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Multi-agent System Based on Data-flow Mechanism
Shigeru KUSAKABE, Takashi TOMOKIYO, Rin-ichiro TANIGUCHI and Makoto AMAMIYA

Graduate School of Engineering Sciences, Kyushu University

abstract The parallel coordinated system is promising to offer a basis for high level information process-
ing system. We are trying to implement such a system as a messege flow sysytem based on data-flow
mechanism. Massively parallel computing is essential in the parallel coodinated system and data-flow
mechanism is well suited for parallel computation. In this paper, we first introduce a intuitive model of
our system. Then we discuss the extension of functional programming language ” Valid” to describe history
sensitive agents and message passing between agents. Finally we present a mechanism, which implements
history sensitive agents and messege passing based on the concept of recursion and stream processing
under data-flow control.
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BB Y X F AREERINT 5. BFIHHELEY X 7
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2 itREEFAL
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21 wAFTI—Tzr}

WHAHAE S 2 7 L RSBOMBKRC X VR T, L
BACBRHCERI W 2BNCHERT 5. S0k,
HRT 5 ECHEELRRBCD ) —~FEoMIr L A3k
LTHENKEWET 5. SABKE Ay v —TYiICE>THE
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Yevu—ic X 3RFIBEE Y X7 aTR, ABEKRKRD
k5 nEEEROb D LT B,

e THENEEOAMRBERESL, HOBFONTR
RBICEIEET 72 T¥ 5% HHYNANOMBEKD
AEREBCRESET 7€ xTE AR

o THhXhOBBEKRIBIL TwT, WHICME 2T
5 BEJ1 R RO

o ZMBRIERONBEKLTET I LHETES. A
ve— Yk VIEFROTHEEZT, Ay e—VONE
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Ave—V7R-YRAFATRIOL 5 AMBEOEIC A »
= VRHNEOY v 73BN AbOTH 5. NBEERE
HOREREL v o0k fFoTEY, Ave—YC
I B3RP EBEBOERC L -T, Ay -V RIECRR
BOEHCH - RMBEDO S v R E Vv ZADHRL A v £ —
CVEREERTS.

2.2 XwE—vo7Oo—

F—X7u—2AH =X AR ENRBORHEE F — X KE
BIRICIR > CHRICERTE 3 L w5 IFEEHD. LaL,
F—%7u—FRORKROX 5 A5 bABLEL Y OR
BEoMBECRART2TH 5. MBEEZEEE mE: L<E
BHCF— 2 KE7 7 7B, ThbofE2REs
Vv 7 RF—ERMNDEDTTF — X OFhBEENRTH 3.
¥ Bl BEOAMNBERAIRET, AHOREECE
AT 2I5hNBRESEERTCEY AW

F—F7u— A h=RakfAeTiliBOLS5h Ay € —
V7w —@HHE Y X7 ARERT 5 CRBE Fo0R
EEERTIHERDS. EMBEKEIRA I —LTHD
Ay e—VEABETILERD L. COXSRHELRF
LAEFRLX M) — a0t To LS CeFr
LT 3. ’

2.3 MEﬁ{,

MBEDA Y ARV R TG Ay e =V ENLTORT 7
X ARECHARO LB OFMAIN DI RA K . LBk
DAVREYAGBEHCR Ay -V - Ny 7 78Q ¢
BBEAL—F v PO2OEKFENE. MBEBRCEDLIDS
A=Y mE Ny 77y OFCEY R TN, Fa—KiEx
bhd. JUEEDAVZREVYR Ay v— Y mEZTE
BT LICMBA—F VYDA v R EZ v X p 2 IEL, T0OFE
fTEEET DL EBECA2T w3,

WHEr—F v RED L v 2 E v A RBICER S W R
KOFEFRPL— T A v 2Z v RELTEREhBE cC
THRAXOIEFEIA — 7UE & ERAEBCS LKA
BREBEELL, ResRVEBELEBCHRAEKD [ v 2
FyvAkDLDEL, BASERERCHLTRERSHE
RAEKEDA VYR FZ v ACABRFSC L THBE. MBEL—
F v BIREERFCE A AR’ A —7 D unfolding L & -
CTHET IR Ave— VY mEr—74 v RE VR p#E
A DNMBEA—F v FCFELEh s coBE[ v
R & v ARNC REFBIR M A& w0 T4 X582 ICIER
cfibhsd (B1). BEEFODZQABEALr—F vOBE
b Ay e—Y mBCHhr—TA v R E VYR pRG 4
DRBEA —F v B RFICFEEE D, L L DHEE
BA—7 4 v 22y B RIEE c B U CikFBIRR 2D
Y, BIA—F4 v RE VA pOEFCIVEFHFI LR
BIE s BERREINTRARVESE, Ar—Ff v
v A pe+f¢’lﬁﬁ§1ﬁ Sit1 CiRET 3 &Bﬁﬁﬂﬂﬁ;#"ﬁé ha.

—160—



AM=T ALY REY R pDEFTICE DFL IREBIE 5,4, 258
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3 iR

HUTICREBEHFOEBONBEI DAL Ay —TV T r—
VAT ARTERT 3 7 CBIBEIZEE Valid 3B L 2B
Bt LAACDwTR<3.

3.1 EYa—LDER

WHCBWET 2 MBUADEARBN R EVa—1 LT3
T a— A REEORERE ABAL—F v 2D ABR
BEELE S L5 AREEFOMEL—F ¥ T, 0
EHEh3RBCOWTOFRIHERHICZ 4 - F ¥y 7
FT3X58ET 3. Vaid Tl x = x + 1Dk ABERE
KRFIhcnd, EHEEFI LS L5 RRBEALEH
RROIRIC S & SnTROFRAK~OATIE LT, R
BECRELAVAF Yy A CRET S C e 200 T 5. R
BOEERA L BECKEL R AHAL—F ¥ 2/ 2HS
DB EhEVa-—rdive—Vxa—2EoR B
BLRACBBLED Ay -V RNy 77 REEANES
K+3 ABRCHBMCERCCAy2—VFa—D
REPRYHMTAEEZTS. BT Ya—afEiRo#i
Bo—mERT

%Y 2 —A4% : module (FFRABTIMEDFIE)
= { let BETER BKoER -

in for (states):(initial-states)
recur (new states)
where new.states=
case { predicate; — expressiom; ;

predicate, — expression,
[ ; others — expressiong ]
end } }

BERD Valid THIBIF R B A 2 FMHE L AfTo T
BB, EVa—ATRAv—VOAE—v<oFvIC
IVEFROBRETALSISKBLAE. EV2—210F
RARED recur THv bR 5 case T predicate; T
#— v EER LEFROBRETS. 2% 9UTOLS A
R iIC X o TRARXNERRT 2

pattern; — exp;

EV2—AOERACEATR Ay t— P F 2 —BFHRA
~DAN L LTiIBRL AR, LBERKCE > THRE
Kot Ave—VFa—Dhbrly—VR—DHYHE
WEOBRAK~NDANL RS, 2y t—VFa—0RY
BROFBR/MB~DANE RS, EDXdEV2—ADE
FROZBREIETh BB F >z pattern & AR
KEoTHBRCRIHEELE Ay -Vt RNE—v=y
FXEfTbN, <vFT 5 pattern 2 KEIDECFFOETK
BBRRENZ. BRI NACETRORI CRECER, £v
- VORHALETS

EY 2 - ADOKRBEERIC BN TOEFRERO AL — v
2y FTCR, NE—v=esFRI>TERNL v FERD

X5 AERREHEK 7 2 0oh3. FAELTROXS
RiBEEELD. :

[“deposit”| 7n] — exp

DX 5 RBE Ay E— Y ness D car FALFH “deposit”
S —DDERk PbAEBEAZ—YTHRE 1 K kD
fEREANL v FENTR exp BEFTEINS.
EV2a-AREOFERARCAKTREGORBRER S L
3. b0 X cABERAREBMCERCLD Ay -V
WOMLEFS. coAyt—VDEYH L OBICATER
BAye—VFa—0ORTRFzy 775 Fa—0¥b
DEBRHT S L, MBRABRRAOKTREMRILL 2
MM LE Y2 — A OTFRLEYEL 5.

3.2 EYa—I0ER

HeiFIHE 5 0K, EFRCENICS v 222
DER, HERTS. v AZ vy 2OERRRO XS CHE
By 3.

P=new(module_name,initial_states)

KXY modulename &\ S AR CEHRENLTRIE
Ta—rDHFLnEY2—A« [ VX Z ¥R P HEFIHRE
ff initial_states THEME 1 3.

AVv2E Vv ZOBERRD X 5 BT 5.

8 = erase(module_instance)

erase 1€ X Y module_instance WHE #HET 5 & 53
ST Ay e—UMBEL DA B. erase id send(Bil) O—
T 'erase A v E—VBREELAEYV2—2+D Ayt —
V¥a—kcEbh3r tkhb. module instance #%
DA ye— Y EMIET 5 L module.instance RiHE E h,
ZOWRY VI s KEDLND (Eﬁml’i"/yﬂ'ﬂfﬁ;ﬁ
XNIORBELAEY 2 — A derase Ay —ViR
UHok s & ML 4EBR). erase OETTRER
WCEACHIDA VR EA vy AEMET I LICRS. ¥
ZFr s ORBRBRBEACERRD & 5 itk ¥ 5.

'= erase(module.instance)

T IRARBEOEREE NV FARBTEDIL LY
#+

3.3 Ave—YNiid
Ay e—VERBRROL S KIEBT 2
(s,x)=send (module_ instance,message)

it module_instance KL Ay — Y EREHL, D
message IC3 T % R RLERERIKEWE X OFR
% x CHEINABEELCKEICLE2RT. Ave—Y%
MBEL e EREBBAREE, x0Rb Y &EL
LT et send CEoTHEDbRAE Ay e— YV EHF
DAy E—VFa—HBRHMokLns v 7 FaARBEEh
3. s DEPRERT IR IDVEZBUNRAye—VER
BlLicr e hiElcE, AWMLy t—VRELERATES
ZEMCD Ay - VORBEROBENEES, x D
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Rbbr eRBRTHE, Aye—YOEHLtOMRE
¥UFTS 2 eTE, FERPAy t—VREFEERT
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EDEVa—Af vRE Yy ZHSERT DK self #F
VE HEEVa— AL VYRRV ARDLEDEY 2 [ v
REVAHHK Ay t— V%% 2w module_instance
IC self #ET 5.

Ay e—YORETICH LMLERER result 2BET S
BERD L 5 itk 3

! = reply(result)

MERCTH reply KX o TEVHENBEF—F % A v 2 —
TERPLEEBEDOF 2 —2FEFF— 2 0EERFE-T
VR EPTCHEERY 21 5.
DEnksaiAye—VRBL I VFEMA Y v — VG,
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RAOEREBHET 3 X5 20EBR, tOoEROEREET
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MLTHDIE. EV2—ADEHRRavAfrZ¥hde
%, KfkoD = — F (module_body) O fthic/BEEMKFF ORI A
E OB ERE- 25y (moduleh) RffMENS. HL KL
EFVa—Af VREVARERINE L ECREDOEBIC
Yo TBEKAFERTF =y 7305 ERENEEY 2 —
Ad v R R R GBEOEKEHE & ) Rk 5 AEAETDR

3. UTRENELDES OMEICD »CEIBEIZEFE Valid
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FYARBUEHLTEFLTRRERY BECKEL &
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LE Ay —VSHEARROT 77 Vv VEERTHBERDNL
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Ko L5 hiE#RERD.
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HERWTH AT sender 2 nil THIE ¥ 7 F L DER
ORBREHRERCE S T EHNT 5.

Ay - VREBOEFTIKIVEVHEND Ay & —
TAZy + i, sender KA vy t— VERHEBRL A
BELECHGT @i AnbnE. ABRERELELT
3y e— VEBOEFCTHEIBIRI Ay -V 1Ty
FCH, returnpoint K{EZHEELTWwWETY I D
HHREvwh 3. )

MOYMULAE Ay E— U ‘erase Ay t—YThHhiT
rins KX DEVa—A L v RE Vv RAEBERTS. ’erase
DADAy -V ThhEXD iy t— VIEEEFTT
54 vR2Zv A ins k& get-instance IC X Y FERT 5.
get_instance XM ¥ R & Y ARFOREREEF~, 4
BEA—THTEAVRE Vv RRBERTEFIIFoST
$3 NEA—-TLvRE Y AREREIIE, execute
CEY Ay e— VKT 20NEL—T [ ¥R & v ADEFT
#175. execute HMBEAL—T A4 v 2R E VALK LTAY
t—VRIPE LTI v L, ZOEFTREHT S,
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4.3 BEEHFES 22—

BEEKETHEEV 2 A OFERFET 2 —A [ VREY
REHELNDE Ay — VN y 7 7 ORCEY A EHEE
Brxa—klibh 3. Aye—YOMREE, BEHIND
REBIE L Ay v — VOREHOB AR RRET 5 & 5ET
FEROMHAT bR 2 BEEDS. TOLOF LI
UCHENWEBEEFEY 2 — A DAV RE Y ZARTRA
- VEZIWY Ayt - V% 2—%D< 5 message_in
&, RBEA— TREDOERGTEEHET 5 monitor RFFUH
&¥h 3. DT message in & monitor DMK DTk

BREEFEE S 2— AV CREEH IS A v & — S mes-
sage _in TRETD & 5 2MBRFTS. FF7VI5747
get.message L VEV 2 —A S v X EZ Vv ARB VAT D
NTWRBPEDaIa=y—vavRyy btFxa-hbiry
=TTy FEROMT. ol ¥ Ay w— VRS
DPBEEFTH. WMOYH LAy — V2 ‘erase Ay —¥
THhiE, Ay —YFa2— nessageqieune ICHEHDO<—
7\ message in ¥ T T 3. ’erase IANAD A vt —
TTINEEXED Ay — VUBABHETTE4 Vv AZ VX ins
% get.instance IC & VERT 3. QBEAL—Ff v &x v
ABHRENNE, Ao e— Y LI LT nessage_quene
KARD. ZLTRD Ay E—JCHLTCChbD Ay £~
VLR TR ICEE DK (K 6).

message_queue %2 <{ 3BRICIE lcons(lenientcons) %
Hw, 2ye—Y2 1Y - LAOSETIERTAS L5 KT
5. lcons KEoTY X MRERENSZ L &R, ¥FFer
RO 2R CHBLERNRD bR B A CHERAIRT
bh 3l o 1cons #F\v message queve FHKT 3
ziiIck Y, messagequene 5[ & 3 % monitor TH
messagequeue RFERLTwi b 20EREBHT
k3.

MEAL— T4 v RE Yy ZOEFTREHET 5 monitor T
ROE5 RMBETS. FFFIWMELTBEENE Ay & —
V¥ 2 — mquene 2 DEFOEREM Y . ZOERHR
Fa—ORBORECINEES 2 —Af v I E VIR
EL monitor ¥ T35 5. 25 TCRINEZDERL Ay
-V ENRENT IMBAL—T L Y RE Y ZONTH
5 DO TIRIENE & —HBIC execute ICES (7). execute T
BOEA—T L v 2E Yy RECHF LT A v — LAREEESE]|
WeLTYvrL, EOEFRERT 5. DL ¥ execute
THRIAGT ZRBERRKDOATAALTh Ay =%
DERCEDA v RE v RCY ¥ I L, F—4Tu—3%
SXACEDHEARYAEEED THL L LHRTE .
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D execute IC X BMIA v 2 & v 2 DEFT LIRBEORZIT
ELOBIEY (H8) KRT. monitor THRFFRARE L £ v
t— V¥ 2—0FKYOWSETIHE LTHRMIC nonitor
E#HRYIET

DEDESAMEA =R A & S%, RADOPES
THEEED TS Datarol 7— %7 7 F v B¢, REE
PR T OMBEI AL A v — VTRV AT LDE

RERHITRS.

5 &

AR CTRBE*BERETERLTwEF— 27 n—FRic
b &S BRBERE Y X 7 A OHRNFEEFAERL,
REE EFHFOMBA LA CD A v v — VRBEIRRT
¥3L5HEL ABHBEITE Validk o Tid_7%. L
CF—F7R— s FH=XLDHETCHERER LI —LD
Back) 20X hv27akERTSCLCE VA
kR ZGCR S ABEEKNTCOETAES TREL T2 TH B
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function new(module_name,initial_states)
= { module_ins=my_instance() where
[module_h|module_body]=module_name,
!=case check(module_h) ->
message_queue=message_in(module_b),
!=monitor (message_queue,initial_states)
otherwise ->
module_call(message_b,initial_states) 1.

function message_in(b)
= { let message=get_message(),
mes=car (message)
in case mes=’erase -> ’#end
otherwise -> { let ins=get_instance(b)
in lcons(cons(ins mes) ,message_in(b) }.

function monitor(m_queue,state)
= { let head=car(m_queue),

ins=car (head)

mes=cdr (head) ,

res=cdr (m_queue)

in if car(mes)=’#end then r_ins
else {let new_state=execute(ins,head,state)
in monitor(res,new_state) } }.

functi;h'hodﬁie_call(m_b,initial_states)
= { let message=get_message(),
mes=car (message)
in case mes=’erase -> r_ins
otherwise -> { let ins=get_ins(b)
in module_call(m_b,initial_states)
where !=execute(ins,cdr(mes),state) } }.

primitive my_instance() :

BOEHHDL v 22 v ZERIKT

primitive get_message() :
PECEET 57y bbb A ye— Yy y PERY BT
¥ty e —VRHERERY S FARBBELELELEET

primitive get_instance(b) :

AVRAZVREERF 2y 7 Lb 2ERFT A v R & v X RlR

primitive execute(body,mq,st) :
mq,st BANTFA—F 2 LCAVAE YR body L) ¥ 7 LEFRED

primitive check(h) :

EY 2 — A RBEETENE 5 PFD
8 ER D Valid € & 3385k

— 166 —



