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Encapsulated C++ Class Gen

Challenge

C++ classes are needed in
generated code for integrating with
existing code or complying with
company standards.

Solution

Provide option to generate C++
classes for model-level interfaces,
encapsulating data and methods

Offer flexible C++ class
configuration options

Benefit

Facilitates code integration with
object-oriented frameworks

Enforces software modularity
through C++ encapsulation

eration
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Challenge

= Related functionality with multiple rates
could not be combined as runnables in
a single software component.

Solution

= Enhance existing AUTOSAR target to:

= Map virtual subsystem to AUTOSAR
Atomic Software Component

=  Model AUTOSAR runnables as
function-call subsystems

= Create InterRunnableVariables
to communicate data between
runnables and ensure data integrity

Benefit

= Cleaner mapping of AUTOSAR
runnable concept to Simulink

= Improved automotive production code
generation with AUTOSAR

MATLAB&SIMULINK
AUTOSAR Target Multiple Runnables
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Demo: >> rtwdemo_autosar _multirunnables
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Challenge

= Direct access to calibration
parameters was difficult using
Simulink with AUTOSAR.

Solution

= Import AUTOSAR calibration
parameter objects into base
workspace and assign to
Simulink block parameters

= Convert existing parameters
easily into AUTOSAR

Benefit

= Cleaner mapping of AUTOSAR
calibration concept to Simulink

= Improved automotive production
code generation for AUTOSAR

MATLAB&SIMULINK
AUTOSAR Target Calibration Parameters
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Demo: >> rtwdemo_autosar _multirunnables
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PIL Simulation Mode for Model Blocks

Challenge *  Plant |
= Working outside Simulink for

testl_ng can reduce pFOdUCtIYIty.. B x
= Adding a new block for testing is ~Made Referen: Controller

cum bersome Reference the : D [PIL] lel requires any model

. arggments, enk ut In & referenced model can be
Solution ol bk af \ 2 the Blck and st
. . efresh From tk
= Provide processor-in-the-loop - t \\
—Parameters

(PIL) testing using a PIL

Model name {without the .mdl extension): \

simulation mode intrinsic to the oot Observe
mOdeI bIOCk Model arguments: mOde Set
- Allow easy switching between | Set mode 2Pl
Normal, Accelerator, and PIL ;“”de' ot 2 to PIL
simulation modes - / .
. Simulation mode: IF‘rDEESSDr-In-thE-|DDp (PIL) LI
u Use PIL API (neXt Sllde) Enrn‘ial ,
Beneflt Open Model | --------- CESSOrNtEAO0D TPILY

= Automated and reusable testing
= Seamless integration in Simulink

O Cancel | Help | Bpply |

Demo: >> rtwdemo pil R2008b
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PIL API

Challenge PIL API Components

= Existing solutions do not support PIL
for an arbitrary combination of:
= Processor Build

- Compiler Simulink Process
= Debugger or download utility

v

+ Communications channel I EPYe— »| Launcher
Solution
= Provide API that enables integration I l
of third-party or additional tools for: :
- Building a PIL application Target:-Side Comms
L Downloaqling_ and _running the_ ap!olication ¥ Agorih
= Communicating with the application L
Benefit ngﬁggé'fﬁfs? Object Code
- Easily adaptable PIL verification for - (generated from
_ object code) model)
any environment
= Fully documented and stable API Embedded Target or Simulator

across MathWorks product releases

Demo: >> rtwdemo_custom_pil R2008b n
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Optimized Inlining of Embedded MATLAB

Functions

Challenge Benefit

- Limited code optimizations were = Improved readability and efficiency
supported across Simulink and
Embedded MATLAB functions.

Solution

woy=ul*3; Bl T Ay

Out

= Enable optimizations Tyl b (5]
across multiple domains n

Gain Math
Function

eml _fcn

R2008a

real32_T rtb_Gain[25];
real32_T rtb_y[25];

for (i=0; i< 25; i++) { R2008b

rtb_Gain[i] = 4.0F * m_U.In[i]; for (tmp_0 = 0; tmp_0 < 5: tmp_0++) {
} for (tmp = 0; tmp <5; tmp++) {

for (eml_i0 = 0; eml_i0 < 5; eml_i0++) { * - * * * .
for (emli1 = 0; eml il < 5: eml_i1++) { m_Y.Out[tmp + 5 * tmp_0] = m_U.In[5 * tmp + tmp_0] * 4.0F * 3.0F;

rtb_y[eml_i1 + 5 * eml_i0] = rtb_Gain[eml_i1 + 5 * eml_i0] * 3.0F; }}
}
}
for (i=0;i<5;i++){
for (tmp = 0; tmp < 5; tmp++) {
m_Y.Outftmp +5 * i] = rtb_y[5 * tmp + i]; Demo: >> rtwdemo_fixptl
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Expanded Target Function Library
Support

Create and select custom TFL

Challenge
. D efau It i m p I e m e n tati 0 n S fo r p OW’ "figuraﬁon Parameters: lacm_examplelConfiguralion (Active)

- Sohver

T: tF i B
--Data Import/Export B

power, and memcpy are insufficient | =

i~Sample Time Support: flo: numbers non-finite numbers complex numbers
ibata Validiey absalute time [ continuous time [ non-inlined 5-Functions
. i Type Conversion
- Cannec! tivity Multiward type definitions: | System defined vl
--Compatibiity
SO | u ti 0 n +-Model Referencing il frlefams
ar mplementation [] GRT compatible call interface Single output/update Function Terminate function required

[[] Generate reusable code

l [] Suppress error status in real-time model data struckure
[2)-Real-Time: Warkshap l

= Provide Target Function Library
replacements for those functions o

-Custam Code Support software-nethedloop (51 testing | File  Edit  Wiews  Simulstion  Format Tools  Help

~Debug [ create Simulink {5-Function) block

I i Interface ~ =
Benefit e DS e

- Templates
+Data Placement et e
+Diata Type Replacement

= Allows use of custom functions for I e [y SR

[=-HDL Coder

Configure Model Functions ]

L3

o

efficiency or company standards TR

PowBlock

s)' Copyright 2008 The Mathots, Ine.

F 100%: T=0.00 FixedstepDiscr
Generate code / :

rtY.Outl = my_pow_double(rtU.In1, rtU.In2);

Demo: >> rtwdemo_tfImath R2008b n
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Target Function Library Support for

Embedded MATLAB Command (emlc)

Challenge
= Target Function Libraries were not

supported for Embedded MATLAB Clreal-Time workshop
when generating code directly from

General | Report | Symbols | Custom Code | Debug Interface |

Software environment

MATLAB using emlc.

’7Target function library: ITI C28x (ISO)

S|

Solution
= emlc now supports Target Function
Libraries by using Real-Time

=

Workshop Embedded Coder.

Qancell Help | ﬂpply|

= Target Function Libraries can be
shared across MATLAB (emlc)
and Simulink (rtwbui Id)

generated code.
Benefit

= Allows use of custom functions for
efficiency or company standards

Demo: >> rtwdemo_tflImath
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Code Interface Report

E!Ecdemo I [=] e
Fle Edit View Simulaton Format Tools Help
h II D|@H§|%E|4==D?|9Q|b IIZE MNomal '”ﬁ@
C a en g e INC wints uint8

N +./4 sum_out uintd @
= Reviewers and integrators of Eﬁ
generated code need to know the e T oot ol

Code interfaces =k | rowera | | Entry Point Functions B
. Contents Function: ecdemo _initialize
Solution Summary

Sybsystemriees Prototype void ecdemo_initialize(boolean_T firstTime)

Description Initialization entry point of generated code
. TraceabiitrFepo Timing Called once
= Automatically generate report for Generated Source Files | Arguments 4 Name  Data Type Description

ecdemo.c

Code inte rfaces incl uding: art main.c 1 firstTime boolean_T Internal data

ecdemo.h Return value  None

. ) ecdemo private.h Header file ecdemo.h
= Entry point functions sedemo typesh mtion: ectems. <t Step function
. |nput/OUtpUt data Prototype void ecdemo_step(void)

Description Qutput entry point of generated codg

H Timing “alled periodically: Every 1 second
Benefit

Arguments None
Return value  None

[ FaCIIItateS COde |ntegratlon and Header file ecdemo.h

COde rEVieW Inports Input data
/B'hfm Identifier Datam

<Root=/Tn INPUT int32_T 1

Outports

Block Name  Code Identifier Data Type Dimension |;|

oK I Cancel | Help | Apply |

Demo: >> rtwdemo_hyperlink R2008b
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Scheduling Code Separate from Algorithm

Challenge R2008a
= Multiple rate models interleaved void m3ts_stepO(void) {  /* Sample time: [0.001s, 0.0s] */
scheduling and algorithm code, rate_monotonic_scheduler();
. . . . ma3ts_Y.Out2 = m3ts_P.Gain_ts4 Gain * m3ts_U.In2;
increasing software integration effort. }
Solution void m3ts_stepl(void) { /* Sample time: [2.0s, 0.0s] */
= Separate scheduler from algorithm y
code void m3ts_step2(void) {  /* Sample time: [4.0s, 0.0s] */
- Move scheduler code from y
modelname.cto ert main.c
_ R2008b
Benefit
) . ) ) void m3ts_stepO(void) {  /* Sample time: [0.001s, 0.0s] */
= Simplifies code integration m3ts_Y.Out2 = m3ts_P.Gain_ts4_Gain * m3ts_U.In2;
. . }
= Improves code efficiency because
there is less code at base rate void m3ts_stepl(void) { /* Sample time: [2.0s, 0.0s] */
= Improves memory usage because I _ _
there is smaller or no rtModel data void m3ts_step2(void) { /* Sample time: [4.0s, 0.0s] */
structure y

Demo: >> rtwdemo_mrmtbb R2008b
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