

(bind ?*sim_list* (insert$ 7*sim_list* (+ (length$ ?*sim_list*) 1)
(create$ 2 7 2¢ 7% 2url)))

selected ie

selected prefered ie A

LHS ACLMessage content

RA RHS

URL ACLMessage content

RAS

(defrule select_a random _ie

?m <- (ACLMessage (communicative-act PROPOSE) (sender ?s)
(content ?c&: (neq ?c ?*new_c*)) (receiver 7r))
=>
(if (> ?*num* 0) then
(bind ?rd (* (mod (random) ?* num*) 5))
(bind ?*new_c* (implode$ (create$ (nth$ (+ 2rd 1) 2*sim_list*)
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(nth$ (+ 2rd 2) 7*sim_list*)
(nth$ (+ 2rd 3) ?*sim_list*)
(nth$ (+ 2rd 4) 7*sim_list*)
(nth$ (+ 2rd 5) 2*sim_list*))))
(modify ?m (content ?*new_c*))
else
(if (> ?*num_1* 0) then
(bind 2rd (* (mod (random) ?*num_1*) 4))
(bind ?*new_c* (implode$ (create$
(nth$ (+ 2rd 1) 7*sim_list_1*)
(nth$ (+ 2rd 2) 2*sim_list_1*)
(nth$ (+ 2rd 3) 7*sim_list_1*)
(nth$ (+ 2rd 4) 2*sim_list_1*)
(nth$ (+ 2rd 5) 7*sim_list_1*))))
(modify ?m (content ?*new_c*))
else
(if (= ?*num_21* 0) then
(modify ?m (communicative-act FAILURE)
(content "I have no design ideas")))))

)
RAS RA
RA RAS
RAS
LHS ACLMessgae
communicative-act CFP RHS
assert modify
ACLMessgae
(defrule proposal

?m <- (ACLMessage (communicative-act CFP) (sender ?s) (content 2c) (receiver ?r))

(assert (search-issue (word (nth$ 1 (explode$ ?c)))))
(assert (search-concept (word (nth$ 2 (explode$ 2c)))))
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(assert (search-form (word (nth$ 3 (explode$ 2c)))))

(assert (principle (type (nth$ 4 (explode$ 2c)))))

(assert (tolerance (number (nth$ 5 (explode$ 2c)))))

(bind ?*type* (nth$ 4 (explode$ ?c)))

(modify ?m (communicative-act PROPOSE) (sender ?r) (receiver ?s) (content 2c))

LHS ACLMessage
communi cative-act PROPOSE
RHS ACLMessage

RAS

(defrule send-a-message
(MyAgent (name ?n))
?m <- (ACLMessage (sender 7n))

(send ?m)
)
53.13
DIM
rule confliction
4.3.3 RA
partition
RA
1) 2) 3)
4) 5)
JESS module
Event . Event . Event_: Event _.
S
(defmodule SI)
ICF
DIM
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SI CR Cl RA

119

Proposa Interpret Convert SI CR Cl Select Send
S CR Cli RA
run-system
focus
(deffunction run-system (?*type)
(if (eq ?link SI) then
(bind ?module_list (create$ SI CR CI SI CI CR))
(bind 2rd (* (mod (random) 2) 3))
(focus Proposal Interpret Convert (nth$ (+ ?rd 1) ?module_list)
(nth$ (+ 2rd 2) ?module_list)
(nth$ (+ 2rd 3) ?module_list))
Select Send)
else
(if (eq ?ink CR) then
(bind ?module list (create$ CR SI CI CR CI SI))
(bind ?rd (* (mod (random) 2) 3))
(focus Proposal Interpret Convert (nth$ (+ ?rd 1) ?module_list)
(nth$ (+ 2rd 2) 2module_list)
(nth$ (+ 2rd 3) 2module list)
Select Send)
else
(if (eg ?Aink CI) then
(bind ?module _list (create$ Cl SI CR CI CR SI))
(bind ?rd (* (mod (random) 2) 3))
(focus Proposal Interpret Convert (nth$ (+ ?rd 1) ?module_list)
(nth$ (+ ?rd 2) ?module list)
(nth$ (+ ?rd 3) ?module list)
Select Send))))
)
RA RA run-system
Proposal Interpret Convert CR SI ClI  Select
Send Proposal Interpret Convert CR ClI Sl Select  Send
run-system IE Matcher
RA Agenda
DIM RA



5.3.2

DIM RAS RA UA
DA IE
RAS IE
RAS
1) 2) 3) IE 4) RAS 48
intemal IE Map RS Sioripl
Gaparalon IE Mg
AL g engn
Hatchar f/ Working Mamary
\ Search
ol ion
Tog kg Besa
¥ r_-_ AS
\'-l- -_'—HE:LIE
48 .
RAS IE
RAS IE
RAS
5321
RAS IE
=
ACL
script-holder RAS
RAS RA

“issug” “time” “role_number” “role id” *“ principle” “tolerance’

120



issue RA
role-number

UA

rolei-id RA AID principle

tolerance RA

DA

(deftempl ate script-holder (slot issue) (slot time) (slot role-number) (multislot role-id)

(multislot principle)(multislot tolerance)

circulation
RA1 RA2 RA3

similarity contrast  contiguity

(script-holder (issue circulation) (time 2) (role_number 3)

UA

UAjai

(role_id RA1@lai:1099/|ade RA2@lai:1099/jade RA3@Ilai:1099/jade )

(‘principle similarity contrast contiguity) ( tolerance 3 2 3)

3
script-holder
)
RAS
search_link_using_ie
RAS
RA
DIM
RAS
link_count

5322
RAS

IE
DA
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IE
RAS map ICF
issue concept form ICF
(defquery search-link-assignments-left
(declare (variables ?i 7c 2f 2url))
(map (issue_1 ?i) (concept_1 ?c)(form_1 2f ? url))
)
search_link_number map ICF
0 assert ICF
link-count count
(deffunction search_link_number (7 2c 2f 2url)
(bind ?count_| (count-query-results count-link-assignments-left 2i 2c 2f 2url))
(bind ?count_r (count-query-results count-link-assignments-right 2 2c 2f 2url))
(bind ?count (+ ?count_| ?count_r))
(if (neq ?count 0) then
(assert (link-count (ie ?i 2c ?f 2url)(count ?count))))
)
search_link_number
(defrule search_link_using_ie
(ie (issue ?i)(concept 2c)(form 2f 2url))
(not (link-count (ie ?i 2c ?f 2url)))
=>
(search_link_number i ?c ?f ?url)
)
link-count

output_ie link-count
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LHS link_count count
RHS ie
URL

(defrule print-highest-link-assignment
(link-count (ie i 2c ?f 2url)(count ?count))

(not (link-count (count ?count2& :(> ?count2 ?count))))

=>
(bind 2*num* (+ ?*num* 1))
(bind ?*ie_list* (insert$ ?*ie_list* (+ (length$ ?*ie_list*) 1) (create$ 2i 2c ?f 2url)))
)
LHS
ACLMessage communicative-act PROPOSE
RHS token
ACLMessage assert

UA DA

(defrule propose_highest_link_ie
(link-count (ie ?2i 2c ?f 2url)(count ?count))
?m <- (ACLMessage (communicative-act PROPOSE) (sender ?s) (content 2c)

(receiver ?r))

=>
(bind 2rd (* (mod (random) ?* num*) 4))
(bind ?output_ie (implode$ (create$
(nth$ (+ 2rd 1) ?*ie_list*)
(nth$ (+ 2rd 2) ?*ie_list*)
(nth$ (+ 2rd 3) ?*ie_list*)
(nth$ (+ 2rd 4) ?*ie_list*))))
(retract ?m)
(assert (ACLMessage (communicative-act PROPOSE) (sender ?r) (receiver ?s)
(content ?output_i€)))
(time_save)
)
IE RHS
time_save RAS
RA IE
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RAS JESS

(deffunction time_save ()
(bind 2t2 (- (time) ?*time-begin*))
(bind “file (implode$ (create$ c:/DIM/RAS/I_IE_Map 22 .clp)))

(save-facts ?file script-holder map i€)

UA DA RAS
RAS message queue
RAS IE
format JADE
FIPA ACL
2005/9/1 3:33

(CFP :sender ( agent-identifier :name RAS@Ilai:1099/JADE :addresses (sequence
http://lai:7778/acc ))
receiver  (set (agent-identifier :name RA1@Ilai:1099/JADE) )
:content  “circulation opening court similarity 3"
:language jess

:ontology spatial_organization

)

DIM UA DA

RAS UA
RAS RAS RA
RA RAS IE
UA DA RAS
IE RAS
LHS RAS ACLMessage

communicative-act REQUEST WHEN script-holder
role-number RA 2
RHS ACLMessage content tokens

tokens assert script-holder

124

DA



RAS ACLMessage
UA DA

(defrule request_when_internal_interplay 2
?m <- (ACLMessage (communicative-act REQUEST_WHEN)
(sender ?s) (content ?c) (receiver ?r))

(role-script (role-number 2))

(assert (script-holder (issue (nth$ 1 (explode$ 2c))) (time (nth$ 2 (explode$ 2c)))
(role-number (nth$ 3 (explode$ 7c)))
(role_id (nth$ 4 (explode$ 2c))(nth$ 5 (explode$ ?c)))
(role_principle (nth$ 6 (explode$ ?c)) (nth$ 7 (explode$ 2c)))
(role_tolerance (nth$ 8 (explode$ ?c))(nth$ 9 (explode$ ?c)) )))
(bind ?*time-duration* (* (nth$ 2 (explode$ ?c)) 60 )
(assert (ACLMessage (communicative-act INFORM) (sender ?s) (receiver 7r))

(content “I will start theidealinking”))

(retract ?m)
)
script-holder role-number
ACLMessage token script-holder
?*time-begin*
?*time-duration* RAS assert
UA DA ACL

(while (> ?*time-duration* (- (time) ?*time-begin*)) do
(assert (ACLMessage (communicative-act INFORM) (sender ?s) (receiver 7r))

(content “Time out 1))

(halt)
)
RA RAS
LHS ACL communicative-act
REQUEST RHS content
tokens token assert map ie
RAS ACLMessage RA
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(defrulerequest_ie_map
?m <- (ACLMessage (communicative-act REQUEST)(sender ?s) (content 2c)

(receiver 7r))

(assert (map (issue_1 (nth$ 1 (explode$ 2c))) (concept_1 (nth$ 2 (explode$ 2c)))

(form_1 (nth$ 3 (explode$ 2c))(nth$ 4 (explode$ 2c)))
(link_type (nth$ 5 (explode$ 2c)))
(issue_2 (nth$ 6 (explode$ ?c)))(concept_2 (nth$ 7 (explode$ 2c)))
(form_2 (nth$ 8 (explode$ 2c))(nth$ 9 (explode$ 2c)))))

(assert (ie (issue (nth$ 1 (explode$ ?c))) (concept (nth$ 2 (explode$ 2c)))
(form (nth$ 3 (explode$ 2c))(nth$ 4 (explode$ 2c)))))

(assert (ie (issue (nth$ 6 (explode$ ?c))) (concept (nth$ 7 (explode$ 2c)))
(form (nth$ 8 (explode$ 2c))(nth$ 9 (explode$ 2c)))))

(assert (ACLMessage (communicative-act INFORM) (sender ?r) (receiver 7s)

(content 7c) ))

(retract ?m)

RAS RAS propose_highest_link_ie

time_save IE RAS IE

(defrule send-a-message
(MyAgent (name ?n))
?m <- (ACLMessage (sender 7n))

(send ?m)

RAS IE Matcher
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5.3.3

3)

DIM ScA UA DA SA
IE ScA
ScA 1) 2)
IE 4) ScA 49
Exlemal IE Map Scenn Scipt
IE ]
anaralor 'Idff AI:',thl.l-unaq:-
Wmoer o Wiorking Memory
| \ Eagroh
Sl Rule Base
o &
*--.._“_:3!I = 7
Sl
L _ Repository
49
ScA IE
ScA IE
IE
UA DA
5331
ScA IE
IE ACL
scene ScA
ScA
“issue’  “time’  “role-number” “role-skill”  “role-id”
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issue UA DA
time role-number

role-skill RA role-id

RA AID

(deftempl ate scene (slot issue)(slot time)(slot role-number)(multisiot role-skill)

(multislot role-id)

circulation
UA DA
DAia  UAtengwen DA RA1 RA2
UA tengwen RA3 RA4

(scene (issue circulation) (time 10) (role-number 2)( role-skill house)
(role-id RA1@lai:1099/|ade RA2@lai:1099/jade RA 3@tengwen:1099/jade
RA4@tengwen:1099/|ade )

IE ScA
IE ScA UA DA
IE ACL ScA
ScA
531
5.3.3.2
ScA UA
DA IE
ScA
ScA RAS ScA
IE ScA

RAS  propose_highest_link ie
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IE ScA JESS
(deffunction time_save ()
(bind 2t2 (- (time) ?*time-begin*))
(bind ?file (implode$ (create$ c:/DIM/SCAL/E_IE_Map 22 .clp)))

(save-facts ?file scene map i€)

ScA IE
SCcA message queue SA
DA
161
ScA SA
ScA ScA UA DA
RAS IE
ScA DA ScA
ScA IE IE
LHS ScA ACL
communicative-act REQUEST _WHEN scene role-number
RA 2 RHS
assert scene ACLMessage
ScA ACLMessage

SA

(defrule request_when_external_interplay
?m <- (ACLMessage (communicative-act REQUEST_WHEN)
(sender ?s) (content ?c) (receiver ?r))

(scene (role-number 2))

(assert (scene (issue (nth$ 1 (explodes ?c))) (time (nth$ 2 (explode$ ?c)))
(role-number (nth$ 3 (explode$ 7c)))
(role-skill (nth$ 4 (explode$ ?c)))
(role-id (nth$ 5 (explode$ 2c)) (nth$ 6 (explode$ 2c))))
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(bind ?*time-duration* (* (nth$ 2 (explode$ ?c)) 60 )
(assert (ACLMessage (communicative-act INFORM) (sender ?s) (receiver 7r))

(content 2c))

(retract ?m)
)
scene role-number ACLMessage
token scene
ScA
SIA  play user-order ScA IE
RAS
RAS
ScA RAS

RAS request_ie map
propose_ie_map

(defrule send-a-message
(MyAgent (name 7n))
?m <- (ACLMessage (sender ?n))

(send ?2m)
)
ScA IE Matcher
ScA
5.34
DIM SIA DA UA
ScA DA ScA
ScA
SA
ScA IE SIA
SA 1) 2) 3)
4) SIA 50
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Inlerence Engine Sage Sopt
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SIA
SIA
IE
5341
SA ACL SIA
play SA DA

DIM
“play-name” “user-number” “user-order” *“scene-number” “scene-order”  “time”
“role-number”  “role-skill”

play-name user-number UA DA
user-order scene-number
scene-order time
role-skill RA role-number
play

(deftemplate play (slot paly-name) (slot user-number) (multisiot user-order)
(slot scene-number) (multislot scenes) (multislot time)

(multislot role-skill) (multislot role-number)
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play

cyut-studio
UA UAtengwen UAJesse
circulation
light
circulation
DA
play

DA DAy
UAjesse DAIai UAtengwen
light  circulation light
20 UA DA
house RA
30 UA
RA

(play (paly-name cyut_studio) (user-number 3) (user-order UAjese DA 4 UA engwen)

(scene-number light circulation) (scene-order light circulation) (time 20 30)

(role-skill house house) (role-number 2 3)

ACL SA
SA

534.2

DIM SA DA

StA
DA
UA
LHS

communicative-act REQUEST

user-number
2 RHS assert

SA
ScA DA
RA 531

ScA SA
SA
DA SIA
StA  ScA
ACLMessage

play scene-number

2
play ACLMessage



play play ACLMessage

content tokens
ACLMessage communicative-act content
“INFORM” “I will start the play”

DA

(defrule request_when_external_interplay 2 2
?m <- (ACLMessage (communicative-act REQUEST_WHEN)
(sender ?s) (content ?c) (receiver ?r))

(scene (scene-number 2) (user-number 2))

(assert (play (play-name (nth$ 1 (explode$ 2c)))
(user-number (nth$ 2 (explode$ 7c)))
(time (nth$ 3 (explode$ 2c)) (nth$ 4 (explode$ 7c)))
(user-order (nth$ 5 (explode$ ?c))(nth$ 6 (explode$ ?c)))
(scene-number (nth$ 7 (explode$ ?c)) (nth$ 8 (explode$ 2c)))
(scene-order (nth$ 9 (explode$ 7c))(nth$ 10 (explode$ 7c)))
(role-skill (nth$ 11 (explode$ 2c))(nth$ 12 (explode$ 2c)))
(role-number (nth$ 13 (explode$ 7c))(nth$ 14 (explode$ 2c)))))

(assert (ACLMessage (communicative-act INFORM) (sender ?s) (receiver ?r))

(content “1 will start the play”))

(retract ?m)
)
play scene-number user-number
ACLMessage token play
SA DA
UA

(defrulerequest_ie_users
?m <- (ACLMessage (communicative-act REQUEST) (sender ?s) (content 2c)

(receiver 7r))
(assert (ACLMessage (communicative-act INFORM) (sender ?s) (receiver ?r))

(content “2c”))
(retract ?2m)
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A DIM

Rule bases of DIM agents in DIM by Ih-Cheng Lai

Al (RA)

// 1dea entity
(deftemplate ie(slot issue)(multislot concept)(multislot form) (slot preference (default 1)))

/I 1TE_Map
(deftemplate map(slot issue 1) (multislot concept_1) (multislot form_1)(slot link type)(slot issue_2) (multislot concept_2)
(multislot form_2))

/I ICF_Map

(deftemplate issue_map (slot issue_1)(slot link_type)(slot issue_2))

(deftemplate concept_map (multislot concept_1)(slot link type)(multislot concept_2) )
(deftemplate form_map (slot form_1)(slot link type)(slot form_2) )

// ACLMessage
(deftemplate ACLMessage
(slot communicative-act)
(slot sender)
(multislot receiver)
(slot reply-with)
(slot in-reply-to)
(slot envelope)
(slot conversation-id) (slot protocol)
(slot language) (slot ontology) (slot content)
(slot encoding) (multislot reply-to) (slot reply-by)

// Temporary_IE and ICF

(deftemplate temporary_ie(slot issue)(multislot concept)(multislot form))
(deftemplate tolerance(slot number (default 3)))

(deftemplate search-issue (slot word))

(deftemplate search-concept (slot word))

(deftemplate search-form (slot word))

(deftemplate principle(slot type))

(deftemplate map_ie(slot issue)(multislot concept)(multislot form))

// Selected IE
(deftemplate selected_ie(slot principle)(slot issue)(multislot concept)(multislot form) (slot preference (default 1)))

(defglobal ?*link* ="")

(defglobal ?*new_c* ="")
(defglobal ?*sim_list* = (create$ ))
(defglobal ?*num* = 0)
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999999959955555555555599599999999959995555555555359399999999999995999555

(reset)
(load-facts c:/jess/test/R1_map.clp)

(defmodule Proposal)

(defrule proposal
(declare (auto-focus TRUE))
?m <- (ACLMessage (communicative-act CFP) (sender ?s) (content ?c) (receiver ?r))

/ string list, IE fact

(assert (search-issue (word (nth$ 1 (explode$ ?c)))))

(assert (search-concept (word (nth$ 2 (explode$ ?¢)))))

(assert (search-form (word (nth$ 3 (explode$ ?c)))))

(assert (principle (type (nth$ 4 (explode$ ?c)))))

(assert (tolerance (number (nth$ 5 (explode$ ?c)))))

(modify ?m (communicative-act PROPOSE) (sender ?r) (receiver ?s) (content ?c))
(save-facts c:/jess/DIM2.clp)

(run-system )

(batch c:/jess/test/Interpret.clp)
(batch c:/jess/test/Convert.clp)
(batch c:/jess/test/Link_Sl.clp)
(batch c:/jess/test/Link CR.clp)
(batch c:/jess/test/Link_Cl.clp)

// select IEs with the most number of preference
(defmodule Select)

(defrule selected_ie
// dentify the selected IE's preference with the highest number of preference
?act <- (selected_ie (issue ?x)(concept ?y)(form ?z)(preference ?p))
// Comparing selected IEs' preference number, and then matching the IEs with highest preference number
(not (selected_ie (preference ?p2&:(> ?p2 ?p))))

(bind ?issue (fact-slot-value ?fact issue))

(bind ?concept (fact-slot-value ?fact concept))

(bind ?form (fact-slot-value ?fact form))

(bind ?preference (fact-slot-value ?fact preference))

(bind ?*num* (+ ?*num* 1))

(bind ?*sim_list* (insert$ ?*sim_list* (+ (length$ ?*sim_list*) 1) (create$ ?issue ?concept ?form)))
// insert new elements to end of global list and bind new list to ?sim_list

(printout t "flag2 ------------ > ?sim_list=" ?*sim_list* crlf)

(printout t "flag] ------------ > length of list=" (length$ ?*sim_list*) "." crlf)

(printout t ?issue ?concept ?form ?preference crlf')
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// select random similarity link and modify ACLMessage by selection data

(defrule select_random_similarity
?m <- (ACLMessage (communicative-act PROPOSE) (sender ?s) (content ?c&: (neq ?c ?*new_c*)) (receiver ?r))

>if (> 7*num* 0) then
(bind ?rd (* (mod (random) ?*num*) 3))
(bind ?*new_c*
(implode$
(create$
(nth$ (+ ?rd 1) ?2*sim_list*)
(nth$ (+ ?rd 2) ?*sim_list*)
(nth$ (+ ?rd 3) ?*sim_list*)
)

)

(modify ?m (content ?*new_c*))
else

(if (= 7*num* 0) then

(modify ?m (communicative-act FAILURE)(content "I have no design ideas"))

// When a message is asserted whose sender is this agent, the message is sent and then retracted from the knowledge base.

(defrule send-a-message
(MyAgent (name 7n))
?m <- (ACLMessage (sender 7n))

(send ?m)

(deffunction run-system ()
(focus Proposal Interpret Convert SI Select)

)

A.1L1RA principle: Interpretation

// The following codes are for interpreting an input IE into several temporary IEs through DIM dictionary
// Rule for interpreting an input_ie into temp_ie based on tolerance 3
// While DIM finds words in right hand, and then DIM stops to find words in left hand within dictionary

(defmodule Interpret)

(defrule search-key-word-3
(tolerance (number 3))
(search-issue (word ?1))
(search-concept (word ?c))
(search-form (word ?f))
(issue ?my il ?my i2)
(concept ?my _cl ?my c2)
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(form ?my_f1 ?my f2)

(test
(and
(or (eq my _i2 ?i)(eq ?my_il ?i))
(or (eq my_c2 ?c)(eq ?my_cl ?c))
(or (eq Mmy_f2 ?f)(eq my_f1 ?f))
)
)

(not (temporary _ie
(issue ?ii&:(or (eq ?ii ?my_il)(eq ?ii ?2my_i2)))
(concept ?cc&:(or (eq ?cc ?my_cl)(eq ?cc 7my_c2)))
(form ?ft&:(or (eq ?1f my_f1)(eq ?ff 2my_12)))

(assert (temporary_ie (issue ?7my_i2)(concept ?my_c2)(form ?7my 2  ?*url*)))
(save-facts c:/DIM/temp.clp MAIN::temporary_ie)

// Rule for interpreting an input_ie into temp_ies based on tolerance 2
// While DIM finds words in right hand, and then DIM stops to find words in left hand within dictionary

(defrule search-key-word-2
(tolerance (number 2))
(search-issue (word ?1))
(search-concept (word ?c))
(search-form (word ?f))
(issue ?my_il ?my_i2)
(concept ?my_cl ?my_c2)
(form ?my_f1 ?my_{2)

(test
(or
(and (or (eq ?my_i2 ?i)(eq ?my il ?1))(or (eq ?my c2 ?c)(eq ?my_cl ?c)))
(and (or (eq ?my_c2 ?c)(eq ?my cl ?c))(or (eq ?my {2 ?f)(eq ?my_f1 ?1)))
(and (or (eq ?my_f2 ?f)(eq ?my_f1 ?f))(or (eq ?my i2 ?i)(eq ?my il ?i)))
)
)

(not (temporary _ie
(issue ?ii&:(or (eq ?ii 7my_il)(eq ?ii ?my_i2)))
(concept ?cc&:(or (eq ?cc ?my_cl)(eq ?cc 7my_c2)))
(form ?ft&:(or (eq ?ff ?my_f1)(eq ?ff ?my_£2)))
)

(assert (temporary_ie (issue ?my_i2)(concept ?my_c2)(form ?my_f2 ?*url*)))

// Rule for interpreting an input_ie into temp _ies based on tolerance 1
// While DIM finds words in right hand, and then DIM stops to find words in left hand within dictionary

(defrule search-key-word-1
(tolerance (number 1))
(search-issue (word ?1))
(search-concept (word ?¢))
(search-form (word ?f))
(issue ?my il ?my i2)
(concept ?my _cl ?my c2)
(form ?my_f1 ?my f2)
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(test

(or
(or (eq my _i2 ?i)(eq ?my_il ?i))
(or (eq my_c2 ?c)(eq ?my_cl ?c))
(or (eq Mmy_f2 ?f)(eq my_f1 ?f))
)

)

(not (temporary_ie
(issue ?ii&:(or (eq ?ii ?my_il)(eq ?ii ?2my_i2)))
(concept ?cc&:(or (eq ?cc ?my_cl)(eq ?cc 7my_c2)))
(form ?ft&:(or (eq ?1f ?my_f1)(eq ?ff 2my_f2)))
)

(assert (temporary_ie (issue ?my_i2)(concept ?my_c2)(form ?my_f2 ?*url*)))

A.1.2 RA principle: Converting

// Converting interpreted words into three global values as inputs to match left-hand side of linking principles
// rule temporary ie globol s linking principle rule's left-hend side  ie

(defmodule Convert)

// Converting the three global values into different linking principle words from ICF maps
// issue
/ issue in issue_map ( )
(defrule matching_similarity issue map |
(temporary_ie (issue ?my_i2)(concept ?my c2)(form ?my {2 ?url))
?fact <- (issue_map(issue_1 ?i&:(eq ?i ?my i2))(link_type similarity))

(bind ?similarity issue (fact-slot-value ?fact issue 2))

(assert (similarity_issue (icf ?similarity issue)))

(defrule matching_similarity issue map r
(temporary_ie (issue ?my_i2)(concept ?my_c2)(form ?my_{2 ?url))
?fact <- (issue_map(link_type similarity)(issue_2 ?i&:(eq ?i ?my_i2)))

=
(bind ?similarity issue (fact-slot-value ?fact issue 1))
(assert (similarity_issue (icf ?similarity_issue)))

)

// issue in issue_map ( )

(defrule matching_contiguity issue_map_1
(temporary_ie (issue ?my_i2)(concept ?my_c2)(form ?my_{2 ?url))
?fact <- (issue_map(issue_1 ?i&:(eq ?1 ?my_i2))(link_type contiguity))

(bind ?contiguity_issue (fact-slot-value ?fact issue_2))

(assert (contiguity issue (icf ?contiguity issue)))

(defrule matching_contiguity issue_map_r
(temporary_ie (issue ?my_i2)(concept ?my_c2)(form ?my_{2 ?url))
?fact <- (issue_map(link_type contiguity)(issue_2 ?i&:(eq ?i ?my_i2)))

(bind ?contiguity_issue (fact-slot-value ?fact issue_1))

185



/

(assert (contiguity_issue (icf ?contiguity _issue)))

// concept
/ concept in concept_map ( )
(defrule matching_similarity concept_map |
(temporary _ie (issue ?my_i2)(concept ?my_c2)(form ?my_f2 ?url))
?fact <- (concept_map(concept_1 ?c&:(eq ?c ?my_c2))(link_type similarity))

(bind ?similarity concept (fact-slot-value ?fact concept 2))
(assert (similarity _concept (icf ?similarity concept)))

(defrule matching_similarity concept _map r
(temporary _ie (issue ?my_i2)(concept ?my_c2)(form ?my_f2 ?url))
?fact <- (concept_map(link_type similarity)(concept 2 ?c&:(eq ?c ?my_c2)))

=
(bind ?similarity concept (fact-slot-value ?fact concept 1))
(assert (similarity_concept (icf ?similarity concept)))

)

/! concept in concept_map ( )

(defrule matching_contrast_concept map 1
(temporary_ie (issue ?my_i2)(concept ?my_c2)(form ?my_f2 ?url))
?fact <- (concept_map(concept 1 ?c&:(eq ?c ?my c2))(link type contrast))

(bind ?contrast_concept (fact-slot-value ?fact concept 2))
(assert (contrast_concept (icf ?contrast concept)))

(defrule matching_contrast _concept map r
(temporary_ie (issue ?my_i2)(concept ?my ¢2)(form ?my {2 ?url))
?fact <- (concept_map(link_type contrast)(concept 2 ?c&:(eq ?c ?my c2)))

=
(bind ?contrast_concept (fact-slot-value ?fact concept 1))
(assert (contrast_concept (icf ?contrast_concept)))

)

// form

// form in form_map ( )

(defrule matching_similarity form map 1
(temporary_ie (issue ?my_i2)(concept ?my_c2)(form ?my_f2 ?url))
?fact <- (form_map(form_1 ?f&:(eq ?f ?my_f2))(link_type similarity))

(bind ?similarity form (fact-slot-value ?fact form_2))

(assert (similarity form (icf ?similarity form)))

(defrule matching_similarity form map r
(temporary_ie (issue ?my_i2)(concept ?my_c2)(form ?my_f2 ?url))
?fact <- (form_map(link type similarity)(form 2 ?f&:(eq ?f 7my_f2)))

(bind ?similarity form (fact-slot-value ?fact form 1))
(assert (similarity form (icf ?similarity form)))
form in form_map ( )

(defrule matching_contrast form map 1
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(temporary_ie (issue ?my_i2)(concept ?my_c2)(form ?my_f2 ?url))
?fact <- (form_map(form_1 ?f&:(eq ?f ?2my_f2))(link type contrast))

(bind ?contrast_form (fact-slot-value ?fact form_2))
(assert (contrast_form (icf ?contrast_form)))

(defrule matching_contrast form map_r
(temporary _ie (issue ?my_i2)(concept ?my_c2)(form ?my_{2 ?url))
?fact <- (form_map(link_type contrast)(form_2 ?f&:(eq ?f ?my_£2)))

(bind ?contrast_form (fact-slot-value ?fact form_1))
(assert (contrast_form (icf ?contrast_form)))

A.13RA principle: Linking

Similarity

(defmodule ST)

// rule for matching IE with three same slot values in left side of IE Map to fetch right side IE and link
// rule for matching IE with three same slot values in right side of IE_Map to fetch left side IE and link

(defrule similarity principle 1
(temporary_ie (issue ?my_i2)(concept ?my c2)(form ?my {2 ?url))
?fact <- (map(issue_1 ?i&:(eq ?1 ?my _i2))
(concept_1 ?c&:(eq ?c ?my c2))
(form_1 ?f&:(eq ?f Ymy 12) 7x)
(link_type similarity)
(issue 2 ?i2)
(concept_2 ?¢c2)
(form_2 712 ?y))

(assert (map_ie(issue ?i2)(concept ?c2)(form ?12 ?y)))

(defrule similarity principle 2
(temporary_ie (issue ?my_i2)(concept ?my_c2)(form ?my_{2 ?url))
?fact <- (map(issue_1 ?i)
(concept_1 ?¢)
(form_1 ?f 7x)
(link_type similarity)
(issue_2 ?i2&:(eq ?i my_i2))
(concept_2 ?c2&:(eq ?¢c ?my_c2))
(form_2 ?2&:(eq ?f my f2) ?y))

(assert (map_ie(issue ?i)(concept ?c)(form ?f ?x)))

// rule for converting map_ie facts into selected_ie facts (three same ICF slot value)

(defrule si_convert_selected_ie
(map_ie(issue ?i_map)(concept ?c_map)(form ?f map ?url))
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?fact <- (ie(issue ?i&:(eq ?i ?i_map))(concept ?c&:(eq ?c ?c_map))(form ?f&:(eq ?f ?f _map) ?x))

(bind ?p (fact-slot-value ?fact preference))
(assert (selected_ie(principle similarity)(issue ?i)(concept ?c)(form ?f ?x)(preference ?p)))

// rule for matching ie with two same slot values(issue and form, issue and concept)
// to link new form's or concept's slot value.The temp_ies and IEs will be saved in RA's KB
/I issue , (?my_i2, 2my_c2, ~?my_f2)

(defrule similarity principle 3
(temporary _ie (issue ?my_i2)(concept ?my_c2)(form ?my_f2 ?url))
?fact <-(ie (issue ?i&:(eq ?i ?my_i2))(concept ?c&:(eq ?¢c my_c2))(form ?f&:(neq ?f 2my_f2) ?x)(preference ?p))

(assert (ie(issue ?my_i2)(concept ?my_c2)(form ?my_f2 ?url)))
(assert (map (issue_1 ?i)(concept_1 ?c)(form_1 ?f ?x)(link_type similarity)
(issue_2 ?my_i2)(concept 2 ?my_c2)(form_2 ?my_f2 ?url)))
(assert (selected_ie(principle similarity)(issue ?i)(concept ?c)(form ?f ?x)(preference ?p)))
(save-facts ¢:/DIM/RA_1.clp MAIN::ie MAIN::map)

/I issue s (?my_i2, ~?my _c2, ?my_f2)

(defrule similarity principle 4
(temporary_ie (issue ?my_i2)(concept ?my c2)(form ?my f2 ?url))
?Mact <- (ie (issue ?i&:(eq ?i 7my i2))(concept ?c&:(neq ?¢ ?my c2))(form ?f&:(eq ?f ?my_{2) ?x)(preference ?p))

(assert (ie(issue ?my_i2)(concept ?my c2)(form ?my {2 ?url)))
(assert (map (issue_1 ?i)(concept 1 ?¢)(form 1 ?f ?x)(link type similarity)
(issue_2 ?my_i2)(concept 2 ?7my c2)(form 2 ?my f2 ?url)))
(assert (selected_ie(principle similarity)(issue ?i)(concept ?¢)(form ?f ?x)(preference ?p)))
(save-facts c:/DIM/RA_1.clp MAIN::ie MAIN::map)

/I 1E slots, Rule ICF_Maps slot , form  concept slot
/l issue s (?my _i2, ?similarity_concept, ~?my_{2)

(defrule similarity principle 5
(temporary_ie (issue ?my_i2)(concept ?my_c2)(form ?my_f2 ?url))
(similarity _concept (icf ?similarity _concept))
?fact <- (ie (issue ?i&:(eq ?i ?my_i2))(concept ?c&:(eq ?c ?similarity concept))(form ?f&:(neq ?f ?2my_{2) ?x)
(preference ?p))

(assert (ie(issue ?my_i2)(concept Ymy c2)(form ?my {2 ?url)))
(assert (map (issue_1 ?i)(concept_1 ?c)(form 1 ?f ?x)(link _type similarity)
(issue_2 ?my i2)(concept 2 ?my_c2)(form 2 ?my f2 ?url)))
(assert (selected_ie(principle similarity)(issue ?i)(concept ?c)(form ?f ?x)(preference ?p)))
(save-facts c:/DIM/RA_1.clp MAIN::ie MAIN::map)

/l issue s (?my _i2, ~?my c2, ?similarity form)

(defrule similarity principle 6
(temporary_ie (issue ?7my_i2)(concept ?my_c2)(form ?my_f2 ?url))
(similarity form (icf ?similarity form))
?fact <- (ie (issue ?i&:(eq ?i ?2my_i2))(concept ?c&:(neq ?c ?my_c2))(form ?f&:(eq ?f ?similarity form) ?x)
(preference ?p))
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(assert (ie(issue ?my_i2)(concept ?my_c2)(form ?my_f2 ?url)))
(assert (map (issue_1 ?i)(concept 1 ?c)(form_1 ?f ?x)(link_type similarity)
(issue_2 ?my_i2)(concept 2 ?my_c2)(form_2 ?my_f2 ?url)))
(assert (selected_ie(principle similarity)(issue ?i)(concept ?c)(form ?f ?x)(preference ?p)))
(save-facts ¢:/DIM/RA_1.clp MAIN::ie MAIN::map)

/I issue R (?similarity_issue, 7my_c2, ~?my_f2)

(defrule similarity principle 7
(temporary _ie (issue ?my_i2)(concept ?my_c2)(form ?my_f2 ?url))
(similarity_issue (icf ?similarity issue))
?fact <- (ie (issue ?i&:(eq ?i ?similarity_issue))(concept ?c&:(eq ?c ?my_c2))(form ?f&:(neq ?f ?my_£2) ?x)
(preference ?p))

(assert (ie(issue ?my_i2)(concept ?my_c2)(form ?my_f2 ?url)))
(assert (map (issue_1 ?i)(concept_1 ?c)(form_1 ?f)(link_type similarity)
(issue_2 ?my_i2)(concept 2 ?7my_c2)(form_2 ?my f2 ?url)))
(assert (selected_ie(principle similarity)(issue ?i)(concept ?c)(form ?f ?x)(preference ?p)))
(save-facts ¢:/DIM/RA_1.clp MAIN::ie MAIN::map)

/I issue s (?similarity_issue, ~?my_c2, ?my_f2)

(defrule similarity principle 8
(temporary_ie (issue ?my_i2)(concept ?my_c2)(form ?my {2 ?url))
(similarity_issue (icf ?similarity issue))
?Mact <- (ie (issue ?i&:(eq ?i ?similarity issue))(concept ?c&:(neq ?c ?my_c2))(form ?f&:(eq ?f 2my_{2) ?x)

(preference ?p))

(assert (ie(issue ?my_i2)(concept ?my c2)(form ?my {2 ?url)))
(assert (map (issue_1 ?i)(concept 1 ?¢)(form 1 ?f ?x)(link type similarity)
(issue_2 ?my i2)(concept 2 ?my c2)(form 2 ?my f2 ?url)))
(assert (selected_ie(principle similarity)(issue ?i)(concept ?c)(form ?f ?x)(preference ?p)))
(save-facts c:/DIM/RA_1.clp MAIN::ie MAIN::map)

/I 1E slots,  Rule ICF_Maps slot s form  concept
/' issue s (?similarity_issue, ?similarity concept, ~?my_f2)

(defrule similarity principle 9
(temporary_ie (issue ?my_i2)(concept ?my_c2)(form ?my_f2 ?url))
(similarity_issue (icf ?similarity_issue))
(similarity _concept (icf ?similarity _concept))
?fact <- (ie (issue ?i&:(eq ?i ?similarity issue))(concept ?c&:(eq ?c ?similarity concept))
(form ?f&:(neq ?f ?2my_{2)?url)(preference ?p))

(assert (ie(issue ?my_i2)(concept my c2)(form ?my {2 ?url)))
(assert (map (issue_1 ?i)(concept 1 ?c)(form 1 ?f ?x)(link type similarity)
(issue_2 ?my i2)(concept 2 ?my c2)(form 2 ?my f2 ?url)))
(assert (selected_ie(principle similarity)(issue ?i)(concept ?c)(form ?f ?x)(preference ?p)))
(save-facts c:/DIM/RA_1.clp MAIN::ie MAIN::map)

/I issue s (?similarity _issuep, ~?my_c2, ?similarity form)

(defrule similarity principle 10
(temporary_ie (issue ?my_i2)(concept ?my_c2)(form ?my f2 ?url))
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(similarity_issue (icf ?similarity issue))

(similarity _form (icf ?similarity_form))

?fact <- (ie (issue ?i&:(eq ?i ?similarity issue))(concept ?c&:(neq ?c ?my_c2))
(form ?f&:(eq ?f ?similarity form) ?x)(preference ?p))

=
(assert (ie(issue ?my_i2)(concept ?my_c2)(form ?my_f2 ?url)))
(assert (map (issue_1 ?i)(concept_1 ?c)(form_1 ?f ?x)(link_type similarity)

(issue_2 ?my_i2)(concept 2 ?my_c2)(form_2 ?my_f2 ?url)))
(assert (selected_ie(principle similarity)(issue ?i)(concept ?c)(form ?f ?x)(preference ?p)))
(save-facts ¢:/DIM/RA_1.clp MAIN::ie MAIN::map)
)
Contrast

(defmodule CR)

// rule for matching IE with three same slot values in left side of IE_Map to fetch right side IE and link
// rule for matching IE with three same slot values in right side of IE_Map to fetch left side IE and link

(defrule contrast_principle_1
(temporary_ie (issue ?my_i2)(concept ?my c2)(form ?my {2 ?url))
?fact <- (map (issue_1 ?i&:(eq ?i “my i2))
(concept_1 ?c&:(eq ?c 2my c2))
(form_1 ?f&:(eq ?f ?my {2)?x)
(link_type contrast)
(issue_2 ?i2)
(concept_2 ?¢c2)
(form_2 712 ?y))

(assert (map_ie(issue ?i2)(concept ?c2)(form ?2 ?y)))

(defrule contrast_principle 2
(temporary_ie (issue ?my_i2)(concept ?my_c2)(form ?my_{2 ?url))
?fact <- (map(issue_1 ?i)
(concept_1 ?¢)
(form_1 ?f 7x)
(link_type contrast)
(issue_2 ?i2&:(eq ?i ?my_i2))
(concept_2 ?c2&:(eq ?c 2my_c2))
(form_2 ?f2&:(eq ?f Ymy _f2) ?y))

(assert (map_ie(issue ?i)(concept ?c)(form ?f ?x)))

// rule for converting map_ie facts into selected_ie facts (three same ICF slot value)
(defrule cr_convert_selected_ie
(map_ie(issue ?i_map)(concept ?c_map)(form ?f map ?url))

?fact <- (ie(issue ?i&:(eq ?i ?i_map))(concept ?c&:(eq ?c ?c_map))(form ?f&:(eq ?f ?f _map)?x))

(bind ?p (fact-slot-value ?fact preference))
(assert (selected_ie(principle contrast)(issue ?i)(concept ?c)(form ?f ?x)(preference ?p)))
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/I 1E slots, Rule ICF_Maps , slots ~ (issue

I form, issue concept), form  concept slot s temporary ie
/I 1E_Map RA's
/I issue s (?my_i2, ?contrast_concept, ~?my f2)

(defrule contrast_principle_3
(temporary _ie (issue ?my_i2)(concept ?my_c2)(form ?my_f2 ?url))
(contrast_concept (icf ?contrast_concept))
?fact <- (ie (issue ?i&:(eq ?1i 7my_i2))(concept ?c&:(eq ?c ?contrast_concept))(form ?f&:(neq ?f ?my_{2)?x)
(preference ?p))

(assert (ie(issue ?my_i2)(concept ?my_c2)(form ?my_f2 ?url)))
(assert (map (issue_1 ?i)(concept_1 ?c)(form_1 ?f ?x)(link_type contrast)
(issue_2 ?my_i2)(concept 2 7my_c2)(form_2 ?my_f2 ?url)))
(assert (selected_ie(principle contrast)(issue ?i)(concept ?c)(form ?f ?x)(preference ?p)))
(save-facts ¢:/DIM/RA_2.clp MAIN::ie MAIN::map)

/I issue s (?my _i2, ~?my _c2, ?contrast_form)

(defrule contrast_principle 4
(temporary_ie (issue ?my_i2)(concept ?my_c2)(form ?my_f2 ?url))
(contrast _form (icf ?contrast_form))
?act <- (ie (issue ?i&:(eq ?1 7my i2))(concept ?c&:(neq ?¢ ?my_c2))(form ?f&:(eq ?f ?contrast_form)?x)
(preference ?p))

=
(assert (ie(issue ?my_i2)(concept ?my c2)(form ?my {2 ?url)))
(assert (map (issue_1 ?i)(concept 1 ?c¢)(form 1 ?f ?x)(link type contrast)
(issue_2 ?my_i2)(concept 2 ?my c2)(form 2 ?my f2 ?url)))
(assert (selected_ie(principle contrast)(issue ?1)(concept ?c)(form ?f ?x)(preference ?p)))
(save-facts c:/DIM/RA_2.clp MAIN::ie MAIN::map)
)
/I IE slots, Rule ICF_Maps s slots  ( issue
// form, issue concept), form concept  slot
/I issue s (?similarity_issue, ?contrast_concept, ~?my_f2)

(defrule contrast_principle 5
(temporary_ie (issue ?my_i2)(concept ?my_c2)(form ?my_f2 ?url))
(similarity_issue (icf ?similarity_issue))
(contrast _concept (icf ?contrast concept))
?fact <- (ie (issue ?i&:(eq ?i ?similarity issue))(concept ?c&:(eq ?c ?contrast_concept))
(form ?f&:(neq ?f ?2my_{2)?x)(preference ?p))

(assert (ie(issue ?my_i2)(concept my c2)(form ?my {2 ?url)))
(assert (map (issue_1 ?i)(concept_1 ?c)(form 1 ?f ?x)(link_type contrast)
(issue_2 ?my i2)(concept 2 ?7my c2)(form 2 ?my f2 ?url)))
(assert (selected_ie (principle contrast)(issue ?i)(concept ?c)(form ?f ?x)(preference ?p)))
(save-facts c:/DIM/RA_2.clp MAIN::ie MAIN::map)

/I issue s (?similarity_issue, ~?my_c2, ?contrast_form)
(defrule contrast_principle 6
(temporary_ie (issue ?my_i2)(concept ?my_c2)(form ?my_f2 ?url))

(similarity _issue (icf ?similarity issue))
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(contrast_form (icf ?contrast_form))
?fact <- (ie (issue ?i&:(eq ?i ?similarity issue))(concept ?c&:(neq ?c ?my_c2))
(form ?f&:(eq ?f ?contrast_form)?x)(preference ?p))

=
(assert (ie(issue ?my_i2)(concept ?my_c2)(form ?my_f2 ?url)))
(assert (map (issue_1 ?i)(concept 1 ?c)(form_1 ?f ?x)(link_type contrast)

(issue_2 ?my_i2)(concept 2 ?my_c2)(form_2 ?my_f2 ?url)))
(assert (selected_ie (principle contrast)(issue ?i)(concept ?c)(form ?f ?x)(preference ?p)))
(save-facts ¢:/DIM/RA_2.clp MAIN::ie MAIN::map)
)
Contiguity

(defmodule CI)

// rule for matching IE with three same slot values in left side of IE_Map to fetch right side IE and link
// rule for matching IE with three same slot values in right side of IE_Map to fetch left side IE and link

(defrule contiguity principle 1
(temporary_ie (issue ?my_i2)(concept ?my_c2)(form ?my_f2 ?url))
?fact <- (map(issue_1 ?i&:(eq ?1 ?my i2))
(concept_1 ?c&:(eq ?c ?my._c2))
(form_1 ?f&:(eq ?f ?my 12) 7x)
(link_type contiguity)
(issue 2 ?i2)
(concept_2 ?¢2)
(form_2 712 ?y))

(assert (map_ie(issue ?i2)(concept ?c2)(form ?f2 ?y)))

(defrule contiguity principle_2
(temporary_ie (issue ?my_i2)(concept ?my_c2)(form ?my_{2 ?url))
?fact <- (map(issue_1 ?i)
(concept_1 ?¢)
(form_1 ?f 7x)
(link_type contiguity)
(issue_2 ?i2&:(eq ?i my_i2))
(concept_2 ?c2&:(eq ?c ?my_c2))
(form_2 ?f2&:(eq ?7f Tmy f2) ?y))

(assert (map_ie(issue ?i)(concept ?c)(form ?f ?x)))

// rule for converting map_ie facts into selected_ie facts (three same ICF slot value)
(defrule ci_convert_selected_ie
(map_ie(issue ?i_map)(concept ?c_map)(form ?f map ?url))

?fact <- (ie(issue ?i&:(eq ?i ?i_map))(concept ?c&:(eq ?c ?c_map))(form ?f&:(eq ?f ?f _map)?x))

(bind ?p (fact-slot-value ?fact preference))
(assert (selected_ie(principle contiguity)(issue ?i)(concept ?c)(form ?f ?x)(preference ?p)))
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// rule for matching ie slots  (concept  form), issue  slot
1 s temporary ie IE_Map RA's

/I concept , form (?my_c2 and ?my_£2)

(defrule contiguity principle 3
(temporary _ie (issue ?my_i2)(concept ?my_c2)(form ?my_f2 ?url))
?fact <-(ie (issue ?i&:(neq ?i ?my_i2))(concept ?c&:(eq ?c ?my_c2))(form ?f&:(eq ?f 2my_f2) ?x)(preference ?p))

(assert (ie(issue ?my_i2)(concept ?my_c2)(form ?my_f2 ?url)))
(assert (map (issue_1 ?i)(concept_1 ?c)(form_1 ?f ?x)(link_type contiguity)
(issue_2 ?my_i2)(concept 2 ?my_c2)(form_2 ?my_f2 ?url)))
(assert (selected_ie(principle contiguity)(issue ?i)(concept ?c)(form ?f ?x)(preference ?p)))
(save-facts c:/DIM/RA_3.clp MAIN::ie MAIN::map)

/I 1IE slots,  Rule ICF_Maps slot s issue  slot
/I concept , form (?my_c2 and ?similarity form)

(defrule contiguity principle 4
(temporary_ie (issue ?my_i2)(concept ?my_c2)(form ?my_f2 ?url))
(similarity _form (icf ?similarity form))
?fact <- (ie (issue ?i&:(neq ?i ?my_i2))(concept ?c&:(eq ?¢ ?my_c2))(form ?f&:(eq ?f ?similarity _form)?x)
(preference ?p))

(assert (ie(issue ?my_i2)(concept ?my c2)(form ?my f2 ?url)))
(assert (map (issue_1 ?i)(concept 1 ?c)(form 1 ?f ?x)(link type contiguity)
(issue_2 ?my_i2)(concept 2 ?my c2)(form 2 ?my f2 ?url)))
(assert (selected_ie(principle contiguity)(issue ?i)(concept ?c)(form ?f ?x)(preference ?p)))
(save-facts c:/DIM/RA_3.clp MAIN::ie MAIN::map)

/" concept , form (?similarity_concept and ?my f2)

(defrule contiguity principle 5
(temporary_ie (issue ?my_i2)(concept ?my_c2)(form ?my_f2 ?url))
(similarity _concept (icf ?similarity _concept))
?fact <- (ie (issue ?i&:(neq ?i ?my_i2))(concept ?c&:(eq ?c ?similarity _concept))
(form ?f&:(eq ?f ?my_f2)?x)(preference ?p))

(assert (ie(issue ?my_i2)(concept Ymy c2)(form ?my {2 ?url)))
(assert (map (issue_1 ?i)(concept_1 ?c)(form_1 ?f ?x)(link_type contiguity)
(issue_2 ?my i2)(concept 2 ?7my_c2)(form 2 ?my f2 ?url)))
(assert (selected_ie(principle contiguity)(issue ?i)(concept ?c)(form ?f ?x)(preference ?p)))
(save-facts c:/DIM/RA_3.clp MAIN::ie MAIN::map)

/I 1E slots,  Rule ICF_Maps slot s issue  slot

/" concept , form (?similarity _concept and ?similarity form)

(defrule contiguity principle 6
(temporary_ie (issue ?7my_i2)(concept ?my_c2)(form ?my_f2 ?url))
(similarity _concept (icf ?similarity concept))
(similarity form (icf ?similarity form))
?fact <- (ie (issue ?i&:(neq ?i ?my_i2))(concept ?c&:(eq ?c ?similarity concept))
(form ?f&:(eq ?f ?similarity form)?x)(preference ?p))

(assert (ie(issue ?7my_i2)(concept my c2)(form ?my f2 ?url)))
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(assert (map (issue_1 ?i)(concept 1 ?c)(form_1 ?f ?x)(link_type contiguity)

(issue_2 ?my _i2)(concept 2 ?my_c2)(form_2 ?my_f2 ?url)))
(assert (selected_ie(principle contiguity)(issue ?i)(concept ?c)(form ?f ?x)(preference ?p)))
(save-facts c:/DIM/RA_3.clp MAIN::ie MAIN::map)

)
/" Rule ICF_Maps issue R IE
/ issue , form concept (?contiguity issue, ?my_c2, ?my_{2)

(defrule contiguity principle_7
(temporary _ie (issue ?my_i2)(concept ?my_c2)(form ?my_f2 ?url))
(contiguity issue (icf ?contiguity issue))
?fact <- (ie(issue ?i&:(eq ?i ?contiguity issue))(concept ?c&:(eq ?c ?my_c2)) (form ?f&:(eq ?f 2my_f2)?x)
(preference ?p))

(assert (ie(issue ?my_i2)(concept ?my_c2)(form ?my_f2 ?url)))
(assert (map (issue_1 ?i)(concept 1 ?c)(form_1 ?f ?x)(link_type contiguity)
(issue_2 ?my_i2)(concept 2 ?7my_c2)(form_2 ?my f2 ?url)))
(assert (selected_ie(principle contiguity)(issue ?i)(concept ?c)(form ?f ?x)(preference ?p)))
(save-facts ¢:/DIM/RA_3.clp MAIN::ie MAIN::map)
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A2 (RAS)

// script-holder

(deftemplate script-holder (slot issue) (slot time) (slot role-number) (multislot role-id) (multislot principle)
(multislot tolerance))

// 1dea entity

(deftemplate ie(slot issue)(multislot concept)(multislot form) (slot preference (default 1)))

/I 1IE_Map
(deftemplate map(slot issue 1) (multislot concept_1) (multislot form_1)(slot link type)(slot issue_2) (multislot concept_2)
(multislot form_2))

//'link_count
(deftemplate link-count (multislot ie)(slot count))

//'link_ie
(deftemplate link-ie (multislot ie))

/ ACLMessage
(deftemplate ACLMessage
(slot communicative-act)
(slot sender)
(multislot receiver)
(slot reply-with)
(slot in-reply-to)
(slot envelope)
(slot conversation-id) (slot protocol)
(slot language) (slot ontology) (slot content)
(slot encoding) (multislot reply-to) (slot reply-by)

(defglobal ?*ie_list* = (create$ ))
(defglobal ?*num* = 0)
(defglobal ?*t1* = (time))

(defrule request_ie_map
?m <- (ACLMessage (communicative-act REQUEST) (sender ?s) (content ?c) (receiver ?r))

/ string list, IE fact
(assert (map (issue_1 (nth$ 1 (explode$ ?c)))
(concept_1 (nth$ 2 (explode$ ?c)))
(form_1 (nth$ 3 (explode$ ?c))(nth$ 4 (explode$ ?c)))
(link_type (nth$ 5 (explode$ ?c)))
(issue_2 (nth$ 6 (explode$ ?c)))
(concept_2 (nth$ 7 (explode$ ?c)))
(form_2 (nth$ 8 (explode$ ?c))(nth$ 9 (explode$ ?c)))
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(assert (ie (issue (nth$ 1 (explode$ ?c)))
(concept (nth$ 2 (explode$ ?c)))
(form (nth$ 3 (explode$ ?¢))(nth$ 4 (explode$ ?c)))

(assert (ie (issue (nth$ 6 (explode$ ?c)))
(concept (nth$ 7 (explode$ ?c)))
(form (nth$ 8 (explode$ ?¢))(nth$ 9 (explode$ ?c)))

(assert (ACLMessage (communicative-act INFORM) (sender ?r) (receiver ?s) (content ?c) ))
(retract 7m)
(save-facts C:/DIM/RAS/I_IE_Map.clp map ie)

// define a query for counting IE_Map's right IE's and left IE's link _type

(defquery count-link-assignments-left
(declare (variables ?issue ?concept ?form ?form_url))
(map (issue_1 ?issue) (concept 1 ?concept)(form 1 ?form ?form_url)))

(defquery count-link-assignments-right
(declare (variables ?issue ?concept ?form ?form_url))
(map (issue_2 ?issue) (concept_2 ?concept)(form 2 ?form ?form_url)))

// Defining the function for counting the link number of left IE and right IE in IE_Maps

(deffunction search_link number (?issue ?concept ?form ?form_url)
(bind ?count_1 (count-query-results count-link-assignments-left ?issue ?concept ?form ?form_url))
(bind ?count_r (count-query-results count-link-assignments-right ?issue ?concept ?form ?form_url))
(bind ?count (+ ?count_I ?count _r))
(if (neq ?count 0) then
(assert (link-count (ie ?issue ?concept ?form ?form_url)(count ?count)))

(printout t ?issue " " ?concept " " ?form " " ?form_url " is " ?count crlf)

// Searching the link number of IEs in all IE_Maps

(defrule search_link using ie
?m <- (ACLMessage (communicative-act CFP) (sender ?s) (content ?c) (receiver ?r))
(ie (issue ?x)(concept ?y)(form ?z ?url))

(not (link-count (ie ?x ?y ?z ?url)))

(search_link number ?x ?y ?z ?url)

// Searching the highest-number of link number of IEs in all IE_Maps
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(defrule print-highest-link-assignment
(declare (salience -10))
?m <- (ACLMessage (communicative-act CFP) (sender ?s) (content ?c) (receiver ?r))
(link-count (ie ?issue ?concept ?form ?form_url)(count ?count))
// Comparing IE's link number, and then matching the IEs with highest-link number
(not (link-count (count ?count2&:(> ?count2 ?count))))

=
(printout t "Most active link found " ?issue" " ?concept” " ?form " " ?form_url crlf)
(printout t "The number is " ?count crlf)
(bind ?*num* (+ ?*num* 1))
// Inserting ?issue ?concept ?form within link-count into ?ie_list
(bind ?*ie_list* (insert$ ?*ie_list* (+ (length$ ?*ie_list*) 1) (create$ ?issue ?concept ?form ?form_url)))
)

// Selecting the only highest-link IE ramdomly

(deffunction time_save ()
(bind ?t2 (- (time) ?7*t1*))
(bind ?file (implode$ (create$ c:/DIM/RAS/ ?t2 .clp)))
(save-facts ?file map ie))

// Selecting the only highest-link IE ramdomly
(defrule select_most_link IE
(declare (salience -100))
(link-count (ie ?issue ?concept ?form ?form_url)(count ?count))
?m <- (ACLMessage (communicative-act CFP) (sender ?s) (content ?c) (receiver ?r))

(printout t ?*num* crlf)
(bind ?rd (* (mod (random) ?*num*) 4))
(bind ?output_ie
(implode$
(create$ (nth$ (+ ?rd 1) ?*ie_list*)(nth$ (+ ?rd 2) ?*ic_list*)(nth$ (+ ?rd 3) ?*ie_list*)(nth$ (+ ?rd
4) 7*ie_list*))

)

(retract 7m)

(assert (ACLMessage (communicative-act PROPOSE) (sender ?r) (receiver ?s) (content ?output_ie)))
(time_save)

(printout t "The selected IE is " "(" ?output_ie ")" crlf)

(defrule send-a-message

// When a message is asserted whose sender is this agent, the message is sent and then retracted from the knowledge base

(MyAgent (name 7n))
?m <- (ACLMessage (sender ?n))

(send ?m)

(reset)

(run)
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A3 (ScA)

/I Scene

(deftemplate scene (slot issue)(slot time)(slot role-number)(multislot role-skill) (multislot role-id))

// 1dea entity
(deftemplate ie(slot issue)(multislot concept)(multislot form) (slot preference (default 1)))

/I 1TE_Map
(deftemplate map(slot issue_1) (multislot concept_1) (multislot form_1)(slot link type)(slot issue_2) (multislot concept_2)
(multislot form_2))

//'link_count
(deftemplate link-count (multislot ie)(slot count))

//'link_ie
(deftemplate link-ie (multislot ie))

// ACLMessage
(deftemplate ACLMessage
(slot communicative-act)
(slot sender)
(multislot receiver)
(slot reply-with)
(slot in-reply-to)
(slot envelope)
(slot conversation-id) (slot protocol)
(slot language) (slot ontology) (slot content)
(slot encoding) (multislot reply-to) (slot reply-by)

(defglobal ?*ie_list* = (create$ ))
(defglobal ?*num* = 0)

(defrule request_ie_map
?m <- (ACLMessage (communicative-act REQUEST) (sender ?s) (content ?c) (receiver ?r))

/! string list, IE fact
(assert (map (issue_1 (nth$ 1 (explode$ ?c)))
(concept_1 (nth$ 2 (explode$ ?c)))
(form_1 (nth$ 3 (explode$ 2¢))(nth$ 4 (explode$ 2c)))
(link_type (nth$ 5 (explode$ ?c)))
(issue_2 (nth$ 6 (explode$ ?c)))
(concept_2 (nth$ 7 (explode$ ?c)))
(form_2 (nth$ 8 (explode$ ?c))(nth$ 9 (explode$ ?c)))
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(assert (ie (issue (nth$ 1 (explode$ ?c)))
(concept (nth$ 2 (explode$ ?c)))
(form (nth$ 3 (explode$ ?¢))(nth$ 4 (explode$ ?c)))

)
(assert (ie (issue (nth$ 6 (explode$ ?c)))
(concept (nth$ 7 (explode$ ?c¢)))
(form (nth$ 8 (explode$ ?¢))(nth$ 9 (explode$ ?c)))

(assert (ACLMessage (communicative-act INFORM) (sender ?r) (receiver ?s) (content ?c) ))
(retract 7m)
(save-facts C:/DIM/ScA/E_IE Map.clp map ie)

(load-facts c:/DIM/ScA/E_IE_Map.clp)

// Defining a query for counting IE_Map's right IE's and left IE's link_type

(defquery count-link-assignments-left
(declare (variables ?issue ?concept ?form ?form_url))
(map (issue_1 ?issue) (concept 1 ?concept)(form 1 ?form ?form_url)))

(defquery count-link-assignments-right
(declare (variables ?issue ?concept ?form ?form_url))
(map (issue_2 ?issue) (concept_2 ?concept)(form 2 ?form ?form_url)))

// Defining the function for counting the link number of left IE and right IE in IE_Maps

(deffunction search_link number (?issue ?concept ?form ?form_url)
(bind ?count_1 (count-query-results count-link-assignments-left ?issue ?concept ?form ?form_url))
(bind ?count_r (count-query-results count-link-assignments-right ?issue ?concept ?form ?form_url))
(bind ?count (+ ?count_I ?count _r))
(if (neq ?count 0) then
(assert (link-count (ie ?issue ?concept ?form )(count ?count)))
(printout t ?issue " " ?concept " " ?form " " ?form_url " is " ?count crlf)

// Searching the link number of IEs in all IE_Maps
(defrule search_link using ie
(ie (issue ?x)(concept ?y)(form ?z ?url))

(not (link-count (ie ?x ?y ?z)))

(search_link number ?x ?y ?z ?url)

// Searching the highest-number of link number of IEs in all IE_Maps
(defrule print-highest-link-assignment

(declare (salience -10))

(link-count (ie ?issue ?concept ?form)(count ?count))
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// Comparing IE's link number, and then matching the IEs with highest-link number
(not (link-count (count ?count2&:(> ?count2 ?count))))

(printout t "Most active link found " ?issue" " ?concept" " ?form crlf)
(printout t "The number is " ?count crlf)

(bind ?*num* (+ ?*num* 1))

//nserting ?issue ?concept ?form within link-count into ?ie_list

(bind ?*ie_list* (insert$ ?*ie_list* (+ (length$ ?*ie_list*) 1) (create$ ?issue ?concept ?form)))

// Selecting the only highest-link IE ramdomly

(defrule select_most_link IE
(declare (salience 100))
(link-count (ie ?issue ?concept ?form)(count ?count))
?m <- (ACLMessage (communicative-act CFP) (sender ?s) (content ?c) (receiver ?r))

(printout t ?*num* crlf)
(bind ?rd (* (mod (random) ?*num*) 3))
(bind ?output_ie
(implode$
(create$ (nth$ (+ ?rd 1) ?*ie_list*)(nth$ (+ ?2rd 2) ?*ie_list*)(nth$ (+ ?rd 3) ?*ie_list*))

)

(retract 7m)
(assert (ACLMessage (communicative-act PROPOSE) (sender ?r) (receiver ?s) (content ?output_ie)))
(printout t "The selected IE is " "(" ?output_ie ")" crlf)

(defrule send-a-message

// When a message is asserted whose sender is this agent, the message is sent and then retracted from the knowledge base

(MyAgent (name 7n))
?m <- (ACLMessage (sender ?n))

(send ?m)

(reset)

(run)
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A4 (SA)

//Play
(deftemplate play (slot paly-name) (slot time-duration) (slot user-number) (multislot user-order) (slot scene-number)
(multislot scenes) (multislot time) (multislot role-skill) (multislot role-number))

// 1dea entity
(deftemplate ie(slot issue)(multislot concept)(multislot form) (slot preference (default 1)))

/I 1IE_Map
(deftemplate map(slot issue 1) (multislot concept_1) (multislot form_1)(slot link type)(slot issue_2) (multislot concept_2)
(multislot form_2))

// time -duration

(deftemplate duration (slot my_time))

// issue

(deftemplate issue (slot my_issue))

// ACLMessage
(deftemplate ACLMessage
(slot communicative-act)
(slot sender)
(multislot receiver)
(slot reply-with)
(slot in-reply-to)
(slot envelope)
(slot conversation-id) (slot protocol)
(slot language) (slot ontology) (slot content)
(slot encoding) (multislot reply-to) (slot reply-by)

(defrule request_ie_map
?m <- (ACLMessage (communicative-act REQUEST) (sender ?s) (content ?c) (receiver ?r))

/ string list, fact

(assert (time-duration (my_time (nth$ 1 (explode$ ?¢)))))

(assert (issue (my_issue (nth$ 2 (explode$ ?c)))))

(assert (ACLMessage (communicative-act INFORM) (sender ?r) (receiver ?s) (content ?c) ))
(retract 7m)

(save-facts C:/DIM/StA/E_IE Map.clp map ie)
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; Send message to Dummy agent

(defrule send-a-message

/' When a message is asserted whose sender is this agent, the message is sent and then retracted from the knowledge base
(MyAgent (name 7n))
?m <- (ACLMessage (sender ?n))

(send ?m)

(reset)

(run)
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Working memory of RA1 in DIM by Ih-Cheng Lai

(RA)

// TE template

(ie (issue landscape)(concept connection)(form yard http://lai.cyut.edu.tw/DIM/RA1_1)(preference 4))

(ie (issue landscape)(concept view-extension)(form greenhouse http:/ lai.cyut.edu.tw/DIM/RA1_2)(preference 5))
(ie (issue landscape)(concept view-extension)(form terrace http:/ lai.cyut.edu.tw/DIM/RA1_3)(preference 4))
(ie (issue landscape)(concept view-extension)(form window http:// lai.cyut.edu.tw/DIM/RA1_4)(preference 3))
(ie (issue landscape)(concept view-extension)(form window http:// lai.cyut.edu.tw/DIM/RA1_15)(preference 3))
(ie (issue light)(concept opening)(form terrace http:// lai.cyut.edu.tw/DIM/RA1 _3))

(ie (issue light)(concept view-focus)(form window http:// lai.cyut.edu.tw/DIM/RA1_6))

(ie (issue light)(concept superimpose)(form window http:// lai.cyut.edu.tw/DIM/RA1_4))

(ie (issue light)(concept sunshade)(form terrace http:// lai.cyut.edu.tw/DIM/RA1_7)(preference 2))

(ie (issue circulation)(concept connection)(form lobby http:// lai.cyut.edu.tw/DIM/RA1_8)(preference 3))

(ie (issue circulation)(concept union )(form window http:/ lai.cyut.edu.tw/DIM/RA1_S)(preference 2))

(ie (issue circulation)(concept public-space)(form window http:// lai.cyut.edu.tw/DIM/RA1_5)(preference 5))
(ie (issue circulation)(concept expansion)(form greenhouse http:// lai.cyut.edu.tw/DIM/RA1_2)(preference 4))
(ie (issue circulation)(concept public-space)(form stair http:// lai.cyut.edu.tw/DIM/RA1_11)(preference 5))

(ie (issue circulation)(concept union)(form bridge http:// lai.cyut.edu.tw/DIM/RA1_4)(preference 4))

(ie (issue circulation)(concept public-space)(form yard http:/ lai.cyut.edu.tw/DIM/RA1_12)(preference 3))

(ie (issue circulation)(concept public-space)(form platform http:/ lai.cyut.edu.tw/DIM/RA1_18)(preference 2))
(ie (issue landscape)(concept view-extension)(form platform http:// lai.cyut.edu.tw/DIM/RA1_23)(preference 5))
(ie (issue landscape)(concept view-focus)(form yard http:/ lai.cyut.edu.tw/DIM/RA1_13)(preference 4))

(ie (issue landscape)(concept view-focus)(form garden http://RA1 14))

(ie (issue light)(concept opening)(form window http:/ lai.cyut.edu.tw/DIM/RA1_6)(preference 2))

(ie (issue light)(concept opening)(form skylight http:/ lai.cyut.edu.tw/DIM/RA1_S)(preference 3))

(ie (issue light)(concept opening)(form skylight http:/ lai.cyut.edu.tw/DIM/RA1_17))

// ICF Map
// Issue_Map template

(issue_map (issue_1 ventilation)(link type contiguity)( issue_2 light))
(issue_map (issue 1 light)(link type contiguity)( issue_2 landscape))
(issue_map (issue 1 landscape)(link type similarity)( issue_2 view))
(issue_map (issue_1 in-between)(link _type similarity)( issue_2 transition))

// Concept_Map template

(concept_map (concept_1 private-space)(link type similarity)(concept 2 personal-space))
(concept_map (concept_1 connection)(link_type similarity)(concept_2 union))
(concept_map (concept 1 interaction)(link_type similarity)(concept_2 integration))
(concept_map (concept_1 view-focus)(link_type similarity)(concept_2 landmark))
(concept_map (concept_1 partition)(link_type similarity)(concept_2 union))
(concept_map (concept_1 connection)(link_type contrast)(concept_2 partition))
(concept_map (concept_1 partition)(link_type contrast)(concept 2 union))

(concept_map (concept_1 private-space)(link _type contrast)(concept 2 public-space))
(concept_map (concept_1 personal-space)(link_type contrast)(concept 2 public-space))
(concept_map (concept 1 view-extension)(link type contrast)(concept 2 view-focus))

(concept_map (concept_1 scattering)(link type contrast)(concept 2 centralization))
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// Form_Map template

(form_map (form_1 platform)(link_type similarity)(form_2 terrace))
(form_map (form_1 courtyard)(link_type similarity)(form_2 garden))
(form_map (form_1 garden)(link_type similarity)(form_2 bamboo-grove))
(form_map (form_1 courtyard)(link_type similarity)(form_2 yard))
(form_map (form_1 garden)(link_type similarity)(form_2 yard))
(form_map (form_1 platform)(link_type similarity)(form_2 terrace))
(form_map (form_1 platform)(link_type similarity)(form_2 terrace))
(form_map (form_1 platform)(link_type similarity)(form_2 terrace))
(form_map (form_1 platform)(link_type similarity)(form_2 terrace))

/I ICF Dictionary list

(sightseeing landscape)
(view landscape)
(sunlight light)

(wind ventilation)
(buffer in-between)
(buffer transition)
(movement circulation)
(nil sunshade)

(hole opening)

(cavity opening)

(link connection)

(nil view-extension)
(nil view-focus)
(extension expansion)
(combination union)
(open-space public-space)
(overlay superimpose)
(backyard yard)
(hothouse greenhouse)
(glass window)
(veranda terrace)

(hall lobby)
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