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Agenda

- HDL code generation from MATLAB, Simulink, and Stateflow®
= Integrated RTL verification with EDA tools

= Advanced Techniques to Optimize the Generated HDL
— Workflow to explore Area and Speed Optimization

- FPGA-in-the-loop Verification

= Next Steps, Q & A
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The System Design Challenge

- How can we:
— Verify our hardware

Implementation
matches system
specification?

— Iterate our designs u

faster?

HDL

FPGA \ ‘ ASIC
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|
Solution: Model-Based Design

= Design, simulate, and MATLAB® and Simulink®
validate algorithms and Algorithm Design and System Design
system models in MATLAB
and Simulink HDL. Coder

HIDIE Verlfler

= Automatically generate HDL
code
= Verify the hardware

Implementation against the
system model

FPGA \ ‘ ASIC
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Model-Based Design flow using MATLAB/Simulink

from Algorithm to FPGA Implementation

MATLAB® and Simulink®

Algorithm and System Design

DESIGN
HDL Codgr HDL Vfarifier _ Algosithm MATLAB
RTL Creation HDL Co-Simulation Development""- \ gimu”nk
tateflow

| |
l Back Annotation

Implement Design Verification

Synthesis Functional Simulation

Map Static Timing Analysis

Timing Simulation

HDL Verifier ¢
FPGA in the Loop 5

Place & Route
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Agenda

HDL code generation from MATLAB, Simulink, and Stateflow®
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HDL Coder: It’s all about the Workflow

‘ MATLAB j’iSIMULINK
| < >
) | w

Prepare model for code generation

Generate HDL code

\

Integrated RTL Verification

v

P~ Critical timing info in Simulink

v

Area and Speed Optimization

\

FPGA-in-Loop Verification

ASIC FPGA Boards HW-SW Co-design 8
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Fixed Point optimization at the system level

[ Fixed-Point Tool

File Collect Autoscaling Results Run  View Tools Help

B ® “s oT of @ [l | Show:|All results -

Model Hierarchy

4 !"p} my_equalizer_sim_fixed_point
> ﬁ_ﬁ Equalizeralgaorithm [mma
2] Lep2pisplay

| slider Gain

Optimize on fixed-point
word-length to reduce
area and power

| Contents of: my_equalizer_sim_fixed_point™ (dbl)

IE Equalizeralgarithm/filker_subsystem/filter_bank_left/Filter/5SumB31 :

Column View:; [Automaﬁc Data Typing View - ] Show Details \ /
Name ‘ Run  CompiledDT Accept SpecifigdDT  PgoposedDT  SimMin SimMazx C
IE Equalizeralgorithm/filter_subsystem/filter_bank_left/Filter/aj2)i1) Run1 xdtil,25,25)
IE Equalizeralgorithm/filter_subsystem/filter_bank_left/Filter/a311 Runil ixdtfl,28,26)
IE Equalizeralgorithm,/filter_subsystem/filter_bank_left/Filter/gain Run1 |:|
IE Equalizeralgorithm/filter_subsystem/filter_bank_left/Filter/s{1) Runil |:|
IE Equalizeralgorithm/filter_subsystem/filter_bank_left/Filter/5umA2l : A.. Runl fixdt(1,36,33)
IE Equalizeralgarithm/filker_subsystem/filter_bank_left/Filter/5Sum421 : O, Runl fixdt(l,36,33)
IE Equalizeralgorithm/filter_subsystem/filter_bank_left/Filter/5umA31 : A... Runl fixdt(1,36,33)
IE Equalizeralgarithm/filker_subsystem/filter_bank_left/Filter/SumA31 : .. Runl fixdt(l,36,34)
IE Equalizeralgorithm/filter_subsystem/filter_bank_left/Filter/5umB31 : A.. Runl fixdt(l,36,34)
Q.. Runl [
—

L - wr " e . . e . T I

= Convert floating point to optimized fixed-point models
— Automatic tracking of signal range (also intermediate quantities)
— Word / Fraction lengths recommendation

= Bit-true models in the same environment
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HDL Code Generation Example
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Prepare model for code generation

Generate HDL code

Integrated RTL Verification

\

Critical timing info in Simulink

\

Area and Speed Optimization

\

FPGA-in-Loop Verification

10



Generate Verilog And VHDL Code

E HDL Warkflow Advisor - hdlcoderlms/Ims
File Edit Run Wiew Help

@ Find: name and description - A &

4 [ HDL Workflow Advisar
4 58 1. set Target
O #1.1. 5et Target Device and Synthesis Tool
4 @ 2. Prepare Model For HDL Code Generation
@ 2.1. Check Global Settings
O #2.2, Check Algebraic Loops
o #2.3, Check Block Compatibility
0 #2.4, Check Sample Times
4 [5g) 3. HDL Code Generation
4 @ 3.1, Set Code Generation Options
@ 3.1.1. Set Basic Options
@ 35.1.2. set Advanced Options
@ 313 Set Testbench Options
0 #3.2, Generate RTL Code and Testbench
4 @ 4. FPGA Synthesis and Analysis
=] 41, Create Project
i+ [ 4.2. Perform Synthesis and P/R
=] 43. Annotate Model with Synthesis Result

3.1.1. Set Basic Options
Target

Generate HOL for: | hdlcoderims/Ims
Language:

Folder:

Code generation report
[ Generate traceability report
|:| Generate resource utilization report

|:| Generate optimization report

Apply
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Prepare model for code generation

Generate HDL code

Integrated RTL Verification

\

Critical timing info in Simulink

\

Area and Speed Optimization

\

FPGA-in-Loop Verification

11
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Automatically generate readable, traceable HDL
code for FPGA and ASIC designs

k4

Cr—
Input x * - _/
=01} F 3 ;
1
2
=(1) coeff | "t

S Automatically generate bit true,
a(2)1) coefr cycle accurate HDL code from
Simulink, MATLAB and Stateflow
D
a(3)(1) coeff
C

Full bi-directional
traceability!!

Requiremen:c

12




HDL Coder Key Features

Code Generation

— Target-independent HDL Code
- VHDL-1993 (IEEE® 1076-1993) or later
- Verilog-2001 (IEEE 1364-2001) or later

Verification
— Generate HDL test-bench
— Co-simulate with ModelSim and Incisive

Design automation

— Synthesize using integrated Xilinx and
Altera synthesis tool interface

— Optimize for area-speed
— Program Xilinx and Altera boards

&\ MathWorks:

MATLAB® and Simulink®
Algerithm and System Design

HDL Coder
HIDLE Verlfler

"

FPGA \ ‘ ASIC

13
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Agenda

Integrated RTL verification with EDA tools

14



FPGA/ASIC Verification Challenges

\__

Software D|g|t Ver|f|c tIOI nang/RF
Design Design Erviror Mo Design
Teste
Models
_—_— ‘ |
\
N\ e\ v/
— \ SILICON INTEGR: ".ON |
\ \
g\ \_
[ SOC INTEGRATION ]

ﬂ Spec is an over-the-wall handoff \

Success requires proper spec
interpretation by everyone

o Spec-related bugs are costly
o How are changes handled?

Hardware design and verification are
bottom-up

o Digital and analog isolated
until silicon integration

o Chip-level issues identified late

o Difficult to fix and risky to
the schedule

Software isolated from hardware

until SoC integration /

&\ MathWorks:
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HDL Verifier Connects Model-Based Design to
FPGA and ASIC Verification

e . .
Model-Based Verification & Validation
= Trace requirements

= Check modeling standards

compliance
" Analyze coverage )
4 N\
= Generate DPI-C models for
Algorithmic System-level Testbench SystemVerilog simulation
| HDL Verifier ) = Generate SystemC TLM-2.0 models
Software Digital Verification Analog/RF \ for virtual platform )
Design Design P Design
Tests
Models é o 0 2 )
= Co-simulate MATLAB/Simulink
( SILICON INTEGRATION ) system with 3'd-party simulator
[ SOC INTEGRATION ] = FPGA-in-the-loop with
L MATLAB/Simulink )

16
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Co-simulation for Verification of HDL Code

Data . Component
Source ! Model

A 4

Environment
Model

Algorithm

Component
Model

Algorithmic System-leM@RTestbench

cosimWizard
(HDL Verifier),
HDL Workflow Advisor
(HDL Coder)

HDL Verifier

3rd-party HDL Simulator

Verify your HDL using your system-
level test environment

= Co-simulation with 3-party HDL

simulator
— Reuse existing system-level testbench
— HDL code execution in 3"9-party HDL
simulator

— Flexible HDL sources
Automatic HDL code
Manual / Legacy HDL code
— Automated generation of co-
simulation infrastructure
— Automatic handshaking

Combined analysis and debugging in
both simulators

17
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Audio Equalizer

L UL R ~ex
DOR & TINN\S 2227 EEQ@ spasf
LRV 1N ol

5 pre-programmed user settings for
* Rock, Pop, Jazz, Classical, Vocal
Fits into available FPGA space

No dead-locks or unreachable states
Sounds good

@ sfix18_En15 | - e
input
c sfix18_En17 {10} . pp—
&s(1) coeff
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Automate

RTL Verification

Ea HDL Workflow Advisor - hdlcederlims/lms
File Edit Run View Help

@ Find: name and description - b dh

4 [ HDL Workflow Advisor
4 [ﬁ. 1. Set Target
0 #1.1. 5et Target Device and Synthesis Tool
4 @ 2, Prepare Model For HDL Code Generation
@ 2.1. Check Global Settings
0 A2.2. Check Algebraic Loops
o *2.3. Check Block Compatibility
0 424, Check 5ample Times
4 [E. 3. HDL Code Generation
4 @ 3.1, 5et Code Generation Options
@ 3.1.1. set Basic Options
@ 3.1.2. set Advanced Options
@ 3.13. set Testbench Options
0 3.2, Generate RTL Code and Testbench
4 [@ 4, FPGA Synthesis and Analysis
[-] 44, Create Praject
i [ 4.2. Perform Synthesis and P/R
| 4.3, Annotate Model with Synthesis Result

3.2. Generate RTL Code and Testhbench
Analysis (~Triggers Update Diagram)

Generate RTL code and testbench for the selected subsystem
eters

Generate RTL code
[] Generate RTL testhench

7] Generate cosimulation model {requires HOL Verifier)

Cosimulation model for use with | Mentor GraEhics MaodelSim I
[] Generate validation model

Generate FPGA top level wrapper

Run This Task

Result: Q Passed

### Working on hdlcoderimsIms/LMSx 10_4/LM5_Tap? as
hdl prithdlsrc M3 Tapd blodk2.vhd

### Working on hdlcoderlms/ims LMSx10_4 as hdl prithdlsrel MSx10 4.vhd
### Working on hdlcoderlms ims as hdl_prithdlsrcms. vhd
### HDL Code Generation Complete.

Apply

-

m
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Prepare model for code generation

v

Generate HDL code

v

Integrated RTL Verification

Critical timing info in Simulink

\

Area and Speed Optimization

\

FPGA-in-Loop Verification

19
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Agenda

Advanced Technigques to Optimize the Generated HDL
— Workflow to explore Area and Speed Optimization

20



HDL Optimizations: What, How and Why

The three golden questions:
1. Speed: Does it meet timing?

Prepare model for code generation

2. Area: Does it fit on my FPGA? |
3. Validation: Does it do the right thing?

Generate HDL code

Yes! It meets Integrated RTL Verification
timing It doesn’t fit
Q

4\ MathWorks

Critical timing info in Simulink

Avrea and Speed Optimization

FPGA-in-Loop Verification

FPGA Engineer

HDL optimizations assists the engineer in meeting these constraints

21



Resource Utilization Report

3 Foce Corwenn
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HDBL Coder,

Y

{ Synthesis

[\/ Resource utilization report

v Helps you estimate design area

FPGA

22
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Critical Timing Path

= Se-a- Prepare model for code generation

5| gy s e syt o e T ctm S gt i

5 & By exatar s wtmawan? Sy sowsrer » 5 or sawca § RSt e ot b \l/

Generate HDL code

V

Integrated RTL Verification

\

Critical timing info in Simulink

BIYT) coelt

Area and Speed Optimization

\

FPGA-in-Loop Verification

v’ Critical path highlighting
v Helps you identify speed bottlenecks

23
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Optimize Design For Speed And Area
(oot rroraee ade e |

Implementation ~ Prepare model for code generation

Architecture [ Module - ] \l/

Implementation Parameters
3 Generate HDL code

ConstrainedOutputPipeline 0

DistributedPipelining |off - | \l/
FlattenHierarchy [inert ) Integrated RTL Verification
InputPipeline 0

CutputPipeline \l/

0
SharingFactor 0 Critical timing info in Simulink
StreamingFactor ]

q

[ OK ” Cancel H Help H Apply

Area and Speed Optimization

FPGA-in-Loop Verification

lll»
D

Smaller
critical path

v Automatic pipelining

v Helps you meet speed objectives y
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Optimize Design For Speed And Area

B HDL Properties: LMSx10_1 [
Implementation =
Architecture Module - ]
Implementation Parameters
ConstrainedOutputPipeline ]

DistributedPipelining [oﬂ‘ '] 1

FlattenHierarchy [inherit v] :

InputPipeline 0

OutputPipeline ]

SharingFactor ]

StreamingFactor 0 1
[ oK ] [ Cancel ] [ Help Apply

v/ Streaming and resource sharing
v Helps you do speed-area optimization

Prepare model for code generation

\

Generate HDL code

\

Integrated RTL Verification

v

Critical timing info in Simulink

Area and Speed Optimization

FPGA-in-Loop Verification

25



Agenda

FPGA-in-the-loop Verification

&\ MathWorks:
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FPGA-in-the-Loop Verification of HDL

Data
Source

Algorithmic Syste

Algorithm

Component
Model

\ 4

Environment
Model

Component
Model

filWizard
(HDL Verifier),

HDL Workflow Advisor

(HDL Coder)

HDL Verifier

Prototype your algorithm in hardware
connected to the system-level test
environment

= FIL simulation with FPGA
development board

Reuse existing testbench
HDL code execution on FPGA
Handwritten or generated HDL code

Automated generation of co-simulation
infrastructure

Encapsulation of algorithm within
GBit Ethernet MAC, or JTAG

Automatic handshaking

@\ MathWorks'
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FPGA-In-the-Loop Verification of HDL
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Prepare model for code generation

v

Generate HDL code

v

Integrated RTL Verification

\

Critical timing info in Simulink

\

Area and Speed Optimization

\

FPGA-in-Loop Verification
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FPGA-In-the-loop

Re-use test benches for
regression testing

— —r—b]—.* -

«ul—oF

Flexible test bench creation:
closed loop, multi domain

@\ MathWorks'

Integrate with Altera / Xilinx
FPGA Development Boards

FPGA Development Board

Also works with
handwritten code

29



Wolfson Microelectronics Accelerates
Audio Hub Design Verification

Challenge
Develop a multipath, multichannel audio hub for
smartphones

Solution

Use Simulink to model and simulate the DSP
design and use HDL Coder to generate

bit-true Verilog models for verification of the digital
implementation

Results
= Months of hand-coding eliminated
= Datapath verification coverage increased to 100%
= Debugging process accelerated by 20%

Wolfson Microelectronics digital audio hub.

&\ MathWorks:

Link to user story

“For development of the world’s first
highly optimized digital audio hub
solution, Simulink and HDL Coder were
the best options. The design and
verification flow we applied using
MathWorks tools scales well and
provides the route to build more
complex DSP and signal mixing paths.”

Brian Paisley
Wolfson Microelectronics

30


http://www.mathworks.com/company/user_stories/Wolfson-Microelectronics-Accelerates-Audio-Hub-Design-Verification.html

Key Takeaway

Best Practice 1:
Algorithm and System Design
with Fixed-Point Quantization Analysis

Best Practice 2:
Automatic
HDL Code Generation

Best Practice 3:
HDL Cosimulation

Implement Design

Best Practice 4:
FPGA Hardware-in-the-Loop

&\ MathWorks:

31



&\ MathWorks:

Vision HDL Toolbox
Design and prototype video/image processing systems

'Gamma Correction|

= Modeling hardware behavior of
the algorithms
— Pixel-based functions and blocks

— Conversion between frames and
pixels

— Standard and custom frame sizes

= Prototyping algorithms on
hardware

— (With HDL Coder) Efficient and
readable HDL code

— (With HDL Verifier) FPGA-in-the-loop
testing and acceleration




Agenda

Next Steps, Q & A
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MathWorks Training

Signal Processing with MATLAB

Image Processing with MATLAB

Generating HDL Code from Simulink

Programming Xilinx Zynq SoCs with MATLAB and Simulink

16 June Bangalore

18 June Bangalore

7th — 8 Sep Bangalore
10t — 11t Sep Bangalore =~ New

MathWorks Certified MATLAB Associate Exam

Signal Processing and Communication

*Training courses are also available on MATLAB based Optimization and Statistics techniques

29 July Bangalore

Domain Specific Trainings

Signal Processing with MATLAB

Signal Processing with Simulink

Image Processing with MATLAB

Generating HDL Code from Simulink
Communication Systems Design with MATLAB
Communication Systems Modeling with Simulink

Programming Xilinx Zyng SoCs with MATLAB and Simulink

Email: training@mathworks.in

Modeling, Simulation and Control

URL: http://www.mathworks.in/services/training

Simulink for System and Algorithm Modeling
Stateflow for Logic Driven System Modeling

MATLAB and Simulink for Control Design
Acceleration

Fundamentals of Code Generation for Real-Time
Design and Testing.

Physical Modeling of Multi-Domain Systems using
Simscape

Physical Modeling of Mechanical Systems with
SimMechanics

Physical Modeling of Electric Power Systems with
SimPowerSystems

Phone: 080-6632-6000

&\ MathWorks:
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http://www.mathworks.in/services/training

Contact MathWorks India

Technical Support:
Tel: +91-80-6632 6000
Fax: +91-80-6632 6010 B ANCE

« MathWorks India Private Limited el
9th Floor, ‘B’ Wing, Etamin Block
Prestige Technology Park Il - |
Marathahalli — Sarjapur Ring Road Y o - ADUANCE
Bangalore — 560103, Karnataka ; : YOUR'CAREER

India "

Thank You for Attending
Talk to Us — We are Happy to Support You

4\ MathWorks
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