Automated Requirements Verification using SysML

Saulius Pavalkis, PhD.
Chief MBSE Solutions Architect
3DS (No Magic, Inc.)

NO Mag I C The Truth is in the Models™



About Me NO

7 Saulius Pavalkis

« Chief MBSE Solutions Architect, training and consulting
companies as: Ford, Orbital ATK, Boeing, Google, Abbott,
Raytheon, UTAS, NYTA, SMEE, NASA, BAH.

« PLM Product Integrations Manager, working with all major
PLM vendors.

Model Buildor «  Former Analyst on the MagicDraw R&D team for over 10

Intermediate

ot years.

k « Major expertise area is MBSE, Requirements engineering,
PLM, Traceability.
Professional

Fundamental Ph.D. from Kaunas University of Technology (KTU) in model
traceability area. Former researcher at Kaunas University of
Technology on multimillion projects.

: . Research and technical articles in model-based solutions
ey presented at INCOSE IS, NDIA. Check modeling community
blog (blog.nomagic.com) for more.

« Representative at INCOSE CAB.




Agenda

Introduction to V&V
Requirements modeling concepts
Cameo Systems Modeler demo

Questions & Answers session




V-model

eration
Concept of Verification Opaﬂd
Operations . Maintenance
) Validation
Project Requirements System
Definition and Verification
Architecture and Validation
Integration, )
Detailed Test, and Project
Design Verification Test and
Integration
lmplementation

Time



Verification and Validation

« Validation
"Are you building the right thing?”
* Always against the real world or user needs

* Verification
"Are you building it right?”
« Always against the requirements



Requirements in SysML

Text

Avert magnetic-stripe skimming and PIN stealing

Prevent abuse of OS and reduce the attack surface of the AT
Prevent exploitation of public domain vulnerabilities in the Op
Reduce attack surface from public and private networks.
Prevent abuse by software suppliers.
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Requirements Verification in SysML

Requirements can be customized by adding properties
such as verification method, verification status ,
criticality, risk, and requirements category.

The verifyMethod property includes :
* |nspection

* Analysis

 Demonstration

* Testing



Verification Methods

* The test case definition and execution depends on the
method of verification

* For example, the method of verification for a system
requirement that “The vehicle shall weigh between 98
and 100 pounds” may be performed by testing or analysis.

 To verify the requirement by testing, a test case is
defined to weigh the system on a scale and compare the
measured weight against the required weight.

* To verify this requirement by analysis, the estimated
weight of each component is summed to estimate the
system weight. In the latter case, a parametric diagram
may be used to verify the requirement by analysis.



Steps to Automate Requirements
Verification

Steps

Refine, formalize requirement by the Constraint Block
Define analysis context

Use constraint block in analysis context

Bind system parameters to constraint parameters
Evaluate default or alternative system configurations
Verify requirements

Capture verification results



Text-based Requirements verification
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S T i - R iQ AR Q1008 (v
{ D M moo & @ Trigger: )b
bdd [Package] Analysis [ bdd_RequirementsChecli ‘ IR Variables X ». Console X ‘ i3} Sessions X ‘
R ==
«blo-c K Name Value
Vehicle
p— B E vehicle {grossWeight <= 32... Vehicle@1c1200d7
constraints
: stopDistance grossWeight : |bs 3000.0000
: SD Equation .
:Boolzc{/erdict «equirement» numberOfWheels : Integer 4
: Distance Vehicle Weight Required Distance
satisf Id = "4" speed : mph 60.0000
« » . N
grossWeight:lbs | — — — — — — Y — = — >Text="The vehicle weight StopDistance Requiremen... inconclusive
shall be equal fo or less. stoppingDistance : ft 0.0000
than 3200 pounds." : :
~ stopTime : sec 0.0000
I stoppingDistance : ft |
[Fl engine : Engine Engine@29e01leed
requirement» [Pl transmission : Transmission Transmission@302638e9
Brake Heating E [ wheel : Wheel [4] [Wheel@494d4f74, Wheel@11
Id ="2" B [7[1] Wheel@494d4f74
wheel : Wheel [4] Text = IBrIakin?hat 624113\;351?? htoutr Shar:I diameter : in [1] 16.0000
air;:ie ‘ess Than R e 85 speed : mph [1] 71.3598
brake : Brake — A l-~la - Brake Brake@49145e88
> Description B X yrque : Ibs-feet ... 506.1438
1~ " |less than (Clossary): iliper : Caliper  Caliper@67e9540b
-
= watistys_ | 7 heat < 54.0 ad : Pad {life >... Pad@11b14343
= ] brakeMU : Real 0.8000
-
L & Id="3" ] centerLength : in 3.0000
e 1 Text = "Brake pa Jcost: $§ 0.0000
m I'f? 9f at Ieas_,t_ 36 ] effectiveRadiu... 4.5000
driving condition |
> assumptions.” I heat : kW 54.0000
«satisfys, _ — 1 life : mi 3.7000E4
== ] specificCost: § 2.0000
life : mi 7] surfaceArea : ... 0.0000
: thickness : in 2.0000
" width : in 2.0000
T =5 roto : Roor Rf}tor@ldc674fe
asatisfy» | _ >{Text="The tires shall have IITIre@18953806
A" 22-inch rolling diameter" diameter : in 22.0000
RPM : Real [1] 916.7325
tireMU : Real [1]  0.9000




Trade-off analysis
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# pad caliper rotor vhc.stoppingDistance vhc.brakeLifeExpectancy : - -
1 = Mk 84S : Pad = Alphine K2 : Caliper | = Rotus 25 : Rotor 68.5723972066752 107379.42889659776 : ° Param et” C alte rn atIVGS
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18 (= Titan P40 : Pad =1 Alphine K5 : Caliper (=) Rotus 30 : Rotor 32.803878511199635 57142.035898666334 =
19 [= Proto C10F: Pad [= Alphine K7 : Caliper =1 Rntuc 275 * Rntar (22 7725ANN23RNARR o334 CAOAAAAETDT .

. ~ Requirement 3 - "Brake pads shall have a projected life of =

20 = Proto C5 : Pad = Alphine K7 : Callpe_ driving conditions, as per industry standard assumptions.” | -~ @ Truck variants X
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25 [= Proto C1OF : Pad = Boss 810 : Caliper = Rotus 25 : Rotor 49.314702781657445 # MName Support Steering Stopping Moving Pawer Transmission
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32 = Proto C7F : Pad =] Boss B12 : Caliper (=) Rotus 25 : Rotor 46.50981751873328¢€ Select Classifier:
22 M Cambiva £ « Nad I Pare D1 o Cali;as M P atiie I - Natas A AITITINIOCNTIICECNE

2. Select
subtype

Qi~Search by Name

4 matohes found

E Blocks under wheels

E] rReverse power

E] brag a weight on the floor




Automate Testing Execution

« Simulation can be executed through command line
and show test results through Jenkins, as another

alternative to run the project.

* You can create JUnit test cases and configuration

files and set up Jenkins for automated testing.
£ Jenkins R © v 1100 o

ENABLE AUTO REFRESH

Jenkins Test Simulation Command Line #28 [20180907_1649 - Test Results

4 Back to Project
QL staus Test Result

= Changes 1 failures ('—1i
2 tests (+0)

a Caonsole Qutput Took 1 min 27 sec.
[&add description

[%# Edit Build Information

g History All Failed Tests

.. Environmen t Variables
- Test Name Duration Age
Ij Test Result b com.nomagic.magicdraw.simulation. TestSimulationCommandLine testGenerateFailResult 49 sec 3
° All Tests

"; Failure Cause Management
Package Duration Fail  (difff Skip (difff Pass (diff Total (diff)

& Previous Build
‘; 1 +1 2

com.nomagic.magicdraw.simulation 1 min 27 sec 1 0




Demo p

Cameo Systems Modeler v19.0 (enterprise edition)
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