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MOT SO TiNH CHAT CUA LGP SIEU NGON NGU' PHI NGU' CANH

DANG HUY RUAN, PHUNG VAN ON

Abstract. In this paper we show some properties of context free languages with infinitive words (we
call context free hyper language) and its relation with pushdown automata.

1. MO PAU
Cé nhiéu céng trinh cda nhiéu téc gid nghién ctru vé 16p ngdn ngir chinh quy véi tir vé han
(siéu ngén ngir chinh quy) da dwoc cdng b [1-3]). Mét cach tu nhién ndy sinh vin dé nghién ciru
céc tinh chit 16p ngén ngir phi ngir cdnh véi tir v6 han (dwoc goi 1a siéu ngdn ngir phi ngir cinh).
Ciing da c6 mot s8 két qud nghién ciru vé 16p ngdn ngir nay [4,5]. Bai bo nay trinh bay mét s8 két
qué vé van dé néu trén.

2. MOT SO KIEN THU'C CHUAN BI
2.1. Siéu ngoén ngir
Cho T 13 tdp hitu han, khéng réng cac chir ci. Ky hiéu £ (2*) 1a tap hop tit cid cac day vé
han (hiru han) cdc chir céi trong ¥. Céc phin ti cda £ (£*) dwoc goi 13 siéu tir (tir hay tir hitu
han). Véi tir P € £* ky hiéu |P| 13 46 dai cda P, ttc 13 s8 chit cdi xudt hién trong P.
Cho L C ¥*, ta dinh nghia hai siéu ngén ngir sau:
L*={PeS®|P=PP,. P. miP.cLvi|P|>1véimoii>1},
imL={PeX®|P=PP..P. miP,P,.,PeL véimoiz>1}.
Siéu tr P € £* dwoc goi 12 tan clng tudn hoan néu P = P, P{° véi Py, P, € T*.

2.2. Siéu ngén ngir phi ngir cdnh
Cho v&n pham phi ngit ¢cdnh G = (5,V, X, P), trong A6 & = {q, b}, V ={X, Y}, P = {X —
YX,Y — aYb|ab}.
Xét din xuat trai nhit vo han:
X =YX — abX — abY X — ababX — ... (1)

ta nhan dwgc siéu tir (ab)®. Néu dung din xudt trai nhit vé6 han ma st dung v6 han lin bién Y
véi quy tdc Y — aY'b trong mdi Iin thay thé:

X —-YX —abX — abY X — abaYbX — abaaYbbX — ... (2)

ta nhin dwoc siéu tir ab(a)®. Trong trudng hop ndy, phin vé han & bén phdi duoc bd qua.
Nhu vay c6 hai cach sinh ra siéu ngdn ngir phi ngit cdnh, tiy thudc vio viéc st dung din xuit
trai nhat (1) hodc cc bién dwoc ding vé han lin dwoc xéc dinh (2).

Pinh nghia 1. Cho vin pham phi ngit ¢dnh G = (%,V, X, P).

a) Siéu ngén ngir L C £ duwoc goi 1d dai s6 néu ¢ mdt vdn pham phi ng&r cdnh G thda man
L bao gdm t4t cd cic siéu tir cda £°°, ma chiing dwoc sinh tir G bdi din xuit trii nhit.

b) Siéu ngén ngir L C £°° duogc goi 1a phi ngw cdnh néu cé6 mdt vin pham phi ngir cdnh va tip
F =12" (ky hitu 2V 1a tap tit cd cic tip con cda tip V, ké cd tip réng) sao cho L bao gdm tit cd
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cac tir £°° ma ching dwoc sinh tir G bédi din xuit trai nhit, trong dé cic bi€n dwoc st dung vo
han [in tao nén mét tap trong 7.

Theo [5], 16p siéu ngdn ngit dai s hep hon 16p siéu ngén ngir phi ngit canh.

Gid st G 1a vin pham phi ngir cdnh. Ky hiéu C7 va DC7 13 ho céc ngdn ngi phi ng& cdnh vi
phi nglr cdnh don dinh. Ta c6 DCF C C7.

Goi £ 13 mét 16p cac ngdn ngir tir hiru han ndo dé (C A*). Bao déng co-Kleene cda £ 13 lé'p
t&t cd céc siéu ngdn ngir va 13 hop hitu han cda cac tdp UV vé6i U,V € L. Trong [5] da chi ra méi
quan hé cida 16p siéu ngdn ngir phi ngit cdnh véi ngdn ngir phi ngit cdnh tir hitu han:

Dinh 1y 1. [5] Stéu ngdn ng@ ld phi ng@ cdnh khi va ch? khi nd thuéc bao déng oo - Kleene cia lép
cdc ngon ng@ phi ng@ cdnh.

2.3. Siéu otomat ddy xuéng

Siéu otomat diy xuéng 13 mdt otomat diy xuéng dodn nhin mdt siéu tir ma hoat dong cida né
dugc mé t4 nhu sau: _

Cho otomat ddy xuéng M = (S,%,V, f, s0, Zo) trong d6 S 1a tap hiru han, khong réng cic trang
thdi; ¥ 13 bang chir cai vdo; V' 1a bdng chit cai cda ngin xép; so € S 13 trang thai khéi dau; Zp € V
13 chir c4i dc biét dung lam ddy cia ngdn xép; f 1 hdm bd phin tir S X (ZU{e}) X V vao tdp céc
t4p con hiru han cda S x V*, con goi 13 ham chuyén.

Cip C = (s, Q) duwoc goi 1a hinh trang cda otomat, biéu thi trang thai hién tai s va xau @ hién
c6 trong ngin x€p cia otomat.

Mét buéc chuyén cda M, ky hiéu 1a (s,QZ) - (s',QQ1) néu (s',Q:1) € f(s,a,Z) trong dé
a € (ZU{e}), s, s €S va otomat sé chuyén tir trang théi s sang trang thdi s'; Q,Q, €V*; Z €V
13 ky hiéu trén dinh cda ngdn xép vi né sé dugc thay thé béi xau Q,. Trong trudng hop a = ¢, ta
goi 1 e- buéc chuyén.

Mbt diy hiru han cic buéc chuyén Cy 2 C; 25 Cy... = C,, trong d6n > 0, a; € (ZU{e})
v61 1 <4 < n; C; = (8:,Qi) v61 0 < 1 < n dwoc goi la C-tinh todn (ky hiéu P = ajas...a, goi
la nhin cda C-tinh todn) va dwoc viét C = CyC;...C,, néu nhian P 13 rd rang hodc viét ngin gon
)y e *C,.

Twong tw, mét diy vé6 han cic buwéc chuyén cda otomat dwoc goi 13 co-tinh todn va ky hiéu 13

= CyCj... Vb1 co-tinh todn Co = CyCj... ta ky hiéu:

In(Cp) = {s € S| s = s, véi v han cac chi s n, trong d6 Cp, = (sn,Qxr)}

Gidst F C S va F C 2°. Mbdt oc-tinh todn Co, = CoCj... goi 1a duwoc chip nhin néu
In(Co) N F # @ trong d6 Co = (s0, Zo) va a,, # € véi vd han cdc chl s8 n. Twong tw, co-tinh todn
Coo = CoC1... goi ld dwoc chdp nhin ngdt néu In(Cy) € 7.

Dinh nghia 2. Siéu ngdn ngit dwgce dodn nhin bdi siéu otomat diy xudng M xic dinh nhw sau:
Lo(M,F)={Pe€X® |In(Cs)NF # @ v6i P 13 nhan cda mdt 16p co-tinh todn Cs},
L' (M, 7) ={P e |In(Cx) € F véi P 1ad nhin cla mot 1ép oco-tinh todn Cu }.

Ky hiéu P, P. 1 2 ho cic siéu ngdn ngir dwgc dodn nhin bdi siéu otomat ddy xudng twong
i'ng v&i 2 cich dodn nhén trén. Theo [4] ta cé:

Pinh 1y 2. P, = PL.
Ciing theo [4] ta cé:
Dinh ly 8. Néu L € Py, va L # O thi L chita it nhdt mét siéu t& tdn cing tudn hodn.

Pinh nghia 8. Siéu otomat day xué’ng M duoc goi 13 don dinh néu vi chi néu ham chuyén
f:Sx(Zu{e}xV — S xV* thda man f(s,a,Z) c6 khéng qué mét phin t& va véi mbi s € S,
Z €V, néu f(s,e,Z) 1a xac dinh thi f(s, a, Z) khéng xdc dinh véi moi a € Z.
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Ky hi¢u D P, D P, 12 2 ho céc siéu ngdn ngir dwoe dodn nhén béi siéu otomat ddy xudng twong
ng véi 2 cach dodn nhin néu trong Dinh nghia 3. Theo [4] ta cé:

Dinh Iy 4. DPoy C DPL C P C PL.

3. CAC KET QUA CHINH

Dinh ly 5. Mo siéu ngén ngw pht ngi cdnh (khéng rdng) déu chira it nhdt mét siéu tir tan cing
tudn hodn.

Chitng minh. Gid st L 1a siéu ngdn ngir phi nglt cdnh. Theo Dinh ly 1, thi L sé thudc bao déng
oo - Kleene cda 16p cic ngdn ngir phi ngir cdnh, nghia 12 c6 thé bi€u dién L theo dang:
n
L= |J U,V v6i U;,V; 1a nhitng ngdn ngi phi ngit cdnh nao dé.
=1
Digu d6 c6 nghia 13, véi mdi siéu tir P € L, ton tai cic tir P, € U;, P, € V; véi ¢ nao dé sao
choP = P, P§°. Viy P la siéu tir tin cling tuan hoan.

Dinh 1y 6. Trong Poo N1imCF cd chita si€u ngon ng@ pht ng@ cdnh ma nd chia it nhdt mét siéu
ty tdn cung tudn hodn.

Dinh ly 6 13 hé qué truc tiép tir 2 b8 d& di dwoc néu béi Linna [4].

B& dé 1. [4] Cho L ld ngén ngi trén bdng chit cdi V, va d ¢ V. Khi @6 Ld™ € imC7 néu vd chi
néu LeC¥.

B8 deé 2. [4) Cho L ld ngén ngi trén bdng chit cdiV, va d € V. Khi @6 Ld™ € P, néu vd chi néu
LecC?.

Dinh Iy 7. Lép siéu ngon ng@ phi ngt cdnh vd [dp Po ld tring nhau.
Dink 1Y 715 K8 srite 150 tle B b5 &8 san

B3 dé 3. Vdi mdr siéu ngén ngi phi ng@ cdnh L, ¢é thé zdy dung dwoc siéu otomat ddy zudng
M =(S,%,V, f,s0,Z0) sao cho L = Lo (M, F) v6i F C S.

Ching mink. Gid st L 1a siéu ngdn ngit phi ngt canh, theo Pinh ly 1 thi L = |J U;V,* vé6i U;, V;
i=1
12 nhitng ngdn ngir phi ngi cdnh nio d6. Khong mit tinh tong quat, ta xét L = UV >,

Goi Gy = (5,Vy, Xu, Pu), G = (£,V4, Xy, P,) 12 nhitng van pham phi ngir cdnh trong dé
V, NV, = 0 sinh ra ngdén ngt U va V. '

D& nhén thiy vin pham G = (Z,V, UV, U {X,, X1}, S1, P) trong d6 {X, X} N (V, UV,) =0
va P =P, UP, U{X* - X, X, X; — X, X} sinh ra siéu ngdn ngit L = UV*™ vé1 7 la tip cida t4t
cd céc tap con cda tap (V, U {X}}).

Ta xay dung duoc siéu otomat ddy xuéng M, = (S,%,V, f, s0, Zo) nhu sau:

= {s(), Su,Su,SF 1V =2UV, UV, U{X* X, Z, ZU,Z } trong d6 {X*, Xl,Zo,Zu,Z }Q
Ve U V ); F'={sr}; ham chuy@n trang thai nhu sau:

1) £(50,5, Z0) = (ur X* Zu X) ‘

2) V&i X € Vi, f(su, &, X) = {(su, a®) | X — a € Py, véi af 13 x4u ddo nguoc cda a}

3) Véiac E flsa; 0 0) = {{au;5))

2) £(506Z0) = (30,)

) Hlovps, X ) = {Hoadk BuXy)

6) Véi X € Vy, f(sv,6 X) = {(s0,a®) | X > @ € P,, v6i o 12 xau ddo nguoc cla o}
)
)
) f

ot

7) Véia € X, f(sy,a,a) = {(sv,€)}
(Su;e Z ):(SE’ )
flopsg:X*) = (845 X*)

8
9
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Thuyc t€ 1a ham chuyén 1) sé dwa hinh trang diu Co = (50, Zo) vé hinh trang Cy, = (54, X.) dé
bit diu qud trinh dodn nhan céc tir thuc U véi cdc ham 2) vi 3). Ham 4) 13 khi d3 do4n nhin
xong tir thuéc U, bit diu chuyén sang hinh trang C, = (s,, X,) d¢ bit d%u qua trinh doin nhan
céc tlr thude V véi cdc ham 5), 6), 7). Ham 8) 13 khi dodn xong tir thudc V, sé chuyén vé trang thai
két thic sy d€ rdi sau d6 him 9) bat dau trd lai hinh trang C, = (s,, X, ), bit d3u qu4 trinh dodn
nhén tiép theo tir cda V.

D& ki€m chimng rng L = Lo, (M, F) v6i F = {sr}.

B8 de 4. Vi mé siéu otomat dd’y zuéng M = (S,%,V, f,50, Z0) ta cé thé tim dwoc siéu ngén ngt
phi ng& cdnh L sao cho L = Loo(M,F) v61 FC S.

Chitng minh. Véi mbi siéu otomat diy xudng M = (S,%,V, f,s0,20), cdc trang théi s;,s2,53 € S
va céc chir cdi Z), Z; € V, ta ky hiéu:

Ly,z, = {P €Z* | (50, Z0) *(s1,Q21) v6i Q (ndo d8) € V*}, 4
L7, = {P €D | tontai P, Py : P= PPy va (s1, Z1) 25*(ss, Q1) 22*
(52, QzZz) vl Ql;QZ (néo dé) = V*}

Ménh dé sau da dwgc ching minh béi M. Linna [5]:

Ménh dé. Cho otomat ddy zuéng M = (S,%,V, f,s0,2). Khi @36 P € Loo(M, F) néu v chi néu
ton taiss € S vd Z €V sao cho P€ L, z(Ly7, )~ NE>.
) DF

B3 d@é 4 dwoc suy ra truwc tiép tir ménh dé trén véi viée 14y L = L,!Z(L:’g(s ))oo X
& F

4. KET LUAN

Véan d8 néu ra di co ban dwoc gidi quyét. DA néu dwoc mét s§ tinh chit cda 16p siéu ngdn
ngir phi ngir cdnh va mdi quan hé cia né véi 16p siéu ngdn ngir duoc doin nhin bdi siéu otomat
diy xubng. Tuy nhién cdn nhiéu khia canh ¢ thé tiép tuc nghién cru nhu méi quan hé cda lép siéu
ngdn ngir dai s§ véi otomat ddy xudng, mdi quan hé cda 16p ngdn ngir dodn nhin bdi siéu otomat
day xudng don dinh véi 16p ngén ngit phi ngir cdnh don dinh.
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