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Vectoriza tion us ing SIMD

Single Instruction Multiple Data (SIMD)
▪ sa me ins truction on multiple  da ta  e lements  

s imulta neously

Heavily used in Database Systems
▪ to increa se  (s ingle-threa d) performa nce
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Trend of Increa s ing Vector Regis ter Sizes

Single Instruction Multiple Data (SIMD)
▪ sa me ins truction on multiple  da ta  e lements  

s imulta neously

INTEL SIMD Development

Heavily used in Database Systems
▪ to increa se  (s ingle-threa d) performa nce

SSE (128 bit) AVX(2) (256 bit) AVX-512 (512 bit)4 8 16
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Da ta  Compress ion

DELTA FOR DICTRLE NS
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Repla ce run by
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Repla ce da ta  elem.
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Frame-of-Reference
Repla ce da ta  elem.
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Dictionary Coding
Repla ce da ta  elem.

by 0-ba sed key
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Null Suppression
Elimina te

lea ding zeroes  in
bina ry representa tion

Technique = a bs tra ct idea  of how  compress ion w orks



5

Da ta  Compress ion

DELTA FOR DICTRLE NS

Logical
natural numbers

preprocessing

Physical
bits  a nd bytes
actual compression

Level
da ta
role

Run Length Encoding
Repla ce run by
va lue & length

Differential Coding
Repla ce da ta  elem.

by difference to
predecessor

Frame-of-Reference
Repla ce da ta  elem.

by difference to
reference va lue

Dictionary Coding
Repla ce da ta  elem.

by 0-ba sed key
in dictiona ry

Null Suppression
Elimina te

lea ding zeroes  in
bina ry representa tion

Algorithm = concrete combina tion of one or more of these techniques

Tw o a lgorithms for the sa me technique might differ in, e .g .
• their data layout
• their use of vectorization using SIMD ins truction set extens ions

Technique = a bs tra ct idea  of how  compress ion w orks
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Vectoriza tion a nd Compress ion

Litera ture  on
lightw eight compress ion
ma inly focuses  on SSE

SSE (128 bit)
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Vectoriza tion a nd Compress ion

Increa s ing  vector s izes  promise  performa nce improvements
(hopefully speedup of 2 respectively 4 compa red to 128-bit)
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Vectoriza tion a nd Compress ion

Increa s ing  vector s izes  promise  performa nce improvements
(hopefully speedup of 2 respectively 4 compa red to 128-bit)

Litera ture  on
lightw eight compress ion
ma inly focuses  on SSE

How  to employ recent SIMD extensions for lightw eight data compression?

straightforw ard port

▪ Substitute SSE instructions for their AVX(2) and 
AVX-512 counterparts

▪ Slightly adapt memory layout w here necessary
▪ Easy to do (if possible)SSE-implementation

of some algorithm
AVX-implementation

AVX-512-implementation

SSE (128 bit) AVX(2) (256 bit) AVX-512 (512 bit)



Eva lua tion - Firs t  Exa mple
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SIMD-BP128* – Ba sic Idea

Null Suppression Algorithm
▪ very efficient from a  performa nce a s  w ell a s  compress ion ra tio perspective

Subdivide da ta  into blocks  of 128 da ta  e lements  ea ch,

 Determine bit w idth for la rges t da ta  e lement per block

Pa ck a ll da ta  e lements  in the  block us ing  tha t bit w idth

* D. Lemire a nd L. Boytsov. Decoding  billions  of integers  per second through vectoriza tion. Softw ., Pra ct. Exper., 45(1), 2015.
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SIMD-BP128 – Compress ion

B A 9 8 7 6 5 4 3 2 1 0…

Uncompressed input (32 bits/int)

Compressed output (10 bits/int)
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SIMD-BP128 – Compress ion

B A 9 8 7 6 5 4 3 2 1 0…

Uncompressed input (32 bits/int)

Compressed output (10 bits/int)

Processing

3 2 1 0

7 6 5 4

_mm_load_si128()_mm_load_si128()
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SIMD-BP128 – Compress ion
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SIMD-BP128 – Compress ion

B A 9 8 7 6 5 4 3 2 1 0…

Uncompressed input (32 bits/int)

Compressed output (10 bits/int)

Processing

3 2 1 0

7 6 5 4

7 6 5 4

_mm_load_si128()_mm_load_si128()

_mm_slli_epi32()

_mm_or_si128()
7 6 5 43 2 1 0
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SIMD-BP128 – Compress ion

B A 9 8 7 6 5 4 3 2 1 0…

Uncompressed input (32 bits/int)

Compressed output (10 bits/int)

Processing

3 2 1 0

7 6 5 4

7 6 5 4

7 6 5 43 2 1 0

_mm_load_si128()_mm_load_si128()

_mm_slli_epi32()

_mm_or_si128()

B A 9 8

B A 9 8

7 6 5 43 2 1 0

…

_mm_store_si128()

7 6 5 43 2 1 0B A 9 8

7 6 5 43 2 1 0B A 9 8

_mm_load_si128()

_mm_slli_epi32()

_mm_or_si128()
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SIMD-BP128 – Compress ion

B A 9 8 7 6 5 4 3 2 1 0…

Uncompressed input (32 bits/int)

Compressed output (10 bits/int)

Processing

3 2 1 0

7 6 5 4

7 6 5 4

7 6 5 43 2 1 0

_mm_load_si128()_mm_load_si128()

_mm_slli_epi32()

_mm_or_si128()

B A 9 8

B A 9 8

7 6 5 43 2 1 0

B A 8

_mm_srli_epi32()

…

_mm_store_si128()

7 6 5 43 2 1 0B A 9 8

7 6 5 43 2 1 0B A 9 8

_mm_load_si128()

_mm_slli_epi32()

_mm_or_si128()

Trivially Portable
All employed SSE-intrinsics

have equivalents
in AVX2 and AVX-512, e.g.

_mm_load_si128()
_mm256_load_si256()
_mm512_load_si512()

_mm_slli_epi32()
_mm256_slli_epi32()
_mm512_slli_epi32()

_mm_or_si128()
_mm256_or_si256()
_mm512_or_si512()
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SIMD-BP128* – Idea

Subdivide da ta  into blocks  of 128 da ta  e lements  ea ch,

 Determine bit w idth for la rges t da ta  e lement per block

Pa ck a ll da ta  e lements  in the  block us ing  tha t bit w idth

block s ize  = s ize  of vector regis ter in bits
 gua ra ntees  a lignment of output

* D. Lemire a nd L. Boytsov. Decoding  billions  of integers  per second through vectoriza tion. Softw ., Pra ct. Exper., 45(1), 2015.
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SIMD-BP128* – Idea

Subdivide da ta  into blocks  of 128 da ta  e lements  ea ch,

 Determine bit w idth for la rges t da ta  e lement per block

Pa ck a ll da ta  e lements  in the  block us ing  tha t bit w idth

block s ize  = s ize  of vector regis ter in bits
 gua ra ntees  a lignment of output

Ported vers ions  need blocks  of
- 256 e lements  (AVX2)
- 512 e lements  (AVX-512)

* D. Lemire a nd L. Boytsov. Decoding  billions  of integers  per second through vectoriza tion. Softw ., Pra ct. Exper., 45(1), 2015.
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Eva lua tion Setup

Algorithms
▪ Implemented in C/C++

- Some by the origina l a uthors
- Some implemented by us

▪ Compiled us ing  g++-7.0.1 –O3

Synthetic Data
▪ Allow s to va ry the  da ta  properties  ca refully

Evaluation System
▪ Inte l Xeon Phi 7250

- 1.4 GHz
- L1-ca che: 32 KB (da ta )
- L2-ca che: 1  MB

▪ 6x32 GB  DDR4 @ 2400 MHz

Measurements
▪ All experiments  completely in-memory
▪ disk not touched during  time mea surements

▪ Compress ion ra tio reported in bits /int
- Low er is  better
- Uncompressed da ta  ha s  32 bits /int

▪ Speeds  reported in million integers  per 
second (mis)
- Higher is  better
- Only s ingle-threa d performa nce
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SIMD-BP128 – Eva lua tion

Data
▪ 100 M 32-bit integers
▪ Unsorted
▪ 4-bit va lues  vs . 28-bit outliers
▪ W e va ry the  outlier ra tio



27

SIMD-BP128 – Eva lua tion

Data
▪ 100 M 32-bit integers
▪ Unsorted
▪ 4-bit va lues  vs . 28-bit outliers
▪ W e va ry the  outlier ra tio

Insights
▪ Increa s ing  vector s ize
 increa s ing  vulnera bility to

outliers

d

tw ice a s  much memory 
compa red to 128-bit

few outliers ma ny outliers
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SIMD-BP128 – Eva lua tion

Data
▪ 100 M 32-bit integers
▪ Unsorted
▪ 4-bit va lues  vs . 28-bit outliers
▪ W e va ry the  outlier ra tio

Insights
▪ Increa s ing  vector s ize
 increa s ing  vulnera bility to

outliers
▪ Suboptima l speed ups

- Fa r a w a y from speedups  of 
2  or 4  

few outliers ma ny outliers



Eva lua tion Second Exa mple
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Run-Length Encoding

Basic Idea
▪ View  subsequent occurrences  of the  sa me 

va lue a s  a  run
▪ Ea ch run representa ble  by its  va lue  a nd length
→ jus t tw o integers

RLE-SIMD
▪ Uses  SIMD ins tructions  to pa ra lle lize  compa risons
▪ Proposed for 128-bit vectoriza tion

Porting to Larger Vector Sizes
▪ ea s ily porta ble  us ing  a  s tra ightforw a rd a pproa ch

Rea d this  
w a y
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Eva lua tion us ing Different Vector Sizes

Compression Speed
▪ Mea sured in million integers  per second (mis)

Speedup
▪ Compa red to ba seline  of 128-bit

w ell-performing a reanon-w ell performing a rea
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Eva lua tion us ing Different Vector Sizes

Compression Speed
▪ Mea sured in million integers  per second (mis)

Speedup
▪ Compa red to ba seline  of 128-bit

w ell-performing a reanon-w ell performing a rea
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Conclus ion

Increa s ing  vector s izes  promise  performa nce improvements
Litera ture  on

lightw eight compress ion
ma inly focuses  on SSE

Stra ightforw a rd Port

▪ Substitute  SSE ins tructions  for their AVX(2) a nd 
AVX-512 counterpa rts

▪ Slightly a da pt memory la yout w here  necessa ry
▪ Ea sy to do (if poss ible)SSE-implementa tion

of some a lgorithm
AVX-implementa tion

AVX-512-implementa tion

SSE (128 bit) AVX(2) (256 bit) AVX-512 (512 bit)

Advantage

- Straightforw ard porting usually feasible

Disadvantages

- Desired speedups usually not achieved
- Negative effect on compression ratio 

CONCLUSION

NOT THE RIGHT W AY
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