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MO PAU
1. Ly do chon dé tai

Cé4c mang may tinh duoc thiét ké dé truyén tai thong tin tir nit ngudn dén cac
nut dich. Theo cach truyén théng dit liéu duoc truyén theo cac tuyén theo kiéu
unicast (diém dén diém) hoic dang cay theo kiéu multicast (diém - da diém).
Khi dit liéu dugc dinh tuyén qua cac tuyén unicast, mdi ndt trung gian s& chuyén
tiép cac goi dir lieu nhan duoc tir dau vao dén dau ra cia nat d6. Trong két ndi
multicast qua mang hinh cy, céc nit trung gian c6 thé sao chép cac gdi dir liéu
va chuyén tiép dén nhiéu dich khac nhau. Pay 1a cach thyc hién dir lidu trén
mang theo kiéu truyén thdng, khong can xir ly dit liéu tai céc nit trung gian trir
khi can nhan ban.

Khai niém co ban "ma mang" (Network coding) lan dau tién dugc dua ra
trong mang thdng tin vé tinh céng bd trong bai bao “Distributed source
coding for satellite communications” [16] cua cac tac gia R. W. Yeung and
Z. Zhang, va sau d6 khai niém ma mang di dugc phat trién day du trong
cong b “Network information flow” [17] cua cac tac gia R. Ahlswede, N.
Cai, S.Y. R. Li, and R. W. Yeung.

M3& mang 1a mot ki thuat mang, trong d6 cac goi dir liéu truyén trong mang
duoc mé hod va giai ma tai cac nit mang dé ting luu lwong mang, giam do tré
va lam cho mang 6n dinh hon. K§ thuat m& mang sir dung phép toan hoc nao dé
tac dong I1én cac goi dir lidu véi muc dich lam giam thiéu s phién truyén dan
gitra NGt ngudn va nat dich, tuy nhién s& doi hoi cac ndt trung gian va cac nat
dau cudi phai xu ly nhiéu hon.

Tir su dong gop tién phong cia Ahlswede va ddng nghiép, ma mang da
duoc nghién ciru va phat trién wng dung trong nhiéu tng dung trong ky thuat
mang va truyén thong [24]. C6 thé ké dén nhu: thong tin vo tuyén [25, 26];
truyén théng hop tac [27]; LTE dya trén truyén thong hop tac [28]; truyén
thong multicast [29, 30, 31]; truyén thdng unicast [32]; truyén théng quang
b4 broadcast [33]; mang phan phdi noi dung [34]; mang cam bién khong day
[35]; mang P2P [36],...

Mot s6 loi ich cia ma mang c6 thé ké dén do 1a [20]: trude hét, ma mang lam
tang thong luong (throughput) cia mang. Thir hai, véi ma mang tuyén tinh, do
phtrc tap tinh toan ciling giam (polynomial time thay vi NP-complete). Thir ba,
m& mang ¢ tinh bén viing (robustness), khi t6-pd mang bi thay ddi hay khi mot



-2-

sb lién két mang khong hoat dong, do mdi gdi tin ma hoa thi ta c6 thé thu lai
thong tin da dugc gui di. Tht tu, ma mang lam ting tinh bao mat thdng tin, it
nhat bai chinh théng tin truyén di trén lién két 12 to hop cua nhiéu thong tin. Doi
v6i mang khong day, do tinh chat phat quang ba cua mang va t6-pd mang phu
thudc vao cong suét phat. ..

Véi sy xuat hién ciia ma mang va cac nhan dinh vé cac tiém ning cta no,
hién nay c6 rat nhiéu nha nghién ciru trén thé gisi quan tam dén ma mang. Hoi
thao dau tién trén thé gisi chuyén vé ma mang da duoc to chirc nam 2005 - First
Network Coding Workshop (NetCod 2005) va tir sau dé chuyén thanh hoi nghi
thuong nién caa hiép hoi IEEE - International Symposium on Network Coding.

Bai vi tinh tdng quét va tiém nang ung dung, m& mang dang 1a mdi quan tam
rat 16n trong linh vuc ly thuyét thong tin va ma héa, chuyén mach, thong tin vo
tuyén, ly thuyét do phic tap, mat m4, Iy thuyét ma tran... Ly thuyét vé md mang
dugc phat trién theo nhidu huéng khéc nhau va cac ung dung cia m& mang ngay
cang dwoc tng dung nhiéu trong thyc té.

MGt s6 nghién cizu vé ma mang ¢ trong niedc:

Déi vai Viet Nam: mac du ky thuat ma mang duoc thé gigi quan tam tir lau
véi nhiéu hoi nghi thuong nién, tuy nhién chu dé nay van it duoc sy quan tam
cua cac nha nghién ctru trong nuéc. Cac cdng trinh cong bd khong nhidu, cé thé
ké dén vai cong bd nhu sau: “Network Coding” khoa luan tét nghiép hé chat
lwong cao, cua tac gia Nguy2n Thi Thuy Duong [7]; "Két hop ma héa mang I6p

vit ly va lra chon nat chuyén tiép cho kénh vo tuyén chuyén tiép hai chiéu" cua
Vii Puc Hiép, Tran Xuan Nam, [8]; “Network coding for LTE-based
cooperative communications” ciia Luu Cao Cudng va cac dong nghiép [33]...

Cho dn nay, trong k¥ thuat ma mang phép toan hoc duoc sir dung dé tac
dong 18n céc goi dir liu thuong 1a phép XOR cac chudi bit nhi phan (vector nhi
nhan) [49]. it c6 cac nghién ciru cac cach thirc thyc hién khéc.

Céc cau trac dai s6 nhu vanh sd, truong s, vanh da thic,... dugc sir dung
nhiéu trong viéc xay dung cac ma sira sai hay ma bao mat [1, 9, 10, 59, 61], boi
tinh twong minh cua cac ciu tric va dé dang trién khai tir ly thuyét dai sé sang
c4c mach dién phan cimng. Tir cac nhan dinh nay, NCS da di dén quyét dinh lya
chon huéng nghién ctru 1a 4p dung mot sb ciu trac dai s6 (nhom, vanh, truong)
vao viéc thuc hién ma mang, vai tén dé tai luan &n 1a “Ma mang trén mot s6 cau
tric dai s6”.
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Trén co sé cac nghién ciu dé xuit xay dung ma mang trén mot sé cau tric
dai s6 trong chuong 2 cua luan an, NCS d& xuat thyc hién mot mé hinh ma mang
an toan c6 bao mat, két qua thé hién trong chuong 3 cta luan an.

2. Muc tiéu nghién ciu

- Nghién ctru d& xuit xay dung ma mang trén cau trc nhém cong va/hoic
nhém nhan cia vanh sd, trudng s, vanh da thirc, truong da thirc.

- Nghién ctru dé xuat xay dung ma mang dua trén nhom cong cac diém cua
duong cong elliptic.

- Nghién ctru dé xuat mo hinh thuc hién ma mang an toan, dya trén hai hé
mat khda c6ng khai.

3. Poi twgng va pham vi nghién ciru

Poéi trong nghién cizu: Ky thuat ma mang trong truyén thong (Networking).

Pham vi nghién cizu: Thuc hién ma mang trén mot sé cau trac dai s6 va ma
mang an toan nhim nang cao hiéu qua va bao mat truyén tin.

4. Phwong phap nghién ciru

- Phan tich, tong hop, khai quat hoa va hé thong hda cac tai liéu khoa hoc da
cong bé trén thé gisi va trong nudc, két hop véi viéc ty nghién cau;

- Sir dung ngdn ngit lap trinh va cdng cu dé thar nghiém cac nghién cuu,
dé xuat.

5. Y nghia khoa hoc va thuc tién

Nhiing két qua trong luan an nay 1a mot dong gop nho bé vao viéc phat trién
ky thuat ma mang. Cac nghién ctu trong luan 4n dua ra mot sé cach thie khéc
dé xay dung ma mang va lam co s¢ dé c6 thé tiép tuc nghién ctu thuc hién ma
mang cd kha nang bao mat.

6. CAu tric caa luan an

Ngoai phan mé dau, danh muyc cac hinh v&, d6 thi, danh muc céc ky hiéu, cac
chir viét tit, két luan va kién nghi, tai liéu tham khao va phu luc, ndi dung chinh
cua Luan an gdom 03 chwong, cu thé nhu sau:

Chuong 1: Téng quan vé ma mang

Chwong 2: D& xuét xay dung ma mang trén mot sé cau tric dai s6

Chuong 3: M6 hinh m& mang an toan
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CHUONG 1. TONG QUAN VE MA MANG

Chuwong 1 la cdc kién thirc Iy thuyét, dioc nghién cizu sinh tap hop lam kién
thirc nén tang phuc vu cho céc nghién cizu vé sau trong lugn an. Cac ngi dung
dé cap tai chwong 1 gom: Téng quan chung vé ly thuyét thong tin va ma hoa;
Téng quan vé ma mgng: Pinh nghia, md hinh, cach thuc hién va mét sé loi ich
cua ma mgng.
1.1. Tong quan chung vé ly thuyét thong tin va ma hoa

1.1.1. Ly thuyét thong tin

1.1.2. Ma héa théng tin
1.2. Téng quan chung vé ma mang

1.2.1. Pinh nghia ma mang

Dinh nghia ma mang khong don gian. C6 mot s dinh nghia c6 thé da dugc
dua ra va st dung. Trong bai bédo cua Ahlswede, Cai, Li va Yeung noi ring
“viéc st dung mé hoa tai mot nut trong mang dugc coi & ma mang” [17, 18].

1.2.2. M& hinh m& mang don giian

1.2.3. Mot s6 lgi ich cia ma mang

Theo céc phan tich trong [21], md mang cho phép cac nit tao ra cac goi dir
lieu mai bang cach két hop cac gdi nhan dugc. Ky thuat ndy c6 mot sb loi ich
nhu ting thong lugng, cai thién do tin cay va ting d6 6n dinh ciia mang.

Ky thuat ma mang c6 thé hiru ich trong viéc tdi thiéu hoa tré dir ligu tir nat
ngudn dén cac nat dich.

Ngoai ra, ky thuat ma mang ciing c6 thé duoc ding dé téi thiéu céc phién
truyén dan, hay la giam ning luong tiéu thu trong mang khong day.
1.3. Két luan chwong 1

Viéc truyén thong tin qua mang duoc hiéu 1a mot sy trao doi dir lieu, ma
khong c6 kha ning két hop hoic tron 13n nhiing dit liu da dwoc gui. Tir cac
phén tich trong bai bao “Network information flow ” [17] cua R. Ahlswede,
Ning Cai, S.-R. Li, v R. W. Yeung di thay dbi quan diém nay biang cach dua ra
khai niém luong thong tin dé chirng minh rang su két hop dir liéu c6 thé 1am ting
dung lugng vuot qua gisgi han cia mot mang.

Trong mét hé théng thong tin sb, ngoai cac loai md nhu ma héa ngudn (véi
muc dich nén dir liéu), ma bao mat, ma hda kénh (stra sai); thi ky thuat md mang
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(ky thuat thugc 16p mang) ciing c6 thé dugc ap dung nham ting tinh 6n dinh cua
mang, giam tré, ting thong luong...

Chuong 1 di khai quat chung vé ly thuyét théng tin va ma hoa, Iy thuyét
t6ng quan vé ma mang, md hinh céch thic thuc hién ma mang va cac loi ich khi
str dung ma mang.

CHUONG 2. PE XUAT XAY DUNG MA MANG
TREN MQT SO CAU TRUC PAI SO

Chirong 2 trinh bay cde kién thirc co ban vé co s¢ todn hoc vé sé hoc
modulo, cac cdu triic dai $6, trén co sé @6, NCS tap trung nghién citu dé xuat
xay dung mét s phuong phdp thuc hién ham ma héa mang bang cac phép céng,
phép nhan cé&c sé hodc da thirc va cdu triic dai s6 nhém céng cac diém trén
duwong cong elliptic. Cac két quda nghién citu ¢ chuwong 2 da dwoc cong bé trén
cac bai bao sé 1, 2, 3, 4 trong danh myc cong trinh cong bé cua tac gid.

2.1. Mét sé phwong phap xay dung ma mang trén vanh sé

2.1.1. S6 hec modulo

2.1.1.1. S6 nguyén

2.1.1.2. Céc thudt toan trong Z

a) Thuat toan Euclid
b) Thuat toan Euclid mé réng

2.1.1.3. Céc sé nguyén modulo n

2.1.1.4. Mgt s6 thugt toan trong Z,

a) Thuat toan tinh sb nghich dao trong Z,,
b) Thuit todn binh phwong va nhan cé lap

2.1.2. Mt sb céu triic dai s6

2.1.3. Pé xuit xay dwng ma mang trén cac vanh sé

Xét md hinh giao tiép giita c4c ndt trong mot mang khong day thong thuong.
Néu céc ndt & xa viéc truyén thong tin cay 1a kho khan, ngay ca khi ma hoa kénh
duoc sir dung. Xét md hinh truyén tin théng thuong gitra hai nit 13 A va B trong
Hinh 2.1.

Al | B
b

Hinh 2.1. M6 hinh truyén tin gifra hai nat
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Trén thuc té, dé dam bao viéc truyén tin tin cay giita A va B nguoi ta c6 thé
dung hé théng vé tuyén cong tac (cooperative radio - CR). Hé théng nay cho
phép cung cap tdc do truyén din cao hon trén hé thdng truy nhap vo tuyén ciing
nhu kha ndng tao vung phu rong hon. Xét hai nlit A va B ctia mét mang khong
day, hé théng CR sir dung thém maot nit chuyén tiép C (nam gitta A va B), voi
qué trinh truyén tin trai qua 4 pha nhu mo ta trong Hinh 2.2.

a phasel phase2 b
A »c [ B

[

=b phase 3 phase 4 a
Hinh 2.2. M8 hinh truyén théng vo tuyén cong tac
Trong do, a, b la thong tin twong rng cua A va B.
Theo y twong cua Ahlswede, phuong thic md mang don gian c6 thé duoc
thyc hién trén khong gian tuyén tinh, nhu md ta ¢ Hinh 2.3:

o]

re(n) —

(@}

b=c—a = | » a=c—b

Hinh 2.3. M6 hinh truyén thdng sir dung m& mang

V6i md hinh ndy, qua trinh truyén théng gitra A va B s& duogc thuc hién qua
3 pha nhu sau:

- Pha thtr nhét; thong tin truyén tir A, B t6i C. NGt A, B lan luot giti @, b t6i nit C

- Pha thr hai: NGt C thuc hién phép tinh @ = @ + b sau d6 nat C truyén ¢ téi
cho ca nit A vanut B

- Pha thur ba: NGt A va B nhan sau khi nhan duoc & s& tién hanh giai ma ¢
khoi phuc thong tin: b = ¢ — dvad= ¢— b

Théng tin cua A va B (d, 5) duoc coi la chudi bit hoic vecto nhi phan n bit
trong khong gian tuyén tinh n chiéu. Phép toan hoc trong mé hinh nay 1a phép
cong vector nhi phan bit.

2.1.3.1. M4 mgng dua trén phép céng cia vanh sé

Xem xét mot sé nguyén dwong p, tap hop cac sb nguyén tir 0 dén p - 1 tao
mot vanh sé Z, = {0,1,2,...,p — 1}. C6 hai phép toan trong Z,, d6 la phép
cong va phép nhan modulo cua p. Trong hai phép toan nay, phép cong tao thanh
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mot nhom day da. Ching ta 6 thé sir dung nhém cong nay dé thyc hién ma
mang. Md hinh c6 thé duoc thuc hién nhu sau:

A C B

acZ ——w c=(atb)modpe—— bhe z,
r
((‘ € Zp)

b=(c—a)modp « | » b=(c—a)modp
Hinh 2.4. M4 mang dua trén phép cong cua cac vanh sb
Gia str thong tin cua cac bén A, B biéu dién bang cac con sé trong vanh sé
Z,: a,b € Z,. Qua trinh truyén tin giita 2 nit A, B duoc thyc hién nhu sau:
- Pha 1: Truyén théng tin: C nhan a, b tuong Gng tir A va B.
- Pha 2: C tinh: ¢ =(a+b)modp (2.6)
va sau d6 C truyén quang ba c téi cho ca A va B.
- Pha 3: A va B tai tao lai thong tin can thiét a va b sau khi giai m c.
Tainit A: b = (¢ — a)modp
Tainit B: a = (¢ — b)modp
Vidy, Chop = 17 > Z;, = {0,1,2, ..., 16}
a = 13; b = 11.
Tacd:c=(13+ 11)mod17 =7
A va B khéi phuc théng tintirc = 7:
b= (c—a)modl7 = (7 — 13)mod17 = —6mod17 = 11mod17
a=(c—b)modl7 = (7 — 11)mod17 = —4mod17 = 13mod17
chay:
—  Phuong phap nay hiéu qua nhu phuong phap Ahlswere, nhung thong tin
ciia A, B va C duoc thé hién bang cac sé trong Z,,.
— Bét ky s6 (-n) nao c6 thé dwoc tinh don gian bang phép tinh:
—n modp = (p —n)mod p.
2.1.3.2. Ma mgng dya trén phép nhan trén vanh sé
Xét vanh sé Z,, véi p nguyén té , khi d6 Z, = GF (p). Hai phép cong va
phép nhén trén Z, 1a cac nhom day du. Chlng ta c6 thé sir dung phép nhan dé
thuc hién ma mang, nhu duwgc mé ta trong Hinh 2.5.



A C B

acZ —» c=abmodp 4— peZ
P »

b=ca 'modp q—k—b a=ch'modp

Hinh 2.5. M& mang dua trén phép nhan cua c4c vanh sb
Xét sd nguyén td p, a, b € Z,. Trong do: a, b twong (ing 12 thdng tin cua A, B.
- Pha 1: Truyén théng tin: NGt C nhan a va b tir A va B.
- Pha 2: Nut C thuc hién phép tinh: ¢ = a.bmodp 2.7)
sau d6 truyén quang b c t6i cho ca hai nat A va B.
- Pha 3: A va B |4y lai théng tin can thiét a va b sau khi giai ma c.
TainGt A: b = c.a”*modp
TainGtB: a = c.b™'modp
Trong d6, a=*, b~ la cac s6 nghich dao twong ing cua cac sé a, b. Cac sé d6
c6 thé duoc tinh theo thuat toan Euclid mé rong.
2.1.3.3. Ma mgng Affine trén vanh sé
Xét Z,, trong d6 p 1a s nguyén t6, Z, = GF(p). Ching ta c6 thé sir dung ca
phép cong va phép nhan dé thyc hién ma mang Affine, nhu mé ta & Hinh 2.6:

A C B

acZ —» c=[ab+(a+b)modp «— beZ,
p

b=(c—a)(a+1)"modp 4—k—> a=(c—=b)(b+1)" modp

Hinh 2.6. M& mang Affine trén vanh sé
- Pha 1: Truyén théng tin:
NUt A gui a t6i C vatinh [a + 1]7¢
Tuong tu nhu vay, nit B gui b téi C vatinh [b + 1]71.
Chuy.a,b+p—1
-Pha2: Nut Ctinh: ¢ = [ab + (a + b)]Jmodp (2.8)
Vatruyén ¢ ti cho ca hai nit A va B.
- Pha 3: N(t A va B nhan dugc thdng tin can thiét bang cach thyc hién phép tinh:
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TaintA:c—a=a.b+b=b(a+1)

o p= c—a
Ca+1
Hodc: b=(c—a)a+1) (2.9)
Tai n(t B: C—b=a-b+a=a(b+1)=>a=;;+i
Hogc: a=(c=b)b+1) (2.10)

Trong m& mang truyén thong, thdng tin truyén trong mang 1a céc vecto nhi
phan. Thong tin trong cac niit dwoc ma héa va giai ma bang cach thém cac vecto
nhi phan n — bit trong khdng gian tuyén tinh n chiéu. Trong md hinh ma héa
mang dua trén Z,, thong tin trong mang duoc thé hién bang sé nguyén. Viec ma
hoa va giai ma ban tin dwoc thuc hién bang cach cong hoic nhan cac sé voi
modulo cua p. Hiéu qua trong viéc giam s6 phién truyén cua hai phuong phap
trén 1a nhu nhau nhung khac nhau vé phép toan.

2.2. M&@ mang trén vanh da thire, treong da thic

2.2.1. Vanh da thic

2.2.1.1. Khéi nig¢m vanh da thirc

2.2.1.2. Vanh da thirc c6 2 16p ké cyclic

2.2.1.3. Quan h¢ giira vanh da thirc c6 hai lop ké cyclic va trwong sé theo
modulo

Xét vanh da thiic ¢6 hai 16p ké Z,[x]/(x™ + 1). Trong vanh da thiic nay ton
tai nhém nhan cyclic c6 cap cuc dai [13, 14]:

G = {[a(x)]'mod(x"™ + 1),i = 1,2,3, ..., k} (2.14)

Vi [13, 14]: k = maxorda(x) = 2"t -1 (2.15)

Xét mot s6 nguyén té p véi p c6 dang p = 2™ — 1. Khi d6 vanh s6 modulo
Z, s& tré thanh truong hitu han GF(p) va trén trudng ndy ton tai mot nhém nhan
Zy| =2"—2,véi Va€Z,»3Ja ' €Z;:aat =

cyclic Z; = Z,/{0} c6 cip
1modp.
Xét a(x) € Zy[x]/(x"+1) v6i W(a(x)) & Khi d6 3Ja '(x) voi
W (a~1(x)) Ié théda man:
a(x)a™1(x) = 1 mod(x"™ + 1)
Do vy, c6 thé xay dung phép tuong (ng sau [3]:
a(x) = Nier fix' € L[x]/(x" + 1) » a = e, f; 2 € Z;
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vacoie(x) = Y1 'xt=0

Khi d6 ta c6 thé coi day 1a mot 4nh xa 1-1 giita c4c phan tir ciia vanh da thirc
Z,[x]/(x™ + 1) véi cac phan tir cia GF(p). Nhu vay, vanh da thirc ¢6 hai 16p ké
cyclic va truong GF(p) véi p = 2™ — 1 (la s6 nguyén té) duoc goi 1a tya dang
cau (quasi-isomorphism) [3].

Quan hé¢ tya ddng cau chi xay ra dbi véi mot sé vanh da thac c6 hai 16p ké
cyclic dac biét, cac vanh da thirc nay dugc liét ké duéi day.

- S6 nguyén té Mersenne: p = 2" — 1

n=2,3,5 7,13, 17, 19, 31, 61, 89, 107, 127, 52, 607, 1279, 2203, 3217,
4253, 9689, 9941, 19937,... , 74207281.

- Vanh da thuc 6 hai 16p ké cyclic Z,[x]/x™ + 1:

n=>5,11,19, 29, 37, 53, 59, 61, 67, 83, 101, 107, 131,... , 523, 613, 1277,
2213,3203, 3253, 4253, ..., 9941.

Ta c6 thé so sanh viéc thuc hién cac phép toan cong va nhan trén hai cau trdc
nay nhu bang bén dudi.

- Mt s6 eng dung ciia vanh da thirc c6 2 16p ké cyclic:

+ Tao m-day va m-day ldng ghép trén vanh da thic c6 hai I6p ké cyclic [15].

+ Xay dung ma cyclic va cyclic cuc bé [2, 6, 12, 13, 14]

+ Mot s6 hé mat ma [4, 5]...

2.2.2. Thuit toan tinh lily thira da thac

2.2.3. Ma mang dwa trén nhém céng cia vanh da thirc

M& hinh thyc hién m& mang nhu hinh dudéi:

B
a(z) €Z,[z]/ 2" +1 —> c(r) = alz) +b(x) *— bz) € Zfa]/a" +1
() 2,21/ 2" +1)

b(a) = cla) — alz) < | > a(z) = o(z) (o)

Hinh 2.7. M& mang trén vanh da thic
- Pha thtr nhat: Truyén thdng tin:
NUt C nhan thdng tin a(x) tir ndt A va thong tin b(x) tir nat B.
a(x),b(x) € Zy[x] /(x™ + 1)
- Pha thir hai: Tai nat C thuc hién phép tinh:
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c(x) =alx) + b(x) (2.16)
sau d6 truyén c(x) cho ca ndt A va nat B.
- Pha thur ba: Tai NGt A va B khéi phuc théng tin a(x) va b(x) sau khi
giai ma c(x):
TainGt A: b(x) = c(x) — a(x)
Tai nit B: a(x) = c(x) — b(x)
Chu y: céc phép cong va trir ¢ day 1a cho cac da thic.
2.2.4. M@ mang trén truwdong da thirc
Xét mot da thirc nguyén thiy f(x) c6 bac m véi cac hé sb trong GF(2), tir d6
Z,[x1/f (x) 12 mot truong da thic [62].
2.2.4.1. M@ mang sir dung phép nhén trén trwong da thirc
Qua trinh md mang c6 thé dwoc mo ta nhu Hinh 2.8 bén dudi:

: :

a(z) € Z,[z] / f(x) —> c(z) = a(z)b(z) «— b(z) € Z,[z]/ f(x)
(c(z) € Z,[z] / f(z))

b(z) = c(z)a”'(z) < | > a(z) = (a7 (2)
Hinh 2.8. Ma mang trén trudng da thirc
- Pha thir nhat: Truyén théng tin
Nt C nhéan thong tin 1a cac da thuc a(x) va b(x) tir nit A va B.
Trong d6, a(x),b(x) € Z,[x]/f(x); f(x) la mot da thac nguyén thuy;
degf (x) = m; dega(x) < m; degb(x) < m.
- Pha thit hai: Tai nit C thuc hién phép tinh:
c(x) = a(x).b(x)mod f(x) (2.17)
roi sau d6 phat quang ba c(x) téi ca nit A va B.
- Pha thur ba: Tai nat A va B khdi phuc duoc thdng tin a(x), b(x) sau khi
giai ma c(x):
Tai nlt A: b(x) = c(x).a 1 (x)mod f(x)
Tai nlt B: a(x) = c(x). b~ (x)mod f(x)
Chuy: a 1(x) va b~1(x) la da thirc nghich dao twong ng cta a(x) va b(x).
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2.2.4.2. M@ mang Affine trén truwong da thirc

Trong md hinh m& mang nay, NCS su dung ca phép cong va phép nhan da
thirc trén truong da thie dé thuc hién ma mang.

a(z) € Z,[2]/ [(z) —» c(z) = a(z)b(z) <+— b(z)c Z,[z] [ f(=)
F[a(z) + b(2)]
o(z) — blz)

> afe)= 200

a(@)+1 b(z)+1

W) = elz)—alz)

Hinh 2.9. M mang Affine trén truong da thirc
- Pha thir nhat: Truyén théng tin
NUt C nhéan théng tin 1a cac da thuc a(x) va b(x) tu nit A va B.
Trong d6, a(x),b(x) € Z,[x]/f(x); f(x) la mot da thac nguyén thuy;
degf (x) = m; dega(x) < m; degb(x) < m.
- Pha thr hai: Tai nat C thuc hién phép tinh:
c(x) =a(x).b(x) + [a(x) + b(x)] (2.18)
rdi sau d6 C phat quang bé c(x) t6i ca nit A va B.
- Pha thur ba: Tai nat A va B khdi phuc duoc thdng tin a(x), b(x) sau khi
giai ma c(x).
Tai ndt A:
c(x) —a(x) = alx).b(x) + b(x) = b(x).[alx) + 1]

_ c-am
= b(x)_ a(x)+1

Hoaic: b(x) = [c(x) —a(x)].[alx) + 1] (2.19)
Tai nit B:
c(x) —b(x) = alx).b(x) + alx) = a(x).[b(x) + 1]

_ c(x)-b(x)
= al) = b(x)+1

Hoic: a(x) = [c(x) —b(x)].[p(x) + 1] (2.20)
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2.3. Ma mang trén dwong cong elliptic

2.3.1.1. Pwong cong elliptic

2.3.1.2. buwong cong elliptic trén trwong Galois

2.3.1.3. Phwong phdap ma mang dua trén duwong cong elliptic

Xét duong cong elliptic dang Weierstrass trén Z,, (v6i p nguyén t6) dugc md
ta bdi phuong trinh (2.22) nhu sau:

y? =x3+ ax + b modp

Véia,b € Z; (nhdm nhén trén Z,,).

Chay: a va b & day 1a hé sb ciia duong cong elliptic trong biéu thuc.

Xét nhom E,(a, b) bao gom tit ca cac diém c6 toa do (x,y) théa man
phuong trinh (2.22) va diém zero 0. Nhém E, (a, b) 1a mot nhém cong, cac diém
cua Ey(a, b) ky hi¢u la P(x, y).

Bang céch dung phép cong cac diém cua EC, NCS di tién hanh thyc hién ma
mang trén dudng cong elliptic nhu mé ta trong hinh 2.11.

A C B

phase 1 phase 2
Alz,y,) — Clz.y) +——17 B@,.y)

B=C-A «—— (=A4+B —» A=C-B
phase 3 phase 3

Hinh 2.11. M& mang dua trén dudng cong elliptic
Néu ta coi thong tin can truyén l1a cdc diém cia nhom cong E,(a, b) trén
dudng cong elliptic, thi y tuong thuc hién md mang ta c6 thé xay dung mot hé
théng CR nhu Hinh 2.2.
Gia sir nit A muén giri thong tin (1a 1 diém) A(x,, y,) cho B, va B mudn gui
diém B(x,, vp,) cho A. Thu tuc truyén duoc thuc hién nhu sau:
Nut A, B, C chon mot duong cong elliptic theo dang (2.22) véi a, b thoa man
(2.23) va tinh E,, (a, b)
+ Giai doan 1: A phét A(x,,y,) choC
+ Giai doan 2: B phat B(x;,y,) cho C
+ Giai doan 3: NGt C nhan thong tin A(xg, v,), B(xp, y,) Va tinh tong:
C(xc,¥e) = A(Xa, Ya) + B(xp, Y1) (2.26)
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Va C phét quang ba C(x,, y.) cho bén A va B.

Nt A nhan C(x,, y.) vatinh: B(x,, ) = C(xc, yo) — A(xa, Ya) (2.27)

Nut B nhan € (x,, y.) vatinh: A(xq, ¥a) = C(xe, yo) — B(xp, p) (2.28)
2.4. Két luan chuong 2

Céc nghién ciru trong chuwong 2 dua ra duge cac dé xuat md hinh thuc hién
mA& mang trén céc cau tric dai s6 cu thé, d6 la: nhém cong va/hoic nhém nhan
trén vanh sé, trudng sé. Pac biét, tir céc nghién cau vé& vanh da thic, vanh da
thirc ¢ hai 16p ké cyclic va cac ing dung tiém niang, NCS ciing da dé xuét xay
dung mé hinh m3 mang trén cac vanh da thurc va truong da thuc.

Céc nghién ctru d& xuit nay 1a mot hudng nghién ciu tidém nang va 1a co so
dé ap dung duoc nhiéu ciu trac dai s6 khac nhau cho ham méa hoéa trong hé théng
ma mang.

Vé téc do xir ly: Khi &p dung cac dé xuat c6 st dung phép cong trén vanh
sb, vanh da thuc cd thé n6i gan tuong dwong véi phép toan duoc s dung
trong ma mang thong thuong. Con khi sir dung cac phép nhan thi téc do xir
ly s& cham hon.

Phan cudi cua chuong 2 1a cic nghién ctru V& cau tric dai s6 nhém cong céc
diém trén dudng cong elliptic trén truong hitu han va dé xuit xay dyng ma mang
trén nhdm cong nay. Day chinh 1a mot huéng mo dé tiép tuc nghién ctu 4p dung
céc hé mat tién tién vao ma mang nham hudng téi xay dung cac md hinh ma
mang an toan va hiéu qua.

CHUONG 3. MO HINH MA MANG AN TOAN

Trong Chuong 3, nghién ciru sinh tdp trung nghién cuzu bai toan logarit roi
rac trén truong hitu hgn, hai hé mgt khéa céng khai Omura-Massey va ElGamal
két hop Véi dé xuat xay dung ma mang trén vanh sé, triwong sé ¢ chirong 2 dé dé
xuat xay dirng mgt md hinh ma mang an toan. Két qua nghién ciru & churong 3
diroc thé hién tqi Bai béo 5.
3.1. Bai toén logarit roi rac

3.1.1. Bai toan logarit trén truong s6 thuc R

3.1.2. Bai toan logarit trén truwong hiru han
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3.2. Hé mat omura - massey

Hé mat Omura-Massey (O-M) dugc dé xuat boi James Massey va Jim. K.
Omura lan dau tién vao nim 1982 duoc xem nhu mét cai thién tich cuc trén giao
thuc Shamir [59], [60], [61].

Hoat dong cua hé mat O-M dugc md ta nhu trong Hinh 3.1. Hai bén lién lac
A va B s& ty tao cho minh cac khoa bao mat riéng (K, Kz), bén A can gui ban rd
M cho bén B, qué trinh truyén tin thuc hién theo cac budc sau:

Bude 1: A ma hda ban rd M thanh ban ma C, bang khoa cua A 1a K, va gui
C, cho B.

Budc 2: B nhan C, va ma hoa tiép bang khoa cia B (Kp) thanh ban ma C,p
va gui lai cho A.

Budc 3: A giai ma C,p duoc Cg rdi giri lai cho B.

Budc 4: B nhan Cp va giai ma dé nhan M.

Bén giri A Bén nhan B

/—@ A mé héa ban rd M thanh Ca ®0. @

{béng khoa Ka) va gtri cho B
M > M
O -
B méa hoa Ca thanh Cag
(béng khoa Kg) va gvi lai cho A
M -+
A gidi mA& Cas thanh Ca N
va gtri lai cho B R M

B gidi ma Cg dé lay
lgi banré M
Hinh 3.2. Minh hoa hoat dong ctia hé mat O-M
3.3. Hé mat ElGamal
Hé mat EIGamal 1a mot hé mat khoa cong khai dua trén trao d6i khéa Diffie-
Hellman, do Taher ElGamal dua ra vao nim 1985. M0 ta vin tit hé mat nhu sau
[59, 60, 62]:



-16 -

3.4. Xay dung ma mang an toan

3.4.1. M6 hinh m& mang an toan

Trong md hinh md mang hai nit nhu Hinh 2.2, théng tin truyén trén mang
(%4, X, x¢) chua duoc bao mat va xéac thuc. Noi dung nay nghién cau sinh dé
Xuét ap dung hai hé mat khoa cong khai két hop véi mé hinh ma mang, véi muc
dich tan dung uu diém ciia ma mang va c6 thém chic ning xac thuc va bao mat
thdng tin.

M©6 hinh ma mang an toan d& xuit van duoc xay dung nhu Hinh 2.2. Gia st A
can gui ban tin x, cho B; Bén B can gui ban tin x5z cho A. Qué trinh truyén tin
theo hai giai doan sau:

Giai dogn 1: Truyén tin bao mat tir A, B d&n C, dung hé mat ElIGamal.

Bang 3.4. Truyén tin bao mat bang hé mat ElGamal

A C B
Giai ma lay lai x,, x5 Va tao x:
ElGamal _ ElGamal
X4 — Xc = XaXp — g
(hOﬁC Xc = Xy + xB)

+ A va B dung khoa cong khai cua C dé mé héa céc ban tin x, va xp, sau d6
truyén céc ban mé cho C.
+ Bén C nhan cac ban ma va giai ma dé lay lai x,, xz, sau d6 két hop ching
lai thanh ban tin méi x.
Giai dogn 2: Str dung ky thuat m& mang két hop hé mat Omura-Massey. Bén
C tao ban tin x, tir viéc két hop cac ban tin x, va x5, cd thé két hop theo cac cach
khéc nhau ciia ma mang. Thong thudng, c¢d thé thuc hién bang phép nhan hoic
phép cong ba tir C dén A, B.
Bang 3.5. Truyén tin ma mang bao mat bang hé mat Omura-Massey
Bén A Bén C Bén B
Ma héa x. bing khoa ki
Ce = f(x¢, k¢) vaphat
quang ba

<«—1—»
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M4 héa C. bang kj: M4 hoa C, bang kp:
Cea =f(xc ke ky) Cep =f(xc ke, kp)

> -

va gui C¢ 4 cho C va gui Ccp cho C

Giai ma (g5 k¢):

l 1Ca = f(xc kp)
Cp = f(xc, kp): I
+ Giai mé: + Giai mé:
Xc :f_l(xCﬁkA) Xc :f_l(xClk,B)
+ Tai tao ban rd xp + Tai tao ban rd x4
Xp = XcxXp X4 = xcxgt
hoac xg = x¢ — x,4) hoac x, = xc — xg)

- Buoc 1.

+ Bén C ma héa ban tin x; - C; = E(xc, ki) bang khoa k. cua C, rdi phat
quang ba cho A va B.

- Buoc 2:

+ Bén A nhan C, mé hoa C. — C. , bang khoa k), va gui tra C:

Cca=E(Cc k) = E(xc, ke, ky) (3.13)
+ Bén B nhan C, m& hoa C; - C, 5 bang kha kj, va gui tra C:
Cep = E(Cc,kp) = E(xc, k¢, kp) (3.14)

- Buoc 3:
+ Bén C nhan C, 4 va giai md C¢ 4, — C, (thao khoa k), va gui C4 cho A:

Cy = D(Con ki) = E(xc, k)) (3.15)
+ Bén C nhan C. 5 va gidi mé C; 5 — Cp (thao khoa k), va gui Cy cho B:
Cp = D(Ccp kt) = E(xc, k) (3.16)

- Buoc 4.
+ Bén A nhan C, va giai ma tai tao ban ro xp:
xc = D(Cy, kj)

Xp = Xc.x3t (3.17)
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+ Bén A nhén Cp va giai ma tai tao ban rd x,:
xc = D(Cg, kg)
X4 = Xc. Xp* (3.18)
Chuy: E(.) va D(.) la cac ham m4 hoa va giai ma. Bé thuc hién ma hoa va
giai ma khong theo quy tic "boc banh" nhu biéu thic trén tic 1a ¢6 thé thuc hién
khong theo thr ty, thi phép ma hoa va giai ma thuong dua trén tinh chat dang liy
cua phép tinh ldy thura.
3.4.2. Ma mang an toan sir dung bai toan logarit roi rac
Hoat dong cua m& mang an toan dé& xuat xay dyng trén bai todn DLP thyc
hién nhu sau:
* Tao khoa:
+ Tham s chung: Cac bén A, B, C chon:
p - 56 nguyén t6 16n;
g- phan tur nguyén thiy, g € Z7;

+ Tham sb bi mat: cac bén chon sb bi mat nhu sau:

Bén A: -Séngaunhiénk,: (1 <k, <p-—1)
- Cap s6: my,ny: myny = 1 mod (p — 1)
BénB: - S6 ngau nhién kg: (1 < kz <p —1)
- Cap sb6: mg,ng: myng = 1mod (p — 1)
BénC: - S6 ngau nhién k.: (1 < ko <p—1); Tinh g*c mod p va

cong khai g¥c cho AvaB.
-Cap sé: u,v:uv = 1mod (p — 1)

Chu thich: céc sé bi mat k,, kg, k. sir dung cho hé mat ElGamal; cac cap sb
(my,ny), (mg,ng), (u,v) s dung cho hé mat O-M (tuong wng véi céc khda
ky, kg, k¢ trong muc 3.4.1).

* Qué trinh truyén tin:

Giai dogn 1: Truyén tin bao mat tir A, B dén C, dung hé mat EIGamal. Ban rd
cua A lax,, vacuaB laxg.

Bén A tinh (theo (3.9), (3.10)):

Ya=g*4modp

6y = xA(gkC)kA mod p
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vagui C, = (y4,8,) cho C.
Bén B tinh: Ys = g*B mod p
8p = x5(9")*8 mod p
va gui Cg = (yg, 65) cho C.
Bén C giai mé theo (3.11), (3.12):

-Gisimax,:  y, €=yl = gkake mod p
—k — kck —kakc —

Ya © 84 = xa(ghcka)g=rakc = x,
- Giai mé xp: yB_kC = yé’_l_kc = g~*Bkc mod p

VB_kC 8p = xp (gkckB)g_kBkC = Xp
Giai dogn 2: Truyén tin bao mat quang ba tir C dén A, B bang hé mat Omura-
Massey. Sir dung ky thuat m& mang: Bén C tao ban tin x, tir viéc két hop cac ban
tin x, va xz, co thé két hop theo cac cach khac nhau cua mad mang. Thong
thuong, c6 thé thuc hién bang phép nhan hoac phép cong.
- theo phép nhén: x; = x,xz mod p
- theo phép cong: x; = (x4 + x5) mod p
+ Buwoc 1: Bén C ma héa ban tin x. (theo phép nhén) va phat quang ba ban
ma cho A, B:
Ce=x¢modp
+ Buoc 2.
Bén A nhan C; ma héa Cc - Cc 4 bang khoa riéng cia A va gui Cc 4 cho C:
Cen=Ci?modp =x."4modp
Bén B nhan €, ma hoa C; — Ccp bang khéa riéng cua A va gii Ccp Cho C:
Cep =C.Bmodp =x;"% modp
+ Buéc 3.
Bén C nhan C¢ 4, giai mé C. , = C4 vagui lai C4 cho A:
Cp=Cly=x""4modp = x.4 modp
Bén C nhan C , giai md C; p — Cp va gui lai Cz cho B:
Cp =Clp=x""Fmodp=x.F modp
+ Buoc 4.
Bén A nhan C, va giai ma lay lai x,
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CiA =x." " mod p = x¢

tai tao ban rd xp:

- Theo phép nhan: x; = xcx;?!

- Theo phép cong: xz = x¢c — x4
Bén B nhan C, va giai ma lay lai x,

Cy? =x.P"8 mod p = x¢

tai tao ban rd x,:

- Theo phép nhan: x, = x-x5?

- Theo phép cong: x4, = x; — xp
Vi du:
* Tao khoa
+ Tham sé chung: Cac bén A, B, C chon:
p = 23 - s6 nguyén t4;
g = 5 laphan tir nguyén thiy, g € Z3;
Bén C chon k. = 9 la tham sé bi mat cua C va tinh: g*c = 5°mod 23 = 11

+ Tham sé bi mat;
Bén A chon:
- S6 ngau nhién k, = 7: (1 < 7 < 30)
- Cap sb: (my,ny) = (7,19) théamén: 7 x 19 mod 22 = 1
Bén B chon:
- S6 ngau nhién ky = 15 : (1 < 15 < 22)
- Cap sb: (mg,ng) = (5,9) thoaman: 5 X 9 mod 22 = 1
Bén C chon:
- S6 ngau nhién k, = 9: (1 < 9 < 22)
- Tinh g*¢ = 5%9mod 23 = 11 va cong khai g¢ cho A va B (nhu & trén).
- Cap s6: (w,v) = (13,17) thoaman: 13 x 19 mod 22 = 1
T6m lgi:
Tham sb cong khai: p = 23;g = 5, g° = 11
Tham sé bi mat;

- BénA:k, =7;(my,ny) = (7,19)
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— BénB:ky = 15; (mg,np) = (5,9)
- BénC:ik;=9; (u,v) =(13,17)
* Qua4 trinh truyen tin:
Giai dogn 1: Truyén tin bao mat tir A, B d&én C, dung hé mat ElIGamal.
GiastrbanrdcuaAlax, =3,vaciaBlaxg = 12.
Bén A tinh:
Ya = g4 = 5"mod 23 = 17
8, = x,(gke)*a = 3.11"mod 23 = 21
vagui C, = (17,21) cho C.
Bén B tinh:
¥s = "8 = 5% mod 23 = 19
8p = xg(g*c)ke = 12.11%mod 23 = 5
va gui Cg = (19,5) cho C.
Bén C giai mé:
- Giai md x,, C tinh:
Y€ = 1779 = 17"3 mod 23 = 10
€ 8, =10.21 mod 23 = 3 = x,
- Giai ma xg
Ve € =193 mod 23 = 7
Vg € 85 =7.5mod 23 = 12 = xp
Chlj }’I: y—k(; — .yp—l—kc — .}/22—9.
Giai dogn 2: Truyén tin bao mat két hop ma mang.
+ Buéc 1: Bén C két hop ban tin theo phép nhan:
Xc = x4xp = 3.12mod 23 =13
+ Budc 2: Bén C méd hda ban tin x va phat quang ba ban ma cho A, B:
Cc=x¢modp=133mod23=8
+ Buoc 3:
Bén A nhan C; = 8 vama hoa C; — C¢ 4, sau do gui C¢ 4 cho C:
Cea = Ci 4 modp = 8" mod 23 = 12
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Bén B nhan C¢, ma hoa C; — C. 5 sau d6 guri C¢ 3 cho C:
Cep = C.'® mod p = 8% mod 23 = 16
+ Buoc 4.
Bén C giai ma C. , = C4 va gui lai C, cho A:
Ca=Cly=12"mod 23 =9
Bén C giai ma C; p — Cp va guri lai Cp cho B:
Cp = Cly =16 mod 23 = 4
+ Buoc 5:
Bén A nhan C, va giai ma lay lai x..
C,4 =9 mod 23 = 13
tai tao ban 16 xz: x5 = xcx7t = 13 * 8 mod 23 = 12
Bén B nhan C, va giai ma lay lai x..
Cyz? =4°mod 23 = 13
tai tao ban ré x,: x4 = xcx5! = 13 * 2mod 23 = 3
Cha y: 3 Ymod 23 = 8; 12 'mod 23 = 2 la céc cap sé nghich dao. Dé
tinh phép lity thira cac sé lon theo modulo, c6 thé sir dung thuat toan binh
phuong va nhan.

3.4.3. Panh gid m6 hinh mad mang an toan

Nghién ciru sinh da dé xuat mot mé hinh ma mang két hop wu diém cua viéc
giam phién truyén dan (cua ma mang) véi cac hé mat ma cong khai, dé tao ra mot
m& mang an toan. Cac budc caa md hinh ndy tom tit nhu sau: Budc 1: Xac thuc
bao mat ding hé mat ElGamal; Budc 2 giai ma va xéc thuc, két hop (che gidu)
ban tin bing mat na cong hoic nhan; Budc 3 phat quang ba bang hé mat O-M.

Uu diém cta mo hinh dé xuat d6 1a: (1) Str dung duge wu diém caa ma mang
la giam sé phién truyén dan giira cac ndt truyén trén mang (ting thong lugng),
tang d¢ 6n dinh cua viéc truyén tin; (2) thong tin truyén trong mang dwoc bao mat
an toan nho cac hé mat khoa cong khai. B an toan cua cac hé mat khoa céng
khai dya trén bai toan logarit roi rac, dd dugc chitng minh 1a bai toan an toan véi
trudng hop sé nguyén tb 6n.
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Céac d¢ xuit ap dung cac hé mat két hop vao ma mang nhu trong luan &n
nham tao ra md mang c6 kha ning bao mat. Cac dé xuat ndy méi la budce dau dé
c6 cac nghién curu tiép theo la &p dung cac hé mat c6 do an toan cao hon vao mod
hinh m& mang an toan.

3.5. KET LUAN CHUONG 3

Tir céc nghién ctru dé xuat & chuong 2, NCS nhan thay c6 thé ap dung viéc
thuc hién bao mat thong tin trén ma mang, vi lGc nay théng tin trong mang da co6
thé duoc mo ta bang cac con sb (trén vanh sb, truong sb), hoic cac da thic, hoic
céc diém trén duong cong elliptic.

Két qua nghién ciru & chuwong 3 di dwa ra mot md hinh thyc hién ma mang an
toan (c6 bao mat) két hop md hinh ma mang theo kiéu truyén thong hop tac (giira
2 nat & xa) voi 2 hé mat khoa céng khai 1a Omura-Massey va ElGamal. Co thi
nghiém tinh todn voi truong hop hai hé mat xay dung trén truong sb va trén bai
toan logarit roi rac.

Tuy nhién, cac nghién ctru méi dirng & mirc dé xuat mé hinh va phuong phép
thuc hién, d6 an toan bao mat ctia phuong phéap dé xuat dat duoc theo do an toan
cua bai toan logarit roi rac, cho dén nay bai toan nay van 1a an toan khi sir dung
sb nguyén to l6n.
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* C4c két qua chinh cia lugn an:

Vi sy dinh huéng va hudng dan cua hai huéng dan khoa hoc, nghién cau
sinh di tién hanh thuc hién luan an: “Ma mang trén mot sb cau tric dai $6” Voi
céc két qua chinh dat dugc nhu sau:

- P& xuét phuong phap thuc hién md mang trén vanh sb, truong sd, vanh da
thirc, truong da thirc bang cach sir dung cac nhém cong (phép cong), nhém nhan
(phép nhan) va két hop ca nhém cong va nhom nhan dé thuc hién ham ma
hoa/giai ma cho ma mang.

- P& xuat phuong phap thuc hién md mang bang ciu tric nhém cong céc
diém trén duong cong elliptic cua trudng sb.

- P& xuat mot mé hinh ma mang an toan: nham két hop cac wu diém cua ma
mang véi d6 an toan cua cac hé mat ma cong khai dé thuc hién mot ma mang c6
bao mat théng tin.

* Huwéng phéat trien cua ludn an:

Tiép tuc nghién ciru, phan tich sdu hon dé c6 thé danh gia day du tinh hiéu
quéa cac phuong thirc, thuat todn ma mang ma NCS da dé& xuat. Bac biét la xay
dung hé théng kiém thir théng qua mé phong hé thdng bang cac phan mém mo
phong trén may tinh nhim danh gia hiéu ning, d6 an toan bao mat cua md hinh
dé xuat, rdi tién toi thuc nghiém trong thyc té dé c6 thé dua cac phuong thirc ma
mang hiéu qua.

Tiép tuc nghién cru, trao ddi hoc thuat dé cé thé dwa ra dugc nhiéu phuong
thurc, thuat toan ma mang méi hiéu qua hon.

Trén co s& cac dé& xuit cua luan an, hudng phat trién tiép theo co thé la
nghién cau ap dung cac hé mat ma nhu cac hé mat trén bai toan logarit roi rac,
cac hé mat duong cong elliptic, cac hé mat trén vanh da thire ¢6 hai 16p ké... vao
md hinh ma mang nham tao dugc cac md hinh ma mang an toan.

Ha Ngi, thang 6 nam 2022
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