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Abstract: Abduction-Based speculative computation is a process which uses default hypothesis as tentative
answer and continues computation when resources information cannot be obtained in time. In a computing process,

if response is not consistent with belief, master Agent will revise its belief. To achieve goals, get the more accurate
result of computation and reduce risks of decision under time constraints, the master Agent in speculative
computation should make efforts to obtain more information via negotiation, so the negotiation is a key measure in

reducing risks of decision. In this paper, basic theories of abduction and speculative computation are introduced.

Based on these theories, a framework extended from the specul ative computation with belief revision based on time
constraints is presented, and the further negotiation framework based on time constraints and negotiation algorithm

with belief revision are presented. The algorithm is embedded in speculative computation to make the master Agent

revise its belief during negotiation. Finally, three experiments on goods transportation are given. The experimental

results indicate that the algorithm can improve the accuracy of result of the speculative computation and reduce the
risk of the result.

Key words:  speculative computation; belief revision; abduction; negotiation dialogues; dialogue constraint; time
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(speculative computation)!*

- (master-slave) Agent , Agent ,
Agent (negotiation dialogue)!*® \ ,
[13] (4,P), 4 Agent P
[2] Prolog(Prolog-like) , (program
updates) (plan modifications) ,
) , , Agent
) , Agent
) , Agent
1
[1,3] , Agent ,
SFus=(2,5,4,R,L,Tsc, P.
oy Agent , 2={M,aa,...,an}, M Agent,a;,ay,...,a, Agent.
Agent M Agent M
e B v = Paskable™ Presponses Paskable +Bresponse . Q
B Q>S Q S S Q QxS Q
S , SeX
oA , A B
o SR M . SR=SRy +SRun, SRu M
“SRun M , R<SeSRy M
R S ; R<Se SR M R S
oL [ M &
e Tsc . .Tsc ,
Tsc o, , M Agent
oP
, 3 ,
3 ;
, , , . 3 (72 )
SFus=(2,5,4,9R,L,Tsc,P). :2={M,a,b,c} .M ab ¢ 3
; p={free} +{-} {free} g-} , L ;A={free(a_truck)=a,
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free(b_truck) =b, free(c_truck)=c};SR={a_truck<a,b_truck<b,c_truck<c}+{},M 3 3
;Tsc=72,Tsc 72 P={ }.

2
, Agent Tsc ,
. , Tsc , ,Tsc
. [5] , .
1( (dialogue move)). @ send(Asrom, Content, A, T) , Atrom
Ao ,Content T , Tsc g
2( ). . give(R)
R, ., MP={give(R)}. MP :
ask(give(R))eMP R.propose(give(R),give(R)) e MP
, R R. ,exchange(R',give(R))eMP
, R R. ,advise(give(R)) e MP
contente MP,  accept(content) e MP content,refuse(content) e MP content,accept
refuse ,why (content) content ,justify(content,reason) e MP
content reason,reason . 1 .vYcontente MP,
content , . ,ask-refuse-why-justify ,
justify(why(refuse(ask(give(R)))),reason) e MP. , urgency,
Agent,
begin | accept
accept P @(Change/ | refuse
ask 4—refuse —— why —— justify/
core give[\propose ;— accept advise———— accept
efuse \\ refuzz
master save master save master dave

Fig.1 Responding relationship tree of dialogue move primitives
1

3( ). L . L,
:IMove(L),FMove(L)cL, . )

L={ send(X,ask(give(R)),Y,T), send(X,accept(content),Y,T), send(X,refuse(content),Y,T),
send(X,why(content),Y,T), send(X,justify(content,reason),Y,T),
send(X,propose(give(R'),give(R)),Y,T), send(X,exchange(R',give(R)),Y,T),
send(X,advise(give(R)),Y,T), send(X,urgency,Y,T)}

IMove(L)={ send(X,ask(give(R)),Y,T)}

FMove(L)={ //
send(X,accept(ask(give(R))),Y,T), send(X,accept(propose(give(R),give(R))),Y,T),
send(X,accept(exchange(R',give(R))),Y,T), send(X,accept(advise(give(R))),Y,T),

1l
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send(X,content,Y,0) //

send(X,refuse(ask(give(R))),Y, T), send(X,refuse(propose(give(R),give(R))),Y,T),
send(X,refuse(exchange(R',give(R))),Y,T), send(X,refuse(advise(give(R))),Y,T)}.

Agent , , 1 M Agent
.send(Asrom,Content, Ay, T) my(T),i ,
, L a={my(To)my(Ta), ..., my(To)} : Move"(ag) ag
,Move™(ag) ag )
4( (dialogue constraint)). Agent X L\VageZ, ag
if-then M(TYAC=m(Ty). (1) T>T2(2) m(T.)eMove"(ag) m.1(T.) eMove™(ag);
(3) m(Ty) M;.1(T2) . ;my(Ty) Mi1(To) 4 C ,
KagminTi>To=C, ) M 1(T2), Kag11 ag T .
Agent ag Agent Y M(TYAC=Mi41(T2),
: , Agent bg T, ag m(Ty), ag ,

C a ) ag T, bg m.1(T2)-
send(bg,ask(give(R)),ag, Ti)Ahave(R, Ti)A~need(R, T;)=send(ag,accept(ask(give(R))),bg, T2).
,C=have(R,T1)A~need(R,Ty). Agent , .

5( (termination of dialogue)). d={mo(To),M(T1),....mMn(Tp)}, n=0,Tp>
T>...>T,. bg my(T,), ag , d . , :
Ma(Tn) € FMove(L)v T,=0vK g ml=C.

6( (dialogue protocal)). , DP.Vi>0, Agentx y
m(Ty), xe{ab}, Agenty X Mi+a(Tiva), ye{ab}—{x}. ¢, 3ceDP,

body(c)=head(c), Ky {m(Ti)}|=body(c) head(c)=m.1(Ti+1).

3
3.1
APP(abductive proof procedure)*3. : (process
reduction phase) (fact arrival phase). Agent ,
IFF (IFF proof procedure)!®” . . M
- - (observe-think-act Agent cycle)!®. M
(active process) (suspended process). , ,
, . F
“no’, , _ ,
“ (negation as failure)” , “ (negation as suspension)”
Step O. , , .
Step 1. Tsc 0, . , )
, Agent , . M
Agent.
Step 2. , (extended literal)F.
Step 3. F
Casel. F . unfolding [6-8
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Case2. F (ground non-askable negative literal). fail(B)
Case3. F fail(B) . B ,
Case4. F . M Agent ,
Endcase
Step 0. Agent (Q<9).
Step 1. F=Q>S ~Fe4,
Step 1.1. A.
Step 1.2.
Step 1.3.
3.2 Agent
A ; : vdeAa,d
, . . M. Aps ,SPS
,GS ( ),TD ©or ,ANS
,FD gy . (GS,TD,ANS) , (GSTD,FD,ANS)
(belief revision process, BRP)
Q<S F Q=S ~FeA, SRy SRy 4
1.
Step 0. A=4-{~F} {F}
Step 1.
F v SRu=Ry {RSIR<SeRin}, Run=Rin—{R<F
F , Rin=SRin  {R<IR<Se Ry}, SRu=Ru—{R< S}
1" F v SRin SRu Ru HRin
Step 2. APS=APS{(GSTD,ANS cAPS~FcTD} {(GSTD {F} ANS|(GSTD{F},ANS eSPS}
Il APS F , F

Step 3. SPS=SPS  {(GSTD—{~F} {~F} ANS) [(GS TD,ANS)cAPS and ~F ¢ TD}—{(GS TD,FD,ANS) e SPSF
FD} {(GSTD {F},FD-{F},ANS|GSTD,FD,ANSecSPS and FD={F}}—-{(GSTD,FD,ANS <SPS
~FeTD} {(GSTD—{~F} FD {~F} ANS[GSTD,FD,ANSeSPSand ~F<cTD}

/' TD FD F

Step4. APS=APS /I APS

Sepl 4 Step 2 APS, APS.Step 3 SPS  Step4  ,APS
3.3
, BRP . M ) Agent )
. , :Sect M ,
Sect={ Content »>b|send(M,Content,b, T) e Move™(M)} ,Rject M ,
Rject={ Content< b|send(b,Content,M, T) e Move"(M)} ,Sime T@Obj ,T@Obj M
T Obj ,  Sime={ T@Obj|send(M,Content,Obj,T) e Move™ (M)} .

! ’ Paskavle B responses give
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.give(R) ~give(R) ,

T &T. Agent , &T. ,
Agent X send(X,ask(give(R)),Y,&T) T=3, Y , T<3 Y . Agent
X send(X,ask(give(R)),Y,T) T=3, Y , T1=3, Y . &T
Agent . , , Y , T
:QName Q ,QMove ,Qugive
Q ,RP1  RP2 Q
M Agent .
Q*>S (GSTD,ANS) ,  APS=APS-{(GSTD,ANS},GS=GS{Q:>S}.Tsc
2.
Case 4. F

Case4.1. QName  give ,
ask(Q)>=SgSect, send(M,ask(Q),S&Tsc),Ject=Fect {ask(Q)>S},Sime=Sime {Tsc@S}

FeTD, APS=APS {(GSTD,ANS)}, 1 ,
Fe¢TD Fed, APS=APS {(GSTD {F},ANS}, 1 ,
~Fe¢TD ~Fed, SPS=SPS {(GSTD,{F} ANS} // ,
Case 4.2. QName  accept , Agent , propose
test(RP2) RP2 M I

Kul=test(RP2) Q3>SgSect,

send(M,Q,S & Tsc),RF=RF  {give(RP2)<S},Sime=Sime {Tsc@S}

Sect=Sect {Q>S //
~give(RP1)ed, BRPSRy=SRy—{RP1<S {RP2<S}//

Kulztest(RP2)  refuse(QMove) =S¢ Sect,

send(M,refuse(QMove),S,& Tsc) //

RF=RF {~give(RP1)<S},Sect=Fect {refuse(QMove):>=S},Sime=Sime {Tsc@S}
give(RP1)ed, BRP

Case 4.3. why exchange advise I
Q>SgSect, send(M,Q,S&Tsc),Ject=FJect {Q>S, Sime=Rime {Tsc@S}

Endcase
M Agent & DP, me Sect,
Im' eRject,3ceDP, Ka {m}|=body(c) head(c)=m'. Cased.l |, F , ~Fe4,
Y , Case 4.2 ,propose )
Agent X ask(give(R)) , ask(~give(R)) , DP
RP2 M ,  give(RP2)<S , ~give(RP1)<S . SRy ,
RP1  RP2 . , , , BRP.
Case 4.3 . M
M , Agent , 1
3.4

M Agent ,
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: Q<S .RF’ ,RF
3.
Rject=Rject {Q<$S
Case 1. accept(QMove)  refuse(QMove)
refuse(QMove)
Qaive ,
Se{9Q<SeRF'} APS=APS {{{why(Q)>=S},TD,ANS} RF'=RF" {~Qgive<xS}
Q=~Quive,RF=RF {~Qgive<S} //
Q=Qgive,RF=RF {Qgive<S}
~Qed  BRP//
Case 2. propose(QMove)
APS=APS  {({accept(Q)>=S},TD,ANS)} //  propose(QMove)
Case 3. QMove justify(QMove,s), s
S , R, RP1, APS=APS {({exchange(R,
give(RP1))>S}, TD,ANS)}, S ,  APS=APS {({advise(give(RP1))>S},TD,ANS)}
Endcase
M refuse(QMove), : ,
;M ) ) )
. 1 , ask exchange advise ,
refuse . , 1 RF" A4 . )
exchange advise , why ,
RF={ Q> 9Q<x SeRF} ,4-RF | A—RF st}/]A]x 100% ,
UNBR(UN-decided belief rate). ,UNBR , .RF
ask(give(RP1)) 1 , , . Case 2
Agent , Case3 |,
35 Agent
M Agent , 3 M
Agent .
Agent (processing urgency to urge slave Agents, PUUSA)
) (timeinterval), Step O . M
Agent,s M Agent , M send(...,urgency,...,& Tsc) Agent
.M .Usdlave Agent
4,
Step 0. Agent  SaveSetl={ §VQ:>Se Fect and T@SeSime and T-Tsc>5}, M T
Agent , (Tsc) 0.
Step 1. Agent SaveSet2={ §vSeJaveSetl and S¢{JvQ<SeRF} and Sg¢

Uslave}. SaveSet2=,
Step 2. VSe SaveSet2,send(M,urgency,S,& Tsc),Uslave=Uslave S
M PUUSA. , PUUSA, .
Agent , . Agent
) Agent , 1
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4
) 3
3 o . [9]
1 . (3l
, 2 3 4 ) UNBR,
, [3] 2~ 4 72 . 5 ,Tsc ,UNBR
o o J
[as] o
P =z
o -
Number of trucksin project Number of trucksin project
Fig.2 Thefirst group of experiment Fig.3 The second group of experiment
2 1 3 2
x x
[a] [a]
z z .
- -
Number of trucksin project Number of trucksin project
i . . Fig.5 Variety of three groups of
Fig.4 The third group of experiment experiments with time
4 3 5 3
, : , M Agent ,
) , 3 (D Agent (2
Agent HE) Agent . 1 M why Agent ,
v ( ), exchange , advise
(1), , ; (2, , ; (3),
1 , Tsc=0 , ,
(1) , (2
M ; :(3) : :
;(4) Agent , Agent
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5
Agent . [10]
: : Agent ( ),
( why,justify), ( propose,exchange) (
,advise) . , . )
: (3] ; ;
, M
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