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SIMD in a Nutshell

, . . 4 additions in 1 instruction
» Single Instruction Multiple Data (= SIMD)

A
I 1

» Most common instruction sets e mm
» x86: SSE, AVX, AVX2, AVX512 (> 6k instructions) + nn

> ARM: Neon (> 4k instructions), SVE Ol 11| 22 33 | 44

» PowerP(, RISC-VV

» Arithmetic, Logical, Shuffle, Shift, Load, Store, ...

SHUFFLE

» Focus on x86 and Neon
» x86:128 — 512 Bit registers

» Neon: 128 Bit registers
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ABSTRACT ) .
The open-source FastLanes project aims to improve big data for- Yecto:zed executhn ‘% ‘a bro:‘l}y adopted de“@ forﬂueryfexec:
) h a rd t O d e Ve I O mats, such as Parquet, ORC and columnar database formats, in tion where comp work In query exp 1s performe
oo : . L i . on chunks of e.g., 1024 values called “vectors”, by an expression
multiple ways. In this paper, we significantly accelerate decoding ha K iled f ha £
ofall common Light Weight Compression (LWC) schemes: DICT, __ iterprete that invokes pre-compiled functions that perform sim-

hard to test
hard to benchmark

What do these functions do?

» Non-x86 CPUs on the rise ~mm_add epi32()

, How to translate x86 SIMD code? | —mmol2 srl epibd ()]
vaddq_s32 O—~_ Don't have NEON?

— Can't compile

Don't have AVX512?
— Can't compile




AVX512 CPU Instruction Compatibility Table |cai) Width

AVX-512
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Abstractions on top of Abstractions
Add two 128-bit registers of 4x 32-bit integers

A BRI
+ & [N

ok 11| 22 | 33 | 44|
/
— SIMD intrinsics

Application code _mm_add_epi32
vecC=A+B; vaddq_s32
\ struct VecilMD brary Compiler representation
__attribute__ ((

vec operator+(vec, vec);

}

vector_size(N)));



Abstractions on top of Abstractions

Add two 128-bit registers of 4x 32-bit integers
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SIMD Types
16 Byte type in x86

-

Platform-intrinsics
Platform- and type-
dependent CAPI

x86 NEON _

<

[

/I Simplified from Clang's <emmintrin.h>

typedef long long _m_1 28i __attribute__((vector_size(16)));
_/_/_Ir;ternal 16-Byte vector of four unsigned integers.

typedef unsigned int __v4su __ attribute__ ((vector_size(16)));

- m128i _mm_add epi32(__ m128i _a,  m128i _b){
return (__ m128i)((__v4su) _a+(__v4su)_ b);
}

[

-

/I Simplified from Clang's <arm_neon.h>
/1'int32x4_t is defined analogously to __ v4su.
-int32x4_t vaddqg_s32(int32x4_t _ pO0, int32x4 t _ p1){
int32x4 t _ ret;

-
-
-
s
-

return __ ret;

}

Compiler
Representation
--» GCC/Clang's
"vector" type

Operators
operator+()

on vector type

>

Platform-intrinsics are abstractions on top of compiler-intrinsics
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Abstractions on top of Abstractions

SIMD Libraries

Add two 128-bit registers of 4x 32-bit integers

template <typename T>
struct vec {
vec<T> operator+(vec<T> other);

}

#if _x86_64

vec<T> vec<T>:operator+(vec<T> other) {
return _mm_add_epi32(data, other.data); }

#elif _aarch64

vec<T> vec<T>:operator+(vec<T> other) {
return vaddq_s32(data, other.data);

}

#else ...

typedef long long __ m128i __ attribute__ ((vector_size(16)));
typedef unsigned int __v4su __attribute__ ((vector_size(16)));

__ m128i_mm_add epi32(_ _m128i __a,  m128i _b){
return (__m128i)((__vd4su) _a+ (__v4dsu)__b);

}

int32x4_tvaddqg _s32(int32x4_t_ p0, int32x4_t_ p1){
return _ p0+ __ p1;

}

Platform-intrinsics are abstractions on top of compiler-intrinsics

i
template <typename T>
using vec __ attribute  ((vector_size(16))) =T;

SIMD libraries are abstractions on
top of platform-intrinsics

vec<T> foo(vec<T> a, vec<T> b) {

\

/I Do stuff

J vec<T>result=a + b; Use compiler-intrinsics to
.. structure code
retumn result;

}




Compiler-Intrinsics

» GCC/Clang have SIMD abstraction

»

»

»

> via __attribute_ ((vector_size(SIZE)))
> SIZEinbytescanbe.../8/16/32/64]...

Supports common operations
> Arithmetic: +, -, *, /, >>, ...

» Comparison: >=, <, 1=, ...

» Bitwise: &, |

» Logical: &&, ||

Special built-in functions
» convertvector()

» shufflevector()

» vectorelements()

Guaranteed to compile and be correct
> Easier development + testing
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FastlL anes Bitpacking Algorithm

using Vec __ attribute__ ((vector_size(VECTOR_SIZE))) = LaneT;

auto” in = (VecT")(compressed_in);
auto” out = (OutVecT*)(values_out);
VecT in_vec = *in;

LaneT overflow = 0;

for (uint32_t k = 0; k < NUM_BITS; ++k) {
for (LaneT i = overflow; i <= BITS_IN_LANE; i += NUM_BITS) {
VecT tmp = (in_vec >> i) & MASK;
*(out++) = __ builtin_convertvector(tmp, OutVecT);

}

if constexpr (LANE_WIDTH % NUM_BITS == 0) {
in_vec = *(++in);
}else if (k <NUM_BITS - 1) {
LaneT tail = ((k + 1) * LANE_WIDTH) % NUM_BITS;
VecT out_vec = tail > 0
?in_vec >> (LANE_WIDTH - tail)
: ZERO_VEC;

in_vec = *(++in);
overflow = NUM_BITS - tail;

out_vec |= (in_vec << (NUM_BITS - overflow)) & MASK;
*(out++) = __ builtin_convertvector(out_vec, OutVecT);



Benchmarks

»

»

»

»

»
»

Bitpacking FastLanes-style
» Achieves state-of-the-art performance

Dynamic Dispatch
» Build once, run everywhere

Filter with selection vector
» Supports complex instructions

Run with ~latest Clang (18/19/trunk)
» Some features in active development

-03, -march/-mtune=native
Single-threaded performance



Bitpacking

TUTI

Fun with
HOp Cache

» Based on FastLanes Zen4 (x86) \
» Uses 1024-bit "virtual" vector . a) 8 bit . b) 16 bit . c) 32 bit . d) 64 bit
o : f\Compiler
» Decompress 1024 values =] 2 2 2 Fastianes ;
£ 301 30 30 30
£ 20 20 20 20
. 2 18'__' — 18 | ' ' ' ' 10 ' ' . ' ' ' ' ' lg ' ' ' ' ' ' ' ' '
» |dent|cal per'formance 2468 0 4 8 12 16 0 4 8 12 16 20 24 28 32 0 8 16 24 32 40 48 56 64
num bits num bits num bits num bits
» FastLanes: ~18k generated LoC Graviton 4 (ARM)
» Compiler; ~30 LoC a) 8 bit b) 16 bit c) 32 bit d) 64 bit
%270- 270 270 270 M
£ 180 1 180 180 180 :
» Unable to express directly in S 90 0{__ ="\ % comener
many SIMD libraries ° r%u ribéitsé °0 anu n:3 bit;L'Z % 0 48 1'§ur£16b§2 24 28 32 o 8 16 z'z;nu:;zbit:'o 48 56 64

» No support for 1024-bit vectors
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Dynamic Dispatch

» Single binary

» compile once, run everywhere
~AVX2 ~AVX512 base x86

» via __ attribute_ ((target_clones("arch=x86-64-v3", "arch=x86-64-v4", ..., "default"))

» Creates copy of function for each target
» Function resolved at runtime when library is loaded via GNU's .ifunc feature

Intel Xeon AMD EPYC
E5-2686 7950X
-march=native vs. on x86 (AVX2 and AVX512)
a) 8 bit b) 16 bit c) 32 bit d) 64 bit
T 240 240 240 240 _ - ’\MJI’\I\“A\
w 180 180 180 180 'marCh=”at'V5\/53_\M WY Y
£ 120 120 120 120 ety Y'YV Y |
S 60 60 Y BRSSP e Vo bt d WS I i
B e R e R oL — — —  -march=native AMD
2468 0 4 8 12 16 0 4 8 12 16 20 24 28 32 0O 8 16 24 32 40 48 56 64

num bits num bits num bits num bits



Filter with Compressing Store

Specialized features for common SIMD patterns

Added new @llvm.experimental.vector.compress intrinsic
» if (datali] < filter_val) out[pos++] = datalil;

Translates to:
» vpcompress in AVX512
» compact in SVE

Note: Work in progress
Rest needs fallback

> still slow :/

run time [ns]

Zen4 (x86)

300 A
Scalar
200 - 16-byte
32-byte
100 A
O T T T
uintl6_t uint32_t uint64_t

data type

TUTI

vector|compress

n

s R
<
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Compiler-Intrinsics in Velox

»

»
»

»

»

»

»

Velox: Meta's new unified query engine

Removed xSIMD dependency
Use only compiler-intrinsics

End-to-end TPC-H SF1
x86 — 0.1% diff
NEON — 0.13% diff

Removed:
» 54 platform-specific functions
» Hundreds of lines of SIMD code

B vec I xsimd
a) x86 Icelake

— 300
£
o 200 -
S
S 100 -
[
)
€ o
3 5 6 7 8 9 10 12 13 14 15 16 17 18 19 20 22
Supported TPC-H Queries

— 300 - b) M1 Macbook
E
o 200 -
S
S 100 -
c
=)
© 0

1 3 5 6 7 8 9 10 12 13 14 15 16 17 18 19 20 22

Supported TPC-H Queries
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Writing SIMD Code with Platform-Intrinsics

template <typenane Ini> X86
_m1283 xB6._half (1281 data
x86_half<unsigned, unsigned long-(long long __vector(2

tesplate provixdy xend, xand

1281 xB6_half<@int32_t-(_m1281 data) {

Feturn e cviepi2_episd data
} x86_half<int, long-(long long __vector(2

provexda xead. wned

ret

template
__m1281 x86_half<int32_t>(__m1281 data) {
return _mm_cvtepid2_epi6d|data

UInt64x2_t neon_half (Wint32xd_t data) {

X neon_half(__Uinta2xd_t
return veovl {32 vget_low_u32(data Gsh1l vo.2d, v.2s, #8

) ret

nt64x2_t neon_half (int32x4_t data) ( neon_half(__Int32xs_t
return vmovl_s32(vget_low_s32(data sshll v@.2d, ve.2s, #8

NEON| [ et

Writing platform-intrinsics

code is hard and cumbersome

ector of 4x uint3:
attribute__

Compiler-Intrinsics b

using Bitvec

16-Byte
using Vec

utnts2_t

Vee;

(only a» )
_attribute__((ext_vector_type(4 bool;

» GCC/Clang have SIMD abstraction

) Via__sttribute__((vector_size(SIZE

» SIzEinbytes canbe.../8/16 32/ 64/.

Scan integer colum and write matching row ids
uint32_t dense_column_scan(uint32_t+ column, uint32_t filter_val.
uint32_t __restrict output) (

uint32_t num_natches = B

) for (uintd2 ¢ row - 8; row < NUW_RONS; row +- 4) {
» Supports common operations il o
) Athmetic+, -, %, 1, .. Ve values colimn + row
Arhmetic +, =, %, 12 Ve matches - values < filter_val
» Comparison: >
> Bitwise:8, | Convert conparsaon to scalar bitmak using buslt-s
) Logial 8, || Bitvec bitveo - __builtin_convertvector (natches, Bitvec

t8_t bitnask = (uints_it) bit
» Special built-in functions
) convertvector()
3 shufflevector()

Get 1ds from lookup table and add to current base row
Vec row_offsets - «(Vec:) MATCHES_TO_RON_OFFSETS|bitnask
Vec conpressed_rows - row + row_offsets;

; Unalignedvect) (output + nun_matches) = compressed_rows;
» Guaranteed to compile, run, be correct nun_matches - std: spopcount (bitnask

> Easier development + testing

Feturn nun_natches;
)

DB Compiler SIMD @ LLVM Meetup | 1062013

Compiler-intrinsics are generic

and cross-platform

rt .

https://github.com/hpides/autovec-db

@“

Compiler-Intrinsics in Velox

» Velox: Meta's new unified query engine
0 vec N ssimd
21286 kelake

» Removed xSIMD dependency
» Use only compiler-intrinsics

» End-to-end TPC-H SF1 from Parquet T ey, PR
» x86 — 0.1% diff

30 B
» NEON — 0.13% diff E o
£ o
: H
» Removed: o S
> 54 platform-specific functions TPCH Query

» Hundredes of lines of SIMD code

0B Compilr SIMD @ LLVM Meetup | 21.06

Compiler-intrinsics achieve
the same performance
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