


2

1. .

 - .

,

, . - ,

 (

, , . .), - ,

 ( -

, , ). ,

. ,

.

,

. ,

,

.

( , )

: ,

? , , !!!

! ,

, - ,

: ” ?”

- -

,

 ( ),

,

 ( , . .).
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,

. ,

 [38], 

 “ ” [32, 34,

40]. , .

 “

”. ...

.

, .

- ,

.  [39,  44].

: - ; -

-

.

.

- ,

 (1), -(5), .

,

.

.

,

 (

). ,



4

, ,

.

:

- ;  - ;

- , ;  - ;

- ;  - ;

 - ;

 - ;

 - , .

 “ ”

“ ”

.

 “ ”, “ ”,

“ ” . .

 “ ” ,

. .,

,

.
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2. .

2.1 .

,

.

� .

,

.

- .

( , -

. ,

,

). .

 (

, , ,

, . .).

-

, ,

- , ,

. , , ,

,

.

� .

, .

,

 ( )

, .

 (“ ”)

.  ( )
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.

 (8 )  256  ASCII (

).

�

, , ,

.

.

,

, :  22.758,  23

. , -

 ( ,

, ) .

, ,

, .

.

�

, ,

. ,

,

. , -

, . . .

� ,

. ,

, .

, ,

.  “ ”

, , .
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� ,

 ( ).

- ,

“ ” ;

- , ,

.

,

.

 [25] :

-  (statistical),

 ( .  2.5) 

;

-  (incremental),

;

-  (macro or textual substitution), 

.

2.2  - - .

( ) . , ,

, , .

 {X, p(x)} , ={ 1, 2,..., L}, p(xi)-

 i- .

 [47] i  I(xi),

:

I(xi) = -log(p(xi)),  i = 1, 2, ..., L

-2,

,  10, . , ,

 2.

:

1. : I  0.
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2. p(xi,yj) = p(xi) p(yj), :

( )

I(xi,yj) = I(xi) + I(yj)

 H(X)  I(x),

 {X, p(x)}, :

H(X) =  M I(x) =  I x p(x ) =  - p(x ) log(p(x ))i i

i=1

L

i

i=1

L

i( )

 (M- ).

-

.

. ,  (

).  1 

, .

:

1. : ( )  0.

2. : H(X)

< logL.

3. : ( )

H(XY) = H(X) + H(Y)

xi ai

 A={a1,a2,...,aL}. ,

C(X) = a p(x )i

i=1

L

i
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|a|-  a . ,

logL, : C(X)=logL. ,

 ( , Hmax).

 y:

I(x|y) = -log(p(x|y))

 y:

H(X|y) = p(x |y) I(x |y) p(x |y) log(p(x |y))i i

i=1

L

i

i=1

L

i

 Y (

):

H(X|Y) = M H(X|y ) = p(y ) H(X|y ) = - p(x , y ) log(p(x |y ))j j j i j i j

j=1

N

i=1

L

j=1

N

:

1. H(X|Y)  H(X), , .

2. H(XY) = H(X) + H(Y|X) = H(X|Y) + H(Y)  H(X) + H(Y)

H -

,

: H = H/Hmax = H/ .

 R 

 C  H: R = C - H.

R ,

.

:

R H % %= (1 - )
C - H

C
100 100

,

T > ,
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. , R=0,

Rt:

Rt = T - H = T - C ( )

1.

, . (4)

, ! , ,

, ,...

?

? ...

                                        ( . . )

2.3  - .

-

.

.

, ,

: ” ?” 

 “ ”  “ ”.

,  ( -”

”).

,

.

,

 ( . . 2.a). 

. , . . . . . . . . .. . ., . . . . . . .

. , ... .. ... ., .
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, -

 ( , ),

.

.

( )

. 2.A .

 ( . 2.b): 

- ,

,

 8 8  ASCII .

. 2.B .

,  [43]

 (

 “ ”),
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, , ,

, .

, , , ,

,

. ,

, . ,

, .

.

 “ ”, “ ”  “ ” (X={“ ”,” ”,” ”}).

,

,  X={“ ”,” ”,”?”}. 

, . .

 A={00, 01, 10}. ,

:

 1, ,  “ ”  (

) , .

,  A={00, 01, 1}. 

,

 p(xi).

, ,  [47].

 50-70%. 

,  0 ,

 50%, 

 33% .

 n-  Hn 

 n , . 2.a

( n  26  4.5/5.5=0.818 n  26 ).
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H0 H1 H2 H3 H4.5(word) H8
0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

H0 H1 H2 H3 H4.5(word) H8

26 chars

26 chars+space

. 2.C n- .

 H0 , -

p(ai)

 2.2 ( -  ASCII, L=256, |ai|=8).

1. . :

. (1)

2. -

? (2)

3.  H0 ,

. (2)

4.  H1 ,

. (3)

5.

 “ ”, ” ”, ” ” , ,

. (3)

2.4 ?

 ( )

.
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,

. -

. ,

...

� ;

� ;

� ;

�

;

� ;

� ;

�  “ ”

� -

.

.

2.4.1 .

,

. ,

, ,

,

. , , . -

 “ ”,

.

 [47] , -

.

 ( ).

,

 ( ,

). ,

, ,
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,

 [41].

.

,

 [42,46]:

�

 (

);

�

.

2.4.2 .

,

-

,

.

,

- - ,

, ,

,

.

MNP5  Microcom,

, , .

1989 .  CCITT V42.bis,  2-

3-  [45].  [38] 

 ( )  1973 .

.

625 / ,  20000
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/ . ,

RLE- ,  32! .

,

,

 [28] 

[35].

, ,  [28] -

RLE, -  ( )

 5-50- .

2.4.3 .

 IBM-  ( ).

 ( Compress

UNIX, SQUEEZE  CP/M), 

.

,

. , ,

,

. :

� ,

PKZIP [21], ARJ [3], LHA, HA,

-RAR, AIN, ACB (

, );

�  ( . )

: PKLITE, LZEXE, DIET, EXEPACK (

);
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�

Stacker, DoubleSpace, SuperStor (

/ );

�  Windows API LZxxx;

�

, PCXVIEW, GIFVIEW, BITMAP, JPGVIEW, QuickTime.

 1 

,

.

1.

, , -

? (1)

2.

, , -

? (2) ( ,

. ,

, Stacker DoubleSpace?)

2.5 .

.

,

,

 [23]. ,

“ ” ,

.

:

 [38]. ,

, :
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� , ,

;

� -

;

� ,

.

2.5.1 .

,

,

. , , ,

. -

. .

 1, 2, 2, 3, 3, 3, 

. :

p(xi)  p(xj)  i > j

p(xi)  p(xj) i > j,

.

2.5.2 .

- . ,

 n .

 n- .  n, ,

 n=1..2. , -

 n=0.

,  n+1-

.

LxL,  i-  xi  xj,

:

x1 ... xi-1 xi xi+1 ... xL

x1 p1,1 ... ... p1,i ... ... p1,L

... ... ... ... ... ... ... ...

xj-1 pj-1,1 ... ... pj-1,i ... ... pj-1,L
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xj pj,1 ... ... pj,i ... ... pj,L

xj+1 pj+1,1 ... ... pj+1,i ... ... pj+1,L

... ... ... ... ... ... ... ...

xL pL,1 ... ... pL,i ... ... pL,L

( .)

 ( , ,

),

.

,  n-

,

. , , . 2.c, 

.

, , ,

.

,

,  ( )

, , . 2.d.

. 2.D .

 ( ,

. .) ,

,
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.

 ( , -ASCII

).

( ,

) ,

-  ( ,

. .).

, ,

, , .

1.

: ” , ,

.”

, , ,

, , ? (4)

3. .

,

.

. ,

, .

,

 “ ”,

.

3.1 .

, ,

 8-  ASCII. ,

64  6-  (  EBCDIC). 
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 75% .

ARJ.

,

,  <CR> <LF>  <CR>, 

, ,

 “ ” ( ).

-

, .

,

.

 1/3 ,   [44]. 

,

. ,  ”

.”  “ ”.

,  “ ” .

3.2 .

�

� .

,

,

:
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� ,  (  3.1415...); 1/3

(  0.3333....); ;

, , . .

� : MS-DOS, FAT, . . .

� , ,

�

: ,

printf(“%d”,Num);.

, -

 - . ,

,

.

� ,

: ,

 6 .

 0  5-000, 001, 010, 011,

100, 101. ,  3 ,

 (2 < 0=log(6) < 3). 

-  2 : 110  111. 

,

-

0 - 00     1 - 01     2 - 100     3 - 101     4 - 110     5 - 111.

 2.667, 

.

3.3 .

 (  4.1)- ,

.

,

. , -
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, , , -

, ,

, .

. ,

:

� , .

 512 , .

- , ,

 ,  2  508 ,

513  1001 - , , .  511

.

(

FAT  MS-DOS.  64000 

( ),  600  16 

)

- MatchBox

,

.

� RAR

 Solid- ,

.

�  expanded-  (QEMM  Optimize, EMM386 

Memmaker).  High  Upper Memory MS-

DOS 

( ) , .

3.4 .

 ( F(ti)

ti, i=1..N) . ,
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Pj, j=0..K.

(K+1)/N.

 ( - , , )

, .

( , ), , , . .

 ( ). N

,

 ( ),

, .

, ?

,  [33]:

, N ,

n.

N log(n) .

,  (

)

 k<n. , ,

 N log(k)   + (K+1) log(n)  . 

N (N >> K)  (  %) 

log(k)  / log(n) .

,

 1 ,

, . . pi,j ,  i  j. ,

, . , ,

 -20 ,  +10.  -19  -21.

 ( ) ,

. .  ( - ,

. .). , ,

.
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 ( ).

 [33]:

 XxY, 

:

.1 .8

. 1

98 162

17

1121

965

.6 538

,

 2XY . ? , ,

. FirstInCol

( ), Row ( ) Value ( )

17 832437......180015981053538

3 68112......1213921276

1 20011999...664

1 201200...432

FirstInCol

Value

Row

FirstInCol ,

Row Value-  (  - 2000). i-

, Row

i- . Row- ,

Value. ,  - 98 
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 15 .  ( . )

.

1.  ASCII ,

? (1)

2.

; .

, - ? (2)

3.  “ ”

( ) .

- XxY, -

k. (3)

4. .

4.1 RLE- .

RLE (Run Length Encoding, , ),

 [14] ,

.

PCX.

:

: -

, ,

, - ,

, - -<prefix,length,symbol>.

.

:  ( )

05 05 05 05 05 05 01 01 03 03 03 03 03 03 05 03 FF FF FF FF
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 20 .  FF. 

FF 06 05 FF 02 01 FF 06 03 FF 01 05 FF 01 03 FF 04 FF

-18 , . ,

,

 ( ,  01 01 - FF 02 01). ,

( ) -

. :

FF 06 05 01 01 FF 06 03 05 03 FF 04 FF

 13 . : 13/20 = 65%.

,

.

“ ” , :

FF ,  FF 01 FF ( ).

,

, ,

 FF, . ,

.

, ,

. -  F0...FF, 

length  0  15. 

,  255  15

.

:

F6 05 F2 01 F6 03 05 03 F4 FF

-10 , -50%.

� ,  0  3 

, length ,  00=3,

0F=18, FF=258, .
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� ,

 RLE ,

<length,symbol>.

,

:

06 05 02 01 06 03 01 05 01 03 04 FF

-12 , -60%.

� , length

distance ,

. :

01 05 07 01 09 03 0F 05 10 03 11 FF

- -

RLE 2-3 10 10 1 .

: -

, - . ,

. ,  (

, ).

: .

: , .

(  PkZip): Packing.

:  1 .

,

,  ( . 2.5.2),  pi,i>>pi,j,

. . .
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: , .

1.  RLE, 

pi,i=0.9. (3)

4.2 .

,

, ,

. ,

 “ ”, “ ”, -“ ”,” ” . . ,

, - .

,

.

,  [38], 

 (

). ,  ( ),

:

“ ”-1

“ ”-01

“ ”-001

 ...

“ ”-00....1

. .  1 , -33

(32 ). , . ,

(Variable Length Integers (VLI) codes). 

ARJ LHA. VLI-  [12]: 

, ,

. , ,

- .  VLI-
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: (start,step,stop), start ,

step- , stop- .

:  (3,2,9) -

0  -  0  7,  0,

10  -  8  39,  1,

110  -  40  167,  2,

111  -  168  679,  3.

 n- -n , ;

-  n , .

n- start+n step. VLI-

,

, .

.

- -

VLI 2-3 9 10 1 .

: .

:  ( ).

: , .

1.  (1,1,5) VLI- ? (1)

2. “ ” ,

n- , start step. (3)
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4.3 .

, ,

 ( . . )

 [15].

 l1,...,lk-  (k>0). ,

,  l1,...,lk,

 [38]:

2  1-li

i=1

k

,

 ( ,  0, 01, 011, 0111, ... ).

.  ( )

 1, . . 0  R  1.

|ai| = -log(p(ai)) ,

|ai|.

, ,

( ),

. , ,

,

. ,

, ,

 2. , ,

,

.

:

 ABACCADA .

:

A - 00, B - 01, C - 10, D - 11

 000100101000110000  18 .

, .
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 ( , - ) . ,

,

.

, , ,

,

. . 4.a, 

, - -

.  0,  1 

, :

A - 0, B - 110, C - 10, D - 111

 011001010011100 (15 ).

: 15/18 = 83%. , ,

 ( .  2 ).

ABCD,  9

B,  1 D,  1

C,  2 BD,  2

BCD,  4A,  5

0

10

10

1

. 4.A .

,

,  [36, 47].
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� ,

 ( ), .

 [13], 

 ( )

.

,

. ,

 ( ), ,

.

�

,

- ,

, . ,

,

.

, - . ,

,

, . ,

.

� ,

 [38]. :

� -

, ;

�

,

( . ), :  1,1,0,2,4 ,  1 

2 , 0  3 , 2  4  4  5 .

.

. 4.b 

 4  8.
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�

, , ,

, “ ” (“MTF-Move To

Front”) [5, 38].  ( )

- -  (

, ,

).

, .

,

. , ,

,  (

).

. 4.B  4  8

.
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- -

.

5-6 8 8 2

.

4-5 6 7 1

.

3-6 9 9 1 .

3-5 7 8 1 .

. 3-4 8 9 1 .

:  ( ).

: ,

.

ICE, - LHA, ARJ. -

PKZIP.  (

JPEG).

: Squashing.

: .

: , .

1. ,

. (1)

2. , ,

. (2)

3. -

1,0,2,2,4; 1,0,2,1,5? (2)
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4. ,  RLE 

 ( ). (2)

5.  ABRACADABRA. (2)

6. ?

 N ?

? (3)

7. ,

,

. (3)

8.

 ( ), ,

 16 . (4)

4.4

 [2, 24, 37] ,

,

.

, H0.

, .

? :

, .

. -

;

.

, ,

 [0, 1). 

.

,

, ,
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. ,

.

,  “ ”

 ( . 4.c).

:

: “a”  “b” 

 3/4  1/4.

 ( )  [0, 1). ,

.  [0,

3/4)  [3/4, 1). :

 [0, 1). 

 [0, 1). 

, ,

. ,

, , ,

.

.

...

...

...

0 1

. 4.C  “ ...”.

 “aaba” ( .  4.a):
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 4.A .

0.  “” [0, 1) = [0, 1)

1.  “a” [0, 3/4) = [0, 0.11)

2.  “aa” [0, 9/16) = [0, 0.1001)

3.  “aab” [27/64, 36/64) = [0.011011, 0.100100)

4.  “aaba” [108/256, 135/256) = [0.01101100, 0.10000111)

 3/4 ,

“ ”,  3/4. 

 ”b”. , ,

 3/4 . ,

.

,

 4. ,

, : “ ?

, .”

, , ,

,  0.1 .

, , ,

.

:

 [0, 1), .

,  (

)  [0, 1)  [0, 0.11)  [0.11, 1).  0.1 (

 “aaba”) ,

: “a”.  [0, 0.11)  [0, 0.1001)  [0.1001,

0.1100) ( ). ,  0
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< 0.1 < 0.1001. ,

.

: - ,

, , ,

- ,

. , , ,

 (16-32 ), :

[24].

,

. ,

. ,

. ,

.

- -

.

.

5-6 8 8 2

.

.

4-5 6 7 1

:  ( ).
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: , .

LZARI,  (JPEG).

: .

: , .

1.

: “aaab”, “abaa”, “baaa”. (2)

2. ,

. (3)

4.5 .

 (

RLE) , , .

 [26] 

,  ( .  3 ,

FIN).

: ,

,

 ( ) . -

,  1. -

,  0 .

,

.

, , ,

 2 .

.

,

.  1, 

,
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, - .

-

.

,  1 ,

PKZIP Ver.1.5  Reducing [21]. 

, Fin ( ,

), .

Reducing V[256][32], . .

,  32 ( )

.

Fin- b, a  32

, <prefix,position>, prefix=1, position=

 b V[a][ ]  32 .  0 b.

, .

- -

Reducing 4-5 8 7 2 .

. 5-6 9 6 1 .

: .

: .

: Reducing.

:  1  2 .

,

 ( . 2.5.2),  ( )

, . . .

: , .
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1.  (1, 2  3

)? (1)

2. FIN. (2)

3.  Reducing, 

?

? (3)

4.6  LZ77.

,

,

 (Lempel, Ziv)  1977 . (LZ77).

: “ ” (sliding) V

|V|=2...32 . s

, ptr

ptr=<prefix,distance,length>, prefix=1 [12, 20, 21, 25, 31], 

pos length .

:

 ( ),

, |s| smax. smax

 16...256 ; |V|

,

pos (  “ ”-

,

). ,

,  ( -

) ( . . 4.d ).

smax,

. ,

 |V| smax . s ,

chr chr=<prefix,symbol>, prefix=0, symbol-
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 ( pos). , , ,

ptr chr.  LZ77 

, - .

000000000000000000000 000000 ,   ?

 V

|V|

smaxdistance

length

pos

s

0000000000000000000000000000 , ?

 V

|V|

 (pos)

smax
)

)

. 4.D  LZ77 

)  23- ).

. 4.d )  23- ,

 “  “ 

length=4 , distance=23 pos.

ptr=<1,23,4>. ptr-

|ptr| = 1 + log(|V|)  + log (|smax|)   ( ),

chr-

|chr| = 1 + log(|symbol|) ( ).

, , ptr-

length, ,
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 (threshold),  2-3 ,

,  ( , , ,

chr- ).

,

 ( ,

, |V| smax

! ( .  4 );

 ( LZSS) TRIE-  [3, 12, 39] 

). ,  1987 .,  [4] 

,  LZ77 

. ( ,  “ ”

 - LZ78).

 [39]- ,

 10 . , ,

, . ,  256

( ) , ,

 (  1.5-2 ). , ,

, , symbol.

.

,

. ,

, .

 ( ), chr- , symbol

,

. ptr- , length ,

distance . , distance

.
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 “ ”

|V|

smax ( . ).

,  LZ77 

 (LZARI)  (LZHUF).

, . . length distance

. ,

, ,

 “ ” .

symbol - . ,

LHA, ARJ, PKZIP, RAR

.

- -

LZ77 LZSS 9 3 2 1

LZHUF

LZARI

10 2 2 2

:  ( LZARI, LZHUF).

: ,  (LHA, ICE, ARJ,

PKZIP, PAK, LZEXE).

: Imploding, Deflating.

:  ( LZARI, LZHUF).

: ,  ( LZARI,

LZHUF).

1.

? (1)
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2. - . (2)

3. -

? (2)

4. -

. (3)

5. ,

,  LZ77. (3)

6. “ ”  LZ77, 

 “ ” . : ,

 LZEXE PKLITE. (5)

7.  LZ77, ,

. ,

. ? (5)

4.7  LZ78-LZW84.

LZ78,  1978 .  [30], 

LZW84 [27],

 (Welch)  1984 . -

.

, , . .

 [1, 6, 22, 26, 37, 40].

 (LZ77), 

. (expanding).

 256 -

ASCII. 

|Vmax|  ( ). ,

.

 LZ77, 

. ,

.

:
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1. str,

pos .

, ;

2. position

B ( )-

<position,B>. |position|+|B|= logVmax +8 ( );

3. , strB

last_position, ;

4. pos |strB|=|str|+1 -

, .

.

 ( )

:

�

,

logVmax , logV , V- .

�  LZ78- :

,

 ( FREEZE). -

, ?

 [22 ]. -

- . -

, , -

, - - !..

, ,

 ( FLUSH).

, , |V|/2

. , ,
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 ( SWAP).

 (LRU, TAG).

�  (

):

1. str,

pos .;

2.

<position>. |position|= logV  ( );

3. , strB

last_position, ;

4. pos |str| -

.

:

 LZW .

ROUTINE LZW_COMPRESS

STRING=

WHILE  DO

    B=

    IF STRING+B  THEN

        STRING=STRING+

    ELSE

position  STRING

 STRING+ last_position

        STRING=

    END of IF

END of WHILE

position  STRING

ROUTINE LZW_DECOMPRESS

position  OLD_CODE

 OLD_CODE

WHILE  DO
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position  NEW_CODE

IF NEW_CODE  THEN

/* ! . */

        STRING=  OLD_CODE

        STRING=STRING+

    ELSE

        STRING=  NEW_CODE

    END of IF

 STRING

/* ! . */

=  STRING

 OLD_CODE+ last_position

    OLD_CODE=NEW_CODE

END of WHILE

 “ ”

, . . strB , -

, ,

 ( ?). -

: ,

Bstr, BstrB

BstrBstrB. Bstr

BstrB. BstrB,

!

, -

.

 LZ77.

 LZ78-LZW84  [18]. 

 A, B, C, D :

A B A B A B A B B B A B A B A A C D A C D A D C A B A A A B A B ...

:

A B 6 8 B 10 9 A A C D 14 16 D C 8 ...
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last_position str strB

(pos) (position)

A 0

B 1

C 2

D 3

Clear 4

End 5

A 6 A AB A

B 7 B BA B

A 8 AB ABA 6

B

A 9 ABA ABAB 8

B

A

B 10 B BB B

B 11 BB BBA 10

B

A 12 ABAB ABABA 9

B

A

B

A 13 A AA A

A 14 A AC A

C 15 C CD C

D 16 D DA D

A 17 AC ACD 14

C

D 18 DA DAD 16

A

D 19 D DC D

C 20 C CA C

A 21 ABA ABAA 8

B

A

A 22 AA AAB 13
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A

B 23 BA BAB 7

A

B

,

: strB, ,

str, “ ” , ,

-  (position) ;

 [26, 39].

- -

LZ78 LZW84 6-8 6-7 5 1

: .

: , ,

(GIF, PKZIP, Windows API), .

: Shrinking, Crunching.

: .

: , .

1. . (3)

, , ,

 FLUSH . (5)

4.8 BWT- .

BWT-  (Burrows-Wheeler Transform)-

 ( - ),

,  1983 .!!!  1994 . [8].

BWT . - ,

, , . - ,



52

 BWT, , . -

, BW . , ,  BWT

 “ ”

, ,

.

BWT , ,

. ,

 “ ”  PkZip

[19]. . V

N . , N

N . -

V=“ ” N=7.

:

F          L

 F

 L. ,  ( ).

, F , L

F.

 “ ” L=“ ”

I, , L

V (  I=2).

, L I V,

.

int T[]={3,5,6,1,2,4,0};
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char V[7];

char L[]=" ";

int primary_index=2;

void decode()

 {

 int index=primary_index;

 for( int i=0; i < 7; i++ )

   { V[i]=L[index]; index=T[index]; }

 }

- ,

F[i] F, ,

F[i] . , F L.

F, , , L!!!

F            L            

3

5

6

1

2

4

0

: L ?

, , L .

, .

LF

t: hat acts like this:

t: hat buffer to the constructor

t: hat corrupted the heap, or wo

W: hat goes up must come down

t: hat happens, it isn't likely

w: hat if you want to dynamicall

t: hat indicates an error.

t: hat it removes arguments from

t: hat looks like this:
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t: hat looks something like this

t: hat looks something like this

t: hat once I detect the mangled

,  "hat". ,

-'t' (  ‘w’-

 ‘that’  ‘what’).

 BWT ,

.  MTF-

 ( .  4.3), 

( , ).

MTF- .

256 . , ,

,

.  "tttWtwtttttt" 

 { 116, 0, 0, 88, 1, 119, 1, 0, 0, 0, 0 ,0 }.

, BWT-

:

input-file --> RLE --> BWT --> MTF --> RLE --> ARI --> output-file

, BWT-

, .

- -

BWT 9-10 1 3 >1

: .

: , , .

: .

: .
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1.  “OBRSDDB”  5. (2)

2.  BWT. (5)

3. ,

. (3)

5.

 LZ78-LZW84 ,

.

,

. ,

, :

� - ,

 (DCA, DIC),  (BTC), JPEG,

MPEG (

- , , RLE, );

� ,

 (  5-12- ): DMC [11], PPM [9, 10, 17], LZP [7], 

ACB [34];

� -GSM RPE-LTP , NYB1,

ACOMP.

-

 ( , LZ, JPEG) 

, ,

. , -

,

, ,

,  ( )
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, ,

. ,

,

.

, :

fominandy@hotmail.com
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6.

 2.4.3 2. 

, . .  ( ,

) , , . ,

,

.

 3.4  2. , :

0-000, 1-001, 2-010, 3-011, 4-100, 5-101, 6-1100, 7-1101, 8-1110, 9-1111

 4.1  1. :

. .  0.9, 

 9 .  3 ,

,  1/3 .

 4.3  1. , ,  1 

 0 .

4.  ( ={a,b,c,d}):

 RLE-aaaaaaabbbbbbbcccccccddddddd;

-aabaacaaddaabaacaadd.

8.  256 

.  4 ,

128 .

 4.5  2. ,  8 .

 4.6  1. , , .

2. ptr- . ptr-

, .

3. , ,

.

5. , : ABACADAEAFAG...
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7.

7.1

{X, p(x)}, X={x1,x2,...,xL}- .

L-  X.

p(xi)-  xi.

|xi|-  xi .

H, H, Hmax, Hn-  ( ),  (%), 

, n- .

C-  ( ).

I(x)-  x.

R, Rt, R-  ( ), ,

 (%).

M- .

S- .

A-  ( ) , A={a1,a2,...,aL}.

|A|-  A.

|a|-  ( )  ( ).

T-  ( , 8 ).

x - ,  x.

x - ,  x.

V, |V|- ,  ( )  ( ).

s, |s|, smax- ,  ( ), .

ptr, |ptr|- ,  ( ).

chr, |chr|- ,  ( ).

<...,...,...>- , , prefix,

length, distance, symbol, position.
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7.2

.

,

,  “ ”

, , ,

.

 1.

/**************************************************

 ** (c) == FAStWare ==                  28.08.96 **

 ** Entropy Calculation Program         Ver. 1.1 **

 ** Fomin A.A.                                   **

 ********************************* Borland C ******/

/*   ENTR  */

#include <stdio.h>

#include <stdlib.h>

#include <math.h>

static long code[256]; /*  */

long sum=0;

float entr=0, prob, log2;

FILE *sfile;

int i, ch;

/**************/

void main(int argc, char *argv[])

 {

 if( argc < 2 )

   { printf("\n\nSyntax: ENTR SrcFile"); exit(1); }

 if( (sfile=fopen(argv[1],"rb")) == NULL )

   { printf("\n\nUnable to Open SrcFile"); exit(2); }

 /*  */

 while( (ch=fgetc(sfile)) != EOF )

   { code[ch]++; sum++; }

 log2=log(2);

 /*  */

 for( i=0; i < 256; i++ )

   {

   if( code[i] == 0 ) continue;
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   prob=code[i]/(float)sum; entr-=(prob*log(prob)/log2);

   }

 printf("\n Bytes: %8ld, Entropy= %6.3f, \

         Relative Entropy= %6.1f\%", sum,entr,entr/8*100);

 }

 2.1.

/**************************************************

 ** (c) == FAStWare ==                  25.08.95 **

 ** Huffman Tree Builder                Ver. 1.1 **

 ** Fomin A.A.                                   **

 *********************************** Borland C ****/

/*  HTREE-

 */

#include <stdio.h>

#include <stdlib.h>

#define NCH   256       /*  */

#define NCH2  NCH*2

#define MAXL  10000000L /*             */

typedef unsigned int uint;

typedef unsigned char uchar;

/*  */

void maketree( void );

/*  */

uint dad[NCH2], left[NCH2], right[NCH2];

uchar cleng[NCH2];      /*            */

long cnt[NCH2], fleng=0;

FILE *sfile, *tfile;

int err;

/**************/

void main(int argc, char *argv[])

 {

 printf("\nHTREE - Huffman Tree Builder,  Ver. 1.1, 25.08.95");

 printf("\n(c) == FAStWare ==");

 if( argc < 3 )
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   { printf("\n\nSyntax: HTREE SrcFile TreeFile"); exit(1); }

 if( (sfile=fopen(argv[1],"rb")) == NULL )

   { printf("\n\nUnable to Open SrcFile"); exit(2); }

 if( (tfile=fopen(argv[2],"wb")) == NULL )

   { printf("\n\nUnable to Open TreeFile"); exit(3); }

 maketree();

 printf("\nOk.");

 err=fwrite(cleng,1,NCH,tfile);

 if( err != NCH )

   { printf("\n\nUnable to Write TreeFile"); exit(4); }

 fclose(tfile);

 }

/**************/

void maketree()

 {

 int ch, pos=NCH, tch;

 long min=MAXL;

 uint leng;

 printf("\nGetting Distribution...");

 /*  */

 for(ch=0; ch < NCH; ch++ ) cnt[ch]=0;

 while( (ch=fgetc(sfile)) != EOF )

   { cnt[ch]++; fleng++; }

 fseek(sfile,0,SEEK_SET);

 /*  */

 for( ch=0; ch < NCH; ch++ )

   if( cnt[ch] < min && cnt[ch] > 0 ) min=cnt[ch];

 min=min/4+1;

 /*  min */

 for( ch=0; ch < NCH; ch++ )

   if( cnt[ch] == 0 ) cnt[ch]=min;

 printf("\nMaking Tree...");

 /*  */

 while( pos < NCH2-1 )

   {

 /* '

 */

   min=MAXL;

   for( ch=0; ch < pos; ch++ )
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     if( cnt[ch] < min )

       { min=cnt[ch]; tch=ch; }

   cnt[pos]=cnt[tch]; dad[tch]=pos; cnt[tch]=MAXL; left[pos]=tch;

   min=MAXL;

   for( ch=0; ch < pos; ch++ )

     if( cnt[ch] < min )

       { min=cnt[ch]; tch=ch; }

   cnt[pos] += cnt[tch]; dad[tch]=pos; cnt[tch]=MAXL; right[pos]=tch;

   pos++;

   }

 printf("\nMaking Table...");

 /* ,

 */

 for( ch=0; ch < NCH; ch++ )

   {

   leng=0; tch=ch;

   do

     {

     leng++; tch=dad[tch];

     } while( tch != NCH2-2 );

 /*  - 16  */

   if( leng > 16 )

     { printf("\n\nBad Code Table"); exit(5); }

 /*  > 0,  1 */

   cleng[ch]=leng-1;

   }

 }

 2.2.

/**************************************************

 ** (c) == FAStWare ==                  28.08.95 **

 ** Huffman Encoder-Decoder             Ver. 1.1 **

 ** Fomin A.A.                                   **

 ********************************** Borland C *****/

/*  HAF-

,  HTREE */

#include <stdio.h>

#include <ctype.h>

#include <alloc.h>

#include <stdlib.h>
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#define NCH   256       /*  */

#define NCH2  NCH*2

#define DUMMY 77        /* " "          */

typedef unsigned int uint;

typedef unsigned char uchar;

/*  */

void maketable( void );

void encode( void );

void decode( void );

/*  */

uint code[NCH2], dad[NCH2], left[NCH2], right[NCH2];

uchar cleng[NCH2];      /*            */

long srcleng=0, dstleng;

uchar *srcbuf, *dstbuf, *dststart, *srcstart;

FILE *sfile, *dfile, *hfile;

long err;

/**************/

void main(int argc, char *argv[])

 {

 printf("\nHAF - Huffman Encoder-Decoder,  Ver. 1.1, 25.08.95");

 printf("\n(c) == FAStWare ==");

 if( argc < 4 )

    {

    printf("\n\nSyntax: HAF e SrcFile DstFile [TreeFile]");

    printf("\n        HAF d SrcFile DstFile [TreeFile]"); exit(1);

    }

 srcbuf=farmalloc(0xfff0L);

 if( (dstbuf=farmalloc(0xfff0L)) == NULL )

   { printf("\n\nNot Enough Memory"); exit(6); }

 dststart=dstbuf; srcstart=srcbuf;

 if( (sfile=fopen(argv[2],"rb")) == NULL )

   { printf("\n\nUnable to Open SrcFile"); exit(2); }

 if( (dfile=fopen(argv[3],"wb")) == NULL )

   { printf("\n\nUnable to Open DstFile"); exit(3); }

 if( argc < 5 )

   {
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   if( (hfile=fopen("htree.rus","rb")) == NULL )

     { printf("\n\nUnable to Open TreeFile"); exit(4); }

   }

 else

   {

   if( (hfile=fopen(argv[4],"rb")) == NULL )

     { printf("\n\nUnable to Open TreeFile"); exit(4); }

   }

 if( (srcleng=fread(srcbuf,1,0xfff0U,sfile)) == 0xfff0U )

     { printf("\n\nSrcFile Too Long"); exit(2); }

 if( fread(cleng,1,NCH,hfile) != NCH )

   { printf("\n\nUnable to Read TreeFile"); exit(5); }

 maketable();

 if( toupper(argv[1][0]) == 'E' ) encode();

 else decode();

 if( (err=fwrite(dststart,1,dstleng,dfile)) != dstleng )

   { printf("\n\nUnable to Write DstFile"); exit(7); }

 fclose(dfile); farfree(srcstart); farfree(dststart);

 printf("\nOk");

 }

/**************/

void maketable()

 {

 int ch, pos=NCH, tch;

 int min;

 uint cod, leng, bit;

 printf("\nMaking Tree...");

 min=15;

 /*  */

 while( pos < NCH2-1 )

   {

 /* '

 */

   for( ch=0; ch < pos; ch++ )

     if( cleng[ch] == min ) break;

   if( ch == pos )

     { min--; continue; }

 /*  */

   cleng[pos]=min-1; dad[ch]=pos; cleng[ch]=DUMMY; left[pos]=ch;
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   for( ch=0; ch < pos; ch++ )

     if( cleng[ch] == min ) break;

   if( ch == pos )

     { min--; continue; }

 /*  */

   dad[ch]=pos; cleng[ch]=DUMMY; right[pos]=ch; pos++;

   }

 printf("\nMaking Table...");

 /* ,

 */

 for( ch=0; ch < NCH; ch++ )

   {

   leng=cod=0; bit=1; tch=ch;

   do

     {

 /*  - =1,  - 0 */

     if( right[dad[tch]] == tch ) cod += bit;

     leng++; bit <<= 1; tch=dad[tch];

     } while( tch != NCH2-2 );

 /*  16  */

   if( leng > 16 )

     { printf("\n\nBad Code Table"); exit(5); }

   cleng[ch]=leng-1; code[ch]=cod << (16-leng);

   }

 }

/**************/

void encode()

 {

 long i;

 uint cod, mask;

 int byte=0, cnt=0, leng;

 printf("\nEncoding...");

 /*  */

 *(long *)dstbuf=srcleng; dstbuf+=4; dstleng=4;

 /*  */

 for( i=0;  i < srcleng; i++ )

   {

   cod=code[*srcbuf]; leng=cleng[*srcbuf]; srcbuf++; mask=0x8000U;

 /*  dstbuf */



66

   for( ; leng >= 0; leng-- )

     {

     byte <<= 1;

     if( cod & mask ) byte++;

     cnt++; mask >>= 1;

 /* ,  dstbuf */

     if( cnt == 8 )

       { *dstbuf=byte; dstbuf++; dstleng++; byte=cnt=0; }

     }

   }

 /*  */

 while( cnt < 8 )

      { cnt++; byte <<= 1; }

 *dstbuf=byte; dstleng++;

 }

/**************/

void decode()

 {

 long i;

 int cnt=0, pos;

 printf("\nDecoding...");

 /*  */

 dstleng=*(long *)srcbuf; srcbuf+=4;

 /* ,

,  */

 for( i=0; i < dstleng; i++ )

   {

   pos=NCH2-2;  /*  */

   while( pos >= NCH )

     {

     if( *srcbuf & 0x80 ) pos=right[pos];

     else pos=left[pos];

     cnt++;

 /* ,  */

     if( cnt == 8 ) { srcbuf++; cnt=0; }

     else (*srcbuf) <<= 1;

     }

   *dstbuf=pos; dstbuf++;

   }
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 }

 3.

/*  FIN    */

/* ( ) Puttonen J., Paita T., Teuhola J. */

#include <stdio.h>

#include <string.h>

/*  */

char pcTable[32768U];

/* Macro 

 */

#define INDEX(p1,p2) (((unsigned)(unsigned char)p1<<7)^(unsigned

char)p2)

void Compress(FILE *pfIn, FILE *pfOut)

   {

   int c;                /*  */

   int i;                /*  */

   char p1=0, p2=0;      /*  */

   char buf[8];

   int ctr=0;            /*  */

   int bctr=0;

   unsigned char mask=0; /*  */

   memset(pcTable, 32, 32768U); /*  (ASCII 32) - 

 */

   c = fgetc(pfIn);

   while( c != EOF )

     {

     /*  */

     if( pcTable[INDEX(p1,p2)] == (char)c )

       {

       /* ,  */

       mask = mask ^ (1<<ctr);

       }

     else

       {

       /* ,  */

       pcTable[INDEX(p1,p2)]=(char)c;
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       /*  */

       buf[bctr++] = (char)c;

       }

      /*  -  */

     if( ++ctr == 8 )

       {

       /*  */

       fputc((char)mask, pfOut);

       /*  */

       for( i=0; i < bctr; i++ )

         fputc(buf[i], pfOut);

       /*  */

       ctr=0;

       bctr=0;

       mask=0;

       }

     /*  */

     p1 = p2; p2 = (char)c;

     c = fgetc(pfIn);

     }

   /*  */

   if( ctr )

     {

     /*  */

     fputc((char)mask, pfOut);

     /*  */

     for( i=0; i < bctr; i++ )

       fputc(buf[i], pfOut);

     }

   }

/**************/

void Decompress(FILE *pfin, FILE *pfout)

   {

   int ci,co;            /*  ( ) */

   char p1=0, p2=0;

   int ctr=8;

   unsigned char mask=0;

   memset(pcTable, 32, 32768U);

   ci = fgetc(pfin);
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   while( ci != EOF )

     {

     /*  */

     mask = (unsigned char)(char)ci;

     /*  */

     for( ctr=0; ctr < 8; ctr++ )

       {

       if( mask & (1<<ctr) )

         {

         /*  */

         co = pcTable[INDEX(p1,p2)];

         }

       else

         {

         /*  */

         co = fgetc(pfin);

         if( co == EOF ) return;

         pcTable[INDEX(p1,p2)] = (char)co;

         }

       fputc(co, pfout);

       p1 = p2; p2 = co;

       }

     ci = fgetc(pfin);

     }

   }

/* -  */

void main()

   {

   FILE *a = fopen("in","rb"); FILE *b = fopen("out","wb");

   Compress(a, b); fclose(a); fclose(b);

   a = fopen("out","rb"); b = fopen("rin","wb");

   Decompress(a, b); fclose(a); fclose(b);

   }

 4.

/**************************************************

 ** (c) == FAStWare ==                  28.08.96 **

 ** LZ77 Encoder-Decoder                Ver. 1.1 **

 ** Fomin A.A.                                   **

 ********************************** Borland C *****/
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/* /

" "  LZ77 */

#include <stdio.h>

#include <alloc.h>

#include <memory.h>

#include <io.h>

#include <ctype.h>

#include <stdlib.h>

#define DICBITS   12             /* Log(DICSIZE) */

#define DICSIZE   (1<<DICBITS)   /* 4kB (Max-32kB)  */

#define THRESHOLD 2              /*  */

#define STRBITS   6              /* Log(STRMAX-THRESHOLD)  */

#define STRMAX    ((1<<STRBITS)+THRESHOLD)

                                 /* .  */

#define BUFSIZE   0xff00U        /*  */

#define TEXTSIZE  (BUFSIZE-DICSIZE-STRMAX)

                                 /*    */

#define YES       1

#define NO        0

typedef unsigned char uchar;

/*  */

void encode( void );

void decode( void );

void putbits( int data, int nbits );

int  getbits( int nbits );

long srcleng=0, fileleng;

uchar far *srcbuf, *srcstart;

FILE *sfile, *dfile;

long err;

/**************/

void main(int argc, char *argv[])

 {

 printf("\nLZ77 Encoder-Decoder,  Ver. 1.1, 28.08.96");

 printf("\n(c) == FAStWare ==");

 if( argc < 4 )
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   {

   printf("\n\nSyntax: LZ77 e SrcFile DstFile");

   printf("\n        LZ77 d SrcFile DstFile"); exit(1);

   }

 if( (srcbuf=farmalloc((long)BUFSIZE)) == NULL )

   { printf("\n\nNot Enough Memory"); exit(6); }

 /*  */

 srcstart=srcbuf+DICSIZE; memset(srcbuf,0,DICSIZE);

 if( (sfile=fopen(argv[2],"rb")) == NULL )

   { printf("\n\nUnable to Open SrcFile"); exit(2); }

 if( (dfile=fopen(argv[3],"wb")) == NULL )

   { printf("\n\nUnable to Open DstFile"); exit(3); }

 if( toupper(argv[1][0]) == 'E' ) encode();

 else decode();

 fclose(dfile); farfree(srcbuf);

 }

/**************/

void encode(void)

 {

 uchar far *pos, *ptr;

 int   i, dist, offset=0, last=NO, cnt, maxleng;

 printf("\nEncoding...>");

 /*  */

 fileleng=filelength(fileno(sfile));

 write(fileno(dfile), &fileleng, sizeof(long));

 /*  TEXTSIZE */

 while( (srcleng=fread(srcstart+offset, 1, TEXTSIZE, sfile)) > 0 )

   {

   if( srcleng < TEXTSIZE ) last=YES; /*  */

   pos=srcstart; ptr=srcbuf; srcleng+=offset;

   while( srcleng > 0 )

     {

     maxleng=0;

 /* ,

 */

     if( (last == NO) && (srcleng < STRMAX) )

       {

       putc('>',stdout); memcpy(srcbuf,ptr,DICSIZE+(int)srcleng);
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       offset=(int)srcleng; break;

       }

 /*  */

     for( i=DICSIZE-1; i >= 0; i-- )

       {

       for( cnt=0; cnt < STRMAX; cnt++ )

         if( *(pos+cnt) != *(ptr+i+cnt) ) break;

 /* ,  */

       if( cnt <= THRESHOLD ) continue;

 /* ,  */

       if( cnt == STRMAX )

         { dist=DICSIZE-1-i; maxleng=STRMAX; break; }

 /* ,

 */

       if( cnt > maxleng )

         { dist=DICSIZE-1-i; maxleng=cnt; }

       }

 /* ,  */

     if( (last == YES) && (maxleng > srcleng) ) maxleng=(int)srcleng;

     if( maxleng > THRESHOLD )

       {

 /* ,  ptr-  */

       putbits(1,1); putbits(dist,DICBITS);

       putbits(maxleng-THRESHOLD-1,STRBITS);

       pos+=maxleng; srcleng-=maxleng; ptr+=maxleng;

       }

     else

       {

 /* ...  - chr-  */

       putbits(0,1); putbits(*pos,8);

       pos++; srcleng--; ptr++;

       }

     }

   }

 /*  */

 putbits(0,8);

 }

/**************/

void decode(void)

 {
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 uchar far *pos;

 int   i, dist, ch, maxleng;

 printf("\nDecoding...>");

 /*  */

 read(fileno(sfile),&fileleng,sizeof(long));

 pos=srcstart;

 while( fileleng > 0 )

   {

   if( (ch=getbits(1)) == 0 )

 /*  chr- ,  */

     { ch=getbits(8); putc(ch,dfile); *pos=ch; pos++; fileleng--; }

   else

     {

 /* ...  -  maxleng ,

 dist */

  dist=getbits(DICBITS)+1; maxleng=getbits(STRBITS)+THRESHOLD+1;

     for( i=0; i < maxleng; i++ )

       { *(pos+i)=*(pos+i-dist); putc(*(pos+i-dist),dfile); }

     pos+=maxleng; fileleng-=maxleng;

     }

 /* ,

 */

   if( pos > srcstart+TEXTSIZE )

     {

     putc('>',stdout); memcpy(srcbuf,pos-DICSIZE,DICSIZE);

     pos=srcstart;

     }

   }

 }

/**************/

/*  data  nbits  */

void putbits(int data, int nbits)

 {

 static int bitcnt=0;

 static int outdata=0;

 int bit, err;

 data<<=(16-nbits);

 for( ; nbits > 0; nbits-- )
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   {

   if( bitcnt == 8 )

     {

     bitcnt=0; err=putc(outdata,dfile);

     if( err == EOF )

       { printf("\n\nUnable to Write DstFile"); exit(4); }

     }

   outdata<<=1; bit=( data & 0x8000 ) ? 1:0;

   outdata+=bit; bitcnt++; data<<=1;

   }

 }

/**************/

/*  nbits  */

int getbits(int nbits)

 {

 static int bitcnt=8;

 static int indata=0;

 int bit, data=0;

 for( ; nbits > 0; nbits-- )

   {

   if( bitcnt == 8 )

     { bitcnt=0; indata=getc(sfile); }

   if( indata == EOF )

     { printf("\n\nUnable to Read SrcFile"); exit(5); }

   bit=( indata & 0x80 ) ? 1:0;

   data<<=1; data+=bit; bitcnt++; indata<<=1;

   }

 return data;

 }
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