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AUTOMAT VA NGON NGU HINH THUC

3 . Chwong2 | :
VAN PHAM VA NGON NGU HINH THUC

Trong chuong nay, ching ta dé cap dén mot sd khai niém va két qua co ban lién
quan dén van pham va ngdn ngtr hinh thure.

2.1. Cac khai niém co ban vé ngdn ngit hinh thirc

2.2. Cac phép toan trén cac tur

2.3. C&c phep toan trén ngon ngir

2.4. Van pham va ngdn ngir sinh boi van pham
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2.1. CAC KHAI NIEM CO BAN VE NGON NGU HINH THUC
Mé diu

Ngon ngit 13 cong cu dé giao tiép, c6 thé giita con ngudi véi con ngudi, gitta con
nguoi voi may tinh hodc may tinh véi may tinh.

Ngbn ngir trong giao tiép thong thuong gitta con ngudi véi con ngudi goi 1a ngdn
ngir tw nhién, ching han tiéng Anh, tiéng Viét, tiéng Nga... l1a c4c ngdn ngit tu nhién.
Ngon ngir ty nhién thuong ding cé tiéng noéi va chir viét trong cac giao tiép. Ngon ngir
tu nhién rat phong pha va thuan tién trong giao tiép, nhung c6 nhuoc diém 1a ciing mot
thé hién (cau viét hay noi) c6 thé c6 nhiéu nghia khac nhau, va néi chung mot thong
di¢p hay mot cau trong ngdn ngt tw nhién phu thudc vao ngir canh ma thong diép duogc
truyén dat. Va c6 rat nhiéu ngon ngir ty nhién dong thoi ton tai lam cho viée giao tiép
rat bét tién, va hdu nhu khong thé dung ngdn ngit ty nhién cho viéc giao tiép giira ngudi
v&1 may hodc gitta may voi may.

Mot loai ngdn ngir dic biét duoc xay dung dé giao tiép gilta ngudi véi may, hodc
gilta may voi may, d6 13 ngdn ngit hinh thirc. Mot ngon ngir hinh thirc 1a mot hé thong
céc chudi ky hiéu, dugc thiét 1ap theo nhing quy tic nhat dinh. Ngon ngir hinh thirc co
dic diém 13 don nghia, va ¥ nghia cua cac thong diép khong phu thudc vao ngit canh ma
thong diép d6 duogc truyén tai. Cac ngdn ngir lap trinh 13 nhitng ngdn ngit hinh thirc.
Moi ngdn ngit hinh thirc déu c6 cac thanh phan co ban la tap cac ky hiéu goi 1a bang
chit cai, va tap cac chudi cac ky hiéu, d6 1a cac tir. Chiing ta s& bat dau nghién ctru ngdn
ngit hinh thirc bang viéc nghién ctru cac khai niém nay.

2.1.1. Bang chir cai
Dinh nghia 2.1

Tap T khéac rong gom hiiu han hay vé han cac ky hiéu duoc goi 1a bdng chit cdi
(alphabet) Mdi phan tir ac T duoc goi 1a mot chit cdi hay mot ky hiéu (symbol).

Thi du 2.1: Céc tap hgp dudi day la cac bang chir cai:
1. Bang chit cai Latinh 2> = {a, b, c,..., X, Y, Z}
2. Bang chit cai Hylap A= {a, 3,7, 9,&, M, ¢, K, I, %, V, T, 0, p, 0, T, ®,&, W}
3. Bang chit s6 thap phan D= {0, 1,2,3,4,5,6,7, 8,9}
4. Bang chit s6 nhi phan T = {0, 1},

5. Bang cac ky hiéu tuy chon W = {if, then, else, a, b, ¢, d, e, f, +, —, *, /, =, #}.
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21.2. Tw
Dinh nghia 2.2

Gia st ¢6 bang chir cai £ = {as, a,..., an}, mot chudi cac chit cdi a = a1 app... ai,
voi ajj € X (1 < j<t) dugc goi la mdt xau (string) hay mot tir (word) trén bang chir cai X.

= Tong s6 vi tri cua cac ky hiéu xuat hién trong xau a dugc goi 1a d dai cua xau o
va ky hi€u 1a |o |. Nhu vay, mot zzr trén bang chir cai £ 1a mdt xau hiru han gom mot s6 16n
hon hay bang khong céac chir cai ciia X, trong d6 mot chir cai c6 thé xuat hién nhiéu lan.

= Xau khong ¢o chir cai nao duge goi la xau réng va dugc ky hiéu 1a “e”. R3 rang
x4u rong 1a tir thudc moi bang chir cai.

= Hai tir o0 = @182... an VA B = bib2... bm duoc goi 1a bang nhau, va duogc ky hiéu la
a=B,néun=mvaai=bivéimoii=1,2,..,n

" Néu a la mot tir trén bang chir cai X, va £ < A thi o cling 1a tir trén bang chir cai A.

» TAp moi x4u trén bang chit cai ¥ dugce ky hiéu 1a 7, tdp moi xau khac réng
dugc ky hiéu 1a £*. Nhu vay X* = 2" \{e} va X" = 2*U{e}. Dé thay rang cac tap =" va
>*1a vo han.

NOGi chung, ‘%’ hay “vdu’ déu c6 y nghia nhu nhau, nhung ta thuong ding ‘¢’ dé
chi rang d6 1a mot tir ctia mot ngdn ngit xac dinh.

Vé cdu tric dai s6 thi £ 1a mot vi nhom ty do dbi véi phép nhan ghép sinh boi X
v6i don vi 13 tir rdng €, cON =* 1a mdt nira nhom ty do sinh boi . Co thé chimg minh duge
rang cac tap X" va X* 1a vo han dém duoc.

Thidu 2.2:
1.Tac6e, 0,01,101, 1010, 110011 la cac tur trén bang chir cai I' = {0,1}
2. Cé4c xau g, beautiful, happy, holiday la cac tir trén bang chir cai £ ={a, b, c,..., z}.

3. Moi dai phan to DNA duoc biéu dién béng mdt xau g@)m bdn ky hiéu A, C, G, T.
Nhu vay mdi trinh tu sinh hoc DNA 1a mdt tir trén bang chir cai {A, C, G, T}.

2.1.3. Ngon ngir
Dinh nghia 2.3

Cho bang chit cai ¥, mdt tdp con L < X" duoc goi 1a mot ngdn ngi hinh thirc
(formal languages) (hay don gian la ngén ngir) trén bang chir cai .
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= Tap rong, ky hiéu &, 14 mot ngdn ngit khong gdbm mot tir ndo va duoc goi 1a
ngén ngit rong. Vay ngdn ngit rong 1a ngdn ngit trén moi bang chir cai.

= Chu y rang ngdn ngit rong: L = & 1a khac véi ngdn ngit chi gdm mat tir rong:
L = {e}.
Thidu 2.3:

1. 2" 1a ngdn ngir gdm tat ca cac tir trén T cOn I* 1a ngdn ngir gom tat ca cac tir khac
tir rong trén .

2.L={¢,0,1,01, 10, 00, 11, 011, 100} 1a mdt ngdn ngir trén bang chir cai I' = {0, 1}.
3.L={a, b, c, aa, ab, ac, abc} la ngdn nglr trén bang chir cai X = {a, b, c}.

4. L1 = {¢&, a, b, abb, aab, aaa, bbb, abab}, L> = {a"b" | ne N} 1a hai ngdn ngit trén
bang chir £ = {a, b}, L1 1a ngdén ngir hitu han trong khi L> 1a ngén ngtr v6 han.
MBJi tir thudc ngdn ngit Lz ¢6 sd chit cai a bang s6 chit cai b v6i a va b khong
xen k&, a nam ¢ phia trai va b ¢ phia phai cta tur.

2.2. CAC PHEP TOAN TREN CAC TU

Céc phép toan dudi day thuc hién trén cac tir trén cung mot bang chir cai X, két
qua cua cac phép toan s€ tao nén cac tr mai cling thudc cung mdt bang chir cai.

2.2.1. Phép nhén ghép
Dinh nghia 2.4.

Tich ghép (hay nhan ghép) cua hai tir o = a18z... am va tir B = biba... by trén bang
chir cai X, 1a tir y = a1a2... ambibz... by trén bang chir cai X.

Ki hi¢u phép nhan ghép la y = . (hay v = af).
Nhdn xét: Tir dinh nghia 2.1, ta thay:

= Tir rdng 1a phéan tir don vi dbi v6i phép nhan ghép, tic 1a véi moi tir o, ta co:
WE = €M = .

= Phép nhan ghép co tinh két hop, nghia 1a v6i moi tir o, B, 7, ta ¢ (ap)y = a(py).
= Ky hiéu o", voi n 1a sé ty nhién, dugc dung theo nghia quen thudc:

g khin=0,
o" =3 wkhin=1,

0" rwkhin>1.
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= Pdi v6i phép nhan ghép thi ham do dai c6 mot sb tinh chit hinh thirc cua 16garit:
vO1 moi tr o, B va moi s6 tu nhién n, thi:

laBl=]a|+]|B] va
|a”[=nfa].
Va rd rang 13 véi phan tr don vi, tirc 13 tir rong ¢, thi | £ | = 0.
Chimg minh cac két qua trén 1a kha d& dang, xin danh cho sinh vién nhu 12 bai tap.
Mot vai khai niém lién quan
= P4i voi cac tir o, t1, ¢, t2 trén bang chit cai & Ma o = tiptz thi *¢ * (* khong
phai 1a mét ky hiéu cua X) goi la mot vi #r7 cia ¢ trén Z.

= Xau ¢ duoc goi 1a Xau con (hay #r con) trong o néu ton tai it nhat mot vi tri cia
¢ trong o.

= Néu t1 = ¢, tirc 13 @ = ¢ t2 thi ¢ duoc goi 1a tién t6 (phan dau) cia tir w, néu tz = ¢,
tire 13 o = t1g thi ¢ dwoc goi 14 hau td (phan cudi) cta tir . D& thay rang tir rong € 1 phan
dau, phan cudi va 13 tir con ctia mot tir © bat ky trén bang chir cai 2.

= Truong hop | ¢ | = 1, tirc 13 @ chi gdm 1 ky hiéu, chang han ¢ = be X, thi *b*
dugc goi 13 mot vi tri ciia b trong tir , cling goi 1a mot diém trong o.

= S6 vi tri ctia ki hiéu a trong tir © duoc ky hiéu 13 Ia(w), hay |®|. hodc don gian
hon 13 ®la.

Thi dy 2.4

1. Trén bang chir cai W = {if, then, else, a, b, ¢, d, e, f, +, —, *, /, =, #}, ta ¢6 cac tir
a la: if a+b=c then cxd=e va tir B 1a: else c/d=f, con af 1a tir: if a+b=c then cxd=e
else c/d=f.

2. Cho X = {a, b, ¢}, khi d6: Ttr ® = abcbcb chira 2 vi tri cua beb, do 1a a*beb*cb va
abc*beb*, ¢ = beb 1a mot tir con cua ®. Tur @ chira mot vi tri ciia ky hiéu a, do 1a
*a*bchcb.

3. Tir®=010111001 trén bang chit cai {0, 1} c6 d6 dai 9, trong d6 0101 1a tién td
va 11001 13 hau t6 cua o.

2.2.2. Phép lay tir nguwoc

Dinh nghia 2.5. Gia st ¢6 tir khac rong o = a1dz... am trén bang chit cai T, khi d6
tor am @m-1... a2 a1 dugc goi 1a tr nguoce (hay tir soi guong) cua tor o, va dugc ky hiéu la
o, hay o" .

39



Khi o = ¢ ta quy u6c ef = ¢.

Nhin xét: D& thiy rang phép 1ay tir ngugc ¢6 cac tinh chét sau:

" ("R = .
" (aB)* = pR o
"lo®|=]al

Chimg minh cac két qua trén 1a kha d& dang, xin danh cho sinh vién nhu 12 bai tap.
Thidy 2.5:

1. Cho cac tira = 100110 va B = aabb trén bang chit cai {0,1,a,b}, theo dinh nghia ta co:
of = 011001 va (af)R = (011001)R = 100110 = o
BR = bbaa va (BR)R = (bbaa)® = aabb = .

2. Cho cac tir happy va oto trén bang chir cai 2> = {a, b, c,... X, y, z}, khi d6 ta co:
(happy)R = yppah va (oto)R = oto.
Ngoai ra ta cd: (happy)® | = | yppah| = | happy | = 5.

2.2.3. Phép chia tir

L& phép toan ngit bo phan dau hay phan cudi cia mot tir. Ta ¢ cac dinh nghia sau:
Dinh nghia 2.6

Phép chia trai ctia tir o cho tir B (hay thuong bén trdi ctia a va B) cho két qua la
phan con lai ctia tir o sau khi ngit bo phan dau B trong tir o, va duoc ky hidu 1a p\%

Dinh nghia 2.7

Phép chia phai cta tir o cho tir y (hay thuong bén phai cta o va y) cho két qua 1a
phan con lai ctia tir o sau khi ngit bo phan cubi y trong tir o, va dugc ky hiéu 1a a/y

Nhdn xét: D& thiy rang cac phép chia tir ¢ tinh chit sau:

= Trong phép chia trai ctia tir a cho tir B thi B phai 1 tién t& cia tir o, twong tu,
trong phép chia phai tir o cho tir y thi y phai 12 hau t ciia tir a.

= \"= %/ =q.
= \*= %/, =e,

= Néu o = B.y thi g\* =y, con %/, =p
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= (p\)F ="/ BR.

(LR =yR\ R

Chimg minh cac két qua trén 1a kha d& dang, xin danh cho sinh vién nhu 12 bai tap.
Thi du 2.6:

Cho cac tir o = abcaabbce, B = abc, y = bee trén bang chir cai 2. = {a, b, ¢}, khi d6
ta co

1. p\* = aabbcc va * /y = abcaab.

ccbbaacba

2. (8\*)R = (aabbcc)R = ccbbaa = / cha=aR/pR

2.3. CAC PHEP TOAN TREN NGON NGU.

Cac ho ngon ngit cy thé, thuong dugc dic trung mot cach tién loi qua cac phép
toan xac dinh trén ngdn ngir. Ho d6 gdm cac ngdn ngit nhan dugc bang viée t6 hop tir
mot s6 ngodn ngit cho trude boi mot sé phép toan nao do.

Vi mdi ngdn ngir 1a mot tdp hop nén cac phép toan trén ngdn ngit bao gdm cac
phép toan dai sé tap hop nhu 1a phép hop, phép giao, phép hiéu, phép ldy bu trén cac
ngodn ngir. Chang han, véi L1 va L 13 hai ngdn ngir trén bang chit cai = thi ta ciing c6
cac ngodn ngir mai trén bang chir cai ¥ dya trén cac phép toan tap hgp, do la cac ngon
ngli: Ly Lo, L1 Ly, Y\ Ly, =7\ Lo

Ngoai ra, d6i voi 16p cac ngdn ngir con ¢ cac phép toan dic biét trén cac cac tap
tur, nhu phép tich ghép, phép lap, phép chia ngon ngir.

Dudi day chung ta s€ trinh bay cac phép toan trén ngdn ngir
2.3.1. Phép hop
Dinh nghia 2.8

Hop cta hai ngén ngir Ly va L2 trén bang chit cai 2., ky hiéu L1U Lo, 1a mt ngon
ngir trén bang chi cai 2, d6 la tap tu:

L={we Z* | we L1 hodc we L> }

Dinh nghia phép hop c6 thé mé rong cho mot sd hitu han cac ngdn ngit, tic 14 hop
cua cac ngén ngir Ly, Lo,..., Ly trén bang chir cai Z, 1a tap tu:

n
ULi:{coe >* | we Li,voiinaodo, 1 <i<n}
i=1
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Nhin xét: D& dang thiy rang phép hop cac ngdn ngit c6 cac tinh chat sau:

= Phép hop hai ngon ngit c6 tinh giao hoan: Liu L, = Lo U L.

= Phép hop céc ngdn ngir ¢6 tinh két hop: (L1u L2) U Ls = Liu (L2 U La).

*Véimoingdnngit Ltrén T thi: LU= ulL=LvaLux =3"

Chung minh cac két qua trén 1 kha dé dang, xin danh cho sinh vién nhu 14 bai tap.
2.3.2. Phép giao

Dinh nghia 2.9

Giao cua hai ngon ngir L1 va L trén bang chit cai 2., ky hi¢u L1 N Lo, 1a mét
ngon nglr trén bang chir cai 2., do 1a tap tur:

L={we X*|we L1 vawe L2}
Dinh nghia phép giao c6 thé mé rong cho mot sé hiru han cac ngdn ngi, tic 1a
giao cua cac ngdn ngir L1, Lo,..., Ln trén bang chir cai X, 1a tap tu:
ﬁLi ={we 2* | we Li, voimoii, ] <i<n}
i=1
Nhin xét: D& dang thay rang, phép giao cac ngdn ngit ¢6 tinh chat sau:
* Phép giao hai ngdn ngir c¢o6 tinh giao hoan: L1 N Lz = L2 N La.
= Phép giao cic ngdn ngir ¢6 tinh két hop: (L1 N Lz)N Lg = L1 N (L2 N Lg).
= Phép giao cac ngdn ngir ¢6 tinh phan phdi ddi voi phép hop:
= (L: N L2) U Ls= (L1 w Ls3) N (L2 U Ls).
» (L uL2) N Ls= (L1 N La)u(L2N La).
*Véimoingdnngt Ltrén T thi: LN =@ NL=@vaLNZ =L
Chimg minh cac két qua trén 1a kha d& dang, xin danh cho sinh vién nhur 1a bai tap.
2.3.3. Phép lay phan bu
Dinh nghia 2.10

Ngon ngir pllén bu cua ngén nglr L trén bang chit cai X, ky hiéu CzL (hay don
gian 1a CL, hodc L néu khong gay nham 14n), 1a mot ngon ngir trén bang chir cai ¥, d6
la tap tu:

CiL={we Z* | w¢ L}
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Nhin xét: D& dang thiy rang phép lay phan bu cac ngdn ngit c6 céc tinh chat sau:
" Cxe{e} =2, C: =" = {c}.

Cx =X CsX" =(.

*C(CL1uUCL2) = L1 N La.

Chimg minh cac két qua trén 1a kha d& dang, xin danh cho sinh vién nhu 12 bai tap.
Thidy 2.7:

1. Cho ngon ngtr L1 = {&, 0, 01}, L2 = {&, 01, 10} trén bang chir cai X = {0, 1}, khi
do ta co:

Liu L2 ={¢, 0, 01, 10},
Li N Lz = {g, 01}.
2. Cho ngon ngit L = {®e *, vdi | o | 1a mot s6 chin}, khi d6 ta co:
CsL ={we X% véi| o | 1a mot s6 1&}.
2.3.4. Phép nhan ghép
Dinh nghia 2.11

Cho hai ngén ngir L1 trén bang chir 21 va L trén bang chir 2. Nhan ghép hay tich
cua hai ngon ngir L1 va Lo la mét ngén ngit trén bang chir 21 U 2, ky hiéu Lila, duoc
Xac dinh boi tdp tur sau:

Lilo ={ap |ae L1 vaBe Lo}

Nhén xét: D& dang nhan thdy phép nhan ghép (tich) cac ngdn ngit c¢6 céc tinh
chét sau:

= Phép nhan ghép c6 tinh két hop: voi moi ngdn ngir Ly, Lo va Ls, ta co:
= (L1L2)Ls = Li(LoLs).

IL=LD =0, {e}L=L{e} =1L,

= Phép nhan ghép co tinh phan phi dbi véi phép hop, nghia 1a

" Ly(Lov Ls) = Lilow Libs, (L2w La)Ls = Loy U LsLa.

= Pic biét: Phép nhan ghép khong co tinh phan phdi dbi voi phép giao. Phép hop,
phép giao khong c6 tinh phan phdi ddi v6i phép nhan ghép (xem thi du 2.2). Tuc 1a véi
moi ngdn ngir L1, Lo va Lg, thi:
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" Li(L2 m La) # (L1k2) m (L1Ls) va
L1 U (LoLs) # (L1 w Lo)(L1 U Ls),
L1 n (L2oL3) # (L1 » L2)(L1 m Ls).

Thi du 2.8: Pay 1a mot phan vi du dé chi ra rang phép nhan ghép khdng cd tinh
phan phdi d6i voi phép giao. Phép hop, phép giao khong cé tinh phan phdi ddi v6i phép
nhan ghép.

Xét cac ngdbn ngir Ly = {0, 01}, Lo = {01, 10}, Lz = {0} trén bang chir cai X = {0, 1}.

1. C6 thé kiém tra dugc rang phép nhan ghép khong co tinh phan phdi d6i véi
phép giao:

Taco: Lo nLs =4, do do:
Li(L> n L) = O,
Mat khac, ta c¢6 LiL, = {001, 010, 0101, 0110} va LiLs = {00, 010}, do d¢:
(L1L2) m (L1L3) = {010}.
Vay Li(L2 m L) # (LiL2) m (L:1L3), tirc 1a phép nhan ghép khong co tinh phan
phoi doi véi phép giao.
2. Kiém tra tinh phan phdi ctia phép hop, phép giao ddi véi phép nhan ghép:
Tacé: LoLz = {010, 100}, do do:
L1 v (L2Ls) = {0, 01, 010, 100},
Mat khac ta cling ¢6 L1 U Lo, ={0, 01, 10} va L1 U Lz = {0, 01}, do d6:
(L1 v L2)(L1 v L) = {00, 001, 010, 0101, 100, 1001}.

Vay L1 U (LaLs) # (L1 U L2)(L1 U Ls), tic 1a phép hop khong co tinh phan phi
d6i voi phép nhan ghép.

Twong tu, d6i v6i phép giao, ta co:

LoLs = {010, 100}, do do:

L1 n (LoLs) = &.

Mat khac L1 n Lo = {01}, L1 n L3 = {0}, do do:
(L1 n L2)(L1 m Ls) = {010}.
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Vay L1 n (LzLs) # (L1 n L2)(L1 n L3). Phép giao khong phan phdi voi phép
nhan ghép.

Vi phép nhan ghép ngdn ngit c6 tinh két hop nén ky hiéu L" duoc ding véi moi
ngon ngit L va sé ty nhién n theo nghia quen thudc sau:

{}khin =0,
L" ={L Kkhin=1,
L"'L khin >1.

2.3.5. Phép lap
Dinh nghia 2.12
Cho ngon ngtr L trén bang chir céi X, khi do:
=Tap tir {e}uL U L?2U... UL "U... = U L" duogc goi 1a ngén ngi ldp cua ngdn

n=0
ngtt L (hay bao dong ghép ctia ngdn ngit L), ky hiéu L™

Vay ngén ngit Idp cta L 1a hop ctia moi luy thira cua L: L™ = U L".
n=0

*Taptr LU L2u...UL"U... = U L" dwoc goi 1a ngdn ngi ldp cdt ciia ngén
n=1
ngtt L, (hay bao dong duong ctia ngdn ngit L), ky hiéu L*,

Vay ngén ngit ldp cdt cua L 12 hop cua moi luy thira dwong cta L L* = 0 L".
n=1
Thi du 2.9: Thuc hién mot sé phép toan trén cac ngodn ngit.
1. Xét ngon ngir L = {0, 1} trén bang chit £ = {0, 1}. Ta co:
L% = {00, 01, 10, 11}, tap hop cac xau nhi phan do dai 2;
L3 = {000, 001,010,011, 100, 101, 110, 111}, tap hop cac xau nhi phan do dai 3.
Tuong tu, L" 1a tdp hop cac xau nhi phan d6 dai n.
Vi vay, L" 1a tap hop tat ca cac xau nhi phan.
2. Xét hai ngon ngir trén bang chir ¥ = {a}:
L:={a®"|n>1},
L, ={a>"|n>0}.
Khi d6, ta co L1 = {a?}", L, = {a°} {a%}.
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2.3.6. Phép lay ngdn ngir nguoe

Dinh nghia 2.13

Cho ngoén ngit L trén bang chir cai X, khi d6 ngon ngir ngugc cua L 1a mot ngon

ngit trén bang chit cai Y., duoc ky hidu 1a LR hay L", 1a tap tur:

LR ={we =*/ oRe L}

Nhin xét: D& dang thiy rang phép lay ngon ngit nguoc c6 cac tinh chat sau:

= (LRR = L.
= {e}" = {e}.
= (@R =2.

Chimng minh cac két qua trén 1a kha dé dang, xin danh cho sinh vién nhu 13 bai tap.

Thi du 2.10: Cho L = {g, ab, abc, cbaa} 1a mot ngon ngir trén bang chit cai X = {a,

b, ¢}, khi d6 LR = {g, ba, cba, aabc} 1a ngon ngir ngugc cia L.

2.3.7. Phép chia ngon ngir

Dinh nghia 2.14

Cho ngdn ngir X va Y trén bang chir cai X, khi d6 thuong bén trai ciia ngén ngtr X

cho ngén ngr Y (Y khac ngon nglr &) 1a mot ngdn ngir trén bang chir cai 2., dugc ky
hidu 1a v \ %, 1a tap tur:

v\ X={ze =*/xe X,ye Y max =yz}
Dinh nghia 2.15

Cho ngdn nglr X va Y trén bang chir cai Z, khi do thuong bén phai cua ngdn ngit X

cho ngdn ngit Y 1a mot ngdn ngir trén ., duoe ky hidu 1a % /v , 1 tap tir:
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X[y={ze =*Ixe X,ye Y max = zy}
Nhin xét: D& dang thay rang phép chia ngdn ngit ¢6 cac tinh chét sau:
se\E=Mm =L
n\ Y= =3
n \ = =3
= (v \ )R = XRIYR (X )R = YR\ XR,

Viéc kiém tra cac két qua trén 12 kha d& dang, xin danh cho sinh vién nhu 13 bai tap.



Thidu 2.11: Cho X ={a, b, abc, cab, bcaa} va Y = {g, c, ab} 1a cac ngdn ngir trén
bang chir cai X = {a, b, ¢}, khi do:

[EEN

. v\ *={a, b, abc, cab, bcaa, ab, c}
2. */v={a, b, abc, cab, bcaa, ab, c}

3. x\Y = {b}

4. ¥/ x={a}

5. x\*={e, bc, caa}

6. v\¥ ={gc, ab}

7. Kiém tra tinh chat (v \ *)R = XR/ YR

Tir phan 1 cua thi du nay, ta co (v \ X)R = {a, b, abc, cab, bcaa, ab, c}® = {a, b,
cba, bac, aach, ba, c}

Miit khéc, ta c6: XR = {a, b, cha, bac, aach}va YR = {g, c, ba},

do @6 XR/ YR ={a, b, cba, bac, aach, ba, c}= (v\ X)R.

2.4. VAN PHAM VA NGON NGU SINH BOI VAN PHAM
2.4.1. Biéu dién ngén ngir

Theo dinh nghia 2.3, ngdn nglr 1a mot tap tir trén bang chir cai X cho trudc, hay cu
thé hon, ngdn ngit L trén bang chir cai T 1 tdp con cla tip cac xdu trén bang chir céi 2,
hay L c £*. Nhu vay, van dé dit ra 1a d6i vi mot ngon ngir L, c¢6 thé xac dinh dugce cac
Xau me T* c6 thudc vé ngdn ngir L hay khong, hay tong quat hon, 1am thé nao dé biéu
dién mot ngdn ngir?

Doi véi cic ngdn ngit hitu han, dé biéu dién chiing, ta chi can liét ké tat ca cac tur
cua chung, nhu 1a li¢t ké cac phan tir cua mot tap hop.

Chéng han: L1 = {e}

Lo = {a, aa, b, bb},

Ls = {g, ab, aabb, aaabbb},
la cac ngdn ngilr trén bang chir cai ¥ = {a, b}

Tuy nhién, khi cic ngdn ngit 1a v6 han, ta khong thé liét ké tat ca cac tir ctia nd
duoc, ma phai tim cac phuong phép hiéu qua va ngan gon hon, tirc 1a tim cach biéu dién
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hiru han cho céc ngdn ngir v6 han. Trong nhimg trudng hop khoéng qua phic tap, ta co thé
xac dinh ngon ngit v6 han bfmg viéc chi ra dic diém chung cua céc tur cua no, dugc mo ta
bang mot diéu kién nao do.

Chéng han: Néu c¢6 ngdn ngit L, ma cac tir ¢6 dang giébng nhu cia Ls trén day,
nhung s6 tir 1a vo han, thc 1A L = {&, ab, aabb, aaabbb,... a"b"} thi ta c6 thé biéu dién L
nhu sau:

Ls ={a"n" | n> 0}, hay la:
Ls ={ we {a, b}* | cac ky hiéu a dimg trudc va bang sé ky hiéu b}

Céa Lsva Ls trén day déu 1a cac cach biéu dién hitu han cho ngon ngit v6 han L.

Mit khéc, ngon ngit L trén ddy con c6 thé dugc dinh nghia dé quy nhu sau:

(). ee L,
(ii). Néu we L thi ambe L,
(ii1). Khong con tr nao khac thude L.

Dinh nghia d¢ quy noi trén cho ta mdt cach san sinh ra cac tir cua L nhu sau: Do (i)
nén ta c6 tir dau tién trong L 13 &, tiép theo, ap dung (ii) ta c6 tir thir hai 13 aeb hay ab, va
tuong tu s& co céc tir aabb, aaabbb... nhu vy bang cac 4p dung hitu han 1an quy tic (ii) ta
s& san sinh dwoc moi tir cua L, diéu kién (ii1) chi ra réng ngon nglr xac dinh nhu dinh
nghia trén, s€ khong chira tir nao khac, tirc 1a ngon ngtr d6 chinh la L.

N6i chung, nguoi ta cd gang tim cach biéu dién hitu han cho mot ngdn ngir. Tuy
nhién, trudc khi ¢ thé biéu dién mot ngdn ngir, ta can xac dinh ngdn ngit d6, tic 1a nhan
dién duogc céc tir cua ngdn nglr. Viéc xac dinh mot ngdn nglr trén bang chir céi cho trudc
c6 thé dugce thuc hién bing mot trong cac cach thic sau:

Céch 1. Bdi voi mdi tir thude ngdn ngir da cho, ta co thé chon mot quy cach hoat
dong cua “thiét bi ty dong” dé sau mot sd hitu han budc lam viéc nd ding va sinh ra
chinh tir ¢6. “Thiét bi ty dong” ndy c6 kha ning lan luot sinh ra tit ca cac tir trong ngon
ngtr d& cho.

Céach 2. V&i mdi tir o cho trude, “thiét bi tu dong” c6 thé cho biét tir d6 ¢ thudc
ngdn nglr da cho hay khong.

Trong 1y thuyét ngon ngit hinh thirc, nguoi ta da ching minh duoc rang cic cach
thirc trén 1a twong dwong nhau. Trong chuong ndy, ta quan tdm dén cach thir nhét, tirc 1a

ta Xét van pham nhu 13 mot “thiét bi tw dong” sinh ra cac tir. Vi 18 d6 ma nguoi ta con
g01 cac “thiét bi tu dong” loai nay la cac van pham sinh. Chéng han, duya vao dinh nghia
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dé quy cho ngon ngit L trén day, ta c¢6 thé xdy dung mot “thiét bi tu dong” thuc hién
theo cac budc cua dinh nghia trén, dé sinh ra moi tir cia ngdn ngit L noi trén, thiét b tur
dong theo kiéu nay chinh 1 cac van pham ma ta s& nghién ctru k¥ ludng hon trong céc
muc dudi day.

Vi cach thtr hai, tirc 1a viéc xac dinh mot ngon ngir béng cach doan nhan mdt xau

¢6 thude ngdn ngir di cho hay khong, thi “thiét bi tw dong” & day 1a cac otomat hiru han,
hay cac may hinh thirc nhu cac may Turing, ma ta s& xét dén trong cac chuong sau.

2.4.2. Van pham

Trude khi xem xét dinh nghia cuia van pham hinh thuc, ta hiéu van pham theo
nghia thong thudng 1a cac ca phap ddi véi timg ngdn ngir ty nhién, d6 1a tap cac quy tic
cAu tao tlr, va quy tac lién két cac tir lai thanh mot cau.

Ching han, ta xét mot cau don trong ngdn ngit tiéng Viét: ‘tdi an com’, ciu nay cd
cay phan tich cu phap nhu trong hinh 2.1 duéi day:

<cau>
<chu_ngir> <vi_ngir>
toi <dong_turl> <danh_tur1>
an com

Hinh 2.1. Cay phan tich ct phap trong vin pham tiéng Viét.

= Xuat phat tir nit goc: <cau>, s& sinh ra hai nat con la cac thanh phan <chu_ngir>
va <vi_ngir>,

= Mdi nit con <chti ngit> va <vi ngir>, lai sinh ra cdc thanh phan “t6i’ va ‘an com’.
— . 9 .

Hai thanh phan cudi cuing nay 1a cac 14, n6 khong phai sinh ra thém thanh phan
nao khac, cho nén nd duoc coi nhu Cac ky hiéu két thic cia hé théng van pham, con cac
thanh phan <cau> va <chi ngir>, <vi ngir> dong vai tro 1a cAc ky hiéu khong két thic Vi
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n6 con phai sinh ra cac thanh phan khac. Chudi két qua cua ciy c phap dudi day la
gdm mot chudi toan cac ky hiéu két thiic, dugc phat sinh tir mot ntt khoi dau 13 mot ky
hiéu khong két thuc dic biét (start-S) dugc goi 1a gbe cia cdy phan tich ¢ phap, qua
cac nut trung gian c¢6 chira cac ky hiéu khong két thiic. P6i v6i van pham hinh thirc, thi
chudi két qua (gom toan cdc ky hiéu két thiic) duge coi 1a mot tir sinh boi van pham da
cho. (hinh 2.1).

Tuong tu nhu vay, van pham hinh thirc 1a mdt hé théng sinh c4c tr cia mot ngdn
ngtt, dugc dinh nghia nhu sau:

Dinh nghia 2.16. \Van pham (Grammar) G 12 mot bo sap tht tw gdm 4 thanh phan:
G=<3,AS P>
trong do:

=3 1a mot bang chit cai, goi 13 bdng chit cdi chinh (hay bang chik cdi két thiic),
mdi phan tir cia n6 dwoc goi 1a mot ky hiéu chinh hay ky hiéu két thiic (terminal),

* A la mot bang chir cai, A N X = I, goi la bang ky hiéu phu (hay bang chir cdi
khéng két thiic), mdi phan tir ciia nd duoc goi 1a mot ky hiéu phu hay ky hiéu khong két
thuc (non terminal),

= Se A duogc goi 1a tién dé hay ky hiéu xudt phat (start),

= P 1a tap hop cac quy tdc sinh (production) c¢6 dang a— B, véi a, e (X U A)"; a
duoc goi 1a vé trdi va B dugc goi 1a vé phdi cia quy tic nay, va trong o phdi chira it
nhdt mét ky hiéu phu. Nhu vay, cac quy tic hop 18 cua ctia P ¢6 dang:

a—> B véi o =o’Aa’’, trong d0 Ae A, a’, o”’, e (ZUA)

Chang han, v6i = = {0,1}, A = {S, A, B} thi cac quy tic S— 0S1A, 0AB— 1A1B,
A—> ¢,... 1a cac quy tic hop 18 vi vé trai luon chura it nhat 1 ky hiéu phy thudc A, nhung
cac quy tic dang: 0— A, 01— OB,... 1a cic quy tic khong hop 1é.

Thi du 2.12: Céc bd bdn sau 1a cac van pham:

1. G1 =<{0, 1}, {S}, S, {S—0S1, S—¢}>, ¢ day, tap quy tic P1 = {S— 0S1, S— &},
c6 thé duge

viét tuong minh, bao gdm ca sb hiéu cac quy tic, dudi dang:
P1: S— 0S1, 1)
S—e. @)
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2. G2 = <{a, b}, {S, A}, S, P2>, vdi tap quy tic:

S— Ab, (1)
P:| A—>aAb, (2
A— & (3)

3.G3=<{a b, c}, {S, A, B, C}, S, P3>, vdi tip quy tic P3

S— ABC, (1)
A— aA, (2)
B— bB, (3)
Ps: C—cC, 4)
A— a, (5)
B— b, (6)
C—oc. (7)

4.Gs=<%, A, S, Ps>, trong do:
¥ = {t61, anh, chi, an, uéng, com, pho, sira, café},
A={<cau><chu_ngi><vi ngir>,<ddng tirl><dong tu2><danh_tr1><danh tir2>}

S = <cAu>; vdi tap quy tic P4

<cau>— <chu_ngir> <vi_ngir>, 1)
<chu_ngir>— t0i, (2)
<chu_ngir>— anh, (3)
<chu_ngi>— chi, 4)
<vi_ngir>— <ddng_tul> <danh tul>, (5)
Ps: | <vi nglr>— <ddng_tir2> <danh_tu2>, (6)
<dong_ tul>— an, @)
<dong_tir2>— udng, (8)
<danh_tur1>— com, 9)
<danh_tur1>— pho, (10)
<danh_tu2>—> sira, (11)
<danh_tur2>—> cafe. (12)
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Chi y: 1. Néu cac quy tic co vé trai gidng nhau c6 thé viét gon lai, chiang han hai
quy tic: o—> B, a—> y co6 thé duoc viét 1a a— B | y. Chang han, nhu trong vin pham G
& thi dy trén, ta c6 thé viét hai quy tic ciia n6 dudi dang S— 0S1 | €.

2. Nguoi ta thuong dung céc chir cai in hoa: S, A, B, C dé chi cac ky hiéu phu (ki
hiéu khong két thiic), dic biét S dung dé chi ki hiéu xuét phat, va cac chit cai in thuong: a,
b, C... dé chi cac ky hiéu chinh (ki hiéu két thuc). Vi vay, trong nhiéu trudng hop, khi cho
mot vin pham, ta chi cin cho tap quy tic la du dé xac dinh duoc tit ca cac thanh phan cua
vin pham. Chang han, trong thi du trén, c6 thé cho van pham G2 bdi tap quy tac:

S— Ab, (1)
P2: | A— aAb, (2)
A—e. (3)
2.4.3. Ngon ngir sinh béi vin pham
Dinh nghia 2.17

Cho vin pham G = <Z, A, S, P>, néu ¢6 quy tic a— Pe P thi ta ndi xau n = yad
suy dan truec tiép ra xdu o = ypd (voiy, 8e (Z U A)"), va ky hiéu 1a n |—G o hay ngin
gonlan |— o (néu suy dan dugc hiéu 14 trong vin pham G)

Diéu nay c6 nghia 1a ap dung quy tic sinh a— B vao xau n = yad thi duge xau
o =yBo

Dinh nghia 2.18

Cho van pham G =<Z, A, S, P>, néu 6 cac xau wo, O1,... On € (£ U A)*, sao cho
o | o1, o1} ©o,..., on1 | on thi ta ndi on duge suy dan gian tiép (hay suy ddn) tir oo

trong G, ky hiéu wo |=G on hay ngin gon 13 wo |= on (néu cac suy dan duoc hiéu 14 trong
van pham G).

* Ddy D = wo, ®,..., ®on dugc goi la mot dan xudt cia on tir oo trong G va s n
dugc goi 12 dé dai cua dan xuit nay. Néu wo = S VA wne X* thi ddy D goi 13 ddn xudt
day di.

» Nhu vay, mo |=0)n khi va chi khi ton tai ddy cac suy dan truc tiép: wo |- ™1 |— |-
On = 0.

= Néu i duoc suy dan tryc tiép tir i-1 bang viéc ap dung mot quy tic p nao d6
trong G thi ta néi quy tic p duoc ap dung & budc thir i.
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Dinh nghia 2.19
Cho van pham G = <%, A, S, P>. Tir oe Z* dugc goi la sinh boi van pham G néu

ton tai suy dan S |= o. Ngon ngit sinh boi vin pham G, ky hiéu L(G), 1a tap hop tat ca
cac tur sinh boi van pham G:

L(G) ={we =" |S |=G ®}.
»* Nhu vay, o la mot tir sinh boi van pham G, hay we L(G), khi va chi khi tdn tal

day cac suy dan truc tiép duoc bt ddu bang mot quy tic c6 vé trai 1a S: S= wo |- o1 |—
|-a)n =peX".

Dinh nghia 2.20

Hai van pham G1 = <1, A1, S1, P1 > va G2 = < Xy, Az, S2, P2> duogc goi 1a tuong
duong néu L(G1) = L(G).

Thi du 2.13:

1. Xét vin pham Gy trong thi du 2.12. Tir @ = 00001111 dugc suy dan tir S bang diy
din xuat do dai 5: S| 0S1 F 00S11 | 000S111 | 0000S1111 | 00001111 (c6 thé
viét ngan gon 1a o = 0*1%). Theo day suy dan trén, Xu o = 00001111 sinh bai van
pham G1 nho viée ap dung quy tac 1 bon 1an, sau d6 ap dung quy tic 2.

Bang viéc st dung n 1an (n > 0) quy tac 1 rdi quy tic 2, ta c6: S |= 0"1", nhu vay,
moi tir sinh boi G1 déu ¢6 dang 0"1". Do d6 L(G1) = {0"1" | n > 0}.

2. Xét van pham Gg trong thi du 2.12. St dung quy tic 1, r0i n 1an (n > 0) quy tic 2,
sau d6 quy tic 3 dé két thiic, ta c6: S | Ab fa"Ab"b |- a"p™.
Do d6 L(Gz) = {a"o™* | n > 0}.

3. Xét van pham Gs trong thi du 2.12. Str dung quy tic 1, rdi m -1 1an (m > 1) quy
tac 2, n-1 1an (n > 1) quy tic 3, k-1 1an (k > 1) quy tic 4 (cic quy tic co thé xen
k&), sau d6 két thiic boi cac quy tic 5, 6, 7, ta c6: S | ABC [ amAb"Bc*C k
amb"ck,

Do d6 L(Gs) = {a™"c*|m>1,n>1,k>1}.

4. D& dang thay rang: L(Ga) = {tdi an com, anh an com, chi dn com, t6i an phd, anh
an pho, chi an phd, toi udng sira, anh udng sita, chi udng sita, toi udng café, anh
ubng café, chi udng café}.

Ta c6 thé biéu dién viéc dan xuét tir ky hiéu ‘<cau>" dén mot tir trong L(Ga),
chang han tir “t6i an com’ bang mot cay goi 1a cdy dan xudt hay cay phan tich ci phap
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nhu trong hinh 2.1 & phén trén, hay tir ky hiéu <cdu> c6 thé dan xuit dén tir ‘anh udng
café’nhu hinh 2.2 dudi day.

<cau>
<chu_ngir> <vi_ngir>
anh  <dong_twur2> <danh tu2>
ubng cafe

Hinh 2.2. Cay dén xudt cho thi du 2.13

Thi du 2.14: Cho hai van pham Gz = <X, {S}, S, P3>, G4 = <X, {S}, S, Ps>,
trong do:

¥={0,1,2,3,45,6,7,8, 9},

Ps: | S—1/2/3|4|5/6/7/8|9, (1-9)
S0| S1| S2| S3| S4| S5| S6| S7| S8| S9. (10-19)

Ps: | S—01]2/34|5/6/78|9, (1-10)
18| 25| 35| 4S| 5S| 6S| 75| 8S| 9S. (11-19)

D@ thay rang L(Gs) = {n | n > 1}. That vay, st dung k-1 1an (k > 1) cic quy tic
trong nhom 10 quy tic cudi cua Gs, roi mot quy tic trong nhom 9 quy tic dau tién cua
no, ta co:

S FSitfSiais ... }Sika... i2ir | Sikikt... izis, (v6i iy, i,..., ike ).
trong do, iy, i2,..., k1> 0vaik>1. Do do, L(G3) ={n|n>1}.

Lap luan nhu trén, ta nhan dugc L(Gs) = {n | n > 0}. Vi vay, Gs va G4 khbng
tuong duong nhau.
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2.4.4. Phan loai van pham theo Chomsky

Duya vao dic diém cia tip quy tic ma ngudi ta chia cdc vin pham thanh cac nhém
khéc nhau. Noam Chomsky ) di phan loai vin pham thanh bén nhom duéi day:

= Nhém 0: Vin pham khéng han ché (Unrestricted Grammar-UG) (hay vin pham
ngir cdu, van pham tong qudt),

= Nhom 1: Van pham cam ngit canh (Context Sensitive Grammar-CSG),
= Nhom 2: Van pham phi ngir canh (Context Free Grammar-CFG),

= Nhom 3: Van pham chinh quy. (Regular Grammar-RG)

Dudéi day 1a cac dinh nghia cho cac nhém van pham néi trén.

Dinh nghia 2.21

Vian pham G = <X, A, S, P> ma khong c6 mdt rang bude nao dbi véi cac quy tac
ctia nd duoc goi 14 Van pham tong qudt hay Vin pham khéng han ché.

Nhu vy, cic quy tic trong vin pham nhom 0 chi can 13 cac quy tic hop 18 (vé trai
chtra it nhat mot ky hiéu phu: a— B, véi o = ’Aa’’, Ac A, o, a”’, Be (2 U A)"). Céc
quy tic cta van pham nhom 0 duogc goi 1a quy tic khong han ché.

= Ngon ngit do vin pham nhém 0 sinh ra dugc goi 1 ngdn ngir tong quat.
Dinh nghia 2.22

Vin pham G = <Z, A, S, P> véi cac quy tic hop 18 a—p, va | a | <| B |, duoc goi
Ia van pham nhoém 1 hay van pham cam ngit canh.

Céc quy tic trong vin pham nhom 1 duoc goi 1a quy tic cdm ngit canh.

* Ngon nglt do van pham cam ngtr canh sinh ra dugc goi la ngdn nglt cam ngit
canh. (Context Sensitive Language-CSL)

Céc van pham ma céc quy tic cua ching c6 dang trén, dong thoi chira thém quy
tac rong S— &, ciing duoc xép vao 16p van pham nhom 1.

Dinh nghia 2.23

Vian pham G = <%, A, S, P> ma cac quy tdc cua nod co dang A— o, trong d6 Aec A,
oe (U A)", duge goi 1a vin pham nhom 2.hay vin pham phi ngir canh.

“)Noam Chomsky: Institute Professor, Massachusetts Institute of Technology (MIT).
Born December 7, 1928, Philadelphia, Pennsylvania, USA.
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Nhu vay, cic quy tic trong van pham phi ngit cdanh ¢ vé trai chi chira mot ky
hiéu phu con vé phai 1a tuy ¥, va duoc goi 1a quy tic phi ngir canh.

Ngon ngtr do van pham phi ngt canh sinh ra dugc goi la ngdn ngir phi ngtr canh.
(Context Free Language-CFL),

Dinh nghia 2.24

Van pham G = <Z, A, S, P> ma cdc quy tic ciia né chi ¢é dang A— aB, A— a
(con goi la dang tuyén tinh phdi-right linear) (hodc chi c6 dang A— Ba, A— a, con goi
la dang tuyén tinh trdi-left linear), trong @6 A, B e A, ae X, dwoc goi la vin pham nhém
3 hay van pham chinh quy.

Cac vin pham chinh quy, dong thoi chira thém quy tic rdng S— ¢ ciing dugc goi
la vin pham chinh quy suy rong. Cac quy tac tuyén tinh phai hodc tuyén tinh trdi trong
van pham chinh quy duoc goi 13 quy tdc chinh quy.

* Ngon nglt do van pham chinh quy sinh ra dugc goi 1a ngon ngir chinh quy.
(Regular Language-RL)

Thi du 2.15: Cho vin pham G = <{a, b, ¢}, {S, A, B, C}, S, P>, vdi tap quy tic
sau:

S—aSAC, (1)
S— abC, (2)
CA—BA, (3
P: | BA>BC, (4)
BC— AC, (5)
bA— bb, (6)
Coc. (7)

Céc quy tic ctia van pham G déu c6 dang a— B, véi |ou|<|B |, vay G la vin pham
cam ngir canh.

Str dung n-1 lan (n > 1) quy tic 1, roi quy tic 2, ké dén str dung lién tiép cac quy
tic 3, 4, 5 (dé doi chd A va C), sau d6 str dung n-1 lan quy tic 6 va n lan quy tic 7, ta co
day suy dan:

S Fa™S(AC)™ | a"hC(AC)™! Fa"bA™IC" E ahc".
Tur d6 suy ra L(G) = {a"b"c" | n > 1}.
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Thidu 2.16
1. Cho van pham G = <{a, b}, {S, A}, S, P>, trong do:

S— Sa, (1)
Pi:| S— Aa, 2
A— aAb, (3)
A— ab. 4)

Céc quy tdc déu co vé trai 1a mot ky hiéu phu, vay G1 la van pham phi ngir canh.

St dung m-1 lan (m > 1) quy tic 1, rdi quy tic 2, sau d6 sir dung n-1 1an (n > 1)
quy tic 3, cudi cung 1a quy tic 4, ta co ddy suy dan:

S ESa™ | Aaa™! Fa™Ab™a™ | a"b"a™.
Tu dosuy raL(Gy) ={a"v"a"|n>1, m>1}.

Chu ¥ rang chi nhiing quy tic phi ngit canh ma vé phai ¢6 chira ky hiéu phu & vé
tréi, (goi 13 cac quy tic dé quy) thi méi c6 thé ap dung nhiéu lan quy tic nay. (O thi du
trén 12 quy tic 1 va quy tic 3)

2. Cho van pham G = <{0, 1}, {S}, S, P2>, véi tap quy tic:

S— SS, 1)
P,: | S— 081, ()
S— 180, (3)
S—e. 4)

D& thay G2 1a van pham phi ngit canh. Tir cac quy tic ciia Gz, ta c6 L(G2) ={g, 01,
10, 0011, 1100, 1001, 111000,...} hay L(Gz) = {0{0, 1}" | s6 cac chit s6 0 va 1 trong
1a bang nhau}.

3. Cho van pham Gsz = <{a, b}, {S}, S, Ps>, voi Pa:
S— &, (1)
S— aSa, (2)
Pa: S— bSh, (3)
S— aa, 4)
S— bb. (5)
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D@ thdy Gs la vin pham phi ngit canh vi nd c6 moi quy tic v6i vé trai chi gdbm
mot ky hiéu phu. Gs sinh ra ngén ngit phi ngit canh L(Gs) = {oo® | o< {a, b}'} cb cac
tir c6 d6 dai chin va c6 cac ky hiéu ddi xtmg nhau tir hai dau cua tir. Ching han cac tir
abba, bbaabb, ababbaba... 1a thuoc L(G3).

Thi du 2.17:
1. Cho van pham: G1 = <{1}, {S, A, B}, S, P1>, vdi tap quy tic

S— ¢, 1)
S— 1A, (2)
Pi: | A— 1B, 3)
B—> 1A, (4)
A- 1. (5)

Céc quy tic trong P1 déu 1 quy tic chinh quy, vdy G1 la van pham chinh quy va
ngodn ngit sinh béi G112 ngdn ngit chinh quy, L(G1) = {12 | n > 0}. That vay, sir dung
quy tic 1, ta co S |— g, néu sur dung quy tic 2, réi n-1 1an (n > 1) lién tiép cip quy tic 3
va 4, cudi cung 1a quy tic 5, ta c6 ddy suy dan:

SFiA F11B F111A }... F1(0%?)A F1(122)1 =1,
Nhu vay, ngon ngit L(G1) gdm moi xau c6 do dai chén, chira toan ky hiéu ‘1° .

2. Cho van pham G = <{0, 1}, {S, A}, S, P2>, vdi tap quy tic

S— 0A, 1)
P,: | A—0A, )
A 1A, ©)
A— 0. 4)

Khi @6, G, 1a vian pham chinh quy va L(G2) = {000 | ®e{0, 1}"}. That vay, sir
dung quy tic 1, rdi mot s6 hiru han 1an tuy ¥, c6 thé xen k& cac quy tic 2 va 3, cudi cing
13 quy tic 4, ta co: S |— 0A |= 0wA |— 0w0. Nhu vay, ngon ngit sinh bdi van pham G2
gdm moi xau nhi phan, bat dau va két thiic boi ky hiéu “0’.

Nhin xét: Tt cac dinh nghia trén, ta thdy 16p van pham khong han ché 1a rong
nhét, n6 chira dyng cac vin pham cam ngir canh, 16p van pham cam ngir canh chira cac
van pham phi ngit canh va 16p van pham phi ngit canh chira cac van pham chinh quy.
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Mot ngén ngir hinh thirc duoc goi tén bang tén vin pham sinh ra no, tirc 1a L 1a
duoc goi ngdn ngir tong quat (hay ngdn ngir cam ngir canh, phi ngir canh, chinh quy)
néu ton tai van pham loai tong quét (twong tng: van pham cam ngir canh, phi ngit canh,
chinh quy) sinh ra L. Vi véy, ddi vdi cac 16p ngon ngir, néu ky hiéu Lo, L1, Lz, Lslan
luot 13 cac 10p ngdn ngit 16ng qudt, ngdn ngit cam ngir canh, ngdn ngit phi ngit canh Va
ngon ngir chinh quy thi ta c6 bao ham thic:

ILac L2 c L1 Lo.

Theo su phan loai ciia Chomsky, ta thdy 16p ngdén ngit chinh quy Ls 1a nho nhét,
no6 bi chura thyc su trong 16p ngdn nglr phi nglr canh Lz, 16p ngdn nglr phi nglr canh lai
bi chira thyc sy trong 16p ngdn ngit cam ngit canh L1 va cudi cing 16p ngdn ngir tong
quat Lo (ngdn ngir ngit cau) la rong nhat. Ta cling thay vé mit cau tric ngit phap thi cac
quy tic cia cac vin pham phi ngit canh va van pham chinh quy 1a don gian hon ca va
chung ¢ nhiéu tng dung trong viéc thiét ké cac ngdn ngit 14p trinh va trong nghién ctru
vé chuong trinh dich... Vi viy, trong cac phan tiép theo chung ta danh thém su quan
tam t4i hai 16p van pham dé.

Hinh v& dudi day cho mdt sy so sanh vé murc d6 rong 1on cia cac 16p ngon ngit
theo phan loai cia Chomsky.

Hinh 2.3. So sdnh cdc l6p ngon ngiv

Thi du 2.18:. Cho bang chir cai £ = {a, a,..., an}.

Chumng minh ring cic ngon ngit: L1 = {o = a1a... a}, Lo =2, Ls=2", L= Ia
cac ngdn ngit chinh quy trén bang chit X.

That vay, ta co thé xay dung cac van pham chinh quy sinh cdc ngoén ngir trén:

"G1 =<3, {S, A1,..., An1}, S, P>, v6i tap quy tic:
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S— a1Ay, (1)

A1 Ay, (@)
P1: yeres

Ak-2—> ak-1Ak-1, (k-1)

Ak-1—> ak. (k)

D& thiy G; 13 van pham chinh quy, va L1 = L(G1). Vay ngdn ngit Ly chi gdm 1 tir
la ngoén ngir chinh quy.

Hién nhién 1a cac tap tir chi gdm mot ky hiéu {a}, véi ac 2 ciling 1a cac ngdn ngit
chinh quy.

=G, =<3, {S}, S, P2>, véi tap quy tic:
P,: | S—aS, 1)
S—a (2), voi ae .

D& thdy G2 1a van pham chinh quy, va L, = L(G2), vay tap tir =* 1a ngdn ngi
chinh quy.

= G3 =<3, {S, A}, S, Ps>, véi tap quy tic:

S— ¢, (1)
S—a, (2)
Pa: S— aA, (3)
A— aA, 4)
A a. (5), véi aes.

D& thay Gz la van pham chinh quy, va Ls = L(Gs), vay tap tir £ 1a ngon ngir
chinh quy.

=Gy = <3, {S}, S, {S—aS | acX}>, véi tap quy tic chi gdm mot quy tic chinh
quy S— aS, vay Gs 1a van pham chinh quy, moi ddy suy dan bat dau tir S déu khong thé
két thuc bang mot xau chira toan ky hiéu chinh, tirc 1a khong c6 xau we X sinh boi Ga,
vay Ga sinh ra ngdn ngir rong (). Vay ngon ngit @ 1a mot ngdn ngit chinh quy.

Thi du trén day cho thiy: Ngon ngit chi gdm mét tir, ngdn ngir réng, cac tap tir Z*
va X" 1a cac ngdn ngir chinh quy.
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2.5. CAC TINH CHAT CUA VAN PHAM VA NGON NGU SINH BOI VAN PHAM
2.5.1. Mt so tinh chét ciia vin pham va din xuét

Trong phan ndy, ching ta s& trinh bay mot sb tinh chit quan trong cta cac dan
Xuat va vin pham.

Trude hét, ta cht ¥ rang ddi v6i mot vin pham, nguoi ta quan tAm chu yéu toi
ngdn ngir ma né sinh ra. Hai vin pham 13 twong duong néu ching sinh ra cing mot
ngon ngit (Pinh nghia 2.20).

Céc dinh 1y va bd dé dudi ddy chimg minh cho mét s6 tinh chét cua vin pham va
dan xuat.

Dinh Iy 2.1

V61 moi van pham G = <X, A, S, P>, luon ton tai van pham G’ = <¥’, A’, S’, P’>
twong duong véi van pham G, tic la L(G) = L(G’).

Chirng minh:

Gia su c6 van pham G = <Z, A, S, P>, ta xay dung van pham G’ = <¥X’, A’, S’,
P>, trong do:

.2’ =3, va véi mdi ac I, ta bd sung mot ky hiéu ag TUAVA goi la ddi ngéu
ciaa, datI' ={a |ae X}

AN =AUT,

. PP=P1UP,, véiP1={a—a|Vae £}, P, ={a— B | Yo— Be P}, avag la
Cac Xau a va B di duoc thay cac ky hiéu thudc T bang cac ky hiéu ddi ngdu cua no. Ta
s& chimg minh rang L(G) = L(G’) bang viéc ching minh hai bao ham thirc L(G) <
L(G’va L(G’) c L(G).

a). Chitng minh L(G) < L(G’): Ly bét ky oe L(G), khi d6 ta c6 S Fo, tirc 1a ta
c6 mot dy suy dan tryc tiép trong G: S = o }® @1 }°... }® ok = o, véi diy suy dan
nay, ta thay moi quy tic trong cac suy dan i |-G oi+1, (0 <1< k-1), boi cac quy tic
tuong tng trong P1 va P2, ta nhan dugc diy cac suy dan trong G’: S = 0’0 |—G’ ®’1 |-G’. ..

9 ©'m = ®, do d6 ta c6 S F¥w, tiic 1d we 1(G”). Vay L(G) < L(G").

b). Chitng minh L(G’) < L(G): Ly bit ky e L(G’), khi d6 ta c6 S 9w, tic la ta
c6 mot diy suy dan trong G*: S = @’ |} ®’1 F9... 9 ok = o, trong cac suy dan
i |-G’ i+1, (0 <1i<k-1), ta thay moi ki hiéu a € I" boi cac ky hiéu tuong Gmg ae X4, khi
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d6 moi quy tic déu thudc P, ta nhan duoc diy cic suy dan truc tiép trong G:
S=uwo |-G 1 |-G |-G ok=m,tacdS |=G(D, tuc la we L(G). Vay L(G’) < L(G).

Thi du 2.19:. Cho van pham G1 = <{a, b}, {S}, S, P1>, véi tap quy tic:
P1: S— aSh,
S— ab.
ta co thé xay dung G2 tuong duong véi G1 theo dinh 1y 2.1 nhu sau:
G2=<{a, b}, {S, A, B}, S, P2 >, & day A, B la cac ky hiéu dbi ngdu cua a va b. Ta co:
S— ASB,
Pa: A— 3,

B— b,

S— AB.
D@ dang thay rang L(G1) = L(G2) = {a"o" | n > 1}. Vay G1 va G2 la twong duong.

V6i mdi van pham G, ta c6 thé thay thé cac quy tic c6 chira ky hiéu xuat phat & vé
phai bang nhitng quy tic khong c6 ky hiéu xuét phat & vé phai dé nhan dugc mét vin
pham tuong duong, diéu nay s& 1am cho viéc kiém soat cac vong lip duoc dé dang hon.
Xét b dé sau:

Bé dé 2.1

Cho vian pham G = <%, A, S, P>. Khi d6 néu ton tai trong P quy tic chira ky hiéu
xuat phat S ¢ vé phai thi ton tai van pham G’ tuong duong v6i G ma cac quy tic ctia nd
khong chira ky hiéu xuat phat & vé phai.

Chirng minh:

Liy S’¢X U A, xét van pham G” = <%, A U {S’}, S°, P’>, trong d6 P’ =P U
{S"> a | S> ae P}. RS rang trong P’ khong chita quy tic nao c6 S” & vé phai. Ta
chimg minh L(G) = L(G’).

a/ Lay oe L(G): Khi d6 taco S ° o, gia st diy din xuat trong G claw 14 S | a
|—031 |- |— ®. Vi$S |—G anéncdé S— ae P, do ddo S’ ae P’ vaviP P’ nén ta cod
S o 0. Vay S” F¥o hay oe L(G”), vay L(G) < L(G").

b./ Liy we L(G’): Khi d6 ta co S’ |=G’c0, gia st ta c6 ddy dan xuat trong G’ 1a
S"F¥a F¥o. Vi S* F9a nén S’ ae P, do d6 ton tai S— ae P. Mat khic, trong o

62



khong chira S’ nén cac suy din tryc tiép trong a |=G’03 chi sir dung cac quy tic cua P.
Vaytaco S |=G o hay we L(G), vay L(G”) < L(G).

Mit khac, v6i mdi vin pham G, ta c6 thé thay thé cac quy tic co chira ky hiéu co
ban & vé trai, dé nhan dugc mot van pham tuong duong khong chira cac ky hiéu chinh
(ky hiéu két thuc) & vé trai cac quy tic, nhd bd dé sau:

Bé dé 2.2

Cho vin pham G = <X, A, S, P> tuy ¥, 1udn ludn cé thé xay dung van pham G’
tuong duong voi G ma cac quy tic ciia nd khong chira ky hiéu két thac ¢ vé trai.

Churng minh:

Gia str ¢6 van pham G = <Z, A, S, P> tlly y, véi mdi ky hiéu chinh a xuat hién
trong vé trai ctia mot quy tic nao do, ta bo sung mot ky hidu a¢ £ U A va goi 1a ddi
ngau cia a,

batl'= {5 |ac 2, a xudt hién & vé trai quy tic nao do },

P1:{5—>a| a el ae >}

Po={a— B |Yo—Pe P}, avaS 1acicxau o va B da duoc thay cac ky hitu ac =
bang cac ky hi¢u ddi ngau a clia no.

Xay dyng van pham G* =<¥’, A’, S°, P’>, voi:

X =%,
N=AUT,
S’=S8,
P’=P1UP;

Vén pham G’ s€ 1a van pham tuong duong véi van pham G (theo dinh 1y 2.1), hon
nita, theo cach x4y dung thi trong tit ca cac vé trai ciia G’ s& khong chira ky hiéu chinh
(ky hiéu két thiic). Vay bd dé dugc ching minh.

Ta dua ra hai khai niém vé dan xuit:
Dinh nghia 2.25.

Cho van pham G =< X, A, S, P > va hai dan xuat D = wo, ®1,..., ®k va D’ = ®’0,
®’1,..., ® m trong van pham G. Ta ndi hai dan xuat trén la dong luc néu wo = ®’o vVa
Ok = O’ m.
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Dinh nghia 2.26.

Cho van pham G =<Z, A, S, P> va din xuét D = wo, o1, .. ., Wk trong van pham G.
Tano6i din xuat D 1a khong 1ap néu khong ton tai cap (i, @f) v6ii#j ma o= .

Dinh Iy 2.2

Véi moi dan xuét trong van pham G tuy ¥, ludn ludn t6n tai mot dan xuét khong
lap va dong luc véi no.

Churng minh: Gia st D = mo, m1,..., ®i-1, i, Oj+l,..., Om, Xét cac truong hgp sau:

a). Trong D khong c6 mot cip (i, ) voi i #j ma wi = oj, khi d6 D chinh la dan
xuat khong 13p va dong luc véi chinh no.

b). Trong D c6 mét cip (i, @j) vOi i #j ma oi = oj, khi do ta xét dan xuat D’ = ay,
o1,..., Oi-1, O, Oj+L,..., Om. RO rang day la dan xuat khong lap va dong luc v6i D, vi D’
nhan duoc bang cach bo di mot doan i, ®i+1,..., 01 12 doan c6 diém dau va diém cudi
tring nhau, do d6 dan xuét D’ 1a dong luc v6i D. Néu trong D van con nhiing cip o’i= @]
nhu vay, ta s€ 1ap lai qué trinh trén cho dén khi moi x4u trong D 1a khac nhau tirng do6i
mot, ta s& nhan dugc mot dan xuat mai khong 13p va dong luc v6i din xuat ban dau.

Viéc thay thé cac dan xuat bang cac din xuat khong 1ip va dong luc, lam cho viéc
sinh céc tir tré nén don gian hon, cac diy suy dan dé sinh ra mot tir 1a mot dan xuat co
d6 dai ngén nhat.

2.5.2. Tinh dong ciia 16p ngon ngir sinh béi vin pham

Gia str L1 va Lz 1 hai ngon ngit bat ky duoc sinh boi van pham, va “o” 1a mot
phép toan nao do trén 16p cac ngdn ngit (phép hop, phép giao, phép nhan ghép, phép lay
ngon ngir bu...). Néu Lio L, 1a ngdn ngir ciing duoc sinh boi mot van pham thi ta néi
16p ngodn ngit do van pham sinh ra d6ng ddi voi phép toan “o”. Lép ngdn ngit sinh boi
van pham 1a dong ddi véi hau hét cac phép toan trén ngdn ngit ma ta di hoc trong 2.3,
dudi day ta chi xét tinh dong dbi véi mot sd phép toan quan trong nhat.

Dinh Iy 2.3

L&p ngdn ngir sinh boi van pham 1a dong ddi véi phép hop (U), phép giao (N) va
phép nhan ghép ngdn ngit (.)

Churng minh:

= Tru6e hét, ta s& chirng minh 16p ngdn ngir sinh béi vin pham 1a dong ddi véi
phép hop, viéc chig minh tinh dong ciia 16p ngdn ngit sinh béi van pham ddi véi cac
phép giao va phép nhan ghép ngdn ngir 1a hoan toan twong tu.
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Gia st Ly, L2 1a cac ngdn ngir dugc sinh bdi van pham G1= <Zi, Ay, S1, P1>, G2 =
<¥2, A2, S2, P2>, tlic 14 L1 = L(G1), L2 = L(G2). Ta chimg minh ton tai vin pham G sao
cho L(G) = L1 La.

Xay dung van pham G = <X, A, S, P>, véi:
X=X

A=A1UA U {S}

P=PiuPuU {S— S1, S— S»}

Ta s& chirng minh van pham G sinh ra ngén ngit Liv Lo, tic 1a L(G) = L1u Lo,
bang cach ching minh hai bao ham thic:

a). Chitng minh L(G) < L1ULy: Gia sit oe L(G), khi d6 ton tai mot suy dan trong
van pham G: S |=G o, trong 46 me X* = (21U 22)*. Do cach xdy dung tap quy tic P, nén
trong suy dan S |= ®, c6 hai kha nang:

(1) hoac S |-G S1 |=Gl o, vay o 1a két qua ctia suy dan Sy |= o trong Gy,

do d6 we L(Gy). (@)
(ii) hodc S }° S F®2 m, vay o 1a két qua cta suy dan S; f o trong G,
do do me L(Gy). (b)

Ttr (a) va (b), ta thdy me L1 Lo, hay L(G) < Liu L

b). Chitng minh Li2 < L(G): Gia st e LiuLo, khi d6 ta cling c6 hai kha nang:
o€ Lihodcw e Lo

Néu oe L1=L(G1), do d6 S1 F° o trong Gi, do d6 ta ciing co suy dan S | S;
E°! @ 1a mot suy dan trong G (vi theo cich xay dung G, moi quy tic va moi ky hiéu
trong Gi ciing déu thudc G), nhu vay we L(G).

Néu we Lz = L(G), ta c6 suy dan Sz F®? o trong Gz, do d6 ta c6 suy dan S |}°
Sz |=(32 o 13 mot suy dan trong G (vi theo cach xdy dung G, moi quy tac va moi ky hiéu
trong Gz ciing déu thudc G), nhu vay oe L(G).

Vay ta luon lubn c6 e L(G), do do: Liul, < L(G).
Tuc 1a ta da ching minh dugc rang L(G) = L1 L.

= Tuong tu, dé chimg minh tinh d6ng ctia 16p ngdn ngir sinh boi van pham dbi véi
phép nhan ghép ngdn ngti, ta xay dung van pham G = <X, A, S, P> sao cho L(G) =
L(G1). L(G2) nhu sau:
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X =21U 2

A = AU U{S}

P =P1U P2U{S— S1S:}.
Khi d6 L(G) = L(G1).L(G2)

= Pé chimg minh tinh déng ctia 16p ngdn ngit sinh boéi van pham dbi véi phép
giao, ta xay dung van pham G = <%, A, S, P> sao cho L(G) = L(G1) n L(G2) nhu sau:

X=21NX2

A = A1UA U T U Iz U{S}, trong do: T't = { a | ae T1} 1a tap céc ky hiéu ddi
ngau cua cac ky hiéu trong £1, con I'2 = {b |be 22} 1a tap cac ky hiéu ddi ngiu cua 2.

P= El ) P_2 U {S— S1S2}u P’ U P”, trong do El 13 tap cac quy tic nhan duoc tir
P1, ma moi ky hiéu a € 21 déu dugc thay boi ky hiéu d6i ngiu twong Gmg ctia nd aely,
P_zlél tap cac quy tac trong P2, ma moi ky hi¢u be X, déu duoc thay boi ky hiéu ddi
ngau tuong ung clia nd b e Iy, va:

P={ab— ba |aec Z1, be =5},

P’={aa—alae Zin o}

Khi d6 ta s€ c6 L(G) = L(G1)n L(Gy).

Dinh 1y da dugc chirmg minh.

Chay:

1. Nguoi ta chimg minh duoc rang: Lép ngdn ngit sinh béi van pham ciing dong
doi voi cac phép toan: phép l1ap, 1ap cat, phép chia trai va chia phai.

2. Nhung 16p ngén ngit sinh boi van pham khong dong ddi véi phép trir va phép
lay phan bu ngon ngfr.

H¢ qua 2.1

Néu L1 va Lo 13 hai ngdn ngit chinh quy (hay phi ngit canh, cam ngit canh) thi
L:1UL2 cling 1a ngdn ngir chinh quy (hay phi nglt canh, cam ngir canh).

Thi du 2.20: Cho hai ngén ngit L1 = {a"cb®" | n > 0} va Lo = {a*"cb" | n > 0} trén
bang chir cai £ = {a, b, ¢}, c6 thé thdy rang Li va Lz 1an lugc duoc sinh béi cic van
pham sau day:

G1=<Z%, {S1, A, B}, S1, P>, véi tap quy tac:
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S1i—> ASiB, (1)
Pa: Si1—c, (2)
A— a, (3)
B— bb. 4)

G2 =<%, {S2, C, D}, Sz, P2 >, véi tap quy tac:

S2— CS:D, (1)
P2: S2— ¢, (2)
C— aa, (3)
D— b. 4)

That vay, trong Gi, sir dung n lan (n = 0) quy tic 1, sau do sir dung n lan quy tic 3,
n lan quy tic 4 va quy tic 2, (vi sau khi str dung n 1an quy tic 1, s& xuat hién n ky hiéu A
va n ky hi¢u B), ta co:

S1 ES AMS;B" 6T anc(bb)" = a"ch®,

Tuong tu, trong G2 ta c6 Sz %2 a®'ch™. (n > 0). R3 rang G, G2 1a hai van pham phi
nglr canh, do d6 cac ngdn ngir L(G1) va L(G2) cling la cac ngdn nglt phi ngir canh, vay
theo hé qua 2.1 thi hop cua chung L = Lyu L, = {a"ch?", a®ch” | n > 0} ciing 1a ngén
ngtr phi nglt canh.

H¢ qua 2.2

Néu L; va L, 1a hai ngon ngit chinh quy (hay phi ngit canh, cam ngit canh) thi
L:L2 cling 1a ngdn ngtr chinh quy (hay phi ngt canh, cam ngtt canh).

Nho hé qua ndy, ta d& dang nhan biét mot ngdn ngir 1a chinh quy (hay phi ngir canh,
cam nglt canh).

Thi du 2.21I:.

1. Cho hai ngon ngir Li= {a"b" | n > 1} va Lo={c" | n > 1}. D& dang thiy rang
L1 =L(Gy) va L2 = L(G»), trong do:

G1 =<{a, b}, {S1}, S1, {S1— aS:b, S1— ab}>, 1a van pham phi ngir canh.

G2 = <{c}, {S2}, Sz, {S2— ¢Sz, S2— c}> la van pham chinh quy (va duong
nhién ciing 1a van pham phi ngir canh).
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Khi do6 theo hé qua 5.2, ta s€ ¢c6 LiLo = {a"b"¢c™ | n>1, m > 1} 1a ngdn ngit phi
ngit canh.

2. Cho hai ngbn ngit chinh quy L3 = {ba" | n > 0} va L, = {b"a | n > 0}. Ta c6 ngay
L3 = L(Gs3), La= L(Ga4), trong d6 Gs va G4 la hai van pham chinh quy:
Gs = <{a, b}, {S1, A}, S1, {S1— b, S1— bA, A— aA, A— a}>,
Gs = <{a, b}, {S2}, Sz, {S2— bS2, So— a}>.

Khi d6 theo h¢ qua 2.2, ta s€ c¢6 LsLs = {ba"b™a | n > 0, m > 0} 1a ngdn ngir
chinh quy.

Ddi v6i phép lap cua cic ngdn ngi, ta co thé ching minh dugc két qua sau:
H¢ qua 2.3

Néu L 1a ngdn ngit chinh quy thi lip L” cta L ciing 1a ngdn ngir chinh quy. Néi
mot cach khac, 16p cac ngdn ngir chinh quy déng déi véi phép toan lap.

Cubi cung, do ngon ngit hiru han 1 hop hitu han ciia cac ngén ngir mot tir, nén tir
thi du 2.18 (ngdn nglr mat tir 1a chinh quy) va tr hé¢ qua 2.1 (hop hiru han cua cac ngon
ngtr chinh quy la chinh quy), ta c6 hé qua sau:

H¢ qud 2.4
Moi ngdn ngit hiru han déu 1a ngon ngir chinh quy.

Thi du 2.22: Cho ngén nglr hitu han L = {0, 01, 011, 0111}, khi d6 theo hé qua
trén, L 1a ngdn ngilr chinh quy.

Mat khac, c6 thé xay dung van pham chinh quy G = <{0, 1}, {S, A, B, C}, S, P>,
v6i tap quy tac:

S— 0,
S— 0A,
A— 1,
P: A— 1B,
B— 1,
B— 1C,
C—-1.

D@ dang thay rang L(G) = L.
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BAI TAP CHUONG 2

1. Cho bang chit cai £ = {0, 1}, hiy viét 10 tir dau tién cta ngdn ngit * dudi
dang liét ké cac tir theo thu ty 4o dai tang dan, trong cac xau c6 cung do dai thi theo thir
tu tir dién.

2. Mo ta dac di€m cua cac tir trong cac ngon ngir sau va tim cach bic¢u dién hiru
han cho cac ngdn ngir do:

a). L1={g, ab, aabb, aaabbb,...}.
b). L2={e, 0, 1, 00, 01, 11, 000,001, 010, 011, 100, 101, 110, 111,...}
Viét van pham sinh ngdn ngit L1, Lo.

3. Hiy m6 ta ngon ngit Lo = {a}*{b}" trén bang chit cai X = {a, b}, viét biéu dién
hitu han cho L. Xay dung van pham sinh ngdn ngir L2, phan loai L, theo Chomsky.

4. Cho cac ngon ngir X = {g, abc}va Y = {abc}trén bang chit cai £ = {a, b, c}, tim
cac ngon ngir:

a). X2, Y2 X.Y, Y.X

b). x \ X, X/ 5, v \ X, Xy,

O v\, Yy, x\Y, "I x

5. Cho céac van pham:

a). G=<3, A, S, P> vodi tap quy tic sinh

P = { S— ABC, AB— iADj, Dij— iDj, DiC— BiC, iB— Bi, AB— g, C—> & } véi
ij e {a b}.

b). G=<3, A, S, P> vdi tap quy tic sinh:
P={S— SS, S— aSh, S— bSa, S— ab, S— ba}.
). G =<3, A, S, R> vdi tap quy téc sinh:
P={S—aS,S— a|voiaec X ={a1, a, ...an}}.
Hoi:
1/. Hay phan loai cac van pham trén theo day phan loai cua Chomsky.
2/. Viét lai timg van pham theo dang day dii trong dinh nghia vin pham.

3/. Tim cac ngdn nglr do cac van pham trén sinh ra.
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6. Cho van pham G = <{a, b}, {S, S1}, S, {S— SSi1, S— aa, S1— b}>.
a). G la van pham loai gi, theo cach phan loai cia Chomsky?

b). Xac dinh ngén ngit L sinh béi vin pham G. Viét 5 tir dau tién c6 do dai ting
dan ctua L(G)?

¢). XAu nao trong c4c xau m; = aabbb va w2 = aaabb thudc L(G), viét diy suy din
cua xau do trong van pham G.

d). Hay tim mot van pham chinh quy G’ trong duong véi G, tic 1a L(G”) = L(G).

7. Cho ngon ngit L = {oo® | me {0, 1}*, o 1a 4nh guong (tir nguoc) cua o}.
Xay dung van pham phi nglt canh G sinh ngdén ngir L.

8. Cho ngon ngtt L = {a"b"c™ | n, m > 1}. Xay dung van pham phi ngit canh G
sinh ngon ngir L.

9. Cho van pham phi ngir canh G véi tap quy tic sinh la:
P={S—> aSa, S—»aalae X ={a1, a,..., an}}.

Tim ngon ngitr do van pham G sinh ra, hiy chi ra din xuét day du cta xdu o =
a38283818282818338283 trong van pham noi trén.

10. Cho ngén ngit L = {owbo® | ® € =* = {ay, az,..., ak, b}*, o 1a tir nguoc cia w}.
Xay dung van pham phi nglt canh G sinh ngdn ngir L.

11. Cho céc van pham:
a). G1 véi tap quy tic P1 = {S— aS, S— Sb, S— aSh, S— ¢}
b). G2 véi tap quy tac P, = {S— SS, S— a, S— b},
¢). Gz voi tap quy tic P3 = {S— aA, S— bB, A— Sa, B— Sh, S— c},
d). G4 véi tap quy tic P4 = {S— AB, A - Sc, A— a, B> dB, B— b},
e). Gs vdi tap quy tic Ps = {S— SaS, S— b},
f). Gg vai tap quy tic Pg = {S— aSS, S— b},
0). G7 voi tap quy tic P7 = {S— AA, A— aAa, A—> bAb, A c}.
Hoi:

1/. Hay phan loai 7 van pham trén theo cach phan loai cia Chomsky.

2/. Tim cac ngdn ngit img v4i cac van pham trén, do 1a cac ngon ngir loai gi?
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12. Cho bang chit cai T = {a}, viét cac vin pham sinh cic ngdn ngir:
Ls = {o, voi| o | 1a mot sé chin },
Ls = {, voi | o | 1a mot s 16}.
Phan loai L4 va Ls theo Chomsky.
13. Cho bang chit cai T = {a, b}, viét cac vian pham sinh cac ngdn ngi:
Ls = {®, v6i | @ | 1a mot sb chén },
L7 = {o, voi | o | 1a mot s 16}.
Phan loai Le va L7 theo Chomsky.
14. Cho van pham G = <{0, 1}, {S, A}, S, {S— 0A, A— 1S, S— ¢}>.
a). Xac dinh ngdn ngir L sinh bdi van pham Gi.
b). L 1a ngon ngtr loai gi theo cach phan loai cia Chomsky.
¢). Xay dung mot van pham phi nglt canh sinh ra cung ngén ngt véi van pham Gy.
15. Hay xac dinh cac ngdn ngilr sinh bdi cac van pham dudi day :
a). G2 =<{a, b}, {S}, S, {S— SaS, S— b}>.
b). Gs =<{a, b, c}, {S}, S, {S— aca, S— bcb, S— aSa, S— bSh}>.
€). G4=<{0,1,2,...,9}, {S, A}, S, {S—> SA | A, A— 0[1]2|3/4|5|6|7|8|9}>.
16. Hay xay dung cac van pham sinh ra cac ngon nglr dudi day:

a). Le = {we {a}", va |o| mod 3 = 0}. (x mod y 1a phan du cua phép chia sb
nguyén x cho s nguyén y, con goi 1a phép chia 1ay phan du-modulo)

b). L7 = {a®"*! | n > 0}.
c). Ls={a™"|n>0, m>n}.

17. Hay xay dung cac van pham chinh quy sinh ra cac ngén ngir dudi day trén
bang chir X = {0, 1}:

a). Ly = {00l | me =7}

b). L1 = {1} {0101{0}"

¢). Lin = {010}" u {1100}"

d). L1z = {a™v"ck | m >0, n >0, k >0}
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e). L1z = {(baa)™(aab)" |[m>1,n>1}.

18. Mot x4u o trén bang chir cai T dwgc goi 1a xau hinh thap néu o® = w. Hay

chimg minh rang:

a). € la mot xau hinh thap,

b). V&i moi ae X thi a la mét xau hinh thap,

¢). Néu o 1a mét xau hinh thap thi voi moi ae T ta c6 ama ciing 1a mot xau hinh thap.
19. Cho van pham cam ngir canh G = <{a, b, ¢}, {S, A, B, C}, S, P>, trong d0:

P ={S— aSAC, S— abC, CA— BA, BA— BC, BC— AC, bA— bb, C— c}.

a). Hay xay dyng van pham Gi = <X1, A1, S1, P> twong duong véi van pham G

ma moi ve trai cua cac quy tac cia Gi khong chura ky hiéu co ban.

Gz 1a van pham thuoc nhoém nao?

b). Hay xay dung van pham G2 = <X, A2, Sz, P>> twong duong véi van pham G

ma moi vé phai ctia cac quy tac ciia G khong chira ky hiéu xuét phat.

G2 1a van pham thudc nhém nao?

20. Cho hai van pham: G1 = < {a, b}, {S1}, S1, {S1—>aS:b | a}>, va:

G2 =<{a}, {S2}, So, {S2— aSz | a}.

Theo phuong phép ching minh trong dinh 1y 2.3:

a). Hay xay dung van pham G3 = <¥3, A3, S3, P3>sao cho L(G3) = L(G1) u L(G2).
b). Hay xay dung van pham G4 = <24, A4, Sa4, P4> sao cho L(G4) = L(G1).L(Gz2).
). Hay xay dung van pham Gs = <¥s, As, Ss, Ps>sao cho L(Gs) = L(G1) N L(G2).
21. Cho van pham: G =<{a, b}, {S, S1}, S, {S— S:S, S— a, S1— bb}>
Theo phuong phép ching minh trong dinh 1y 2.3:

a). G la van pham loai gi, theo cach phan loai cia Chomsky.

b). Viét 5 tir du tién co do dai ting dan cua L(G).

¢). X4c dinh biéu dién hitu han ctia ngdn ngit L sinh béi van pham G.

d). Xau nao trong cac xau o1 = bbbba va w2 = aaaab thudc ngon ngir L(G), viét

day suy dan day du cua xau do trong van pham G.
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e). Hay tim mdt van pham chinh quy G’sinh ra cung ngoén nglr véi G, tirc la
L(G’) = L(G).

22. Ban hay chon chi mét phwong dn tra 16i diing nhdt trong cac phuong an A, B,
C va D trong céc cau hoi tric nghiém dudi day: (chi 1am trong khoang thoi gian10 phit)

Cau 1. Cho van pham G = <{a, b} {S, S1}, S, P>P = {S— $:S, S—>a a, S1—> b}>.

A
B.
C.
D.

Vin pham G 14 vin pham tong quat

Vian pham G 1a van pham cam ngir canh.
Van pham G la van pham phi nglt ngir canh.
Vian pham G 1a van pham chinh quy.

Cau 2. Cho van pham G = <{a, b}{S, S1}, S, P>P ={S— S:S, S— aa, S1—> b}>.

A
B.
C.
D.

Moi tir ctia ngén ngit L(G) phai két thuc béi ky hiéu ‘aa’

Moi tir ciia ngdn ngir L(G) phai bat dau boi cac ky hiéu ‘b’

Moi tir cia ngdn ngir L(G) phai bat dau boi ky hiéu ‘aa’

Moi tir ctia ngén ngit L(G) phai bat dau bai ky hidu b’ va két thiic boi cac
ky hiéu ‘aa’

Céu 3. Cho van pham G =<{a, b}{S, S1}, S, P> P = {S— bS1, S1— aS: | bS: | a}>.

A
B.
C.
D.

Vin pham G 1a vin pham tong quat
Vén pham G 1a van pham cadm ngtr canh.
Vian pham G 1a van pham phi ngit ngir canh.

Van pham G 1a van pham chinh quy.

Cau 4. Cho van pham G =<{a, b},{S, S1}, S, P> P = {S— bS1, S1—aS; | bS1 | a}>.

A
B.
C.
D.

Moi tir ctia ngdn ngit L(G) phai bat dau boi higu ‘b’
Moi tir cia ngdn ngir L(G) phai két thuc bai ky hiéu ‘a’
Tat ca cac ciu tra 101 trén déu dung.

Tat ca cac cau tra 101 trén déu sai

Céu 5. Cho van pham G =<{a, b},{S, S1}, S, P>P ={S— aSi, S1— aS: | bS: | a}>.

A

B.
C.
D.

Moi tir ctia ngdn ngit L(G) phai bat dau boi ky hiéu ‘a’

Moi tir cia ngdn ngit L(G) phai bat dau boi cac ky hiéu ‘aa’

Moi tir ctia ngdn ngir L(G) phai bat dau boi ky higu ‘ab’

Moi tir ciia ngdn ngit L(G) phai bat dau va két thuc bai ky hiéu ‘a’

73



TAI LIEU THAM KHAO

[1]. Pang Huy Ruén [2002]. “Ly thuyét ngon ngit hinh thirc va Otomat” NXB
Dai hoc Quéc gia Ha noi 2002.

[2]. Phan Dinh Diéu, [1971]. “Ly thuyét Otomat va Thudt toan”, NXB Dai hoc
va trung hoc chuyén nghiép, Ha ni 1971.

[3]. B6 Ptrc Gido, [2000], “Toan rdi rac”, NXB Pai hoc Quéc gia Ha noi, Ha
noi, 2000.

[4]. Bai giang “Ngon ngir Hinh thiic va Otomat”, Pai hoc Khoa hoc, Pai hoc Hué.
[5]. Nguyén Xuan Huy [1988], “Thudt Todn”, NXB Théng Ké, Ha Noi, 1988.

[6.Nguyén Vian Dinh, [2000]. “Thiét ké va phdn tich thudt todn”,
Bai giang chuyén dé tai khoa Toan-Co-Tin hoc, PH Khoa hoc Tu nhién, PHQG Ha ndi.

[7]. J.E. Hopcroft, and J.D.Ullman [1979]. “Introduction to Automata Theory,
Languages and Computation” Addison-Wesley, Reading, MA.1979.

[8.Nguyen Van Dinh, [1998]. “Solving Determinazation Problems of Automata
on the computer”, VNU. Journal of Science, Nat. Sci., t. X1V, n°1-1998, p: 27-32.

[9]. Nguyen Van Dinh [2001].“The Automata complexity of the Language
transformation schema that contains operations with restricted degree”. Journal of
computer science and cybernetics, T.17, S.2 (2001), pages 39-44

74



