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WE. Agent #950in % Agent it LT HR. A48 . Fa R Multi-Agent 48 % Agent LB &2 8 F A &4
BREGRFAEAULEFAE. AEALRERSEY X FH I FES S RAR TS Muld-Agenr Z4 ¢
Agentsl iR FE R 2K  Agent M MBERE A EER. BE— A R80T Agent R ERHA1HHEY
KACM (knowledge-acquiring cooperation model} # # , 4648 S BEE Z sy ab M AP £ Hafst b Y. AT
BAAERAUAFEN A ZE AR B ELER, T8 T KACM B i A6 Agent EEF 4, 54 7 Agem¥y
AR BEET AN EASFRELE RATEARLFAUAKACM HBEREL.ZETHTHELHSEL
REEHR . Agent;Mnlti-Agent B %5 3545 5H doin S 4E A

MEZRSES: P18 JRITIRM. A

Agent BRI FRIT BB ETH PR T EZEXS, ERBBEEE - FE . BRE.EF
HOATEEM, B AE SRt kb S vE L L s S SR AT S A, £ AL i, Agent B HH
ANEBHENOREANRIFTHROERRS. TEERANEE T EH R Agent A%
10— 3 B TR AR EA A Agent 1 H11H B Agent R MRAYR BT E4, A S 3 Agent I
METHARTHNERGARTEARINAE BB THESWARR ML XRE. CHERT
BERERAEMENEY . CE—THHAMES. CHAEE T LT MG F B &KL
TR AWM R EHEBFHHEMES. DATH nermet WERURAXBERRR. AW EHENT
RTRE Agent TR MM ARL THAER  Agent BIRRFEMIZREE. Fn, AU EBE
BEM R s Agent A (LR H 4 56 BV A4 W) BB R R 86 h 1T BLE 0 01 R  HE B0 A8 P B E A Mult-
Agent RET R ERB B FRRMES, UEFRHTRERS. BER, B XEMEH#
HARBHP MRS T AMNMETENER AWETOAMHFRRE, Agent AR ENT
GERGEFEFR T HADEN FHEN Multi-Agent BH PR HNZERMTERD, R
BB T TR0 HT Agent HHIEEH & F 1 8 KACM (knowledge-acquiring cooperation
model) Z B, LA 52 2 5 A A0 07 A F B Agent ZRIRFBLHENHBEE.

1 EFXEETH

£ Multi-Agent RHEH, 57 2 Agent KBFR M EERR. Agent ZEETSHEMEMRE
MR REH Agent TEM M EZHAMEE. B R Agent HHEIRLERA & EH A KACM,

» WA 1599-06-0¢; MEMEM. 1999-16-10
XETH. EFHAMEEEFHHH(50003002); BREL EHF R L BUYNT F (G1595032700)
EEET: EWEATO— B BT I WA M #W ETEHARTRISAIANTEE K TB FinS Al
(1936 —0. B, WMEERA BB BLESMH FEITRERKET. TEHTTR AT ENAEEE, A TH g MRE1938—), 5,

AARELA HE. EEREME S AT B
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HLBEH AT KACM F b B i) Agent Sl 47 M. Agent FIMBREITNE - BEENIT R, N R
CREMLHERNT Agent AHREFEE . SHANEREPR Agent BETHIN - FHES
BEAN ARTEHRIESANNES THAERRE MR N TRE— 2 WF R, M ma”. “n
MTEE ERT NN ARREFEL R AR E T OERKIT T RET A LRRFI T
X FRIT AN ERTRARELIREREFEELER. BESTH BRI E KACM i
BUZER.BIIBE T AT ET NMEY KACM #WEFEET Y.

(1) #1H (ask)

RINX 4 3 MAEMIETN. THEME Ak ), F 411 (Aske, D f &4 A4 0F (Ask,,). & #F
W AT R AR R TG MR B, AT A8 2 7 4 R E A 0. Ask, ERITE A ULEZ 4
FR . MAFRMERNEHRME. A0, VIR Agent # 2l KHLALIE S B P 0 Agent B3R & iF
EARY CHATMBMEE R Aska Hl Asko BHA TAHRELS . EMNBERTE UL HEEHE
A TRBANMIER. A0 7 E N CHAMBLE L F L, LE B Agent 1#7 (Asky) &L
BAGRE PO Agent ERE UMK REXE WA NG K- BT, A THRBEBRFHABAE
B ZHEMEMET T Ask M5 SRS WEFEEEUMHEFERZE  WEHL LS HEEN
IR T Asko IIRR, — HAR AT R AL (M KAMABEEEFEREN TSNS H Rt
HE.

(2) AiE (promise)

MRS RIR TG K I Agent *[ﬁ]ﬁﬂiﬁlfﬁl BHAT R AR Agent LM RIET BT A
A 2% bR B (Promise, ) MFE 2 jF 7K 3% (Promise.). Agent, [§ Agent, 4E 128 [ % i# Promise, £44.
WEARFAMAHE ER S S F RN AE R, 5B MIRMLTREF Agent, LA T X Agent, £
AR, Agent, [ Agent. & I 3E# 1 & i Promise, BIE MR AT LWL . B L Agent, i
BEAA AT B MF B 15 B #4R 3 A iR # Agent, W T BT/ A AR, — B 2 0 SR8 R E
Agent, ¥ #F SR 4% Agent, B A

(3) @50 (inform)

Agent B i Inform T7 &7 5 0 R %45 BE M 45 ik Agent.

! ERiLEZR

R T AR TG A M T T KACM L B AATA S 7 — MU S B8 R BB ER. B
AUMERTEQFEBRL BUMEL M8 BEFIE-—TaRELAEL IBRELRE L,
HRETHEHEFZE L AL EA. XRETAFSHE (1) FHRFFES Const 35 Agent
58 Consta: JR T 81 1E5F S 8 H Consta; HiL B ¥ ES Constoy; (2) BEFBES Var 14
At S E & Vanag: BT HER S ES Vano B FHE S Varo (3) IHENBEFSES
XM FTEEgEO WA E ~- MR arity (OF K g WIT. T RFSHESYFS THBEEETRH
W pogs. . . BBIBHFS @@ .. BTRAR 31070, 25 Agent F 8 a.6,. .. BERETHHE
Tids. .  BARTERFE.

EX L Ba LWIBEBERARANELWT

Rl: p& L.

R2: MB .o L. M-p, ¢ A Kip Axp€ L.

R3: R ¢ eC L, Mg A g gUeE L,
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R4. LZ=L..

BRTEEHNAEEEZERAUALESNFE T wmul"WFEFURNAEBET K. E5 L PH—1
MAFR-THHAEERE—-TER.

EXZ HELHW-THRI N ET,<,U,n,Act,B,CoOX RS,

T RETAE.TEHE—MAMETFHEAN—MRE <STXT. BT EHHEFXAHER
HEEE . BARETEMEEMESER. U—U UV U0 P U B Agent KRG ULBIRFEE
BE U BEMIMBES. 1, 0X I >powerset (U R IFEFT S HME. HFEL.Y pe V€
TV n€ N:(arity (p)=n)=>(a(p,t) € powerset (/")) W H r fI— S B2 RIEFE THmZ . H 1
1 e o 2 A A — R AR AT

BN 3. gfesd W e e J={e" "<y O — 545 T (X [,

Act  Up X Up—powerset (' XTH) 2 L THETAEHELE, 1. 1€ Act(,a), R Agent
[t )& F XE PR Fa4E o CeConst—U EXMEEMHFEWBEFE. B.U L powerset (1 XT)
RAFEXL Agent B{EE. BEMH— TRV BoH V. Var—>U,

EX 4 —AHHAEE LT AR rEConst, W oy =C @ FMV (). RELS R I HRE
BXELBER M BRY AR AL MV e BRERRY TAX ¢ EHE MK 6fHE
W BEAAM MBS LHEE M BEV . BES et R mULE L M, VE o EREEE
V RAE ¢ G A M OBIEEE S Bt BB R

EXS BELHEXEXDTT:

S MV gl s (g Jreee s a [ ) Exlpa);

c M V=Kt ¥ (0 € B M Vo

C MW= Ut 3 €8 M VE bp H Y sl =M VES 40
M, Ve giff MVE g, i g L,

3 BABETARELMIEN

AERF E BTN AR T 58470 =R e A e i SRR T 3 MR
HRERAMMES (D UEFS BBESEAWHEDE (D UETH, BEHUNEELEANANE
B LR ES . BT AN AER. NESTH Agen Bl THESABN S W EHES
NFREIRCHEEGET RN EE, E N CEFT AN ZETHESRH Agent =4 M IH. Agent
FMEEBEFETHE-MAEEANE L HEELR2HAHTEERF N NERE L. A EB R R=E
LA

E X6 B Says-to (i, jsiflicondsmD" B~ 1S RAMNBEGST I K4 BRELERY
Agent,; BB F Agent, i€ 9 BRBEFESTTH D Ask.,, Inform %Y, cond B4 4 ,cond
EArTF 2725 Noll,» BHBHE.

WREF BT HEEMHER, Agent INEFEITHE -TOE. BN ELEERE M FIKEL
B[ 1€ Act(E v, [Says-to(F, , (if yeond 220 ) ) 245 Agent, EBEE FE B [, P MFTH
52 B AFAT K “Says-to (i, j,<ifscond ym))”. B T Says-10”" B — T B FHEHAF A THELRAT
iR Agent FRTERT N BRONET - DF2FE comm, A= comm (.5, (if ycond s m ) FTRE
57 N Say-told,j, il ,cond, o) VI KA HiBE X ELTDT.

EX T M, Vi, .comm(i, . {if.cond.m?) iff I £ € S [ 1€ Act ({7 [ Says-ta (i, 7, (f,
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cond,m}) 1),

BAIGIAT A RBFAUE X AUH A Agent FFFHAHRAGE. A, BIO3#F - THENE
T answer (Azxg, Ans) T 0] 145 . 1§ 1] answer (Az@, Ans) R Ans H Axg BIE5R.

EX 8. M VeEanswer(Azrp, Ans) iff (Y r; (r€ Ans)=M,ViEplf).

AR commiz, i, (il ;cond,m )N R EFEIT AN EE A THABGITARFTHF L B3I
ABFTW. BEFWRHETELN comms, j. (i cond,m )W A . M, VE W {comm (i, j, (i ,cond,
m)))RAETE ¢ BF 2| “Says-to G, 7, (if.cond, m)) " FEEITHEER. FTE.BIMNLH EABEIT M
WRE P E XL Agent B0 5 F L AR B 51T 0 IF i 0 % 50 4638 45 47 24 9 il )i 3F 5 LA
BFHEABMTEY EWERLFEINEE KACM 8 F X.

X 9(AsK. BT AHMIE .

M, Vs Wcomm{,j, {Ask, snull, Azg) ) iff
38 [eat’ ] Act ([ v, [Says-todd, j. (Asku,null, Az} Jv) ) A
M. V= Wilcomm{G i, {Inform null answer (Adrg, Ans) 2))

Ask  F7 R #W R UI(D HEF RN IT TIET R (2 THEERRSH S RiTY Inform &
fRITHEME T E. X B, RITFH Inform & Ask M PEFEEEITH.

E Y 10aform FE 1T R 8E 0.

M. V= W (comm(7, 7, (Inform,null, ¢ ) iff
3 .€8:t,t, JE At ([ v, | Says-told, 7, {Inform,null,¢}) D H M,V Ko
inform B & D) WEERWEATZT H:(2) ERITETAEREENE ¢

EX 11(ASKIBFIT A RIIE SO,

M,V W (comm (i, j, {Ask,,cond ,Axg) ) iff
3 1.€5: [t 1€ At (7 ], [Says-10(7,j. {Aska,cond, Aaed ) 1y ) A
(F €S B M, Vi ,W{cormm{,:,{(Promise,,cond , \xg }) )

Asko TR BB off (1D RBEHFRTMBRTET N2 THEXH Ak, ZHFE KX
oS EFEEL 2 LEARBERBEBLE. B, R 1#% Promise, i & Ask WA T H.

FE M 12(Promise, i &7 35 BIE 3.

M.Vl W (comm(j,i,{Promise,,cond ,Arg) ) iff

e8] Act([]r[Says-to(f,i 4 {Promise, ,cond , Az} Y Jv) A
(3 [Ans]y.3 €5, H M Vi, Kicond B M, Vi, Kanswer(Azg, Ans) >
(3 [Ans v, 3 €85 6,5’ H M, Vi=s Kicond H
(M, VE=s, W comm(j,i,{Inform,null,answer (Azg, Ans )’ ) )))

Promise, fT A ## 2 iff (1) WiEE MMM ATHT N (2 WREXE XNz HEER
BLR S A E HLaE AT R 2 3, WA & 83T Inform T NS RE MG 4. X 8. RITH
Inform #2# Promise, i % BOEAT 4T 4.

E X 13(Aska B ETTAHBEFE.

M, VE: W (comm{i,j, {Ask., ,cond . Axg) ) iff
3 e85, [t )eAct (i), [Says-to (i, j. (Ask., ,cond . Axgd ) | A
FresS . <rHMVE:, . W(comm(j.i.(Promise,,cond , lxg) 1))
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Ask B E off (1) BIEFMOMITZITR: () WEEEZH Ack. 2 5 W E— B A vt ZiE
i Promise,, BEOBET A B WAL, X 2. R1% Promise, b Ask, F B R H.

E X 14(Promise, BETHHFES).

M, Vi=; W (comm(j,i,{Promise, ,cond,Azg}}) iff
d €8 [t )€ At v, Says-10(j.i, {['romise, scond, x> ) J¢) A
(¥ 7/ €8,3 |Ans Jv.t.<t A M, Vi=;5.,Kicond E M.Vi—.,Kanswer(irp, Ans)=>
M.Vi=s W lcomm{j,i, {Inform,null,answer(ize, Ans) )

Promise, ik R iff (1) SiEH BB GET N (D SELE R .M F T EEZ ¢/ WEE
HEEMEAMHEFEMERYNER. N SFEBEE Inform LB MBITE. X B RMH
Inform R4 Promise, B){E BB ETN.

4 SIRREAEFEE KACM

RIFEAST A ERIG X E LT, R 8.8 i a5 Agent HKBRB A
fEBR KACM. KACM — B8 B A GERTA . BiEHE BRMET Agent WEERE, £
¥ KACM £ A8 & EEA(KACM) . F 3 & & EE B (KACMa) AT & E S ER
(KACMax).

4.1 HWFEIEER KACM,

# KACM: f, BHAF E 7 Agent H P RHB MG Agent Bl Ask,.. BB Agent
W RIS #sh s 5B B Agent 8B 4L B B GINE 1 BFRD.
TR 15 — 4 Multi-Agent REAE KACM,, 1 F

(15 Asl,, | (2+Inform (1Y M Vi comm{7,j.f.cond .m ) =if & {Ask, . Inform};
@%ﬁg%ﬁ;ﬁglﬁjﬂg@ (2 FES €5, #8 M V=W (comm {/, j. {Ask,. null,
DR 5 Ager Azgh))
Fig. 1 KACMp model (30 MFE-—- Agent,, B F M, VL, W (comm (j.7, {Inform,

B KACMpR EE o
null,answer (Axg, Ans) ) ), ] Agent, [ Agent, & B EFE ST 4L

Agent:i¥ Ask.. 09k FE# (547 5.

KACM, f 1 it 5 X 2 81: (1) Agent 6 40 & {§ 47 % H f% & Ask. 2% Inform; (2> % #
Multi- Agent B4 W, TAH — A Ask. B £ (3) Agent FIHNZE T F 8 Ask.. 318, Agent
FE MRS
4.2 THEEEEEE KACM,

1 KACM 1, SURA K 5 Agent B 56 1 5010 2 4 % Agent & 8 Ask., ER AR HS
AgentTh &t % 26 B TR EM R MR, MIRREH Agent U FIHE IS BERIT Agent i
Promise, , ) 3 6 #E0 R B . 0 E sh #0 TT IR B A IR O 1B . (Agin_peeding, Knowlegze )
7= Multi-Agent 24 3, FAgemti T MU AR EE N EE, O =A§
% SRR BB, SR T Agent ¥ BT IF B Y Promise,,  (aent proviing knowledld
LS FR I Agent I R A RIS & fr gt IR R AR EREEE T
(I 2 BFm). E']gz' i KACMﬁ%%%

EX 16. — Multi-Agent £ HH KACM, I0E,

(1) :Promise, <30 ¢Inform
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(1) M, Vi=s.comm G, f, (if seond ,m ) )= if € { Ask.., Promise, , Inform } ;

(2) BFESeS, 18 M,VE=, Wicomm(,j,{Ask...cond.Axg} 1) ;

) MFH - Agent,, IR M, V=g W comm (.7, (Promise,,cond , Az }) , Wl Agent; {8 A-
gent; & H ) Promise, &£ Agent; [ Ask., 9 1 5 8 1= 47 R

(4) M FR~ Agent , 1R M,V Wcommji, {Inform,null,g> ), B Agent, (i1 Agent; &
H# Inform £ Agent, £§ Promise, S{ERUBIZTT ¥,

KACM, i B2 LB . (1) Agent A B ETH 28R Ask,..Promise, 8 Inform; (2) £
# Multi-Agent £ d ., B4 —4 Ask T HEH A (3) Promise, TTHE Ask TR W B
173 (4) Inform 17 & 2 Promise, 17 % 0 £ B8 5 17 4.
4.3 EFPFHELEESEHE KACM,,

£ KACMan S, BT R A Agemt B 5010 HIRF M T Agent £ Ask.., BR ML M
Agemt— H AR R ERIBHNAEER. BO T Agent BIKE M EE MERFER Y Agent 1E
% Promise, . Bi—-EAHWE EEATH MMM IER, M4 E &R, MitE Ly A
gent BRI EAF h ) Promise,, £ 3h#h A MIRTRIT Agent HEER, MBAELEAERBL . MR
BT Agent TRUCH BT R 7 Agent S M85 B (NHE 3 BER).

EX 17, —4 Multi-Agent ZZ B & KACM,, N8

) T ) (1At romise. | :
(1) M.V |=s, comm (i, j, (if, cond, m > =i € { Ask.., prromise, (1) iInform
(3 tlnform;

8 Agent_providing lmovledged!
(2 HHE S S B M Vi, W (comm (7, j, (Ask,,, (DR A SR 7 Agent, @ HHR R 4 A Agent.

cond , Axgh ) ) I%% 3 Kf%ﬁ‘f:;j%n%od

(3) X FH — Agent,, W08 M, Vi, W (comm (§, 7, ;
{Promise, ,cond, Azg} )Y, M| Agent, [i] Agent, & i #9 Promise, & Agent, iy Ask /OB ET

(4) 3 FH— Agent; s B M, V=, W (commn(j,7, Inform,null,¢)) , W Agent; [ Agent, %
$H & Inform & Ageﬁt,— 1 Promise, ${EME@EET R,

KACMa#9 B3R SR (1) Agent M 151704 H82R Ask,.,Promise,,Inform; (2) #iX
Mulu-Agent REHT . ELH 4 Ack. B ETHEF 2 (3) Promise, BETHE Ask T NHE
IR 1T 25 (4D Inform {347 2 B Promise, 47 2 4 ¥ B8 15 17 K.

S 4 it

NTIER M A FENEGFERR RS Agent HEBBNEN . AXRE M~ A8
BRT Agent HABERPEMHEED KACM £5 0 FER Y. Fa& h8RMEzhIFR
B Agent SRR RS FEBIAY KACM B4R 0, D RATIRIE T B R0E 8 00 0 200 F B LR Agent
B R WS & B 00 AR 3T u] DAY B IR 1038 — 2 54T 0 i 4 Multi-Agent %iﬁqjﬁﬁ‘ﬂirﬂ%f‘ﬁifﬁiﬁ
BRI A 3 2K 3 AT A M SCE R T R AT 2 i T84 R AT Agent 4048 A4 A 2t
ERIHE TR MR LIRS Agent 09 AT B A RATRE T AN FT L, BTRN.
BHASEB BB AL AN Multi-Agent B H.

ent needing krowledg ™ )

Promise, . Inform7;
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The Cooperation Models for Acquiring Knowledge in Multi-Agent Systems”
MAOQO Xin-jun, CHEN Huo-wang, LIU Feng-gi
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Abstract Knowledge is the precondition {or an sgent to compute. In dynamic and non-deterministic multi-e-
gent systems, agent should be able to acquire the knowledge timely and effectively so as 1o solve the prohlems.
The existing knowledge-acquiring models can’t meet the knowledge-acquiring requirements in dynamic and nor-de-
terministic multi-agent system and the agent's capability of acyuiring knowledge is limited. The systematic knowl-
‘edge-acquired cooperation models (KACM) is presented for agent 10 efectively acqnire knowiedge 1n multi-agent
systems, including passive model, active terminating model and active nen-terminating medel. Dased on the speech
act theory and a formel framework of branch temporal logic, the communication acts in KACM are discussed, how
agent responses to the communication acts is investigated . the rigorous semantics of the speech acts end the KACM
are defined, and lastly the significance of the research is presented.

Key words: agent; multi-agen: system; speech act; knowledge: cooperation model
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