Project Information Retrieval

Posting File Compression

- Survey compression method for inverted index file
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Why do we use compression method?

- Access Speed
- CPU > CACHE > RAM > DISK

- Documents quickly increased with time ( about 19billion documents, 2007)
- Disk I/O (blocking I/O) 1
- Bottleneck
- If disk I/O reduce, we'll get efficiency for improvement in speed.

- So, we use compression method

- also, we get some advantage with compression method
- improved cache-hit-ratio
- use efficient memory
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Gamma Code Compression

- length is |_IogZGJ in unary and usesl_logz(j + 1 bits to specify the length of the binary encoding of
the offset
- the unary encoding of x is a sequence of x 1's followed by a 0. (5 -> unary : 11111)
- offset = G - 2L'°9 &lin binary encoded ml_logZQI bits.
- expression : (Iength offset)
- Strength
- this is good theoretically
- Weakness
- OS approach on 8, 16, 32 bit unit
- Approach of bit unit happens to overload = when query processing, it happens to down performance.

- ex) compress “14"
- unary value is numeral array of binary that not over itself.
-log X =3 <14 = ("3" > unary : 111)
-111 +0 + (14 - 273) > 111 0 110

Uncompressed Bit String Uncompressed Bit String
1 0

00000000 00000000 00000000 00000001

2 00000000 00000000 00000000 00000010 2 100

4 00000000 00000000 00000000 00000100 4 110 00

63 00000000 00000000 00000000 00111111 63 111110 11111

180 00000000 00000000 00000000 10110100 180 11111110 0110100
160bit 35bit
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Variable Byte(VB) Code Compression

- expression : (Continuation Bit, value)

- Continuation Bit : High 1 bit
- The last Byte of X value is CB = 0
- The middle Byte for X value encoding is CB = 1

- ex)
27 <X <214 use 2 byte 1bbbbbbb 0bbbbbbb
W< X <22 use 3 byte, and so on 1bbbbbbb 1bbbbbbb 0bbbbbbb
- Strength
- Usually, H/W approach on byte unit = general
- Can treat dynamic data (easy insert / delete)
- simply coding
- High speed for encoding/decoding
- Weakness

- In the case of d-gap is very small, it happens to down performance
- compression rate is low because of byte operation
- Compression Rate
- best : 25%
- Worst : 125%
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Example

0

00000000
1 00000001
2 00000010
4 00000100

63 00111111

127 01111111

128 10000000 00000001

129 10000001 00000001

130 10000010 00000001
180 10110100 00000001 [[Jooooodi| [(Jooooooo [0Jooo00 o041
26 25 24 23 22 21 20 213 212 21121029 28 27 220 219 218 217 216 215 211
16383 11111111 01111111 = 20+ 1
= 16385
16384 10000000 10000000 00000001
16,385 10000001 10000000 00000001
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Pseudo Code

VBENCODEMNUMEBER(n)
bytes «— ()
2 while true

3 do PREFPEND(bytes, n mod 128) . .
ifn < 128 def writeVInt(i):

=

4

5 fhen BREAK while (i & ~0x7F) ! = O:

6 n — n div 128 writeByte((i & 0x7F) | 0x80)
7  bytes[LENGTH(bytes)] += 128 i=i>>7

8 return bytes writeByte(i)

VBENCODE(numbers)

1  bytestream «— ()

2 for each n € numbers

3 do bytes +— VBENCODENUMEER (n)

4 bytestream «— EXTEND (bytestream, byies)
5 return bytestream

VBDECODE (bytestream )
1 numbers — {)
n— 0
fori +— 1 to LENGTH(bytestream)
do if bytestream[i] < 128
then n «+— 128 x n + bytestream[i]
else n «— 128 x n + (bytestream[i] — 128)
APPEND (numbers, n)
o+ 0
return numbers

Ll RN s R | RTEN S R

» Figure 54 Variable byte encoding and decoding. The functions div and mod com-
pute integer division and remainder after integer division, respectively. Prepend adds
an element to the beginning of a list, e.g., PREFREND( (1,2}, 3) = (3,1, 2). Extend exiends
a list, e.g., ExTEND( (1,2}, (3,4})) = {1,2,3,4).
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Word-Aligned(WA) Compression

- The integer value in a word(32-bits) make up same bits ( = has same bit number)
- At the partitioning plan, biggest d-gap of posting list is base.

- Method
- Simple-9 : 4 selector bits + 28 data bits
- Relatiev-10 : 2 selector bits + 30 data bits
- Carryover-12

- Strength
- compression rate is high.
- fast speed

- Weakness
- it's difficult to treat dynamic data
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Simple-9

- expression : ( 4 selector bits, 28 data bits)
- The selection table has 9 rows. As there are 9 different ways to split 28 bits equally.

L selector chunk% d- | d-gape| 3 | OJAIE A
9 partitioning gape| 7% | ZIbit$) | el A7
28 1

0 0
Codes Length(bits) Number of
(encoding®t 5= (Z+t 39| Zo|) unused bits 1 1 28 0
ol [|o|E| &

Q= HIolH ) 5 5 14 0

a 28 1 0
extend 3 3 9 1

b 14 2 0
4 4 7 0

C 9 3 1
5 5 5 3
e 5 5 3 7 7 4 0
f 4 7 0 8 3 3 4
9 = 2 1 9 9 3 1
0 2 - g 10 10 2 8
! 1 22 L 11 11 2 6
12 12 2 4
13 13 2 2
14 14 2 0
15 15 1 13
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Simple-9 : adapt
dec id list 1 3 o 1] 13] a4] [ 57 109] 1131 150] 154] 178[ 188[ 10000[10012] 11000]11356] 1265413001 13060] 13101[13122]13125[13200
d-gap 1 2 B 2 1 HIE 3] 39 4] 24| 10| ss1z| 1z ems| 356 1z 347] s8] 41 21 3| 75
Max d-gap 1 2 & & & &
# in chunk 0 1 2 3 4 5
bit power |3£-08[18384] s512[ 123] 32 18
36]  57[ 102] 111] 150] 154]
d-gap| 22 21| 45 3| 39 4
Max 22| 22| 45| a5 45
# 0 1 2 3
bit  |bit po|3E-08[16384] s12[ 128
154] 178] 123] 10000|
d-gap| 4] 24| 10[ @812
Max 4] 4] 24
# 0 1 2| 3
bit [3E-08[18384] 512
10000]10012] 11000]
d-gap| 9812 12[ 988
2423 [2714 [200 [247 275 [274 [243 242 [281 Max | 9312| 9812
3e-08]16384] s12[ 128] 32 1e 8 4 2 # 0 il 2
bit [3E-08[16384
11000[11356] 12654]
d-gap| 988
max 933
= 0
bit [3E-08
selector 28 hits data area 12654[13001] 13060|
5 1 2 B 2 1 2 0 d-gap| 1298] 347] 59
22 21 45 3 39 1 max | 1298] 1298
5 4 24 10 2 = 0 N
2 9812 12 3 bit [3E-08[16384
2 98| 356 4
2 1288 347 5 13060] 13101][13122[13125[13200]
2 59 41 21 3 & d-gap| 58] 41 =1 3 75
1 75 7 max 59| 59 s8] s
= 0 1 2 3[4

10

bit 3E+08) 18384 512| 128
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- Information Retrieval

Relative-10

- expression : ( 2 selector bits, 30 data bits)

- Usually, this method is good than simple-9 algorithm

m Length(bits) Number of unused bits
a 30 1 0

b

15

10

P N W N

10 partitioning

2

10
15
30

0

O O O N

b

0

1

0

Transfer matrix
-Possible next selector values

2

1

0

o O o

Qteh(warak :
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-
Relative-10 : adapt
doc id list 1 3 o] 1] 12] a4] 57 102] 111] 150] 154] 178] 188[ 10000[10012] 11000[11356] 12654[13001] 13060][13101]13122[13125[13200
d-gap 1 2 B 2 1 2 21] 45 s 39 4| 24| 10| 9s12| 12| 9ss| 356| 1798] 347 so| 41| =1 3| 75
Max d-gap 1 2 & 6 & &
# in chunk 0 1 2 3 4 5
bit power |1E+09(32768| 1024] 128] &4] 32
36] 57] 102] 111] 150] 154]
d-gap| 23 21| 45 s 39 4
Max 22| 23] as| 45| 45
# 0 1 2 3 4
bit |1E-09(32788| 1024] 128] &4
154] 178] 188] 10000 154 178] 183[10000
d-gap| 4| 24| 10| 9812 4 24| 10| 9812
max 4 24| 24 27 > 4+ 24| 24| 9812
# 0 1 HIE 0 0 1 2
bit |[1E+09[32768] 1024 X Il P
2730 [2715 2710 [247 26 [2n5 214 283 J2r2 [2n1 10000]10012[ 11000]
1E+09[32768| 1004] 128] 64| 32 16 3 4 2 d-gap{ 9812 12 ‘esz
max | 9812( 9812
# of 1] 2|
bit [1E-09[32768
11000[11356] 12654]
d-gap{ 988| 356] 1208
max 938] 983
first selector # 0 1
selector 30 bits data area bit |1E-09({32768
[ 01 1 2 6 2 1 2 e o
10 22 1 45 3 38 f 1 12654]13001] 13060]
11 4 i 2 d-gap| 1288] 347 59
10 24 10 i 3 max | 1298] 1298
10 9812 12 i 4 # 0 il 2
10 588 356 i 5 bit [1E-09[32768
10 1298 347 i &
00 59 41 21 3 g 7 13060[13101]13122[13125[13200]
11 75 i 8 d-gap[ 58] 41 21 375
max sg| ss[ se] 58
2 0 1 2 3[4
bit [1E-08|32788[ 1024] 128

12
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13

Carryover-12

- this method solved a problem of Relative-10

- Case of 7bit and 4bit in previous table(10 partitioning)

- this method is good than Simple-9, Relative-10, but waste decoding time because of high complexity

Previously selector available

No previous selector

Length of each

Number of

Bits for next

Length of each

Number of

Bits for next

Selector code (bits) codes selector? code (bits) codes selector?
a 1 32 | 30

b 2 16 2 15

¢ 3 10 Yes 3 10

d 4 8 4 7 Yes
e 5 6 Yes 5 6

f 6 5 Yes 6 5

e 7 4 Yes 7 4 Yes
h 8 4 9 3 Yes
i 10 3 Yes 10 3

j 15 2 Yes 14 2 Yes
k 16 2 15 2

| 28 | Yes 28 | Yes
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Slide

- If the codeword of 12 bits use, we waste 6 bits per a word
- Case of 10 partitioning (Relative-10)

- The compression rate of this method is excellent than carryover-12,
- But this complexity is high than carryover-12
- Mechanism
- Key difference
- Selector bit of next word is added to the end of previous word.
- expression : (3 selector bits, 29 data bits)

word 1 word 2 word 3 word 4

) )
T 8-kt binary codes 11-bit binary codes 13-bit binary codes 10-0lt binary codes

5=9 s=+2 i=+2 ==1
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