Tap chi Khoa hoc va Cong ngh¢ 121 (2017) 058-063

Mot phwong phap méi thiét 1ap hé mat ma dwa trén bai toan twong ing Post
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Tom tat

Mat mé hoc la mét b phan cua khoa hoc may tinh. Mat ma hoc cé nhiéu teng dung va ngay cang c6 vai tro
quan trong dbi véi cudc séng con ngudi. Trong linh vurc truyén théng, déng gop tiéu biéu ctiia mét ma hoc Ia
nghién ctru, phét trién céc hé mat ma cho phép con ngudi truyén tin bi mét trong méi truromg khéng an toan.
Tuy nhién, nhiing tién bo gén day trong ki thuét phan tich ma va néng luc tinh toan cta may tinh doi héi
méat mé hoc phai thiét Iap céc hé mat ma& méi an toan hon. Trong bai béo nay, ching toi dé xuét mot
phuong phép thiét 14p cac hé mat ma méi dwa trén by ctra sép la mét dan xuét cda bai todn khéng quyét
dinh dwoc PCP cho I16p ngbn ng(r tir dinh bién.

T khéa: Mat ma hoc, ngdn ngi tir dinh bién, bai toan PCP, by cira sap.
Abstract

Cryptography is an integral part of computer science. Nowadays, cryptosystems are one of the most
important applications of cryptography. In communication area, cryptosystems can be used to establish
cryptographic protocols and algorithms for transmitting data securely via an unsafe enviroment such as
Internet. Recent advances in cryptoanalysis and computing have exhibited a lot of weeknesses of existing
cryptosystems. Therefore, it is most urgent that cryptography establishes new powerful cryptosystems. In
this paper, we present a novel method to design cryptosystems as the standard approach to protect data.
The obtained cryptosystems contain a trapdoor which can be reduced to an undecidable problem, namely

the POST correspondance problem.

Keywords: Cryptography, POST correspondance problem, trapdoor.

1. Mé diu

Su phit trién ciia xa hoi dan dén viéc ngay nay
mat ma khong nhitng chi dugc dung trong bi mat
quén sy va ngoai giao, ma con chi yéu diing trong bi
mét kinh té, thuong mai. Trong cac (mg dung clia mat
ma hoc, mdt nhiém vu rat quan trong cia mat mi la
dam bao sao cho chi c6 nhitng chi nhan hay nhitng
ngudi c6 thim quyén méi c6 thé truy nhip dugc
thong tin lwu trlit trong mot hé thong tin nao do.
Phuong phap thuc hié¢n la ma héa dir li€u va luu triv
ching trong hé dudi dang da dugoc ma héa. Khi do
nhiing nguoi truy nhép trai phép du cé dugc thong tin
& dang ma hoéa, thi cic thong tin ndy ciling van 13 vo
dung néu ho khong biét cach giai ma. Do d6 néu gia
dinh ring cac ky thuat ma héa khé pha dwoc ding thi
hé s& 12 an toan chéng lai dugc nhimng nguoi sir dung
trai phép. Mot hé mat co thé dugc coi 1a an toan, néu
van dé tham ma 1a mot bai todn bat ti [1]. Vi vay,
khi xem xét mgt hé mat, cuing vdi n6 ta phai dua vao
nghién ciru van dé tan cong. Nguyén 1y chung trong
mat ma hoc la khong c¢6 mot hé mit nao ton tai lau
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dai trude su tin cong, do d6 luon c6 nhu cAu thiét lap
cac h¢ mat moi. Phuong phap xay dyng céc hé¢ mat
no6i chung duya trén nguyén ly bay cita sdp: thong tin
da cong bd khong du dé hiéu biét vé mot cira sap bi
mat.

Nhic lai rang khi d& cap dén mot sd bai toan 1a
dé, khé hay bt tri, ta hiéu theo nghia d6 phic tap
tinh toan cta ching. Theo quan diém mat ma hoc, bét
ky bai toan NP-day du nio ciing s& duoc xem nhur 1a
bt tri, con mot bai toan 1a d& doi hoi mot gidi han da
thirc bac thap [1]. Cac hé mat ma khéa cong khai noi
tiéng nhu RSA va El Gamma duoc thiét ké dua trén
cac bai toan kho da dugc nghién curu kha k¥ ludng.

Trong bai bio nay, ta thiét 1ap mot hé mat dua
trén mot dan xuat ciia bai toan khong giai dugc PCP -
1a biy cira sdp ¢ mirc cao nhit trong phan bac do kho
cua céc bai toan. Bai todn PCP (Post Correspondence
Problem) duge dé xuét béi Emil Post vao nim 1946
[2]. Day la bai toan thudc vao 16p bai toan NP-kho,
dd va dang dugc nhiéu ngudi quan tim nghién ctu.
N6 thuong duge dung dé ching minh tinh khong
quyét dinh duoc ciia mot sd bai toan (xem thém
[3-7]). Bai bao dugc cu trac nhu sau. Trudc hét,
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trong Phan 2 ta nhic lai cac khai niém tir dinh bién
trén bang chir cii A, ©-ngdn ngir, O-dong céu vi
nhom va thiét 1ap mot s6 két qua co ban vé tinh doan
nhan dugc cia ¢-otomat, quan hé giira -
otomat, <-doan nhén dugc va <&-ngdn ngit chinh quy.
Trong phan 3, ta xem xét bai toan PCP kinh dién, tir
d6 dua ra mot dan xuét cta né cho 16p ngon ngir tir
dinh bién tao nén mot bay cira sap c6 thé ing dung dé
xay dung cac hé mat c6 d6 bao mat rat cao. Phan 4 ta
dua ra két luan cho bai bao.
2. Tir dinh bién

Truéc hét, ta nhic lai cac ky hiéu va khai niém
dugc trinh bay chi tiét trong [8, 9]. Cho A 14 bang hiru
han céac chit cai. Tap B = {0, 1} 1a tap bién. Ao =
{(i,a,)) | acAUe, i, j€ B} 1a tp tat ca cac tir md rong
tr Ava Ao ={ (i, w,j) | weA", i,jeB} U {4, e}.
Khi d6, mdi bd (i, w j), w € A" dugc goi 1a mot O-rir
(tw dinh bién véi bién i, j), 1a mo rong cua tu w véi
e, ¢ ¢ A" 12 hai phan tir m6i 1an lugt dong vai trd 1a
phén tir zero va phin tr don vi cta tap cic O-tir As.
Trén A% ta trang bi mot phép toan rich bién nhu sau:
Vxi = (i1, wi, j1), X2 = (i, o, j2) € Ao, néu ji = ip thi
x1.x2 = (i1, wiws, jo), nguoc lai xi.x2 = ¢ ; dac biét,
VX € As, X.g =g.x =g, x.e = e.x = x. D& thiy A,
1ap thanh mot vi nhém véi phép toan tich bién cé don
vilae.

Ta goi A 1a O-vi nhém duoc dinh nghia boi A.
Mot tap L As duge goi 1a mot ngdn ngir mo rong
(O-ngodn ngi#) trén A. Néu khong so hiéu nham thi ta
cling st dung ky hiéu |x| la d¢ dai cia <-tr x, theo
nghia | | = +o0, [¢| = 0 va |x| = |w| néu x = (i, w, ).
Cho X, Y € A%, ta goi thirong trdi (thiong phdi) ciia
X béi Y, ky hiéu Y 'X (t.u X. Y1) 14 céc tap dugc xac
dinhboi: Y'X = {xecAs |[FyeY: yxeX}
vi XY = {xeAS |IyeY: xye X} Him
chiéu Proj: AL, - A*U{0},0 & A”, 1a ham duogc xac
dinh boi: Proj(e) = e, Proj(g ) =0 va Proj(i,w,j) = w.

Pinh nghia 1. Cho M la mét vi nhom bat ky ¢é phan
ur don vi la 1, phan tir zero 1a 0 va 7 : A — M la
mot a’nhy xa. Khi do, 5 d‘t(ac goi la <>-d5ng cau vi
nhom néu thoa man cdc diéu kién sau:

(I) Vx,y € Ao ma x.y#g thi

7 (x.y) = (07O

(2) 7 (e) =1

3 7@)=0
Pinh nghia 2. Cho L AZ> va vi nhém M. Néu ton tai
mot >-dong cdu vi nhom 7 @ Ay, — M sao cho L =

7 "\(N), v6i N < M thi ta néi rang vi nhom M théa L
(hay L thoa boi vi nhom M).

Tu Pinh nghia 2, néu Ny, e Mtaco
7NN No)=7 (DA (),
7 NIVUN) =7 () U7 (N,
7 INI\N2) =7 H(ND\ 771 (V).
Hon nita, néu 7 13 toan 4nh thi:
7NN =7 (N T (V)
7NN =7 (ND7 (N

Véi mdi <&-ngdn ngit L < As, ap dung cach
thitc cua S. Eilenberg [10] ta c6 thé xdy dung vi
nhém M thoéa L trén A:>. Ky hiéu R(A,M) 1a tép tht ca
cic <-ngdn ngit trén Ao thoa boi M. Theo [9], thi
R(A,M) déng véi cac phép toan Boolean. Hon nifa,
néu 7 la ding céu thi R(A,M) dong voi phép liy
thuong trai va thuong phai.

Mbi quan hé giita >-dodn nhén dugce, <&-ngbn ngir
chinh quy va ¢-otomat dugce thé hién qua dinh 1y sau:
Pinh Iy 1. ([8]) Cho L = A . Khi do, cdc diéu kién
sau ddy la twong duong:

(1) L la O-dodn nhan dwoce boi mot & -otomat
da dinh hiru han.

(it) L thoa boi mét vi nhom hitu han.

(itt) L O-doan nhan diroc boi mot <& -otomat
don dinh hitu han.

(iv) L la &-ngon ngir chinh quy.
3. Bai toan PCP va ing dung

Di c6 rat nhidu tiép cén t6i bai toan PCP (bai
toan tuong ung Post) dugc trinh bay trong cac cong
trinh khoa hoc khac nhau. Sau day chung t6i trinh bay
tom lu’gc bai toan PCP, to d6 dé xuat bai toz’}n PCP
theo ti€p can cua tr dinh bién va <-otomat nham lam
noi bat tinh kha dung cta tr dinh bién trong ciac hé
mat ma.
Bai toan PCP: Cho béang chir hitu han A va céac tu
a1,22 o anbl, b, ..., ,eA’, n=1. Tim c4c diy
chiséiy, i, ..., 0, 1 <ij<n,j=1,...,] saocho:

dild-iz ail = gi/iz 4,’1

Bai todn quyét dinh 14 c6 10i giai hay khong c6
161 giai.
Vidyl. Cho A ={a, b} vahaiday« = (a, ab, bba),
¢ = (baa, aa, bb). Déy’lé mot tinh huong cua bai
toan tuong tng Post. Néu ta ghép cac tu thi ba, thir

hai, thir ba va thit nhét trong hai danh sach di cho, thi
trong ca hai trudng hop ta nhan dugc tir bbaabbbaa.

a3a2a3a1 = bba+ab+bba+a
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= bb+aa+bb+baa = ¢34 ,4 3¢
Khi d6 day chi s6 (3, 2, 3, 1) la mot loi gidi déi
véi tinh huong nay cta bai todn tuong ung Post.
Hon nira, tir day chi sé (3, 2, 3, 1), ta c6 day
ap” (3,2,3,1,3,2,3, 1) cing 1a 161 giai cua bai
toan Nghia la, néu tim duogc day chi sb (i1, &2y ..y )
1a 101 giai cda bai toan thi ta cling s€ tim duogc day (i,
i, ..., i))" cling 12 101 giai cua bai toan.
Mit khac, néu bai toan trén chi c¢6 hai diy dang
22, a3 Va1, ¢ 3 thi bai todn s¢ khong c6 16i giai, boi
vi s€ khong tim duogc cép co cung ky tur cudi.
Vidu 2. Cho A = {a, b, ¢} va hai day: « = (bb, ab, ¢),
¢ = (b, ba, bc). Khi d6 cac day chi so (1,2, ..., 2, 3)
va(l,2,...,2,3)" 1a10i giai cta bai todn

Vé tinh quyét dinh ctia bai toan trén, ta c6 két qua:

binh ly 2. ([11) Bai todn twong umg Post la khong
quyét dinh doc.

Trong phan tiép theo, ching t6i s& trinh bay mot
dang mo rong khéc cta otomat da dinh hitu han A va
néu khong sg hidu nhim thi ta van goi 1a -otomat
da dinh hitu han Ao, vai tap bién B khong chi 1a {0,
1}, ma tép bién B dugc mé rong thanh B = N U {0z},
voi 0 12 phan tir zero ciia nira nhém B va phép todn
trén B duoc xac dinh “bi mdr” theo hé mat. Tiép dén,
ta s€ sit dung <-otomat da dinh hitu han Ao dé ung
dung vao bai toan twong tmg Post nhim xiy dung hé
mat mai, dam bao tinh bao mat cao.

Cho B 12 mot nira nhém, ta xdy dung cu tric didu
khién B (bang nhan Bx B) nhu sau: véi i, j, [, k € B,

BxB

i 0z

k

Pac biét: Vie B, i.05 = 05.i = 0p.

Béng nhian Bx B phén 16n chira cac phan tir 0p.
Thong thuong, dé tang thém tinh bdo mat thi B c6 so
phan tir rat 16n dé khong thé dé dang tim dugc cau
tric cua B.

Vidu 3. Cho wla tir tuy€t mat, gia s

W =a7.4a3.a2.a9 = €7.43.42.40.

47 W 4

% % % Ie

Hinh 1. CAu truc tir tuyét mat w
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Vi tr w dugce cho nhu trong Hinh 1, ta ¢6 cac
dieém cat va luu trit ching dudi dang bang (cau tric
bang nhan cta nita nhom bi mat B) nhu sau:

BxB |1 |2 |3|4]|5]|6|7]|8]|9

1 O | O | 08| O | 08|08 |O0s]| 0| 05| Os
2 Oz | O | Og | O | O | O | O | O |20p| OB
3 O |20g| O | O | O | O | O | O | Os | Os
4 O | O | O | O | O | O | O | O | O8 | OB
5 O | O | O | O | Os| O | 08| Os| 05| Os
6 O | O [#08| O | O | O | O | O | O | OB
7 O | O | O | O | O | O | O | Op | OB | OB
8 Og | Og | Og | O | O | O | O | O | O | O8
9 Og | Og | Og | O | O | O | O | O | O | OB

O | O | O | O | 08| O | 08| Os| 08| Os

Chon M 12 mdt vi nhom rét lén. M c6 chira phﬁn
tir don vi 12 1, phan tir zero 13 0y Tir bang nhan cua
B, ta xy dung vi nhom Mo dugc diéu khién boi nta
nhém B nhu sau: voi (i1, mi, ji), (i, ma, j2) € MO.
Néu ji.ir # Op thi (i1, m, ji)-(i2, Mo, jo) = (imm, jo),
nguoc lai (i1, mi, j1).(i2, M2, o) = ¢

Ta c6 Card(Mo) = Card(B?) . Card(M ). Tu déng
cau vinhém 7 : A" — M, ta c6 thé xac dinh dong cau
7 o1 A — Mo nhu sau:

(. VaeA, (,a,)) - (7)),
). Gye,)) > G 1m, J)s
3) e > e,

4 g —g.

Véi Mo dugce xay dung nhu trén va mot khoa bi
mat K = (i, m", j), ta xy dung <-otomat Ac(K) =
Ao, Qo , do , Io , T ), voi tap cac trang thai
Qo = Mo, tap cac trang thai khoi dau Io < Qo, Io =
(i, 1y, i), i € B, tAp céc trang thai két thic T = K va
ham chuyén <o dugc xac dinh boi: voi mdi trang thai
(i,mj) e Mo va -t (kw,))eAs thi do((i, m, j),
(k, w, 1)) = (i, mj (W), [) néu i.k # Op, ngugc lai
do((i, m,j), (k, w, [)) = Op.

Taky hiéu: néu i.k=# 0p thi

(k,w, 1)
(i,m,j)y——————> (i,mj (w), 1)

Lay K = (i, m", j*) € Mo va phan tir khoi dau
(i, 1m, i), i € B. Khi d0, ta goi w € A™ 1a mot ar hop
Iy va duong di co nhan w 12 dwong di thanh cong néu
ton tai day:

(i, a1, j1), (i2, a2, j2), .. .. (i, ai, ji)
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va duong di
(i G 1)-(b,8,1) ... £ @ §)
(il i) = -
voii =i, i=j, a1ax... q;=wva; wWy=m"

Véi bang nhan bi mat cia B ¢6 ¢& 1a Card(B?)
nhu trén. Néu thuc hién tin cong theo kiéu vét can dé
tim céu triic cua B thi thuét toan c6 do phuc tap thoi
gian O(Card(B?)c*® ). Luu y rang trong so do bao
mat thi ham ; c¢6 thé thay ddi theo thdi gian nhim
dam bao tinh bi mat. Vi nhom M c6 thé cong khai
hodic c6 thé 1a mot nhom phép thé. Véi mdi tir w, c6
thé co nhidu cach chia cac diém cit khac nhau. Noi
chung ngudi/co quan chimg thuc (CA) phai biét cach
chia nay.

Sau day ta xem xét mgt dan xudt ciia bai todn
tuwong ung Post cho 16p ngdn ngit tir dinh bién.

Cho béang chir hitu han A, cic tr ay, as, ..., a, € A,
khéa K = (i, m", j*) va bang nhin bi mt B. Tim cac
day chi sb i, iy vy i1, n <<, j=1,...,] sao cho:
W= a;.ai ... aip Va (i, 7 (W), i) =K, voiz : A" > M
1a mot ddng cau vi nhom.

Nghia 1, tim dy i, i, ..., i; sao cho iy =i, i =j",

i (aa...a)=m".
Tiép theo, ta biéu dién bai toan trén mdy tinh va
danh gia do phutc tap cua thuat toan tim 101 giai cho
bai todn nay.
Tu day w = ai, iy -y
(01, aiy, 1), (i2, @iy, B2), ...,

b6 nhé dudi dang {(i1, ai)), (i2, aiy), ...,

ai,, ta mo rong thanh day
(i, ai,, i) va luu trir trong
(i1 ai))}. Doi
v6i khéa K = (i, m", j"), ta luu trir déy chi s6 khoa
(inia, budy, ooy dLrin), VO it =i, i1 =7 7 (W) =
Trong so do bao mat, ta can giit bi mat chudi w va
day chi b i, i ..., ir. Him 7 co thé cong khai hodc
gitt bi mat.

Sau déy, ta danh gia d6 phtrc tap cua thuét toan
vét can tAn cong vao so do bio mat dé tim mot 1oi
giai hop ly.

bat p = |w|. Khi do, kich thude cua nira nhém B
la tap tat ca cac khic con cua { w + 0 + (0p) },
nghia la

Card(B) = p+(-D+(p2)+..+1+1+1

= M +2
2
i S6 phan tir khac 0p trong nira nhom B 1a cic
phan tir ¢ d6 dai 2 trg di, do do:

Card(B)zo, = (p-D)+(p-2)+ ... +1
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_ r(p-b
2

Vi viy, bang nhan ctia B ¢6 sb phan tir 1a:
2
Card(Bx B) = (w + 2}

Ty s6 phan tir khac 0z va tong sb phan tir cua
bang nhan B la:

p(p-1
2 < PP
((p+1).p+2j2 (p+D)’.p'
2 2
< 2
pz

Day hop 1y can tim 1a: i = iy, i, ... , ir1, i1 =j°

va . # OB, .03 # OB,..., i1.1.i1¢03.

Khi d6 thuat toan vét can dé tim day hop 1y trén
c6 d¢ phtrc tap thoi gian cd:

1-2
Card(Bl—Z) — ((P+21)-p]

Ta con xem xét d phuc tap thoi gian cia thuat
todn tan cong vao so do bao mat theo phuong phap
tan cong xac suat nhu sau:

1-2
Card(Bl—Z) — ((p+21)'pj

bat g=|wy|. Khido [-1<g<p-2. Tacodxwzy=w
v6ix, y # ¢ (Hinh 2). Vay c6 C, 7} cich chia cac day
khic con dé léy ra day io, i3, ... , IL1.

~ + V6 =1,y =1 vagco dinh, thi s6 cach dé
lay wy la:

p-1-(q-2) =

+ Véi g tiy y, thi sb cach dé lay wy 1a: /7

p—1l-q=

i hoj

W

|

X

<
<

Wy, >

Hinh 2. Chi tiét cAu tric tir tuy8t mat w
Viy, xéc suat thing loi P dé tim day i = iy, i2,
Lk, =" 1a

-2
P< Cori =

((p+1>.p)“
2
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=2 ~I=-2
22l

YT
p

Q

22
1ng [ p2.(1—‘é)

log, C 7 +2.(1-2).1og,2
—-4.(l-2)log, p

Q

Q

log (g-1.(g=2)..(g=1+2)
: 123...(1-2)

+2.(1-2).log,2 - 4.(1-2)log, p

log,(g—1)+log,(g—2)+...
+log,(g—1+2)—log,1-log,2—...
—log,(I-2)+2.(l-2).log, 2
-4.(l-2)log, p

V6i céc gia tri [, p, g cu thé, ta co P tuong tng
cho trong Bang 1.

Bing 1. Bang ké xac suét tim dugc nghiém cta bai toan

s p q ( foiyplii)
) 8 80 16 1 /2127
> | 10 128 3 17218
3 10 128 16 17219
4| 12 320 52 /22
5 12 320 3 1 /2%
6 | 12 s12 | 100 /226
7 | 16 512 3 1 /03
8 | 16 | 1024 | 32 1 /2504
o | 16 | 2048 | 32 1 /2560

Nhén xét 1. Tir bang danh gia két qua & trén, ta thiy
ring kha ning tin cong thanh cong so dd bao mat
bang phuong phap vét can 14 rat nho. So dd bao mat
trén c6 thé dugc sir dung dé giai quyét mot sb bai
toan thyc tién nhu x4c thyuc ngudi ding.

Vidu 4. Cho cac dit kién:

M&i nguoi dung duge hé théng xac thuc CA
cung cap mot day tr ma {a 1, a2, ..., an}, ai € A"
H¢ thong CA luu trit bg thong tin:

{(Kca=(i,w,j")eMo; BxB; K7 },
trong do, Kca 1a tr khoa bi mat cia CA; Bx B la bang
nhin bi mat; K = {K¢, Kp, Kg, ...} 1a tdp khoa cua
cac nguoi dung va 7 : A™x K¢ — A” 1a mot dong cau
ma.
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Bai toén xéc thyc nguoi dung duge phat biéu
nhu sau: Cho biet nguoi ding C bat ky co phdi la
nguoi dung hop phap hay khong?

Dé tra 161 cau hoi trén, tmg dung so dd bao mat
da xay dung, ta d¢ xuat so do xac thuc sau:

So d6 1. Xéc thyc ngudi ding.
B;. Hé théng yéu cau nguoi ding C cung cép

dayttrma{e 1,22, ..., 2 n}.

B>. Tim day tr ma {a ', a2/, ..., a,'}, vOi

a i'=7' (4 i,KC)-
B Kiémitra, néui=ii,j =i viaai...a;
€ L(Ao(Kca)) thi két luan nguoi ding C 1a

hop phap, nguoc lai két ludn C 1a khong
hop phap.

Trong So dd 1, ddng cau bi mat j 1 A< K — A"
c6 thé la phép XOR hodc phép toan dong du modulo P.

41":4,‘@[{@

a/=a;.Kc+C mod P, véi (Ky, P)1a s6 nguyén
t0 cing nhau

Nhin xét 2. Vi So dd 1 xéac thue nguoi diing, néu ké
gian D mudn tan cong hé théng thi D phai gia dang
mot nguoi dung hop phap khac (gia st nguoi dung
(), khi d6 D giai bai toan tuong tng Post. Tt 13, vdi
hai day tr {¢ 1,42, ..., €.} va {41, 42, ..., g} twOnNg
tmg ciia D va C, thi D phai tim ddy chi s6 {i1, i2, ..., i1}
sao cho:

7 (ﬂ il,KD).;' (ﬂ iz,KD) e 7 (ﬂ il’KD) =
7 (91,,Kc)-7 (40, Kc) ... 7 (gi) Kc)

4. K§ thuit biy cua sap

Trong cdc phin trén ta dd biét bai toan tuong
ung Post khong c6 161 gidi. Dya trén bai toan nay ta
x4y dung hé mat trén 16p ngdn ngir tr dinh bién.
Thuc té, cac hé mat ma hién dai duoc su dung rong
rdi, ddc biét trong thuong mai dién tur, c6 dic diém
chung 1a ching cung dua trén y tuong cia mét bai
toan kho nao do cua toan hoc duoc biét thude 16p NP
hodc NP-Complete. Chfmg han hé¢ mat ma RSA dya
trén bai toan phan tich thtra s6 va hé mat ma El
Gamal dya trén bai toan Logarit roi rac.

Cac bai toan trén dugc xem la khong giai dugc
theo nghia chi c6 101 giai trong thoi gian va nang luc
tinh todn hitu han nao d6. Sau day ta dé cap dén mot
bai toan khong gidi dugc thuc su. Tor d6 mé ra kha
ning ung dung bai toan nay trong phét trién cac h¢
mét méi. DSi voi 16p ngdn ngit tir dinh bién chinh
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quy trén A% ma ta da xét trong bai bdo, bai todn thanh
vién khong c¢6 10i giai. Tuy nhién, nho phép chiéu
dinh nghia trén A%, ta nhan dugc ngon nglr chinh quy
trén A” tuong Gtng v6i O-ngdn ngit chinh quy cho trén
A%. Tir d6 bai toan khong giai duoc trén A, quy vé
bai toan giai dugc trén 16p ngdn ngilt chinh quy thudc
A", Pay la tinh hubng co thé khai thac dé xay dung
cac hé¢ mat mai.

5. Két luén

Trong bai bao ching tdi dua ra mgt dang otomat
méi dugc mo rong tir otomat thong thuong. Tu do,
cho ta mot cach nhin méi vé biéu dién thong tin theo
md hinh todn hoc cua otomat va cdc ing dung cua nd.
Ta ciing dé xuat bai toan twong tmg Post cho 16p
ngdn ngit tir dinh bién nhdm tao ra cac biy cura s@p
cho phép xdy dung cdc hé mat co tinh bi mat rét cao.
Ngoai ra, trong s6 cac ket qua nhén dugc co nhiéu
khia canh c6 thé phat trién tlep ca vé& mit ly thuyét va
mg dung. Chiing t6i s& tiép tuc phat trién mo rong
hudng nghién clru nay trong cic cong trinh sau.
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