Chwong 3
MA HOA CHONG NHIEU

Trong chuong nay chidng ta s€ nghién ciru van dé ma hoéa va giai ma kénh truyén, tac la
ma hoda cac tin ngudn thanh céc tir ma trude khi truyén di d€ chong nhi¢u do kénh truyén, va sau
d6 gia ma cac xau nhan dugc dé xac dinh chinh xac tr ma nao da dugc gui di.

3.1 CAC KHAI NIEM CO BAN
3.1.1. C4c khai niém vé kénh truyén

Trong cac phan trude, chlng ta da gidi thiéu cac loai ma dung trong ma héa, véi muc tiéu
phat hién 16i va stra 13i, tirc 13 chiing ta chi quan tim dén s céac 16i chiing ta c6 thé phat hién va
sira chita ma khong quan tim dén viéc lam thé nao, hodc noi ma cac 16i d6 xay ra. Tuy nhién,
mdi kénh truyén c6 thé co kha ning xay ra 16i v6i cac xac suat khac nhau. Shannon da dé xuét
mo hinh truyén tin c6 xem xét dén xac suat xay ra 18i trén kénh truyén goi 1a mé hinh xéac suat.
(Probabilistic Model). Trong cc phan sau ciia gido trinh ndy, ching ta sir dung mo hinh xéac
suét trong viéc nghién ctru cac mi chéng nhiéu.

V& mat vat 1y, mgt kénh truyén la m§t moi trudng truyén tin, co thé guri va nhan tin, co thé co
nhidu gy 15i cho viéc truyén va nhan tin. V& mat toan hoc, ta c6 mot sd dinh nghia hinh thirc
cho kénh truyén theo mé hinh xac sudt nhu sau:

Dinh nghia 3.1
Mot kénh truyén bao gom mot bang ky hiéu A = {a1, @, ... , aq } va mot tdp cdc xdc sudt
kénh truyen (xdc suat P(nhdn dwoc aj| khi da gii ai), c6 dang :

{P(a; received |a; wassent) } (3.1)
Cdc xdc sudt trén phai théa mén diéu kién:
q
Z P(a; received |a; wassent) =1, Vai € A. (3.2)
=1
Thi du 3.1 Mot kénh truyén vé6i bang ky hiéu nhi phan A = {0, 1}s& bao gdom tép 4 xac suét sau:
p1 = P( nhan dugc ‘0’ | khi da gui ‘0°)
p2 = P( nhan dugc ‘1’ | khi da gii ‘0°)
p3 = P( nhan dugc ‘0’ | khi da gui ‘1)
p4 = P( nhan dugc ‘1’ | khi da gt “17)

cac x4c suat nay thoa mén diéu kién (3.2): pr+p2=1va p3+ps=1
Dinh nghia 3.2

Mot kénh truyén goi la kénh khong nhé néu véi moi xdu X = X1 X ... Xn VA C = C1C2 ... Cn
déu thoa man:

P(xreceived |c wassent) = H P(x; received |c; was sent)
i=1
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Chu y rang trong kénh khong nhd thi moi 16i 1a doc 14p v6i nhau, tire 13 18i xay ra khi giri/nhan
mot bit (ching han giri 0 nhan dugc 1) 1a doc 1ap véi 16i xay ra & bit khac.

bac biét, véi bang ma nhi phan A = {0, 1}, néu c6 mot kénh tmyén ma trong d6 moi xac suat 16i
1a nhu nhau P(nhan 0 | khi gti 1), hodc P(nhan 1 | khi giri 0) voi cling xéac sudt p < %, thi kénh

truyén d6 goi 14 kénh truyén ddi xting. Cac kénh ddi xtng 1a mot mé hinh xac xuét duoc sir dung
nhicu trong 1y thuyét ma hoa.

Chu ¥ rang néu xac suit 11 1a p thi xdc sudt nhdn ding 1a 1 —p.
Ta c0 dinh nghia sau:
Dinh nghia 3.3

a A A . A A , \ A ~ r LA . A 1
Mot kénh truyén nhi phan doi xung la mot kénh trong do ton tai so p < > sao cho:

P('L'received |'O'wassent)= P('O'received |'l'wassent)=p
P('I'received |'I'wassent)= P('O'received |'O'wassent)=1-p
= S6 p nhu trén duoc goi 13 xdc sudt chéo’ ctia kénh truyén nhi phan d6i xtmg.
Hinh dud¢i day mo td mdt kénh nhi phan doi xtrng, véi xéac suat chéo 1a p (voi p < 5 ). Xac suat

mic 16i cung la p khi gtri di ‘0’ nhan dugc 1, hay khi gtri di ‘1” nhan dugc ‘0°. Xac suét nhan
dings€ la 1l —p.

bit nhan dugc

1 > 1

Hinh 3.1. Kénh déi xitng nhi phan.

Thi du 3.2. Gia st c6 mot xau bit dwoc giri di trén kénh nhi phan ddi ximg, x4c suat nhan sai la
0.01. Vay xéc suat dé nhan duogc xau bit *10011000” 1a bao nhiéu khi xau bit gui di la
‘00000000°?

Giai:

Do x4c suét nhén sai 1a 0.01 nén x4c suit nhan ding la 1 —0.01 =0.99. Pé nhan duoc xau
bit 10011000 khi xau bit 00000000 dugc gui di thi bit dau tién, bit thir 4 va bit 5 nhan duoc sai,
con cac bit con lai nhan duge dung. Do viée gap 16i ¢ cac bit 1a doc 1ap v6i nhau, theo quy tic
nhan x4c suét, ta tinh duoc xac suat dé xay ra trudng hop nay la:

(0.99)5(0.01)% = 0.0000009509900499 <
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3.1.2. Quy tic giai mi ngwoi lang giéng gin nhit

Bai toan gidi ma: Gia st mot tr ma ¢ trong bo ma C dugce gui di, ta nhan dugce xau bit x. Ttr xau
X, ta can khoi phuc dugc tir ma ¢. D6 1a cong viée chii yéu cua qua trinh giai ma. Néu viée truyén
tin khong c6 151, khi d6 x s& gidng ¢. Nhung néu viée truyén tin co 151, vi du dudng truyén c6 tap
am (c6 nhidu-noise), thi x s& khong giéng c. Vay c6 thé stra 16i nhu thé nao, néi cach khac, c6 thé
khéi phuc duoc ¢ nhu thé nao tir xAu nhan duoc x?

Mot cach giai quyét 1a tinh khoang cach Hamming gitta X va mdi mot trong cac tir m clia

C. Khi do, de¢ giai ma x, ta lay tir ma c6 khoang cach Hamming nho nhat doi véi X va coi d6 1a tur
ma& ¢ da gii di. Phuong phap giai ma nay duoc goi la Quy tac gidai ma nguoi lang giéng gan
nhat.
Dinh nghia 3.4.

Cho C la md véi dg dai n trén bdang chir cdi A. Quy tdc gidi md ‘nguwoi ldng giéng gan

nhat’ (nearest neighbor decoding) phdt biéu nhw sau: VX € A, X duwoc giai ma thanh cx € C,

néu cx la tir ma gan nhat véi x. (theo khodng cdch Hamming)

= Tic 13, néu ky hidu D(X) 1a giai ma cia tir X, thi D(X) = ¢x , Vi Cx thoa diéu kién:
d(x, cx) = min {d(x, ¢), V c € C}

Thi du 3.3. Str dung phwong phép giai ma nguoi lang giéng gan nhdt dé xac dinh tir ma nao
duogc giri di tir ma C = {00000,01000, 10011} néu xau nhan duoc 14 01100.

Giai:
Trudc tién, chiing ta tim khoang cach giita 01100 v6i mdi tir ma. Ta cé:
d(00000,01100) = 2,
d(01000,01100) =1,
d(10011,01100) = 5.
Vi tir ma gén nhét d6i véi 01100 12 01000, ta két luan 01000 1a tir ma da dwoc giri di. <«
Chuy:
Vi cac xau nhi phan cung do dai, khoang cach Hamming c6 thé tinh bang cong thic:
d(x, y) =w(x+y)
trong d6 w(x) 1a trong s cuia xau bit X, 14 s6 ky hiéu khac 0 trong x4u bit X, phép cong dugc hiéu
la phép cong hai xau bit.
Next T3 14/3 3.1.3. Quy tic giai ma hop 1& cuc dai

Trong md hinh xéc suat, cic quy tic giai ma ciing dua trén mot xac suat. Quy tic gidi ma
hop 1& cuc dai cho phép giai ma xau nhan duoc boi tir mad phi hop nhat voi tir ma da duoc giri.
Gia sir mgt tr ma ¢ trong ma C dugc gui di, nhan dugce xau bit X, do kénh truyén c6 nhiéu, xau
bit x khong trung véi tir mi nio ctia bd ma C. Ta can giai ma xau x thanh cx € C, sao cho xac
suit dé nhan dugce x khi gui Cx 1a lon nhét, so v&i xac suit dé nhan dugce x khi guri mot tr ma bat
ky ¢ trong C. Turc 1a viéc giai ma x thanh cx 1 hop 1y nhét (hop 18 cuc dai). Ta co dinh nghia sau:
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Dinh nghia 3.5.
Cho C la md véi dg dai n trén bang chiv cdi A. Quy tic gidi ma hop 1€ cye dai (maximum
liklihood decoding) nhw sau: ¥'x € A", X dwoc gidi ma thanh cx € C, khi ma:
P(x:received |c, wassent) = maxc<c { P(x received |c wassent) }
»  Tic 13, néu ky hidu D(x) 13 giai m3 cia tir X, thi D(X) = ¢, v6i Cx 13 tir md c6 kha ning
nhét s& bién thanh x, so v6i cac tir ma khac khi duoc g di.
Bay gid chung ta s& chi ra ring Phwong phdp gidi md nguoi lang giéng gan nhdt s& dem lai mot
tir ma giéng nhiéu nhit voi tir ma duoc gui di va nhu vay do ciing 1a phép giai ma hop 18 cuc dai.
Dinh ly 3.1
. . ‘ 1
Trong mot kénh truyén nhi phan doi xung voi xdc sudt chéo p < > phwong phap giai ma
nguwoi lang giéng gan nhdt la twong dwong véi phwong phép gidi ma hop 1€ cuc dai.
Chung minh: Cho C 1a mot b ma nhi phan, gia sir ¢ 1a 1 tir ma bt ky trong C duogc guri di va ta
nhan duoc x4u X sai Khac i 16i so véi ¢, tirc 1a d(c, X) = i. Do x ¢0 i bit nhan sai va n- i bit nhan
dung, va xac suit nhan sai 1a p (xac suat nhan dung la 1 — p) nén ta co:
P( x received | c was sent) = pi(l —p)" -

Vi p< % , nén taco 1_—p>1,dodc’):
p

pi (1_ p)nfi — pi+1(1_ p)nfifl _1_ p > pi+1(1_ p)nfifl
p
de.' pi (1_p)n7i >pi+1(1_p)nf(i+1)
Vé6ii=0, 1, 2, ..n-1taco:
P’A-p)>pl-p)"t>.. >p"(L-p)
Tir cong thirc trén ta thdy khi i cang nho thi x4c suat (1) cang 16n. Phuong phép giai ma ngudi
lang giéng gan nhat chon mot tir ma cx gan véi x nhat tire 1a d(cx , X) = i 1a nho nhéat nén xac suat
(1) 1a 16n nhat. Tirc 13, quy tac giai ma ‘nguwoi lang giéng gan nhat’ cho phép giai ma x thanh tir
MA Cx v&i mot xac suat 16n nhit , pht hop v6i quy tic giai ma hop 18 cuc dai.

3.2 PHAT HIEN LOI VA SUA LOI

Phat hién 15i va stra 131 1a cong viéc chu yéu cua qua trinh giai ma. Trude hét chung ta
trinh bay nguyén 1y chung dé phat hién 16i va sira 1i trong truyén tin.
3.2.1. Nguyén ly phat hién 15i va sira 16i
Gia sir mot dau kénh truyén giri di mot tir ma ¢ e C, va bén kia nhan duoc mot xau x. Nguyén ly
phat hién 15i va sira 16i duoc hiéu nhu sau:
= Nguyén Iy phdt hién 16i: Kiém tra xem xau nhan dugc c6 phai 1a mot tir ma trong C hay
khong, néu khong phai tir ma thi xau nhan duoc 1a sai, ¢6 1.
= Nguyén ly siza [6i: Khi phat hién x4u X nhan dugc 1a sai, tim mot tir ma ¢x ¢6 khoang cach
Hamming gan nhat vdi X (theo quy tac gidi ma nguoi lang giéng gan nhat) dé thay cho xau
X bi 16i, tirc 1a da sira dugc 16i, va coi Cx 1a tir ma ¢ da duoc giri di. (cx 1a giai ma ciia Xau Xx)

Bai giang “Co so ma héa thong tin” | nvdinh@vnua.edu.vn 49



Nhu vay nguyén 1y phat hién 131 va stra 16i déu dya trén khoang cach Hamming. Thi du dudi day
cho thiy khoang cach Hamming cuc tiéu d(C) c6 lién quan dén viéc phat hién 13i va sira 13i.

Thi dy 3.4 Gia st HQ va X ¢6 tam ban do mang ludi nhu hinh  [%] [ - [ [
v& bén. Vi Iy do bi mat, chi co HQ biét cac chi din mdi budc di | & B EE
cho X dé X c6 thé dén dugc HQ. HQ can giri cho X cac thong BT 8
diép N, S, E, W dé theo d6 X c6 thé di dwoc dén HQ (ddy thong Vl 3 L
diép can chuyén la: NNWNNWWSSWWNNNNWWN). R5 &
rang 1a do tin cay (chinh xac) cua viéc truyén/nhén thong tin 1a \ A L o
quan trong hon téc d6. Chung ta c6 thé ma hoa cac thong diép ’
bang ma nhi phan:

00=N
Ci=]01=W

10=E

11=S

Ta c6 khoang cach Hamming cuc tiéu ctia bd ma d(Cy) =1. Néu mot tir ma guri di ma bi méc 1
hoic 2 13i thi né lai bién thanh tir ma khac, do d6 ma nay khong thé phat hién ciing nhu khong thé
stra duoc 1 161 ndo.

Bay gio ta thém mot bit kiém tra chin 1é vao cac tir cia ma C1 (theo nguyén tac: bit thém vao 1a 0
hay 1 sao cho tong céc bit ‘1” trong moi tir ma ludn chin. Ta nhan duoc ma Cz nhu sau:

000
C.=) 011

101

110

D@ thay d(C2) = 2, ma nay c6 thé phat hién 1 15i, nhung khong thé stra duoc 16i nao.

That vay, gid su to ma ¢ = 000 dugc gui di, néu chi c6 1 13i xay ra, s€ nhan dugc xau bit ¢c6 ding
mot bit <17, 1a xau 001 ; 010 hodc 100, déu khong phai 1a tr ma hop 1€ trong b ma C, do do sé
phat hién duoc xau x 12 16i. Twong tw nhu vay véi cac tir ma khac duoc gir, néu xau nhan duoc co
1 15 s& 1am thay di s6 bit ‘1° tir chan thanh 1¢, do d6 15i bi phét hién. Tuy nhién c6 thé thiy néu
x4u nhan dugc méc 2 13i thi khong thé phat hién duogc, bdi vi khi do téng s6 bit “1” van la mot sb
chan. Mit khac, khi 1 tir ma giri di ma bi mac 2 18i thi xau nhan dugc lai 13 1 tir ma khac trong b
ma Cz, do d6 khong thé phat hién 1a da mac 16i.

Bay gid ta tao ma mdi tir C2 bang cach lip lai 2 bit dau cia cac tir ma vao cudi mdi tir ma, ta
nhan dugc ma Cz nhu sau:

00000
Cs= ) 01101
10110
11011

D@ thay d(Cs) = 3, ma nay khong nhitng phat hién dugc cac xau chira 2 16i ma con stra duoc cac
xau chira 1 18i. Chang han, khi HQ mubn guri cho X thong diép ‘N, thong diép nay da dugc ma
bang ma Ca, tirc 1a HQ gtri di tir ma ¢ = 00000 nhung do bit thir hai bi 15i, X nhan duoc xau
01000. X s& biét ngay tir ma da bi 18i, va phan 15i 12 & bén trai bit kiém tra chén 1¢ (do tong cac
bit 1 trong ba bit dau phai 1a sé chin), vi vy co thé sira duoc 18i nay bang cach 1iy 2 bit cudi
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thay cho 2 bit dau. Tir d6 x c6 thé duoc giai ma D(01000) = 00000, tir d6 tim dugc hudng di “N’.
Ta c6 dinh nghia vé su phat hién 15i va stra 181 dwa trén khoang cach Hamming nhu sau.
Dinh nghia 3.6.
Cho C la ma voi do dai n trén bang chir cai A, khi do:
1. M,d C goi la phat hién duoc s 16i, néu V¢ e C va moi xdu x # ¢ ta co:
neud(x, c) < sthix gC.

2. Ma C goi la swa duoc t 16i, néu V¢ e C va moi xdu x # ¢ ta co:
néu d(x, c) < tthix la tir ma gan nhat voi c.

Ta c6 thé giai thich rd hon cho dinh nghia trén nhu sau:

1. M& C goi 14 phat hién duoc s 16i néu voi moi tir ma ¢ giri di, ma cd s bit bi thay doi ¢ xau nhan
duogc X, thi xau nay khong phai 1a mot tir ma trong C, vi vy phat hién duogc tir ma gui di da bi 161.

2. M& C goi 1a stra duoc t 151 néu khi giri di tir ma ¢, ma ¢4 t bit b thay d6i & xau nhan duoc x, thi
s& thay thé dugc x4u ndy voi mot tir ma gan nd nhat c6 d(x, ¢) < ¢ (theo quy tic giai ma ngudi
lang giéng gan nhat)

Ta c6 dinh ly sau vé kha nang phat hi¢n 101 va stra 101 cia mdt ma, viéc chiing minh dinh 1y danh
cho sinh vién nhu mot bai tap.

Dinh ly 3.2
Cho C la ma voi do dai n trén bang chir cai A, khi do:
1. MA& C phat hién dwoc k 16i trong moi tir md néu khoang cach Hamming d(C) >k + 1
2. Ma C sira dwoc k 161 trong moi tir md néu khoang cach Hamming d(C) >2k + 1

Nhu vay, kha ning phat hién va stra 16i cia mot ma phu thudc vao khoang cach Hamming cuc
tieu d(C) cua by ma do, va d(C) cang 16n thi kha nang phat hi¢n 161 va stra 161 ctia ma cang cao.

H¢ qua 3.1
Néu ma C c6 khodng cach Hamming cuc tiéu la d(C) = d, thi C ¢é thé phat hién dwoc t6i
da k= d— 1 16i, va c6 thé sira dwoc t6i da k = Ld—z_lj 16i.
(LXJ 1a s6 nguyén 16n nhat khong vuot qua x, chang han L3.14J =3 |_5.0J =5; |_—3.14J =-4).
Su chimg minh ctia hé qua nay suy truc tiép tir Dinh 1y 3.2. Hé qua nay thuan loi cho viéc tinh

toan kha nang phat hién 161 va stra 161 cua mgt ma. Chéang han, véi 1 s6 khoang cach Hamming
cua ma C, ta co thé phat hién va stra s0 101 nhu sau:

d(C) S616i toi da co thé SO 15i tdi da 6 thé
phat hién stra dugc
1 0 0
2 1 0
3 2 1
4 3 1
5 4 2
6 5 2
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Thi du 3.5 Gia st C 1a bd ma gdm cac tir ma:{c; = 00000000, ¢, = 11111000, ¢z = 01010111, c4
=10101111}.

1. Cc6thé phat hién va sira bao nhiéu 16i trong mot tir ma bi nhan sai?
2. Khi gui di tr ma ¢ = 00000000, néu nhan duoc mot trong céac xau:
o X1 =11011000,
o X2=11111000,
o Xx3=10101000,
Truong hop nao thi xau nhan dugc bi coi 1a bi 18i, tai sao?
3. Néu giri di tir ma c4 = 10101111, nhan dugc xau x = 10100011. C6 thé phat hién 15i va
sira 16i khong?
Gidi :
1. Tinh khoang cach Hamming cyc tiéu gitra cic tir m3, ta ¢6 d(C) = 5. VAy mi c6 thé phat
. K. X Lo~ L. 2 _ 1
hién t61 da 5 — 1 =4 161 trong mat tir ma. So 101 to1 da c6 thé stra dugc 1a LST ]=2
Xau x1 nhén dugc tr C, voi 4 I,Si (0 bit 1, bit 2, bit 4 va bit 5), méd C phat hién dugc X1 cd 161 va
yéu cau gui lai. Véi xau X2, mac 5 161, do do lghéng~phét hién duogc 161, ngudi nhan cho rér}g da
gui di‘ tor ma c2. V&i xau nhan dugc x3, chi mac 3 101 nén phat hién dugc day 1a tir ma bi 101, va
yéu cau gui lai.
2. Do s6 16i 14 2, nén co thé sira duoc, dung phuong phap giai ma ngudi lang giéng gan
nhit, c6 thé giai ma dugc D(x) = cs, chinh 14 tir ma gui di.

Ta s& trinh bay mot s6 ma phat hién 16i don gian. Dé dé theo ddi, chung ta chi xem xét cac tin
nguon va cac ma déu la cac xau nhi phan.

3.2.2 Cac ma phat hi¢n 16i
Ma chén Ié (Parity code)

Gia str thong diép ngudn 1a cac xau gom k bit. Ma chén 1 thém vao thong diép ngudn mot bit
thi k + 1, goi 12 bit kiém tra chin 1é (parity check bit) theo cach sau:

o Néu thong diép 1a xau c6 chira mot sé chin céac bit ‘1° ta thém 0’ vao cudi xau.
o Néu thong diép 1a xau c6 chira mot s6 1¢ cac bit ‘17 ta thém “1” vao cudi xau.
Tong quat, ta ma hoa thong diép X = X1 Xa.... Xk thanh X1 Xa.... Xk Xk+1, trong do:
Xk+1 = (XL +X2 + ....+ Xx ) mod 2
Ma3a méi nhan duoc 1a mot ma (~k+1, M, k), trong d6 k 1a do dai tin nguén, M la sd tin nguén,
k+1 1a d6 dai tir ma cua ma chan 1¢é.
Nhdn xét.

Viéc thém bit kiém tra chin 1¢ ¢& dam bao s6 cac bit 1 trong mdi tir ma (xau mé rong) phai
1a mot s6 chan (khi d6 ta néi tir ma nay 1a hop 18).

Nhu vay, khi bit kiém tra chdn 1¢ duogc thém vao mot xau cac bit, néu c6 mot 16i duy nhat
trong vi¢c truyén tin di tir mot tir ma thi tong so céc bit 1 trong tir ma do s€ 1a mot so 1€. Do do,
c6 thé phat hién duoc 16i nay. Tuy nhién, néu c6 hai 16i xay ra thi nhitng 16i nay khong thé phat
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hién duoc vi réng téng s6 cac bit 1 trong xau md rong sé van con 1a mot s6 chan. Noi chung, mot
s6 1 bat ky cac 18i co6 thé duoc phat hién, trong khi mot s6 chan cac 16i khong thé duoc phat
hién. May thu kiém tra bit chan 1¢ ctia thong diép thu duoc va néu n6 phat hién ra mot su bat
dong, nd s€ yéu cau may phat truyen tin lai thong di€p.
Thi du 3.6: Gia su réng, bit kiém tra chin 1é dugc thém vao mot thong diép trude khi n6 duogc
truyén di. C6 thé két luan gi néu ta nhan dugc cac xau bit 1100001 va 1011111 tr nhiing thong
di€p duoc gui di.
Giai: Vi xau nhan duoc 1a 1100001 chtra mot s 1é bit 1, nd khong thé 1a tir ma hop 1¢ (va do
d6 phai chtra mot so 1é céac 15i) .
Dbi véi xau nhan duoc 1a 1011111: xau ndy chira mot s6 chan bit 1, d6 1a tir ma hop 18.
Do d6 hodc viéc truyén tin hodc khong mac 161, hodc c6 mot sd chan céc 16i. No6i chung ma chan
1é chi c6 thé khang dinh chic chin viéc truyén tin bj mac 15i khi s6 bit ‘1’ nhan dugc 1a 1é.
Ma trén sinh ciia md chan lé
V&i ma chin 1¢, c6 mot ma tran G dé sinh ra cac tir ma ndy tir cac thong diép ngudn. Chang han,
v6i cac thong diép 4 bit X = X1 X2 X3 X4 dé ma hoa thanh mot ma chan 1é (mé phat hién 16i), ta
thém bit thir 5 cho mdi thong diép, theo cong thirc:
Xs = (X1 + X2 + X3 + Xa) mod 2

Nhu vy, ta c6 cong thirc ma hoa: E(x) = x.G , véi G 1a ma tran cép 4 x 5, ¢6 dang:

10001

01001

00101

00011

G la ma tran sinh cta cac ma chin 1& c6 d6 dai 5, v6i bit cudi cung la bit kiém tra chén 1é.
C6 thé viét G duéi dang chuan:
G=(la]A),

v6i A 1a ma tran cot |~ |. Dé cho gon, c¢6 thé viét A= (111 1)" va hiéu 13 cot toan sb 1.

N T

Chang han, véi cac thong diép X = {0001 ; 0011, 0111, 1111}, ma héa nhd ma tran G trén:

E(0001) = (0001).G = (00011) 00011
E(0011) = (0011)G = (00110) - ma chin fe sa:  C = | 00110
E(0111) = (0111).G = (01111) e 01111
E(1111) = (1111).G = (11110) 11110

Pé ma hoa cac thong diép do dai k bit thanh ma chan 1é, ta c6 ma tran sinh G 12 ma tran:
G=(Ik[A),

trong d6 A 12 ma tran cot gdm k phan tir toan s6 1.
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Ma sdnh hop

Mot cach don gidn khéc dé phat hién 16i 1a lap lai mdi bit trong thong diép 2 1an, khi d6
chung ta c6 thé phat hién céc 18i trong mét tir ma theo cach sau:

Vi cac tir ma cila cac x4u bit ndy chira cac cap bit sanh hop (giéng nhau), nhu vay, ta co thé
phat hién céc 16i 1am thay doi khong qua mét bit & mdi cdp bit sanh hop nay.
Thi du 3.7
1. M3 hoéa xau bit 010001 bang cach lap lai mdi bit 2 1an.

Giai: Viéc lap lai mdi bit 2 1an dem lai tir md 00110000001 1.
2. Taco thé phat hién 16i ¢ bit thir 2, thir 6 va thir 7 ciia cac tir ma c6 8 bit nhu khi nhan duoc
01001001 do tir ma 00001111 dugc giri di. Mat khac, ta khong thé phat hién 16i khi bit 5 va bit 6

cung thay ddi (chrfmg han khong thé phat hién cac 16i khi nhan duoc 00000011, do tir ma
00001111 duoc gui di).

Ma tran sinh cua ma sanh hop
Véi ma sanh hop, c6 thé xdy dung ma tran G dé sinh ra cac tir ma nay tir cac thong diép ngudn.
Chéng han, véi cac thong di€p 4 bit X = X1 X2 X3 X4 dé m3 hoa thanh mot ma sanh hop, ta lap lai
mdi bit thém mot 1an nita, do d6 ma tran sinh G ctia ma sanh hop c6 dang:

11000000

00110000

00001100

00000011

G=

Chang han, dé ma hoa xau x = (1001), ta c6:
E(x) = (1001).G = (11000011)

Két lugn: O trén, ching ta da xem xét cdc ma c6 thé dugc ding dé phat hién sai. Khi cac 16i
duogc phét hién, tit ca nhitng gi chung ta c6 thé 1am dé c6 duoc tir ma chinh xac 12 dé nghi truyén
phat lai va hy vong s& khong c6 181 nao xuat hién trong lan thyc hién nay. Tuy nhién, khong phai
khi ndo ciing c6 thé yéu cau phat lai, d6 1a truong hop cac kénh 1 chiéu (one way channel): 1 dau
chi phat va 1 dau chi nhan. Khi d6, ta phai str dung nhitng ma manh hon, khong chi phat hién sai
ma con stra duoc sai. Muc sau, chiing ta s& xem xét toi cidc ma nay, goi 1a ma stra 16i.

3.2.3 Céc ma sira 16i

Chung ta da théy re“mg, khi sy du thtra dugc c6 trong céac tir ma, nhu khi bit kiém tra chin 1é duogc
thém vao mot xau cac bit, chiing ta co thé phat hién dugc nhing 15i truyén tin. Chiing ta tham chi
c6 thé 1am t6t hon néu dua vao nhiéu du thira hon. Chiing ta khong chi c6 thé phat hién sai ma
cOn ¢ thé sira sai. Chinh xéac hon, néu s6 15 xdy ra trong mot tr ma dugc truyén la da nho,
chung ta c6 thé xac dinh dugc chinh x4c tir ma nao da duoc truyén di.

Ma lap lai (repetition codes)

Chuing ta ma hoa mot thong diép nhi phan X = X1 X2 ... xi ... xk bang cach lip lai xau bit can
truyén m lan, tirc 1a:

E(X) = X110 X217 eee Xil oes XK1 X12X22 tit Xi2 cov XK2 wernns XimXom ... Xim ... Xkm
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Trong do, Xij 1a bit thur i cta thong di¢p dugc 1ap lai lan tht j trong tema (i =1, 2, ..., k;j=1,
2, ..., m). Dung quy tic 1iy da s6 don gian, bang cach so sanh cac bit co cung chi sé i voi nhau (1
<i<k), néu sb lugng cac bit Xjj bang 0 16n hon sb lugng cac Xij bang 1 thi ta c6 thé két luan x;
bang 0 khi giai ma; trai lai két luan xi = 1. Trong trudong hop hai sé lugng nay bang nhau thi ta

chua thé két luan vé xi, tuy nhién c6 thé 1iy sb 1an lp lai m 1a mot sb 1¢ dé tranh tinh hudng nay.

Ma dugc tao ra theo phwong phap tao ma nhu trén goi la ma lap lai (Repetition codes).

M3 13p lai c6 nhuoc diém la do dai caa tir ma trong ma lap lai s& rat 1on néu k va m 1n.

Thi du 3.8. Gia st ta co cac thong diép {000, 001, 100, 101} (c6 thé 1a mot ma nao d6, can duoc
ma hoa thanh ma 1dp lai)

Ta ma hoa cac thong diép X = X1 X2 X3 bang phuong phap 13p 3 1an: E(X) = X1 X2 X3 X4 X5 X X7 X8 Xs,
0 diy X1 = X4 = X7, X2 = X5 = X8, X3 = X6 = Xg dwgC ma C vdi 4 tr ma hop I€ sau:

C ={000000000, 001001001, 100100100, 101101101}

Pé giai md mot xau bit nhan dugc, ma xau nay co thé chira cac 161, ta dung quy tic 1y da
s6 don gian.

Chéng han, dé xac dinh X1, ta xem Xét X1, X4, X7. Néu 2 trong cac bit nay la 1, ta két luan
x1= 1. Trai lai, 2 trong 3 bit ndy 13 0, ta két luan x; = 0. N6i chung chung ta xem xét 3 bit twong
g v6i mdi bit & thong diép gbc.

Vi dy, véi ma lap lai 3 lan duoc dung néu ta nhan duoc xau x = 101001001. Sir dung quy
tic lay da s6 don gian trén, dé xac dinh X1, ta xem Xét X1, Xs, X7 trong x4u x, do ¢6 2 bit ‘0’ va 1
bit ‘1’ nén ta quyét dinh x1 = 0. Vi cac bit thir hai va thi ba, ta giit nguyén do cac vi tri déu
khong bi 16i. D(x) = 001001001 14 tir ma thir hai trong C, tir d6 suy ra thong diép gdc can gii di
12 001.

Nhin xét

1. Viéc ma hoa bang cac ma lap lai c6 nhuoc diém 13 do dai tir ma s& rat 16n néu k va m 16n, va
nhu vy s& lam giam toc do tuyén tin. Tuy nhién, viéc nay lai lam ting do tin cdy, do cac ma lip
lai c6 kha nang phat hién 1i va sira 13i rat tot. Trong nhiéu trudng hop sy tin cdy can hon tdc do.
2. Viéc sir dung cac ma chéng nhidu (ma phat hién 18i va ma stra 16i) lam ting khoang cach
Hamming cuc tiéu cia cac ma, tir 46 lam tang kha nang phat hién 16i va stra 16i.

Ma tran sinh cua cdac ma lap lai:

Chéng han, véi cac thong di€¢p 4 bit X = X1 X2 X3 X4 dé ma hoa thanh mot ma lap lai 3 lan, ta lap lai
Xau X 3 1an, nhan duge tir ma:

E(X) = X1 X2 X3 X4 X5X6 X7 X8 X0 X10 X11 X12
Trong do: x1= Xs=Xg:; X2=Xg=X10 ;, X3= X7=X11, X4 = Xg = X12.

Do mbi xau X (coi la 1 ma tran hang) nhan véi ma tran don vi thi béng chinh xau dé, do do dé lap
lai xau X ba lan, ta nhan n6 v&i ma tran G nhu sau
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1000 1000 1000
G = 0100 0100 0100
0010 0010 0O010O0
0001 0001 0O0O01

C6 thé ky hiéu : G=(la|la]ls)

Dé mi hoa thong di€p 4 bit x thanh 1 tr ma 13p lai 3 lﬁn, ta co E(x) =x.G.

Chéng han, dé ma hoa thong diép x = 1101 thanh tir ma 1dp lai 3 14n, ta co:
E(x) = (1101).G = 110111011101

3.3 PHAT HIEN LOI VA SU’A LOI CHO CAC MA TUYEN TiNH

3.3.1 Giai ma cho cic mi tuyén tinh bing tip giai ma coset
Vin dé gidi ma va vector 16i
Gid st ma ¢ = C1 C2 ... cn dugc gui di trén mot kénh co nhiéu, xau nhan dugc 1 X = X1 X2 ... xn.

= Xaue=e1e; ... en dugc goi la vector 13i (error vector) néu e = x—c (*)

Néu xéac dinh duoc vector 13i e, thi tir x4u X ta s& xac dinh dugc tir ma nao da duge gui di, vi tu
(*)tacd: c=x-—e.

» B0 giai mi can phai quyét dinh rang voi xau nhin duge X thi tir md nao da duoc gui di,
hodc 1a xac dinh dugc vector 101 e da xuat hién trong qua trinh truyén tin, tor ma 1a giai ma
cta X ky hi¢u la cx
C6 nhiéu cach dé xac dinh ¢, chang han pl,um'ng phap giai ma ngudi lang giéng gan nhat. Mot
phuong phap hi¢u qua hon cho cac ma tuyén tinh la phuong phap dung cac tap giai ma (coset).
Tap giai ma coset
Dinh nghia 3.7

Cho ma tuyén tinh C[n, k] trén truong GF(q) va mét vector tiy y a € F." | khi do tdp gidi

ma cua C (coset of C) dwoc ky hiéu va xac dinh nhw sau:

at+C={a+c|VceC}

Tt dinh nghia trén, ta théy ma C co thé c6 nhiéu coset, mdi vector a € Fq” déu x4ac dinh mot tap
coset ctia C, tuy nhién mdt s6 tap c6 thé triing nhau. Xét bo dé sau:
Bo dé 3.1

Gia swra + C la mot coset cua C, va gia su b € a+ C, khi do ta co:

b+C=a+C

Chirng minh: Vib e a+ C,nénb =a+ X, vdi X 1a tir ma nao d6 cua bd ma C. Bay gio gia sur
b+yea+C,khido:b+y=(a+x)+y=a+(X+y)ea+C.Vivayb+Cca+C.(i)

Mit khac,néua+zea+C,thha+z=(b-x)+z=b+(z-x) eb+C. Vaya+Ccb+C (ii)
T (i) va(il)suyrab+C=a+C
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Dinh ly 3.3
Cho md tuyén tinh C[n, k] trén truong GF(q), khi do:

(1) Moivectortuyy a € Fqn thudc vé mot coset ndao dé cia C,

(i) Moi coset ciia C déu chira diing g* vector,

(iii) Hai coset bdt ky ctia C hodc trimg nhau hodc roi nhau.
Viéc chirng minh dinh 1y nay duoc trinh bay trong tai liéu tham khao [1].
Thi du 3.9
Cho C la m4 nhi phén tuyén tinh [4, 2] ¢6 ma tran sinh:

G- {1 01 1}
0101

Dé théy C = {0000, 1011, 0101, 1110}, ¢ day q =2, k =2, n = 4, theo dinh 1y trén, moi coset cua
C déu co ding qk = 22 = 4 vector. Mit khac, Fz4 co tat ca 2* = 16 vector nhi phan d¢ dai 4, cac
vector ndy phai xap xép trong cac coset khac nhau cua C. Vi vy, ta chon 4 vector c6 trong so
nho nhét trong F,' dé tao nén 4 coset ctia C

Coset 1: 0000 + C = {0000, 1011, 0101, 1110} (bing chinh C, do 0000 e C)
Coset 2: 1000 + C = {1000, 0011, 1101, 0110}
Coset 3: 0100 + C = {0100, 1111, 0001, 1010}
Coset 4: 0010 + C = {0010, 1001, 0111, 1100}

Chuy réng néu chon a = 0001 thi coset 0001 + C = {0100, 1111, 0001, 1010} = coset 0100 + C,
boi vi 0001 € 0100 + C (coset 3). Do d6 dé tim tat ca cac coset ctia ma C[4, 2] ta chi can chon 4
vector ¢6 trong s6 nho nhét véi vi tri bit “1° ting theo thr tyr tir trai qua phai. Vector cé trong sé
nho nhdt trong méi coset ciia ma tuyén C[n, k] goi la coset leader ciia coset do.

Néu mot coset c¢6 nhiéu vector c6 cung trong s6 nho nhat, ta c6 thé chon ngﬁu nhién mot vector
nhu vay lam coset leader. Chfmg han trong thi du trén, cac coset leader cua cac coset lan luot 1a :
0000, 1000, 0100. 0010. Véi coset 0100 + C (coset 3), ta cling co thé chon vector 0001 lam coset
leader thay cho 0100.

Bing chudn ciia ma tuyén tinh
Dinh nghia 3.8

Bdng coset chudn ciia ma tuyén tinh Cf[n, k] la mét bang gom Q" hang va q* ¢dt chira
tdt cd cac vector cua Fq” , trong do hang dau tién chira tat ca cdc tie ma cua C voi tie ma
O (tir md gom cdc ky hiéu ‘0°)6 bén trdi nhat, cdc hang khdc chira cdc coset ai + C, vi
cac coset leader ai ¢ bén trai nhat

Mot bang coset chuan ctia ma tuyén tinh C c6 thé dugc xay dung theo cic budc sau:

Buée 1. Lap hang 1: Liét ké cac tir ma cua C, voi tir md O & bén trai nhat.

Buée 2. Chon bat ky vector a1 € F, c6 trong s6 nho nhat va khong thudc hang 1 ciia bang, tinh

coset a1 + C va viét vao hang 2 cuia bang, a1 viét dudi tir ma O va a; + x dudi tir mi x, Vx e C.
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Burée 3. Chon vector a2 khong thude hang 1 va hang 2, a2 c6 trong sé nho nhét trong cac vector
con lai cua F', tinh a2 + C va ligt ké vao hang 3 twong tw nhu budi 2.

Bude i. Tiép tuc chon cac vector aj khong thudc cac hang da tinh & trén, dé tinh coset tht i...cho
dén khi tinh du q"~ ¥ coset ciia C va liét ké vao q" ¥ hang cta bang theo cach trén, cac dong nay
phai khac nhau va s& chira tit ca cac vector clia ..
Thidu 3.10

Cho ma nhi phan tuyén tinh C = {0000, 1011, 0101, 1110} trong thi du 3.9, bang chuén cia C la:

Codewords of C — | 0000 1011 0101 1110

1000 0011 1101 0110

0100 1111 0001 1010

0010 1001 0111 1100
T

coset leader

Qua thi du trén ta thdy, mdi phan tir trong bang 13 tong cia mot tir ma ¢ dong dau tién cua cot
chtra phan tir d6 cong vai coset leader turong ing ¢ bén trai nhat cia hang chira phan tur do.
Chang han véi phan tr 1111, rd rangtaco 1111 = 1011 + 0100.

Gidi mé bang bang coset chudn

Béy gio chiing ta s& mo ta viéc giai ma ding bang coset chuan duoc thyc hién nhu thé nao.

Gia str gtri di mot tir ma ¢ € C va nhan dugc Xau xe Fq” , khi @6 vi tri ctia X s€ dugc xac dinh
trong bang, vi bang chira tat ca cac vector clia Fqn . Theo cach xay dung bang, ta co X = ¢ + e, voi
¢ la tir ma ¢ dong dau tién cua cot chira X, con e 1 coset leader cuia hang chtra x. Nhu vdy, mdi
khi nhén dugc mot xau x, tur vi tri ctia xau nhan duogc ta xac dinh dugce tir ma gtri di ¢ & dong dau
cuia cdt chira X, con vector 16i chinh 1a coset leader ctia hang chtra X.

Chfmg han, guri di mot tir ciia ma C trong thi du trén, nhan dugce xau x = 1111, ta s€ xac dinh
duoc tir ma giri di 1a ¢ = 1011, con vector 15i 1a e = 0100.

Nhuw vdy: giai ma cia mot xau nhan duoc X € Fq” 13 tr ma nam & dong dau tién cia cot chira X
trong bang coset chuan. Tir mé 1a giai ma ciia x ky hiéu 14 cx.

Thi du 3.11 (vé mét bang coset chudn khi tinh gédp 2 hang giong nhau)

1010

Cho ma nhi tuyén tinh C cO ma tran sinh la : G = L Lo1

} , xac dinh bang chuén cua mi C.
Giai: Tir ma tran sinh, ta c6 C = {0000, 1101, 1010, 1111}. Ta lap bang coset chuén theo céc
budc trong dinh nghia 3.8. Lan luot chon cac ceset leader ap = 0000, a1 = 1000, a2 = 0100, az =
0010 dé tinh cac hang. Chu ¥ rang khi tinh dén hang th tu 1 0010 + C, thi ta duoc két qua tring
véi hang thtr 2, bo di mdt trong hai hang nay Chang han bo di hang thi tu, nhu vay bang méi ¢
3 hang khac nhau, ta phai tinh thém hang méi véi coset leader 0001, ta dugc coset {0001, 1100,
1011, 0110}. Két qua tinh toan minh hoa trong hinh sau:
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Codewords of C — | 0000 1101 1010 0111
1000 | 0101 | 0010 | 1111
0100 1001 | 1110 | 0011
0010 | 1111 | 1000 | 0101

0001 1100 1011 0110
T

coset leader

Qua thi du trén ta thiy, trong qua trinh 1ap bang chuan, ¢ thé c6 hai hang (hai coset) giéng nhau,
khi d6 phai tinh thém cac coset méi tmg véi cac coset leadr méi sao cho co di q" X hang khéc
nhau (trong thi du nay q" % = 2*~2 = 4 hang)

Khi d6 phai bo di 1 trong 2 hang giéng nhau, chi giit lai 4 hang khac nhau (do sé hang cta bang
t6i da 1a q" X = 2* 2 = 4 hang), két qua duoc bang coset chuan nhu sau:

Codewords of C — | 0000 1101 1010 0111

1000 0101 0010 1111

0100 1001 1110 0011

0001 1100 1011 0110
)

coset leader

Nhan xét: N6i chung viéc giai ma bang bang coset chuan rat dé rang nhung khé han ché:

1. Viéc giai ma nhu trén trong thuc té rat cham voi nhitng ma 16n, va kha ton kém cho chi
phi luu trit cac bang chuan. Chang han, véi ma C[6, 3], bang chuan 1a mot bang gom 263
=8 hang va 2° = 8 ¢ot, ma C[7, 4] c6 diy chudn gdm 8 hang va 16 cot.

2. Viéc gidi ma va stra 16 chi thuc hién duoc khi xau nhan dugc chi chira cac 16i xdy ra ¢ vi
tri cac bit 1’ ctia cac coset leader, tirc 1a ¢ vector 16i 1a cac coset leader. Ta xem xét thi
du sau:

Thidu 3.11. V61 ma C trong thi du trén, khi giri di tir ma 0101 (ma hoéa tur thong di€p 01):

(a) Néu xau nhan dugc 12 x = 0001 (16i x4y ra & bit thi 2 cia tir ma, vector 13 1a coset leader
0100) thi c6 thé stra dugc 161 ndy, giai mé cta x 1a cx = 0101, tir d6 thong diép gbe 1a 01.

(b) Néu x4u nhan dugc y=0100 (15i xdy ra ¢ bit thr 4 cua tir ma, vector 16i e = 0001, khong
phai 13 mot coset leader) thi s& giai méd duogc ¢y = 0000, tir 46 thong diép gde 1a 00: sai!
Truong hop nay khong sira duoc 16i.

Message Codewora Channel Recewed Decoceo Recerved
+ noise vector word message

@ o1 - 0101 - | 0101 — 0001 - 0100 'L
® 01 — 0101 - | 0101 0100 - 0000 . 00

l
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Dudi day ta s& nghién ciru mot phuong phép phat hién 16 va sira {Si t6t hon, khic phuc
dugc cac n?u:qc diém~ trép ctua phuong phap giai ma bajmg bang coset chl}én. Do 1a phuong phap
phat hién 161 va stra 161 bang cach dung cadc ma tran ki€m tra cia ma tuyén tinh.

3.3.2 Phat hién 16i bing ma tran kiém tra.
Lién hé giita ma trdn sinh va ma trgn kiém tra.
Dé tién theo doi, ching ta nhéc lai mot s6 két qua trong chuong 2:
Cho C[n, k] 14 mi nhi phan tuyén tinh, khi do:
(a) Ma déi ngdu ciia C 1a: Ct={ve{0,1}"/v.c=0, Vc eC},
(b) Goi G 12 ma tran sinh ctia C , G ¢6 cap k xn,
(c) Goi H 12 ma tran sinh cia ma d6i ngau C*, H c¢6 cap (n-k) xn

(d) Ma tran H goi 1a ma tran kiém tra ciia ma C, (twong ty, ma tran G 1 ma tran kiém tra cia
ma C+). Nguoi ta cling goi H 1a ma trin kiém tra lién két v6i ma tran G.

Ta c6 mot sO két qua vé sy lién hé gitra ma trdn sinh G va ma tran kiém tra H cua mot ma tuyén
tinh C nhu sau:

Dinh Iy 3.4

Néu C la md tuyén tinh trén truong GF(q) ¢6 ma trdn sinh G, mét ma trdn H la ma trdn
kiém tra cua ma C khi va chi khi H c6 cac hang doc ldp tuyeén tinh va thoa diéu kién:

GH'=0 (3.3)
trong d6: H' 14 ma tran chuyén vi ciia H, O 14 ma tran khong (g6m toan s6 khong)
Churng minh:

Trude hét ta chu ¥ vé cp cua cac ma tran, voi ma C[n, K] thi G = (Gijkxn , H = (hi))(n-kyxn do do
HT = (hji) n x(n-k) . Phép nhan G.HT cho két qua 12 ma tran cap k x (n-k). Do mdi cot ctia H' 1a mot
tir md trong ma ddi ngdu C, nén tryc giao véi moi hang ctia G, vi vay két qua moi hang cia G
nhan véi moi cot ciia H' déu bang khong. Tir d6 suy ra diéu phai ching minh.

Thi du 3.12 Cho ma tuyén tinh nhj phan C = {000,001,100,101}. Kiém tra cong thuc (3.3):

Clama tuyén tinh C[3, 2] nén ¢ ma tran sinh tao boi hai tir ma doc lap tuyén tinh:

001
G=
Loo}

Ta tim duoc ma d6i ngéu C*+ = { 000, 010 } nén ma tran kiém tra ciama C la H=[0 1 0],

001 0
Ta co: G.H' = L 0 0}. 1= {O},VéyGVéchéam?m dinh 1y 3.4.
0

Nhén xét: Ap dung dinh 1y 3.4, ta c6 thé tim ma kiém tra H khi biét ma tran sinh G. V&i ma tran
sinh G da cho, ma tran kiém tra H can tim 1a ma trn théa man phuong trinh ma tran G.H™ = O.
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Thi du 3.13 Tim ma tran kiém tra H lién két voi ma tran G sau:
001
G=
100
Gidi: O day G c6 cip k xn =2 x 3, nén ma tran kiém tra H s& ¢6 cdp (n-k) xn=1 x 3.

Ma trén kiém tra H s& ¢6 cAp 1 x 3. Ma tran H c6 cdp 1 x 3, dit H = (X1, X2, X3), ta s& xac dinh
cac phan tir X1, X2, X3 tr phuong trinh ma tran:

G.H" =0,
Xl
R i A . 001 0
X1, X2, X3 la nghiém cua h¢ phuong trinh 101l X, | = 0
X3

o oo 10X, +0x, +1x,=0
H¢ trén tuong duong véi hé:
1.x, +0x, +0x,=0

Giai ra ta dugc: x1= 0 va x3 = 0 ; X2 tity ¥, dé c6 nghiém khéc khong ta chon X2 = 1. (can chon n-k
nghiém ddc 1ap tuyén tinh, & thi du nay n-k =1 nén chon k dé c6 1 nghiém khac khong).
VayH"=[010]". Tir 46 ma tran kiém tra H lién két v6i ma tran G la:

H=[010]

Viéc ap dung dinh 1y 3.4 cho phép tinh cic ma trén kiém tra H tir ma tran G cho truéc ma khong
can tim mi d6i ngiu cia ma C. Tuy nhién viéc tinh toan con kha phic tap, nhat 13 khi k va n 16n.

Dinh Iy dudi ddy cho phép tinh ma tran kiém tra rat d& dang tir cdc ma tran sinh dang chuén.
Dinh ly 3.5

Néu ma tuyén tinh C[n , k] trén truong GF(q) c¢6 ma trdn sinh dang chuin G = (I | A)
thi ma trén kiém tra dang chudn ciia ma C dwoc xdc dinh béi:

H=(A"]ln) (3.4)
voi AT1a ma tran chuyén vi clla ma tran A trong ma tran sinh dang chuan G.

Dé ching minh dinh 1y nay chi can chi ra ring v&i ma tran H xac dinh nhu trén thi H ¢6 cac hang
doc 1ap tuyén tinh va c6 G. H' = O. Theo dinh 1y 3.4 thi H 1a ma tran kiém tra ctia ma C.

Sinh vién ¢6 thé chimg minh dinh 1y nay nay xem nhur 1a bai tap.
* Chu ¥ rang véi cac ma nhj phan tuyén tinh thi cong thirc (3.4) c6 dang:
H=(AT| lnx) 3.4y
Thidu 3.14

1011
0112

chuén. Vay theo dinh 1y 3.5, ta c6 ma tran kiém tra ciama C 1a :

11 -1-1 2 2
H=(-AT|l2), véimatran AT = ,taco—AT= = .
12 -1-2 21

Cho ma C[4, 2] trén truong Fs3, c6 ma trdn sinh G = [ } ,dé théy ma trén sinh G ¢ dang
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2210

, ma tran kiém tra H & dang chuén.
2101

Vay ma tran kiém tra ciami C 1aH = {

1000101

Thi du 3.15 Cho ma tuyén tinh C[7, 4, 3] c6 ma trdn sinh & dang chudn G=|0100111} imma
0010110

0001011

tran kiém tra cua ma C.

Giai: theo cong thirc (3.4)’dinh 1y 3.5, do C 12 ma nhi phan tuyén tinh ta c6 ma tran kiém tra cta
ma C ¢ dang chuan 1a :

H=(AT| 1)

101 1110
doA=|111]tacoAT= 0111

110 1101

011

1110100 9 7
VayH= 0111 01 o/ |2 ma trdn kiém tra cia ma C, da ¢ dang chuén.

1101001

Nhdn xét:

1. T dinh 1y 3.5, néu biét ma tran sinh G ¢ dang chudn cia ma tuyén tinh nhi phan C[n, k], thi
c6 thé tim dugc ma tran kiém tra H ¢ dang chuan.

2. Nguoc lai, néu biét ma tran kiém tra H & dang chuén thi ¢6 thé tim dugc ma tran sinh lién két
G & dang chuan. Cu thé, néu H= (B | Ix) thi G = (In« | - BT ). Ttrc 13, véi ma C, néu biét mot
trong hai ma tran G va H ¢ dang chuan thi c¢6 thé tim dugc ma tran kia. Diéu nay chimg t6 2 ma
tran G va H co6 lién quan chét ch€ v6i nhau.

Thidy 3.16 Cho ma C[7, 4] c6 ma tran sinh nhu sau:

1111111
_|10o0Lol Hay ti tran kiém tra ctia ma C[7, 4
11100010/ dy tim ma tran kiém tra cia ma C[7, 4].

0110001

Buéc 1: Trude hét dua ma tran G vé ma tran trong duong ¢ dang chuan nhd cac phép bién doi
tuong duong chi theo hang:

1000101

0100111

0010110

0001011

2
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Buoc 2 : Do G’ 1a ma tran sinh ctia ma C, da ¢ dang chuan, G’ = (Is]A),trongdomatran Ala:
101
1111
110
011
Theo dinh 1y 3.4, ma tran kiém tra cia mi C c6 dang H=( AT | I3), ta co:

1110100
H={0111010
1101001

Phdt hign 16i bang ma trdn kiém tra.
Dinh ly 3.6
Cho H 1& ma trdn kiém tra ciia ma nhi phdn tuyén tinh C[n, k. Mét xdu bit X d¢ dai n la
mot tir ma cua C khi va chi khi:
xH'=0 (3.5)
trong d6: H' 14 ma tran chuyén vi ciia H, O 14 ma tran khong (gom toan s6 khong)
Churng minh:

- Piéu kién can: Gia sir X = (X1 X2 ... xn ) 12 mot tir ma trong C. Do d6 X phai truc giao vdi moi
hang ctia ma tran H, hay truc giao véi moi cot ciia ma tran H'. Tir d6 ta c6 x.H™ = O.

- Piéu kién du: Gia sir x thoa man x.H = O, diéu nay ching t6 X tryc giao véi tit ca cac cot clia
ma tran H', hay X truc giao véi cac hang cua H, theo két qua cua dai sb tuyén tinh, x thudc khong
gian con tryc giao voi khong gian con sinh bai H. Do H 1a ma tran sinh ciia ma d6i ngdu C nén
suy rax € C, tuc la x 1a mot tor ma trong C.

Nhdn xét:
1. T dinh 1y 3.6, ta c6 phuong phap phét hién 16i nhu sau:

- Gid su mdt tr ma ¢ € C dugce gui di, ta nhan dugce xau X, dé xac dinh x4u X co phai la tor ma
hop 1¢ hay khong, ta kiém tra diéu kién (3.5): x.HT = O.

Néu diéu kién trén thoa man (Vé phai 1 mdt ma tran khong) ta két ludn X 12 mot tir ma hop 1€
cta C. Néu ve phai # O, thi xdu nhan dugc khong phai 1a mdt tir ma trong C.

2. D@ thiy rang diéu kién x.H™ = O 1a twong dwong v&i diéu kién:
Hx" =0, (3.6)
(trong d6 x" 12 ma trén ¢t chuyén vi clia x4u X)

Viéc thuc hién tinh toan véi diéu kién (3.6) 1a d& dang hon (3.5), nén ta thuong kiém tra diéu
kién nay , thay cho viéc kiém tra diéu kién (3.5)

Dinh nghia 3.9

Cho ma tuyén tinh C[n, k] c6 ma tran kiém tra H, véi moi xdu bit x ¢é dé dai n, biéu thirc
H.x" goi la Syndrome cuia x, (hay vector héi chimng ciia x), ky hiéu la S(x)
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Nhu vay, dé kiém tra X ¢6 phai 1a 1 tir ma trong C hay khong, ta kiém tra diéu kién S(x) = O.
Nhdn xét:
1. D@ thay rang voi hai xau bit x va y cing do dai thi: S(x + y) = S(X) + S(y)

2. Vi moi ma tran kiém tra H, v6i O 1a xau toan bit ‘0’ thi S(O)=0.

Thi du 3.17
1110100
Gia str mot ma nhij phan tuyén tinh C[7, 4] ¢6 ma tran kiém tralaH=|0111010
1101001

1. Gié st nhan dugce xau x = 0001110. Hoi x c6 phai 1a mot tir ma thudc C hay khong?
Giai: Tinh S(x) = H.x".

Gidi: ta tim Syndrome cua X:

1110100
S(x)={0111010
1101001

o r P P o o o
Il
o -

S(x) # O, vay x khong phai 1a mot tir ma.
2. Gid sir nhan dugc xau x =0001011. Héi X c¢6 phai la mot tir ma thude C hay khong?

Giai: Tinh S(X) = HX"

1110100
Sx)={0111010
1101001

= B O P O o o
1
o O o

S(x) = O, vay x la mot tir ma.

3.3.3 Sira 18i bang ma tran kiém tra.

Ma tran kiém tra khong nhitng dugc dung dé phat hién 16i ma né con duoc dung dé sira 15i.

Gia strtr ma c = (C1 C2 ... ¢n) 1a tir ma gui di, xau nhan dugc 1a X = (X1 X2 ... xn), goi € la vector
161, voie = (e1 €z ... en), trong do: Ci, xi va ei € {0, 1}

R rang 1a néu X = ¢ thi xdu nhan duoc khong c6 16i, khi d6 c¢6 thé viét x = ¢ + e, vdi e = O (xau
toan bit ‘0’).
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Trai lai, néu x c6 16 & bit thir j, thi X va ¢ s& khac nhau & bit thit j, thi c6 thé viét: x =c + e v6i e
c6 bit thir j bang 1°, cac bit khac bang <0’

That vay: gia str giri di tir ma ¢ = 1110001 ta nhan duge x = 1110000, c6 16i xay ra & bit thir 7.
Ta c6 thé viét : 1110000 = 1110001 + 00000001; hay la x = ¢ + e véi e = 0000001

Bay gio ta gia sir khi tir ma ¢ duoc gui di ta nhan dugc xau X, voi chi ¢ duy nhét 1 151 xay ra, ta
s& chirng minh rang khi d6 ta c6 thé stra dugc 16i nay, va tim duge chinh xac tir ma da gui di.

Bé dé 3.2

Néu md tuyén tinh C[n, k] ¢6 ma trdn kiém tra H khéong c6 c¢ét bang O va khéng c6 2 cot
nao giong nhau, thi co thé swa dwoc mot loi xay ra khi guwi di mot twe ma bat ky.

Churng minh:
Gia str khi tir ma ¢ duge gui di ta nhan dugc xau X, voi chi ¢ duy nhét 1 15i xay ra.

Gia sir 161 xay ra & bit tha j, ¢6 thé viét: X = ¢ + e, véi vector 15i e chi c6 duy nhat mot bit khac
khong ¢ vi tri thir j, € = (00 ...010...0) , v&i bit thir j bang ‘1°

Ta tinh Syndrome cua x:
S(x)=S(c)+ S(e),
doclatrminénS(c)=0,tacdé: S(X)=S(E€)=He" =H.[00...1.0]" =nh;

Trong d6 hj 14 cot thir j ciia ma tran H. Do H khong c6 hai c¢ot gidng nhau, nén vi tri j 1 duy nhat.
Nhu vay vi¢e tinh S(x) s€ xac dinh dugc vi tri bit bi sai, ng véi ¢dt thir j ctia ma tran H, tor d6 c6

thé stra duoc 161 nay. (dpem)

Tir d6, néu chiing ta nhan dugc X va gia sir khdng c6 qua mot 161 xudt hién, ta c6 thé tim dugc tir
mi duoc gui di 1a ¢ bang cach tinh Syndrome cua X, S(x) = Hx!. Néu S(x) = O, ta biét x 1a tir ma
dugc giri . Néu S(x) # O, n6 s& bang cot thir j nao d6 cua H (néu H khong co 2 cot nao gidng
nhau), tir d6 ta biét rang bit thir j da bi thay doi, va ta c6 thé thay doi gia tri bit ndy dé sira 161 va
nhén dugc chinh xac tr ma da gui di.

Thi du 3.15
Cho mé tuyén tinh C[7, 4] ¢6 ma tran sinh Ia
1000 111
G=(0100 101
0010011
0001110

Dung ma tran kiém tra dé xac dinh tir ma nao trong ma C dugc gui di, néu ta nhan dugce xau
x=0011111. Gia sir X mac nhiéu nhat mot 16i xay ra trén dudng truyén.

Giai:

Do G ¢6 dang chudn, G=(14 | A ), voi ma tran
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111
A=|101
011
110

Theo dinh 1y 3.4, tir G, ta ¢6 ma tran kiém tra H= ( AT | I3), vay:
1101100
H=|1011010
1110001

Tinh Syndrome cua x:

1101100
SX)=Hx"={10 11010
1110001

N = =)
1
o o

Syndrome cua x khac O, vay x khong phai 1a mot tr ma (X c6 16i). Do S(x) tring véi cot thi 6
cia ma trin kiém tra H, nén ta c6 j = 6 1a vi tri ctia bit bi 16i trong xau x. Tir d6 co thé sira dugc
16i ndy va xac dinh chinh x4c tir ma da guri di 1a ¢ = 0011101. D6 1a tir ma thir tur ctia bo ma C.

3.4 MA HAMMING

3.4.1 Ma Hamming nhi phén cap r
M3 Hamming 12 mot loai ma tuyén tinh do R. W. Hamming dé xuit duoc str dung kha pho bién
trong cac hé thong truyén tin st dung ky thuat FEC (Forward Error Corection). Ma nay c6 kha
ning stra sai cac tir m bj sai chi 1 18i khi truyén tin.
Mi Hamming c6 thé dugc dinh nghia trén moi truong GF(q). Dé don gian, trong phan nay,
chung ta chi xét cic ma ma Hamming nhi phan cap r.
Do dic diém ma hoa va giai ma kha don gian, nén ma Hamming duoc sir dung kha rong rii trong
thuc té
Dinh nghia 3.10
Maé Hamming nhi phdn cdp r, ky hiéu la Ham(r, 2), la mot md tuyén tinh c¢6 ma tran kiém
tra H cap rx (2"™-1), (v la s6 nguyén dwong) cé cdc cét la cdc xdu nhi phin cé gia tri lan
lwotlal,2,..2"-1.
Nhdn xét:
1. Ma tran kiém tra H ciia md Hamming khong c6 ¢t gdm toan bit ‘0’va khdng cd 2 cot
giéng nhau.
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2. Mi Ham(r, 2) 1a mot ma tuyén tinh nhj phan C[n, k], v&i cac lién hé gitta r, n vak:
o n=2"-1;
o k=2"-1-r;
o r=n-Kk.
o Ma tran sinh ctia md Ham(r, 2) 1a ma trdn G cap k xn
Nhu vdy md Hamming c6 chirc ning mi hoa cac thong diép gdm k bit thanh cac tir mi d6 dai n,

véin=2"—1. Cép cia md Hamming 1a r, v&i r 12 sb bit thém vao dé chéng nhidu, con goi 1a
céc bit kiém tra.

Thi dy 3.16

011 . £
1. Véir=2,tacoématrdn H= L 0 J la ma tran cia ma Hamming cap 2, Ham(2, 2)

2. Cho ma nhi phan tuyén tinh C ¢6 ma tran kiém tra sau:
0001111
H=/0110011
1010101
C 1a mdt ma Hamming cip 3, Ham(3, 2)
Voir=3,n=22-1=7,k=n-r=4, VéyClémﬁtuyéntinhC[7, 4].
Bé dé 3.3

Céc ma Hamming nhi phén cdp r, Ham(r, 2), déu cé khodng cdch cye tiéu bang 3, vi vy
cO thé phat hién sai hai bit va sira sai 1 bit.

Churng minh:

Ta biét rang khoang cach Hamming cuyc tiéu ctia ma nhi phan tuyén tinh bang trong s cuc tiéu
cta mdt tir ma khac O, tirc 1a: d(C) = min{wt(w) | ®# O, @ € C}.

Pé chirng minh bo dé , ta s& chi ra rang ma Ham(r, 2) ¢6 tir mi khac O c6 trong s6 cyc tiéu 1a 3.
Gia sir ¢6 tir mé X ¢6 trong s6 nho nhét 14 bang 1. Khi d6 X c6 dang:
x =000 ...010...00 (bit 1’ & vi tri thu j)
Goi hang thir i ciia ma tran H 1a h;, ¢6 dang: hi = hithiz... hij ... hin, Vi=1,2, ..., 1.
Vi x 14 tir ma trong C nén x phai tryc giao v6i moi vector hang ctia ma tran kiém tra H, tic 1a:
x.hi=0,vi=12 ..r
= hj=0, Vi=1,2,..,r

Tuc 1a cot thtr j ciia ma tran H chra toan bit ‘0’, trai voi dinh nghia ma Ham( r, 2 ). Vay khong
co tur ma ¢ trong so 1.

Bay gid gia sir ¢6 tir ma y ¢6 trong sb nho nhat 1a bang 2. Khi d6 y ¢ dang:

y=000..010...010...00 (bit ‘1’ ¢ vitrithirjvas)
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do y 1a tir mé trong C nén X phai truc giao v4i moi vector hang ctia ma tran kiém tra H, ttc la:
y.hi=0, ¥i=12,..,r
& hij+his=0, Vi=1,2,..,r
o hij=his , ¥i=12,..,r

Tuc 13 ¢t thtr j va cot thi s cia ma tran H 1 giéng nhau, trai voi dinh nghia ma Ham(r, 2). Vay
khong c6 tir ma c6 trong so 2.

Bay gio ta chi ra rang trong md Ham( r, 2 ) ¢6 tir ma trong s 3, 13 trong s6 cuc tiéu cla cac tir
ma trong ma nay.

Ba cot dau cua H ¢o dang:

0 0 0
0 0 0
0 0 0
0 1 1
1 0 1

Véixaux=1110..00 (chi3 bit dau 1a ‘1°, cac bit con lai 1 ‘0”), ta ludn c6 S(X) = 0. Vay x
12 mot tir ma trong Ham( r, 2), v&i wt(x) = 3, day 1a tir ma co trong s nho nhat, vay d(C) = 3.

Nhan xét:
Tir cac két qua trén, suy ra ma Ham( r, 2) 13 mot ma tuyén tinh C[2"—1,2"—1—r, 3]
3.4.2 Ma tran sinh cia md@ Hamming
M& Ham(r, 2) c6 ma tran kiém tra 1a H cdp rx (2"-1). Ta sir dung cac phép bién ddi tuong
duong chi theo hang dé dua ma tran kiém tra vé dang chuén:
H=(B][Ir)

TU ma tran kiém tra H & dang chuan, d& dang xac dinh dugc ma tran sinh dang chuan ciia mi
Ham(r, 2) nhu sau:

G=(ln_r|B")
Thidu 3.17
1. Tim ma tran sinh cia md@ Ham( 3, 2)
2. Mai hoa thong diép u = 1011 bang ma Ham(3, 2)
= Giai I: Tim ma tran sinh cua ma Ham(3, 2).
Mi Ham(3, 2) ¢6 ma tran kiém tra la:

0001111
H=|0110011
1010101

Ta dwa ma trén kiém tra H vé dang chuan nhd cac phép bién doi twong dwong theo hang:

Bai giang “Co so ma héa thong tin” | nvdinh@vnua.edu.vn 68



0111100
H=11011010
1101001

Tir 46 ¢6 ma tran sinh G ciia ma Hamming nhi phan cip 3 1
1000011
G=|0100101
0010110
0001111

= Giai 2: Do ma Ham(3, 2) c6 ma tran sinh G, xau bit U dugc ma hda thanh tir ma nho cong

thirc: w = u.G. Vay:
1000011

w=(1011).(0100101/-1011010)
0010110

0001111

1. Mot ma Ham(r, 2) c6 thé cd nhi€u ma tran sinh khac nhau (cdc ma tran sinh nay déu
tuong duong), cho nén viéc ma hoéa cung 1 thong di€p U véi cac ma tran sinh khac nhau
c6 thé cho céc tir ma khéc nhau, tuy nhién cac tr ma nay déu thudoc bo ma da cho.

2. Viéc ma hoa va gidi ma phai dung cung mdt ma tran sinh.
3.4.3 Phat hién 13i va sira 16i bang ma Hamming.
Gia su khi gui di mot tir ma cia bd ma Hamming nhi phan cép 1, ta nhan duoc xau x. Néu xau x
chi bi sai toi da 1 16i thi ta c6 thé phat hién 16i va sira 16i theo cac budc sau:
Burée 1: Tinh Syndrome ctia x: S(x) = H.xT
Bu6e 2: Néu ¢6 S(x) = O, tirc 1a nhan duoc cot gom r bit <0°. Két luan X chinh 1a tir ma duoc giri.
Burde 3: Néu co S(x) # O, tirc 1a nhan dugc 1 c¢dt xau nhi phan twong Gtng véi 1 ¢ot thir j ctia ma
tran kiém tra H, tir d6 suy ra bit thtr j ctia x4u X bi nhan sai va co6 thé sira 16i bang cach cong 1
vao bit do.
Chu y rang, ma tran kiém tra H c6 céc cot 1an luot 1a cac x4u bit nhi phan c¢6 gia trila 1, 2, ..., n,
nén gia tri cac xau bit chinh la vi tri cua cot do. Vi vay, ¢ budc 3, néu gia tri xau bit S(x) 1a j s&
cho vi tri j ctia bit bi nhén sai.

Thi du 3.18.
0001111

Cho C 1a md Ham(3, 2), véi ma tran kiémtraH = |01 1 0 0 1 1 |, khi giri di mot tir ma ciia C,
1010101

néu xay ra mot trong cac trudng hop:
1. Nhan duoc xau x = 1011010

2. Nhén duoc xau y = 1011011
3. Nhan duoc xau z = 1101011

Gia st cac xau nhan dugc chi sai toi da 1 161. Tim tor ma dugc gui di g v&i moi trudong hop?
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Giai:

1. Khi nhan duoc xau x = 1011010, tinh S(x) = H.x":

0001111
Sx)=|10110011].
1010101

O b O R, R O
|
o O O

Vay xau x nhan dugc khong co 16i, 1011010 1a tir ma duoc gui.
2. Khi nhan duge xau y = 1011011, tinh S(y) = H.y":

0001111
S(y)=|0110011].
1010101

P P O P k O P
1
o N =

Xau bit ciia S(y) 1a ‘1 1 1° ¢6 gia tri 13 7. Vay xau y bi sai ¢ bit thit 7, 1a bit cudi cing, stra
sai bit nay, tir d6 ta c6 tir ma dugc guri 1a: 1011010.

3. Khi nhan duoc xau z = 1101011, tinh S(z) = H.z" bang cach twong tu, ta ¢ xau bit cla
S(z) 1a “110°, c6 gia tri 1a 6, vay bit sai la bit thir 6, sau khi stra 16i, ta co tir ma gui di la
1101001.

3.4.4 Gio6i thiéu ma Hamming q-phén cip r
Trén ddy ta d3 xét cac ma Hamming nhi phan. Truong hop tong quat, trén truong GF(q),
ta c6 md Hamming g-phén cip r (g-ary Hamming code) dugc dinh nghia nhu sau:
Dinh nghia 3.11
M& Hamming q-phdn cdp r, ky hiéu Ham(r, q) la mét ma tuyén tinh c6 ma tran kiém tra
H c6 r hang, va c6 (q"-1)/(9-1) c6t, khéng c6 cét nao bang O, khéng cé 2 ¢ét giong nhau
va gid tri khac khéng dau tién cia méi cét déu bang 1.
= M4 Hamming g- phan cép r 1a mot ma tuyén tinh C[(q™-1)/(9-1) , (@™ 1)/(q—1) -, 3],
Thi du 3.19.
011 1}

1. Mai Ham(2, 3) ¢6 ma tran kiém tra la: H =
1012

2. M&Ham(3, 3) c6 ma tran kiém tra 12
0000111111111

H=/10111000111222
1012012012012
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BAI TAP CHUONG 3

1. Gia s, v6i ma lap lai 3 1an dugc dung, néu ta nhan duoc xau x = 100110011100111. C6 thé
két luan gi voi thong diép duoc gui di?

2. Giasu cg') m?t xau bit dugc gui di trén kénh ddi xtrng nhi phan, xac suét nhan sai 12 0.001.
Vay xac suat d€ nhan dugc xau bit 100110001 1a bao nhi€u khi xau bit gui di la:

a/. 101110011

b/. 110111011

c/. 110111010,

3. Cho mé& C = {0000000,0101000, 1000111}

a/. St dung quy tdc giai ma ngueoi lang giéng gdn nhat dé xac dinh tir ma nao duoc gui di néu
nhan duoc xau x = 0101001.
b/. Gia sir cac xau bit cua C duogc guri di trén kénh dbi xtmg nhi phan, x4c suat nhan sai 14 0.01.
Vay xac suat & nhan duoc xau bit X trén 13 bao nhiéu khi x4u bit giri di 1a cx duoc xac dinh bang
phuong phap trén?
4. C6 thé phat hién va sira bao nhiéu 15i trong cac ma sau:
a/. C=4{11101,10011}
b/. C={111001,100011,00011}
c/. C=4{11101101,10001111,10011011, 11011011}
5. Gia st C 1ama {000000001,111110100,010101111, 100001111}. C c6 thé phat hién va stra
bao nhiéu 16i ?
6. Tim ma tran kiém tra H cia mot ma khi ta thém mét bit kiém tra chin 1é vao mot mot thong
diép nhi phan c6 do dai bang 5.
7. Tim ma tran kiém tra H cia mot ma lap lai 3 1an d6i vai mot thong diép nhi phan c6 do dai
bang 4.

A - , A 101
8. Cho ma nhi phan tuyen tinh C ¢6 ma trén sinh G = 011
a/. M C s& mi hoa cac thong diép nao thanh cac tir ma ctia C. Tim tat ca cac tir mi cua C?
b/. Bang coset chuan ciia ma C gdm bao nhiéu hang, bao nhiéu cot. Xay dung bang coset chuan
cuama C.

c¢/. Gui di mdt tur cua b ma C, nhan dugc xau x = 111, dung bang coset chuan xé4c dinh tr ma
nao di duoc gui di. Ciing hoi nhu vay néu nhan duoc xau y = 001, xac dinh vector 16i (néu co)
trong truong hop nay.

N o1 1A L. , A 1100
9. Cho ma nhi phan tuyén tinh C ¢6 ma tran sinh G = 0011
a/. M C s& mi hoa cac thong diép nao thanh cac tir ma ctia C. Tim tat ca cac tir mi cua C?
b/. Bang coset chuan ctia ma C gdm bao nhiéu hang, bao nhiéu cot. Xay dung bang coset chuan
cuama C.
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c¢/. Gui di mdt tor cua ma C, nhan dugc xau x = 0111, dung bang coset chuin xac dinh tir ma nao
da duoc gui di. Cling hdi nhu vay néu nhan duge xau y = 1110, xac dinh vector 16i (néu cd)
trong truong hop nay.

. 1011
10. Cho ma nhi phan tuyén tinh C c6 ma trén sinh G = { 0 0}

01011
a/. Ma C s€ ma hoé} cac thong diép nao thanh cac tir mi cua C. Tim tt ca cac tir n}ﬁ cua C?
b/. Bang coset chuan ctia ma C gom bao nhiéu hang, bao nhiéu c6t. Tim 6 hang dau tién ctua
bang coset chudn ctia ma C. »
c/. Giri di mét tir cua ma C, nhan dugc xau x = 11111, dung bang coset chuan xac dinh tir ma nao
da duoc gui di. Cling hdi nhu vay néu nhan dugc xau y=01111, x4c dinh vector 16 (néu cd)
trong truong hop nay.
11. Gia str raing ma C c6 ma tran kiém tra:
1101001
H=|0110100
oo011101
a/. Tim ma tran sinh G cua ma C.
b/. Nhirng tir ma nao trong bd ma C dugc tao ra boi ma tran ma tran sinh nay?
¢/. Ma C v6i ma tran kiém tra H trén day c6 phai 1a mét ma Hamming khong?
12. Tim 16 tir m trong ma Hamming nhi phén cép 3.
13. Tim ma tran kiém tra cia ma Ham(2, 2). Ttr ma tran kiém tra, viét ma tran sinh ctia ma nay
va liét ké tat ca cac tur cia ma.
14. Cho ma tran sinh ctia mé tuyén tinh C[7, 4] trén truong Fo:
1000011
11100100
lo110010
1101010
a/. Tim tat ca c4c tir ma sinh bdi G.
b/. Khi gui di mét tr ma cia C, ta nhan dugc xau X = 1011011. Gid stir xdu nhén dugc sai khong
qua 1 bit, tim tir ma da gui di.
1001101
15. Cho mi tuyén tinh C[7, 3] cé ma trdnsinh: G={010 1011
0010111

a/. Tim tt ca cac tir mi ciia ma C. PA: C = {0000000; 0010111; 0101011; 0111100; 1001101,
1011010; 1100110; 1110001}

1101000
b/. Tim ma trén kiém tra cia mi C. PA: Ma trdn kiémtraH=|101010 0

0110010

1110001

c¢/. Ma C c6 phai la mot ma Ham(r, 2) hay khong?
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d/. Gui di 1 tr ma cua C, nhan dugc xau x = 1110000. Gia str xau nhan dugc sai khong quéa 1 bit,
tim tr ma da gui di.

e/. Cling hoi nhu cau d, véi xau nhan dugc y = 1011010

o L 0111
16. Trén truong F3, cho C la md Ham(2, 3) ¢6 ma tran kiém tra la: H = L 01 2}

a/. Hay tim ma tran sinh cua ma C noi trén.
b/. Viét tat ca cac tr ma ciia mé C.
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