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Overview

*Going beyond OpenCL for Ease of Use
*Using Libraries to scale up and out

*Frameworks for Analytics and Machine Learning
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Going beyond OpenCL for Ease of Use

s

Create code &
arguments

*Software Programmers
*Need Logic and Data
Management - need to write lines
of code!

*OpenCL Compiler Benefits
*Ease of use
*Scalable
*Heterogeneous
*Leverage existing libraries
*Vendor choice through open
standards

*Channels/Pipe Extensions
*Kernel =» Kernel

eExternal I/O = Kernel
*Mix and match HDL and Kernels

Compile code Execute

DDRx Global Memory Buffer
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Add Libraries to Existing Programming Interfaces

Turnkey Libraries AND

Today: “C to Gates”, Matlab, OpenCL User Defined Libraries
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User Application Code
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Exposing Libraries via Intel-MKL
New capability:

* Adding to existing Xeon

. . Latency Sensitive Otl\l/llL/glL Fhr.amiwork.s Big Data Analytics
llbrary functions Cul‘renﬂy and HPC Applications er-viachine Learning Applications
Applications

exposed through MKL. | | | | |

* In future, calls to selected [ ]
MKUL functions will also | | | } !
execute on either Xeon/Phi MKL-DNN

(Open Source)

or FPGA. .

* Minimsing changes to users [ ]
application code. }

Auto Offload (PCIE Card) and Accelerator Abstraction Layer (AAL)
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Libraries are key to scaling

System Arch Solution and Memory
and Form Factor Development Attachment
[ [d Ld [ d
-@ - Libraries will be delivered
iy = at several levels:

Discrete FPGA . Discrete
Library Extended

E Approach Flow H

Integrated FPGA 9 0
iFPGA
oo
Traditional Turnkey

. . Flow Solutions
Multi-Function

» Risk management

* Machine learning
High Level . .
Integrated PN © Big data(centre) analytics

* Pricing/valuation functions
* Filters and signal processing

Libraries will enable: SLMTEY - Statistical functions
1. FPGAsSs to be used easily and conveniently by software users.
2. Close-coupling with Xeon enables users to choose the right

Functional

» Mathematics
» Arithmetic

1 I I Low Level .
solution for their specific problem. PN . A ccuracy and precision
3. Users to scale up the software stack and scale out across multiple
devices.

intel)
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Turnkey financial libraries

Exchange Traded  Payoff Product coverage

Black-Scholes European European exercise options on all underlyings v

Bjerksund-Stensland American American exercise options on most underlyings v

Bachelier ST European exercise options on normal spreads v
(normal)

Cox-Ross-Rubenstein American American exercise options on equities v

c e Europee}n exercise on arithmetic average on most 7

underlyings

Garman-Kohlhagen  European European exercise on currencies v

Jewson Eur opean European exercise on heating and cooling days v
binary

Kirk/Bjerksund Spread European exercise options on log-normal spreads v
(lognormal)

Merton European European exercise on dividend paying single v

stocks -
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Demo using Black-Scholes
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Example using Black-Scholes

Software Frame work (e.g. Risk systems) |

Applicat ion.\:_\r [

MKL APl "~ - ceccccccscsccccncnsnrcccccnccccccscncascccccnnas
( Software Libraries(e.g. MKL — Finance) )
— derivatives
— Fixed income
L - FX
Abstractiocon APT - === == - - - s e e e e e e e e e e e e m e e m e m - - - — - =
| ORCA SW API |
Host [ OpenCL Run time ]
FPGA
N .

N e >,
Offloaded \'\_ BSOpt(cp, spot, strike, vol, r, t); Top level
Algo ’ BSOptWithGreeKksS (., ., v rrrrvveve): OpenCL kernel

eigen() oR()
- ~— ) Luy{) avdy{) _____/
Low Level -
Librar S
Y ' stats maths Algebra
Blocks ‘ .
*
Low Level library blocks to create OpenCL Kernels
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Example using Black-Scholes

DDRIII ]

‘ 3 bursts 16 floats

Fetcher 6 channels (fp)\

lll BlackScholes
TS

Greek_s
JHHH

\__ e
1 3 bursts 16 floats

DDRIII ]
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Enabling a more generic framework

FPGA

D OpeICI Y funine L 2 CUDA

OS+Drivers

A 10 NL-OR.C\A
m
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Thank you

If you have any questions
please stop by the Intel stand!
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