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TOM TAT

Mot hé théng phirc tap dwoc xem nhu tap cac hé théng con. Cac hé thdéng con nay cling tén
tai va twong tac 1an nhau. Gan day, hé théng da tac ti - la mét dang cta hé théng phirc tap —
rat dwoc phat trién. Trong bai bao nay, ching téi tap trung vao nghién ciru hé thdng da tac tor
dé quy. Bay 1a mé hinh thich hop dé dac ta cac hé théng phirc tap mang tinh dé quy. Hién
nay, hé thdng da tac ti dé quy chi dwoc déc ta bdi nhitng ngdn nglr phi hinh thirc. Bai bao
nay dwa ra dé xuat st dung ly thuyét kiéu d&c ta hinh thirc hé théng trén.

ABSTRACT

Today, software systems are more and more complex. Such systems are composed of many
sub-systems, in which each sub-system exists in interaction with other sub-systems. Recently,
multi-agent systems (MAS), one of theses kinds of systems, have been studied thoroughly. In
this paper, we concentrate on studying the recursive MAS which are well adapted to describe
complex systems. Until now, recursive MAS have only been described by non-formal
languages. This paper proposes using the theory of mentioned types to specify recursive MAS.

1. Pat van dé

Mot hé théng phuc tap co thé duoc xem nhu 13 mot tdp hop cac phan tir. Cac phan tir
nay mQt mat hd tro cho nhau dé hoan thanh nhi¢ém vu chung, mat khac ching lai phy thudc
vao cac hé théng con cta nd dé hoan thanh nhiém vu riéng. Pé dic ta cac hé théng trén, st
dung hé thdng da tac tir (Multi-Agent System - MAS) c¢6 nhidu wu thé. Cac phan tir ciia hé
théng duoc xem nhu cac tac tir, tap hop cac phan tir cia hé théng dugc xem nhu mot MAS.
Khong chi dung lai la tp hop cac phan tir, cac hé thdng phire tap phai xem xét xuyén qua tat
ca cac hoat dong cua cac phan tir cau thanh bang cach phan ri cac phan tir & mirc do chi tiét
hon. Hay mot phan tor & muire n phén ra thanh mot tap hop cac phan tir con & mic n-1. Nhu vay
su phan ri hé thong mang tinh dé quy. Vi thé, nhiéu nghién ciru da dua khai niém dé quy vao
trong MAS.

Cho dén nay, MAS dé quy van chi dugc dic ta bang cac ngdn ngit phi hinh thirc. Muc
dich cua bai bao nay 1a dé xuét viéc str dung mot ngdn ngit hinh thirc dé dic ta MAS dé quy.
Twr do, ching ta co thé phan tich, thiét ké, mo phong, kiém tht tinh ding dén cia cua hé théng
phtc tap ma hé thong d6 dugc dic ta boi MAS dé quy.

Phan tiép theo cua bai bao, chung t6i s€ so lugc khai niém MAS va cac tiép can dac ta
ctia chiing. Sau 6 md hinh MAS dé quy s& dugc gisi thiéu. Tir d6 dé xuat ap dung 1y thuyét
kiéu dé dic ta MAS dé quy s€ duogc trinh bay. Mot irng dung cu thé dugc trinh bay dé minh
hoa cho giai phap. Cubi cling bai bao két thuc boi két luan.

2. Hé thong da tac tir va cac tiép cin dic ta hinh thire

e Khai niém tac tir



Su ra do1 cua khai niém tac tir gén lién v&i su xuit hién cta cac khai niém: thuc thé sinh
hoc, r6- bt tu tri, sy mo- dun hoa trong cong ngh¢ phan mém. Vi day 1a mot linh vuc moi nén
van chua c6 su thong nhat vé khai niém tac t.Theo [5], [7] khai niém Ve tac tir co thé hiéu: doé
12 mot thuc thé vat 1y hodc 4o, ton tai va phat trién trong moi truong séng ma néd 1a mot thanh
phan trong mdi truong do. Cac tac tir c6 kha nang hoat dong ddc 1ap, c6 kha nang hoc hoi va
phat trién ciing nhu ty phén huy trong méi truong song. Céc tac tir twong tac 1an nhau va
tuong tac véi moi truong song cling nhu chiu sy tac dong ciia moi trudong.

o H¢ théng da tac tir

Qua khai niém tac tir, hinh anh MAS c6 thé dugc lién tudng nhu mot xa hoi ctia nhimg
dong vat béac thip (vi du dan klen) ma cac phan tir trong do co nhimg nét déc trung nhu: co
mdi quan hé (phu thude, chi phdi, ngang hang), ¢6 tuong tac trao d6i thong tin va hoc hoi lan
nhau, tac dong vao moi truong va nguoc lai. Theo Ferber [5], mot MAS duoc cAu thanh bai:
moi truong song; tap cac d6i tuong thy dong chiu sy tac dong cua cac tac tur 1én no; tap cac tac
tuor la cac phan tr chu dong; tip cac mdi quan hé giita cac phan tr v6i nhau; tip cac thao tac
gifta cac phan tir v6i nhau.

Véi nhirng dic trung cia MAS, d3 c6 nhidu md hinh phan tich thiét ké nhu Gaia [9], mé
hinh nay tap trung vao vi¢c phan tich cac nhiém vu cta céc tac tu. Hodc mé hinh AALADIN
[4] thi dua trén sy td chirc cua cac tac tir. Trong bai bao ndy, mo hinh phén tich nguyén am
[13] duoc sir dung. M6 hinh ndy xem mot MAS c6 4 phan: tap cac tac tir A (Agents), moi
truong E (Environment), tdp cic twong tac | (Interactions), sy to chtic hé théng O
(Organization)

Quy tic 1: MAS = A +E + |1 +O

Quy t{lc 2: Chirc nang cia MAS = X chirc ndng cua céc tac t + chirc nang phat sinh

Quy tiic 3: Trong dé quy, mot MAS c6 thé xem nhu 13 mot tac tir (¢ mirc cao hon) va
nguoc lai mot tac tur o thé xem nhu 1a mét MAS (6 muc thip hon). Mot tac tir & muc thap
nhit, mirc 0 (khong thé phéan rd duoc) 12 mot tac tir ton tai thuc su goi 13 tac tir nguyén ti, cac
tac tir & murc khac 0 goi la cac tac tur phirc hop. Nhu vay ta c6: A = A nguyén tir | A phirc hop

e Cic tiép can dic ta hinh thirc hé thong da tac tir dé quy

bac ta hinh thtc 1a st dung cac khai niém toan hoc dé mé ta hé théng, n6 dic biét co y
nghia trong linh vuc tin hoc. Pédc ta hinh thic dya trén nhitng co s& toan hoc dé dat ra cac
nguyén tic, cach biéu dién, suy dién. P6i véi MAS, dd cé nhiéu ngdn ngit hinh thirc dugc sir
dung nhu: ngdn ngit Z, ngdén ngit hudng dbi twong Z [12], mang Petri [3], DESIRE [2], logic
BDI (Belief, Desire, Intention) [8], IT-calcul [10]. Mdi ngdn ngir thich ing véi mot s md hinh
cua MAS, tuy nhién véi mé hinh MAS d¢ quy ma ching t6i chon lya thi cadc ngdn ngit trén
chua dap g duoc.

3. H¢ thong da tac tir dé quy
3.1. M6 hinh nguyén &m AEIO

Khai niém dé quy sir dung trong mé hinh MAS dé quy duoc xay dung dua trén quy tic 3
trong [13]. Trong md hinh nay, sy phan rd mot cach d¢ quy c6 dang cdy, chi nhimg tac tur
nguyén tir ¢ 14 (mrc 0) méi ton tai thuc sy, con nhiing tac tir phirc hop (6 mirc khac 0) la
nhirng tac tir 4o dugc xdy dung bang cach gom nhom mot sd tac tir & muc cao hon. Tét ca cac
tac tir phtrc hop ¢ cung mot mure hop thanh mot MAS ¢ muc do.



Trude khi tim hiéu MAS dé quy, chiing ta di phan tich mo hinh AEIO theo 4 thanh phan:
= AvaE: giasu réng U Ia vii try dugc tao bdi tap cac tac tir A va cac ddi tuong tao nén moi
truong E,tacé: U=AUE
= |: bao gdm tét ca cac tuong tac trong hé théng. Theo [6] thi c6 3 loai twong tac:
- Twong tac tiep nhén (perception interaction): 1a twong tac cua mdi truong 1én cac
tac tr
- Twong tac tac dfng (action interaction): la twong tac cua tac tur 1én moi truong
- Twong tac nhan thire (interaction cognitive): la twong tac gitra cac tac tir vai nhau.
Neéu cho rang cac tuong tac la cac ham trong vii try, va ham nay tra vé cac tin hi¢u s
(signal) thi ham I dugc biéu dién: 1: AXxU— S véi S 1a tap cac tin hiéu s
Chung ta co6 thé dac ta 3 loai twong tac trén:
- Twong tac tiep nhan: | (A;,e) = percept (e, Aj)
- Twong tac tac dong: 1(A;, e) = action (A;,e)
- Twong tic nhén thirc: I(A;,A;) = message(Ai, Aj)
= O:la sy t6 chuc trong hé théng hay chinh la tap cac mbi quan h¢ gitra cac tac tu voi nhau.
Co 3 loai quan h¢ [1]: biet (knowledge), giao ti€p (Ncommunication), 1¢ thuoc
(subordination). O 1a mot tap cac quan hé 2 ngdi, trng véi moi quan hé thi tap cac tac tur
dugc tach thanh cac nhom theo quan hé cia chiing. Tacd: O = {A R A}
3.2. M6 hinh nguyén dm AEIO dé quy
e DéquyE dé quy E:= e nguyén t6 | {dé quy E}
E c6 thé 1a mot e nguyén tb hodc 1a mot tap hop cac E d¢ quy khac. Néu goi Ep, En1 1an
luot 1a méi trudng & mirc n va n-1 va P 1a tinh chat dé quy thi: E, ={P(En.1)}
e DéquyA dé quy A := A nguyén td | {dé quy A}
A co thé 14 mot A nguyén td hodc 1a mot tap hop cac A dé quy khac. Nhung theo dinh

nghia mbi MAS ¢ mirc n-1 1a mot tac tir & mire n. Vi thé, tinh dé quy P cta A con phu thudc
vao ca mai truong nén: Ap = P({An-1},{En-1})
e Dbéquyl dé quy I := I nguyén t6 | {dé quy I}

Tinh chét dé quy P s€ dugc xac minh qua 3 loai ham I. O muc 0 thi: 1o : Ag X Ug = So v6i
So 1a tap céc tin hi¢u murc 0. _ _

-  Twong tac tiép nhén: 1o (A'o, €) = percept (eo, A'o)

- Tuwong tac tac dong: lo (A' 0, €0) = action (Ao, e0)

- Twong tac nhén thire: Io (Aly, Aly ) = message 1(A', Aly)

O mic n:

- Twong tac tiép nhén: I, (A o €n) = {percept (€. 1, ‘)

- Tuwong tac tac dong: I, (A' n, €n) = {action (A%, ek 1)}

- Twong tac nhén thirc: 1, (A, Al)) = {message(An.1 A%.1)}

e béquyO dé quy O := O nguyén t6 | {d¢ quy O}

O murc 0 thi rd rang O nguyén t6 chinh 1a mdi quan hé gilta cac tac tir voi nhau, ¢ day
chi phan tich trong truong hop muic cia O khéac 0. Bdi vi cdc mdi quan hé tao nén cac nhoém
nén khi phan ra tir mirc n )_(uéng muc n-1, ham O c¢6 dang nhu sau: _

On = AW R Al = Gr(A%.1) R Gr (AP,.1) v6i Gr 1a nhém do A'n phan ra thanh.

4. Ap dung ly thuyét kiéu dic ta hé thong da tac tir dé quy
4.1. Ly thuyét kiéu



Ly thuyét kiéu 1a mot ddi tuong hép dan cho cac nha tin hoc, toan hoc, sinh hoc tur
nhiéu nim nay. Ddi véi linh vue tin hoc, Iy thuyét kiéu 12 mot cong cu hi¢u qua dé dic ta hinh
thirc cac hé théng, dic biét 1a cac hé théng dé quy. Ly thuyét kiéu duoc xay dung dua trén 3
thanh phan chinh: toan 16-gic, A- calcul va toan hoc suy dién. Theo [11] mudn dinh nghia mot
kiéu nao d6, chung ta thuong dua ra 4 luat:

Luat khai tao F (Formation): giai thich kiéu nay 1a gi

Luat gi6i thiéu | (Introduction): gi6i thiéu cac phan tir cia kiéu

Luat gian udc E (Elimination): tir cac gia thiét, gidi thiéu gian udc cac phan tir cta kiéu
Luat tinh toan C (Calculation): quy dinh cac cach gian u6c biéu thirc cho don gian.

Vi du: kiéu bool dugc dinh nghia: True, False 1a 2 gia tri cia kiéu

- LuatF: ———(bool F)
bool is type

- Luatl: ———(bool | ———(bool |
' True : bool ( Y False : bool ( 2
tr :bool c:C[True/x] d:C[False/Xx] (bo
if tr then c else d : bool
Luat C if Truethencelsed —c (bool )
- at C: 00
e if Falsethencelsed —d
, Véi ki hiéu phan sd, thanh phan trén gach ngang la gia thiét, con duoi gach ngang 1a
ket ludn dya trén nhiing gia thiet da cho, C[t/x] 1a mot biu thirc chira X, bien X dugc thay boi
gia tri t, ¢: bool c6 nghia la ¢ c6 kiéu bool.
4.2. Ap dung Iy thuyét kiéu dic ta MAS dé quy theo mé hinh AEIO
¢ Pinh nghia kiéu E:
- LuatF: —(EF)
Eisatype
(e:):[E,.]
: (E ) ——(E 1,)
&:E (Foroupe (€ 2D) - E,
Trong d6 (e::1): [Ena] 1a mét danh sach kiéu E & muc n-1 va phan tir dau danh sach 1 e,
tiép theo la mot day cac phan tu |, FGmupE (I) 1a ham nhom céc phan tir kiéu E trong danh

séch | thanh mot phan tir kiéu E & murc cao hon.
e:Ec:Cle,/x] f:(VI:[E]D.(C[I/X]= C[F,

Foecompe €€ T2 C[e/X]
Trong d6 (VI :[E]).(C[l/ X]1=> C[Fgoupe |/ X]) : v6i moi danh sach | kiéu E, tir biéu thirc

C[l/c] kéo theo C[Fgroupe I/X], Foecompe (€ C f) 1 ham phén ra e véi diéu kién c f.
- LuatC:
g,cfoc

- LuatE:

ol E)

- Luatl:

1/x])

- LuatE: o (E E)

I:Deco mpE

I:DecompE (FGroupE (e - I)) c f - f (FDecompE ec f) (FDecompE (FGroupEI) c f
¢ Dinh nghia kiéu A:

- Luat F: —(AF)
Ais atype

(E C)



(a:h):[A,]

- LuatI: (AL) (AL)
3t A T (Foapa@i) A7
e:Ac:Cla,/x] f:(VI:[ED.(C[I/x]= C[F /X
LutE (3 /0 1 (7 [EDCI/ = ClPoral DD
FDecompAac f:Clal/X]
- Luat C:
I:DecompEGOCf_)C (AC)

I:DecompE (FGroupE (e - I)) c f - f (FDecompE ec f) (FDecompE (FGroupEI) c f

¢ Dinh nghia ham I:
| khong phai 12 mot kiéu, I 1a mot ham co 2 tham sd, tra vé tin hidus: 1 : AxU > S
Ap dung 1y thuyét kiéu dé dinh nghia d¢ quy ham I nhu sau:
| a,u, —>s

I a‘n I:GroupU (um—l > I)_> I a‘n um U I a‘n I:GroupUI

¢ Dinh nghia ham O:
O duoc xem 13 mot ham ma tham sb cua nd 1a mot tac tir a, ham tra vé tap cac tac tur co
quan hé véi tac tir a: O : A > A" Ap dung 1y thuyét kiéu dé dinh nghia d¢ quy ham O nhu
0 a, > {a” }

Sau.
0 FGroupA(an—l -0 a,UO0 FGroupAI

5. Ung dung: Pic ta hé thong tim kiém trén ban do dia 1y bang 1y thuyét kiéu
5.1. Mé hinh héa hé thong tim kiém théng tin trén bin do bang mé hinh AEIO

Ban d6 1a nhu tap hop cac ddi twong dia 1y c6 mdi quan hé véi nhau. Cac d6i tugng co
thé 1a diém, doan théng, hodc mat béng. Bai toan dit ra 1 1am thé nao dé phong to hodc thu
nho ban db hoic mot ving trén ban dd dé - phu hop véi viée in 4n va tim kiém dija diém, duong
di... Khi phong to mét vung, tire la chi tiét hoa cac d6i tuong trong ving do dé dé dang tim
kiém thi cac ddi tuong xung quanh phai bi thu nho lai, d61 khi n6 chi con lai 1a mot d6i tuong
dai dién cho nhom théi. Vi thé can phai c6 cai nhin ¢ murc thap hon (phéng to) va muc cao
hon (thu nhé) cac ddi trong. Vi yéu cau nhu thé, ching toi 4p dung mé hinh MAS dé quy
AEIO cho bai toan.

e E: tap hop cac ddi twong dia 1y tao nén méi truong: nha hodc duong phd
- Mirc 0: mdi truong cau thanh bai tap cac dbi twong dia 1y (Object Geograpic- ObGeo)
nhu céc toa nha va con duong
- Mirc n: mdi dbi twong & mirc nay 1a tap hop cac ddi tuong & mirc thap hon (Object
Geographic Set - ObGeoSet. Vi du & mirc 1, mot dbi twong c6 thé 1a «khu phd» 1a tap
c4c tda nha va con dudng & mirc 0. O mirc 2, mot ddi twong cé thé 1a mot
phuong/xa. ..

e A:tip cac tac tir quan 1y cac ddi twong c6 mdi quan hé véi nhau (gan nhau véi mot khoang
céch nhat dinh)
- Mitc 0: mdi tac tur tuong Umg véi mot hodc mdt nhom cac ddi tuong. Co thé 1a duong
phé (Agent Route- AgR) hoic toa nha (Agent Building-AgB)



- Mirc n: mdi tac tir & mirc nay AgBSet, AgRSet 14 tip céac tac tir & mirc thip hon. Ngoai

ra con c6 tac tu khac chira cac rang budc trong qua trinh phan ra AgC (Agent
Constraint).

I: tap céc thao tac

- Muc 0: tuong tac & mirc nay dugc mod hinh hoéa bang cac rang budc di chuyén trong

moi truong

- Mtic n: cac tuong tac chinh 1a céc tin hi€u dong bd gitra doi tugng va céc tac tr

O: tap cac moi quan hé

- Mirc 0: céc tac tir dugc t chirc thanh nhom khi chung quan 1y cing mét diém dia 1y
- Mittc n: cac tac tir duoc td chie thanh nhom béi céc rang budc

5.2. M6 hinh héa hé thong tim kiém trén bin dé dia 1y bang Iy thuyét kiéu

Pinh nghia kiéu E:

Luat F: —(EF)
Eisatype
Luat I El,) | :[ObGeo] E1,) I:[ObGeoSet](E 1)
ObGeo: E (Ferouwpe!) 1 E (Foroupe!) 1 E

e.E c: C[ObGeo/x] f :(VI:[E].(C[I/x]= C[F I/x

Lugt E: [ ] £ EDCI /= ClFse! XD
Foecompe €C T2 Cle/X]

Foecompe ODGeOC f —>C

Luat C: (EC)

I:DecompE(FGroupE(e - I)) cfof (FDecompEe c f) (FDecompE (FGroupEI) cf

Pinh nghia kiéu A:

v’ LuatF: ————(AF)
Ais atype
v’ Luatl: (Al) (Al) M(Ag)
AgR: A AgB: A Foroupal T A
I :[AgB | ;[ AgBSet | :[ AgRSet
[—9.](/_\|4) [g—.](/_\|5) [g—.](ma)
I:GroupAI PA I:GroupAI P A FGroupAI DA
v LuitE: arAc:C[AgR/x] f:(VI:[E]).(C[lI/x]= C[Fgnl / X]) (AE)
Foecompa @€ T2 Cl[a/X]
Focompa AGR € f —>¢
v Luit C: Fomn AGB € f ¢ (AC)
I:DecompA(FGroupA(a:: I)) c f - f (FDecompAa c f) (FDecompA(FGroupAI) c f
Dinh nghia ham I:
I 1a mot ham c6 2 tham sé, tra vé kiéu tin higus:  1:AxU—>S
I a,u, —>s

I a, I:Groupu (um—l - I)_> I a, Uy, U I a, I:GroupUI

Pinh nghia ham O: O dugc xem la mot ham ma doi s6 cua n6 1a mdt tac tur a, ham tra vé
tp cAc tAc tir c6 quan hé voitac tra: O : A > A"



Ap dung Iy thuyét kiéu dé dinh nghia d¢ quy ham O nhu sau:
O a,— {a"

O I:GroupA(a'n—l ::I)_) O an—l U O FG I

roupA

6. Két luin

Trong bai bao nay, ching t61 trinh bay nghién ctru m6 hinh hoa cac hé thong da téc tir,
dic biét 1a cac hé thong da tac tir & quy. Tiép can dé quy ddi véi hé thong da tac tir cho phép
giam do phtrc tap khi thiét ke hé thong Hudng nghién ctru nay da va dang dugc phat trién, ma
trong d6 mdt trong nhiing van dé dang duoc dit ra: lam thé nao dé dac ta hinh thic cac hé
thong da tac tur d¢ quy? Trong bai bao nay, chung toi da dé xuit giai phap st dung 1y thuyet
kiéu dé dic ta cac hé thong da tac tir dé quy. Gidi phap nay mé ra nhitng hudng phat trién:
nghién ctru kha ning cai dat tir cac dic ta; phat trién linh vuc chimg minh hinh thtrc; mé rong
giai phap dé dic ta cac loai hé thong da tac tir khac.

TAI LIEU THAM KHAO

[1] C. Baeijs, Fonctionnalité Emergente dans une Société d'Agents Autonomes, INPG, These de
Doctorat, France, 1998.

[2] F. Brazier and B. D. Keplicz and N. R. Jennings and J. Treur, Formal Specification of Multi-
Agent Systems: a Real-World Case, 1st Int. Conf. Multi-Agent Systems, Menlo Park, USA,
1995.

[3] F. Vernadat and A. Lanusse and P. Azéma, Modélisation par Réseaux de Petri d'un langage,
Application a la Vérification de Systémes Multi-agents, 2émes Journées Francophones IAD-
SMA, Voiron, 1994.

[4] J. Ferber and O. Gutknecht, A meta-model for the analysis and design of organizations in
Multi-Agent Systems, Proceedings of ICMAS'98, IEEE Computer Society, Paris France, 1998.

[5] J. Ferber, Les Systemes Multi-Agents: vers une intelligence collective, InterEditions, 1995.

[6] M. Occello, Towards a Generic Recursive Agent Model, Proceedings of International
Conference on Artificial Intelligence (ICAI00), Las Vegas, USA.

[7] M.J. Wooldridge, Intelligent Agents, Multiagent systems: A modern approach to Distributed
Artificial Intelligence, Gerhard Weiss, MIT Press, 1999.

[8] M. Wooldridge, Practical Reasoning with Procedural Knowledge, Formal and Applied
Practical Reasoning, page 663-678, 1996.

[9] M.J. Wooldridge and Jennings, N.R. and D. Kinny, The Gaia methodology for agent-oriented
analysis and design, Autonomous Agents and Multi-Agent Systems, vol3, Kluwer Academic
Publishers, 2000.

[10] R. Milner The polyadic pi-aclcul: A tutorial, Laboratory for Foudations of Computer Science,
Department of Computer Science, University of Edinburgh, 1991.

[11] S. Thomson, Type Theory and Functional Programming, Computing Laboratory, University of
Kent, 1999.

[12] V. Hilaire and A. Koukam and P. Gruer and J. P. Muller, Formal Specification and
Prototyping of Multi-agent Systems, Lecture Notes in Computer Science, 2001.

[13] Y. Demazeau, From Interactions to Collective Behavior in Agent-Based Systems, European
Conference on Cognitive Science, Saint-Malo France, 1995.



