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CAC THU~T TOAN TIM D~NG CHUAN CUA VET VA VET DONG BQ

HOANG CHI THANH

Abstract. The theory of traces, originated by A, Mazurkiewicz in 1977, is an attempt to provide a
mathematical description of the behaviour of concurrent systems, The normal form of a trace gives an
optimal concurrent order to perform the process described by the trace,
After composing two concurrent systems, the synchronization of corresponding traces languages describes the
behaviour of the composed system whilst the synchronization of corresponding traces describes its processes.
The paper investigates the synchronization of traces and points out algorithms for finding the normal form
of trace and synchronization trace,
The results not only show an optimal performance of processes of the composed systems but also aid in
constructing whole behaviours of these systems.

TOIll t.{t. Ngon ngir vet la mot trong cac me hlnh tot dg mo ta dang di~u ciia cac h~ turrng tranh, trong
0.6 m6i vet bigu dib mot qua trmh. Dang chu an cua vet cho phiro'ng an toi U'U M thirc hieri cac hanh d9ng
trong qui trinh met each ttro'ng tranh. N9i dung bai bao la xay dung thuat to an d~ qui ngl{n gon dg tlrn
dang chua'n ciia vet, nghien cU'Usu' dong b9 ciia cac vet, dang bigu di€n va dang chuan ctia vet dong b9,

1. MC)'DAU

Vet va ngon ngir do A, Mazurkiewicz de xufit la mi?t cong cu tot M mo hlnh hoa cac qua trlnh
va dang di~u cua cac h~ tu-orig Lr anh , Moi mot vet deu co duy nhfit mdt dang chuan, rna dang chuan
nay chi ra each thirc hien toi U'U cho qua trinh dU'C?,Cmo d, bo'i vet, Ngoai nhfmg thu~t toan da co de'
tlm dang chuan cti a vet [1], ch ung toi xay du'ng mi?t thuat toan d~ qui rat ngh gcn, giup tim nhanh
dang chuari cu a vet, Khai niern dong bi? vet la mot kh ai niern mang y nghia thu'c te rat quan trorig ,
d~c bi~t khi xfiy dung h~ Ian hop thanh truc tiep t ir dang dieu cu a cac h~ thanh phan [31, Bai bao
ciing q,p trung nghien ciru cac thuat toan nhanh tim dang chuifn cu a vet dong b9, gop phan nghien
cuu dang dieu v a cac tinh chat cua h~ hop th anh.

~... "'" A

2. VET VA D~NG CHUAN CUA VET

Gia s11'A la mot bang chir cai hiru h an.

Djnh nghia 2.1.
1) Mi?t quan h~ doi xirng va khong pharr x~ p ~ A x A diroc goi la mi?t quan h~ aqc 14p tren A,
2) Mi?t bdng chii: clii tu oru; tranh. la mi?t c~p (A, p) trong do A la met bang ch ir cai va pIa rndt

quan h~ di?c l~p tren A,
Ky hieu: FE = (A, p),
Bang chir cai ttro'ng tranh thiro'ng du'cc bi~u dien bo'i mot do thi va hutmg.

Gia s11'FE = (A, p) mi?t bang chir cai tu'o'ng tr anh.
Quan h~ =p ~ A * x A * ducc dinh nghia nhir sau:

I::/x, y E A*: x =p y {:> =:lxi, x2 E A*, (a, b) E P : x = Xl ab x2 1\ y = Xl ba x2

Hai tv: du-o c goi la biing nh au theo p neu t ir nay dtro c t ao boi tu: kia bhg each giao hoan hai
chir cai di?c l~p diing lien nh au. Neu moi chir cai th~ hien mi?t hanh d9ng n ao do, moi t ir th~ hien
m9t day cac h anh dong thl thir ur thu'c hien cac h anh di?ng di?c l~p dung lien nhau la khong quan
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tro ng. Do vay chung co the' dtro'c thu'c hi~n mi?t each tu'o ng tranh vai nhau.
Tir quan sat nay chung ta dua ra mi?t quan h~ tuo'ng dtro ng nlnr sau:

Quan h~ =1'~ A* X A* diro'c dinh nghia la quan h~ tu'o'ng dtro'ng nho nhat tren A* chua =1"

V6-i moi x, y E A*, x va y dU'C?,Cgoi la p - tuo ng dtro'ng neu va chi neu x =1' y,

Ta co:
1) =1' = (=1')*,
2) x =1' y =:> Ixl = IYI,
Hai t ir la p - nrong dtro ng se co cung di? dai vl cac chir cai trong chung la nhir nh au.

Dmh nghia 2.2. Gii sti: FE= (A, p) la mot bang chir cai tiro'ng tranh.
1) M6i mot lap tu'o ng du'o'ng cu a quan h~ t u'o ng du'o'ng =1' ducc goi lit mot vet tren FE, Di? dai

cu a vet t duo'c xac dinh bO'i di? dai cila t ir dai dien cua no, Neu t = [x)1' thl: It I = [z].
2) Mi?t t~p cac vet duoc goi la mot tiqon. ngit vet tren FE,

Nlnr v~y, m6i vet bao gom tat d, cac each thuc hien tuan t~' co the' cii a mot day cac h anh dong
duo'c bie' u di~n bo'i d ai dien cu a vet nay,

Cac phep toan tren vet:

1. Neu t1, t2 lit cac vet, tl = [xdl' va t2 = [X2)p thl ho p th anh cu a tl va t2 la:

t 1 ' t2 = [Xl, X2 )1' ,

2, Neu T1, T2 la cac ngon ngir vdt thl hop th anh cua T, va T2 la:

T, ' T2 = {t 1 ' t2 I tIE T; 1\ T2 E Td,

2.1. Dang chua'n cua vet

Nho' phep toan ho'p th anh vet, m6i mot vet co nhie u each ph an ra th anh ho'p th anh cii a mi?t so
vet kh ac. Chung ta quan tam tai mot ph an ra d~c bi~t nhir sau:

V" x . A 'I) hf - > 0 '0'1 mo i vet t = w p an ra: t = tl ,t2 ' .. , t-«, m _ ma:
1) ti khOng r6ng,
2) t, = [Ui), m6i chir cai trong Ui chi xu at hi~n mot ran v a hai chir cai trong Ui la di?c l~p voi

nhau (giao hoan du'oc].
3) Neu t, = [Ui), ti+l = [Ui+l) thl m6i chii' cai trong Ui+l khcng doc l~p vo'i mc;Jt chir cai nao do

trong u; (di?c l~p C~'Cdai].
Ph an ra nay diro-c goi la dq,ng chua!n cii a vet t,

2.2. Y nghia cua dang chua'n cua vet

Gi<l, sU' vet t treri mot bang chir cai tirong tranh FE co dang chuifn la:

t = [a c f ), [d ) , [ a b ) , [ e b )1' ,
S~' thuc hien cu a qua trlnh dtro'c mo d, boi vet t co the' bie'u di~n boi. so' do sau day:

Dang chuifn cu a vet cho phiro'ng an thu'c hien mot each tu'o'ng tranh toi U'U cu a qua trlnh dutrc
bie'u di~n boi vet nay,
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Dinh ly 2.3. VO'i moi vet t , daru; chud'n ciia no aeu ton tai va duy nluii,

2.3. Cac thuat t.oan tirn dang ehua'n cti a vet

Thu~t toari 2.4. II]
Th uat toan se doc t ir d ai d ien cu a vet t t.ir tr ai sang ph ai. Dung mot m ang cac con tro r m a neu

aJ xu at h ien thl no se du'oc g hep vao t ir u(r(J)). Mang cac con tro du'oc dip nhat de' dim bao rang
mai ch ii: cai kho ng d~c lap vo'i aJ neu xu at h ien thl chi co the' d~t vao trong cac khoi sau do.

1. Vo'i moi 1 :::::z :::::n, r(i) := 1 (n Ii so c ac chir cai trong bhg chir cai A).
2. Vci moi 1 :::::k :::::I, u(k) := ). (Ila d~ d ai cu a vet t).
3. k:= O.
4. k := k + 1.

5. D~t J m a u(k) = ai'
6. u(r(J)) := u(r(J)).ai·
7. Vo'i moi 1 :::::i :::::n m a ~ i' J, r(i) :::::r(J) vi (ai, ai) f/:. p, r(i) := r(J) + 1.
8. r(J) := r(J) + 1.
9. Neu k < 1 t hi chuye n len biro'c 4.
10. Chon m rna u(m) i' ).va

hoac la m < 1 nlurng u(m + 1) = ). hoac m = I.

Thuat t.oan 2.5.

Truoc het ch ung t a nhic lai kh ai n iern sau day:
Do thi phu thuoc cu a vet t = Iw]lit do thi phu thucc cu a t ir w, ky hieu boi D(w), dtroc dinh

nghi a d~ qui nhir sau:
- D(A) Ii do thi rang.
- D(w.a) Ii do t hi dtro'c t ao boi D(w) them mot dinh mo i a va cac canh huong toi dlnh moi

nay t ir cac d inh cu a D(w) m a chung phu thuoc vao a.
V6'i vet t ch ung ta xay dung do thi ph u thuoc cu a no.
Tir do thi phu t.huoc lay r a tap c ac dlnh cuc ti~u bao gom cac c1lnh khorig c6 can h n ao di t6'i,

do chlnh la t.han h phan Ul.
Loai bo t~p cac dinh CI).·C tie'u cling cac canh di r a tir chung , ta dtroc mot do t hi phu thucc mo i,

lai l<iy t~p cac dinh CI).·C tie'u cu a do thi nay t a diroc th anh phan U2.

L~p lai cac buo'c tren cho aen khi nh~n dtro'c m9t do t h i rang, chung t a se rih an du'o'c tat d c ac

t h anh ph an trong d ang chuiin cu a vet.

T'ir chinh dinh nghia cua dang chuan cii a vet, chung t a dua r a rnot thuat tcan d~ qui sau day.

'I'hua t t.oan 2.6. (D~ qui)

Cia sti.·t = Iw] v a IU1].lu2] ... lurn]la dang chuiin can tim cu a vet t.
Khi do t = lud·lu2] ... lum] = IUl U2'" urn] = lud·lu2 ... urn]·
Nh ir vay c ac chii' cai trong Ul duo'c "dich chuye n" t ir ph ia phai ve dau t ir d ai dien w, hay noi

cach khac: cac chir cai trong Ul phai "giao hoan d rroc" voi tat d. cac chir cai ben tr ai no.

Tim du'o'c Ul, t a co:
t = IU1J.lw']' vo'i w' la. t ir nhfin duo c tir w sau khi loai bo cac chir cai trong Ul dil. dich chuye n

duoc ve phia tr ai.
Sau do ta l~p lai bucc lam & tren de' tlm U2 gom cac chir cai trong w' m a ch ung "giao hoan

duo'c" voi tat d cac chii cai ben tr ai, '
Lap lai cac bu'oc tr en cho den khi nh an diro'c tli' d ai dieri rang, t a se nh an diroc tat d cac thanh

phfin trong dang chuan cu a t.

So vo i hai thuat toan o· tr en , Th uat toan 2.6 co cling de? phirc t ap nhir Thuat toan 2.5 la. OW)
rihtrng thuat to an nay don gian hem rat nhieu.
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Vi du . Cho bang chir c.ii tu'o ng tranh It dtro'c bifu di~n bhg do thi vo htro ng (hlnh 1) v a vet
t = [a d c f a ebb ]1' .
Theo Th uat toan 2.4 chung ta xay dung mang cac con tr3 r nhtr sau:

w I r(1) I r(2) I r(3) I r(4) I r(5) I r(6) I
adcfaebb 1 1 1 1 1 1

dcfaebb 2 1 1 2 2 1

cfaebb 3 3 1 3 2 1 a
dfa ebb 3 3 2 3 2 1

aebb ~ 3 2 3 2 2

ebb 4 3 2 4 :! 2

bb 5 ~ 5 4 5 5 e
b 5 :! 5 4 5 5

f
Hinh 1

Tv: do ta tirn duoc dang chuifn cu a vih t = [a c f]. [d]. [a b]. [e b].
Theo Thuat toan 2.5, do thi ph u th uoc cu a vet t va cac t~p dlnh cuc tiifu sau moi buoc loai bo

nlur sau:
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Tir cac t%p dinh ClrCti~u, ch ung t a trm dircc dang chuari cu a vet t giong nlnr ket qua cu a Thuat
toan 2.4.

Theo Thu at toan 2.6, cac chir cai c va f co thif chuyfin sang tr ai, t a diro'c th anh phfin dau tien
Ul = a c f. Khong co ph an tll' n ao co thf chuye n sang tr ai df ket ho'p voi d, vay U2 = d. Bay gia b
co thif chuye n sang tr ai d~ Ht http vo'i a, nen U3 = a b, con lai U4 = e b.

adcfaebb ----+ acfldlaebb ----+ acfldlableb

Dang chuifn cii a vet dtro'c iing dung nh ieu trong cac bai tcan thiet ke, dieu khi~n ... ching h an
trong viec dieu khi~n cac co' s3' duo li~u ph an tan, trong day chuyen san xufit.

3. DONG B9 CUA cAc QuA TRINH

Gi<l.sll' It = (A, p) la mot b ang chir cai tu'o ng tranh. Quan h~ d = A x A \ p Ia ffi9t quan h~
ph an xa, doi xu'n g v a du'o c goi Ia quan h~ ph,!! thuqc tren It.

Vi~c su dung quan h~ d9C I~p p hay quan h~ phu thuoc d theo dung nghia cu a chung trong hau
het cac tru'o ng ho p la nhtr nhau.
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Moi vet tren FE bi~u dien mot qua trinh va m9t ngon ng ir vet tren FE bi~u dien m9t ho at aqng.
Gi3. sti·

FEl = (Al,Pl) va FE2 = (A2,P2) la hai bang chir cai tuo'ng tranh.
Vfiy dl = Al X Al \ Pl va d2 = A2 X A2 \ P2 la hai quan h~ phu thuoc tu'o ng img.

3.1. P'hep chieu vet

Dirih nghia 3.1. Gi3. suo t la mot vet tren FE. Khi d6 hinh chisu cua t tren d2 dtro'c dinh nghia nhir
sau:

[>']dlld2 = [>.lct,nd2

(t.[aJ,t, )ld2 = { (tld2)·[a]d,nd2
tl1l2

neu a E A2

neu a E Ai \ A2

3.2. P'hep ho'p t.hanh trro'ng tranh cua cac qua trinh

Bhg chir cai ttro'ng tranh If. = (Al U A2, p), v6i. P = Pl U P2 la bang chir cai turmg tranh ho p
th anh t ir FEl v a FE2.

Dinh nghia 3.2. Gilt suo tl la mot vet tren FEl va t2 la m9t vet tren FE2. Phep hop thanh tuotu;
tranh cii a tl va t2, kf hieu tl #t2 la vet t tren If. ma

tld, = tl va tld2 = t2 .

Neu vet t ton tai thl:
1) Moi mot h anh d9ng xujit hien trong t ph ai la mdt hanh d9ng cua tl hoac t2 va khong c6 hanh

dong n ao kh ac xufit hi~n trong t.
2) SV·xufit hien cua cac h anh d9ng sip xep trong t 1 va t2 ciing diro'c sip xep giong h~t nhir

trong t.
3) So ran xuat h ien cu a mot h anh d9ng n ao d6 trong tl hoac trong t2 ciing giong h~t nhir trong

t.
Do d6 t diroc goi la aong bq cii a t 1 va t-z .

Djnh ly 3.3. Dong bq ciia tl va t2 ton iai khi va chi khi tlJci2 = t2Id,.

4. D~NG CHUAN CUA DONG Be?
D~ tim dang chuari cu a dong b9 tJ;'U"<JChet phai tim tu: dai dien cho vet dong b9, sau d6 ap dung

cac Thuat to an 2.4 - 2.6 dii trlnh bay trong phan 2 d€ tim dang chua:n cho vet dong b9 nay.

4.1. P'hep tci ho'p song song cua cac ngon ngir

Gi<i suo A la mot bang chir cai va B ~ A.
h ts : A* -> B* la aong cau xo a diroc dinh nghia nlur sau:

Va E A, ho (a) = { :
neu a E B,
neu a tI- B.

Neu x = ala2 .... ak E A* thi:

hn(x) = hn(adhn(a2).··hn(ak)

va thtro'ng diro'c viet la: xln - hlnh chieu cu a x tr en B.
V6-i moi ngon ng ir L, ki h ieu L la bang chir cai nho nhfit xay dung len L.

Djnh nghia 4.1. Gia suoLl va L2 la hai ngon ngir, To h.op song song cua hai ngon ngir Ll, L2 la
mot ngon ngir, ki hieu la L tII L2 diro'c dinh nghia nhir sau:
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D!nh Iy 4.2. Gid sJ: tl = [WI)dl va t2 = [W2)d" neu aong bq t cd a tl va t2 ton tq,i thi W = Wlllw2
la tit aq.i di~n cd a i , nghia la: t = [W)dlUd,.

G·" [ ) [)'''. d"ia SUo tl = U <I., t2 = V ct, va ton t ai ong
[ala2 ... ak)dlnd,. veri aI, a2, ... , ak E Al n A2.

C6 the' khai trie'n
U = uOalula2u2 uk-lakuk v6i. u.; E (AI \ A2)*'
V = vOalvla2v2 vk-!akvk veri Vi E (A2 \ Ad*.

Tir Dinh ly 3.3 va Dinh ly 4.2 cluing t a c6:

H~ qua 4.3. Neu t la ?long bq ciia tl va t2 thi:
W = uOvOalulvla2 ... uk-IVk-lakukvk la mqt tit ?lq,i di~n cil a t.

H~ qua tren cho cluing ta mot phuo'ng ph ap hiru hieu de' tim t ir d ai dien cu a vet dong bi?, de'
tu: d6 tlm nhanh du'oc d ang chu~n cu a vet dong bi? Ket qua nay con diroc dung de' xac dinh dang
dieu cu a cac h~ hop th anh t ir chinh dang dieu cu a cac h~ thanh phan,
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