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Heterogeneous Complex Systems

« Ryft ONE ),
— Big Data infrastructure due to an FPGA-accellerated architecture CA Pl
— http://www.ryft.com/

« |BM Power8

— Introducing the Coherent Accelerator Processor Interface (CAPI) port that is
layered on top of PCI Express 3.0

— http://www-304.ibm.com/webapp/set2/sas/f/capi/home.html .

 Microsoft Catapult (Iﬂtel FPGA
— Stratix V (Arria 10 FPGA)

— http://research.microsoft.com/en-us/projects/catapult/

 Amazon EC2 F1 Instances amazon
— Xilinx UltraScale Plus FPGA web services

— https://aws.amazon.com/about-aws/whats-new/2017/04/amazon-ec2-f1-
instances-customizable-fpgas-for-hardware-acceleration-are-now-generally-

available/
« OpenPower Foundation
— http://openpowerfoundation.org/

) OpenPOWER"
D
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SYSTEM HAS TO BE ADAPTIVE

" '

d' s

TO GUARANTEE SERVIGES OVER
POWER CAP AND ENERGY SAVINGS
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The proposed CAOS framework
B

Application
(C, C++ OPENCL)

-] System
~| Description _—

Profiling
Datasets

Web Ul

\ !

IR generation — profiling —

-->

Frontend <«--| IRgen.

i

S
Q@ | templates applicability check
(%) — HW/SW partitioning < profiling
- ' |
S Functions g
Optimization < HWest.
% HW resource estimation —
— static code analysis — ;@
LL performance estimation— | _--»  DSE
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The proposed CAOS framework
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CAOS

Application e ] System Profiling
(C, C++ OPENCL) m> Description 5 Datasets
Y J
--->
-@ Frontend <«--| IRgen.
- IR generation — profiling —
QO | templates applicability check
8) — HW/SW partitioning <" profiling
- ' '
‘2‘5 Functions sy
) Optimization < HWest.
0 % HW resource estimation —
o | X static code analysis — ﬁ
; L performance estimation— | _--»  DSE
(d)p) code optimization / DSE
O : ] ;k
< Backend <> Floorpl.
O Runtime generation —function
synthesis — floorplanning — 4‘#
bitstream generation < Bit.gen.
N —
A
( FPGAs System \
bitstreams runtime

-rontend

’ CAOS frontend

=0

HW description

Application

-C/C++
- OpenCL

profiling
dataset

1.1. IR generation

P

N

1.2. Architectural templates
applicability check

1.3. Code profiling

Ny

P

1.4. HW / SW partitioning

ﬂ

List of functions in the form: <7, ip, p, t >
Initial implementation iy in software (p=SW) or hardware
(p=HW) for function f using architectural template t

N - e e e e e e e o e - -



CAQOS Frontend — |

R Generation

« Functions extraction and generation of the

application call graph

L —

application

QQ
o Qo

-

IR: call graph +
functions description

« Current implementation leverages Doxygen




CAOS Frontend — applicability check

« Verities the applicability of an architectural
template w.r.t.:

— Application
— System description
Q@ @ @
P - X X
Q@ Q@ Q@
©o == O O
IR
O empates templates  templates

HW description O HW candidate




CAOS Frontend — applicability check

* Runs the application against multiple user-
defined datasets

 For each functions collects:
— Self execution time

— Total execution time
Total = 100%

— Function calls Self = 2% - 4%
Q Q 7-9 calls
() = ] (17
@) QQ @ . 3 ——) © QQ
O . O
IR Datasets Profiled IR



CAQOS Frontend — HW/SW Partitioning

e |dentifies the subtree to accelerate for each
architectural template

e |f needed, translate the identified code for
subsequent optimizations (e.g. C to MaxdJ)

i1
<:> Self = 10%
o QQ @
Self = 2% (:)

Self = 20% Self = 20%

IR
Work done in collaboration with

Imperial College MAXEL,ER

| ondon
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CAOS Functions Optimization

Application e ] System Profiling
(C, C++ OPENCL) m> Description \\:// Datasets
Y J
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=0

HW description

Initial list of functions:
<f, /O, p, t>

2.1. Static code
analysis

2.2. HW resources
estimation

2.4. Code
optimization

o
~r

Stopping criteria

2.3. Performance
estimation

Optimized list of functions:
<f, i/-, p, t>



CAOS Functions Optimization
Static Code Analysis

* Retrieve metrics on the current implementation
for the candidate HW functions

* Metrics are architectural template dependent
— Produce / consume rate of kernels (Maxeler)

— Estimated module latency (SST)

— Computational intensity (OpenCL)




CAOS Functions Optimization
Resource Estimantion

« Estimate resource requirements for the entire
set of functions to accelerate in HW

* Multiple resource estimation modules:

— Default HW estimation module (Vivado HLS based)
« Might require a high execution time
« Accurate estimation

— Artisan HW estimation module

« Operations count-based estimation
— Fast execution time
— Coarse grain estimation
— Maxd code support



CAOS default implementation
of HW estimation

/ “"[ Default HW estimation\}

4+—

’&" ) Unzip libGlib
\_ docker )
libxrenderl
libfreetype6b libxrandr2
polyFPGA




Artisan HW estimation

/ _'[HW estimation implementat@
-

;&" ) Unzip libGlib
\_ ocerj

libxrenderl
libfreetype6b libxrandr2

REST API

Imperial College
London




\

CAOS

J

Application System Profiling
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templates applicability check
— HW/SW partitioning <" profiling
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code optimization / DSE

Backend
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bitstream generation

L=

<™ Floorpl.

---»

<7 Bit.gen.

[

|_ FPGAs n System
n bitstreams runtime

Backend

<> Optimized list of functions:
<f, /j p,t>

=0

HW description

3.1. Architectural template selection

3.2. Functions mapping and scheduling

3.3. HW functions syntesis 34
Runtime
3.5. Floorplanning generation
3.6. Implementation and bitstream generation
A
bit FPGA exe | Application
bitstreams ’ runtime
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Functions
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DSE

- - -»
4_-—

---»
4___

Floorpl.

Bit. gen.
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Backend

SST — VIVADO!

MAXERER MaxCompiler

Technologies

Maximum Performance Computing

ESS .
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OpenCL Environment
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CAQOS: OpenCL and SDAccel

« CAOS Frontend supports OpenCL code:
— Intermediate representation support
— Template applicability check for SDA
— Code profiling through LTPV (OpenCL profiler)

— Function optimization:

 Static code analysis and HW resource estimation
within SDA

— Backend support for SDAccell

$ESS 7
Fa  —— SDAccel
OpencL Environment @




CAQOS Backend for SDAccel

<> Optimized list of functions:
<f, // p,t>

= SDAccel generates &
HW description provides:
- XCLBIN containing the

3.1. Architectural template selection

bitstream

- OpenCL Runtime to

3.2. Functions mapping and scheduling

manage kernel

3.3. HW functions syntesis

3.5. Floorplanning

3.6. Implementation and bitstream generation

— e e e o e e e o e o o o e o o e e - — —

bit FPGA
bitstreams

.exe

execution
Aumtie CAOS Integrates SDAccel:
generation - ldentifying I/O
Variables
- Generating a specific
_________ OpenCL Host code for
Application the application

runtime







Hints on the problem...

Carrier
ov.

Signal+

- |Decoder

Floorplar produced by [*]. Floorplan produced by OF.

[*] Vipin, K. and Fahmy, S. A.: Architecture-aware reconfiguration-centric floorplanning for partial reconfiguration. In ARC,
pages 13-25, 2012.






Objective function

« (Cost function can be defined starting from the
variables and parameters of the MILP model

* |Implemented metrics:
— Global wirelength measured using HPWL ( WL.,s )
— Regions perimeter ( Peost )
— Wasted resources ( Reost )

WLcost + q . Pcost + q Rcost}

mln {ql ' 2 3 :
WLm ax Pm ax Rm.ax




Heuristic-Optimal Floorplanner

Reconfigurable regions +
Resource requirements

L; mincfx + cly
User-defined linear :>

RR, <, RR,
RR; <, RR;
RR; <, RR, |
FPGA Geometrical constraints Heuristic
solution
* Non overlapping
MILP model guaranteed by the

Objective Function

r geometrical constraints

MILP Solver
(Gurobi, Cplex, GLPK, ...)

N

Improved heuristic solution




Hints on the problem...

Carrier
ov.

Signal+

- |Decoder

Floorplar produced by [*]. Floorplan produced by OF.

[*] Vipin, K. and Fahmy, S. A.: Architecture-aware reconfiguration-centric floorplanning for partial reconfiguration. In ARC,
pages 13-25, 2012.



Hints on the problem...

« QOptimal solution in 29s

Carrier |8
ov. |

o« 34% wasted frames
reduction

— No DSP and CLB wasted
by the Video Decoder RR

— No BRAM wasted by the
Signal Decoder RR

* Approximately same
wirelength

Sig
i1 |Decoder

Floorplar produced by [*]. Floorplan produced by OF.

[*] Vipin, K. and Fahmy, S. A.: Architecture-aware reconfiguration-centric floorplanning for partial reconfiguration. In ARC,
pages 13-25, 2012.



—valuations

, 2] Streaming Stencil Time-step (SST)

Pearson Correlation Coefficient, Asian Option Pricing
Protein Folding

Smith Waterman and Vessels Segmentation

1
3
5
4

Improvement wrt cpyl’]

Case Study — Board 5 oo mance Energy Efficiency

[4] Virtex 7 3.68x 11.8x

[4] Kintex 14.15x 45x

[5] Virtex 7 1.61x 15.29x

[3] Virtex 7 3.1x 2.2x

[1] Virtex 7 1.09x 129x  [*]intel Xeon E5 1410
[2] Virtex 7 0.22x 246x  POPRAM






Some Applicative Domains
for FPGA Acceleration

* Image and Video Processing

* Security : -'l"..
 Machine Learning edlCO genome

: ch;igz?iijsﬂ\nalytics N\AX E L E R

« Big Data Analytics

MAXIMUM PERFORMANCE COMPUTING

~N\NFT

ACTIONABLE INTELLIGENCE FROM COMPLEX DATA




Who Victor iIs




How a Genetic Test
Changed Victor’s Life

Genetic test helps pick the right
drugs for mental health

Updated: OCTOBER 25, 2017 — 12:59 PM EDT

History of Personalized Medicine
Brings Future Hope to Lung Cancer

Patients

- &
Personalized cancer vaccines

successful in first-stage human

After feeling a tickle in his throat for about a month, Victor visited the trial
riails

University of Chicago Medicine campus in June 2010 for a check-up. It
had only been a very quick tickle, which caused him to clear his throat a (8]
half dozen or so times a day, but he wanted to make sure his health

remained stable.

Science News from research organizations nature N
. .. A Home | News & Comment | Research | Careers & Jobs | Current Issue | Archive | Audio & Video
Targeting breast cancer through precision medicine [Nows & Commart > Nows > 2018 > Febrary S Aoy

The protein RYBP could make cancer cells more sensitive to DNA damage

Date:  January 9, 2018 Personalized cancer vaccines show glimmers of

Source:  University of Alberta Faculty of Medicine & Dentistry success
Treatments tailored to a person's individual cancer mutati train i ystem to
Summary:  Researchers have discovered a mechanism that may make cancer cells more suscepti- | attack tumours.
ble to treatment. The research team found that the protein RYBP prevents DNA repair Heidi Ledford
in cancer cells, including breast cancer.
05 July 2017



Open Challenges

* |tis necessary to keep-up with continuous
development of biological research

2




Open Challenges

* |tis necessary to keep-up with continuous
development of biological research

« Each individual DNA provides huge amount of
data




Open Challenges

* |tis necessary to keep-up with continuous
development of biological research

« Each individual DNA provides huge amount of

data
« To produce a tailor-made drug, for each DNA:

7@ -0 -E€




Personalized Medicine Today

fﬁRAG EN"

Bio-IT Processor

 FPGA-based acceleration
— optimal ratio performance/power consumption
— reconfigurability

« Possibility to use pre-accelerated biological
pipelines

* Available on-site or for AWS cloud M-

edico ﬁenome



HUGenomics

An advanced support for genomic
research that,

by means of reconfigurable hardware
accelerators,

!
HUG IS capable of delivering massive

performance

for fast-changing algorithms, letting
researchers

to focus on delivering best-in-class
results in the least amount of time




Rationale

Behind HUG

0 NO hardware competences required

Possibility to handle massive amount of data

6‘}:’ Possibility to integrate custom code
4

‘ Reduction in research time




Genome Assembly FEILIN

Smith-Waterman Haplotype Caller - PairHMM
(Software) (Software)
Smith-Waterman Haplotype Caller - PairHMM
(HUGenomics) (HUGenomics)
2,5 mins 17s
up to up to
Performance Improvement Performance Improvement



Genomics HW Pipeline

HUG has exactly

what | need!

YESLINE

PIPELINE DATA PROCESSING DATA
CREATION UPLOAD VISUALIZATION

W




Custom Code Integration

I’d like to integrate
my own algorithm

RAW READ CONTIGGING SCAFFOLDING RE-SCAFFOLDING J ANNOTATION

HUG

HETEROGENEOUS ARCHITECTURE




Genomics HW Pipeline

Is the algorithm
available on HUG?

YES
@ PIPELINE CREATION@ @
OR INTEGRATION DATA PROCESSING DATA
UPLOAD VISUALIZATION
FAST CUSTOM HARDWARE
PROTOTYPING (o] (o] ALGORITHM

1=
[ J




Genomics HW Pipeline

|5 the algorithm
available on HUG?

PIPELINE CREATION

OR INTEGRATION DATA PROCESSING DATA
UPLOAD VISUALIZATION

>—
FAST CUSTOM HARDWARE aW S

PROTOTYPING (o] (o] ALGORITHM

aoas ¥ ©




Benefits of the AWS F1 Cloud
Compute Platform

« Makes FPGA acceleration available to a large
community of developers, and to millions of
potential AWS users

« Provides dedicated and large amounts of FPGA
logic with elasticity to scale to multiple FPGAs

« Simplifies the development process by providing
cloud-based FPGA development tools

* Provides a Marketplace for FPGA applications,
giving more choice, secure and easy access to
millions of AWS users






Bringing the

& XILINX

Right People Together
covursera

-~ D -} < 2 it

S SR F B8 ‘Q‘J_. ?,ﬁ““} 5 ot

i“ A AR «r T e
&= = ' 8 \)
= ® o, |
‘ ] ( \

x NS
/ (!
f [ ]

webservices [N vt




Bringing the
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Home > Computer Science > Design and Product

Overview

FPGA computing systems: Background
e knowledge and introductory materials

FAQs

Creators About this course: This course is for anyone passionate in learning how a hardware component can be
adapted at runtime to better respond to users/environment needs. This adaptation can be provided by the
designers, or it can be an embedded characteristic of the system itself. These runtime adaptable systems

Ratings and Reviews will be implemented by using FPGA technologies.

v More

Go to Course

Who is this class for: Anyone with moderate computer experience should be able to master the materials
Already enrolled in this course. This is an introductory course to
|
it

A, therefore within this~pntext no specific pckground
{ 1 ) | N | : it j
Apply for |£
| Wm% m“ f : / - a of ' :F@

included in this course or as websites/handbooks that can be easily found/accessed.

review Course Materials

Created by: Politecnico di Milano

POLITECNICO
MILANO 1863

Taught by: Marco Domenico Santambrogio, Associate Professor

DEIB - Dept. of Electronics, Information and Bioengineering

)
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FPGA - An Example on
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No views

circuit on a simplified...
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C) Share
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STANDALONE CODE
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OPERATING SYSTEM

APPLICATION ACCELERATION

and
SYSTEM ADAPTATION

THE AMOUNT OF DATA THAT
HAS TO BE PROCESSED IS DIFFERENT,
BUT THE RESPONSE TIME IT IS NOT

COMPUTING SYSTEMS
ARE GETTING...

g

¥
LITTLE+ BIG AND HETER: 2

7:15 PM

FPGA - Runtime
management
6 views

FPGA and
reconfiguration a 1st
definition

6 views

FPGA - The Needs for
Adaptation an overview
10 views

FPGA - Reconfiguration in
Everyday Life

7 views

FPGA computing
systems - Course
Introduction

50 views

703 9% )
() Share
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Systems Meetup

c» 41 members - Public group

Share:



S

-
1
-
"~
Pe, <
?

: {»l ‘F > |




What We Have

-



What We Have



What We Have

-

coursera




What We Have

4
RHUG

OUrsera

A worldwide class to share
knowledge and preview game
changing technologies
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OUrsera

A worldwide class to share
knowledge and preview game
changing technologies

.
®

CAD for efficient HW/SW

solutions for high performance

FPGA-based systems



What We Have

An advanced support to
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