Chapter 3.4: Nguon tin


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

3.4.1. Nguon tin 1a gi?

Thong tin la khai niém trlru tirong. Pé ndi vé thdng tin, ly thuyét théng tin gan cho mdi tin mot
ky hieu cua mOt nguOn

Té}p ky hi€u clia ngudn cling dwoc goi 1a bang ch clia ngudn thwdng 13 hiru han S = {s1, s2, ...,
sq

Nguc‘“)n phat mOt chobi cac ky hiéu (ban tin) t bangr chir cdi (alphabet) m = {si1, si2, ...} ; sij la ky
hieu si € S, dwQc tao ra tai thoi diem j

M®i ky hiéu dwoc tao ra tuan theo mot luat phan bd xac suat
Mo hinh S

Source —"'.,Sij,

Tai mOi thoi diém, ky hiéu dwoc phét ra dwore coi la 1 gid tri clia mot bién ngau nghién (vi du X)
* Xac suat cUa gia tri cla bién ngdu nhién = xac suat cla ky hiéu
Nguon 13 mdt bién ngau nhién
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3.4.2. Cac loai nguodn

* NguOn roi rac ‘
e Tao ra cac ch¥ cdi (ky hi€éu ngudn) roi rac
. Bang chi¥ céi thu’0’ng la hCru han
* Ngudn dwg'c mo ta boi mot bién nglu nhién

e Cac Ioal‘nguon roi rac:
* Nguln roi rac khéng nho’: cdc chl¥ dworc tao ra doc lap nhau.
« Chirtao ra & mot thoi diém khong phu thudc vao chir tao ra & bat clr thdi diém nao khac
« Bién ngau nhién md ta ngudn nay la
e X={x1, x2...xn}
* P(X) ={P(x1), P(x2),...P(Xn)}

« Nguon roi rac co nhé: mét ky hiéu nguén (ch) dworc tao ra phu thubc vao moét sé chiv dé
tao ra trwoc do

« Cap cua ngudn 13 thi tw ngudn (tinh cac chir d3 tao ra trwdc do)
. Nguon c6 nhé thwdng dwgc mé hinh hoa b&i chubi Markov va goi Ia ngudn Markov.

* NguOn Ergadic la nguOn cé dac trwwng khong phu thulc gbc thdi gian va tri trung binh theo
th0’| gian bang tri trung binh theo tap hop
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3.4.2. céc loai nguon (cont.)

* NguOn lién tuc:
* Ban tin tao ra la lién tuc (theo ca th&i gian va gia tri)
* Ban tin tao ra sé c6é dang mOt ham lién tuc
* Bién ngau nhién md ta nguodn lién tuc
e X=P{x} xmin <x < xmax
« P{x}: Ham mat do xac suat
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3.4.2. cac loai nguon (Cont.)

* Nguln nhi phan:
 Nguln roi rac
* Bang chi¥ hay tap tin clia ngudn chi cd 2 gid tri
e Vidu: X ={0,1}; P(X)={0.5, 0.5}

 Ngudn Markov:
=  MOi ky hi€u ngudn chi phu thudc vao 1 ky hi€u xuat hién trwdc né.

p(xfr?lxjn—1 ] an—2'“) — p(X"}?le}?—T )

e Tai thdi diém n, dau ra’cfja ngudn 13 ky hiéu xj v&i xac suat pij = p(xj,n|xi,n-
1) khi tai (n-1) dau ra cua ngudn la xi

L , :
. > pj=1 L: sO lwong ky hi€u cla ngudn
=1
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3.4.2. cac loai nguon (Cont.)

« Ngudn Markov cap m:
e MOi ky hi€u phu thudc vao m ky hi€u xuat hién triedc nd

* nguOn Markov gbm:
* Alphabet
e TAp xac suat trang thai
« TAp phép chuyén trang thai
* TAp cac nhin (label) cho mdi phép chuyén trang thai
* Hai tap xac suat
* Phan b xac suat ban dau cla céc trang thai xac dinh xac suat clia cac chobi bat dau voi
trng ky tw . ’ ] i
e Tap cac xac suat cI'Juyén v@i mOi cap trang thai
* Nhan trén chuyén la ky tw dwoc tao ra
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5.2. Cac loai nguon (Cont.)

* Vi du vé nguén Markov:

* Alphabet {0,1} va tap trang thai {0y, 05, 03}

» Cac chuyén trang thai cé thé: |

0, =2 0, vOinhan (label 1) va P(2]1)=1

0, 203 VOi
03 =2 04 VO
03 =2 0, VO

abe
abe
abe

Ova P(3
1vaP(1
0 va P(2

Label 1. T Label 1.
M2 [.1] P13 = 0.6
2)=1 - .
/% __Label 0.3 2) 10 7N
3)=0.6 S |
3)=0.4

"'x_______.__;" Label 0, (2 3) — 0.4 "'x__________,-»"'

* Phan b6 xac suat ban dau: P(gy) = 1/3, P(og,) = 1/3, P(o3) = 1/3
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5.2. Cac loai nguon (Cont.)

* Vi du: second-order Markov source

{0,1}
P(0|00) = P(1|11) = 0.8
P(1|00) = P(0|11) = 0.2

P(0[01) = P(0|10) = P(1|01) = P(1]10) = 0.5

Xac suat chuyén tlr 01 dén 10, dwoc biéu dién bdi P(10|01),sé
dwoc bieu dién b&i xac suat tao ky hiéu 0 khi & trang thai 01, n6

la P(0|01)
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3.4.2. Cac loai nguén (Cont.)

« Ngubn Markov khéng ergodic

0.1} QI 0
P(0]00) = P(1]11) =1.0 ‘
P(1|00) = P(0|11) =0

P(0]01) = P(0]10) = P(1|01) = P(1]10) = 0.5 \
0.5
01 //_\ 10

0.5

1.0
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3.4.2. Cac loai nguon (Cont.)

* ntrang thai{... } co

- P(1|1) P(1]2) --- P(1|N)
e Matrix chuyén: . P(2]|1) P(2]2 P(2|N)
_f}(;'\-’"l} f}(i\-"m) n f}(i\-’"i\ }_
X, 2 ;. . . o4.R T
* |3 xac suat & trang thai taithoi diém t "
Ua
Wt =1 -
\ P
i Va . 11!’ F1 1111f _l‘.f._'?\'r_.

11!' - llf1.1_'["l
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3.4.2. cac loai nguon (Cont.)

* Nguon dirng: Ham phan b6 xac suat W trén cac trang thai ciia ngudn
Markov v&i ma tran chuyén Il théa man I[1 W=W
* Vidu
* ZW{ =1
W = {W]_;Wz, WS}

- 0.25 0.50 0.00 |
11 = | 0.5000.000.25
025 0.50 0.75
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3.4.3. Lwong tin riéng cla ngudn

Nguon khéng nhé:
Lwong tin riéng cua ky hiéu Si

1
I(s;)) = log m

Lwong tin trung binh cla cac tin hay lwong tin riéng clia ngudn
2 P(S{)I(Si)
S

Entropy clia ngudn

H(S) = ; P(s:) log -1%3

H(S) max = log |S| khingubn S cé phan bd déu (cac ky hiu cé cling xac suat)
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3.4.3. (Cont.)

* Vidu:
* Ngudn S ={s1, s2,s3} CoP(s1)=1/2 vaP(s2)=P(s3)=1/4.
* Luc nay:
1 1 1 1 1 1
H(S) = — E 109’25 —1 19921_; 10‘921

1 1 1
=Eiﬂgz 2 +Elog2 4+1E0g2 4

= z bits/tin
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3.4.3. (Cont.)

* Ngubn Markov:
e :Phan bd xac suat cla tap cac trang thai & thoi diém
« : entropy clla moi trang thai & thdi diém th

N
H(P;) ==Y P(jli)log(P(j]i)

j=1

N N N

H(M)=>Y wH(P)=- w; P(jli) log(P(j|i))

-~y
j=1

>
=1 =1
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3.4.3. Lwong tin rieng (Cont.)

7 |

o, = 0, with label 1and P(2]1) =1 . \ "/ -

g, 203 with label 0 and P(3|2) =1 P(2) / \ 0.6
o3 = o, with label 1 and P(1]3) = 0.6 @ ST TVIEET R g
g3 =2 0, with label 0 and P(2|3)=0.4 N/ Label0,P(23) - 04 N/

H(P;) =? w; = ? H(M)=?
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3,4.3. (Cont.)

* Nguon lién tuc:
* Entropy cla ngudn dirng:

H(X) = [ p(x) log p(x)ax

e H(X) max:
e Nguon cé cdng suat dinh hiru han: Pmax, Pmin 13 cac gid tri hiru han
* Xmax= ; xmin =
. H(X) max = log (xmax xmin) khi ngudn cé phan bd déu ( P(x) = 1/(xmax- xmin)) cho moi x)
 Ngudn cd cdng suat trung binh hiru han: Pav is 13 gid tri hru han
e H(X) max = log
« e:co sO tw nhién
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3.4.3. (Cont.)

* Nguon lién tuc:
* Entropy cla ngudn dirng:

HX) =~ [ p(x)log p(x)dx

\
* H(X) max:
* Ngudn cd cong sudt dinh hiru han r: Pmax la gia tri hitu han
* Xmax = ; xmin =-xmax (hiru han)
* H(x) = log (x max - x min)
* H(X) max = log (2xmax) khi ngudn co phdn bé déu (P(x) = 1/(2xmax) vdi moi x)
* Nguodn co cdng suat trung binh han ché: Pav la gia tri »™ b~~

* H(X) max =In+2mePx o'e
* e:co sO tw nhién
| [ x2p(ydx = P2
~c
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3.4.4. D6 dw clia nguodn

« Ngudn cé H(X)max: i ‘
. LLPO’ng tin mang b&i moi tin cla ngudn la max
« Ngudn cd H(X) < H(X)max:
* Lwong tin mang b&i moi tin cla nguon chwa dat max

. cS_jo |#’O’ng tin trong chodi clia ngudn cé H(X)max 13 min dé mang lwong tin xac
In

. 'II_'Iao ra ngudn tin cho trwdc: Nguon cé H(X) < H(X)max can tao nhiéu tin hon ngudn H(X) =

« Nguobn cé H(X) < H(X)max co sw dw thira (tin tao ra)

* DO dw cUa nguon dinh nghta b&i H(X)max — H(X)
« Mién xac dinh cla nguon cd H(X)max va H(X) gibng nhau

« Ngudn c6 d6 dw = 0: Mi ky hiéu mang I&n tin I&n nhat

« Nguon c6 do dw >0: Can nén dé gidm bat s ky hiéu
* Nén tOt nhat sé dat dwoc khi lam cho H(X) = H(X)max
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3.4.4. D6 dw cua nguon(Cont.)

e Vidu:
e Ngubn S1=1{0,1}v&iP(S1) ={1/2,1/2}
* H(S1)max=-1logl/2-1logl/2 =2 =1 bit/ ky hiéu
« Ngudn S2 ={0,1} v&i P(S2) = {3/4,1/4}
* H(S2)=-3/4log3/4 —1/4logl/4 =2 —1.19 = 0.81 bits/ky hiéul
>DPé tao lwong tin 810 bits
* S1cantao 810 ky hiéu
e S2 cantao 1000 ky hiéu
e S2 ¢6 d0 dw: H(X)max—H(X) = 1-0.81 =0.19 bits/ky hiéu
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3.4.5. M& rdng nguon

* M& rong nguBn cho nguén S:
* S™ |3 ngudn ma moi kv hleu cta nd si*1a chuoi n ky hiéu cua nguon S
(51; [a mo6t ky hiéu cia nguon S nam & vi tri j trong ky hiéu th& | cia ngudn
mo r-:;mg)
* S =Si15i2Si3 - Sin
* Cac ky hiéu chia ngudn S trong s;* 1a doc lap
* P(s{") = P(si1) P(si2)... P(sin)
* Entropy cua S™:
* H(S™) = n H(S)
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3.4.5. Extension source

* Nguon khéng nhé S{0,1}
«P,=0.2, P, =0.8

* Ngudn m& rong?

£.g: Py, Pogq ? H(S2)?
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3.4.6. Toc do tao tin cla nguon

* Toc d6 tao tin cta ngudn (R): La long tin trung binh ma nguén tao dwoc
trong mot don vi thadi gian

« R=n, X H(X)
* N,: SO tin ngudn cé thé tao trong mdt don vi thoi gian
* H(X): Lwong tin trung binh chwa trong méi tin (entropy)
* Trong trudng hgp cua ly thuyét thong tin, n, 1a tham sé vatly nén
n, co thé coi co gia tridon vi (n, = 1)
* Trong trurong hop roi rac

*ny,=F
* F:la sd tin ngudn tao ra trong mot don vi thai gian hay nhip tao tin cia ngudn
« R=F X H(X)

* Rmax=F X log [X|
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3.4.6. Toc d0 tao tin (Cont.)

« Nguon tao 9.6 kbaud:

X; | P(X;) | BCD word
(baud =tin/ s) A | 0.30 000

B | 0.10 001

C 0.02 010

D | 0.15 011

E 0.40 100

F 0.03 101

* TOC dotao tin R =?
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3.4.6. Toc d0 tao tin (Cont.)

6
H = =) P(X;)-log, P(X;) = —0.30 - log,0.30 — 0.10 - log, 0.10 — 0.02 - log, 0.02
i=1

—0.15 - log, 0.15 — 0.40 - log, 0.40 — 0.03 - log, 0.03
= 0.52109 4+ 0.33219 4+ 0.11288 + 0.41054 + 0.52877 4+ 0.15177
= 2.05724 bits/symbol

Information rate: R = H - R = 2.05724 [bits/symbol] - 9600 [symbols/s] = 19750 [bits/s]
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3.4.6. Toc d0 tao tin (Cont.)

* Trong trwong hop lién tuc
» Ngudn lién tuc twong dwong véi ngudn dwoc roi rac tir nd véi chu ky [dy mau
la 1/(2 fmax) hay s6 mau trong 1 don vi thoi gian 1a 2fmax
* 11, & s6 mau ngudn tao ra duoc trong mot don vi thoi gian
* N, = 2 Fmax
* Fmax: tan s& l&n nhat cé trong ban tin ngudn tao ra
* R =2 Fmaxx H(x)
* R=2Fmaxxlog (xmax—xmin) khi nguén cé céng suat dinh han ché
« R=2Fmaxxlog V2ITePav khingudn cé cong suat trung binh han ché
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Bai tap 1.

e Cho mOt nguon chitao ra mQt ban tin c6 ndi dung la “cong nghé
thong tin” viét & dang chir Viet khong dau, khéng phan biét chy
thuwdng chi¥ hoa, khéng cé dau cach glu’a cac tur. IVIO| ky tL trong _

ban tin la mOt tin dwogc tao ra tw nguon. Xac suat xuat hién cua mMOi

tin bang ty sO cUa sO 1an xuat hién tin chia cho dd dai ban tin (tan
suat xuat hién cua tin trong ban tin)

a. Hay viét dung ban tin dwoc tao ra

b. Hay xac dinh mé hinh nguon (hai tap gia tri: tap tin clla nguon
X va tap xdc suat xuat hién moi tin clia ngudn p(X).

c. Tinh Entropy cuUa nguon?
d. Tinh lwong tin cla ban tin?
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