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Industry Trends

« Increasing product functionality and performance demands

« Smaller time-to-market window e | W
« Shorter product lifecycle M(%ﬁﬁ\) T
< Limited personnel resources T ST
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Developing FPGAs Takes Too Long!

« 80% of customers missed their production deadline
— Driven by change in requirements and delays in their FPGA development

« Production delay can cost them as much as 70% of their potential
volume and revenue

-10%

m Delay
PROJECTED
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On time
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« Ramifications of not making improvements:
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What Do FPGA Developers Build?

FPGA

4 N

Data Processing Algorithm

I/O Stream DMA
Block 2 Block 2

I/O Stream | DMA -l

I/O Stream

I/O Stream
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How Do They Build It?

Synthesize

j N
éf ‘ % \ Simulate

Write HDL \Repeat
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Close Timing
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What Tools Do They Use?

For Different
—
Users

Delivery of
Different —
Front-Ends

Key
Technology
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Different Objectives and Requirements

“Algorithm” “Software”
Designer Designer

Altera SDK For HDL Code,
OpenCL Qsys
(SW) (Schematic)

DSP Builder
(Model)

HDL

High Level Design
Compiler QUARTUS"II
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Blocks

< voias.

« Many functions are easier to specify in software than RTL =~ = mensistors =
« Simulation of RTL takes thousands times longer than software
— Creating test benches takes a long time
— Updates to code requires changes to testbench to verify
— Simulation of PCle at 1fs for 500ms = Enough said!
« Design Exploration is much easier and faster in software
/NOERVA,
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How Does a++ Compiler for HLS Differ From OpenCL?
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HLS Use Model

a++ <options>
[-c] [-ggdb] [-p]

src.c

a.exe

C/C++ Code Jib.h

21

Directives

22 23 \

Standard

gcc /g++
Compiler

100% Makefile
compatible

Quartus Il
Ecosystem

ALTRERAN
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Integration into FPGA Development Tools

« Quartus Il HDL integration
« Qsys IP integration tool
« DSP Builder Advanced Blockset model based tool

« OpenCL BSP
« SoC EDS compiler

© 2016 Altera—Confidential

% C Project

C Project
Create C project of selected type

Project name:  HelloWorld

Use default location
CADS-5_Workspace\HelloWorld

default

Project type:

Toolchains:

Browsze...

4 (= Bare-metal Executable
@ Hello World Project

> (= Bare-metal Library

4 = Executable
@ Empty Project

» [#= Shared Library

» [= Static Library

» = Makefile project

ARM Compiler 5

ARM Compiler &
Ds-5GCC
A++ Compiler for HLS

%New

Mew Quartus II Project

4 Design Files
AHDL File
Block Diagram/Schematic File
EDIF File
Qsys System File
State Machine File
SystemVerilog HOL File
Td Script File
VHDL File
Verilog HOL File

4 Memory Files
Hexadecmal (Intel-Format) File
Memory Initialization File

4 Verification/Debugging Files
In-System Sources and Probes File
Logic Analyzer Interface File
SignalTap II Logic Analyzer File

4 Qther Files
AHDL Include File
Block Symbaol File
Chain Description File
Synopsys Design Constraints File
Text File

[ QK J[ Cancel H Help




OpenCL vs at++ Compiler Summary

« Targets CPU, GPU and FPGAs ===

« Target user is HW or SW
« Implements FPGA in software

« Performance is determined by ===

development flow

resources allocated

PR—
ﬁ}

« Builds the entire FPGA system e
« Host Required

11
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A" Compiler

for HLS

Targets FPGAs
Target user is HW

Implements FPGA in traditional
FPGA development flow

Performance is defined and
amount of resource to achieve
IS reported

Builds an IP block
Host is optional

ALTRERAN
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Can Also Be Wrapped With Higher Level Flows

OpenVX

A++ Compiler.

for HLS
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Qsys

:m Contents | AddressMap | ClockSettings | Project Settings | Instance Parameters | Systel

Use Connections Mam e Description
= clk Clock Source
clk_in Clack Input
clk_in_reset Reset lnput
clk Clock Cutput
clk_reset Reset Qutput
E master_0 TAC to Avalon Master Bridge
clk Clock Input
clk_reset Reset lnput
—_— master Avalon Memory Mapped Maste
master_reset Reset Output
] sys_0 nios_sys
clk Clock lhput
reset Reset Input
onchip_memory2_0... |[Reset Input
onchip_memaory2_0... |Clock Input
onchip_memory2_0... [Avalon Memory Mapped Slave
— mm_bridge_0_m0 Avalon Memory Mapped Maste
B address_span_exten... |Address Span Extender
clock Clock Input
reset Reset lnput
windowed_slave Awalon Memory Mapped Slave
— expanded_master Avalon Memory Mapped Maste
chtl Ayalon Memory Mapped Slave
E address_span_exten... |Address Span Extender
clock Clock lnput
reset Reset lnput
winidowed_slave Ayalon Memory Mapped Slave
E— expanded_master Avalon Memory Mapped Maste
chtl Ayalon Memory Mapped Slave
E hps_sys Hard Processor System
h2f_rezet Rezet Dutput
hzf_user0_clock Clock Crutput
fZh_axi_clock Clock lnput
fzh_axi_slave A Slave
h2f_axi_clock Clock lnput
e hzf_axi_master A Master
fzh_sdram0_data Al Slave
fzh_sdrami_clock Clock Input
Memory Conduit
hps_io Conduit

ALTRERAN
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HLS Development Phases

C/C++ Code
Code

Development

21

RTL Code
Integration Refactoring

22 23

Directives

HLS

Compiler

RTL Architecture
Verification Verification

ALIERA
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Code Development

Develop with C/C++:

src.c g++ <options> -c -g H a.exe I

lib.h

C/C++ Code

Run A++ Compiler for HLS

src.c

a++ <options>
[-c] [-8] [-P]
L

}

Pragmas/Script to focus
on a particular function
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{ Directives J

/

Run debug to validate
functional correctness

. Use “-c” for quick
: evaluation of reports

4 a.exe

t.rpt

\\’4

I

t.v

t.vhdl

—

Use “-g” for gdb debug




Automated HDL Verification

C/C++ Code

a++ <options>
src.c --cosim-debug
# --component t1, t2

/
lib.h

s

Directives J
N

Change “set_ip” to focus /

on particular function
Option -rtl vlog|vhdl

Automated Flow:

a.exe

i

S| t.rpt

t.v

> t.vhdl

e stub out and rename
« Emulate local clock and reset
+ Manage HDL Simulator
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Creates executable for
HDL verification

AIRERA
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Component/Testbench Partitioning Example

#include

int impl(int a, int b) {
int res=a+b;
printf ( %d+%d=%d\n“,a,b,res);
return res;

. « Main() becomes
testbench for

int component accelerate(int x, int y){

return impl(x,y); ‘ Component
J accelerate()
int main(){ « \When accelerate()
int inp=; .
e : Is called, the
ARl A S vectors are pushed
((res=impl(inp,inp)) ? . .
: ),inp,inp,res); Into modelsim
return ;
}
_ /NOTERA,
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Automated Verification of IP

1910101001010101001011
component 00101010111010101010
LRSI 5710101010101001%0010

testbench

a.out
Model =

Advanced Simuletion and Debugging WL 1L ] E :J _I.T-.CIL__TI.:'_ITLP_IT'_'I_'_'W.“_I_L
T ., e B, s T T A T
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Release Summary

HLS Status Private Beta Public Beta Production

« Targeting Data path and control logic optimizations of high
speed designs

« Initial production release is not targeting low sample rate
designs

[ANO[S RYA\,
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A++ Compiler for High Level Synthesis Summary

« Allows FGPA developers to increase their productivity and
time to market
— Simulating C code is thousands of time faster than HDL

« Leverages standard C/C++ development environment
— Much less pragmas than competition

« Produces a validated IP block from C/C++ code
« Compiler integrates into all our tool flows
— Qsys, DSP Builder, Quartus, Simulink, SoC EDS, etc.

« Compiler integrates into IDE environment like typical
compilers
— Eclipse, Clion

« Quality of results on par with HDL performance and 10%

of area
— Use model: you define desired performance, compiler reports amount of
resources to achieve /NAERVA
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