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. 5.8. 

 T = { 2, 5, 6, 7, 8, 9, 10,
1, 3, 0, 4 } ,

,  (
).
.
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-

, T[2] = 6. ,

 “ ”.  ‘ ’.
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,
 ‘ ’ . -

-
, . 5.8.  T[6] = 10, -

. -
 ‘ ’. . .

6 10 4 8 3 7 1 5 9 0 2

. 5.9. 

: -
-  “ ”. -

 — 5 ( -
).

.

-
.

:
n — ;
N — ;
pos — ;
in — ;
count — 

;
T — , -

n.
-
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. ,
.

for( i=0; i<N; i++) count[i]=0;
for( i=0; i<n; i++) count[in[i]]++;
sum = 0;
for( i=0; i<n; i++) {

sum += count[i];
count[i] = sum — count[i];

}

 count[i] -
i .

 — -
.

for( i=0; i<n; i++) T[count[in[i]]++]]=i;

, -
.

for( i=0; i<n; i++) {
putc( in[pos], output );
pos = T[pos];

}
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, ,

.
,

. ,
, -

. , -
, ST(0), 

.

 “ ”.

ST(1) ST(2) BWT

. :
0 < 0> < 0>
1 < 1> < 1>
2 < 2> < 2>
3 < 3> < 3>
4 < 4> < 4>
5 < 5> < 5>
6 < 6> < 6>
7 < 7> < 7>
8 < 8> < 8>
9 < 9> < 9>
10 <10> <10>

. :
0 < 0> <10>
1 < 3> < 0>
2 < 5> < 7>
3 < 7> < 5>
4 <10> < 3>
5 < 1> < 1>
6 < 8> < 8>
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ST(1) ST(2) BWT

7 < 6> < 6>
8 < 4> < 4>
9 < 2> < 2>
10 < 9> < 9>

:
,5 ,5 ,2

. 5.10. 

,  BWT, 
,

.

:  ST(3)
 “ ”.

, -
-

 ST.  BWT -
,  ST — -

,
.

, , -
, -

- . , -
 5% -

 4 .
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,
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 MTF (Move To Front).
,

,
. ,

-
.

:
N — ;
M — N; M[0] -

, M[N-1] — ;
x — .

int tmp1, tmp2, i=0;
tmp1 = M[i];
M[i] = x;
while( tmp1 != x ) {

i++;
tmp2 = tmp1;
tmp1 = M[i];
M[i] = tmp2;

}

, -
 “ ”,  BWT. -

, ,
,

: M = { ‘ ’, ‘ ’, ‘ ’, ‘ ’, ‘ ’ }.
, ‘ ’,

 4. 
. , -

, , -
.

, ‘ ’,
 3. .
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3
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0
0
0
4
0

. 5.11. MTF-  “ ”

, -

“43243200040”.
, -

, -
.

, ,
-

. MTF ,
.

 “bbbbcccccdddddaaaaab”,
.  MTF

.
, ,

,
 MTF, .

1/4, . .
2 . , -

 20·2 =40 .
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,
MTF- . ,

 {‘a’, ‘b’, ‘c’, ‘d’}.

bbbbcccccdddddaaaaab
10002000030000300003  MTF

0 15 3/4 0
3 3 3/20 10
1 1 1/20 110
2 1 1/20 111

. 5.12. 
MTF-

 15*1 + 3*2 + 1*3 + 1*3 = 27 .

: -

“bbbbbccccdddcceaaaaa” , -
 MTF -

. -
 {‘a’, ‘b’, ‘c’,

‘d’, ‘e’}. ,
.

 Run Length Encoding (RLE).
. -

, . ,
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 « »
, .

 — , -
.

, , -
,  “aaaaabbbccccdd” -

 “aaa2bbb0ccc1dd”. -
 4 ,

“aaaa1bbbcccc0dd”.

: ,
, ,

?

BWT - .
RLE  — -
. ,

, -
.  —

,
 BWT. -

 ( ) -
. , -

,
-

. RLE , -
.

 RLE — -
-

.  szip [33]  BA,
,  RLE , -

,  (DC, YBS).
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, -
.

MTF ,
 BWT, 

. -
, -

, -
.

, ,
,

.
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.
-

 — ,
, . .

BWT 
. , -

, .
,  MTF- -

, .
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. 5.13.  MTF-
 “ ”

 MTF-
-

 “ttttTtttwtt”, 
:
he_ ... t
he_ ... t
he_ ... t
he_ ... t
he_ ... T
he_ ... t
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,
 {‘t’, ‘w’, ‘T’ ...}, -

:

ttttTtttwtt
00002100210  MTF
00002000200  MTF

, , -
, -

 MTF, 
.

,
 MTF. ,

 “ttttTTtttwwtt”:

ttttTTtttwwtt
0000201002010  MTF
0000211002110  MTF

, ,
, -

.
,

, -
, .

-

. ,
 MTF-

.
, ,

,
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-
. , -

-
, -

.

:  MTF-
-

 “aaacbaaa”? ,
-

 {‘a’, ‘b’, ‘c’}.

 book1 -
 CalgCC, . -

.

MTF  (%) MTF  (%)
0 49.77 51.43
1 15.36 14.93
2 7.91 7.45
3 5.28 4.96
4 3.79 3.67
5 2.91 2.81
6 2.35 2.29
7 1.98 1.94
8 1.68 1.63
9 1.45 1.44

10 1.26 1.23
11 1.06 1.05
12 0.91 0.90
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MTF  (%) MTF  (%)
13-255 4.33 4.31

. 5.14.  MTF-
 book1

1-2 

-  2 :
1) ,
2) -

.

, -
 (bzip2, IMP, BWC)  1-2

. , , -
, -

.
 1-2  MTF, -

,  (  z1

z2),  257 . -
,  z1  z2,

.
:

1  z1

2  z2

3  z1z1

4  z1z2

5  z1z1

6  z2z2

7  z1z1z1

8  z1z1z2

9  z1z2z1
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10  z1z2z2

11  z2z1z1

12  z2z1z2

13  z2z2z1

14  z2z2z2

15  z1z1z1z1

...

. 5.15. 1-2 

: -
 30. 
 z2z2z1z1z2?

,
.

. -
,

MTF,  z1  z2. ,
 MTF-0, -

 z1  z2.
, , ,

7  z1,
 1, . , -

,
.

. :
1)  7  1 ,

,
2)  7 -

 8, 9  10 -
 z1, . .  z1 , -
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 7, 
.

,  z1

 z2

:

,
 z1

,
 z2

1 2
3 4
5 6
7 8
... …
3,4 5,6
7,8 9,10
11,12 13,14
... …
7-10 11-14
15-18 19-22
... …

. 5.16.  1-2 

 “ ”
 {4,3,2,4,3,2,0,0,0,4,0}.  1-2 . -

,
{4,3,2,4,3,2,z1,z1,4,z1}.

: -

1-2 ,
 MTF? :
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BWT  MTF 
 {4,3,0,4,2,0,0,0,0,4,1}.

1-2 

//  1-2 .
//  z1 
// z2,  count.

void z1z2( int count ) {

  // 
  int len=0;

  //  0 
  if( !count ) return;

  // 
  { int t = count+1;
    do { len++;
         t >>= 1;
    } while( t > 1 );
  }

  // 
  do { len--;
    putc((count & (1<<len))? z2:z1, output );
  } while( len );
}

//
//  z1z2()
void encode( void ) {
  unsigned char c;
  int count = 0;          // 
  while( !feof( input ) ) {
    c = getc( input );
    if( c == 0 ) count++; //  MTF-0
    else {
      //  MTF-0
      z1z2( count );
      count = 0;
      // ,  MTF_0
      putc( c, output );

http://www.compression.ru/
http://www.compression.ru/


 /  1
http://www.compression.ru/

 “ ”. ISBN 5-86404-170-X
http://www.compression.ru/

225

    }
  }
  z1z2( count );
}

//
void decode( void ) {
  unsigned char c;
  int count = 0;          // 
  while( !feof( input ) ) {
    c = getc( input );

    //  z1z2
    if       ( c == z1 ) {
      count += count + 1;
    } else if( c == z2 ) {
      count += count + 2;

    } else {
      //  MTF-0,  count
      while( count-- ) putc( 0, output );
      putc( in[i], output );
    }
    i++;
  }
  while( count-- ) putc( 0, output );
}

, -
- . ,

, , -
.

, -
-

. -
. -

 [18], ,
.
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-
 szip,  [33].

,  MTF, -
 (Distance Coding). -

, , -
-

. ,  DC, 
 YBS  SBC.

, , -
 Inversed Frequencies  [5,1].

,
.

 “ ”, -
- .

, ,
.

-
, , , .

,
.

,
.

, .
 ‘$’.

,
“ $”.

,
“ ”,  ‘$’.

: $
: ...........$

.
 ‘ ’ .
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 6 — 
‘ ’. H

,  ‘ ’ -
.  — -

,
.  6 – 4 = 2.

: $
: .. ........$

: 2

,
, -

, .

: $
: .. ...... .$

: 28
: . ...... .$

: 281
: . ..... .$

: 2811
: ..... .$

: 2811-

 ‘ ’
,

 ‘ ’ ,
.

,
. -

, , -
 RLE.

http://www.compression.ru/
http://www.compression.ru/


 /  1
http://www.compression.ru/

 “ ”. ISBN 5-86404-170-X
http://www.compression.ru/

228

: $
: .... .$

: 2811-0

 ‘ ’ -
,  0. 

,
, -

-
.

: $
: .... .$

: 2811-05

 ‘ ’, .
,

‘ ’ .

: $
: ... .$

: 2811-050
: ... .$

: 2811-0504
: ... .$

: 2811-05044
: .$

: 2811-05044---
: .$

: 2811-05044---1
: $

: 2811-05044---1-

. 5.17. 

 { 2,8,1,1,0,5,0,4,4,1 }.
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:
“ ”.

, .
.

, ,
, , -

. , .
,  Inversed Frequencies

(IF), , -

. -
, .

.
,  IF 

“ ”, -
 “ ”.

 ‘ ’ -
.

2 5

 –  ‘ ’
 ‘ ’.

:
:   2  000
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,  ‘ ’ , -

, .

- -

2 5 2,0,0,0
4 2 0
1 1
1 1

. 5.18. 

 ‘ ’ , -
, .
, :

{ {2,5,2,0,0,0}, {4,2,0}, {1,1}, {1,1} }.
, -

, -
.

, -

.

:
 “ ”.

BWT 

, -
. -

,
.
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, , -
 BWT.  book1 

 “Calgary Corpus”.

eteksehendeynkrtdserttnregenskngsgsedeneyswmessrne
xgynystslgyegsgstssrhmsstetehselxtptneessthndesddy
htksthwtpfdttegedmmhysyresprssneenselgetdemsetse,t
reehsetrtteseeeeeesssdeedmnlendeedgtdgttdsgtteeysy
tddentnrxsltshtghnteeernsdpwlttensedehsteeswekheee
teneeeeseslteenestrngsthsdgeyeyrteetklrdtetteyodth
eegeercesyttesedenrtresnyssgttsslsawssygsssrewmsht
gt,etssgehnehessssehneesesdnrnekhtrsslthdsseestste
nbgeeessesdesyndtrdhpeesehesetsrerhyesdnwtlrrhoses
hsetdrptttsdhaynenetyntpgstesknhysftsgssdftgteeedu

. 5.19. 

, -
. -

, , -
.

ygeldsd,,ttyogdodgdedndygnmotedgwkgodoowtdoddtotet
tndmeggkrdsgtohtdegteddrsttttegtddewdddoootdgdntet
ststttstt!uetttdtte-eIttetny,hettItgrlttyIttnttyrt
rtttttttetttttdtttstottttttttttntttttttn,ddtkgnde;
ed,d,stefoefssfrsnsstyslw,fnoeadere,rteeynsfofhynn
nyoytted,yfnedhddtoldtnyhnnhyrtyryttmeryesfoyedney
oymd,sedesgnrrsysnssmydsspdyt'-dssehs,gynsdydgee'o
defddeynt,,tdnd,os;sttyysofy-nnetognfetdnyldlewhe-
odsttemshsdtsyteny,ngdefs,-offsnntettseyesgleay:es
dtsdgllredksyryes,rldosts;dtdeefgghsfrergkdgngkenw

. 5.20. 

,
.
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edeeeeeIeydeyeeet'eeeIeeeeeeeeeeeeeeeeeeeeeeleeeee
eeeeeee!eeeeleeeeeeeeeeeeeeeeeeeeeeeyedeeereeeleee
eeeeeeeeeeslyadeeeeeeeeeyeeeeeeeeeeeeeedyereseeeee
eIueeeeeeyeeeeeeIsseseeIl'eeIetenhyalehcesyyseessn
s'dlesffao,dffeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeTeeee
eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeteeeeeeeeeeeeeeee
eeeeeeeeeeaerre,see,eywesldsysdhedeeetaeeesaeeyedo

. 5.21. 

, :
1)

.
2) , -

.
3) .

,
.

-
,  bzip2 -

 IMP.
 BWT  MTF 

 50- .
 MTF- . -

. , -
.

.

,
. -

. , -
 50- ,

-
, .
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,
.

, .
-

,
. , -

.
-

.
-

. ,

, -
.

,
,

, .
, -

, , , -

,  MTF,
DC  IF: , -

- , -
.

, .
,

, -
:

1)
,

.
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2) , -
, , -

, ,
.

, -
-

-
.

-
.

, -
 —  [18].

.
. ,

.  — .
. -

, .
-
-

, . . .
 ( )
,  — . .

0 0
1 1
2 2 3
3 4 5 6 7

. . . . . .
8 128 129 ... 255

. 5.22. 

 book1 -
 MTF:
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MTF  (%) MTF 
(%)

0 49.77 51.44
1 15.36 14.93
2 13.19 12.41
3 11.05 10.72
4 8.28 8.16
5 2.14 2.13
6 0.20 0.20
7 0.01 0.01
8 0.00 0.00

. 5.23. 

.
. .

, ,
, .

0 1 e0

2 3 e1

4 5 6 7 e2

8 9 … 15 e3

…

128 129 … 255
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. 5.24. 

 [16] ,
, , -

-
, .

, -
- , -

.
BWT — ,

. -
. -

,

. -
-

. , -
:

, . -
 book1  CalgCC. -

-
:

Intel Pentium III 840
140
256  SDRAM
Quantum FB 4.3 
Windows NT 4.0 Service Pack 3
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bzip2 1.01 bzip2 1.01
-

, c

YBS 0.03e YBS 0.03e
-

, c

100kb 270,508 0.61 255,428 0.65
200kb 256,002 0.66 239,392 0.66
300kb 249,793 0.71 232,681 0.71
400kb 243,402 0.72 225,659 0.73
500kb 242,662 0.73 224,782 0.74
600kb 241,169 0.75 222,782 0.76
700kb 237,993 0.76 218,826 0.77
800kb 232,598 0.77 213,722 0.77

, .
,

, . ,  BWT
, , -

, .
, ,

 “abcd”, 
“efgh”. ,  “abcd” -

 “abgh”. , , -
,  BWT-

.
, , , ,

 BWT.
-

 Watcom 10.0, wcc386.exe (536,624
).
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bzip2 1.01 bzip2 1.01
-

, c

YBS 0.03e YBS 0.03e
-

, c

100kb 309,716 0.66 279,596 0.60
200kb 308,668 0.66 277,312 0.61
300kb 308,812 0.66 277,285 0.61
400kb 309,163 0.66 277,374 0.60
500kb 307,131 0.66 274,351 0.60
600kb 308,624 0.66 276,026 0.60

, ,
- , -

. , -
, ,

.
-

,  “ ”  “ ”. , -
, , -

 “ ”. -
-

, -
.

.

,  — 
 3 

: , .
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,
bzip2 1.01 YBS

0.03e
book1 232,598 213,722
book1, 231,884 212,975

-
-

.  — -
.

?
-

, ,  — 
, .

 “following
contexts”  “preceding contexts”  (

).
, , -

 BWT  MTF, 
-

. ,  « » ,
. ,

.
,  MTF, 

- , .
, DC  YBS , -

, .
. -

. -
, .
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- ,

bzip2 1.01 YBS
0.03e

book1 following contexts 232,598 213,722
book1 preceding contexts 234,538 214,890
wcc386.exe following contexts 308,624 276,026
wcc386.exe preceding contexts 306,020 279,198

. , -
, . -
 — .

,  BWT

 — , -
- .

.
. -

,
, -

, , .
,

, .
,

 ( -
)

.
 — 

:
1) ,
2) .

-
-

 “ ”.
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,
 — 3-5 . -
, ,

 — 8-12 .
, -

.

-

, , -
.

, .
 bzip2 

(BWC, BA, YBS).
-  (Bentley-Sedgewick) -

 (quick-sort), -
, -

.
,

,
.

, -
.

, -
. -

,
.

:

void sort(char **s, int n, int d) {
  char **s_less, **s_eq, **s_greater;
  int   *n_less,  *n_eq,  *n_greater;

  // ,
  //  d-
  char v = choose_value(&s,d);
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  // 
  if( n <= 1 ) return;

  // 
  compare(&s, v, d,
    // , d-  v
    &s_less,    &n_less,
    // , d-   v
    &s_eq,      &n_eq,
    // , d-  v
    &s_greater, &n_greater);

  sort(&s_less,    n_less,    d);
  sort(&s_eq,      n_eq,      d+1);
  sort(&s_greater, n_greater, d);
}

 n  s,  d . -
 sort(s,n,0);

,
, -

 BWT. :
1) . -

. -
, -

-
.

2) -
. -

, , -
.

,  —
.

3) , -
.

-
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, . ,
 32- -

, -
.

4) . -
- -

. -
, ,

.
.

, ,
,

, ,
. . . -

, -
-

.

, . -

,  1998 
.

. :

X —  X[i], -
, i- ;

I — ;
-

;
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V[i] — ,  X[i]; -
,  V

;
S[i] — , i;
k — .

, -
 “ $” (  ‘$’,

).

 1
 ( -

, -
).

 I ,
.

 V , -
. ,  ‘ ’

,  6, 
,

‘ ’.
, ,  S .

, -
, , ,

, ,
-

. -
,  (

, , -
).
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:  0  1  2  3  4  5  6  7  8  9 10 11
-

:
  $

:
 $

I[i] 11  0  3  5  7 10  1  8  6  4  2  9
V[I[i]]  0  1  1  1  1  1  6  6  8  9 10 10
S[i] -1  5              2    -2     2

 2
,

k=0, . . .  (k=1).

 (
 Xk),  k -

. ,  1, 
 ‘ ’,  6, 9, 8, 6  0 

‘ ’, ‘ ’, ‘ ’, ‘ ’  ‘$’.

: 0  1  2  3  4  5  6  7  8  9 10 11
:   $

:
$

 Xk   $
V[I[i]+1] 1  6  9  8  6  0 10 10  1  1  1  1

: $ $

:

V[I[i]+1] 1  0  6  6  8  9 10 10  1  1  1  1

:
$ $

I[i] 11 10  0  7  5  3  1  8  6  4  2  9
V[I[i]]  0  1  2  2  4  5  6  6  8  9 10 10
S[i] -2     2    -2     2    -2     2

 3
, -

.  ( -
, ) -
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,
.

, .

: 0  1  2  3  4  5  6  7  8  9 10 11
:   $

:
$ $

 Xk -  —   —  — $ —  —  $a
V[I[i]+2]       10 10       5  1        9  0

:

 Xk -  —   —  — $  —  —  $ a
V[I[i]+2]       10 10        1  5        9  0
I[i] 11 10  0  7  5  3  8  1  6  4  9  2
V[I[i]]  0  1  2  2  4  5  6  7  8  9 10 11
S[i] -2     2    -8

 4
,

, .

: 0    1  2    3    4  5  6  7  8  9    10 11

:
  $

-
-

:

$  —  —  —  —  —  —  —  -

 Xk -    —   $  —  —  —  —  —  —    —  -
V[I[i]+4]         9    0

:

V[I[i]+4]         0  9        1  5        9  0
I[i]  11 10  7  0  5  3  8  1  6  4  9  2
V[I[i]]   0  1  2  3  4  5  6  7  8  9 10 11
S[i] -12
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, -
 I:

i I[i]
0 11 $
1 10 $
2 7 $
3 0 $
4 5 $
5 3 $
6 8 $
7 1 $
8 6 $
9 4 $

10 9 $
11 2 $

. 5.25. 

:
“tobeornottobe”, .

-
, -

- ,
. -

, , -
, ,

-
, , -

.
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 (Average Match Length, AML), -
:

ƒ
−

=

+
−

=
1

1

1]])X[I[iD(X[I[i]],
1

1 n

in
AML

N — , -
;

X —  X[i], -
, i-

;
I — 

;
D(x,y) — 

x y, -
.

, , -
,

, ,
, , -

,  AML . ,
,

- , , -
-
-

.
 — -

.
,

 Intel Pentium 233
 64 .

 BWT-
-
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. -
 (  6  8 ).

1) DC 0.99.015b (  — ).
-

.
2) BA 1.01br5 ( ), YBS 0.03e ( ),

ARC ( ). -
- .

 SBC 0.910 ( ),
-

.
3) QSuf ( ).

,
.

:
1) book1  “Calgary Corpus”, , -

.
 — 768771 .

2) file2 (1,000,000 ). -
,

 book1. -

.
3) wat.c (1,890,501 ). , -

, -
 Watcom C 10.0. 

,
, .

4) kennedy.xls (1,029,744 ).

.
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book1 file2 wat_c kennedy
QSuf  * 3.30 9.23 10.00 4.23
YBS 3.13 4.77 6.76 4.15
DC 2.36 4:23.59 6.92 2.97
ARC 4.17 4.34 6.43 5.00
BA 4.45 5.82 7.36 4.73
bzip2 ** 3.03 4.23 6.81 4.07

:
*  QSuf ,

. -
. ,  YBS 

book1 .
**  bzip2 , . .

,  — -
, ,  (  5-

10 ). , ,
 bzip2 — 900 ,

,  book1.  (2-3%
 wat.c). -

 wat.c  2-3%.

:
1) , -

, ,
- . -

, ,
.

2) DC ,  — 
. , -

, -
-

. ,
. ,

, , -
, -

 —  (  wat.c).
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3) -
, -

. -
 — -

. , ,
.

-
, , -

, .

,  BWT  ST

. ,
- , , -

,
, -

. - , ,
.

, -
- , .

, .

BRed* 06.1997 D.J.
Wheeler

ftp://ftp.cl.cam.ac.uk/users/djw3

X1 –m7 0.95 05.1997 Stig
Valentini

mailto:x1develop@dk-online.dk
http://www.saunalahti.fi/~x1
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BWC 0.99 01.1999 Willem
Monsuwe

mailto:willem@stack.nl
ftp://ftp.stack.nl/pub/users/willem

IMP -2 1.12
WinImp
1.21

01.2000
09.2000

Conor
McCarthy

mailto:imp@technelysium.com.au
http://www.technelysium.com.au/
http://www.winimp.com

szip 1.12 03.2000 Michael
Schindler

mailto:michael@compressconsult
.com
http://www.compressconsult.com/

bzip2 1.01
(bzip 0.21)

06.2000 Julian
Seward

mailto:jseward@acm.org
http://sourceware.cygnus.com/bzi
p2

DC
0.99.298b

08.2000 Edgar
Binder

mailto:EdgarBinder@t-online.de
ftp://ftp.elf.stuba.sk/pub/pc/pack

YBS 0.03e 09.2000 Vadim
Yoockin

mailto:yoockinv@mtu-net.ru
mailto:vy@thermosyn.com
http://ybs.freeservers.com

BA 1.01br5 10.2000 Mikael
Lundqvist

mailto:mikael@2.sbbs.se
http://hem.spray.se/mikael.lundqv
ist

Zzip 0.36c 06.2001 Damien
Debin

mailto:damien.debin@via.ecp.fr
http://www.zzip.f2s.com/

SBC 0.910b 11.2001 Sami
Makinen

mailto:sjm@pp.inet.fi
http://www.geocities.com/sbcarch
iver

ERI 5.0re 12.2001 Alexan-
der Ra-
tushnyak

mailto:artest@inbox.ru
http://geocities.com/eri32

GCA 0.9k 12.2001 Shin-ichi
Tsuruta

mailto:synsyr@pop21.odn.ne.jp
http://www1.odn.ne.jp/~synsyr/

7-Zip
2.30b12

01.2002 Igor
Pavlov

Mailto: support@7-zip.org
Http://www.7-zip.org
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mailto:sjm@pp.inet.fi
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 BRed, BRed  BRed3 
 BWT, . , -

,
 [18] ,

 X1.
Bzip  BWT -

,
.  BWT 

, -
 ( -

)  1-2 
.

,
,  bzip2 

.
,  bzip2 -

-
.  bzip2 

 bzip. , -
-

.
 BWC ,  bzip  bzip2. 

, , MTF, 1-2 
.

IMP ,
, , -

.  bzip2.
,  bzip2, 

 7-Zip.
 szip, 

,
BWT. , , , -

. ,
 MTF-
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, -
 BWT .  szip

-
 ICT UC.

 Zzip -
, -

.
BA . -

 BA .
, ,

.
,  BA — -

 MTF .

.
.

 DC . -
, , ,  MTF – -

. - , ,
, -

. , , -
,

.
 SBC — -

. , , -
,  SBC.  SBC -

 BWT, -

. -
 MTF ,

,  YBS  DC, -
 ( -

), .
ARC (  Ian Sutton,  PPM-

 BOA). ,  BWT -
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-  MTF.  SBC, -
.

 YBS -
, -

. .
, -

,
BKS98  BKS99,  [10].

-
 MTF .

BWT-

, -
, ,

.

:
Intel Pentium III 840
140
256  SDRAM
Quantum FB 4.3 
Windows NT 4.0 Service Pack 3

,  BWT-
.

, -
,

, -
.  1,639,139 .

, -
,

c
,

c
YBS 0.03e 446,151 1.81 0.93
DC 0.99.298b -a 449,403 1.21 1.00
SBC 0.860 451,240 1.69 0.87
ARC (I.Sutton) b20 459,409 2.08 1.37

http://www.compression.ru/
http://www.compression.ru/


 /  1
http://www.compression.ru/

 “ ”. ISBN 5-86404-170-X
http://www.compression.ru/

256

, -
,

c
,

c
Compressia' b2048 462,873 2.92 2.66
BA 1.01b5 -24-m 463,214 2.17 1.26
Zzip 0.36 -mx -b8 467,383 1.96 1.65
szip 1.12 b21 o0 470,894 3.34 0.78
ICT UC 1.0 472,556 2.54 1.27
szip 1.12 b21 o8 472,577 2.32 1.12
GCA 0.90g -v 477,999 2.17 1.17
BWC/PGCC 0.99 m2m 479,162 1.69 0.83
BWC/PGCC 0.99 m900k 503,556 1.56 0.83
szip 1.12 b21 o4 506,348 0.48 0.94
IMP 1.10 -2 u1000 506,524 1.07 0.64
bzip2/PGCC 1.0b7 -9 507,828 1.55 0.66

, ,
.

 (2,042,760 ) -
, .

, ,
.

, -
, ,

-

-

DC 0.99.298b 476,215 1.58 1.28 +
SBC 0.860 b3m1 489,612 1.59 0.96 +
YBS 0.03e 496,703 2.32 1.09
DC 0.99.298b -a 500,421 1.50 1.18
ARC (I.Sutton)
b20

508,737 2.62 1.71

BA 1.01b5 -24 512,696 2.87 1.53 +
Zzip 0.36 -mx -b8 515,672 2.84 2.08 +
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, -
, ,

-

-

Compressia b2048 517,484 3.67 2.12
BA 1.01b5 -24-x 517,626 2.75 1.42

, -
,

.
 BWT- -

-
 Watcom 10.0 wcc386.exe (536,624 ).

,
,

:

,
-

-

-
,

-

-
-
,

- -
-

-

YBS 0.03e -
m512k

275,396 0.66 0.51 + +

YBS 0.03e 276,035 0.66 0.57 +
SBC 0.860
m3a

278,061 0.98 0.69 + +

ARC b5mm1 278,392 1.33 0.48 + +
DC 0.99.298b
-b512

279,424 0.67 0.36 + +

DC 0.99.298b 279,759 0.66 0.37 +
ARC mm1 280,052 1.34 0.46 +
Zzip 0.36 -mx 291,199 0.74 0.66
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,
-

-

-
,

-

-
-
,

- -
-

-

ARC
(I.Sutton) b5

291,345 0.58 0.48 +

ARC
(I.Sutton)

292,979 0.58 0.48

BA 1.01b5 -
24-z

293,489 0.82 0.64 +

DC 0.99.298b
-a

293,807 0.52 0.39

IMP 1.10 -2
u1000

294,679 0.38 0.18 +

Compressia
b512

297,647 0.97 1.16

ICT UC 1.0 298,348 0.75 0.53
BA 1.01b5 298,617 0.82 0.66
szip 1.12 b21
o0

298,668 0.76 0.31

szip 1.12 b21
o4

299,249 0.27 0.39

BWC/PGCC
0.99 m600k

304,996 0.58 0.37

bzip2/PGCC
1.0b7 -6

308,624 0.63 0.26

,
,  Fileware.doc  427,520 

 MS Office'95. ,
,  MTF, -

.
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,
-

-

-
,

-

-
-
,

- -
-

-
-

-

SBC 0.860
m3a

126,811 0.69 0.42 + +

DC 0.99.298b 127,377 0.38 0.18 +
ARC b2 128,685 0.38 0.23 + +
YBS 0.03e -
m256k

130,356 0.37 0.24 +

Compressia
b256

131,737 0.61 0.40 +

BA 1.01b5 -
24-r

132,651 0.41 0.30

Zzip 0.36 -a1 132,711 0.65 0.40
DC 0.99.298b
-a

133,825 0.34 0.23

YBS 0.03e 133,915 0.37 0.25
BWC/PGCC
0.99 m600k

134,183 0.33 0.19 +

bzip2/PGCC
1.0b7 -6

134,932 0.44 0.14 +

szip 1.12 b21
o0

134,945 0.90 0.15

IMP 1.10 -2
u1000

135,431 0.30 0.12

ICT UC 1.0 136,842 0.41 0.29
BA 1.01b5 -
24-z

137,566 0.49 0.31 +

szip 1.12 b21
o4

141,784 0.17 0.18

http://www.compression.ru/
http://www.compression.ru/


 /  1
http://www.compression.ru/

 “ ”. ISBN 5-86404-170-X
http://www.compression.ru/

260

, -
,

. , ,
,

 BWT .
, -

, -
.

 — ,
, , LZ77. , ,  3-

4 .
.

 BWT-
.

-
,  PPM. -

 BWT -
, -

 PPM. , -
.

.
.

,
 LZ77,  — PPM-

, , -
.  BWT -

.

1. . . -
. — 
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 6. -

 — Parallel Blocks Sorting (PBS).
 A  B ,

 A[i]
 B[i] , . LA LB

: LA = LB = L. RA RB

.
 PBS 

In[i]  In -
 Outj  A[i] .

 A[i]  A, -
 In[j] /  P[k]

 P:

A[i]=A(i, In[j], P[k]), i=0...L-1; j=0,...,i-1;
k=0,...,L-1

-
:  Outj

,  In.
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3 250 7 1 7 3 1

72 233  93  18 126  53  27

 18  27

 72  53

 93 126

233

In

P

 Outi

. 6.1.  PBS:  A[i]
 P[i];  A[i]

 In[i]  A[i],
 Outj

.
, . .

,
.

 PBS, 
ST/BWT, .
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 — RLE,
LPC, MTF, DC, HUFF, ARIC, ENUC, SEM...

VC  ( -
, « » ) -

 VD  ( , « -
» ) ,

: VC = VD = O(L).  2·L+C.
C

. .

,
1) -

 Outj, ;
2) , ;
3)  A  P[k],

i, . . k=i+1,...,L , 
 P 

In;
4)  A , :  2 ,

, 16, -
;

5)  P ,  ST/BWT -
 PBS.

 ST(1)
: A[i]=In[i-1] ;  ST(2):

A[i]=In[i-1]·2R + In[i-2] , .
 PBS A[i]=P[i], -

.
,  P[i]. -

 P, ,
 (   « -

»), 
 In:
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for( a=0; a<n; a++) Attr[a]=0; // (1)
for( i=0; i<L; i++) Attr[P[i]]++; // (2)

In — L;
P — L;
L — ;
n=2R — ;
Attr[n] — .

,  P  8  16-
,  In —  8. ,

« » ,
16- : , ,

. ,
: ,

, , -
, . .

 A , -
:

// A[i]=P[i]&252 :
for( i=0; i<L; i++) Attr[ P[i]&252 ]++; // (2a)

// A[i]=255-P[i] :
for( i=0; i<L; i++) Attr[ 255-P[i] ]++; // (2b)

// A[i]=(P[i]+P[i-1])/2 :
Attr[ P[0] ]++; // (2c)
for( i=1; i<L; i++) Attr[ (P[i]+P[i-1])/2 ]++;

,  — 
 —  Attr  ( -

). , -
,

:
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for( a=0, pos=0; a<n; a++) { // (3)
  tmp=Attr[a]; // a-
// - :
  Attr[a]=pos;

// ( )
//  — :
  pos+=tmp;
}

 Attr[n] -
. , -

:

for(i=0; i<L; i++) Out[Attr[P[i]]++]=In[i]; //(4c)

Out —  (sorted, transformed),
. :

for( i=0; i<L; i++) { // :
//  s  In:
 s=In[i];
//  a  P:
  a=P[i];
// ,
//  a;
  pos=Attr[a];
//  s  Out ,
  Out[pos]=s;
// :
  pos++;
  Attr[a]=pos; //  — 
               // .
}

 — , . , -
:

(2a) a=P[i]&252;
(2b) a=255-P[i];
(2c) a=(P[i]+P[i-1])/2;

//  i=1...L-1,  i=0, a=P[0].
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: ,

,
 In.  — 
.  —

:  In,
 Out:

for(i=0;i<L; i++) Out[i]=In[Attr[P[i]]++]; //(4d)

In — 
Out — 

:

for( i=0; i<L; i++) {
  a=P[i];
  pos=Attr[a];
//  ( ) :
//Out[pos]=In[i];

//( :
//In[pos]=Out[i];)

// , :
  Out[i]=In[pos];
  pos++;
  Attr[a]=pos;
}

,  0 n=2R,
 0 L. ?

R=8, n=256, L — 
. ,  — ,

,  — 
.

: , , R=16,
n=216=65536, L=512, . .  512-

 16-  (  « »). , -
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, , -
.

 R

, : -
,  In, P -

 In[i]  Out, :
 Out  In, P, 

,  Out.
 0 L,  0 n=2R — .

 An-
ext,

 (A- ).  Anext[i] -
 (i+k) -

 A[i],  (i+k) .
, -

 A[i],  Anext[i] i.

// :
int Anext[L];
int Beg[n]; // ,
int End[n]; // 
int Flg[n]; //  A-

// :
FrameNumber++; //  L-
for( i=0; i<L; i++) {
a=P[i]; //  a
if(Flg[a]==FrameNumber)
// ,  a,
  { // ,
  e=End[a];//  — 
  Anext[e]=i;// 
  }
else
  { // 
  Flg[a]=FrameNumber;// ,
  Beg[a]=i; // 
  }
Anext[i]=i; //  A-  — 
End[a]=i; // 
}
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 Flg ,
Beg  End ,  Flg 

.  Fprev  Fnext, -
 Flg  F-

(  Fnext  F- ,
Fprev — ),

 Flg  A-
.  0 n .

.

:

pos=f=0;
while (Fnext[f]!=f) { // (
  f=Fnext[f]; // A-  Flg,  Fnext)
  i=Beg[f]; //  A- ,
  do { // :
    Out[pos]=In[i]; //  In,  Out
    pos++; // ,
    i=Anext[i]; // ,  A-
  } while(i!=Anext[i]) //
}

 P, 
 A  P. 

2·L + n·sizeof(*char), 
2·L + 5·n·sizeof(*char),

 Beg, End, Flg, Fprv, Fnxt n·sizeof(*char)
.

 R

,
2·L+n·C , C  — 256 , -

, 512,  « »
:

#define K 256;
for( i=0; i<n; i++) Attr[i]=i*K; // (1sm)
//  n 
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//  (1 « »)

,  In, P, -
,  « »

,
:

FreeSector=n;
for( i=0; i<L; i++) { // (2sm)
  a=P[i]; //  a  P,
  pos=Attr[a];// ,

//  a;
  Out[pos]=In[i];
  pos++;
if(pos%K+sizeof(*char)==K)// -

,
  {
  Out[pos]=FreeSector;//

//  FreeSector  int32,  Out[i]  int8, :
// Out[pos] =FreeSector%256;
// Out[pos+1]=(FreeSector>>8)%256;
// Out[pos+2]=(FreeSector>>16)%256;
// Out[pos+3]=(FreeSector>>24)%256;

// = :
  pos=FreeSector*K;
// :
  FreeSector++;
    }
  Attr[a]=pos;
}

:  (4c) ,
.

, n≤256, , ,  PBS -
 Out. 

, . , -
 (1sm), 

(2sm).
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,
. L n,

,
.

Attr[n] , -
. ,  ST/BWT -

:
.

 (
) , ,

-
, -

.

,  A 
,

, . ,

A[i]=(int)P[i]/2; // 

 A[i] = P[i], ,
 « » -

.

A[i]=P[i]^(n-1); // , , A[i]=n-1-P[i].

 Out 
 A[i]=P[i]. -

 Out2,  Out1, 
 — ,

In[i]  In[i+1], , .
:
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1.
A[i]=(P[i] & 16 == 0)? P[i] : (P[i]^15);

 +1  –1:
abs(P[i]&15 – P[i–1]&15)=1.

2.
A[i]=(P[i]<0)? (-P[i]*2+1 ) : P[i]*2;

,  — .

: -
.

 A , . . -
- ,

.
, ,  20-30  256-

,  — :

//  256-232=24 
K=232;
A[i]=(P[i]>K)? P[i]/4 : P[i]/2;

//  — 

: -
 Out :

ƒ
−

=
=−−=

1

1
0])1[][(

L

i
iOutiOutSum ,

Out[i]–Out[i–1] — .

SumCurrent+=Out[i]-Out[i-1],  K,
SumMinus+=Outm[i]-Outm[i-1]  K=K-4,
SumPlus+=Outp[i]-Outp[i-1]  K=K+4,

StepK K
SumCurrent, SumMinus SumPlus:

if (SumMinus<SumCurrent && SumMinus<SumPlus) K=K-4;
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else if (SumPlus<SumCurrent) K=K+4;

 A  P, -
-

 — , P[i]  P[i-1]  In[i-1]. 
P  A,  A 

:  A[i]=A(P[i])
P[i].  A :

 A[i]=P[i], ,
 Out, -

.  A 
- , :

A[i]=P[i]+123; //  n

 XOR:

A[i]=P[i]^157;

, -
:

A[i]=(P[i]&(n/2))? ( (P[i]-(n/2))*2+1 ) : P[i]*2;

:  A, 
 In[i],  P[i],

K -
? K=4 K=8.

 A -
, ,

,
.  ST/BWT,

, .
-

,  — .
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,
 (2)  (3).

:  A 
 ( ),

.
 P,  A ,  P -
 A,  A, P, In ,

P  In.  P, ,  In -
: « » — ,

A[i],  « » —  In[i] -
 A[i].

, -
.  ( ), -

.

, -
:

// , ,  – -
:

//  P[i-2]  P[i-1]  P[i] P[i+1]
// In[i-2] In[i-1] In[i]
A[i]=(P[i-1]+  P[i]+P[i+1])/3;
A[i]=(P[i-1]+2*P[i]+P[i+1])/4;
A[i]=(P[i-1]+  P[i]+In[i-1])/3;
A[i]=(P[i-1]+2*P[i]+In[i-1])/4;
A[i]=(P[i-1]+  P[i]+2*In[i-1])/4;
A[i]=(P[i-1]+  P[i]+P[i+1]+In[i-1])/4;

, ,  ( -
) .

,
. , -

.
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:
-

.
,

 A[i]=P[i]=In[i–W]  (W — 
),

« » . ,
W  — .

: -
 A[i]=In[i-W].  W=1  W=2.

 PBS:

:  1.0 ... 2.0 .

:
.

:
1:1.

:
.

:
. -

.

, ,
.
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,
, -

: , -
.

, -
X ( )

 FO(X)
.

« » : Z
X, Z .

 (Z=7):
…8536429349586436542 | 9865332 | X | 6564387 |
58676780674389…

, -
 «|» . X — ,

,  ”2“ 
”6“.

Z -
, ,  (

X),

.  2R -
Vi . -

: V
Z V -

Z.  2R ,
 FO(X) X:
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ƒ
−

=

−=
12

0

][][)(
R

V

VCountRightVCountLeftXFO ,

 CountLeft[V] — V
;

CountRight[V] — V
.

, ,
,

 —  2·Z.
:

V =    2    3    4    5    6    7    8    9
FO(X) = +|1-0| +|2-1| +|0-1| +|1-1| +|1-2| +|0-1| +|1-1| +|1-0|

=6

 FO(X) , -

 ( /  FO(X)>Fmin).

-
: ,

.

 — RLE, LPC, MTF, DC, PBS, HUFF,
ARIC, ENUC, SEM...

, . .
, -

.
.

-
, : -

=O( ).  2R+1.
 O(2R), .

.
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,
RLE ,  ( )

,

.

,
1) ,

 (
,

);
2)  ( ) -

Z, Fmin —  FO(X),
Rmin ( -

 — NG, -
/ : Nmin, Nmax);

3)
— Z1 , Z2 , … , Zn — -

;
4)  X

.

Z,
 In[N] X -

 (X+1) :
 ( - X ), -

, .
: -

X.

#define Z 32
for( i=0; i<n; i++)
  CountLeft[i]=CountRight[i]=0; // (1)

for( x=0; x<Z; x++) { // : (2)
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  i=In[x]; //  In[x]
  CountLeft[i]++; //  1 
  i=In[x+Z]; //
  CountRight[i]++;
  }

In[N] — ;
N — ;
n=2R —  2R ;
FO[N–2·Z] — ;
CountLeft[n] — ;
CountRight[n] — .

, ,
.

.

for(x=Z; x<N-Z-1; x++) {
//  X  Z  N-Z-1 (3)
  f=0; //
  for( i=0; i<n; i++) //
    f+=abs(CountLeft[i]-CountRight[i]);

/* . .,  abs()
if (CountLeft[i]>CountRight[i])

f+=CountLeft[i]-CountRight[i];
else f+=CountRight[i]-CountLeft[i];

*/
  FO[x]=f; //
  for(i=0;i<n;i++) CountLeft[i]=CountRight[i]=0;//
(1)
 for(j=x+1-Z;j<x+1;j++){ // :  (2)
 CountLeft[In[j]]++;//

 CountRight[In[j+Z]]++; //
 }
//  (x+1-Z)
}

,  —  FO[N]

(  « » ), -
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 FO[k], . -
.

:
(3),
Fmin.

 (3) 
,  FO,  (1)  (2) . -

-  (3)  In 
, .
 (1)  (2) :

f=0; //
for( i=0; i<n; i++) // (2a)
   f+= abs(CountLeft[i]-CountRight[i]);
FO[0]=f; //

,
In[N]:

for(x=Z; x<N-Z-1;x++) {
//  X  Z  N-Z-1 (3a)
// , :
  i=In[x-Z];
  f-=abs(CountLeft[i]-CountRight[i]);
//  1 
  CountLeft[i]--;//  1 
  f+=abs(CountLeft[i]-CountRight[i]);
//

 i=In[x+Z]; // ,
//
 f-=abs(CountLeft[i]-CountRight[i]);
//  1 :
 CountRight[i]++;
 f+=abs(CountLeft[i]-CountRight[i]);
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  i=In[x]; // ,
  f-=abs(CountLeft[i]-CountRight[i]);
//  1 :
  CountLeft[i]++;
  CountRight[i]--;  //  -  1 
  f+=abs(CountLeft[i]-CountRight[i]);

  FO[x]=f; //
}

:  f, 
 — ,

 7,  8?

Z n, (2a)
,  2*Z.

,
, ,

:

f=0; // 
stacksize=0; // 
for (x=0; x<2*Z; x++) (2z)
{
   i=In[x]; // 
   s=0; // :
   while(s<stacksize) if (Stack[s]==i) goto NEXT

//
   f+= abs(CountLeft[i]-CountRight[i]);
   Stack[stacksize++]=i; // 
NEXT:
}
FO[0]=f; // 

(3),  FO: (2z), . . n,
 2·Z.
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 n (3),
 FlagLeft  FlagRight, 

CountLeft  CountRight. , -
x

Count.  Count  Flag. 
 Flag x, -
 Count .

: (3) ,
n.

 — 
X. ,

: , X,
Z, ,  1 X, Z-1, 

, (Z-d) d, ,
, ,

.
Z — 

, n — .
Z n,

.

 — Z n,
Z — ,

X  (
, ):

for( x=0; x<Z; x++) { // : (2`)
//  CountLeft[In[x]]++; // (2)
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//  CountRight[In[x+Z]]++;// :
//  x:
CountLeft[In[x]]+=x+1;
CountRight[In[x+Z]]+=Z-x;//  x+Z :

// 2*Z-(x+Z)
}

(3).

 — n Z,
n — :

. -
, (3a),

Z :

for(x=Z;x<N-Z-1;x++) {//  X–  Z  N-Z-1
(3a`)
 f=0;
 for(i=0;i<n; i++)

//
  { // i  x+1?
  WeightLeft[i]-=CountLeft[i]; //  CountLeft[i],

//  –1
//  –  +1
  WeightRight[i]+=CountRight[i]);
//
  f+=abs(WeightLeft[i]-WeightRight[i]);
  }
//  x  1 ,

// , :
i=In[x-Z];

//  1 
CountLeft[i]--;

//  0,  WeightLeft[i] 

i=In[x+Z]; // ,
f-=abs(WeightLeft[i]-WeightRight[i]);

//  1 
//  1 :
  CountRight[i]++;
  WeightRight[i]++;//  1 
//
  f+=abs(WeightLeft[i]-WeightRight[i]);
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// , :
  i=In[x];
f-=abs(WeightLeft[i]-WeightRight[i]);
//  1 

//  1 :
  CountLeft[i]++;
  WeightLeft[i]+=Z; //  Z 
  CountRight[i]--; //  -  1 
  WeightRight[i]-=Z; //  Z 
//
  f+=abs(WeightLeft[i]-WeightRight[i]);

  FO[x]=f; // 
}

: (1) (2)
?

 — -

: Z1, Z2, … , Zq . 
FOi Zi,

 FOi .  2K,
 0  2,  0  2K+1.

 —  ( Y ) -
Z0.

 —  FO, -
.

 — 
FO(X): ,

Σ| CountLeft[V] – CountRight[V] | ,
Σ(CountLeft[V] – CountRight[V])2.
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D-

-

X K .  — 
: .

, , : -
 FO 

: FO[X]=FO (X).
,

FO (X) -
 — FO (X)  FO (X).

 FO  ( . . 6.2),
, -

 FO[X].

3 2 4
3 2 4

1 1 X 1 1
4 2 3

4 2 3

. 6.2. K=4

, , -
Z, K , -

Z, K . ,
, , -

.
Z, -

, K.
,  « » — , -

.

: K , K
, K .
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( ) K  —  2, 4, 8…, 
,  3, 7, 13…

:
, .

?

 D- .

:

:  1.0 ... 1.2 .

: ,
.

:  10:1.

:
,

.

 7. 

-
.

:

,

:

.

http://www.compression.ru/
http://www.compression.ru/


 /  1
http://www.compression.ru/

 “ ”. ISBN 5-86404-170-X
http://www.compression.ru/

288

, -
-

, « » .
- ; -

 « », .

,
-

.
, , -

, -
.

,
-
.

 « - » -
, -

, , .
-

. ,
.
-

,
.

-
.

, -
,  ARHANGEL, JAR,

RK, SBC, UHARC,  DC, PPMN.
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-
- , -

.
. ,

, . -
-

, . , -
 — ,

.
.

:
• , . . -

, ;
• , -

-
,
;

• , . .
 ( ) -

.
 [4]:

• ;
•  ( );
• , ;
• - - ;
• n  (n- ).

, -
, ,

- .
:

• , -
;
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• ,
;

• ,
: , , , . .

 n-

,

,  2 
n (  4…5). -

 100 .
:

• ;
• ;
• ;
• .

:
• ;
•

 (  BWT, , -
, LZ), -

 (  PPM).
 «plain text», 

. -
, ,

. , -
, -ASCII

 0x80 .
 “th”  0x80. 

0x80 ,
 (< >, <0x80>), 

, , 0xFF. -
.
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: ,
?

-
. -

, -

, -
. -

, -
-

-
.

, ,
. 7.1.  45 -

 2 ( ), 25  3 ( -
)  16  4 ( ). -

 ( n-  — -
).

 7.1

th er in ou an en the ing and ight self
ea or ll is on ar for ess ver ward this
st gh ed ee om oo was igh ous have been
ow ss ur ld at sh our ell een able nder
id sa ic tr al il had ich ugh ttle with
as ir ec ul ly et her out his ound reat
ai ch ot it av im ead ard ome that what
ol to qu est ght rom from ther

ith

he took his vorpal sword in hand
:
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he <to>ok <his> v<or>p<al> sw<or>d <in> h<and>
n- ,

.
 (

), , , , .

-
.  10

, -ASCII
 128…137, 

, . . , -
-ASCII .

const int BIGRAPH_NUM = 10;
const char blist [BIGRAPH_NUM][3] = {

"th", "er", "in", "ou", "an",
"en", "ea", "or", "ll", "is"

};
/* ,  bnum — 

;

*/
unsigned char bnum [256][256];

int code = 128;
for (int i = 0; i < BIGRAPH_NUM; i++){ //  bnum

bnum [ blist[i][0] ] [ blist[i][1] ] = code++;
}
int c1, c2;
c1 = DataFile.ReadSymbol();
while ( c1 != EOF ) {

c2 = DataFile.ReadSymbol();
if ( c2 == EOF ) {

PreprocFile.WriteSymbol (c1);
break;

}
if (bnum[c1][c2]){
// ,

PreprocFile.WriteSymbol (bnum[c1][c2]);
c1 = DataFile.ReadSymbol();

}else{
PreprocFile.WriteSymbol (c1);
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c1 = c2;
}

}

-
, . 7.2. ,

, .
 7.2

-
 ( . . 7.3). -

  «Three
men in a boat (to say nothing of the dog)» (« , -

»),  360
.

 Book1  Book2, -
 CalgCC, ,

. -
,  — -

.
 7.3

-

Bzip2, . 1.00 BWT 109736 107904 1.7%

WinRAR, . 2.71 LZ77 130174 126026 3.2%

HA a2, . 0.999 PPM 108443 106831 1.5%

,  Bzip2  HA -
. ,  BWT

,

ASCII- . -
, HA , -
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 PPM- -
, , , .

n-
 BWT  [2].

n-
,  PPM  BWT,  2%.

-
-

.
, , -

, , ,  BWT
 PPM.

 LIPT

,
,  Length Index Preserving Transformation

(LIPT) — « » [1]. 
, -

-
, , .

,
,  (« - »). 

 ( ).
Li i. -

-
, . .

 0. , -
- , -

:
 ( )

-
. -

, ,  “a” -
 1, “b” — 2, …, “z” — 26, “A” — 27, …, “Z” — 52, ,

, “aa” — 53, “ab” — 54… 
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. , ,  “mere”  29 
 4,  ( -

-
):

“mere”  “< >_d_C”.
 56, :
“mere”  “< >_d_ad”.

 “ad”, -
,

. , ,
, ,

“mere” , -  « -
», .

, -
.

,

.
.

«Three men in a boat (to say nothing of the dog)» 
 LIPT:

1.  1 — ,
-

;
2.  2 — -

;
3.  3 — -

,
9; -

,  2.

9  LIPT . .
2001
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 LIPT 
50 .

 53 . ,  480 .
 3  11.6 -

, -
, «the» — . . -

 —  9 .
, -

 ( ,
). , ,

. -
 3 :

:
“mere”  “< >< ><  = 4>< >”,

 4-
.

. 7.4.
 7.4

 LIPT 1  LIPT 2  LIPT 3
- - -

Bzip2,
. 1.00

BWT 102797 6.3% 100106 8.8% 101397 7.6%

WinRAR,
. 2.71

LZ77 118647 8.9% 122118 6.2% 125725 3.4%

HA a2,
.

0.999

PPM 100342 7.5% 98838 8.9% 98173 9.5%

,  LZ77 -
 LIPT. ,  LZ77 

,
.  2

.  PPM-
 3.
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-
, ,

, -
.

. -
, ,

. 7.1 [2].
,

. 7.1. ,

,
 « - ».

,  0x00, 
:

“_ _”  “_<0x00> _”
 BWT-  PPM- -

, , . .
 “_<0x00>_ _”.

,
.

, -
. , -

, , , -
. -

, ,
,  (  7.2).

 2 ,

. 7.2. ,
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 2  0x01, -
:

“_ _”  “_<0x01> _”.
,

 BWT  PPM .
, -

,
.

, -
,

, . , -
:

• , -
, ,

, ;
• , -

, -
, .

, -
 BWT  PPM -

,
-

. -
 LZ- , -

.
. 7.5 -

-

«Three men in a boat (to say nothing of the dog)». -
, -
.  1

:
• , , -

,
, . 7.1;
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•  2 , -
, ,

. 7.2.
 2 ,

.
 7.5

 1  2-

- -

Bzip2, . 1.00 BWT 108883 0.8% 108600 1.0%

WinRAR, . 2.71 LZ77 128351 1.4% 128563 1.2%

HA a2, . 0.999 PPM 107285 1.1% 107137 1.2%

-
 BWT,  PPM, 

 LZ77.

, - .
:

•  — , ;
•  — 

 ( ), .
- -

- . -
, . .

 { , } CR/LF 
 LF.

 BWT  PPM 
, ,

.
-

 [2]. :
“ ,”  “ _,”,

:
“ _,”  “ __,”.
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:
, , , -

 ( ), .
,

,
. -

:
• , -

, -
;

• ,
, -

.

:
• -

 (- ) ;
,

, -
;

• ,
, -

, ;
• ,

, -
.

: -
, -

?

, -
,
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.
 1-2%. -

 BWT 
, .

-
 «Three men in a boat (to say nothing of the

dog)» . 7.6.
 7.6

- -

Bzip2, . 1.00 BWT 108864 0.8%

WinRAR, . 2.71 LZ77 130835 -0.5%

HA a2, . 0.999 PPM 106582 1.7%

. 7.6 , -
 LZ77

.

, -
.

, ,
.

,
: , ,

, . ., , -
.

,
-

 [2].

.
,

. ,
,

, , , -
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.
-

, -
. :

Twas_brillig,_and_the_slithy_toves 5
Did_gyre_and_gimble_in_the_wabe; 6
All_mimsy_were_the_borogoves, 4
And_the_mome_raths_outgrabe. 4

, , -
, ,

, -

.
.

:

Twas_brillig,_and_the_slithy_toves_
Did_gyre_and_gimble_in_the_wabe;_
All_mimsy_…
5, 6, …

, -
 5 ,  6- :

“…toves_ Did…”  “…toves< >Did…”
 7- . .

.
.
, -

,
, -

.
.
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,
,

.
. , ,

 « » -
.  PPMN -

, L
. L -

.
L  (  32

)
( ) L, -

.
Lmax

, L. -
, Lmax , -

, , L, -
. L, -

.
,

, ,
.

-
.

. 7.3 ,
 32  «Three men in a boat (to

say nothing of the dog)». , Lmax = 73, 
L = 72,  65 ,

,
L = 72.
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0

20

40

60

80

100

58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75

 (L )

. 7.3. ,
 32  «Three men in a boat (to say

nothing of the dog)»

. 7.7 

«Three men in a boat (to say nothing of the dog)». -
,

 65 . -

. -
 793 , -

-
 (BWT, LZ77, PPM).

 7.7
-

-

Bzip2, . 1.00 BWT 109736 106069 3.3%

WinRAR, . 2.71 LZ77 130174 126042 3.2%

HA a2, . 0.999 PPM 108443 105018 3.2%
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, -
.

. , -
. -

-
, -

? . 7.8 . 7.9, 
  «Three men in a

boat (to say nothing of the dog)», 
 4 :

• ;
• ;
• ;
• n-  ( . 7.1).

. 7.9 -
-

( . . 7.3, 7.5, 7.6, 7.7).
 7.8

-

-

- -
-
-
-

Bzip2,
. 1.00

BWT 109736 103047 6.1% 6.0%

WinRAR,
. 2.71

LZ77 130174 120632 7.3% 7.8%

HA a2,
. 0.999

PPM 108443 99788 8.0% 7.3%
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 7.9
-

Bzip2,
. 1.00

BWT 6.1% 6.8%

WinRAR,
. 2.71

LZ77 7.3% 7.1%

HA a2,
. 0.999

PPM 8.0% 7.6%

,  HA , , WinRAR,
-
.

,
,

, ,
,  BZIP2. -

, -
n-

,

. ,

,  LZ77, 
, -

.

, ,  PPM- ,
 HA,  400 -

, -
, . ,  BWT

 BZIP2 -
 BWT « -

» ,  LZ77  PPM.
,  LIPT 

n- . . 7.10 -
,

http://www.compression.ru/
http://www.compression.ru/


 /  1
http://www.compression.ru/

 “ ”. ISBN 5-86404-170-X
http://www.compression.ru/

307

 LIPT,  2 ( .  « -
»).

 7.10
-

-
-

Bzip2,
. 1.00

BWT 109736 93882 14.4% 12.9%

WinRAR,
. 2.71

LZ77 130174 114566 12.0% 10.1%

HA a2,
. 0.999

PPM 108443 94191 13.1% 14.9%

,
, .

:
 BWT  LZ77,  PPM

 « ». , -
,

 LZ-
. -

-
.

:
-

 5-8% -
 12-15% -
.

, , -

. , -
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, -
. -

.
 7-Zip, ACE, CABARC, DC, IMP, PPMN, SBC,

UHARC, YBS.

,  Intel -
-

. -
 CALL (  0xE8), JMP (

0xE9). ,
, - .

-
. -

. -

,
, . ,

.
.

, ,  32-
 CALL. -

:

0xE8 R0 R1 R2 R3

 R :

R = R0 + (R1<<8) + (R2<<16) + (R3<<24)

 CALL -
 R, .

,  0xE8 -
 CALL. 
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, ,
 CABARC [3].

:

C  (
,  – 0xE8  0xE9)

N
R , , -

 CALL
A

 4 -
.

, -
.

-
,  — .

, ,
, -

, . .
, -

-
:

A = R + C

,
 N–1. ,

[–C,N–C)  [0,N).

 [0,N), 
, . . [0,N)  [–C, N–C).
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-
. -

.

. 7.4.   [–
C,N–C)  [0,N) 

,  —
.

[–0x80000000, –C) [–C,N–C) [N–C,N) [N,0x7FFFFFFF)

[–0x80000000, –C) [–C,0) [0,N) [N,0x7FFFFFFF)

. 7.4. 

 CALL -
:

0xE8 A0 A1 A2 A3

A0 = A & 0xFF
A1 = (A>>8) & 0xFF
A2 = (A>>16) & 0xFF
A3 = (A>>24) & 0xFF

:

// in — 
// op — ,
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// cur_pos — 
// file_size — 

op = (long *)&in[1];
if( *op >= -cur_pos &&
    *op <  file_size — cur_pos ) {
    *op += cur_pos;
} else if( *op  >  0 &&
           *op  < file_size ) {
           *op -= file_size;
}

-
, JMP. , -

. ,
- , , , -

,
.

- , -
,  CALL, . .

- .
. -

. -

: -
,

.

CALL  JMP , -
. -

 wcc386.exe 
Watcom C 10.0.

 7.11
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 CALL  CALL  JMP
-

-

-
- -

Bzip2,
 1.00

BWT 308624 291492 5.55% 292051 5.37%

Win-
RAR,

 2.70

LZ77 298959 281584 5.81% 280995 6.01%

HA a2,
.

0.999

PPM 296769 280316 5.54% 279959 5.66%

, , -
, -

. ,
,  0xE8 

 A0,

 0xE8  A3. . ., -
.

, -
, .

: -
-

.

,
, , ,
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. . , .
, -

. -
,

.
, , -

 32-
.

?

. , -
,  32-

.
,

,
.

,  — -
. , -

. - -
:

1)  32- -
, , -

.  ( ):
0x05 0x00 0x80 0x3f
0x05 0x00 0x80 0x3f
0x35 0x00 0x80 0x3f

2)  RLE,
.

3) ,
 28–2, .

-
:

1)  3 .
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