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Abstract: The classification of languages based ofchttzenberger (1955), Gilbert and Moore (1959) va
unambiguous product of words and codes containsCAC tac gi khac (xem [1-6]). @n day, nghién 6u Iy
gap. Our work aims at investigations to fill up tyep. thuyét ma cé xu kréng dua vao céc §u t diéu khien,
The classes of k-unambiguous languages is considef® tri, nhip nhing dé mé rong khai ném tich, tr d6
as extensions of codes, in which a code is Kkay dmg nhing I5p m& néi. Chang han z-mé dra
unambiguous for all &0, the unambiguous product rén tichzigzagdua vao bi Anselmo [7,8],7-ma dra
can be used to define k-unambiguous languages witRN tich t6n co dieu khien [9], C-ma dra trén tich
k<2 Given a regular language X, its unambiguou8ép nfing sr dung yeu t ngir canh [10,11] va®-ma
value k can be determined by an €time complexity [12].
algorithm, where n is the finite index of the sgfita Giitadinh nghia aia ma va tich khdng gp nhing
congruence of X. The k-unambiguous languages witle& mot khaang tdng. Nghién ¢u cia ching toi & lam
is large enough, can be used in informations théng tin ¢ khaing tdng nay,ddng thoi thiét lap
encryption, and can provide us an encryption schemgying két qua mgi. Trong bai nay, ching t@ié xuat
with high enough security since their ambiguoughai niém ngén ng cé @6 khéng nidp nhing k voi
characteristics. 0< k<o, ta0 nén & phan lc toan 1 cac ngén na.
Vi k=0 la bp tit ca cac ngbn ngy, k=oo 12 16p @

. GIOITHI EU ma, k=2 lién quandén tich khéng niip nhing. Tir d6

M& cé vai trd quan ¢éng trong ly thugt va ing
dung, dac biét trong ly thuyt théng tin va rat ma hyc.
Khai niém tich khéng nhip nhing cia hai ngdn ng
dugc dé xuat boi Schiitzenberger (1955) lar v dé
xay drng khai ném ma. Cho hai ngén fgx, Y O A,
tich XY 1a khéng nlip nhing néu w = xy = X'y’ Vdi X,
X OX,y,y OYthix=x vay=y. Mot tap X la ma
néu gr phan tich rat tr w tdly y thanh tich caartthude
X la khéng np nhing. C6 nga 1a fuw = xyx, ... %,
=YY o Yo, VOI XL, Y O X thisuy ran=m x =y, i =
1,...n. bay la nbi quan k¢ giita tich khéng nép nhing
va ma. Nghién u céc tinh cit khéng ntip nhing
lién quandén sr phan tich ma 1a bai toaw an cia ly
thuyét ma. Céac tinh ch dai s6 cia ma dara trén tich
khdng nkp nhing duoc nghién @Gu sau &c boi

khai niém nay lam nin khaing tdng trong lién B
gitta ma va tich khéng Ap nhing va ta cé th s
dung nhing ngén ng khong phi la madé ma hoa
thdng tin \6i nhitng gia ti k du 16n. Lueu y ring trong
cac & mat, ma laddi tuong b tin cong. Nu ta sr
dung ngbn ng khéng phai 1a ma thi 8 nang caatugc
hiéu qua an toan cbng tin céng cho cacéhmat.

Dudi goc do dai sd, mdi ma 1a @ sv cia ot vj
nhom tr do naodo. Trong [13], cho tréc mit ngdn
ngir chinh quyX bat ky bai bo ba @, M, B), v6i ¢: A
— M la mdt déng ciu vi nhémthoa X, M & vi nhém
hitu han, B 0 M sao choX = ¢ (B), cac tac gi dd my
rong thuit toan Sardinas-Pattersdd nhan duoc mot
thuat toan héu qua ¢ tuyén tinh kém tra tinh clt ma
caa mHt ngdn n@ chinh quy thay vi & ham nii cia
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thuat toan kinhdién Sardinas-Pattersonaiy ky thuat
trong tr, ching t6idé xuat mot thuat toan ndi xac
dinh d6 khéng nfap nhing k cia mjt ngén ng chinh
quy X bit ky. Két hop phrong phéap tinh toan trénan
ciu tric di liéu dac biét, chang t6i nAn dwoc Mot
thuat toan c6do phic tap thoi gian O(n®) dé xacdinh
gia tri k voi nlach so caaX.

.M O PAU

Trudc khi gioi thieu khai ném d6 khéng nlap
nhing aia ngdn ng, chdng toi nAc lai mot sb khai
niém va ky héu duoc sr dung trong bai bao, chidi
xem trong [2, 3]. Ch&\ la mdt bang hiru han cac cli
cai. A" 1a vi nhom tr do aia #t ca cac fr hiru han sinh
boi A. Tir rong duoc ky hidu la s va A" = A - {&}.
Mot ngdn ngk trénA 1a mbt tap con Ga A’

ChoX O A, ta néiX thoa bsi dong ciu vi nhém
$: A - M néu ton tai B O M sao choX = ¢(B).
Trong turong hoyp nay, ta @ng noi X cho i mot bo
ba (@, M, B) khi ¢, M, B xacdinh. Néu X 1a ngén ng
chinh quy, ta ludn e dugc vi nhom cd phapy hitu
han vadong ciu vi nhomgy: A" - My thoa X. Ta @i
k= CardMy) la chi s3 ciia twong dang cl phapcaa X
hay ngin gon, k l1achi s6 cia X.

Sauday chdng tdidinh nghia khai ngm k-khéng
nhap nhing, k-nhap nhing vadé khéng nlp nhing
cua ngbn ng.

Pinh nghia 2.1.Cho X0 A" va mbt s5 t nhiénk=0.
Khi do,

(i) Tdp X duwoc i 1a k-khdng nip nhing néu X thsa
man diéu kién: véi moi s6 nguyénm=1 va \6i moi
phan i Xy, X, ..., X Y1, Y2, -, Ym thugC X, néu co %,
e Xk = VYo . Ymthi suy rak =mvax =y, vai i=1,...k.

Ngueoc lgi néu X khéng tha mandiéu kién trén,thi X
diroc i 1a k-nhgp nhing.

(i) Néu ton tgi s6 k lon nhit sao cho X 1a k-khéng
nhip nhing thik duoc gi la d6 khéng nidp nhing
cia X. Truong hop ngeoc lai, véi k=0 bdt kp, X 1 k-
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khéng nkip nhing, thi X duwec gi 1a c6 dj khong
nhdp nhing vo han.

Chu y: Biéu kién X 1a k-nhap nhing trongdinh
ngHa trén trong duong diéu kién ton tai tr w 0 A" ma
W = XXo .. X = ViY2 ... Y VOI Xq Z V1.

Néu X c6d6 khoéng nfap nhing 1ak=0 hiru han thi
X 1a I-khéng nfip nhing wi moi O<l< k va X la
(k+1)-nhap nhing. R& rangX la k-khéng ntp nhing
Vi moi k=0 khi va cti khi X 1a ma. Quywdc, it ca
cac ngoén ngy la 0-khdng nkp nhing.

Vi dy 2.1.ChoA = {c, ay, ay, a3, by, b}, X = {c,
cay, by, biay, &by, bras, ast. Ta ¢ th kiém tra king
dinh ngha X 1a k-khéng nhp nhing Wi moi 0<k<2
nhung X 1& 3nhap nhing vi Hn tai tur

w = (cay)(biaz)(b233) = (€)(auby)(azb2)(as)-

Vidy 2.2.Chok=>1 1a mbt s tu nhién tly y. Xem
xét king chir A = {c, ay, by, ..., a, b} va X ={c, ca,
by, bia,, ..., bia, adk, bd. RO rang, X la k-khéng
nhap nhing vaX la (k+1)-nhap nhang.

Phan hic ngébn ng theo tinh cht khéng nkip
nhang: Ta ky hiu £, 1a l6p ngénngir k-khdng nkp
nhang. Khido £, 1a 16p tit ca cac ngdn n, L 1a lop
wma, vaLcoge la l16p ma.

Vi X O A" lak-khéng niap nhing Wi moi k=0 khi
va ch khi X 1a ma. Dod6 réu X OLcoge thi X OL; véi
moi i=0. Ta cé:CcOdez_mO;Bi.

Tu Vi du 2.2, ta nin dugc phén KAc toan 1§ céac
ngoén ng:

Lo G Lcooges v FLk1E LG ... SL1E Lo

lIl. THU AT TOAN XAC PINH PQ KHONG NH AP
NHANG CUA NGON NGU CHINH QUY

ChoX, YOA'". Thirong tréi vathirong phii caa X
baoi Y dugc dinh nghia nhr sau:

YIX = {wOA | OyOY,ywd X},
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XY? = {wOA | OyOY,wyOX}.

Ky hiéu u™X, Xu™ duoc ar dung khi éip Y = {u}
chi c6 mbt phan ti.

Cho X O A", dwa vaodinh ngha k-khéng nlp
nhing, trong th tuc sauday ta tinh toan céc tong
trai dé tim haiX-phan tich khac nhawa mbt xauw
bit ky thusc A. Ta xem xét hai day caépt U, V..,
dugc dinh nghadé quy nhr sau:

Uo= (X")"X~{e},

Vi=Ug™X O (XX -{&)),
) (3.1)
U = (ViX)™X,

Vi U7X O XV OV, i1

Tinhdlngdan aia thi tuc dua trén cac & qua sau
day.
Bb dé 3.1.Cho X0 A" va cho day céacip U, Vi,
(i=1) duoc dinh ngha theo céng tic (3.1). Néu co
k>1 sao cho ZJ Vi, va zO V; Véi moi i<k thi tén tai
m>1 va cac pln tr Xy, %, ..., % Y1, Yar -..» Yo thugc X
Sa0 Cho Y& ... %Z = V1Yo ... Yn VI X1 Z V1.
Chitng minh. Ta ching minh quy ap theok diéu
khing dinh trén.
+Voik=1,ghsrzOV,=Ug'X O XX - {&)).
Khi ¢6 z0 Uy X (treong hop 1) haicz O XX — {&}
(truong hop 2).

- Truong hop 1:z 0 Ug*X. Ta céu, 0 Ug vax O X
sao chaupz = x. Tir Up 0 U=(X" )X — {&}, ta c6
XXk O X*, =1, y; 0 X sao choxyXe: XU =
yi. Vi Upe ta suy rax # yi. Khi @0 X:%o - - U = Y1
V6i X, 2 yi. Nhan ghép haid/cia béu thic trén
véi z va thayuez boi x ta nHin dugc

XpXor - X = V1Z VG Xq # V1.

- Truong hpp 2: 20 XX — {&}. Ta cOx,y; O X sao
chox,z=y; Véi x; # ys.

Vay diéu khingdinh ding Wi k = 1.
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+ Gia sir diéu khing dinh ding Wi k =1, ta ching
minh n6 éingddng Wi k+1.
Gia st 20 Vier = UTX O XV O Vievaz OV,
v6i moi i <k. Khi d6 z 0 UJ*X (truong hyp 1) hdic z
O X7V, (truong hop 2).
- Truong hop 1:z0 U X. Ta cou O U vay O X
sao chauz = y. Véi u, 0 U= (ViX)™X, ton tai v
O Vi Y1iY'2 ... Yp O X, p20, %1 O X sao cho
Y1Y'2 . Yl = Xie1. Mit khac, tr diéu kién v, O
Vi, theo gi thiét quy rap ta co:
X1X2 oo Xk = YaY2 ... Y VOI X1 Z V1.
Nhan ghép hai& caa biéu thrc trén i y'1y's ...
Y pUZ Va thayy'1y's ... y' Uk boi %1, 36Ng thyi thay uz
bai y, ta ntin duoc:
XiXo oo XXcr1Z = ViY2 o Yy 1Y 2 - Y'Y,
Véi X1 # V1.
- Truong hop 2:z2 0 X7V, Ta cOXuq O X vav O

Vi sao cho4u1Z = Vi Tr v O V4, theo gi thiét quy
nap ta cé

X1Xo oo XNk = YaY2 ... Y VOI X Z V.
Thay v boi X1z, ta ¢ B thirc XX, ... %+1Z = V1Yo
vee Yin VOI X Z V1.
Vay diéu khingdinh dding \6i moi k>1.

Bb dé 3.2.Cho X0 A" va cho day céacip U, Vi,
(i=1) duoc dinh ngha theo cong thc (3.1). Néu c6 m,
N=1, X, X ooy % Y1 Yoo 0o O X vaz O A tuy y sao
ChO %X ... %Z = Wi¥2 ... Y VOi X1 Z Y1 VA |ZK|Yn| thi z
O V.

Chitng minh. Ta chrng minh quy ap theon diéu
khing dinh trén.

+V6in=1, gk sir c6
X1Z = Y1Ys ... Yin VOI Xg Z Y1 VA |ZI<|Yr-

Tu |z[<|ym| ta cOym = uz vei u 0 A*. Khi d6 ta co
quan I8 X; = ya1¥o ... Ymal VEi X £ Y. Tu d6 suy rau =
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(VY2 - Ynd) a0 (X7) "X { &)= Up. Ta coz= Uy
Uo™'X € Vi Vay diéu khing dinh dlng Wi truong
hop n=1.

+ Gia s diéu khing dinh dung Wi n>1, ta ching
minh nd @ing ding Wi n+1. G& Sr COXiXo ... %412 =
VYo ... Y VOI X Z Y1 VA |Z|<|Ym|. SO santi6 dai aia tir
Xn+1Z VA 1 Yy, ta phén [t ba teong hop :

- Truong hop 1: Kn+12Z|<lm|. Theo gi thiét quy rap,
Xn+1Z O Vh. Khi @6 V6i X,+12 0 V, ta suy raz =
Xns1 T (ns12) O X7V, O Ve, Vi vay 20 Viar.

- Truong hop 2:X,+1Z =Yym Theo gi thiét quy rap
&V, Khi d0 £ %q11=%0+10(VX) X = U, ta
SUY raz = X1 Ym0 Up "X 0 Via.

- Truong hop 3: Kn+1Z>Yml. TN tai s21,7 O A,
IZI<lys|, ud A" sao chO&u:1 = Z'Yss1Yss2 ...
yn=uz.Piéu nay cé ngta laZ O V,. Ta céu =
(ZYs11Yss2 oo Y1) KXne1 O (VX ) X= U,. Khi d6
z=u'y, OU, X O Visa.

V1l Va

Vay diéu khing dinh dang Wi moi n 1.

Trong dinh ly sauday, ta thét 1ap mot diéu kién
cin vada dé mot ngdbn ng chinh quy Bt ky c6 do
khéng nlip nhing hiu han. Binh ly nayduoc suy tuc
tiép tir hai kb dé trén.

Pinh ly 3.1.Cho X A" la mst ngbn ng chinh quy
va cho day caaip U, V.1 (i21) duroc dinh ngh‘e} theo
cbng thrc (3.1). Kh[d‘é X qéd‘é khbéng nldp nhing la
k-1 khi va ch khi tn tai so nguyén k1 sao chog 0

Vivae V; voi moi i <Kk.

Déi véi mot ngdbn ndg X thude I6p ngdn ng chinh
quy, $ cac dayJ;, V.4 (i=1) trong tng Wi X la hiu
han. Dodé Pinh ly 3.1 cung dp cho ta mt thuit toan
xacdinh do khdng nlp nhing aia X.

Tu Binh ly 3.1 va cacddé trén, ta suy ra cac tinh

chit twong duong sawtay:
(i) X khong 1a mA.
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(i) Ton tgi i=1 sao chae OV,.
(iii) Ton tai k =1 sao cho X la k-nfp nhing.

Nhan xét 3.1.Cha y eing cac bp ngbn ng k- -khdng
nhap nhzng hru hgn mic du khéng la méa nimg wn
cO thé s dung duwoc dé ma hoa thong tin.

Vi du 3.1.ChoA = {c, &, &, a3, by, by}, X ={c,
cay, aiby, biay, &by, bhag, agt. Ta coOUp = {ay}, Vi =
{ay, ba}, U = {by, a3}, V2 ={ay, by, @y, by}, Uz = {by,
&, by, ast, Va = {ay, by, @, by, &. Vi e0 Vavae DV,
Vv6i moi i < 2, theoBinh ly 3.1,d6 khong nlap nhing
ciaXla 2.

Gia sir c6 thdngdiép w = caybasb,as. Néu ta ma
hoa théngliép w thanh caadoan ma @m khoéng quéa 2
tir cia X thi phép gii madam bio tinh duy nht. Vi du
w dugc ma thanh haioan maw; vaw,: w; = (c)(a;by)
va w = (azhy)(ag). Khi d6 phép gii ma cho Kt qua
duy nhit:

W =WyW, = (C)(asby)(azb2)(as).

Nguoc lai, phép gii ma 1a np nhing. Vi di w
dugc ma thanh @t doan ma c6do dai 3 w, =
(cay)(biay)(b.as). Khi d6, phép gii ma cho hai kh
nang: w = (C)(abi)(abr)(as) hac w =
(cay)(b1az)(b2as).

Nhan xét 3.2.Trong thec tién, c6 ngdn ng X thuic
|6p ngdbn ng k-khéng nkp nhing nheng X chi cé mt
so it ddy nkip nhing. Ching hun, trong Vi @ 2.2, X
chi c6 mpt day nhip nhing 1a caab;b,a, ... baaby.
Vi Wiy, dé nang cao tinh o mit cho cac & do ing
dung, ta pli xay dmg duoc X €0 nhéu day nlkip
nhing. B dé sauday cho phép ta timuoc X la k-
khong nkip nhing c6 it nlat m day nidp nhing, Wi
m=1.

B6 dé 3.3.Cho m=1, k 20 va X (i
ngdn ng k-khdng nkp nhing, X

=1,.. m) la cac
—{c ca\, aib,

b'a, ..., Biady, aibl, by} sao choﬂ X'= @. Khi

i=1

@6 ngon ng X = | | X' lak-khong nidp nhing.

i=1
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Chizng minh.Gia sir X 1a k-nhap nhing. Khido tn tai
dayXiXo ... X% = Y1V2 oo Yoy M2L, X1, Xop oey X Y1y Yoo vom
ym O X, VGi X, # y1. Khong nit tinh Hng quat, gi st
IX1|<lya|, khid6 tn tai u O A" sao chaqu = y;. Theo
cach xaaiinh cacX' thi ch c6 nt kha ningx;, = ¢ va
y.=cay, véi ¢, cay 0 X' ndodo. Tuong ty, ta phii co
%, i O X, j=1,..k | =1,...m. Tir d6 suy raX' 1a k-
nhap nhing, trai Wi gia thiét X 1a k-khéng nhp
nhing. Vay X lak-khéng nlap nhing.

IV. PO PHUC TAP CUA THUAT TOAN XAC
PINH PO KHONG NHAP NHANG CUA NGON
NGU CHINH QUY

Trong phn nay, Wi dau vao la ngdn nig chinh
quy X biéu dién boi dong ciu dai sb, ta xay dng Mot
thuat toan c6dd phac tap thoi gian O(n®) dé xacdinh
d6 khong nlap nhing aia X. Cho tiréc X béi bo ba ¢,
M, B), B dé 4.1 va B dé 4.2 sautay cho phép ching
ta xacdinh d6 khéng nip nhing aia X nhy thuc hién
tinh todn trén vnhom hru han thoa X thay vi tinh toan
truc tiép trénX.

B dé 4.1.Cho X,YO A" 1a cac ngdn ng chinh quy, P
l& mgt vi nhém u hgn va h A"~ P A mpt toan @u
vi nhém. Nu X va Y tha ki h thi (X*)™Y théa ki h.
Chirng minh.Gia st X vaY thoa hoi h, theodinh ngha
c6K, L O P sao choX = h(K), Y=h*(L). Bat h(X") =
T, ta c6K* = T. Bing dinh ngha ta c6 th kiém tra
(XY = h{(T7L).

Xét toan du h: A" — P thoa X vaY = {&}, trong
d6 P & vi nhém Hiu han. X = h(K), Y = (L), L =
{1p}, T=K*, S=K" wi K, L O P. Ta xem xét day
cac 8p Q;, R+1 dugc dinh nghadé quy nhr sau:

Q=TK-L,

Ri=Qo'K O (K™K -L),
Q=RY7K,
R41=Q'KOK'ROR,izl.

Ta c6 the kiém tra tire tiép bing dinh ngha kb dé
sauday.

(4.1)
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Bd dé 4.2.Cho XO A* 1a mjt ngdbn ng chinh quy va
cho day cacdp U, Vi1 (i21) duoc dinh ngha theo
cong thic (3.1). Pat U;= h{(Q) vaV, = h'i(R), véi Q
va R.; duoc dinh ngha theo cong tic (4.1). Khi @6
véi‘m,oi k=1, € O V, khi va cli khi 1,0R,, voi 1p la
phan ti don vi cua vi nhém P.

Tur d6 ta thét 1ap duoc thuat toan nhr sau:
Thuat todn xac dinh @9 khoéng nhap nhing cia
ngoén ngir chinh quy
Di liéu vaa Ngon ngt chinh quyX O A" cho i mot
bo ba @, M, B), voi ¢: A —~ M la mdt ddng diu vi
nhémthoéa X, M la vi nhom hiu han, BO M, X = ¢~
1
(B).
Di liéu ra: k1a do khdng nlap nhing aia X.
Buwéc 1. Tir bo ba ¢, M, B), ta xay ang toan &u vi
nhomh: A" — POM xZ,, Véi Z,= {0, 1} la vi nhém
vai phép nhan, e X va {¢} dinh ngha boi: Oa O A,
h(a) = (p(a), 0), I = h(¢) = (1w, 1). Pat K = h(A) O
1p ={(h(a), 0) |ad A} O 1p. Tinh K = P.
Buéc 2. TinhK =P n Bx Z={(bm O P|b0OB},
ta coh*(K) = X, va L= {(1y, 1)}, ta coh™(L) = {&}.
Buéc 3.TinhT=K*, S=K".
Buéc 4. TiNnhQo =T K -L, R =Qy'K O (KK -
L) vadat n=2.
If Qo= ThenReturnk = .
Bwéc 5 (Lap).

TinhQn = (R K, Ry = Q "KOK "ROR,.
If 1,0R, ThenReturnk =n-1.

If R, =R,.; ThenReturnk = oo

Elsedit n = n+1, va quay & Budc 5.

Chi ti ét @ phirc tap cia thuat toan:

Biéu dién chi tiét thuat toan ting cu trac dr liéu,
khoi dau, ta xay @ng mbt tip cac node, Bi nodez
bao @m {z.left z.right z.father, z.brother, z.flag
z.flag, z.flag, z.flag, z.flag} sao cho i cac pln tir
X, y bt ky thusc M, néu z=xy, thi tadit z.left = x
z.right = y, x.father = y.father 5zy.brother = x Qua
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trinh nayduoc thyc hién trong thi gian O(n®) véi n =
Card).

D¢ thyc hién Bude 1, ta & dung hai stack ky ku
1an luot 1a stackl vastack. O bugc con thir nhit, voi
mdi phan tir z thwe K, tadit z.flag =n+1 vadiy z
vao stackl. Vi mdi phan tir z thuoe M - K, ta dit
z.flag = n+2 vaday z vaostack. O busc con K tiép,
v6i moi z thudc stack thva diéu kién z.left.flag =
z.right.flag = n+1, tadit z.flag = n+1 va diy z vao
stackl. Qua trinh nay&dirng sau éi dan budc con va
khi d6 stackl chra cac phn tir cia P. Bugc 1.¢6 the
hoan thén trong thi gian O(n?).

Trong Bréc 2, Wi mdi phan tir z cia stackL, réu z
thuoc K, thi tadat z.flag=0. Cong vc naydoi hoi
thoi gian tuyén tinh theo & caa P, tc [AO(n).

Dé thuc hién Buéc 3, king phrong phap wong tr
Bugc 1, Wi K ndm trongstackl va dungstack nhr

bo nhé tam, ta ntn dugc T=K* vaS=K". Ta cé:ze T
& z.flag=0 vaze S < z.flag=0, Wi z1a phin tir cua
stackL. Bugc 3 c6do phic tap thoi gian 120(n?).

Pé thyc hién Budc 4, trénstackl, ta tinhQ, bsi diédu
kién: zeQy < z.flag=0 < (z =1, vaz.father.flag=0
va z.brother.flag=0) va ta tintR; boi diéu kién: zeR

< zflag=l < ((z #1r va z.father.flag=0 va
z.brother.flag=0) haic (z.father.flag=0 va

z.brother.flag=0)) wi z la phin tir cia stackl. Bugc
naycé thé hoan thén trong thyi gian O(n).

Trong Brdc 5, ta thec hién mot vong Bp dé tinh
day cacap Q,, Ri:1, N>1 Vi cac gia tr khoi dau K, S,
Qo R ndm trongstacKL. O budc con thir i>1, Wi moi
phan tr z thusc P, ta c6: zeQ < zflag=i <
z.fatherflag= 0 va =z.brother.left.flag=1 va
z.brother.right.flag=0. Sau khi tinhQ, ta tinh tép
Ri1. Ta c6:zeR., & z.flag=i+l < z.flag>1 haic

(z.brother.flag= i va =z.father.flag= 0) hdaic
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(z.brother.flag= 0 vaz.father.flag>1). Qué trinh nay
s& dirng sau i da n budc con. Ta co: gER, <

1p.flags>1. Tat ca cdng véc nay co th hoan thén
trong thoi gian O(n?).

Vay, thoi gian thrc hién cia toan 6 5 bedec aia
thuat toan 1a0(n?).

Luu y ring do phic tap O(n’) cia thuit toan trén
day ding c6 tlt nhin duoc nhy pheong phap trong
[14]. Khi d6 thay vi & dung ky thuat stack, ta & ap
dung mt b ky thuat tréndd thi hitu han (chi tét xem
trong [14]).

Tir d6, ta co Kt qua sau:

Ménh dé 4.1.Cho XO A" Ia mgt ngdn ng chinh quy
chi 6 n. Ton tai mét thugt toan cods phirc tap thoi
gian O(n?) xacdinh dg khéng nldp nhing aia X.

V. KET LUAN

Trong bai bdo, chang toi @i thiéu khai ngm k-
khéng np nhing, k-nhap nhing Wi k [a mit s tu
nhién vado khéng nip nhing aia ngén ng. Nhing
khai ném nay lam nn khaing téng trong lién B
gitta ma va tich khéng @p nhing. Mot phan Hc
ngbn ngr theo tinh cht khéng nkp nhing da dugc
thiét lap va ta co th sr dung cac ép ngdn ng k-
khdng nkp nhing dé ma hoa théng tingi gia tri k du
lon. Tir d6 cho thy dic trung do khéng nlap nhing cé
vai tro tng dung trong ma hoéa va & nghién ¢u
nhitng dic trung ndy @a ngdn ng 1a cin thiét. Thuat
toan s dung ky thuit tinh toan trén vnhém béu dién
ngdén ndr co do phic tap o da thrc dugc xay drng
cho trong hyp ngdn ng chinh quy va B dé 3.3 cho
phép ching tadé xuat nhirng s d6 ting ding ax the.

LOI CAM ON

Nhém tac gi tran tong cim on cac pln bién da
xem xét K vadéng gop y kin quy bau gidp cho éh
lwgng trinh bay ¢a bai baatugc nang cao.
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