Chuong 3. Nen dur licu (data
compression) va entropy
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Vidu “3.17 v€ nén dur licu

Chubi nhi phan, so ky tu “0’ nhiéu gap 9 lan “1°:
— P(‘0°)=0.9, P(‘1°) = 0.1.

Chia chudi thanh tirng khoi dé ma hoa.

Truong hop mét khoi = 2 ky tu:

Symbol 00 01 10 11
Probability |0.81 0.09 0.09 0.01

WERSVIGEREES Symbol {00 01 10 11
Code |0 10 110 111

SRR [ = 0.81+2(0.09) +3(0.1) = 1.29.

ntnhut@hcmus.edu.vn



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

* Truwong hop mot byte = 2 ky tu:
— Can TB khoang 1.29 bits dé ma hoa 2 ky tu, hay
1.29/2 = 0.645 bits/Ky tur.

* Trwong hop 1 byte = 3 ky tu:

Symbol {000 100 010 001 110 101 110 111
Probab. { 0.729 0.081 0.081 0.081 0.009 0.009 0.009 0.001

Code 0 100 101 110 11100 11101 11110 11111
Lyin = 0.729 + 3(0.243) + 5(0.028) = 1.598,

.1.:%?.?. = 0.533 bits/symbol.

Cau héi: chiing ta co thé nén dén mirc nao? Cé thé nén
0.5 bits/ky tw hay it hon niva dwoc khong?

ntnhut@hcmus.edu.vn
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Y tudng vé entropy

1948, Claude E. Shannon.

Nén dua vao tinh cu phap (syntactic) cua van

ban, khong phai tinh ngir nghia (semantic).

Entropy ctia mét nguon thong tin S, H(S):

— H(S) = lu:gng thong tin can thiét dé xac dinh mot
ky to nguon.

Tinh chat ctiia H(S):

R I_(S) A H(pla P25 -5 pn)'
— H(S) dwong, lién tuc, doi xing.

ntnhut@hcmus.edu.vn
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Dinh nghia entropy

Pinh nghia: Entropy ctia nguon thong tin S ¢6
cac phan pho1 xac suatpy, ..., p, la:

H(S) =Y pilogs -

=— pilogapi (bits).
i=1 bi

=1

Vi du: Tung dong xu, xac suat 2 mat 1a nhu
nhau. Entropy cua nguon thong tin nay la

H(S) llog32+ %log22— lblt
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Entropy nhi phan doi xting

Chubi nhi phan, so ky tu ‘0’ nhiéu gap 9 lan ‘1’
H(S) = —0.1)og,; 0.1 — 0.910g, 0.9 ~ 0.469 bits.

Nguén thOong tin vo1 2 ky tu va Frams
xac suat (p,1 — p):

| 1 .
H(p,1-p) = plog, " +(1 - p)logy 1-p (bits).

ntnhut@hcmus.
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Entropy cuc tieu va cuc dai

Pinh IV: (1) Entropy cuc tiéu = 0 khi S chi ¢6 1
ky tw. (2) Entropy dat cuc dai = log,n bits khi
xdc sudt cua cac ky tw bang nhau = 1/n.

Chung minh:

(1) p;, log,(1/p;) = 0. ‘=" khi p, =0 hay 1/p,= 1.
(2) (bai tap).
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M0 rong cua nguon thong tin

Pinh nghia: Cho S 1a ngudn thong tin {a,, ..., a }.
MG réng bdc k ciia S, ky hiéu Sk, 12 nguon
thong tin co cac ky ty dang ‘a,a,,...a,’ vO1 cac
xac suat P(a;,a,,...a; ) = P(a;,)P(a,,) ...P(a;).
Trong do, 1, 1,, ..., 1, €{1, 2, ..., n}.

Vi du 3.1 (tiép): S: {0,1}; P(0) =0.9; P(1)=0.1.

WATZRNEERN Symbol 00 01 10 11
Probability |0.81 0.09 0.09 0.01

Symbol 1000 100 010 001 110 101 110 111
Probab. § 0.729 0.081 0.081 0.081 0.009 0.009 0.009 0.001
Code 0 100 101 110 11100 11101 11110 11111

ntnhut@hcmus.edu.vn
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MOoi lién hé giita Entropy
va D0 da1 ma trung binh

Dinh IV: moi ma tiec thoi nhi phdn ciia nguon S

deu c6 do dai ma trung binh khéng nhé hon
entropy cua S: L > H(S).

Chirng minh: (bai tap)
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Dinh Iy ma khong nhiéu ctia Shannon

* Trong Vidu 3.1:
— H(S) = 0.469 (bits)
— L _..(S?)/2 = 0.645 bits/symbol

mln(S3)/3 0.533 bits/symbol
.. > H(S).

Dinh Iv: V6i moi nguon S, do dai ma Huffinan nhi
phan L . (S) thoa : H(S) <L, .(S) < H(S) + 1.
Véi mé rong SF ciia nguon S ta co:

Lin (S*)
k

min

Chung minh:
(bai tap)

"“"'*H(S) fOrk--i-oo, |
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Toém tat

. V6i moi nguon S, entropy H(S) 1a lugng thong tin
trung binh (tinh bang bit) cua moét ky tu. H(S) 1a s6
bit trung binh t61 vu dé€ nén S.
2. M43 Huffman cta Sk 1a cach nén t6i vu nhat.

. V&1 bang ma co r>2 ky tu ma:
He(S) £ Liin(S) < H(S) + 1,

Lmin(Sk)

p — H,.(S) for k — oo.
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Homework

* Poc lar:

— Chuong 3 [1].
— Chuong 2 [2].

* Poc truodc:
— Chuong 4 [1]
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Bai tap 1

« M6t van ban duoc viét béng bang ky tu {A, B,
C, D}, trong d6 ky tu A xuat hién nhiéu gap 7
lan moi ky tu con lai. Tim mot ma nhi phan si
dung trung binh khong qua 1.4 bits/ky tu.

» Goiy: dung mo rong S*
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Bai tap 2

» Tinh entropy ctia nguon thong tin sau

Symbol
Probability | 0.1 0.1 045 0.05 0.2 0.1

* Bai tap Thuc hanh:
Tinh entropy ctia mdt nguon thong tin cho trude.



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

Bai tap 3

Mot kénh truyén cac ky tu 0 va 1 dong xac
suat. Tinh x4c suat nhan duoc chudi 01101°.
Tinh entropy cua mot van ban dung cac chuoi
5 ky tu.

ntnhut@hcmus.edu.vn
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Baitap 4

Mot nguon thong tin gom 128 ky tu dong xac
suat. Tinh do dai cua chudi co entropy bang 42
bits.

ntnhut@hcmus.edu.vn
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Baitap 5

 Hiéu qud E(S) cia mot nguodn thong tin S dugc dinh
nghia la ty sO gitra entropy H(S) va do dai trung binh
cua ma Huffman nhi phan L_. (S).

a) CMR: 0 < E(S) <.

b) Nhan x¢ét cac cuc tr1 cua E(S).

¢) Tinh E(S) ctia cac nguon sau

Prob. (1** source) | 1 1 : 5

8 8
Prob. (2™ source) | 0.1 02 0.1 0.3 0.05 0.1
Prob. (3" source) [ 0.15 0.15 0.15 0.15 0.1 0.1

ntnhut@hcmus.edu.vn
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Bai tap 6

MOt van ban nhi phan dai chtra s6 ky tu ‘0’ nhiéu gap
dor ‘1°. Tim ma nén:

a) St dung toi da 0.94 bits/ky tu

b) Sir dung toi da 0.9 bits/ky tu.

ntnhut@hcmus.edu.vn
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