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XAC DINH DO KHONG NHAP NHANG CUA NGON NGU
CHiINH QUY THEO OTOMAT
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L Truong Dai hoc Su pham K§ thuat Nam Dinh
2 Truong Pai hoc Su pham Ky thuat Hung Yen
3 Truong Pai hoc Bach khoa Ha Noi

Té6m t&t. Trong bai bao nay, ching toi giéi thieu v nghién ctu vé do khong nhap nhiing ctia ngon
ngit, mot khéi niém méi lam min khodng tréng gitta khéi niém ma va tich khong nhap nhing. V6i
nhiing ngon ngit khong phai 14 ma nhung ¢6 do khong nhap nhing hitu han d 16n, ta c6 thé st dung
dé ma hoa thong tin bi mat ... Ching t6i dé xuét gidi thuat tinh do khong nhap nhing ctia ngon ngit
chinh quy, v6i do phic tap thoi gian O(n?) cho truong hop téng quat xét tren cac otomat da dinh,
O(n?logn) véi truong hop riéng cho cac otomat don dinh, & d6 n 1a s6 trang thai ciia otomat hitu
han doan nhan nhing ngdn ngt nay.

Abstract. In this paper, we introduce and study on unambiguous degree of languages, a new concept
which fills the gap between code and unambiguity product notions. We can use some languages which
are not codes but having finite unambiguous degree large enough for encrypting secret information...
We propose algorithms to determine unambiguous degree of regular languages with time complexity
O(n?) for the general case of non-deterministic automata, O(n?logn) for the case of deterministic
automata, where n is the number of states of finite automata recognizing these languages.

1. MO DAU

Khai niém tich khong nhap nhang clia hai ngdn ngit duge dé xuat béi Schiitzenberger
(1955) c6 lien quan chit ché véi khéi niem ma. Céac tinh chat dai s6 ciia mad dya trén tich
khong nhap nhang dugc nghién cttu sau sidc béi Schiitzenberger (1955), Gilbert and Moore
(1959) va cic tac gia khac (xem |1, 3, 5, 6, 7, 8]). Gan day, nghien citu Iy thuyét ma c6 xu
huéng st dung cac yéu td diéu khién, da tri, nhap nhing dé mé rong khai niém tich, tit dé
xay dyng nhitng 16p ma méi, chang han nhu Z-ma dya trén tich zigzag [9, 10], T-ma duya trén
tich tron ¢6 diéu khién [11], C-ma dya trén tich nhap nhing st dung yéu t6 ngit canh [13,
14] va ©O-ma [15]. Gitta khai nieém ma va tich khong nhap nhéng c¢6 mot khoang trong, dya
vao khéi niém do khong nhap nhing ciia ngon ngit do chiing to6i dé xuat thi ma c6 do khong
nhap nhing k = oo, cic ngon ngit c6 do khong nhap nhing k dude trai rong tit 0 dén oco. Tt
d6, nhan duge mot phan bac chat trén 16p toan bo cac ngon ngit. Véi k = 0 1a 16p tat ca cac
ngon ngit, k = oo 1a 16p ma, k = 2 liéen quan dén tich khong nhap nhang. D& c6 nhitng nghién
cttu vé tinh khong nhap nhing ctia déi tugng biéu dién ngdon ngit nhu: vin pham nhap nhing,
khong nhap nhing; otomat nhap nhing, khong nhap nhing,... O day ching toi nghien ciu vé
do khong nhap nhang clia ngon ngit, mot khai niém mdi ¢6 lien quan chit ché véi ma. Vé mit
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tng dung, ta c6 thé sit dung nhitng ngon ngit c6 do khong nhap nhing di 16n, khong nhat
thiét 13 ma dé ma hoa thong tin mat. D6i phuong tan cong vao cac hé ma khong 14 mi sé
phiic tap hon, chi phi cao hon tan cong vao cdc hé ma la ma. Do d6, xay dyng giai thuat xac
dinh do khong nhap nhidng ctia ngon ngit chinh quy duge doan nhan bdi otomat c6 ¥ nghia
quan trong trong ly thuyét va ting dung.

Bai béo dua ra khéi niém do khong nhap nhang ctia ngon ngit, giai thuat xac dinh do khong
nhap nhing ctia ngon ngit chinh quy duge doan nhan béi 6tomat hitu han. Giai thuat nay c6
do phitc tap thoi gian O(n*) cho trudng hgp xét trén cic otomat da dinh tiy ¥, O(nlogn)
v6i truong hop cac otomat don dinh, & dé n 14 s6 trang thai ctia 6tomat hitu han. C6 thé ding
k§ thuat tuong tu [16] cho phép xay dyng giai thuat ¢ da thic theo chi s6 tuong dang ct
phap clia ngon ngit chinh quy. Néu ap dung ki thuat ndy vdi ngon ngit chinh quy dude cho
bdi 6tomat (néi chung 1a da dinh) thi can tinh twong dang tit 6tomat da dinh véi do phiic tap
thai gian 1& ham m.

Tiép theo, Muc 2 sé trinh bay mot s6 khai niém ngon ngit, ma, do khong nhap nhang cta
ngon ngit, otomat va do thi. Muc 3 trinh bay cic giadi thuat md rong otomat. Muc 4 dé xuat
phuong phap xac dinh do khong nhap nhang clia ngdon ngit chinh quy va cudi cuing 14 phan
két luan cta bai bao.

2. MOT SO KHAI NIEM

Cho béang chit cai hitu han ¥, day w = ajag...an, a; € ¥, 7 =1,..,n goi la mdt tt hay mot
xau trén X, s6 ky tu ¢6 trong xau w goi la do dai xau va ky higu la |w|, xau ¢6 do dai bang
0 goi la xau rong va ky hiéu 1a e, tap cdc xau trén X ky hiéu la ¥*. Tap X C ¥* goi la ngon
ngit trén . Cho hai ngon ngit X, Y C ¥* tich ghép hai ngén ngit X va Y ky hiéu 1a XY
duge xac dinh nhu sau: XY = {w € ¥* |w = uv,u € X,v € Y}. Ky hieu X° = {¢}, X! = X

oo
Xm=X"1X véin>1vaXt= )X, X*=X°UXT. V& cossxin xem thém tai licu

=1
[1].

Dinh nghia 2.1. Cho bang chit cai X, tap X C X* dugc goi 1a ma néu véi moi m,n > 1 va
v6i moi x1,...,%n, Y1, ..., Ym € X, néu co
T1...Tp = Y1...Yym thisuyra m=n va x;=1y;, véii=1,..n.
N6i cach khac, tap X 14 ma néu moi xau trong X chi ¢c6 mot phan tich duy nhéit thanh
cac xau trong X. Vi . = ¢ nén moi tap ma déu khong chiia xau réng.

Dinh nghia 2.2. Cho X C X* v& s6 ty nhién & > 0, khi do:
i) Tap X dugdc goi 1a k-khong nhap nhing néu véi moi s6 nguyén m > 1 va véi moi
X1y s Thy Y1y -y Ym € X, néU 6
T1...Tp = Y1...Ym thisuyra k=m va x;=vy;, véii=1,..k

Nguge lai (t0n tai tdt w € X*, w = 21..7% = y1...Ym M k # m hodc x1 # yp) thi tap X
duge goi 14 k-nhdp nhdng. Quy uéc moi tap X déu 1a 0-khong nhap nhing.

i1) Néu ¢6 s6 k hitu han 16n nhét sao cho X 1a k-khong nhap nhing thi k& dugce goi 1a do
khong nhap nhang cta X, khi d6 ta goi k + 1 14 dé nhdp nhdng cla X.
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i71) Néu X 1a k-khong nhap nhiing véi moi k thi ta néi ring X c¢6 do khong nhap nhing
oo va X khong c¢6 do nhap nhing.

Vidy 2.1. Cho ¥ = {a,b,c,d,e, f}, X = {g,a,ab,be,ec,cf, fd,d}, ta thiy X c6 do khong
nhap nhing 1a 0, X 13 1- nhap nhing vi ton tai w = ¢ = ec.

Vi dy 2.2. Cho ¥ = {a,b}, X = {a, ab,b}, ta thiy X c6 do khong nhap nhing 13 0, X 1a 1-
nhap nhing vi ton tai w = (ab) = (a)(b) ma ab # a.

Vi du 2.3. Cho ¥ = {a,b,c,d,e, f}, X = {a,ab, be, ec,cf, fd,d}, ta c6 thé d& dang kiém tra
béng dinh nghia X c¢6 do khong nhap nhing 1a 2, nhung X 14 3-nhap nhing vi ton tai tir w
— (ab)(ec) (fd) = (a)(be)(cf)(d) md ab £ a.

Vi dy 2.4. Cho k > 114 mot s6 tu nhién tuy ¥, ta xét bang chit ¥ = {c,a1,b1,...,ax, by}
va X = {c,cay,aiby,bras, ..., by_1ay, apby, by }. D& thay, X 1a k-khong nhap nhing va X la
(k + 1)-nhap nhang.
Nhan xét 2.1. Cho X C X*, khi d6 ta c6 cAc tinh chit hién nhién:
(1) Néu X Ia k-khong nhap nhang thi X 1a (k — 1)- khong nhap nhéng véi k > 1.
(71) Néu X Ia k-nhap nhing thi X 14 (k + 1)- nhap nhing vé6i k > 1.
(71) Néu ¢ € X hozic X 1a 1-nhap nhang thi X luon c¢6 do khong nhap nhing 0, do nhap
nhang 1.
(17v) Néu X c6 do nhap nhing k thi & 1a s6 nhé nhat sao cho X la k-nhap nhéng va ngugc
lai.

(v) Néu X c6 do khong nhap nhang vo han thi X la ma.

Phan bac ngén ngit theo khai niém khéng nhap nhing: Ta ky hi¢u £, 16p ngon ngit
o

14 k-khong nhap nhang, Lo 1& 16p tat ca cic ngon ngit, Loo = () £; 12 16p ma. T Vi du 2.2,
=0

1=

2.4 va Nhan xét 2.1, ta nhan dugc mot phan bac chit:
Lo S ... C Ly C Ly C Lo

Duéi day ta nhic lai mot s6 khai niem vé 6tomat va do thi c6 huéng duge dung trong cac
phan sau:

Otomat hitu han 1a mot bo 5 A = (Q, %, E, I, F), vé6i Q 1a tap hitu han céc trang thai, ¥
1a bang chit cai hitu han, £ C @Q x ¥ x @ la tap httu han cac cung (khong chita cung rong),
I C Q 1a tap cac trang thai dau, F' C Q 1a tap céac trang thai két thic.

Cho cung e = (q1,a,q2) € E, ta néi rang e rdi q; dén qo, ¢ 1a trang théi truée cta e ky
hiéu ple], g2 1a trang thai sau ctia e ky hiéu nle], a 1a nhan cia e ky hiéu [[e]. Cho ¢ € Q, ta
ky hieéu Elg| 1a tap céc cung rdi q.

Otomat hitu han A dugc goi 1a don dinh néu A c¢6 duy nhat mot trang thai dau va véi
mdi trang thai ¢ € Q, v6i méi a € ¥ ¢6 nhiéu nhat mot cung roi ¢ véi nhan a.

Cho m = ey...e;, € E, v6i e1 = (po, a1,p1), €2 = (P1,a2,p2), ..., €k = (Pk—1, ak, px) dugc
goi 1a duong di tit pg dén py. Duong di m goi 1a di qua trang thai ¢ néu ¢ la trang théi trudc
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ho#c trang thai sau cia mot cung thude . Mot duong di thanh cong trong 6tomat A 1& mot
duong di tit trang thai dau dén trang thai két thic. Tt w = ajas...a; goi 14 nhan clia dudng
di w. Tap hgp nhén cta cac duong di thanh cong trong otomat A ky hiéu la £(A) va goi 1a
ngon ngit doan nhan béi A.

D06 thi ¢6 huéng G 1a mot cap G = (V, E), V 1a tap cac dinh, F 1a tap cic cap c6 thit ty
gom hai phan tt cia V goi 1a cdc cung. Néu e = (u,v) la cung cta do thi ¢6 huéng G thi ta
n6i dinh v ké u, ki hieu Newt(u) = {v € V| (u,v) € E}. Néu V, E la hitu han thi ta goi G la
do thi hitu han ¢6 huéng.

Duong di tir dinh « dén dinh v trén d6 thi c6 huéng G 1a day dinh xg,. .., z,, véi u = g,
V=X, (i, x41) €EE,1=0,..,n—1.

3. MOT SO GIAI THUAT MO RONG OTOMAT

Muc nay ta sé xét mot s6 k§ thuat md rong otomat dé xay dung 6tomat ludng cuc, 6tomat
tich tit 6tomat hitu han cho trude. Céc 6tomat md rong nay duge diing dé thiét ké gidi thuat
xac dinh do khong nhap nhing ctia ngdon ngit chinh quy ¢ phan sau.

3.1. Otoémat ludng cuc

Otomat hitu han A (da dinh) duge goi 1 6tomat ludng cue néu A c6 mot trang thai dau,
mot trang thai két thac, khong ¢6 cung dén trang thai dau va khong c6 cung rdi trang théi
két thuc.

Cho otomat hitu han A = (Q, X%, E, I, F) doan nhan ngon ngit X = L(A) C 7T, ta xay
dyng otomat ludng cuc A’ = (Q', X, E', I', F') ciing doan nhan X nhu sau:

(1) @ =QU{s fls, fEQvas#f,I'={s}, F"={f}

(1) E' = E1U{(s,a,q)|(p,a,q) € E1,p € I}, véi By = EU{(p,a, f)|(p,a,q) € E,q € F}.

Dé don gian, ky hieu A’ = (Q', %, E', s, f) va goi s 1a cuc vao (trang thai khéi dau), f
14 cye ra (trang thai két thiac). Ham biéu dién gidi thuat xay dung o6tomat ludng cyc A’ tit
otomat httu han A duge ky hieu la D(A), giai thuat c6 do phic tap thoi gian O(|Q| + | E)).

Cho otomat ludng cuc A dodn nhan ngon ngit X = £(A) C BT, ta xay dung 6tomat md
rong A’ doan nhan X+ (tic 1a X+ = L£(A’)) bing cach bd sung mot cung réng di tit cyc ra
t6i cue vao cua A. Giadi thuat xay dung 6tomat mé rong duge thyc hién béi mot ham ky higu
la Ex(A).

Nhan xét 3.1. Cho otomat A = (Q, %, E, I, F), ¢ = |¥| coi 1a hing 86, n = |Q|, m = |E|.
(1) Néu A" = D(A) thi L(A) = L(A").

(11) Néu A la don dinh thi véi mdi dinh p € Q ¢6 t61 da ¢ cung ra, suy ra s6 cung toi da
cua A 1a m = nc. Vay, giai thuat xay dyng otomat ludng cuc ¢ do phic tap thoi gian
la O(|Ql).

(1117) Néu A la don dinh thi: s6 trang thai cia D(A) va Ex(D(A)) khong qua n + 2, do d6
c6 ¢d O(n); s6 cung ctia D(A) khong qua 2m + 2¢ = 2nc + 2¢, Ex(D(A)) khong qui
2nc+2c+ 1, do d6 cung ¢ O(n).
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3.2. Otomat tich

Phép lay tich otomat (xem [2, 4]) dugc st dung trong nhiéu tng dung dé tao ra otomat
phtic hgp tit nhitng 6tomat don gian. Cho hai 6tomat ludng cuc hodac md rong nhu da xét &
trén: A = (Ql, X, B, 81, fl) va Ay = (Qg, 3, Es, 59, fg) Otomat tich ciia A;j va Ay duge ky
hiéu 1a Prod(A;, A2) = (Q, %, E, (s1,52), (f1, f2)), 6 46 Q C Q1 X Q2, E dugc xac dinh theo
quy tic sau:

q1,a,p1 GElaVQQvaaPQ EEQ,CLGE = ((Q1aq2)aaa (p17p2)>€E

qi,€,p1) € B,V €FEyacy = ((q1,9) ¢ (p1,2) € E.

( ) (

(q1,6,p1) € E1, Y(q2,€,p2) € B2 = ((q1,92)¢, (p1,p2)) € E.
( ) (q2,a,p2

( ) (

)
)
)
)

q1,a,p1) € E1, V(q2,6,p2) € Er, a € = ((q1,92),¢,(q1,p2)) € E.

&

chi chita cic cung da xét ¢ bon truong hop trén.

Giai thuat xay dyng otomat tich thyc hien bat dau tit trang thai (sq,s2), roi theo quy téc &
trén dé xac dinh céc trang thai vi cung ciia 6tomat tich nhu sau.
Function Prod(A;, As)
Input: A, As 1a 6tdmat luéng cuc hoic mé rong.
Output: A= (Q,%, E, s, f) 1a 6tomat tich cia A; va As.
// Giéi thuat dung mot hang dgi S
L. Q = {(s1,52)}; CQpush(S, (s1,52));
s = (s1,82); f = (f1, f2); E = ¢;
2. While S # ¢ do
3 (q1,92) < CQPop(9);
4. for each (e1,ez)inE[q1] x E[ge] do
5 t = true; label = &;
6 case
le1] = l[eo] and l[e1] # &1 (p1,p2) = (nle1], nle2]); label = l[eq];
lled] = lles] = 1 (p1,p2) = (nler], nlea]);
ller] = € and les] # &1 (p1,p2) = (nle1], @2);
lea] # e and l[eo] = &1 (p1,p2) = (g1, nle2]);
else t = false;
end case;
7. if ¢ = true then
if (p1,p2) ¢ Q then
Q = QU {(p1,p2)}; CQPush(S, (p1,p2));
E=EU{((q1,92), label, (p1,p2))}:
8. Return Prod(A;, As).

Nhan xét 3.2

(i) Tuong tu nhu phan tich cia Mohri trong |2, 4], giai thuat xay dyng otomat tich c6 do
phtic tap thoi gian 1a O((|Q1] + | E1|)(|Q2] + |E2])). Theo Nhan xét 3.1, néu Aj, As 1
don dinh thi gidi thuat c6 do phic tap thoi gian 1a O(]Q1]]Q2])-
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(7i) Cho otomat ludng cuc A1 = (Q1, %, E1, s1, f1) dodn nhan ngon ngit L, 6tomat md rong
.A2 = (QQ, E, EQ, 59, fg) doan nhan L+, ta co:
+ Trén otomat tich Prod(Aj, As), nhan ctia duong di giita hai trang thai ké tiép (f1,¢)
va (f1,q;) (hodc (ps, f2) va (pj, f2), hodc (s1,q:) va (f1,q;), hodc (pi, s2) va (pj, f2)) 1a
tit thuoc L.
+ Trén otomat tich Prod(As, As), nhan ctia duong di gitta hai trang théi ké tiép (fo, ¢;)
va (f2,q;) (hodac (ps, f2) va (pj, f2), hodc (s2,q:) va (f2,q;), hodc (pi, s2) va (pj, f2)) 1a
tit thuoc L.

4. XAC DINH DO KHONG NHAP NHANG CUA NGON NGU

Dé xéc dinh do khong nhap nhing cia X C ¥* duge doan nhan bdi dtomat hitu han A,
truede hét ta giai quyét bai toan trén do thi nhu dudi day.

4.1. Bai toan vé dudng di hdp 1& trén do thi

Ta xét do thi hitu han c6 huéng (c6 thé c6 khuyen) G = (V, E), c6 hai dinh dic bigt 1a
dinh khdi dau s v dinh két thic f, v6i s # f, cac dinh con lai 1a dinh kiém sodt hodc khong
kiém sodt. Duong di 7 tit dinh s dén dinh f goi la dwong di hop lé néu 7 di qua it nhat mot
dinh kiém soat. Duong di hop 1é 7 goi 1 ¢6 gid k > 1 néu 7 di qua k dinh kiém so4t.

Bai toan 1. Cho do thi hitu han ¢6 huéng G nhu § trén, tim gia nhé nhat ctia duong di hop
le (néu c6) tren G.
Dé gidi bai toan trén, dau tién ta xay dung do thi sao chép G' = (V' ,E') tit do thi
G = (V, E) bang cach st dung k§ thuat sao chép do thi nhu sau:
(1) V6i v € V sao chép thanh hai dinh (v,1) va (v,2) ctia V.
(#) V6i (u,v) € E:
+ Sao chép thanh hai cung ((u, 1), (v,1)), ((u,2), (v,2)) cta E'.
+ Néu u la dinh kiém soét thi bo sung vao E' cung ((u, 1), (v,2)).
(i) Trén G’ ta gan trong s6 1a 1 cho cc cung di dén dinh (v,4), i = 1,2 ma v 14 dinh kiém
soét, cac cung con lai duge gan trong s6 0.

Dudi day la giai thuat xay dyng do thi sao chép G’ tit do thi G:
Function XCopy(G)
Input: Do thi ¢6 huéng G = (V, E).
Output: D6 thi G’ = (V’, E’) 1a do thi sao chép tit G.
// Gidi thuat dung mdng: contr|q) = 1 khi v chi khi dinh q la dinh kiém sodt
LV =g E'=g:
2. Foreachuin Vdo V' =V'U{(u,1),(u,2)};
3. For each v in V do
4. For each v in Next(u) do
E' = E' U{((u,1), (v, 1)), ((4,2), (v, 2))};
if contr[v] =1 then // gén trong s6 cho cic cung
wl(( 1), (0, 1)) = 15 wl((w,2), (v,2))] = 1
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else
wl((u, 1), (v,1))] = 0; w[((u,2), (v,2))] = 0;
if contr[u] =1 then
E'=FEU {<(u7 1), (v, 2))};
if contr[v] =1 then // gén trong s6 cho cic cung

| w[((u’ 1)7 (0,2))] =1

w(((u,1), (v,2))] = 0;
5. Return G'.

Nhan xét 4.1.
(1) DO thi sao chép G’ ¢6 |V'| = 2n, |E'| < 3m, v6i |V| =n, |[E| =m.
(11) Tap céc dinh dang (v, k) cam sinh trong G’ do thi con Gy, k = 1,2. Mdi d6 thi con Gy,
déu déng cau véi G. G’ thyc chat 1a sy két ndi cé chon loc clia hai do thi con G, Go,
chi ¢6 cac cung di tit G7 dén G5 ma khong c6 chiéu ngugce lai.

(71) Gial thuat XCopy c6 do phic tap thoi gian O(|V| + |E|).

Vai tro ctia do thi sao chép G’ trong viéc xac dinh duong di hgp 1é ¢6 gid nhé nhat trén G
duge cho béi bd dé sau:

Bb6 dé 4.1. Cho do thi G nhu ¢ trén va G' = XCopy(G), ta co: i) Trén G’ ¢6 duong di
ngdn nhat tw (s,1) dén (f,2) do dai k khi va chi khi trén G c6 duong di hop lé vdi gid nhé
nhat k. ii) Trén G' khong ton tai duong di tir (s,1) dén (f,2) khi va chi khi trén G khong cé
duong di hop lé.

Chitng minh. i) (=) Tréen G’ ¢6 dudng di ngin nhat 7’ tit (s,1) dén (f,2) do dai k. Theo
cach xay diyng do thi sao chép G’ thi 7’ ¢6 dang:
(’LL(), 1>a R (uma 1)7 (um+17 2)7 ERE (Un, 2)7

véi (s,1) = (ug, 1), (f,2) = (un,2) va trén 7’ ¢6 it nhit mot dinh (up,, 1) € V' ma u,, € V 1a
dinh kiém soat. Tuong tng véi 7/, ta c6 duong di hgp 1é 7 ¢ gia bing k trén G nhu sau:

UQs - -+ 5 Ums Um4-15 - - - 5 Un,
vOi 8 = ug, f = uy. 7 cling 1a duong di hgp 1é c¢6 gia nhé nhit bang k trén G, that vay: gia
st c6 duong di hgp 1é 0 trén G c6 gia | < k, khi d6 6 c6 dang:

V0, -+« s Upy Upids - - - Ug,
v6i s = vg, f = v,. Vi 0 la duong di hop 1¢ nén ta c6 thé gid sit v, 1a dinh kiém soat, theo
cach xay duyng G’ thi ta c6 duong di ' ti (s,1) dén (f,2) do dai [ < k nhu sau:
(vo,1), ..., (Vp, 1), (Vp41,2), - .., (vg,2),
v6i (s,1) = (vo,1), (f,2) = (vg,2). Diéu nady mau thudn véi 7 la duong di ngin nhat ti
(s,1) dén (f,2) do dai k tren G'.
(<) Trén G ta c6 duong hgp 1é 7 véi gia nhoé nhat k, khi d6 7 c6 dang:

UQy -+ -5 Umy Um41y - -+ 5 Un,y
V6i s = ug, f = u, vA trén m c6 it nhit mot dinh u,, € V 14 dinh kiém soat. Tuong ting véi
7 ta ¢6 duong di 7w tit (s,1) dén (f,2) do dai k trén G’ nhu sau:
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(uo, 1)y ooy (Umy 1)y (Umt1,2), - - -y (U, 2),
véi (s,1) = (ug, 1), (f,2) = (un,2). 7 ciing 14 duong di ngin nhat tir (s,1) dén (f,2) do dai
k trén G’, that vay: gid st c6 duong di 6’ tir (s, 1) dén (f,2) do dai [ tréen G’ ma [ < k, khi
d6 0’ ¢6 dang:
(U(]v 1)7 SRR (’Upv 1)> (Up+1> 2)7 "'(Utb 2)5
v6i (s,1) = (vo, 1), (f,2) = (vg,2) vA v, 1 dinh kiém soat. Theo cich xay dung G’ thi ta c6
duong di hgp 18 0 trén G ¢6 gia | < k nhu sau:
Vo, .-+ Up, Up+1y---,Uq,
v6i s = vy, [ = v, Diéu nay mau thuin véi 7 1a dudng di hop 1& ¢6 gid nhé nhat k tréen G.

i1) D& dang suy ra tit cdc diéu kién ctia kj thuat sao chép do thi. [ |

4.2. Giai thuat xac dinh dé khéng nhap nhing ctia ngén ngit chinh quy

Bai toan 2. Cho ngdn ngit chinh quy X C ¥* duge doan nhan bdi 6tomat hitu han A. Hay
x4c dinh do khong nhap nhang ctia Xduya trén cau tric cta A.

Gia st cho A= (Q, X, E,I,F) va X = L(A), ta xét cac truong hgp sau:

1) Néu e € X thi X c¢6 do khong nhap nhing 0: kiém tra ¢ thuoc X hay khong tuong
duong véi viec kiém tra I N F ¢6 khac réng khong. Budc nay c6 thé thic hien bing giai thuat
ky hiéu 1a Epsilon(A) c¢6 do phitc tap thai gian 1a O(n), 6 d6 n = |Q|, véi sy biéu dién I, F
béng hai mang: Inl(q) =1 & gelvaInF(q)=1 & g€ F.

2) Néue ¢ X thi X C T ta xay duyng cac otomat A; = D(A) = (Q1,%, E1, s1, f1),
.AQ = E.T(Al) = (QQ, E,Eg, 59, f2), .A3 = P?“Od(.Al,Az) va .A4 = P’I“Od(.AQ,.AQ).

Ta c6 thé coi A4 nhut mot do thi 6 huéng Gy (hay A4 xac dinh mot do thi) c6 dinh khdi
dau (sg, s2), dinh két thic (fo, f2), cac trang thai (fa,q) v6i ¢ # fo, s2 1a dinh kiém soét, cc
trang thai con lai 1a dinh khong kiém soat, mot cung bat k¥ cta A4 xac dinh mot cung cia
do thi Gy4. Trong truong hop € ¢ X, ta thiét 1ap két qua dudi day:

Dinh 1y 4.1. Cho X C X7 dugc dodn nhan bdi 6tomat hitu han A, cho cdic 6tomat Ay, As,
As va do thi Gy dudc zdc dinh nhu & trén, khi do:
(1) X ¢6 do khong nhdp nhang k = 0 khi va chi khi trén Az c6 duong di thanh cong di qua
it nhat mot trang thdi (p, f2), véi p # f1, 1.
(1) X c6 do khong nhap nhang hitu han k > 0 khi va chi khi trén Gy c6 duong di hop lé
vdi gid nhé nhat k.
(#11) X ¢6 do khong nhap nhdng vo han k = oo khi va chi khi trén Gy khong c¢6 duong di
hop lé.

Chiing minh. i) (=) X c¢6 do khong nhap nhing k = 0, suy ra X ¢6 do nhap nhing [ = 1.
Vay, theo Dinh nghia 2.2 thi ton tai 21 € X, y1,...,ym € X , m > 1, 1 = y1...4mm sao cho
x1 # y1. V6i z1 € X, trén A; ¢6 duong di thanh cong 7w v6i nhan x1:

1
§1 — f17
tuong tu véi xau y1...ym, trén As c6 duong di thanh céng 6 v6i nhan yy...49m:

$2i>f2i>82£>fgi>82...82y—m>f2,
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theo tich 6tdomat, trén .,43 cé duong di thanh c()ng p tao nén t 7w va  nhu sau:

(s1,52) = (p1, f2) = (p1,82) == (P2, f2) — (p2,52) - - (Pm—1,52) — (f1. f2),

véi p; # s1, f1,i = 1,...,m — 1. Vay v6i m > 1, trén A3z c6 dudng di thanh cong di qua it
nhit mot trang thai (p, f2), vdi p # f1, s1.

(<) Trén As ¢6 dudng di thanh cong p di qua it nhat mot trang thai (p, fa), vaip # fi1, s1.
Vay, theo tich 6tomat v Nhan xét 3.2 thi trén Ay c¢é duong di thanh cong véi nhan z1 € X,
trén Ao ¢6 duong di thanh céng v6i nhan yq...ym, 6 A6 y1, ..., ym € X, ma 1 = y1...Ym- Vi
p di qua it nhat mot trang thai (p, f2), v6i p # f1,s1 nén m > 1. Vay X c¢6 do nhap nhing
1, hay X c¢6 do khong nhap nhing 0.

i1) (=) X ¢6 do khong nhap nhing hitu han k£ > 0, suy ra X ¢6 do nhap nhing I = k+1 > 1.
Vay, theo Dinh nghia 2.2 thi [ 14 s6 nhd nhét:

Jw € X* w=21...50 = Y1.-.Ym, VOL T1, .., T, Y1, .., Ym € X, théa mén [ # m hodc x1 # y1. (1)
Vi [ 1a nh6 nhét thoa (1) nén ta ¢6 z1 # yi. T w = z1...77, trén Ay ¢6 duong di thanh
cong 7 véi nhan w = z1...x:
32ﬂ>f2i>32£>f2i>32...32i>f2,
Vi W = Y1...Ym, trén Ao ¢6 dudng di thanh cong 6 v6i nhan yq...yp,:
S9 L fo =S 59 Ly fo S 59 ... S92 fo,

theo tich 6témat, trén G4 c6 dudng di p tit (so, 32) dén (f2, f2) tao nén tit m va 6 nhu sau:

(s2,52) = (forq1) = (s2.q1) == (f2,q2) — (s2,02) ... (52, q1-1) — (f2, f2),
do | nhé nhat thoa (1) nén ¢; # fo, so, @ = 1,..,1 — 1. Vay, p 1a duong di hop 1é véi gia
k =1— 1. Duong di p cling 1a duong di hgp 18 véi gia nhé nhat k trén Gy, that vay: gid sit
c6 duong di hop lé p’ trén G4 c6 gia nhd nhat h < k, suy ra p’ c6 h dinh kiém soat nhu sau:

(59, 52) ~5 (fa,01) == (s2,01) ~25 (fo,p2) == (52,02) -~ (52, qn) —25 (fa, fa),

G d6 p; # f2, s2, @ = 1,..,h. Theo Nhan xét 3.2 thi ton tai w = uj.. upy1 = V1.0, VO
ULy ey UWpt1s VL, oeey Uy € X thoa uyp # v1. Vay X 14 h + 1 nhap nhing, hay do khong nhap
nhing clia X 14 nhé hon hodic bang h < k. Diéu nay 13 mau thuan véi X ¢6 do khong nhap
nhing hitu han k.

(<) Gi4 st tréen Gy ¢6 duong di hgp 1é p véi gia nhd nhat k > 0, suy ra p di qua k dinh
kiém sodt va c6 dang nhu sau:

xr
(s2,82) =2 (f2.q1) = (s2,01) =2 (f2,q2) — ($2,42) - (52, q%) —— (fa, f2),
vi p ¢6 gia nhdé nhat k& > 0 nén trén p khong c6 dinh (fo, f2) trit dinh cubi. Vay ta c6 k 1a
nhé nhat sao cho: Jw € X*, w = x1..04 41 = Y1---Ym, VO T1, .o, Thi1, Y1, Ym € X thoa
mén k+ 1 # m hodc 21 # y1. Hay X ¢6 do nhap nhing k + 1, nghia 13 X c6 do khéng nhap
nhing k.

i1i) (=) X ¢6 do khong nhap nhiing vo han k = oo, suy ra v6i moi [ > 0 hitu han bat ky va
v6i Mol X1, ..., Ty, Y1,y ..., Ym € X, néu ¢

W=T1..0 =Y1...Yym thisuyra l=mvaz;=y;, véii=1,., 1 (2)
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tit w = x1...x7, trén As ¢6 dudng di thanh cong 7 v6i nhan w = x1...2;:
SQﬁL)fg—i)SQ—xi)fg—e—)SQ ...Sg—ml—)fg,

Vi W = Y1...Ym, trén Ao ¢6 dudng di thanh cong 6 v6i nhan yq...yp,:
82—y1—>f2—€—)52—yz—>f2—€—)82 Sg-yyl>fg7

theo tich 6tomat va theo (2) thi tréen G4 c¢6 dudng di p tit (s2, s2) dén (fo, f2) tao nén tit
va 6 nhu sau:

(s2,82) = (f2, f2) = (52,82) == (fo, fo) — (s2,82) ... (52,52) —= (f2, f2),
& do, tren p khong c6 dinh kiém soat. Hay né cach khac, trén G4 khong c6 dudng di hop le.

(<) Tren G4 khong c¢6 duong di hop 1é, suy ra moi duong di p tit (s2,s2) dén (fa, f2)
khong c6 dinh kiém soédt (f2,q), v6i q # fo, s2. Tuong ting véi mdi dusng di p, trén Ay ¢
duong di thanh cong 7 v4i nhan w = x1...2:

So 55 fo = 59— fo — 59 ... 89 —5 [y,
va trén As ¢6 dudng di thanh cong 6 v6i nhan yg...ym:
S92 fo = 59 -2 fo —> 59 ... 59 55 fo,
vi p khong c6 dinh kiém soat nén v6i moi [ hitu han va 1, ..., 27, Y1, ..., Ym € X, néu co
W=2x1..5 =Y1...Ym thisuyra l=mvax;=y;, véii=1,.,1.
Vay X c6 do khong nhap nhing vo han k = co. [ ]
Tit Dinh 1y 4.1 va Bo dé 4.1 6 trén, cho phép ta xay dung gidi thuat xac dinh do khong
nhap nhing ctia ngoén ngit chinh quy X C ¥* dudi day:
Giai thuat UnambDe(A)
Input: Otomat hitu han A (n dinh, m cung) va X = L(A) C ©*.
Output: Do khong nhap nhing ctia X.
1. If Epsilon(A) then Return 0;
2. A = D(.A), Ay = Ex(fh);
3. A3 = Prod(Ay, A2); //cd n? trang thai va m? cung
4. If ¢6 dudng di thanh cong trén Az di qua (p, f2), v6i p # f1, s1 then
Return 0; // Do khong nhap nhing ciia X 14 0

5. Ay = Prod(As, As); //cd n? trang thai va m? cung
6. G = XCopy(A4); // cd 2n? dinh vh 3m? cung
7. If c6 duong di ngan nhat tit ((s2,s2),1) dén ((f2, f2),2) trén G do dai k then

Return k;
else Return co. //Khong c¢6 dudng di tit ((s2, s2),1) dén ((fa, f2),2) tréen G.

DPanh gia do phic tap thdi gian ciia giai thuat:
Do phiic tap thai gian ciia bude 114 O(n), bude 2 1a O(n+m), bude 3 va 5 1a O((n+m)?),
budc 6 1a O(n? + m?).
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Dé thuc hien bude 4, ta 4p dung giai thuat DFS(DepthFirstSearch) trong [12] nhu sau:
tren As, ap dung giai thuat DFS tit (s1, s2) tim dén céc trang théi (p, f2), véi p # f1,51 va
danh dau; xay dyng .A:? (nhan dugce tit A3z nhd dédo nguge cac cung), ap dung giai thuat DF'S
tit (f1, f2) tim dén céc trang thai da danh dau. Néu tim duge it nhat mot trang thai da danh
dau thi ta c6 duong di thanh cong trén Ajz di qua it nhat mot trang théi (p, f2), véi p # f1, s1.
Toan bo budc 4 ¢6 do phitc tap thsi gian 1a O(n? + m?).

Budc 7, ta dung gidi thuat Dijkstra trong [12] dé tim duong di ngan nhét tit ((s2,s2), 1)
dén ((fa, f2),2) tréen G. Bude nay c6 do phitc tap thoi gian O(n%logn? + m?).

Tong hop lai, giai thuat xac dinh do khong nhap nhing ctia ngon ngit chinh quy c¢6 do
phitc tap thsi gian O(n?), 6 day ta xem O(m) = O(n?) khi do6 thi day canh.

Trudng hgp A 14 6tomat don dinh c6 n trang thai: vi theo Nhan xét 3.1 ta c6 cd trang
thai va cung ctia 6tomat As 1a O(n), khi d6 6tomat tich Ay c6 s6 trang thai va cung cd O(n?)
nén bude 7 ¢6 do phiic tap thoi gian O(n?logn? + m?), hay O(n’logn). Cing theo Nhan xét
3.1, tit budc 1 dén bude 6 c¢6 do phiic tap thdi gian O(n?). Téng hop lai trong truong hop A
don dinh, gidi thuat c6 do phitc tap thoi gian O(n%logn) néu coi lie lugng ciia bang chit cai
¥ 14 hing s6.

Hé qua 4.1. Gidi thuat UnambDe zdc dinh chinh zdc do khong nhdp nhdng ctia ngon ngit

chinh quy dugc dodn nhan bdi otomat A cé n trang thdi, véi do phic tap thoi gian la O(n*)
néu A la da dinh, lo O(n?logn) néu A don dinh.

5. KET LUAN

Nghién cttu cac mo hinh 6témat nang cao va ing dung ctia né la mot trong cic xu hudng
nghién cttu hién dai duge nhiéu nha khoa hoc - cong nghé quan tam. Trong bai béo nay, cac
bai toan ¢6 ¥ nghia vé Iy thuyét ciing nhu tng dung thyec tién duge nghién citu bao gom:

- Gidi thieu va nghién ctu vé do khong nhap nhing ctia ngon ngi, dwa ra mot phan bac
min v& chit trén 16p cac ngon ngit ¢6 do khong nhap nhang tit 0 dén oco. Diéu dé cho thay
16p cic ngon ngit c6 do khong nhap nhang cao that rong 16n, tuy khong 1a méa, nhung van c6
kh& nang ma héa thong tin mat, nang cao kha ning chéng tan cong, tiém nang ting dung lén.
Nghién citu dic trung ciia 16p cdc ngon ngit va phép toan trén ching ciing la cac chi dé ly
thi, cac van dé nay sé dugce nghién citu trong cic cong trinh tiép theo.

- Dé xuét giadi thuat xac dinh do khong nhap nhing ctia ngon ngit chinh quy duge doan
nhan béi 6tomat hitu han nho ki thuat sao chép do thi, véi do phic tap thoi gian 1a da thic.
Diém manh ctia thuat toan nay la 4p dung cho ca 6tomat don dinh hodic da dinh, ta khong
phéi chuyén tit 6tomat da dinh sang don dinh véi gia phai tra cho thuat toan chuyén déi cé
do phitc tap thoi gian ¢d liy thita. Thuat todn nay ciing cho biét ngon ngit duge kiém dinh
c6 1a ma hay khong, do d6 cling xem nhu mot thuat toan kiém tra ma.
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