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3.1. PHAT HIEN VA SUA LOI

Ciac nguyén nhan giy 16i

Cac loai 10i va ty 18 16i trén cic dwong truyén
Phat hién 16i bing ECHO

Phat hién va sira 18i bang truyén Lip
Phat hién 16i bing mi Parity doc

Sira 16i bang ma Parity doc va ngang
Sira 16i bang cach truyén lai

Phat hién bén tin mat

P dai ban tin toi wu

Cac 16i ¢ vi tri bat dau va két thic khung
Kiém tra Likelihood

Chan doan 15i.
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3.1.1. C4c nguyén nhan giy 16i

Dinh ngh’ia Loi la tat cdc sai sot co thé xdy ra
trong qua trinh hoat dong cua mang, ngodi y
muon ciia nguoi thiét ké ciing nhw nha cung cap

dich vu.

Do Thiét bi

+ DTE

+ DCE

Do Puong truyén

+ Méo phi tuyén

+ Nhiéu

Do Giao thirc diéu khién
Y tuéng khac phuc 16i
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A

3.1.2. Cac loai 16i va ty 1€ 10i trén cac

dwong truyén

e Ldi truyén dan sinh ra do Sl sees. 4
nhiéu nhiét duoc mé hinh héa *
la AWGN ty 1€ nghich voi
S/N

V6140 rong bang tan cho
trudce, khi tang s6 mirc sé dan
dén ting Pg, hay noi cach

khac Pg s¢€ tang khi toc do -t
truyen cang cao ma cong suat
trung binh khong doi S R I .

16 17 18 19 20 21 Signal to noise
ratio

L61 sinh ra do nhiéu nhi€t thuong 1a 161 don, hodc nhiéu lam
la vai bit 1an can
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Histogram cua cac ty 1€ 101 truyén
dan trén mang chuyén mach

Percentage
of calls with
indicated
error rate

0
70

T 1 T T T il

10~ 10~ 107" 10-¢ 10~ Mean error rate
for communication
of 15 minutes at
3600 bit/s on the
switched network

Figure 3.2 Histogram of error rates for transmission on a switched network line
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Ty 1¢ 15i trén duong truyén mang chuyén mach

Ldi sinh ra do nhiéu
xung, chu yéu do hé
théng chuyén mach,
thuong anh hudng trong
mot tho1 khoang tir 10ms
dén 50ms, va & toc do
2400 bit/s s& gay ra 16i tir
10 bit den 100 bit

Percentage
of calls with
indicated
error rate

40 |
30 4
20 |

10 |

10-° 10-¢ 10-7 Mean error rate
for communication
of 15 minutes at
3600 bit/s on the
switched network

Figure 3.2 Histogram of error rates for transmission on a switched network line

Puoc danh gia bang ty 1& 16i khoi Py,

CCITT dua ra dinh mu:c Pg = 10-3 cho dudng truyén analog va pg
=106 cho dudng truyén s6 PCM

CuuDuongThanCong.com
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3.1.3. Phat hién 16i bing ECHO

e Ban tin phat di
s€ duogc luu gitr 3
dé so sanh voi
ban tin ECHO,
néu giong nhau
nghia 1a bén thu
nhan dung

Figure 3.3 Error detection by echo

Tuy nhién c6 thé xay ra trudng hop bén thu da nhan
ding nhung ban tin ECHO b1 sa1 do suy giam nhiéu
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3.1.4. Phat hién va sira 16i bang truyén lap

o Bén thu quyét
dinh viec
truyeén lai bang
cach so sanh
hai ban tin

e Cothé xayra
truong hop cod
mot ban tin
nhan dung
nhung ctr phai
truyen lai

CuuDuongThanCong.com
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Figure 3.4 Error detection by repetition of messages

Xac suat 101 khdi ctia ban tin m-bit 13
Py = 1-(1-P5)™ = mP;,. Do xac suat
khong 101 & m-bit bat ky 1a (1-Pg)™.

https://fb.com/tailieudientucntt
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Tinh x4c suat 15i khoi va 16i khong phat hién dugc

Xéc suat 16i khoi cuia ban tin m-bit 1a Py, = 1-(1-Pg)" =
mPg. Do x4c suat khong 16i & m-bit bat ky 1a (1-Pg)™.

Mot 16i sé khong phat hi€én duogc néu nod 1ap la1 trong ban
tin sao, Xac suat xay ra la Pg?. Nhu vay xac suat nhan duoc
ban tin ma khong c6 16i khong phat hién duoc 1a (1-Pg2)™.

Tt d6 tinh duge xac suat 16i khong phat hién duoc 1a
Py = 1-(1-Pg?)™ = mPg2.

Gia str pg = 10~ , vdi ban tin 100-bit thi p,, = 103 ,
nhung py = 108 trong truong hop truyén 1ap.
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Thu theo da s6

. Néu cO hai ban tin
giong nhau thi no
duoc chon, chi
truyén la1 khi ca
ba ban tin déu
khac nhau.

» Nhuoc diém chu
y€u la thot gian
truyén tang gap ba
lan

CuuDuongThanCong.com
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Figure 3.5 Error detection and correction by repetition with voting
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St dung scrambler

L Bén tin duo’c g]:ri di trén Transmitter Lines Receiver

Shift

line 1, lIam tré N-bit nho bo - msias
ine 1
ghi dich va cong modulo 2 r — 1 :[___—J“*[
7. 2 . ~ . ; | |
vO1 ban tin da scrambling | | | I
, . . . n . S Scrambler | | Scrambler \I 2
sau do gui di trén line 2. | | { [2,
% 2 T \ | Lines | '
e O dau thu ban tin dugc lam N |
| ]

tré qua b6 ghl dlCh N'blt Shift Moduilo 2 Modulo 2
2 ' , N rcgis}cr adder adder
nhu & may phat va (N bie
. A A y o ° Figure 3.6 Error correction system with simple repetition
scrambling dé cong v4i ban

tin qua line 2.

Detector

Két qua so sanh cho phép phat hién céc bit 16i don va stra 16i
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B0 scrammbler

« Bao gom cac bd
gh1 dich va bo

Modulo 2
adders

R

Rﬁ-—_’

cong mac noi tlep, registers
nhim muc dich / m
giam sy tuong C

3

quan gitta ban tin

A

t
B

va ban sao dugc
lam tré N-bit cua
no

Giasucoloi o Line 1 ?

Gia st ¢0 101 ¢ Line 2 ?
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Figure 3.7 Scrambter
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Giai phap két hop

* Str dung chung duong truyén dé giri ban tin va
ban sao cua nod
So sanh hai so d6 ?

Transmitter Line Receiver
! . ‘ Shift register
! ; Register (N bits)’
- o : P(1 bt
Lo '
. & ! 3 6 S
! Scrambler N " Scrambler "L\_ :
, ! |
fduce t bk T |
y ; r l i
_+_ ,_Jl ! | l__— + -
. , f | Register +
Shift register Modulo 2 (1 bit) Y
(N bits) adder Modulo 2
Detector
adder

Figure 3.8 Error correction sysiem with simple repetition and a .single line
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3.1.5. Phat hién 1oi bang ma Parity doc
« Ban tin mi héa dugc chia thanh cac khdi m-bit, ma hoa bang cac khéi n-bit

Coder Line Decoder

”"TJ
—-
b —— - —
v

R n-bit ™ s T
: mvore : }‘_ register -1 ::':; o <— m-bit
. - E : m register
m-bit l
register Invalid
code word

(error detected)

Figure 3.8 The principie 07 COCING ana decoding for error detection

Viéc lua chon r-bit parity nham dé dang phat hién 10i & dau
thu,n=m+r
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Nguyén 1y truyén dan véi ma phat hién 10i

Table 3.1 Parity checking with the ASCII code.

Symbol ASCII character Parity bit
Source message -

C 1 I 0 0 0 0 1 l

3 1 10 0 1 1 0 0

U 10 1 0 1 0 1 0

Y I 0 0 1 1 1 1 1

Coded message

Destination
message

v

Acknowledgemen

A

Tabie 2.2 Wora error anc unaeiecieq error propabiiiies 107 8-bit words with parity checking.

Bit error probability

;. . Py
Véi 1 bit du, RS s
s€ khong phat
hlén dlIO’C CéC Word error probability 57003 2107 &10°° 810"
~ ' s 1Y
101 Chan Undetected error probability 141077 2810°° 28107° 281071
Pn=7 =

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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3.1.6. Sira 16i bang ma Parity doc va ngang
e Cho phép phat hién vi tri 161 don

Longitudinal
parity Word 3 Word 2 Word 1
check word
w4 W} W w I vl rQ x& XT Y, xé xS r-‘ Vl rl X’ xl

Vertical parity

check bits
X X X, V !
2 _ i
4 X} Xb l: l
X, X, X, y '
| Vertical parity
__________ wan check
I
!
" W, W " ~
i 2 3 4

Longitudinal parity
check

Figure 3.12 Two-dimensional representation of the methoc using iongitudina! and vertica!
parity checks
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Kha nang sura 10i

 Néu céc bit 10i xuat hién trén cung mot cot thi khong stra dugce
« Tinhpyvapy?

1 2 3 4 | S ] 2 3 4 1 5
1 ] 1 0 c I 0 ] ] 0 0O 1 0
2 1 1 ] 0 I 1 ] 1[0 o i1
3 0 1 1 | I 0 ] ] |
4 1 1 ] I ] 1 ] I 10
5 1 0 1 0 1 ¢ ] 0 ] ¢c 10

i 1 |

Error
(A) Error free transmission (B) Transmission with an

error in row 2 column 2

Figure 3.13 Locating an error with fongitudinal and vertical parity checks

-

i <

0 -0

] ] ] 0

2 ] } @ ¢ ! ~ Error
3 0 'a o] 1 — Error
4 1 i ! ] G

5 ) 0 } 0 0

Undetected error

Figure 3.14 Detection of two errors by longitudinal and vertical parity checks
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3.1.7. Sira 16i bang cach truyén lai

Source

Message |

ACK

Message 2
—_—

NAK

Message 2

Exchanges on the line

\

Destination

Message |

Errors

Message 2

Figure 3.15 Error correction by retransmission
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3.1.8. Phat hién ban tin mat

CuuDuongThanCong.com

ro

D —

i e s s s

ACK

ACK

L

Exchanges on the line

OSt message

Destunation

Message !

Message =

Figure 3.16 Detection of lost messages using & timer
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Truong hop mat ban tin phuc dap

Source . Exchanges on the line Destination
Message |
TIT Message |
Y -
ACK

Message 2 !

‘ 1

| Messz 2

| § - Lost acknowledgement =5

Z | LT ACK

| boooomm =

|
Message 2§

Message 2

Figure 3.17 Duplication of messages produced by the ioss of an acknowledgement
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3.1.9. Po dai ban tin toi wu

Source Exchanges on the line estination
S S,
Message | ‘—‘_.

|
n/C |

[

_I_ - Message |

T
n:!C

!
|
l

T

Message 2 —-_’_,.

Figure 3.18 Delay between two successive messages withou: errore with 2
procedure
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Transnussion

=0
efficiency Effective rate P
DiC
I — 2400 bits
p, = 10"
Py = 107"
<
|
0.5 = 1200 bits — 5, = 10"

Effective message
length 1n number
of bytes m/§

T T

T T T
1 2 4 % 16 32 64 128 256 512 1024 2048

Figure 3.19 Transmission efficiency versus bit error probability and message length with &
send and wait procedure
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Source Exchanges on the line Destination

S:
Message |
Message 2
e ey
Message 3 Message {
N o
ACK | 5
Message 2
Message 4 r—
—_— %
! Message 3
Message S
- Message 4
Message S

Figure 3.20 Message with anticipation of acknowledgements Simultaneous bidirectiona’
transmission
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Transmussion
efficiency Effective rate

DC

I =1 2400 biys

Effective message
length in number
of bytes m’§

12 4 8 16 32 64 128 256 512 1024 2048

Figure 3.21 Transmission efficiency as a function of bit error probability and message length

with an anticipation and simple reject procedure

CuuDuongThanCong.com https://fb.com/tailieudientucntt


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

Transmission
efficiency Effecuve rate

D/IC
| 2400 bit/s

0.5

Effective message
length :n number
of bytes m/8

r T T T g ™

1 2 4 8 16 32 64 128 256 512 1024 2048

Figure 3.22 Transmission efficiency as a function of bit error probability and message length
with an anticipation and selective reject procedure
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3.1.10. Cac 16i & vi tri bat dau va két
thuc khung

» Trong trudng hop cac ban tin dugc truyén di trong
cac khung, thong thudng cac bit bat dau khung
hay b1 mat va ¢ phan két thuc khung hay xuat hién
cac bit thua

e Céc 161 nay lam cho viéc nhan khung bi sai sot va
dan dén mat goi

» Can c6 cac giao thtrc chuan dé xir Iy khung chinh
xac, han ché 101 bang cac phuwong phap ki€ém tra
khung
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3.1.11. Kiém tra Likelihood

« Bin than cac hé thong phat hién 101 miic du c6 thé dat
dugc hiéu qua cao nhung khong the bao dam van hanh
khéng 10i (error-free operation), can co cac thiét bi hé

tro dwoc thiét ké theo phwong phap kiém tra
Likelihood

O mikc thap c6 thé kiém tra kich thwéc khung (lz‘l boi
cua 8 trong SDLC), kich thwac g01 hoac mot so tru’O’ng

kiém tra va dung thu tuc cam dé tir chdi cac khung, goi
sai chuan.

O mirc cao hon co thé klem tra dua vao thiwr ty cac kiéu
khung hay cac kleu g6i bit bude phal xuat hién theo
giao thirc diéu khién duwong truyén de khéi dong cac
thu tuc hoi phuc

ongThanCong.com https://fb.com/tailieudientucntt
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3.1.12. Chan doan 10i.

 Nham phat hién true tiép cz’}c sai sot ciia phan cing
(breakdowns) hoac phan mém (faults).

. Kl}éc véi Kiéu phat hién Vz‘l’si’ra 16i (truec tiép) ciia hé
thong chi thi~t hién gian tiép cac sai sot dua vao su lap
lai mot Kieu 10i.

* C6 nhiéu kiéu chan doan dwa vao cac phwong phap
khac nhau:

+ Kiém tra mot chirc ning cu thé

+ Kiém tra tone trén dwong dai

+ Kiém tra mirc DC trén dwong truyén ndi hat.
+ watchdog.
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Cac chién lugc truyén tin

 ARQ (Automatic Repeat Queue) sur dung
m3 phat hién 10i.
— Stop & Wait
— Pull Back N
— Selective Repeat (Continuous)

 FEC (Forward Error Correct) sir dung ma
sta 101.
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3.2. CAC TINH CHAT CHUNG CUA
MA PHAT HIEN VA SUA LOI
Khai quat
Phan loai ma
Kha nang phat hién va sira 16i ctia ma khoi.
Khoang cach Hamming
M3 khoi tuyén tinh hé thong
Nguyén 1y mi hoa véi ma tuyén tinh hé thong
Nguyén ly phat hién 10i v6i ma khoi tuyen tinh hé
thOng
Nguyén 1y sira 16i voi ma khoi tuyén tinh hé thong
Ma Hamming
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3.2.1.Khal auat

Text Code Code Text
—_— - | —— e — —— b—— x
Coding . - T T " |Decoding
e — o ‘ >

table ’1 table’ X,
b ok —_—
— - L S 8N S ¥ — b
Transmission
m bic n bie n bits l m bits
Errors
detectec

Figure 3.23 The principie of coding and decoding
e Thém vao cac bit du dé kiém tra 161, phat hién
va sua 101.
. Chap nhan tra gia Ve thot gian truyen (giam toc
d6) dé dat dugc chat luong truyén dan cao.
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3.2.2. Phan loat ma

o M3 khoi va tinh chat hé thong

* Ma chap hoac recurrent.
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Co sO toan hoc

» Khong gian vector V,, trén trudong s6 nhi phan
— Xet cac n-tuples c6 ca thay 2" bo khac nhau

— Hai toan tr cong modulo 2 va nhan modulo 2 dugc
dinh nghia theo bang sau :

A B A+B | AB A+B+B=A A+B+A=B
0 0 0 0 0 0
0 1 1 0 0 1
1 0 1 0 1 0
1 1 0 1 1 1
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Khong gian con S cua V

 Khong gian con S cua Vn:

— Chtra vector khong v, © S
— Khép kin vi;vjcsjvi@vjcs
Thi du V,:
0000 | 0001 |0010 | 0011 v S1 | Ha | Tinh
0100 |0101 |0110 |0111 Vg 0000 | 0000 | 0000
1000 |1001 |1010 |1011 vy 0100 | 0001 | 0010
1100 |1101 |1110 |1111 v, 1000 |0101 | 0100
Vg=Vv; +v, [ 1100 [ 0100 | 0110

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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M3 khoi tuyén tinh

Pinh nghia : mi khoi tuyén tinh 1a khong
gian con cua khong gian Vn. Buogc dac
trung boi (n,k) vé1 n la kich thuoce vector tur
ma va k la kich thudc vector mang tin, ty so
ma R = k/n.

Ma hoa va giai ma

Ma tran sinh

Tinh chat hé thong
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Phat hién va sua 101

 Ma tran kiém tra

* Bang tricu chirng (syndrome)
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Bang syndrome cua ma (6,3)

e/Vi VO V1 V7 | Syndro

me
000000 | 000000 | 110100 000111 | 000
100000 | 100000 | 010100 100111 | 100
010000 | 010000 | 100100 010111| 010
001000 | 001000 | 111100 001111 | 001
000100 | 000100 | 110000 000011 | 110
000010 | 000010 | 110110 000101 | 011
000001 | 000001 | 110101 000110| 101
010010010010 | 100110 010101, 001
101001 011101 000

101001

https://fb.com/tailieudientucntt
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Cac vector 10i c6 triéu chiing bang khong

e/Vi VO V1 V2 V3 V7 Syndro
me
110100 | 110100 | 000000 | 011010 110011 | 000
011010 | 011010 | 101110 | 000000 011101 | 000
101110 | 101110 000
101001 | 101001 | 011101 | 110100 101110 | 000
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Kha nang phat hi¢én va sua 101 cua

ma khoi tuyén tinh

Ham trong Hamming

K
K
K
K

noang cach Hamming
na nang phat hién 101 to1 da

na nang sua 101

na nang phat hién va sura 101 dong thon

Phan b6 Hamming

Xac suat 161 khong phat hién duogc
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Ham trong Hamming
 Ham trong Hamming W(V1) cua vecto tr ma Vi
1a s6 digit khac khong cia Vi.

e Thi du:
mi Vi W(Vi)

VO 000 000 000
V1 100 110 100 3
V2 010 011 010 3
V3=V1+V2 110 101 110 4
V4 001 101 001 3
V5=V1+V4 101 011 101 4
V6=V2+V4 011 110 011 4
V7=V1+V2+V4 111 000 111 3
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Khoang cach Hamming

* Khoang cach Hamming glua 2 vecto tr ma Vi va
Vi, ky hi¢u d(V1,V)) bang so digit khac nhau gitra
Viva Vj.

e Nhan xét:

— d(Vi,Vj) = W(Vi+Vj).
— dmin = Wmin.

d = Min FVi Vi) ViVi € (n.k) -
R |
= Min WA (Vi) Vi € (n.k) 3 W

min
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Nguyén ly Maximum LikeLihood

Vi

+e q +4¢e !
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3.2.3.Kha ning phat hién va stra 16i cta
ma khoi1. Khoang cach Hamming

» Kha ning phat hién 16i téi da: e =d, — 1

» Kha ning sira 16i toi da: t = int[(d,.. —1)/2]

e Kha nang phét hién o va stra 16i B dong thoi phai
thoama ditukign: o+ +1<d_;,

Vo1 dmin =7

o
6
5
4
3

W N | O™
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Phan bo Hamming

Aj 12 s0 vecto tir ma c6 W(vi) =]
{Aj} v6ij=1,2,...nlaphan bo Hamming
ctia ma khoi (n,k)

Thi du: ma (6,3) c6 phan bdo Hamming nhu
sau: A1=0, A2=0,A3=4,A4=3,A5=0,A6=0

{0,0,4,3,0,0}
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Cac vec to 10i khong phat hi€én duoc
Cho xac suat 101 bit cua kénh la Pg.

e P(e)

110100 | Pg. Pg.(1- Pg). Pa.(1- Pg).(1- Pg) | P3s.(1-Pg)>.

011010 (1_ I:)B)'PB' PB'(l_ PB) PB'(l_ PB) PgB'(l_PB)B'

101110 Pg. (1- Pg) Pg.. Pg. Pg.(1- Pg) P4g.(1-Pg)?.

101001 P3g.(1-Pg)°.
011101 P*.(1-Pg)>.
110011 P*.(1-Pg)>.
000111 P3g.(1-Pg)°.

Pnd = 4.P3;(1-Pg)3+3.P45(1-Pg)?
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Cong thire tinh xac suat 161 khong
phat hien dugc

p— ] — n"j
P Z AJ.PB 1 P.)

j 1
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3.2.4.M3 khoi tuyén tinh hé thong

» M (n,k) dugc dic trung bang:
+ Ma tran sinh G
+ Ma tran kiém tra H

e Cac thong s6 n, k, R, P4
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3.2.5. Nguyen Iy ma hoa vo1 ma
tuyén tinh hé thong

Word to be
coded
(4 bits)
XX Xon X,
——— —
Shift register
X, T x5 X, X, Coded
X word
° (7 bits)
e r 5 yl

a > a

2 L4

Shift register

Figure 3.24 Implementation of a coder for a systematic linear code

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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3.2.6. Nguyén 1y phat hién 10i véi
ma kho1 tuyén tinh he¢ thong
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3.2.7. Nguyen Iy stra 161 v&i ma
khoi tuyén tinh hé thong

CuuDuongThanCong.com

Received
word
j-,T

Shift register

Syndrome computation

Error vector estimation

Figure 3.25 Error correction system

https://fb.com/tailieudientucntt
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 Bang ma (7,4)

" Table 3.4 The words of the (7.4) code defined by

(3.58) and their weights.

e

S

2

=

=

=
%]
e
b
o
2
Q
9
o
&)

code words

X, X3 X4 a; 4, a;

1

X

oot ottt g

O A OO At Ot OO = OO
OO A At OOt O OO O v v
Ot O A OO Ot = O~ OO
€ 0 0,6 5 GO G i e e e e
OOttt OO DD =
OO~ OO~ OO — OO — —

OO~ 0O O O 0O —~QO O
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Tri¢u chung 101

Table 3.5 Syndromes of the error configur-
ations corresponding to a single transmission
error for the (7,4) code defined by (3.58).

Error vectors Syndromes
€, €5 €3 €4 €q €e €~ Sy S, Sy
I 0 0 0 0 0 O 1 0 1
O 1 0 0 0 0 O 1 1 1
O 0 1t 0 0 0 O© 1 1 0
O 0o o0 1 0 0 O 0 1 1
hgoth@nocongo. e¢om!l o ©
0O 0 0 0 0 1 0 0O 1 0
O 0 0 0 0 0 1 0 0 1

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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So do sua 101

Syndrome computation . Error Error
: computation correction

Figure 3.26 Implementation of the single error corrector for the (7.4) code defined by (3.58;

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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m=n-—r

3.2.8. Ma Hamming

n=2"-1

dmin: 3

1

Table3.6 Number of information and redundancy bits
for standard Hamming codes.

Length of code
word (number
of bits) (n)

3 7 15 31 63 127

Number of
information
bits (m)

1 4 11 26 57 120

Number of
redundancy
bits (r)

Table 3.7 Computation of parity bits with a Hamming code.

Code
word
Parnty a,
Panty a,
Parity a,
Parity a,

Vi
aq
X

A )
a,

X

¥3
X1
X
X

Ya
a,

X

¥s
X3
X

X

Ye
X3

X
X

¥

X4
X
P
X

Vs
as,

Yo Yio Y

X
X X
X X X

Yi2 Y1z Yia Vs
Xg Xg X390 Xy

X X

X X

X X X X
X X X X

CuuDuongThanCong.com
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M4 (15,11

1

SRV SRR ERRE R R
! (
* Qui luat tinh cac
¢ I 1.0 1 0 0 1 0 0 0 0 0 0 0
- - 1 0 0 0 0 0 0 1 1 0 0 0 0 O
blt parlty H= |0 1L 00 00 0 1 0 1000 0
r1 1 0 0 0 0O O t O o 1 0o 0 0O
000 1 0 0 0 I O 0 0 ! 0 0
1 00 1 0D O 0O ! 0 0 0 0 t 0
o t o 1 o 0 O 1t 0 O 0 O 0 1
Lt 1 0 1 0 0 0 1 O 0 0 0 0 0
Figure 3.27 Generating matrix of the (15, 11) Hamming code
Table 3.8 Locating an error with a Hamming code.
Information word xT 1 0 1 0 1 1 0 0 O
Transmitted 1 2 3 4 S 6 7 8 9 10 11 12 13
code word yT [ ! -l
Error ocmam © I . O (L 1 1 0 0 O
e’ 0O 0 0 O 1t 0 0 O 0O 0 0 O
Received word
A 0O 0 1 0 1 1 0 1t 1 1 0 0 O
Parities calculated for
the received word 10 1 0

5 ——The bit in error is in position 5

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Nguyén 1y stra 10i

Received word

Information bits of the
received word

fT

=T

F

Parity computation

Corrected wordA

XT

Correction

Decoding of the
error position
expressed in

binary

Figure 3.28 The principle of a Hamming code error corrector

CuuDuongThanCong.com
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dan

an sinh dang chua

ral

Ma tr

6 6 0 0 00 0 0 O

0

1

1

0O 0 0 O
0 0 0 0
0

0 0 0 O

0
0

0

0

1 0 0 0 0 0

0

0

— e o v e e v—y

0 0 0
DOm ©

0 0 0

0 0 0

1 0 0

0 0 0 1 O
1

0
1
0
0
0

0 0 0 0
0

1
0
0
0
0 6 0 0 0 0 O

0 0 0
0 0 0 O
0 0

0 0 0
0 0
0 0
0 0 0

0
0
0
0
0
- [

Matrix P

Figure 3.29 Standard form of the generating matrix of the (15,11) Hamming code

Matrix /,,
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3.3. MA PA THUC

Dinh nghia cac ma da thirc

M3 hoéa va giai ma bang da thirc

T‘huc hién phén mém ma hoa va g1a1 ma
bang da thirc

Céc tinh chat chu yéu cua ma da thic

Cac ma da thuc chuan
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3.3.1.Dinh nghia cac ma da thirc
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3.3.2.M4 hoa va giai ma bang da
thirc

1 ? s
ho A, h: k,_,
‘ DO D| Tt Dr—l +

Figure 3.30 Polynomial division circuit

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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_ . . .
1
| .{
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2
o
W ) Q;g e oo doo
0, k(4 D, ‘é} o, b(+
x/
[nput

Figure 3.31 Implementation of a polynomial coder
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3.3.3. Thuc hién phﬁn mém mai

hoavag

CuuDuongThanCong.com

1a1 ma bang da thirc

Table 3.9 Bitsused in the calculation of the state of the polvnomial decoding register after eight
shifts. CCITT V.41 code.

Shift register

b
1
3]
b
()

DO Dx D, DB DA DS Dt D- DF DQ Dl(» DHDJ: D13 D14 st

Bits used in ag Qg Q¢ Gy Ayy Gyz Gy Uy G G, a4, a: Q. Gs Gg G-
the calculation Qys Qg3 Gy Gy Xy Xp3 Xju Xyc @y5 8yy Gya Gy Gy Qg Gy G,
of the remainder x;, Xx;3 X4 X;« Qg Qg Gy dy: Xy, Xy3 X;4 Xpc Gya Gy Qs
at each stage Xg Xg X;0 Xy ;2 Qpx Gy4 Xy Qg Xy3 Xja X5
X12 X33 X4 X G2 Xo Xy0 Xn

X Xo¢ Xjg X12

Xg

https://fb.com/tailieudientucntt
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Tabie 3.10 Bits used after simplification during the calculation of the state of the polynomia:_
decoding register after eight shifts. CCITT V.41 code.

Shift register

| -5 212

D() Dl Dl D) D-t DS D6 DT DS DQ Dl() DllDll DlJ Dl4 DlS

Bits used in a, a, 4, ay a, as as a,
the calculation of ug wugq wuyy uy, Uyy Uy Uy Us Ug Uy Upg Uy,
the remainder Uy, Upy Uy Ugs Ug Ug Uy Uy, Uyy Upy Upg Ugs

at cach stage Uy, Uy Uy Ugs Upy Upy Upg Ugs

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Taole 3.11 Example of eight successive shifts with the CCITT V.41 polynomial coder.

Shift register

1 :5 :1.’.

a4y a4, a, ay a, as ag a, ag ag 4,y @y, A, a3 a;y a,5 Input
Initial state 40l b= by O= 1 @ =0 O |~k 0 1 1 1 O O 1 1 x4
Shift 1 o0 tL 1 01 0O | 01T 0 t 1 1 0 0 I x4
Shift 2 1 00 1 t 1 10 | 0O 1 0O 0 1t t 0 0 x4,
Shift 3 01 00 1 1 1 1] 000 1 00 1 I 1 x,
Shift 4 o0 1L oo 1©r 1t Lt | L Oo o0 0 t 0 0 1 0 x4
Shift 3 1 00 1 0O1 1 1 | t 1 0 0 1 1 0 0 0 x
Shift 6 o1 001601 16 | 1 1 1 0 O0 L 1 0 0 xg
Shift 7 oo010o0101# | 11 1 1 0 0 1 11 Xg
Shift 8 o0 010010 | 16 1 1 1t 1 0 01
Final state a} al a} a} a ai a} a% | ai ay a)y a), aly ay aly a)s

CuuDuongThanCong.com
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CuuDuongThanCong.com

, 8§ 9 10 11 12 13 14 15
, 1 0 1 1 1 0 0 1
.~ 1 0 0 0 1 0 1 1 @
" o 0 1 1 0-0 1 0

Figure 3.32 Computation of the u

i o 1 2 3 4 5 6 7
89y, 1 0 0 1 0 0 0 1
a, o 1 1 0 1 0 0 0 E
a2, 4 11 1 1 1 0 0 1

Figure 3.33 Computation of the high byte of the result after 8 shifts

https://fb.com/tailieudientucntt


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

3.3.4.Cac tinh chat chu yéu cua
ma da thirc
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3.3.5.Cac ma da thtc chuan

Coder

Decoder Input

(received word) ~Output

Figure 3.34 Coder and decoder for the CCITT V.41 code

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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3.4. MA VONG

Céc tinh chat chinh cia ma vong
Giai ma stra 10i Meggitt

Ma BCH

Ma Golay

Cac ma lura

Ma Abramson

Ma Reed-Solomon
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3.4.1.Cé4c tinh chat chinh cta ma
vong

Table 3.12 List of primitive polynomials.

Degree of
polynomial
r Primitive polynomials
3 z+4z
4 l+z+:z*
5 +z2 425
6 14+2z+28
7 1423427
8 1422423424428
9 142%+42°
10 1423421

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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3.4.2.Giai ma stra 10i Meggitt

Received message i bit Corrected message Received message n bit Gopreated messags
g register i
\0——— Decoder
Decoder >
Syndrome \
Syndrome \ Error detect-
ion on the
Error most signifi-
detector- cant bit
locater {
Figure 3.35 General error correction system for cyclic codes Figure 3.36 Meggitt decoder-corrector
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3.4.3.Ma BCH
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3.4.4.Ma Golay
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3.4.5.Cac ma lura
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3.4.6.Ma Abramson
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3.4.7.Ma Reed-Solomon
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3.5. MA CHAP

Nguyén ly ma hoa chap

Biéu dién ma trin ctia mi chap

Nguyén 1y phat hién va sura 10i bang ma
chap

Thuat toan Viterbi

(G1a1 ma tuan tu
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3.5.1.Nguyén 1y ma hoa chap

Modulo 2 adders Code bits

B v,

. —

Register 1 Register 2
Information
bits
5 4 X
X, % il =4
Y
¥
Figure 3.37 (3.1) Convolutional coder
001
010
——t
! 110
B} ———
s 100
) r B 1l Example
| I o
1 | | === X, X, X Information
, c I on 0 0 I
A (s
—_—— 010 D 110 | 101 | 111 | Code
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Figure 3.38 Tree digoran, 107 the convolutional coger of Figure 3.37
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Coder
states

r
1

Figure 3.39 State diagram of the coder of Figure 3.37

i
TL + Y,
I\

Register | Register 2

X eiX
{ X _xh: _,._T

—

Figure 3.41 Convolutiona cooe: ior & 5. 1! separable code
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Coder
states

000 000 000

Figure 3.40 Latiice diagrar of the coder of Figure 3.37

r
|

TL + Yy
I\

Register | Register 2

Figure 3.41 Convolutional cooe: for 5 {3, 1! separable code
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3.5.2.B1éu dién ma tran cua ma
chap
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3.5.3.Nguyén 1y phat hién va sua
0i bang ma chap

Shift register (3 bits)

*———ﬁxuz );:..-z ﬁLAvl J")_.u );z,u; ,’;l.nl'—H y;,‘ j’z, j’\,,

-+ Estimator
x(3) x(2) x(1)
+)
OR Errors
: detected
Corrector

—e X,

Figure 3.42 Detection and correction circuit for the code corresponding to the coder of
Figure 3.37
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.5.4. Thuat toan Viterbi1

Stage 0 Stage | Stage 2 Stage 3 Stage 4
| | | |
State |1 — C : L _,D L. 3
’ I[()\\ 010 /7" 010

OIO/

1o\ /

State 01 —

State 10, =

State 00 — i
A 000 E 000 3 000 4 000 6

Figure 3.43 Decoding using Viterbi's algorithm. Eiiminated paths are crossed through
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3.5.5.Giai ma tuan tu

Stage 0 Stage | Stage 2 Stage 3 Stage 4

I I I | |

State 1] ——

State 01

State 10 ___

State 00 ——

A 000 E
Figure 3.44 Sequential decoding

Figure 3.45 Weighted decoding distance
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M3 khoi tuyén tinh

» Viéc ma hoa cho mét to hop k-bit (vec to
mang tin) 1a ddc 1ap voi cac to hop trude va
sau no.

* Sur dung cho mo hinh kénh khong nhd
(memoryless channel)
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Khong gian vector trén trudng so nhi phan
Xét cac bo n-bit (n-tuple)
— C06 2" b0 khac nhau

Cac toan tir Cong va Nhan modulo 2 duoc dinh
nghia theo bang nhu sau:

A B AcB AOB AOBOB AOBOA
0 0 0 0 0 0
0 1 0 1 0 1
1 0 0 1 1 0
1 1 1 0 1 1

Trén truong s6 nhi phan khong co toan tir trir, hay noi
cach khac: toan tir cong va trur 1a mot .

Dinh nghia : Khong gian vector V,, bao gom 2" vector c6
kich thudc n-bit va hai toan tir Cong va Nhan modulo 2

://fb.com/tailieudientucn
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Khong gian con S cua V

 Khong gian con S cua Vn:

— Chtra vector khong v, © S

— Khép kin vi;vjcsjvi@vjcs

Thi du V,:
0000 | 0001 |0010 | 0011 vi S1 | Ha | Tinh Pong
0100 |0101 |0110 |0111 V, | 0000 | 0000 |0000 | 0000
1000 | 1001 |[1010 | 1011 v,  |0100 |0001 |0010 |0101
1100 | 1101 |[1110 | 1111 v, 1000 | 0101 |0100 | 1010

V4=V, +v, | 1100 | 0100 | 0110 | 1111
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M3 khoi tuyén tinh

» Pinh nghia : mi khoi tuyén tinh 1a khong
gian con cua khong gian Vn. Buogc dac
trung boi (n,k) vor n la kich thudce vector tur
ma va k 1 kich thudc vector mang tin, ty so
ma R = k/n.
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Phat hién va sua 101

 Ma tran kiém tra

* Bang tricu chirng (syndrome)
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Kha nang phat hi¢én va sua 101 cua

ma khoi tuyén tinh

Ham trong Hamming

K
K
K
K

noang cach Hamming
na nang phat hién 101 to1 da

na nang sua 101

na nang phat hién va sura 101 dong thon

Phan b6 Hamming

Xac suat 161 khong phat hién duogc
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Ham trong Hamming
 Ham trong Hamming W(V1) cua vecto tr ma Vi
1a s6 digit khac khong cia Vi.

e Thi du:
mi Vi W(Vi)

VO 000 000 000

V1 100 110 100 3
V2 010 011 010 3
V3 110 101 110 4
V4 001 101 001 3
V5 101 011 101 4
V6 011 110 011 4
V7 111 000 111 3
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Tinh khoang cach hamming cua 2
Vector
 d(v1,v2)=d(110100,011010) =4 =
W(v1+v2) = W(v3)

* d(v4,v6) =d(101001,110011) =3 =
W(v4+v6) = W(v2)
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Khoang cach Hamming

* Khoang cach Hamming glua 2 vecto tr ma Vi va
Vi, ky hi¢u d(V1,V)) bang so digit khac nhau gitra
Viva Vj.

e Nhan xét:

— d(Vi,Vj) = W(Vi+Vj).
— dmin = Wmin.

d = Min FVi Vi) ViVi € (n.k) -
R |
= Min WA (Vi) Vi € (n.k) 3 W

min
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Nguyén ly Maximum LikeLihood

Vi

+e q +4¢e !
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3.2.3.Kha ning phat hién va stra 16i cta
ma khoi1. Khoang cach Hamming

» Kha ning phat hién 16i téi da: e =d, — 1

» Kha ning sira 16i toi da: t = int[(d,.. —1)/2]

e Kha nang phét hién o va stra 16i B dong thoi phai
thoama ditukign: o+ +1<d_;,

Vo1 dmin =7

o
6
5
4
3

W N | O™
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Phan bo Hamming

* Ajlaso vecto tir ma c6 W(vi) =]
e {Ajlvoij=1,2,...nlaphan b6 Hamming
ctia ma khoi (n,k)

o Thi du: mi (6,3) c6 phan b6 Hamming nhu
sau: {0, 0, 4, 3,0, 0}
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Cac vec to 10i khong phat hi€én duoc
Cho xac suat 101 bit cua kénh la Pg.

e P(e)

110100 | Pg. Pg.(1- Pg). Pa.(1- Pg).(1- Pg) | P3s.(1-Pg)>.

011010 (1_ I:)B)'PB' PB'(l_ PB) PB'(l_ PB) PgB'(l_PB)B'

101110 Pg. (1- Pg) Pg.. Pg. Pg.(1- Pg) P4g.(1-Pg)?.

101001 P3g.(1-Pg)°.
011101 P*.(1-Pg)>.
110011 P*.(1-Pg)>.
000111 P3g.(1-Pg)°.

Pnd = 4.P3;(1-Pg)3+3.P45(1-Pg)?
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Cong thtrc tinh
xac suat 101 khong phat hién duoc

— ] — n=j
P z AjPB (1 P.)

] 1

ThiduchoP =10

B

ma (6,3)

nd

6

— i. — nTj — 3 _ 3 4 4 — 2

P EIApBa P.) 4P (17 P) T3P (1T P,)
i1

12 9 9

¥~ 410 °1t3.10 ¥ = 4,003 .10 *® 4.10
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3.2.4.M3 khoi tuyén tinh hé thong

» M (n,k) dugc dic trung bang:
+ Ma tran sinh G
+ Ma tran kiém tra H

e Cac thong s6 n, k, R, P4
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3.2.5. Nguyen Iy ma hoa vo1 ma
tuyén tinh hé thong

Word to be
coded
(4 bits)
XX Xon X,
——— —
Shift register
X, T x5 X, X, Coded
X word
° (7 bits)
e r 5 yl

a > a

2 L4

Shift register

Figure 3.24 Implementation of a coder for a systematic linear code
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3.2.6. Nguyén 1y phat hién 10i véi
ma kho1 tuyén tinh he¢ thong
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3.2.7. Nguyen Iy stra 161 v&i ma
khoi tuyén tinh hé thong

CuuDuongThanCong.com

Received
word
j-,T

Shift register

Syndrome computation

Error vector estimation

Figure 3.25 Error correction system
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 Bang ma (7,4)

" Table 3.4 The words of the (7.4) code defined by

(3.58) and their weights.

e

S

2

=

=

=
%]
e
b
o
2
Q
9
o
&)

code words

X, X3 X4 a; 4, a;

1

X

oot ottt g

O A OO At Ot OO = OO
OO A At OOt O OO O v v
Ot O A OO Ot = O~ OO
€ 0 0,6 5 GO G i e e e e
OOttt OO DD =
OO~ OO~ OO — OO — —

OO~ 0O O O 0O —~QO O
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Tri¢u chung 101

Table 3.5 Syndromes of the error configur-
ations corresponding to a single transmission
error for the (7,4) code defined by (3.58).

Error vectors Syndromes
€, €5 €3 €4 €q €e €~ Sy S, Sy
I 0 0 0 0 0 O 1 0 1
O 1 0 0 0 0 O 1 1 1
O 0 1t 0 0 0 O© 1 1 0
O 0o o0 1 0 0 O 0 1 1
hgoth@nocongo. e¢om!l o ©
0O 0 0 0 0 1 0 0O 1 0
O 0 0 0 0 0 1 0 0 1
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So do sua 101

Syndrome computation . Error Error
: computation correction

Figure 3.26 Implementation of the single error corrector for the (7.4) code defined by (3.58;
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m=n-—r

3.2.8. Ma Hamming

n=2"-1

dmin: 3

1

Table3.6 Number of information and redundancy bits
for standard Hamming codes.

Length of code
word (number
of bits) (n)

3 7 15 31 63 127

Number of
information
bits (m)

1 4 11 26 57 120

Number of
redundancy
bits (r)

Table 3.7 Computation of parity bits with a Hamming code.

Code
word
Parnty a,
Panty a,
Parity a,
Parity a,

Vi
aq
X

A )
a,

X

¥3
X1
X
X

Ya
a,

X

¥s
X3
X

X

Ye
X3

X
X

¥

X4
X
P
X

Vs
as,

Yo Yio Y

X
X X
X X X

Yi2 Y1z Yia Vs
Xg Xg X390 Xy

X X

X X

X X X X
X X X X

CuuDuongThanCong.com
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M4 (15,11

1

SRV SRR ERRE R R
! (
* Qui luat tinh cac
¢ I 1.0 1 0 0 1 0 0 0 0 0 0 0
- - 1 0 0 0 0 0 0 1 1 0 0 0 0 O
blt parlty H= |0 1L 00 00 0 1 0 1000 0
r1 1 0 0 0 0O O t O o 1 0o 0 0O
000 1 0 0 0 I O 0 0 ! 0 0
1 00 1 0D O 0O ! 0 0 0 0 t 0
o t o 1 o 0 O 1t 0 O 0 O 0 1
Lt 1 0 1 0 0 0 1 O 0 0 0 0 0
Figure 3.27 Generating matrix of the (15, 11) Hamming code
Table 3.8 Locating an error with a Hamming code.
Information word xT 1 0 1 0 1 1 0 0 O
Transmitted 1 2 3 4 S 6 7 8 9 10 11 12 13
code word yT [ ! -l
Error ocmam © I . O (L 1 1 0 0 O
e’ 0O 0 0 O 1t 0 0 O 0O 0 0 O
Received word
A 0O 0 1 0 1 1 0 1t 1 1 0 0 O
Parities calculated for
the received word 10 1 0

5 ——The bit in error is in position 5
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Nguyén 1y stra 10i

Received word

Information bits of the
received word

fT

=T

F

Parity computation

Corrected wordA

XT

Correction

Decoding of the
error position
expressed in

binary

Figure 3.28 The principle of a Hamming code error corrector
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dan

an sinh dang chua

ral

Ma tr

6 6 0 0 00 0 0 O

0

1

1

0O 0 0 O
0 0 0 0
0

0 0 0 O

0
0

0

0

1 0 0 0 0 0

0

0

— e o v e e v—y

0 0 0
DOm ©

0 0 0

0 0 0

1 0 0

0 0 0 1 O
1

0
1
0
0
0

0 0 0 0
0

1
0
0
0
0 6 0 0 0 0 O

0 0 0
0 0 0 O
0 0

0 0 0
0 0
0 0
0 0 0

0
0
0
0
0
- [

Matrix P

Figure 3.29 Standard form of the generating matrix of the (15,11) Hamming code

Matrix /,,
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Khong gian vector con trén trueong
sO nh1 phan
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00

0000

10

1000

01

0101

11

1101

Thi du ma (4,2)

m; Vi

00 | 0000
10 | 1010
01 | 0101
11 | 1111
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Thi du mi hoa bang ma(4,2)

10 11 01 00
——Coder —— —
| 1000 1101 0101 0000
m; Vi
00 | 0000
10 | 1000
01 | 0101
11 | 1101

10110100

Decoder |——

|

m; Vi

00 | 0000
10 1000
01 | 0101
11 1101
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Thi du ma (6,3)

 Bang ma
mi Vi

V0 000 000 000

V1 100 110 100

V2 010 011 010

V3 110 101 110 V1+V2
V4 001 101 001

V5 101 011 101 V1+V4
V6 011 110 011 V2+V4
V7 111 000 111 V1+V2+V4
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M3 hoa bang bang ma

110 001 101 000 111

Coder —— —— Decoder
[101110 101001 011101 000000 0001111
110100 110100
011010 011010
101110 101110
101001 101001
011101 011101
110011 110011
000111 000111

110 001 101 000 111
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Khong gian V6

000000

100000

010000

110000

001000

101000

011000

111000

000100

100100

010100

110100

001100

101100

011100

111100

000010

100010

010010

110010

001010

101010

011010

111010

000110

100110

010110

110110

001110

101110

011110

111110

000001

100001

010001

110001

001001

101001

011001

111001

000101

100101

010101

110101

001101

101101

011101

111101

000011

100011

010011

110011

001011

101011

011011

111011

000111

100111

010111

110111

001111

101111

011111

111111
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Thi du ma (127.63)

« Bang ma c6 kich thudc: (2KX-1)n bit

» Bang ma (127,63) can dung luong RAM:
(203-1)127 bit ~ 127.230230,(23) ~127 Ty
GByte
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Ma tran sinh

» Pinh nghia: M3 khéi tuyén tinh (n,k) duoc
dic trung bang ma tran sinh G ¢6 kich
thudc (kxn), trong d6 moi hang 1a mot véc
to co SO
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Ma hoa bang ma tran sinh

VI — ml@G

va giai ma nho tinh chat hé thong

110 001 101 000 111 110 001 101 000 111
Coder Decoder
> ? Lay k-bit phai
110100 | 101 110101 001 011 101 000 000 000 111

011010
101001
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M4 (9,4)

1011 0011 0010 1000 10101001 1011 0011 0010
Coder Decoder |
: ? : Lay k-bit phai
001111000 {10101 1011 10010 0011 11100 0010
010110100
111000010

011100001
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Tinh chat hé thong (systematic)

« Mot ma khoi (n,k) dugc goi 1a c6 tinh chat
h¢ thong néu k-bit bén phai cua vec to tu
ma chinh l1a véc to mang tin
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Phat hién 16i nhd ma tran kiém tra H

DPinh nghia: Mot ma khoi (n, k) dugc dac trung
bang ma tran sinh G thi cling ton tai mot ma
tran kiém tra H sao cho G.HT=0.

« Néumi co tinh chat hé thong thi ma tran sinh
va ma tran kiém tra chuyén vi c6 dang sau:

c- b -
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Thi du ma (6,3)

_ _
o O O
o O O

_OOO_

_ _
O O 1 O «—
O «+1 O «+d1 «—+d O

_100101_

11 0100
0110120

cprol1 01001
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Phat hién 16i bang ma tran kiém tra

_ ZHT=(VA +€). HT=miG.HT +eHT.=eHT.
HT,
0
100 xxx

110100 0101111 D

ZHT

Z

e 1a vecto 161, c6 kich thudc n-bit va vi tri 16i ing véi digit 1
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Luuy

* Acknowlegment (ACK): phuc dap duong
tinh

* Negative Acknowlegment (NAK) : phuc
dap am tinh
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Stra 16i bang bang triéu chimg (syndrome)

HT.

100 111

110100 0101111 ..

Z

010000

000111
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Bang tri¢u chirng cua ma (6,3)

E VO V1 V2 V7 syndrome
000000 | 000000 | 110100 | 011010 000111 000
100000 | 100000 | 010100 | 111010 100111 100
010000 | 010000 | 100100 | 001010 010111 010
001000 | 001000 | 111100 | 010010 001111 001
000100 | 000100 | 110000 | 011110 000011 110
000010 | 000010 | 110110 | 011000 000101 011
000001 | 000001 | 110101 | 011011 000110 101
010100 | 010100 | 100000 | 001110 010011 100
011010 | 011010 | 101110 | 000000 011101 000
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Cac vecto 16i c6 triéu chung bang khong

E VO V1 V2 V7 syndrome
000000 | 000000 | 110100 | 011010 000111 000
110100 | 110100 | 000000 | 101110 110011 000
011010 | 011010 | 101110 | 000000 011101 000
101110 | 101110 101001 000
101001 | 101001 110011 101110 000
011101 | 011101 000
110011 | 110011 101001 000
000111 | 000111 000000 000
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« Ma (8,3)
 Ma tran sinh

 Ma tran kiém tra
chuyén vi

CuuDuongThanCong.com

0 0
Io 1 0
Io 0 1
0 0 0
Io 0 0
o 0 1
Il 0 1
1 1 1
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Bang ma (8,3)

mi Vi W (Vi)

000 00000000

100 00111100 4 V1
010 10101010 4 V2
110 10010110 4 V1+V2
001 11100001 4 V4
101 11011101 6 V1+V4
011 01001011 4 V2+V4
111 6

01110111

V1+V2+V4
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Kha ning phat hién va sura 10i

. p
Khoang cach Hamming 3 0
toi thieu d.;, = 4. 2 1
Kha ning phat hién 16i toi
da e = 3. N | B
Kha ning stra 10i toi dat= P =2 APS@LT P
1. i

R 3
Kha ning phat hién vasga A; = 030,0,5,0,2,0,0 -

16i dong thoi: ong ., conm 44N 6. 2
P 5P, (1 P,) 2P, (1 P,)

Xac suat 16i khong phat i
A < 3
hién duoc Py =10

P 510 “t2.10

nd

18
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* Ma tran ki€m tra chuyén vi

9
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Bang ma

mi vi W(vi)
0000 00000 0000 VO
1000 00111 1000 4 V1
0100 01011 0100 4 V2
1100 01100 1100 4 V3=V1+V2
0010 11100 0010 4 V4
1010 11011 1010 6 V5=V1+V4
0110 10111 0110 6 V6=V2+V4
1110 10000 1110 4 V7=V1+V2+V4
0001 01110 0001 4 V8
1001 01001 1001 4 V9=V1+V8
0101 00101 0101 4 V10=V2+V8
1101 00010 1101 4 V11=V1+V2+V8
0011 00101 0011 4 V12=V4+V8
1011 10101 1011 4 V13=V1+V4+V8
0111 01110 0111 6 V14=V2+V4+V8
1111 01001 1111 6 V15=V1+V2+V4+V8

CuuDuongThanCong.com
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Kha nang phat hién va sua 101
Khoang cach Hamming
t6i thiéu dmin = 4.

Kha nang phat hién 15i toi a B
da e = 3. o 3 0
Kha nang sira 101 td1da t =

1. 2 1
Kha nang phat hién va sira

16 dong thoi: ) zn: | B
Xéc suat 16i khong phat Pra - AjPg (L7 Pg)
hién duoc o

B R
Z:. = (ﬁo,o,lo,o,5,o,o,o 1

J

_ 4, _ 5 4 6 ,, — 3
P T10P'(1”P,) TE5P (17 P,)

nd

P =10 °

B
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P ~10.10 “ *t5.10

nd
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Thi du ma (7,3)

CuuDuongThanCong.com
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Thi du ma (9,4)

| I — |

S ——

 Ma tran sinh ¢6 dang

¢ Vi

mi.G

— M1:1000

— M2 :0100
— M4 : 0010
— M8 : 0001

:5) HT =

— (M16: 00001 khi k


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

CuuDuongThanCong.com https://fb.com/tailieudientucntt


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

