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. High level -Objectives .

. Parallel Procé_Ssihg
" GPU Computing

Vulkan SDK

Kompute Framework

" Hands on Examples



Why Parallel Processing?

e Functions can often be reduced to highly parallelizable stages (Matrix Mult, ML Léyers, etc)

e Micro-batching allows for fufther parallelization of mul'tiple inputs (eg. cost instead of loss)

e Breaking uh fractions of each ensemble comp. across tightly coupled hardware (eg, multi-GPU)
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Ben-Nun, Tal, and Torsten Hoefler. "Demystifying parallel and distributed deep learning: An in-depth concurrency analysis.' ACM
' Computing Surveys (CSUR) 52.4 (2019): 1-43.



GPU.Compute: Hardware design
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Stanford cs 149 2019 Slides:

NVIDIA GTX 1080 (2016)

This is one NVIDIA Pascal GP104 streaming multi-processor (SM) unit

Warp Selector Warp Selector Warp Selector Warp Selector

Registers for warp execution Warp|| Warp
contexts: max 64 62 63
(256 KB)

“Shared” memory storage -
(96 KB) SM resource limits:

- Max warp execution contexts:
(EEKE) - 96 KB of shared memory

= SIMD functional unit, . =1load/store
control shared across 32 units
(1 MUL-ADD per dock)

Warp = Warp
0 1 eee

= SIMD special function unit

(sin, cos, etc.) Stanford (5149, Fall 2019


http://cs149.stanford.edu/fall19/lecture/gpuarch/slide_038

GPU Compute:-Memory Model

Host CUDA device
(serial execution) (SPMD execution) .
Host memory Device “global” Y

address space memory address space

Implementation: CPU Implementation: GPU

Mlemory is allocated
and cdpied explicitly

Stanford cs 149 2019 Slides: http://cs149.stanford.edu/fall19/lecture/gpuarch/slide 038 °
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GPU Compute:-Memory Model

Grid 0
Readable/ writable by Per-block Block (0,0)  Block (1,0) Block (2, 0)
all threads in block shared memory [&——* gggggg W ¥
> S
3225555 5%

N Block (0,1)  Block (1,1) = Block (2, 1)
Readable/ writable by Per-thread
thread private memory

2 Device global
: memory

Different address spacés reflect different regions of
lacality in the program

Readable/writable
by all threads

Stanford cs 149 2019 Slides: http://cs149.stanford.edul/fall19/lecture/gpuarch/slide_038

Stanford (5149, Fall 2019 5



http://cs149.stanford.edu/fall19/lecture/gpuarch/slide_038

Motivations: Heterogeneity

AMD\ (intel |

<ANVIDIA.

CUDA.




. Introducing Vulkan

The Khronos Group,‘Inc. is a non-profit member-funded indu_stry . 1. ° Performance
consortium, focused on t.he.crea_tion of open standard,royalty free | =
APIs for authoring and accelerated playback of dynamic media on a 2. Interoperability

wide variety of platforms and devices.
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Oregon State University, SIGGRAPH 2020 Lecture Slides
http://web.engr.oregonstate.edu/~mjb/vulkan/



http://web.engr.oregonstate.edu/~mjb/vulkan/
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Oregon State University, SIGGRAPH 2020 Lecture Slides http://web.engr.oregonstate.edu/~mjb/vulkan/
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| - Vulkan SDK

Advantages; _

Low level with rich access'to
components

C-style API as core interface for
developing GPU applications

A broad range of top players,leading
the development of the framework *

Highly compatible across different
platforms, mobile, and different
suppliers

Disadvantages,

- Low level with rich access to
components

C-style API as core interface for .
developing GPU applications

A broad range of top players leading
the development of the framework

Highly compatible across different
platforms, mobile, and differént
suppliers <



_ ArChiteCture W — Vulkan Overarching

Application which omns

e — all sub-components

VVulkan can have

R multiple instances of . \
' . application *. +  Phusical devices
' : specify the underlying

N —— GPU card hardwmare

Application e

Physical | -

Device ‘ Logical devices are

\ — abstractions for
Logical / physical devices with
Device set properties

-

Nork geté submitted -
* via queues from CPU
! . and gets picked up and

commanc Bufc” g Qomﬁhnd buffers specify executed from GPU
c - <€ york to be carried out =
as an individual unity -

Command Buffer (move data,:run shader, A

copy data, etc)

Oregon State University, SIGGRAPH 2020 Lecture Slides http://web.engr.oregonstate.edu/~mjb/vulkan/


http://web.engr.oregonstate.edu/~mjb/vulkan/

Application ‘

Application
"7 can be extended to

| - complex architectures
. * _ * \ mith multiple devices

Physical Physical Physical « :

Device Device . Device ‘ /
Logical ‘ Logical Logical
Device Device Device
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Logical
Device
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Queue
Queue
Queue



Pipeline NS |

v Graphics Pipeline &8 Compute Pipeline . . .
. Vulkan Pipeline is core
| .| to the “processing” te

stages, binding the key
compdbnents on each stage

Pipeline _. :
Layout . .
: ' Shaders consist of the
X I Shader
. Module

parallel code that runs
L — Descriptor

in the* GPU to perform any
s

relevant processing
\ Descriptors are the

. » components that ecan be
I — _used to bind data from
. _ GPU buffers into shaders

and pipelines

= ; ' ; | mmm Storage Buffer
' : Storage Image




‘Vulkan Pipeline Types

Compute
. .
Shader Modules Render Pass Pipeline Layout States Subpass Index P I p e I I n e

Attachment Descriptor Set

Vertex Stage
- Descriptors Layouts

Vertex Input

Shader Pipeline
Module Layout

Input & Output

A itarhimerae Push Constants Input Assembly

Fragment Stage

| Compute Descriptor
Stage Set Layouts

Multisample

Depth Stencil

Push
. ' Constants

Vulkan Best Practice for Mobile Developers https://arm-software.github.io/vulkan_best practice_for_mobile_developers/



https://arm-software.github.io/vulkan_best_practice_for_mobile_developers/samples/performance/pipeline_cache/pipeline_cache_tutorial.html
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The Life of a Vulkan Program

Setup Physical & Logical Device

Load & Compile Shader Code

Create Compute Pipeline

S ey CoOpy output to host & print data R

Copy data to host visible memory &

> Record Commands
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.Only takes about . -
- '500-2000 lintes of code...
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Enter Kompute

-

=

~

The General Phrpose Vulkan
Computing Framework.

e Dozens instead.of thousands
of lines of code required

e Augments Vulkan interface
instead of abstracting it

e BYOV: Bring-your—own;_\[qlkan
design to play nice with ‘ \7
existing Vulkan applications

WORWBNLE

e Non-Vulkan name convention
to disambiguate components

—f



—— -~ High Level Overview of
_ Features.

— > ® C++Interface

® ¢
< oMpurs p : e Python Bindings
‘\ - g >
. o Explicit (GPU/CPU) memory ownership

THE ! o Granular access to GPU queues

LI N Ux ' . 'Single header file available

FOUNDATION

Kompute is part of the Linux Foundation

e Integration with Mobile Apps

e Integration with Game Engine


http://kompute.cc/overview/community.html

Vulkan Kompute: Components

operations as
Kompute
Sequence

Top level
resource that

manages Vk Dev1ce Kompute
and Vk Queue Manager

batch in GPU as
record commands
and queué submits

Exten51b1e opefution
that performs
instructidns in GPU

mith tensor and

optional shader’

8§  Operation
KompMe Kompute Abstygcts the

Tensor Algorithm compute pipeline,

«” shader modules and

Core data unit
component to transfer ¢

and process via GPU
memory and buffers Kompute “
' Operation

Kompute
Tensor

N desgriptor set
' bindings for
processing



= Enfer Vulkan‘Komputé (Simple Sum Example)

// 1. Create Kompute Manager

auto tensorInA
kp::Manager mgr;

auto tensorInB
auto tensorOut

L

auto params =

// 3. Run operation synchronously .
auto algo = mgr.algorithm(params, shader);
// 4. Copy Tensor and execute algorithm e
mgr.sequence() *

->record<kp: :0pTensorSyncDevice>(params);
->record<kp: :0pAlgoDispatch>(algo);
->record<kp: :0pTensorSyncLocal>(params)
->eval();

// Prints the output which is Output: { 2, 4, 6 }
for (const float& elem : tensorOut->data())

std::cout << elem << 5

// 2. Create and

initialise Kompute Tensors through manager

mgr.tensor({ 2., 2., 2. });
mgr.tensorT<float>({ 1., 2., 3. });
mgr.tensorT<float>({ @., 0., 0. });

{ tensorInA, tensorInB, tensorOut };

Y .

")

static std::vector<uint32_t> shader

compileShader (R" (
#version 450
layout (local size x = 1) in;

// The input tensors bind index is relative

layout(binding = @) buffer bina { float tina[]; };
layout(binding = 1) buffer binb { float tinb[]; };
layout(binding = 2) buffer bout { float tout[]; };

void main() {
uint index = gl GlobalInvocationID.x;
tout[index] = tina[index] * tinb[index];




Deeper Op'l::i.m‘iza'l::i.ohé e - m .
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Run a single command/operation in Reuse multiple sequences in same
a sequence with manager Tensors with pre-recorded cmds
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Asynchronous execution of , Concurrent execution of -

Sequences | . Sequences across GPU queues



I GPU (NVIDIA, AMD,

) Qualcomm, etc)
. Manager
Kompute - S Kompute R
Sequence ) Sequence
\&_-, * | * 3 TRANSFER Family Index 1

Operation Operation Operation \

Queue Index 0

l . GRAPHICS Family Index 0

COMPUTE Family Index 2

Queue Index 0

. e =

Kompute Kompute
Tensor Tensor Algorithm

[N A ' '

Queue Index 7




Enter Vulkan‘Komputé (Hardwmare Parallel)

uint32_t deviceld(1); 'ﬁ std::vector<std: :shared _ptr<kp::Tensor>> paramsA = { ... };

std: :vector<uint32 t> queues({ @, 2 }); std::vector<std::shared_ptr<kp::Tensor>> paramsB = { ... };
®

kp::Manager mgr(deviceId, queues); o L .

L ]
// Create seq on relative index

// Create seq on relative index =z auto sql = mgr.sequence(0);
auto algol = mgr.algorithm(paramsA, shader); auto sq2 = mgr.sequence(1);
auto algo2 = mgr.algorithm(paramsB, shader); ;

sql->evalAsync<kp: :0paAlgoDispatch>(algol);

sq2->evalAsync<kp: :0OpaAlgoDispatch>(algo2); ' ¢ < 3
sql->evalAwait();

sq2->evalAwait();



Cost at step 12 = 0.451 I
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Godot ML Kompute
15 2

parameter: p Xi Input [OS0T RIS

Xj Input [0,0,0,0,1,1]

p . ? =0 Y input [0,0,0,0,1,1]

— - Kompute Train & Predict ML
gt wa ez wa sias:
Prediction result: n/a

GPU Accelerated Machine Le.arning

\\ ' S . Godot Game Engine )


https://towardsdatascience.com/supercharging-game-development-with-gpu-accelerated-ml-using-vulkan-kompute-the-godot-game-engine-4e75a84ea9f0
https://towardsdatascience.com/gpu-accelerated-machine-learning-in-your-mobile-applications-using-the-android-ndk-vulkan-kompute-1e9da37b7617
https://towardsdatascience.com/machine-learning-and-data-processing-in-the-gpu-with-vulkan-kompute-c9350e5e5d3a

. Get Involved!

ilters ~ ) is:open label:"good first issue” © Labels P Milestones . . . .
- il bl e | pueerso (N . Explore / discuss for potential ideas or improvements #52

m (O 60pen  0Closed Author v Label v Projects v Milestones ~ Assignee v Sort v (@ Open | axsaucedo opened this issue on 6 Sep 2020 - 8 comments
O Setup automated Cl testing for PRs using GitHub actions ' good first issue Qs
#114 opened 4 hours ago by axsaucedo
axsaucedo commented on 6 Sep 2020 Member @
O Explore / discuss for p ial ideas or impro good firstissue | | triage Ds
#52 opened on 6 Sep 2020 by axsaucedo Open issue to openly discuss potential ideas or impr , whether on doct ion, interfaces, bug fixes, etc.
® © Evaluat performance of copy command on tensor (recordCopy vs map) ( enhancement ) |
GECHNERESTEY (triage ) 9 axsaucedo added the | triage | label on 6 Sep 2020
#46 opened on 6 Sep 2020 by axsaucedo »
\
= (O Add example showing how existing vulkan graphical engine can integrate Kompute as [ |
= | % | DTolm commented on 7 Sep 2020 @ -
documentation ' ( good first issue A\
#41 opened on 5 Sep 2020 by axsaucedo |
Hello,
m O Add parallel scan sum aggregate example documentation  ( enhancement | | good first issue / 1 am Dmitrii, the creator of VKFFT and Vulkan version of Spirit. | saw your comment and | believe your project is the way to go, if
#27 opened on 2 Sep 2020 by axsaucedo /. Vulkan wants to be popular in compute or, specifically, scientific field. There has to be some kind of a layer that will move them as
further as possible from the way | developed Vulkan Spirit. There are some important things, that have to be clarified in the absolute
- beginning, which are related to the architectural problems and how this layer should be designed. These things are based on my
e e - [— L >
.
[ ]
» L]
®

Pick up one of the 'Share thoUghts.and

good-first-issues ‘suqgestions/;via #52




High level Roadmab'

Integrate as backend of ML / scnentlﬁc computlng
framework(s) '

Create more default kp::Operations to have out of
| the box commands '

Examples running K’ompute.across other b[atforms
- and frameworks :
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