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Objective & Overview

Encoding 32-bit integer arrays to compress storage...
And decoding billions of integers per second

How? https://qithub.com/fast-pack/FastPFOR

e Using SIMD
e Better implementations
e Tweaks on previous schemes

Why?

e To save storage/memory space and loading time
e Often, processing is faster than loading


https://github.com/fast-pack/FastPFOR

Fast Bit Packing/Unpacking

Given b-bit integers, pack them in bitstring, ideally aligned in 32-bit

They implemented in-house, for all b (C standard didn’t offer)
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void unpack4_8 (const uint32_t* in, void unpack5_8 (const uint32_t« in,

uint32_t«* out) { uint32_t* out) {
*out++ = ((*1in)) & 15; *out++ = ((*in)) & 3
*out++ = ((*in) >> 4) & 15; *out++ = ((*in) >> 5 ) & 31;
*out++ = ((*in) >> 8) & 15; *out++ = ((*in) >> 10) & 31;
*out++ = ((*in) >> 12) & 15; *out++ = ((*in) >> 15) & 31;
*out++ = ((*in) >> 16) & 15; *out++ = ((*in) >> 20) & 31;
*out++ = ((*in) >> 20) & 15; *out++ = ((*in) >> 25) & 31;
*out++ = ((*in) >> 24) & 15; *out = ((*in) >> 30);
*out = ((*in) >> 28); ++1in;
} xout++ |= ((xin) & 7) << 2;
*out = (i{xin) >> 3) & 3l;
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Overall, N * b bits from N 32-bit integers

‘Vertical’ bit packing (SIMD-friendly, no inter-lane shuffle)



Fast Bit Packing/Unpacking with SIMD

...Implemented for all b (1~32)

Int24 Int20 Int16Int12 Int8 Int4 Int 23 Int19 Int15 Int11 Int7 Int3 Int22/Int 18 Int 14 Int 10 Int6 Int2 Int21 Int17 Int13 Int9 | Int5 Int 1
30 25 20 15 10 5 o 3o 25 20 15 10 5 0o 30 25 20 15 10 5 0o 30 25 20 15 10 5 0
Int 28 Int 27 Int 26 Int 25

) Y | h Y
unused llnt 32 unused Int 31 unused Int 30 unused Int 29
31 8 3 0 31 8 3 0 31 8 3 0 31 8 3 0

void unpack5_8 (const uint32_t«* in, voldmfgl\glijuriqpickiESl(gzgsziﬁrgl(ii)lf oy —Juliis oud)

. p— — — e 4

uint32_t« out) { mm_store_sil28(out++, _mm and sil28( i , m31));
SR = ((*}n)) & Ly _mm_store_sil28(out++, _mm _and _sil28( _mm srli_epi32(i,5) , m31));
el = (LhlR) 2 8. ) & 5 “mm_store_sil28(out++, _mm and_sil28( _mm_srli_epi32(i,10) , m31));
=ouEtt = ((xin) 55 10} & 31; “mm_store _sil28(out++, _mm and sil28( _mm_srli_epi32(i,15) , m31));
RORLFF = ((*}n) >> 15) & 31; _mm_store_sil28(out++, _mm _and _sil28( _mm srli_epi32(i,20) , m31));
e = ((*,ln) >> 20) & 31; _mm_store_sil28(out++, _mm and sil28( _mm srli_epi32(i,25) , m31l));
xout++ = ((xin) >> 25) & 31; _ ml28i o = _mm srli_epi32(i,30);
xout = ((xin) >> 30); i = _mm load_sil28(++in);
++in; . o =_mm or_sil28(o, _mm slli_epi32(_mm _and _sil28(i, m7), 2));
xout++ |= ((*%n) & 7) << 2; _mm store sil28(out++, 0);
*out = ((x¥in) >> 3) & 31; _mm_store_sil28(out++, _mm and _sil28( _mm srli_epi32(i,3) , m31));

} }



SIMD-BP128

Binary Packing with SIMD, using 16 blocks with 128 integers

e Each block has 128 32-bit integers, each with b
o All 128 integers less than 2”b; result 128b bits — aligned nicely in 128-bit
e One meta-block has 16 such blocks

o Along with encoded results, has extra descriptor for saving b’s for each block
o Use 8-bit for each b (1~32), so it fits in 8*16=128 bit word
o Each meta-block input has 2048 integers, about 64KB (fits in L1 cache)

32
)

Raw Block ... 15 Other Raw Blocks

Descriptors iEncoded Block ... 15 Other Encoded blocks

- =~
8*16=128 b




Patched Schemes: PFOR, PFD

For each block, decide length b (e.g. b=2)
For each integer, save only last b-bits

If cut-off, save their locations and remaining bits (exception) aside

Data to be compressed: ...10, 10, 1, 10, 100110, 10, 1, 11, 10, 100000, 10, 110100, 10, 11, 11, 1...

Truncated data:

(16 x 2 = 32 bits) ez 105 10,01, 10, 10, 10,01, 11, 10./00, 10,00: 10.11.11. 01 ...
Byte array:
(6 x 8 = 48 bits) vty Oy Sy, By 11 v

Exception data:
(to be compressed) ... 1001, 1000, 1101 ...




FastPFOR, SIMD-FastPFOR

Each block has 128 integers, and each page has 2”16 integers (=29 blocks)

For each block, get truncated bits (b), max bits (m), and number of exceptions (c)
Consider all b (to get ¢), and choose one minimizing the size (b*128 + ¢(m+8-b))

b
T

Block 1; Truncated bits

§B|00k 1: b, m, ¢, exception locations

Y

8 8 8 8*c

Block 1; exception values

m-b



FastPFOR, SIMD-FastPFOR

For one page, each section is concatenated
Add size offsets to reach next section

Compress exception values with bit packing

32 b
- A NK_H
Size offset 1 i Block 1; Truncated bits Block 2; Truncated bits | Block 3
Block 512; Truncated bits iBIock 1; b, m, c, exception locations Block 2; b, m, c, locs Block 3; ...
\\/W N2
8 8 8 8*c
... Block 512; b, m, c, locs All exception values packed Block 3; ...
W_/
m-b

For SIMD-FastPFOR, SIMD is used for bit packing for truncated and exception values



Differential Coding with SIMD

Save the difference between neighboring values, instead of raw values
Why? In many data, closely located values have close values

For SIMD, use A(i) - A(i-4), instead of A(i) - A(i-1)
Real world data had 4x larger differences, adding ~2 bits

In-place encoding/decoding
Decoding needs two passes, chucked with 2216 integers

Two passes with cache still works better than using memory



Implementation Details

(Not using multiple threads)
Deciding length (b in BP, m in PFOR)
Logarithm with SIMD OR and single bsr (Bit Scan Reverse)
SIMD requires 128 bit alignment, sometimes leads to less compression

Paper offers non-SIMD portable implementations, still in billion throughput



Results
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Results
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Results

Table V. Experimental results. Coding and decoding speeds are given in millions of 32-bit
integers per second. Averages are weighted based on AOL query logs.

(a) ClueWeb09 (b) GOV2
Coding Decoding Bits/int Coding Decoding Bits/int
SIMD-BP128* 1600 2300 11 1600 2500 7.6
SIMD-FastPFOR* 330 1700 9.9 350 1900 1.2
SIMD-BP128 1000 1600 9.5 1000 1700 6.3
varint-G8IU* 220 1400 12 240 1500 10
SIMD-FastPFOR 250 1200 8.1 290 1400 5.3
PFOR2008 260 1200 10 250 1300 79
PFOR 330 1200 11 310 1300 7.9
varint-G8IU 210 1200 11 230 1300 9.6
BP32 760 1100 8.3 790 1200 55
SimplePFOR 240 980 Frl 270 1100 4.8
FastPFOR 240 980 7.8 270 1100 49
NewPFD 100 890 8.3 150 1000 5.2
VSEncoding 11 740 7.6 11 810 54
Simple-8b 280 730 7.5 340 780 4.8
OptPFD 14 500 7.1 23 710 4.5
Variable Byte 570 540 9.6 730 680 8.7




Reviewing the paper

Extensive experiments, with very good implementations

How did recent changes on HW affect these algorithm?
Different SIMD standards, multicore
Is this applicable to other data types? (JSON, floats, strings, etc)
Can we avoid GPU memory transfer bottleneck, by encoding/decoding on the fly?

Random access or binary search performance?



