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Why Model-Based Besign Anything?
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Model-Based Design: Detect Error Earlier to Minimize Costs

Relative Cost to Fix Error Detected During Product Development Phase
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Data gathered by Hewlett Packard referred by XB in 2017
https://xbsoftware.com/blog/why-should-testing-start-early-software-project-development/
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Model-Based Design ROI Calculation for Aerospace Applications

Total Savings  $3,720,000
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Can we Detect Errors Even Earlier?
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Relative Cost to Fix Error Detected During Product Development Phase
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Completeness & Consistency
checking shifts error detection
further left!

Invalid Requirements
Start Here
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Data gathered by Hewlett Packard referred by XB in 2017
https://xbsoftware.com/blog/why-should-testing-start-early-software-project-development/
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Let’s Look at an Example!
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#1: Manually Author Tests with Simulink Test

» Perform custom criterigd
[ test.verifyThat(teS
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#2. Generate Tests off Requirement Models Using Simulink Design
Verifier Blocks

Simulink Design Verifier can generate test cases that satisfy coverage objectives for your
model, including Decision, Condition, MCDC, Relational Boundary, and Custom Objectives.

Custom Objectives are modeled using the following constructs:
« Test Objective - Define values of a signal a test case must satisfy
« Test Condition - Constrain values of a signal
» Verification Subsystem - Conceals logic/objectives from analysis

What do your test cases ACTUALLY mean?
» Structural Coverage Based Tests?
« Low-Level Requirements Based Tests used to test generated code?

¥ Simulink Design Verifier

¥ Objectives and Constraints

pLAHS 2> D

Assumption Proof Objective Test Condition
pLO B

Test Objective
¥ Temporal Operators

Detector
¥ Verification

Extender  Within Implies
Utilities

T S
a==> o
8

I Subsystem
= |
Propertics.

Examples

Verification

Br Results Summary: sldvdemo_cruise_con

oot =t 5

unction

* Requirements Based Tests generated from an Independently developed requirement model?
« Requirements Based Tests generated from a Design Model? What about with Independently

defined expected outputs?
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https://www.mathworks.com/help/sldv/ref/testobjective.html
https://www.mathworks.com/help/sldv/ref/testcondition.html
https://www.mathworks.com/help/sldv/ref/verificationsubsystem.html?s_tid=doc_ta
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#3: Generate Tests off Requirement Models Using the Requirements

= 5
ModeLogicSpec 4 Requirements Table hd
Requirements | Assumptions
ind s Precondition Durati Postcondition
B ndex ummary getSimulationTime() == 0 getPrevious(Mode) tration Mode |
1 true WaitForComms
“2 false
21 WaitForComms GCSCmds WIFIconnected && ... Init
GCSCmds.BTconnected
2.2 Init GCSCmds.CalibrateCmd Calibration
2.3 Calibration GCSCmds.GCS_MissionMode == uint8(1) && ... ReadyForTO
State.CalibrationDone
Inconsistent with requirement 2.7 for inputs:
24 Time 0-0.2 0.3 04 05 |06 0.7 0.8 09 Cmd Calibration
Step 13 4 5 6 7 8 9 10
25 GCSCmds EMERGENCY_OFF |0 0 0 1 0 0 0 0 TrackAlt
GCSCmds.WIFIconnected 1 0 0 0 0 0 0 0
2.6 GCSCmds.BTconnected 1 0 0 0 0 0 0 0 e(0.1) Track3D
57 - | |8CSCmds.CalibrateCmd 0 0 0 0 1 0 0 0
: & |[ccscmds aes_MissionMode |79 0 0 0 0 1 0 0 LostBall
| = "
IsBall [ 0 0 0 0 0 1 0
F \| .
28 A [Siate calioratonbone 1 0 0 0 0 1 0 0 == uintg(2) || ... Land
State.V_BODY [-0.003627.1500 0.54271 ][[o0 0] [[o00) [ooojffooolfioooifioooiffooon) ingle(3)
59 L | |state.Angles [2.0851-1.3752 086424 [[-100]|[-1.3863 23083 0][[000]{[000]]{000][(o00]{[000]
: State Altitude 13077 0 0 0 0 0 0 0 LostBall S
State BatteryVolts 25219 0 0 0 0 0 0 0 b




Additional Resources

Product Page:
=  Requirements Toolbox - MATLAB & Simulink (mathworks.com)

Documentation:
=  Requirements Toolbox Documentation (mathworks.com)
=  Requirements Definition (mathworks.com)

=  Requirements Table Block (mathworks.com)
— Use a Requirements Table Block to Create Formal Requirements (mathworks.com)

Examples:
=  Requirements Toolbox — Examples (mathworks.com)
=  Formalize Requirements in Simulink Models — Examples (mathworks.com)
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https://www.mathworks.com/products/requirements-toolbox.html
https://www.mathworks.com/help/slrequirements/index.html?category=index&s_tid=CRUX_topnav
https://www.mathworks.com/help/slrequirements/requirements-definition.html?s_tid=CRUX_lftnav
https://www.mathworks.com/help/slrequirements/ref/requirementstable.html
https://www.mathworks.com/help/slrequirements/ug/use-requirements-table-block.html
https://www.mathworks.com/help/slrequirements/examples.html?s_tid=CRUX_topnav
https://www.mathworks.com/help/slrequirements/examples.html?category=requirements-formalization&s_tid=CRUX_topnav
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Thank you
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