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Currently part of the EU H2020 E2Data Project

"End-to-end solution for heterogeneous Big Data deployments that fully exploits and
advances the state-of-the-art in infrastructure" https://e2data.eu/

European Union’s Horizon H2020 research and innovation programme under grant agreement No 780622
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1. Motivation
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Current Heterogeneous Computing Landscape
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Current Heterogeneous Computing Landscape
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Our Solution: VM + Heterogeneous Runtime
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... but, where to execute the code now?

It depends, but can we make it automatically?
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2. TornadoVM: a heterogeneous Virtual
Machine that automatically explores the

best performing device at runtime
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TornadoVM Overview
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Tornado API: Example of enabling task-based parallelism
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3. Tornado Runtime & JIT Compiler
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Tornado JIT Compiler
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More Info about the JIT Compiler: Manlang Paper 2018
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4. TornadoVM
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TornadoVM Overview
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TornadoVM
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TornadoVM
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TornadoVM
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TornadoVM
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TornadoVM
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TornadoVM
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TornadoVM
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TornadoVM
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TornadoVM
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TornadoVM is a Composable VM
E.g., Processing Arrays of 16GB in a GPU of 1GB
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Dynamic Reconfiguration from Java to the "best" Accelerator
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Dynamic Reconfiguration from Java to the "best" Accelerator
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Dynamic Reconfiguration from Java to the "best" Accelerator
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How is the Decision Performed?→ Three Policies

• End-to-end: including JIT compilation time
• Peak performance: without including JIT compilation
• Latency: does not wait for all threads
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How to Perform Runtime Task Migration?
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New Compilation Tier for Heterogeneous Systems
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New Compilation Tier for Heterogeneous Systems
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5. Evaluation
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TornadoVM - Reconfiguration in Action

218 22210 1

100

101

102

103

Saxpy

219 223

MonteCarlo

28 211

RenderTrack

Tornado-CPU Tornado-GPU Tornado-FPGATornadoVM

219 223

BlackScholes

210 213

NBody

29 213 10 1

100

101

102

103

DFT

218 22210 1

100

101

102

103

S
p
e
e
d
u
p
 v

s 
Ja

v
a
 S

e
q
u
e
n
ti

a
l

219 223 28 211

Input Range

219 223 210 213 29 213 10 1

100

101

102

103

100x by using the dynamic reconfiguration

Up to 4000x on NVIDIA GTX 1060 GPU compared to Java sequential
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TornadoVM - Reconfiguration in Action II

Up to 100x compared to the best static device

Average of 7.7x compared to the best static device
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7. Conclusions
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Start Accelerating your Applications for Free!

If you are interested, we can also show you demos on GPUs and FPGAs!
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Takeaways
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Thank you very much for your attention

This work is partially supported by the EU Horizon 2020 E2Data 780245.

Juan Fumero <juan.fumero@manchester.ac.uk>
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Back-UP slides
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Memory Management

• Host Variables: read-only in
the JVM heap, R/W or W then
we perform a new copy.
• Device Variables: a new copy
unless OpenCL zero copy, e.g.,
iGPU
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Breakdown Analysis
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JIT Specialisation - E.g., Granularity for Data Parallelism
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TornadoVM JIT Compiler
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TornadoVM JIT Compiler
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FPGA Specializations - IR level
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Java DFT on FPGA: from 5x to 270x compared to Java Hotspot!
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Evaluation Setup

Running CentOS 7.4 with Linux Kernel 3.10.0-693.
JDK 1.8.0.131 with JVMCI Support.
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Case study Kinect Fusion: it is a complex computer vision

application that is able to re-construct a 3D movel from RGB-D camera
in real time.

50



What did we get with Tornado?

Running on NVIDIA Tesla, up to 150 fps
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