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« Why Model-Based Design for FPGA, ASIC, or SoC?
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FPGA, ASIC, and SoC Development Projects

67% of ASIC/FPGA projects are behind schedule
Over 50% of project time is spent on verification

e 2020
75% of ASIC projects require a silicon re-spin -= -1
L
| = |

84% of FPGA projects have non-trivial
bugs escape into production

MATLAB EXPO 2019 Statistics from 2018 Mentor Graphics / Wilson
Research survey, averaged over FPGA/ASIC 4
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Many Different Skill Sets Need to Collaborate

RESEARCH REQUIREMENTS Poor communication across teams
Key decisions made in silos

System-level issues found in late stages
Hard to adapt to changing requirements

System Architecture o . —
“Rapid innovation under a rapid timeline
............................................................................................. — that’s when this flow falls apart.”
Jamie Haas
Algorithms Allegro Microsystems
SPEC”:'CAT'ONS .................... @ ......................... @ ........................ @ ........
Embedded Digital Analog :
Software Hardware Hardware : Verification
MATLAB EXPO 2019 System Integration
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SoC Collaboration with Model-Based Design

‘\ RESEARCH REQUIREMENTS
l’ DESIGN l' Am | making
WHAT am | r ) S the right
making? Design Elaboration = thing?
d « { SIMULATION }-—-*_ - o |
| HOW am | | < |  Isitgoingto
making it? |\ 7 | Export = 5 work? I
l I r t ‘ Models 8 l
Generate Code — - s - - .
L Implementation Knowledge J {) g
Have | made
MAKE IT! Embedded Digital Analog it right?
Software Hardware Hardware
E System Integration

MATLAB EXPO 2019
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General Approach: Use the Strengths of MATLAB and Simulink

MATLAB

Large data sets
Explore mathematics
Control logic

Data visualization

AN NN

MATLAB EXPO 2019

DESIGN

System Architecture

Algorithms
Streaming
Algorithms

Streaming Hardware
Architectures

Fixed-Point Hardware
Architectures

Implementation Architectures

J

AR NI NI

Simulink

Parallel architectures
Timing

Data type propagation
Mixed-signal modeling



4\ MathWorks

Agenda

= Case Study — Pulse Detector

MATLAB EXPO 2019



&\ MathWorks:

Case Study | Pulse Detector

1. Example Overview

2. Reference Pulse Detector

(<<r>)
3. Pulse Detector Design

4. Prepare for Hardware Implementation
5. Fixed-point Conversion % D

6. HDL code generation, synthesis and verification

MATLAB EXPO 2019



Case Study | Pulse Detector

1. Example Overview

MATLAB EXPO 2019
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Pulse Detector | Overview

Send Receive Detect
H N
o efr it

i . . ‘ ! Tx Signal (real) ' ‘ . ” Rx Signal {reaf) - , _Peak found at 220 with a value of 3.278¢-01 .

o | ! ww« ««Mw iR [

o 0 100 1J ”A}E“ 250 300 30 40 4% 50 "o W | JWW%' M W‘\W"WM“WMWMMWYMWA

Reference Design Detector Design Hardware Implementation
(MATLAB) (Simulink) (HDL)

sfix36_|
f Re
5f|1(1‘ i: sfix36_En

=fix37 _En30

sfix18 En15 tci

5”

MATLAB EXPO 2019
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Case Study | Pulse Detector

2. Reference Pulse Detector

MATLAB EXPO 2019
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Pulse Detector | Reference Design (MATLAB)

Algorithm Reference Software

Stimulus Algorithm Algorithm AUEIDRIE

Create input stimulus

MATLAB golden reference

Tx Signal {real)

function [ CorrFilter, RxSignal, RxFxPt ] = pulse_detector_sti % Create matched filter coefficients

CorrFilter = conj(flip(pulse))/Pulselen;

% Create pulse to detect
rng( "default’);

PulselLen = 64;

theta = rand(Pulselen,1);
pulse = exp(li*2*pi*theta);

# Correlate Rx signal against matched filter
FilterOut = filter(CorrFilter,1,RxSignal);

] HEl 120 T AMK Zhil MK d50 dqUs 43 Bl
Rx Signal (real)

e g o e et S
- -

% Find peak magnitude & location
[peak, location] = max(abs(FilterOut));

N R o s M M B n am i e g e o

% Insert pulse to Tx signal

rng( "'shuffle"};

TxlLen = 5888;

PulseLoc = randi{TxlLen-PulselLen*2);

o 504 1000 50 A 2500 00 35000 4000 4500 5000
Paak found i 3749 wilh a_ﬁu!luﬁ al 1.815e-01
' ' - v ' ' '

0.2 d
TxSignal = complex(zeros{TxLen,1));
TxSignal(Pulseloc:Pulseloc+Pulselen-1) = pulse;

% Create Rx signal by adding noise
MNoise = complex(randn(TxLen,1l),randn{TxLen,1));
RxSignal = TxSignal + Noise;

% Scale Rx signal to +/- one i

MATLAB EXPO 2019

L]
i} 504 1000 4500 0 2500 0 3000 2 3500 4000 4500 5000
At e I e, . e o, et 8, A n

bt s

PR T N e . T . Wi, e S
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Pulse Detector | Reference Design (MATLAB)

~

Verification
“Scoreboard”

)

Reference

Algorithm Algorithm

Stimulus

ML vs SL correlator output (re) , max error = 1.110e-16

1000 1500 2000 2500 3000 3500 4000 4500 S000

Design Under Test

ML vs SL correlator output (im), max error = 9.714e-17

T ) U

Streaming

Algorithms
Streaming Hardware oo el J d ; : : ; ; !
Architectures 0 500 1000 1500 2000 2500 3000 3500 4000 4500 S000
ML vs SL mag-squared output, max error = 2.255e-17

Referance
Actual
0.02 Emor

‘ Fixed-Point Hardware ’ 0.04
Architectures

0
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5S000

Peak location = 1485, magnitude = 2.@44e-21 using global max
Peak location = 1485, mag-squared = 4.178e-02 using loczl max

MATLAB EXPO 2018 Sclf-checking e lmde Bo St s i e S,
14
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Pulse Detector | Reference Design (MATLAB)

Algorithm

Reference

Algorithm Verification

Stimulus “Scoreboard”

AL HDL
Verifier

=  Reuse MATLAB/SIimulink models in verification

M

Scoreboard, stimulus, or models external to the RTL
Runs natively in SystemVerilog simulator

Eliminate re-work and miscommunication

Save testbench development time

Easy to update when requirements change

ATLAB EXPO 2018

DPI

DP|

DPI| @ Scoreboard
— <
Seq DPI
ltems -
L , Design Under :
Driver Test (DUT) RTL Monitor

SystemVerilog verification environment

15
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Pulse Detector | Reference Design (MATLAB)

MATLAB / Simulink

Reference
Algorithm Verification
“Scoreboard”

Algorithm
Stimulus

HDL Verifier
cosimulation

4 N\
HDL Simulator

DUT
RTL

-
\

- Co-simulate with 39-party HDL simulator

H H H £ Detector fdk
— Reuse MATLAB/Simulink test environment g ;ﬁ:mmx:rmt i
— Run HDL design in a supported simulator* e _ _ _ I
£ /Pulse_Detector/data_in_re 3 16hfedh ) 16'hidgc [ 16'hf40d 16'h05kS [16'he 158
— Generate co-simulation infrastructure and ;£ [Pulse_Detector/data_in_im 15h052a ] 16h07b3 | 16hoG6d 15'h|:|-;-§5 [ 16hosse
handshaking + ﬁ‘iﬁﬁf o |

— Analyze both the design and test £ [Pulse_Detector/mid_sample _ | 1 L. [3
[Pulse_Detector/detected

environment
O PR
me . Cursorl | 8680575 |

MATLAB EXPO 2019 * Mentor Graphics® ModelSim® or Questa®

Cadence ® Incisive ® or Xcelium™

16



Case Study | Pulse Detector

3. Pulse Detector Design

MATLAB EXPO 2019
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Pulse Detector | Design in Simulink

Streaming Architecture

Hardware friendly implementation of peak finder
Instead of calculating the maximum value of the entire frame, we look for a local
peak within a sliding window of the last 11 samples using the following criteria:

= The middle sample is the largest
= The middle sample is greater than a pre-defined threshold

ko i o e b L

WindowlLen = 11;
MidIdx = ceil(WindowlLen/2);
threshold = @.83;

% Compute magnitude squared to avoid sqrt operation
MagSqout = abs(FilterQut)."2;

% 5liding window operation
for n = 1:length(Filterout)-WindowLen

% Compare each value in the window to the middle sample via
DataBuff = MagSqOut(n:n+Windowlen-1);

MidSample = DataBuff(MidIdx);

CompareOut = DataBuff - MidSample; % this is a vector

% if all values in the result are negative and the middle sa
% greater than a threshold, it is a local max
if all({CompareQut <= @) && (MidSample > threshold)

peak_2 = MidSample;

location_2 = n + (MidIdx-1);

e A it b e, A 4 i o R ks

Peak found at E_E!EEI with a value of 2.007e-01

0.1

0 500 1000 1500 2000 2500 3000 2 3500 4000 0 4500 5000

» Pulse Detector/mag_sq_out

ikl b s s

Pulse Detectorfdetected

LJL-::u:aI Peak

end ;T Stream input data using
e A2 B e A ot "Signal From Worspace” block
Vd Compute Power threshald p{threshold  MidSampls —
% Simulate model RaxSignal
3 - . Constant
sim( ‘pulse detector vi'
(e = = ) Signal From [____p- *‘i
Woarkspace el 4l |+ fcn
% Correlation filter output Jf_ " mag_sq_out "
. numiz) ul — - Dalays o DiataBuff datected —
FilterOutSL = squeeze(logsout.getE 1 TR L l—i" % A
. - | b
compar*eData(rreal(F%lter‘{lut),rreal(F lims . Topped Qelay
compareData(imag(FilterOut),imag(F
Stores and outputs  MATLAB Function

MATLAB EXPO 2019

previous 11 values
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_dev_AG {snapshot_centos_20190510) [En fonction] - Oracle VM VirtualBox : 1

tachine Ecran Entrée Périphériques  Aide

EeE_ _ mloirom

—

se_detector_streaming_arch

pulse_detector_streaming_arch »

 double %
ld uble (c) double (c) double ] L B mid_sample i
3 ouble (c num(z) |, double(c = | =) ¢
Olt—
P i filter_out mag_sq_out b oo | double S
Signal From detected
Workspace Peak Detection




Case Study | Pulse Detector

4. Prepare for Hardware Implementation %

MATLAB EXPO 2019
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Pulse Detector | Prepare for Hardware Design

Micro Architecture

In this step, we:

= prepare the model for HDL code generation

= pipeline the data path using various techniques ot R, .
- add data valid control signal e | e
= verify against MATLAB golden reference

( N
mid_sample P u
RxSignal ¥ data_in 1 4@
-y
Signal From T o Ez
Workspace
true(size(RxSignal)) ) valid_in
valid_out >

Signal From
Workspace1 \ Pulse Detector y

MATLAB EXPO 2019
21



_dev_AG {snapshot_centos_20190510) [En fonction] - Oracle VM VirtualBox : 1 —

lachine Ecran Entrée Périphériques  Aide

BOHE. . | . oD

&> > =

se Detector

Pa|pulse_detector_streaming_hw_arch » [pa|Pulse Detector »

~ doubleDi| _ 4 |[; double
mid_sample W Z 2
double (c double (c) D1 num(z ~ double (c) D1 o i —  double D1 = [] - mid_s :
@ H A (c) > 1( ) ﬁ _— © - J ks e e - mid_sa
data_in . - - — |- double D1 4 = doubl:@
Architecture : Fully Parallel detected dot
InputPipeline : 1 Compute Power - etec
MultiplierinputPipeline : 1 Afchitectite « Modalé Peak Detection
MultiplierOutputPipeline : 1 AdaptivePipelining : on
OutputPipeline : 1 InputPipeline : 1

OutputPipeline : 1

)

boolean{ __q | boolean D1 -1 [boolean D1
z . of 71 oty
filter_valid

valid_in valid_




Case Study | Pulse Detector

5. Fixed-point Conversion %

MATLAB EXPO 2019
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Pulse Detector | Fixed-Point Conversion

In this step, we:
= convert the model to fixed-point

Use full-precision for
DSP block mapping

Reduce mag-squared output
word size before next stage

/

Reduce multiplier input
word size to 18-bit / \
/ sfix18_En15 F’ x |5fx36_En30 N
Re " : fix37_En30
s-'x4a EN37 (c 4 s E|'|15[:LJF S P
.—L_ conve ™ ix18 En15 F’ x  |Sfix36_En30 s
data in L Im & »

MATLAB EXPO 2019

convert

sfix18 _En11 n

data out

compare the Simulink fixed-point model to the MATLAB golden reference

&\ MathWorks



_dev_AG {snapshot_centos_20190510) [En fonction] - Oracle VM VirtualBox : 1 —

lachine Ecran Entrée Périphériques  Aide

B 000 o irOE

se_detector_streaming_hw_fp_arch

pulse_detector_streaming_hw_fp_arch »

boolean ’5
Lrue(size(rxSignal)) valid_in
5 double
valig convert I-—» .
double
, double (9 sfix16_En14 (] ~y double [ 0.06543]
M rxSignal convert dat gl

data

Pulse Detector
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Some words about Fixed-Point conversion...

MATLAB EXPO 2019
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Fixed-Point Conversion | Automated Approach

‘ MathWor ]{S' Products  Solutions

4\ MathWorks

Academia  Support  Community |

Fixed-Point
~ Designer proposes
data types

Fixed-Point Designer

Simulate with
medel Bz representative data

Overview  Features  Code Examples

L s

_ Choose to apply
> proposed types or
set your own

Simulate

\\‘\\\\\) a n d \.\\
/7 compare
A results |

e —
FIXED-POINT TOOL

Fixed-Point Designer™ provides data types and 2Hmietem o el » & [ setings ~ Ea
) o _ T | focSingleHdl v | e
and single-precision algorithms to optimize: perfc Eraammsi (St e Lcomct, | [ MaTe e b o
Fixed-Point Designer analyzes your design and  PReeame svsTEM | _ COLLECTRANGES | CONVERT DATA TYPES. ©vEREY
v MODEL HIERARCHY Results

such as word length and scaling. You can specif = -

- ) ) ] ]Syslem_ln;;uls Name ) Run CompiledDT SpecifiedDT ProposedDT« Accept SimMin SimMax
roundlng mode and overflow action, and mix SN Verify_Outputs g  Proportional_Gain Ranges(Uouble)  double Inherit: Inh... fixdt{1,16,15) v/ -0.24042396/628/3075 0.6151390163162
5 : N ] ( i Add : Of R {Doubl doubl Inherit: Inh... fixdt(1,16,16 -0.4841989567471207  0.39181957466872724
You can pErfUrm pit-true simulations to observe ]C'onlroller(locSmgleHdl) 2 utput anges(Double) jouble nherit: Ini ixdt( ) v 1
o ) : . . cSingleHdl 3 Add1: Output Ranges(Double)  double Inherit: Inh... fixdt(1,16,16) -0.484464037518146  0.45161509472757766
prec|5|0|"| W|tHOUt Implementlng the dESIgI’l an hagfﬂi:r;gi::::' 3 Saturate_Outputin Ranges(Double) Inherit: auto  fixdt(1,16,16) v
) . ) Rl DQ_C;rem_Con"d < Saturate_Output/Switch Ranges(Double) double Inherit: Inh_... fixdt(1,16,16) v -0.484464037518146  0.45161509472757766
Fixed-Point Designer lets you convert double-pri. o curent Contol 3 Saturate_OutputSwitch!  Ranges(Double)  double Inherit:Inh... fixdt(116.16) [  -0.484464037518146  0.45161509472757766
precision or fixed point. You can create and optir ﬂ_ﬁlf{;:“gl‘:“’:;c;":zfmm 1 Emor: Output Ranges(Double)  double Inherit Inh... fxdt(1,16,18) & -0.030052995953591... 0.076892377039525
Vi I T
numencal accuraw requ|rements anu ‘targe‘t har glnverse:Park_T-ransform Q Integral_Gain Ranges(Double) double Inherit: Inh... fixdt(1,16,23) v -0.001202119838143 0.0030756950815810
{jeteﬂﬂiﬂe the range reqUirementS Of }’OUF deﬁigf (%3] Park_Transform 3  Switch Ranges(Double) double Inherit: Inh_... fixdt(1,16,23) v -0.001202119838143 0.0030756950815810
) } , ) ) ] [t} Stne_Cosine */2  Sample_Time Ranges(Double)  double Inherit: Inh... fixdt(11634) /|  -6.010599190716269... 1.5378475407905003.
instrumented simulation. Fixed-Point DE‘SIQHET P ¥ RUN BROWSER et o =
- isualization of Simulation Data
}’OU thmugh the data conversion proﬁesﬁ and &0 ¥ Ranges(Double) (& Histograms of all results in the model
results with floating-point baselines. P—
20 . S e B e S e . e e e s mem e a e o o = = - = = e s SIS . . .« <« =
Fixed-Point Designer supports C, HOL, and PLC D T e e i R
@
% 20 S B o e e e s o o o . o 2 i o e o S OSUES JENRPERPRN. RN . - o &« & = = s
g
% 2B e i <K A s A A oot S et st oo A W a'h. HIDT TR S CIACE o
-ee ——  Overflows
B R~~~ " e e S R TR T R Representable
2998 e —— in-Range
Underfliows

- -

& focSingleHd/FOC_Current_Control/DQ_Current_C

RESULT DETAILS

ontrol/D_Current_Control/Sample_Time

Proposed Data Type Summary

Property ProposedDT Specifie
DataType fixdt(1,16.34) Inherit: Inhe
Minimum -1.9073486328125¢-06

Maximum 1.9072904251515865

Precision 5.820766091346741e

Ranges used for proposal

Maximum
1.5378475407

Minimum
-6.010599190

Property
Simulation

Visualization of Simulation Data using
fixdt(1,16,34)

|

Potential In-Range Potential

Values
Overflows Underflows
Positive mo W 7428 12021
Negative %0 % 12386 17912
Zero 254

4]

MATLAB EXPO 2019
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Fixed-Point Conversion | Native Floating-Point

|
award=017

Fixed-Point Saturate on overflow J |
IXed-Foin T } . : .
|\ fow /7 N\ j HDL Coder Native Floating Point
: ,1 —P+ sfix32_En27 sfixaz_En27| | \sfix32_En27 i . . .
—— ., B ) ; « Extensive math and trigonometric
X -
dnli R — N Zlay f operator support
Upper = dataRange.Dg\Vo =Ttk . . . .
]' sacrificing numerical accuracy
IO R _‘__ o - Mix floating- and fixed-point operations
Generate target-independent HDL
L High dynamic range
Mix Fixed- and i
Floating-Point  2.ens single /° N
R ( convert s ‘l
] gmld N J
| [Fixedpoint | Floating point |
LUTs 10k 25k
DSP slices 50 100 ~2X more resources
o T T e Development time  ~1 week ~1 day ~5x less development effort
< oevcon [

MATLAB EXPO 2019
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Case Study | Pulse Detector

6. HDL code generation, synthesis and verification

MATLAB EXPO 2019

X
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Pulse Detector | HDL Code Generation and Verification

In this step, we:

= generate HDL code and reports

= synthesize the design using Xilinx Vivado

= verify the design

MATLAB EXPO 2019

Code Generation Report

Contents

Summary

Clock Summary

Code Interface Report

Timing And Area Report
High-level Resource Report

Optimization Report
Distributed Pipelining

@ @ md [ |4 ¥ Machcase

Delay Balancing Report for pulse_detector_v4

Port Pipeline Latency Phase Dela
pulse_detector_v4/Pulse Detector/mid_sample 8 0 1 R 1 .
pulse_detector_v4/Pulse Detector/detected 8 0
pulse_detector_v4/Pulse Detector/valid_out 8 0

Streaming and Sharing
Delay Balancing
Adaptive Pipelining
Target Code Generation

RxSignal

Generated Model

Signal From
‘Workspace

(size(RuSignal))

Signal From
Workspace1

ToCosimSrc Pulse Detector ToCosimSink

data_in_re mid_sample
Made |5im

data_in_im -g detected
Simulator

valid_in valid_out
SharedMem
FromCosimSrc Pulse Detector mq Compare

SynthesisTool
SynthesisToolChipFamily
SynthesisToolDeviceName
SynthesisToolPackageName
SynthesisToolSpeedValue

Pipelining

4\ MathWorks

Xilinx Vivado
Zynq
xc72035
fhg676

-1

200

on
on

Synchronous

off

30
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pulse_detector_streaming_hw_fp_arch_code_gen *  Peak Detection *  Pulse Detector *  Filter * Compute Power

pulse_detector_streaming_hw_fp_arch_code_gen » -
boolean
boolean valid_out »—]
gue(size(rxSignal)) P valid_in
valid O =R sfix18_H double
~ mid_sample[—® convert ———p e
double (c sfix16_En14 (c ] e—
4 MSignal PRI convert ~ o oolean i
data

Pulse Detector
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pulse_detector streaming_hw_f

simTime Normal |

# [Fa|pulse_detector streaming

+ B HDL Workflow Advisor

- @ 1. Set Target
@& ~1.1. set Target Device and Synthe
e 1.2. Set Target Frequency
~ [g 2. Prepare Model For HDL Code Gene
@ 2.1. Check Global Settings
@& ~2.2. Check Algebraic Loops
@ ~2.3. check Block Compatibility
@& ~2.4. Check Sample Times
~ [ 3. HDL Code Generation
[# 3.1. Set Code Generation Options
@ 3.1.1. set Basic Options
@ 3.1.2. Set Report Options
@ 3.1.3. set Advanced Options
3.1.4. Set Optimization Options
3.1.5 st Testbench Optior

~3.2. Generate RTL Code and Testt

[=] 3.3. Verify with HDL Cosimulation
~ (@ 4. FPGA Synthesis and Analysis
[£] 4.1. Create Project
¥ I 4.2. Perform Synthesis and P/R
5] 4.2.1. Run Synthesis
] 4.2.2. Run Implementation
[5] 4.3. Annotate Model with Synthesis

[ ]
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s there more?
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pulse_detector_streaming_hw_fp_arch_code_gen X

0%

Peak Detection *  Pulse Detector *  Filter

Compute Power

© |[’a|pulse_detector_streaming_hw_fp_arch_code_gen »

@)

(1 Bl B

>

convert

- ; |boo|ean
Eue(saze(rxSIQnal)) I
valid
double (c
P rxSignal —(2
data

_hw_fp_arch_code_gen * - Simulink I

ulse_’_detector__sheamiﬁg_hw fp_-aréh_code _gen/Pulse Detector

valid_out
valid_in

~ mid_sample

Pulse Detector

boolean

>—]

sfix18
—4 convert

boolean

double

N |-

double




Case Study | Pulse Detector

1. Example Overview
2. Reference Pulse Detector

3. Pulse Detector Design

4. Prepare for Hardware Impleme
5. Fixed-point Conversion

6. HDL code generation, synthesis and verification

MATLAB EXPO 2019
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Case Study | Workflow Summary

Golden
Reference
MATLAB
Hardware oy -
Architecture | EEmE Fixed Point
Designer
Fixed-point Simulink

sfix38_En32 (11)
1" "
.
I m | m n I n aaaaaa st if middie value of
window is largest
= AND if it is greater than a threshhol
g Eni2

HDL Code Generation
and Optimization

Integrated Verification

HDL Verification

and Targeting

MATLAB EXPO 2019
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A few more words about code generation ...

MATLAB EXPO 2019
37
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Automatically Generate Production RTL

4 ™
DESIGN

Algorithms

Streaming = Choose from over 300 supported blocks

Algorithms — Including MATLAB functions and Stateflow charts
Implementation Streaming Hardware

Knowledge » Architectures
Fixed-Point Hardware

Architectures = Quickly explore implementation options

Implementation Architectures

HDL - Generate readable, traceable Verilog/VHDL

Coder

f_l__

— Optionally generate AXI interfaces with IP core

N\

= Production-proven across a variety of
applications and FPGA, ASIC, and SoC targets

Synthesizable RTL
AXI Interfaces
Synthesis scripts

MATLAB EXPO 2019
38



Agenda

- HW/SW Co-Design

MATLAB EXPO 2019
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39



4\ MathWorks

HW/SW Design

MATLAB EXPO 2019

40



Model Based Design Workflow for SoC
Deploy to Hardware with Coders and HW Support Package

llllll

OFEIlES e

Algorithmic Model

Al¢ rithm 2

B e

Algorithmic Code

Memory Processor

Interconnect

HW Support Package
(Reference Design)

CAN

MATLAB EXPO 2019

Hardware Platform

.......................

4\ MathWorks
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Actual Data Exchange Between FPGA and Processor

incoming data with task
execution?

' Nuiler e
‘ Data rate~ \ / ' buffers?
\ Burst size? /

"PGA Burst |
Tb (us) m——

Alg2

Buffer3

Bufferd

FIFO size? How to synchronize

Memory

Algl

~ Contention ;}l’(:ontentllt\)\n =
Other Memory Other Threads

Readers and

) and Processes
Writers

MATLAB EXPO 2019
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SoC Blockset | Model and Simulate SoC Architecture R2019a

SoC Blockset

Design, evaluate, and implement SoC hardware and
software architectures

$ Download a free trial

MATLAB EXPO 2019
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SoC Blockset | Model and Simulate SoC Architecture R201Pa

Simulate algorith |

PAC « Simulate algorithms as well as

o B -] .
%_’- hardware/software architecture
ApeQ Algorithm 1 Memory Channel Algorithm 2 > Memory

» Internal/external connectivity

> 1/0

» Task scheduling

FPGA Memory Processor

ITOTOOTITI
1100101

* Deploy on support hardware

:
TCP/IP * Profile performance using external
mode

44



SoC Blockset | Example

Streaming Data from Hardware to Software

Meets or Violates

4\ MathWorks

R2019a

- (=] x

# Frame Size Frame Number Memory . nch Output
period of buffers requirements l—‘ ———— % im
(ms) > | : p— |
; o o | #  Frame Frame Number Mean Task  Avg Samples Meets or Violates
3 Size period of buffers Duration dropped per requirements
:  Latency Req (ms) (ms) 10000
g iggg ig : 1 5 0.05 1999 0.059 Violates throughput
8 2000 20 <1 2 100 1 99 1.06 UIG’HtEﬁ thrﬂughput
9 18000 180 <1l g 200 2 11 7258 172.6 inlatec dron camnle
10 30000 300 <
4 1000 10 9 9.61 0 Meets all requirements
°°: 5 1600 16 5 W52 1 Meets all requirements
il 0 2000 20 s 15.067 P ] VIOTates arop sampie
g% 7 2400 24 3 22.812 3:9 Violates drop samples
Bof 8 8000 80 <1 76.56 Violates min buffers req
S 9 18000 180 <1 175.23 Violates min buffers req
: 10 30000 300 <] 289.52 Violates min buffers req
0 1 2 3 szmumsﬁm (mss) 7 8 9 .io:o Register Channel *
B G st g iy e oy ®

MATLAB EXPO 2019
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SoC Blockset | Workflow Summary

Simulate SoC Architectures

Develop and combine software algorithms, hardware logic, memory systems,
and | /Q devices into your SoC application. Evaluate architecture alternatives
before deploying to hardware.

Analyze System Performance

Evaluate memory performance and task execution through simulation and
perform on-device profiling.

Deploy to SoC and FPGA Devices

Generate reference designs and RTL code for programmable logic. Generate
C,/C++ code for processor tasks.

MATLAB EXPO 2019

Hardware m:‘r:;l Software
_é_. |
pn ==RUE. .

Histogram of the execution times

Run#1

4\ MathWorks

R2019a

(%Al stock Paramaters: Memory Channel

Burst length, Bandwidth, FIFO depth and other
parameters can be changed in the Advanced section. In
the Performance tab, metrics can be visualized after
running & simulation.

Memory Channel (mask) (link) =
Model memory accesses as read and write bursts.
Data, Ctriin and CtriOut ports read and write data.
burstReq and burstDone ports Manage requests to the
Memory Controller.
- 0 X

+

Pertcrmance Potsfor Wit Test?

Mevs

_

“o
0o
»0
0
20
00

il

Reference
Design
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Agenda

= Customer results
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&\ MathWorks

Results at Allegro Microsystems

The Enlightenment: Model Based Design

! S

[ Research ] [ Requirements }»

1 1 U Architecture and Algorithm
Design Evolve into Executable
Algorithm and Architecture Design
9 g Specifications

[ Continuous ][ Discrete ]
Time Time

( Implementation
[CustomAnang] [ Verilog and J
-

U Front load testing and
verification

O Development is “parallelized”

~

U Continuous Equivalency
Testing Is utilized
Transistor Level Software

uoneouuaA ‘Bunss] ‘buidAiojoid

> O ... And of course auto-
; generated production code
i Physical Implementation and Integration | g

J

MATLAB EXPO 2019
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https://www.mathworks.com/videos/a-mixed-signal-model-based-design-flow-for-automotive-sensors-1481312986577.html

4\ MathWorks

Getting Started Collaborating with Model-Based Design

RESEARCH

—%

REQUIREMENTS

L

DESIGN

System Architecture

Algorithms

Implementation Architectures

\

)

Export
b = “Models
Implementation Knowledge t ‘Generate Code
Embedded Digital Analog
Software Hardware Hardware

System Integration

MATLAB EXPO 2019

LUOITRDIIISA 7 UOIIEpI[eA

~

Refine algorithm toward implementation

O Verify refinements versus previous
versions

L Generate verification models

0 Add hardware implementation detail and
generate optimized RTL

KD Simulate System-on-Chip architecture )

» Eliminate communication gaps

> Key decisions made via cross-skill
collaboration

> |dentify and address system-level issues
before implementing subsystems

» Adapt to changing requirements with agility
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&\ MathWorks’
Learn More

= Visit FPGA & SoC booth!

= Next steps to get started with:

— Verification: Improve RTL Verification by Connecting to MATLAB webinar
— Fixed-point quantization: Fixed-Point Made Easy webinar

— Incremental refinement, HDL code generation: HDL self-quided tutorial
— SoC Blockset: Getting Started with SoC Blockset

MATLAB EXPO 2019
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https://www.mathworks.com/videos/improve-rtl-verification-by-connecting-to-matlab-1551796133310.html?s_tid=srchtitle
https://www.mathworks.com/videos/fpga-for-dsp-applications-fixed-point-made-easy-1495129243550.html
https://www.mathworks.com/matlabcentral/fileexchange/69651-hdl-coder-self-guided-tutorial
https://www.mathworks.com/help/soc/getting-started-with-soc-blockset.html



