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Abstract. We present an extension of the test proposed by Sardinas and Patterson (1953)
for deciding whether a set of words is a code. As a consequence, we obtain an effective
algorithm that decides in O(k) time whether a given regular language is a code, where k is
the finite index of the syntactic congruence of this language.

Tém tat. Trong bai bao nay, ching toi trinh bay mot thuat todn méi mé rong thuat toan
Sardinas-Patterson xac dinh tinh chit ma ctia mot ngon ngit. T dé6 nhan dude mot thuat
toan véi do phiic tap ¢d O(k) dé nhan biét mot ngon ngit chinh quy cho truée 14 ma hay
khong, v6i k 1a chi s6 hitu han clia tuong dang ci phap théa ngon ngit doé.

1. MO DAU

Trong ly thuyét ma, bai toan x4c dinh tinh chat ma clia ngon ngit 14 mot bai toan co ban
duge dé cap trong nhiéu cong trinh nghién cttu. Nam 1953, Sardinas va Patterson dé xuat
mot phuong phap tinh toan to hgp kiém tra tinh chdt ma clia mot tap cac tit cho trude.
Cho dén nay, phuong phap nay van dugc sit dung rong rai nhu mot tiéu chuan kiém tra tinh
chat ma ciia ngon ngit. Mot s6 cong trinh nghién citu theo huéng mé rong phuong phap doé
cho céc 16p ma méi nhu ma zigzag (M. Anselmo [I], va D.L. Van, B. Lesaéc, I. Litovsky [2]),
Pcodes (F. Blanchet-Sadri, M. Margaret [3]), T-V codes (F.L. Tiplea va cac tac gia khac
[4]), ma v6i tur dinh bién (H.N. Vinh, P.T. Huy, D.L. Van [5]) v& ma nhi phan (D. Macro
[6]), hodc dé tinh toan mot s6 do do ctia ma nhu do khong nhap nhing (P.T. Huy, N.D.
Han, P.M. Chuan [7]) v& do tré gidi ma (H.N. Vinh, N.D. Han, P.T. Huy [8]). Mot s6 tac gia
dé xuat thuat toan kiém tra méa kiéu Sardinas-Patterson st dung ki thuat otomat nhu M.
Robert [9], W. Andreas, H. Tom [10] va J. Falucskai [11]. Khi ngon ngit duge cho bdi mot
otomat hittu han, thuat toan kiém tra ma trong [9] c6 do phiic tap ¢ O(n?), v6i n 14 tong sd
trang thai vi s6 phép chuyén ciia otomat hay cd O(12.k*), véi [ 1 s6 chit clia bang chit cai
va k 1a s6 trang thai clia otomat dé.

Trong bai nay, ching to6i cai bien phuong phap t6 hgp ciia Sardinas va Patterson, dé xuat
mot thuat toan kiém tra ma. Khi cho ngon ngit chinh quy X duge doan nhan bsi mot dong
cau dai s6 o : A* — M, v6i M 1a mot vi nhém hitu han, ta nhan duge mot thuat toan kiém
tra X c6 1a ma khong. Nho stt dung phuong phap dai s6, cho phép danh gia tinh hieu qua
16 18t clia thuat toan nay, v6i do phitc tap ¢ O(k), v6i k 1a chi s6 tuong dang ci phap clia
X, hon han do phitc tap clia thuat toan Sardinas-Patterson, dugc biét c6 cd O(2%2F).
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Truée hét, ching t6i nhic lai mot s6 ky hieéu va khai niem dude st dung trong bai bio,
chi tiét xem trong [12 [13]. Cho A 1a bang hitu han cac chit cai. A* 1a vi nhém ty do clia tat
c4 cac tit hitu han sinh bdi A. T rdng duge ky hieu la e va AT = A* — {e}. Méi tap con ciia
A* dugce goi 1a mot ngon ngit trén A. Mot tap X C AT dude goi 1a ma trén A néu moi tit w
thuoc AT c6 nhiéu nhat mot cach phan tich thanh tich ctia cac tit trong X. Gidsit X, Y C A*,
ta goi thuong trdi (thuong phdi) cia X v6i Y la ngon ngit Y ' X (tuong tng XY 1) duge
xac dinh bsi Y 1 X ={we A" |ywe X,yeY}Iva XY ' ={wec A" |wye X,y Y}. Ky
hiu v~ X, Xu~! duge st dung khi tap Y = {u} chi c6 mot phan ti.

Cho X C A*, ta néi rang X thda bdi dong cau vi nhém o : A* — M néu ton tai B C M
sao cho X = a~!(B). Trong trudng hop X 1a ngdn ngit chinh quy, ta luon xay dung dugce
mot vi nhém ca phap hitu han My va dong cau ci phap ax : A* — My théa X. Khi do,
ta goi k = |Mx/| la chi s6 tuong ding cti phdp ciia X.

2. THU TUC SARDINAS-PATTERSON XAC DINH TiNH CHAT MA
CUA NGON NGU

Cho tap X cua cac tu trén bang chit A, dwa vao dinh nghia cia ma, thu tuc Sardinas-
Patterson [12] dua ra cach tinh toan cac tap thuong dé tim hai phan tich khac nhau clia
mot xau w bat ky trong X, w € A*. Thii tuc Sardinas-Patterson xac dinh cic tap thuong

U;, i=0,1, ... dugc xac dinh mot cach dé quy nhu sau:
Up=X"'X - {e} 2.1)
U =U ' XUX'U;, >0 '

Tinh ding dan ciia thi tuc Sardinas-Patterson diya trén Dinh 1y 2.1l sau day:
Dinh 1y 2.1. ([12]). Tap X C AT la ma khi va chi khi cdc tap U; duge zdc dinh theo cong
thite 2.01) khong chia tit rong.

Chitng minh ctia Dinh 1y 2.1] dya trén Bo dé 2.1 sau day:
B6 dé 2.1. ([12]). Cho X C AT va (U;)i>0 dudc dinh nghia theo cong thite (Z1)). Vi Vi > 0
va k € {0, ...,4}, ching ta c6 € € U; khi va chi khi ton tai mot t&w € U; va m,n > 0 sao cho
wXmNX"#£0, m+n+k=1.

Meénh dé sau day khang dinh sy ton tai ctia thuat toan Sardinas-Patterson khi X 1a tap
doan nhan dugc.
Ménh dé 2.1. ([12]). Néu X la mot tap dodn nhan dugc, thi tap tat cd cic U; (i > 0) la
hiu han.
Nhan zét 2.1. Menh dé 2.1 khang dinh Dinh 1y 2.1 cung cAp mot thuat toan kiém tra mot
ngon ngit chinh quy X bat ky c6 1a ma khong.
Vi dy 2.1. Cho A = {a,b} va X = {b, abb, abbba, bbba, baabb}. Tap X khong la ma vi ton tai
tu w = abbbabbbaabb, w c6 hai phan tich khac nhau trong X:

w = (abbba)(bbba)(abb) = (abb)(b)(abb)(baabb).
Stt dung thuat toan kiém tra ma, ta cé:
Uy = {ba, aabb, bba} , Uy = {a,ba, abb} , Us = {¢, a, ba, bb, bbba, abb}.
Vi € € Uy, suy ra X khong la ma.
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Nhan zét 2.2. Tu thuat toan xac dinh tinh chit ma ctia mot ngon ngit & trén, ta c6 nhan
xét: Cac tap U; sé nhan dugc sau mdi bude tinh todn nhd 4p dung hitu han cac phép U, N,
—, cac phép cat trai, phai. Néu X la ngon ngit chinh quy thi theo két qué kinh dién, ton
tai mot vi nhém hitu han P vd mot dong cau vi nhém ¢ : A* — P théa X va cac tap U;,
i =0,1,... Nghia la s6 cac tap U; khong vugt qua sd tap con ciia P (bing 2171 (xem [12]).
Meénh dé va hé qua sau day khing dinh diéu nay.

Meénh dé 2.2. Cho X,Y C A* la hai ngon ng@ chinh quy, va hai dong ciu vi nhom « :
A* — M va B : A* — N lan lugt théa X va Y, t dé ta luon zday dung dudc mot dong cau
(toan cau) vi nhém ¢ : A* — P, vdi P la mot vi nhém hitu han, théa dong thoi ca X va'Y .

Vi dy 2.2. Cho vi nhém Uy = {0, 1}, v6i phan tt don vi 1a 1 va phan t1t zero 1a 0, A 1a bang
chit hitu han khac rdng va cho ngon ngit X thdéa bdi mot dong cau vi nhém « : A* — M,
ngon ngit Y = {e} thdéa bdi dong cau vi nhom 3 : A* — Uy, dugce xac dinh béi: B(e) = 1,
Vu € A*, B(u) = 0. Dé thay riang, cd& X va Y cung thdéa bédi toan cau ¢ : A* — P, v6i
P C M x Uy, duge xac dinh béi: Vu € A*, o(u) = (a(u), B(u)). Khi d6, P la vi nhém duge
sinh béi ¢(u), Vu € A*. Néu | M| 14 hitu han thi |P| < 2.k, v6i k = | M| 1a chi s6 tuwong dang
ct phéap cta X.

Tt Ménh dé 2.2 ta c6 He qua 2] sau day.

Hé qua 2.1. Cho X,Y C A* la hai ngon ngit chinh quy. Néu X va'Y cung théa bdi toan
cau vi nhém ¢ : A* — P, vdi P la mot vi nhém hitu han, thy ¢ ciing théa moi L € A(X,Y)
trong dé A la ldp ngon ngit sinh bdi X, Y nho s dung hitu han cdc phép U, N, —, cdc phép
cdt trdi, cdt phds.
Chitng minh. Theo gia thiét X = o~ 1(B), Y = o~ 1(C), véi B,C C P. Véimoi z € X UY,
¢(z) € B hoac ¢(z) € C, suy ra

XUY =¢p 1 (BUC) = Y (B)Up™(C).

Do d6 ¢ théa ngdn ngit X UY. Lap luan tuong tu v6i phép N va phép —.

Theo dinh nghia: B'C={m e P|3eB:bm=ccC}= XYV = 1(B710). Do
dé6 ¢ thoa ngon ngit X Y. Lap luan tuong ti véi phép XY 1. |
Nhan zét 2.3. Néu X C AT 1a ngon ngit chinh quy va véi moi tap V;, ¢ = 0,1, ... thoéa bdi
toan cau vi nhém ¢ : A* — P, v6i P la mot vi nhém hitu han, va cac tap V; c¢6 tinh
chat Vo C V3 C ... C A* thi ton tai K; C P sao cho V; = ¢ !(K;), i = 0,1,.... Khi d6
Ky C K; C...C P. Nghia la s6 tap V; khong vugt qué s6 phan tit ctia P. Nhan xét nay 1a
co s6 dé ta xay dung thuat toan kiém tra ma trong phan tiép theo.

3. THUAT TOAN XAC DINH TINH CHAT MA CUA NGON NGU
CHINH QUY

Duta trén cac nhan xét trén, ching toi dé xudt mot thi tuc méi dé kiém tra mot ngon
ngit chinh quy X C AT cho truéc c6 la ma khong bing phucng phap to hgp méi dé tinh
toan cac tap thuong V;, ¢ =0, 1, ... mot cach dé quy nhu sau:

Vo=X"1X —{e}

o o . (3.1)
Vin=V'XUX"V) UV, i>0
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Tinh ding din cta thi tuc dua trén Dinh 1y Bl v cac Bo dé sau day.
Bs dé 3.1. Cho X C At wa (Vi)i>o dugc zdc dinh theo cong thic BI). Vdi moi i > 0,
2 € A* néu z € V; thi ton tai n,m > 1,21, %2, ..., Tn, Y1, Y2, .oy Ym € X sao cho
T1XL2 e TpZ = Y1Y2 - Ym, T1 F Y1-
Chatng minh. Ta chiing minh quy nap theo i diéu khing dinh trén.
+ V6ii=0: T z € Vy ta phai chiing minh ton tai n,m > 1,21, T2, ..., Tn, Y1, Y2, «vs Ym € X
sao cho x1x9 ... xnz = Y1Y2 ... Ymy T1 F Y1-
Tit dinh nghia Vo = X 71X — {¢}, 2 € Vg, suy ra z € X 1X — {e}, nghia Ia ton tai
21,91 € X sao cho 1z =y1. Vie ¢ Vy suy ra x1 # y;.
Vay, diéu khang dinh ding véi i = 0.
+ Bu6c quy nap, gia st diéu khing dinh da diang véi i = k, ta ching minh né ciing ding
véi trudng hop i = k + 1.
Vé6ii = k+1, tit 2 € V; ta phai ching minh ton tai n,m > 1,21, 22, ..., To, Y1, Y2, -y Ym €
X sao cho z1Z2 ... Tnz = Y1Y2 ... Ym, T1 F Y1-
Theo dinh nghia: Vi1 = (V' X U X7'V;) U V. Khi d6, véi z € Viy1, suy ra 2 € Vj,
(truong hop 1) hodc z € V; ' X (trudng hop 2) hodc z € X 1V} (trudng hop 3).
Ta xét cac truong hgp nhu sau:
- Trudong hgp 1: z € Vj, theo gid thiét quy nap, diéu khéng dinh ding.
- Trudng hop 2: z € V, ' X, suy ra ton tai 2’ € Vi, 2 € X sao cho 2’z = 2. Vi 2/ € Vj, theo
gia thiét quy nap, ton tail,s > 1,21, 29, ..., T1, Y1, Y2, ..., Ys € X sao cho
T1%2 ... 112 = Y1y2 .- Ys, T1 F Y1
Nhan z vao hai vé clia biéu thiic trén, ta co:
T1T2 ... T2'2 = Y1Yo ... YsZ, T1 F Y1.
Thay 2’z = x vao trén ta co:
T1T2 ... YT = Y1Y2 --- YsZ, T1 7 Y1
- Trudng hop 3: 2 € X'V, suy ra ton tai z € X, 2/ € Vj sao cho zz = 2. Vi 2/ € V4, theo
gia thiét quy nap, ton tail, s > 1,21, 29, ..., T1, Y1, Y2, ..., Ys € X sao cho
T1%2 ... 112 = Y1y2 .- Ys, T1 F Y1-
Thay 2z’ = xz vao biéu thic tréen, ta co:
T1T2 ... TITZ = Y1Y2 ... Ys, T1 7 Y1-
Vay, diéu khang dinh ding v6i moi i > 0. [ ]

Bs dé 3.2. Cho X C At va (Vi)i>o0 duogc zdc dinh theo cong thic (B.1)). Vi moixy, za, ..., Tn,
Y1, Y25 o Ym € X, nym > 1 wa Vz € A% 2] < |ym|, néu 122 ... 202 = Y1Y2 - Y, T1 # U1
thi ton taii > 0 sao cho z € V;.

Chatng minh. Ta chiing minh quy nap theo n diéu khang dinh treén.
+ V6in =0, tit day z12 = y1¥2 --- Ym, |2| < |ym|, T1 # y1 ta phai chiing minh ton tai i > 0
sao cho z € V;. Theo gia thiét x1 # ¥, ta xét 2 truong hgp sau:
- Truong hop 1: |z1] < |y1]. Theo gid thiét x1 # €, |2| < |ym]|, suy ra m = 1. Khi do, ta c6
thé viét 12 = y1, 1 # 1. Vay, z € (XX — {e}) = Vo.
- Truong hop 2: |x1]| > |y1|. Vi |2| < |ym], suy ra ton tai u € AT sao cho y,, = uz. Tit ding
thic 12 = y1y2 ... Ym, T1 # Y1, SUY TA T12 = Y1Y2 ... Ym—1u2, 1 # y1. Khi do:

yr'w = ous . ymo1u € Vo
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= Yy Vo = Y3 Ym_1u €V

= y;bl_le_g = u€Vpt, = vy, = 2€V,

Vay diéu khang dinh ding véi n = 0.

+ Gia st diéu khang dinh ding véi n = k, ta chiing minh né ciing dang véi n = k + 1. T
déng thic 129 ... TTpr12 = Y1Y2 ... Yms T1 7 Y1, ta chiing minh ton tais > 0 sao cho z € V;.

Xét xau xx41%, ta c6 ba trusng hgp sau xay ra:

- Trudng hop 1: |xp112] < |yml|, suy ra zx412 € V; (theo quy nap). Do do, iE,;j_le =z2€Vi
- Trudng hop 2: xx112 = Ym, Suy ra :E,;j_lym =2 Néuz#cethizeVy = (X1X - {e}).
Ngudc lai, néu z = ¢ thi e € V; nao dé.

That vay, theo gid thiét ta c6 z172 ... Tp112 = Y1Y2 o Ym, T1 F# Y1. VI Tp112 = Ypm, SUY
ra T1T2 ... Tp = Y192 ... Ym—1, T1 7# Y1 hay 1129 ... TkE = Y192 ... Ym—1, T1 # y1. Theo gid thiét
quy nap, suy ra € € V; nao dé.

- Truong hop 3: |zk112| > |ym|- Theo gid thiét |z| < |ym|, suy ra ton tai u € AT sao cho
Ym = uz. TU |Tpp12] > |Ym| VA ym = uz, suy ra ton tai v’ € AT )y, € X, 1 < s <m —1,
|’LL/| < |ys| sao cho g1 = u/ys+1ys+2 <o Ym—1U.

Hon nita theo gid thiét quy nap 122 ... TeTEi12 = Y192 ... Ym, T1 7 y1. Thay vy, = uz va
Tha1 = UWYsi1Yst2 - Ym_1U VAO tTéN ta cO: T1T2 ... TRU Ys i 1Yst2 - Ymn—1UZ = Y1Y2 .- Ym—_1UZ,
T1 # y1. Suy ra 129 ... xR’ = Y192 ... Ys, T1 F Y1-

Theo quy nap, suy ra v’ € V; véi i ndo d6. Do doé, ta c6 :

U T = Ysr1Ysa2 o Ymo1u € Vigr = VTIX

—1
= Y1 Vitl = Yst2 - Ym—1u € Viga

= y;Ll—l‘/i-l-m—l = u€Vigm = u_lym = 2€ Vitmy1.
Vay diéu khang dinh dang véi moi n > 0. [ |

Dinh 1y 3.1. Cho X C AT va (V;)i>o dudc zdc dinh theo cong thic B). Khi dé, X la ma
khi va chi khi e ¢ V;, vdi moi i > 0.
Ching minh. (=) X 1a ma thi e ¢ V; v6i moi i > 0.

Ta chitng minh béng phan chitng. Gia st ton tai i > 0 sao cho € € V;. Khi d6, theo B6
de 3.1 ton tai n,m > 1,21, T2, ..., T, Y1, Y2, - - -, Ym € X sao cho £122 ... Tpe = Y192 ... Ym,
x1 # y1 hay x1xs... 2 = Y1Y2 ... Ym, T1 # Y1, day la hai phan tich khac nhau cha mot tu
trong X. Suy ra X khong 14 ma, mau thuan.

(<) Ta ching minh € ¢ V; v6i moi ¢ > 0 thi X 1a ma.

Ta chiing minh béng phan ching. Gia sit X khong 1a ma. Khi d6, ton tai w € A* ¢6 hai
phan tich: w = z122 ... 2, = Y1Y2 ... Y, T1 # Y1, 3,y € X, i=1,..,n,j = 1,..,m. Hay ta
6 thé viét 122 ... Tne = Y1Y2 .- Ym» T1 # Y1, i,y € X. V1 |y;| > |e[, 5 = 1, .., m, suy ra ton
taii > 0 sao cho € € V; (theo B6 dé B.2), mau thuin. Vay, X 13 ma. [ |
Hé qua 3.1. Cho X C A" va (V;);>0 dugc zdc dinh theo cong thic B). Néu V; =0 th X
la ma.

Chiing minh. Ta chiing minh néu V; = () thi X 14 ma. That vay, theo cach xac dinh V; nhu
tren, néuco V; =0 = Vii=0 = ... = Vog=0hayV; =0, véi moi i > 0. Do do, ta
c6 e ¢ V;, v6i moi i > 0. Theo Dinh 1y 3] suy ra X 1a ma. |
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Heé qua 3.2. Cho X C A" va (V;)i>0 dugc xdc dinh theo cong thic (B). Néu ton taii >0
sao cho Vig1 =V vae ¢ Vg, vdii>s >0 thi X la ma.

Chitng minh. Ta phai chiing minh néu € ¢ Vy, v6i moi s < 4, V;31 = V; thi X 1a ma. That
vay, theo dinh nghia:
Vige = (Vip X U X71Wi) U Vip
Néu c6 Vi 1 = V;, thi thay V; 1 béi V; ta co:
Vie=(V7IX UXTV) UV, = Vg =V
Tuong tu, tacé V,, =V, véimoin > 0. Vie ¢ V, suyraec ¢ V,, = V5, véimoii > s > 0.
Do d6, ta c6 € ¢ Vs, v6i moi i > s > 0. Theo Dinh 1y B.] suy ra X 1a ma. |
Véi mot ngon ngit bat ky thuoc 16p ngon ngit chinh quy, s6 cac tap Vi, i = 0,1, ... xac
dinh nhu trén 1a hitu han. T thi tuc, ta nhan duge mot thuat toan méi dé kiém tra mot
ngdn ngit chinh quy c¢6 1a ma hay khong:
* Thuat toan ESP (the Extension of Sardinas and Patterson Algorithm)
Input: Cho X C A%, X la ngon ngi chinh quy.
Output: Két luan X la ma hodc khong.
Budec 1. Vo = X 'X —{e}, n=0
If Vo =0 Then goto Budc_ 4
Budc_ 2. (Loop)
Vorr = (V71X U X7V,) UV,
Budc_ 3. If e € V1 Then  goto Budc 5
If V,, = V41 Then goto Budc 4
Else n=n+1, Loop
Budc_ 4. Thong bdo "X la ma" wva Két thic.

Budc_ 5. Thong bao "X khong la ma" va Két thic.

Nhan zét 3.1. Cho X 1a ngon ngit chinh quy théa béi dong cau dai sd6 a : A* — M, vé6i M
12 mot vi nhém hitu han, va ngon ngit Y = {e}. Theo He qua 21 |A(X,Y)| c6 cd 22* va | P|
c6 ¢ 2.k, v6i k 1a chi s6 tuong déng ct phéap ctia X. Khi do, thuat toan Sardinas-Patterson
sé cho cau tra 16i khing dinh sau téi da 22* bude, véi mdi bude 1a mot bude tinh Us,; tir
U; theo cong thitc ([2.I) (1a s6 t6i da cac tap U; € A(X,Y) khac nhau, Vi > 0). Thuat toan
mé rong ESP duge dé xuat trén day dua ra cau tra 10i v6i sd bude t6i da chi 1a 2.k, v6i mdi
bude 1a mot bude tinh Vi tit V; theo cong thic (B.I]).

Vi dy 3.1. Cho A ={a,b,c,d}, X = {a,ab, be, cb,abd}. Theo thuat toan Sardinas-Patterson,
ta c6: Ug = {b,bd,d}, Uy = {c}, Uy = {b}, U3 = {c}. Vi U3 = Uy, suy ra X la ma. Theo
thuat toan ESP, ta c6: Vp = {b,bd, d}, Vi1 = Vo = {b,c,bd,d}. Vi Vo = V1, suy ra X la ma.

Vi du B minh hoa mot truong hop dic biét, do tinh chat bao ham ctia cac tap V;, thuat
toan ESP dimg sau khi tinh V5, con thuat toan Sardinas-Patterson phai tiép tuc tinh Uz vi
cac tap U; khac nhau, 2 > 7 > 0.
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Tong quat, theo thuat toan Sardinas-Patterson, cac tap U; sé dugce xac dinh nhs 4p dung
hitu han cac phép U, N, —, cac phép cit trai, cat phai. Theo He qua 2.1} ¢ thoa tat ca cac
tap U;, nghia 1a s6 cac tap U; khong vugt qua sb tap con ctia P (bing 22%). Trong trudng
hop xau nhat, thuat toan kiém tra tinh chat ma theo Sardinas-Patterson c6 do phiic tap cd
ham mi O(2%%) theo s6 bude da neu.

Bay gic ta sé xem xét thuat toan ESP véi cac tap V;, ¢ = 0, 1,... dugc dinh nghia theo
cong thic (BI). Vi V; théa béi ¢, dat Vo = ¢ H(Ko), Vi = ¢ H(K1), . .., V; = o Y(K}),
trong d6 K; C P. ViV CV; C ... CV; C A* nén ta c6 khing dinh sau day:

Néu cac tap V; khac nhau v6i moi 4, khi d6: Ko C K1 C ... C K; C P. S6 tap K; 1a hitu
han va khong vugt qué | P| tap, suy ra so cac tap V; khong vugt qua |P| tap. Ngugce lai, néu
c6 sy 1ap lai ctia cac tap V; thi s6 tap K; khac nhau nhu trén va khong vugt qua | P| tap. Do
d6, sb6 cac bude thie hién dé tinh toan cac tap V; 1a hitu han va khong vugt qué | P| budc.

Nhu vay, ta c6 thé két luan: néu ta chi quan tam dén s6 cac tap V; khac nhau nhu trong
thuat toan Sardinas-Patterson thi thuat toan ESP c¢6 do phic tap ¢6 O(|P|) ~ O(k).

Mat khac, néu do phiic tap ctia mdi buse tinh Vi tit V; ké dén timg phép tinh trén
vi nhém P, ¢6 ¢& (|P|.|P| + |P|.|P|) va xay dung vi nhom P doi héi t6i da |P|® phép tinh
trén vi nhém M nho thuat toan loang dan, thi do phic tap ctia thuat toan kiém dinh mé
ESP theo s6 buéc va cdc phép tinh co s6 trén vi nhom P trong trudng hop xau nhat 1
O(|P|]?) ~ O(k?). Luu y rang néu X cho bdi mot otomat hitu han ¢ k trang thai, thuat
toan kiém dinh ma theo [9] c6 do phitc tap cd O(I2.k*) nhu dé cap trong phan md dau. Diéu
nay cho thay vai tro cai tién ctia thuat toan ESP.

Vi dy 3.2. Cho A = {a,b}, X = {aa,baa,ba}. Theo thuat toan trén ta co:
Vo = {a}, Vi ={a}. Ta c6 Vp = Vi, suy ra X 1a ma.

Vi dy 3.3. Cho A ={a,b,c}, X = {ba, bac, cb}. Theo thuat toan trén ta co:
Vo = {c}, Vi ={c, b}, Vo ={¢,b,a,ac},
Vs ={¢,b,a,ac},
Ta c6 Vo = V3, suy ra X 1a ma.

Vi du 3.4. Cho A = {a,b}, X = {aa, aab, baa,baab}. Theo thuat toan trén ta co:
Vo = {b}, Vi = {b, aa, aab}, Vo ={g,b, aa, aab}
Vi e € Vy, suy ra X khong la ma.

Vi du 3.5. Cho A ={a,b}, X = {a*b}. Ta c6: Vj =0, suy ra X 1a ma.

4. KET LUAN

Trong bai bdo, ching toi gidi thiéu chi tiét thuat toan xac dinh tinh chit ma ciia mot
ngon ngit bat ki theo huéng md rong thuat toan Sardinas-Patterson truyén théng. Két qua
ap dung doi vdi 16p ngon ngit chinh quy cho thay st cai tién khi dua ra duge thuat toan chi
c6 do phiic tap tuyén tinh thay vi do phiic tap ¢d ham mii. Két qua nay sé dugc phat trién
trong nghién citu ly thuyét ma.
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