For Software Engineer,
Accelerating your algorithm with
Altera SoC FPGA

using OpenCL, OpenCV
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m Introduce to Altera SoC FPGA
— What is an FPGA?
— Advantages of Altera SoC FPGA

®m Running an OpenCL, OpenCV application on SoC FPGA
— OpenCL introduction
— Altera OpenCL SDK overview
— Ray tracing demo
— IpTronix OpenCV introduction
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Introduce to FPGA and SoC FPGA

Your User-Customizable System on Chip
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A Complete Solutions Portfolio

/N

POWERING YO

. B .
MAX Cycione® Stratix >
Series Series Series

CPLDs FPGAs FPGAs FPGAs
Lowest Cost, Cost/Power Balance Mid-range FPGAs Optimized for
Lowest Power SoC & Transceivers SoC & Transceivers High Bandwidth

PowerSoCs
High-efficiency
Power Management

Ve RESOURCES

(Embedded Soft and f Design / Development (
Hard Processors Software Kits
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Intellectual
Property (IP)

NiOSQII & ‘“’ : .Qi?“‘..é.??t' = = Industrial
ARM QUARTUS'II e |

Y DSPBuiIder)

4 © 2013 Altera Corporation—Confidential


http://marketing/cm/marcom/Logos2/Product Logos/DSP Builder/DSPBuilder_F.jpg

What is an FPGA?

m Field Programmable Gate Array (FPGA)
m LABs (Logic Array Blocks) arranged in an array

m Programmable interconnect creates custom functionality regions
In the array
— Arbitrary complexity control instructions
— Arbitrary width data instructions
— Arbitrary size memory

m Processor units customized to your application

HE E B EEEENE
- é: EEEEEEEN
LABs HE EEEEEEN
R H B BB EEEEnE
‘@‘ H E B E interlzgrnect
H E EE
~ Column 4/-' | Segmented
interconnect EE . interconnects
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FPGA Logic Elements

m FPGAs use multiple input LUTs

SRAM
LUT Cell
| - 0—
A
Out = QOut
o= = [
0—
Hl—
SRAM / shift IN Carry IN
cell A B

B Multiple Families ot Lo I J[
— Cyclone: cost and power balanced
— Arria: midrange et
— Stratix: high bandwidth

L]

Multiple Addrl

Input LUT Reg2

Reg3
© 2013 Altera Corporation—Confidential
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Dozens of High-speed transceivers

Millions of logic elements
x Hardware-centric

— Thousands of 20Kb memory blocks
— Thousands of Variable Precision
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FPGA Architecture

I - I
Ir ________________ 1 !
iy [ [ 5 I
ethernet 1/O ) User LOQIC /O ethernet
: —ﬁ .
a- |
EHE {
I/O > Video processing /'l /O  PCle

User Logic / User Logic /O bus

TS
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Altera & Silicon Convergence

T R ——

ASIC I ASSP

« Need for Flexibili y

mSoftware mHard-wired, not
programmable programmable

mGreat flexibility mHardware mPoor flexibility

mPoor power programmable mGreat power efficiency
efficiency mGreat flexibility mMany contain embedded

mFew application mGood power efficiency processors
specific features

Microprocessor +
DSP +
Application-Specific IP +

Programmable Logic Fabric QA @ 5o QA

MEASURABLE ADVANTAGE ™
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Providing the Best of Both Worlds

ARM

JABRTERA
®
ARM Processor System
28-nm FPGA
" 2
Peripherals ArriaZvVv

© 2013 Altera Corporation—Confidential
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SoC FPGA |

ARM + Altera = SoC FPGAs
AIERAY
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System-Level Benefits of Integration

Increased system performance Before

= Qver 4,600 DMIPS for under 1.8W

= Upto 1,600 GMACS, 300 GFLOPS DSP
= >125 Gbps processor to FPGA interconnect
® Cache coherent hardware accelerators

| Reduced power consumption
‘ ’ = Up to 30% power savings vs. 2-chip solution
- Reduced board size
=  Up to 55% form factor reduction
“\

= As few as two power rails

Devices

Devices

After

Reduced system costs
= Lower component cost FPGA
®= Reduction in PCB complexity and cost ' :’I+ CPU

— Less routing with fewer layers

Devices

MEASURABLE ADVANTAGE ™
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Architecture Matters

Preserve Independence (virtual 2-chip operation)

" Processor boot / FPGA configuration Virtual Two-Chip
" FPGA operates even with CPU reset Single Chip

" Independent FPGA / CPU memories

Devices

/AVOTS RYA),

© 2013 Altera Corporation—Confidential
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Architecture Matters

Preserve Independence (virtual 2-chip operation)

" Processor boot / FPGA configuration
" FPGA operates even with CPU reset
" Independent FPGA / CPU memories

Protect Memory When Shared
= CPU memory protected from FPGA IP

© 2013 Altera Corporation—Confidential
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Virtual Two-Chip

Single Chip

Processor
System

________________

DDR Control
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SoC FPGA Device Portfolio

.

ARMa

r =
ove 1 AT I’
ARMgs ARMa=

Cyc /\NFT Ao Ari —
__ ore NET /NITERA.
o o= /ANAERA, Arna2v

Cyclone,@.l/
— SoC

s

7%

Tailored to Address
Diverse Application Requirements

© 2013 Altera Corporation—Confidential
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Altera Investment in Embedded Technologies

m Altera established Austin Technology Center (ATC) in 2011
m Altera’s primary embedded engineering center

m Austin provides access to one of the richest embedded
processing talent bases in the world

vvv

© 2013 Altera Corporation—Confidential
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Technical Detalls

MEASURABLE ADVANTAGE ™
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System Architecture

= Processor o ———— — ——
L--------J

— Dual-core ARM® Cortex™-A9 MPCore™ processor
— Up to 5,250 MIPS (1050 MHz per core maximum)
— NEON coprocessor with double-precision FPU
— 32-KB/32-KB L1 caches per core
— 512-KB shared L2 cache
m Multiport SDRAM controller S
— DDR3, DDR3L, DDR2, LPDDR2 | I
— Integrated ECC support I_____________
m High-bandwidth on-chip interfaces
— > 125-Gbps HPS-to-FPGA interface
— > 125-Gbps FPGA-to-SDRAM interface
m Cost- and power-optimized FPGA fabric
— Lowest power transceivers
-~ Up to 1,600 GMACS, 300 GFLOPS
— Up to 25Mb on-chip RAM

— More hard intellectual property (IP): PCle® and
Notes:
memory controllers (1) Integrated direct memory access (DMA) —

MEASURABLE ADVANTAGE ™
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ngh LeVEI BIOCk Dlagrar Hard Processor System (HPS)
(==J@€M} ARM Cortex-A9 ARM Cortex-A9 USB
_ _ NEON / FPU NEON / FPU oTG Ez)r(‘ze)”(‘l)et
HPSto FPGA Configuration L1 Cache L1 Cache x2) @
FPGA to HPS Control
o) L2 Cach GPIO e
;'___________V_____ =TT LTI T ache (x2) z
| | EMAC | | FPGA i ARN P :
: @) ”1 Config ! q Slgspr: 64-KB . SPI CAN o
' | ARM
1 | NE Control e Trace @ (x2) (x2)
1 USB ! 32
oTG > | 32 AL =00 Timers DMA UART
| . Flash SDIO/ 1 e :
I (2) : N @ @ MMC @ (X ) ( annels) (X )
| > O
| < . FPGA
| Flash ' Shared Multiport DDR HPS to FPGA -
> ! @ Configu
| |Control i SDRAM Controller FPGA to HPS ration
I i i WV
I DMA R Interconnect Boot :
*  ROM Tttt *28LP process L
| « 8-input ALMs x
| + Variable-precision DSP o
: * M10K memory and o
I} v > [ chip 640-bit MLABS o
I | (Trace) » RAM «fPLLs %
| f 64 KB £
: E
| | Debug | |_| @ @
I Port A < 5
| i Hard Multiport DDR Hard 3-, 5-, 6-, 3
I SDRAM Controller @ PCle and 10-Gbps
Low Speed Peripherals = : LEUEEEE —
: Timers, GPIO, UART, SPI, 12C, CAN

© 2013 Altera Corporation—Confidential
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U O NMIL AL

128-bit WR

Cyv/cta Arria V SOC
Y 128-bit RDm T ggoGl\tA’f'S
128-bit WR ( 2)

ArriaV SOC CyCIOneVSOC
64 Gbps géOGI\tA’EIS onfiguration
(250 MHz) ( 2| control FPGA to SDRAM
CyclonevsoC FfFpm—- =8~ -—-"=—"r /-, " =P mEmEREmSE l A -
"5t Ghps " ARM Cortex AGMP Core | 2o ILRD HPS |
(200 MHz) | FPGA . ortex- ore 256-bit WR :
-— "1 Cconfi ! CPUO CPU1
| y ' | ARM Cortex-A9 | ARM Cortex-A9 || ArriaV SOC I
I ; NEON/FPU NEON/FPU 128 Gbps |
| ! 32 KB I$ 32 KB I$ 250 MHz
I USB N : 32 KB D$ 32 KB D$ ( ) I
| B C i Cyclone V SOC I
| :k % SCU 102 GbpS |
v < (200 MHz) I
| Flash R ! . .
ol : | | : Multi-port I
32-bit RD : L2 Cache : DDR I
Interconnect | M 64-bit RD |
Arria V SOC > , Boot S B 64-bit WR Controller |
16 Gbps - ROM I
(250MHz) | 102 Gbps I
. (800 MHz)
Cyclone V SOC > R Og—:&lp |
12 Gbps i " B KB |
(200 MHz) ArriaV SOC |
T > (533 MHZ) I
| | Debug i
| | Port Cyclone V SOC '
(400MHz) |}
I v |
I Low Speed Peripherals |
: Timers, GPIO, UART, SPI, 12C, CAN I
b o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e = e !—- LT ﬁj]'!'—_—\\- TI
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Coherent Memory Sharing

m Coherent memory
support for all masters
— FPGA and HPS

m ACP Mapper removes
8-master limit

— Up to 8 transactions in
flight

— Unlimited transactions
pending

= High BW
— 64-Dbit port running at %2
CPU clock

© 2013 Altera Corporation—Confidential
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FPGA Portion

FPGA ta HPS KPS 1o FPGA Lightwsight HPS to FPGA
Control 1-8
Block Masisrs Slaves Slaves [
30 B4-&7EBR B30 64K 128 W
\ AXI Bus AX] Bus AXI Bus
FFGA FPGA-D-HPS HPS-o-FRGA| Lightweight
Manager Bridge Bridge HP5-40-FPGA Bridge
3 1 3
BEit £4-Bit BBt
L4 25 A¥] Bus AXl Bus A Bus
AP B
L3 Interconnect L MPU Subsysiem
{NIC-301) ARM Cortes-A2
35 MPCose
e |AHEEw ~ el | crud
B4 BT A Bus ACPID sCu
325t ™| apper !
R |[AEs | l l
- L3 Main
= Switch L2
sommg |EHE B BBt A B Cache
L3 Master
1281 Peripheral | 055 30-Bit AX] Bus :ISW
EMAC \axigus | | Switth | ogss
- > 0.6 AXI Bus -
e Boot Rom |
USE [ynm
AHBBus | .
c‘:rls BA-Bit ] Bus o onon
Bt A¥] Bus SDRAN
w5t Cortrollr |
MAND |AX] Bus 325t A¥ Bis { -t A B Subsystem
o DMA
Fiash
T&-a'n.qx B 30-Bit Al Bus
32-Bit AX) Bus L3 Slave Peripheral Switch Ouad
328t AHS Bus | 5P
Hash
L4, 32-Eit AP Bus b
| T T O T A A A I ]
LART Tmer g | |Wechdog| | ay PIO sPI Clock Aesat Sean | | Systm
2) ) ) “,;f* [=] I ) Marager| |Manager | |Manager| |Mareger
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HPS DDR Memory Controller

m One 64-bit AXI port for CPU

SDRAM Controller Subsystem
m One 32-bit AXI port for L3 . i
Sur;;e ) Interface
m Up to six ports shared with FPGA
32-Bit AXI Altera
~  Six CMD ports e (o R | |G | | 27| ™ | g
— Four 64-bit RD ports
__ 4 Read Data
—  Four 64-bit WR ports PGAHPS | 2 Vinte Dats
) ) ) SDRAM Interface >
— Direct connection (no switch) —
4 & Responses
| Va”able DRAM pOI"[ W|dth e Control & Status Registers
Interfacs ]
- 8'b|t Y W APE Interface
FPGA L4 Bus
— 16-bit, 16-bit + ECC e

—  32-bit, 32-bit + ECC

m Up to 4GB of address map for DDR
m TrustZone regions: 1MB boundaries

© 2013 Altera Corporation—Confidential
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FPGA to HPS SDRAM Port Utilization

m Total ports

Bus Protocol Command Read Data Write Data

- 4 Read 8-, 16-, 32-, and 64-bit AX] 2 (7 1 1

— 4 Write 128-bit AXI 201 212 212

— 6 Command 256-bit AX] 2 (1) 412 412)
32- and 64-bit Avalon-MM 1 1 1
128-bit Avalon-MM 1 2 2
256-bit Avalon-MM 1 4 4
32- and 64-bit Avalon-MM write-only 1 0 1
128-bit Avalon-MM write-only 1 0 2
256-bit Avalon-MM write-only 1 0 4
32- and 64-bit Avalon-MM read-only 1 1 0
128-bit Avalon-MM read-only 1 2 0
256-bit Avalon-MM read-only 1 4 0

Note to Table 8-2:

(1) Because the AXI protocol allows simultaneous read and write commands to be issued, two SDRAM
control ports are required to form an AX interface.

(2) Because the native size of the data ports is 64 bits, extra read and write ports are required to form an

AX] interface.

MEASURABLE ADVANTAGE ™
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Cortex-A9 NEON Media Processing Engine

m NEON is a wide SIMD data processing architecture
— Single Instruction Multiple Data (SIMD) extension of the ARM instruction set

— 64bit and 128bit registers supporting SIMD operations on:

e 8, 16 and 32bit integer data formats
e 32bit floating point data

— Registers are considered as vectors of elements of the same data type
— Instructions perform the same operation in all lanes

m Enlarges register file available to FPU

Source
Registers
Elements o} of el efnn
te {ie Ife Ilom Operation ]

it

I ! 1 | Dd Destination
: : J'K‘ Register

/AYOTS RYA),
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Development Flow & Tools
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System Development Flow

FPGA Design Flow Software Design Flow

\\(\4 %Q [ Hardware | ([ Software

&
QUARTUS".. . Development Development

J -

é N 4 N

J

* ARM Development Studio 5
* GNU toolchain

Design Design * OS/BSP: Linux, VxWorks

» Hardware Libraries

* Design Examples

* Quartus Il design software

* Qsys system integration tool
* Standard RTL flow

* Altera and partner IP

N
A
Y
N

* ModelSim, VCS, NCSim, etc.
+ AMBA-AXI and Avalon bus Simulate Simulate « Virtual Target
functional models (BFMs)

A\ v - /
7 N
* SignalTap™ Il logic analyzer * GNU, Lauterbach, DS5
» System Console Debug Debug
A W,
e N
* Quartus Il Programmer .
- In-system Update Release Release Flash Programmer
A W,

/AYOTS RYA),
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Qsys System Integration Platform

High-Performance Interconnect

B—=—=
Hierarchy I I Design Reuse

—o—e-1
Package as IP
Based on Network-on-a-Chip (NoC) |
Architecture Design 3 Add to
S stem-’ *Library
y e B

wQ

Industry-Standard Interfaces Real-Time System Debug

/MATERA, | Avalon® Interfaces
ARM® AMBA® AXI3*, AXI4*

*AXI3 & AXI4 support in 2012+

m  Qsys is Altera’s design environment for
— Deployment of IP
- Deployment of reference designs and example designs
— Development platform for Altera custom solutions

— Design platform for customers to quickly create system designs Alm

MEASURABLE ADVANTAGE ™
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Altera SoC Embedded Design Suite

FPGA Design Flow Software Design Flow
\{'4 2Q ([ Hardware ([ Software
(,l.\.§~ Development Development
. ARTUS".. \_ ) \_ )
4 N 4 N
* Quartus Il design software
+ Qsys system integration tool , HW/SW :
» Standard RTL flow D Handoff D
* Altera and partner IP
A\ J - /
é N a N

* ModelSim, VCS, NCSim, etc.
« AMBA-AXI and Avalon bus Simulate Simulate Software
functional models (BFMs)

B »I Development
P A
- SignalTap™ Il logic analyzer
. Debug : Debug
System Console q FPGA-Ad ap“ve J
7 I )
] Debuggin
Quartus Il Programmer Release gging Release

* In-system Update

/AYOTS RYA),
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Industry First: FPGA-Adaptive Debugging

| Altera SoC
ARM | ARM

Cortex-A9 Cortex-A9

‘ AR h = ' i, li'
Simulation Hardware Debug ‘ = FPGA ) :

USB-Blaster™ ' = "
FPGA Adaptive Perlpherals CryptoEngme

Connection
Debugging Extension | DSPAcoelerator Soft Core—

W Y

ARM® Development Studio 5 (DS-5™) Altera® Edition Toolkit
m Best multicore debugger for the ARM architecture
m Exclusive OEM agreement between Altera and ARM

m Result of innovation in silicon, software, and business model
- Automatic register view of FPGA peripherals

- Hardware cross-triggering between the CPU and FPGA domains
- Single USB-Blaster target connection for software and hardware debug

D
ALTERAN
© 2013 Altera Corporation—Confidential
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Visualization of SoC Peripherals

m Register views assist the gmorrmmmas

debug of vy i
Use this tab to create or modify the target registers. Register bitfields can be editeg
F P GA p e r i p h e r al S title bar. Mandatory fields are indicated by an astenisk.
~ *Unique Name Name Base Addre... "Offset
— File generated by FPGA tool flow |t macusrtintocon. contol JTAG_UAR... 000000004
. . . 2 JTAG_UART.inst 0_DATA Data JTAG_UAR... 0x00000000
— Automatlcally |mp0rted N 3 PIO.inst 0 CLEARBITS  Outclear PIO_inst0 000000014
D S _5 De b u g g er 4 PIO_inst 0_DATA Data PIO_inst 0 0x00000000
5 PIO_inst 0_DIRECTION Direction PIO_inst 0 000000004
6 F! App Co | - Target U | Error L | &5 Progre | 09° Vuiablﬂeo Breskp 41 Registe i
7 H
M Debug views for debug of |& ¢ T " s———
. 9 9 . ‘wm“wName Value |Size Access
S O ftwar e d r I V e r S — T “—gAJ?;LéASI\;;;“-Ot 0_DATA exeeeazeee 32 R/'W
¥ i _inst 0_ X
_ S elf-d ocum enti ng +# @ JTAG_UART inst 0 CONTROL  exeese2eee 32 R/W
= (= PIO_inst 0
1 + @ PIO_inst_ 0_DATA exeeeeeeee 32 R/W
- Grouped by pe”pheralv + @ PIO_inst_0_DIRECTION exeeeeeeee 32 R/W
register and b|t_f|e|d # @ PIO_inst_0_IRQ_MASK 0x00000000 32 R/W
+ @ PIO_inst 0_EDGE_CAP exoeeeeeee 32 R/W
@ PIO_inst 0_SET_BIT nte 32 WO
@ PIO_inst_0_CLEAR BITS rite 32 WO
= = SYSID_inst 0
S S + @ SYSID_inst 0 ID @xDEADBEEF 32 R/W
+ @ SYSID_inst 0_TIMESTAMP ex58A91FC1 32 R/'W

Peripheral register =
. n
2013 Aera Corpraton—Contaenta descriptions ANTERAY
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One Device, Two Debugging Tools?

ARM® DS-5™ Toolkit

- USB Blaster '\\
= sel pEER

" ARM | ARM

Cortex-A9 Cortex-A9

m Dedicated JTAG connection

m Visualize & control CPU

m Dedicated JTAG connection
subsystem

m Visualize & control FPGA

/AVOTS RYA),
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Single USB-Blaster target connection
for software and hardware debug

Automatic creation of register views

FPGA Adaptive

of FPGA peripherals

Non-intrusive trace of CPU software instructions correlated
with application events and FPGA hardware events

Hardware cross-triggering between the CPU and FPGA
domains

Simultaneous debug and trace for Cortex-A9 cores and
CoreSight™-compliant cores synthesized on FPGA

Streamline support: Statistical analysis of software load
and bus traffic spanning the CPUs and FPGA

© 2013 Altera Corporation—Confidential
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m Performance
bottlenecks in SoCs
often come from the
CPU interaction with
the rest of the SoC

m Streamline visualizes
software activity with
performance
counters from the
SoC and FPGA to
enable full system-
level analysis

m Streamline only
requires a TCP/IP
connection to the
SoC

© 2013 Altera Corporation—Confidential

C Oz
Processor Counters, “ @ 5scasraiz g
Aggregated, or Per Core
L @1GH: avg . _‘
‘ ; \/ @ 77181 Mz avg. ||

Power Consumptlon l il

s ©11117

FPGA Block Counters ! el

B , = e 12660080 )
[icte] i PN | |
v m,m ' Process/Thread Heat Map
| Do) o sl sl
1  xacs 432001 |
P [qatord #3192]
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Altera SoC
Operating System Support
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Embedded SW Availability

ENEA 5" Vicosoft EREGE WIND RIVER L

Vendor OS/RTOS Lesele BmEn Availability
Tools

Open Source Linux 3.11 Linaro compiler Now through Altera

Wind River Systems | VxWorks 6.9.3 Workbench 3.3.3 ' Now through Wind River
Micripm HC/OS-1I, pC/OS-llI GNU compiler Now through Micripm

Enea OSE 5.5.3 Optima 2.6 Now through ENEA

Express Logic ThreadX G5.5.5.0 GNU compiler Now through Express Logic
Wind River Systems | Wind River Linux 5 Workbench/GNU ' Now through Wind River

QNX QNX/Neutrino 6.5.3 Momentics Now through QNX

Fujisoft Android GNU compiler Now though Fujisoft

Green Hills INTEGRITY Multi/Green Hills = Now through Green Hills
Microsoft Windows Embedded 7 = Microsoft/Studio | Now through iWave

Code Time Abassi ARMCC/GCC Q4 2013

Mentor Nucleus GCC Q4 2013

eCosCentric ECOSPRO (eCos) GCC Q4 2013

Micri ic
MM Y E— @ eCosCentric AA‘express /NETEVA

©2013 Attera Corporation—Confidential IECTRarReIEs Green Hills <
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SoC Linux Development Branch

m Current Feature Set
— Sources only
— Documentation

— Current configuration:

e Kernel v3.9, U-Boot 2012.10, Yocto
Project v1.3, Poky 8.0

m Linux Kernel v3.9 SMP

— UART, Ethernet, 12C, LCD,
EEPROM, GPIO, SD/MMC, FPGA
support, USB, QSPI

— Location: git.RocketBoards.org
m Update Kernel every 3 months

m Update Development Branch 0 R()CkeJ[BOardSOFg

every 2 weeks

/AYOTS RYA),
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Embedded SW Availability (Japan)

Vendor OS/RTOS Development Availability
Tools

eSOL eT-Kernel (UITORN4.0) eBinder Now through eSOL (USB:Q4)
eForce uC3 (uITRON 4.0) ARMCC/SoCEDS Now through eForce
Toppers  Toppers (UITRON extended) EDS/Toppers Q4 2013

Mispro NORTIi(uITRON 4.0 standard) ARMCC Q4 2013

/AVOTS RYA),

© 2013 Altera Corporation—Confidential
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Altera OpenCL SDK

MEASURABLE ADVANTAGE ™
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Introduction
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The Quest for Performance

Programmability

Heterogeneous
Programming

Architecture

(@{={Ul Single-Core Multi-Core PCle Accelerator

AVX/OpenMP

Memory Controller

Programming Lanquage
OpenCL

Performance

>

/AVOTS RYA),
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Dozens of High-speed transceivers

Millions of logic elements
x Hardware-centric

— Thousands of 20Kb memory blocks
— Thousands of Variable Precision

=2 )
[ = 3
O o .2 ©°
o S o @
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Logic
Element

Programmable
Routing Switch

v' Massive Parallelism
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FPGA Sweet Spot

Low SMT SIMD SPMD L L
Latency Bit Point
CPU ++ + : - + + -

(branch
prediction)

Control Compute Intensive
t*'ulull'*!!

MEASURABLE ADVANTAGE ™
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Application Sweet Spot

Current Target

~ ~uQsys

G

L~ /7% DsPBuilder

Application

Q“E;F\'.. "
Designer > ‘
Design Flow OpentL
Design Activity
Design Constraints
Data Type

Today Beta Research
Hardware Knowledge
y . J

© 2013 Allera Corporanon—Cconnidential
MEASURABLE ADVANTAGE ™

43



Typical FPGA Design Entry

always @(a or b or c or d or sel)
begin
case (sel)
2'b00: mux_out = a;
2b’01: mux_out = b;
2b’10: mux_out = c;
2’b11: mux_out = d;
endcase

mux_out

m Hardware circuits are described using Hardware
Description Languages (HDL) such as VHDL or

Verilog

m A designer must describe the behavior of the

algorithm to create a low level digital circuit of it
— Logic, Registers, Memories, State Machines, etc.

AITERA
=
© 2013 Altera Corporation—Confidential
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Typical PLD Design Flow

L RTL simulation
- Functional simulation
LI LI LT | - verify logic model & data flow

Schematic entry/RTL
coding/Qsys/DSP Builder/OpenCL

l - Behavioral or structural description of design

LE 'V'5‘12 Synthesis (Mapping)
- Translate design into device specific primitives
- Optimization to meet required area & performance constraints
MA4K/MOK /O - Quartus Il synthesis or 3 party synthesis tools

. @ W | - Result: Post-synthesis netlist
b o
Place & route (Fitting)

\ - Map primitives to specific locations inside
target technology with reference to area &
performance constraints
- Specify routing resources to be used
- Quartus Il Fitter

- Result: Post-fit netlist Am

MEASURABLE ADVANTAGE ™
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Typical PLD Design Flow

Timing analysis (TimeQuest Timing Analyzer)

\

I g o
L ur

\

- Verify performance specifications were met
- Static timing analysis

Gate level simulation (optional)
- Simulation with timing delays taken into account
- Verify design will work in target technology

SignalTap°

PC board simulation & test
- Simulate board design
- Program & test device on board
- Use SignalTap Il Logic Analyzer or
other on-chip tools for debugging

© 2013 Altera Corporation—Confidential
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The Key to Performance

Maximize Throughput
Minimize Latency

Parallelism Memory Access

Pipelining « Avoid transfer/copy
* Instructions » Work in local memory instead of
* Processes shared memory

Loop unrolling » Coalesce accesses

Duplication (SPMD)

Multi-threading (SMT)

© 2013 Altera Corporation—Confidential
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FPGA Acceleration

Efficient Power
m Custom Processors
o O e

— Optimized for task
® Small soft scalar processor
® Larger vector processor
® Hardware pipeline

— Dedicated local memory
m Acceleration

— Multiple engines for SMTé
— Replication for SPMD

— Pipelining for more throughput

Processor

‘\
Processor Memory Processor Memory

J
l Processor | Memory | Processor Memory

TVEUVEEE AT R —|

L IS O 2 I

] ] . ] . u
] ] . ] . u
] ] . ] . u
] ] . ] . u
] ] . ] . u
] ] - ] - u
] ] . ] . u
] ] . ] . u
u u . u . u
I_ 1 o o TAAAAAAAEas

éA! E E:, H"%AB
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OpenCL Overview

MEASURABLE ADVANTAGE ™
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OpenCL (Open Computing Language) Overview

m Software programming model:
— C/C++ API for host program
— OpenCL C for acceleration device

m Provides increased performance

with hardware acceleration
— CPU offload to appropriate
accelerator

® Local Memory Low Level

® Explicit Parallelism /_ Programming
— Task (SMT) Language!
— Data (SPMD)

m Open, royalty-free, standard

- Managed by Khronos Group KHRCONOS.
— Altera aCtive member CONNECTING SOFTWARE TO SILICON Vi
— Conformance requirements o
. —=== (AOERA, (intel
® V1.0 is current reference ESE===I (AERA. L/
® V2.0 is current release Google FUﬁTSU snodbcom
—  http://www.khronos.org Lo, >
' : : £ XILINX. ARM Alm
© 2013 Altera Corporation—Confidential @‘\ . .
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http://en.wikipedia.org/wiki/File:OpenCL_Logo.png
http://www.khronos.org/
http://www.khronos.org/
http://www.khronos.org/
http://altera.com/
http://www.google.com/
http://www.fujitsu.com/
http://www.ibm.com/
http://www.amd.com/
http://www.arm.com/
http://www.intel.com/
http://www.nvidia.com/
http://www.ti.com/
http://www.samsung.com/
http://www.ericsson.com/mobileplatforms

Altera OpenCL Program Overview

m 2010 research project m Public release v13.1
— Toronto Technology Center — Installation image accessible
from ACDS download
m 2011 Development started infrastructure
— Proof of concept — Documentation available
— 9 customer evaluations online

— Boards available from vendor

= 2012 Early Access Program web site and ACDS installation
- Demo’s at Supercomputing 12 _ g,nnort flow in place
— Over 60 customer evaluations _ Optimization improvements
m 2013 First public release - SoC support
— Public announcement with - Design Examples on
release Altera.com

— Passed v1.0 conformance

/AYOTS RYA),
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Passed OpenCL Conformance!

m First FPGA to pass OpenCL conformance
— OpenCL v1.0 specification

m >8500 Programs tested

@ Knronos Conformant Companies [ -

English #3 | B 51200 | KITE | Chapters

GROUP
CONNECTING SOFTWARE TO SILICON
%] OpenCL. OpenGL OpenGL ES WebGL WebCL coLLADA gITF OpenVG
C 0 n fo rm a nt P rod u cts OpensL ES OpenMAX AL OpenMAX IL EGL Streaminput Openvx Camera Other
Home » C: » Adopters » Conformant Companies »
QUICK LINKS: Ovenview Adopters Implementers  Adopter Companies  Conformant Companies  Conformant Products  IP Framework
OpEﬂCL GpEnGL ES OpEﬂGL 5C OpEﬂKC}DE Clpen\." Conformant Companies
I opencL I OpenGL Es I OpenGL sC I coLLapa I OpenkODE I OpenvG I OpensL Es I OpenMAX AL | Openmax IL _

Intel 2013-09-11 OpenCL_1 2

OpenCL
Windows 8.1 64-bit pre-release build running on ¥B6_32 wi

. . 5 Altera Corporation is the leader in innovative custom logic solutions, and has been ever since inventing the world's first reprogrammable
Confidential Product Windows ,

logic device in 1984. For more information, please visit hitp-//altera.com/.

Intel 2013-09-11 OpenCL_1_2
AM D n The AMD Imageon product family of media processors provides high-quality, feature-rich 20 & OpenGL ES-accelerated 3D graphics,
N - _hi . H H 1 gaming, video applications and support a variety of multimedia features necessary for today's mobile consumer. For mere information,
Product: Windows 8.1 32-bit pre-release build running on  x86_32 wi T

Confidential Product Windows

Apple ignited the personal computer revolution in the 1870 with the Apple Il and reinvented the persanal computer in the 1980s with

Intel

20130823 OpenCL_1 2

Windows 8 64-bit 9200 (RTM) running on Confidential ¥B86_32 with minimum requirement of SSE 4_2
Product Windows 8 64-bit RTM

Altera Corporation 2013-08-03 OpenCL_1 0
MNallatech PCle-385M (Altera Stratix V AT) Altera Stratix V FPGA

Intel 2013-07-23 OpenCL_1_2

AITERAY
© 2013 Altera Corporation—Confidential http://www.khronos.org/conformance/adopters/conformant-companies AP AT AT A

http://www.khronos.org/conformance/adopters/conformant-products
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http://www.khronos.org/conformance/adopters/conformant-products
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http://en.wikipedia.org/wiki/File:OpenCL_Logo.png

Heterogeneous Platform Model

OpenCL
Platform
Model
(Compute) Device
Compute Unit
Processing
Element
Example %86
Platform

© 2013 Altera Corporation—Confidential
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Heterogeneous Platform Model

OpenCL
'\P/Ila;folrm Device Device
O e [+ cu
n D .I T
Example %86
Platform

© 2013 Altera Corporation—Confidential :
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Use Model: Abstracting the FPGA away

OpenCL 7 bal float *
+ __globa oa a,
Host Program + Kernels ~global float *b.
clEnqueuelWriteBuffer __global float *y)

int gid = get_global_id(9);
y[gid] = a[gid] + b[gid];

Standard Altera
gcc Offline
Compiler Compiler

T

i @ { \
J TN

{
- il o,
7

© 2013 Altera Corporation—Confidential
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Use Model: clCreateProgramWithBinary

fp = fopen(“file.aocx","rb");
fseek(fp,0,SEEK_END);

IAITERAN lengths[@] = ftell(fp);

binaries[@] = (unsigned char*)malloc(sizeof(unsigned char)*lengths[0]);
rewind(fp);

fread(binaries[0],lengths[0],1,fp);

fclose(fp);

clGetPlatforms \
B kernel
cl_platform const char**
N

clGetDevices

clCreateProgramWithBinary Offline
cI_device C|_program Comp"er
N clCreateContext
cl_context clBuildProgram
cl_program |

exe Kernel (src) [

Kernel (src)

cl_command
_queue

CL File
OpenCL “Program”
Bitstream

cl_kernel
exe

éA! E f,:, H"zAB
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Altera Reference Platforms

_ Network Enabled High Performance Computing (HPC)
SeEfETA Low Latency Compute Power/
i Memory Bandwidth

Stratix V FPGA

|
|
|
|
Architecture |
|
|
|
|

—

LN — e S E—— E—

e SEIRY A DDR and QDRII+ Large amount of DDR
IO Channels 2x10GbE (MAC/UOE) None (Minimize IP overhead)

* OPRA (Streaming) « Option Pricing
« Trading (with global memory access)

Reference

Design

/AYOTS RYA),

© 2013 Altera Corporation—Confidential
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Altera Reference Platforms

 |sec
Real Time Acceleration

Cyclone V SoC FPGA

H2F/F2H

Architecture

256bit,
100Mhz

LWH2F CSR

F2S

Kernels

Global Memory DDR
IO Channels None

« Ray tracing (demo)

Reference Design [ Optical Flow

/AVOTS RYA),
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Altera SoC Reference Platform for OpenCL

OpenCL C
C/C++ API
host.c device.cl Reference
7 7 y Design
Compiler
Software Layer Hardware Layer
Y .
| AOCL DDR3 800MHz
Gpanet.n | install Less) v
AOCL ‘ FPGA
! flash 5 Marjager
- AOCL e
_program S Reference
AOCL g Platform
diagnose =
HAL k =
HPS
MMD CV
\ :
Reference
Board

59
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Altera HPC Reference Platform for OpenCL

C/C++ API

OpenCL C

61

64-bit
» RHEL 6.4
* Windows 7

host.c device.cl —l Reference
7 Design
Compiler
Software Layer Hardware Layer 1
Y
AOCL DDR3 800MHz ]
OpenCL.h insta“ D?JXR(:?EI;OBD)MHZ
AOCL SV: CvP
| flash ©
' AOCL e
| program S Reference
" AOCL § Platform
l diagnose =
HAL
‘ MMD Cle gen2x8
Reference
Board




Altera Network Enabled Reference Platform for OpenCL

62

OpenCL C
C/C++ API
host.c device.cl —l Reference
7 7 Design
Compiler
Software Layer Hardware Layer 1
\ 4
AOCL DDR3 800MHz ]
OpenCL.h install D?JXR(:?EI;OB[;MHZ
AOCL SV: CvP
| flash s
- AOCL 2
__program Tox (ows) | O Reference
w DRIl+ 550MHz e
{ A_OCL o (16ME) 3 Platform
| diagnose HOGDE =
AC/UOE
HAL 10GbE
AC/UOE
‘ MMD Cle gen2x8
N\ \
®’ !.ga Rl 0] 0 < {
— | T Device Reference
{ - it : - Board
s5_hft (S5PH-
64-bit -hit( Q
* RHEL 6.4
* Windows 7




Altera Network Enabled Reference Platform for OpenCL

& ﬂ

OpenCL
DDR3 Memory Interface
CvP Update
DDR3 Memory Interface Reference
Design
i QDRI Memory Interface
| |
| |
QDRI Memory Interface | |
_ | |
(&
()
c
QDRI Memory Interface c
S Reference
D
5 OpenCL OpenCL latform
m QDRI Memory Interface = Kerne|s Kerne|s
" — —
10Gb MAC/UOE Data - —
Interface — -
10Gb MAC/UOE Data
Interface
PCle gen2x8 Host Reference
Interface Board
_ : : :T s5_hft (S5PH-Q)
64-bit -
* RHEL 6.4
+ Windows 7

63




OpenCL Modular Hardware Architecture

Built with
Altera
OpenCL
Compiler

DDR3 Memory Interface

CvP Update

y

DDR3 Memory Interface

QDRII Memory Interface

QDRI Memory Interface | |

QDRI Memory Interface

OpenCL OpenCL
Kernels Kernels

Interconnect

QDRI Memory Interface

10Gb MAC/UOE Data — '
Interface oy

10Gb MAC/UOE Data
Interface

PCle gen2x8 Host
Interface ’\ Prebuilt
BSP with
standard
HDL
tools

/AYOTS RYA),
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Heterogeneous Memory Support v13.1 Beta

m Memories with different
characteristics

Device

: - DDR
: - ® Sequential Access
] -~ QDR
® Random Access
o

__kernel void foo( B
e hute ot rer Tocationon) ) M Combine different

) memories

fooldatalils — Attribute-based

}

/AN O[3 RY/A\
®
© 2013 Altera Corporation—Confidential
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Channels v13.1 Beta

Altera Vendor Extension

Channels
Kernel to kernel and kernel to 10

Standard OpenCL

Interface Interface
DDR CvP Update m‘— DDR3 CvP Update
Interface Interface
QDRII m._ QDRII
Interface 1 1 Interface
QDRI L L m._ QDRI
Interface ] ] Interface °
QDRI m._ QDRI =
Interface Interface 8
QDRII OpenCL gpenCI:L QDRII P gpen?L gpenCI:L
Interface SmEs m_ Interface = CMEkE SMEs
10Gb 10Gb
Interface
10Gb 10Gb
Interface
O

nterface

channel int DataChannel:

kernel producer(...) {

write channel altera(DataChannel, wvalue);
1
kernel consumer(...) {
value = read channel altera(DataChannel);
© 2013 Altera Corporation—Confidential }
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Custom Board Support Generation v13.1 Beta

I
DDR3 Memory
Interface | Avalon MM |
DDR3 Memory CvP Update
Interface | Avalon MM |
- QDRII Memory
QD Interface | Avallon MM |
| |
| | |
QDRII Memory | Avalon MM | | |
Interface - | |
(&}
[<H)
tertace | Avalon MM | #
(&)
= OpenCL OpenCL
QDRI Memory | Avalon MM |
Interface Kernels Kernels
- —
10Gb MAC/UOE u u
Interface | Avalon ST | - u
10Gb MAC/UOE
Interface | Avalon ST |
PCle gen2x8
Host Interface | AV&|IOI’] MM |

Interfaces to compiler
m Host CPU Interface: Avalon Memory Map

m  Global Memory: Avalon Memory Map
A TE
© 2013 Altera Corporation—Confidential | OptIOn 10: Avalon Streaming m
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External Function Interface

m Ability to quickly integrate IPs in OpenCL

— Support Avalon Streaming based IPs in 14.0

myMod.v
module myMod (input clock,
input din,
RTL )
Module
endmodule
proc element.cl
extern void myfunc(..);
void kernel proc element () {
OpenCL Altera
Program X = myfunc (a, b, ...) ’ OpenCL
} Compiler
myMod.xml
/ <EFI SPEC> I
<FUNCTION
name="myfunc”
EFIl Spec module="myMod” ..>

<FILE name=“myMod.v” >
</EFI_SPEC> j
© 2013 Altera Corporation—Confidential

68

proc_element.v

//;odule \\\

proc_element (
input clock,
input , ..)

myMod mod inst (
.clock (clock),
din(..), ..

\\fndmodule 4//

QUART

JS*II

MEASURABLE ADVANTAGE ™
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Installable Client Driver (ICD) v14.0 Beta

m Different Platforms can co-
exist on same host

Device

m Host links against ICD library

Yeon* 5500
AT e = J
= Runtime brings in vendor — f ol
library et
Grratix vV

alteraopencl.dll

ALTERAN

MEASURABLE ADVANTAGE ™
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OpenCL + FPGA Key Benefits

m Higher performance/watt vs. CPU/GPGPU
— Offload performance-intensive functions from the host processor to an FPGA
® Implement exactly what you need
® Pipeline parallel structures
e® Custom interconnect converging with data processing cores
m Lower power vs. CPU/GPGPU
— Core frequency lower: 200-250MHz vs 1GHz
— Turn off unused logic
— Up to 1/5 the power

m Faster development vs. traditional FPGA design flow
— Higher level of design abstraction

m Higher department productivity
— Leverage your software development team
— Familiar C-based design entry

m Portability & Obsolescence free
— Code can transfer between different HW accelerators (CPU, GPGPU, FPGA, etc)
— FPGA life cycle considerably longer than CPUs or GPGPUs AIEIERA a

© 2013 Altera Corporation—Confidential
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Product Information & Design Flow
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How to Get OpenCL T E———

= V] |Quartus II Subscription Edition
V| Quartus II Software 64-bit support (1024M8)
- v Devices

Part of ACDS v13.1 installation ot g

[V] Altera SOK for OpenCL (1555.6M8)

Dedicated download page at http://dl.altera.com/opencl/
Requires licensed Quartus software
Supported on Windows and Linux

Still need standard GCC compiler for host side code
— Visual Studio, Eclipse...etc.

/AYOTS RYA),
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http://dl.altera.com/opencl/
http://dl.altera.com/opencl/

What is included with the Altera SDK for OpenCL?

m Offline compiler (aoc)
— GCC based model

m Altera OpenCL utility (aocl)
— Diagnostics for board installation
— Flash or program FPGA image
— Install board drivers (typically PCle)

m Host libraries
— Required by host code and provided by the vendor (Altera)

m APB Board driver

m Design examples
— FFT, vectoradd, matrixmult, moving average

/AYOTS RYA),
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Altera SDK for OpenCL Product Detalils

m Altera SDK for OpenCL Licensing "
— Purchase a 1 year perpetual license OpencL

— Fixed & float available
— 60-day evaluation license available on request
— Requires Quartus Il v13.1 Subscription Edition or Development Kit Edition

m OS
A"’ — Microsoft 64-bit Windows 7
A - Red Hat Enterprise 64-bit Linux (RHEL) 6.x

= Memory requirements

— SDK: Computer equipped with at least 16 GB RAM
— Quartus Il: Refer to memory requirements for target FPGA

/AYOTS RYA),
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Altera Preferred Board Partner Program for OpenCL

m Provide customers with a portfolio of COTS boards
to evaluate, develop and go-to-production with

m Customers can develop code and target
that preferred board

— Altera SDK for OpenCL flow has been verified on the board ’ 1
— Ensures an exceptional out-of-box customer experience m,m,:om,o,;
for the customer OpenCL™
m Customer purchase directly from partners - J

m Altera’s Preferred Board include:

— Includes Quartus Il Development Kit Edition Software (one year license)
— Includes an Altera SDK for OpenCL License (one year, perpetual license)

/AYOTS RYA),
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APBs Available as of 13.1 Release

Altera DK-DEV-5CSXC6NES Cyclone V SX SoC Part of ACDS 13.1
BittWare S5PH-0Q Stratix V D5 Part of ACDS 13.1
S5PH-0Q Stratix V D8 Part of ACDS 13.1
S5PH-Q Stratix V A7 Contact BittWare
S5PH-0Q Stratix V AB Contact BittWare
S5PH-DS Dual Stratix V AB Contact BittWare
Terabox 8, SS5PH-DS Boards  Contact BittWare
Nallatech = 385-A7 Accelerator Card Stratix V A7 Part of ACDS 13.1
385-D5 Accelerator Card Stratix V D5 Part of ACDS 13.1
PLDA XP5S620LP-40G Stratix V A7 Contact PLDA
Terasic DES Stratix V A7 Contact Terasic

/AVOTS RYA),
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http://www.altera.com/products/devkits/altera/kit-cyclone-v-soc.html
http://www.altera.com/products/devkits/altera/kit-cyclone-v-soc.html
http://www.altera.com/products/devkits/altera/kit-cyclone-v-soc.html
http://www.altera.com/products/devkits/altera/kit-cyclone-v-soc.html
http://www.altera.com/products/devkits/altera/kit-cyclone-v-soc.html
http://www.bittware.com/products-services-fpga-cots-hardware/s5-pcie-hq
http://www.bittware.com/products-services-fpga-cots-hardware/s5-pcie-hq
http://www.bittware.com/products-services-fpga-cots-hardware/s5-pcie-hq
http://www.bittware.com/products-services-fpga-cots-hardware/s5-pcie-hq
http://www.bittware.com/products-services-fpga-cots-hardware/s5-pcie-hq
http://www.bittware.com/products-services-fpga-cots-hardware/s5-pcie-hq
http://www.bittware.com/products-services-fpga-cots-hardware/s5-pcie-hq
http://www.bittware.com/products-services-fpga-cots-hardware/s5-pcie-hq
http://www.bittware.com/products-services-fpga-cots-hardware/s5-pcie-hq
http://www.bittware.com/products-services-fpga-cots-hardware/s5-pcie-hq
http://www.bittware.com/products-services-fpga-cots-hardware/s5-pcie-hq
http://www.bittware.com/products-services-fpga-cots-hardware/s5-pcie-hq
http://www.nallatech.com/OpenCL/nallatech-385.html
http://www.nallatech.com/OpenCL/nallatech-385.html
http://www.nallatech.com/OpenCL/nallatech-385.html
http://www.nallatech.com/OpenCL/nallatech-385.html
http://www.nallatech.com/OpenCL/nallatech-385.html
http://www.nallatech.com/OpenCL/nallatech-385.html
http://accelize.com/products/fpga-platform-components/fpga-network-accelerator-cards/fpga-compute-card-xp5s620lp-40g.html
http://accelize.com/products/fpga-platform-components/fpga-network-accelerator-cards/fpga-compute-card-xp5s620lp-40g.html
http://accelize.com/products/fpga-platform-components/fpga-network-accelerator-cards/fpga-compute-card-xp5s620lp-40g.html
http://www.terasic.com.tw/cgi-bin/page/archive.pl?Language=English&No=526

Altera SDK for OpenCL Design Flow

Getting Started Guide (document)

Programming Guide (document)

Vv

Develop kernel code Build, compile & Compile the
- and compile on link the host OpenCL kernel Run the
2 CPU/GPU for application (Visual with Altera offline application
A functional correctness Studio/GCC) Compiler (aoc)
Optimization Guide (document)
Optimize kernel for
IS L FPGA hardware <
£
a
O

/AN O[3 R¥A\
*
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http://www.altera.com/literature/hb/opencl-sdk/aocl_getting_started.pdf
http://www.altera.com/literature/hb/opencl-sdk/aocl_programming_guide.pdf
http://www.altera.com/literature/hb/opencl-sdk/aocl_optimization_guide.pdf?GSA_pos=4&WT.oss_r=1&WT.oss=optimization guide

Applications

MEASURABLE ADVANTAGE ™

© 2013 Altera Corporation—Confidential %




AES Encryption

" |

m Encryption/decryption 4 Nallatech

White Paper

Nonce Counter Nonce Counter Nonce Counter
©58bct35. 06000000 c58bcf35. 00000001 c59bcf35. 00000002
[ENEEEEENEREEE] [ENEENEEENENEN] [ENEEENEENEENE]
block cipher block cipher block cipher
Key Key encryption Key encryption
Plaintext*n? Plaintext *»ejg Plaintext *»?
[NENEENEEE NN ] [NENEEE NN NN ] [NEENEN NN NN ]
Ciphertext Ciphertext Ciphertext

Counter (CTR) mode encryption

m Advantage FPGA
— Integer arithmetic
— Coarse grain bit operations
— Complex decision making

m Results

Platform Performance  Efficiency
(W) (GBI/s) (GB/s/W)

© 2013 Altera Corporation—Confidential
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Multi-Asset Barrier Option Pricing
8192

624 Billons of terations

Iterations RNG's  Billions of S/mu/at/'on
No closed form solution possible ‘

High quality random number Task Task

generator required
- - - - - 160 E B Sk . —— — —— -
Billions of simulations required ol ———

m Monte-Carlo simulation

m Used GPU vendors example code .

m Advantage FPGA
Complex Control Flow

rice

Average

Stock P

=
t=3

m  Optimizations
— Channels, loop pipelining

m Results

St”ke P”Ce

Performance  Efficiency

Power
(Msims/s/W) ' 08

Platform
(W) (Bsims/s)

© 2013 Altera Corporation—Confidential
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Document Filtering

m Unstructured data analytics

— Bloom Filter
—t—

Feed1 r
~ ‘
—_— Report /
Frontend L, bynaric e Caneg. St
P Aggregation 1 patabase oring Generation
Feed N —_— 4.1.; _
. Search Profiles ’

m Advantage FPGA
Integer Arithmetic

Flexible Memory Configuration

are comverted into load units
ible for issuing addresses 10

oo from amys A a0d B
he retumed data. The two

which are small circurts respons!

mal memory and processing § 3
:t‘:md values are fed directly into an adder unit rbpoim
bl for cakulating the floating point addition of these two
values. Finally,the result of the adder 1s wired directly to 2

! | memory.
ore unit that writes the sum back to extemna )

The mostimportant concept behind the O;rnCL-mFPGA
compilr i the noton of pipeline paralelism. For simplic-
iy, assume the compikr hascreated 3 pipeline stages for the
kernel s shown in Figure 3. On the first clock cycle, thread

D/ DTS« Ty 2 o
ont || tond || 10 ] tog || o0 [] tona

L | I

o e ol e
v v W

Store | Seore Swore |
L = L
L b Second Cycie el Thed Cyce

Fig. 3 Example of Pipeline Parallelism

Ois clocked into the two load units, This indicates that they
should begin fetching the first lements of data from arr.n;
Aand B. On the second clock <ycle thread 1 is clocked ul
a ll:;‘:m\- tme thread 0 has completed it read from mem.
“v:\;m 4 ):vml the results in the registers following the Joad
inas On e 3, thad2is ke n,thred | captures
I;\r:‘:]m\i data, and thread stores the sum of the two val-
o ‘;;LI.\&\! Itis evident that iy the steady-state, u.
of w;rinrmaanc.unhmh stage pr ki :
different threag. e
Figure 4 shows 5
o Ot sa {"sh level representagion of a com-
it Ystem containing multiple »
circuitry conpecy e el pipl
B "Ctng these pipefines if. =
s, In additiog 10 the kerne| o tp dta -
N [ Ptpeline, ACL cregges .
[ [FPGA

local memory accesses are connected through a spcmlmd
Jocal me S ! ¢
interconnect structure (0 onchip MIK RAMs.
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OpenCL can be used to ex-
thm. Document filtering

In this section, we explore how
f documents and

press a document filtering algori
imvolves looking at an incoming stream 0|
finding the ones that best match a user's interest. An exam-
ple of such a system would be the use of a filtering mccha
nism which monitors news feeds and sends relevant articles
{0 a user's email account. [n general, this application is an
example of performing analytics on unstructured data such
as text files, HTML pages, emails, and video files. It has
been estimated that up to 80% of all relevant data for busi-
nesses is in unstructured form [12].

In[13, 14, 15], it was illustrated that FPGAs can offer
compelling advantages for document filtering in terms of
performance and power. We briefly review the basics here.
The algorithm, illustrated graphically in Figure 5, attempts
10 find the best matching documents for a specific search
profile. The search profile is the filter which matches docu-

Search Profile

m Results
Platform Performance  Efficiency
(MTs) (MTs/W)

nVidia Tesla C2075
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Consumer (Japan)

m Image Processing
— Adaptive weighted images

+ + +
Clu dlxy Cl(l 1)Jd2xy Czudw CZ(I l)Jd2

Py = Z W -

Image

m Advantage FPGA e
— Integer Arithmetic

m Results

Platform Power Performance  Efficiency
(W) (ZS)) (FPS/W)

éA! E E H"zAB
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Smith-Waterman

m Sequence Alignment
— Scoring Matrix
H(0)=0,0<i<m

H(0,j)=0,0<j<n
if a; = bythenw(a;, b;) = w(match)or if a; 7 by then w(a;, b;) = w(mismatch)

H(i—1,7)+ w(a, —) Deletion (7 — — 77 =Y~

0
H(i,j)max[ﬂ(tl’jl)_F w(a;, b;) Match/Mismatch l<i<ml<j<n

H(i,j— 1)+ w(—b;) Insertion

m Advantage FPGA
— Integer Arithmetic
—  SMT Streaming

m Results

Platform Power Performance  Efficiency
(W) (MCUPS) (MCUPS/W)
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Multi Function Printer

m Image Processing

— RGB output of raster scanner converted to
CMYK colorants for printing

m Advantage FPGA
— SoC Solution
— 10 and Kernel Channels
— Heterogeneous memory accesses

m Goal 50PPM at Ad/letter size

m Results

— >40X improvement over C based algorithm on
ARM only

® No NEON coprocessor used
— C6 speed grade part improved 20% to 128PPM
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Effective PPM vs # of Input Pages
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RayTracing Demo using OpenCL
on an SoC

October 21, 2013
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Raytracing Graphics Overview

m Very high degree of visual realism but high

computational cost

— Non-realtime rendering (e.g. 3D animation movies)
m Generates an image by tracing the path of light through

pixels in an image plane

m Simulates the effects of the rays’ encounters with

virtual objects

Image
Camera

8 Light Source

View Ray \

Shadow Ray

Source: www.wikipedia.com
© 2013 Altera Corporation—Confidential
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Scene Object
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Ethernet Cable (For Video Output)

shidbiidd

.........

USB to MicroUSB

; " Cable
- @ . == (For Serial Terminal)

l *

o coperaon—comcental - Cyclone V SoC Development Board
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Raytracer demo (using OpenCL on SoC)

f S|mple scene i complex scene

init. primary rays 378 ms 1063 ms
calc. intersections 1326 ms X 54914 ms X
shadow ray calc. 1727 ms X 99891 ms X

(2 lights)

shading 1072 ms X 3198 ms X

TOTAL 4503 ms  95ms 47X 159066 4303 37x

ms ms

*all values for 1024x768 resolution AI]-_
1= RYA\
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Why SoC and OpenCL

m Host and accelerator in a single device
— Smaller boards
— Lower board cost

m Offload ARM with hardware acceleration in the FPGA
fabric

m OpenCL allows you to stay in the software
programming model without having to learn a Hardware
Description Language (HDL)
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Thank you
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