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Challenges for Data Processing Nowadays »Dres"e” Patabase

Application Side System Side

Increasingly fast processors
for processing the data

Iﬂ

Problem Solution
. o Growing gap Lightweight Compression
Multiple application areas between processor speed Access less bytes for the same
and main memory bandwidth logical information

Main bottleneck for efficient B FBleduced tansf_elz_r tirr_1es
N ' data processing nowadays - Better cache utilization

( ) - Less TLB misses
k\-—\./J

Rapidly growing data volumes
to be processed efficiently

Growing main memory
to store the data
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Lightweight Compression Techniques »Dre“’e” Database

Technique = abstract idea of how compression works

e oo e 1o s

Run Length Encoding| | Differential Coding Frame-of-Reference Dictionary Coding Null Suppression
Replace run by Replace data elem. Replace data elem. Replace data elem. Eliminate
value & length by difference to by difference to by 0-based key leading zeroes in

predecessor reference value in dictionary binary representation
1200 1200 1000 1000 1200 200 1000 0
1200 4 || 1100 100 || 1100 100 || 1200 1 00...00F% k"
1200 300 1150 50 1000 0 1000 0
1200 } 2 || 1350 } 200 || 1050 } 50 | | 1050 } 2 v
300 1355 5 1050 2 A 1011
300

Vectorization is crucial from performance perspective
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Vectorization using SIMD eurcin s et » ey 00

00 streams
%%, S
Single Instruction Multiple Data (SIMD) Y

= same instruction on multiple data points simultaneously

Development of Intel’'s SIMD Extension

» Trend to larger vector registers
- 128-bit (SSE)

Results

- 256-bit (AVX and AVX2) Counted using specification

- 512-bit (AVX-512)
— » 7500
. . g c
= Trend to more instructions £ 2
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.&, ag 5000 -
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T T T T T T T T
MMX  SSE  AVX2 AVX512 MMX  SSE  AVX2 AVX512
Vector Extension Vector Extension
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Vectorization and Lightweight Data Compression

Most algorithms have been proposed for 128-bit SIMD registers

» Processing 4 elements (32 bit integers) at one

Example Run-Length Encoding

» View subsequent occurrences of the same
value as arun

= Each run representable by its value and length
— just two integers

RLE-SIMD

» Uses SIMD instructions to parallelize comparisons
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uncompressed

00[98]76/54 Rle
0098|7654 00/98|76|54
0098|7654 00/00/00|04
00(98|76|54 12/34|56|78
12/34|56|78 00/00/00|01
00|/00|/ABICD 00/00/AB|CD
00|00|ABICD 00/00/00|03
00|00|/ABICD

(—x Read this
....... A way

run value
run length
run value
run length
run value
run length

DRESDEN



RLE-SIMD: Compression »Dres“’e” Database

.. ABICD|12|34/56/78/00/98]/76/54/00/98(76/54|00/98|76/54/00|98|76|54| uncompressed memory

1) _mm_setl_epi32() 100/98]76/54[00[98|76/54]00/98]76/54][00/98]76|54| ‘,128-bit vector register

2) _mm_loadu_si128() [12]34/56/78[00]/98/76/54[00[98]76]54[00]98]76|54]

3) _mm_cmpeq_epi32() |[00/00/00]|00|FF FF FF|FF|FF|FF|FF|FF|FF|FF|FF|FF]|

4) _mm_movemask_ps() |0000/0000[/0000/0000/0000/0000/0000|/0111| 32-bitinteger (binary)

5) look up 30111
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Evaluation using Different Vector Sizes »Dre“’e” Patabase

Compression Speed Speedup
» Measured in million integers per second (mis) = Compared to baseline of 128-bit
----- RLE512  --- RLE256 —— RLE128
1000 - 3.01
2.5 1
800 -
2.0
600 -
1.5 4
400 -
1.0
200 A 0.5 -
0 AL L L L L B LA DL L R 00 LA B B LR BN LY BRI BN BRI BRI B
101 102 10®° 10* 105 10° 107 108 101 102 10 10 105 10 107 108
avg. run length avg. run length
non-well performing area well-performing area
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Non-Well Performing Area ’Dresden Database

Reasons
» Forlarge run lengths, the number of
loaded integers approaches more or 200
less 100%, i.e. every value is only .
processed once. X 180
z 160
= RLE vectorization uses a -
significantly higher number of - 140
load operations for sequences with 3
—_
short runs. 120
» The redundant processing 100
dramatically increases with 3 5 7 9111315171921232527293133353739

increasing vector widths.
avg. run length

M RLE512 [ RLE256 B RLE128
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SIMD — New Instruction Sets ‘Dresden Database

AVX-512

Nehalem Haswell KNL Skylake KNM Ice Lake
Cannon Lcke
| | | |
] | I | : T
2009 2014 2016 2017 2019
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Conflict Detection using AVX512CD @Dfesde“ Database

4 3 2 1 O Vector Position
_mmb512_conflict
_epi32(...) A A C B A Input register
v v v \4 \4
b4 b3 b2 bl b0 Output register

No equal previous elements - bitmasks are zero

Previous Previous
c B A elements C B A elements
=A #A #A =4 * A # A =4
filled filled
with O’s . 0 0 1 b4 with O’s 0 0 1 b3
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Step 1: Run Detection

A

B

l

l

conflict_epi32

l

l

..011

..000

|
|

|

|lzcnt_epi32

|

] 30

32

) 31

32

v

New run

~

New run

é Dresden Database
Systems Group

Input

Conflict Detection

Resulting bitmask

Count leading zeros

Are leading zeros descending?
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Step 2: Run Length Detection

00000000 00000000 00000000 00000001

A B A

b

conflict_epi32

|

..011 | ..000 |..001 | ..000

\

sliv_epi32

\

10000000 00000000 00000000 OO000000

l l l l cmdnét_epi32
|lzcnt_epi32 ‘
l l l l 011111111117111171 117111111 11111111
[ 30 32 D 31 32 l
/ \ lzcnt_epi32 + 1
New run New run j
2
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Step 3: Storing ‘ Dresden Database

» Classical storage layout: (run value, run length)-pair » Vector wise

» Independent of vector width * Run length and run value to different

memory locations
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Evaluation — Load Instructions

o
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Loaded INT (%)
=
N
()

80

Load close up

3 57 9111315171921232527293133353739
avg. run length

EWRLE512 TRLE256 ENRLE128 —RLE512CD

Systems Group
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Evaluation- Vector Instructions »DreSden Database
Vector instruction count

= gt

> 872

3 3 8

8 * 7

fe! 6
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2

a 1

= — —""ﬁ
S 0 '
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avg. run length
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Runtime Comparison
» Intel Xeon Phi Knights Landing Processor

Compression speed
 RLES12CD (Aligned)
outperforms state-of-the-art 800

for small average run lengths 700
600

500
400
300
200
100

mis

3 13 23 33 43 53 63
avg. run length

B RLES12 e RLE512CD s RLES12CDAligned
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Evaluation

Runtime Comparison
= Intel Xeon 6130 Processor

= Similar results

mis

/
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Svstems Group

Compression Speed

2500

2000

1500

1000

500

3 8 13 18 23 28 33 38 43 48 53 58

avg. run length

EERLES12
e RLE5 12 CDAligned (Min & max) s

e RLE512CD (min & max) —
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7500 -
5000 -
2500 - I
o |
T T T

T T T T T
MMX SSE AVX2 AVX512 MMX SSE  AVX2 AVX512

Development of Intel’'s SIMD Extension

» Trend to larger vector registers
- 128-bit (SSE)
- 256-bit (AVX and AVX2)
- 512-bit (AVX-512)

Vector Size [ Bytes ]
# avail. instructions

Vector Extension Vector Extension

= Trend to more instructions ]
Compression speed

800 Robustness vs.

Run Length Encoding 7% Maximal Performance

» Proposed novel implementation 500
using AVX512-CD functionality 00

300
200
100

mis

3 13 23 33 43 53 63
avg. run length

[ RLE512 e RLE512CD RLE512CDAligned
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