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HO TRUU TUQNG CAC NGUON
NGUYEN THE BINH

Bé moén Tin hoc, Truong Pai hoc Dan lap Hdi Phong

Abstract. This article presents the basic concepts of abstract family of sources and proves that
family of languages defined by abstract family of sources coincides with family of languages accepted
by abstract family of automata.

<4 N 7 N N ~ 7 LN S N 7 A N 7 .
Tém tat. Bai bio trinh bay nhirng khéi niém co bdn vé ho triru twong cidc nguon va chtrng minh
rang ho cidc ngén ngit dwoc xdc dinh bédi ho triru twong cdc nguén tring véi ho cdc ngoén ngir dwoe
dodn nhan béi ho triru twong cidc otomat.

1. PAT VAN PE

Ngon ngit hinh thitc va otomat 1 co s& quan trong cia tin hoc dang phét trién manh
mé theo nhieu hwémg khéac nhau ([1,2,6,7,8]). Mot trong nhitng huwéng phét trien dé 1a xay
dung moé hinh nguon cia otomat hiru han, cic phép toan va cc tinh chat ciia nguon ([1,2]).

Bai bao trinh bay cac khai niém co ban vé ho triru twong céc nguon, dwra ra suw phan 1é6p
ho triru twong cédc nguon va chirng minh rang ho céc ngon ngit dwoc xéc dinh bdi ho triru
twong cac nguodn trung véi ho cac ngoén ngir dwoc doan nhan bédi ho triru twong cic otomat.

2. CAC KHAI NIEM CO BAN

2.1. Bang chir cai, xau, ngdn ngir (]2, 3])
Pinh nghia 1. Béang chir céi la tap céc phan tir, ma moi phan tir dwoc goi 14 mot ky hieu.
Pinh nghia 2. Xau (hay tir) trén bang chir cdi 1a day cdc ky hiéu cia bang chir cdi dé dwoc
viét lien nhau.

Ghép tiép hai xau u va v, ky hiéu bdi uv, 13 moét xau dwoc tao ra bang cach viét u xong
viét v tiép theo sau sao cho gitra ching khong c¢é khoang céch.

Do dai cia xau w 1a 86 cac ky hiéu c6 trén xau dé va dugce ky hiéu bdi |w].

Xau rong 14 xau c¢6 do dai bang 0 va dwoc ky hiéu bédi «.

Pinh nghia 3. Ngon ngtr trén bang chtr cai 1a tap cac xau trén bang chit céi dé.
Tap tat cd cac xau trén bang chit cai ¥ véi do dai khac khong duwoc ky hiéu béi 1.
Tap tat cd cdc xau trén bang chir cai 3 véi do dai bat ky dwoc ky hiéu bdi ¥*.
Khi d6 3* = $* U {¢}.

Tap ® va {#} duge xem nhu & cdc ngon nglr trén bang chir cai bat ky.
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2.2. Mot s6 phép toan trén ngdn ngwr ([2,3])
Gid st L, L1, Lo 14 nhirng ngon ngir bat ky trén bang chir cai .
- Phép hop:
Hop cda hai ngéon ngr Ly va Lo, dwoc ky hiéu bdi Ly U Lo, 1a tap:
L1UL2:{MEE* |wEL1 hOéCMELQ}.
- Phép giao:
Giao cia hai ngéon nglr Ly va Lo, dwoc ky hiéu bdi Ly N Lo, la tap:
Llﬂng{wEE*|wEL1 VéwELQ}.
- Phép ghép tiép:
Ghép tiép cia hai ngon ngtr Ly va Lo, dwoc ky hiéu Ly Lo, 13 tap:
Ly = {’U/U | uelyvave L2}
- Phép lap:
Lap cua ngdn ngtr L, dwoc ky hiéu béi L*, 1a tap:
r*=r"urtur?u...
trong dé L dwoc xédc dinh bdi cong thie dé quy nhu sau:
L = {&}, L' = LL' ! v&i moi s6 nguyén i > 0.
Lap cat cia ngon ngir L, dwoc ky hiéu bdi LT, 1a tap:
L"=L'ur*urfu...
- Phép dong cau:
Gid st X1, Yo 1a cdc bang chir cai.
Anh xa h tir tap 3% vao tap %3 duoc goi la dong cdu néu théa man dieu kién:
h(zy) = h(z)h(y) v6i z,y € X7,
Dai véi ngdn ngir L trén bang chir cdi 31 ta co:
h(L) = {h(w) | w e L}.
DPong cau h duoc goi la dong cau ¢ - tu do néu h(z) # £ véi moi x # &.
- Phép dong cau nguoc:
Gid str h 1a mot dong cau tir tap X7 vao tap X3
DPong cau ngwoc cla h, ky hiéu béi A1 14 mot 4nh xa tir tap 3% vio tap cdc tap con cla
Y7 va dwoc xac dinh nhu sau:

h™H(y) = {= | (@) = y}.
Dai véi ngdn ngir L trén bang chir cdi Yo ta co:

R YL) = {z | h(z) € L}.

2.3. Ho triru twong cic ngén ngir AFL ([5])

Pinh nghia 4. Ho triru twong cdc ngon ngtr 1a mot bo hai (3, £) hay don gian 1a £ khi ¥
da xédc dinh va duogc xdc dinh nhuw sau:
1. 3 1a bang chwr cai, L la tap cdc ngdn nglr trén X.
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2. D6i véi moi ngon ngir L € £, ludn ton tai tap hitu han A C X, sao cho L C A*,

3. £ déng doi v&i cac phép hop, ghép tiép, lap, dong cau e tuw do, dong cau nguoc va
giao vGi céc tap chinh quy.

4. LA dv6i L e L.

Pinh nghia 5. Ho triru twong cdc ngon ngtr £ dwoc goi 1a day di néu né déng véi phép
dong cau bat ky.

Vi du: Lép cdc ngon ngr cam ngtr canh la ho triru twong cdc ngon ngr. Con 16p céc
ngon ngtr chinh quy, 16p cdc ngdn ngir phi nglr canh va 1ép cdc ngon ngir ngir cau 1a ho triru
tuwong day di cdc ngoén ngir.

2.4. Ho triru twong cac otomat AFA ([5])

Pinh nghia 6. Ho triru twong cdc otomat (mét phia) 1a mot bo hai (€2,.4) hay don gian la
A khi © da xéc dinh va dwoc xdc dinh nhw sau:

1. 2 1a mot bo séu (K, %, T, 1, f,g), trong dé:

1.1. K,%,T, 114 céc tap khong trong,

1.2. f la dnh xa tir tap T x I vao tap I'* U {®},

1.3. ¢ la 4nh xa tir tap I'* vao tap céc tap con hiru han cia I'* va ¢é tinh chat sau:

g(g) =2 va £€ g(y) khi vachi khi v=¢,

14. Bai v6iy € g(I™)(g(T*) = U g(a)) luén ton tai 1, € I, sao cho f(7/,1,) = v véi
acl™*
v € g(+'), phan tir 1, thudc I duoc goi 1a lénh dong nhat (identical instruction),

1.5. D3i véi w € I luon ton tai tap con hiru han 'y, C T, sao cho néu I'y C T, v € T'F va
flysu) # @ thi fv,u) € (I UTy)*

2. A la tap céc otomat A = (K1, ¥1,0, qo, F), trong dé:

2.1. Ky va ¥ 1a cdc tap con cia K va X,

2.2. I la tap con cia K va g € K,

2.3. 4 la 4nh xa tir tap K7 x (X1 U {e}) x g(T'*) vao tap cdc tap con hiru han K; X I véi
Ga={v]9d(q,a,v)# ®} 1a tap hiru han.

Bang vao

Dbau doc

Bo diéu khién

Thong tin Lénh

Bang lam viéc
Hinh 1
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Luw 3: K 1a tap céc trang thai, ¥ 1a tap cdc ky hiéu két thic, T" 1a tap cdc ky hiéu khong
két thic, I 13 tap céc lénh, f 14 ham bién ddi noi dung trén bang lam viéc, g 14 ham xac dinh
xau trén bang lam viéc.
Otomat A cé thé bieu dién theo moé hinh nhw Hinh 1.
Buéc chuyén cia otomat A trén tap cdc hinh trang K; x %F x I'* (hoiac K; x ['*) dwoc
xdc dinh bdi quan hé hai ngoi b+
(paw, ) F (P w,7) véi a €S U{s}, (0 u) €(p,a,y),

!/

v egly) va fy,u) =7
Con F',* 1a bao déng truyén trmg va bao déng phan xa truyén tng cia - .
Pinh nghia 7. Ngon ngir dwogc dodn nhan bdi otomat A la tap:
L(A) = {w € X7 | (qo,w, &) F* (qf,2,2) v6iqp € F}.
Ho cdc ngdn ngtr dwoc doan nhan bdi ho triru twong cédc otomat 1a tap:

L(A) = {L(A) | Ac A}

Nhan xét 1

Tt Pinh nghia 6.1.5 ta cé:

I ={u| @, u)cdlpay)} 1= U I, 1& cac tap hiru han.
uel
T DPinh nghia 6.2.3 ta cé:
Ga={v1d(qg,a,7) # @} cling 14 tap hiru han,

nén 4 la dnh xa tir tap K7 x (31 U{e}) x g(T'*) vao tap céc tap con hiru han Kj x I dwoc
xem la d4nh xa tir tap K7 X (31U {e}) X G4 vao tap cdc tap con hitu han Kj x 7.

Gia st T 13 ham xé4c dinh trén tap tat cd cdc s6 nguyén khong am va nhan tit ca cic gia
tri 1a s6 nguyén duong.

At(n) 12 16p céc otomat A = (K1,%1,0,q0, F1) € A, sao cho véi moi w € ¥} va
(pow, ) H* (p, &,v) ta ludn ¢6

V] < T(|w]), Tigy = T(kn), A, 14 16p cdc otomat cia A va Lo,y = U L(ATk(n)),
k>1
Trueong hop:
T(n) =n, L(Ark») = LIATm) VA Lr)(A) = L(A7q,)).

Khi dé |J Ag(ny 12 16p céc otomat tuyén tinh gidi noi va L,y (A) 1a 16p cdc ngon ngir
k>1

cadm nglr canh.
Pinh 1y 1. ([5]) Néu A ld ho tricu twong cdc otomat thi L(A) la ho trivu twong ddy di cdc
ngon ngir.
Dinh 1y 2. ([5]) Néu T la ham tang, thi L1,)(A) la ho triru twong cdc ngon ngir.

Trén co s& dinh nghia ho triru twrong cac otomat va dua vao dac diém cia xau trén bang
lam viéc, ta tach tir ho triru twong cdc otomat ra mot s 16p:
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Lép cac otomat loar 0

Otomat dwoc goi 1 otomat loai 0, néu khong ¢é su han ché va rang budc nao doi véi xau
trén bang lam viéc.

Otomat loai 0 dwoc goi 1a may Turing.

L6p céc otomat loai 0, ky hiéu bdi Ap, 1a tap cdc otomat loai 0.

Lép cée ngon nglr duge dodn nhan bdi céc otomat loai 0, ky hiéu bdi L(Ap), la tap cde
ngon ngtr dwoc dodn nhan bdi cdc otomat loai 0.
Lép cdce otomat loar 1

Otomat dwoc goi la otomat loai 1, néu do dai cia xau trén bang lam viéc luon bi gigi han
bdi ham tuyén tinh véi bién 1a do dai cia xau vao.

Otomat loai 1 duoc goi la otomat tuyén tinh giéi noi.

L6p céc otomat loai 1, ky hiéu bdi Ay, 1a tap cdc otomat loai 1.

Lép cée ngon nglr duwoe dodn nhan bdi céc otomat loai 1, ky hiéu bdi L(A1), la tap cde
ngon nglr dwoc doan nhan bdi cdc otomat loai 1.
Lép cdc otomat loar 2

Otomat dwoc goi la otomat loai 2, néu qué trinh bién d6i ndéi dung ctia xau trén bing lam
viéc luon dwoc thue hién & phan bén phdi nhdt (hodc bén trai nhat).

Otomat loai 2 dwoc goi la otomat day xudng.

Lép céc otomat loai 2, ky hiéu bdi As, 1a tap cdc otomat loai 2.

Lép cée ngon nglr duwoe dodn nhan bdi céc otomat loai 2, ky hiéu bdi L(Az), la tap cde
ngon ngtr dwoc dodn nhan bdi cdc otomat loai 2.
Lép cdc otomat loar 3

Otomat dwoc goi 1a otomat loai 3, néu xau trén bang lam viéc luén 14 xau rong.

Otomat loai 3 dwoc goi la otomat htru han.

L6p céc otomat loai 3, ky hiéu bdi As, 1a tap cdc otomat loai 3.

Lép cée ngon nglr duge dodn nhan bdi céc otomat loai 3, ky hiéu bdi L(Aj3), la tap cde
ngon ngtr dwoc dodn nhan bdi cdc otomat loai 3.

L6p cdc ngon nglr duwoce doan nhan bdi cdc otomat twong ing véi su phan 16p trén thoa
man bao ham thirc sau:

.C(.Ag) C [,(.AQ) C £<A1) C [,(Ao).

Pinh 1y 3. [9] Lép cdc ngon nge dwgc sinh boi cdc van pham logi i trang voi l6p cdc ngon
ngte dwoc dodn nhan bdi cde otomat loai i véii = 0,1,2,3.

3. HO TRUU TUONG CAC NGUON

Pinh nghia 8. Ho triru twrong cdc ngudn 1a mét bo hai (2, S) hay don gidn 1a S khi Q da
xac dinh va dwoc xdc dinh nhu sau:
1. Q2 1a mot bo sau (K, %, T, 1, f,g) (da dwoc xdc dinh & Muc 2.4).
2. S la tap céc nguon S = (Ts, V, E, H, 1, vo, Fg), trong dé:
2.1. Ts 13 tap con hiru han cia 3 va théa man diéu kién sau:
TsN(X15UYag) = P vdi X1, YXog 1a cde tap con cia X, Y15 N Yog = D,
2.2. V la tap cdc dinh,
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2.3. F la tap cac cung,
2.4. H = {hq, ha, hp, hlp, hy, hi} 1a tap cdc phép dnh xa va dong cau duoce xéc dinh nhw sau:
2.4.1. hy la song 4anh tir tap I1¢ vao tap X1g v6i I1g 1a tap con hiru han cia I,
2.4.2. hy la song anh tir tap G'g vao tap Yog vGi Gg 1a tap con hiru han cia T'* va Gg C g(T'*),
2.4.3. hr la phép dong cau trén tap (Ts U Y15 U Xag)*, sao cho
£ v&imoi a €T,
hr(a)=q 0O
a véi moi a € Mg U Yag,
2.4.4. hl 13 phép dong cdu trén tap (Ts U Y15 U Xag)*, sao cho
a véimoia €T
hr(a) =4~
gvédimoi a € YigU ag,

2.4.5. hy la song anh tir tap V vao tap K15 X Gg va dwoc goi la ham gdn nhan dinh véi Ky g
13, tap con htru han cia K, h‘;l la, 4nh xa nguoc cia hy,
2.4.6. hg la song anh tir tap E vao tap (Ts U {e})¥15 X K15 va dwoc goi 1a ham gén nhan
cung, h;Jl la, 4nh xa nguoc cia hg,
2.5. 1 1a dnh xa tir tap K1 vao tap cdc tap con hiru han cia (Ts U {£})Y2s¥15 X Kig,
2.6. Fs la tap con cua Kig,
2.7. vg € V la dinh ban dau v&i nhan hy (vg) = (qo,£) va Ve C V 14 tap céc dinh két thiic
vGi cac nhan hy (Vr) = (Fs, {£}).

D& hinh thitc hod viéc hoat dong ciia nguon S ta cé khdai niém phan phai nhé.

Phan phai nhé dwoc ghi tai cdc dinh ctia nguoén S 1a mot bo hai:

m= <q76> € KlS X F*y

trong dé:
q € K¢ la trang thai tirc thoi cia nguon S,
B € T'* 1a noi dung cia bing lam viéc trong nguon S.
Gi stt tai dinh v € V ciia nguon S ta cé:

m = <q76>7 ¢ —q— ah2<7>h1<u>q/ v6i dieu klén Y e g(ﬂ)y hV(”) - (qyfy)

Khi dé tai dinh v' € V ciia nguon S, phan phai nhé m’ va nhan cia dinh v dwoc xéc dinh
nhw sau:
m' = (¢, f(7,w)),
hv (v) = (¢, ') v6i dieu kién v € g(f(v,u)).
Cung 7 v6i nhan e = ahs(y)hi(u) noi tir dinh v v6i phan phai nhé m t6i dinh v’ véi phan
phéi nhé m/ dwoc biéu dién nhw sau:

1 e 1
O >0
m m)

va duoc viet béi (v, m)e(v’,m').
Puong 11 do dai » trong nguon S di tir dinh vy véi phan phai nhé mg téi dinh v, véi
S 9. ’ N ~ ~ [N [ ’ 3 e 3
phan phai nhé m, la mot day lién tiép cic cung 7y, 7o, ..., Ty, sao cho dinh cuoi cua cung 7;
la dinh dau clda m; 1 vé6i 1l <i<n—1.
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Nhan A cia duwong I trong ngudn S duwoc xéc dinh béi
hp(mime...m,) = €169...6,.

Do dai cia duwong IT duoc ky hiéu la |T1].
Puong IT trong nguon S dwoc bi€u dién nhw sau:

Yo €; v, € V2 Vi Vo, € v,
O >0 >0 o) O >0
ny m, n, ; m, m,
trong dé:
ai, ag, ..., a, € TgU{e},
mo = (qo, Bo),

mi = (g, 3i) v6i B = f(vim1,w), 1 <i<n—1,

1 = qo — arha(vo)hi (u1)q1,

Yir1 = ¢ — ajrihe(vi)hi(uir1)gir vy € g(Bi), 1 <i<n—1,

hv (vo) = (g0, 70),

hyv(v;) = (g, vi) v6il1<i<n—1,

hv(vn) = (Gn, Tn) V61 Y0 € 9(Bn),

e1 = arha(yo)hi(u1),

eir1 = aip1ha(vi)hi(uipr) vé6i 1 <i<n—1,
va dwoc viet béi (vg, mo)A(v,, my,) v6i nhan A = ejes...ep,.

Khi dé 3; = f(vi_1,w;) 1a phan tir thit hai trong phan phai nhé m; véi 1 <i<n—1c¢cb
thé dwoc xéc dinh nhu sau:

B; = ®(y0, u1, Uz, ..., ;) V6i 1 < i < n—1,n la do dai cia dwong trong nguon S, " 1a
ham dugc xdc dinh trén tich Pécdc I'™* x I1g X ... X I1g(n lan) va théa man cdc diéu kién sau:

PO(y) = véiy € T,

Dy, ug, Uz, .oy ws) = F(PT (Y, g, Uy oy ui 1), u5) VO U, € g,y €T%,1 <4 < 1.

Puong trong nguon S dwoc goi 1 dwomg don néu dwomg dé di qua moi cung khong quéi
mot lan.

Puong trong nguon S dwoc goi la chu trinh néu dwomg dé bat dau va két thiic tai cling
mot dinh.

Chu trinh trong nguon S dwoc la chu trinh don néu chu trinh dé di qua méi cung khong
qué mot lan.

Puong IT trong nguon S dwoc goi 1a dwomg day dd véi nhan A néu duwong dé di tir dinh
ban dau vy véi phan phai nhé ban dau mg t6i dinh két thic vy v6i phan phai nhé két thiic
my va dwoc viet bdi (vo, mo)A(vy, my), trong dé:

mo = (qO: 5)7

mi = (g3, B;) V61 B = (e, up, ug, o ug), 1 <i <n— 1,

my = (qz, Bn) = (g5, ) V61 B = ®™(2, ur, ua, ..., up) = &.

Khi dé:

Mg = (mg, mq, ..., my) 1a day phdi nhé day du cia duomg day du II trong ngudn S,

t = hr(A) = ha(2)hi(ur)...ho(vn 1)h1(u,) € Yis U (B25)* 1a vét cia duomg day du 11
trong nguon S,
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w = hp(N) = aras...ay, € T§ 1a xau (hay tir) dwoe xdc dinh bdi dudmg day du II trong
nguon S.

Pinh nghia 9. Vét cia nguon S 1 tap:
Ly={t € (X15UX09)* | t = hp(X), (vo, mo)A(v, my)}.
Ngoén ngit diroc xac dinh bdi nguon S 1a tap:
L(S) = {w € T§ | hr(\) =t € Ly, hip(X) = w, (vo, mo)A(vy, my) }.

Ho cdc ngdn ngtr dwoc xdc dinh béi ho triru twong cdc nguon la tap:

L(S) = {L(S) | S € S}.

Pinh 1y 4. Néu L; C (X15 U Xag)* la vét cia nguon S va ha(s) € Yag thi Liha(e) duoc
dodn nhdan bdi otomat A = (K4, Y15 U Yag, 0, qo, Fa) € A.
Ching minh:

Otomat A = (K 4, Y15 U Yas, 9, qo, Fl4) € A dwoc xdc dinh nhu sau:

Ka =Aa, a1, 02}, Fa = {a}, 6(q, ha(e),2) = {(q1, 15)}, (a1, ha(u),7) = {(g2,w)} véi
v € g(I™") vau € Ig, 6(q2, ha(7),7) = {(q1, 1,)} véiy € g(I')

Ta ¢é quan hé sau: (qo, the(e),e) F* (q1,&,2) véitha(e) = ha(e)hi(w)...ha(Vn—1)h1(u,)ha(e) €
Lth2<€).

Vay L¢ho(2) dwoc dodn nhan béi otomat A € A.

Pinh 1y da dwoc ching minh. |

Nhéan xét 2

-Do Kig,Ts, 15, Gs la cdc tap hiru han nén tap Y1, tap Yag, tap cac dinh V' va tap cac
cung F ciling la hitu han. Vi vay nguon S dwoc xem nhw 1a do thi hitu han c6 hwéng dwoc
gan nhan va tai cdc dinh ¢é ghi cdc phan phai nhé.

- Puong day di II trong nguon S véi nhan A dwoc cau thanh tir duwong day di don v
céc chu trinh domn (néu co).

- Duomng day da II trong nguon S véi nhan A duwoc viét béi:

(vo, mo)w/t(vy, my) v6it = hp(X) va w = hip(N).
- Ngon ngtt duoc xéc dinh bdi nguon S 1a tap:

L(S) = {w e T§ | w = hp(N), (vo, mo)w/t(vy, my) véit € Ly}

B8 dé 1. Ddi véi nguéon S € S, luon ton tai otomat A € A, sao cho L(A) = L(S).
Ching minh:
Gid st S = (Ts,V, E, H,v,vg, Fs) € S 1a nguon.
Otomat A = (K1,T, 0, qo, F) € A dwoc xay dung nhu sau:
Ky = K5, T=Tg,1) = I15,Ga = G,
(¢, u) € 6(q, a,7) v6ip = q — aha(y)hi(u)d,
go € K7 13 trang thai ban dau,
F = Fg 1a tap cdc trang thai két thic.
Ta can chitng minh L(A) = L(S).
Trudc tién ta can chimg minh bao ham thic L(S) C L(A).
Xét xau bat ky khac rong w € L(S).
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Do w € L(S) nén ton tai duomg day du IT trong nguon S véi nhan A = ejes...e, va diy phai
nhé day di Mg = (mo, mq, ..., my), sao cho

hr(X) =t € Ly, kip(\) = ajas...a,, = w.

Puong day du II trong nguon S dwoc biéu dién nhw sau:

Yo €; v, € V2 Vi Vo, € v,
O >0 >0 ) O >0
my ! m, : m,_ m,
trong dé:
ai, ag, ..., a, € TgU{e},
mo = (g0, Bo),

m; = (¢, Bi) V61 Bi = f(vi-1,w), 1 <i<n—1,

1 = qo — arha(vo)hi (u1)q1,

Yir1 = ¢ — ajrihe(vi)hi(uir1)gir vy € g(Bi), 1 <i<n—1,

hv (vo) = (g0, 70),

hyv(v;) = (g, vi) véil <i<n—1,

hV(”f) = (9, Vi),

e1 = arha(yo)hi(u1),

€i+1 — ai+1h2<’yi)h1 (ui+1) vai 1 < ) <n— 1.
Khi d6 ta cé:

ai, az, ...,an, € TU{e},

go 1 trang thai ban dau,

Q92 - @1 € Ko,

¢n € F 13 trang thai két thc,

Bi=f(® N u) véil<i<n—1,

(q1,u1) € d(qo, a1, £) duoc xdc dinh tir ¢,

(Gi+1,wi+1) € 0(qs, aiy1,v;) dwoc xdc dinh tir ¥; 11 véiv; € g(3;), 1 <7 <n—1, vaday
day du céc buéc chuyén C cla otomat A dwoc bi€u dién nhw sau:

<q07 a102...0p, E) H (qu a3...0n, 61)

- (qnfly Up, 67171)
F (gn. 2, €). (1)

Suy ra w = ajas...a, € L(A). Vay L(S) C L(A).

Ngwoc lai, ta can chitng minh bao ham thic L(A) C L(S).

Xét xau bat ky khac rong w € L(A).
Do w € L(A) nén ton tai diy cdc ham chuyén va day day du céc budc chuyén C cilia otomat
A, sao cho w = a1a9...ay,.

~ e 7 ~ N o X
Day day du cia cic bude chuyen C cia otomat A duwoc bieu dien nhu sau:
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<q07 a102...0p, E) H (qu a1...0n, 61)

- (qnfly Up, 67171)
F (gn. 2, €). (2)

trong dé: ai,as, ...,a, € TU{e},
go 14 trang thai ban dau,
41,42, -, qn—1 € Kly
¢n € F 13 trang thai két thc,
Bi=f(® N u) véil<i<n—1,
(qu ul) € (5((]07 ai, 5)7
(Gi+1,wi1) € 0(qiy aiv1,vi) V6iy; € g(Bi), 1 <i<n—1.
Khi dé ta co:
Q1,02 ..., An € Ts U {8}7
mo = (qO: 5)7
m; = (¢, ) véil <i<n—1,
my = (qny 5)7
Y1 = qo — arhe(e)hy(u1)qr dwoc xdc dinh tir (g1, u1) € d(qo, a1, &),
Vi1 = qi = aiptha(vi)hi(uir1)gin dwoe xde dinh G (giy1, ui1) € 6(gi, air1,7i) vOi
%Eg(q)l), 1<1<n—1,
hyt(qo, £) = v,
h‘;l(qi,’yi) =y voil<i<n—1,
h‘;1<qn7 5) = Uf,
e1 = arha(e)hi(wr),
eir1 = aip1ha(vi)hi(uipr) vé6i 1 <i<n—1,
va duong day du II trong nguén S véi nhan A = eqes...e, duoc biéu dién nhw sau:

e, v, Vi V-1 e v

v
O >0 >0 @) O >
m

1 m,

Suy ra
Mg = (mo,mq, ..., my),
hT<>‘) =te Lt7
hln(N) = ajas...a,, = w € L(S).
Vay L(A) C L(S).
Két luan L(A) = L(S). |

B&8 dé 2. Ddi véi olomat A € A ludn ton tai nguon S € S, sao cho L(S) = L(A).
Ching minh:
Chiing minh L(S) = L(A) twong tu nhu & Bo de 1.
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T Bo de 1 va Bo de 2 ta ¢6 dinh 1y sau:

Pinh ly 5. Ho cdc ngon ngic dwoc xdc dink bdi ho trivu twong cde nguon tring véi ho cdc
ngon ngte dwoc dodn nhdan béi ho trivu twong cdc otomat.
Nhan xét 3

Tap cdc day day du buwéc chuyén trong otomat va tap cidc duong day dui trong nguon
twong tng c6 su twong tng 1-1.

4. MOT SO LOP NGUON

Trén co s& dinh nghia ho triru tirong cac nguon va dua vao dic diém cia xau trong phan
phéi nhé, ta tach tir ho triru twong cdc nguodn ra mot so 1ép:
Lép cdc nguon loai 0

Nguon dwoc goi la nguon loai 0, néu khong c6 s han ché va rang budc nao ddi véi xau
trong phan phai nhé.

Lép cac nguon loai 0, ky hiéu bdi Sy, 1a tap céc nguon loai 0.

L&p céc ngon ngir duoc xdc dinh béi cdc nguon loai 0, ky hieu bdi £(Sy), la tap céc ngon
ngit duwroc xéc dinh bdi cdc nguon loai 0.
Lép cdc nguon loai 1

Nguon duroc goi la nguon loai 1, néu do dai cia xau trong phan phai nhé ludn bi giéi han
bdi ham tuyén tinh véi bién 1a do dai cia xau vio.

Lép cac nguon loai 1, ky hiéu bdi S, 1a tap céc nguon loai 1.

Lép céc ngon ngir dwoc xdc dinh béi cdc nguon loai 1, ky hieu bdi £(S1), la tap céc ngon
ngit diwroc xéc dinh bdi cdc nguon loai 1.
Lép cdc nguon loai 2

Nguon duroc goi 1a nguon loai 2, néu qud trinh bién déi noéi dung cia xau trong phan phai
nhé luén dugce thue hién & phan bén phai nhat (hodc bén trai nhét).

Lép cac nguon loai 2, ky hiéu bdi So, 14 tap céc nguon loai 2.

Lép céc ngon ngir duoc xdc dinh béi cdc nguon loai 2, ky hieu bdi £(S2), la tap céc ngon
ngit diroc xéc dinh bdi cdc nguon loai 2.
Lép cdc nguon loai 3

Nguon dwoc goi 1a nguon loai 3, néu xau trong phan phai nhé luén 1 xau rong.

Lép cac nguon loai 3, ky hiéu bdi S, 1a tap céc nguon loai 3.

Lép céc ngon ngir duoc xdc dinh bdi cdc nguon loai 3, ky hieu bdi £(S3), la tap céc ngon
nglt duwroc xéc dinh bdi cdc nguon loai 3.

Lép céc ngon ngir dwroc xac dinh bdi cdc nguon twong trng véi st phan 16p trén thda man
bao ham thic sau:

L(Sg) C L(SQ) C L(Sl) C L(So)

Pinh 1y 6. Lép cdc ngon ngit duoc xdc dinh bdi cdc nguon loai i tring véi lép cdc ngon
ngte dwoc dodn nhan boi cdc otomat loai i véit = 0,1,2,3.

Ching minh:
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Dura trén dinh nghia ho triru twong céc otomat, ho triru twong céc ngudn va tir su phan
16p otomat, su phan 16p nguodn ta nhan thay:

Qua trinh bién doi noi dung xau trong phan phai nhé clia céc nguon loai 0, nguon loai 1,
nguon loai 2, nguon loai 3 dwoc thire hién twong tw nhw trén bang lam viéc cla cdc otomat
loai 0, otomat loai 1, otomat loai 2, otomat loai 3 va suw phan 16p nguon hoan toan giéng véi
st phan 16p otomat.

Két hop nhan xét trén véi Dinh 1y 5 ta cé:

Lép céc ngdn ngir dwroc xdc dinh bédi cdc nguon loai ¢ triung véi 16p céc ngon ngit duwoc
dodn nhan béi cac otomat loai ¢ véi ¢ = 0,1, 2, 3.

Pinh Iy da duoc chirng minh. [ |

Pinh ly 7. Néu S la ho triru twong cdc nguon tht L(S) la ho trivu twong day di cdc ngon
ngi.

Dinh 1y 8. Néu T la ham ting thi L1,)(S) la ho triru tuong cdc ngon ngir.
Ching minh Pinh ly 7 va Dinh ly 8:

Tu Dinh 1y 1 ta cé:

Néu A 1a ho triru twong cdc otomat thi L£(A) 1a ho triru twong day dd cdc ngon ngir.

T Pinh 1y 2 ta cé:

Néu T la ham tang thi L(,)(A) 1a ho triru twong cdc ngdn ngir.

Do ho triru twong cac nguon S twong dwong véi ho triru tirong céc otomat A trong viec
xé4c dinh cac ngén nglt va s phan 16p nguodn hoan toan gidng véi sw phan 16p otomat nén ta
c6:

L(S) 1a ho triru twong day di cdc ngon nglr va L1(,)(S) la ho triru twong cdc ngon ngir.

bPinh 1y 7 va Dinh 1y 8 da duogc chirng minh. [ |

Pinh 1y 9. Cdc khang dinh sau day la twong dwong:
1) L; = L(G;) la lop cdec ngon ngtc duwoc sinh bot cdac van pham loai i.
2) L; = L(A;) la I6p cdc ngon ngte dugc dodn nhdn bdi cde otomat loai i.
3) L; = L(S;) la l6p cdec ngon ngit duoc xdc dinh boi cde nguon md rong loai i véi
1 =0,1,2,3.
Ching minh:
i) Tt Pinh 1y 3 ta ¢6: 2) dwoc suy ra tir 1) va nguoc lai 1) duoce suy ra tir 2),
ii) Tt DPinh 1y 6 ta ¢6: 3) dwoc suy ra tir 2) va nguoc lai 2) dwoc suy ra tir 3),
iii) Két hop ii) v6i i) ta ¢é: 3) dwoc suy ra tir 1) va nguoc lai 1) dwoc suy ra tir 3).
Binh 1y da dwoc chirng minh. |

5. KET LUAN

Ho céc ngon ngit duoc xdc dinh béi ho triru twong céc nguon tring véi ho cée ngoén ngir
duoc dodn nhéan bdi ho triru tuong cic otomat.

bac biét 16p cdc ngon ngtr duoc sinh bdi cde van pham loai 7, 16p cdc ngdon ngr duoc
doan nhan bédi cic otomat loai 7 va 16p cac ngon nglt dwoc xéc dinh béi cac nguon loai 4 1a
tring nhau v4i¢ =0,1,2, 3.
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Véi cic cong cu dai s6 va hinh hoc (cu thé 14 do thi) ho triru twrong cdc nguon lam phong
phid thém 1y thuyét ngon ngir hinh thite, otomat va timg dung rong rai trong nhirng linh vure
khéc nhau cia tin hoc: chuong trinh dich, dd phitc tap tinh toidn cla cdc mdy, tinh toin song
song...
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