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About Me NO

Saulius Pavalkis

. Chief MBSE Solutions Architect, training and consulting companies as:
Ford, SGT, Abbott, Raytheon, UTAS, NYTA, Orbital ATK, SMEE, GMTO, BAH,
DRAPER, LSST.

. PLM Product Integrations Manager, working with all major PLM vendors.
. Former Analyst on the MagicDraw R&D team for over 10 years.
. Major expertise area is MBSE, Requirements engineering, PLM, Traceability.
L I . Ph.D. from Kaunas University of Technology (KTU) in model traceability area.
i Former researcher at Kaunas University of Technology on multimillion
projects. Master and Bachelor in telecommunication and Electronics
. Research and technical articles in model-based solutions presented at
INCOSE IS, NDIA. Check modeling community blog (blog.nomagic.com) for
Professional more. .
Fundamental . Representative at INCOSE CAB.
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Requirements Quality
Problem
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Poor Requirements Impact on Cost NO

Source of program failures is the result of poor requirements
definition. This increase cost significantly which result in program
delay or fail if program is with fix cost.

100%

Committed costs
— 85%

90%
80%
70%
60%
50%
40%
30%
20%

10% -

Cumulative percentage life cycle cost against time

0% —
Time

Source: Defense Acquisition University, 1993. Cost of defects increases disproportionately after the design phase.
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Recent Case

A new modern Spanish submarine S$-80
Cost of 2.2 billion euros.

Discovered to contain a serious design
flaw - it is 75-100 tons overweight.

Calculations mistake in beginning by
putting comma in wrong place noticed
before production.

Now have to be lengthened. Would take
two years - $9.7 million per meter.

Priority project which failure created
problems for government and company.

Engineering mistakes can happen for any
system. In document based system
engineering big problem is disconnection
between design and analytical models and
in general between different design
artifacts.

Source: http://www.dailymail.co.uk; http://www.huffingtonpost.coml|



http://www.dailymail.co.uk/news/article-2336953/Spains-1-75bn-submarine-programme-torpedoed-realising-near-complete-vessel-70-tonnes-heavy.html#ixzz4qK7ls6tR
http://www.dailymail.co.uk/
http://www.huffingtonpost.com/2013/05/24/spain-submarine-s-81-isaac-peral-cant-float_n_3328683.html

Requirements Management Theory

Requirements quality can be improved through these approaches:

« Visualization. Using tools that promote better understanding of the desired end-product
such as visualization and simulation.

« Consistent language. Using simple, consistent definitions for requirements described in
natural language and use the business terminology that is prevalent in the enterprise.

« Guidelines. Following organizational guidelines that describe the collection techniques
and the types of requirements to be collected. These guidelines are then used
consistently across projects.

« Consistent use of templates. Producing a consistent set of models and templates to
document the requirements.

 Documenting dependencies. Documenting dependencies and interrelationships among
requirements.

* Analysis of changes. Performing root cause analysis of changes to requirements and
making corrective actions.

Source: "PMI Requirements CoP Webinar on Requirements .Quality"



http://www.projectauditors.com/Requirements_Quality_webinar.php

Systems Engineering Theory

woumOoOAxTT

“—CcUoz-

_> Requirements ‘\‘

Analysis

A A

Requirements
Loop

System Analysis
and Control

Functional Analysis
and Allocation

Verification

Design
Loop

h A 4
Design Synthesis

PROCESS OUTPUT

Source: Systems Engineering Fundamentals Defense Acquisition University Press, 2001
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Traditional Requirements Visualization
Method

Text based requirement e.g. Excel + Drawing
*  Producing text based artefacts

Multiple unconnected sources of information: non traceable, non consistent,
hard to change.

*  Generally not machine readable
«  Verification done by manual inspection
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MBSE

“Model-Based Engineering (MBE): An approach to engineering that uses models as an integral
part of the technical baseline that includes the requirements, analysis, design, implementation,
and verification of a capability, system, and/or product throughout the acquisition life cycle.”

Final Report, Model-Based Engineering Subcommittee, NDIA, Feb. 2011 ENEEEm @i

ENEVEEN

“Model-based systems engineering (MBSE) is the formalized application of modeling to
support system requirements, design, analysis, verification and validation activities beginning
in the conceptual design phase and continuing throughout development and later life cycle
phases.”

INCOSE
INCOSE SE Vision 2020 (INCOSE-TP-2004-004-02, Sep 2007)

“‘Mechanisms to remove requirements errors up front should mitigate program risk - MBSE
helps achieve this. Increasing the level and quality of systems engineering has positive
effect on cost compliance, schedule compliance, and subjective quality of the programs.”

Honour, Eric C., et al. "Technical Report Value of Systems Engineering.” (2004),

11




Systems Engineering (MBSE)
Solution
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Current Practice to Future Practice

Assemblies

Today: Standalone
models related through
documents

&) Documents ‘
- (RN e
Subﬁystems —Systen:?“ |
.

aaac i

hi Science
Assemblies

Future: Shared system model
with multiple views, and
connected to discipline models



Document Centric v Model-Based NO

Document Centric

 Producing text based artefacts

* Multiple unconnected sources of information: non traceable, non
consistent, hard to change.

 Generally not machine readable
« Verification done by manual inspection

Model-Based Centric

* Producing system model and generating artefacts

« Aims to minimise the sources of information and mange their
relationships (acknowledges we are unlikely to ever have just one
repository)

* Machine readable and thus able to query
« Verification enhanced by automatic rule checking

N O Mag|c 15 The Truth is in the Models™



Systems Modeling Language (SysML)

*  OMG Systems Modeling Language (SysML) is a ISO Standard graphical
modeling language for specification, analysis, design, verification and
validation of systems

« Dedicated for modeling complex systems that may include hardware,
software, information, personnel, procedures, facilities, etc.

UML reused by SysML
(UML4SysML)

Not required
SysML's
extensions to UML

OBJECT MANAGEMENT GROUP"®



The Four Pillars of SysML

Structure Behavior

T : act J

T Y
rea | TUH\\ | — —

Requirements Parametrics

© 2012-2014 by Sanford Friedenthal
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SysML Diagram Kinds

SysML Diagram

i

Behavior
Diagram

i

: Requirement !
L Diagram |

Activity ||Sequence ||State Machine ||Use Case
Diagram || Diagram Diagram Diagram
1 The same as in UML 2
1 Modified from UML 2
L —1 New diagram type

18

Structure
Diagram

JAN

Block Definition
Diagram

Internal Block

Diagram

Package
Diagram

1,

: Parametric |




Requirement Relations in SysML

req [Package] RQ Relationships| RQ Relationships ]

«requirement»
Requirement A
Id ="9"
Text=""
«requirement»
Requirement B
Id = "10"
Text=""
«requirements
Requirement C
Id="11"
Text=""

«requirements» «requirement»
Requirement X Requirement Y
Id ="1" «copy» Id ="2"
Text="The System Shall.." [ — — — — — — Text = "The System Shall....”
«requirements» «requirement»
Parent Roqylnmont sw&gm
Id ="3" Id ="3.1"
Text="" & Text=""
«requirement» «requirement»
Original Requirement Derived Requirement
Id = "5" «deriveReqt» Id ="6"
Text="" o 5558 T = Text=""
«requirement» «requirement»
Independent Requirement atrace» Dependant Requirement
Id="7" Id ="8"
Text="" F-—-==== Text=""

«testCase»
Test1

No Magic




Application Case with
Samples from Actual Projects
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Stakeholder Needs Import

Stakeholder Needs in %

A B C
1 Bluetooth Headphones
2 LG Name Text
3 |STN1 |STN1 Power source  |Headphones shall charge using USB 2.0 as charging source
4 |STN2 [STN2 Pairng Headphones pairing shall be intuitive and straight forward
5 |STN3 [STN3 Battery capacity |Battery shall last long enough to see full movie.
6 |STN4 |STN4 Chargingtime  |Charging time shall be short.
7 |STN5 |STN5 Dynamic range |High quality dynamic range.
8 |STN6 |STN6 Solid material |Headphones shall look and feel as very solid.
9 |STN7 |STN7 Comfortable User shall not feel weight or pressure
10 |STN9 |STNO Audio source Headphones shall play sound from bluetooth a

... and in Requirements Table in

-5 Id 2 Mame Text

1 STN1 [CE] 5TM1 Power source  [Headphones shall charge using USE 2.0 as charging source
2 S5TM2 [l 5TM2 Pairng Headphones pairing shall be intuitive and straight forward
3 BTN3 [l =TM3 Battery capacity Battery shall last long enough to see ful movie,

4 5TM4 [El 5TM4 Charging time  |Charging time shall be short.

5 KETME [El TS5 Dynamicrange |High guality dynamic range.

6 STNG (e =TME Solid material Headphones shall look and feel as very solid.

7 SIN7 (el sTN7 Comfortable User shall not feel weight or pressure

3 KETNG [E =TMe Audio source S:L?rfl:z:nnes shall play sound from bluetooth and Line-n

21
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Interface Requirements Formalization

ibd [System Context] Operational | OperationaIJJ

Audio,
Status Controls
a I > Line In Audio
I iy : Line In Audio Device
: User Audio source
ld ="5TN9"
Text = "Headphones shall
play sound from bluetooth
and Line-in sources”
: Headphones o=
| | USB Power Bluetooth Audio
wextendedRequirements
Power source
= Id ="STN1" |
. Text = "Headphones shall T .
: USB Charging Source |charge using USB 2.0 as : Bluetooth Audio Device
charging source”

22




Functional Requirements Formallzatlon

"act [Activity] Pair With Device [ Pair With Dew:elj

|

| enter

| passcode
"0000" on

I bluetooth

| source.

I

wallocates wallocates
User Headphones
i Fa
" PressesON ;J Anngl_mc:e
‘ button for 2 -5  — = -
seconds
P

" Enter pairing
|_ mode.

.
- - — -| Pair with new |
| device,

[Regizfered Device Detacted W .

| Pair with

Registered
Device.

e -

" Announce

"Bluetooth

Connected."”

| [Mew Device Detected ]

23

wextendedRequirements
Pairng

Id ="3TN2"
arefines . — = Text = "Headphones pairing
- shall be intuitive and

straight forward”

Z Bluetooth Auio Source

-, wrefinexs
Sy,
T,
S,
Ty
T,
- wrefines o
- = gextendedRequirements
- Audio source
ld="5TN9"
Text = "headphaones shall
play sound from bluetooth
_ -‘*| and Line-in sources’
-
refines —~
=
-

)

3 Line In Audio Source




System Characteristics Formalization

Measurements of Efficiency (MoE)) define validation criteria for

stakeholder requirements.

bdd [Package] 14 MoEs[ h'lDEsJ_J

arefines

«blocks
Headphones

Yalles
amoexs weight : mass = 11.0 oz {unit = 0=}
amoex charging time : time = 2.0 h {unit = hour}
smoex operation time : time = 4.0 h {unit = hour}
xwmoes dynamic range low - frequencyfhertz] = 4.0 Hz {unit = hertz}

wmoex dynamic range high : frequencyfhertz] = 100000.0 Hz {unit = heriz

1

=
[
| ¥
¥

o

arefines

wextendedRequirements
Comfortable

=ld="5TN7"

source = "usability team”
Text = "User shall not feel weight or pressure”

wextendedRequirements
Battery capacity

ld="STN3"
source = "marketing”
Text = "Battery shall last long enough to see full movie.”

",

T

fi o
grerine:s .

,
%

arefines

wextendedRequirements
Dynamic range

— =

Id ="STN5"
source = "marketing”
Text = "High quality dynamic range.”




Leveraging Model Traceability

-1 4 Adjust Volume

.. Charge
-.._ Listen to Line In Device

Legend -7 11 Stakeholder Needs ;-
H b H E
7 Refine Py i2ETmoen
2 2 &8 S = L R 3 1
22 gsz223 SysML enables to link elements
5885553 with relati to facilitat
£S5 8G648AR06 < Wi retations 0] acilitate
— N M = W oW [~ O
Z2 2 2 =z 2 2 = = R
St pdiedic traceability
B-53 1 Concept 2 1|1 1|2 75
=- [ 13 System Context 1 1i/1 2 2 2
E-|=] Headphones 1 1 2 2
.. m] charging time : time = 2.0k A
.. m] dynamic range high : frequency [hertz] A
.. m] dynamic range low : frequencylhertz] 4 1 Vs
-.[ Pl headband : Headband
--[P] left Earpeice : Left Earpeice d £ Name Text Refined By
--[m| operation time : time = 4.0 TNy CE i1 Power source Headphones shall charge using USE 2.0 as charging source i1 Charge
i . i ST
--[H] nght Earpiece : Right Earpis i : USH Charging Source
% We’g:t b“:a“ =b11 ez STNZ [E STN2 Pairng Headphones pairing shall be intuitive and straight forward | ¢ 1 Pair With Device
weight balance between e -
B o ? | = ST [El T3 Battery capacity |[Battery shall last long encugh to see full movie, [l operation time : time = 4.0
=N perationa A
E : Bluetooth Audio Device SN [El 574 Charging time  Charging time shal be short. [ charging time : tme = 2.0
— High quality dynamic range. i :
--%a :Headphones STHS &l STMS Dynamic range ian quality cyn " Lol djrnam?c rengs Ic:!w : frequ
.. : Line In Audio Device [=] dynamic range high : freq.
'Y :USB Charging Source STME el =TMe Solid material Headphones shall look and feel as very solid.

B Use Cases [12 User Needs] TNT CH =77 Comfortable IUzer shall not feel weight or pressure [ml weight : mass = 11.0 oz
.02 1 Pair With Device [m] weight balance between e
.70 2 Battery Low Shutdown headphones shall play sound from bluetooth and Line-in "1 Listen to Line In Device
.7 3 Listen to Paired BT Device SOUrEEs (> 3 Listen to Paired BT Devic

STHS (& =THe Audio source 73 1 Pair With Device

E 1 Bluetooth Audio Device
Bk : Line In Audio Device

25



MBSE at Bombardier Transportation
Change Analysis on Different System Hierarchy Levels

req [Package] Requirements Diagrams [ Select Train Travel Direction (VUC_TD_02) - Vehicle Requirements ]J

Vehicle Level ~ Subsystems Level

| R

<«Vehicle requirements «Vehicle requiremerts «Vehicle requirements <Vehicle requiren < > < >
a_ScopelD = "2F_HCCC" a_ScopelD = "2F_HECCD" a_ScopelD = "2F_HECCD" a_ScopelD = "2F_HE JERA4S 1003 05 TRE TRUWKADD. 110 52
1d = "2F TRS - TRAXX-AC3.802" Id = "2F TRS.- TRACAC3.741" Id = "2F TRS - TRAXOGAC3.801" a_Variants = "TRAXX 4F045_00.03.05.-. TRS.- TRAXX-AC3.280 < >
T * x 1d = "2F TRS.- TRAXX U 45_00.03.05.- TRS.- TRAXX-AC3. 1087 < >
| | | wrefines L (7 45_00.03.05.- TRS.- TRAXCAC3.1000 < >
| | p— — 40 45_00.03.05.- TRS.- TRAXX-AC3.24 < >
<« > <l >
y . RS | | e (CT45_00.03.05.- TRS.-. TRAXX-AC3.1008 < >
| aefines ' | | (0 45_00.03.05.- TRS.- TRAXK-AC3.228 < >
|

| | ' 479 45_00.03.05.-. TRS.- TRAXX-AC3.227 < >

| |49 45_00.03.05.- TRS.- TRAXX-AC3.220 < >
«Vehicle Use Case» |

Satoct Trabs Traaci D (wuc_To_02) - 470 45_00.03.05.- TRS.- TRAXX-AC3.230 < >

A ¢« 45_00.03.05.- TRS.-. TRAXX-AC3.231 < >

| 4945_00.03.05.-.TRS.- TRAXX-AC3.232 < >

,(52F TRS.- TRAXGACI804 < |, (145 _00.03.05.- TRS.-. TRAXCAC3.233 < »
+ CH2F TRS.- TRAXX-AC3 887 < @ ,C045_00.03.05.- TRS.- TRAXK-AC3.234 < >
. o « (5 2F TRS.- TRAXG-AC3.824 < @ , C145_00.03.05.- TRS.- TRAXAC3.1007 < >
Sel ] (VUC_TD_02)8—« i
#5 Seieet Tram Tl Dvestion (AIC_TO. )8 ~ (5 2F TRS.- TRAXCAC3 741 < 5@ - 1 45_00.03.05.- TRS.- TRAOGAC3 281 < >
~ [ 2F TRS.-.TRAXK-AC3 801 < 8 - [1145_00.03.05.- TRS.- TRAXG-AC3. 1151 < >
(5 2F TRS.- TRAXK-AC3.802 < > ~ CU45_00.03.05.- TRS.- TRAXG-AC3. 1152 < >

9 45_00.03.05.- TRS.-. TRAXX-AC3.1153 < >
| \CU45_00.03.05.-.TRS.-. TRAXCAC3. 1154 < >
\ 9 45_00.02.01.02.- TRS.- TRAXX-AC3.27 ¢ >

» (8 2F TRS-TRAXX-AC3.804 < >@®
+ < Apply Train Travel Direction On Vehicle (VUC_TD_03)® + 0 2F TRS - TRAXX-AC3.887 < >@
» [0 2F TRS-TRAXX-AC3.824 <>@®
» (8 2F TRS-TRAXX-AC3.741 < >@
= [0 2F TRS.-TRAXX-AC3.801 <>@®
= 8 2F TRS.- TRAXX-AC3.802 < >
=B Train Control Vehicle®
& Check Conditions For Travel Direction
&~ &3 Select Train Travel Direction{ demand#
~ g3 Send Demanded Train Travel Directio

Train Level Vehicle Level

A

-
>

v
A

< Set Travel Direction Of Train(TUC_TD_01) 8~ —= © Select Train Travel Direction (VUC_TD_02) B ——————mmils —

A& Set Travel Direction Of Train( requested train travel direction : Train Travel Direction )

Show the described behavior (activities)

Show the allocated elements

BOMBARDIER

the evolution of mobility

© Bombardier Inc. or its subsidiaries. All rights reserved.




Interface System Requirements

req [Package] 21 System Requirements [ 21 System F‘.equir&m&ntslj

wextendedRequirements
Audio source

Id="5STH2"

source = "marketing”

Text = "headphones shall
play sound from bluetooth
and Line-in sources”

T
| wderiveReqts

xrequirements

BT prﬂtﬂ{.‘-ﬂ| Ext Lije Out : Analog Audio IF . line In Audio Source : Line In Audio Source |
Ild="BT_17" - |

Text = "The BT radio shall
support 802.15.1 protocol.”

wdio IF

'T' \ ied Audio IF
| arefines ¥ Line Audio
| AProxXys ¢t Line In : ~Analog Audio IF
| Sourceln:~802.15.1F winterfaceBlocks
E B02.15.1 IF (
N shlncks ) flow properties _ Source Out: 802.15.1 IF __ bT Judio Source : BT . Aﬁio_Sou_roe_l
BT Radi out Audio : Streaming Audio ]
- inout Cmds -1

~ J

_E&:urc i ~802151F
e e FE——— - <
‘ | | Streaming Audio

27



Requirements

«DMRequirement»
Id = F5-2 Target Hit Precision " wactivity»
e . N, . s o ) ) Fly Missile To Target
Text ="The Missile shall hit the target
with a precision of X meters” asatisfy» — — f
g0 ;e B
| «DMRequirements F
| Route Following
| Id ="FS-1"
| Text =" The Missile shall follow the preplanned
route given as input from the Weapon Platform”
' )
| «deriveRegt» |
| ederiveRegts I
I I
| «Capability» «activitys c?c‘tivity»
| Follow Route wsatisfys | Control Missile Flight Provide Thrust
Id ="FC-1"
' Text = "The flight controller shall control
| the missile flight along the given route”
|
| «activity»
«DMReguirement» Havigate
Navigation Data Precision l
Id = "NAV-1" wsatisfys |
Text="The Precision ofthe Calculation [~ — — — — — — — — — — — — — — — — — — = — — —
Pt snasbehsiesiBan Y meless™ | 3= =009 e

. Example from Missile Reference Model

KONGSBERG PROPRIETARY - S 10.06.2015 WalgCLASS - through people, technology and dedication




Full Picture - Framework and
Method
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You always end-up using an
architecture framework
whether you want one or
not, or whether you intend to
or not

No Magic 31



An Approach: MBSE for RM

~

étakeholder Needs
\J OSI_C r@fe,.

é‘m""“’“‘”“ o

-
System

\_

Requirements "¢l

2\

]
I .
i derive

-
Component
Requirements

\?ViazeqUFMA

32
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.
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MagicGrid

-

- § Stakeholder» Use System */I
N 2 B Needs Cases Context easurements
= 3 O of
< '“g:: """ c Effectiveness
- 2 B Goals & Functional Logical » (MoEs)
§ DQ_ Objectives Analysis Subsystems
iIU C
.% -% Component Component Component Component
2 g Requirements Behavior Assembly Parameters
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Requirements Traceability

l Pillar
- Behavior Structure Parametrics
Refine

Refine

- o

Refine

takeholder gstem Context

Needs

C4-P4
Same Pattern | p3 Measurements of

""""" P1
System «/Fd nctional Logical Effectiveness
De”e quirements Analysis Subsystems

of Abstraction

e Communication

q>)\ Satisfy

S s S1 52 Satisfy Satisfy
= Component omponent mponent
% Requirements ehavior Assembly arameters
wn
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Validation and Verification
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GUI Mockups for System Validation

4 3 Voltageln 220 -
"‘ ™3 Consumtion 0 -2

TS o

Night ° CBW (Left) LEFT DOORS TCMS HMI RIGHT DOORS CBW (Right) PASSENGER VEHICLE

Door A A RELEASE Cab Door B
it
=y

[ Dot (O
Auto Close Door Inhibit [ON
ATC Inhibit ATO Inhibit

LOCK 005 UNLOCK
PULL EAD
Door P/ (35)

External Systems Internal Variables

T Station Platform
L [EE En ¥ false
07 Reaning easiound = o - =

g nir
= ;
Open ooer o
ETCS station - 7 v
5

[ s ] train stopped on mark 4 Clisese CI0SE R Door P/B (2.55)
01_Paddington PED OK. PED MOK. ;
CETC station

PULL EED

PED rue 2 I i e
01_Stratford - JEE DRIVER IN CLOSE DOOR MANUALLY
PASS THROUGH DOOR

AWS station jalse € TN PEDIN false

k Train Direction
¥ OBSTACLE
e wocaic e e
| RIGHT | MO OBSTACLE




Requirements Verification: Vocabulary

E| Vocabulary [Read-Only] x |

e Add New Add Existing... Delete Remave From Table Show Columns  © § & | @
# Term ~ Description
=
21 not above
L=
22 not exceed
L=
23 not greater than
=
24 not higher than

-~ @ System Context x

Vocabulary maps natural
language phrases to
mathematical expressions for
automated requirements
formalization

B DO ® A

i - O

(B iE L ® e

bdd [Moedel] Model[ System Cnntext_LJ

wreguirements

ablocks
Vehicle

values
gross\Weight : Ibs [1Hunit = lbs}
speed : mph [1Hunit = mph}

number0ftheels : Integer [1] =4
stopTime : sec [1{unit = second]}
stoppingDistance : ft [1}{unit = i}

Stopping Distance 4 feet

Id="8R1"

Text = "The vehicle stopping
distance shall not excesd 4
feet, if initial speedis 10

arequirements
Stopping Distance 17 feet

Id = "SR2"

Taxt = "The vehicle stopping

wreguirements
Stopping Distance 557 feet

Id="sR22"

Text = "The vehicle stopping
distance shall not excesd
557 feet, if initial speed is
100 and pavement is dry."

Stopping Distance 451 feet

Id="3R21"

Text = "The vehicle stopping
distance shall pot exceed
451 feet, if initial speed is
90 and pavement is wel.”

and pavement is dry.” ldistance shall not exgeed arequirements
esatisfys 71 17 feet, if initial speé % 20 Stopping Distance 38 feet
s — = |and pavement is dry." Id="SR3"
s asatisfyy - 7000 pEe— pping
7 - asatisfypn _ _ — — — Description B X bayg
f__: e - == T not exceed (Vocabulary): s 30
r— stoppingDistance <= 17.0
o T -
- "~  — _ asatisfys
| asatisfyr usatisfys o= -
. o - - _ Stopping Distan
\ - ~ >ld="SR4"
y - wreguirements Text = "The vehicle stoppin

distance shall pot exceed
57 feet, if initial speed is 40
and pavement is dry."

120

100

80

—dry
40

Initial Speed {mph)
[=}]
]

wiel

20

0 100 200 300 200 500 500
Rer)'d Stopping Distance (feet)

39

Stopping distance requirements visualization

Requirement texts are
automatically parsed to
mathematical expressions

© 2016 No Magic, Inc. Exclusively for No Magic Use




IR

requiredPeakLimitLoad - W requiredPeakLimil oad : W

’ powerPeakLimitE nclosure : W = 3100 | powerPeakLimitSummitFacilityBuildings : W = 4100.0 |

Thirty Meter Telescope
\
|
| | |
| ablocks | ablocks N\ | |
| APS Black Box Specification TMT | Peak Power Limit Requirement TMT «comments «ObjectPropertiess
| | ppic v Upper bound as «TMT Requirements I
| g werPeakLimitE nclosure: W = 8500 o “|specified by TMT Peak Power inside the Enclosure |
[— :;Welmmﬁ"mm”admuidhgsw = 4200.0 Text = "APS shall have a peak load inside the |
I fay | A3 Enclosure of less than 8.5 kW" I
| gl AN
| |
I «Specifiess «ObjectPropertiess / - |
| = artlem o «TMT Reguirements / cCompicnts
Peak Power inside the Summit Facilities Building / 5 : I
| The requirement specifies
| Text = "APS shall have a peak load inside the / the powerP eakLimit value l
Summit Facilities Building of less than 4.2 kW™ / property. It specifies the |
I upper bound of power |
| / consumption
| wrefines / : |
/
N e e e e e e e e e e e e e e e e e e e e, o] e e e o e —— e e e e e — e o o —— o o— o— —om— —— — — —— —
____________________________________________ fom: o B s B B B e e i S iy
[HPL ablocks «blocks / |
| APS Operational Blackbox Specification JPL ppis Peak Power Limit Requirement JPL / N CmmEnls |
| values / Upper bound as specified |
powerP eakLimitE nclosure: W = 8100{redefines powerP eakLimitE nclosure, unit = watf} / &~ by Supplier. To be shown |
I powerP eakLimitSummitF acilityBuildingsW = 4100.0{redefines powerPeakumltSummnFaulltyBundmgls unit = watt] by analysis that the |
I as-designed value |
| enc fadlllty satisfes it |
| par [Block] Peak Power Limit Requirement JPL@ Peak Power Limit Requirement pr «constraints |
| Peak Power Load Constraint |
| p:W p:W constraints «comment» |
| | L] {p<requiredPeakLimitLoad} — —|This constraint |
| «constraints «constraints parameters specifies formally
enc : Peak Power Load Constraint facility : Peak Power Load Constraint p.w e the upper bound. I
I {p<requiredPeakLimitLoad} M {p<requiredPeakLimitLoa requiredPeakLimitLoad W |
I L] |
I [
I [
l [
I [
I [




Verification reports

bdd [Package] Analysis [ bdd_RequirementsCheck ]

zhlock=z areguirementsz
Vehicle zRequirement®/erificationz
constaints Stopping Distance

padAnalysis ; PadAnalysis

: d="1"
stopDistanceAnalysis | StopDistancefnalysis |-

Text="Four braking wheels

------ asatisfys __ > shall bg capable ofst_opping
_ - the vehicle from 60 miles per
...... stoppingDistance : ft C.. .. |hourinless than 180 feet”
X upperBound =180.0
______ wheel : Wheel . arequirements
- zRequirement®/erificationz
brake : Brake . Brake Heating
------ I gz
pad : Pad Text="Braking at 60 miles per
----- wsalisfys | " »hour shall not generate more

X than 53 kW of heat at each
.. ... |wheel"
: upperBound =53.0

ereguirements
zRequirement'erificationz

Brake Pad Life

L
T g
e

d="3"
lowerBound = 36000.0

—v-b-ViﬂMd o2 Breakpoints X
2 @8 o -
Name Value
B & Vehicle UT Vehicle UT@255ef3ed
[T grossWeight : Ibs [1] 3201.0000

m numberOfWheels : Integer [1]
0 requiredStopDistance : ft
@ sD Verification : VerdictKind
1 speed : mph [1]
[0 stoppingDistance : ft [1]
[0 stopTime : sec [1]
& engine : Engine
B transmission : Transmission
[0 wheel : Wheel

| %€ Run Test =

5
| Requirement 4 - "The vehicle weight shall be equal to or less than 3200 pounds." is not satisfied.
- |

pass

65.0000

163.6277

0.0000

: Engine@51427148

: Transmission@30a84857
: Wheel@d130ab0

¢ & % D Add New [i Add Existing Export : @ : in @
# | Name | Testcasel verdict | Testcase? verdict
1 | = Testat 2014.05.02 19.36 pass pass
2 | = Testat 2014.05.02 19.49 pass pass
3 =1 Testat 2014.05.03 09.28 fail fail
4 | = Testat 2014.05.03 09.33 pass fail

Text="Brake pads shall have a 1 A B | C |
projected life of at least 36,000 1
m”es. .under norma.l driving Test testcasel [testcase2
conditions, as per !ndustw 2 verdict verdict
_|standard assumptions.” Test at 2014.05.02 19.49 pass pass
3
Test at 2014.05.02 19.36 pass pass
4
Test at 2014.05.03 09.28 fail fail
5
Test at 2014.05.03 09.33 pass fail
6
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External Analytical Model Integration for
Requirements Verification

act [Activity] Cosimulation [ Cosimulation JJ

Math engines
Matlab/Simulink
Mathematica
Maple
Open Modelica

Scipting
Javascript
Python




Validation and Verification (more)

 OMG standard UML Testing Profile (UTP) based test
case definition

« Test cases recording based on system design
« Test cases execution
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Documentation Generation
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Template-based Generator

You can generate an HT
XML or any other simple

E-E Data
--E Design
E}E Domain Analysis
B~ Relations
= L]
&= Loan
B Motification
- Request
-2 Reservation
- Title
<= Implementation
B E Requirements
- Relations
EIB Communications
E}- <> Cancel Title Reservation
B < MNokify about Availabilicy
< Notify about Due Return
b Motify about Mew Titles
E-C Inventary Managemenkt

(|
=

Iser Management
----- & Librarian
----- & Reader

1 Concept

11 Stakeholder Needs

STN1 Power source
Headphones shall charge using USE 2.0 as charging source

Source:
Marketing
Derived:
BT_7 USE 2.0 power source
BT_15One USB 2.0 IF
Refined By:
& Charge
MNA

B E

Traced From:
[ BT_15One USE 2.0 IF
[&] BT_7 USB 2.0 power source

STN2 Pairing
Headphones pairing shall be intuitive and straight forward

Source:
Usability team
Derived:
[& BT_18 Reconnect
Refined By:
< Pair With Device
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Online Documentation And Review

. . . Comments @
Entire model Engineering Portal Q B -
All = =
Navigation Q@ 2 distiller block diagram (initial allocated) - Condenser and evaporator coupled too tightly [
(2)

L&l -diverter asser

CH -drain - Distiller Characteristics E '3:‘:’:3' .;gi;;. Please review the distiller design since condenser
and evaporator are coupled too tightly.
CH -evaporator . C

B -feed : Distiller; 2.distiller block diagram (initial allocated) ?/a- @ ® Per our discussion, | will update the model.

CE -m2.7 : Distillel

ibd [Block] Distiller [ 2.distiller block diagram (initial allncatad}l] . Change aggregation kind (1) F
0B -main2: Distilk I Remove connector

dirty weater ; MBI H20 main2 : H20

08 -m2.2 : Distiller

Aggregation kind of the condenser part property

sludget - Res‘"f should be "shared".

B -main3 : Distills |:_,
B -mainl : Distills

wFlowPorts
bottom @ Fluid

il
evaporator : Boiler

«FlowPorts
middle : Fluid

«FlowePorts

- Show nested parts (1
cin : Fluid P { )

B -maing : Distills

CE -g1: Distiller:it As tar as | can see, Boiler is a white box - please

condenser . . P
show its internal structure in this diagram.

O -sludgel : Dist

08 - Distller-Dist [] Add interface

O -splitter : Distil iy
LI
CH -sludge? ; Dist = top : Fluid bottom : Heat
) & E maind : H20 |«FlowPorts uFlowPorts
F +bypass: Disti h out : Fluid TR T _
maind : H20
T +d rty water : [ «FlowPorts «FlowPorts
i ' «Flowi Ports | heat
n i g1 : Heal
T +purified : Dist [_Eqm : Heat >

T +gin: Distiler
1 distiller bloc}
I +sludge - Distil Index
2 distiller blocl
Distiller Block |

Bl Aiatillar Rimmb e
1] | » . .
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Traceability
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Requirements Analysis: Coverage

@ Use Cases |ﬁ Data Metric Table @ Metric Tablel !

it A

4 % (% I[E Calculate Metrics [} Add Existing W Delete By Remove From Table £ @ % B Show Metric Suites % Show Columns :[E Export : 2@ 4% - I a
Criteria
{ Metric Suite: Reqgs Satisfied by Blocks [ .. - Scope (optional}: Drag elements from the Model B — | Filter: | Q-
#* Date Requirements Count Blocks Count Requirements Covered By Requiremets Covered By Blocks Requirements Coverad By
Blocks Count Percentage Blocks Average
1 (2014.03.01 16.00 18 4 2 11.11 1.00
2 |2014.04.01 16.00 18 10 4 22.22 1.00
3 |2014.05.01 16.00 18 12 6 33.33 1.50
4 |2014.05.01 16.00 18 12 8 44.44 1.33
Vi A D | E | F G | H |
Requirements Blocks Requirements Covered By |Requirements Covered By Requirements Covered
1 Count Count Blocks Count Blocks Percentage By Blocks Average
2 [2014.03.0116.00 18 4 2 11.11 1
3 |2014.04.0116.00 18 10 4 22.22 1
4 |2014.05.01 16.00 18 12 6 33.33 15
5 |2014.06.01 16.00 18 12 8 44.44 133
6
? =- hALLS ;
8 . .
5 Requirements Coverage Analysis
10
11 20 - 18 18 18 18
12
13 15 - 12 12
14 | 10 - = Requirements Count
15 101 6 H Blocks Count
ig 57 “ Reguirements Covered By Blocks Count
18 O T T T T
19 2014.03.01 2014.04.01 2014.05.01 2014.06.01
20 16.00 16.00 16.00 16.00
21 |© 2
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Requirements Analysis: Change Impact

Legend

m== Derived Requirements

mmm Jywned Requirements

CF Braking @ A KegenerativeBraking i
A Performance @ = [B PowerSourceMgmt == Satisfied by Blocks |
[ FuelEconomy®—===—= [H Range -

T~ [0 RegenerativeBraking | | === Verified by Test Cases

'l,‘ -

A OffRoadCapability@ A Power@ ————

= D PowerSubsystem ®

o EHPower————
g = E PowerSubsystem ®

\ 93 Max Acceleration

EL MaxAcceleration

\‘ C® Acceleration @
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Requirerments
spedfication

Systern design
and integration

Wernfication



Tracking Changes

ent Braking Uistanc

' Quick Diff of Re

Review differences

Review differences between the two versions of the element. Modified property
values are marked in blue color, newly created property values are marked in
green color, and deleted property values are marked in red color,

b 5 %2 s
Properties 74 75
B Requirement

Dry Pavement Braking Distance Dry Pavement Braking
= at 60 MPH : 110 ft. Distance at 50 MPH : 90 ft.

Teaxt Diff
Dry Pavernent Braking Distance at 60 MPH : 131090 ft.

Minimum Turn Radius: 24 ft.
Dry Pavement Braking Distance
at 60 MPH : #46-t. 90 ft

hi-.]" =
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Conclusions

Requirements quality is big problem which causes projects to delay and be
out of budget. This means a lot of money in case of complex SE projects.

« Traditional methods for requirements quality does not address semantic of
system under design.

* In document based system engineering big problem is disconnection between
design and analytical models and in general between different design
artifacts.

MBSE provides: methods, tools, and languages for requirements formalization
and significant quality increase.

We presented MBSE with SysML based approach (MagicGrid) for requirements

formalization. It:

e Using SysML as a language provides rich means to address requirements quality issue by
formalizing them with system model. Descriptive system model represents system from
behavioral, structural, and analytical viewpoints giving full understanding of requirements at
any level.

Ensures requirements traceability

Supports automated requirements analysis
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Questions




Innovation drives success! No |

We are
too busy

Hakan Forss @hakanforss http://hakanforss.wordpress.com

This illustration is inspired by and in part derived from the work by Scott Simmerman, “The
Square Wheels Guy” http://www.p:ifcs-mancemanagementcompany.com/



