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LOI NOI PAU

Otdmat va ngdn ngir hinh thirc 13 linh vuc thudc chuyén nganh Khoa hoc may tinh,
chu yéu dung trong viéc md ta, hinh thic hoa cac diy tinh toan va diéu khién tu
dong, duoc phat sinh trong nhiéu nganh khoa hoc khac nhau tir cac hé théng tinh
toan, ngdn ngit hoc dén sinh hoc,. ....

Ngay nay, cac ngbn ngir lap trinh, cac hé thbng may tinh, cac qué trinh xu 1y théng
tin va cac qua trinh tinh toan néi chung déu duogc hinh thirc hod thanh cac mé hinh
toan hoc ma ly thuyét 6tdmat va ngdn ngit hinh thuc 1a cong cu. Otdmat va ngdn
ngit hinh thie dugc ap dung rong rai trong nhiéu linh vuc khoa hoc va tng dung
nhu: mé hinh hod, mé phong cac hé théng tinh toan, cac ki thuat dich, thong dich,
tri tué nhan tao, cdng nghé tri thiec, ...

Nhiam dap tng nhu cau giang day, hoc tap va nghién cau cho cac sinh vién nganh
Cong nghé thdng tin cua truong DPai hoc Cong nghiép Vinh — 1a truong Pai hoc
hoat dong theo hudng thuc hanh, ching tdi bién soan gido trinh “Otémat va ngon
ngit hinh thirc” theo huéng két hop ba mang chinh: 1y thuyét 6tdmat, ngdn ngi
hinh thic va Iy thuyét tinh todn gom nhitng khai niém, kién thirc co ban nhat voi
nhiéu vi du minh hoa, bé qua cac chitng minh ly thuyét khéng thuc sy can thiét,
nham tap trung téi da thdi gian cho viéc giai cac bai tap, vi du thyc tién.

Gido trinh gigi thieu mét cach hé théng nhitng khéi niém co ban va cac tinh chat
chung cua 6témat va ngdn ngir hinh thic.

Chuong mé& dau trinh by cac khai niém co ban, cac tinh chat quan trong cua cac
cau triic dai s6, logic ménh dé,... 1am co so cho cic chuong sau. Chuong 2, gidi
thiéu vé Van pham va cac ngdn ngit hinh thuc. Ly thuyét Otémat, nhitng khai niem
co s& VA cac hoat dong cua Otomat duge dé cap & Chuong 3. Nhing van dé lién
quan dén tap chinh qui, ngdn ngir chinh qui va 6tdmat hitu han dugc trinh bay chi
tiét & Chuong 4. Chuong 5, nghién ciru cac khai niém co so, mbi quan hé giira cac
I6p ngdn ngir va cac tinh chat rat quan trong cia ngdn ngit phi ngit canh, Otdmat
day xuéng.

Sau mdi Chuong cé cac bai tap hé thdng hoa lai kién thic va théng qua do, hoc
vién nim bat duoc cac khai niém co ban, cac kién thuc cha yéu cua timg Chuong
va cudi cing 1a dé nang cao sy hiéu biét vé 6tdmat va ngdn ngit hinh thic, dong
thoi phat trién kha nang (ng dung ching trong nghién cau va trién khai @ng dung
Cong nghé¢ thong tin.
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Mic du da c6 nhidu ¢é ging, nhung tai liéu nay chic khong tranh khoi nhitng thiéu
s6t. Chang tdi rat mong nhan dugc cac y kién, gop ¥ ciia cac dong nghiép va ban
doc dé hoan thién hon cudn gido trinh Otdémét va ngdn ngir hinh thic. Céc y kién
dong gop xin duoc gui vé&: Bo mén CNTT, Khoa Cong Nghé, trudng DPHCN Vinh.
S6 26, Buong Nguyén Thai Hoc, Phudng Doi Cung, Tp. Vinh, Tinh Nghé An.

Chu bién

TS. Nguyén Ngoc Thuan
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CHUONG 1. BO TUC - CAC KHAI NIEM CO BAN

Chuong mé& dau gioi thiéu khai quat va tom luoc lai cac khai niém co ban, cac tinh
chat va cac ky hiéu dugc sir dung trong tat ca cac chuong sau:

v' Tap hop, quan hé va d6 thi.

v' Cé&c phép toan trén tap hop.

v Pai cuong vé ngdn ngir va cac tinh chat.

1.1 Tap hop

Tap hop va cac tap con
Tap hop 1a sy két tap nhitng di twong ¢ ciing mot sé thudc tinh gidng nhau.

Vi du: Tap tat ca cac sinh vién cia Khoa CNTT. Mdi sinh vién duoc goi la mot
phan tiz cia tap hop.

Ky hiéu tap hop: Cac chirinhoa A, B,C, ...
K hiéu phan tir cua tap: Cac chit thuong a, b, c, ...

Phan tir a thuge tdp A, ky hiéu 1a a € A. Nguoc lai, khi a khong phai 12 phan tir caa A, (a
zA).

Cac mo ta cua Tdap hop:

(i) Hém céc phan ti. Ta c6 the liét ké cac phan tir cua tap hop theo thir tu bat
ky dat trong cap dau ngoac {, }. Vi du: Tap cac so tw nhién chia hét cho 7
va nho hon 50 ¢6 thé viét 1a {7, 14, 21, 28, 35, 42, 49}.
(i) M@ ta tdp hop theo tinh chdt cia cac phan tie. T = {x | P(x)}- Pay la tap tat
ca x thoa man tan tu P(x).
Vi du: Tap cac so tu nhién chia hét cho 7 va nho hon 50 ¢6 thé viét:
{n | n la s6 nguyén duong chia hét cho 7 va nho hon 50}.

O day, P(x) la tan tir: P(x)= n la s6 nguyén dwong chia hét cho 7 va nho hon 50.

(iii) Pinh nghia d@é qui. Cac phan tir cia tap hop duoc xac dinh théng qua cac
qui tac tinh toan tur cac phan tu da biét.
Vi du: Tap céc sb giai thira cua n dugc dinh nghia:
n! :{fn | fO = 1, fn =n *fn-]_, n= 1, 2, }
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Tap con va cac phép toan trén tap hop
Tap A duogc goi 1a tdp con cua B (viét A < B), néu moi phan tir ciia A déu 1a phan
tor cua B.

Hai tap A va B 1a bang nhau (viét A = B), néu chiing c6 cling tap cac phan ti.
Thong thudng, dé chang minh A = B, chlng ta can ching minh A c B va B c A.

MGt tap dic biét khdng chira phan tir nao duoc goi 12 tdp trang (réng), ky hiéu 1a &.

Trén tap céac tap hop xac dinh mot sé phép toan: phép hop U, phép giao N, phép
trir - va tich Pé Cac dugc dinh nghia nhu sau:

AU B ={x|x e Ahoac x € B}, goi la hgp cta hai tap hop,
ANnB={x|x e Avax e B}, goi la giao cua hai tap hop,

A- B={x|x e Avax g B}, goi la hiéu cua hai tap hop.

C=U-A, véi U tap vil tru tat ca cac phan tir dang xét, dugc goi 1a phan bu
cua A.

Tdp tat ca cac tdp con cua A duoc ky hiéu 1a 24 = {B | B < A}, hoic @ (A).

A x B ={(a b)|acAvab eB}, goi la tich Bé Cac cia A va B hay con
duoc goi la tich tu nhién cua hai tap hop.

Vidu: Cho A= {1, 2}, B ={2, 3}. Taco:
AuB={1,2,3} AnB={2}; AxB={(,2),(1,3),(2,2), (2 3}
A-B={1}2*={0, {1}, {2}, {1, 2}}.;

Luc luong cua tap hop:

+) Néucactap A, Blahfuhan (|A|=m,|B|=n), thi]AxB|=mxn; | 2" |=2 A
=2m

+) S1, Sz ¢6 cung ban sé (lyc luong) < 3 f(1-1, 1én) f: S1 — S,
+) Néu S1, S, hitu han va Sy 1a tap con thuc sy cta Sy thi | S| < | Sz |-

+) Néu S1, S, la cac tap vo han, thi khing dinh trén khong dang.( S, = Z, Si =
Nguyén chan; f(x) = 2x la anh xa 1-1 tir Z 1én Sy).
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Pinh nghia: Gia sir S 1a mot tap hop bat ky. Mot ho cac tap con {A1, A, ... A}
cua S duoc goi 1a mot phan hogch cua S néu:
(i) ANA=J,i#],cactap conkhic nhau la roi nhau,

(i) S=Aru AU ... U A, hop cua cac tap con d6 chinh bing S
Vidu: S={1,2,3,... 10} co thé phan hoach thanh hai tap A; = {1, 3, 5, 7, 9}-
tap céc sb 1é va tap cac s6 chin A, = {2, 4, 6, 8, 10}.

1.2 Quan hé va Do thi.

Quan h¢ la khai niém co so quan trong trong khoa hoc may tinh ciing nhu trong
cudc séng. Khai niém quan hé xuat hién khi xem xét méi quan hé giita cac cap dbi
tugng va so sanh mot dbi twong nay véi dbi tuong khac, vi du, quan hé “anh em”
giira hai nguoi. Chlng ta c6 thé biéu din méi quan hé gitta a va b boi cip duoc
sap xép  (a, b) thé hién a 1a anh caa b, chang han. Trong khoa hoc may tinh, khai
niém quan hé xuat hién khi can nghién ciru cac cau tric cua di liéu.

Pinh nghia (hai ngéi): Quan hé hai ngdi R trén tap S la tap con céac cap phan to
cia S, R < 'S x S. Khix vay co quan hé R véi nhau ta viét x R y hoic (X, y) € R.

Vidu: Trén tap Z, dinh nghia quan hé R: X Ry néu x =y + 5.
Pinh nghia cac tinh chat: Quan hé R trén tap S Ia:

(i)  Phdn xa. Néu xRx véi moi x € S.

(i)  Doi xitng. Vi moi x, y € S, néu xRy thi yRx

(iii) Bdc cau. VSimoix,y, z € S, néu xRy va yRz thi xRz.

(iv)  (Phan d6i xtng) V&i moi X, y € S, néu xRy va yRx thi x = y.

Pinh nghia: +). Quan hé R trén tap S duoc goi la quan hé frong dirong néu né co
tinh phan xa, d6i xang va bic cau.

+). Quan hé R trén tap S dugc goi la quan hé thu t bé phdn < R
thoa man cac tinh chat (i), (iii), (iv)

+). Quan hé thi tw bé phdn R trén S duoc goi 1a thi tir todn phan trén
S« vxye S, hoic (x,y) € R hoic (y, X) € R.

Vi du:
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a/ Trén tap S, dinh nghia xRy < x = y. D& kiém tra ca ba tinh chat trén
quan hé = déu thoa man, vay = Ia quan hé tuong duong.

b/ Trong tap cac sinh vién caa Khoa CNTT ta c6 thé thiét lap quan hé R:
Sinh vién a quan hé R véi sinh vién b néu ca hai déu hoc cuing mét I6p. Hién nhién
quan hé nay ciing la quan hé twong duong.(R = Quan hé cung lop).

¢/ Trén tap S, dinh nghia xRy < x > y. D& kiém tra tinh ddi xtng khéng
duoc thoa man, do d6 quan hé > khong phai la quan hé tuong duong.

d/ (R, <), (2% <) la quan hé tha tu bo phan. (R, <) ?

e/ Tap X = {2, 3, 4, 5,6,10,12,15,30,60} va quan hé chia hét “|” 1a thir tu bo
phan trén X. (xly <3 k, y = kx - doc la: x chia hét y hoic y chia hét cho x)

Tap A vai quan hé thi tu bo phan R goi la duoc sap theo thir ty R

Pinh nghia: Gia st R 12 quan hé trong duong trén tap S va a € S. Lép cac phan
tir fwong dirong V6i a, ky higu 12 Ca= {b | b € S va a R b}. Lép Ca c6 thé ky hicu
la [a]k.

Pinh ly: Tap tat ca céac lép twong duong ctia quan hé R trén tap S tao thanh mot
phan hoach cua S.

Cheng minh: Ching ta can ching minh rang

() s=Uc,

aeS

(i) Can Cp= D néu C, va Cpkhac nhau, C, # Ch.

Gidstrs € SvaR laquan h¢ twong duong, nén s & Cs (sRs - tinh phan xa). Vi Cs< | JC,

aeS

nén S c | JC,- Mat khac, theo dinh nghia cta C,, ta ludn c6 Ca < S vo6i moi a cua S.

aeS

Vay |JC, S Tudosuy ra (i).

Trudc khi chiang minh (i), ching ta chl y rang

Ca= Cp néu aRb
Bai vi aRb thi bRa do R dbi xang. Gia st d € C,, theo dinh nghia cua C,,
aRd. Hon nita bRa va aRd, nén cin cr vao tinh chat bic cau cua quan hé tuong

9
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duong, ta c6 bRd. Suy ra deCp. Ttr d6 ching ta ¢6 Ca < Cp. Tuong tu ching ta co
thé chirng minh nguoc lai Ca < Cp. Két hop ca hai chiing ta c6 (1.1).

Ching ta chitng minh (ii) bang phan ching. Gia sit Ca N Cp # &, nghia 13 ton tai
phan tir d € Ca Cp. Khi d € C, thi aRd. Tuong ty d e Cy thi bRd. Vi R ddi xting
nén dRb. Két hop aRd, dRb suy ra aRb. St dung (1.1) ta c6 C, = Cp, vy mau thuin
Véi gia thiét.

Két lugn: Céac 16p tuong duong 1a tring nhau hoic roi nhau.

Vi du:

a/ Trén tap s6 tu nhién N, nRm khi m va n déu chia hét cho 2 s& c6 hai Iop
tuong duong 13 tap cac s6 chin va tap céac sb lé.

b/ Cac lop twong duong cua quan hé tuong duong trong vi du trén (b/)
chinh 1 céc 16p hoc da dugc xép trong mot Khoa.

Vén dé tiép theo dwoc quan tdm nhiéu khi nghién ctu cac hanh vi cua mot hé
thdng tinh toan, dac biét cac mébi quan hé giita cac phu thudoc ham dé 13 bao dong
cua mot quan hé.

Cho truéc quan hé R khéng co tinh phan xa, khdng bac cau; phai b6 sung bao
nhiéu cip quan hé véi nhau dé R ¢6 céc tinh chat d6. Vidu R = {(1, 2), (2, 3), (1, 1),
(3, 3)} trén tap {1, 2, 3}. R khong phan xa vi (2, 2) ¢ R. R khdng c6 tinh bac cau vi
(1, 2), (2, 3) € R, nhung (1, 3) ¢ R. Trong sé cac quan hé md rong R va cé tinh
phan xa, bac cau, vi du T = {(1, 2), (2, 3), (1, 3), (1, 1), (2, 2), (3, 3)}, ching ta
quan tdm nhat téi quan hé nho nhat chira R ma cé cac tinh chat do.

Pinh nghia: Gia sir R 1a mot quan hé trén tap S. Bao ddng bdc cdu cia R, Ky hiéu
R* 12 quan hé nhé nhét chira R va c6 tinh bac cau.

Pinh nghia: Gia s R [a mot quan hé trén tap S. Bao dong phan Xa, bdc cdu cua
R, ky hiéu R* 1a quan hé nho nhét chira R, c6 tinh phan xa va bac cau.

Pé xay dyng R* va R*, chung ta dinh nghia quan hé hop thanh (ghép) cua hai quan
hé R1, Ra.

Pinh nghia: Gia st Ry, Rz la hai quan hé trén tap S. Hop thanh cua R1, Rz, Ky hiéu R;°
Rz dugc dinh nghia nhu sau.

10
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(i) Ri°Rz={(a,c) |3 b €S, aRib va bR,c}
(II) R12 = Rlo R1
(III) R" = Rln'1° Ry, véin> 2.

Duya vao céc tinh chat cua tap hop va quan hé, ching ta c¢6 dinh Iy khang dinh su
ton tai cua bao dong bac cAu cua moi quan hé.

Pinh Iy: Gia s S [a tap hiru han, R 1a quan hé trén S. Bao dong bac cau R* cta R ludn
ton tai va R* = R U R?U R®... Bao déng phan xa, bac cau ciia R 1a R"= R®U R*. Trong
d6R°={(a, a) |a € S} la quan hé dong nhat.

Vidu: R={(1 2), (2 3), (2, 4} laquan hé trén {1, 2, 3, 4}. Tim R*
Chung ta tinh R'. Luu ¥, néu c6 (a, b) va (b, ¢) e R thi (a, ¢) € R2
R={(12),(273). (2 4}
R?=R°R={(1,2), (2 3) (2. 9} °{(1,2), (2 3), (2, 4}
={(1.3), (1, 4}
RP=R* °R={(1,3), (1, 9} °{(1, 2), (2,3), (2, 4}
= & (khdng c6 cap nao trong R? c6 thé ghép vai cac cap trong R).
R{=R°=...=(.
Vay, R*=RUR? = {(1, 2), (2, 3), (2, 4), (L, 4), (L, 3)}.
Vidu: R={(a, b), (b, ), (c, a)} la quan hé trén {a, b, c}. TIim R".
Trudc tién tim R™.
R?={(a,b), (b ¢), (c, )} ° {(a b), (b, ), (c, a)}
={(@ ¢), (b, a), (c, b)}
R®={(a c), (b, a), (c, b)} ° {(a, b), (b, ¢), (¢, a)}
={(a a), (b, b), (¢, )}
R*={(a,a), (b, b), (¢, )} ° {(a b), (b, ©), (c, a)}
={(a, b), (b,c), (c,a)} =R.

11
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Doviay,R"=R°UR*=R°URUR?UR?
= {(a, b), (b, ), (c, a), (a c), (b, a), (c, b), (a a), (b, b), (c, c)}
Do thi va cay (Graf and Tree):

+). Db thi la tap cac cap: G = (V, E), trong d6 V la tap hitu han cac dinh va E la
tap cac cap dinh (canh).

Puong di trén dd thi G la mot day cac dinh vi, Va,....., Vic, K> 1 va lac d6 (Vi , Vi)
2 mot canh, véi mdi i (1< i < k). P dai duong di 1a k-1. Néu vi = vi thi duong di
goi la chu trinh.

+). P thi dinh hudng: Tap G = (V, E), trong d6 V la tap hitu han cac dinh va E la
tap cac cap dinh co thir ty (cung) duoc goi la d thi c6 hudng.

Ky hiéu mot cung tu dinh v toi dinhw la v — w.

Puong di trong do thi dinh huong: La mot day cac dinh vi, Va,....., vk , k>1 sao
cho voi mdii (1< i<Kk) co mot cung tir vi toi Vier. Néu v — w, thi v la dinh truéc
va W la dinh sau.

+). Cay: Mot cay (Cay dinh hudng co thir tu) 1a mot db thi dinh hudng vai cac tinh
chat sau:

(1). C6 1 nat — goi la nat géc (khdng co nat trude nd va c6 mot dudng di tur
do téi moi mot it khac).

(2). M&i nit khac géc, co dung mot nat trudc.
(3). Cac nut sau cua mot nut déu duoc sap thir ty tir trai qua phai.
(4). Nut khdng co6 con goi la la cua cay.

1.3. Pai cwong vé ngdn nar.

Céac khai niém va dinh nghia:

+ Bang chir: La mét tap hop cac ky hiéu (chi, ky hiéu).

Vidu: Y ={0,1}; >={(,)}...Y ={a,b,c,....,z};...

12



Otomat va ngdn ngir hinh thirc

+ Xau, xau con: Xau (String, tu) Ki tu la day htru han céac ki hiéu trén bang
chit ndo d6; w1 1a xau con cua xau w néu w; duoc tao thanh boi mot day cac ki
hiéu k& nhau trong w; #.w = S ki ty a c6 trong xau w .

+ Do dai xau: La s ki tu c6 trong xau w (Ky hiéu la |w|). Xau rdng ¢ la xau
khéng co kitw naova |¢|=0.

+ Phép ghép cua 2 xau o va B : af Tao thanh bang cach viét cac ki hiéu cua

o trude, sau do 1a cac ki hi¢u cta B. D6 dai: |af|=|a|+||

Vi du: Cho w = 110010 1a mét xau trén Y. = { 0,1}, thi w1 = 100 la x&u con, w; =
011 khong phai 1a xau con cua w; | w | = 6; #1w = 3.

+ Ddo nguoc xau w la wR = 010011 (Xau dao vi hodc xau soi guong).

Céac phép toan trén tap xau

Cho A, B la 2 tap céac xau

+ Cé&c phép toan théng dung:
AUB={a|a <Ahoac a <B}
AB={aBf|a A va B B},
AxB={(a,B)|oc Avape B}.(Tich Bé cac).

Ly thtra cia mot tap:

AA™ n >1
An —_
{g } n=0
+ Bao dong, bao dong duong: A*= A'UA? UAS U ...... = UA

A* = A° UA® - 1a tap tat ca cac xau trén A (lay ki hiéu cua A).

Vidu: Cho A={0,1} tap cta 2 phan tir 1 va 0.
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Al={0,1}; A2=AA={0,1}{0,1} = {00, 01, 10, 11};
A% = AA? = {0,1}00, 01, 10, 11} = {000, 001, 010, 011, 100, 101, 110, 111};
A"=1{0,1, 00,01, 10, 11, 000,...... }.

Ngbn ngir: La mot tap hop cac xau c6 mét cau tric duoc quy dinh ndo d6. Cau
trdc ca cau duoc quy dinh ra sao thi phai xét dén van dé biéu dién cia ngon ngir
do.
Vidu: Caulénh NNLT: + if...... then.....else....
+ program.............. end.
Cac tu: if, then, else, ...... cac tir khoéa e Bang chir = (tir dién).

Cho ) la mot bang chitva Lc > * 1a mot ngon ngir trén Y. .

Vén dé dit ra: Lam thé nao dé biéu didn L (Chi rd cac xau cua L)?.

Néu L hixru han thi chi can liét ké cac phan ti. Nguoc lai, khi L la tap v han thi

chdng ta phai tim mot céch biéu dién hitu han cho 1 ngén ngit vo han.

Vi du: Li={a'|ilasé nguyén t6};

Lo={abl| ij > 0},
Ls = { we{a, b}* #.w =#w };

Téng quét: Dé biéu dién ngdn ngit (dudi dang hinh thirc), ngudi ta thuong sir dung

cac ¢ong cy: Van pham hoic Otémat.
Van pham: La 1 cong cu cho phép san sinh ra moi xau cta ngén ngi.

Otémat: La 1 cong cu cho phép doan nhan mot xau w bat ky cho trudc niao d6 co

thuoc ngbn ngir cho trudc hay khong?

Vidu: Cho Y = { a, b}, L 1a mdt ngdn ngit trén Y. dugc dinh nghia nhu sau:
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(1).eeL
(2). If X € LthenaXb e L
(3). Khéng con xau nao khac e L.
Theo dinh nghia, d& dang nhan thiy L = { a'b’'|i=0, 1, 2..};
1.4. Bai tap:

1.1 Chtng minh rang, néu X Ia tap hitu han thi [2X| = 2X
1.2 Nhitng quan hé R sau co phai la quan hé twong duong hay khong?

(a) Trén tap tat ca cac duong thang: 11RI néu lisong song véi I,
(b) Trén tap cé4c sb ty nhién N: mRn néu m - n chia hét cho 3,
(c) Trén tap cé4c sb ty nhién N: mRn néu m chia hét cho n,

(d) TrénS={1,2,...,10}: aRbnéua+ b = 10.

1.3 Cho f: {a, b}" — {a, b} xéc dinh bai f(x) = ax, véi x e{a, b}". Hoi f() c6
nhitng tinh chat gi?

1.4 Ching minh rang, néu w e{a, b} thoa man abw = wab, thi |w| 1a s6 chan.

Gii bai 1.4: Ta c6 thé chimg minh qui nap theo |[w.

(1). Néu w = ¢, hién nhién abe = gab. R rang [w| = 0 1a s chin, budc co s& qui nap
duoc khang dinh. (& 1a tir rdng)

(2). Gia str diéu can ching minh dting véi [w| <n.

(3). Ta xét nhitng ddy w c6 d6 dai n va abw = wab. Ta s& chimg minh |w| chan.

Do abw=wab vaw {a, b}, w # ¢, nénw = abw; v6i w; € {a b} va |wy| < n.
Khi d6, ababwi = abwiab suy ra abwi = wiab. Theo gia thiét qui nap w1| 13 s6
chin. Ttr d6 suy ra [w| = |w1| + 2 cling 14 sé chin.
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CHUONG 2: VAN PHAM VA CAC NGON NGU HINH THUC

Nhiém vu chinh cta Iy thuyét ngon ngir hinh thirc 1a nghién ctru cac cach dic ta

hiru han cua cac ngén ngir vo han.

Chuong hai, trinh bay nhitng khai niém, cac tinh chat co ban cua van pham va
ngdbn ngi hinh thirc. Noi dung bao gom:

e Cac khai ni¢m co ban cia van pham va ngdn ngit hinh thtc.

e Phan loai van pham va ngon ngir hinh thirc caia Chomsky.

e Ky thuat tim ngdn nglr cua Van pham G (Bai toan thuan), Bai toan
nguoc.

e Céc phép toan trén cac ngbn ngir va cac tinh chat cua chung.

e Tinh dé qui cua van pham cam ngir canh.

2.1 Van pham va cac ngon ngir

Trong ngdn ngit ty nhién, vi du tiéng Viét, c6 hai miu ciu chinh. Nhitng cdu ma
chung ta tap trung khao sat c6 dang:

<danh tw> <dong tw> <tragng tr> hodc <danh tu> <dong tir>.

Vi du: “Ca chay nhanh” hodc “Ca chay”. Trong cau “Ca chay nhanh” c6 céc tu
“Ca”, “chay” va “nhanh” dugc viét theo thtr tu x4c dinh. Néu ching ta thay cac
danh tir, dong tir va trang tir bang cac danh tir, dong tir va trang tir khac tuong tmg
thi vAn nhan dugc nhitng cdu chinh xac vé mat van pham. Khi thay “Ca” bang
“Hoa”, thay “chay” bang “di” va thay “nhanh” bang “chim” chung ta van co
nhitng cau dGng vin pham. Tuong ty ddi véi nhitng cau & dang thir hai.

Luu y: <danh twr> <dong tw> <tragng tr> khong phai 1a cau ma chi 1a mé tad mdt
mau cau. Néu chung ta thay cac thanh phan <danh tur>, <dong tuw>, <trang tu>
bang cac tir tuong thich thi s€ nhan dugc cac cau dung van pham.

Chung ta goi: <danh tir>, <déng tir>, <trang tir> 14 cdc bién (variable) hay cac
ky hiéu chua két thuc.

Cac tir “Ca”, “chay”, “nhanh” tuong ung duogc st dung dé tao ra cc ciu cu thé 1a
cac tur két thuc hodc ky hiéu cuoi.
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Nhu viy, méi cdu ciia mét ngén ngit la mét xdu dwoc tao ra bang cdc ky
hiéu két thirc. Dé tién cho viéc mo ta, ching ta sit dung S dé ky hiéu cho mot cau.
Khi d6, hai mau cau trén c6 thé dugc sinh ra tir cac quy tic nhu sau:

S — <danh tw> <dong tu> <trang tuw>
S — <danh tw> <dong tuw>
<danh tw> — Ca
<danh tuw> — Hoa
<dong tw> — chay
<dong tw> — di
<trgng tr> — nhanh
<trang tw> — cham, ...
Trong d6, — chi ra rang tir bén phai (vé phai) thay thé cho tir bén trai (vé trai).
Ky hiéu P 1a tap tt ca cac qui tic nhu trén, dugc goi 1a cac qui tic dan xuat (goi tat
la luat sinh); V la tap cac thanh phan cta cau nhu: <danh tir>, <dong tuw>, <trang
fir> va bang tir vung la 2, bao gom nhu: “Ca”, “Hoa”, “chay”, “di”, “nhanh”,
“cham”, ... Tt d6 chung ta c6 thé dinh nghia hinh thirc van pham la:
Mot b 4 thanh phan G = (3, V, P, S), trong d6
> = {Ca, Hoa, chay, di, nhanh, chdm} - c4c ky hiéu két thiic
V = {(<danh tir>, <djng tir>, <trang tir>} - cac ky hiéu chua két thic,
P 1a tap cac ludt sinh nhu trén va S 1a ky hiéu (bién) dic biét khai dau dé tao
sinh mdt cau. Cac cau duogc tao ra nhu sau:
(i) Batdautu S,
(ii) Lan luot thay thé cac ky hiéu chua két thuc (bién) bang nhing ky hiéu két
thac theo luat sinh.
(iii) Két thuc, khi xdu nhan dugc chi toan 1a nhitng ky hiéu két thuc.
Tong quat hda qué trinh néu trén, chiing ta dinh nghia vin pham hinh thirc nhu sau.
Dinh nghia. Vin pham 1a mot by 4 thanh phan G = (3,V, P, S), trong d6

() 'V Iatép hiru han khac rong cac phan tir duoc goi 1a cac bién, hay cac ky
hi¢u khong két thuc,

(i) X 1a tap hitu han khac rdng cac phan tir dugc goi 14 cac ky hiéu két
thuc, hay bang chir cai,

(i) VY =@, tap cic bién va tap cac ky hiéu két thic 14 roi nhau,
(iv) S 1aky hiéu dic biét cua V duoc goi la ky hiéu bat dau,

(v) P latap hitu han cac luat sinh dang a. — 3, trong d6 a, B & cac xau trén
V U 2 vave trdi aco it nhat mot ky hiéu chwa két thiic (cac bién).

17



Otomat va ngdn ngir hinh thirc

Luwu y: Tap céc luat sinh la hat nhan cua van pham va n6 dac ta ngén ngi sinh boi
vin pham d6. D6i véi cac luat sinh chiing ta luu y:

(i) Khdng cho phép thay thé nguoc. Vi du, néu S — AB 1a mot qui tic thi

ching ta c6 thé thay S bang AB, nhung nguoc lai khdng thé thay AB
bang S duoc.

(i) Khdng cho phép dan xuat nguoc. Vi dy, néuS — AB thi khong du dé co
duoc qui tic AB — S.
Vidu21l G=(2,V,P,S)lavan pham, trong d6

V = {<cau>, <danh tir><dong tu>, <trang tu>},
2. ={Ca, Nam, Hoa, chay, di, an, nhanh, cham},
S =<cau>
P = {<cédu> — <danh tir> <dong tur>,
<cau> — <danh tir> <ddng tu> <trang tur >,
<danh tr> — Ca, <danh tir> — Nam,
<danh tu> — Hoa, <dong tir> — chay,
<dong tu> — di, <dong tu> — an,
<trang tu> — nhanh, <trang tu> — cham }
Pé tién loi va don gian, trong cac phan sau ching ta s dung céc Ky hiéu:
a) Néu A la mot tap batky, A" ky hiéu tap tt ca cac xau trén A, A*= A"- A, voi

Alaxau rong, ’
b) Chir viet hoa A, B, A1, Az, ... ky hi€u cho cac bién (ky hi€u chua két

thdc),
c) Chirthuonga, b, c, ... ky hi€u cho cac tir két thuc, céc chit cai,
d) x,y,z w, ... kyhiéu cho cac xdu gom toan cac ky hi¢u két thuc,

e) a, B, Y, ... ky hiéu cho céc phan tir cua (V U Y)", cac xau cb ca tir két
thac lan chua két thic (dang xau),
f) X0=A, véimoitip X<V U,

2.2 Cac din xuit va ngdén ngir sinh béi vin pham

Cac luat sinh duogc sir dung dé sinh ra mot xau trén V U Y tir mot xau cho trudc.
Qua trinh st dung lién tuc cac luat sinh duoc goi 1a mot ddn xudt (suy ddn).
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Pinh nghia. Néu o — B 12 luat sinh trong vian pham G va Y, & a hai xau trén V
w Y., khi d6 xau Yad suy dan truc tiép ra YBS va duoc viét 1a Yad = YPS3.

oi véi luat sinh dang o — B. Trong G ta ¢6 o = B va viet don gian o = B.

Vidu2.2 G={0, 1}, {S} {S — 0S1, S - 01}, S}.

Do trong P ¢6 qui tic S — 0S1 nén 05815:G> 0°0S11° = 0°S1° .

Céc khai niém: Suy dan = va =~

+). X&u x suy dan truc tiép xau y tren VU Y. (Viét X = y) < 3CA4C Xau X,

V, X2, WSa0 Cho: X=X1 VX2, Y=X1 WX2 va v— w € P,

+). Xau x suy dan xau y (Xx=*y ) <3 Xo, X1,...Xk (k> 0) trén V U Y. sao

cho:
X =Xo, ..., Xk =Y VA Xi =X i+1 (0< i < k-1); k 1a 6 dai suy dan.
+). Ngbn ngir dugc sinh bédi Van pham G (L(G)) dugc dinh nghia:
LG ={w|wed*w}=S A*

Vidu:ChoG=(Y,V.P,S) v6i¥ ={a,b};V={S}

P= {S— aSb,S —abl, thi L(G)={a"b"|n e N, n >1}.

Mot cach mo ta khac vé suy dan:

Dua vao dan xuét = ching ta c6 thé thiét lap duoc quan hé R trén (V U Y))" nhu sau:
aRPnéua = .

Pinh nghia. Gia st o va B la cac xau trén V U 2, ching ta ndi rang o suy dan ra

(dan xuat ra) B, néu a. R™ B. NGi cach khac, o suy din ra B néu o = B, trong do =

1a bao dong phan Xa, bac cau cua quan hé 2 trén tap (V U X))
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Chay: (i) Duwa vao tinh chét cua quan hé =, hién nhién a = oL Vi moi

(i) Khia = B, o= B nghiala ton tai mot day au, oy, ..., on, N > 2 sao cho
a=o1= 02> ... o= Khi o= B thyc hién trong n busc dan

4 e n
Xuat, ta viet o = B.

Dinh nghia.

Ngon ngit sinh béi van pham G, ky hiéu L(G), la tap tat ca cac xau gom cac ky
hiéu két thuc thu dugc tir Ky hiéu dau tién S trong G sau mét sé lan dan xuat. Cac
phan tir cua L(G) goi 1a cac xau (hay cac tir) ctia ngbn ngir d6. Hién nhién,

LG) ={weX'|S = w}

Ta noi: Ngon nglr L(G) duoc sinh béi van pham G hoac G sinhra L.
Pinh nghia. Vin pham G; twong duong vi vin pham G, néu L(G1) = L(G»).

Vidu 2.3 Cho van pham G; = ({a, b}, {S, A, B}, {S - ASB, S > AB, A —>a, B —> b}, S}
vaGy=({a b}, {S'}, {S —aSh,S' — ab}, S'}.

D& nhan thy rang L(G1) = L(G,) = {a"b" | n > 1} va do vy hai vin pham nay
tuong duong véi nhau.

Luu y:

1. Moi dan xuat déu phai thuc hién trén co s& st dung céc luat sinh; khi sé cac
luat sinh sir dung ding mét lan thi ching ta viét o = P; khi s6 luat sinh Ion

hon mét lan thi viét 1a o = B.

2. Xau khong chtra cac bién, 1a mot xau (cau) cia ngdn ngit sinh bai van pham
G cho truéc.

Ky hiéu: (a) Khi G xac dinh thi ching ta viét don gian o : B thay cho a :G> B.

(b) NéuA — o, A € V la luat sinh trong P, khi d6 chiing ta goi la A-dan
XUA.
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(€) Khicd A > a1, A > o ..., A > am la cadc A-dan xuit, ching ta
viét ngan gon A — o | 02| ... | otm.
Sau day chung ta xét mot s6 vin pham va cac ngdn ngit sinh bai ching.
Bai todn thuian (Cho trwéc Van pham G, tim ngén ngir sinh béi G).
Vidu 2.4 Cho truée van pham G = ({0, 1}, {S}, {S —> 0S1, S — A}, S}, tim L(G).

ViS—> AnénS :G>A, nghia 1a A € L(G). Hon nira, véi moin>1,
S =0S1 =0%51%2 = ... =0"S1" =0"1"
G G G G G

Vithé 0"1" e L(G), véin>0.

Pé chi ra rang L(G) < {0"1" | n > 0}, chiing ta bat dau xét mot cau w bat ky thuoc
L(G). Vi moi cau w e L(G) déu phai xuat phat tir S. Nén, néu st dung S — A (ky
hiéu rong) truéc thi ta nhan duoc A. Trong truong hop nay w = A = 0°1°. Nguoc
lai, khi str dung luat sinh S — 0S1 thi sau d6 chiing ta c6 thé hoic sir dung S — A

hoic tiép tuc st dung S — 0S1. Qua trinh dan xuat d6 cua w c6 dang S :(}O”Sl” =
0"1",nghiala L(G) < {0"1"|n>0}
Vay L(G) = {0""|n > 0}.

Vidu 2.5 Cho trudc vian pham G = ({a, b}, {S, C}, P, S), trong d6 P = {S — aCa,
C—aCa|b}. Tim L(G).

Vi S —aCa— aba, vay aba € L(G). Hon nira

S —>aCa
S n_—G>l a"Ca" (ap dung n-1 lan luat sinh C— aCa)
= a"ba" (ap dung luat sinh C— b).

Suyraa™a" e L(G),n>1;nghiala { a"ba" |n>1} < L(G).

Miit khéc, moi cau ctia L(G) déu duoc dan ra va duoc bit dau bang luat sinh S — aCa.
Néu ap dung C — b thi ta nhan duoc aba. Nguoc lai 4p dung mét sé lan C — aCa thi
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nhan duoc a"Ca", C 1a bién van > 1. Sau d6 ap dung C — b, chling ta c6 a"ba". Tir d6 suy
ra

L(G)c{a"ha"|n>1}
Két hop hai bao ham thirc trén ching ta c6

L(G)={a"va"|n>1}
Vidu 2.6 Cho truéc G c6 cac luatsinh S —aS|bS|a|b. Tim L(G).
Chuing ta chi ra rang L(G) = {a, b}*.

Trudc tién ching ta nhan xét G chi c6 hai ky hiéu két thic a, b, nén L(G) c {a, b}".
Tat ca cac luat sinh ciia G déu la S-dan xuat, vay A thuoc L(G) chi khi S — A 1
mot luat sinh cua G. Nhung trong van pham trén khong co luat sinh d6, nén

L(G) = {a b} - {A}={a b}’

Pé ching minh {a, b}* < L(G), hdy xét day a; a, ... an, trong d6 a; 1a a hoic 1a b.
Luat sinh dau tién cd thé ap dung dé suy ra aiaz ... a, co thé 14 S — aS hoic S —
bS, tuy thudc ay = a hoic a; = b. Tuong tu Xét V4i ay, as, ... an.1. Cudi cung ddi véi
an chung ta ap dung S — a hoac S— b tuy thudc a, = a hoac a, = b. Vay

L(G) = {a, b}* .
Vidu 2.7 Cho G = ({0, 1,2}, {S, A}, P, S), trong d6 P gom:
1. S — 0SAZ2,
2.5 — 012,
3. 2A —> A2,
4. 1A - 11.
Chung minh rang L(G) = {0"1"2" | n > 1}.
Khi &p dung S — 012 thi S =012, do vay 012 € L(G).

Néu &p dung S — 0SA2

S = 0™S(A2)" (4p dung S —> 0SA2 n-1 14n)
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= 0M012(A2)™  (ap dung S —> 012)
— QMAM" (4p dung 2A—A2)

= (4p dung 1A —> 11 n-1 Idn).

Vay, 0""2" e L(G), n> 1.

Pé chirng minh L(G) < {0"1"2" | n > 1}, ching ta thuc hién nhu sau: Néu dau tién
str dyng S — 012 thi s& nhan dugc 012. Nguoc lai st dung S — 0SA2 mét s6 lan
thi s& c6 0™'S(A2)™. Pé loai dugc S thi bat budc phai st dung S — 012 va sé
nhan duoc 0"12(A2)™. Muén loai tiép A ching ta st dung 2A — A2 hoic 1A —
11. Luat sinh 2A — A2 chi doi chd cua A va 2. St dung 1A — 11 1a loai duoc
bién A. Do vay,

0"12(A2)™1 = 0"12A2 A2 ... A2, trong d6 c6 n-1 lan cap A2.

Ap dung n-1 lan 2A — A2,
0"12(A2)"™! = Q"1A™L 2
Sau d6 ap dung n-1 lan 1A — 11 thi duoc

0"12(A2)" = Qn1ngn

Suy ra L(G) — {0"1"2" | n > 1} va cubi cing L(G) = {0"1"2" | n > 1}.
Bai toan nguoe (Cho truéc ngdn ngir L, tim Vin pham G dé L(G)=L).

Vi du 2.8 Xay dung vin pham G, sinh ra ngén ngit L = {wew' | w € {a, b}'},
trong d6 w' 1a xau soi guong cua Xau w, 1a xau viét theo tha tu nguoc lai cua w,
thudng dugc goi 1a phép dao vi. Vi du, (abcde)™ = edcha.

Ching ta c6 thé chimg minh dugc G = ({a, b, ¢}, {S}, P, S), véi P ={S — aSa |bSb | c}
s€ sinh ra chinh ngdn ngir L.
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Vidu 2.9 Tim vin pham G sinh ra ngdn ngit L = {a"o"c'|n>1,i>0}.
D& nhanthiy L = Ly U Ly, v&i Ly = {a™" | n> 1} (trudng hop i = 0) va
L,={a""c¢'|n>1,i>1}

Ngdn ngir L c6 thé duoc sinh bai van pham c6 cac luat sinh S— A, A— ab, A — aAb
va L 1a két qua cua phép ghép Ly vai ¢, i > 1. Vay van pham G = ({a, b, ¢}, {S, A}, P,
S), trong do

P={S—> A A—ab, A—aAb,S— Sc}

Véin>1,1>0, ching ta co
S = Sc' = Ac' = a™Ab™I¢! = a™labb™1c! = a"b ¢!

Suy ra {a"m"c'|n>1,i>0}c L(G).

Pé ching minh chiéu nguoc lai, luu ¥ rang moi xau cia L(G) déu phai bat dau bang
mot trong cac S-dan xuat: S — Sc hodc S — A.

Néu bat dau bang S — A va sau d6 ap dung mét sb lan A — aAb roi cudi cling ap
dung A — ab thi:

S — A= a™Ab™! = ah"=a""c® € L(G).
Néu chlng ta bat dau bang luat sinh S — Sc va lap lai mot sé 1an thi s& nhan dugc
Sc'. Sau d6 4p dung cac luat sinh con lai nhu trén thi ching ta ¢ a"b"c’ € L(G).
Kétlugn: L(G)={a"c'|n>1,i>0}.
Vidu 2.10 Xay dung vin pham G dé sinh ra L = {a"b"c" | n > 1}.

Chlng ta c6 thé xay dung vin pham G dé sinh ra L bang phuong phap dé qui. Tuy
nhién, néu xay dung van pham sinh truc tiép ra L 1a twong d6i kho. Vay, ching ta
c6 thé thuc hién theo hai budc.

(i) Xac dinh cac qui tac dé dan xuat ra a"a.",

(i) Chuyén o vé bc".
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Pé ch cac xau a"a" dang (i), ching ta c6 thé sir dung nhitng luat sinh don gian nhu
S — aSa | ao.. Néu ¢ bude (i) ching ta sir dung ngay luat sinh a. — bc thi s& duoc
(bc)". Nhung dén day khong thé chuyén (bc)" vé dugc b"c” vi vé trai khéng cé bién
nao ca. Do vay ta c6 thé sir dung o = BC, véi B va C 1a céc bién. Sau d6 don cac
bién B vé bén trai con bién C vé bén phai bang cach sir dung qui tic CB — BC. Tur
nhitng luu v trén, ching ta ¢6 thé dinh nghia G = ({a, b, ¢}, {S, B, C}, P, S), trong
do

P={S— aSBC |aBC, CB —» BC, aB — ab, bB — bb, bC — bc, cC —»
cc}
Tiép theo chiing ta chirng minh rang L(G) = {a"b"c" | n > 1}.

Vi S = aBC = abC = abc, nén abc € L(G).

S = avIS(BC)™ (4p dung n-1 Iin S—aSBC)
= a™aBC(BC)™! (4p dung qui tic S—>aBC)
—, a"B"C" (4p dung n-1 lan qui tic CB — BC)
— a™lahB™IC" (4p dung 1 lan qui tic aB — ab)
— ab"C” (4p dung n-1 IAn qui tic bB —> bb)
= a"b™lhe C (4p dung 1 IAn qui tic bC — be)
= anh” (4p dung n-1 lan qui tic cC — cc)

Tir d6 chiing ta ¢6 L(G) < {a"b"c" | n > 1}.
Chiéu nguoc lai s& duoc khang dinh néu moi xau a"b"c", n > 1 déu dan xuat ra
duoc tir S-dan xuat (S = a"b"c").

That vay, néu n = 1 va sir dung céc luat sinh S— aBC, aB — ab, bB — bb, bC —
bc, cC— cc thi sé thu duoc abc.
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Véi n > 1 thi st dung n-1 1an S — aSBC va 1 lan S — aBC chlng ta s& c6
a"(BC)". Tiép theo chiing ta c6 thé st dung CB — BC hoic aB — ab sau d6 thém
bB — bb, bC — bc, cC — cc. Sir dung mot trong nhirng luat sinh trén ching ta sé
nhan dugc cic Xau cd cac bién B, C nim ca ¢ bén phai. Khi d6 xdy ra cac trudng
hop sau:

+ Néu B duoc don hét vé bén trai cta C thi sau d6 chi c6 thé ap dung bB — bb
cho dén khi loai hét bién B va sau d6 str dung bC — bc, cC — cc dé cudi cting ¢ dugc
a"b"c".

+ Gia str bién C dugc chuyén thanh ¢ trugc khi tat ca cac bién B duoc
chuyén thanh b, nghia 13 a"(BC)" = a"bica, i < n va a chi:a ca bién B 1an bién C.

Vi trong a"bica chi c6 o 1a chira cac bién chua két thic va vi ¢ dung truéc o nén
trong c&c qui tic ctia G chi c6 cC — cc 1a ¢6 thé duoc &p dung. Néu o khéng con
dan xuat tiép duoc nira (khdng cé qui tac nao cd thé ap dung) va bat dau bang B thi
khong thé dan xuat duoc thanh xau khong con bién. Nguoc lai, o bat dau bang C
thi 1ap lai viéc ap dung luat sinh cC — cc cho dén khi gip phai it nhat bién B, dang
a"'c*Ba’, i, k < n. Truong hop nay ciing twong tu nhu trén, khong thé sir dung
duoc luat sinh nao dé loai bo duoc bién B. Do vay, truong hop thir 2 nay khéng thé
dan xuat ra duoc cau cua L(G).

Két hop ca 2 trudng hop ching ta c6 {a"b"c" | n > 1} < L(G) va cubi cing la
{a"b"c"|n>1} =L(G)

Vidu2.11 Cho truéc G voi céac luat sinh S — aSa | bSb | aa | bb | A. Chung minh
rang:

(i) Moi xau (cau) cta L(G) déu co do dai chan,
(i) SO cac xau c6 do dai 2*n 1a 2"

Ménh dé dau (i) dé khang dinh vi khi 4p dung bat ky mét luat sinh nao cia G ciing
déu thay mot ky hiéu khdng két thac (S) bang hai ky hiéu két thic (a hoac b) (trur
S — A) va c6 nhiéu nhat mot ky hiéu khéng két thic. Do vay, qua mdi lan ap dung
mot luat sinh thi d6 dai ciia xau dugc dan ra ting 1én 2 trir qui tic S — A.
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Pé chirng minh ménh dé (ii), ching ta xét xdu w c6 do dai 2*n. Dya vao cac luat
sinh cta G, ching ta thdy w c6 dang a1 a; ... an an ... a2 a1, & ¢ dang a hoic b. Vay
sb tat ca cac xau nhu thé s& 13 2",

2.3 Phan loai ngon ngir (Van pham) ctia Chomsky

Cho truéc van pham G = (Z,V, P, S). Mudn phan loai duoc cac ngén ngir L(G),
ching ta phai dua vao cac dang khac nhau cua luat sinh P. Chomsky da chia cac
luat sinh ctia van pham G thanh 04 loai.

Khai niém vé ngi# canh.

Xét luat sinh dang Ay — day, trong d6 A 1a bién; ¢ dugc goi la ngi cdnh trai
con v goi la ngir canh phdi va dony 1 xau thay thé. Qua dé chung ta hiéu la chi c6
thé thuc hién dan xuat theo ngir canh va c6 dugc xau thay thé trong ngir canh trai
va phai nhu da xac dinh.

Vidu2.12
(i) Trong abAbcd — abBAbcd, ab la ngir canh trai va bed la ngit canh phai,
(i) AB — A, A la ngir canh tréi, A la ngir canh phai va o = A.

(iii) B — A, ca ngit canh trai, phai va o déu 1a A. Qui tic nay cho phép xoé
bién B trong moi ngi canh.

Pinh nghia. (Phan loai Chomsky): Cho trudc van pham G = (2.,V, P, S).

1. Néu cac luat sinh trong P khong co6 rang budc nao ca thi dugc goi la van pham loai
0, hay con goi Ia vin pham ngit ciu, vin pham cau triic cAu va ngdn ngit sinh boi nd
duoc goi 1a ngdbn ngir logi 0 (ngi cau). Céc luat sinh dang trén dugc goi la luat
sinh loai 0.

2. Néu céc luat sinh cua P c6 dang ¢Ay — doy Voi o # A thi vin pham duoc
goi la loai 1 (cam ngir canh, phu thudc vao ngit canh) va ngon ngir sinh boi
no6 dugc goi la ngdn ngiz logi 1 (cam ngir canh). Cac luat sinh dang trén
duogc goi la luat sinh loai 1. Luat sinh S — A duoc phép xuat hién trong vin
pham loai 1, nhung khi d6 S khéng duoc xuat hién & vé phai cua bat ky luat
sinh nao khac va khi d6 G duoc goi la van pham cam ngir canh suy rong.

3. Néu céc luat sinhcna P codang A - o véi A eV va o e (V UY)" thi van
pham dwoc goi la logi 2 (phi ngiz canh, khéng phu thudc vao ngir canh) va
ngdn ngt sinh bai nd duoc goi 1a ngbn ngir logi 2 (phi ngi canh). Cac luat
sinh dang trén dugc goi la luat sinh loai 2.
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4.

Néu cac luat sinh ctia P c6 dang A — ahoic A »> aB voi A, B eV va a €Y,
thi van pham dugc goi la loai 3 (chinh qui) va ngbn ngtr sinh boi n6é duoc
goi la ngbn ngir logi 3 (chinh qui). Céc luat sinh dang trén dugc goi la luat
sinh loai 3. Luat sinh S — A dugc phép xuat hién trong vin pham loai 3,
nhung khi d6 S khong duoc xuat hién ¢ vé phai cua bat ky luat sinh nao
khac. Van pham chinh qui c6 luat sinh S—A duoc goi la van pham chinh
qui suy rong.

Luu y:

v

Trong van pham cam ngit canh, ching ta cé thé st dung luat sinh A — A
deé xoa di mot bien A ma khong co6 dieéu kién nao. Luat sinh nay khong phai
la loai 1 ma la loai 1 mo rong.

Tat ca cac luat sinh loai 1: ¢Ay — day Vi o = A déu khong lam giam do
dai ctua xau thay thé, nghia 13 [dpAwy| < [dary|. Tuy nhién, néu o — B 1a luat
sinh voi | < |B| thi chua han n6 1a loai 1. Vi dy, AB — BA khong phai la
luat sinh loai 1. Phan sau chdng ta sé& chi ra rang nhitng luat sinh nhu thé c6
thé thay bang luat sinh loai 1.

Vé trai cua luat sinh loai 2 (phi ngit canh) luén 1a mot bién. Trong vin
pham loai 2 (phi ngir canh) c6 thé co luat sinh A — A, loai luat sinh rdng
cho phép xoa di cac bién trong c4c dan xuat.

Van pham chinh qui 1a van pham phi ngir canh; van pham phi ngir canh va
vin pham cam ngit canh 13 vian pham loai 0. Phan sau ching ta khang dinh
thém van pham phi nglr canh ciing la van pham cam ngit canh, chinh xac
hon 14 c6 thé loai luat sinh xo0a bién tw do A — A dé moi luat sinh loai 2
ciing 1a loai 1 ma van dam bao tuong duong gitta cac van pham.

MO ta phan loai ngin gon hon:

Chomsky chia Van pham G = (2,V, P, S) thanh 4 loai dva vao tap luat sinh P nhu

Sau:

Loai 0 (ngi cau): Khi P: oo — B, khong cé rang budc gi.

Loai 1 (Cam ngir canh): Khi P: a. =, voi ae (V UX)", Be (VUX)" vala|<|Bl.

Loai 2 (Phi ngix canh): Khi P: oo —B, voi aeV, e (V UY)".

Loai 3 (Chinh quy): Néu P c6 dang: A —aB, A —a hoic A —»Ba, A —a

Voi ABeV,ae).

Van pham loai nao sinh ra ngén ngtr loai do;
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Hé qua: NNCQ = NNPNC = NNCNC < NNNC
(3) (2) 1) 0)

Vi du 2.13 Tim loai cao nhat c6 thé &p dung cho cac vin pham c6 c4c luat sinh nhu
sau:

(i) S— Aa, A—c|Ba, B— abc. Luatsinh B — abc thudc loai 2 va A — c,
S — Aa, A— Ba laloai 3, vay van pham chira céc luat sinh nay la loai 2.

(i) S—> ASB|d, A — aA. Luatsinh S — ASB la loai 2, hai luat sinh con
lai la loai 3 nén van pham c6 nhitrng luat sinh trén la loai 2.

(iii) S—»>aA|bB, A—DbB|aS,B—>bB|bS, S—a, B—alb. Dékiémtra
tat ca cac luat sinh déu loai 3 va do vay van pham chira chung 1a vin
pham chinh qui.

Vidu2.14 Cho van pham G = ({a, b}, {S, A, B}, P, S)vaP:

S—aB A — bAA
S —> bA B-o>b
A—a B —> bS
A —aS B — aBB

Vin pham nay la phi ngit canh (loai 2). Ngon ngit sinh boi van pham nay gom tat
Cca Cac Xau ¢ s6 cac chir a bang sé céac chix b. Ching ta cd thé ching minh diéu
khiang dinh trén bing phuwong phap qui nap theo d6 dai cua xau. Ngoai ra bang
phuong phap qui nap ching ta cé thé chang minh céc tinh chat sau:

Véoiw e Y.
1. S = wnéu va chi néu w cd sb cac chit a bang sé céc chit b,
2. A = wnéu va chi néuw c6 sb cac chit a I6n hon sb cac chit b 1a 1,

3. B = wnéu va chi néu w c6 sb cac chix b 16n hon sé cac chir a la 1.

Chung ta chang minh tinh chat 1.

Buéc co sé: |w| =1 thi ching ta chi c6 A — a hoac B — b. Do vay tir S khdng thé
dan xuat ra xau nao co6 1 ky hiéu, nghia 1a tinh chat trén 1a dtng.
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Gia thiét qui ngp: Gia st tinh chat trén ding véi w va [w| < k. Chiing ta can chi ra
rang chung ciing dung véi w voi w| = k.

Trudc tién, néu S = w thi ddy dan xuat ndy phai bit dau bang luat sinh S — aB

hoac S — bA. Truong hop st dung S — aB thi w = aws, Vvéi wi| <kvaB = w; .

Theo gia thiét qui nap thi wy c6 s6 cac chir b Ién hon sé cé4c chit a 1a 1. Tir d6 suy
raw c0 s6 cac chit a bang sb cac chir b. Tuong tu dbi vai luat sinh thi hai.

Chuing ta chimg minh diéu kién da (“chi néu”): w co sb céac chit a bang so cac chir
bva|w| =k thi S = w. Biét ring trong w chi ¢6 a hoic b, do vay ky hiéu diu co
thé 12 a hoic b.

+ Néu ky hiéu dau la a thi ching ta c6 w = aw; vai [wa| = k -1 < k va sé ky
hiéu b trong w1 16n hon s6 Ky hiéu a 1a 1. Theo gia thiét qui nap thi B = Wi, tir do

suyraS —aB = aw; = w,nghiala S = w.

+ Tuong tu ddi véi trudng hop w bat dau bang b.
Tinh chat 2. va 3. ¢6 thé ching minh qui nap twong tu nhu trén.

Vi du 2.15 Hay lap van pham phi ngir canh sinh cac ngdn ngir trén bang chir céi
> ={a, b, ¢, d}thoa man:

L={x € Y| x c6 do dai chin, bit dau bang abc, két thic boi cd va chia
dung 3 vi tri cua c}.

Giai:
Xay dung van pham phi ngir canh sinh ra L.

Xét x € L, x ¢6 d6 dai chin va phai bat d¢au bang abc, két thic boi cd. Vay phan
dau va phan cubi da chtra 2 chit ¢ va c6 tong cong 5 chir céi. Vay:

X € L < x=abewde, w € Y v6i w co do dai 1a sb 1é va chira diing mét chit c.

< x = abowsewode, voi wi, Wi (X - {c})” = {a, b, d}* sao cho jwa| + Jwo| 1a s6
chan.
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Dua trén cau trdc cua tir x ta thiét lap duoc vin pham G sinh ra L ¢6 dang sau:
G=({a,b,c,d}, {S, A, B, C, D}, P, S), trong d6 P ¢6 cac luat sinh sau:
P = {S— abcAcAcd | abcBcBcd,
A—s aC | bC | dC,
C— aA |bA [dA | A,
B—>aD |bD |dD | A,
D—> aB | bB | dB}
Vidu 2.16 Hay lap vin pham phi ngit canh sinh ra ngon ngir L = {a"*b"*? | n >0}.
Giai:

Khi xay dyng vin pham sinh ra mot ngén ngit cho trudc, can phai thuc hién theo
hai buéc: Phan tich cdu tric cac tir ciia ngdbn Nge va sau dé tim cdc qui tic dé
sinh ra céac ter do.

(i) Phan tich: mdi tir x = a™b™? ¢6 thé viét thanh hai phan:

+ Cé4c tir con a, b? khdng phu thudc vao tham sb n dugc goi la phan cé dinh.
Phan nay c6 thé dat & cac vj tri c6 thé trén co so dam bao luat giao hoén.
Vi mdi cach dit s& tao ra mot vian pham tuwong duong.

+ Phan phuy thudc vao n: a", b". Khi n thay d6i thi s6 chix a, b ciing phai thay
d6i nhung phai dam bao sinh ra bang nhau. Ta goi cum nay 1a cum doi
xirng. Hién nhién (a", b") lap thanh cum doi xtng. Pé dam bao tinh doi
xang thi mdi cum ddi xiing phai do mot bién riéng sinh ra ching.

Ta c6 thé viét w e L bat ky dudi mot trong bén dang khac nhau:
w = a"ab’b" = aa"b"b? = a"ab"b? = aa"b%b"

(i) Xay dung van pham: T bon dang khac nhau ctia xau w ¢ bdn vin pham
twong rng nhu sau:

G1= ({a, b}, {S,A}, {S—»aSh [aAb, A—s ab?}, S)
G2= ({a, b}, {S, A}, {S—> aAb? , A —> aAb | ab}, S)
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Gs= ({a, b}, {S, A}, {S—> Ab?, A -5 aAb | aab}, S)

Gs= ({a, b}, {S, A}, {S—> aA, A —> aAb|ab%h}, S)
Hién nhién bén vin pham nay trong dwong véi nhau: L(G1) = L(G,) = L(Gs) = L(Gs) = L.
Vidu 2.17 Xay dung van pham phi ngtr canh sinh ra ngdn ngir sau

L = {a2m™ic™ g2 Igm2citofkigd*2 1 n m, i, k=0,1,2,...}

MJi tirw e L déu phan tich dugc thanh 4 cum doi xtmg nhu sau

w=a"ac"cd ¢®b® " ¢ c? % a2 a¥ voinmik=1,2,...
Ss

S
S1

Hai cum d6i xtmg (a®", b") va (c', a®) c6 quan hé tich ghép, nén ching phai duoc
sinh dong thoi. Ta chon Sy dé sinh ra (a?", b") va S, dé sinh ra (¢!, a®) cting mét luc.
Cum (c™, d?™) duoc 10ng trong (a®", b"), cum () 16ng trong (¢, a¥). Nhitng cum
dbi xtrng c6 quan hé 16ng nhau thi dugc sinh dan tir ngoai vao trong, nghia cum bi
chtra sinh sau cum chia no. Ta chon tiép Sz dé sinh ra (c™, d?™), S, dé sinh ra (4).
Khi d6 cum (a?", b") phai duoc sinh ra truéc sau méi dén cum (c™, d®™), tic 1a S;
phai xuét hién trudc Ss. Tuong tu, cum (c', a®) phai dugc sinh ra trudc (), tic 1a
S, phai xuét hién trudc Sa.
Ngoai ra, cac ky hi€u phu Si, Sy, S3, S4 da2 ddm nhan viéc sinh ra cac xau con cua
w, nén chiing khong thé dong vai tro 1a ky tu bat dau dugc. Boi vdy ta dua thém ky
tu bat dau S va van pham sinh ra L s€ c6 dang sau:

G={{a b, cdf} {S Si1, Sy Ss Sa}, P, S), trong d6 P gém cac luat sinh
Sau:

S — S;S;, (sinh ra 2 cum d6i xing tich ghép (a®", b") va (', a®))
S1 — a2S;b (Idp dé sinh ra cum dbi xing (a?", b")
S1 — aSb? (dan ra S, chuan bi dé sinh ra cum d6i xtmg (a™, b?™))
S, — €S,a? (lap dé sinh ra cum ddi xtng (c™, b®™))
S, — cd (két thiic viéc sinh ra phan dau cia xau w)

Ss — €S3a° (lap dé sinh ra cum dbi xtng (¢, a%))
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Ss — €2S,4a% (dua S4 vao chuin bj dé sinh ra (f€))

84 —> fS4 | f
Vidu2.18 Cho bang chircai 2. = {a1, a, ..., an}.

(i) Ngbn ngir L = 2" duoc sinh bai van pham chinh qui
G=(,{S}, {S—>aS|a,1<i<n} ).

(i) Ngbn ngir L gom tdt ca cac tir ¢é dé dai chan duogc sinh bai vin pham chinh
qui suy rong nhu sau:

G=0C{S, A} {S—aA|A A—7aS,1<i,j<n}S).

(iii) Ngon ngir L gom tdt ca cac tir ¢é do dai lé duoc sinh boi van pham chinh qui
suy rong nhu sau:

G =4S, AL{S —> aA, A > aS|A, 1<i, j<n} S).

2.4 Tinh d¢€ qui va cac tap dé qui
Khai niém tap dé qui duoc st dung trong nhiéu linh vuc khic nhau. Pé dinh nghia
tap dé qui chlng ta can nhac lai khéai niém thu tuc va thuat toan.

Mgt tha tuc dé giai mot bai toan 1a mot day céac cau Iénh xu ly cac dit liéu vao (day
vao) dé cho ra cac két qua (output) mong muén. Tap dix liéu vao co thé 1a tap rdng.

Mgt thudt toan 1a mot tha tuc dugc thuc hién va két thic sau hitu han cac bude doi
vGi moi dit liéu vao.

Pinh nghia. Tap X 1a dé qui néu c6 mot thudt toan kiém tra duoc mot phan ti co
thuoc X hay khong.

Pinh nghia. Tap X 1a dwgc danh sé dé qui néu c6 mot thi tuc Kiém tra duoc mot
phan tir ¢ thudc X hay khong.

Hién nhién 1a tdp dé qui sé dwoc danh sé dé qui (con goi 1a dé qui dém duoc).
Pinh ly. Ngbn ngir cam ngir canh la d¢ qui.
Chizng minh: Cho G = (,V, P, S). 1a ngdn ngir cam ngit canh vaw € X.". Chlng

ta can xay dung thuat toan kiém tra xemw e L(G) hay khong.
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Néuw = A, w e L(G) & S — A c6 trong P. Viéc kiém tra xem S — A ¢6 trong P
lubn thue hién dugc sau hitu han 1an vi luc luong cua P 13 hitu han.

Gia st |w| = n > 1. Thuat toan s& duoc thiét Iap dua trén viéc xay dung day cac tap
con {W;} cia V U Y. W; don gian | tap tit ca cac xau dan xuét ra & budc thi i va
¢6 dé dai nhé hon hodc bang n. Diy nay dugc xay dung dé qui nhu sau:

(i)  Wo={S},

(i) Wia=Wiu{B e (VUX)|3aeWisaocho a=pvap|<n},
Céc tap Wi thoa man céc tinh chat sau:

(iii) Wi < Wis, Vi moi i >0,

(iv) 3k sao cho Wk = W4,

(v)  Néu k la s6 nguyén nho nhat dé Wy = W1 thi
Wi={a e UX)|S=> ovala<n}

Tinh chat (iii) suy ra tir (ii). Dé ching minh (iv), chling ta xét N [a sb tit ca cac Xau trén
VU Y. ¢6 d6 dai nhé hon hodc bang n. Néu [V U= mthiN=1+m+ m?+ ... + m" boi
vi m' 14 56 cac xau c6 do dai i tren V U Y. N duge xac dinh va n6 chi phu thudc vao nva
m. Hién nhién 12 [Wi| < N, v&i moi i. Tir d6 suy ra (dua vao nguyén Iy chudng bd cau) Wi
= W1, VOT K< N.

Tu (i) va tr (iv) Wi = Wis1 kéo theo Wiw1 = Wiz, Vay ching ta ching minh dugc
tinh chat (v) vi

{oe(VUY) |S=avala|<n}=W;UWoU ... UWx UWyig ...
=W UWo U ... W =W, (tu (i1)).

Tinh chét (v) khing dinh w e L(G) (S =w) khi va chi khi w € Wi. Ching ta d&
biét 1A W1,W5> , ..., Wi duoc tao ra sau hitu han budc.
Thuat toan kiém tra w e L(G) duoc thuc hién nhu sau:

1. Xay dung Wy, W , ..., Wi nhu trong (i) va (ii) v& Wi = Wies.

2. Néuw e Wi thiw e L(G), nguoc laiw ¢ L(G). =
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Vi du 2.23 Cho van pham G ¢c60 S — 0SA:12, S — 012, 2A; —» A2, 1A; —>11.
Kiém tra

a/ 00112 € L(G)?. bé kiém traw = 00112 e L(G) hay khong, ching ta hay
xay dung W1, W , ..., Wi biét ring |w| = 5.

Wo = {S},
W = {012, S, 0SA:2},
W, = {012, S, 0SA:2},

W1 = W, va nhu vay k = 2 (mac di 0SA;2 = 0012A;2, nhung khong thé bd sung
0012A:2 vao W, vi n6 c6 do dai I6n hon 5). 00112 khéng nam trong W- vay né
khong dugc sinh boi van pham trén.

b/ w=001122 € L(G)?. Vi |w| = 6 nén chung ta co
W, = {S},

Wy = {012, S, 0SA:2},

W, = {012, S, 0SA:2, 0012A,2},

W; = {012, S, 0SA:2, 0012A:2,001A:22},

W, = {012, S, 0SA;2, 0012A;2, 001A;22, 001122},

Ws = {012, S, 0SA;2, 0012A;2, 001A;22, 001122},
D& kiém tra dugc 001122 € W, , suy raw € L(G).
Pinh Iy sau kha thi vi vé mat Iy thuyét tap dé qui va cac ngdn ngir hinh thic.

Pinh ly. Ton tai tap dé qui nhung khong phai la ngdn ngit cam ngir canh trén tap
{0,1}.
Chzing minh:

Pit Y, = {0, 1}. Céc phan tir (xau) cia X" duoc viét thanh day wi, i =1, 2, ... va duoc danh
so: A, 0,1, 00,01, 11, 000, ... Vi du wio = 010 1a phan tir thir 10 ciia day.
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Biét rang moi vin pham déu cd tap cac ky hiéu (chwa két thic va két thic), tap cac
qui tac 1a hitu han, nén tat ca cac van pham cam ngir canh xac dinh trén Y c6 thé
viét thanh day G1, G, ... sao cho G;cd chira wi.

Chung ta dinh nghia X = {wi € X" | w; ¢ L(Gi)} va chitng minh rang X 1a d¢ qui.
Néuw e X" thi chling ta cd thé tim duoc i d& w = wi. Qua trinh tim i ludn két thic
sau hitu han bugc kiém tra (s6 budc phu thudc vao |w|). Vi du, w = 0100 thi w =
Woo, 1 = 20. Vi Gy 1a van pham cam ngir canh, do vay ching ta (co thuat toan)
kiém tra duoc xem w € L(Gyo) hay khong (theo dinh 1y 3.3), suy ra X 1a dé qui.

Vén dé con lai 1a chitng minh X khéng phai 13 ngdn ngir cam ngir canh. Chlng ta
chtirng minh bang phan chiing. Gia thiét ton tai n sao cho X = L(Gy). Xét phan tir
thi n cua X" (tac wy). Theo dinh nghia cua X, w, € X kéo theo w, ¢ L(Gy). Piéu
nay mau than vai X = L(Gn). Nguoc lai, néu w, ¢ X sé& kéo theo w, € L(Gy), lai
mau than véi X = L(Gy). Do d6 X # L(Gy) véi moi n va X khong duoc sinh boi vin
pham cam ngi canh nao ca.

2.5 Cac phép toan trén ciac ngon ngir

Ngoai nhiing tinh chat caa cac 16p ngdn ngir nhu da khao sat & phan trude, nhiéu
tinh chat khac nhu kha ning thuc hién cac phép toan tap hop trén cac ngbn ngir
(xem nhur tap cac Xau, hay C4c tir) ciing rat quan trong va c6 nhiéu tng dung trong
viéc nghién ctru hanh vi cia cac hé thdng, trong d6 c6 1y thuyét chuong trinh dich.

Gia str A va B 12 hai tap cac xau bat ky. Ghép cua hai tap A, B 1a AB = {uw |u €A
vaw €B} (uw la ghép hai xau nhu ¢ chuong 1 da dinh nghia). Cho trudc tap A cac
Xau,

A% = A (tir rong)

Al = A

A" = A"A = AA", v&i moin>1va

AT = {u"|u e A} —tap céc tir dao vi (soi guong) cua A.
Gia sir L la ngdn ngir trén >, phan bl caa L la ngdn ngit, ky hiéu 1a LS = X" - L.
Pinh nghia. Ta n6i ngdn ngir £; dong véi phép toan @ néu

Vi, Lo e £ithiLi® L, e £,i1=0, 1, 2, 3.
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Pinh ly. Cac 16p ngdn ngit £o, £1, £2, £2 dong dbi vai phép hop L.

Chizng minh. Gia st L1, Ly € £, 1 =0, 1, 2, 3. 4p dung dinh ly 3.1 chling ta xay
dung dugc hai van pham G1 = (X1, V1, Py, S1), G2 = (X2, V2, P2, S;) thuoc loai i
dé sinh ra Ly, L, twong (ng. Cac qui tac trong Py, P> ¢6 dang oo — B, V&i a va B chi
chtra cac bién hoac c6 dang A — a, véi A 1a bién con a 1a ky hiéu két thic.

Khoéng mat tinh tong quét, ching ta cé thé gia thiét V' N V2 = & (bang cach dit tén
cac bién khac néu ching xuat hién trong ca hai tap).

Chung ta dinh nghia van pham mai
G= (VIuUV2U{S}, X1 U, P, S), trong d6

S la ky hiéu méi khong thuoc V! U V2 va
P=PiUP,U{S—>S;,S—>S}v6ii=0,1,2

Riéng ddi voi trudng hop cac ngdn ngit chinh qui (i = 3) thi
P=P,UP,uU{S—a|bA S—c|dB}néucdS;—a|bAvaS,—c|dA

P=P,UP,U{S—aS,S— bS}néucodS;—aS;vaS, —» bS;

Ching minh L(G) = Lt U L, ¢6 thé tién hanh nhur sau: Néuw e Ly U Lo thi Si=w

hoac S, = W. Vicd6S —> S;vaS— Sy, nén S = Slg w hoac S?Sz = W, suy raw

e L(G), nghiala Lyu L, < L(G).

Pé chitng minh chiéu nguoc lai L(G) Ly U Ly, hdy xét cau w e L(G), S = w.
Néu str dung qui tic S — S; thi cac budc dan xuat sau dé chi sir dung cac qui tac
trong G1 vi cac bién c6 thé xuat hién ¢ vé trai dé dan xuit duoc cua hai vin pham
la roi nhau. Do vay

S 2 Slg w, suy raw e L.

Tuong tu dbi véi truong hop khi sirdung S — S, s& dan ra

S:G> S,=> wvaw € L.
G2
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Cubi cuing ching ta c6 L(G) = Ly U Lo.

Hon nira, dé nhan théy, néu G1 va G2 la loai 0 hay loai 2 thi G ciing la van pham
thudc cuing loai i tat ca cac qui tic trong P cuing loai véi Py va Po. Néu A ¢ Ly u Ly
va G1, G2 cung loai 1 hoac 3 thi G ciing sé& cung loai d6. Khi A € Ly u Ly va Gl, G2
cuing loai 1 hoac 3, gia sir Ae Ly (twong tu d6i voi A € L) thi ching ta dinh nghia

G= (VIUV2U{S}, 21U, P, S), trong d6
S la ky hiéu méi khong thuoc V* U V2 va

P=(FP1-{S12>A}) U(P2-{S2 > A}) U{S—>S1,S—> S, S >A}
Hién nhién 14 A € L(G) va G ciing s& cung loai voi G1va G2. m
Pinh ly. Céc 16p ngdn ngit £o, £1, £2, £3 dong dbi v6i phép ghép ©

Chitng minh:  Gia sir Ly va L 1a hai ngon ngir loai i, i = 0, 1, 2, 3. Gidng nhu trong dinh
ly 3.5 c6 thé xay dung hai vin pham G1 = (X1, VL, P1, S1), G2 = (2, V2 P2, So)
thudc loai i dé sinh ra Ly, L, twong tng. Chlng ta s& chiing minh rang L L, ciing 14 ngon
ngtr loai i.

Vian pham moi dugce dinh nghia nhu sau:
Ge= Z1U 22 VIUV2U{S}, P, S), trong d6
S Ia ky higu mai khong thuoc VU V2 va
Pc=P1UP,U{S—> S:S;}voii=0,1,2
Riéng dbi vai truong hop chinh qui (i = 3) thi
Pc=P;UP,U{S—aS;|aS;} néucdS; — aS; | a
Trudc tién can chang minh LiL, = L(Gc). Néuw = wiw, € Ll thi Slé wiva S

é Wo. Vi S — $;S; ¢0 trong Pc, nén S = SiS, ? Wiw2 =W, suy raw e L(Gc). Do do

Li L, < L(G).
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Pé ching minh chidu nguoc lai, hdy xét w e L(Gg), S =55 W VI W =
nénw = W1W> va Slg W1 va Sg g Wo. T do suy ra L1L2 = L(Gc)

Van dé con lai 1a chirng minh G cuing loai i v&i G va Go.
Néu G; va G; cuing loai 0 hoac 2 thi tat nhién G ciing cung loai do.

Truong hop A ¢ L1 U Ly va Gy, G, cing loai 1, 3 thi hién nhién G¢ ciing sé& cling
loai gibng nhu G1 va Go.

Xét trrong hop A € Ly hoac A € Ly va Gy, G, cung loai 1 hoac 3. bat Ly’ = Ly - {A},
Lz' = Lg{/\}. Khi @o

L,'Ly ULy néu A el va A ¢ Lo
L;L, = L.'Ly uly néu A ¢ Ly VaA e L,

L,y ULl ulby u {A} néu A e L) va A e L,

Nhu d3 chirng minh & dinh 1y trudc, cac 16p ngdn ngir déu dong véi phép hop, nén
LiL, s€ la loai 1 hay 3 thuy thuoc L; va L la loai 1 hay 3 tuong Gtng. M
Chay:

= Phep ghép cac ngdn ngit khong giao hodn, nghia la LiL, # LoL.

= Phép ghép co tinh két hop vai phép hop va phép giao

Ly(LoU Ls) = Lk, U Lils

(LiU Lo)Ls= Lils U Lols

Ly(Lo~ Ls) = Lils A Lals

(LinLdls=Lils A Loks
Pinh ly. Cac lop ngdn ngit £o, £1, £2, £3 dong doi véi phép dao vi.
Chitng minh. Gia st G = (2.,V, P, S) la van pham loai i, i=0,1,2,3va L =L(G).
Chung ta can chi ra rang LT ciing 13 loai ngdn ngi i.

Xay dyng van pham GT = (2,V, PT, S), trong d6 PT gém nhitng qui tic tir P va dao
nguoc lai ca vé trai va vé phai cua ching.

PT={a">B"|aa—>p P}
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Nhu thé néu G 14 loai 0, 1, 2 thi kiém tra ngay duoc GT ciing 1a loai 0, 1, 2. B4i Véi
van pham chinh qui chdng ta chitng minh ¢ chuong sau. ®

Nhdn xét: Tir tinh chit dong cua cac 16p ngdn ngit ddi véi phép dao vi, ta dao

nguoc tuyén tinh trai s& tao ra tuyén tinh phai va nguoc lai.

Riéng ddi vai phép giao va phép lay phan b caa cac ngdn ngi thi tinh dong 1a kho
xac dinh hon. Pé tham khao & day ching ta chi néu két qua con phan ching minh
c6 thé tham khao tim hiéu thém.

Pinh Iy.

(i)  Cac 16p ngbn ngix £o, £1, £3 dong ddi véi phép giao.
(i)  L&p £5 dong vai phép lay phan bu.

(iii)  Lop cac ngdn ngir phi ngir canh khong dong véi phep giao va phep lay
phan bu.

Tinh dong cta £3 dbi v4i phép giao va phép lay phan bu s& duoc chimg minh ¢
chuong sau.

Vi du 2.24 Giao cua hai ngdn ngit phi ngit canh c6 thé khdng phai 1a phi ngix
canh. Xét hai ngbn ngi:
L; = {a"o"c' |n,i>1}
L, = {a"o'c' | n, i>1}
L1, L, 1a hai ngdn ngit phi ngit canh Vi ton tai hai van pham phi ngit canh
Gi1= ({a b, c}, {S, A}, {S>A | Sc, A—ab |aAb}, S) va L(G1) = Ly
G.=({a, b, c}, {S,A B}, {S> AB,A—a|aA B —bc|bBc}, S)va L(Gy) =L

Tuy nhién, Ly N L, = {a"b"c’' | n, i > 1} ~ {a"b'c' | n, i > 1} = {a"b"c" | n > 1} khéng
phai 12 ngdn ngir phi ngir canh (xem B dé Bom cho NNPNC).

Vi du 2.25 Phan bl cua ngdn ngit phi ngit canh c6 thé khdng phai 1a phi ngix canh.
That vay, xét hai ngdn ngit phi ngir canh Ly, L, da cho & vi du 2.24. Néu ngdn ngit
phi ngit canh dong voi phép lay phan bu thi L;¢, L, sé& la cac ngdn ngit phi ngir
canh. Béi vi 16p cac ngdn ngix phi ngit canh déng véi phép hop nén Li¢ U L,°
cling 1a phi ngit canh. Tuong tu, suy ra (L;° U L,%)¢ la ngdn ngit phi ngix canh.
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Mt khéc, theo luat De Morgan's thi Ly n Lz = (L1€ U L2°)C, vay mau thuin véi két
luan néu trén, vi ¢ vi du 2.24 da khang dinh Ly n L, khong phai la phi ngit canh.

Bai tip vé viin pham va cac ngén ngit sinh
2.1 Tim ngbn ngir sinh boi cac van pham sau:

(3) S—>0S1|0Al, A—1A|1
(b) S—>0S1|0A|1B|0|1, A—0A|0, B—1B|1
(©) S—>O0A|1S|0|1, A—1A|1S|1
(d) S—0A|1S]0|1, A— 1A0|1S|1
2.2 Xay dyng van pham dé sinh ra cac ngdn ngir sau:
(a) Tap tat ca cac xau trén {0, 1}, trong d6 s6 cac chir s6 0 bang sé cac chit sb 1.
(b) {0"1m0™1" |m, n> 1}
(c) {0"1>|n>1}
d) {0""[n>1} U {1"0"™ |m>1}
2.3 Xay dung van pham G sao cho L(G) = {a"ba™|n, m>1}.
2.4 Cho G voi luatsinh S — aS | a. Hay chi ra rang L(G) = {a}".
2.5 Tim vin pham dé sinh ra ngén ngir L = {akb"c" |n>1,k>0}
2.6 Xay dung
(a) Van pham cam ngir canh nhung khong phai la phi ngi canh,
(b) Van pham phi ngit canh nhung khong phai la chinh qui,
(¢) Vin pham chinh qui dé sinhra {a" |n> 1}.
2.7 Xay dyng van pham phi ngit canh dé sinh ra:
(@ {0M" |[m=#nvam,n>1}
(b) {0™"|1<m<n}
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(c) {ab™c"|I+m=n}

2.8 Xay dung vin pham chinh qui dé sinh ra:
@ {&"|m >1}
(b) Tap tat ca cac xau trén {a, b} két thac bang a
(c) Tap tat ca cac xau trén {a, b} bat dau bang a
(d) {ab™c"|l, m,n>1}

2.9 Chtrng minh rang G; = ({a, b}, {S}, P, S), trong d6 P; = {S — aSh | ab} la
tuong duong véi G, = ({a, b}, {S, A, B, C}, P2, S), v6i P, ={S - AC, C —>
SB,S—> AB,A—>a, B— b}

2.10 Xay dung van pham dé sinh ra {(ab)" | n> 1} U {(ba)" | n > 1}.
2.11* Cho ngdn ngit phi ngit canh L = {a"0b"c™d™ | n >0, m > 0, k > 0}
(i) Hay tim van pham phi ngir canh G sinh ra L.

(i) Hay kiém tra xem cac tir a®0%b3c2d?, a?0%b%cd c6 duoc sinh ra bai van
pham G tim dugc trong cau (i)?

2.12 Xay dung vin pham dé sinh ra
() Lo ={(ab)" [n >0}, Lo = {(ba)" | n> 0}
(II) L=Liul
(i) L = LyLy
2.13" Xay dung vin pham phi ngit canh sinh ra ngdn ngi
L = {x e {a, b}*| s lan xuét hién cua a I6n hon s6 1an xuat hién b trong x}
2.14" Xay dyng vin pham phi ngit canh trén > = {a, b, c, d, e} sinh ra ngdn ngix
1. L={w e X" |w bat dau bang abc, két thlic bang cde, chira dung 3 vi tri cia
¢ va w c6 do dai chan}
2. L={w e X" |w bat dau bang abc, két thiic bang cde, chira dtiing 3 vi tri caa
b va w ¢6 do dai lé}
3. L={w e X" |w khdng chua tir bed}.
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CHUONG 3. LY THUYET OTOMAT

Chuong 3 gidi thiéu nhitng khai niém co so va cac tinh chat caa ly thuyét 6tdmat:

v' Céc khai niém co ban va céc tinh chat cua 6tdmat,

v/ Céc tinh chat cua ham chuyén dbi trang théi,

v" Su twong duong cua 6tdmat hiru han don dinh va khong don dinh,
v' Mot sé van dé lién quan dén cuc tiéu hoa dtdémat hiru han.

3.1 Otomat hiru han

Trong khoa hoc may tinh, thuat ngir 6tdmat duge hiéu 1a may xu ly tu dong trén dur
lidu roi rac. Mbi 6tdmat duge xem nhu 1a mot co ché bién ddi théng tin gdm mot
bo diéu khién, mot kénh vao va mot kénh ra.

li——— Otomat - 0
—
—
S — 1, 02, --- qn | e, O]
EEEEE———
— >
Hinh H3-1 Mo hinh cta 6tomat roi rac
Trong d6 c6 cac thanh phan:
1. Pdu vao (input). O mdi thoi khoang (roirac) t1, t, ..., cac dir liéu vao I, I, ...,

14 nhitng s6 hitu han cac gia tri tir bang chit cai Y dau vao.

2. Ddu ra (Output). O1, Oy, ... Om: céc két qua xur 1y ctia hé thong

3. Trang thdi. Tai mbi thoi diém, 6tdmat c6 thé & mot trong cac trang thai q,

q2, .. (n.

Quan hé giira cdc trang thdi. Trang thai tiép theo ctia 6tomat phu thudc vao
hién trang va dau vao hién thoi, nghia la dugc xac dinh phu thudc vao mét
hay nhiéu trang thai trude va dir 1i€u hién thoi.

Quan hé két qua. Két qua cia 6tdmat khong nhitng chi phu thude vao cac
hién trang ma con phu thudc vao cac dau vao. Nhu vay, két qua (dau ra,
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output) ctuia 6tomat dugc xac dinh theo dau vao va cac trang thai thuc hién
cua no.
Chung ta xét dinh nghia hinh thirc vé 6tdmat hitu han trang thai goi tat 1a 6tomat
htru han.
Mot céach hinh thirc, 6tdmat hitu han dugc dinh nghia nhu sau.

Pinh nghia. OtOmat Aitu han don dinh (goi tit 14 6tdmat hiru han), ky hiéu 1a OTPD, cd
thé biéu dién dugc bai bd 5 thanh phan M = (Q, Y., 5, qo, F), trong do:

(i)  Q la tap hitu han khac rong céc trang thai,

(i) X l1a tap hitu han khac rdng cac ky hiéu dau vao (bang chit cai), voi gia
thiétQ N Y. = &,

(i) o 13 anh xa tir Q x X vao Q va duoc goi 13 ham chuyén trang thdi. Ham
nay mo ta sy thay doi trang thai cua 6tdmat va thuong dugc cho biét
dudi dang bang chuyén trang thai hay do thi chuyén trang thai.

(iv) Qo € Q 1a trang thdi khéi ddu,
(v) FcQlatap cac trang thdi két thic. Tong quat: | F| > 1.

M6 hinh trén c6 thé duoc mé ta nhu trong hinh H3- 2.

Xau duogc xur ly

v v

Bang di liéu vao

Pau doc R

Bo diéu khién
hiru han

Hinh H3-2 So d6 khéi cua 6tdmat hitu han
Otdmat hiru han trang thai gdm céc thanh phan sau:

(i)  Bang dir liéu vao. Bang dir liéu vao dugc chia thanh cac 6, mdi 6 chia
mot Ky ty tir bang chit cai Y, trong d6 6 dau dugc danh diu cho su bat
dau bang © va 6 cudi dung $ dé danh dau két thic. Khi khdng st dung
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cac 6 danh dau do6 thi bang dit liéu vao s& dugc xem nhu ¢ d6 dai vo
han.

(i) Pdu doc R. Mdi lan dau doc chi xem xét mot 6 va cé thé dich qua phai
hodc qua trai mot 6. Pé don gian, chlng ta gia thiét dau doc chi dich
qua phai sau méi lan xu ly.

(iii) B¢ dieu khién hiu hgn. Bo nay diéu khién hoat dong cua 6tdmat mdi
khi doc mot dit liéu vao. Khi doc mot ky hiéu vao, vi du a, ¢ trang thai
q 6 thé cho cac két qua sau:

(a) Pau doc R van ¢ nguyén tai chd, khdng dich chuyén,

(b) Chuyén sang trang thai khac duoc xac dinh theo o(q, a).
Dé hiéu dugc hoat dong cua cac 6tdmat, ching ta can phai tim hiéu cac tinh chat,
dic trung cua ham chuyén trang thai.

3.1.1 Cac tinh chat ciia ham chuyén trang thai

Ham chuyén trang thai 12 mot 4nh xa xac dinh trén cac cap: (trang thai, ky hiéu
vao), do vay khong thé st dung truc tiép dé doan nhan cac xau, ma phai mo rong o
thanh anh xa

c:QOxXY"'>Q
nho cac tinh chét sau.
Tinh chat.
(i) VqeQ,o(g, A)=q, VvSi A latrrdng. Nghia 1a 6tomat chi thay doi trang
thai khi c6 dir liéu vao. (3.1)
(i) vwe X' ae, o(q, aw) = o(c(q, a), w) (3.2a)
o(q, wa) = o(c(q, w), ) (3.2b)

Ménh d@&. Vi moi ham chuyén trang thai o va véi moi xau vao x, y,

(9, xy) = o(c(q, X), ¥) (3.3)
Chitng minh: Qui nap theo |y|, nghia 14 theo sb ky tu trong y.
Co so: Khily| = 1, y = a, thi o(q, Xa) = o(o(q, X), a) dung theo tinh chat (3.2b).
Gia sur rang (3.3) ding v&i moi Xau X va voi nhitng xau y ¢6 n phan tir, | y| = n.
Khi xau y c6 do dai la n+1, ta c6 thé viéty = yia, vai | ya| = n. Khi d6
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o(q, Xy) = o(q, xy1a) = (g, X1a), VGi X1 = Xy1
= o(o(q, x1), ), Theo (3.2b)
= o(c(q, xy1), a)
= o(o(o(q, X), y1), @), Theo gia thiét qui nap
= o(o(q, X), yia), Theo (3.2b)
= o(s(a, x), y).
Do vay, tinh chat (3.3) dtng v6i moi Xau X, y. m

3.1.2 Cac phuwong phap biéu dién 6tomat
Cho trudc mot 6tdmat, thue chat 1a chi can cho biét ham chuyén trang thai caa no.
Ham chuyén trang thai cé thé dugc cho dudi 2 dang.

Phwong phap biéu dién bing bang chuyén trang thai

Mot 6tomat co thé duoc cho dudi dang bang chuyén trang thai

Céc trang | Ky hiéu vao
thai

di dy dn
Jo> c(do, a1) o(Qo, a2) (0o, an)
01 o(du, a1) o(dy, az) o(qu, an)
Qs O o(gr, a1) o(gr, a2) o(r, an)
Ok oGk, a1) o(Gk, @) (0, an)

trong 46, Q = {q1, Ga, ... qk}, 2. = {ay, a, ..., an} va F 1a tap tat ca nhitng trang thai
gr (nhitng trang thai nam trong hinh tron), qo 1a trang thai bat dau
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Vi du 3.2 Xét 6tdmat hitu han c6 ham chuyén trang thai duoc xac dinh theo bang
sau

Bang B3.1 Bang chuyén trang thai cua M

Déy vao

Trang thai 0 1
% Q2 O
Q1 s o
02 Qo O
Q3 Qi Q2

Q = {0o, 01, 02, 93}, > = {0, 1} va F = {qo}, qo Vira la trang thai bat dau (c6 miii tén
di dén) vira la trang théi két thic (nam trong mot hinh tron).

Phwong phap biéu dién bang dd thi

Ham chuyén trang thai c6 thé biéu dién dudi dang do thi c6 hudng, trong d6 mdi
trang thai 12 mot dinh. Néu tir ky tu vao a € Y, va tir trang thai q 6tdmat chuyén
sang trang théi p (o(q, a) = p) thi s& c6 cung di tir g dén p véi nhan 1a a. Binh ang
VGi trang théi bat dau (qo) c6 mili tén dén, nhitng dinh @ng véi cac trang thai két
thuc (thuoc tap F) dugc khoanh trong vong tron kép, nhirng dinh con lai dugc
khoanh trong vong tron don.

Vi du 3.3 Otémat hitu han c6 ham chuyén trang thai dugc xac dinh theo bang ¢ vi
du 3.2 dugc biéu dién bing db thi nhu sau:
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Hinh H3-3 Biéu dién db thi ctia 6tdmat

3.1.3 Ngon ngir doan nhan dugc ctia 6tomat
Pinh nghia. M6t xau x dugc doan nhan bgi 6témat hitu han M vaéi

M=(Q, Y, 5, do, F), néu o(qo, X) = g, V6i q € F, nghia 1a 5(qo, X) € F.

Pinh nghia. Tap tat ca cac xau (con dugc goi 1a ngdn ngir) duoc doan nhin boi
otomat hiru han M = (Q, 2, &, qo, F), duoc ky hiéu 1a

TM)={x e X" | o(qo, X) € F}

Vi du 3.4 Xét 6tdmat hitu han cho truéc & vi du 3.2. Ta dé dang kiém tra xau x =
110101 la chap nhan dugc boi M. That vay,

o(qo, 110101) = o(qs, 10101) = 6(qo, 0101)

G(C]z, 101) = G((]s, 01)
= o(d, 1) =o(qo, A) =QoeF

Vidu 3.5 Xet 6tomat hitu han M dugc cho nhu ¢ hinh sau

a

=

%‘\b/

Hinh H3-4 Biéu di&n db thi cua 6tdmat hitu han M cho trudc

Dua vao céc tinh chit va cach biéu dién cua ham chuyén trang thai trén d6 thi dinh
hudng, ching ta nhin thay:
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= Mot xdu (mot tir) doan nhin duge bai M 1a diy cac ky tu dau vao (cac nhin
trén cac cung) trén duong di tir dinh bat dau dén mot trang thai két thiic nao
do.
= Ngon ngit doan nhan dugc boi M 14 tap tit ca cac xau dugce ghép tir cac nhin
trén tat ca cac duong di tir dinh bat dau dén cac dinh két thuc.
Tir nhén xét trén, ta suy ra ngdn ngtt doan nhan dugc béi M s¢ 1a

T(M) = {a(ba)"a, b™|n>0, m> 0}

3.2 Otomat hiru han khong don dinh

Chiing ta d3 nghién ctiru nhirng 6tdmat ma tir mot trang thai (chua két thic) va mot
Ky tu vao thi trang théi tiép theo cua ching dugc xac dinh duy nhat. Tiép theo
chung ta xét truong hop nhing 6tdmat hiru han ma trang thai tiép theo nhu trén
khong xéac dinh duy nhat.

Chiing ta hiy xét 6témat dugc cho béi do thi nhu trong Hinh H3-5.

0 1
0
%
1 1

Hinh H3-5 Hé bién d6i biéu dién 6tdmat hitu han khong don dinh

Khi ¢ trang thai qo va dir liéu vao 1a 0, thi 6tdmat chuyén dén trang thai nao?. Theo
hé thdng trén thi nd ¢ thé hoic chuyén dén g; hoic quay vong tré lai chinh qo.
Nhu vay, trang thai tiép theo ciia 6tomat khong xac dinh duy nhat khi nhan dit liéu
vao 0. Nhitng 6tomat nhu vay dugc goi la 6tdmat hizu han khong don dinh (khong
tat dinh).

Pinh nghia. Mgt 6témat hitu han khéng don dinh (OTKDD), goi tat 1a 6tdmat
khéng don dinh, 1A bd 5 phantae M = (Q, ¥, o, qo, F), trong d6

(i) Q 1a tap hiru han khac rong céc trang thai,
(i) X 1a tap hiru han khac rong cac ky hiéu vao (bang chit cai), véi Y, N Q = &,
(iii) o 13 4nh xa tir Q x X vao 29 (tap tit ca cac tip con ciia Q),
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c la anh xa tr Q x > vao Q va dugc goi 1a ham chuyén trang thai (M 1a
OTPD)
(iv) go € Q 1a trang thai khoi dau,
(V) F<QIlatip céc trang thai két thac. Tong quat thi | F| > 1.
Chung ta nhan thay su khac nhau gitra don dinh (tat dinh) va khong don dinh cua
6tdmat chi 1a & ham chuyén trang thai o. D4i v6i 6tomat don dinh (OTPD), két
qua cua o chi 1a mot trang thai, 1a mot phan tr cua Q; con dbi véi 6tdmat khdng
don dinh, két qua cua ham chuyén trang thai o 1a mot tap con cac trang thai cua Q.
Tuong ty nhu d6i voi 6tomat don dinh, ham chuyén trang thai duoc xac dinh trong
dinh nghia 6tomat khong don dinh la mot anh xa xac dinh trén cac cap trang thai
va ky hiéu vao, do vay khéng thé su dung truc tiép dé doan nhan cac xau, ma phai
mao rong o thanh anh xa

6:29 x 3" 5 29 nho cac tinh chat sau.

Tinh chat.
(i) vweX’, Yw e Q, o(q, w) = o({q}, w) (3.4)
(i) VScQ,o(S, A) =S, (3.5)
(i) vScQ, VaeX, oS, a) = (Js(q,a) (3.6)
(iv) VScQ, VaeX, Vw €)', (S, aw) = 5(c(S, a), w) (3.7)

Pinh nghia. Xau w €X" dodn nhdn dwoc béi mgt OTKPD M néu o(go, W) ¢6
chtra mot s6 (it nhat mot) trang théi két thac.

Luu y:

= Khi M 1a 6tomat khong don dinh, o(qo, W) ¢ thé ¢6 nhiéu hon mét trang
thai. Do vay, w duoc doan nhan bai M néu tir go va doc dit liéu vao lan luot
theo w (tir trai qua phai) ta c6 mot cach dé dat dén duoc trang thai két thc.
= Trong d6 thi biéu dién cho 6tdmat khong don dinh M, w €Y dodn nhdn
dwot bdi M ciing chinh 1a day cac nhan trén cac cung cia mot duong di tur
dinh bat dau dén it nhat mot dinh két thuc.
Vi du 3.6 Xét 6tomat khong don dinh duoc biéu dién bang biéu db chuyén trang
thai nhu hinh H3-6.

N WG )
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Hinh H3-6 Otomat khéng don dinh M

Luu y: Khi & mot dinh ¢6 nhiéu hon mot vong khuyén (mét cung quay lai chinh
no) voi cac nhin khac nhau thi ¢é thé chi can vé mot vong khuyén véi cac nhan
cach nhau bang diu phay ¢, nhu & cac dinh do, 1, g4 & hinh trén.

D3y c4c trang thai xac dinh boi ddy vao 0100 dugc md ta qua ham chuyén trang
thai nhu sau:

o(qo, 0100) = o ({qo}, 0100) Theo (3.4)
= o(c({qo}, 0), 100) Theo (3.7)
= o(o(qo, 0), 100) Theo (3.6)

= 0({qo}, 100) = o(c({qo}, 1), 00)
= o(o({qo. g3}, 0), 0)

= o(o(do, 0) W o(gs, 0),0)  Theo (3.6)
= o({Q4} v o(s, 0), 0)

= 0(q4, 0) W o(a (a3, 0), 0)

{94} Y o(c (g3, 0), 0)

Vi g4 12 trang thai két thuc nén day 0100 1a doan nhan duoc boi 6tomat khong don
dinh trén.

Tuong tu, ddy 0100 ciing chinh la day cua cac nhan trén duong di tir o, qo, 03, J4,
va ké thic & qa, nén né dugc doan nhan bgi M (hinh H3-6).
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Tir d6, chung ta c6 tap tat ca c4c tir doan nhan béi mot 6tomat dugc dinh nghia nhu
Sau.

Pinh nghia. Tap cac xau (ttr) dugc M (don dinh hoac khéng don dinh) dodn nhdn
|4 tap tat ca cac xau dit liéu (ddy cac ky tu) dau vao duge doan nhan boi M; ky hiéu
T(M).

T(M) ={w € X" | o(go, W) N F = &}

Tap cac xau duoc doan nhan (hay doan nhan dugc) boi mot 6tdmat thé hién kha
ning tinh toan cua hé théng va md ta hanh vi ctia mot 6tdmat. Tap doan nhan duoc
bai mot 6tdmat thuong con dugc goi la ngdn ngir duwoc dodn nhan bai 6tdmat do.

3.3 Su twong dwong ctia 6tomat don dinh va khong don dinh

O trén chung ta d4 phan biét hai loai 6tomat don dinh (OTPD) va khéng don dinh
(OTKPPD). Van dé quan trong la ching ¢ quan hé véi nhau nhu thé nao?, nghia 1a
ngon ngit doan nhan bai OTKDPD va OTPP ¢d quan hé gi véi nhau hay khong?

Mot cach truc quan ching ta nhan thay:

+ OTPD c6 thé mb phong hanh vi ciia OTKDPD bang cach gia ting sd cac trang thai. Noi
cach khac, OTPP M= (Q, Y., &, 0o, F) ¢6 thé xem nhu M = OTKDPD (Q, Y., &, go, F') bang
cach dinh nghia (g, @) = {o(q, @)}, ndi cach khac OTPD Ia truong hop dic biét cia
OTKDD.

+ OTKDD 1a tong quat hon, song ¢6 vé nhu khong manh hon, nghia 1a tdp ma n6
doan nhan khéng nhiéu hon OTDD.
biéu thir hai dugc khang dinh bai dinh ly sau.

pinh ly. Véi moi OTKDD M ludn ton tai OTPD M’ tuong duong theo nghia
chiing doan nhan cung mét tap di ligu, T(M) = T(M’).

Chizng minh: Gia sit OTKDPD M = (Q, Y., o, o, F) doan nhan L. Chlng ta xay
dung mot 6tomat OTPD M’ = (Q’, Y, o', o, F') nhu sau:

(i) Q' =29,

(i) go" = {ao},

(i) F la tap tat ca cac tap con ciia Q ¢ chira phan tir cua F,
F={ScQ|SnFz2}
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Trude khi xac dinh o', ching ta hdy khao sat cac dic diém cua Q', qo’ va F'. M
khai dong tir go va vai mot dir liéu vao bat ky, vi du a, M cd thé chuyén sang mot
trong cé4c trang thai cua o(qo, a). Pé khao séat hoat dong cua M khi xir Iy a, ching
ta phai xét tat ca cac trang thai c6 thé dat duoc khi nd xir Iy a. Vi thé cac trang thai
ctia M’s& la cac tap con cia Q. Khi M bt dau véi qo, qo’ duoc dinh nghia nhu trén
s& la trang thai khoi dau cua M’ Mat khac xau w e T(M) = L néu M dat dén trang
thai két thac khi xir Iy w. Do vay, trang thai két thic cua M’ (phan tir caa F') 1a tap
con cua Q va c6 chira mot sb trang thai két thic caa M.

Tiép theo chung ta dinh nghia o'
(iv) o'({a1, 92, ...qi}, @) =o(q, a) uo(gza) U ... uo(qa)
Nghia 1a o'({q1, 02, ...qi}, @) = {p1, P2, ...p«} Khi va chi khi
o({q1, G2, --.qi}, @) = {px, P2, ...pi} VoI i, K< [Q).
Trudc khi chirng minh L = T(M’), ching ta chitng minh két qua b tro:
o'(Qo, X) = {01, 92, ...qi}, khi va chi khi
o(qo, X) = {01, G2, ...qi} V&i moi x trong X" (3.8)
Chung ta ching minh diéu kién can cua (2.8) qui nap theo |x|.
Neu o(go, X) = {0, Gz, ...qi} thi o'(q0’, X) = {01, G2, ...qi} (3.9)

Khi |x| = 0, hién nhién o(do, A) = {Qo} va theo dinh nghia o', o’(q0’, A) = o’ =
{qo}, nghia la (3.9) dtng voi |x| = 0.

Gia thiét (3.9) dung v6i moi y va y| < n. Xét xau x c6 do dai n + 1. Ta co thé viét x = ya,
trong do y|=nvaa € 2. Gia st o(to, Y) = {p1, P2, ...px} Va o(to, ya) = {11, Iz, ...n}. Bai
ly| < nnén theo gia thiét qui nap ta c6

c'(qo’, Y) = {p1, P2, ...pk} (3.10)

Mat khéc, {r1, r2, ...n} = o(Qo, Ya) = o(c(qo, ¥), @) = o({p1, P2, ...px}, a). Theo dinh
nghia cua o,

o' ({p1, P2, -..px}, @) ={r1, 2, ...11} (3.11)

Do vay, ¢'(do’, X) = 6'(qo’, ya) = o'(c"(q0’, ), @) = o' ({p1, P2, -..px}, @)
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={ry, Iz, ...n} theo (3.11).
Suy ra (3.9) dugc ching minh véi x = ya.
Piéu kién da chirng minh tuong tu.

Tur d6 suy ra, x € L = T(M) khi va chi khi o(qg, X) chira mét trang thai caa F. Boi vi
(0o, X) chura trang thai thudc F khi va chi khi o’(qo’, X) nam trong F'. Diéu d6 khing dinh
X € T(M) < x e T(M’), dong nghia véi viéc M’ ciing doan nhan ding L. m

Vi du 3.7 Xét 6tomat khong don dinh M = ({qo, q1}, {0, 1}, &, o, {0o}) vai ham
chuyén trang thai o dugc xac dinh theo bang B3.2.

Bang B3.2 Bang cac trang thai caa M

Trang thai \ 2. 0 1
—> (o Qo O1
Q1 01 Jo, J1

Xay dung 6tdmat don dinh tuong dwong M’ theo dinh Iy 3.1, ¢6 cac thanh phan:
() Q" ={YJ, { a0}, {a1}.{qo, a:}},
(i) qo" = { qo},
(i) F" = {{ 9o}, { 90, 01}}, nhitng tap con cac trang thai co6 chta qo,
(iv) o’ duogc dinh nghia nhu trong bang B3.3

Bang B3.3 Bang cac trang thai cua M’

Trang thai \ X, 0 1
% % %
—> {00} {00} {a:}
{a:} {a:} {00, 1}
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{90, 01} {% a1}  {do, 9o}

Nhdn xét: Khi M ¢d n trang thai, M’ twong Gng & cd thé c6 2" trang thai. Tuy nhién,
ching ta khéng nhit thiét phai xay dung 6tdmat co tat ca 2" trang thai ma chi can nhiing
trang thai dat dén tir trang thai khai dau va di ¢én duoc trang thai két thuc.

Trong bang chuyén trang thai B3.3 trang thai & 1a khong dat dén duoc tir trang thai
bat dau {go} nén co thé loai bo di. Ngoai ra, dé cho tién lgi chiing ta c6 thé ky hiéu
lai tap cac trang thai, vi du So = {qo}, s1 = {qs}, S2 = {Qo, g1} va Q" = { So, S1, S1}-
Khi d6, 6tdmat c6 ham chuyén trang thai nhu trén s& duoc viét thanh

Bang B3.4 Bang cac trang thai cia M’

Trang thai \ 0 1
% So S1
S1 S1 S2

@ S2 So

Tong quét hoa qué trinh trén, ching ta ¢ thé xay dung thuat toan thiét lap M’ nhu
sau.

Thuat toan. Xay dung ham chuyén trang thai cia M’ twong duong voi M (Phép
don dinh héa)

Input: Cho trudc 6tdmat M = (Q, 2., o, Jo, F) khong don dinh.
Output: Ham chuyén trang thai ¢’ cta 6tdmat don dinh twong duong.

1. Xay dung o bat dau tir {qo},

2. Xac dinh trang thai dat duoc tir nhitng trang thai (tap con cac trang thai cua
M) tuong trng Véi cac cot dir liéu vao da xac dinh tur trudec,
3. Lap lai budc 2 cho dén khi khdng c6 mot trang thai méi xuat hién trong cac
cot ing véi dir liéu vao.
Vi du 3.8 Tim 6tomat don dinh tuong duong voi

M = ({qo, a1, 92}, {a, b}, o, qo, { 923)
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va o dugc cho trong bang B3.5.

Bang B3.5 Bang cac trang thai caa M

Trang thai \ 2, a b
—> Qo {0, 1} Q2
O[] Co O[]

{9, a1}

Otomat don dinh twong duong véi M 1a M’ = (2%, {a, b}, o', {qo}, F), trong d6

F ={{a2}, {00, 92}, {t1, 923}, {q0, q1, G2} }. Thuc hién theo thuat toan 3.1 ta thu duoc o’
nhu ¢ bang B3.6.

Bang B3.6 Bang cac trang thai ctaa M’

Trang thai/y’ a b
—  {qo} {9, a1} {92}
{92} %) {Qo, 91}
{9, a1} {9, a1}  {gu 92}

{01, 92} {9} {%, 01}

3.4 Cuyec tiéu hoa 6tdmat hiru han
Trong phan nay ching ta xét van dé& tim 6tdémat c6 sé trang thai cuc tiéu tuwong
duwong (cung doan nhan mot ngbn ng) véi 6tomat cho trudc.

Trén tap céc trang thai Q chung ta dinh nghia mot s6 quan hé tuong duong.

Pinh nghia. Hai trang thai g; va g2 duoc goi 1a tuong duong, ky hiéu g: = g2, néu
ca hai o(qs, X) V& o(dz, x) déu Ia nhitng trang thai két thic hoic ca hai déu khong
két thic vai moi x € Y.
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S6 cac xau (tr) dugc xay dung tir bang ky ty vao Y. thuong 1a kha 16n (cé khi la vo
han), nhung trong phan ndy ching ta chi xét nhitng truong hop hitu han.

Pinh nghia. Hai trang thai q: va gz duoc goi la k-twong dwong ( k > 0), ky hiéu g1
>~ 02, néu ca hai o(qz, X) va o(gz, x) déu 1a nhitng trang thai két thic hoic ca hai
déu khong két thic vai moi x € 3* c6 d6 dai nhé hon k.

Hién nhién, hai trang thai két thic hoac hai trang thai khdng két thuc déu 1 O-
tuong duong.

Céac quan hé trén ¢ mét sb tinh chat nhu sau.

Tinh chat. Hai quan hé = va = la c4c quan hé tuong duong (co tinh phan xa, bac
cau va doi xang).

Tinh chat. Cac 16p twong duong cua hai quan hé = va = « & tao ra hai phan hoach
T, ikcta Q; cé&c phan tir cua my 14 cac 16p k-twong duong.

Tinh chat. Néu qu= g2 thi g1 k gz, Vi moi k > 0.

Tinh chat. Néu o1 () G2 thi g1 « Go.

Tinh chat. Ton tai n dé m, = mnea.

Ménh dé sau s& 1a co s& dé xay dung 6tdméat cuc tiéu.

Ménh dé. Hai trang thai g; va q 2 duoc goi 1a (k+1)- twong duong néu

(@) Chung la k-twong duong,

(b) 5(q1,8) va (g 2, a) cling 1a k-twong duong véi moi a € 2.
Chizng minh: Chuing ta chitng minh bang phan chirng. Gia str g1 va g2 khéng phai
la (k+1)-twong dwong. Khi d6 ton tai w = aw; voi do dai k+1 sao cho o(q:, awy) 1a
trang thai két thiic nhung o(gz, aws) lai khong phai la trang théi két thac. Nhu vay,
o(q1, aws) = o(o(qy, @), Wi) 1a trang thai két thic va o(gz, aws) = o(c(qz, a), Wi)
khéng phai la trang théai két thuc. Tir d6 suy ra o(q1,a) Va (g2, a) khéng phai 1a k-
tuong duong, mau thuin véi gia thiét (b). m

Dya vao cac tinh chat trén chlng ta c6 thé xay dung céc 16p (k+1)-tuong duong
khi biét cac 16p k-tuong dwong trén tap cac trang thai va tir d6 xay dung duogc thuat
toan cuc tiéu hoa dtdmat (co sé trang thai cuc tiéu) tuong duong voi 6tdmat cho
trudc.
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Thuat toan. Xay dyng dtdmat cuc tiéu ho

Input: Cho trudc 6tdmat M = (Q, 2., o, do, F) thuong la khong don dinh.

Output: Otémat don dinh va cuc tiéu M’ = (Q', >, &', qd', F')

1.

Thiét 1ap phan hoach mo. Theo dinh nghia 0-twong duong, mo = {Q1°, Q.°},
trong d6 Q1° = F (tap cac trang thai két thic), Q2° = Q - Q.°.

Xay dung g tr me. Xay dung Qi, i=1, 2, ... 1a cac tap con cua mx Va la cac
16p (k+1)-twong duong. qi va g2 nam trong Qi néu ching 1a (k+1) — tuong
duong nghia la o(q1, a) va o(qz, a) la k-twong duong, vai moi a trong bang chir
vao. biéu nay xay ra khi o(q1, a) va o(qp, a) nam trong cing 16p tuong duong
cua m. Do vay, Qi 1a 16p (k+1)-twong duong. Thuc hién nhu trén cho dén khi
cac tap con Qi tao thanh mot phan hoach mx+1 cia Q min hon m.

Lap lai budce 2 dé thiét 1ap m véik =1, 2, ... cho dén khi 1tk = w1

Xay dyung 6t6mat cuc tiéu. Cac trang thai ciia 6tdmat cuc tiéu chinh 1a cac 16p tuong
duong dugc xac dinh nhu trong budc 3, do la cac phan tir ctia . Bang chuyén trang
thai thu duoc bang cach thay trang thai g bang 16p tuong duong tuong ung [q].

Luu y:

1. Dua vao bang chuyén trang thai cho trudc ta dé dang xay dung duoc cac 16p
mo={Q:% Q% Q:°=F, Q°=Q-F;

2. Gia strda xay dung duoc i, k=0, 1,....Véiqy, 2 € Q, Q¥ e my, i=1,2, ...
Xét c4c trang thai & cac cot twong Gng VGi dir liéu vao a € Y, néu o(qy, a) va o(Cp, a)
cung thuoc mot tap con nao d6 cua iy thi 1a (k+1)-twong duong, nghia 1a qi1, gz cung
nam trong mot phan hoach cua ms; nguoc lai s& khong phai 1a (k+1)-twong
duong, nghia 1a qs, g2 ndm trong hai phan hoach khac nhau cta .

3. Lap lai budc 2 cho dén khi 1tk = myes.

Vidu 3.9 Xaydung 6tdmat cuc tiéu twong duong véi 6tomat cd d6 thi chuyén
trang thai nhu trong hinh H3-9.

Js




Otomat va ngdn ngir hinh thirc

Hinh H3-9 D6 thi chuyén trang thai cua vi du 3.9

Tir d6 thi chuyén trang thai & hinh H3.9 ching ta c6 bang chuyén trang thai.

Bang B3.7 Bang cac trang thai cua M

Trang thai \ 2. a b

- (o 01 Go
Qs Co 02

02 03 ql

D) g3 do

Q4 Q3 Qs

0s Je g4

Qe Qs Qe

gz Qe Qs

e Theo thuat toan trén ta c6 Q:° = {qs}, Q2° = { qo, 91, 92, G4, Us, Gs, 07} Va
1o = {{ds},{ do, A1, 42, 04, Us, G, G7}}-
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e Chlng ta xét tiép quan hé 1-twong dwong dé tinh m. Trudc tién ta co
Q:' = {gs}. Duwa vao bang B2.7 ching ta d& kiém tra duoc qo 12 1-tuong
duong voi 1, gs, 06 Vi o(0o, ) Va o(qi, t), i =1, 5, 6 va t = a, b Ia cung két
thlic hodc cling khéng phai 1a trang thai két thic. Vay Q2= { o, g1, s, Je}-
Tuong ty ta ¢ thé kiém tra dugc g, -tuong duong véi ga va Qs = { g2, s}
Hién nhién con lai Q4' = {g-}. Tir d6 chung ta co

m1 = {{ds}, { 9o, A1, 05, A6}, { G2, 94}, {a7}}-

e Phan hoach tiép m; dé xay dung m2. Q12 = {gs} va vi o(qo, t) va o(gs, 1),
t = a, b déu thudc cung 16p 1-twong duong (16p {o, g1, Us, Gs}) NEN Qo VA U
la 2-twong duwong. Vay Q.2 = {0, 0s}. Nhung qo va g1 (qo va gs) khéng phai
la 2-tvong duong vi o(do, b) = 0o (o(01, b) = g2, o(qo, b) = qo, (a1, b) = q2)
va chung lai khdng cung 16p 1-twong duong. Kiém tra ta thay g; la 2-twong
duong véi gs, nén Qs? = {01, gs}. Tuong tu g2 van la 2-tuong duong véi ga,
vi thé Q42 = { g2, Q4} va con lai Q52 = {Q7} Vay

2 = {{ds}, { o, de}, { A1, G}, { 02, A4}, {a7}}

e Tiép tuc xay dung ms. Twong ty nhu trén, ching ta thay Q:° = {as}; Q2*= {qo, Us}
Vi Qo la 3-twong duong véi Qs; tuong tur Q?d = {1, Os}; Qs = {Q, qz} va
Qs°= {d7}. Nghia 1a 73 = {{ds}, {do. Ge}, {0, as}, {0k, Aa}, {ar}}- 7
Vi mp = m3, Nén cac 16p tuong duong trong 7z SE€ 1am co s dé xay dung 6tdGmat cuc tieu
M = (Q, {a b}, &', a0’ {0s}). Trong d6 Q" = m2 = {{as}, {do, A6}, {1, A5}, {2 a},
{a7}}.

Ham chuyén trang théi ¢’ dugc xac dinh nhu trong bang B3.8.

Bang B3.8 Bang cac trang thai cua 6tdmét cuc tiéu

Trang thar \ X a b
7 {doae} {au, as}  {do, a6}
{01, as} {0006} {02 4}
{02, 04} {as} {01, as}
{as} {as} {096}
{a} {%o, as}  {as}
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Do thi chuyén trang thai cuia 6tdmat cuc tiéu thu duoc sé 1a
b

%@;\a
b :
b a

™
CONB D

b

Hinh H3-10 Otomat cuc tiéu cia 6tdmat & hinh H3-9

Bai tip vé 6tdmat hiru han

3.1.Chitng minh rang trong 6tdmat hitu han, néu o(g, X) = o(q, y) thi o(g, xz) =
o(q, yz) voi moi z trong X",

3.2. Cho trudc otomat hitu han M = (Q, 2., o, qo, F). Gia su R 1a mot quan hg trén

Q dugc dinh nghia nhu sau qiR g2 néu o(qy, &) = o(d2, a) voi a € Y. Hoi R ¢6
phai la quan hé tuong duong hay khong?

3.3.  Xay dung mot 6tdmat khong don dinh doan nhan {ab, ba}, va st dung no dé
tim 6tomat don dinh doan nhan cung tap do.

3.4. Xay dyng mot hé bién ddi doan nhin duoc cic xau co chia cat hoic rat tir
bang chitra, b, c, ...

3.5. Xay dung mot 6tomat khong don dinh doan nhan duogc tap tit ca cac xau tur
tap {a,b} ket thuc bang x&u con aba.

3.6. Xay dung 6tdmat don dinh twong duong véi
M = ({qo, 01, 92, 93}, {0, 1}, o, qo, {0s}) Voi o duoc cho trong bang

Bang B
Trang thai \ X, a b
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o o, Q1 o
01 02 J1
Q3 Ok
ds 02

3.7. M= ({aq1, 92 g3}, {0, 1}, o, g1, {g3}) 1a 6tomat khong don dinh, trong d6 o
duoc cho boi

o(0y 0) = {g2, s}, o(qs, 1) = {01}

o(02, 0) = {aw, 02}, (02, 1) = &

o(0s, 0) = {02}, o(as 1) = {qs, 92}
Tim 6t6mat don dinh twong duong véi M.

3.8. Xay dung 6tdmat don dinh trén {0, 1} dé doan nhan tat ca cic xau chuta
chan lan cac chir so 1.

3.9. Xay dung 6tomat don dinh trén Y. = {ay, a,, ..., an} dé doan nhan cac ngdn
ngr sau:

a) Li={x e |xcodo daile}
b) Lo ={x e ¥ | x c6 do dai chin}

c) Ls3={x e X" |xc6 dd dai chinva Ién hon 1}
3.10* Cho hai 6tomat sau day:

Mfg - Q9=
é B &

a/ Tim ngbn ngit T(M1) doan nhan dugc boi M1 va T(M.) doan nhan dugc bai My

b/ Xay dung 6tdméat M tir M1 va My sao cho T(M) = T(M1)T(My)

¢/ Xay dung 6tdmat M tir My va M2 sao cho T(M) = T(M1) U T(My).
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CHUONG 4. TAP CHINH QUI VA VAN PHAM CHINH QUI
Chuong bén dé cap dén:

v' Tap chinh qui va 6tdmat hitu han trang thai,
v' B6 dé Bom cho céc tap chinh qui va ang dung,
v Quan hé gitra tap chinh qui, van pham chinh qui, 6tdmat hiru han

4.1 Céc biéu thirc chinh qui

Biéu thitc chinh qui duoc sir dung dé biéu dién tap cic xau trong cac cau trac dai
s6. Biéu thuc chinh qui mé ta nhitng ngdn ngi doan nhan duoc boi 6tdmat hitu han
trang thai.

Pinh nghia. Biéu thizc chinh qui trén bang chit >, duoc dinh nghia dé qui nhu sau:

1.

Moi ky hiéu két thiic a € X, A va & (tap rdng) déu la biéu thic chinh qui. Khi
mét ky hiéu a e X' thi biéu thirc chinh qui twong Gng s& dugc ky hiéu 1a a.

Hop cua hai biéu thirc chinh qui Ry va Rz, ky hiéu 12 Ry + Ry, ciing 1a biéu
thac chinh qui,

Ghép hai biéu thirc chinh qui R1 va Rz, ky hiéu la R1.Rz, ciing 1a biéu thuc
chinh qui,

Bao dong ctia mot biéu thic chinh qui R, ky hiéu 1a R, ciing 1a biéu thic
chinh qui,

Néu R 1a mot biéu thuc chinh qui thi (R) ciing 1a biéu thic chinh qui.

Biéu thiic chinh qui trén bang chir X' 1a tap tat ca cac hang thirc dugc xay
dung mot cach @€ qui trén co sd chi &p dung cac qui tac tr 1 — 5 néu trén.

Cha

(i) Chung ta ky hiéu x (in dam) cho biéu thirc chinh qui dé phan biét vai ky

hi¢u (hodc xau) x thong thuong.
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(i) Cdp ngoac don “(* va )’ trong qui tac 5 dugc st dung dé xéc dinh thir ty
thuc hién cac phép toan cua cac biéu thirc chinh qui.

(iii) Khi khong c6 céc ngoac don thi thir ty thuc hién trong bicu thic
chinh qui dugc qui dinh nhu sau: Bao ddng, phép ghép roi den phép hop.
Pinh nghia. Tap biéu dién cho moét biéu thirc chinh qui dugc goi la tap chinh qui.
Néua, b €3 thi
1. Biéu thirc chinh qui a xac dinh tap {a}, ndi cach khéc tap {a} duoc biéu dién
bai a,
2. Bi;‘:u thirc chinh qui a + b xac dinh tap {a, b}, hoic {a, b} duoc biéu dién boi
bieuthuca +b

3. Biéu thuc chinh qui ab xac dinh tap {ab}, hoic {ab} duoc biéu dién boi biéu
thac ab

4. Biéu thirc chinh qui a* xac dinh tap {A, a, aa, aaa, ...}, hoac {A, a, aa, aaa,
...} dugc biéu dién bsi a”

5. Bi~éu thac chinh qui (a + b)™ xac dinh tap {a, b}", hoac tap {a, b} duoc biéu
~ dienbai (a+ b)". 7 ‘
D¢ hiéu rd hon viéc tinh toan cac biéu thuc chinh qui ching ta can xét k§ hon ba
phép toan néu trén. Gia sir R1 va Rz Ia hai biéu thirc chinh qui.
Mot xau trong R1 + R2 1a xau trong R1 hodc Ro.
Mot xau trong R1R2 1a xau trong R1 dugc ghép vai xau cua Ro.

Mot xau trong R* 13 x4u duoc xdy dung tir phép ghép n cac phan tir ctia R, vdin
> 0.

Tom lai:
()  Tap dugc biéu dién boi Ry + Rz 1a hop ctia hai tap biéu dién boi R1va boi Ra.
Tap duoc biéu dién boi R1R2 1a ghép cua hai tap biéu dién boi R1 va boi Re.

Tap dugc biéu dién bai R™ 1a {wiwa ... Wy | W; 14 tap con biéu dién bai R va n> 0}.

Vidu 4.1 Xac dinh cac biéu thic chinh qui biéu dién cho céc tap sau:

(i) Tap {101} dugc biéu dién boi biéu thic 101,
(iii) {abba! duoc biéu dién boi biéu thirc abba,
(iv) {01, 10} duoc biéu dién béi biéu thirc 01 + 10,
(v) {A, ab} duogc biéu dién bsi biéu thirc A + ab,
(vi) {abb, a, b, bba} duoc biéu dién boi biéu thirc abb + a + b + bba,
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(vii) {A, 0,00, 000, ... } duoc biéu dién boi biéu thirc 07,
(viii) {1, 11, 111, ...} dugc biéu dién bai biéu thirc 1(1)".

Vidu 4.2 Xac dinh cac biéu thicc chinh qui biéu dién cho cac tap (ngbn ngit) sau:
(ix) L1l tap tit ca cac xau chura 0, 1 va két thic bang 00,
(X) L2latap tat ca cac xau chira 0, 1 dugc bat dau bang 0 va két thuc bang 1,
(xi) Ls={A, 11,1111, 111111, ..}

Gidi:

(iX) Mot xau bat ky cta L sé dugc xdy dung tir phép ghep cua xau xdc dinh trén
{0, 1} voi xau 00. {0, 1} bi€u dién cho 0 + 1. Vay, L1 duoc biéu dién boi
(0+1)"00.

(X) MGdi phan tir cia Lo déu nhan duogc tir phép ghep 0 v6i cac xau xac dinh trén
{0, 1} va ghép tiep véi 1, nén L; s& duogc biéu dién bai 0(0+1)"1.

(xi) Moi phﬁn tr cia L3 hodc 1a A, hodc 1a xau chira chin 1an céc sb 1, nghia 1a
nhirng xau c6 dang (11)", n > 0. Vay Lz c6 thé duoc biéu dién boi (11)".

4.2 Sy twong dwong ciia cac biéu thire chinh qui
Pinh nghia. Hai biéu thic chinh qui P, Q duoc goi 1a fwong dwong, (ta viét 1a P
= Q) néu P va Q cling biéu dién cho cling mot tap cac xau.

Cac biéu thtc chinh qui ¢d céc tinh chit sau:
I Jd+R=R
I2 JR=RO =0
I3 AR=RA =R

l4 A =Avagd =A

I5 R+R=R
6 R'R"=R"
7 RR"=R'R
Is (R) =R"

lo A+RR"=A+RR=R"
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lo  (PQ)'P =P(QP)”

lu (P+Q)=@QP)=(P +Q)

Il (P+QR=PR+QRvaR(P+Q)=RP +RQ
Luu y: Can phan bigt A v6i @, A ky hiéu cho mot xau (twr) rong (mot s6 tai liéu
khac str dung & dé ky hiéu cho xau rong), con & ky hi€u cua tap rong).
Pinh ly. @inh ly Arden) Gia sit P va Q la hai biéu thicc chinh qui trén X.. Néu P
khong chira A thi phuong trinh sau

R=Q+RP (4.1)
c6 nghiém duy nhat 1a R = QP”

Chitng minh: Thay R = QP” vao vé phai va theo tinh chét Is ching ta co

Q+ (QP)P=Q(A +PP) = QP’
Nghia 1a R = QP” thoa man dang thuc (4.1).

Pé chizng minh tinh duy nhat cua R, ching ta hdy thé R bang Q + RP mét s6 lan
nhu sau.

Q+RP=Q+(Q+RP)P
= Q+QP+RPP
= Q+ QP + RP?

Q+QP+QP?+...+QP +RP™!

QA +P+P2+... +P) + RP"
Vay tir (4.1) chang ta co
R=Q(A+P+P2+ ... +P) +RP* (4.2)

Néu R thoa mén (4.1) thi n6 ciing thoa mén (4.2). Gia sir w 1a mot xau c6 do dai 1a i trong
tap R. Khi do w sé& thugc tap duge xac dinh boi Q(A +P + P2+ ...+ P') + RP™., Bgi vi
P khong chta A nén RP'*! s& khong c6 cac xau c6 do dai i. Do vay, w phai thuoc
Q(A +P + P2+ ... +P'), nghia 1a thuéc QP".
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Nguoc lai, xét xau w thuoc QP™, tic 1a w thuoc QPX, véi k > 0, tir d6 suy ra no ciing
thuoc Q(A + P + P2+ ...+ P)),

Nhu vy ching ta dd chimg minh duge 13 R va QP* biéu dién cho cting mot tap hop.
Diéu nay khang dinh tinh duy nhat ctia 161 giai phuong trinh (4.1).
4.3 Otdomat hiru han va biéu thirc chinh qui
Pinh nghia. Otomat M = (Q, >, 5, qo, F) chdp nhdn (doan nhan) xau w trong X"
néu
(a) CO mdt dudng di trén d6 thi trang thai, bat dau tir mot dinh khai dau va két
thac tai mot dinh ket thuc (dinh thudc F),

(b) Céc nhan trén cac cung doc duong di do6 ghép lai tao thanh w.
Pinh nghia. Ngbn ngir doan nhan dugc boi M = (Q, 2, o, qo, F), ky hiéu la T(M),
|4 tap tat ca cac xau doan nhan dugc bai M.

TM) ={w € 2| o(do, W) N F = &}

T(M) la tap tat ca cac day ky tu vao, trén tat ca cac duong di tir mot dinh bat dau
dén mét dinh két thac.

Vi du 4.5 Cho trudc hé chuyén trang thai duoc mé ta nhu hinh H4-1.

\l/ N
1
1

Hinh H4-1 D4 thi chuyén trang thai cua Otomat M

Trong d6 Qo = {qo, g1} V& F = {gs}. D& nhan thay hé théng trén doan nhan xau
w = 1100, vi c6 dudng di tir o, go, 92, g3 va cac nhan ghép lai thanh w.
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Ng6n ngit doan nhan dugc bai M 14 T = {1"01™0, 1"01™11, 1"01, 1 | n, m > 0} ma
tap T ndy duoc biéu dién bai biéu thie chinh qui 1°01°0 + 1701°11 + 1701 + 1.

Nhdn xét: Néu P 1a biéu thic chinh qui thi ludn xay dung duoc mot dtdmat hitu
han trang thai M dé doan nhan biéu thirc chinh qui d6 va nguoc lai: Moi ngén ngi
doan nhan bai 6tdmat hitu han M déu biéu dién duoc bai mot biéu thie chinh qui

Moi quan h¢ gitra 6tomat hiru han va biéu thirc chinh qui.

4.3.1 Cho trwée Otdomat hiru han M, tim biéu thirc chinh quy twong dwong.

Cho truéc mot Otdomat hiru han M, dung phuong phép dai s6 ung dung Pinh 1y
Arden, chiing ta tim duoc biéu thizc chinh qui — 12 tdp dodn nhdn diroc boi M.

Xét dtdmat hiru han duoc biéu dién bang db thi chuyén trang thai voi nhitng gia
thiét nhu sau:

(i) Khoéng cd A-dich chuyén trong do thi chuyén trang thai
(i) C6 mot trang thai bat dau 1a qa
(iii) Tap cac dinh la q1, gz, ..., gn

(iv) Ky hiéu gi, i = 1, 2, ..., n la nhitng biéu thizc chinh qui dai dién cho céc
diy doan nhan dugc bai 6tomat khi di dén trang thai két thic q;.

(v) aij ky hiéu cho biéu thirc chinh qui dai dién cho tap cac nhan trén cac
cung tir q; t6i qj, i, j = 1, 2, ..., n. Néu khong c6 cung nao ndi giira chling
thi ajj = &.

Dua vao db thi chuyén trang thai, ching ta cé thé xac dinh duoc hé phuong trinh
theo q1, gz, ..., qn, VO 01 12 trang thai bat dau nhu sau:

01 = Qua + Qeazy + ... + gnan1t A

02 = Qa2 + Qza22 + ... + qn an2

On = Q1ain + g2a2n + ... + @n ann

Thuc hién lap lai mot sé 1an phép thé va sir dung dinh 1y Arden (dinh ly 4.1),
ching dé dang biéu dién duoc gi bang cac biéu thuc a;j va cac phép toan (+, ., *).
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Nhan xét: Tdp dodn nhdn dwoc boi 6tdmat hizu han sé tuwong diong véi biéu thirc
chinh qui 1a hop cia tdt cd cac biéu thire oi itng Vi tdat ca c&c trang thai két thic
cua 6tomat.

Vi du 4.7 Tim biéu thirc chinh qui twong tng Otomat véi biéu do trang thai sau:

')

1

4
«

0
Hinh H4-2 Cho trudc dd thi trang thai

Dua vao dd thi chuyén trang thai, chung ta c6 thé xac dinh dugc cac phuong trinh
theo cac trang thai nhu sau:

01= 010 + 930 + A, (4.6)
O2= 01l + 021 + gsl, (4.7)
Qs = 920 (4.8)

Thay (4.8) vao (4.7) chung ta dugc
02= 011 + g21 + (920)1 = 11 + q2(1 + 01)
Ap dung dinh ly 4.1
02 = 0:1(1 +01)° (4.9)
Tuongty 1=0q10+ g0+ A= 010 + 9200 + A. Thay (4.9) vao ta co
=0 + q11(1 + 01)"00 + A
= q2(0 + 1(1 + 01)"00) + A
Lai ap dung dinh ly 4.1
q:= A0+ 1(1+01)°00)" = (0+1(1+01)°00)"
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Boi vi, g1 1a trang thai két thic nén biéu thirc chinh qui twong Gng voi hé chuyén
trang thai c6 dd thi trang thai nhu Hinh H4-2 s& 1a: (0 + 1(1 + 01)"00)".

Vi du 4.8 Cho trudc 6tdmat hitu han trang thai M duoc md ta bai d6 thi chuyén
trang thai nhu hinh H4-3. Chirng minh rang: M doan nhan tat ca cic xau trén {a,
b} c6 sb cac chir a bang sb cac chir b va trong moi diy dau ctia mdi xau thi hoac sé
cac chit a hon sd cac chit b nhiéu nhét 13 1 hoac sé cac chit b hon sd cac chit a
nhiéu nhat 1a 1.

o7 a ™

—

(o3

a b

(o3

@Q a,b

Hinh H4-3 Otémat hiru han M
Gigi: Ap dung phuong phap néu trén, chiing ta c6 hé phuong trinh sau:
qi=b+Qgza+A
02=Qia
Js=qib
Ga = Q28 + Q3b + ga(a +b)

Bai vi gy la trang thai két thic, vay ta sé& giai hé phuong trinh trén dé tim g;. Thay
02, g3 vao phuong trinh dau tién chuing dugc:

J1= quab +qiba+ A
Ap dung dinh ly Arden, ta c6
q:= A(ab+ba)” = (ab + ba)”
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Pay chinh 1a biéu thic chinh qui biéu dién cho tat ca cac xau doan nhan dugc boi
M, That vay, néu diy x dugc doan nhan bai M thi nd s& duogc tao ra tir c4c ddy ab
va ba ghép véi nhau, trong d6 sé cac chix a ludn bing sb cac chit b.

Moi tiép dau ngir x; ctia Xau X théa man cac tinh chat sau:

= C0 s cac ky hiéu la chén vi ching c6 sb céc chit a ludn bang sé céac chit b,

= Hoic ¢6 s6 cac ky hiéu 1a Ié thi ta co thé viét x; = ay, hay x; = by. Hién
nhién y c6 sé cac ky hiéu 1a chin, nén y c6 so cac chir a ludn bang so6 cac
chir b.
Tir d6 suy ra moi diy dau cia mdi xau dugc doan nhan béi M, thi hoac sé cac chir
a hon sb cé4c chit b nhiéu nhat 1a 1 hoic sé céc chit b hon s6 cac chir a ciing nhiéu
nhat chi 13 1.

Vi du 4.9 Tim biéu thirc chinh qui doan nhan boi 6tdmat

Hinh H4-4 Otdméat M c6 hai trang thai két thic

Tuong tu nhu trén, ta thiét 1ap dugc hé phuong trinh sau:
Q=00+ A
Q=011 + Q21
s =020 + g3(0 + 1)

Ap dung dinh 1y 4.1 vao phuong trinh dau tién, ta thu duoc
Qu=q0+A=0"

Thay vao phuong trinh thr hai
Qe=qul+ gl =0"1+ql = (0"1)1"

Phuong trinh &ng vé&i s khdng can thiét phai giai vi no khong dat dén duoc tur
trang thai két thc.

Vay, biéu thic chinh qui doan nhan duoc boi 6tdmat M ¢ hinh H4-4 1a:

Qu+g2=0"+(0"1)1"=0"+0"(11) =0"(A + 117) = 0"1" (tng dung lg)
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NGi cach khac, cac tir doan nhan duoc boi M 12 tat ca cac xau cd céc tiép dau ngir
gom céc chir s6 0 véi s6 luong bat ky sau d6 1a day cac chir s6 1 tiy y (c6 thé la
rong).

4.3.2 Thiét 1ap 6tdomat hiru han twong dwong véi biéu thire chinh qui

Cho truéc mét biéu thire chinh qui, ching ta c¢d thé xay dung mot 6tdmat hiru han
trang thai twong duong, nghia la ngdn ngit nd doan nhan biéu dién cho biéu thic
chinh qui cho truéc (danh cho doc gia).

4.4 Bo dé Bom ddi véi cac tap chinh qui
Tiép theo ching ta xét diéu kién can dé kiém tra xem mot tap cho trudc c6 phai 1a
chinh qui hay khong. D6 chinh 1a “bé dé Bom”, né con dugc sir dung dé chi ra
nhitng tap hop khong phai la tap chinh qui.

Luu y: Moi tap hizu han ludn 1a tgp chinh qui.

pinh ly. (B6 dé Bom) Gia thiét M = (Q, =, §, qo, F) la 6tdmat c6 n trang thai va T
|4 tap chinh qui doan nhan duoc boi M. Gia st w € T, [w| = m. Néu m > n, thi ton
tai X, y, Z 520 cho W = Xyz Voi y = A va X y'z € T v&i moi i > 0. Pay chinh 1a diéu
kién can dé doan nhan ngdn ngit vo han 1a chinh qui.

Churng minh: Gia st w =ajaz...am, m>n

O(Co, a2 ... &) =qivsii=1,2, .., m; Qr={qo, qu, U2, . . ., Gm}

Trong d6, Q1 1a day cac trang thai tuan ty trén duong dan dé sinh raw = aja; . . .
am. Vi M chi ¢6 n trang thai khac nhau, vy theo nguyén 1y “Chudng bé cau”
(nguyén Iy Dirichlet) phai co it nhat hai trang thai cua Q; triing nhau. Trong s6 cac
cip trung nhau dé, ta chon cap dau tién, gj va ok (g; = qx). Khdng mét tinh tong quét
chiing ta c6 thé gia thiét 0 < j<k<n.

Xau w do vay cd thé tach ra thanh ba xau con:
X= ajay...a
Y= @12 . . . 8, VIJ <Knény=A.
Z = dk+1AK+2 « - .- Am

Bai vik <nnén |xy| <n.
Puong dan dé sinh ra w ¢6 thé minh hoa nhu Hinh H4-15.
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?0 ;

Hinh H4-5 Céc xau doan nhan duoc boi M

D& nhan thay Ia tir trang thai bat dau qo di dén g; xac dinh duoc x, duyét tiép theo y
s& dat duogc dén trang thai gk (g; = k). Nhu vay, néu cir tiép tuc duyét theo y', voi
i > 0 s& van di dén g, sau d6 co thé tiép tuc duyét theo z dé di dén trang thai két
thic om. Piéu nay khang dinh xy'z € L véi moi i>0.m

4.5 Ung dung ciia bd dé “Bom” (diéu kién can ciia ngon ngir chinh qui)

Pinh ly 4.5 ¢6 thé tng dung dé kiém ching nhitng tap cho trudc khdng phai 1a tap
chinh qui. Pé khang dinh mét tap (v6 han) khéng phai la chinh qui, ching ta c6 thé
thuc hién theo thuat toan sau.

Thuat toan. Kiém tra mot tap khéng phai la chinh qui

1. Gia st L 1 chinh qui va n 1a sé trang théi cua 6tdmat hitu han doan nhan L.
2. Chon mot xau w e L sao cho [w| > n. Str dung bo dé Bom dé viét w = xyz,
Vai [xy| <nwvaly|>0.
3. Tim mot s6 nguyén i sao cho xy'z ¢ L. Diéu nay mau thuan véi gia thiét, tir
d6 suy ra L khong phai la chinh qui.
Vidu4.10 Ching minhrang L ={a™ |n> 1} khdng phai la tap chinh qui.

Giai:
(i) Gia str L 1a chinh qui va ton tai 6tdmat hiru han c6 n trang thai dé doan
nhan L.
(i) Patw = a™. Hién nhién |w| = n? > n. Theo bo d& Bom chung ta co thé
viet w = xyz vai |xy| <nwvaly| > 0.

(iii) Xét xy?z (i = 2 trong thuat toan 4.4). Hién nhién, [xy?z| = |x| + 2ly| + |z| >
x| + |y| + |z| vi|y|> 0. Nghia la
n? = |xyz| = x| + y| + [z] < [xy’z|. B&i vi

Xy|<n valy|<nnén
Xy?z| = x| + 2ly| + [z| = (IX| + Iyl + [z]) + Iyl <n®*+n. Tird6 suyra
n?<Ixy’z|<n?+n< n?+n+n+1=(n+1)>

Vi n? < |xy?z| < (n+1)%, suy ra sb cac ky tu cua xy?z khdng thé 1a binh phuong cua
mot s6 nguyén, nghia 1a xy?z ¢ L, diéu ndy mau thuan vai gia thiét.
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Vidu4.11 Chiing minh rang L = {a®| p 1a s nguyén t&} khéng phai 1a tap chinh
qui.
Giai:

(i) Gia str L 1a chinh qui va ton tai 6tdmat hitu han cd n trang thai dé doan
nhan L.

(i) Chon p 1a s6 nguyén té Ién hon n. Pat w = aP. Hién nhién |w|=p > n. Theo
bo dé Bom chung ta c6 thé viét w = xyz véi |xy| < nva |y| > 0. C&c xau X,
y, z dugc thiét 1ap tir mot phan tir a, nén c6 thé viéty = a™ véim>1vam <
n.

(i) Pat i = p + 1. [xy'z| = [xyz| + [y =p + (i - 1)m = p(L + m). Theo bd dé
Bom thi xy'z € L. Nhung [xy'z| = p(1+m) va p(n + 1) khong phai la nguyén
t6 nén xy'z ¢ L, diéu ndy mau thuan vai gia thiét.

Vidu4.12 Ngoén ngit L = {a®" | n > 1} c6 phai la chinh qui khong?

Gidi: Ta c6 thé viét a® = a(a?)'a, voi i =n - 1. Biét rang {(a®)"|i > 0} bicu dién cho
(@°)” 1a chinh qui. Vay, ngon ngir L bieu dién boi bieu thue a(P)a, la chinh qui,
trong d6 P biéu dién cho tap chinh qui {a}.

4.6 Cac tap chinh qui va van pham chinh qui

Ching ta di chimg minh duoc rang c4c tap chinh qui 13 doan nhan duoc bai
6tdmat hiru han don dinh. Bay gio, ching ta chi ra rang 16p cac tap chinh qui trén
¥ cling chinh l1a cac ngoén ngtr chinh qui trén bang chi X.

4.6.1 Xay dung vin pham chinh qui twong dwong véi OTPD cho trudec.

Cho truéc M = (Q, Z, J, Qo, F) 1a 6tdmat don dinh hitu han trang thai. Vi Q la tap
hitu han nén ta c6 thé viét Q = {qo, g1, G2 , . . ., Gn}. Néu w 12 mét tir trong T(M) thi
n6 s& nhan dugc tir cac phép ghép cac nhan cua mot s6 cac phép chuyén trang théi
tir trang thai o dén mot trang thai két thic nao do6 trong F.

Do d6 chiing ta xay dung vin pham G dé sinh ra L(M) nhu sau:
Cho truoc M = (Q, Z, 8, Qo, F), voi Q = {00, a1, 92, . - -, On}

Ta xay dung Van pham twong ing G nhu sau:

Pit G=(Z,V, P,S),vdi V=Q;S=qo va P gom céc luat sinh:

(i) Néud(g,a)=p ¢ F vaeX, p,qeQ, thi (q—ap) € P
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(i) Néu (g, a) = p €F, thi (q—ap) e P va (@q—a) € P
That vay, theo cach thanh lap P thi:
q= ap khivachikhi 5(q,a)=p
q= akhivachikhid(q,a)=peF
Do vay, Qo = ai101 = a1a202 = . . . = a1d2...ak-10k = a182...ak-18k Khi va chi khi
8(Co, a1) = Gz, 8(1, @2) = 02, 8(2, @) = s, ..., 8(qo, @) € F.

Piéu nay khang dinh w = aja,...ax € L(G) khi va chi khi 8(qo, a1a2...ax) € F, nghia
la khi va chi khi w e T(M).

Vi du 4.13 Cho tap chinh qui dugc biéu dién boi E = a’b(a+b)". Xay dung vin
pham G dé L(G) = E.

Gidi: Trudc tién ching ta xay dung 6tdmat hiru han M doan nhan E.
a a, b
SENGERENS SNilig SENING NS BN g
Chung ta dugc 6tomat don dinh hitu han nhu & hinh sau:

a a,b

Hinh H4-6 Otomat hitu han M doan nhan a’b(a+b)”
bat G = ({a, b}, {Ao, A1}, P, Ao), trong d6 P gom:

Ay — aAo, Ay — bAl, Ay — b, AL — aAl, AL — bAl, AL — a, AL — b

Hién nhién, G 1a van pham chinh qui, sinh ra ngén ngi chinh qui va ngén ngi d6
cling chinh 1a tap chinh qui E.

4.6.2 Xay dung OTPDP hiru han twong dwong v6i vin pham chinh qui G
Cho vian pham chinh qui G = (Z, {Ao, A1, Ao, . .., An}, P, Ag). Otdmat hitu han M
= ({Ao, A1, Az, ..., An, G 1 Z, 8, Ao, {0r}) trong duong dugc xay dung nhur sau:
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(i)  Tap cac trang thai 1a tap céc bién (ky hiéu chua két thic),
(i)  Trang thai khoi dau 1a Ao,

(i) Néu Ai — aAj e P, thi §(A,a)=Aj¢ Fva
Néu Ai > a e P, thi 8( A, a) = g

Tir cach xay dung nhu trén dé nhan thay:

A= A1 = 1A = . .. = a1a2...ak-1AKk = a1ar...ak-18k trong van pham G
khi va chi khi ton tai mot duong din trong d6 thi M di tir Ag dén trang thai két thic
Or dé c6 duoc ajay...ax1ak. Tir d6 suy ra L(G) = T(M).

Vidu 4.14 Cho trudc G = ({a, b}, {Ao, A1}, P, Ao), trong do
P= {Ao —aA, AL > bAL AL —>a Al bAo}
Xay dung 6tdmat hitu han M dé doan nhan L(G).

Giai: bat M = ({qo, g1, ar}, {a, b}, d, qo, {qs}), trong d6 qo, g1 la hai trang thai
tuong ng véi cac bién Ay, A1 va g 1a trang thai két thlic méi duoc bé sung. Theo
cach xay dung nhu trén ching ta c6 6tdmat M nhu sau:

b

a a
o — @
b
Hinh H4-7 Otomat doan nhan L(G)
Dénhanra L(G)= a(ba+ b)a.
Bai tap:

4.1. Xay dung 6tdmat don dinh trén {0, 1} dé doan nhan tat ca cac xau chira chan
lan cac chir s6 1.

4.2. Xay dung 6tdomat don dinh trén Y, = {a1, az, ..., an} dé doan nhan cac ngdn
ngtr sau:
d) Li={x e 3" |x co do dai I}
e) Lo ={x € X" | x co6 do dai chan}
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f) Ls={x e X" |xco dd daichinva lén hon 1}
4.3. Cho hai 6tdmat sau day:

g
¢ 2. b
MO OEEE ®
O Ey, D S S
<_1_

Tim ngbn nglr T(M;) doan nhan duoc boi M; va T(My) doan nhan duoc boi M;

M1:

4.4 Cho trudc 6tomat M duoc biéu dién dudi dang d6 thi chuyén trang thai nhu hinh
Sau:

a/ Tim ngdn nglr doan nhan duogc boi M
b/ Xay dyng vin pham chinh qui G dé sinh ra ngdn ngir duoc doan nhan bai
Otdmat néu trén.
¢/ Xau w = labba c6 dugc sinh ra trong G hay khong?, Tai sa0?
4.5 Biéu dién cac tap sau bang cac biéu thirc chinh qui
@M {012}
(i)  {w e {a, b}"| w chi chtra mot lan xuat hién a}
(iii) {a>ad at ..}
(iv) {a"|nchiahétcho 2, 3 hoicn =5}
(V)  Tap tatca cac xau trén {a, b} ma bét dau va két thic bang a.
4.6 Tim tat ca cac xau c6 do dai bang hoac nho hon 5 trong tap chinh qui dugc
biéu dién bang:
(i) (ab+a)(aa+Dhb)
(i) (a*b+b*a)a
(iii) a"+(ab+a)
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4.7 Xay dyng 6tdmat hitu han twong @ng véi céc biéu thic chinh qui sau:
(i) (@b+c)b
(ii) a+bb+bab'a

(iii) (a+ b)"abb o
4.8 Tim cac biéu thirc chinh qui biéu dién cho cac tap sau:

(a) Tap tat ca cac xau trén {0, 1} c6 nhiéu nhat mot cap s6 0 hoic nhiéu nhat
mot cap so 1.

(b) Tap tat ca cac xau trén {a, b}, trong d6 s6 cc 1an xuat hién cua a chia hét
cho 3.

(c) Tap tat ca cac xau trén {a, b}, trong d6 c6 it nhat hai lan xuat hién cua b
gitra hai ky tu a.

(d) Tap tat ca cac xau trén {a, b} két thlic bang 00 va bat dau bang 1.

4.9 Tim biéu thtrc chinh qui trong tng voi d6 thi trang thai sau

4.10 Chang minh rang L = {ww |w e {a, b}"} khéng phai la tap chinh qui.
4.11 Chirng minh rang cac tap sau khéng phai l1a tap chinh qui

(i) {a"*|n>0}

(i) {ad™|0<n<m}

(iii) {a"v"|n>0}

(iv) {a"™|n, mla nguyén té cing nhau, UCLN(m, n) = 1}

4.12 Cho truée vin pham G ¢ cac qui tac dan xuat S — aS | a, tim 6tdmat M dé
doan nhan L(G).
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4.13 Xay dung mot 6tdmét hitu han dé doan nhan L(G), khi G ¢6 P: S — aS | bA |
b, A>aA|bS|a

4.14 Xay dung 6témat don dinh hitu han tuong duong véi van pham cO céc luat
sinhsau: S—aS|aA, A—> bB,B—aC,C—> A

4.15 Cho ng6n ngit chinh qui trén bang chit cai {0, 1}, gdm tt ca céac tir chia hai
ky hiéu 0 dung lién nhau.

(i) Hay biéu dién ngdn ngir d6 bai biéu thize chinh qui
(i1) Hay tim van pham chinh qui sinh ra ngén ngit d6
(iif) Hay xay dung 6tdomat hiru han doan nhan cung ngon ngir trén.

4.16 Xay dyng 6tdmat hitu han don dinh twong duong voi biéu thac chinh qui
10+(0+11)"1.

4.17 Cho ngbn ngix L trén bang chit {0, 1} ¢6 cac tir chtra chan l1an s6 0 va chin lan
$6 1.

(i) Tim biéu thtc chinh qui biéu dién cho L.
(if) Xay dung van pham sinh ra ngén ngtr L.
4.18* Cho ngon ngir L = {x"(10)™y* | n, k> 1, m > 0}
(i) Hay tim van pham chinh qui G sinhra L (L(G) = L).
(if) Xay dung 6tdmat hiru han trang thai M sao cho T(M) = L(G).

(iii) Hay kiém tra xem cac xau xx10y, x101 c¢6 duoc sinh ra bai van pham G
va dugc doan nhan bai 6tdméat M ¢ trong cau (i), (ii)?

4.19* Cho van pham chinh qui G = (Z, V, P, S), véi tap cac qui tac
P ={S—aA |bE, A>xB | b, B»>yC, C—>zA, E—aF, F—b}
(i) Tim ngdn ngtr L(G) sinh ra boi G.
(if) Xay dung 6tdmat hiru han trang thai M sao cho T(M) = L(G).

(iii) Cho xau w = axyzb. Hay chi ra G sinh ra xau w va w con dugc doan
nhan bai M.
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4.20* Cho 6tdmat hiru han M véi ham chuyén trang thai dugc cho nhu hinh sau:

1 y

_’@ LI (o

(i) Xay dung vin pham chinh qui G dé L(G) = T(M).

(if) Hay chi ra G sinh ra w1 = 1xyyX, w2 = Oyx va M cling doan nhan duoc wy,
Wo.

4.21* Cho trudc bang chir cai 2. = {a, b}.

(i) Xay dung 6tdmat hitu han trang thai M trén Y. dé doan nhan tat ca cac xau
c6 céc chir a la sé chian va I6n hon 0.

(if) Xay dung van pham chinh qui twong duong véi M ma anh (chi) da chi ra.

(iv) Xac dinh biéu thtrc chinh qui trong duwong v&i ngdn ngit sinh bai G.
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CHUONG 5. NGON NGU PHI NGU CANH VA OTOMAT DAY XUONG

Noi dung ctia Chuong 5 dé cap dén:
v/ Cay din xuét va cac phuong phap xac dinh vin pham phi ngit canh,
v Tinh nhap nhang cua vin pham phi ngit canh,
v’ B6 d& Bom d6i vai Ngbn ngir phi ngit canh,
-~ Otémat day xubng,
~Hai kiéu doan nhan ngon ngi ctia 6tomat day xudng,

v’ Céc két qua doan nhan cua 6tdmat day xudng va ngdn ngir phi ngit
canh.

5.1 Ngon ngir phi ngi canh va cAy din xuat
Vin pham G = (X,V, P, S) la phi ngir canh néu moi luat sinh déu c6 dang:

A — o, trongddAeVvaae(Vul)
Vidu5.1 Xay dung vin pham phi ngit canh G sinh ra tat ca cac sé nguyén.
Giai. Giasue G =(2,V, P, S), trong do
V = {S, <dau>, <chu so>, <So nguyen>}
>={0,1,2,...,9,+ -}

P: S — <dau><So nguyen>,

<dau> —» + |-,
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<So0 nguyen> — <chu so> <So nguyen> | <chu so>
<chuso>—>0]1]2]...9.
Kiém ching duoc rang: L(G) la tap tit ca cac sb nguyén.

Pinh nghia. Cay dan xuit (con goi la cay phan tich ca phép, cay ci phap) cho
van pham phi ngit canh G = (3,V, P, S), la cay thoa man cac tinh chat sau:

(i) Céc dinh déu dugc gan nhan 1a: bién, ky tu két thic hoic ¢ .

(i) Gocco nhan'S,

(iii) Néu cé 1 nut c6 nhan la A la nat trong, thi A la mot bién.

(iv) Néu nat (dinh) n c6 nhdn la A va cac nit ny, ny, ..., Nk 1 cac con cua n, theo thix
tur tir trai qua phai va lan luot mang cac nhan Xy, Xa, ..., Xk tuong ang, thi A —
X1Xz... Xk phai la mét luat sinh trong P.

(v) Binhn I 14 néu nhidn caa nd 1a a € X, hoac 1a ky hiéu rdng «.
Vidu5.2 Cho van pham G = ({a, b}, {S, A}, P, S), voi P:

S —>aAS|a|SS, A— SbA|ba

Cay dan xuat sinh ra xau w = aabaa trong G s& Ia:

Hinh H5-1 Cay dan xuit cho vian pham G sinh ra xau w = aabaa
Sdp xép cdc dinh (14) tir tréi qua phdi

+ Cac dinh con cua dinh goc dugc sap x€p tu trai qua phai, nghia 1a cac dinh &
muc 1 dugc sap xEp tur bén trai,
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+ Neéu hai dinh v, V2 & mtrc 1 va v1 ¢ bén trai cua v thi ta ndi rang v; bén trai
cua tat ca cac dinh con cua v, va cic dinh con cua vi cling 1a & bén trai cua vy,
dong thoi cling & bén trai cia cac dinh con cua vo.

+ Lap lai qua trinh trén cho mitc 2, 3, ..., k.
Pinh nghia. Keét qud cia mot cdy dan xuat la day cac nhan dugc ghép cua cac la
tir trdi qua phai.

Vi du: Két qua cua cay dan xuat & Hinh H5-1 13 aabaa.
Str dung cac luat sinh cua van pham G:

S = SS = aS = aaAS = aabaS = aabaa
Vay két qua cua mot cay dan xuat cling la mot tir dugc sinh ra boi van pham G.

Pinh nghia. Cay con cua cdy dan xudt T la mot cay co

(i) Géc cua no 1a mot dinh v cua cay T,
(if) Cac dinh cua n6 ciing la con chau cua v cung véi cac nhan tuong tng,

Vi du: Cay trong hinh H5-2 1a cdy con cua cdy ¢ hinh H5-1

PN

Hinh H5-2 Mgt cay con cua cdy T ¢ hinh H5-1

Luu y: Cay con ciing 1a mot cay dan xuat, chi khac nhau 1a nhdn cua cay con do c6
thé khong phai la ky hiéu bat ¢au S. Néu nhan cta goc cia cay con la A thi cay con
do duoc goi la A-cay.

Pinhly. Giasu G = (2, V, P, S) 1a van pham phi ngt canh. Khi d6
S = khi va chi khi ton tai cy dan xuat T cia G dé T- cay c6 két qua la o.

Chieng minh:

Chi can ching minh rang A _ o khi va chi khi A-cay c6 két qua Ia . (5.1)
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Gia sir o 1a két qua A-cay Ti. Chilng ta chitng minh A _, o bang phuwong phép qui
nap theo s cac dinh bén trong cua T

Co s¢ qui ngp: Néu Ty chi c6 mot dinh bén trong, nghia 13 tat ca cac dinh con cua
gdc déu 1a 14. Khi d6 cay T; c6 dang:

Hinh H5-3 (a) A-Cay c6 mot dinh bén trong

Theo (iv) trong dinh nghi trén suy ra A — AjAx...An = o la mot qui tic trong G.
Vay A = a.

Gid thiét qui ngp: Gia st (5.1) ding véi céc cay con c6 k — 1 dinh bén trong, k > 1.

Chuing ta xét A-cay Ti c6 k dinh bén trong (k > 2). Gia thiét goc cta Ty €O Vi, Vo,
..., Vm 13 cac dinh con duoc gan nhin tuong @ng Xi, Xa, ..., Xm. Theo (iv) trong dinh
nghia, suy ra A — X1 X...Xm 12 mét qui tac trong P. Do vay,

A= X1X2...Xm (5.2)

Bai vi k > 2 nén trong sb cac dinh con cua A ¢4 it nhat mét dinh 1a dinh bén trong.
Néu v; 1a mot dinh bén trong thi lai xét tiép cay con cua Ti c6 gbc chinh 1a vi.
Hién nhién 1a s6 cac dinh bén trong cta cay con géc vi 1a nho hon k, vay theo gia
thiét qui nap suy ra Xi o, Xi 1 nhan cua vi.

Néu v; khdng phai 1a dinh bén trong, thi X; = o; . Va chlng ta nhan duoc:

A= XiXo.. Xm S ouXo Xm. .o 0102 . .. Om =0

Nghiala A 2 a.
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Pé chiang minh chiéu nguoc lai, ching ta gia thiét ring A _, a.. Chung ta di xay
dung A-cay dé c6 két qua 1a o.. Thuc hién diéu ndy bang phuong phap qui nap theo

sb budc trong dan xuat A _ a.

Khi A = o, A —> o la qui tic trong P. Néu a. = X1Xz...Xm , A-cay cho két qua o c6
thé xay dung dé dang va c6 dang nhu hinh H5-3 (b).
A

X1 / Xm

oul®

Hinh H5-3 (b) Cay dan xuat cho dan xuit mot budc

Gia str dan xuat A _ a thuc hién qua k buée, k > 1. Khi d6 ta c6 thé chia nd thanh

A = X1 Xo0.. Xm k:;loc. D?xn XUét A = X1 X2.. Xm kéo theo A —» X1 X2...Xm la
mét qui tac trong P. Con trong dan xuat X1 Xz... Xm o thi:

(i)  Hoic X; khdng chuyén trang théi suét trong qua trinh dan xuat, X; = o
(i)  Hoic X; bién ddi trong qua trinh dan xuat. Gia sir a; 1a Xau nhan dugc
te Xi, Xi— .
Cay dan xuat cho két qua o = a0t . . . amduoc Xay dyng nhu sau:

Khi A — X1X5...Xm 12 mot qui tic trong P, ta xay dung cay c6 m la: X1, Xo,
.oy Xm. Ttr X; suy dan ra a; dugc thuc hién nho hon k budc, vay theo gia thiét qui
nap thi X;-cay sé& cho két qua 1a o;. Do d6, A-cly sé cho kétqua lac. m

Vidu5.3 Xét vian pham voi P: S — aAS | a, A — SbA | SS | ba. Chirarang S
aabbaa va tim cy dan xuat dé cho két qua aabbaa.

Gidi: S = aAS => aShAS => aabAS = a’bbaS => a’b%a?, nghia S _. a’b%a’.

Cay dan xuit cho két qua trén la:
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Hinh H5-4 Cay dan xuat cho két qua a?bh?%a?

Trong cac dan xuat ¢ trén ching ta nhan thay, luat sinh P ludn ap dung cho bién
trai nhat..

Pinh nghia. Din xudt A 2w & ddn xudt trdi nhdt néu chi ap dung luat sinh cho
bién trai nhat trong moi budc din xuat.

Pinh nghia. Din xuat A W |a ddn xudt phdi nhdt néu chi ap dung luat sinh cho
bién phai nhét trong moi budc dan xuit.

Vidu 54 ChovanphamGcoP:S - 0B|1A A—>0|0S|1AA,B—>1]|1S|
0BB va w =00110101.

(i)  Tim dan xuat trai nhat caa w,
(i)  Tim dan xuat phai nhat cua w,
(i) Xac dinh cay din xuat cua w.
Gidi:
() S = 0B = 00BB = 0011S = 0?1?°0B = 071201S = 0?12010B = 02120101

(i) S = 0B = 00BB => 00B1S = 0°B10B = 0°B101S = 0°B1010B =
0°1B10101 = 07120101

(iii) Cay dan xuét cho 02120101 la
S

Q/Q\BB
FEP -
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Hinh H5-5 Cay dan xuat cho két qua 02120101

5.2 Sw nhap nhflng trong van pham phi ngir canh
Pinh nghia. Vin pham phi ngit canh G 1a nhap nhing néu c6 w e L(G) la nhap
nhang (cé nhiéu hon 01 cay dan xuat trai).

(Mot cau duoc hiéu theo nhiéu hon 01 nghia.)

Vidu5.5 XétG=({a b, + *} {S}, P, S)v6iP:S > S+S[S*S|a|b.

Xau a+a*b co cac cay dan xuat sau: s

Hinh H5-6 Hai cay dan xuat cing cho két qua a+a * b

5.3 Dang chuin Chomsky
Pinh nghia Vin pham phi ngit canh G ¢ dang chudn Chomsky (viét tat 1a CNF)
néu céc qui tic déu co6 dang:

A —ahoic A— BC,vaS >AnéuA € L(G),vsiS, A B,CeVyac).
Khi A thuoc L(G) thi S khdng xuat hién & vé phai cua moi qui tac.
Vi du 5.6: Van pham G c6 c&c qui tic S — AB | A, A— a, B — b 13 & dang CNF.

Nhdén xét: O dang CNF, cac vé phai ciia moi qui tic chi ¢ thé 1a mot ky hiéu két
thuc (hodc ky hiéu rdng A) hodc hai bién.
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Van dé quan trong dit ra 1a c6 thé chuyén mot van pham phi ngit canh bat ky vé
CNF hay khéng? Ta c6 Binh ly sau (khéng chixngminh ):

Pinh Iy (Luoc gian vé dang chuan Chomsky). Vi moi van pham phi ngit canh
G, déu ton tai van pham G, trong duong ¢ dang chuan Chomsky.

5.4 B6 dé Bom cho ngén ngir phi ngir canh

C6 nhiéu cach dé chung minh mét ngbn ngit cho trudc cd la phi ngir canh hay
khong. Mot trong cac cach d6 1a xay dung mot van pham phi ngr canh (hay xay
dung 6tomat day xubng) dé sinh ra (doan nhan) ngdn ngir do.

Song, mudn ching minh mot ngén ngit khong phai 1a phi ngit canh thi khé hon
nhiéu. Ta khéng thé xét duogc tat ca cac van pham phi ngir canh dé chiing té ngdn
ngit da cho khong duoc sinh bai cac van pham phi ngit canh. Bé khiac phuc kho
khian ndy, ngudi ta dua ra mot s “tiéu chudn dic trung” ctia ngdbn ngit phi ngir
canh va dua vao do dé xem xét kha ning thoa man caa ngdn ngit cho trudc.

Sau day ching ta xét mot sé tinh chat quan trong cua ngdn ngit phi ngit canh dua
vao bo d& Bom. Theo d6, chling ta ¢ thé khiang dinh kha nhiéu ngbn ngir khdng
phai la phi ngir canh.

Bo dé. Gia s G la van pham phi ngit canh & dang CNF va T 1a mét cay dan xuat
ctia G. Néu d6 dai ctia dudng di dai nhat trong T nho hon hodc bang k thi moi két
qua sinh ra ctia T déu c6 do dai nho hon hoac bang 251,

Ching minh: Qui nap theo d6 dai k, d6 dai cua duong di dai nhét trong s tat ca
cac A-cay dan xudt (cay dan xuat véi goc c6 nhan 13 A).

Buéc co s qui ngp: Khi k = 1, tac 1a goc cua cay dan xuat chi cé mot dinh con ma
nhan cua no 1a ky hiéu két thic. Néu dinh géc c6 2 dinh con thi nhdn cua ching sé
phai 1a bién boi G 1a & dang chuan Chomsky. Tir d6 suy ra két qua sinh ra c6 do
dailal1<2tt =1,

Bueéc gia thiét qui ngp: Gia st két luan trén dang véi moi k —1 (k> 1).

Ta can chitng minh né diing véi k, tac néu T 13 A-cay dan xuét c6 cac dudng di dai
nhat nho hon hoic bang k thi moi két qua sinh ra cua T déu c6 d6 dai nhoé hon hoic
bang 251, Boi vi k > 1 nén dinh gbc cua T c¢6 dung hai ciy con A; va Az cO cac
duong di dai nhat 12 nho hon hoic bang k — 1.

88



Otomat va ngdn ngir hinh thirc

Theo gia thiét qui nap moi két qua w1, w sinh ra trén hai cay dan xuat A; va A,
trong tng déu thoa man | wi| < 2%2, | wy| < 22 Két qua sinh ra boi T khi d6 c6 thé
la Wiw; va | wiw,| < 22+ 2K2 = 21 P 13 diéu can phai chitng minh. n

Pinh ly. Néu L la ngdn ngix phi ngir canh thi s& ton tai s tu nhién n sao cho:

()  Vz e L voi |z| > n déu c6 thé viét duoc dudi dang: z = uvwxy, Véi u, v,
X, y la cac xau nao do

(i) vx>1

(i) wx| <n

(iv) uvkwxXy e L v&i moik > 0.
Churng minh:
Tir hé qua 5.2 ta c6 thé kiém tra dugc A € L hay khdng. Khi A e L thi ta xay dung
vin pham phi ngit canh G = (Vn, =, P, S) ¢ dang chuan Chomsky dé sinh ra
L — {A} (truong hop A ¢ L thi xdy dung van pham G = (Vn, Z, P, S) ¢ dang
chuan Chomsky dé sinh ra L).

Gia str [Vn| = m va @it n = 2™, Ta chira rang n 12 sé can tim & bo dé trén.

Véiz € L, |z] > n ta di xdy dung cay din xuat cho z. Néu d6 dai duong di dai nhat
trong T nhiéu nhat 14 m thi theo bd dé 5.3, ta c6 |z| < 2™%. Nhung |z| > n = 2™ >2™1,
Vay T s& c6 dudng di, vi du T, c¢6 d6 dai 1on hon hoic bang m + 1. T c6 it nhat
m + 2 dinh va chi c¢6 dinh cudi cung 13 14. Nhu thé trén T s& co m + 1 dinh c6 nhan
la cac bién. Boi vi [Vn| = m nén mot s6 nhan sé& phai lap lai.

Chung ta chon dinh cd nhan bi 1ap lai nhu sau: bat dau tir 14 di nguoc 1én dén khi
gap dinh dau tién c6 nhan bi lap lai, vi du d6 1a nhian B. Gia sir v va v; 13 hai dinh
c6 cling nhan B, vai vi ¢ gan goc cua cdy T hon. Trén doan duong di I tir vi dén 14
chi chira dang mot dinh c6 nhdn B bi lap 1 1an, do vay d6 dai I6n nhit cua doan d6
lam+ 1.

Gia st Ty va T 1a hai cdy con tuong (tng Vi hai dinh goc vy va vo, Ty sinh ra z; va
T,sinh ra w. Theo bo dé trén, suy ra |z1| < 2™.

Bai vi z 14 xdu duoc sinh ra boi cay T va Ty 1a cdy con thuc su caa T, nén co thé
Viét z = uzyy. Mt khac, T lai 1a cay con thuc su cua Ty, nén ta viét duoc z3 = VwX.
| vwx| > |w]| suy ra |vx| > 1. Do vay, z = uvwxy Vi [vwx| < n va [vx| > 1. Dén day ta
da ching minh dugc cac diéu (i) — (iii).
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Boi T la S-cAy dan xuit va Ti, T, 1a hai B-cAy dan xuit, nghia 1a S — uBy,
B_vBxvaB 2 w.ViS ZuBy = uwy =uvwx e L. V6ik>1,S ZuBy —
uvkBx*y = uvkwx*y e L. Biéu ndy chirng minh diéu kién (iv) cua bé dé Bom. m
Vidu5.7 Chiraring L ={a?|p la s nguyén t6} khdng phai la ngdn ngit phi ngit
canh.

Gigi: Gia sir L 1a phi ngit canh. Theo bd @& Bom thi s& tim dugc s6 n dé thoa man
cac diéu kién cua dinh ly 5.10.

z =aP, p la sb nguyén t6 va p > n. Ta cd thé viét nd dudi dang z = uvwxy. Chon k = 0,
theo b6 dé Bom ta c6 uv®wxly e L. Suy ra [uwy| = q 1a s6 nguyén to. Pat [vx| = m va xét
tiép day uviwxdy e L. N6 ¢b do dai [uvwxy| = g + g * m = g*(1 + m), lai khdng phai la
s6 nguy@n td, do d6 mau thuan véi gia thiét.

B6 dé Bom duoc sir dung dé chi ra mot ngdn ngir khéng phai 1a phi ngit canh.
Trudc tién, gia sit L 12 ngdn ngit phi ngit canh. Ap dung bo d& Bom thi dan dén
mau thuan.

Thuat toan 4p dung bd @@ Bom dé kiém tra tinh phi ngit canh cua L .

1. Gia st L 1a phi ngit canh va n 1 sb ty nhién nhan duogc tir b6 dé Bom.
2. Chon z e L sao |z| > n. Viét z = uvwxy theo bo dé.

3. Tim mot s6 k sao cho uvkwxty ¢ L. Piéu nay la mau thuan, do vay L
khong phai la phi ngir canh.
Vi du 5.8 Hay chi ra rang L = {a"o"c" | n > 1} khéng phai la ngdn ngit phi ngi
canh ma la ngén ngir cam ngir canh.

Giai:
Buéc 1. Gia st L 1a phi ngit canh va n 1a s6 nguyén nhu trong bo dé Bom néu trén.

Buéc 2. Chon z = a"b"c”. Khi d6 |z| = 3n > n. Theo b6 dé ta viét dugc z = uvwxy,
trong d6 |vx| > 1, suy ra it nhat 1 v hoic x s& khac rong.

Buéc 3. uvwxy = a"b"c™. Vi juwx| < nnénsuy ra 1 < |ux| < n. D& dang thay riang, v
va X khéng thé chira tat ca ba chir a, b, c. Khi d6 ta c6

1. v hoic x ¢6 dang a'b’ (hoac b'd) v&ii+j<n,i,j>1.
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2. Vv hoac x chi chira mot trong ba chit a, b, c. o o
Trueong hop 1. Néu v = a'b! (hodc x = alb') thi v2 = a'b! alb! (tuong ty x? = albla'b))
V6i i+ j < n. Bai vi V2, X2 la hai xau con cta uv?wx?y, nén ua'bla’b'wa'b’ a'bly khéng
thé viét thanh dang a™b™c™ duoc, nghia 13 uvwx?y ¢ L. Tuong tu ddi véi trudng
hop v = bic! (hoic x = bic).

Truong hop 2. Néu v, x chi chira mot trong ba chit a, b, ¢ ( vi du v = a' va x = b,
hoicv=Db'vax=cdvéi 1<i,j <n), thi xau uwy s& chaa chir tha ba con lai, goi
la a;. Hién nhién a;" s& 1a xau con cua uwy vi a; khdng xuat hién trong v va x. Biét
rang uvwxy = a"b"c" nén s cac hai chir khac voi a; trong uwy 1a nho hon n, nghia
la uwy ¢ L. Mat khac uvPwx®y = uwy ¢ L.

Vay L khong phai la phi ngir canh.

5.5 Otdmat day xudong (Push-Down Automata) va irng dung.

Mo hinh todn hoc hitu han da nghién ctru trong cac chuong truéc khong cd kha
nang doan nhan ngay ca mot ngén ngir don gian nhu L = {a"b" | n > 1} vi n6 khong
thé dém duoc sé chir a doc dugc trude khi chit b dau tién duoc tinh dén. Khong thé
xay dung 6tdmat hiru han trang thai dé doan nhin duoc L bai vi cac xau cua nd cé
dang a"b" vai n 14 tuy v va dé sinh ra ching thi phai cd vd han trang thai. Tuy
nhién, viéc ma rong truc tiép tdmat hitu han bang cach cho phép n6 c6 vo sé cac
trang thai ré rang khong phai la mo hinh tinh todn phu hgp. Vay 6tomat loai nao
thich hop dé doan nhan dugc nhitng ngdn ngir nhu thé? o chinh 13 6t6mdt day
xuong. Mot 6tomat day xudng 1a mot 6tdmat hiru han kém theo mot bing day
xudng v han tiém ning.

Otomat day xudng hoat dong nhu sau: N6 doc bang chit (ky hiéu) vao, cé trang
thai diéu khién, trang thai bat dau, két thic giong nhu 6tomat hitu han. Ngoai ra,
n6 con cd kho (bd nha) day xudng. Mai lan thay dbi trang thai n6 cé thé doc, lay ra
(tir dinh xudng day) hozc ghi mot ky hiéu vao kho day xudng.

Pinh nghia: Otémat ddy xuong (PDA) 1a bo bay:
A=(Q, % T, 9, qo, Zo, F), trong d6
(i) Q latap hitu han khac rong cac trang thai,
(ii) = 14 tap hitu han khéc réng céc ky hiéu vao, bang chir céi,
(iii) T 14 tap hitu han khac rdng cac ky hiéu ngan xép,
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(iv) Qo la trang thai bat dau, qo € Q,

(V) Zoe T goi la ky hiéu khoi dau (day ngan xép),

(vi) F < Q latap cac trang thai két thic,

(vii) 8:TxQx (U {e}) > X I'xQ

Vidu59 A=(Q, % T,9, qo, Zo, F), trong d6 Q = {qo, 01, g}, Z = {a, b},

I' ={a, Zo}, F = {gs} va é duogc xac dinh nhu sau:
8( Zo, qo, @) = {(aZo,q0)}, 6(a, ds, b) = {(&, q1)}
5(a, do, @) ={(aa, do)},  8(Zo, 0, e)= {(& )}

8( a, o, b) = {( €, ql)}

5.5.1. Céu tao va hoat déng cua PDA: Otémat day xuéng (PDA) gom 1 bing
vao, 1 ngin xép va 1 bo diéu khién.

g ar laz | .. An f g a: [as | .. An f

Z;

Zn

PDA ciing giéng FA: C6 bo diéu khién l1a 1 tap hiru han trang thai, ddu doc cho
phép doc lan luot cac ky hiéu trén bang vao tur trai sang phai.

PDA khac FA : PDA c6 1 Stack hoat dong theo nguyén tic LIFO, lam ting kha
nang nhé cua PDA.
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Hoat dong cuia Stack: Khi dua ky tu vao Stack, thi ky hiéu ¢6 nim & dau (dinh) cua
Stack; Nguoc lai, khi doc va dua ra khoi Stack: Ky hiéu trén cung duoc doc va khi
ky hiéu d6 da dugc doc xong thi né bi loai ra khoi ngan xép.

Mét buwoc chuyén cua PDA: Khi thuc hién budc chuyén, PDA cin cir vao:

+ Trang thai hién thoi cua b diéu khién (Q);
+ Ky hiéu quan sat dugc trén bang vao;
+ Ky hiéu trén dau (dinh) cua Stack.
Pé dua ra cac hanh dong thich hop sau:
- B6 diéu khién chuyén sang mot trang thai méi nao do (Q);
- Ghi mot xau ky hiéu nao d6 vao dau Stack:
- Pau doc co thé chuyén sang 6 bén phai.
(Néu dau doc chuyén sang phai 1 6, thi qua trinh trén dugc goi la mot budc
chuyén. Nguoc lai- Dau doc dimg yén, thi dugc goi la budce chuyén mu).

5.5.2. Poan nhan xau vao cua PDA:

C6 02 cach doan nhan xau vao cua PDA.

+). Xau vao duoc doc xong va PDA dén duoc 1 trong cac trang thai cudi (e F);
+). Xau vao duoc doc xong va Stack tro thanh rong.

Quy woc: Ky hiéuvao: a, b, c,.... €X; Xauvao: u,v, X, ,...; o, B, v,....€ I.
Khai niém 1. Bwoc chuyén duwoc nhin duéi dang ham chuyén:

Co 2 dang tuwong rng voi 2 cach doan nhan:

d(z,9,a) ={(y1,q1), (y2,92),--.-., (ym , Om)}- Pa tri, trong do ze T’; q,qi€Q; aeZ;
vi € I . C6 nghia la: O trang thai g, z ¢ dinh Stack, nhin 1én ky hiéu aeX (trén
bang) thi PDA chuyén sang trang thai q;, thay z ¢ dinh Stack bang v va dau doc
chuyén sang phai 1 6.

(Vé hinh mo ta)
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Néu a = g tic 13: 8(z, 0, €) = {(v1, q), (V2,02),....., (ym, Om)}, thi duoc goi la budc
chuyén mu (budc chuyén rdng).Trong truong hop nay, ky hiéu vao khéng anh
hudng toi budce chuyén (trong budc chuyén do dau doc van ding yén tai chd).

Cé nghia la: O trang thai g, z ¢ dinh Stack, PDA chuyén trang thai q vé gi va thay
z & dinh Stack bang vi, con dau doc khéng dich chuyén.

Khéi niém 2. Hinh trang ca PDA:  Go6m 3 thanh phan: o g X

Trong d6 qeQ; x €X™- Pay la phan xau chua duoc doc; o e I'™ (Stack) — Ki hiéu
trai nhat o dudi. Luc do, g nhin 1én Ky tu trai nhat cia x trén bang vao.

Hinh trang dau cua PDA: Zo Qo W .
Vay, qua trinh doan nhan xau w bai PDA la qua trinh bién d6i cac hinh trang.
Mot xau w duoc doan nhan boi PDA, néu ton tai mot qua trinh doan nhan né.

Chu y: Khi dwa mot xau y vao Stack, ky hiéu bén trai nhat cua y nim & dudi, ky
hiéu phai nhat sé nam & dinh Stack.

Néu hién thoi ze T vay = Y1Y2 ... Yk thi viéc dua y vao Stack  duoc
mo ta nhu: Y

Y1

Y1

z

5.5.3. Ngon ngu doan nhan cua PDA:

Ng6n ngir doan nhan bai PDA (M) theo kiéu trang thai cudi (két thic):
LIM)={w eX" | zoqo W =*yp véipeF,y e I'}.
Ng6n ngir doan nhan bai PDA (M) theo kiéu Stack rdng:

N(M) = {w|zoqow =*p voi peQ}.
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QM: Tap cac xau doan nhan duoc theo trang thai cubi cua moét PDA(M) chinh
bing tap cac xau doan nhan duoc biang kiéu Stack rong (L(M) = N(M)).
L(M) ={w €X"| ( Zo, o, W) =*(y, g, A) V&igr e Fvay e}
Vi du 5.10 (Poan nhdn):
Cho M = ({qo, 01, G}, {a, b, c}, {a, b, Zo}, 6, qo, Zo,{qr}), VOi &:

8( Zy, Jo, a) = {( Zoa, qO)}; 6( Zy, Qo, b) = {( Zob, qO)}!
8( a, o, a) = {( aa, qO)}; 6( a, o, b) = {( ab, qO)};

(b, qo, @) = {(ba, go)},  3(b, go, b) = {(bb, qo)},
5(a qo,¢) ={(a,q)},  3(b, qo, ¢) = {(b, q1)},
8( Zo,0o, €) = {(Zo,a1)}
S(a, qu, @) =3(b, qu, b) = {(e, q1)}
8(Zo,01, £) = {(Zo, an)}
Xét viéc doan nhan xau w = bacab. Quy trinh :

1. Pit xau can doan nhan vao Hinh trang dau ;
2. Hoat dong caa Ham chuyén trang théi ;
3. Dua vao Hinh trang cudi dat duogc dé két luan : thira nhan
hoac khong.
Hinh trang dau: Zoqgo bacab (luén ludn Xem xét bo 3 ky tu ma q 1a ky tu o giira )

ZoQo bacab = Zgbqo acab

= Zobaqocab

= Zobagiab
= Zobgib
= ZoQi g

= ZoQie

Nghia 1a Zoqo bacab =" Zo gr A, do d6 bacab eL(M). (Stack réng)
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Twong tu chling ta c6 thé ching minh dugc ring wew” eL(M).
Vay L ={wew' |w e {a, b} } = L(M).

Pé chang minh chiéu nguoc lai, L(M) c L ta chi can chi ra rang L€ < L(M)C (
phan bl cta chiing ciing bao nhau). Gia sir X e LS. Xét tiép hai truong hop:

Triwong hop 1: x khéng chira ky ti ¢. Khi d6 PDA A khong thé chuyén doi tir trang
thai qo dén gy va dé dén gr duoc. Vay x € L(M)C.

Trurong hop 2: x ¢6 chiza Ky twr ¢, X = WiCW2, W1 # Wa.
(Zo,qo0, WiCW2) =" (Zow1' 0o, CW2) = (Zow1' 01, W2)

Bai vi wiT = Wo nén (Zows' ,01, W2) khong thé chuyén vé duoc (Zo ,q1, A) dé két
thic & (Zo, gr, A). Tir d6 cling suy ra x € L(M)°C.

Két luan L(M) = L.
5.5.4. Méi quan h¢ gitra Otémat day xuéng va Viin pham phi ngir canh.
Pinh ly: (Su twong duwong gitra PDA va Van pham Phi ngur canh G).

L la mot ngdn ngtr phi ngtr canh < 3 PDA(M) ma L = N(M).

Nghia la, khi cho truéc mot Van pham phi ngir canh G, ching ta luén tim duoc
mot Otomat day xuéng M dé L(G) = N(M) va nguoc lai.

ChoG=(>,V,P,S)laVPPNCsinhra L(G) < 3 PDA(M) ma L(G) = N(M).
Chung minh: (Chiéu thuan: C6 Vian pham G, xay dung PDA(M) tuong (ng):
Giasutaco:G=(>,V,P,S)laVPPNCsinhraL(G).
Ta xay dyng M nhu sau: Bat M = (Q, Z, T, 8, qo, Zo, F), trong d6 ta lay:
2=36;Q={q}vaq=qo;F=0;T'=YuUV;Z=S;
Ham chuyén & dwec xdc dinh nhw sau:
O I'xQxZufe}) = XcI xQ

+). VA eVva (A - a) e Ptrong G, thi &A, q, &) = (a?, q);
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+). &a, q, ) = (¢, q); Va €}
Vidu5.11: ChoG=(Y,V,P,S) Vi Y ={ab}; V={A B} S=A;
P: A — B|AB; B> ablaBb.
1. Hay mo ta dang diéu cac xau wel(G).
2. Tim cay dan xuat d6i voi xau wy = aaabbb; w, = abababab.
3. Xay dung PDA(M) ma N(M) = L(G).
Ap dung su doan nhan cua M d6i voi aabb.
Giai (3): M=(Q, =, T, 8, qo, Zo, F). V6i:
Q={q; Z={ab;T=3uV={ab A B} Zo=A
Ham chuyén & duogc xac dinh nhu sau:

8(A, g, €) = (B, q) | (BA, q);

5(B, a, &) = (ba, q) | (bBa, q);

5(a, a, a) = (&, Q);

5(b, g, b) = (&, 9).
Tim duong dan cua w = aabb.
A — B — aBb —» aabb =w €L(G)..
DPoan nhan cua PDA (M):
Agaabb = Bgaabb = bBagaabb = bBgabb = bbagabb = bbgbb
= bgb = q (Stack rong). Vay, weN(M)
Vidub5.12: Cho) ={x,y,z};V={A B}, S=A;

P: A— zyz|Bz; B —» Bxylyz;

Hay lap PDA(M) ma N(M) = L(G); Ap dung doan nhan cho:

Wi = ZyXyZ; Wz = ZyXyXYyZ.
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Vidu5.13: Xay dung 6tomat day xuéng M tuong dwong voi vin pham phi ngit
canh c6 cé4c luat sinh: S — 0BB, B — 0S| 1S | 0. Kiém tra xem 010* € N(M)?
Giai: Xay dung PDA( M) nhur sau:
M = ({q}, {0, 1}, {S, B, 0, 1}, 6, q, S, &) va & dugc dinh nghia nhu sau:
Ri: d(S,q,¢)={(BBO0,q)}
R2: 3(B, q, &)= {(S0, @), (S, q), (0, )}
Rs: 5(0,q,0)={(e,q)}
Ra: 8(1,q, 1)={(e,q}
Ta kiém tra xem 010* € N(M)?
Sq 010* = BB0q 010* theo qui tac R;
— BBq 10* theo qui tic Rs
= BS1q 10* theo qui tic R, bai vi (S1, q) € (B, q, € )
— BSq 0* theo qui tac Ry
— BBBO0q 0* theo qui tic R;
— BBBq 0°® theo qui tic Rs
— " 000q 0% theo qui tic Rz bai vi (0,q) € 8(B, q, €)
= " (&, q), theo qui tac Rs
Vay, 010* e N(M).

Vi du 5.14. Xay dung PDA dé doan nhan duoc tap cac xau trén {a, b}, trong dé
s6 chir a bang sé cac chit b.

Gidi: B = ({q}, {a, b}, {Zo, a, b}, 6, q, Zo, D), trong d6

8 (Zo, 9, ) ={(Za, q)}, 6 (Zo, 9, b) ={(Zob, )},
5(a, 0, a) = {(aa, q)}, 5(b, g, b) = {(bb, a)}
5(b, g,a) ={(& )}, 5(q, b, a) = {(e, Q)}
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6( Lo, q, 8) = {(8’ q)}

Chung minh duoc rang N(A) = L 1 tap tit ca cic xau trén {a, b} trong d6 sb céc
chit a bang sé cac chit b.

Bai tap
5.1 Cho vinpham GcoP:S—>S+S|S*S,S—a|b. Timcay dan xuét cua
Xau w=a*b+a*bthuoc L(G).

5.2 Cho vanpham GcoP:S— 0S0|1S1|A, A— 2B3, B»2B3|3. Tim L(G)?

5.3 Cho van pham G c6 P : S —> aB | bA, A —>aS|bAA |a, B->bS |aBB |b.
Ddi v4i xau w = aaabbabbba, hay tim:

(i) Dan xuat trai nhat caa w,
(i) DAan xuat phai nhat caa w,
(iii) Cay dan xuat cua w.
5.4 Chi ra rang vin pham G c6 P: S — SbS | a la nhap nhang.

5.5 Chi ra rang vin pham G c6 P: S — a | abS | aAb, A — bS | aAAD la nhap
nhang.

5.6 Xay dung PDA dé doan nhan bang kho day xudng réng cac ngén ngit sau:

(@ {a"o™c" | m, n>1}
(b) {a"v®"|n=>1}
(c) {a™™c"|m,n>1}

(d) {a™"[m>n>1} ,
5.7 Xay dung PDA dé doan nhan bang trang thai ket thic cac ngdn ngir nhu trong
bai 5.6.

5.8 Xay dung van pham phi ngt canh sinh ra cadc ngbn ngir sau va sau d6 xay
dung cac PDA dé doan nhan chling bang kho day xuéng rdng:

(@) {a""| n>1}u{a™* | m=>1}

(b) {a"™c"| m,n>1}u{a"c"|n>1}

(c) {a"b™c™d" | m, n>1}
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5.9 Chi ra rang tap tat ca cac xau trén {a, b} c6 sb ky tu a bang sé ky tu b, duoc
doan nhan boi mot 6tomat day xudng don dinh,

5.10 Chi ra rang {a"b" | n > 1} U {a™b®™ | m > 1} khdng thé doan nhan bdi mot
6tomat day xudéng don dinh.

5.11* Cho ngon ngit phi ngit canh L = {a"cb™cd*|n>m> 0, k> 0}
(i) Tim vin pham phi ngit canh G dé sinh ra L (L(G) = L).

(i) Chi ra mét dan xuat ching to tir a3cb?cd? dugc sinh ra béi G ma anh (chi)
da chira ¢ trén.,

(iii) Xay dung cay cl phap cua tir a’ch?cd?.
(iv) Xay dung 6tomat day xudng M dé doan nhan L cho trudc & trén.

(v) Chi ra mot din xuat chiing to tir a’cb?cd? duge doan nhan boi M ma anh
(chi) da chi ra & trén.

5.12* Cho van pham phi ngit canh G ¢6 tap cac qui tac P = {S — aSa | bSb | cSc | d}
(i) Tim ngdn ngir sinh L = L(G).

(i) Xay dung 6tomat day xuéng M dé doan nhan L cho truéc & trén theo ngin
xép rong, L(G) = L(M).

(iii) Cho w; = aababbccdccbbabaa va w, = ababbcccdbbabaa. Chi ra rang
wi e L(G) vaw; € L(M), conw; ¢ L(G) vaw, ¢ L(M).

(iv) Xay dung cay cl phap cua xau wi dbi voi van pham G néu trén.
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