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B Outline

» Problem Statement and Motivations

» The Two-Stage V&V Testing Concept

> Detailed Method Description with a Use Case
» Anticipated Benefits

» Conclusions
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B Challenges In V&V Testing Today

New
requirements

Search &
gather design
documents

Analyze the
changes

Traditional Process S

changes

WEES

to
Months

Update test
plans

WER'S
to
Months

WER'S
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Pitfalls:

Labor intensive

Ad hoc, disjoint, error
prone, and many "“churns'

1

Heavily reliance on
“grey-beard" tribal
knowledge

Long cycle time - won't
know until the end

Test and

verify
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l Motivation: Change of System Test CONOPS

‘ (=]
DEVELOPMENT

Continuous Integration and Testing into Technical Baseline

Enabled by Model-based V&V Testing:
v Test integration in models — go “paperless”
v Test automation leveraging architectural traceability
v Early understanding of change impacts and early detection of defects
v" Reducing “churns,” and collapsing cycle time

D?S CATiA | NoMagic BAE SYSTEMS

INSPIRED WORK
© 2019 BAE Systems and No Magic | www.incose.org/symp2019 Not Export-Controlled per 1S-2019-1238



B Key Capability Requirements

ﬁ Science
Assemblies

Single Source Architecture
of Truth iraceability Verification

Continuous Integration and Testing into Technical Baseline
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B Model-Based, Two-Stage V&V Concept

(act [ Model-Based, Two-stage V&V Concept ] )

¢

\ 4
Create / Update
Design Baseline - — — —

Create or modify system models and |
establish architecture traceability

\————

Verification requirements or deign
changes through functional model
execution in SysML

Feed "raw" test data from external system
— — —test procedures into SysML Test Cases via
data connectors and execute the test cases
for final verification

2
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Formalization of Requirement Verification Based on Continuation
of Digital Thread

Basic premises:
« Logical space: requirements can be satisfied by SysML objects

«  Physical space: can be connected to the Logical space with architectural traceability
through continuity of digital thread

Requirement Type Logical Space: Physical Space:
qu ypP Satisfied By SysML Extended Digital Thread

Functional Operation or Behavior (Activity, State System test plans/procedures
Machine or Interaction)

Interface Port, Connector, Item Flow and/or System test plans/procedures
Constraint (Port)
Performance Value Property (BDD) System test plans/procedures
Physical Structural Element (BDD, IBD) Parts/BOMs, SW Objects
System test plans/procedures and
inspections
Design Constraint Block or Part Property (BDD, IBD) mCAD, eCAD
System test plans/procedures and
inspections
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Bl A Pilot Use Case: Visual Factory Development

« Visual Factory: a lean, scaled

version of Manufacturing [ B Visual Factory TV Display
EXE’CU[‘/OI:I System (MES) ] "Jmﬁ : ' ! g : g E %ﬂ ." .“.,.u‘;% .“ '- ”.“%“ g‘ ”g-%um@ .,

« Office: desktops

- Factory floor: data kios, é%ﬁqﬂ
large screen displays

 Digital shop floor
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« Real-time, collaborative |
production execution & gﬁ
management

* Planning, scheduling & _
configuration Production Teams:

1. Overhead Work 5. Bullpen Area

» Real-time data entry, 2. Vehicle Integration 6. Heat Shrink Wrapping

data collection, & 3. Quality Control 7. Transportation Coordination

A
. 4. lity A 8. APO QA A

production status Quality Assurance QA Area
«  Multi-team, shop-floor

management
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l Visual Factory System & Application

 Hardware:

Server

Thin & thick clients
TV displays
Network

- Application Software:

A web application
Factory layout
Production scheduling

Vehicle/system
configuration

Work initiation, work-in-
progress tracking

Production floor status

Call-boarding and issue
resolution (material,
transport, quality, etc.)

User, team management
Data collection and analysis
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10

High-level Design Process: Piloting the Two-Stage V&V Testing in
an Integrated Modeling Environment

act [ The Two-Stage Automatic Testing Approach ])

( Build teit cases )

Stage 1 : Automatic
test cases execution
and requirement

verification results
recording

Stage 2. Requirement
verification results
recording

«allocates «allocate» «allocates «allocate» «allocates
IBM DOORS Cameo Systems Modeler 3DS Git Hub Real System
W
[ Define requirements ] Requfrements
equirements
Define system RFL RFL Design system BOM Develop software Stage 2. Testing of
architecture - N real system

Test cases

Test result

Test result

2 i .
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Bl Step 1: Modeling the System and Capture the Design Baseline

System, HW & SW Components: Functions, Workflows:

PEE = T uc [Package] 2 Use Cases [ VF Use Cases 1]
persioen
Ul
v sysen
wsystems |
%"‘ ’”ﬂh‘ Move Vehicle
PR CA— | Uipdate Vehicle Status
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. “eblocks. =
B

Jogn Page [T e |
LoginPage

Vel Tabe - Veries
(etVenicios 271 U Rasjest 51
etVencestron08 03 47

3 [Pactage] 133 Applcation Software Srucure] VF Appicaton SW Siucturs }J

csubsystem>
|VF Application Software
T

o

“iDiscardthe
changes

3 |

web Service,
ablocks
Web Service.

a8 API: DB AP
|aceess API: Access APl
|ulRequest API: Ui Request API

{FrameworkeReact)s)

logi Page  Logh Page
adnin View - Admin View

e

bad [Package] 1.2.3 Server Software [ Server Software Structure ]J

o R |
«subsystems P e s S
Server Software slrnsvenee racory oo
references
web Service : Web Service

4 Dislay niidua Vet Processing View " ‘

operating|System

| 5 Upsae vences ocaton
mongo Database

apache Tomcat

wblocks wblocks wblocks
Operating System Mongo Database Apache Tomcat
canstraints parts
{RedHat} project DB : Froject D8
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ll System Architecture Traceability

Legend |50 425 Mongo database
7 Satisfy B 54 Tables/Collections

.7 satisfy (Implied)

Requirement
- Structure

& 5.
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- Mongo Database
&l Mongo Database
(.07 Project Intermal Databae
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& configs

& Factory
[ Models
[ Rolelds

[ Roles

B schedue

B Tasks

[ users
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Requirement IR EE R

- Activity 3891419/ 4/

=-[3 Factory Floor View
.. ¥ Click 'Request Transport' button(context Factory Floor View)
..§% Click on Vehide Image(context Factory Floor View) Vs Vd
.. €3 Click on Vehide Reg(context Factory Floor View) 2
¥ Enter transport request Comment(context Factory Floor View)
(-3 FF: Find Vehide

L& FF: Find Vehide
-.§% Locate Bay in the Section(context Factory Floor View) 2
-.§% Locate vehide in the section(context Factory Floor View) 2
..§% Process 'Cancel' button(context Factory Floor View)
..§% Process 'Clear Request’ button(context Factory Floor View)
. £ Process 'Confirm' button(context Factory Floor View)
. Select Section(context Factory Floor View) Vs Va
.3 Update Factory Floor View 2

NN

[® SW-1.58 Vehicle ... ssing &

Requirement
- Structure
- Activity
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Activity - Structure
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ll Tests Cases and Test Configurations Capture
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*  Model relationships between
text based requirement,
system model, and test case

Ll L

TC Coanepary Enmus Updae

Tirki S50
Tumk Enfarmg Viers

B BTy
TC Catepary Snamis Updais
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Bl Test Case as Sequence Diagram

| wim [Sime Veoniee] Calegocy Stalus Upans [ Calegary Sastus Updane | |

X Tagk Siart

Mot 8 i in Pragress

1 I Task Rewan

m e }'ull‘.‘:mu

g

Task Elan [HJ-:"ILIH

=g )

+ State machine representing factory item /

product states

« Sequence diagram specifying Status

Update test cases scenario
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Stage 1: Simulated Test Case Execution and Recording of Results

* Activity diagram used to orchestrate sequence diagrams ftest cases execution

+ Single test case execution captured as instance with time stamp

T i [z By] TC Caiggry Snstiay Upaiyis] TC Calegy Stoing Lpdats | |

£ee ke L il hl
=T Cadagoiy
Sinous lipdace

-

TCHew

% " Instance Table X

®wm & 0O

Criteria

Classifier: 'gory Status Update Transition
#]

Name

Scope (optional): results

[¥MTC1 : VerdictKind

X Columns ElExport @ - & @ & & 100%- & -

Filte

[1

(¥ M= MR TSR L

2 .
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© 2019 BAE Systems and No Magic | www.incose.org/symp2019

=] verify Category Status Update Transitions at 2018.11.16 14.44
=1 verify Category Status Update Transitions at 2018.11.16 14.45
=1 verify Category Status Update Transitions at 2018.11.16 14.54
=1 verify Category Status Update Transitions at 2018.11.16 14.55
=1 verify Category Status Update Transitions at 2018.11.16 14.56
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B Test Case As Activity

L+ TC Move Vehicle Results X

®® DO

Criteria

Classifier: TC Move Vehicle

# | 4 O page : Page | O action : Action | [V expectedResult : Boolean | [(WisMoved : Boolean

« System function with decisions,

automatically selected during

Execution

i Columns [BlExport @ - & & R (4 100%~ ¢

Scope (optional): results

(e [ iy] Mt Wbk | Mive Weice | |
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| [(Wverdict : Verdictkind
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| 1 Factory Floor Cancel [Cfalse [false pass
[2 LogIn Cancel [Jfalse [Jfalse pass
| 3 Factory Creation Cancel [false [false pass
| 4 Factory Floor Cancel [Cfalse [(false pass
| 5 Configuration Manag...Cancel [Cfalse [Jfalse pass
| & Metrics Cancel [false [false pass
| 7 Factory Floor Save [false Fltrue fail

| 8 Vehicle Processing  Save [true true pass
| 9 Callboard: Transport... Save [Cfalse [false pass
|10 Metrics Save [Ifalse [false pass
11Log In Save [Cfalse [[false pass

« System function testing
configuration and final

Not Export-Controlled per 1S-2019-1238
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J Best Practice on Execution Automation

> simulate -project "D:\\Simulation\\API\\TestVerdictKind.mdzip" -config "Run
GeneratePassResult”

[SAL RS S

Test Result

_-JI.'|"\'"'. I‘-: Lk -:
I
I s [E{]
E Lomsake Lhilpu Took 1 |-| - |-l"l
= W —" "i";
= | i Infiort A e ST
HiSI0n .
o All Failed Tests
i' YL P Wl :I:li'.'.-
2 Test Kama Durafion A
|| TestResult o cem nomapic maypcdre sieulption TestSmubbonCommandling testGenoratel gilfegul 4% sec 3
o
All Tests
L Falure Caise Managssment
& Packags Duration Fall (M Skip i Pass S Toled  dim
= i i
] " -

oM Hismagic miagksdidew simjlalis o 2T s - f i |

2
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Now, implement the changes ...

2
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Jl Stage 2. Final System Testing and Recording of Results

1.

Reuse test
cases and tests
configuration
table from 1st
stage

Run manual or
automatic tests
on real system

Record test
results into
configuration
table

Note: Each test
iteration is held in a
separate package

2 .
2S CATIA | NoMagic
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Jl Stage 2. Final System Testing and Recording of Results (cont.)

e  The raw test result is Compar'ed with S S S S S
expected/simulated result = O o, v
« The final test verdict - whether a v 0| . .

4 . . . . r:l;;jc'.
requirement is satisfied - is generated I
automatically, as system function test e ko | T
results are recorded il el

.+ TC Move Vehicle Results X

Y S ¥ Cotuns | Elport B 1R @ & QG 100%-[6 -4 [ E
Criteria
Classifier: TC Move Vehicle ... Scope (optional): results
| #| 4 O page : Page | r action : Action | [V expectedResult : Boolean | [VlisMoved : Boolean [V verdict : Verdictkind |
1 Factory Floor Cancel [ false [ |false pass

|2 Log In Cancel [ Ifalse [false pass

| 3 Factory Creation Cancel [ false [Ifalse pass

| 4 Factory Floor Cancel [false [false pass

| 5 Configuration Manag...Cancel [ false [ false pass

| 6 Metrics Cancel [ Ifalse [ Ifalse pass

| 7 Factory Floor Save [ false [Atrue fail

| B Vehicle Processing  Save []true [Atrue pass

| 9 Callboard: Transport... Save [ Ifalse [Ifalse pass

110 Metrics Save [ false [ false pass

{11 Log In Save [false [(Ifalse pass

2 i .
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Bl Visual Factory System Overview

)
L" Cameo Systems Modeler 19.0 - VisualFactory_20181012_demo.mdzip [C\Orange\Events\2018 NDIA 21st\MBSE PLMY]
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B Conducting Model-Based Testing Stage 1 (Video)

Cameo Enterprise Architecture 19.0 - VisualFactory_20181012.mdzip [C\Orange\Solution Architecture\AVICN2018 10 MBSE workshop\Virtual Factonh] - X
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Conducting Model-Based Testing Stage 2 (Video)

Model Based Testing:
Visual Factory Application
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B Okay, Got It. But So What?

Implications:
 Early verification, especially critical/hard requirements

« Functional analysis, design trades, “what-if” scenarios — through configuration of
multiple test scenarios and leverage of analytical capability of SysML

« Reusable test cases throughout life cycle

« Integration of external / standalone test procedures into the model space —
automated, regression test suite

Anticipated Benefits:

- Improved system test rigor and system understanding
Change impacts
Detection of potential defects

« Reduced reliance on “grey-beards” and tribal knowledge

« Sped-up test cycle and minimized “churns”
« Reduced transactional cost and chaos from mounts of design documents
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B Conclusions

« Two-stage, model-based system V&V test strategy

« Stage 1: verification through model execution

« Stage-2: verification through model integration of external test procedures
« Extension of system modeling to system testing

« Leveraging SysML capabilities

- Enabling test automation
« Future work:

- Automated data connectors for external test procedures

« Automated regression test suites
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Thank You

Dr. Gan Wang, BAE Systems
gan.wang@baesystems.com

Dr. Saulius Pavalkis, CATIA | No Magic
saulius.pavalkis@nomagic.com

2
2S CATIA | NoMagic BAE SYSTEMS

INSPIRED WORK
© 2019 BAE Systems and No Magic | www.incose.org/symp2019 Not Export-Controlled per 1S-2019-1238



mailto:gan.wang@baesystems.com
mailto:saulius.pavalkis@nomagic.com

