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LOI NOI PAU

M4y chuc nim gan day, chung ta da chung kién sy phét trién ménh liét
trong céc linh vuc nghién ctru toan hoc lién quan dén may tinh va tin hoc. Su phat
trién phi thudng cua cac may tinh va nhitng thay doi sdu sic trong phuong phap
luan khoa hoc da mé ra nhiing chan troi méi cho todn hoc voi mot tbe do khong
thé sanh duoc trong sudt lich sir lau dai cia toan hoc. Nhitng phat trién da dang
cua toan hoc da truc tiép tao ra “thud ban dau” cua may tinh va tin hoc va cac tién
bo trong tin hoc da dan dén su phat trién rit manh m& mot sd nganh toan hoc.

Vi vay, toan hoc dong vai trd trung tim trong cac co s& cua tin hoc. Co thé
ké ra mot sb linh vuc nghién ctru dang chu ¥ trong mdi quan hé nay. That 1a tha vi
khi nhan thiy rang cac linh vyc nay ciing phan anh sy phat trién lich sir cua tin
hoc.

1. Ly thuyét kinh dién vé tinh toan bat dau bang cong trinh ctia Godel, Tarski,
Church, Post, Turing va Kleene chiém vi tri trung tam.

2. Trong 1y thuyét 6tdmat va ngdn ngit hinh thirc kinh dién, cac khai niém co ban
la 6tdmat, van pham va ngoén ngit, véi cac cong trinh sang gia cua Axel Thue,
Chomsky, Post.

Ngoai hai linh vyc trén, nhiéu linh vuc quan trong khac thude vé Cac co s6
toan hoc cua tin hoc; chang han, 1y thuyét d6 phtc tap, ngit nghia va 1y thuyét vé
tinh dtng din cla cac ngdn ngit 1ap trinh, Iy thuyét mat ma, 1y thuyét cac cau tric
dir liéu va Iy thuyét cac co so dit lidu.

Ly thuyét ngdén ngir hinh thirc va 6témat déng mot vai trd rat quan trong
trong cac co s¢ todn hoc cua tin hoc. Ngon ngit hinh thirc dugc st dung trong viéc
xay dung cac ngdn ngit 1ap trinh, 1y thuyét vé cac chuong trinh dich. Cac ngon
ngir hinh thuc tao thanh mgt cong cu mo ta dbi v&i cac mod hinh tinh toan ca cho
dang thong tin vao-ra 1an kiéu thao tic. Ly thuyét ngon ngit hinh thirc, chinh vi
thuc chat cia nd 1a mot linh vuc khoa hoc lién nganh; nhu cau mo ta hinh thuc
van pham duoc phat sinh trong nhiéu nganh khoa hoc khac nhau tir ngdn ngir hoc
dén sinh vat hoc. Do d6 nhiing khia canh thich hop cua Iy thuyét ngon ngit hinh
thirc s& c6 tim quan trong quyét dinh trong cac gido trinh vé Ly thuyét ngdn ngi
hinh thirc va 6tomat.

Ngoai ra, mot trong cac van dé co ban cua 1y thuyét tinh toan 1a cac bai
toan ndo co cac thuat toan dé giai. Sy phat trién co tinh chit nén tang cua 1ogic
toan trong nhitg nim 30 cua thé ky 20 da chi ra viéc ton tai cac bai toan khong
giai duogc, d6 13 cac bai toan ma khong thé c6 mot thuat toan nao giai duge ching.
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Can phai c6 mot mo hinh tinh toan dé thiét 1ap tinh khong giai duwoc. M6 hinh tinh
todn do6 1a may Turing, n6 da dugc dua ra tir trudc khi cdc may tinh dién tir ra doi
kha 1au. Cac méy Turing 1ap thanh mo hinh tinh toén tong quat duoc ding rong
rai nhat.

Gido trinh ndy nham trinh bay vé vin pham hinh thtc va cac 6tdmat ciing
nhu may Turing, 1a nhitng cong cu sinh ngdn ngit, dong thoi dé cap dén céac tinh
chat cta ngon ngir chinh quy, ngon ngir phi ngit canh, ngdn ngir dé quy va ngdn
ngir dé quy dém duoc. Ngoai ra, gido trinh cling gidi thiéu so lugc vé trinh bién
dich, mot phan quan trong ctia hoc phan Chwong trinh dich, hoc phan gan bo chat
ché v&i Ly thuyét ngén ngiv hinh thirc va 6témat. Mot phan rat quan trong trong 1y
thuyét thuat toan 1a 16p cac ngdn ngit (hay bai toan) P va NP ciing nhu 16p céc
ngdn ngit NP-ddy du duoc gi6i thiéu trong phan phu luc.

Noi dung cua tai liéu nay duoc b tri trong 5 chuong, khong ké 101 néi dau,
muc luc, tai liéu tham khao va phﬁn phu luc:

Chuong I: Trinh bay vé cac khai niém co ban cia ngdn ngit, cau trac ciia vin
pham sinh ra ngdén ngit va su phan cap Chomsky ctia ngon ngir.

Chirong II: Trinh bay vé ngdn ngit chinh quy, trong d6 co cac coéng cu sinh ra
ngdn nglr chinh quy la van pham chinh quy, 6tdmat hitu han (don dinh va khong
don dinh) va biéu thirc chinh quy.

Churong III: i sau vé ngdn ngir phi ngit canh va 6tomat day xudng 1a cong cu
doan nhan ngdn ngtr phi ngir canh.

Churong IV Gi6i thiéu vé may Turing va van dé khong giai duoc cta thuit toan.
Churong V: Trinh bay so luoc vé cac qua trinh ciia su bién dich cta cac ngdn ngi,
dac biét la ngén ngir 1ap trinh.

bay 1a mot tai liéu tham khéo, hoc tap cho sinh vién, hoc vién cao hoc va
nghién ctru sinh cac chuyén nganh Toan-Tin, Cong ngh¢ thong tin, Tin hoc va
nhiing ai quan tdm vé van pham, ngdn ngir hinh thic va 6tomat.

Chung t6i xin chan thanh cam on cac déng nghiép di dong vién va gop y
cho cong viée viét gido trinh Ly thuyét ngén ngit hinh thirc va étémat ndy va 10i
cam on dic biét xin danh cho Thiy Lé Manh Thanh va dong nghiép Nguyén
Hoang Son vé su cung cap mot sb tai liéu quan trong va dong vién kip thoi tao
niém hung phan dé tac gia giang day va viét gido trinh cho hoc phan Ly thuyét
ngon ngir hinh thurc va otomat.

Tac gia mong nhan dugc su chi gido cua cac dong nghiép va doc gia vé
nhitng thiéu sot kho tranh khoi ctia cudn sach.

Trong Dong nam Giap Than (2004)
Nguyén Gia Pinh



MUC LUC

LT MOT AAU ... 1

1\ Y L1 T 1) (ST 2

Chwong I: Nhap mon vé vin pham va ngon ngir hinh thie... ........................ 4

1.1. Khai ni€m NON NG .......eeiiiiiiieiieeecieeeeeee ettt e e re e e veeeesaveeeeeseeeas 4

1.2. Van pham va ngon ngir sinh b&i van pham.........ccccceeviieviieiiiiiiieeeeeee, 8

1.3. Mot s0 tinh chat cia NgON NG .....cceevviiiiiiiieiieeeeee e 15
Bai tAp Chuong L.......ooooiieeeee e e e 19
Chuwong II: Otomat hiru han va ngén ngit chinh quy .....................coocoi. 20
2.1.0t0Mat NI NAN ..o 20
2.2. Quan h¢ gitra 6tdmat hiru han va ngdn ngit chinh quy ........cccccoeevveeineeennnne. 28
2.3. Bi€u thtirc Chinh QUY ....ccvviiiiiieceeee e 32
2.4. Cuc ti€u hod 6tomat hiru han ...........ccccoeeiiiiiii e 34
Bai tAp Chuong IL........ooeiiiieeeee e 41
Chuwong II1: Otomat day xuong va ngon ngir phi ngir canh .......................... 43
3.1. Van pham phi nglt cadnh va cdy suy dan cla no.........ccceecveeeiveeereenieeeneeenen. 43
3.2. OtOMAt GAY XUONE ....eeeeereeeeeiieeeiiieeeeiteeeeeiteeeeireeeeareeesraeeesbaeeesssaeeeaseeeesseeas 51
Bai tAp Chuong II1 ........cooiiiiieee e e 59
Chuong IV: MAY TUFINE ........ooooiiiiiiiiiiee ettt e e e 60
4.1. May Turing va 16p cac ham c6 theé tinh duQc .......cccvvvvviieiiiiiieee 61
4.2. May Turing pho dung.........ccooviiiiiiiieceee e e e 68
4.3. Van dé khong giai dugc bang thudt todn..........ccceeeevieeecieeicciieeeeee e 72
Bai tAp Chuong IV ....oo o e 75
Chuwong V: Gidi thiéu vé trinh bién dich ... 76
S5.1.NON NG 1AP NN ..o 76
S5.2.Trinh DIEN AICH ..o 80
5.3. Cac moi lién quan vai trinh bi€n dich..........oooiiiiiiiiiii e, 87
5.4. Nhom céc giai doan cua trinh bién dich.........cccoooooiiiiiiiiii 91
Phu luc: Cac l6p P va NP va l6p cac bai toan NP-day du..............cccoeeeeenee. 93
Tai li€u tham KhAo..................ooooiiiii e 105



CHUONG I:
NHAP MON VE VAN PHAM
VA NGON NGU HINH THUC

1.1. KHAI NIEM NGON NGU.
1.1.1. Mé dau:

Tir ngan xua con ngudi mudn giao tiép véi nhau phai dung ngén ngir. Ngon
ngit dé con nguoi ¢ thé giao tiép v4i nhau duge goi 1a ngdn ngit tu nhién, chang
han nhu tiéng Anh, tiéng Nga, tiéng Viét 12 cic ngdn ngir ty nhién. Con ngudi
mudn giao tiép voi may tinh tat nhién ciing théng qua ngon ngir. Con ngudi mudn
may tinh thuc hién cong viéc, phai viét cac yéu cau dwa cho may bang ngdn ngi
may hiéu duogc. Viée viét cac yéu cau ta goi 1a 1ap trinh. Ngon ngit dung dé lap
trinh dugc goi 1a ngdn ngir 1ap trinh.

Ca ngdn ngir 13p trinh 13n ngdn ngit tu nhién déu c6 thé xem nhu nhiing tap
cac tu, tuc 1a cac xau hiru han cac phﬁn tir cia moOt bd chir cai co s¢ nao do6. Khai
niém ngoén ngir duoc dua vao trong muc nay rat tong quat. Chiac chin bao ham ca
ngodn ngit 1ap trinh 1an tu nhién, va ci moi ngdn ngir vo nghia ma ta c6 thé nghi
dén. V& mit truyén thong, 1y thuyét ngdn ngir hinh thirc lién quan dén cac dic ta
¢t phap cua ngdn ngit nhiéu hon 13 dén nhitng van dé ngir nghia. Mot dic ta vé ch
phap cia mot ngdn ngit c¢6 hiru han tir, it nhat vé nguyén tic, co thé dugc cho
bang cach liét ké cac tir. Piéu d6 khong thé ap dung ddi voi cac ngdn ngit ¢ vo
han tir. Nhiém vu chinh cta 1y thuyét ngdn ngit hinh thirc 14 nghién ctru cac cach
dac ta hiru han cta cac ngoén ngir vo han.

Ly thuyét co s cua tinh toan ciing nhu ctia nhiéu nganh khac nhau cta no,
chang han mét ma hoc, ¢6 lién quan mat thiét vai Iy thuyét ngdn ngir. Cac tap vao
va ra clia mot thiét bi tinh toan c6 thé dugc xem nhu céc ngdn ngir va ndé1 mot sau
sac hon thi cic md hinh tinh toan c6 thé dugc dong nhat véi cac 16p cac dic ta
ngdn ngir theo nghia ma sau niy sé& néu chinh xac hon. Chang han, cic may
Turing c6 thé duoc dong nhét véi cac van pham cau triic ciu va cac 6tomat hiru
han c6 thé dong nhét véi cac vian pham chinh quy.

1.1.2. Pinh nghia: Mot bdng chi cdi 1a mot tap hiru han khac réng. Céc phan tir
cua mot bang chir cai X duogc goi 1a cac chir cai hay céc ky hiéu.
Thi du 1: Duéi day 1a cac bang chir cai:

>={ab,c,..., 7z},

U= {OL, Ba s 69 &N, P, K U, AV, T, ea P, O, T, 0)9&..9 W}a

V=1{0,1}, W= {if, then, else, a, b, c, d, e, f, +, —, *, /, = #}.



1.1.3. Dinh nghia: Mot 7 trén bang chir cai £ 1a mot xau hitu han gém mét sb
16n hon hay bang khong cac chir cua Z, trong d6 mot chit c6 thé xuat hién vai lan.
Xau khong c6 chit nao duoc goi la tur r6~ng va duoc ky hiéu 1a €.

Nhu vay, theo dinh nghia, hai tor a=a;a,...a, va B=bib,...b,, la béng nhau,
o=p, néu n=m va a=b; véi moi i=1, 2, ..., n.

Téap moi tir (t.ur. moi tir khac rdng) trén bang chit cai ¥ duoc ky hidu la &
(tu. £7). Cac tap =" va " 1a vo han véi bat ky T nao (that ra, =" va £ 13 vo han
dém dugc nhu Ménh dé 1.1.5 dudi day). Vé mit dai sb, Y 1a mot vi nhom tu do
v6i don vi 1a tir réng ¢ sinh boi X va X7 12 mot nira nhom ty do sinh bdi .

Ddi voi cac tir ael’ va oc’eZ’*, viéc dit o va o’canh nhau dé c6 tr méi
ao’e(ZUZ’) duoce goi 1a phép ghép a. véi a’. Tir rdng 1a phan tir don vi ddi véi
phép ghép: me = em = ® ding véi moi tir @. Vi phép ghép co tinh két hop, nghia
la véi moi tir a, B, v, ta co (af)y = a(By), nén ky hiéu ", vdi n 1a s6 tu nhién,
dugc dung theo nghia quen thudc:

cgkhin=0,
" =wkhin=1,
0" 'okhin>1.
Thidu2: ¢, 0,01, 101, 1010, 110011 Ia cac tir trén bang chit cai V = {0,1}.

beautiful 12 mot tir trén bang chir cai X = {a, b, c, ..., z}.

Trén bang chir cai W = {if, then, else, a, b, ¢, d, e, f, +, —, *, /, =, #}, néu o,
la tur if a+b=c then c*d=e va [ 1a tir else c¢/d=f thi a3 1a tu:

ifatb=cthenc*d=ceclsec/d=1
1.1.4. Pinh nghia: Pj dai ciia mot tir o, ky hidu |o| hay d(o), 13 s6 cic chit co
mat trong . Theo dinh nghia, |¢[=0.

Ham d6 dai c6 mot sb tinh chit hinh thic cua l6garit: v&1 moi tr o, B va
moi sd tw nhién n,

o3| = latf + [B, Jot'] = nla.

béo cua mdt tr c6 dugc bang cach viét cac chir cai theo thir tu nguoc lai;

néu w=a,a,...a, 1a mot tir trén bang chir X thi dao " clia nd 1a tr trén bang chir Z:
ot =a,... aa.

Tu o duogc goi 1a mdt tir con hay mdt nhdn tr cta tir 3 néu c6 cac tir u va v sao

cho B=uav. Ngoai ra, néu u=¢ (t.u. v=¢) thi a dugc goi 1a tir con dau hay tién to

(t.u. tir con cudi hay hdu t6) cua P.

Thi du 3: T ®=010111001 trén bang chir cai {0, 1} c6 do dai 9, trong d6 0101 1a

tién t6 va 11001 1a hau t6 ctia o.



Tuifa+b=cthenc*d=ceelsec/d=ftrén bang chit cii W & trén c6 d0

dai 1a 18, trong d6 then ¢ * d = e 1a tir con cua no.
1.1.5. Ménh dé: Néuz 1a bang chir cai thi Y 1A tap (vo han) dém duogc.
Chirng minh: Do mdi sd ty nhién n déu ton tai mot tix trén T ¢6 dd dai n nén Y 1A
mot tap vo han. Gia st X={a,, a,, ..., a,}. Xét anh xa f tur ¥ vao tap hop N cac )
tu nhién xac dinh boi:

f(e) = 0, f(a;)) =i, f(aa;) = (n+1)f(o)+H, VaeX
Véia=a;a;..a, ,B=0>;b, .5, vaf(a)=1(p). Khido,

(D) igHn+ D it L Ak Dt = (00 oD L 0 Djir i,
trong d6 2 vé 1a hai khai trién ctia mot s6 nguyén theo co sé n+1. Do do, k=h va
i,=j, v6i 1 <u <k hay o=P. Vi vdy, f 1a mot don anh. Tir d6 suy ra 2" 13 mot dém
duoc.

1.1.6. Pinh nghia: Mdi tap con cia X" dugc goi 1a mot ngdn ngit hinh thirc hay
ngfm gon hon 1a mét ngon ngir trén X. Pac biét, tap & 1a mot ngdn nglr trén Z, goi
12 ngdn ngit rong; tap {&} ciing 1a mdt ngdn ngit trén T, day 1a ngdn ngit chi chia
tlr rong va > 14 ngdn ngit gom tat ca cac tir trén 2.
Thidu 4: L, = {¢, a, b, abb, aab, aaa, bbb, abab},

L, = {a"b" | ne N}
la hai ngdn ngtt trén bang chit £ = {a, b}, L; 1a ngébn ngtt hiru han trong khi L, 1a
ngdn ngit vo han. Mdi tir thudc ngdn ngir L, c6 s chir cai a bang sb chit cai b véi
a va b khong xen ké, a ndm & phia trai va b ¢ phia phai ctia né.

Céc ho ngén nglr cy thé thuong duoc dac trung mot cach tién loi qua céc
phép toan xac dinh trén ngdn ngft, ho do gém cac ngon nglt nhan duogc bﬁng viéc
t6 hop tir mot s6 ngdn ngit cho trudc bdi mot sd phép toan ndo d6. Vi ngdn ngir 1a
tdp hop nén ta c6 cac phép toan Boole nhu la phép giao, phép hop, phép hiéu,
phép 13y bu. Chang han, voi L; va L, 13 hai ngdn ngi trén bang chit X thi ta co cac
ngdn nglr madi sau cling trén bang chir X: L, U Ly, Ly Ly, Ly \ Ly, P L;. Ngoai
ra, ta con c6 cac phép toan khac 1a “phép ghép” va “phép cau xa” nhu dudi day.
1.1.7. Dinh nghia: Cho hai ngén nglr L; trén bang chir X, va L, trén bang chir
>,. Ghép hay tich cua hai ngon ngit L, va L, la ngén ngit trén bang chit X, U %,,
ky hi¢u L,L,, dugc xac dinh béi:

LiL, = {ap | aeLl, va BeLl,}.

D@ dang thiy rang phép ghép co tinh két hop, nghia 1a voi moi ngdn ngit
L,, L, va Ls, ta luon cé:

(LiLy)Ls = Ly(L,L3).
Ngoai ra, vd1 moi ngdn ngir L, ta co:
OL=LD=, {ejL=L{e} =L,
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va phép ghép c6 tinh phan phdi dbi voi phép hop, nghia 1a
Ly(L,u L;)=L,L,uLL;, (Lo L;)L; =L,L;u LsL;.
Vi phép ghép ngon ngit ¢ tinh két hop nén ky hiéu L" duoc dung v6i moi
ngodn ngit L va sb tu nhién n theo nghia quen thudc sau:
{e}khin =0,
L"=4L khin=1,
L™ L khin>1.
Ldp hay bao déng ghép cua ngdn ngit L, ky hiéu L*, dugc dinh nghia 1a hop
cua moi luy thtra cua L:

L'= DL”.
n=0

Ldp khong-¢ hay bao dong ghép khong-& cua L, ky hiéu L, duge dinh
nghia la hop cua moi luy thtra dwong cua L:

L= CJL” :
n=l1

Thi du 5: 1) Xét cac ngdn ngir trén bang cht £ = {0, 1}:
L,={0,01},L,= {01, 10}, L; = {0}.

L,L; = {010, 100}, L, U (L,L;) = {0, 01, 010, 100}, L, u L, = {0, 01, 10},
L, uL;={0,01}, (L, u Ly)(L; v L;)= {00, 001, 010, 0101, 100, 1010}. Do do
L; U (L,Ls) # (L, U Ly)(L; U L) tire 1a phép hop khong 6 tinh phan phdi d6i voi
phép ghép.

L,nL; =9, Li(L, nL;) =4, L,L, = {001, 010, 0101, 0110}, L,L; = {00,
010}, (LiLy) m (LiL3) = {010}. Do d6 Li(L, n L3) # (LL,) n (L,L3) tie 1a phép
ghép khong c6 tinh phan phdi dbi voi phép giao.

Ly (L) =9, L nL,={01}, Ly n Ly = {0}, (L1 n Ly)(L; nL3) =
{010}. Do do L; m (L,L3) # (L1 n Ly)(L; n L) tac 1a phép giao khong co6 tinh
phan phdi ddi véi phép ghép.

2) Xétngdon nglt L = {0, 1} trén bang cht X = {0, 1}. Ta cé:
L*= {00, 01, 10, 11}, tap hop cac xau nhj phan d6 dai 2;
L’ = {000, 001, 010, 011, 100, 101, 110, 111}, tap hop cic xau nhi phan do dai 3;
Tuong tu, L" 1a tdp hop cac xau nhi phan d6 dai n.
Vi vay, L" 1a tap hop tat ca cic xau nhi phan.
3) X¢ét hai ngon ngit trén bang chir £ = {a}:
Li={a"|n>1},L,={a""” |n>0}.
Khidd, taco L, = {a’} ", L, = {a’} {a’}.



Mot phép toan co tam quan trong cbt yéu trong 1y thuyét ngdn ngir 1a phép
cAu xa, nhu dugc dinh nghia dudi day.

1.1.8. Pinh nghia: Cho hai bang chit ¥ va ¥’. Anh xa f: & —— 3" thod min
diéu kién

flaf) = f(a)f(P) véimoitr a, e (1)
dugc goi 1a mot cdu xa. D6 voi ngdn ngir L trén X, f(L) = {f(a) | o € L} 1a ngdn
ngir trén X°. Theo diéu kién (1), dé xac dinh cdu xa f, chi can liét ké moi tir f(a)
trén 2’ v&1 a chay trén moi chir céi cua X.

Céu xa f goi 14 khéng xod (t.w. chit - thanh - chi¥) néu f(a) #¢ (t.u. fa) € °)
voimbia € .

Thi du 6: X¢ét bang chir cai tiéng Anh X = {A, B, C, ..., Z}. MJdi cu xa chit -
thanh - chit

f:3 ——>3,0<i<25
anh xa mdi chir thanh chit dimg sau né i vi tri trong bang chir cai, trong d6 phan
cudi ctia bang chir cai dugc ndi tiép vong tron 1én phan dau. Chang han,

~f3(1§) =D, f(Y)=F, fzs(Z)‘: Y. )
Trong mat ma hoc, moi cau xa f; thuong dugc dé cip dén nhu cach ma hoa
Caesar. Ch?mg han,
f,5(IBM) = HAL, f3(HELP)=KHOS.
D@ dang thiy rang cac cau xa f; c6 tinh giao hoén:

fiofj=fjofi v6i moi 1, j.
Ngoai ra, fye ;o fi = fp v&1 moi 1 > 1. Nhu vay, néu mot ban rd nao dé duwoc mi hoa
bﬁng cach dung f;, chinh ban 1o d6 c6 thé tim lai duoc béng cach dung fy4; dé giai
ma.
1.2. VAN PHAM VA NGON NGU SINH BOI VAN PHAM.
1.2.1. Mé dau:

Ta c6 thé hinh dung mot van pham nhu mot “thiét bj tu dong” ma no co
kha ning sinh ra mot tip hop céc tir trén mot bang chit cai cho trude. Moi tir duoc
sinh ra sau mét sb hiru han bude thuc hién céac quy tac cua van pham.

Viéc xac dinh mdt ngdn ngilr trén bang chit cai cho trudce cod thé dugc thuc
hién bé‘mg mot trong cac cach thic sau:

Cich 1: Ddi v6i mdi tir thudce ngdn ngir da cho, ta co thé chon mét quy céach hoat
dong cua “thiét bj tu dong” dé sau mot s hitu han bude 1am viée nd dirng va sinh
ra chinh tir do.

Cach 2: “Thiét bi tu dong” co6 kha nang 1an luot sinh ra tat ca cac tur trong ngoén
ngtr da cho.



Cich 3: Vi mbi tr o cho trudce, “thiét bi tw dong” co thé cho biét tir d6 c6 thudc
ngon ngir da cho hay khong.

Trong 1y thuyét vin pham, ngudi ta di chtimg minh duoc rang ba cach thirc
trén 1a tuong duong nhau hay van pham lam viéc theo cac cach trén la tuong
duong nhau. Vi vdy, & ddy ta quan tdm dén cach tht nhat, tirc 13 ta xét van pham
nhu 13 mot “thiét bi tu dong” sinh ra cac tir. Vi 1€ d6 ma ngudi ta con goi cac
“thiét bj tu dong” d6 1a van pham sinh.

Viéc sinh ra cac tir ¢6 thé duoc thue hién bé‘mg nhiéu cach khac nhau. Cac
tlr ¢6 thé duge sinh ra béi cac van pham, boi cac Otémat, bdi cac may hinh thirc
nhu may Turing, ...O ddy ta dé cap dén cach cia CHOMSKY dua ra vao nhimg
nam 1956-1957.

1.2.2. Pinh nghia: Vin pham G 1a mot bo sap thir ty gdm 4 thanh phan:
G=<X,AS,P>,

trong do:

a) T 1a mot bang chit, goi 1a bdng chit két thiic hay tir dién co ban, mdi phan tir

ctia nd dugc goi 1a mot ky hiéu két thiic hay ky hiéu co ban;

b) A 1a mot bang chit, A N =0, goi 13 bdng chir khéng két thiic hay tir dién ho

tro, mdi phan ttr cia né duoc goi 1a mot ky hiéu khong két thiic hay ky hiéu hé tro.

c) S € A duogc goi la ky hiéu dau;

d) P 1a tap hop céc cap thir ty <a, p>, trong d6 a, p € (£ U A) va trong o chira it

nhat mot ky hiéu khong két thuc; P dugc goi 1a tdp cdc quy tic thay thé, <o, B>

duogc goi la mot quy tac hay san sudt va thuong dugc viét cho thuén tién 1a oa—p,

a duoc goi 14 vé trdi va P dugc goi 14 vé phdi clia quy tic nay.

Thi du 7: Cac bg bdn sau 1a cac van pham:

G, =<{0, 1}, {S}, S, {S—>0S1, S—>e}>,

G, =<{a, b}, {S, A}, S, {S—>ADb, A>aAb, A—¢e}>,

G;=<{a, b, c}, {S, A, B, C}, S, {S>ABC, A—aA, B—>bB, C—cC, A—a,

B—b, C—c}>

Gy =<Z, A, S, P>, trong do
>={t01, anh, chi, an, uéng, com, pho, stra, café},

A={<cau>, <chunglr>, <vingi{r>, <dongtir1>, <dongtu2>, <danhtirl>,<danhttr2>},

S=<cau>,

P={<cau>—<chungli><vingir>, <chungr>—t61,<chung{ir>—anh,<chungi{r>—chi,
<ving{i>—<dongtir1 ><danhtir1>, <ving{r>—<dongtu2><danhttr2>,
<dongtirl >—an, <d©ngt1‘1’2>—>u6ng, <danhttr1>—com, <danhttr1>—phd,
<danhtu2>—sira, <danhtu2>—caf¢}.



1.2.3. Dinh nghia: Cho van pham G=<X A, S,P>van, oe(X v A)’. Ta noi
o dugc suy dan truc tiép tir m trong G, ky hiéu n S e hay ngin gon 12 n—o (néu
khong so nhim 13n), néu ton tai quy tic a—peP va vy, (X U A)" sao cho
nN=ya.d, o=ypd.

Piéu nay c6 nghia 1a néu n nhan vé trai a clia quy tic a—f nhu Ia tir con
thi ta thay o bang B dé duoc tir méi .
1.2.4. Dinh nghia: Cho van pham G=<X A, S,P>van, oe(X v A)’. Ta noi
o duoc suy dan tix 1 trong G, ky hiéu mg o hay ngin gon 12 n= o (néu khong so
nham 1an), néu n=o hoac tdn tai mot day w, o1, ..., Oxe(X U A)* sao cho wy=n,
0 =0 va o198 w;, voii1=1, 2, ..., k. Khi d6 day m, o, ..., ®x dugc goi 1a mot dan
xudt cia o tir ) trong G va s6 k duoc goi 1a do dai cua din xuat ndy. Néu o; duogc
suy dan truc tiép tir 0;.; bang viéc ap dung mot quy tic p nao dé trong G thi ta noi
quy tic p duoc dp dung & bude thi i.
1.2.5. Dinh nghia: Cho van pham G=<X, A, S, P> Tu weX duoc goi la sinh
boi van pham G néu ton tai suy dan S . Ngon ngir sink béi vin pham G, ky
hiéu L(G), la tap hop xac dinh bdi:

L(G) = {0ex" S L o).

Hai van pham G, va G, duoc goi la twong duong néu L(G,)=L(Gy).
Thi du 8: 1) Xét vin pham G, nhu trong 1) cta Thi du 7. Tir 0°1* duoc suy dan tir
S bang ddy dan xuit d6 dai 5: SF0S1—00S11—000S111+0000S1111 0*1%,

Bang viéc str dung n 1an (n > 0) quy tic 1 rdi quy tic 2, ta c6: SE0"1". Do
do L(Gy) = {0"1" | n > 0}.
2) Xét van pham G, nhu trong 2) ctia Thi du 7. St dung quy téc 1, r6i n lan (n >
0) quy tic 2, sau d6 str dung quy tic 3 dé két thuc, ta c6:

StAbF=a"Ab"b—a"b"".
Do d6 L(G,) = {a"b™" | n > 0}.
3) Xét vian pham G nhu trong 3) ctia Thi du 7. Str dung quy tic 1, rdi m-1 1an (m
> 1) quy tic 2, n-1 1an (n > 1) quy tic 3, k-1 1an (k > 1) quy tic 4 (co thé xen ké),
sau d6 dé két thac sir dung cac quy tac 5,6, 7, ta co:
SHABCEa™Ab"Bc CE=a™b"c .
Do d6 L(G3) = {a™b"c* |[m>1,n>1,k>1}.
4) L(Gy4) = {t61 an com, anh an com, chi an com, t61 an phd, anh an phd,
chi an pho, to1 uéng stra, anh uéng stra, chi uéng stra, t01 uéng café,
anh udng café, chi udng café}.

Ta c6 thé biéu dién viéc dan xuét tir <cau> dén mét tir trong L(Gy), chéng
han “t6i an com” bang mot cay goi 13 cdy ddn xudt hay cdy phdn tich cii phdp nhu
du6i day. Tat nhién, theo quan diém phan tich ct phap thuc té, viéc xem xét cac
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quy tic theo hudng nguoc lai 13 tir phai qua trai. Piéu d6 c6 nghia 13 cay dudi day
duogc xtr 1y tir dudi 1én trén chir khong phai 1a tir trén xudng dudi.

<cau>
/
<chungir> <vi gu:>
to1 <dongtul> <danhtu:1>
an c0’m

Thi du 9: 1) Cho hai van pham
G, =<{a, b}, {S}, S, {S—>aSb, S—ab}>,
G, =<{a, b}, {S, A, B}, S, {S>ASB, A—»a, B—>b, S—ab}>.

Dé dang c6 dugc L(G,)=L(G,)={a"b" | n > 1} hay G, va G, la tuvong duong nhau.

Luu ¥ rang néu cac quy tic c6 vé trai gibng nhau co thé viét gon lai. Chang
han, nhu trong G, ta ¢ thé viét hai quy tic ctiia n6 dudi dang S—aSb| ab.
2) Cho hai van pham G; =<Z, {S}, S, P>, G, = <%, {S}, S, P,>, trong do:

>=1{0,1,2,3,4,5,6,7,8,9},

P; = {S—1| 2| 3| 4| 5| 6] 7| 8 9| SO| S1| S2| S3| S4| S5| S6| S7| S§| S9},

P, = {S—0| 1] 2| 3| 4| 5| 6] 7| 8| 9] 1S| 2S| 3S| 4S| 5S| 6S]| 7S| 8S| 9S}.

Str dung k-1 1an (k > 1) cac quy tic trong nhom 10 quy tic cudi cua Gs, roi
mot quy tic trong nhoém 9 quy tic cia no, ta co:

SHSij— Sizi; ... FSig.... 1ol Figdyg. . .21p,

trong do, i, 1z, ..., ix.y =20 va i, > 1. Do do, L(G3) = {n|n>1} =N\ {0}.

Lap luan nhu trén, ta nhan dugc L(G4) = {neN | n c6 chit $6 hang don vi
tuy y va cac chit s6 khac n > 1}. Vi vay, G; va G4 khong twong duong nhau.
1.2.6. B6 d&: Cho vin pham G =<3, A, S, P >. Khi d6 néu ton tai trong P quy
tic chira ky hiéu dau S & vé phai thi ton tai van pham G’ twong duong voi G ma
cac quy tic ctia n6 khong chira ky hiéu dau & vé phai.
Chirng minh: L'Qiy S’¢¥ U A, xét van pham G’ = <X, AU {S’}, S’, P’>, trong d6
P’=P U {S’—>a | S—a e P}. R3 rang trong P’ khong chia quy tic ndo ¢6 S’ & vé
phai. Ta chirng minh L(G)=L(G’).

+ wel(G) (hay S Igco) Gia str ddy dan xuét ctia @ 13 S Qo I—(ml— So.
Vi Sl— o nén c6 S—»aeP,do d6 S’>aeP’vaviPc P’ néntaco S’ |— ocl—(n Vay
S’ |— ® hay weL(G’).
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+ 0el(G’) (hay S’lg’oo): Gia str ta c6 ddy dan xuat 1a S lg(o Vi S’Igoc
nén S’—>aeP’, do d6 ton tai S—>o.eP. Mit khac, trong a khong chtra S’ nén céc
suy dan tryuc tiép trong o lg,(o chi str dung céc quy tic ctia P. Vay ta co6 S S hay
wel(G).

1.2.7. Dinh nghia: Van pham G = < X, A, S, P > ma khong c6 mot rang budc
nao trén cic quy tic cua nd dugc goi 1a van pham éng qudt hay 13 van pham
nhom 0.

Nhu vay, G 1 van pham nhém 0 khi va chi khi cac quy tic ctia nd c6 dang
aAB— o, trong d6 A€A, a, B, me(Z U A)*.

1.2.8. Pinh nghia: Vin pham G =<3, A, S, P > ma cic quy tic ctia né c6 dang
aAB—amf, trong d6 AeA, a, B, me(X U A)*, w#g, dugc goi la van pham cam
ngit canh hay la van pham nhom 1.

Céc van pham ma cac quy tic cua ching c6 dang trén, dong thoi chira thém
quy tic S—¢, mién sao ky hiéu dau S khong xudt hién & vé phai cia bat ky quy
tic ndo cling duge xép vao 16p vin pham nhom 1.

Thi du 10: Cho van pham G =<{a, b, c}, {S, A, B, C}, S, P>, trong do
P = {S—aSAC, S—»abC, CA—>BA, BA—>BC, BC>AC, bA—>bb, C—c}.
Khi d6 G la van pham cam ngir canh.

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

Sk=a"'S(AC)™ ' a"bC(AC)™ ' = a"bA™'C" =a"b"c".
T d6 suy ra L(G) = {a"b"c" | n>1}.
1.2.9. Pinh nghia: Vin pham G =<3, A, S, P > ma cic quy tic ctia né c6 dang
A— o, trong d6 AeA, me(X U A)*, w#e, dugc goi la van pham phi ngir canh hay
la van pham nhom 2.

Céc van pham ma cac quy tic cua ching c6 dang trén, dong thoi chira thém
quy tic S—&, mién sao ky hiéu dau S khong xuét hién ¢ vé phai cua bat ky quy
tic ndo cling dugc xép vao 16p vin pham nhom 2.

Thi du 11: 1) Cho van pham G, = <{a, b}, {S, A}, S, P>, trong do
P = {S—Sa, S»>Aa, A—»>aAb, A—ab}.
Khi do6 G, 1a van pham phi ngir canh.

Str dung m-1 lan (m > 1) quy tic 1, rdi quy tic 2, sau d6 st dung n-1 lan
(n> 1) quy tic 3, cudi cung 1a quy tic 4, ta co:

Sk=Sa™ ' Aaa™'E=a™ Ab™ ™ -a"b"a™.
T do suy raL(Gy) = {a"b"a" |[n>1,m>1}.
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2) Cho van pham G, = <{0, 1}, {S}, S, {S—>SS, S—0S1, S—>1S0, S—¢}. Khi do,
G, khong 1 van pham phi ngit canh vi ¢6 quy tic S—& ma S lai xuat hién & vé
phai ctia mot quy tic khac. Theo B6 dé 1.2.6, G, twong dwong voi van pham
Gy’ =<{0, 1}, {S,S’}, S’, P>,
P’ = {S—>SS, S—>0S1, S—>180, S—¢, S’>SS, S’—>08S1, S’>1S0, S’—>¢}.

O day, G, ciing khong 13 phi ngit canh. Tuy nhién, vin pham G,’’ sau 13 phi ngir
canh ma tuong duong vo1 van pham G;’, nén cling tuong duong vadi van pham G;.
G, =<{0, 1}, {S, S}, S’, P’>,

P>’ = {S—SS, S—»0S1, S—»1S0, S—»01, S—>10, S’>SS, S’—>0S1, S’—>1S0,

S’—01, S’—>10, S’—>¢}.
T cac quy tic cta G, ta co dugc:

L(G,”")=L(G,")=L(G,)={we {0, 1} | s cac chit s6 0 va 1 trong ® 13 bang nhau}.
1.2.10. Dinh nghia: Van pham G =< X, A, S, P > ma cac quy tic cta nd cod
dang A—aB, A—a, trong do A, BeA, aeX, w#¢, dugc goi 1a van pham chinh quy
hay la van pham nhom 3.

Céc van pham ma cac quy tic cua ching c6 dang trén, dong thoi chira thém
quy tic S—¢, mién sao ky hiéu dau S khong xudt hién & vé phai cia bat ky quy
tic ndo cling duge xép vao 16p vin pham nhom 3.

Thi du 12: 1) Cho van pham:
G, =<{1}, {S, A, B}, S, {S—¢, S>1A, A—>1B, B>1A, A—>1}.
Khi d6, G, 1a van pham chinh quy va L(G;) = {1*" | n > 0}.

That vay, sir dung quy tic 1, ta ¢6 Sk 17, v&i n=0; st dung quy tac 2, 1o

n-11an (n > 1) lién tiép cip quy tic 3 va 4, cudi cung 1a quy tic 5, ta co:

Sk 1AF 11BH111A .. E1(1*")A F1(17?)1=1"".
2) Cho van pham G, = <{0, 1}, {S, A}, S, {S—>0A, A—>0A, A—>1A, A—>0}>. Khi
d6, G, 1a van pham chinh quy va L(G5) = {000 | @€ {0, 1} }.

That vay, sit dung quy tic 1, rdi hitu han tuy ¥ c6 thé xen ké cac quy tic 2
va 3, cudi cung 13 quy tic 4, ta co:

SHOAFO0®A I—0w0.

1.2.11. Dinh nghia: Tir cdc dinh nghia trén, ta thay 16p vin pham tong quat 1a
rong nhét, né chira dung cac vin pham cam ngit canh, 16p van pham cam ngit
canh chura cac van pham phi ngit canh va 16p van pham phi ngt canh chtra céc
van pham chinh quy. Hé thdng cic 16p vin pham ndy duoc goi 13 sw phdn cdp
Chomsky.

Ngbn ngir hinh thirc dugc goi 1a ngdn ngir tong quat (t.w. cam ngit canh, phi
ngir canh, chinh quy) néu ton tai vian pham tong quét (t.r. cam ngit canh, phi ngit
canh, chinh quy) sinh ra no. Vi vay, di véi cac 16p ngdn ngit, ta c6 bao ham thirc:
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{ngbn ngilt chinh quy} < {ngdn ngit phi ngt canh} < {ngdn ngir cam ngr canh}
c {ngdn ngit tong quat}.

Ta ciing thiy vé mit cdu tric ngit phap thi cac quy tic cla cac vin pham
phi ngit canh va vian pham chinh quy 1a don gian hon ca va chung c6 nhiéu tng
dung trong viéc thiét ké cac ngdn ngir 14p trinh va trong nghién cru vé chuong
trinh dich... Vi viy, trong cac phan tiép theo chiing ta danh thém sy quan tdm t6i
hai 16p van pham do.
Thi du 13: 1) Cho bang chitr X = {a,, a,, ..., a,}. Khi d6 cac ngdn ngir

L ={o=aa,...a,}, L,=2",L;=%,L=0

la cac ngdn ngtr chinh quy trén bang chir X.

That vay, L, = L(Gy), L, = L(G,), L; = L(G3;), Ly = L(Gy) trong d6
G =<%, {S, Ay, ..., An1}, S, {S>ajA), AiD>aA,, ..., Aps—anAng, Api—an >,
G, =<Z, {S}, S, {S—>aS, S—»a|acX}>,
G; =<, {S, A}, S, {S—>¢, S—>a, S»aA, A—»aA, A—»a|aeX}>
Gy =<Z, {S}, S, {S—>aS |aeX}>
1a cac van pham chinh quy. (Riéng d6i v6i Gs, n6 lam viéc khong bao gior dimng,
tire 14 khong c6 meX’, o#e ma Gy sinh ra, hay G sinh ra ngon ngit &.)
2) Xét hai ngon ngfr:

Ls = {00" | 0 {a, b} "},

Le= {on | we{a, b} }.
(0" con duoc goi 13 anh guong cua o va nhu ta d biét né nhan duoc bang cach
viét o theo hudng nguoc lai.)

Mic du xem qua thi Ls va Lg phtic tap nhu nhau, viéc xac dinh Ls bang vin
pham don gian hon rat nhiéu. That vay, Ls sinh bdi van pham phi ngir canh sau:

Gs=<{a, b}, {S, A}, S, {S—>¢, S>A, A>aAa, A>bAb, A—aa, A—>bb}>.

Dé sinh L, ta xét van pham cam ngit canh G sau day:

Ge=<{a, b}, {S, A, B, C, D, E}, S, P>, trong do6
Ps = {S—>ABC, AB—»>aAD, AB—>bAE, Da—aD, Db—bD, Ea—aE, Eb—bE,
DC—BaC, EC—Bb(C, aB—Ba, bB—»Bb, aAB—a, bAB—b, aC—a,bC—b, S—¢}
va bang viéc st dung cic quy tic trén voi phuong phap quy nap, ta cd duoc
L(G6)=L6.q o
1.2.12. B0 dé: Néu L 1a ngdn nglr cam nglr canh (t.u. phi ngir canh, chinh quy)
thi L U {€¢} vaL\ {g} cling vay.
Churng minh: a) L U {g}: --eeL: L U {g}=L.
--ege¢L: Gid so L=L(G), v61 G = <X, A, S, P> 1a van pham cam ngtt canh (t.u. phi
ngir canh, chinh quy). Theo B6 dé 1.2.6, ton tai G’ = <X, A U {S’}, S’, P’> tuong
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duong va cing nhom véi G ma S’ khong xuat hién & vé phai cta bat ky mot quy
tac ndo trong P’. Khi d6 vin pham:

G’ =<X,AU{S’},S, PP U {S—>e}>
1a cung loai vo1 G” va L(G”)=L(G’) U {e}=L(G) U {e}=L U {¢g}.
b) L\ {e}: -e¢L: L\ {e}=L.
-- geL: Gid st L=L(G), v61 G = <X, A, S, P> 1a van pham cam ngtt canh (t.u. phi
ngit canh, chinh quy). Khi 46 S—>ecP va S khong xuét hién & vé phai cia bat ky
mot quy tic nao trong P. Khi d6 vin pham G’ =<3, A, S, P\ {S—¢}> cung nhém
voi G va L(G’)=L(G) \ {e}=L {e} \ {e}.

1.3. MOT SO TiNH CHAT CUA NGON NGU.
1.3.1. Pinh nghia: Gia sir L, va L, 14 hai ngon ngit bat ky duoc sinh boi van
pham va o 1a mot phép toan nao dé trén 16p cac ngdn ngir. Néu Lo L, 13 ngdn
ngtt cling dugc sinh bé1 mgt van pham thi ta noi 16p ngdn ngt do van pham sinh
ra dong d6i véi phép toan o.
1.3.2. Pinh 1y: Lép ngon ngir sinh ra boi van pham 1a dong d6i véi phép hop.
Churng minh: Gia st Ly, L, 1a cac ngdén ngit dugc sinh béi van pham G, G, hay
L=L(G,), L,=L(G,). Ta chtrng minh tdn tai vin pham G sao cho L(G)=L, U L.

Gia stt G, = <2y, A1, Sy, P1> va G, = <X, A, S,, P,>. Khong mat tinh chat
tong quat gia thiét ring A;N (2o U Ar)=AxN (21 U A)=D. Lay SeZ,UAUZ,U A,.

Xeét van pham G =<X; U X,, Ay U Ay U {S}, S, P>, trong do

P=(P;\ {S;—>¢}) U (P,\ {S;—>¢e}) U {S—>¢ | S;—>eeP; hoac S,—»eeP,} U
U {S—S;, S -8S,}.

((3 day, ta hiéu ré‘mg néu S;—eeP, (t.u. S;—>eeP,) thi Sy (t.u. S;) khong Xuat hién
& vé phai cua bat ky mot quy tic nao trong P; (t.u. P,).)
a) wel(G): -- o=¢: tdn tai S—>eeP, nén c6 S;—>eeP; hoac S,—eeP,. Do db
w=cel; U L,.
-- w#¢: tOn tai suy ddn SKE o va gia st suy din nay 1a S /S [3|g S . Tir d6 ta
c6 S—aeP (aze), nén co6 a=S, hoac oc S,. Néu =S, thi day din xuit a, B, ..., o
la ¢ trong Gy, nén ta c¢o S; S B S I—loo tu’c la weL(G,). Néu o=S, thi day dan
xudt o, B, ..., ® 13 & trong Gy, nén ta co S, I~ 2[3 S . Fo, tirc 12 ®eL(G,). Do do6
wel;, v L2.
b) melL; U L,: -- o=¢: tdn tai S;—eeP; hodc S,—>eeP,, nén c6 S—eeP. Do d6
ow=ceL(G).
-- (o;ts wel; hoac ooeLz Néu wel, (t.u. mel,) thi ta co suy dan S, |— o (tu.
S, |= ‘) VOI cac quy tic duoc su dung thudc P;\ {S;—¢} (t.u. P,\ {S;—¢}). Khi
do, taco S I—S I_(o (t.u. Sl—Szlzoo) Do d6 meL(G).

Vi vay, L(G)=L, U L,.
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Tap quy tic P clia van pham G & trén c6 thé duoc xac dinh nhu sau ma ta
van ¢6 L(G)=L, U L:

P=(P;\ {S;—>¢e}) U (P,\ {S;—>¢}) U {S—>a | S;—>aeP, hoic S,—>aeP,}.
1.3.3. Hé qua: Néu L, va L, 13 hai ngdn ngit chinh quy (t.u. phi ngit canh, cam
ngir canh) thi L; U L, cling 1a ngébn ngir chinh quy (t.u. phi ngit canh, cam ngir
canh).

Thi du 14: Cho hai ngdn ngit L;={a"cb®" | n > 0} va L,={a™cb” |n >0} trén bang
chit X = {a, b, c}. Khi do, L;=L(G,) va L,=L(G,), trong d6
G, =<Z, {S;, A, B}, Sy, {S;—>ASB, S;—c, A—>a, B—>bb}>,
G, =<Z, {S,, C, D}, S,, {S,—CS;,D, S,—c, C—aa, D—>b}>.
That vay, trong Gy, st dung n lan (n > 0) quy tic 1, sau d6 sir dung n lan
quy tic 3, n 1an quy tic 4 va quy tic 2, ta co:
S, 2'A"S, B Eh"c(bb)=a"ch™".
Tuong ty, trong G, ta ¢c6 S, a”cb”. Tir d6 ta co van pham G va G’
G=<% {S|,A,B,S,,C,D,S},S, P>, G’ =<3, {S,A,B, S,,C,D, S}, S, P>
trong d6 P = {S;—>AS,B, S;—c¢, A—a, B—>bb, S,—>CS,D, S,—»c, C—aa, D—b,
S—)Sl, S—)Sz}
va P’ = {S;—>AS,B, S;—c¢, A—a, Bo>bb, S,—>CS,D, S,—>c, C—aa, D—b,
S—ASB, S—>CS,D, S—c}.
O day, G,, G, 1a hai van pham phi ngit canh, G, G’ ciing 13 hai van pham
phi ngit canh va L(G)=L(G’)=L; U L,={a"cb™, a*"cb" | n > 0}.
1.3.4. Pinh 1y: Lép ngon ngir sinh ra boi van pham 1a dong d6i véi phép ghép.
Churng minh: Gia st L, L, 1a cac ngdén ngit dugc sinh béi van pham G, G, hay
L=L(G), L,=L(G,). Ta chttng minh tdn tai vin pham G sao cho L(G)=L,L,.
Gia stt G, = <Xy, A1, Sy, P1> va G, = <X, A, S,, P,>. Khong mat tinh chat
téng quat gia thiét ring AN (2, U A=A (21 U A)=D. Liy S X UAUZU A,
Xeét van pham G = <X, U X,, Ay U Ay U {S}, S, P>, trong do
P=(P;\ {S;—>¢}) U P\ {S;—>¢e}) U {S>S; | S,—>eeP,} U {S>S, | S;—>eeP;}
U {S—¢ | S;—>eeP; va S,—»eeP,} U {S55,S5,}.
((3 day, ta hiéu ré‘mg néu S;—eeP, (t.u. S;—>e€P,) thi S; (t.u. S;) khong Xuat hién
& vé phai cua bat ky mot quy tic nao trong Py (t.u. P,).)
Vi vin pham G nay, dé dang c6 duge L(G)cL,L, va L,L,cL(G).
Pic biét, khi G, va G, 1 hai vin pham chinh quy thi ta c6 thé xay dung vin
pham chinh quy G’ nhu sau sao cho L(G’)=L,L..
a) egl; va egl, (tic la S;—>e¢P, va S,—>e¢P;): Van pham chinh quy G’ can tim
1aG =<EUZ), Af UA,, Sy, P>, trong do
P’=(P,\ {A—>a| A—aeP,}) U {A—aS,| A—»aeP,} UP,.
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b) eel; va e¢l,: Bat L,’=L; \ {&} thi theo B6 dé 1.2.12, ta xay dung duoc van
pham chinh quy G’ sao cho L(G;’)=L,’. Khi d6 theo a), ta c6 van pham G’ sao
cho L(G’)=L,’L,. T L;L,=(L,’v {e})L,=L,’L, U L, va tu cach xay dung van
pham trong ching minh cua DPinh 1y 1.3.2, ta tim dugc van pham chinh quy G’
sao cho L(G”’)=L,L,.
c) e¢L; va eel,: Tuong tu truong hop b).
d)eelvaegel,: DatL,’=L; \ {e} vaL,’=L,\ {€} thi ta co:
LiL=(Ly'v {e})(Ly’v {e})=L’ Ly U Ly U Ly’ U (g}

va 1ap luan nhu trén ta tim dugc van pham chinh quy sinh ra ngén ngit L;L,.
1.3.5. Hé qua: Néu L, va L, 13 hai ngdn ngit chinh quy (t.u. phi ngit canh, cam
ngir canh) thi L;L, cling 1a ngbn nglt chinh quy (t.u. phi ngt canh, cdm nglr canh).
Thi du 15: 1) Cho hai ngon ngit L;={a"b" [n > 1} va L,={c" | n > 1}. Dé dang c6
duoc L=L(G;) va L,=L(G,), trong do

G, = <{a, b}, {Sl}, S], {Sl—>a81b, Sl—>ab}>,

Gy =<{c}, {Sa}, Sa, {So—>¢Sy, Sy—>c}>.

Tt d6 ta nhan dugc van pham phi ngit canh G:

G= <{a, b, C}, {Sl, Sz, S}, S, {Sl—>aSIb, Sl—>ab, Sz—)CSz, Sz—)C, S%S]Sg}>,

thoa man L(G) =L,L, = {a"bc¢" |n>1,m > 1}.
2) Cho hai ngén ngir chinh quy Ls={ba" | n > 0} va Ly={b"a | n > 0}. Ta c6 ngay
L;=L(G3), Ls=L(Gy), trong d6 G; va G4 1a hai van pham chinh quy:

G; =<{a, b}, {Si, A}, Sy, {S;—>b, S;—>bA, A—»aA, A—a}>,

G4 = <{a, b}, {Sz}, Sz, {Sz—)sz, Sz—)a}>.

Tt d6 ta nhan dugc van pham chinh quy G’:

G’ =<{a, b}, {S1, A, S,}, Sy, P>,

P’ = {S;—>bA, A—aA, S;—>bS,, A—aS,, S,—»bS,, S,—a}
thoa man L(G”) = L;L,= {ba"b™a|n>0, m> 0}.
1.3.6. Pinh ly: Néu L 1a ngdn ngit chinh quy thi lip L cta L ciing 1a ngdn ngit
chinh quy. N6i mot cach khac, 10p cac ngdn ngit chinh quy dong ddi voi phép
todn mot ngo1 1ap.
Churng minh: Gia st L=L(G), v61 G = <X, A, S, P> 1a van pham chinh quy. Xét
van pham G’ =<, A, S, P’>, trong do

P’=(P\ {S—e}) U {A—aS | A—aeP}.

Khi d6 G’ 13 van pham chinh quy. Ta chimg minh L(G*)=L"\ {e}.
a) €L(G’): Ta c6 SE o v6i o#e vi S>e¢P’. Khong mat tinh chit tong quat, ta
c6 thé gia thiét ky hiéu dau S khong xuat hién & vé phai cua bat ky quy tic nao
trong P. Gia st ddy dan xuit ctia o c6 st dung n-1 quy tic ctia P dang A—aS. Khi
do ta co:
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SEw’aSFom’aSE.. . Emm;...0,1’ 2 1SFOm,;...0,.10,= O,
0 day, o; =m;’a;. Nhu vay, ton tai cac quy tac Ai;—a;S, A,—aS, ..., A.1—>a,1S
trong P’ va do do tdn tai cac quy tac A—>ay, Ay—>ay, ..., Ap1—a, trong P. Ta co
SE o’Aj-o7’a=m0, SE0)’A) 0,’a=0,, ..., SE O, Ap1— 01’2y 1=0,. 12
cac suy dan trong G hay ®;, o, ..., ®,;€L(G). Mit khac suy dan S , khong
str dung mot quy tic nao khac ngoai quy tic cua P, nén 0,eL(G). Viy meL"cL’.
b) wel’\ {e}: Ton tai sb nguyén duong n sao cho meL"” hay o=m,0;...0,. 0,
trong d6 m;eL \ {&}, 1 <i<n. Nhu vay trong G c6 cac suy dan
S |=ooi’Ai|—ooi’ai=oai
va cudi cac suy dan nay co str dung cic quy tic A;—a;, 1 <i<n, do do ta c6 cac
quy tic A;—a;S trong G’. Tir d6 ta c6 suy dan trong G’:
SE ®;’a;1SE 01m;’aSE .. .= 01m;...00.1’ 2 1 SEO[M;. .0, 10, = ©®
hay weL(G’).
Cubi cung, theo B6 dé 1.2.12, L(G) chinh quy kéo theo L(G) U {g} ciing
chinh quy.
1.3.7. Ménh dé: Moi ngdn ngit hiru han déu 14 ngdn ngi chinh quy.
Chirng minh: Ngon ngit hitu han 1a hop hiru han cua cac ngon nglt mot tir, nén tu
Thi du 13 (ngdn nglr mgt tur 1a chinh quy) va tor H¢ qua 1.3.3 (hop hitu han cua
cac ngon ngtr chinh quy la chinh quy), ta ¢6 ngoén ngt hiru han 1a chinh quy.
Thi du 16: Cho ng6n ngit chinh quy L={0, 01, 011, 0111}. Khi d6 L sinh b&i van
pham chinh quy G = <{0, 1}, {S, A, B, C}, S, P>, trong do
P = {S—0, S—»0A, A—>1,A—>1B,B—>1,B->1C,C—>1}.
Vian pham chinh quy G’ = <{0, 1}, {S, A, B, C}, S, P>, trong d6
P’ = {S—0, S—>0S, S»0A, A—>1, A—>1S, A—>1B, B—>1,B—>1S, B>1C, C—1,
C—>1S}
sinh ra ngdn ngit L\ {&}. Do d6 vin pham sinh ra ngén ngit L 1a:
G =<{0,1},{S’, S, A, B, C}, S’, P”’>, trong do
P’ = {S—0, S>>0, S—>0S, S’>0S, S—>0A, S’>0A, A—>1, A>1S, A—>I1B,
B—1,B—1S,B>1C, C—>1, C->1S, S’—e}.
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BAI TAP CHUONG I:

1. Tim céac ngoén ngir L, L,, L; sao cho:
a) (L,L,) = *Ll*Lz’:. *
b)(LinL,) #L; nL,.
¢)(LiuL,) #L, UL, .
d)Li(L, "Ly)#(LLy) N (LLy). ‘
2. Cho Ly, L,, L3 1a cac ngon ngir trén bang chir £. Chlirng minh rang:
a)L(L,uL;)=L,L,uLL;, (L,uLs)L;=L,L;u LsL;.
b) (Li'Ly) = (L, ULy
3. Hay xac dinh xem cac van pham dudi day sinh ra cac ngéon ngit nao?
a) G=<{0, 1}, {S, A}, S, {S>0A, A—>1S, S—¢e}>.
b) G =<{a, b}, {S}, S, {S—>SaS, S—>b}>.
¢) G=<{a, b, c}, {S}, S, {S—aca, S—>bcb, S—aSa, S—>bSb}>.
d)G=<{0,1,2,...,9}, {S, A}, S, {S>SA | A, A—0[1]2|3]4|5/6|7|8|9}>.
4. Hay thanh 1ap cac van pham sinh ra cac ngdn ngir dudi day:
a) L= {we{al ||o| mod3=0}.
b) L= {a™" |n>0}.
¢) L= {we{a, b} | n(o)>n(m)} (n(w)lasd chit cai x co mit trong ®}.
d)L=1{a"b"|n>0, m>n}.
5. Hay xay dung cac van pham chinh quy sinh ra cac ngdén ngit dudi day trén
bang chir 2={0, 1}:
a) L= {00l |meX’}.
b) L = {0eX | trong o chira dung mot chit sb 1}.
¢) L= {weX" | trong ® chi chira mot sb 1& chit s6 0}.
d) L = {weX" | © khong két thic bang hai chir s6 1}.
6. Hay tim van pham phi ngt canh sinh ra ngdn ngir sau:
L={a""|n>0,m>0, nzm}.
7. Hay xay dung cac van pham chinh quy sinh ra cac ngon ngir dudi day:
a) L = {(baa)"(aab)" |m>1,n>1}.
b) L= {1}"{010}{0}".
¢)L={010}" U {1100} .
d) L = {a"b"c" | m >0, n >0, k >0}.
8. Chung minh rang 16p ngdn ngi sinh boi vin pham 1a dong dbi voi phép giao.
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CHUONG 1II:
OTOMAT HUU HAN
VA NGON NGU CHINH QUY

2.1. OTOMAT HU'U HAN.
2.1.1. Mé& dau:

Mot 6tomat hitu han 1a mot mé hinh tinh toan thuc su hiru han. Moi cai lién
quan dén n6 déu cé kich thudc hiru han ¢é dinh va khong thé mo rong trong sudt
qua trinh tinh toan. Cac loai 6tdmat khac dugc nghién ctru sau niy co it nhat mot
bd nhd vo han veé tiém nang. Sy phan biét gilra cac loai 6tdmat khac nhau chu yéu
dua trén vi¢c thong tin co thé dugc dua vao bd nhd nhu thé nao.

Mot 6tomat hiru han lam viéc theo thoi gian roi rac nhu tat ca cac mo hinh
tinh todn chu yéu. Nhu vay, ta c6 thé néi vé thoi diém “ké tiép” khi “dic ta” hoat
dong cia mot 6tomat hiru han.

Truong hop don gian nhét 1a thiét bj khong c¢6 bo nhé ma & mdi thoi diém,
thong tin ra chi phu thudc vao thong tin vao luc do. Cac thiét bi nhu vay 1a mé hinh
ctia cac mach to hop.

Tuy nhién, néi chung, thong tin ra san sinh bdi mot 6tomat hiru han phu
thudc vao ca thong tin vao hién tai 1an cac thong tin vao trude d6. Nhu vay 6tomat
c6 kha nang (v61 mdt pham vi nao do) ghi nhé cac thong tin vao trong qué khir cua
n6. Mot cach chi tiét hon, diéu d6 c6 nghia nhu sau.

Otémat c6 mot sb hiru han trang thai bo nh¢é trong. Tai mdi thoi diém 1, nd &
mat trong cac trang thai d6, chang han q;. Trang thai q;.; ¢ thoi diém sau dugc xac
dinh boi q; va thong tin vao a; cho ¢ thoi diém i. Thong tin ra ¢ thoi diém i dugc
xac dinh boi trang thai q; (hay boi ca a; va q;).

2.1.2. Dinh nghia: Mot 6tomat hitu han don dinh hay mét DFA (Deteministic
Finite Automata) 1a mgt by nam
A=<Q,Z, 09, q F>,
trong do:
— Q 1a mot tap hitu han khac rong, dugc goi 1a tap cac trang thai;
— ¥ la mot bang chir, dugc goi 1a bang chir vao;
~8: D——Q, trong 46 DcQ x X, duoc goi 1a 4nh xa chuyén;
— o€ Q, duoc goi la trang thai dau;
—F < Q, duogc goi la tap cac trang thai két thic.

Trong truong hop D=Q x I, ta néi A 1a day di. Vé sau ta s& thay rang moi

6tomat hiru han déu dua vé dugc 6tdmat hitu han ddy du twong duong.
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Hoat dong cua 6tdomat hitu han don dinh A = <Q, X, 3, qo, F> khi cho xau
VA0 W=a,2... a, cO thé duoc mo ta nhu sau:

Khi bat ddu 1am viéc, may & trang thai dau qo va dau doc dang nhin vao 6 co
ky hiéu a;. Tiép theo may chuyén tir trang thai q, dudi tac dong cua ky hiéu vao a,
vé trang thai méi 8(qo, a1)=q,€Q va dau doc chuyén sang phai mét 6, tirc 1 nhin
vao 0 c6 ky hiéu a,. Sau d6 6tdmat A co thé lai tiép tuc chuyén tu trang thai q; nho
anh xa chuyén & vé trang thai méoi qu=5(q;, a,)€Q. Qua trinh d6 s& tiép tuc cho tdi
khi gidp mot trong cac tinh hudng sau:
— Trong trudng hop 6tdémat A doc hét xau vao o va 8(qu.1,an)=q.€F, ta néi rang A
doan nhan .
— Trong trudng hop 6tdmat A doc hét xau vao ® va 8(qu.1,a,)=qn2 F hodc ton tai chi
50 j (j<n) sao cho 9(qj-1,3;) khong xac dinh, ta no1 rang A khong doan nhén .
Q. Khi d6 6témat ding lai. Néu q,€F thi ta néi ring 6tdmat di doan nhan xau o.

Xauvao o: a, a a eee A

11

Qo—>»q1—>»q —»... »(n2 —Pqn1 P qn

2.1.3. Phuong phap biéu dién 6tomat hiru han don dinh:

Anh xa chuyén 1a mot b phan quan trong ciia mdt 6tdmat hiru han don dinh.
N6 ¢6 thé cho duéi dang bang chuyén hoidc cho duéi dang db thi.
1) Phwong phap cho bang chuyén:

Trang Ky hiéu vao
thai a A eeeeeennn. a,
qi o(qr,a1) 6(q1,a2) ceeveennnn.. o(q1,a2)
qz 0(q2,a1) 6(q2,22) wevrrnnnnn.. 0(q2,a2)
Js O(qs3,a1) 6(93,22) cevrrennnn.. 0(qs,a2)
Jn | O(Qmsa1) O(qm»@2) +evvvennnn.. O(qm,a2)

trong d6 dong i cot j cua bang 1a 6 tréng néu (gi,3) D, tuc la 6(q;,a;) khong xac
dinh.
2) Phwong phép cho biang @6 thi chuyén:

Cho 6tomat A = <Q, %, 9, qo, F>. Anh xa chuyén & ¢o thé cho béng mot da
dd thi ¢ huong, c6 khuyén G sau day, dugc goi la dd thi chuyén cua O0tomat A.
Tap dinh ctua G 1a Q. Néu acX va tir trang thai q chuyén sang trang thai p do déng
thirc 6(q, a)=p thi s€ c6 mot cung tir q t61 p dugc gan nhan a.
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Pinh vao cta dd thi chuyén la dinh tng véi trang thai ban dau qo. Cac dinh
s€ dugc khoanh bdi cac vong tron, tai dinh qp ¢6 miii tén di vao, riéng dinh véi
trang thai két thuc duoc khoanh boi vong tron dam.

Thi du 1: Cho hai 6tdmat hitu han don dinh
A= <{q09 qi, qz}a {a9 b}a 87 Jos {q2}>9
trong do6 8(qo, a)=qo, 6(qo, b)=q1, 8(q1, a)=qo, 6(q1, b)=q2, 8(q2, 3)=qa, d(q2, b)=q> va
A, = <{q09 d1, 92, q3}9 {09 1}9 0, Jo, {q0}>7
trong d6 5(qo, 0)=qa, 8(do, 1)=1, 8(q1> 0)=qs, 3(q1, 1)=qo, 8(qa, 0)=o, 8(q2, 1)=qs,
3(q3, 0)=q1, 6(q3, 1)=q,. Khi d6 cac bang chuyén cua A, va A, la:

Trang | Ky hiéu vao Trang | Ky hiéu vao
thai a b thai 0 |
Jo do qi do qz dQi
qu do q2 qi qs do
92 J2 92 q2 Jo qs
d3 qi 92

Day trang thai cua 6tdmat A; khi cho x4u a=ababbab vao la:
PPt iit]
do—»qo—»q1—»Jo—»q1—»2—»2—»2€F.

Day trang thai cua 6tdmat A, khi cho xau f=1010100 vao la:
qo—»q1 —»> 43— 2—»Jo—»q1 —»q3 —»q1 €F.

Db thi chuyén cta otdmat A:

@ a

a (4 4

Db thi chuyén cta otdmat A,:

do




Ta ¢6 thé mo ta qua trinh dodn nhan xau vao cua 6tdmat hitu han don dinh
day du A bang thuét toan mo6 phong sau:
Dau vao:
— Mot xau o, két thuc boi ky hiéu hét File 1a eof.
— Mot 6tdmat hiru han don dinh déy du A véi trang thai dau do va tap trang
thai két thic 1a F.
Pau ra: “Ping” néu A doan nhan xau .
“Sai” néu A khong doan nhan xau o.

Thuat toan:
Begin

S:=q; )

C:=ky hi¢u tiép theo;

While C <> eof do

begin
S:=4(8S, C);
C:=ky hiéu tiép theo;
end;

if S in F return (True)

else return (False);
End.

Pé mo ta hinh thirc qua trinh doan nhan mat tir (xau vao), nguoi ta dua vao
anh xa md& rong &’ tur tdp con cua Q x ¥ vao Q nhu trong dinh nghia sau.
2.1.4. Dinh nghia: Cho 6tomat hitu han don dinh A =<Q, %, J, qo, F>. M& rong
O’ cua d la mQt anh xa tur tap con cuia Q x ¥ vao Q duoc xac dinh nhu sau:
1) 8°(q, €)=q, VqeQ, )
2) 8’°(q, ma)=0(8’(g, w), a), VaeX, VqeQ, YVoeX sao cho 6’°(q, ®) dugc xac dinh.
Ta c6 8°(q, a)=0’(q, €a) = 8(d°(q, €), a) = 0(q, a), VaeZ, VqeQ. Do doé trén
Q x X, ta c6 thé dong nhét 8’ véi 8. Néu khong can phan biét, tir day vé sau ta viét
d thay cho 6°.
2.1.5. Dinh nghia: Cho 6tomat hitu han don dinh A = <Q, Z, 8, qo, F>, weX va
L 1a mgt ngdén ngfir trén X. Ta nodi:
— o dugc doan nhan bdi A néu 0(qo, ®)€F;
— L duogc doan nhan boi A néu L={weX" | 8(q, ®)eF} va ky hiéu L 1a T(A).
Luu ¥ rang trong dd thi chuyén cua A, weX” dugce doan nhan boi A khi va
chi khi o tng véi mot dudng di tir dinh qo dén mot trong cac dinh két thuc. Cu thé
la néu w=aa,...a, thi duong di 1a (qo, q1, ..., Q) VO1 cung (qi;, ;) c6 nhan a;
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(1<i<n) va q,eF. Nhu vy, T(A) 1a tap hop tat ca cac duong di tir qo dén cac dinh
két thuc.
2.1.6. Dinh nghia: Hai 6tomat hiru han don dinh A va A’ dugc goi la tuong
duong néu T(A)=T(A”).
Thi du 2: Cho 6tdomat hitu han don dinh:
A =<{qo, q1, 92, 93, 94}, {0, 1}, B, qo, {q1, 92, q4}>,

trong d6 8(qo,0)=qo, 8(qo,1)=q1, 8(q1,0)=qs, 8(q1,1)=q2, 8(q2,0)=q, 8(q2,1)=0,
o(qs, 1)=fl3, 5((14,0)?(12, 0(q4,1)=qs.

D6 thi chuyén cua A la:

Trudce hét, ta nhan thay rang khong co dudng di tir qo dén dinh két thuc qu,
do do6 6tdmat A tuong duong véi 6tdmat A’ sau:
A’ =<{qo, q1, P}, {0, 1}, 3, qo, {1, G2}>,

trong d6 6(qo,0)=do, 3(qo,1)=qs, 8(q1,1)=02, 6(q2,0)=q2, 3(q2,1)=q>-
D6 thi chuyén cua A’ 1a:

Cac duong di tir qo dén dinh két thic q; tng véi cac xau 0”1, n>0. Cac dudng

di tir qo dén dinh két thiic q, tmg véi cac xau 0"1 1o, n>0, we {0, 1}". Vay
T(A)=T(A”)={0"1, 0"l 1o | n>0, 0 {0, 1} }.
2.1.7. B6 dé: Cho 6tomat hitu han don dinh A = <Q, =, §, qo, F>. Khi d6 Vo,
oozeZ*, v qeQ sao cho 8(q, ®;®;) xac dinh, ta co:
a(q, ?31032) = 0(d(q, fﬂl)a ).

Chirng minh: Ta chiing minh dang thuc trén bang quy nap theo dg dai cua w,. Khi
d(®,)=0 hay m,=¢, ta c6 8(8(q, ®,), €)=8(q, ®1)=8(q, ¢). Gia st ddng thirc dung
vol mo1 @, c6 do dai <n. Vo1 o’ c6 do dai ntl, ta cO6 ®’,=m,a, voil oozeZ*,
d(w,)=n, aeX va 8(q, ©10°2)=0(q, ®1®23?:5(5(qa ©102), ?)=5(5(5(qa ®1), M), &)=
3(0(q, m1), m,2)=0(8(q, 1), ®’,). Do d6 dang thuc dung dén n+1.
2.1.8. Dinh ly: Néu L 1a ngon ngir duoc doan nhan bdi 6tdmat hiru han don dinh
thi tOn tai s tu nhién n sao cho v&i moi ael co d(o)>n déu co thé phan tich dudi
dang a=uvw, trong d6 d(uv)<n, d(v)>1 va vd1 moi ieN, ta co uv'wel.
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Churng minh: Gid st L=T(A) , vo1 A = <Q, %, o, qo, F> 1a mot 6tdmat hiru han
don dinh. Goi n=|Q|. Ta chirg minh n 1a s tu nhién can tim.

Cho a=aa,...anel vo1 m>n. Khi d6 dq, ..., qneQ sao cho 8(q;.;, a))=q;,
1<i<m va g,eF. Do m>n nén trong day qo, q1, ..., qm €O it nhat hai trang thai trung
nhau. Goi k 14 s6 nho nhét sao cho ton tai i (1<k<n) dé qi=qk-

bat u=a,...a;, v=ajs;...a, W=ay4;...ay. Ta c6 a=uvw, d(uv)=k<n, d(v)>1 (do
1<k). Ngoai ra,

0(qo, u)=q=qx=0(qo, uv),

5(qo, u)=d(qp, uV) (8(qo, 1), V) 8(8(qo, uv), v)= 5(qo, uv?),

8(qo, w)=8(o, uv*)=8(8(qo, ), V)= 5(8(qo, uv), v %)=3(qo, uv’),
tiép tuc ta duoc 8(qo, u)= d(qo, uv'), VieN. Cubi cung ta co:

8(qo, uv'w)=5(8(qp, uv'), w)=5(8(qu, uv), w)=8(qp, uvw)eF.

Vay uv'wel, VieN.

2.1.9. HE qua: Cho A la 6tomat hiru han don dinh c6 n trang thai va L 1a ngdn
ngit dugc doan nhan boi A. Khi d6 L#Y khi va chi khi JoeL sao d(w)<n.

Chirng minh: Piéu kién du 13 hién nhién. Bay gio cho L=d. Gia st moi tir trong L
déu c6 do dai >n. Goi a 13 tir ¢ @ dai nho nhét trong L (d(a)>n). Theo Pinh Iy
2.1.8, ta ¢6 a=uvw, trong do d(uv)<n, d(v)>1 va voi moi ieN, ta co uv'welL. Voi
i=0, a=uweL ma d(uw)<d(a). Piéu nay mau thuin véi tinh nho nhét caad(a). Vay
ton tai meL sao d(w)<n.

2.1.10. Hé quéa: Ton tai mot ngdn ngit phi ngit canh ma khong duoc doan nhan
boi bat ky mdgt 6tomat hiru han don dinh nao.

Chirng minh: Cho ngdén ngir L={a"b" | n>1} trén bang chit X={a, b}. Ta co
L=L(G), trong do G=<Z, {S}, S, {S—aSb, S—ab}> la van pham phi ngit canh. Gia
s L=T(A) vo1 A=<Q, Z, J, qo, F> 1a mot 6tomat hiru han don dinh. Véi n du 16n,
o=a'b" ¢6 d(a)>|Q|. Theo Pinh 1y 2.1.8, a"b"=uvw, trong d6 d(uv)<|Q|, d(v)>1,
uviweL, VieN.

— Néu n,(v)>0 va np(v)=0 thi v6i i da 16n ny(v)>ny(v).

— Néu ny(v)>0 va n,(v)=0 thi v6i i da 16n n,(v)>n(v).

— Néu n,(v)>0 va np(v)>0 thi v6i i=2 ta c6 a va b xen ké nhau trong uv'w.

Ca ba truong hop déu méu thuin véi uv'wel. Vay khong ton tai mot 6tomat hiru
han don dinh nao doan nhan A.

V& sau, ta s& thiy rang diéu kién can va du dé mot ngdn ngit dugc doan nhan
bo1 mdt 6tdomat hiru han don dinh 1a chinh quy. Do d6 h¢ qua trén cho biét ton tai
mot ngén ngtt phi nglt canh ma khong 1a ngdn ngir chinh quy, tirc 1a 16p cac ngdn
ngir chinh quy 1a con thuc sy cua 16p cac ngdn ngir phi ngit canh.
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2.1.11. Chu y: Véi 6tomat hiru han don dinh A=<Q, X, 8, qo, F> bat ky, ta ludn c6
thé xay dung mdt 6tomat hiru han don dinh déy du A’ tuong duong voi A.

That vay, ldy S¢Q (do d6 S¢F), dat Q’=Qu{S} va §”: Q’ x Z——> Q’ x4c
dinh boi: VqeQ, VaeX, 8°(q, a)=5(q, a) néu 8(q, a) duoc xac dinh, 8°(q, a)=S néu
d(q, a) khong dugc xac dinh va &°(S, a)=S. Khi d6 A’=<Q’,Z, &°, qo, F> 1a 6tomat
hitu han don dinh day du ma T(A’)=T(A).

2.1.12. Dinh nghia: Mot 6tomat hitu han khong don dinh hay mdt NDFA
(Nondeteministic Finite Automata) la mot bd nam

A=<Q, %9, q F>,
trong d6 Q, Z, qo, F nhu trong Pinh nghia 2.1.2 va 8: Q x Z——> 2(Q) (P(Q) la
tap hop cac tap con cua Q) goi 14 anh xa chuyén.

Trong truong hop 8(q, a)=J, VqeQ, VacZ, tanodi A 1a day di.

Néu 8(q, a)={p1, P2, ..., p} thi ta ndi ring 6tdmat A & trang thai q gip ky
hiéu a thi c6 thé chuyén dén mot trong cac trang thai py, pa, ..., pr. Néu 8(q, a)={p}
thi ¢ trang thai q gap ky hiéu a, 6tomat A chi chuyén dén mot trang thai duy nhat p.
Néu 8(q, a)=C thi ¢ trang thai q gap ky hiéu a, 6tdmat A khong thé chuyén dén
trang thai nao. Truong hgp nay tuong tu nhu 8(q, a) khong xac dinh cua 6tdmat
hitu han don dinh. Nhu vay, ta théiy réng mot 6tomat hiru han don dinh 1a mot
truong hop dac biét cia mdt 6tomat hiru han khong don dinh.

Hoat dong ctia 6tdmat hiru han khong don dinh A = <Q, Z, 6, qo, F> khi cho
XAU VA0 ®=4a,a,... a, ¢o thé duoc mo ta nhu sau:

Khi bat ddu 1am viéc, mdy & trang thai dau qo va dau doc dang nhin vao 6 co
ky hi¢u a,. Tt trang thai qo, dudi tdc dong cua ky hi¢u vao a;, 8(qo, a1)={p1,---» Px}»
may xac dinh cac trang thai c6 thé tiép theo 1a py, ..., px va dau doc chuyén sang
phai mét 6, tic 13 nhin vao 6 c6 ky hiéu a,. Tiép tuc véi mdi p; (1<i<k) va ky hiéu
tiép theo 1a a,, cac trang thai tiép theo co thé dén duoc 1a 8(pi, ar)u...Ud(py, ).
Qua trinh d6 s& tiép tuc cho t6i khi gip mot trong cac tinh hudng sau:

— Trong trudng hop tap trang thai tiép theo sau khi doc a; nao d6 1a rong hoic sau
khi doc ky hiéu a, 1a Q* ma Q’"F=@, ta ndi rang A khong doan nhén .

— Trong truong hop tap trang thai tiép theo sau khi doc ky hiéu a, 12 Q” ma
Q’NF=J, ta ndi rang A doan nhén .

Mot 6tdmat hiru han khong don dinh co thé biéu dién dudi dang bang
chuyén hodc db thi chuyén nhu trong trudng hop 6tdmat hiru han don dinh.

Néu 8(q, a)={p1, P2, ..., px} thi trong @6 thi chuyén c6 k cung tir q sang p;,
..., px cung mot nhan a.

Qua trinh dodn nhan mot xau vao  ciia mgt 6tomat hiru han khong don dinh
A ¢6 thé biéu dién bang mot cay c6 gbc ma gdc 1a trang thai dau qo. Trong cy nay,
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néu c6 mot duong di qua mot diy cac trang thai tng véi xau vao o tir qo dén mot 14
chtra trang thai két thuc thi x4u vao nay dugc dodn nhan bdi 6tomat A. Nguoc lai,
néu khong c6 mot 14 nao trong cdy chua trang thai két thic thi » khong dugc doan
nhan boi A.
Thi du 3: Cho 6tdomat hitu han khong don dinh:
A= <{q07 d1, 92, q3, q4}7 {O: 1}9 8: o, {qZ, q4}>9

trong d6 8(qo,0)={qo,qs} 8(do, 1)={qo,q1}, 8(q1, 0)=F, 8(q1, 1)={qz2}, 8(q2, 0)={q2},
8(q2, D)={qz2}, 8(q3, 0)={qa}, 8(qs, 1)=J, 8(qs, 0)={qa}, 8(qs, 1)={qu}.

Cho xau vao ®=01001. Ta c6 cay doan nhan ® nhu sau:

Trong cdy trén c6 mot dudng di tir qo dén qseF nén xau ©=01001 1a x4u
duoc doan nhan bdi 6tdmat A.
Db thi chuyén cua otémat A la:

2.1.13. Dinh nghia: Cho 6tomat hiru han khong don dinh A = <Q, Z, 5, qo, F>.
M& rong cua d 1a anh xa & tur tap Q x ¥" vao 2(Q) duoc xac dinh nhu sau:
1) 6°(q, £)=1q}, VqeQ, )
2)0’(q, wa)= Ué‘( p,a), VqeQ, VoeX , VaeX.
pes'(d,w)
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Ta c6 8°(q, a)=0’(q, €a)= Ué‘( p,a)=0(q, a), VqeQ, VaeX. Vi vay, cling
pes'(q,e)

nhu truong hop 6tdmat hitu han don dinh, ta c6 thé sir dung ky hiéu & thay cho &’.
2.1.14. Dinh nghia: Cho 6tomat hitru han khong don dinh A = <Q, X, 3, qo, F>,
meX’ va L 1a mot ngdn ngit trén 2. Ta noi:
— o dugc doan nhan béi A néu 8(qo, ®)NF£D;
— L dugc doan nhan bdi A néu L={weX | §(qy, ®)"F=J} va ky hiéu L 1a T(A).

Hai 6tomat hitu han khong don dinh (hodc mét don dinh mot khong don
dinh) A va A’ dugc goi 1a twong duong néu T(A)=T(A").
Thi du 4: Cho 6tdmat hiru han khong don dinh:

A =<{qo, q1, %2}, {a, b}, 8, qo, {Q2}>,
trong do6 6(qo, a)={qo}, 8(qo, b)={qo, q1}, (1, a)={d1}, 8(q1, b)={q1, Q2},
‘5(%, a):{%}, 3(q2, b)={qp}.
Do thi chuyén cua A 1a:

a a a
Yo b 4l > @
b b b

T(A)={obibw; | ®, 0, wse{a, b} }.

2.2. QUAN HE GIUA OTOMAT HUU HAN VA NGON NGU CHINH
QUY.
2.2.1. Dinh ly: Néu ngoén ngit L duoc doan nhan boi mot 6tdmat hiru han khong
don dinh thi tdn tai mot 6témat hitu han don dinh doan nhan L.
Chirng minh: Giad st L=T(A), vé1 A = <Q, %, J, qo, F> 12 mgt 6témat hitu han
khong don dinh. Xét 6tdmat hiru han don dinh A’ =<Q’, Z, &’, ty, F’>, trong do
— Q’ la tap trang thai mdi ma |Q’|=[P(Q)| va ta c6 thé dong nhat mdi phan tir cta
2(Q) v6i mdi phan tir cia Q’ nhu sau: mdi tap con {py, pa, ..., pa} €P(Q) duoc dit
tuong tng v6i phan tir cia Q” ky hiéu t[p1, pa, ..., Pul;
— YaeX, Vt[p1, p2, ---» Pul€Q’, O’ (t[p1, P25 ---» Pul» @)=L[11, T2y ..., Tk] néu {ry, 12, ...,
1} =0(p1, a)US(p2, ). US(pn, 2);
— to=t[qol;
~F={tlp, p2 .-, Pa]€Q" | {P1; P2 -+, PuyNFED]. ‘

Ta chirng minh T(A’)=L. B¢ c6 diéu nay, ta chimg minh ménh dé sau:

‘ Voel', 8 (t[qo], ©)=t[p1, P2, ..., Pal<S(do, ®)={P1, P2, - .-, Pn}

bang quy nap theo dg dai ctua .

Néu d(w)=0 thi w=e, khi d6 8(qy, £)={qo} va theo dinh nghia &(t[qe],
&)=t[qo]-
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Gia st ménh dé dung v6i moi tir o; ¢6 d(w;)<m (m>1). Cho weX co
d(0)=m+1. Pt o=m,a, vdi ac, ®,eX’, d(®,)=m. Gia st &’ (t[qo], ®1)=t[p1,---, Pul-
Khi d6 theo dinh nghia cta &’, ta c6

’ 0’(t[qo], ®12)=0°(3’(t[qo], ®1), a)=0’(t[p1, ..., Pul, @)
Theo gia thiét quy nap,
6’(t[qol, @1)=t[p1, ..., Pll<=>0(qo, ®1)={P1, ---, Pu}-
Mat khac,

n
O’(t[p1s ---» Pul, @11, 1y, ...y J{TL, 1, -y fk}:U5( P;i,a)=0(qo, ®a).

i=1

Vay ménh dé diing dén m+1. Cubi cung ta cé:

weT(A”)<=0’(t[qo], ®)=t[p1, ..., pu]€F’ <{p1, ..., po} NF£D0(q0, ©)NF£D
SweT(A).
Thi du 5: Cho 6tdomat hitu han khong don dinh:
A =<{qo, qi}, {a, b}, 5, qo, {q1}>,
trong d6 8(qo, 3)=1qo}> 8(qo, b)=1do, q1}> 8(qs, 3)={do» q1» 8(q1, b)~2.
D6 thi chuyén cua A la:

a b a
do di

b

Ta xay dung 6tomat A’=<Q’, {a, b}, 0’, to, F’} twong duong véi A, trong do:
- Q,={t@: t[qO]a t[ql]a t[q()’ ql]}
- t0=t[q0]7
- F’={t[q], t[qo, q1]},
— 0’ dugc xac dinh nhu sau: 6’(t[qo], a)=t[qo], 8’ (t[qo], b)=t[qo, q1],
o’(t[qi], a)=t[qo, qi], &°(t[qi], b)=tg,
6,('[@, a)=t@, 8’('[@, b)=t@,
6’(t[qo, q1], 2)=t[qo, du], 0°(t[qo, du], D)=t[qo, qu]-
bat t,=t[q:], t,=t[qo, q1], ts=tz, ta c6 d6 thi chuyén cua A’ la:
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RG rang A’ tuong duong véi 6tdmat A’’ ¢6 dd thi chuyén sau:
a a

to

va T(A)=T(A”)=T(A”’)={a"bw | n>0, ®e {a, b} }.
2.2.2. Pinh ly: Néu L 1a mot ngon ngit chinh quy thi tdn tai mot 6tdmat hitu han
khong don dinh doan nhan L.
Churng minh: Giad st L=L(G), v61 G=<Z, A, S, P> la van pham chinh quy. Xét
otomat httu han khong don dinh A=<Q, %, 9, qo, F>, trong do
— Q=AU{E}, E¢ZUA;
Q=S ,
— F={E} néu S—>e¢P va F={E, S} néu S—>¢eP;
—3(A, a)={B | A»aBeP}U{E | A»aeP} va o(E, a)=0, VA€A, VaeX.

Ta chung minh L=T(A).
1) weLl: a) o=¢: S—>eeP, do d6 SeF. Trong truong hgp nay o(S, €)={S} nén
eeT(A).
b) w=a;a; ...a,#¢e: Ta cod suy dan Sa;A;ajaA, ... a1a...8, 1A —ay...8,a,
Do d6 ton tai day quy tic S—ajA;, A|>aA,, ..., Ay1—>a, trong P. Tu dinh nghia
cua 0, ta c6 A;€0(S, a;), Ared(Ay, ay), ..., An1€0(ALa, an1), E€0(AL, a,). Nhu
vay, E€d(S, aja;... a,) hay oeT(A).
2) weT(A): a) m=¢: &(S, e)NF=J hay SeF hay S—»eeP, do d6 e€L.
b) w=a,2; ...a, #&: &(S, ©)"F=J vdi w#e hay E€8(S, »), do d6 ton tai cac trang
thai A, A,, ..., Ap.1€A sao cho A;€0(S, a)), A,e0(A4, ay), ..., An1€0(Ano, any),
Eed(A,1, ay). Tir d6 ta c6 S—a A, Aj>aA,, ..., A1—a,€P hay trong G c6 mdt
suy dan 1a S— a;A - a12,A5 ... ;2. . .25 1 Ay 2. . .2 18,=®. Vi vay oel..
Thi du 6: Cho ngon ngit L={wab"ab | n>0, we {a, b} }. Ta c6 L=L(G) trong d6

G=<{a, b}, {S, A, B}, S, {S—aS, S—>bS, S»aA, A>bA, A—»aB, B>b}>

la van pham chinh quy.

Xet 6tomat hitu han khong don dinh A=<{S, A, B, E}, {a, b}, o, S, {E}>,
trong do &(S, a)={S, A}, o(S, b)={S}, 0(A, a)={B}, 6(A, b)={A}, (B, a)=0,
d(B, b)={E}, o(E, a)=0, d(E, b)=L.

Do thi chuyén cua A 12‘1'

B D@

T(A)=L={wab"ab | n>0, e {a, b}"}.
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2.2.3. Pinh ly: Néu L 13 ngdn ngir duge doan nhan boi mot 6tdmat hitu han don
dinh thi L 1a m0t ngén ngtt chinh quy.
Chirng minh: Gid st L=T(A), v61 A =<Q, %, J, qo, F> 1a mdt 6tdmat hiru han don
dinh. Xét van pham
G=<%, Q, qo, P>,
trong d6 P={q—ap | d(q, a)=p}u{gq—a | d8(q, a)=peF}. Khi d6 G la mot van pham
chinh quy. Ta chirmg minh L(G)=L \ {&}.
1) =a,2; ...a,€L(G): w#¢ va ton tai suy dan:
Jo—aipi— ajazpal— ...~ 2a;az...an1Pn-1— a1 .. .85-18,=O.
Do dé qo—aip1, pi—azpz, ---» Pu1—an-1Pn-1, Pn1—>an€P hay ta co
P1=0(qo, a1), P2=0(P1, @2), -, Pn-1=O(Pn-2, an-1), Pn€F

tuc 1a 8(qo, ®)=pneF hay weT(A)\ {e}=L\ {g}.
2) ®=a;a, ...a,eL \ {€}: Ton tai ddy trang thai pi, p,, ..., p» sa0 cho 8(qo, a)=pi,
O(p1, @2)=P2, -5 O(Pn-2, @n-1)=Pu-1, Pn€F. Do d6 go—aip1, pr—>apz, ..., Po-1—>8n-1Pn-15
pPn1—a,€P hay qo— a;pi— a1apa— ... —213;... 841 Pn-11—21 . . . An13,=0 hay 0 e L(G).

Trong truong hop e€L, ta xay dung G’ twong duong véi G trong do ky hiéu
dau khong xudt hién trong bat ky vé phai cta quy tic ndo, dong thoi thém vao G’
quy tic q’o—¢ (q’o 1a ky hiéu dau cia G’) dé nhan duoc van pham chinh quy G’
sao cho L(G”")=L(G*)u{e}=L(G)u{e}.
Thi du 7: Cho 6tdomat hitu han don dinh A=<{qo, q1, q2}, {0, 1}, d, qo, {q2}>, trong
d6 8(qo, 0)=d1, 3(q1, 0)=q2, 8(q1, 1)=do, 3(q2, D=qo-

D6 thi chuyén cua A la:

0
0

T(A)={000 | ® {01, 001} "} 1 ngdn ngit chinh quy.

2.2.4. Chu y: Tu cac dinh 1y trén v6i cha y 1a mdi 6tomat hiru han don dinh c6 thé
xem nhu 1a mot 6tdmat hitu han khong don dinh, ta c6 thé rat ra két luan sau.

Goi D 1a 16p cac ngdn ngtr dugc doan nhan boi 6tdmat hiru han don dinh, 72
l1a 16p cac ngdn ngt duge doan nhan béi 6tdOmat hitu han khong don dinh va & 1a
16p cac ngdn ngtr chinh quy.

Dinh 1y 2.2.1 cho biét 72 c D.

Dinh 1y 2.2.2 cho biét 2 — 7.

Dinh 1y 2.2.3 cho biét D c 2.

VayD=7%=%.
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2.3. BIEU THU'C CHINH QUY.
2.3.1. Pinh nghia: Trén bang chit I, ta dinh nghia biéu thirc chinh quy theo cac
budc dé quy sau day:

1) @ 1a biéu thirc chinh quy, n6 biéu dién ngdn ngi rong.

2) € 13 biéu thic chinh quy, né biéu dién ngdn ngir {&}.

3) Néu aeX thi a 1a biéu thire chinh quy, né biéu dién ngén ngit {a}.

4) Néu r, s trong Gng 1a biéu thtc chinh quy trén = biéu dién ngdn ngit R, S
thi (r+s) 1a biéu thirc chinh quy biéu dién ngdn ngir RUS, (rs) 1a biéu thirc chinh
quy biéu dién ngon ngit R.S va (r) 1a biéu thirc chinh quy biéu dién ngén ngit R’

Trong biéu thirc chinh quy, ta c6 thé bo cac dau ngodc va quy udc thi tu
thuc hién cac phép tinh 1a phép lap, phép ghép, phép hop. Ching han, biéu thic
chinh quy ab a+ba thay cho biéu thirc (((a(b’))a)+(ba). Ngoai ra, néu khong so
nham 14n, ta c6 thé sir dung ky hiéu a thay cho biéu thic chinh quy a véi mdi a2,
2.3.2. Pinh nghia: Hai biéu thtic chinh quy r va s dugc goi 1a twong duong, ky
hiéu r=s, néu chiing biéu dién cing mot ngdn ngi.

Véir, s, t 1a cac biéu thire chinh quy trén bang chit X, dé& dang c6 dugc cac
tuong sau:

1) r+s = s+r,
2) (r+s)+t = r+(s+t),
3r+r=r,

4) (rs)t = r(st),
5) r(s+t) = rs+rt, (s+t)r = sr+tr,

6) D =c¢,
() =r,
8) rr +e=r,

9) (r's) = (r+s),
Thi du 8: Cho biéu thirc chinh quy (01°+02)1+(0+1)(220°1)".
a) (01°+02)1 = 01*1+021 1a biéu thuc chinh quy biéu dién ngdn ngit duoc doan
nhan bdi 6tdmat hiru han c6 d6 thi chuyén la:
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b) (0+1)(220°1)" 1a biéu thirc chinh quy biéu dién ngdn ngir duoc doan nhan bai
6tdmat hitu han ¢ dd thi chuyén la:

Vi vay, biéu thirc chinh quy da cho biéu dién ngdn ngit duge doan nhan bai
6tomat hitu han ¢ dd thi chuyén la:

2.3.3. Dinh ly: Cho L 1a mdt ngdén nglr trén bang chir . Khi d6 L 1a mdt ngdn
ngit chinh quy khi va chi khi ton tai mot biéu thirc chinh quy trén X biéu dién L.
Chirng minh: Gia st ton tai mot biéu thirc chinh quy trén bang chir Z={a, ..., a, }
biéu dién ngdn ngir L. Theo dinh nghia cta biéu thirc chinh quy thi L 14 tap hop
duogc tao thanh tir cac tp co so &, {e}, {ai}, ..., {a,} bang viéc ap dung mot sd
hitu han cac phép hop, ghép, 1dp. Vi cac tap co s& trén la ngdn ngit chinh quy va
hop, ghép, lip ctia mot s hitu han cta chung ciing 13 ngdn ngit chinh quy. Do d6 L
1a mot ngobn nglr chinh quy.

Gia st L 1a mot ngdn nglr chinh quy trén bang chitr £. Khi d6 theo Muc 2.2,
L=T(A), vd1 A=<Q, %, 9, qo, F> 1a mdt 6tdmat hitu han don dinh.

Gia st Q={qo, q1, ..., qm}. Ky hi¢u Ri'j‘ 1a tap hop tat ca cac tir ma dudi tac
dong cua chiing, 6tdmat A chuyén tir trang thai q; dén qj, thém vao do cac trang thai
ma A di qua c6 chi s6 khong vuot qua k. Trén do thi chuyén cia A, Ri'j‘ la tap hop
céc tir tmg voi cac duong di tir q; dén q; khong di qua qy+1, .., qm.

Mot cach hinh thirc, ta ¢6 thé dinh nghia Ri'j( bang dé quy nhu sau:

R;'={aeX | 8(q;, a)=q;}, i#j; Ry ={aeX|8(q. a)=qi}Uie};
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Ri=RiTURK (R RS, Vi, j, k=0, 1, ..., m.

Bang quy nap theo k, ton tai mot biéu thic chinh quy biéu dién ngon ngir
R, Vi, j=0, 1, ..., m.

Gia sa F={q; , 0 , ..., q; }. Khi d6 L=T(A)=Rj, URj U..UR[ (néu ton
tai j sao cho i;=0 thi thanh phan thtr j cta hop 1a (R)". Do d6 ton tai biéu thirc
chinh quy biéu dién ngén ngir L.

Thi du 9: Cho 6tdmat hitu han khong don dinh A ¢ do thi chuyén 1a:
1
do qi
1 0 1
Theo chirng minh ciia Pinh 1y 2.3.3, ta c6: T(A)=(Ry,)*=(Rg W Ry (R RY)" .
Tir d6 thi chuyén ta thdy rang:

— Biéu thtrc chinh quy 1” biéu dién Ry),.

— Biéu thiic chinh quy 1°1 biéu dién Ry),.

— Biéu thirc chinh quy 1701 biéu dién R.

— Biéu thiic chinh quy 1°0 biéu dién R, .

Vay T(A) biéu dién boi biéu thirc chinh quy (1 +1°1(1°01)170) =(1"+1170) .
2.4. CUC TIEU HOA OTOMAT HU'U HAN.

Cung mdt ngdn ngit chinh quy L, cé thé c¢6 nhidu 6tdmat hitu han doan nhan
n6. Nhung trude hét nguoi ta phai quan tim dén cac otdmat co sb trang thai it nhat
cung doan nhan ngdn ngit L. Tir d6 ta c6 khai niém 6tomat tdi tiéu.
2.4.1. Dinh nghia: Otémat c6 so trang thai it nhat trong cac otomat hiru han don
dinh day du cing doan nhan ngdn ngit L dugc goi 1a 6tomat tbi tiéu ctia ngdn ngi
L. Viéc tim otdmat tdi tiéu M sao cho T(M)=T(A) véi A 1a 6tdmat hitu han don
dinh day du cho trudc goi 1a cuc tiéu hoa 6tdmat hitu han A.
2.4.2. Pinh nghia: Cho A =<Q, X, §, qo, F> 12 m6t 6tdmat hiru han don dinh day
du. Trén T ¢ quan h¢ R, dugc dinh nghia nhu sau:

) Vo, BeX’, aRAp < 8(do. @) = 8(qo, B).

D¢ dang thay rang R, c6 céc tinh chat sau:
— R, ¢6 tinh phan xa vi ‘v’oceZ*, aR 0.
— Ry ¢6 tinh dbi xtmg vi Va, BeX’, aR AP kéo theo R0
— R, ¢6 tinh bic cau vi Va, B, yeX’, aRaP va PRy kéo theo aR,y.
Do d6 R, 1a mot quan hé twong dwong, nén quan hé R, phan hoach 3" thanh cac
16p twong duong. Tir dinh nghia cta Ry, ta thdy rang mdi 16p tuong duong Gmg voi
mot trang thai. Vi vy sd cac 16p twong duong theo R, khong 16n hon s cac trang
thai cua A.
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2.4.3. Pinh nghia: Quan hé twong duong R trén 2" duoc goi 1a bit bién phai néu
Va, B, yeX’, aRP = ayRpy.

Quan hé R nhu trén 1a bt bién phai. That vay,

Va, B, yeX’, aRaB = 8(qo, o) = 8(qo, B) = 8(qo, ay) = 8(8(qo, @), 1)=(3(qo, B), 7)
=0(qo, Py) = ayRaPy. o )

Bay gio ta xét mgt quan h¢ tuong duong bat bi€n phai khéac trén X ma no
dugc xac dinh bd1 mot ngon ngilt L cho trude nhu dudi day.

2.4.4. Pinh nghia: Cho L 1a mé6t ngdn ngit trén bang chit £. Trén £ ¢ quan hé
Ry dugc dinh nghia nhu sau:
Vo, BeX’, aR p < (VyeX’, ayel < Byel).

Kiém tra d& dang réng R; thoa mén cac tinh chat phan xa, doi xing va béc
cau, do d6 Ry 1a mot quan h¢ tuong duong. Hon thé nita, Ry cling bat bién phai.
2.4.5. Pinh ly: Cho L 1a mdt ngdén ngir trén bang chir . Khi d6 L 1a ngon ngit
chinh quy khi va chi khi R; phan hoach X thanh mét s6 hitu han cac 16p tuong
duong.

Chirng minh: Gia st L 13 mot ngdn ngit chinh quy. Khi d6 ton tai mot 6tomat hiru
han don dinh day du A =<Q, Z, §, qo, F> sao cho L=T(A).

Xét quan hé Ry trén X', Vi o, BeX” sao cho aRAp thi VyeX'ta co

ayel < 8(qo, ay)eF < 6(qo, Py)eF < ByeL.
Diéu nay c6 nghia 12 aR;B. Nhu vy, aRAP kéo theo aR; B hay quan hé R, min
hon quan hé R;. Do d6 s6 16p twong duong theo quan hé R, khong 16n hon sb 16p
trong duong theo quan hé R, ma s ndy 1a hiru han nén sb 16p twong duong theo
quan hé Ry 1a hiru han.

Bay gio gia st L 13 mot ngdn ngi trén bang chit  ma sb 16p tuong duong
theo quan hé Ry 1a hitu han. Ta xay dung mot 6tomat hitu han don dinh déy du la
A =<Q, %, 9, qo F>, trong do:

—Q={[a] | aeZ} ([a]={PeX’ | aR.P} la 16p twong duong theo quan hé R,);

— qo=[el; o ’

—0: Q x Z——> Q cho bdi 8([a], a)=[aa] (do Ry 1a bat bién phai nén néu aR thi
aaR; Pa, do d6 dinh nghia cua & 1a tét).

~ F={[o] | 3pe[o], BeL}.

Khi d6 néu [a]€eF thi Vye[a], ta c6 yeL. That vay, voi Be[a], BeL, ta co
BRry, tir d6 do B=Pe€L nén y=yeeL.

Ngoai ra, ta c6 T(A)=L. That vay,

0eT(A) & o([g], m)=[ew]=[w]eF < wel.
Thi du 10: Cho A 13 mot 6tdmat hitu han don dinh ddy du c6 do thi chuyén dugc
cho dudi day:
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Ky hiéu C; 1a 16p twong duwong xac dinh boi q;, nghia 13 C;= {aeX" | 8(qo, a)=q;}.

Co= {857

C =11,

C,=11°0,

C;=117001"+0011",

C4 = 0,

Cs = (01+000+11°01+11°001°0+0011°0)(0+1)",

Cs =00.

D@ dang thay rang T(A) = C;uCe=0011"+00+11"001"=1"001".

Véi L=T(A)=1"001", ta tim cac 16p twong duong theo quan hé R;. Véi a,
Be{0, 1}, aR.p khi va chi khi mot trong cac ménh dé dudi ddy thoa mén:

a) o va p khong chira s6 0.

b) o va B chira dang mét chit s6 0 & cudi.

¢) o va B chira dung hai chir sb 0 lién tiép nhau.

d) o va B hoic 13 chi chira mot chit s6 0 khong phai & cubi cau, hodc 1a hai
chit s6 0 khong dung canh nhau, hodc chtra nhiéu hon 2 chit s6 0. Khi d6 cac 16p
tuong duong theo quan hé R 1a:

[e] = CouC,=¢e+11’,

[0] = C,UCy=1170+0,

[00] = C3UCs = 117001 +0011 +00,

[000] = Cs5 = (01+000+11"01+11°001°0+00110)(0+1) .

Trén co s& chirng minh ctia Pinh 1y 2.4.5, ta ¢6 6tomat hitu han don dinh:

M = <{[e], [0], [00], [000]}, {0, 1}, 3, [¢], {[00],
trong do, d([&], 0)=[0], 5([&], 1)=[e], 5([0], 0)=[00], &([0], 1)=[000],
3([00], 0)=[000], 5([00], 1)=[00], &([000], 0)=[000], 6([000], 1)=[000].

Do thi chuyén ciia M 1a:
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0 0@” 1
T(M) =T(A)=17001".

Luu y rang hai 6tdmat dugc xem 1a nhu nhau néu c6 mot phép doi tén cac
trang thai sao cho hai do thi chuyén cta chung 13 gidng nhau.

2.4.6. Dinh 1y: Néu L 1a mot ngon ngit chinh quy thi t6n tai duy nhat mot otomat
hitu han don dinh t4i tiéu doan nhan L.

Churng minh: Goi M = <Q, %, d, qo, F> 1a 6tomat hitu han don dinh doan nhan
ngon ngtt L duge xay dung nhu trong Dinh 1y 2.4.5. Cho A 1a 6tdmat hitu han don
dinh ddy du tuy ¥ doan nhan L. Khi d6 sb trang thai cia A khéng it hon sé 1p
trong duong theo quan hé R, va do d6 khong it hon sb 16p twong duong theo quan
hé Ry, tuc 1a sb trang thai ciia M.

Giasu A’ =<Q’, X, 8, q’, F’> 1a 6tomat hiru han don dinh doan nhan L c6
sd trang thai bang sd trang thai cia M. Vq’eQ’, do sb 16p tuong duong theo quan
hé R, b@fmg ) trang thai cua A’, nén JwelX sao cho 0’(q°0, )=q’. Pat g=06(qo, ®).
Néu JoeX” sao cho 8°(q’y, ®)=8"(q"0, c)=q" thi ®Ra-a.. Tir su bang nhau giita sb
16p tuong duong theo R4 va theo Ry, ta suy ra @Ry a. Do d6 ta co:

‘ o([e], ®) = [o] = [a] = &([¢], &) (¢ day qo=[e])

Béang phuong phap nhu vy, ta c6 thé dong nhat cac trang thai cuia M véi céc

trang thai ciia A’. Chinh x4c hon, ton tai song anh ftir Q* 1én Q thoa man:

‘ , f(8(ao, o)) = 8(qp, @), Vare X"
Diéu nay cho biét hai 6tomat M va A’ dugc xem la nhu nhau va M la 6tomat hiru
han don dinh tdi tiéu duy nhit doan nhan L.
2.4.7. Dinh nghia: Trang thai q cua 6tomat hitu han don dinh dﬁy du A=<Q, Z, 5,
qo, F> duogc goi la dén duge néu JoelX sao cho d(qo, ®)=q.

Khi ¢6 mdi 16p twong duong theo quan hé R, c6 thé duoc ddng nhat voi mot
trang thai dén duoc.

2.4.8. Chu y: Cho A=<Q, %, §, qo, F> 1a mot 6tomat hiru han don dinh day du
doan nhan ngdn ngir chinh quy L trén bang chir X. Chung ta s€ chi ra phuong phap
tim 6tdmat hiru han don dinh t6i tiéu M doan nhan L. Dé tim cac trang thai cua M,
ta can tim cac 16p twong duong theo quan hé R;, ma mdi 16p tuong duong theo Ry,
lai 14 hop ctia mot s 16p twong duong theo quan hé Ry. Do ta dong nhat mdi 16p
tuong duong theo Ry v&i mdt trang thai dén duoc cua A nén ta s& xay dyng mot
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quan hé twong duong trén tip hop K tit ca cac trang thai dén duoc ma quan hé nay
c6 thé dong nhat véi Ry.

Trén tap hop K xét quan hé = sau:

Vp,qeK, p=q < (VyeX’, 8(p, y)eF < 8(q, v)eF).
RO rang = 1a mot quan h¢ twong duong trén K.

Vp,qeK, Ja, PeX’ sao cho p=(qo, o) va q=8(qo, B). Khi d6 ta co:

p=q < (VyeX’, 8(8(qo @), Y)F & 8(8(qo, B), v)€F)
< (VyeX, 8(qo, a y)eF < 8(qo, B y)<F)
< (VyeX,ayel & PByel)
< aR .

Tap K cac trang thai dén duoc co thé nhan duge nhu sau. Dit Ko={qo},
K=KoU{d(qo, a) | aeX}. Néu K,#K,, dit Ko=K,U{8(p, a) | acX, peK; \ K,}.
Tuong tu nhu vay, ta c6 thé tim duoc K+ thong qua K; (j=0). Néu ton tai i sao cho
Ki+1:Ki thi ta co K:Ki.

Bay gio ta tim cac 16p twong duong theo quan hé = trén K bang thuit toan
nhu dudi day.

1. Chon ra céc cip trang thai (p, q) ma peF va q¢F. Gan sb 0 cho cac cip nay va
danh dau mdi cip bang dau *.

2. Chon ra céc cdp (p, q) ma n6 chua dugce danh dau va xét cac cap (8(p, a), 8(q, a))
v6i mdi aeX. Néu trong sb cac cip ndy tim thay mot cip di duoc danh diu thi ta
danh déu cdp (p, q). Thém vao d6, néu d6i voi cip di chon (8(p, a), d(q, a)) da
duoc gan s6 k thi ta gan sb k+1 cho cip (p, q). Nguoc lai, néu khong tim thiy cip
dugc danh dau * thi ta xép cip (p, q) cung voi cac cap (8(p, a), 8(q, a)) thanh danh
sach riéng biét.

3. Néu mot cap (p, q) da dugc danh dau * va duoc gan s6 k thi ta danh diu * tat ca
cac cdp ma trude d6 ta di xép ching vao danh sach riéng ddi véi (p, q) va chua
dugc gan bo1 mot sb ndo, ta gan s6 k—1 cho mdi cap da ky hiéu.

4. Lap lai Budc 2 cho dén khi khong con cac cip (p, q) khong duge danh ddu * ma
chua duoc dua ra xét.

Ta s& chimg to rang cac trang thai p, qeK 1a khong twong duwong (theo quan
hé =) khi va chi khi trong qua trinh trén, cip (p, q) bi danh dau *.

Trude hét, gia sit p va q khong trong duong va yeX  sao cho 8(p, y)eF va
8(q, y)¢F. Bang quy nap theo d6 dai cta y, ta chi ra rang cip (p, q) dugc danh dau
*. Néu y=¢ thi 8(p, €)=p, 8(q, €)=q, nén cip (p, q) dugc danh dau *. Gia sit ménh dé
dung ddi v6i moi cdp trang thai ma ching dugc chi ra 1a khong tuong dwong voi
nhau bang mot tir c6 do dai nho hon n. Liy yeX ma d(y)=n, ta c6 y=ay’, v6i acX
va y’eX’ ma d(y’)<n. Gia st 8(p, a)=r, 8(q, a)=s. Khi d6 r, s duoc chi ra 1a khong
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trong duong bang tir y’, nén theo gia thiét quy nap (r, s) da dugc danh dau *, do do
cip (p, q) dugc danh dau *.

Bay gid gia str cap (p, q) da duoc danh déu *. Ta can chtng t6 cc trang thai
p va q 1a khong tuong duong. Bing quy nap theo sb k gan cho cap (p, q), ta c6 thé
ching minh diéu nay.

Khi k=0, ta c6 peF va qeF, diéu nay co nghia 1a cic trang thai p va q 1a
khong tuong duong. Gid st m¢nh dé ding ddi voi moi cap dugc gan vadi sb6 h<k.
Cho (p, q) 14 cap duoc gan boi s6 k. Trén co s¢ Budc 2 va 3, ton tai acX sao cho
cip (r=38(p, a), s=8(q, a)) duoc gan boi s6 k—1. Theo gia thiét quy nap, r va s khong
twrong duong; nghia 13, 3a.eX" sao cho &(r, a)eF va (s, a)¢F. Do d6 8(p, ao)eF
va 8(q, aa))¢F hay p va q 1a khong tuong duong.

Xeét 6tdmat hiru han don dinh M=<Q’, X, 8°, [qo], F’>, trong do:

—Q’={[q] [ qeK} ([q] la l6p twong duong theo quan h¢ =),
—F’={lq] [ q€F},
-0:Q’xX——Q’ cho bdi &°([q], a)=[0(q, a)].

Bang quy nap theo d6 dai cua tir @, dé dang c6 duoc §°([q], ©)=[d(q, ®)]. Tu
do suy ra TMM)=T(A)=L.

Vay M 1a 6témat hitu han don dinh t4i tiéu doan nhan L.

Thi du 11: Cho 6témat hiru han don dinh day du
A =<{qo, 91> 92, 93, 94, 45, 96> 97} {a, b}, 3, qo, {2, A3, 9 Ge> A7}
trong do6 8(qo, 2)=da, 8(qo, b)=qs, d(q1, A)=q2, 8(q1, b)=qo, 8(q2, 3)=q2, 3(q2, b)=0p,
8(q3, a)=qs3, 8(qs, b)=qp, 8(q4, a)=q2, d(qs, b)=qs, 8(qs, a)=qs, 3(qs, b)=qs,
8(de> 2)=qs, 5(de, b)=q7, 8(q7, 3)=qs, 8(q7, b)=9s.
D6 thi chuyén cua A la:

Trude hét, ta tim cac trang thai dén duoc cua A. Ta co:
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Ko=1{q0}.Ki={q0, q4, q6},K2=1qo, (14,, de> 92, s, 475 » Ke=Ks=1{qo, q4, 96, Q2> 95, 47,93} -
Trén co s& Budce 1, ta danh dau cac cap trang thai sau:

(q()a qZ)a (q()a q3)7 (q()a q5)7 (q()a q6)7 (qu q7)7 (q49 qZ)a (q49 q})a (q49 q5)7 (q49 q6)7 (q49 q7)
Vi 8(qo, a)=q4, 0(q4, @)=q> va (qs, q2) dd dugc danh dau nén ta danh dau (qp, q4).
Tuong tu nhu vay ddi véi cac cap khac. Két qua co duogc trong bang sau:

q7
de
s
Qo | x| x|
qQ | *
9 *

Jo * * * * * *

Cac trang thai dén dugc chia thanh cac 16p tuong duong sau:
[q0] = {do} [d2] = {925 Q3 G55 Q6> G755 [qa] = 194}
Vay 6tomat hitu han don dinh t61 ti€u doan nhan L=T(A) la:
M = <{[q0]9 [qZ]a [q4]}9 {aa b}a 8’9 [qO]a {[qZ]}>a
trong déa 6’([q0]5 a):[S(q()a a)]:[q4]a 8,([q0]5 b):[S(qo, b)]:[qZ]a
0’([qz2], @)=[8(q2, @)]=[qz2], &’([q2], b)=[8(q2, b)]=[q2],
~8°([9a], 2)=[8(qa» 3)]=[] 8’([qa], D)=[8(q4, b)]=[q]-
Do thi chuyén cua M la:

T(M) = T(A) = (b+aa+ab)(a+b)".
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BAI TAP CHUONG II:

1. Hay xay dung cac 6tomat hitu han c6 do thi chuyén sau va xac dinh cac ngon

nglr dugc doan nhan bdi chung. 0
a 0 0 1
) (a0 @ o ()
1 1 1 Q

Y O e () =

2. Hay xay dung cac 6tomat hitu han don dinh doan nhan cac ngoén ngir sau:
a) L= {a"b" | n>1, m>1}.
b) L= {0e{0, 1}" | ® bit diu ding 3 chi s6 0}.
¢)L={we{0, 1} | ® khong bit ddu béi hai chir s6 1 lién tiép}.
d) L= {(01)", (101)" | n>0}.
e) L = {(aab)"(baa)” | n>1, m>1}.
3. Ching minh réng khong tdn tai 6tdmat hitu han don dinh nao doan nhan céc
ngon ngur sau:
a) L= {on | we{a, b}}.
b) L = {a”| p 12 mot s6 nguyén t6}.
4. Hay xay dung cac 6tdmat httu han khong don dinh doan nhan cac ngén ngir sau:
a) L = {®abam, | ®;, mre{a, b} }.
b) L= {0e{0, 1}" | ® bit diu bang luy thira duong cua 101}.
¢)L={(1111)"0 | 0e{0, 1}, n>0}.
5. Hay thanh 1ap cac van pham chinh quy sinh ra cac ngon ngir ma dugc doan nhan
bo1 cac 6tomat hiru han khong don dinh sau:
a) A =<{qo, qi, G, q3, 94}, {a, b}, 3, qo, {q, qu}>, trong do6
8(qo, a)={qo, 91}, 8(qo, D={qo, q1}, (a1, A=, 8(q1, b={q2}, 8(qp, a)={q},
0(q2, b)={q2}, 6(qs, a)={qa}, 8(qs, b)=J, (s, a)={da}, 6(qs, b)={qa}.
b) A =<{qo, qi}, {0, 1}, 3, qo, {q:1}>, trong do

41



8(qo, 0)={qo, q1}, (o, 1)={q1}, d(q1, 0)=J, (a1, 1)={qo, q1}-
6. Hay xay dung cac 6tomat hitu han don dinh doan nhan cac ngén nglr ma dugc
sinh béi cac van pham chinh quy sau:

a) G=<{a, b, c}, {S, A, B, C, D}, S, {S—aB, S—»aC, B—»aA, C—bD,

D—bC, D—>bA, A—>cA, A—>c}>.

b) G=<{0, 1}, {S, A, B, C, D, E}, S,{S—¢, S»>1A, B»>0C, B—>0D, A—>1B,
B—1D, D—0E, C—1B, C—0A, E>1A, D—>I1E, E-50B, A—>0D, E—>1, C—>1}>.
7. Cho k 12 mot s6 nguyén duong va L = {we {1}" | d(o)=nk, n=1, 2, ...}. Ching
minh rang L, c6 thé dugc biéu dién béi mot biéu thirc chinh quy. Hiy cho cac
otomat hiru han don dinh doan nhan L,, L3, Ls.

8. Cho L = {0"1" | n>0}. Hay xac dinh cac 16p twong duong theo quan hé Ry va tir
do6 suy ra L khong la ngén ngit chinh quy.

9. Hiy thay cac biéu thic chinh quy sau bang biéu thic twong duong, don gian
hon, trong d6 khong chira phép cong:

a) E=00+0011 +1"1001".

b) E=100"100"+1100"+100"1+11.

10. Hay xdy dung cac 6tdmat hiru han don dinh doan nhan cac ngon ngir duoc biéu
dién boi cac biéu thirc chinh quy sau:

a) bba(a+b) .

b) (a+b) bab.

¢) (bb+a) (aa+b)".

d) (e+1+11)(01)".

e) (0+1)(0+1)(0+1)",

11. Hay cyc tiéu hoa 6tdmat hiru han don dinh sau:
A= <{q09 d1> 92, 93, 94, 95, g6, 97, s, q9}9 {09 1}= o, o, {q79 q9}>9

trong do6: 8(qo, 0)=q1, 8(qo, 1)=q3, 8(q1, 0)=q7, d(q1, 1)=q1, 6(q2, 0)=qo, (q2, 1)=gs,
8(q3, 0)=qs, d(q3, 1)=qv, 8(da, 0)=q1, 6(q4, 1)=q7, 8(qs, 0)=qs, d(qs, 1)=qs,
8(qe, 0)=q3, 6(qes, 1)=qs, 6(q7, 0)=qs, 8(q7, 1)=q7, d(qs, 0)=qy, 6(qs, 1)=qs,
8(q9, 0)=gs, d(qo, 1)=qp.
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CHUONG III:
OTOMAT DAY XUONG
VA NGON NGU PHI NGU CANH

Péi v6i cac 10p van pham duoc phéan loai theo Chomsky, 16p van pham phi
ngir canh c6 vai trd quan trong nhét trong viéc ung dung dé xdy dung cac ngdn ngi
1ap trinh va chuong trinh dich.

Trong qua trinh dich tir chwong trinh ngudn ra chuong trinh dich, nguoi ta st
dung ciu triic ca phap cua van pham phi ngit canh dé phén tich cac xiu vao. Cau
tric ¢t phap cia mot xau vao duge xac dinh tir ddy cac quy tic suy tir xu d6. Dua
vao ddy cac quy tic do, bd phén tich ct phap cua chwong trinh dich s& cho biét xau
vao dang xét c6 thudc vao xau do van pham phi ngir canh sinh ra hay khong. Noi
cach khéc 1a véi xau vao o va mdt van pham phi ngit canh G, héi xem ©wel(G)
hay khong? Néu c6 thi hdy tim cach biéu dién ® bang vin pham, ttrc 13 tim cac quy
tic sinh ctia van pham G dé sinh ra xau .

3.1. VAN PHAM PHI NGU CANH VA CAY SUY DAN CUA NO.
3.1.1. Dinh nghia: Cho vin pham phi ngit cinh G=<X, A, S, P>. Cay suy dan
trong van pham G 13 mot cay c6 gdc thoa mén bdn yéu cau sau:

1. O mdi dinh duoc gan mot nhin. Nhan gan & dinh 13 cac ky hiéu trong tip
SUA. Géc ctia cay duoc gan nhan 13 S.

2. Méi dinh trong duoc gan nhin 1a mot ky hiéu nao do trong A.

3. Mo6i dinh ngoai (14 ctia cdy) dugc gan nhan 1a mot ky hiéu trong tap .

4. Néu dinh m duoc gan nhan 1a A€A, con cac dinh ny, n,, ..., ng 1a cac con
cua dinh m theo thir tu tu trai sang phai va dugc gan nhan By, B,, ..., By tuong tng
thi A—>B;B,...By 1a mot quy tac trong P cia van pham G.

Néu doc tit ca nhdn & céc 14 theo tht tu tir trai sang phai, ta s€ nhan duoc
mot tir ndo d6. Tir d6 s& 1a mot phan tir trong L(G) va duogc goi 13 két qua cia cay
suy dan trong G.

Thi du 1: Cho cac van pham phi ngir canh:
Gi=<{a,b,c,+, * (,)}, {S, A}, S, {S>S+S|A*A|a|b|c, A>(StS)|a|b|c}>,
G,=<{a, b}, {S, A}, S, {S—>Sa| Aa, A»>aAb | ab}>,
Gi=<{X={aj, a5, ..., a,}, {S}, S, {S—>aSa, S—aa |aeX}>,
G=<{if, then, else, for, do, a, b, c}, {S, A}, S, {S—if b then A | if b then A else S,
S—a, A—>forcdo S|a}>.
Cay suy dan cua tir b+(a+c)*b trong G la:
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n lan

A X 5 \ R \
Cay suy dan cua tor o =a,a;...a,a,...2,a; trong G; la:



e

3.1.2. Pinh ly: Cho G=<%, A, S, P> 13 vin pham phi ngit canh va meX"\ {&}. Khi
d6 weL(G) khi va chi khi ton tai mot cay suy dan trong G ¢ két qua 13 o.
Chirng minh: Do o#¢ nén ta co thé gia thiét rang S—eeP. Bay gio voi moi A€A,
dat Ga=<X, A, A, P>, ta ¢c6 G, la van pham phi ngir canh. Ta s€ ching to r?mg
®eL(G,) khi va chi khi ton tai mot ciy suy din trong G c6 két qua 13 .

Gia stir o 1a két qua ctia mot cay suy dan trong Ga va n 1a s6 ky hiéu khéng
két thuc trong cdy. Bang quy nap theo n, ta s& chi ra ring weL(Ga).

Néu téng s6 ky hiéu khong két thuc trong cay 1a 1, ky hiéu nay phai [a A va
1a gdc cua cay, do d6 cac con cta A phai 1a cac dinh dugce gan boi cac ky hiéu két
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thuc, chéng han by, by, ..., bx. Theo dinh nghia cua cay suy dan, ta c6 A—bb,...by
hay AE o.

Gia sir ménh dé& ding v6i moi cay suy dan c6 sd ky hiéu khong két thic 1a
n—1. Xét mot cdy suy dan trong G, c6 két qua 1a @ va trong cdy c6 n ky hiéu khong
két thuc. Goi cac con cua A theo tht ty tir trai sang phai la By, B,, ..., By Néu céc
dinh nay déu 13 14 thi cay gdc A chi c6 mot dinh c6 ky hiéu khong két thuc. Gia su
trong cac dinh nay c6 cac dinh trong 14 Cy, C,, ..., Cm. Xét cac cAy con ma gdc cla
n6 1a Cy, C,, ....Com. Goi a; 12 két qua cta cay suy din goc C;. Theo gia thiét quy
nap, o;€L(G;). Vi tip cac quy tic trong G chita trong tip cac quy tic trong Gu
nén ta co cac suy dan trong Gu 1a Ci= a4, C= ay, ..., Cy I=oy,. St dung cac suy
dan nay va quy tic A—>B,B,...By, ta nhan duoc:

A= BiB,.. BiE®Ci0,C; ...000Cridmi1 = ... E @101 0200 ... 0pnOlynOm 1.

Do két qua cua cdy suy dan trong Ga la ® nén 0=001®0, ...OH0LOL+ hay
wel(Gy).

Pao lai, ta can ching minh rang néu ¢ suy din AE o (=€) trong G, thi co
thé xay dung mot cdy suy dan trong G c6 két qua 1a ©. Ménh dé nay duoc chimg
minh bang quy nap theo d6 dai cua suy din.

Trude hét, néu A= ©=b;b, ...b, (suy dan mot bude) thi co thé xay dung mot
cay cb géc la A va cac con tu trai sang phai lan luot la by, b, ..., by

Gia sir ménh dé dung véi moi suy dan c6 do dai khong 16n hon n. Cho suy
dan trong G, 1a A= o c6 d6 dai n+1. Gia st quy tic dau tién trong suy dan nay 1a
A—BB,...Byva Cy, C,, ..., Cy 1a cac ky hi¢u khong két thac trong cac B; (1<i<k),
c6 nghia 1a B;B,...Bi=0,C;m,C; ...0,Ciyons 1, & ddy C; =a; c6 do dai khong vuot
qua n. Theo gia thiét quy nap, ton tai cac cdy T; cua G ma két qua cta no 1a o; va
do d6 ta co thé xay dung trong G4 cdy suy dan c6 két qua 1a o nhu sau:

3.1.3. Dinh nghia: Cho van pham phi nglt canh G=<X, A, S, P>. Ta n6i van pham
G la nhap nhing hay da nghia néu ton tai mot xau o 1a két qua cta hai cdy suy dan
khac nhau trong G.
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Trong trudng hop nguoc lai, ta néi G 1a khong nhap nhang hay don nghia.

Mot van pham phi ngit canh dugc goi 1a nhap nhang vinh ctru néu khong ton
tai van pham phi ngir canh don nghia nao tuong duong véi no.

Ngbén ngir do van pham G sinh ra goi 14 ngon ngit nhap nhing néu G 1a van
pham nhép nhang.
Thi du 2: Van pham phi ngit canh sau l4 nhap nhang:

G=<{a, b, +, *}, {S}, S, {S>S+S, S>S=S, S—>a, S—>b}>,

vi Xdu o=b+a*b+a co hai suy dan trai khac nhau trong G.

Cung véi van pham G & trén, van pham
G’ =<{a, b, +, *}, {S, A}, S, {S>A, S>A+S, A>A*A, A—>a, A>b}>
la don nghia va L(G’)=L(G).

Trong mot van pham phi ngit canh ¢ thé c6 nhidu yéu t thira, chang han co
nhing ky hiéu khong hé tham gia vao qua trinh sinh cac ngdn ngit, hodc ¢ nhiing
quy tic dang A—B chi 1am mat thoi gian trong qué trinh hinh thanh cac xau cua
ngdn ngir. Vi 1& d6 can loai boé nhitng yéu t6 du thira khong cé ich trong viée sinh
ngon ngilt, sao cho viéc loai bé d6 khong lam anh hudng td1 qué trinh sinh ngdn
ngir. Pidu d6 c6 nghia 1a chi can giit lai cac ky hiéu va cac quy tic c6 ich trong van
pham G ma chiing thuc sy 14 can thiét trong qu4 trinh sinh ngdn ngit ma thoi.

3.1.4. Dinh nghia: Cho van pham phi nglt canh G=<X, A, S, P>. X dugc goi la ky
hiéu c6 ich néu ton tai suy dan S = aXp E o, trong d6 a, Be(ZUA)’, XeZUA va
weX’.

Néu ky hiéu X khong thoa man diéu kién trén thi X dugc goi 13 ky hiéu thira.
Nhu vay X 13 ky hiéu thira néu tir X khong thé din ra mot xdu weX’. Ky hiéu X ¢o
tinh chat nhu thé con duoc goi 1a ky hiéu v6 sinh. Néu tir ky hiéu dau S khong dan
duge mot xau ndo c6 chira ky hiéu X thi ta néi ky hiéu X 1a ky hiéu khong dén
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dugc. Nhu vay mdt ky hi€u 1a thura néu no 1a ky hi¢u vo sinh hodc la khong dén
duoc.

3.1.5. B6 dé (loai ky hi€u v6 sinh): Cho van pham phi ngit canh G=<Z, A, S, P>
v6i L(G)=@. Khi d6 ton tai van pham phi ngit canh G’=<X, A’, S, P’> tuong duong
voi G sao cho mdi AeA’ ¢ mot xau oel & A Fo.

Chirng minh: Tur tip quy tic P cua G, ta xdy dung A’ nhu sau:

— Néu trong P ¢6 quy tic dang A—>w» véi AcA, oeX thi két nap A vao A’

— Néu A—>XX,...X, 1a quy tac trong P ma X;eX hodc X; la bién da duoc két nap
vao A’ thi dua A vao A’.

Cir tiép tuc xét cac quy tic trong P, ta s& xdy dung cac ky hiéu cho tap A’. Vi
P 14 hitru han nén qué trinh s€é dugc dung lai sau mdt s6 hitu han buéc. Khi d6 ta
xay dung duogc tap A’.

Ta xay dung tiép tdp quy tic P’ gdbm cac quy tic trong P ma cac ky hiéu co
mat trong do déu thude tap XUA’.

3.1.6. B dé (loai ky hiéu khong dén duoc): Cho van pham phi ngit canh G=<%,
A, S, P>. Khi d6 ton tai van pham phi nglt canh G’=<¥’, A’, S, P’> tuong duong
v6i G sao cho mdi XeX UA’ ¢6 a, Be(2°UA’) dé cho S = aXp.

Chirng minh: Xay dung tap £’ va A’ nhu sau:

Dua ky hi¢u S vao A’. Néu mét bién A di duoc két nap vao A’ va A—a, &
day a.e(Z°UA”) thi ta két nap cac ky hiéu bién trong a vao A’, con céc ky hiéu két
thiic trong o thi két nap vao 2’

Thu tuc két nap trén s& ngimg khi khong con bd sung thém duogc bat ky ky
hiéu nao nira vao cac tap X’ va A’.

Tap quy tic P’ duoc xay dung nhu sau:

P’ bao gdm moi quy tic trong P ma cac ky hiéu thudc tap X UA’. Vi cach
xay dung do, ta c6 L(G)=L(G"), trong d6 G’ gdm cac ky hiéu dén duoc. Tir hai bd
dé trén ta co:

3.1.7. Pinh ly: Moi ngon ngit phi ngit canh khac rdng déu c6 thé duoc sinh ra tir
mot van pham phi ngit canh khong co6 ky hi€u thura.

3.1.8. Pinh nghia: Cho vin pham phi ngit canh G=<X, A, S, P>. Quy téc trong P
c6 dang A—B, d diy A, BeA, dugc goi 1a quy tic don hay phép ddi tén.

Quy tic don c6 tac dung 1am kéo dai qua trinh sinh ra ngdn ngit, vi vay ta s&
tim cach loai quy tic don ma khong lam anh hudng téi qua trinh sinh ra ngdn ngi
cua van pham da cho.

Luu ¥ rang quy tic A—a, vdi A€A va acX khong phai 1a quy tic don.
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3.1.9. Pinh ly: Dbi v6i moi van pham phi ngit canh ma trong tip cac quy tic cta
n6 c6 quy tac don thi ton tai mot vin pham phi ngit canh twong dwong voi nd ma
trong tap cac quy tic ctia nd khong chira quy tic don.

Chirng minh: Gia st G=<X, A, S, P> 1a van pham phi ngit canh c6 chia quy tic
don (va khong chtra ky hi¢u thtra). Ta xay dung van pham phi ngt canh G’=<Z, A,

S, P> twong duong v6i G va khong chtra quy tac don.

Pua tat ca cac quy tic khong don cua P vao P’. Néu trong P co quy tic
A—B, v6i A, BeA, thi ton tai suy ddn SE=aAB=aBpF aop, ¢ diy a,pe(ZUA),
meX’ do A gém cac ky hiéu khong thira.

Vay thay cho A—B, ta dua vao P’ quy tic S>0Ap va A—>w déu 1a cac quy
tac khong don nhung chirc nang sinh ngdn ngit trong duwong véi quy tic A—B.
Thi du 3: Van pham phi ngtr canh

G=<{a, +, *}, {S, A, B}, S, {S>S+A, S»>A, A>A*B, A>B, B—»a}>
trong duong v4i vin pham phi ngit canh sau khong con cac quy tic don:

G’ =<{a, +, *}, {S, A, B}, S, {S>S+A, A>A*B, B»a, S5>A*B, A—a, S—>a}>.
3.1.10. Pinh ly: Cho G=<%, A, S, P> 1a vin pham ma cac quy tic ctia n6 c¢6 dang
A—a, & day AeA, ae(ZUA)". Khi d6 L(G) 1a ngon ngit phi ngit canh.
Chirng minh: D4i v6i van pham G nhu & trén, ta ciing c6 thé dinh nghia cy suy
dan bing cach sir dung tir € va nhu viy ta c6 thé xac dinh dugc ring A =¢ hay
khong? Pé 1am viéc nay, ta chi can xét cac cdy suy dan trong G trong d6 khong co
con duong nao dai hon $6 phﬁn tor cua A. Gid st Ay, Ay, ..., A, la céc ky hi¢u
khong két thiic ma ddi v6i chung ta c6 Ajl= &. Cudi clng ta gia thiét rang S khong
c6 mit trong vé phai cua bit ky quy tic nao cta P. Ta xay dung vin pham phi ngir
canh G=<Z, A, S, P’>, trong d6 P’ chlta S—¢ néu Sk=¢ va moi quy tac dang
A—q...0q néu A—Cy... Cy (k>1) 1a mot quy tac trong P va o;=C;, trong do
CieXUA\ {Ay, ..., Ay} hodc a;e {C,, €}, trong d6 Cie {Ay, ..., A,}, 0 diy ta rang
budc mdi mot o khong thé bang «.

Bang cgly nap theo d6 dai suy dan, ta c6 thé chi ra ring véi weX’, S |= o khi
va chi khi S & o.

3.1.11. Dinh Iy: Cho L 1a mdt ngdn ngit phi ngit canh. Khi d6 ton tai s6 ty nhién n
thoa mén diéu kién véi mdi meL ¢ d(w)>n, tdn tai cc tr u, v, w, X va y sao cho
o=uvwxy, ¢ day d(w)=1, d(vx)>1, d(vwx)<n va v61 moi 1 (1=0), uviwxiyeL.
Chirng minh: Gia st G=<%, A, S, P> la van pham phi ngit canh sinh ra L va P
khong chira cac quy tic don. Goi m 1a s phan tir cia A va n=1"", véi 1 1a d6 dai
cuc dai cla tat ca cac vé phai cua cac quy tic trong P.

Lay meL(G) sao cho d(w)>n=I"". Khi d6 ton tai cdy suy din ma két qua la
o. Gia st T 13 cdy suy din c6 két qua ® ma chiéu cao ctia n6 nho nhat. D& dang
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théiy réng ddi véi cay suy dan chiéu cao h thi do dai caa tir nhan duoc khong vuot
qua 1", Vi o 1a két qua cua cay T nén d(m)<I. Mit khac tir d(w)>I™" nén suy ra
h>m+1. Diéu nay c6 nghia 1a trong T ton tai mot dudng di tir gbc dén 14 c6 nhiéu
hon m+1 nut va trén dudng nay co it nhat m+1 ky hiéu khong két thic. Vi ring sd
phan tir ciia A 13 m nén trén dudng nay co it nhat hai nut ¢ ciing mot tén A. Goi T’
va T°” 13 hai cay con 16n nhat c6 cung gdc ky hiéu A niam trén duong di d3 chi ra.

T

u v W X |y

Bay gio ta xét két qua o ciia cdy T va phéan tich nd nhu trén hinh vé,
o=uvwxy. Vi rang trong G khong c6 quy tic don, nén tir nat A c6 it nhat 13 hai
nhanh di ra, do d6 d(vx)=>1 va d(w)=1.

D0 cao cua cay T’ cung 1&m 1a m+1, ta d chirng minh cac nat dugc ky hiéu
bdi A sao cho phan dau tién trong T’ ctia con dudng dd xét mdi ky hiéu chi xuat
hién mot 1an, do d6 ta c6 d(vwx)<I™"'=n. Tir cdy T, ta c6 SE= uAy. Tiép theo ta xét
cay T’ ma n6 la mdt cay suy dan cua vin pham G,=<Z, A, A, P>, ta c6 AF vAx
trong G, do d6 A = vAx trong G. Tiép dén xét cdy T”’, ta cd6 A = w trong Ga, do
d6 A = w trong G. Cubi cung, S =uAy, A= vAx va A = w. Tir do, ta co

S = uAy &= uwy,

S = uAy = uvAXxy = uvwxy,

S = uAy = uvAXy E ... uv'wx'y.

3.1.12. Hé qua: Ton tai ngdn ngit cam ngir canh ma nd khong phai 1 phi ngir
canh.

Chirng minh: Trong Thi du 10 ciia Chuong I, ta da biét ngon ngir L={a"b"c" | m
> 1} dugc sinh bdi van pham cam ngt canh G = <{a, b, c}, {S, A, B, C}, S, P>,
trong d6 P = {S—aSAC, S—»abC, CA—»>BA, BA—>BC, BC—>AC, bA—bb, C—c}.
Ta s& chirg minh rang khong ton tai vin pham phi ngir canh nao sinh ra L.
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Gia sir ton tai mot van pham nhu vay. Theo dinh 1y trén, tdn tai s6 tu nhién n
sao cho v&i moi tir » ¢6 d(w)>n déu duge phan tich thanh e=uvwxy, d(vx)>1 va
uviwxiyeL voimoi1=0, 1, 2, ...

Lay tir o=a"b"c", vdi d(w)=3n>n. Do d6 ta c6 m=a"b"c"=uvwxy, d(vx)=1.

Trudc hét ta thiy rang néu trong v hodc trong x chtra hai trong ba ky hiéu a,
b, ¢ thi uv'wx'y¢L, do d6 x chi chira mét loai ky hiéu va trong trudng hop nay thi
v6i i du 1on, sd ky hiéu a, b, ¢ trong uv'wx'y khong bing nhau va vi vy
uv'wx'y¢L. Diéu nay mau thuln véi két qua trén. Vay khong ton tai vin pham phi
ngir canh nao sinh ra L.

3.2. OTOMAT DAY XUONG.

Nhu ta di biét, 16p cac ngon ngit chinh quy do van pham chinh quy sinh ra
cling trung véi 16p cac ngdn ngir dugc doan nhan bdi 6tdmat hitu han (don dinh
hodc khong don dinh).

Tuong tu, ta s& thdy trong phan nay 13 16p cac ngdn ngi phi ngit canh do cac
van pham phi ngit cdnh sinh ra s€ trung véi 16p cac ngdn nglt dugc doan nhan boi
6tomat day xudng khong don dinh (Nondeteministic Pushdown Automata).

Pang luu ¥, chi co 16p 6tdmat day xudng khong don dinh méi co thé doan
nhan hét 16p ngon ngit phi ngit canh. Con 6tdmat day xudng don dinh chi co kha
nang dodn nhan dugc 16p con thuc sy cua 16p ngdén ngit phi nglt canh ma thoi. Tuy
vay, 16p ngdn ngit duge doan nhan bai 16p cac 6tdmat ddy xudng don dinh 1a kha
rong, nd bao gdbm phan 16n cac ngdn ngir 14p trinh hién nay. O ddy, ta chi dé cap toi
6tomat day xudéng khong don dinh ma nguoi ta thuong goi tit 1a NDPA hay gon
hon 1a PA.

3.2.1. Mé& dau:

Mot 6tdomat day xudng bao gdm mot bang vao, mot ngin xép va mot bo diéu

khién nhu hinh dudi day:

X X | e Xp-1 Xp Bang vao
q 1
A ac) .2 an
B0 diéu khién N%a
XEp

Otomat day xudng ciing nhu 6témat hitu han c6 bo diéu khién 14 tap hiru han
cac trang thai. Pau doc cua 6tdmat cho phép doc lan luot cac ky hi¢u trén bang vao
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tir trai sang phai. Ngoai ra, 6tomat day xudng con c6 thém bing 1am viéc (ngin
xép) hay stack, nhd c6 né ma bo nhé cua 6témat day xubng duoc ting 1én so voi
kha ning nh¢ cta 6tdmat hiru han. Ngin xép duoc t6 chiic theo nguyén tic ky hiéu
vao sau thi ra trudc, gidng nhu 6 nap dan. Khi dua ky hiéu vao ngan xép thi ky
hiéu d6 duogc tro thanh ky hiéu dau cua ngin xép. Khi ngan xép doc thi ky hiéu do
1a ky hiéu trén ciing va khi ky hiéu d6 dugc xong thi nd sé& bi loai khoi ngan xép.
Mot ngin xép nhu vay con duoc goi 1a mot danh sach ddy xudng.

Can ctr vao trang thai hién tai cua bd diéu khién, ky hi€u vao ma dau doc
dang quan sat va ky hiéu dau cta ngin xép, 6tdmat ddy xudng s& chuyén sang mot
trang thai méi nao d6 va dong thoi dau doc ¢ thé duoc chuyén sang 6 bén phai.
Néu dau doc chuyén sang 6 bén phai thi ta goi qua trinh trén 13 mot budc chuyén.
Nguoc lai, néu ky hiéu vao khong anh hudng téi budc chuyén thi ta goi do 1a budc
chuyén “nhdm mét” va trong budc chuyén d6 dau doc van ding yén tai chd. Thuc
chat cta budc chuyén “nhidm mét” 13 sy tam ngimg quan sat bing vao dé chan
chinh lai ngan xép.

C6 hai cach doan nhin xau vao cia 6tdmat ddy xudng:
— Céach 1: Xau vao dugc doc xong va 6tdmat diy xudng chuyén duoc vé mot trang
thai két thic nao do.
— Cach 2: Xau vao dugc doc xong va ngan xép trd thanh rong.

Sau nay ta s€ chi ra hai cdch doan nhan trén la tuong duong.
Thi du 4: Cho van pham phi ngitr canh:

G=<{0, 1, c}, {S}, S, {S>0S0, S—>1S1, S—>c}>.

D@ dang thdy rang L(G)={oco® | @€ {0, 1}"} (o~ 12 x4u viét cic ky hiéu cua xiu ®
theo mdt tho tu nguoc lai). Chéng han, d6i véi xdu ®=010011 thi xau
oco® =010011c110010 s& c6 dan xuat sau day: (S, 0S0, 01S10, 010S010,
010050010, 01001S10010, 010011S110010, 010011c110010).

Mit khac xdu wco® co thé duge doan nhin boi 6tdémat ddy xudng nhu sau:

Trude hét diat xau x=wco" 1én bang vao. Pau doc dich chuyén tur trai sang
phai. Ban dau ngin xép réng. Otdmat ddy xudng co hai trang thai p, q trong d6 p 1a
trang thai dau. Khi & trang thai dau p, dau doc doc ky hi€u trén bang vao la 0 hoac
1 va n6é dua ky hiéu d6 vao ngin xép. Trang thai ctia 6tomat ddy xudng lic d6 van
1a p. Pau doc dich chuyén sang bén phai mot 6 va doc ky hiéu trén 6 mdi nay. Néu
ky hiéu nay 13 0 hodc 1 thi 6tdmat day xudng dua ky hiéu d6 vao ngin xép, trang
thai ctia 6tdmat van 1a p va dau doc lai dugc chuyén sang phai mot 6.

Qua trinh d6 van tiép tuc cho t6i khi dau doc gap ky hiéu c. Khi d6 6tdmat s&
chuyén trang thai p sang trang thai q va dau doc chuyén sang phai mét 6. Tai thoi
diém nay ngin xép xuét hién xau . Ky hiéu bén phai nhit cia ® nam trén cing
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ctia ngan xép, con trang thai cua 6tdémat 1a q. Pau doc dang chi 6 bén phai ky hiéu
c. Néu ky hiéu cta 6 nay 1a ky hiéu cta 6 trén cing cia ngin xép thi témat day
xudng loai ky hiéu trén cting ra khoi ngan xép, ky hiéu dudi né lai 1én vi tri dau cua
ngin xép, 6tdmat ddy xudng chuyén dau doc sang phai mot 6, con trang thai van 1a
q. Qua trinh d6 ¢t tiép tuc va co hai kha ning xay ra:

1) Otémat ddy xudng doc hét xau x va ngin xép trd thanh rdng thi 6tomat
dung lai va doan nhan dugc xau X=mco".

2) Cac ky hiéu & ngin xép chua bi loai hét thi dau doc gip ky hiéu trén xau
vao khéac ky hiéu trén cing cua ngin xép. Trong trudng hop nay 6tdmat ddy xubng
khong doan nhan xau x.

Nho ¢6 ngin xép ma 6tdémat day xudng c6 kha ning nhé duoc nira dau cua
xau x=mco" voi  ¢d dd dai tuy ¥ va sau d6 né so sanh dan véi ntra cudi o cia x.
Otomat hitu han khong c6 kha nang nay.

Bay gio ta dinh nghia mot cach hinh thirc 6tomat ddy xudng nhu sau:

3.2.2. Pinh nghia: Mot 6tomat day xudng 1a mot bo bay:
M=<Q, %, A, 3, qo, Zo, F>,
trong do,
— ¥ 1a mot bang chit, goi 1a bang chit vao, mdi ky hiéu trong = goi 1 ky hiéu vao;
— Q Ia mot tap hiru han, khac r5ng cac trang thai sao cho ZNQ=J;
— A 12 mot bang chit ma cac ky hiéu ctia nd goi 1a cac ky hiéu cua ngan xép;
— zoeA 1 ky hiéu dic biét, goi 1a ky hiéu ddy cua ngin xép (con goi 1a ky hiéu dau
ctia danh sach day xubng);
— qo€Q goi la trang thai dau;
— FcQ goi 1a tap cac trang thai két thuc;
~8:Qx (Zufel) x A——> P(Q x A") goi 1a ham chuyén cua M.

Mot dang thirc dang:
6(q9 a, Z)={<Qh y1>9 <q29 Y2>: cees <qm7 Ym>}, ,
trong do6 q, qi€Q, aeX, zeA, yieA , i=1, ..., m dugc goi la mot budc chuyén cua

6tomat ddy xubéng M. N6 dang & trang thai q, doc ky hiéu a & bing vao va z 1a ky
hiéu ¢ dinh ngan xép. Khi d6 n6 chuyén sang trang thai q;, thay ky hiéu z ¢ dinh
ngan Xép b?mg xau vy;, 1=1, ..., m, déng thot chuyén dau doc sang bén phai mdt o.
Quy udc rang khi dua y; vao ngan xép, ky hiéu bén trai nhit cta y; s& nam & phan
dudi, con ky hiéu bén phai nhat caa v; s& nam & 6 dau ngan xép.

Mot dang thic dang:

8(q, & 2={<q1, 11>, <Q2, 12> -+ qm> Ym™}

dién td mdt budc chuyén “nham mat” cua 6tdomat day xuong M: Otomat & trang
thai q, ky hiéu z & dinh ngan xép. Khi d6 6tdmat ddy xubng chuyén trang thai q vé
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qi va thay zeA ¢ dinh ngin xép boi xdu y; (1<i<m), con dau doc thi khong dich
chuyén.

O mot thoi diém, tinh hudng tic thoi cia 6tomat ddy xubng xac dinh boi ba
yéu tH:
— Xau yeA" trong ngin xép (v6i quy ude 1a ky hiéu bén trai nhat ciia y nim & day
ngan xép).
— Trang thai qeQ.
— Phan x4u vao xeX" chua dugc doc dén trén biang vao (voi quy wde ky hiéu bén
trai nhat cia x 1a ky hi¢u s€ dugc doc tiép).
3.2.3. Pinh nghia: Cho 6tomat diy xuéng M = <Q, %, A, 8, qo, Zo, F>. M6t hinh
trang (hay cau hinh) cua M 1a mét bd ba <q, a, >, trong d6 qeQ, oceZ*, BeA*.

Gia su oc=ala2...ak62*, B=X1X2...Xm€A*. Dudi tdc dong ctuia anh xa chuyén
trang thai, M c6 thé chuyén tir hinh trang nay sang hinh trang khac theo nguyén tic
sau:
1) Néu <p, y>€8(q, a1, Xm) thi hinh trang <q, a,8,...a, X|Xs...Xn> 6 thé chuyén
sang hinh trang <p, a,...ay, X|X;...Xn1y> va ky hiéu:

<q, 2123...3k, X1X2...Xp> = <p, A...3k, X1X2.. . Xm. 17>
2) Néu <p, y>€8(q, €, Xm) thi hinh trang <q, a,a,...8,, XiXs...Xm> cO thé chuyén
sang hinh trang <p, a;a;,...ay, X1Xz...Xn.1y> va ky hi¢u:
<q, a1@;...ax, X|X3...Xp> F <p, a1a;...3x, X1X2...Xm 17>

3.2.4. Dinh nghia: Cho 6tomat day xudng M = <Q, 2, A, 8, qo, zo, F> va we’.
Ta noéi r?mg otomat M doan nhan tr o theo tap trang thai két thic néu ton tai mot
day hiru han céc hinh trang K,, K4, ..., K;, sao cho:

1) K¢=<qo, ®, zp>, goi 1a hinh trang dau;

2) K,=<p, €, y>, peF, goi 1a hinh trang két thuc;

Ko K=Ky ..o =K.

Ky hiéu TM)={weX |® dugc doan nhin bai M theo tap trang thai két thuc}.

T(M) duoc goi 1a ngdn ngit duoc doan nhan boi 6tdmat day xudng M theo
tap trang thai két thic.
3.2.5. Dinh nghia: Cho 6tomat day xudng M = <Q, =, A, 8, qo, zo, F> va weX’.
Ta noi rang 6tdmat M doan nhén tir @ theo ngin xép rdng néu ton tai mot diy hiru
han cac hinh trang K,, K4, ..., K, sao cho:

1) K¢=<qo, ®, zp>, goi 1a hinh trang dau;

2) K,=<p, €, €> goi la hinh trang két thic;

KoK =Ky . =K.

Ky hiéu N(M)={weX | ® dugc doan nhin bi M theo ngin xép rong}.
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N(M) duoc goi 1a ngdén nglt duogc doan nhan bdi 6tomat déy Xuéng M theo
ngan xép rong.
Thi du 5: Cho 6tdémat day xudng M=<{qo, qi, q=}, {a, b}, {zo, z1}, 8, Qo, Zo, {Q}>,
trong do 0(qo, €, Zo)={<qo, €}, 0(qo, @, Zo)={<q1, ZoZ1>}, 0(q1, , Z1)={<qi, 212>},
8(q1, b, 21)={<qa, £>}, 8(Q2, b, 21)={<qp, £>}, 8(qps &, 20)={<qo, £>} (0 ddy, anh clia
cac bo ba khac qua o dugc hiéu 1a &).
Xeét cac tir a=aabb va f=abaab. Ta co6:
<qo, aabb, z¢>— <q, abb, zyz;> —<qy, bb, zyz,z,> —<qy, b, zyz;> F<qp, €, 2>
—=<qo, €, &>.
<qo, abaab, zy>I— <qy, baab, z,z,> I <q,, aab, zy>.
Do d6 aeN(M), BeN(M), BT(M). Tong quat, ta ¢ thé ching minh duoc rang
NM)=T(M)={a"b" | n>0}.
Thi du 6: Cho 6tdmat day xudng M=<{qq, q:}, {0, 1}, {Zo, Z1, 22}, 8, qo, Zo>, trong
do 6(qo, 0, zo)={<qo, zoz;>}, d(qo, 0, Z1)={<qo, 212>, <q1, >},
0(qo, 0, 22)={<qo, 221>}, 8(qo, 1, Z0)={<qo, Z0Z>>}, 8(qo 1, Z1)={<qo, 122>},
0(qo, 1, 22)={<qo, 222>, <q1, €=}, 8(q1, 0, z))={<qy, £>},
0(qu, 1, 22)=1<qo, 225>, <qu, £}, 8(qo, & 20)=1<q1, £>}, 6(q1; &, Z0)=1<1, £}
Xeét ®=110011, ta c6 thé v& cay bi€u dién cac kha nang bién doi cua cac hinh

h :
trang nhu sau <qo, 110011, zp>

<q0, 1001 1, Z0Zy>

<qo, 0011, zgz,2,> <q, 0011, zp>
<qo, 011, 2¢2,2,7,>
/ \
<qo, 11, 202y252,2,> <qi, 11, zyzy2,>
<qo, 1, 20252521212,> <qo, 1, 202y202,>  <q, 1, ozo>

<o, €, 202272121 ZyZ>> <qi, &, 202Zy2121- <o, €, Z022ZpZ)Z>> <o, €, 20ZpZr>
<q09 g, ZOZZZZ> <qla g, ZO>
<q19 g, e>
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Puong in dam la day dich chuyén tor hinh trang dau <qo, ®, Zp> dén hinh
trang cudi <q, €, £> theo ngan xép rong.
3.2.6. Chu y: Ciing nhu ddi v6i 6tdmat hiru han, ta ¢6 thé mo ta 6tdmat day xudng
bang do thi chuyén. D6 1a mot da d6 thi c6 hudng, c6 khuyén G véi tap dinh cua G
14 Q. V6i aeXuU{el, p, qeQ, zeA, yeA", néu <p, y>€8(q, a, z) thi s& co mot cung
tur q to1 p duoc gan nhan 1a (a, z/y).

Chéng han, d6 thi chuyén cua 6tomat day xuéng M trong Thi du 5 1a:

<a, z1/2,2,>
<a, Zo/72¢z1> <b, z,/e>

—>(q0) >
<g, Zo/e>
<g, zo/e> <b, z;/e>

3.2.7. Pinh ly: Cho L 1a mot ngdn ngit phi ngit canh. Khi d6 ton tai mot 6tomat
day xuéng M doan nhan L theo tap trang thai két thic.
Chirng minh: Gia st G=<X%, A, S, P> la van pham phi ngit canh sinh ra ngén ngit
L. Ta xay dung 6tomat déy Xuéng M=<Q, 2, T, 0, qo, Zo, F> doan nhan L vai:
— Q={qo, q1, 92} 1a tap cac trang thai,
— I'=2UAU{%} 1a tap cac ky hiéu ngan xép, ky hiéu % 1a khong thudc ZUA,
— z=S 13 ky hiéu dau cua ngin xép,
— qoeQ 1a trang thai dau,
— F={qu} 1a tap cac trang thai két thuc,
— Ham chuyén 8: Q x (2u{e}) x T—— P(Q x ') duge dinh nghia qua cac biéu
thirc sau:

1) 8(qy, &, z)={<q;, w*> | zo>weP, zeA, wel}.

2) 8(q1, a, a)={<qy, €}, vO1 moi aeX.

3) &(q1, & Y0)={<q2, %0>}.

4) 6(qos &, S)={<qu, %S>}.

Gia st weL(G). Khi d6 ton tai ddy suy din day du trong G 1a

D=(S, u;z;vy, ujurz5vy, ..., Uj...Up1Zn Viel, Uil . . Up=W),

O day zieA, u;eX, vieZUA (1<i<n-1) va uex’.

Dua vao cac quy tic cia G st dung trong diy suy dan day du D cua xau w,
6tomat day xuéng M doan nhin w theo nguyén tic sau:

Ap dung ham chuyén trong céac biéu thic 4, 1, 2, ta co:
<qo, W, Zo>F—= <qi, W, %S> <qi, uju,...up, %oV ziu, > <{1, UpU3...Up, %oV z>.

Gia sir cac quy tic tiép theo (sau quy tic S—u;z;vy) trong D 1a z—x;eP
(=1, 2, ..., n-2) vO1 z;eA, x;eXUA sao cho X;vi=u;+1Z;i+1Vi+1. Khi d6 M sau thoi
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diém thyc hién quy tdc S—u;z;v; nd ¢ hinh trang <q;, UyUs...Up, %v,"z;>. Hinh
trang ctia M khi 4p dung quy tic z—>x; bién doi nhu sau:
<qi, UpU3...Up, %v,"z;> — <q, U3...Up, %VIRX1R>=<q1, Us...Up, %V Zouy">
F—<qi, us...up, %vyzo> b ... F—<q1, Up, YoVt Zn 1>
Trong D, st dung quy tAC Zy1—Xn1 EP VO Xp1 Vi1=Uy, ta CO:
<qi, Uny YoVt Zoi> = <qu, Uny YoVt Xnt > <qu, €, %> F<qs, €, %>.
Tur d6 ta c6 diy suy dan cac hinh trang trong M: <qo, W, zo> = <q, &, %>
ma g, €F nén M doan nhan dugc xau w theo tap trang thai két thuc.
Thi du 7: Cho van pham phi ngtt canh
G=<{a, b}, {S, A}, S, {S—a, S5>bSA, A—>b, S>bA, A—>aS}>.
Theo chirng minh cua Dinh 1y 3.2.7, ta c6 thé xay dung 6tdmat day xudng doan
nhan L(G) nhu sau:
M= <{qo, q1, @2}, {a, b}, {a, b, S, A, %}, 5, qo, S, {q2}>,
trong do6 8(qi, &, S)={<q, a>, <qi, Asb>, <qi, Ab>}, 8(q, &, Aj={<qi, b>,<q) Sa>},
5(q1, a, a)={<qi, £}, 8(qy, b, b)={<qy, &>}, 8(q, &, %0)={<qa, %>},
0(qo, & S)={<qi, %S>}.
3.2.8. Dinh ly: Cho 6tomat day xudng M. Khi d6 ton tai 6tomat day xuéng M’ sao
cho N(M’)=T(M).
Chuwrng minh: Gia st M=<Q, %, I, 5, qo, Zo, F> 1a 6tdmat déy Xuéng nao do. Ta
xay dung 6témat ddy xudng M’=<Q’, 2, I, 8°, q’o, 2’0, F”> sao cho N(M")=T(M).
Mudn vy ta dua thém vao ky hiéu trang thai méi q;, q;¢Q va ky hiéu ngin
xép méi Yol va dit:
X=X, Q=Quiqs, @2}, I"=T'U{%}, q’0=q1, z’0=%, F’=0,
0:Q x(Rule)xI"—>P(Q’ x F’*) dugc dinh nghia nhu sau:
1) 8°(q1, &, %)={<qo, %0zo>},
2) 8°(q, X, 2)=0(q, X, z) Vo1 xeX, qeQ, zel,
3) 8°(q, €, 2)=0(q, €, Z) néu qeQ\F, zel' va 6’(q, &, 2)=0(q, €, 2)U{<q,, €}
néu qeF, zel,
4) 8(q, €, %)={<qy, >} vOi q€F,
5) 0°(qa, €, 2)={<qp, €} V61 ze['U{%}.
Bay gio ta chi ra N(M*)=T(M).
Gia st weN(M”). Khi d6 theo cach lam viéc cia M’ thi ta c6 mot day céc
hinh trang sau:
<q’0, W, Z’0>=<qy, W, %> K|I— Kb ... K=<q, ¢, &>,
voi t22, Ki=<q;, wi, 7>, WiEZ*, qi€Q’, zieF’* (1=1,2, ..., 1.
Theo cach xay dung cua M’ thi
Ki=<qo, W, %zp>, K=<qp, €, e vaweN(M’).
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Tur d6 Ji<t sao cho Ki=<q;, &, %z’> |~ <q», &, %z’;+>, ¢ day q;€F, z’;, z’i+1el“* va
Ki=<qj, wj, %z’> = <qjs1, Wjs1, %Z°j1>, & day wjeZ*, q;€Q, z’jeF* (155<9). Ciing
nhu Ki=<q», €, %z’>, ¢ day z’jeF* (15<t). Tur do6 <qo, W, zo> = <q;, €, %z> va do
qieF suy ra weT(M).

Tom lai ta c6 bao ham thuc N(M’)cT(M). Bao ham thic nguoc lai
T(M)cN(M?) duoce suy truc tiép tir cach xay dung M’ tir M.

3.2.9. Dinh ly: Cho M la mot 6tomat day xudng. Khi d6 ton tai mot van pham phi
ngir canh G sao cho L(G)=N(M).

Churng minh: Gia sot M=<Q, %, I', 9, qo, Z9, F> 12 m{t 6toOmat déy Xuéng. Theo
Dinh 1y 3.2.8, ta can chi ra co van pham phi nglt canh G=<X, A, S, P> sao cho
L(G)=N(M). Khong mét tinh chat tong quat, gia sit e¢N(M). Ta xay dung vin
pham G ¢ trén nhu sau:

—A={S}U{lqi, z, 2] | q1, 2€Q, ze'UZ},

— P=P,UP,UP;, & day P1={S—[qo, z, q] | q€Q, zel'},

P={[t1, z, t]=>X[ts, Zy, Qu1lldn-1> Zn-1> Qn2l---[Q20 22, Qullq1, 21, t2] | D21, q;€Q
(1<in), ty, ty, t;€Q, xeXU{e}, <t3, 212,...Z2,>€0(ty, X, 2)},

Ps={[t}, z, ] >x | <t;, e>€0(t, X, z) v&i zeT, t;, t,€Q, xeXu{e} }.

Nguoi ta chi ra duge véi G dinh nghia nhu trén 1a van pham phi nglr canh
ma L(G)=N(M).

Luu ¥ rang goi 2y, P>, 2; lan luot 1a 10p cac ngdn ngit phi ngit canh, 16p cac
ngdn ngit duoc doan nhan boi 6tdémat ddy xudng theo tap trang thai két thuc, 16p
cac ngdn ngit dugc doan nhan boi 6tdmat ddy xudng theo ngin xép rong, ta co:

21 < 2, (theo Pinh 1y 3.2.7),

2, c 25 (theo Dinh 1y 3.2.8),

25 2 (theo Dinh 1y 3.2.9).

Vi V;ﬁy, P1=P2=P3_
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BAI TAP CHUONG III:

1. Cho van pham phi ngir canh:
G=<{x,+,*,(,)}, {S, A, B}, S, {S>A | S+A, A—>A*B | B, B>x | (S)}>
va o=(x+x#x)*(x+x*x*x). Hiy tim mot suy dan tir S ciia © va v& cdy suy dan co
két qua 13 o.
2. Ching t6 cic vin pham phi ngit canh sau 1a nhap nhang:
a) G=<{a, b}, {S, A}, S, {S>A, A>AbA, A—>a}>.
b) G =<{a, b}, {S, A, B}, S, {S>A, A—>Bb, A>Ab, B>Bb, A—a, B>b}>.
¢)G=<{a,b,c,+, *}, {S,A}, S, {So>S+S|A*A|a|b|c, A>S+S|a|b|c}>.
3. Hay chiing minh cac ngdén ngir sau day khong phai 1a phi nglr canh:
a) L= {a™ | n>0}.
b) L = {a” | p 1a mot s nguyén td}.
4. Hay cho 6tomat day xudng doan nhan cac ngdn ngir sau:
a) L = {a"b™" | n>0}.
b) L = {a*"cb" | n>0}.
L= {0e{0, 1} | nepn(@)}.
5. V& do6 thi chuyén cua 6tomat day xuong duoc cho dudi day va xac dinh ngon
ngtt dugc dodn nhan baoi no.
M= <{q09 ql}a {a9 b, 0}9 {Z()a Z, ZZ}» 0, Jo, Zo, Q}a

trong do6 8(qo, a, Zo)={<qo, ZoZ1>}, 0(qo, a, Z1)={<qo, 212>},

3(qo» , Z2)={<qo, ZoZ1>}, 6(qo, b, 20)={<qo, Z0Z1>},

0(qo, b, Z1)={<qo, Z12>}, 8(qo, b, 22)={<qo, 222>>},

0(qo, €, Z0)={<qo, Zo>}, 8(qo, C, Z1)={<q1, Z:>},

0(qo, €, 22)={<q1, 22>}, 8(q1, b, Z2)={<q;, £},

0(q1, a, Z1)={<q1, €}, 3(q1, & Z0)={<qs, £}
6. Hay xay dung cac 6tomat day xuong doan nhan cac ngdn ngir phi ngit canh
dugc sinh bdi cac van pham sau:
a) G =<{a, b}, {S}, S, {S—aSb, S—»ab}>.
b) G =<{a, b}, {S, A, B}, S, {S>AB, A—»aAa, B>bBb, A—a, B>b}>.
¢)G=<{a,b,c}, {S,A,B,C}, S, {S>ABC, A—»aA |a, B>bB |b, C—>cC |c}>.
d) G=<{a, b, c}, {S, A, B}, S, {S>AB, A—»aAb, B—>Bc, A—ab, B—>c}>.
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CHUONG IV:
MAY TURING

Khi thiét ké va cai diat mot phén mém tin hoc cho mét van dé nao do, ta can
phai dua ra phuong phéap giai quyét ma thuc chat d6 1a thuat toan giai quyét van dé
nay. RS rang rang, néu khong tim dugc mot phuong phap giai quyét thi khong thé
1ap trinh dugc. Chinh vi thé, thut toan 1a khai niém nén tang cua hau hét cac linh
vuc cua tin hoc. Ta c6 thé hiéu khai niém thuit toan nhu sau. Néu cho trudc mot
bai toan thi mdt cach giai bai toan dugc phan dinh ra thanh mot s6 hitu han budéc,
c6 két thiic cudi cung va dat duoc két qua mong mudn goi 13 thuat toan.

Vé mit lich s, trong nhirng nam 30 cua thé ky trudce, khi khoa hoc va cong
nghé phat trién, nhan loai di néu ra nhiéu bai todn ma khong tim thay 10i giai. Co
nghia 13 khong tim duoc thuét toan dé giai chung. Ngudi ta d phai tim cach dinh
nghia chinh xac khai ni¢m thuat toan. Nam 1936 A. Turing da dua ra mdt cong cu
rat tot dé mo ta thudt toan ma ngdy nay ngudi ta goi 1a may Turing. Pé ghi nhd
cong lao nay, Ho1 Tin hoc My (ACM) da dit ra gidi thuong Turing trong tin hoc.
Cho dén nay, giai thuong Turing 13 giai thuong tin hoc 16n nhat thé gidi. Tiép theo
Turing, mot sb6 nha khoa hoc khac d3 dua ra céc cong cu chinh xac hoa khai ni¢ém
thuat toan. Do 1a cac khai niém ham dé quy, thuat toan Marcop, van pham sinh cta
N. Chomsky. Nhitng khai niém ndy 1a co sé phat trién ctia viéc nghién ctru va tng
dung thuat todn. Mat khac chinh nho cac khai niém nay, ngudi ta cling xac dinh
duoc nhirng bai toan khong thé giai dugc bang thut toan.

A. Turing d3 dé xuat khai niém may Turing nham chinh xac hod khai niém
thuat toan. Thuc té di chung t6 rang may Turing 1a mot cong cu rat tét dé mo ta
thuat toan. Trai qua nhiéu thap nién, 1y thuyét vé may Turing da phat trién khong
nging boi sy dong gdp cong strc ctia nhiéu nha khoa hoc, trong d6 c6 nhiing coéng
trinh nén tang ciia Hartmanis, Lewis, Stearns, Minsky, Blum, Hopcroft, Ullman.

Thuc chat, may Turing 14 mot moé hinh mdy. N6 phén rd toan bd qua trinh
hoat dong ra thanh cic budc thao tac rat don gian. Ban thin may Turing 14 mdt mo
hinh khai quat va don gian c6 thé mo hinh hoa mot qua trinh tinh toan bat ky.

May Turing c6 thé xem 13 mot may voi bo nhd ngoai ¢6 dung lugng duoc
xem nhu vo han. Trong b nhd ngoai, cac gia tri duoc bd tri sao cho c¢é thé truy
cap, doc va sua ddi duoc.

Ta c6 thé xem may Turing nhu 1a mdt may doan nhan mot ngdn ngir goi 1a
ngdn ngit dém duoc dé quy. Pong thoi duoc st dung dé mo ta mot 16p ham quan
trong, goi 14 cac ham c6 thé tinh duogc. Chuong nay ciing md ta mot may Turing
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phd dung ma né c6 thé bat chude hoat dong cia tit ca cac may Turing khac. Tir d6
ta di dén khai niém bai toan khong giai duoc bang thuit toan.
4.1. MAY TURING VA LOP CAC HAM CO THE TiNH PUQC.
4.1.1. Dinh nghia: May Turing don dinh 1a mdt by bay
M=<Q, %, A, 39, sy, B, F>,
trong do,
— Q Ia tap hiru han khac r5ng, goi la tap cac trang thai;
— X 1a mt bang chir, goi la bang chit vao hay bang chit trong;
— A 12 mot bang chit, A © X, goi 1 bang chit ngoai hay tap cac ky hiéu co thé ghi
dugc 1én bang;
~8:D—>QxAx {R, L}, voiDcQx AvaR, LeQ x A, goi 1a anh xa chuyén;
—50€Q, goi la trang thai dau;
- BeA\%, goila ky hi¢u tréng;
— FcQ, goi 1a tap céc trang thai két thic.

Trong truong hop mién gia tri ciia 8 1a 2(Q x A x {R, L}) thi may Turing
dugc goi 1a khong don dinh va 16p cac ngon nglt dugc doan nhan bo1 may Turing
don dinh va khong don dinh sé& tring nhau. Ngoai ra, c6 nhiéu dang may Turing;
chéng han, may Turing v&i bang vo han mot dau hodc bang v6 han hai dau. O day,
ta chi xét 16p cac may Turing don dinh véi biang vo han hai dau.

4.1.2. Dinh nghia: Cho may Turing M =<Q, Z, A, 3, so, B, F>. B§ ba <o, s, ay>,
trong d6 @, yeA", seQ, acA, ¢ khong duge bit dau va y khong duogc két thuc boi
B, duogc goi 1a mot hinh trang cia M. gay dugc goi 1a tir tng vai hinh trang da cho.

Bo ba <g, sg, ay>, trong d6 aeA, \yeA*, dugc goi 1a hinh trang dau (co tu
ung voi no la ay).

4.1.3. Dinh nghia: Cho may Turing M = <Q, Z, A, J, sy, B, F>. Ta ndi hinh trang
a=<¢, s, ay> chuyén dén hinh trang p ctia M, ky hiéu oo™ B hay don gian 1 o,
néu thoa man mot trong cac diéu sau:

1) (s, a)=<q, b, R>:

a) y=cy £, CEA, Y eA”:
+ o - <b, q, cy>, néu gbe {B},

B ¢ a| ¢ Vi B = B ¢ b | ¢ Vi B

o ®

+ o -<g, q, cy>, néu pbe {B}',
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a c (U B = B Cc 8
é é
b) y=¢:
+a=<g, s, 8> <¢b, q, B>, néu gbe {B},
® a B = B ) b
+ a=<¢q, s, a>+ <g, q, B>, néu (pr {B}*,
a |B|B|B|B|B = B|B|B|B|B
2) &(s, a)=<q, b, L>:
a) o=@ d=¢, deA, (pleA*:
+ o = <@y, g, dby>, néu dby ¢ (B},
o d a 1 B = B 0 d b
+ o <@y, g, B>, néu dbye (B},
9 | B|a|B|B|B = B| ¢ |B B
b) p=¢:
+ a=<g, s, ay> [<g, q, Bby>, néu Bby ¢ {B}’,
a 1\ B = B b )

e
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+ o=<g, s, ay> —<g, q, B>, néu Bbye {B}*,

B| B | a| B B B B = B B B|B|B|B| B

e ®

Day hinh trang o; (1<i<n) cua may Turing M sao cho o; = oy (1<i<n-1)
dugc goi 1a qué trinh tinh toan trong M, ky hi¢u a, |M o, hay don gian 1a o) = au,.

Cac hinh trang khong thé chuyén dén hinh trang mo1 duoc goi la hinh trang

cubi. Qua trinh tinh toan duoc bat dau boi hinh trang dau va két thuc bai hinh trang
cudi duoc goi 1a mdt qua trinh tinh todn hoan chinh.
4.1.4. Dinh nghia: Cho may Turing M = <Q, X, A, §, so, B, F> va weX . Ta noi
M doéan nhin ® néu tdn tai qua trinh tinh toan hoan chinh <g, s), ®> = <, q, ay>
voi qeF. Tap hop cac tir duge doan nhan béi may Turing M dugc goi 1a ngon ngir
dugc doan nhan boi M, ky hi¢u T(M).

Ngoén ngir dugc doan nhan bdi may Turing con duoc goi 1a ngdn ngir d€ quy
dém duoc (Recursively Enumerable). Ngon ngit duge doan nhan béi may Turing
ma no s€ dung sau mot s6 hitu han budc d6i véi moi tir vao duge goi 1a ngbn ngir
dé quy. Tur dinh nghia suy ra rang moi ngdn ngit dé quy déu 1a ngdn ngir dé quy
dém duoc.

4.1.5. Chti y: Sy hoat dong ctia may Turing duoc thé hién & anh xa chuyén. Anh
xa ndy c6 thé duoc mo ta bang bang hodc dd thi chuyén.

Bang gdm cac cot duoc danh dau bang cac ky hiéu cua A va cac dong duoc
danh dau béng cac trang thai. Néu d(s, a)=<q, b, C>, vbi a, beA, s, qeQ, Ce{R,
L} thi bo ba <b, C, g> duoc ghi vao 6 ing vdi dong s cot a.

Db thi chuyén 1a mot da do thi c6 hudng, c6 khuyén G véi tap dinh cta G 1a
Q. Vé6ia, beA, s, qeQ, Ce{R, L}, néu d(s, a)=<q, b, c> thi c6 mdt cung tur s dén q
vO1 nhan la <a/b, C>.

Thi du 1: Cho may Turing:
M = <{s, 81, 82, 83, 84, S5, S¢}, {0, 1}, {B, 0, 1, X}, 3, 80, B, {80}>,
trong do

d(s0, 0)=<s;, X, R>, 8(s0, 1)=<s,, X, R>, 8(s;, 0)=<s;, 0, R>,

o(s1, 1)=<s;, 1, R>, 8(s1, B)=<s3, B, L>, 8(s,, 0)=<s,, 0, R>,

3(s,, 1)=<s,, 1, R>, 8(s,, B)=<s4, B, L>, 8(s3, 0)=<ss, B, L>,

O(s4, 1)=<s¢, B, L>, 8(ss, 0)=<ss, 0, L>, 0(ss, 1)=<ss, 1, L>,

d(ss, X)=<s(, X, R>, 8(sq, 0)=<sg, 0, L>, 0(s¢, 1)=<sg, 1, L>,

d(s6, X)=<s¢, X, R>.
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Anh xa chuyén c6 thé cho bang bang sau:

B 0 1 X

S() <X, R, S~ <X, R, S>>

Sl <Ba L: S3~> <09 R> S1~> <19 R: S1~>

Sz <B, L, S4~ <0, R, So> <1, R, S>>

S3 <B9 La S5~

S4 <B, L, S¢=

Ss <O, L, S5~ <1, L, S5> <X, R, So~

S6 <O, L, S¢=~ <1, L, S¢= <X, R, S0~

D6 thi chuyén ciia M 1a:
<1/B,L> <B/B.L>

<1/1,R>
<0/0,R>
<1/1,R>
<0/0,R>

Ta hdy xem may Turing M hoat dong nhu thé nao d6i voi cac tir 001 va
1001.
Péi voi tir 001, ta co ddy hinh trang:
<g, g, 001> 1— <X, 51, 01> <XO0, s, 1> <X01, s, B> —<X0, s3, 1>.
R& rang <XO, s3, 1> hinh trang cudi, nhung s; khong phai 1 trang thai két
thic, do d6 M khong doan nhan tir 001.
Péi vai tir 1001, ta c6 ddy hinh trang:
<g, sg, 1001> <X, s,, 001> —<X0, s,, 01> F<XO00, s,, 1> F—<X001, s,, B> =
=<X00, s4, 1> F<X0, s, 0> <X, s6, 00> F=<B, s, X00> <X, s, 00> =
F<XX, s, 0> F—=<XXO0, s;, B> <XX, s3, 0> <X, s5, X> F<XX, s9, B>.
<XX, s, B> 14 hinh trang cudi va s, la trang thai két thuc nén tir 1001 duoc
dodn nhan bé1 may Turing M.
Tir do thi chuyén dé dang thay rang M hoat dong véi xau vao o nhu sau: M
doc xdu o tir trai sang phai. Bat dau tir trang thai so, thay ky hiéu da doc boi ky
hiéu X, dong thoi néu ky hiéu vira doc 1 0 thi chuyén sang trang thai s; va néu
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nguoc lai thi chuyén sang trang thai s,. Tai cac trang thai s; hodc s;, may M chuyén
dau doc qua phai ma khong thay ddi ky hiéu dugc doc cho dén khi gip ky hiéu B.
Tir s; may chuyén sang s; va tir s, may chuyén sang s,. Tir s néu gip 0 thi x0a 0 va
sang ss, tir s, néu gip 1 thi xo4 1 va sang s. O ddy, ta can luu ¥ ring xo4 0 trong
truong hop xuat phat tir so, may thay 0 boi X va xo04 1 trong truong hop xuét phat
tir so, may thay 1 boi X. Tai cac trang thai ss va s, may dich chuyén qua trai ma
khong lam thay d6i cac ky hiéu trén bang cho dén khi gip ky hiéu X, may quay trd
lai s, va tiép tuc qua trinh trén cho dén khi may ding ¢ cac trudng hop sau:
— May ¢ trang thai s; gdp 1 hodc ¢ trang thai s, gap 0. Trong truong hop nay rd
rang o ban dau khong c6 dang oo va may khong doan nhan tir nay.
— May ¢ trang thai s, va gap ky hiéu B. Piéu nay c6 nghia 1a cac ky hiéu 0, 1 trén
bang dd duogc thay bang X hodc B. Piéu nay chi xay ra khi xau vao o c6 dang aa®.
Vay TM)={oo" | ae{0, 1}}.
4.1.6. Dinh nghia: Cho may Turing M = <Q, X, A, J, so, B, F>. Ham duogc xac
dinh b&i may Turing M 1a ham:

w khi<eg,s,,an'>E<y', q,by'"> 1a mdt qua trinh tinh toan hoan chinh
fy (@) =4 0ddayaw'=o,y'by"=y;

Khong xac dinh khi khong ton tai qua trinh nhu vay.
Thi du 2: Cho ham f(o)=0Bw (0e {0, 1}°). Ta xay dung may Turing M x4c dinh
ham f nhu sau:
M = <{sy, S1, S2, S3, S4, Ss, S6» S7, S}, 10, 1}, {0, 1, X, Y, B}, 9, so, B, &>,

trong d6 anh xa chuyén & duoc chi ra trong d6 thi chuyén dudi day:

<1/1,R> <1/1.R>
<0/0.R> <B/B.R> < <0/0.R>
<1/Y,R> <B/1,L>
<B/B,R> <B/B,L> <X/0,R> <B/B,L>
57  S6 > <1/1,L>
<Y/L.R> <0/0,L>
<0/0,L> <0/X,R> <0/0,L> <1/1,L>

<B/0,L>

<l/LL> <B/B.R>

<0/0,R> <0/0,R>

<1/1,R> <1/1,R>
M hoat dong nhu sau: ky hiéu dau tién ctia ® duoc thay boi X hodc 13 Y tuy
thudc vao ky hiéu d6 1a 0 hay 1, sau d6 dau doc/ghi chuyén sang phai dé tim ky
hiéu B, thay ky hiéu B tiép theo bang 0 hoic 1 tuy thudc trudc d6 da ghi x hay Y.
Sau d6 chay nguoc lai dé tim ky hiéu X hay Y va thay nd bai 0 hoic 1 twong tng
va lai chuyén sang phai. Néu ky hiéu nay 1a B thi tinh toan két thiic, nguoc lai thi
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13p lai qua trinh trén. Dé dang théy r?mg, sau moi vong thuc hién mot ky hiéu ciia ©
dugc ghi sang bén phai va khi qua trinh tinh toan két thac trén bing 13 oBw hay
fy=oBo.

4.1.7. Pinh nghia: Cho ham f: D—— N, véi N 1a tap s ty nhién, DEN™ va m 1a
mdt s6 nguyén duong. O ddy, véi mdi s6 tw nhién n, ky hiéu n=1""". Ta n6i ham f
c6 thé tinh dugc bang may Turing néu ton tai may Turing M xac dinh ham sau:

@B f(n,n,,...,Nn.) néu f(ny, ny, ..., ny) tdn tai va

h(BMBN:...NmaBhm)=] <& 56 BNBN2..Nn1BNn>F<e,q, B f(N;,N;,....N)

la qua trinh tinh todn hoan chinh;

Khong xac dinh néu f(ny, ny, ..., ny) khong ton tai.
Thi du 3: Cho ham f(n;, n,)=n;+n,. Ta xdy duyng may Turing M véi d6 thi chuyén
nhu sau:

<B/B,R> <B/1,R> <B/B,L> <1/B,L> <1/B,L>

<1/1,R> <1/1,R> <1/1,L>
Pbi v6i may Turing M, voi hinh trang dau 14 <e, s, Bn;Bn,> chi cb cac qua
trinh tinh todn hoan chinh véi hinh trang két thuc <e, ss, Bn, +n,>. Do d6 f1a ham
c6 thé tinh dugc bang may Turing.

n, —n A >n.:
Thi dl;l 4: ChO hélm f(l’ll, 1’12):{ 2 | Cu =1y,

Khong xac dinh néu nguoc lai.

May Turing M ¢6 do thi chuyén dudi ddy voi hinh trang dau <e, s, BniBn,> va
trong truong hop xac dinh, hinh trang cubi la <@, s;, Bn, —n, > s& xac dinh ham f.

<B/B,R> <1/B,R>
S G,

<X/B,R>

<B/B,R> <1/1,L>

<I/X,R> <B/BR>

@o <1/1,R>

<B/B,R>

<B/B,R>
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0 khin, >n;

. Khi d6 ham f c6 thé tinh duoc b?mg
Lkhin, <n,.

Thi du 5: Cho ham f(n;, n2)={

may Turing M c6 do thi chuyén dudi day. Hinh trang dau 1a <e, s, Bn;Bn,>, hinh
trang cudi 13 s& 1a <g, s;5, B1> trong trudong hop ny>n; va <g, sj;, B11> trong

truong hop n;>n,. <X/X.R> <X/B.L <X/B.L
% <B/B.L % <B/B.L 9 <B/1.L
So > SIO\ @
<
X/X,L <B/B,R <B/1.L
<1/1R
<B/B.L
(o y<= <R G.)
<11.L
<1/X.R <B/1.L
<B/B.L <B/BR <B/B.R @
% % >
<X/X.L <X/B.R <X/B.R

<1/B,R

Thi du 6: Chung ta dua ra mot ngén ngit chuong trinh thich hop cho viéc mo ta
hoat dong ctia may Turing. Ngon ngir nay dua trén cac chi thi co sé sau:

k: print A,

k: move right,

k: move left,

k: if A then go to h,

k: stop,
& day, k va h 1a cac s6 ty nhién ky hiéu dong chi thi, con A 1a mot ky hiéu trén
bang.

Chuong trinh 1a mdt day chi thi. Viéc thyc hién chuong trinh thong thuong
1a theo thtr tu ty nhién cta cach viét trir khi gdp 1énh if A then go to h (néu ky hiéu
hién hanh trén biang 14 A thi nhay dén thuc hién 1énh c6 nhin h). Sau day 1a chuong
trinh mo ta hoat dong cua mot may Turing thuc hi¢n phép toan nhan hai:
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: print B,

: move left,

:1f 1 then go to 2,

: print 1,

: move left,

:1f 1 then go to 35,

: print 1,

: move right,

:1f 1 then go to 1,
10: stop,

Céac may Turing va cac ham c6 thé tinh dugc bang may Turing dong vai trd
quan trong trong 1y thuyét thuat toan. Co s& cho viéc xdy dung mot sb 1y thuyét
thuat toan tir may Turing 13 dinh d& Church sau day.

Dinh dé Church: L6p cac ham co thé tinh duoc bang thuat toan trang voi 16p cac
ham c6 thé tinh dugc bang may Turring.

4.2. MAY TURING PHO DUNG.

4.2.1. Mé dau:

May Turing phd dung 13 mot may Turing c6 thé bat chudc sy hoat dong cua
bat ky may Turring nao. May Turing pho dung U cé thé dugc hiéu nhu sau: voi
mot cach ma hod thich hop anh xa chuyén trang thai cia may Turing bat ky va tir o
trén bang chit vao. V&i tir d@ ma hoa nay, may Turing pho dung U dimng khi va chi
khi may Turing M dimg véi tir @. Ta c6 thé xem may Turing phd dung nhu 1a mo
hinh toan hoc ctia may tinh dién tir ngay nay. Cac may nay thyc hién cong vi¢c
bang cach md hoa chuong trinh theo ngdn ngit bén trong duoc goi 13 ngdn ngir
may.

O 00 3 O W B W N —

Tap céc ky hiéu ghi 1én bang 14 hiru han nén ta c¢6 thé ky hiéu chung nhu sau:
S¢=B, Si, S,, ..., Su va c6 thé ma hod bang bd cac chir s6 1. Chang han, B—1,
Si—11, S$,-111, ..., Sp—1™".

Tuong tu, tdp cac trang thai 13 hitu han va ta cling c6 thé ma hoa ching:
qQo-1, qi—-11, qo—111, ..., q—1""".

Cudi cung hai ky hiéu L va R ciing c6 thé ma hoa: L—1, R—11.

Bay gid dé ma hod 4anh xa chuyén trang thai cia may Turing, ta st dung
bang biéu dién anh xa nay. Trong bang, cac cot duoc ky hiéu bai cac ky hiéu co thé
ghi 1én bang, cac dong dugc ky hiéu boi cac trang thai. Tiép theo liét ké cac phan
tir ctia bang theo dong ciing véi cac chi s6 dong va cot trong tng ciia chung, thir tu
1a cac phan tir ctia dong 1, dong 2, ...tir trai sang phai. Chang han, trén mot dong
xuét hién bd <qi, Sj, Sk, C, qw> ¢0 nghia la 6(q;, S;j)=<qn, Sk, C>. Gilra cac day ma
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cua cac by nam <g;, Sj, Sy, C, q> ¢O chén hai chir 6 0 va gifta ma cac ky hi¢u
trong cung mdt bd nam dugc chen bdi mot chir $6 0. Maiéy Turing M dugc ma hoa
nhu vay ky hi¢u 1a [M].

Ta chap nhan ma khong ching minh & ddy 13 véi may Turing M bét ky t6n
tai mot may Turing twong dwong chi c6 mot trang thai két thuc, vi vay ta c6 thé
xem q 13 trang thai dau va q; 1a trang thai két thuc duy nhat ctia may Turing M.
Thi du 7: Cho may Turing M vé6i anh xa chuyén dugc cho bdi bang sau:

B S,
Jo <S., R, ;> <S;, R, go>
qi <S;, L, >
q2 <S;, L, >

Céc phan tir ciia bang duoc sip xép thanh diy dudi day:
<qo, B, S1, R, 1>, <qo, Si, S1, R, qo>, <qi1, S1, Si1, L, q2>, <q», S1, Sy, L, q»>.
Day nay sé duogc ma hod dudi dang xau nhi phan:
[M]=10101101101100101101101101001101101101011100111011011010111.
Néu trén bang vao c6 ©=S;S;BS; thi mi twong tng cta no 1a:
[@]=1101101011.
4.2.2. Hoat dong ciia may Turing ph6 dung:

Bay gio gid st may Turing M ¢6 n trang thai va bang chir ghi 1én bang c6 m
ky hi€u, thém vao dé cac ky hiu, cac trang thai va anh xa chuyén cua M dugc ma
hoa nhu da néi ¢ trén. M6 hinh hod hoat dong ctia may Turing M bang mot may
Turing phd dung U c6 thé mé ta khai quat nhu sau: Trude hét [M] va [o] can phai
dugc ghi 1én bang ciia may Turing phd dung U theo quy cach sau day. Ky hiéu X
duoc ghi Ién bang chia bang thanh hai ntra v6 han. Ntra bang bén phai dugc danh
ra ba doan ké nhau ké tir vi tri ky hiéu ngay sau X: Poan dau tién duoc goi 1a
Buffer gdm n+m+2 vi tri ky hiéu va tit ca dugc nhan ky hiéu 0; doan tiép theo
duogc goi 1a ving ma hod ciia M, bat dau boi ky hiéu Y, tiép sau Y 1a [M] va duogc
két thic bdi ba chir s6 0; doan sau cung duogc goi la doan ma cua o, bat dau bai ky
hiéu Z va tiép theo 1a [o]. Hinh anh cta bang lac dau 1a nhu sau:

X Y Z

Buffer M3 hoa M M3 hoa f

Buffer phuc vu cho viéc ghi nhan hinh trang cua M trong tirng budc. Ta co
thé sao chép vao ving nay trang thai bén trong va ma hoa cta ky hiéu dang doc.
Ky hiéu Y thuong ding trude bo nam xac dinh trang thai hién hanh ctia M, ky hi¢u
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hién hanh trén bang, hudng chuyén dong cta dau doc trén bang. Z danh dau ky
hiéu dang doc trén bang cua M.

Qua trinh tinh toan trong U m6 phong hoat dong ciia may Turing M véi xau
vao o dugc chia ra cac pha thich hop voi viée dich chuyén cac hinh trang ctia M.

Mot giai doan (pha) hoat dong ctia may Turing phd dung U c6 thé tom tat
nhu sau. Pau tién sao chép vao Buffer mot khéi cac ky hiéu 1 nim ngay sau Y (goi
1a khéi Y), sau d6 ghi vao cudi khéi vira duge chép mot ky hiéu X, tiép theo xoa ky
hiéu Y, chay sang phai tim ky hiéu Z va sao chép khéi ky hiéu 1 ngay sau Z (goi 1a
khéi Z) vao Buffer ngay sau ky hiéu X roi ghi lai ky hiéu Y trudc [M]. Nhu vay
sau giai doan nay trong Bufffer chira ma cua trang thai va ky hi€u hi¢n hanh cua
may Turing M. Budc tiép theo, may Turing phd dung U so sanh hai khdi ky hiéu 1
lién tiép nhau sau Y voi ndi dung Buffer. Néu tring nhau thi im duoc b nam can
tim. Néu nguoc lai thi tim dén ma hod cua b nam tiép theo sau Y va lai tiép tuc so
sanh. Trong trudng hop gitta cic bd ndm mo ta M khong tim thdy bo nao thich hop
thi U dung. Nguogc lai, néu tim duoc bo nam can tim thi x04 ndi dung buffer roi
chuyén Y dén trudc phan tir thir ba trong bd nam d6. Poi ndi dung cia khdi sau Z
boi ndi dung cua khdi sau Y va chuyén Y dén trude phan tir thir tu cia bo nam. Sau
khi d3 doc xong phan tir th tu ma né xac dinh huéng chuyén dong cua dau
doc/ghi cia M va U chuyén ky hiéu Y dén sau phan tir trudc phan tir th ndm. Tuy
thudc vao ndi dung ctia khoi thir tu (mot ky hiéu 1 hay hai ky hiéu 1) U chuyén Z
qua phai hay qua trai mot khoi. Néu Z lac ddu nam & tan cung trai cta bang ghi va
M can dich chuyén sang phai thi U day ma cta tir sang phai va ghi ma hoa cua ky
hiéu tring vao sau Z. Néu Z nam tin cung phai ctia biang va can chuyén sang phai,
khi d6 U ghi mi cua ky hiéu trang vao cudi tir. Khi hoan thanh céc cong viéc trén
khdi ky hiéu 1 dimg sau Y, ky hiéu trang thai hién hanh ctia M, con khdi sau Z xac
dinh ky hi¢éu M can doc tiép theo. Nhu vay, giai doan tiép theo cua viéc mo phong
budre tiép theo ciia M c6 thé bat dau.

Céc giai doan hoat dong ctia may Turing phd dung U mé hinh hoa hoat dong
tung budc cua may Turing M nhu da chi ¢ trén. Ngoai ra, U con thyc hién cong
viéc sau ddy. Pau tién U thay tit ca cac ky hiéu 0 trén ba doan cua biang vao bang
cac khoang tring, cudi cong viéc, khi M dimg may U con kiém tra lidu trang thai
cudi cia M c¢6 phai 14 trang thai két thic hay khong.

Céc pha ctia mot may Turing phd dung U duoc chia thanh chin phan:

— Phan 1: Thay cac ky hiéu 0 béi ky hiéu B va dau doc/ghi chuyén dén trudc Y.
— Phan 2: Sao chép ma cua trang thai hién hanh vao buffer.

— Phan 3: Sao chép mi cua ky hiéu can doc trén bang ciia M vao buffer.

— Phan 4: Pit X va Y vao trude buffer va trude ky hiéu cta [M].
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— Phan 5: Tim bd ndm c6 mi cua trang thai va ky hiéu trén bang tring voi buffer.
— Phan 6: Xoa buffer.
— Phan 7: Thay ma ky hiéu da doc bang ma ky hiéu méi ctia M.
— Phan 8: Pay Z sang phai hay sang trai mot khéi ma ma ky hiéu ciia khéi d6 sé
dugc doc trong pha tiép theo. Néu can thi ghi md mot khoang tring vao phai hodc
trai tur trén bang cia M.
— Phan 9: May Turing phé dung U dimg & trang thai két thiic khi va chi khi M
dimg & trang thai két thiic. Pong thoi trong ving ma hoa cua tir trén bang s& chira
mi cta tir dang ra con lai trén bang ctia M, con ma cua trang thai cudi cia M c6 thé
thay trén buffer.

Duéi ddy 1a d6 thi chuyén trang thai phu hop cho viéc mé ta may Turing phd

dur/lg U <Z/Z,L> <l/1,R> <Y/B,R> <B/B,R>
<X/X,R>
> <B/B,L>
<Y/Y,R> b <1/1,L> <1/1,R> <B/B,R>
<Z/Z,R> <B/B,L> <Y/Y.R>[g > chép ki <X/X,R>\ J <B/X,R>\ /] <Z/Z,R> )
> ™ ) —(_ ) »khdi X vao|
<1/1,R>
<0/B,R>
<B/1,L>
<B/Y,L>| <B/B.R>
<B/B,L>
<1/1,L> <B</ IZ/IL; <B/Z,R> é@ <B/Y,L>
’ - < >
<Z/7.1> <ULR> o 1/1,L
<B/Z,L> YIYL> > v
D4y ma cua bing <1L> | <ZBR> <> So sanh khdi
qua phai hai vi tri <B/BL> <B/B,R> <p/B > voi khéi Y
ky hi¢u 4—9 Q©<1/1 . Khong tring
<7/B,L> ’ <X/BR>_ <B/B,L> <X/XR>
> <B/Y,R>
<B/B,R> <1/1,R>
<1/1,R> <1/1,R> By Re| | BXR>
<B/Y,R> <1/1,R> é é@
<1/1,R> <1/1,R>| | <BB,R>| | <Y/B.R>
<1/1,R> é é@ <1/1,R>
<1/1,R> ’
SULR> o | <YBR> <B/Y,L>
<B/B,R> ] <1/1,L>
<B/B,L>
<1/1,R> <1/1,R>
’ <1/1,R> <X/X,R> <X/X,R>
v
<Y/B,R> . . T
, <I/LR> <B/BL> | 1rung ;O Sfl.nll(lhk}.lm
Thaykh$iZ | <|/IR> <B/BR> <I/BL> <X/BR> X Yolkhoy
bang khoi Y R> Khong tring
< >
? <B/Y.R> X/B,R

<1/
Q<Y/B,R> %:X/B, R>8:B/B,L>/
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4.3. VAN PE KHONG GIAI PUQC BANG THUAT TOAN.
4.3.1. Mé dau:

Trong toan hoc thudng gip van dé can xac dinh liéu mot phan tir ciia mot 1op
v0 han nao d6 c6 mot sd tinh chét da cho hay khong. Chéng han, ta c6 thé hoi liéu
hai s6 tu nhién cho trudc c6 nguyén td cing nhau hay khong, hodc 1a mot may
Turing c6 dimg sau mot sd hiru han budc hay khong, ... Cac van dé trén dugc goi
1a van dé thuat toan va co thé quy vé van dé 13 liéu mot tir trén bang chit nao do c6
thudc vao mot ngdn ngtr hinh thirc da cho hay khong.

Mot bai toan dugc goi la khong gidi duoc b'flng thuét toan néu khong tdn tai
mot may Turing nao sau mot s6 hitu han bude xac dinh duogc liéu mdt sy mi hoa
cu thé nao do6 ciia bai toan c¢6 thudc ngdn ngir hinh thirc di cho hay khong. Trong
truong hop nguoc lai thi bai toan dugce goi 1a giai duogc b?mg thuat toan. Nhu vay,
mot vin dé giai duoc bang thuat toan néu va chi néu ngdn ngit hinh thirc mo ta nd
la dé quy.

Sau day ta s& nghién ctru mot vai tinh chat ctia ngdn ngit ¢ quy va dé quy
dém duogc. Viéc chimg minh céc tinh chat nay kha phuc tap nén ta khong di sau
vao chi tiét.

4.3.2. Pinh ly: Phan bu ciia mot ngdn ngir dé quy 1a ngdn ngit dé quy.

Chirng minh: Gia sir L 13 mot ngdn ngir dé quy trén bang chit . Piéu nay c6
nghia 14 ton tai mét may Turing M ma véi tir @€ tuy ¥ nd dimg sau mot s6 hiru
han budc va T(M)=L. Thay tap trang thai két thuc ciia M bang phan bu cta no, ta
dugc mot may Turing mé1 M. Dudi tac dong cung mot tir, M dung véi trang thai
két thac khi va chi khi duéi tac dong cia tir 46 M ding véi trang thai khong két
thuc. Piéu nay dan dén T(M’)=E. Do M’ dung sau mot s6 hiru han budc véi moi
tor vao nén T(M’)=E cling 1a ngdn ngir d¢ quy.

4.3.3. Dinh ly: Néu L 1a ngon ngit dé quy dém duogc trén bang chir = va phan bu
L ctano cling 1a dé quy dém duoc thi L 1a dé quy.

Chirng minh: Giéd st M;, M, 1a cdc may Turing sao cho T(M;)=L va T(M2)=E. Ta
can xay dung may Turing M’ ma né mé hinh hoa dong thoi su hoat dong ciia M;,
M,. Piéu ta can ¢ 1a dudi tic dong cua tir ®, may Turing M’ nging hoat dong khi
va chi khi M; hodc M, doan nhén tir ®. Ta mubén M, dimg véi trang thai két thuc,
con M, dirng voi trang thai khong két thac. Viée xdy dung nay 1a co thé thuc hién
dugc va vé1 moi tor ® may Turing M’ sau mot sb hitu han buéc s& dung. Néu weX’
thi meL hoadc we L. Néu weL thi M, s& doan nhan ® sau mot s6 hitu han budc.
Tir d6 néu M, khong dimg sau mot s6 hitu han budc thi M’ phai hoan thanh cong
viéc cua minh trong tho1 gian hitu han. Nhu vay T(M,)=L la d¢ quy.

4.3.4. Pinh ly: Ton tai mot ngon ngit dé quy dém dugc nhung khong dé quy.
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Chirng minh: X¢ét ngon ngltr T(U) duge doan nhan béi may Turing U. Khi d6 T(U)
1a dé quy dém duoc.

Gia sit T(U) 1a d¢ quy. Piéu nay c6 nghia 1a ton tai moét may Turing M
(khong doi hoi 1a trung véi U) sao cho T(M)=T(U) va s& dirng sau mot sd hiru han
budc dudi tac dong cuia moi tur trén bang chit vao. Ta xay dung may Turing M’ nhu
sau:

Gia str o 1a mot tir trén bang chir vao ctia M”. Trudc hét M’ cho mi [w] cla
o, dong thoi trén co so sip xép cac tir trén bang chit vao tim chi sb i cua o (s6 tha
tir cia o trong ddy 13 1). Tiép theo tng véi cac chi sb i, may Turing M’ thiét 1ap su
mo ta mé ctia may Turing tht i trong diy cac may Turing M;, M, ...Cudi cing M
thiét 1ap su mo ta chuin cua tir o; va M;, <M;0;>. M’ bét chudc sy hoat dong cua
may Turing M vo1 tt <M;o> ma theo gia thiét n6 ton tai, doan nhan ngdn ngir
T(U) va ding sau mot sb hitu han budc ddi véi moi tir trén bang chit vao. Néu M
két thuc su hoat dong véi trang thai khong két thuc thi khi d6 M’ chuyén sang mot
trang thai két thuc riéng va dimg. Néu M dung & trang thai két thuc thi M’ bat dau
bat chudc sy hoat dong cuia may Turing ma né khong dimg voi moi tir ciia bang
chit vao.

R rang rang may Turing M’ doan nhan tir o=; khi va chi khi khong doan
nhan <M;o;>. Ta biét raing TM)=T(U)={<M;¢> | 9 T(M;)}. Pong thoi moi may
Turing déu c6 mit trong diy M;, M, ... va do d6 M’ ciing nam trong ddy nay, c6
nghia la tdn tai mot sb tu nhién h sao cho M’=M..

Bay gid ta xem may Turing M, hoat dong nhu thé nao véi tir ®,. Ta nhan
dugc @, e T(M’) khi va chi khi m;eT(M,). Piéu ndy mau thuin véi gia thiét. Vay
T(U) khong dé quy.

4.3.5. Hé qua: Ton tai mot ngdn ngit hinh thirc nhung khong dé quy dém duoc.
Chirng minh: Nhu trong chimg minh cia Pinh 1y 4.3.4, T(U) 1a d¢ quy dém duoc
nhung khéng dé quy. Do d6 theo Dinh 1y 4.3.3, phan bu cua T(U) 1a khong dé quy
dém duoc.

4.3.6. Dinh ly: Mot ngdn ngir hinh thire 14 loai 0 khi va chi khi n6 1a d¢ quy dém
dugc. Pidu ndy cé nghia 13 16p ngdn ngit hinh thirc loai 0 chinh 13 16p ngdn ngit dé
quy dém duogc.

4.3.7. Chu y: Nho vao Dinh 1y 4.3 .4, ta thiy rang c6 nhiing ngon ngit dé quy dém
dugc nhung khéng dé quy. Vi viéc ma hod thich hop, ta chi ra rang nhiéu van dé
khong giai quyét dugc bang thuat toan. Ta s& khao sat mot s6 van dé lién quan dén
16p cac ngdn ngir dé quy dém duoc. Chang han nhu mot ngon ngir dé quy dém
duoc co rong hay khong, c6 hitu han hay khong, c6 chinh quy hay khong, c6 1a phi
ngir canh hay khong va c6 1a cam ngit canh hay khong, ... Tat ca cic ngdn ngit co
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tinh chat nay hinh thanh 1én mot 16p con cua 16p cac ngdn ngir ¢ quy dém duoc.
Khi ta khao sat mot ngdn ngit c6 hay khong mot tinh chat da cho thi thuc té ta can
giai quyét van dé ngdn nglt ndy c6 thudc hay khong 16p con di cho cua 16p cac
ngodn ngir dé quy dém dugc.

Ta noi rang mot tinh chat cua cac ngdn ngit dé quy dém duoc 1a tim thudng
néu hodc moi ngdn ngir dé quy dém duogc déu co tinh chat ndy hodc nguoc lai moi
ngdn ngit dé quy dém duoc khong co tinh chat nay. Piéu ndy c6 nghia 1a 16p con
cac ngdn ngit xac dinh boi tinh chat nay hoic bang rdng hodc bang chinh 16p cac
ngdn ngit dé quy dém dugc. Nhu vy cac tinh chat: mot ngdn ngir da cho co rong
hay khong, c6 hiru han hay khong, c¢6 chinh quy hay khong, ... 1a khong tim
thudng. C6 nhitng ngdn ngit dé quy dém duoc ¢ nhiing tinh chét trén va co nhiing
ngodn ngir dé quy dém duoc khong cé tinh chat trén.

Tu Pinh 1y 4.3.3, ta biét réng muén xac dinh b'flng thuat toan viéc thuc hién
mot tinh chit nao d6 thi van dé nay duoc giai quyét bang thuat toan khi va chi khi
viéc phu dinh cua tinh chat nay ciing duoc giai quyét bang thuat toan.

4.3.8. Pinh ly: Cho truéc mot tinh chat khong tim thuong cua 16p cac ngdn ngir
dé quy dém duoc. Khi d6 van dé xac dinh rang mot ngon ngir c6 tinh chat nay hay
khong 1a khong giai quyét dugc bang thuat toan.

4.3.9. Hé qua: Viéc x4c dinh ring mot ngdn ngir dé quy dém duoc co la:

a) Rong,

b) Hitu han,

c¢) Chinh quy,

d) Phi ngtr canh,

e) Cam ngir canh,

f) B¢ quy
hay khong 1a van dé khong giai dugc bang thuat toan.

4.3.10. Pinh ly: Moi ngon ngir cam ngir canh déu 1a ngdn ngit dé quy.
4.3.11. DPinh ly: Ton tai mot ngdn ngit dé quy ma khong 1a ngon ngit cam ngi
canh.
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BAI TAP CHUONG 1V:

1. Hay xay dung mot may Turring M sao cho T(M)={a"b"c" | n>1}.
2. Cho may Turing M = <{s, s1, Sy, S3, 84}, {0, 1}, {0, 1, X, Y, B}, 8, so, B, {s4}>,
trong do:
8(807 O):<Sla X: R>7 8(809 Y):<S3: Y: R>9 6(81: O):<Sla O: R>9
8(817 1):<S29 Y: L>7 6(819 Y):<Sla Y) R>9 8(827 O):<829 09 L>7
8(827 X):<S()9 X) R>7 6(829 Y):<827 Y) L>7 8(839 Y):<S3: Y: R>9
8(837 B):<S4: B: R>.
a) Hay v& d6 thi chuyén cua M.
b) Hay trinh bay cic qua trinh tinh toan hoan chinh cia may M xuat phét tir cac
hinh trang dau sau: <g, s, 000111>, <g, 89, 001 11>, <g, s, 0101>, <g, 80, 0001 1>
¢) Hay xac dinh ngdn ngtr T(M).
3. Chuing to rang cac ham dudi day co thé duoc xac dinh bang may Turing.
a) f(w)=wBwB..Bow, we{l}".
nlan o
b) f(w)=awBo®, we{0,1}".
¢) f(owBoww), we{0,1}".
d f1"BI")=1"",n,m=>0.
e) f1")=(0011)".
1 khi ¢ = @®,
0khip=op®;, @e{0,1}.
4. Chiing t6 rang cac ham dudi day c6 thé tinh dugc bang may Turing.
a) f(n1)=3n1.
b) f(n;)=n,+3.
C) f(l’ll, 1’12):1’111’12.
d) f(l’ll, 1’12):|1'11—1'12|.
n,—n, khin, >n,,
e) f(n;, m)=4 ' > T
0 khin, <n,.
0 khin, =n,,
1 khin, #n,.

i)f(co)={

f) f(n,, nz)Z{

5.Cho f}, ), ..., f, 1a cac ham m bién va gla hamn bién. Churng minh réng néu cac
ham trén déu co thé tinh duoc bang may Turing thi ham

h(X], X2, .. .xm)zg(fl(xl, X2, .. .Xm), fz(Xl, X2, .. .Xm), ceny fn(Xl, X2, .. .Xm))
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cling ¢ thé tinh dugc bang may Turing.
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CHUONG V:
GIOI THIEU VE TRINH BIEN DICH

5.1. NGON NGU LAP TRINH.
5.1.1. Mé dau:

Tir ngan xua con ngudi mudn giao tiép voi nhau phai ding ngdn ngit. Vay
nguoi giao tiép voi may tinh tat nhién cling thong qua ngdn ngit. Con ngudi mudn
may tinh thuc hién cong viéc, phai viét cac yéu cau dua cho may bang ngdn ngir
may hiéu duogc. Viée viét cac yéu cau, ta goi 1a lap trinh (programming). Ngon ngi
dung dé lap trinh dugc goi 1a ngdn ngit 14p trinh (programming language).

Viét chuong trinh dé giai quyét van dé sé& dé dang va ty nhién hon néu ngén
ngit 1ap trinh gan v&i van dé can giai quyét. Co nghia 1a ngdn ngit phai chira dung
cac cdu tric thuat ngit, phan tir dung dé miéu ta van dé va khong phu thudc vao
may tinh cu thé.

Céac ngdn ngir 1ap trinh c6 tinh chat nhu trén dugc goi 1a ngdn ngit cap cao.

Nhung may tinh chi hiéu, chi chap nhan ngén ngit cap thip riéng ctia minh,
d6 1a chudi cac s6 0 va 1, chudi s6 d6 lai khong gan giii chiit ndo d6i véi con nguoi.

Viéc phan cap ngdn ngit 1ap trinh duoc dua trén co so cia tinh khong phu
thudc voi may tinh ngay cang cao cua cac ngon ngtr.

Phan loai: 1) Ngon ngitr mdy (machine language),
2) Hop ngir (assembly language),
3) Ngon ngit cip cao (higher-level language).

Boi vi may tinh chi c6 thé hiéu ngdn ngit may cho nén mot chuong trinh viét
trong ngdn ngit cap cao cudi ciing roi cling duoc dich sang ngdn ngit may. Cong cu
thuc hién viéc dich d6 duoc goi 1a chuong trinh dich (translator).

Chuong trinh dich duoc chia Iam hai loai: trinh bién dich (compiler) va trinh
thong dich (interpreter).

— Trinh bién dich: chuyén mot chuong trinh viét trong ngdn ngit cip cao — chuong
trinh ngudn sang chuong trinh trong ngdn ngit cap cao khac hoic ngdn ngit may —
chuong trinh dich.

+ Thoi gian chuyén mot chuong trinh ngudn sang chuong trinh dich duoc
goi la thoi gian dich (compile time).

+ Thot gian ma chuong trinh dich duoc thuc thi dugc goi 1a thot gian thuc

thi (run time). Dir liéu
Chuong trinh Trinh Chuong trinh May tinh Két aus
o ) —» > t
ngudn bién dich dich thyc thi =am
Thot gian dich Thot gian thuce thi
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Nhu vay, ddi vé6i trinh bién dich, chuong trinh nguén va dir ligu dugc xur ly
trong thoi gian khac nhau, do 1a thoi gian dich va thoi gian thuc thi.
— Trinh thong dich: qué trinh xtr 1y dang bén trong cia chuwong trinh ngudn va dir
liéu cung mot thoi gian.

Chuorngktrlnh :Frlnh Két qua
nguon thong dich
Dir liéu

Mot s6 trinh thong dich lam viéc nhu sau: phan tich ting phat biéu va thyc
thi luon.

Hién nay trinh thong dich da phan ap dung k¥ thuat cua trinh bién dich 1a
bién dich chuong trinh ngudn sang dang ma trung gian. Tir mi trung gian s& dugc
thuc thi bang trinh thong dich.

Dic ta ngdn ngit 14p trinh: dé dic ta ngdn ngir 1ap trinh, tbi thiéu ta can dinh
nghia:

1. Tap cac ky hiéu can dung trong céc chuong trinh hop 1é.
2. Tap céac chuong trinh hop 1€.
3. Nghia cua tung chuong trinh hop 1¢€.

Viéc dinh nghia tap cac ky hiéu cia mot ngdn ngir that dé dang, ta chi can
li¢t ké chung. Song dinh nghia tap chuong trinh, goi 1a hop 1€ thi qua 1a mdt cong
viéc khé khin hon nhiéu. Béi vi that 13 khé dé xac dinh thé nao 1a mot chuong
trinh hop I¢€.

Khi dac ta ngdn ngir lap trinh, ta thuong dinh nghia 16p cac chuong trinh
b'fmg tap cac luat van pham, ta co thé tao nén ca nhitng chuong trinh con nghi van
vé tinh hop 1.

Ching han, trong Fortran cho phép phat biéu sau: L GOTO L 1a hop 16. Mic
du néu phat biéu nay ma dugc thuc hién thi s& 1a vong 1ap vo tan, khong giai quyét
duogc gi ca. Vi thé chuong trinh ma ta coi 13 hop 18 phai dugc hiéu trong nghia hep.

Kho khin thir ba ciing 1a van dé khé nhit ciia dic ta ngdn ngir 13 viéc dinh
nghia ¥ nghia ctia mot chuong trinh hop 16. C6 ba phuong phap dé xac dinh nghia
cua chuong trinh hop 1¢€.

Phuong phép thir nhét 13 dinh nghia bang phép 4anh xa: anh xa mdi chuong
trinh vao mot cdu trong ngdn ngit ma nghia cta noé ta hiéu dugc.

Phuong phép tht hai, xac dinh ¥ nghia cta chuong trinh bang mot may 1y
tuong (idealized machine). Nghia ctia chuong trinh ¢6 thé duoc dic ta trong ngdn
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tor ciia may 1y tudng nay. Nhu vy may ly tuéng tr¢ thanh bo thong dich cho ngon
ngu.

Phuong phap thr ba, nghia ciia mot chuong trinh ngudn chinh 13 san pham
xuét ra cta trinh bién dich, khi n6 dich chuong trinh nguén. Trinh bién dich duoc
dac ta nhu 1a tap céac cdp (x, y), véi x 1a chuong trinh nguén va y la chuong trinh
dich, l1a chuong trinh ma x s& dugc dich sang y. Gia sur cap (x, y) da co trude, bay
gio ta quan tim dén cdu trac cua thiét bi dé khi nhan x 1a dau vao thi sinh ra y o
dau ra.

Ta coi tap (x, y) la su bién dich. Néu mdi chudi x duge dinh nghia trén bang
chit ¥ va chudi y dugc dinh nghia trén bang chir A thi bién dich 1a phép anh xa tir
> dén A"

5.1.2. Cu phap va ngir nghia:

Dé tién lgi hon trong dac ta va hién thuc su bién dich, ta coi su bién dich bao
gdm hai phép chiéu don gian hon.

Thir nhat 1a phép anh xa ct phép (syntactic mapping), né anh xa mot chuong
trinh viét trong ngodn ngit ngudn sang cau trac 1a ddi sé cua phép anh xa tiép theo,
d6 1a phép anh xa ngir nghia (semantic mapping). Cau trac cua phép anh xa ct
phap 1a cay cu phap (syntactic tree). Sau day la thi du cay ct phap duoc xay dung
nhu thé nao trén chudi nhap vao 13 mot cau tiéng Anh. Mdi cau tiéng Anh duoc bé
ra thanh nhitng ky hi€u ct phap nho vao cac luat van pham.

Thi du 1: The pig is in the pen c6 cau trac van pham duoc biéu dién bang cay ct
phap & hinh sau. Cay ca phap véi cdce nut ¢o tén 1a ky hi¢u cu phap (ky hiéu khong
két thuc) va 14 c6 tén 1a ky hiéu két thuc.

<sentence>

T T

<noun phrasse> <verb phrasse>

/N TN

<adjective> <noun> <verb> <phrase>

N

the pig is <preposition> <noun phrase>

N

in <adjective> <noun>

the pen
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Tuong tir, mot chuwong trinh duge viét trong ngdn ngit 14p trinh c6 thé bé nhod
thanh cac phan ttr ¢t phap, quan hé voi nhau boi luat cu phap, diéu khién ngdn ngi
1ap trinh.

Thi du 2: Chudi ky tu a + b * ¢ c6 cdy cl phap sau:

<expression>

/\

<expression> + <term>
/ \
<term> <term> * <factor>
<factor> <factor> <identifier>
<identifier> <identifier> c
a b

Qua hai thi du trén ta thiy raing v6i mdi cau cua ngdn ngit déu ton tai cdy ct
hap cua nd. Qua trinh tim ra cdy ct phap ctia mot cau, dugc goi la qua trinh phan
tich ct phap cau do (syntactic analysis parsing). Qua trinh phan tich ca phap duogc
thue hién dua trén co sé cac ludt cG phap cua ngdn ngit (46 chinh 1a cac quy tic
hay luét sinh). Ct phap ctia ngdn ngit 13 tap luat sinh, n6 cung cp cho ta mdi quan
hé gitta mdi cAu ctia ngdn ngit véi cu trac ch phép.

Tht hai 1a phép chiéu ngir nghia, trong d6 ciu trac ct phap cua cau trong
ngdn ngit ngudn s& dugc anh xa dén vung xuit — d6 1a ngdn ngir dich (cudi cung
cling 1a ngdn ngit may). Ngir nghia ciia ngdn ngir 12 phép anh xa no két hop cau
triic ¢t phap cia mdi cau nhap vao véi chudi ky hiéu trong ngdn ngit nao d6, ma ta
goi 1a nghia cua cau nguyén thuy (cau nhap vao). Pac ta nglt nghia ciia ngdn ngir 1a
van dé rat kho, n6 chua duge gidi quyét dﬁy dua, dac biét vdi ngdn nglr tu nhién.

Maic du viéc dac ta cu phap va ngir nghia ciia ngdn ngtt 1ap trinh hoan toan
khong phai 1a cong viéc don gian, cling nhu cho dén bay gid chua ton tai phuong
phap tong quat dé dic ta, song da ton tai hai khai niém cta 1y thuyét ngon ngi,
chung dugc dung dé xdy dung sy dic ta ngdn ngit.
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Thir nhat 1a khai niém vé vin pham phi ngit canh. Hau hét cac luat miéu ta
cdu trac cu phap déu c6 thé hinh thirc hoa nhu 13 van pham phi ngit canh. Hon nita
van pham phi ngt canh con cung cép su miéu ta duoc coi la mot ph?in cua dac ta
trinh bién dich.

Tht hai 1a khai niém so do dich truc tiép cu phap, n6 dugc dung dé dac ta
phép anh xa tir ngdn ngit nay sang ngén ngir khac.

5.2. TRINH BIEN DICH.

Trinh bién dich 1a chuong trinh dung dé doc mét chuong trinh dugc viét
trong mot ngdn ngit 1ap trinh duoc goi 1a ngdn ngir ngudn (source language) va
dich chuong trinh do6 sang chuong trinh tuong ing trong ngoén ngtr khac, ngdn ngir
dich (target language).

Nhu viy ta s& c6 rat nhiéu trinh bién dich, vi ta c6 hang ngan cac ngdn ngir
ngudn tir nhimg ngdn ngit lap trinh ho ¢ dién (Fortran, Pascal) dén cac ngdn ngir
dic biét da xuat hién rat nhiéu trong linh vuc tng dung may tinh.

Ngbn ngit dich ciing rit da dang vi c6 thé 1a ngdn ngir 14p trinh bat ky hoic
ngdn ngit may. Trinh bién dich dau tién xuit hién vao nhitng nim 50 cia thé ky
truge. Lac d6 viét trinh bién dich qua 1a mot cong viéc hét stc kho khan. Trinh
bién dich ngd ngit Fortran dau tién da phai viét trong 18 nam/céng ngudi.

5.2.1. Cac phan ciia trinh bién dich:

Chuong trinh ngudn trong ngdn ngir 1ap trinh khong gi khéc 1a chudi cac ky
tu. Trinh bién dich c6 nhiém vu chuyén chudi ky tu nay sang chudi ky tu khac - do
12 ma ddi twong. Qua trinh nay bao gdm cac qua trinh nho hon va duogc dat tén nhu
sau:

1) Phan tich tur vung.

2) Bang danh biéu va thong bao 13i.
3) Phan tich cu phap.

4) Phan tich ngir nghia.

5) Sinh ma trung gian.

6) T6i wu ma trung gian.

7) Sinh ma d6i tugng.

DPdi véi mot trinh bién dich ton tai trong thuc té, thir tu cac qué trinh nho c6
thé hoi khac so v6i thi ty ¢ trén. Co thé mot sd qua trinh nho két hop lai véi nhau
thanh mot qué trinh duy nhat. Trinh bién dich phai c6 kha ning nhan biét chudi
nhap vao c6 phai 1a mot chuwong trinh hop 1é ¢t phap khong. Néu khong, trinh bién
dich phai thong bao 1.

5.2.2. Phan tich tir vung (lexical analysis):
Giai doan phan tich tir vung 1a giai doan dau ctia qua trinh bién dich.
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Dong nhap vao trinh bién dich 1a chudi cac ky tu cho phép clia mot ngdn ngir
1ap trinh, cling 1a chudi nhap vao bo phan tich tir vung.

Chéng han, d6i voi ngdn ngir Pascal, cac ky tu alphabet 1a cac ky tu sau:

A..Z,a.2,8@012..9dautréng —+=:=/* (), &>=...

Trong chuong trinh nguén, su két hop mot $6 ky tu alphabet s€ tao nén mot
thuc thé cua ngdn ngir. Chéng han, BEGIN la su két hop 5 ky tu B, E, G, I, N tao
nén thuc thé 1a tir khoa BEGIN.

Céc thuc thé
1. Ky hi¢u tréng, dAu tab, ddu Xuéng hang,

2. Tur khoa: begin, end, goto, while, do, integer...,

3. Chudi cac ky tu sd tuong trung cho hang sd,

4. Danh biéu, dung dé dat tén cho cac bién, ham thu tuc, nhén,
5. Cac ky hi€éu dac bigt: +, —, /, *, :=, ;, =, >, >=, < <=

dugc goi 1a cac token.

Nhiém vu ctia bd phén tich tir vung 1a khi tiép nhan chudi ky tu nhap phai
biét nhoém céc ky tu thanh cac thuc thé ci phap token. Token 1a ky hiéu két thuc,
mdi token s& c6 mot cdu trac tir vung. Cau trac tir vung nay 1a mot cip (loai token,
dir li¢u), gém hai thanh phﬁn:

Thanh phan thir nhit 1a pham tru ct phap: hing, bién.

Thanh phan thir hai 13 con trd, chi dén thong tin cia token, dugc cat giir
trong bang, duoc goi 1a bang danh biéu (symbol table).

V&1 ngobn ngtlr 1ap trinh cho trudc, $6 luong loai token 1a hitu han. Tém lai bg
phan tich tr vung 1a bd dich (translator) ma dau nhéap cta nd 1a chudi cac ky tu,
tugng trung cho chuong trinh ngudn, dau ra 1a cac token. Dang dau ra nay 1a dau
nhap cua bd phan tich ct phap.

Thi du 3: Chuong trinh ngudn 14 phat biéu gan trong ngdn ngir Pascal:

COST:=(PRICE+TAX)*65
Bd phan tich tr vung c6 nhi€ém vu nhan biét: COST, PRICE, TAX la nhém token
thudc loai danh biéu, 65 1a token thudc loai hﬁng. Cacky tu:=, (, ), +, * tu ban than
1a token.

Gia st tat ca cac hang, danh biéu 1a cac token c6 loai <num> va <id>. Thanh
phan thi hai 1a dit liéu, & day chinh 1 con tré chi dén vi tri ciia cac token do trong
bang danh biéu, chira dung tri tor vung (lexeme) ctia token va cac thudc tinh khac
ctia token. Thanh phan thtr nhat ciia token s& dugc dung trong giai doan phan tich
cti phap. Thanh phan th{r hai ciia token dugc dung trong giai doan xir 1y ngir nghia
va sinh mi déi tuong.

Tr6 lai véi Thi du 3, ta thdy dau ra cta b phén tich tir vung s& c¢6 cac token:
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(<id>, 1):=(<id>, 2)+(<id>, 3)*(<num>, 4)
Pé don gian ta viét lai nhu sau:
1d;:=(1d,+1d;)*numy

Céc chi s6 1, 2, 3, 4 1a con tré cia token twong tng trong bang danh biéu.
Cac ky hiéu =, (, ), +, * 1a cac token, loai token s€ dugc hiéu 1a chinh no, khong c6
dir liéu, nén chung khong c6 thanh phan thir hai 1a con tro.

Su phan tich tir vung s€ don gian néu token c6 nhiéu hon mot ky tu, dugc co
1ap boi cac ky ty ma tu ching 1a token. O thi du trén, ta théy COST, PRICE, TAX,
65 1a cac token, duoc tao bdi nhidu hon mot ky tu duogc ¢d 1ap boi cac token =, (,
+,), *. Rd rang =, (, +, ), * khong thé 1a mot thanh phan trong COST, PRICE,
TAX, 65. Song trong cac truong hop khéc thi phan tich tr vung khong phai don
gian nhu vay.

Thi du 4: Trong Fortran ta c6 hai phat biéu sau:

(1) DO 10 I=1.15

(2) DO 10 I=1,15

Gia sir ddu tréng duoc bo qua khi bo phan tich tir vung xét cac ky tu. Nhu
vay O truong hop (1) DO10I 13 bién va 1.15 14 hang va (1) 1 phat biéu gan. Trong
truong hop (2) DO 1a tir khoa, I 1a bién vong DO, 1 va 15 1 hang. Trong hai truong
hop trén, bo phan tich tir vung chi xac dinh dugc token ké tiép khi gip déu *.” trong
(1) va dau <’ trong (2).

Nhu vdy bo phan tich tir vung can phai nhin thiy trudc mot token. Nhung
nhin thay trude mot token nhiéu khi ciing chua di.

Chéng han, DECLARE(X;, X,, ..., X;) trong ngdn ngitr PL/I. B§ phan tich tu

vung s€¢ khong thé no6i dugec DECLARE 1a tén ham va X, Xo, ..., X, la cac d6i sd
ciia ham hay DECLARE 1a tir khod khai bao bién, X;, X, ..., X, la cac danh biéu
ma kiéu dir liéu cta chung s& dung ngay sau dau dong ngodc ©)’. Mubn két luan
dugc mot trong hai truong hgp 1a dung, bg phan tich tr vung phai c6 kha nang nhin
truéc mot khoang cach bat ky. Tuy nhién, ta c6 thé nghi dén cach phan tich tur
vung khéc, tranh dugc van dé nhin truée mot khoang bt ky. Tir nhimg suy nghi
trén ma ta c6 hai cach tiép can véi viée phan tich tir vung. Hau hét cac ky thuat
duogc sir dung dé phan tich tir vung cling nam mat trong hai pham tru trén.
Bo phan tich tir virng thao tac truc tiép: Néu c6 mot chudi ky tu cua van ban
nhap va cd con tro trong van ban, danh dAu vi tri bit dau tim token thi b phan tich
tir viung s& xac dinh duoc ngay token nam phia bén phai cua vi tri con trd. Sau do
no sé chuyén vi tri con tré vé bén phai, ¢ vi tri ky tu dau tién, ding sau ky tu cudi
cung cua token vira dugc xac dinh.
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B¢ phén tich tir vung thao tic khong trwe tiép: Néu voi chudi ky tu cua vian ban
nhap cho trudc, ¢d con tro trong van ban va loai token cho trudce, bd phan tich tu
vung s& xac dinh duoc token néu cac ky ty ding ngay sau con tro tao nén token
cta loai token cho truéc. Néu dung, con trd s& duoc chuyén dén ky tu dimg ngay
sau token vira duoc xac dinh.

5.2.3. Bang danh biéu:

Cac token duoc bd phan tich tir vung nhan biét va cac thong tin cia timg
token s& dugc luu chira trong bang danh biéu. Xét phat biéu trong Thi du 3. Sau hi
phat biéu duoc di qua bo phan tich tir vung, bang danh biéu s& chira cac thong tin
sau:

Chi s6 Token Lexeme Cac thong tin khac
1 id COST bién thuc
2 id PRICE bién thuc
3 id TAX bién thuc
4 Num 65 hang sd nguyén
Bang danh biéu

Néu bo phan tich tir vung nhan tiép cac chudi ky tu cia chuong trinh nhap,
dé nhan dang token, thi bang danh biéu ciing thuong xuyén duogc truy xuat. Hanh
vi truy xuit nhim hai muc dich: néu danh biéu vira dugc nhan dang da duoc luu
chtra trong bang danh biéu thi phﬁn thr hai cta token 1a dir li€u s€ dugc cap nhat
bang chi s6 ctia danh biéu d6 trong bang danh biéu.

Thi du 5: V&i phat biéu trong Thi du 3, COST ¢6 chi s6 1a 1 trong bang danh biéu,
COST lai xuét hién trong chudi nhap sau:

y:=COST=#2.0
Chudi xuét ra ciia bd phan tich tir vung la:
1ds:=1d*num¢ <>(id, 5):=(id, 1)*(num, 6)

Trong trudng hop nay COST khong cit vao bang danh biéu nita, nhung b phan
tich tir vung s& day ra token (id, 1), 1 1a vi tri COST di duoc cét trong bang danh
biéu trude do.

Bang danh biéu thuong xuyén dugc truy xuat dé thém hodc truy xuit céc
token, do d6 phai thoa méan hai diéu kién:

1. Thuc hién nhanh cac thao tac thém token, hodc cac thong tin cua token.
2. C6 kha ning truy xuat nhanh cac thong tin cia mot token.
5.2.4. Phat hién va théng bso 16i:

O mdi giai doan cia qua trinh bién dich mot chuong trinh nguén déu cé thé

c6 16i. Nhu vay sau khi phat hién mot 15i, trinh bién dich xem xét 16i d6 xem co
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tiép tuc qua trinh dich hay khong. T4t nhién, néu mét trinh bién dich ma ngay khi
phat hién 15i dau tién da dimg chwong trinh thi khong hiru hiéu.

Trong giai doan phan tich tir viung va ct phap thudng xuat hién nhiéu 16i do
trinh bién dich phat hién. Trong ltic phan tich tir vung, 15i dugc phat hién khi phan
con lai trén bang nhap khong thé tao nén token. Li xdy ra khi bo phan tich ct phap
khong thé xay dung cau trac ct phap cho chudi token cho trude. Ldi ciing co thé
dugc phat hién trong qua trinh phan tich ngit nghia, khi trinh bién dich kiém tra
kiéu dir liéu cua hai toan hang thuoc mot phép toan khong phu hop. Chang han,
mot toan hang thudc kiéu day, cong vo1 mot toan hang 1a tén ctia chuong trinh con.
5.2.5. Phan tich cu phap (Syntactic analysis parsing):

Chudi xuét ra tir bd phan tich tir vung 1a céac token c6 dang (loai token, dit
liéu), s& 1a chudi nhap vao bod phan tich ci phap. B phan tich ct phap chi xét
thanh phan thir nhat cta token 1a loai token.

Su phan tich ¢l phap 1a mot qua trinh, trong qua trinh nay chudi cac token s&
dugc kiém tra xem c6 thé dugc biéu dién bang cau tric ¢ phap ciia ngon ngir lap
trinh cho trudc hay khong? Néu t6n tai mot ciu trac ch phap cho chudi nhép thi cdu
trac duoc sinh ra d6 chinh 1a két qua ciia qua trinh phan tich ca phap. O giai doan
sinh m3, cAu trac cu phap s& dugc xem xét dé tir d6 sinh ra ma cho chudi ky tu cua
chuong trinh ngudn.

Thi du 6: Vi phét biéu trong Thi du 3, két qua cta qua trinh phan tich tir vung:
COST:=(PRICE+TAX)*65 Phan tich tr vungy, id,:=(id,+id;)*numy

va két qua cua qua trinh phan tich ct phap la:

id;:==(idy*+id;)*numy Phan tich cu phé]:)>

n3
idl = n;
n; *
id2 + 1d3
Cay cu phap cta phat biéu COST:=(PRICE+TAX)*65
Vay, két qua ctia qua trinh phén tich ¢ phap ctia mot chudi nhap 1 cau trac
ct phap dugc biéu dién bing ciu tric cdy. Cay dé biéu dién cau trac ct phap cua

mot chudi nhap duoc goi 1a cay ct phap hay ciy phan tich. Véi mot chudi token 1a
chudi nhap va tap luat sinh cho trudc, bd phan tich ca phap sé ty dong tim ra cay

T

numy

84



ctl phap cho chudi nhap. Khi ciy ct phap dugc xdy dung xong thi qua trinh phan
tich ¢t phap ctia chudi nhap ciing két thiic thanh cong. Nguoc lai, néu bd phan tich
ct phap ap dung tit ca cac luat sinh hién c6, nhung khong thé xay dung duoc cay
ct phap cta chudi nhép cho trudc thi b phan tich ¢ phap sé ra thong bao rang
chudi nhap khong duogc viét ding ca phap ctia ngdn ngir 14p trinh. Nhin vao ciy cl
phap & trén vdi cac nhan cua cac nat ny, ny, n3 ta théy duoc trinh tu thuc hién:
(1) n; 1a nat miéu ta phép toan:
id, +1d; (PRICE+TAX)
(2) n, mi€u ta phép toan:
n, * numy (két qua ¢ (1) * 65)
(3) 1a phép toan:
id; :==n, (tc la gan két qua cua phép (1) * 65 vao bién COST)

Ta thiy rang ddu ‘C’ va )’ khong hién dién trén cay ct phap, song viéc thuc
hién phép toan & n;: id, + id; trudc phép nhan véi numy da chimg té sy c6 mat cua
ching.

5.2.6. Phan tich ngir nghia:

Sau giai doan phén tich ca phap, cau tric ct phap cua chudi nhap s& dugc bo
phan tich ngit nghia xur 1y. Bo phan tich ngit nghia s& kiém tra 16i vé ngit nghia..
Mot nhi¢m vu quan trong ma by phan tich ngir nghia thuc hién la kiém tra loai dir
li¢u. Dya trén cay cu phép, bd phan tich nglr nghia s€ xu ly tung phép toan. Voi
mdi phép toan, nd s& xét cic toan hang xem loai dit liéu ciia chiing c6 cho phép dé
tham gia vao phép tinh do khong (no61 cach khac loai dir 1i€u cua cic toan hang
trong phép toan cu thé, co duoc ngdn ngir 1ap trinh dinh nghia khong).

Thi du 7: a+ 1 vdi a 12 bién thudc loai dit lidu s6 thuc, 1 1a thudc loai ludn 1y.

Vay phép cong khong thé thuc hién voi hai toan hang loai sé thuc va loai
luan ly.

Hodc: a + n véi a 1a sd thuc va n 1a s6 nguyén

Khi kiém tra théy hai toan hang ctia phép cong mot co tri thuc, mdt cé tri
nguyén thi hau hét cac trinh bién dich s& chuyén trj ciia toan hang n sang biéu thuc
s6 thue, cu thé néu n co tri 1a 10 thi tr1 10 s€ duoc chuyén sang tri thudc loai thuc
10.0 dé cong vdi tri cua a.

/|\

intoreal (65)

/|\ |

1d2 1d3 65.0

PRICE g5 TAX



Vi phat biéu trong Thi du 3, tri 65 s& dugc chuyén sang sb thuc. Cdy cu
phép khi xtr Iy ngir nghia s€ c6 dang nhu trén.
5.2.7. Sinh ma trung gian:

Sau giai doan phén tich ct phap va ngit nghia, mot sb trinh bién dich di tao
ra su biéu dién trung gian ctia chuwong trinh ngudn. Su biéu dién trung gian cia
chuong trinh ngudn duoc hiéu nhu 1a chwong trinh ciia may tinh triru tuong
(abstract machine).

Ngoén ngit dugc dung cho may triru tugng la ma trung gian. M3 trung gian c6
hai dic diém quan trong: d& duogc sinh ra va d& chuyén sang ma ddi tuong cia
chuong trinh dich. V&i Thi du 3, két qua cua giai doan sinh ma trung gian c6 dang:

temp p, := intoreal (65)

temp p; :=id, + id; (1)
temp ps := temp p, * temp p;
id; := temp p;

5.2.8. T6i wvu mi trung gian:

Giai doan nay s& thu giam mot sd budc trong ma trung gian nham lam cho
khi sinh ra ma d6i twong thi thoi gian thuc thi ma ddi trong s& ngan hon.

Budc sinh ma s€ dung cdy cu phap da dugc xir 1y nglr nghia (da qua budc
phan tich ngit nghia) dé sinh ma trung gian.

Cach lam thong thuong nhu sau:ctr tng vo1 nlt 1a todn tir s€ sinh ra ma trung
gian nhu & (1). Tuy vdy, c¢6 cach tot hon 13 v6i (1) chi cAn hai m3 trung gian ma
thoi.

temp p; :=id, + id; (2)

id; :=temp p; + 65.0

Vi¢c thu giam nhu trén s€ dugc thuc hién & bude t6i wu ma. Bude chuyén $6
nguyén sang sd thuc s& duoc thuc hién ngay trong thoi gian dich, do d6 phép toan
intoreal s& dugc bo di. Xem lai (1), ta thdy & ma thir tu id; = temp ps, v6i temp p;
chi dung c6 mot 1an 1a gan tri vao id;, do d6 co thé ghép ma tht 3 va tha 4 thanh
ma thur 2 cua (2).

Con rat nhiéu truong hop khac ma trinh bién dich thuc hién t6i wu ma. O day
mot van dé nay sinh 1a thuc hién tdi wu ma trong thoi gian bién dich s€ lam thoi
gian dich ting 1én trong giai doan nay. Tuy nhién mot s6 truong hop toi wu mé cho
phép néu thoi gian thyc thi ciia chuong trinh dich duge rat ngan ma khong 1am su
bién dich qua lau.

5.2.9. Sinh mi d6i twong:

Giai doan cudi cta trinh bién dich 1a sinh ma doi tuong. Ma dbi tuong co thé

la ma may dinh vi lai dia chi hodc ma hop ngir.
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Thi du 8: Ta sir dung hai thanh ghi 1 va 2, dé dich mi trung gian (2) sang ma hop
ngl:

movF id,, R;

movF id;, R,

addF R,, R, (3)

mulF # 65.0, R,

movF Ry, id,

Luu ¥ rang movE, addF, mulF 1a phép tinh véi s6 thuc. Chi thi du thyc hién
chuyén tri tr vi tri nhé c6 tén PRICE, thudc loai token id, vao thanh ghi R;. Chi thi
thtr hai thuc hién chuyén tr1 & vi tri nho ¢o6 tén TAX thudc loai token 1d; vao thanh
ghi R,. Chi thi thtr ba thyc hién phép cong ndi dung hai thanh ghi R; va R, két qua
phép toan duogc cat trong R;. Chi thi thir tu thyc hién phép nhan héng c6 tri s6 thuc
65.0 v6i tri nam trong thanh ghi R,. Chi thi cudi ciing chuyén noi dung trong thanh
ghi R; vao vi tri nhé ¢6 tén COST thudce loai token id;.

5.3. CAC MOI LIEN QUAN VOI TRINH BIEN DICH.

Céc phan trudc ctia chuong nay ta c6 ndi chudi ky tu nhap vao trinh bién
dich 14 van ban cua chuong trinh ngudn. Pung vay, song vin ban d6 lai ¢ thé 1a
san pham dau ra ctia mot hodc nhiéu bo tién xir Iy (preprocessor) va san pham dau
ra cta trinh bién dich c6 thé lai tiép tuc dugc xir 1y trudc khi tré thanh ma may cia
may tinh that. Trong phan nay ta s& néi toi cac méi lién quan do.

5.3.1. B§ tién xir Iy:

Bo tién xir 1y s& tao ra chudi nhap vao trinh bién dich. B tién xur 1y thuc
hién cac churc nang sau:

1. Xir Iy macro (macro processing). Bo tién xir Iy co thé cho phép nguoi sir dung
dinh nghia cic macro. Macro duoc hiéu 1a cach viét ngan gon cho cu tric dai hon.
2. Chém tép tin (file inclusion). B tién xtr Iy c6 thé “nhét” cac tap tin vao chuong
trinh vian ban. Ching han, tién xt Iy ngdn ngit C s& “nhét” nodi dung cta tip tin
<global.h> vao thay thé cho phat biéu # include <global.h> khi né xtr Iy mot tap tin
c6 chira phat biéu trén.

3. Bo xir 1y hoa hop (Rational processor). Bo tién xur 1y loai ndy sé& tao nén su hoa
hop gitra ngdn ngit ¢6 dién véi nhitng cdu trac diéu khién, cau trac dir liéu hién dai
hon.. Chang han, b6 tién xu 1y giup cho ngudi su dung c6 thé dung cac phat biéu
c6 cdu tric nhu while, if trong ngdén ngir 14p trinh, ma ty ban than ngdn ngir d6
khong c6 cac phat biéu trén. Thuc té cac phat biéu while, if chinh 1a cac macro, khi
ngudi sit dung viét mot chuong trinh trong ngdn ngit ¢6 dién cé dung téi hai loai
phat biéu c6 ciu triic trén va can bién dich ra ngdn ngit may thi bo tién xir Iy s& lam
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viéc trude. Tat ca noi nao c6 hai phat biéu while, if s& duoc thay thé boi chudi cac
phat biéu ma ngdn ngir lap trinh c6 dién co.

4. Mé rong ngdn ngir (language extension). B tién xtr Iy ting kha ning cho ngdn
ngit bang mot sd cac macro nodi tai cia nd. Thi du ngdn ngir Equel 14 ngdn ngir hoi
dap voi co so dir liéu duoc nhing vao ngdn ngit C. Cac phat biéu duoc bat dau
bang hai dau # # ¢ trong C duoc b tién xir 1y, xtr 1y, 1 cac phat biéu truy xuit co
so dit li¢u, khong lién quan dén C, duoc dich thanh cac phat biéu goi thu tuc, s€ goi
cac trinh con dac nhi¢m trong ma may dé thuc hién viée truy xuét co s& dit lidu.

Bay gio ta s& noi ki hon vé bo xir Iy macro. Bo xir Iy nay thudng lam viée
v6i hai loai phat biéu: dinh nghia macro va str dung macro.

Pinh nghia macro bao goém: tir khoa define hodc macro, tiép theo 13 tén
macro. Theo sau la than (body) cua macro.

Chéng han, \define <macroname> {<body>}.

Thong thuong bo xir Iy macro cho phép cac thong sd hinh thic (formal
parameter) trong dinh nghia, chung 13 cac ky hiéu s& bi thay thé bdi céc tri (chudi
cac ky tu) sau nay khi macro dugc dung.

Phat biéu dung macro bao gém: tén macro va cac thong sd thuc (actual
parameter), 13 tri cta cac thong s hinh thirc trong than ctia macro.

Thi du 9: Hé thong danh may typesetting c6 phuong tién macro voi phat biéu dinh
nghia macro nhu sau:

\define <macro name><template> {<body>}

<macrro name>: tén macro

<template> : danh sach thong sb hinh thirc

<body> : than macro

Macro dinh nghia ve sy trich dan cua tap chi ACM nhu sau:

\define\JACM #1; #2; #3

{{\S1J.ACM} {\bf #1}: #2, pp. #3}

Tén macro 1a \JACM. Céc thong s6 hinh thire 1a #1, #2, #3 dugc ngan cach
nhau béi dau *;” va duogc két thic béng dau ..

Khi dung macro, nguoi st dung s€ viét nhu sau: \JACM 17; 4; 715 — 728 sé&
duogc hiéu nhu sau: JJACM 17: 4, pp. 715 — 728.

5.3.2. Trinh bién dich hgp ngir:

Mot sd trinh bién dich cho san pham & d4u ra 13 ma hop ngir, chudi ma hop
ngir ndy s& duoc dua sang trinh bién dich hop ngit xur 1y tiép. Mot sb trinh bién
dich khéc thyc hién luén cong viéc cia assembler, nghia 1a né dich ra lubn ma may
kha dinh vi (relocatable machine code), md may s& duoc chuyén truc tiép dén bod
phéan “loader/link editor.
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Ma hgp ngit 12 phién ban goi nhé cia ma may, trong do céac tén sé dugce
dung thay thé cho cdc ma nhi phan cta cac tac vu va tén ciing duoc dai dién cho
cac dia chi cta vi tri nhé. Chang han, chudi chi thi trong ma hop ngit cta phét biéu
gan b ;= a+2.

mov a, R,

add #2, R, 4)

mov R;, b

Ba chi thi thuc hién viéc chuyén ndi dung & dia chi a vao thanh ghi Ry, sau
d6 cong hang sb 2 v6i ndi dung cua R, va két qua duoc giir lai trong thanh ghi R,
cudi cing 1a chuyén ndi dung cua R, vao dia chi b. Sau khi thuc hién ba chi thi thi
may thuc su di thuc hién phat biéu gan b:=a+2. Thong thuong hop ngir ciing co
cac phuong tién macro va b tién xu Iy macro.

5.3.3. Trinh bién dich hop ngir hai chuyén (two pass assembler):

Trinh bién dich hop ngit don gian nhét 1a bién dich hai chuyén trén dir liéu
nhap vao. Chuyén ¢ day duoc coi la lan doc tap tin nhap tron ven. O chuyén dau,
toan bo danh biéu, dai dién cho vi tri nh& s& duoc nhit ra, cit vao bang danh biéu.

Theo bang bén, ta gia su dia chi duwoc | panh bidu | Dia chi twong aéi
dénh cho timg tlr (mot tir 1a 4 byte). a la danh a ' 0
biéu dai dién cho dia chi bat dau & byte 0. b & b 4

thtr 4. O chuyén th¢ hai, trinh bién dich hop
ngir s& ra lai tap tin nhap mot lan nita. Lan nay no s& dich ma goi nhé (duoc dat
bing tén) cua tac vu sang chudi md miy — ma nhi phan va phan tén danh biéu dai
dién cho vi tri nhé s& duoc thay thé bing dia chi twong d6i ctia danh biéu dé trong
bang danh biéu.
Thi du 10: Poan chi thi (4) duoc dich sang ma may la:

0001 010000000000*

0011 011000000010* (5)

0100 010000000100*

4 bit dau 1a ma tac vy 0001, 0011, 0100 14 ma load, add, store. Hai bit tiép
theo 01 & ba chi thi 1a ma cta thanh ghi 1. 2 bit tiép theo 1a mé thong bao cho biét 8
bit theo sau la dia chi hay toan hang. Hai bit nay dugc goi 1a mode dia chi néu 1a 00
va mode truc tiép — toan hang néu 13 10. Vi vay 8 bit caa chi thi 1 va 3 1a dia chi,
nguoc lai & chi thi 2, 00000010 1a toan hang, hing nguyén co tri 2.

Pau ra chuyén thr hai cua trinh bién dich hop ngt 1a ma may kha dinh vi,
nghia 1a chuong trinh trong dang nay cé thé dugc chira vao bd nhd & bat ky vi tri L
nao. Nhu vay dia chi tuong ddi trong bang danh biéu s& duge tinh lai, tr thanh dia
chi tuyét ddi, bang cach lay L cong véi dia chi twong d6i, viéc nay dugc thuc hién
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cho tét ca cac danh biéu trong bang danh biéu. Quay lai (5), ta thay & chi thi 1 va 3
thi 8 bit sau cung la dia chi tuong ddi cta danh biéu a, b. Gia st L=00001111, dia
chi tuyét d6i cua a, b 14 00001111, 00010011. Ba chi thi (5) duogc viét lai dudi dang
mi may tuyét doi:

0001010000001111

0011011000000010 (6)

0010010000010011
5.3.4. B{ cat lién két soan thao (loader/link editor):

Loader 1a chuong trinh, thuc hién hai nhiém vu sau: cAt va soan thao lién két.
Qua trinh cit bao gdm ldy ma mdy kha dinh vi tinh lai dia chi thanh dia chi tuyét
ddi nhu & thi du trén. Sau do ta dem cét tat ca chi thi véi cac dia chi tuyét ddi cua
danh biéu va dit liéu vao trong b0 nh¢ tai vi tri trong tng nhu & (6).

Link editor cho phép ta tao mot chuong trinh duy nhét tir nhiéu tap tin &
dang ma may kha dinh vi ctia nhitng 1an bién dich riéng biét va tir nhimng tap tin thu
vién, do hé théng cung cép. Su lién két nay tao diéu kién thuan lgi cho bat ky
chuong trinh nao can téi ching khi thyc thi. Néu c6 mot sd tap tin dugc chuong
trinh khac tham chiéu, chiing s& dugc tham chiéu ngoai (external reference). Trong
d6 ma cta tap tin ndy co thé tham chiéu dén mot vi tri nhd trong tap tin khac. Co
nghia 1a vi tri nhé chira dir 1iéu duoc khai bao trong mdt tap tin lai co thé duoc truy
Xuét & tap tin khac. Hodc thu tuc dugc khai bao trong tap tin nay lai dugc goi trong

tap tin khac. Chuong trinh ngudn viét tat

B tién xur 1y

H¢ ¢

thong Chuong trinh ngudn

XU

ly Trinh bién dich
ngodn ¢

ngir Chuong trinh d6i tuong trong ma hop ngit
Trinh bién dich hop ngi
Chuong trinh trong ma may kha dinh vi

Thu vién hé :chéng,
cac tap tin doi tuong—» B cat/lién két-soan thao
kha dinh vi dia chi ¢

Chuong trinh trong ma may véi dia chi tuyét doi
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M3 kha dinh vi phai luu giit thong tin trong bang danh biéu cho danh biéu va
tén cac thu tuc. Vi ta khong thé biét duoc toan bd chuwong trinh trong dang ma kha
dinh vi s€ dugc chtra & dau trong bd nhd trong khi ndé con & bo nhd ngoai, do do
toan bd bang danh biéu phai duoc luu gii diy da nhu 1a mot phan cia chuong trinh
trong ma kha dinh vi.

O bang trong 5.3.3, ta théy: khi ¢6 mdt tap tin dugce thyuc thi, ndé tham chiéu
dén b thi vi tri nhd caa b + dia chi bit dau vung dit liéu cua tap tin (6), dugc cit
trong b nh¢ trong.

5.4. NHOM CAC GIAI POAN CUA TRINH BIEN DICH.

Nhu trong phan trude ta di thiy to chuc luan 1y cua trinh bién dich gém
nhiéu giai doan. Song thuc t& mot sb cac giai doan thuong dugc gdp lai thanh mot
giai doan 16n hon.

5.4.1. Giai doan trudéc va giai doan sau (front end and back end):

Thong thuong cac giai doan duge nhom lai trong hai giai doan bao trum hon
1a giai doan trudc (front end) va giai doan sau (back end). Giai doan trudc bao gom
cac giai doan, hodc cac phan cta cc giai doan ma chung chi phu thudc vao ngon
ngir ngudén ma hau nhu khong phu thudc vao may dich. Giai doan ddu nay bao gdm
phan tich tir vung, phan tich cu phap, tao bang danh biéu, phan tich ngir nghia,
thong bao 161 va sinh ma trung gian. Phan 16n tdi wu ma trung gian cling nam trong
giai doan dau. Giai doan sau bao gébm nhitng phan phu thudc vao may dich, ma
khong (vé tong quat) phu thudc vao ngdn ngit ngudn. Giai doan nay bao gom giai
doan sinh ma ddi tuong, tdi wu ma ddi tuong va tat nhién no can céac tac vu cua
thong bao 16i va bang danh biéu.

V61 y ni€ém nhu vay co thé xuét hién mot thu tuc dic biét, s& léiy giai doan
dau cua trinh bién dich két ndi véi cac phﬁn sau dé tao ra mot trinh bién dich cho
cung mot ngdn ngir ngudn trén cac may khac nhau. Hodc nguoc lai, c6 thé cac
trinh bién dich cho nhiéu ngdn ngir ngudn khac nhau, c6 chung mot ngdn ngit trung
gian va ding chung giai doan cudi, s& cho ta nhiéu trinh bién dich trén mot may.
5.4.2. Cac chuyén:

Thong thuong mot $6 giai doan c6 thé hién thuc trong mot chuyén. Chéng
han, phan tich tir vung, phan tich ci phép, phan tich ngitr nghia va sinh ma trung
gian co thé duoc gom lai, hi¢n thyc trong mdt chuyén. Néu nhu vay thi chudi token
dugc nhan dang s& duoc dich thiang sang ma trung gian. Noi chi tiét hon, ta s& thiy
vai tro by phan tich ci phdp la bao trum, n6 trong coi toan by hoat dong cua
chuyén. N6 c6 nhiém vu phai phat hién ciu tric vin pham cua cac token dua dén
cho né. N6 lai phai biét luc ndo can ldy tiép token va né s& goi bo phan tich tir
vung nhan dang token ké tiép. Khi da phat hi¢n xong mot cAu tric van pham, b0
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phan tich ct phap s& goi bo sinh ma trung gian, dé thuc hién phén tich ngir nghia
va tao ma trung gian.
5.4.3. Thu giam s6 lwong cac chuyén:

Néu mot qua trinh dich dugc chia thanh nhiéu chuyén, no s€ lam tang thoi
gian dé doc va ghi 1én bd nhé ngoai ma trung gian. Nguogc lai, néu ta gom mot sb
giai doan thanh mot chuyén thi budc phai giit toan bd chuong trinh trong bd nhd.
Boi vi giai doan doan nay s& can nhiing thong tin theo thir tu khac voi thir ty ma
giai doan trudc tao ra, nhu viy van dé bo nhé khong phai 1a don gian.

Viéc thyc hién gom mot sé giai doan trong mot chuyén phai giai quyét duoc
mot s6 van dé sau. Viée giao tiép gitta bd phan tich tir vung va phén tich ca phap
c6 thé duoc gi61 han & mot token vi khi nao bd phan tich ct phap can téi mot token
s& goi bo phan tich tir vung cung cap. Nhung that kho dé thuc hién viéc sinh ma
d6i twong khi toan bo mi trung gian cta chuong trinh ngudn chua dugc tao xong.
Chang han, trong PL/I, Algol 68 cho phép dung bién trudc khi né duoc khai bao,
nhu vy ta khong thé tao ma dbi tuong cho mot cAu tric m3 ma ta chua biét loai
ctia bién, duoc xuét hién trong né. R3 rang trong trudng hop ndy phai co sy phan
tich ngit nghia, kiém tra kiéu dit liéu tai cdu truc cu thé dé quyét dinh xem bién d6
thudc kiéu nao, khi da két luan duoc thi bd sinh ma trung gian mai sinh ma dugc.
Ciing twong tu trong trudng hop phat biéu goto tham khao trude, cac phat biéu
goto L ¢ thir tur dng trudc phat biéu c6 nhan L.

Khi dich ra ma ddi tugng, bd sinh ma s€ sinh ma cho tdc vu goto con dia chi
co tén L thi chua dugc thay thé vi tai thoi diém d6, né chua nhin théiy chi thi co
nhan L, nén khong biét chi thi d6 ndm & dia chi nao. B9 sinh ma s& tao ra mot danh
sach lién két, ghi nh¢ dia chi ctua céc chi thi goto L. Khi gap chi thi c6 nhan L, bd
sinh ma di xac dinh duoc dia chi c6 tén 1a L, n6 s& 1an theo danh sach lién két dé
dién vao cac chi thi goto dia chi cua L.
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PHU LUC:
CACLOPP VA NP
VA LOP CAC BAI TOAN NP-DAY DU

C6 nhiing bai toan thuc té ma cho dén nay van chua xay dung duogc thuat
toan hiéu qua dé giai (d6 1a thuat toan c6 d6 phic tap tinh toan 1a da thic) va chimg
minh dugc mic d6 kho thue chit cia no. Trong sb cac bai toan nhu vay, cO thé ké
ra cac bai toan ndi tiéng sau: Bai todn nguoi du lich, Bai toan chu trinh Hamilton,
Bai toan t6 mau d6 thi, Bai toan tim dudng di don dai nhat cta db thi. Ta co thé
quy 16i cho viéc thiét ké va phén tich thuat toan hay 1y thuyét do phuc tap hay
khong? Liéu trén thyc té c6 thuat toan hiéu qua dé giai quyét cac bai toan nay
khong?

Trong phan ndy, ta s& c6 mot két qua ndi tiéng: mdi thuat toan hiéu qua dé
giai mot trong sb cac bai toan vira ké trén sé& ciing cho ta thuat toan hiéu qua dé giai
tat ca cdc bai toan con lai. Ta chua biét nhiing bai toan nay 1a d& hay kho giai,
nhung ta biét riang tat ca ching c6 do phutc tap nhu nhau. Y nghia thuc té quan
trong ctia cac bai toan nay 1a dam bao rang mdi mot bai toan nay 1a ddi twong cia
nhing c6 gang tim thuat toan hiéu qua dé giai.

1. LOP P VA LOP NP.

1.1. Dinh nghia: Cho M la m§t may Turing. Ham T(n) dugc goi 1a d§ phuc tap
tinh toan ctia M néu véi moi xau vao ® co do dai n thi déu tdn tai mot day hinh
trang c6 nhiéu nhat 13 T(n) budc doan nhin o (& day T(n) 1a mot sé nguyén
duong). Néu c6 mot xau nao dé co do dai n ma may Turing khong dung thi déi véi
n do, T(n) khong x4c dinh.

1.2. Dinh nghia: Lop P 14 16p cac ngdn nglr dugc doan nhan bdi may Turing don
dinh va dd phtc tap tinh toan la da thirc.

Co thé phat biéu mot cach khac 1a: mot bai toan duoc coi 1a thude lop P néu
ton tai mot thuat toan da thirc dé giai no. Ngudi ta ndi ring nhimg bai toan thudc
16p P 1a dé.

1.3. Chu y: Theo quan diém toan hoc, 16p P 1a rat ty nhién. Piéu nay thay dugc tir
viéc no 1a bat bién cao d6i v6i mé hinh tinh toan duoc dung. Chang han, cic may
Turing M, véi nhiéu bang 1a nhanh hon cic may Turing théng thuong, tirc 13 do
phtc tap tinh toan ctia chiing nhén céac gia tri nho hon. Tuy nhién, néu do phirc tap
tinh todn cua mot may Turing M; nhu vay bi chédn trén b1 mot da thire T,(n), ta co
thé xay dung mot may Turing théng thudng M voi gidi han thoi gian da thic T(n)
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doan nhan chinh ngdén ngit nhu M;. (No61 chung, T(n) nhan gia tr1 16n hon T,(n)
nhung van 1a da thirc). Tuong ti, mdi ngdn ngit 14 trong gidi han da thie dbi voi
mot mo hinh may Turing chuan muyc bat ky hay d6i vdi mot mé hinh tinh toan hop
ly bat ky déu thudc vao 16p P duoc dinh nghia nhu & trén ddi voi cac may Turing
thong thuong.

Lép P ciing c6 tam quan trong quyét dinh vi cic ngdn ngit ndm ngoai P ¢o
thé xem 1a khong thé tinh dugc. Trén thuc té ta ndi rang mot ngdn ngir dé quy 1a
bat tri néu n6 khong thudc P.

R rang rang cac ngdn ngir nam ngoai P 14 bat tri theo quan diém thyc hanh.
Ta ciing c6 thé noi nhu vay d6i véi cac ngdn ngit trong P co can 1a mot da thirc
khéng 16. Tuy nhién, vi¢c vach ra mot ranh gio1 gitra tinh bét tri va tinh khong bat
tri bén trong P 1a khong tu nhién 1dm. Mot dinh nghia nhu véy sé& thay doi theo thoi
gian: sy phat trién ky diéu trong linh virc may tinh c6 thé lam thay d6i ranh gidi
nay. Mat khac, 16p P cho ta mdt cach dac trung rat tu nhién cho tinh khong bat trj.
Thi du 1: Bai toan tim duong di ngin nhat giita hai thanh phd A va B 13 bai toan
dé vi do phtc tap cua thuat toan dé giai no la O(nz) (ttrc 1a mot thuat toan da thire).

Ta xét dudi day cac bai toan thudc 16p s€ duogc goi 1a 16p NP.

Theo dinh nghia trén, ta néu ra thi du vé bai toan “kho”. Gia st nguoi ta doi
hoi xac dinh tat ca cac con dudng ndi dinh S véi dinh T trong mot mang nao d6 va
c6 d6 dai nho hon (1+¢€) 1an so v6i do dai ctia duong di ngin nhat. Ngudi ta c6 thé
khong c6 kha nang 1ap nén danh muc nay trong thoi gian da thire (cach néi nay co
¥y nghia twong tu voi s cac phép toan) vi mot nguyén nhan don gian 1a danh myc
nay chira mot sd cac phan tir khong da thirc (nghia 1a né khong bi chin béi mot da
thire theo s6 cac dir liéu).

1.4. Dinh nghia: Mot bai toan dugc goi la “nhan biét” néu d6 1a bai toan ma cac
két qua chi co thé 1ap mot trong hai gia tri tai DUNG hay SAL.
Thi du 2: 1) Bai toan vé viéc tim phan b phu hop.

Cho tap hop X={x1, Xa, ..., X»} g0m cac bién Boole va mét biéu thirc Boole
d6i vé6i cac s6 hang cua cac bién nay: E=CAC,A...ACp, trong d6 C; (i=1,..., m) 1a
biéu thirc Ci=u;;vuppV. .. vy, trong d6 mdi i, 1a mot trong cic bién cia X.

Bai todn dat ra la thir tim xem c6 mdgt phan bd céc bién xy (k=1,...,n) béng 0
hay 1 sao cho E=1.

D61 voi E=(x, v x, v X;) A(X, VX,)AX; ¢O cdu tra 161 1a DPUNG khi liy
x;=0 hay 1, x,=1, x;=1. Tuy nhién, cau tra 10i 1a SAI trong truong hop nay ddi véi
E=(x, VX, VX)) A (X VX)) A X A (X, V).

2) Bai toan vé chu trinh Hamilton. Van dé dit ra 13 xac dinh xem trong mat dod thi
G di cho c6 mot chu trinh so cdp di qua tat ca cac dinh hay khong?
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Nghi¢m cua bai toan nhan biét chi 1a PUNG hoic SAL Nguoi ta khong doi
hoi gi hon. Piéu nay phan biét mot cach co ban cac bai toan nhan biét véi cac bai
toan ton tai cling nhu ddi véi bai toan vé sy tim phan bd phu hop, néu cau tra 1oi 1a
DUNG, nguoi ta khong doi hoi cho mot phan bd cac bién ciia X cho E gia tri 1.
Péi voi bai toan chu trinh Hamilton, nguoi ta khong doi hoi dién ta chu trinh.

1.5. Pinh nghia: Cho bai toan tdi uu hoa t6 hop min (f(s)) (twong tmg max (f(s)))
va mot sb a. Nguoi ta dinh nghia “bai toan nhéan biét lién hop” 1a bai toan: liéu co
ton tai s S sao cho f(s)<a (twong ung f(s)>a).
Thi du 3: 1) Cho mot tip n thanh phd, cac khoang cach giita cac thanh phd va mot
sO a. Bai toan v6i ndi dung 1a xac dinh xem c6 t6n tai mot vong di véi chi phi nho
hon hoic bang a 12 bai todn nhan biét lién hop ctia bai toan ngudi du lich.
2) Cho mot ma tran A va vecto b véi cac hé sb nguyén. Bai todn c6 ndi dung la
xac dinh xem co ton tai vecto x c6 cac thanh phan nguyén sao cho Ax<b 1a mot
bai toan nhan biét.

: - (C) + (a YR £ s 1 :

Néu dat 4= [AJ’ b= [bj’ ta co thé coi bai toan nhan biét 1a lién hop véi
bai toan quy hoach tuyén tinh nguyén:

Cx=z(min)

Ax<b
X; eN,jzl,_n.

1.6. Dinh ly: Néu bai toan nhan biét lién hop ctia mot bai toan tbi wu hoa to hop
da cho 1a “kh6” thi bai toan t6i wu hod t6 hop ciing 1a “khé”.

Pinh 1y 1.6 chi ra ring bai toan tdi uu hoa to hop it nhat 1a “kh6” nhu bai
toan nhan biét lién hop. Trong thyc té ngudi ta ludn ludn cé thé chimg minh rang
bai toan nhan biét (chang han bai toan ngudi du lich) khong phai 12 “dé hon” bai
toan toi uru hoa t6 hop ma né lién hop.

1.7. Nhan xét: Ky hiéu NP dac trung cho 16p cac bai toan ma ta sé nghién ctru
bay gio tré nén nhu 1a “ludng gat”. Van dé 1a né khong phai thudc cac bai toan
“khong phai 1a da thirc” nhu nguoi ta tudng.

Gia su réng ta biét cau tra 101 ciia mot bai toan nhan biét 1a PUNG. Néu ta
c6 thé chia sé sy tin chic cua ta cho mot ngudi “siéu quan sat” bang thoi gian da
thirc thi bai toan thudc 16p NP, ngay cé khi ta khong biét tim bang thoi gian da thirc
mot nghiém s ma dbi voi né cau tra 161 138 DPUNG. Nguoi ta chi doi hoi rang néu
nghiém s dugc dé xuat thi ngudi ta co thé thir lai bang thoi gian da thirc ring ciu
tra 1oi twong tmg 1a DPUNG.
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Céc bai toan vé sy tim phan bd phu hop, vé chu trinh Hamilton, vé nhan biét
lién hop véi bai toan ngudi du lich va bai toan nhan biét lién hop cia quy hoach
tuyén tinh nguyén 1a cac bai toan thudc 16p NP.

Bay gid ta xét cac may Turing khong don dinh: khi doc mdi ky hiéu bat ky o
mot trang thai bat ky, may duoc phép c6 mot sé kha nang hanh dong. Con vé cac
yéu t6 khac, mot may Turing khong don dinh dugc dinh nghia nhu mot may don
dinh. Mot tr ® duoc doan nhan néu no sinh ra mot tinh toan doan nhan duoc, doc
1ap véi viéc no cling co thé sinh ra céc tinh toan khac dan dén thét bai. Nhu vay,
khi quan hé voi ciac may khong don dinh, ta khong quan tdm dén moi con dudng
dan dén that bai néu c6 mot con dudng co thé c6 din dén thanh cong.

Thoi gian can thiét dé may Turring khong don dinh M doan nhan mot tir
oeT(M) duge dinh nghia bang sd budc trong tinh toan ngin nhat cia M dung dé
doan nhan .

1.8. Dinh nghia: Lop NP 1a 16p cac ngon ngit dugc doan nhan boi cac may
Turing khong don dinh trong gid1 han da thue.

1.9. Chu y: Céc bai toan trong 16p P 1a tri liéu duogc, trong khi d6, cac bai toan
trong 16p NP ¢6 tinh chat 1a viéc kiém chimg xem mdt phong doan tot khong d6i
Va1 viée giai bai toan c6 la dung dén khong 1a tri liéu dugc. Mot may Turing khong
don dinh c6 thé dugc hinh dung nhu mot thiét bi kiém chting xem mot phong doan
c6 dung hay khong: né tién hanh mot (hay mot sd) phong doan ¢ ting budc trong
sudt qua trinh tinh toan va chung cudc 1 viéc doan nhén chi trong trudng hop (cac)
phong doan nay 1a dung dan. Nhu vay, trong thuc té mot gidi han thoi gian dbi véi
mot may Turing khong don dinh 1a mot gidi han thoi gian dé kiém chimg xem mot
phong doan ddi véi 10 giai c6 1a diing dan khong.

D@ thay 16p P 1a mot 16p con cua 16p NP. Tuy nhién, ta khong biét lidu bao
ham nay c6 13 thuc su hay khong. Van dé “P c¢6 bang NP hay khong” c6 thé xem 1a
van dé ton tai noi tiéng nhat trong 1y thuyét tinh toan. Van dé nay c6 y nghia vi
nhiéu bai toan quan trong trong thuc té duoc biét 1a thudc NP, trong khi do ta
khong biét n6 c6 thude P hay khong. Thuc ra, vé mat thoi gian, moi thuat toan don
dinh dugc biét d6i v6i cac bai toan nay déu 1a mil. Nhu vay, mot chimg minh cho
P=NP s€ lam cho moi bai toan nay tri li¢u duogc.

Céc may Turing khéng don dinh va viéc doan chimg von khéng dugc du
dinh dé mo hinh hoa viéc tinh toan. Tinh khong don dinh chi 12 mot khai niém bo
tro va nhu ta sé théy, né rat tién loi. Thuc vay, néu ta mudn giai quyét van dé c¢6
hay khong dang thirc P=NP, cac dinh nghia va két qua sau nay chung to rang chi
can xét mot ngdn ngir dic biét (co thé 14 mot ngdn ngir ta wa thich!) va xac dinh

96



xem n6 ¢6 thudc P hay khong. Co mot s 16n va rat da dang cac ngdn ngir ma ta s&
goi la cac ngobn ngir NP—dﬁy dt nhan duoc thuc té tir moi linh vuc ctia toan hoc.
1.10. Dinh nghia: Ngon ngit L, duoc goi 1a dan dugc trong thoi gian da thirc
vé ngon nglr L2C22*, ky hi¢u L, <p L, néu co6 mot ham xac dinh bo1 may Turing
don dinh trong thoi gian da thic f: £, — 3, thoa mén:

VweX,, mel, < f(o)el,.

Ta nhan thdy ring may Turing M duoc dwa vao trong dinh nghia trén phai
durng v&1 moi dit 1igu vao, dé 1a mot hé qua cua viéc M 1a don dinh va trong thoi
gian da thuec.

Két qua tiép theo 13 mot hé qua truc tiép cua dinh nghia.

1.11. Ménh dé: Néu L, <pL, va L,eP thi L,eP.

2. LOP NP-DAY DU.

Pbi véi phan 16n cac bai toan thudc 16p NP, ngudi ta khong ndi duoge 1a
chung c6 thé giai duoc hay khong bang mot thuit toan da thirc. Chi biét rang ngudi
ta chua tim dugc mot thuat toan da thic dé giai ching.

Pé ching minh P=NP, ta phai ching t6 rang trong 16p NP tat ca cac bai toan
c6 thé giai v6i thoi gian da thirc bang cac thuat toan don dinh.. P& ching minh
P=NP, ta phai chi ra mot bai toan trong NP ma khong thé giai duoc mot cach tién
dinh véi thoi gian da thirc. Cach giai quyét hién nay 13 xay dung 16p cac bai toan
tuong duong.

2.1. Pinh nghia: Mot ngon ngit L duge goi 1a NP-kho néu voi moi ngdn ngir L’
trong NP, taco L’ <p L.

Ngon ngir L duoc goi 1a NP-day du néu n6 1a NP-khé va LeNP.

2.2. Chu y: Cac ngdn ngir NP-day dii c6 thé hinh dung nhu dai dién cho céc bai
toan kho nhit trong NP. Hon nita, dé giai quyét vin dé co P=NP khong, chi can
quyét dinh xem mot ngon ngit NP-day du L nao d6 co thudc P hay khong. That
vy, xét mot ngdn ngir L nhu vdy. Néu L khong thudc P thi rd rang P#NP. Néu L
thuoc P thi dinh nghia ciia tinh NP-ddy du va Ménh dé 1.11 ching to rang mdi
ngdn ngit thudc NP ciing thudc P. Nhung diéu d6 c6 nghia 1a P=NP.

Ta c6 thé xay dung cho mdi bai toan trong 16p NP mot thuat toan 1am viéc
trong thoi gian da thirc mién 14 ta biét mot thuat toan (don dinh) trong gidi han thoi
gian da thirc d6i v6i mot bai toan NP-ddy du nao do. (Hién thoi ta ndi vé cac bai
toan thay cho cic ngdn ngit dé nhic nho rang c6 thé thay doi qua lai gitta cac khai
niém nay). Nhu vay, mot khi ching ta c6 dugc mot thuat toan trong gio1 han thoi
gian da thic cho mot trong s6 rit nhiéu bai toan NP—dﬁy du, ta s€ co6 duogc thuat
toan trong gi6i han thoi gian da thitc cho mdi bai toan trong 16p NP! Do nhiing nd
luc cuc ky 16n danh cho du dinh céi tién cac thuat toan d3 duoc biét cho mot sd
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trong cac bai toan nhu vdy (do tdim quan trong thuc té 16n lao cua ching) va do
chua mot nd luc nao nhu vay dan dén thanh cong, bay gid néi chung nguoi ta tin
rang P=NP.

Ménh dé sau ddy 1a mot hé qua truc tiép cta tinh bac cau cua quan hé <p.
2.3. Ménh dé: Néu L, 1a NP-dy du va L, 12 mot ngdn ngit trong 16p NP thoa man
L; <p L, thi ngén ngit L, cling 1a NP—déy du.

Thi du 4: Xét bang chir:

S={1,2,v,A ()
Mot tir @ trén bang chir = duoc goi 1a mot cong thirc duoc thiét 1ap dang cua phép
tinh ménh deé, viét tat 1a wifpc, néu hodc (1) hodc (2) dang.

(1) © 12 mot tir khac rong trén bang chir {1, 2}.

(2) C6 céac wifpe u va v sao cho:

o=(u v v) hay ®=(u A v) hay o=u.

V& mat truc gidc, v, A va  chi phép tuyén, phép hoi va phép phu dinh.
Trong cac wifpe, ta ¢ thé c6 nhiéu khong han ché cac bién x; ma i 1a mot sb
nguyén theo cach viét 2-adic. Ching han, thay vi xo thi ta viét 121. Piéu kién (1)
no6i rang mdi bién don 1¢ 1a mot wifpe.

Mot cach hinh thtrc, moi tir con e {1, 2}" ctia mot wffpe ® thoa man cic
diéu kién:

0=0100,, o2 {1,2}, me{l,2}3"
dugc goi la mat bién.

Gia stt o, ..., o, 12 tht ca cac bién cd mit trong mot wffpe ®. Mot anh xa T
tir tap {ay, ..., 0} dén tap {0, 1} duoc goi 1a mot phép gan gia tri chan 1y cho .
Gia tri chan 1y cia mot bién o, bang T(oy). Gia tri chan 1y cua (u v v) (twong (mg
ctia (u A v)) bang max(uy, v;) (trong Gng min(uy, vy)), trong d6 u; va v, tuong Gmg
la cac gia tri chan 1y cua u va v. Gia tri chan 1y cia u bang 1-u;.

Mot wifpe o dugce goi 1a thoa duoc néu nd nhan gia tri chan 1y 1 ddi véi mot
cach gan gia tri chan Iy T nao d6. Ta ky hiéu ngdn ngit trén £ gdm moi wifpe thoa
duoc la SAT.

Vé mit truc giac, 1 va 0 ky hiéu twong tng cac gia tri chan Iy dung va sai..
Mot wifpe 13 thoa dugce néu né khong 1a dong nhét sai theo k¥ thuat bang chan Iy
quen thudc. Tat nhién, trong mdi cach gan gia tri chan 1y, moi xuét hién ctia moi
bién c4 biét a; nhan cung mot gia tri chan ly.

Sau ddy, cac quy tac nghiém ngit vé dinh nghia cia mot wffpe duoc giam
nhe doi chit. Ta dung cac chit thudng ¢ cudi bang chir cai dé ky hiéu cac bién.
Nhu vay, mot bién ca biét co thé dugc ky hiéu 1a xo thay cho ky hiéu 121 da chi ra
trong dinh nghia. Cac ddu ngoic khong can thiét duoc bo di. Quy udc ndy ciing ap

98



dung doi véi cac dau ngodc khong can thiét do tinh két hop ctia A va v. (Ta chi
quan tam dén cac gia tri chan 1y va ro rang rang cac ham min va max la két hop).

X¢ét hai wifpe sau day:
(xlvx_z)/\(xlvxz)/\(xlvx_z)/\13 o (D
(X, VX, VX)) A (X, VX)) A(X] VX)) AX, (2)

Ca hai (1) va (2) déu 1a hoi cia wffpe ma mdi mot trong sd chung 13 tuyén cua cac
ky hiéu chit, trong d6 cac bién va cac phi dinh cta ching duoc goi 1a cac ky hiéu
chit. Ta ndi rang cac wffpe thudc loai ndy 1a & dang chun hoi. Hon nira, néu mbi
tuyén chira nhidu nhat ba (tuong tmg hai) ky hiéu chit, ta néi rang wffpc nay 1a &
dang chuan 3-hoi (twong tng 2-hoi). Nhu vy, (2) 1a ¢ dang chuan 3-hoi va (1) &
dang chuan 2-hdi (ddng thoi ciing & dang chuan 3-hoi).

Ta ky hiéu ngon ngit trén ¥ gdm moi wffpe thoa dugc ¢ dang chuan hoi 1a
CONSAT. Céc ky hi¢u 3-CONSAT va 2-CONSAT duoc dinh nghia tuong tu.
wifpc (1) thudoc 2-CONSAT nhung wifpc (2) khong thudc 3-CONSAT vi tuyét
nhién n6 khong 1a thoa dugc. Ta c6 thé thiy diéu d6 nho 1y luan sau. Cau cudi cing
cua (2) budc ta phai gan tri 0 cho x3. Do do, cac cau thir hai va thir ba budc ta phai
gan tri 1 va 0 twong ung cho x, va x;. Nhung véi cach gan tri nay, cau th nhat
nhan gia tri 0.

R& rang tinh thoa duoc 1a mot tinh chit co thé quyét dinh dugc. Ta chi can
kiém tra qua tat ca 2" cach gan trj chan 1y co thé c6 ddi voi n bién. (Thuc ra diéu
nay ciing chang khac gi so voi ky thut bang chan 1y quen thudc). Mot cach kiém
tra vét can nhu thé dung mot luong thdi gian mi (theo sé bién hay d6 dai cua
wifpe cho trude). Bay gid ta mo ta mot cach ngin gon mot thuat toan dé kiém tra
tinh thoa duoc dya trén viéc rat gon s6 bién. Ta gia thiét ré‘mg dir 11éu vao duoc cho
dudi dang chuan hoi. Thuét toan nay boc 10 sy khac nhau dang ké gilta cac dang
chuan 2-hoi va 3-hdi.

Gia st rang o 1a mot wifpe ¢ dang chuan hoi. Nhu vay

Ol =0l A Op A.. A O,

trong d6 mdi a; 14 mot tuyén cia cac ky hiéu chir. Ta goi cac tuyén o; 13 cac ménh
de.

Buéc 1: Bao dam cho mdi bién xudt hién (hodc bi phu dinh hoic khong) nhiéu nhat
mét 1an trong mdi ménh dé. Piéu nay dugc thuc hi¢n béng cach bién d6i o nhu
sau. M&i ménh d& chira ca x va x voi mot bién x nao dé bi bo di khoi o Néu x
(tuong ng ;) xuat hién mot s6 1an trong mot ménh dé nao do, nhung xuét hién
nay duogc thay bang mot xut hién duy nhat cua x (twong tng x ). Néu tat ca bi bo
di, a 1a thoa duogc. (Thuc té 1a nod déng dang dung). Trai lai, gid sir o’ la wffpc thu
duoc.

99



Buéc 2: Thay o’ bang mot wifpe o’ khong chira mot ménh dé nao chi c6 mot ky
hiéu chir (va ciing thoa man diéu kién duoc doi hoi dbi véi o’ sau Budc 1). Thuc
vay, néu x (twong Ung )_c) xuét hién don doc trong mot ménh dé nao do, ta bo di
moi ménh dé chira x (twong tng )_c) va tiép d6 loai bo x (twong Uung x) khéi moi
ménh dé ma trong d6 no xuat hién cung vo1 mot bién khac nao do; néu x (tuong
ung X) xuit hién mot minh trong mot ménh dé khac nao do, ta két luan ré‘mg o
khong 1a thoa dugc. Lap lai thu tuc nay cho téi khi thu dugc o’ nhu mo ta & trén.
Buéc 3: Néu khong c6 bién nao xuat hién trong o’” vira bi pha dinh va vira khong
bi phu dinh, ta két luan réng o’ 1a thoa duge. Néu trai lai, ta chon mot bién x nao
d6 ma ca x va x déu xuit hién trong o’’. Ta tim moi ménh dé
VB OV B VP (8 7,), |
trong d6 x hay x xuat hién. Gia str 6 1a hoi cia moi ménh dé khac (néu con). Khi
d6 o’ 1a thoa dugc néu wfpe
((,,Bl {\...Aé’m)v(}/l /\.../\’}/n))/\é ’

la thod dugc. Ta nhan thay rang moi mot trong s6 cac 3 va y chira it nhat mot ky
hiéu chir va chtra dung mot ky hiéu chir néu o nguyén ban 1a ¢ dang chuan 2-hoi.

Néu mot trong sb cac B hay y chira hon mot ky hiéu chir ta thay o’ bang hai
wifpc

E:ﬂl ANAB, ANO Va E:;/l AN NY, NO,

bao dam ca o 13n a déu khong chtra cting mot ménh dé hai lan (bing cach bo di
nhitng xuat hién khong can thiét) va quay vé Budc 1. wfpce ban dau a 1a thoa dugc
néu a hay a 1a thoa dugc.

Néu moi B va y chira dung mot ky hiéu chit, ta thay a.’” bang wffpc

0{”': Bivy)nn(p V7/n)/\-~/\(,8n3 V?’n)/\&‘
loai bé nhiing xuat hi¢n bi 1ap lai ctia cung mot ménh dé va quay vé Budc 1. a ban
dau 1a thoa duoc néu a’”’ 1 thoa dugc.

Pén day ta két thuc viéc mo ta thuat toan. Chiing ta c6 thé dé dang kiém
nghiém rang phuong phap nay cé hiéu luc. Mot sé giai thich dd dugc cho & trén.
Piéu cdt yéu 1a sd luong bién thyc su giam trude mdi lan quay vé Budce 1.

Xet cac tu co dang:

o H o # ... # o
trén bd chir cai {1, 2, #} sao cho k=1, mdi ® 1a mot tir khong rSng trén bo chir cai
{1, 2} va hon nita, m, béng téng ctia mét sb ® khac nao do khi cac tir dugc xem
nhu 13 cac s6 nguyén 2-adic. Ta ky hiéu KNAPSACK 1a ngén ngit gdm moi tir nhu
vay.
2.4. Pinh ly: Ngon nglr 2-CONSAT thudce 16p P.

100



2.5. Dinh ly: Ngon ngit SAT 1a NP-day du.

2.6. Dinh ly: Ngon ngit CONSAT la NP-day du.

2.7. Dinh ly: Ngon ngit 3-CONSAT la NP-day du.

2.8. Dinh ly: Ngon ngit KNAPSACK 1a NP-day du.

2.9. Pinh ly (J. Demetrovics — V.D. Thi, 1999): Cho s = (@2, F) 1a mot so d6 quan
hé trén @. Gia st @={a,, ..., a,} va F={A|—>By, ..., A—B}. Ky hitu V={A | A
@, A" # @t} (nghia 1a V, 1a tap cac tip con ctia @ ma khong phai 1a khod) va m 1a
s6 nguyén duong, m < |2|. Khi 6 bai toan xac dinh xem co ton tai mot phan tir
AeV, mam < |@| hay khong 1a NP-day di.

Chirng minh: Chon tuy y mot tdp A sao cho m < |A|. Kiém tra xem A% @ hay
khong. Viéc kiém tra nay 13 thyc hién trong thoi gian da thirc, vi thudt toan xay
dung bao dong cuia mot tap thudc tinh bat ky cua s co thoi gian tinh da thirc. Nhu
vay thudt toan cua chiing ta la bt dinh va c6 do phtrc tap tinh toan da thirc. Vay bai
toan cua ta thugc 16p NP.

Bai toan tap doc 14p sau ctia Garey va Johnson (1979) 1a bai toan NP-day du:

Cho trudc s6 nguyén duong m va dd thi G=(V, E), v6i V 1a tip cac dinh va E
la tap cac cung, E={(a;, a;) | a;, aje V}. Ta go1 A la tp doc lap cua dd thi G néu A 1a
tap con cua V va voi moi a, beA thi (a, b)¢E. Kiém tra xem c6 ton tai tap doc lap
A cua G ma m < |A| hay khong.

Ta s& chirng minh rang bai toan doc 1ap trén 1a dugc chuyén da thirc vé bai
todn cua chung ta.

Cho G=(V, E) 1a d4 thi ma m < |V|. Xay dung so d6 quan hé s = (@, F) véi
A=V va F={{a;, aj}—>1{a} | (a;, a))eE vaaeV \ {a;, a;} }. RO rang s dugc xay dung
trong thoi gian da thirc theo kich thude cua G.

Theo dinh nghia tip canh, rd rang E 1a mot siéu do thi don trén V (dinh
nghia vé siéu d6 thi va cac khai niém, tinh chét lién quan c6 thé tim doc & bai bao
ciia Vil Ptric Thi “Some results about hypergraph” trong Tap chi Tin hoc va Diéu
khién hoc, tap 13, s6 2, nam 1997). Tu diéu nay, ta théy réng s la dang chuan
BCNF. Do dinh nghia khoa téi thiéu va dinh nghia tdp E nén c6 thé thdy néu
(a;, aj)€E thi {a;, a;} 1a mot khoa tdi thiéu cua s. Nguoc lai, néu BeK thi c6 {aj, a;}
sao cho {a;, a;}cB. Vi B 1a mot khoa ti thiéu nén ta co {ai,a;}=B. Do d6 K&~E.

Nhu vay A khong phai la khoa cua s khi va chi khi {a;, a;}ZA v61 moi
(aj,a))€E. Do do A khong phai la khod cua s khi va chi khi A 1a mot tap doc 1ap cua
dd thi G.

2.10. Dinh nghia: Cho s = (@, F) 1a mét so dd quan hé. Phu thuc ham A— {a}
eF" duoc goi 12 phu thudc ham cuc dai cia s néu agA va voi moi A’cA, A’—>{a)}
eF " kéo theo A’=A.
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Pit T,={A | A>{a} 1a phu thudc ham cuc dai cua s}. Ta c6 thé thiy {a} va
Az T, va T, la mot hé Sperner trén @ (hé Sperner chinh 1a si€u dd thi don).

2.11. Pinh ly (J. Demetrovics — V.D. Thi, 1994): Bai toan sau 1a NP-day du: Cho
mot so d6 quan hé s = (@, F) va hai thudc tinh a, b, quyét dinh xem c6 hay khong
phu thuoc ham cyc dai A—{a} sao cho beA.

Chirng minh: Vi b, ta chon bat dinh tuy y mot tdp con A cta @ sao cho beA. Vi
thuat todn tinh bao dong ctia A c¢6 do phuec tap tinh toan da thuc va theo dinh nghia
cua phu thudc ham cuc dai, ta xac dinh dugc AT, hay khong. R0 rang réng thuat
toan ndy 1a bat dinh c6 d6 phirc tap tinh toan da thirc. Vay bai toan nay thudc 16p
NP.

Bay gid ta can chi ra ring bai toan trén 13 NP-kho, c6 nghia 1a c6 mot bai
toan NP—dﬁy du chuyén vé bai toan cua ta nh mét thuat toan co do phtrc tap tinh
toan da thirc. C6 thé thay rang bai toan dudi day vé viéc xac dinh thudc tinh co ban
ctia so d6 quan hé 1a NP-day du.

Cho so dd quan hé s = (@, F) va thudc tinh a. X4c dinh co tdn tai hay khong
mot khoa tdi thiéu cua s chira a (a goi 1a thudc tinh co ban cua s).

Bai toan nay duoc dua vé bai todn cta ta nhd mot thuét toan co do phtc tap
tinh toan da thirc nhu dugc ching minh dudi day.

Gia st s’ = (P, F’) 1a mdt so dd quan h¢ trén . Khong mét tinh chat téng
quat, ta gia thiét rang 9 khong 1a mot khoa tdi thiéu cua s’, ¢ nghia 1a néu AeK,
thi Acg. Vi viée tim mot khoa tdi thiéu cua mot so dd quan h¢ cho trudc dugce giai
quyét bang mot thudt toan da thirc, ta c6 thé tim mot khoa t6i thiéu C cua s’. Bay
gid ta xay dung so do quan hé s = (@, F) nhu sau:

AwU=pPuia}, dday agmp vaF =FuUC—{a}.

Hién nhién s dugc xdy dung trong thoi gian da thuc theo kich thudc ctia @
va F’. RS rang CeK,. Trén co sé kién tric s va dinh nghia cta khoa tbi thiéu, ta
thidy néu AeK, thi AeK,. Nguoc lai, néu B 1a mot khoa tdi thiéu cua s thi do
C—{a}€eF, ta c6 agB. Mit khéc, do dinh nghia cua khoa tdi thiéu, ta c6 BeKs.
Nhu vay ta c6 K¢=K,. Vi CeK; va ag@, nén néu B—{a} 1a mot phu thudc ham
cuc dai cta s thi BeK,. Co thé thay rang néu AeK, thi A—{a}<F". Phu hop véi
dinh nghia cua phu thudc ham cyc dai, ta c6 A—{a} 1a mot phu thuoc ham cuc dai
cia s. Do d6 b 1a mot thudc tinh co ban cta s’ khi va chi khi tdn tai mot phu thudce
ham cuc dai A—{a} ciia s dé beA.

2.12. Dinh nghia: Bai toan A duogc goi 1a co-NP-day du néu bai toan phu dinh
ctia A 1a NP-day du.

Nhitng khai niém khoa cua file dir liéu va khoa cta so d6 quan hé dong vai
trd rat quan trong trong viéc xur 1y dit liéu. Chung dung dé tim kiém cac ban ghi va
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nho c6 ching ngudi ta méi tim cach tién hanh xtr 1y dir li¢u dugc. Dudi day 1a mot
bai toan co-NP-ddy du lién quan dén viéc so sanh giira hai tip khoa ctia so dd quan
hé va file dir liéu.

Gottlob va Libkin da chi ra riang bai toan phan bu gidi han céc tip con (SDC-
Subset delimiter complementarity) sau 13 co-NP-day du.
2.13. Dinh 1y (G. Gottlob — L. Libkin, 1990): Bai toan sau la co-NP-diy du: Cho
mot tap hitu han T, hai ho P={P, ..., P,} va Q={Q, ..., Qn} céac tdp con cua T.
Kiém tra xem véi moi AcT c6 ton tai P; dé P,cA hodc c6 Q; dé AcQ;, vo1 1<i<n,
1<5j<m.

Gottlob va Libkin ciing ching minh ring néu Q, ..., Q. 1a mdt hé Sperner
trén T thi bai toan trén van la co-NP-day du.

Bai toan SDC nay s& duoc ching t6 chuyén da thirc vé bai toan duéi déy.

Ky hiéu L, va L, trong tng 1a tap tit ca cac khoa ctia quan hé r va so d6
quan hé s. Bai toan kiém tra L,cL hay khong ciing 14 co-NP-day du.
2.14. Pinh ly (J. Demetrovics — V.D. Thi, 1993): Bai toan sau la co-NP-day du:
Cho quan h¢ r va so dd quan hé s = (@, F), kiém tra xem L, co 1a tap con cua L
hay khong.
Chirng minh: Dbi v6i mdi Ac@e, ta kiém tra ring A 13 hodc khong 1a mot khoa
cuar b'flng mot thuat toan da thtc. Tir thuat toan tim bao dong A” va dinh nghia
khoa cta so do quan hé, ta ciing c6 thé kiém tra trong thdi gian da thirc A 1a hodc
khong la khoa cua s. Do do6 ta chon tuy y mdt tap con Ac@ sao cho A 1a khoa cua
r nhung khong 1a khoa cua s. Nhu vay, van dé cua ta thudc co-NP.

Xeét bai toan SDC vo1 tap hitu han T va hai ho P={P, ..., P,}, Q={Q, ...,
Qn}, 6 day Q la mgt hé Sperner trén T. Ky hi¢u

P> = {P,eP | khong ton tai P; d&é P,cP;, 1<i, j<n}.

R& rang P’ 14 tap cac phan tr nho nhat ciia P va P” 1a mot hé Sperner trén T. Tir P
ta c6 thé tinh P’ trong thoi gian da thirc theo [P| va |T|. D& thay {T, P’, Q} 1a mét
thé hién tuong dwong cua {T, P, Q}. Tir d6 ta c6 thé gia thiét rang P 1a mot hé
Sperner trén T. Ta s& chirng minh rang bai toan SDC duogc dan vé bai toan cua ta
bang mot thuat toan thoi gian da thirc.

bata=T,s= (@, F),6day F = {P,>a, ..., P,—>at}.

bat M = {Q;\ {a} | 1=1, 2, ..., m va ae@} = {My, ..., M;}. Xay dung quan
hé r = {hy, hy, ..., h} nhu sau:

Vé6i mdi ac@, ho(a)=0; hi(a)=0 néu acM; va h;(a)=i trong trudng hop nguoc
lai, véii=1, 2, ..., t.

RO rang r va s dugc xay dung trong thoi gian da thuc theo kich thudce |T|, |P|
va |Q|. C6 thé thay rang F, va s = (@, F) 12 dang chuan BCNF.
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Do s 1a BCNF nén v6i mdi Ac@, ta c6 A'=A hoidc A'=a. Tur dinh nghia
ctia khod, d6i véi mdi khoa A cua s déu c6 mot P; sao cho PicA, & day 1<i<n.

C6 thé thay rang Q 1a tap phan khod cua r. Do F, 13 BCNF nén v6i mdi
Acat, Hr(A)=at hoac Hr(A)=A, ¢ day Hr(A)={ac@ | (A, {a})eF,}. Tu dinh
nghia phan khoa cuar, ta théy A 1a khoa cua r khi va chi khi vé1 moi i=1, 2, ..., m,
AzQ;.

Vay L.cL, khi va chi khi vdi mdi ACT, véi mdi i=1, 2, ..., m, AzQ; thi c6
mot P; dé P,cA. Tu day ta thdy rang bai toan SDC duoc din vé bai toan cua ta
bang mot thuat toan thoi gian da thirc.
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