Chwong | : Bé tic toan

Chuong 1

BO TUC TOAN

Noi dung chinh : Trong chuong ndy, ching ta s& nhic lai mot cach khai quat cac
thuat nglr va kién thuc toan hoc s& dugc dung dén trong subt gido trinh. Do 1a céc
kién thtrc lién quan dén do thi, cdy, tip hop, quan hé va mot vai phuong phap chimg
minh toan hoc thong thuong. Néu cac khai niém nay la méi d6i voi ban, ban nén xem
lai mot cach can than. Nguoc lai, néu ching khong la méi, ban c6 thé doc lu6t nhanh
qua chuong nay, nhung hiy chic chan rang minh da nam rd vé chiing.

Muc tiéu cin dat : Sau chuong nay, sinh vién c6 thé :
» Xac dinh tap hop va cac phép toan co ban trén tap hop
> Dinh nghia mot quan hé, 16p quan hé va céc tinh chit cta quan hé.
» Xac dinh quan hé tuong duong va phép bao dong.
> Chimg minh mét phat biéu toan hoc theo phuong phap quy nap.
> Ném vitng cac khai niém vé do thi va cdy.

Kién thirc co ban : Cac kién thic Toan c6 lién quan.
Tai liéu tham khao :
[1] John E. Hopcroft, Jeffrey D.Ullman — Introduction to Automata Theory,

Languages and Computation — Addison — Wesley Publishing Company, Inc —
1979 (trang 1 — trang 12).

[2] V.J. Rayward-Smith — 4 First course in Formal Language Theory (Second
Editor) —  McGraw-Hill Book Company Europe — 1995 (Chapter 1I:
Mathematical Prerequisites)

[3] Céc gido trinh vé Toan roi rac

I. TAP HOP (Sets)

Mot #Gp hop la tap cac dbi twong khong co sy lap lai. Mdi d6i twong trong tap hop
duoc goi la phan tir (element) cta tap hop do.

1.1. Ky hiéu tap hep
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Néu s6 phan tir trong mot tap hop khong qué 16n, hay néi cach khac — tap hop 1 hitu
han, tap hop cé thé duoc dic ta bang cach li¢t ké cac phan tir ctiia no.

Thidy 1.1: D xdc dinh tdp hop cdc ngdy trong tuan :
D = { Mon, Tues, Wed, Thurs, Fri, Sat, Sun }

(1313

Cac phan tir trong tap hop viét cach nhau boi dau va dat trong cap dau { va }.
Khong co sy bat budc vé thir tyr liét ké cac phan tir trong tap hop. Chang han, tap hop
D ciing tuong duong véi tap hop sau :

D = { Mon, Wed, Fri, Thurs, Sun, Tues, Sat }

Néu phan tir x 14 thanh phan cia tdp hop A, ta viét x € A (doc 1a x thudc A), va néu x
khong 1a phan tir ciia A, ta viét x ¢ A (doc 1a x khong thudc A). Chang han : Mon €
D nhung Kippers ¢ D.
Néu mot tap hop chira mot sé kha 16n cac phan tir hay tham chi 1a mot sé vo han,
nguoi ta co thé khong liét ké tit ca cac phan tir ma dic ta tap hop theo mét sd tinh
chét dic trung cta no.
Thidu 1.2 : D= {x|x1a mdt ngdy trong tudn }

P={y|ylasdnguyéntd }

X={x|x>2}

Moi tap hop déu chira cac phan tir thudc vao mot khong gian xac dinh nao do, ky hiéu
1a U. Khong gian tuong tmg ¢ thé duoc dinh nghia 1a mot tap s6 nguyén, sb thuc, .

Mot truong hop dic biét ctia tap hop 1a tip hop rong (empty set). Tap hop nay khong
c6 chira bat ky phan tir ndo, ky hiéu boi & hoic { }.

Ta néi tdp hop A 1a tap hop con (subset) cua tdp hop B khi moi phan tir ciia A 1a
thanh phan cua B (ky hiéu A c B). Nguoc lai, A khong 1a tap con cia B (A ¢ B).
Thidul3: {1,2,4yc{1,2,3,45nhung{2,4,6}cz{1,2 3,45}

Cothé suy rarang tiphop Ac Uva D c A, VA

Hai tap hop A va B duogc goi 13 biang nhau (A =B),khiAcBvaBc A
Thidul4: {1,2,3,4}y=4{21,43}nhung{1,2, 3,4} #{2 1,35}
Tap hop tat ca cac tap hop con cua tap A dugc goi 1a tap lily thira (power set) clia A
va xac dinh béi 2*
Thidul.5: GiasuA={12 3}
Thi 2%={@, {1}, {2}, {3}, {1,2}, {2,3}, {3, 1}, {1,2,3} }
1.2. Cac phép toan trén tap hop

Céc toan tir co ban trén tip hop bao gdm cac toan tir mot ngdi (unary) va hai ngoi
(binary) nhu sau :
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1) Phép phan bu (complement) :A'={x|x e A}

2) Phép hop (union) :AUB={x|x €A hodc x €B}
3) Phép giao (intersection) :ANB={x|xeAvax eB}

4) Phép tru (difference) :A\B={x|x €A nhung x ¢B}
5) Tich Pecac :AxB=1{(ab)|acAvabeB}

Thidul.6: ChoA={1,2} vaB={2,3}
Tacod: AuB={1,2,3}
ANnB={2}
A\B= {1}
AxB=1{(1,2),(1,3),(2,2),(2,3)}
28 =@, {1}, {2}, {1,2}}

Luu v : Néu A va B 1an luot c6 s6 phan tir 1a n va m thi tdp hop A x B ¢6 n x m phan
tir va tap 2 ¢6 2" phan tir.

II. QUAN HE (Relations)

Cho hai tap hop A va B. Mot quan hé hai ngoi R gifra A vaBlatap horp chua tit ca
cac tap hop con cua A x B ma thanh phan thi nhat A dugc goi la mién xdc dinh
(domain) cta R, con B goi 1a mién gid tri (range) ctua R (co thé trang véi m1en xac
dinh). Chiing ta s& thuong dung quan hé hai ngdi ma mién xac dinh va mién gia tri
cung thuoc mot tap hop S nao do. Trong truong hop nay, ta goi day la mét quan he
trén S. Néu R 1a mot quan hé va (a,b) 12 mot cip trong R thi ta viét aRb.

Thidu1.7: ChoS={0,1,2,3}

. Quan h¢ "thtr ty nhé hon" trén S dugc xéac dinh boi tap :
=1{(0, 1), (0,2), (0, 3), (1, 2), (1, 3), (2, 3)}

. Quan h¢ "bang" trén S dugc xac dinh baoi tap :
=1{(0,0), (1, 1), (2, 2), (3, 3)}

. Quan h¢ "chan 1¢" trén S duoc xac dinh bdi tap :

=1{(0,0), (1, 1),(2,2), (3, 3), (0,2),(2,0), (1, 3), 3, 1)}
Cic tinh chit ciia quan hé

Ta goi mot quan hé R trén tip S la:

- Phan xa (reflexive) : néu aRala ding Va € S
« D61 xtmg (symmetric) : néu aRb thi bRa
« Bac cau (transitive) : néu aRb va bRc thi aRe

Thidul.8:

. L khong 1a quan hé phan xa trén S vi (0, 0) ¢ L, nhung E va P 1a 2 quan hé mang
tinh phan xa.

. L khong 1a quan hé ddi xing trén S vi (0, 1) € L nhung (1, 0) & L, tuy nhién ca E va
P déu mang tinh déi xtmg.
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.CaL, E va P déu la cdc quan hé mang tinh bac cau, nhung X = {(1, 0),(0, 3)} thi
khong vi (1, 3) ¢ X.

2.1. Quan hé twong dwong

Mot quan hé R trén tap S c6 du cac tinh chét phan xa, ddi xung va bét cau duoc goi la
quan h¢ tuong duong.

Thidu 1.9: E vaP lacac quan hé twong duong, con L va X khong la cac quan h¢
tuong duong trén S.

Mot tinh chit quan trong cua quan hé twong duong 1 néu R 1a quan hé twong duong
trén tdp S thi R phan hoach tdp S thanh céc 16p tuong duong (equivalence class) Sj
khong rdng va roi nhau, trc A S=S1 U Sy U... vavoimoii#jtaco:

+SinSj=9

+ V61 moi a,b cung thude S; thi aRb 1a dung.

+Véimdia e Sjvab e Sj thi aRb la sai.
Luu y rang s6 16p twong duong co6 thé 1a vo han. Vay néu R 1a quan hé tuwong trén S
vaae S,taco:

S;=[a]={beS | aRb}

Thidul.10 :

. E ¢6 4 16p tuong duong khac nhau: [0] = {0}, [1] = {1}, [2] = {2} va [3] =
{3}

. P ¢6 2 16p tuong duong khac nhau: [0] =[2] = {0, 2} va[l]=[3]= {1, 3}

2.2. Bao dong cia quan h¢

Gia st P 1a tap hop mot so tinh chit cua cac quan hé, bao dong P (P - closure) cta
mot quan hé R trén tap S 1a quan hé nho nhat c6 chira tat ca cac cap cia R thoa man
cac tinh chat trong P.

« Bao déng bic ciu R* ciia R dugc xac dinh nhu sau :
i) Néu (a,b) thudc R thi (a,b) thuoc R".
11) Néu (a,b) thudce R va (b,c) cling thudc R thi (a,c) thude R".
iii) Khong con gi thém trong R
« Bao déng phan xa va bic ciu R ciia R duge x4c dinh nhu sau :
R'=R"U {(a,a)| a S}
Thidu 1.11 : Cho quan h¢ R = {(1,2), (2, 2), (2, 3)} trén tap hop S = {1, 2, 3}
Khi dé taco :
. R™={(1,2),(2,2),(2,3),(1,3)}
R ={(1,1),(1,2),(1,3),(2,2),(2,3), 3, 3);
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I1I. PHEP CHUNG MINH QUY NAP

Phan 16n céc dinh 1y trong gi4o trinh s& dugc chimg minh bang phuong phap quy nap
toan hoc :

Gia sir ta can ching minh mot ménh dé P(n) v6i n 1a mot sd nguyén khong am.
Nguyén ly quy nap toan hoc cho P(n) dugc chirng minh theo 2 budc nhu sau :

i) P(0),va

i1)) P(n- 1) kéo theo P (n), Vn > 1.

Budc (i) duoc goi la co s6 quy nap, budc (ii) duge goi 1a bude quy nap véi P(n-1) la
gia thiét quy nap.
Thi du 1.12 : Dung quy nap, chirng minh biéu thirc :

o n(n+1)(2n+1)

i

i=0 6

Co s& quy nap : Thay n = 0 trong vé phai ctia biéu thirc va nhan thiy ca 2 vé déu bang
0 = P (0) luoén ding.

Budc quy nap : Thay n bdin - 1 dé c6 dugc gia thiét quy nap P(n-1), sau d6
tim cach dé chimg minh P(n), tirc chimg minh Vn > 1, ta c6 :

n-

.zz(n—l)n(Zn—l):> n :n(n+1)(2n+1)

i i

1
i=0 6 i=0 6

Ta c6 nhan xét ring
n . n-1 . 5
dYit=>i*+n
i=0 i=0
Viay néu ta van dung gia thiét quy nap thi chi con phai chimg minh biéu thc :

(n-l)n(2n-1)+n2 _n(n+1)(2n+1)
6 - 6

Véi mot vai phép bién ddi dai s6 don gian, biéu thirc trén c6 thé dugce chimg minh dé
dang. Hay P(n) dugc chiing minh, Vn.
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IV. PO THI VA CAY

4.1. Po thi (Graph)

Mot do thi, ky hidu G = (V, E), bao gom mdt tap hitu han cac dinh V (con goi 1a nit)
va mot tap cac canh E noi gitra 2 nut.

Thidu1.13: Péthichoboi:  V={1,2, 3,4, 5
va E={n,m)|n+m=4hodcn+m=7}

O~

()

@/

Mot duong di (path) trén mot dd thi 1a day cac dinh vy, v, , . . ., v\, k > 1, sao cho
trong d6 c6 mdt canh (v; ,v; ) cho mdi i, 1 <i<k. Do dai cia duong dilak - 1. Néu
v = vy thi duong di 1a mét chu trinh.

Hinh 1.1 - Vi du vé do thi

Chéng han : 1, 3, 4 1a mdt duong di trong dd thi trén.
Do thi c6 huéng (directed graph)
Mot d6 thi c6 huéng ciing 1a dang do thi duge xac dinh bsi G = (V, E), trong d6 V 1a

tap cac dinh, con E 1a tap cac dinh co6 thr tu goi 1a cac cung (hay cac duodng ndi co
huong gitra 2 dinh). Ky hi¢u mot cung tir v dén w c6 dang v — w.

Thi du 1.14 : D6 thi c6 huéng G=({1,2,3,4, {i—>jili<j})

-
T

Hinh 1.2 - M{t dé thi c6 huéng

Mot duong di trén mot dd thi c6 hudng la day cac dinh vy, v, .. ., v, k> 1, sao cho
vo1 moi i, 1 <1<k, c6 mot cung tir v; dén v; ;. Changhan 1 > 2 - 3 —> 4 1la mét
duong di trén d6 thi dinh hudng trén (tr 1 dén 4).
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4.2. Cay (trees)

Cay (cay dinh hudng c6 tht tr) 1a mot dd thi c6 huéng véi cac tinh chit sau :
i) C6 mot nit dinh goi 1a nit gbe
ii) Mdi nat con lai déu dugc dan ra tir mot nat cha & trén nod :
- Céc nut ¢6 dan ra nat con sau nd duge goi 1 nut trung gian hay nut trong.
- C4c nit khong dan ra nit con goi 1a nut 14.
ii1) Thur ty duyét trén cay la tir trdi sang phai.

Trong mdt cdy, nguodi ta thuong dung cac khai niém nuat cha va nat con dé lan luot chi
thtr ty trude va sau cia sy phat sinh nit tir nat goc trén cay. Néu c6 mot duong di tur
nut v; dén nut v, thi v; dugc goi la nit cha cia v, va nguoc lai, v, sé€ 1a ntit con cua
nut v;.

Ta thuong v€ cdy véi nit gbe ¢ trén cung va cac cung chi xudng phia dudi, do vay
cac ky hi¢u miii tén tréd nén khong con can thiét nira. Cac nlit con cua moi nut trén cay

s& dugc vé lan luot tir trai qua phai theo thtr ty da xac dinh.

Thi dy 1.15 : Cay minh hoa cdu tric ct phap cia mdt cau don trong ngén ngir tiéng
Viét "An la sinh vién gioi"

< Cau don >

< Chp ngtr > < Vingit >
< Danbh tur > <Pong tur > < B0 nglr >
< Danh tur > < Tinh tir >
An l1a sinh vién gioi

Hinh 1.3 - Cay minh hoa mot cau don
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BAI TAP CHUONG I

1.1. Néu khong gian tap hop 1a tap cac s6 nguyén duong nho hon 20. Hay viét rd cac
phan tir trong cac tap hop duoc xac dinh nhu sau :

a) {x | x+2<10}

b) {x | x1asé nguyén té }

c) {x | x = X’}

d) {x|2x=1}

e) {x|3x<20}

1.2. Cho tap hop S=1{0, 1,2, 3,4, 5, 6}
Hay viét rd cac phan tir trong cac tdp hop duoc xac dinh nhu sau :
f) {x | x e S va x chdn }
g) {x|xeSvax >x+1}

1.3. Cho A = {0, 1,2} va B = {0, 3, 4}. Hay viét rd cac tip hop sau :
AUB;ANB;A\B;AxBva2*

1.4. Cho vi du vé quan hé :
a) Phan xa va dbi xtng, nhung khong béc cau.
b) Phan xa va bic cau, nhung khong ddi xing.
¢) Péi xtmg va bic cau, nhung khong phan xa.
Trong mdi trudng hop trén, chi rd tap hop trén d6 quan hé duoc xéac dinh.

1.5. Ching minh céc quan hé sau day la cac quan h¢ twong duong va cho cac 16p
tuong duong cua chung.

a) Quan hé R, trén cac sd nguyén dinh nghia boi : iRyj khi va chi khi i =j.

b) Quan hé R, trén mot tap thé ngudi dinh nghia boi : pR,q khi va chi khi p, q
sinh cung ngay va cung nam.

1.6. Cho tép hiru han A. Hay tim nhiing quan h¢ tuong duong trén A c6 sd cac 16p
twong duong la 16n nhat hay nhé nhat.

1.7. Cho hai tap hop sau A = {2,3,4,5} vaB={1,3,5,7,9}. Gid st R 1a quan hé :
R={(x,y) e AxB|x<y)



Chwong | : Bé tic toan

Hay liét ké cac cap quan h¢ thir tu trong R.
1.8. Tim bao dong bic cau, bao dong phan xa va bic cau cua quan hé dugc cho nhu
sautrén S=1{ 1, 2, 3,4, 5}:

1(1,2),(2,3),(3,4), (5, 4)}

1.9.Cho S= {0, 1,2} vaR = {(0, 1), (1, 2)}. Tim R* vaR".
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Chuong 11

NGON NGU VA BIEU DIEN NGON NGU

Noi dung chinh : Chuong niy trinh bay quan niém hinh thirc vé ngén ngir va khai
niém vé cac cong cu dung dé mo ta mot tap hiru han ngon ngir c6 hidu qua - d6 13 van
pham va 6tomat. Pay la nhiing cong cu cé dinh nghia toan hoc chat ché dugc nghién
ctru k¥ cang va da trd thanh mot thanh phan chu yéu cua 1y thuyét ngén ngit hinh
thurc.

Muc tiéu cin dat: Sau chuwong nay, mdi sinh vién can nim ving cac khai niém sau
> CAu triic ngdn ngit ty nhién ciing nhu ngdn ngir 1ap trinh.
> Céc phép toan co ban trén chudi, ngon ngit
> Cach thuc biéu dién ngén ngir
> Céach phan loai vin pham theo quy tic cia Noam Chomsky
» Xac dinh cac thanh phén cua mot van pham.
> Mbi lién quan giira ngdn ngir va vian pham.

Kién thirc co ban: Pé tiép thu t6t noi dung cta chuong nay, sinh vién can cé mot sO
cac klen thire lién quan vé chudi, ky hiéu, tir trong cac ngdn ngir tur nhién nhu tleng
Viét, tiéng Anh; cdu trac cG phap cta cac chuong trinh may tinh viét bang mot sd
ngon ngir 13p trinh co ban nhu Pascal, C...

Tai liéu tham khdo :
[1] John E. Hopcroft, Jeffrey D.Ullman — Introduction to Automata Theory,
Languages and Computation — Addison — Wesley Publishing Company, Inc —
1979 (trang 1 — trang 12).

[2] HO Van Quan — Gido trinh Iy thuyét 6tomat va ngén ngit hinh thirc — Nha xuat
ban Pai hoc qubc gia Tp. H6 Chi Minh — 2002 (trang 8 — trang 18).

[3] The Chomsky Hierarchy : http://en.wikipedia.org/wiki/Chomsky hierarchy
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I. TONG QUAN VE NGON NGU

Cac ngdén ngir lap trinh (nhu Pascal, C, ...) 1an ngén ngir tu nhién (nhu tiéng Viét,
tiéng Anh, ...) déu c6 thé xem nhu la tap hop cac cau theo mot ciu trac quy dinh nao
d6. Cau ctia ngdn ngit, trong tiéng Viét nhu "An la sinh vién giéi" hay trong Pascal 1a
mot doan chuong trinh bat ddu bang tir khoa program cho dén dau chdm cau két thic
chuong trinh, déu 12 mot chudi lién tip cac tir, nhu “An”, “giéi” hay “begin”, “if”,
“x2”, %215, tic cac chudi hitu han cac phén tir cia mot b chir cai co sd nao do. Ta
c6 thé xem chiing nhu 1a cac ky hiéu co ban cua ngdn ngi.

Tur nhan xét d6, ta dan téi mot quan niém hinh thuc vé ngon nglr nhu sau (theo tur
dién): Ngén ngit, mot cdach khéng chinh xdc la mét hé thong thich hop cho viéc biéu
thi cdc ¥ nghi, cdc sw kién hay cdc khdi niém, bao gom mét tép cdc ky hiéu va cdc quy
tiic dé van dung chiing.

Dinh nghia trén chi cung cap mot y niém truc quan vé ngdn ngit chr khong du 1a mot
dinh nghia chinh x4c dé nghién ctru vé ngdn ngit hinh thic. Ching ta bat dau xay
dung dinh nghia nay bang cac khai niém ma moi ngdn ngir déu dit nén tang trén do.

1.1. B0 chir cai (alphabet)

Mot bd chir cai (bd ky hiéu) 1a mot tap hop khong rdng, ky hiéu 14 3. Cac phan tir ciia
mot bo chir cai £ duoc goi 1a cac ky hiéu (symbol).
Thidu?2.l: B0 chit cai Latinh {A, B, C, ..., Z,a,b,c, ..., z}

B6 chit cai Hylap {a, B, 7, ..., ¢}

Bo chit s6 thap phan {0, 1,2, ..., 9}

B6 ky hi¢u Moene {.,/,-}

B0 bit nhi phan { 0, 1}

1.2. Ky hiéu va chudi

Mot ky hi¢u (symbol) 1a mot thuc thé triru tuong ma ta s€ khong dinh nghia dugc mat
cach hinh thirc.

Chdng han : Céc chir cdi (a, b, ¢, ...) hodc con s6 (0, 1, 2, ...) 1a cac ky hiéu.
Mot chudi (string) hay tir (word) trén bo chir cai T 13 mot ddy hitu han gdm mét sb

16n hon hay bang khong cac ky hiéu cua X, trong d6 mot ky hiéu c6 thé xuat hién vai
lan.

Chcfng han : . a,b, clacéacky hi€u con abcac 1a mdt tur.
. £ 0,1011, 00010, ... 1a cac tur trén b chir cai £ = {0, 1}

10
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Do dai cia mdt chuoi w, ky hi¢u [w| 1a s0 cac ky hi€u tao thanh chudi w.

Chang han: Chudi abca c6 d6 dai 14 4 , ky hiéu : Jabca | = 4
Chubi rong (ky hiéu ) 1a chudi khong c6 ky hiéu nao, vi vay | € | = 0.

Chuoi v dugc goi 1a chuoi con cua w néu v dugc tao boi cac ky hi€u lién ké nhau
trong chudi w.

Chdng han: Chudi 10 1a chudi con ciia chudi 010001
Tién té cuia mot chudi 1a mot chudi con bat ky nim & dau chudi va hdu td cia mot
chudi 1a chudi con ndm & cudi chudi. Tién td va hau t6 ctia mot chudi khac hon chinh
chudi dé ta goi 1a tién t6 va hau tb thuc su.

Chang han: Chuoi abce c6 céc tién t0 1 a, ab, abc va cac hau t6 1a c, be, abe

Chudi ndi két (ghép) tir hai chudi con 1a mot chudi tao dugc bang cach viét chudi thir
nhat sau do6 la chudi thir hai (khong c6 khoang trong ¢ gitia).

Chang han : Nbi két chudi Long va Int 13 chudi LongInt.

Su dat canh nhau nhu vay dugc sir dung nhu 1a mot toan ti ndi két. Tac 13, néu w va
x 1a hai chudi thi wx 1a sy ndi két hai chudi ¢6. Chudi réng 1a don vi ctia phép ndi
két, vi ta c6 ew = we = w v6i moi chudi w.

Taviét v’ =¢;v'=v; v’ =vv .. hay téng quat v' = vwv' "' v&ii> 0.

X - 5 X , [N R 1> X <A )
Chuoi ddo ngugce cua chuoi w, ky hiéu w" 1a chuoi w dugc viét theo thir tu nguoc
lai, nghialanéuw =a, a, ... a, thi wh=a,a,,.. a;. Hiénnhién:c"=¢

1.3. Ngon ngir (Languages)

Mot ngdn ngit (hinh thirc) L 1a mot tap hop cac chudi cua cac ky hiéu tir mot bo chir
cai X nao do.

Tap hop chira chudi rong (ky hiéu {&}) va tap hop rong & ciing dugc coi 1a ngdn ngir.
Chu y rang hai ngdn ngit d6 14 khac nhau: ngon ngir & khong c6 phan tir nao trong
khi ngdén ngit {&} c6 mot phan tir 1a chudi rong e.

Tap hop tét ca cac chudi con ké ca chudi rdng trén bd chit cai ¢b dinh =, ky hiéu 1a "
cling 12 mot ngdn ngit. Mdi ngdn ngi trén bo chit cai T déu 1a tip con cia £. Chu y
réng ¥ vo han dém duoc voi moi T khac @, vi ta ¢ thé 1iét ké tat ca cac chudi con
ctia n6 theo thir tw d9 dai tang dan, khi c6 cing do dai thi liét ké theo thir tur tir dién.

Ngoai ra tap hop tat ca cac chudi sinh ra tir b chir cai X, ngoai trir chudi rong &, dugc
ky hiéu 1a =", Dé thay:
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S'=% -{e} hay T =X'+{g)

Thidy2.2 : ={a}thiZ = {e, a, aa, aaa, ...}
= {a, aa, aaa, ...}
»=1{0,1}thi 2 = {e, 0, 1, 00, 01, 10, 11, 000, ...}
>'={0,1, 00,01, 10, 11, 000, ...}

1.4. Cac phép toan trén ngon ngir

Tir cic ngdn ngir co trude, ta co thé thu dugc cic ngdn ngit méi nho ap dung cac phép
toan trén ngdn ngir. Trudc hét, vi ngdn ngir 1a mot tip hop, nén moi phép toan trén
tap hop nhu: hop (union), giao(intersection) va hiéu (difference) ... déu co thé ap
dung 18n cac ngdn ngir. Ngoai ra, con ¢ thém mot sd phép toan thudng gip khac nhur
sau :

Phép phin bu (complement) cia mdt ngdn ngir L trén bo chit cai = duoc dinh nghia
nhu sau :

L=%-L
v6i cha y khai niém bu ciia ngon ngit duge dinh nghia dya trén 3

Phép ndi két (concatenation) ctia hai ngdén ngit L, trén bd chir cai 3, va L, trén bo
chir cai X, dugc dinh nghia boi :
L,L,= {W1W2 | wie Livaw, € L, } trén b6 chir cai 21U 2

Ky hiéu L' duoc mé rong dé dung cho phép nbi ket nhiéu lan (con g01 la phép Iy
thira trén chudi) trén cing mot tap ngon ngit L, tong quat : L' = LL' ', Theo dinh
nghia, ta c6 mot truong hop dic biét : L = {e}, vi moi ngdn ngit L.

Phép bao déng (closure) : Trong nhiéu truong hop, nguoi ta mudn thanh 1ap mot
ngdn ngir bang cach ndi két cac chudi (v6i sb luong bat ky) 1y trong mot ngdn ngir L

cho trudce, cac phép toan doé nhu sau :

Bao déng (Kleene) ctia ngdn ngit L, ky hiéu L” duoc dinh nghia 1 hop ciia moi
tap tich trén L :

:OL

Bao déng dwong (positive) cia ngdn ngit L, ky hiéu L" dugc dinh nghia 13 hop
ctia moi tich duwong trén L :

L'=U L

-

i=1
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Chu y rang : L'=IL"=L"L
L'=L"U {¢}

Thidy 2.3 : Chongdnnglt L = { a, ba } thi
L’= { aa, aba, baa, baba, ... }
L’ = { aaa, aaba, abaa, ababa, baaa, baaba, babaa, bababa, ... }
L' = { &, a, ba, aa, aba, baa, baba, aaa, aaba, abaa, ababa, baaa, baaba, ... }

II. VAN DE BIEU DIEN NGON NGU

Nhu da dinh nghia ¢ trén, mot ngén ngtr L trén mgt bo chir cai £ 1a mot tdp con cua

A * A A A - \ A 7. A A ~ \ ’ A 9~ ’ X
tap X . Vay van dé dat ra 1a doi véi mdt ngdn ngr L, 1am sao co6 thé chi rd cac chuoi
c6 thudc vao L hay khong ? D6 chinh 1a van dé€ bi€u dién ngon ngir .

D061 véi cac ngdn ngir hitu han, dé bi€u dién chiing mdt cach don gian ta chi can liét
ké tat ca cac chudi thudc vao chung.

Chdng han : L, = {g}
L, = { a, ba, aaba, bbbbb }

Tuy nhién, trong trudng hop cac ngdn ngir 1a vo han, ta khong thé liét ké tat ca cac
chudi thudc ngdn nglt dugc ma phai tim cho ching mét cach biéu dién hié¢u qua khac.

Trong nhimng truong hop khong phirc tap lam, nguoi ta thuong xac dinh cac chudi
bang cach chi 16 mot dic diém chu yéu chung cho cac chudi d6. Pic diém nay thuong
dugce mo ta qua mot phat biéu hay mot tan tir.

Chang han : L3— {a | ila mot s6 nguyén 6 }
Ly={ab | i>j >0}
Ls={we {ab} | s6 a trong w = s6 b trong w }

Song, trong phan 16n cac truong hop, ngudi ta thuong biéu dién ngdn ngit mot cach
tong quat thong qua mot vin pham hay mot 6tdmat. Van pham 1a mot co ché cho
phép san sinh ra moi chudi ciia ngdn ngit, trong khi 6tomat lai 1a co ché cho phép
doan nhan mot chudi bat ky c6 thudc ngdn ngit hay khong. Vé mit hinh thirc, ca van
pham va 6tomét déu 1a cac cach biéu hién khac nhau ctia cing mot quan niém.

Thi du 2.4 : Cho L 1a mot ngon ngir trén bo chir cai £ = {a, b} dugc dinh nghia nhu
sau:

)eel

ii) Néu Xe LthiaXb e L

iii) Khong con chudi ndao khac thudc L
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Dinh nghia dé quy trén cho ta mdt cich san sinh ra cac chudi thuoc ngon ngit L nhu
sau : Do (i) nén ta c6 chudi dau tién trong L 14 €. Xem d6 1a X thi theo (ii) ta lai co
duoc chudi thir hai aeb hay ab. Ap dung lap di lap lai quy tac (i1) ta lai tim dugc cac
chudi: aabb, r6i lai aaabbb, ... Ct nhu thé co thé phat sinh tat ca cac chudi thudc
ngodn ngit L. Bang cach ap dl_mg (mdt s6 hitu han) quy tac phét sinh nhu trén, ta c6 thé
phat sinh bat ky chudi nao trong ngdn ngit.

D& dang nhén thiy : L = {a' b' | i> 0}

Trong gio trinh ndy, chung ta s& tap trung nghién ciru hai dang hé phat sinh ding dé biéu
dién ngon ngir, nhu di noéi & trén, 14 vin pham va 6tdmat. Bang cach an dinh cac dang khac
nhau vio cac quy tic phat sinh, ngudi ta ciing dinh nghia nhiéu loai van pham va 6tomat
khac nhau, tir don gian dén phirc tap, nghién ctru cac ngdn ngit san sinh hay doan nhan bai
chung va méi lién quan giira chiing véi nhau.

III. VAN PHAM VA SU PHAN LOP VAN PHAM

V61 muc dich san sinh (hay dodn nhan) ngoén ngit, van pham dugc dung nhu mot cach
thirc hi¢u qua dé bi€u dién ngdn ngir.

3.1. Dinh nghia van pham ciu tric (Grammar)

Theo tir dién, van pham, mot cach khong chinh xac, 13 mot tap cac quy tic vé ciu tao
tir va cac quy tac ve cach thuc lién két tir lai thanh cau.

Dé hiéu rd hon khai niém nay, ta xét vi du cay minh hoa cAu trac cu phap cua mét cau
don trong ngdn ngit tiéng Viét "An la sinh vién giéi" & thi du 1.5 cta chuwong 1. Xuét
phat tir nat gbc theo dan dén nut 14, ta nhan thay cac tir & nhitng nut 14 cua cdy nhu
“An”, “sinh vién”, “gioi”, ... 1a nhiing tir tao thanh cau dugc san sinh. Ta goi do 1a cac
ky hi¢u két thiic boi vi chung khong con phat sinh thém nit nao trén cdy va cau
duoc hoan thanh. Trai lai, cdc nat trong cua cay nhu “cdu don”, “chu ngit”, “danh
wr”, ... s€ khong c6 mat trong dang cau san sinh, ching chi gilr vai tro trung gian
trong viéc sinh chudi, dung dién ta cdu tric cau. Ta goi d6 13 cac ky hiéu chua két

thuc.

Qua trinh san sinh cau nhu trén thuc chét 1a sy dién ta thong qua ciu trac cay cho mot
qua trinh phat sinh chudi. Cac chudi duoc phat sinh bat dau tir mot ky hiéu chua két
thuc dic biét, sau mdi bude thay thé mot ky hiéu chua két thuc nao dé trong chudi
thanh mot chudi 1an 16n gém cac ky hi¢u két thic va chua, cho dén khi khong con
mot ky hiéu chua két thiic nao nita thi hoan thanh. Qua trinh nay chinh 14 phuong
thtrc phat sinh chudi cia mot vin pham, duoc dinh nghia hinh thitc nhu sau:
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Pinh nghia : Vin pham cdu tric G 1a mot hé thong gom bdn thanh phan xac dinh
nhu sau G (V, T, P, S), trong do:

. 'V : tap hop céc bién (variables) hay cac ky hiéu chua két thic (non terminal)

. T : tap hop cac ky hiéu két thuc (terminal) (v6i V N T = &)

. P : tap hiru han cac quy tic ngit phap dugc goi 13 cac ludt sinh (production),
mdi luat sinh duoc biéu dién dudi dang o — B, véi a, B 1a cac chudi € (VU T).

.S © V: ky hiéu chua két thuc dung lam ky hiéu bét dau (start)

Nguoi ta thuong dung cac chir cai Latinh viét hoa (A, B, C, ..)) dé chi cac ky hiéu
trong tap bién V; céac chir cai Latinh dau bang viét thuong (a, b, c, ...) dung chi cac ky
hiéu két thuc thudc tap T. Chudi cac ky hiéu két thiic thudng dugc bléu dién bang cac
chir cai Latinh cudi bang viét thuong (x, y, z, ...).

Nhin xét : Bang quy udc nay ching ta cé thé suy ra cac bién, cac ky hiéu két thuc va
ky hiéu bat ddu ctia vin pham mot cach xac dinh va duy nhét bang cach xem xét cac
luat sinh. Vi vay, dé biéu dién van pham, mot cach don gian nguoi ta chi can liét ké
tap luat sinh cua chung.

Tu van pham, dé€ sinh ra dugc cac cau (tu), ta dinh nghia khai niém “dan xuat” nhu
sau :

Néu o — P 13 mot luat sinh thiy o0 8 = y B & goi 13 mot din xuat trye tiép, c6 nghia
1a 4p dung luat sinh oo — B vao chudi y o § dé sinh ra chudiy B 3.

A 7 X * \ 1 & J
Néu cac chuoi o, ay, ...., Oy € VA O] = Oy, Oy = O3, ..., Oy = Oy thi ta ndi o, co
thé duoc dan ra tr o thong qua chuodi dan xuat oy = an, o, = da, ..., Oy = Oy, hay

X A o7 oA < A < \ *
o dan xuat (gian tiép) ra o, victtat la o, = oy,

Ngén ngit ciia van pham G (V, T, P, S) 1a tap hop cac chudi ky hiéu két thic w € T
duoc sinh ra tir ky hiéu bat dau S ctia vin pham bdi cac luat sinh thudc tap P, ky hiéu
la L(G):

LG ={w|lweT vaS= w}

Mot ngdn ngit co thé c6 nhiéu cach dic ta, do do cling co thé c6 nhiéu van pham khac
nhau sinh ra cung mdt ngon ngir. Hai van pham sinh ra cung mgt ngon ngir thi goi 1a
twong duong.

G, tuong dlIO’Ilg G, < L (G]) =L (Gz)

3.2. Sw phan cap Chomsky trén vin pham

Biang cach ap dat mot s6 quy tic han ché trén cac luat sinh, Noam Chomsky dé nghi
mot hé théng phan loai cadc van pham dua vao tinh chét cua céac luat sinh. Hé théng
nay cho phép xdy dung cac by nhan dang hiéu qua va tuong thich véi ting 16p van
pham. Ta c6 4 16p van pham nhu sau :
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1) Vin pham loai 0: Mot van pham khong can thoa rang budc nao trén tap cac luat
sinh dugc goi la van pham loai 0 hay con dugc goi l1a vian pham khong han ché
(Unrestricted Grammar)

2) Vin pham loai 1: Néu vin pham G c6 cac lut sinh dang o — P va thoa
| B ‘ > | o | thi G 1a van pham loai 1 hoac con dugc goi 1a van pham cim ngit cinh
CSG (Context-Sensitive Grammar)

Ngon ngir cua 16p van pham nay duoc goi 1a ngébn ngir cdm ngir canh (CSL)

3) Viin pham loai 2: Néu vian pham G c¢6 cic luat sinh dang A — o v6i A 12 mot bién
don va o 1a mot chudi cac ky hidu e (V uT)* thi G la van pham loai 2 hoac con dugc
goi la van pham phi ngir cinh CFG (Context-Free Grammar)

Ngon ngir cua 16p van pham nay dugc goi la ngoén ngit phi nglr canh (CFL)

4) Vin pham loai 3: Néu vin pham G ¢6 moi luat sinh dang tuyén tinh phai (right-

linear): A - wB hoac A —»> w vdi A, B 1a cac bién don va w 1a chudi ky hiéu két thuc

(c6 thé rdng); hoic c6 dang tuyén tinh trai (left-linear): A — Bw hoic A — w thi G

la van pham loai 3 hay con duoc goi la van pham chinh quy RG (Regular Grammar)
Ngon ngir cua 16p van pham nay dugc goi la ngon ngit chinh quy (RL)

Ky hi¢u : Ly, L;, L,, L; 1a cac 16p ngdn ngit sinh ra bdi cac van pham loai 0, 1, 2, 3
tuong tmg. Tacd : L; < L, c L; © L va cac bao ham thirc nay 1a nghiém ngat.

Thidu?2.5 :
1. Xét van pham G :
V={S,A}, T={a, b} vatagpP={S > aS
S — aA
A —> bA
A—>b}
Day 14 vin pham loai 3 (vi tap ludt sinh c6 dang tuyén tinh phai).
Chéng han, mot dan xuét tir S ¢6 dang :
S = aS = aaS = aaaA = aaabA = aaabbA = aaabbbA = aaabbbb = a’ b*
Hay vin pham sinh ra ngén ngit L(G;) = {a'b’} = {a"b™ [n,m>1}

2. Xét van pham G :
V={S}, T={a,b} vatapP={S — aSb
S—>ab}
Day 1a van pham loai 2.
Chéng han, mot dan xuét tir S ¢6 dang :
S = aSb = aaSbb = aaaSbbb => aaaabbbb = a’b*
Hay van pham sinh ra ngén ngit L(G,) = {a"" |n>1}

3. Xét van pham G :
V={S,B,C},T={a,b,c}vatapP={ S —> aSBC
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S —» aBC
CB —» BC
aB —ab
bB — bb
bC — bc
cC—>cc}
Day 1a van pham loai 1.
Chfmg han, mot dan xuét tir S ¢6 dang :
82:2>2aSBC = aaBCBC = aabCBC = aabBCC = aabbCC = aabbcC = aabbcc =
a’b’c
Hay vén pham sinh ra ngon ngit L(G;) = {a"b"c" |n>0}.

IV. CO CHE OTOMAT

4.1. Pinh nghia 6tomat

Ngoai cac vian pham, ngudi ta con sit dung mot phuong tién khac dé xac dinh ngon
ngir 1a 6tomat. Otdmat, dich nghia 13 may ty dong, duoc hiéu 13 cac “may” triru tuong
¢ co cdu va hoat dong rat don gian nhung c6 kha nang doan nhin ngdn ngir. V&i mot
chudi bat ky, sau mQt s6 budc lam viéc, 6tdmat s& cho cau tra 101 chudi do co thude
ngdn ngir hay khong. Dé c6 duge qua trinh ty dong nhu vy, con ngudi thudng phai
1ap trinh san cho né mot “16 trinh” thuc hién, va cac may chi can hoat dong theo dung
16 trinh nay. Mot trong sd nhitng may tu dong nay dién hinh manh nhat c6 thé néi
chinh 12 may tinh s6 ngay nay. Tuy hoat dong theo kiéu “may”, song thuc chit mdi
budc lam vi¢c cua 6tdmat 1a mdt sy thay thé ky hiéu, nghia 1a mot budce dan xuit nhu
da noi ¢ trén.

N6i chung, mot mo hinh 6tdmat thuong bao gdm nhiing thanh phan chi yéu nhu sau :

\ [ e

DN

TRA ReA L I
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~ v rw————

Hinh 2.1 - M6 hinh chung cho mgt 6tomat

Chudi nhap can xac dinh s& dugc luu trit trén bang input. Tai mdi thoi diém, ing véi
trang thai hién thoi, doc vao mot ky tu nhap trén bang input, co thé két hop véi viée
xem xét ky hiéu tuong tng trong Bo nhd, Bo diéu khién cia 6tdmat s& quyét dinh
budc chuyén dén trang thai ké tiép.

Cac loai 6tdmat tuong ing voi timg 16p van pham s& dugc gidi thiéu 1an lugt trong
nhitng chuong tiép theo.

4.2. Phan loai cac 6tomat

Duya theo hoat dong ctia 6tomat, thong thuong nguoi ta chia 6tomat thanh hai dang
sau:

Otomat don dinh (Deterministic Automata) : La mot 6tomat ma tai mdi budce di
chuyén chi dugc xac dinh duy nhat bdi cau hinh hién tai. Sy duy nhat nay thé hi¢n
tinh don dinh, nghia 1a ham chuyén ctia 6tdmat dang nay ludn 1a don tri.

Otomat khong don dinh (Non - deterministic Automata) : La mot 6tomat ma tai

mdi bude di chuyén, né c6 mot vai kha ning dé chon lya. Su chon lya nay thé hién
tinh khong don dinh, nghia 1a ham chuyén cua 6tdmat dang nay la da tri.
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BAI TAP CHUONG II

2.1. Ching minh hodc bac bo : L™ = L™ - {e}.
2.2.L" hay L c6 thé bang & khong ? Khi nao thi L™ hay L" 1a hitu han ?

2.3. Hay cho biét cac thi tu cho phép liét ké cac phan tir cia cac ngdn ngir sau :
a) {a, b}
b) {a} {b} {c}

¢) {w|w e{a, b} vasd a bang s6 b trong w}

2.4. M6t chudi hinh thap co thé dinh nghia 13 mot chudi doc xudi hay nguoc déu nhu
nhau, hodc ciing c¢6 thé dinh nghia nhu sau :

1) € 1a chudi hinh théap.

2) Néu a 1a mét ky hiéu bat ky thi a 1a mot chudi hinh thap.

3) Néu a 1a mot ky hiéu bat ky va X 13 mot chudi hinh thap thi aXa 1a mot
chudi hinh thép.

4) Khong con chudi hinh thap nao ngoai cac chudi cho tir (1) dén (3).
Hay chirng minh quy nap rang 2 dinh nghia trén 13 twong duong.

2.5. Céac chudi ngodc don cin bang duoc dinh nghia theo 2 cach :
Céach 1 : Mot chudi w trén bo chir cai { (, ) } 1a cAn bang khi va chi khi :

a) w chira ciing mot s6 ') va '(

b) Moi tién t6 ctia w chita s cac '(' it nhat bang s6 cac')'.
Céch 2 :

a) (1a chudi ngodc don cén bang

b) Néu w 1a mot chudi ngodc don can bang, thi (w) 1a chudi ngodc don can
bang.

¢) Néu w va x 1a cac chudi ngoic don cin bang, thi wx 13 chudi ngoic don cin
bang.

d) Khong con chudi ngodc don can bang nao khac véi trén.
Hay chimg minh bang quy nap theo do dai chudi rang 2 dinh nghia trén 13 tuong
duong.
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CHUONG III

OTOMAT HU'U HAN VA BIEU THUC
CHINH QUY

Noi dung chinh: Trong chuong nay, ta s€ nghién ctru mdt loai "may triru tuong" goi
1a 6tdmat hiru han. Chung 1a cong cu dung dodn nhan mot 16p ngdn ngir kha don gian
got la 16p ngdn ngir chinh quy. Trudce hét, hai dang cua 6tomat hiru han s& lan luot
duoc trinh bay va co6 sy chiing minh rang chung twong duong nhau vé kha ning doan
nhan ngdn ngit. Tiép do, ta s& dé cap den biéu thirc chinh quy - mot phuong tién khac
dé x4c dinh ngdn ngir va ta lai thdy rang 16p ngdn ngit do cac 6tdmat hitu han chip
nhan chinh 13 16p ngdn ngit chinh quy. Phén tiép theo ciia chuong s& dé cap dén moi
quan hé gitta co ché 6tdmat va cac biéu thirc chinh quy dung ky hiéu cho ngdn ngit.
Cudi chuong nay, mot vai tng dung cu thé ciia 6tdmat hitu han s& duoc trinh bay.

Muc tiéu cin dat: Két thuc chuong ndy, sinh vién can nim vimg :
» Khai niém 6tomat hiru han, cac thanh phﬁn, cac dang va su khac bi¢t co ban
gitra hai dang.
> Céch thtc chuyén d6i tuong dwong tir dang don dinh sang khong don dinh
va nguoc lai.
> Viét biéu thirc chinh quy ky hiéu cho tap ngdn ngir chinh quy.
> Moi lién quan giira 6tomat hitu han va biéu thire chinh quy.
> V& so d0 chuyén trang thai (don dinh hodc khong don dinh) tir mot biéu
thirc chinh quy.
> Tim céc tmg dung thuc té khac tir mo hinh 6témat hitu han.

Kién thirc co ban: Dé tiép thu t6t ndi dung cua chuong nay, sinh vién can c6 mot sb
cac kién thirc lién quan vé 1y thuyét do thi, ly thuyét mach; hiéu cac khai niém co ban
vé kién trac mdy tinh; cé str dung qua mot so trinh soan thao van ban théng thuong ..

Tai liéu tham khdo :
[1] John E. Hopcroft, Jeffrey D.Ullman — Introduction to Automata Theory,
Languages and Computation — Addison — Wesley Publishing Company, Inc —
1979 (Chapter 2 : Finite Automata and Regular Expressions).

[2] Phan Thi Tuwoi — Trink bién dich — Nha xuat ban Giao duc — 1986 (Chwong 3 :
B¢ phdn tich tir vung).
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[3] J.A.Garcia and S.Moral- Theory of Finite Automata :
http://decsai.ugr.es/~jags/fat.html

[4] Donald R. Biggar - Regular Expression Matching Using Finite Automata:
http://www3.sympatico.ca/dbiggar/FA.home.html

I. OTOMAT HUU HAN (FA : Finite Automata)

Otomat hiru han FA 13 mot mo hinh tinh toan cua hé thong véi sy md ta bai cac input
va output. Tai mdi thoi diém, hé théng c6 thé duoc xac dinh & mot trong s6 hiru han
cac cau hinh n6i bo goi la cac trang thai (states). MGi trang thai caa hé thdng thé hién
su tom tit cac 'thong tin lién quan den nhimng input d3 chuyén qua va xac dinh céc
phép chuyén ké tiép trén diy input tiép theo.

Trong khoa hoc may tinh, ta c6 thé tim thdy nhiéu vi du vé hé théng trang thai hiru
han, va ly thuyét vé 6tdmat hitu han 1a mot cong cu thiét ké hiru ich cho cac hé thong
nay. Chang han, mot hé chuyén mach nhu b diéu khién (Control Unit) trong may
tinh. M6t chuyén mach thi bao gom mot s6 hitu han cac cong (gate) input, moi cong
co 2 gia tr1 0 hoac 1. Cac gia tri dau vao nay s€ xac dinh 2 muc di¢n thé khac nhau &
cong output. Mdi trang thai ciia mot mang chuyén mach véin cong bat ky s& 1a mot
truong hop trong 2" phep gan cua 0 va 1 d6i voi cac cong khac nhau. Cac chuyen
mach thi dugc thiét ké theo cach nay, vi thé chiing c6 thé dugc xem nhu hé thong
trang thai hiru han. Cac chuong trinh str dung thong thudng, chang han trinh soan
thdo van ban hay bd phén tich tir vung trong trinh bién dich may tinh cling dugc thlet
ké nhu cac hé thong trang thai hiru han. Vi du bo phén tich tir vung s€ quét qua tat ca
cac dong ky tu ciia chuong trinh may tinh dé tim nhom cac chudi ky tu twong tmg voi
mot tén bién, hang sd, tir khéa, ...Trong qua trinh xir 1y ndy, bd phan tich tir vung can
phai nhd mot sb hitu han thong tin nhu cac ky tu bat dau hinh thanh nhiing chudi tir
khoa. Ly thuyét vé 6tomét hitu han thuong duge ding dén nhiéu cho viéc thiét ké cac
cong cu xu 1y chudi hiéu qua.

May tinh ciing c6 thé duoc xem nhu mét hé thong trang thai htu han. Trang thai hién
thoi cua bd xur ly trung tdm, bo nh¢ trong va cac thiét bi luu trir phu 6 moi thoi diém
bat ky 1a mot trong nhiing sO rat 16n va hitu han cua 5O trang thai. B néo con nguoi

cling 1a mdt hé thong trang thai hitu han, vi sb cac té bao than kinh hay goi la neurons
1a s6 ¢ €161 han, nhiéu nhat co thé 1a 2%.

Ly do quan trong nhét cho viéc nghién ctru cac hé thong trang thai hiru han 14 tinh ty
nhién cta khai niém va kha niang tng dung da dang trong nhiéu linh vuc thuc té.
Otomat hiru han (FA) duoc chia thanh 2 loai: don dinh (DFA) va khong don dinh
(NFA). Ca hai loai 6tdmat hiru han déu co kha nang nhan dang chinh x4c tap chinh
quy. Otomat hitu han don dinh c6 kha ning nhan dang ngon ngit dé dang hon 6tomat
hiru han khong don dinh, nhung thay vao d6 thong thuong kich thudc ctiia né lai 1on
hon so véi 6tomat hiru han khong don dinh twong duong.

21



Chwong Ill : Otémat hitu han va biéu thirc chinh quy

1.1. Otomat hiru han don dinh - DFA (Deterministic Finite Automata)

Mot 6tomat hiru han don dinh (DFA) - goi tat 1a FA -gém mot tap hiru han céc trang
thai va mot tip cac phép chuyén tir trang thai ndy tdi trang thai khac trén cac ky hiéu
nhéap (input symbols) dugc chon tir mot bod chir cai £ nao d6. Mdi ky hiéu nhap cé
dung mot phép chuyén khoi mdi trang thai (co thé chuyén tr¢ vé chinh no). Mot trang
thai, thudng ky hiéu 13 qo, goi 1a trang thai bat dau (trang thai 6tomat bat dau). Mot s6
trang thai duoc thiét ké nhu 1 cac trang thai két thiic hay trang thai chap nhan.

Mot do thi c6 hudng, goi 1a so d6 chuyén (transition diagram) tuong Gmg vo1 mot
DFA nhu sau: cic dinh ctia dd thi 1a cac trang thai cuia DFA; néu c6 mot duong
chuyén tir trang thai q dén trang thai p trén input a thi c6 mot cung nhan a chuyén tir
trang thai q dén trang thai p trong so d6 chuyén DFA chap nhan mét chudi x néu nhu
ton tai ddy cac phép chuyén twong ung trén mdi ky hiéu cua x dan tir trang thai bat
dau dén mot trong nhiing trang thai két thiic.

Chang han, so d0 chuyén ctia moét DFA dugc mé ta trong hinh 3.1. Trang thai khoi
dau qo duoc chi bang mili tén c6 nhan "Start". Chi c6 duy nhit mot trang thai két thic,
cung la qo trong truong hop nay, dugc chi ra bang hai vong tron. Otomat nay chap
nhan tat ca cac chudi s6 0 va sb 1 véi s6 s6 0 va s6 s6 1 1a s6 chan.

Thidu3.1:

Hinh 3.1 - So d6 chuyén cia mot DFA
Mot didu can luu y, DFA sir dung mdi trang thai ctia n6 dé giit chi mot phan cua
chuoi s0 0 va 1 chtr khong phai chira mot so thuc sy, vi thé DFA can dung mot s6 hiru

han trang thai.

Dinh nghia
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Mot cach hinh thirc ta dinh nghia 6tomat htru han 1a bd gém nam thanh phén (Q, Z, 9,
qo, F), trong do :

. Q12 tap hop hiru han céc trang thai.

. 2 1a bo chir cai nhap hiru han.

.8 1a ham chuyén anh xa tir Q x = — Q, tic 13 8(q, a) 1a mot trang thai duoc
cho bai phép chuyén tir trang thai q trén ky hiéu nhép a.

. qo € Q 14 trang thai bat dau

.F — Q 1a tap cac trang thai két thuc.

Ta v& DFA nhu 14 bd diéu khién hitu han, véi mdi trang thai thuéc Q, DFA doc mot
chudi cac ky hiéu a tir T viét trén bang (nhu hinh vé).

Input OjJj1)11J]1]0]10}11}107]1

A

B¢ diéu khién

Hinh 3.2 - M6 ta mdt DFA

Trong mdt 1an chuyén, DFA dang & trang thai q doc ky hiéu nhap a trén bang, chuyén
sang trang thai duoc xac dinh bai ham chuyén 8(q, a), roi dich dau doc sang phéi mot
ky tu. Néu 5(q, a) chuyén dén mét trong nhimg trang thai két thiic thi DFA chap nhan
chudi dugc viét trén bang input phia trudc dau doc, nhung khong bao gom ky tur tai vi
tri dau doc vira dich chuyen dén. Trong truong hop dau doc di dich dén cubi chudi
trén bang, thi DFA méi chap nhan toan bd chudi trén bing.

Ham chuyén trang thai mé rong

DPé c6 thé md ta mot cach hinh thirc hoat dong ctia mot DFA trén chudi, ta md rong
ham chuyén & dé ap dung d6i voi mot trang thai trén chudi hon 1a mot trang thai trén
timg ky hiéu. Ta dinh nghia ham chuyén & nhu mot anh xa tir Q x & — Q v6i y
nghia 8(q, w) 1a trang thai DFA chuyén dén tir trang thai q trén chudi w. Mot cach
hinh thtrc, ta dinh nghia :

I 3(q,8=q )
2. & (g, wa)=9(5 (q, W), a), v&1 moi chuoi w va ky hi¢u nhap a.

Mot $6 quy wée vé ky hiéu :

- Q la tap cac trang thai. Ky hiéu q va p (c6 hodc khong co chi sb) 1a cac
trang thai, qo 13 trang thai bét dau.

- X212 bo chit cai nhap. Ky hi¢u a, b (c6 hodc khéng cé chi sé) va céc chit sd
1a cac ky hi€éu nhap.

- &1a ham chuyén.

- Fla tap cac trang thai két thuc.
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- W, X,y vaz(co hodc khong cé chi s0) 1a cac chudi ky hi¢u nhap.

Ngon ngir dwoe chdp nhian béi DFA

Mot chudi w duge chap nhap boi 6tdmat hiru han M (Q, Z, 8, qo, F) néu 8(qo, W) = p
voip € F. Ngon nglr dugce chap nhan boi M, ky hiéu L(M) 1a tap hop:

LM)={w|d(q,w)eF}
Thidu3.2: Xét so 6 chuyén & hinh 3.1. Theo khai niém hinh thtc, ta c6 DFA

duoc xac dinh béi M (Q, Z, 6, qo, F) v6i Q = {qo, q1, q2, q3}, = = {0, 1}, F = {qo} va
ham chuyén & nhu sau:

) Inputs
Trang thai 0 1
Jo 92 Qi
Qi gs Jo
Sp) Jo g3
Js q 92

Gia sir chudi w = 110101 dugc nhap vao M.

Ta c6 8(qo, 1) = q1 va 8(qs, 1) = qo ,vay 8(qo, 11) = 8(8(qo,1),1) = 8(q1, 1) = qo.

Tiép tuc 8(qo, 0) = g2, vay 8(qo, 110) = 8(5(qo, 11), 0) = q>.

Tiép tuc ta c6 6(qp, 1101) = qs, d(qo, 11010) =q;

Va cubi cung 8(qo, 110101) = qq € F.
(Hay 8(qp, 110101) = 8(qy, 10101) = 8(qo, 0101) = 8(qp, 101) = 8(q3, 01) = 8(qy, 1) =
qQ € F)

Vay 110101 thugc L(M). Ta c6 thé chimg minh rang L(M) 1a tdp moi chudi c6
s6 chin s6 0 va s6 chin s6 1.

Theo mé ta DFA nhu trén, ta thiy ciing c6 thé dung bdng ham chuyén (transition
table) dé mo ta cac phép chuyén trang thai ciia mot 6tdmat hitu han. Trong bang ham
chuyén, hang chira cac trang thai thuc tap trang thai cua 6tdmat va cgt la cac ky hiéu
thudc bo chitr cai nhap. Bang ham chuyen go1y cho chung ta mot cau trac dir liéu dé
mo ta cho mot 6témat hiru han, déng thoi ciing cho thy c6 thé dé dang mo phong
hoat dong ctia DFA thong qua mot chuong trinh méy tinh, ching han ding ciu trac
vong lap.

Giai thuat moé phong hoat dong cia mdt DFA

. Input : Chudi nhap x két thiic boi $
. Output : Cau tra 10i "YES" néu DFA chip nhan chudi x va "NO" néu
ngugc lai.
. Giai thudt :
q-=9, )
c := nextchar ; { ¢ 1a ky hiéu nhap duoc doc ti€p theo }
While c <> $ do
begin
2 q:=38(q, );
¢ :=nextchar ;

end
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Nhan xét :

Mot cach tong quat, ta thay tap Q cua DFA thé hién céc trang thai luu trit ctia 6tdmat
trong qua trinh doan nhan ngdn ngtr, va nhu vay kha ning luu trit cia 6tomat 1a hiru
han. Mat khac, ham chuyén 0 la ham toan phén va don tri, cho nén cac budc chuyén
cua 6tomat luon luén dugc xac dinh mot cach duy nhét. Chinh vi hai dic diém nay ma
DFA mo6 ta nhu trén duoc goi 1a 6tdmat hiru han don dinh.

1.2. Otémat hiru han khong don dinh - NFA (Nondeterministic Finite
Automata)

Xét mot dang sira d0i md hinh DFA d¢ chap nhan khong, mot hodc nhiéu hon mét
phép chuyén tr mot trang thai trén cung mot ky hiéu nhap. M6 hinh méi nay goi 1a
0tomat hitu han khong don dinh (NFA).

Mot chudi ky hiéu nhap a, a, ... a, duoc chép nhan béi mét NFA néu c6 ton tai mot
chudi céc phép chuyén, tuong u’ng v6i chudi nhap, tir trang thai bt dau dén trang thai
két thuc. Chang han, chudi 01001 dugc chap nhan bdi 6tomat trong hinh dudi day vi
c¢6 chudi phép chuyén qua cac trang thai do, o, o, 3, 94, q4 €0 nhén tuong umg 1a 0,
1,0, 0, 1. NFA ndy chip nhan tit ca cac chudi c6 hai sb 0 lién tiép hodc hai sb 1 lién
tlep

Thidu3.3:
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Hinh 3.3 - So d6 chuyén cia mot NFA

Chu ¥ rang c6 thé xem 6tomat hitu han don dinh - DFA (hay goi tat 1a FA) 1a mot
truong hop dac biét cua NFA, trong do mdi trang thai chi c6 duy nhit mot phép
chuyén trén mdi ky hiéu nhap. Vi thé trong DFA, v6i mot chudi nhap w va trang thai
q, chi c6 dung mot duong di nhin w bt dau tir q. Dé xac dinh chudi w c6 duoc chip
nhan boi DFA hay khong chi can kiém tra dudng di nay. Nhung ddi véi NFA, c6 thé
c¢6 nhiéu duong di c6 nhan 1a w, va do d6 tat ca phai dugc kiém tra dé thdy co hay
khéng co dudng di toi trang thai két thuc.

Tuong tu nhu DFA, NFA ciling hoat dong vé1 mot bo diéu khién hitu han doc trén
bang nhap. Tuy nhién, tai mdi thoi diém, bo diéu khién c6 thé chira mot sd bat ky
trang thai. Khi co6 sy Iya chon trang thai ké tiép, chéng han nhu tir trang thai q trén ky
hiéu nhap 0 ¢ hinh 3.3, ta phai tuédng tuong nhu c6 cac ban sao cuia 6tdmat dang thuc
hién dong thoi. Mdi trang thai ké tiép ma 6témat c6 thé chuyén dén s& tuong Gmg voi
mot ban sao cua 6tdmat ma tai d6 bo diéu khién dang chtra trang thai do.

Chang han, v6i chudi 01001, ta co :
Jo 0 » do 1 » do 0 » do 0 » o
\ \ \ \ 1
qs3 qi qs3 qs3

J4 1_,Q4

» Jo

qi

Dinh nghia

Mot cach hinh thure ta dinh nghia 6tdomat hiru han khong don dinh NFA 1a mét bo 5
thanh phén (Q, %, 9, qo, F) trong d6 Q, Z, qo va F c6 y nghia nhu trong DFA, nhung 6
1a ham chuyén 4nh xa tir Q x = — 2

Khai niém 8(q, a) 1a tap hop tit ca cac trang thai p sao cho c6 phép chuyén trén nhin
a tu trang thai q to1 p.

Ham chuyén trang thai mé rong

Dé thuan tién trong viéc mo ta hoat dong 6tomat trén chudi, ta mé rong ham chuyén 0
anh xa tr Q x " — 2% nhu sau :
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1. (g, &) = {q}
2. 9(q, wa) = { p | c6 mQt trang thai r trong 6(q, w) ma p thude o(r, a)}
= 3(5(q, W), a)

3. 6(P9 W) = quP 6(q’ W) ’ VP - Q
Ngbn ngit dugc chap nhan boi NFA

Ngoén ngtr L(M), vé1 M 1a 6tomat hitu han khong don dinh NFA (Q, %, 3, qo, F) 1a tap
hop :
L(M) = {w | 8(qo, W) c6 chlra mot trang thai trong F }
Thi du 3.4 : Xét so do chuyén cua hinh 3.3. Theo khai niém hinh thirc, ta ¢6 :
NFA M ({90, 41, 92, G, Qa}» {0, 1}, 8, qo, {2, qs}) v6i ham chuyén & nhur sau :

) Inputs

Trang thai 0 1
Jo {0,q3} {0,q1}
qi %) {q}
J2 {9} {9}
qs {94} %)
g4 {94} {94}

Xét chudi nhap w = 01001
Taco: 3 (9o, 0) = {qo, 43}

3 (qo, 01) = 8(8(qo, 0),1) = 8({qo, q3},1) =6 (qo, 1) U 8 (q3, 1) = {qo, qi}
Tuong tu , ta co thé tinh :

3 (qo, 010) = {qo, q3}

3 (qo, 0100) = {qo, g3, q4}

va 6 (qo, 01001) = {qo, q1, Ga}
Doqs € Fnénw e L (M).

Cau hoi :

? 1. Hay cho nhan xét vé diém khac biét quan trong giita DFA va NFA ? N
= 2.~ Theo ban, dang don dinh hay khong don dinh s€ dung nhan dang mgt chuoi
B 42 dang hon ?

1.3. Su twong duwong giira DFA va NFA

Vi m51 DFA 1a mot NFA, nén 1o rang 16p ngoén ngr duogc chép nhan bd1 NFA cling
bao goém céc tap chinh quy (day chinh la ngén ngtr dugc chap nhén boi DFA ). Tuy
nhién, khong c6 co so dé néi rang NFA chi chap nhan duy nhat cac tap hop nay Diéu
d6 cho thidy DFA c6 thé md phong duoc hoat dong cua NFA, nghia 13 voi mdi NFA,
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ta co thé xdy dung mot DFA tuong duong (chdp nhan cing mot ngdn ngir véi no).
bat mot DFA m6 phong hoat dong cua NFA 1a cho phep cac trang thai cuia DFA
tuong umg voi tp cac trang thai cua NFA. Tai mdi thoi diém, DFA luu giit trong bd
diéu khién tit ca cac trang thai ma NFA c6 thé chuyén dén khi doc cung mét input
nhu DFA.

DINH LY 3.1 : Néu L Ia tip dwgc chip nhan béi mot NFA thi ton tai mjt DFA
chap nhan L.

Chung minh

Pit M (Q, Z, 8, qo, F) 1a NFA chip nhan L.

Ta xay dung DFA M' (Q’, Z, 8’, qo’, F’) tuong duong nhu sau:

- Céc trang thai cuia M’ 13 tat ca cac tap hop con cia tip trang thai ciia M, hay
Q’= 2. Tai mdi thoi diém, M’ s& lwu giit trong trang thai cua né tit ca cac trang thai
c6 thé ctia M. Mot phan tir trong Q’ duoc ky hiéu 13 [q, Qa,..., ], trong d6 céc trang
thai qi, qp,..., q; € Q. Ta xem [qy, q2,..., qi] 1a mdt trang thai don cia DFA tuong Gng
vo1 mot tap trang thai ciia NFA.

- qo” = [qol- . .

- F' 1a tap hop céc trang thai cia Q’ c6 chira it nhat mot trang thai két thic

trong tap F cua M.

- Ta dinh nghia ham chuyén &’ nhu sau :

8 ([q1> Qao-» Gils @) = [P1, P2s--» P;] Néu va chi néu 8 ({q1, Qarevrr Gi }> @) = {P15 P2sees Pj}

Bay gio ta chitng minh quy nap theo do dai ciia chudi nhép x rang:
040’ %) = (41 92 4] = Ao ) = {41 4o 4if - (D)

Véi |x|=0 ,tacox=¢gvaqo =[qo] nén (1) hién nhién dung

Gia su (1) dung voi cac chuoi nhap co do dai toi m.

Xét chuoi nhdp co do dai m + 1, dat chuoi nay la xa voia € 2, ta co :

0'(qo’, xa) = 6°(6'(q0", x), a)

Theo dinh nghia :

o'([p1, pg,...,pi]i a) = [r), ¥o..., '] < 0({pL, P, Db @) = {11, 1o, T
Mat khac theo gia thiét quy nap 6°(qp’, x) = [p1, Pa.... Pl < Hqo. X) = {p1, P2.-... Di}
nén thay vao ta cé : 8'(qy’, xa) = [r}, 1a,..., 1] < Aqo, Xa) = {1y, 1a,..., 1.
Dé thay rang 6°(qy’, x) € F'khiva chi khi &(qy, x) co chira it nhat mot trang thai € F.

Vay L(M) = L(M’)

Vi NFA va DFA chép nhén cing céc tip hop, nén ta s& khong phan biét chung trir khi
diéu do that sy can thiét, s€¢ don gian hon dé hi€u ca hai cung l1a 6tomat don dinh.

Thidu 3.5 : Cho NFAM ({qo, qi}, {0, 1}, 8, qo, {q:}) v6i ham chuyén & nhu sau :
8(qo, 0) = {qo, q1}, 8(qo,1) = {qu}, 3(q1, 0) =G, 8(q1, 1) = {qo, qi}
Ta xdy dung DFA tuong duong M’ (Q’, {0, 1}, &’, [qo], F?) chdp nhan L(M) nhu sau :

. Q’ : chira tat ca cdc tap con cua {qo, qi}, vay Q" = {[qo], [ai]; [90, 1], D}
. Ham chuyén 6’ :
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Vi 6(qo, 0) = {qo, q1} nén &’([qo], 0) = [qo, q1]

Tuong tu:  6°([qol, 1) = [qi]
8’([q:],0) =L
d’([q1], 1) = [qo, qi]

Mitkhac: &(J,0)=8(J, )=

Cubi cung :  &°([qo, 91],0) = [qo, q1]

(vi 6({qo, q1},0) = 6(qo, 0) W 8(q1, 0) = {qo, 91} Y & = {qo, q1})
0’([q0, q11, 1) = [qo, qi]

(vi 3({qo, q1},1) =8(qo, 1) W &(qi, 1) = {qi} Y {qo, q1} = {qo, q1})
. Tap trang thai két thac F' = {[q.], [qo, 1]}

Thuc té, ¢ rat nhidu trang thai cia NFA khong c6 ham chuyén dén tir trang thai bat
dau [qo]. Do d0, thong thudng, cach tt nhat 1a ta nén xay dung DFA tuong duong bat
dau tir trang thai [qo] va thém vao cac trang thai méi cho DFA chi khi c6 cac ham
chuyén tor mot trang thai da duoc thém vao trudce do.

Cau hoi :

? Ban c6 nhan xét gi vé kich thude gitra mot DFA va mot NFA tuong duong véi nd
i chap nhan cung mot tap ngoén ngir ?

1.4. NFA véi e-dich chuyén (NFAeg)

Ta mo rong m6 hinh NFA cho phép cac phep chuyen trén nhan rong e. So dd chuyen
sau day cua mot NFA chap nhan chudi gom mat s0 bat ky (co the 1a 0) chir s6 0 sau
d6 1a mot s6 bt ky chit s6 1 va sau nira 1a mot sé bat ky chir s6 2. Thong thudng, ta
n6i NFA chap nhan mot chudi w néu c6 dudng truyén nhin w tir trang thai bat dau
dén mot trang thai két thuc. Chang han, chudi 002 duoc chap nhan boi duong truyén
do> 90, 90» 91, 92, 92 V61 cac cung nhan 0, 0, €, €, 2.

Thidu3.6: Sodo chuyén cua mot NFA voi e-dich chuyén :

0 1 2
Start Q
>® & »( q1 & »{( (2

Hinh 3.4 - NFA véi e-dich chuyén

Pinh nghia: Mot cach hinh thire ta dinh nghia NFA véi e-dich chuyén 13 bo 5 thanh
phan (Q, Z, J, q, F) voi tat ca cac thanh phan c6 y nghia nhu trén, nhung ham chuyén
Slaanhxatr Qx (X U {e}) > 2%
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Khai niém §(q, a) gom tat ca cac trang thai p sao cho c¢6 phép chuyén nhan a tir q t6i
p, trong d6 a 1a mét ky hi€u thudc Z hodc 1a €.

Ham chuyén trang thai mé rong: Ta md rong ham chuyén 8 thanh ham chuyén &
anh xa tr Q x £~ — 22 8"(q,w) chura tit ca cac trang thai p sao cho c6 thé di tir q toi p
theo duong di nhan w (c6 thé chira canh nhan ¢).

Ta str dung e-CLOSURE(q) dé x4c dinh tap tat ca cac dinh p sao cho ¢ duong di tir q
té1 p voinhan €.

Thidy 3.7 : Trong hinh 3.4, e-CLOSURE(qo) = {qo, q1, 92} -

Vi duong di chi c6 mdt dinh g (khong c6 cung trén duong di) 1a duong di tir qq to1 qo
c6 tAt ca cac canh nhin 13 e. Puong di qo, q; chi ra rang q; thudc e-CLOSURE(qp). Va
duong di qq, qi, q» chi ra rang q, thudc e-CLOSURE(qp).

Dat e-CLOSURE(P) = U,p e-CLOSURE(q), trong do P 1a mot tap cac trang thai va
q 1a mot trang thai. Ta dinh nghia ham 8" nhu sau:
1. 8°(q, €) = e-CLOSURE(q)
2.8°(q, wa) = e-CLOSURE(P),
trong d6 tap P = {p | c6 r trong & (q, w) sao cho p € 8(r, a)}, Yw € £ vaa € X
Hay & (q, wa) = e-CLOSURE(S(8 (g, W), a)

Tamd rong 8 va & trén tap hop cac trang thai R nhu sau :
3.9 (Ra a) =V qeR 6(q9 a)a va
4.8 (R, W) = Uger 8 (g, W)

Cau hoi :

?)y so sanh sy khac biét gitta ham chuyén & va 8" 2
|
Nhin xét : 8'(q, a) va 8(q, a) khong nhét thiét bang nhau vi & (q, a) gdm tit ca cac
trang thai co6 thé chuyén dén duogc tir q trén nhan a gom ca duong di nhan ¢, trong khi
d6 8(q, a) chi gdbm céc trang thai c6 thé dén dugc tir q chi bang cac cung nhan a.
Tuong tu 8 (q, €) ¢ thé ciing khong bang 8(q, €). Vi vy ta phai phan biét ky hiéu &
va & ddi voi NFA véi e-dich chuyén.

Ngbn ngit dugce chap nhan bi NFAe:

Ta dinh nghia L(M), ngon ngir duoc chap nhan boi NFAe M = (Q, 2, §, qo, F) 13 tap
hop cac chuoi :
L(M) = {w | 8 (qo, W) c6 chira it nhat mot trang thai trong F}

Thidu 3.8 : Xétso dd chuyén cia hinh 3.4.
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Theo khai niém hinh thirc, ta c6 NFA M ({qo, q1, 92}, {0, 1, 2}, 3, qo, {q2}) V61 ham
chuyén & nhu sau :

) Inputs
Trang thai | 0 1 2 €
Jo Q)| @ @ [{ai}

di g )| D [}
ep) %) S | 10| @

Xét chudi nhap w = 012.
Ta can tinh & (qq, 012)

Taco: 8*(q0, 8)*: e-CLOSURE(qp) = {qo, 91, qQ2}
vay 8 (qo, 0) = e-CLOSURE(3(S (qo, €), 0)
= e-CLOSURE(3({qo, q1, 92§, 0))
= e-CLOSURE(8(qp, 0) W 8(q1, 0) W (g2, 0))
=¢g-CLOSURE({qo} VDU L)
* = &e-CLOSURE({qo}) — {do, q1, 92}
va d (qo, 01) = e-CLOSURE(S(5 (qo, 0), 1))
= e-CLOSURE(3({qo, q1, 92}, 1))
= &-CLOSURE(8(qp, 1) W 8(qs, 1) W 8(qp, 1))
=¢g-CLOSURE(D L {q,} VD)
., =&-CLOSURE({qi}) = {q1, Q5
= 3 (qo, 012) = e-CLOSURE(S( 8 (qo, 01), 2))
= &-CLOSURE(3({q1, 92}, 2))
= e-CLOSURE(3(qy, 2) W 6(q2, 2))
=e-CLOSURE(D U {q,})
_ =&CLOSURE({q:)) = {qu} )
Do & (qo, 012) c6 chtra trang thai q; € F nén chudi w € L(M).

Giai thuat moé phong hoat dong cia mdt NFAe :

. Input : Chudi nhap x duoc két thiic béi $.
. Output : Cau tra 101 "YES" néu NFA chip nhan chudi x va "NO" néu
nguoc lai.
. Gidi thudt :
q := e-CLOSURE(qp);

¢ :=nextchar ; { ¢ 1a ky hiéu nhap duogc doc tiép theo }
While c <> § do
begin

q := e-CLOSURE(5(q, ¢));
¢ :=nextchar ;
end
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If q in F then write ("YES") else write ("NO");

1.5. Su twong dwong giira NFA ¢6 va khong c6 e-dich chuyén

Tuong tu nhu NFA, kha ning c6 thé thuc hién phép chuyén trén nhin € cia NFAg
cling khong lam cho NFAg chap nhan dugc cac tip hop khong chinh quy. Ta co thé
dan ching diéu nay bang cach mé phong hoat dong ctia mot NFAe bdi mot NFA
khong c6 e-dich chuyén.

PINH LY 3.2 : Néu L dwoc chiap nhan béi mét NFA c6 e-dich chuyén thi L ciing
dwoe chip nhan béi mét NFA khong cé e-dich chuyén.

Ching minh

Pit M (Q, Z, 8, qo, F) 1a NFA véi e-dich chuyén.
Ta xay dung NFA M’(Q, Z, &’, qp, F’) tuong duong khong co6 e-dich chuyén,
trong do:
FuU {qo} néue-CLOSURE(qp) chtra mot trang thai thudc F
Fr=
F trong cac truong hop con lai

. 8°(q,a) 14 8(q, a) v6iq € Q vaa e 3. Chii y rang M’ khong c6 e-dich chuyén nén
ta co thé dung & thay cho &, nhung phai phan biét § va § .

Ta chbmg minh bang quy nap trén | x | rang 8'(qy, x) = S *(qg, x). Tuy nhién, diéu do
c6 thé khéng diing véi x = evi 8'(qy, &) = {qo} trong khi 6 "(q0 &) = &CLOSURE(q,).
Do dé, co sé quy nap bdt dau véi dé dai chudi la 1.

Voi| x| =1 thixlamotky hieuava 6'(q, a) = 8"(q, a) theo dinh nghia J'.

Xet | x| > 1:dat x =wa voi a la mot ky hiéu trong 2.

Taco 6'(q, wa) = 6'(0'(qy, W), a)

Theo gid thiét quy nap thi 5'(qg w) = 8 (qo, w). Bdt 8 (qo w) = P, ta can chi
ra rang &P, a) = 5*(q0, wa).

Tacé &'(P,a) = Uyep 5(q, @) = Uyep 8 (¢, a).

Hon nita vi P = &8 (g, w) nén Uyep 5°(q, a) = 8 (qy, wa) ( theo quy tic 2
trong dinh nghia 5°).

Vay 6'(qo. wa) = 5" (qo, wa) ‘

Dé day du chung minh ta con phai chi ra rang 06°(qy, x) chita mét trang thai
trong F’ néu va chi néu & (qy, x) chiva mét trang thdi trong F.

Néu x = gthi diéu d6 hién nhién diing (theo dinh nghia ciia F)

Néu x #¢ethi taditx =wavdia €
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Néu 8 "(qq, x) chita mét trang thdi trong F thi chdc chdn 8'(qq x) chita ciing
trang thdi trong F’. Ngwoc lai, néu &8'(qy, x) chira mot trang thdi trong F’ khdc hon g,
thi &(qy, x) phdi chita mot trang thai trong F (Vi tdp F va F’ chi chénh léch nhau
trang thdi q,). Néu &'(qy, x) c6 chira trang thdi q, va q, ciing la mét trang thdi thudc
tap trang thdi két thiic F thi vi & *(qg, x) = &CLOSURE(6(6 *(qo, w),a)), nén trang
thdi chung trong e-CLOSURE(q,) va trong F phdi & trong 8 (g, x).

Thi du 3.9 : Chuyén NFA véi e-dich chuyén ¢ hinh 3.4 sang dang NFA khong c6
chtra e-dich chuyén.

Ta‘xéy dung NFA tuong duong M’(Q, Z, &’, qo, F’) chép nhan L(M) véi cac thanh
phan: . Q= {qo, qi, 92}
. 2= 10, 1,2}
. Trang thai bat dau : q
= {0, 92} do e-CLOSURE(qo) = {qo, q1, g2} ¢6 chira g, € F
. Ham chuyén &’ cua M duoc xac dinh theo cong thire :

8(q,a) = 5 (q,a)=&- CLOSURE(8(5 (9o, €), @)

Két qua duoc chi ra trong bang ham chuyén sau :

S’ Inputs

Trang thai 0 1 2
Qo {90 41> P} | {91, P} {Q}
Qi %) 141, 92} {2}
Q@ %) %) {2}

So do chuyén trang thai:

Hinh 3.5 - NFA tuong duong cho thi du 3.9

1.6. Giai thuat xay dung DFA tir NFA

Qua khdo sat cac dang m¢ rong tr mo hinh 6témat hitu han ban dau, ta théy DFA
thuc chat 1a mét truong hop dac biét cia NFA, nhung :
- N6 khong co su truyén rong (truyén trén nhan g)
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- Véi mbi trang thai q va ky hiéu nhap a, chi c6 duy nhat mot duong truyén
dén mot trang thai khac.

Gia str moi trang thai cua DFA 1a mdt tap trang théai cia NFA, DFA dung trang thai
ctia minh dé luu gitr tat ca cac trang thai cua NFA dat dugc sau khi NFA doc mot ky
tu nhap. Nhu vay sau khi doc cac ky tu nhép a;, a,, ... , a,, DFA ¢ trang thai la tap
con cia cac trang thai thudc NFA, dat dugc khi NFA di tir trang thai bat dau theo mot
con dudng nao do co ten a4, ... a,. SO trang thai cia DFA luc do phai bang sb phan to
trong tap lily thira cia sb trang thai NFA. Song, trén thuc té truong hop xau nhat nay
it khi xay ra. Cac trang thai thuc su dugc dung trong so dd chuyén cho mot DFA s&
duoc x4c dinh theo cac phép chuyén trang thai trén nhan 1a moi ky hiéu tir trang thai
bat dau cua DFA, va sau d6 1an luot duge bd sung thém vao tap trang thai néu nhu néd
chua c6 trong do.

Giai thuat chi tiét dugc trinh bay nhu sau :

Input: Mot 6tdmat hiru han khong don dinh NFA.

Output: MOt 6tdomat hitu han don dinh DFA nhan dang cung ngon ngit nhu
NFA.

Phuong phdp: Xay dung bang ham chuyén cho DFA mé phong dong thoi tat
ca cac chuyén dich cia NFA trén chudi nhap cho trude.

Ta dung céc tac vu sau dé luu giit cac tap trang thai ciia NFA :

(q : la mot trang thai cua NFA, T : 1a tap trang thai cua NFA)

a) e-closure(q) : 1a tap trang thai cia NFA dat duoc tur trang thai q trén su
truyén r5ng.

b) e-closure(T) : 13 tap trang thai cia NFA dat duoc tir tit ca cac trang thai q
thudc tap T trén sy truyén rong.

c¢) (T, a) : 1a tap trang thai cua NFA dat duoc tur tat ca cac trang thai q thudc
tap T trén su truyén bang ky hiéu a.

Phan tich:

Trude khi doc vao mot ky tu nhép, DFA c6 thé & mot trang thai bat ky trong
cac trang thai thudc e-closure(qo) voi qq 1a trang thai bat dau ctia NFA. Goi trang thai
nay 1a T. Gid str cac trang théi ciia T 1a cac trang thai dat dugc tir qo trén cac ky hi¢u
nhap va gia sir a 1a ky hiéu nhap ké tiép. Khi doc a, NFA c6 thé chuyén dén mot trang
thai bat ky trong tap trang thai 8(T, a). Khi chiing ta cho phép su truyén rong, NFA c6
thé & bat ky trang thai nao trong e-closure(3(T, a)) sau khi di doc a.

Giai thudt :

Trang théi bat dau e-closure(qp) chi 1a mot trang thai trong cac trang thai
cua DFA va trang thai nay chua dugc danh dau;

While C6 mot trang thai T cua DFA chua dugce danh dau do
Begin ’
béanh dau T; { xét trang thai T}
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For V&i mbi ky hidu nhap a do
begin
U:= g-closure(d(T, a))
If U khong c6 trong tap trang thai cia DFA then
begin
Thém U vao tap cac trang thai cia DFA va trang thai
nay chua dugc danh dau;

[T, a] := U; {J[T, a] 1a phan tir ctia bang chuyén DFA}
end;

end;

End;

Ta xay dung cac trang thai va bang ham chuyén cho DFA theo cach nhu sau :

- M6i trang thai cua DFA tuong trung boi mot tap trang thai cua NFA ma NFA
c6 thé chuyén dén sau khi doc mot chudi ky hiéu nhap gdm: tit ca sy truyén rong cd
thé xay ra trudce hoac sau cac ky hiéu dugc doc.

- Trang thai bat ddu caa DFA 13 e-closure(qq)

- Céc trang thai va ham chuyén s& dugc thém vao D bang giai thuat trén.

- Mét trang thai cua DFA 1a trang théi két thic néu no 1a tap cac trang thai cua
NFA chta it nhat mot trang thai két thiic ctia NFA.

Viéc tinh toan e-closure(T) c6 thé xem nhu qua trinh tim kiém mot d6 thi cua cac nat
tir cac nat cho trudc va do thi bao gom toan nhfrng canh c6 nhan ¢ cia NFA. Giai
thuat don gian dé tim e-closure(T) 1a dung Stack dé luu gitr cac trang thai ma canh
ctia chung chua duoc kiém tra cho su truyén rong.

Thidu 3.10 : Tao DFA tir NFA¢ sau

Hinh 3.6 — Thi du chuyén NFA c6 e-dich chuyén
Cac budc xay dung tap trang thai cho DFA :

1) Trang thai bit ddu ciia DFA : e-closure(0) = {0, 1, 2, 4, 7} = A*
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2) e-closure(d(A, a)) = e-closure({3, 8}) = {1, 2, 3,4,6,7, 8} =B*
3) e-closure(d(A, b)) = e-closure({5}) = {1, 2,4, 5,6, 7} =C*

4) e-closure(d(B, a)) = e-closure({3, 8})=B

5) e-closure(d(B, b)) = e-closure({5, 9}) = {1, 2,4, 5,6,7,9} =D*
6) e-closure(d(C, a)) = e-closure({3, 8}) =B

7) e-closure(d(C, b)) = e-closure({5})=C

8) e-closure(d(D, a)) = e-closure({3, 8}) =B

9) e-closure(d(D, b)) = e-closure({5, 10})={1,2,4,5,6,7, 10} =E*
10) e-closure(d(E, a)) = e-closure({3, 8}) =B

11) e-closure(o(E, b)) = e-closure({5}) =C

Tur céc tap trang thai nay, ta xac dinh dugc A 1a trang thai bat dau, E 1a trang thai két
thic (vi trong E ¢6 chura trang thai 10 la trang thai két thic cua NFA) va bang ham
chuyén ctia DFA nhu sau :

Trang thai Ky hi¢u nhap
a b
A B C
B B D
C B C
D B E
E B C

Tir bang ham chuyén nhu trén, ta xay dung so d6 chuyén trang thai cho DFA tuong
duong nhan dang cung ngdn ngir c6 dang nhu sau :

Hinh 3.7 — DFA tuong duong cho thi du 3.10

Nhin xét : Mic du c6 su khac nhau trong dinh nghia, ta thiy dang khong don dinh
NFA duoc dinh nghia tong quat hon dang don dinh DFA, nhung rd rang kha ‘nang
nhén dang cung 16p ngdén ngir cua chung la twong duong nhau. Trong thuc té, cac
may tinh s6 hoan toan 1a don dinh, trang thai cua chung tai mdi thoi diém 13 xac dinh
duoc duy nhét tir mot chudi nhap bt ky va trang thai bat dau.
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Cau hoi :

?2 sao can dinh nghia dang khong don dinh ?
|
Mot sb goi ¥ cau tra 10i:

1. Trong mét s6 cac bai toan mang tinh chon lua, c¢6 nhiéu hudéng giai quyét
(nhiéu cach di) nhu trong cac chuong trinh tro choi (games) thi thong thuong
hudng giai quyét tot nhat (cach di tot nhat) 1a khong biét trude duoc, nhung co
thé tim thiy duoc bing cach st dung chién luoc tim kiém quay lui (back-
tracking). Khi c6 mot vai kha ning chon lua c6 thé, ta chon mot kha ning
trong chiing va di theo huéng d6 cho dén khi xac dinh hudng d6 1a tot nhat hay
chua. Néu chua phai 13 hudéng tot nhit, ta phai quay vé diém quyét dinh cudi
cung trudc d6 va thir khao sat theo mot huong khéc. Mot gidi thuit mo phong
qua trinh tim kiém quay lui nay la mot giai thuét khong don dinh.

2. Khoéng don dinh déi khi con rat hiru ‘hi€u trong viée gitp giai quyét cac bai
toan dé dang. Chang han, trong mot s6 bai toan thi viéc xay dung mot NFA ¢o
vé tu nhién va don gian hon vi¢c tim mot DFA cho ching. Tuong tu nhu vay,
khong don dinh con 1 mot co ché hiéu qua dung mé ta vin pham sinh ra ngoén
nglt mdt cach suc tich (su chon Iya cac luat sinh sinh tir cing mot bién).

3. Trong thuc té, mot vai két qua 1a dé dang dugc ching minh ddi v6i NFA hon
1a DFA. Vi vay viéc cho phép co ché khong don dinh thudng lam don gian hoa
cac 1y luan hinh thirc ma khong anh hudéng dén tinh tong quat cua két luan.

I1. BIEU THU'C CHINH QUY (RE : Regular
Expressions)

L&p ngdn ngir duge chap nhén boi mot 6tomat hitu han ciing co thé duge mo ta thong
qua mdt dang biéu thirc ngin gon va suc tich goi 1a biéu thurc chinh quy. Trong phan
nay, chiing ta s& gi6i thiéu su két hop cta cac phép toan hop, ndi két va bao déng
Kleene trén cac tap hop chudi dé dinh nghia biéu thirc chinh quy va ching to rang 16p
ngon ngtr dugc chép nhan boi mot 6tomat hitu han thi thuc sy 1a 16p ngon nglr dugc
mo ta bai biéu thirc chinh quy.

2.1. Dinh nghia

Cho 2 12 mot bo chit cai. Biéu thire chinh quy trén  va cac tip hop ma ching mé ta
duoc dinh nghia mét cach d¢ quy nhu sau:

1) @ 1a biéu thirc chinh quy ky hiéu cho tap rong
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2) & 1a biéu thirc chinh quy ky hiéu cho tap {&}

3) Va € 2, ala biéu thirc chinh quy ky hiéu cho tap {a}

4) Néu r va s 1a cac biéu thirc chinh quy ky hiéu cho cac tap hop R va S thi (r + s),
(rs) va (r') 1a cac biéu thuc chinh quy ky hiéu cho cac tdp hop R U S, RS, R” tuong
ung.

Trong khi viét biéu thirc chinh quy ta c6 thé bo bét cac dau ngodc don véi luu ¥ rang
thir tu vu tién cia cac phép toan x€p theo thir ty gidm dan la: phép bao déng, phép
noi ket, phép hop.

Chdng han : Biéu thire ((0(1)) + 1) c6 thé viét 1a 017+ 1.

Céu hoi :

? Nhu trén ta néi, biéu thirc chinh quy dung ky hiéu cho mét 16p ngdn ngir. Ban
= hay thur liét ké mot vai chuoi va hinh dung 16p ngdn ngtr dugce ky hiéu béi bieu

| thirc chinh quy r=01 + 1 trén ?

Phep toan bao dong du0‘ng cung co the duoc sir dung khi viét biéu thic chinh quy. Ta
c6 thé viét rat gon rr” hay r rthanh 1.

Néu can thiét phan biét thi ta s€ dung ky hiéu r cho biéu thie chinh quy r va L(r) cho
ngon ngir dugce ky hi¢u bdi biéu thuc chinh quy r; nguoc lai mot cach tong quat, ta co
thé dung r cho c4 hai.

Thi du 3.11 : Mot s biéu thic chinh quy ky hiéu cho cac ngon ngur :
.00 1a bleu thure chinh quy bleu dién tap {00}.
. (0+1)" ky hiéu cho tap hop tit ca cac chudi s6 0 va s6 1, ké ca chudi rong
={,0,1, 00,01, 10, 11,010, 011, 0010 ... }
. (0+1)°00(0+1)" ky hiéu cho tap hop tit ca cac chudi 0,1 co it nhit hai sb 0
lién tiép.
= {00, 000, 100, 0000, 0001, 1000, 1001, 011001, ... }
. (1+10) " ky hiéu cho tit ca cac chudi 0, 1 bit ddu bang s6 1 va khong co hai sb
0 lién tiép ={e, 1,10, 11,1010, 111, 101010, ... }
. (0+€)(1+10)" ky hiéu cho tit ca cac chudi khong c6 hai sé 0 lién tiép.
={g, 0,01, 010, 1, 10, 01010, 0111, ... }
. (0+1)"011 ky hiéu cho tét ca cac chudi 0, 1 tdn cing boi 011.
={011, 0011, 1011, 00011, 11011, ... }
0 1 "2" ky hiéu cho tt ca cac chu01 €6 mot sO bat ky cac s6 0, theo sau 12 mot
s6 bat ky sd 1 va sau nita 1a mot sb bat ky s 2.
={¢,0,1,2,01,02,12,012, 0012, 0112, ... }
. 00°11°22" ky hiéu cho tt ca cac chudi trong tap 0°12" véi it nhit mot trong
mdi ky hidu. 00°11722" ¢6 thé dugce viét gon thanh 07172°

Thi dy 3.12 : Biéu thiic chinh quy ky hiéu cho tip hop cac chudi tén bién dung trong
ngon ngir 1ap trinh Pascal :
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Mot chudi tén bién (identifiers) duoc goi 1a hop 1& trong mot chuong trinh
Pascal néu nhu né bét dau béng it nhAt mot chir cai va theo sau d6 1a cac chir cai, s,
ky hi¢u underline hodc mot vai ky hi€u cho phép khac trén ban phim may tinh.

Biéu thirc chinh quy ¢6 dang nhu sau : .

r=(A+..+Z+a+..+2)(A+..+Z+a+..+z+0+...+9+ +..)
Thi du 3.13 : Biéu thirc chinh quy ky hiéu cho tdp hop cac sd nguyén trong ngdn ngit
1ap trinh Pascal :

Mot chudi sd nguyén trong mot chuong trinh Pascal c6 thé bat dau bang dau
am (-) hodc dau duong (+) hay khong chira ky hi¢u déu, va theo sau d6 13 mot chudi
céc ky hiéu s6 vai it nhat 1a mot so.

Biéu thtc chinh quy c6 dang nhu sau :

r=(+ + < +¢)(0+...+9(0+...49)
Nhan xét : Thong thuong, viéc tim mot biéu thic chinh quy ky hiéu cho mot ngén

ngir kho hon viéc xac dinh ngdn ngit dugce ky hiéu boi mot biéu thic chinh quy vi
khong c6 giai thuat cho loai bai todn nay.

2.2. Mt so tinh chat dai so ciia biéu thirc chinh quy

D@ dang chtrng minh rang, néu cho r, s, t 13 cac biéu thirc chinh quy thi ta c6 cac dang
thtrc sau :

1. rt+s=s+r 2. rtr=r

3. r+ (s+t) = (r+s) +t 4. r(st)=(rs)t

5. r(stt)=rs+rt 6. (r+s) t=rt+ st
7. re=er=r 8. Gr=10=C
9. r+Q=r 10. T=2

1. (8+I‘)*=1‘* 12. r+r=r

13. (r)=r 14. (r's") =(rt+s)

Trong do6, ta c6 r = s c6 nghia l1a L(r) = L(s).

I11. SU TUONG PUONG GIUA OTOMAT HUU HAN
VA BIEU THUC CHINH QUY

Nhu trén di néi, cac ngdn ngir duge chap nhin boi 6tdmat hitu han ciing 13 cac ngdn
ngir dugc mo ta boi biéu thire chinh quy. Chinh vi sy twong dwong nay, ma ngudi ta
goi ngdn ngit chap nhan bdi 6tdmat hitu han 13 cac tip chinh quy. Trong phan nay,
thong qua hai dinh ly, ta s& chi ra béng quy nap theo kich thudc ctua (s6 phép toan
trong) biéu thic chinh quy rang <o t6n tai mot NFA voi e-dich chuyén chap nhan
cing ngdn ngir; déng thdi voi mdi DFA ciing c6 mot biéu thire chinh quy xac dinh
chinh ngon ngir cia no.

39



Chwong Ill : Otémat hitu han va biéu thirc chinh quy

PINH LY 3.3: Néu r 1a biéu thiec chinh quy thi ton tai mét NFA véi e-dich
chuyén chap nhén L(r).

Chtrng minh

Ta s& chirng minh quy nap theo sé phép toan cua biéu thire chinh quy r rang c6 ton tai
mot NFA M véi e-dich chuyén c6 mot trang thai két thuc va khong cé cac phép
chuyén khoi trang thai nay chap nhan biéu thic chinh quy r: L(M) = L(r).
. r khong co phép todan:
Vay r phai la &, € hoac a (véia € X).
Cac NFA dudi day thoa man diéu kién:

Start O Start . Start . .
r= ¢ r=9

Hinh 3.7 - Cac NFAe cho céc két hop don

. ¥ ¢0 chwra cac phép todan:
Gia su dinh ly dung voi r co it hon i phép toan, i > 1.
Xét r co i phép toan. Co 3 truong hop :
Dr=r+r.

Cd hai biéu thirc chinh quy ry, r> ¢6 it hon i phép todn, vy ta c¢é 2 étémdt hivu han
NFA M; (Q1, 21, 61, q1, {fi}) va M> (02, 25, 05, g2, {f3}) sao cho L(M;) = L(r;) va
L(M,) = L(r»). Vi cdc trang thdi c6 thé thay doi tén nén ta gia sir hai tdp trang thdi O,
va Q5 la roi nhau. Pt qg la trang thai bat dau mdi va {fy} 1a tdp trang thdi két thiic
mai, ta xay dung NFA M (Q; © Q> U{qy, fo}, 21 U2, 6, qo, {fo}), trong do 6 duoc xac
dinh nhu sau:

- 4o & =191, 92/

.0, a) =0i(q, ) voiq € Q;-{fi}vaa € X2, Uigl

. g, a) = 0x(q, a) voiq € Q> - {fo} vaa € 2, U{g

S &) = s &) = {fy/ 7

Chu y do gia thiét quy nap la khong co phép chuyén nao ra khoi f;, f> trong M,
M. Vi vy tdt cd cdc phép chuyén cia M; va M, déu c6 trong M. Cach xdy dung M
chi ra trong hinh a. Bat ky dwong di nao trong so do chuyén ciia M tir q, t6i f, phdi
bt dau bang cach di t6i q; hodc q; bang nhan & Néu dwong di qua q, thi né theo mot
dwong di nao dé trong M, t6i f; réi sau dé tdi f, bang nhén &
Twong tw trong trieong hop dwong di qua q,. C6 mét dwong di tir q, dén fy nhan x khi
va chi khi ¢é dwong di nhan x trong M, tir q; dén f; hodc c6 dwong di nhan x trong M,
tir g dén f>.

Vay L(M) = L(M;) VL(M>)

RO
M

Start @
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Hinh a - Phép hop

Hinh b - Phép noi két

O OENO

Hinh c - Phép bao dong

Hinh 3.8 - Cac NFAe cho két hop phtic
2)r=rn1,

Dat M; va M, la cdac otomat NFA nhu trong truong hop trén va ta xay dung otomat M
(0, 2, 6 {q:}, {>}), trong do O dwoc xdc dinh nhu sau:

.0q, a) =01(q,a)voiq € Q;-{fi}vaa € X U{gl

- Olf1, 8 = {q)

.0, a) =0(q, a)voiq € Qr,vaa € 2, U{g
Cdch xdy dung M chi ra trong hinh b. Méi dwong di trong M tir q, t6i f> la dwong di
c6 nhan x tir g, t6i fi sau d6 la mot cung tir f; t6i q> nhan &va tiép dén la dwong di tir
q> Z‘O"ljpg

Vay L(M) = {xy /x € L(M)) viy € L(My)} hay L(M) = L(M,) L(M).

Hr= r*

Dat M; (Qy, 21, 61, q1, {f1}) va L(M}) = ry.

Xay dung M (Q;U {qu, fo} 21, 6 qo, {fo}), trong do 6 dwoc cho:
- 4o &) = 1. &) = {q.1. o/

- 0q, a) = 0)(q, a) voiq € Q;- {fi}vaa € 2} U{gf
Cdch xdy dung M dwoc chi ra trong hinh c. Méi dwong di tir q, t0i f) gom: hodc

dwong di tir g, t6i f; bang nhan & hodc dwong di tir q, t6i q; bang nhan &va sau dé la
dwong di tir q; t6i f; trén chudi thude L(M), réi dén f, bang nhdn & Nhie vdy c6 dwong
di tir gy 161 fy nhan la x néu va chi néu ta cé thé viét x = x;x; ... x; voi j 2 0 (truong
hopj=0khix =g Vx; € L(M,). Viay L(M) = L(M,)".
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Thi dy 3.14 : Xay dung NFAe chap nhan 16p ngon ngit dugc ky hiéu bsi biéu thirc
chinh quy r=01"+1.

Ta thay L(r)= { 1,0,01,011,0111, 01111, 011111, ... } 1a tap ngdn ngit chtra c4c bit
don 0, 1 va cac chudi bit nhi phan bat dau bang bit 0, theo sau 1a mot chudi bit 1 voi
do dai tuy y.
Theo quy lut thir ty vu tién, biéu thirc 01" + 1 thuc chit 1a (0(1*)) + 1, vi vay no c6
dangry +r, voir, = 01" va r,=1.
Ta sé& lan luot xdy dung cac NFA cho céac biéu thirc chinh quy con, sau d6 dya vao
céc quy tic két hop dé xay dung NFA cho toan bo biéu thirc chinh quy da cho.

.NFA chor, = 1 dé dang dé xay dung :

Start . 1 ‘
. NFA chor; = 01%:

Tatachr =r314, trongdors=0var,= 1%
+NFA chor;=0:

Start @ 0
—(@)——()

+ NF,A Iy = 1*:
Taviétry =15 , trong do rs = 1.
NFA chors=1:

Start . 1 ‘

Theo quy tic 3) ta xdy dung duoc NFA cho r, = rs =1 nhu sau:

Start

Cudi cung, theo quy tic 1) ta xay dung NFA chor=r; +1, =01+ I nhu sau :
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Hinh 3.9 - NFA¢ cho vidu3.13

Phéan chimg minh ctia Dinh 1y 3.3 trén ciing chinh 14 co s& cua giai thuat chuyén ddi
mot biéu thire chinh quy thanh 6tomat hitu han. Mot diém can luu ¥ 13 tht ty vu tién
clia cac phép toan duogc st dung trong biéu thirc chinh quy, diéu nay rat quan trong
cho qué trinh tach biéu thirc chinh quy thanh cic biéu thirc con trong nhiing trudong
hop viét biéu thirc chinh quy ¢ dang tit (khong c6 diu ngoic).

Bay gi0, ta can ching t6 ring moi tdp hop duoc chip nhan béi mot 6tomat hitu han
thi cling dugc ky hiéu bdi mdt s6 bi€u thuc chinh quy.

DINH LY 3.4 : Néu L dwoc chiap nhin béi mét DFA, thi L dwoc ky hiéu béi mot
biéu thirc chinh quy.
Chung minh

Dit L 1a tp hop dugc chip nhan bai DFA M ({q1, Qa,..., qn}, =, 8, q1, F).

bit RkIJ 1a tap hop tat ca cac chudi x sao cho 8(q;, x) = qJ va néu 8(q, y) q, Voiy la
tién t6 bat ky cua x, khac x hoic ¢, thi 1 < k. Ttc 1a R, i la tap hop tat ca cac chudi
lam cho 6tomat di tur trang thai qi t61 qj khong di ngang qua trang thai nao (dugc danh
s0) 16n hon k. (Chu ¥, khai niém "di ngang qua mét trang thai" cb nghia 1a c6 phép
chuyén vao va ra khoi trang thai do, nén i hodc j déu c6 thé 16n hon k). Vi chi c6 n
trang thai nén R"; s¢1a tap hop tat ca cac chudi lam otomat di tir gi t6i qj.

Ta dinh nghia Rkij mot cach dé quy nhu sau:

Rkij =R (R ) Rk-lkj ) Rk_lij @
. {ald(q,a)=qj} néu i # j
{a|o(q,a)=qj} U {e} neu1=]

Mot céch hinh thirc, Rkij dinh nghia nhu trén 1a cac chudi nhap hay nguyén nhan dua
M tr q; t61 q; khong di ngang qua trang thai cao hon g, nghia la xay ra hodc mot
trong hai trudng hop sau :
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1) Nam trong Rk'lij (dé khong bao gid di ngang qua mot trang thai nao cao
nhu ).

2) Bao gom mot chudi trong R, (chu01 1am M chuyén dén qy), theo sau boi
khong hodc nhiéu chudi trong R (chudi 1am M chuyén tir Qi tro Ve i
ma khong ngang qua q, hoic mot trang thai nao cao hon) va cudi cing la
mot chudi trong Rk'lkj (chuSi 1am M chuyén tir g, dén qj )-

Ta sé chz ra rang voi moi i, j va k ton tai biéu thirc chinh quy »* i ky hiéu cho ngon
ngir R* i Ta quy nap theo k nhu sau:

k=0:khids R’ j la tap hop hitu han cac chudi ¢é6 mot ky hiéu hodc &€ Vay
roij ¢ thé viét dudi dang a; + a, + ... + a, (hogc a; +a, + ... + a,t+ ¢ néu i =J).
Trong do {a;, a,,..., ay} la tdp hop tat ca cac ky hiéu a sao cho §(q,, a) = q,. Néu
khong co ky hiéu a nao nhu the thi @ (hodc € khi i = j) ky hiéu cho r’ 3

. Cong thirc (1) cho R j chi lién quan dén cdc phép todn trén bzeu thirc chinh
quy: hop noi két, va bao dong Hon mfa theo gid thiét quy nap, voi méi I, k va m ton
tai biéu thirc chinh quy i ! sao cho L( Im) RM, Vay doi véi rky ta ¢é thé chon
biéu thirc chinh quy :
) () (rk_lkj) + rk-lij

Cubi cung ta co nhan xét rang LM) = Uygj e R" jj vi R" 1j ky hiéu cho tat ca cic nhan
clia tat ca cac duong di tir q, t6i q;-

Vay L(M) duoc ky hiéu bai biéu thirc chinh quy r = 1 i1+t L+ 17, trong d6
tap F= {qjla qj2,-- g qu}

Thi du 3.15 : Viét biéu thirc chinh quy ky hiéu cho ngdn ngit dugc chap nhan boi
DFA sau :

Hinh 3.10 — DFA cho vi du 3.13

Goi DFA duoc chi ra trong hinh 3.10 la M ({qi, @2, g3}, {0, 1}, 8, qi, {qz, q3}). Ta
thiy, tap hop tat ca cac chudi duoc chap nhan béi DFA trén 1a cac chudi lam cho
otomat chuyen tir trang thai bt dau q; dén mot trong hai trang thai két thuc g, va g3
va khong chuyén qua s6 t6i da 1a 3 (k = 3) trang thai ctia 6tomat. Vay ta can viét biéu
thtrc chinh quy ky hi¢u cho tap hop nay nhu sau :

r=rp+r;
Theo cong thirc dd dugc chimg minh trong Pinh ly, ta ¢6 thé tinh duoc cac gia tri r i
V6i i, j 14 chi s6 cac trang thai tir 1 dén 3 va v6i k =0, 1 va 2, nhu chi ra trong bang
sau:

| k=0 k=1 k=2
| e £ (00)°
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1, 0 0 0(00)"
15 1 1 01

rim 0 0 0(00):

I %) e e+ 00 (00)

5 1 1+ 01 01

| @ @ (0+1)(00)0
5, [0+1 0+1  (0+1)00)
s | e e e+(0+1)01

Bang cach dung cac cong thirc twong duong nhu (r +s) t=rt + st va (¢ + r) =r dé
don gian cac biéu thirc, chang han khl tinh biéu thuc :
' =1% ") P+’ =06)0+e = 00+¢

Tuong tu, khi don gian biéu thirc
P =1n('n) r'a+rliz= 0000+¢g)(1+01)+1
ta nhan thiy (00 + &)* twong dwong véi (00)” va (1 +01) thi twong duong véi (e + 0)1
nén ta rat gon :
*13=0(00) (e + 0)1 + 1

Mat khac, chu ¥ rang (00) (e + 0) thi tuong duong véi 07, vi thé 0(00) (e + 0)1 + 1
clng bang 0071 + 1 hay cudi cung la 0°1.
Pé hoan thanh viéc xay dung biéu thirc chinh quy cho M, ta can tinh r312 va r313. Ta
viét:
Py = Pits) Pty

= 0'1(e + (0 + 1)0°1)"(0 + 1)(00)" + 0(00)"

= 0"1((0 + 1)0°1) (0 + 1)(00)" + 0(00)"
va
, r'; = le*s (r*233 ) st f213* .
=01le+O+1D0O1)(E+O+1)01)+01

= 0"1((0 + )01’

Viy biéu thire chinh quy ¢6 dang :
r =rpnp+tr;=01(0+1)01) &+ (0 + 1)(00)") + 0(00)"

Iv. MOT VAI UNG DUNG CUA OTOMAT HU'U HAN

C6 nhiéu kiéu phan mém thiét ké nham dic ta sy chuyén d6i ty dong tir dang biéu
thire chinh quy sang viéc cai dat may tinh mot cach hiéu qua twong ng voi otomat
hiru han. Trong phan nay, ta s& dé cap dén hai ing dung trong s6 chung.

4.1. Bo phan tich tir vung
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Céc ky hiéu tir vung (token) trong mdt ngdn ngit 1ap trinh thi hau hét khong cé sy

ngoai 1&, duoc biéu dién nhu cac tdp hop chinh quy. Ching han, cac dinh danh cua

ALGOL: cic chir cai viét hoa hodc thuong, theo sau boi mot diy bat ky cua chir cai

(letter) hodc chir sb (digit) véi do dai khong gidi han co thé duge biéu dién nhu sau :
(letter) (letter + digit)”

trong 46 "letter" thay thé cho A+ B+..+ Z+a+b+.+zva"digit"1a0+ 1 +..+ 9.

Mot vi du khac, cac dinh danh cia FORTRAN c6 d6 dai gioi han 1a 6 va cac chir cai
chi cho phép dung chit viét hoa hodc ky hiéu $ dugc biéu dién nhu sau :
(letter) (¢ + letter + digit)’
voi "letter" la$+A+B+ ...+ Z.
Trong SNOBOL, cac héng s6 sb hoc ¢6 thé duogc biéu dién nhu sau :
(e +—) (digit " (e digit * + €) + e digit" )

Mot s cong cu phét sinh bo phan tich tir vung nhan input nhu mot day cac biéu thic
chinh quy mo ta cac ky hi€u tr vung va phat sinh mét 6tdméat hitu han don gian nhan
dang moi ky hiéu tir vung. Thong thudng, ching chuyén d6i biéu thirc chinh quy
thanh mot NFA véi e-dich chuyén va sau d6 xdy dung tdp hop con cac trang thai dé
c¢6 thé phat sinh DFA mot cach truc tiép hon 13 tim cach loai bo ciac phép chuyén
nhan . Mdi trang thai két thuc xac dinh ky hiéu tir vung cu thé da tim théy. Ham
chuyén cta FA s& duoc ma hoa bang mot trong vai cach nham chiém it khong gian
hon so véi bang ham chuyén t6 chirc duéi dang mang hai chiéu. Bo phén tich tir viung
duoc thiét 1ap bang cach phat sinh mot chuong trinh ¢b dinh thong dich cac bang ma,
cung voi cac bang minh hoa cu thé sy nhan dang cia FA trén cac ky hi¢u tr vung
(viét dudi dang cac biéu thirc chinh quy). Bo phan tich tir vung dang nay c6 thé duoc
dung nhu mot chuong trinh con ddc 1ap (module) trong mot trinh bién dich ngdn ngir.

4.2. Trinh soan thiao van ban

Hién nhién, cac trinh soan thao vin ban hodc cic chuong trinh turong ti cho phép thay
thé mot chuoi béi moi chudi két hop vo1 mot bi€u thire chinh quy cho trudce.

Chang han, trinh soan thao vin ban ed trong UNIX cho phép mét cau 1énh nhu sau :
/aba*c/
dé tim su xuét hién dau tién cta chudi co dang nhu trén. Hay cau 1énh :
s/bbb*/b/
cho phép thay thé cac chudi c6 dang bbb* thanh chudi c6 mot ky tu b.

Hay trong cac cau 1énh cua MS-DOS va NC, vi du cau 1énh :

Del tmp*.77?

s& cho phép x0a di tit ca cac file véi tén tap tin bit ddu bang tmp, sau d6 13 mot chudi
bét ky va c6 phan mo rong 1a 3 ky tu tiy ¥. Dau * trong trudong hop nay ky hiéu cho
mot chudi bat ky, con dau ? ky hiéu cho mét ky tu tily y. Day ciing 1a mot dang ky
hiéu cta biéu thtrc chinh quy thay thé cho chudi.
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Hay chéng han, mét vi du vé xu 1y chudi khic duoc 4p dung cho viéc tim kiém theo
mau trén céac trang Web.

Trong tat ca cac vi du trén, ky hi¢u * xac dinh “moi” biéu thuc a;ta,+ ... +a, trong
do cac a; la tat ca cac ky tu cho phép trong may tinh trir ky tu xubng dong (newline).
Ta c6 thé chuyén mot biéu thic chinh quy r sang DFA chdp nhin moi r. Cha y rang
su hién dién cta ky hiéu * s& cho phép ta nhan dang mot thanh phan cua L(r) bat dau
tir bat ky vi tri ndo trong dong. Pé lam dugc diéu nay, cic ung dung phai thyc hién
qua trinh chuyén doi tir mét biéu thirc chinh quy sang NFA. Va vi co ché hoat dong
ciia NFA kha phuc tap nén thong thudng ngay sau d6, NFA lai phai duoc bién d6i
tiép thanh dang DFA twong duong. Tuy nhién, sy chuyén doi tir mot biéu thire chinh
quy sang DFA ton nhiéu thoi gian hon viéc st dung DFA dé kiém tra cac mau bang
cach duyét qua chung mot lan, tuy DFA c6 thé c¢6 s trang thai 1a ham mil cta d6 dai
biéu thirc chinh quy.

Thuc té, trong trinh soan thdo van ban UNIX, biéu thirc chinh quy v61 moi r dugce

chuyén thanh mot NFA c¢6 e-dich chuyén va sau d6 NFA nay duoc mod phong mot
cach truc tiép.

Cau hoi :

[

9 tu lién hé mdét sbé cac ung dung thuc té khac dung co
& 6témat hitu han ?

|

Tong két chwong III: Phan noi dung chuong III tap trung nghién clru co ché hoat
dong cua cac dang 6tomat hitu han, moi twong quan gitra ching, ciing nhu sy tuong
duong cua chung voi biéu thtrc chinh quy. Tuy theo cac yéu cau thuc té cua Ung
dung, ta c6 thé chuyén tir dang phtrc tap nhét sang cac dang don gian hon. C6 thé tom
tit su twong quan gitra cac Pinh 1y trong chuong nay theo so d6 sau :

Dinh I I
DFA < NFA
¥ Se
Dinh Iy 4 Dinh Iy 2
RE » NFAc¢
Dinh ly 3
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BAI TAP CHUONG III

3.1. MO ta ngdn nglr duge chap nhén bdi cac 6tomat hitu han véi so do6 chuyén dugce
cho nhu sau :

b)

3.2. X4y dung cac so d6 chuyén 6tomat hiru han chap nhan cic ngdn ngir sau trén bo
chircai £ = {0, 1}
a) Tap cac chudi két thuc 1a 00.
b) Tap cac chudi c6 3 ky hiéu 0 lién tiép.
¢) Tap cac chudi ma ky hiéu tht 3 ké tir can phai cta chudi 13 1.
d) Tap moi chudi ma bat ctr chudi con ndo co do dai bang 5 déu co chira it
nhat 2 con s6 0.
3.3. Tim céc so do chuyén 6tomat hitu han doan nhan cac ngdn ngit sau :
a) Tap cac chudi trén {0, 1} c6 chira mot sb chin cac s6 0 va mot sd 1é cac sb 1
b) Téap cac chudi trén {0, 1} c6 do dai chia hét cho 3.
¢) Tap cac chudi trén {0, 1} khong chira 101 nhu mot chudi con.

3.4. Xay dung DFA tuong duong véi mdi NFA sau :

a) N]({O,1,2,3},{a,b},81,0,{3}) voi 81 b) N2 ({03132a3}3 {a’b}a 82309 {193}) voi 82

o a b 0, a b

0 {0, 1} {1} 0 {1, 3} {1}

1 {2} {2} 1 {2} {12}
2 {3} % 2 {3} {0}

3 {3} {3} 3 %) {0}
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3.6. Viét biéu thtrc chinh quy va v& NFA doan nhén cac ngdn ngit sau :
a) Tap hop cac chudi trén X = {1, 2, 3} sao cho ky hiéu cudi cing di c6 xuat
hién trudc do .
b) Tap hop céac chudi trén £ = {0, 1} trong d6 c6 mot cip ky tw 0 cach nhau
boi mot chudi con c6 df dai 4i, v6i i > 0 nao do.

3.7. Viét biéu thtrc chinh quy cho mdi ngon ngir sau trén = = { 0, 1} :
a) Tap hop cac chuoi trong dd6 moi cap 0 lién ti€ép déu xuat hién trude moi cap
1 lién tiép.
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b) Tap hop cac chudi chira nhiéu nhat mot cap 0 lién tiép va nhiéu nhat mot
cap 1 lién ti€p.

3.8. Mo ta (bang 15i) ngdn ngir duge cac biéu thirc chinh quy sau dic ta :
a) 000+1)0
b) (0+1)'0(0+1)(0+1)
¢) (11+0)°(00+ 1)
d) (1+01+001)'(e + 0 + 00)
e) [00+ 11+ (01+ 10) (00+ 11)°(01+ 10)]"

3.9. Chimg to cac biéu thic chinh quy sau ky hiéu cho ciing mot ngén ngit :
(aa) (aa) + (Da) , (aa + aaaa) (aa) (aa)’

3.10. Vé NFA véi e-dich chuyén duoc cho bai cac biéu thire chinh qui sau. Sau do,
hay chuyén sang DFA tuong duong :

2) ( ot b*)*

b) (e+a)b)

¢) (a+b) abb(a+b)

d) ab+(a+bb)a'b

e) (a+ab+ aab) (et a+ aa)

f) 10+(0+11)0"1

g) 01 [((10)+ 111)"+0]1

3.11. Hay tim cac biéu thirc chinh qui twong tmg voi cac so do chuyén trang thai sau:

a)

BAI TAP LAP TRINH
3.12. VNiét chuong trinh trong Pascal / C m6 phong mot FA chap nhan ngoén ngit duoc
biéu dién bai bicu thure chinh quy sau :

[A..Z,a..Z][A..Z,a..2,0..9, 1 +[0..9]+ op

3.13. Viét chuong trinh cho ra mot FA twong tmg khi dau vao 1a mot biéu thire chinh
quy.
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3.14. Viét chuong trinh cho ra DFA khi d4u vao 1a mot NFA.
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Chwong IV : Vin pham chinh quy va céc tinh chét

CHUONG Iv

VAN PHAM CHINH QUY VA CAC TINH
CHAT

Noi dung chinh : Trong chuong nay, ta s& dé cap dén 16p van  pham chinh quy (dang
van pham tuyen tinh trai hodc phai) - mét phuong tién khac dé xac dinh ngdn ngir va
ta lai thdy rang 16p ngoén ngir do ching sinh ra van la 16p ngén ngir chinh quy. Didu
nay dugc thé hién boi mbi tuwong quan gitra van pham chinh quy va 6témat hitu han.
Tiép sau do, ta s& nghién ciru mot sb tinh chat cta 16p ngdn ngit chinh quy, ciing nhu
cac giai thuat xac dinh tap chinh quy.

Muc tiéu cin dat: Cudi chuong, sinh vién cAn phai nim viing :
> Dinh nghia mot biéu thirc chinh quy ky hiéu cho tap ngdn ngi.
> Mdi lién quan giira 6tomat hitu han va biéu thie chinh quy.
> Cac tinh chat cua tap chinh quy.
> Xay dung 6tdmat tir biéu thirc chinh quy
> Viét van pham chinh quy sinh ra ciing tdp ngdn ngit duoc cho bai 6tomat.

Kién thirc co ban: Dé tiép thu t6t ndi dung cua chuong nay, sinh vién can nim ving
cac thanh phan tong quat ciia mot van pham cu tric, cac dang luat sinh; hiéu biét vé
ngdn ngir ty nhién; co ché doan nhan ngdn ngi tir 6tdmat hiru han va cach phat sinh
mot 16p ngdn ngit thong qua biéu thirc chinh quy; ...

Tai liéu tham khao :

[1] V.J. Rayward-Smith — A First course in Formal Language Theory (Second
Editor) — McGraw-Hill Book Company Europe — 1995 (Chapter 3 : Regular
Language I )

[2] Hb Van Quan — Gido trinh ly thuyét étémdt va ngén ngit hinh thirc — Nha xuét
ban Dai hoc qubc gia Tp. HO Chi Minh — 2002 (Chwong 4 : Vin pham chinh

quy)

[3] From Wikipedia, the free encyclopedia - Regular Grammar:

http://en.wikipedia.org/wiki/Regular grammar
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I. VAN PHAM CHIiNH QUY (rg : REGULAR
GRAMMAR)

Nhu trong chuong 3 ta di biét, 16p ngon ngit duoc chdp nhan bdi 6tdmat hiru han
duoc goi 1a ngdn ngit chinh quy va ching c¢o thé duoc ky hiéu mot cach don gian
bang viéc dung mot biéu thirc chinh quy. Chuong nay gi6i thiéu mot cach khac dé mo
ta ngdn ngit chinh quy théng qua co ché san sinh ngén ngit - d6 1a van pham chinh
quy.

Xet mot dinh nghia cho van pham sinh ra cac 5O nguyén khong ddu (unsigned
interger) bat dau bang mot chit sb, theo sau bdi mot chudi cac sb (digit sequence)
thuong dung trong cac ngdn ngir 1ap trinh nhu sau:

<digit sequence>::=0]1]2|3|4|5|6|7|8|9
| 0 <digit sequence> | 1 <digit sequence>
| 2 <digit sequence> | 3 <digit sequence>
| 4 <digit sequence> | 5 <digit sequence>
| 6 <digit sequence> | 7 <digit sequence>
| 8 <digit sequence> | 9 <digit sequence>
<unsighed integer>::=0|1[2|3]4|5|6|7|8]|9
| 1 <digit sequence> | 2 <digit sequence>
| 3 <digit sequence> | 4 <digit sequence>
| 5 <digit sequence> | 6 <digit sequence>
| 7 <digit sequence> | 8 <digit sequence>
| 9 <digit sequence>

Cau hoi :

?2 Ban c6 nhén xét gi vé dang chudi trong vé phai ctia cac lut sinh van pham ?

|
Trong vi du trén, ta thdy mdi vé phai hodc 1a mot ky hiéu két thiic hodc co dang cua
mot ky hidu két thuc theo sau 1a mot bién. Trong hau hét moi ngdn ngir lap trinh, tat
ca cac ky hiéu co ban (s6 nguyén, tén bién, toan hang, tu khoa, cac ky hi¢u hét

au,...) déu c6 thé dinh nghia boi nhitg quy luat ngin dang nay. Vi phan 16n thoi
gian tiéu ton trong mot trinh bién dich 1a dung dé nhan dang cac ky hiéu co ban, cho
nén viéc khao sat 16p van pham véi cac luat sinh dang nhu trén 1a rat can thiét.

1.1. Viin pham tuyén tinh
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Chwong IV : Vin pham chinh quy va céc tinh chét

Mot van pham G(V, T, P, S) duoc goi 1a tuyén tinh trai (left - linear) néu tat ca cac
luat sinh cua n6 c¢6 dang :

A —> Bw

A->w
trong d6 A, B 1a cac bién € V; w 1a mot chudi cac ky hidu két thic € T  (co thé
rong).

Mot vian pham G(V, T, P, S) duoc goi 1a tuyén tinh phai (right - linear) néu tt ca cac
luat sinh ctia n6 c6 dang :

A —>wB

A—->w
Mot van pham duoc goi 1a van pham chinh quy néu né thudc dang vin pham tuyén
tinh trai hodc tuyén tinh phai.

Thi du4.1: Van pham sinh ra cac s nguyén khong dau nhu d néu & trén 13 van
pham chinh quy vi cac luét sinh ctia né c6 dang tuyén tinh phai.

Thidy 4.2 : Céc van pham sau day la van pham chinh quy :
Van pham G, ({S}, {a, b}, Py, S) v&i cac luat sinh dugc cho nhu sau :
S —>abS| a
13 vdn pham tuyén tinh phai.

Vian pham G, ({S, A, B}, {a, b}, P,, S) voi cac luat sinh dugc cho nhu
sau : S — Aab

A - Aab| B

B—>a
1a van pham tuyén tinh trai.

Thi du 4.3 : Ngon ngit duoc ky hiéu boi biéu thirc chinh quy 0(10)" dugc sinh boi
van pham tuyén tinh phai c¢6 cac luat sinh sau :
S — 0A (1)
A—10Ale
Va boi van pham tuyén tinh tréi :
S —S10] 0 (2)

1.2. Su twong dwong giira vin pham chinh quy va 6tomat hiru han

Vian pham chinh quy m6 ta tap hop chinh quy trong ngir canh mot ngén ngir 1a chinh
quy khi va chi khi n6 dugc sinh ra tir van pham tuyén tinh trai hodc van pham tuyén
tinh phai. Két qua nay duoc xac dinh boi hai dinh 1y sau :

DINH LY 4.1 : Néu L dwoe sinh ra tir mdt vin pham chinh quy thi L 1a tip hop
chinh quy.
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Chtrng minh

Trude hét, ta gia st L = L(G) véi mot vin pham tuyén tinh phai G(V, T, P, S).
Ta xay dung mot NFA c6 chira e-dich chuyén M (Q, T, 8, [S], [€]) md phong cac din
xuat trong G.

Q bao gdm cac trang thai c6 dang [a] voi o 14 S hodc chudi hau t6 cua vé phai
mot luat sinh nao dé trong P.

Ta dinh nghia 6 nhu sau :

1) Néu A 13 mot bién, thi 8([A], €) = {[a] | A — o 12 mot ludt sinh}

2) Néu athudc T va a thuoe T U TV, thi §([aa], a) = {[a]}

Sau d6, ta cé thé dé dang chitng minh quy nap theo dé dai cia dan xudt rang &S],
w) chita [a] khi va chi khi c6 chudi dan xudt S =" xA = xya véi A — ya la mot ludt
sinh trong P va xy = w, hay néu a = S thi w = & Khi [€] 1a trang thdi két thiic duy
nhat, Mchdp nhan w khi va chi khi S =" x4 = w. Nhung vi moi chudi dan xudt cho
mét chudi ky hiéu két thiic qua it nhdt 1 b, nén ta thdy rang M chdp nhdn w khi va
chi khi G sinh ra w. Vi vdy, moi van pham tuyén tinh phdi déu sinh ra mét tdp hop
chinh quy.

Bay gio, gia s G(V, T, P, S) 1a mot van pham tuyén tinh trai. Bat van pham
G’(V, T, P, S) voi P’ chira cac luat sinh ctiia P ¢6 vé phai ddo nguoc, nghia la :
P={A>a|A—>ao"ecP}
Néu ta dao nguoc chudi vé phai cac luat sinh trong mot vin pham tuyén tinh trai, ta
c6 van pham tuyen tinh phai, va nguoc lai. Do do, hlen nhién chung ta c6 G’ 1a mdt
van pham tuyén tinh phai, va ciing dé dang dé chi ra rang L(G’) = L(G)®. Theo chimg
minh trén, ta c6 L(G’) 1a mot tdp chinh quy. Ma thong thuong mot tap chinh quy cling
van con giir nguyén tinh chat khi ap dung phép dao nguge nén L(G*)® = L(G) ciing 1a
mot tdp chinh quy.

Vay, moi van pham tuyén tinh trai hay phai déu sinh ra mét tap hop chinh quy.

Thi du 4.3 : NFA duoc xiy dung tir Dinh 1y 4.1 cho vin pham tuyén tinh phai (1) &
thi du 4.2 c6 dang nhu hinh 4.1 sau :

Xét vin pham tuyén tinh trai (2) ¢ thi du 4.2, néu dao nguoc cac vé phai luat

sinh, ta co:
S—01s| 0

e O OO
\8

Hinh 4.1 - NFA chap nhan ngon ngi 0(10)"
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Ap dung cac budc xay dung NFA cho vin pham nay theo Dinh 1y 4.1, ta c6 so
dd chuyén nhu Hinh 4.2 (a). Néu ching ta ddo nguoc cic canh ciia NFA nay va
chuyén dbi vi tri cac trang thai bat dau va két thuc, chung ta s& c6 mot NFA khac
chép nhén ngdn ngir 0(10)"

oS
Start 8;.@

Hinh (a)
€
0
(05
Hinh (b)

Hinh 4.2 - Xay dung NFA cho 0(10) tir vin pham tuyén tinh tréi

PINH LY 4.2 : Néu L 1a mot tip hop chinh quy, thi L dugc sinh tir mdt vin
pham tuyén tinh trai hoic mét vin pham tuyén tinh phai nao d6.

Ching minh

bat L = L(M) véi DFA M(Q, Z, 93, qo, F).

Trudc hét, ta gia st rang trang thai qo khong phai 1a trang thai két thac. Ké tiép,
ta dat L = L(G) v6i van pham tuyén tinh phai G(V, 2, P, qp), trong d6 P chira cac luat
sinh dang p — aq néu 8(p, a) = q va luat sinh dang p — a néu 3(p, a) 1a mot trang thai
két thuc. RS rang 8(p, w) = q khi va chi khi c6 chudi dan xuat p =" wq. Néu wa dugc
chap nhan bai M, ta dat 8(qo, w) = p, suy ra dan xuat qq :>* wq. Tuong tu, néu S(p, a)
1a trang thai két thuc, Vl p — a la mot lut sinh, nén qo = wa. Nguoc lai, dat gy = x.
Ta cox =wa va qp = wq = wa véi moi p. Va vi 8(qo, w) = p va 8(p, a) 1a trang thai
két thuc nén do d6 x € L(M). Hay néi cach khac : L(M) = L(G) = L.

Bay gid, xét q € F, vi thé chudi rong & thudc L. Luu ¥ rang vin pham G vira
dinh nghia & trén chi sinh ra ngdn ngit L — {€}. Chiing ta c6 thé sira d6i G bang cach
thém vao mot ky hiéu bt dau S méi vé6i ludt sinh S — q | &. Vin pham thu dugc van
c6 dang tuyén tinh phai va phat sinh ngdén ngir L.
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Dé phat sinh mot van pham tuyén tinh tréi cho L, ta bat dau véi mot NFA cho
L® va sau do dao nguoc chuodi v€ phai cho tat cad moi luat sinh ctia van pham tuyén
tinh phai vura thu dugc.

Thi du 4.4 : Trong Hinh 4.3 ta thdy so do chuyén DFA cho 0(10)"
Vin pham tuyén tinh phai sinh tir DFA nay c6 dang :
A—0B|ID|0
B—0D|IC
C—0B|1D]0
D —0D| 1D

Trong vin pham trén, bién D khong co ich nén ta c6 thé loai bo D va tat ca cac
luat sinh lién quan t6i D, rat gon van pham thanh :
A—0B|0
B—>1C

Start

Hinh 4.3 - DFA cho 0(10)°

Ii. MOT SO TINH CHAT CUA TAP HQP CHINH QUY

Mot cau hoéi kha quan trong dugc dat ra 1a: Cho ngon ngir L véi mot s6 tinh cht dac
td nao do, licu L co6 phai 1a tap chinh quy khong ? Phan nay cung cap mot so ly thuyeét
giup trd 101 cau hoi nay.

2.1. B6 dé bom cho tip hop chinh quy

Mot trong nhitng nguyén 1y hiéu qua 1a "Bb dé bom", diy 1a mot cong cu manh gitp
ching minh cac ngén ngr khong la chinh quy. DPong thoi, nd cung thyc sy htu ich
trong vi€c phat trién cac giai thuat lién quan dén cic 6tdmat, chang han nhu mot ngén
ngit dugc chap nhan bdi mot FA cho trude 1a hiru han hay vo6 han ?

BO PE 4.1: (BO BE BOM)
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Néu L l1a tiap hop chinh quy thi c6 ton tai hang s6 n sao cho néu z 1a mdt tir bat
ky thuc L va | z| < n, ta cé thé viét z = |<n,|v|>1vaVvi>0,tacé
uv'w € L.

Hon nita n khong 16n hon s6 trang thai ctia FA nho nhét chap nhan L.

Chtrng minh

Néu mot ngdn ngit L 12 ngdn ngit chinh quy thi n6 s& dugc chap nhin boi mot
DFA M (Q, %, 9, qo, F) v6i n trang thai.

Xét chudi nhap z c6 m ky hi¢u dugc cho nhu trong bo de, vady Zz=2a;a; ... a4, M =1, va
voimdii=1,2, .., m,tadit d(qo, 212;...3;) = q;. Do m > n nén can phai co it nhét n+1
trang thai trén duong di ctia 6tdmat chap nhan chudi z. Trong n+1 trang thai nay phai
c6 hai trang thai tring nhau vi 6tdmat M chi c6 n trang thai phan biét, ttrc 13 ¢6 hai s6
nguyén j va k sao cho 0 <j <k <n thoa mén q; = qx. Puong di nhén a,a, ... a, trong
so d6 chuyén ciia M ¢ dang nhu sau:

aj+]. . Ak

ak+]. . Ay

Hinh 4.4 - Puong di trong so d6 chuyén cia DFA M

Vi j <k nén chudi aj.;...a; c6 d¢ dai it nhat bang 1 va vi k < n nén d¢ dai d6 khong thé
16m hon n.
Néu q,, 14 mot trang thai trong F, nghia 1a chudi aja,...a, thudc L(M), thi chudi
a1@...8j A418k12...ay, Cling thudc L(M) vi c6 mot duong dan tir qo dén q,, ngang qua of
nhung khong qua vong ldp nhan aj.;... a,. Mot cach hinh thirc, ta c6 :
0(qo, 2122...8{ A4 1k12...85) =0 (6(qo, a1ay...8;), Ayr1Ak+2...8m)

=9 (Qj, ak+1ak+2...am)

= 0 (qks, Ak+18x+2.-.8m)

= Qm

Vong lap trong hinh trén co thé dugc lap lai nhiéu lan - thyc té, sb lﬁn mudn lap 1a tiy
y, do do chudi a. aJ (@j11.. ak) Api1...ay € L(M) Vi > 0. Piéu ta mudn chu:ng to ¢ day
1a v&i mot chu01 c6 do dai bat ky duoc chap nhén boi mot FA, ta co thé tim dugc mot
chudi con gan véi chudi ban dau ma c6 thé "bom" - lip mot s6 lan tiy ¥ - sao cho
chudi mc’ri thu dugc ciing duoc chap nhan boi FA.

Datu=a;..a, v=aj..a0 va W = ay4y...an.

Ta co dleu phai chung minh.

Ung dung ciia bo dé bom
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Bo dé bom rat c6 hiéu qua trong viéc ching t6 mot tap hop khong 1a tap hop chinh
quy. Phuong phap chung dé tng dung né dung phwong phap chimg minh “phan
ching” theo dang sau :
1) Chon ngén ngir ma ban can ching t6 do khong la ngdén ngir chinh quy.
2) Chon hang sd n, hing sb duoc dé cap dén trong bd dé bom.
3) Chon chudi z thugc L. Chudi z phai phu thudc nghiém ngit vao hang s6 n da
chon & budc 2.
4) Gia thiét phan chudi z thanh cac chudi con u, v, w theo rang budc | uv | < n va
|v[>1
5) Mau thudn s& phat sinh theo bd dé bom bang cach chi ra véi u, v va w xac dinh
theo gia thiét, co ton tai mot s i ma & d6 uv'w ¢ L. Tir d6 co thé két luan rang
L khong 14 ngdn ngir chinh quy. Chon lya gi tri cho i ¢6 thé phu thudc vao n,
U, vvaw.
Ta c6 thé phat biéu mot cach hinh thirc ndi dung cua b6 dé bom nhu sau :
(VL)3n)(Vz)[ zthuoc Lva|z|>n taco
(Ju, v, W)z =uvw, |uv | <n, | v| 21 va (Vi)(uv'w thudc L))]

Thidy 4.5 : Chimg minh tap hop L = { 0 | i 14 s6 nguyén, i > 1} (L chira tat ca céc
chuoi s0 0 c6 do dai 1a mot so chinh phuong) 1a tdp khong chinh quy.

Chung minh

Gia sir L 1a tap chinh quy va ton tai mot s6 n nhu trong bod dé bom.

Xét tir z =0". Theo bd d& bom, tir z c6 thé viét la z=uvw véi 1 <|v|<nva
uv'w e L, Vi > 0. Trudng hop cu thé, xéti=2 : ta phai ¢ uv’w € L.

Mit khac : n* < |uv’w | < n® +n < (n+1)%

Do n” va (n+1)* 12 2 s chinh phuong lién tiép nén | uv’w | khong thé bang mot
s6 chinh phuong, vy uv’w ¢ L.

Diéu nay din dén sy mau thudn, vay gia thiét ban dau 14 sai. Suy ra L khong 1a
tap chinh quy.

Cau hoi :

? Hay tu lién hé mot s6 tip ngdn ngtr khac ma ban nghi chiing khong thuc 16p
i ngon ngilr chinh quy vi khong thé thdéa man céc tinh chat ctia B6 dé bom ?

2.2. Tinh chit déng ciia tap hop chinh quy

C6 nhiéu phép toan trén ngdn ngit chuyén sir dung cho tap hop chinh quy, ma cho
phép khi 4p dung chung vao tap hop chinh quy thi van gitr dugc cac tinh chat cua tap
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chinh quy. Néu mét 16p ngon ngit ndo d6 "dong" véi mot phép toan cu thé, ta goi do
1a tinh chat dong cia 16p ngdn ngir nay.

DPINH LY 4.3 : Tap hop chinh quy déng véi cac phép toan: hop, noi két va bao
dong Kleen.
Chung minh

Hién nhién tir dinh nghia cta biéu thtrc chinh quy.

DINH LY 4.4 : Tap hop chinh quy déng véi phép lay phan bu. Tirce 13, néu L 1a
tap chinh quy va L ¢ " thi = - L 1a tp chinh quy.

Chung minh

Goi L la L(M) cho DFA M (Q, 2],  go, F)vaL c ¥

Triede hét, ta gid siv 5 = X vi néu c6 ky hiéu thuéc X, ma khong thudc X thi ta
6 thé bo cdc phép chuyén trong M lién quan t6i cdc ky hiéu dé. Do L < X nén viéc
xoa nhuw vdy khong anh huong toi M. Néu ¢6 ky hiéu thuoc X2 nhung khong thujc 2
thi cdc ky hiéu nay khong xudt hién trong L. Ta thiét ké thém mét trang thdi "chét" d
trong M sao cho &(d, a) =d, Va €2 va &q, a) =d, Vg e Qvaa € X- 2.

Bdy gio, dé chap nhdn X - L, ta hodn thién cdc trang thdi két thic ciia M.
Nghia la, dat M’ = (0, %, 8, qy, O - F). Ta ¢6 M’ chdp nhén tir w néu 8(qow) € Q - F,
suyraw € 3-L

DINH LY 4.5: Tap hop chinh quy déng véi phép giao

Chtrng minh o
Do ta co cong thirc bien doi :
LNk, = L_l UL_z
Nén theo cac dinh 1y trén, suy ra dugc tap L; m L, 1a tap chinh quy.

Tii. cac GIAI THUAT xac dinh TAP hQp CHINH QUY

Mot van dé khac, cling rat can thiét 1a xac dinh cac giai thuat giup giai dap nhiéu cau
hoi lién quan dén tap hop chinh quy, chiang han nhu : Mot ngon ngit cho trude 13
rong, hitu han hay v6 han ? Ngon ngit chinh quy ¢6 trong duong voi ngdn ngit nao
khac khong ? ... Bé xac dinh cac giai thuat nay, trudc hét can gia su moi tap chinh
quy thi duoc bleu dién boi mot 6tdomat hiru han. Nhu da biét, biéu thuc chinh quy
dung dic ta cho tap hop chinh quy, do d6 chi can cung cap thém mot co ché dich tir
dang biéu thirc nay sang dang 6tomat hitu han. Mot s6 dinh 1y sau c6 thé xem 13 nén
tang cho viéc chuyén doi nay.
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DINH LY 4.6: Tap hop cac chudi dwge chiap nhin béi 6tdomat M cé n trang thai
la:

1) Khong rong néu va chi néu 6tomat chap nhin mot chudi c6 do dai < n.

2) V6 han néu va chi néu 6tomat chap nhian mét chudi c6 do dail véin <1<2n.

Chung minh

1) Phan "néu " 13 hién nhién.

Ta chtrng minh "chi néu": Gia st M chip nhian mot tp khong rong. Goi w 1a
chudi ngan nhat duoc chap nhan bdi M. Theo bd dé bom, ta c6 | w | <n vinéu w la
chudi ngan nhat va | w | > n thi ta ¢6 thé viét w = uvy, va uy la chudi ngan hon trong
L hay |uy | <|w | = Mau thuan.

2)Néuw e Lvan<| w|<2nthitheob6déb0’mtacéw=w1w2w3 Ve‘lwlwziw3 elL
vOo1 moi i > 0, suy ra L(M) v6 han .

Nguoc lai, néu L(M) v6 han thi ton tai w € L(M) sao cho | w | > n. Neu | w <
2n thi xem nhu da chimg minh xong. Néu khong co chudi nao co do dai nam gitra n
va 2n-1 thi goi w 1a chudi c6 d6 dai it nhat 1a 2n nhung ngin hon moi chudi trong
L(M), nghia 1a | w | > 2n. M6t lan nita, ciing theo bd dé bom, ta c6 thé biéu dién w =
Wiw,ws, trong 6 1 < | w, | < n va wyws € L(M). Ta c6 hoidc w khong phai 1a chudi
ngan nhat c6 d6 dai > 2n, hodc 1a n < | wyw; | < 2n-1 = Mau thudn. Vay co ton tai
chudi c6 do dai 1 sao chon <1< 2n.
PINH LY 4.7 : C6 giai thuit dé xac dinh hai 6tdmat twong dwong (chip nhin
cung mot ngon ngir).

Chtrng minh

Dit M, M, 13 hai 6tdmat chap nhan L;, L,.

Theo cac dinh 1y 4.3, 4.4, 4.5, tacd (L, N L,) U (L, N L,) duoc chap nhan
bdi 6tomat M; né}o d6. Dé théy Mg, chép nhan mdt chudi néu va chi néu L, # L,. Theo
dinh 1y 4.6, ta thay co giai thuat dé xac dinh xem liéu L, = L, hay khong.
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Tong két chwong IV: Qua chuong nay, ching ta c6 thé thay rd hon cac tinh chat cia
16p ngdn ngit chinh quy va cach xac dinh ching bang mot s6 giai thuat. Mi lién quan
giit hai co ché doan nhin ngdn ngit (6tdmat hitu han) va phat sinh ngdn ngir (vin
pham) ciing dd duoc thiét 1ap va ching minh 13 rang. Day 13 16p ngdn ngit nho nhat
theo sy phan cép ciia Noam Chomsky. Trong nhitng chuong tiép theo, chung ta s&
khéo sat nhitng 16p ngon ngtr rong 16n hon chira cad ngdén ngir chinh quy trong nd.

BAI TAP CHUONG 1V

4.1. Xay dung vin pham tuyén tinh trai va tuyén tinh phai cho cic ngén ngit sau :
a) (0 +1)°00(0 + 1)"
b) 0°(1(0 + 1))’
¢) (01 +10)°11)"00)°

4.2. Xay dung van pham chinh quy sinh ra cdc ngon ngir trén b chir cai £ = {0,1}
nhu sau :

a) Tap cac chudi c6 chira 3 con sb 0 lién tiép.

b) Téap cac chudi két thuc bang 2 con s6 0.

4.3. Xay dung van pham chinh quy sinh ra cac ngdn ngit sau :
a) {w|we((0+1)}
b) {a"b"|m,n>0}

4.4. Chig t6 rang ngon ngit L = {0"1" | n 14 s6 nguyén dwong} khong chinh qui.
4.5. Ngon ngitr nao trong cac ngodn nglr sau khong 1a ngdn ngir chinh qui? Chirng minh
cau trd lot:

a) L= {0""|nlasénguyén duong }

b) L= {0"1"0""™| m, n I s6 nguyén duong}
¢) L={0"|nlasénguyén tb }
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Chuong V

VAN PHAM PHI NGU CANH

Noi dung chinh : Trong chuong nay, ta s€é nghién ctru mét loai van pham kha quan
trong, goi la van pham phi ngir canh (CFG) va 16p ngén ngir ma ching m6 ta - ngon
nglr phi ngir canh (CFL). CFL, cling nhu tap hop chinh quy, c6 nhiéu Umg dung thuc
té rat quan trong, dac biét trong viéc bleu dién ngon ngtr 1ap trinh. Chang han, CFG
dung hitu ich dé mé ta cac biéu thirc s6 hoc trong cac ddu ngodc 16ng nhau hay nhitng
cau trac khéi trong ngdn ngit 1ap trinh (cau trac khdi begin-end). Sau khi dinh nghia
van pham phi ngir canh, mot s6 cach bién d6i van pham phi ngit canh nham gian luoc
no va dua n6 vé mot trong nhiing dang chuén s& duoc trinh bay. Cudi chuong, bd dé
bom cho ngdn ngit CFL va mt s6 tinh chat nham xac dinh tip ngdn ngit ndy ciing s&
duogc gioi thicu.

Muc tiéu can dat: Cudi chuong, sinh vién can phai nim virng:

> Khai niém CFG, xéc dinh cc thanh phan ctia mot CFG.

» Nhan dang dugc 16p ngdn nglr ma mét van pham CFG dac ta.

» Xay dung cac luat sinh cho mot CFG dac ta mét 1op ngon ngir.

» Cac budc gian luge van pham CFG khong chura cac gia tri vo ich.

> Chuén hoa CFG vé cac dang chuin Chomsky hodc Greibach.

> Ung dung bd dé bom cho CFL dé ching t0 modt ngdn ngir khong 14 ngdn
ngtt phi nglt canh.

» Xac dinh mot ngdn ngit c6 thudc 16p ngdn ngilr phi nglt canh hay khong theo
céc tinh chat cua CFL.

» Kiém tra tinh réng, hiru han hoac v6 han ciia mét CFL.

Kién thirc co' ban: Dé tiép thu tot ndi dung cua chuong nay, trudc hét sinh vién can
hiéu rd cdu tric ci phap cia mot sb ngdn ngit 1ap trinh cap cao nhu Pascal, C; nam
vitng 1y thuyét do thi va cdy; phuong phap ching minh phan chimg va su phan cap
cac 16p van pham theo Noam Chomsky; ...

Tai liéu tham khio :

[1] John E. Hopcroft, Jeffrey D.Ullman — Introduction to Automata Theory,
Languages and Computation — Addison — Wesley Publishing Company, Inc —
1979 (Chapter 4 : Context — Free Grammars).

[2] V.J. Rayward-Smith — A4 First course in Formal Language Theory (Second
Editor) — McGraw-Hill Book Company Europe — 1995 (Chapter 5: Context-Free
Languages )
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[3] From Wikipedia, the free encyclopedia — Context-Free Grammar:

http://en.wikipedia.org/wiki/Context-free _grammar

I. VAN PHAM PHI NGU CANH (CFG : Context Free
Grammar)

Xuat xr ctia van pham phi ngir canh 1a sy mo ta théng qua cac ngdn ngir ty nhién. Ta
c6 thé viét cac quy tic ca phap dé dién ta cau “An 1a sinh vién gi6éi“ nhu sau :

<caudon> — <chunglt > < vingit >

< chu ngt > —» <danh tir >

<vinglt> — <dong tir><bd ngit >

<bdngit> — <danh tir> < tinh tir >

<danhtr> — An

<danh tt> — sinh vién

<dongtr> — la

<tinhtor > — giéi

Céc tir trong ddu moéc nhon nhu < cau don >, < chil ngit >, < vi ngit >, ... 1 cac pham
trti ¢ phap, cho ta vai trd ctia cac bo phan hop thanh cau. Ta thdy mot cau sinh ra qua
cac budc trién khai dan dan theo cac quy tic ci phap. Day ciing chinh 1a dang cua cac
luat sinh trong van pham phi nglt canh. Va nhu vay, van pham phi ngir canh ciing c6
thé chon 1am mo hinh cho cic vin pham cia cac ngdn ngit ty nhién.

Tuy nhién, trong khoa hoc may tinh, véi nhu cau biéu dién cac ngdn ngi lap trinh,
van pham phi ngit canh CFG con dugc thiét ké thanh mot dang twong duong goi 1a
van pham BNF (Backus - Naur Form). Déy cling la van pham CFG voi nhimg thay
d6i nho vé dang thire va mot sé ky hiéu viét tit ma cac nha khoa hoc may tinh thuong
tmg dung trong viéc dién td cu phap cua cic ngdn ngit lap trinh cap cao (nhu
ALGOL, PASCAL, ...). ‘Trong dang thirc cia van pham BNF, k}'/ hiu ::= dugc dung
thay cho ky hiéu —. Chang han, dé dinh nghia mot biéu thirc s6 hoc (expression) bao
gom cac danh biéu (identifier) tham gia vao cac phép toan +, * hoac biéu thirc con
10ng trong du ngodc don , ta viét :

<expression> ::= <expression> + <expression>
<expression> ::= <expression> * <expression>
<expression> ::= ( <expression>)
<expression> ::= <identifier>

Viéc nghién ctru cac vin pham phi ngir canh di tao nén mét co s 1y luan viing chic
cho viéc biéu dién ngdn ngir 14p trinh, viée tim kiém cac giai thuat phan tich ca phap
véan dung trong chuong trinh dich va cho nhiéu tng dung khac vé xir ly chudi. Chang
han, né rat htru ich trong viéc mo ta cac biéu thirc s6 hoc véi nhidu ddu ngoic long
nhau hoidc cdu trac khéi trong ngdn ngit 14p trinh ma biéu thirc chinh quy khong thé
dac ta.
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1.1. Dinh nghia

Vin pham phi ngit canh 1a mot tap hop hitu han cac bién (con goi 13 cac ky hiéu chuwa
két thiic), mdi bién biéu dién mot ngdn ngit. Ngon ngit dugc biéu dién boi cac bién
dugc mo ta mot cach dé quy theo thuat ngir cia mot khai niém khac got la &y hicu két
thic. Quy tac quan hé gilra cac blen goi la ludt sinh. MBbi luét sinh c6 dang mot bién &
vé trai sinh ra mot chudi c6 thé gdm bién 13n cac ky hiéu két thiic trong vin pham.

Vin pham phi ngit canh (CFG) 1a mot hé thong gom bdn thanh phan, ky hiéu 1a vin
pham G (V, T, P, S), trong d6 :
. 'V 1a tap hiru han céc bién (hay ky tu chua két thic)
. T 1a tap hiru han cac ky tu két thic, VAT =&
. P 1a tap hitu han céc luat sinh ma mdi ludt sinh ¢ dang A —»> a voi A la bién
va o 1a chudi cac ky hiéu € (VU T)
.S 12 mot bién dic biét goi 1a ky hiéu bat dau vin pham.

Thidy 5.1 : Van pham G ({S, A, B}, {a, b}, P, S), trong d6 P gém cac luat sinh sau:

S—> AB
A — aA
A—a
B —» bB
B—>b
Quy woc ky hiéu:
- Cac chir in hoa A, B, C, D, E, ... va S ky hi¢u cac bién (S thuong dugc dung
1am ky hiéu bt dau ).
- Cac chirnhd a, b, ¢, d, e, ...; cac chit s6 va mot sé ky hiéu khac ky hiéu cho
cac ky hiéu két thac.

- Cac chir in hoa X, Y, Z 1 c4c ky hiéu c6 thé 1a ky hiéu két thiic hodc bién.
- Céc chir Hi-lap a, B, v, ... bi€u dién cho chudi céc ky hi¢u két thuc va bién.

Ta sé& biéu dién vin pham mot cach tom tat bang cach chi liét ké céac luat sinh ctia no.
NéuA > o, A—> oy, ..., A—> o la cac luat sinh cua bién A trong van pham nao
do, tas€ ghingangonla A - o | o] ... | ok

Thidy 5.2 : Vin pham trong Thi du 5.1 trén c6 thé viét gon 1a :
S— AB
A— aA|a
B— bB|b

Cau héi :

? Ban nghi gi vé 16p ngdn ngit cd thé dugce sinh boi van pham trong vi du trén ? Co
i ché nao co thé duoc sir dung cho vin pham dé phat sinh ngén ngit ?
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1.2. Dan xuat va ngéon ngir

Din xuét: Dé dinh nghia ngdn ngit sinh bai vin pham CFG G (V, T, P, S), ta din
nhap khai niém dan xudt. Truge hét ta gidi thi€u hai quan hé = va :>*G gitra hai
chudi trong tap (V U T)*. Néu A > B 1a mot luat sinh trong van pham va o, y 1a hai
chudi bat ky trong tip (V U T) thi aAy =¢ oy, hay ta con noi luat sinh A — B ap
dung vao chudi oAy dé thu dugc chudi opy, nghia 1a oAy sinh truc tiép afy trong
van pham G. Hai chudi goi 1a quan hé nhau bd1 = néu chudi tha hai thu duoc tur
chudi thtr nhét bang cach ap dung mot luat sinh nao do.

.9 9 N J X A * r.e \
Gia str oy, o, ..., Oy, 1a cac chudi thuoc (VU T) voim>1 va:
. O] =g A, 0y =G O3, ..., Oy -] =G O
thi ta ndi o= g o, hay a; dan xuét ra o, trong van pham G.

Nhu vay, 3*G la bao dong phan xa va bic ciu ciia =¢. N6i cach khac, o :*G B néu
B dugc dan ra tir o bang khong hodc nhiéu hon cac luat sinh cua P. Chi ¥ ring o = g
o vo1 moi chuoi a.

Thong thu:ong néu khong c¢6 nham 14n ta s& ding cac ky hiéu = va =" thay cho ky
hidu =¢ va = . Néu o din ra B bang i budc din xuit thi ta ky hiéu o =" B.

Ngon ngir sinh béi van pham phi ngir cinh

Cho van pham CFG G(V, T, P, S), ta dinh nghia :
"vasS="gw!

Nghia 1a, mot chudi thude L(G) néu:
1) Chudi gom toan ky hi€u két thuc.
2) Chuoi dugc dan ra tir ky hi¢u bat dau S.

Ta goi L 14 ngon ngir phi ngit canh (CFL) néu nd 1a L(G) véi mdét CEG G nao do.
Chudi o gom céc ky hiéu két thiic va cac bién, dugc goi la mot dang cau sinh tr G
néu S = . Hai vin pham G, G, dugc goi la tuong duong néu L(G,) = L(G,)

Thidy 5.3 : Xétvan pham G (V, T, P, S), trong do :
‘ V={S},T={a,b},PZ{S,—>aSb,‘S—>ab}. ‘
Bang cach ap dung luat sinh thir nhat n -1 1an va luat sinh thir hai 1 lan, ta co6:

S = aSb = aaSbb = a'Sb° = ... = a" b = a'p"

Vay, L(G) chtta céc chudi co danga'b , hay L(G) = {a b |n> 1},

1.3. Cay din xuit

Dé d& hinh dung sy phat sinh ra cac chudi trong van pham phi ngit canh, ta thuong
dién ta mot chudi dan xuat qua hinh &nh mot cay. Mot cach hinh thire, ta dinh nghia
nhu sau:
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Pinh nghia : Cho vin pham G (V, T, P, S). Cay din xuét (hay cay phan tich ct phéap)
cua G dugc dinh nghia nhu sau :

i) MBoi nut (dinh) c6 mot nhan, 1a mot ky hiéu € (VU T U {g})

ii) Nut gdc co nhan 1a ky hiéu bat dau S.

iii) Néu nut trung gian c6 nhdn A thi A € V

1v) Néu nat n ¢b nhin A va céac dinh nj, Ny, ..., N 1a con cua n theo thur tu tir
trai sang phai c6 nhan lan luot 12 Xi, Xo, ..., Xi thi A = X;X; ... X, 12 mot luét sinh
trong tap luat sinh P.

v) Néu niit n c6 nhén 14 tir rdng ¢ thi n phai 1a nat 14 va 13 nat con duy nhét cia
nut cha cua no.

Thidu 5.4 : Xétvin pham G ({S, A}, {a, b}, P, S), trong d6 P gdm:
S—>aAS|a
A — SbA | SS | ba
Mot cdy dan xuat tir vin pham c6 dang nhu hinh 5.1 sau :

Ta théy, nat 1 ¢6 nhin S va cac con ciia né lan luot la a, A, S (chuy S — aAS la mot
luat sinh). Tuong tu, nit 3 ¢c6 nhan A va cac con cuand 1a S, b, A (tr luat sinh A —
SbA). Nut 4, 5 c6 cung nhan S va cé nut con nhan a (luat sinh S — a). Cudi cung nut

7 c6 nhan A va c6 cac nut con b, a (luat sinh A — ba).

Trén cay dan xuit, néu ta doc céc 14 theo thir tir tir “trai sang phai* thi ta c6 mot dang
ciu trong G. Ta goi chudi nay 13 chudi sinh boi cdy dan xuét.

O,
©
©

Hinh 5.1 - Cdy ddn xudt tir van pham

Mot cay con (subtree) cua cay dan xudt co nit goc nhén la A con duoc goi la A-cay
con (hodc A-cay). Cay con cling glong nhu cdy dan xuat, chi khac 1 nhin cta nat gbe
khong nhat thiét phai 1a ky hiéu bat dau S.
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Thidy 5.5 : Xét van pham va ciy dan xuat trong Hinh 5.1. Poc cac 14 theo thi ty tir
trai sang phai ta c6 chudi aabbaa, trong truong hop nay tat ca cac 14 déu 13 ky hiéu
két thiic, nhung noéi chung ciing khong bit budc nhu thé, 14 c¢6 thé co nhén 13 & hoic
bién. Ta thiy din xudt S =" aabbaa bang chudi dan xuét :
S = aAS = aSbAS = aabAS = aabbaS = aabbaa
A-cdy c6 nut dinh 13 3 tao ra chudi con abba theo chudi dan xuit :
S = SbA=> abA = abba

Cau hoi :

? Céac cdy dan xuat dugc sinh tir nhitng chudi din xuit khac nhau cho cing mot
i chudi nhap c¢6 1a nhitng cay dan xuat khac nhau khong ?

1.4. Quan hé giira din xuat va cAy din xuat

PINH LY 5.1 : Néu G (V, T, P, S) 1a mét vin pham phi ngix cinh thi S =" a néu
va chi néu cé cdy din xuit trong viin pham sinh ra a.

Chtrng minh

Ta chitng minh rang véi bién A bdt ky, A =" a néu va chi néu cé mét A-cdy sinh ra o.
Néu: Gia sir a dwge sinh béi A-cdy, ta chirng minh quy nap theo sé mit trung
gian ctia cdy dan xudt rang A = o.
Néu ¢6 1 mit trung gian thi cdy phdi ¢é dang nhw hinh sau :

KiNzi do X;Xg . X, la chudi ava A — a la mét ludt sinh trong P theo dinh nghia cay
dan xuat.
A

Xl X2 e o o Xn
Hinh 5.2(a) - A-cay voi mot nut trong

Gid sir két qua diing t6i k -1 nit trung gian (k> 1)

Ta chirng minh két qua ciing ding véi k niit.

Xét a duoc sinh ra boi A-cdy co k nut trung gian. Ro rang cdc nut con cua nut
goc khéng phdi tat ca déu la 14, ta goi ching tir trdi sang phdi la X, Xo, ..., X, thi
chdc chan rcingA > XX ... X, la mot ludt sinh. Xét nit X; bat ky :

- Néu X; khong la nut la thi X; phai la mot bién va X; - cdy con sé sinh ra mot
chudi a; ndo do.

- Néu X; la mit lg, ta dit o; = X, Dé thdy rang néu j < i thi cic a; ¢ bén trai
a;, do vy chudi doc tir ld van c¢é dang a = aja; ... o, Moi X - cay con phdi co it nut
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trung gian hon cdy ban dau, vi thé theo gid thiét quy nap, véi méi dinh i khong phdi
la ld thi X; = o

Viy A =2 XX, .. X, = aXo .. X, = aqouX; .. X, = ... = ao...a,=a

Hay ta ¢ A =" a. Chii y rang ddy chi la mét trong nhiéu cdch dan xudt ra .

Chi néu : Nguoc lai, gid sit A =" ata can chi ra mét A - cdy sinh ra a.

Néud = « bc%ng mét bude dan xudt thi A — a la mot ludt sinh trong P va co
cdy dan xudt sinh ra a nhw trong hinh trén.

Gid sir két qua diing ti k-1 bude dan xudt

Xét A = a bang k budc dan xudt, goi budc dau tién la A aX]Xg - X

Ro rang, mot ky hiéu trong o phaz dwoc dan ra tir mot bién X; ndo dé. Vi vy,
ta cé thé viét a = Q10 ... O, trong do moi 1 <i <n thoa man :

- ;=X néu X la ky hiéu két thiic.

-X; = a; néu X; la mét bién.

Néu X; la bién thi dan xudt ciia o; tir X; phdi cé it hon k bude. Vi vy, theo gid
thiét quy nap ta c6 X; - cdy sinh ra oy, ddt cay nay la T,

Bay gio ta dung A - cdy co n la X,.X; ... X, Moi X;  khong la ky hiéu két thiic ta
thay bang cdy T, twong ng. Cudi cung, ta cé cdy dan xudt sinh ra cé dang nhuw sau :

A
X1 X2 X3 Xn 1 Xn
T, T3

Hinh 5.2(b) - A-cdy

Thidu 5.6 : Xét chudi dan xuit S —" aabbaa cho vin pham & Thi du 5.4.

Budc dau tién trong dan xudt d6 1a S — aAS. Theo ddi cac budc suy din sau do, ta
thiy bién A duoc thay boi SbA, rdi trd thanh abA va cubi cing thanh abba, d6 chinh
13 két qua cta ciy T, (A - cdy). Con bién S thi duoc thay bai a va d6 1a két qua caa
cay T (S -cdy). Ghép ndi lai, ta duoc cdy dan xuat ma két qua 1a chudi aabbaa nhu
dudi day.

S A
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Hinh 5.3 - Ghép néi cdc cdy dan xudt

1.5. DAn xuit trai nhat, din xuat phai nhat

Néu tai mdi budc dan xuit, luat sinh duoc ap dung vao bién bén trai nhat thi ta goi do
13 ddn xudt trdi nhat (leftmost) hay dan xuat trai. Tuong ty, néu bién bén phai nhat
duoc thay thé & mdi budce dan xuit, d6 1a ddn xudt phdi nhdt (rightmost) hay din xuét
phai. Néu chudi w € L(G) voi CFG G thi w s& o it nhat mot cdy dan xut ra nd va
tuong (mg voi cac cdy nay, w chi c6 duy nhat mot ddn xuét trai nhat va duy nhat mot
dan xuét phai nhat. Di nhién, w ¢ thé c6 nhiéu dan xut trai (phai) nhat vi né c6 thé
6 nhiéu cdy dan xuit.

Thidu 5.7 : Xét cay din xuat ¢ Hinh 5.1
. Dan xuét trai nht coa cdy :
S = aAS = aSbAS = aabAS = aabbaS = aabbaa.
. Dan xuét phai nhét twong tmg 14 :
S = aAS = aAa = aSbAa = aSbbaa = aabbaa.

1.6. Viin pham mo ho

Mot van pham phi ngit canh G c¢6 nhiéu hon mét ciy dan xuit cho cung mot chuf)i W,
thi G duoc goi la van pham mo ho (ambiguity). D1 nhién, cling co thé noi rang vin
pham G 1a mo hd néu cO mot chudi w duoc dan ra tir ky hiéu bat dau S véi hai dan
xudt trai hodc hai dan xut phai.

Thidy 5.8 : Xét van pham G véi cac ludt sinh nhu sau :
E—>E+E|E*E|(E)|a
Vian pham nay sinh ra cac chudi biéu thirc s6 hoc voi 2 phép toan + va * . Voi
chudi a+a * a, ta c6 thé vé& dén hai cdy dan xuat khac nhau nhu sau :

LN oL LN LN 1 LN
A 1 A ~ ~ LN oL LN
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(a) (b)
Hinh 5.4 - Céc cdy dan xudt khdc nhau cho ciing chudi nhdp

Diéu niy c6 nghia 14 bicu thirc a + a * a c6 thé hiéu theo hai cach khac nhau: thyc
hién phép cong trude hay phép nhan trude ? Dé khic phuc su mo hd nay, ta ¢ thé :

- Hodc quy dinh rang cac phép cong va nhan luon luén dugc thyc hién theo thir
tu tir trai sang phai (trr khi gip ngodc don). Ta viét van pham G, khong mo ho tuong
duong nhu sau :

E—>E+T|E*T|T
T —>(E)|a

- Hodc quy dinh rang khi khong c6 dau ~ngodc don ngan cach thi phép nhan
luén ludn duoc wu tién hon phép cong. Ta viét vin pham G, khéng mo hd twong
duong nhu sau :

E—>E+T|T
T—>T*F | F
F>(E)|a

II. GIAN LUQC CAC VAN PHAM PHI NGU CANH

Thudng thi mot vin pham phi ngit canh c6 thé con chira dung mot vai yéu td thira, vo
ich. Chéng han nhu theo céc dac tinh trén, c6 nhitng ky hiéu khong thuc sy tham gia
vao qua trinh din xuét ra cdu, hodc s& c6 nhimng ludt sinh dang A — B lam kéo dai
chudi din xuit mot cach khong can thiét. Vi vay, viéc gian lugc vin pham phi ngi
canh 13 nham loai bo nhing yéu t6 v6 ich d6 ma khong 1am giam b6t kha ning san
sinh ngdn ngir cua van pham.

Néu L 1a mot CFL, n6 c6 thé tao ra van pham CFG véi cac dac tinh sau :
1) Mbi bién va mdi ky hiéu két thiic cia G déu xuét hién trong dan xuat cua
mot s6 chudi trong L.
2) Khéng c6 luat sinh nao dang A — B, ma trong d6 A, B déu la bién.
Hon nita, néu € ¢ L thi khong can luat sinh A — €. Thuc té, néu ¢ ¢ L, ta c6 moi luét
sinh trong G déu c6 mét trong hai dang :
A — BC hoac A — aa (o 14 chudi cac bién hoic €)
A—a
Hai dang dac biét nay goi la dang chuan Chomsky va dang chuin Greibach.

2.1. Cac ky hi¢u vo ich
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Mot ky hiéu X goi 14 ¢6 ich néu c6 mot dan xuat S =" aXp =" w véi cac chudi o, B
batky vaw e T . Nguoc lai X goi 1a vo ich.

Viy, c¢6 2 dic diém cho ky hiéu c6 ich:

- X phai dan ra mot chudi ky hiéu két thuc.

- X phai ndm trong dan xuat tir S.

Tuy nhién 2 d4u hiéu trén khong du dé dam bao X c6 ich vi X ¢ thé nim
trong dang cau chira mot bién nhung tir 46 khong c6 ky hiéu két thuc dugc sinh ra.

BO PE 1: (Dung logi b6 cdc bién khéng dan ra chudi ky hiéu két thiic)

Cho CFG G (V, T, P, S) véi L(G) # G, co6 mot CFG G’ (V’, T’, P°, S) twong
dwong sao chomdi A e V’ tontaiw € T* dé A =% w

Chirng minh

MJi bién A véi luat sinh A > w trong P thi r0 rang A € V°. Néu A > XX, ... X, 1a
mot luat sinh, trong d6 mdi X; hodc 1a ky hiéu két thuc hodc 1a mot bién da co sén
trong V’ thi mot chudi cac ky hiéu két thuc co thé duoc dan ra tir A bang dan xuét bat
dau A = X;X, ... X,, vi vdy A € V’. Tap V’ ¢6 thé tinh duoc bang cach lap lai giai
thuat trén. P’ 1a tap tat ca cac luat sinh ma céac ky hi¢u cua n6 thuée V’ U T.

Giai thuat tim V' nhu sau:

Begin

(1) OLDV:=g;

(2) NEWV={A|A>wviiweT};

(3) While OLDV = NEWV do
begin

(4) OLDV :=NEWV;

(5) NEWV :=OLDV U {A |A > a véia e (T U OLDV)"}
end;

(6) V':=NEWYV;

end;

R rang rang néu bién A duoc thém vao V’ tai bude (2) hodc (5) thi A s& dan ra duoc
chudi ky hiéu két thuc. Ta chimg minh rang néu A dan ra duoc mot chudi ky hiéu két
thtc thi A dugc thém vao tap NEWV.

Dung chitng minh quy nap theo dg dai ciia dan xudt A = w.

Néu do dai bang 1 thi A — a la mét ludt sinh trong P. Viy A dwoc dwa vao V'
tai buoc (2).

Gid sir két qua diing t6i k -1 buée dan xudt (k>1)

Néu A = XX, ... X, ="w bdng k bude thi ta c6 thé viet w = ww; ... w,, trong
a6 X; =" w;, véi 1 <i < n bang it hon k bude dan xuat. Theo gid thiét quy nap thi céc
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bién X; nay dwoc thém vao V. Khi X; cudi cing dwoc thém vao V' thi vong Idp (3) van
tiep tuc lap mot lan nita va A sé duoc thém vao V' tai (5).

Ta chung minh L(G’) = L(G) :

Chon V'’ la tdp hop tai (6) va P' la tap tat ca cac ludt sinh ma cdc ky hiéu cua
né thuéc (V' U T) thi chdc chdn rdang cé ton tai van pham G’ (V°, T, P’, S) thod mdn
tinh chat: néu A € V' thi A =" w véi w ndo dé thuoc T *. Hom nita, méi luat sinh cua
P’ déu la ludt sinh ciia P nén ta c¢6 L(G’) < L(G).

Ngueoe lai gia sir mét tir w € L(G) - L(G’) thi mét dan xudt bdt ky ciia w phdi
lién quan dén cac bién thuéc V — V' hodc ludt sinh thuéc P — P’ (cac dan xudt nay
dua ra cac bién thude V — V), nhung do khéng cé bién nao trong V — V' dan dén
chudi két thiic, diéu nay dan dén mau thuan.

Vay L(G’) = L(G).

Hay ¢6 thé néi 2 ngén ngi dwoc cho tir 2 van pham G va G’ la twong dwong
nhau, hay noi cach khac: néu c¢é mét van pham G thi luén luon co mot van pham G’
twong 1ng ma trong dé mai bién cia G’ déu cho ra ky hiéu két thiic.

BO BE 2: (Dung logi b6 cdc bién khéng dwoc dan ra tir ky hiéu bdt dau vin pham)

Néu G (V, T, P, S) 1a CFG thi ta c¢é thé tim dwoc CFG G’ (V’, T’, P’, S) tuong
dwong sao chomdi X e V’U T’ ton tai o, B € (V’ U T?)* dé S =" aXp.

Chirng minh

Tap V' U T’ gdm cac ky hiéu xuét hién trong dang cau ciia G duoc xdy dung boi giai
thuat 1ap nhu sau :

.batVv’={S}; T =,

NéuA € V’vaA — oy da| ... | o, 12 cac ludt sinh trong P thi thém tat ca cac
bién ctia oy, ay, ... , 0, VA0 V’ VA Céc ky hi¢u két thac cua o, oy ..., o, vao T°.

. Lap lai giai thuat cho dén khi khong con bién hodc ky hiéu két thiic ndo dugc
thém vao nira.
Dé thdy, X e V>’ U T’ thitdn tai o, p € (V' U T?) @& S =" aXp, trong d6 P’ 13 tap
hop tat ca cac luat sinh ciia P chi chira cac ky hiéu thude (V’ U T7).
Ta dé dang ching minh L(G*) = L(G) .

PINH LY 5.2: M§i ngon ngir phi ngir cinh (CFL) khong rdng dwgc sinh ra tir
mot vin pham phi ngit cinh (CFG) khong ¢6 ky hi€¢u vo ich.

Chirng minh
bit L = L(G) 1a CFL khong rong.

Dit G, 1a két qua cua viée ap dung bd dé 1 vao G va G, 1a két qua cua viée ap
dung bd dé 2 vao G;.
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Gia st G, ¢6 ky hiéu vo ich 1a X. Theo bd dé 2 ta c6 S = ¢, aXp. Vi tat ca cac
ky hiéu trong G, déu c6 trong G, nén theo b d& 1: S =g, aXp =) w v6i w 1a
chudi ky hiéu két thuc. Vi vay khong c6 ky hi€u nao trong dan xuét oaXp =) W bi
loai bo bai bd dé 2, vay X dan ra ky hiéu két thuc trong G, . Suy ra X 1a ky hiéu co
ich (méu thuan).

Vay van pham G, khong c6 ky hiéu vo6 ich nao.

Thi du 5.9 : Xét van pham co cac luat sinh sau :
S— AB|a
A—a
Ap dung bd dé 1, ta thdy khong c6 ky hiéu két thiic duoc ndo dan ra tir B nén
ta loai bé B va luat sinh S — AB. Tiép tuc, ap dung bd dé 2 cho van pham :
S—>a
A—>a
Ta thiy chi c6 S xuét hién trong dang cau. Vay ({S}, {a}, {S — a}, S) 13 vin
pham tuong duong véi van pham da cho va khong c6 ky hi¢u vo ich.

Cau hoi :

9 Ban hdy cho nhan xét vé thir ty a4p dung Bo dé 1 va Bo6 dé 2 trong qua trinh loai
i bo cac ky hiéu vo ich trong van pham ?

2.2. Luit sinh ¢

Mot ludt sinh c6 dang A — ¢ goi la luat sinh €.

Ta xét dén viéc loai bo cac luat sinh nay. Néu & e L(G) thi khong thé loai dugc tit ca
cac luat sinh &, nhung néu € ¢ L(G) thi c6 thé. Phuong phéap loai bo dua trén viéc xac
dinh liéu mot bién A c6 dan xut A =" ¢ hay khong ? Néu co, ta goi A 1a bién rong
(nullable). Ta c6 thé thay thé mdi luat sinh B — X 1Xo . X bang tat ca cac luat sinh
dugc dinh dang boi viéc xda bo tap hop con cac bién X rong, nhung khong bao gdm
luat sinh B — ¢, ngay ca khi tt ca cac X; déu 13 bién rdng.

PINH LY 5.3 : Néu L = L(G) véi CFG G (V, T, P, S) thi L-{g}la L(G’) véi
CFG G’ khong c6 ky hi¢u vo ich va khong co luat sinh &.

Chirng minh

Ta c6 thé xac dinh tap hop céc bién rong (nullable) ctia G bang giai thuat lap nhu sau
: Bt dau, néu A — & 12 mot luat sinh thi A 1a bién rdng. Ké tiép, néu B — a., trong d6
a gdm toan cac ky hiéu 1a cac bién rdng da dugc tim thiy trudc d6 thi B ciing 1a bién
rong. Lap lai cho dén khi khong con bién réng nao duge tim thay nita.
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Tap luat sinh P’ dugc xay dung nhu sau : Néu A = X;X5 ... X, 1a mot luat sinh trong
P thi ta thém tit ca céc luat sinh A - o0, ... o, vao P’ voi diéu kién :

1) Néu X; khong 1a bién rong thi o; = X;;

2) Néu X; 1a bién r5ng thi o; 1a X, hoac ¢;

3) Khong phai tit ca a; déu bang «.

Dat G =V, T, P, S). Ta sé chirng minh rc%ng voimoi A e Vvaw e T*, A :;Guw
néu va chi néuw # eva A :.>*G w.

Néu: Pt A ="' wvaw # ¢ ta chitng minh quy nap rang A = ¢-w.

Néui=1tacéA—>wld mot ludt sinh trong P, va viw # & nén ludt sinh nay
ciing thuoc P’.

Gid sir két qua ding ti z -1(i>1)

XétA = X X5 .. X, =' Gw Ta viét w = WIW ... W, S0 cho \7j’,Xj:.>*wj.

Néu w; Zeva X; la bién thi theo gia thiét quy nap, ta co X; =6 w; (Vi dan
xuatX = w; €O it hon i budc). Néu w; = gthi X; la bién rong vay A — P> ...p, la
mot luat sinh trong P', trong dé f; = X; néuw; #eva ff = &néu W= &

Viw #gnén khong phdi tat ca ﬁj la & Vay, ta co dan xuat

A = Bifs ... B, =" wifs ... B, =" wwfs P = ... =" WiWy ... W, = W trong
G

Chi néu: Gid sir A ='Gw. Chdc chdn rang w = &vi G’ khéng c6 ludt sinh &.
Ta quy nap theo i rang A =g w.

Néu i = 1: Ta thdy A — w la mét ludt sinh trong P’, do dé ciing phdi c6 ludt
sinh A — w trong P sao cho bang viéc loai b6 cdc ky hiéu rong trong a, ta cé w. Vay,
6 ton tai dan xudt A = o :;G w, trong do o ="w lién quan dén cdc dan xudt € tir
cdc bién réng ciia a ma ching ta da loai bé khéi w.

Gid sir két qua ding téii- 1 (i >1)

Xet A =6 XX ... X, :,>i_1G~w. Phdi co ludt sinh A — Btrong P sao cho X, X,

.. X, tim duwoc khi loai bé cdc bién rgng cua fp. Vay A :>*G X X5 ... X, (chirng minh
twong tw nhw & trén). Ta viétw = ww, ...w, sao cho Vj ta c6 X =" w; (bang it hon
i buoc). Theo gia thiét quy nap X = "o Wy néu X la bién. Néu X;la ky hiéu két thiic
thi w; = X;va X; = ij la hién nhzen Viy A = "6 w.

Cuoz cung ta ap dung b6 dé 2 vao G’ ta thu dwoc G’ khéng ¢ ky hiéu vé ich.
Vi bé d@é 1 va bé dé 2 khéng dwa ra thém ludt sinh méi nao nén G’ khéng c6 chira ky
hiéu la bién réng hay ky hiéu vé ich.

Hon nita S =" w néu va chi néu S = g w. Viy L(G’) = L(G) - {&}.

Thi dy 5.10 : Loai bé luat sinh € trong van pham sau :

S — AB

A —>aAle

B—>DbB|e
Trudc hét, ta xac dinh tip cac bién rdng trong vin pham: A, B 13 cac bién rdng vi co
cac luat sinh A -> ¢ va B — ¢. S cling la bién rong vi c6 luat sinh S - AB véi A, B
déu 1a cac bién rong.
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= Tap bién rong Nullable = {A, B, S}

Theo quy tac xay dung tap luat sinh P’ trong dinh 1y , ta ¢ tap luat sinh mai nhu sau :
S—>AB|A|B
A —>aAla
B— bB|b
Luuy rang van pham méi G’ khong san sinh ra €, trong khi G lai ¢6 sinh ra tur rong €.
Vay mubn c6 mot vin pham thyuc sy twong dwong véi van pham G thi ta phai bd sung
thém luat sinh S — ¢ vao tap luat sinh cia G’. Ta c6, van pham G’ twong duong G.

2.3. Luat sinh don vi

Mot luét sinh c6 dang A > B véi A, B déu 12 bién got 1a luat sinh don vi.

PINH LY 5.4 : Mdi CFL khong chira € dwoc sinh ra béi CFG khong c6 ky hi¢u
v6 ich, luat sinh € hodc luat sinh don vi .

Chirng minh

bat L 1a CFL khong chira € va L = L(G) vo1 G (V, T, P, S) 1a mét CFG nao do.
Theo dinh 1y 3 ta c6 thé gia sit G khong c6 luat sinh &. Xay dung tap hgp méi P> gdm
cac luat sinh ttr P nhu sau:

Pau tién dua cac luat sinh khong 12 luét sinh don vi vao P’.

Sau d6, néu c6 luat sinh don vi dang A = B v6i A, B € V thi thém vao P’ tat
ca cac luat sinh dang A — o, vd1 B— a khong phai 1a luat sinh don vi cua P.

Chit Y rang ta cé thé dé dang kiém tra c6 hay khong A =" B vi G khéng ¢ ludt sinh
evinéud =B, =¢B,.. =B, =¢B (trong do mot vai bién nao dé cé thé xudt
hién 2 ldn) thi ta cé thé tim mot chudi rut ngcfn hon A = *G B, vi vdy ta chi xét cac
ludt sinh don vi khéng cé bién ldp lai.
Bay gio ta swa lai van pham G’ (V T, P S). Chac chan rang néu A - la mot luat
sinh trong P’ thi A = g a. Viy neu 6 dan xudt trong G’ thi ¢6 dan xudt trong G. Gid
st rang w € L(G). Xét dan xudt trdi ciia w trong G:

S:)G o)y =g 0 =2¢... =2>c0, = W.
Néu 0 <i < n thi néu trong G cé a; = o+, bang ludt sinh khéng la ludt sinh don vi
thi trong G’ ciing co o =G @) khong la ludt sinh don vi. Gia su o = bc%ng
ludt sinh don vi, nhung budc dén xudt truée dé o ; = a; khong phai bcfng luat sinh
don vi hodc i = 0. Va chudi dan xudt trong Gtw &+ | =6 O+ 2 =G... =26 O tat ca
déu bcing ludt sinh don vi, con tir oy = ¢ &+ khong la ludt sinh don vi thi ta thd'y tat
ca cac o, Oy, ..., a;S€ co cung do dai va vi chudi dan xudt la dan xudt trdi nén céc
ky hiéu thay thé phai ¢ cung mot vi tri. Do vay, tai vi tri nay o = g 0y bcfng mot
luat sinh nao do thuoc P’- P hay co nghia la mot ludt sinh khong thuéc van pham G.
Piéu nay sinh ra mdu thuan. Viy L(G) = L(G").
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Ta con co G’ khong co chwa ludt sinh don vi (theo chung minh trén) nén G
ciing sé khong chura ludt sinh don vi (do G < G').

Viéc dp dung bé dé 1, bo dé 2 dé loai cdc ky hiéu vé ich khéng dwa ra thém
ludt sinh nao chung to G khong chira ky hiéu vo ich.

Vay, két qua ta dwoc mot van pham thoa diéu kién dinh y.

Thidy 5.11 : Loai bo céc luat sinh don vi trong van pham sau :

E—> E+T|T
T—> T* F|F
F—> (E)|a
Goi tap Ay = {B | A =" B}, xét c4c bién trong vin pham, ta c6
Ag={E,T,F} Ar={T,F} Agp={F}

Vay tap luat sinh mai, theo dinh 1y s€ chira cac luat sinh khong 1a luat sinh don
vi trong P, bd sung thém cac luat sinh méi thay cho luat sinh don vi nhu sau :
E—> E+T|T*F|(E)]|a
T—>T*F|(E)|a
F—> (E)|a

III. CHUAN HOA VAN PHAM PHI NGU CANH

Phan nay sé& gi6i thiéu hai dinh 1y ding chuan hoéa CFG vé mdt trong hai dang chuan
Chomsky va Greibach.

3.1. Dang chuan Chomsky - CNF (Chomsky Normal Form)

DPINH LY 5.5 : (Dang chudn Chomsky, hay CNF )

Mot ngdn ngir phi ngir canh bat ky khong chira € déu dwoc sinh ra bing mdt vin
pham nio d6 ma cac luit sinh cé dang A — BC hoic A — a, v6i A, B, C 1a bién
con a la ky hi¢u két thuc.

Chirng minh

bit G la CFG sinh ra CFL khong chura €. CFG tuong duong c6 dang chuan Chomsky
co thé xay dung tir G theo giai thuat sau :

Buwéc 1 : Thay thé tdt cd cdc ludt sinh ¢é @6 dai vé phai bang 1 (ludt sinh don
vidang A — B, voi A, B la bién )
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Theo dinh ly 4.4, ta c6 thé tim dugc CFG tuong duong G(V, T, P, S) khong
¢06 luat sinh don vi V,é, luat sinh €. Vay néu luét sinh ma vé phai chi c6 moét ky hiéu thi
do6 phai 1a ky hiéu két thuc va luat sinh nay 1a luat sinh c6 dang ding trong dinh ly.

Budc 2 : Thay thé cdc ludt sinh c6 dé dai vé phdi >1 va c6 chira ky hiéu két
thuc.

Xét luat sinh trong P c¢6 dang A - XX, ... X, (m >1). Néu X; 1a ky hiéu két
thiic a thi ta dwa thém mot bién méi C, va luat sinh méi C, — a. Thay thé X; béi C,,
goi tap cac bién méi 1a V’ va tap luat sinh méi 1a P°.

Xét CFG G, (V°, T, P’ S). Néu o =at B thi a= GzB Vay L(G)) < L(Gy). Ta
chitng mznh quy nap theo sé bude dan xudt rang néu A =" g, w, v6i A e Vvaw € T
thi A :.5 GI W.

Két qua hién nhién véi 1 bude dan xudt.

Gia sir két qua diing t6i k bude dan xudt.

Xét A =G> w bang k +1 bude dan xudt.

Bude dau tién ¢6 dang A > BB, ... B,, (m > 1). Ta co thé viet w = ww, ...w,,
trong do B; :,>*G2 w, 1 <i <m. Néu B; la ky hiéu két thiic a; nao dé thi w; la a;. Theo
cach xdy dung P’ ta co ludt sinh A - X X;... X,, cua P trong do X; = B; néu B; €V va
X; = a; néu B; €V’- V. Véi B; € V, ta da biét rdng ¢6 dan xudt B; :,>*G1 w; bcing it hon
k buoc, do vay theo gia thiét quy nap X; :;G 1w Vay A :;G 1 W

Ta di ¢é két qua la mot CFL bat ky dwoc sinh ra tir mot CFG ma moi ludt
sinh co dang A — a hoac A - B;B,... B,, (m =>2) voi A, By, ... ,B,, la cac bién va a la
ky hiéu két thic. Ta sira G, bcing cach thém vao P’ mét s6 ludt sinh.

Buwéc 3 : Thay thé cdc ludt sinh ¢é dg dai vé phdi > 2 ky hiéu chira két thiic.
Xét luat sinh trong P’c6 dang A — BB, ... B,, (m > 2) . Ta thay bang tip hop
cac luat sinh : A — B|D,
D1 —> B2D2

Dm-3 _>Bm-2Dm-2
Dm—Z_)Brn—lBrn

bat V>’ 1a tap cac bién méi, P>’ 1a tap cac luat sinh méi va van pham méi Gy
(V>’, T, P, S). Ta c6 G; chira cac luat sinh thod man dinh ly.

Hon nita, néu A = g, B thi A = g3 B, viy L(G,) < L(G;). Nguoc lai ciing
dung tic 13, L(G3) < L(G,). Chung ta cling da c6 L(G,) < L(Gy) va L(G)) < L(Gy).
Vay Gs 1a van pham thoa man dang chuan CNF.

Thidy 5.12 : Tim van pham c6 dang CNF tuong duong van pham sau :

S - A|ABA
A— aAla|B
B — bB|b
Budc1:  Thay thé cac luat sinh co d dai vé phai = 1 (luat sinh don vi)
Goi tap Ay = {B| A =" B}, xét cic bién trong vin pham, ta co :
As={S,A,B}
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A A~ { A, B}
Ap={B}
Vay tap ludt sinh méi, theo dinh 1y s& chira cac luat sinh khong 1a luét sinh don
vi trong P, bo sung thém céac luat sinh méi thay cho luat sinh don vi nhu sau :
S — aA|a|bB|b| ABA
A— aAla|bB|b
B— bB|b
Budc?2:  Thay thé cac luat sinh c6 do dai vé phai > 1 va c6 chira ky hiéu két thuc.
Ta théy, a va b déu xuat hién & vé phai mot s6 luat sinh, do do ta tao thém 2
bién méi C,, Cy va 2 luat sinh méi C, > a va C, > b.
Vién pham tuong duong c6 tap luét sinh nhu sau :
S > C,Ala|C,B|b|ABA
A—> CA|a|CB|b
B—> CB|b
C,—a
Cb —b
Budc 3 : Thay thé cac luat sinh c6 d6 dai vé phai > 2
Chi con duy nhat mot lut sinh can xét & budc nay : S — ABA va tap luat sinh
moéi duoc thay thé c6 dang nhu sau :
S > C,Ala|CyB|b| ADy
A—> C,A|a|CyB|b
B - C,B|b
C,—a
Cp—b
D1 - BA
Cudi cung, ta s& thu duoc van pham c6 dang chuin Chomsky nhu trén tuong
duong véi van pham da cho.

3.2. Dang chuin Greibach GNF (Greibach Normal Form)

Ta goi ludt sinh véi bién A & bén trai 1a A - luét sinh.

BO DE 3 : (Diing thay thé cdc ludt sinh tryc tiép)

Cho G (V, T, P, S) 1a m¢t CFG, dat A — a,Ba, la luit sinh trong P va B — f3; |
By | ... | Br 12 cac B - luit sinh; vin pham G, (V, T, P;, S) thu dwoc tir G bing
cach loai b6 luit sinh A — o;Ba, va thém vao luat sinh A - o0, | o200, | ... |
aBra; thi L(G) = L(Gy)

Chirng minh

. Hién nhién L(G;) < L(G) vi néu A — o;Bio, duoc dung trong din xuét cta
G, thita dl‘ll’lg A = o Bay, =g OLlBiOLQ
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.Pé chira L(G) c L(G)) ta can chu v rﬁng A = a,Bay, 12 luat sinh trong P - P,
(c6 trong G va khéng co trong G,). Bat cir khi nao luat sinh A — a,Ba, duge ding
trong dan xuét ctia G thi phai viét lai tai budc sau do dung luat sinh dang B — f3;. Hai
budc din xuat nay cé thé duge thay thé bang mot budc dan xuat duy nhat, hay :
{ A — aBa, P A =1 0(.1[310(,2
B—> Bi
Vay L(G) = L(Gy)

BO BE 4 : (Ding logi bé ludt sinh dang dé quy trdi trong vin pham)

bat G (V, T, P, S) 1a CFG; A > Aa, | Ad; | ... | Ao, 1a tip cac A - luét sinh c6 A
12 Ky hiéu trai nhit ciia vé phai (luit sinh dé quy trai). Pat A —> B | B2 | ... | Bs 12
cac A - luat sinh con lai; G, (V U {B}, T, Py, S) 1a CFG dugc tao thanh bang cach
thém bién méi B vao V va thay cac A - luit sinh bang cac luét sinh dang:

1) A > B; }
A>BBJS  véil<i<s
2) B — q;

B—)aiB} voi1<i<r
thi L(G) = L(Gy).

Chirng minh

Trong mot chudi dan xuat trai, mot chudi luat sinh dang A — Aq; phai két
thuc bang A — B;. Tuc la:

A= Aocll = Aoclzocll = .= AOLlpoclp 1.0 = Bjoclpoclp 1.0l

Chudi dan xuit trong G c6 the thay bang chudi dan xuat trong G, boi :

A = B;B= BjoipB = BijtipQip-1...B = ... = Bi0ipQip.1...0ixB

) ) , = Bjaipaip-l N0 T
Su chuyén do1 nguoc lai cling cé thé duoc.
Vay L(G) = L(Gy).

PINH LY 5.6 : (Dang chudn Greibach, hay GNF )

MJdi CFL bt ky khong chira € dwoc sinh ra béi mét CFG ma mdi luit sinh cé
dang A — ac v6i A 12 bién, a 1a mot ky hiéu két thic, va o 13 mét chudi cac bién
(c6 thé rong).

Chirng minh

Buéce 1: Dat G la CFG sinh ra CFL khong chtra e. Xay dyng van pham tuong
duong G’ ¢6 dang chuan Chomsky.

Buréc 2: Ddi tén céc bién trong tp ctia G’ thanh A, A, ..., A (m > 1) v6i A,
1a ky hiéu bat dau. Pat V= {A}, A,, ..., A,
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Buéc 3: Thay thé cac ludt sinh sao cho néu A; — A; iy la mot ludt sinh thij > i

Bit dau tir A, va tién t&i A, ta thay thé cac A, - luat sinh :

Néu A, — Ajy la luét sinh v6i j <k: sinh ra mot tap luat sinh moi bang cach
thay thé A; bén vé phai cia mdi A; - luat sinh theo bo dé 3. Lap lai khong qua k - 1 lan
ta thu duqc tap luat sinh dang Ay — Ay véil > k.

Sau do, cac luat sinh voi 1 = k dugc thay thé theo bo dé 4 béng cach dua vao
céc bién moi By.

Giai thuét cu thé nhu sau:

Begin

(1) Fork :=1 to m do begin

(2) forj:=1tok-1do

3) for Mbi luat sinh dang A, — Ao do

begin
(4) for Tat c4 luat sinh A; — B do
(%) Thém luat sinh Ay = Ba;
(6) Loai bo luat sinh Ay — Aja
end;
(7)  for Mbi luat sinh dang A, — Ao do
begin

(8) Thém cac luat sinh By — a va By — aBy;
9) Loai bé luat sinh Ay > Ao
end;
(10) for Mbi luat sinh A, — B trong d6 p khong bat dau bang A, do
(11) Thém luat sinh A, — BBy
end;
end;

Bang cach lip lai budc xur 1y trén cho mdi bién nguodn, trong P chi chira cac
luat sinh c6 dang nhu sau :

2) Aj—> ay voiae T
3) B>y ye (VU {B,B,,..,Bi.i})

Buwéc 4: Thay thé cdc A; - ludt sinh vé diing dang.

Goi V’ 12 tap bién mdi phat sinh sau budc 3.

Chu ¥ rang ky hiéu trai nhat cua vé phai trong mot luat sinh bat ky d6i véi bién
A phai la mot ky hiéu két thuc, vi A, 13 bién c6 chi s6 cao nhat. Ky hiéu trai nhat
clia vé phai cia mot A, ;- luat sinh bat ky phai 1a A,, hodc mot ky hiéu két thuc. Néu
la A, ta tao ra tap luat sinh moi bang cach thay thé A,, boi chudi vé phai cua cac A, -
luat sinh theo bo dé 3. Tiép tuc qua trinh nay cho cac luat sinh tir A5, ..., A, A; cho
t61 khi vé phai ctia tat ca cac A, - luat sinh c6 dang bat dau bang mot ky hiéu két thuc.

Buwéc 5: Thay thé cdc By -ludt sinh vé ding dang.
Budc cudi cung, ta khdo sat cac luat sinh véi tap cac bién méi By, B, ..., By,
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Vi ta bat du tir vin pham di c6 dang chuan Chomsky, nén dé dang chung
minh quy nap theo s lan 4p dung bo dé 3 va bd dé 4 rang vé phai cia mdi A; -luat
sinh, véi 1 < i < n, bat dau bang ky hi¢u két thiic hodc AjAx v0i ], k nao do. Vay a
(trong bude (7)) khong khi nao co thé rong hodc bat dau bang mot B; khac, hay tat ca
B; - luat sinh déu co v€ phai bt dau bang ky hiéu két thiic hodc A;. Mot 1an nira, lai
ap dung bd dé 3 cho mdi B; - luat sinh.

Ta thu dugc tap luat sinh trong van pham sau cung thoa ding dang chuén
Greibach.

Thi dy 5.13 : Tim van pham c6 dang GNF tuong duong van pham G sau :
A1 - A2A1 | A2A3

Az - A3A1 | a
A3 - AzAz | b
Bude 1 : G thoa dang chuan CNF sinh ra CFL khong chta €
Budc 2 : TacoV=1{A Ay, ..., A3}
Budce 3 : Thay thé céc luat sinh sao cho néu A; — A; v 1a mot luat sinh thi j > 1.

Ta thiy trong tap luat smh cac luat sinh cho A1 va A2 d3 thoa diéu kién j > i.
Chi c6 luat sinh Ay — A,A, can sira di. Ap dung bd dé 3 dé thay thé luat sinh nay, ta
co: A3 - A3A A, | aA,

Sau do, dung bo dé 4 dé loai bo dé quy trai, ta dugc tap ludt sinh mai c6 dang
nhu sau :

A1 —> A2A1 | A2A3

A, & A3A, | a

A; > 3A2|b | 3A2B|bB

B — A1A2 | AlAzB
Budc 4 : Thay thé cac A, -luat sinh vé dung dang.

O budc ndy, ta c6 thé thiy tit ca cac A; - luat sinh d3 c6 dang chuan. Tiép tuc,
ap dung bo dé 3 dé thay thé cac A; - luét sinh vao A,, A, thu dugc tap luat sinh moi
nhu sau:

A; > aAA A | bA1A1 | aA,BA A, | bBA1A1 | aA1|
aA2A1A3 | bA1A3 | aAzBA1A3 | bBA1A3 | aA3
Az - aA2A1 | bA] | aAzBA1| bBA1| a
A; > 3A2|b | 3A2B|bB
B — A1A2 | A1A2B
Budc 5 : Thay thé cac By - luat sinh vé diing dang.
B — aA2A1A1A2 | bA1A1A2| aA2BA1A1A2 | bBA1A1A2| aA1A2
‘ aA2A1A3A2 | bA1A3A2 | aAzBA1A3A2| bBA1A3A2 | aA3A2
| aAzAlAlAzB | bA]A]AzB | aAzBAlAlAzB | bBAlAlAzB | aAlAz B
| aA2A1A3A2B | bA1A3A2B | aAzBA1A3AzB | bBAlAgAzB | aA3A2B

Cubi cung, ta thu duoc van pham c6 dang GNF véi 39 luat sinh.
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IV. TINH CHAT CUA NGON NGU PHI NGU CANH

Ciing nhu 16p ngdn ngit chinh quy, c6 mot vai tinh chit gitip xac dinh mot ngdn ngir
c6 thudce 16p ngdn ngilr phi nglr canh hay khong ?

4.1. B6 dé bom ddi véi CFL

(Dung chirng minh mot ngon ngit khong la ngon ngir phi ngiv canh)

Cho L 132 mdt CFL bit ky, ton tai mét sé n chi phu thudc vio L sao cho néu z € L
va | z | 2 n thi ta c6 thé viét z = uvwxy sao cho:
D|vx|21
2)|vwx |<nva
3)Vi=0: uviwxiy e L
Chirng minh

bat G 121~V€1n pham c6 dang chuan CHOMSKY sinh L- {e}. Chl y rang néu z € L(G)
va cay dan xuat khong co duong di dai hon 1 thi chu6i sinh ra tir van pham c6 d¢ dai
khong dai hon2 '™
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S

N\

O

C{\

é T,
A
Z> Z4
7= u W X Yy

Hinh 5.5 - Cdc budc dan xudt trong chirng minh B6 dé bom

O+ = -0

=

v

Gia st G ¢6 k bién, ta ditn =2 Néuz € L(G) va | z|>nthi| z|>2"", vay c¢6
mot duong di nao d6 trén cay dan xuit c6 do dai 1on hon hodc bang k+1. Nhu vay
duong di d6 s& c6 it nhat k+2 dinh, hay c6 it nhat k+1 bién trén dudng di (chi c6 nut
14 m&i c6 thé khong 1a bién), suy ra phai c¢6 bién xut hién hai 1an, hon nita ta phai c6:

1) C6 hai dinh v, va v, c6 cung nhan 1a A

2) Pinh v, gan gdc hon v,

3) Phan duong di tir v, t&i 14 c6 d6 dai nhiéu nhit 1a k+1 (di tir 14 1én t6i gbc
theo dudng di, chi c6 14 mai c6 thé 1a ky hiéu két thuc vi vay trong k+2 dinh dau tién
phai c6 it nhat k+1 bién va phai c6 it nhat hai bién trung nhau)

Xét cay con T, c6 dinh 1a v, biéu dién dan xuét cua chudi con c6 do dai khong
qua 2" (vi trong cdy con T, khong c6 duong di ndo c6 do dai vuot qua k+1). Dit z, 1a
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chudi sinh ra tir cay T;. Ta goi T, 1a mdt cdy con c6 nit goc 13 v,, 16 rang T, 13 ciy
con cua T;. Gia st T, sinh ra chudi z, thi ta c6 thé viét z; = z32,z,. Hon nita z; va z4
khong thé dong thdi bang € vi lut sinh dau tién trong cay din xuat caa T; 1a A — BC
v6i bién B, C nao d6. Cay con T, phai thudc vao ciy con sinh bdi but bién B hodc ciy
con sinh bai nut bién C. Ta ¢6 :

A= GZ3AZ4V3A:> Gzztrongdo | 737774 | <2 =n.

VayA:> G zZ3' 2224 , Vi>0.

Hién nhién chudi z = UZ37,24y, VGi cac chudi u, y nao do.

Néu dat z; = v, zy=w va z, = X, thi ta s€ hoan thanh viéc ching minh.

I’J’ng dung b6 dé bom
Thi dy 5.14 : Chimng minh L = {a'b'c' | i > 1} khong phai 12 ngon ngir phi ngit canh.
Chirng minh

Gia sir L 12 ngdn ngit phi ngit canh, khi d6 co ton tai s6 n (theo bd dé bom).

Xét chudi z = a"b"c" voi | z | > n, ta ¢ thé viét z = uvwxy thoa man bo de.

Ta thiy vx nam trong a"b"c" va | vwx | <n, vay vx khong thé chira ca ky hiéu a
va ky hiéu ¢ (do sau ky hi€u a bén phai nhat n+1 vi tri méi dén vi tri cua ¢ bén trai
nhat). Neu vx chi cé chua ky hiéu a, thi chudi uwy (trudng hop uv'wx'y véi i = 0) s&
co chura sO ky hiéu b va ¢ it hon s6 ky hiéu a vi | vx | > 1. Vay uwy khong c6 dang
alb'c!. Tuong tu cho cac trudng hop chudi vx chi chira ky hiéu b hay c. Con néu trong
vx ¢ chira ky hiéu a va b thi chudi uvy s& ¢6 chira sé ky hiéu ¢ 16n hon a va b, nén nd
cung khong thé thudc L. Cung tu:ong tu cho truong hop vx chura hai ky hiéu b va c.
Cudi cung, ta suy ra chudi uv'wx'y & L, vi céc ky hi€u a, b, ¢ trong ching khong thé
bang nhau voi moi i. Ma theo gia thiét ctia bd dé bom, chudi nay phai thudc L, mau
thuan.

Vay L khong thé 1a CFL.

Thidy 5.15 : Ching minh L = {a'blc'd’ | i, j > 1} khong phai 14 ngdn ngit phi ngit
canh.
Chirng minh

Gia sir L 12 ngon ngit phi ngit canh, khi dé co ton tai s6 n (theo bd dé bom).

Xét chudi z = a"b"c"d" véi | z | > n, ta c6 thé viét z = uvwxy thoa mén bd dé.

Ta thay vi vx nam trong a"b"c"d" va | vwx | < n, nén vx khong thé chtra it nhat
hai ky hiéu khac nhau. Hon nita, néu vx c6 chira hai ky hiéu khac nhau, thi chiing
phai 12 hai ky hiéu lién tiép ding canh nhau, ching han a va b. Néu vx chi c6 chua ky
hiéu a, thi chudi uwy sé co ) ky hiu a it hon ) ky hi€u ¢ nén khong thudc L, mau
thuan. Tuong tu v&i trudng hop chudi vx chi chira ky hidu b, ¢ hodc d. Bay gio gia su
chudi vx c6 chira a va b thi vwy van c6 sd ky hiéu a it hon c. Mau thuin tuong tu
cling xuét hién khi chudi vx c¢6 chira b va ¢ hodc ¢ va d. Vi chi c6 thé c6 mot trong cac
truong hop niy nén ta co thé két luan rang L khong thé 1a CFL.

Cau hoi :
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? Hay so sanh géc‘yéu t6 rang budc trong phat biéu Bo dé bom cho ngén ngir phi
i ngilr canh va B6 dé bom cho ngdn ngtr chinh quy ?

4.2. Tinh chat déng ciia CFL

PINH LY 5.7 : CFL d6ng v6i phép hop, phép ndi két va phép bao déng Kleene.

Chirng minh

Dat L] va Lz la halﬁ CFL sinh bo1 cac CFG G1 (Vl, Tl, Pl, Sl) va Gz (Vz, Tz, Pz, Sz) ,
Vi céac bién co thé doi tén ma khong anh hudng td1 ngdén ngit sinh ra nén ta c6 thé
xem tap V| va V, la rd1 nhau. Ta cling gia st cac bién moi S3, Sy, Ss ¢ V; hoac V,

. Dél Vo1 L1 O LzZ Xéy dung van pham G3 (Vl Y Vz O {S?)}, Tl O Tz, P3, S3),

trong d6 P; =P, U P, U {S; > S| S,}.
Néuw € L, thi dan xudt S; =¢; S, :,>*G1 w la mot dan xudt trong Gs (vi moi ludt sinh
trong G, ciing la ludt sinh trong G3). Twong tw moi chudi trong L, ¢6 dan xudt trong
G3 bdlt a"a”‘u bdng S3 :>S2. de L] ULZ QL(Gg)

Nguwoc lai, néu w € L(G3) thi dan xudt S; = g3 w phdi bdt dau bang S; — S; hodc S;
— S,. Tire la dan xudt ¢6 dang S; =¢3 S :,>*G3 w hodac S; =¢3 S> :,>*G3 w. Trong
truong hop thir nhdt, do V; va V, roi nhau nén chi ¢é cdc ky hiéu cua G, xudt hién
trong dan xuat S, :,>*G3 w. Vi trong cdc ludt sinh cua P; chi co chira cac ky hiéu thugc
G, va nam trong tap ludt sinh P;, nén ta co thé két ludn chi cé nhitng ludt sinh thuoc
P; dvoc dung trong dan xudt S, :>*w w. Vi thé S, :>*G1 wvaw € L, Twong tw cho
truong hop déan xudt S; =3 S,, ta ciing co w € Ly. Vay L(G3) < L; U Ly, va vi thé
L(Gg) :Ll ULQ.
Vay ta da ching minh xong L(G;) =L; UL, hay L; UL, la CFL.

. Péi v6i L L, : Xay dung van pham G4 (V, U Vo U {S4}, Ty U Ty, Py, Su)
trong do P,=P,UP,uU {S4 —> S]Sz}.

Churng minh twong tw nhw trén ta co L(Gy) = L,L,, vay L,L, ciing la CFL.

.DPbivéi L, : Xay dung van pham Gs (V; U {Ss}, T, Ps, Ss),
trong do Ps=P, L { Ss > S;S;5 | 8}.

Ta ciing dé dang chitng minh dwoc L(Gs) = (L(G,)".

PINH LY 5.8 : CFL khong déng véi phép giao

Chirng minh

Ta da biét ngdn ngit L; = {a'b'c' | i > 1} khong 1a CFL. Ta c6 thé chimg minh :
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L, = {a'b'c’|i>1vaj>1} 1a CFL vi L, dugc sinh béi van pham :
S— AB
A — aAb|ab
B—>cBjc
= {a'b'c [i>1vaj>1} ciing la CFL vi Ly duoc sinh tir vin pham :

S—-CD
C—aC]la
D — bDc | bc

Tuy nhién L, n Ly = L, khong phai la CFL.

Vay CFL khong dong véi phép giao.

Hé qui: CFL khong dong véi phép 1y phan bi.
Chirng minh

Gia st CFL dong v&i phép lay phan bu, vay véi L, L, 1a hai CFL bat ky, theo quy

luat DeMorgantacé L, N L, = L, UL, nén L, N L, la CFL hay CFL ciing dong
v6i phép giao. ( Diéu nay mau thuin voi dinh 1y 6.6)

Cau hoi :

? Hay so sanh céc tinh chat dong cta 16p ngdn ngit phi ngit canh voi 16p ngdn ngir
i chinh quy ?

V. CAC GIAI THUAT QUYET PINH CFL

Co6 mdt vai cau hoi vé CFL ma chung ta can phai tra 1o1. Chéng han, liéu mot ngdn
ngit phi ngit canh cho trudce 1a rong, hitu han hay v6 han hay mot chudi nao d6 lidu c6
thudc ngdn ngit nay khong ? Tuy nhién, ciing c6 nhitng cau hoi vé CFL ma khong co
giai thudt nao dé co thé tra 10i. Chang han, liéu hai CFG thi c6 twong duong nhau, hay
phan bu ciia mot CFL c6 1a CFL hay khong, hodc mot CFG cho trudc nao dé co phai
1a van pham mo hd ? Trong phan nay, chung ta chi dua ra giai thuat cho mot sb céac
cau hoi c6 thé tra 10i.

5.1. Giai thuat xac dinh ngon ngir phi ngir cdnh

PINH LY 5.9 : Ton tai giai thuit dé xac dinh CFL la: rong, hiru han, vé han.

Chirng minh

86



Chwong V : Van pham phi nglr canh

Véivan pham G (V, T, P, S) :

. Bé kiém tra L(G) c6 rong hay khong, ta dung bd dé 5. 1: RS rang L(G) khéng
rong khi va chi khi S sinh ra mot chudi ky hiéu két thuc nao do.

. Bé kiém tra L(G) hitu han hay v6 han, ta ding dinh 1y 5. 5 dé tim vin pham
tuong duong G* (V°, T, P’, S) ¢6 dang chuan CHOMSKY va khong c6 ky hiéu vo ich
sinh ra L(G) - {&}. L(G) htru han khi va chi khi L(G”) hitu han.

Pé kiém tra tinh htru han cua CFG co6 dang chuan CHOMSKY, ta chi cin v&
d6 thi ¢6 huéng vi mdi dinh trén d6 thi 1a mot bién thudc van pham va canh tir A dén
B néu va chi néu co luat sinh A — BC hodc A — CB véi bién C bét ky. Khi d6, ngoén
ngit sinh ra 1 hitu han néu va chi néu d6 thi khong c6 chu trinh. Vi :

Néu do thi c6 chu trinh, gia st chu trinh 1a Ag, Ay,... , An, Ao thi s& c6 chudi
din xuit: A, = oA = 0AB; ... = A AP = Ot Aanﬂ, trong do a, Bl la
chudi cac bién va | aif3i | = 1. Vi khong co6 ky hi¢u vo ich nen = W VA Bn+1:> X
v6i moi chudi w, x 1a cac chudi ky hiéu két thic va d6 dai tong cong it nhat bang n+1.
Vin >0, nén w va x khong thé dong thoi bang e.

Ké tiép, cling do vin pham khong c6 chira ky hi€u vo ich nén ta co thé tim
duoc cac chudi y, z sao cho S = yAoz va chudi ky hiéu két thic v sao cho A, ="v.
Vay Vitaco: o o

S =" yAz= ywAxz = yszoxzz = .= yWIAQxlz .:>* ywlvwlz.

Vi | wx | > 0, nén chudi yw vw z khong thé bing yw'vw'z néu i # j. Vay van
pham sinh ngdén ngir vo han.

Nguoc lai, gia su dd thi khong c6 chu trinh. Ta goi hang cta bién A 1a do dai
16n nhat ctia duong di bat dau tir A. Vi khong c6 chu trinh nén A s& c¢6 hang hitu han.
Néu A — BC 1a mdt luat sinh thi hang ctia B va C phai nho hon hang cta A. Ta
chtrng minh quy nap theo r (hang cua A) rang khong c6 chudi ky hiéu két thiic ndo co
d6 dai 16n hon 2"

Véir = 0: hang ciia A bang 0, viy khong c6 canh tir A. Do d9, tat ca cac A -
luat sinh déu c6 dang A — a, hay A dn ra chudi c6 do dai1=2°.

Xét r > 0: néu ta dung luat sinh A — a thi dan ra chudi chi c6 do dai 1, néu
dung luét sinh A — BC thi vi B, C ¢6 hang i hon hoic bang r -1 nén theo gia thiét quy
nap B, C dan ra chudi c6 d6 dai ngan hon 2" . Vay BC khong thé dan ra chudi c6 do
dai 16n hon 2". Gia sir S ¢6 hang 1a r, thi cac chudi do S sinh ra c6 d6 dai khong qua
2. Vi thé suy ra ngon ngit 1a hiru han.

Thidy 5.16 : Xét van pham G chtra cac luat sinh sau :
S —> AB
A—>BC|a
B—>CC|b
C—a

Ta thay van pham G c6 cac luat sinh da thoa dang chuan Chomsky.

. Pé kiém tra tinh réng ctia vin pham, ta 4p dung B6 dé 5.1 1én tip bién V dé
tim tap bién m&i moi V, chi chtra cc bién c6 kha ning din ra chudi ky hiéu két thuc
trong van pham :

Tac6:V,={A,B,C,S} viA—>a,B—>b,C—>avaS—>AB
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Hay S € V; c6 nghia 1a S c6 thé sinh ra cac chudi ky hiéu két thuc. Vay ngon
ngit sinh béi vin pham G : L(G) khong rong.

. Bé kiém tra tinh hitu han cta vin pham, ta v& do thi c6 hudng twong tmg véi
cac luat sinh trong van pham nhu sau :

SN

Hinh 5.6 - D6 thi ¢6 hudng tirong g

RO rang, ta théy dd thi khong c6 chu trinh. Hang cua S, A, B, C lan luot 1a 3, 2,
1 vao. Chéng han, mdt duong di dai nhattrS1aS—> A > B - C. Vay van pham
ndy 13 hitu han, né sinh ra hiru han chudi va o dai cac chudi khong 16n hon 2} =38.

Thuec té, chudi dai nhat dan xuat duge tir Sla:

S = AB = BCB = CCCB = CCCCC =" aaaaa ,voi d0 dai chudi 1a 5.

Néu ta thém vao vin pham mdt luat sinh méi : C — AB, thi dd thi co huodng
twong ung luc do c6 dang nhu sau :

A

A » B

Hinh 5.7 - Dé thi ¢ hudng tiwong vmg vin pham bé sung

Do thi méi nay c6 nhiéu chu trinh, ching han A - B — C — A. V4y ta phai
tim dugc mot dan xuit dang A =" o3AB; , cu thé 1a A = BC = CCC = CABC,
trong d6 a3=C va p;=BC.ViC = ava BC = banén A = aAba.

Mit khac, S = Abva A =" a,suyra:S = a'a(ba)b, Vi. Viy ngdn ngit sinh
tr van pham méi 1a vo han.

5.2. Gidi thuat thanh vién (Membership)

DINH LY 5.10 : Tén tai giai thuit dé xac dinh v6i mét CFL nao dé sinh ra tir
CFG G(V, T, P, S) va mét chuoi x bat ky thi x cé thudc L(G) hay khong ?

Chiurng minh
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Co6 mot vai giai thuat duoc dé nghi cho bai toan thanh vién nay. Sau ddy trinh bay
mot giai thuat theo vong 1dp don gian, ta goi 1a giai thuat CYK (Cocke-Younger-
Kasami) véi thoi gian ty 18 voi | x [,

Gia st van pham G (V, T, P, S) da c6 dang chuin Chomsky va | x |=n > 1.

Trudce hét, ta Phéi xac dinh yc’ri mdi i, jva mdi bién A, phai chang A =" Xjj , trong do
Xij 1a mot chudi con cua chudi x tinh tir vi tri thir 1 va c6 46 dai j.

Ta chirng minh quy nap theo do dai j :

- Véij=i:taco A= x;khivachikhi A — x;1a mot luat sinh.

- Voi i>ittaco A= xjj khi va chi khi ¢c6 mot luat sinh dang A — BC va
sdk, 1 <k <jsao cho B dan xuét ra k ky hiéu dau tién cia x;; va C dan Xuat
ra j — k ky hiéu cudi cta xjj. Conghia la :

B:>*X1kVaC:> X1+kJ Kk

Vicakvaj—kdéu nho hon j, nén theo gia thiét quy nap ta da xac dinh duoc

liéu hai chudi dan xuat nay co ton tai hay khong ? Thé thi ciing c6 thé c]xac

dinh duoc liéu A =" Xjj hay khong ?
Vi cach thuc hién nhu thé, ta s& xac dinh dugc phai ching S = x,, , nhung x;, = x,
vy x € L(G) khi va chi khi S =" x;,.

Sau day trinh bay giai thuat CYK theo giai thuat trén, trong do Vi la tap hop
tat ca cac bién A sao cho A =" Xij - Chu ¥ rang ta co thé gia thiét 1 <i<n—j+ 1, boi
vi lac d6 chudi con Xjj vO1 do dai j moi thuc sy tdn tai.

Budce (1) va (2) xu ly truong hop j = i. Vi van pham G da cho san, cho nén
budc (2) chiém md thoi gian ¢d dinh. Vay cac bude (1) va (2) chiém thoi gian O(n).
cac Vong lap For & cac dong (3) va (4) lam cho cac budc tir (5) dén (7) lap lai nhiéu
nhat la n’ 1an (do i,  J < n). Budc (5) mdi 1an thuc hién ciing chlem mot khoang thoi
gian ¢ dinh. Vay tong thoi gian dé thuc hién budc (5) 1a O(n). Vong lap For ¢ dong
(6) lam cho budc (7) lap lai n 1an hodc it hon. Vi budc (7) ciing chiém mot thoi gian
co dinh, nén cac bude (6) va (7) gop lai chiém thoi gian O(n). Vl cac budc nay dugc
thuc hién O(n%), nén téng thoi gia thu:c hién cho budc (7) 1a O(n’). Vay thoi gian thuc
hién toan bd giai thuat 1a & cip O(n?).

Giai thugt CYK:

Begin
(1) Fori:=1tondo
(2) Vii = { A| A — ala mot lut sinh va a 1a ky hiéu thir i trong x }
(3) Forj:=2tondo
(4) fori:=1ton—j+1do
begin
(5) Vi :=0;
(6) fork:=1toj-1do
(7) Vi =V { A| A — BC lamot luat sinh, B € Vj,
vaC e Vi+k,j7k }
end;
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End;

Thi dy 5.17 : Cho vian pham G ¢6 dang chuin Chomsky chira cac luat sinh sau :
S - AB|BC
A—>BAja
B—->CC|b
C—>AB]|a

Xét chudi nhap x = baaba.

Bang cac Vj; cho ¢ hinh 5.8 du6i day. Dong dau tién trong bang duoc cho boi
cac budc (1) va (2) trong giai thuat. Vix;; =x4,=bnén V;; =V, ={B} viB1la bién
duy nhét din xuét ra b, con xp; = X33 =X51=a,suyra V,; = V31 =V5.={A,C} vi A
va C c6 cac luat sinh voi a bén vé phai.

b a a b a
1 —>
1 2 3 4 5
i1 B 4, C 4,C B 4,C |

2| 84 B S, C S, 4
3 % B B
4 % S 4,C
5 184¢C

Hinh 5.8 — Bang cac V;

Pé tinh Vij v61 j > 1, ta phai thyc hién vong lap For ¢ budce (6) va (7). Ta phai d6i
chiéu Vy vé6i Vi, K j-k VO1 k 1,2,...,5-1 dé tim bién D trong Vlk va bién E trong
Vit k. j-« sao cho DE la vé phai ctua mot hay nhiéu luat sinh. Cac vé tri cua nhirng
luat sinh d6 duoc dwa vao trong Vj;. Qua trinh dbi chiéu d6 dién ra bang cach giam
dan gia tri cot i, dong thoi ting dan 1én theo dudng chéo qua Vij vé phia phai nhu cac
chiéu miii tén vé& trong hinh 5.9.

Hinh 5.9 — Qua trinh tinh cac V;

Ching han, dé tinh V,,, dau tién ta dbi chiéu V,, = {A, C} v6i V33 = {B}. Ta c6 Vy,
Vi3 = {AB, CB}. Vi c6 cac luat sinh S - AB va C - AB nén S va C dugc dua vao
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V4. Tiép dén ta lai xét V,, Vi = {A}{S, A} = {BS, BA}. Vi ¢6 lut sinh A — BA,
vay ta dua thém A vao V. Cudi cing ta xét Va3 Vs; = {B}{A, C} = {BA, BC} gip
lai cac vé phai da xét, vay khong thé thém gi vao V,, Vay Va, = {S, AC}.

Cubi cung, vi S € Vis5, vy chudi baaba 1a thudc ngon nglr sinh ra bdi van pham da
cho.

Tong két chwong V: Viéc md ta ngdn ngir phi ngit canh bang phuong tién vin pham
phi ngit canh to ra rat hiru hiéu, ciing trong tu nhu viéc sit dung van pham BNF trong
dinh nghia cac ngdn ngir 1ap trinh. Trong chuong ndy, ching ta di khao sat twong ddi
can k& cac phuong tién mod td ngodn ngir cia van pham CFG thong qua cac giai thuat
t6i wu bién, gian luoc, quy chudn va cac tinh chat ctia 10p ngdn ngit ma ndé mo ta. Cau
hoi dat ra tiép theo 14 c6 hay khong mot 16p otomat twong tmg dé nhan dang 16p ngon
ngir phi ngir canh. Nhu ching ta di thiy, 16p ngdn ngir phi ngit canh thyc su chira 16p
ngdn ngit chinh quy trong do, nén 6tdmat hiru han khong thé nhan biét tit ca ngdn
ngir phi nglt canh. Mot cach tryc quan, 6tdmat hiru han c6 bo nhé bi han ché nghiém
ngat, trong khi viéc nhan dang CFL c6 thé yéu cu phai luu trlr mot lugng thong tin
kha 16n. Kha nang cho su mo rong nay sé& dugc ching ta xét dén trong noi dung ciia
chuong tiép theo.
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BAI TAP CHUONG V

5.1. Hay mo ta ngoén nglr sinh bdi cac van pham sau :
a) S— aS|Sb|aSb|c
b) S— SSjal|b
c) S— SaS|b
d) S— aSS|b

e) S —>aA|bB|c
{A—)Sa
B— Sb
f) S - AB
{A—) Sc|a
B—> dB|b
2) {S—) TT
T— aTa|bTb|c

5.2. Hay chi ra m0t van pham phi ngtt canh sinh ra tp hop :
a) Tap hop cac chudi doc xudi doc ngugce nhur nhau trén bo chit cai T = {0,1}.
b) Tap hop chudi cac ddu ngodc dung trong biéu thirc s6 hoc.
¢) Tap hop {a'b'd' | i,j > 0}
d) Tap hop {a"b" | m, n> 0}
e) Tap hop {a'ca | i>j> 0}
f) Tap hop {ablc'd' |i,j > 1}

5.3. Cho van pham G vi cac luat sinh sau :
S — aB|bA
{ A — a|aS|bAA
B — b|bS|aBB
Véi chudi aaabbabbba , hay tim:
a) Dan xut trai nhat.
b) Dan xuat phai nhét.
¢) Cay dan xuit.
d) Van pham nay c6 1a vin pham mo hd khong ?

5.4. Cho van pham G véi cac luat sinh sau :
E—»> T|E+T|E-T
{T—) FITxF|T/F
F—> a|b|c|(E)

Hay vé& cay dan xuat sinh ra cic chuoi nhap sau :

a)a—(bxc/a)
b)ax(b-c)
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c)(a+b)/c

5.5. Cho van pham : S — aSbS | bSaS | ¢
a) Chung t6 van pham nay 1a van pham mo ho .
b) Xay dung dan xuit trai (phai) va cay dan xuat tuong tng cho chudi abab.
¢) Van pham nay sinh ra ngoén ngir gi ?

5.6. Chung to van pham sau day 13 mo ho :
S — If b then S else S
{ S — If b then S
S—a
Trong d6 a, b, if, then, else 1a cac ky hiéu két thic va S 1a bién.

5.7. Chtng to vin pham sau ddy 1a mo ho :
S — aBS | aB | bAS | bA
{ A —>DbAA |a
B —>aBB|b
Hay dé nghi mot van pham khéng mo hd twong duong ?

5.8. Tim CFG khong c6 chura ky hi€u vo ich tuong duong voi van pham:
a) S—>Ala
{ A —> AB
B—>b
b) S —> AB|CA
A—a
B —>BC|AB
C—aB|b

5.9. Tim van pham tuong duong vdi van pham sau khong c¢6 chira ky hi¢u vo ich, luat
sinh € va luat sinh don vi1 :
a) S — aSbS | bSaS | ¢
b) S—>A|B
A —>aB|bS|b
1 B— AB|Ba
\.C—> AS|b
c) _S—>ABC
A—>BB|e
1 B>CC|a
LC—>AA|D
d S—>A|B
A—>C|D
B—>D|E
C—o>Slale
D—->S|b

A

\
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E—>S|c|e
5.10. Tim van pham chi c6 chira mot luat sinh &€ duy nhat S — ¢ tuong duong véi vin
pham sau :

S— AB
{A—>SA|BB|bB

B—>blaA|¢e

5.11. Bién d6i cac van pham sau day vé dang chuan CHOMSKY:
a) S—>bA|aB
{ A —>DbAA |aS|a
B —»>aBB|bS|b
b) S — aAB | BA
{ A —> BBB| a
B —» AS|b
C) S — adAda | aSa| aca
{ A — bADb | bdSdb
d) S — 0S1]01
e) S—>#S[[S>S][plq

5.12. Bién d6i cac van pham sau ddy vé dang chudn GREIBACH:
a) G({S, A}, {0, 1}, P, S) voi cac luat sinh :
S—>AA|O
A—>SS|1
b) G ( {A1, Ay, A3}, {a, b}, P, Ay) v6i cac ludt sinh :
A1 —> A2A3
{ A, > AsA, | b
A3 —> A1A2 | a
c) G ({A, Ay, Az, Ay}, {a,b}, P, Ay) v&i cac ludt sinh :
A; > A Az | AzA,
A2 —> A3A2 | a
Az —> AA4 | b
Ay > A Az | a

5.13. Chirng minh rang cac ngon ngit sau khong phai 1a CFL:
i ok
a) L=fabcli<j<k}
b) L=f{ab]|j=i}
c) L= {a'| ilasdnguyén 5}
d L={a"¢"d"|n>0}
BAI TAP LAP TRINH
5.14. Viét chuong trinh loai bo cac ky hiéu vo ich trong mot CFG.
5.15. Viét chuong trinh chuan h6a mot CFG thanh dang chudin CHOMSKY (CNF).
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5.16. Viét chuong trinh chuan héa mot CFG thanh dang chuan GREIBACH (GNF).
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Chuong VI

OTOMAT DAY XUONG

Noi dung chinh: Trong chuong nay, ching ta khao sat mot dang mo hinh 6tomat
khac, c6 kha ndng nhan di¢n dugc 16p ngén nglt ma van pham phi ngit canh sinh ra -
6tomat day xudng (PDA) - v6i sy bo sung thém cua Stack dong vai trd nhu mot bd
giit nhé trong qua trinh 6témat thuc hién cic phép chuyén dé nhan dang ngon ngi.
Tiép theo d6, mdi quan hé twong dwong giita hai co ché - 6tdmat diy xudng va CFG-
dung biéu dién cho 16p van pham phi ngir canh ciing s& dugc néu ra va chimg minh
chat ché.

Muc tiéu cin dat : Cudi chuong nay, sinh vién c6 thé:
> Thiét ké PDA chap nhan mot ngdn ngir phi ngir canh cho trudc bang Stack
rong hay trang thai két thuc.
> Chuyén mot PDA chap nhan ngdn ngir bang trang thai két thuc sang PDA
chap nhan ngon ngit bang Stack rdng va nguoc lai.
> Xay dung NPDA chap nhan ngdn ngif sinh ra tir mot CFG.
> Viét van pham phi ngir canh sinh ra 16p ngén ngit dugc chap nhan boi mot
NPDA cho trude.

Kién thirc co ban: D¢ ti€p thu tot ndi dung cuia chuong nay, sinh vién can nam viing
cac tinh chat cua 16p ngon ngt phi nglr canh; co ché doan nhan ngén nglt ciia dang
may triru turong 6tdmat va cac thanh phan bat bude cua ching; ...

Tai liéu tham khdo :

[1] V.J. Rayward-Smith — 4 First course in Formal Language Theory (Second
Editor) — McGraw-Hill Book Company Europe — 1995 (Chapter 6 : Pushdown
Automata )

[2] John E. Hopcroft, Jeffrey D.Ullman — Introduction to Automata Theory,
Languages and Computation — Addison — Wesley Publishing Company, Inc —
1979 (Chapter 5 : Pushdown Automata )

[3] H6 Van Quan — Gido trinh ly thuyét 6témat va ngon ngir hinh thirc — Nha xuét
ban Pai hoc quoc gia Tp. H6 Chi Minh —2002.

[4] Copy right by David Matuszek - NPDAs and CFGs:

http://www.netaxs.com/people/nerp/automata/npda-cfe(.html
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I. OTOMAT PAY XUONG ( PDA : PUSHDOWN
AUTOMATA)

Nhu ta d3 biét, 16p cac ngdn ngir chinh quy duoc sinh tir vin pham chinh quy, dong
thoi cling dugc doan nhan bdi cac 6tomat hitu han (don dinh hodc khong don dinh).
Trong phan ndy, ching ta lai thdy mot diéu twong tu 14 16p ngdn ngit phi ngit canh,
duoc sinh ra tir van pham phi nglt canh, cling dugc doan nhan boi mdt loai 6tdomat
khac - goi 1a 6tdmat day xudng (PDA).

Co mot diéu khac biét 13 ¢ day, chi c6 dang 6tomat day xudng khong don dinh
(NPDA) méi c6 thé di manh dé doan nhén 16p ngon ngir phi ngit canh, con dang don
dinh (DPDA) chi cho phép doan nhan mét tap con thuc sy cua 16p ngdn ngir nay. Tuy
nhién, tip con dé ciing bao gdm phan 16n cac ngdn ngir lap trinh.

1.1. Mo ta PDA

Otomat déy xuéng thue chit 1a mot 6tomat voi su diéu khién ca hai: bang nhap va
Stack (bd day Xuong) Vé co ban, nd Van giit tat ca cac thanh phan cua mot 6tomat
hiru han, v6i su b sung thém mot ngin xép lam viée (Stack) dong vai trd nhu mot bo
gilt nhd, nho d6 ma kha nang ghi nh¢ ctia 6tdméat dugc ting thém. Stack xem nhu la
mot chéng dia, vi vy céi dat vao sau sé 13y ra trudc (LIFO).

Véi sy mé rong ndy 6tomat day xuéng c6 thé chip nhan ca céc biéu thirc khong chinh
quy. Ching han tdp hop L = {wew® | w € (0+1)"} (v6i w" 14 chudi ddo nguoc cua
chudi w) 1a mot ngo6n nglr phi ngir canh sinh boéi van pham S — 0S0 | 1S1 | ¢ va nd
khéng thé duoc chip nhan boi bat ky mot 6tdmat hiru han nao.

0j1]1]0j0]J1]0]1

A

R B¢ diéu khién

Hinh 6.1 - M6 ta mét PDA

Dé chip nhan ngdn ngir L nhu trén ta dung b diéu khién c6 hai trang thai q, q, va
mot Stack trén doé ta dat cac dia xanh (B), vang (Y), do (R). Thiét bi s€ thao tac theo
cac quy tdc sau day:

1) May sé& bat dau vi mot dia do ¢ trén Stack va bo diéu khién ¢ trang thai q.
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2) Néu 0 duge dua vao thiét bi thi ta dit mot dia xanh vao Stack. Néu dua 1 vao
thiét b1 ¢ trang thai q; thi ta dit mdt dia vang vao Stack. Ca hai truong hop thiét bi
khong thay doi trang thai.

3) Néu ¢ dugc dua vao thiét bi & trang thai q; thi thiét bi doi trang thai sang g,
va khong thay doi1 Stack.
4) Né:u 0 dugc dua vao thiét bi ¢ trang thai g, va dinh Stack la dia mau xanh thi
dia dugc lay ra. Néu 1 dua vao thiét bi & trang thai q, va dia vang tai dinh Stack thi ta
loai bo dia nay. Trang thai q, khong thay doi.

5) Néu thiét bi ¢ trang thai q, va dia do tai dinh Stack ta loai bo dia nay khong

can ky hiéu nhép.

6) Ngoai cac truong hop trén thi thiét bj khong thay dbi.

Cic quy tic trén dwge tom tit nhw trong bang sau:

INPUT
Dinh Stack | Trang théi 0 1 c
Thém dia xanh, | Thém dia vang, |Chuyén sang q,
Xanh qi gilr nguyén q gilr nguyén q;
q2 Xoa dinh Stack,
gilr nguyén q,
qi Thém dia xanh, | Thém dia vang, |Chuyén sang q,
Vang gilt nguyén q gilr nguyén q
q2 Xo4 dinh Stack
gilr nguyén q
qi Thém dia xanh, | Thém dia vang, |Chuyén sang q,
bo gilr nguyén q; gilt nguyén q,
q2 Xoa dinh Stack khong can doc input

Hinh 6.2 - M6 td hoat déng ciia PDA chdp nhdn ngén ngit {wew" |we (0+1))

Mot chudi dugc chap nhan bai thiét bi néu né da doc duyét qua dén hét chudi dong
thoi véi Stack tré vé trang thai rong.

Nhan xét : Nho Stack c6 kha nang luu gitr mdt s6 bat ky cac ky hiéu ma PDA c6 thé
nhd nira phan dau cua chudi (w) cho t6i khi gip ky hiéu phan cach ¢, cho du chudi co
do dai 16n dén bao nhiéu. Va sau do, cac ky hi€éu nay dugc dem ra dé so sanh dan vai
phan chudi ngugc con lai (w"). Mot 6tdmat hiru han khong c6 dugc kha ning ghi nhd
do.

1.2. Dinh nghia

Otémat déy xuéng c6 mot bd diéu khién hiru han va mot Stack. Stack chira mot chudi
cac ky hi¢u thuoc mdt bo chir cai nao do. Ky hi€u bén trai nhat ctia chuoi xem nhu ky
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hi€u tai dinh Stack. PDA khong don dinh néu nhu c6 mot sb hitu han cac lya chon
phép chuyén trong moi lan chuyén.
Phép chuyén s& c6 hai kiéu:

- Kiéu thtr nhat phy thudc vao ky hiéu nhap, tirc 1a voi mot trang thai, mot ky
hiéu tai dinh Stack va mot ky hi¢u nhap; PDA s€ luya chon trang thai ké tiép va mot
chuoi cac ky hiéu thay thé trén Stack, dau doc dich di sang phai mdt ky hiéu.

- Kiéu thtr hai khéng phu thudc vao ky hiéu nhap, goi 14 € - dich chuyén : twong
tu nhu kiéu thir nhat, chi ngoai trir la ky hiu nhép khéng dugc dung va dau doc
khéng dich chuyén sau khi chuyén trang théi. Thyc chat, budc chuyén dic biét nay la
mot sy tam nglng quan sat trén biang nhap dé sap xép lai cac ky hiéu trong ngin xép.

C0 hai cach dé dinh nghia ngén ngit chip nhan bai 6tomat day xudng:

- Ngbn ngit dugc chip nhan bai Stack réng: gém tat ca cc input ma sau mot
chuoi cac phép chuyén trang thai lam cho 6tdomat dan t61 Stack rong.

- Ngon ngit duoc chép nhén bdi trang thai két thic: ta thiét ké mot sd trang thai
két thuc, khi d6 ngon ngir chap nhin bdi 6tomat co thé dinh nghia gdm tat ca cac
input ma c6 mot chuodi cac phép chuyén lam cho 6tomat dan téi mot trong nhiing
trang thai két thuc.

Ta c6 thé thay hai cach dinh nghia cho su chip nhan chudi nay 13 twong dwong nhau
trong moi truong hop, cd nghia 13 néu mot tip hop duoc chip nhan béi Stack rong
cua mdt PDA nao do thi cling s€ duoc chép nhan béng trang thai két thic trén mot
PDA khéc, va nguoc lai. Thiét ké PDA chép nhan chudi bﬁng trang thai két thuc
thuong phd bién hon, nhung s& dé& dang hon dé ching minh nguyén 1y co ban cia
PDA khi thiét ké PDA chap nhan chudi bang Stack rdng. Nguyén 1y nay duoc phat
biéu nhu sau: Mt ngdn ngir dwoc chip nhin béi PDA khi va chi khi n6 13 mét
ngon ngir phi ngir canh.

Mot cach hinh thtrc, ta dinh nghia:

Pinh nghia : Mot 6tomat diy xudng M 1a mot hé thong M (Q, =, T, 8, qo, Zo, F),
trong do :

1) Q 1a tap hiru han cac trang thai

2) ¥ 1a bo chir cai goi 1a bg chir cai nhap

3) I'1a bd chir cai goi 1a bg chir cai Stack

4) &: ham chuyén anh xa tir Q x (£ U{e}) x I' - tap con hiru han cua Q x I

5) qo 1 trang thai khoi dau

5) Zo 1a mot chir cai riéng cua Stack goi 1a ky hiéu bat dau trén Stack

6) F — Q 1a tap cac trang thai két thuc

(Trong truong hop PDA duogc thiét ké chip nhan ngon ngtx bﬁng Stack rong thi
tap hop F = &)

Trir khi ta ding cac ky hiéu khéc, ta quy udc dung chit nho gin dau bang chir

cai dé chi cac ky hiéu nhap, cac chit nho cudi bang chit cai dé chi cac chudi nhap. Cac
chir hoa va chir Hy lap chi ky hiéu va chudi ky hiéu Stack.
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Cau hoi :

? So sanh cac thanh phan trong dinh nghia hinh thirc cho mét 6témat day xudng
= PDA v61 6tdméat hiru han da khdo sat trong chuong 3 ? Néu nhiing kha nang m¢
_| rong cua PDA so vé1 FA ?

Sw dich chuyén
Ham chuyén phu thudc ky hiéu nhép :

8(qa a, Z) = {(pla Yl)a (p29 YZ)» ) (prn’ Ym)}

trong do q va p;, 1 <1< m, la céc trang thai thudc tap Q, a € X, Z 1a mdt ky hiéu Stack
vay, e I, 1 <i<m,la PDA & trang thai q vi ky hiéu nhép a va ky hiéu Z tai dinh
Stack, nd di vao mot trang thai p; ndo d6 thay Z bang vy; va dich chuyén dau doc di
mot ky hiéu. Ta quy udc rang ky hiéu bén trai nhat cua v; sé 1a ky hiéu dugc thay cao
nhat trén Stack (nghia 12 né nam tai dinh Stack méi) va ky hiéu bén phai nhét cua v; 1a
ky hiéu duoc thay thip nhit trong Stack. Cha ¥ rang khong duoc phép chon p; va ¥i
v6i i # j tai mot bude chuyén nao do.

Ham chuyén khéng phu thudc ky hiéu nhdp :

S(qa &, Z) = {(pla yl)a (pZa y2)9 ees (pm’ Ym)}
trong d6 q la trang thai ma PDA dang gilt, doc 1ap vdi ky hiéu nhdp, PDA di vao
trang thai p; thay Z boi y; voi 1 <1< m. Trong truong hop nay dau doc khong dich
chuyén.

Thidy 6.1: Mo ta du6i day cho PDA chap nhan ngén ngit {wew" [w e (0+1)}
bang Stack rong.

M ({qla qZ}a {Oa 1’ C}a {Ra B, Y}, 83 di, Ra %) )

) 8(qi, 0,R) = {(q1, BR)}
2)  8(qi, L,R) = {(qi, YR)}
3)  8(qi, 0, B) = {(qi, BB)}
4)  d(qi, 1, B) = {(q1, YB)}
5)  8(d1,0,Y) = {(q1, BY)}
6)  8(qi, 1, Y) = {(q1, YY)
7y 8(qi, ¢, R) = {(q, R)}
8)  8(qi, ¢, B) = {(q2, B)}
9) 8¢ Y)={(q Y)}
10)  3(q, 0, B) = {(q2, &)}
1) 8(qe, 1, Y) = {(q2 &)}
12)  3(q, & R) = {(q2, &)}

Hinh 6.3 - M6 td PDA chdp nhdn wew® bang Stack rong

Chu y rang mbi phép chuyén PDA sé& viét 1én dinh Stack mot chudi y co d6 dai 2.
Chang han 8(q;, 0, R) = {(q;, BR)}. Néu y c6 d6 dai bang 1 thi PDA don gian 1 thay
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ky hiéu tai dinh Stack va khong 1am thay d6i 6 dai Stack. Néu y bang & thi PDA loai
b6 (Pop) phan tir tai dinh Stack. Chang han 8(q, €, R) = {(qu, €)} nghia 1a PDA ¢
trang thai q, v6i R ¢ dinh Stack thi PDA x6a R dc 1ap voi ky hiéu nhap, trong truong
hop nay dau doc khong dich chuyén, diéu ndy c6 nghia 1a PDA khong yéu cau con
mot ky hiéu nao trén chudi nhap.

Hinh thai (ID : Instantaneous Descriptions)

Dé hinh thirc héa cdu hinh ciia mot PDA véi mot PDA cu thé, ta dinh nghia mot hinh
thai (ID). ID phai ghi nh¢ trang thai va ndi dung cua Stack. ID 1a mot bo ba (q, w, 7),
trong d6 q la trang thai, w 1a chudi nhap va y 1a chudi cac ky hiéu Stack.

NéuM (Q, =, T, 8, qo, Zo, F) 1a mot PDA, ta noi :
(g, aw, Za) -y (p, W, Bo) néu 8(q, a, Z) chia (p, p)

Luu ¥ a c6 thé 1a mot ky hiéu trong input hoic €. Ching han véi PDA mé ta nhu trén,
ta co (q;, BY) € 8(qy, 0, Y), suy rarang (q;, 011, YYR) - (qi, 11, BYYR).

Ta dung ky hi¢u I—*M cho bao déng phan xa va bt cau cua Fy tic 1a 1 - 1 dbi véi
mdi IDL valt,JvaJr, Kthilr, K. Taviétl+ K néuID I tro thanh K sau
chinh xac i budc chuyén. Chir chi s6 dudi M trong cac ky 1hiéu ,, '), va ), ¢ thé
duoc bo qua khi M da dugc xac dinh.

Ngon ngir chap nhin bsi PDA

Vé6i PDAM (Q, 2, T, 9, do» Zy, F), ta dinh nghia :
Ngbn ngit duoc chap nhan boi trang thai két thtc 1a:

L (M)={w|(do, W, Zo) - (p, &, Y) véip e Fvaye I}
Ngbn ngit duoc chap nhan boi Stack rong la :
NM) = {w | (qo, W, Z) - (p, & €) V6ip € Q}.
Khi ¢6 sy chdp nhan bang Stack rong thi tap trang thai két thuc 1 khong con can thiét
vi vay ta ky hiéu tap trang thai két thuc F 1a @.

Thidu 6.2 : Cac phép chuyén hinh thai cia PDA chap nhin chudi 001¢100 thudc
ngon ngir {wew" |w e (0+1)°} bang Stack rdng nhu sau :

(qu, 001¢100, R) - (qu, 01¢110, YR) - (qu, 1¢110, YYR) - (q, ¢100, BYYR) -
(q27 1009 BYYR) = (q29 007 YYR) = (qZ» 09 YR) = (q27 &, R) = (q27 &, 8) : Chép nhéjn

Nhan xét : Trong vi du thiét ké PDA chip nhan ngon ngu {wew® [w e (0+1)"} bang
Stack rong nhu trén, ta thay cac gia tri ham chuyen cua no ludn 1a 1a don tri. Tai moi
thoi diém tr mot trang thai trong bd diéu khién, c6 thé doc vao hoidc khong doc mot
ky hi¢u trén bang nhap, vd1 mot ky hi€u tai dinh Stack, chi ¢c6 mot gia tri xac dinh

99



Chwong VI : Otémat day xubng

budc chuyén ké tiép. Vi thé, ta goi dang PDA nay 13 6tomat day xudng don dinh -
DPDA.

PDA khong don dinh (NPDA)
Thi du 6.3 : Thiét ké PDA chip nhan ngdn ngit {ww" | w e (0+1)"} bang Stack rdng.

Cau hoi :

? Hay néu vai tro cua ky hi¢u c trong ngoén ngtr dugc cho boi thi du 6.1 va cho nhan
xét vé su khac biét dang chuoi thudoc ngoén ngir trong thi du 6.3 véi thi du 6.1 da
| néu ¢ trén ?

R& rang ta thay khi khong co sy hién dién cta ky hiéu ¢ ¢ giita chudi nhap dé xéac
dinh thoi diém bo diéu khién c6 thé chuyén tir trang thai q; sang trang théi q,_thi van
dé s& trd nén phirc tap hon khi can phai quyét dinh dau 1a ky hiéu bat ddu cho chudi
nguoc (WY) 2 O mdi thoi diém ma bd diéu khién doc thay hai ky hiéu lién tiép giéng
nhau trong chudi nhép thi bit budc né phai doan thir ca hai kha ning cho ky hiéu thir
hai: hodc van giir trang thai q; va Push vao Stack néu xem ky hiéu nay van thudc
chudi xudi (w), hodc chuyén sang trang thai q, va Pop khoi Stack néu xem né 1a ky
hiéu bit dau cho chudi nguoc (WY).

Mo ta PDA khong don dinh chdp nhan ngdn ngit {ww" |w € (0+1)7) bang Stack rong
M ({qla qZ}a {Oa l}a {Ra B, Y}, 83 qi, Ra %) )

1) 8(qi, 0, R) = {(q1, BR)}

2)  8(qi, 1, R) = {(q1,YR)}

3)  8(qi, 0, B) = {(q:, BB), (q2, &)}
4)  8(a1,0,Y)={(q, BY)}

5) (a1, B)={(q:, YB)}

6) 8(qla 13 Y) = {(qls YY)a(qb 8)}
7)  8(q, 0, B)={(q, &)}

8 (a1, Y)={(q 8)}

9) 8, & R)={(q, &)}

10)  3(q2, & R) = {(q, &)}

Hinh 6.4 - M6 ta PDA khéng don dinh chdap nhdn wwR bang Stack rong

Quy tic (1) dén (3) cho phép M luu trit input trén Stack, quy tic (3) va (6) cho phép
M Iya chon mét trong hai phép chuyén. M cé thé quyét dinh (doan) da di dén gitra
chudi né chuyén sang phép chuyén thir 2: M chuyén sang q, va thir sy thich hop cia
phan chudi con lai v6i cac ky hiéu dang ¢ trén Stack. Néu M doan ding va néu chudi
nhap c6 dang ww" thi M s& 1am rdng Stack cia n6 va chap nhan chudi nhap.
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Ciing nhu NFA mot PDA khong don dinh (NPDA) M chap nhan mét input néu co
mot chudi cac lya chon ma M 1am rong Stack cia nd. Nghia 1a M luon luén "doan
dung", doan sai khong phai la nguyén nhan dé loai bo input. Mot input bi loai bo néu
va chi néu khong c6 sy lya chon nao dé 1am rdng Stack (hay 1a khong thé "doan
dung" vi khong ton tai cach dung).

Thidu 6.4 : Cac phép chuyén hinh thai cia PDA chdp nhan chudi 001100 thudc
ngdn ngit {ww" |w € (0+1)} bang Stack rdng nhu sau :

Khéi dau
J
(q1, 001100, R) = (qu, 001100, €) : Khéng chdp nhin
J
(q1, 01100, BR) — (q2, 1100, R) = (q, 1100, €) : Khéng chdp nhin
J
(q1, 1100, BBR)
J
(q1, 100, YBBR) — (qp, 00, BBR)
J \2
(41,00, YYBBR)  (qp, 0, BR) = (qo, & R) = (g2, €, €) : Chép nhin
J
(q1, 0, BYYBBR) = (o, €, YYBBR) : Khdng chdp nhdin
J
(q1, €&, BBYYBBR) : Khéng chdp nhdn
Hinh 6.5 - Hinh thai cua PDA voi input 001100

PDA don dinh (DPDA)

Mot PDA M (Q, 2, T, 8, qo, Zo, F) duoc goi 1a don dinh néu:
1)VqeQvaZeT:néud(q, e Z)= D thid(qa Z)=, Vaec X
o2 Khong c6 q €Q,Z € ' vaa € (X U {&}) ma 8(q, a, Z) chtra nhiéu hon mot
phan ttr.

Diéu kién 1 khong cho phép kha ning chon lya giita phép chuyén khong xac dinh ky
hiéu nhap (¢ - dich chuyén) va phép chuyén trén mot ky hiéu input. Piéu kién 2
khong cho phép chon lya mot vai phép chuyén nao d6 (q, a, Z) hay (q, €, Z). Khong
nhu 6tomat htru han FA, mdt PDA thi thong thuong dugc xét 1a khong don dinh trir
khi ta c¢6 ghi chii cu thé.

Déi v6i 6tdmat hiru han, dang don dinh va khong don dinh 1a twong duong nhau vé
phuong dién chap nhan ngdn ngir. Tuy nhién, diéu nay khong dung véi 6tdomat day
xubng, PDA khéng don dinh va PDA don dinh 13 khong twong duong nhau. Thyc té
ngdn ngit ww" dugc chip nhan béi mot PDA khong don dinh nhung khong dugc
chap nhan boi bat ky mot PDA don dinh nao.
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II. PDA VA VAN PHAM PHI NGU CANH

2.1. Twong dwong ciia viéc chip nhén chudi béi trang thai két thic va
béi Stack rong

PINH LY 6.1: Néu L 12 L(M,) véi PDA M, thi L 1a N(M,) véi PDA M, nao dé.

Chtrng minh

Ta s€ xay dung M, tuong ty nhu M, nhung M, s& xda r6ng Stack cua no6 khi M, di
vao trang thai két thuc. Ta dung mot trang thai g, ciia M, dé x6a Stack ctiia nd va dung
ky hiéu ddnh dau day Stack M, bang ky hiéu X,, vi vy M; khong thé 1am rdng Stack
ctia n6 khi M, chua di vao trang thai két thac.
bat M, (Q, 2, T, 3, qo, Zo, F) 1a PDA sao cho L = L(M,).
batM,; (QuU {qe, 90’ }, Z, I, 8°, qo°, Xo, &) trong d6 6’ dinh nghia nhu sau:

1) 8°(qo’, & Xo) = {(do, ZoXo)}

2) 8°(q, a, Z) chira moi phén trciao(q, a,Z), Vqe Q,ae Xhoica=¢gvazZe

3)Vge FvaZ e I'u {X,}, 8°(q, €, Z) chtra (q., €)
4) VZel v {XO}a 5’(%’» &, Z) chira (Qe, 8)

Quy tdc 1 lam cho PDA M, di vao trang thai khoi dau ctia M, trur viéc thém X, vao
day Stack. Quy tic 2 cho phép M, chuyén twong tu nhu M,. Quy tic 3 va 4 cho phép
M; chon viéc di vao trang thai g. va xoa Stack hay la tiép tuc md phong M,. Chu y
rang M, c6 thé x6a rong Stack cua nd khi chua toi trang thai két thuc vi vay M, phai
dugc danh diu day Stack bang Xo. Vi néu khong lam nhu vay thi khi M, chuyén
tuong ty nhu M,, M, s& xo4 rong Stack va chap nhan input trong khi M, chua di vao
trang thai két thiic nghia 13 input chua dugc chp nhan.

Dat x € L(M,) thi (g, x, Zy) /—*M2 (q, & ) voiq € F. Taxét M; voi input x.

Theo quy tdc 1 : (?0 X, Xp) /—*Ml (qo, x, ZpXy)

Theo quy tdc 2 moi phép chuyén cua M, la mot phép chuyén trong M, vay:

’ 7(610; x, Zo) (g, & Vi )

Néy mot PDA co'Nthé thuee hién m.o:t chuoi cac phep c:huyén tw mot ID da cho thi no"co'
thé lam mot chuoi cac phép chuyén do tir mot ID bat ky thu dwoc tir ID dau tién bang
cdch thém cac chudi ky hiéu Stack vao dwdi chuoi Stack ban dau (vi cdc ky hiéu o
phia dudoi cua Stack khong lam anh huong gi).

Vay (qo’, x, Xo) Fwa (qo. %, ZoXo) =y (4, & 7X0).

Theo quy tic 3va 4 : (g, & ¥Xy) /—*Ml (qe & &).
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Vivay (qo’, x, Xy F*Ml (4o & &) va M, chdp nhdn chudi x bang Stack rong.

Nguroe lai, néu M, chap nhdn x bang Stack rong thi dé dang chi ra rang chudi cdc
phép chuyén phai bat dau bang mét phép chuyén theo quy tic 1, sau dé bang mot
chudi phép chuyén theo quy tic 2, trong khi thiec hién cac phép chuyen nay M,
chuyén twong tw nhw Mo, sau dé xéa Stack ciia M, bang quy tdc chuyén 3 va 4.
Vay x € L(M,).

PINH LY 6.2 : Néu L 1a N(M,) véi PDA M, nao d6 thi L 1a L(M,) véi mét PDA
Mz nao do.

Chtrng minh

Ta sé~xﬁy dung M, tuong ty M; va M, di vao trang thai két thic khi va chi khi M
lam rong Stack cua no.
bit M, (Q, X, T, 9, qo, Zo, F) 12 PDA sao cho L = N(M,).
bat M, (Q U {qo’, q¢}, Z, I' U {Xo}, 87, qo’, Xo, {qr}) trong d6 &* duoc dinh
nghia nhu sau:
1) 8’(qo’, & Xo) = {(qo, ZoXo)}
2) Vgqe Q,aeXu{e},vaZ el :8(q,a,2)=95(q,a,Z)
3) Vq € Q,d(q, & Xo) chira (g, €)

Quy tic 1 cho phép M, di vao hinh thai khéi ddu ID cua M, trir viéc M, s& c6 chira &
dudi day Stack cua né ky hiéu X, ky hiéu ndy s& nam bén dudi tat ca cac ky hiéu
Stack cia M;. Quy tic 2 cho phép M, chuyén tuong tw nhu M;. Khi M; 1am rdng
Stack cta no, thi M, khi chuyén tuong tr nhu M, s& x0a toan bd Stack cta né trir ky
hiéu X, nam dudi day Stack. Quy tac 3 1am cho M, sau d6 khi gap X, Xuét hién thi di
vao trang thai két thic va chap nhan input x.

Ching minh L(M;) = N(M,) cling tuong tu nhu dinh 1y 6.1
2.2. Twong duwong gitrta PDA va CFL

PINH LY 6.3: Néu L la ngon ngir phi ngir canh thi ton tai PDA M sao cho L =
NM).

Chirng minh

Gia str € khong thudc L(G) (c6 thé stra ddi 1y luan cho truong hop ngdn ngit L(G) co
chua ¢). bat G (V, T, P, S) 1a van pham phi ngir canh c6 dang chuan Greibach sinh ra
L.batM ({q}, T, V, 9, q, S, @), trong d6 d(q, a, A) chira (q, y) khi va chi khi A — ay
la mot luat sinh trong P.

PDA M mé phong chudi dan xuét trai ciia G. Vi G 13 dang chuan Greibach nén mdi
dang cau trong dan xuét trai gdm mot chudi cac ky hiéu két thuc x sau d6 1a mot
chudi cac bién a.. M Iuu trit phan hau t6 o ctia dang cau bén trai trén Stack ciia nd sau
khi xtr Iy phan tién t6 x.
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Mot cach hinh thire ta chi ra rang :
S =" xa bang dan xudt trdi khi va chi khi (g, x, S) —\, (9, & @) (1)

Truoc tién, chung ta gia sit (g, x, S) ' (q, & @) va sé chi ra bang quy nap theo sé lan
irang S = xa.

Véii =0, diéu dé hién nhién diing vix = eva a = S.

Gia suwi =1 va datx = ya.

Xét budc chuyén hinh thdi trm'fc budc cudi :

@va,S) =" (qa.p (& (2)
Néu loai b6 ky hiéu a ¢ cudi chudi input trong hinh thdi dau tién cia (2), ta co:

(0.9 8) 7 (q & B (via khéng anh huéng dén cdc phép chuyén cia M).

Theo gid thiét quy nap S = yf3. Phép chuyén (g, a, B) - (q, & a) sé suy ra f=
Ay, voi A € Vva A — an la mot luat sinh trong G va a = ny.

Viy S =" yf = yany=xa

Ta dd chitng minh xong "néu" ciia gia thiét (1)

Nguwoc lai, ta gia sir S =' xa bang dan xudt trai. Ta sé chimg minh quy nap theo sé
budc dan xudt i rang: (q, x, S) /—i (q, & @)

Voii = 0: phép chuyén hién nhién ding

Xéti >1va gia sir S = yAy = yany, trong @6 x = ya va a = ny. Theo gid
thict quy nap : (q, 3, S) += (¢, & A). Vdy (. ya,S) = (q, a, Ay

ViA — anla mot ludt sinh nén &(q, a, A) chwea (q, n). Vay :

(q.x,S) /—:k (q, a, Ay (q & &)
Hay phan "chi néu" cua gia thiet (1) ciing da dwoc chirng minh xong.

Dé két thiic viéc chimg minh, ta chii Y rang gia thiét (1) véi a = € thi S = x néu va
chi néu (g, x, S) F (q, & ¢). Tuc la x € L(G) khiva chi khi x € N(M).

Thidy 6.3 : Xay dung NPDA chap nhin ngon ngit sinh bdi CFG G ¢6 cac luat sinh
nhu sau :
S — aAA
A— aS|bS|a
Taco: CFGG ( {S, A}, {a,b},P,S)
NPDA tuong duong M ({q}, {a, b}, {S, A}, d, q, S, &) voi d nhu sau :
1) 8(q,a,5)={(q, AA)}
2)  0(q,a,A)=1{(q,9),(q, &)}
3)  8(q,b,A)=1{(q, 8)}

PINH LY 6.4 : Néu L 1a N(M) véi PDA M thi L va ngon ngir phi ngir canh.

Chirng minh

Goi PDAM (Q, %, T, 9, qo, Zo, D). Bat G (V, Z, P, S) 1a CFG, trong d6 :
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.V 1a tap cac dbi tuong dang [q, A, p] véip,qe Q;A el
.S 1a ky hiéu chua két thiic méi thém vao.
. P 1a tap céac luat sinh c6 dang :
1) S = [qo, Zo, 9] ,Vq € Q.
2) [q9 Aa qm+1] - a[qla Bla q2][q2, B2, q3] [qm9 Bm) qu]
Yq,q1, 92, - qmt1 € Q,ae XU {e} vaA,B,B,, ...,Bel’
sao cho d(q, a, A) c6 chura (q;, BB, .. By).
Néu m = 0 thi luat sinh ¢6 dang [q, A, q1] — a.
Pé nam duoc ching minh, can phai luu ¥ rang cac bién va luat sinh trong G dugc xéac
dinh sao cho dan Xuat trai trong G clia X mo phong PDA khi cho x nhap vao. Cu thé
hon, cac bién xuét hién tai mot budc bat ky trong G twong duong véi cac ky hiéu trén
Stack cua M. Noi cach khac [q, A, p] dan ra x néu va chi néu x 1a nguyén nhan lam M
x04 rong Stack ctia né bang chudi cac phép chuyén tir trang thai q dén trang thai p.

Pé chirg minh L(G) = N(M), ta quy nap theo sd budc dan xuét ciia G hoic sd budc
chuyén trang thai cia M rﬁng [q, A, p] :>*G x néu va chi néu (9, %, A) I—*M (p, &, €)

Thidu 6.4 : Xay dung CFG G tuong duwong sinh ra ngdn ngit duoc chip nhin boi
PDA sau :
M ( {qO: ql}: {Oa 1}9 {ZOa X}a 69 o, ZO, %) )

vO1 6 dugc cho nhu sau :

1) 8 (4o, 0, Zo) = {(qo, XZo)}

2) 8 (qo, 0, X) = {(qo, XX)}

3) 8 (qo, I, X) = {(qu, &)}

4) 8 (q1, 1, X) = {(qu, &)}

5) 6 (a1, & X) = {(qu, &)}

6) 8 (qu, € Zo) = {(qu, &)}

Ta xay dung CFG G (V, {0, 1}, P, S) sinh ra N(M) véi cac thanh phan nhu sau :
V={S, [q, X, qol, [0, X, a1], [q1, X, qo], [q1, X, qu],
[d0> Zo» o> [o» Zo» 1], [d15 Zo, o], [d1> Zo, ai] }
Tap luat sinh P chira cac luét sinh ¢6 dang :
Céc luat sinh cho ky hiéu bit dau S : S — [qo, Zo, qo] | [90, Zo, q1]
Céc luat sinh cho cac bién khac trong V dugc xay dung tir cic ham chuyén cta
PDA nhu sau :
d1)  [d0> Zo, 9ol = 0 [qo, X, gol[do> Zo> o]
| 0 [qo0, X, q11[d15 Zo, qo]
[qO, ZO: ql] —0 [qO, X: qO] [q09 ZO) ql]
| 0 [qo, X, q1][41> Zo, q1]
%) [90, X, qo] = 0 [qo, X, go][qo, X, qo]
10 [q0, X, q1][q1, X, qo]
[90, X, 1] = 0 [qo, X, qo][qo, X, qi]
10 [q0, X, q1][q1, X, q1]
%)  [qo, X, qi] > 1
o4  [qi,Zo,qi] > €
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d)  [qi, X, qi] —>¢
O) [qL, X, q]—>1

Nhan xét rang khong c6 luét sinh nao cho cac bién [q1, X, qo] va [q1, Zo, qo]. Vi tat ca
cac luat sinh cho bién [0, X, qo] va [qo, Zo, Qo) déu c6 chia [q1, X, qo] hoac [qo, 7o,
qo] & vé phai, nén s& khong thé c6 chudi ky hiéu két thuc nao c6 thé dugc dan ra tir
céc bién [qo, X, qo] hodc [qo, Zo, qo]- Loai bo 4 bién nay ra khoi tap bién V va xba cac
luat sinh c6 lién quan dén chung trong tap P, ta thu dugc van pham c6 dang nhu sau:
S = [qo, Zo, qi]

[90, Zo, q1] = 0 [qo, X, q1][d1, Zo, q1]

[do: X, 1] = 0 [qo, X, qullaqu, X, qi]

[qo, X, 1] = 1

(91, Zo, 1] > €

[qb Xa ql] — &

[q1, X, qi] = 1

Cau hoi :

? Sinh vién hay dung cac kién thtrc di hoc trong chuong trude (PINH LY 5.2)
dé viét mot van pham tuong duong véi van pham trén khong co6 chira cac ky
U hieuvo ich ?

2.3. Quan hé¢ giira CFL va tap hop chinh quy

PINH LY 6.5 :Néu L 1a CFL va R 1a tip chinh quy thi L n R 1a CFL.

Chirng minh

bat L 1a L(M) v6i PDA M (Qu, Z, T, 8, qo, Zo, Fy) va dat R 13 L(A) véi DFA

A (Qa, 2, 04, Pos FA). Ta xay dung PDA M’ cho L N R bang cach cho M va A ciing

“chay song song”. Tuc la v6i mot ky hiéu nhép a thi M va A thuc hién cac phép
chuyén doc 1ap nhau. M’ chip nhan input néu ca M va A cung chap nhan.

Input cua A, M va M’

A

Bo dicu B0 diéu B dicu
khién cua khién cua khién cua
M’ A M
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Hinh 6.6 - Chay mot FA va PDA song song

Mot cach hinh thie, dat M’ (Qa x Qum, 2, I, 8, [po» qol, Zo, Fa % Fu), trong d6 ham
chuyén O duoc xac dinh nhu sau :

8‘ ([p, q]a a, ?() ‘Chﬁ’a ([p’: q’]a 'Y) = 8A(p’ a) = p, va 8M(qa a, X) chura (q’a ’Y)
Chu y rang a c6 thé bang ¢, khi d6 p’ =p.

Dé dang chirng minh quy nap theo i rang : ([po, qol, W, Zo) - (Ip, 4], & 1) < (qo
w, Zy) Fy (g, & Y va dpo. w) =p (1)

Véii=0: thi (1) hién nhién ding vip =po, q =qo v=2Zova w = &

Gia sur (1) dung toii- 1 (i > 0).

Xet ([po. qol. xa, Zo) ="y - (p" 4], a. ) - (Ip. 4. & 1), trong d6 w = xa
va a la € hoac la mot ky hiéu € 2.

Theo gid thiét quy nap, Sy(py, x) = p’ va (qo, x, Zy) /—i'l,\,I q’, & p.

Theo dinh nghia ciia S, thuc té ([p’, q’], a, f) —, - ([p. q]., & ) nén cé thé suy

radyp’,a) =pva(q,a P Fy (@ & 9. Vay Supo w) = pva (qo, w, Zy) Fy (4, & ).

Twong tu, ta cé thé chimg minh rang : Néu (qo, w, Zy) - (4, & %) va Su(pe, w) =p thi
([po. qol. W, Zy) /—*M . ([p. q], & %) (xem phdn ndy nhw bai tip).

Tong két chwong VI: Pén chuong nay, chung ta da co thé nam bat dugc mot vai ¥
tuong co ban lién quan dén cac khai niém vé ngon ngit chinh quy, ngo6n nglr phi ngir
canh, va méi quan hé cua chung vé6i cac dang 6tdmat hiru han va day xudng. Nhitng
khao sat chung t6 ngon ngtr chinh quy thue sy la mét tap hop con cta ngon ngir phi
ngir canh, va do do, 6tomat day xubng xét vé mot mit nao d6 c6 kha ning nhan dang
ngdn ngit manh hon rat nhiéu so v0i 6tomat hiru han. Diéu nay goi cho chung ta mot
y tudng co thé mé& rong hon nita vé kha nang doan nhén ngdén ngir cua co ché 6tomat.
Néu so sanh 6tomat hitu han va 6tomét ddy xudng, ta thiy rang ban chat cia sy khac
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biét thé hién ¢ b luu trit tam thoi dung Stack. Néu khong ¢ b luu trit, chung ta c6
dang 6tdmat hiru han, néu bo luu trit 12 Stack, ta co dang 6tomat déy xuéng manh
hon. Tt suy luin ndy, ching ta hoan toan c6 thé mong doi dé dinh nghia ngay ca
nhirmg ho ngdn ngit rong 16n hon néu cé thé cung cap cho co ché 6tdmat mot b nhé
v6i kha nang luu trit linh hoat hon. Piéu nay din dén khai niém co ban vé may
Turing s& duoc gi6i thidu trong chuong sau, mot co ché 6tdmat ¢ tinh may moc hay
tinh giai thuat.

BAI TAP CHUONG VI

6.1. Xay dung PDA chép nhan cic ngon ngi :
a) {0" 12" |m,n>1}
b) {a"b'c"d™ |m=k+1+n}
c){w|we {a, b}" va #a(w) = #b(w)}
d) {w|w e {a,b}” va#a(w) = 2#b(w)}

6.2. Xay dung PDA tuong duong véi van pham :
a) S—>+SS|*SS|a
b) S — aS|bS|aA
A —>bBJ|b
B —aC
C—-b

6.3. Xay dung van pham CFG tuong duong v6i cac PDA sau :

a) M ({q0, 91}, {0, 1}, {Zo, X}, 3, qo, Zo, D), trong d6 6 dugc cho nhu sau:
0(qo, 1, Zo) = {(qo, XZo)}
8(qo, 0, X) = {(qo, XX)}
3(qo, 1, X) = {(qi, &)}
o(q1, 1, X) = {(q1, &)}
o(q1, & X) = {(q, &)}
3(q1, & Zo) = {(q1, &)}

b) M ({90, 91}, {0, 1}, {Zo, X}, 3, qo, Zo, D), trong d6 6 dugc cho nhu sau:
3(qo, 1, Zo) = {(q0, XZo)}
8(qo, 1, X) = {(a0, XX)}
(0, 0, X) = {(a1, X)}
(o, € Zo) = {(qo; &)}
8(a1, 1, X) = {(a, ©)}
8(q1, 0, Zo) = {(qo, Zo)}

c) M ({q0, 91}, {a, b, c}, {Zo, X}, 3, qo, Zo, D), trong d6 6 dugc cho nhu sau:
3(qos &, Zo) = {(qo, X)}
8(qo, a, X) = {(qo, XX)}
8(qo, ¢ X) = (a1, X)}
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3(qo» b, Zo) = {(qo, X)}
0(qo, b, X) = {(qo, XX)}
6(qla c, X) = {(qla 8)}
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Chuong VII

MAY TURING

Noi dung chinh : Trong chuong nay, ta s€ xét thém mdt loai may troru twgng khac -
may Turing (TM - Turing Machines). Ching c6 kha nang doan nhan duogc 16p ngén
ngtr 16n hon 16p ngdn nglr phi ngtr canh. Pay con la mot mo hinh cua sy tinh toan, mo
hinh cta cac thi tuc hiéu qua, 13 nén tang cho qué trinh xtr Iy cia mdy tinh hién dai,
dugc gioi thi¢u boi Alan Turing vao ndm 1936. Nho d6, cac khai niém vé "su tinh
du0’c” "su gidi dugc" dugc xac dinh mdt cach rd rang trén co so sy xuét hién ctia mot
s6 ham khong tinh duogc, cc bai toan khong giai duoc.

Muc tiéu can dat: Cudi chuong, sinh vién can phai nam viing:
> Khai niém TM, dinh nghia va cc thanh phan.
> Cac k¥ thuat thiét ké TM.
> Mot s6 bién dang TM tir mo hinh chuan.
» Xay dung TM dung nhan dang ngén ngir hodc tinh toan cac ham s6 nguyén
don gian duogc biéu dién trong hé nhit phan.
> Céc tinh chat cta 16p ngdn ngir dugce chip nhan boi TM.

Kién thirc co ban: Dé tiép thu tét ndi dung cua chuong nay, sinh vién can hiéu 1d
cach thiét ké cdc ham chuyén trang thai trén mo hinh mdy tinh toan; y tudng thiét ké
mot s thudt todn don gidn trén tap hop so, ...

Tai liéu tham khdo :

[1] John E. Hopcroft, Jeffrey D.Ullman — Introduction to Automata Theory,
Languages and Computation — Addison — Wesley Publishing Company, Inc —
1979 (Chapter 7 : Turing Machines )

[2] Peter Linz — An Introduction to Formal Languages and Automata — D.C.
Heath and Company — 1990.

[3] David Barker-Plummer - Stanford Encyclopedia of
Philosophy — Turing Machines:

http://plato.stanford.edu/entries/turing-machine/

[4] Turing Machinesimplemented in JavaScript:
http://www.turing.org.uk/turing/scrapbook/tmjava.html

[5] By Jon Barwise and John Etchemendy -Turing Machines:

109


http://www-csli.stanford.edu/%7Edbp/
http://plato.stanford.edu/entries/turing-machine/
http://www.turing.org.uk/turing/scrapbook/tmjava.html

Chwong VII : May Turing

http://www-csli.stanford.edu/hp/Turingl.html
I. MO HINH MAY TURING (TM)

Mot mé hinh hinh thitc cho mét thi tuc hiéu qua s& c¢6 nhimg dic tinh cu thé. Pau
tién, moi tha tuc s& dwoc mo ta mot cach hiru han. Tiép o, thu tuc s& duoc phan
thanh mét sd bude doc 1ap, ma mdi buéc thuc thi mot van dé. Nguyén tic nay cling
duogc hinh thirc trong mo6 hinh méy Turing.

May Turlng c6 mot bang nho, dung dé ghi moi loai dit lidu (dir liéu nhap, dir lidu
ding cho viéc diéu khién twong ty nhu mot chuong trinh may tinh va cac két qua
trung gian khi lam viéc). V61 mgt bo diéu khién chtra mot s6 hitu han trang thai, TM
cling nhu cac 6témat khac, 1am viéc theo 16i "ngit quang" theo timg budc chuyén.

1.1. Mo ta TM

May Turing c6 rat nhidu dang dong kha ning, nghia 13 c6 nhiéu mé hinh va dinh
nghia khac nhau cho méay Turing nhung tat ca ching déu twong duong nhau. Song,
n6i chung mé hinh co ban cia mot may Turing gdm :

- M6t bd diéu khién hitu han.

- Mt bang dugc chia thanh céc 6.

- Mt dau dgc-viét, mdi 1an doc ¢6 thé duyét qua mdt 6 trén bang dé doc hay
viét ky hiéu.

M&i 6 c6 thé giit dwoc mot ky hidu trong sb hitu han cac ky hiéu bing (cac ky hiéu
dugc phép viét trén biang). Khai dau xem nhu n 6 bén trai cta bing (n > 0) giir chudi
nhap (input), chudi nhap 13 mdt chudi cac ky tu duge chon tir mot tap hop con cua tap
hop cac ky hiéu bang, tip hop con nay goi 1a tdp cac ky hiéu nhap. Phan con lai ctua
bang coi nhu c6 vd han khoang tréng, ky hi€éu B (Blank), B 1 mét ky hi€u dac biét
cua bang nhung khong phai 1a ky hiéu nhép.

Input, Bo nhé, Output

aj|a2|..|aj|..|ap|B|B|B

A

Bo diéu khiéen

Hinh 7.1 - M6 ta mot TM
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Mbi budc chuyén cua may Turing, phu thudc vao ky hiéu do dau doc doc duoc trén
bang va trang thai cia bd di¢u khién, may s€ thyc hién cac budc sau :

1) Chuyén trang thai

2) In mdt ky hi¢u trén bang tai 6 dang duyét (nghia la thay ky hiéu doc dugc
trén bang bang ky hiéu nao do)

3) Dich chuyén dau doc-viét (sang trai (L), sang phai (R) hoic dung yén(D))
Cau hbi :

? So sanh co ché may Turing véi hai dang 6tomat da khao sat trong cic chuong
= trudc (6tdmat hiru han FA va 6tomat day xudng PDA) ? Néu nhiing diém khac
| biét quan trong trong nguyén tac nhan dang ngén ngir ?

1.2. Dinh nghia

Mot cach hinh thtrc, ta dinh nghia mot may Turing (TM) nhu sau :

Pinh nghia: TM 12 mot hé théng M (Q, X, T, 8, qo, B, F), trong dé:
. Q : tap hiru han céc trang thai.
. 2: b0 ky hiéu nhap.
. T : tap hitu han cac ky tu duoc phép viét trén bing.
. B : ky hiéu thudc I dung chi khoang tréng trén bang (Blank).
.8:hamchuyénanhxa: QxI' > QxI'x {L,R, &}
(8 c6 thé khong xac dinh véi mot vai dbi sd)
. qo € Q 14 trang thai bat dau
. F — Q 1a tap cac trang thai két thic

Hinh thai TM (Instantaneous description - ID)

Mot hinh thai cua méay Turing M duogc cho boi o q o, trong do q 1a trang thai hién
hanh cua M; o0, € T 14 ndi dung cua bang tinh tir diu bang cho téi ky hiéu khac
Blank bén phai nhat cia bang. Gia st Q va I rdi nhau: dau doc dang doc ky hiéu bén
trai nhét ctia o, hodc néu o, = ¢ thi dau doc doc Blank.

Ham chuyén

Ta dinh nghia mot phép chuyén trang thai cia TM nhu sau :
bat X, X; ... X1 q X ... X, 1a mot ID.
+ Gia st 8(q, X;) = (p, Y, L), trong do:
-Néui-1=nthiXlaB.
- Néu i =1 thi khong co ID ké tiép, nghia 1a ddu doc khong duoc phép vuot qua
can trai cua bang.
-Néui> 1 taviét:
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X X5 ... X q X ... X, Hu X X5 ... Xin P XY Xisq .oe Xy

+ Tuong tu 8(q, X;) = (p, Y, R) thi ta viét :
X X5 ... X q X ... X, Fu X1 X5 ... Xig Yp Xis1 ... Xy

+ Tuong tr 8(q, X;) = (p, Y, &) thi ta viét :
X1X2 Xi—l q Xi Xn Hu X1X2 Xi—l pY Xi+1 Xn

Chu y rang néu i - 1 = n thi chudi X; ... X, 12 rdng va vé phai dai hon vé trai, nghia 1a
TM M mo rdng chuoi ky hi¢u trén bang.

Néu hai ID duoc quan hé nhau bdi -, thi ta néi ID thir hai 1 két qua ctia ID thi nhat
bang mot lan chuyen mét bude ap dung ham chuyén (hodc néi cai thir hai thu dugc
tir cai thir nhat bang mot 1an chuyén). Néu mot ID thu dugc tir ID khac bang mot so
1an chuyén (c6 thé bang 0) thi ta ky hiéu quan hé 1a -, . Ta ciing c6 thé bo di ky hiéu
M trong cach viét cac quan hé trén néu khong c6 nham lan.

Ngon ngir dwge chap nhin béi TM

Ky hi¢u L(M): tap hop cac chudi trong I la nguyén nhan dua TM M di vao trang thai
két thuc khi dd thuc hién viéc thay thé tir bén trai cac ky hiéu trén biang ctia M voi
trang thai bat ddu qo. Mot cach hinh thirc, ta dinh nghia tip hop ngdn ngir dugc chip
nhan b6i TM M (Q, X, T, 8, qo, B, F) 1a tap

LM)={w|wel viqyw F, apo, véipeFconao, el }

Cho TM nhéan dién mot ngoén ngir L 1a cho lan luot cac tir cua L vao TM xem TM c6
chap nhan tir d6 khong. TM s& dimg va di vao mdt trong nhiing trang thai két thuc e
F (khong c6 phép chuyén ké tiép) khi tir dwoc chdp nhan, nhung néu TM khong chip
nhan mot tir nao do thi TM c6 thé ngung & madt trang thai ¢ F hodc cling co thé né
chay mai ma khong dung lai.

Thidu 7.1 : Thiétké TM chip nhan ngén ngit L = { 0"1" |n>1}

Khoi dau TM chira 0"1” bén trai nhat trén bang sau d6 1a vo han khoang trong
Blank. TM ldp lai qua trinh sau:

- M thay 0 bén trai nhat bang X roi chuyén sang phai t&i 1 trai nhat, TM thay 1
nay bang Y rdi dich chuyén vé bén trai cho toi khi gap X phai nhat n6 chuyén sang
phai mot 6 (to1 0 trai nhét) roi tlep tuc 1ap mdt chu trinh moi.

- Néu trong khi dich chuyén sang phai dé tim 1 ma TM gdp Blank thi TM dimng
va khong chap nhan input. Twong tu, khi TM da thay hét 0 bang X va kiém tra con 1
trén bang thi TM ciing dung va khong chap nhan input.

- TM chép nhén input néu nhu ciing khong con ky hiéu 1 nao nita trén bing.

Pit TM M (Q, X, T, 8, qo, B, F) vi cac thanh phan :
Q = {q09 qla q29 q39 q4}a 2: {Oa 1}: I'= {Oa 17 Xa Y: B} Vé F= {CI4}
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Ta c6 thé hinh dung moi trang thai 12 mot cau I¢nh hodc mdt nhém céc cau
1énh trong chuong trinh. Trang thai qo 1a trang thai khoi déu va no lam cho ky hi¢u 0
bén trai nhat thay bang X. Trang thai q; duoc dung dé tién _sang phai bo qua cac s6 0
va'Y dé tim 1 bén trai nhat Néu M tim thdy 1 nd thay 1 bang Y rdi di vao trang thai
qz. Trang thai q, dua M tién sang trai cho to1 X dau tién va di vao trang thai qo, dich
chuyén sang phai dé t6i 0 bén trai nhit va tiép tuc mot chu trinh méi. Khi M tién sang
phai trong trang thai q;, néu B hodc X dwoc tim thay trude 1 thi input bi loai bo
(khong chip nhan) vi c6 chira nhidu ky hiéu 0 hon 1 hodc input khong c¢6 dang 0°1" .

Trang thai q con ¢o vai trd khac. Néu trang thai q, tim thay X bén phai nhat va
ngay sau d6 1a Y thi cac sb6 0 di dugc xét hét, do d6 & trang thai bat dau mot chu trinh
moi qo khong tim thdy ky hiéu 0 nao dé thay thanh X ma chi gip Y thi TM di vao
trang thai q; duyét qua cac Y dé kiém tra c6 hay khong c6 ky hiéu 1 con lai. Néu theo
ngay sau cac Y la B, nghia la trén bang nhap khong con ky hi€u 1 nao nira thi TM s€
di vao qq (trang thai két thiic) dé chap nhan input. Nguoc lai input bi loai bo.

Ham chuyén & duoc cho trong bang sau :

o Ky hiéu
Trang thai 0 1 X Y B
do (9, X, R) - - (93, Y, R) -
Qi (91,0, R) | (g, Y, L) - (91, Y, R) -
9 (92,0, 1) - (o, X, R) | (92, Y, L) -
qs - - - (93, Y,R) | (s, B, D)
J4 - - - - -

Céc phép chuyén hinh thai cia TM M trén input 0011 :

q00011 + Xq;011 - X0q;11 - X q20Y1 - gXO0Y1 - X qo0Y1 - XXq,Y1 + XXY
qQl - XX @YY F X XYY - XX oYY - XXYq;Y - XXYYqs - XXYYqu

Nhan xét: Nhu vy, ta co thé dé& dang thiy, TM khéac véi mot 6tomat hiru han ¢ chd
dau doc- viét co thé dich chuyén ty do trén bang, khong nhing doc ma con c6 kha
nang viét trén bang va vung lam viéc con co thé mé rong theo yéu cau phat sinh. TM
khac v6i 6tomat day xudng & chd né khong dung thém Stack nhu mot b giit nhd ma
viét cac ky hiéu can ghi nhé ngay trén bang.

II. NGON NGU VA "HAM TINH PUQC"

Ngbon ngir dugc chip nhan béi mot may Turing dugc goi la ngbn ngir d€ qui liét ke -
recursively enumerable (r.e). D6 la mot 16p ngon ngir rat rong, no thue sy chira ngdn
ngit phi ngir canh CFL va mot s ngdn ngit ma khong thé xac dinh cac thanh phan
mot cach may moc. Néu L(M) 1a mot ngdn ngit nhu vay thi bat ky mot may Turing
nao nhén dién L(M) ciing s& khong dirng trén mot sé input khong thude L(M). Nhung
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néu mét chudi w € L(M) thi chic chin TM dimg, tuy nhién TM s& chay bao l4u trén
input thi chiing ta khong thé biét dugc va ta ciing khong biét chic chan liéu TM cb
dung lai hay khong. Mot cach thuan 1oi va c6 y nghia hon la xét mot 16p con cua 16p
ngdn ngit dé qui liét k&, trong d6 moi ngdn ngit déu dugce chip nhan béi it nhat mot
may Turing dung trén moi input. Lép ngdn nglr nay goi 1a 16p ngdn nglr dé qui -
recursive sets.

May Turing nhw 13 mét may tinh ham s6 nguyén

May Turing cling co thé dugc xem nhu la mot may tinh cua cac ham so nguyén (di tu
tap sd nguyén dén tap sb nguyen) MB&i sb nguyén ta viét dudi dang sb trong hé nhat
phan (unary), tirc 1a voi mot s6 1 0 ta viét thanh chudi 0' (gdm i chit s6 0). Néu ham
f 6 k d6i s6 iy, i, ..., ix thi ta viét 14n luot cac s6 nguyén nay trén bang ctia TM ngin
cach nhau boi 1, nghia 1a input ¢6 dang 0"10”1 ... 10*. Néu TM dimg (chdp nhan
hoic khong chap nhén input) voi bang 0™ thi tanéi f (i, ip, ..., ix ) = m.

Chu ¥ rang ta ciing c¢6 thé tinh dugc ham chi c6 mot dbi sd. Néu f xac dinh véi moi bd
d6i s6 iy, 1y, ..., iy thi ta goi f 1a ham dé qui toan bé. Mot ham f tinh dugce boi may
Turing ta goi la ham dé qui by phgn. Ham d¢ qui bd phén tuong tu nhu ngdn ngir d¢
qui li¢t k€ boi vi né tinh duge boi may Turing nhung c6 thé khong dimg véi mot sd
d6i s6 nao d6. Ham dé qui toan bd twong tw nhu ngdn ngit dé qui vi TM sé& dimg trén
moi input.

Thidy 7.2 : Thiét ké may Turing tinh toan phép trir riéng
Ta dinh nghia phép trir riéng (proper subtraction) nhu sau :

m-n néum >n
f(m, n) = min { 0 néum<n

. Input : 0™10"

. Output : 0™"

M lip lai viéc thay thé 1an luot timg s6 0 & du bing béng B rdi tién sang phai,
ra sau 1 tim 0 va thay 0 nay bang 1. M lai chuyen sang trai cho dén khi gip B dau tién
thi ding lai, tr& vé trang thai bat du va tiép tuc vong l3p nhu trén. M dung néu :

1) Khi sang phai tim 0 bén phai, M gép B. Lic nay M dé thay n s6 0 bén phai
chudi input 0™10" thanh 1 va n + 1 s6 0 bén trai thanh B, truong hop nay xay ra khi
trong chudi input ¢c6 m > n. Do vay M phai thay lai tdt cin + 1 s6 1 sau thanh B, va
sau d6 dich trai thay tra lai mot B vé thanh 0, cudi cling trén bang con lai két qua phép
trirlam-nsd 0.

ii) Khi bt ddu mot vong lip méi, M khéng tim thdy 0 dé d6i thanh B, luc ndy m
s6 0 d4u di bi d6i thanh B, trudng hop nay xay ra khi n < m. Khi d6, M thay tit ca
cac s& 1 va 0 trén bang thanh B dé cho két qua phép trir 13 0 (biéu dién gdm toan ky
hiéu B trong hé nhit phén).

Ta x8y dyng TM nhu sau: M ({qo, q1, ..., gé}, {0, 1}, {0, 1, B}, 8, qo, B, {qs})
M s& bit dau bang 0™10" trén bang va két thic voi 0™ ™ trén bing. Cac phép
chuyén trang thai dugc dinh nghia nhu sau :

1)  8(qo, 0)=(q1, B,R)
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M thay 0 dau bang boi B.
2) 6(ql) O) = (ql: Oa R)
8(qlwa 1) = (QZ’ 15 R)
M di chuyén sang phai qua 0 tim 1.
3)  8(qe D)=(q 1, R)
3(qz, 0) =(qs, I, L)
M di chuyén sang pha1 vuot qua 1 dén khi gip 0, d6i 0 thanh 1.
4)  3(q3,0)=(q3,0,L)
6(%, 1) = (QS’ 15 L)
8(‘13» B) = (q()a Ba R) . i .
M dich trai té1 khi gap B, tré ve trang thai qo va bat dau mgt vong lap méi.
5) 8(q29 B) = (CI4’ Ba L)
6(‘14» 1) = (q49 B) L)
8(q4:~ 0) = (q47 05 L)
(g4, B) = (qe, 0, D)
Néu & trang thai q, sang phai tim 0 dé thay thanh 1 nhung chi gap B thi ta xét

truong hop két thuc i) ¢ trén: TM di vao trang thai q4 va chuyén sang trai doi tat cal
thanh B cho t&i khi gdp mot B bén trai dau tién. B nay s& duoc thay lai thanh 0 rdi M
di vao trang thai két thiic q¢ va dimg.
6) 6(q09 1) - (qS: B, R)
8(q59 0) = (qu B, R)
6(‘15» 1) = (q59 B R)
8(qs, B) = (qe, B, D)
Néu & trang thai bat dau vong 1ap mai qo gap 1 thay vi gap 0, thi khéi cac s6 0
bén trai da xét hét, day 1a truong hop két thuc i) néu trén: TM s& di vao trang thai gs,
x04 phan con lai cia bang rdi di vao trang thai két thiic q¢ va dimg.

Chang han TM tinh toan phép trir 2\1 (ttrc input 0010 ) nhu sau :
Q00010 ~ B q,010 ~ B0q;10 ~ B01g,0 + B0Oqg;11 ~ Bq;011 +~ q3BO11 ~ Bqe011 +
BBq;11 - BBlq,1 ~ BBI11q, - BBlqg4l - BBq4l - Bqs - Bqg0

Néu cho TM tinh toan 1\2 (tirc input 0100) :

400100 - Bq;100 - B1q,00 - Bgs110 - qsB110 - Bqel10 - BBgs10 — BBBqs0 -
BBBBgs - BBBBqg

III. CAC KY THUAT XAY DUNG MAY TURING

Viéc xay dung may Turing bang cach viét (liét ké) tat ca cac ham chuyén cua né trén
bang nhép co thé 1a mot cong Vlec don diéu. Bé mo ta day du cach xay dung may
Turing, ta can mot vai cong cu "cap cao" hon. Phan nay sé& trinh bay mot sd cong cu
tong quat :
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3.1. Lwu trir trong b diéu khién (Storage in the finite control)

Bo diéu khién co thé dung dé luu trit mot lugng hiru han thong tin. Dé lam nhu thé, ta
viét mdi trang thai nhu 1a mét cap cac phén tir: mot thanh phﬁn dé diéu khién, thanh
phan kia luu giit 1 ky hiéu. Cha y rang, day chi 1a mot cach mo rong trén khai niém
chtr khong thay d6i dinh nghia may Turing.

Thidu 7.3 : Xét may Turing M nhan vao ky hiéu dau tién trén chudi nhap (viét trén
bo chit cai {0, 1}), luu trit vao bo diéu khién va kiém tra rang ky hi€u nay khong co
xuat hién ¢ vi tri nao khéc trén chudi nira hay khong ?.

Ta Xay dung TM M (Q, {0, 1}, {0, 1, B}, o, [qo, B], B, F}), trong do tap trang
thai Q bao gom cac trang thai dang mét cap thanh phan {qo, q} x {0, 1, B}, tirc 1a Q
gom chtra cac trang thai [qo, 01, [90, 11, [90, B] [ql, 0], [q1, 1] va [qy, B] Trong moi
cdp ndy thanh phan thir nhat ghl trang thai diéu khién, thanh phan thtr hai ghi nh¢ ky
hiéu. Ta dinh nghia ham chuyén & nhu sau:

1) 3([q0, B], 0) = ([q1, 0], 0, R)

8([q09 B] 1) ([Ch, 1]9 19 R)

Bit dau tir trang thai [q9, B], TM doc va luu trir ky hiéu dau tién trén bang vao
thanh phan thi hai trong bo diéu khién.

2)  d(lqi, 0], 1)=([as1, 0], 1, R)

8 1,0 = ([a), 11, 0, R) ,

Neéu céc ky hiéu dugc doc tiép theo khong giong véi ky hiéu dang luu trit thi
tiép tuc di chuyén sang phai.

3)  8([aqi, 0], B)=([qs, B], 0, &)

5([ar, 11, B) = ([a1, B], 0, @)

M di vao trang thai két thuc [q, B] khi gap Blank.

M s€ di vao trang thai két thuc néu né tién dén gap ky hiéu B ma khong co ky
hi¢u nao glong v6i ky hiéu dau tién dang duoc luu trit trong bo diéu khién. Vay néu
M tién dén B & trang thai [q;, 0] hodc [q;, 1] thi input dugc chdp nhan. Nguoc lai, ¢
trang thai [qy, 0] va gap 0 hodc ¢ trang thai [q;, 1] va gap 1 thi M dung va khong chap
nhan chudi input vi khéng c6 ham chuyén trang thai dé xac dinh cac budc chuyén
nay.

Mot cach tong quat, ta co ‘ghé xem b diéu khién gém k thanh phan trong d6 mot
thanh phan gilr trang thai di€u khién va cac thanh phan kia (k-1 thanh phan) dung luu
gilt thong tin.

3.2. Nhiéu rinh trén bing (Multiple tracks)
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Mot cach mé rong khac, ta cling co thé xem bang cua TM dugc chia thanh k thanh
phan, véi k > 1 va hitu han. Mot ky hi€u trén bang dugc xét 1a mdt bd gom k ky hiéu,
moi ky hi€u nam trén madt ranh.

Thidy 7.4 - Thiét ké TM nhan vao mot s6 nguyén n (viét & dang nhj phan) va kiém
tra xem do c6 phai la s6 nguyén t6 hay khong ?

Ta dung bang 3 rdnh nhu hinh 7.2 véi nguyén tic sau :

Sén & dang nhi phan dugc dua vao trén ranh 1 va dugc bao boi cap dau  va
$. Nhu vay cac ky hiéu dugc phép ghi trén bang la [¢, B, B], [0, B, B], [1, B, B] va
[$, B, B]. Céc ky hi¢u nay tuong tmg vé6i , 0, 1, $ khi xem ching 1a ky hi¢u nhap.
Ky hi¢u Blank 14 [B, B, B].

Viét s6 2 dang nhi phén trén rinh 2 (tic 10)

Chép ranh 1 vao rinh 3 sau d6 1y ranh 3 trir ranh 2 nhiéu 1an nhét c6 thé duoc
(thuc hién viéc chia sd can kiém tra cho s6 trén ranh 2, 1dy phan du)

Xét sb con lai (s6 du)

- Néu s6 con lai 1a 0 thi input khong 13 sb nguyén t6 (vi né chia hét cho sb trén
ranh 2)

- Néu s6 con lai khac 0 thi ting s trén ranh 2 thém mot don vi: néu s trén
rdnh 2 bang s trén ranh 1 (s6 n) thi input n 13 s6 nguyén t6 vi n di khong chia hét cho
bat ky s nao tir 2 dén n -1. Néu s trén ranh 2 nho hon sé trén rinh 1 thi ta lip lai qué
trinh trén v&i s6 méi trén ranh 2.

z 1 0 1 1 1 1 $ B B

B B B B 1 0 1 B B B

B 1 0 0 1 0 1 B B B
B¢ diéu khién

Hinh 7.2 - TM véi bang 3 ranh

Hinh 7.2 trén mo ta mot TM véi k = 3, kiém tra sb n = 47 viét trén ranh 1 dudi
dang nhi phan, TM dang thuc hién phép chia 47 cho 5. N6 da trir 2 lan s6 5 vao s0 47,
vay O ranh 3 hién dang c6 so 37.

3.3. Panh dau ky hiéu (Checking off symbols)

K§ thuat danh dau thuong dung dé nhan dién cac ngdn ngit duoc dinh nghia bing
cach lap lai chudi ching han nhu {ww |w € X }; {wey | w,y € X, w # y} hodc
{ww® | w € X'} hodc cac ngdn ngit c6 d6 dai cac chudi con cin dwoc so sanh, nhu
{a'b'|i> 1} hodc {a'b'c" |i=jhodcj=k}.
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Ta dung mdt rinh mo rdng trén bang dé giit ky hiéu danh dau v. Ky hiéu \ xuét hién
khi ky hi¢u trén ranh ngay bén dudi n6 da hodc dang dugc xét boi TM.

Thidy 7.5 : Xétmay Turing M (Q, 2., T, 8, qo, B, F) nhan dién ngén ngit L c6 dang
{wew | w € (a+b)"} véi cac thanh phan nhu sau :

. Q={lq.d][q=qi, ..., @ vad = a, b hodc B} = {qy, ..., qo} x {a, b, B} (thanh
phan thtr hai cua céc trang thai dung dé Iuu trir ky hi¢u nhap)
2.={[B,d]|d=a,b,c} (kyhiéunhép [B, d] dugc xac dinh bai d)
I'={[X,d] |X=BhOQC\/;d=a,b,choécB}.

Jo = [ql» B]
B = [B, B] dugc dinh nghia Ia B, ky hiéu Blank.
F = {[qo, B]}.

Véid=ahoac b; e = a hoac b, ta dinh nghia ham chuyén O nhu sau:
) 8(qs, Bl [B,d]) = ([q2, d], [V, d], R) o
- M danh dau ky hiéu dugc duyét trén bang, luu trir vao bo dicu khién va dich
chuyén sang phai.

2) , 5([‘]2, d]a [Ba e]) = ([an d]a [Ba e]a R) ;

M tiép tuc dich phai trén céc ky hiéu chua danh dau va tim c.

3)  8([qp, d], [B, c])=([gs, d], [B, c], R)

Khi tim thay ¢, M di vao trang thai ma thanh phan dau tién 14 qs.

4) &m@%@(mLN%m

M dich phai qua cac ky hi¢u da danh dau.

5) (g3, dl. [B, d]) = ([qs, B, [V, d], L)

M gip ky hiéu chwa danh dau. Néu ky hiéu chua danh dau giéng vai ky hi¢u
dang luu trong bd diéu khién thi M danh dau rdi dich tréi. Néu ky hiéu khong giong
ky hiéu luu trong bd dleu khién thi M khong dich chuyén nita va khong chdp nhan
input. M cling dung néu ¢ trang thai q; va gip ky hiéu [B, B] trude khi gip ky hiéu
chua danh dau.

6)  &(lg4 B, [V, d]) = (g4, B]. [V, d]. L)

M dich trai trén céac ky hi¢u da danh dau.

7) 8([q49 B]a [Ba C]) = ([qﬁa B]a [Ba C]s L)

M gap ky hi¢u c.

8)  d([as, B], [B, d]) = ([g6, B], [B, d], L)

Néu ky hiéu ngay bén trai ¢ chua duoc danh du thi M tién sang trai dé tim ky
hiéu bén phai nhat da dugc danh dau.

9) B 8([‘]6, B]a [Ba (}]) = ([%, B]a [Ba d]s L)

M tiép tuc dich chuyén sang trai.

10)  8([ g5, B, [V, d)) = ([ay, B, [V, d], R)

M gap ky hi¢u da danh dau, né dich phai dé lay ky hiéu chwa déanh diu bén
canh va tiép tuc vong 1ap so sanh. Khi d6, thanh phan thir 1 lai tré thanh q;.

1) 8((gs. Bl. V. d)) = (lgr. BL, [V, d1. R)

M ¢ trang thai [qs, B] ngay sau kh1 vuot sang trai c. Néu ky hiéu xuat hién
ngay trude ¢ da duoc danh dau thi tt ca cac ky hiéu trude ¢ déu da duoc danh dau. M
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phai kiém tra xem bén phai ¢ con c6 ky hiéu nao chura dugc dénh dau hay khong. Néu
khong con ky hi¢u nao thi M chap nhan input.

12) 8([‘]7, B]a [Ba C]) = ([QS, B]a [Bs C]a R)

M dich sang phai c.

13) ~ 8([qs, B], [V, d]) = ([qs, B], [V, dI. R)

M tiép tuc dich sang phai trén cac ky hiéu da duoc danh dau.

14)  8([as, BI, [B, B]) = ([av, B], [V, B], @)

M tim gap Blank, n6 dirng va chip nhan chudi. Néu M gip ky hi¢u chua dugc
danh dau khi thanh phan thtr 1 13 qg thi n6 dimg va khong chip nhan.

3.4. Dich qua (Shifting over)

May Turing c6 thé tao ra mot khong gian tréng trén bang bang cach doi cac ky hiéu
khong tréng trén bang di sang phai hiru han 6. Dé lam diéu d6 dau doc phai thyc hién
dich phai, 1ap lai viéc luu ky hi¢u doc duogc vao bd diéu khién va thay thé chung bang
ky hiéu doc dugc & 6 bén trai. Néu co du 6 tréng, TM ciing ¢6 thé chuyén dich mot
khéi ky hiéu sang trai mot cach tuong tu.

Thidu 7.6 : Xay dung TM M(Q, 2., T, 8, qo, B, F) dich toan b cac ky hiéu khong
trbng trén bang sang phai 2 6.

Ta gia sir khong c6 Blank giira cac ky hiéu khong tréng, vi vay khi dau doc
gip Blank thi n6 d3 dich xong cac ky hiéu khac tréng trén bing. Tap cac trang thai Q
chtra cac phﬁn tor dang [q, A, Ay] véi q = q; hoac qp va A, A, € I'. Goi X 1a mot ky
hiéu dac biét duoc chép nhan trén bang cua M, n6 khong duoc st dung véi1 muc dich
nao khac ngoai qué trinh dich chuyén trén bang. M bat dau véi trang thai [q;, B, B] va
ham chuyén thuc hién nhu sau:

V6i A eI - {B, X}

1) &([qi, B, B], A)) = ([q1, B, Ai], X, R)

M luu ky hiéu doc dau tién vao thanh phan thir 3 trong bo diéu khién, ghi X
vao 6 dang doc rdi dich sang phai.

2)  3([qi, B, A1], Ay) = ([q1, A1, Ar], X, R)

M chuyén ky hiéu ¢ thanh phan thtr 3 sang thanh phan tht 2, luu trit ky hiéu
doc duoc vao thanh phan thtr 3, viét X vao 6 dang doc rdi dich sang phai.

3)  8(lqi, A, Az, Az) = ([q1, Ag, As], Ay, R)

Bit dau tir budc chuyén nay, M 1an lugt doc vao mot ky hiéu, ghi né vao thanh
phan tht 3, chuyén ky hiéu duoc ghi trude d6 ¢ thanh phan tht 3 sang thanh phan tht
2, chép lai ky hiéu & thanh phan thir 2 vao 6 dang doc roi dich sang phai.

4) o([qi, Ai-», A1 1] A)=([qi, Ai-1, Ail, Ai.2, R)

5) 8([(.]1, n- 19 B) ([qu Ans B] n- 1 R)

Cho dén khi M gap B n6 dbc ndt 2 ky hiéu cudi dang giir trong bd nhd dé bat
dau di vao trang thai két thic.

6)  8([q2, An, B], B) =([q2, B, B], Ay, L)
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Cudi cung, tit ca cac ky hiéu khong trong trén bang da dugc chuyén dich sang
phai 2 6. Lic dé nod s€ dugc chuyén sang mot trang thai nao do (c6 thé quay vé trai,
tro vé dau bang) dé thyc hién mdt chirc nang khac.

3.5. Chuong trinh con (Subroutines)

Ciing giéng nhu mot chuong trinh may tinh hién dai, may Turing c6 thé dong vai tro
tuong tu nhu bat ky mot kiéu chu:ong trinh con nao trong ngén ngr lap trinh bao gdm
thu tuc dé qui hodc c6 tham sb. Y tudng chung 13 ta viét mot phan chuong trinh cua
TM nhu la mgt chuong trinh con. N6 s€ duogc thiét ké c6 chira mot trang thai khot dau
va mot trang thai tro vé, trang thai trd vé 1a trang thai khong c6 phép chuyén ké tiép
va n6 s€ dong vai tro 1a trang thai khoi dau ciia mot TM khac hodc 1a mot trang thai
nao do trong mot TM khac. Nghia la tir trang thai tro vé ctia TM nay ta tiép tuc céc
phép chuyén cua mot TM khac, su kién nay c6 y nghia nhu la goi moét chuong trinh
con khéac hodc tiép tuc thyc hién chuong trinh cap trén. Luu y, cac trang thai cua
chuong trinh con phai phan biét vdi chuong trinh cap trén cta no.
Thidy 7.7 : Thiét ké TM thyc hién phép nhan 2 s6 nguyén m, n.
. Input : 010"
. Output : 0™ "

M bat dau vai 010" trén bang va két thic véi 0™ " trén bang dugc bao quanh
boi cac Blank.

Y tuéng chung 14 dat thém s6 1 sau 0™10" rdi chép khdi n s 0 sang phai m lan
mdi 1an xo4 mot con 0 bén trai ciia 0™. Ta dugc két qua cudi cung 1a 10"10™*" . Bay
gio ta chi viéc xo4 101 ta s& duoc két qua 0™ "

Phén chinh cta giai thuat trén 1a thu tuc COPY dé chép n s6 0 sang phai. Thi
tuc nay duoc xac dinh bang cac ham chuyén sau:

0 1 2 B
qd1 (q29 23 R) (q49 13 L)
q2 (CI2, 07 R) (QZ, 15 R) (Cb» 09 L)
qs3 (q3: Oa L) (q3a la L) (qla 29 R)
q4 (qu 15 R) (q4s Oa L)

O trang thai q; nhin thdy 0, M d6i 0 thanh 2 va di vao trang thai q,. O trang
thai q,, M dich phai t6i Blank viét 0 rdi dich trai trong trang thai qs. Khi & trang thai
qz ma gip 2, M di vao trang thai q; dé tiép tuc lap lai qua trinh trén cho t6i khi gap 1.
Trang théi q, duoc dung dé bién d6i 2 thanh 0 va thu tuc dimg tai gs.

Dé lam diy du chuong trinh ta phai thém cac trang thai dé bién d6i hinh thai
khoi dau qe0™10" thanh BO™'1q;0"1. Tirc 13 ta can ba qui tic:

6(‘10» O) - (CI69 B> R)
6(q69 O) = (q6: Oa R)
6(%, 1) = (Ch’ 15 R)
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Sau d0, ta lai thém cac phép chuyén va trang thai can thiét dé bién doi tir hinh
thai B'0™'1gs0"10™ * ' thanh B™'0™""1q,0"10" * ' 13 trang thai bat dau lai viéc COPY,
ddng thoi kiém tra i = m hay khong (khi tit ca cac 0 caa 0™ dd bi xo4). Néu i = m thi
10”1 bi x04 va qué trinh tinh toan s& dimng & trang thai q;,. Cac ham chuyén bo sung
nhu sau :

0 1 2 B
Qs (CI% 07 L)
q7 (QSa 19 L)
qs | (99,0, L) (d10, B, R)
Qo (q99 Oa L) (q()a Ba R)
d1o0 (d11, B, R)
du | (g1, B, R) | (q12, B,9)

IV. CAC BIEN DANG CUA MAY TURING

Sau day, ta s& xét thém mot s dang khac ciia may Turing, chiing c6 vé phirc tap va
tinh vi hon, song thuc té ching cling déu twong duong véi moé hinh TM co ban da
dinh nghia & trén.

4.1. May Turing v6i bing vo han 2 chiéu

May Turing v6i bang v6 han hai chiéu ciing twong tw nhu mé hinh géc (TM v6 han
mot chiéu bang), chi khac 1a bang cua n6 khong co6 can trai nhu mo hinh goc, nghia la
ta xem nhu TM c6 v6 han Blank ¢ ca hai dau bang. Vi thé ham 6 duoc md rdng thém
bang cach xét thém céc truong hop déc biét tai can trai nhu sau :

Néu 8(q, X) = (p, Y, L) thi gXo - pBYa

Néu 8(q, X) = (p, B, R) thi qXa - pa

PINH LY 7.1 : Néu L dwge nhén dién béi TM véi bing vo han hai chiéu thi L
ciing dwgee nhan dién bang TM vo han m{t chiéu biang

Chirng minh

Goi M, 1a TM véi bang vo han hai ch‘iéu M, (Q,, 2, I, 0,5, 2, B, F») nhan
dién L. Ta xay dung M, 1a TM v6 han m{t chi€u bang nhan dién L. Bang ctia M, c6 2
ranh:

- Ranh trén biéy dién cho bing ctia M, phia phai dau doc lac khot dau.

- Ranh du¢i biéu dién cho bang phia trai dau doc lac khdi dau theo thu tu
ngugc lai.

. As|ALAS|ALAL A AL A A AL AS] ..
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(a) - Bang cua M,

AO A1 A2 A3 A4 A5
(oa A_1 A_2 A_3 A_4 A_5

(b) - Bang cua M,
Hinh 7.3 - Bang nhdp cua TM M, va M,

M, thuc hién cac phép chuyén tuong tu nhu M, nhung khi M, thuc hién cac
phép chuyén phia phai dau doc thi M; lam viéc vé6i rinh trén, khi M, thyc hién céac
phép chuyén bén trai dau doc thi M; lam viéc & rinh dudi

Mot cach hinh thic M, (Qy, Xy, 'y, 64, qi, B, Fy), trong d6 :

Q, 1a tap hop cac dbi twong dang [q, U] hodc [q, D], trong dé q 1a trang thai
trong Q,, con U, D dung chi rang M, dang 1am viéc véi ranh trén (Up) hay ranh dudi
(Down). Céc ky hi¢u bang cua M, (céc ky hi€u thude I'y) c6 dang [X, Y] trong d6 X,
Y thudc T, hon nita Y c6 thé 1a ¢ 13 ky hiéu khéng c6 trong I', dung dé danh déu 6
trai nhat trén bang cia M .

>, 1a tap hop cac ddi twong dang [a, B] trong d6 a € I,

Fi={q, U], [0, D] lq € Fu}.

Ham chuyén §, c6 dang nhu sau:

D Sian[aB)=(qULX.@LR) néudig,a)=(X.R)

Néu M, chuyén sang phai trong lan chuyén dau tién thi M in & trén ranh dudi,
ghi nhé U vio thanh phan thir hai ciia trang thai va dich phai. Thanh phan thir nhat
cua trang thai luu trang thai cia M,. M, in X (ky hi€u ma M, in ra) ¢ ranh trén.

2) Vae X, U {B}:

8l(qla [aa B]) = ([qa D]: [Xs ¢]’ R) néu 62(an a) = (q’ Xs L)

Néu M, chuyén sang trai trong 1an chuyén dau tién thi M, in & trén ranh dudi,
ghi nhé D vao thanh phan tht hai ca trang thai va dich phai. Thanh phan thtr nhét
cua trang thai luu trang thai ciia M,. M, in X (ky hi€u ma M; in ra) & ranh trén.

3) VX, Y]el[,voiY#zvaA=LhoacR:

01([q, UL [X, YD =([p, UL [Z, Y], A)  néudx(q, X)=(p,Z, A)

M, & ranh trén thyc hién tuong ty nhu M,.

4 du([q, DL [X, YD = ([p, D], [X, Z], A)  néudxq, Y)=(p.Z,4)

(Trongdonéu A=Lthi 4 =RvanéuA=Rthi 4 =L)

O ranh dudi, M, lam tuong tu M, nhung dich chuyén dau doc theo huong
nguoc lai.

5) 81([qa U]a [X’ ¢]) = 81([(1, D]a [Xa ¢]) = ([pz C]a [Y9¢]a R]

néu 6Z(qa X) - (pa Ya A)
(Trongd0C=UnéuA=R,C=DnéuA=L)

M, lam tuong tg M, & 6 khoi dau, cong viéc tiép theo cia M; thuc hién & ranh

trén hay dudi phu thudce vao hudng chuyén dau doc ctia M,.
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4.2. May Turing v6i nhiéu bing vo han hai chiéu

Xét may Turing c6 mot bo diéu khién c6 k dau doc va k bang vo han hai chiéu. Mdi
phép chuyén cia may Turing, phu thudc vao trang thai ciia bo diéu khién va ky tu doc
dugce tai mdi dau doc, n6 co thé thuc hién cac buéde sau :

1) Chuyén trang thai.

2) In ky hiéu méi tai mdi dau doc dé thay thé ky hiéu vira doc.

3) Pau doc c6 thé gilr nguyén vi tri hodc dich trai hodc dich phai 1 6 mgt cach
doc 1ap nhau.
Khéi dau input xuét hién trén bang thir nhit, cic bing khac chi toan Blank.
Mot may Turing nhu vay goi 1a may Turing voi nhidu bang v6 han hai chiéu.

PINH LY 7.2 : Néu L dwoc nhan dang béi may Turing nhiéu bing vé han hai
chiéu thi no6 ciing dwgc nhin dang béi may Turing mt bang vo han hai chiéu.

Chirng minh

Gia st L dugc nhan dién boi may Turing k bang vo han hai chiéu M, ta xay
dung may Turing M, mét bang v6i 2k ranh, 2 ranh s€ mé phong mot bang cia M,
bang cach: mot ranh giit ky hiéu trén bang ciia M; mot rinh kia giir ky hiéu danh dau
vi tri dau doc.

Mobi phep chuyén ciia M; dugc md phong bang M, nhu sau:

M, xuét phat tai vi tri trai nhit chtra ky hiéu danh dau dau doc, M, quét sang
phai, khi qua moi 6 c6 danh dau vi tri dau doc né ghi nhé ky hiéu tai vi tri nay va dém
s6 vi tri ddu doc d gip. Khi M, di sang phai va di dém du k dau doc thi n6 d3 c6 du
thong tin dé xac dinh phép chuyén twong ty nhu M;, M, lai quét tir phai sang trai, khi
di ngang qua mdi 6 c6 danh dau dau doc né in ky hiéu thay thé ky hiéu tai diu doc
(nhu M,) chuyén vi tri danh dau dau doc (nhu M, chuyén dau doc cta nd). Cudi ciing
M, d6i trang thai trong bo diéu khién ctia n6 thanh trang thai ma M, chuyén t6i.

| B0 didu khién |
7 3
A | A, // An
v
| By /By | ... [Bi|..|By |
¥
L. lalel .l .. ]Cy]
Pau doc 1 X
Bang 1 |A;[A;]... o A
Pau doc 2 X
Béng2 B1 B2 . Bi . Bm
Paudoc 3 | X
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| Bang3 |C|G...| |...|Cal

Hinh 7.4 - May Turing 1 bang mo phong may Turing 3 bang

Thidu 7.8 : Ngon nglt {ww lw e (0+1)"} c6 thé duoc chip nhan béi mot may
Turing c6 2 bang bang cach nhu sau: Pau tién, né chép lai chudi nhap & bang thi nhat
1én bang thir hai. Sau d6, trén biang thir nhat dau doc chuyén dan tir can trai sang can
phéi ctia chudi, trong khi trén bang thir hai dau doc lai chuyen nguoc lai tr can phai
sang can trai ctia chudi dé. Chudi duoc chap nhan néu sudt qua trinh d6, cac ky hiéu
doc duoc trén 2 bang ludn ludn ddng nhat.

Nhu ta d3 biét, d¢ doan nhin ngdn ngir ndy bang TM mdt bang thi dau doc
phai dich chuyén to1 lui rat nhiéu 1an dé so sanh hai nira cua chudi nhap tir ca hai dau
bing. Nhu vy, s6 budc dich chuyén cta no xap xi bang binh phuong d¢ dai chudi
nhép, trong khi TM vo61 2 bang nhap chi can thuc hién s6 budc chuyén ty 18 voi do dai
ctia chudi nhap.

4.3. May Turing khong don dinh

May Turing khong don dinh c¢6 m6 hinh twong tu nhu mé hinh gbc nhung diém khac
biét & chd 1a trong mdi lan chuyén, may Turing c6 thé lira chon mot trong mot s hitu
han céc trang thai ké tlep, lya chon huong chuyen dau doc, va lya chon ky hi€u in ra
trén bang dé thay thé ky hiéu vira doc duge. M4y Turing trong mé hinh gdc con goi
la may Turing don dinh.

DINH LY 7.3 : Néu L dwgc chap nhin béi may Turing khong don dinh M, thi L
ciing duwgc chap nhan béi mot may Turing don dinh M, nao dé.

Chirng minh

V61 mot trang thai va mot ky hiu bang bat ky cua My, c6 mot sO hitu han cac
phép chuyen dén trang thai ké tiép, ta co thé danh s céc trang thai nay 1a 1, 2, ... Goi
r 13 s6 16n nhit cta sb cac cach lwa chon v6i mot cip trang thai va ky kiu bat ky Ta
c6, moi diy cac phép chuyén trang thai déu dugc chi ra bang mot diy chira cac sd tir
1 dénr. Nguoc lai mot day hitu han bét ky gém cac s6 tir 1 dén r o thé biéu dién cho
mot diy cac phép chuyén ndo d6 ciing co thé khong. M, duoc thiét ké c6 ba bang:

Béang 1 chura input

Bang 2 sinh ra day chura cac s6 tir 1 dén r mot cach tu dong theo tinh chéit day
ngén sinh ra truge, néu cac day cung do dai thi no sinh ra theo th tu li¢t ké sb
(numerical order).

Bing 3 dung chép input trén bang 1 vao dé xir 1y: voi mdi s6 sinh ra trén bang
2, M, chép input trén bang 1 vao bing 3 va thyc hién cac phép chuyén theo diy sd
trén bang 2.

Néu ¢ mot chudi ndo d6 trén bang 2 lam cho M, di vao trang thai két thic thi
M, dimng va chap nhan input. Néu khong c6 chudi nao nhu vy thi M, khong chap
nhan input. TAt nhién M, chap nhan input khi va chi khi M, chap nhan input.
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4.4. May Turing nhiéu chiéu

May Turing nhiéu chiéu gdm mot bo diéu khién hiru han, nhung bang cua no 1a mot
mang k chiéu v6 han vé ca 2k phia. V&1 mot s6 k nao do, phu thudc vao trang thai va
mot ky hiéu dugc doc, may thay doi trang thai, in mot ky hiéu mdi tai 6 dang doc va
dich chuyén dau doc theo mot trong 2k phia.

DINH LY 7.4: Néu L dwoc chip nhin béi may Turing k chiéu M, thi L ciing
dwgc chap nhan béi mot may Turing m¢t chiéu M, nao do.

(Phén chitng minh, xem nhw bdi tdp)

4.5. May Turing nhiéu dau doc

May Turing nhiéu dau doc c6 k dau doc dugc danh sb tir 1 dén k voi k 12 mot sd hitu
han ndo d6, nhung chi c6 mot bang input. Mot phép chuyén ctia may Turing phu
thudc vao trang thai va cac ky tu dugc doc bdi moi dau bang. Moi dau dich chuyén
mot cach dOc 1ap sang trai, sang phai hoac ding yén.

PINH LY 7.5 : Néu L dwogc chip nhan béi may Turing k dau doc M, thi L ciing
dugc chap nhan béi mgt may Turing mot dau doc M, nao dé.

(Phén chitng minh, xem nhw bdi tdp)

V. GIA THUYET CHURCH

Gia thuyét rang khai niém truc gidc “Ham tinh dwgc” (computable function) c6 thé
duoc dinh nghia bing 16p cac ham dé quy bd phan 1a gia thuyét Church hay con duoc
goi 14 luan dé Church - Turing. Trong khi chiing ta khong thé hy vong dé chimg minh
gia thuyét Church ciing nhu ‘nhimg dinh nghia khong hinh thirc vé “sy tinh dugc”,
chung ta c¢6 thé cho nhimg dan chu‘ng vé nhimg kha trién ctia ching. Trong mot thor1
gian dai, khai niém truc giac vé “su tinh duoc” dat khong giéi han trén sé bude hoic
téng s cac luu tri, c6 vé nhu cac ham dé quy bd phén thi co thé tinh duoc mot cach
tryc giac mic du cling c6 mot s6 ham khong thé tinh duoc trir khi ta dat gidi han cho
viéc tinh toan sau d6 hodc it nhét thiét 1ap duogc liéu c¢6 hay khong co phép tinh cubi
cung.

Diéu con khong 13 1a lidu 16p cac ham dé quy bo phan cé thé bao ham tat ca moi
“ham tinh dwoc”. Nhitng nha logic hoc dd dua ra nhiéu cong thirc khac, ching han
nhu phép tinh-\, hé thong Post va cac ham dé quy tong quat. Tat ca chiing dugc dinh
nghia cting mot 16p ham, cu thé 13 ham dé quy bo phan. Hon nita, cdc mé hinh may
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tinh triru twong, chang han nhu mé hinh RAM (Random Access Machine) ciing dugc
xem xét nhu mdt ham dé quy bd phan.

Mo hinh RAM bao gém mot $6 voO han cac tir nhd, danh $6 0, 1, ..., mdi mdt tir nhd
c6 thé luu gitt mot sd nguyén bat ky va mot sd hitu han céac thanh ghi s6 hoc ciing ¢
kha ning giit cac s6 nguyén bat ky. Cac s6 nguyén cé thé dugc giai ma thanh cac
dang thong thuong cta cac chi thi may tinh. Chung ta s€ khong dinh nghia mé hinh
RAM mot céch hinh thue hon, nhung s€ o rang hon néu chung ta chon mdt tap cac
chi thi phtt hop, RAM s& mé phong moi may tinh hién c6. Chirg minh rang mé hinh
may Turing cling c6 kha ndng tuong duong nhu mo6 hinh RAM duogc chi ra dudi day
hay c6 thé n6i mot may Turing ciing c6 tac dung nhu mot kiéu RAM.

Mo phéng mé hinh RAM béi may Turing

PINH LY 7.6: Mét may Turing c6 thé mé phéng mot RAM, véi diéu kién 13 mdi
chi thi RAM ciing c6 thé duwgc mé phéng béi mot TM.

Chirng minh

Ta sir dung mot TM M nhiéu bang dé thuc hién qua trinh mé phong. Mot bang

cua M giir cac tir cia RAM duogc cho boi cac gié tri nhu dudi day. Bang c6 dang sau :
# O*Vo# I*Vl # IO*Vz# . i*Vi#

trong d6 v; 1a ndi dung bang viét dudi dang nhi phan cta tir thir i. Tai mdi thoi
diém, s& c6 mot sb hiru han cac tir cia RAM c¢6 thé duge dung va M chi can luu gil
lai cac gia tri cho dén khi c6 mot sd luong tir 1on nhét duoc st dung sau do.

RAM c6 mdt sd hiru han cac thanh ghi s6 hoc. M ding mdt bang dé giir noi
dung ctua mdi thanh ghi ndy, mot bang dé giit s6 dém vi tri (location counter), noi
chtra s6 thir tu cac tir ma chi thi ké tiép s& goi dén. Va mot bang nita dung nhu 1a
thanh ghi dia chi bé nhé (memory address register) trong d6 luu gitr s6 ciia tir nhd.

Gia su ré“lng 10 bit dau tién caa mot chi thi biéu thi mot toan tir chun cta may
tinh, chéng han nhu LOAD, STORE, ADD, ... va nhiing bit sau d6 xac dinh dia chi
ciia mot toan hang. Trong khi chung ta s€ xem xét mét cach chi tiét viéc cai dat tat ca
cac chi thi may tinh chuan, mot vi ‘du minh hoa s€ cho thdy diéu nay rd rang hon. Gia
st bang s6 dém vi tri ctia M giit sb i trong hé nhi phan. M duy¢t bang nay dau tién tir
bén trai va tim thiy # i*. Néu mot khoang tréng duge dém trude khi tim thay # i*, co
nghia 14 khong c6 chi thi nao trong tir i, vi thé RAM va M ngimg lai. Néu # i* duoc
tim théy, chudi bit theo sau ky hiéu * cho dén ky hi¢u # sau d6 s€ dugc xem xét. Gia
str 10 bit dau tién 12 ma 1énh cta “ADD to register 2” va phan chudi bit con lai 1a mot
s0 j trong hé nhi phan. M thém 1 vao i trén bang s6 dém vi tri va sao chép j vao bang
dia chi by nh¢. Sau d6, M lai tim kiem # j* trén bang dau tién, mot 1an nira lai bét dau
tor bén trai (chu y rang # 0* danh dau vi tri cén trai). Néu # J* khong tim thay, ta gia
str tir j gitr 0 va di tiép dén chi thi ké tiép cia RAM. Néu # j* vi# dugc tim thay, Vj s€
dyoc thém vao néi dung cua thanh ghi 2, noi chira chinh no trén bang. Tiép tuc lap lai
vong lap nay véi chi thi ké tiép.

126



Chwong VII : May Turing

. Luuy rang trong giai thuat nay, mac du mo phong RAM dung mét may Turing
nhiéu bang, nhung theo Pinh 1y 7.2, néu ta dung TM v6i mot bang vo han hai chiéu
cling s€ thanh cong song s€ phtrc tap hon.

Vi. MAY TURING NHU LA MOT BOQ LIET KE

Ta da xét may Turing nhu 12 mdt may dung nhan dang ngdén nglr va tinh todn cac
ham. Mt quan diém rat c6 ich nira 1a xem may Turing nhu 1a b liét ké, tirc 1a né co
kha nang sinh ra ngdn ngit.

Xét may Turing c¢6 nhiéu bing, mot trong cac bang d6 dugc xem 1a bang output, trén
bang nay mot ky hiéu duoc viét 1én s€ khong bi thay doi va dau doc cua bang nay
khong bao gio dich trai.

Gia st trén bang output, M sé& viét chudi cac ky tu thudc bd chir cai X, cac chudi duoc
viét ngin cach nhau boi dau #. Ta dinh nghla G(M) la ngon ngir sinh bo1 may Turing
M, la tap hop tat ca cac tr w € X duge viét giita hai ddu # trén bang output. Chi y
rang trir khi M khong dimg, G(M) lu6n ludn hitu han. Ta cing khong yéu cau cac tur
dugc sinh ra theo mot thur ty nao do, va cling khong yéu cau moi tir chi sinh ra ding
mot 1an.

6.1. Tinh chat dé qui liét ké ciia tip sinh

BO PE 7.1: Néu L 1a G(M,) vé6i TM M; nao dé thi L 1a tap dé qui liét ké
Chirng minh

Ta xay dung M, c6 nhiéu hon M; mot bang, M, sé thuc hi¢n tuong tu M;, M,
dung tit ca cac thanh phan ctia M chi trir bang input ctia M, nhung khi M; in # trén
bang output cua M; thi M, lay input cua M, so sanh voi tu vira dugc sinh trén bang
output cia M;. Néu gidng thi M, chap nhén, ngugc lai M, tiép tuc lam tuwong tu M;.
R& rang M, chap nhan input w néu va chi néu M, sinh ra w, vay G(M,) 1a tap dé qui
ligt ké.

Chtrng minh diéu nguoc lai ctia bo dé trén 1a khé khin hon. Gia st M; 1a bd
nhan dang cua mot tap hop dé€ qui ligt ké L < ¥" nao do. Néu ta cd géng thiét ké mot
bo sinh ra L ¢6 thé sinh moi tir thudc Y theo thir tu nao do6 1a wy, wy, ..., ta cho chay
M, trén wy, néu M, chép nhan thi sinh ra w;. ROi chay M| v6i w,, ..., cir lan lwot nhu
thé v&i moi tir. Phwong phap nay chi dung néu M, dung trén moi input. Tuy nhién, do
¢ cac tap dé qui liét ké nhung khong dé qui vi vy M; c6 thé khong dimg véi mot
input w; nao do va tAt nhién ta s& khong bao gio xét dugc cac tir sau dd wisy, Wi, ...
ngay ca khi M; chdp nhan ching.
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Ttr phan tich trén, ta thiy van dé dat ra 1a phai thiét ké bo sinh sao cho né ¢o
thé tranh duoc truong hop trén. Bé 1am nhu vay trudc hét ta danh sb the tu cac tir
thuéc X" 1di ta sinh ra ting cip sd nguyén duong (i, j). Viéc sinh ra cip (i, j) c6 ¥
nghia nhu 14 M, sinh ra tir thtt i bang j bude. Cu thé, ta danh s cac tir trong T theo
"thit tw chuan" (canonical order) nhu sau: liét ké cac tir theo do dai, véi cac tir co
cung do dai duoc lié¢t ké theo thu tu s, tirc 1A néu T = {ag, ay, ..., a1} thi mdi tr w e
>" coi nhur 1a mot s6 trong hé k-phéan. Ta c6 thé thiét ké TM sinh ra céc tir theo thir tu
chuan 13 khong kho khin gi.

Thidu7.9: NéuX={0,1} thicac tir liét ké theo thir tur chuan 1a: €, 0, 1, 00, 01, 10,
11, 000, 001, ... Xét cach sinh ra cip sinh (i, j) sau mot luong thoi gian hitu han. Néu
sinh theo thir tu (1, 1), (1, 2), ... thi s€é khong bao gid sinh dugc cap (i, j) voii > 1.
Thay vao d6 ta cho sinh ra cip (i, j) theo thu tw i + j, vi s6 luong cap (i, j) théa i + j
bang hang s 13 hitu han nén cap (i, j) bat ky s& dugc sinh ra sau mot luong thoi gian
hitu han, cu thé ta c6 thé chirmg minh: cip (i, j) s& duoc sinh & 1an sinh thi :
G+j-D@E+j-2)/2+1.

May Turing sinh ra cic cp sinh (i, j) viét trong hé nhi phéan 1a d& dang dugc

thiét ké va ta goi may Turing ndy 1 b sinh cap.

DINH LY 7.7 : Mét ngdn ngir 1a tip dé qui liét ké néu va chi néu né 1a G(M,) véi
TM M, nao dé.

Chirng minh

V6i bd dé 1 ta chi can chi ra rang néu L = L(M;) thi L duoc sinh ra boi TM
M,. M, twong ty nhu bo sinh cip. Khi (i, j) duoc sinh ra, M, san xuét tir thr i theo tht
tu chuan va lam tuong tu M, trén tr w; voi j bude. Néu M, chép nhan tir thr 1 voi j
budc thi M, sinh ra w;. Chac chin rang M, khong sinh ra tir khong thudc L, dat w 1a
tir thir i trong thir tu chuan trén bd chir cai L va M, chip nhin w bang j budc. Vi chi
can mot luong thoi gian hiru han dé M, sinh ra bat ky tir nao va 1am twong ty nhu M,
nén M, chic chin sinh ra (i, j). Luc ndy w s& duoc sinh ra bdi M,. Vay L = G(M,)

HE QUA : Néu L la tap dé qui liét k& thi c6 mot bo sinh sinh ra mdi tir trong L

diing mot lan.

6.2. Tinh chat dé qui ciia tap sinh

BO DE 7.2: Néu L 1a tap dé qui thi c6 mdt bd sinh in ra céc tir ciia L theo thir tw
chuan va khong in ra cac tir khac.

Chirng minh
Pit L =L(M,) € ¥ trong d6 M, ding v6i moi input. Ta xay dung M, sinh ra

L nhu sau M, sinh ra cac tir thudc ¥ mdi lan mot tr theo thtr tu chuén. Sau khi sinh
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ra mot tr w, M, lam tuong tuy M, trén w. Néu M, chép nhan w thi M, sinh ra w. Vi
M, chic chan dimg nén M, ciing sé dimg sau hiru han budc va chic chin s& xét mdi
tr thudc Y Vay M, sinh ra L theo thu tu chuén.

biéu nguoc lai cua bo dé trén cling dung, tic 1a, néu L duoc sinh ra theo thir ty
chuan thi L 1a tap d¢ qui. Nghia la c6 TM nhén di¢n M tdn tai, tuy nhién khong cé
mot giai thuat cu thé cho TM nay.

Gia st M, sinh ra L theo thtr tw chuan. Mot ¥ nghi tu nhién 1 ta xay dung M,
lam twong tu M, trén input w cho t61 khi M, sinh ra w hodc sinh ra tir sau w (theo thir
tu chudn). Trong truong hop dau, M, chap nhan w, trong truong hop sau M, dimg
nhung khong chap nhan w. R3 rang néu L hitu han thi M; c¢6 thé khong dimg sau khi
sinh ra tir cuoi cung trong L (vi theo dinh ly trén M; khong sinh tir nao khong thudc
L). Trong truong hop nay M, ciing khong dimg. Diéu nay chi gip khi L hiru han,
nhung do khong ¢ cach xac dinh TM c¢6 sinh ra tap hiru han hay khong hoic néu biét
TM sinh ra tap hitu han thi ciing khong thé biét tap hop d6 1a gi. Vay ta biét 1a c6 TM
Chép nhan L, nhung khong thé dua ra mot giai thuat cu thé cho TM nay.

DINH LY 7.8 : L 1a tip dé qui néu va chi néu L dwoc sinh ra theo thi tw chuan.

Chirng minh
Ta chi can chimg minh phan néu.
Khi L hiru han thi s€ c6 mgt 6tdmat chap nhan L va vi vay L dugc chap nhan
bo1 TM ludn ludn dung trén tat ca cac input.

VIIL. SU TUONG PUONG GIUA VAN PHAM KIEU 0
VA MAY TURING

Ho vin pham rdng 16n nhat theo su phan cip ciia Noam Chomsky doi hoi cac luat
sinh c6 dang oo — B, voi a, P 1a cac chudi tily y chira ky hiéu vin pham sao cho o # €.
L6p van pham ndy duoc biét nhu 13 vin pham kiéu 0, van pham ngi# cdu hay vin
pham khéng han ché.

Thi du 7.10 : Cho mdt vin pham khong han ché sinh ra ngén ngi
L= {a'|ila Iy thira duong cua 2 } véi tap luat sinh nhu sau :
G({S,A,B,C,D,E}, {a,e},P,S)

VoiP={ 1.S—> ACaB

.Ca — aaC

.CB—> DB

.CB—>E

.aD — Da

.AD - AC

.aE —> Ea

.AE —> ¢ }

03O L WL

129



Chwong VII : May Turing

Trong van pham trén, bién A va B giit vai tro 13 ky hiéu danh dau can trai va
can phai cia mot chudi thudc ngodn ngir. C di chuyén tir trai sang phai qua chudi cac
ky hiéu a nam gitra hai bién A va B, va gip d6i sb ky hiéu a d6 1én theo luat sinh (2).
Khi C cham dén can phai B, né s& thay thé thanh D hay E theo luat sinh (3) hoic (4).
Néu D duoc chon thay thé thi D lai quay vé trai theo luét sinh (5), cho dén khi gip
can trai A thi thay thé lai thanh C theo luat sinh (6) va cho phep lép lai chu trinh. Con
néu E duoc chon dé thay thé, thi theo luat sinh (4), B sé& bién mat sau d6 E quay vé
trai theo luat sinh (7) c_ho dén khi gip can trai A thi x6a A va mat di theo luat sinh (8),
cho ra chudi c6 dang 2' ky hiéu a, vdii> 0.

Co thé chirng minh bang quy nap theo 6 buéc dan xudt rang néu ludt sinh (4)
chia dige ding dén thi chudi trong dan xudt c6 mét trong ba dang nhw sau :

(i) S

(i)  Aa'Ca'B, véi i+ 2j la mét lity thira duong ciia 2.

(iii) Aa'Dd'B, voii + j la mét iy thira dwong cua 2.

Khi lugt sinh (4) dwoc dp dung thi ta sé c¢é chudi dang Ad'E, trong do i la mot
lity thira dwong cua 2. Sau do, ta chi co thé ap dung i lan ludt sinh (7) dé di toi dang
cau AEd'. Cudi ciing, véi ludt sinh (8), ta thu dwoc chudi dang d' véi i la lily thira
duwong cua 2.

Phan tiép theo dudi day, ching ta s& xét mdi twong quan giira vin pham khong han
che nay va md hinh may Turing. Chung ta chtimg minh hai Dinh ly duéi day thé hién
méi twong quan gitra 10p vin pham khéng han ché va 16p ngén ngir d¢ quy liét ké r.e

— 16p ngdn ngir duge chap nhan boi mot may Turing. Dinh 1y dau tién s& chimg to
rang moi ngdn ngir kiéu 0 phat sinh mot tép r.e. Va sau do ta s¢ xay dung mot giai
thuat dé liét ké tat ca cac chudi thudc vin pham kiéu 0.

PINH LY 7.9 : Néu L 13 L(G) véi mét vin pham khong han ché G(V, T, P, S) thi
L la ngon ngir dé quy liét ke.

Chirng minh

Thiét 1ap mot may Turing M khong don dinh, hai bang chap nhan ngdn ngir L.
Bing thtr nhit (bing 1) ctia TM chita chudi nhap w, con bang thr hai (bang 2), may
phat sinh cac dang chudi a cia G. Pau tién, chudi a duoc phat sinh trén bang 2 1a ky
hiéu bat dau S. Sau d6, TM lap lai qua trinh sau :

(i) Chon mot cach ngau nhién mot vi tri i trén o v6i 1 <i<| o |, nghia 1a TM
Xuat phét tir bén trai chudi o roi tuy chon gitra hai kha nang : hoac chon i 1a vi tri hién
tai, hodc dich chuyén sang phai va lap lai qua trinh.

(i1) Chon mot luat sinh B — vy trong s6 cac luat sinh thudc tap luat sinh cta G.

(iii) Néu chudi con B xuat hién trong o ké tir vi tri thir i, TM thay thé chudi B
boi y (di nhién néu | B | # | v | thi phai dich chuyén phan cudi cta o dé du chd trong
can cho phép thay thé)

(iv) So sanh chudi phat sinh dugc v6i chudi nhap w trén bang 1. Néu giéng
nhau thi chudi méi phat sinh s& duoc chap nhan. Néu khac nhau thi TM tr& vé budc
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(i). Ta ¢ thé chimg minh dugc rang tat ca va chi c6 nhimg chudi thudc G méi xuat
hién trén bang 2 & budc (iv).
Vay L(M) =L(G) = L.

PINH LY 7.10 : Néu L 1a ngdn ngir d¢ quy liét ké thi L = L(G) véi mot vin pham
khong han che G nao dé.

Chirng minh

Gia sir ngdn ngit L dugc chap nhan boi may Turing M (Q, 2, I, 8, qo, B, F).
Ta s& xay dung mot van pham khong han ché G ma mdi chudi dan xuat cia nd phat
sinh theo ba budc nhu sau :

(i) G phat sinh mot cadch ngau nhién mot chudi w thudc . Chudi nay duge viét
thanh hai ban : mot s& luu giit cho dén khi két thic, mot s& thay doi trong qué trinh
lam viéc cuaa TM.

(ii) G mo phong lai qua trinh 1am viéc cta ciia TM trén chudi w, bang cach lap
lai dang qué trinh 1am vi¢c cua TM.

(iii) Khi bude (ii) két thuc, véi sy xuét hién ciia mot trang thai két thac q € F
ciia TM (nghia 13 chudi w di dugc TM chip nhén). Lic d6 G tiép tuc thu giam dé
chuyén dang cau da co vé nhu chudi w. Va nhu vay, c6 nghia 1a chudi w di dugc G
sinh ra.

Mot cach hinh thiec, ta thiét 1ap van pham G (V, Z, P, S))

VoiV=(CZu{e})xI)U{S,S,#})

Va tap luat sinh P dugc xay dung nhu sau :

1. a) S — #qo So#

b) S, — [a, a] S>#, Va € 2,
c)S,—>e¢

-Néud(q, X)=(p, Y,R) v6ip, q € X; X, Y e I thi thém cac luét sinh dang
(2a) va (2b) sau day vao tap luat sinh P :

2. a)q[a, X][b,Z] = [a, Y]p[b, Z], Va,be Z U {¢} vaVZ e T

b) q[a, XJ# — [a, Y]p[e, B], Va € £ U {¢}
- Néu 8(q, X)=(p, Y, L) véip,q e 2; X, Y eI thi thém céac luat sinh dang
(2¢) sau day vao tap luat sinh P :
c) [b, Z]q[a, X] — q[b, Z]p[a, Y], Va,be Z U {e} vaVZ e T
- Néu q € F thi thém cac luat sinh (3a-¢) sau day vao tap luat sinh P:
3. a)[a,X]g—>qap,VaeXu {efvavVX el
b)qla, X] > qap, Vae XU {g} vavX el
c)q#t > ¢
d)#q— ¢
e)q—oe

Dung céc luét sinh (1a-c), ta ¢6 chudi dan xuit :
_ Si=c #qo[a, a][ay, @] ... [an, an]# ,
Chuoi dan xuat nay thé hién hinh thai bat dau cia TM 1a : #qpa;a;, ... a,#. Bat
dau tir bude nay cac quy tac (2a-c) duoc ap dung. Luu y rang cac luat sinh nay trong
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G phan anh cac quy tic chuyén trang thai da duogc thiét ké cho TM. Cho nén qué trinh
dan xuit lai trong G s& mo phong lai cac bude chuyén hinh thai trong qué trinh lam
viéc cia TM. Néu qua trinh d6 chuyén dén mot trong nhimng trang thai két thac q € F,
tuong ng voi truong hop TM chép nhan chudi a,a, . . @y, thi trong van pham G cac
quy tic (3a-e) s& duogc ap dung tiép theo va cho phép G dan xuét ra chinh chudi nhap
a;a; ... a,. Haytacd: S :>G a1a; ... a,

Phan ching minh L(M) < L(G) va L(G) < L(M) xem nhu bai téap.

Tong két chwong VII: Vi su gidi thiéu mé hinh may Turing nhu 13 mot mo hinh
cua su tinh toan, nguoi ta con di to1 khai niém vé do phtrc tap cua tinh toan hay “do
kho” ciia cac bai toan. Nghién ctru vé do phirc tap cua tinh toan la mét huong nghién
ctru hién dai trong Tin hoc, né cé ¥ nghia 16n lao vé ly thuyet cling nhu thyc hanh.
Két thiic chuong nay, su phan 16p ngdn ngir theo nguyén tic ciia Noam Chomsky da
duoc thé hién twong ddi 13 rang.

BAI TAP CHUONG VII

7.1. Thiét ké may Turing nhan dién ngon ngi:
a){0"1"0" | n>1}
b) {ww " |w e (0+1)}

c¢) Tap hop cac chuoi chtra 0 va 1, c6 s6 s6 0 va s6 so 1 bang nhau.

7.2. Thiét ké may Turing tinh cdc ham s6 nguyén:

a) f(n) = n’
b) f(n) = 2"
c)f(n)=n!

7.3. Xay dung vin pham khong han ché (loai 0) sinh ra cic ngén ngit sau:
a) { ww| w e (0+1)}

b){O | k=i vaiz1}
c) { 0'| i khong 1a sé nguyén t6}
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BAI TAP LAP TRINH

7.4. Viét chuong trinh may tinh mo phong hoat dong cua cac TM thiét ké trong bai
tap 7.1 va 7.2.
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Chuong VIII

OTOMAT TUYEN TINH GIOI NQI VA
VAN PHAM CAM NGU CANH

Noi dung chinh : Trong chuong nay, ching ta x¢ét thém moét loai 6tomat, khong manh
bang may Turing, duoc goi la 6tomat tuyén tinh gi6i noi (Linear Bounded Automata
— LBA). Dong thoi cling xét thém 16p van pham tuong tmg véi né, 1a 16p van pham
L, hay con goi 12 vin pham cam ngir canh, 16p van pham nam gitta 16p van pham L,
va van pham phi ngit canh L,. Tir d6 ta hoan thanh su phan cip cac ngon ngit thanh 4
cap, goi 1a sy phan cap Chomsky.

Muc tiéu cin dat: Cudi chuong, sinh vién can phai nim viing:
» Khai ni¢m LBA, dinh nghia va cac thanh phan.
» Su tuong duong gitta LBA va van pham cam ngtr canh.
> Mobi twong quan gitra cac 10p ngdn ngir.

Kién thirc co ban: D¢ tiép thu tot ndi dung cia chuong nay, sinh vién can hiéu rd cac

dang 6tomat da dugc gioi thiu trong cac chuong trudce, dac biét 1a mo hinh may
Turing; nim vimng co cu cac 16p van pham. ..

Tai li€éu tham khdo :

[1] Nguyén Vin Ba — Gido trinh ngén ngir hinh thirc — Truong Dai hoc Bach khoa
Ha ndi — 1994.

[2] A. C. Fleck - Context Sensitive Languages:
http://www.cs.uiowa.edu/~fleck/PartllIxpar

[3] Linear Bounder Automata:
http://cs.engr.uky.edu/~lewis/texts/theory/automata/lb-auto.pdf

I. OTOMAT TUYEN TINH GIOI NOI (LBA)

133



Chwong VIl :O0témét tuyén tinh giéi néi va vén pham cdm ngi¥ cdnh

Ta goi Otomat tuyén tinh giéi ndi (Linear Bounded Automata - LBA) 1a mot may
Turing khong don dinh va khong c6 kha nang ndi rdng vung lam viéc ra khoi mut tréi
va mut phai cia chuoi nhap. N6 phai thoa hai diéu kién sau :

1) B0 chir cai nhap ctia nd c6 chira thém hai ky hi¢u dac biét ¢ va $ dung lam ky hi¢u
danh dau mut trai va mat phai.

2) LBA khong thyc hién phép chuyén sang trai (L) tir ¢ va khong thyc hién phép
chuyén sang phai (R) tir $, va cling khong viét cac ky hiéu khac 1én  va $.

LBA don gian 12 mdt may Turing nhung thay vi sir dung mot bang khong gidi han
cho viéc tinh toan, no bi han ché chi trong pham vi bing chira chudi nhap x véi hai 6
chira cac ky hiéu danh dau can dau mat. Sy gi¢i han nay lam cho viéc tinh toan phai
thong qua mot sd cac ham tuyén tinh trén do dai chu01 do d6 ta goi m6 hinh nay la
otémat tuyén tinh gioi ngi. LBA khong dung cac 6 tréng & trén bang vé phia trai va
phia phai cia chudi nhap, vi vay ky hiéu khoang trang B (Blank) nhu di dung & may
Turing 13 khong can dung & day. Trai lai, 3 LBA nhan biét dugc gi6i han bén trai va
gi6i han bén phai cua chudi nhap, ta phai dua thém vao bo chit cai nhap ¥ hai ky hicu
dic biét ¢, $ dé danh ddu mut trai va mat phai cia chudi. Vay, tai thoi diém bét dau,
chudi nhip dwa vao & trén bing s& co dang z w $, trong do w € (- {z, $})" 1a chudi
can doan nhan. Trong qua trinh lam viéc, khi dau doc doc t6i 6 c6 chtra  hay $, thi
phép chuyén tiép theo sau d6 chi c6 thé 1a dbi trang thai, chuyén dau doc trd lai phia
trong pham vi biang (tirc chuyén sang phai khi gip & va chuyén sang trai khi gip $),
va khong dugc phép viét ky hiéu gi khac trén bang tai 6 dang doc khi gip « va $.

Dinh nghia LBA

Mot cach hinh thire, LBA 1a mot hé théng M(Q, =, T',8,q., <, $, F), trong dé cac
thanh phan Q, =, I, q,, F van nhu d dinh nghia & may Turing, con ¢, $ € ¥ va ham
chuyén :
:QxI' > (QxI'x {L,R})
phai théa man diéu kién:
- Néu(p,Y,E)ed(q,z)thiY=zvaE=R
- Néu(p,Y,E)ed(q,$)thiY=$vaE=L

Ngon ngir dwge chip nhin béi LBA

Ta dinh nghia ngon ngtt L(M) dugc doan nhan bdi LBA M 1a tap hop :
LM)={w|we@-{z$}) vaqews$, agpvéiqe Fviap el }

Chu y rang cac ky hiéu danh dau hai dau mat ngay tir hinh thai bat dau ching di co
mit trén bang nhap, nhung chiing khong duge xem nhu thudc mot phan cta chudi
duoc chip nhan hay khong dugc chip nhan boi LBA. Vi dau doc cia LBA khong thé
dich chuyén ra ngoai phan chudi nhap nén chung ta khong can dinh nghia cac khoang
trong (ky hiéu Blank) phia bén phai cia $.
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II. VAN PHAM CAM NGU CANH (CSG)

Ta goi vin pham cam ngir canh (Context Sensitive Grammar - CSG) 1a mot hé théng
G (V,T,P,S), trong do:
1) V 1a mot tap hitu han cac bién hay ky hiéu khong két thiic.
2) T la mot tap hiru han cac ky hiéu cudi, VA T=Q
3) P la tip hitu han cac luat sinh dang o —» B trong dé a, B € (V L T)*, chudi
o phai ¢ chira bién va rang budc lal< F
4) S e V la ky hiéu bat dau.

Ta dinh nghia ngén nglt do van pham cdm ngir canh G sinh ra 1a
LG ={w|weX vaS= w}

L(G) duoc goi la ngon ngit cam ngir canh (Context Sensitive Language - CSL). Thuat
ngir “cam ngit canh” ¢6 xuat xr tir mot dang chuan cua vin pham dang nay, trong dé
mdi luat sinh c6 dang oAa, > oclﬁocz v6i B # €, cho thdy mot bién A chi co thé duoc
thay thé boi mot chudi B (khac rdng) trong “ngit canh” a., - o,. Pidu d6 khong giéng
nhu trong van pham phi ngtr canh, vi cac luat sinh c6 dang A — B ( | B > 0), su thay
thé nay khong doi hoi ngi canh.

Thidu81: XétCSGG (V,T,P,S) véiV={S,B,Cl,>={ab,c}vaP gdm cic
luat sinh nhu sau :

1) S —»> aSBC

2) S —»> aBC

3)CB - BC

4)aB — ab

5)bB — bb

6) bC — bc

7) cC — cc

Mot cach phi hinh thirc, béng cach ap dung mot s6 luat sinh cho cac chudi dan xuit
sinh ra ngdn ng, ta d& thiy rang vin pham G sinh ra ngén ngit c6 dang :
= {a""c"| n> 1}
That vay, v6i ludt sinh (1) va (2) ta c6 chudi din xuit S =" a*(BC)". Sau dé, bing
cach ap dung ludt sinh (3) moi bién B s& dugc thay thé 1én trudc cac bién C trong
chudi dan xuét : a’(BC) = a"B"C". Boi luat sinh (4) va (5), moi bién B s& dugc thay
thé thanh cac ky hiéu két thuc b, va cudi ciing véi (6) va (7), moi bién C ciing s& dugc
thay thé thanh c. Tém lai, ta c6 chudi dan xuat nhu sau :
S="a"(BC)"=" a"B"C"=" a"b'c"

Bai toan thanh vién véi CSG (Membership)

135



Chwong VIl :O0témét tuyén tinh giéi néi va vén pham cdm ngi¥ cdnh

PINH LY 8.1 : Ton tai giai thuit dé xac dinh véi moi ngén ngir caim ngir cinh
CSG G(V, T, P, S) bat ky va mét chudi nhap w € T, liéu chudi w c6 thudc ngén
ngir L(G) hay khong.

Chirng minh

Gia st | w | = n. Ta 1ap d6 thi ma mdi dinh 1a mot chudi thude (V U T)" ¢6 do
dai nho hon hodc bang n, c6 mot cung tir dinh o dén dinh B néu oo =¢ B. Nhu vay
mot dudng trong d6 thi d6 twong tng véi mot suy dan trong G. Vay w € L(G) khi va
chi khi c6 mot duong di tir dinh bt dau S t6i dinh w trong d6 thi. Dung bt ctr giai
thudt nao cho phép tim dudng ndi hai dinh trong do thi (dd c6 nhiéu thuat toan nhu
thé), ta s& xac dinh duoc phai chiang da c6 duong di tir dinh S t6i dinh w.

Thidu8.2: XétCSG G (V,T,P,S) vdi cac luat sinh dugc cho nhu trong Thi du
8.1 trén va xét chudi nhap w = abbe. Ta can xac dinh xem liéu chudi w L(G)?

Dé tim duong di tir dinh S tdi dinh abbe trong do thi noi trén ta c6 thé dung
phuong phap “vét dau loang” nhu sau:
Lap cac R(i),i=0, 1,2, ... theo quy tic sau:
R(0)={S}
R(1) = R( - 1)u{B|oc:>[3v01oceR(1 l)va|B|<|W|}
Do R(0)cR(l)c ... cR() cR(i+1) < ... ¢ tip cac dinh, vy ton tai sd k
nao do sao cho:
R(k)=R(k +1)=R(k +2) = ...
Do d6 qua trinh thanh 1ap cac R(i) s& c6 thé ngimg sau k bude.
Vaw e L(G) khi va chi khi ¢6 i < k d cho w € R(i).
Trong thi du trén, gia str khi ta xét | w |= 4, ta co:
R(0)={S}
R(1) = {S, aSBC, aBC}
R(2) = {8S, aSBC, aBC, abC}
R(3) = {S, aSBC, aBC, abC, abc}
R(4)=R(3)
Vay chudi abbe khong thudc L(G).

I11. SU TUONG PUONG GIUA LBA VA CSG

Chuing ta chi y rang LBA c6 thé chip nhan cac chudi rong g, con CSG khong thé sinh
ra chudi rong. Ngoai trudng hop d6 ra thi LBA s& chdp nhan chinh x4c tat ca cac
chudi duoc sinh ra tir CSG.

PINH LY 8.2 : Néu L 1a mét CSG thi L sé dwoe chap nhan béi mét LBA nao dé.

Chirng minh
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Céch chirng minh dinh ly nay ciling tuong ty nhu cach chiing minh cia dinh ly
7.9 & chuong trudce vé sy trong duong giita 16p ngdn ngir sinh tir van pham loai 0 voi
16p ngdn ngit ma may Turing chip nhan, chi khac 1a & day khong can dung mot bing
nhap tht hai dé phat sinh cac dang ciu theo chudi dan xudt 1an luot theo cac suy dan
ctia van pham, ma chi can dung ranh thir hai trén bang nhap ciia LBA vao viéc do.

Cho G = (V, T, P, S) 1a mot CSG, ta xay dung 6tomat LBA M nhu sau: Bang
nhap cia LBA gdm hai rnh : rinh 1 chira chudi nhip w véi cac ky hiéu danh diu «,
$ o hai dau, rinh 2 ding dé phat sinh cic dang cdu o. Trang thai bat dau, néu w = ¢
thi M ngimng va khong chip nhéan input, néu khong thi dau doc viét ky hiéu S ¢ ranh
2, ngay dudi ky hiéu bén trai nhat caa chudi w, tiép d6 M thue hién qua trinh sau:

1) Chon trong s6 khong don dinh mot chudi con B cta chudi o trén rinh 2 sao
cho B — y la mot luat sinh trong P.

2) Thay B boi v, néu can thiét ta phai dich chuyén phan cubi chudi sang phai
cho du chd, tuy nhién néu dich chuyén ra ngoai $ thi LBA ngimg va khong chap
nhan.

3) (Hinh thai hién tai 6ranh 1 laz w §, con ¢ ranh 2 1a chudi o, ma S =g o va
| o | < | w[). So sanh ranh 1 va rinh 2, néu oo = w thi LBA nging va chp nhan w.
Néu khong thi tré vé bude (1).

Nhu vay khi M chép nhan chudi w, thi S =G W. Nguoc lai néu S =¢ w thi
moi dang cAu o xuat hién trong chudi din xuat d6 déu thoa min | o | < | w |, boi vi
moi luat sinh p — v trong vin pham G déu thoa | B | < |y |. Nhu vay M c6 thé thuc
hién chudi din xuit d6 trén rinh 2, giira hai ky hiéu danh ddu dau mat & va $. Vay M
chap nhan chudi nhap w.

Tom lai M sé chép nhan moi chudi sinh ra bdi vian pham G.

PINH LY 8.3 : Néu L = L(M) véi mot LBAM (Q, =, T',8,q,,%, $, F) thi L — {g}
la m§t ngén ngir cim ngir canh.

Chirng minh

Cach ching minh dinh ly nay cling twong tu nhu cach chirng minh cua dinh ly
7.10 & chuong trudc, béng cach ta xay dung mot CSG G thuc hién 3 giai doan:

- Giai doan 1: Vin pham cho phép sinh ra mot chudi w (chudi nhap cua M),
cling duogc chura trong &, $ va q.

- Giai doan 2: Van pham lap lai cong viéc cia M.

- Giai doan 3: Khi xuat hién trang thai q € F, ta thu vé chudi w véi luu y rang
cac luat sinh oo —> B déuco|a|=|B|.

Qua trinh mo6 phong lai cac luat sinh d6 bdi cac luat sinh ctia CSG s€ khong co
gi vudng méc. Chi & giai doan 3, viéc xo04 di cac ky hiéu danh dau hai ddu mut  va
$, q khong dugc phép lam rat ngan chudi nhap lai. Bé giai quyét vudng mic nay, ta
gin cac ky hiéu , $, q ké bén véi cac ky hiéu ciia chudi nhap ma khong dé ding roi
ra nhu trudc.

Cu thé, giai doan 1 thyc hién bdi cac luat sinh trong G sau:

S1— [a, qoz a]S; S| — [a, qoza$]
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Sz —> [a, a]Sz, Sz —> [a,a$]

VaeX-{z$}

Céc luat sinh trong G cho phép thuc hién giai doan 2, giébng nhu LBA M thuc
hién (sinh vién ty xay dung xem nhu bai tap).

Cubi cung, ¢ giai doan 3, céc luat sinh sau day s€ dugc sit dung, véiq € F :

[a, agf] —a

VaeX-{z §}vaVva, B co thé co.

Chu ¥ rang s6 ludt sinh 13 hiru han, vi o va / hodc B chi gobm <, $ va mot ky
hi¢u nhép vao. Ching ta ciing c6 thé xo4 thanh phan thtr hai ciia mot bién néu né lién
ké véi ky hiéu két thic bang cach dung cac luat sinh dang:

[a, a]b — ab
b[a, o] — ba

Va,b e X - {z, $} va Va cb thé co.

Nhu vay cac luat sinh vira dugc xay dung mo ta van pham la CSG va co thé
ching minh L(M) - {¢} = L(G).

IV. TUONG QUAN GIUA CAC LOP NGON NGU

Ngon ngir doan nhén bai cac van pham cling duge phén loai theo tén cua timg 16p van
pham, ta goi do 1a sy phan cap Chomsky vé ngén ngi.

Cé 4 16p ngdn nglr da duoc gioi thi€u — tap d€ quy liét ké (r.e), ngén ngt cam ngir
canh (CSL), ngdn ngit phi nglr canh (CFL) va tdp chinh quy (r) twong duong voi 4
16p ngdn ngir loai 0, 1, 2 va 3.

Theo 1y thuyét dugc xay dung xuyén sudt trong gido trinh nay, ta c6 thé tom tat lai
nhu sau:

a) L 1a ngon ngir loai 0 khi va chi khi L dugc doan nhén bé1 mét may Turing.

b) L 1a ngdn ngit loai 1 khi va chi khi L dugc dodn nhén bdi mot 6tomat tuyén
tinh gi¢i ndi (sai khac chudi rong €)

¢) L 1a ngdn ngit loai 2 khi va chi khi L dugc doan nhan boi mot 6tdmat day
xudng (khong don dinh).

d) L 1a ngon ngir loai 3 khi va chi khi L dugc doan nhan bdi mot 6tdomat hiru
han (sai khac chudi rong ¢).

Ta ciing can luu ¥ rang sy phan cp ngdn ngir nhu trén 13 mot bao ham thirc nghiém
ngit, thé hién quy luat sau:

a) Lop cac ngdn ngir loai 3 1a tdp con thuc sy ctia 16p ngdn ngir loai 2. That
vay moi van pham chinh quy déu 1 vin pham phi ngit canh. Hon nita ngudi ta co thé
chting minh rang ngon ngit {0"1"| n> 1} 1a mot ngdn ngir phi ngit canh, nhung khong
phai 1a ngdn ngtr chinh quy.
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b) Lép cac ngon ngit loai 2 khong chira cac chudi rong 13 tip con thyc su clia
16p ngodn ngir loai 1. That vy moi vin pham phi ngit canh c6 dang chuan Chomsky
déu 1a van pham cam ngit canh. Hon nita nguoi ta c6 thé chimg minh rang ngdn ngit
{a® |1> 1} 1a ngbn ngit cadm nglt canh nhung khong 1a ngdn ngtr phi ngit canh.

¢) Lop cac ngdn ngir loai 1 1a tap con thyc su cua l6p cac ngon ngilr loai O.
That vay, moi van pham cam ngir canh déu 1a van pham cAu trac khong han ché. Mt
khac nguoi ta ciing dé xuat duoc nhitng ngdn ngir 1a dé quy liét ké (loai 0), ma khong
can lam ngit canh (loai 1). Céc thi dy d6 dugc xay dung dua trén cac khai niém “dé
quy” va “sy giai duoc”, ma khuon khé gido trinh nay khéng cho phép dé cap dén.

Tong két chwong VIII: V&i sy gidi thiéu mo hinh 6tomat tuyén tinh gidi ndi LBA va

16p ngén ngit cam nglt canh ma né doan nhan, mod hinh phan cap ngdn ngir theo
Noam Chomsky da dugc hoan chinh.

BAI TAP CHUONG VIII

8.1. Xay dung van pham cam ngir canh sinh ra cac ngon ngir sau:

a) { ww|w e (0+1)7}

b) {0 | k=1i"vai>1}

c) { 0'| i khong 1a sé nguyén t6}
d) {a'b’c|ix>1}
e){abc|lix1,k<1}

8.2. Thiét ké 6tomat tuyén tinh gidi nd6i LBA doan nhan cac ngdn ngit sau:

a) {a'b'c"|n>1}
b) {ww|we(@a+tb+c)}
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