Chuong 4. Truyén tin trén kénh nhiéu
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Ma dung dé phat hién va tu stra 16

» Kénh truyén hay thiét bi luu trir thong tin
khong tranh khéi bi nhiéu/10i.

» Ly thuyét ma c6 thé dung dé phat hién 16i va
tu sua 1o1.

-> Ma tw stra (error-correcting code)
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Gia1 phap

Encoder

Noisy
channel
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Kénh d6i xtirng nhi phan

s
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1. Inputs = ouputs = {0,1}
2. P(nhan 1| truyén 0) = P(nhan 0| truyén 1) =f
—> error probability.
3. P(nhan 1| truyén 1) = P(nhan 0| truyén 0) =1 — f.
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Hinh 1. Anh nhi phan kich thuéc 10.000 bits
truyén trén kénh nhi phan doi xing véi ty 16
nhiéu/16i f= 0.1 (ctr khoang 10 bit thi c6 1 bit
bi 16i 0 < 1).
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Bai toan tinh xac suat nhan dung tin hi¢u

* Tin hiéu nhi phan:
— Mot tin hi€u dugc tao thanh tur nhu:ng bit 0,1. Qua

thong ké, ta biét do nhiéu, binh quan 1/5 s6 bit 0 va Y
sO bit 1 b1 161.

— Blet rang ty so so bit 0 va 1 truyén di 1a 5:3. Tinh xac
suat nhan ding tin hiéu phat di.

* Ky hiéu:

— T, = “phat bit 07, T, = “phat bit 1”

— N, = “nhan bit 07, N, = “nhan bit 1”.
* Tinh:

~ P(Ty | Np) =2

— P(T "N

ntnhut@hcmus.edu.vn
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Cach gia1 bai toan tin hieu nhi phan

» Tinh cac x4c suat:

— P(Ty), P(T))

— P(Ny | Tp), P(Np | T}), P(N; | T)), P(N; | Ty),
* Dung cong thirc Bayes

g PUBIA) P(A)
P(A|B) = P(B)

* Tinh

~P(T, | Ng) =7

—P(T, [Ny =7
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VD cach khac phuc 16i: M3 1ip

0 000
1 111

Repetition code K3
 Viduma hoa
p—— e p— p—— e —
000 000 111 111 111

000 001 000 101 000
000 001 111 010 111
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Giai ma ma ldp theo luat da so

o Ludt da so6 (Majority vote rule)

Received sequence r Decoded sequence s

000
001
010
100
101
110
011
111
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Gi1a1 ma, phat hién va tu sura 101

0 1 0 1 1

p—r— S e e e
000 111 000 111 111
001 000 000 101 0OO
001 111 000 010 111
e R it i <y R gt R g
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Loi khi ty stra

1 1

——
111 111
101 Q0O

corrected errors
undetected errors

ntnhut@hcmus.edu.vn

https://fb.com/tailieudientucntt


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

Xac suat giai ma bi 10i Do (K)

¢ t=‘aa,a;,” 2 r=“b;b,bs”.
* Giai ma theo “luat da s6” bi 16i khi:
— b, = a, Vi. Xéc suat: £2.
— C6 2 vi tri bi 16i.
3 truong hop
> xac suat = 3f2(1 - f).

¢ . (K;) =+ 38(1 - f) = 32— 2F

ntnhut@hcmus.edu.vn
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VD giam 16i: M2 I3p K.

0 00000
1 11111

Repetition code Kj

* Xac suat giar ma bi 1o1

e 1t16i hon K.
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Bai tap

» Tinh x4c suat giai ma bi 16i ctia ma lip Ky
perr(KN)

BT Thwe hanh: tao ham ma hoa va giai ma
nh1 phan ma lap:
— Ma hoa t = EncodeK(N,x),
— Tao nhiéu ngau nhién ty 1é fr = AddNoise(t,f)
— (G1a1 ma y =DecodeK(N,r).
— Tinh ty 1& 10i p sau khi so sanh x va y.

ntnhut@hcmus.edu.vn
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Ty 1€ thong tin

» M3 khoi nhi phan K c6 céc tir ma dai n bits:
— Chi ¢0 k bits “mang thong tin™.
— n — k bits kiém tra 1.
— C6 tat ca 2k tir ma.

* VD: Ma lap K :
— Chi co 1 bit y nghia

. \ - 1w . A 4R R(Kn) =1/n
—n — 1 bits con lai Iap la1 bit dau tién.

Dinh nghia: 7y I¢ thong tin (information rate) cua ma
khoi K d6 dai n cua nguon r ky tu ¢6 r* tir ma la
R(K) = k/n.

ntnhut@hcmus.edu.vn
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Tinh chat cta ty 1& thong tin

0 <R(K)=k/n < 1.
R(K) = 0 khi k = 0: khong co thong tin.

R(K) =1 khi k = n: ma khong phat hién + stra dugc
161.

R(K) = 0 : khong hiéu qua vé mit chi phi nhung
phat hién + stra 101 hiéu qua.

R(K) = 1 : hiéu qua vé mit chi phi nhung phat hién
+ stra 161 khong hiéu qua.

ntnhut@hcmus.edu.vn
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Vi du ty 1€ thong tin cao:
Ma kiém chan l¢

Information Bits Code Word | Information Bits Code Word

Figure 2: The even-parity code of length 4
* R(K)=(mn-1)n
* C6 thé phat hién 1 bit 10i.
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Bai toan 1ap ma tu sua

Lap ma ty swra K thoa:
1. Biét trudc xac suat 16i khi truyén moi bit = p.

. Xac suat giai ma bi 16i khong qua p,.(K).

2
3. Ty I¢ thong tin khong dudi1 R(K).
4

. Phat hién/stra 16i dugc cang nhiéu cang tot.
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Vidyu ma K,*

Cho p = 0.001, p,,(K) < 0.0002, R(K) > 0.5.
VD véi ma K, * (13p 3 1an bit thi hai)
» Giai ma chinh xac khi:

— ca 4 bit déu dung (xac suat q* = (1 — p)*) hoic

— bit dau + 2 bit con lai dtng (xac suat q3pq? = 3pq?).
* Per(Ky*) S
= 1 —(0.999%4+ 3(0.001)0.999%)
~ (0.0003.
> p.(K) ) = K,* chua tot

Information Bits Code Word
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Vidyma K *
o (N * 1-h4
Cac tr md cua K¢* khac nhau Information Bits Code Word

d6i mot it nhat 3 bit.
000000

—> phat hién + tu stra dugc chinh 100011
xac 1 bit 10i. 010101

VD: nhan “010100”, khong co 001110

trong bd tr ma = ¢6 10i. 011011
. “010100” Chi khac 1 bit ddi 101101

110110

vot tu ma “0101017. 111000

—> giai ma thanh “010”.

+ Giai mi chinh xé4c khi: Per(Ke*) =1 -(q° + 6pq)
_ C4 6 bit déu déng (q°), hoge = 0-00015 (< pe(K) ©).
— Chi ¢06 1 bit sai (6pg?) nmhut@hemus.cdun 20
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Khoang cach Hamming

Dinh nghia: Khoang cach Hamming cua hai tu
a=a,a,...a, va b=b,b,...b_1a s0 vi tri ma a va b khac
nhau, ky hi¢u d(a,b).

d(a,b)=#{1]|a =Db,}.

000000
Vi du: 100011

« Mai lap Ky c6 khoang cach i 010101

001110
Hammmg gilra cac tu ma bang 011011

N. 101101
* M3 K * co khoang cach 110110
Hamming gitta cac tir ma 1a 3. 111000

ntnhut@hcmus.edu.vn
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Tinh chat ctia d(a,b)

Voi moi tir a, b, ¢ cung do dai n trong mot bang
ky tuw 2., d(a,b) la mot metric:

1. d(a,a) = 0; vavoia =bthid(ab) > 0.

2. d(a,b) =d(b,a).

3. d(a,b) +d(b,c) >d(a,c).

Chirng minh: (bai tap)
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Giai ma hop 1y nhat

 Néu tir nhan duoc, 1, khong co trong bd ma
—> chon tir ma c6 khoang cach Hamming nho
nhat dé giai ma

- maximum likelihood decoding.

ntnhut@hcmus.edu.vn
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Khoang cach nhé nhat

DPinh nghia: khodng cach nhé nhit d(K) cia ma
khoi K 1a khoang cach Hamming nhé nhat
gitra hai tir ma khac nhau bat ky,

d(K) =min{d(a,b) | a = b € K}.

Vi du:

» Ma lip c6 d(Ky) = N.

« Ma K. * co d(K.*) = 3.

« M3 kiém chan 1& ¢6 d(K) = 2.

ntnhut@hcmus.edu.vn
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Phat hién 16i

Ménh de: Ma K phat hién duoc t 161 khi va chi
khi d(K) > t.

Chirng minh: (bai tap)

Vi du:
» Ma lip Ky phat hién duoc t6i da N-1 16i.
» Ma K, phat hién dugc toi da 2 16i.
e M3 kiém chan 1é phat hién duoc toi da 1 16i.

ntnhut@hcmus.edu.vn
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Sta 101

* Y tudng:

— Ma K sira dwge t 16i néu moi chuoi ky tu a’ nhan
duoc tr viec gay 101 ¢ 1, hoac 2, ..., hoac t ky tu
cua tr ma a thi van giar ma dugc duy nhat Ia a.

— N1 cach khac:

Vae K,Va':
1<d(a,a")<t=d(a,a")<d(b,a"),Vb#ae K

ntnhut@hcmus.edu.vn
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Sta 101

Ménh dé: Mot ma sira dwoc t 161 khi va chi khi
khoang cach nho nhat cua no lon hon 2.

Chung minh: (Bai tap)

Vi du:
* Ma lap K; co thé stra duoc 2 16i.
« Mi K * c6 d(K*) = 3, chi stra duoc 1 10i.

ntnhut@hcmus.edu.vn
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Tom tat

Ty 1¢ nhiéu f

Bai toan tin hi€u nh1 phan

Ma lap K,

X4c suat giai ma bi 16i p,,

Ty 1€ thong tin R(K) = k/n.
Khoang cach Hamming d(a,b)
Khoang cach nho nhat d(K)
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Dung luong kénh truyén

ntnhut@hcmus.edu.vn
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Kénh truyén

* Kenh truyén roi rac: Biét tinh niing ciia
— Inputs: Xy, X, ..., X,. kénh truyén nhw thé
— Outputs: ¥y, ¥, «-+» Yo nao?
 Khong nho: — thong qua thit nghiém
— Output tai mot thoi diém viéc truyén moi x;, vol
y, chi phu thudc input x, m(;)ij =1,2,...,n
tai thoi diém d6. Khong — Ket qua ciia viée thu cho
phu thudc cac inputs ta cac phan phoi xac suat

truoc. P(y, | X)), P(y, |~Xj)> sees
P(¥, | X;) vO1 mo1 input
X;.

ntnhut@hcmus.edu.vn
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Kénh thong tin ro1 rac khong nho

PN: Kénh thong tin roi rac khong nhé gom tap cac ky
tu input {X,, X,, ..., X, }, tap cac ky tu outputs {y,, y,,
..+» ¥t €Ung vo1 cac phan phoi xac suat P(y; | x;) ung

§i moi j = 1..ntho3 S
vO1 mol j nthoa S P(y, |z,)=1
1=1

VD: 1. Voin=m=2vaP(y, |x,) =P(y, | x,)=pla
kénh d61 xtrng nhi phan.
2. Mot kénh truyén theo thong ké thay 1% input cho
output ERROR va 99% truyén dung.
Vi 0 1 E

P(y]0)1099 0  o0.01
PwID{o 099 o.01
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Nhac la1 mot so cong thurc xac suat

S
4
P2
p3
P4

Figure 9: An information channel with an information source

P(z;,4) = P(z;)P(4i | 75)- P(y) = Zn:P(rj,w)-
=1

o P(ziw) . P(z)P(yil z5)
Plzilw) = P(Jm) T Yok PER)Pi | 7))

ntnhut@hcmus.edu.vn
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VD Tinh cac xac suat

Vi 0 1 E

P(x0) {099 0 0.1
Pw|)|o 099 0.01

po = P(0) and p, = P(1) = 1 - po.

P(z;5,4) = P(2;)P(i | ;).

P(zj,u) _ _ P(=)PQilz)
P(y) iy P(z0)P(ui| i)

ntnhut@hcmus.edu.vn
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Entropy diéu kién va thong tin chung

PN: Cho mdt nguodn thong tin S va mot kénh
thong tin vo1 mputs 1a cac ky tu cua S.
— Entropy c6 diéu kién, ky hieu HX|Y), 1a gia tri

m

HX|Y) = =3 3 Ple;, ) o, Pz | ) (bits)

i=1l j=1
— Lwong thong tin, ky hicu I(X,Y), la gia tr1
I(X,Y)=H(S)- HX|Y)

ntnhut@hcmus.edu.vn
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0 1

099p 0
0 0.99?1

0.99py 0.99p;

HX[Y) = =33 Pla;, ) logs Pls; | )

i=1 =1
0.99p¢ logg 14 0-+0.01pg lOgg Po

+ 0+ 0.99p4 log, 1 + 0.01p, log, py

= 0.01(polog, po + p1logy p1)
= 0.01H(S).

I(X,Y) = H(S) — 0.00LH(S) = 0.99H(S).

ntnhut@hcmus.edu.vn
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Dung luong kénh truyén

PN: Dung lirong (capacity) kénh truyén C 1a gia
tr1 cuc dai cua luong thong tin

H(X|Y) ==Y P(zj,u)log; P(z; | )

i=1l j=1

I(X,Y) = H(S) - H(X|Y)
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Dung luwong kénh truyén nhi phan doi xtg

Pinh lIy: Dung luong cua mot kénh nhi phan doi
xung la

C=1-H(p,1-p)=1+plogap+(1—p)logy(1—p) (bits).

ntnhut@hcmus.edu.vn
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Figure 12: Binary symmetric channel

Figure 1: The entropy function H{p,1 - p)

« Kénh nhi phan d6i xtmg véi ty 1€ 16i p = 0.001 c6 dung
luong

C =1+ 0.001log, 0.001 + 0.999 log, 0.999 =~ 0.989 bits.

« Kénh nhi phan d6i xtimg véi ty 1€ 16i p = 0.5 c6 dung
luong
C = 1- H(0.5,0.5) = 0 bits.

ntnhut@hcmus.edu.vn
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0.99p¢ logy 1 4 0 + 0.01p¢ log, po
+ 0+ 0.99p; log; 1 + 0.01p, log, py

0.01(po Yog, po + p1 loga p1)
= 0.01H(S).

I(X,Y) = H(S) — 0.00LH(S) = 0.99H(S).

* (i1a tr1 cuc da1 cua H(S) la 1bit, nén c6 dung luong
C =0.99 bits.

ntnhut@hcmus.edu.vn
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Dinh ly co ban cua Shannon

PL: Moi kénh nhi phan d6i xting v4i dung luong
C > 0 cho trudc c6 thé duoc ma hoa voi do tin
cay cao va ty 1¢ thong tin gan bang C. Noi cach
khac, ton tai day cacma K, K, ... c6 do dai

ma twong tng la 1, 2, ... sao cho

hm Po(K;)=0  and lim R(K,)=C.

e OO N—e 00

ntnhut@hcmus.edu.vn
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PIL. dao cua DL Shannon

PL: Trong moi kénh nhi phan doi xing véi dung
lugng C cho trudc, néu ma K, (46 dai ma bang
n) co ty I¢ thong tin 16n hon C, thi ma co xu
hudng khong tin cay. NoO1 cach khac:

R(Ka)2C+e = lim Pen(K,) = 1.

ntnhut@hcmus.edu.vn
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Vi Du

Kénh nhi phan d6i xtmg vai ty 1€ 16i p = 0.001
cO dung luvong C = 0.989.
1. Ton tai ma c6 do tin cay bat ky véi ty 1¢ thong tin
R=0.9 (<O).
: Céc ma co ty 1€ thong tin R = 0.99 (> C) khong
thé co do tin cay cao.

ntnhut@hcmus.edu.vn
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Tom tat

Kénh ro1 rac khong nho

Xac suit, xac suat co diéu kién
Entropy c6 diéu kién H(X[Y)
Luong thong tin I(X,Y)

Dung luong kénh truyén I .

PL cua Shannon

ntnhut@hcmus.edu.vn
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Homework

* Doc la1 va lam bazi tap:
— Chuong 4 [1]
— Chuong 1 [2]

* Poc truoc chuong S [1]



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

Bai tap 1

Cho mdt nguodn thong tin nhi phan cé P(0) = p,
P(1)=q=1-p. Gia st n ky tu dugc truyén di.

« CM xac suat mét tir nhi phan do dai n XUt
hignkyte 0o cacvitriiy, 1,, ..., 1,, con lai la
cac ky tu 1 1a p&g™*.

* Suy ra xac suat mot tir xuat hién ky tu 0 ¢ k vi

tri bat ky 1a
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Bai tap 2

Trong mot kénh nhi phan d6i xtmg c6 ty 1¢ 16i p
=0.1

1. Tim do dai ma lap K thoa xac suat giai1 ma 101

P K Inf Bits Code Word
"

2. Tinh P_(K*) 360000

100011

010101

001110

011011

101101

110110

111000
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Bai tap 3

CM luong thong tin c6 cac tinh chat sau
« I(X,Y) > 0. Dau = xay ra khi nao.
« I(X,Y) < H(S). Dau = xay ra khi nao.
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