4

| | em o ‘ e \ P r Og ramm i n g Vi S i on
VISION Pipelines on AMD’s Al
summit Engines

Kristof Denolf (Principal Engineer)
Bader Md Alam (Director SW Engineering)
AMD



embedded
Versal is a Heterogenous Chip Well Suited for Vision isic

summit
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VISION F

summit

Al Engine Technology Introduction
« Compute Capabilities of the Al Engine
« Data Movement

Vitis Vision:

* Library Overview

» Programming Vision Pipelines with Vitis
Sneak Preview AIE-ML
Conclusion
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Versal and Al Engine Terminology VISION

Versal ACAP Al Engine Array

Arm
Cortex-A72 §
|
Adaptable
Arm ' Hardware }
Cortex-R5 @ ;

==

il Al Engines

Al Engine Tile I

— iz,

oY

»

ISA-based
Vector Processor

Al Vector

Extensions

5G Vector
Extensions

I
\J \ v
Data type GMACs per | x128 X400 : .
- AI Eng|ne (MACs/s) | (MACs/s) - Al Engine is a VLIW vector processor

32 kB memory, locks and data movers

!"t8 16T LT . Directly connected to its neighbors
int16 32 4T 13T - Fully connected through AXI Stream

{foat,int}32 8 17T 3T interconnect
- MAC = 2 Ops
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Multi-Precision Support Enables Different Pixel Depths BA:L®

L summit

Al Data Types Local Memory Access

# data access / cycle (per

MACs / Cycle (per core)

e LD/ST unit) -
64
32
8
] - -
32x32 | 32x32 | 32x16 § 16x16Q 16x8 8x8
SPFP int int int int int

SPFP 16b

Each AI Engine has:
* 2 x256b LD units
« 1x256b ST

Measured results

AMDn © 2022 AMD

Data reuse needed to
match memory
bandwidth with 100%
MAC utilization

Config Data Coeff
reuse Reuse

32x32

32x16 2X 1x
16x16 2X 2X
16x8 4x 2X
8x8 4x 4x

More compute with smaller
datatypes

Data reuse to enable
maximum vector compute
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AI Engine: SW Programmable Signal Processor VISION B

summit /-
videoKernel.cpp
32 bit scalar RISC

Optimize program 512 bit vector core
to leverage

AIE HW resoufrces 1+ GHz

Al Engine Tile

Al
Core

AXIM Switch
AXIS North

AXIS South

simulator

{

Results & Cycles
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AI Engine: SW Programmable Signal Processor

with Zero Loop Overhead on Counters VISION
-and Buffer Auto Increment

Al Engine Tile

===p Processing f===

Al
Core

int32 *inDataMemory;
int32 *outDataMemory;
aie::vector<int32,16> vectorOfData; 32 bit scalar RISC

AXIM Switch
AXIS North

512 bit vector core

loop (expression) {
loop (expression) {
vectorOfData = *inDataMemory++; 1+ GHZ
processing on vectorOfData;
*outDataMemory++ = vectorOfResults;
}
}

AXIS South

AMDn © 2022 AMD .



Filter2D — Basic Algorithm $‘i§?“c‘>’i"n

summit

int32 *img in;

for(int i=0; i<imageH; i++) {
for(int j=0; j<imageW; j++) {
int32 t accum = 0;
for(int m = 0; m < kernelH; m++) {
for(int n = 0; n < kernelW; n++) {
accum kernel coeff[m*kernelW+n]

= T
E img in[(m+i)*imageW + (j+n)];
| }
- }
img out[i*image width + j ] = accum; } }
v L~
—
L
- Complexity
-« O(N,k"2)
* N = Image Size, k = Kernel Size
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Filter2D — Unroll Inner Loops (Prepare for embedded
VISION

Vectorization) summit

int32 *img in;

for(int i=0; i<imageH; i++) {
for(int j=0; j<imageW; j++) {

int32 t accum = 0;
accum kernel coeff[0] img in[ (0+1i)*imageW+(j+0)];
= accum kernel coeff[l] img in[ (0+1)*imageW+(j+1)];
%; A — accum kernel coeff[2] img in[ (0+1)*imageW+(j+2)];
_E -— £ accum kernel coeff[3] img in[(1+i)*imageW+(J+0)];
il %EE% accum kernel coeff[4] img in[(1+i)*imageW+(J+1)];
= :Ecé accum kernel coeff[5] img in[(1+i)*imageW+(J+2)];
LE accum kernel coeff[6] img in[(2+1i)*imageW+(J+0)];
v " ~ accum kernel coeff[7] img in[(2+i)*imageW+(j+1)1];
= accum kernel coeff[8] img in[(2+1i)*imageW+(J+2)];
1 img out[i*image width + j ] = accum; }
| —
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Filter2D — Vectorize by 8 in Horizontal Dimension i}'its’%ﬁ

summit

Scalar Reference Solution (32b data and 32b coefficients)

int32 *img in;

for(int i=0; i<imageH; i+
A for(int j=0; j<imageW; [F+=8) {
vector<int32 t,8> acc\m8 0;
accum8 kernel coeff[0] img in[rl:0..7];
= accum8 kernel coeff[l] img in[rl:1..8];
?; - accum8 kernel coeff[2] img in[rl:2..9];
_E ] accum8 kernel coeff[3] img in[r2:0..7];
,/’/' accum8 kernel coeff[4] img in[r2:1..8];
| accum8 kernel coeff[5] img in[r2:2..9];
" accum8 kernel coeff[6] img in[r2:0..7];
v 7 accums8 kernel coeff[7] img in[r2:1..8];
A accum8 kernel coeff[8] img in[r2:2..9];
/
7 img out[i*image width + j ] = accum8; }
}
//
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Vectoring with Factor 8 while Exploiting Vector i;‘;ge.‘é‘;"‘.:’.

Register Data Reuse through Select summit

New Inner loop pseudo code

acc = mul (coeff, c sell, data buf, d sell);
acc += mul (coeff, c sel2, data buf, d sel?);
acc += mul (coeff, c sel3, data buf, d sel3);

acc += mul (coeff, c seld, data buf, d seld);

AW

acc += mul (coeff, c selb5, data buf, d selb);

ccc +=mul (coeff, c sel6, data buf, d sel6);

acc

acc

clCC

N WA WA

AM D a © 2022 AMD 12
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AI Engine (Array) is Built for Parallel Data Movement VISICN

.and Compute

AXIM Switch
ou

AXIS North

Al Core

32 bit scalar RISC
512 bit vector core

AXIM Switch

© 2022 AMD

AXIS North

=
=
=
o
(%)
@
X
<

L summit

Data push system
Control flow support - data
flow style implementations
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Zoom out to System Level MRy

Al Core

32 bit scalar RISC
512 bit vector core

1+ GHz

AXIM Switch
or
AXIM Switch
AXIS North

AXIS South

AXIS South
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Zoom out to System Level My

VlS on Process&Plpellne

AXIS North
AXIS North

AXIM Switch

AXIM Switch

AXIS South
AXIS South

NoC
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Vision Processing Graph Exploits Specialized Data VISION
‘Movement summit

Decomposing DMA
(Tiler)

Composing DMA
(Stitcher)

AXIM Switch
AXIS North

\/ \/

> < > =l
A 4 ! A
4 \

VV} ¥
A

Local
Buffer

Local
Buffer

AXIM Switch
ou or

AXIS South

NoC
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Vitis Vision: Library Overview,
Programming a Vision Pipeline and Tools
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What is in the AI Engine Vision Library? VISION &

summit

cv2.filter2D(img,-1,kernel,dst)

AM D a © 2022 AMD 18



embedded
What is in the AI Engine Vision Library? VISION

L summit

cv2.filter2D(img,-1,kernel,dst)

Host code

AMDn © 2022 AMD
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What is in the AI Engine Vision Library? VISION

L summit

cv2.filter2D(img,-1,kernel,dst)

G | .
i Code to define DataMover
AN ] xF::xfcvDataMover<xF: :TILER, ...» tiler(1,1);
] ¥F:ixfovDataMover<xF: :STITCHER, ...» stitcher;

2 DataMover Options:
{) PL via PLID
2) SW/ NaC via GMID

Host code

AXI-MM

AMDn © 2022 AMD
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What is in the AI Engine Vision Library? éﬂﬁﬂ‘;ﬁ't

cv2.filter2D(img,-1,kernel,dst)

=

Code to define DataMover
xF::xfcvDataMover<xF: :TILER, ...» tiler(1,1);
¥F:ixfovDataMover<xF: :STITCHER, ...» stitcher;

ol
an

| = |
i}
=

= ]
i
|
l- CJmm| .

8100
=
2100
3

i
N @l

A S
E -
2100
an

oL
m[]m
=

e
210D | I Bl
3 I 3
]|
S S S S
D_!_-.

2 DataMover Options:
{) PL via PLID
2) SW/ NaC via GMID

[NC=amm| |
@ll.-:.l

EElwom)

myGraph filter_graph();

&)

2100
E]

(ol
=

Host code

N E=m
1
| fmm| |

|
]
[==3)

100 I II
e
&3 =
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What is in the AI Engine Vision Library? VISION

cv2.t1lter2b(img,=-1,kernel,dst)

B Code to define DataMover

xF::xfcvDataMover<xF: :TILER, ...» tiler(1,1);
¥F:ixfovDataMover<xF: :STITCHER, ...» stitcher;

2 DataMover Options:
{) PL via PLID
2) SW/ NaC via GMID

myGraph filter_graph();

- Host code to call datamover & run graph

guto tiles_sz = tiler.host2aie_nb{src_hndl, srcImageR.size());
stitcher.aie2host_nb(dst_hndl, dst.size(), tiles_sz);
std::cout << "Graph run{1)yn"};

. filter_graph[j].run{l);

- filter_graph[j].wait();

‘ tiler.wait();

stitcher.wait();

AXI-S

AXI-MM

© 2022 AMD
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mp = = '
Vitis Tool Overview YISION.

Al Engine PL (HLS/RTL) Host Platform

Vitis SW Platform
Linux + rootfs

Host code

AIE Kernels, Graph PL Kernels (HLS)

PL and AIE Integration ( v++ --link)

A 4

Generate Binary (v++ --package) s

\ 4

Run 9n Device HW Emulation

Eilrsn.
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Vitis Tool Overview Slide isic

summit

cv2.tilter?b(img,=1,kernel, dst)
Q |q>

2

Al Erjgine PL (HLS/RTL) Platform

Vitis SW Platform
Linux + rootfs

adf: graph.{h,cpp}
includes xf_filter2d.cc
AIE Kernels, Graph PL Kernels (HLS)

Host code

PL and AIE Integration ( v++ --link)

A 4

Generate Binary (v++ --package) s

\ 4

Run 9n Device HW Emulation

Eilrsn.
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Library of Optimized Vision Kernels — 1x AI Engine VISION

Core Performance sUMMIE

FPS achieved - processing 4K resolution images Froce | Bl
Board: veki30

213 218 220 219 220

134 35 135 97

[24
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Vitis Vision Library: AI Engine Portfolio

Vitis Vision Lib:
Al Engine Portfolio \bsolte Diference

I AtE Ormalzatio | 1

2021.1/ nnvertacaleAl esize (Bilinea Gain Contral | :
: p esholding Defective Pixel Correction | nde

Ao i olorLonversio Debaverinc | qplacia

Basic DNN : Filters/

‘ Functionaliy || 0 af XM Image Sensor Processing (ISP) || Othars
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VISION
summit

Intelligent Engines Optimized for Any Whole Vision Al

Application

Signal

Processing HHM

<«— optimized —

Al Engine Architecture

LUTs

UltraRAM

LUTs

» Optimized for signal processing AND ML
» Flexibility for high performance DSP applications
» Native support for INT8, INT16, FP32

AMDA

Al Inference
A A — optimized —

AlIE AIE-ML

AIE OPS /Tile AIE-ML

INT4 1024

AIE-ML Architecture

Compute
INT8 512 Tos ZIX ZIX ZIX ZIX ZIX
64. INT16 .128 M_em 512KB  512KB 512KB 512KB 512KB
16| BARoars R Tiles
6] W3R

6] 2 E4e2x
*Via software emulation

KB / Tile
» Optimized for ML Inference Applications
2l D > P |
Memory » Maximum AI/ML compute with reduced footprint
16 i F;;Zgn:?)“r; Bi6 » Native support for INT4, INT8, INT16, bfloat16
» Fine grained sparsity HW optimization
© 2022 AMD
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Intelligent Engines Optimized for Any Whole Vision AI g¥i3ts

Application L Surnmit

Signal

Processing HHM

2 Al Inference

N A -
2X INT8/16 OPs/Til — optimized —
4 0Pe/Tile >IE-ML

<«— optimized —

4X INT4 OPs/Tile

Reduced data
movement

AIE-ML Architecture

Compute

Tiles

Al Engine Architecture
Reduced Al

PL Footprint

INTS

Compute

Tiles Merm

2X AI Perf/W

Tiles

LUTs 6] N2
6] 2 E4e2x

*\lia software emulation

KB / Tile
Data » Optimized for ML Inference Applications

UltraRAM

LUTs

Memory » Maximum AI/ML compute with reduced footprint

» Optimized for signal processing AND ML
6] Progem Rie » Native support for INT4, INT8, INT16, bfloat16

» Flexibilitv for hiah performance DSP apblications

Versal AIE-ML
AM D a © 2022 AMD 29




Conclusions VISION

The AI Engines of the Versal device support vison workloads by design
 VLIW-vector processor with zero loop overhead and auto buffer increment
 Vector compute in different bit depths covering essential vision operators
« Concurrent data movement and compute in Al Engine array through DMAs

« Composing/Decomposing datamovers tiling into sub-images that fit local memory

« Supports streaming dataflow pipelines in the Al Engine array

» Growing kernel library covering both typical vision kernels and ISP kernels
available in open source

« Vitis tools support easy programming of vision pipelines

AM D a © 2022 AMD 30
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Resources V|5|0N

summit /.

Vitis (Vision) Resources Al Engine Resources

 Vitis Vision - AI Engines
https://www.xilinx.com/products/design- https://www.Xxilinx.com/products/technology/ai
tools/vitis/vitis-libraries/vitis-vision.html -engine.html

 Github docs « Versal Core Product Family
https://xilinx.github.io/Vitis Libraries/vision https://www.xilinx.com/products/silicon-
/2021.2/index.html devices/acap/versal-ai-core.html

« Github code - Versal Al Edge Product Family
https://github.com/Xilinx/Vitis_Libraries/tre https://www.Xilinx.com/products/silicon-
e/master/vision devices/acap/versal-ai-edge.html

« Vitis
https://www.Xxilinx.com/products/design- .. ]
tools/vitis/vitis-platform.html 2022 Embedded Vision Summit

Please visit our AMD boot

AM Dn © 2022 AMD 31


https://www.xilinx.com/products/design-tools/vitis/vitis-libraries/vitis-vision.html
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https://www.xilinx.com/products/design-tools/vitis/vitis-platform.html
https://www.xilinx.com/products/technology/ai-engine.html
https://www.xilinx.com/products/silicon-devices/acap/versal-ai-core.html
https://www.xilinx.com/products/silicon-devices/acap/versal-ai-edge.html
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