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1. Background
1. Why TornadoVM, why now?

2. Overview TornadoVM
1. TornadoVM as multi-backend
2.Discussion of each backend

Multi-Backend: OpenCL, PTX & SPIR-V

Performance Evaluation

Interoperability with Python, R, ...

Reusability and Modularity (Opening TornadoVM Components)
Use cases and how TornadoVM is being piloted in Industry
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Fast Path to GPUs and FPGAs
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Fast Path to GPUs and FPGAs
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Enabling Acceleration for Managed Runtime
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‘'ornadoVM Overview

www.tornadovm.org

O https://github.com/beehive-lab/TornadoVM

OpendDK

8,11,17

y

GraalVM

RH Mandrel

Windows JDK Build

Amazon Corretto
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1824

The University of Manchester

> Open-source Plug-in to multiple JVMs
that allows developersto run JVM based
programs on heterogeneous hardware

- Perform Automatic Task Migration
- Optimising JIT Compiler for
GPUs/FPGAs

- Vendor agnostic, GPUs, CPUs,
FPGASs within the same source

License: GPLv2 + CE

13
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Java methods

e GraalVM 21.2.0

@ * OpenCL>=1.2
« PTXCUDA >=10.0
API tasks « SPIRV 1.2 (Prototype)
« Supportfor:
& e GPUs: e FPGAsS:
_ —  NVIDIA e Xilinx
Runtime Optimizer . AMD e Intel
s Intel « CPUs:
Tornado sytecodes@ «  ARM Mali + Intel/AMD
lazy .
Bytecode compilation Compller
Execution | |
Engine e Extended
<l ] it Compiler
OpenCL
CUDA PTX

SPIR-V

14
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Different Backends

The University of Manchester

Open Computing Language

Open Standard - Khronos
Group (non-profittech
consourtium)

Writing programs portable*
across platforms
(source code portability)

Run on CPUs, GPUs,
DSPs, FPGAs

15



Different Backends

Open Computing Language

Open Standard - Khronos
Group (non-profittech
consourtium)

Writing programs portable*
across platforms
(source code portability)

Run on CPUs, GPUs,
DSPs, FPGAs

PTX: Parallel Thread eXecution

ISA used in NVIDIA CUDA's
programming model

Developed by NVIDIA

Only for NVIDIA GPUs

MANCHESTER
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Different Backends

MANCHESTER
1824

The University of Manchester

Open Computing Language

Open Standard - Khronos
Group (non-profittech
consourtium)

Writing programs portable*
across platforms
(source code portability)

Run on CPUs, GPUs,
DSPs, FPGAs

PTX: Parallel Thread eXecution

ISA used in NVIDIA CUDA's
programming model

Developed by NVIDIA

Only for NVIDIA GPUs

‘S IR.
Any OpenCL >= 2.1 device

Standard Portable
Intermediate Representation

Standard IR binary originally
created for OpenCL ( >= 2.1)

Enables distribution of compute
binaries for OpenCL

Shared IR with Vulkan for
Graphics

17



MANCHESTER
And Intel Level Zero?

The University of Manchester

It abrand new baremetal API for low-level programming of heterogeneous
architectures.

 Itis part of the Intel oneAPI ecosystem and can be used as a standalone library.

« Level Zero consumes SPIRV binaries for compute

“‘\E? m:?m

N [

s 4 Ee
oneAPL

LevelZero

18



MANCHESTER
But ... why Level Zero?

The University of Manchester

* Clearly influenced by OpenCL
* It can evolve independently
* It supports:
« Low latency command queues LevelZero
* Virtual functions
« Memory visibility control, caching control

* Unified memory It is part of the oneAPI stack and can be
» Device partitioning accessed as a standalone library:

* Inst tati d debuggi ) :
o ArnEn aron and GehtgIing https://github.com/oneapi-src/level-zero
- Control of power management

« Control of frequency
- Hardware diagnostics

fessls,

oneAPI

* This level of control is very appealing for system
programming, runtime systems and compilers

More Info:
* Level Zero Spec: https://spec.oneapi.io/level-zero/latest/index.html
* https://jjfumero.github.io/posts/2021/09/introduction-to-level-zero/

19
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: MANCHESTER
Comparisons

The University of Manchester

Advantages Disadvantages

... and now experimenting with

SPIR.

SPIR-V Kernels can be
consumed by
OpenCL runtime
and
Intel Level Zero API

- Easier to write than
other alternatives

- Source codeportable
- Wide variety of
devices

- Performanceis not
portable (hard to know
what the compilerdriver
will do)

- Only worksfor NVIDIA
GPUs.

- No control overthefinal
compilation (PTX-> bin)

- Highly Tuned for NVIDIA
GPUs

- High Performance
- Low-level features

-Very low-level control of
K- the hyardware resources ;}lEx!oosed to users bUt
& : esignedforcoupling
=< - It dispatches SPIR-V with runtimes/compilers
oneAPI kernels (by design)
LevelZero - Higher control of
execution

- Newtechnol
- Preparedfora wide set SWIeEhnOIogy

of devices 50
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So why all of these backends?

The University of Manchester

Studies

Studies

Devel - Building runtimes and -

CVEIOPETS, compilers for modern

Soft. Engineers hardware from Research

% )| monaged lengusges I
Community

Feedback Feedback

Q) Is JVM ready for heterogeneous
execution?

Q) Which technology is the best bet
for managed runtime languages?
Q) What can they offer to managed
runtime languages?

Next Gen of Runtime
Systems for More
Efficient Computing

21
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But, how TornadoVM

compiles parallel code
from Java?



Multi-backend JIT Compiler Workflow

(( public static void saxpy(int[] a, int[] b, int[] c, int alpha) {
<~ for ( int i = ©; i < a.length; i++) {
< a[i] = alpha * b[i] + c[i];

The University of Manchester

Programmer's view

Java |, !




Multi-backend JIT Compiler Workflow

( public static void saxpy(int[] a, int[] b, int[] c, int alpha) { P
‘-.—'_..{) for ( int i = @; i < a.length; i++) { The University of Manchester
Programmer's view — a[i] = alpha * b[i] + c[i];

Java |, }

Javac Java Bytecodes

TornadoVM JIT Compiler



Multi-backend JIT Compiler Workflow

MANCHESTER
1824

‘f{) publigrszatic void :?:mi/(in;@]ia; ;nir{glt)hl:ﬂ:—g E int alpha) { The University of Manchester
Programmer's view Jc:’—*i-/ ) a[i] = alpha * b[i] + c[i];
dvd

Java Bytecodes

.
%EI; Graal IR

[ v

TornadoVM JIT Compiler



Multi-backend JIT Compiler Workflow

MANCHESTER
( 1824
public static void saxpy(int[] a, int[] b, int[] c, int alpha) { P
‘:’{) for ( int i = 0 i < a.length; i++) { The University of Manchester
Programmer's view — a[1] = alpha = b[1] + c[1];
Java |, !
Javac Java Bytecodes
.
TornadoVM JIT Compiler Graal IR
= = TornadoVM Common IR
TornadoVM IR for PTX

readid

TornadoVM IR for

m\ TornadoVM IR for SPIR-V
OpenCL




Multi-backend JIT Compiler Workflow

( public static void saxpy(int[] a, int[] b, int[] c, int alpha) { P
<,_—__£) for ( int i = @; i < a.length; i++) { The University of Manchester
Programmer's view — a[i] = alpha * b[i] + c[i];

Java }

Java Bytecodes

TornadoVM JIT Compiler %wg Graal IR

TornadoVM IR for PTX
Loy

<ANVIDIA.

( i ntel’ inside™

i P

HD Graphics




Multi-backend JIT Compiler Workflow

(( public static void §axp¥(int[]‘a, int[] b, ir‘1t[] c, int alpha) { T ——yS——
— ] for ( int i = ©; i < a.length; i++) {
Programmer's view — a[i] = alpha * b[i] + c[i];
Java }

Java Bytecodes

TornadoVM JIT Compiler %wg Graal IR

TornadoVM IR for PTX \ TornadoVM IR for SPIR-V

|

<ANVIDIA.

( i ntel’ inside™
s e P

HD Graphics




MANCHESTER
SPIR-V JIT compiler (and runtime) for TornadoVM

(( public static void saxpy(int[] a, %B2 = OpLabel _ o . SPIR
— int[] b, %77 = OpLoad %uint %spirv_i_4 Aligned 4 ™
—= int[] ¢, %78 = OpSConvert %ulong %77
Java int alpha) { OpStore %spirv_1 6 %78 Aligned 8

for ( int i = 9; i < a.length; i++) { %79 = OplLoad %ulong %spirv_1l 6 Aligned 8
a[i] = alpha * b[i] + c[i]; %80 = OpShiftlLeftlLogical %ulong %79 %uint_2
} OpStore %spirv_1_7 %80 Aligned 8
} 25 PRI | [5End] %81 = OpLoad %ulong %spirv_1 7 Aligned 8
~ %82 = OpIAdd %ulong %81 %ulong 24
SP'R-V OpStore %spirv_1 8 %82 Aligned 8

(: Ci (3 %83 = OpLoad %ulong %spirv_1 1 Aligned 8
ode-en | gga - OpLoad %ulong %spirv_1 8 Aligned 8
%85 = OpIAdd %ulong %83 %84
‘ OpStore %spirv_1 9 %85 Aligned 8
%86 = OpLoad %ulong %spirv_1 9 Aligned 8
= %87 = OpConvertUToPtr % _ptr_CrossWorkgroup_uint %86

%88 = OplLoad %uint %87 Aligned 4
21 Return OpStore %spirv_i 10 %88 Aligned 4

Build
Graal/Tornado IR

%89 = OpLoad %ulong %spirv_1 2 Aligned 8

%90 = OpLoad %ulong %spirv_1_8 Aligned 8
- P

[

©

o ol ol )
288
A 8l ol 8l o

i :
JIT Optimizer | |
For SP|R—V s
oneAPI

LevelZero-JNIdispatch



Example - Mandelbrot Computation

public class Mandelbrot {

static void mandelbrotFractal(final int size, short[] output) {
for ( int 1 =0; i < size; i++) {
for ( int j = 0; j < size; j++) {
// Mandelbrot computation
// Compute the value of each pixel (x, y)
// Check example on Github for the specifics

}
}

void createTaskAndRun(int size) {
mandelbrotImage = new short[size * size];

TaskSchedule ts = new TaskSchedule("s0")
.task("t0", Mandelbrot::mandelbrotFractal, size, mandelbrotImage)

.streamOut(mandelbrotImage);

ts.execute();

O https://github.com/jjfumero/tornadovm-examples

MAN CHE%EER

18

The University of Manchester



https://github.com/jjfumero/tornadovm-examples

Live Demo with the SPIR-V Backend

Mandelbrot
computation

O https://github.com/jjfumero/tornadovm-examples


https://github.com/jjfumero/tornadovm-examples

Pe rfo r m a n Ce The University ofanchester

0 https://github.com/jjfumero/tornadovm-examples

Speedup vs Java Sequential (the higher, the better)

60
91.35

* CPU: Intel(R) Core(TM) i9-10885H
* GPU: Intel HD Graphics

* Java: 1.8.0_302

* | evelZero: 21.38.21026

* TornadoVM: 0.12

Parallel Streams TornadoVM - OpenCL  TornadoVM - SPIRV HD
HD Graphics Graphics


https://github.com/jjfumero/tornadovm-examples

Pe rfo r m a n Ce The University ofanchester

0 https://github.com/jjfumero/tornadovm-examples

Speedup vs Java Sequential (the higher, the better)

60
91.35

46.28 4.12x

40
* CPU: Intel(R) Core(TM) i9-10885H

* GPU: Intel HD Graphics
* Java: 1.8.0_302

* | evelZero: 21.38.21026
* TornadoVM: 0.12

20

Parallel Streams TornadoVM - OpenCL  TornadoVM - SPIRV HD
HD Graphics Graphics
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UnderStanding Performance With the PrOfiler The University of Manchester

S tornado --enableProfiler console Program




Understanding Performance with the Profiler

MANCHESTER
1824

The University of Manchester

S tornado --enableProfiler console Program

"S@" : { :

Task Scheduler's Name

"TOTAL_KERNEL TIME": "58591028",
"COPY_OUT_TIME": "55693",
"TOTAL_GRAAL_COMPILE_TIME": "179950755",
"TOTAL_DISPATCH DATA TRANSFERS_TIME": "@",
"TOTAL_TASK SCHEDULE TIME": "388705840",
"COPY_IN_TIME": "50547",
"TOTAL_BYTE_CODE_GENERATION": "6230794",
"TOTAL_DRIVER COMPILE TIME": "58653972",
"TOTAL_COPY_IN_SIZE_BYTES": "10486
"TOTAL_COPY_OUT_SI 24312",
"s0.t0": {

"METHOD": "Mandelbrot.mandelbrotFractal", "'________—___

"DEVICE_ID": "@:0",

"DEVICE": "Intel(R) UHD Graphics [@x9bc4]",
"TASK_KERNEL_TIME": "58591028",
"TASK_COMPILE_GRAAL_TIME": "179950755",
"TASK_COMPILE_DRIVER TIME": "58653972"

— Task-Name

—

TaskSchedule ts = new TaskSchedule("s9")
.task("t0", Mandelbrot::mandelbrotFractal, size, mandelbrotImage)
.streamOut (mandelbrotImage);

All times are in
nanoseconds

Java Method Compiled



Understanding Performance

PvLAJQ(ZPiEég?EI{

18
The University of Manchester

S tornado --enableProfiler console Program

"s@": {
"TOTAL_KERNEL TIME": "58591028",
"COPY_OUT_TIME": "55693",
"TOTAL_GRAAL_COMPILE_TIME": "179950755",
"TOTAL_DISPATCH DATA TRANSFERS_TIME": "@",

"TOTAL_TASK_SCHEDULE_TIME": "388705840", <«
"COPY_IN_TIME": "50547",
"TOTAL_BYTE_CODE_GENERATION": "6230794",
"TOTAL_DRIVER COMPILE TIME": "58653972",
"TOTAL_COPY_IN_SIZE BYTES": "1048624",
"TOTAL_COPY_OUT_SIZE BYTES": "524312",
"s0.t0": {

"METHOD": "Mandelbrot.mandelbrotFractal”,

"DEVICE_ID": "@:0",

"DEVICE": "Intel(R) UHD Graphics [@x9bc4]",

"TASK_KERNEL_TIME": "58591028",

"TASK_COMPILE_GRAAL_TIME": "179950755",

"TASK_COMPILE_DRIVER TIME": "58653972"

Total Time including
data transfers,
execution and
TornadoVM runtime to
dispatch the kernels.
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S tornado --enableProfiler console Program

{
"se": { Compilation with Graal
"TOTAL_KERNEL_TIME": "58591028", )
"COPY_OUT TIME": "55693", + code generation
"TOTAL_GRAAL_COMPILE_TIME": "179950755", <
"TOTAL_DISPATCH DATA_TRANSFERS TIME": "@",
"TOTAL_TASK SCHEDULE TIME": "388705840", ( Java byte code ->
"COPY_IN_TIME": "50547",
"TOTAL_BYTE_CODE_GENERATION": "6230794", Graal IR->Tornado IR ->
"TOTAL_DRIVER COMPILE_TIME": "58653972",\ optimizations + code
"TOTAL_COPY_IN SIZE BYTES": "1048624", _
"TOTAL_COPY_OUT_SIZE BYTES": "524312", generation)
"s0.t0": {
"METHOD": "Mandelbrot.mandelbrotFractal”,
"DEVICE_ID": "@:0", .
"DEVICE": "Intel(R) UHD Graphics [@x9bc4]", Internal Byte-Code Generation
"TASK_KERNEL_TIME": "58591028",
"TASK_COMPILE GRAAL TIME": "17995@755",
"TASK_COMPILE_DRIVER TIME": "58653972"
} }
} Driver JIT compiler

(e.g., SPIR-V -> final
GPU binary)



Understanding Performance
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S tornado --enableProfiler console Program

"s@": {

Total Kernel Time

"TOTAL_KERNEL_TIME": "58591028", <—
"COPY_OUT TIME": "55693", <

"TOTAL_GRAAL_COMPILE_TIME": "179950755",
"TOTAL_DISPATCH_DATA TRANSFERS_TIME": "@",
"TOTAL_TASK_SCHEDULE_TIME": "388705840",

Total Copy Out (Device -> Java Heap)
Total Copy In (Java Heap -> Device)

"COPY_IN_TIME": "50547", <
"TOTAL_BYTE_CODE_GENERATION": "6230794",
"TOTAL_DRIVER COMPILE TIME": "58653972",
"TOTAL_COPY_IN_SIZE BYTES": "1048624",
"TOTAL_COPY_OUT_SIZE BYTES": "524312",
"s0.t0": {

"METHOD": "Mandelbrot.mandelbrotFractal”,

"DEVICE_ID": "@:0",

"DEVICE": "Intel(R) UHD GraphiciFngQQLA;:T________-————
"TASK_KERNEL_TIME": "58591028",

"TASK_COMPILE_GRAAL_TIME": "179950755",
"TASK_COMPILE_DRIVER TIME": "58653972"

— Kernel Time For each task




Understanding Performance
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S tornado --enableProfiler console Program

"s@": {
"TOTAL_KERNEL TIME": "58591028",
"COPY_OUT TIME": "55693",
"TOTAL_GRAAL_COMPILE_TIME": "179950755"
"TOTAL_DISPATCH DATA TRANSFERS_TIME": "@",
"TOTAL_TASK SCHEDULE TIME": "388705840",
"COPY_IN_TIME": "50547",
"TOTAL_BYTE_CODE_GENERATION": "6230794",
"TOTAL_DRIVER COMPILE TIME": "58653972",
"TOTAL_COPY_IN_SIZE BYTES": "1048624",
"TOTAL_COPY_OUT_SIZE BYTES": "524312",
"s0.t0": {
"METHOD": "Mandelbrot.mandelbrotFractal”,
"DEVICE_ID": "@:0",
"DEVICE": "Intel(R) UHD Graphics [@x9bc4]",
"TASK_KERNEL_TIME": "58591028",
"TASK_COMPILE_GRAAL_TIME": "179950755",
"TASK_COMPILE_DRIVER TIME": "58653972"

-

ldeally, most of the time should be spent
in Kernel Execution

* Take advantage of the device's
computing power

* Keep transfersto minimum

If the application has a lot of data
transfers, it is worth trying with shared
memory devices (e.g., Integrated GPU) -->

In TornadoVM this is not currently handled
(WIP)

O https://github.com/jjftumero/tornadovm-examples
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Performance - JMH Benchmarking TSty

* Intel HD Graphics 630 (Intel i7-7700HQ)

TornadoVM SPIR-V Speedup vs OpenJDK 8 C2 compiler (the higher, the better)

319.72

* Running for ~4h - Reportfrom JMH
* Up to 320x performance

* Level-Zero: 21.38.21026

* SPIRV-1.2

* TornadoVMv0.12

100 69.79

50
o 21.49 20.05
S 14.6
2 _
o 10.4
wn 10
5

blackscholes blurFilter montecarlo juliaset hhody mandelbrot dft

Benchmark



Performance vs OpenCL Backend

Peak Speedup of each the SPIR-V and OpenCL Backends vs Java Sequential

B SPIR-V HD Graphics M OCL HD Graphics OCLIntel CPU IS W OCL GTA 2060 M PTAXGTX 2080

> 200x vs Java Seq.

100

10 II II ||
1 I I

0.1

MANCHESTER
1824

The University of Manchester

SPIR-V Backend and

Level Zero is competitive
with the PTX and
OpenCL backends

Intel HD Graphics 630 (Intel i9-10885H)
GTX 2060

Level-Zero: 21.38.21026



Running other
Programming
Languages?



Support for other dynamic

| a n g u a g e S The University of Manchester

GraalVivi.

Truffle - nodejs
JIT COMPILER
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Support for other dynamic

| a n g u a g e S The University of Manchester

$ ./graalvm-ce-java8-21.2.0/bin/graalpython [params] mxmWithTornadoVM.py
_Runn1ng with tornadoVM
: Task info: s0.t0

: Backend : SPIRV

EDevice : SPIRV LevelZero - Intel(R) UHD Graphics [©x9bc4] GPU

: Dims : 2

1 Global WOrk OFFsSet: [0, O] = iiscsssseseresssssssssseesssssnseeeeeaasaansaaeeaaasnnaaereaannnnnaeeeannan

: Global work size : [256, 256] : #!/usr/bin/python

ELocal work size : [256, 1, 1] Eprint("Running with tornadovM")

: Number of workgroups : [1, 256] : import java

: Emyclass = java.type('MyCompute"') : :
S NS SN NSNS E NN E NN E NN E AN EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE Output — myc:l.ass.compute() g .......... .

https://www.tornadovm.org/resources
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Standalone
library for low-

level GPU
programming



LevelZero JNI Library for TornadoVM

« Level Zero Bridge for TornadoVM

 Since LevelZero is not stable yet, we

tried to do a 1-1 mapping between
the Java APl and C-LevelZero.

« Easy for us to adapt to new changes

* In near future, we will leverage this
API
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// Create the Level Zero Driver

LevelZeroDriver driver = new LevelZeroDriver();
int result =
driver.zeInit(zZeInitFlag.ZE INIT FLAG GPU ONLY);
LevelZeroUtils.errorLog("zeInit", result);

// Get the number of drivers

int[] numDrivers = new int[1];

result = driver.zeDriverGet(numDrivers, null);
LevelZeroUtils.errorLog("zeDriverGet", result);

The Intel Level Zero Spec: https://spec.oneapi.io/level-zero/latest/index.html



https://spec.oneapi.io/level-zero/latest/index.html

LevelZero JNI Library for TornadoVM
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« Level Zero Bridge for TornadoVM
* Since LevelZero is not stable, we tried int result

to do a 1-1 mapping between the driver.zelInit(ZeInitFlag.ZF INIT FLAG GPU ONLY);
Java APl and C-LevelZero. LevelZeroUtils.errorLog("zeInit", result);

« Easy for us to adapt to new changes

* In near future, we will leverage this
API

// Create the Level Zero Driver
LevelZeroDriver driver = new LevelZeroDriver();

// Get the number of drivers
int[] numDrivers
result = driver.zeDriverGet(numDrivers, null);

LevelZeroUtils.errorLog("zeDriverGet", result);

new int[1];

// Create buffer

LevelZeroBufferInteger bufferA = new LevelZeroBufferInteger();

// Declare buffer as a shared memory

result = context.zeMemAllocShared(context.getContextHandle(),
deviceMemAllocDesc,
hostMemAllocDesc,
bufferSize,
1,
device.getDeviceHandlerPtr(),
bufferA);

LevelZeroUtils.errorLog("zeMemAllocShared", result);

//
//
//
//
//
//
//

Level Zero Context
Device descriptor
Host Descriptor
Buffer size in Bytes
Alignment

Device pointer
Buffer to use




LevelZero JNI Libray for TornadoVM

 This library dispatches SPIR-V kernels

It does not support full LevelZero, just what we need
for TornadoVM, although it could be easy extensible

* It is open source under:
* MIT License

https://github.com/beehive-lab/levelzero-jni/

[ beehive-lab /levelzero-jni  Pubic

<> Code

¥ master -

() Issues 1

1 Pull requests () Actions

0 jifumero VPU device type added .-

0D D DD OEE

levelZeroLib
scripts

SIC

.gitignore
LICENSE
README.md
copy_data.cl

pom.xml

README.md

[LevelZero] Driver UUID stored
Run script for timing data transfers added

VPU device type added

[INI][LO] Initial prototype imported from Inter...

[LICENSE] MIT license added

LevelZero version supported documented in...
[INIJ[LO] Initial prototype imported from Inter...

[INI[LO] Initial prototype imported from Inter...

LevelZero JNI

[ projects
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[\ Notifications or Star 1 % Fork | 0

8daysago D44

last month

3 months ago
8 days ago

9 months ago
3 months ago
20 days ago
9 months ago

9 months ago

Baremetal GPU and FPGA programming for Java using the LevelZero API.

This project is a Java Native Interface (JNI) binding for Intel's Level Zero. This
library is as designed to be as closed as possible to the LevelZero API for C++.

Subset of LevelZero 1.2.2 supported (LevelZero Feb 2021 version)

Compilation & Configuration of the JNI Level-
Zero API

00 wiki

@ security

About

Intel LevelZero JNI library for
TornadoVM

java
heterogeneous-parallel-programming
intel-gpu oneapi level-zero
gpu-library

0 Readme

&5 View license

Releases

No releases published

Packages

No packages published

Languages

N ——
® Java G66.2% ® C++24.7%
e CB86% Other 0.5%


https://github.com/beehive-lab/levelzero-jni/

Open-up the
code the SPIRV
generator



SPIR-V Beehive Toolkit for code-gen within TornadoVM

Java Library for SPIR-V code
generation

Works totally independent
from TornadoVM

It implements full SPIR-V 1.2

Open-source it as a stand-
alone library

MANCHESTER
1824

The University of Manchester



SPIR-V Beehive Toolkit for code-gen within TornadoVM

Java Library for SPIR-V code
generation

Works totally independent
from TornadoVM

It implements full SPIR-V 1.2

Open-source it as a stand-
alone library
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// SPIR-V Header
asm.module = new SPIRVModule (
new SPIRVHeader(
1, // Major Version
2, // Minor Version
33, // ID-Generator (new one)
©, // Bounds
0)); // Schema




SPIR-V Beehive Toolkit for code-gen within TornadoVM

Java Library for SPIR-V code
generation

Works totally independent
from TornadoVM

It implements full SPIR-V 1.2

Open-source it as a stand-
alone library
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// SPIR-V Header
asm.module = new SPIRVModule (
new SPIRVHeader(
1, // Major Version
2, // Minor Version
33, // ID-Generator (new one)
©, // Bounds
0)); // Schema

; SPIR-V

; Version: 1.2

; Generator: Khronos; 33
; Bound: 77

; Schema: ©




SPIR-V Beehive Toolkit for code-gen within TornadoVM

ADD:a+b

SPIRVId add = module.getNextId();
blockScope.add(new SPIRVOpIAdd(
uint, // type ID
add, // result
id74, // a
id75)); // b

—)

MANCHESTER
1824

The University of Manchester

%add = OplAdd %uint %74 %75




SPIR-V Beehive Toolkit for code-gen within TornadoVM

ADD:a + b

SPIRVId add = module.getNextId();
blockScope.add(new SPIRVOpIAdd(

uint, // type ID
add, // result
id74, // a
id75)); // b

Load ali]

MANCHESTER
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‘ %add = OplAdd %uint %74 %75

SPIRVId idLoad = module.getNextId();
blockScope.add(new SPIRVOpLoad(

));

ptrCrossGroupUint,
idLoad,
a_addr, // Load A[i]
new SPIRVOptionalOperand<>(
SPIRVMemoryAccess .Aligned(
new SPIRVLiteralInteger(8)))

‘{ %idLoad = OpLoad %_ptr CrossWorkgroup _uint %addr Aligned 8
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A4aEmEnm

OpenJDK, GraalVM, Corretto,

Windows JDK, Mandrel, ...
.' EEE ‘ EEEFEEEmam
— B8 . 5 intelYinsice"
] n (lntel-) 27, -
P S m JISE LN B D Graph ics
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[ |
| I I
|
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CcP GP Integrated GPUs
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o
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Research ¢ LevelZero-JNIdispatch
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@R" SPIRV Code Gen
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Final remarks



Areas O'F Inte e St @ https://www.tornadovm.org/use-cases

Levenshtein

: Overall Hardware loT
: Performance Gains Deployment

loT and smart buildings

6x and 88x (kernel)

Logistic ” BlurFilter
4 Regression X 4 ViolaJones

4 RenderTrack

Machine Learning
and Deep Learning Computer Vision

MANCHESTER
1824

The University of Manchester

""" Physics Simulation
FinTech

BlackScholes

MPLR 2020: Transparent acceleration of Java-based deep learning engines

https://e2data.eu/blog

VEE 2019: Dynamic application reconfiguration on heterogeneous hardware

https://e2data.eu/ (Deliverable 6.3)
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TornadoVM is Open Source and available on GitHub

https://github.com/beehive-lab/TornadoVM

GPLv2 + CE

https:

docker

https://github.com/beehive-lab/docker-tornadd

ithub.com/beehive-lab/tornadovm-installer

#And run!

$ ./run_nvidia.sh javac.py YourApp
$ ./run_nvidia.sh tornado YourApp

<> Code

¥ master -

0 jifumero Merge pull request #793 from beehive-lab/sp... -

.github
assembly
benchmarks
bin

drivers

etc
examples
matrices
runtime
scripts

tornado-annotation

$ docker pull beehivelab/tornado-gpu

() Issues 22

& beehive-lab/TornadoVM  rubic

i Pullrequests 1 £ Discussions

L\ Notifications

() Actions

[docs] Github PR template added
[development] 0.13-dev branch
[development] 0.13-dev branch

[SPIRV] Install dependency fixed
[development] 0.13-dev branch

[feat] Update Xilinx FPGA Configuration
[development] 0.13-dev branch
[development] 0.13-dev branch
[development] 0.13-dev branch

[SPIRV] Compliance with SPIRV validator - ...

[development] 0.13-dev branch

V4 a )
OpenCL

19 hours ago  ¥9) 5,927

9 months ago
22 hours ago
22 hours ago
19 hours ago
22 hours ago
6 months ago
22 hours ago
22 hours ago
22 hours ago

13 days ago

22 hours ago

MANCHESTER
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Y7 Star 552 % Fork 49

[T Projects 1

About

TornadoVM: A practical and efficient
heterogeneous programming
framewaork for managed languages

& www.tornadovm.org

java fpga opencl gpgpu
multi-core graalvm graal gpus

tornadovm

0 Readme
&r View license

[l code of conduct

Releases 4

© TornadoVM v0.12 ( Latest )
23 hours ago
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« Academic staff: o  Alumni:
Christos Kotselidis Michail Papadimitriou

 Research staff: James Clarkson

Juan Fumero Benjamin Bell

Thanos Stratikopoulos Amad Aslam
Foivos Zakkak
« PhD Students: Gyorgy Rethy
Maria Xekalaki Mihai-Christian Olteanu

lan Vaughan

» Undergraduate Students: Ales Kubicek
Vinh Pham Van E

* Master Students: :
Florin Blanaru

We are looking for collaborations
(industrial & academics) -> Let's talk!
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Compiler Compiler
Optimizations Specializations

TornadoVM

Windows JDK, Mandrel, ...

o
¢ I EEEEEEEEEEEEEEEEEEEEENEENEEEEEEEEEEEEEEEEEEEERN) 9&;
| a g
|
u Q/._,) ’ - void matrixMultiplication(Matrix20Float A, oneAPI
— Matrix20Float B, Matrix2DFloat C,
u D — eee final int size) { % doVM
L] | for (@parallel int i = @; i < size; i++) { ornado
ava for (@Parallel int j = 0; j < size; j++) { TornadoVM
] | float sum = 0.0f; JNI Driver
for (int k = 0; k < size; k+) SPIR-V code
' L 4 sum += A.get(i, k) * B.get(k, 3); Control Flow F
AEEEEEEEEEEEER EEEEEEEEEEEEEER EEEEEEEEEEEEESR , C.set(d, 3, sum); Graph Builder generation SPIR-V
i Level-Zero
OpenJDK, GraalVM, Corretto, J = Program

App.class I
4 I EEEEER EEEEEEEEEEEEEEEEEEEESR EEEEEEEEEEEEN, Static Runtime
[ ) /j ) -
[ intel‘ inside” [
| 4 -
| | HD Graphics |
= |
‘........ ..................................l'
CPUs GPUs Integrated GPUs FPGAs
sS__—‘) public static void (int[]
ﬁ a, int[] b, int[] c, int alpha)
{
for it 4= 05 4 < tornadovm.org

a.length; i++) {
a[i] = alpha * b[i] + c[i];
}
}

> 100x vs standard JVMs
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Thank you so much for
your attention

- Partially supported by the EU Horizon 2020:
- E2Data 780245
- ELEGANT 957286

- Partially supported by Intel Grant

Juan Fumero: juan.fumero@manchester.ac.uk

Yy @snatverk
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