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A perspective of the recent past
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The year 1999...
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Intel Pentium IlI
1 core, 450MHz,
250 nm process

ON_MARCH#31ST THE FIGHT FOR THE FUTURE BEGINS.
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The year 2009...

Core i7 (1%t gen),
4 cores, 3GHz,
45nm process
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The year 2019 - compared to the past

Pentium Il Core i7 (15t gen) Core i7 (9t gen)
1999 2009 2019
1 core 4 cores 6-8 cores
450 MHz 3 GHz 3.2-3.6 GHz
250 nm 45 nm 14 nm
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The rise of the accelerators

Chevron
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MAXEILER  2008: Acoustic wave modeling (MAX2)
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2011: Credit derivatives modeling (MAX3)

2014: Real time risk (MAX4) ";;:: CME GrOup

2018: QCD, QuantumEspresso, SpecFEM3D, Nemo (MAX5)
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2015: Intel Agrees to Buy Altera for $16.7 Billion

On-again-off-again deal is latest acquisition in active semiconductor sector

sote. MICROSOFT BETS ITS FUTURE ON A
REPROGRAMMABLE COMPUTER CHIP

Amazon's XllIinX FPGA Cloud: Why 1h1s May be A Sl
Milestone

W XILINX
2018: Xilinx launches Alveo datacenter card A AI—VEO




Maxeler QCD on Amazon EC2 F1
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~ Maxeler QCD on Amazon EC2 F1
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The rise of data

mobile and pervasive computing driving
massive expansion of data

2007:

N

2007 ANALOG

19 exabytes
- Paper, film, audiotape and vinyl: 6 %
- Analogvideotapes (VHS, etc): 94 % ANALOG

- Portable media, flash drives: 2%
- Portable hard disks:2.4% DIGITAL @

/) - CDs and minidisks: 6.8%

- Computer servers and mainframes: 8.9 %

Global Information Storage Capacity
in optimally compressed bytes

2000 |
1993 9
1986 (o : /
ANALOG | ; =

2.6 exabytes / - DVD/Blu-ray: 22.8 % @
DIGITAL

STORAGE

- Digital tape:11.8 %

=ANALOG STORAGE |

DIGITAL
0.02 exabytes

v - PCharddisks:44.5%
2002: 123 billion gigabytes
“beginning
of the digital age”

50%
% digital: e o e ey
1% 3% 25 % 94 % DIGITAL

280 exabytes

Source: Hilbert, M., & Lopez, P. (2011). The World’s Technological Capacity to Store, Communicate, and
Compute Information. Science, 332(6025), 60 —65. http://www.martinhilbert.net/WorldinfoCapacity.html
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ARMageddon?

it’s not just phones. .. ARM
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and just imagine the software running on all these processors

No surprise modern cars are unreliable as never before
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The future challenge: MW, not FLOPS

“T'sunami of data’ could consume one The Us edition ~
®

fifth of global electricity by 2025 Gu al‘d]an

o

Billions of internet-connected devices could produce 3.5% of . without dramatic increases

global emissions within 10 years and 14% by 2040, according to in efficiency, ICT industry could
new research, reports Climate Home News use 20% of all electricity and

emit up to 5.5% of the world’s
carbon emissions by 2025.”

“We have a tsunami of data
approaching. Everything which
can be is being digitalised. It is
a perfect storm.”

o

. a single S1bn Apple data
centre planned for Athenry in Co
Galway, expects to eventually
use 300MW of electricity, or
over 8% of the national capacity
and more than the daily entire
usage of Dublin. It will require
144 large diesel generators as
back up for when the wind does
not blow.”

F Y Google data centre. US researchers expect power consumption to triple in the next five years as one billio

nore pecple come online in developing countries. P
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How dataflow computing can help

e Efficient data processing at massive scale requires radical change of thinking
* Data movements are the main contributor to energy consumption
* System-wide design works better than focusing at the back end only
* Doing just the required task at the right place reduces energy wastage
* It also helps with redundant data and keeps only meaningful information
* Build direct path from problem to solution (both top-down as well as bottom-up)
e Balance between reductionism and holism while benefiting from specialisation

* Focus on the data and its movements at all system levels
 Computation happens as a side effect as the data moves through the system

* Analyze =2 Architect & Model - Build - Deploy is the key

INTEL'S EXASCALE DATAFLOW ENGINE DROPS X86 AND VON \ -
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Motivational Example: Hyperspectral Camera

Bringing decisions closer to the data source for low latency responses

Decision Action

1) Information thrown away
2) Data unnecessary moved at large distances

Better
Decision

@

1) All the sensor information is considered in the decision
2) Only the necessary meta-data travels the large distance

Boost the overall application quality of service while minimizing data movements
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Motivational Example 2: Survelllance

Monolithic Well balanced, Cumulonimbus system

Face Detection Only ROs

» Face Recognition
Face Recognition

* ROI: Regions Of Interest

Interestingly these are pretty invariant algorithms that can be “hard wired”
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Efficiency through Computing in Space

Treat computation as data “mass production” problem

RECIPE

Computing in Time: Computing in Space:
Follow a recipe step by Build a “recipe specific” factory with
step one at the time multiple paths performed simultaneously

Efficient, predictable, reliable mass production of data

e AX ETGER
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Computing in Space: Design process

3 *MovingAveragesimplekemel.maxj & # MovingAveragekemel: Original kemel graph Si

‘Seif-coasistent Loop (50x)
op oyipots class MovingAveKernel extends Kerne

Davidson dagocalization Loop (2-10%)

MovingAveKernel(KernelParameter
super(parameters);

DFEVar x = io.input("x", dfe

DFEVar prev = stream.offset(
DFEVar next = stream.offset(
DFEVar sum = prev + x + nex
DFEVar result = sum / 3;

io.output("y", result, dfeFl

1 | | [ ]
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Proven datacentre technology, ready for the Cloud
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Thinking Vertically about Computing Problems

Problem Co-optimise the HW and the SW
stack for the performance critical
areas of the application
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Optimizations at all levels

Multiple scales of computing Important features for optimization

complete system level => balance compute, storage and IO

parallel node level => maximize utilization of compute and
interconnect

microarchitecture level => minimize data movement

arithmetic level =>tradeoff range, precision and accuracy

= discretize in Time, Space and Value

bit level =>encode and add redundancy

transistor level => create the illusion of ‘O’ and ‘1’

and more, e.g., trade Communication (Time) for Computation (Space)
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Example: Exploring fixed-point numerics

8-bit fixed-point 10-bit fixed-point

2000 3000 4000 5000 6000 7000 8000 2000 3000 4000 5000 6000 7000 8000

Different parts are explored
separately, i.e., when we investigate
one part, we keep the bit-widths in
other parts a constant high value
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/' R4 ‘true’ image: single-precision floating-point
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1.00E+06

1.00E+05| Similarly, we observe a significant

drop of the error when the SQRT
bit-width increases from 8 to 10
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Difference Indicator Values
of the Generated Images
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: : Full Precision Seismic Image
SQRT Bit-width g

000€

Similar precision thresholds observed in both synthetic and field results. This behavior enables an
automatic tool to determine the minimum precision that still keeps the result good enough

[H.Fu, W. Osborne, R. G. Clapp, O. Pell, Accelerating Seismic Computations [], 70th EAGE Conference, Italy, 2008]
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Slotnick’s law: We have to do a bit of work

Slotnick’s law (of effort):

“The parallel approach to computing does require that

some original thinking be done about numerical
analysis and data management in order to secure
efficient use.

In an environment which has represented the absence
of the need to think as the hlghest V|rtue th|s |s a
decided disadvantage.” ! i

Daniel Slotnick (1931-1985) | [l

Chief Architect of llliac IV
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With the right tools, we can do it!

MaxCompiler - MovingAverageSimpleKernel: Original kernel graph - MaxIDE
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Some positive observations

* This approach helps cope with “feature creep”
 Minor changes can have big impact
« Every change needs careful motivation and is a trade-off
* The system-wide dataflow model brings new insides
« Easier to translate basic units / costs to business value
* |tis definitely not easier than just writing code
 Requires thinking, deep understanding and discipline
« But this can be a strength
« ltis the only way to “ensure efficient use”
 And can bring a lot of satisfaction and fun
* You may need to “unlearn things you have learned”

— AR
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Challenges for dataflow computing

W

Higher chip / system price compared to microprocessors

Lead design times (3 months in the best case)

a. Complex numerical transformations

b. Non-trivial area and data movement optimizations
“Painfully slow” Place & Route times (24+ hours)

Current reconfigurable HW technology is sub-optimal

*  On-chip memory not built for stream processing
«  On-chip interconnect overdesigned for Dataflow
* Need to compete at 200MHz with processors at 3GHz

Designer productivity should improve (Tools and Methods)




Conclusion

* How do we build future massive scale systems?
* Let’s re-think systems from the ground up!

 We need to challenge architecture, conventional
solutions, languages, and software engineering
processes!

* Focus on data movement first!

 We are ready to build
large-scale computer
systems for the next 10
years and beyond!
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Some links with more information

Maxeler Multiscale Dataflow Computing:
https://www.maxeler.com/technology/dataflow-computing/

Computing in Space explained by Mike Flynn:
http://www.openspl.org/what-is-openspl/

Computing in Space Course at Imperial College:
http://cc.doc.ic.ac.uk/openspll6/

Exciting Applications for DFEs (and JDFEs):
http://appgallery.maxeler.com

Juniper Networks’ DFEs (JDFEs):
http://investor.juniper.net/investor-relations/press-releases/press-
release-details/2015/Juniper-Networks-Advances-Application-
Performance-and-Acceleration-with-New-Compact-Compute-
Integrated-Network-Switch/default.aspx
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The Maxeler Dataflow Software Eco-system
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