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THUAT TOAN MGI XAC DINH DO TRE GIAI MA
CUA NGON NGU CHiINH QUY

DANG QUYET THANG!, NGUYEN DINH HAN?, PHAN TRUNG HUY?

Y Trwong Pai hoc Su pham K thudt Nam Dinh
2 Truong Pai hoc Su pham Ki thuit Hung Yén
3 Truong Dai hoc Bach khoa Ha Noi

T6m tit. Bai bao dé xudt mot giai thuat mdi xac dinh do tré gidi mé ctia ngon ngit chinh quy duge
doan nhan béi otomat hitu han A. Gidi thuat c6 do phitc tap thoi gian 1a O(n?), & d6 n 1a sé cung
va trang thai ciia A.

Abstract. In this paper, we propose a new algorithm determining deciphering delay of regular
language, which recognizes by a finite automaton A. The algorithm has time complexity O(n3),
where n is the number of states and edges of A.

1. GIOGI THIEU

Trong cac phép gidi ma thong thuong, khi xau can gidi ma dugce doc tit trai qua phai, thoi
diém phat hién thiy mot tit ma trong xau va thoi diém tit ci cAc tit ma trong xau duge xac
dinh mot cach chic chdn 1a khac nhau. Khoang thoi gian tré nay dugc hinh thic héa bing
khéi niém do tré gidi ma, khai niém nay xuat hién rat sém trong ly thuyét ma, nhu trong cac
cong trinh cia Gilbert and Moore (1959) (xem [9]), cia Levenshtein (1964) (xem [10]). V6i
khéi niem do tré gidi ma thi 16p ma prefix 13 16p ma c6 do tré giai ma bang 0, tit d6 do tré
giai mi duge sit dung trong 1y thuyét ma nhu 13 mot tieu chuan quan trong dé phan loai mé
va 14 mot tham s6 phan anh do kho trong qua trinh gidi ma. Dbi véi cac ing dung, viéc xac
dinh chinh xéc do tré gidi ma ctia mot ngon ngit, cho phép céc chuong trinh mat ma tang
hiéu qua thai gian va loai bd duge thao tac quay lui trong qua trinh gidi ma. Do vai tro quan
trong ciia do tré gidi ma, nhiéu tac gia da quan tam nghién cttu, mot loat cac cong trinh nhu
ctua Markov (1962) (xem [12]), Schiitzenberger (1966) (xem [11]), Choffrut (1979) (xem [13]),
L. Staiger (1986) (xem [5]), J. Devolder (1994) (xem |3]), Stavros Konstantinidis (2002) (xem
[8]), P.T. Huy-V.T. Nam (2002) (xem [14]), D. L. Van — L. Litovsky (2003) (xem [17]), N.D.
Han - D.Q. Thang - H.N. Vinh (2010) (xem [16]), ... tap trung nghién ctu tinh chat cia do
tré gidi ma.

Cho dén nay, viéc tinh toan chinh x4c do tré gidi ma duge nhiéu tac gia quan tam, phuong
phép tinh toan chii yéu dya trén cach tiép can to6 hop va ¥ tudng tit thi tuc kiém tra tinh chat
ma clia mot ngdn ngit (thi tuc Sardinas-Patterson) (xem [14, 16]), hay xdc dinh mot may bién
ddi 6 1a ham hay khong (xem [8]). Gidi thuat t6t nhat duge biét cho t6i nay la gidi thuat cia
Stavros Konstantinidis (xem [8]), giai thuat nay c6 do phic tap thoi gian trong trudng hop
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xau nhat 14 O(n*logn). Dé cho gon, khi dé cap dén do phitc tap thoi gian thi luon duge hiéu
13 do phiic tap thoi gian trong trudng hgp xau nhat.

Bai bao dé xuat gidi thuat méi xac dinh do tré gidi ma ctia ngdn ngit chinh quy duge doan
nhan béi otomat hitu han A, sit dung ki thuat sao chép do thi, ghép va tich otomat, tit k§
thuat nay cho phép xay dyng gidi thuat c6 do phiic tap thoi gian O(n?).

Muc 2 sé& trinh by mot s6 khai niém ngon ngit, mi, do tré gidi ma, otomat va dd thi dé
phuc vu cho céac muc tiép theo. Muc 3 trinh bay cic giadi thuat md rong otomat. Muc 4 dé
xuat gidi thuat méi xac dinh do tré giai ma va cudi cling 14 phan két luan ciia bai béo.

2. MOT SO KHAI NIEM

Tru6e hét, ta nhic lai mot s6 khai niem va ky hiéu duge st dung trong bai bao (chi tiét
xem trong |2, 4]). Cho bang chit cai hitu han X, ky higu X* 1a tap tat ca cdc tit hitu han trén
Y. Tit rong ky hieu la e va X7 = ¥* — {e}. Tap con ctia X* goi la ngon ngit. Cho L C ¥* 1a
ngon ngit trén 3. Ta ky higu:

L*=LPULll'yu---,6d6 LO={e}, L' =L, L>=L'L,...,L" = L""'L,

LT =L'UL?U... tacé L* = LT U{e}.

Dinh nghia 2.1. Cho bang chit cai X, tap L C X* duge goi 1a ma néu v6i moi m,n > 1 va
VOl Mo T1,. .., T, Yl - Ym € L, néucoé x1 -2, = Y1 Ym thisuy ra m =n vh x; = v;
véii=1,...,n.

N6i cach khac, tap L 1a ma néu moi xau trong L+ chi ¢6 mot phan tich duy nhat thanh
cac xau trong L. Do €. = £ nén moi tap ma déu khong chita xau rong.

Dinh nghia 2.2. Cho L C X", L dugc goi & ¢6 do tré gidi ma hitu han néu ton tai mot sb
nguyén d > 0 sao cho:

Va,2' € LWy € LY Yu € O ayu € 2'L* = 2 = /. (2.1)

Dé thay rang néu he thic thoéa man v6i d hitu han nao d6 thi né ciing ding véi moi
d > d. Néu L c6 do tré giai ma hitu han thi s6 nguyén nhé nhét thoa hé thic (2.1) goi 1a
do tré gidi ma cta L, s6 nguyen bat ky thoa he thiic (2.1) goi 1a do tré gidi ma yéu cia L.
Ngugc lai, néu L khong ¢6 do tré gidi ma hitu han thi L goi 1a ¢6 do tré gidi md vé han.

Otomat hitu han 13 mot bo 5 A = (Q, %, E, I, F), 6 dé: Q 1 tap hitu han cac trang théi,
¥ 1a bang chit cai hitu han, E C Q x ¥ x @ la tap hitu han cac cung (khong chita cung rong),
I C @ 1a tap cac trang thai dau, F' C Q la tap céac trang thai két thic.

Cho cung e = (q1,a,q2) € E, ta noi rang e roi ¢; dén q9, ¢1 1a dau cta e ky hiéu ple], ¢2
1a cudi cia e ky hiéu n[e], a 1a nhan cta e ky higu l[e]. Cho g € @, ta ky hieu E[qg] 1A tap cac
cung 18i ¢. Trong bai bdo niy ta con xét dang 6tomat hitu han mé rong c6 chuyén rong, goi
tat 14 e-otomat, khi ma nhan clia mot cung e nao dé c6 thé 1a tit 1éng e.

Chom =e1---ep € E%, 6 d6 e = (po,a1,p1),e2 = (p1,a2,p2),-- -,k = (Pr—1, 0k, Dk)
duge goi la duong di tit pg dén pg. Mot duong di thanh cong trong 6tomat A 1a mot duong di
tU trang thai dau dén trang thai két thic. T4 w = ajas - - - aj goi 1a nhan cta duong di 7, tap
hgp nhan cia cac duong di thanh cong trong 6tomat A goi 1a ngon ngit doan nhan bdéi A, ky
hicu 1a £(A).
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D6 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 tit 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, ta ki hieu Next(u) = {v € V| (u,v) € E}. Néu V, E la hitu han thi ta goi G
13 do thi hitu han ¢6 huéng.

Duong di tit dinh u dén dinh v trén do thi ¢6 huéng G 1a day dinh zo,...,z,, trong dé
U = x0,V = Tp, (v, 741) € E,i =0,...,n — 1. Dinh u goi 1a dén dugc dinh v néu c6 mot
duong di tit dinh v dén dinh .

3. MOT SO GIAI THUAT MO RONG OTOMAT

Trong muc nay, ta nhic lai vé 6tomat thu gon va xem xét mot s6 ki thuat md rong otomat
tit 6tomat hitu han cho trude. Céc dtomat nay duge ding cho viéc thiét ké giai thuat tinh do tré
gidi ma § phan sau. Trudc tien, vé otomat thu gon: Cho 6tomat hitu han A = (Q, X, E, I, F),
mot trang thai ¢ € Q goi 1a dat duge néu ton tai duong di tit mot trang thai dau dén ¢, mot
trang thai ¢ € Q goi 13 ddi dat dugc néu ton tai duong di tit ¢ dén mot trang théai két thic.
Otomat htu han A goi 1a thu gon néu tat cd céc trang théi cta A 1a dat dudc va cing 1a
déi dat duge. Giai thuat kinh dién xay dyng 6tomat thu gon dugce thiyc hién béi ham ki higu
14 Trim(A), ¢6 do phitc tap thoi gian 1a O(|Q| + |E|) va L(A) = L(Trim(A)). Tiép theo, ta
xem xét mot s6 ki thuat md rong otomat dudi day.

3.1. Otoémat ludng cuc

Otomat hitu han A dugce goi la otomat ludng cue néu A ¢6 mot trang thai dau vh mot
trang thai két thic khac nhau, khong c6 cung dén trang thai dau va khong c6 cung roi trang
théi két thuc.

Cho otomat hitu han A = (Q, %, E, I, F) dodn nhan ngon ngit L = L£(A) C X1, Ta xay
dyng otomat ludng cuc A" = (Q', X, E', I', F’) doan nhan L tir 6tomat hitu han A nhu sau

i) Q' =QU{s, f},s,fE€Qvas# f,I'={s}, F' ={f}.
it) E' = E1U{(s,a,q) | (p,a,q) € Er,p € I} v6i Ey = EU{(p,a, f) | (p,a,q) € E,q € F}.

Dé don gian, ta ky hieu A’ = (Q', %, E’, s, f) va goi s la cuc vao (trang thai dau), f 1a cuc
ra (trang thai két thuc). Giai thuat xay dung otomat ludng cuc A’ tir 6tomat hitu han A thyc
hién béi ham ky hiéu 1a D(A) ¢6 do phiic tap thoi gian O(|Q| + |E|).

Cho otomat ludng cyc A doan nhan ngon ngit L = L£(A) € X+, Ta ¢6 thé xay dung
e-o6tomat md rong A’ dodn nhan LT (tic la LT = L(A’)), bing cach bd sung mot cung rong
di ti cyce ra t6i cyc vao cua A. Gidi thuat xay dung e-6tdomat md rong thyc hién bdéi ham ky
hieu 1a Ex(A).

Cho e-0tomat md rong Ay = (Q1,%, Eq,s1, f1) doan nhan L*. Xét e-6tomat Ay =
(Q2,3, F2, 89, f2), 6 d6 Q2 = {s2},s52 = f2 (A2 ¢6 duy nhat mot trang thai, vira la trang
thai dau va ciing 1a trang théi két thiic), Es c6 |X| + 1 cung di tit trang thai duy nhét trong
Ag dén chinh né v6i nhan 1a ky tu thuoe X U {e}, ta c6 X* = L£(A). Ta xay dung e-otomat
ghép A= (Q,3, E, s, f), bang cdch bd sung mot cung rdng di tit trang thai két thic ctia Ay
dén trang thai duy nhat clia Ay, taldy Q = Q1 UQ2, E = By UEyU(f1,¢, f2),s = s1, f = fo,
trang thai fi goi la trang thai ghép trong e-6tomat ghép A. e-6tomat ghép A doan nhan ngon
ngit LTY*, gidi thuat xay dung e-otomat ghép thyc hien béi ham ky hieu 1a Graft(Ay).
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Nhan zét 8.1. Cho otomat hitu han A = (Q,X, E, I, F) v6i ¢ = |X| 1a hing s6. Khi do,
s6 trang thai ctia D(A), Ex(D(A)) v& Graft(Exz(D(A))) khong qua
O(|Q]). S6 cung ctia D(A) khong qua 4|E|, cia Ex(D(A)) khong qua 4|E| + 1 vA cia
Graft(Ex(D(A))) khong qua 4|E| + ¢ + 3, do d6 cing c6 ¢ O(|E|).

3.2. Otomat tich

Phép lay tich otomat (xem [6, 7]) duge sit dung trong nhiéu ing dung dé tao ra otomat
phitc hgp tit nhitng 6tomat don gian. Cho hai e-6tdomat md rong, hay e-6tomat ghép nhu da
xét G trén, A; = (Q1,%, E1, s1, f1) v As = (Q2, %, Es, s2, f2). Khi d6, tich cia A; va A 1a
e-otomat ky hieu Prod(A;, A2) = (Q, %, E, (s1, $2), (f1, f2)), trong d6 Q C Q1 x Q2, E dugc
x4c dinh theo quy tac sau:

)

€E17VQQ707])2 EEQ,CLGEthi (QLQQ),C% p17p2)) E

(
) €

q1,a,p1

qi,€,p1) € B,V

)
)
p1)
)

"

q,&,p1) € B,V q1,G2), €, (p1,q2)) €
(

v(
v(
v(
v( a1,42), €, (q1,p2)) €

( ) (

(q2,€,p2) € B2 thi ((q1,42), €, (p1,p2)
(g2,a,p2) € Ea,a € X thi ((
iv) Y(q1,a,p1) € E1,Y(q2,¢,p2) € E2,a € 3 thi ((

)
)
)
)
) E chi chita cac cung da xét ¢ bon truong hop tren.
Giai thuat c6 thé bat dau tit trang thai (s1, s2), 01 thic hién theo quy tic & trén x4c dinh
cac trang thai va cung cla otomat tich. Dudi day la gidi thuat.

Function Prod (.A1 , ./42)

Input: A, As 1a e-6tomat md rong, hodc e-6tdmat ghép.
Output: e-otomat A = (Q, X%, E, s, f) 1a tich cia A; va A,.
{S la hang doi, CQpush, CQPop la phép bo sung va logi b6 mot phan tik trén S.}
1. Q = {(s1,s2)}; CQpush(S, (s1, s2));
s =(s1,82); f = (f1, f2); E = 0;

2. while S # () do
3. (q1,92) «— CQPop(9);
4. for each (e1,e2) in E[q1] x Elg2] do
9. t = true; label = ¢;
6. case
ller] = lea] Nlle1] # € = (p1,p2) = (nle1], nlez2]); label = l[e1];
ller] = llea] = € : (p1,p2) = (nle1], nle2]);
led] —€Al[€2] # € (p1,p2) = (nle1], @2);
lel] # e Allea] = €1 (p1,p2) = (q1,n[e2]);
else t = false;
7. end case;
8. if t = true then {Néu (p1,p2) ¢ Q thi Q = QU (p1,p2)}

if BelongQ(p1,p2) = 0 then

BelongQ(p1,p2) = 1,
CQPush(S, (p1,p2));
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E=FU {(((hv q2)7 label, (p17p2))}7
9. return A.

Nhan zét 3.2. i) Tuong tuy nhu phan tich cia Mohri trong [6, 7|, giai thuat c6 do phic
tap thoi gian la O((|Q1] + [E1])(|Q2] + | E2]))-

it) Cho Ay = (Q2,%, Ea, s2, f2) 14 e-0tomat md rong doan nhan LT. e-otomat ghép A; =
Graft(As) = (Q1,%, E1, s1, f1) ¢6 trang thai ghép fo (6 d6 ta doi tén trang thai ghép
tir fo thanh fg, trang thai dau tir so thanh sp). Trén e-6tomat tich Prod(A;,.As), nhan
clia duong di gitta hai trang thai ké tiép (fa, ) va (fa,q;) (hodc (pi, f2) va (pj, fa),
hodc (s1,¢:) va (fa,q;), hoac (pi, s2) v (pj, f2)) 1a tit thudce L.

4. XAC DINH DO TRE GIAI MA CUA NGON NGU CHINH QUY

Cho ngon ngit chinh quy L duge doin nhan bdi 6tomat hitu han A, dé xic dinh do tré
giai ma ciia L, trude hét ta gidi quyét bai toan bo trg trén do thi nhu dudi day.

4.1. Bai toan vé chu trinh hgp 1é trén do thi

Cho dd thi hitu han ¢6 huéng (c6 thé c6 khuyen) G = (V, E) vé6i hai dinh dgc biét 1a dinh
khéi dau s va dinh két thic f(s # f), tap U C V goi la tap dinh khéa (dinh s va f khong
thudc tap U), cac dinh con lai goi 1a dinh khong khoa.

Cho duong di 7 gom day dinh vy,...,vj,...,0;, ..., (v6l s = v1) trén do thi G. Néu ¢6
1 <i<ksaochowv; € Uyvp =wv;,1 <j<ithinwgoila chu trinh hop l¢ trén do thi G. Dinh
v, <1 < k goila dinh trong clia chu trinh hgp lé. Duong di 7 goi 1a di qua dinh v, néu v
1a mot trong cac dinh v;,2 <1 < k. 7 cling dugce goi 1a chita dinh v, néu v 1a mot trong cac
dinh v;,1 <1 < k.

Bai toan 1. Cho do thi hitu han ¢6 huéng G = (V, E) nhu § trén. Cho biét tréen G ¢6 ton
tai chu trinh hgp 1& hay khong.

Dé giai bai toan trén, trudc hét ta xay dung do thi sao chép G’ = (V', E') tit do thi
G = (V, E) nho k§ thuat sao chép do thi nhu sau:

i) V6i v € V sao chép thanh hai dinh (v, 1), (v,2) ctia V'.
i1) V6i (u,v) € E:
+ Sao chép thanh hai cung ((u, 1), (v, 1)), ((u,2), (v,2)) cia E';

+ Néu u € U thi b6 sung cung ((u, 1), (v,2)) vao E';
Ham xay dyng do thi sao chép G’ ky hieu 1a XCopy(G), dudi day 1a giai thuat:

Function XCopy(G)
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Input: D6 thi hitu han cé huéng G.
Output: D6 thi sao chép G’ tit do thi G.
{Gidi thudt ding mdng: keylq] = 1 khi va chi khi dinh q € U}

1. VI =0;E =0;

2. for each v in V do
Vi=V'uy {(u7 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)), ((u,2), (v,2) }1
if key[u] = 1 then
E'=FEU {((u’ 1)7 (Ua 2))};
5. return G'.

Nhan zét 4.1. i) Do thi sao chép G’ ¢6 |V'| = 2|V, |E'| < 3|E]|.

i1) Tap cac dinh dang (v, k) cdm sinh trong G’ d6 thi con Gy, k = 1,2. Mdi do thi con G,
déu ding ciu véi G. G’ thuyc chit 1a st két ndi cé chon loc ciia hai d6 thi con Gy, Ga,
chi ¢6 cac cung di tit G dén G2 ma khong ¢6 chiéu nguge lai.

Hién nhién ta c6 bo dé sau:
Bo dé 4.1. Gidi thuat XCopy cé do phic tap thoi gian O(|V |+ |E|).
Vai tro ctia do thi sao chép G’ trong viéc xac dinh chu trinh hgp lé trén G, duge cho béi

dinh ly sau:

Dinh ly 4.1. Cho do thi hiu han G = (V,E), c¢6 dinh khdi dau s € V, dinh két thic
f e V(s # f), vdi tap dinh khéa U (dinh s va f khong thuéc tap U) va G' = XCopy(G).
Trén G ton tai chu trinh hop 1é khi va chi khi trén G’ ton tai duong di 7 t dinh (s,1) dén
dinh (v,2) va (v,1) thuoc 7.

Chitng minh. (=) Trén G ton tai chu trinh hop 16 wi,...,uj, ... gy oo ug, (VO s = ug),
ta c6 1 < i<k sao cho u; € U vd uj = uy,1 < j < i. Theo cach xay dung do thi sao chép
G’, trén n6 ton tai duong di m sau:

(ul, 1), ceey (Uj, 1), ey (ui, 1), (uH_l, 2), ceey (uk, 2),
G dé6 (s,1) = (w1,1), (ug,2) = (v,2). Douj =v,1 <j<isuyra(v,1)€m.
(<) Trén G’ t6n tai duong di 7 tit dinh (s,1) dén dinh (v,2) va (v,1) € 7. Theo cich
xay dung do thi sao chép G’, khi d6 duong di 7 ¢6 dang sau:
(ui, 1), .0, (ug, 1), .00, (wi, 1), (wig1, 2), - - -, (ug, 2),

§do (s,1) = (u1,1), (ug,2) = (v,2) vau; € Uv6il <i<k.Do (v,1) € m,nénv = u; véi 1l <

J <. Tuong tdng v6i dudng di 7, trén G c6 duong di sau day: w1, ..., uj,. .., U, Uit1, - - -, Uk,
ddé s=uy,ur =v,u; €U v6i 1 <i <k, vau,=u; véil<j <i. Hay trén G c6 chu trinh
hop le. [ |

Dinh 1§ 4.1 14 co s6 cho ta xay dung giai thuat xac dinh cé chu trinh hgp 18 trén G hay
khong. Ta thiyic hién t6 mau cac dinh trén do thi sao chép G’. Trong kj thuat to mau, moi
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dinh c6 thuge tinh mark dé cho biét dinh dé duge t6 mau gi, ta sit dung 4 mau nhu sau:

+ Dinh (u,i) dugc t6 mau WHITE (hay mark[(u,i)] = WHITE) dé biéu dién dinh (u, i)
chua duge “tham”.

+ To mau mot dinh dang xét: Néu né 1a dinh dang (u, 1) thi duge to6 mau BLUE, ngugc
lai thi duge t6 mau GRAY. Dac biét khi mot dinh dang duge xét (u, 1) duge t6 mau BLUE
thi dinh dong bo tuong ting (u,2) ciing duge t6 mau BLUE. Trén con duong duyét do thi G/,
khéi dau tit dinh (s, 1), néu dén duge dinh (u,2) t6 mau BLUE thi theo Dinh 1§ 4.1 trén G
¢6 chu trinh hgp lé.

+ Dbinh duge t6 mau BLACK cho biét dinh bi loai.

Giai thuat c6 thé duge mo ta nhu sau:

i) Ban dau cac dinh tréen G’ duge to mau WHITE.

i1) Sau d6 ta goi dén giai thuat Visit tit mot dinh cho trude (s,1), giai thuat Visit duge
cdi tién tir gidi thuat DFS (Depth First Search) (xem [15]) dé to mau trén G.

Function Visit(graph G',vertex (u, 1))

1. if i =1 then
mark([(u,1)] = mark[(u,2)] = BLUE
else mark[(u,i)] = GREY
2. for each (v,j) in Next((u,i)) do
if mark|(v,j)] = BLUE and j = 2 then return TRUE;
if mark[(v,j)]= WHITE then
if Visit(G', (v,7)) then return TRUE
3. mark|(u,i)] = BLACK
if i = 1 and mark[(u,2)] = BLUE then mark[(u,2)] = WHITE
4.  return FALSE

Function ContainsCycle(graph G’ vertex (u,1i))

1. for each (u,1) in V' do
mark[(u, 1)] = mark[(u,2)] = WHITE
2. return Visit(G’, (u,1));
Nhan xzét 4.2. i) Giai thuat Visit phat hién chu trinh hop lé (néu ¢d) trén G.
i1) Bu6c thuce hien giai thuat Visit chi 13 cai tién gidi thuat DFS, nén giai thuat Contain-
sCycle ¢6 do phic tap thoi gian 1a O(|V'| + |E'|) = O2|V| + 3|E|) = O(|V| + |E|).
4.2. Giai thuat xac dinh dé tré giai ma

Bai toan 2. Cho ngon ngit chinh quy L C ¥* duge doan nhan bdi 6tomat hitu han A.
Hay xay dung gidi thuat xac dinh do tré giai ma cia L.

Giast A= (Q,X,E,I,F)va L=XL(A). Ta xét cac truong hgp sau:
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a) Néu L khong 14 ma thi két thic: Viec kiém tra L c¢6 1a ma hay khong c6 thé ap dung gidi
thuat cia R. McCloskey (xem [1]). Ta ky hiéu ham thyc hién kiém tra 13 CodeAlgo(A),
tra lai gid tri TRUE néu L = £(A) la ma, nguge lai ham tra lai gia tri FALSE, giai
thuat ¢6 do phc tap thoi gian O((|Q| + | E])?).

b) Néu L 1a ma thi L C X7: Ta xay dung Ay =Ex(Trim(D(A))) = (Q2, %, E2, s2, f2),
Ay =Graft(A2) = (Q1,%, F1,s1, f1) ¢ trang thai ghép fo (6 d6 ta ddi tén trang
thai ghép tit fo thanh fg, trang thai dau tit so thanh sp). Lay tich A; véi As ta ¢6
Prod(Ay, As).

Ta xem e-6tomat Prod(Aj, As) nhu mot do thi hitu han c¢6 huéng G(Prod(A;, As2) xac
dinh mot do thi ¢6 huéng G), cac trang thai 1a cac dinh ctia do thi, c6 dinh khéi dau (s1, s2),
dinh két thac (f1, f2), dinh (fg, fo) goi 1a dinh ghép tich trén do thi G, tap dinh khoa
U ={(fg,q) € Q1 x Q2 | ¢ # f2,s2}, mot cung cua Prod(Ai, As) xac dinh mot cung
cia do thi, cung di dén dinh khéa duge gan trong s6 1 cac cung con lai duge gan trong s6 0.

Hinh 4.1. Tinh d0 tré giadi ma cta L

Phuong phap tinh do tré gidi ma c6 thé mo ta nhu sau: L c6 do tré gidi ma d > 0, khi d6
d 1a s6 nguyén nhé nhét sao cho:

Va,o' € LYy € L VYu € ¥* ayu € 2'L* = z = o

(hay d 14 s6 nguyeén 16n nhat ma: 32,2’ € Lz # 2/, 3y = y1y2 - yq—1 € L4V, y; € L, Fu € X
sao cho xyu € o' L* (ta cling c6 zyu = 2’y véi v/ = y v} ...y, € L*,y; € L)). Khi d6, ta thuc
hién tich e-6tomat A4; dodn nhan LTX* véi e-6tomat Ay doan nhan L. Trén do thi G xéc
dinh bdi e-6tomat tich ctia A; véi Asg, ta xac dinh duong di tir dinh khéi dau dén dinh két
thtc ¢6 nhiéu dinh khoéa (fg, ¢;) nhat. S6 dinh khéa tim duge chinh 1a do tré gidi ma d cta
L, nhu mo t béi Hinh

Trong truong hop L 1a ma, ta thiét 1ap cac két qua dudi day:

Bo dé 4.2. Cho do thi G zdc dinh nhu & trén. Néu trén G ¢6 chu trinh hop lé thi ton tai
chu trinh hop lé théa madn:

i) Khong chita dinh ghép tich va khong di qua dinh khdi dau.
ii) Ton tai dinh trong dén dugc dinh két thic.

Chitng minh. Trén G ¢6 chu trinh hop lé 7 gom day dinh vy, ..., v;,...,0;,..., 0 v6i 1 <
i < k,v; € Uyvp =v;,1 <j <14, hay 7 c6 dang:
(p17 QI)a ceey (p]7 QJ)a veey (fG7 Q’L)a ey (pk7 Qk)a

v6i vy = (p1,q1) = (51,52),v5 = (95, 45),vi = (fa. @), vk = (Pk, Q&)

i) Khi d6 chu trinh hgp 1é © khong chita dinh ghép tich (fg, f2) v khong di qua dinh
khdi dau (s1, s2), that vay:

+ Gid st 7 di qua dinh khéi dau v; = v; v6i 1 < 1 < 4, khi d6 ta xét chu trinh hop I¢ 7
bit dau tir dinh khdi dau v;.
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+ Gid st w chita dinh ghép tich v; = (fg, f2) v6i 1 < 1 < j, trén co s§ xay dung cac
e-6tomat Ay, A va phép tich otomat, dinh ké tiép c6 thé di dén tir dinh ghép tich (fq, f2)
trén G, chi c6 thé 14 dinh (fi, s2) hodc dinh khéi dau (s, s2). Dinh (f1,s2) khong thé 1a
dinh ké tiép ctia dinh ghép tich (fq, f2), vi trén 7 ¢6 dinh khoa (fg, gi), ma tit dinh (f1, s2)
khong thé dén dugc dinh khoa (fg, ;). Vay, ké tiép dinh ghép tich (fa, f2) chi ¢6 thé Iy dinh
(s1,82), ta x6t chu trinh hgp 1é¢ 7 bt dau tir dinh (sq, s2) nay.

+ Gié st 7 chita dinh ghép tich v; = (fg, f2) voi j <1 < k, khi d6 ta c¢6 duong di trén
chu trinh Ia:

(fGan) x—1> (fG7ql) x—2> (pk7qk) $—3> ('fGan)a
(hoac (fa, fa) == (P, ar) == (fa,q1) = (fa, f2))

vi (fg, @) 1a dinh khda nén g; # fa2, so. Tt Nhan xét thi z1, 293 € Lt (hofic m112, 73 €
LT), suy ra, xau xyxow3 ¢6 hai phan tich khiac nhau trong L, khi d6 L khong 13 ma, diéu
ndy trai véi gid thiét L 13 ma.

+ Gia stt ™ di qua dinh khéi dau v; = (s1,s2) v6i j <1 < k, khi d6 dinh v; ¢6 cung di
dén no, trén co sd xay dyng cic e-otomat Aj, Ao vA phép tich otomat thi dinh ké trude v,
trong chu trinh 7 1a dinh (fg, f2), nhu phan tich & trén, diéu nay 14 mau thuin.

i7) Chu trinh 7 ¢6 it nhat mot dinh trong dén duge dinh két thac (f1, f2) trén G. That
vay, trén 7 ¢6 dinh trong v; = (fa,q) v6i j <1 < k,q; # fo, s2, trén cd s6 xay dung céc
e-otomat Aj, Ag va phép tich otomat, tir dinh (fg,¢;) ta dén duge dinh (f1,q;) bing mot
cung véi nhin e. Do Ay =Ex(Trim(D(A))), nén tit trang thai bat ky ¢; trén Ay déu dén
duge trang thai fo, va tir fi trén A; chi ¢6 cc cung dén chinh né véi nhan 13 ky ty thudc
Y U {e}, vay theo tich 6tomat thi trén G phai ¢6 duong di tt (fg, ¢;) dén (f1, fa). [ |

Dinh 1y 4.2. Cho ngon ngit chinh quy L C X% la ma duge dodn nhan bdi 6tomat hitu han
A. Cho Ay = Graft(Az) cé trang thai ghép fg vdi A = Ex(Trim(D(A))) va Prod(A;, As)
zdc dinh mot do thi G nhu & trén.

i) L ¢6 do tré gidi ma vo han khi va chi khi trén G ¢6 chu trinh hop lé.

ii) L c6 do tré gidi ma d > 0 khi va chi khi trén G c6 duong di tw dinh khdi dau dén dinh
két thiic vdi trong so lon nhat la d.

Chiing minh. i) (=) L c¢6 do tré gidi ma vo han, khi d6 xét v6i mot s6 nguyén khong am
bat ky d, ta c6 Iz, 2’ € Lyx # o', Iy =y1yo---ya € L% y; € L, Fu = uqug -y € X%, u; €8
sao cho zyu € ' L*. V6i tit zyu, trong A; ¢6 duong di 7 nhan zyu:

81ngésly—1>fGi>51"'31y—d>fGi>f1u—l>f1"'f1i)fl.

Tuong tu vay, v6i zyu = 2’y yh - -y, € ' L*,y; € L trong As c6 dudng di 6 nhan zyu:

/ / /
82x—>f2£>82y—1>f2i>32---82y—n>f2.

Khi do6, trén do thi G ¢6 duong di p duge tao nén tit w va 6, khdi dau tir (s1,s2) va két
thac 1a (f1, f2) nhu sau:

(81382)7"'>(fGaQi)7'"7(pj7f2)a" ) (f17f2)7
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do L 1a ma nén g¢; # f2,s2 va pj # fa,s1, do ta c6 thé chon d tiy ¥ di 16n (ching han d
16n hon s6 trang théi ctia A;), s6 trang thai cia A; 14 hitu han, nén trong p phai ton tai hai
dinh (fg, ¢;) trung nhau, hay néi cach khéc trong G ¢6 chu trinh hgp lé.

(<) Tren G ¢6 chu trinh hop lé m gom day dinh vi,...,vj, ..., 04, ...,05 V61 1 < i <
k, v; € U,vp = v;,1 < j <14, hay m 1a duong di c¢6 nhan nhit sau:

(prs @) = (pjsaz) = (farai) = (pr, ar)
v6i v1 = (p1,q1) = (81,82),v5 = (9, ¢5),vi = (fa,q) € U,vk = (Pk, Gk)-
Theo B6 dé 4.2 ta c6 7 khong chita dinh ghép tich (fq, f2), khong di qua dinh khéi dau
(s1,52) va ton tai dinh trong (fq,¢;) dén duge dinh két thac (f1, f2) trén G. Khi do tréen G
c6 dudng di p c6 nhan sau day:

(31732) (pjaqj) (va%) (pjvq]) x_2> (fG’aQi) :E_3>
u
(fG)ql) (p]7qj) (fGaQZ) (fla(b) — (flan)a
ta cling c6 trén p khong chita dinh (fg, f2), khong di qua dinh (sq,s2). Khong lam mat
tinh t6ng quat, ta gid st (fg,¢) la dinh khoa dau tien trén p. Theo Nhan xét [3.2) thi ta ¢6
w329 € L1, Vay, v6i d 16n tiy ¥, 3z = 120, # 2’ € L, 3y = (2322)? € LT, Ju € ¥* sao cho
xyu € ' L*, hay no6i cach khac L c¢6 do tré gidi ma vo han.
i1) (=) Néu L c6 do tré gidi ma d
+ Ta xét v6i d = 0 thi
Vo, o' € L,Vu € ¥*, zu € 2/ L* =z =2'.

Trén co s§ xay dyng cac e-6tomat A, As va phép tich 6tomat. Néu d = 0 thi trén G,
moi dudng di tir dinh khdi dau dén dinh két thic khong ¢6 dinh khéa, khi d6 moi cung trén
cac duong di nay déu c6 trong s6 0, vay duong di tit dinh khdi dau dén dinh két thic co
trong s6 16n nhat 1a d = 0.

+ Ta xét véi d > 0

Va,o' € L,Vy € L% Yu € ¥* 2yu € 2'L* = z = o/,

hay d 1& 16n nhit théa man:

e’ € Lia# 2, 3y=yye-ya1 € LNy € LIu=wug -y € 5F,uj €S (4.2)
sao cho zyu € 2'L* (ta ciing c6 zyu = 2y’ v6i y = yiyh-- -y, € L*,y. € L). .

V6i xau zyu trong A; ton tai duong di m nhu sau:
x € Y1 € Yd—1 € Ul uy
s1=> fe—=s1—=fe=>s1s1— fa—=> L — [ i = fi
Tuong tu vay, voi xau 2’y trong Ay ton tai duong di 0:
z’ € yi 5 Yn,
s = fa = 82— fa = S22 = fa.

Khi d6, theo tich otomat, trong d6 thi G ¢6 duong di p duge tao len tix 7w va 6, khéi dau
tur (s1, s2) va két thic 1a (f1, f2) nhu sau:

(81»82) 5 (forq) = (s1,q1) 2 (fa a2) = (s1.42) -+
(51,00-1) == (farqa) = (fr,01) 5 (Fip2) - (From) % (f1, fo)
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do z # 2/ vi L 1A mi nén ¢; # f2, 52, v6imoii = 1,...,d. Vid I 16n nhét thda mannén
duong di p trén G tir dinh khdi dau (s1, s2) dén dinh két thic (f1, f2) ¢6 trong s6 16n nhat
la d.

(<) Néu trén G ¢6 dudng di p tir dinh khdi ddu dén dinh két thic c6 trong s6 16n nhat
d.

+ Truong hop d = 0. Khi d6, trén bat ky mot duong di tit dinh khéi dau dén dinh két
thic khéng c¢6 dinh khéa. Ta co

Vo, o' € L,Vu € ¥*, ou € 2/ L* =z = 2.

Hay do tré gidi ma ctia L 13 bang 0.
+ Truong hgp d > 0. Khi d6 dudng di p c6 dang:

(s1,5) = (for 1) 2 (fara2) 2 (faras) - (far da1) 25 (foraa) = (o) % (fi, f2)

G d6 q; # fo,s9, v6ii=1,....d vAa x,y1,...,Yq-1 € L,u € ¥*. Tuong ting v6i dudng di p
trén G thi trén A; t6n tai duong di 7 v6i nhan zyu = zy; - - - yg_1u:

€z Y1 Y2 Yd—1 S u
s1 = fe— fe = fafo —— fa—= i = N
va trén As ciing ton tai duong di 6 v6i nhan 2'y’, 2’ € L,y' € L* sao cho zyu = 2'y/:
/ y/
s3> f2 = fo.

Vay d 1 16n nhat ma 3z, 2’ € L,z # 2/, Fy € LY, Ju € ¥* sao cho zyu € 2/L*, hay d 1a
nhé nhét sao cho: Vz, 2’ € L,Vy € LY Vu € ¥* zyu € 2/L* = x = 2/, suy ra L ¢6 do tré giai
ma d. |

Duéi day la giai thuat xac dinh do tré giai ma cua ngon ngit chinh quy L C ¥*.

Giai thuat DecipheringDelay(A)

Input: Otoémat hitu han A va L = £(A) C ©*.

Output: Thong bao trong trudng hgp L khong 1a ma hodc c6 do tré giai ma vo han,
ngudc lai giai thuat tra lai do tré gidi ma cia L.

1. if not CodeAlgo(.A) then Return (“L khong la ma”);

2. ./42 = Ex(Tmm(D(.A))) = (QQ,Z,EQ,SQ,fg);
A = GTaft(.AQ) = (Q1, ¥, B, 81, fl);
3. G = Prod(A;, As); {cd |Q|? trang thdi va |E|?* cung}
4. G' = XCopy(G); {cd 2|Q|* dinh va 3|E|? cung}
5. if ContainsCycle(G’, ((s1,s2),1)) then Return ("Do tré gidi ma vo han")
6. Tim trong s6 dai nhat d ctia duong di tit dinh (s1,s2) dén dinh (f1, f2) trén G
7. Return d.

DPanh gia do phiic tap théi gian cta giai thuat: Do phic tap thai gian ctia bude 1 1a
O((|Q| + |E})?), buée 2 dbi véi ham D(A) 1a O(|Q| + |E|), ham Trim 1a O(|Q| + |E|), cac
ham Ex va Graft 1a O(1), bude 3 1a O((|Q| + | E])?), budc 4 va bude 5 1a O(|Q|? + |E|?).

O bude 6, G xac dinh mot dd thi ¢6 chu trinh, céc cung di dén dinh khéa ¢6 trong sb 1a
1, cAc cung con lai ¢6 trong s6 14 0, do do thi xac dinh bdi G khong c¢6 chu trinh hgp 1é, cho
nén mot chu trinh bat ky 14 khong c¢6 dinh khoa, vay cic cung tham gia vao chu trinh déu c6
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trong s6 0. Dé thuyc hién tim trong s6 dai nhat ctia dudng di tit dinh khéi dau dén dinh két
thiic ta gdn cac cung c6 trong sb 1a 1 thanh -1, roi 4p dung giai thuat Bellman —Ford (xem
[15]) tim duong di ngan nhat trén do thi trong s6 ¢6 thé am va c¢6 chu trinh khong am, khi d6
—d 1a gia tri nhd nhét tim duge thi d 1a trong s6 dai nhat ctia duong di tit dinh (sq, s2) dén
dinh (f1, f2) trén G. Thyc hign toan b bude 6 ¢6 do phiic tap thai gian 1A O(|Q|?|E|?).

Téng hop lai giai thuat c6 do phic tap thoi gian O(|Q1?|E|*) = O(|E]®) = O((|E| +
1Q)3) = O(n?), vé6i n = |Q| + |E|, 6§ day ta xem O(|E|) = O(|Q|?) (khi 6tomat day cung
nhat).

5. KET LUAN

Nghién cttu cac mo hinh 6tomat nang cao va tng dung ctia né la mot trong cac xu hudng
nghién cttu hién dai duge nhiéu nha khoa hoc - cong nghé quan tam. Bai bao dé xuat giai
thuat méi xac dinh do tré giai ma ciua ngon ng chinh quy, duge doan nhan béi 6tomat hitu
han. Day 1a bai toan ¢6 ¥ nghia vé Iy thuyét ciing nhu tng dung thyc tién.
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