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M9T SO TINH CHAT CUA Lap SIEU NGON NGU' PHI NGU' CANH

f)~G HUY RU~N, 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'DAU

Co nhieu cong trlnh cua nhieu t ac gia nghien ciru ve lop ngon ngfr chinh quy v6i. t.ir vo han
[sieu ngon ngii: chinh quy) da diro'c cong bo [1- 3]). M<?teach t\!-·nhien nay sinh van de nghien ciru
cac tinh chat lap ngon ngfr phi ngir canh v&i tir vo han [diroc goi Ia. sieu ngon ngjr phi ngir canh].
Ciing da co m<?tso ket qua nghien ctru ve lap ngon ngir nay [4,5]. Bai bao nay trlnh bay m<?tso ket
qua ve van de neu tren,

... "" ~ , ....,
2. M9T SO KIEN THUC CHUAN B~

2.1. Sieu ngon ngir

Cho ~ 111. t~p hfiu han, khOng ding cac chir cai, Ky hieu ~OO (~*) Ia. t~p hop tat d. cac day vo
han [hiru han] cac chir cai trong ~. Cac phan t1.l:cua ~oo (~*) dtro'c goi la. sieu tir (tir hay tir hfru
han]. Vo i tir P E ~* ky hi~u IPlla. d<?dai ciia P, tu-c la so chir cai xuat hien trong P.

Cho L ~ ~*, ta dinh nghia hai sieu ngon ngfr sau:
LOO = {P E;: EOO I P = PIP2 Pi ma Pi E L va IPil2: 1 v6i. moi i 2: 1},

lim L = {P E Eoo I P = PIP2 Pi ma PI, P2, ... , Pi E L v&i rnoi i 2: 1}.
Sieu tir P E E* diro'c goi 111. t~n cling tu'an hoan neu P = PI P2°O vci PI, P2 E ~* .

2.2. Sieu ngon ngir phi ngir canh

Cho van pham phi ngir canh G = (E, V,X, P), trong do E = {a, b}, V = {X, Y}, P = {X--+
Y X, Y --+ a Y blab}.

Xet dh xuat tr ai nhat vo han:

X -+ YX -+ abX -+ abYX -+ ababX -+ ... (1)

ta nh~n dtrcc sieu t ir (ab)oo. Neu dung dh xuat trai nhat vo han ma SlY dung vo han Din bien Y
v6i. quy t~c Y -+ aYb trong m~i m.n thay the:

X -+ Y X -+ abX -+ abY X -+ abaYbX -+ abaaYbbX -+ ... (2)
ta nhan drro c sieu tu' ab(a)oo. Trong trrrOng hcp nay, phan vo han (] ben phdi dU'<?,C bo qua.

Nhir v~y co hai each sinh ra sieu ngon ngir phi ngfr canh, tuy thuoc vao vi~c s1.l:dung dh xuat
trai nhat (1) ho~c cac bien dtro'c dung vo han Ian dtroc xac dinh (2).

D'[nh nghia 1. Cho van pharn phi ngfr canh G = (E, V, X, Pl.
a) Sieu ngon ngir L ~ EOO diro'c goi la aq,i so neu co m<?tvan pharn phi ngir canh G thoa man

L bao gem tat ca cac sieu t ir cua Eoo, ma chung diro'c sinh tir G bO'i d[n xuat trai nhat.
b) Sieu ngon ngir L ~ Eoo diro'c goi la phi ngii: cdnh neu co m<?tvan ph am phi ngir canh va t~p

1 = 2v (ky hieu 2v la t~p tat d. cac t~p con cua t~p V, k~ d. t~p r~ng) sao cho L bao gom tat ca
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cac tir I:oo ma chung dtro'c sinh t ir G b<h d~n xuat trai nhfit, trong d6 cac bien dtro'c sl1-dung vo
han Ian t ao nen m9t t~p trong 1.

Theo [5], 16'p sieu ngon ngir dai so hep hen lap sieu ngon ngir phi ngir canh.
Gici sl1-G lit van pharn phi ngir canh. Ky hieu C1 va DC 1 lit ho cac ngon ngir phi ngii' canh va

phi ngii' canh do n dinh. Ta c6 DC 1 ~ C1.
G<;>i.c lit m9t lap cac ngon ngir t ir hiru han nao d6 (~ A*). Bao d6ng oo-Kleene cu a .c 111.lap

tat ca cac sieu ngon ngfr va lit hop hiru han cti a cac t~p UVoo vo'i U, V E .c. Trong [5] eta chi ra mdi
quan h~ cua 16'p sieu ngon ngir phi ngir canh voi ngon ngfr phi ngjr canh t ir hfiu han:

Dinh Iy 1. [5] Sieu ngon ngii la phi ngii: cdnh khi va chi khi no thuqc bao ilong 00 - Kleene csla lap
cdc ngon ngu phi ngii cdnh.

2.3. SH!u otomat da'y xuc5ng

Sieu otomat d[y xufing 111.mot otomat d[y xudng doan nhan m9t sieu tir ma hoat d9ng cua n6
diroc mf tii nhu sau:

Cho otomat d[y xuong M = (8, I:, V, I, So, Zo) trong d6 8 lit t~p hiru han, khong r~ng cac trang
thai; I: lit being chir cai vao; V lit being chfr cai cii a ngan xep; So E 8 111.trang thai khci dau; Zo E V
111.chir cai d~c bi~t dung lam day cua ngan xep; 1111.ham b9 phan tu: 8 x (I: U {c}) x V vao t~p cac
t~p con hiru han cti a 8 x V*, con goi lit ham chuyen.

C~F C = (s, Q) diro'c goi lit hlnh trang cii a otomat, bi€u thi trang thai hien t ai s va xau Q hien
co trong ngan xep cii a otomat.

M9t birtrc chuydn cua M, ky hieu 111.(s,QZ) ~ (s',QQd neu (s',Qr) E J(s,a,Z) trong d6
a E (I: U {c}), s, s' E S va otomat se chuydn t ir trang thai s sang tr ang thai s'; Q, Ql E V*; Z E V
111.ky hieu tren dinh cu a ng an xep va n6 se diro'c thay the bo-i xau Ql' Trong trrro'ng hop a = e, ta
goi 111.c- biro'c chuydn.

M9t day him han cac b1l'<TCchuydn Co ~ Cl ~ Cz ... ~ Cn trong d6 n > 0, al E (I: U {c})
v6i 1 :S i :S n; C, = (Si, Qi) voi 0 :S i :S n diro'c goi lit C - tinh toan (ky hieu P = al az ... an goi
111.nh an cu a C - t inh tcan] va diro'c viet C = COCl",Cn neu nhan P lit ro rang hoac viet ngitn g<;>n

p
Co --+ *Cn·

Ttrong t'!, m9t day vo han cac btrrrc chuydn cua otomat dtro c goi lit 00 - tinh toan va ky hi~u lit
Coo = COCl ... V6'i. 00- tinh toan Coo = COCl ... ta ky hieu:

In(Cn) = {s E 8 I s = Sn vo i vo han cac chi so n, trong d6 Cn = (Sn, Qn)}
Gici su: F ~ S va 1~2". M9t oc - tinh toan Coo = COCl... goi la dtro c chap nhan neu

In(Coo) n F i= 0 trong d6 Co = (so, Zo) va an i= e voi vo han cac chi so n. TU'O'ng tu', oo-tinh toan
Coo = COCl ... goi lit du o:c chap nh~n ng~t neu In(Coo) E 1.

Dinh nghia 2. Sieu ngon ngir dtro'c dean nhan bo'i sieu otomat d[y xudng M xac dinh nhir sau:

Loo(M, F) = {P E I:oo I In(Coo) n F i= 0 voi P lit nh an cua mot lap 00- tinh toan Coo},
L'oo(M, 1) = {P E I:OO I In(Coo) E 1 voi P lit nhan cua m9t lap oo-tinh toan Coo}.
Ky hieu Poo, P/x, 111.2 ho cac sieu ngon ngir duoc dean nh an boi sieu otomat d[y xuong turrng

irng vo'i 2 each doan nhan tren. Theo [4] ta c6:

Dinh Iy 2. Poo == P/x,.

Ciing theo [4] ta c6:

Dmh Iy 3. »s« L E Poo va L i= 0 thi L chU:a it nhat mqt sieu tV: tgn cung tuan hoan,

Dinh nghia 3. Sieu otomat d[y xudng M diro'c goi 111.don dinh neu va chi neu ham chuydn
1 : 8 x (I: U {c} x V -+ 8 x V* thoa man J(s, a, Z) co khOng qua mot phan tti· va vci m6i s E 8,
Z E V, neu I( s, e, Z) lit xac dinh thi I(s, a, Z) khOng xac dinh vo'i moi a E I:.
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Ky hieu DPoo, DP:x, lit 2 ho cac sieu ngon ngir du'o'c dean nhan b6; sieu otomat d~y xuong tiro'ng
irng voi 2 each doan nhan neu trong Dinh nghia 3. Theo [4] ta co:

D!nh Iy 4. D P= < Dr: ~r: ~P:x,.

3. cAc KET QUA CHiNH

D!nh Iy 5. Moi sieu ngon ngii.:phi ngii: cdnh (khong rong) aeu ch.ii a it nhat mot siiu tv: t4n cung
tuan hoan,

Chsiru; minh. Gia s1l: L lit sieu ngon ngii' phi ngir canh. Theo Dinh ly 1, thi L se thuoc bao dong
00 - Kleene ciia 16'p cac ngon ngir phi ngir canh, nghia lit co th€ bi€u di~n L theo dang:

n
L = U U,V;;oo vo i tt., Vi lit nhirng ngon ngir phi ng ir canh nao do.

i=l

Di'eu do co nghia lit, v6'i m6i sieu tu: PEL, ton tai cac tu: Pl E Ui, P2 E Vi vo i t nao do sac
choP = PIP2°O. V~y P lit sieu tu: t~n cimg tuan hcan.

Djnh Iy 6. Tronq Poo n Iim C1 c6 ch.ir a sieu tiqon. ngii: phi ngii: cdnh ma n6 chsi a it nhat mot sieu
tu' t4n cung tuan hoan,

Dinh ly 6 lit h~ qua tru'c tigp tu' 2 b5 de dii dU'<?,Cneu bbi Linna [4].

Bb de 1. [4[ Cho L to. ngon ngii.: tren bdng chii: cai V, va d ri V. Khi a6 Ldoo E limC1 neu va chi
neuLEC1.

Bb de 2. [4] Cho L to. nqim. ngii.: iren. bdng chii.:cai V, va d ri V. Kh» a6 rs= E Poo neu va chi neu
L E C1.

Djnh Iy 7. L6'p siiu ngon ngii.:phi ngii.:cdnh va i6'p Poo to. trung nhau.

Dinh ly 7 lit h~ true tigp tir 2 b5 de sau:

Bb de 3. VO'i moi sieu ngon ngii.:phi ngii.: cdnh L, co the' xiiy d1fng au:C('csiiu otomat aO:y xuong
M = (S,~, V, I, So, Zo) sao cho L = L=(M, F) v6-i F < S.

n
Chung minh. Gia s11-L lit sieu ngon ngir phi ngir canh , theo Dinh Iy 1 thi L = U U,V;;oo vo i Ui, Vi

i=l

lit nhfmg ngcn ngir phi ngir canh n ao do. Khong mat t.inh t5ng quat, ta xet L = UVoo.
G<;>iGu = (~, Vu, Xu, Pul, c; = (~, Vv, x; Pv) lit rihimg van ph am phi ngir canh trong do

Vu n Vv = 0 sinh ra ngon ngfr U va V.
D~ nhan thay van pham G = (~, v, u Vv U {Xl, X~}, s., P) trong do {Xl, XD n (VU U Vv) = 0

va P = Pu U P; U {X" ---t XuXl, Xl ---t XvXl} sinh ra sieu ngon ngfr L = UVoo vo11~H t%p cu a tat
d cac t~p con cu a t %p (VV U {XD).

Ta xay dung ducc sieu otomat d~y xudng Ml = (S,~, V, I, So, Zo) nhir sau: ,
S = {so, su, Sv, SF}; V = ~ U Vu U Vv U {X*, Xl, Zo, Zu, Zv} trong do {X*, Xl, Zo, Zu, Zv} ~ (~U

V" U Vv); F = {SF}; ham chuyen trang thai nhir sau:
1) I(so, e , Zo) = (su, X* ZuXu) .
2) VO; X E V"' I(su, e, X) = {(su, aR) I X ---t a E Pu, vo'i aR lit xau dao ngtro'c cii a a}
3) Vo; a E ~, I(su, a, a) = {(su, e)}
4) I(su, e , Zu) = (sv, e)
5) l(sv,e,X*) = (sv,X*ZvXv)
6) VO; X E Vv, l(sv,e,X) = {(sv,aR) I X ---t a E Pv, vo i aR lit xau d ao ngtro'c cua a}
7) VO; a E~, I(sv,a,a) = {(sv,~)}
8) l(sv,e,Zv) = (sJ;',e)
9) !(SF,e,X*) = (sv,X*)
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Thirc te la. ham chuydn 1) se dira hrnh trang dau Co = (so, Zo) ve hinh trang Cu = (su, Xu) de'
bl{t dau qua trlnh doan nhan cac tit thuoc U vci cac ham 2) va 3). Ham 4) la. khi da: doan nhan
xong tit thuoc U, b1t dau chuyen sang hinh trang C; = (su, Xu) de' b1t d'iiu qua trlnh doan nhan
cac tit thudc V v6i. cac ham 5), 6), 7). Ham 8) Ill.khi dean xong tit thuoc V, se chuydn ve trang thai
ket th iic SF dg roi sau d6 ham 9) bl{t dau tr& lai hl.nh trang C; ~ (su, Xu), bl{t dau qua trmh doan
nhan tiep theo tit cua V.

D~ kigm chirng rhg L = Loo (M, F) vai F = {SF}.

Bo de 4. V6'i moi siiu otomat a£y xuong M = (8, E, V, f, So, Zo) ta c6 the' tim aU'ercsiiu ngon ngii
phi ngii cdnh L sao cho L = Loo (M, F) v6'i F ~ 8.

Chung minh. V6i. m8i sieu otomat d~y xudng M = (8, E, V, [, So, Zo), cac trang thai S1, S2, S3 E 8
va cac chir cai Z1, Z2 E V, ta ky hieu:

LS"Z, = {p E E* I (so, Zo) ~*(S1' QZd voi Q [nao d6) E V*},

LS1'zZl( ) = {p E E* I ton tai P1,P2: P = P1P2 va (S1' Zd ~*(S3' Q1) ~.
82! ::l 83 .

(S2' Q2Z2) voi Q1, Q2 [n ao d6) E V*}.

Menh de sau da: diro'c chimg minh bo-i M. Linna [5]:

M~nh de. Cho otomat iJ.£y xuong M = (8, E, V, i, So, Zo). Khi iJ.6P E Loo (M, F) neu va cM neu
ton tal: s3 E 8 va Z2 E V sao cho PELs Z (L:'~ )00 nn=.

• , I (-F)

B.:J d" 4 d . ..c , A h d" A , • 'A 1" L L (LS Z ) 00 v-coo e U'O"C suy ra true tiep tu' men e tren ven viec ay = S Z s'z n L.l •
• • • • " (SF)

4. KET LU~N

Vfn de neu ra da: CO" ban diro'c giai quyet. fH neu diro'c m9t Sel tinh chat cua lap sieu ngdn
ngii' phi ngir canh va moi quan h~ cua n6 v6i. krp sieu ng6n ngir diro'c dean nh~n 'bo'i sieu otomat
d~y xudng. Tuy nhien con nhieu khia canh c6 thg tiep tuc nghien ciru nhu mdi quan h~ cua lap sieu
ngon ngir dai Sel voi otomat d~y xudng, mdi quan h~ cila lap ngfm ngir doan nhan bOi sieu otomat
diy xuong do-n dinh vai lap ng6n ngfr phi ngfr canh dan dinh.
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