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CHUONG V
Cac ngon ngir phi ngir canh

Noi dung ctia chuong nim dé cap dén:
v' Cay din xuét va cac phuong phap xac dinh van pham phi ngir canh,
v Tinh nhép nhing va qua trinh gian lugc vin pham phi ngit canh,
v' Céc dang chuan: dang chuan Chomsky va dang chuan Greibach,
v’ Bb @& Bom (di’éu kién can) cho cac ngén ngir phi ngit canh va mét sb
thuat toan quyét dinh duoc.
5.1 Cac ngdn ngir phi ngir canh va cac ciy din xuat

Ngon ngir phi ngir canh thuong duoc sir dung trong thiét ké cac by chuong trinh
phén tich cu phap. N6 ciing dugce sir dung dé mo ta cac khoi cau tric trong cac
ngodn ngi 1ap trinh. Trong phan nay ching ta sir dung cay dan xuat dé biéu dién cho
ngon ngtt phi ngir canh.

Trudc tién ching ta nhic lai dinh nghia ctia van pham phi ngit canh. G 1a phi ngi
canh néu moi qui tac dan xuat déu co6 dang:

A—>a,trongddA e Vyvaa e (Vyu)
Vi du 5.1 Xay dung mot vin pham phi ngit canh G dé sinh ra tit ca cac s6 nguyén.
Giai. Giasu G=(Vy, 2, P, S), trong d6
Vi = {S, <dau>, <chu so>, <So nguyen>}
>=10,1,2,...,9,+,-}
P bao gdm cac qui tiac: S — <dau><So nguyen>,
<dau> —> + |-,
<So nguyen> — <chu so> <So nguyen> | <chu so>
<chuso>—0|1]2]...]9.
D& dang kiém chtng duoc 1a L(G) 1a tap tit ca cac sb nguyén.

Moi dan xuat ctia mot van pham co6 thé biéu dién dudi dang mdt cay, de goi la cay
dan xuat.

Pinh nghia 5.1 Cay dan xuit (con goi 13 cdy phdn tich cii phdp) cho vin pham phi
nglr canh G = (Vy, 2, P, S) la cay thoa man céc tinh chat sau:

(i) Céc dinh déu dugc gan nhan 1a bién, ky tu két thuc hodc A,
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(i) Gbc c6 nhin S,
(iii) Nhin cac dinh bén trong (khéng phai 1a 14) 13 cc bién,

(iv) Néu cac dinh ny, ny, ..., n, dwoc viét v6i cac nhan X, X, ..., X; 1a cac con cla
dinh n c6 nhan A thi trong P c6 tuong mg qui tac A — XX, ... Xy

(v) Dinh# 14 14 néu nhin ciand la a € X, hodc 1a ky hiéu réng A.
Vidu 5.2 Cho trude van pham G = ({S, A}, {a, b}, P, S), trong d6 P gom:
S —>aAS|a|SS,A — SbA |ba
Cay dan xuit cua G dé sinh ra xdu w = aabaa & la:

0
@S)/ \

Hinh H5-1 Cay dan xuat cho vin pham G dé sinh ra xdu w = aabaa

Sdp xép cdc dinh 1d tir trdi qua phdi

+ Cac dinh con cua dinh gbc duoc sap xép tir trai qua phai, nghia 1a cac dinh ¢
muc 1 dugc sap x€p tir bén trai,

+ Néu hai dinh v, v, & mtc 1 va v; & bén trai cia v, thi ta n6i rang v, bén trai
cua tat ca cac dinh con cua v, va cac dinh con ctia v; cling la ¢ bén trai cua v,,
dong thoi cling ¢ bén trai cua cac dinh con cua v,.

+ Lap lai qua trinh trén cho muc 2, 3, ..., k.
bic¢u ma ching ta quan tam nhat 1a sy sap x€p céc la cua cay dan xuat.

Vi du: trong cdy & Hinh H5-1 thi cac dinh 14 dugc sap xép tir trai 10-4-7-8-9 cho
gia tri 1a xau aabaa va xau nay dugc sinh ra boi G.

Pinh nghia 5.2 Két qud ciia mot cdy dan xuat 1a diy ghép cac nhan cia cac dinh 14
tur trai qua phai.
Vi du: Két qud ctia cay dan xuat & Hinh H5-1 1 aabaa.
Str dung cac qui tic ctia vin pham G:

S = SS = aS = aaAS = aabaS = aabaa
Vay két qua cia mot cay dan xuat ciing 13 mot tir duge sinh ra boi van pham G.
Pinh nghia 5.3 Cdy con ciia cdy dan xudt T 1a mot ciy c6

(1) GOc cua nod la mot dinh v ctia cay T,
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(i1)) Cac dinh cta no cling la con chdu ctia v cung voi cadc nhan tuong tng,
(i11) Cac cung ndi cac con chau tuong tng cua v.

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

S
(3

Hinh H5-2 Mot cay con cua cay T ¢ hinh H5-1

Luru y: Cay con ciling gidng nhu cay dan xuat, chi khac nhau 1a nhan cta cy con c6
thé khong phai 1a ky hi¢u bat dau S. Néu nhan cua goc cia cay con la A thi cay con
dé duoc goi la A-cay.

Pinh ly 5.1 Gia sit G = (Vy, 2, P, S) 1a van pham phi nglr canh. Khi d6

S = o khi va chi khi ton tai cAy dan xuit T ctiia G dé T c6 két qua 12 a.

Chitng minh:

Chi can chimg minh rang A _, o khi va chi khi A-ciy co6 két qua I3 a. (4.17)
Gia str o 1a két qua A-cdy T,. Chiing ta ching minh A _ o bang phuong phép qui
nap theo sb cac dinh bén trong cua T;.

Co 56 qui nap: Néu T, chi c6 mot dinh bén trong, nghia 13 tit ca cac dinh con cua
goc déu la la. Khi d6 cay Ty c6 dang:

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

Theo (iv) trong dinh nghia 5.1 suy ra A — A A,...A,, = o. 1a mot qui tic trong G.
Vay A = a.

Gid thiét qui nap: Gia st (4.17) ding vdi cic ciy con co k — 1 dinh bén trong, k > 1.

Chung ta xet A-cay T, ¢6 k dinh bén trong (k > 2). Gia thiét gbc ctia Ty ¢6 vy, Vo, ...,
Vi 1a cac dinh con dugc gan nhan twong ung X, X,, ..., X,,. Theo (iv) trong dinh
nghia 5.1 suy ra A — X;X,...X}, l|a mot qui tac trong P. Do vay,

Boi vi k > 2 nén trong sb cac dinh con ctia A c6 it nhat mot dinh 1a dinh bén trong.
Néu v; la mot dinh bén trong thi lai xét ti€p cay con cua T; c6 goc chinh 1a v;. Hién
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nhién 13 sb cac dinh bén trong cua cdy con gdc v; 1a nho hon k, vdy theo gia thiét
qui nap suy ra X; — o, X; 1a nhin cia v;.

Néu v; khong phai la dinh bén trong, thi X; = o;.

Str dung (5.1) ching ta nhan dugc:

A= X]Xz...Xm :*>O(,1X2...Xm. .. :*>(X.1(X.2 R O V¢
Nghiala A _ a.

Dé ching minh chiéu nguoc lai, ching ta gia thiét ring A _ a.. Chung ta di xdy
dung A-ciy dé co két qua 13 . Thyc hién diéu nay bang phuong phap qui nap theo

s0 bude trong dan xuat A — a.

Khi A= a, A —> olaqui tic trong P. Néu a = X;X,...X,,, , A-cay cho két qua a co
thé xay dung dé dang va c6 dang nhu hinh H5-3 (b).
A

X, / Xm

oH®

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

Gia str dan xuat A _ a thyc hién qua k buée, k > 1. Khi d6 ta c¢6 thé chia né thanh

A= X X,.. X, ; . Dﬁn XUét A= X X,.. X, kéo theo A — X1 X5.. X la

mot qui tic trong P. Con trong dan xuat X, X,... X, = o thi:

(1) Hoic X; khong chuyén trang thai sudt trong qué trinh dan xuat, X; = o
(i)  Hodc X; bién ddi trong qua trinh dan xuat. Gia sir oy 1a x4u nhan dugc
tu Xi, X1:*> Q.
Cay din xuét cho két qua a =00, ... o,dugc xay dung nhu sau:

Khi A - X;X,...X,, 1a mot qui tac trong P, ta xay dung cdy c6 m la: X, X,,
vy X T X suy dan ra o; duoc thuc hién nhé hon k budc, vay theo gia thiét qui
nap thi Xj-cay s€ cho két qua 1a o;. Do do, A-cay s€ cho két qua 1a a. n

Vidu 5.3 Xét van pham co cic qui tic S — aAS | a, A — SbA | SS | ba. Chi ra rang
S _. aabbaa va xay dung cdy dan xuit dé cho két qua aabbaa.

Giai:

S = aAS = aSbAS = aabAS = a’bbaS = a’b’a’, nghia S _ a’b’a’.
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Cay dan xuét cho két qua trén la:

Hinh H5-4 Cay dan xuit cho két qua a’b”a’

Trong cac dan xuit & trén chiing ta nhan thay bién bén trai nhét ludn c6 thé ap dung
mdt qui tdc nao do trong P dé dan xuat tiép.

Pinh nghia 5.3 Din xuit A _ w 1a ddn xudt trdi nhat néu chi ap dung qui tic dan
xuat cho bién bén trai nhat trong moi budc dan xuat.

Pinh nghia 5.4 Din xuit A _ w 13 ddn xudt phdi nhat néu chi ap dung qui tic din
xuat cho bién bén phai nhat trong moi budc dan xuat.

Luu y: Trong vi du 5.3, xét dan xuat S = aAS, bién bén trai nhat cia din xuat nay
1a A. Mit khac trong G trén c6 qui tic A — SbA, ap dung vao dan xuat ta c6 dan
xuat trdi nhat aAS = aSbAS.

Pinh Iy 5.2 Néu A . w 1a mot dan xuat trong vin pham phi ngir canh G thi s& ton
tai mot dan xut trai nhat cho w.

Churng minh:

Chung ta chtrng minh bang qui nap theo s6 budc din xuét trong A s w.

Burde co sé: Néu chi dan xuat qua mot budc thi A = w, nghia la vé trai chi c6 mot

bién, suy ra d6 1a dan xuat trai nhat.

Gid thiét: Pinh 1y 5.2 ding véi & bude dan xuét, nghia 1a néu A X w thi ton tai
dan xuit bén trai nhat dé dan ra w.

Xét A “Sw. Ta co thé chia din xuat nay thanh A = X, X,... Xy — w. Tuong tu, co
thé tich w = w;ws . . .w,, va X; . wj qua nhiéu nhét 13 k bude. Theo gia thiét qui
nap, tat ca cac dan xuat X; W déu ton tai dan xuat bén trai nhat, do vay:

A= XX, X, :*>W1X2...Xm :*>W1W2X3...Xm :*>W1W2...Wm: W [ |

Hé qua 5.1 Moi cdy dan xuat ciia w déu tao ra dan xuat trai nhat ctia w.
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Vidu 5.4 Cho trudc van pham GcocacquiticS — 0B | 1A, A —> 0| 0S| 1AA,
B — 1| 1S | 0BB va cho biét w=00110101.

(1) Tim dan xut trai nhat,

(i)  Tim din xuit phai nhét,

(iii)  Xéc dinh cay dan xuat.
Gidi:

(i) S=0B=00BB=0011S = 0°1°0B = 0°1°01S = 0°1°010B = 0°1°0101

(i) S = 0B = 00BB = 00BIS = 0°BI0B = 0°B101S = 0°B1010B =
0°1B10101 = 0°1°0101

(iii)  Cay dan xuét cho 0°1°0101 1a
S

B
C/ e
0
B
S
\®. ﬁ B
1 S
1 0 B
O
0 1
Hinh H5-5 Cay dan xuét cho két qua 0°1°0101
5.2 Sw nhap nhing trong vin pham phi ngir canh

P6i khi chung ta gip phai sy nhap nhang trong dan xuat cac xau trong mdt vin pham G.

Pinh nghia 5.5 w e L(G) dugc goi la nhap nhang néu ton tai nhiéu hon mot ciy
dan xuit sinh ra w (hodc c6 nhiéu hon mot din xuét trai nhat).

Vidu 5.4 Xet G=({S}, {a,b,+, *}, P, S), trongdoPc6S > S+S|S*S|afb.
C6 hai cay dan xuat choa+a * b:

Hinh H5-6 Hai cy dan xuit cing cho két quaa+a * b
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Dinh nghia 5.6 Van pham phi ngit canh G la nhap nhing néu c6 w € L(G) 1a nhap
nhang.

Vi du: Van pham & vi du 5.4 13 nhap nhang.

5.3 Gian lugc cac van pham phi ngir cinh

Trong vin pham phi ngit canh c6 thé c6 nhiéu yéu t6 du thira, vi du c6 nhimg ky
hiéu trong Vy U ¥ khong duoc sir dung, khong xuat hién trong cic qui tic cta P,
hodc c¢6 nhitng qui tic dang A — B chi 1am mat thoi gian suy dién ma khéng cho
duogc nhitng thong tin gi moi.

Vidu 5.5 Xétvan pham G=({S, A,B,C,E }, {a, b, c}, P, S), trong do
P={S—>AB,A—>a,B—>b,B>C,E—>c|A}

D& nhén thay 1a L(G) = {ab} va G c6 céac du thira sau can phai loai bo:
(i)  Nhitng bién khong dan ra cac x4u két thuc, vi du C.

(i)  Nhitng bién khong xuat hién & vé phai, hodc khong xuat hién & vé trai
cua cac qui tac, vi du E khong xuat hi¢én ¢ vé phdi va khong dan dén
dugc tir ky hi¢u bat dau S.

(iii) Céc qui tc rdng, vidu E > A.

(iv) Cac qui tic dang A — B (suy dién giira hai bién v&i nhau), vi du
B—-C.

Van pham rat gon s€ 1a G’ = ({S, A, B}, {a, b}, P’, S) v6i

PP={S—> AB,A—>a,B—>b}
Hién nhién, L(G') = L(G).
Lueu y: Nhitng bién sau duoc goi 1a cac bién du thira

+ Nhing bién khong dan ra dugc xau két thuc duoc goi 14 bién vo sinh.

+ Nhirng bién khong dan xuét ra duoc tir S duogc goi la khong din dén duoc.
Vi 1& d6 can loai bo cac bién du thira ma khong 1am anh hudng téi qua trinh sinh ra
cac ngdn ngilr ctia van pham phi ngtr canh.
5.3.1 Lwgc gian cac van pham phi ngir cinh

Pinh Iy 5.3 Néu G 14 van pham phi ngit canh va L(G) # @ thi c6 thé tim dugc van
pham G’ twong duong sao cho moi bién trong G’ déu c6 thé dan xuat ra xau két
thuc.

Chirng minh: Cho van pham G = (Vy, 2., P, S).
Chung ta dinh nghia G’ = (Vy/, 2., P’, S) nhu sau:
(i)  Xdy dwng Vy’. Dinh nghia W; c Vy bang dé qui:

+W1={AeVN|néut6ntaiA—>wva‘1weZ*}
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+Wi+1=Wiu{AeVMnéuténtaiA—)avéae(ZuWi)*}

Theo dinh nghia d¢ qui trén thi W; < W, v61 moi i. Boi vi Vy 1a hitu han, nén ton
tai k < |Vy| d& W; = W; 4. Cudi cung dat V' = W;.

(i)  KiénthietP. P'={A—>a|Aaec(ECUVy)NP
Chung ta can chi ra G’ chinh 1a van pham can tim.

Trude tién, S thudc Vy', vinéu S ¢ Vy' thi L(G) = &, diéu ndy mau thuin véi gia
thiét 1a L(G) = &.

Tiép theo can chirmg minh:
(1) Néu A e Vi thi A :}W, w € Y vanguoc lai néu A :*?W thi A € V'
(1) L(G")=L(G).
Pé chirmg minh (i) chung ta luu y rang W= W; U W, ... U W;. Ching minh qui
naptheoi=1,2,...,k, A € W; kéo theo A ;vac'ri wey .
NéuA e W, thiA >wvawe Y ,doddo A — w. Theo dinh nghia thi A—> w ciing
thudc P’ (co sé qui nap ding).
Gia st n6 dang voii <k.
Xét A € W,,y. Theo dinh nghia thi
+ Hogc A € W;. Khid6 A - w,w e X" theo gia thiét qui nap.
+ Hodc ton tai A —> o va o € (X U W; ). Theo dinh nghia thi A —> o s&

thudc P'. Ta ¢ thé viet o = X;X; ... X, Xj € X U W;. Néu X; € W; thi theo
gia thiét qui nap suy ra X; — wj, w; € 2. Cudi cung dan t6i
2

* *
A wWW,.. W, €2,
=

Chiéu nguoc lai chimg minh twong tu qui nap theo cac budc suy dan trong dan
xuit A —~W.
G

Pé chirng minh (ii) thi chiing ta thiy ngay L(G') = L(G) boi vi V' < Vyva P’ — P.
Chung minh chiéu ngugc lai phai dwa vao bo dé:
A_wnbuA Swvawed (4.19)

B6 dé nay c6 thé ching qui nap theo sb budc trong din xuit A — w.
G

Ap dung (4.19) cho truong hop A =S suy ra L(G) < L(G) . "
Pinh 1y 5.4 (Loai bo cac ky hiéu khong dan dén dugc)
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Cho trudc van pham phi ngit canh G = (Vy, 2, P, S), chung ta xay dung van pham
G' = (V\, 2, P, S) tuong duong sao cho vai moi ky hiéu X € V' U X' déu ton
tai o, p € Vy' U Y dé S L aXp, nghia 1a moi bién déu din dén xau két thuc va

xudt phat tir S.
Chitng minh: G' = (Vy/, 2', P’, S) duoc xay dung nhu sau

(a) Xay dung W;voii>1

+W;={S}

+ Wi =W;U{X e Vy UY |néutdntai A — o va o € W, va a chira X}
Tuong tu nhu trén W;c Vy U 2 va W; < Wi, nén sé tdn tai k dé Wi =Wy,

+ Vv, 2/, P’ dugc xay dung nhu sau:

W=VNnW,2X'=2nWvaPP={A>a|A>aecP, Aec W}

Véi cach xay dung chi tiét twong ty nhu trén, chung ta ¢6 L(G') = L(G). n

Pinh nghia 5.7 Vin pham phi ngit canh G = (Vy, X, P, S) duoc goi 1a 10i gidn
(khong c6 ky hiéu du thira) néu moi ky hiéu trong Vy U Y, déu xuét hién it nhat
trong mot dan xuat dan dén xau két thiic. Nghia 1, voi moi X trong Vy U Y, ton tai
mot dan xuat S S aXp - w e L(G).

Pinh ly 5.5 Véi moi vin pham phi ngit canh G ludn ton tai vian pham G’ t6i gian
tuong duong.
Churng minh: Xay dung van pham khong du thira theo hai budec.

Budc 1. Xay dung van pham G, tuong duong vdi G sao cho moi bién déu dan xuat
ra cac xau két thac (dinh Iy 5.3).

Bude 2. Xay dung G' = (V\/, 2/, P’, S) twong duong v6i G sao cho moi ky hiéu
trong Vy' U Y’ déu din dén duoc (dinh 1y (5.4).

Vi du 5.6 Tim van pham khong du thtra twong duong véi van pham G cé cac qui
tac sau:

S— AB|CA,B—»>BC|AB,A —»a,C—>aB|b
Gidi:
Budcl. W,={A,C}boiA—>aviC—b
Wr={A,C} U{A||A > a,ae(CuU{A C}}
={A,C} U {S} bsi S —» CA
W;={A,C, S U{A A »>aaec(XU{ACS}}
={A,C,S}UD
Vay W3 =W,. Do d9,
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VN =W,={S, A, C}
P={A>aaec((Vyuiab'}nP
={S > CA,A—>a C—->b}
Két thuc bude 1: G, = {{S, A, C}, {a, b}, {S -> CA, A —>a, C—>b},S}
Buére 2. Ap dung dinh Iy 5.4 cho G,.
= {S}
W,={S} U{A,C} boiviS > CAvaS e W,
W;={S,A,C} U {a,b} bdiviA —>a, C—o>bvaA, CeW,
Tuong tu W,=W; =V U, dong thoi P’ = {A,|A; > o, A; € W3} =P".
Vay, G'= {{S, A, C}, {a, b}, {S > CA, A > a, C - b}, S} 1a khong du thtra.

5.3.2 Loai bé cac qui tic rong

Van pham phi ngir canh co6 thé co céc qui tac dang A — A dugc got la qui tic rong.
Qui tic nay chi str dung dé xod cac blen trong qué trinh dan xuat. Trong phan nay
chung ta mudn loai bo nhiing qui tic réng.

Pinh nghia 5.8 Bién A trong vin pham phi ngit canh dugc goi 1a bién duwoc rong
hod néu A _ A.
Ping 1y 5.6 Néu G = (Vy, X, P, S) 14 vin pham phi ngit canh thi c6 thé tim dugc
van pham phi ngit canh G, khong c6 qui tic rong sao cho L(G;) = L(G) - A.
Chitng minh: Xay dung G, = (Vy, 2, P’, S) nhu sau:
Buéc 1. Xdc dinh tdp W cdc bién rong héa

+ W;={A € Vx| A > A trong P}

+ W, =W,U{AeVy|néutdntai A >avaoeW, }

Vi Vy hitu han va W; € W;,; nén ton tai k < [Vy| d& W;= W.,,. Pat W = W, 1a tap
tat ca cac bién c6 thé rong hoa.

Buoc 2. Kién thiét P
+ Moi qui tic ma vé phai khong c6 bién rong hoa s& dugc dua vao P’ .

+ Néu A > X;Xo...X; thudc P thi bd sung cac qui tac dang: A — o0,...04,
trong d6 a;= X; néu X; ¢ W, hodc a; = Xj, A néu X; € W va a,0,...04 # A.

Pén day thi G; = (Vy, X, P', S) s& khong con chira cac qui tic rong va c6 thé ching
minh dugc rang L(G;) = L(G) - A. n

Hé qua 5.2 Tén tai thuit toan kiém tra xem A € L(G) v6i G 1a vin pham phi ngi
canh.
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Chirng minh: A € L(G) < S € W, nghia 1a S 1a duoc rong hoa, W duoc xiy
dung nhu trong phan ching minh dinh 1y 5.6. Theo dinh Iy trén, viéc xay dung tap
W 14 két thuc sau hitu han budc (nhiéu nhat 13 [Vy| budc). Vay thuat toan kiém tra
A € L(G) duoc thuc hién nhu sau:

(1) Xay dung W
(i) KiémtraxemS e W.

Heé qué 5.3 Néu G = (Vy, 2, P, S) 1 viin pham phi ngir canh thi ludén tim dwoc vin
pham phi ngit canh G, = (Vy/, X, Py, S;) khong c6 qui tic réng, ngoai trir qui tic
S;— A khi A € L(G). Khi S; — A thudc Py thi S; khong xuét hién & vé phai cia
cac qui tac.
Chitng minh: T hé qua 5.2 chung ta biét dugc A thudc L(G) hay khong.

a/ Néu A khong thudc L(G) thi G nhan dugc tir dinh 1y 5.6 1a tuong duong
voi G.

b/ Néu A e L(G) thi xdy dung G' = (Vy, 2, P’, S) theo dinh 1y 5.6 va chung
ta co L(G') = L(G) - A. Sau do6 dinh nghia G, = (Vy u{Sl} 2., Py, Sy), trong d6

P =P U {§>8,S —> A} Hién nhién la S, khong nam trong Vy va do vay s€
khong xuat hién & vé phai ctia moi qui tac cta P, dong thoi L(G,) = L(G).

5.3.3 Loai bé cac qui tic don vi
Trong van pham phi ngir canh c6 thé c6 cac qui tic dang A — B, A, B € Vy va can
phai loai bé chung.

Pinh nghia 5.9 Qui tdc don vi (qui tic ddy chuyén) trong vin pham phi ngit canh
1a qui tic dang A — B véi A, B 14 céc bién € Vy.

Pinh Iy 5.7 Néu G = (Vy, 2, P, S) 1a van pham phi ngit canh thi luon tim duoc
van pham phi ngit canh G, khong c6 qui tic rong va khong co cac qui tic don vi
sao cho L(G)) = L(G).

Chitng minh: Ap dung hé qua 5.3 ching ta xdy dung dugc G' = (V\', X, Py, S))
khéng c6 qui tic rong va L(G") = L(G).

bé khir cac qui tac don vi suy dugc tir bién A, ching ta lam nhu sau:

Buéc 1: Xéac dinh tip cac bién duoc dan xuét tir A. Pinh nghia W;(A) dé qui nhu
sau.

Wo(A) = {A}
Wiii(A) = Wi(A) U{B € V| C - B thudc P v6i C € W;(A)}

Tuong tu nhu trén, qua trinh nay dung sau k < [Vy| bude, Wi1(A) = Wi(A). Dat
W(A) = W(A) 1a tap tat ca cac bién duoc dan xuat tir A.

Buéc 2: Kién thiét cac A-dan xudt trong G,. Cac A-dan xuét trong G, c6 thé 1a:
+ Nhirng qui tic khong phai dang don vi trong G”
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+ A — a khi B — o 1a qui tic cia G v6i B € W(A) va o ¢ Vy.

Vin pham cin xay dung 1a G, = (Vy, 2, P, S), trong d6 P, duoc xdy dung nhu
bude 2. cho moi bién A € Vy.

Str dung phwong phap qui nap chiing ta chimg minh dugc raing L(G,) = L(G). =

Vi du 5.7 Cho tru6c vian pham G ¢ cac qui tic S - AB, A > a, B > C | b,
C—D, D — E, E — a. Tim van pham tvong duong khong ¢o cac qui tic don vi.

Giai:
Buoc 1.  Wy(S)={S}, Wi(S) =Wy(S) u J. Vay W(S) = {S}.
W(A) = {A}, W(E) = {E},
Wo(B) = {B}, W,(B) = Wy(B) U {C} = {B, C},
Wx(B) =W,(B) v {D} = {B, C, D},
W;3(B)=W,(B) U {E} = {B, C, D, E} va W4(B) = W3(B).
Vay W(B) = {B, C, D, E}. Tuong tu:
W(C)={C,D, E}, WD) ={D, E}.
Buoc 2: Xay dung G, c6 cac qui tdc duoc xac dinh nhu bude 2. cua dinh 1y 5.7:
S>AB,A—>aB—>b|la,E>a,C—>aD—a
Hién nhién G, khong chira qui tac don vi va L(G;) = L(G), nhung van con chira
nhiing bién khong dan dén dugc co6 thé loai bd di nhu C, D, E.
5.4 Cac dang chuin ciia vin pham phi ngir canh

Trong dinh nghia van pham phi nglr canh, vé phai ctia mot qui tac co thé 1a mot
xau bat ky c6 ca cac bién va cac ky hiéu két thuc. Khi cac qui tic thoa man mot sd
rang budc chiing ta c6 thé dua cac van pham dé vé dang chuan.

5.4.1 Dang chuin Chomsky
binh nghia 5.8 Van pham phi ngir canh G ¢ dang chudan Chomsky (viét tat 1a
CNF) néu cac qui tac déu co6 dang:

A —>ahoic A > BC,vaS >AnéuA € L(G), v6i S, A, B,C € Vy,a e 2.
Khi A thuéc L(G) thi S khong xuat hién ¢ vé phai cia moi qui tic.
Vi dy: Van pham G c¢6 cac quitic S — AB | A, A— a, B — b 1a & dang CNF.

Nhan xét: O dang CNF, cac vé phai cia moi qui tdc chi co thé 1a mot ky hi¢u két
thuc (hodc ky hiéu rdng A) hodc hai bién.

Van d¢ quan trong dit ra 1a c6 thé chuyén mot van pham phi ngit canh bét ky vé
CNF? Dinh 1y sau tra 101 cho cau hdi nay.

Pinh ly 5.8 (Luoc gian vé dang chuan Chomsky). V&i moi vin pham phi ngit canh
G, déu ton tai van pham G, tuong dwong & dang chuan Chomsky.

- 120 -



Otomat va ngon ngir hinh thirc

Churng minh: Xay dung G, & CNF tuong duong véi G.

Buéc 1: Ap dung dinh 1y 5.6, 5.7 dé loai bé cdc qui tdc dw thira, cac qui tic rong
ho4 va qui tdc don vi. Gia st van pham thu duoc 1a G = (Vy, 2., P, S).

Bu6c 2: Loai bé bot cdc ky hiéu két thic & vé phdi chi dé lai 1 ky hiéu. Dinh nghia
G;=(Vv', 2, P, S) nhu sau:

+ Tat ca cac qui tac dang A — a hodac A — BC dua vao P, tat ca cac bién
cua Vy déu dua vao Vy'.

+ Xét nhitng qui tic c6 dang A — X, X, ... X, trong d6 c6 mot s6 phan tir 1a
ky hiéu két thic. Gia sir X; = a;1a ky hiéu két thic, thi bo sung thém bién méi,
ky hi¢u 1a C, vao V' va bd sung qui tac C,; — a; vao P. Lap lai quéa trinh
trén cho tat ca cac bién X; néu 1a cac ky hiéu két thuc.

Buéc 3: Han ché bot cdc bién & vé phai. Theo cac cach xay dung nhu trén, P, 1a
gdm cac qui tic co vé phai la mot ky hiéu két thuc (hodc ky hiéu réng A) hodc bang
hay nhiéu hon hai bién. Xay dung G, = (Vy", 2, P», S) nhu sau:

+ Tat ca céac qui tac cua P, dua vao P, néu ¢ dang CNF va tat ca cac bién cua
V' déu dua vao Vy".

+ Xét nhitng qui tic c6 dang A — A A, ... Ay, trong d6 n > 3. Tao ra mot s6
qU.i tac mé1 A — AC, Cp > Ay, ... Cho > AniAn va bo sung vao P,
con cac bién méi Cy, C,, ... C,» bo sung vao Vy''.

D& nhén thay G, 1a & dang CNF tuong duong véi van pham G cho trudc. n
Vin pham G, tuong duong véi G duoc goi 1a dang chuan CNF cia G.

Vi du 5.8 Tim dang chuin CNF cta van pham G c6 cic qui tic S — aAbB,
A—>aA|a,B—>bB|b.

Gidi: G khong co cac qui tic du thira, vy c6 thé bo qua budc 1 va thuc hién tir
budc 2.

Buéc 2: Bat G, = (Vy\', 2, Py, S), trong d6 Vy/, P; duoc xay dung nhu sau:
+ A— a, B —> b dua vao P,.
+S — aAbB, A—> aA, B — bB chuyén thanh céac qui tic
S — C,AC,B, A—> C,A, B - C,B, C, — a, C,— b bd sung vio P;.
VN = {S, A, B, C,, Cp}

Buéc 3: Trong Py con qui tic S — C,AC,B can phai chuyén vé CNF. Qui tic nay
duoc thay bang: S —» C,C,, C; > AC,, C, »> C,B.

Cudi cung, dang CNF cua vin pham trén sé 1a
G2=({S, A, B, Cy, Gy, C1, G2}, {a, b}, Py, S), trong d6 P; bao gom:

S > C/C;, C, > AC,, C;, > CB,A>CA,B—>CB,C, >a C,—>b,
A—a,vaB —>b
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5.4.2 Dang chuan Greibach

Mot dang chuan khac cta vin pham phi ngir canh 13 dang chuan Greibach ciing
duogc sir dung nhiéu trong cac ching minh hay thiét ké cac vin pham.

Dinh nghia 5.9 Van pham phi ngir canh G ¢ dang chudn Greibach (viét tit 1a
GNF) néu cac qui tac déu co dang:

A > ao, trongdé o € Vi vaa e Z(oc c6 thé 1a A), va S — A néu Ae L(G).
Khi A thuéc L(G) thi S khong xuat hién ¢ vé phai cia moi qui tic.

Trong dang chuan Greibach, vé phai ctia moi qui tic déu bat dau bang mot ky hiéu
két thuc.

Vi dy: Van pham G c6 cac qui tic S — aAB | A, A—> bC,B - b, C — ¢ 1a ¢ dang
GNF.

Van dé quan trong dit ra 1a c¢6 thé chuyén mét van pham phi ngir canh bat ky vé
GNF? Trudc khi chiing minh dinh 1y trd 161 cho cau hoi nay ching ta xét hai bo dé
b tro sau.

B6 dé 5.1 Giasit G =(Vy, 2, P, S) 1a vian pham phi ngit canh. Cho trudc A — By
12 A-dan xuat trong P va B — By | B2 | ... | Px. Pit

Pi=P-{A—>By}) U{A->By|1Li<k}
Khi d6 G, = (Vy, 2, P1, S) 1a van pham phi ngir canh twong duong véi G.

Chitng minh: Néu ap dung A — By trong din xuat dé w € L(G) thi chung ta s&
phai str dung B — B; voi i nao d6 & budc tiép theo. Vay A :> Biy. Két qua cua viéc

su dung A — By va loai bé B khoi P trong G thi hoan toan twong duong vai viée
s dung A — By trong G;. Do vay L(G,) = L(G). =

Luu y: Bo dé 5.1 dugc st dung dé xod bo bién B xuat hién ¢ vi tri dau tién cua cac
A- dan xuat.

B6 dé 5.2 G=(Vy, 2, P, S) 1a van pham phi ngit canh. Gia sir tap cac A-dan xuét
1AA > Aay | Aoy | ...Ac, | B1| B ... | Bm, trong d6 B; khong bit dau bang A. Z 1a
mot bién méi. Pat G = (Vy U {Z}, 2., P1, S) v6i P; dugce xac dinh nhu sau:

(a) Tap cac A-din xuat trong P; 1A A — B[P, ... | P, V2
A= BZIBZ ... | BuZ,

(b) Tap cac Z-dan XUAt trongP,1aZ —> oy | o] ...a, va
Z—>oZ|oapZ|...o.Z

(c) Cac qui tic d6i v6i cac bién khac ciing thudc P;. Khi d6 G’ 1 vin pham
phi ngir canh tuong duong véi G.

Chitng minh:

Pé chitng minh L(G) < L(G’) chung ta chi can luu y t6i nhitng xau cudi duoc dan
xuat bén trai nhat w trong G. Chi céc qui tac trong P - P [a A —> Ao, | Ao | ... Aa,
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duogc sir dung. Néu A — Aq; dugce str dung thi sau d6 A — Bjnao do cling phai su
dung dé c6 duoc w. Nghia 1a A :> w.

Chitng minh chiéu ngwoc lai L(G') < L(G) tuong tu. m

Vidu 5.9 Ap dung bd dé 5.2 cho cac A - dan xudt: A — aBD | bDB | c, va
A —> AB|AD

Giai:
O vi dunay o, =B, a, =D, B;=aBD, B,=bDB, ;= c. Vay cac qui tdc moi 1a:

(a) A—>aBD|bDB|c, A— aBDZ|bDBZ |cZ

(b) Z—>B,Z—>D,Z—>BZ|DZ
Luu y: B6 dé 5.1 duoc st dung dé loai bo bién A khoi vé phai ciia cac qui tac
A— Ao
Dinh ly 5.10 (Chuyén vé dang chuan Greibach). Moi ngén ngir phi ngir canh L
deu c6 thé dugce sinh bdi van pham phi ngit canh G ¢ dang chuan Greibach.
Chung minh: Chung minh dinh 1y theo hai truong hop: L khong chira A va sau do
m¢& rong khi c6 chtra A.

Truong hop 1: A ¢ L(G)

Buée 1: Loai bo cac qui tic rong va sau d6 xdy dung van pham phi ngit canh G &
dang CNF dé sinhra L. Gia st G= ({A}, A,, ..., A,}, 2, P, A)).

Buée 2: Pé co duge cac qui tic dang A; — ay hodc A; — Ajy v61j > 1, thi phai
cl}uyén A, -dan xuét vé dang A; > Ajy sao choo ] > i. Biéu péy thuc hién duoc
bang phuong phap qui nap theo i va str dung b6 dé 5.2. Cudi cung chung ta co
Ai— Ay, v6ii=1,2,...,n-1vaj>ihoic A; — ay’. A,- din xuit s& c6 dang
A, — A,y hoac A, — ay’.

Buéc 3: Chuyén A,-dan xuat vé dang A, — ay. O day str dung bd dé 5.2 dé loai qui
tac dang A, — A,y.

Bute 4: Chuyén trang thai A-dan xuét vé dang A; —> ay véii=1,2, ..., n - 1 (sir dung bo dé
5.1). Cudi bude 3 ta da thu duge A, — ay. Cac A, -dan xuét co dang A,.; = Ay
hoac A,.; — ay’. Ap dung bo dé 5.1 dé loai di nhitng qui tic A, — Ay va
chi con lai nhitng qui tac dang A,; — ay. Lap lai tuong tu ddi voi A, Ans,
AL

Buoc 5: Bién’d(;)i cac Z;-dan xuét.? M?)i khi ap dyng bf) dé 5.2 ta s& CS') mét’bién moi,
thém bién Z; khi 4p dung bo dé voi A;-dan xuat. Khi d6 Z;-dan xuat c6 dang
Z; — ay | Ayy, v6i k ndo d6. Sau budc 4, vé phai ctia moi A,-dan xuit déu bat
dau bang mot ky tu két thiic. Ta ap dung bod dé 5.1 dé loai bo Z; — Ayy. Két
thic budc 5 ta nhan dugc van pham & dang GNF.
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Truong hop 2: Xay dung G dé sinh ra L c6 chira A. Trong trudng hop 1 ching ta
d3 xay dung dugc van pham phi ngir canh G= (Vy, 2, P, S) d& L(G) =L - A.
binh nghia G;=(VyU {S;}, 2, PU {S;—> S, S, > A} S)

Qui tic S; — S ¢6 thé duoc loai bo theo dinh 1y 5.7. Hién nhién L(G,)=L. =

Vidu 5.10 Tim van pham phi ngt canh ¢ dang GNF tuong duong voi van pham
G co cac qui tic: S — AA|a, A—> SS|b.

Giai:
Buéc 1: Vin pham G & dang CNF. Pat A, =S, A, = A cic qui tic trén chuyén
thanh: A; > AyA, | a, A, > AjA; | b va khong c6 qui tic rong.
Budéce 2:
(1) A, - dan xuat c6 dang ding theo yéu cau: A; — ALA, | a

(i) A, — b 13 thoa mén diéu kién budc 2 & trén. Str dung bd dé 5.1 dé
chuyén Ay, > AJA, vé dang: A, = A,A A, A, = aA,. Viy A,-dan
xuat s& 1a: Ay > AyALAL, Ay > aA|, A, > b.

Bugce 3: Ap dung bo d€ 5.2 cho céc Aj-dan xuét. Thém Z, va chuyén Ay—>AAzA,
vé dang yé€u cau:

Az —> aAl, AZ —> b, A2 —> aA1Z2, Az —> bZz, Zz —> A2A1, Zz —> A2A122
Bu6c 4: (a) A, - dAn xudt 1a A, — aA, | b|aA,Z, | bZ,.

(b) Trong sb6 cac A;-dan xuét chi con lai A; = a vi A; > A,A, bi loai bod
theo bo dé 5.1. Cac A-dan xuat sau khi chuyén doi s¢ la:

A; — alaA Ay | bA,| aAZ,A, | bZ,A,.
Buée 5: Nhitng Z,- dan xuat can bién doi 1a: Z, — ALA4, Z, — AAZ,
Ap dung b6 dé 5.1 ta nhan dugc:
Z, > aA A | bA| | aAZ,A | bZ,A,,
Z, > aAA1Z,| bA1Z, | aAZ,A\Z, | bZ,ALZ,
Cudi cung van pham can tim 1a: G = ({A1, Ay, A3}, {a, b}, Py, A}, trong do Py co:
A; — a|aA A, bA; | aAZ,A; | bZ,A,
A,—>aA||b|aAZ,| bZ,
Z, > aA A | bA | aAZ,A | bZ,A,,
Z, —> aA 1A Zy | bAZ, | aA 1 ZoAZ, | bZoAZ,
5.5 B6 dé Bom cho ngon ngir phi ngir cinh
Pé chimg minh mdt ngdn ngit cho trude 1a phi ngit canh thi co nhiéu cach. Mot

trong cac cach do 1a xay dung mét van pham phi ngir canh (hay xay dung 6tomat
day xuong s& dugc trinh bay ¢ chuong sau) dé€ sinh ra (doan nhan) ngon ngir do.
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Song, mudn ching minh mét ngén ngir khong phai 1a phi ngir canh thi kho hon
nhiéu. Ta khong thé xét duogc tit ca cac vin pham phi ngit canh dé ching t6 ngén
ngir da cho khong dugc sinh boi cac van pham phi ngir canh. Pé khic phuc kho
khin nay, ngudi ta dua ra mot sd “tiéu chuan dic trung” cta ngdn ngit phi ngit
canh va dwa vao d6 dé xem xét kha ning thoa mén cia ngdn ngit cho trude.

Sau day chung ta xét mot s6 tinh chat quan trong cua ngén ngir phi ngir canh dya
vao bd dé Bom. Dua vao do ching ta c6 thé khang dinh kha nhiéu ngon ngtr khong
phai 1a phi ngir canh.

B6 dé 5.3 Gia st G 1a vin pham phi ngit canh & dang CNF va T 1a mot cdy dan
xgﬁt cua G. Néu do dé.i‘ cua duong di dai nhat trong T nhé hon hodc bang £ thi moi
két qua sinh ra cta T déu c6 d6 dai nhoé hon hodc bang 2"

Chitng minh: Qui nap theo d¢ dai k, d6 dai cua duong di dai nhat trong s6 tat ca
cac A-cdy dan xudt (ciy dan xuat v6i goc co nhin 1a A).

Budc co so qui ngp: Khik =1, tuc la gbc cua cay dan xuat chi c6 mot dinh con ma
nhén cua no la ky hi¢u két thuc. Néu dinh goc c6 2 dinh con thi nhén cua ching s&
phai 14 bién boi G 1a & dang chudn Chomsky. Tt d6 suy ra két qua sinh ra c6 do dai
ar<2t=1.
Bu6e gia thiét qui nap: Gia sit két luan trén dung véi moi k — 1 (k> 1).
Ta can chitng minh né ding véi k, tic néu T 1a A-ciy dan xuat cé cac duong di dai
nl}ét nhé hon hoac bang k thi moi k@t qua sinh ra cua T déu c6 d dai nhé hon hoac
bang 2. Boi vi k> 1 nén dinh goc cua T co dung hai cay con A; va A, co cac
duong di dai nhat 1a nho hon hodc bang k — 1.
Theo gia thiét qui nap moi két qua w;, W, sinh ra trén hai cdy dan Xuit A, va A,
twong tmg déu théa man | wi| < 272, | w,| < 22, Két qua sinh ra boi T khi d6 co thé
13 wiw, va | wiw,| < 2524252 =2 D¢ 1a diéu can phai chimg minh. -
Pinh 1y 5.10 (B6 dé Bom cho ngdn ngit phi ngit canh). Néu L 1a ngdn ngit phi
nglt canh thi s€ ton tai sO tu nhién 7 sao cho:

(1) Vz € L véi |z| > n déu co thé viét duge dudi dang: z = uvwxy, vdi u, v,

X, y 1a cac xau nao do

(i) |jvx|>1

(i) |vwx|<n

(iv) uv'wx"y e L v6i moik > 0.
Chitng minh:
Tur hé qua 5.2 ta c6 thé kiém tra dugc A e L hay khong. Khi A € L thi ta xay dung
van pham phi ngit canh G = (Vy, 2, P, S) ¢ dang chuan Chomsky dé sinh ra
L —q{A} (truong hO’p A ¢ L thi xay dung van pham G = (Vy, %, P, S) & dang
chuan Chomsky dé sinh ra L).

Gia str [Vx| = m va dat n = 2", Ta chi ra rang n 1a sO can tim ¢ bo dé trén.
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Véiz e L, |z| > n ta di xdy dung cdy dan xuit cho z. Néu do dai duong di dai nhit
trong T nhiéu nhét 1a m thi theo bd dé 5.3, ta c6 |z| < 2™'. Nhung |z| > n = 2" >2™".
Vay T s€ c6 duong di, vi du I', c6 do dai 16n hon hodc béng m + 1. T ¢6 it nhat
m + 2 dinh va chi ¢6 dinh cudi cing 13 14. Nhu thé trén I s& ¢6 m + 1 dinh c¢6 nhén
1a cac bién. Boi vi VN =m nén mat s6 nhan s& phai lap lai.

Chung ta chon dinh c6 nhén bj lip lai nhu sau: bat dau tir 1a di nguoc 1én dén khi
gap dinh déu tién c6 nhin bi 1ap lai, vi du d6 1a nhan B. Gia st v, va v, la hai dinh
c6 cung nhdn B, voi v; & gan gbc cia cdy T hon. Trén doan duong di I tir v, dén 14
chi chira ding mot dinh ¢6 nhan B bi 1ap 1 1an, do vdy do dai 16n nhat ctia doan d6
lam+1.

Gia sur T va T, la hai cay con tuong ting v6i hai dinh géc vy va v,, T, sinh ra z; va
T, sinh ra w. Theo bd dé 5.3 suy ra |z;| < 2™

Boi vi z 1a xau dugc sinh ra boi cdy T va T, la cay con thuc sy cua T, nén co thé
viét z = uz;y. Mat khac, T, lai la cay con thuc sy cia Ty, nén ta viét duoc Z) = VWX.
| vwx| > |w| suy ra [vx| > 1. Do vy, z=uvwxy v6i [vwx| < n va |vx| > 1. Dén day ta
da ching minh dugc cac diéu (i) — (ii1).

Boi T la S-cdy dan xuat va T,, T, 1a hai B-cdy dan xuét, nghia 1a S _ uBy,
B _vBxvaB 2 w.ViS JuBy = uwy=uv'wxy e L. Véik>1, S Z uBy _

w*Bx"y _, uv*wx"y e L. Diéu nay chirmg minh diéu kién (iv) cta bd dé Bom. m
Vi du 5.11 Chirarang L = {a’ | p 12 s6 nguyén t6} khong phai 12 ngon ngir phi
ngtr canh.
Giai: Gia su L la phi nglr canh. Theo bd d& Bom thi s& tim duogc sb n dé thoa mén
cac dieu kién cta dinh 1y 5.10.
z = a", p 1a s6 nguyén té va p > n. Ta c6 thé viét né dudi dang z = uvwxy. Chon k = 0,
theo bd d& Bom ta c6 uv"wxy € L. Suy ra fuwy| = q 14 s6 nguyén t. Dt [vx| = m va xét
tlep day uv* WX y e L. N0 ¢6 do dai juviwxy|=q+ q * m = g*(1 + m), lai khong phai 1a
sO nguyén to, do d6 mau thuan véi gia thiét.
Bo6 d& Bom duoc sir dung dé chi ra mot ngdn ngir khong phai la phi ngit canh.
Trude tién, gia st L 1a ngdn nglr phi nglr canh. Ap dung boé dé Bom thi dan dén
mau thuan.
Thuit toan ap dung bo dé Bom dé kiém tra xem L c6 phai 1a phi ngit canh
khong.

1. Gia sir L 12 phi ngit canh va n 1a s6 tu nhién nhan dugc tir bd dé Bom.

2. Chon z e L sao |z| > n. Viét z=uvwxy theo bo de.

3. Tim mét sd k sao cho uv*wx"y ¢ L. Diéu nay 1a mau thuin, do vay L khong
phai 1a phi ngit canh.
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Vi du 5.12 Haiy chi ra rang L = {a"b"c" | n > 1} khong phai 14 ngdn ngit phi ngi
canh ma la ngén ngir cam ngit canh.

Giai:

Buée 1. Gia st L 1a phi ngit canh va n 1a s nguyén nhu trong b6 & Bom néu trén.

Buéc 2. Chon z= a"b"c". Khi d6 |z| = 3n > n. Theo bd dé ta viét dugc z = uvwxy,
trong do |vx| > 1, suy ra it nhat la v hodc x s€ khac rong.

Buée 3. uvwxy = a"b"c”. Vi juwx| < n nén suy ra 1 < |ux| < n. D& dang thiy rang, v
va x khong thé chtra tat ca ba chit a, b, c. Khi do6 ta c6

1. vhodc x c6 dang a't’ (hoac bicj) voii+j<n,i,j=>1.

2. v hoac x chi chtra mét trong ba chir a, b, c.
Truong hop 1. Néu v = a'b’ (hodc x = a'') thi v> = a'b/ a'b/ (twong ty 'x2'=' a'bla’t))
v6ii+j<n. Baiviv’ x* 14 hai xdu con cta uv’wx’y, nén ua'b'a’b'wa'd’ a'b'y khong
thé viét thanh dang a™b"c™ dugc, nghia 13 uv’wx’y ¢ L. Tuong tw ddi v6i trudng
hop v =b'c' (hodc x =b'¢)).
Truong hop 2. Néu v, x chi chita mot trong ba chit a, b, ¢ (viduv=a' vax =0,
hoicv=b vax=c v6i 1<1i,j <n), thi xdu uwy s& chtra chir thir ba con lai, goi la
a. Hién nhién a," s& 1a xau con cua uwy vi a; khong xuat hién trong v va x. Biét

rang uvwxy = a"b"c" nén sd cac hai chir khic véi a, trong uwy 1a nhé hon n, nghia
la uwy ¢ L. Mat khac uv’wx'y =uwy ¢ L.

Vay L khong phai 1a phi ngtr canh.

Trong vi dy 3.10 ching ta di xay dung vin pham cam ngit canh dé doan nhan L.

5.6 Thuit toan quyét dinh dwoe ddi voi cac ngdn ngir phi ngir canh

Céc tinh chat néu trén gitip chung ta xay dung dugc cac thuat toan giai quyét
nhiing van dé sau:

(i)  Ngbn ngit phi ngit canh L ¢6 réng hay khong?. Theo dinh 1y 5.3 ta c6 thé
x4c dinh V" = Wy va L khac réng < S € W,.

(ii)  Ngon ngit phi ngit canh L co hitu han hay khong?. Xay dung van pham
phi ngit canh khong du thira G & CNF dé sinh ra L - {A}. Xay dung dd
thi dinh hudéng twong tng voi G. Néu A — BC thudc P thi c6 hai cung
dinh huéng di tir A dén B va tir A dén C trong d6 thi d6. L 1a hiru han khi
va chi khi d0 thi twong mg ctia van pham G 1a phi chu trinh.

(iii) Ngén ngir chinh qui L ¢6 rong hay khéng?. Xay dung 6tomat don dinh
hiru han dodn nhan dugc L. Xac dinh tap tat ca cac trang thai dat duoc tu
trang thai dau qo- Tim cdc trang thai dat dugc tir g qua mot lan ap dung
ky hiéu vao. Tat ca cac trang thai nay dugc sap xép theo hang tuong ung
voi ky hi€u vao. Cong viée trén két thic sau hitu han budc. Néu c6 trang
thai két thic xuat hién trong bang trén thi L 1a khac rdng, nguoc lai 1a
ngodn ngir rong.
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(iv) Ngon ngir chinh qui L co vo han hay khong?. Xay dung 6tomat don dinh
htru han M doan nhan duoc L. L 1a vo han khi va chi khi M ¢6 chu trinh.
Bai tip vé ngdn ngir phi canh
5.1 Cho trudc van pham G c6 cac quitic: S > S+S|S*S,S — a|b. Tim ciy
dan xuat cho két qua a * b + a * b thuoc L(G).

5.2 Cho trudc van pham G c6 cac qui tic: S — 0S0 | 1S1 | A, A — 2B3, B—>2B3 | 3.
Tim L(G)?

5.3 Cho trudc van pham G co cac qui tic: S — aB | bA, A — aS | bAA | a,
B—>bS | aBB | b. Péi véi xdu w = aaabbabbba, hiy tim:

(i) Day dan xuat bén trai nhat cua w,
(ii) Day din xuét bén phai nhét cua w,
(iii) Cay dan xuat cia w.
5.4 Chi ra rang van pham G c6 cac qui tic S — SbS | a 12 nhap nhang.

5.5 Chira répg van pham G ¢6 cac qui tic S — a | abS | aAb, A — bS | aAAD la
nhap nhang.

5.6 Xét van pham co cac qui tac sau: S — aB | bA, A — aS | bAA | a, B — bS |
aBB | b. D61 voi tr w = aaabbabbba, hay tim

(i) Dan xuat trai nhat ctia w
(ii) DAn xuét phai nhat ciia w
(ii1) Cay phan tich cu phap cua w.
5.7 Xay dung van pham khong du thura twong duong véi van pham G ¢6 cac qui
tac sau:

(i) S—aAa, A—> Sb|bCC|DaA,C — abb|DD, E — aC,D — aDA
(il) S — aAa, A —>bBB,B — ab,C —» aB
(iii)) S>AB|CA,B—>BC|AB,A—>a, C—aB|b
5.8 Tim vin pham tdi gian tuong duong véi van pham c6 cac qui tic:
(i) S—>0S0|1S1|A, A—2B3,B—»2B3|3
(11)) S —> aAa, A — Sb|bCC |DaA,C — abb | DD, E —» aC, D —» aDA
(iii)) S > a | abS | aAb, A —» bS | aAAb
5.9 Chuyén cac vian pham c6 cac qui tic sau vé dang CNF:
(i) S—>a|b|cSS
(i) S>1A|0B,A—>1AA|0S|0,B—>0BB|1S]|1
(iii)) S — abSb | a | aAb, A - bS | aAAb
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5.10 Tim dang chuan Chomsky ctia vin pham c6 cic qui tic sau: S — aAD,
A—aB | bAB,B —»>b,D —d.

5.11 Tim dang chuin Greibach cta vin pham co cic qui tic sau: S — AB,
A—BS |b, B— SA|a.

5.12 Chuyén cac vin pham cé cac qui tic sau vé dang GNF:
(i) S—>SS,S—0S1]01
(i) S—>AB,A —>BSB,A—>BB,B—>aBb,B—>a, A—>b
(111) S > A0,A—>0B,B—> A0,B—>1

5.13 Néu w € L(G) va [w| =k, anh (chi) c6 thé néi gi vé sé budc dan xuat dé dan ra
w, khi

(i) G1aCNF
(i1) G 1a GNF
5.14 Hay chi ra rang nhitng ngdn ngit sau khong phai 13 ngdn ngit phi ngit canh.
(i) L={a"v"c"|n>1}
(i) L= {a"b"|n=m"}
(iii)) L = {a"b"¢" | m < n < 2m}
(v)L={a" |n>1}

5.15 Mot van pham phi nglt canh duoc goi la ty nhing néu ton tai bién A sao cho
A ZuAv, trong ddu, v € £, u, v # A. Hiy chi ra ring mot ngén ngit phi

ngtr canh 1a chinh qui khi va chi khi né dugc sinh ra boi mot van pham khong
tu nhlng.

5.16 Chi ra ring moi ngdn ngit phi ngit canh khong chira A déu duoc sinh ra boi
mot vin pham phi ngit canh ¢ cac qui tic dang A — a | aob.
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CHUONG VI
Otomat day xudng

Chuong nay dé cap dén:
v Otomat day xudng,
v Hai ki€u doan nhan cta 6tomat day xudng,

~ Chtng minh ring tap cac két qua doan nhan cua 6tomat day xudng
chinh 1a 16p cac ngdn ngit phi nglt canh.

6.1 Cac dinh nghia co s¢

M6 hinh toan hoc thyc sy hitu han dugc nghién ctru trong cac chuong trudce van
con chua thoa dang véi phﬁn 16n cac muc ti€u cua cac linh vuc khoa hoc, dac biét
1a khoa hoc may tinh. N6 khong c¢6 kha nang dodn nhan ngay cd mdt ngéon nglr don
gian nhu L = {a"b" | n > 1} vi n6 khong thé dém duoc sb chit a doc duge trude khi
chit b dau tién duoc tinh dén. Khong thé xay dyng 6tomat hiru han trang thai dé
doan nhan dugc L béi vi cac xau cua nd ¢é dang a"b” véi n 1a tuy y va dé sinh ra
chung thi phai c6 v6 han trang thai. Tuy nhién, viéc mo rong truc tiép 6tomat hiru
han bang cach cho phép né cO vo sO céc trang thai rd rang 1a khong phai la mo hinh
tinh toan phu hop. N6 qua tong quat va khong thoa man yéu cau chu yéu veé tinh
hi€u qua cua khoa hoc tinh toan.

Vay 6tomat loai ndo thich hop dé doan nhan dwoc nhitng ngdn ngir nhu thé?. Cau
trd 101 chinh 1a 6tomat day xuong.

Mot cach ty nhién dé tim kién th6ng tin tir bang lam viéc dua trén nguyén tic ngan
x€p “vao trudc — ra sau” (hay “vao sau — ra trudc”). Mot bang lam viéc nhu vy

duoc nodi dén nhu mot bang (kho) day xuong. Mot 6tomat day xudng 12 mot 6tomat
hitu han kém theo mot bing ddy xudng vo han tiém nang.

Otomat day xudng hoat /dong nhu sau: N6 doc bang chir (ky hiéu) vao, c6 trang thai
diéu khién, trang thai bat dau, két thuc glong nhu 6tomat hitu han. Ngoai ra, né con
c6 kho (bd nhé) ddy xudng. Mdi lan thay doi trang thai n6 c6 thé doc, 13y ra tir dinh
xudng day hodc ghi mot ky hiéu vao kho day xuéng. Otomat day xudng duge dinh
nghia hinh thirc nhu sau.

Pinh nghia 6.1 Otémdt day xuong (PDA) 12 bo bay:
A=(Q,Z,T,9, qo Zo, F), trong do6
(i) Qla tap hiru han khac rdng céc trang thai,

(i) X 1a tap hiru han khéc rdng cac ky hiéu vao, bang chit cai,
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(iii) T 1a tap hitu han khac rdng cac ky hiéu day xubng trong ngin xép,
(vi) qola trang thai bit dau, qo € Q,
(vii) Zo e T ky hiéu day xudng dic biét duoc goi 1a ky hiéu khoi dau,
(viii) F < Q 1a tip cac trang thai két thic,
(ix) :Qx (TU{A)x »>QxTI".
Vi dl;l 6.1 A= (Qa 29 F, 69 o, ZO) F)) trong dé Q = {q07 qi, qf}a 2= {aa b}a
I'={a, Zy}, F = {q¢} va 6 duoc xac dinh nhu sau:
6(‘10» a, ZO) = {(q07 aZO)}: 8(ql: b7 a) = {(qla A)}
6(qu a, a) = {(qu aa)}a 8((11» A: ZO) = {(qla A)}
6(q09 b) a) = {(Qh A)}
Luuy: 1. Tacdod thé Yiét 8(9, a,Z)c Qx Cla tap con hiru han, c6 thé 1a tap wr(?)rlg, g:éc
ky hiéu day xudng dugc luu trit trong ngan xép hay bo nhd day xudng
(PDS).
2. O moi thoi diém, PDA ¢ trang thai q doc ky hiéu vao a va ky hiéu day
xubng Z ¢ dinh (dau ngin xép). Ham & chuyén tir trang thai ¢ sang q
va viét xau a sau khi roi khoi Z, tic 12 (q, o) € 8(q, a, Z). Khi o = A
thi ky hi¢u trén dinh b1 xoa di.
3. Hanh vi cua PDA la khong don dinh vi ham chuyén trang thai 3(q, a,
Z) la tap con, trong do phan tu twong tmg voi mot cap trang thai va
mot day ky hiéu ¢ kho day xudng PDS.

4. 3 xac dinh trén Q x (Z U {A}) x ', PDA ¢6 thé vin chuyén dugc sang
trang thai khac ma khong doc ky hi¢éu vao nao (S(q, a, Z) = ¢). Nhitng
chuyén trang thai nhu thé duoc goi 13 A- dich chuyén.

5. PDA sé& khong dich chuyén duoc khi PDS 1a tap rong.

6. Khiviéta=2,Z,...Z,, 6 PDS thi Z, 1a ¢ dinh, dudi d6 13 Z,, ...
Pinh nghia 6.2 A =(Q, %, I, J, qo, Zo, F) 1a PDA. M0t hinh trang hay mdt mo ta
hién thoi ID 12 b6 (q, x, @), trongddoq e Q,x € ', a el

Vi du: (q, aja,...a,, 217, ...Zy) 1a ID. N6 mo ta hoat dong cia PDA ¢ trang thai
hién thoi q, doc day cac ky hi€u vao a,a,...a, theo thir tu tur trai qua phai. PDS cua
n6laz\z,...2,, trong d6 Z, 1a phan tor & dinh, Z, 1a phan tur thir hai, ...
Pinh nghia 6.3 Hinh trang bat dau 1a (qo, X, Zo), nghia 12 PDA ludn bét dau tr
trang thai qp, xtr ly xau vao x khi & PDS chi c6 mét ky hi¢u khoi dau Z,,.
Luru y: D61 voi 6tdmat hiru han, c6 thé mé ta dong cong viéc bang day chuyén d6i

trang thai. Trong trudng hop PDA, con ¢ thém ciu tric kho day xudng, do vay dé
md ta hoat dong cia PDA phai str dung diy chuyén trang thai cac hinh trang ID.
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Pinh nghia 6.4 Cho A 13 mdét PDA. Quan hé chuyén ddi giita cac hinh trang ID (ky
hi¢u 1a ) duoc dinh nghia nhu sau:
(q, a12;...2y, 2172y .. 2Zy) + (q', a3...2y, P2y ... Zy) (6.1)

l’lél;l 0(q, aj, Z;) chira (q’, ). Quan hé chuyén d6i cac hinh trang s& tao thanh day
bien doi hinh trang.

PDA & trang thai q voi cac ky hi¢u day xuong 2,7, ...2,6 PDS doc ky hi¢u vao a,.
Sau chuyén ddi hinh trang trén thi xau vao can xu 1y 13 a,. . .a,.

Néu B =Y,Y,...Y, thi quan hé (6.1) c6 thé mé ta nhu sau:

g a; [af .. ap f g a |az| .. a, f
t f

q Z, q > Y,
Zz Y2

Yi

. Z,

Zn Z:

Zn

Hinh H6-1 M6 ta quan hé chuyén trang thai cia PDA

Luru y: Chiing ta c6 thé dinh nghia bao déng bic cdu cua quan hé - 1a " nhu sau:

*

(9, x, o) - Qq.y, B) néu tdn tain>0,qy, q, ..., € Q; X, Xy, ...EX,
aq, O, ... € F* dé (qa X, a) = (qls X1, (X.]) = (q23 X2, (X.z) .= (q, Y, B)

Hai tinh chét sau thuong dugc suir dung trong kién thiét cac PDA va chiing minh
cac dinh 1y quan trong vé 6tdmat day xudng.

Tinh chat 6.1 Néu (q;, x, @) - (qo, A, B) thi véimoiy €X
(@i xy, @) = (a2, y, B) (6.2)

Nguoc lai, néu (qi, xy, ) — (g, v, B) thi(q, x, @) = (qo, A, B)

Chitng minh: Néu PDA 6 trang thai ¢, véi ddy cac ky hiéu day xudng o, n6 chuyén
xubng dudi 1an luot sau khi xtr 1y xong day ky hiéu vao x dé chuyén vé trang thai
Qe voi day ky hiéu day xudng B. PDA s& hoat dong twong tu khi nhan dau vao xy,
nhung chi xtr 1y x, phan y s& van giit lai nhu hinh H6-1. n

Tinh chit 6.2 Néu(q, x, @) - (q\, A, ) (6.3)

-132 -



Otomat va ngon ngir hinh thirc

thivéimoi B e I, (q,x, of) - (q\ A, YB) (6.4)
Chitng minh: Theo dinh nghia, day (6.3) dugc viét nhu sau:
(qa X, O() = (qla X1, al)l_ (q29 X2, (12) N (q'a A) Y)

Xet (qi, Xi, 04) = (Qit1s Xis1, Qir1). Pat oy = Z1Z;,... Zy,. Khi chuyén trang thai, Z; bi
x04 di va mét xau nao do6 duogc thay vao trudc Z,... Z,,. Nhu vay, Z,... Z,khong bi
anh huong. Néu ta ¢6 B dung sau Z,... Z, thi Z,... ZB cling khong bi thay doi. Tur

do suy ra (q;, Xi, i) = (qit1, Xi+1, Ai+1), nghia la
(q, x, aP) = (qi, X1, uP) = (Qe, X2, 2P) = ... = (q A, vB) u
Luu y: (6.4) khong suy ra (6.3). Xét truong hop:
A =({qo}, {a, b}, {Zo}, 8, qo, Zo,D) v0i
(qo, a, Zo) = {(qo, A}, 8(qo, b, Zo) = {(qo, ZoZo)}
(qo, aab, ZyZyZoZo) = (qo, ab, ZoZoZo)
= (qo, ab, ZoZoZo)
= (qo, b, ZoZy)
= (o s ZoZoZy)

Nghia 1a (qo, aab, ZeZoZoZo) & (qo, A, ZoZoZo). Dt o = ZyZoZo, B = Zo, ¥ = ZoZo
thi (6.3) suy ra (6.4), nhung nguoc lai thi khong dan ra duoc boi vi

(c~10, aab, Zy) + (qp, ab, A) va sau d6 khong chuyén trang thai duogc tiép vi PDS Ia
rong.
Pinh nghia 6.5 PDA A =(Q, %, T, 8, qo, Zo, F) 1a don dinh néu

(a) 8(q, a, Z) hoic 1a tap rdng hodc chi c6 mot phan ti,

(b)d(q, A, Z)# D thid(q,a,Z)=,Vae X

6.2 Cac két qua doan nhan béi PDA

Pinh nghia 6.6 Cho A =(Q, %, T, 5, qo, Zo, F) 1a mdt PDA. Tap fioén nhan duoc
boi A voi trang thai két thic (duoc A doan nhan véi trang thai két thuc), ky hiéu
T(A), dugc dinh nghia nhu sau:

T(A) = {w eZ*| (90, W, Zy) I—*(qf, A, a)voigre Fvaa eF*}
Vi d]:l 6.2 Cho A= ({qu q1, qf}a {aa ba C}a {aa ba ZO}a 65 o, ZOa {qf})s trong do

3(qos 8, Zo) = {(qo» aZo)},  d(qo, b, Zo) = {(qo, bZo)}, (6.5)
(o, 8, @) = {(qo, aa)}, 3(qo, b, 2) = {(qo, ba)}, (6.6)
3(qo, 8, b) = {(qo, ab)}, d(qo, b, b) = {(qo, bb)}, (6.7)
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8(qo, ¢, @) = {(qi, @)}, 8(qo, ¢, b) = {(q1, b)}, (6.8)
8(qos ¢, Zo) = {(a1, Zo)}

o(q1, a, a) = 8(q, b, b) = {(q1, A)} (6.9)
0(qi, A, Zo) = {(qs Zo)} (6.10)

Trudc tién chung ta xét hinh trang dau (qo, bacab, Z)
(qo, bacab, Zy) + (qo, acabb, bZ) theo (6.5)
 (qo, cab, abZ,) theo (6.7)

= (qi, ab, abZ,) theo (6.8)
= (qi, b, bZy) theo (6.9)
= (a1, A, Zo) theo (6.10)
= (e A, Zo) theo (6.10)

Nghia 14 (qo, bacab, Zo) - (qg, A, Zo), do d6 bacab €T(A).
Twong ty chiing ta ¢6 thé ching minh duoc ring wew' eT(A).
VayL = {wew' |w € {a, b} } = T(A).

Pé chung chiéu nguoc lai, T(A) c L ta chi can chi ra rang LS < T(A)“ ( phan bu
ctia chiing ciing bao nhau). Gia st x € L. Xét tiép hai trudng hop:

Truong hop 1: x khong chira ky tir c. Khi d6 PDA A khong thé chuyén d6i tir trang
thai q, dén q, va dé dén g dugc. Vay x e T(A)".

N ’ ’ ’ T
Truong hop 1: x co chwra ky tw ¢, x = wi;cw,y, Wi # Wa.

(90, WicW2, Z)) = (9o, cW2, w,'Zo) (qi, wa, w1 Zo)

B&i vi w,' # w, nén (q1, Wa, wlTZO) khong thé chuyén vé duoc (qQi, A, Zy) dé két
thic & (qr, A, Zo). Tir d6 ciing suy ra x € T(A) .

Két luan T(A) =L.
Dinh nghia 6.‘~7 Cho A=(Q, %, T, 9, qo, Zo, F) 1a mdt 7PDA.yTép doaNin nhan duoc
bdi mot kho rong ciia A (duge A doan nhan véi kho day xudng 1a rong), ky hi¢u
N(A), dugc dinh nghia nhu sau:
N(A) = {w € Z°| (qo, W, Zy) " (a, A, A) v6iq € Q}
Vi du 6.3 Xét tiép PDA A dugc cho ¢ vi du 6.2. Néu chiing ta b6 sung thém
5(ar A, Zo) = {(qp A)} thi
N(A) = {wew' |w € {a,b}"}
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Pinh 1y 6.1 Néu A =(Q, =, T, 3, qo, Zo, F) 1a mot PDA doan nhan L bang kho day
xudng rong thi s& tim dugc PDA B =(Q", X, T, 8", qv’, Zo', F") doan nhan L bang
trang thai két thiic, nghia 1a L = N(A) = T(B).

Chitng minh: Xay dung B sao cho:
(a) Chuyén dong bit ddu cua B dat duoc tir hinh trang khoi dau cia A,

(b) Chuyén dong két thuc cua B dat dugc twong tng dén trang thai két thuc
cua A,

(c) Moi chuyén dong trung gian trong B giéng nhu trong A.
PDA B dugc xay dung nhu sau:
B=(Q",%TI",08,q0,7Z,F), trong do
qo” 1a trang thai mai khong ¢6 trong Q
F" = {q¢}, q¢ cling 1a trang thai mai khong thude Q
Q" =Qu{q’, g},
Zy" 1a ky hiéu khéi dau maéi cua PDS,
I"=Tvu{Zy}va
8" duoc cho theo ba qui tic:
RI: 8°(qo’s A, Zo") = {(qo> ZoZo')}
R2: 8'(q,a,Z)=0(q,a,Z) v6imoi(q,a, Z) €e Qx (XU {A} xT
R3: 8°(q, A, Zo") = {(qr A)} voimoiq € Q
Chirng minh chi tiét tham khao tai liéu [4].
Theo céch thiét ké nhu trén thi B 1a don dinh khi va chi khi A don dinh. "

Vi du 6.4 Xét PDA A = ({q0, q1}, {a, b}, {a, Zo}, 8, o, Zo, D), v6i & cho trudc
nhu sau:

R1: &(qo, a, Zo) = {(qo,aZo)}
R2: 8(qo, a, a) = {(qo, aa)}
R3: 5(qo, b, a) = {(qi, A)}
R4: 8(qi, b, a) = {(qi, A)}
R5: 8(q1, A, a) = {(q1, A)}
Xac dinh N(A) va kién thiét B dé T(B) = N(A).
Gidi: Trudc tién chung ta c6 thé chi ra N(A) = {a"b" | n >1 }. That vay
(qo» a"0", Zo) F (qo, b", 2"Z) bang cach ap dung R1 va R2

= qi, A, Zo) béng cach &p dung R3 va R4
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- (qi, A, A) bang cach ap dung R5

Suy ra a"b" € N(A). Chiéu nguoc lai dugc dan ra tir cic tinh chét cua cac qui tic
R1-RS.

Tiép theo chung ta xay dung PDA B=(Q’, {a,b},I"",0",qo’, Zo', F'), trong do
Q’ = {q()a q(),a q1, qf}s "= {aa ba ZO’}a F = {Qf} va

0'(qo’s A, Zo) = {(do, Zo'Zy")} 0'(qo, @, Zo) = {(qo, aZo)}
0'(qo, a, @) = {(qo, aa)} 6'(qo, b, a) = {(q1, A)}

6'(q1, b, a) = {(q1, A)} 8°(qi, A, Zo') = {(a1, A)}
0'(do, A, Zo") = {(qs N} 0'(q1, A, Zo") = {(qs M)}

Kétluain T(B)=N(A)= {a"b"|n>1}.

Dinh ly 6.2 Néu A = (Q, Z, I, 3, qo, Zo, F) 1a mét PDA doéan nhan L béng trang
thai kef:t thl'lg thi s€ tim dwugc PDAB=(Q’, 2, I",d",qo’, Zo’, F') doan nhan L b'fmg
kho day xudng rong, sao cho L = N(A) = T(B).

Chitng minh: Van dé chinh 1a xay dung PDA B dé thoa mén diéu kién trén.
B duogc xay dung nhu sau:
B=(Qu{q,d},Z, T Ui{Zy},8,q0,2Zy, D), trong do

RI: 8°(q0", A, Zo") = {(qo> ZoZo)}
R2: 8'(q,a,Z)= 0(q,a,Z)vé6imoiae X,qe Q,Z e
R3: 8'(q, A, Z)=0(q, A, Z) U{(d, A)} véimoi Z e ' U {Zy'},q e F
R4: 8'(d, A, Z)={(d,A)},voimoiZ e " U {Z,"}

Chung ta c6 thé khing dinh L = T(A) = N(B). -

Vidu 6.5 Xay dung PDA dé doan nhan duoc tp cac xdu trén {a, b} trong do sb
chit a bang so6 céac chir b.

Giai: B =({qa}, {a, b}, {Zo, a, b}, 8", q, Zo, D), trong d6

3(q, a, Zy) = {(q, aZy)}, 3(q, b, Zp) = {(q, bZo)}
3(q, a, a) = {(q, aa)}, (g, b, b) = {(q, bb)}
3(g, a, b) = {(q, A)}, 3(q, b, a) = {(q, A)}

5(% A> ZO) = {(qa A)}
Ching minh dugc rang N(A) = L 1a tap tat ca cac xau trén {a, b} trong d6 sb cac
chir a bang so cac chir b.

6.3 Otomat diy xuéng PDA va ngon ngir phi ngir cianh

Dinh ly 6.3 Né'u,L 1a ngdn ngir phi ngir canh thi s& ton tai PDA A dé doan nhan L
bang kho day xuong rong, N(A) = L.
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Chitng minh: Duwa vdao van pham phi ngit canh G sinh ra L dé xdy dung PDA A.

Buoc 1. Xdy dung PDA M. L = L(G), trong d6 G = (Vy, 2, P, S) 1a van pham phi
ngit canh. PDA dugc xay dung nhu sau:

A=({q}, 2, VynU 2, 5, q, S, D), trong d6 & dugc dinh nghia nhu sau:
Ri:0(g, A, A)={(q, @) | A = a thudc P}
R,: 8(q,a,a)={(q, A)} vGimoi a € Z.
Néu w e L(G) thi n6 duoc dan xuit trai nhit ra tir S
S > uA0; = LA oo = ... => W,

nén A c6 thé co kho day xudng l1a réng. Trudc tién A thyc hién A- chuyén
dichtwong tng véi S — u A . Otémat A s& xoa S va luu vao kho u Aja,. Sau do
A lai sir dung céc qui tic R, dé xo4 di nhitng ky hiéu (két thuc) trong u; va ky hiéu
con lai trén dinh cua kho day xubng 1a A, (ky hiéu khong két thic). Tiép tuc st
dung dan xuit A; = u,A,a, va thuc hién tuong tu nhu trén cho dén khi di A kho
day xubng la rong khi da doc xong toan bo w.

Bugc 2. Phan con lai 1a chimg minh L(G) = N(A) bing phuong phap chimg minh
qui nap theo cac qui tac kién thiét.

Trudce tién ta ching minh L(G) < N(A). Gia st w € L(G), suy ra nd c6 thé 1a két
qua cua mot dan xuét trai nhat. Trong mdi bu:oc cua dan Xuét trai nhat luon co
dang: uAoc, voi u € PN ,A e Vg, e (Vyu Z) . Ta can chiing minh rang néu c6
dan xuat S . uAcc thi

(@, uv, Zo) F (qo, v, Ax), Vv € X 6.11)

Ta chiing minh tinh chét trén qui nap theo cac budc trong dan xuét ra uAcc. Néu
S % uA, thiu=oc =A va A =S. Hién nhién, co so qui nap 1a ding. Gia thiét

(6.11) ding v6i dan xuat qua n bude.
Taxét S "2 uAoc 12 mot din xuét trai nhat. Tt nhién ta c6 thé viét thanh
S A wA;x; — uAocc. O budc cudi ta ap dung A,-dan XUuit: A; = WA, véi

U = Uy, € = C1Cy,

Ap dung gia thiét qui nap véi n budc dau, ta cé

(q, wuav, S) (g, uav, Accy) (6.12)

Baéi vi A| = uAcc, 1a mét qui tic trong G, nén theo R, ta xay co
(q, A, A) + (q, A, ;Aoc,). Ap dung cac tinh chét ciia ham chuyén trang thai,
(q, wav, Ajocy) = (g, upv, uyAocyoc))

= (q, v, Aocyocy)
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Nghia I3, (g, u,v, S) - (q, v, Aocyocy) (6.13)
Do u = ujuy, o = oc o0, nén két hop (6.12) véi (6.13), ta dugc
(q, uv, S) - (q, v, Ax)

Tiép theo ta chimg minh L(G) < N(A). Gia st w € L(G), suy ra c6 mot dan xuat
trai nhat

S - uAv —, wu'v=w.
Twr (6.12) suy ra
(q, uu'v, S) - (g, u'v, Av)
Vi A — v’ 1a qui tic trong P, nén (q, u'v, A) - (q, u'v, u'v)

Theo qui tic R, , ta ¢6 (q, u'v, u'v) — (q, A, A), nghia 1a w = uu'v € N(A) khing
dinh L(G) < N(A).

Tiép theo ta chtirng minh chiéu nguoc lai L(G) < N(A).
Tuong tu, ta chimmg minh mdt tinh chét bd tro

Néu (g, uv, S) - (q, v, <) thi S = uc (6.14)
Chting minh (6.14) qui nap theo cac budc dich chuyén trang thai cia PDA.

Budc co s¢ qui lap 1a hién nhién dung, vi néu (q, uv, S) F° (q, v, o) thi u = A,
S = oc, thi tAt nhién S % A o,
Gia st (6.14) ding voi n bude dich chuyén. Ta xét trudng hop véin + 1 bude dich

chuyén trang thai

(g, uv, §) =" (q, v, ) (6.15)
Trong budc dich chuyén trang thai cudi ciing trong hinh trang (6.15) ciia PDA c¢6

thé nhan duoc tir mot trong hai dang sau: (q, A, A) (g, A, o<’) hoac (q, a, a) = (q, A,
A). Theo trudng hop dau thi (6.15) ¢ thé viét thanh

(q’ uv, S) |_Il (qa v, AOCZ) = (qa v, OC1062) = (qa v, OC)
Theo gia thiét qui nap thi S = uAoc, — uoc o0, = yoc
Déi véi truong hop thi hai ta co thé chia ra

(g, uv, S) " (g, av, axc) - (q, v, x)

Ta c6 thé viét u =u'a, véi v’ € 2. Do vy (q, u'a v, S) F" (q, av, ax) suy ra (theo
gia thiét qui nap) S — u'acc = uec.

Két hop ca hai truong hop, ta da chimg minh dugc tinh chét (6.14).
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Phén con lai ta phai ching minh néu w € N(A) thi w € L(G).

That vay, w € N(A), tic 1a (q, w, S) - (q, A, A). Patu=w, v=cc = A va 4p dung
(6.14), ta nhan duoc S —, WA =w, nghiala w € L(G).

Cudi cung ta d3 chimg minh duoc L(G) = N(A) n

Vidu 6.6 Xay dung 6tdomat ddy xudng A twong duong v6i vin pham phi ngit canh
c6 cac qui tic: S — 0BB, B — 0S| 1S | 0. Kiém tra xem 010" € N(M)?

Giai: Binh nghia PDA A nhu sau:
A=({q}, {0, 1}, {S,B, 0,1}, 9, q, S, D), trong 6 dugc dinh nghia nhu sau:
Ri: 3(q, A, S) = {(q, 0BB)}
Ry 8(q, A, B) = {(q, 0S), (q, 1), (q, 0)}
Rs: 8(q,0,0) = {(q, A)j
R4 3(q, 1, 1) = {(q, A)j
Ta kiém tra xem 010* € N(A)? Boi vi
(q, 010 - (q, 010*, 0BB), theo qui tic R,
= (q, 104, BB), theo qui tic Ry
- (q, 10%, 1SB), theo qui tic R, bai vi (g, 1S) € 8(q, A, B)
- (g, 0%, SB), theo qui tic Ry
= (q, 04, 0BBB), theo qui tac R,
= (q, 0’ , BBB), theo qui tac Ry
" (q, 0°, 000), theo qui tic R, béi vi (g, 0) € 8(q, A, B)
=" (q, A, A), theo qui tic R;
Vay 010* € N(A).

Pinh 1y 6.4 Néu A =(Q, 2, T, 8, qo, Zo, F) 1a mot PDA thi s& ton tai vin pham phi
ngit canh G sao cho L(G) = N(A).

Churng minh: Xay dung van pham phi ngit canh G sao cho L(G) = N(A).
Buoc 1: Xay dung G = (Vy, Z, P, S), trong do
Va={S} U {[q, Z qi]|q q1 € Q,Z € '} con P c6 cac qui tic:
R,: S- dan xuit: S — [0, Zo, q] V61 moi q trong Q
R,: V&éimoi (q;, A) € 8(q, a, Z) thi[q,Z,q;] >a€P
Rs3: Voi moi (qi, Z,1Z,...Z,) € 8(q, a, Z) thi
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[qa Za q'] - a[qla Zla qZ][an ZZ) q3] [qma Zma q'] e Pvaoi m01
trang thdi q', qo, ... qm € Q.
Buoc 2. Chung minh L(G) = N(A).

Dua vao céc qui tic kién thlét vin pham dé ching minh tinh chat bd trg (6.16) qui
nap theo cac budc dan xuat trong vin pham va cac cta chuyén hinh trang trong
6tomat day xubng, twong tu nhu trong chirng minh dinh 1y 6.3.

[0, Z. q'] = wkhi va chikhi (q,w,Z) " (q, A, A) (6.16)
welLG S w

= S - [q07 ZO) q'] :*> w

(@0, Zo. 4) (0 A D)

< w e N(A). n
Vidu 6.7 Xay dung van pham phi ngit canh G dé sinh ra N(M), khi

M= ({qo, qi}, {a, b}, {Zo, Z}, 5, qo, Zo, D), va & dugc xac dinh nhu sau:

8(qo, b, Zo) = {(qo, ZZ)}

8(qo, A, Zo) = {(qo, A)}

8(qo, b, Z) = {(qo, ZZ)}

(o, 8, Z) = {(aq1, 2)}

8(q1, b, Z) = {(qi, A)}

8(q1, a, Zo) = {(qo, Zo)}
Giai: Xay dung G = (Vy, {a, b}, P, S), trong d6

V= {S, [90, Zo, Qo> [90> Zo> q1]> [90> Z, o], [Qo> Z, Q1> [A1> Zo» Qo]> [A1.Z0, Qi)
(a1, Z, qol, [q91, Z, qi1]}

P bao gém nhirng qui tic sau:
P12 S = [qo, Zo, qo]
P2 S — [qo, Zo, qi]
Béi vi 8(qo, b, Zo) = {(qo, ZZ0)} nén
P3: [do, Zo, 9o] = b[qo, Z, qo][do> Zo, qo]
Py4: [do, Zo, 9o] = b[qo, Z, q1]1[q15 Zos, qo]
Ps: [do, Zo, 91] = b[qo, Z, qo][dos Zo, q1]
Ps: [do, Zo, 91] = b[qo, Z, q1][q15 Zo, q1]
Vi 6(\qo, b, Zo) = {(qo, A)} nén
P7: [qo, Zo, Qo] > A
Vi d(qo, b, Z) = {(qo, ZZ)} nén
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Ps: [do, Z, go] = b[qo, Z, qo][do, Z, qo]
Py: [qo, Z, go] = b[qo, Z, q1][q1, Z, qo]
Pio: [qo, Z, q1] = b[qo, Z, qo][do> Z, q1]
P11 [qo, Z, q1] = blqo, Z, qi][d1, Z, q1]
0(qo, a, Z) = {(q1, Z)} nén ta co
P12 [qo, Z, qo] — alqi, Z, qo]
P13: [qo, Z, q1] — a[q1, Z, qi]
0(q1, b, Zy) = {(qo, A)} nén ta céd
Py [q1,Z,qi] > b
3(q1, @, Zo) = {(qo, Zo)} nén ta co
Pis: [a1, Zo, 9o] = a[qo, Zo, qo]
P16t [a15 Zo, 91] = a[qo, Zo, qi]

Lueu y: Co thé sir dung k§ thuat nhu ¢ chuong 5 dé lugce bo nhimng bién, qui tic du
thtra trong van pham G.

6.4 Phan tich ct phap va 6tdomat day xudng

Otomat day xuong PDA dugc sir dung nhiéu trong phan tich ¢ phap ciia cic ngon
ngtr tu nhién va cac ngon nglr 1ap trinh. Co hai cach phan tich ci phap: phan tich
trén / xuong va dudi / 1én.

6.4.1 Phan tich cii phap trén / xudng
Trong phan nay chung ta nghién ctru ky thuét phan tich ¢t phap trén / xubng dugc
ung dung trong mot sO 16p con ciia ngdn ngir phi ngit canh.
Vidu 6.8 Cho G = ({S, A, B}, {a, b}, P, S), trong d6 P c6 S — aAB, S — bBA,
A— bS, A —>a, B—aS, B — bvaw=abbbab € L(G).
Suy dién bén trai nhat dé sinh ra w:

S = aAB = abSB = abbBAB = abbbAB = abbbaB = abbbab

Pé thuc hién dugc cac dan xudt nhu trén thi phai xac dinh dwoc nhitng qui tic ndo
s€ dugc ap dung lan lugt. Mt trong céac k¥ thudt dugc st dung trong phan tich ct
phép trén / xuong 1a thanh 1p bang tir vung.

Pé tién loi ching ta ky hiéu cac qui tac ap dung dé c6 suy dan trén: S — aAB,
A —>DbS,S > bBA, A —>a, B—aS,B— btuong ingla Py, Py, ..., Ps. Ky hiéu E
cho 161 khi xau vao khong nam trong L(G).
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Bang 6.1 Bang phan tich tir vung

A a b
S E P, P,
A E P, P;
B E Ps P

Néu A 12 bién bén trai nhat trong din xut va bién dau tién trong diy con cac ky
hi¢u vao chua dugc xur ly 1a b thi sir dung qui tac Ps.

Vin pham c6 tinh chat trén, chi can tim vé phia trudc mot ky hiéu vao thi da quyét
dinh dugc qui tac nao can ap dung tiép theo, dugc goi 1a van pham LL(1).

Vi du 6.9 Cho trudc van pham phi ngit canh G ¢6 cac quitic: S - F+ S |F * S | F,
F — a. Xac dinh diy phan tich ct phap trén / xuéng cho xduw=a +a * a.

Néu chi tim vé phia trudc mot ky hiéu thi chiing ta s& khong phén tich duoc w. Dbi
v6i xau w, ¢6 thé ap dung F — a dé sinh ra a. Nhung néu a dimg sau dau + hodc *
thi khong thé ap dung dé sinh ra a duoc. Nghia 13 chiing ta phai nhin vé phia trudc
2 ky hiéu.

Bit dau tir S chung ta c6 thé ap dung ba qui tic S — F+ S|F * S| F. Hai ky hi¢u
dductiaa +a * alaa+. Do vy chung ta chi c6 thé ap dung S — F + S, sau d6 c6 thé
ap dung F — a. Viy S = F + S = a + S. Phan con lai cia x4u chua dugc phén tich
s& 1 a * a. Twong ty hai ky hiéu du con lai 1a a*. Ap dung tiép S >F*S,F > ata
duogcS=>F+S=a+S=a+F*S=a+a*S. Kyhi¢u con lai 1a a, do d6 co
thé 4p dung S — F va F — a dé phan tich xong ct phap xdu a + a * a. Vay, diy din
Xudt trai nhat dé sinh ra w s& 1a:

S=DF+S=a+S=at+F*S=at+a*S=a+a*a.

Tiép theo chung ta xay dung mot bang dé hd tro xac dinh dan xuét trai nhat ddi véi
cac xau dau vao. Ky hiéu Py, P,, P;, P, chocacquitaic S>F+S,S—>F*S, S >F,
F — a va E ky hiéu 161 cu phép.

Béang 6.2 Bang phan tich ct phap cho vi du 6.9

A a + * aa at a*
S E P, E E E P, P,
F E | E E E | P,
+a ++ 4 *a *4 Fk
S E E E E E E
F E E E E E E

Vi dy, néu bién trai nhat 1a F va hai ky hiéu tiép theo can xur 1y 1a a+ thi ap dung
qui tac P,. Khi gip phai hai ky hiéu tiép theo 1a *a thi c6 15i E.
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Van pham c6 tinh chét: phai cin cir vao k ky hiéu o phia trudc mdi quyét dinh
dugc qui tdc ndo can ap dung trong dan xuat ti€p theo, duoc goi l1a van pham LL(k).
Vian pham ¢ vi du 6.9 1a van pham LL(2).
Trong qua trinh phén tich ¢t phap, vin dé khong tat dinh gay ra khong it kho khan.
D6 1a truong hop co hai A-dan xuat, vi du A — off vda A — oy. Van dé nhdp
nhang nay dugc giai quyéet bang k¥ thuét phan tich thanh thir s6 nhu sau.
Pinh 1y 6.5 Vin pham phi ngit canh G c6 hai A-dan xuat: A — af va A - ay.
Néu thay A — aff va A — ay bang A—> aA’, A’ —> B |y vo1 A’ 1a bién mdi thi s€
dugc van pham tuong duong véi G.
Chitng minh: Su twong duwong cta hai vin pham trén d& dang dugc chi ra bang
cach thay vi &p dung A > af va A - ay, tast dung A > aA’, A" > B |y va
nguoc lai. L]
Mot van dé khac hay gap phai trong phan tich ct phap 13 dé qui trdi. Bién A duoc
g0i 1a dé qui trdi néu n6 c6 dang A — Aa. Khi gap phai truong hop d€ qui trai thi
bd phan tich ¢t phap c6 thé roi vao chu trinh 1dp v6 han. Pinh 1y sau cho phép loai
bo d¢ qui trai.
Pinh Iy 6.6 Cho G la van pham phi ngit canh c6 tap tat ca cac A-dan xuat la:
{ A> Aay, ..., A> Ao, APy, ..., A>Pn}. Van pham G, dugc xay dung tor G
bang cach thém bién mdi A’ va thay cac A-dan xuit trong G bang A — A/, ...,
A-> B AL A" > oA’ LA > o, A" va A" —> A la tuong duong voi G.
Chitng minh: Tuong tu nhu doi véi bo dé 5.3.
Dinh ly 6.5 va 6.6 chi ap dung dung hi¢u qua dé xay dung bo phan tich ca phap
top/down cho mdt s6 van pham phi ngit canh, khong phai cho tat ca cc truong hop.
Chung ta khai quat qua trinh xay dung bd phan tich cu phap top/down nhu sau:
XAy dung bd phan tich cii phap top/down (trén / xudng)

1. Loai dé qui trai bang cach str dung dinh 1y 6.6 cho tit ca cac bién dé qui trai.

2. Apdung dinh Iy 6.5 dé loai bo sy nhap nhang khi can thiét.

3. Néu vian pham thu dugc 1a LL(k) véi k 1a sb ty nhién thi 4p dung k§

thuat nhu da néu ¢ hai vi du trén dé€ phan tich qua k budc trén/xudng.

Vi du 6.10 Xét ngdn ngir gdm tit ca cac biéu thic sd hoc voi phép +, * trén cac
bién x1 va x2. Van pham sinh ra L c6 dang:

G=({T,F,E}, {x,1,2,+, * (,)}, P, E), trong d6 P c6 cac qui tac:

E—-E+T F— (E)
E—->T F - x1
T—>T*F F—o>x2 T—>F

Xay dung bd phan tich cu phéap cho L(G).
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Giai:

Buéc 1: Ap dung dinh 1y 6.6 dé loai bé dé qui trai: E va T. Thay E —» E + T va
E —» T bang E —» TE', E' - + TE' va E'— A, E’ 1 bién m&i bd sung. Tuong tu
thay T > T * F va T>F bang T —» FT', T' > + FT' va T'> A. Van pham mdi G,
tuong véi G la:

G ={T,F,EE, T}, {x,1,2,+* (,)}, P', E), P" co cac qui tac:

E —> TE' F— (E) T —> FT' T > A
E'—» +TE' E'—> A F — x1 F—x2
T — *FT'

Buéc 2: Ap dung dinh Iy 6.5 dé loai bé sw nhdp nhang bang k¥ thuat phan tich
thanh thira s6. Thay F — x1, F>x2 bang F — xN, N — 1 | 2. Két qua duoc vin
pham G, tuong duong:

G,=({T,F,E,E, T}, {x, 1,2, + * (,)}, P, E), P” c6 cac qui tac:

P;: E—> TFE Pe: T" > A
P,: E' >+ TE' P;: F > (E)
P;:E'—> A Pg: F — xN
Ps: T—> FT' Py: N —> 1
Ps: T" > * FT' Pio:N—>2

Buoc 3: Xdy dung bang phan tich tie ving cho van pham LL(1) (6 budc 2)
Bang 6.3 Bang phan tich tu vung

A X 1 2 + S )
E E P, E E E E P, E
T E P, E E E E P, E
F E P E E E E P, E
T Ps E E E E P, E P
EE P, E E E P, E E P
N E E P, P, E E E E

6.4.2 Phan tich ca phap duwdi/ 1én

Phan tich tr dudi 1én trén dua chu yeu vao cay dan xuét d6i véi day dau vao cho
trude. Dbi voi 10p cac van pham quyén wu tién yéu ching ta c6 thé xay dung PDA
don dinh nhu 14 bd phén tich cG phap dé phan tich ca phap cho nhiing x4u doan
nhan bdi van pham do.

Trong phan tich ca phap dudi / 1én ta can phai dao ngugc cac qui tic dé cudi cliing
nhén dugc S. PDA hoat dong nhu b phan tich duéi / Ién:

(i) 8(q A, a")={(q A)|coquitic A > a}
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(1)  o(q, 0, A) = {(q, o) | vo1 moi o trong X }

Ap dung (1) dé thay o bang A khi c6 qui tic A — a. Ky hiéu vao o dugc léy ra
khoi kho bang cach sir dung (ii). Dé dugc doan nhan ta can mot s6 dich chuyén khi
PDS ¢6 S hoic Z, ¢ dinh cua kho day xubng.

Trong phan tich ct phap dudi / 1én, chung ta can xdy dung PDA dé doan nhan
L(G)$. O day chung ta c6 hai thao tac:

(i)  Chuyén dich ky hiéu véo 1én dinh ciia kho Stack.
(i)  Thay thé o bang A khi c¢6 qui tic A — o trong G.

O mdi bude ching ta phai quyét dinh xem thuc hién thao tac nao. Pé lya chuyén
vao Stack (1) hay thay thé (i1), chung ta str dung quan h¢ R duogc goi 1a quan hé thu
tw wu tién.

Néu (a, b) € R, trong do a la ky hiéu ¢ dinh cua kho Stack, b la ky hiéu vao thi
thuc hién thay thé (i1), ngugc lai thyuc hién chuyén vao Stack (i).

Vidu 6.11 Xay dung b phan tich cu phap dudi / 1én cho ngon ngir L(G)$ , trong
do6 G duoc cho ¢ vi du 6.10.

Giai:
GcécécquitécE—>E+T,F—>(E),E—>T,F—>x1,T—)T*F,F—>x2,T—>F.

Trudce tién ta xay dung quan h¢ tha ty uu tién R. Trong bang 6.4, ta ky hi¢u a co
quan hé R véi b 13 “\’ ¢ 6 twong tng.

Bang 6.4 Quan h¢ thtr ty vu tién

Ky hiéu ¢ kho/  x ( ) 1 2 + * $
Ky hi¢u vao

Zy

(

) \ \ \ \
1 \ v \ \
2 \ v \ \
+

E

T v \ \
F \ \ \ \

Str dung bang 6.4 dé thuc hién céc thao tac can thiét. Yi du, néu ky hi{;u o Stack 1a
F va ky hi€u vao ti€p theo 1a * thi thuc hi¢n thay thé thay thé (i1). Néu ky hiéu &
kho 1a E thi dat cac ky hiéu vao dinh ctia kho Stack.

Otomat day xudng don dinh hoat dong nhu mot by phan tich ci phap duoc xay
dung nhu sau:
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A=(Q,2",T,9,p, Zy, D), trong do

=% U {$},Q={p} U {ps|oceX}

'={ET,F} UXZuU{Z,$}

0 duoc xac dinh nhu sau:
R:8(p, 0, A) = (p, A)
Ry: 8(ps, A, @) = (p, o), v6i moi G, o ¢ R
R3: 8(ps, A, T+ E) = (ps, E), khi (T, ) € R
R4: 0(ps, A, Tat) = (ps, Ea), khi (T, 6) e Rvaa € I' - {+}
Rs: 8(ps, A, F * T) =(ps, T), khi (F, 5) € R
Rg: 8(ps, A, Fat) = (ps, Tar), khi (F,6) e Rvaa e ' - {*}
R7: 8(ps, A, EC) = (po, F), khi (), 6) € R
Rs: 8(ps, A, 1X) = (ps, F), khi (1, 0) € R
Ro: 8(ps, A, 2%) = (ps, F), khi (2, 5) € R
Rio: 8(ps, A, E) = (ps, A)
Ri1: 8(ps, A, Zo) = (ps, A)

B4 phén tich ci phap dudi / 1én cho xau vao x1 + x2 duogc cho nhu & bang 6.5.
Béang 6.5 Phan tich ct phap cua x1 + (x2)

Budc  Trangthdi  Day vao Kho Stack  Luat Qui tac
Chua dugc doc su dung 4p dung
1 p x1 +(x2) Z -
2 Px 1 +(x2) Zy R,
3 P 1+ (X2) XZO R2
4 pi +(x2) XZy R,
5 p + (x2) 1xZ, R,
6 P+ (x2) 1xZ, R;
7 P+ (X2) FZO Rg F—x1
8 P+ (x2) TZ, Rg T—>F
9 p+ (x2) EZ, R4 E-T
10 p (x2) +EZ, R,
11 p( X2) +EZO R]
12 p x2) (+EZ, R,
13 Px 2) (+EZ, R,
14 p 2) x(+EZq R,
15 P2 ) X(+EZO Rl
16 P ) 2X(+EZO R2
17 P $ 2x(+EZ, R,
18 P $ F(+EZ, Ry F—x1
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19 D) $ T(+EZ, R, T—F

20 1) $ E(+EZ, R4 E—>T

D1 p $ )E(+EZ, R,

22 Ds A )E(+EZ, R,

23 P A F+EZ, R, F—(E)
04 D A T+EZ, R T—F
D5 Ds A EZ, R, F—>E+T
20 ps A Zy Rio

07 D A A Ry,

Suy nguoc lai cac qui tic da dugc ap dung, ching ta c6 diy cac din xuit phai nhit
d¢ doan nhan x1 + (x2) nhu sau:

EE+T=E+F=E+(E)=E+HT)=E+F)=E+x2)=T+ (x2)

= F+ (x2) = x1 +(x2).

Bai tip vé 6tdomat day xudng
6.1 Xay dung PDA dé doan nhan bang kho ddy xudng rdng cac ngdn ngit sau:
(a) {a"b"c" |m,n>1}
(b) {a"b™"|n>1}
(¢) {a"™"c"|m,n>1}
(d) {a"™"|m>n>1}
6.2 Xay dung PDA dé doan nhan bang trang thai két thuc cac ngdn ngit nhu trong
bai 6.1
6.3 Xay dung van pham phi nglt canh sinh ra cac ngoén nglt sau va sau d6 xay
dung cac PDA dé doan nhan chiung bang kho day xudng rong:
(@) {a""| n>1} U {a"b™ |m>1}
(b) {a"d"c"| m,n>1} U {a'c" |n>1}
(¢) {a"d"c¢"™d"|m,n>1}

6.4 Xay dyng 6tomat day xudng don dinh trén {a, b} dé doan nhan tit ca cac diy
Palindrrome c6 dg dai 1a chan theo kho day xudng (ngin x&p) rong.

6.5 Chi ra rang tip tit ca cac xau trén {a, b} co6 sb ky tu a bang sd ky tu b, duoc
dodn nhan bdi mot 6tdmat day xudng don dinh.

6.6 Chi ra ring {a"b" | n > 1} U {a"b*™ | m > 1} khong thé doan nhén b&i mot
o0tomat day xuong don dinh.
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6.7 Chira réng moi tap chinh qui dugc doan nhan boi 6tomat hiru han voi n trang
thai s€ dugc doan nhan bdi 6tomat day xudng don dinh voi mét trang thai va
n ky hi¢u day xuong.

6.8* (Dé thi cao hoc nam 2001, cau 3 mon thi co ban: “Toan hoc roi rac”)
Cho ngbn 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).

(ii) Chi ra mot dan xuét ching t6 tir a’cb*cd” dugc sinh ra boi G ma anh (chi)
da chi ra ¢ trén.

(iii) Xay dung cdy cu phap cua tir a’cb’cd”.
(iv) Xay dyng 6tomat day xuéng M dé doan nhan L cho trudc & trén.

(v) Chi ra mot din xuit chimg to tir a’cb’cd’ dugc doan nhan béi M ma anh
(chi) da chi ra ¢ trén.

6.9* (Dé thi cao hoc nam 2003, cau 3 moén thi co ban: “Toan hoc rdi rac™)
Cho vin pham phi ngit canh G ¢6 tap cac qui tic P = {S — aSa |bSb | cSc | d}
(1) Tim ngén ngit sinh L = L(G).

(i) Xay dung otomat day xuong M dé doan nhan L cho trudc & trén theo
ngan xép rong, L(G) = L(M).

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

(iv) Xay dung cay ct phap ctuia xau w, doi véi van pham G néu trén.
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CHUONG VII
Van pham LR(Kk)

Chuong VII giéi thiéu vé van pham LR(k), mot tip con cua 16p cac vin pham phi
ngir canh. Van pham LR(k) dong vai tro quan trong trong viéc nghién ciru cac tinh
chat ctia ngon ngir lap trinh va thiét ké chuong trinh dich ([3], [4], [5]). Vi du, ngdn
ngit 1ap trinh truyén théng ho ALGOL c6 bd phén tich ¢t phap twong tng véi vin
pham LR(1).

7.1 Van pham LR(K)

Trong cac chuong trudc, chiing ta da dé cap dén cach sir dung cc qui tic dan xuat
cia mot van pham dé sinh ra cac xau, cac cAu ctia ngdn ngir va cach kiém tra xem
mot tir ¢6 thudc ngdn ngir sinh boi van pham do hay khong. Trong thiét ké cac
ngon ngir 1ap trinh va thiét ké chuong trinh dich, van de rat quan trong 1a phai phat
trién k¥ thuat phan tich ct phap, ky thuat tim “dan xuét nguoc” trong ngdn ngit phi
ngir canh, nghia la tim cay dan xudt cua cac ciu w cho trudc trong ngon ngir phi
ngit canh. Hau hét cac ngdn ngit 1ap trinh bac cao nhu Pascal, ngoén ngit C déu la
ngén ngl phi nglr canh. Qua trinh phan tich dé xac dinh xem mot biéu thirc, mot
cau lénh ¢ chinh x4c vé mit van pham hay khong, nghia 1a no ¢6 phai mot cau suy
dién hay khong, 13 cong viéc rt quan trong ciia cac chuong trinh dich, thong dich.

Pé x4c dinh dugc cdy din xuat cho mot cau (xau) w cho trude, ching ta phai bat
dau phan tich w va thay nhiing ddy con w; clia w bang bién 4, néu c6 A —» w; la
mot qui tic din xudt. Ching ta lip lai qué trinh thay thé nay cho dén khi nhan duoc
bién bat dau S. Thong thudng trong mdi 1an tim cac xau con dé thay thé, ching ta
c6 mot s kha nang lya chon va chi chon moét trong s6 d6. Néu chuing ta chon mot
qui tic dan xuét va sau d6 mot sd budc ¢ thé khong chon dugc qui tic ndo dé thay
thé tiép thi khong nhan dugc ky hiéu bat dau S. Trong nhiing trudng hop nhu thé,
chung ta lai phai quay lai 1an thé trudc d6 va thu tiép voi nhitng xau con khac.
Trong moi trudng hop, viéc quay lui ma khong nhan dugc ky hiéu bat dau thi co
16i ct phap, nghia 1a w khong duoc sinh ra boi vin pham cua ngdn ngit da cho.
Nhu vy, qua trinh suy dién nguoc clia cdc vin pham phi ngir canh 1a khong xac
dinh. Mdt cau hoi dat ra 1a liéu c6 nhitng 16p con cua cac van pham phi nglt canh
ma qua trinh thay thé nguoc 1a don dinh hay khong? Cau tra 161 1a c¢6 nhimg 16p
con cic van pham phi ngit canh nhu thé, d6 chinh 13 nhitng van pham duogc goi 1a
LR(k).

Van pham LR(k) la loai van pham doc cac xau ky tu vao tur trai qua phai dé sinh ra
xau theo dan xuat trai nhat bang cach doc k ky hiéu & dau vao.

Trude khi thao luan chi tiét vé van pham LR(k), chung ta phan tich mot sO cau tric
cu phép cua xau ky tu dé budc dau hiéu dugc y nghia ctia cac cau sinh boi ngdn
ngtr lap trinh.
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Xét nhu’ng cau dang affw ctia van pham phi ngu canh G, trong do o € (V N Z) va
wel. Chung ta quan tim dén viéc im mét qui tic dan xuét duoc ap dung 14n cubi dé thu
duoc afw. Néu G co qui tic A — S va nd duoc ap dung lan cudi bang cach duyét qua k
ky tu bén phai cua S trong affw, van pham nhw thé duoc goi la LR(k). Qui tac
A — B duoc goi 1a qui tdc diéu khién va B 1a can diéu khién.
Chung ta viét o = B néu f duoc dan xuit tir ¢ bang dan xuét phai nhat. Trudc
khi dua ra dinh nghia vé LR(k) chung ta xét mot vin pham co thé phan tich ct
phéap véi mot ky hiéu.
Vidu 7.1 GiésﬁGcécécquitécS—)AB,A—)aAb,A—)A,A—)Bb,B—)b.
D& nhan thidy L(G) = {a™" | n > m > 1}. M6t s6 mau cau cua G nhan duogc bang
qui tic din xuit phai nhat 1a AB, ABb*, a®Ab™b*, a™b™™*, véi k > 1. Boi vi
S — AB. Hién nhién AB la can diéu khién ctia AB hoic ABb*,

+ Néu ap dung cho AB thi chung ta co ngay S 7~ AB.

+ Néu 4p dung can diéu khién v6i ABb® thi nhan duoc Sb* = ABb*. Khi d6

khong ¢ qui tac nao dé ap dung tiép dé S = ABD".
Do vay, dé quyét dinh xem AB c6 phai 1a can diéu khién hay khong thi phai doc ky
hiéu bén phai cua AB. Néu ky hiéu do la rong A thi AB la can di€u khién. Nguoc
lai néu ky hi€u tiép theo 1a b thi AB khong phai la can di€u khién.
Chung ta xét tiép a’b’. Duyét lan luot cac qui tic tir trai qua phai chiing ta thay qui
tac didu khién A — A 1a c6 thé ap dung. Khi d6 a°’A b’ =~ a’A b’ =a’b’, nén co thé
chon A — A 1a qui tic diéu khién véi viéc doc chi mot ky hiéu (bén phai cta A).
Pinh nghia 7.1 Gid st G = (Vy, Z, P, S) 1a mdt van pham phi ngt canh, trong do6
S » S chi khi n =0. G 1a van pham LR(k), k > 0 khi

*

(i) S=aAw T afw voia, fe Viyvawe X,

*

.. L. * N *
(i) S :R>a’A’w’ = oW, véiad,pf'e Vyvaw e X,

(iii) |ap| + k ky hiéu ddu cua afw va o'f'W’ 1a tring nhau thi o = o,
A=A"va g =8
Luu y:
1. Néu afw hodc o/p'w’ chura it hon (Jaf| + k) ky hiéu thi co thé bo sung
thém cac ky hiéu ddc biét nhu $ chang han vao bén phai.

2. Pé nhan duoc ciy suy dién, chung ta mudn sir dung nhitng suy dién “theo
thir tur nguwoc”. Tu afw va néu ¢ qui tic A —> P thi chung ta phai_ quyét
dinh xem qui tac nay c6 dugc ap dung & budc cudi trong suy dién trai
nhat hay khong. Xét k ky hi¢u & phia ben kia cua 3 trong aﬂw chung ta
c6 thé chon qui tic A —» B & budc cudi theo yéu cau. Néu co o’B’w’
thoa man diéu kién (iii) va c6 thé 4p dung A’ — B’ & budc cudi cua suy
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dién phai nhat d6i véi o/f'w’. Tr dinh nghia suyra A = A’, S =B’ va
a=o'.Vay, A > Bchild quitic céthé ap dung va van dé nay duoc
quyét dinh trén co s xem xét k& ky hiéu & phia bén kia cua S Chiing ta
1ap lai qué trinh ndy cho dén khi nhan dugc S.

3. Néu G la van pham LR(k) thi né ciing 1 vin pham LR(k’) v6i moi k' > k.

Vi du 7.2 Cho G 1a vin pham c6 cic qui tic S — aA, A — Abb | b. Hay chi ra rang
G la van pham LR(0).

Gidi: D& dang nhén thiy L(G) = {ab>"' |n=0, 1, 2, . ..y~ Moi mau céu sinh boi van
pham nay déu 1a aA, aAb™, b2n+1 Gia su chung ta can tim qui tac cudi duoc ap
dung dé c6 duoc ab2n ' Trong s6 vé trai cua cac qui tic: aA, Abb, b thi chi c6 qui
taic A — b 13 ¢ thé ap dung dugc. Viéc ap dung nay duoc quyét dinh ma khong
can xét bat ky ky hiéu nao ¢ bén phai cta b. Tuong ty nhu vay ddi voi hai truong
hop trude d6, c6 thé quyét dinh chon ngay S — aA hoic A — Abb tuong ung dé
ap dung. Vay, G la van pham LR(0) .
Vidu 7.3 Xét vian pham G c6 cac qui tic suy dién nhu trong vi du 7.1. Hay chi ra
re;ln% G 1a vin pham LR(1) nhung khong phai 1a LR(0) va tim cAy suy dién cho tir

a’b’.
Nhu trong vi du 7.1, ching ta da khang dinh rang cac cau suy dién cua G dugc xac
dinh & budc cudi theo suy dién phal nhat v6i mot ky hidu. Do vdy, G 1a van pham
LR(1). Tiép theo chung ta chi ra ring, S — AB 1a qui tac duoc ap dung dé suy ra
ciu AB nhung khong ap dung dé suy ra duwgc ABb*. Noi cach khéc, qui tic nay (1a
duy nhét) khong thé ap dung ma khong cin xét t&i ngit canh cua it nhit mot ky
hi¢u. Tur d6 suy ra G khong phai 1a LR(0).
Pé nhan dugc cay suy dién cia a’b’, chiing ta hiy doc tir trai qua phai. Khi doc a,
chung ta phai xem xét ky hiéu tiép theo. Néu ky hiéu tiép theo lai 1a a thi doc tiép
tuc, nguoc lai, néu ky hi¢u tiép theo 1a b c6 thé chon qui tic A —> A lam qui tac
diéu khién va khi d6 budc cudi suy dién phai nhat cua a’b” la:

a’Ab* 7> a’Ab’

Tuong ty, phan tich a Ab4 tir trai qua phai va nhan thiy aAb c6 thé sir dung dé suy

dién ma khong can xét tiép.
aAbb® 7 a’Ab’

Tiép tuc st dung aAb mot lan nira chung ta thu duoc
Ab® 77 aAbb’

Dé tiép tuc suy dién ngugc dugc, chung ta lai phan tich Ab®. Quitic B > b co thé
duoc ap dung ddi véi b dau tién gip ké tir trai qua phai chir khong phai 1a b cubi.

ABb 77 Ab’

Sau d6 str dung B — b 1a qui tic suy dién diéu khién
AB = ABbD

Cudi cung 4p dung S — AB
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S = AB
Nhu vay, chung ta c6 cac suy dién nguoc nhu sau:
a’Ab* = a’Ab’ bang cach duyét mot ky hiéu tiép
aAbb® = a’Ab*, khong can xét tiép bat ky k¥ hiéu nao ca
Ab” =2 aAbb’, khong can xét tiép bat ky ky hiéu nao ca
ABb = Ab?, khong can xét tiép bat ky k¥ hiéu nao ca
AB 7 ABb, khong can xét tiép bat ky k¥ hiéu nao ca
S =2 AB, bang cach duyét mot ky hiéu tiép.

va cdy suy dién cua tir a’b* ¢6 dang:

O/AO\% 5/
Tl

Hinh H7-1 Cay dan xuit dé doan nhén a’b’

7.2 Mt s6 tinh chit ciia vin pham LR(K)

Trong phan nay ching ta gi6i thiéu mot sé tinh chat quan trong ciia cac vin pham
LR(k) [4] st dung hi€u qua trong phan tich ct phap va trong nhiéu iing dung khac.
Trude tién chung ta nhéc lai khai niém nhap nhang ctia mot van pham. Vian pham
G duoc goi la ,nhép nhéng néu ton tai tr w € L(G) ma co hai cay dan xuat khac
nhau. Tinh chat sau khang dinh tinh khong nhip nhang cuia van pham LR(k).

Tinh chat 7.1 Moi vin pham LR(k) déu I van pham khong nhap nhang.

Chitng minh: Chung ta can chi ra rﬁng vOl moi x € Z*, ton tai duy nhat mot dan
xuat phai nhat dé suy ra x. Gia sir c6 hai dan xuat phai nhat cho x:

%
e

S ?OLAW = ofw=x (7.1)

%

S ?OL'A'W' = o'B'wW =x (7.2)

Béi vi afw = o'B'W’, nén tir dinh nghia cua van pham LR(k) suyraoa =o', A=A’
va B =B'. Tur do suy ti€p, chung ta co w = w’ va cAw = o'A'W’.

- 152 -



A

Otomat va ngén ngir hinh thire

Budc cudi trong hai dan xuét (7.1) va (72) 1a gidng nhau. Lip lai cach thuc hién
nhu trong (7.1) va (7.2) cho cic cdu dan xuit khac, chung ta di dén khing dinh 1a
(7.1) va (7.2) 1a mot. Vi thé, G 1a khong nhap nhang. .

Trong cac chuong trude ching ta cling da chi ra rang 6tomat don dinh va otomat
khong don dinh c6 cac hanh vi nhu nhau khi xét vé kha ning doan nhén cta chung.
Trong chuong 6 chiing ta con chimg minh rang moi 6témat day xudng déu doan nhan
ngon ngtr phi ngir canh va nguoc lai voi moi ngdén nglr phi nglr canh déu c6 the xay
dung 6tomat dé doan nhan ngén ngir phi nglr canh do6. Sau day chung ta xeét mot so
tinh chat xac dinh mdi quan hé giira vian pham LR(k) va 6tdmat ddy xudng.

Tinh chz}t 7.2 Néu G 1a vin pham LR(k), thi s& ton tai 6tomat diy xudng don
dinh A dé doan nhan L(G).

Tinh chat 7.3 Néu A la 6tomat ddy xudng don dinh, ton tai vin pham LR(1) sao
cho L(G) = N(A).

Tinh chit 7.4 Néu G 1a vin pham LR(k), v6i k >1, ton tai mot van pham G, 1a
LR(1) va twong duong voi G.

Pinh nghia 7.2 Ngon ngir phi ngit canh dugc goi 1a don dinh néu né doan nhan
dugc bd1 mot 6tomat day xuong don dinh.

Tinh chit 7.5 Ldp cac ngdn ngit don dinh 13 16p con thyc su ciia 16p cac ngdn ngit
phi ngilr canh.

L&p cac ngon nglr don dinh ky hiéu 1a £4,.

Tinh chat 7.6 L&p cac ngon ngit don dinh dong véi phép lay phan bu nhung
khong dong vai phép hop va phép giao.

Tinh chat 7.7 Mot ngon ngit phi ngit canh dugc doan nhan boi van pham LR(0)
khi va chi khi n6 dugc doan nhan boi 6tdmat day xuong va khong c6 mot day con
tiép dau ngilr thuc sy nao cua xau trong L lai thudc L.

Tinh chat 7.8 Ton tai thuat toan dé kiém tra xem mot vin pham phi ngit canh c6
phai LR(k) hay khong, véi k 14 s6 tu nhién cho trude.

7.3 Céc tinh chit déng ciia cic ngdn ngir

Trong chuong 3 va chuong 4 chung ta da thao luan mot sb tinh dong cua cac ngdn
ngit véi cac phép hop, ghép, ... Phan nay ching ta thao luan vé tinh dong ctia phép
giao, phép ldy phan bu ctia ngon ngit. Nhu da ky hiéu £, £, £,, £5 cho 16p cac
ngon ngir loai 0, cam ngit canh, phi ngit canh va ngon ngir chinh qui.

Tinh ghz“it 7.9 Cac 16p ngdn ngit £, £, £,, £5 dong vdi cac phép hop, phép ghép,
phép lay bao dong va phép dao vi (Tinh chat 3.5 —3.7).

Tinh Chf:lt 7.10 Lép ngdn ngit £5 dong véi cac phép giao va phép ldy phan bu
(Tinh chat 4.7 — 4.8).

Tinh chét 7.11 Lép ngon ngit £, khong dong véi cac phép giao va phép 1y phan
bu.
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Dé khing dinh tinh chat 7.11 ching ta ¢ thé 1iy vi du minh hoa.

Nhu ching ta da biét, L; = {a"b"¢' [n > 1,i>0} vaL,= {a'b%c"|n >1,j>0} 1a
hai ngon ngir phi ngit canh. D& nhén thay, L; " L, = {a"b"c" |n > 1} khong phai
la ngdn ngtr phi ngir canh (xem chuong 6). Do vay, £, khong dong vdi phép giao.

Str dung luat De Morgan, chung ta c¢6 thé viét L, n L, = (L;° U L,°)°. Tinh chét
7.10 da khang dinh £, dong v6i phép hop. Néu £, dong véi phép 1ay phan bu thi
L%, L," s& la ngdn ngit phi ngit canh khi L;, L, 1a cdc ngdn ngit phi ngit canh va
hop cua ching cling s€ 1a phi ngﬁ: canh. Suy tiép ra phan bu cta hop cac phan bu 1a
phi ngit canh, mau thudn vé6i didu di khiang dinh & trén. Nghia 1a £, khong déng
v6i phép 1ay phan bu.

Tap céc ngon ngit chinh qui 14 tdp con cuia cdc ngdn nglt phi nglr canh dong voi
phép giao, con 16p cac ngdn ngir phi nglr canh lai khong dong voi phép giao. Vay
van dé dit ra 1a giao ciia mot ngdn ngit phi ngit canh véi ngdn ngir chinh qui s&
thudc 16p nao? Tinh chét sau sé cho ta cau tra 10i do.

Tinh chit 7.12 Giao ciia ngdn ngit phi ngit canh L v&i ngon ngit chinh qui R 1a
mot ngdn ngir phi ngir.

Chitng minh:
Gia str L; la ngdn ngir phi ngit canh, L, 1a ngdn ngr chinh qui. Khi do ton tai
O0tdmat day xudng
M=(Q,2,T,98,,qp Zy F)) vOi TM) =L
va otdmat hitu han A = (Q,, 2, 8,, q,, F,) @& T(A) =L,

Khi xdy dyng mot 6tomat ddy xudng (khong don dinh, sau d6 chuyén vé don
dinh), ky hiéu 1a M dé doan nhan L, N L, can phai lwu ¥ ring:

+ MJi phép chuyén ma M thuc hién déu phai twong tmg ddng thoi voi cac
phép chuyén cua hai 6tomat M va A.

+ Mdi tir x duge doan nhan boi M thi cling dugc doan nhan déng tho1 bé1 M
va A.

Tu do xac dinh duoc

M =(Q; x Q,, 2, T, &, [qo, 9’1, Zo, F, x F,), trong d6 ham &' dwoc xac dinh
nhu sau:

V6iq,q' €Q g @' €QAell Xel'vaiaeX
() ([91'> @2'], X) € 8'([qu, Q2] A, a) néu (q)', X) € 8,(qi, A, a) VA @2’ €8x(qp, )
(1) ([ai', @21, X) € 8'([q1, @21, A, D) néu @' X) ed(q, A D)vaq =q
Qui nap theo s6 cac phép chuyén cé thé chiing minh rang:
x € T(MG) khi va chi khi x € T(M) va x € T(A).
Vay, TMY) = T(M) N T(A). »

154 -



Otomat va ngon ngir hinh thirc

Bai tip vé viin pham LR(K)

7.1 Chtng minh rang vin pham G c6 cac qui tic S — aAb, A — aAb | a 1a LR(1).
N6 c6 1a LR(0)?

7.2 Hiy chiraring S — 0A2, A — 1A1 | 1 khéng phai 1a LR(k), k > 0.

7.3 Cho trudc van phe,}m S—>AB|a, A—>aA|aB|a, B> b, ton tai mot sb
nguyén k nao do dé van pham nay la LR(k)?

7.4 Hiy chi ra rang {a"b"c™ |n, m > 1} U {a"b™c™ | n, m > 1} khong phai 1a
LR(k) vé1 moi k£ nguyén duong.

7.5 Nhitng phat biéu sau c6 ding khong, tai sao?
(a) Néu vin pham G la nhap nhang, G 1a LR(k) véi k nao do.
(b) Néu vin pham G 13 khong nhdp nhing, G 13 LR(k) v6i k nao do.

7.6 Vin pham G ¢6 cac qui tic: S — C | D, C —»> aC | b, D — aD | C ¢6 phai 1a
LR(0)?

7.7 Véi mbi qui tic A — P ctia viin pham phi ngir canh G vaw € ¥ 85 (§ ¢ VyuU ),
dinh nghia Ry(w) tip tat ca cac xau dang opw sao cho A — B 1a diéu khién
cho apww’ véi w’ e X8 va S$ = aAww’ 37 afww’ . Chimg minh rang
Ri(w) 1a tp chinh qui.

7.8 Chung minh rang van pham phi ngir canh G 1a LR(k) néu va chi néu xau vy
trong Ry(w) tuong tung v4i qui tic A; — B, 1a xau con cia & trong Ri(w’)
tuong trng voi qui tic Ay —> Bysuyray=290, A=A, B =P
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CHUONG VIII
May Turing, 6tomat gi¢i ngi va nhirng bai toan P, NP

Chuong cudi gidi thiéu:
» Hoat dong cia may Turing,
» Su tuong duong gitra van pham loai 0 va may Turing,
> Otomat tuyén tinh gidi ndi va van pham cam ngir canh,
> Nhiing bai toan quyét dinh duoc,
> Do phiic tap tinh toan va nhitng bai toan NP-day du

8.1 M6 hinh may Turing

May Turing 12 mé hinh toan hoc cho mdy tinh tong quat, 1a nén tang cia qua trinh
xur ly ciia may tinh hién dai, dugc Alan Turing gidi thi€u vao nam 1936. Noi cach
khac, may Turing mo hinh dugc tit ca nhiing kha ning tinh toan clia may tinh,
nghia 1a n6 c¢6 thé thuc hién dugc moi tinh toan ciia bat ky may tinh nao. Ngay nay,
may Turing dugc coi la mot mo hinh toan hoc thich hop nhét dé dién ta khai niém
thuat toan va nho do, cac khai niém vé "sy tinh duoc", "giai dugc" hay tinh “quyét
dinh” dugc xac dinh mot cach hinh thuce ([2], [4]).

May Turing MT gém mdt bd diéu khién véi tap hiru han thang thai Q va mot dau
doc/ghi (R/W), chuyén dong trén mot bang vo han ca vé hai phia. Bang duoc chia
thanh tirng 0, mdi & chira mot ky hi¢u thuoc moét bang ky hi¢u hiru han I', bao g6m
ca ky hiéu trang B (Blank). May MT c¢6 bang chit vao X, Y, c T va B ¢ Y. Tai thoi
diém bat dau hoat dong, dir liéu vao cua MT la day ky tu thudc 2, dugc ghi trén
cac 0 lién nhau cta bang, cac 6 con lai cua bang ghi ky hiéu tring B, dau doc nhin
ky tu bén trai nhat cua diy ky tu vao va bo diéu khién & mot trang thai khoi dau g,
sau d6 c6 thé chuyén sang céc trang thai tiép theo. Vi du mot mé ta hoat dong cua
may Turing nhu hinh 8-1.

< Bla |a|a|a|as|...|a|B §
TDﬁuWW
qx

Hinh H8-1 - M6 td mdt may Turing

Mbi buéde chuyén cua may Turing, phu thudc vao ky hiéu do dau R/W doc duoc tir
bang dir li¢u va trang thai cia bd di€u khién, may s€ thyuc hién cac budc sau:

1. Ghi mét ky hiéu mdi trén bang tai 6 dang duyét (nghia la thay ky hi¢u
doc duoc trén bang bang ky hi¢u nao do).

2. Dich chuyén ddu R/W (sang tréi (L), sang phai (R) hoic dimg yén (@)).
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3. Chuyén sang trang thai tiép theo.

Nhu vay, bang co thé dugc xem nhu vira 13 kénh vao / ra vira nhu 13 bo nhé vo han
tiém nang. Nhing su khac nhau co ban gitta may Turing va cac loai 6tomat khac
cO thé mo ta van tat nhu sau. Mgt 6tomat hiru han chi c6 thé c6 by nhé trong dugce
xac dinh boi tap cac trang thai hitu han, bang vao khong duoc dung nhu bo nhé bo
sung. Trong 6tdmat day xudng, viéc nhan thong tin trong bd nhé ngoai cling bi han
cheé.
Do d6, rd rang 1a may Turing 13 téng quat hon cac mo hinh tinh toan khac ma ta da
nghién ctu. Viéc khang dinh rang may Turing 1a mdt mo hinh toan hoc du tong
quat cho khai niém truc gidc vé tinh hi¢u qua giai dugc thuong dugce goi 1a luan dé
Church, dugc dé cip ¢ phan sau.
Mot cach hinh thure, ta dinh nghia mot may Turing nhu sau:
Pinh nghia 8.1. May Turing 13 mot hé thong gém 7 thanh phan MT = (Q, 3, T, 3, qo, B, F),
trong do:

= Q: tap khac rong, hitu han cac trang thai.

= T tap khéac rdng, hitu han cac ky tu dugc phép viét trén bang.

* B: ky hiéu thuoc I', ky hi¢u tréng (Blank) trén bang.

= Y tap cac ky tw ddu vao valatip concia I, B ¢ I.

= & ham chuyén: Q xI' > Q xI'x {L, R, &}

= o € Q la trang thai bat dau

= Fc QIlatap cac trang thai két thuc.
Luru y: + 8() 1a ham bd phan, c6 thé khong xac dinh d6i voi mot s6 phan tir ciia Q x T.

+ Diy céac ky tu duge xem nhu 1a mot két qua tinh toan (xau doan nhan duoc) clia
MT néu nhu nd chuyén duogc tir trang théi bat dau dat toi trang thai két thuc.

8.2 Biéu dién may Turing

May Turing c6 thé dugc mo ta theo ba cach:
(1) Céc mo ta hién trang
(ii)  Béng chuyén trang thai
(iii)  Biéu d6 (d6 thi) chuyén trang thai.

8.2.1 Biéu dién bing cAc md ta hién thoi
Mot birc anh chup (Snapshot) hoat dong ctia MT c6 thé duoc sir dung dé mo ta vé
may Turing. Nhitng btrc 4nh d6 chinh la cac mo ta hi¢n thoi cia MT.

Pinh nghia 8.2 Mot mo ta hién trang (thé hién) (ID) ciia may Turing MT 1a diy
a q f3, trong d6 q 1a trang thai hién thoi cia MT; a8 € T 1a ndi dung c6 trén bang,
duogc tinh tir dau bang (nhitng ky hiéu khac B) cho t6i ky hiéu khac B (Blank) bén
phai nhit cta bang va dau doc dang nhin ky tu bén trai nhét cta 8. Gia st ky hiéu &
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du6i ddu R/W 13 a, ky hiéu dau tién cua £ thi o 13 diy cac ky hiéu bén trai cua a.
Neéu g = ¢ thi ky hi¢u ¢ dau doc 1a B.
Vi du 8.1 Xét mot thé hién ciia mot MT dugc cho nhu hinh H8-2.

B s | d | a3 | 4 d | A4 | A3 B §
T Pau R/W
q2

Hinh H8-2 Mot mo ta tic thoi cia may Turing

Ky hiéu dudi dau R/W 1a a; va trang thai hién thoi cia MT 1a q,. Nhitng ky hiéu
khac B la day aja;asa; dugc ghi & bén trai ciia q, va nhiing ky hiéu khac dau B ¢
bén phai cua a; la ayasa;. Vay mo ta hién trang ctia MT trén 1a

d4d1a2a3 (2 ) Axa43a3
Day bén trai / \ Day bén phai
Trang thai hién thoi Ky hiéu ¢ dau R/W
Hoat dong ciia may Turing M

Tuong tu nhu 6tdmat day xudng, khi ham chuyén cta MT thay doi trang thai khi
doc moét ky hi€éu ¢ bang dir liéu thi mo ta hién trang cua no6 ciling s€ thay ddi theo.
Tai mdi budc, may MT & mot trang thai g, dau doc nhin k}'/ tu s, hoat dong cia may
s€ phu thudc vao bo chuyén dugc xac dinh bi ham chuyén §). Hoat dong nay bao
gom viéc ghi mot ky tu mai dé 1én ky tu ma dau doc dang nhin, chuyén dau doc
sang phai hay sang trai mot 6, dong thoi bo diéu khién chuyén sang mot trang thai
moi.

Phép chuyén ctia cac thé hién ciia MT duoc dinh nghia nhu sau:

Pinh nghia 8.3. Gia su 8(q, x;) = (p, ¥, L) va x;X5 ... Xi.1 q X; ... X, 1a mo ta hién
thot ID cua MT. Sau khi xtr Iy x; thi MT chuyén sang thé hién

X1X2 «ov Xi2 P X1y X1 oo Xp
- Néu i > 1 thi sy bién d6i hién trang cua MT duogc viét nhu sau:
X1X2 oo Xio1 4 Xj oor Xp Fu X1X2 o X2 P Xi01Y Xitg - Xn
-Néui-1=nthiX;laB.

- Néu i =1 thi khong c6 ID ké tiép, nghia la dau doc khong duoc phép vuot
qua can trai ciia bang.

+ Tuong tu, 8(q, X;) = (p, y, R) thi thé hién cia MT duoc bién doi nhu sau:

X1X2 oo Xio1 4 Xj oor Xp Fu X1X2 o XY P Xit g e Xn

+ Truong hop d(q, x;) = (p, y, &) thuc hién nhu sau:
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X1X2 oo Xic1  Xj oo- Xp Fu X1X2 oo Xiif P Y Xit g - Xp

8.2.2 Biéu dién bing do thi chuyén trang thai
May Turing MT c6 thé biéu dién bang db thi dinh huéng duoc gin nhén, trong do
+ Tap dinh 1a tap cac trang thai,
+ Tir dinh q; ¢6 cung ndi véi q; va dugc gan nhan (o, B, v) néu
S(qi, &) = (g5, B, 7)

+ DPinh bit ddu Gmg v6i trang thai bt dau, c6 miii tén di vao va nhitng dinh
két thuc dugce danh dau bang hai vong tron bao nhau.

Vi du 8.3. Cho miy MT duoc biéu dién bang do thi chuyén trang thai nhu hinh
8.3, hay xac dinh day tinh todn cia MT dé xu ly dau vao 0011.

(B,B,R)

ﬂy, v, R) ﬁ(y, y.L) ﬂ v, v, R)

(O,X,R)‘/q\ (l,y,L)‘/q\ (x,x,R) - . (B,B,R)

(0,0,L)
(o)
0, 0,L)

Hinh H8-3 Db thi chuyén trang thai ctia MT

Hién nhién trén bang di liéu ta c6 BO011B. Trang thai bat dau ciia MT 1a ¢; va ky tu &
dau doc 1a 0. Tir hinh H8-3 suy ra c6 mot cung di tir q; dén g, v6i nhéan 1a (0, x, R). Khi
d6, ky tu 0 s& duoc thay bang x va ddu R/W chuyén sang phai mot 6, dong thoi bo
diéu khién chuyén sang trang thai q,. Tuong tu nhu vdy, ta c6 ddy tinh todn nhu
sau:

Y (0xR) { (00R)
B0011B + Bx011B ~ Bx011B
i Q@ %

(I,X,L) l (O’X’L) ¢ (XaX,R) ¢
= Bx0ylB ~ BxOylB — BxOylB

d3 J4 qi
(O,X,R) ¢]i(Y>Y5R) i (i,y,L) ¢
(Y7y,RBxxyll¥ (B;B,BxxylB yt— BxxyyB
~ "BxxgyB H— Bxx§yBB qQs
s qs
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D) v (xxR) (v,y:R)
(ylz )BxxyyB (o Bxxy%/B F  BxxyyB

q3 qs qs
Chung ta hay xét may Turing MT = (Q, >, I', o, qo, B, F). Mot tinh toan cua MT
vol day ky tu vao o € Z*, la day hién trang C,, C,, ..., C,, sao cho Cy = qy;

G Fw G, vO1 0 <1 <n; va trang thai cua C,, 1a trang thai két thuc. May MT khong
doan nhan ® néu nd hodc dung ¢ trang thai khong dugc doan nhan (trang thai khong keét
thuc) hoac noi chung 1a khong ding.

Nhu vay, bang vo han co thé xem vua nhu kénh vao / ra, viea nhu mot bo nho
ngoai vo han tiém nang cua MT.

Ta néi, MT dodn nhdn (chdp nhdn) ddy (xdau) vao @, néu day tinh toan ciia MT véi
dau vao o l1a ding ¢ hién trang cuoi cung c6 chura trang thai két thuc, nghia 1a MT
dung & hién trang chap nhén.

Mot cach hinh thuc, ta dinh nghia tap hop cac day dugc doan nhan boi MT la tap
LMD ={w|wel*vaqow Fuw*a;po, véip e Fcono a, € I'*}

Trong d6, . * 13 bao dong bac cau clia .

8.2.3 Bi¢u dién bing bang chuyén trang thai

May Turing MT c6 thé dugc biéu dién thong qua ham chuyén duéi dang mot bang
chuyén trang thai, trong dé cac hang la cac trang thai va cac hang la cac ky hiéu
trén bang, ké ca ky hi¢u trang B.

Vi du 8.4. Xét may MT dugc cho nhu trén bang 8.2.

Bang 8.2
Trang Ky tu trén bang
thai 0 1 X y B
— (i XxRq, bRqs
Q2 ORq, | yLgs yRq,
q3 OLq4 xRqs | yLqs
d4 0Lq4 xRq,
g yRqs | bRqg

Mo ta hoat dong ciia MT khi xur 1y (a) 011, (b) 0011, (¢) 001. MT dodn nhan dugc
day nao trong ba day trén?

(a) Xét day tha nhat: q,011 - xqp11 - qsxy F xqsyl F xygsl.
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Boi vi 8(qs, 1) khong duoc dinh nghia va MT dirng & trang thai khong két thuc nén
011 khong dugc doan nhan boi MT.

(b) q;0011 + xq,011 F x0qg,11 F xq30yl = q4x0y1 + xq;0yl
F xxqpyl F xxyqpl = XXq3yy F Xq3Xyy H XXq5yy

F xxyqsy F xxyyqsB F xxyyBge.
MT dimg & trang thai két thiic 1a qq, viy 0011 14 tir dugc MT chip nhan.

(c) q:001 + xq,01 + x0qg,1 F xq30y = q4x0y

F xq0y - xxqoy = XXyqQp.
MT dimg & trang thai q, khong phai 1a trang thai két thuc, nén 001 khong doan
nhan dugc bo1 MT.
8.3 Thiét ké may Turing
Pé xay dung mot may Turing ta c6 thé thyc hién theo sy hudng dan dudi day:

1. Muc tiéu cua viée doc ky hiéu ctua dau R/W 1a can biét xem “cai gi” may
Turing can thuc hién & budc ti€p theo. May phai ghi lai nhitng ky hi¢u da
doc qua.

2. Sb cac trang thai phai la cyc tiéu. Piéu nay thyc hién duoc bang cach chi
thay do1 trang thai khi c6 sy thay do61 ky tu can ghi vao bang hodc khi co su
thay d6i hudng chuyén dich cua dau R/W.

Vi du 8.5. Thiét ké may Turing MT dé doan nhan tat ca cac diy c6 chin céac sd 1.
MT duogc xay dung nhu sau:
(i) Tur trang thai bat ddu q;, MT doc 1, chuyén sang q, va ghi B (ky hiéu tring)
(i) O trang thai q,, MT doc 1, chuyén vé q; va ciing ghi B.
(iii) q; ciing 1a trang thai két thuc.

Vay, MT = ({qi, 92}, {1, B}, {1, B}, 3, qi, B, {qi}), trong d6 & dugc dinh nghia
nhu trong bang 8.3.

Béang 8.3
Trang thai 1
~@ | mex
Q2 BqiR

Dé dang kiém tra duoc 11, 1111, ... 1a cac day (chan céc $6 1) dugc MT doan nhan
va 111, 11111, ..., s€ khong dugc MT chap nhan.

Vi du 8.6. Thiét ké MT doan nhan ngén ngit L= { 0"1" |n> 1}
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Khoi ddu MT chira 0"1" bén trai nhit trén bang sau d6 1a vé han khodng trong B.
MT lap lai qua trinh sau:

= MT thay 0 bén trai nhat béng X roi chuyén sang phai toi 1 trai nhat, MT
thay chir s6 1 nay bang Y rdi dich chuyén vé bén trai cho t6i khi gap X phai
nhit n6 chuyén sang phai mét 6 (t6i 0 trai nhat) roi tiép tuc lip mot chu trinh
moi.

= Néu trong khi dich chuyén sang phai dé tim 1 ma MT gap B thi MT dimg va
khong doan nhan day vao. Tuong tu, khi MT da thay hét 0 bang X va kiém
tra con 1 trén bang thi MT ciling dung va khong doan nhan day vao.

=  MT doan nhan diy vao néu nhu khong con ky hiéu 1 ndo nita trén bing.
Pit MT = (Q, ¥, T, 8, qo, B, F) v6i cac thanh phan:

Q=190 91, P, 93, qa}; 2= {0, 1}; T ={0, 1, X, Y, B} va F = {qa}.

Ta c6 thé hinh dung modi trang thai 1a mot cau 1énh hodic mot nhom cac cu 1énh
trong chuong trinh. Trang thai qo la trang thai khoi déu va nd lam cho ky hi¢u 0
bén trai nhat thay bang X. Trang thai q; dugc dung dé tién sang phai bo qua cac s6
0 va'Y dé tim 1 bén trai nhat. Neu MT tim thay 1 né thay 1 bang Y r6i di vao trang
thai qp. Trang thai q, dwa MT tién sang trai cho t&i X dau tién va di vao trang thai
qo, dich chuyén sang phai dé ti 0 bén trai nhat va tiép tuc mot chu trinh méi. Khi
MT tién sang phai trong trang thai q;, néu B hodc X dugc tim thay trude 1 thi day
vao bi loai bd (khong chép nhan) vi ¢6 chura nhiéu ky hiéu 0 hon 1 hoac day vao
khong c6 dang 01",

Trang thai qo con c6 vai tro khac. Néu trang thai q, tim thay X bén phai nhat va
ngay sau do 1a Y thi cac s6 0 da duoc xét hét, do do & trang thai bat dau mét chu
trinh méi qo khong tim thay ky hiéu 0 nao dé thay thé thanh X ma chi gip Y thi
MT di vio trang thai q; duyét qua cac Y dé kiém tra c6 hay khong c6 ky hiéu 1 con
lai. Néu theo ngay sau cac Y 1a B, nghia 14 trén bang nhap khong con ky hiéu 1 nao
nita thi MT sé& di vao qq (trang thai két thic) dé doan nhan diy vao. Nguoc lai diy
vao bi loai bo.

Ham chuyén & duoc cho trong bang sau:

Bang 8.4
Trang thai Ky hi¢u
0 1 X y B
—> o (d1, X, R) - - (d1, X, R) -
qi (i, x,R) (@2, x, L) - (q1, X, R) -
q2 (d2, X, L) - (o, x,R)  (q2, 5, L) -
qs - - - (4. y,L) (94, B, D)
- - - - .
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Céc phép chuyén hinh thai cia MT déi vé6i day vao 0011:

0011 = X011 = XO0q;11 = X 0Y1 = X0Y1 = X Y1 = XXq Y1 = XXY gl = XX
QRYY F XPpXYY - XXqYY H XXYgY = XXYYq - XXYYq

Tuong tu, chiing ta c6 thé kiém tra duge 0"1", n=1, 2, ... duoc MT doan nhén.

Vi du 8.7. Thiét ké MT doan nhan ngén ngir L = {1"2"3" |n > 1}.

Trudc khi xay dung MT, ching ta hay tim thu tuc dé xir Iy day 112233. Sau khi xur
1y xong, chung ta mudén MT & hién trang BBBBBB(q;. Thu tuc d6 dugc thyc hién
nhu sau:

(i) T trang thai khoi ddu q;, ddu R/W doc va thay 1 bang B, chuyén dich
sang phai, dong thoi chuyén sang q,. Trong trang thai g, néu ky tu ¢ dau
R/W 1a 1 thi n6 chuyén sang phai.

(i) Poc ky tu 2 trai nhat, ddu R/W doc va thay 2 bang B, chuyén dich sang
phai, dong thoi trang thai chuyen sang q;. Trong trang thai q; néu ky tu ¢
dau R/W 1a 2 thi n6 chuyén sang phai.

(ii1) Boc ky ty 3 trai nhat, dau R/W doc va thay 3 bang B, chuyén dich sang
phai, dong thoi trang thai chuyén sang q4. Trong trang thai q4 néu ky tu ¢
dau R/W 1a 3 thi n6 chuyén sang phai.

(iv) Sau khi doc chit 3 phai nhat, ddu R/W doc chuyén dich sang tréi cho dén
khi gap chir s6 1 trai nhat.

(v)  Cac budc (i) - (iv) dugc lap lai dé lan luot thay tat ca cac chit s6 1, 2, 3
bang B.

Day tinh toan cia MT dé xtr Iy 112233 la:
q1112233 - Bq,12233 + B1q,2233 + B1Bq3233 - B1B2q333
- BIB2Bq43 + B1B2qsB3 -~ B1Bqs2B3 - B1qsB2B3
 Bqs1B2B3 - qsB1B2B3 - Bq;1B2B3 - BBq,B2B3
- BBB@,2B3 - BBBBq;B3 -BBBBB(;3 HBBBBBq,B
BBBBBBBg;

Vay, q;112233 " BBBBBBBq;. g7 la trang thai két thac nén 112233 dugc MT
doan nhan.

Tur do, chung ta co thé xay dung MT dé doan nhan L = {1"2"3" | n > 1} c6 ham
chuyén dugc cho nhu trong bang 8.5.
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Bang 8.5
Trang Ky tu trén bang

thai 1 ’ 3 B
—>q BRq, BRq,

92 1Rq, BRq3 BRq

a3 2Rq; BRaq, BRq;

J4 3Rqs BLq;

qs 1Lge 2Lgs BLqs

s 1Lge BRq;

8.4 Ngon ngir doan nhan va “Ham tinh dwgc”

Ngébn ngit duoc doan nhan boi mot may Turing duoc goi 13 ngdn ngir dé qui dém
duoc [4]. B6 1a mot 16p ngon ngir rat rong, no6 thuc sy chira ngén ngtt phi ngir canh
va nhitng ngdn nglr khong thé xac dinh dugc cac thanh phan mdt caich may moc.

8.4.1 May Turing nhw 13 mdt may tinh ham s6 nguyén

May Turing cting c6 thé duge xem nhu la mot may tinh cta cac hdm so nguyén (di tu
tap sb6 nguyén dén tap sd nguyen) M&i sé nguyén ta Vlet dudi dang so trong hé nhat
phan (unary), tirc la voi mot so i#0 taviét thanh chudi 0' (gém i chit s 0). Néu ham f()
c6 k d6i s iy, iy, ..., i thi ta viét 1an lugt cac sO nguyén nay trén bang cia MT ngan cach
nhau bdi 1, nghia la diy vao c6 dang 07 10" 1 ... 10* . Néu MT dimg (doan nhan hoic
khong doan nhan diy vao) véi bang 0™ thi tandi (i, iy, ..., iy ) = m.

Chu ¥ rang, ta ciing c6 thé tinh dugc ham chi c6 mot ddi s6. Néu f() xac dinh véi
moi bd ddi s6 iy, 1o, ..., i thi ta goi f() 1a ham dé qui toan bé. Mot ham f() tinh dugc
boi may Turing ta goi 1a ham dé qui bo phdn. Ham d€ qui bg phan tuong tu nhu
ngodn ngit dé qui dém dugc, bai vi nd tinh dugc boi may Turing, nhung co thé
khong dimg v6i mot s6 dbi s6 nao d6. Ham dé qui toan bo twong tu nhu ngdn ngit
dé qui vi MT s€ dung trén moi day vao.

Vi du 8.8. Thiét ké may Turing tinh toan phép trir riéng

Ta dinh nghia phép trur riéng nhu sau:

m-n, néum=n

f(m,n)Zm\nZ{O, nguoc lai m < n
+ Day vao: 0M10"
+Dayra:0™"

MT lap lai viéc thay thé l1an lugt timg s6 0 & dau bang bang B roi tién sang phai,
sau 1 va tim 0 r61 thay 0 nay bang 1. MT lai chuyén sang trai cho dén khi gdp B
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dau tién thi ding lai, tré vé trang thai bat dau va tiép tuc vong lip nhu trén. MT
dung néu:

i) Khi sang phai tim 0 bén phai, MT gip B. Liic nay MT di thay n s6 0 bén
phai chudi day vao 0™10" thanh 1 va n + 1 s6 0 bén trai thanh B, truong
hop nay xay ra khi trong chudi diy vao c6 m > n. Do vay, MT phai thay
lai tat ca n t1 s6 1 sau thanh B, va sau d6 dich trai thay tra lai mot B vé
thanh 0, cudi cing trén bang con lai két qua phép trir 1a m - n s6 0.

ii) Khi bat ddu mot vong lip moi, MT khong tim thdy 0 dé dbi thanh B, luc
nay m sb 0 dau da bi d6i thanh B, truong hop nay xay ra khi n < m. Khi
d6, MT thay tat ca cac s6 1 va 0 trén bang thanh B dé cho két qua phép
trir 14 0 (biéu dién gdém toan ky hiéu B trong hé nhét phan).

Ta Xéy du‘ng MT nhu sau: MT = ({q07 dis s qﬁ}s {07 1}5 {07 17 B}a 69 o, Ba {q6})

MT s& bét ddu bang 0™10" trén bang va két thuc voi 0™ trén bang. Cac phép
chuyén trang thai dugc dinh nghia nhu sau:

1) 6(q09 O) = (qls B, R)
MT thay 0 dau bang boi B.
2) 6(qla O) = (qla Oa R)
6(ql) 1) = (qu 15 R)
MT di chuyén sang phai qua 0 tim 1.
3) 8(q29 1) = (q23 13 R)
3(q2, 0) =(qs, 1, L)
MT di chuyén sang phai vuot qua 1 dén khi gap 0, d6i 0 thanh 1.
4) 8(q39 O) = (q3a Oa L)
o(qs, 1) =(q3, 1, L)
8(q39 B) = (qu B) R)
MT dich trai toi khi gip B, tré vé trang thai q, va bat ddu mot vong lip méi.
5) 6(q2, B)=(qs, B, L)
8(q49 1) = (q4a B) L)
8(q4a O) = (q43 03 L)
8(q4a B) = (qﬁa Oa Q)

Néu & trang thai q, sang phai tim 0 dé thay thanh 1 nhung chi gip B thi ta xét
truong hop két thuc 1) ¢ trén: MT di vao trang thai q, va chuyén sang trai doi tat ca
1 thanh B cho t6i khi gdp mot B bén trai dau tién. B nay s& dugc thay lai thanh 0
roi MT di vao trang thai két thic g va ding.

6) S(qu 1) = (q5’ Ba R)

- 165 -



t

(@3
(=]

mat va ngon ngir hinh thire

8(q59 O) = (an Bs R)
8(q59 1) = (an Bs R)
6(‘15» B) = (q(): B @)

Néu ¢ trang thai bat dau vong lip méi qo gip 1 thay vi gip 0, thi khéi cac s 0 bén
trai da xét hét, day 1a truong hop két thic ii) néu trén: MT sé& di vao trang théi gs,
x04 phan con lai ctia bang rdi di vao trang thai két thiic g4 va dimg.

Ching han MT tinh toan phép trir 2\1 (tirc ddy vao 0010 ) nhu sau:
Q00010 +~ B q;010 + B0q;10 ~ B01q,0 ~ B0q311 + Bq;011 + q3BO11
~ Bqe011 = BBq;11 - BBlqg,1 - BB11qg, - BB1gyl

Tuong tu, xét tinh todn 1\2 (tirc day vao 0100):

400100 - Bq;100 — B1q,00 — Bq;110 - q;B110 - Bq,110
 BBqs10 — BBBq;0 - BBBBqs - BBBBq;.

8.4.2 Cac chwong trinh con

Ciing giéng nhu mot chuong trinh may tinh hién dai, mdy Turing cé thé dong vai
ro tuwong tw nhuw bat ky mét kiéu chirong trinh con ndo trong ngon ngir lap trinh,
bao gom thii tuc dé qui hodc ham sé. Y tudng chung 1a: ta viét mot phan chuong
trinh cua MT nhu 1a mdt chuong trinh con. N6 sé duogc thiét ké nhu mot hé thong
c6 chtra mot trang thai khéi dau va mot trang thai tr¢ ve. Trang thai tro vé 1a trang
thai khong c6 phép chuyén ké tiép va no s& dong vai trod 1a trang thai khoi dau cia
mdt may Truring khéc hodc 1a mdt trang thai nao do trong mgt may khac. Nghia la
tir trang thai tr& vé ctia may ny ta tiép tuc cac phép chuyén ctia mot may khac, su
kién nay c6 y nghia nhu la loi goi mét chuong trinh con khac hodc tiép tuc thuc
hién chuong trinh cép trén. Luu y, cac trang thai cua chuong trinh con phai phan
biét v6i chuwong trinh cap trén clia nd trong ciu tric phan cap cua cac chuong trinh
con.

Vi du 8.9. Thiét ké MT thyc hién phép nhan 2 s6 nguyén m véi n.
+ Day vao: 0M10"
+ Output: 0™ "

MT bit dau v6i 0™10" trén bang va két thiic voi 0™ " trén bang dugc bao quanh boi
cac B.

Y tu’é’ng chung: 1a dat thém s 1 sau 0™10" roi chep khdi n sé 0 sang phai m lan,
mdi 14n x04 mot con 0 bén trai ciia 0™. Ta dugc két qua cudi cung 1a 10"10™ "
Bay gio ta chi viéc xoa 10”1 ta s& dugc két qua 0™ *".
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Phén chinh cta thut toan trén 13 thi tuc COPY dé chép n s6 0 sang phai. Thu tuc

nay duoc xac dinh bang cac ham chuyén sau:

Bang 8.6
Trang Ky tu trén bang
thai 0 1 1 B
= (92,2,R) | (qs,L,L)
92 (qZ’OaR) (an 1 aR) (Q390,L)
q3 (q3a0aL) (Q3, l aL) (QbZ,R)
d4 (9s5,.1,R) | (g4,0,L)

O trang thai q; nhin thiy 0, MT d6i 0 thanh 2 va di vao trang thai q,. O trang thai
qz, MT dich phai té1 B, ghi 0 roi dich trai trong trang thai qs. Khi ¢ trang théi q; ma
gip 2, MT di vao trang thai q; dé tiép tuc 13p lai qua trinh trén cho t6i khi gap 1.
Trang thai q, dugc dung dé bién doi 2 thanh 0 va tha tuc dimg tai gs.

Pé lam day du chuong trinh ta phai thém cac trang thai dé bién doi hinh trang khoi
dau q,0™10" thanh BO™'1q,0"1. Tt 14 ta can ba qui tic:

6(q()a 0) = (q69 B) R)) 6(q67 O) = (qés 05 R)a 8((169 1) = (qla 13 R)
Sau do, ta lai thém céac phép ch_uyén va trang thai can thiét dé bién doi tir hinh thai
B'0™'1q50"10" * ' thanh B"'0™""1q,0"10" * ' 1a trang thai bat dau lai viéc COPY,
dong thdi kiém tra i = m hay khong (khi tat ca cac 0 cia 0™ da bi x04). Néu i =m
thi 10"1 bi x04 va qua trinh tinh toan s& dirng & trang thai q,.

8.5 May Turing khong don dinh

May Turing trong mo hinh gdc néu trén duoc goi 1a mdy Turing don dinh vi ham
chuyen 6() la don tri. May Turing khong don dinh ¢6 mé hinh tuwong ty nhu mo
hinh gbc nhung diém khac biét & chd 1a trong mdi lan chuyén, may Turing cé thé
lira chon mét trong mot sé hivu han cdc trang thdi ké tiép (ham chuyén 8() 1a khong
don tri), liwa chon hudng chuyén dau R/'W, va lwa chon ky hiéu ghi vao bang thay
thé ky hiéu vira doc duoc.

Luu y: may Turing khong don dinh vbn khong du dinh gé mo hinh hoa cac hoat
dong tinh toan. N6 chi don thuan 1a mot may toan hoc bo tro va cé thé hinh dung
nhu mgt may dé ki€ém chirng mot phong doan c6 dung hay khong.

8.6 Luan dé Church

Gid thuyét cho rang khai niém triee gidc “Ham tinh dwoc” cé thé dwoc dinh nghia
bang 16p cdc ham dé quy bé phdn la gid thuyét Church hay con dwoce goi la ludn
dé Church - Turing. Chung ta khong thé hy vong ching minh duoc gia thuyét
Church cling nhu nhitng dinh nghia khong hinh thire vé “su tinh dwoc”, nhung
ching ta co thé cho nhimng dan chu:ng ve€ nhirng kha nang cua ching. Trong mot
thoi gian dai, khai niém tryc giac vé “su tinh dugc” dat khong gidi han trén s6
budc hodc tong sd cac phép luu trit, ¢6 vé nhu cac ham dé quy bd phan co thé tinh

- 167 -



A

Otomat va ngén ngir hinh thire

dugc mot cach tryc giac, mac du cling c6 mat s6 ham khong thé tinh dugc, trir khi
ta dat gidi han cho viéc tinh toan sau dé hoac it nhét thiét lap duoc li€u c6 hay
khong c6 phép tinh cubi cing.

Piéu con khong 16 13, lidu 16p cac ham dé quy bo phan c6 thé bao ham tit ca moi
“ham tinh dwgc” hay khong. Nhitng nha logic hoc d3 dwa ra nhiéu cong thirc khéc,
ching han nhu phép tinh-2, hé thong Post va cac ham dé quy tong qudt. Tét ca
chung dinh nghia ciing mét 16p ham, cu thé 1a ham dé quy bd phan. Hon nita, cac
mo hinh mdy tinh triru twong, ching han nhu mé hinh RAM ciing duoc xem xét
nhu mdt ham d¢ quy bo phan.

M6 hinh RAM bao gbm mot s6 vo han cac tir nhg, danh s60,1, ..., mdi mot tir nhé
c6 thé luu gilt mot s6 nguyén bat ky va mot so hiru han cac thanh ghi s6 hoc ciing
c6 kha nang gilt cac sd nguyén bat ky. Cac sd nguyén c6 thé dugc giai ma thanh
cac dang thong thuong cta cic chi thi mdy tinh. Chung ta s€é khong dinh nghia mo
hinh RAM mdt cach hinh thtrc hon, nhung s& rd rang hon néu ching ta chon mot
tap cac chi thi phtt hop. RAM mé phong moi may tinh hién cé. Ching minh ring
mod hinh may Turing cling ¢6 kha nang twvong duong nhu moé hinh RAM dugc chi
ra dudi day hay c6 thé noi: mot may Turing ciing c6 sitc manh nhu mot may RAM.

Mo phong mé hinh RAM béi may Turing

Dinh 1y 8.1: Mot mdy Turing MT c6 thé mé phéng mot RAM, véi diéu kién la moi
chi thi RAM ciing co thé duwoc moé phong boi mot MT.

8.7 Su twong dwong gitra van pham loai 0 va may Turing

Ho van pham rong 16n nhit theo sy phén loai ctia Noam Chomsky 14 nhitng vin pham
c6 cac qui tic dang oo — B, v6i a, B 1a cac chudi tiy y chira ky hiéu vin pham sao cho
o # A. Lp van pham nay dugc biét nhu 13 van pham logi 0, vin pham ngi cdu hay
van pham khong han ché. Trong phan nay ching ta xét moi quan hé tuong duong
gitra van pham loai 0 va may Turing.
Vi du 8.10. Cho mét vin pham khong han ché sinh ra ngén ngi
L= {a'|ila liy thira ctia 2} v&i tap qui tic nhu sau:
G=({S,A,B,C,D,E}, {a, A}, P,S)

Véi P ={ 1.S— ACaB
2. Ca — aaC
3.CB—> DB
4.CB—>E
5.aD — Da
6. AD - AC
7.aE — Ea
8. AE—> A }

Trong van pham trén, bién A va B giit vai tro 1a ky hi¢u danh dau can trai va can
phai cua mét chuoi thudc ngoén ngir. C di chuyén tir tréi sang phai qua chuoi céac ky
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hiéu a nim giira hai bién A va B, va gip doi s6 ky hiéu a d6 1én theo qui tic (2).
Khi C cham dén c4n phai B, n6 s& thay thé thanh D hay E theo qui tic (3) hoic (4).
Néu D dugc chon thay thé thi D lai quay vé trai theo qui tic (5), cho dén khi gip
can trai A thi thay thé lai thanh C theo qui tac (6) va cho phép Iap lai chu trinh. Con
néu E duoc chon dé thay thé, thi theo qui tic (4), B s& bién mat sau do E quay vé
trai theo qui tic (7) cho dén khi gip can trai A thi x6a A va mét di theo qui tic (8),
cho ra chudi c6 dang 2' ky hiéu a, v6ii> 0.

C6 thé ching minh quy nap theo s6 bude din xuat: néu qui tic (4) chua duoc dung
dén thi chudi trong dan xuit c6 mot trong ba dang nhu sau:

(1) S
(i)  Aa'Ca'B, voii+ 2j 1a mot liy thira cua 2.
(iii)  Aa'Da'B, v6ii+ j1a mot liy thira cia 2.
Khi qui tic (4) dugc ap dung thi ta s& c6 chudi dang Aa'E, trong d6 i 12 mot luy

thira cua 2. Sau do, ta chi co thé ap dung i 1an qui tac (7) dé di t6i dang cAu AEa'.
Cudi cung, v6i qui tic (8), ta thu dugce chudi dang a' vai i 1a lily thira cta 2.

Phén tiép theo, chung ta s& xét moi twong quan gitta van pham khong han ché nay
va mo hinh may Turing. Ching ta chimg minh hai dinh 1y dudi day thé hién moi
turong quan gitra 16p van pham khong han ché va 16p ngon ngit d¢ quy dém duoc —
16p ngdn ngir dugc doan nhén boi mot may Turing. Dinh 1y dau tién s& chung to
rang moi ngoén ngir loai 0 phat sinh mot tap dé quy dém dwoc. Va sau do ta s& xay
dung mot thudt toan dé dém dugc tat ca cac chudi thudce vin pham loai 0.

Pinh Iy 8.2: Néu L 1a ngdn nglr sinh boi mot van pham loai 0 G = (Vy, Z, P, S) thi
L 1a ngdn nglr d¢ quy dém duogc.

Churng minh:

Thiét 1ap mot may Turing MT khong don dinh, hai bang doan nhén ngén ngtr L.
Béang thu nhat (bang 1) cua MT chira chudi vao w, con bang thtr hai (bang 2), may
phat sinh ,céc‘ dang chudi o ctia G. Pau tién, chudi o duge phat sinh trén bang 2 la
ky hi¢u bat dau S. Sau d6, MT ldp lai qué trinh sau:

(i) Chon mot cach ngiu nhién mot vi tri i trén o véi 1 <i < | o |, nghia 1a MT
xuat phat tlr bén trai chudi o roi tiy chon gitta hai kha nang: hodc chon i 1a vi
tri hién tai, hodc dich chuyén sang phai va lap lai qua trinh.

(i) Chon mdt qui tic P — y trong s cac qui tac thudc tap qui tic cua G.

(iii) Néu chudi con B xuét hién trong o ké tir vi tri thir i, MT thay thé chudi p bsi y
(di nhién néu | B | # | v | thi phai dich chuyén phan cudi cua a dé du cho trong
can cho phép thay thé).

(iv) So sanh chudi phat sinh duoc v6i chudi nhip w trén bing 1. Néu gidng nhau
thi chuoi méi phat sinh sé dugc chap nhan. Néu khac nhau thi MT tr¢ vé budce
(1). Ta c6 thé chiing minh dugc rang tat ca va chi cé nhirng chuoi thuoc G maoi
xuat hién trén bang 2 & budc (iv).
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Vay L(MT) = L(G) = L. .

Pinh 1y 8.3: Néu L 1a ngdn ngit dé quy dém duoc thi L = L(G), v6i mot van pham
khong han ché G (loai 0) nao do.

Chitng minh:

Gia str ngoén nglt L dugc doan nhan boi méy Turing MT = (9, Z, r, §, qo, B, F). Ta
s€ xay dung mot van pham khong han ché G ma moéi chudi dan xuat cua nd phat
sinh theo ba budc nhu sau:

(1)

(i)

(iii)

G phat sinh mt cach ngéu nhién mot chudi w thude =. Chudi nay dugc viét
thanh hai ban: mot s€ luu gilt cho dén khi két thic, mdt s€ thay doi trong qua
trinh lam viéc cua MT.

G mo6 phong lai qua trinh 1am viéc ctia cia MT trén chudi w, bang cach lip lai
dang qua trinh lam viéc cua MT.

Khi bude (ii) két thiic, véi sy xuat hién ctia mot trang thai két thic q € F cua
MT (nghia 13 chudi w da duoc MT chép nhan). Lic d6 G tiép tuc thu giam dé
chuyén dang cau di c6 vé nhu chudi w. Va nhu vdy, c6 nghia 1a chudi w da
duoc G sinh ra.

Mot cach hinh thuec, ta thiét 1ap van pham G = (Vy, Z, P, S))
VoiVy=(Cu{e})xD)U{S,S,#})
Va tap qui tac P dugc xdy dung nhu sau:
1. a)S; > #qoS#
b) S, — [a, a] S>#, Va € X
c)S,—>¢

-Néu 8(q, X)=(p, Y, R) v6ip, q € 2: X, Y e I thi thém cac qui tic dang
(2.a) va (2.b) sau day vao tap qui tac P:

2. a)q[a, X][b, Z] = [a, Y]p[b, Z], Va,b e Z U {e} vaVZ e I
b) qla, X]# — [a, Y]p[e, B], Va € £ U {¢&}

-Néu 8(q, X) = (p, Y, L) v6ip, q e 2; X, Y €I thi thém cac qui tac dang
(2.c) sau day vao tap qui tac P:

c) [b, Z]q[a, X] — q[b, Z]p[a, Y], Va,be Zu {e} vaVZ e T
- Néu q e F thi thém céc qui tic (3.a-¢) sau day vao tap qui tic P:
3. a)[a,X]g—>qap,VaeXu {egfvavX el
b)qla, X] > qap, Vae X u {e}vavX el
c)q#t > ¢
d)#q—> ¢
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e)q—>¢€
Dung céc qui tic (1.a-c), ta c6 ddy dan xuit:
Y #qo [a1, ar][ay, 3] ... [y, an]#

Diy din xut nay thé hién hinh trang bit dau cua MT la: #qoaja; ... a#. Bit dau tir
budc nay cac quy tic (2.a-c) dugc ap dung. Luu y rang cac qui tic nay trong G phan
anh cac quy tac chuyén trang thai da duoc thiét ké cho MT. Cho nén qua trinh dan
xuét lai trong G s& mo phong lai cac budc chuyén hinh thai trong qua trinh lam viéc
cia MT. Néu qué trinh d6 chuyén dén mét trong nhimng trang thai két thic q € F,
tuong tmg véi trudng hop MT doan nhan chudi a,a, ... a,, thi trong vin pham G cac
quy tic (3.a-e) s& duoc ap dung tiép theo va cho phép G dan xuit ra chinh chudi
nhép aja, ... a,. Hay ta co: S :>G* a4y ... a,

Phan chimg minh L(MT)  L(G) va L(G)  L(MT) xem nhu bai tdp.
8.8 Otomat tuyén tinh giéi ndi va viin pham cam ngir canh

8.8.1 Otémat tuyén tinh giéi ndi

Pinh nghia 8.4: Tu goi 6t6mdt tuyén tinh gi6i ndi la mét mdy Turing khéng don
dinh va khong co kha nang noi rong ving lam viéc ra khoi mut trdi va mut phai
cia chuoi vao. Ky hiéu mot 6tomét tuyén tinh gidi ndi 1a LBA.

N6 phai thoa hai diéu kién sau:
1) B chit cai vao cia no c6 chira thém hai ky hiéu dac biét « va § dung lam
ky hi€éu danh dau mut trai va mat phai.
2) LBA khong thyc hién phép chuyén sang tréi (L) tir & va khong thuc hién phép
chuyén sang phai (R) tir $, va cling khong viét cac ky hiéu khac 1én & va $.

LBA don gian la mot mdy Turing, nhung thay vi sw dung mot bang khong gici han
cho viéc tinh todn, né bi han ché chi trong pham vi bing chita chudi vao x véi hai
0 chira cac ky hiéu danh ddu cdn dau mut. Sy gidi han nay lam cho viéc tinh toan
phai thong qua mot s6 cac ham tuyén tinh trén d6 dai chu01 do d6 ta goi mo hinh
nay 1a étémdt tuyén tinh gidi néi. LBA khong dung cac 6 trong & trén bang vé phia
trai va phia phai caa chudi vao, vi vay ky hiéu khoang tring B nhu da dung & may
Turing 1a khong can dung ¢ day. Trai lai, dé LBA nhan biét duoc gi61 han bén trai
va giéi han bén phai cua chudi vao, ta phai dua thém vao bd chit cai vao S hai ky
hiéu dic biét nhu z, $ dé danh dau mut trai va mit phai ctia chudi. Vay, tai thoi diém
bat dau, chudi vao & trén bang s& ¢6 dang < w $, trong dd w e (X- {z, $})" 1a chudi
can doan nhan. Trong qué trinh lam viéc, khi dau doc duyét tdi 6 c6 chira & hay §,
thi phép chuyén tiép theo sau do6 chi c6 thé 1 doi trang thai, chuyén dau doc trd lai
phia trong pham vi bang (tirc chuyén sang phai khi gip « va chuyén sang tréi khi
gip $), va khong dugc phép viét ky hiéu gi khac trén bing tai 6 dang doc khi gip &
va $. Vay, LBA c6 thé dinh nghia mdt cach hinh thirc hon nhu sau.
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Dinh nghia 8.5: LBA 1a mt h¢ thong MT = (Q, 2, T, 8, ., Z, 8, F), trong do cac
thanh phép Q, Z, T, qo, F van nhu da dinh nghia ¢ may Turing, con ¢, $ € X va
ham chuyén:
:QxI' > (QxI'x {L,R})

phai thoa mén diéu kién:

- Néu(p,Y,E)ed(q&)thiY=¢VvaE=R

- Néu(p,Y,E)ed(q,$)thiY=$vaE=L
Ngon ngir dwgc doan nhian béi LBA
Ta dinh nghia ngén ngr L(MT) dugc doan nhan bo1 LBA MT 1a tap hop:

LIMT)={w|we (Z-{z3$}) viqew$ . agpvéiqe Fvaap eI}
Chu y rang cac ky hiéu danh du hai dau mut ngay tir hinh trang bat dau, chung da
c6 mit trén bing nhdp, nhung ching khéng duoc xem nhu thudc mot phan cua
chudi dugc doan nhan hay khong dugc doan nhan bdi LBA. Vi dau doc cua LBA
khong thé dich chuyén ra ngoai phan chudi nhap nén chung ta khong can dinh
nghia cac khoang trong (ky hiéu B) phia bén phai cua $.

8.8.2 Van pham cam ngir canh (CSG)

Van pham cam ngit canh, nhu da trinh bay ¢ cac chuong trudce, 1a mot van pham
G=(Vn, X, P, S), trong do:

1) Vy 13 mot tap hitu han cac bién hay ky hiéu khong két thic.

2) 3 1a mot tap hitu han cac ky hiéu cudi, Vy N = =&

3) P 1%1 tap hiru han cac q}li taic dang oo — P trong d6 o, B € (Vy U %),
chudi o phai co6 chira bién va rang budc |a| < |B|

4) S e Vy la ky hiéu bat dau.

Ngon ngit do van pham cam ngit canh G sinh ra la

%

LG ={w|weX vasS =w)}

L(G) duoc goi 1a ngon ngit cam ngit canh. Thuat nglr “cam ngir canh” co Xult XU
tr mot dang chun cua vin pham dang nay, trong d6 mdi qui tic c6 dang
oAay, = ooy voi B # A, cho thay mot bién A chi c6 thé duoc thay thé boi mot
chudi B (khac rdng) trong “ngir canh” o, - o,. Diéu d6 khong giéng nhu trong vin
pham phi ngit canh, véi cac qui tic c6 dang A — B (|| = 0), su thay thé nay khong doi
hdi ngtr canh.

Vi du 8.11 Xét van pham G = (V\, Z, P, S) voi Vy={ S, B, C}, > ={a,b,c} vaP
gbm cac qui tic nhu sau:

1.S —aSBC
2.8 —»aBC
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3.CB—>BC

4.aB — ab

5.bB —>bb

6. bC — bc

7.¢cC —>cc
Mot cach phi hinh thirc, ap dung mot ) qui tac cho cac chudi dan xut sinh ra
ngodn ngit, ta d& thiy rang vin pham G sinh ra ngén ngit c¢6 dang:

L={a"b""| n>1}

That vay, v6i qui tac (1) va (2) ta ¢6 chudi dan xuit S = a"(BC)". Sau d6, bang

cach ap dung qui tic (3), moi bién B s& duoc thay thé 1én trudc cac bién C trong
chudi dan xuit: a*(BC) = a"B"C". Boi qui tac (4) va (5), moi bién B s& dugc thay
thé thanh cac ky hiéu két thic b, va cudi cung voi (6) va (7), moi bién C ciing s&
dugc thay thé thanh ¢. Tém lai, ta c6 chudi dan xuét nhu sau:

S= a"(BC)" = a"B"C" = a"b"c".

Bai toan thanh vién v4i van pham cam ngir cinh
Pinh ly 8.4 Vi moi van pham cam ngit canh G = (Vy, X, P, S), ton tai mot thuat
toan dé xac dinh xem mot chudi vao w € Y. ¢6 thudc ngdn ngit L(G) hay khong.
Chitng minh.
Gia str [w| = n. Ta 1ap do thi ma mdi dinh 1a mot chudi thude (Vy U Z)* co do dai
nho hon hodc bang n, c6 mot cung tir dinh o dén dinh B néu a = B. Nhu vay, mot
dudng di trong do thi d6 tuong tng véi mot suy dan trong G. Vay w e L(G) khi va
chi khi c6 mot duong di tr dinh bat dau S t61 dinh w trong d6 thi. Dung bat ctr
thuat toan thuat nao cho phép tim duong ndi hai dinh trong do thi (da c6 nhiéu
thuat toan nhu thé ([2], [6])), ta s€ xdc dinh dugc phai chidng da c6 duong di tir dinh
S t61 dinh w. .
Vi du 8.12: Xét van pham cam ngit canh G = (Vy, 2, P, S) véi cac qui tic duogc
cho nhu trong thi du 8.11 trén va xét chudi vao w = abbc. Ta can x4c dinh xem liéu
chudi w € L(G)?
Dé tim duong di tir dinh S t6i dinh abbc trong d6 thi noi trén ta c6 thé dung phuong
phép “vet dau loang” nhu sau:
Lap cac R(i),i=0, 1,2, ... theo quy tic sau:

R(0)={S}

R(Gl) = RG-) U {B|la=Pvdia e R>G-1) va |B| < |wl|}
Do R(0)cR(1)c ... cR(i) cR(i+1) < ... c tip cac dinh, vay ton tai sd k nao
do6 sao cho:

R(k)=R(k +1)=R(k +2) = ...
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Do d6, qua trinh thanh 1ap cac R(i) s& c6 thé nging sau k bude.
Vaw e L(G) khi va chi khi c6 i <k dé cho w € R(j).
Trong vi du trén, gia st khi ta xét [w| = 4, ta co:
R(0) = {S}
R(1) = {S, aSBC, aBC}
R(2) = {S, aSBC, aBC, abC}
R(3) = {S, aSBC, aBC, abC, abc}
R(4)=R(3)
Vay chudi abbc khong thudc L(G).

8.8.3 Su twong dwong giira LBA va CSG

Chung ta cha y rang, LBA c6 thé doan nhan cic xau rdng A, con CSG khong thé
sinh ra xau rong. Ngoai truong hop do ra thi LBA s€ doan nhan chinh xac tat ca
cac xau duogc sinh ra tir CSG.

Pinh Iy 8.5 Néu L 1a mdt ngon ngit cam ngi canh thi L s& dugc doan nhan béi mot LBA
nao do.
Chitng minh.

Céch chung minh dinh 1y nay cling tuong tu nhu cach chirng minh cua dinh ly &
chuong trude vé su trong duong gitta 10p ngdn ngit sinh tir van pham loai 0 voi
16p ngon ngir ma may Turing chap nhan, chi khac 1a & ddy khong can dung mot
bang nhap thir hai dé phat sinh cic dang cdu theo xau dan xuat 1an lugt theo cac
suy dan ctia vin pham, ma chi can dung bang thir hai trén biang nhap ciia LBA vao
viéc do.

Cho G = (Vy, 2, P, S) 1a mot van pham cam ngir canh, ta xay dung 6tdomat LBA
MT nhu sau: Bing nhap cia LBA gdm hai bang: bang 1 chira xdu nhap vao w voi
cac k}'f hi¢u dénh diu , $ ¢ hai dau, bang 2 dung dé phat sinh cac dang cau o. Trang
thai bat dau, néu w = A thi MT ngimg va khong doan nhan diy vao, néu khong thi dau
doc viét ky hiéu S & bang 2, ngay dudi ky hiéu bén trai nhat cua xau w, tiép d6 MT thuc
hién qua trinh sau:

1)  Chon trong sé khong don dinh mdt xau con P ciia x4u a trén bang 2 sao cho
B — vy la mot qui tac trong P.

2) Thay B boi vy, néu c:ém thiét ta phai dich chuyén phan cudi xiu sang phai cho
du cho, tuy nhién néu dich chuyén ra ngoai § thi LBA ngung va khong chap
nhan.

3) (Hinh thai hién tai & bang 1 la ¢w§$, C(‘)n 0 bang 2 1a xau o, ma S =g a va
o < |w[). So sanh bang 1 va bang 2, néu o = w thi LBA ngimg va doan nhan
w. Néu khong thi trd vé budce (1).
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* *

Nhu vay khi MT doén nhan xau w, thi S = w. Nguoc lai néu S = w thi moi dang

ciu o xuét hién trong ddy din xuit d6 déu thoa man |a| < |w|, boi vi moi qui tic
B — v trong vin pham G déu thoa || < |y|. Nhu vay MT c6 thé thuc hién diy dan
xudt d6 trén bing 2, giita hai ky hiéu danh ddu ddu mat < va $. Vay MT doan nhan
xau nhap w.

Toém lai MT s€ doan nhén moi xau sinh ra boi van pham G. .

Pinh 1y 8.6 Néu L = L(MT) v6i mét LBAMT =(Q, =, T',8,q,,, $, F) thiL — {A}
la mot ngén nglr cam ngilr canh.

Chitng minh:

Ta xay dung G theo 3 giai doan:

(1) Giai doan I: Van pham cho phép sinh ra mot xau w (xau nhap cua MT), cling
dugc chira trong &, $ va q.

(i1) Giai dogn 2: Van pham 1ap lai cong viéc cia MT.

(iii) Giai dogn 3: Khi xuét hién trang thai q € F, ta thu vé xau w véi luu ¥ rang cac
qui tdc oo — B déu co |a| = |B].

Qué trinh mo phong lai cac qui tic d6 boi cac qui tic cia G s& khéng coO gi vuong
mic. Chi ¢ giai doan 3, vigc xoa di cac ky hi¢u danh dau hai dau mit ¢ va $, q
khong dugc phép lam rat ngin xau nhép lai. Dé giai quyét vuéng mic ndy, ta gin
cac ky hiéu , $, q ké bén véi cac ky hiéu cta xau nhap ma khong dé dimg roi ra
nhu trude.

Cu thé, giai doan 1 thyc hi¢n bdi cac qui tac trong G sau:
Si—>[a,qozalS; S — [a, qozal]
S, — [a, a]S,, S, — [a,a$]
VaeX-{z,$}

Céc qui tac trong G cho phép thuc hién giai doan 2, giéng nhu LBA MT thuc hién
(sinh vién ty xay dung xem nhu bai tap).

Cudi cung, ¢ giai doan 3, cac qui tic sau ddy s& duoc str dung, voi q € F:
[a, agB] —a
Vae - {z, $} va Va, B co thé co.

Chu y r%mg sb qui tdc 1a hitu han, vi o va / hodc B chi gém z, $ va mot ky hiéu
nhap vao. Ching ta cling c6 thé xo4 thanh phan thtr hai cia mt bién néu n6 lién ké
v6i ky hi¢u két thuc bang cach dung céc qui tac dang:

[a, a]b — ab

b[a, a] — ba
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Va,b e X - {&, $} va Va cb thé co.
Nhu viy cac qui tic vira duoc xay dung mo ta vin pham 13 G va c6 thé chimg
minh L(MT) - {A} = L(G). .

8.9 Bai toan dirng ciia may Turing

8.9.1 Nhirng bai toan khéng quyét dinh dwoc

Trong khoa hoc tinh toan, ching ta thuong gdp nhirng bai todn ma cau tra 101 la
“cO” (yes) hodc “khong” (no), “dung” (true) hoac “sai” (false), dugc goi 1a loai bai
toan quyét dinh. D6i v6i mot bai toan quyét dinh, c6 nhitng bo dir liéu vao c¢é ciu
tra 101 (dau ra) 1a “co” va ciing c6 nhitng bo dit liéu vao co cau tra 101 “khong”.
Sau day 1a mot s6 bai toan quyét dinh lién quan dén cac ngdn ngit (hinh thirc, ngdn
ngtr 1ap trinh):

1. Co thé viét dugc chuong trinh tim tit ca cic s6 nguyén duong X, y, z va sd
nguyén n > 2 dé x" + y" = z". Bai toan dit ra 1 chuong trinh nay c6 diung
hay khong néu va khi nao tim thay 161 giai? (Pinh 1y cudi cung cua Fermat).

2. Bai toan SAT (Formula SATisfiability). Cho trude cong thire Boole, hoi co
mot by gia tri cua cac bién dé cong thirc d6 ludn nhan gia tri ding hay
khong?

3. Dbi voi mot ngdn ngir 1ap trinh bat ky, c6 xac dinh duge hay khong:
(a) Mot chuong trinh cho trudc ¢6 thé 1dp vo han vai dit lidu vao bat ky?
(b) M6t chuong trinh cho trudce c6 thé cho ra két qua?
(c) Mot chuong trinh cho trudce c6 thé dung véi dir liéu vao cho trude?
4. Po6i v6i cac ngdn ngir hinh thire, ¢ xac dinh hay khong:
(a) Bai toan tuong duong cia cac van pham phi ngir canh?
(b) Bai toan rong ctia ngdn ngit cam ngit canh?

(c) Bai toan thanh vién ctia van pham loai 0, mgt xau cho trudc c6 thudc
mdt ngdn ngir loai 0?

5. Bai todn dung ctia may Turing?

6. Bai toan P = NP? (duoc dé cap chi tiét & phan sau).

Pinh nghia 8.6: Lop cic bai toan vai hai két qua (c6 hodc khong) duoc goi 1a
quyét dinh dwoc (gidi dwoc) néu ton tai mot thuat toan xac dinh va ludn ding voi
két luan (c6 hodc khong) dbi véi moi bo dir lidu vao. Nguoc lai 13 16p cac bai toan
khéng quyét dinh dwoc (khong giai dugc).

Tat ca cac bai toan néu trén 1a khong quyét dinh duoc. Sau day chung ta ching
minh rang bai todn dung cua may Turing 1a khong giai duoc.
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Theo gia thuyét ciia Church, may Turing dwgc xem nhu mot hé théng tinh toan
téng quat nhat. Tir d6 suy ra, viéc tim ra mgt thudt todn dé gidi bai todn quyét dinh
twong dwong véi viéc xdy dung mdy Turing dé thuwc hién thudt todn do.

Trudc khi chimg minh dinh 1y vé tinh dimng ctia mdy Turing, ching ta can luu y
thém mot s6 biéu dién ciia may Turing Ham chuyén &) co thé biéu dién thanh bo
5, vidu: &g, a) = (v, o, P) duoc biéu dién thanh (q, a, a, B, v). Tat ca cac trang thai
va cac bo 5-phan tir nhur trén c6 thé ma hoa thanh cac xau (diy ky ty) trén bang chir
> (thuong ¥ = {0, 1}, viy MT c6 thé biéu dién bang cac diy nhi phan). Mot tap
cac ddy ma hoa MT nhu thé, s& duge ky hiéu 1a d(MT). Cap (MT, x), trong d6 MT
la may Turing va x la day vao, dugc ma hoa thanh d(MT) * x

Pinh ly 8.7 (Pinh Iy Turing) Bai todn dung cia may Turing trén bang chir
> = {0, 1} 1a khong quyét dinh duoc, nghia 1a mot may Turing bat ky c6 ding hay
khong dbi véi diy vao x bat ky trong Y. 1 khong quyét dinh duoc.
Churng minh:
Chung ta ching minh dinh 1y bang phuong phap phan chimg. Gia st MT 1a mot
may Turing bat ky va d(MT) la day ma hoa nhi phan biéu dién cho MT. Khi do,
cap (MT, x), x la bat ky, s¢ dugc ma hoa thanh d(MT)*x. Gia sur bai toan dung cua
MT doi véi x 1a quyét dinh duogc, thi s€ ton tai thuat toan P dé tra 161 xem MT co6
dung hay khong. Nghia la,
(a) Néu MT dimg ddi voi ddy vao x thi P dat t6i hién trang dugc chp nhén,
(b) Néu MT khéng dimg dbi v4i day vao x thi P dat t6i hién trang khong
duoc chap nhan.
Chung ta hay xay dung thuat toan Q mdi dua vao P nhu sau:
(c) Xem d(MT) la day vao va sao dip thanh d(MT) *d(MT), sau d6 ap dung
thuat toan P do6i voi day vao d(MT) *d(MT),
(d) Qlap lg}i v6 han néu P dat dén hién’trang dugc doan nhan va Q dung néu
P dat dén hién trang khong dugc chap nhan.
Theo gia thuyét Church, ton tai mot may Turing MT’ dé thuc hién Q. Béi vi thuét
toan P, cling nhu Q thuc hién dugc trén moi may, vay Q thuc hién duoc trén may
MT va P thuc hién duoc trén MT’ . Ta co thé chon MT’ = MT.
+ Tur (d) va (a) suy ra MT” 13p v6 han néu né ding.
+ Tir (d) va (b) suy ra MT’ dimng néu né lip v6 han.
Nghia 1a, MT’ dung khi va chi khi MT” 13p v6 han. DAy rd rang 1a mau thuin, vay
tinh dirng ctia may Turing 1a khong quyét dinh dugc. .
Hé qua 8.1: Bai toan ton tai mot may Turing dé quyét dinh xem co ding hay
khong khi thao tac trén mot day vao bat ky 1a khong giai duoc.
H¢ qua 8.2: Tén tai may Turing MT trén {0, 1} va mét trang thai g, sao cho
khong ton tai thuat toan dé quyét dinh xem MT c6 dat dén q,, tor mgt hién trang
nao dé hay khong.
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8.9.2 Bai toan vé s twong ng ciia Post

Bai toan vé sy twong ung Post PCP (Post Correspondence Problem) dugc Emil
Post gidi thi¢u vao nam 1946. Bai toan dugc phat biéu nhu sau:

Xét hai danh sach x = (x4, Xy, ..., X,) va y = (Y1, Y2, ..., Yn) CUa cac xau khac r5ng
trén bang chir 2. = {0, 1}. C6 ton tai hay khong mét day i, ia, ..., im, 1 <1ij <n, sao
cho

X it lm y i y in
Luu y: Céc chi s6 ij khong nhat thiét phai khéc nhau va m c6 thé 16n hon n.
Vi du 8.12. Vi hai danh sach x = (b, bab’, ba) va y = (b%, ba, a) bai toan PCP ¢6
101 giai hay khong?
Giai:
Chiing ta can xac dinh xem, co ton tai hay khong mot diy con cua X va y tuong Ung béng
nhau khong. Ta c6 thé choni; =2,1,=1;=1,1,=3,nghiala ton tai day (2, 1, 1, 3), m=4 dé

bab’ b||b ba - ba || b’ b’ a

Do do, PCP co6 101 giai.

Vi du 8.13. Ching minh rang véi hai danh sach x =01, 1, 1) va y = (01%, 10, 1%
thi PCP khong c6 101 giai.

Trudc tién chung ta thay, vOi moi X; € x vay; € y, ta co [xi| <y, voi moi 1. Do

vay, xau duoc tao ra bang ddy cac x4u con cia x s& luén ngan hon xiu dugce tao ra
bang cac x4u con twong tng cua y. Vi viy, PCP khong c6 1oi giai.

Post d3 phat biéu dinh 1y sau:
Pinh ly 8.8 PCP trén bang chit Y. v6i [X| > 2 s& khong quyét dinh dugc.

Str dung k¥ thuat rat gon dé chuyén bai toan PCP vé nhiéu 1(’)]? cac bai toan quyét
dinh trong ngon ngt hinh thirc. Nhitng két luan sau day c6 thé suy ra dugc tir bai
toan PCP [4].

(i) Néu L, va L, hai ngon ngir phi ngit canh trén bang chit Y, [X| > 2, thi
khong ton tai thuét todn dé quyét dinh dugc nhiing két qua sau dung hay

sai:
a. LinlL,=0,
b. L; mL;1a ngdbn nglr phi ngit canh,
c. Licl,,
d. L, =L,.

(i) Néu G la van pham cdm ngir canh (loai 1), thi khong ton tai thudt toan dé
quyét dinh dugc nhitng két qua sau ding hay sai:

- 178 -



(@3
(=]

tomat va ngon ngir hinh thirc

a. L(G)=4,
b. L(G) la vo han,
c. Xo € L(G) véi Xy nao do.

(iii) Néu G 1a vin pham ngit cAu (loai 0), thi khong ton tai thuat toan dé quyét
dinh xem x € Y, ¢6 thudc L(G) hay khong.

8.10 Lép cac bai toan NP day da

Vao dau nhitng ndm 60 cua thé ky 20, cac may tinh da duoc sir dung rong rai dé
giai cac bai toan khoa hoc - k¥ thuat va cac bai toan kinh té. Cac nha tin hoc dimg
trude mot van dé thach thuc rat 1on trude nhitng cau hoi: thé nao 1a mot thuat toan
“tot”, hiéu qua, hay nguoc lai, mot thuat toan “khong t6t”2, thé nao 1a mot bai toan
“d&”, mot bai toan “kh6™? Luc dau, phan 16n nhan xét theo truc quan, nhanh hay
khong 1a dya vao két qua thuc nghiém. Mai cho dén 1965 Edmond 1an dau tién dua
¥ tudng moéi: mot thudt todn dwoc goi la hiéu qua (t6t), néu thoi gian thuce hién trén
mdy bi chdn lai béi mét da thire ciia moi dir liéu vao (ké ca trudng hop x4u nhat).
Céc nha khoa hoc (trong d6 c6 Steve Cook va Dick Karp) di khang dinh rang yéu
cau toi thiéu d6i véi mot thuat toan hiu qua 1a thoi gian tinh cta né phai 1a da thirc
0(n°), voi c 1a hang sd. Ngudi ta ciing nhan thdy rang d6i véi nhiéu 16p bai toan,
vi€c tim ra nhitng thuat todn nhu vay la rat kho khan, hon nita ching ta con khong
biét 12 mot thuat toan nhu thé c6 ton tai hay khong. Chinh vi thé, Cook va Karp
cung mot s6 nguoi khac di dua ra dinh nghia 16p cac bai toan NP-ddy dii, ma cho
dén nay nhiéu ngudi tin rang (nhung chua ching minh dwgc) khong thé c6 thuat
toan hiéu qua dé giai chung.

8.10.1 Cac 16p bai toan P va NP

Danh gia d6 phuc tap tinh toan cua bai toan la xac dinh thoi gian tinh toan (s6 cac
phép toan co s& can thuc hién) cta thudt toan tot nhat trong tat ca cac thudt toan
giai bai todn do, ca nhimng thuat toan da biét 1an cac thuat toan con chua biét. Viéc
danh gia d6 phuc tap tinh toan cua bai toan gitr vai tro dinh hudng trong viéc thiét
ké cac thuat toan dé giai nhirng bai toan dit ra trong thuc té.

Pé dinh nghia duoc 16p cac bai toan P va NP chung ta can dinh nghia d6 phuc tap
thoi gian ciia may Turing.

Dinh nghia 8.7 D phuc tap thoi gian T(n) cua may Turing (don dinh) la sO phép
chuyén cuc dai ctia MT dé xir Iy mot ddy vao bat ky c6 do dai n.

Pinh nghia 8.8 Ngon ngit L duoc goi 1a thude 16p P néu ton tai mot may Turing (don
dinh) MT sao cho MT c6 dg phure tap thoi gian la da thue p(n) va ndé doan nhan dugc L.
Muc 8.5 chiing ta di dinh nghia may Turing khong don dinh. Pac diém cta may
Turing khong don dinh 1a tai mdi hién trang bat ky, may duoc phép c6 nhicu kha
ning dich chuyén (ham chuyén khéng don tri). Bé dinh nghia dugc 16p NP ching
ta can dinh nghia d6 phtrc tap thoi gian cia may Turing khéng don dinh.
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binh nghia 8.9 May Turing khong don dinh MT c6 d¢ phuc tap thoi gian T(n)
néu voi mg)i dziy vao dugc doan nhan c6 do dai », ton tai mgt day nhiéu nhat T(n)
phép chuyén dé MT dat dén hi¢n trang chap nhan.

Pinh nghia 8.10 Ngon ngir L duoc goi 1a thudc 16p NP néu ton tai mot may
Turing khong don dinh MT sao cho MT c6 d¢ phurc tap thoi gian 1a da thirc p(n) va
n6 doan nhan L.

Maic du dinh nghia ctua 16p P va NP la tuong tu, song ching c6 su khac biét rat
16m.
= Khi L thudc P, s cac budc chuyén cua MT dé xir Iy ddy dau vao bat ky co
do dai n 1a nho hon hodc bang p(n).

= Khi L thuéc NP, s6 cac budc chuyén cia MT dé xit 1y la nhé hon hodc
bang p(n) chi @i véi nhitng ddy vao dwoc chdp nhdn. Nhu vay, trong 16p
NP, gi6i han p(n) cac phép chuyén chi c6 tac dung khi chung ta c6 thé tim
duoc diy dau vao w € L.

Mot cach hoan toan twong duong, ta c6 thé hiéu P 13 I6p cdc bdi todn cé thé gidi
dwoc trong thoi gian da thirc, con NP 1a 16p céac bai toan, ma moi nghiém gia dinh
déu c6 thé kiém dinh dwoc trong thoi gian da thirc. Thudng thi viéc tim nghiém
kho hon nhiéu so véi viéc kiém ching nghiém.

Sau ddy 1a mot s6 tinh chat dong ctia 16p P va NP [1].
Pinh 1y 8.9 NéuA,Be P thiAUB,AnB,AB,A P
Pinh 1y 8.10 Néu A, B € NP thi AUB, AN B,AB, A" € NP.

Mot trong nhitng bai toan “md” quan trong nhat hién nay cta khoa hoc may tinh 1y
thuyét 13 P = NP? Noéi cach khac, c6 phai moi ngon ngit dugc doan nhan boi mot
thuat toan khong don dinh voi thoi gian da thirc thi cling duoc chip chan boi thuét
toan don dinh nao do6 voi thoi gian da thue hay khong? Pay 1a mét trong nhitng bai
toan kho nhat dat ra trong thé ky 21 nay cho céc nha toan hoc va khoa hoc tinh
toan.

8.10.2 NP-day du

Hién nhién 1a P — NP, nén viéc xét mbi quan hé gitra P va NP ndi chung 1a phai
duyét lai toan bo 16p NP. Thay vi phai duyét toan bd 16p NP, ta mudn chi duyét
mot b phan nho, tham chi chi mdt vai bai toan trong NP ma thoi. Mudn thé ta hay
chon ra mot bai toan “khé gidi nhdt” C theo mot nghia nao dé bat ky trong NP rdi
kiém tra xem no c6 thuoc P hay khong. Néu C khong thudc P thi d6 da 1a bang
ching P < NP. Nhu vy, mdi bai toan “khé nhat” trong NP 1a chia khoa dé giai bai
toan P = NP?. S. Cook goi nhiing bai toan kho nhat trong NP 1a cac bai toan NP-
diy di (NP-completeness). Van dé dit ra 1a dinh nghia nhu thé nao bai toan A 13
kho hon bai toan B.

bé gidi quyét van dé trén, ta co thé van dung khai ni¢m dan dwoc trong 1y thuyét
thuat toan.
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Pinh nghia 8.11 Gia sur L, L, 1a hai ngén ngit trén X.; va 2, twong ung. Ta noi L,
dan da thic dugc vé L,, ky hiéu L, Zp L, néu
) Tdn tai mot ham f: ;" — 3, sao cho w e L, khi va chi khi f(w) e L,.
(i)  f() co thé tinh dugc boi mdt may Turing c6 dd phire tap thoi gian 1a da

thure.
Pinh nghia 8.12 Ngéon ngit L Y. 1a NP-day di néu
(i) LIaNP,

(1)) V61 moi ngdn ngtt L’ thudée NP, L dan da thic dugc vé L7 .

Dinh nghia cua 16p cac ngon ngit P va NP nhu trén c¢6 thé mé rong cho 16p cac bai
toan. Bai toan C thudc NP-d?ly dii, néu no thudéc NP va moi bai toan B thudc NP
déu dan da thic duoc vé C theo nghia ngdn ngit doan nhan bdi may Turing giai B
dan da thirc duoc vé ngdn ngit doan nhan boi may Turing giai C. Hién nay c6
hang trim bai todan NP-ddy di thuoc di moi linh vyc: tinh toan ménh dé, 1y thuyét
db thi, Iy thuyét tdi wu, qui hoach, 1y thuyét to hop, lap lich, ...

Ta c¢6 cadc ménh dé sau:

Ménh dé 8.1 NéuL,<pL,val, e P,thiL, € P.

Chirng minh: dung dinh nghia ctia quan hé <.

Ménh dé 8.2 Néu L, 1a NP-day di, L, € NP va L, <, L,, thi L, € NP-day di.

Chtrng minh: dung tinh bic cu cta quan hé <.

Vé y nghia, ménh dé 8.2 cho mét phuwong phap co ban dé ching minh mot bai toan
méi 1a NP-ddy du trén co s¢ din dugc da thire vé tir nhitng bai toan NP-day du cho
trudce.

Pinh ly 8.11 Gia su L 1a NP-ddy du, P = NP khi va chi khi L thudc P.

Chung minh ding ménh dé 8.1.

Dinh 1y 8.9 chi ra con dudng nham téi dich P = NP.

Tuy r}hién dé ap dung duoc ménh dé 8.2, ta con can c¢6 mot ngdn ngl?: dau tién 1a
NP-day dua. Mat khac, nhiing bai toan NP-day du con c6 nhiing tinh chat sau [4]:
Tinh chit 8.1 Khong tim dugc thuat toan thoi gian da thirc cho bat ky mdt bai
toan NP-day du nao.

Tinh chit 8.2 Khong thé khang dinh dugc 14 khong t6n tai thuat toan thoi gian da
thirc d6i vo1 nhitng bai toan NP-day du.

Tinh ‘Chf’lt 8.3 Né}l tim dugc mdt thuat toan thoi gian da thuce dé giai mdt bai toan
NP-day du thi s€ ton tai thuat toan thoi gian da thirc cho tat cé cac bai toan NP-day
du.
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Tinh chit 8.4 Né}l chirng minh duoc rang c6 mot thuat toan thoi gian da thirc cho
mot bai todan NP-day du thi s€ ton tai thuat toan thoi gian da thirc cho moi bai toan
NP-day du.
Do vdy, dé tra 16i cho cAu hoi P = NP?, ching ta can biét day du thong tin vé
nhiing bai toan NP-day du. Cook da chiing minh SAT la NP-day du.
Pinh ly 8.12 (Cook Theorem) SAT la NP-day dil.
Cook 12 ngudi dau tién chimg minh duoc bai todan SAT 1a NP-day du vao nim
1971. M6t nam sau do, dwa vao phuong phap cua Cook, M. Karp da chi ra mét loat
khoang 20 bai toan to61 uu td6 hop c6 dién 1a NP-day du. Bén nam 1979, hai tac gia
M. Garey va D. Johnson dé tong két duoc khoang 300 bai toan la NP-day du. Tu
do dén nay, con soO cac bai toan la NP-ddy du van tang lién tuc hang nam.
Ngoai nhitng bai todn da néu & trén, ta c6 thé néu thém mot s6 bai toan trong cac
linh vyc sau day la NP-day du [1]:

1. Bai toan hanh trinh cua nguoi ban hang (Travelling Salesman Problem).

Cho trudc n thanh phd, biét khoang cach gitra ching va mét s6 D, co ton tai

mot hanh trinh dé nguoi ban hang di qua tat ca cac thanh phd do6 véi quang
duong di nhiéu nhat 1a D?.

2. Bai toan qui hoach 0-1 (Zero-one Programming Problem). Cho truéc m
phuong trinh

m

Zay/: ,1=1,2,...,n

C6 ton tai cac gia tri 0, 1 dé thoa man hé phuong trinh trén hay khong?

3. Bai toan qui hoach nguyén tuyén tinh dang quyét dinh. Cho truéc ma tran
nguyen A = (a;) kich thuéc m x n, b= (by, ..., by) la vector nguyén. Hoi h¢
bat phuong trinh Ax > b ¢6 nghiém nguyén hay khong?

4, Bai toan tim chu trinh Hamilton ctia mot d6 thi cho truéc. Chu trinh
Hamilton ctia d6 thi G la chu trinh di qua tat ca cac dinh ding mot lan, tru
dinh dau va dinh cuoi.

5. Bai toan tim tap phu cac dinh caa d6 thi. Cho trude dd thi G = (V, E) va sb
nguyén K > 0, liéu V ¢6 mdt tap con V' c6 ¢& < K (c6 K dinh) sao cho mdi
cunge € Eco it nhat mot dinh cubi thuéc V'’ .

6. Bai toan tim tap doc 1ap trong d6 thi. Cho trude d6 thi G = (V, E) va sb
nguyén K > 0, xdc dinh xem G c¢o tap doc 1ap cd K hay khong?., nghia la
litu comottapcon V' c V, [V’ |= K, sao cho Vu,v € V' {u, v} ¢ E.

7. Bai toan tim téng con. Cho trudc mot day cac ) nguyén (a;, a, ..., a,) va )
nguyén S, xac dinh xem c6 ton tai mét tap [ < {1, 2, ..., n} sao cho X a; = S.
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Su phong phu va da dang cua cac bai toan NP-day du 1a mét thuan loi trong viée
chon “chia khoa” d€ mé canh cira P = NP?

Trong khi chd doi cau tra 101 bai toan quan trong néu trén, ta hiy thir hoi diéu gi s&
xay ra néu P = NP, va néu nhu P # NP?

Néu nhu P # NP, cac di€u sau s¢€ xay ra:

* PO mat cia cac ma khoa cong khai sé dugc khang dinh. Do vay, ma khoa
cong khai s€ dugc trién khai dién rong rai hon, phu hop vé1 xu thé phat trién
cac h¢ thong mo, nhat l1a thuong mai dién tir cia xa hoi trong tuong lai.

= Nhitng bai toan NP-day du tré thanh cac bai toan bdt tri, cho dén khi c6 mot
cudc cach mang méi trong cong nghé thong tin cing voi mot thé hé may
tinh hoan toan méi vé nguyén 1y hoat dong, c6 kha ning “siéu” ting tdc tinh
toan. Chiing ta dd nghe néi dén nhiing y tudng tao bao cuia cic nha khoa hoc
vé mot thé hé may tinh méi ¢o tén 1a mdy tinh lwong tir. May tinh luong tir
s€ hoat dong theo nguyén 1y chung ctuia co hoc luong tir. Hy vong may tinh
lugng tir s& giup chung ta giai duoc nhitng bai toan NP-day du.

Nguoc lai, néu P = NP, ta s& c¢6 nhiing hé qua tryc tiép sau day:
= Moi bai toan hé kiém chimg dé thi giai ciing dé.
= Tét ca cac bai toan tdi uu, to hop thong thuong déu giai duoc trong thoi gian
da thuec.
= MJi lo “Buing nd t6 hop” by lau nay s& duogc giai quyét.
= Mot loat cac h¢ ma khoa cong khai dya trén gia thiét P # NP bj dd vd, ...
No6i chung nguoi ta tin 1a P # NP.

Bai tip vé cac bai toan quyét dinh dwoc va 16p bai toan P, NP-day du

8.1 Xay dyng may Turing dé doan nhan {0"1" |n> 1}

8.2 Xac dinh diy tinh toan ddi vai cac diy 1213, 2133, 312 cta may Turing cho
trudc o vi du 8.7.

8.3 Thiét ké may Turing dé doan nhan tat ca cac xau trén {0, 1} ¢ chtra chin s 1.
8.4 Xay dyng may Turing dé doan nhan ngon ngir {a"b"c" |n, m > 1}

8.5 Xay dung may Turing dé doan nhan tat ca cac Palindrrome chin trén tap {0, 1}
8.6 Chung minh riang van dé d¢ qui ctia vin pham loai 0 1a khong giai duoc.

8.7 Chung minh rang bai toan quyét dinh xem mot ngdn ngit cam ngir canh cho
trude co phai la phi nglr canh hay khong 1a khong giai dugec.

8.8 Chung minh ring {x | x 12 tdp hop va x ¢ x} khong phai 1a tap hop (Day la
nghich ly Russell).

8.9 Chirg minh rang PCP 1a giai dugc néu [Z|= 1.
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8.10 Gia s X = (XiXa, ... Xn) V& Y = (Y12 ... Va) la hai xau khac rong trén > véi
12> 2.

(1) PCP la giai dugc véin=1?
(1i1)  PCP la giai dugc voin =2?

8.11 Chimg minh rang PCP véi {(01, 011), (1, 10), (1, 11)} khong c6 1oi giai.
8.12 Chi ra rang PCP véi S = {(0, 10), (110, 0°), (0°1, 10)} khong c6 101 giai.
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Phu luc: Huéng din va 16i gidi cac bai tip

Chuong 1

1.6

1.9

1.10

Ta c6 thé chimg minh qui nap theo |w|. Néu w = A, hién nhién abA = Aab. R3
rang |w| = 0 1a s6 chin, budc co s¢ qui nap duoc khang dinh. Gia st diéu can
chirng minh ding vé1 [w| < n. Ta xét nhitng day w c6 do dai n va abw = wab. Bé1
vi abw = wab nén w = abw; voi w € {a, b}*. Khi d6, ababw, = abw,ab suy ra
abw, = wjab. Theo gia thiét qui nap |w;| 1a s6 chin. Tir d6 suy ra |w| = [w| + 2
ciing 13 s6 chan.

2. Vx (IP(X, y) = Jy Qy, x)) = (Vx (P(x, y) v Ty Q(y, X))
=VxJy (P(x,y) v Q. %)
1. A=(VxP(x)AVxQ(x)) = 1(IxRX) v Ix F(x))
Thuc hién cac phép bién ddi tuong duong ddi voi A:
a/ Khtr phép kéo theo —: A = (Vx P(x) A Vx Q(x)) = 1(3x R(x) v Ix F(x))
=1(Vx P(x) A Vx Q(x)) v 1(3x R(X) v Ix F(x))
b/ = (3x P(x) v Ix 1Q(x)) v (VX TR(x) A Vx TF(X))
c/ = 3x (1P(x) v 1Q(x)) v Vx (IR(x) A TF(X))
= 3x Wy (IP(x) v 1Q(X)) v (IR) A TF(¥))
d/ Dang chuan hoi: 3x Vy (1P(x) v 1Q(x) v TR(Y)) A (1IP(x) v 1Q(x) v TF(y)))
Dang chuan tuyén: 3x Vy (1P(x) v 1Q(x) v (IR(y) A TF(y))

2. a/ Cong thirc (3Ix!) (x> = 1) 1 hiang dung con (Ix!) (x> — 3x + 2 = 0) 1a sai
vix*—3x+2=0c6 hai nghiém: x; =1, x, = 2.

b/ (Ix!) P(x) = Ix P(x) A VX Vy (P(X) A P(y)) > X =Y).

1.11 1. P(x, y) = “y = 2x” trén trudng sd Z x Z, Z 1a trudng s6 nguyén.

(Vx)@y) (P(x, y) = (@y")(Vx) P(x, y)) la sai vi (VX)(3y!)(y = 2X) = T nhung
@AyN(Vx)(y =2x) =F.
Ey)(7%) (P(x, ¥) = ((VX)(3y!) P(x, ) Ta diing vi (Fy)(¥x)(y = 2x) = F.
2. Truong dé (Ix!)(x>2) ding, vidu D= {y|y <2} U {3}.
Trudng dé (Ix!)(x>2) sai, vidu D=2 tAt ca cac sO nguyén.
3.(Ix 1P(x) v (Vx 1Q(x)) = (X = (Vx P(x) A Ix Q(X)))
= (Ix P(x) v (Ix Q(x)) v (1X v (Vx P(x) A 3x Q(X)))
= (I 1P(x) v Ix Q(x) v 1X) v (Vx P(x) A Ix Q(x)))
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= (Ix 1P(x) v Ix Q(x) v 1X v VX P(X)) A (Fx TP(x) v Ix Q(x) v 1X v Ix Q(X))
= (Ix 1Px) v Ix Q(x) v 1IX v VX P(x)) A (Fx TP(X) v Ix Q(X) v 1X)

= (Ix 1P(x) v I Q(x) v 1X), vi IX PX) v Vx P(x)=1(Vx P(x)) v VX P(x)=T
= (Vx)(3y) (P(x) A Q) v 1X).

1.12 1. Cong thic (Ix)(Vx) P(x, y) trén truong M x M voi M = {1, 2, 3} & dang
khong con cac luong tr 3, V ma chi con cac phép hoi, tuyén va cac vi tir trén
truong da cho:

(P(1, 1) AP(1,2) AP(1,3)) v (P2, 1) APQ2,2) AP, 3)) v (PG, 1) A PG, 2) A PG, 3))
2. A= (VxPx) > Ix QX)) Vv IX1PE)v IX1QE) V(X = Y) ATY) = 1X).
a/ A=((VxP(x))vIx QX)) v Ix TPx) v Ix1QX) v (1(1X vY)ATY) v1X)
b/ A=(GFxPx)vIXQX)) Vv IXTPX)v Ix1QX) v({(X ATY)VvY) Vv 1X)
¢/ A=3x (P(x) v(1X AY))
d/ Dang chuan hoi: 3x (P(x) v1X) A (Px) vY))
Dang chuan tuyén: 3x (P(x) v (1X A Y)).
1.13 3. Suy luan dudi day 1a ding.

WXl \4 X2
X3 4 —|X2
X4 Vv 1X3
(1X4 v X5) A 1Xs

Ap dung tinh chit cua qui tac suy difntacod: 1X;vXe=X; > X vaXs
v 1X, =X, = X;. Sir dung qui tic suy dién béc cau suy ra X; — X;. Tuong tir X4
VIXs = X5 X, 1Xs v Xs = Xy — Xs, suyra X;—X, va cudi cing X, —X.
Sau d6 st dung qui tic Modus tollens:

1Xs

X —> X5

1.15 1. a/ Cong thirc twrong duong
F=((Vx)IPx) — Qx)) A (Gx) TPX) A (VXX Qx) = RE) A (VXXSEK) = REK) — () S(X)
Trude khi tim dang chuan tuyén, ta thuc hién mot s6 phép bién doi va rit gon cong
thic. Tadat A= (Vx)1PX) = QX)) A (VXXQX) — R(x)) A (VX)S(x) —> R(x))
= (VXX(IP(x) = QX)) A (Qx) > R(X)) A(SK) = REK)).

- 186 -



Otomat va ngon ngir hinh thirc

Dé n‘hén thdy: S(x) = R(X) = R(x) —1S(x). Str dung qui tic suy dién bic cau
hai lan suy ra A = (Vx)(IP(x) = 1S(x). Do vay,
F= (VxX(1IP(X) = 1SX) A (3x) TP(X)) = (Fx) 1S(X)
= (((v"x((PE) v 1SX)) Vv 1Ex) P(X)) Vv (3x) 1S(X)
= ((IXN(PX) A SX)) V ((Fx) PX)) v (Fx) 1S(x)
= (AXN(PX) A S(X)) V (Fx) 1S(X) v (Fx) 1P(X))
= (@EN(PE) A Sx) Vv 1S(X)) Vv (@) 1P(X))
= (I) PX) v (3x) 1S(x)) v (Ex) Px))=T
b/ Mo hinh suy diép trén c6 ding trén truong M. Tuong ty nhu trén, str dung quy tac
bac cau va qui tac Modus Ponens dé khang dinh diéu do.
2. Hay dién dat dinh nghia gii han Limf (x) = L duéi dang mét cong thire vi tir:
Ve 38 Vx (0 < [x—x <3 — )~ fix) <)
1.16 1. bat P(x) = “X co bang cu nhan” va Q(x) = “X da t6t nghiép dai hoc”. Pt
tiep R = “Lan”. Tu phat bi€u cta bai toan ta co:
(VX (P(X) = QX)) A P(R)) — Q(R) la hang diing.. Nghiia 1 nhimg phét bicu trén 14 diing.

Chuong 2
2.2 Boi vi 6(q;,a) = 6(q;,a), nén R 1a phan xa. Tinh d6i xtng 1a hién nhién. Néu

q,Rq, thi 6(q,a) = o(qp,a) voia e Y, con néu quRq; thi o(q;,a) = o(qp.a). Tir
do suy ra 6(q;,a) = 6(qs,a), nghia 1a q;Rq;. Vay R 1a quan h¢ twong duong.

2.3 Bang chuyén trang thai cia OTKDD dé doan nhan {ab, ba}

Bang A.1
Trang thai/X. a b
> qo di q2
qi Js
92 qi

Bang chuyén trang thai cia OTPD tuong duong voi bang A.2 1a
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Bang A.2
Trang thai/2. a b
- [qo] [q1] [q2]
[a1] 2 [qs]
[q2] [qi] %)
% %
%) %) %)

2.5 Otdomat khong don dinh doan nhan duoc tip tit ca cac xau tir tap {a,b} két thuc
bang xau con aba dugc xay dung nhu sau

a,b

2.6 Bang chuyén trang thai ctia 6tdmat don dinh twong duong 1a

Bang A.3
Trang thai/’ 0 1 2
— [qo] [q1,94]  [qa4] [92, 93]
[d4] %) % %)
[d1, 94] %) [q4] %)
(92, q3] %) [q4] (92, 4]
%) %) %, %,
2.9 Cho trudc Y, = {ay, as, ..., a,}, tim 6tdmat hiru han dé doan nhan ngdn ngit

a)Li={xe > | x c6 dg dai 1é} duoc doan nhan boi 6tdmat cd ham chuyén trang thai nhu sau

oy a a a3 an-1 ay
—> o dQi qQi (¢ TR qQ q
o Jo o Jo dQo

)L, ={x € X | x c6 do dai chdn va 16n hon 1} dugc doan nhan béi 6t6mat co
ham chuyén trang thai nhu sau

o\ a a a3 an-1 an
—=> (o qi qi qi . qQi qi
qQ Q2 qQ2 (¢ Qo (e})

qi di a ... di qi
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2.10* Cho hai 6tomat sau day:
->(qo /‘ Q N a @Cﬁ
M;: 1 0 M,: H@
§ 5 T b
O By
a/ Ngbn ngit doan nhan dugc boi M;: TM,) = {0(1)0[n>0} U {1}

Ngon ngit doan nhan duge bdi My: T(M,) = {a(cb)’d™ [n>0,m>1} U {c"|m>1}

b/ Otémat M duoc ghép tir M, va M, sao cho T(M) = T(M,)T(M,), c6 thé xiy
dung nhu sau:

c10

QH@H

B B

¢/ M 1a hop cua M| va M; sao cho T(M) = T(M,) U T(M,)

eQ

Chuong 3

31 (a) S = 0°S1" 20"A1""n20,m21.A = 1A = 1! k>0.
0"1" e L(G) v6in>m>1. Vay L(G) = {0"1" | n>m > 1}
(d) L(G)= {x e {0, 1}" | x khong chira hai s6 0 lién tiép}.

32 (a) G=({S,A,B},{0,1},P,S),trongdd P cocic quiticS — 0B| 1A, A—>0]0S
I1AA, B — 1| 1S |0BB. Chimg minh c4c tinh chat sau qui nap theo |w/.

(1) S = w khi va chi khi w chira s6 cac s6 0 bang sb cac s6 1.
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*

(1)) A = w khi va chi khi w chtra s6 cac s6 0 1on hon s6 cac s6 1 1a 1.

s

(i11)) B = w khi va chi khi w chira s6 cic s0 1 16n hon s6 cac s6 01a 1.

(b) G 6 céc qui tic suy ddn S — 0S1 | 0A1, A — 1A0 | 10. Hién nhién
L(G)  {0"1™0™1" | m, n > 1}. Nguoc lai 4p dung qui tic S — 0S1 (n-1)
lan, S — 0Al mdtlan va A — 1AO (m-1) 1an rdi A — 10 1a chiing ta
thu duge {0"1™0™1" }. Nghia la {0"1™0™1" |m, n> 1} < L(G).

(¢) G c6 cac danxuat S — 0S11 011,

(a) Van pham cam ngit canh nhung khong phai 1a phi nglr canh, vi du van
pham c6 ¢6 cac dan xuat: S — aS | b, aS — aa, B - a.

(b) Van pham phi nglt canh nhung khong phai 1a chinh qui, vi du van pham
c6 c6 cac dan xuat: S — AS |a, A — a.

(a) G=({S, A, B}, {0, 1}, P, S), trong d6 P ¢6 cic din xuit S — 0S1 | 0A,
S—>1B|0|1,A—>0A|0,B— 1B|1. Sttdung S —> 0S1, S — 0, hoac
S — 1thi nhan dugc 0™1", trong d6 m va n khac nhau 1a 1. Pé nhan
duoc s6 cac chir s 0 nhiéu hon s cac chu s6 1 ta 4p dung A — 0A | 0,
S — OA lap lai nhiéu lan, nguoc lai dé nhan duogc sd cac s6 1 nhiéu hon
thi ap dung S — 1B, B — 1B | 1 lp lai nhiéu lan.

(¢) G co6 cac din xuat S — aSc | ac | bc | bS;c, S; = bS,c| be. Mot xau
cia L dang a'b™c", 1+ m = n, c6 thé viét thanh a'b™c™c' v6i I, m > 0. Ap
dung 1-1an qui tic S — aSc, thu dugc a'Sc'. Néu m = thi 4p dung tiép S —
ac, nguoc lai ap dung S — bSic r61 st dung (m-1) lan qui tac S; —
bSic,cudicungla S; — be.

(a) G co cac dian xuat S — aS; |aS,, S; > aS, S, > a

(b) G c6 cac danxuat S — aS|bS|a

(¢) G cocacdianxuatS —aS;, S; —aS;|bS;|alb

3.9 Chirarang L(G,)= {a"b" |n>1} = L(G,).

3.11 Gia sir G, 1a van pham gdm céc qui tic A — xB |y, trong d6 X, y €Y va A,

B. Thay A — xB, trong d6 x = a,a,...a, béng A > aA,, Al > A, .., AL >
a,B. Nhirng din xuit A —> y, y = b;b,...b, duoc thay bang A — b;B;, B; —»
b,B,, ..., byy = b,. D& dang ching minh rang vin pham méi G, gébm nhing
dAn xuit méi 1a chinh qui va twong duong véi G,.

3.12 (i) Van pham phi ngit canh sinh ra L = {a"b"0, ¢™1d™ | n >0, m > 0, k >0} gdém

nhfmg qul téCI S — 810 | cSd | CSzd | Cd, Sl —> aSlb | ab, Sg —> ISQ | 1.
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3.13 (i) Van pham phi ngit canh sinh ra L = {a"0*b"c¢™d™ | n >0, m > 0, k > 0} gdm
l’lhﬁ'l’lg ql,ll télCI S — SIS2, S — aSlb | ab | aS3b, S3 —> 0S3 | O, S, —> CSzd | cd.

3.16 G co cac qui tic S — 0AB, A0 — SOB, Al — SB1, B — SA | 01. D& nhan ra
raing S = 0AB =0ASA = 0AOABA hoic S = 0AB =0A01 = 0SOB1. Khi
ap dung S — OAB thi nhan duogc A trong cic dan xuat. Néu mudn loai bo A thi
phai ap dung A0 — SOB, Al — SBI, khi d6 S lai xuit hién & vé phai. Do vy
mdt trong hai bién S, A khong thé loai bo dwoc & vé phai, nghia 1a L(G) = &.

3.17 (a) Sai. Néu G, gom cac din xuat S — SS | aS | bS | a | b 14 phi ngit canh,
va G, ¢ cac qui tic S — aS | bS | a | b 1a chinh qui. Hai vin pham nay twong
duong véi nhau vi L(G)) = L(G,) = {a, b} .

(b) bang. L = {wy, wy, ..., W,} thi van pham c6 nhiing qui tac sau: S = w; |
Wy | ...| w, 1a ngbn ngit phi nglr canh.
(c) Pung. Chi can chi ra ring w € > tdn tai van pham chinh qui dé sinh ra w.

318 G=({S,S;,A,B}, {0,1,...,9},P,S).Pgomc6S—>01[2[4]|6]|8|AS,,
S;—>0|2(4]/6|8,S—>ABS,B—>1|2|...|9A—>1|2]...]19.

3.20 Tinh d6i xtmg cta cum tir trong L thé hién ¢ chd: trong mdi xau thi sb vi tri
ky hiéu a luén luén nhiéu hon s6 vi tri ctia b. Do @6 khi sinh ra mét vi tri cua b thi
cling phai sinh ra mot vi tri a va phai sinh thém it nhat mot vi cua a nira. Tir d6 vin
pham sinh ra L ¢6 cac qui tic sau:

S — aSb | bSa |aAb|bAa, A —>aA|a
3.24 Vim >n > 1 nén c6 thé viét m=n+k, k > 0. Khi d6
a/ L={a"™"|0<k,1<n}={a"a"b"|0<k, 1<n}
Vin pham G sinh ra L do vy c6 cac qui tic
S — aSb |aAb|ab,A —>aA|a
Day 1a van pham phi ngit canh.
b/ Dang chuan Chomsky cua G:
S—>DB|DC|DM,D—»>a,B—>SM,M—>b,C >AM,A —>DA]|a
Chuong 4
41 (i) 0+1+2
(ii) b'ab”
(iii) aa(aaa)’
(1v) (aa) + (aaa)” + aaaaa
4.2 (1) b la céac xau:
+ Pugc ghép tir hai xau: xau c6 do dai nhiéu nhat 1a 3 cua (ab+a)” va aa

+ Puoc ghép tir hai x4u: xau c6 do dai nhiéu nhét 13 4 cia (ab+a) vab.
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71N ’ A 5 4
bo la cac xau: aa, aaa, abaa, aaaa, aabaa, abaaa, a’, ababb, aaabbb, va a'b.
.. A ~ A ; AA N 5 o ) * “*
(1i1) Tuong ty nhu trén, nhitng xau ¢6 do dai nhé hon hoac 5 ciaa + (ab + a)
\ 4 .5
la: A, a, ab, aa, abab, aab, aba, a3, abaa, aaab, ababa, a’, abaaa, va a’.

4.5 Hé chuyén dbi (hoic 6tomat hiru han) twong duwong véi cac biéu thirc
(ab + a) (aa + b) dugc cho badi hinh sau.

RONESAC, SRR

LN\

Sau do tiép tuc loai bd cac cung A sé thu dugc 6tomat hitu han yéu cau.

4.6 (a) (1 + 01)" bicu dién cho tap nhing xAu khong chira cip 00. Biéu thirc
1+ 01)*0Q(1 + 01)" biéu dién cho tap nhiing xau chira ding mot cap 00.
Tuong tu doi voi cap 11. Vay bi€u thire chinh qui biu dien tap tat ca cac xau
trén {0, 1} c6 nhi€u nhat mdt cdp s6 0 hoac nhi€u nhat mdt cdp so 1 la:

(1+01)" + (1+01)"00(1 +01)" + (0 + 10)" (0 + 10)"11(0 + 10)"
(c) b"+(b+abb) ab’
(d) 1(0 +1)"00.

4.7 Giasu L latap tat ca cac xau Palindrome trén {a, b} dugc doan nhan bdi 6tomat
hitu han M = (Q, X, 8, qo, F). Béi vi Q 1a hitu han nén {8(qo, ") |[n> 1} 1a tp con
cua Q, nghia la 8(qp, a") = 8(qp, a™), vOi m < n. Mat khac, a"v™" € L (1a
Palindrome) nén 8(qo, a"™a") = q € F. Vi 8(qo, a") = 8(qo, a™) nén tir tinh chat
cta ham chuyén ta c6 8(qo, a"b*"a") = 8(qp, a"b*"a"), m < n. Tir d6 suy ra a"b*"a"

A \ A X 3 A 2 A 5 1N .
e L. Diéu nay mau thuan vi m <n nén a"b™"a" khong phai la Palindrome.

410 Giasu L= {ww|w € {a, b}*} l;‘l tap chinh qui, dugc doan nhéan boi 6t6me’1}
M c6 n trang thai. D€ nhan thay s6 ky hi¢u a, b trong cac xau cua L luon 1a so
chdn. Xét w = a"b, hién nhién a"ba"b e L. [ww| =2(n + 1) > n. Ap dung bo dé
Bom dé viét ww = xyz véi |y # 0, [xy | < n. Hay tim i sao cho  xy'z ¢ L thi s&
dan dén mau thuan.

That vy, ta c6 thé chon xau y chi c6 mot trong céc dang sau:

(i) ykhong chirab, y=a", k> 1.

(i1) y chi c6 mét ky hi¢u b.

Biét riang |y| < [xy| < n. Trudng hop (i), ta chon i = 0. Khi d6 xy’z = a™*ba"b
khong thudc L vi khong thé viét xz thanh dang uu véi u € {a, b}". Tuong tu
truong hop (i) cling chon 1 = 0. D1 nhién XyOZ =xz ¢ L vi s0 ky hi¢u b trong xz
1a 1&, mau thuan.
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4.11 (i) Ap dung bd dé Bom dé chira L = {a"b™ | n> 0} khong phai 1a chinh qui.
Gia st n6 la chinh qui, dugc doan nhan bdi 6tomat M cd n trang thai. Xét
w = a"b™. Theo b6 dé Bom, w = xyz véily| >0, |xy |<nvaxz € L. Vi
Xy |=m <nnénxy=a"vay=a"véi0<k<n. Viy xz=a"*b>
thuan vi n — k # n. Vay, L khong phai 1a chinh qui.

e L la mau

(iii) Ap dung bo dé Bom dé chira L = {a"b" | n > 0} khong phai 1a chinh qui.
Gia st n6 la chinh qui, duwgc doan nhan boi 6tomat M = (Q, 2., 8, qo, F) co n
trang thai. BGi vi Q 1a hitu han nén {8(qo, a") | n > 0} 1a tdp con cua Q, nghia la
d(qo, @") = 8(qo, @), v&i m # n. Do do6
6(qo, a"b") = 8(3(qo, a"), b") = 8(5(qe, a"), b") =q € F
Suy ra a™" € L v6i m # n 1a mau thuan.
4.19 (i) Van pham chinh qui G sinh ra L = {x"(10)™y* | n, k > 1, m > 0} ¢6 c4c qui
tac sau: S — xS | xA |xB, A - 1C,C — 0A |0B,B > yB | y.

(11) Otéplét htru han trang thai (khong don dinh) M sao cho T(M) = L(G)
duoc bi€u dien nhu sau:
X

(@) ——(@)

X 0 1
(1)L (@)
y
@y
(iii) Ddy cac qui tic S = xS = xxA = xx1C = xx10B = xx10y, vi vay

xx10y € L(G). Xau x101 khong duoc sinh ra boi van pham G vi khong co
cach nao dé€ dan ra dugc x101 ¢ trang thai két thac.

4.20 (i) Ngonngit L = {a(xyz)'b |n >0} U {bab}. Sau d6 chirng minh L = L(G).
(ii) Otomat hiru han trang thai (khong don dinh) M sao cho T(M) = L(G) 1a

a D z
9@ Qi qQ2

(iii) D& dang chi ra duoc day cac dan xuat dé xau w = axyzb € L(G) va chira
ciy dan xuit trén dd thi biéu dién 6tdmat & hinh trén dén trang thai két thuc g
va day nhan trén nd 1a w.

- 193 -



Otomat va ngon ngir hinh thirc

4.21 (i) Van pham chinh qui G dé L(G) = L(M) ¢6 cac qui tic sau:
S—>1A|0A,A—>xB|yC,B—yA,C—>x.

(ii) G sinh ra w; = 1xyyx, w, = Oyx bang cach chi ra hai diy dan xuat tuong
ung va M cling doan nhan duoc w;, w, bang cach chi ra hai cady dan xuat
tuong ung.

4.22 (i) Vian pham chinh qui G dé sinh ra L = {a"cb™c, a"cb™a | n, m > 0} ¢6 céc qui
tic sau: S —> aS|cA, A > bA|a]c.

(ii), (iii) twong tu nhu 4.22 (ii) va (iii).

4.23 (i) Otomat hiru han trang thai M trén {a, b} dé doan nhén tat ca cac xau co
cac chir a 1a s6 chan va 16n hon 0 duoc bi€u dién nhu sau:

) ‘
(3 a
a
ROILIRG, @®
a
(ii) Vian pham chinh qui tuong duong v6i M ¢6 cac qui tic:
S—>bS|aA,A—>DbA|aC,C—>aA|b
(iii) Biéu thirc chinh qui twong duwong véi ngdn ngit sinh bsi G 1a
b'ab’(aa)(aa) b .

Chuwong V
5.2 Ap dung cac qui tic S — 0S0 | 1S1 | A s& duoc S = wAw, véi w e {0, 1}". Str dung
hai qui tic A — 2B3, B—»>2B3 s& dan tiép ra A = 2"™B3™, sau d6 4p dung B— 3 ta

nhan duogc S = w2y, Tir d6 suy ra L(G) < {w2™3"™"'w |w e {0, 1}, m > 1}.
Chiéu nguoc lai chimg minh tuong tu.
5.4 Xét w = abababa chi ra rang no c6 hai cdy dan xuat khac nhau.
5.5 Xau abab c6 hai din xuét khac nhau: S = abSb = abab va S = aAb
= abSb = abab.

5.6 (i) S = aB = aaBB = aaaBBB = aaabBB = aaabbB = aaabbaBB =
aaabbabB = aaabbabbS = aaabbabbbA —> aaabbabbba.

(i) S = aB = aaBB = aaBbS = aaBbbA — aaBbba = aaaBbba =
aaabBbba = aaabbSbba = aaabbaBbba = aaabbabbba.

5.7 (i1) Thuyc hién theo hai budc

Buée 1. Ap dung dinh 1y 5.3, ta c6 W, = {B}, W, = {B} U {C, A},
W; = {A, B, C} \ {S} =V Véy G, =G.
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Buée 2. Ap dung dinh 1y 5.4, s& nhan dugc W, = {S}, W, = {S} U {A, a},
W;={S, A, a} U {B,b}, W, = {S, A, B, a, b} U @. Vay, vin pham tbi gian
tuong duong s€ 1a G, = ({S, A, B}, {a, b}, P, S), trong do P gém co S — aAa,
A — bBB, B — ab.

(iii) Vin pham tdi gian twong duong s& 14 G = ({S, A, B}, {a, b}, P, S), trong
d6P gdmc6 S - AB,A—>a,B—a|b.

5.8 (i1) Thuc hién theo hai budc

Buoc 1. Wy = {C} boi vi C —> abb, W, = {C} U {E, A} ViE - aC, A - bCC
W;={A,E,C} U {S} viS —»>aAa. W, =W,;.Vay G, =({S, A, C, E}, P, S),
trong d6 P, = {S —> aAa, A > Sb |bCC, C — abb, E — aC}.

Buoc 2. Ap dung dinh Iy 5.4 ddi v6i Gy, s& nhan duge W, = {S}, W, ={S} u
{A,a}, W3={S,A,a} U {S,C,b} ={S, A,C, a, b}, Wy=W;. Van pham tdi
gian tuong duong s& 1a G, = ({S, A, C}, {a, b}, P,, S), trong d6 P, gdm co
S — aAa, A — Sb|bCC, ¢ — abb.

5.9 (i1) Van pham CNF G = ({S, A, B, C,, C,, Dy, D,), P, S) tuong duong v61 van
pham cho trudc, trong d6 P gdm c6 S — C;A | CoB, A = 0| C,S | C,Dy,
B—1 | C;S | CD,,Ci—>1,Cy— 0,D; > AA, D, > BB.

5.10 Van pham khong co6 qui tac rSng va qui tdc don vi, do do ta c6 thé thuc hién tur
budc 2.

+ Thay S — aAD bang S - C,ADvaC, —> a

+ Thay A — aB bang A — C,B

+ Thay A — bAB bang A — C,AB va C, — b.
Budc 3 gidi han s6 cac bién bén phai bang cach

+ Thay S — C,AD bang S — C,C, va C; > AD

+ Thay A — C,AB bang A — C,C, va C, — AB.
Vin pham dang chuan Chomsky tuong duong sé la:

G=({S, A, B,D,C, G, Cy, C,}, {a,b,d}, P, S), trong d6 P c6 céac qui tac
sau: S —> CaC1, C1 - AD, Ca — a, Cb - b, Cz g AB, A —> CaB ‘ CbCQ,
B—>b,D—d

5.12 (i) Bude I: Dat lai tén cac bién S bang A, xdy dung vin pham tuong duong
G, =({A, Ay, A3}, {0, 1}, Py, A)), trong d6
P] = {A] —> A]A] | A2A1A2 | A2A3, A2 —> 0, A3 - 1.

Buée 2: Ap dung bod d& 5.2 dbi v6i A — AA,, ta nhan duoc bién méi Z, va
cac qul tac moi sé la: A — AA3Z, | A A A, 21 — A | AZ,.

Buée 3: Ap dung bo dé 5.1 dbi voi cac A -dan xuat, ta thu dugc:
A] —> OA3Zl | 02A1A221 | OA1A3 | 0A3
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Buoc 4: Ap dung bd dé 5.1 d6ivéi Z, —» A, vaZ, — A,Z,, thu duoc:
Z, > 0A3Z, | 0,A1A2Z; | 0A A5 | 0A;
71— 0A3Z,Z, | 0,A1AZ,Z, | 0A1A3Z, | 0A3Z,

Buée 5: Van pham GNF twong dwong voi van pham trén c6 cac qui tic:
A} > 0A3Z, | 0,A1A,Z, | 0A 1Az | 0A;
A, —>0,A; > 1
Z, > 0A3Z, | 0,A1A2Z; | 0A1A; | 0A;
71 —> 0A3Z,Z, | 0,A1AZ,Z, | 0A1A3Z, | 0A3Z,

(i) Gia st w €L(G), G 1a CNF va |w| = k. O dang CNF, mdi qui tic chi dan ra
hai ky hiéu khong két thuc hodc mot ky hiéu két thuc. Dé sinh ra xau w c6 do
dai k thi trudce tién phai ap dung (k-1) lan qui tic dang A — BC, sau dé ap
dung k-1an qui tic dang A — a. Vay tng s budc thuc hién 13 2k — 1.

(i) Khi G 1a GNF thi s6 budc dan xuat ra w 1a k (k = |w|) bdi vi sau mdi lan
ap dung mot qui tic thi sé ky hiéu két thuc ting 1én 1.

(iii) Chon z = a""c*". Theo bd dé& Bom ta viét duoc z = uvwxy, sao cho
1 < |vx| < n. Vay vx khong thé chtra ca ba ky hiéu a, b, c. Néu vx chi chira a, b
thi chon 1 sao cho uviwxiy ¢4 nhiéu hon 2n 1an xuat hién cua a hodc b con ¢
van xuét hién 2n 1an. Vay uv'wx'y ¢ L, din dén mau thuin. Cac trudong hop
con lai cling tuwong tu.

(iv) Chon z= a"", |z| = n’. Theo bd d& Bom ta viét dugc z = uvwxy, sao cho 1 <
vx| <n (vi [vwx| < n). Pt [vx] = m, m < n. Khi d6 [uv’wx’y| >n’ va theo bd d&
Bom uv'wx’y € L, nghia 14 ton tai k sao cho [uv’wx’y| = k% Mat khac
luv*wx’y| =n° + m <n’+2n +1, suy ran> <k* < (n+1)%, v6i k, n 1a khong thé co.

Piéu kién can: L = L(G), G 1 chinh qui. V&i moi bién A trong G, A _ a, suy
ra o =uB, vdiu €2 va B e Vy. Vay, G khong phai 1a vin pham ty nhung.

Piéu kién dii: gia st G 1a van pham phi ngit canh khong tu nhing. Xy dung
vin pham G, & dang GNF tuong duong v6i G. D& dang nhan thdy G, la
khong ty nhiing. Pat || = n va m 1a sb ky hiéu cuc dai ciia cac vé phai trong
cac qui tic trong G,. Gia sit o € V. Qud trinh 4p dung nhitng din xuat trai
nhit ta c¢6 thé chi ra sd cac bién trong o 13 < nm. Ta dinh nghia

G,=(Vx, Z, Py, S)), trong d6

VN = {[a]]|a]<nmvaa e Vy'}

S»=[Si]

P,= {[AB] = b[ap] | A = ba € P}, B € V' va |op| <nm
D@ dang nhén thay G, 1a chinh qui va L(G,) = L(G,) = L(G).
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Chuong 6
6.1 (a) PDA doan nhan {a"b"c" | m, n > 1} dugc dinh nghia nhu sau:
A=({qo, q1}, {a, b}, {a, Zy}, 5, o, Zo, D}, trong d6 6 dugc xac dinh nhu sau:

Ry: 8(qo, @, Zo) = {(qo, aZy)}
Ry: 8(qo, a, @) = {(qo, aa)}
R3: 8(qo, b, @) = {(q1, @)}
R4:8(q1, b, a) = {(q1, a)}
Rs: 8(q1, a,a) = {(q1, A)}
Re: 8(q1, A, Zo) = {(q1, A)}

Bit dau vao tir viéc xép cac ky hiéu a vao kho day xudng cho dén khi gép b
(luat R, Ry). Khi b xuat hién, 6tomat thay ddi trang thai nhung van khong
thay d6i kho day xubng (luat Rs). Khi cac ky hiéu b dugc doc hét (luat Ry),
sau do6 xo4 di cac ky hi¢u a (luat Rs).

Vay, (qo, a"b™a", Zo) - (qu, A, Zo) F (qu, A, A), nghia la a"b™a" € N(A).
Sau d6 chirng minh N(A) = {a"b™a" | m, n > 1}.
(b) Otdmat PDA dé doan nhan {a"b™ |n > 1} dugc dinh nghia nhu sau:
A =({q0, 91, 92}, {a, b}, {a, Zy}, J, qo, Zo, D}, trong d6 & dugc xac dinh boi:
(9o, a, Zo) = {(q1, aZo)}, 6(q1, a, a) = {(qy, aa)}, 8(qs, b, a) = {(qp, a)}
8(qe, b, @) = {(q1, A)}, 8(q1, A, Zo) = {(q1, A)}-
(c) Otémat PDA dé doan nhan {a™b"c" | m, n > 1} duoc dinh nghia nhu sau:
A=({qq1}, {a, b, c}, {Zy, Z}, 3, qo, Zo, D}, trong d6 6 dugc xac dinh boi:
(9o, 8, Zo) = {(qo> Z1Zo)}, 8(qos a, Z1) = {(qo, Z1Z1)},
0(qo, b, Z1) = {(q1, M)}, 8(qi, b, Z) = {(q1, M)},
8(q1, ¢, Zo) = {(q1, Zo)}, (a1, A, Zo) = {(q1, A)}.

6.3 (a) G=({S, S}, Sy}, {a,b}, P, S)désinhra {a™"| n>1} U {a"b*™ | m > 1},
trong d6 P c6 céc qui tic: S — S, |'S,, S| > aS;b| ab, S, — aS,bb | abb.

Otomat PDA dé doan nhan L(G) duoc dinh nghia nhu sau:

A=({q}, {a,b}, {S, Sy, Sy, a,b}, d, q, S, J}, trong d6 & dugc xac dinh boi:
5(q, A, S) = {(q, S1), (4, S2)},
8(q, A, S1) = {(q, aSib), (q, ab)},
5(q, A, S7) = {(q, aS;bb), (q, abb)},
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5(q, a, a) = 8(q, b, b) = {(q, A)}.
6.4 Otdomat PDA dé doan nhan L dugc dinh nghia nhu sau:

A =({q0 q1}, {a, b}, {Zo, a, b}, 3, qo, Zo, T}, trong d6 6 dugc xac dinh boi:
(9o, a, Zo) = {(qo, aZo)}, 8(qo, b, Zo) = {(qo, bZy)},
5(do, &, b) = {(qo, ab)}, 8(qo, b, a) = {(qo, ba)},
(o, a, @) = {(qo, aa), (q1, A)},
5(qo, b, b) = {(qo, bb), (a1, A)},
(o, A, Zo) = {(q, aS;bb), (q, abb)j,
5(q1, a, @) = {(q1, M)}, 8(q1, b, b) = {(q1, A)}
0(q1, A, Zo) = {(q1, A)}.

6.7 M= (Q, 2, d, qo, F) la 6tdbmat hiru han doan nhan ngon nglr tdp chinh qui.
binh nghia PDA A = (Q, 2, {Zo}, 81, qo, Zo, F}, trong d6 &; dugc xac dinh
boi:

81(q, a, Zo) = {(q", Zo) } néu 8(q, a) =¢.
D¢ dang chi ra rang T(M) = T(A).

6.8* (i) Vian pham phi ngir canh G dé sinh ra L = {a"cb™cd" |n>m >0, k > 0}
6 cac qui tic: S — AC, A — aB, B — aBb | aB | acb, C — ¢D, D — dD | d.

(ii) Dan xudt dé sinh ra a’cb’cd®: S = AC = aBC = a’BbC = a’cb’C
= a’cb’cD = a’cb’cdD= a’cb’cd’
(iii) Cay cu phap cua tir a’cb’cd™:
S
A
a \K c D\
—I,

AN S

(iv) Otomat day xuéng M dé doan nhan L duoc dinh nghia nhu sau:
M =({q}, {a,b,c,d}, {A,B,C,D,a,b,c,d},d,q,S, I}, véi
5(q, A, S) = {(q, AC)}, 8(q, A, A) = {(q, aB)3},
5(q, A, B) = {(q; ab), (q, acb), (q, aB)}, (q, A, C) = {(q, cD)j},
5(q, A, D) = {(q, dD), (q, )},
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5(q, a, a) = 8(q, b, b) = 8(q, ¢, ¢) = 8(q, d, d) = {(q, A)}
D¢ dang chi ra rang N(M) = L(G).
(iv) (q, a’cb’cd?, S) - (q, a’cb’ed?®, AC) I (q, a’cb’cd?, aBC)
- (q, a*cb’cd?, BC) - (g, a’cb’cd?, aBC) = (q, A, A).

6.9* (i) Ngon ngit sinh L(G) = {wdw' | w € {a, b, ¢}, w' 1a ddo nguogc ciia w}
(i) Otomat day xuéng M dé doan nhan L dugc dinh nghia nhu sau:
M =({q}, {a, b, c,d}, {S,a,b,c,d}, d,q, S, T}, voi

5(q, A, S) = {(q, aSa), (g, bSb), (q, ¢Sc), (g, d)},
5(q, a, a) = 8(q, b, b) =3(q, ¢, ¢) = 8(q, d, d) = {(q, A)}
Dé dang chi ra rang N(M) = L(G).
(ii1) w, = aababbccdccbbabaa € L(G) vi
S = aSa = aaSaa = aabSbaa = aabaSabaa = aababSbabaa
= aababbSbbabaa = aababbcScbbabaa = aababbccSccbbabaa
= aababbccdccbbabaa.
Tuong tu w; eL(M) vi

(q, aababbccedccbbabaa, S) F (g, aababbcedecbbabaa, aSa)

F (g, ababbccdecbbabaa, Sa) +— (q, ababbccdccbbabaa, aSaa)
F (g, babbccdecbbabaa, Saa) — (q, babbccdccbbabaa, bSbaa)
F (g, abbccdecbbabaa, Saa) - (q, abbcedecbbabaa, aSabaa)

7 (q, A, A).
Nhung w;¢ L(G) vi khong c6 diy chuyén trang thai nao dé sinh ra w,. Tuong tu,

khéng c6 diy chuyén trang thai ndo trong M dé chuyén w, vé duoc trang thai két
thiic, w; ¢ L(M).

Chuwong 7

7.1 L(G) = {a""'b" | n > 0}. V&i tir dang a"™'b", A — a duogc 4p dung & budc cudi
khi a dtmg trudc ab. Vay A — a la qui tic diéu khién khi va chi khi ky hiéu
bén phai ciia a 1a b. Tuwong tw A — aAb 14 qui tic diéu khién khi va chi khi ky
hiéu bén phai cia aAb 1a b va S — aAb 13 qui tic diéu khién khi va chi khi ky
hi€u bén phai cua aAb la A. Tur d6 suy ra G 1a LR(1) va khong phai la LR(0).

7.2 Van pham G cho truéc khong phai la LR(k), k > 0. Gia sir G la LR(k), voi k
nao d6. Hay xét dan xudt phai nhit caa 0122 va 017;
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S =0I'AI2 7 01712 = opw (A7.1)
khi a=01% B=Avaw=12.

S S O0IAI2 2 01792 = o7 B w? (A7.2)
voia/ = 01! B’= A, w’= 1¥'2. Vi cic xau duoc tao ra boi 2k + 1 ky

tir dau tién (lwu ¥ |af| + k = 2k + 1) caa ofpw va a’ B’ w’la mot, o = o’ ,
nghiala 01%= 01", dan dén mau thuan.

7.3 Van pham G la nhap nhang vi ab c6 hai cdy dan xuat, do d6 khong c6 mot sd
nguyén k nao do dé€ van pham nay la LR(k).

7.4 Vi a"™"c" xuét hién trong ca hai tip, do d6 s& c6 hai cdy dan xuat khac nhau.
Vay G la nhdp nhang, suy ra khong phai 1a LR(k) v61 moi k£ nguyén duong.

Chuong 8

8.2 Day tinh toan d6i véi xau con 12 cta 1213 1a

q:1213 - Bq,213 - BBg;13.

Vi 8(qs, 1) khong xac dinh nén MT dung. Poi voi 2133, 312 thi may Turing
cho trude ¢ vi du 8.7 khong bat dau dugc.

8.3 Xay dung M co ba trang thai: qo, q;, qp, trong do qo 1a trang thai bat dau duoc
sir dung dé ghi nhan chin sb 1an s6 1 da gip va q; duoc sir dung dé ghi nhan
1¢ 1an s6 1 da gap, qr 1a trang thai két thiic. M dugc xac dinh boi bang chuyén
trang thai nhu sau:

Trang thai 0 1 B
—>(o ORqo 1Rq; BRgy
di ORq; IRqo

8.5 May Turing dé doan nhén tat ca cic Palindrrome c6 do dai chan trén tap {0, 1} duogc
xay dung nhu sau:

(a) MT doc ky tu vao tir bang vao (0 hoic 1), xo4 ky tu d6 di va chuyén sang
trang thai khac (q; hodc q»).

(b) MT doc phan con lai va khong thay dbi cac ky hiéu trén bang cho dén khi
gap dau trang B.

(c) Pau doc R/W chuyén sang trai. Néu ky hiéu bén phai nhat phu hop véi ky
hi€u bén trai nhat thi ky hi¢u phai nhat dugc xo4 di, nguoc lai MT dung.
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(d) R/W chuyén sang trai cho dén khi gip B.

Bang chuyén trang thai mé ta hoat déng cua MT:

Trang thai Ky hiéu vao

hién thoi 0 1 B
— 0 BRq;, BRq, BRq,

q: ORq; 1Rq; BRq;

q2 ORq, IRq, BRq4

qs BLqg;s

q4 BLgg

qs OLqs 1Lqs BRqq

Je 0Lge 1Lgs BRqp

8.6 Gia st bai toan giai dugc. Khi do s& ton tai thudt toan dé quyét dinh dugc mot
ttr cho trudc c6 thudc L hay khong, nghia 1a c6 MT dé doan nhéan L. Do vay,
s& ton tai G d¢ L(G) = L. Dicu ndy suy ra w € L(G) khi va chi khi MT la
durng v61 w, nghia 1a bai toan dung cia MT la gidi dugc, dan dén mau thuan.
8.8 GiasuS={x|xlataphopvax ¢ x}. Néu S latap hop thi S € S hoidc S¢S.
Néu S ¢ S, theo dinh nghia cia S thi S € S. Nguoc lai, néu S e S thi theo
dinh nghiacua S, S ¢ S. Do do6 ta khong thé khang dinh S € S hay S ¢ S.
89 bitT={a},x=(X, ..., X)) vay=(y1, ..., yn), trong d6 x; = " ,i=1,2, ...,n
viyj=a",j=1,2,...,n.Khido
) () e () = ()" (15) ... (). Boi ca hai vé déu bang a="",
nghia 1a PCP la giai duoc khi 2| = 1.
811x,=01,y;=011,x,=1,y, =10, x3=1vay;=11. Vi [xj| <y, v6ii=1, 2, 3.
Nén x # Y- Y » Vo1 moi ij. Suy ra PCP khong c6 161 giai.

TS

8.12 x; = 0, y; = 01, x, = 110, y, = 000, x; = 001, y; = 10. O day tat ca cac cap
(X1,¥1), (X2,¥2), (X3,y3) déu khong c6 phan dau (day con ti€p dau ngilt) chung

nhau. Vdy suyra x, ... X, # y, ...y, , vol moi i;. Suy ra rang PCP vé6i S =
{(0, 10), (110, 0*), (01, 10)} khong co 1i giai.
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Danh sach cac tir viét tit va thuit ngir

A. Céc ky hiéu

Ky hiéu Y nghia
acA a thudc tap A
agA a khong thudc tap A
AcB A latip con cua B
%) Tap rong, tap trong
A Phan tir rdng, phan tir tréng
AUB Hopcuatap AvaB
ANnB Giao cuatap Ava B
A-B Hi¢ucuatip AvaB
A° Phén bu cua tap A
2h Tap tat ca cac tap con cia A
A xB Tich Pé Cac cua tap A va B
C. Lép tuong duong chira a
R" Bao dong bic cau cta A
R’ Bao dong phan xa, bac cau cua A
R°R, Hop thanh (ghép) ctua hai quan hé R va R,
A Ho6i ménh dé, phép “va” logic, “AND”
v Tuyén ménh dé, phép “hoic logic, “OR”
P—>Q Phép keo theo, P suy ra Q
1 Phép phu dinh logic
= Phép ddng nhat
v Luong tir (Iwong tir) phd dung: véi moi
3 Luong tir (Iwong tir) ton tai
= Quan hé tuong duong
£ X->Y Ham ftor X sang Y
x| Do dai (s6 phan ti, ¢d) cua xau (diy) x,
(Q,Z,9,q0F) Mot 6tdmat hiru han
- Mot phép chuyén trang thai
(Vn, Z, P, S) Mot van pham
A—>a Qui tic, suy dién trong van pham
= Mbt dan xuét trong van pham G
= Mot diy dan xut ctia van pham
R;+R, Hop cua cac biéu thic chinh qui R; va R,
RR; Ghép cua cac biéu thuc chinh qui R; va R,
R, Bao déng (1ap) cua cac biéu thirc chinh qui Ry va R,
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a Biéu thtrc chinh qui duoc biéu dién boi {a}
(Q,Z,T,0,qo Zy, F) Mot 6tomat déy xuéng

ID Mot mo t4, hién trang cia PDA

P Lop cac ngdn ngtr dodn nhan duogc bdi may Turing don

dinh véi thoi gian 14 da thiec,

NP Lép céc ngon nglr doan nhan dugc bdi may Turing
khong don dinh v61 thoi gian 1a da thiec,

<p Phép dan da thirc

B. Danh sich cac thuit ngir viét tit

Tir viét teit Y nghia

Mb Tap cac m¢nh dé

T Gid tri dung (True)

F Gid tri sai (False)

OTKPb Otémat hitu han khong don dinh

OTPDb Otémat hitu han don dinh

Vn Tap cac ky hiéu khong két thic, céc bién

z Tap céc chit cai, cac ky hi¢u két thuc

L(G) Tap cac xau duoc sinh bdi van pham G

£, L&p tat ca cac ngdn ngir loai 0

£ L&p tat ca cac ngdn ngit loai 1

£, Lop tt ca cac ngdn ngit phi ngi canh (loai 2)

£3 Lop tt ca céc ngdn ngi chinh qui (loai 3)

CNF Dang chuan Chomsky

GNF Dang chuan Greibach

PDA Otomat day xubng

PDS Kho day xubng

N(A) Tap doan nhan boi PDA véi kho PDS 1ong

T(M) Tép cac xau doan nhan dugc boi 6tdmat M

LL(k) Tép con cta van pham phi ngir canh, doc
trude k ky tu ¢ phia trude

LR(k) Tép con cua van pham phi ngir canh, doc
cac ky tu tir trai qua phai

LBA Otomat tuyén tinh gidi noi
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CSG
CSL
SAT
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Bai toan tuong ting Post

Van pham cam ngit canh, van pham loai 1
Ngon ngilt cdm ngir canh, ngobn ngtr loai 1
Bai toan thoa ctia cong thirc ménh dé

C. Danh sach cac thuat ngir

Tiéng Anh Tiéng Viét
Absorption law Luat hap thu
Associative laws Luat két hop
Binary operation Phép toan nhi nguyén

Bottom-up parsing
Commutative law
Commutative ring
Commutative ring with identity
Computable function
Concatenation
Conjunctive normal form
Constructive dilemma
Context-free grammar
Context-sensitive grammar
Derivation

Derivation tree (Parse tree)
Deterministic finite automaton
Disjunctive normal form
Disjunctive syllogism
Destructive dilemma
Distributive law
Emigroup

Field

Finite automaton
Formula SATisfiability
Group

Handle

Hypothetical syllogism
Idempotent law

Phan tich ct phap dudi 1én trén

Luat giao hoan

Vanh giao hoan

Vanh giao hoan c6 don vi

Ham tinh duoc

Ghép xau

Dang chuan hoi

Dinh d¢ kién thiét

Van pham phi ngit canh, van pham loai 2
Van pham cam ngit canh, van pham loai 1
Dian xuét, qui tic

Cay dan xuat, cay phan tich ct phap
Otomat hitu han don dinh, OTDD

Dang chuan tuyén

Tam doan luan

Dinh dé dbi thiét

Luat phan phdi

Ntra nhom

Truong

Otomat hitu han (trang thai)

Bai toan thoa ciia cong thirc ménh dé
Nhom

Can diéu khién, diéu khién

Suy luan bac cau

Luat luy dang
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Left to Right

Linear Bounded Automata
Monotonic

Nondeterministic finite automaton
Normal Form
NP-completeness

Paradox

Post Correspondence Problem
Predicate

Principal conjunctive normal form
Principal disjunctive normal form
Proposition (Statement)
Pumping lemma

Pushdown automaton

Pushdown store

Quantifier

Random Access Machine
Recursive

Recursively enumerable
Reflexive

Regular Expression

Regular grammar

Regular Set

Ring

Rule of inference
Self-embedding

Shift register

String

Symmetric

Tautology

Top-down parsing

Transition function

Transitive

Transition system

Well-formed formula

Otomat va ngon ngir hinh thirc

Thé hién, md ta hién trang, ID
Trai qua phai, LR

Otomat tuyén tinh gidi noi
bon diéu

Otémat hitu han khong don dinh, OTKDD
Dang chuan

NP-day du

Nghich ly

Bai toan tuong trng Post, PCP

Tan tr, vi tir

Dang chuan hoi chinh tac

Dang chuan tuyén chinh tic

Ménh dé

B6 dé Bom

Otomat day xubng

Kho day xubng, ngin xép

Luong tu

May truy cap ngau nhién, RAM

D¢ qui

bé qui dém dugc, dé qui ké duoc
Phan xa

Biéu thirc chinh qui

Van pham chinh qui, van pham loai 3
Tép chinh qui

Vanh

Qui tic suy dién

Tu nhiing

Thanh ghi dich chuyén

Xau, day ky tu

Péi xtng

Cong thuc hiang dung

Phén tich ct phép trén xubng

Ham chuyén trang thai, ham chuyén
Bic cau

Hé thong chuyén trang théi, hay chuyén doi
Cong thirc (ménh d¢), biéu thic logic
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