
Test Driven Development 
with Simulink® & Stateflow®
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Software Development Model
6-7 Software

architectural design

6-8 Software unit
design and 

implementation

6-9 Software unit
testing

6-10 Software
integration and testing



Agenda

• Software architectural design

• Software unit design and implementation

• Software unit testing

• Software integration and testing



Software Architectural Design
6-7 Software

architectural design

6-8 Software unit
design and 

implementation

6-9 Software unit
testing

6-10 Software
integration and testing

… develop and verify a software architectural 
design that realizes the software requirements 



Traditional Architecture
• Usually documented as text + drawings:

• Limited verification ability

• Limited reusability



Architectural Notations
• ISO 26262-6 §7:

• ISO 26262-6 Annex B (informative):
Modelling is usually carried out with commercial off-the-shelf modelling and simulation software

tools. They support the development and definition of system/software elements, and their

connections and interfaces by semi-formal graphical models. These models employ editable,

hierarchical block diagrams (e.g. control diagrams) and extended state transition diagrams (e.g.

state charts)…

…Hierarchically structured modularity is used in order to control complexity. A model consists of

function blocks with well-defined inputs and outputs. Function blocks are connected within the block

diagram by directed edges between their interfaces, which describe signal flows.



Model-Based Architecture
• Semi-formal notation: File > Print

• Ability to verify compliance of interfaces



Data & Control Flow Analysis
• ISO 26262-6 §7:

• Assert signals and check ranges

• Trace signals to source and destination

• Coverage & step-by-step debugger (later)



EZTEST -> Trace to Source

EZTEST -> Debugger

Design Ranges

Data & Control Flow Analysis



Unit Design & Implementation
6-7 Software

architectural design

6-8 Software unit
design and 

implementation

6-9 Software unit
testing

6-10 Software
integration and testing

… software units are specified and implemented 
in accordance with the software architectural design 
and the associated software requirements 
followed by static model verification. 



REQ: TMS_UC1_REQ1

Requirements-Based Design

trace

Executable specifications 
help understanding the 
requirements 



REQ: TMS_UC1_REQ1

Test-Driven Development

trace

Test-Driven Development:
• Natural Language
• Executable Specification 
• Requirements-Based Test



“The need for reviewing [software] was so 

obvious to the best programmers that they 

rarely mentioned it in print, while the worst 

programmers believed they were so good that 

their work did not need reviewing”
- Daniel Freedman and Gerald Weinberg

“…inspections quickly brought all the 

developers up to the level of the best 

developers”
- Tackett and Van Doren 1999         .

Software Unit Verification



Formal Inspection Advantages
• Joint team effort and collaboration 

• Know-how and experience exchange

• Readable & well-documented models

• Bugs are found earlier and faster

• Efficient development process



Before

Static Analysis Automation



Intrusive Exclusion Handling
• Integrated Exclusion-Editor (Kontext-Menu)

– Rule + SID

– User + Date

– Rationale

• Review-Support & Reporting (Links to Model)

Context-Based Exclusion Documentation for Simplified Reviews



Tool Help

• EZCHECK Workflow

• Modeling Guidelines

• EZCHECK API

EZCHECK users become productive within 10 minutes.



EZCHECK: Key Features
• Compliance Checking for safety-related guidelines

• Automated guideline-based model correction (Fix)

• Programmable scripting interface for check automation

• Intrusive exclusion handling for unit-based development

• Kontext-based exclusion documentation for review

• Automated report generation and relocation



Software Unit Testing
6-7 Software

architectural design

6-8 Software unit
design and 

implementation

6-9 Software unit
testing

6-10 Software
integration and testing

…demonstrate that the software units
- fulfill the software unit specifications
- do not contain undesired functionality



Testing Terminology
• Confusing terminology:

Unit, Function, Module, Routine, Procedure, 

Component, Block, Part, Construct, Entity

• Unit is an atomic subsystem in Simulink

• Unit test should be:
– Dynamic (executes test object)

– Functional (requirements-based)

– Proving expected functionality (ref == out)

– Systematic with sufficient structural coverage 

OK?

THERMOSTAT



Software Unit Testing
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Model Verification









Regression Tests 
• Repetition of all tests after unit modification

• Assure absence of negative side effects

• Can be done manually or automatically

• Basis for back-to-back tests

• Document test data and results



EZTEST: Key Features
• Enables requirements-based and back-to-back testing

• Easy generation of test harness with unit interface

• Easy test case generation, configuration and execution

• Pass-fail criteria based on reference & tolerance values

• Automatic assessments and graphical representation

• Step-by-step debugger with access to internal model data

• Integrated static model analysis and reporting (SLVV)

• Integrated structural test coverage and reporting (SLVV)

• Generation of safety compliant verification report

• Import/export of test data for MDF, MAT, XML, etc.

• Technical documentation with examples and demos

• Safety manual with tool classification by TÜV-SÜD



Code Generation





Back-to-Back Comparison Tests

• Software in the loop
– A test level where the real software (C sources) is used and tested in a 

simulated environment (host compiler)

• Processor in the loop
– A test level where the real software (C sources) is used and tested on 

target hardware (target compiler)

• Reuse existing regression tests
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Code Integration









Code Verification





Target Emulation







On Target Verification







Software Integration & Testing
6-7 Software

architectural design

6-8 Software unit
design and 

implementation

6-9 Software unit
testing

6-10 Software
integration and testing

… performed to expose faults in the interfaces and in 
the interaction between integrated components



Software Integration Strategy 
• Guaranty well-defined model architecture

• Guaranty top-down interface compliance

• Guaranty unit quality prior to integration

• Incremental high-quality unit integration

• Reuse functional and interface tests



6-7 Software
architectural design

6-8 Software unit
design and 

implementation

6-9 Software unit
testing

6-10 Software
integration and testing

Inspection of Work Products
6-7 Software

architectural design

6-8 Software unit
design and 

implementation

6-9 Software unit
testing

6-10 Software
integration and testing

Use-Cases
Software unit 

design specification
Software unit 

implementation

Software verification 
specification & report

Static Model 
Analysis 

InspectionInspection

Inspection
Unit & 

Integration
Test

Modeling & Tool 
Application Guidelines

Inspection

Software architecture
& requirements

Inspection

Final Confirmation of Work Products:
• Software verification plan 
• Design guidelines for modeling language
• Software tool application guidelines
• Software architectural design specification
• Software requirements specification 
• Software unit design specification
• Software unit implementation
• Software verification specification
• Software verification report

Software verification 
plan

Inspection

Inspection

Unit Level

~80% of development time is spent on unit-level verification.
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Software Development Model
6-7 Software

architectural design

6-8 Software unit
design and 

implementation

6-9 Software unit
testing

6-10 Software
integration and testing



Summary

• Software architectural design

• Software unit design and implementation

• Software unit testing

• Software integration and testing


