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Model-Based Design:

From Concept to Production
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("« Model multi-domain systems

» Explore and optimize system
behavior in floating point and fixed
point

 Collaborate across teams and

\__continents

/

* Generate efficient code

» Explore and optimize
implementation tradeoffs

-

p
« Automate regression testing

* Detect design errors

» Support certification and standards
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&\ MathWorks:

MBD for Embedded Software Development

A widely used engineering approach for designing,
analyzing, and implementing embedded software
— Automotive OEMs and Suppliers
— Aero & Defense
— Industrial automation & machinery
— Robotics, and more
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4\ MathWorks

A Span of Systems

Tightly coupled Loosely coupled
Symmetric/ Asymmetric Multicore Software+Hardware Multiprocessor Compute
Clusters
— —
-~

“Help me design, validate, and verify my
algorithms for deployment on a
distributed processing platform.”
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Support for Symmetric/Assymmetric Multicore

Tightly coupled Loosely coupled

Symmetric/ Asymmetric Multicore Software+Hardware

Il

Multiprocessor Compute
Clusters
(e.g., ARM, Simulink Real-Time)
\ J
' @ Cancurrent Execution: sldemo_concurrent_execution (fctive) ol ===
Wi
R20‘| ]b EEEEEEE Concurrent
4 Iy Concurrent Execution oo .
(3 ot i o = Execution
= EZ::Z:::: 2. Task Execution Time DI al 0 g .
Ml F
Interrup!
& System tasks
& rofie
3. Task Affinitization to Processor Cores
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Support for Processor+FPGA Architectures

Tightly coupled Loosely coupled
Il %
Symmetric / Asymmetric Multicore Software+Hardware Multiprocessor Compute
: Clusters
(e.g. ARM, Simulink Real-Time) (e.g. Xilinx Zynq, (e.g. ARM + DSP,

Simulink Real-Time w/ FPGA) multiple Simulink Real-Time)

\ J
|

22011 xPC Target + FPGA
R2013a Xilinx Zyng
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MBD for Hardware Development

From Concept to Production
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- Includes newer capabilities
- Built on the same MATLAB

and Simulink foundation

- Has established success

— Automotive OEMs and
Suppliers

— Aero & Defense

— Communications and
electronics
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FLIR Accelerates Development
of Thermal Imaging FPGA

Challenge

Accelerate the implementation of advanced thermal
iImaging filters and algorithms on FPGA hardware

Raw image (left) and image after applying filter developed
with HDL Coder (right).

Solution |

Use MATLAB to develop, simulate,_ and evaluate “With MATLAB and HDL Coder we are
algorithms, and use HDL Coder to implement the

i much morere ivet
best algorithms on FPGAs U sponsive to

marketplace needs. We now embrace

Results change, because we can take a new
= Time from concept to field-testable prototype idea to a real-time-capable hardware
reduced by 60% prototype in just a few weeks. There

= Enhancements completed in hours, not weeks
= Code reuse increased from zero to 30%

is more joy in engineering, so we’ve
increased job satisfaction as well as
customer satisfaction.”

Nicholas Hogasten

FLIR Systems

Link to user story



http://www.mathworks.com/company/user_stories/FLIR-Accelerates-Development-of-Thermal-Imaging-FPGA.html
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Wolfson Microelectronics
Accelerates Audio Hub
Design Verification

Ch al l en g e Wolfson Microelectronics digital audio hub.
Develop a multipath, multichannel audio hub for
smartphones
Solution
Use Simulink to model and simulate the DSP “For development of the world’s first
design and use HDL Coder to generate highly optimized digital audio hub
bit-true Verilog models for verification of the digital solution, Simulink and HDL Coder
Implementation were the best options. The design
Results and verification flow we applied
= Months of hand-coding eliminated using MathWorks tools scales well
= Datapath verification coverage increased to 100% | and provides the route to build more
= Debugging process accelerated by 20% complex DSP and signal mixing
paths.”

Brian Paisley
Wolfson Microelectronics

Link to user story



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

4\ MathWorks:

Support for Processor+FPGA Architectures

Tightly coupled Loosely coupled
1l #
Symmetrid Asymmetric Multicore Software+Hardware Multiprocessor Compute
Clusters
(e.g. ARM, Simulink Real-Time) (e.g. Xilinx Zynq, (e.g. ARM + DSP,
Simulink Real-Time w/ multiple Simulink Real-Time)
FPGA)
l J
|

22011 xPC Target + FPGA
R2013a Xilinx Zynq

ZedBoard

)

10



4\ MathWorks

Model-Based Design for Zyng: New Challenges

e

\-

* How do | model interconnect?
* How do | partition my design?

-

« How do | generate IP Core with AXI interface?
 How do | write the driver for the IP Core?

Ve

« How do | easily integrate the IP Core with the
synthesis tool like Vivado?

D

2
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Partitioning and mapping for distributed execution

L F3 1. Expr_ess concurrency
F2 'L F5 > F6 (target independent)

L
/

)

¥554PE4—— 3. Map & evaluate

|

Scheduler

| Core | Core I

T
E
R
A
T
E

2. Express target architecture
and configuration
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Example: Design a motor controller

Processing System Programmable Logic Motor FMC Card
1 kHz 10 MHz ANALOG
DEVICES

Cortex™-A9

Velocity Control

Velocity Estimate Interface

) Open-source
LINUX

EthernetI

13



Design with simulation

Simulation

Simulink

Algorithm
Model

Algorithm
Model

Motor
Model

Prototype

Production

4\ MathWorks'
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Design with simulation

System Simulation Testbench Model:
Provides test stimulus, integrates controller with physical model of plant,
predicts system dynamics with continuous time solver, instruments/logs signals

4\ MathWorks
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hall_timer_delta
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Specification Model
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Reuse components to prototype on hardware

Simulation

Simulink

Algorithm
Model

Algorithm
Model

Prototype

Embedded Coder

y

ARM

Linux
Driver

N

HDL Coder

Motor
Model

AXI
Interface

Algorithm

HDL

Prog. Logic

Motor

Production
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Generate bitstream and interface

Simulation Prototype Production

AXI
Algorithm N Interface

HDL Coder Algorithm
HDL

Model

Prog. Logic
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Generate bitstream and interface

Algorithm HDL Specification Model + Zyng Support Package:
Generates algorithmic code, wraps into an IP Core, and integrates into
MathWorks provided project for programmable logic

Six Step Commutator And Peripherals

HDL Specification
motor_on
s
e
ervra oz
L orsge._evel
booean
mvener_
i s sste
hall_a
2
‘Commutaor

15 Ents e 13_En
i oI 21 [P
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sn1_En 14 n18_Ent
e El ™

urrs2 = -
PRy B

Debounce G Fosition_And_Timer_Del
Hall_Pnz To_ABC_ St -

AN

HDL Coder +
Zynq Support Package

system_stub.bit Date modified: 12/9/2013 3:15 PM

BIT File

Size: 3.85 MB

= B R
@-\/.v |« pap. ¥ impld ¥ T4 )
File Edit View Tools Help
Orgsnize + | |Open  Bum  Newfolder >~
- Name : Date modified Size o
- [#] runme.bat 14/9/2013 313 PM Windows Batch File LK8
= | runme.log 12/9/2013 3:15 PM Text Document 18 KB
B @] runme.sh 12/9/2013 313 PM SHFile 2KB
_| system_stub.bgn 12/9/2013 3:15 PM BGN File 5KB
. | system_stub.bit 12/9/2013 3:15 PM BIT File 3951 KB
¥ | system_stub.bld 12/9/2013 3:13 PM BLD File 2KB
. | system_stub.drc 12/9/2013 315 PM DRCFile 1KB
L) svstem stub.edf 12/9/2013 3:13 PM EDF File 4935KB T
g . 3

Genersied by HDL Workflow Advisor on 09-Deo 2013 15 11:12

Six Step Commutator And Peripherals

HDL Implementation
Copyright 2013 The MathWaorks, Inc.
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Algorithm HDL

Bitstream

Algorithm HDL
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Vivado IP Integrator Support for Zyng

= Integrate Xilinx Vivado IP
Integrator tool flow into HDL
Workflow Advisor

= Insert the generated IP core into

Vivado Zynq system design
= Build and Program Zynq board

m

Algorithm

AXl4-Lite
Accessible
Registers

i

from
MATLAB/
Simulink

R
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2014

» External
Ports

Programmable Logic IP Core

proc_sys_reset_0

P axi_interconnect_0
slowest_sync_dk mb_reset
) ext_reset_in bus_struct_reset[0:0] e | I SD0_AXI
dk_wiz_0 =
=aux_reset in peripheral_reset[0:0] ACLK
k_inl clk_outl =mb_debug_sys rst interconnect_aresetr[0:0] ARESETN[0:0]
esetn locked dem_locked peripheral_aresetn[ﬂ:ﬂ} jSOD_#CLK MOO_AXT - ¢
—— 500_ARESETN[0:0]
Clocking Wizard Processor System Reset MOO_ACLK
MOO_ARESETN[0:0]

processing_system7_0

linking_ipcor :_‘*

= R AXT_Lite

p—ual[PCORE_CLK

X Lite ACLK
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P
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CLKL] \
— BRI R IN] () D WiED_ouT |-

e ok TTCO_WAVEL_OUT -
s TTCO_WAVEZ_OUT =

FCLK_CLKD
FCLK_RESETO_Nf-—

Z-YN Q7 Processing System

DDR
FIXED_IO

GPLEDs_pin[7:0]
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Target Independence AND Optimization Options

= Expose vendor-provided
attributes

= Currently implemented for some
blocks

= |nfrastructure to support more,
available to block authors

b,
J x

b >

Product

E XILINX »

ALL PROG HA'.‘.‘;‘.AB'_L-.ﬂ

(* use_dsp48 = ‘yes/no’ ¥)

wire signed [w:0] out ;

assignout=a*b;

(* multstyle = “dsp/logic” *)
wire signed [w:0] out ;

assignout=a*b;

Ini  Cutt

Subsystem
R N | il 0g
erilog
ARCHITECTURE rtl OF symmetric_fir IS (* use_dsp48 = "yes" +) module symmetric_fir
(
ATTRIBUTE use_dsp48 : string; clk,
reset,
ATTRIBUTE use_dsp48 OF rtl : ARCHIT clk_enable,
x_in,
-- Signals h_}nl,
SIGNAL enb h_in2,
CTANMAL v am eaanad h_1n3,
h_in4,
ce_out,

y_out,
delayed_xout



Generate ARM executable

Simulation Prototype Production

Algorithm
Embedded Coder C

Algorithm

Model Linux

Driver

AXI Bus

4\ MathWorks:
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Generate ARM executable

ARM Prototype Specification Model + Zyng Support Package
Generates algorithmic code and automates integration with MathWorks project for
ARM. Model acts as graphical user interface to hardware (switches, sliders, scopes)

Six Step Control: Prototype ARM with External Mode

Copyright 2013 The MathWorks, Inc

P
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Zynq Support Package

Embedded Coder +

~

Bisiream_Interface

\/

30/pi
Tolor_velocty

rad per secto RPM

voltage.

Rv ETs

]

Rotor_Velociy_To_Elecirical Period Electical Postion Period

Visuaization

Six Step Controller
C Implementation

Copyright 2013 The MathWorks, Inc.

[&D
hall_position._delta
(€D
hall_timer_delta

Six Step Commutator And Peripherals
HDL Implementation

Copyright 2013 The MainWorks, Inc.

= ot e

Algorithm C
Specification Model

Algorithm HDL
Interface Model

B Administrator: Chwindowshsystem32\cmd.exe

rtGetInf.o .-/rtGetHaN.o . /rt_lrit|h
sext_work.o (sptiostream_interf a)
_ -/rtiostream_utils.o ../slprjsidelink_ert /gl
terfacesCusztomMll 1libgm_sixStepPeripheralHdl_interface.a
StepControllerC/CustomMil/libsixStepControllerC.a —1m
—lpt_:]u-ea.d LTo . sCustomMilrz ixStepArmExternalMode

31 3b~toolbox>~idelink~foundation~hostapps” "root" "root'!
L CustomMll zixStepArnExternalHode "

Connection successful

total 77

d v wxrwt 2 root ] 68 Jan 1 BA:Q
v wscr—ser—3x 16 588 Len 16824 Jan 18 281
PuKP—Kr—X 1 root a 74324 Jan 1 88:8
killall: sixStepArmExternalMode: no process killed

a key to continue ...
68 kB I 68.3 kBrss | ETh: @

Waiting for B seconds. press
= ixStepAirmExternalMode i
pexztapting the mode 1=

xSimulation fFinished»oe

e starting the model =
Fexztopping the modelsee

C:“Hark_PHSM~Zyng_fvnet Demo WorkisixBtepArmExternaldod]
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C Code Generation for ARM Cortex-A9

= Automatic AXI Interface generation

= Multi-threaded Linux code

= Code optimizations using ARM Neon intrinsics

23
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Performance Profiling

On desktop profiling

— Tasks execution time on
desktop machines

On target profiling
— Tasks execution time
when running on target

SIL/PIL — based profiling

— Functions and tasks
execution time when
running in-the-loop type
of simulations

£ Concurrent Execution: sldemo_concurrent_execution? (Active) =)= ==
daEX

Select:

Profiling report
4 g Concurrent Execution

[ DataTransfer

Generate profile report {¥imvokes build and execution)
a [i Tasks and Mapping

> Perindic

[ rterrupt - rs . -

5;;:[:;1 Task Execution Profiling Report for sldemo_concurrent_execution3

? ;ys:m mk; The code execution profiling report provides metrics based on data collected from execution on the haost machinge . Execution times are

= Frofile repo calculated from data recorded by instrumentation probes added to the generated code
1. Summary
Total simulation time (seconds) 10.000000
Profile data created FriSep 14 16:98:40 2012
Model name sldemo_concurrent_execution3
Mumber of processor cores on the host machine 4

2. Task Execution Time

m

Average Turnaround Time [microseconds] Maximum Turnaround Time [microseconds]

Controllera (0.930118) Controllern (15.359744)

Plantl (5.034583)
Task2 (5.077249)
Discretel (28.466726)
Discrete? (4.334861)

Plantl (9.38651)
Task?2 (28.159531)
Discretel (46.505893)
Discrete? (9.38651)

3. Task Affinitization to Processor Cores

Clock Tick /
Task

Controllera [z [20 /2 20/ [2 [2/2 (2 [z 2z 2 BN : = /2222 2|2 @0z 2222 1z [z @022 2
Controiiera1. |72 SN I N = = I O O M 22 (i

< . 3

o

10 20 30
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CPU

Execution profiler

X : mTop_Sobel_CPU/C (hctive) 5
Select: Code profiling for SIL or PIL B
Solver easure task execution time
~Data Import/Export
Optimization easure function exection times
-Disgnostics

Model Referencing

#-Simulation Target

Code Generation

“~Report
Comments
Symbals
Custom Code
Debug

- Interface
Verification
Code Style
Templates
Code Placement

Memory Sections
= IDE Link
HDL Code Generation

Hardware Implementat...

~Data Type Replace...

Fie Edi Yiew
DedsE bW a0 e € 08/ =50
Plot of recorded profiling data over 0.27999 seconds

Workspace variable: executionProfile

Code coverage for SIL or PIL

Code coverage tool: [No.

Save options: All measurement and analysis data ~

Code Execution Profling Report

SIL or PIL verification blo|

Create block: | None

[7] Enable portable word si

Insert

Code Execution Profiling Report for

sobel_ref

The code execution profiling report provides metrics based on data collected from a SIL or PIL
simulation. Execution times are calculated from data recorded by instrumentation probes added to the
SIL or PIL test hamess or inside the code generated for each model See Code Execution Profiling for
‘more information.

1. Summary

5.397932¢+00

Total time (seconds)

Tools Desktop Window Help )

Sub-Rate 2

Sub-Rate 1

Base-Rate

| i
UL

005 o1 015 02 025 03 035
Tirne in seconds

FPGA

4\ MathWorks:
Performance Measurements and Resource Usage

Resource report and critical path highlighting

(@ HDL Workflow Advisor - mTop_Sobel_FPGA/Sobel_Edge_Detection_Task

mﬁlg

File Edit Run View Help

Finds  name and des

Mg

4 ([ HDL Workflow Advisor

4 [ 1.setTarget

) AL1. Set Target Devics and Synthesis Tool
4 ) 2. Prepare Model For HDL Cade Generation

(1 2.1 Check Global Settings

(-] *22. Check Algebraic Loops

1 #23. Check Block Compatibility

(-] *24, Check Sample Times

£] #25, Check FPGA-in-the-Loop Compatibility
4 () 3. HDL Code Generation

4 ) 34, Set Code Generation Options

3.1.1. Set Basic Opt
Target
Generate HDL for: | mTop_Sobel FPGA -
Language: VHDL
Folder: hd_prithdisrc

Code generation report
(7] Generate traceabiity report

Generate resource utization report

Code Generation Report

E =)

=

Contents

Summary

Clock Summary

Resource Utilization Report
High-level Resource Report
Target-specific Report

Optimization Report
Distributed Pipelining
Streaming and Sharing
Target Code Generation

Generic Resource Report for my_sfir_fixed

Summary

Multipliers
Adders/Subtractors
Registers

RAMs

Multiplexers

Ble ot Gew Smushn el ook teb

=k

D&

YR e s

Detailed Report

[Expand all] [Gellapse ¢

Report for Subsystem: symmetric
Multipliers (4)

[+] 17x16-bit Multiply :

Adders/Subtractors (7)

[+] 17%17-bit Adder : 4
[+] 34x34-bit Adder : 2
[+] 35x35-bit Adder : 1

Registers (8)

[+] 16-bit Register : &

Lo~

EL:

y
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Processor-In-the-Loop (External Mode)

Using IP Core Generation Workflow: Sobel Edge Detection

vvvvv

Video

Launch HDL Workflow Advisor

Run Demo

he MathiW orks, Inc.

I0TO0O0TTI
1100101

TCP/IP

AXl4-Lite
Blocks

7S ;7
4

C Algorithm

ARM Cortex-A9 MP
(Running Linux)

AXl4-Lite

<

Control Algorithm
Tune parameters
Gather real-time results

Control IPCore from
Simulink

— > K—

y

IP Core
Registers

FPGA
IPCore
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From simulation to prototype to production

Simulink

Algorithm
Model

Algorithm
Model

Embedded Coder

b

N

HDL Coder

Motor
Model

Linux
Driver

Vivado

AXI

Interface

Algorithm
HDL

Prog. Logic

Vivado

Motor

ARM
System
Linux Code
Driver
AXI IP1
Interface
P2
Algorithm
HDL IP3

Programmable Logic

3

3

Motor

System
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And more?
Tightly coupled Loosely coupled
Il %
Symmetric / Asymmetric Multicore Software+Hardware Multiprocessor Compute
Clusters
(e.g., ARM, Simulink Real-Time) (e.g., Xilinx Zynq, (e.g., ARM + DSP,

Simulink Real-Time w/ FPGA)  multiple Simulink Real-Time,
other MPSoC platforms)

\ )
|

28
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Tooling for MPSoC Development

Opportunities and Questions

29
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Summary

« Model-Based Design, using MATLAB and Simulink, is
well-established for embedded software development

= MBD use is growing for FPGA prototyping and
development

« MATLAB and Simulink now have fundamental
capabilities for hardware/software co-design

= We seek your input:

What do you need in a MPSoC development platform?

30



