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Accelerating your algorithm with 
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using OpenCL, OpenCV  
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 Ray tracing demo 
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A Complete Solutions Portfolio 

CPLDs 

Lowest Cost, 

Lowest Power 

PowerSoCs 

High-efficiency 

Power Management 

FPGAs 

Cost/Power Balance 

SoC & Transceivers 

Design 
Software 

Development 
Kits 

Embedded Soft and 
Hard Processors 

FPGAs 

Mid-range FPGAs 

SoC & Transceivers  

P O W E R I N G  Y O U R  I N N O V A T I O N  

 R E S O U R C E S  

FPGAs 

Optimized for 

High Bandwidth 

Intellectual 
Property (IP) 

 Industrial 

Computing 

Enterprise 
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What is an FPGA? 

 Field Programmable Gate Array (FPGA) 

 LABs (Logic Array Blocks) arranged in an array 

 Programmable interconnect creates custom functionality regions 

in the array 
 Arbitrary complexity control instructions 

 Arbitrary width data instructions 

 Arbitrary  size memory 

 Processor units customized to your application 
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FPGA Logic Elements 

 FPGAs use multiple input LUTs 

 

 

 

 

 

 Multiple Families 
 Cyclone: cost and power balanced 

 Arria: midrange 

 Stratix: high bandwidth 
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FPGA Architecture 

 Massive Parallelism 
 Millions of logic elements 

 Thousands of 20Kb memory blocks 

 Thousands of Variable Precision 

DSP blocks 

 Dozens of High-speed transceivers 

 Hardware-centric 
 VHDL/Verilog 

 Synthesis 

 Place&Route 
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FPGA Architecture 

8 

ethernet I/O ethernet User Logic I/O 

Video I/O PCIe Video processing I/O 

Video I/O bus User Logic I/O User Logic 



SoC PLDs 

Hardware 

programmable 

Great flexibility 

Good power efficiency 

FPGA 

µP ASIC 

DSP ASSP 

Microprocessor + 

DSP + 

Application-Specific IP  + 

Programmable Logic Fabric  

 

Altera & Silicon Convergence 

General processors 

Software 

programmable 

Great flexibility 

Poor power 

efficiency 

Few  application 

specific features 

  

µP DSP 

Need for Efficiency » 

Application-specific 

Hard-wired, not 

programmable 

Poor flexibility 

Great power efficiency 

Many contain embedded 

processors 

  

ASIC ASSP 

« Need for Flexibility 



Providing the Best of Both Worlds 
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SoC FPGA 

28-nm FPGA 
Dual Core ARM Cortex-A9 

MPCore Processor 

Hard 

Memory 

Controller 

Peripherals 

ARM Processor System 

ARM + Altera = SoC FPGAs 



System-Level Benefits of Integration 

Increased system performance 
 Over 4,600 DMIPS for under 1.8W 

 Up to 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 

 

 

Reduced system costs 
 Lower component cost 

 Reduction in PCB complexity and cost  

 Less routing with fewer layers 
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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 
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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 
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SoC FPGA Device Portfolio 
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Tailored to Address  

Diverse Application Requirements 



 Altera established Austin Technology Center (ATC) in 2011 

 

 Altera’s primary embedded engineering center 

 

 Austin provides access to one of the richest embedded 

processing talent bases in the world 

 

Altera Investment in Embedded Technologies 
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Technical Details 



System Architecture 

 Processor 

 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 

 Multiport SDRAM controller 

 DDR3, DDR3L, DDR2, LPDDR2 

 Integrated ECC support 

 High-bandwidth on-chip interfaces 

 > 125-Gbps HPS-to-FPGA interface 

 > 125-Gbps FPGA-to-SDRAM interface 

 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): PCIe®  and 

memory controllers 
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High-Level Block Diagram 
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HPS 
 

FPGA 

 

System Throughput 
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Low Speed Peripherals 
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L2 Cache 
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Arria V SOC 

64 Gbps 

(250 MHz) 

 

Cyclone V SOC 

51 Gbps 

(200 MHz) 

128-bit RD 

128-bit WR 

128-bit RD 

128-bit WR 

 

Arria V SOC 

64 Gbps 

(250 MHz) 

 

Cyclone V SOC 

51 Gbps 

(200 MHz) 

128-bit RD 

128-bit WR 

256-bit RD 

256-bit WR 

 

Arria V SOC 

128 Gbps 

(250 MHz) 

 

Cyclone V SOC 

102 Gbps 

(200 MHz) 

256-bit RD 

256-bit WR 

256-bit RD 

 

Arria V SOC 

(533 MHz) 

 

Cyclone V SOC 

(400 MHz) 

32-bit R/W 

64-bit RD 

64-bit WR 

128-bit RD 

128-bit WR 

 

Arria V SOC 

16 Gbps 

(250 MHz) 

 

Cyclone V SOC 

12 Gbps 

(200 MHz) 

32-bit RD 

32-bit WR 



Coherent Memory Sharing 

 Coherent memory 

support for all masters 
 FPGA and HPS 

 

 ACP Mapper removes 

8-master limit  
 Up to 8 transactions in 

flight 

 Unlimited  transactions 

pending 

 

 High BW 
 64-bit port running at ½  

CPU clock 
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HPS DDR Memory Controller 

 One 64-bit AXI port for CPU 

 One 32-bit AXI port for L3 

 Up to six ports shared with FPGA 

 Six CMD ports 

 Four 64-bit RD ports 

 Four 64-bit WR ports 

 Direct connection (no switch) 

 Variable DRAM port width 

 8-bit 

 16-bit, 16-bit + ECC 

 32-bit, 32-bit + ECC 

 Up to 4GB of address map for DDR 

 TrustZone regions: 1MB boundaries 
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FPGA to HPS SDRAM Port Utilization 

 Total ports 
 4 Read 

 4 Write 

 6 Command 
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 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: 

 8, 16 and 32bit integer data formats 

 32bit floating point data 

 Registers are considered as vectors of elements of the same data type 

 Instructions perform the same operation in all lanes 

 Enlarges register file available to FPU 
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Development Flow & Tools 



System Development Flow 

FPGA Design Flow Software Design Flow 

Hardware 

Development 

Software 

Development 

Release Release 
• Quartus II Programmer 

• In-system Update 
• Flash Programmer 

Simulate Simulate 
• ModelSim, VCS, NCSim, etc. 

• AMBA-AXI and Avalon bus 

  functional models (BFMs) 

• Virtual Target 

Debug Debug 
• SignalTap™ II logic analyzer 

• System Console 

• GNU, Lauterbach, DS5 

 

• Quartus II design software 

• Qsys system integration tool 

• Standard RTL flow 

• Altera and partner IP 

• ARM Development Studio 5 

• GNU toolchain 

• OS/BSP: Linux, VxWorks 

• Hardware Libraries 

• Design Examples 

Design Design 



Qsys System Integration Platform 
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Avalon®  Interfaces 

AMBA®   AXI3*, AXI4* 

High-Performance Interconnect 

Based on Network-on-a-Chip  (NoC) 

Architecture 

Hierarchy Design Reuse 

Design 

System 

Add to 

Library 

Package as IP 

Real-Time System Debug Industry-Standard Interfaces 

*AXI3 & AXI4 support in 2012+ 

®  

 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 



Altera SoC Embedded Design Suite 

FPGA Design Flow Software Design Flow 

Hardware 

Development 

Software 

Development 

Release Release 
• Quartus II Programmer 

• In-system Update 
• Flash Programmer 

Simulate Simulate 
• ModelSim, VCS, NCSim, etc. 

• AMBA-AXI and Avalon bus 

  functional models (BFMs) 

• Virtual Target 

Debug Debug 
• SignalTap™ II logic analyzer 

• System Console 

• GNU, Lauterbach, DS5 

 

• Quartus II design software 

• Qsys system integration tool 

• Standard RTL flow 

• Altera and partner IP 

• ARM Development Studio 5 

• GNU toolchain 

• OS/BSP: Linux, VxWorks 

• Hardware Libraries 

• Design Examples 

Design Design 

 

Software 

Development 

HW/SW 

Handoff 

FPGA-Adaptive 

Debugging 



Industry First:  FPGA-Adaptive Debugging 

ARM®  Development Studio 5 (DS-5™) Altera® Edition Toolkit 

 Best multicore debugger for the ARM architecture 

 Exclusive OEM agreement between Altera and ARM 

 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 
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Altera 
  USB-Blaster™ 

Connection 



Visualization of SoC Peripherals  

 Register views assist the 

debug of 

FPGA peripherals 
 File generated by FPGA tool flow 

 Automatically imported in  
DS-5 Debugger 

 

 Debug views for debug of  

software drivers 
 Self-documenting 

 Grouped by peripheral,  
register and bit-field 

CMSIS 

Peripheral register 

descriptions 



One Device, Two Debugging Tools? 

31 

 Dedicated JTAG connection 

 Visualize & control CPU  

subsystem  

JTAG 

 Dedicated JTAG connection 

 Visualize & control FPGA 

ARM®  DS-5™ Toolkit Altera Quartus™ II Software 

JTAG 
DSTREAM™ 



DS-5 AE: Productivity-Boosting Features 

 Single USB-Blaster target connection 

for software and hardware debug 

 Automatic creation of register views 

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 
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System-Level Performance Analysis 

 Performance 
bottlenecks in SoCs 
often come from the 
CPU interaction with 
the rest of the SoC 

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

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

ARM®  DS-5™ Streamline 

Linux OS Counters 

Processor Counters, 

Aggregated, or Per Core 

FPGA Block Counters 

Power Consumption 

Process/Thread Heat Map 

Application Events 



Altera SoC 

Operating System Support 



Embedded SW Availability 
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Vendor OS/RTOS 
Development  

Tools 
Availability 

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 

Micriµm µC/OS-II, µC/OS-III GNU compiler Now through Micriµm 

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 



SoC Linux Development Branch 

 Current Feature Set 
 Sources only 

 Documentation 

 Current configuration:  

 Kernel v3.9, U-Boot 2012.10, Yocto 

Project v1.3, Poky 8.0 

 Linux Kernel v3.9 SMP 
 UART, Ethernet, I2C, LCD, 

EEPROM, GPIO, SD/MMC, FPGA 
support, USB, QSPI 

 Location: git.RocketBoards.org 

 Update Kernel every 3 months 

 Update Development Branch 

every 2 weeks 
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Embedded SW Availability (Japan) 
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Vendor OS/RTOS 
Development  

Tools 
Availability 

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 NORTi(uITRON 4.0 standard) ARMCC Q4 2013 



Altera OpenCL SDK 



Introduction 



The Quest for Performance 
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FPGA Architecture 

 Massive Parallelism 
 Millions of logic elements 

 Thousands of 20Kb memory blocks 

 Thousands of Variable Precision 

DSP blocks 

 Dozens of High-speed transceivers 

 Hardware-centric 
 VHDL/Verilog 

 Synthesis 

 Place&Route 
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FPGA Sweet Spot 
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Low 

Latency 
SMT SIMD SPMD 

Integer/ 

Bit 

Floating 

Point 
Power 

CPU ++ 

(branch 

prediction) 

+ - - + + - 

Control Compute Intensive 

DSP - + - - + + + 

Datapath Compute Intensive 

GPU - 

(deep 

cache) 

- ++ + - ++ - 

Array Processing Intensive 

FPGA + 

(flexible 

local 

memory) 

++ + ++ ++ - ++ 

Bit Manipulation Intensive 

++ 



Application Sweet Spot 

Current Target GPU 

Multi-Core CPU 

 

DSP/ 

Embedded 

FPGA 

Scope System 

(Heterogeneous Platform) 

 

 

 

 

 

Device IP Block 

Application • High Performance Computing 

(HPC) 

• Finance (HFT) 

• Energy&Oil 

• Military 

• Medical 

• Automotive 

• Industrial 

• Communications (baseband) 

• Broadcast 

• Consumer 

 

Designer Programmer Embedded Programmer Hardware Designer 

Design  Flow CUDA/OpenCL Code Composer Studio (TI C) Quartus II (Verilog/VHDL) 

Design Activity Task Parallelism 

Data Parallelism 

Real Time Function Acceleration IP Design and Integration 

Design Constraints • Throughput/Latency 

• Power Efficiency 

• Real Time Execution 

• Cost 

• Clock Frequency 

• Resource Utilization 

• Interface Requirements 

• Power 

Data Type • DP/SP Floating Point SP Floating Point 

32-bit Fixed Point 

Fixed Point 

Hardware Knowledge None (Coding Style Guidelines) Limited (macro architecture 

bandwidth level) 

Yes (protocol-level, timing closure, 

micro architecture) 
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Today Beta Research 

HLS 



Typical FPGA Design Entry 

 Hardware circuits are described using Hardware 

Description Languages (HDL) such as VHDL or 

Verilog 

 A designer must describe the behavior of the 

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

a 

d 
sel 

2 

b mux_out 
c 



Typical PLD Design Flow 
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Synthesis (Mapping) 
  - Translate design into device specific primitives 

  - Optimization to meet required area & performance constraints 

  - Quartus II synthesis or 3rd party synthesis tools 

  - Result: Post-synthesis netlist 

Design Specification Schematic entry/RTL 

coding/Qsys/DSP Builder/OpenCL 
    - Behavioral or structural description of design 

RTL simulation 

  - Functional simulation 

  -  Verify logic model & data flow 

LE 
M512 

M4K/M9K I/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 II Fitter 

  - Result: Post-fit netlist 



Typical PLD Design Flow 
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Timing analysis (TimeQuest Timing Analyzer) 
  - 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 

   

PC board simulation & test 
  - Simulate board design 

  - Program & test device on board 

  - Use SignalTap II Logic Analyzer or 

other on-chip tools for debugging 

tclk 



The Key to Performance 
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Maximize Throughput 

Minimize Latency 

More Operations 

Per Second 

Quick Data 

Access 

Parallelism 

 

• Pipelining 

• Instructions 

• Processes 

• Loop unrolling 

• Duplication (SPMD) 

• Multi-threading (SMT) 

Memory Access 

 

• Avoid transfer/copy  

• Work in local memory instead of 

shared memory 

• Coalesce accesses 



FPGA Acceleration 

 Custom processors 

 Optimized for task 
 Small soft scalar processor 

 Larger vector processor 

 Hardware pipeline 

 Dedicated local memory 

 Acceleration 

 Multiple engines for SMT 

 Replication for SPMD 

 Pipelining for more throughput 
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Efficient Power 

Processor Memory 

Processor Memory 

Processor Memory 

I/
O

 

I/O 

I/O 

I/O
 

Processor Memory 

Processor Memory 



OpenCL Overview 



Host Device 

C/C++ 

API 

OpenCL 

C 

OpenCL (Open Computing Language) Overview 

 Software programming model: 
 C/C++ API for host program 
 OpenCL C for acceleration device 

 

 Provides increased performance 

with hardware acceleration 
 CPU offload to appropriate 

accelerator 
 Local Memory 

 Explicit Parallelism 

 Task (SMT) 

 Data (SPMD) 
 

 Open, royalty-free, standard 
 Managed by Khronos Group 
 Altera active member 
 Conformance requirements 

 V1.0 is current reference 

 V2.0 is current release 

 http://www.khronos.org 
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Low Level 

Programming 

Language! 

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 

 2010 research project 
 Toronto Technology Center 

 2011 Development started 
 Proof of concept 

 9 customer evaluations 

 2012 Early Access Program 
 Demo’s at Supercomputing ‘12 

 Over 60 customer evaluations 

 2013 First public release  
 Public announcement with 

release 

 Passed v1.0 conformance 

 Public release v13.1 
 Installation image accessible 

from ACDS download 
infrastructure 

 Documentation available 
online 

 Boards available from vendor 
web site and ACDS installation 

 Support flow in place 

 Optimization improvements 

 SoC support 

 Design Examples on 
Altera.com 
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Passed OpenCL Conformance! 

 First FPGA to pass OpenCL conformance 
 OpenCL v1.0 specification 

 >8500 Programs tested 
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http://www.khronos.org/conformance/adopters/conformant-companies 

http://www.khronos.org/conformance/adopters/conformant-products 

 

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


Heterogeneous Platform Model 
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OpenCL 

Platform 

Model 

Host 

(Compute) Device 

Compute Unit 

Processing 

Element 

Example 

Platform 
x86 

PCIe 

Host 

Memory 

Global 

Memory 



OpenCL 

Platform 

Model 

Heterogeneous Platform Model 
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Example 

Platform 
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Use Model: Abstracting the FPGA away 

55 

Altera 

Offline 

Compiler 

Standard 

gcc 

Compiler 

AOCX EXE 

OpenCL 

Host Program + Kernels 

main() { 
   read_data( … ); 
   manipulate( … ); 
   clEnqueueWriteBuffer( … ); 
   clEnqueueNDRange(…,sum,…); 
   clEnqueueReadBuffer( … ); 
   display_result( … ); 
} 

__kernel void sum 
   (__global float *a, 
    __global float *b, 
    __global float *y) 
{ 
  int gid = get_global_id(0); 
  y[gid] = a[gid] + b[gid]; 
} 

Verilog 

Quartus II 

x86 



Use Model: clCreateProgramWithBinary 
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host.c 

const char** 

const char** 

const char** 

fp = fopen(“file.aocx","rb"); 
fseek(fp,0,SEEK_END); 
lengths[0] = ftell(fp); 
binaries[0] = (unsigned char*)malloc(sizeof(unsigned char)*lengths[0]); 
rewind(fp); 
fread(binaries[0],lengths[0],1,fp); 
fclose(fp); 

clCreateProgramWithBinary 

cl_program 

clBuildProgram 

Program (exe) 

Program (exe) 

cl_program 
Kernel (src) 

Kernel (src) 

exe 

exe 

clCreateKernel 

cl_kernel 

clEnqueueNDRangeKernel 

clGetPlatforms 

clGetDevices 

OpenCL.h 

API 

cl_context 

clCreateContext 

cl_platform 

cl_device 

cl_command 

_queue 

clCreateCommandQueue 

exe 

Offline 

Compiler 

.cl 

kernel 

.aocx 

CL File 

 OpenCL “Program” 

 Bitstream 



Altera Reference Platforms 
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Network Enabled High Performance Computing (HPC) 

Requirement 
Low Latency Compute Power/ 

Memory Bandwidth 

Architecture 

 

 

 

 

 

 

Global Memory DDR  and QDRII+ Large amount of DDR 

IO Channels 2x10GbE (MAC/UOE) None (Minimize IP overhead) 

Reference 

Design 

• OPRA (Streaming) 

• Trading (with global memory access) 

 

• Option Pricing 

OpenCL 

API 

HAL 

UMD 

KMD 

DDR3 DDR3 

DMA 

PCIe 
(OpenCL Kernels) 

OpenCL 

API 

HAL 

UMD 

KMD 
(OpenCL Kernels) 

DDR3 DDR3 

DMA 

PCIe 

CPLD 
Bridge 

1
0
G

 

U
D

P
 

1
0
G

 

U
D

P
 

Stratix V FPGA 
Stratix V FPGA CPLD FLASH 



Altera Reference Platforms 
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SoC 

Requirement Real Time Acceleration 

Architecture 

 

 

 

 

 

 

Global Memory DDR 

IO Channels None 

Reference Design 
• Ray tracing (demo) 

• Optical Flow 

Stratix V FPGA 

ARM 

Host 

Cyclone V SoC FPGA 

OpenCL 

Kernels 

HPS 

DDR3 

H2F/F2H 

LWH2F CSR 

F2S 

256bit, 

100Mhz 

32bit, 

50Mz 

FPGA 

Memory 

Scratch 

DDR3 



Altera SoC Reference Platform for OpenCL 
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C/C++ API 

Software Layer Hardware Layer 

Compiler 

OpenCL C 

Reference  

Platform 

Reference  

Board 

Reference  

Design 

host.c device.cl 

CV-SoC-DevKit 

Arrow SoCKit 

Host Device 



Altera HPC Reference Platform for OpenCL 
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Device 

C/C++ API 

Software Layer Hardware Layer 

Compiler 

OpenCL C 

Reference  

Platform 

Reference  

Board 

Reference  

Design 

host.c device.cl 

Host 

64-bit 

• RHEL 6.4 

• Windows 7 

s5_hpc (S5PE-DS) 



Altera Network Enabled Reference Platform for OpenCL 
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Device 

C/C++ API 

Software Layer Hardware Layer 

Compiler 

OpenCL C 

Reference  

Platform 

Reference  

Board 

Reference  

Design 

host.c device.cl 

Host 

64-bit 

• RHEL 6.4 

• Windows 7 

s5_hft (S5PH-Q) 



Altera Network Enabled Reference Platform for OpenCL 
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Device 

C/C++ API 

Software Layer Hardware Layer 

Compiler 

OpenCL C 

Reference  

Platform 

Reference  

Board 

Reference  

Design 

host.c device.cl 

Host 

64-bit 

• RHEL 6.4 

• Windows 7 

s5_hft (S5PH-Q) 

PCIe gen2x8 Host 
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CvP Update 
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DDR3 Memory Interface 

10Gb MAC/UOE Data 

Interface 

10Gb MAC/UOE Data 

Interface 

DDR3 Memory Interface 

QDRII Memory Interface 

QDRII Memory Interface 

QDRII Memory Interface 

QDRII Memory Interface 

OpenCL 

Kernels 

 

OpenCL 

Kernels 

 

DDR 

DDR 

QDR 

QDR 

QDR 

QDR 

10G 

Network 

Host 



OpenCL Modular Hardware Architecture 
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PCIe gen2x8 Host 

Interface 

CvP Update 

In
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n
n

e
c
t 

DDR3 Memory Interface 

10Gb MAC/UOE Data 

Interface 

10Gb MAC/UOE Data 

Interface 

DDR3 Memory Interface 

QDRII Memory Interface 

QDRII Memory Interface 

QDRII Memory Interface 

QDRII Memory Interface 

OpenCL 

Kernels 

 

OpenCL 

Kernels 

 

DDR 

DDR 

QDR 

QDR 

QDR 

QDR 

10G 

Network 

Host 
Prebuilt 

BSP with 

standard 

HDL 

tools 

Built with 

Altera 

OpenCL 

Compiler 



Heterogeneous Memory Support       v13.1 Beta 

 Memories with different 

characteristics 
 DDR 

 Sequential Access 

 QDR 

 Random Access 

 On-Chip Low Latency (v14.1) 

 MoSys Efficient (v15.0) 

 HMC High Capacity (v15.0) 

 Combine different 

memories 
 Attribute-based 
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Host 

Host 

Memory 

IO 

Device 

Global 

Memory1 

In
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CU 

IO 

Global 

Memory2 

__kernel void foo( 
 global uint *data 
 __attribute((buffer_location(QDR) )) 
) { 
… 
foo(data[i]); 
… 
} 



Channels          v13.1 Beta 
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Standard OpenCL 

 

Altera Vendor Extension 
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Interface 
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OpenCL 
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DDR 

DDR 

QDR 

QDR 

QDR 

QDR 

Host 

Network 
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 Network 

Kernel to kernel and kernel to IO 



Custom Board Support Generation           v13.1 Beta 

Interfaces to compiler 

 Host CPU Interface: Avalon Memory Map 

 Global Memory:       Avalon Memory Map 

 Option IO:           Avalon Streaming 
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PCIe gen2x8  

Host Interface 

CvP Update 

In
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t 

DDR3 Memory 

Interface 

10Gb MAC/UOE Data 

Interface 

10Gb MAC/UOE Data 

Interface 

DDR3 Memory 

Interface 

QDRII Memory 

Interface 

QDRII Memory 

Interface 

QDRII Memory 

Interface 
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Interface 

OpenCL 

Kernels 

 

OpenCL 
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Avalon MM 

Avalon MM 

Avalon MM 

Avalon MM 

Avalon MM 
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 Ability to quickly integrate IPs in OpenCL 
 Support Avalon Streaming based IPs in 14.0  

module foo( 

  input clock, 

  input , …) 

… 

… 

… 

… 

… 

endmodule 

module 

proc_element( 

  input clock, 

  input , …) 

… 

myMod mod_inst( 

  .clock(clock), 

  .din(…), …); 

… 

endmodule 

 

void kernel foo(){ 

  … 

  … 

  … 

} 

proc_element.cl 
extern void myfunc(…);  

void kernel proc_element(){ 

  … 

  x = myfunc(a, b, …); 

  … 

} 
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Altera 

OpenCL 

Compiler 

module myMod (input clock, 

              input din, 

              …) 

… 

endmodule 

myMod.v 

RTL 

Module 

<EFI_SPEC> 

<FUNCTION  

    name=“myfunc”             

    module=“myMod” …> 

… 

<FILE name=“myMod.v” >  

</EFI_SPEC> 

myMod.xml 

EFI Spec 

OpenCL 

Program 

proc_element.v 

External Function Interface         v14.0 EAP 



Installable Client Driver (ICD)         v14.0 Beta 

 Different Platforms can co-

exist on same host 

 

 

 Host links against ICD library 

 

 

 Runtime brings in vendor 

library 
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Host 

ICD Host 

Memory 

IO 

W1,K1,R1 

Device 

opencl.dll 

OpenCL.h 

alteraopencl.dll 



OpenCL + FPGA Key Benefits  

 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 

 Custom  interconnect converging with data processing cores 

 Lower power vs. CPU/GPGPU 

 Core frequency lower: 200-250MHz vs 1GHz 

 Turn off unused logic 

 Up to 1/5 the power 

 Faster development vs. traditional FPGA design flow 

 Higher level of design abstraction 

 Higher department productivity 

 Leverage your software development team 

 Familiar C-based design entry 

 Portability & Obsolescence free 
 Code can transfer between different HW accelerators (CPU, GPGPU, FPGA, etc) 

 FPGA life cycle considerably longer than CPUs or GPGPUs 
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Product Information & Design Flow 



How to Get OpenCL 

 Part of ACDS v13.1 installation 

 

 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. 
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http://dl.altera.com/opencl/
http://dl.altera.com/opencl/


What is included with the Altera SDK for OpenCL? 

 Offline compiler (aoc) 
 GCC based model 

 Altera OpenCL utility (aocl) 
 Diagnostics for board installation 

 Flash or program FPGA image 

 Install board drivers (typically PCIe) 

 Host libraries 
 Required by host code and provided by the vendor (Altera) 

 APB Board driver 

 Design examples 
 FFT, vectoradd, matrixmult, moving average 
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Altera SDK for OpenCL Product Details 

 Altera SDK for OpenCL Licensing 
 Purchase a 1 year perpetual license 

 Fixed & float available 

 60-day evaluation license available on request 

 Requires Quartus II v13.1 Subscription Edition or Development Kit Edition 

 OS 
 Microsoft 64-bit Windows 7 

 Red Hat Enterprise 64-bit Linux (RHEL) 6.x 

 Memory requirements 
 SDK: Computer equipped with at least 16 GB RAM 

 Quartus II: Refer to memory requirements for target FPGA 
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Altera Preferred Board Partner Program for OpenCL 

 Provide customers with a portfolio of COTS boards                  

to evaluate, develop and go-to-production with 

 Customers can develop code and target                                          

that preferred board  
 Altera SDK for OpenCL flow has been verified on the board 

 Ensures an exceptional out-of-box customer experience                                        
for the customer 

 Customer purchase directly from partners  

 Altera’s Preferred Board include: 
 Includes Quartus II Development Kit Edition Software (one year license) 

 Includes an Altera SDK for OpenCL License (one year, perpetual license) 
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APBs Available as of 13.1 Release 
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Partner Board Altera Device Where to Get? 

Altera DK-DEV-5CSXC6NES Cyclone V SX SoC Part of ACDS 13.1 

BittWare S5PH-Q Stratix V D5  Part of ACDS 13.1 

S5PH-Q Stratix V D8  Part of ACDS 13.1 

S5PH-Q Stratix V A7 Contact BittWare 

S5PH-Q Stratix V AB  Contact BittWare 

S5PH-DS Dual Stratix V AB Contact BittWare 

Terabox 8, S5PH-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 DE5 Stratix V A7  Contact Terasic 

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 
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Install Quartus II 

v13.1 with Altera 

SDK for OpenCL 

Install C 

Compiler or 

Development 

Environment 

Obtain and setup 

license from the 

Self Service 

Licensing Center 

Install the FPGA 

(OpenCL) board 

 

aocl install 

Build, compile & 

link the host 

application (Visual 

Studio/GCC) 

 

Run the 

application 
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Optimize kernel for 

FPGA hardware 

O
p
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e
 

Getting Started Guide (document) 

Programming Guide (document) 

Optimization Guide (document) 

Develop kernel code 

and compile on 

CPU/GPU for 

functional correctness 

Compile the 

OpenCL kernel 

with Altera offline 

Compiler (aoc) 

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 



AES Encryption 

 Encryption/decryption 

 256bit key 

 Counter (CTR) method 

 

 

 

 Advantage FPGA 

 Integer arithmetic 

 Coarse grain bit operations 

 Complex decision making 

 Results 
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Platform Power 

(W) 

Performance 

(GB/s) 

Efficiency 

(GB/s/W) 

E5503 Xeon Processor 

(single core) 

est 80 0.01 1.25e-4 

AMD Radeon HD 7970 est 100 0.33 3.30e-3 

PCIe385 A7 Accelerator 25 5.20 2.08e-1 



Multi-Asset Barrier Option Pricing 

 Monte-Carlo simulation 

 No closed form solution possible 

 High quality random number 

generator required 

 Billions of simulations required 

 Used GPU vendors example code 

 Advantage FPGA 

 Complex Control Flow 

 Optimizations 

 Channels, loop pipelining 

 Results 
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Platform Power 

(W) 

Performance 

(Bsims/s) 

Efficiency 

(Msims/s/W) 

W3690 Xeon Processor 130 .032 0.0025 

nVidia Kepler20 212 10.1 48 

Bittware S5-PCIe-HQ 45 12.0 266 



Document Filtering 

 Unstructured data analytics 

 Bloom Filter 

 

 

 

 

 Advantage FPGA 

 Integer Arithmetic 

 Flexible Memory Configuration 

 

 Results 
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Platform Power 

(W) 

Performance 

(MTs) 

Efficiency 

(MTs/W) 

W3690 Xeon Processor 130 2070 15.92 

nVidia Tesla C2075 215 3240 15.07 

PCIe385 A7 Accelerator 25 3602 144.08 



Consumer (Japan) 

 Image Processing 

 Adaptive weighted images 

 

 

 

 

 Advantage FPGA 

 Integer Arithmetic 

 

 

 Results 
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Platform Power 

(W) 

Performance 

(FPS) 

Efficiency 

(FPS/W) 

W3565 Xeon Processor est 130 0.05 .0004 

nVidia Quadro 4000 est 150 2.94 .0200 

PCIe385 A7 Accelerator 21 4.29 .2040 
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Smith-Waterman 

 Sequence Alignment 

 Scoring Matrix 

 

 

 

 

 Advantage FPGA 

 Integer Arithmetic 

 SMT Streaming 

 

 Results 
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Platform Power 

(W) 

Performance 

(MCUPS) 

Efficiency 

(MCUPS/W) 

W3565 Xeon Processor 140 40 .29 

nVidia K20 225 704 3.13 

PCIe385 A7 Accelerator 25 32596 
 

1303.00 



Multi Function Printer 
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 Image Processing 

 RGB output of raster scanner converted to 

CMYK colorants for printing 

 Advantage FPGA 

 SoC Solution 

 IO and Kernel Channels 

 Heterogeneous memory accesses 

 Goal 50PPM at A4/letter size 

 Results 

 >40X improvement over C based algorithm on 

ARM only  

 No NEON coprocessor used 

 C6 speed grade part improved 20% to 128PPM 

 



RayTracing Demo using OpenCL 

on an SoC 

October 21, 2013 



Raytracing Graphics Overview 

 Very high degree of visual realism but high 

computational cost  
 Non-realtime rendering (e.g. 3D animation movies) 

 Generates an image by tracing the path of light through 

pixels in an image plane 

 Simulates the effects of the rays’ encounters  with 

virtual objects 
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Source: www.wikipedia.com 



Setup 
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Ethernet Cable (For Video Output) 

USB to MicroUSB 

Cable 

(For Serial Terminal) 

Cyclone V SoC Development Board 



Raytracer demo (using OpenCL on SoC) 
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Tasks ARM FPGA Speedup ARM FPGA Speedup 

init. primary rays 378 ms X 1063 ms X 

calc. intersections 1326 ms X 54914 ms X 

shadow ray calc. 

(2 lights) 

1727 ms X 99891 ms X 

shading 1072 ms X 3198 ms X 

TOTAL 4503 ms 95 ms 47x 159066 

ms 

4303 

ms 

37x 

*all values for 1024x768 resolution 

simple scene complex scene 



Why SoC and OpenCL 

 Host and accelerator  in a single device 
 Smaller boards 

 Lower board cost 

 Offload ARM with hardware acceleration in the FPGA 

fabric 

 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 


