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Tom tit: MA cyclic 1a mot 16p ma tuyén tinh va c6 kha ning
g dung trong dién tir dan dung, cac hé thong luu trit dir liu
va cac hé théng truyén thong. Phuong phap xdy dung ma
cyclic dua trén cac phan hoach cua vanh da thic (gdm nhém
nhan cyclic, cdp s6 nhan cyclic) ¢é nhiéu wu diém ndi bat,
duoc quan tdm nghién ctru va cé nhitng két qua bude dau. Bai
b4o ndy trinh bay phuong phap tim ma cyclic cuc bo tt xay
dung tir nhdm nhén cyclic, cap sé nhan cyclic trén vanh da
thirc va d& xuat mot s6 ma cyclic cu thé. Bong thoi, bai bao
cling trinh bay md phong, danh gia chit luong cua mot s6 bo
ma tim duoc va kha ning tng dung vao viéc truyén thong tin.

Tar khoéa: M3 cyclic, Nhém nhén cyclic (CMG- Cyclic
Multiplicative Group), Cip s6 nhan cyclic (CGP- Cyclic
Geometric Progressions), tong kiém tra (CS- Check-sum),
vanh da thic.

. MOPAU

Nghién ctu vé ly thuyét ma hoa dugc chia thanh ba huéng
chinh: ma ngudn, ma kénh (co kha nang phat hi¢n va sira 151)
va mat ma [1], [2]. Hau hét cac ma stra 11 dwoc cau tric theo
Iy thuyét md hoa thtr hai cua Shannon [2], véi cac phuong phép
xay dung cu tric ma dién hinh nhu phuong phap t6 hop, hinh
hoc va cau trac dai s6.

M4 cyclic 1a ma khéi tuyén tinh 1a mot loai ma kénh dugc
nghién ctu trong mot thoi gian dai va ung dung trong nhleu
linh vuc cudc song, dac biét trong linh vuc thdng tin va truyen
thong [3], [4]. Ma cyclic cuc by (LCC- Local Cyclic Code) Qat
dau dugc nghién ciru vao nhimg nam 1980 [3]. M3 LCC c6 day
da cac wu diém cia mi cyclic thong thuong (xay dung tu
Ideal), ngoai ra né con cé thém cac vu diém khac nhu: so
lwong ma tao dugc nhiéu hon trén ciing mot vanh da thic, mirc
do tinh toan ciling de hon so v&i b ma cyclic thong thuong
twong duong [5], [6].*

Theo phu(mg phap cu tric dai s6, ma cyclic va ma cyclic
cuc by duoc xay dung tir cac nhdm nhan cyclic, cap s6 nhan
cyclic trén vanh da thic [3], [5]. Trong do6 ma cycllc duoc xay
dung dua trén nhom nhén cyclic, mad LCC dugc xay dung tir
céc 16p ké cua phan hoach vanh da thirc (hay c4c cap sé nhan
cyclic) [5].

Bai bdo nay dé xuat phuong phap xay dung ma cyclic tot tir
nhom nhan, cap s6 nhan cyclic trén vanh da thic, tir do liét ké
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mat sé ma cyclic tét va mo phong danh gia hiéu qua ciia mot s6
bo ma thdng qua mot md hinh truyén théng co ban.

Noi dung bai bio duoc chia lam bon phan Phan 2, trinh
bay co so ly thuyét vé nhom nhan va cap s6 nhan cyclic, ma
cyclic trén vanh da thirc, mét s tiéu chi danh gia ma tot. Trong
phan 3, dé xuat phuong phép tim kiém ma cyclic va cyclic cuc
bo tt. Trong khi do, phan 4 sg& mO phong, danh gia mot s6 ma
t6t tim kiém dugc. Cudi cung, phan 5 1a két luan cua bai bao.

. COSOLY THUYET

Phan nay trinh bay vé nhém nhan, cép sé nhan, ma cyclic,
ma cyclic cuc bg, ti€u chi danh gia ma tot.

A. Nhém nhan va cap sé nhan cyclic
Nhom nhan cyclic A véi phan tir sinh a(x) trén vanh da
thirc Z, [x]/ (X" +1) dwoc thiét lap nhu sau [5]:

:{a‘ (x)mod(x" +1),i =ﬂ} 1)

Trong d6, k la cip cua a(x).

Cép s6 nhan cyclic (CGP - Cyclic Geometic Progressions)
trén vanh da thirc la mot tap hop con cé dang sau [5]:

Angy ={a(x).2000(x),...a()a" ()} ()
Trong dé: m 1a s céc s hang khéc nhau cua CGP.
a(x) 1a s6 hang dau ciia CGP.
q(x) la cong boi.
a(x)g" (x) =a(x)mod x" +1
B. Ma cyclic va cyclic cuc bé trén vanh da thiic

Ma cyclic (n,k) 12 Ideal I =(g(x)) cia vanh da thuc
Z,[XY(x" +1) .

M@ cyclic cuc b la mot ma tuyén tinh c6 cac dau ma la
mot tap con khong tréng tuy y cac 16p ké trong phan hoach cua
vanh da thirc theo mot nhdm nhén cyclic A.

Nhan xét:

+ Néu chi chon 1 I6p k&, khi d6 ma LCC tro thanh ma
cyclic.
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+ Néu cac 16p ké duoc chon c6 chira nhém nhan cyclic don
vi I={x,i=123..} thi taco ma LCC he thng.

Tap céc truong 16p ké tao ma s& mo ta day du ma LCC.
C. M4t sé tiéu chi danh gid ma tuyén tinh tot

Kha ning Iya chon cac ma tuyén tinh (n,k,d,) lam mé sira
16i 1a kha phong ph, dé ¢ thé thyc hién viéc lya chon cac bo
mé tot thoa man dugc dinh ly ma héa tha hai cua Shanon, cac
nha nghlen ciru vé ma sira 16i da xay dung mot b cac tieu
chuan gioi han dé xac dinh va lya chon céc bo ma tét, c6 thé
dua ra mot s6 gidi han co ban 1am tiéu chi lya chon cac bo ma
tot sau [2], [3]:

Gidi han Griesmer

D6i v6i ma tuyén tinh nhi phan, gisi han Griesmer dugc
xay dung theo cbng thirc:

k-1 d
> zH ©)
il 2
Trong d6 n 1 d6 dai cua tir ma, k 1a s6 dau thong tin trong

tir ma va d 1a khoang cuc tiéu cua tir ma.

Gidi han Griesmer dugc str dung trong truorng hop ¢b dinh
khoang cach cuc tiéu d, s6 du thong tin k, véi yéu cau tim do
dai tir ma n 12 nho nhat.

Gidi han Plotkin
Gi6i han Plotkin dugc xay dung theo céng thuc:

n.2<*
d<—— 4
2 -1 @

Gigi han Plotkin dugc xdy dung trong truong hop ¢6 dinh
do dai tr manvak ddu thong tin, yéu cau xac dinh khoang
cach cuc tiéu d.

Gigi hgn Hamming

Gi6i han Hamming dugc xay dung theo cong thirc:
t .
2" >3"C, (5)
i=0

Giéi han Hamming duoc Xay dung trong truong hop ch
dinh d6 dai tor ma n va gia tri t sai c6 thé stra dugc cho trudc,
xéac dinh do thua cua te md r =n—k la nho nhat.

lll. PHUONG PHAP TIM MA CYCLIC TOT
A. Ma cyclic t6i wu xdy dung tir nhém nhén, cap sé nhan
cyclic

Dinh ly 3.1:

Ma cyclic (2% — 2, k) trén vanh da thie Z,[x]/(x* + 1) str
dung tat ca da thirc khéc khong (trir da thirc ey (x) = k- Lxt

lam ddu ma 1a ma t6i uu dat giéi han Griesmer va thoa méin
gi6i han Plotkin, ¢6 khoang cach ma d, = 2k~1 — 1.

Chung minh:
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Dua vao tinh chét cua phéan hoach vanh da thirc theo nhoém
nhan cyclic don vi, ta ¢6 2¢~1 da thirc c6 trong s6 1é va 2%~ da
thirc ¢ trong s chin. Khi thiét 1ap tong kiém tra tryc giao g
v6i mot dau mi bat ky, ta can it nhat 3 dau ma [10]:

a;(x) + a;(x) = a,,(x) (6)
Néu ¢b dinh dau a;(x) va cho a;(x) bién d6i thi phuong
trinh (6) ludn ton tai nghiém véi vj # i, c6 nghia 1a ing voi

mdi aj (x), ta xac dinh dugc a,,(x). Vay ta ¢6 tong kiém tra
tryc giao v6i dau a; (x) nhu phuong trinh (7):

a;(x) = a;(x) + an(x) ()

Theo dinh |y sé dau coa tir mé lan = 2% — 2 (loai bo da
thirc ey (x) = - Lxi16p ké co mot da thirc), dé thiét 1ap sb
tong kiém tra tryc giao giai md cho mot ddu méi nao d6 s& dat
t6i da la:

o =[] = 5] =2 -2 @

Theo phuong phap gidi ma ngudng, khodng cach ma d,,
duoc xac dinh:

1=2k1_1 9)
4] ey

do = Jmax +
Kiém tra theo gi6i han Griesmer: n > Y2}
dy = 271 — 1, ta duoc:

n=RFT-1D+2k2 441
Ap dung cong thirc tinh tong cta cap sd nhan, co:

n=2k-2

Theo dinh ly, s6 dau cua bo mé 1a: n = 2% — 2. Vay bo ma
(2% — 2, k) dat dugc gi6i han Griesmer.
Y k-1
Kiém tra gigi han Plotkin: dy < n. ;k—_l

Thay n = 2% — 2 vao vé phai, két qua cua vé phai:

(Zk B 2) 2k—1 3 ( k _ 1) 2k—1 _ 2k—1
2k —1 2k —1
— 2k—1 _ 1

2~ (3=5)

Véidy, = 21 — 1 nén bo ma théa man gisi han Plotkin.

Dinh Iy 3.2:

M4 cyclic (2%~ — 1, k) trén vanh da thuac Z,[x]/(x* + 1)
Vi k I¢ va sir dung tat ca da thic trong s6 lé (trir da thic
eo(x) = Yk txt) 1am diu ma la mAi t6i wu dat giéi han
Griesmer va théa mén gigi han Plotkin, c6 khoang cach
dy =2F2-1.

Chizng minh:

Phan hoach cua vanh Z,[x]/(x* + 1) theo nhém nhan don
vi {x'} cap k ludn ton tai 2k=1 da thic ¢ trong so chan va
2k=1 da thirc ¢6 trong s Ié (theo tinh chat cta vanh da thuc).
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Trong sb cia da thic e, (x) = W(T i x') = k. Khik I¢,
da thiic ey (x) c0 trong sé ¢, thudc 16p ké trong sb 1é mot phan
tir va 1a mot liy dang. Khi k chin, da thic eq(x) ¢6 trong sb
chan khong dugc chon Iam dau ma va ciing khong ton tai 16p
ké trong s6 Ié c6 mot phan tur.

Néu sé diu ma bst di mot dau 1a da thic ey (x), thi sé dau
ma ciabd milan = 21 — 1.

Theo phuO’ng phép gidi ma ngudng dé thiét lap dugc mot
tong kiém tra c6 kha ning truc giao cho hai dau ma nao do, ta
can it nhat 4 dau ma nhu trong phwong trinh (10) [11]:

a;(x) + a;(x) + a;(x) = ap(x)  (10)

Theo phuong trinh (10), vé phai la mot tong 3 diu ma cua
tir md va moi dau ma 1a mét da thirc 6 trong s6 ¢, do do két
qua vé phal la mot da thirc c6 trong sb lé. Viéy phuong trinh
(10) lubn con nghiém vGi Vi # j # s + m. Néu ta cé dinh mot
cap hai diu a;(x), a;(x), thi ang véi mdi ay(x) ta lubn xac
dinh duoc a,, (x). Phuong trinh (10) cé dang:

[a;(x) + a;(0)] = a;(x) + an(x)  (11)

~S6 dau con lai cua tir ma bang (n — 2). Nhu vay s tong
kiém tra thiét lap duoc dé giai ma la:

_n—2| _ |@FT-D-2] _ ks
Jmax =[] = [F ] =22 -2 @)
Khoang cach md@ Hamming d, xac dinh la:
do =Jmax + 1= 2k=2 1 (13)
Kiém tra theo gisi han Griesmer: n > Z" ! [d"] thay
dy = 2¥7%2 — 1, ta duoc:
nz@P-D+2k3 44141
Ap dung cong thie tinh tng cua cap s6 nhan, c6:
n>2k1-1

Theo dinh ly 3.2, s6 dau cua bo ma: n = 281 — 1. Vay bo
ma (2¥=1 — 1, k) dat dugc gigi han Griesmer.
N k-1

Kiém tra gi6i han Plotkin: d, < n.jk—_l
Thay n = 2¥~1 — 1 vao vé phai, két qua vé phai:

2k-1 2k —1).2k"2 4 2k-2

(2k-1 - 1). _ ¢ )
2k —1 12k -1

— 2k—2 _
1
4 (zk—Z)
Vi dy = 2%72 — 1 nén bo ma théa man gisi han Plotkin.

2k—1

Nhu véy, theo dinh 1y 3.1 va 3.2 thi cac by ma cychc dugc
xay dung tir nhém nhan cyclic, cip sé nhan cyclic cé dang
(2k — 2,k) va (2% — 1,k) 1a cac bo ma t6i wu dat gigi han
Griesmer va Plotkin.

Déi voi ma cyclic xay dung tir cAc cap s nhan cyclic, vé
co ban c6 thé xay dung ma (2% — 2, k) bé‘mg viéc lay tat ca cac
lop ké ciia vanh da thirc trir phan tir 0 va phan tir eg(x) =

k-Lxt 6 thé xay dung ma (251 — 1, k) bang viéc lay tat ca
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céc 16p ké c6 trong s6 I¢é cta vanh da thuc trir phan tir ey (x) =
k-1 i
i—g X .
i=0

. Déi véi ma cyclic xay dung tir cac nhém nhan cyclic thi ¢6
thé xay dung cic bo ma nay nhu sau:

o+ Néu cip cuc dai cua cac da thic thugc vanh Z,/(x* + 1)
bang 2%~ — 1 thi chon da thic cO cap cuc dai lam phan ta
sinh caa bo ma [7].

+ Néu cap cyc dai cta cac da thuc thuge vanh Z,/(x* + 1)
khong nhé hon 2%~ — 1 thi chon da thic thuoc vanh 1é6n hon
(vanh Z,/(x? + 1), véip > k) va c6 cap bang véi 271 — 1
sau do ha bac da thuc theo h(x) [8] thi duoc da thirc méi co
thé chon Iam phan tir sinh ciia bo ma.

Viéc thuc hién ha bic da thirc theo h(x) con dugc goi la
thuc hién phan hoach hdn hop trén hai vanh da thac bat ky [8].
Xét 2 vanh xP + 1 va x* 4+ 1 v6ip > k néu trén vanh xP + 1
ta tim duogc da thirc h(x) thoa man diéu kién: h(x) la tich cua
mot vai da thuc bat kha quy va deg h(x) = k) thi ta ¢ thé
thuc hién duoc phan hoach hon hop trén hai vanh nay.

‘D¢ c6 thé dé dang tim dugc da thic h(x) ta nén chon it
nhat mét vanh 1a vanh 1€. Xét phan tich cia mot s6 vanh da
thirc sau:

X3 +1= 1+ X)L+ x+Xx?)
X +1= 1+ X)L+ x+ %% +x3 +x*)

X" +1= 1+ XA+ X% + ) A+ x+x°)

X2 +1= 1+ X)A+ X+ X2) A+ X +x°)

10
XtHl=(1+x)) X
i=0

12
X +l=(1+x))
i=0

X5 +1= L+ X) A+ X+ X2) A+ X3 +x%)
A+ x+xH)A+x+ 2+ +xY)
X +1= A+ X)X + x5 +x8)
A+ x+ X+ X +xE+x"+x8)
18
X0 +1=(1+x)> X
i=0
X2 +1= 1+ )0+ X+ X)L+ x+ )0+ X2 +x°)
A+ X+ X2+ X+ xO)A+ +x+ x5 +x5)
X2 +1= 1+ XA+ +x 3 +x8 +x%+xH)
A+ x+ X+ X8 +x" +x° +x)
X2 +1= 1+ X) A+ X+ X2+ X +x4)

@A+ X% + X0 + X + x2)
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Theo cac phan tich nay ta co thé tim dugc cac giatrik,p va
da thiic h(x) thoa man diéu kién phan hoach hon hop nhu
trong bang I.

Bang . Mot sb cdp vanh c6 thé phan hoach hén hop
P
k phu Cac da thuc h(x) théa min
hop
6,9,
15, | h(x)=1+x%;
3 21
7,21 | hy(x)=1+x*+x*; hy(x) =1+ x+x°
5‘2%35’ h () =1+ x+ X%+ x> + x*
hy(x) = L+ X)L+ X2 +x3) ;
7
hy(x) = L+ X)L+ x+x°)
4 5 h () =1+ x+ X%+ X3 + x*
h,(x) =1+ X3+ x*; hy(x) =1+ x+x*
, hg(X) =1+ X% +x*;
1
h, (X) =1+ x+ X2 +x*
12% h(x)=1+x%;
5

hy(x) = L+ X)L+ X +x%);
hy(x) = L+ X)@+ x+ x*)

7 h(X) = @+ X2 + X)L+ x+ %) ;
9 h,(x) = (L+ X% +x°)

hy(X) = @+ x+ X)L+ X3 +x%) ;
15 h,(X) = @+ X+ X3+ x+x*) ;
6 hs(X) = (L+ X + x?)
A+x+x2+x3+x4)

he(X) = @+ x + X)L+ X2 + %) ;

15

21 | h () =1+x+x2+x*+x°;

hy(X) =1+ X2 +x* +x° +x°

9 hy(X) = L+ X)L+ x° + x°)

hy(X) = @+ X)L+ X+ X2) L+ x* + x*)
hy(x) = @+ X)L+ X+ X3 @+ x+ x*)

15
; h,(X) = L+ X)L+ x+ x?)
A+ x+x2+x3+x)
hy(x) =1+x
21 | hg(X) =@+ X)L+ x+x"+x* +x°)
h, (x) = @+ X)L+ X2+ x* + X% +x°)
8 9 h(X) = @+ X+ X3 A+ X +x°)
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p
k phu

hop

Cac da thic h(x) théa man

hy(X) = @+ X + X)L+ x +x*)
hy(x) = L+ x* +x%)

15 A+ x+x2+x3+x)
h,(x) = @+ x+x%)

A+x+x2+x3+x4)

hy(X) = L+ X%+ x* + X% +x5)

17
hg(X) = @+ x+ X2 +x* +x° + x" +x°)
h, (x) = @+ X+ x?)
A+ x+x2+x*+x°)
21

hy(X) = L+ X+ X?)

A+ x> +x*+x° +x5)

h(X) = @+ X)L+ x° + x* +x° +xB)
17 h, (x) = L+ x)

A+ x+x2+x + x5+ x"+x8)
hy(X) = L+ X)L+ X + X)

A+ x+x2+x*+x°)
h,(x) = @+ X)L+ x + x2)

A+ X3+ x4+ x5 +x5)
9 hs(X) = L+ X+ X°)

A+ x+x2+x*+x°)
hg (X) = L+ X+ X°)

A+ X2 +x*+ x5 +x5)
h, (x) = L+ x* +X°)

A+ x+x2+x*+x°)
hy(x) = @+ X% +x%)

A+ x> +x*+ x5 +x5)

Dua trén ket qua hai dinh ly 3.1, 3.2 cung véi phan tich

trong bang I c6 thé nhan thay rang Iuon c6 thé xay dung duoc

céc bo cyclic ma téi wu trén cac vanh da thirc tir cac cap s6
nhan (hay 16p k&) cyclic.

21

Khi xay dung ma cyclic tr cac nhom nhan véi phan tir sinh
la da thuc ¢6 cap cuc dai trén vanh Z,/(x* + 1) va thoa mén
cap cta da thuc 12 2%~ — 1 thi b ma ciing dat gidi han toi vu.

Truong hop cdp cuc dai cua da thirc trén vanh khong dat
2%=1 — 1 thi ¢6 thé ha bac cua da thirc ¢ cap bang 251 — 1
va thugc vanh 16n hon theo h(x) nhu bang | thi ¢ thé tim
duoc bo ma tdi wu.

Xét vanh Zz/(x +1), Cép cuc dai cua céc da thuc béng 63
(theo phu luc 1) nén khong xay dung duoc ma cyclic t6i wu tir
cac nhém nhan cyclic véi phan tir sinh 1a da thic thuge vanh,
tuy nhién theo bang I ta thay rang co thé ha bac da thuc c6 cap
bang 255 trong vanh Z,/(x'7 + 1) theo h, (x) hoic h,(x) dé
xay dung ma. Vi du chon da thic a(x) =1+ x +x? + x3 +
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x® +x% + x10 + x11 + x12 ¢6 cép 1a 255 (theo phy luc 1) la
phan tr sinh cda nhdom nhédn cyclic xdy dung trén vanh
Z,/(x'" + 1), chon hy(x) dé ha bac cac phan tir trong nhém
nhan cyclic trén ta dugc mot nhdm nhan c6 cap la 255 trén
vanh vanh Z, /(x° + 1), tir day xdy dung dugc bd mi cyclic
(255,9,127) la m4 t6i uu dat giGi han Griesmer va Plotkin.

B. Ma cyclic tot xdy dung tir cdp s6 nhén cyclic trén vanh da

thirc

Céc ma cyclic toi uu (n, k, d) duoc nghién ciru va dé xuat
trén c6 uu d1em la stra sai t6t (d l6n), xay dung bo ma dé dang,
tuy nhién ton tai mot nhuoc diém I6n 1a higu Suit ma (k/n)
thuong kha nho, do d6 tac gia cling tlen hanh nghién ctru va d¢
Xuét phuong phép tim ma cychc t6t xay dung tir cac cp sb
nhan/ lop ke cycllc v6i cac gia tri (n, k, d) pht hop, dac biét la
dé xuat cac ma tét xay dung tir 3 1op ké cyclic trén vanh

. I in A X x k L [ ,
(hudng téi muc tiéu dat hiéu suat méa — > gvol kha nang sua

13i hop Iy).

\ Cho gid trj ctia k \

!

‘ Lap phan hoach cho vanh da thire ‘

\ Choi=2 \

Y

=i+ \

Y

Lipma gbm3lopké {1,i,j} |

\ Xéc dinh n \

!

‘ Lap h¢ téng kiém tra cia bd ma ‘

Buoc 1:
+ Cho gia tri k cua vanh da thic Z,/(x* + 1).

_+ Lap phan hoach cho vanh da thirc, xéc dinh s6 16p ké m
(so lwgng lép ké trong vanh)

+Choi=2
Buoc2: +Ganj=i+1
Buoc 3:
+ Lap ma gom 3 Iop ké {1, 1, j}
.+ Xac dinh gia tri n trong by ma (n, k,d), trong don la
tong so phan ti cua 3 16p ké duogc chon (ciing 13 d6 dai tir mé).
+ Tinh tong kiém tra cua bo ma theo ca 3 truong hop CS
truc giao, CS c6 kha ning truc giao, CS A lién h¢, sau d6 luu

lai s6 CS cua bo ma (g v6i mdi truong hop. Tir s6 CS s& tinh
duoc khoang cach Hamming d.

+ Néu j = m thi chuyén sang budc 4, néu j < m thi ting j
va lap lai buéce 3.

Buoc 4.

+Néui=m—1th Chuyén sang budc 5, nui<m-—1
thi tang i va Iap lai budc 2.

Buéc 5: Tinh toan bo tham sb (n, k, d) tng vai cac b6 ma,
S0 sanh vai cac gidi han toi vu. Liét ké bo ma (n, k, d) t6t nhat
thu duoc.

Tir cac budc trén co thé - xay dyng dugc luu dd thuat tim céc
b6 ma cyclic t6t theo luu do thuét toan nhu trén hinh 1 va danh
sach mot s6 bo ma cyclic tét tim duoc nhur trong bang 11

Thuyc hign tim ma cyclic t6t voi nhiéu Iop k& hon cling cho
nhitng b6 ma t6t, tuy nhién lai phai tra gia vé hiéu suat ma (ti
S0 k/n thap). Huong nghlen cliru tlep theo, tac gia sé tiép tuc
tim cac bo ma cyclic tot véi nhiéu 16p ké hon va cac bo ma
cyclic ing véi cic phuong phap giai ma khéc.

Bang Il. Pé xuét mét sé bo ma cyclic tot

Vanh CGPs/CMG TTG CKNTG TTGALH

x*+1 | {(1), (7). 1)} (15,5,7)

x6+1 {(2), (11),

(21)}

(14,6,5)
A=2,CS=
8

{(@), (13),
(21)}

(14,6,5)
A=2,CS=
8

\ Liét ké bo ma (n, k, d) t5t

Hinh 1. Lwu dé thudt toan tim bé ma cyclic tét ttr cap sb nhén
cyclic

Dé tim ma cyclic tot xay dung trén 3 16p ké cyclic sir dung
phuong phap giai ma ngudng [3], [9], [10], [11], ta thuc hién
theo cac budc sau day:
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{(D), (23),
(29)}

(21,7.7)

{(D), A1),
(87)}

(24,8,7)

{(D), (13),
(87)}

(24,8,7)

{(D), @),
(91}

(24,8,7)

{Q), @),
(61)}

(24,8.7)

{(D), (13),
(19)}

(24,8,7)
A=2,CS=
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Vanh CGPs/ICMG TTG CKNTG TTGALH
12
{(1), (23), (24,8,7)
(25)} A=2,CS=
12
{), 37), (24,8,7)
@n} A=2,CS=
12
{), 37), (24,8,7)
(61)} A=2,CS=
12
1| {@) 1), (27,9.9)
(61)}
{@), (13), (27,9,9)
(4ny
{@), (19), (27,9.9)
(59)}
{@), (25), (27,9,9)
(55)}
{@), (41), (27,9.9)
(87}
{@), (41), (27,9,9)
117)}

IV. MO PHONG DANH GIA MQT SO BO MA
A. Pé xudt kich ban mé phong, danh gia

So db téng quat cua mot hé thdng truyén dé xuat dé thuc
hign md phong, danh gid ma cyclic nhu hinh 2, trong d6 st
dung cac phuong phap diéu Che/glal diéu ché khac nhau va
kénh truyen str dung nhiéu Gause trang COng, cac ho ma cycllc

can md phong, danh gia duoc dwa vao cac khdi ma hoa va giai
ma hoa.

Dt ligu
phat

I

I

= Tz <A A1

—> Ma hoa —> Diéu ché !
I

I

I

=
Z
=
g)l

Kénh truyén

Dit liu| |Giaima| |Giai diéu
| [— .
thu hoa ché

A

[ Bénthu _________ I

Hinh 2. So db hé théng théng tin sir dung mé phéng danh gia
ma cyclic

Phdn tich so 6 hé théng

Bén phét gom:
- Dit liéu phat: 1a phan thdng tin goc duoc truyén di.

- Ma hoa: 1a budc st dung b ma cyclic dé ma héa tin hiéu
goC Céc bd ma thay di s& anh huong dén diy bit dua t6i khoi
diéu ché.

- Pidu ché: 1a cac phuong phap didu ché, chuong trinh mé
phong s& str dung cac kiéu diéu ché khac nhau dé ho trg danh
gia bo ma.

Kénh truyén gom:
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—‘Nhiéu: duoc tao ra trén kénh}ruyén, trong cac md phong
& phan nay déu sir dung bo tao nhiéu Gause.

Bén thu:

La c4c budc nguoc cua bén phat, bao gom: gidi didu ché,
giai ma hoa va khoi phyc thdng tin tir phia phat. Phan giai diéu
Ch; gidi ma hoa dugc thuc hi¢n tuong ang véi phuong phap
diéu ché va bo ma hoa dugc xay dung & phia phat.

Hoat déng cua hé théng

Trong mot chu ky md phong can thuc hién:

- Tao nhiu Gause trang cong.

- C6 dinh bo ma cyclic, phuong phép diéu ché.
- Tao ngau nhién day dir liéu phat.

- Lan luot tang ti s6 E, /N, & phia phat theo budc nhay phi
hop.

- Do ti b 15i bit BER cua chudi bit nhan dugc.

Phuong phap danh gia:

- V& d6 thi biéu thi mdi quan h¢ E, /N, va BER cia bo ma
tir nguon dir lieu mé phong thu dugc.

- Thyc hién danh gia hiéu cua cta bd méa, so sanh bo méa véi
céc bo ma khac (néu co).

B. Két qua mé phong, danh gid mot s6 bé ma cyclic

~ Trong phan nay, tac gia thuc hi¢gn mo phong, danh gia mot
s6 bo ma cyclic tot dugc liét ké trong bang II.

1) B mé cyclic (255,9,127)

Chondathica(x) =1+ x+x2+x3+x8 +x° +x10 +
x' + x12 ¢6 cép 1a 255 [7] 1a phan tir sinh ciaa CMG x4y dung
trén vanh Z,/(x'” + 1), chon hy(x) = (1 +x)(1 +x3+
x* 4+ x5 + x®) dé ha bac a(x) ta xay dung duoc CMG tuong
ng 6 cap 255 trén vanh Z,/(x° + 1), tién hanh xay dung bo
ma hoda va giai ma tng v6i CMG nay ta thu dugc bo ma cyclic
(255,9,127) dat gioi han Griesmer va Plotkin. Két qua md
phong bo méa cyclic (255,9,127) thé hién nhu hinh 3.

=5 LCC(286,127), 840AM
—E— LEC{SEA127), 120AN
~-57-- o coding, 640N

|- AWGN Chamns!

[
EbiNO

Hinh 3. Két qué mé phdng bé ma cyclic (255,9,127)

Trong md phong &ng véi b ma nay, tac gid su dung nhiéu
Gause tring cong trén kénh truyén. Thur nghiém véi cac
phuong phap diéu ché khac nhau (QPSK, 16QAM,...), cho
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chit lugng rat tbt. Trén hinh 3 biéu thi két qua moé phong cua
bo ma tng véi diéu ché 64QAM, 128QAM va so sanh voi
truong hop truyen dan chi diéu ché 64QAM khong ma hoda va
truong hop truyén dan khong diéu ché, khong méa hoa. Két qua

cho thiy bo ma dat BER =~ 1077 VOI = 5 (trwong hop diéu

ché 64QAM), va BER ~ 1077 vol
ché 128QAM).

2) B4 ma cyclic (15,5,7)

Chon ma cyclic cuc bo xéy dung tir ba I6p ké cyclic {(1),
(7), (11)} trén vanh Z,/(x> + 1) s& tao ra by mé (15,5) (cac
phan tir cuia ma tran sinh cia bo ma nay ciing tuong duong
CMG duoc tao boi phan tir sinh 1a da thuc trong so 1€ dat cap
cuc dai trén vanh Z,/(x° + 1)), tién hanh xay dung bo ma hoa
va giai ma ta thu dugc bo ma cyclic (15,5,7) dat gidi han
Griesmer va Plotkin. Két qua md phong bo ma cyclic (15,5,7)
thé hién nhu hinh 3 va hinh 4.

= 6,5 (trwong hop diéu

17— LCCHEST), OPSK
-9~ Nocodng, 0PSK |
(2 - LCC(1557), 160AM
-8+ o coding, 160AM

§
EbNO

Hinh 4. Két qué mé phdng bé ma cyclic (15,5,7)

Tuong ty nhu mé phong bo ma (255,9,127), ta su dung
nhiéu Gause trang cong trén kénh truyen. Thir nghi¢m véi cac
phuong phap diéu ché QPSK, 4QAM, 16QAM cho chat luong
kha top Trén hinh 4 biéu thi két qua md phong cua bo ma tng
véi diéu ché QPSK, 16QAM va so sénh vai truong hop truyén
dan tin hiéu chi diéu ché (QPSK, 16QAM) kh@ng ma hoa. Két
qua cho thiy voi diéu ché QPSK tal -t — 7, néu khong ma héa

thi kénh truyén dat BER ~ 1,2.10~ 3 neu str dung bo mé cyclic
(15,5,7) thi kénh truyén dat BER‘~ 1,5.1077 (tot’ hon truong
hop khéng mé& hoa khoang 8000 lan); vai dieu ché 16QAM tai
%~ 10, néu khong ma hoéa thi kénh truyén dat BER ~

2 5 1073, st dung bo ma cyclic (15,5,7) thi kénh truyén dat
BER =~ 1 5.107° (6t hon truong hop khong ma héa hon 1600
Ian) Két qua md phong cling cho thdy duong truyen sir dung
cung mot bo m4, thi diéu ché QPSK cho BER t6t hon 16QAM

(vi duy, tal -b =7, diéu ché QPSK cho BER ~ 1,5.1077, trong

khi diéu che 16QAM cho BER ~ 1073) la phu hop véi ly
thuyét.

3) Bo ma cyclic (27,9,9)

Chon ma cyclic cuc by xay dung tr ba lop k& cyclic {(1),
(11), (61)} trén vanh Z,/(x° + 1), tién hanh xay dung bd ma
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hoa va giai m ta thu dugc bo ma cyclic (27,9,9). Két qua md
phong bo ma cyclic (27,9,9) thé hién nhu hinh 5.

Tuong ty, tac gia st dung nhiéu Gause tring cong trén kénh
truyén. Tha nghiém véi cac phuong phap diéu ché QPSK,
4QAM, 16QAM cho chat luong kha tqt Trén hinh 5 biéu thi
két qua m6 phong cuia bo mé ing véi dieu ché QPSK, 16QAM,
so sanh vai truong hop }ruyén dan s dung bo mi cyclic
(15,5,7) va trudn hop truyén dan tin hiéu chi diéu ché (QPSK,
16QAM) khong mé h()a Két qua cho thiy voéi phuong phap
diéu ché QPSK tal =b =7, néu khong m& hda thi kénh truyén

dat BER ~ 1,2.10~ 3, néu sir dung ho mi cyclic (27,9,9) thi
kénh truyén dat BER =~ 2,4.107°, s dung bo méi cyclic
(15,5,7) thi dat BER =~ 1,5.1077; véi phuong phap dicu che
16QAM tal = 10, néu khdng ma hoa thi kénh truyén dat
BER =~ 2510 3, st dung bo ma cyclic (27,9,9) thi kénh
truyén dat BER ~ 9.107°, s dung bo méa cyclic (15,5,7) thi
dat BER ~ 1,5.107°.

—6-LCC[2T 89 OP3K
—FLCC[1857), OPSK

—E- e B‘J\ 16Qui
| =& LCC[1557), 160AM
~E-No codi

T

EbNO

Hinh 5. Két qué mé phdng bé ma cyclic (27,9,9)

Két qua mo phong trén hinh 5 cho thay du st dung phuong
phap diéu ché nao thi bo ma cyclic (15,5,7) dat gidi han t6i vu
Griesmer va Plotkin (co kha nang sua ¢t = 3 bit 16i, vat/n =
3/15) cho kha ning stra 15i tot hon (hay ti s6 BER thap hon)
bo ma cyclic (27,9,9) 1a ma cyclic tt (co kha ning sua t = 4
bit 16i, va t/n = 4/27). Téc gia cling di md phong danh gia
bé mé véi diéu ché 64QAM, 128QAM thi cho ti I¢ 16i lon va
kha nang stra 16i khong tot nhu ma (255,9,127).

V. KET LUAN

Ma cyclic c6 han ché 16n nhét 1a d¢ dy thira tir ma kha 16n
(hay hiéu suat ma hoa thong tin khong cao), tuy nhién uu diém
ndi bat 1a d& thyc hién v& mat k§ thuét va sé lugng ma nhiéu.
Céc nghién ctru trude ddy thuong tap trung vao viée kién tric
ma chir it quan tdm dén viéc tim kiém va danh gia cac bo ma
t6t vé nang lyc stra 16i. Bai bao nay da tap trung nghién clru dé
tim kiém cac bd mi cyclic tot tién t&i cac gii han tdi wu
Griesmer va Plotkin. Noi dung bai béo da trinh bay phuong
phép tim ma cyclic t6t ‘thong qua dé xuat va ching minh hai
dinh ly Ve ma cyclic t6i wu, xay dung thuat toan tim by ma
cyclic t6t va budc dau lap dugc bang mot sé ma cyclic tét,
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thong qua két qua md phong, danh gia hiéu nang cua cac bo
ma co thé nhan xét rang két qua nghién ctru da gop phén chi ra
cach xac dinh cac ma cyclic tot ¢6 thé ing dung vao thyuc té.
Ngoai ra, cac b ma cyclic xay dung tir nhom nhén cyclic, cap
s0 nhén cyclic nhu trinh bay ¢ trén c6 kha nang thay d6i dugc
d6 dai tir ma tuy theo nhu cau sir dung 1a uu dlem ¢6 thé tng
dung trong ma mang phuc vu cac hé thong truyén théng khong
day hop tac [12].

LOI CAM ON

Tac gid xin chan thanh cdm on Hoc vién Cong nghé¢ Buu
chinh Vién thong da tao diéu kién giup dd, ho trg t6i thuc hién
hudng nghién ciru nay.
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GOOD LOCAL CYCLIC CODERS ARE
CONSTRUCTED ON POLYNOMIAL RING

Abstract: The cyclic code is a linear code layer and is
applicable in civil electronics, data storage systems, and
communication systems. Cyclic code generation based on
polynomial ring decomposition (cyclic multiplicative groups,
cyclic geometric progressions) has many outstanding

S6 01 (CS.01) 2017

advantages, is of interest for research and has initial results.
This paper presents the method of code generation and
proposes some good local cyclic code from cyclic
multiplicative group, cyclic geometric progressions on
polynomial ring. At the same time, the article also presents
simulations, evaluates the quality of some of the code found
and its applicability to the transmission of information.

Keywords: cyclic code, Cyclic Multiplicative Group
(CMG), Cyclic Geometric Progressions (CGP), Check-sum
(CS), polynomial ring.
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