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CAC THUAT TOAN TiM DANG CHUAN CUA VET VA VET PONG BO

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.

Tém tdt. Ngon ngi vét 1a mot trong cdc md hinh t8t d&€ md td ding diéu cda cic hé twong tranh, trong
d6 méi v&t bidu dién mot qua trinh. Dang chu&n cda v&t cho phwong an t8i wu dé thuc hién cdc hanh déng
trong qud trinh mot cich twong tranh. No&i dung bai béo 1a xiy dung thuit toin dé qui ngin gon dé& tim
dang chu&n cda vét, nghién ciu sw ddng bd cda cic vét, dang bi€u difn va dang chudn cda vét ddong bo.

1. MO DAU

Vét va ngén ngit do A. Mazurkiewicz dé xuit 13 mét cong cu t6t dé md hinh héa céc qud trinh
va ddng diéu cda cdc hé twong tranh. M&i mét vét déu cé duy nhit mét dang chudn, ma dang chuin
nay chira cich thuc hién t8i wu cho qua trinh dwoc mé ta bdi vét. Ngodi nhitng thuit todn di cé dé
tim dang chu&n cda vét [1], ching t6i xdy dung mét thuit todn dé qui rdt ngin gon, gitp tim nhanh
dang chu@n cda v&t. Khai niém dong bd vét 13 mét khai niém mang y nghia thuc t& rit quan trong,
ddc biét khi xdy dung hé lén hop thanh truc tiép tir ding diéu cda cic hé thanh phin [3]. Bai bdo
ciing tip trung nghién ctru cic thuit toin nhanh tim dang chuin cda vét dong bd, gép phin nghién
ciru diang diéu va cdc tinh chit cda hé hop thanh.
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2. VET VA DANG CHUAN CUA VET

Gid st A 12 m6t bang chir cai hitu han.
Dinh nghia 2.1.

1) M6t quan hé déi xing va khong phdn xa p C A x A dwoc goi 1a modt quan hé déc ldp trén A.

2) Mot bdng chi cdi twong tranh 1a mdt cip (A, p) trong dé6 A 1a mét bang chir cdi va p 13 mét
quan hé doc lap trén A.

Ky hiéu: fFE = (4, p).

Bdng chi cai twong tranh thuomg dwoc biéu dién bdi mét d6 thi vé huémng.

Gid st fE = (A, p) mdt bang chir cai twong tranh.

Quan hé =, C A" x A* dwoc dinh nghia nhu sau:

V,y€ A*: z=p,y ¢ 311,72 € A*, (a,b) Ep:z=z1abzy A y=1z1bazs
Hai tir dwoc goi 1a bing nhau theo p néu tir ndy duwoc tao bdi tir kia bdng cach giao hodn hai

R TR ~ N , c AL 1A 1A
chir cai déc lap ding lién nhau. Néu mdi chir cai thé hién mdt hinh déng nao d6, mdi tir thé hién
mét diy cac hanh ddng thi thi tuw thuc hién cdc hinh déng déc 1ip ding lién nhau la khong quan
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trong. Do viy ching c6 thé duwoc thuc hién mdt cich twong tranh véi nhau.
Tu quan sat nay ching ta dwa ra mdt quan hé twong dwong nhur sau:
Quan hé =,C A* x A" dwoc dinh nghia 12 quan hé twong dwong nhd nhit trén A* chta =,,.
Véimoi z,y € A%, z va y dugc goi la p - twong dwong néu va chi néu z =, y.
Ta cé:
1) =p = (=)
2) z Ep Yy = |Il = Iy]

Hai twr la p - twong duong s€ c¢6 cung do dai vi cdc chit céi trong ching la nhw nhau.

Dinh nghia 2.2. Gid st fE = (4, p) 13 mét bdng chir cdi twong tranh.

1) M&i mét 16p twong dwong cia quan hé twong dwong =, dugc goi 1A mét vét trén FE. Ds dai
clda vét t dwoc xdc dinh bdi dé dai cda tir dai dién cda né. Néu ¢t = [z], thi: [t]| = |z|.

2) M6t tap cdc vét dwoc goi 1a mdt ngon ng& vét trén FE.

Nhu vdy, m&i vét bao gdm tat cd cac cach thuc hién tuin tw ¢ thé cda mot diy cac hanh déng
dwoc bi€u dién bdi dai dién cda vét nay.

Céc phép toan trén vét:

1. Néu ty, to 1a cdc vEt, t; = [z1], VA to = [z2], thl hop thanh cda t; vi ¢ 1a:

ti.to =[xz .22 ]p.
2. Néu Ty, T la cdc ngdn ngilr vét thi hop thanh cda T} va T la:
Ty .To ={t1.t2|t1 €TH ANTp € T }.

2.1. Dang chuadn cda vét

Nho phép toan hop thanh vét, mbi mot vét cé nhigu cich phan ra thanh hop thanh cia mét s3
vét khic. Ching ta quan tim t&1 mét phan ra dic biét nhu sau:

V&imbi vét t = [w] phan ra: ¢t =t .t2....t,,, m > 0 ma:

1) t; khong rong.

2) t; = [u;], m&i chir cdi trong u; chi xudt hién mét lan va hai chir cai trong u; 13 déc lip véi
nhau (giao hodn duoc).

3) Néu t; = [w;], tit1 = [uig1] thi mdi chir cai trong u;4; khéng doc 1ip véi mot chit céi ndo dé
trong u; (ddc 1ap cuc dai).

Phin ra nay dwoc goi 1a dang chud'n cia vét t.
2.2. Y nghia cda dang chudn cda vét

Gii st vét ¢ trén mét bang chir cdi twong tranh FE c¢é dang chuin la:
=lacf].[d].[ab].[eb],.

Su thuc hién cia qué trinh dwoc mé ta bédi vét t c6 thé biéu dién bdi so db sau day:

Dang chuin cda vét cho phwong 4n thuc hién mét cich twong tranh t8i wu cda qué trinh dwoc
bi€u dién bdi vét nay.
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Dinh 1y 2.3. V41 mor vét t, dang chudn cia né déu ton tai va duy nhdt.
2.3. Céc thuit todn tim dang chudn cda vét

Thuat toin 2.4. [1]

Thudt todn s€ doc tr dai dién cda vét ¢ tir trdi sang phdi. Dung mot mang cdc con trd r ma néu
a, xudt hién thi né sé duwoc ghép vao tir u(r(s)). Mdng cic con trd duoc cip nhat dé ddm bio ring
mdi chir cdi khong déc 1ap véi a; néu xudt hién thi chi cé thé dit vao trong cic khdi sau dé.

1. Véimoi 1 <17 <n, r(¢) :=1 (nlas6 cic chit cdi trong bdng chir cdi A).

. Véimol 1 <k <1 u(k):= X (l1a dd dii cia vét ¢).
« =10,
k:=k+1.

bit 7 ma u(k) = qa,.

u(r(4)) = u(rl)).a.

Véimoi 1 <i<nmie#jg,r(r) <r(y) vd (ai,a;) €p, r(e) :==r(y) + L.
r(7) :=r(7) + L

. Néu k < [ thi chuyén lén buéc 4.

10. Chon m ma u(m) # X va

hodc la m < [ nhung u(m + 1) = A hodc m = L.

O© 00 3O O i W N

Thuat toan 2.5.

Truée hét ching ta nhic lai khéi niém sau day:

DB thi phu thuéc cda vét t = [w| 1a d6 thi phu thudc cda ti w, ky hiéu bdi D(w), duwoc dinh
nghia dé qui nhu sau:

- D(X) 1a d5 thi rong.

- D(w.a) 1a d6 thi dwoc tao bdi D{w) thém mét dinh méi a va cdc canh huéng t&i dinh méi
nay tir cic dinh cda D(w) ma ching phu thudc vio a.

Vé&i vét ¢t ching ta xdy dung do thi phu thudc cia né.

T d6 thi phu thubc liy ra tip cic dinh cuc ti€u bao gom cdc dinh khéng cé canh nao di téi,
dé chinh la thanh phin u,.

Loai bd tip cdc dinh cuc ti€u cliing cdc canh di ra tir ching, ta dwoc mét dd thi phu thudéc méi,
lai 1y tdp céc dinh cuc ti€u cia d6 thi nay ta dwoc thanh phin u,.

Lip lai cdc buéce trén cho dén khi nhéin dwoc mét d6 thi réng, chiing ta sé€ nhian duoc tat cd cac
thanh phin trong dang chuan cda vét.

Tir chinh dinh nghia cda dang chuin cda vét, ching ta dwa ra mot thuit toidn dé qui sau day.
Thuat todn 2.6. (Dé qui)

Gid st t = |w] va [uy].[uz] ... [u.m] 12 dang chu@n cin tim cda vét t.

Khi d6 ¢ = [uy].[ug] ... [um] = [u1 ug oot ] = [ug]-[uz o um).

Nhu viy cic chi cai trong u; dwoc “dich chuyén” tir phia phai vé diu tir dai dién w, hay néi
cach khac: cac chir cai trong u; phai “giao hodan duwoc” véi tat cd cic chit cii bén trai né.

Tim dwoc u,, ta co:

t = [uy].[w'], véi w' 1 tir nhin dwoce tir w sau khi loai bd cic chir cai trong u, di dich chuyén
duwoc vé phia trai.

Sau d6 ta lip lai budc lam & trén dé tim uy gdm cdc chit cai trong w’ ma ching “giao hodn
dugc” véi tat cd cac chiv cai bén trai.

Lip lai cic buéc trén cho dén khi nhian dwoc tir dai dién réng, ta sé nhin dwoc tit cd cic thanh
phin trong dang chuén cia ¢.

So véi hai thuit todn & trén, Thuit todn 2.6 ¢6 cing d6 phirc tap nhu Thudt todn 2.5 1a O(l?)
nhung thuit todn ndy don gidn hon rat nhiéu.
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Vi du. Cho bdng chir cdi twong tranh FE dwoc biéu di&n bing db thi vo huéng (hinh 1) va vét
t=|adcfaebb],.

Theo Thudt todn 2.4 ching ta xiy dung mang céc con trd r nhu sau:

w r(1) | r(2) | r(3) | r(4) | r(5) | r(6) b c
adefaebb | 1 1 1 1 1 1 //
decfaebb 2 1 1 2 2 1
cfaebb 3 3 1 3 2 1 a
faebbd 3 3 2 3 2 1
aebb 3 3 2 3 2 2
ebb 4 3 2 4 4 2
bb| 5 | 3 | 5 | 4 | 5 | s &
b| 5 | 4 | 5 | 4 | 5 | 5 J Hinh 1
Tir d6 ta tim duoc dang chu@n cda vét t = [ac f].[d].[ab].[eb].

Theo Thuit toin 2.5, d5 thi phu thudc cda vét ¢t va cac tip dinh cuc ti€u sau mdi buéc loai bd
nhu sau:

Tir céc tip dinh cuc ti€u, ching ta tim duwgc dang chuin cda vét t gidng nhu k&t qua cia Thuit
todn 2.4.

Theo Thuit todn 2.6, cic chit cii ¢ va f c6 thé chuyén sang trai, ta dwoc thinh phin diu tién
u; = ac f. Khéng c6 phin t& nio c6 thé chuyén sang trii dé két hop véi d, viy up = d. Bay gio b
¢4 thé chuyén sang trai d€ két hop véi a, nén ug = ab, con lai ug = eb.

adcfaebb — acf|d|aebb — acf|d|ableb

Dang chufn cia vét dwoc dng dung nhiéu trong cic bai todn thiét ké, digu khi€n... ching han
A A oA ’ ) ~ A ~ z ~ M b) ~
trong viéc diéu khién cidc co s& dir liéu phédn tan, trong diy chuyén san xuat.

3. PONG BO CUA CAC QUA TRINH

Gid st FE = (A, p) 12 mot bang chir c4i twong tranh. Quan hé d = A x A\ p 14 mdt quan hé
phdn xa, d&8i xttng vd dwoc goi 1a quan hé phu thudc trén FE.

Viéc si dung quan hé déc lip p hay quan hé phu thudc d theo diing nghia cia ching trong hiu
hét cic truomg hop 1a nhu nhau.
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M3i vét trén FE bi€u dién mot qud trink vi mét ngdn ngir vét trén A bidu didn mot hoat ddng.
Gid sw
fE; = (A1, p1) va FE2 = (A2,p2) 1A hai bdng chir cii twong tranh.
Viy d; = A x A1 \ p1 vidy = Ay X Ay \ p2 13 hai quan hé phu thuéc twong tng.
3.1. Phép chiéu vét

Dinh nghia 3.1. Gid si ¢ 12 mét vét trén . Khi dé hinh chi€u cda t trén dy dwoc dinh nghia nhu
sau:

[’\]dﬂdg = [/\]dmdg

(t [a]l ) — { (t|‘iz)‘[a]dlnd2 néu a € A,
dy )|d2 t|<l2 né‘u a € Al \A2

3.2. Phép hop thanh tuwong tranh cda cdc qué trinh

Bdng chir cdi tuwong tranh fE = (A; U Az, p), véi p = p; U py 12 bdng chit cdi twong tranh hop
thanh tr A, va ME,.

Dinh nghia 3.2. Gid s t; 13 mot vét trén A, va to 1a mot vét trén FE,. Phép hop thanh twong
tranh cda t; va to, ki hidu t;#t, la vét ¢t trén /FE ma
t|d1 - tl VZ\L t|<12 = t2 =

Néu vét ¢t ton tai thi:

1) M&i mét hanh déng xuat hién trong ¢ phdi 1a mét hanh dong cda t; hodc t; va khdng ¢6 hanh
déng nao khac xuit hién trong ¢.

2) Su xuit hién cda cdc hanh dong sip x€p trong t; va ty ciing dwoc sip x&p giéng hét nhw
trong t.

3) S8 lin xuat hién cia mdt hanh dong nao dé trong t; hodc trong ¢, ciing giéng hét nhu trong

Do dé t duoc goi 1a dong b cla t; va ty.

Dinh 1y 3.3. Ddng bj cdat) va ty ton tai khi va chi khi ti)a, = t2|d, -

4. DANG CHUAN CUA PONG BO

D€ tim dang chudn cia dong bd truéc hét phai tim tir dai dién cho vét ddng b, sau dé ap dung
cdc Thuit todn 2.4 - 2.6 da trinh bay trong phin 2 d€ tim dang chuin cho vét dong bd niy.
4.1. Phép t6 hop song song cia cdc ngén ngir

Gid si A 1A mot bang chiv cdi va B C A.

hp : A* — B* 1d dong cdu zdéa dugc dinh nghia nhu sau:
a mnéuaé€ B,

va€4, hB(a):{/\ néua¢ B

Néu z = ajas....ar € A* thi:

h‘B (ZE) = hB(al)hB (az)...hg(ak)
va thudng dwoc viét 1a: zp - hinh chi€u cda z trén B.
Véi mdi ngén ngir L, ki hiéu L 12 bang chir cai nhd nhit xiy dung lén L.

Dinh nghia 4.1. Gid st L; va L, 1 hai ngén ngit. T4 hop song song cia hai ngén ngir L, L 1a
mdt ngén ngir, ki hiéu la L,[|L, dwoc dinh nghia nhu sau:
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L1“L2 = {1:|IE = (Ll ULQ)* A I!Zx (& L1 A I!EZ (S LQ}

Dinh 1y 4.2. Gid si t; = [wy]a, vd t2 = [wa]q,, néu dong b6 t cda t; vd to ton tai thi w = w,||w,
la tir dav dién cida t, nghia ld: t = (w4, ud, -

Gid st t; = [u]q,, t2 = [v]dz va ton tai dong bd t cda t; va t,. Khi dé: ti)d,
laraz...ak]d,nd, - V61 ay,az,...,ax € A N Az

C6 thé khai trién

U= UG Uy GoUy... Ug— AUk VOT u; € (A7 \ Ag)*,

V= 00a1V1a20z... Vp—1ak Uk VL v; € (A2 \ 41)*.

T Dinh ly 3.3 va Dinh ly 4.2 ching ta cé:

= ta|d, =

Hé quad 4.3. Néu t la dong b6 cda t; va ty thi:
W = UUOA] UV Ag... Uk— | Vk— 1 Ak ULVEK LA mot t dat dién cda t.

Hé qud trén cho ching ta mdt phuong phap hitu hiéu dé€ tim tir dai dién cda vét ddng bs, dé
tr d6 tim nhanh dwoc dang chudn cia vét dong bs. Két qui nay con dwoc diung dé xdc dinh dang
diéu cia cdc hé hop thanh tir chinh ddng diéu cia cidc hé thanh phian.
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