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PGS.TS. NGUYEN VAN DINH

GIAO TRINH

AUTOMAT VA NGON NGU HINH THUC

Chuwong 3
OTOMAT HUU HAN VA NGON NGU CHINH QUY

Trong chuong ndy, ching ta sé nghién ctru mét mod hinh “may triru tugng” dé
doan nhan ngdn ngir, d6 1a cac otomat hitu han. Chuong nay gdm cac ndi dung sau:

3.1. Otomat hitu han don dinh

* Ngo6n ngit dugc doan nhan bdi otomat don dinh
3.2. Otomat hiru han khong don dinh

* Ngon ngt doan nhan bdi otomat khong don dinh

=  Pon dinh hoa cac otomat

» Sy tuong duong gitra cac otomat don dinh va khong don dinh
3.3. Ngon ngit chinh quy va biéu thirc chinh quy

* Su lién hé gilra otomat hiru han va ngén ngir chinh quy

= Sy lién h¢ giita otomat hiru han va biéu thirc chinh quy

* Diéu kién can cua ngdn nglt chinh quy
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3.1. OTOMAT HU'U HAN PON PINH

Mot otomat hitu han (Finite Automata-FA) la mot md hinh tinh toan thuc
su hitu han véi sy mé ta qua trinh tinh toan bai cac input (dau vao) va cac output (dau
ra). Tai mdi thoi diém, hé thdng c6 thé duge xac dinh béi mot trong sb cac ciu hinh noi
tai, goi 1a C&c trang thdi (state status). Mdi trang thai ctia hé thong thé hién tom tit cac
thdng tin lién quan dén nhimg input da chuyén qua hé thong, va xac dinh céc trang thai
ké tiép trén ddy input tiép theo.

Moi cai lién quan dén mot otomat hiru han déu c6 kich thude hitu han, ¢ dinh, va
khong thé mo rong trong sudt qua trinh tinh toan. Cac loai otomat khac duoc nghién
ciru sau nay co it nhéat mot bd nhd vo han vé tiém nang. Sy phan biét gita cac loai
otomat khac nhau chu yéu dua trén viéc thong tin c6 thé dugc luu trir trong bd nhé nhu
thé nao.

Mot otomat hiru han lam viéc theo thoi gian roi rac, nhu vy, ta cé thé noi vé thoi
diém “ké tiép” khi dac ta hoat dong ciia mot otomat hiru han.

Tuy nhién, ndi chung, thong tin ra (output) san sinh béi mot otomat hiru han phu
thudc vao ca thong tin vao hién tai 1an cac thong tin vao trugc do. Nhu vay otomat c6
kha ndng (véi mot pham vi nao d6) ghi nhé cac thong tin vao trong qua khir cia n6. Mot
cach chi tiét hon, diéu d6 co nghia nhu sau: MJdi otomat hitu han c¢6 mét sd hitu han
trang thai dugc luu & bo nhd trong, tai mdi thoi diém i, nd & mot trong céc trang thai do,
chang han ¢i. Trang thai gi+1 & thoi diém sau dugc xac dinh boi i va thdng tin vao ai
cho & thoi diém i. Thong tin ra & thoi diém i dugce xac dinh boi trang thai g; (hay boi ca
ai va qi). Vi vay, cac otomat hiru han con dugc goi la cac “mdy trang thai”.

Trong khoa hoc mdy tinh, ta c6 thé tim théy nhiéu vi du vé hé théng trang thai hiru
han, va ly thuyét vé cac otomat hitu han 1a mot cong cu thiét ké hitu ich cho cac hé théng
nay. Chang han, truong hop don gian nhit 1a thiét bi khong c6 bd nhé ma & mdi thoi
diém, thong tin ra chi phu thudc vao théng tin vao lic d6. Céc thiét bi nhu vay 1a mé hinh
clia cac mach t6 hop. Hay phirc tap hon, mdi trang thai ciia mot hé thong chuyén mach
v6i N cong vao s& 1a mot trong 2" phép gan clia 0 va 1 véi nhing gid tri cta input, vi vay,
mdi bd chuyén mach ¢6 thé duoc xem 12 mot hé théng trang thai hiru han.

Cac may tinh hién dai ngay nay cling la cac may trang thai hiru han, trang thai
hién tai cua bg xur ly trung tdm, by nhé trong va cac thiét bi luu trir lién quan ¢ mdi thoi
diém bat ky 1a mot s rat 16n nhung hiru han cta sé cac trang thai. Va ngay ca bo nio
cua con nguoi cling co thé duoc xem nhu mot hé théng trang thai hitu han, vi sb cac no
ron than kinh 13 s6 c6 gi6i han, sé nay khéng vuot qua 2°°

74



Cac otomat hiru han duoc chia lam hai loai: otomat hiiu han don dinh
(Deterministic Finite Automata-DFA) va otomat hiru han khong don dinh
(Non deterministic Finite Automata-NFA), va déu c6 kha ning doan
nhan cac ngdn ngir chinh quy, 13 16p ngodn ngit c6 kha ning ung dung rat 16n trong viéc
x4y dyung cac ngdn ngir 14p trinh. Otomat don dinh c¢6 kha nang doan nhan ngdn ngit dé
dang hon so véi otomat khong don dinh, nhung otomat khéng don dinh lai ¢6 wu diém
1a thuong c6 céu trac don gian hon. Piéu quan trong 1a 16p ngdn ngit doan nhan boi hai
loai otomat nay la tuong duong.

Duéi day ching ta s& lan luot nghién ctru ca hai loai otomat nay.
3.1.1. Pinh nghia otomat hiru han don dinh
Dinh nghia 3.1
Mot otomat hitu han don dinh (Deterministic Finite Automata-DFA) 1la mot b nam:
A=<Q,26,qo F>

trong do:
. Q 1a mot tap hiru han khac rSng, dugc goi la tdp cdc trang thdi (set of states);
. 2 la mot bang chit cai, dugc goi 1a bang chit vao (input alphabet);

. 8 D— Q, 1a mot anh xa tr D — Q%2 vao Q, dugc goi 1a ham chuyén trang
thai (transition function);

. Qo € Q, duoc goi 13 trang thdi khéi dau (starting state);
. F  Q duoc goi 1a tap trang thdi két thiic (final states).

Néu D = QxZ, tirc 1a ham hai bién 8(q, @) xac dinh véi moi cip gia tri (q, a), v6i
q € Q, a e X thitanoi A la otomat day du, trai lai, néu co nhiing cip gia tri (g, ) ma tai
d6 ham chuyén 8(q, a) khong xac dinh, thi otomat A goi 1a khéng day du. Sau niy ta s&
théy réng moi otomat hiru han déu dua vé dugc otomat hitu han déy du tuong duong.

Hoat dong cta otomat hitru han don dinh A = <Q, X, 3, fo, F> v&i mdt xau vao
® = a1a2... an ¢6 thé dugc md ta nhu sau:

Khi bit dau lam viéc, otomat & trang thai khai dau qo va dau doc dang nhin vao 6
¢6 ky hiéu a1. Tiép theo, dudi tac dong cta ky hiéu vao a1, otomat chuyén tir trang thai
(o vé trang thai moi qu xac dinh béi ham chuyén, tic 12 8(qo, a1) = qie Q, va dau doc
chuyén sang phai mot 6, tirc 1a nhin vao 6 c6 ky hiéu az2. Sau d6 otomat A c6 thé lai tiép
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tuc chuyén tir trang thai g1 nhd ham chuyén 8 vé trang thai méi q2 = 8(qs, a2). Qua trinh
d6 sé tiép tuc cho t6i khi gdp mot trong cac tinh hudng sau:

a). Otomat A doc hét xau vao o va chuyén sang trang thai qn, tirc 13 A & trang thai
Qn-1, doc ky hiéu cudi cting an Va €6 8(Qn-1,an) = O, khi d6 néu qne F, ta noi rang A doan
nhan xau o, trai lai néu qne F thi ta noi otomat A khdng doan nhan xau .

b). Hoac khi otomat A ¢ trang thai qi nao do, doc dén ky hiéu aj cua xau vao, (j <
n) va ham chuyén 8(q;i, a;) khdng xac dinh, khi d6 otomat A dimng, ta ciing n6i A khong
doan nhan xau .

Chu y rang néu A 1a otomat ddy du thi tinh hudng a). luén xdy ra, tirc 1a x4u ©
lubn dugc doc hét, con tinh hudng b). chi co thé xay ra khi A 1a otomat khong day du.

Hinh 3.1 dudi day mo ta qua trinh doan nhan xau @ véi tinh huéng otomat A doc
hét x4u vao o va chuyén vé trang thai qn. Khi d6 néu gqne F, ta néi rang A doan nhan
Xau o, trai lai néu qne F thi ta ni otomat A khdng doan nhan xau .

Xauvao o= a az as an-1 @
q0—> q1—> qz_’ e > dn-2 —> qn-]_ —> qn
Hinh 3.1. Mé td qua trinh dodn nhdn xdu o ciia otomat A
3.1.2. Biéu dién otomat hiru han don dinh

Ham chuyén trang thai 1a mot bd phan quan trong ctia mot otomat hiru han don
dinh. Cho mot otomat thuc chat 13 cho ham chuyén trang thai cua no, co thé cho dudi
dang bang chuyén hodc cho dudi dang dd thi chuyén. Ung voi mdi cach cho ham
chuyén, ta c6 mot cach biéu dién otomat.

Biéu dién otomat bing bing chuyén trang thdi

Cho 6tomat A = <Q, X, 8, go, F>, v6i Q = {qo, 91, 02,..., Om} la tap trang thai, va
bang chit cai X = {ai, @,..., an}, khi d6 ham chuyén c6 thé cho béi mot bang gom m+1
hang va n cot; trong d6 6 (i, j) nam trén dong i cot j cua bang dugce ghi gia tri ham
chuyén 8(q;i,aj), va 6 (i, j) 1a 6 trong (hodc ghi ki hidu @) néu 5(qi,a;) khéng xac dinh.

Cho bang chuyén trang thai, va chi 1 tap trang thai két thuc F, quy udc qo 1a trang
thai khoi dau, ta s& hoan toan xac dinh dugc otomat A.

Béng chuyén trang thai ciia otomat A s& c6 dang nhu sau:
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Trang Ky hiéu vao

thai a1 a2 cee dn
To d(do, a1) | (o, A2) d(do, an)
qu d(q1, a1) | o(qu, a2) d(qs, an)
02 O(02, a1) | (02, a2) 3(02, an)
Qm o(Qm, a1) | 6(qm, a2) 3(Qm, an)

Hinh 3.2. Bing chuyén trang thdi ciia otomat A
Biéu dién otomat bing dé thi chuyén trang thdi

Cho otomat A = <Q, 2, §, o, F>. Ham chuyén & c6 thé cho bang mot da do thi c6
hudng, c6 khuyén G, duoc goi 1a do thi chuyén trang thai (hay dé thi chuyén) cia otomat
A. Tap dinh cta G dugc gan nhan boi cac phén tu thudc Q, con cac cung dugc gan nhan
bdi cac phan tir thude 2, tirc 12 néu acX va tir trang thai q chuyén sang trang thai p theo
cong thire 8(q, a) = p thi s€ c6 mot cung tir dinh q toi dinh p dwoc gan nhan a.

Dinh vao ciia dd thi chuyén 1a dinh tng voi trang thai ban ddu qo. Cac dinh s&
dugc khoanh béi cac vong tron, tai dinh xudt phat qo c6 mii tén di vao, riéng dinh véi
trang thai két thiic duoc phan biét bdi vong tron dam, hodc hinh vudng. ..

Viéc cho do thi chuyén véi cac quy wdc nhu trén 1a hoan toan xac dinh dugc
otomat A.

Thi du 3.1: Cho hai otomat hiru han don dinh:
= A1 = <{Qo, 01, g2}, {a, b}, 3, do, {q2}>,
V6i 8(qo, @) = do, 8(qo, b) =01, 8(qs, ) = do, 8(qs, b) = 02, 3(d2, @) = 02, 5(G2, b) = G2

Ta c6 bang chuyén trang thai va do thi chuyén trang thai ctia otomat A1 dugc cho
trong hinh 3.3 va 3.4:

Trang Ky hiéu vao
thai a b
do Jo 0§
051 Jo gz
gz g2 gz

Hinh 3.3. Bing chuyén trang thi ciia A,
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—»( Jo )< 7@ b 02
a a o

Hinh 3.4. Pé thi chuyén trang thdi ciia A
Day trang thai ciia otomat A1 trong qua trinh doan nhan xau vaoa. = ababbab la:
a b a b b a b
R RN
Qo—>Co—> Q1> Qo—>Qi—> (2—>02—>(2<c F.
Hinh 3.5. Qud trinh dodn nhdn xdu a = ababbab ciia A
Nhu vay, xau a dugc doan nhan bdi otomat Aj.

= Az =<{0qo, 91, 92, Gz}, {0, 1}, &, qo, {q}>,

trong d6 8(do, 0) = g2, 8(do, 1) = d1, 8(ds, 0) = gs, 8(dz, 1) = do, (G2, ) = qo, 3(di2,
1) = g3, 8(9s, 0) = qz, 8(0s, 1) = 0.

Ta c6 bang chuyén trang thai va d6 thi chuyén trang thai ctia otomat A2 duoc cho
trong hinh 3.6 va 3.7:

Trang Ky hiéu vao
thai 0 1
Qo 02 01
Q1 g3 Qo
g2 Jo a3
Qs o 02

Hinh 3.6. Bing chuyén trang thdi ciia otomat A;

1 >

C
1

0| (o
1

c
1

Hinh 3.7. Dé thi chuyén trang thdi ciia otomat A;
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Day trang thai cua otomat A trong qua trinh doan nhan xau vao § = 1010100
dugc mo ta trong hinh 3.8 dudi day:

1 0 1 0 1 0 0

Pt r

P —q —pB—p R—pW—p QU —p B3—p DEF.

Hinh 3.8. Qud trinh dodn nhgn xdu vao = 1010100
Nhu vay, otomat Az khong chap nhan xau p.

Ta c6 thé mo ta qua trinh doan nhan xau vao ctia otomat hiru han don dinh déy du
A bang thuat todn mo phong sau:

Input :
. Mot xau o, két thuc bai ky hiéu két thuc file 1a eof.

. Mot otomat hitu han don dinh day di A véi trang thai khoi dau qo va tap trang
thai két thic la F.

Output:
. Tra 161 “Duang” néu A doan nhan xau o.
. Tra 151 “Sai” néu A khong doan nhan xiu o.
Thudt todan:
Begin
S = Qo;
C :=ky hiéu dau tién cia o;
While C <> eof do
begin
S:=98(S, C);
C:= ky hiéu tiép theo;
end,
if Sin F return (True)
else return (False);

End.
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3.1.3. Ngon ngir dwgic doan nhan béi otomat don dinh
DPé mo ta hinh thirc qua trinh doan nhén mot tr (xau vao), nguoi ta dua vao anh xa
mé rong & tir Qx X" vao Q nhu trong dinh nghia sau:
Dinh nghia 3.2
Cho otomat hitu han don dinh A = <Q, 2, 6, Qo, F>. Mo rong O cuia Sla mét dnh
xa tir Q% 3" vao Q dwoc Xac dinh nhw sau:
1.5(q, & =q, YgeQ,

2. 6(q, pa) = K5(q, @), @), Fae X, vqe Q, Vo= pae X" sao cho 5(q, ) duoc
xac dinh.

Chu ¥ rang, anh xa & chi khac anh xa &’ khi ky hiéu vao 1a &, hodc 1a mot xau ki
hiéu vao o, do diéu kién 2., trén Qx 3, ta c6 thé dong nhat & véi 8. Néu khong can phan
biét, tir day vé sau ta viét 8 thay cho &', va duoc hiéu la anh xa 8 trén mién Qx X, hiéu Ia
anh xa 8 trén mién QxX",

Dinh nghia 3.3

Cho otomat hitu han don dinh A = <Q, 2, 6, Qo, F>, va mgt xdu we 2. Tanoi o

diroc dodn nhdn béi A néu o, w)e F. Tdp hop tdt ca cic tir dwoe dodn nhdn boi
otomat A goi la ngon ngit duwoc dodan nhdn boi otomat A, va ky hiéu la T(A), vay:

T(A) ={we 2" | Aqo, ®) € F}

Tir dinh nghia trén, ta thay rang trong do thi chuyén ctia A, xau o € X” dugc doan
nhan bdi A khi va chi khi o 1 x4u ctia cac nhin tmg voi mot duong di tir dinh qo dén
mot trong cac dinh két thiic. Cy thé, néu o = a1a,... ak thi dudng di 12 (qo, qa,..., q«) véi
cung (Qi-1, qi) 6 nhan a; (voi 1 <i<k)vagk e F.

Nhu vay, T(A) 1a tap hop tat ca xau ghi trén cac duong di tur qo dén mot dinh két
thuc nao do cia otomat A.

Bé dé 3.1

Cho otomat hiru han don dinh A = <Q, X, 6, Qo, F>. Khi d0 Van, an e > e Q
sao cho &q, w1 ar) X&c dinh, ta co:

&Q, o) = XA, @), @) 1)
Chitng minh: Ta ching minh dang thirc trén bang quy nap theo d6 dai cua w..

. Khi |mz| =1 hay mz=a, a € =, ta cd 3(q, 013) = 8(5(q, w1),a). Pang thic (1) dang.
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. Gia st dang thire (1) d0ng v6i moi wz €6 d6 dai |wz| < n. Ta can chirmg minh n6
ciing dung véi w2 €6 do dai |wz| = n + 1. Pit w2 = ®’2a, voi 02€ X7, |02 = n, ac =. Ta
c6 8(q, m1m2) = 8(q, w1w’28) = 8(8(q, w1®’2), a) = 3(3(8(q, w1), ®’2), ) = d(d(q, w1),
®’2a) = 8(5(q, 1), 2).

Do d6 dang thire (1) dung véi w2 6 d6 dain + 1.

B6 dé dugc chimg minh.

Chay:

1. V6i otomat hitu han don dinh A = <Q, 2, §, o, F> bét ky, ta ludn c6 thé xay
dung mot otomat hitu han don dinh day du A’ tuong duong vai A.

That vay, ldy S¢ Q (do d6 S¢ F), dit Q’=Q U {S} va §’: Q’ x Z— Q’ xac dinh
boi: Vge Q, Vae %, 8(q, a) = 8(q, a) néu 8(q, a) duge xac dinh, 8’(q, a) = S néu 5(q, a)
khong dugc xac dinh va 8°(S, a) = S. Khi d6 A’ 12 otomat hiru han don dinh day du ma
T(A”) =T(A).

Ta thuong chon S = &, va khong can bo sung S vao Q.

2. Trén dd thi chuyén mot otomat don dinh va dﬁy dt duoc thé hién: véi mdi dinh
(gan nhan 12 mot trang thai) déu c6 sd cung di ra khoi dinh d6 dung bang sé ky hiéu cua
bang chit cai, mdi cung ra khac nhau dugc gan nhan bang mot chit cai khac nhau.

Chéng han, cac otomat A1 va A, trong thi du 3.1 1a cac otomat don dinh va déy du.

3.2. OTOMAT HU'U HAN KHONG PON PINH

3.2.1. Pinh nghia otomat hiru han khong don dinh
Dinh nghia 3.4

Otomat hitu han khong don dinh (Nondeterministic Finite Automata-NFA) la

mot bo nam.
A=<Q, % J qo, F>

trong d6 Q, Z, qo, F nhu trong dinh nghia ciia DFA, riéng ham chuyén trang thai 1a
mdt anh xa khong don dinh 8: Q x X — 29 & day 2913 ky hiéu tap tat ca cac tap con cua Q.

O day anh xa & 1a mot ham da tri, cho két qua 1a mot tap trang thai, tirc 1a Vq € Q,
Va € X thi 8(q, a) = {p1, p2,... px} < Q (ham khdng don dinh), vi vdy otomat A trong
dinh nghia trén day duoc goi 1a khong don dinh.

Trong truong hop 8(q, a) xac dinh Vae Q, Vae X, ta ndi otomat A 1a day du.
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Néu (g, a) = {p1, P2...., p«} thi ta néi rang otomat A & trang thai q gip ky hiéu a
thi c6 thé chuyén dén mot trong cac trang thai p1, pa,..., pk. Néu 8(q, a) = {p} thi & trang
thai q gip ky hiéu a, otomat A chi chuyén dén mot trang thai duy nhét p, trudng hop nay
ciing giéng nhu trong otomat hitu han don dinh. Nhu vay, ta thdy ring mot otomat hitu
han don dinh ciing c6 thé coi 1a mot otomat hitu han khong don dinh dic biét, voi két
qua ctia ham chuyén 8(q, a) 1a mot tap chi gém mot trang thai.

Néu 8(q, a) khdng xéac dinh (ta thudng viét 8(q, 8) = & ) thi & trang thai q gap ky
hi€u a, otomat A khong thé chuyén dén trang thai nao, otomat s¢ dung, (twong ty nhu
voi DFA).

Hoat dong cua otomat hiru han khong don dinh A = <Q, X, 8, go, F> khi cho x&u
VA0 ® = a182. .. an ¢ thé dugc mé ta nhu sau:

Khi bat ddu lam viéc, otomat & trang thai khoi dau qo va dau doc dang nhin vao &
6 ky hiéu ai. T trang thai qo, dudi tac dong cua ky hiéu vao a1, 8(do, a1) = {p...., pk},
otomat xé&c dinh trang thai tiép theo c6 thé 1a mot trong cac trang thai pa,..., pk Va dau
doc chuyén sang phai mét 6, tirc 1 nhin vao 6 c6 ky hiéu az. Tiép tuc véi mdi pi (1< i <
k) va ky hiéu tiép theo 13 ap, cac trang thai tiép theo co thé dén duoc 1a 8(ps,
a2)U...Ud(pk, a2). Qué trinh dé sé tiép tuc cho téi khi gap mot trong cac tinh hudng sau:

a). Otomat A doc hét xau vao ® va chuyén sang tap trang thai Q’, khi d6 co6 hai
kha nang:

(i) Néu Q’NF # O, ta n6i rang otomat A doan nhén o.
(i) Néu Q' F = &, ta ndi rang A khong doan nhan o.

b). Hoic & budc i-1, €6 8(Qi-1, aj-1) = {P1,..., pk}= Q’, ma Vpi € Q’, ham chuyén
8(Qi, aj) khong xac dinh, khi d6 otomat A dung, ta cling no6i A khong doan nhan xau .

Chu y rang néu A 1a otomat dy du thi tinh hudng a). luén xay ra, tirc 1a x4u ©
luén duoc doc hét, con tinh hudng b). chi c6 thé xay ra khi A 1a otomat khong day du.

Mot otomat hitu han khong don dinh c6 thé biéu dién dudi dang bang chuyén
hodc do thi chuyén nhu trong truong hop otomat hiru han don dinh. Néu §(q, a) = {ps,
P2,..., pk} thi trong dd thi chuyén ¢ k cung tir q sang pa,.., pk duoc ghi cting mot nhén a.

Thi du 3.2: Cho otomat hitu han khong don dinh:

A =<{0o, q1, G2, 03, Ga}, {0, 1}, 8, qo, {2, qa}>,

V6i 8(0o,0) = {0o,d3}, 5(co, 1) = {do,q1}, 8(ds, 0) =J, 8(qs, 1) = {02}, 3(qz, 0) = {q2},
8(02, 1) = {92}, (a3, 0) = {04}, 3(03,1) = <, 5(q4, 0) = {04}, 5(da, 1) = {04}
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Bang chuyén trang thai va do thi chuyén trang thai ctia otomat A cho trong hinh

3.9va3.10:
Trang Ky hi¢u vao

thai a1 a
do {00, a3} {0, a1}
of1 %) {92}
02 {02} {02}
03 {as} %)
Ga {04} {04}

Hinh 3.9. Bing chuyén ciia otomat khong don dinh A

Otomat A trén ddy 1a khong don dinh va khong day di. Dya vao ban chuyén trang
thai, ta c6 thé xdy dung do thi chuyén trang thai cia A nhu sau:

Hinh 3.10. Pé thi chuyén ciia otomat khéong don dinh A

Cha y: Trén dd thi Chuyén mot otomat khong don dinh dugc thé hién: ton tai it
nhit mot dinh (gan nhan 1a mot trang thai) ma co it nhat hai cung ra khac nhau dugc gan
nhin bang ciing mot chir cai.

Ching han, trong d6 thi chuyén cta otomat A trong hinh 3.10, tai dinh qo, 6 hai
cung ra cung ghi ki hiéu ‘0’, nén A la otomat khong don dinh. Hon nita, A cling la
otomat khong day du.

Tir d6 thi chuyén, c6 thé thay rang otomat A trén day ciing khong phai 1a otomat
day du, vi c6 nhitng dinh (trang thai), tir d6 c6 s6 cung di ra it hon s6 ky hiéu trong bang
chir cai (tai dinh gan nhan q1 va gs).
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3.2.2 Ngon ngir dugc doan nhin béi otomat hiru han khong don dinh
Dinh nghia 3.5

Cho otomat hitu han khong don dinh A = <Q, %, 6, Qo, F>. Mo réng cua 6 1a &nh
xa & tir tap Qx X" vao 2° duoc xdc dinh nhw sau:

1) 6(a, &) ={a}, Y9 Q,
2) 5@ pa)= |J 9'(p.o), vge Q, vae 5, v = pae 3 sao cho 5(q, @)

pes(q.a)
dwoc xdc dinh.

Ciing nhu truong hop otomat hitu han don dinh, ta c6 thé s dung ky hiéu & thay
cho &', ky hiéu nay duoc hiéu 13 anh xa & trén mién Qx3, va dugc hiéu 14 anh xa &’ trén
mién QxX ™.

That vay, trén mién Qx X, ta c6 8(q, @) = §'(q, €a) = U5'(p,g) = U pP=&q, a),
pes(q.a) pes(g.a)
Vge Q, Vae I, tic 1a trén Qx X thi 4nh xa 8 chinh 14 4nh xa §.

Dinh nghia 3.6

Cho otomat Aitu han khéng don dinh A = <Q, %, 6, Qo, F>, va mét xdu we X', Ta
n6i @ dwoc dodn nhdn boi A néu &Qo, @) NF =& Tap tat ca cdc tir dwoe dodn nhdn
boi otomat A goi la ngon ngir dwoc doan nhan boi otomat A, va ky hiéu la T(A).

T(A) = {oe =* | 5(q0, ®) N F = T},
Thi du 3.3: Cho otomat hiru han khong don dinh:
A =<{qo, q1, g2}, {a, b}, 3, qo, {q2}>,
trong d6 &(do, a) = {do}, 8(do, b) = {0, A1}, 8(a1, @) = {as}, 8(as, b) = {a, a2},
8(02, @) = {02}, 8(Gz, b) = {02}

Bang chuyén va do thi chuyén ciia otomat A dugc cho trong hinh 3.11 va 3.12:

Trang thai Ky hicu vao
a b
Qo {90} {9, g1}
O {01} {01, 92}
02 {92} {02}

Hinh 3.11. Bing chuyén ciia otomat A trong thi du 3.3
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Hinh 3.12. Bé thi chuyén ciia otomat A trong thi du 3.3

C6 thé kiém tra duoc rang tr o = a"b"e T(A), tuy nhién otomat A khéng doan
nhan ngoén ngir L = {a"b" | V n > 1}. Ngon nglr dugc doan nhan boi otomat A la:

T(A) = {o1bwbws | 01, w2, m3c {a, b}'}.
3.2.3 Otomat hiru han véi cic buéc chuyén réng

Xét otomat hiru han khong don dinh A = <Q, Z, 6, o, F> v6i cac thanh ph'?ln nhu
trong dinh nghia 3.4. Néu ham chuyén trang thai duoc xac dinh trén mién Q x (£ U{e}),
tirc 1a bién tha hai ctia ham chuyén & chip nhan gia tri €, va ta c6 8(q, € ) = {p1, pa....
pk}. NGi cac khac, khi dang & trang thai q, otomat A c6 thé chuyén sang mot trong céc
trang thai p1, p2,... px ma khong can doc mot ky hi€u nao. Mot budce chuyén nhu vy
dugc goi 1a mot bude chuyén” nham mdt” hay budc chuyén rong cia otomat A, hay
mot & chuyén (s-move). Mot budce chuyén rong tir trang thai q sang trang thai p duoc
biéu dién trén do thi chuyén 1a mot cung di tir q dén p, trén d6 c6 ghi nhan 1a e.

Nhu vdy, cac otomat c6 e-chuyén s& c6 ham chuyén trang thai 1a 4nh xa
5: QxEu{eh)— 2°

D@ dang thiy rang, moi otomat c6 e-chuyén déu 1a cac otomat khong don dinh,
chang han xét thi du sau:

Thi du 3.4: Cho otomat A v6i d6 thi chuyén.

Hinh 3.13. Dé thi chuyén ciia otomat A trong thi du 3.4

Ta co A 12 mot otomat hiru han v6i e-chuyén 8(q1, € ) = 03 Ta sé& chimg t6 rang A
la mdt otomat khong don dinh. That vay:
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Tir d thi chuyén, ta c6: 8(qo, 1) = g1, (i)

nhung ta cling c6: 6(Qo, 1) = 3(do, 1€) = 3(5(qo, 1),€) = 8(q1, €) = ga. (i)

Tu (i) va (ii), ta c6: 5(qo, 1) = {1, gz}, vay otomat A 1a khong don dinh.

D@ thiy rang, ngon ngit duoc doan nhan boi otomat A 1a: T(A) = {1, 110" | n >0},
3.2.4. Cac otomat twong dwong

Déi v6i cac otomat hitu han, ngudi ta quan tdm dén cic ngdn ngit ma né doan
nhén, bat ké chung 1a cac otomat loai nao, don dinh hay khong don dinh. Néu hai
otomat hiru han cung doan nhan mot ngdn ngir thi ta néi chiung twong duong, Ta cé dinh
nghia sau:

Dinh nghia 3.7

Hai otomat hitu han A = <Q, 2, 6, Qo, F>va A'=<Q’, 2", &, q’o, F’> duwoc goi la
twong duwong néu T(A) = T(4').

Cho trudc mot otomat A, viée xac dinh cac otomat twong dwong thuong nham lam
don gian otomat ban dau nhd viée loai bo cac trang thai khong tham gia vao viée doan
nhan ngdn ngir, cac trang thai nhu vay goi 13 cac “trang thdi chér” (dead states). Mot
trang thai p s& 1a trang thai chét néu khong c6 mot dudng di ndo tir go dén mat trang thai
két thiic ma di qua p.

Thi du 3.5: Cho otomat hitu han: A = <{qo, g1, 92, 03, §},{0, 1}, 5, o, {01, 02, Qa}>,
voi:  8(do,0) =do, 6(do,1) =01, 6(q1,0)=ds, 3(qul) =0z
8(02,0) = g2, 8(02,1) =02,  8(qs,1) = 03,
8(04,0) = G2, 8(04,1) = 0s.

Do thi chuyén cua A la:

1 S(a——@)

Hinh 3.14. Dé thi chuyén ciia otomat A trong thi du 3.5
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Trudce hét, ta nhan thdy rang khong co dudng di tir dinh qo dén dinh két thuc qa,
ttc 1a s& khong c6 tir nao dugc doan nhan boi A véi dinh két thic gs. Ngoai ra, ciing
khong c6 mot duong di nao tir go dén dinh mot dinh két thuc ma di qua gs. Nhu vay, cac
trang thai g3 va gs s€ khong tham gia vao viéc doan nhéan cac tir, ching la cac trang thai
chét. Trong d6 thi chuyén, ta c6 thé bo di dinh g3 va g4 ma khong anh huéng dén tap tir
dugc doan nhéan bdi otomat A. Véi viée bo di cac trang thai chét g3 Va g4, ta nhan dugc
otomat A’ tuong duong Vdi otomat A.

A’ =<{qo, a1, 92}, {0, 1}, 3, do, {du, q2}>,
trong d6 8(qo,0) = qo, 8(do,1) = a1, 8(q1,1) = 02, 8(q2,0) = Gz, 8(q2,1) = Ga.
Do thi chuyén ctia A’ duoc cho trong hinh 3.15 dudi day:

Hinh 3.15. Pé thi chuyén ciia otomat A’ trong thi du 3.5

Céc duong di tir qo dén dinh két thiic q1 Gmg véi cac xau 01, n > 0. Cac duong di
tir qo dén dinh két thiic g2 Ung véi cac xau 011w, n > 0, we {0, 1}". Vay ngdn ngir
duoc doan nhan béi cac otomat trén la:

T(A)=T(A’) = {0"1, 0"11w |n >0, {0, 1}'}.
3.2.5. Van dé don dinh h6a otomat

Khi nghién clru cac otomat va cac ngoén ngir hinh thue, ching ta thuong géap hai
bai toan co ban:

Bai toan phan tich: Cho mdt otomat hiru han A, hay xac dinh ngén nglr duoc
doan nhan bdi otomat nay, tire 1a xac dinh tap T(A). NO6i chung, viéc xac dinh ngoén nglr
duoc doan nhan boi otomat don dinh 1a dé dang hon nhiéu so v6i mdt otomat khong
don dinh.

Bai todn tong hgp: Cho mot ngon ngit chinh quy L, hiy xdy dung mot otomat
hitu han doan nhén L, tirc 13 tim otomat A dé L = T(A). Bai toan nay noi chung kho hon
bai toan thtr nhét, voi bai toan ndy, ngudi ta thudng xdy dung mot otomat khong don
dinh dé doan nhan ngon ngir L, vi viéc ndy don gidn hon xay dyng mot otomat don dinh
cling doan nhan L, sau do, néu can thiét, tim mot otomat don dinh tuong duong voi
otomat vira tim dugc.

Nhu vay, véi ca hai bai toan trén, van dé tim mot otomat don dinh twong duong
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v6i mot otomat khong don dinh cho trude 1a rat can thiét, vi n s& giup cho viéc giai
quyét ca hai bai toan trén trd nén don gian hon. Véan dé nay duoc goi 1a don dinh héa
otomat, dugc phat biéu nhu sau:

Cho A = <Q, %, 3, go, F> 1a m¢gt otomat khong don dinh, hay xay dung otomat
don dinh va ddy du M twong dwong véi otomat A, theo nghia cting dodn nhan mot ngdn
ngtr, tirc la TMM) = T(A).

Viéc xay dung otomat M dugc thuc hién theo cac thuat toan sau day, duoc goi la
thuat toan don dinh hoa otomat.

Thudt toan don dinh hoa 1
Input: Otomat hitu han khong don dinh A = <Q, %, 9, go, F>

Output: Otomat hitu han don dinh M = <Q’, %, &’°, so, F’> tuong duong voi
otomat A.

Phwong phap:

Buorc I
X4y dung ham hai bién T: 29 x £— 2° thoa man céac diéu kién:
1.V qe Q, Vae X thi T(q, a) = 5(q, a),

2.V B < Q ma B la tap trang thai két qua cia ham chuyén & hodc ham T, ma
|B|> 1 thi:

T(B,a)= UT(p,a)

peB

Buoc 2.
Xéc dinh tap trang thai mdi Q” = {so, S1...., sk | k < 2!QI-1}:

1/. Bat so = {qo}, s1={q1},... si={qi}, V qo, q1,..., i € Q,

2/. Pit sis1 = B1, Siv2 = Ba,... v6i Bila tap trang thai két qua ciia ham chuyén 3,
hoacham T, | Bi|> 1.

3/. Néu otomat A 1a khong day du, dat sk = & va thém vao ham chuyén &’ cac gia
tri 8°(sk, a) = 5k V ae X dé otomat M trg thanh otomat day du.

4/. Trang thai khoi ddu cua otomat M 14 so.
5/. Tap trang thai két thiic ciia otomat M1a F’ = {se Q’ |[s"F# T }.

Buwoc 3 :
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Xéc dinh ham chuyén 8’: Q* x 3— Q’ ctia otomat M:
Vse Q’, V ae X thi &°(s, a) = T(s, a)
Viéc ching minh T(A) = T(M) 1a kha dé dang, danh cho sinh vién nhu 1a bai tap.

Thi du 3.6: Cho otomat A = <{po, p1, P2}, {a, b, c}, 8, po, {p1, p2}> v6i ham
chuyén & cho bdi bang sau:

) a b C

Po {p} {p1, p2} {p2}
p1 {p2} {Po, p2}
P2 {p1} {ps} {p2}

Hinh 3.16. Bing chuyén ciia otomat A trong thi du 3.6

Hay xay dung otomat M = <Q’, {a, b, ¢}, &’, so, F’> don dinh va diy du, tuong
duong véi otomat A.
1/. Xay dung ham T: 29 x ¥ — 29
T(po, @) = {pa}, T(po, b) = {p1, p2}, T(po, ¢) = {p2},
T(p1, @) = {p2}, T(p1, b) = D, T(ps, €) = {po, P2},
T(p2, @) = {pa}, T(p2, b) = {p}, T(p2, ) = {p2},

T({p1, p2}, @) = T(p1,8) UT(p2,a)= {p2y{p}={p1, p2}, T({p1, p2}, b) = T L
{p1} ={p}, TP, p2}, €) = {po, p2} W{p2} = {po, p2},

T({po, p2}, @) = {p:}, T({po, P2}, b) = {p1, p2}, T({po, p2}, ¢) = {p2}

2/. Dt so = {po}, s1 = {p1}, s2 = {p2}, 3 = {P1, P2}, Sa = {Po, P2}, S5 = I ta co tap
trang thai mai 1a Q” = {so, S1, S2, S3, S4, S5}-

3/. Ham chuyén méi 8”: Q” x Z— Q’ duoc xac dinh boi bang sau:

o a b c

So S1 S3 S2
S1 S2 S5 Sa
S2 S1 S1 S2
S3 S3 S1 S4
S4 S1 S3 S2
S5 Sg Sg Ss

Hinh 3.17. Bing chuyén ciia otomat don dinh M trong thi du 3.6
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Trang thai khoi dau ciia M 1a so tap trang thai két thiic méi 1a: F* = {s1, S2, S3, Sa}.

RO rang otomat M = <{so, S1, S2, S3, S4, S5}, {a, b, ¢}, &°, so, {S1, S2, S3, Sa}> Vi
ham chuyén &’ cho boi bang trén 1a otomat hitu han don dinh va day du. Co thé thiy
rang otomat M 13 twong dwong véi otomat A.

Thudt toan don dinh hoa 2
Input: Otomat hiru han khong don dinh A = <Q, X, 9, qo, F>

Output: Otomat hitu han don dinh M = <Q’, %, &’°, so, F’> tuong duong voi
otomat A.

Phwong phap:
Buoc 1:

bat trang thai khoi dau cua otomat don dinh M la trang thai khoi dau do cua
otomat khong don dinh A. Pt Q” = {[qo]}, va tiép tuc xac dinh céc trang thai khac cia
M trong budc 2.

Buoc 2:

Véi mdi ky hiéu vao ac X va v6i mdi trang thai [qi, Qj,... qk] trong Q’ ciia M, xéc
dinh gi4 tri ham chuyén trang thdi 8’ nhu sau:

1. 8°([qi, 9j, .-.q«], @) = (i, @) U 3(qj, @) U ... 3(qk, @) = [q1, Gm, ...qn]

2. B6 sung trang thai mai [qi, Gm,... gn] vao Q’ nhd phép gan Q’: = Q* U {[qi,
Om,--- On]}

(c6 thé ky hiéu mdi trang thai [qi, qj, ...qx] cua Q’ boi By, Ba,...).

3. Lap lai bude 2 dé xac dinh cac bude Chuyén trang thai ciia ham chuyén va bd
sung cac trang thai moi cho M, cho dén khi khong c6 trang thai méi nao duoc bo sung.

Buwoce 3:

Trang thai B = [q;, 0j,... qk]€ Q’ goi 1a trang thai két thic néu it nhat mot trong
cac trang thai dfi, gj,...qk 1a trang thai két thiic ctia A, tirc 1a Be F’ néu va chi néu {qi, qj,
...qk}" F # @. Néu otomat A chip nhan ¢ thi trang thai khoi dau [qo] dong thoi duoc
dat 1a trang thai két thac cuia M.

Nhu vay thuit toan da xay dung dugc otomat don dinh M’, dé dang théy réng
T(M”) =T(A).

Thi du 3.7: Cho otomat khong don dinh: A = <{qo, 01}, {a, b}, J, qo, {01}>,
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trong d6 5(qo, @) = {do}, 5(do, b) = {qo, 91}, 5(qs, @) = {qo, g1}, 5(qz, b) = <.
D6 thi chuyén cua A la:
(3 b

_>q0)< 1CI1
b a

Hinh 3.18. Dé thi chuyén ciia otomat A trong thi du 3.7
Do A 1a otomat khong don dinh nén viéc xac dinh tap tir T(A) 1a kha kho khan.

Trudc hét ta s& xay dung otomat don dinh M = <Q’, {a, b}, &, to, F*> tuwong
duong vai A.

Theo thuat toan don dinh hoéa 2, ta thuc hién cac budc sau:
Buéc 1: Pat trang thai khoi dau ciia M 1a [qo], va Q” = {[qo]}

Buoce 2: Tim céc trang thai méi cua M, bang cach xac dinh cac budce chuyén trang
thai voi moi trang thai da co6 cua Q’.

. Véi [qo]e Q”:

- v6i ky hiéu vao a: 6’([qo], @) = 8(qo, @) = [qo] ,

- v6i ky hiéu vao b: 8°([qo], b) = 8(qo, b) = [qo, q1],

-b6 sung trang thai méi: Q* = Q* U {[qo, qu1}= {[dc], [do, G}
. Tiép tuc xét véi [qo, qi]e Q’

- v6i ky hiéu vao a: 8°([qo, q1], ) = 8(qo, @) w 8(q1, @) = [qo, q1],

- v6i ky hiéu vao b: §°([qo, q1], b) = 8(qo, b) W 8(q1, b) = [qo, q1],

Do khong c6 trang thai méi bd sung vao Q’, két thuc buoc 2.

Buée 3 do [qo, 01] co chita q1 13 trang thai két thiic ctia A, nén [qo, 1] 1 trang
thai két thuc cta otomat M

Nhu vay, otomat M dugc xac dinh béi :

- Q= {[qo], [do, 1]}, v&i ky hiéu to = [do] va t1 = [qo, 0], ta c6 Q* = {to, t1}, .
. Bang chir cai X = {a, b},

. Trang thai khoi dau : to

. Tap trang thai két thuc F’ = {t1},
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nhuoc diém 1a sb trang thai cua M thuong 1a kha 16n, cho nén sau khi tim dugc M, can
loai bo céc trang thai khong tham gia qué trinh doan nhan ngon ngir (dead states), dé

. Ham chuyén trang thai 8 duoc xac dinh
d’(to, @) = to, &8°(to, b) =11, &’(t1, @) = t1, 8°(ta, b) = ta.

Ta c6 bang chuyén cia M:

& a b
to to t1
] t1 t1

Hinh 3.19. Bdng chuyén ciia otomat don dinh M trong thi du 3.7

R rang otomat M 1a don dinh va c¢6 d thi chuyén nhu sau:

a b a
to t1

b

Hinh 3.20. Pé thi chuyén ciia otomat M trong thi du 3.7
Viéc x4c dinh ngdn ngit duoc doan nhan boi otomat M 13 kha dé dang:

T(A) =T(M) ={a"bw |n >0, we{a, b}}.

Nhdn xét: V6i thuat toan 1, viée xay dung otomat don dinh M 1a kha dé dang, céac
budc déu dugc chuan hoa, thuan lgi cho viéc lap trinh. Tuy nhién thuat todn nay co

lam cho otomat don gian hon.

trang thai thyc su tham gia vao qua trinh doan nhan ngdn ngit méi dugc bd sung vao tap
trang thai méi Q’. Tuy nhién, nhugc diém cua thuat toan nay la viéc thuc hién can phai
linh hoat, cic quy tic khong dugc chuan hoa, cho nén khé 1ap trinh. Otomat M cé thé

Thuat toan 2 thudng cho két qua ngin gon hon so voi thudt toan 1, chi nhitng

khong phai 1a day du.

Thuat toan 2 phu hop véi viéc don dinh hoa cac otomat ¢ sb trang thai khong

16n, ¢6 thé tinh truc tiép, khong can lap trinh.
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3.2.6. Su twong dwong giira otomat don dinh va otomat khéng don dinh

Céc dinh 1y du6i day s& cho ta thiy su twong duong giita 10p otomat hitu han don
dinh va 16p otomat hitru han khong don dinh.

Dinh Iy 3.1

Néu ngon ngit L dwoc doan nhdn boi mot otomat hitu han khong don dinh thi ton
tai mot otomat hiru han don dinh doan nhdn L.

Viéc chiing minh dinh ly ndy dugc suy tir cac thuat toan don dinh héa otomat.
Dinh Iy 3.2

Lop ngon ngir duoc sinh boi otomat hitu han don dinh la trung véi lop ngon ngir
dwoc sinh boi otomat hitu han khong don dinh.

Chirng minh: Ta goi Ln la 16p ngdn nglr sinh boi cac otomat hitu han khong don
dinh, Lp 14 16p ngdn ngit sinh boi cac otomat hitu han don dinh, ta can chimg minh Ly
= Lp. Ta s& chung minh hai bao ham thurc:

. Ln  Lp. Gid st L 1a mdt ngon ngtr tuy y thude 16p L, tic 1a tdn tai mot otomat
khong don dinh A doan nhan L, tic 1a ta ¢6 T(A) = L. Theo dinh 1y 2.1, ton tai mot
otomat don dinh M tuwong duong véi otomat A, cling doan nhan L, tac 1a L = T(M), vay
L thudc 16p Lp, do do ta c6 Ln < Lo.

. Lo < Ln. Gia sir L 1a mot ngdn ngir tiy ¥ thude 16p Lo, tirc 13 ton tai mot otomat
don dinh M doan nhan L, ta c6 T(M) = L. Tuy nhién, ta luén ludn cé thé xem ham
chuyén don dinh 8(g, a) = pe Q trong otomat don dinh nhu 1a mot trudong hop don gian
ctia ham chuyén khéng don dinh 8(q, a) = {p}< 2° trong otomat khong don dinh. Nhur
vay, mot otomat don dinh co thé dugc xem la mot truong hop dac biét cia otomat
khong don dinh Va vi thé, ngdén ngit L ndi trén c6 thé xem la dugc doan nhan boi
otomat khong don dinh. Do d6 Lp < Ln.

Tu do tacod Lp = Ln.
DPinh 1y dugc chirng minh.

Nhu vay, tir ddy vé sau, néu c6 mot otomat hiru han A sao cho L = T(A), thi ta n6i
ngdn nglr L dugc doan nhan boi otomat hiru han, ma khong phan bi¢t L dugc doan nhan
bdi otomat don dinh hay khong don dinh.

93



3.3. OTOMAT HU'U HAN VA NGON NGU CHIiNH QUY
3.3.1. Ngén ngir chinh quy va biéu thirc chinh quy

Trong chuong trudc, theo cach phan loai cia Chomsky, thi ngon ngir chinh quy la
ngdn ngit duoc sinh boi cac van pham chinh quy. Trong phan nay, ta s& dinh nghia cac
ngon nglr chinh quy nhu 1a cac tap hop tir dac biét, dugc goi 1a cac tap chinh quy. Ta
ciing sé& chi ra rang dinh nghia ngon ngir chinh quy & day la twong dwong véi dinh nghia
ngdn ngit chinh quy thong qua vin pham chinh quy. Pong thoi véi cac ngdn ngit chinh
quy, chung ta dua ra cac khai niém vé biéu thtrc chinh quy, 1 cong cu dé biéu dién cac
ngon ngit chinh quy.

Dinh nghia 3.8

Cho bang chir cai X, khi do ngon ngir chinh quy (regular languages) duwroc dinh
nghia dé quy nhu sau:

1. Ngén ngit rong, L= & la mét ngén ngit chinh quy
2. Ngén ngit chi gom mét tir rong, L= {} la mot ngén ngir chinh quy

3. Ngén ngit chi gom mét tir la mot ky hiéu, L = {a}, véi ac 3, 1a ngon ngir
chinh quy trén bang chir cai 2.

4. Néu L1va Lz la hai ngdn ngit chinh quy trén bang chir cai X thi:
a. L = LiuvLz la mot ngon ngir chinh quy trén bang chir cdi 2,

b. L = L1.L2 la mot ngén ngit chinh quy trén bang chir cdi X,
c.L=L1" (hay L2") la cdc ngén ngit chinh quy trén bang chir cdi ~.

5. Cdc ngén ngiv nhdn dwoc bang cach dp dung bdt ky quy tac nao tir 1-4 trén
day la cac ngon ngir chinh quy.

C6 thé ching minh duoc rang ngdn ngit chinh quy theo dinh nghia trén 1a tuong
duong voi ngdn nglr chinh quy dugc sinh bdi cac van pham chinh quy.

That vay, c6 thé xay dung cac van pham chinh quy sinh ra cac ngén ngit & va
ngon ngitr {a} (xem thi dy 2.18). Hon nita, trong chuong 2 ciing di chi ra rang 16p cac
ngodn ngit chinh quy 13 dong ddi voi cac phép toan hop, nhan ghép va lip trén cic ngdn
nglt. Nhu vay 16p ngdén nglr chinh quy theo dinh nghia trén day la trung véi 16p ngdn
ngtr chinh quy da duogc dinh nghia theo van pham chinh quy.

Nguoi ta quy ude tap chi gdbm mot tir rong {e}1a mot ngdn ngit chinh quy. Ngon
ngit chinh quy c6 chita tir rong &, duoc goi 1a cac ngdn ngir chinh quy suy rong. Trong

94



hau hét cac trudng hop, khi khong can phan biét, dé don gian, ta ding khai niém “ngdn
ngit chinh quy” chung cho ca “ngon ngir chinh quy” va “ngén ngir chinh quy suy rong”.

Nhu vy, tir dinh nghia 3.8, ta c6 dinh ly sau:
Dinh ly 3.3

Moi ngén ngit chinh quy trén bang chit cdi X déu nhdn dwoc tir cde ngoén ngiv hitu
han bang cach dp dung mét s6 hivu han lan cac phép todn hop, nhdn ghép va phép lap.

Dé dién dat cac ngdn ngir chinh quy, ta dua vao khai niém biéu thirc chinh quy,
dugc dinh nghia nhu sau:

Dinh nghia 3.9

Cho bang chir cdi %, khi @6 biéu thire chinh quy (regular expressions) dicoc dinh
nghia dé quy nhu sau:

1. r = @la mét biéu thirc chinh quy biéu dién ngén ngit L = & (ngdn ngir rong)
2.1 =& la mot biéu thirc chinh quy biéu dién ngén ngir L= {&}
3.7 = a la mét biéu thirc chinh quy biéu dién ngén ngiv L = {a}, véi ac %,

4. Néu r1 Va 12 14 hai biéu thirc chinh quy biéu dién cdc ngén ngir chinh quy L1
va Lo trén bang chit cai X' thi:

a. r = ri+ r2 la biéu thire chinh quy biéu dién ngén ngit L1 Lo trén bang chir
cai X
b. r = r1. 2 la biéu thire chinh quy biéu dién ngon ngit L1.L trén bang chir cdi X

c.r=r1" (hay r2°) la biéu thirc chinh quy biéu dién ngén ngiv L1™ (hay L") trén
bang chir cdai X

5. Cdc biéu thirc nhdn dwoc bang cdch dp dung bat ky quy tdc ndo tir 1-4 trén
day la cac biéu thirc chinh quy.

= Néu r 1 biéu thirc chinh quy biéu dién ngdn ngit L thi ta viét L = L(r).

Tir dinh nghia ngdn ngit chinh quy va biéu thirc chinh quy, d& dang suy ra dinh 1y
sau vé cac ngdn ngit chinh quy:

Dinh Iy 3.4

Mot ngén ngir trén bang chit cdi X la chinh quy khi va chi khi né dwoc biéu dién
bang mét biéu thirc chinh quy.
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Chuay:
1. Biéu thirc chinh quy c6 chira € va phép toan lip (*) goi 12 biéu thirc chinh quy

suy rong. Trong hau hét cac truong hop, khi khong can phan biét, ta dung khai niém “biéu
thirc chinh quy” chung cho ca “biéu thtrc chinh quy” va “biéu thtrc chinh quy suy rong”

2. Trong cac biéu thirc chinh quy ta ¢ thé bo qua cac ddu ngodc va quy ude thir tir
vu tién cua cac phép toan 1a phép lip, phép nhan ghép va cudi cung 1a cac phép hop.

3. Hai biéu thirc chinh quy duoc xem 1a bang nhau néu chung biéu dién cing mot
ngdn ngir chinh quy, tirc 13, néu r va s 1a cac biéu thirc chinh quy, thi: r = s khi va chi
khi L(r) = L(s)

Néur, s, t 13 cac biéu thire chinh quy thi ta co cac két qua sau:

.r+s=s+r,

L(r+s)+t=r+(s+t),

Lr+r=r,

. (rs)t = r(st),

Lr(s+t)=rs+rt, (S+t)r=sr+tr,

LD =,

() =T

C6 thé chimg minh céac két qua trén bang cach chi ra rang hai biéu thirc chinh quy

& hai vé cta mdi dang thire déu biéu dién ciing mot ngdn ngit chinh quy. Xin danh viéc
chirng minh nay cho sinh vién nhu la bai tap.

Thi du 3.8: Bang dudi day trinh bay mot sd biéu thirc chinh quy thuong gip va
mo ta ngobn nglt chinh quy twong Ung :

Biéu thire Ao .
. Ngon ngir chinh quy twong un
chinh quy g g quy gung
r = (at+b)* Tap cac xau gdm cac ky hiéu ‘a’va ‘b’ c¢6 do dai tuy ¥, ké ca
X4u rong.
r = (a+b)*abb Tap cac xau gém cac ky hiéu ‘a’va ‘b’ va duogc két thic boi
Xau con abb
r = ab(atb)* Tap cac xau gdm cac ky hiéu ‘a’va ‘b’ va duoc bat dau boi
Xau con ab.
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r =(a+b)*aa(a+b)* | Tap cac xau gdm cac ky hiéu ‘a’va b’ va chira x4u con aa.

r = a*b*c* Tap cac xau gdbm mot sb bat ky ky hiéu ‘a’, tiép theo 1a mot
Xau gé)m mot sd bat ky ky hi¢u ‘b’, 161 dén mot xau gém mot
s6 bat ky ky hiéu ‘c’. C6 thé 13 x4u rong.

r=a‘'b'c’ Tap cac x4u gdm it nhat mot ky hiéu ‘a’, tiép theo 1a mot xau
gém it nhat mot ky hi¢u ‘b’, roi dén mot xau gém it nhat mot
ky hiéu ‘c’.

r = aa*bb*cc* Tap cc xau gdm it nhat mot ky hiéu ‘a’, tiép theo 1a mot Xau
gom it nhat mot ky hiéu “b’, rdi dén mot xau goém it nhat mot
ky hiéu ‘c’.

r = (a+b)* (a+ bb) | Tap cac xau gém cac ky hiéu ‘a’va ‘b’ va duogc két thic boi
‘a’ hoac bb.

r = (aa)*(bb)*b Tap cac xau chira mot sd chin ky hiéu ‘a’ (co thé khong c6

ky hi¢u ‘a’nao) ro6i dén mot so 1¢ ky hi¢u ‘b’.

r = (0+1)*000 Tap céc xdu chta cac ky hiéu ‘0’ va ‘1’ va két thac boi
‘000,
r=(11)* Tap cac xau gdom mot sd chan ky hiéu “1°.

Hinh 3.21. M@t s6 biéu thivc chinh quy

Thi du 3.9: Xéac dinh ngon ngir chinh quy dugc biéu dién boi biéu thirc chinh quy
r = (017+02)1.

Ta co:

r=(01"+02)1 = 01*1+021,

vy ngdn ngir chinh quy biéu dién boi r 1a:

L (r) = L(01*1+021) = L(01*1) U L(021) = {01", 021 |n>1}
3.3.2. Su lién h¢ giira otomat hiru han va ngon ngir chinh quy

Trong chuong trude ta da thiy rang v4i moi ngdn ngit chinh quy déu ton tai mot
van pham chinh quy sinh ra n6, va nguoc lai ngén ngir sinh bdi van pham chinh quy la
ngon ngit chinh quy.
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Trong phan nay, ta s& thdy c6 mot su lién hé twong tu nhu vay giita otomat hiru
han va ngon ngir chinh quy.

Dinh Iy 3.5

Néu L 1 mot ngén ngi chinh quy thi ton tai mét otomat hitu han khéng don dinh
A doan nhdn L, tue la T(A) = L.

Churng minh: Gia st L 1a ngon nglt chinh quy sinh béi van pham chinh quy G =
<X, A, S, P>, tuc la L = L(G). Ta xay dung otomat hitu han khong don dinh A =<Q, %,
3, go, F>, theo quy tic:

. Q=AU {E}, v6i E la ky hiéu mdi, E¢ TUA,
. Qo=S;
{E}-néuquyticS - e¢ P
. F ={E, S} - néu c6 quy tic S— g€ P,
. Xac dinh ham chuyén & tir van pham G:

- VAeA, VaeX, dit 3(A, a) = {BeA | néu c¢6 quy tic A>aB}U{E | néu co quy
tac A—a},

- VaeX dato(E, a) = J.

Otomat A xa@y dung nhu trén 1a mdt otomat hiru han khong don dinh, ta s chirng
minh L = T(A):

1. Ly oe L, ta ching minh ring oe T(A):

. néu ® = &: trong van pham G ¢6 quy tic S— g€ P, do d6 Se F. Trong trudng
hop nay 6(S, €) ={S}c< F nén ecT(A).

. néu ® = a1@... ar # &: Do G 1a van pham chinh quy, nén ton tai diy quy tic S—
a1A1, A1 @2A2,..., An1—> an trong P sao cho S | aiAr | aiaeAq | | asde...anaAna b
di...an-1an

. Tu dinh nghia ctia 3, ta 0 A1€8(S, a1), Az € 3(A1, a2),..., An1 € 3(An-2, an-1), E
€ 0(An-1, an). Nhu vay, Ee 8(S, aiaz... an) hay 8(qo, ®) N F # &, do d6 we T(A). Vay L
c T(A).

2. Lay 0eT(A), ta ching minh ring © € L(G):
. néu o = & (S, €)n F = & hay SeF, vay c¢6 quy tic S— g€P, do d6 e L(G)
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. néu ® = a1dz... an# € 8(S, ®)NF = @ v6i w # € hay E € §(S, »), do d6 ton tai
cac trang thai A1, Az,..., An1€A sao cho Aie (S, ai1), Aze 8(A1, a2),..., An1€ 6(An-2,
an-1), E€8(An-1, an). Tr d6 ta c6 S— aiA1, A1—> a2Ao,..., An1— ane P hay trong G ¢6
mot suy dan 1a S |— a1A1 |- a1a2A2 |— |— a1d2... an-1An-1 |- ai... an18n = ®. Vi vay oe L.
Hay T(A) c L

Viy ta dd chimg minh L = T(A), tc 1 tén tai mot otomat hiru han khéng don
dinh doan nhan L.

Nhu vay, néu goi Ln 1a 10p cac ngdn ngir duoc doan nhdn béi otomat hiru han
khong don dinh va Lr 1a 16p cac ngdn ngilt chinh quy thi tir dinh 1y trén ta c6 Lrc L,

Dinh 1y trén cho phép ta xay dung mdt otomat hitu han khong don dinh A tuong
duong v6i van pham chinh quy G cho trude, sao cho T(A) = L(G).

Thi du 3.10: Cho ngdn ngit L = {mab"ab | n>0, we {a, b}"}. Hiy x4c dinh otomat
htru han doan nhan ngdén ngir L.

Ta ¢6 van pham G = <{a, b}, {S, A, B}, S, {S— aS, S— bS, S— aA, A— bA,
A— aB, B— b}> 12 vin pham chinh quy, va dé thay rang L = L(G).

Twr van pham chinh quy G, ta s€ xay dung dugc otomat khong don dinh A dé T(A)
= L(G) = L. Theo quy tic trong dinh 1y trén, ta co:

A=<{S, A B, E} {a b}, 5, S, {E}>,
vO1 ham chuyén 0 duoc xac dinh nhu sau:
5(S, a) ={S, A}; 8(S, b) = {S},
3(A, a) ={B}; 8(A, b) = {A},
3(B, a) = J; 8(B, b) = {E},
O(E, a) = J; 8(E, b) = .
Db thi chuyén ctia A dugc cho trong hinh 3.22:

a b}%
b
@
b(}

Hinh 3.22. Pé thi chuyén ciia otomat A trong thi du 3.10

Theo dinh ly trén, otomat A doan nhén ngon ngt chinh quy L, that vay ta co:
T(A) = {wab"ab |n >0, me{a, b} } =L
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Thi du 3.11:. Cho vin pham chinh quy G =<{0, 1}, {S, S1 }, S, P>, vdi tip quy tic :
S — 08,
P: S — 08y,
S1— 1Sy,

S1— 1.

Hay xay dung otomat hitu han A sao cho T(A) = L(G), xac dinh ngén ngir duoc
doan nhan bdi van pham noi trén.

Theo quy tic trong dinh 1y 3.5, taco6 A =<Q, Z, 9, go, F>, v&i céc thanh phén
nhu sau:

. Q={S, Sy, E},
. 2 =A0, 1},
. Qo =3,

. F = {E} (do trong G khong c6 quy tic S— &)
. Xéc dinh ham chuyén &:
3(S,0) ={S, S1}; 8(S, 1) =,
8(S1, 0) = J; 6(S1, 1) = {Sy, E},
O(E,0)=9;d(E, 1) = .
Vay otomat hiru han cung doan nhan ngén ngir sinh bdi van pham G 1a bo nam:
A=<{S, S, E} {0,1},5, S, {E}>

D6 thi chuyén trang thai clia otomat A 1a:

° 2
{%0 (5———(©

Hinh 3.23. Do thi chuyén ciia otomat A trong thi du 3.11

Tir d6 thi chuyén ciia A, dé thdy rang T(A) = {0"1™ | v&i n, m > 1}, viy ngdn ngit
sinh bai van pham G 1a L(G) = T(A) = {0"1" | véin, m > 1}.

Dinh Iy 3.6

Néu L la ngon ngir dwoc doan nhdn boi mot otomat hitu han don dinh thi L la mot
ngon ngit chinh quy.
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Churng minh: Gia st L = T(M), v61 M = <Q, %, 9, Jo, F> 1a mdt otomat hitu han
don dinh. Ttur otomat M, ta xay dung van pham G = <%, A, S, P>, theo quy tac sau:
. A=Q,
. S=do,
. Tap quy tic P = {q— ap | néu c6 8(q, 8) = p} U {q— a | néu c6 8(q, a) = pe F}.
Khi d6 G chi c6 hai loai quy tic g— ap, g— a, véi p, qe A, ae Z, vay G 1a van
pham chinh quy.
1/. Ta chirng minh L(G) = L, véi gia thiét e¢ L.
. Liy o = a1a... ane L(G), o # ¢, do we L(G) nén trong vin pham G ton tai
suy dan qJo |= ® hay qo |- a101 |- a1a202 |- .. |- ai1a2... dn-1Qn-1 |- ai... dn-1a8n = O.
Do d6 ta co cac quy tic trong P: qo— aiq1, Q1i— @202,. .., qn-1—> an-10n-1, On-1—> @n,
tir d6 suy ra cac gia tri cia ham chuyén trong otomat M:
(o, a1) = Pz, 8(q1, a2) = P2,..., 8(0n-2, an-1) = dn-1, (Qn-1, @) = gne F
tuc 1a 8(qo, ®) = gne F hay e T(M) =L

. Léy ® = a182... an€ L, o # ¢, do o dugc doan nhan bdi M, nén theo dinh nghia
ta ¢6 8(o, ®) = gne F. Khi d6 ton tai diy trang thai qu, Ga,..., qn Sa0 cho 8(qo, a1) = pu,
d(q1, @) = g2,..., 8(Qn-2, @-1) = Gn-1, 6(Qn-1, @) = gne F. Theo cach xay dung van pham
G, trong P s& ¢o cac quy tic qo—ail1, q1—>axQz, ..., qn-1—>@n-1qn-1, Gn-1—>an , nhu vay ta co
cac suy dan trong G: qo |- a1z |- aiazQ? |— |- a1a2... an-10n-1 |— ai... an-1an = , hay qo |=
o, vy oe L(G).

2/. Trong truong hop €€ L, ta xay dung G’ twong duong véi G trong do ky hi¢u
xuat phat khong xuét hién trong bat ky vé phai cua quy tic ndo, dong thoi thém vao G’
quy tic qo— & dé nhan dugc van pham chinh quy G’ sao cho L(G’) = L(G) U {e}. Vay
ta luén co L(G) = L. Vay dinh 1y dugc ching minh.

Nhu vay, néu goi Lp |4 16p cac ngon ngit duge doan nhan boi otomat hiru han don
dinh va Lr1a 16p cac ngdn ngilr chinh quy thi tir dinh 1y trén ta c6 Lpc Lr,

Dinh ly trén cho phép ta xay dung mot van pham chinh quy G tuwong duong véi mot
otomat httu han don dinh A cho trudc, sao cho L(G) = T(A). (Obtain RG from DFA)

Thi du 3.12: Cho otomat hitu han don dinh A c¢6 d6 thi chuyén nhu hinh duéi day:

0 1
@)

Hinh 3.24. DPé thi chuyén ciia otomat A trong thi du 3.12
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Hay xay dung van pham chinh quy cung sinh ngoén nglr dugc doan nhan boi
otomat A.

Tir d6 thi chuyén, ta c6 thé xac dinh duoc otomat A = <{qo, q1, g2}, {0, 1}, &, qo, {q2}>,
v6i ham chuyén xac dinh nhu sau:

d(qo, 0) = q;
8(d1, 0) = q1; 8(qs, 1) = gz,
3(d2, 1) = q2.

Theo thuit toan trong dinh 1y 3.6, ta xay dung duoc van pham chinh quy:
G =<{0, 1}, {00, q1, 92}, Qo , P >, véi tap quy tic sinh nhu sau:
go— 0qz,
P: qi— 01| 102 | 1,
g2— 102 | 1.
D@ dang kiém tra dugc rang L(G) = T(A) = {0"1™ | véi m, n > 1}

Thi du 3.13: Cho otomat hiru han don dinh A = <{qo, q1, 92}, {0, 1}, 8, Qo, {02}>,
trong do:

d(qo, 0) = qu;
8(q1, 0) = g2; 8(qs, 1) = qo,
(02, 1) = do.

Hay xay dung van pham chinh quy cung sinh ngén nglt dugc dodn nhén boi
otomat A. Ta c6 d0 thi chuyén ciia otomat A 1a:

0 >
Jogs ) %
1
1

Hinh 3.25. Do thi chuyén ciia otomat A trong thi du 3.13
D@ thay rang L = T(A) = {(01)"00, {»00 | {01, 001}"}.
Ta s& xdy dung van pham G =<3 , A, S, P> theo quy tic trong dinh 1y trén
. A ={do, qz, 92},
. S =0qpo,
. Tap quy tic P = {go— 001, q1— 0q2, qa— 0, qi— 1o, G2—> 10 }.
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Nhu vay G 1a vin pham chinh quy, va d& thay rang L(G) = L, vay L 1a ngbn ngit
chinh quy.

3.3.3. Su lién hé giira otomat hiru han va biéu thirc chinh quy
Dinh ly 3.7

Cho r la mét biéu thirc chinh quy, khi do sé 16n tai mot otomat hitu han khong don
dinh M doan nhdn ngon ngiv chinh quy dwoc xdc dinh boi r, ticc la T(M) = L(r).

Chitrng minh. Dua trén dinh nghia biéu thtc chinh quy, ta s& xay dung cac
thuat toan dé xac dinh otomat khong don dinh M tir cac biéu thtrc chinh quy tuong
ung nhu sau:

1. r = @. Otomat M can xay dung c6 2 trang thai go Va gr voi do thi chuyén nhu sau:

—>¢

Hinh 3.26. Pé thi chuyén ciia otomat twong iing véi biéu thirc chinh quy r = &

2.r=¢. Otomat M can xdy dung c6 2 trang thai ¢o Va gf v6i do thi chuyén nhu sau:

—@-—@)

Hinh 3.27. Do thi chuyén ciia otomat twong ikng véi biéu thive chinh quy r = ¢

3.r=a. Otomat M can xay dung c6 2 trang thai go VA 0 v&i d6 thi chuyén nhu sau:

Hinh 3.28. Pé thi chuyén ciia otomat twong teng véi biéu thirc chinh quy r = a

4. Gia st da xay dung duoc cac otomat M, M1 va M, tuong tng véi cac biéu thirc
chinh quy r, r1 va rz, ta s& xay dung cac otomat twong tng voi cac biéu thire chinh quy r1 +
r2; r.rz var* nhu sau :

a. Otomat tng v&i r1 + 2, ky hi¢u 1a M1 U My, dugc xay dung theo so dd &
hinh 3.29.

Trong so d6 ndy, M1 1a otomat trong tmg véi biéu thirc chinh quy 11 v6i g1 va f1 lan
luot 1a cac trang thai khoi dau va két thuc cua M1 Tuong tu, M2 1a otomat tuong ting véi
biéu thic chinh quy r2 v6i g2 va f2 1an luot 14 cac trang thai khoi dau va két thuc ciia My,
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Dé xdy dung otomat My U My, ta thém vao mét trang thai qo 1am trang thai xudt phat va
trang thai gr 1am trang thai két thuc duy nhét ciia otomat nay, va thém cac cung rong ndi cac
trang thai mdi voi cac otomat da cho. Mot xau dugce doan nhan boi otomat hgp M1uU Mz thi
hoac dugc doan nhan bdi M1 hodc duge doan nhan boi My, tire 1a xau d6 thudc L(r1) w
L(r2), twong Gmg véi biéu thirc chinh quy 11 + r2. Do vy, T(M1U M) = L(r1 + 12).

L(r2)

Hinh 3.29. Do thi chuyén ciia otomat twong teng véi biéu thirc chinh quy ¥ =1+ 12

b. Otomat ing vi r1. 2, ky hiéu 1a M1.M2, dugc xay dung theo so dd sau:

Hinh 3.30. Do thi chuyén ciia otomat twong teng véi biéu thirc chinh quy r = 1. 2

Trong so do trén, M 13 otomat twong tmg v&i biéu thie chinh quy 11 véi g va fi 1an
luot 1a cac trang thai khoi dau va két thuc cua M1 Tuong tu, M2 1a otomat tuong Uing véi
biéu thirc chinh quy 12 v6i 02 va f2 1an luot 1a cac trang thai khoi dau va két thic ciia Mo,

Dé xdy dung otomat M1.Mp, ta chon trang thai xuat phat q1 ciia M1 1am trang thai xuat
phét ctia otomat tich ghép, chon trang thai két thiic > ctia otomat M2 1am trang thai két thuc
clia otomat méi. D& thay rang T(M1.My) = L(r1.ro).

c. Otomat tng vai r*, ky hiéu la M* | dugc xay dung theo so dd sau:

Hinh 3.31. Do thi chuyén ciia otomat twong teng véi biéu thikc chinh quy r = r*

Trong so do trén, M 1a otomat twong tng v&i biéu thirc chinh quy r véi g va f lan
luot 13 cac trang thai khoi dau va két thuc cua M. Dé xay dung otomat M*, ta thém vao mot
trang thai qo 1am trang thai xuét phét va trang thai qr lam trang thai két thic duy nhat cia
otomat m&i, va thém céc cung rong ndi cac trang thai méi voi cac otomat ban dau, va tao
nén cac ngdn ngtr 1ap.
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Trong otomat & hinh 3.31, néu ta bo di cung rdng ndi tir o dén ¢, ta s& nhan duoc
otomat M*, twong tmg véi biéu thirc chinh quy 1.

Céc thuat toan trong dinh 1y trén con dugc goi la cac thuat toan Thompson, cho phép
xdy dung cac otomat hiru han khong don dinh tir cac biéu thirc chinh quy (Obtain NFA
from Regular Expression)

Thi du 3.14: Xay dung otomat hiru han khong don dinh (NFA) doan nhan ngon
ngir L gdm moi x4u trén bang chit cai {a, b}, va duoc bit dau boi ‘ab’.

D@ thay rang biéu thtc chinh quy twong tmg cua L I : r = ab(a+b)*. Dua trén biéu
thirc chinh quy r, 4p dung thuat toan Thompson. ta s€ xay dung otomat twong ung vdi r
theo cac budc dudi ddy, chu ¥ rang sau mdi budc thi trang thai xuat phat va trang thai
két thiic duoc thay d6i. Bé cho gon, ta ding céac chit s6 dé ky hiéu cac trang thai.

Budc 1: Xay dyng otomat tuong tng véi biéu thie chinh quy ‘a’:

O ©)

Budc 2: Xay dung otomat tuong ting véi biéu thic chinh quy ‘b’

©=0

Budc 3: Xay dung otomat tuong tmg véi biéu thic chinh quy ‘a + b’
a
g @_)@&
—3_
¢ @ 5 ’@/g

Budc 4: Xay dung otomat twong ting véi biéu thirc chinh quy (a + b)*:

Budc 5: Xay dung otomat twong tng voi biéu thire chinh quy ‘ab’:
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O Onn ©)

Budc 6: Nhan ghép otomat & budc 5 voi otomat duge xay dung ¢ budc 4, ta dugc
otomat cudi ciing M, véi trang thai xuat phat 1a 0, trang thai két thuc duy nhét 1a 9.

Hinh 3.32. Do thi chuyén ciia otomat M twong ting véi biéu thirc chinh quy v = ab(a+b)*

Theo cach xay dung trén, otomat M twong dwong véi biéu thic chinh quy r =
ab(a+b)*. DE dang thiy rang :

T(M) = {abo | vdi ® € {a, b}*}.
Chu y. Ta c6 thé rat gon cac otomat dé dugc otomat twong duong :

1. Khi mét dinh q ¢6 cung rdng (cung ghi ky hiéu &) téi dinh két thuc p thi dinh
q dugc coi 1a dinh két thiic, va x6a bo cung rdng tir q toi p.

2. Khi mot dinh tré thanh dinh c6 14p thi c6 thé x6a bé dinh d6 khoi do thi
chuyén, va x6a bo trang thai & dinh d6 khoi otomat.

3. Mot ngdn ngit chinh quy c6 chira tir rong €, thi trong otomat twong Ung, trang
thai xuat phat luén duogc coi dong thoi 13 trang thai két thac.

Thi du 3.15: Xay dyng otomat hitu han khong don dinh (NFA), biéu thirc chinh
quy va van pham chinh quy x4c dinh mét s6 ngén ngir

1. Lo={c}, véi = = {0, 1}:

= Otomat chdp nhdn ngdn ngit Lo c6 do thi chuyén nhu trong dinh 1y 3.7 (H.3.27),
hoic c6 thé gop 2 trang thai thanh qo, vira 13 trang thai khoi dau, vira 13 trang thai két thic :

—@

= Biéu thirc chinh quy xac dinh ngdn ngir Lo = {e} laro = ¢.

» Van pham chinh quy sinh ngdn ngit Lo = {€} la: Go = <{0, 1}, {S}, S, {S— ¢} >
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2.L1=%",v6i 2 ={0,1}:

= Otomat chap nhan ngén ngir L1 c¢6 dd thi chuyén nhu sau, & ddy qo vira 1a trang
thai khoi dau, vira 1a trang thai két thuc : .
0

= Biéu thirc chinh quy xac dinh ngébn ngit L1 =" 1a:r = (0+1)".
= Vin pham chinh quy sinh ngdn ngit L1 = =" la:
G1=<{0,1,{S},S,{S—>0S|1S,S—> ¢} >
Theo cac cach rat gon trén day, otomat M ¢ thi du 3.14 s€ tuong duong véi
e a
Camcammc
b

Hinh 3.33. DPé thi chuyén rit gon ciia otomat M trong thi du 3.14

otomat c6 do thi chuyén nhu sau :

Két lugn. Tt cac dinh 1y trén ta c6 két luan vé sy lién hé giita otomat hitu han va
ngon ngtr chinh quy nhu sau:

1/. Goi Lp la 16p cac ngdn ngit dugc doan nhan baoi otomat hiru han don dinh, Ly la
16p cac ngdn nglr duge doan nhan bdi otomat hiru han khong don dinh va Lr 1a 16p cac
ngon ngir chinh quy.

Dinh 1y 3.2 cho biét Lp = L,
Dinh 1y 3.5 cho biét Lr < Ln,
Dinh 1y 3.6 cho biét Lp < Lr,

Vay Lp = Ln = LR, tuc 12 16p cac ngdn ngit sinh bdi cac otomat don dinh, 16p cac
ngon ngilt sinh boi cac otomat khong don dinh va 16p cac ngoén ngir chinh quy 1a trung
nhau.

2/. Ngon ngir L 1a chinh quy khi va chi khi:
a/. Ton tai mot biéu thirc chinh quy biéu dién L,
b/. Ton tai mot van pham chinh quy sinh ngdn ngir L,

c/. Toén tai mot otomat hiru han doan nhan L
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Thi du 3.15: Cho ngon nglr chinh quy L = {01", 021 | n > 1}, khi d6 ta L s& c6 cac
cach xac dinh nhu sau:

= Biéu thirc chinh quy biéu dién L Ia: r = 01*1+021
= Van pham chinh quy sinh ngon ngit L:
G=<{0,1,2}{S,A BC}S {S>0A A—> 1A A—> 1,55 0B,B> 2C,C— 1}>

» Otomat hiru han A doan nhan L c6 dd thi chuyén la:

(@)——@
Hinh 3.34. Pé thi chuyén ciia otomat A trong thi du 3.15

3.4. PIEU KIEN CAN CUA NGON NGU CHINH QUY

Khi mdt ngén nglr dugc doan nhan boi otomat hitu han, hoac dugc sinh bo1 mot
van pham chinh quy, hodc duoc xac dinh bdi mot biéu thic chinh quy thi né 1a ngdn
ngit chinh quy. Nhu vy viéc chirng minh mot ngon ngit 1a chinh quy 13 kha dé dang
bang cach chi ra rang nd dugc xac dinh bang mot trong nhirng cach trén. Tuy nhién, dé
khang dinh mot ngdén ngir L khong phai 1a ngdn ngir chinh quy thi lai khong hé don
gian. Du ta khong xay dung dugc otomat hitu han, van pham chinh quy hay biéu thirc
chinh quy dé xac dinh L, nhung ta van khong thé két luan dugc ngdn ngit nay khong
phai 1a ngon ngit chinh quy, boi vi ta khong thé khiang dinh duoc rang khong ton tai
nhiing van pham chinh quy hay nhiing otomat hiru han sinh ra L. Nhu vy, can c6 mot
tiéu chudn dé can ctr vao d6 co thé két luan mot ngdn ngit khong phai 1a ngdn ngit chinh
quy, tiéu chuan d6 1a diéu kién can ctia ngdn ngir chinh quy.

3.4.1 Otomat tbi tiéu

Cung mot ngdn ngir chinh quy L, c6 thé c6 nhiéu otomat hitu han doan nhan no.
Tuy nhién, trong s6 do, trudc hét chung ta quan tim dén cac otomat co s trang thai it
nhét ciing doan nhan ngdn ngir L. Dudi dy chiing ta chi dua ra dinh nghia va thi dy vé
otomat téi tiéu, ma khong trinh bay thuit toan tim otomat t6i tiéu
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Dinh nghia 3.10

Otomat c6 sb trang thai it nhat trong cac otomat hiru han cing doan nhan ngén
ngir L duoc goi 14 otomat tdi tiéu ctia ngdn ngir L.

Nhin xét: D& thdy rang voi mdi ngdn ngir L, otomat tdi tiéu cia né c6 thé khong
duy nhét.

Thi du 3.16: Gia sir ta c6 otomat M = <Q, {a, b}, 8, to, F>, vai

. Q =A{to, ty, o, t3}

. O(to, @) =to, 8(to, b) =tz, 8(t1, @) = tz, 8(t1, b) = t3, d(t2, @) = t2, d(t2, b) = t2, 6(t3, @) =13,
(t3, b) = ts.

. F={ts, t2}.

otomat M 1a don dinh, c6 4 trang thai va c6 dd thi chuyén nhu sau:

Hinh 3.35. Pé thi chuyén ciia otomat M trong thi du 3.16
D@ thay rang otomat M do4an nhan ngon ngir:
L =T(M) = {a"bo | >0, we {a, b}"}.

Nhin vao dd thi chuyén ctia M, ta thdy ngay rang khong c6 dudng di ndo tir to dén
duogc dinh két thic t1, vi vay otomat M sé& twong dwong véi otomat M’ ¢6 d6 thi chuyén
nhu sau:

to t1
b

Hinh 3.36. Pé thi chuyén ciia otomat toi tiéu M’ trong thi du 3.16

109



R& rang la otomat M’ cling doan nhan ngon ngir L = T(M”) = {a"bw | n>0, e
{a, b}"}, M’ chi c6 hai trang thai va 1 otomat t6i tiéu cta ngdn ngir L = {a"bo | n>0,

oe {a, b}'}.
3.4.2. Piéu kién cin ciia ngdn ngir chinh quy
Dinh ly 3.7

Néu L 13 ngdn ngit chinh quy thi ton tai s6 nguyén duong n sao cho véi moi me L
ma |o | > n déu co thé phan tich dugc dudi dang » = uvw, (v6i [v| > 1 hay v # €) ma voi
moi chisbi=0, 1.2,... ta cé uviwe L

Chitng minh: Vi L 1a mot ngdn ngir chinh quy, khi d6 ton tai mot otomat hitu han
doan nhan né. Gia st L = T(A) , v6i A =<Q, Z, 8, qo, F> 1a mot otomat tbi tiéu c6 n
trang thai, tirc 1a |Q| = n. Ta chimg minh n 13 sb tu nhién can tim.

Gia st ® = a182...ame L vai m > n. Khi d6 ta c6 8(qo, o) F, tic 1a Aqo, g1..., qm
€ Q sao cho 6(qi-1, &) = i, 1< i <mva gme F. Do m > n nén trong day qo, g1, ..., qm CO
it nhét hai trang thai tring nhau, gia st d6 14 qi = gk, | < k < n, (v6i k 14 s6 nho nhat ma
ta co gi= gx)

batu=ai...aj, V= ai1...ak, W = 8k+1...am. 12 CO ® = UVW, |V| = [ai+1...ak] > 1 (do i<k).
Ngoai ra ta c6: 3(qo, U) = Qi = gk = 8(qo, UV),

theo bd dé 1.1: 8(qo, u) = 8(qo, uv) = 8(8(qo, ), v) = 8(8(qo, UV), v) = 8(co, uv?),
Tuong tu, ta co: 3(qo, U) = 8(o, Uv?) = 8(8(qo, U), V) = 8(8(qo, uv), v) = 8(qo, uv®),
tiép tuc ta dugc: 8(qo, U) = 8(qo, uv'), VieN.

Cudi cung ta c6:8(co, UV'w) = 8(8(do, uv'), w) = 8(3(qo, uv), w) = 8(qo, uvw)e F.
VﬁtuiWe L,vVi=0,1,2,....

DPinh 1y dugc chirng minh.

Dinh 1y trén con dugc goi 1a “Bé dé bom” cho ngdn ngit chinh quy (The
Pumping Lemma for regular languages) , 1a mot bd dé ndi tiéng trong 1y thuyét ngon
ngtt hinh thue.

Thi dy 3.17: Cho ngdn ngit L = { 0 | vé6i k=0, 1,2,.}, (L gdm cac xau ky
hiéu ‘0’ c6 do dai la so chinh phuong). Chung minh rang L khong phai 1a ngdn ngit
chinh quy.
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That vay, gia stir nguoc lai, L 12 ngdn ngit chinh quy va c6 sé n nhu trong dinh 1y
3.7. Xét xau ® = 0 voi p = n? (p 1a sb chinh phwong n?). Theo dinh 1y 3.7, c6 thé
viét o dudi dang: @ =u.v.w, véi 1l <|v|<nvauviwelL,Vi=0,1.2, ...

C6 thé ldy i = 2, theo dinh 1y 3.7 ta phai ¢6 u.v2.w € L.

Don?<n?+2=|uv2w|<n?+n<(n+1)%man?va(n+1)?1ahaisb chinh
phuong lién tiép, nén [u.v®.w | khong thé 1 sé chinh phuong, vi vy u.v2w ¢ L, trai
v6i dinh 1y 3.7. Vi vay, L khong phai 1a ngdn ngir chinh quy.

H¢ qua 3.1

Cho A la otomat hiru han don dinh c6 n trang thai va L 1a ngén nglt dugc dodn
nhan boi A. Khi d6 L # & khi va chi khi 3 @ €L sao o] <n.

Chirng minh: Diéu kién du 13 hién nhién. Bay gid cho L # &. Gia st moi tir trong
L déu c6 do dai > n. Goi o 1a tir c6 d6 dai nhé nhat trong L, ma o > n. Theo dinh 1y
4.1,taco o =uvw, trong d6 [v| > 1 vavéimoii=0, 1,2,... tacouv'w € L. Véii=0,
uwel ma Juw| < |o] . Piéu nay mau thuin véi tinh nho nhat cia |al. Vay ton tai meL
sao cho |o| < n.

H¢ quad 3.2

To6n tai mot ngdn ngir phi ngit canh ma khong duge doan nhan boi bat ky mot
otomat hiru han don dinh nao.

Chirng minh: Xét ngdn ngit L = {a"b" | n > 1} trén bang chit X = {a, b}. Taco L =
L(G), trong d6 G = <%, {S}, S, {S—aSh, S—ab}> la van pham phi nglr canh. Gia stt L
=T(A) v6i A =<Q, Z, 3, Qo, F> la mot otomat hiru han don dinh. V&i n du 16n, o = a"b"
¢6 || > |Q|. Theo dinh Iy 1.1, ta c6 thé biéu dién a"b" = uvw, trong d6 |v| > 1, uv'wel,
Vi=0,1,2,... Ta hiy tap trung phan tich tir v va v':

— Néu v chi chtra a ([v]a>0 va |v|p= 0) thi véi i dt 16n [uv'w]a> | uv'wl.
— Néu v chi chtra b (|v]p >0 va |v]a= 0) thi v6i i da 16n | uv'wls > |uviwja

— Néu |[vla>0 va |V|p> 0 thi v6i i =2 ta c6 v = (ab)? = abab, tic 13 a va b xen k&
nhau trong uviw, khi d6 uv'w khong thé c6 dang a"b".

Ca ba truong hop déu mau thuin véi uviwe L. Vay khong t6n tai mot otomat hitu
han don dinh nao dodn nhan L, tirc 1a L khong phai 1a m§t ngdn ngir chinh quy.

Hé qua nay 1a mot ing dung diéu kién can cua ngdn ngit chinh quy, dé ching
minh mot ngdn ngir khong phai 1a chinh quy ta can chi ra rang n6 khong thoa man didu
kién can nay.
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BAI TAP CHUONG 3

1. Hay xac dinh cac thanh phan cta cic otomat hitu han c6 d6 thi chuyén sau va
Xac dinh cac ngdn nglr dwgc doan nhan boi chung.

b).

a

a). Biéu dién hinh thirc otomat A dudi dang mét bd 5 nhu dinh nghia.

b).Otomat A 14 otomat loai gi: don dinh/ khong don dinh/ ddy du/ khong day du.
¢). Biéu dién otomat A dudi dang bang chuyén trang thai.

d). Xéc dinh ngon ngit duge chap nhan boi otomat A.

e). Xay dung mdt otomat don dinh A’ tuong duong véi A sao cho T(A”) = T(A);
v& do thi chuyén cta otomat A’.

3. Hay xdy dung cic biéu thirc chinh quy va céc otomat hitu han don dinh biéu
dién cac ngdn ngir sau:

a). L={a"b™ | n>1, m>1}.
b). L ={(01)", (010)" | n>0}.
c). L = {(aab)"(baa)™ | n>1, m>1}.

4. Hay xay dung cic biéu thirc chinh quy va céc otomat hitu han don dinh biéu
dién cac ngon ngir sau:

a). L1 = {we{0, 1}" | ® bit dau boi dung 2 chir s6 0}.
b). L2 = {we{0, 1}" | ® bat dau boi 2 chit s6 0}
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0). Lz = {we{0, 1}" | ® két thuc bai dang 2 chir s6 0}.
d). Ls = {we {0, 1}" | ® két thuc bai 2 chir s6 0}.
e). Ls = {oe {0, 1}" | » khong bat dau bai hai chir s6 1 lién tiép}.

5. Hay xdy dung cic otomat hitu han doan nhan cic ngdén ngir phan bu cia cac
ngon ngit trong bai tap 3.

Chu y: Néu A 1a otomat hiru han don dinh va day du thi otomat doan nhan ngdn
ngir phan bu cua T(A) (goi 1 otomat bu cta A, ky hiéu A ) 13 otomat nhan duoc tir A

bang cach doi cac trang thai két thac thanh trang thai khong két thuc, va nguoc lai..

6. Hay xay dung cac otomat hitu han dodn nhan cac ngén ngit ngugc cua cac ngdn
ngir trong bai tap 3.

7. Hay xay dung cac biéu thirc chinh quy va cac otomat hitu han xac dinh cac
ngdn ngir sau:

a). L1 gom cac xau c6 chan ky hiéu a.
b). L2 gom cac xau co 1é ky hi¢u a.

8. Hiy xay dung cac biéu thirc chinh quy va cac otomat hitu han xac dinh cac
ngon ngir sau:

a). L1 = {we{a, b}"| vdi |o| 1a mot s6 chin}.
b). L2 = {we{a, b}"| véi |o| 1a mot sb 16}
9. Hay xay dung céc otomat hitu han khong don dinh doan nhan cac ngdn ngir sau:
a). L1 = {mabaw; | o1, mz2€ {a, b}'}.
b). Lo= {we{0, 1} | o bit dau bang luy thira dwong ctia 101}.
0). Ls={(1111)"» | o< {0, 1}, n>0}.

10. Hay thanh 18p cac van pham chinh quy sinh ra cac ngdn ngit ma dugc doan
nhén boi cac otomat hitu han khong don dinh sau:

a). A =<{do, q1, G2, 03, da}, {a, b}, 5, o, {q2, ga}>, trong dé:

3(qo, @) = {do, 91}, 3(qo, b) = {qo, g1}, 8(q1, @) = &, 8(qs, b) = {02}, 5(d2, @) = {02}, 3(02,
b) = {d2}, (s, a) = {da}, (s, b) =, 5(qs, @) = {da}, 5(ds, b) = {qa4}-

b). A =<{qo, q1}, {0, 1}, 3, do, {g1}>, trong do:
8(qo, 0) = {do, 91}, 8(do, 1) = {as}, 6(qs, 0) = J, 8(qs, 1) = {do, q1}-
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11. Hay xay dung cac otomat hitu han don dinh doan nhan cac ngén ngir ma duogc
sinh bo1i cac van pham chinh quy sau:

a). G=<{a, b, c} {S A BC,D} S, {S—> aB, S—» aC, B~ aA, C—» bD, D>
bC, D— bA, A—> cA, A—c}>.

b). G = <{0, 1}, {S, S1 }, S, {S— 0S,S — 0S1, S1— 1Sy, S1—> 1}>

(hudng dan: co thé xay dung otomat khong don dinh tir cac vin pham trén theo
dinh 1y 3.5, sau d6 dung thuat toan don dinh hoa dé nhan duge cac otomat don dinh,
hodc trudc hét xac dinh biéu thirc chinh quy biéu dién cac ngdn ngir sinh béi cac vin
pham di cho, rdi dung thuat toan Thompson dé xay dung cic otomat tir cac biéu thirc
chinh quy).

12. Hay xay dung cac ngon ngit duoc biéu dién boi cac biéu thirc chinh quy sau:
a). bba(a+b)".
b). (a+b) bab.
c). (bb+a)”
d). (aa+b)”.
e). (bb+a)"(aa+b)”.

13. Hay xay dung cac otomat hitu han don dinh doan nhén cic ngdn nglr dugc
biéu dién boi cac biéu thic chinh quy sau:

a). bba(a+b)”.

b). (a+b)"bab.

c). (bb+a)”

d). (aa+b)”.

e). (bb+a)"(aa+b)”.

14. Cho 6tomat A = (S, £, s1, 9, F), vai tap trang thai S = {s1, So, S3, Sa}, bang chir
céi = = {a, b}, F = {s4}, va ham chuyén trang thai cho boi bang sau:

0 S1 S2 S3 S
a { s2, s4} S3 S3
b { s3, 54} S4

a). V& do thi chuyén ciia 6tomat A.
b). Tim otomat M don dinh va day du tvong duong véi otomat A

¢). V& dd thi chuyén cta 6tomat M.
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15. Cho otomat A = (S, Z, s1, 0, F), vai tap trang thai S = {s1, Sz, 3}, Z ={a, b, c},
F = {s3}, va ham chuyén trang thai cho béi bang sau:

) S1 S2 S3

a S» S3 {s1, s2}
b S3 S1

C S3 S1

a). V& do thi chuyén cta otomat A.
b). Tim otomat M = (Q, X, qa, f, P), don dinh va day du, tvong duong otomat A
C). V& d6 thi chuyén cta otomat M.
16. Hay chi ra rang cac ngon ngir dudi day khong phai la chinh quy:
a).L={a""|nm>0van<m}
b).L={a"b™|n,m>0van>m}
17. Ap dung dinh 1y vé diéu kién can ctia ngdn ngir chinh quy, chtrng minh rang:
a). Ngon ngit L = {a, aa, aaa, a° a’, a'%, ,,, , &, ...| vdi p 1a s6 nguyén t6} khong
phai 1a ngdbn ngir chinh quy.
b). Ngon ngit L = {a, a*, a’ als, ,, , ak ...|voikla s6 chinh phuong} khong phai
1a ngdn ngir chinh quy.

18. Hay xac dinh biéu thac chinh quy biéu dién ngdn ngit dugc doan nhan boi
otomat hiru han c¢6 d6 thi chuyén nhu sau:

0
- ek
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