(compression)

(symbol of text)

(coding)

model) 31

)
) )
(code)
(decompression)
(model)
(encode)
(decode)

(static statistical

Huffman Coding



(encoder)

(dlecoder)

)
Huffman Coding
) Huffman Coding
vark Nelson, 1991)
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31 / )
1 (model)
2 (statistical model)

(dictionary-based model)
(Mark Nelson, 1991)

11
(adaptive)

(statistical model)

(coding)

10

2 (static



3.1

1.1.1

0 (order-0 model)

256%256 = 65536

1.1.2

(static statistical model)

256
1 (order-1 model)

256"

(adaptive statistical model)

3.2

52
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(dlictionary)

121
model)

Wiea

/i (dictionary-based model)

(token)

(static dictionary



122
model)
2.
(decode)

1917 1978 Jacob Zv
LZr

LHarc Terry Welch

COMPRESS

Nelson, 1991)

2.1
Fano 2

Shannon-Fano Coding

(adaptive dictionary-based
(default dictionary)

(data-compression algorithm)

(encode)

Huffman Coding, Arithmetic Coding
Abraham  Limpel

2 LZr1 LZi8
PKZIP
LZ78 LZW
(Mark

Claude Shannon

RN
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o O o

D

33

34
200

0.36
0.20
0.16
0.16
0.12

aaaaaaaaabbbbbccccddddeee

0
00
2
01
10 !
1 3
110
4
111

Shannon-Fano Coding

5/

55
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Huffman Coding Shannon-Fano Coding
( )+ aaaaaaaaabbbbbeceeaddoeee
¢ ) 0000000000000000000101010110101010110 ..
vV A
34 Shannon-Fano Coding
2.2 Huffman Coding DA Huffman "A Method for the Construction
Minimun Redundancy Coces™ .. 1952 Huffman Coding

Huffman Coding

/ Huffman Coding
2
2
L
2
21
36
22 2
2 3.6
2.3 21 22
0 1 36



abccddddeeeeeeffffgg

3.5

3.6 3.7

3.5

Huffman Coding

256

65536

Huffman Coding

Huffman Coding

FAX JPEG

3.8

0.05
0.05
0.10
0.20
0.30
0.20
0.10

57
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! ( ) : abccddddeeeeeeffffgg

! () : 0000000100100101010101101010101010110....

3.8 ! Huffman Coding
2.3 Arithmetic Coding !
Shannon-Fano Coding, Huffman Coding
1
0

1

2. high = 1 low =0

3. 1

3.1 range = high - low

3.2 high = low + (range* ' ' Y '

3.3 low = low + (range*

! 'BILL GATES'

GATES' 0.2572167752

59
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space
A
B
E
G
|
L
T
3.9
B
|
L
.
space
G
A
T
E
3.10

Huffman Coding

0.1

0.1

0.1

01

0.1

0.1

0.2

0.1

0.1

0.0 <=
0.1 <=
0.2 <=
0.3 <=
Chy<e=

0.5 <=
B<e=
0.8 <=
0.9 <=

low

0.2

0.25

0.256

0.2572

0.25720

0 257216

0.2572164

0.25721676

0 257216772

0.2572167752

r<04

r<0.9

high
0.3

0.26

0.258

0.2576
0.25724
0.257220
0.2572168
0.2572168
0.257216776

0.2572167756

Arithmetic Coding

Arithmetic Coding

60



(precision)
. 1977 1978 Jacob Ziv Abraham Lempel
2.4 LZ77 Jacob Zv Abraham Lempel
for Sequential Data Compression™ Ca977 LZT7
[Harc LZ17
LZ17
2 (text window) (buffer)
2 16
16 64
Lz
LZ77
(token) 1.
2, 3
3.11
"<MAX" 14 4
space (14, 4,)
5
f N
for 0=0 ; i<MAX-1; i++)\ for(j=i+1 ; <MAX ; j++)V
\Y J

31 LZiT

6l

"A Universal Alg

PKZIP
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4 12
64 16
16
16
16 16
LZT7
4
16 24 ( 12
4 8 ) 8
24
2.5 LZ78 Jacob Ziv Abraham Lempel "Compression ¢
Individual Sequence via Variable-Rate Coding” . 1978 LZ78
COMPRESS
LZW LZi8  LZ18
LZT7 LZT7 LZ78

LZ78
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L 2
0
' (multiway tree) R
256
16
65536 1
( ) ¥ b aa ba c cb baa baab bb bbb
( ) (0) @b (L) @23 (00 (Bb) 4 ) (7.b) (2.b) @b
0 null
1
2 b
3 aa
4 ba
5 ¢
N | - .
RV =i S gy
abaabacchhaabaabbbbbb LZ78
3.12 3.13
0,) a
b (0,b) b
2 a
(1,) aa 3 b
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0
0
3 0 b
§ I+ R
b
() G
Y S
71N 313 Laassiretneanauunsusuliuuunatanig
2.6 LZW LZT7 LZ78

) .. 1984 Terry Welch "ATechnique for High-Performance

Data Compression" LZ18 LZW
COMPRESS 2w LzZ7i8  LZ18

LZW (default dictionary)
256 0 255 LZ78
LZW
LZW
LZW
256 0 255 256
LZT8
16 65536
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old
2. char
3. (old char)
char old char (old
char) (old char)
4, (old char) old
old
(old char)
5 old = char 2
k4 ( ) rabcabcabecabceabef
1 vil ( ) 1 97 98 99 256 258 257 260 99 101 25 102
old char
a b ab 256
b c be 257
C a ca 258
ab c abc 259
ca b cab 260
be c bee 261
N A
314 C T LZW
abcabcabccabceabcf LZW
3.14 a b ab a ab
, C be b be
, a ca ca
, b ab abc
ab ahc

256 0 255
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256
1 old
2. new
3. ( old new)
4 old = new 2
3.15 LZW

() : 97 98 99 256 258 257 260 99 101 25 102

( ) abcabcabecabceabcf
old new
b ab 256
b c bc 257
c 256 ca 258
ab 258 abc 259
ca 257 cab 260
bc 260 bcc 261
V J
97 98 99 256 258 257 260 99 101 259 102
LZW 3.15 97 98 a b
ab : 99 C be
: 256 ab ca

lan H Witten, Alistair Moffat Timothy c. Bell
SPARC 10

Model 512 31
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Alistair Moffat and Timothy c. Bell, 1994)

pack
cacm

ppm
dmc

huffword

grip-f
grip-b
|zrwd

compress

dmc
ppm
cacm
pack
huffword
compress
gzip-h
gzip-f
|zrwd

3.2

67

3.2 (lan H Witten,

Zero-order character-based, semi-static Huffman coder

Zero-order character-based, adaptive arithmetic coder

Variable-order character-based, adaptive arithmetic coder

Variable-order bit-based, adaptive arithmetic coder
Zero-order word-based, semi-static Huffman coder
LZ77, semi-static Huffman coder, fast option

LZ77, semi-static Huffman coder, best compression option

LZ77, hinary coder, fast option

LZ78/ILZW, the Unix compress utility

31

5
10
30

25
90

30
55
65
110
120
200

"
100.0
322
293
61.2
62.3
445
455
331
3.1
5.1
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compress LZ78ILZW ‘
/
/ LZT8ILZW
LZW
10 Header, Style, Section, Font,
Picture, Text, Inclex, Attribute, Overlay Drawing TTF Embed
(OxABCCEQ0) Header
Header
Mark Nelson
The Data Compression Book LZW  Mark Nelson
LZW
Mark Nelson Mark Nelson
COMPRESS LZW
/ 15
32 9
9 10
15 8UMP_CODE
15
15

FLUSH_CODE
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1. codevalue
2. parentcode 3. character
, 1 1 (hash function)
COMPRESS
/ 9 15 /
bitfile / bitfile
L rack / 2. mask
/ rack (Mark Nelson, 1991)
? )
18 10
Header, Style, Section, Font, Picture, Text, Index,
Attribute, Overlay Drawing TTF Embed
Header
Mark Nelson , 1 The

Data Compression Book
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33
BITS 15
MAX_CODE 32767
TABLE SIZE 35023
TABLE BANK 137

END OF STREAM 256

BUMP_CODE 257
FLUSH CODE 258
FIRST.CODE 259
UNUSED 1
BUFSIZE 10000
HBSIZE 5000
NUMSECTION 9
READBUFFER huffer
WRITEBUFFER buffer+HBSIZE
3.3
1.2
header

section

15

256
buffer
buffer
buffer
buffer
Header (

10



size

fsize
size
secsize
buffer
)
err
0
1
tmpfile )
DICT
codevalue
parentcode
character
hitfile
rack
mask
nextcode

current_code_bit
next_bump_code
character
stringcode

index

rack

rack

9-15

[



decode_stack

newcode
oldcode
count
2.
3.19
2.1
3.16
1
section.id section.size 0
er 0 Iptr
2. fsize

bitfile rack 0 mask 0x80

35023

decode_stack

LZW
3.16

secsize
wptr  buffer

bitfile

DICT

DICT.codevalue

2
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TWsunsuassodsslunidunidadeyauindayayinanin

1. NIVUA id UL size 999AU15 section

L secsize=0, en=0 _tpu, uay wpt 0 bufter

v
2. tsize = TUIAUWHTYA input

' o - . i a o
ARIMNLANA bittile NATUANNIIAATUNGHTATRITWA

Lo bitfile>r ackiﬂ_‘liﬂu&mmslga()xao

3-ARIMNLANAY

NO 7
~_794 DICT
CIYES
4. W DICT codevalue NGl UNUSED "
nextcode = FIRST_CODE
*_CWIEandB_mtis._flﬂ&bumD.CQdmu;J
2 b CURSE
5. 81UT3adIW Header, fsize = fsize - 1A Header
ansdonaudn batfer, size = MuadiayAENUT N
[ ] fse=-islie -'size " NN =
bsecsize <= O UAL.  YES . g )
e _ ——’l AN s Bn
“s-< NUMSECTION = v
87 MIINADY-
NO i
vssi naszydd | NO
) 10.size=0 |
9. MUIUNA ‘
|tsize = 0, |
AU secsize '
A 4 5 J | en =
(A — v
v
— Y. -
11 stringcode = *rpti, WX 1ptr 2N 1
f Qa0 size UAT SGCSJZ_G_;)_Q 1
3 ry |
4
(B = -
1
D 4
17 dastmianuan NO __YES 13. dntayalu
= 12.size > 0 =
124 DICT < butter
/—g i No .’ 20. AU 14. Foayalu butter 4n
~ . eI = = g v o v
T |__tiaya tmptile | Wuasuindays tmpfile
‘ YES V
o ieduuiudeys l : iis
| iiinfigadeyauda | | 15. tsize > 0 »
Pt \ YES
b o —ﬂ \c “k il - ’. 2 3 g
v | 16. DTOYALTT bufter l\i ———
UM J

3,6
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UNUSED
nextcode FIRST CODE current_code bit 9
next_bump_code 9 b1l
b. "), header fsize
buffer fsize size
6. secsize 0 < NUMSECTION
i}
1 |
8 id
10
9, id secsize
1
10. id size, fsize 0 err
1
11, buffer  stringcode size.secsize 1
12, size > 0
buffer buffer
17
13, buffer ( 3.17)
14, buffer buffer
tmpfile
buffer
15, fsize > 0
12
16. buffer fsize size
12

17. err 1



5

20
19,
header compressencrypt
header tmpfile
tmpfile” 1
20, tmpfile
21,1 buffer
LZW  Mark Nelson
Header
3.17
L size > 0
buffer
buffer 2
2 buffer  character
3. stringcode character
index
4, DICT (index).codevalue UNUSED
stringcode character
6
B. stringcode character
DICT (index).codevalue stringcode
15
6. stringcode character
nextcode
DICT(index).codevalue stringcode  DICT(index).parentcode



-~

dadeyalu butter

v

—~

FO T, WO e AananNNsIudIL
<1 size>0 >—> 2. Isize <=0 _> _>( s
Ivss T YES
2. character = *iptr 22 AANUTUA stringcode,
-

.

3. index = AUMINTDY

stringcode WAL character

Tuwaunsy

4, plCT(méiex).codEvalug e

= UNUSED

s

sWA END_OF_STREAM
ANANUTIA current_code_bit

5. stringcode = DICT(index).codevalue

6. DICT(index).codevalue = nextcode
DICT(index).parentcode = stiingcode
DICT(index).character = character

__UAn nextcode @n 1

7. Aaufusia stringcode 7
t

ANANAUDA current_code_bi

v

8. stringcode = character

.

- 9 nextcode > N YEE

MAX_CODE©

10.19 DICT codevaluennsiaiilis UNUSED
nextcode = FIRST_CODE, current_code_bit
=9,
next_bump_code = 511

im

1. Apnusvia

FLUSH_CODE

AAILDA

current_code_bit

16

, T 1a Ausa [ ]|
12. ﬁextcocié >0 YFS 13, u’iu current_code_bit an 1 BUMP_CODE ! .‘
= next_bump_code il next_bump_code Atu 2 ANANUDR T
&No L ——— current_code bit_ |
(A —— e

15. 1A rptr @0 1 ‘

AN size, secsize 5!1 1

[
A\

_16-secsize <= 0 Uz _YES

s < NUMSECTION
NO

17 Wnsan 1 — ——1
19. 8uune | YES 18 meaaanil NO

AU secsize CHarTyA id”

v

\ 4

20 size = 0

tsize = 0

err =1

317

buffer



character ~ DICT(index).character
1. stringcode
3. 8)
8. character
9, nextcode
12
10.
DICT codevalue
nextcode FIRST CODE
next_bump_code 9
11, FLUSH CODE
(
3.18) 15
12, nextcode
13.

current_code bit 1

Il

nextcode 1
current_code_bit

stringcode
MAX_CODE

UNUSED
current_code hit 9

current_code_bit

next_bump_code

15

next_bump_code

current_code_bit

current_code_hit

14, BUMP_CODE
3.18)
15.
size, secsize 1
16. secsize <=o
1

17,

mr 1

< NUMSECTION



err 1

bitfile

END_OF STREAM

bitfile->mask

secsize

size, fsize

fsize <= 0

3.18

buffer
stringcode

3.18)

bitfile->rack

bitfile->rack  buffer

18. id
20
19. id
20. id
1
21. buffer
22,
current_code_bit
(
2.1.2
/
4, > 0
2.
1
3 bitfile->mask 0
bitfile->rack
4,
bitfile->rack 0

bitfile->mask

0x80

18



danunguiinuaesia
Ll e : == [ ]

o
L) N b 4 -
7. AAAUIN st Aoulln . No J/aenanmninaudan,
_ Dmwessviadn1 | 293%a > 0 \daiunguiinveanis/
¥ ;vzs o -

2 MVUALARTTIATDA bittile->rack ANNWAALDATRITVA
‘ aauiinues bitile->mask TUnarn 1 afa J

‘ Y
3. bitfile->mask
le— ______No_ ,
[ =0
[YES
= Y T |
| 4 *wptr = bitfile->rack, IWH wptr @8N 1, IWN section[s].size 9N 1,
| bitfile->rack = 0, bitfile->mask = 0x80
NO
< —=5 wptr >=1ptr

|YES
, =7, | &S
|

‘ 6. Tayalu butfer Aaiusauiuioys tmptile

3.18

5 wptr >= ptr
buffer
1
6. buffer ) tmpfile
1. 1
2.2 ?
3.19 2
L
section.id section.size 0 secsize
err 0 ) rptr  READBUFFER
wptr  WRITEBUFFER
2. fsize ) )

hitfile
bitfile rack 0 mask 0x80

19
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Tsunsuassodstunidrunssenedeyauiudeysaiaiin

T

ATMUA id WAL size 109A9MLT section
secsize = 0, eir = 0, rptt T READBUFFER, wptr T WRITEBUFFER

2. ftsize = 'nmnuﬂui'aqa input

AMIWANAN bittile NAIWANNIIEUNAHTIALDITWA

bitfile->rack = 0, bitfile->mask = 0x80

_l

NO 37 apaminganindn -
T dprDieT

o= ol

_—

4. gwdayadau Header, fsize = fsize - 1UNA Header
e ndeyalin READBUFFER, size = tuadoxafia it

tsize = fsize - size

A )
“ ol
- 7B size > 0 VIR -

~  tsize>0
— >

NO

|
1o ‘
=¥

L — 1
12. UasumihuAnuan é Secsize <= OURT O 1. aenedeyalu
203 DICT

i | B
s < NUMSECTION™

READBUFFER
lYES
15. AUUAN AT ]
< 13 en=1"
tmpfile > ~

: 7. s @n 1

l '

14, Fuuudndoyaq

| e s 10. size=0,
‘ 8. MRl

- o v v
ANINNTUIUIDYRUA

\ 4

tsize = 0,

~dassydanid

l ern =1

>< FUNITN N )

9. 8MUIUIARIU secsize

3.19
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3. DICT
4, header fsize
READBUFFER fsize size
5. size>0  fsize >0
2
6. secsize 0 < NUMSECTION
1
1 1
8 id
10
9, id secsize
il
10, id size, fsize 0 err
11, READBUFFER (
3.20) 5
12, DICT
13. err 1
15
14,
header compressencrypt 0
header tmpfile

15, tmpfile
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2.2.1 1 READBUFFER
LZW  Mark Nelson
3.20
L size > 0 fsize > 0
READBUFFER
READBUFFER
2, DICT codevalue
UNUSED
nextcode FIRST_CODE current_code_bit 9
next_bump_code 9 b1l
3. current_code_bit  oldcode (
3.21)
4, oldcode END OF STREAM
6
5. fsize, size 0
6. character oldcode oldcode
WRITEBUFFER wptr >= WRITEBUFFER WRITEBUFFER
WRITEBUFFER
tmpfile
1. size > 0 fsize > 0
READBUFFER
READBUFFER 1
8. current_code hit  newcode (
3.21)
9, newcode END OF STREAM



nsuenedeyalu READBUFFER

1 size >0~ NO - 2BNANNIINNY,
> —
\v?a_1§i15,>0> ’Q dnvenedoya /
YES

2. W DICT codevalue naaiily UNUSED
nextcode = FIRST_CODE
L cunent_code_bit =9, next_bump_code =511 |

3. oldcode=8MUINARINANUTIA current_code_bit

v

4 oldcode’=—_ YES 5. fsize = 0
= [ >———b
END_QF_STREAN size = 0
NO

6. character = oldcode, *wpti = oldcode, Wi wptr an1
1 wptr 1iu WRITEBUFFER Tiidinuasuiladasya tmpfile

S
NS /A7 Tsmedpr~ .
. <

At snzj)e/'
; YES

8.newcode= BMSWARININAUTA current_code_bit

= = newgd\é‘z\\ YES 5 10. fsize = 0 %;)
~END_OF_STREAM size = 0 &
NO

YES 41 newcode=—___

FLUSH.CODE~
NO
YES

127 newcode=—_ . &
S P 13. ¥ current_code_bit an 1
~BUMPCQDE

NO
15. decode_stack[0] = character = S
. “ o o = VES/. 14 newcode >=-__
count = AMUUFIDNWINDDATIR € o =
o ~—nextcode—
dcode 210 DICT iinlu decode_stack | “gNO.

> L e ——
16. count = AMUIUAIDNBWINNDATUA newcode
310 DICT Lﬁu'léu decode_stack

ol B)a
LW B ]
; 18. *wpti = decode_stack[count]
(/ \‘ YES | am count BN 1, N wptr an 1
17. count>0 =¥ -
T = 01 wptr 1NW WRITEBUFFER
v ol v »
NO Mlsuasurutaya tmptile

19. DICT(nextcode) parentcode = oldcode _'
DICT(nextcode).character = character t

—Lﬁu_nexmode_ﬁn_l,_oldcodeinmode—j

g1/ 320 dusaun1svingsENedesyalu buffer

83
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10. fsize, size 0
11. " newcode FLUSH CODE
1
12 newcode BUMP.CODE
14
13.
current_code bit 1 7
14, newcode >= nextcode 0
newcode
16
15, newcode
oldcode character  decode_stack[0]
oldcode decode_stack count
17
16. newcode
newcode decode_stack count
17, count > o
decode_stack
decode_stack 19
18, decode_stack[count] WRITEBUFFER
wptr >= WRITEBUFFER WRITEBUFFER
WRITEBUFFER S tmpfile
count 1 17
9, ' decode_stack

nextcode oldcode  DICT(nextcode).parentcode



oldcode

15

character

return value

READBUFFER

fsize

size

13

newcode

8

222

DICT(nextcode).character

(S5

10.

11.

321
return value
> 0
bitfile-> k 0x80
bitfile->rack
bitfile->rack
bitfile->rack
size <= 0
READBUFFER
1
id
12

13

85

nextcode 1

bitfile

17

size, secsize

READBUFFER

secsize



gunguiinyelnia

1. return_value = 0

16. anauln

-
TRITUADN 1

=
23 mnulnted. o

\nfmo

86

17. AIAUIVA return_value

ANAMNMINNET
funguilnesvia

7.8tayaidn READBUFFER
> size = madeyane |

fsize = tsize - size

YES
N 5. bitfile->rack = *rptr
3-bitfile->mask = YES o .,
' WWH rptr BN 1
. 0x80 -
ST L. 8N size, secsize AN 1
NO
. YES
<SG Sizee= 0 >
£|~]o
e
(A )«
4. NMvuALsATTATaY
return_value X 8 secsizé_ no
Amusiazlines el
bittile->rack y YES
g Wns@n1 1
YES 10 M393G8Y _ NO
A e
l mrz\ud/'zu id
. 12.size =0
11. 87UIUA
i fsize = 0
AU secsize

v

B>
]_

\ 4

13. \deuiin bitfile->mask
Tnnaaan 1 Afs

N

v

147 bitfile->mask._

\\\- =0 ) 3
'\JVES

15. bitfile->mask = 0x80

3.21



err

return value

12.

13

14.

15.

16.

17.

bittile->mask 1
bitfile->mask 0
16
bitfile->mask 0x80
1

87

size,
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