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Gidi thiéu

Muc dich cta nén dit liéu:
» Gidm kich thudc dit liéu

» Tang tinh bdo mat
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Gidi thiéu (cont.)

Cé hai dang thuit nén
» Nén bao toan thong tin (/ossless compression)

» Thudt toan nén RLE
» Thuit toan nén LZW

» Thuat toan nén Huffman

» Nén khéng bdo toan thong tin (/ossy compression)
» Thudt toan nén sir dung bién déi DFT
» Thust toan nén sit dung bién ddi wavelet
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Gidi thiéu (cont.)

Dinh nghia 1
Hiéu suat nén: ti I& kich thuéc gidm dudc sau khi 4p dung thuat
todn nén .y

D="—-"7100 (1)

» D: hiéu suit nén
> N: kich thuéc dit lieu truée khi nén
> M: kich thuéc dit liéu sau khi nén

Hiéu suit nén tlly thudc vao:
» Phuong phap nén

» Dac trung cia dir liéu
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Thuat toan nén RLE

v

Thuét todn nén Run Length Encoding (RLE) m3 héa dit liéu
dua trén su lap lai

v

Mot day cac ky tur 13p lai lién tiép dugc goi 13 dudng chay
(run)

v

Dudong chay sé dugc nén bang cong thifc sau
[sé ky tul [ky tul
Khi d6 dai dudng chay I6n thi ti 1é nén sé tang lén

v
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Thuat toan nén RLE (cont.)

Vidu 1
H3y nén chudi sau bing RLE

AAABBCCAAADE
S& ducgc m3 héa thanh

3A2B2C3A1D1E
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Danh gia thuat toan RLE

v

Don gian, dé cai dit

» Diing dé nén céc dit liéu cé nhiu doan I3p lai
Thich hgp cho dit liéu anh

Hiéu suit nén khéng cao

v

v
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Thuat toan nén LZW

Gigi thiéu
» Dugc dé xuit bdi Ziv and Lempel va cii tién bsi Welch
[Lempel, 1978]
» Day 13 mot thuat todn nén dua trén tan sut xuit hién trong
tir dién. Do d6 né con dudc goi 13 thuit toan nén tir dién

» Anh dinh dang GIF st dung thuat todn nén nay
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Thuat toan nén dir liéu

w < null
while ( DOC k§ tu k )
if ( wk c6 trong TU DIEN )
w = wk;
else
XUAT md ¢ + CopeE(w)
THEM wk vao TU DIEN

w < k
XUAT mi ¢ + CopeE(w)
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Minh hoa thuat toan nén dir liéu

Xét mét chudi ky tu “abracadabarabra” —

word

c

0 a
1 b
2 C
3 d
4 r

k w=0 output
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Minh hoa thuat toan nén dir liéu

Xét mét chudi ky tu “abracadabarabra” —

word

c

0 a
1 b
2 C
3 d
4 r

k w=0 output
a a
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Minh hoa thuat toan nén dir liéu

Xét mot chudi ky tu “abracadabarabra” — 0

word

c

0 a
1 b
2 C
3 d
4 r
5

=0 output

T o X

w
a
b 0
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Minh hoa thuat toan nén dir liéu

Xét mét chudi ky tu “abracadabarabra” — 0 1

k w=0 output c  word
a a 0 a
b b 0 1 b
ror 1 2 c
3 d
4 r
5 ab
6 br
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Minh hoa thuat toan nén dir liéu

Xét mét chudi ky tu “abracadabarabra” — 01 4

k w=0 output c word
a a 0 a
b b 0 1 b
ror 1 2 c
al | a 4 3 d

4 r

5 ab

6 br

7 ra
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Minh hoa thuat toan nén dir liéu

Xét mét chudi ky tu “abracadabarabra” — 01 4 0

k w=0 output word
a a a

b b 0 b
ror 1 c

al | a 4 d

c c 0

c
0
1
2
3
4 r
5
6
7
8

br
ra
ac
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Minh hoa thuat toan nén dir liéu

Xét mét chudi ky tu “abracadabarabra” — 0140 2

k w=0 output c word
a a 0 a
b b 0 1 b
ror 1 2 C
al | a 4 3 d
c c 0 4 r
a a 2 5 ab
6 br
7 ra
8 ac
9 ca
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Minh hoa thuat toan nén dir liéu

Xét mét chudi ky tu “abracadabarabra” —+ 014020

k w=0 output
a a

b b 0

ror 1

a a 4

c c 0

a a 2

d d 0

H OO0 ~NO Ol & WM OlN

word

o0 o w

br
ra
ac

ca
ad

10
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Minh hoa thuat toan nén dir liéu

Xét mot chudi ky tu “abracadabarabra” — 0140203

oL O LS oL|x
L oW OoYToTols
WONO RO

c
0
1
2
3
4
5
6
7
8
9
1
1

= O

word

o 0 T w

br
ra
ac
ca
ad
da
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Minh hoa thuat toan nén dir liéu

Xét mot chudi ky tu “abracadabarabra” — 0140203

[opil SENo TN SR e I DR B © M VN |
L e~ S
WONOP»MHO

5]
o

c
0
1
2
3
4
5
6
7
8
9
1
1

= O

word

o 0 T w

br
ra
ac
ca
ad
da
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Minh hoa thuat toan nén dir liéu

Xét mét chudi ky tu “abracadabarabra” —+ 01402035

k w=0 output
a a

b b 0
ror 1
a a 4
c c 0
a a 2
d d 0
a a 3
b ab

a a 5

OO0 ~NO OB WM OO0

word

o 0 T w

br
ra
ac
ca
ad
da
aba

10
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Minh hoa thuat toan nén dir liéu

Xét mét chudi ky tu “abracadabarabra” —+ 014020350

k w=0 output
a a

b b 0
ror 1
a a 4
c c 0
a a 2
d d 0
a a 3
b ab

a a 5
ror 0

OO0 ~NO OB Wi OO0

word

o 0 T w

br
ra
ac
ca
ad
da
aba
ar

10
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Minh hoa thuat toan nén dir liéu

Xét mét chudi ky tu “abracadabarabra” —+ 014020350

-
<]

k w=0 output
a a

b b 0
ror 1
a a 4
c c 0
a a 2
d d 0
a a 3
b ab

a a 5
ror 0
a

OO0 ~NO OB Wi OO0

word

o 0 T w

br
ra
ac
ca
ad
da
aba
ar

10
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Minh hoa thuat toan nén dir liéu

Xét mdt chudi ky tu “abracadabarabra” —+ 0140203507

k w=0 output
a a

b b 0
ror 1
a a 4
c c 0
a a 2
d d 0
a a 3
b ab

a a 5
ror 0
a ra

b b 7

OO0 ~NO OB Wi OO0

word

o 0 T w

br
ra
ac
ca
ad
da
aba
ar
rab

10
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Minh hoa thuat toan nén dir liéu

Xét mdt chudi ky tu “abracadabarabra” —+ 0140203507

k w=0 output
a a

b b 0
ror 1
a a 4
c c 0
a a 2
d d 0
a a 3
b ab

a a 5
ror 0
a ra

b b 7
r br

OO0 ~NO OB Wi OO0

word

o 0 T w

br
ra
ac
ca
ad
da
aba
ar
rab

10
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Minh hoa thuat toan nén dir liéu

Xét mot chudi ky tu “abracadabarabra” —+ 01402035076

k w=0 output
a a

b b 0
ror 1
a a 4
c c 0
a a 2
d d 0
a a 3
b ab

a a 5
ror 0
a ra

b b 7
r br

a a 6

OO0 ~NO OB Wi OO0

word

o 0 T w

br
ra
ac
ca
ad
da
aba
ar
rab
bra

10
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Minh hoa thuat toan nén dir liéu

Xét mét chudi ky tu “abracadabarabra” —+ 014020350760

k w=0 output

a a

b b 0

ror 1

a a 4

c c 0

a a 2

d d 0

a a 3

b ab

a a 5

ror 0

a ra

b b 7

r br

a a 6
0

OO0 ~NO OB Wi OO0

word

o 0 T w

br
ra
ac
ca
ad
da
aba
ar
rab
bra

10
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Cay tu dién LZW

Hinh 1: Cay tir dién LZW
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Thuat toan giai nén dir liéu

Trong thuat toan gidi nén khong can phai cung cip hét toan bo tir
dién ma c6 thé sir dung lai ky thuat cda thuat toan nén dif liéu dé
xay dung lai tir dién

bOC ma ¢
w < Worbp(c)
XUAT tit w
while ( POC m& ¢ )
if ( m& c c6 trong TU DIEN )
tmp < w
w < Worb(c)
THEM tmp + wy vao TU DIEN
else
THEM w + wy vdo TU DIEN
w < Worb(c)
XUAT tit w

BB s e R R Higorithm

12
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Minh hoa thuat toan giai nén dir liéu

Cho chudi m3 héa nén dif liéu “012436" —

c w output ¢ word
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Minh hoa thuat toan giai nén dir liéu

Cho chudi m3 héa nén dit liéu “012436" — a

w output ¢ word
a a 0 a

c
0
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Minh hoa thuat toan giai nén dir liéu

Cho chudi m3 héa nén dif liéu “0124 36" — ab

output

c w ¢ word
0 a a 0 a
1 b b 1 b

2 ab

13
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Minh hoa thuat toan giai nén dir liéu

Cho chudi m3 héa nén dif liéu “0 12 4 3 6" — abab

w output c

a a 0

b b 1 b
2
3

word

N~ Oln0

ab ab ab

ba

13
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Minh hoa thuat toan giai nén dir liéu

Cho chudi m3 héa nén dif liéu “0 12 4 3 6" — abababa

c w output
0 a a

1 b b

2 ab ab

4 aba aba

c
0
1
2
3
4

word
a

b

ab

ba
aba

13
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Minh hoa thuat toan giai nén dir liéu

Cho chudi m3 héa nén dif liéu “0 12 4 3 6" — ababababa

c w output
0 a a

1 b b

2 ab ab

4 aba aba

3 ba ba

c
0

1

2
3
4
5

word
a

b

ab
ba
aba
abab

13
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Minh hoa thuat toan giai nén dir liéu

Cho chudi m3 héa nén dif liéu “0 12 4 3 6" — abababababab

c w output
0 a a

1 b b

2 ab ab

4 aba aba

3 ba ba

6 bab bab

o 3¢, I OURY SRl o}

word
a

b

ab
ba
aba
abab
bab

13
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Danh gia LZW

Danh gia thuat toan LZW
> 7

> 7
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Thuat toan nén Huffman

Y tudng

Sir dung tan suit xuat hién cta dif liéu dé nén dir liu. Nhiing dit
lidu ndo cé tin suit cao thi dung it bits con nhitng dif diéu ndo cé
tan suit thap thi dung nhiéu bits

15
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Cac phuong phap ma héa dir liéu

Cé rat nhiéu phuong phap @ m3 héa dit ligu

» Phuong phap st dung mét d3y bit c6 chiéu dai c6 dinh (8
bits) dé m3 héa ky tu: ASCII

» Phuong phap st dung mdt ddy bit cé chidu dai thay di dé
ma hda ky tu: Morse, Huffman

16
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Vi du bang morse

F
G
H
I
J

: Bang Morse

P
- Q
. R -
SO FLE
T

<X =<cC
|
|
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Bang thong ké s6 lan xuat hién

Bang thong ké s6 1an xuat hién cia ky tu trong dif liéu dugc minh
hoa qua vi du duéi day

» Cho mét chudi ky tu
“ADDAABBCCBAAABBCCCBBBCDAADDEEAA™

» Bang thdng ké sb 1an xuit hién cta ky tu trong chudi

Bang 2: Bang tan suit

Ky tu | Tan suit
10

mounNw >
N O1 & ©

18
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Cay Huffman

Dinh nghia 2
Cay Huffman [Huffman, 1952] 1 mét ciy nhi phan day da
» Vé ky tu
» Nat 14 chira mét ky tu
» Nut cha sé chira cac ky tu clia nhitng nit con
» Nat con tréi s& c6 thit tu tir dién trudce nit con phai
» V& trong s6: mdi nit s& dudc gan mot trong sb
» Nat 14 6 trong s6 bang sb 1an xuat hién cta ky tu trong
dir liéu
» Nit cha c6 trong sb bng tng trong s6 ctia cac nit con
» Nat con trai cé gia tri trong s6 nhd hon hodc bing trong
sb clia ndt con trai phai
» Mbi cung s& dugc gan mot gia tri: cung trai 13 0 va cung phai
a1l

BB s R R Higorithm 19
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Minh hoa cay Huffman

=N oy

Hinh 2: Cay Huffman
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M6t sb tinh chat cia cay Huffman

Dinh Iy 1
» Cay Huffman |3 ciy nhi phan day di
» Cdac ndt ¢ tan suat cao n3m gan gbc
» Céc ndt ¢ tan sudt thip nim xa géc

» Téng s6 niit ctia cy 1a 2n — 1 véi n 13 s6 ky tu

21
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Thuat toan nén Huffman

» Buéc 1: Duyét dir liéu dé 13p bang théng ké sb 1an xuit hién
clia mdi ky tu

» Budc 2: Tao ciy Huffman tir bang théng ké

» Budc 3: Tao bang m3 cho cac ky tu

» Budc 4: Duyét dir liéu dé thay thé cac ky tu bing m3 bit
tuong Ung

» Bubc 5: Luu lai théng tin cha cdy Huffman dung dé gidi nén

22
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Phat sinh bang ma bit cho cay Huffman

Y A
(ce) (eo7) (B8) (AW

7\
CONNCD

Hinh 3: Cay Huffman

M3 bit

11
10
00
011
010

Bang 3: Bang m3 bit

23
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Thuat toan tao cay Huffman

Tir bang thong ké tan sut xuit hién clia cac ky tu ta khdi tao cay
T gdm cé n nit |13 cac ky tu vé6i cc trong sb clia chiing

v

Buéc 1: Chon hai phan tir c6 trong sb thip nhit x va y

v

Buéc 2: Tao mot phan tlr z tir x va y sao cho trong sb clia z
|a tong clia x va y va chudi cla z la tong clia x va y

v

Buéc 3: Loai bd x va y khdi bang théng ké

v

Buéc 4: Thém z vao bang théng ké va thém ndt z vao cay T
vGi x va y la ndt con trai va phai

v

L3p lai cac budc trén cho dén khi chi con mot phan tir

BB s e R R Higorithm

24
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Minh hoa thuat toan tao cay Huffman

Vi du 2

H3y xay dung cay Huffman cho chudi ky tu
“"ADDAABBCCBAAABBCCCBBBCDAADDEEAA”

Tinh bang bang tan suit

cho cac ky tu @

Chuoi ky ty | Tan sudt Hinh 4: Kh&i tao cay Huffman
A 10

B 8

C 6

D 5

E 2

BB s RS e Higorithen. 2
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Minh hoa thuat toan tao cay Huffman (cont.)

Chudi ky tu | Tan suat
A 10

B 8

C 6

D 5

E 2

Loai bé D, E va thém ED
rdi s3p xép lai bang tan

sudt _ -
Chudi ky tu | Tan suat
A 10
B 8
ED 7
C 6

(£2) (D5)

Hinh 5: Thém nit ED cho cdy Huffman

BB s RS e Higorithen. 2
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Minh hoa thuat toan tao cay Huffman (cont.)

Chudi ky tu | Tan suit
A 10

B 8

ED 7

C 6

Loai bo C, ED va thém
CED rbi sap xép lai bang

tan sut o
Chudi ky tu | Tan suat
CED 13
A 10
B 8

Hinh 6: Thém niat CED cho cdy Huffman

27
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Minh hoa thuat toan tao cay Huffman (cont.)

Chudi ky tu | Tan suat
CED 13

A 10

B 8

Loai bé A, B va thém BA
roi sap xép lai bang tan

suat
Chudi ky tu | Tan suit Hinh 7: Thém nat BA cho cay Huffman
BA 18

CED 13

28
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Minh hoa thuat toan tao cay Huffman (cont.)

Chudi ky tu | Tan suat

BA 18
CED 13
Loai bé BA, CED va thém

CEDBA vio bang tan suit

Chudi ky tu | Tan suat

CEDBA 31

Hinh 8: Thém nit CEDBA cho cay
Huffman

29
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Mot s6 diém han ché caa thuat toan nén
Huffman

Han ché
» Duyét dif liéu hai 1an (théng k& va m3 héa) = chi phi cao
» Phai luu trit cdy Huffman = tang kich thudc dit liéu nén
» Dit liéu can nén phai c6 san day di = khong nén dudc trén
di lieu phat sinh theo thai gian thuc

30
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Adaptive Huffman

Lich s
» Dugc dé xuat béi Faller (1973) va Gallager (1978)

» Knuth (1985) dua ra mét s6 cai tién va hoan chinh thuat
todn va thuat todn con cé tén “thuit todn FGK"

» Vitter [Vitter, 1987] trinh bay cac cai tién lién quan dén viéc

t6i uu cay Huffman

31
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Adaptive Huffman (cont.)

Uu diém

Khoéng can tinh truéc s6 1an xuat hién clia cac ky tu

v

v

Qua trinh nén chi can 1 1an duyét dif liéu

v

Khong can luu thong tin phuc vu cho viéc gidi nén

v

Nén “on-line” dua trén dir liéu phat sinh theo thoi gian thuc

v

32
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Adaptive Huffman (cont.)

Dinh nghia 3
Cay Adaptive Huffman (Adaptive Huffman Tree) la

>

>

>

Cay nhi phan day da

M&i nit cé trong s6 khéng am

M3i niit 14 chira mét ky tu va trong sb ctia né chinh 13 s6 lan
xuat hién cha ky tu tinh dén thsi diém dang xét

Nt khong phai |3 nit 14 trong sé clia né bing téng trong sb
cac n(at con cdia nd

Cé mét nat ddc biét chira ky hiéu NYT (Not Yet
Transmitted Symbol) ludn cé trong sé bang 0 (tuong (ing véi
cac ky tu chua xuat hién trén cdy dén thai diém dang xét)

M&di cung dugc gadn mot gia tri: cung trai 0 va cung phai la 1

BB s R R Higorithm

33
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Adaptive Huffman (cont.)

Dinh nghia 4
Cay Adaptive Huffman phai cé tinh chat anh em (sibling
property)
» Cac nlt khdng phai nat gbc phai cé nat anh em (vi 13 cdy nhj
phan day da)
» Trong s6 tang dan tir dudi — trén, va tir trai — phai

34
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Adaptive Huffman (cont.)

Hinh 9: Cay Adaptive Huffman, mdi nit gdm hai phan: phan thir nhat
chtra ky tu dbéi v6i nat |14, phan thir hai chira trong s&

35
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Thuat toan nén

» Buéc 1: Khéi tao cay Adaptive Huffman
» Budc 2: L3p néu con dif lidu
» Budc 2.1: Doc ky tu c
» Bugc 2.2: M3 héa ky tu c
» Budc 2.3: Cap nhat cay Adaptive Huffman
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Thuat toan nén (cont.)

Budc 1: Khdi tao cady Adaptive Huffman

NYT [0

Hinh 10: Cay Adaptive Huffman khdi tao
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Thuat toan nén (cont.)

Budc 2.2: M3 hda ky tu c. Kiém tra ky tu c c6 trong cly
Adaptive Huffman hay chua?
» Néu cé: Phat sinh m3 bit cho ¢ (gibng nhu ciy Huffman
théng thudng)

» Néu chua cé: Phat sinh m3 bit bao gdm “ma bit chia nat
NYT + md ASCII 8 bit cda ky tu c” (7)
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Thuat toan nén (cont.)

Hinh 11: M3 héa ky tu da c6 trong cdy: ma ciabla 01, mdclaclal
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Thuat toan nén (cont.)

Hinh 12: M3 héa ky tu chua cé trong cdy: ma cda d la : 0001100100
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Thuat toan nén (cont.)

Budc 2.3: Cap nhat cay
» Néu c c6 trong cay? Goi p 13 nit 14 chira ¢
» Néu c chua c6 trong cay? tach nat NYT thanh hai nat
» ndt NYT (méi) trong s 0
» va nit 14 p chira ¢ cé trong s6 khéi tao 13 0
L3p p # NULL
1. Néu p I8 nit gbc ti3ng trong sb 1&n 1
2. Hoan déi p véi nit xa nhat (tinh tir niit p theo huéng trai —
phai va dusi — trén) c6 cuing trong sé (khong tinh nit cha
cta p)
3. Tang trong sb clia p 1én 1
4. Di chuyén p lén niit cha clia né
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Thuat toan nén (cont.)

Cho cay Adaptive ban dau hay cip nhat cay véi chudi ky tu “aad”

NYT [0

Hinh 13: Cay Adaptive Huffman khéi dau
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Thuat toan nén (cont.)

Doc dir liéu “aad”

Hinh 14: Cép nhit cay sau khi thém a
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Thuat toan nén (cont.)

Doc dir liéu “aad”

Hinh 15: Cép nhit cay sau khi thém a
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Thuat toan nén (cont.)

Doc dir liu “aad”

Wwrlo) @y

Hinh 16: C3p nhat cdy sau khi thém d
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Minh hoa cap nhat trong sb

Cho mot cdy Adaptive Huffman. Va thém a vao cdy

(INYT 0 (a4
Hinh 17: Cay Adaptive Huffman
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Minh hoa cap nhat trong sb (cont.)

Hinh 18: Tim ndt xa nhat c6 trong s& b3ng véi a va chuin bi hoan ddi
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Minh hoa cap nhat trong sb (cont.)

(NYT o] [d]4]
Hinh 19: Hoan déi
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Minh hoa cap nhat trong sb (cont.)

(NYT 0] [d|4)

Hinh 20: C3p nhat trong sb va di chuyén 1&n nit cha
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Minh hoa cap nhat trong sb (cont.)

(NYT 0] [d|4)

Hinh 21: C3p nhat trong sb va di chuyén 1&n nit cha
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Minh hoa cap nhat trong sb (cont.)

(NYT 0] [d|4)

Hinh 22: C3p nh3t trong s6 va két thiic
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Thuat toan giai nén

» Buéc 1: Khéi tao cay Adaptive Huffman
» Budc 2: L3p néu con dir lidu
» Budc 2.1: Doc ky tu c
» Bugc 2.2: M3 héa ky tu c
» Budc 2.3: Cap nhat cay Adaptive Huffman
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Danh gia cay Huffman va Adaptive Huffman

Danh gia thuat toan cdy Huffman va Adaptive Huffman
> 7

> 7



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

Tai liéu tham khao

Huffman, D. A. (1952).
A method for the construction of minimum-redundancy codes.
Proceedings of the IRE, 40(9):1098-1101.

Lempel, A. (1978).
Compression of individual sequences via variable-rate coding.
IEEE Transactions on Information Theory, 24(5):530-536.

Vitter, J. S. (1987).
Design and analysis of dynamic huffman codes.
Journal of the ACM (JACM), 34(4):825-845.

54


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

