
  - ,   "June 2016

- 1 -

 

Index Compression

 ? ( )      )       (  .
       .   ,     .

       ,    ,   ,   ,   .   
  ,  .      ,  .          

    ,   (     )      )  
  .   ,.

 .     ,    ,    ,    ,  ,   ,  
 posting list term-.      ,  

 .                
                  .

    .(" "         )   ,   
                  

     ,  .         
.  

 ,   ,     -inverted indexes?

)1  (-.       ,       ,  
 ,      ,  ,   postings lists) .2 (Postings file(s)-   

   posting list   ,        -postings lists
 ,  .     - postings lists  (    )– 
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        RCV1       .
.    

800,000 documents N

200 avg. # tokens per doc L

400,000 terms (= word types) M

6 avg. # bytes per token (incl. spaces/punct.)

4.5 avg. # bytes per token (without spaces/punct.)

7.5 avg. # bytes per term

100,000,000 non-positional postings
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    -800,000    ,-token- .      ,  
     ,      ,  484K   ,-non-positional index

 109,971K   -positional index 197,879K .

    -token-.     ,   ,  -term-  
 -10K  )-2%   .(-non-positional index -K100,680   -positional

index -K179,158  )-8/9%.(  

 -case folding  ,        -17%  .-non-
positional index    ,-3%  )-case-   ,  (   .-
positional index   , )-case term(       .

   30stop words "  )      ,30term-   ,  .(
 stop words    ,  )    -14%   (-non-positional

postings)     ,-31%   (-positional postings.

  30stop words   ,150stop words )         ,
 "150term- .(  )      ,-30%   (-non-positional postings ,

)    -47%   (-positional postings.

 -stemming      -17%   .-non-positional postings  4%
   -positional postings.  

size of

word types (terms) non-positional
postings positional postings

dictionary non-positional index positional index

Size
(K) % cumul

%
Size
(K)  % cumul % Size

(K)  % cumul %

Unfiltered 484 109,971 197,879

No
numbers 474 -2 -2 100,680 -8 -8 179,158 -9 -9

Case
folding 392 -17 -19 96,969 -3 -12 179,158 0 -9

30
stopwords 391 -0 -19 83,390 -14 -24 121,858 -31 -38

150
stopwords 391 -0 -19 67,002 -30 -39 94,517 -47 -52

stemming 322 -17 -33 63,812 -4 -42 94,517 0 -52

 .           )1 (Lossless compression–    
       –         ) .2 (

Lossy compression–              .
  )     JPEG )   ,(MP4)   (MP3.(

  ,    case folding ,stop words ,stemming ,number elimination   ,-
Lossy compression              ,
.  

 '-term-     
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        .            -terms
) Vocabulary? (   ?       ,      )

('  .

       -vocabulary?        -vocabulary
 .            20  ,   

1037,  7020         ,      .
     ,         ,(    ) .

 ,      ,-vocabulary ,      ,  .
      term-      ,    .    

     term- )        ,   ,  
.('        ,

       ,    ,-token-  ,    -term-
      .      Ttoken-    ,  -

term-)  M     (= ,-k-b )   30 k  100 ,
b  0.5.(

    log-log , -X T ' )-token- (    -Y
 M ' )-term-   ,(     -T  M   )

log = log + log ,   . Heap ,(     )     
  0.5,      .

  "   RCV1   .     ,    
  ,+ 1.64T10= 0.49 logM10log . ,0.49T1.64= 10M ,-= 0.49b 44 &1.64= 10k .

 -1,000,020tokens    38,323terms   ,38,365–  
(  ).

   Heap

      1,000  400term-     ,  
10,000  600term-.  
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  ,    ,   ,      ,  .   
 ,  .     1000  -log 1000 = 3 ,-400term-  -

log 400 = 2.6 ,   .10,000  -log 10000 = 4 ,-600term-  -log 600 = 2.78 .

  .        =    ,= . . = 0.18 .

    ,  = ( )+  ,= 0.18( 3) + 2.6 = 0.18 + 2.834  .
 '      ,   -term-     1,000,000 ,   .

= log 1000000 = 6       .= 0.18 × 6 + 2.834 = 3.914   .
      ,    10 . = 8203.5 '   ,-term- 

.

 Heap   -vocabulary   )   -tokens( .  
 term      ' .  ,   term-

    ( ) ( ) . )Zipf (     ,(-term-i 
  ,  -1/i ,  .i = K/i1/icf, K   ,-icf 

collection frequency    ,-termjt   .-term    ,-term
     ,-term      , .      ,

  zipf    , /2     ,  ,   .
  /3     ,  ,.   , ,= / , k  

  ,log = log log ,  ,  ,    log log.

   Zipf

    '     -term-.     

 '

1 2420778

2 1045733
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 '

3 968882

4 892429

5 865644

6 847825

7 504593

8 363865

9 347072

     ,  ,-term-:    ,     

     ,-term-     -    ,  , ,   
:    

       ,   -term-.       
   '  :  -term  -i   '  -term   

 -i  ..       

 '   '

1 2420778 2420778
2 1045733 1210389
3 968882 806926
4 892429 605195
5 865644 484156
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 '   '

6 847825 403463
7 504593 345825
8 363865 302597
9 347072 268975

 .    -term   1000 ,   .-term    
250    .-term?   

 = /  ,1000 = /1 ,   = 1000 . -term  ,250 =
/2  ,  = 500 .   ,         -term- .

:  '    ,  

1 . -= 1000 ,   .     ,= = 333.33   .

    ,     .

2 . -= 500 .       ,  ,= = 166.67.

3 .       ,   .    ,
  log = 3 2 log .  ,= 111.11.

 

 ?          .-term-  ,   
     ,  -posting lists   -term- .       

            ,-term-    ,  .
    ,  ,       .  ,   ,  

    .       ,     ,    ,
) ,  .     1 (         ,

 ) ,2 ()  Embedded/mobile devices    ( ,-)3 (     
          ,   .

         .) :     1 (-term  ,
 20) ,2     (-term "   ,integer  ,4 ,-)3  (-posting

list "     ,integer  ,4     "  .28 .

  RCV1   ,-400,000term-       .  28 ,    ,
   11.2 MB.
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 , 20   term    .terms  -20   )
   4.5        8(     ,

  .

Dictionary as a string

 .    ,      -terms)   string  ( . 
  -term   ,    -term -term)  -string .(

     -term   " "  )-string    ,(  
 -term   ,   .   -term -

NextTermIndex-CurrentTermIndex .     60% .

    -4  -Freq ,4   - Postings-3   -
term     .-term 8  ,RCV1     ,-11.2 MB-7.6 MB.

Blocking

     blocking       ,   .term  ,
    kterm) string( . -k=4    ,-term    ,

  -string .-term      -string  ,-term 
.   (  )   ,  3  -string 3term-   ,9
.

       term-string       )k=4    ,
  ,(       term   )        ,

   0-255  ,   ,-term(.

 -k=4 . - Blocking 4  3 "  ,12 . - Blocking   
 3        , term "  ,7.   ~0.5MB   ,

   -7.6 MB-7.1 MB

      -k   ,   -k?      
 term .

       ? 
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    -blocking  , term  )       
      ,   .((1+2 2+4 3+4)/8 ~2.6.

    -blocking  ,    ,  ,k=4terms)   
(      ,    (1+2 2+2 3+2 4+5)/8 = 3

Front Coding

.            ,    

8automata8automate9automatic10automation

 ,  ?    

     ,4     ,-automat        .
     .   8  .7    ,     

 .     ,     ,"*"  "       
       ,    ,   .      

.    

.           

Technique Size in MB

Fixed width 11.2



  - ,   "June 2016

- 9 -

Dictionary-as-String with pointers to every term 7.6

Also, blocking k = 4 7.1

Also, Blocking + front coding 5.9

 -posting lists

 - postings   10   .   ,      posting
  . ,  posting docID       ,(  )

 .    RCVQ)800,000   (-int)4 ,32   (-docID.
32       -000,800 , ,   -800,0002log 
20.     -20  docID.

  term arachnocentric , .        .    
     -posting  1M ~ 202ogl. ,term the   
    .-20.     ,   0/1 

      docID 

computer: 33,47,154,159,202 …

      ,    docIDs.   (  )  ,  
    -20

 ,    , term arachnocentric,  -20      
-docID   .term the, -1      docID .    
-docIDs term  G    ,-G2~log    .  ,  

      term    .      ,  
 .            ,(  )

 .(  )   G           ,G2log .
        G  ,        .c .  G

127   -7   .   c=1.   )    ,
   -7       .(c=0     ,c=1.
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  ,       32) word ,(16 ,4) nibbles.( 
.           /       ,

 .

    ,     -Unary Code .-Unary Code    ,n  "n
  ,0. ,Unary code 3 1110 .Unary code 40 

11111111111111111111111111111111111111110 .Unary code 80 
111111111111111111111111111111111111111111111111111111111111111111111111111111110 .

  ,-Unary Code ,    ,       " "  
.  

    ,Gamma Code,     . ,  G length-offset .
Offset -G  ( )    ,   , 13  1101  101.Length

   -offset ,  13)101  ,(3 .   length unary code )
1110( .Gamma code 13   length-offset)1110101(.

:  '  

number length offset g-code

0 None

1 0 0

2 10 0 10,0

3 10 1 10,1

4 110 00 110,00

9 1110 001 1110,001

13 1110 101 1110,101

24 11110 1000 11110,1000
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511 111111110 11111111 111111110,11111111

1025 11111111110 0000000001 11111111110,0000000001

-Gamma Code  ,G "  2 log G  + 1, offset log G , 

 length log G  + 1 . ,   Gamma code    "   . -
Gamma code  2 ,   G2log

 ,      8 ,16 ,32 64.     ,    .
  ,       . -Gamma Code  byte aligned  ,   ,

 .     Variable byte     ,    ,   .
Variable byte ,        .

        -posting list     
.

Data structure Size in MB

dictionary, fixed-width 11.2

dictionary, term pointers into string 7.6

with blocking, k = 4 7.1

with blocking & front coding 5.9

collection (text, xml markup etc) 3,600.0

collection (text) 960.0

Term-doc incidence matrix 40,000.0

postings, uncompressed (32-bit words) 400.0

postings, uncompressed (20 bits) 250.0

postings, variable byte encoded 116.0

postings, g-encoded 101.0


