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Best Practices for Building Large Models from Components to Complex Systems

Erick Saldana Sanvicente,

MathWorks

- Works on updating and improving the best 
practices for large-scale modeling at 
MathWorks

- 10 years of experience working with 
embedded systems based on Model-Based 
Design processes at different automotive 
OEMs and Tier 1 suppliers.

-  Erick holds a B.Sc. in mechatronics.

Brad Hieb, MathWorks

- Focuses on the development and use of 
large-scale models for automotive system 
development at MathWorks. 

- 14 years of embedded systems design 
experience at Ford Motor Company

- Brad holds an M.S. in electrical engineering.
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Introducing Misfire Motors Inc.

Their goal: 

To design, simulate and build the most 

sophisticated vehicle in the world.
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Misfiring on all cylinders

Challenge

ARCHITECTURE: Huge monolithic model containing hundreds of thousands of blocks

DATA MANAGEMENT: Unorganized model data living in the base workspace

INTERFACES: Hundreds of non-bus signals connecting virtual subsystems

FILE MANAGEMENT: Ad-hoc file management lacking version control

PERFORMANCE: Simulation running 30x slower than wall clock and taking forever to build
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Resolving Misfire Motors modelling issues

Challenge

ARCHITECTURE: Huge monolithic model 

containing hundreds of thousands of blocks

DATA MANAGEMENT: Unorganized model data living 

in the base workspace

INTERFACES: Hundreds of non-bus signals 

connecting virtual subsystems

FILE MANAGEMENT: Ad-hoc file management 

lacking version control

PERFORMANCE: Simulation running 30x slower 

than wall clock and taking forever to build

Best Practice
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Selecting the right component for each use case

If you want to… Use..

Visually organize a group of blocks or components In-Model Virtual Subsystem

Encapsulate small pieces of code in non-reusable packages In-Model Atomic Subsystem

Create utilities that are widely reused and change infrequently Linked Subsystems (Libraries)

Create a reusable component that supports physical connection  

(Simscape) interfaces
(Virtual) Subsystem Reference

Develop/simulate a component as a standalone model Model Reference

Create a version of your component with IP protection Model Reference

Use accelerator mode to speed up subsequent instances/runs 

of a component
Model Reference
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▪ Simulink lets you develop your 

components as independent 

models.
– Separate .slx, fully functional and simulatable.

▪ Models can be placed (referenced) 

inside other models for integration.

▪ Enables:

– Reduced build time when reused.

– Accelerator and Rapid Accelerator 

modes.

Leveraging Simulink’s multitool: model reference

BMS_Software.slx Battery_Model.slx

BMS_ClosedLoop.slx
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Resolving Misfire Motors modelling issues

Challenge

ARCHITECTURE: Huge monolithic model containing 

hundreds of thousands of blocks

DATA MANAGEMENT: Unorganized model data 

living in the base workspace

INTERFACES: Hundreds of non-bus signals 

connecting virtual subsystems

FILE MANAGEMENT: Ad-hoc file management 

lacking version control

PERFORMANCE: Simulation running 30x slower 

than wall clock and taking forever to build

Best Practice

Componentization, mainly via Model Reference
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Base Workspace

Scaling up data management with data dictionaries

Data Dictionary

Informal workflows 

Quick parameter 

tuning 

Universal visibility 

Large projects

Distributed 

development

Scoped data Single developer 

You can slowly migrate from base workspace 

to data dictionaries as your project scales and 

then stop accessing base workspace. 

Inherent data persistence
▪ Dedicated file format (.sldd)

Data organization
▪ Partition data via referenced 

dictionaries

▪ Warning for name clashing

Change tracking workflow
▪ Changes, last modified time, last 

modified by

▪ Show, revert, diff, and save changes



9

Resolving Misfire Motors modelling issues

Challenge

ARCHITECTURE: Huge monolithic model containing 

hundreds of thousands of blocks

DATA MANAGEMENT: Unorganized model data living 

in the base workspace

INTERFACES: Hundreds of non-bus signals 

connecting virtual subsystems

FILE MANAGEMENT: Ad-hoc file management 

lacking version control

PERFORMANCE: Simulation running 30x slower 

than wall clock and taking forever to build

Best Practice

Componentization, mainly via Model Reference

Data distribution, via Simulink Data Dictionaries
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Simplifying interfaces with buses



11

Resolving Misfire Motors modelling issues

Challenge

ARCHITECTURE: Huge monolithic model containing 

hundreds of thousands of blocks

DATA MANAGEMENT: Unorganized model data living 

in the base workspace

INTERFACES: Hundreds of non-bus signals 

connecting virtual subsystems

FILE MANAGEMENT: Ad-hoc file management 

lacking version control

PERFORMANCE: Simulation running 30x slower 

than wall clock and taking forever to build

Best Practice

Componentization, mainly via Model Reference

Data distribution, via Simulink Data Dictionaries

Consolidation in Buses and Bus Element Ports
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Automating the little things, so you have time for the important things

▪ Sets up the Path

▪ Configures the Start Up and Shutdown files

▪ Opens common files at launch

▪ Creates shortcuts to commonly used tasks
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“Mistake-proofing” your work through projects

Shadowed models & libraries can 

give unexpected results: the project 

finds them and warns you

Unsaved changes risk losing work 

or getting confusing results: the 

project will ask you to confirm
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Managing source control with projects

▪ Refresh

▪ Pull

▪ Commit

▪ Push

▪ Branches (history)
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Resolving Misfire Motors modelling issues

Challenge

ARCHITECTURE: Huge monolithic model containing 

hundreds of thousands of blocks

DATA MANAGEMENT: Unorganized model data living 

in the base workspace

INTERFACES: Hundreds of non-bus signals 

connecting virtual subsystems

FILE MANAGEMENT: Ad-hoc file management 

lacking version control

PERFORMANCE: Simulation running 30x slower 

than wall clock and taking forever to build

Best Practice

Componentization, mainly via Model Reference

Data distribution, via Simulink Data Dictionaries

Consolidation in Buses and Bus Element Ports

Organization with MATLAB Projects
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Optimizing performance
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Optimizing performance

Performance Advisor
First step when diagnosing 

performance issues

MATLAB Profiler Initialization profiling

Tool Typical use case

Simulink Profiler Simulation profiling

Solver Profiler
Simulation profiling when 

using variable step solver

https://www.mathworks.com/help/releases/R2023a/simulink/slref/performanceadvisor.html
https://www.mathworks.com/help/releases/R2023a/matlab/ref/profiler-app.html
https://www.mathworks.com/help/releases/R2023a/simulink/slref/simulinkprofiler.html
https://www.mathworks.com/help/releases/R2023a/simulink/slref/solverprofiler.html
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Introducing the Simulink Performance Guide
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Speeding up simulation with Accelerator Mode

In Normal mode the model is 

executed in interpreted mode.

In Accelerator mode the model is 

converted to C code and compiled:

▪ Faster simulation

▪ Much shorter initialization time
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Speeding up initialization with incremental builds

▪ Simulink Cache (.slxc) file

• Stores pre-compiled model component

▪ Model Initialization

• Simulink loads previously pre-

compiled component models from 

Cache files

• Simulink only rebuilds compiled 

component models that are out of date

“Incremental build”

Results in much shorter 

initialization time
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Reducing initialization time with Fast Restart

▪ Useful when simulating a model without structural changes between runs

▪ First simulation compiles the model

▪ Model remains compiled for next simulations

modelname = 'vdp';

in(1:2) = Simulink.SimulationInput(modelname);

out = sim(in,'UseFastRestart','on');

t1 = out(1).SimulationMetadata.TimingInfo.InitializationElapsedWallTime

t1 =

5.6549

t2 = out(2).SimulationMetadata.TimingInfo.InitializationElapsedWallTime

t2 =

0.0380
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Performing a real-world performance investigation

▪ This investigation focused on simulation speed

▪ Used performance analysis tools to identify issues

▪ Applied several corrective actions including: 

• Accelerator mode

• Model optimization

▪ Overall simulation performance improved by 67x
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Resolving Misfire Motors modelling issues

Challenge

ARCHITECTURE: Huge monolithic model containing 

hundreds of thousands of blocks

DATA MANAGEMENT: Unorganized model data living 

in the base workspace

INTERFACES: Hundreds of non-bus signals 

connecting virtual subsystems

FILE MANAGEMENT: Ad-hoc file management 

lacking version control

PERFORMANCE: Simulation running 30x slower 

than wall clock and taking forever to build

Best Practice

Componentization, mainly via Model Reference

Data distribution, via Simulink Data Dictionaries

Consolidation in Buses and Bus Element Ports

Organization with MATLAB Projects

Evaluation and improvement through dedicated 

tools
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Extending your knowledge with dedicated webinar series

FREE 4-part series about 

Large-Scale Modeling
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Learning more about these best practices

These slides

Passcode: MACNA2024

Come talk to us!

We have a booth outside
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Reinforcing your knowledge with advanced training

2-day training course 

on Model Management 

and Architecture
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Avoiding Misfire Motors’ mistakes

▪ Best practices are available to you.

– Through these slides and webinars.

▪ Training, foundational and advanced 

is available.

▪ MathWorks has Application 

Engineering, Tech Support and 

Consulting resources.

▪ Go into world and preach the Best 

Practices.
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© 2024 The MathWorks, Inc. MATLAB and Simulink are registered trademarks of The MathWorks, Inc. 

See mathworks.com/trademarks for a list of additional trademarks. Other product or brand names may 

be trademarks or registered trademarks of their respective holders.

Thank you
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Registration

Tech 

showcase, 

breaks

AM sessions; 

Software 

development 

track; WIT

Automated 

Driving trackElectrification 

track

Social, 

meetings, 

Breakfast

Reserved 

meeting 

room

Women in Tech starts at 1:15 !

Breakout tracks start at 2:05 !

Lunch

Lunch Break (12-1:15)
The Atrium Level , Lower Floor
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