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XAY DUNG HANH VI TUONG TRANH CUA HE MANG HQP THANH
HOANG CHI THANH

Truong Pai hoc Khoa hoc Tw nhién, DHQG Ha Noi

Abstract. A behaviour of a system is often presented by the set of the systems processes. A process
corresponds to an executable choose of the system. Processes consist of actions, environment and
time relations between actions for their execution. The time relation between actions in a sequential
process is a total order, whilst in a concurrent process is a partial order. A linearization of a concurrent
process is a sequential process. So a concurrent process with maximal concurrent steps points out
an optimal way to execute its sequential processes. A net system can control another one to form
a composed net system. Using methods to transform sequential processes into concurrent ones, we
construct a concurrent behaviour of the composed net system directly from sequential behaviours of
net system components. This result indicates an optimal and quick execution of processes occurred
on the composed net system.

Tém tAt. Hanh vi clia mot hé théng thuong duroc biéu dién bdi tap cdc qué trinh cia hé théng.
Mot qué trinh twong tng véi mot lua chon thire hién cia hé théng. Qué trinh cia hé thong duoc
cau thanh béi cdc hanh dong, méi trirong va quan hé thai gian gitra cdc hanh dong dé hé théng thure
hién ching. Quan hé th&i gian giia cdc hanh dong trong mot qué trinh tuan tu 14 quan hé thit tu
tong thé, con trong moét qué trinh tirong tranh thi chi 1 quan hé thir tu boé phan. Tuyén tinh hod
cla qud trinh twong tranh 13 mét qué trinh tuan tu. Do vay, qud trinh tuong tranh véi cdc buéde
twong tranh cire dai chi ra mot cdch t6i wu dé thue hién cdc qué trinh tuan tu ciia né. Mot hé mang
c6 thé dieu khién mét hé mang khac va cho ta hé mang hop thanh. St dung céc phuong phép bién
d6i qué trinh tuin tu thanh twong tranh, ching toi xay dung hanh vi twong tranh ctiia hé mang hop
thanh mot cach truc tiép tir hanh vi tudn tu cla cdc hé mang thanh vién. Két qua nay gitp thuc
hién nhanh chéng va t6i uwu cdc qué trinh xdy ra trén hé mang hop thanh.

1. MO PAU

Khi thiét ké mot hé théng ching ta thuong phai moé td nhitng cdi ma hé théng cé thé
thue hién duwge. Pé6 chinh 1a hanh vi (behaviour) cia hé thong. Hanh vi cia mot hé thong
thuong diroc biéu dién bdi tap cdc qua trinh cia hé théng nay. Mot qud trinh twong ing véi
mot lra chon thue hién cda hé théng. Qua trinh cida hé thong duwoc cau thanh bdi cdc hanh
dong, méi treong va quan hé thoi gian gitta cac hanh dong dé hé théng thuc hién chiing.

Quan hé thoi gian gitia cdc hanh dong trong mot qud trinh tuan tuw 1a quan hé thit tw

tong thé con trong mot qué trinh twong tranh thi chi la quan hé thit tw bo phan. Tuyén tinh

* Céng trinh duoc Pai hoc Quéc gia Ha Noéi hé tro kinh phf (Pe tai QG-09-01).
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hod ciia qud trinh twong tranh 13 mot qua trinh tuan tw. Do vay, qua trinh twong tranh véi
céc bude twong tranh cuc dai chi ra mot cach t6i wu dé thue hién cdc qué trinh tuan tu cia
né. O mitc hanh vi, chi ra mot cdch day dd hanh vi twong tranh cia hé théng twong ting 1a
mot viee lam rat cé ¥ nghia.

Trong [7] chiing t6i da xay dung ba phuong phép dé xay dung hanh vi twong tranh cta
mot hé mang. Cac phuwong phap dé dua vao: ngon ngir vét [1], phép day trai va do thi cic
truomg hop [3]. Hon nira, hanh vi twong tranh cia mot hé théng nhan dwoc qua mot trong
ba phwong phép trén bao gom cdc qué trinh twong tranh véi cic bude twong tranh cuc dai.

Chuing t6i nghién ciru va gidi quyét bai todn hop thianh trén cidc hé mang [5, 6]. Bai toan
nay cung duoc L. Alfaro, T. A. Henzinger va F. Y. C. Mang hinh thic hoa va goi la bai todn
diéu khién, dwa trén khai niém hop thanh song song nhw sau [2].

“Cho hé chuyén M (bé). Cé hay khéng mot hé chuyén N (diéu khién), sao cho hé hop
thanh M||N thoa man cdc tinh chat dinh trud”.

Ching t6i da xay dung phép todn hop thanh twong tranh trén cic hé mang va chira rang
tap tat ca cdc hé mang 13 mot monoid vi khing dinh: mot hé mang cé thé diéu khién mot hé
mang khéc dé cho ta hé mang hop thanh. Hon nira, tinh an toan va tinh séng cia hé mang
dwroc bao toan qua phép hop thanh nay. Dong thoi, cdc nghién cttu cia ching t6i ciing da
chi ra cdch xay dung hanh vi tuan tu cida hé mang hop thanh tir hanh vi tuan tw cia céc hé
mang thanh vién (bé, dieu khién) nho phép t6 hop song song ciia cic ngon ngir. Két qua nay
la tién dé cho viéc xay dung hanh vi twong tranh cia hé mang hop thanh tir hanh vi tuan tw
cia né da dwoc xay dung & budce trén.

Trong bai bao nay, ching t6i sit dung cdc phwong phap bién d6i qué trinh tuan tu thanh
cdc qui trinh twong tranh da trinh bay trong [7] dé xay dung hanh vi twong tranh cia hé
mang hop thanh mot cach truc tiép tir hanh vi tuan tu cia cdc hé mang thanh vién. Hanh
vi twong tranh sé gitip thuc hién nhanh chéng cdc qué trinh xdy ra trén hé mang hop thanh.
bé lam dwoc dieu dé, hai cong vieéc can phai lam 1a xay dung quan hé tdch dwoc cia hé mang
hop thanh tir cdc quan hé tich dwoc ciia cdc hé mang thanh vién va nghién cttu sw thay doi
méi truong dé kich hoat céc bién ¢ xdy ra trén hé mang hop thanh, tir dé tim ra hanh vi
tuan tu cia hé mang hop thanh.

Bai bdo gom bon phan. Phan 2 danh cho hé mang, céc khéi niém lién quan va phép hop
thanh twong tranh trén cdc hé mang. Phan 3 danh cho viéc xdc dinh hanh vi tuan tw va cdc
xap xi cho quan hé tach dwoc cia hé mang hop thanh. Phan 4 trinh bay viéc xay dung hanh
vi tirong tranh cia hé mang hop thanh truc tiép tir hanh vi tuén tu cida cidc hé mang thanh

vien. Mot s6 két luan va hwéng phat trien dwoc trinh bay & phan cudi.

2. HE MANG VA HOP THANH CUA CHUNG

2.1. Khai niém hé mang

Hé mang dwoc xay dung dwa trén khdi niém mang Petri don gian va dwoc dinh nghia

trong [3 — 5] nhu sau.
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Pinh nghia 2.1. Bo ba N = (B, F; F') duoc goi 1a mang Petri néu:
1) B, I 1a hai tap khong giao nhau;
2) F C (B x E)U(E x B) la mot quan hé nhi nguyén, duoc goi la lwu do cia mang N.

Céc phan tir thudc B thwong thé hién cic dieu kién, con cdc phan tir cia F bieu dién céc
bién ¢ cia mang. Quan hé lwu do F cho méi lién hé trong mang giita hai doi twong nay.
Ta c6 thé diing do thi hai phan dinh hwéng d€ biéu dién hinh hoc cho mang N véi tap dinh
Xy = BUF 1a tap tat cd céc phan tir cia mang NV, con cdc cung thé hién quan hé lwu do F.

Gid sit N = (B, F; F') 1A mot mang Petri. V&i moi phan tir @ € Xy, ta ky hieu:

*x = {y|(y,z) € F} va goi la tap trudc (pre-set) cia x;

2* = {y|(x,y) € F} va goi la tap sau (post-set) cia z.

Mang N duwoc goi la don gian néu hai phan tit khac nhau khong ¢é chung tap trude va
tap sau.

Moi tap con ¢ C B dwoc goi 1a mot truweomg hop cia mang N.

Gid str bién ¢6 e € E va truong hop ¢ C B. Bién ¢6 e dwoc truomg hop ¢ kich hoat néu
*e Cche*Ne= ¢. Khids, ¢ = (c\*e)Ue® duoc goi la truong hop ké tiép cia ¢ nhd s xudt
hién cia e va ta viét: cle > ¢

Su xuat hién cia cdc bién ¢6 trén mang N tao nén quan hé dat téi tién mot budc
ry € 28 x 28 va dwoc dinh nghia nhuw sau

Ve,d €28 (e,d) ery e Fec B, cle> (.

s N g S ~ z.: e N N
Bao déng phan xa va bac ciu cia quan hé dat t&i tién va lui

Ry = (rn(ry')*
cho ta quan hé dat t6i trén mang N. D6 1a mot quan hé twong dwong trén 25,

Pinh nghia 2.2. Hé mang 14 mot bo bon X = (B, E; F, cp), trong dé:

1) N = (B, E; F) la mot mang Petri don gidn véi cdc phan tir cia tap B biéu dién céc
dieu kién, con cic phan tir cia tap F biéu dién cdc bién ¢6 clia mang.

2) cop C B la treong hop dau tién (hay con goi la trang thai dau tién).

L6p twong duwong C' = [¢p] gy dwoc goi 1a khong gian cdc trang théi cia hé mang 3.

Mot bién ¢6 cia hé mang c¢é thé xay ra néu trong hé ¢é trang thai lam thod man céc dieu
kién truée (pre-conditions) cia bién ¢6 nay va khi dé cac diéu kién sau (post-conditions) cia
bién ¢6 nay chwa thod man. Khi bién ¢6 x4y ra, cic diéu kién truwéde khong thod man nira va
cac dieu kién sau dwoc thod man. Trang thai ké tiép nhan dwoc sau khi bién ¢6 trén xdy ra
phai thudc khong gian cdc trang thai dé c¢é thé kich hoat bién ¢6 khac. Khong gian cac trang
théi cia hé 1a méi treomg dé day céc bude ¢é thé xay ra trén hé mang, tao nén céc qué trinh
tréen hé. Heé mang thwong dwoc diung dé mo hinh céc hé thong phan tan nhw céc hé thong

truyen tin, cac hé diéu hanh mang, ciac day chuyén sin xuit, cic chwong trinh twongtranh ...
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2.2. Hanh vi cda hé mang

Gid st X2 = (B, E; F,cp) 1a mot hé mang va trén hé nay c¢6 mot day cdc truomg hop
C1, €2, evvy Cny Cnt1 thude C' va mot day cdc bién ¢d eq, 3, ..., €, thudc E sao cho ¢;le; > ¢;11, i =
1,2,...,n.

Khi d6 day: cie; > cafes > €3...cu[e, > 01 thé hién mot qua trinh tuin tuw xdy ra trén
hé mang ..

Pinh nghia 2.3. Ngon ngtr sinh b&i hé mang ¥ dwoc dinh nghia nhw sau

L(Y) = {e1eg...p|Tc1, oy ooy Cpy 1 € Cy Feq, €9, 60 € i cile; > i1, i = 1,2, ...,n}.

Ngon ngir sinh b&i mot hé mang mé ta tat ca céc day cdc bién ¢ c¢6 thé xay ra trén hé
nay. N6 thuomg dwoc diing dé mo ta hanh vi cia hé théng. Song ngdén ngir nay chi cho ta
day cdc bién c¢6 xay ra mot cach tuian tw trén hé. Do dé, ngon nglr sinh béi mot hé mang
bieu dién hanh vi tuan tu cia hé nay va moi tir thudc ngon ngir biéu dién moét qua trinh tuan
tw x4y ra trén hé. Vay bang cich nao dé nhan ra cédc hanh vi twong tranh cia hé? Trong
[7] ching toi da xay dung ba phwong phap dé xay dung céc qud trinh twong tranh cia mot
hé mang tir ngon ngtr cia hé. Trong bai bdo nay, ching t6i 4p dung céc ky thuat dé cho hé
mang hop thanh.

Trude hét, ta nhac lai khai niém buéc twong tranh trén hé mang. Gia st ¥ = (B, E; F, ¢o)

la mét hé mang.

Binh nghia 2.4.
1) Quan hé ¢ C F x F duoc goi l1a quan hé tadch dwoc néu
Vep,ea € E:(er,e3) €Eqe e £ea N erNMtea="e;N®ey =e}N®ex =€} Ned = o
2) Tap con G C E dwoc goi la tap tach dwoc néu

Vel,eg € G, e 75 €y = (el,eg) €q.

3) Gid st ¢, 14 céc trudomg hop va G 1a mot tap tach duge. Tap G dwoc goi la mot
buéc trén hé mang 3 tir ¢ t&i ¢/ khi va chi khi moi bién ¢6 e € G déu la c-kich hoat va
d = (c\*G)UG*. Khi dé ta ky hiéu: ¢[G > ¢.

Quan hé tich dugc ¢ la doi xing va khong phan xa (sir-quan hé). Néu G 1a mot buée
trén hé mang thi tdt ci cdc bién ¢d trong G ¢6 thé xdy ra mot ciach dong thoi véi nhau. Viée
x4c dinh nhanh chéng cic buéc twong tranh mang y nghia quan trong trong diéu khién hé
thong. Ly thuyét vét cia A. Mazurkiewicz 1a mot trong nhirng cong cu tot va ching t6i da
st dung dé lam viéc nay.

Cap (F, q) duwoc xem nhuw 1a mot bang chir ¢di twong tranh trén hé mang 3. Ta xay dung

quan hé nhi nguyén 22 tren F'x nhu sau

Yu,v € Ex:u™v < Jui,uz € Ex, Ia,b) € q: u = uabuy A v = ujbaus.
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Quan hé nhi nguyén = trén Ex dwoc 14y 13 bao déng phan xa va bac cau cia quan hé
>~ Pay la mot quan hé twong dwong. Quan hé = dwoc goi 1a quan hé twong duwong vét trén
Ex. Moi 16p twong dwong ctia quan hé nay dwoc goi la mot vét trén E x . Ngon ngir vét
tren L(X), ky hiéu la V(X) thuong dwoc dung dé mé td hanh vi twong tranh trén hé mang
Y. Mbi vét biéu dién mot qué trinh twong tranh cia hé mang va dang chuan cia vét [1] x4c

dinh cho ta day cic budc twong tranh cuc dai trén qua trinh nay.

2.3. Hé mang an toan

Trong ho cdc hé mang ching ta dic biét quan tam dén cdc hé mang an toan, dwoc dinh

nghia nhu sau.

Pinh nghia 2.5. Hé¢ mang Y. = (B, E; F, ¢g) dwoc goi la an toan khi va chi khi Ve € F, Ve €
C:

1)®eCec=e*Ne= ¢;

2)e* Ce=eNc=¢;

Véi cac hé mang an toan, dé xem bién ¢é e ¢6 dwoc trueomg hop ¢ kich hoat hay khong ta
chi can kiém tra moét dieu kién.

Trong [3] da chi ra rang: moi hé mang déu cé thé lam day dd dé trd thanh hé mang day
du twong dwong theo nghia: hai hé mang nay sinh ra cing mét ngén ngtr. Hon nira, moi hé
mang day du luén luén 1a an toan. Ta nhac lai k¥ thuat lam day did mét hé mang.

Gid st ¥ = (B, E; F, ¢) 1a mot hé mang. Gid st b va b 13 hai diéu kién nao d6 ciing thuoc
B. Piéu kién b dwoc goi 1 bit ctia dieu kién b néu *b = b° va b* =* b. Hé mang day dd 1a hé
mang ma moi diéu kién cia né déu ¢6 bu. Qud trinh lam day di hé mang ¥ dwoc tién hanh
nhw sau.

Ky hiéu By la tap cac dieu kién khong cé bu trong B.

Xay dung quan heé

F' = {(e,b)|b € By A (b,e) € F}U{(b,e)lbc By A (e, b) € F}
va véi moi treomg hop ¢ € C dat p(e) = cU{blb € Bg Ab & c}. Khi d6, hé mang >; =
(BU{blb € Bo}, E, FUF', ¢(co)) dwoc goi la day dui clia hé mang 3.
2.4. Hop thanh cda cac hé mang

Truée hét ta xay dung hop thanh cho cdc hé mang an toan. Gid st X1 = (B, e1; I, co1)
va Yo = (Bsg, Ea; F3, ¢p2) 1a hai hé mang an toan. Ta dinh nghia hop thanh cta hai hé mang

nay nhw sau.

Pinh nghia 2.6. Hé mang ¥ = (B, E; F, ¢p) v6i

B=DBUBy, E=FEUEs, F=FUF,

va ¢g = cg1 N (B1\Bz) U cor Nepz U cge N (B2\By), duoc goi 1a hop thanh cda hé mang ¥y véi
hé mang >s.
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Ky hieu: > = >4 & 3.

St bdo toan tinh an toan ciia phép hop thanh trén da dwoc chi ra nho dinh 1y sau.

Pinh ly 2.1. [5] Néu X1 vd Yg la cde hé mang an toan thi hé mang hop thanh 3. cing an
toan.

Trong trwong hop 31 va Yo la cdc hé mang tuy ¥ thi ¢é thé hop thanh ching dwoc khong?
Trong truwomg hop nay thi ta lam day did 3; va 3o truwéde khi hop thanh va hop thanh cia
ching dwoc thuc hién thong qua cédc hé mang day dui twong trng: 3 @ Mo 1= 31 & Xo.

Nhw vy, mot hé mang luén cé thé diéu khién mot hé mang khac va cho ta mot hé mang
an toan. Hon nita, ta c6 thé chi ra rang ngén ngir cla hé mang hop thanh dwoc xdc dinh
mot cach dé dang thong qua cdc ngdén ngir cia hai hé mang thanh vién va phép t6 hop song

song trén ngon ngir.

3. HANH VI TUAN TU VA QUAN HE TACH BIET
CUA HE MANG HOQP THANH

3.1. Phép t8 hop song song cia cic ngdén ngir

Véi L 13 mot ngon nglr ndo dé trén bang chir cai A, ta ky hiéu L 1a bang chir c4i nhé nhét
sinh ra L. Hay néi mot cach khac, L 1 tap tat cd céc chir céi ¢é trong ngén ngir L. Gia st

L1 va Lo la hai ngén nglr nao do.

Pinh nghia 3.1. Té hop song song cia hai ngén ngir Ly va Lo 1a ngon ngir dwoc ky hiéu la
LitiLs va duoc dinh nghia nhu sau

LlﬁLg = {$|$ S (fl UZQ>*7 le S L1, wzg S L2}

Gid stt X1 va Ys la cdc hé mang. Hé mang Yo dieu khién hé mang Y1 va cho ta hé mang
hop thanh 31 ® ¥». Ngon ngit ciia hé mang hop thanh ¢é thé xéc dinh true tiép tir ngoén ngit

cla cdc hé mang thanh vién va phép t6 hop song song ciia hai ngon ngit nho két qua sau day.
Pinh ly 3.1. [5] L(X1 @ 22) = L(X1)8L(32).

Dinh 1y nay cho ta mot cdch xdc dinh nhanh chéng ngén ngir - hanh vi tuan tuw cia heé

mang hop thanh.

3.2. X4p xi quan hé tach duwogc cia hé mang hop thanh

Gid st ¥ = (B, E; F, ¢p) 1a mot hé mang va ¢ 1a quan hé tdch dwoc cia hé mang nay. Ky
hieu § = F x E\q va goi né la quan hé khong tach duwoc cia hé mang Y. Hién nhién, ¢ va g
14 phan bl cia nhau.

Gid st g1, g2, q 1a quan hé tdch dwoc trén cdc hé mang Y1, Yo va 37 @ Yo mot cach twong
tng. Ba quan hé tach dwoc nay c¢é moi quan hé gl véi nhau hay khong? Hay néi chinh xdc
hon, liéu ta ¢é thé xéc dinh duwoc quan hé ¢ mot céch true tiép tir cac quan hé ¢ va g khong.

Néu hai hé mang 37 va Yy khong giao nhau thi ¢ = q1 U g2 U (E1\F2) x (E2\F1). Trong
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truomg hop nguoc lai, khi hai hé mang 31 va s ¢6 chung mot s6 phan tir thi cau hdi trén
van la bai todn mé. Tuy nhién, trong moi truwdmg hop ta van cé thé xap xi cho quan hé téach

duoc g cia hé mang hop thanh.
Pinh 1y 3.2. Xdp 27 dudi va xip 7 trén cho quan hé tich dugc q dugc xdc dinh nhu sau
Gmin = 1 N (F1\E2)> Ui Nq2U g2 N (F2\E1)* € ¢ € G UGy = Gmax-

Chitng minh. Xap xi duéi va xap xi trén cho quan hé tich dwoc g dwoe minh hoa hinh hoc

nhu sau:

N
g2 )
_J

EE; / t\q/ /

|
/
y
g1 /
E\E; y

_

E(\E

EE, EirE; B2 Es

Hinh 3.1. a) Xap xi dudi qumin

b) Xap xi trén guax cla quan hé tdch dwoc g

Dé thay rang, §; Ug, € §. Vay thi, ¢ € §; U gy = Gmax. T2 da xdc dinh dwoc xap xi trén
qmax cia quan hé tich duoc q ctiia hé mang hop thanh.
Hién nhién, g N (E1\F2)? Cq, g1 Mgz C g va g2 N (E2\Ep)? C q. Tir d6 suy ra gmin C q.

Nhu vay, ta ciing da xdc dinh duoc xdp xi dudi guin cho quan hé tach dwoc q. [ |

4. HANH VI TUONG TRANH CUA HE MANG HQP THANH

Bay gior ching ta xay dung hanh vi twong tranh cia hé mang hop thanh. Gid s 1 =
(B1, E1; Fy, co1) va Xy = (B, Eg; Fy, cg2) 1a hai hé mang nao dé va ¥ = Y1 & Yo 1a hé mang
hop thanh cia ching. Viéc tim hanh vi twong tranh theo dinh nghia cia hé mang > va ngay
¢4 cia Y1 hodc Yo 1a mot viee lam khé khian. Ung dung 1y thuyét vét va cdc phép bién doi
twong tranh trong [7] ta sé tim dwgc hanh vi twong tranh cida hé mang hop thanh (mot cdch
nhanh chéng. Pé lam viéc nay ta can phai xdc dinh dwoc ngoén ngit sinh béi hé ¥ va quan
hé tach dwoc trén né. Pinh 1y 3.1 da cho ta cdch xay dung nhanh ngéon ngir sinh bdi hé 3.
Trong truomg hop khong xdc dinh dwoc chinh xdc quan hé tdch dwoc g cia hé mang hop
thanh ¥ thi ta st dung xap xi dwéi quin cia né. Cip (F,q) v6i E = FE1 U F3 la mot bang
chir cai twong tranh trén hé mang hop thanh . Quan hé nhi nguyén = trén Ex duoc xay

dung nhw sau

Yu,v € Ex:u™v < Juy, ug € Ex, I(a,b) € g (hodc guin) : u = ujabus A v = ujbaus.

Quan hé twong dwong vét = trén Ex dwoc 14y 1a bao déng phan xa va bac ciu cia quan

hé 2. Nghia la, == (=)x. Ngon ngtr vét trén L(3) sinh bdi quan hé twong dwong =, ky hiéu
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b&i V(X), chinh la hanh vi twong tranh trén hé mang Y. Moi vét bieu dién mot qué trinh
twong tranh cia hé mang. Céc thuat toan tim dang chuan cia vét [1, 7] truc tiép tir céc tir

dal dién cda né sé cho ta day cdc buéc twong tranh cuc dal trén qud trinh tuong tng.

Tong két lai, ta c6 thuat toan tim hanh vi twong tranh cho hé mang hop thanh ¥ = 2103,

nhu sau.
Thuét toan 4.1

Dir liéu: Hai hé mang >, Y5, Céc ngoén ngtr L(X1), L(X2) va cde quan hé tach dwoc g1, go.
Két qua: Hanh vi twong tranh V(3) cida hé mang hop thanh 3.
Tinh toan:

1) Xay dung ngon ngtr L(X) = L(X1)EL(2s);

2) Néu khong xéac dinh day du dwoc quan hé tach dwoc g thi chon xap xi dwéi cia né
Gmin = q1 N (E1 E2)2 Ug NgzUge N (Es E1)2 thay cho g¢;

3) Tim dang chuan cia méi vét véi dai dién 1a céc tir trong L(X) theo Thuat todn 2 hoic
Thuat toan 4 trong [7 |.

Vi du 4.1. Xét hai hé mang > va Y2 dwoc cho nhw trong Hinh 4.1.
Hai hé mang trén la an toan. Hé mang 31 ¢6 quan hé tach dwoc va ngébn nglr nhu sau:
¢ = {(a,d), (a,€), (a, f), (b,¢), (b, d), (bye), (¢, f), (d, €) };
L(%1) = {ab, cdef, cedf }.
Hé mang s ¢6 quan hé tach dwoc va ngon nglr la:
92 = {(c, f), (d, €),(d,g9), (e, 9) };
L(¥3) = {cdefg,cedfg}* .

b) >

Hinh 4.1. Hai hé mang Y1 va Yo

Hop thanh cda X1 va ¥ 1a hé mang ¥ dwoc chi ra nhw trong Hinh 4.2 duéi day.
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Hinh 4.2. Hé mang hop thanh ¥ cia ¥; va ¥,

Ngon ngir sinh bdi hé mang hop thanh ¥ dwoc xd4c dinh theo Pinh 1y 3.1 1a L(X) =
L(31)BL(>2) = {ab, cdefg, cedf g}.

Quan heé tach dwoc ¢ cia hé mang 3 va cdc xap xi cia né dwoc xdc dinh nho Pinh 1y 3.2
nhw sau

Gmin = {(d, €)};

q={(a,d),(a,¢€),(a, f),(a,9), (b;c),(b,d), (b, €),(b,9), (¢, f),(d,€), (d, g), (e, 9)};

max = {(a,d), (a, €), (a, f), (a,9), (b,c), (b, d), (b, €), (b,9), (¢, ), (d, €), (d, 9), (e, 9)}-

Hanh vi twong tranh cia hé mang hop thanh ¥ chinh 14 ngon ngir vét

V(%) = L(X)/= = {lul=lv e LX)} = {[abl=, [cdefgl=.

Dang chuan cia cic vét trong V() la tap hai qué trinh twong tranh {a; b, c; d||e; g}

Buée twong tranh {d, e} dwoc bdo toan qua phép hop thanh.

Dé phite tap cia Thudt todn 4.1

St dung do thi céc treomg hop clia mot hé mang ¥ dé xay dung ngoén ngir sinh bdi hé
mang ndy, ta thay |L(X) < |C]2. Do vay, buéc 1) cé dé phire tap 1a O((|C4|.]C2])?). Dé thay
rang, buéc 2) ¢6 do phirc tap la O(|Ey U Eo|?).

Buéc 3) tim dang chuan clia moi vét véi dai dién la céc tir trong ngon ngir L(X). Moi tir
(hay chu k¥ httu han cia nd) ¢é do dai khong vuot qué |C1|.|Cs|. Vay buéde nay c¢é do phike
tap 1a O((|C1].|C2[)?).

Hon nita, trong moi hé mang don gian thi |E| < |C|. Do vay, doé phiic tap tong thé cta
Thuat toan 4.1. 1a O((|C4].|C2])?).

5. KET LUAN

Viéc xéc dinh day dd hanh vi twong tranh cia cdc hé thong phan tdn van la mot van de
dang dwoc tap trung nghién ctru. Bai bdo trén da dua ra mét phwong phép xay dung duoc
mot cdch nhanh chéng hanh vi twong tranh cda hé mang hop thanh tir hanh vi tuan tu cia
cac hé mang thanh vién. Phuwong phép nay da dwoc thuat toan hod nén de dang cai dat trén
may tinh. Y twdng chinh cia phwong phép la xay dung ngon ngit vét cia hé mang hop thanh

dua trén ngon ngtr va quan hé tidch duoc cia cdc hé mang thanh vién. Nho cdc thuat todn
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bién doi cdc qué trinh tudn tw thanh cdc qué trinh twong tranh da dwoc dwa ra trong [7 ],
ching ta da xay dung duoc hanh vi twong tranh cda hé mang hop thanh véi cic bude twong
tranh cuc dai mot cdch trure tiép tir cdc hanh vi tuan tu cia cdc hé mang thanh vién.

Quan hé tach dwoc thé hién s doc lap gitra cdc bién ¢6 clia mot hé mang. Sw doc nay la
tong thée déi véi moi hé mang. Trong trudmg hop s doc 1ap giita cac bién ¢d mang tinh cuc
bo thi Iy thuyét vét chira di dé biéu dién hanh vi. Trong nhitng nghién citu tiép theo, ching
toi s 4p dung 1y thuyét nira vét ma ching t6i dang xay dung dé gidi quyét cho nhirng tinh

huéng nay.
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