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DSPs and FPGAs Employed for DSP RISC Core Used in DSP Application
(For Any Purpose)
GP Fixed-Point
DS ARM
_ . Xilinx (Micro/PicoBlaze)
GP FIOOI;';I?'PO"“ PowerPC-Freescale
Altera (Nios/Nios II)
Stand-Alone Proprietary RISC Core
FPGA fOl DSP PowerPC-IBM
DSP w/FPGA Intel XScale (IP)
Accelerator MIPS
RISC w/FPGA Freescale (ColdFire)
DSP Engine Tensilica
ARC
0 40 80 120 160 Other
Responses (Multiple) 10% 100%
Source: Forward Concepts Source: Forward Concepts Responses (Multiple)
Question: Za DSPmagazine

Forward Concepts 300 DSP professionals from 30 countries, “"Which chip types are
employed for DSP algorithm execution (rather than data processing) in your
applications?”
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Dlaczego stosuje sie¢ FPGA w implementacji algorytmoéow DSP?

600 MHz

1 clock cycle

250MHz = 250 MSPS
1 clock cycle

Conventional DSP Processor- Serial

Crata In

l

Coefficients —-I'rfi‘l'r

MAC Unit : =

126 loops q "

neededto 126 clock
process S
samples cycles

Data Gt
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= Recent benchmarks performed by BDTI validated that FPGAs
deliver up to 30x the cost performance of DSPs

Performance (frames’sec. ) CERTIFRID: Cost'Performance ($framalsec.)

250 4.5 - 416

DsP HLST + FPGA

Results for the BDT! High-Level Synthesis Tool Certification Program ©
2010 BDTI. For more info and results see www.BDTl.com.



BDTI Certified™ Results for the AutoESL /

AutoPilot High-Level Synthesis Tool
AGH

= Operating Point 1 15 a fixed workload defined as processing video with 720p resolution (1280=720 progressive

Quality scan) at 60 frames per second. The objective for Operating Point 1 is to achieve the required throughput while
minimizing resource utilization. Resource utilization refers to the percentage of total processing engine resources
Of Results required to implement the workload.
Metrics = Operating Point 2 is defined as the maximum throughput capability of the workload implementation on the target
device (measured in frames per second) for 720p resolution (1280=720 progressive scan). The objective for
for the BDTI Operating Point 2 is to maximize the throughput {measured in frames per second) using all available device
F g ghp F g
. resources.
Optical
Chip Unit Cost - -
{Lowes ia Better]
Workload e
AuteESL AutoPilot plus Xilinke RTL tools $76.65 39%
targeting the Xiline XC3S034004 FPGA ERAR 4
Texas Instruments software development NiA {8 minimum of 12 DSPs would
tools targeting the TMS3200ME437 DSP 521.25 be reguired to meet this operating
processor point}

Table 1: BDTI High-Level Synthesis Tool Certification Program Results, BDTI Optical Flow Workload Operating Point
1: Fixed Throughput {1280x720 Progressive Scan, 60 Frames per Second)

Chip Unit Cost Maximum Cost per FPS

{USD, Quantity Frames per {Lower is
40,000) Second (FPS) Better)

AutcESL AutoPilot plus Xilinx RTL tools i =
targeting the Xilinx XCAS0D34004 FPGA $26.65 g LA
Texas Instruments software development
tools targeting the TMS3200DME43T DSP 321.25 2.1 34.20
processor

Table 2: BDTI High-Level Synthesis Tool Certification Program Results, BDTI Optical Flow Workload Operating Point
2:Maximum Throughput (1280x7 20 Progressive Scan)
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+ 20 Medical Imaging
«ififireless Base Stations
+«HD Audio®fiden Broadcast
L 000 CMABCS s s re e s b e + Radar & Sonar
5 «HD Yideo Sunveillance
+ [lohile Software Defined Radio
« PAIRAC)

e e i o o e ey ey e I e

+ Portahle Ultrasound
+ Pico/F emto Base Stations
« Consumer Yideo

+HD Yideo survelllance
» Mobile Softweare Defined Radio
» Lutornotive Dirver Assist

Performance
(Algorithmic and Processor Forecast)

Source: Forward Concepts Time

I — & XILINX
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Example Application — 2x2 LTE Radio
Implemented using multiple devices

2.0W
Ce727
DSP

Processor
I{DF D Update)

SERDES not capable of
Dioing all line rates upto 6G

# Components # Devices Power Price I
Muitiple ASSPs, Protocol FPGA 7 ~10.BW ~5316" |*1+iU resale (1HCY10)

2 SEO— & XILINX.




“]JJ DSP w uktadach FPGA

M

AGH

Example Application — 2x2 LTE Radio
Single-chip Solution on Virtex-6

V;rtex 6 LX7aT

fntegrates- all DSP functmnamy and6Gbps.
SERDES at lower cost, lower power, mcreased
reliability and scales up to 2x4 and 4x4 thhm -

the same package

:“-5

* 1KU resale (1HCY10)

Components # Devices Power Price

i Multiple ASSPs, Protocol FPGA T ~10.6W ~5316*
firtex-6 L X7T5T ! ~5 8V ~5313

e & XILINX.
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System Algorithm
description

|

Algorithm modification

. and optimization

v

Formal verification

Y

Lj?ﬂwﬁnlMéTLAB:udu
e 20 ines of

'C-codn

]
‘ =200 ines

~ “of RTL code

Problem decomposition

' Decomposition strategy

change

v

Design partitioning for
Hardware and Software

Y

System verification and
performance check

A

Chalk Talk

090291501 Synopsys HLS

fliounezz

Amelia Dalton
Host = Jourmal YWeabe:

Mlgorithm Developer

rf-'_':l.'-"
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g dx

Hardware Designer
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Manual
High Level Floating-Polint Model,
MATLAB/C++; Algorithm Speclalist

Algorithm Exploration and Development
»>
> >

A 4

Manual

Lower Abstraction, Fixed-Point C++,
System/HW Englneer

Proto-
Re-code Re-code Re-code Re-code
and and and and

Re-va;lidate Re-va;lidate Re-validate Re-va-lidate
> > » > » > > »>
v v A 4 v

Manual
RTL; HW Engineer

Re-code Prototype Re-code Virtual
into RTLand Verification into RTLand  Platform
Re-velidale Mogels Re-validate Mo::lel

»>

» »> > »> > »> » >
ASIC Partition FPGA Code
Implement-  Place and Implement- Generation

ation Route ation
N N ‘

FPGAs are now HUGE!!

Faster Turnaround Times are Needed
1 ~ FTLtobitfilein | [ RTLta Eitfilein | [ FETLto bitfilein |
MINUTES | HOURS | DAYS

W
Y

SRk LT

Virtex-6 (XCeVLX760)

S20KLLIT

Stratix-4 (EP45EB20)

1M 2 A
Capacity - Equivalent ASIC Gates

Ale duze projekty DSP wymagaja
odpowiednich narzedzi
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Verilog VHDL (/C++ ESL Partners MATLAB® Simulink® MATLAB/Simulink/C++
l 1 1 1 | 1
HDL-Based Flow Language-Based Flow Graphical-Based Flow ~ Mixed Flow
I .
* 3nd-Party Tools @ B o o
» Xilinx Tools . AccelDSP" SYSTEM SYSTEM
+ Syiess To Pathorm tud (| 2ecsB? | (98 ibbwor || K eihao
'

Metody zalezg od wielu czynnikow

(budzet, doswiadczenie, docelowy czas realizacji, poziom:
system architect, DSP engineer, hardware/FPGA engineer)
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MATL.AB C/IC++ RTL
Simulink _

s s |

DSP Design
Platforms

Analog /\ <—m—l

Signals \/\
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*Support for the following discrete-time filter structures:

Finite Impulse Response (FIR) — Antisymmetric FIR — Transposed FIR — Symmetric FIR Second-order
section (SOS) — Infinite Impulse Response (lIR) Direct Form | — SOS /IR Direct Form | transposed — SOS
IIR Direct Form Il — SOS IIR Direct Form Il transposed — Discrete-Time Scalar — Delay filter — Farrow
(fractional delay) filter

» Support for the following multirate filter structures:

Cascaded Integrator Comb (CIC) interpolation — Cascaded Integrator Comb (CIC) decimation — Direct-
Form Transposed FIR Polyphase Decimator — Direct-Form FIR Polyphase Interpolator — Direct-Form FIR
Polyphase Decimator — FIR Hold Interpolator — FIR Linear Interpolator — Direct-Form FIR Polyphase
Sample Rate Converter

» Support for cascade filters (multirate and discrete-time)
» Generation of code that adheres to a clean HDL coding style
» Options for optimizing numeric results of generated HDL code

» Options for specifying parallel, serial (fully, partly or cascade), or distributed arithmetic
architectures for FIR filter realizations

» Options for controlling the contents and style of the generated HDL code and test bench
» Test bench generation for validating the generated HDL filter code

 VHDL, Verilog, and ModelSim Tcl/Tk DO file test bench options

» Automatic generation of scripts for third-party simulation and synthesis tool



MATLAB Filter Design HDL Coder

D Differentiator
|- De=ign Method

(IR |Butterworth

®) FIR |Equiripple

Density Factor: :'20.

Fstop 12000

{4\ Filter Designer - [untitled.fda - O
File Edit Analysis Targets View Window Help
eS| @< 200 R bl Rd#t 2 1] — Bkl @R E W
~Current Fitter Information — Fitter Specifications
i
Mag. (dB)
Structure: Direct-Form FIR J ‘L
Order: 50 0 A
55
Stable: Yes T s T
Source; De=signed A
lmp
- Il L -
.StDrE' Fiter ... 0 F FI Fa/o fIH.Z}
Fitter Manager ... pets stop
— Response Type — Fitter Order — Frequency Specifications — Magnitude Specifications
® |Lowpass () Specify order: |10 Units: |Hz Units: | dB
D Highpass =
(®) Minimum order Fs: 48000
() Bandpass Apass |1
Bandst — Opti Fi | 900
(:) andstop ptions. pass Astop |80

Design Filter

|
LD
w
=5
\.€
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4\ Generate HDL (Direct-Form FIR, order = 30}

Target

Language: | VHDL

Name: filter

Folder:  hdlsrc Browse... )

Filter Architecture | Global Settings | Test Bench | EDA Tool Scripts

Architecture: Fully parallel -| Folding facter: 1
3 ~ Multiplier: 3

Coefficient source: Internal
Coefficient multipliers: | Multiplier
Multiplier input pipeline: 0
Multiplier output pipeline; 0

Add pipeline registers
FIR adder style: Linear
Optimize for HOL

Generate MATLAB code

Generate

| Gose ||

Help |

Graphical user interface (GUI)
accessible from
Filter Design and Analysis




Simulink® HDL Coder™
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Key Features

» Generates synthesizable HDL code from Simulink models
and Embedded MATLAB™ code for datapath implementations

» Generates synthesizable HDL code from Stateflow charts for
Mealy and Moore finite-state machines and control logic implementations

» Generates VHDL code that is IEEE 1076 compliant
and Verilog code that is IEEE 1364-2001 compliant

» | ets you create bit-true and cycle-accurate models that match your
Simulink design specifications

 Lets you select from multiple HDL architectural implementations
for commonly used blocks

 Lets you specify the subsystem for HDL code generation

» Enables you to reuse existing IP HDL code (with EDA Simulator Link
products)

» Generates simulation and synthesis scripts




Simulink® HDL Coder™

S8 Simulink Library Browser - O S8 Simulink Library Browser - O >
< <
HDL Coder/HDL RAMs HDL Coder/Logic and Bit Operations
Simulink Simulink )
: Hoar_din din : Clea d
Active-HDL Toolbox T Active-HDL Toolbox A it Or > Concat fy 3 Reduce [
DsSP System Toolbox Mowr_adae - wr_addr wr_dout DsSP System Toolbox A
DSP System Toolbox HDL Support D”Ffmm DSP System Toolbox HDL Support Bit Clear Bit Concat Bit Reduce
Fixed-Point Designer Hwr_en ol Fixed-Point Designer
Fixed-Point Designer HOL Support P rd_dout s rd_dout Fixed-Point Designer HOL Support N Rotate P b Eﬁl 3 A shin P
¥ HDL Coder - = ¥ HDL Coder
Commaonly Used Blocks Dual Port RAM Dual Port RAM System Commaonly Used Blocks Bit Rotate Bit Set Bit Shift
Discontinuities Yein_ A Discontinuities PR
Discrete Sade g 3 in outh Discrete A Slee P b OA:EE% > A=Ch
HDL Floating Point Operations o4 Empty HDL Floating Point Operations
wa i
HDL Operations = N Push G,!_‘I’EE": i HDL Operations Bit Slice Bitwise Compare
HDL RAMS Jdin B Full pr HDL RAMS Operator To Canstant
HDL Subsystems ) L dout B APop Num HDL Subsystems Wi i
Logic and Bit Operations b L Logic and Bit Operations J==0p 2 Lo 2 &ﬂ"_‘g{l 4
Lookup Tables Dual Rate Dual Port RAM HDL FIFO Lookup Tables
Math Operations o NE Math Operations Compare Detect Fall Detect Fall
R wr_din in R ; 57
Madel Verification Madel Verification il Negative Nonpasitive
Model-Wide Utilities M r_acide 3 wr_addr P Model-Wide Utilities Usm0 u=0
Ports & Subsystemns rd_dout Dual Port rd_dout Ports & Subsystemns b Ii.z'j_c:g P b &u.':‘?g JU-=uz p
: 3 RAM : 3
Signal Attributes Hwr_en Hwr_en Signal Attributes - -
signal Routing signal Routing Detect R|_se Detec_t.Rlse Detect
it Y ra_sddr M rd_addr Sinilis MNonnegative Positive Change
Sources Simple Dual Port RAM Simple Dual Port Sources Extract Bits
User-Defined Functions RAM Systern User-Defined Functions N U=tk B Uzl p Upper Halt P -




Matlab HDL Coder™

— CONTENTS All  Examples Functions Blocks Apps

« Documentation Home

i SRt HDL Code Generation R2021b

« Code Generation Generate HDL code from MATLAB® and Simulink®

To implement a DSP design on FPGAs or ASICs, you can use either HDL Coder™ or Filter Design HDL Coder™. Both

Catagory products generate synthesizable and portable VHDL® and Verilog® code, and also generate VHDL and Verilog test
C Code Generation benches for guickly simulating, testing, and verifying the generated code.
HDL Code Generation +  HDL Coder — Generate code from Simulink or MATLAB designs. This support includes filters, math and signal

operations, and other algorithms optimized for resource use and performance, such as the FFT HDL Optimized,

DSP Algorithm Acceleration e T 5 :
IFFT HDL Dptimized, and NCO HDL Optimized blocks. For a basic example of how to generate HDL code using

SIMD Code Generation HDL Coder, see Programmable FIR Filter for FPGA.
Cade Generation for ARM Cortex-M and »  Filter Design HOL Coder — Generate code from MATLAB filter designs. You can access code and test bench
ARM Cortex-A Processors generation features using the Generate HDL user interface, or by using command-line options. These features are

also integrated with the Filter Designer app. For an example of how to generate HDL code using Filter Design HDL
Coder, see HDL Butterworth Fifter (Filter Design HDL Coder).

To debug your designs in Simulink or MATLAB, use the Logic Analyzer waveform viewer.

Simulink Visualization Tool

Logic Analyzer Visualize, measure, and analyze transitions and states aver time
Functions

generatendl Generate HDL code for guantized DSP filter (requires Fiiter Design HDL Coder)
Topics
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System Generator for DSP

XILINX
SYSTEM

System Generator provides a system integration
platform for the design of DSP FPGAs that allows the
RTL, Simulink, MATLAB and C/C++ components of a
DSP system to come together in a single simulation
and implementation environment.




Xilinx:
System Generator for DSP
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Library MATLAB Environment
mcluding - .
o — 1. Describe the algorithm
Simu . .
simtation /| || g pASemModel _— in mathematical terms
I — , M @ Z* N . .
() Y J WA /) 2. Realize the algorithm
\.* ! . . .
" T ‘ : N | in the design environment,
including . . " mgm " . m
S-functions e initially using double precision
e v v v 3. Trim double precision
Rt ’é-l;tf::'Ié,;f‘,li‘el;:‘;}'{éi?éonwm arithmetic down to fixed point
g :f <IN - map‘to : ibraries . .
END BNTITY D Shenals 4. Translate the design into
- HDL testbench . =
 conixaings efficient hardware
- simulation scripts, project files
Core Xilinx
QUPLy—— | Fmee | Desmock
Synthesis CORE
Compiler Generator
Test
— [ Vectors
vy v
FPGA EDIF+Timing |  1.gi
Place & Route Simulator
|
v v

Bit stream Pass/Fail
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System Generator for DSP
GH

|

introduction

i Introduction to System Generator

T Vivado Design Suite Tutorial: Model-Based DSP Design Using System Generator
T4 Vivado Design Suite Tutorial: Designing with IP

T Vivado Design Suite Tutorial: Creating and Packaging Custom IP

Key Concepts
i Generating Vivado HLS block for use in System Generator for DSP
B Using Vivado HLS C/C++/System C block in System Generator

B Working with System Generator for DSP and Platform Design Flows from IP
Integrator

i Using Hardware Co-Simulation with Vivado System Generator for DSP

i System Generator Multiple Clock Domains

B Specifying AXl4-Lite Interfaces for your Vivado System Generator Design
3 MathWorks - FPGA Design and Codesign
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System Generator for DSP

L*] 1y rpentone stenatedFEL *

Library-based, visual data flow N £ e Sl Tl Lk s
INER= = ] CHER I T S R e |

Polymorphic operators bt 305 x

[ e Implementation of Concatenated

. - . - ] AWTGHN Craneed
Arbitrary precision fixed-point v et eI HR B
This deshpn Samonstales & toraalen aiad forwand amor cemmactinn ehema using the

Bit and cycle true modeling ity | | e e e
Multi-rate signal processing

\ETS 300 421] v Digital Video Eroadcasing

Seamlessly integrated with
Simulink and MATLAB

— Type and rate propagation | e T

— Test bench and data analysis

Automatic code generation

FPGA Systern Clack Fisicd fra]

ol rngle pesinds I
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Genezie |




Xilinx:
System Generator for DSP

$7 XILINX

File Edit Wiew Simulation  Format  Tools Help

Di@ﬂ@:éﬂ:@ 53\:‘,5) @Ianmal '“@&”Hﬁ‘@

L 4 Tl
‘ ] play ¥ I pousa III sfop W
System
Generator FOATool
System Generator for DSP
E Marinder Lall, Jim Hwang
M double bl ot Fix 12 10 pl 1G6tap Fix _30_26 ft dhl double B |||.|
WAL FIR B-FFT
By Gateway In Gateway Out i :
anaom Spectrum Introduction
Source n-tap Scope
-} macfir/Spectrum Scope =] B3 MAC FlR FlltEI’ Hirdwars Madellng
File Axes Channels Window Help
. Hardware Co-simulation
: HDL Co-simulations
-10 .
o Implementing the Control
. Circuits
30
o Summary
%' -40
T a0
2
60
-70
-B0
-4n /\/L\/\/\/W
-100
0 0.05 0.1 015 02 025 03 0.35 0.4 0.45 0.5
Frarme: 3 Frequency (Hz)




Xilinx: Simulink

DEMOS ON DEMAND" 2. XILINX'

Simulink Extensions for HW

y pause i stop W

System Generator for DSP

Marinder Lall, Jim Hwang

P Introduction

» Hardware Modeling

Hardware Co-simulation

» HDL Co-simulations

Implementing the Control

* Circuits

| Hardware in the loop > Summary

co-simulation
*HDL Configuration Wizard

*MATLAB compilation block HDL co-simulation




Vivado Design Suite HLx Editions
A new approach for ultra high productivity for creating
Xilinx: Vivado and broadly deploying system platforms

AGH

C-Based IP Creation User Preferred System Integration Environment

v System Generator for DSP

\/lVADlg

Vivado IP Integrator

——
Vivado RTL Integration

Vivado RTL-based design Vivado C and IP-based design
= 1X effort for first design 1 timeziggfesign * 10X-15X faster for first design I-:!‘bsr::_}gsc
* 0.8X derivative designs 4 = * 40X faster for derivative designs
+ 1X QoR 3 * 0.7-1.2X QoR
IPI and IP

sub-systems

80%
time making Autiomated
it work closure
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Recorded Webinar: HDL Functional Verification with MATLAB & Simulink

Contact Sales Request a Trial Request Training Webinar Feedback Exit Webinar

.‘ The MathWorks

Old Pain

MATLAB&SIMULINK

New Solution

Disjointed development flow Integrated automated flow

= Manual = Leverages existing MATLAB
Difficult to share knowledge Enables cross-team effort
Slow to debug = Interactive debug
Chronic extra effort required = “Plugs into” existing flow

EDA Simulator Link Product

Cosimulation Links

——

| L

‘_-"-"

Algorithm ': _ I HDL

Implementation
MATLAB Under Test

HDL Simulator
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Symulacja |
funkcjonalna Symulacja
w srodowisku w srodowisku
MATLAB EDA

MATLAB Test Bench
MATLAB describes “Golden Reference”

—— = Algorithms
u arknms 1 "
o, : . 9 Stimulus Analysis * Scopes
ﬂrﬁlus/ Ana]y5|$ Scopes === ] — ok ¥ = " Sources
= Sources M o i : = Misods
| Algorithm = M-code b 5 —
Design il B e B
Data source <« Data source
MATLAB MATLAB®
EDA Simulator Link product
EDA Digital Simulator EDA digital simulator
HDL HDL
Mentor Graphics ModelSim Mentor Graphics ModelSim
Eadence |Ivisig Cadence Incisive
Synopsys VCS

Synopsys VCS




Interfejsy MATLAB

Home | Select Countrv P | Contact Us | E Store _

“ _J The MathWorks

Accelerating the pace of engineering and science Jerzy Kasperek | My Account | Log Dut

SR

= E-rail this page

Thisd-Party Products Third-Party Products & Services &} Print this page
& Services Main Page
Products Prudqgts . . )
In addition to searching by industry, type, and task/function below, you
Services can find third-party products listed by product or company name,
Sy: Aldec, Inc. Active-HDL
Comprehensive, integrated environment for digital IC
Bei . G : ]
design and verification
Par Synopsys Inc, Saber®
— fldec, Inc, Riviera Design and analysis of mixed-technology and mixed-
High-performance ASIC and large FPGA verification signal svstems
solution
_ ) Synplicity Inc Synplify Pro
Altera Corporation D3P Builder o FPGA synthesis solution
Quartus I1 and MATLAR/Simulink interface
Cadence Design Cadence Wirtuoso AMS Designer Simulator
Systems, Inc. Cosimulation of mixed-signal systems with MATLABR and
Sirnulink
Cadence Design Cadlence \.Llr‘tuc:s.cu N,ED';I.FCLIIt ; o " wilinx, Inc. tocelDSP
Systems, Inc, Analog and RF circuit sizing and optirnization software High-level synthesis for DSP design
i wilinx, Inc, milinx Systern Generator™ for DSP
LlEmtar G.rap ICS LD LT TeL e ] : ) Simulink blockset for bit- and cycle-accurate simulation
Corpaoration Analog and mixed-signal simulatar

and code generation for Xiling FPGAs
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DSP Builder Design Flow
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Floating-Point Comparison Table

——m— FPGA

Performance 10X 50X - 100X 100X

Power 1X 1X S5X-10X 1X=2X
ey _ — High

1/Os Very limited Limited Limited o At

Longevity Medium Medium Worst Best

Complete No No

system Yes (requires CPU) (requires CPU) Yes

Software with
Tool flow Software Software RArS Model-based

FPGAs Offer Performance Advantage over CPUs/DSPs
FPGAs Offer Power Advantage over GPUs
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Floating-Point Multiplier Resources

m Floating-point density is largely determined by hard
multiplier density
- Multipliers must efficiently support floating-point mantissa sizes

Multipliers vs. Stratix Il / IV / V Devices

4,500 -
4,005

4,000

3,500

3,000 m 18x18 Multipliers

2,500 Single-Precision
Floating-Point Multipliers

2,000

1,500 - Duut{le-F‘rElesion o
Floating-Point Multipliers

1,000

500

o

EF3SE110 EF45GE20 5565720

. - L
2 2011 Alsers Corporation—Public m &




HLS - High Level Synthesis
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License

| status Compiler Owner . Input . Output Year | Domain TestBench FP | FixP
Announced . At++id . Altera . Commercial . CIC++ . VHDL/Verilog . 2016 . All . ? . ? . ?
. AUGH®Z . TIMA Lab. .Academic . C subset . VHDL .2012 . All . ? . ? . ?
. eXCite & . Y Explorations . Commercial . C . VHDL/Verilog . 2001 . All . Yes . No . Yes
. Bambu? . Polili .Academic . c . VHDLNerilog . 2012 . All Yes . Yes . No
. Bluespec . BlueSpec Inc. . Commercial . BSV . SystemVerilog . 2007 . All . No . No . No
. Catapult-C . Calypto Design Systems . Commercial . CIC++ SysstemC . VHDL/Verilog /SystemC . 2004 . All . Yes . No . Yes
CHC Altium Commercial | C subset VHDL/Verilog 2008 | Al No Yes | Yes
. CoDeve-loper . Impulse Accelerated . Commercial . Impulse-C . VHDL . 2003 . Image Streaming . Yes . Yes . No
CtoS . Cadence . Commercial . TLMI/C++ SystemC . SystemC Verilog . 2008 . All . Only cycle accurate . No . Yes
Cyber- Workbench . NEC . Commercial . BDL . VHDL/NVerilog .2011 . All . Cycle/ Formal . Yes . Yes
. Cynthesizer . FORTE . Commercial . SystemC . Verilog . 2004 . All . Yes . Yes . Yes
B . DK Design Suite . Mentor Graphics . Commercial . Handel-C . VHDLVerilog . 2009 . Streaming . No . MNo . Yes
. DWARV . TU. Delft .Academic . C subset . VHDL . 2012 . All . Yes . Yes . Yes
. GAUT . U. Bretagne .Academic . CIC++ . VHDL . 2010 . DSP . Yes . No . Yes
. LegUp& . U. Toronto .Academic . Cc . Verilog . 2011 . All . Yes . Yes . No
. MaxCompiler . Maxeler . Commercial . Max.J . RTL . 2010 . DataFlow . No . Yes . No
ROCCC# . Jacquard Comp. . Commercial . C subset . VHDL . 2010 . Streaming . No . Yes . No
Symphony C . Synopsys . Commercial . CIC++ . VHDLNerilog /SystemC .2010 . All . Yes . No . Yes
. VivadoHLS & . . . . . . . . .
T AutoESL[133} Kilinx Commercial | C/C++/SystemC VHDLVerilog/SystemC | 2013 | All Yes Yes | Yes
. Kiwid? . U. Cambridge .Academic . C# . Verilog . 2008 . NET . No . Yes . Yes

Za Wikipedia [dostep 20.12.2016] na podstawie:

Nane, R.; Sima, V. M., Pilato, C.; Choi, J.; Fort, B.; Canis, A.; Chen, Y. T.; Hsiao, H.; Brown, S. (2018-01-01).
Survey and Evaluation of FPGA High-Level Synthesis Tools". IEEE Transactions on Computer-Aided Design of
Integrated Circuits and Systems. PP (99): 1-1.
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L
C
PICO Express FPGA allows the designer
— to explore multiple alternatives to find
I . .
r— the optimal perform rea, device
— combination. Pl ss FPGA will
E— then create nd RTL models
Algorithm and tes along with a driver
tion engine. The RTL has

for

3 ; Wized for a given product
aitily and can rapidly be synthesized
! ﬂ' % 6 d integrated into the FPGA device.
Il Yo

Design Exploration W
H—1
=

CbPI @

o
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L/

Testbench \
Driver
SSE .
ModelSim N | Synplicity
VCS, NC-Verilog Simply Betzer Results
SPARTAN-3

» Synthesis of untimed C algorithms
with quality of results comparable

to hand design

* Productivity increases of 5-20X
or more

* Integrated with common synthesis
and simulation tools

* Automatic generation of RTL,
SystemC models, testbench,
and software driver

e Capable of handling large,
complex designs

* Design exploration for optimal
implementation

» System-aware implementation
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Directives &
Constraint
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Constraints

[ ASIC Tools ] [ FPGATooIs]

AutoESL

DESIGN TECHNOLOGIES, INC.

Rapidly create RTL from existing
C-based specifications

Synthesizes pipelined
and non-pipelined implementations

Timed SystemC, Verilog, and VHDL
output support

Complete HLS supporting synthesis
of algorithms, interfaces, and datatypes

FPGA and ASIC support from the same
source

Supports FPGA devices from Xilinx
and Altera off-the-shelf

Co-simulates with several well known
industry simulators

Integrates with standard ASIC design
flows from Synopsys and Magma

Quickly characterizes libraries
for any ASIC vendor

Customizable IP integration
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IJJ Synphony High Level Synthesis

MATLAB

v IP Library
B oa¥ Floating-point

MATLAB Simulation Fixed-point

MATLAB

Simulink Block QI Synthesizeable Block

Synphony IP Block

I<I
I<I

------------------------

Synphony Language Complier
< User Fixed-point
d T : / Constraints
Refine and verify fixed-point behavior

=

(=)
H'l |
I(

Synphony HLS provides :
implementation path
from high-level models Transformation/Optimization
built from Y v v v
MATLAB descriptions

pre-built fixed-point IP
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Synphony High Level Synthesis
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Synphony HLS features
—LF 1= a library of synthesizable
Y ®- 170 high-level IP functions
DSP basics Ports and SynFixPtTool tar g eted at m UI tim edi a
subsystems and communications
2 -‘f .-7; | M ?pplications_ which is available
7 4 I~ T3 in the Simulink model-based
: - — design and simulation
Signal Communications Filtering R
operations environment.
Using the Synphony MATLAB-
@r,ﬂ @ synthesis block, designers
‘ . can mix and match
Transforms Memories M Tools Ma t h- Ianguage funC tionS
— e, & O with Synphony high level
(29 -—Tﬁ- «ji.:: - o O IP for an easier and clearer
- ~ = specification of various
- coRpic Sources e system and algorithm

behavior.
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Automatic C-Model
Generation
— The difficulty and time
Y 4 consuming effort of

creating models for system
- C-Model generation validation and functional

= = verification is a major

modeling and verification
environments. Synphony
HLS addresses this
challenge by automatically
creating C models for use
in C-based verification.

challenge in today’s system

L —
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» Comprehensive model verification, data analysis, and results visualization
* Ability to compare theoretical algorithm with hardware implementation

 Effective use of mathematical formulas that may be difficult to implement
with pure HDL

» Simple and efficient way of integration of HDL hardware models with the
high-level model of the system in MATLAB

» Capability of generating sophisticated test vectors

» Execution of numerical computations that are not performed by designed
hardware

» Extending the testbench with parts developed in MATLAB for faster algorithm
execution and/or data visualization,

» An effective bidirectional data transfer between HDL simulator and MATLAB
environment (millions of samples can be passed at ease).

* Ability to request any service from MATLAB directly from the HDL code,
including sophisticated calculations and data visualization performer
by the MATLAB graphical tools.
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» Software Requirements
MATLAB R14 or higher

 Language Support
— VHDL IEEE Std. 1076-1993
— Verilog IEEE Std. 1364-1995

» Supported VHDL Data Types
— STD_ULOGIC, STD_ULOGIC_VECTOR (up to 512 bits)
— STD_LOGIC and STD_LOGIC_VECTOR (up to 512 bits)
— BIT and BIT_VECTOR (up to 512 bits)
— SIGNED and UNSIGNED
— INTEGER
— REAL

« Supported Verilog Types
— Logic
— Integer
— Real
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T/ Corares
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Interfejs AHDL <~ MATLAB

|'1 ;-'r;l},-

@ i\ synopsys

i@ i uvm_ 1 1d

@ 8% uvm_ 1800 2 ...
@& i wemn 12

@ i

@ il rewm e fr..,
@ i\ vital2000

@ v

@ i\ vtl_dbg

ELELELELLEELLEL LR

Library containing packages with useful..,

UM 1.7d Library

UVM 1800.2-2017 Library
UVM 1.2 Library
Standard Verilog library

Bitvis A5, UVVM 2018.12.03 WC Framew...

Standard IEEE packages library

2 hdl2ml{array_id : in INTEGER]

p* get_item(var: out REAL: array_id: in INTEG

F* mat_close(file_id : in INTEGER)

px get_itern(var: out INTEGER; array_id : in IN]

P* get_time()

F* mat_writelfile_id : in INTEGER: arr_id 1 in IM|
P get_iter(var :
P¥ get_item(var:
px get_itern(var:

P* get_itern(var:

W projekcie wykorzystujgcym interfejs MATLAB
nalezy zadeklarowac:

library aldec;

use aldec.matlab.all;

out BIT_VECTOR; point : in [N
out BIT_ VECTOR; point : in [N
out BIT_VECTOR; cast: in mx
out BIT_VECTOR; array_id : in

- Language templates
= MATLAB Interface

- create_array

- destroy_array
- ewval_string

. get_dim

- get_num_dims
- get_variable

- hdlZml

- miZhdl

- put_item

- put_variable

/- Simulation templates
t- Synthesis templates
i Training
H

[y e

firm}

- Tutarial

(i)

- User templates
[ Utility termplates

VHDL\MATLAB Interface.tpl

- constraint_array_declaration

]
['JJ i | Br-3 F @. at
Library Vendor Mode  Comment Unit Mame Secondary Unit Ma.. Source Type Target Language
i@ il std Standard VHDL library &# aldec_tools [ Saurce Code VHDL
@ i ieee Standard IEEE packages library & fadb_wrapper [ Seurce Code VHDL
6] i!"l_u assertions ) mﬁtlab @n 50urce.'.Code \."HDL
@ =l aldec ALDEC Aldec Active-HDL, VHDL PROCEDURES ... &# msg [ Seurce Code VHDL
@ m exemplar Mentor Mentor Graphics Precision RTL Synthesi... |&# random_pkg s random_pkg [% Source Code VHDOL
@ i\ ieee_proposed VHDL '93 compatible version of the pro... |89 signal_agent_pkg [% Source Code YHDL
@ i osvwm SynthWorks, OSVWM 2018.04 Library B sm_win_pkg %' Language Assistant - O X
L] II! uwrn_util Bitvis AS, UVVM 2018.12.03 VHDL Library | &8 tim bl I+ O | | -!| ol
® i uvm UVM 1.1d Library ._, Templates get item( <:input hdl va a
] synplify Synopsys Synopsys FPGA Products N-2017.09, 5Y... |7 rmxcallarrays - Code Auto Complete You can specify variable
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eval_string
AGH

Description

The eval_string routine allows you to pass commands from the HDL Simulator (Active-HDL)
to the MATLAB environment. MATLAB output is printed to the Console window (not to the
MATLAB Command Window).

NOTE: Placing a semicolon after a MATLAB command disables the echo.
This helps to limit excessive console output that could impair simulation performance.

Syntax
VHDL:

eval string("ml_cmd");
Verilog:

Seval string("ml_cmd") ;

ml_cmd

The command or expression to be sent to the MATLAB environment.

It is equivalent to typing a string in the MATLAB Console or the MATLAB Command Window.
Supported argument types (VHDL): string

Supported argument types (Verilog): string

(i.e. a sequence of characters enclosed by double quotes).

Note that string variables are not supported.
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Passing Scalar Values put_variable
AGH

Description

The put_variable routine passes a variable from the HDL simulator (Active-HDL)
to the MATLAB environment. The routine can be used only for scalar values
and vectors (i.e. one-dimensional arrays).

Syntax
For an HDL variable (hdl_var) expressed as a scalar, a vector treated as an integer,
an integer or a floating point number:

VHDL:

put variable ("var_name", var);

For an HDL variable (hdl_var) expressed as a vector treated as fixed-point number:
VHDL.:

put variable("var_name", var, point);
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Passing Scalar Values put_variable
AGH

put variable ("var name", var);
put variable ("var_name", var, point);

var_name

The name of the variable in the MATLAB environment. If the variable already exists, its
value will be overwritten. If variable does not exist, it will be created and assigned.
Supported argument types (VHDL, Verilog): string

var

The HDL variable to be transferred to the MATLAB environment. The variable is read-only.
The put_variable routine call will not change its value.

Supported argument types (VHDL): std_logic, std_logic_vector, signed, unsigned, bit,
bit_vector, integer, real

Supported argument types (Verilog): reg (scalar or vector), net (scalar or vector),
integer, real

point

The location of the binary point, starting from the least significant position. If set to 0,
the number shall be treated as an integer value.
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Passing Scalar Values put_variable
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package Matlab is
type TDims is array (POSITIVE range <>) of integer;

procedure put variable(var_name: in string; var: in std logic);
attribute foreign of put variable: procedure is
"VHPI $ALDEC/BIN/aldec matlab cosim.dll; put variable s";

procedure put variable(var_name: in string; var: in std logic) is
begin
end procedure;

-- VHPI - VHDL Programming Language Interface
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Passing Scalar Values get_variable
AGH

Description

The get_variable routine allows you to pass a variable from the MATLAB environment
to the HDL simulator (Active-HDL). The target HDL variable must be a scalar value or a
vector (i.e. one-dimensional array). The routine supports scalar variables of floating-
point (double and single) and integer.

Syntax
For an HDL variable (hdl_var) expressed as a scalar, a vector treated as an integer,

an integer or a floating point number:

VHDL:

get variable ("var_name", var);
Verilog:

$get variable("var_name", var);
For an HDL variable (hdl_var) expressed as a vector treated as fixed-point number:

VHDL:

get variable ("var_name", var, point);
Verilog:

$get variable("var_name", var, point);
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Passing Scalar Values get_variable
AGH

get variable ("var_ name", var);
get variable("var_name", var, point);

var_name

The name of a variable in the MATLAB environment. Floating point and integer types
are supported. If no variable is defined by the specified name in MATLAB, an error

message will be printed to the Console window. Supported argument types (VHDL,
Verilog): string

var

The name of the target HDL variable where the value should be stored.

Supported argument types (VHDL): std_logic, std_logic_vector, signed, unsigned, bit,
bit_vector, integer, real

Supported argument types (Verilog): reg (scalar or vector), integer, real

point

The location of the binary point, starting from the least significant position. If set to 0,
the number shall be treated as an integer value.



m ]JJ Interfejs AHDL < MATLAB

Manipulating Array Values create_array
AGH

Description

Creates an array with the specified dimensions and returns the array identifier
(array_id). If the array creation fails, 0 is returned. The number of array dimensions
is currently limited to 6. It is recommended to remove the array from the memory
with the destroy_array routine if it is no longer needed for calculations.

Syntax

VHDL.:

array id = create array("name", ndim, dims);
Verilog:

array id

$create array("name", dim 0, ... , dim 5);

name

The name of the variable that will be used in the MATLAB environment.
Supported argument types (VHDL, Verilog): string

(Note that string variables are not supported)

ndim
The number of dimensions. Supported argument types (VHDL): integer

dims
An array of integers specifying the number of elements for each dimension.
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Manipulating Array Values destroy _array

M

AGH

Description
Removes an array from the memory.

Syntax
VHDL.:

destroy array(array id);
Verilog:

$destroy array(array id);

array_id
The array identifier.
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Manipulating Array Values get_item / put_item
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Description get_item
Reads a floating-point number from the array and stores it in an HDL variable.

Description put_item
Changes an HDL value to a floating-point number and stores it in the specified element
of the array.

Syntax

VHDL:

get item(var, array id, index);
put item(var, array id, index);

Verilog:
$get item(var, point, array id, sel 0, ..., sel 5);
$put item(var, point, array id, sel 0, ..., sel 5);

var - The name of an HDL variable to be loaded from / stored in the selected array
element.

array_id - Array identifier.

index - An array of integers specifying the location of the element in the array. Array
indexing starts with 1.
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Description mi2hdl

Transfers an array specified by the name parameter from the MATLAB environment to the
HDL simulator and returns the identifier that points to the array stored in the HDL
simulator.

Description hdl2ml
Transfers an array specified by the array identifier to the MATLAB environment and stores
it under the name previously specified with the create_array or ml2hdl routine.

Syntax
VHDL:
array id := ml2hdl("name", array id);
hdl2ml (array id);
Verilog:

array id = Sml2hdl ("name", array id);
$hdl2ml (array id) ;

name - The name of a variable in the MATLAB environment. Supported argument types
(VHDL, Verilog): string

array_.id - Array identifier (obtained with create_array or the previous call of the mi2hd|
function). Supported argument types (VHDL, Verilog): integer
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Description get_num_dims
Reads the number of dimensions in the selected array. The returned value is an integer.

Description get_dim
Returns the number of elements in the specified dimension.

Syntax

VHDL.:

ndims := get num dims (array_ id);
elem := get dim(array id, dim sel);
Verilog:

ndims = Sget num dims (array id);

elem = Sget dim(array id, dim sel);

array_.id - Array identifier (obtained with create_array or the previous call of the mi2hd|
function). Supported argument types (VHDL, Verilog): integer

dim_sel - The number of array dimensions. Dimensions are numbered starting with 1.
Supported argument types (VHDL, Verilog): integer
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przekazywanie biezqcego czasu symulacji put_simtime
AGH

Description put_simtime
Transfers simulation time to a MATLAB variable.

Syntax
VHDL:

put simtime (var_name);

put simtime (var_name t, var name u);

put simtime (var_name_ t, var name u, class);
Verilog:

$put simtime (var_name) ;

$put simtime (var_name t, var name u);

$put simtime (var_name t, var name u, class);

var_name
The name of a MATLAB variable where the current simulation time will be stored. The time
value will be expressed in seconds.

Supported argument types (VHDL): string (Verilog): string literal

var_name_t

The name of a MATLAB variable where the current simulation time will be stored. The time
value will be expressed in simulation time units.

Supported argument types (VHDL): string (Verilog): string literal
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przekazywanie biezqcego czasu symulacji put_simtime
AGH

Przyktad

Gdzies w kodzie VHDL:
put simtime ("HDL sim time", "ps");
evai;string (matl;b_d;ta_script);
get variable ("output sample", data_sample) ;

W skrypcie matlab_data_script
% send back to AHDL output sample - time is send in picoseconds
% values -1.0....1.0 are converted to U2 signed 14 bits
amplitude scaling factor = 2713;
simulation_time unit = le-12;
% get sample
how _many samples V = size(V_rx,2);
how many time units V = param rx duration/simulation time unit;
sample index V = round(HDL sim time* (how many samples V/how many time units V));
if (sample_index V < how many samples V && sample index V > 0)
output_sample = amplitude scaling factor * V_rx(sample_ index V);
else
output_sample = 0;
disp('ADC V data index out of range');

end
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input data
rd.m

Parallel Distributed Arithmetic FIR Filter

Entity/Module name pdafir

Active-HDL

X ——

CLK—

M e—

Vendor ¥ilinx
Language VHDL

Input width:
Output width:

Coefficient width:
Number of taps:

MATLAB

o~
collect

samples.m

A ®
output data
wr.m

._Ime:»

sig gen

Test
Bench

clk, clr, ce
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Plik input_data_rd.m

fp = 44100;
t = (0:1/£p:0.02);

o°

czestotliwosé¢é prébkowania
wyznaczenie czaséw prébek od 0 do 20 msek

o°

sl = sin(2*pi*t*100) ; % generacja trzech sinusoid ...
s2 = sin(2*pi*t*1000) ; %
s3 = sin(2*pi*t*10000) ; %
in data matrix = 50000* (sl+s2+s3); % ...i ich polaczenie dodajac amplitudy
4 Figure 1 — O X
% plot File Edit View Inset Tools Desktop Window Help N
figure (1) DSde[3|0E[RE
plot(t, in data matrix); Lexi0*  Sygnalwejsciowy
xlabel ('Czas([s] ') ;
ylabel ('Amplituda') ; ih - |
title('Sygnat wejsciowy'); ' _;“ ||
© - [ Il | |
g O
2 | | |
05 | ';!_Ii-l. | | #'
| |
; .
_1-50 0.002. 0.004 0.006 D.EIIOB D.IIZI"I D.CI:‘I2 D.E;"M D.DI‘IE- CI'.EIP‘IB 0.02
Czasis]
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PUT samples: process
AGH

PUT samples: process
variable init_MATLAB: boolean:=false;

variable array ID: integer; -- identyfikator tablicy
variable samples: integer; -- rozmiar tablicy
variable pointer: TDims (1 to 2) := (1,1); -- wskaznik elementu tablicy
variable sample: std logic_vector (15 downto 0); -- prdbka

begin

-- MATLAB init, read how many samples in data input file
-- run this part of the code just once...
if init MATLAB = false then

init MATLAB := true;

-- execute MATLAB script

eval string("input data rd"); -- wykonanie "input data rd.m"

array ID := ml2hdl("in data matrix"); -- pobranie tablicy

samples := get dim(array ID, 2); -- pobranie rozmiaru tablicy
end if;
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AGH
-- if no reset get data
if rst = '1l' then
sample := (others => '0'");
pointer := (1,1);
else
get item(sample, array ID, pointer); -- pobranie probki z tablicy
pointer (2) := pointer(2)+1; -- zwiekszenie wskaznika
data_in <= sample; -- wystawienie prébki na magistrale
end if;

-- data end?
if (pointer(2) > samples and init MATLAB = true) then
report "End input data'";
destroy array(array_ ID);
-- process end...
wait;
end if;

data_in <= sample;

-- run on every rising clock edge

wait until clk'event and clk = '1";
end process;
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Przyktadowy projekt
studencki:

1. W Srodowisku MATLAB
przy wykorzystaniu
narzedzia filterDesigner
zaprojektowac filtr audio

2. Ze Srodowiska MATLAB
wzigé wspotczynniki
zaprojektowanego
filtru

F|Ie Edlt Anal}-ms Targets

BHER &

~Current Fitter Information

4| Filter Designer - [untitled.fda *]

WView Wmdow Help

2 E|D @ M40 BEHORE W

— Kagnitude Response (dB)

D Differentiator
|- Design Method

O IR |Butterworth

® FR |Equiripple

Density Factor: -2IJ.

Fstop: _ZIJIIIEI

T T
0 B
A
\u
Structure: Direct-Form FIR @ \
B-201 1 —
Order: 75 ‘EJ" \
Stable: Yes ‘g lI
Source: Designed E 40 | | i
o
© I I| || | | | ||'|| """ AN | |
= (IVVVVVY
=11 HIII!W IW!II\YHIIHHI
Store Filter .. o
Fiter Manager ... Freq uency (kHz)
—Response Type——— FiterOrder——— _Frequency Specifications — Magnitude Specifications
== g Lowpass (") Specify order: |10 Units: |Hz Units: |dB
Highpass
(®) Minimum order Fs: 44100
() Bandpass Apass: |1
() Bandstop — Options Fpass: |1000 Astop: |50

\Designing Filter ...

Done

Diesign Filter
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Parallel Distributed Arithmetic FIR Filter
Entity/Module name |pdafir Vendor Xilinx [ v]
Language VHIL ﬂ
3. W srodowisku AHDL przy Input width: 16
wykorzystaniu narzedzia Output width: 16
IP Co_re Gengrgtor Coefficient width: 16
zaprOJektowac filtr Number of taps: 76
4, Wpisa¢ wspotczynniki g — e | T
pobrane ze $rodowiska ig— ¥ Symmetry: |nOn-symmetric/v]
MATLAB M ceE— [ Anti-symmetry
z . Coefficient values:
5. W SrOdOW|Skl;I AHDL -0.0006877246455432,
wygenerowac syntezowalny -0.000434105900162,
plik zrédtowy *.vhd REBLEEE i T ot
. Please enter comma separated values
z komponentem filtru of real type e.g. 0.12, 0.23, 0.08

] Options
6. W srodowisku AHDL

wygenerowac Testbench Generate @ 0 @@
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signal sample: std logic_vector (15 downto 0); -- probka
begin

GET_samples: process
variable init MATLAB: boolean := false;
variable array ID: integer; -- identyfikator tablicy
variable samples: integer; -- rozmiar tablicy
variable counter: integer := 1; -- licznik prébek

begin

-- MATLAB init, read how many samples in data input file
-- run this part of the code just once...

-—- of course can be also passed via testbench

if init MATLAB = false then

init MATLAB := true;

-- execute MATLAB script

eval string("input data rd"); -- wykonanie "input data rd.m"

array ID := ml2hdl("in data matrix"); -- pobranie tablicy

samples := get dim(array ID, 2); -- pobranie rozmiaru tablicy
end if;



Projekt filtru AHDL < MATLAB

GET samples: process
AGH

-- if no reset put samples
if (rst = 'l' or init MATLAB = false) then
data_counter := 1;
else
if counter < (samples + 1) then
sample <= data_ out;
put variable("i", counter);
put variable("signal sample", sample, 0);
-- execute MATLAB script simple data capture
eval string("collect samples");
counter := counter + 1;
else
-- execute MATLAB script
eval string("output data wr"); -- wykonanie ,output data wr.m"
-—- process end...
wait;
end if;
end if;
-- run on every rising clock edge
wait until clk'event and clk = '1';
end process;

Plik collect_samples.m
out data matrix(i,l) = signal_ sample;
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Plik output_data_wr.m

fp = 44100;

t = (0:1/£p:0.02);

n = length(t);

outputs(l,:) = out data matrix(l:n, 1);

% plot
figure (2) H {4 Figure 2 - O X
plot (t,outputs, 'red') ; [Bile Edit View lnset Tooks Desitop Window Help >
xlabel ('Czas([s] ') Dede 8|08 L[E
ylabel ('Amplituda') ; Joxmftl  Syans wylsciowy:
title('Sygnat wyjsciowy'); ol ﬁﬂ ﬁﬂ
. ' f [\ | f (1]
disp('Done!'); el “'HHH “'Hhﬂ
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Interfejs AHDL <~ SIMULINK

AGH

e Direct link between Active-HDL and Simulink for bidirectional co-simulation

and visualization through the Active-HDL Co-Sim block

e Instantiating VHDL entities, Verilog modules, or EDIF cells directly
on a Simulink diagram by using HDL Black-Box blocks

e Generation of M-files describing
HDL models

e Customization of HDL black-box
parameters on a Simulink diagram

e Support of VHDL, Verilog, and EDIF
netlists

e Support of VHDL generics
and Verilog parameters

e Support of multiple HDL
modules/entities or EDIF cells
within one Simulink diagram

e Support of multiple
synchronization signals (CLK/CE)

HE Simulink Library Browser

Active-HDL Toolbox

vigrEB Oy @ | = @

Sirmulink

Active-HDL Toolbox

D5P System Toolbox

DSP System Toolbox HOL Support
Fixed-Point Designer

Fixed-Point Designer HDL Support
HDL Coder

Simulink 30 Animaticn

Simulink Coder

Simulink Extras

Stateflow

Recently Used

HODL Black Box

Active-HDL Co-5im

HDL Black-Box

) HOL Black-Box >
Tor DEP Builder

h ¥4

HOL Black Box
far Synplity DEP

A

HDL Black-Box for DSP Builder HDL Black-Box for Synplify DSP

Double Click o generate
Configurable Subsystem Library
with HDL Black Box
for Syslem. Ganerator

HDL Black-Box Manager
for System Generator
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e Possibility for defining different values for a sampling period in Simulink
and a clock period in Active-HDL

e Conversion of the MATLAB floating- and fixed-point types to HDL types
e Unlimited position of binary point
e Interactive debug in Active-HDL during

N N [=]band_pass_filter_cosim 1 =] 3
Co-Slm u’a t’ on File Edit Yiew Simulstion Format Tools Help
O =E §| BB | E 1|02 ‘ b = iD 35 INnrma\ ﬂ‘

e Support of simulation parameters
(symulator switches) in Active-HDL L VHOL

Co-Sim block o™ —b{mﬂﬂﬂ | piin lout|—

Gain_3
» Generating testbench during ETW" iy
- - Co-Sim -
co-simu I a t’ on f or s ta n d -a I one |=1band_pass_filter_cosim/2nd_stage_TIR
simulation runs

-

File Edit View Simulstion Format Tools Help

D SH&| 2R (&4 22| » mfoxs  [Non

e Logging simulation data in the format | 4l
of the Accelerated and Standard Y ab
Waveform Viewer for visualization festezsr | ot
of ports and internal signals et midmnr G
of an HDL model o w | po1o ot
e Full support of Xilinx System Generator — i | | . }—fw
including both data types compatibility j—l ) M L

and ISE project generation

Ready iiﬁ;fo | \ ‘YariableStepDiscrete Y
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Proces 7 Glowny T Proces
,,DataRead proces TB ,DataWrite .
Odczytu — G . — Zapisu
weryfikujgcy
danych . danych
projekt
get samples: process
variable array id: integer; -- nazwa tablicy
variable ndims: integer; -- wymiary tablicy
variable elem: integer; -- diugosé wektora
variable sample: std logic_vector (15 downto 0);
variable dim constr : TDims (1 to 2) := (1,1);
variable memory : BUFOR;
begin
eval string("read sound"); —-- wykonanie read sound.m
array id := ml2hdl ("ARRAY") ; -- pobranie macierzy
ndims := get num dims(array id); -- pobranie rozmiaru macierzy [1:1]
elem := get dim(array_ id, 2); -- pobranie rozmiaru wektora
for I in 1 to elem loop rozmiar <= elem;
get item( sample, array id, dim constr ); pamiec_we <= memory;
dim constr(2) :=dim constr(2)+1; DataRead <= true;
memory (I) := sample; destroy array(array_ id);
end loop ; wait;
-- ciag dalszy kodu obok ------————-——--——-—————— > | end process;
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DSP: process (CLK, DataRead )
variable J: integer := 1;
begin
if DataRead = true and rst = '0’ then
CE <= '1"';
if CLK = 'l' and CLK'event then
X <= pamiec we(J); -- zapis danych
pamiec_wy(J) <= y; -- odczyt danych
if J < rozmiar then
Proces TB J i= J+1;
weryfikujacy projekt else

DataWrite <= true;
-- flaga synchronizujaca zapis
-- do pliku danych wyjsciowych

end if;
end if;
else
CE <= '0"';
end if;

end process;
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Proces zapisujacy dane

write data: process(DataWrite)
variable samples : BUFOR;
variable out array: integer;
begin
if DataWrite = true then
for K in 1 to rozmiar loop

samples (K) := pamiec wy (K) ;
end loop;
out array := create array("out samples", 2, (1,rozmiar) );

for I in 1 to rozmiar loop
put item(samples(I), 0, out_array, (1,I));
end loop;

hdl2ml (out_array) ;
eval string("write_sound");

destroy array(out array) ;
ENDSIM <= true;
end if;
end process;
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Plik write_sound.m
?\'Figurez — O h- o
t = (0:1/£p:0.02); File Edit View |nsert Tools Desktop Window Help ¥
01_:ltputs(1,:) = out_samples; Nedo a8 DEl & E
figure(2) ; ; - ' »
plot(t, outputs, 'red'); , x10% , /SNl wyieciowy
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