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[ Intrinsics ]
Why Learn to Optimize with Assembler?

Historically: Constrained hardware
— Entire applications written in assembler

Still relevant today

— but we focus on specific parts of the code - 8 kB RAM + 8 kB VRAM
-4.19 MHz Z80 CPU

- 10s of kBs swappable ROM

Niche expertise: very valuable

Challenging, rewarding and fun
— To make non-off-the-shelf things
— Tweak out maximum performance

Clean, tailored C/assembler is art

- 1 MB cartridge
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Tegra Xavier

/ARM Neon CPU A
core inside!
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Goals of Lecture

« To give you something concrete to start on
 Intro to NEON SIMD through ARM intrinsics
« Learn to step through and inspect NEON code using gdb

« Learn to find the proper intrinsics for a task and successfully
apply them

10.03.2026
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Finding Information on Intrinsics

« Accessing compiler documentation for gcc 9.5
— https://gcc.gnu.org/onlinedocs/

« Will find you
- ARM C Language EXtenSIOnS ARM ARM® NEON™ Intrinsics

Reference

Document number: IHI DO73A
Date of Issue: 09/05/2014

Abstract
This draft document is a reference for the Advanced SIMD Architecture Extension (NEON) Intrinsics for ARMvT

* Nice, human-readable NEON overview
— NEON+VFP Programming

10.03.2026
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Developing and Learning Neon in a Nutshell

Find relevant NEON instruction group

TASK -Vector addition

For(i=0;i<7;i++)
Resultfi] =a +i

Find intrinsic

-vaddq_u8

Implement

10.03.2026
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Tegra Xavier CPU Cache / Memory Hlerarchy

________________________________________________________________________

Core Core

A--nn“

128kB $I 128kB $1
64 kB $D 64 kB $D

4 MB L? Cache

2 MB L3 Cache

Faster this way

16 GB RAM
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Cache Lines

Cache lines

Core

v

L1 Cache
v

L2 Cache

}

L3 Cache

—

id D
P

char a;

) int main(){

(eafh 122R\ \

~

\

ﬂ

a is fetched and its
cache line is added to

t) a;

all cache lines D

il

|

A byte
variable

16 GB RAM
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 In the previous example, an entire 128B is fetched just to
get the single byte!

» 7.8 % bandwidth efficiency!
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How much will the CPU read from RAM if..

..we read a 64B integer that
spans two cache lines?

10.03.2026
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ARMv8 Register Environment

31 x 64-bit general purpose registers

32 x 128-bit vector registers

VO V8 V16

V24
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The Vector Register

16 bytes / 128 bits

A

v

18 lanes, 2B per lane

uintBa%8 t
intB@%3_t
floatBix2 t

Lane O

Lane 1

Lane 14
Lane 15



UiO ¢ Department of Informatics
University of Oslo

The Vector Register

|t is possible to use half of the vector register

* uint8x16_t -> uilnt8x8_t
16 bytes / 128 bits  uint32x4_t -> uint32x2_t

« float32x4 t -> float32x2_ t

'8 bytes / 64 bits

<&
<«

v

* The 64-bit vector still occupies a full 128-bit vector.

10.03.2026
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The Vector Register

* Notice that the minimum supported floating point type
occupies 4 bytes / 32 bits.

* You must perform conversions from/to other native formats
to interact with floating point data types.

10.03.2026
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Aggregate Vector Types

« Some NEON instructions can operate on more than one
vector register at a time.

« This is usually with the constraint that the list of supplied
vector registers are consecutive.

e {VvO,vl,v2,v3} are physically consecutive.
{vo,v2,vl,v3} are not physically consecutive.

10.03.2026
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Aggregate Vector Types

« The compiler fixes this for you as long as you use the
aggregate vector type.

e E.g. uint8x16x4_t

_ v3
Four consecutive
. v2
vector registers of
sixteen uint8 vl
Vo

uint8x16x4 t

10.03.2026
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Aggregate Vector Types

« Aggregate vector types are accessed like a structure..
— and is kind of weird in that sense..

 Check out arm_neon.h if you want to see how these are
accessed.

— This can also be a nice file to search for intrinsics of interest

10.03.2026
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Initialising Vectors

10.03.2026
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Setting a Single Lane

Set lane 10 to 42

uint8x16_t

42

Init
Variable

A\ 4

10

Index

[ vldlq lane u8(..) }4—

\ 4

42

i

Lane 10

Init example (init.c)

10.03.2026
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Initialising All Lanes of a Vector With a Constant

42

Init
Variable

y
\

[ .>
J

I
S T A A

42 | 42 | 42

uint8x16_t

10.03.2026 22
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Vector Management

Reverse operations exist, of course.

E.g. storing a lane to RAM instead of loading it from RAM.
vstlq lane u8(..) vldlq lane u8(..)

E.g. storing a vector to RAM instead of loading it from RAM.
vstlqg u8(..) vldlq u8(..)

It is also possible to store/load more than one vector to/from
RAM in a single instruction!

10.03.2026 23
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Initialising All Lanes of a Vector from RAM

Uin’t8_‘t r‘am_data[16] => |42 |21 |2 3 4 5 6 7 8 9 10 | 1

13

15

[ vldiq u8( *ptr )

A 4 A 4 A 4 A 4 A 4 A 4 A 4 \ 4 A 4 A 4 A 4 A 4

A 4

A 4

A 4

uint8X16_‘t => |4a|21|2 |3 |4 |5 |6 |7 |8 |9 |10]n

12

13

14

15

Copy example (copy.c)

10.03.2026
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Arithmetic

10.03.2026
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Addition, Subtraction, Multiplication

uint8x16 t
.......................................................

[N N O D

uint8x16_t

A 4

vaddqg u8(..)
vsubqg u8(..)
vmulg u8(..)

- rrrr ol e
uint8x16 t

10.03.2026

26



UiO ¢ Department of Informatics
University of Oslo

Addition, Subtraction, Multiplication

* |nput and output data types must be the same

* |nvalid
— vaddq_u8(uint32x4 _t, float32x4 t)

vaddq_u8(..)
vsubqg u8(..)
« Perfectly OK vmulg_u8(..)

|

— vaddq_u8(uint32x4 _t, uint32x4 t)

Add/sub/mult example (sub.c)

10.03.2026
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Division
* There is nothing like vdivg u8(..) (1)

e vrecpe can find the reciprocal of each lane in a vector
— Only supports floating point data types.

* rec(x) = i such that x x rec(x) =1

« Dividing by a number is the same as multiplying with the

reciprocal of that number.

10.03.2026
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Other Approaches to Division

e |t can be wasteful to convert to and from float32.

* Other approaches are bitshifts

. a
—a>>nis equal toz—n

— a<<nisequal totoa* (2")

« This will effectively floor your result, but there are ways
around this.

10.03.2026
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Arithmetic — Finalising Notes
« Of course many more instructions than these very basic

ones..
— Accumulative, max/min, absolute value, square root.. and more.

« Be careful to avoid issues with sign, overflows and
underflows when working with any datatype

10.03.2026
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Conversion

10.03.2026
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Lookup Tables (LUT)

» This function is useful to rearrange vectors.

« Some “index” points into a LUT offset that contains precomputed values

* Output stored in a vector

N (W ([0 | N

3 " 5

Index «vector» LUT Output «vector»
(four-element)

10.03.2026
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The index vector} rol_r(lmagine a vector oq (..and the selected

selects ele}y\’rc nixal data with : < gre stored in
from the L Out of bounds index behaviours: \/ector.
N
vtbl
Any element out of rang&d.fer LUT returns O
vtbx

Any element out of range for LUT leaves the
destination unchanged

Lo d = N = UnmTtTO /

0 N > 4
Index lane 3 selects P4 out of bounds
element 255 of LUT, indexes are set

Index V€ butitis out of bounds YUT to 0 tput Vector
UiNt8x8< 18x8 e int8x8_t
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The LUT can be quite large.

 The LUT can be one, two or four vectors using the
aggregate vector type

e Uint8x16_t 8 indexes
e Uuint8x16x2_t 16 indexes
e Ulnt8x16x4_t 32 indexes

10.03.2026 34
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Conversion example (cnv_u8 u16.c)

35



UiO ¢ Department of Informatics
University of Oslo

Ending Notes on Conversions

« Separate instructions exist to convert between
unsigned/signed integer and floating point formats.

10.03.2026
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2x2 matrix, stride = 2

Destination
b C Vector

C b LUT
(matrix)
stride
Index
Vector

stride



UiO ¢ Department of Informatics
University of Oslo

2x2 matrix with ZIP function

C b

stride

How to do this for
larger matrices,
like 8x87?
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Intrinsics, Inline Assembly or Assembly?

[ Assembly

-

. Inline
Intrinsics
Assembly
int32x8 vector; int32x8 vector;
/I Do stuff on vector /I Do stuff on vector
Vector = vaddq_s32(vector, vector) _asm__(
“vadd [v].s4, [v].s4, [v].s4”
. : [vector] “q” (vector) :)

text

.arm

.global double_elements
double_elements:
vadd.i32 vO,v0,v0

bx Ir

.end

Goes inside C functions Goes inside C functions

Level of Difficulty

Goes in .sfile

10.03.2026
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