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,  « -
»,

, -
. -

, .

,  — .

N , -

N .

.

 ( )
. .

 ( , -
). -

,
. , , -

 « », « », «
»,  « ».

 (domain). .
. ,

 ( , -
).  NULL.

:
1) , ;
2) , , 1;
3) , , , .

. -
. -

, .
-

, .
. -

1  (tuple) — . -
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-
, . -
. , -

, -
.

.
-

. .
 ( ).

 < , >.
- -

.
.

.

,
 (view). ,

« », — , -
 ( ). .

.
, , .

 (materialized view,  snapshot) 
,

.
. -

, -
, -

.  B-  (B-tree)
 (bitmap) [2].

 [2]:
1) 2 ( )

, -
;

2)  (data warehouse), -
-

 ( ).
,

. , -

2  On-Line Transaction Processing,  OLTP.
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-
.

, , -
,

, .
 « » (star schema),

 (fact table). 
, -

.  ( ) , -
, .

. ,
.

 (dimension table). -
,  « »,

 —  ( .
. 1). ,

,  « ».

ID

3 2002

1 2002

2 2002

4 2002

ID ID ID

1 2 3 100

1 3 4 350

2 1 1 300

ID

1 1

3 2 -

4 3 -

2 1 -

ID

1

2

3

4

. 1.  « »



9

-
-

 (Transaction Processing Council, TPC)3. TPC 
, -

.
 TPC ,

. -
.

 TPC.
TPC-A  TPC-B .
TPC-C . -

. -
, , -

, .
,

. -
 80 .

, -
.

TPC-D . -
 1 . TPC-D  TPC-H  TPC/R.

TPC-H . -

.
TPC-D.

 1  10000 . -
, .

TPC-R  TPC-H, -
.

TPC-W 
Web.

 Wisconsin,  1980-
.

1990-  TPC.

.

-
.

, -
.

p , , -

3 http://www.tpc.org/
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, p2log .

.

( , , , . .) -
. , .

.
,  ( ) ,

 — . -
, -

, . . , .
-
-

.
.

:
. -

, -
.

. : -
 ( ) .

is  )( isq -

 )(log2 isq .

.  )( isq -

, , . . ,
. ,

 )( isq

.
-

 [1].

, , . .
.

, -

 )( isq , -

.
. -

.
 ( ): -

, . .
, ; -

.
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)( isq , . -

, -
 [23].

, ,
-

.
, . -

,

)( isq . .  )( isq ,

, .
, , -

.
, -

,
.

-
,

. -
.

. ,

, ILLq ,

q  — , L  — ,

IL  —  ( ) .

-
. , ,

: LZ77 (LZ1)  LZ78 (LZ2).  LZ77 -
,  [64]. 

.
 ( )

.  < , > -
. ,

. .
,  LZ77 

.
 LZ77 -

. ,  LZH -
.

 LZ78 ,
,  « »

. ,  LZ78 -
 ( ) S ,

'S , -

s . s ,
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SS '  [65].  LZ77, 

.  LZ78,  LZW, 
4. -

,
.  LZ78 -

, .
, ,

, -
.

 (Run
Length Encoding, RLE). -

.
. , -

 < , ,
> [1].

, -
. -

-
n , -

)1()( npnp . , , -

 [1].

,

,
, . , ,

, . , -
, . . .

-
,  ( ).

.

 « »5. -
.

, « »
. -

, .

                                                
4 Welch T.A. A technique for high-performance data compression. IEEE Computer 17(6):8-19, Jun.

1984.
5 . .  // .

1980. .16. 4. . 16-21.
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, .
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 1970- .
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,

, . -
 1990-x 

,
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. . 2 
, -

. . 3 ,
, -
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10

15
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0
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15

20

<=1990 1991-1995 1996-2000 2001-2003

. 2. 

1
2

3

6

11

77

3

0

2

4

6

8

10

12

<=1990 1991-1995 1996-2000 2001-2003

. 3. :

.
,

.
-

 [32, 14, 28]:
1)

, -
;

2) -
,

, -
;

3) , -
, -

- ;
4) -

,
;
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5) ,
;

6) , ,
-

.
, -

:

;

-
,
,  ( ) -

.
:

-
, . . ,

;
;

;

-
;

-
.

:
1) , ,

;
2) -

;
3)  ( , -

, , -
);

4) .
-

,  [14]:
1) ;
2) -

, ,

( );
3) ; -

;
;

4) , -
.

-
,
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. -
,

 ( , , ).
.

-

. ,  [14] , .
1. .

, -
 [59]. -

, .
 LZ- .  SYBASE IQ 

 LZH  [25, 57].  DB2 -
, LZW,  [32, 10].

, -
. ,

, , -
. -

.
2. . ,

, .
3. . -

.
-

- .
4. . -

, -
, -

. .
 [14, 4, 59].

,
 [50]:

 ( ); -
, , -

;

; ,
, ,

-
, ; ,

;
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-
 ( ).

( ),  ( ).
. , -

.
, , -

 [14, 24, 32]. , ,
.

( ) , .

 (bit packing) -
. -

.

, , -
. , N

n2log , n  — 

. -
 [3].  [41] -

 “bit compression”.
 — ,

. ,
. -

. -

, n2log  -

N .  [24, 25] 

,
.

,  «frame of reference compression» — « -
», :

 — -
;

 — -
-

.
, ,

.
:

. , , -
. . :
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S  = {(100, 21), (98, 24), (103, 29)}.

 [98, 103],  — [21, 29]. -
 6,  — 9. S

:
S  = {(0102, 00002), (0002, 00112), (1012, 10002)}.

, ,
.

, , .
.

, . -

.
 [24] -

. , -
 R- 7, -

.
.  R-

,
.
 [25] ,

 3-5 . -
, -

 Gzip.  R-

55% .

 [14].
-

, , , -
-

.

, -

, -
 [50, 36, 59]. -

. -
, .

 < , , > [3, 36]. 

                                                
7 R-  (R-tree) — , -

.
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, ,
)(nO , n  —  [36].

-
. -

. , -
, , 1, -

,  0, . ,
}4,,,,3,,2,1{ DcccDcDDS ,  }4,3,2,1{' DDDDS

}1,0,0,0,1,0,1,1{B . ,

)(nO  [36].

 [21, 22] ,
. ,

 « »,
H ,

,  — . -
,  }4,,,,3,,2,1{ DcccDcDDS

}4,4,3,1,2{}112,31,12,1,2{H .

H ,

)(log HO  [36].

 [36] , -
.

 “BAP”, :
(bit vector, BV),  (address vector, AV) 

 (physical vector, PV).  0, -
,  1, . -

. ,
8 -

.
 )(iAV

1i . -

.
, -

. -
. -
, , . -

, ,
.

,  5,  “0”, -

                                                
8 ,

.  — .
 [S.W. Golomb. Run-length encodings. IEEE Transactions on Information Theory, vol. 12,

pp. 399-401, July 1966].  [R. Gallager and D.V. Voorhis. Op-
timal source codes for geometrically distributed integer alphabets. IEEE Transactions on Information The-

ory, vol. 21, pp. 228-230, Mar. 1975].
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}20,0,0,17,0,0,0,0,12,0,0,0,8,0,0,0,0,0,0,0,0,4,0,0,1{S

:
}1,0,0,1,0,0,0,0,1,0,0,0,1,0,0,0,0,0,0,0,0,1,0,0,1{BV ,

}20,17,12,8,4,1{PV ,

}4,3,2,2,0{AV .

, 4)5(AV ,  4- -

 )4(PV .  12.

, -
, , ,

.
 [36] 
. BAP . BAP -

,
-

.
,

. , , -
.

. , -

.  [3] 
, -

. -
, .

n2log , 

n  — . -

. -
, , -
.

-
.

, -
.

],[ jiT i - j -  ],[],1[ jiTjiT .

, -
-

.
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 [37] 
- .

.
.

-
,

. -
: - , , -

 ( ).
. , -

, , .
.

, ,
 [41], , -

,
. ,  « »

(window-based compression), .
1) .
2) . -

 « »  « » -
,

.
3)  « »  « »

, -
.

4) .  4-
.

.
,

.
-

, .

 4. ,
.

- -
 3.55 , , ,  Gzip -

 5.3 . -
, , - :

 4 
, -

 —  2 ;

 300-20% 
 ( , -

),  —  10-15%.
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, , ,
 2 ,

Oracle 8i. ,  Oracle -
 ( .  «Oracle»  «2. -

»).
, , -

.
, .

-
-

.
, -

.

.
 [51] 

. -
 2 , -

,
. -

, , . -
, -

, . -
.

 64  12 -
.

 2.58 . ,
, .

, ,
.

 [3] 
.

 [20] 

, .
,

 (  2 ). , . .
.

, ,
.

T ,
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T . ,
 2 , -

 32.7%, 
 17%.  IMS  IBM [20, 32].

-
, .

. -
.

 [48] 
,

. -

.
:  ( ),

LZW,  ( ),
 ( ). -

,  1, -
.  4 .

,
. , -

.
.

2. ,
.

 1

PUB . 11  ( -
, , . .)  80690 .

1828 ,

.

BANK . 24 ,  19
 5 ,  55862 .  236 .

SYN . 12 ,  11 -
 1 ,  9964 .  76 . -

,
.
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 2

- -
,

5.09 5.00 4.78 4.44

LZW 11.86 5.85 4.80 3.36

4.87 4.18 3.62 2.50

4.72 4.69 4.55 4.27 4.89

4.10 3.84 3.55 2.99

PUB

3.99 3.98 3.91 3.60

1.32 1.32 1.28 1.12

LZW 5.26 2.86 1.58 0.84

2.06 1.94 1.42 0.94

1.87 1.86 1.81 1.36 1.79

1.99 1.90 1.55 0.97

BANK

1.77 1.77 1.70 1.40

1.27 1.27 1.23 1.04

LZW 1.86 1.68 1.26 0.75

1.79 1.74 1.26 0.83

1.80 1.80 1.67 1.24 1.27

1.79 1.63 1.16 0.97

SYN

1.78 1.78 1.66 1.26

 2 ,
, -

.
,

. LZW 
. -

-
.  — 

, ,
. -

,  [48] 
. , -

 [49] “COLA” (Column-Based Attribute Level Non-Adaptive Arithmetic Cod-
ing — « -

»),
, . -

 2.
,  [48] ,

, .
, , -

. -
. ,  [32] 

 DB2 - ,



25

-
, .

 [8] -
. -

, , -
. -

.
 12%  Ingres.

,
,

, -
 [6, 63].  [35]

-
 « ». -

.
, , .

,  4..64
. , , -

.

-

- -
, ,  [32, 48]. , -

- .  [32]
, -

 ( ).
 [32] -

 (Miller-Wegnam),  LZMW [1]. - -
, -

,  LZW. 
.

 4096 . , -
 2 -

. -
 20%.  DB2  IBM. 

.  «DB2»  «2. 
».

-
. ,  [41]  LZW 

.  Gzip,  LZH,  [24,
11, 37].

 [63]  LZW, 
.

, .
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, -
 « »  (“zilch”), -

. ,
. ,
 LZ78, -

-
, .

- -
.

 [3, 14, 17, 59]. 
 [40, 46]. 

. . -
-

 ( ).
 [14] -

 « », -
,

. -
, -

, , / .

. , -
. -

 TPC-H. -
 LZW,

,
.

,
 30%.

,

 [50]. 

 [41, 43, 44].
-

. -

. ,
 ( ). -

. -
,
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. -
.
 [43, 44] -

.
.  [41] , -

-
.

n - -

R , n . , -

, baA ,1 2,1,02A ,

 6 : 2,,1,,0,,2,,1,,0, bbbaaaR . ,
n

i

iAR
1

.

.
1.

. , ,
 ( ) . -

-
. ,

RNR: , 1,2,1 RN R , RNR ,

Rt  )(t . -

,

.
2. .

. .

3. . 1t , . . -

.  ,1, iti

0)()( 1ii tt . -

1,,,,
2

1

1

1

n

n

i

i

n

i

i AAA . -

. ,

 567)()( 1tti , 4n , kA  4, 3, 64, 100

, 67,5,2 ,

16710051006401006430567 .

.

, RNR

RN R -

.
[41] -

.
, :
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1)  ( ) -
;

2) , -
.

 [41] -
. -

 4  41.3%.
 LZW -

,  35.2%.
 [43] 

kt , , it

kitt

kitt

ki

ik

),()(

),()(
. .

:
-

. ,  [43]  [41],
,

 10%, 
. , -

.
, -

,
-

.

,

. -
.

C -

,
P . C P . -

P ,
. P {ID}, C { }.
ID -

 "ID"

 " ",

 ID
-

1 1 1 1

2 2 - 1 3

3 1 1 4

4 1 1 6

5 2 - 2 - 2

6 1 2 - 5

, -
. , -

-  [1].
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 [58] -
. -

, .
,

2k . -

2k - , . .

. , -

,
,  [11].

,
.  [11]

 ( -
). n

k .

 )(nkO 2(nO ). -

, n

k , . . 10/ kn .

 [11] -
. , -

, ,  ][ jT

j T ,  ][][ jTiT , i  –

.  ][][ jTiT

 LZH.

 [12]. ,  RAY, 
 SEQUITUR9.

SEQUITUR -
.  SEQUITUR 

, -
.

 SEQUITUR, RAY 
. -

: -
. , -

-
-

.  SEQUITUR, -
 ( ) . ,  SEQUITUR 

,  RAY -

                                                
9

., : Nevill-Manning C. Inferring Sequential Structure. PhD Thesis, University of

Waikato, May 1996.



30

.
. -
. ,

 ( . .
), .
 [12]  RAY -

.  20% -
 Gzip,  2-4 .

, -
. , -

, .
,

 Gzip, 
.

.

, , .
,

, , -

.  )( ii XFt ,

iX it , it . -

F , iX , ,

it , it -

.
 [47]. 

10 ,
. -

. -
 ),( tkC , k  — , t  — .

t ,

 — .
, -

. . -
. -

, k .

, -
, « » -

.
. k

, .

                                                
10  “fascicle” — « , ».
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 [47] 
“ItCompress”, .

 « » -
.

, .
, - . -

:
, , - .

 1, -
,  0, -

.
 [7] -

 (Classification and Regression Tree, CaRT), 
SPARTAN. , -

,
. , -

,
.

- .
, .

-
.

, , , -
.

 [7, 47] ,  ItCompress  SPARTAN -
. , -

,  5 
 1%. -

 Gzip  20%. -
 10%  10-12 . -

 ItCompress  3-4 -
.

 [34] , -
. ,

 ( ) X .  ( )
.

(UV- , ) -
:

T
VUX ,

X  — nm  ( m , n ), nm ;

U  — T
XX ,

nm ;

V  — XX
T ,

nn ;

 — i X ,

nn .
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:
n

i

T

iii

1

vuX .

, ,
, X , -

. , . -
nk  ( k -

). k -

.  [34] ,
 40 

 5%  10  2%. , -
 Gzip  4 .

,
,  B-  (B-tree)  (bitmap), 

 [26, 28, 55]. :

 (projection index) [26];

R-  (R-tree)  [24];

 (DataIndex) [26].
, ,  [28].

-
. ,

, -
 [26, 33]. ,

.

, -
. i -  1 

, i - -

. ,  « », -

, ,

:

0,1  « » = « »;

1,0  « » = « ».

.

A , A  — -

.
 [13, 55, 56]. -

 “<”,  “=”. 
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. -
. -

1A ,  — 2/A .

, -
.

-
:

,  [13, 33];

 [13, 33, 56].
,

. -
:

;

-
, , .

 [33] :
1)  LZH  zlib, 

 Deflate,  Gzip;
2)  zlib 

(LZH+RLE);
3) ,  ExpGol, ;
4) , -

 ( ) — Byte-Aligned Bitmap Codes,  [5].
 ExpGol - 11 -

. V  — iv . n

k ,
1

1 1

k

i

k

i

ii vnv .

1

1

1
k

i

ivnd .

n k d , -

d2log  . k

- : k2log  , .

, 4,3,2,1 - 12

11 Elias P. Universal codeword sets and representations of the integers. IEEE Transaction on Infor-
mation Theory, 21(2):194-203, Mar. 1975.

12 , - ,

- .
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00100,011,010,1 . -

,16,8,4,2,1 bbbbbV .

b -

 ExpGol  — .
- , -

.
, ,

, .
.

,  — , .
:

« » (gap);

 (ending).
 « » , -

.
.

 « » . , -
- .

 [33] ,  LZH+RLE 
, . ,

 ExpGol b -

. b

.
, .

:

 « »
 LZH; -

;

-
 1.0p  ExpGol; ,  0001.0p

 ExpGol ,  LZH;

 « » -
 LZH;

-
.

,  Deflate, -
 zlib, 

 ( ) [1].  258 , -

.
 [55] -

-
, ,
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.
. , -

. -
, -

.
 [61, 62] -

, ,
.  « »

(Word-Aligned Hybrid run-length code, WAH). , -
, , . -

, .
:  (“fill words”) .

. - , -
, . -

, . ,
, ,

. ,  32 , -
 31.

,  [62], -
 12- -

-
.  60% 

. -
,  2.2 .

,
001.0..01.0p  2.5 

.
,

, , -
.

 B-

 B-
,  « » , . .

. .
-
.

 [24] ,  B- -
,  « ».

 « »
« ». ,

,
. -

 [6].  [63] -
 LZW .
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. ,
 5 .

 R-  [24, 25]. -
 « », -

 «
»  « ».

 [26, 27]. -
.

 LZW -
 ( ).

, ,
:

,
 ( , -

);

,

;

-
, , -

.
,

.
 [14, 16] , -

. -
. , -

.
 « »  (“compression plan”), 

 « ».
-

. -
.  [14] -

. O

outinOOOO ttmEGAO ,,,,, , OA  — , OG  —

, ,

O , OE  — , Om  — -

, int  — , outt  — .

p ROOOp NN 11 , R  — 

.
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. -
. ,

, .
-

, .  [14] -
:

sndc swswcwcwpC 4321)( ,

iw  — ,

;

cc  — ;

dc  — ;

ns  — ;

ss  — .

. -
, , ,

, . , -
, .

,
, , ,

.
. ,

, -
, . -

,
 )(aO , a  — .

-
:

;

-
;

;

;

LZH-  (  WinZip);

,
;

;

.

.
, -

. , -

1R 2R BA,
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AC, , A 1R .

B , A . A , . 4 -
. 5. 

, -
, .

A B C
1 2 7

1 2 4

3 3 9

. 4. 

A B C

1 2 7 1

4 0

3 3 9 1

. 5. 

-
, -

 ( . . ). ,
 TPC-D, -

 —  2  — 
, . -

-
,  500 / , -

. -
 « » ,

,
. -

,
2  « » -

 15%.
,  [14], 

.
.

: -
-

-
.

,
.
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 ( ), -

. -
, .

-
, ,

 [9, 38, 39]. -
,

 (inverted file). -
, .

, -
. , -
, .

.
,  B-

 [39]. 
. -

. -
,

 [38], , -
 [9].

-
.

, -
, . ,

 [38] .
, -

, , -
.

-
, , -

. -
.

 [14, 15] -
.

.
1. « » , -

. « »
, ,  [32]. -

, -
, .

, -
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ADABAS

 ADABAS  Software AG 
,

-
.

 ADABAS  [53]. 
 6.2 , -

:
1) ,

,
, ;

2) ; -
-

, ; -
 63 -

, .
 [53] , -

 2 -
.

 7.1.2 
 [31]. -

,
, .
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, . , -
.
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.
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 S/390. ,

.  LZW,
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, .
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.

.
, . -

, , -
. -

. , -
, -

. ,
 255 , -

.
 512, 1024, 2048  4096 .

,  16.
 [32] ,

:

,
-

;
;

-
, -

-
;

 LZW -
,

,
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. , -
, . .

. REORG 
.  REORG 

. -
: -

 ( ),
.

214 = 16384 , , -
.

 REORG -
. , .

. -
.

. -
/ .

 ( ),
, .

,  DB2  3-5 .
 [10]  [32] 

:

LOAD  41%  56% -
,  2  2.3 ;

 LOAD  30% -
;

 2 ,
 ( -

- ); -

;

 2 .

Ingres

 Ingres  Computer Associates -
, .

,  Ingres: -
 « » Ingres , -

 Computer Associates. « » Ingres (INteractive Graphics REtrieval
System — ) -

,  1970- -
.  In-
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gres ,
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», -
. -

 Ingres  Computer Associates.
 Ingres  Advantage Ingres. -

 OpenIngres  Ingress II.
, ,

,  Ingres.
 2.6 , -

, ,
-

 (NULL)  [19]. -
, . -

,
. , .

 “  Ingres” [30]
,  OpenIngres 1.x  LZW.
 [30]  Computer Asso-

ciates, . -
,  LZW , -

 Advantage Ingres.

Microsoft Access

 « »  Microsoft Access -
 Microsoft Jet, 

.  3 Microsoft Jet 
 [18]. -

. ,
.

MySQL

MySQL . -
.

 PHP, C, C++, Java 
,  MySQL 

.  MySQL -
, ,

. MySQL -
,  MySQL AB, : " "

 General Public License (GPL) -
.  GPL , , -

 MySQL, 
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. - -
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. -

 Myisampack. .
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;

- ,
(NULL) ;

;

;

;

.
,

. -
. , -

. -
.

2. - ,  B-
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. -
.

,  4.1.1 - -
 Compress/Uncompress:

SELECT Uncompress(Compress("any string"));  "any string"
,  MySQL -
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Oracle

 Oracle 
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 Oracle9i Release 2.
 Oracle , . -

 Oracle  7  8
[13],

 [46].
 Oracle  7  8 

 « » (index-organized table). 
 (

) [45]. -
. -

:  ( ),
,  ( ). -
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 Oracle9i Release 2 -

 OLAP- 14.
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. -
, -

, -
.

 [46]. 
, . -

.
. ,

.
. -

. -
-

.

.
. .

 [46] ,
, -

. , -
.

-
.  [46] 
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« »  1  5 ,
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 8 ,

 « ». :

 3.1 ,
 13%;
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 10%.

 55 ,  —
115 . -

                                                
14 OLAP — On-Line Analytical Processing — 

,
.

, -
, , , -

.  OLAP ,
OLAP ,

 (data warehouse).
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 Oracle .  [13]

,  Oracle  8 ,
 [5]. , , -

.
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 B- ,

.

SAS System

 SAS System  SAS Institute 
. , .

 SAS System -
 [54], 

. , SAS System -
 OLAP- .

 SAS System  2 , -
-

 [52]. 
 (RLE). -

,  SAS
System .

 (Ross Data Compression)15.
.

, . . .
-

.
.

. -
.

-
 ( ) . -

, -
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 "The C Users Journal": E. Ross. A Simple Data Compression Tech-
nique. The C Users Journal, 10(10):113-120, Oct. 1992.
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Sybase IQ — , -
.
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