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Code Generation — 1990s

_ Simulink and
Real-Time Workshop® and Stateflow® Coder Stateflow

= Generate code from Simulink and Stateflow that Algorithm and System
IS easy to interact, tune, and experiment with SEslgn

= Simulation Acceleration
= Rapid Prototyping
= Hardware in Loop (HIL)

= Embedded deployment

You can deploy code on any microprocessor using Real-Time
Workshop because it generates ANSI-C.
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ECU Development — 1990s

Automatic Code Generation usage

Paper

Field Tests
Specs & CAL
Modeling
Simulation
Acceleration HIL Test

Rapid
Prototyping

Manual
Integration
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ECU Development — 2005

Using Model-Based Design with Automatic Code Generation

Executable Specifications
from Models

/‘

: udus Simulink Design with
Models Simulation

HIL Test

Processor-in-loop (PIL) Test

On Target Rapid Prt¢ Software-in-loop (SIL) Test

@eneration
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Code Generation — 2005 v

_ Simulink and
Real-Time Workshop® Embedded Coder Stateflow

= Generates efficient code that can be Algorith[;n and System
. . esign
customized to look like hand code for -

You can deploy code on any microprocessor using Real-Time
Workshop Embedded Coder because it generates standard C
(ANSI ).
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MAC 2005

Model-Based Development Progress:

Overview

Status:
Visteon Powertrain is using model-based software development globally
Production intent programs & Advanced projects
Model-based procesﬁ years
Production intent auto coding: 3 years

Objective:
Incrementally deploy MBD rather than “big-bang”
Model based components must mix with legacy software
Improve quality while reducing development time and cost
Models & simulation improve quality: better understanding leads to better design
Reduce development time by employing auto-code generation, test case generation, etc.

Keys to Success:
Proficiency of users - requires mentoring by experts
Standardized model style (especially tuned for code generation)
Visteon custom tools
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MAC 2005

Goal: One Model for All Platforms
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MAC 2005

Benefits of Fixed-point Modeling Benefits of Fixed-point Code Generation

Significant savings in developm

- Pilot Project - real work took abgut 2-3 months
(excluding time spent on resolvipg tools issues)
Hand code would have taken afjleast 6 months

Data-type & scaling determination/testing
significantly easier and less tedious.

Data-type mis-match & overflow problems
easily detected

Testing of Fixed point operations
Fixed-point computations with much faster iterations
Side-by-side testing of fixed-point vs floating-point computation

Fixed-point computation functions/macros
- Bulk of them already built by Mathworks

Easier unit testing of generated code

~ Unit testing performed side-by-side with model
in MATLAB for comparison

Worth doing even with hand-code and no auto code
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Code Generation — 2005 v

_ Simulink and
Real-Time Workshop® Embedded Coder Stateflow

= Generates efficient code that can be Algorith[;n and System
. . esign
customized to look like hand code for -

= Production Code Generation

Embedded Targets

= Provide target specific blocks/features for

You can deploy code on any microprocessor using Real-Time
Workshop Embedded Coder because it generates standard C
(ANSI and 1SO).
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Rapid Prototyping Comparison

Traditional Bypass ‘ On-Target

Hardware From off-the-shelf PCs From Existing ECUs

(Cost) To custom bypass HW To eval board HW

Model More emphasis Less emphasis
Flexibility

Code Less emphasis More emphasis
Efficiency
Purpose New ideas, green field research Refine designs, production focused
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MAC 2005
Project Objectives for 2003

* Identify challenges with utilizing automatically generated code from
MathWorks Embedded Coder in production controllers

+ Integration of auto-code and hand-code

* Code / Calibration / RAM placement in memory map
+ Interface to instrumentation tools

+ Maintain code readability and trace ability

* Determine if modifications to GMPT algorithm modeling standards and
guidelines were required to support automatic code generation

* Determine if modifications to existing GMPT software process and
standards were required to support automatic code generation

* Develop a process and tools to allow code automatically generated from

algorithm models to for
development purposgs (On-Target-Rapid-Prototyping)

MathworksMIAC21June05_ppt
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MAC 2005

2003 Project Results

* Some modifications to the GMPT Algorithm Modeling
Standards were required to support auto-code

®* Some modifications to Software Process / Coding
Standards were required to support auto-code

* Efficiency of the auto-code is comparable to hand-code
and should not factor into the decision to utilize auto-
code

* Auto-code was successfully executed in a production
ECU controller
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MAC 2005
Pilot Result - Metrics

Calibration ROM 9464 9464 0% More
Efficient
Code ROM 2952 2900 1.76% Than Hand

RAM 240 238 -0.83%

MathworksMIAC21June05 . ppt
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MAC 2005

2005 Automatic Code Generation Objectives

Re-evaluate hand code process and auto-code process to reduce
overhead

Address automatic code generation for multiple large functions in a
single model file

Develop a seamless process for testing the model and the
generated code

Develop on-target rapid prototyping process using Mathworks
Embedded Coder

Improve usability of the automatic code generation process

Deploy first automatigzgToducttd] code build in actual production
powertrain vehicles {(n Q1 2005

Rollout production cod&gemeration to many additional users and
production programs
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Code Generation — 2005 Y

_ Simulink and
Real-Time Workshop® Embedded Coder Stateflow

= Generates efficient code that can be Algorith[;n and System
. . esign
customized to look like hand code for -

= Production Code Generation
= Some SIL support (behavior focused)

a1elau9a

Embedded Targets

= Provide target specific blocks/features for
= On-Target Rapid Prototyping

= Some PIL support (MPC5xx focused)

You can deploy code on any microprocessor using Real-Time
Workshop Embedded Coder because it generates standard C
(ANSI and 1SO).
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ECU Development — Today (R2007a)

Executable Spedfications
vf from Models

v

Simulink Design with
Models Simulation

Cont
Te:
Ver

inuous
st and
ification

Simulation AcE

Automatic Code Generation

Rapid Prototypi Processor-in-loop (PIL) Test

On Target Rapid Pr re-in-loop (SIL) Test

Productio
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Code Generation o

Simulink, Stateflow, and

Real-Time Workshop Embedded Coder
= Cand Production Code Generation

Algorithm and System Design

Targets

= Provide target specific blocks and features
= On-Target Prototyping

You can deploy code on any microprocessor |
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Code Generation — R2007a v

Simulink, Stateflow, and

Real-Time Workshop Embedded Coder

= C and Production Code Generation
Algorithm and System Design
®
D
>
@
Q
Targets

= Provide target specific blocks and features
= On-Target Prototyping

C/C++ code

You can deploy code on any microprocessor |
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Code — R2007a ®

_ Simulink, Stateflow, and
Real-Time Workshop Embedded Coder Embedded MATLAB

= C and C++ Production Code Generation Functions
) Algorithm and System Design
= SIL Options

Targets

= Provide target specific blocks and features
= On-Target Prototyping
= PIL

Simulink® HDL Coder i
= Verilog and VHDL Code Generation

‘ You can code on any microprocessor or hardware device. I

29
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Code Verification — R2007a %

Simulink, Stateflow, and
Embedded MATLAB

Functions
Algorithm and System Design

Real-Time Workshop Embedded Coder
= C and C++ Production Code Generation

= SIL Options
= Emulated or Actual

a1elauan
arelauan

Target and Link Products

= Provide target specific blocks and features
= On-Target Prototyping

= PIL Options
= Incl. many more processors

C/C++ code Verilog/VHDL
- FPGA ASIC

Simulink® HDL Coder
= Verilog and VHDL Code Generation

You can verify code on any microprocessor or hardware device. |
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Portable Word Sizes for SIL — R2007a

Problem

= Word sizes for the host and target platforms often differ

= Fixed sizes inhibit software-in-the-loop (SIL) testing of production intent code
Solution

= Provide SIL option to size data types during compile (tmwtypes.h on host)
= Only fix data types for deployment (rtwtypes.h on target)

Benefit
= Better facilitate desktop verification of production intent code SIL
fifdef PBETABLE_HORDSIZES
# include "tiwtypes.h"
. #else
—LCode interface gdefine  THWTYPES
_ _ _ _ _ _ _ #include <limits.h> Deployment
[T GRT compatible call interface [+ Single output/update functian v Teminate function required
[T Generate reusable code typedef signed char intd T;

typedef unsigned char uintd T;
typedef short intlé T:

typedef unsigned short uintle T;
typedef int int3ii T;

typedef unsigned int uint3Z Ty
[ Create Simulink [S-Function) Block [v Enable portable word sirz%s typedef float realii T:

typedef double realéd T

[T Suppress emar status in realtime model data stuchure

—Yerfication

’—Suppurt software-in-the-loop [SIL] testing |
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SIL vs. HIL

MATLAB&SIMULINK

Comparison

Description SIL HIL
Purpose Verify Source Code Component verify Complete_System
Functionality
Platform
Host, Host Target, Target
(Plant, ECU)
Emulated: same source code, not
o Same executable code;
it accurate ) :
Target - Diff de b bit accurate (fix-pt); cycle
Fidelity Actual: Different source code, bit accurate: emulated 1/0

accurate (fix-pt)
(LOW)

(HIGH)

Convenience

Desktop convenient; executes just
in Simulink; no HW cost

(HIGH)

Executes in test bench or
lab; $$ for processor,
ECU, I/O, cables

(LOW)
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PIL — Direct HW

Simulink

Controller Model ). Plant Model

Options
1. Directto HW

Code
Generation

Target for Freescale™ MPC5xx
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PIL — Indirect HW

Simulink

Controller Model ). Plant Model

Options
1. Directto HW

Code
Generation

A

/

Cross-Compiled C
L B (o))
() e

IDE Link
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PIL - ISS
Simulink
Controller Model ) | Plant Model

Options
1. Directto HW

Code
Generation

A

/

Cross-Compiled C
Instruction Set
Simulator (I1SS)

IDE Link
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Processor-In-the-Loop Comparison

Description PIL (ISS) PIL (HW)
Purpose Verify Object Code Verify Object Code
Platform

Host, Host Host, Target

(Plant, ECU)

Same object code; bit Same object code; bit
Fideli accurate (fix-pt); not cycle accurate (fix-pt); cycle
delity accurate since 1SS accurate since on HW

(MID)

(HIGH)

Convenience

*|SS Instruction Set Simulator

Desktop convenient;
executes just on host
computer w/Simulink and
ISS; no HW cost

(HIGH)

Executes on desk or test
bench; $ for processor
board and cables

(MID)
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In-the-Loop Comparison

SIL PIL (ISS) PIL (HW) HIL
Description
Software-in-the-Loop Processor-in-the-Loop Hardware-in-the-Loop
Purpose Verify Source Code Verify Object Code Verify Object C Verify Complete System
P Component Component Functionality
Emulated: same source S ble code- b
. . code, not bit accurate ame execut.a e code; bit
Fidelity o accurate (fix-pt); cycle
Actual.. Different source ns on HW accurate; emulated 1/0
code, bit accurate (fix-pt)
Platform
Host, Host Host, Target Real-Time System, Target
(Plant, ECU)

Convenience

Desktop convenient;
executes just in Simulink;
no HW cost

eal-time (between

s on desk or test
Or processor
cables

Executes in test bench or
lab; $$ for processor, ECU,
I/0, cables

Real-Time Non real-time seiles) Hard real-time
. Systems or Software Software or Test Software or Test .
Englneers Engineers Engineers Systems or Test Engineers

Engineers
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VIAC - 2004 I

Conclusions

Results
) Project needs only 18 month
Introduction until release

functional and technical overview including analysis, restructuring,

Project description ot

moftivation and development process SiL I_:lased function FIE?E“DP{"E“F

C-Code analysis E B N
analysing and documentation methods higher test efficiency

Control-module desktop debugging instead of debugging in

Structure, metncs and co-operation metho vehicie
; T Lode
Auto-Code generation DSIGEERRRY
1 d lts our
el bbbt bl bl code efficiency and readability like hand
Testing written code
SIL, PIL and HIL test methods Project aims could be reached in time!
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Link and Target Products
Links

= PIL via Integrated Development Environments
(IDEs)
= Altium TASKING®
= Analog Devices VisualDSP++®
=TI Code Composer Studio™
= Mentor Graphics ModelSim®
= Cadence® Incisive®

= Project creation for prototyping or production

Targets
= Work on top of Links (are add-ons)

= Device driver block sets e | e

= Processor specific optimizations |__ ‘
Link

Simulink®

e [ e Sedann feme lmi e

ccp
(TwinCAN)

CAN Calibration Protacol "

Tricore
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Links and

Availability
= MathWorks

= Products
= Consulting

= MATLAB Central
= Third Parties

argets Product Providers

Simulink®

e [ e Sedann feme lmi e

O FERS Blpw b=y sfm " s REEE&s RES

Mubtitasking Rate Loop Model

Tricore

Target Target
1 2

Link
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MATLAB Central

MATLAB Central > File Exchange » Production Code

Production Code {18 Files)

m Click on column heading to sort by column

~ Downloads ~
[ 30 d )

Title

Ernheddsd Coder Robat MyT Demo
Offers an enjoyable Model-Based Design
experience using Simulink models with Lego robots
Author: Tom Erkkinen

Category: Production Code

Submitted

Rating

425
4 revievws

TLC :Quick start guide

Quick start guide to weriting and understanding TLC.

Authar: Mitin Skandan

2005-04-18

EQOFY. Procuction Code

MPC555 Motor Contral Function Blockset
Additional 100 blocks for MPCS55 target -
specifically targetting TPU functionality

Author: Edward Hartley

Categary: Production Code

2006-03-20

o o ohy Db
4.0
3 reviewws

aiz]

Address Specific Parameter Custom
Storage Class

Membdap: & custom storage class that alloves the
user to specify the memory addresses of
parameters in

Author: Pete Maloney

Category; Production Code

2007-05-14

0 reviews

52

Usinu WathyYorks tools to apply Model-

Based Design for DO-1788 Applications
An example workflow for Model-Based Design to
generate code for safety critical applications.
Author: Winod Cherian

Category; Production Code

2007-03-20

43

Inteqratinu Processor-Specific Code
with Model-Based Design of Ernbedded
Systems

Paper and models descriking a technigue for
integrating processor-zpecific code
Authar: Tom Erkkinen

Category: Production Code

2007-02-12

0 revienes

36

External KD and State Information

Block
Thiz block generates an extra file during code

Authot: RBoger Aarenstrup
Categary: Production Code

o i e o
T B4 A4 P4 b4

50

1 revieswy

35

Processor ln the Loop with Link for
TASKING

Avuthaor: David Maclay

Blocks for use with Link for TASKING

Tricore uzing the Infineon TriLib DSP library.

Category: Production Code

0 reviews

0 reviews

Model Assistant Tool

configure a model for code generation.
Author: Pete Szpak
Category: Production Code

Code Coverage Toaol
Code Coverage Tool measures C statement
coverage in generated code.

Authar: Mark Walker
Category: Production Code

o 2 e
[T
3.29

I reviens

30

Infineon C16G

Support for C-CAM hardware used on newer

generation containing external Inputs, outputs an 2008-07-19
Thiz dema shovws howy Processor Inthe Loop (PIL)
testing can be used for verification of automaticall 2007-03-03
Dptimized Infineon TriCore Sirmulink
Simulink blocks (FIR, FFT) optimized for the Infineon 2007-02-23
Uszing the Model Azsistant Tool, vou can guickly
2002-12-06
20070315
C-CAN drivers for use with Target for
2007-03-09

variants of the ST10 microcontroller
Author, David Maclay
Category: Production Code

0 reviews

www.mathworks.com/matlabcentral/fileexchange
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Third Party Links and Targets

Processors c/fc++ Built-In Link Products Target Third- I

Support Data Products P4 TI OMAP [ Link for Code _
Teoram P Composer Studio
Support .
TI TMS470 v Link for Code
All processors v Caormpaser Studia
) Select the manufacturer to see a full list of supported hardware
F2-bit PowerPC v v
8051 Compatible v v Link for
M Rdd D 1 - E - Dpo
AMD K5/Ke/Athlon v v : o ndicates Required Information
ADI Blackfin v v Link for A ~ W iardware Manufacturer
Devices - . ..n
VisualDs > | g
o L ¥ . . -+
. % B S d' l omments
ADI SHARC v v Link for & . T2 = -
Devices .
MisualDSP++
*E Mail {Format must be eg. name@yourdorain.com)
ARM 775/ v v Link for =T |
TaSKIMNG
Freescale MPCS6xx, v v . . .
e will not sell or rent your personal contact information. See our
MPC T, and ) ) )
. privacy policy for details,
MPC52:xx {32-hit
PowerPC)
Freescale MPC55xx v v Freescale
Muototron
Freescale MPCSxx v v Target for Various
Freescale
MPESxx

www.mathworks.com/products/rtwembedded/supportedio.html -
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Embedded MATLAB Functions - 2007a

Number of Supported Functions

300 -

mFi l Non-Fi

250 -

200 -

150 -

100 -

50 -

R14 R14spl R14sp2 R1l4sp3 R2006a R2006b R2007a

>>eml_frames, eml _nd
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Fixed Point Tool — 2007a

= Includes:
= Data type Overrlde | Fixed-Point Tool: TimeSeries Plot
. File Edit Wiew Insert Tools Deskbop  window  Help
=  Automated scaling NEgaE kK Ra™® € 08 =0
= Qver/under flow detection Plant Output

5 T T T T T T T E
i
H =
= Fixed vs. float plots 2 Active £
= T
e Reference =
=
B Fixed-Point Tool E D _ =
File  Simulation View Tools Resuls  Autoscaling  Help E:.-? g
Pw0e % WA B = =
™
Model Hierarchy | Contents of  fapdemn_feedback Contraller 1] E
=) 8] Fepdemo_feedhack® [mm = - [ gj
- Falcariler : Mame - Flun S Simbax | Dvfwirap DuiSat SimDT &
[3] Cornbirs Terms I—T 7 Divile =
I3] Combine Tems -5 L L 1 1 1 L L —
[ Denorinstor Terms 0 0.5 1 1.5 2 25 3 3.5 4
1 Denaminatar Tems T|mE
=1 Down Cast . .
1 Down Gt Difference between Active and Reference Runs
1 Humerator Terms ' ' ' ' ' ' ' o
1 Humerator Terms =
=1 Up Cast =
1 Up Cast o ] £
e =
= )
< 5 T b
Customize Contents | = = -0.01 =
¥ Camments = -
™ DivByZera é =
7 Ovisiat = 002 =
¥ Oviwiap m >
-7 ProposedFL & o
-~ ProposedRange -D 03 far]
-7 Run : 3
- SimbT =
~[” SimDTRange
-~ SimMax
-~ Gimbin
~[7 SpesiiedDT
=5 J:LPropeltles 3l s | > 1 EVEn H% M

Autoscale current system

[Safety margin: a0

Help

>>fxpdemo_feedback I
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wlemo_forloon R135P2 stenvoid

Code Efficiency - R2007a s real T rtb_Switch

{

int Til;

Wide Signals (for-loops)

Tyl = Erth_Switch0];

1 Lo e
woid riwdemo forloon R145P2 stenrroid
{ ; S
=0
) waras FeAl T rth_Switch[10] [~
oy — — .
nt { STATE[LTN;
; int32 Til;
- - | i 0 Switch — ]+
— - for . 1<10; i1+ { STATE[LT) * 5.00;
Sum?2 © emo_forloop R143P2 Ulnl[il] *30>=00)
- i - tth_Awitchlil] = rhwdemo_forloop R143P2 TInlfil]-
C: thwdemo_forloop RI42P2 DWork Delay DETATE[L];
Delay ) else §
tth Bwitchil] = (twdemo forloop R143F2 DWWork Delay DETATE[L] -
i : ttwdemn forloop RI43P2 TInl[il]) * 50;

woid retwdemo forloop R2Z007Va step (voild) - -
{ b [H]:

re al_T tm p Hoop_ RI43F2_T.Outl[il] = rth_Switch[il];

++i A Hoop R143P2 DWork Delay DSTATE[il] = rth_Switch[il];

for S o) ¢

- rtDWork.Delay DSTATE[i]:

b oelse |

twp = (rtDWork.Delay D3TATE[i] - rtU.Inl[i]) * 5.0; | }
¥
i
re¥.0utl[i] = tmp: it Til,
rtDWork.Delay DSTATE[i] = tmp:
} ' const real T *ul = &xtb_Switch[D];
teal T *dw DATATE = &riwdemo_forloop R133PZ_DWork Delay DRTATE[D];

fO I 0it <10 it

.. _OBTATE[1]=ul[il];
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MISRA-C 2004 Support — R2007a /:::f(-

MISRA-C 2004 Compliance history of generated code

e Our MISRA-C test
suite consists of
several example
models

(]
o
T

Number of violations
P (]
o L=]
T

* Results shown for
most frequently
violated rules

—=
=]
T

o
T

Rule 6.2 Rule106 Rule12.1 Rule14.4
MISRA-C 2004 Rule Numbers

= |mproving MISRA-C compliance with each release, e.g.
= Eliminate Stateflow goto statements (R2007a)
= Compliant parentheses option available (R2006b)

= Generate default case for switch-case statements (R2006b)

= MathWorks MISRA-C Compliance Package available upon request
http://www.mathworks.com/support/solutions/data/1-1IFPOW.html
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Agenda § s

om Models

Historical Review |
= Code Generation — 1999 (Release 11) /phmemm
' with Automatic

= Code Generation — 2005 (Release 14) Code Generation
= Code Generation and Verification — R2007a

New features

= Executable Specification
= Detailed Design

= Code Generation

= Code Integration
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Code Architecture - Integration v

Controller
Model
Communication
Interfaces | O
LI [ [ ] comm output f
Drivers 1 Generated \ Drivers |
(T T T T3¢ “ Agorithm | » 5 o
i | Code | 5
: 1.
Sensors [y . I
Input i Special
M Drivers | Device

: | Drivers ! V
A B C 1 FESEEEEEEEEEEEEEEEEEGZ : i @ o -
‘ | ! : Included : ! ; : 3" Special
® i | i Target i} ; Interfaces

: Optimized

_____ S A

| Scheduler/Operating System
and Support Utilities !




<} The MathWorks MATLAB&SIMULINK®
Model Integration via Model Reference — R14

) Model Reference Dependency Graph: application M=1E3
File  Help ~

= Incremental code generation is

dependent models rebuilt :.....-

supported via Model Reference

Gty Gy Commier Coemies
<

Click on a node to open the model

model changed and rebuilt

E! Configuration Parameters: floatdemo;/Configuration

Select: —Fiebuild options for all referenced modelz
- Solver Rebuild options: | If any changes detected
- Drata Import/E spoart
o Always
- ptimization . i
Di ) —Options for referenc R RE IR R S
- !agnmtlca ) | IF any changes in known dependencies
i Sample Time Total number of i b oer I f
Eata Int'.ag"t‘l'l Model dependenciss: >> rth em O_m d re to p
i Corversion
r % Specify the model dependencies as a cell array of file n
Eu:unneu:.tn.-'!ty #% autornatically include the model mdl and linked bran . > > S | d e m O_m d I ref_d e pg rap h
Caompatibility ) # not on the MATLAB path, use absolute paths; prefis §h
b odel R eferencing % path iz relative to the lacation af the _mdl file; wildzards
- Hardware Implementation % to cormment out a line; use .. to continue lines. For ex
. =
- Model Feferencing =
E{D: .mat’, .mat’, ...
&1 Real Time Warkshop . '{npu:ﬁi?mlfiﬁﬂextzg mat’, '$d DLAmdlears. mat
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Subsystem Integration w/Export Functions — R2006a

I
1_1ms_f I N
: J—
I o1_1ms
¥ o
T'TT'T _ '+t 1 A t_1ms=() - = -
- ; ! -1me.- ol 1ms 4 —wlin_1ms ol_1ims . - ms[}1 .
| - in_1ms lin_1ms ol_1ms
Pulse £ X -
Generator tims Al— L ] . g
% t 1ms B[— - —t_1ms_B H in_t0ms  02.1ms =g)
- - L1} ms
t 10ms|— 02_1ms c;.:‘tpl;t fl-Ams 2_ims )
- ; - ms -
Software ' PE 1
Environment — —wt10ms v
t_10ms()
< #lin 1ms  o1_10ms »{ 3 )
ol_10ms o1_10ms
(1 ——min_1ms
in 1ms - _|—. I:l 7 (8 y—min_10ms  oz_10ms w4 )
- in_10ms 02_10ms
Output e
(2 »——m{in_10ms °210ms {10ms)
in_10ms
Software Requirernents L

Real-Time Workshop

Fixed-Point Settings...

Expork Functions...
Linearize Block. .. &

= Supports a popular scheduling technique in production
= Streamlines code generated
= No scheduler, no model step function

>> rtwdemo_export_functions
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Model Integration w/Functlon Prototypes R2007a

E!M del Step Functions: prototype_example

- Description

Choose a function class for the model-step function.

FU nCtIOn CO ntl'0| fOr tOp mOdel - Set function class and name
] PaSS | N po I’tS/O utpo rtS as arg ume nts Function class:|Model specific C prototype j Function name:|application

This function class supports single rate and multirate single-tasking models. Press

= PaSS arg uments by Val ue or p0| nter Gj(e’r I?efaﬁl’r Configuration to populate the initial argument configuration for the model
step function.
= Control argument names and order

Get Default Configuration |

- Configure function arguments

Order Port Nami Port Typd Category | Argument Ni Gualifier Up
1|0ut Outport [value  =|Cut none | Down
2[In Inport Walue  =lIn none

- Function presiesw

Cut = application { In)

~Walidation

uintg uints
INC + ’ LIMIT
+/ sum_out uintg :I
Fy
/ N equal_to_count [Poolean

extern int32_T application(int32_T In);

out int32 T

ot

uins Amplifier

x| M=
o
=
=
g
=
=]
2
==

Generated step function definition
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Production Code Integration Comparison

Model Reference Model Step Subsystem
Integration Function Function Export)
Integration Integration
Fidelity / LOW-MID HIGH

Control

Manual integration
LOW

Convenience Fully automated,
incremental code

HIGH

Software Engineering

Applications | Large Scale Mod
Focused

System Foc System or Softw
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Pack-and-Go for Relocating Generated Code — R2006b

= Packages generated code and all static dependencies
(via zip)

= Built on Buildinfo API

ODEeEd& E 2 » 100 |Nomal v

>
Code, Pack
(Computer A)
Unpack, Build

(Computer B)
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Code Architecture - Integration

Controller
Model
Communication
Interfaces | O
LI [ [ ] comm output f
Drivers 1 Generated \ Drivers |
(T T T T3¢ “ Agorithm | » 5 o
i | Code | 5
: 1.
Sensors [y . I
Input i Special
M Drivers | Device

: | Drivers ! V
A B C 1 FESEEEEEEEEEEEEEEEEEGZ : i @ o -
‘ | ! : Included : ! ; : 3" Special
® i | i Target i} ; Interfaces

: Optimized

_____ S A

| Scheduler/Operating System
and Support Utilities !
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Legacy Code Tool — R2006b

= Integrates external code for simulation and o
: Registration File
code generation (e.g., legacy lookup tables) srEEE—————--

Fle Edt Text el Took Oebug Deshiop widow Help ¥ rX

DeB|inl-~|SAsL|pDaaypal-]0]

St Inktialize an FRpLy SUCREE
= = legacy_code_initiakize;

1
z
3
4 %% Heghier the Legacy Code Function
£ - sSPunctonName = ‘sfus_cw
[
1
5

= shypulimensions =1 1];
- slypulatalypes = indle T indle T3
= sOwpuiltmensions = [1]:
8 = sOwpuianTypes = (b T
10 - sParameteiDimensions = [J;
11 = eParameierDataTopes = {J;
s ope = "V1_VAL = (U1_VAL, U2_VALY:
13 = sHeaderFiks = {oomparair )
14 = sSewceiles = {'comparabers};
- slmcPaiks = [ldmre)

i Verify the consistency (optional)
= s=legacy_code

%6 Generate the € sfn
- legacy_code_shon_cmex_generate(s);

5 Generate the de file
- legacy_code_sfon_tle_gemerates):

Simulation Model

E! BIT_sensor_fault_legacy

BENBEREBHEEGSESSR
'

Generated Code

File Edt View Simulation Format Tooks Help ;
DisEd&| s L= S S T [ | HEE2y RER T ® / B Editor - C:\WINNT" Profiles'terkkine'Desktop' LegacyCode’ [t BIT 10 x|
File Edit Text Cel Tools Debug Desktop ‘Window Help k] | A X |
i counts . |
Do DS E|f B« (S #s a0 AREEA[ ] 0]
inl value
) - =
116 rib_counis b = _fixptlowering2;
m‘_‘ﬁé D ﬁhﬁrf 117}
validity 118
. 119 /* Quiport: "<Root>/ralidity” incorporates:
comparator tion: "<Root=/comparator®
. 121 *f
122 (*BIT_sensor_fauli_legacy Y valiflity) = ((imt8_T)comparator( rth_counts_p, rib_counis_h));
123
124 /* Ouiport: "<Root=fralue’ */ =
125 (*BIT_sensor fault legacy Y value)=rth_counis_p;
126
12 £* (no update code required) */ -
| | »
Ready 12z [r=n.00 [FixedstepDiscrete 4 C T CPP zource or header fils |Ln 133 Col 28 |0VR 4

>> sldemo _lIct lut
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Fixed-Point Advanced Lookup Tables — R2006b

= Two blocks
= Prelookup
= Interpolation using prelookup

= Support
= Floating- and fixed-point
= nN-D support
= Optimized
Share prelookup costs
Saturation-free
Allows optimal data types
Sub-table selection
Cross block range check

ATIIG_Eniz

VThiG_Eid

VThiG_Eud

ntie

g it 10 D)

Al ié_Enis

i

Interpolation 10
Lking Preloakup

—— (50T

Tk
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/
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Agenda g

: om Models
Historical Review | !
= Code Generation — 1999 (Release 11) ﬁpmmﬁm
= Code Generation — 2005 (Release 14) " Code Ganrtr

= Code Generation and Verification — R2007a

New Features

= Executable Specification

= Detailed Design The Future?
= Code Generation

= Code Integration
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Way Forward Machine

2 Internet Archive Wayback Machine - Microsoft Internet Explorer provided by The Mathworks, Inc.

© File Edit View Favorites  Tools  Help

Q- © - ¥ B @ PO

fddress |@ htkp: ) web, archive, orgfcollections web) advanced., html W
GQOSIE ||G|vwavhack machine b | G0 4k E - w - EI 21 blocked '1? Check '-\f_, Aukaril & E wayback E rachine

INTERNMET ARCHIWVE

Advanced Search

R2007b?

Go Wayback
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Way Forward Machine

© File Edit View Favorites  Tools  Help

Q- O X @ G P

Address |@ htkp: ) fweb, archive, argfcollectionsjwebfadvanced. html b
GDOgIE ||G|vwa';.-'l:uan:k rnachine b | GO0 4k n - Fﬂ 4 ,E] 21 blocked "l;} Check - ';‘ﬁ_, AutoFill Cg E wayback E machine

INTERNET ARCHIVE

Advanced Search

Production Code
Generation?
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Way Forward Machine N

2} Internet Archive Wayback Machine - Microsoft Internet Explorer provided by The Mathworks, Inc.

© File Edit  Wiew Favorites  Tools  Help

@Back 2 @ = Ia @ é pSearch

fddress |@ htkp: f fweb, archive, orgfcollections fwebfadvanced. html W
Gﬂﬂg[t“ﬂhwavback rnachine V|G|:| i E] - F@v E]El blocked "'.:;5' Check {‘r_, AkoFil 5; E wayback @machine
{s.

INTERNET ARCHIVE

[U3uBgchMmaenng

Advanced Search

Production

Code Growth?
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Exponential Growth of Embedded Code

Estimated Source Lines of Code (LOC) | ©rowth of top end automotive
= Today’s powertrain: 500,000 LOC embeddeg software has been
= Today’s vehicles: 1,000,000 LOC Fponential. A4

Director of Strategy for Motorola Automotive

Edited by Kevin Jost

Managing for software success

The automotive industry is providing ever  functionality grows, managing the risks
“smarter” vehicles. Intelligence inthe car  of the software development process re-
now does everything from ensuring a quires robust management strategies.
comfortable terperature zone indepen- A lot of functionality means a lot of
dently for each occupant to enabling the software. Current estimates for the soft-
craation of a whole new class of vehicles  ware load in a vehicle range from 500,000
called hybrids. As embedded control source lines of code (SLOC) for powertrain
functions alone to over 1,000,000 SLOC if
all functionality is included.

“The growth of the top end of auto-
motive embedded software, as for the PC
wiorld, has generally been exponential,”
said Robert Gee, Director of Strategy for
Systems and Software within Motorolas
Automotive Business. “Some automotive

Foilon nee o coc - Prictons neve Automotive Engineering,
s “Managing for Software Success” — Aug 2006
sae.org/automag/electronics/08-2006/1-114-8-34.pdf

o Yo Swamen feme lom e

cses Bl b sfi s JRAMAE: RAB S

in volume, itis becoming more integrated
than ever. Functions that were once devel-

cped separately, such as powertrain and

vehicle stability controls, now interact with
each other. The trend toward standardized
bus architecturss instead of point-to-point

wiring also increases the potential for soft-
ware integration issues. -
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Explosive Growth of Code

Complexity is Growing Rapidly

= Overall automotive software complexity is growing
exponentially
» Number of Lines of Code is growing
exponentially
»Number of distributed software-system
solutions growing rapidly
» Number of system dependencies (coupling)
growing
» Number of Customer input signals growing
exponentially

Automotive Embedded Software Lines of Code

Industry Projections 20 M LOC i N 2013

J,llll

2010 2011 2012 2013
Model Year

1.1 Technical Challenges - Software
Vehicle Shared Signal Growth
-Ezonn
o
E =)
=
5 -
E w2 wes | mes  2os | wos | mor aos  zes 2o
= Calendar Year
- §
g
:
v
g
3

Software System Engineering with Model-Based Design,
International Conference on Software Engineer, ICSE May 2007

Christopher Davey, Ford Motor Co and Jon Friedman The MathWorks, Inc
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6.0 Conclusions

« Automotive software systems complexity is increasing exponentially

« Consumer electronics lifecycles will only accelerate this complexity

growth

« Model Based design techniques I
improve the quality and robustness

ave been proven to significantly
pf software systems delivery

ICSE May 2007

» Resource constraints & competitive efficiency goals drive the need for
risk based prioritisation of scarce resources

» Risk based scaling of Process, Methods and Tools (PMT) enable
consistent, traceable and dynamically modifiable PMT allocations.

« Cross domain, cross discipline functionality delivery will increasingly
require full lifecycle management disciplines supported by fully integrated

enterprise wide PLM systems.

Page 1 5
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Conclusions

Jorgen Hanssonjof the Software Engineering Institute advocates the
use of modeling gs a way to reducing the amount of testing required.

GM'’s Jim Kolhoff confirms that strategy.

Automotive Engineering,
“Managing for Software Success” — Aug 2006
sae.org/automag/electronics/08-2006/1-114-8-34.pdf
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More Info — Later Today

1:30 — 3:00 p.m.

Master Class: Knocl
Detection Algorithm: From

) Papers _ Cesign to
- Scania, Ford, ... Hardware/Software
Irmplementation wia HOL or

- Master Classes

- Knock Detection =

- Exhibits and Demos Mark Corless,
- Production Code for Body Applications it Dz i
- Freescale, Mototron, ... ar=elnam Bem,

The MathWwoaorks
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More Info — Next Week

PCG WOrkShOp Workshop On ECU Production Code Generation Using Simulink®
- Full Day

- Hands-On
- Free

Workshop Highlights

Through automotive ECT applcation examples, including projects developed for resource-constra
show how you can use Math™Works products te:

o Establish a software engmeenng environment that focuses on developing a detalled software
o Generate and optirmze ANST C code for memory-constraned microprocessors
s Produce clearly commented, well-partitioned, and traceable code

The followmng topics on software architecture, design, and mtegration will be cowvered in detatl:

Details

- Date: Tuesday, June 26, 2007

- Time: 8:30 a.m. — 4:45 p.m.

- Location: The MathWorks Novi, Ml

+ Model referencing and bus objects for component-based development

o Model explorer to establish and manage a data dictionary

o Drata definttion and data types selection

o Diata objects and alias types to create and import complex data definttions

o Module packaging features to comment, partihon, and package code

o Sumulink and Stateflow to mntegrate legacy code for stmulation and code generation

Request at
- www.mathworks.com/seminars/ecunovi
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More Info — Next Month

This event has not started.

Live Webinar
’ Enrall l [ Refresh l [ GoBack ]
= lee Q&A Event Information

Event: Embedded Code Generation & Verification Using Simulink

Date and Time: Tuesday, July 17, 2007 9:00 am
Eastern Daylight Time (GMT -04:00, Mew Y¥ork) Change time zone

Detalls July 17, 2007 2:00 pm
GMT Daylight Time {GMT +01:00, Londaon)

July 17, 2007 9:00 pm

- Date JUIy 17, 2007 China Standard Time {GMT +08:00, Beijing)

July 17, 2007 11:00 pm

- Tlme' Varles Asustralia Eastern Standard Time (GMT +10:00, Sydney)

Panelist{s) Info: Tom Erkkinen

- Duration: 1 hour Duration: 1 hour

Description: This webinar start with a review of how Real-Time Woarkshop Embedded Coder
generates high quality and efficient C code from Simulink and Stateflow models
for deployment on embedded systems. It then shows how the models and
generated code can be analyzed and tested using processor-in-the-loop

Req ueSt at cosimulation.

The webinar includes new features important for Model-Based Design involving:
- www.mathworks.com/webinars + algorithm design
* [lata management
& Software integration
* Requirements traceability

This wehinar is for people familiar with Simulink but not experienced with
automatic code generation and werification. although, experienced code
generation users using old releases may be interested in some of the new

features and products presented,

& Q2 session will follow the presentation.


http://www.mathworks.com/webinars
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%' Web Browser - Module 0: Introduction

I\/I O re I n f O . A n yti m e Fle Edt View Go Debuy Desktop Window Help

Module O: Introduction

The exact process for designing and implementing a control algorithm
varies from one organization to the next. However, some basic steps in

. . the process are common. This tutorial provides an interactive
PCG G L“ded TUtOFIa| experience of applying MathWorks products to those common basic
steps. You work with a supplied Simulink model and using Real-Time

_ 3_4 hou rS Workshop Embedded Coder, generate code for the model, integrate
the generated code with an existing system, and validate simulation and

executable results.

- Detailed Intro Contents

+ Format
¢ Prerequisite Knowledge
¢ UUsing This Tutorial

Req UeSt at ¢ Navigation
- www.mathworks.com/rtwembedded ~ °™*
. : ; This tutorial consists of 8 modules, including this introduction. The
- Production Code Generation Eval Kit  modules are listed here and at the end of the module in the Navigation

section.

+ Module 0: Introduction

+ Module 1: Understanding the Model

+ Module 2: Configuring the Data Interface

* Module 3: Function Paritioning within the Generated Code

+ Module 4. Calling External C Code from the Simulink Model and
Generated Code

+ Module 5. Integrating the Generated Code into the External
Environment

* Module 6: Testing the Generated Code

* Module 7: Evaluating the Generated Code



http://www.mathworks.com/rtwembedded
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Next Steps — Anytime

Contact Us:
- www.mathworks.com/aboutus/contact_us

We are very interested in learning about your
production code needs.

Thank you — tom.erkkinen@mathworks.com
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One More Thing ...
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Way Forward Machine (www.archive.orq) / .

2l Internet Archive Wayback Machine - Microsoft Internet Explorer provided by The Mathworks, Inc.

File Edit “iew Favorites TDDIS@ftware EngineerS?
O - © - ¥ @ Certainly Human!

Address |@ htkp: ffweb, archive, orgfcollections webfadvanced. html w

(h%[e“Gl'WE'}"baEk rnachire Q - :I :VIL&D?» E] - Fﬂv EZI bBlocked '125‘ Check - '-‘I-_, AutaFil & E wayback @machine

IIIIIIIIIIIIIII

[UauBachMmaenme

Advanced Search

Coders?
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-- Reference Material --
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Add Links to Requirements

[T

E.‘:(I:I|IIII’E E! Requirements: clock
F cut Requirerments | Document Index |
% Signal 2 signal_in IEE Copy N Clock periad shall be consistent with chirp talerance
Delete o
Signal Builder " . . § Co
—l DiscretePulseGeneratar Parameters, .. | 1. "Clock period shall be consistent with ch 4&9'
Elock Properties. .. ' ' i Delete
. Add link to Word selection 4|
Feguirements Add link ko ackive Ex Up |
Edit/Add Links ... o |
Link settings ...
Description: IEIock petiod shall be conzsistent with chirp tolerance
Document; I thwdemo_requirements_doc. html LI
Document type: IHTML file ;I Browse. .. |
Lozation: -
(Tupedertii) ||
Uger tag: I
4 Update fields with
. pdate fields wi
95 A% DiscretePulsefenerator: "sRoot>Sclock' curent selection ir: UOOFS | e | Eeel |
Ll *
a7 * Regquirements for "wRootx clock': ok | Cancel | Help | Apply |
o8 * 1. Clock periocd shall be consistent with chirp tolerance
o9 *

100 rth_clock = \

101 (rtDork.clockTickCounter < 1.0 Requirements appear in the code

10z rtDllork.clockTickCounter == 0] 72

103 1.0

104 o.0o;

105 if (rtDlWork.clockTickCounter »>= 2.0-1) {

>> rtwdemo_requirements
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Enforce Modeling Standards

Model Advisor - rtwdemo_advisorl M= E3
File Edit View Help

H Selzot | Deselect

Muodel Advisor -- ¢ tmp' FPden

-S| A

Task Hierarchy: rtwdemo_advisor1

Simulink Model Advisor - Model Advisor Task Manager Analysis

== Fixed Point Conversion Task - Description
1 1 =-iaBy Product Run This Check| jm_0001: Prohibited Simulin
[ | - ; —
SeIeCt from bU||t in & Simulink standard blocks inside contn
-@ReaI-Time Workshop Embedde... - Result
CheCkS =EaSimulink Verification and Validation . . .
: . . & Status: Failed Severity: Advisory (Select
] Ad d C u Sto m iZ Ed C h eC k ulil ReqUIl:ementS Con5|stency Mathiorks Automotive Advisory Board Style Guideline: jm_000°
E“@MOde“ng Standards Prohibited Simulink standard blocks inside contraller -
i @Check for blocl Py LRSI S SR e The following block t permitted for di
usl ng AP I & Check for invalid filenames co:tr::”:gl_ng acks are not permitied for dis
. Mathvorks Automative A - @ Check for invalid model dire... ' . ]
[} ArCh Ive re po rt as & Check for non-discrete bloc... rtwdemo_advisor1/First-Order Hold/Clock
. Passed ~@Check for prohibited Sink bl... rtwdemo_advisor1/First-Order Hold/Digital C
eVIdenCe @ Check for non-white backgr... — . . .
L I rtwdemo_advisor1/First-Order Hold/Hit Cross
@ Check for Simulink diagram...
. -~ & Check for invalid port positi...
&Check forinval ~@Check for mismatches betw...
~@Check if name is not below ...

hathyorks Automotive A

~MCheck for systems with ami... |2l | i
The following model o --u_&Check if status bar, tool bar ] ﬂl Apply
that are not allowed: Z

rtwdemo_lct.mexw32 .log

rtwdemo_lct.mexw32 .ok

Done
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Compliance history of library files

= Library files which can be used in
production code are

= Provided in rtw/c/libsrc dir
= auto generated in _sharedutils dir
= |n R2007a, complete compliance for
= Declarations (rules 8.1 through 8.12)
= Control flow (rules 14.1 through 14.10)
= Functions (Rules 16.1 through 16.10)
= Standard libraries (rules 20.1 through 20.12)

= Improving compliance with
each release for
= |dentifiers
= Types
= Arithmetic & Pointer Conversions
= EXxpressions
= Pointers and Arrays
= Pre-processing directives

MISRA-C 2004 compliance history of library files used in generated
code

D R2006a mR2006b O R2007a |

&
& \
\ﬁ ¥ dsho 4,,4'? 5‘9‘@@ ,:F*b Qép g‘(‘b ¢@° @\}(p
L4} R ‘63- 4 ‘@@ é@* (&
d:F‘ q‘f' o‘p o
&

MISRA-C 2004 Rules
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Documentation of the Generated Code

HTML report Code node Pre-canned report | Report generator
Need setup No No No Yes
Customizable No No No Yes
Link to model objects Yes Yes No No
Portable document Yes* No Yes Yes
Containing model NoO N Yes Yes
snapshots
Multiple file formats No No No Yes
: : : . . . Formal
Common use case Interactive review | Interactive review Quick deposition :
documentation
Require Report Installation Installation and
No No : : )
Generator Required license Required
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Independent, Integrated Code Reports

= Standard HTML report of
generated code using Real-
Time Workshop

= Customize reports of model
and generated code using
Simulink Report Generator

= HTML, PDF, RTF, DOC
= Standalone: no license

required to view previously
generated reports

e =g

>> rtwdemo_codegenrpt
>> help rtwReport

#| Report Explorer - Report - co
File Edit View Toaolz Help

U £ RS

Code Generation Summary

Cantents

General information
Configuration settings
Subsystemn map

Help

Inzerts verzion information, list of gen
zubsystem map.

“] Report Explorer - Report - co

File Edit “iew Toolz Help

U HE & 2mXE
Import Generated Code
Files to Include
Source files [auto-generated)
Header files [auto-generated)
[] Custam files

Help

Imports code generated by Real-Tim
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Creating Customized Report

Customized components
Pre-made components

sources

customized
reports

.doc

.html

.mdl &
h
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RTW Buildinfo API

= Problem Statement

= What are the dependencies and artifacts of the generated code?
= Requirements

= Provide a list of all dependencies for the generated code

= Enable easier integration with third-party tools, source control systems,
and IDEs.

= Solution

=  An M-based API that contains
= All source files and their fully qualified paths
= All header files and their fully qualified paths
=  Compiler/linker options, build options

= Accessible
= During an RTW build process
= From a .mat file for post-build access

rtwdemo_buildinfo
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RTW Build Info APl (Example)

‘B Editor - D:\Work'workarea'R2006atemp’,buildinfo_demo.m® f'-',- ¥Build Info API
File Edit Text Go Cel Tools Debug Desktop Window Help N | 2 )I(] Fle Edit Yiew Go DEbLIl;I DESk.tI:IFI Window HE||:I ~
; function buiidinte.seme (buildinto) - =5 |§ | i |L|:u:ati|:|n: art_rtwe/BildinfoRepart i LI
3 % Write all generated files to an HTML report .
4 - fid = fopen('BuildInfoReport.html™, "wt™) ; Bu‘ld Info API Demo
5 - fprintf (fid, "<htwml>'n");
G - fprJ:.ntf (f%d, '<title>Elluild Info API</title>T); Generated Source and Header Files:
7 - fprintf(fid, '<hl>Build Infe API Demo</hl>");
& twdemo_countar.h
9 % Get lizt of generated zource files ”Wdem':'_c':'umer_mi"-"ate-h
10 - allsSrcFilelist = buildInfo.getFiles('all', falze, false); anemD_CDunter_tYF'ES-h
11 thwtypes.h
12 - fprintfifid, "<h4>Generated Scurce and Header Files:</h4>7); ert_main.c
13 - for i = l:length(allsrcFilelList) HWdEFﬂD_CDUﬂtEF.E
14 - fprintf (fid, "%= <br>", allSrcFileList{i});
15 - end &
16 .
17 - fprintf(fid, '</html>"); BuildinfoReport.html
18 - fcolose(fid);
19 - web({"BuildInfoReport.html");
| buildinta_derma [Ln 12 cal B0 [OvR

buildinfo_demo.m

>> |oad_system(‘rtwdemo_counter’)
>> set_param(bdroot,'PostCodeGenCommand’,'buildinfo_demo(buildinfo)')
>> rtwbuild(‘rtwdemo_counter’)
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Support for Project-Based IDEs

E! Configuration Parameters: rtwdemo_counter/Configuration

5

elect:

= Optionally generate a makefile

= Template makefile only required
when ‘Generate makefile’ is
selected

= |deal for interfacing with Project-
Based IDEs

N

4]

[=-Real-Time “Warkzhop

- Solver
- Data | mpart/Expart
- D ptimization

= Diagnostics

- Sample Time
- Data Validity
i Type Conversion

- Madel Referencing

- Camments
- Symboals
- Custom Code

— Target selection

System target file; Igrt.tlu:

Language: I [

Description: Genenc Real-Time Target

— Documentation

¥ Gererate HTML report
¥ Launch report automatically

—Build process

L options:

b akefile configuration

[T Generate makefile

tdake command: I

Template makefile: y
™

I

[T Generate code only

k. Catizel |
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Shared Library Target Solution

E!rl:wdemu_cuunter

File Edit “iew Simulation Format

INC +
Q sum_oLt

1 Generate Shared Library

Problem

= Better support for host-based system-level
simulators

= Multiple application programming environments
(C/C++, Fortran, MS Visual Basic, Borland ame_

[Chrbwdemno counter ert rbw

Delphl, Java) < §| ttwdemao_counter _win32. di >

Solution 1 Export Definitions
= RTW-EC shared library target
. . Fil= Edit Wiew Insert Format Help
= Generate a shared library (.dll or .so) version of
: : D|E Sl s 0 =[E
the generated code with documented interface ~ —— —— 4|
= Support initialize, step, and terminate a S
S|mU|at|On rowdemo counter ¥

rrwdemo counter initialize
rtwdemo counter Step

u Uan and PC Support rtwdemc\_cc\unter_teﬁminate
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Shared Library Target Benefits

E!rl:wdemu_cuunter

File Edit “iew Simulation Format

INC +
+ ./ suUm_out

Benefit

= Easier distribution of model simulation 1 Generate Shared Library

= Shared library is reusable and T—

[Chrbwdemno counter ert rbw

Upgradeable WlthOUt recomplllng the <memn_cuunter_win3®
overall application Iy

1 Export Definitions

= Package and secure intellectual

File Edit W%iew Insert Formak Help

property D[R] 3R ) 5=e
<1 xporTs I

rowdemo counter M

rowdemo counter T

rowdemo counter ¥

rrwdemo counter initialize
rtwdemo counter Step
rtwdemu_cuunter_teﬁminate
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Configuring a Model Reference Hierarchy

r@_ Model Explorer

Fik Edit Wiew Took Add Help

Model Hiemmchy

- Before R2007a’ i--@lﬁimulink Root
= Always re-copy all configuration sets B pace wokepace

%Gn nfigumtion Prefernces

T T T

*Ernmp

File Edit Wiew Simulation Format Tools Hel y s E E
CtE Sth SR 2 amal Do Zew 8 Caonfigumtion (Active)

@]GDE [

‘? Advice for mtap
= Medel Block1 (modelA)

--%Gnnfigursti:-n [Active

" = -

'@ Adwvice for mode 1A

Problem: L g Mode! Blockz (madsiB)

= Hard to manage - Multiple copies Iiiw,

= All referenced models must be modified it
= Must unlock file for writing +- R modeia

. +/~ Ngh|mode 1B
= No easy way to use different al . | N
configurations/targets
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Configuring a Model Reference Hierarchy

= Workflow Solution: full configset reference
1. Add a ConfigSet in the base workspace
2. Add a ConfigSetRef to each model
= Change configuration in one place
= Reuse models in other applications
= Reconfigure target in one step
= Keep models locked

>> cs = Simulink.ConfigSet
or
>> cs = getActiveConfigSet(mdl);

MATLAB&SIMULINK

[ Model Explorer
Fie Edit Vew Took Add Hep

Mode| Hiemmehy

-)- [ simulink Root

ﬁ Base Wokkspace
----%Gonfi;urstbn Prefemnces

/ ®

@ Advice for mods 1A
i..ﬂruhdel Block? (modelB)

- gk Code for modelB

-~ :
@ Advice for mode B

-!---Em:ldelﬁ.
i--ﬂmdela

a

E S ConfigSetReference (Acisd)

2

>> mdlref_configset ref
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Model Dependencies

= Model Dependency Viewer (R2006b)
= Easy to understand high level design
= Model Dependencies Tools (R2007a)
= Lists files required by your model in a
“manifest” file
= Packages the model with required
files into a zip file
= Compare older and newer manifests
for the same model
= Captures .mdl, .mat, .m files
dependencies

Easy to see component
dependencies

MATLAB &SIMULINK

>

T e h»
I sidemo_mdirel_depgraph I
O
O Islﬂamo_mdlrar_numanst | Isluamu_mnlml_me I Isldanm_mdlrul_mlnm_nmp :1 | sidemo_| mawf heatar [1

I sldemo_madirel_F2C | I sldemo_mdire_thermostat

1
I

4 sidemo_mdiref_depgraph *
File  Edit Wiew Simulation Format Tools | Help

Simulink Debugger...
Fixed-Point Sattings...
Madel Advisor. :

Model Dependencies
Lookup Takle Editar..

t200 I 1

" Model Dependency Viewer... I
Generate Manifest .

Edit MamTlst Contents...
Compare Manifests

rport Fﬂzrin.l\dani_fest..

J —

1
|
1
|
1
|
|
1

sldemo_mdiref_heater
Hesi

Tin it

Data Class Designer..
Bus Editor...

Frofiler

Co«rerage Sethngs

sldemo_mdiref_outdoor_temp
Tout [

Real-Time Warksh
External Mode
Control Desigfl
Param etyEstlm atian...
‘Repo; Generator...

ntral Panel. .

(nk for TASKING
/ Data Object Wizard
Design Verifier

SystemTest..
WMPlay Video Yiewer...

enerate Model Manifest: sidemo_mdiref . pgraph 23

Genemte a"manifest” file containing a list of files equied by the model.

Analysis scope: [ MDL Files Only

Manifest file name: [~."side mo_mdlef_depgmaph amf

Detects changes in lower level
components that impacts

Exj

Manifest file name: [~

porta copy of all fies listed in the manifest to a ZIP filke.

(%] View HTML porton completion

Repott style: [ HTML with hype dinks

Genemte Manifest... Edit Manifest...

components higher in the hierarchy

ZIP fie narne:[~."herrp."sldemo_mdIlEf_depglaph.Eml

|| Prs=we diectory hizmmhy whe n exporting

Root directory for manifest
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Model File Change Notification

: L -I0i x
= Problem: when using Simulink = EE— -

L MAT-Files

with revision control, * Confimation Dio Al

“oSaurce Control I Show library links
[-Keyboard

u O pe n a. S i m u | i n k m Od e I y X . m d I [#-Farts [ Browser initially visible

= Retrieve a new version of file R |
x.mdl from revision control system | s o

= When users Simulate, edit, R [rer———
generate Code us|ng X’ WhICh ::::::’EVLTI"EI;EDE":E Motify if model has changed on disk when:

..... Time Series Tools [¥ Updating or simulating the madsl

Ve rS i O n are th ey USi n g ? [-Figure Copy Template

----- Report Generakor

= Solution in R2007a: i % Frst adtingthe mode
EE---'\n‘?rtu.?ul Reality
= Model File Change Notification i

- Simnulation Tl [ cCallback tracing ﬂ

= See Simulink preferences o] = e

Action: I ‘Warning

[ Saving the model
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