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Tém tit: Ma mang (network coding) la mot ky thudt mang, trong do, dir liéu
truyén dugc md hod va giai ma dé tang luu heong mang, giam dg tré va lam cho
mang on dinh hon. Ky thudt ma mang su dung phép toan hoc nao do tac dong len dir
liéu véi muc dich lam giam thiéu sé phién truyén dan gitta niit nguon va mit dich, tuy
nhién, né sé doi héi cac nit trung gian va cdc nit dau cudi phdi xir Iy nhzeu hon. Bai
bao nay trinh bay y tuong xdy dung ma mang dung dua trén mot so cau triic dai s6
théng dung nhw: cdc nhém cong trén duong cong elliptic; trén vanh sé Z,; vanh da

thitc, cac nhém nhan trén truong GF(p); truong da thirc.

Tur khoa: Ma mang, Vo tuyén hop tac, Vanh s6, Vanh da thirc, Truong hiru han, Puong cong elliptic.
1. MO PAU

Nam 2000 mot nhanh nghién ctru rat thu vi duoc ra doi va cang lic cang thu
hat nhiéu nha nghién ciru tir Iy thuyét thong tin ma hoa dén mang may tinh. Hudng
nghién ciru m&i nay 1a ma mang (network coding). Khai dau tir bai bao ciia cac tac
gia R. Ahlswede, N. Cai, S. Y. Li & R. Young, “Network information flow” (IEEE.
Trans on vol IT- 46, No. 4, pp 1204 - 1216, Jul 2000), cho dén nay ma mang da
dugc nghién ctru Ung dung trong nhleu linh vue, dac biét trong truyén thong vo
tuyén, truyén thong multicast [3], truyén thong unicast [4], truyén thong broadcast
[5], mang phan phbi noi dung (CDN) [6], mang cam bién khong day [7], hé théng
truyén video truc tuyén qua mang ngang hang P2P [9], hay h¢ théng LTE [8]...

M3 mang 1a mot k¥ thuat toan hoc duogc sir dung dé nang cao chit lugng, hleu
suit va kha nang mo rong ciia mang, ciing nhu kha ning chdng lai cac cudc tin
cong va nghe trom. Thay vi chi don gian chuyén tiép cac goi thong tin nhan dugc
nhu cach truyén thng, trong k¥ thuit ma mang cac niit ciia mang sé két hop nhiéu
g6i tin nhan dugc v6i nhau va tao ra cac gbi méi dé truyén. Ky thuat nay dem lai
mot s6 loi ich nhu ting thong luong, cai thién do tin cdy va ting do on dinh cia
mang [10], [11].

Xét mo hinh truyén tin gitra hai nit mang la A va B trong hinh 1. Néu A va B
cach xa nhau, viéc truyén thong tin tin cdy rat kho thuc hién duoc, ké ca khi ta
dung ma kénh.
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Hinh 1. M6 hinh truyén tin giita 2 nit.

Trén thyc té, ta c6 thé dam bao viéc truyén tin tin cdy giita A va B nguoi ta co
thé dung hé thong vo tuyen hop tac (cooperative radio - CR) [1], [2]. HE thong nay
cho phép cung cap tbc do truyén din cao hon trén hé thdng truy nhip vo tuyén
cling nhu kha nang tao vung phu rong hon.

Hé thong CR sir dung thém mat nit chuyén tiép C (nam giita A va B), véi qua
trinh truyén tin trai qua 4 pha nhu mo ta trong hinh 2.
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Hinh 2. Mé hinh truyén tin vé tuyén hop tdc.

Luu y: Céc thong tin @ (cua A) can truyén cho B va b (ctia B) can truyén cho
A dugc xem la cac xau bit (vector nhi phan n bit nam trong khong gian tuyén tinh
n chiéu V).

Pé tang hidu qua cua hé thong CR ndy ma van dam bao d¢ tin cdy can thiét,
vao nam 2000 Ahlswede [10] cung mot s6 nha khoa hoc khac da dua ra y tudng
dung ma mang nhu mo ta trong hinh 3.

V6i mo hinh nay, qué trinh truyén tin gitra A va B chi con lai 3 pha sau (thay vi
4 pha nhu thong thuong).

- pha 1: A phat ban tin a cho C.

- pha 2: B phat ban tin b cho C.

- pha 3: Cnhan duoc a,b vataora ¢ = a + b, saudo, C phat quangba ¢ cho A vaB.

+ A nhan duge ¢ vataorabantincannhanla b =c—a.

+ B nhan duoc ¢ vataorabantincannhinla a =c —b.

@ phal pha2 b
C
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Hinh 3. Mé hinh truyén tin sir dung md mang.
Nhan xét:
Cach thirc lién lac nay van dam bao do tin cdy can thiét nhimg hiéu qua cao
hon nho giam dugc mat pha lién lac.
C tao ra thong tin quang bad ¢ = a + b (su dung phan che giau dir li¢u dung
mat na cong nhung khong thye hién véi muc dich bao mat).

2. MA MANG TREN MOT SO CAU TRUC PAI SO

Duya trén m6 hinh mé mang nhu trong hinh 3, trong phan nay, chung toi dé xuat
y tuong xdy dung ma mang duya trén mot s cau tric dai s théng thuong.

2.1. Ma mang trén dwong cong elliptic
Dudng cong elliptic dang Weierstrass trén Z voi p nguyén t6 duge mo ta béi
phuong trinh sau [12]:
vy’ =2° 4+ az +bmod p (1)

Véi a,b € Z (nhom nhén trén Z ).
Chu y: a va b & day la hé sb cua dudng cong elliptic trong biéu thuec (1).
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Piéu kién ton tai nhém cong Ep(a, b) trén duong cong elliptic nay 1a khi va chi
khi théa mén diéu kién cta dinh thirc A nhu sau [12].

A = (42 + 276 )mod p = 0 (2)

Néu ta coi thong tin can truyén 14 cac diém ciua nhom cong E (a,b) trén dudng

cong elliptic, thi y tuéng thuc hién ma mang ta c6 thé xay dung mot hé théng CR
nhu sau:

M, € E (a,b) M, € E (a,b)
pha 1 | P pha 2
A I C |7 | B
pha 3 pha3 g
M, =M,—M, M, =M, + M, M =M, - M,

(M, € E (a,b))

Hinh 4. Md mang dva trén duong cong elliptic.

Nhén xét: Vi Ep(a, b) 1a mot nhom cong cac diém trén duong cong elliptic, nén
v6i cac diém thong tin M, va M,, hai bén lién lac A va B ludn co6 thé xac dinh
duoc cac diém dbi: ~M;—M, € Ep(a, b) va nhu vay chiing ludn cé thé tinh dugc
cac thong tin can nhan.

* Vi dy I: Chon dudng cong elliptic: y* = 2° + 2 4+ 1mod 17

Tacod: a =1; b =1; p=17.Xét diéu kién ton tai:

A = (42’ + 270> )mod p = (4.1° +27.1*)mod 17 =14 = 0
thoa man diéu kién (2).
Nhém cong E,(1,1) xay dyng tir phan tit sinh P(z,y) = P(0,1) nhu sau [12]:
E_(1,1) = {P(0,1),2P(13,1),3P(4,16),4P(9,12), 5P(16,4),6 P(10,12),7P(6,6),
8P(15,12),9P(11,0),10P(15,5),11P(6,11),12P(10,5),13P(16,13),
14P(9,5),15P(4,1),16P(13,16),17P(0,16),18P(0) }

Thong tin can truyén gitta A va B 1a cac diém trén dudng cong elliptic. Qua
trinh truyén tin gitta A va B sit dung CR thyc hién nhu sau.
- pha 1: A phét ban tin M, = 3P(4,16) cho C.

- pha 2: B phat ban tin M, = 9P(11,0) cho C.
- pha 3: C nhan dwoc M, M, vataora: M, = M + M, =12P(10,5), sau d6
C phat quang ba M, cho A vaB.
+ A nhén dugc M, va tao ra ban tin can nhan 1a:
M, = M, — M, =12P — 3P = 9P(11,0)
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+ B nhén dugc M, va tao ra ban tin can nhan la:
M, =M, —M,=12P —9P = 3P(4,16)

Phép cong cac diém trén duong cong elliptic dugc mé ta trong [12].

2.2. Ma mang trén Z,

Tuong tu, n€u ta coi thong tin can truyén gittra A va B 1a cac sO nguyén nam

trong Z  thi ta c6 thé xay dung duoc CR véi ¥ tudng ma mang nhu sau:

A

a€, pha 1

pha 2
C

beZ
V4

B

A 4
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>
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b=c—a

pha 3

pha3
c=a+b (€Z))

Hinh 5. Mda mang dya trén Z,.

a=c—b

Nhéan xét: Vi Zp 13 nhém cong (theo modulo p) cua cac sb nguyén a,b nén A

va B hoan toan xac dinh dugc —a va —b, va nhu vady, A va B luon c6 thé tinh
duogc thong tin can nhan [13], [14].
*Vidy 2: Xét p =31 — Z,, ={0,1,2,...,30}
- pha 1: A phat ban tin ¢ = 13 cho C.
- pha 2: B phat ban tin b = 25 cho C.
- pha 3: C nhén dugc a,b vataora: ¢ = (a + b)mod 31 = (13 + 25)mod 31 = 7, sau

do, C phat quang ba ¢ cho A vaB.

+ A nhén dugc ¢ = 7 va tao ra ban tin cin nhan la:
b=(c—a)modp = (7 —13)mod 31= (7 + 18)mod 31 = 25

Cht y: —13mod 31 = 18 mod 31
+ B nhan duoc ¢ = 7 va tao ra ban tin can nhan 1a:
a=(c—b)modp = (7—25)mod31= (7 + 6)mod 31 = 13

Chu y: —25mod 31 = 6 mod 31

2.3. Ma mang trén vanh da thirc Z [z] / 2" + 1

Néu ta coi thong tin can truyén giita A va B 1 cic da thic fi(x) va f(x)

(f,(x), () €

Z,x]/ z" +1), khi do ta c6 thé tao duoc CR sir dung md mang nhu

hinh 6 dudi day.
[(r) phal | pha 2 f(z)
Al 7 C | B
) pha3 pha3 -
K@) = [f(2)— [, (2) [(@) = f(z)+ f,(2) f (@) = [ (z) = f(2)
Hinh 6. Md mang dya trén Z,[z]/ " +1.
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Nhdn xét: Vi cac da thirc f (z) va f(z)la cic phan tir trong nhom cong cac da
thirc (theo modulo z" + 1) nén ludn ton tai cic da thirc — f(z) va —f(z)[13] va

nhu vay A va B ludn c6 thé x4c dinh duoc thong tin can nhan cta chiing.
* Vidy 3: Chon n =5 xét vanh da thue Z,[z] / 2° +1.

-pha 1: A phat ban tin f (z) =1+ z + 2’ cho C.

- pha 2: B phat ban tin f (z) =1+ z” + 2" cho C.

- pha 3: Cnhén dugc f (), f (
f@)=f@+fz)=1+z+2"+1+2’ +2' =2+

T) vataora

sau do, C phat quang ba f (z) = z + 2" cho A vaB.
+ A nhan dugc f (z)va tao ra ban tin can nhén 1a
f@)=f@)—f(@)=z+a' —(1+z+2")=1+2" + 2’
+ B nhan duoc f (7)va tao ra ban tin can nhan la:
f@)=fx)—f(z)=z+2" —(1+2"+2")=1+z+2’
2.4. Ma mang sir dung nhém nhén
2.4.1. Md mang trén GF(p)

Véi p 1a s6 nguyén tb, cac thong tin 13 a,b € GF(p). Khi dé, ta c6 thé dung
md hinh CR véi ma mang nhu sau:

a € GF(p) phal pha2 b€ GF(p)
gle B
pha 3 pha 3

b=rca' c=ab a=cb!

Hinh 7. Md mang dva trén GF(p).

<
<

Nhan xét: Vi a,b € GF(p) va Z; = GF(p)\ {0} 1a mot nhom nhan cyclic cip

-1

p —1, nén ludn ton tai cac phan tir nghich dao ¢ va b'. Nhu vay, A va B ludn
c6 thé tinh duoc thong tin can nhan [13], [14].

*Vidu4:Xét p=17— Z = {1,2,3,...,16}

- pha 1: A phéat ban tin ¢ = 6 cho C.

- pha 2: B phat ban tin b = 7 cho C.

- pha 3: C nhéan dugc a,b vataora: ¢ = a.b = 6.7mod 17 = 8, saudo6 C phat quang
ba ¢ cho A vaB. i

+ A nhan dugc ¢ = 8 va tao ra ban tin can nhan la:

b=ca 'modp=83modl7=7 (a=6— a ' =3)
+ B nhan duoc ¢ = 8 va tao ra ban tin can nhan la:
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a=cbhb ' 'modp=85modl7=6 (b=7— b ' =5)

Chu y: cac phép toan trén GF(p) thuc hién theo modulo cia p.
2.4.2. Ma mang trén truong da thicc Z,[z] [ g(z)

Gia str g(x) 1a mot da thirc nguyén thiy bac m trong phan tich cta nhi thic
z" +1vakhido Z,[z] / g(x) la mot truong cac da thirc. Trong truong hop nay, ta
coi thong tin can truyén tir A t6i B 1a da thic f(z) va tr B dén A 1a £ (z)véi
deg f(z) <m—1;degf(z) <m—1, vi f(z),f(z)€ Z,[z]/ g(x)nén ludn ton
tai va tinh dugc f'(z) va f '(z)(c6 thé tinh theo thuat toan Euclide mé rong). Vi

vay, ta c6 thé xdy dung CR véi md mang nhu sau:

[ () phal pha 2 [ ()

>
A

(@)
A

o8]

pha 3 pha 3

Hinh 8. Md mang dwa trén truong da thirc.

Nhan xét: C tao ra thong tin quang ba f () = f (z)f (x) (sit dung phuong phap
che giau dit liéu dung mat na nhan nhung khong dung dé€ bao mat).

*Vidy 5: Chon n =5 tacd 2° 4+ 1 ¢ phan tich nhu sau:

2 +1=>1+2)1+z+2" +2° +2")= g,(2).9,(z)

Xét truong: Z,[z]/ g,(z) < Z,[z] ) 1+ z + 2® + 2° + z")

Véi m = degyg,(z) = 4

Qua trinh truyén tin:

- pha 1: A phat ban tin f (z) =1+ z + z° cho C.

- pha 2: B phat ban tin f (z) =1+ z° cho C.

- pha 3: C nhan duogc f (z), f (z) vataora f (z)

f(z) = f(z).f,(z)mod g,(z)= 1+ z + 2”)1 + 2°)=2"
sau do, C phat quang ba f (z) = z° cho A vaB.
+ A nhan dugc f(z)va tao ra ban tin can nhan la:
f(@) = f(2)f ' (z)mod g,(z)= 2°(1 + 2’ ) mod g,(z) = 1 + 2°
+ B nhin duoc f (r) vatao ra ban tin can nhan la:
f(z) = f(2)f (z)mod g,(z)= 2*(z + 2*)mod g,(z)= 1 + = + 2

Chi y:

tf()=1+z+2" < [(z)=1+2"
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tf(z)=1+2" & [(z) =z +2°
+ Cac phép tinh khi ldy modulo theo g,(z) =1+ z + z° +2° + 2" ta coi:
gt =1+z+12" +2°.
3.KET LUAN

Bai bao dua ra mot s6 ¥ tuong xdy dung ma mang trén nim cau trac dai so:
trén dudng cong elliptic; vanh s6 Z ,» vanh da thuc; truong GF(p)va trén truong
da thuec.

Ngoai cac ciu truc trén, c6 thé mé rong ¥ tuéng ma mang trén cdu tric dai sd
khac nhu vanh ma tran...

Cac ndi dung trong bai bao moéi chi la cac dé xudt st dung mot s6 cAu truc dai
) trong ma mang hay v6 tuyén hop tac, hidu qua cta cac vO tuyén hop tac nay nhu
thé nao thi can phai c6 cac danh gia va khao sat trén timg cau trac dai s6 cu thé.
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ABSTRACT
NETWORK CODING OVER SOME ALGEBRAIC STRUCTURES

Network coding is a networking technique in which transmitted data is
encoded and decoded to increase network throughput, reduce delays and make
the network more robust. Network coding techniques use some mathematical
manipulations on the data to minimize the number of transmission sessions
between the source node and the destination node, but this requires more
processing at intermediary nodes and terminal nodes. This paper presents some
ideals constructing network coding based on some common algebraic structures
such as addition groups on elliptic curve; on number ring; on polynomial ring,
multiplicative groups on GF(p), polynomial field.

Keywords: Network coding, Cooperative radio, Number ring, Polynomial ring, Finite field, Elliptic curve.
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