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D0 PHUC TAP DOAN NHAN LGP SIEU NGON NGU CHINH QUY
SINH BO1 SIEU SO DO SINH SUY RONG

PHUNG VAN ON

Trung tam tin hoc, B6 Giao thong Van tdi

Abstract. In [1] we have the following results: for any hyper-generating schema (G, the complexity
of a finite automation of L(G) is PL(G) < h(d(G) + 1,|G|) + 1. In this paper we consider
the hyper-generating graph with adding a set of infinitive words M (t) and we have the result:
PLo(G) < R(d(G) + 1,|G]) + 1.

Tém tit. Trong [1] chiing t6i da c6 két qué 1 véi moi siéu so do sinh (G, dd phitc tap 6tomét hiru
han dodn nhan siéu ngon ngir chinh qui L(G) sinh béi G 1a PL(G) < h(d(G) + 1, |G]) + 1. Trong
bai bdo nay, ching t6i nghién ctru viéc bo sung tap tir vé han Mg (L) 1én céc cung ¢ cia siéu do thi

sinh G va nhan duoc két qué: P(L«(G)) < h(d(G)+ 1, |G|) + 1.

1. PAT VAN BE

Trong [1], chiing t6i da néu khéi niém siéu so' do sinh va danh gid do phitc tap dodn nhan
siéu ngon ngit chinh quy sinh bdi siéu so do sinh.

Trong bai bdo nay ching t6i md& rong viéc xét tap tir ghi trén cdc cung cia siéu do thi
sinh c6 thé la tap cdc siéu tir. Siéu so do sinh xay dung trén céc siéu do thi sinh nhw vay goi
13 siéu so do sinh suy rong.

Két qud thu nhan dwoc 13 wée lwong trén cia s6 trang thai cia siéu 6tomat doan nhan
16p siéu ngoén ngir chinh quy sinh bdi siéu so do sinh suy rong.

2. CAC DINH NGHIA

2.1. Siéu a6 thi sinh. Cho bang chir céi hiru han ¥ = {aq, ag, ..., a,,}. Siéu do thi sinh trén
bang chit cai ¥ 14 mot do thi dinh hwéng hitu han G véi tap cac dinh 13 V, cé mot dinh khdi
dau Ig € V, mot tap khong rong cdc dinh két thic Fg = {v1,v2, ..., vg} C V. Trén moi cung
t dwoc ghi moét tap céc tlr hiru han hoac mét tap cdc siéu tir, la mot siéu ngén ngtr chinh quy
Mg (t) nao d6 trén Y. Cung ¢ ma trén dé tap:

1) Ma(t) = {&} goi 1a cung rong.

2) Ma(t) = {a} v6ia € ¥ goi 1a cung c¢6t yéu. Pinh ma c¢é cung cot yéu di téi goi 1a dinh
cot yéu.

3) Mq(t) = { tap cdc tir hivu han }, goi 1& cung hitu han.

4) Mqa(t) = {tap cdc tir v6 han}, goi 1a cung cudi (hay cung vé han). T dinh cudi cua
cung cubi khong cé cung nao di ra.
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S6 céc dinh ¢St yéu cta sieu do thi sinh G dwoc ky hiéu bdi |G].

Day hitu han (hay v6 han) © = wy, {1, wa, Lo, ... trong d6é w;, ¢ = 1,2, ... 1a cdc dinh cia
G, t; 13 cung di tir dinh w; dén dinh w;+1 dugce goi 1a dudng hiru han (hay vo han) trong siéu
do thi sinh G. Pudng 7 1ap nen tap céc tir (hay sieu tlr) [r] = xpaie... véi @5 € Ma(t;),
trong dé j = 1,2, ...; tir (hay siéu tlt) [r] duwoc goi la nhan cia 7.

Sieu tit a € U™ duoc goi 13 sinh boi siéu d6 thi sinh G, néu:

1) Ho#c « 1a nhan cia mot duong vo han 7 nio dé xuat phat tir dinh khéi dau I va
c6 lim(m) N F #£ 0.

2) Ho#c a ¢6 dang 2.3, trong d6 « 14 nhan clia mot dudng hiru han xudt phat tir dinh
khéi dau I dén dinh dau D(t) clia cung cudi ¢ nao dé va B € Mqa(t).

Tap cac siéu tir a sinh bdi sieu do thi sinh G, k¥ hiéu bang Ly (G), duge goi 1a siéu ngon
ngit sinh béi sieu do thi sinh G.
Nhdn zét 2.1. Néu moi cung ¢ clia G ma Mg(t) = {} hosic Mg (t) = {a},a € ¥ thi do thi
sinh G 1a mot nguon.

2.2. Phép w-thé

Gié stt G, G2 13 hai siéu do thi sinh khong cé dinh chung va ¢ 14 mot cung nao dé cia
G4 néi tr dinh w; t61 w;.

Ta xay dung siéu do thi sinh G tir (1, G2 bang céch cit bé cung ¢ khdi Gq; 16i tir dinh
w; ta vé mot cung rong t&i dinh khéi dau cia Ga; tir moi dinh két cta G ta vé cic cung
rong t6i dinh w; clda Gy. Khi d6 ta néi rang do thi sinh G duoc xay dung bang cich thé
cung t cda G béi do thi sinh Go.

Trong qué trinh thé, dinh khédi dau cla G duoc lay 1am dinh khéi dau cta G cic dinh
két cia Gy va G duge 1ay 1am dinh két ctia G thi viéc thay cung ¢ trong siéu do thi sinh G
béi sieu do thi sinh G2 nhir trén dugc goi 14 phép w-thé va dwoc ky hieu bang G = [G1]“'Go.

Bs dé 2.1. Gid st G,G,Go,...,G)y, la cdc siéu do thi sinh ting déi mét khong cé dinh
chung; t1,1t2, ..., 1, la cdc cung cia G ma véi moii,i = 1,2,..n, ¢é Ma(t;) = L(G;) hodc
Ma(t;) = Lo(Gy). Ta xdy dung @6 thi sinh G' bang cdch thé cdc cung t; cia G bdi cdc dé
thy sinh G;, i = 1,2, ..n. Kht d0 ta c6:

Lo(G') = Lo(G) va |G| = |G+ ) _|Gil.
=1

2.3. Siéu so’ db sinh

Cho mot day cac siéu do thi sinh G = (Gq,Go, ..., G,,) trén ¥, trong dé G, Go, ...,G,p,
tirng doi mot khong c¢é dinh chung. G = (G4, Go, ..., G,,) duoc goi 1a mot siéu so do sinh
suy rong trén bang chit cii ¥ néu thdéa man 3 dieu kién sau:

1) C6 it nhat mot cung cudi trong cic siéu do thi sinh G, Go, ..., G

2) V&i moi cung ¢ ctia siéu do thi sinh Gj,i = 1,2, ...n, mot trong cic he thirc sau duogc
thoa man:

a) Mg (t) = {e}.

b) Me;i(t) = {a},a € X.
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¢) Mq(t) = {tap cdc ti hitu han trén Y}
d) Mai(t) = CLs(Gj), 1 < j <, truong hop nay cung ¢ duoc goi 1& cung cudi bi, phu
thuoc vao do thi sinh G;.

e) Mei(t m L ), trudomg hop nay cung ¢ duoc goi 1a cung cudi giao, phu thuoce

vio cac do thi smh Gi1,Gio, e, G, trong @6 1 < dq <o -+ <idg < 4.

3) Péi véi moi sieu do thi sinh G, G, ..., Gy 1 €6 Mot va chi mot cung trong ¢, phu
thuodc né.

Sieu do thi sinh G; dwoc goi 14 phu thudc vao siéu do thi sinh G, néu né chtra mot cung
ndo dé phu thuoc G hodc né phu thuoc vao sieu do thi sinh khéc chita cung phu thuoe Gj.

Néu siéu so do sinh G chi gom mot siéu do thi sinh G thi né dugc goi 14 so do sinh
don gidn va ding ngay G dé ky hiéu sieu so do sinh nay.

Tap céc sieu tir Ly (G,,) sinh béi siéu do thi sinh G, duge goi 1a siéu ngén ngir sinh bdi
siéu so 6 sinh G va ky hieu bang Lo (G) @ Loo(G) = Lo (G).

Hai siéu so do sinh dwoc goi 1 twong dwrong, néu chiing cling sinh mét siéu ngon ngit.

S6 dinh c6t yéu cia G (ky hieu bang |G]) dugce 14y bang tong s6 dinh c6t yéu cla tat
cd céc siéu do thi sinh trong G : |G| = |G| + |Ga| + ... + |G-
2.4. D) sau cda phép dit ddu 14y phan bu

Do sau clia phép diit ddu lay phan bl cta siéu so do sinh G, ky hieu bang d(G), dugc
dinh nghia nhu sau:

1) Gia st ¢ 1a mot cung cia siéu do thi sinh G; nao dé, ta dinh nghia dai lwgng d(t) va
d(G;) nhu sau:

a) Néu t 14 cung rong, cung c¢6t yéu hodc cung hiru han thi d(t) = 0.

b) Néu ¢ 14 cung cudi giao phu thuoc vao Gy, Gio, ..., Gis, trong A6 1 < iy < ig
i, <iva d(Gi)(1 <j<s)da duoc xéc dinh thi d(t) = max(d(Gll) d(Giy), -eey d(G,

¢) Néu ¢ 1a cung cudi bu phu thuéc vao G, va d(G;) da xéc dinh thi d(t) = d(G;

d) d(G;) = max{d(t)},t € G;.

2) d(G) = d(G,).
2.5. Otoémat Buchi ([4])

Otomat Buchi 14 bo Ap = (3, Q, go, @, F), trong dé ¥ 14 bang hitu han céc chit céi, Q
13 tap cdc trang thai, go 13 trang thai khéi dau, F C @ 13 tap cdc trang thai két thic, ¢ 14
ham chuyén, tadc dong trén cac siéu tir, duoc xdc dinh nhu sau:

Véi siéu tir o = ajas... € 2.
©(qo, @) = p(qo, araz...) = {q1q2... € Q%|q; € (gi—1,a;),i=1,2,...}.

Néu ¢ 1a ham chuyén don dinh, thi Ag dwoc goi 1a 6témdt Buchi don dinh.
Siéu tir o € 1™ 14 dodn nhan dwoc bdi 6tomat Buchi Ag néu ton tai mot sieu tir trang
thai q € ¢(qo, @), thda man limq N F # 0.

Tap céc siéu tlir dodn nhan dugc bdi 6toméat Buchi Ag duwoc goi 1a siéu ngon ngte dodn
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nhan dwoc bdi 6tomat Buchi Ag (hay Buchi dodn nhdn), ky hieu bang Lo (Ag).
Do phitc tap 6tomat hiru han dodn nhan mot siéu ngon ngir chinh quy L 14 s6 trang
thai t6i thiéu cia 6tomat Buchi don dinh dodn nhan siéu ngon ngit chinh quy dé va ky hiéu

bang P(L).
2.6. Otomat Muller ([4])

Otomat Muller 14 bo Ay = (3, Q, o, o, T), trong dé:

1) Ham chuyén ¢ 1a don dinh, ¢ : Q x X — Q.

2) T ={T\, Ty, ..., Tk} trong d6 T; € 29,5 = 1,2, ..., k.

Siéu tlr o € X 14 dodn nhan dugc bdi 6tomat Muller Ay néu ton tai mot siéu tir trang
thai g € ¢(qo, @), théa man limg € T.

Sieu ngon nglt Lo (Ay) = {aa € 3¢, lim¢(qo, ) € T'} goi 1a Muller dodn nhdn.

Pinh 1y Mc Naughton ([4]). Siéu ngon nge L duoc dodn nhin boi 6tomdal Buchi néu va
chi név L la Muller dodn nhan.

Két qud cta dinh 1y trén cho thay, néu otoméat Muller don dinh Ay = (3, Q, g0, ¢, T)
dodn nhan siéu ngon ngtt Lo (Apr) thl w—o6tomat don dinh A4, = (%, Q, qo, ¢, 29 — T) doén
nhan siéu ngon ngtt X — Ly (A7), tirc 1a doédn nhan phan bu clda L (A7).

Pinh ly Safra ([3]). Néu siéu ngon ngtc L dwoc doan nhan boi 6tomat Buchi Ap ¢d s6
trang thdi lo n thi ton tai mét 6témdt Muller Ay don dinh véi s6 trang thdi khéng veot qud
22" dodn nhan L.

3. CAC KET QUA CHINH

Dé tién trinh bay, ta dimg ky hieu sau:
2(E
2

N —
h(t,z) =2 tlan

Dinh 1y 3.1. Véi moi siéu so @6 sinh suy rong tuy § G, ta luén xay dung dwoc mot so do
sinh don gidn G' twong dwong véi nd, sao cho |G| < h(2d(G), |G|), trong @6 d(G) la a6 sdu
cia phép dat ddu ldy phan b cia siéu so @6 sinh G, con |G| la s6 dinh cét yéu cia G va
|G| la s6 dinh c6t yéu cia G'.
Chatng minh: Ta chtirmg minh quy nap theo sé cac siéu do thi sinh trong G.

Gid st n = 1, khi dé ¢ = (G1) 1& so do sinh don gidn nén G’ dugce 1ay bang G va
d(G) = 0, nhu vay |G'| = |G|, dong thoi Lo (G') = Lo (G).

Gié str dieu khing dinh ding véi moi siéu so do sinh cé s6 siéu do thi sinh nhé hon hosic
bang n — 1, ta chitng minh dieu khang dinh dtng véi n.

Gia stt G = (G1, G, ...,Gp),n > 2 va gid st trong G,, ¢b p cung cudi giao: g1, g2, ..., gp
va ¢ cung cudi bl by, by, ..., by (trong d6 p, ¢ < n).

1) Véiméii(1 < i < p), g; 1a cung cudi giao phu thuoc vio cac do thi sinh Gy, , G, .G

m
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(im > 2) va MGn (gl) = ﬁ Lo<<Gij>'
j=1

béi véi moi j(1 <5 <my):

- Ta ldy céc do thi sinh trong G ma ('3 phu thuoc, ké c chinh né dé lap so do sinh
twong ting Gy ;. Nhu vay Lo(G1i;) = Lo(Gyj).

- Do s6 d6 thi sinh trong so' do sinh G'1 ;; nhé hon hoic bang p(p < n) nén théa man gia
thiét quy nap, va ta cé thé xay dung dwoc mot so do sinh don gidn Gll,ij twong dwong véi
G L0<<G/1,ij) = Lo(G1y;) = Lo(Gy;) va

Gl S R(2d(GH ), |Grgl), véi 1l <i<pva 1<j<m.

Tir cie so do sinh don gidn vira xay dung G} ir G g e Gll,imj7 ta xay dung so do sinh
don gian Wy; 1a giao cia ching.
Theo [2] ta cé:
(W) = ﬂ Lo(Gh ) = [ L(Grsy) = M, (95)-
j=1
va: m;
Wi < H Gl < Hh (2d(|G1), |G g,0) < Hh (2d(G), |G ) (3.1)

7=1 7=1

2) Vé&i moi i(1 < i < g),b; 1 cung cudi bt phu thuoc vao do thi G; va Mg, (b;) =
CLy(G5).

Lay cic do thi sinh trong G ma G; phu thuoc, ké ca chinh né. Lap so do sinh twong
ung Go; = (G4, Gy, oo, GiMi),n > m; > 1. Nhue vay Lo (Ga;) = Lo(G;). Do s6 do thi sinh
trong so' do sinh G'3; nhé hon hoiic bang n — 1 nén thoéa man gia thiét quy nap, va ta cé thé
xay dyng duge mot so do sinh don gidn G, twong dwong: Lo (Gh;) = Loc(G2i) = Lo(G5)
va |GL| < h(2d(G2), |Gail)-

Véi so do sinh don gidn G%; va theo dinh 1y Safra, ta xay dung dwgc so do sinh don
gian Wo; sao cho:

Loc(Wai) = CLo(GY;) = CLoc(G2:) = Ma,, (bs) v [Wai| < h(2,|GY).

Két hop véi két qud tren, ta cb: |[Wa;| < h(2(d(Ga;) + 1), |Gal).
Vi b; 1a cung cudi bu phu thuoc G; nen d(b;) = d(G;) +1 = d(Gz) + 1, dan t6i d(Gy;) =
d(b;) — 1 < d(G) — 1. Thay vao biéu thitc trén ta duge:

[Wai| < h(2d(G), [Gal).- (3.2)

3) Thé céc so do sinh don gidn Wy;, Wo; vé6idi = 1..p,j = 1...q vao do thi sinh G, bang

phép w-thé thay cho cdc cung cudi tuong tng g;, bj. Khi d6 ta nhan dugc so do sinh dom
gidn G' ma Lo (G') = Loc(Gr) = Lo(G). Theo B deé 2.1 ta cé:

P q
|G = (Gl + Y (Wl + ) Wyl
i=1 =1

Thé cac két qua (3.1) va (3.2) vao biéu thitc tren, ta dwoec:
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P my q
|G| <Gl + ) T r2d(@), 1G5 + D h(2d(G), |G- (3.3)
=1 j=1 =1

Khoéng mat tinh téng quat, ta cé thé gid thiét cic so do sinh Gllij7G/2i deu cé it
nhat mot dinh cot yéu (vi trong truomg hop nguoc lai, cic tap tir twong Umg clta ching
M, (9ij), Mc, (b;) sé 1a tap rong hodc chi gom mot tir trong, khi dé ta c¢6 thé don gidn so
do sinh G bang cach bé di céc cung twong ng hoiic thay chiing bang cic cung rong). Khi
dé ta co:

G > 100 = 1op,j = 1my); |Gyl > 1(0 = 1...q). (3.4)
Truong hop trong G ¢é it nhat mot cung bu, khi dé d(G) > 1 neén tir (3.4) ta cé:
P my P my
ST rd(G), Gl < h2d(G). > T IG1:,D-
=1 j5=1 =1 j=1
Tuwong tu ta cb:
q
Zh<2d<G>7 |G21| < h 2d Z |G21
i=1
T (3.3) va céc két qua tren ta cé:
P my
|G| < |Gl +h(2d(G), Y]] 1G14,]) + h(24(C Z|G21
=1 j=1
P my
( |Gn| +ZH|G117|+Z|G21 <h 2d< )7|G|>
=1 j=1

Truong hop trong G khong ¢é Cung bu khi dé d(G) = 0. Ta cé:
@< 16l + 3 T[29 <2 1+ 3 161, <29,
i=1 j=1 i=1 j=1
Pinh Iy duoc chirng minh. |
Dinh 1y 3.2. Véi moi siéu so @6 sinh suy rong G, @0 phitc tap étémdt hiru han dodn nhén
siéu ngon ngw chinh quy Ly (G) théa man:
P(L(G)) < R(2(d(G) +1),|G]) + 1.

trong @6 d(G) la @6 sau cia phép dat dau ldy phin bi cia siéu so do sinh suy réng G, con
|G| la s6 dinh ¢t yéu cia G.
Ching minh:

Vé&i méi sieu so do sinh suy rong G, theo Binh 1y 3.1, ta luon xay dung dwoc mot so do
sinh don gidn G’ thda man: Ly (G') = Lo (G) va |G| < h(2d(G),|G]).

Theo dinh 1y Safra, ta cé thé xay dung dwgc 6tomat Muller don dinh A dodn nhan
Lo (G') véi s6 trang thai khong vuot qué 92l¢ ‘, nghia la:

P(Lu(@)) 277 < h(2Ad(G) + 1), 1G] + 1

Ta cé dieu phai chirng minh. [ ]
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4. KET LUAN

Véi viec dua vao tap céc siéu tir ghi trén cung cia siéu do thi sinh, két qua da chi ra
duoc wéc lwong trén cia s6 cic trang thai otomat Muller don dinh dodn nhan siéu ngon
ngtt chinh quy sinh béi siéu so @6 sinh suy rong. Huéng nghién ciru tiép theo 14 xét truomg
hop céc tap tir vo han ghi trén céc cung cia do thi sinh khong chi nam tai cung cuéi, ma
& vi tri bat ky thi do phitc tap dodn nhan 16p siéu ngon ngtr chinh quy sinh béi sieu so do
sinh suy rong sé nhu thé nao.
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