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Ph¢p toan nhi phan

* DN phép toan cOng (+) va nhan (.) trén bang
ky tu nhi phan 0, 1 nhu sau:

+10 1 :
010 1 0
1|1 o0

0 1
0 0
1{0 1

e 1=-1- ‘cong’ giong ‘trir’
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M3 tuyén tinh nhi phan

DPN: Mot ma K 1a ma tuyén tinh (linear code)
néu:
— Tong a + b cta hai codeword bat ky ciing 1a mot
codeword.
— Tich k.a (vd1 k = const va codeword a) ciing la mot
codeword.

PN: Ma nhi phan K 13 ma nhi phdn tuyén tinh
(binary linear code) néu tong a + b cia hai
codeword bat ky ciing 1a mot codeword.
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Vi du ma nhi phan tuyén tinh

1. Malap Ky= {°00...0’, 11...1°}.
2. M3 kiém chan 1¢ (tong s6 bit 1 1a chan)

Information Bits Code Word

Information Bits Code Word

000 0000 110 1100
100 1001 101 1010
010 0101 011 0110
001 0011 111 1111

Figure 2: The even-parity code of length 4
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Hamming weight

Dinh nghia:

— Trong s6 Hamming (Hamming weight) ciia mot
codeword a, ky hiéu w(a), 1a s luong cac bit khac 0
cua a.

— Véi m6i ma K, trong s6 Hamming nhd nhat cua cac
codeword khac 0 = 00...0’ duoc goi 13 trong s6 nhé
nhdt (minimum weight) cia K, ky hiéu w(K).

Vidu: Tirmia= 11000’ c6 w(a) = 2; a la mot
codeword cua ma kiém chan 1¢ do dal 5.

Moi codeword a cua ma kiém chan 1&¢ K nay c6 w(a)
bang 2 hoic 4. Nén w(K) = 2.
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Ma tran kiém tra tinh chan 1é

DPN: Mot ma tran nhi phan H dugce goi 1a ma
tran kiém chan 1é (parity check matrix) cua
ma khoi K d6 dai n néu véi moi tir ma x cia
ma K ta co Hx! = 0.

Vi du: Mot ma tran kiém chén 1é ciia ma kiém
chanl¢laH=[11...1].
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Sua 101

Dinh ly: Mot ma nhi phan tuyén tinh K swa dwoc
it nhat mét 16i khi va chi khi moi ma trén kiém
chan 1é ciia K ¢6 cdc cot dbi mot khdc nhau va
khac 0.

Chirng minh: (xem sach).

> M3 kiém chan 1¢ khong stra dugc 1.
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Ma Hamming

PN: Mot ma nhi phan tuyén tinh d6 da1 2™ — 1
duoc go1 1a ma Hamming néu nd c6 mot ma
tran kiém chén 1é H kich thuéc m x 2™ — 1 thoa
mo1i tur nh1 phan khac 0 do dai m déu 1a mét cot
cua H.



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Vidu

Information Code word | Information Code word

Symbol Symbol
0000 0000000 0110 0110011
1000 1000011 0101 0101010
0100 0100101 0011 0011001
0010 0010110 1110 1110000
0001 0001111 1101 1101001
1100 1100110 1011 1011010
1010 1010101 0111 0111100
1001 1001100 1111 1111111

Figure 6: Code words of the Hamming code of length 7

01111 )
1 0 0 1 1 information rate R = 4/7.
1 01 01
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Tinh chat cua mot ma Hamming

1. BPodaicactrman=2m-1.

2. SO bit mang théng tin: k =2m —m — 1.
3. 2 TyléthongtinR=k/n=....

4. Khoang cach nho nhat ctia ma: d = 3.

5. > sira duoc it nhat mot 16i.
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Gi1a1 ma

Khi chudi nhan dugce 1a w = w,w,...w,,
Tinh s = Hw'.

Néu s = 00...0: khong co 10i.

Néu s = 00...0. V1 tri cua s trong ma tran H
chinh Ia v1 tri b1 161.

Ta go1 s l1a syndrome.

- ‘Giai ma bang syndrome’
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Vidu

Truyén 1111111, nhung nhan w = 1110111.

0 0 0 1|1 1 1
H=}301 11010 1 1
1 0 0(1 0 1
Syndrome la s =

= wygtwsgt+ws+wy = 1,
= wtwztwstwy = 0,
= witwsgtwst+wr = 0.

s = (100). Vi tri bi 16i 12 vi tri s0 4.
Stra 1110111 14 1111111.
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Khong phat hién dugc 16i

K 13 mi tuyén tinh.
Gia sir truyén tir mi veK, nhan w (w=v) ciing
la tr ma €K

- ¢6 101 nhung khong phat hién duoc.

Tinh x4c suat khong phat hién duoc 16i?
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e Pate=w-v(E=w+tv).

e =0 <> w=v : khong co 10i.

1.
2. e = 0: Néu e la codeword thi khong phat hién
duoc 10i.

— Gia str w(e) =1 (truyén v c6 i bit bi 161)
— > Xa4c suat xay ra = piq™i,

* DatA, =#{tuma x cO w(x) =1}.

» Xac suat khong phat hién dugc 16i

n
P und — E AiP' Qn-i-

$=]
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Vi du

0000 0000000 0110 0110011
1000 1000011 0101 0101010
0100 0100101 0011 0011001
0010 0010110 1110 1110000
0001 0001111 1101 1101001
1100 1100110 1011 1011010
1010 1010101 0111 0111100
1001 1001100 1111 1111111

Pyng = Z Aip' ™. Pug =T0°¢* + 0% + p°. p=0.01

=]

Puna = 7(0.01)3(0.99)* + 7(0.01)*(0.99)® + (0.01)? =~ 7 x 10~°,
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Cach tinh P ..

=] f=
Ao =1 |
Pas =[S0 (3) 1] =) -1

A(z) = ZAW" < | weight enumerator of the code K.
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0000
1000
0100
0010
0001
1100
1010
1001

Vidu
0000000 l 0110
1000011 0101
0100101 0011
0010110 | 1110
0001111 1101
1100110 1011
1010101 0111
1001100 | 1111

A(x) = 14723+ Tz% + 7.
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Pn+7(§

7p3q4 + 7p4q3 + p7.
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0110011
0101010
0011001
1110000
1101001
1011010

0111100
1111111
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Tom tat

M3 tuyén tinh nhi phan
Hamming weight w(a)
Parity check matrix
Ma Hamming

Xéc suat khong phat hién dugc 16i P,
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Homework

* Poc la1 va lam bai tap

— Chuong 5
— Chuong 1

1]
2]

* Poc truodc ¢

arong 6+7 1]

ntnhut@hcmus.edu.vn

19
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Bai tap

e ‘Palindrome’ = chudi doi xtrng (doc xuod1 doc
ngugc nhu nhau).

e VD: ‘was 1t a rat [ saw’

» Xét ma nhi phan doi xtmg K. Héi K ¢6 thé 1a
mot ma tuyén tinh khong? Néu co, K co thé
phat hién dugc bao nhiéu 10i.
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Bai tap

* Lap ma K nhi phan do dai 7 nhu sau:
— Bit th ba kiém chan 1¢é 2 bit dau
— Bit thr sdu kiém chéan 1¢ bit 4 va bit 5.

— Bit thtr bay kiém chan 1¢ toan bo tir ma.

e Tinh sd 16i ma K cé thé:
— Phat hién duoc

— Stra duoc
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Bai tap

* Tinh P__(K) cua ma Hamming K (7,4) vo1p =
0.01.

» Tong quét, Tinh P. (K) cua ma Hamming K
do dai 2™ — 1 theo p va m.

* Tinh P 4(K) cua ma Hamming K d¢ dai 2™ — 1
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