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Basic concepts

= So dd cua hé thong truyén thong so
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Information measure

= Ly thuyét thdng tin: cd bao nhiéu thdng tin
= ... chwra trong tin hiéu?
= ...coOthé phatra?
= ... co thé truyén qua mot kénh?
= Thong tin dwoc sinh ra tir nguén chuyén dén nguoi
dung & dich
= Vidu: Phap vs U23-VN




Information measure

= Xem xét ba két qua: thang, hoa, thu

= Thdng tin it c6 kha ndng, mang nhiéu théng tin
= Lam thé nao xac dinh thdng tin bang toan hoc?
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Information

= Datx la sw kién, p(x) 1a xac suat clia s kién x; dwoc
truyén
= Neéu x; xay ra, chung ta

1
1(x;) = log, 200 log,, p(x;) (1)
don vi cua thdng tin

I(x;) dwgc goi self-information (tw thong tin)

0 1(x)=0  for 0< p(x)<1

0 1(x)—=0  for p(x)—>1

0 1(x)>1(x;) for P <p(x)
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Information

= Vi du: Mot thi nghiém véi 16 tinh hudng bang nhau:
= Théng tin lién quan v&i méi tinh hudng:
* 1(x)=-log,(1/16)=log,16=4 bits
= Théng tin hon mét bit, do xac suat xay ra nhd hon .
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Entropy and Information rate

Xem xét mot nguon tin phat ra chodi ky hiéu tir tap

X={Xq, Xp. X} ,

MOoi ky hiéu x; co xac suat p(x;) va self-information la 1(x;)
Nguon nay cdé tdc do trung binh r symbols/sec

Nguon khéng cé bé nhé va phat révi rac

Lwong thdng tin sinh ra b&i nguén trong khoang thdi gian cla
Ky hiéu la bién ngau nhién roi rac X.

Thoéng tin trung binh trén moi ky hiéu dwoc cho bai:

H(X) = E{I(xj)}:—i p(x,)log, p(x;)  bit/symbol (2)

. . =1
Entropy = information = uncertainty

Néu mét tin hiéu hoan toan dwoc dw doan, né cé entropy bang
0 va khoéng co thong tin

Entropy = sé bit trung binh yéu cau dé truyén tin hiéu



Example

= Bién ngau nhién véi phan bd dong nhat véi 32
tinh hudng
= H(X) =-2'(1/32).log(1/32) = log 32 =5
= S0 bit yéu cau = log 32 = 5 bits!
= Vi vay H(X) = s bit yéu cau dé biéu dién mot sy
ngau nhién
= Bao nhiéu bit can :
= Tung dong xu
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= Poi v&i ngudn nhi phan (M=2),
P()=ava p(0)=1-a=p.

= Tw (2), chung ta co entropy nhi
phan:

* H(X)=-a.loga -(1-a).log(1-a)




Source coding theorem

= Thdéng tin t&r nguon sinh ra cac symbol khac nhau
c6 thé dién ta bang entropy H(X)
= Toc dd théng tin ngudn (bit/s):
R, = rH(X) (bit/s)
= H(X): entropy ngudn (bits/symbol)
= r: toc d0 ky hiéu (symbols/s)
= Gia dinh nguodn truyén dén kénh truyén:
= C: dung luvong (bits/symbol)
= S: tbc d6 ky hiéu co thé (symbols/s)
= S.C: bits/s
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Source coding t—l;eo‘rem (cbnt’d)

= Ly thuyét th& nhat Shannon (noiseless coding theorem):
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= Minh hoa ma héa nguon théng qua vi du:

Source symbol rate= r = 1 bit/symbol
= 3.5 symbols/s

S = 2 symbols/s
SC = 2 bits/s
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Example of Source encoding

= Nguoén nhj phan r&i rac: A(p=0.9), B(p=0.1)
= Source symbol rate (3.5) >channel capacity (2)
= cac ky hiéu ngudn khdng thé truyén trwe tiép
= Kiém tra ly thuyét Shannon:
= H(X)=-0.1 log,0.1-0.910g,0.9=0.469bits/symbol
* R, = rH(X) = 3.5(0.469)=1.642 bits/s < S.C = 2 bits/s

= C6 thé ma héa ngudn dé giam toc do ky hiéu

trung binh
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Example of Source encoding(cont’d)

= Tr ma dwoc gan thanh nhém n-symbol cua cac
ky hiéu ngudn
= Qui luat:
= T ma ngan nhat cho nhém c6 kha di nhat
= T ma dai nhat cho nhdm co it khd ndng nhat
= Nhom n -symbol cla ky hiéu nguon # mé réng
béc n cua théng tin goc
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Source |P() |Codeword |[P(].[Number of Code
symbol Symbols]
A 09 |0 0.9
B 0.1 |1 0.1
L=1.0

= TOc do ky hiéu ctia bd ma héa = tdc do ky hiéu

nguon

= L&n hon kénh cé thé truyén
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Second-Order extension

Nhom 2 ky hiéu ngudn vao mdt thdi diém:

Source symbol [P () | Codeword |[P()].[Number of Code
Symbols]
AA 0.81 |0 0.81
AB 0.09 (10 0.18
BA 0.09 |110 0.27
BB 0.01 111 0.03
L=1.29

: L: chiéu dai tir ma trung binh

L = i p(x)*1 ;(X,-): xac suat ky hiéu thar / sau khi nhom
=1 /;: chiéu dai cta tir ma tugng (’ng vai ky hiéu thir /
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Second-Order extension

L 129
n

= 0.645codesymbols/saurce symbol

Toc do ky hié ¢ ngd ra bo ma hoa:

r L_ 3.5(0.645) = 2.258 code symbols/sec

n >2

Van I&n hon 2 symbols/second clia kénh

Vi vay, chung ta ti€p tuc ma rong bac ba

e
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Third-Orde exténéidh

Nhom 3 ky hiéu ngudn & cung thdi diém:

Source [P () Codeword | [P()].[Number of Code
symbol Symbols]
AAA 0.729 |0 0.729
AAB 0.081 |100 0.243
ABA 0.081 [101 0.243
BAA 0.081 [110 0.243
ABB 0.009 |11100 0.045
BAB 0.009 |11101 0.045
BBA 0.009 [11110 0.045
BBB 0.001 [11111 0.005
'L=1.598

17




- ——— i

Third-Order extengion

= % =0.533 code symbols/source

symbol

m B ol

Toc dd ky hiéu & ngd ra bd ma hoa:

r L =3.5(0.533) =1.864 codesymbols/second

n

Tdc dd nay co thé glri qua kénh

S
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source code

= Hiéu suat dwoc sir dung dé do lwéng hiru ich ciia ma hoa

nguon = =
eﬂ: — L€n — - I—min
Z pP(x)I;
i=1
L - HX) . -
min log, D VGi  H(X): entropy cua hguon
D: s lugng ky hiéu trong
bang ma
- Jer ~ OO
L log, D
H(X
or |eff = % truyén nhi phan
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Entropy and efiienEy Of an

= Entropy m& rédng bac n ctia ngudn khdng bd
nho& roil rac:
H (X ")=n*H (X)
= Hiéu quéa cta ngudn m& rong:
n.H(X)
L

eff =

20




1.0 -

0.8 1

0.6 7

0.469
0.4 -

0.2

L/n cang gidm khi
tang n

Giam chiéu dai tu
ma trung binh dan
dén gia tang d6 phutc

HX tap giai m3



Shannon-Fano Coding [1]

= Thuat toan: 3 buéc
1. Liét ké cac ky hiéu ngudng theo xac suat gidm dan
2. Phéan tap nguon thanh 2 nhém nhé sao cho xac
suat cang bang nhau cang co6 thé. 0 dwoc gan cho
nhom trén va 1 dwgc gan cho nhom dwaoi
3. Tiép tuc phan chia nhém con dén khi khéng thé
phan chia nira
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Example of Shanoh-Fér:iAc‘)ACoding

U |p |1 |2 |3 |4 |5 |Codewords
U, .34 |0 |0 00
U,|.23 |0 |1 01
U, 1.129 |1 |0 10
u,|.12 |1 (1 |0 110
U, |.07 |1 (1 |1 |0 1110
Us|.06 |1 (1 |1 |1 |0 11110
u,|.01 1 (1 |1 |1 |1 11111
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Shannon-Fano coding

v

L=> pl =241

=1
7
HU)=-> p;log, p, =2.37
i=1

_H@U) 237
L 241

eff =0.98

Tu ma dugc phat ra la phan dau cua tu ma do viéc phan
nhom bang nhau
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Huffman Coding

=  Thu tuc: 3 buwdc

1.

3.

= Vi

Liét ké ky higu nguon theo xac suat gidm dan. Hai
ky hiéu ngudn co xac suat thap nhat dwoc gan la 0
va 1.

Hai ky hiéu nguon két hop tao thanh mét ky hiéu
nguon moi voi xac suat bang voi tong xac suat hai
nguon. Liet ke lai trat ty sau khi cap nhat xac suat
moi.

Lap lai cho dén khi sac xuat cudi cung cuta ky hiéu
md&i vira két hop 1a 1.0.

du:
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.58

42

.24

.14
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U, | Codewords
U, 00

U, 10

U, 011

U 0100
Us| 01010
U,| 01011




Huffman Coding: disadvantages

= Khi ngudn cé nhiéu ky hiéu (outputs/messages),
t ma tré nén cong kénh=>ma hoa Hufman + tw
ma cé chiéu dai cb dinh.

= VVan con co thé giam va viéc gidm 1&n véi mot
mot tap nhé cla thdng tin= nhdm nhiéu nhiéu
thong tin doc lap
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Huffman Coding: ad‘ilantages

= Viéc nhom sé lam cho suy gidm nhd nhwng sb
tr ma tang theo ham ma, tw ma sé phuec tap
hon va sinh ra dé tré.
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Entropy example 2

= Cudc dua nguwa v&i 8 con ngwa, v&i Xac suat
tr}éng la %2, 4, 1/8, 1/16, 1/64, 1/64, 1/64,
1/64

= Entropy H(X) = 2 bits

= Chung ta can bao nhiéu bit?

= (a) chi s6 méi con ngwa = log8 = 3 bits
= (b) gan ti» ma ngan v&i xac suat cao:

0, 10, 110, 1110, 111100, 111101, 111110,
111111

= chiéu dai tir ma trung binh = 2 bits!
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Thuét'toén

Xay dwng cay Huffman :

1. liét ké tan sb gidm dan.

2. chon hai gié tri nhé nhat.

3. tao thanh cay nhj phan v&i gan nhan trén méi nhanh.

4. thay thé hai gia tri nhd nhat véi tbng

5. tao thanh mét chudi moi

6. 13p lai v&i hai gia tri xac suat nhé nhat va gan nhan cay nhij
phan.

7. Tré lai bwde 2 dén khi khdng con ky tuw.

8.két thuc!
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letters \ / Frequency

29
5 |
7 Gia tri nhé nhét
12

4|y

8

|0 (Z|— |M

B hL > Gia tri nhé nhat

445=9 . chubi mé&i:(7, 8, 9, 12, 29).
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Vi du (tt)

o o ‘ (Hfrz 15, 29)
Ve
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Gia tri nho nhat
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Vi du (tt)

SENT

> 0111 )
. 1 o
. 000 (" M3 hoa tién t6

— 001 |

Khi doc 1a 1, chung ta biét 1a E. Chung ta khédng can xem
thém bit nira.

0110 1a I.
Khi nhan thdy 01, chwa biét 1a | hay P hay S, ...

NOTE: n6 khéng tao ra sw khac biét gitva nhanh
phia bén trai va bén phai




Chung ta co 6 ky tw, vay ching ta can 3 bit cho
méi ky tw v&i méa hoa thong thwédrng. Néu ban tin
c6 65 ky tw, vi vy can 3*65=195 bits

Pé ma hoda, ching ta s dung thuat toan
“Huffman” :

1*29+4*5+3*12+3*7+4*4+3*8=146 bits.

Chung ta tiét kiém: 100-(146/195)*100=25% bd
nho'!
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