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A High-performance Data Compression for Data Warehouse

MITSUNORI KORIt

In this paper, new data compression architecture for data warehouses is presented. Re-
cently, some database management systems have a capability of storing data in a compressed
format to reduce storage cost and I/O traffic. In our compression architecture, the data is
being split into multiple fixed length streams in the column direction. Each data stream is
encoded using the history in the line direction by simple but fast encoding scheme such as
run length encoding, index encoding and difference encoding. In the processing of a query,
only the needed data streams are read from storage, and decompressed individually. We have
attached the compress functionality on a commercial database management system called
DIAPRISM/AQL. Our evaluation results using the actual application data show that the
storage capacity is reduced to 2-14%, and that the elapse time is reduced to 5-23%. The
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results show the effectiveness of the data compression architecture.
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Table 1 Data format in AQL.
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Fig.4 Basic data flow of the compressed scan.
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Fig.5 The multiple stream data compression.
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Table 2 Data for the evaluation.

ooooo oo 00000 [Bytes] ooooo oo

ooo 1 52 518 | 200,000,000 go0oo0oooO0oOooOoO0oOooOobOoOOooboOobooOO

ooo 2 75 979 200,000,000 goooooooOoOooooOoOoOoOoOoooboooon

ooo 3 22 211 200,000,000 go0oo0oO0o0000000000D00000D

03 00000000 10
Table 3 Table characteristics (Data 1).

oo DS gooo ooooo oo DS oooo goooo
Columnl 1 INT(64) 2000000000 Column27 48 | CHAR(7) 1
Column2 3 | DATE 1 | Column28 50 | CHAR(T) 1
Column3 5 | CHAR(T7) 11 | Column29 52 | CHAR(2) 3
Column4 7 | CHAR(4) 1 | Column30 53 | CHAR(6) 11
Column5 8 | CHAR(3) 1 | Column3l 55 | CHAR(5) 393
Column6 9 | CHAR®4) 1 | Column32 57 | CHAR(2) 10
Column7 10 | CHAR(3) 42 | Column33 58 | CHAR(8) 11518
Column8 | 11 | CHAR(21) 14737 | Column34 | 60 | CHAR(4) 333
Column9 17 | CHAR(2) 21 | Column35 61 | CHAR(1) 7
Columnl0 18 | CHAR(7) 1 | Column36 62 | CHAR(1) 4
Columnl1 20 | CHAR(2) 5 | Column37 63 | CHAR(3) 121
Columnl2 21 | CHAR(1) 1 | Column38 64 | CHAR(2) 34
Columnl3 22 | CHAR(12) 1 | Column39 65 | CHAR(2)
Columnl4 25 | CHAR(8) 1 | Column40 66 | CHAR(1)
Column15 27 | CHAR(6) 26 | Column4l 67 | CHAR(6) 26
Column16 | 29 | CHAR(1) 5 | Columnd2 | 69 | CHAR(4) 1
Columnl7 30 | CHAR(1) 3 | Column43 70 | CHAR(1) 5
Columnl8 31 | CHAR(1) 4 | Column44 71 | CHAR(4) 22
Columnl9 32 | CHAR(T) 1 | Column4b 72 | CHAR(4) 46
Column20 34 | CHAR(T) 1 | Column46 73 | CHAR(4) 20
Column21 36 | CHAR(7) 1 | Column47 74 | CHAR(4) 40
Column22 | 38 | CHAR(7) 1 | Column48 | 75 | CHAR(3) 1
Column23 | 40 | CHAR(7) 1 | Column49 | 76 | CHAR(140) 35301
Column24 42 | CHAR(7) 1 | Column50 | 111 | CHAR(130) 26773
Column25 | 44 | CHAR(7) 1 | Column51 | 144 | CHAR(4) 49
Column26 | 46 | CHAR(7) 1 | Column52 | 145 | INT(64) 22069
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Table 4 Table characteristics (Data 2).

oo DS oooo ooooo oo DS oooo goooo
Columnl 1 INT(64) 2000000000 Column39 127 | CHAR(40) 195
Column2 3 | DATE 1 | Column40 | 137 | CHAR(40) 20
Column3 5 | CHAR(10) 10000 | Column4l | 147 | CHAR(40) 25
Column4 8 | CHAR(20) 10000 | Column42 | 157 | CHAR(40) 9
Column5 13 | CHAR(30) 195 | Column43 | 167 | CHAR(3) 376
Column6 21 | CHAR(30) 242 | Column44 | 168 | CHAR(4) 371
Column? 29 | CHAR(30) 195 | Columnd5 | 169 | CHAR(40) 541
Column8 37 | CHAR(30) 189 | Column46 | 179 | CHAR(40) 1
Column9 45 | CHAR(30) 195 | Column47 | 189 | CHAR(40) 1
Columnl0 | 53 | CHAR(30) 189 | Columnd8 | 199 | CHAR(12) 9998
Columnll | 61 | CHAR(1) 1 | Column49 | 202 | CHAR(12) 10000
Columnl12 62 CHAR(8) 6344 Column50 | 205 CHAR(20) 1000000
Columnl3 | 64 | CHAR(2) 12 | Column51 | 210 | CHAR(10) 5
Columnl4 65 | CHAR(1) 3 | Column52 | 213 | CHAR(3) 3
Columnl5 66 | CHAR(3) 376 | Column53 | 214 | CHAR(10) 10
Columnl6 | 67 | CHAR(4) 371 | Column54 | 217 | CHAR(10) 5
Columnl7 68 | CHAR(40) 541 | Column55 | 220 | CHAR(10) 4
Columnl18 78 | CHAR(40) 1 | Column56 | 223 | CHAR(6) 24
Columnl9 | 88 | CHAR(40) 1 | Column57 | 225 | CHAR(2) 28
Column20 98 | CHAR(12) 9999 Column58 226 CHAR(16) 20000
Column21 101 CHAR(12) 10000 Column59 230 CHAR(50) 20000
Column22 | 104 | CHAR(1) 2 | Column60 | 243 | CHAR(10) 18
Column23 | 105 | CHAR(1) 2 | Column6l | 246 | CHAR(1)

Column24 | 106 | CHAR(1) 2 | Column62 | 247 | CHAR(1) 1
Column25 | 107 | CHAR(1) 2 | Column63 | 248 | CHAR(1) 1
Column26 | 108 | CHAR(1) 2 | Column64 | 249 | DEC(5) 36
Column27 109 | CHAR(1) 2 Column65 250 | DEC(9) 3023
Column28 | 110 | CHAR(3) 7 | Column66 | 251 | CHAR(2) 5
Column29 | 111 | CHAR(2) 5 | Column67 | 252 | DEC(2) 10
Column30 112 | DEC(3) 30 Column68 253 CHAR(8) 672
Column31 | 113 | CHAR(1) 3 | Column69 | 255 | CHAR(8) 672
Column32 | 114 | CHAR(1) 2 | Column70 | 257 | DEC(9) 7505
Column33 | 115 | DEC(10) 1622 | Column71 | 258 | DEC(9) 1
Column34 | 117 | CHAR(2) 3 | Column72 | 259 | CHAR(10) 1
Column35 | 118 | CHAR(2) 5 | Column73 | 262 | CHAR(8) 1
Column36 | 119 | CHAR(16) 10000 | Column74 | 264 | CHAR(8) 1
Column37 | 123 | CHAR(S) 1 | Column75 | 266 | CHAR(S) 1
Column38 | 125 | CHAR(8) 1

DsSOOoOoooOoooooooon

05 0DO0O00O00O00O 30
Table 5 Table characteristics (Data 3).

oo DS oooo ooooo oo DS oooo ooooo
Columnl 1 INT(64) 2000000000 Column12 20 | CHAR(1) 4
Column2 3 | DATE 1 | Columnl3 21 | CHAR(T) 53077
Column3 5 | CHAR(13) 164969 Columnl14 23 | CHAR(4) 32
Column4 9 | CHAR(2) 15 | Columnl5 | 24 | CHAR(15) 1127
Column5 10 | CHAR(4) 33 | Columnl6 28 | CHAR(50) 53567
Column6 11 CHAR(2) 13 Columnl17 41 CHAR(50) 48926
Column? | 12 | CHAR(2) 8 | Column18 | 54 | CHAR(2) 18
Column8 13 | CHAR(2) 9 | Column19 55 | CHAR(4) 310
Column9 14 | CHAR(2) 9 | Column20 56 | CHAR(4) 1671
Columnl0 | 15 | CHAR(15) 4822 | Column2l | 57 | CHAR(3) 11
Columnll 19 | CHAR(1) 2 | Column22 58 | CHAR(12) 39

bDsoooooooooooooo
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Table 6 Compress ratio.
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Fig.13 Compress ratio for each data stream (Data2).
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Table 8 Average compress ratio for each data type.
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Table 9 Performance evaluation platform.

OS Windows 2003 Server x64
Enterprise Edition
File System | NTFS
CPU Intel Xeon MP 3.66 GHz x 4
1 MB Secondary Cache
Chipset Intel E8500
Memory DDR-2/400 MHz SDRAM 16 GB
HDD MAXTOR ATLAS 15K2_146SCA x 10
SCSI Ultra320 x 1
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Fig. 15 The data transfer performance of the disk unit in
the evaluation platform.
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Table 10 The queries for the performance evaluation.

Query oooo 0oo 0000 | #DS [ 0ooO0OO
query-1 | D00O00O0O00O00O0O00O0000O ooo 1 3 5 192 [Bytes]
query-2 | 000000D000D0O000DO0O0O0O0O0D | 0001 10 14 | 21.7 [MBytes]
query-3 | 00000000000 000000 0oo 2 7 24 50  [Bytes]
query-4 | 00000000000 O000000000000 | 00O 2 13 58 19.3  [MBytes]
query-5 | 000D00000000000000 0oo 3 5 7 | 1958  [Bytes]
query-6 | D00DOO0000000O00000O0000000 | OO0 3 18 52 | 0.172  [MBytes]
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Table 11 The details of the queries.

Query ooooooo

query-1 | SELECT KEY1, KEY2, KEY3, KEY4, SUM(Column52)
FROM DATA1
WHERE Column33 IN ("K3ZN6053")

GROUP BY CATEGORY (Column51 TO CAT1.Levell) AS KEY1,
CATEGORY (Column51 TO CAT1.Level2) AS KEY?2,
CATEGORY (Column51 TO CAT1.Level3) AS KEY3,
CATEGORY (Column51 TO CAT1.Leveld) AS KEY4

query-2 | SELECT Column6, Column9, Column33, Column37, Column52, Column41, Column?,
Column38, Column31
FROM DATA1
WHERE Column33 IN ("’K3ZN6053’) AND Column51 = 0001’
ORDER BY  1,2,5,6,7,8,9
query-3 | SELECT KEY1, KEY2, KEY3, COUNT(*)
FROM (SELECT Columnb, Column6, Column20,

CAST(MAX(Column56 || Column57) AS INT(32)),
COUNT(*), CAST(SUM(Column65) AS INT(32))
FROM DATA2
WHERE (Column56 || Column57) BETWEEN 19960211’ AND '19980210°
AND Columnb2 = ’001’
GROUP BY  Columnb5, Column6, Column20
)JAS T(COL1,COL2,COL3,COL4,COL5,COL6)
GROUP BY CATEGORY(COL4 TO CAT21.Levell ROUND DOWN) AS KEY1,
CATEGORY (COL5 TO CAT22.Levell ROUND DOWN) AS KEY2,
CATEGORY(COL6 TO CAT23.Levell ROUND DOWN) AS KEY3

query-4 | SELECT Column5b, Column6, Column14, Column28, Column33, Column17,Columnl8, Column19,
Column20, Column65

FROM DATA2

WHERE (Column56 || Column57) = ’19960711° AND Column52 = 001’

ORDER BY 1, 2,10
query-5 | SELECT Column19, Column22, KEY1, COUNT(*)

FROM DATA3

WHERE Column7 = 'LB’ AND Column4 = ’10’

GROUP BY  Columnl9, Column22, CATEGORY (Column8 TO CAT3.Levell) AS KEY1 WITH ROLLUP
query-6 SELECT Column4, Column13, Column17, Columnl19, Column20, Column16, Column15, Column18,

Column7, Column8, Columnl10, Column9, Columnll, Columnl2, Column5, Column6,
Column3, Columnl4

FROM DATA3

WHERE Column4 = '10° AND Columnl4 = ’0807> AND Columnl9 = 0875 AND Column20 = 1341’
AND Columnb5 = ’1996> AND Column6 = ’01’

ORDER BY 1,2

CAT1 012 gOO0O0OO0O0OOO00OO0OO
Table 12 The categories used in the evaluation.
(AOO") BOOO) v Lewell 0000 |00 |oo0o | o 00 |oooo
oo O Query
Level2 CAT1 1 | Levell | CHAR(4) 4 | query-1
2 | Level2 | CHAR(4) | 11
Lovels 3 | Level3 | CHAR(4) | 22
4 | Leveld | CHAR(4) 7
CAT21 1 | Levell | INT(32) 5 | query-3
Leveld CAT22 1 | Levell | INT(32) 5
CAT23 1 | Levell | INT(32) 5
1 | Levell | CHAR(3) 8 | query-5

CAT3

019 AQLODOOOOO
Fig.19 An example of the catetory in AQL.
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Table 13 Query performance for the uncompressed table.
Query Elapse CPU User System CPU Read Read Umcompressed Umcompressed
Time Time Time Time Usage Data Thruput Data Thruput
[sec] [sec] [sec] [sec] [%] | [MBytes] | [MBytes/sec] [MBytes] [MBytes/sec]
query-1 18.56 1.24 0.70 0.54 6.67 3875 209 3875 209
query-2 48.50 2.76 1.46 1.30 5.68 10884 224 10884 224
query-3 79.55 9.86 7.76 2.10 12.39 18600 234 18600 234
query-4 186.70 10.08 5.92 4.16 5.40 44971 241 44971 241
query-5 24.47 1.33 0.67 0.66 5.45 5600 229 5600 229
query-6 165.88 6.99 3.66 3.33 4.22 41600 251 41600 251
014 0OO0O0OOO0OOOOOOODO
Table 14 Query performance for the uncompressed table.
Query Elapse CPU User System CPU Read Read Umcompressed Umcompressed
Time Time Time Time | Usage Data Thruput Data Thruput
[sec] [sec] [sec] [sec] [%] | [MBytes] | [MBytes/sec] [MBytes] [MBytes/sec]
query-1 4.30 1.62 1.25 0.38 37.73 859 200 3875 902
query-2 6.08 2.95 2.26 0.69 48.51 972 160 10884 1791
query-3 12.80 | 11.58 | 11.05 0.53 90.46 786 61 18600 1454
query-4 8.72 7.41 6.90 0.51 84.95 862 99 44971 5158
query-5 3.66 2.12 1.91 0.21 58.09 742 203 5600 1531
query-6 32.19 11.63 10.21 1.43 36.15 6353 197 41600 1292
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Fig.20 Comparison of the elapse time.
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Fig.21 Comparison of the CPU time.

Fig.22 Comparison of the amount of transferred data.
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