Inter

Introduction to SysML
Part 4.0: Requirements and

Interactions for Scenarios

With tutorial exercises using MagicDraw
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Learning Objectives nter
Requirements Diagrams, Tables and Matrices

Dependencies in Requirements Models: Satisfy, Verify and others
~irst exercise, building requirements diagrams and table
nteractions and Sequence diagrams

Second exercise, creating a concept-of-operations scenario
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Why Handle Requirements
in SysML? .

Text = 'The UAY shall
support a payload mass of
up to 50 kg™

 The goal of MBSE is a
single unified model.

—
— —
—

« SysML provides a
common ground where
requirements are fully
Integrated, relationships
are precisely defined,
and traceabillity is
maintained.
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Requirement Diagrams

* First application — displaying requirement hierarchy

« Second application — creating and displaying dependencies linking
requirements to other elements

req [Package] UAV Reguirement | UAW REQ1 U

areguirements
UAV Specification

ld="1"
Text="

«

UAV Payload Spec

requirements

Id="1.1"
Text="

o

arequirements
UAV Functional Spec

ld="12"
Text=""

«reguirements
Payload Power Demand

Id
I |Te
su
de

="111"
%t ="The LAV shall
pport a payload power
mand of up to 1 KW."

ereguirements
Payload Data Rate

Id
T |Te
su

="112"
xt ="The UAV shall
pport a payload data rate

out of up to 8 Mb/s.”

«requirements
Autonomous Flight

ld="1.2.1"

abletoflya
preprogrammed course

—— Text = "The UAV shall be

without pilot intervention.™

«requirements

Autonomous Return to base

ld="122"

land without pilot
intervention in case of

Text = "The UAV shall be
able to return to base and

communications failure.”

«reguirements
UAV Performance Spec
ld="1.3"
Text=""

wreguirements

UAV Range
ld="1.3.1"
| |Text="The UAV shall have
arange up to 25 km from
the takeoff and landing site.”

wreguirements
UAV Max Velocity
ld="1.3.2"
| Text="The UAY shall have
a max velocity greater or
equal to 100 km/hr.”
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Containment I
iy Q

Elltl UAV Requirement

- Relations

T30 Related Elements

E-C8 1 UAV Specification

E-® 1.1 UAV Payload Spec

----- 8 1.1.1 Payload Power Demand
----- [ 1.1.2 Payload Data Rate

----- A 1.1.3 Payload Mass

B8 1.2 UAV Functional Spec

----- 8 1.2.1 Autonomous Flight

----- A 1.2.2 Autonomous Return to base
-8 1.2.3 Manual Flight

----- A 1.2.4 IFF Transponder

B8

----- C® 1.3.1 UAV Range

----- A 1.3.2 UAV Max Velocity

----- CH 1.3.3 UAV Max Loiter Time

----- A 1.3.4 UAV Max Altitude

----- A 1.3.5 Downlink Data Rate
~1E UAV REQ




o

Dependencies nter

* Dependencies appear as dashed line arrows with a
<<KEYWOrd>> | ussercentrowerswomn

ld="TRZ.1.2" asatisfys wblocks
Text="The UAV shallhave = — — — = 7 |Payload Power Supply
an independent power

supply to support all
payload elements.”

* Dependencies always point from dependent to
Independent party, client to supplier, result to cause ...

* Dependencies may appear in alternate formats

erequirements . .
dent Power Supply . Cal I O ut . . . B .
SatisfiedBy = (JPayload L .
ppppppppppp wblocks : : : -| Satisfies

ld="TR2.1.2" Payload Power Suppl . ; . . - . :
Text="The UAV shall haw Safisfies = CuIndependent Power Supply - b' Fﬁ@- — «requirement»independent |
an;r;:jyetpendpepntr;tm\ﬁer : Payload Power Supply : : Fower Suppl‘_-,f

eeeeeeeeeeeeeee Compartments ' T
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Derive and Copy

Derive — identifies a requirement as having been
derived from one or more other requirements

erequirements

arequirements
Payload Power Demand Independent Power Supply

- - . ld="TR2.1.2"
ld="111 wderiveRegts i
Text = The UAY shall E—- === - = — = Text ="The LAY shall have

support a payload power | an independent power

demand of up to 1 KW." \ D o
arationales E;
Based on Engineering
Trade Study C.5, Team EE,
121415

 Copy — identifies a project requirement as an
exact copy of a standard or library requirement

wrequirements o o C C TSI
FAA Regulations: 3.5.3 Autonomous . . . =
Return Autonomous Return to base
Id ="FAA Reg: 3.5.3" Lo seopys o |ld="1.2.27
Text ="The UAV shall be able to return to : : : Text="The UAY shall be able to return to
" |base and land without pilotinterventionin | - base and land without pilot intervention in
R AT e T case of communications failure.”
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Satisfy and Verify

« Satisfy — assert that an element satisfies a requirement

ereguirements arequirements
Independent Power Supply Autonomous Return to base
ld="TR21.2" asatisfyn ablocks ld="1.22" . By
Texst="The UAVshallhave & — — — — — |payload Power Supply Text="The UAVshallbe | _ *safsbe | tzﬂ;";’?:nd .
an independent power able to return to base and
supply to support all land without pilot
payload elements.” intervention in case of
communications failure.”

« Verify — identifies a testcase that can be used to verify a requirement

-xrequirementn . wreguirements xblocks
UAV Max Loiter Time " e — UAV Max Loiter Time UAV Loiter Time Analysis
d="1373" averifys - - .
- - = i i ld="1.3.3 wer values
Text ="The LAY shall have I~ Flight Test Profile A Text="The UAV shallhave F — —u —fyi - — |maxLoiterTime : Hours
a max loiter time greater or i altitude : Km
equalto 4 hours.” a max loiter time greater or energyTakeoff : KJ
' equal to 4 hours.” energyLoiter : KJ
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Satisfy and

« Satisfy — assert that

wrequirements
Independent Power Supply

ld="TR21.2"

Text ="The UAY shall have
an independent power
supply to support all
payload elements.”

Payh

* Verify — identifies a te

wrequirements
UAV Max Loiter Time

Verify

Inter

" act [Test Caze] Flight Test Profile A @ Flight Test Profile AU

al: Take off -

th

o

i a2 : Ascend to
300 Meters

th

oo

"al'- : Decelerate '
to Loiter 5peﬁ1d

wVerifys

ld="1.3.3"
Text ="The LIAY shall have

a max loiter time greater ar
equal to 4 hours.”
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Gas = 0.1 "
P Capacity . :
a5 Descend Ele — a4 : Check Fuel
®---FE= - -- - "
- . 1
Lo el
wreguirements sblocks
UAV Max Loiter Time UAN Loiter Time Analysis
wtestCases
~ |Flight Test Profile A ld="1.3.3" evErifys e
_ E - = — = = = maxLoiterTime : Hours
Text —"T_he L!A‘u’ shall have stitude © Km
a max loiter time greater or energyTakeoff : KJ
equal to 4 hours.™ energylLoiter : KJ




Refine and Trace

* Refine — clarify or add information to a requireme

areguirements R R Wt ‘o m
Manual Takeoff : : : : xinteractions
lid="123.1" Lo srefines: 0 | UAV TakeOff
Text ="The UAY shall take : : )
. |off under manual control.” L P
;;:TQZT:::; . o ...... wconstraints
. . PayloadMassVerify
Nd="11.3" -+ wrefines i i
Text = "The UAV shall - - - fv = if(m=50,0,1}}
. |supportapaylcadmassof | ...
up to 50 kg.”

.................................................................

xblocks

FAA Reqgulations, lssue Date 1/1/14

...................................................................................

nt

sd [Interaction] UAV TakeOff[ UAV TakeO1f

Inter

ablocks [ ablocks =]
UAV : UAV p_stn : Pilot Station

1 initiate_prom_xfer()

wreguirements
— |\FAA Regulations: 3.5.3 Autonomous Return

oo |ld="FAA Reg: 3.5.3"

_Text="The UAV shall be able to return to
base and land withaout pilot intervention in
case of communications failure.”

-Fteturn to Base
Autonomously
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\ 2: load_prgmiprgm=} H
U 3 initiate_power_on() 3
| 4 power_oni H
30607 |
firm i
o senm B
| ©: inttiate_takeoff()
E 7: confirm takeoff?
: 8 nfirm
! S
| 9: prepare_takeoff()
{10..20}
1o e N
E 11: takeoff()
: : wrequirements
ot Autonomous Return to base
: : fld="122"
""" o wtraces 0 | Text="The UAV shall be able to return to

- |base and land withaout pilot intervention in

------------------------

case of communications failure.”




Requirement Diagrams nter

Second application — creating and displaying dependencies linking
requirements to other elements

req [Package] Test[ [BS Verify Regts REQU
wrequirements wrequirements
Autonomous Flight UAV Range
ld="121" L _u'.i&rify.j- o stestCaszen ld="131" u'.ferif:.rx-_ n stestCazes
Text="The UAY =hall be able to fly Flight Test Profile C Text ="The UAVY shall have o Flight Test Profile D
a preprogrammed course without arange up to 25 km from
pilot intervention.” the takeoff and landing site ™
TELEE wrequirements
Autonomous Return to base UAV Max Velocity
[d="1.22" @Werifyn i stestCazen d="13.2" averifyr | gtestCazens
Text ="The UAY shall be E_Ihle to ST Flight Test Profile B Text = .'T.he UAV shall have - T T Flight Test Profile E
e < maxyslchyrester
P R g equal to 100 km/hr.”
communications failure.
wrequirements wrequirements
Manual Flight UAV Max Loiter Time
ld="123" wverifys ddestCasen Id="13.3" wverifys | testCases
e = = = — A . ] - = = Flight Test Profile A
Text="The UAY shall be able to fly Flight Test Profile D Text ="The UAY shall have
under direct pilot control up to 10 a max loiter time greater ar
km from the pilot station.” equal to 4 hours.”™
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Requirement Diagrams

Second application — creating and displaying dependencies linking

requirements to other elements

o

Inter

req [Fackage] UaW Reqguirement [ Dependency Example REQ1 u

/ Return to Base

straces
\ Autonomously

RCOPY®

-

wrequirements
FAA Regulations: 3.5.3 Autonomous Return

ld ="FAAReqg: 3.5.27
Text ="The UAY shall be able to return to

base and land without pilot intervention in
case of communications failure.”

wrequirements
Autonomous Return to base

ld="1.2.27

Text ="The UAY shall be
able to return to base and
land without pilot
intervention in case of
communications failure.”

S

e—

xzatizfys

T~ _VETifys

T

"

wadctivitys
Return to Base and Land

stestCazesn
Flight Test Profile B
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Requirement Tables

1.1.1
1.1.2
1.1.3

L | | |

a

1.2.1

o 1.2.2

6 |1.2.3

7124

8 1.3.1
9 1.3.2

10 |1.3.3

11 [1.3.4
12 1.3.5

Id

H H BB

| G

=

HEH B B &

MName
Payload Power Demand
Payload Data Rate
Payload Mass

Autonomous Flight
Autonomous Return to base
Manual Flight

IFF Transponder

UAY Range
UAV Max Velocity

UaY Max Loiter Time

LAY Max Altitude
Downlink Data Rate

Text
The UAY shall support a payload power demand of up to 1 KW.
The UAY shall support a payload data rate out of up to 8 Mb/s.
The UAY shall support a payload mass of up to 50 kg.

The UAV shall be able to fly a preprogrammed course without pilot
intervention.

The UAV shall be able to return to base and land without pilot
intervention in case of communications failure.

The UAV shall be able to fly under direct pilot control up to 10 km
from the pilot station.

The UAV shall continuously broadcast an IFF signal to indicate
location to other aircraft.

The UAV shall have a range up to 25 km from the takeoff and landing
site.

The UAV shall have a max velocity greater or equal to 100 km/hr.
The UAV shall have a max loiter time greater or equal to 4 hours.

The UAY shall have a max operating altitude greater or equal to 1
The UAVY shall support downlink data rates up to 10 Mb/s.

Copyright InterCAX LLC 2016

o'

Inter

Verified By

T3 Flight Test Profile C
3 Flight Test Profile B

3 Flight Test Profile D

3 Flight Test Profile D

3 Flight Test Profile E

& UAV Loiter Time Analysis
T4 Flight Test Profile A

12



Requirement Matrices ntercax

B Iil Testcases

Verify Matrix

2 A
e B
e [
e E

i} Decelerate to Loiter Speed-

3 Ascend to 300 Meters -
3 Descend and Lamd--ee

i Check: Fuel

o F
o F
Q3 F
o F
o F
3 Take off

E-CH 1 UAV Specification

El-CH 1.1 UAV Paylead Spec

--[H 1.1.1 Payload Power Demand

--[H 1.1.2 Payload Data Rate

--CH 1.1.3 Payload Mass

B8 1.2 UAV Functional Spec

--CH 1.2.1 Autonomous Flight 1 ¢

-8 1.2.2 Autonomous Return to base 1 ¢

E-08 1.2.3 Manual Flight 1 e
L..[A 1.2.3.1 Manual Takeoff

--CH 1.2.4 IFF Transponder

E-08 1.3 UAV Performance Spec

-8 1.3.1 UAV Range 1 ¢

-8 1.3.2 UAV Max Velocity 1 ¢

- [ 1.3.3 UAV Max Loiter Time 1 d

-CH 1.3.4 UAV Max Altitude

--[H 1.3.5 Downlink Data Rate
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#

1 1.1.1
2 1.1.2
3 1.1.3
4 |1.2.1
2 [1.2.2
o 1.2.3
7 |1.2.4
8 [1.3.1
9 |1.3.2
10 1.3.3
11 1.3.4
12 11.3.5

First Exercise

« Create requirement table

e

Id

H B & E

HEEEEE E

Name
Payload Power Demand
Payload Data Rate
Payload Mass
Autonomous Flight

Autonomous Return to base

Manual Flight

IFF Transponder
LAV Range

UAY Max Velocity
UAVY Max Loiter Time
UAYV Max Altitude
Downlink Data Rate

Inter

Text
The UAV shall support a payload power demand of up to 1 kKW.
The UAV shall support a payload data rate out of up to 8 Mb/s.
The UAV shall support a payload mass of up to 50 kg.
The UAV shall be able to fly a preprogrammed course without pilot intervention.

The UAV shall be able to return to base and land without pilot intervention in case
of communications failure.

The UAV shall be able to fly under direct pilot control up to 10 km from the pilot
station.

The UAV shall continuously broadcast an IFF signal to indicate location to other
The UAV shall have a range up to 25 km from the takeoff and landing site.
The UAV shall have a max velocity greater or equal to 100 km/hr.

The UAV shall have a max loiter time greater or equal to 4 hours.

The UAV shall have a max operating altitude greater or equal to 1 km.

The UAV shall support downlink data rates up to 10 Mb/s.
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First Exercise

Create requirement
table

Create requirement
hierarchy In
requirement
diagram

req [Package] UAV Requirement [ IFAY REQU

«reguirements
UAV Specification

ld="1"

areguirements
UAV Payload Spec
ld="1.1"
Text=""
‘@

wreguirements
Payload Power Demand
ld="1.1.1"
[ |Text="The UAV shall
support a payload power
demand of up to 1 KW."

wreguirements
Payload Data Rate

ld="1.1.2"

Text="The UAV shall
support a payload data rate
outofup to 8 Mbis.”

wreguirements
Payload Mass
ld="1.1.3"
— |Text="The UAV shall
support a payload mass of
up to 50 kg"

wreguirements
UAV Functional Spec

ld="1.2"

Text=""

‘@

UAV Performance Spec

areguirements

«reguirements
Autonomous Flight

ld="1.21"

—{Text="The UAV shall be

abletoflya
preprogrammed course
without pilot intervention.”

wrequirements
Autonomous Return to base

ld="1.22"

Text ="The UAV shall be
able to return to base and
land without pilot
intervention in case of
communications failure.”

«reguirements
Manual Flight

ld="1.23"

1 Text="The UAY shall be

able to fly under direct pilot
control up to 10 km from the
pilot station.”

«reguirements
IFF Transponder

ld="124"

L—{Text="The UAV shall

continuously broadcast an
IFF signal to indicate
location to other aircraft.”

ld="1.3"
Text=""
‘@
«reguirements
UAV Range
ld="1.3.1"

[ |Text="The UAV shall have

arange up to 25 km from
the takeoff and landing site.”

«reguirements
UAV Max Velocity

ld="132"

Text ="The UAV shall have
a max velocity greater or
equal to 100 kmihr”

«reguirements
UAV Max Loiter Time

ld="1.3.3"

Text ="The UAV shall have
a max loiter time greater or
equal to 4 hours.”

«requirements
UAV Max Altitude

ld="1.34"

Text ="The UAV shall have
a max operating altitude
greater or equal to 1 km.”

«requirements
Downlink Data Rate

ld="1.35"

Text ="The UAV shall
support downlink data rates
up to 10 Mb/s.”
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First Exercist

« Create requirement
table

« Create requirement
hierarchy in
requirement diagram

« Create a variety of
dependencies and
display in a new
requirement diagram

req [Package] UAV Reguirement [ Dependency Example F‘.EDU

wrequirements
UAV Payload Spec
ld="1.1"
Text=""

-

wderiveReqts _-
-

=
-

srequirements -
Payload Power Demand e

ld="1.1.1"
Text ="The UAV shall

support a payload power
demand of up to 1 KW

. -
¢ Return to Base ™ atraces

\ Autonomously S~ — — — — — — — — —

wcopys _ —

arequirements

FAA Regulations: 3.5.3 -

Autonomous Return e
ld="FAA Reg: 3.5.37
Text="The UAY shall be able to
return to base and land without
pilot intervention in case of
communications failure.”

wrequirements
Independent Power Supply

ld="TR2.1.2"

Text="The LAY =shall have
an independent power
supply to support all

payload elements.”

i
I

ablocks
Payload Power Supply

asatisfys

wrequirements
Autonomous Return to base

l[d="1.22"

Text="The UAY shall be
able to return to base and
land without pilot
intervention in case of

communications failure.”

-‘T‘“ werifyn
|

xtestCazes
Flight Te=t Profile B

Copyright InterCAX LLC 2016

16



Interactions and Sequence

L

Inter

Diagrams

One common application of Sequence Diagrams is to capture
scenarios at the concept-of-operations stage

Interactions describe Message-Based Behavior

A Sequence Diagram is a view of an Interaction
— A Sequence Diagram always belongs to an Interaction.

We will return to Interactions and Sequence Diagrams in Part
8, Introducing more language concepts
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Sequence Diagram intercax

=d [Interaction] UAN TakeOff[ UAY TakeOff J_J

///////////////ljfehnes \\\\\\\\\\\\\\\

5. confirm

ablocks (= g ublocks = p: Pilot 5
wAN @ UAV p_=tn : Pilot Station T
|
T 1
1
| Messages | |
i 1: initiate_prgm_xfer(} |
| L=
| | |
: 2. load_prgmiprgm=} : :
P |
| I |
i L_ 3. initiate_power_on(} |
| Event | |
|
E‘ S: power_on(} : :
. :
|
|
. :
1
|
|
|
|
|
|
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Sequence Diagram

Inter

=d [Interaction] UAN TakeOff[ UAN TakeOff J_I

ublocks «blocks
uAN : UAY p_s=tn : Pilot Station

1: inttiate_prom_xfer(}

p: Pilot 5

| Asynchronous

————xt——

2 load_prgm{prgm=}

3 initiate_power_on()

Synchronous <

4: power_on()

5. confirm

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
]

Copyright InterCAX LLC 2016
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o

Sequence Diagram intercax

=d [Interaction] UANV TakeOff[ UAW TakeOf1 J_J

Call

eblocks [ = M ess ag e p: Pilot 5
uAN  UAY p_stn : Pilot Station :
TI m e i : 1: initiate_prgm_xfer() E
Constrain |

2. load_prgmiprgm=Profile_B)

H 2. initiate_power_oni)

4 power_on() Activation Node N
o 5: confirm (FOCUS Of E
_______________ 7 Control Bar) |
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Sequence Diagram

o

Intercax

=d [Interaction] UAY TakeQff[ UAY TakeOif1 J_J

wblocks
uAN @ UAY

2. load_prgmiprgm=Profile_B})

xblocks
p_=tn : Pilot Station

1: inttiate_prgm_xfer(}

p: Pilot 5

H

4: power_oni}

2. initiate_power_on()

30,50}

5 confirm

Copyright InterCAX LLC 2016
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Second Exercise nter

[ UAV TakeOff 1J

Create an Interaction and .o -
Sequence Diagram :

Populate diagram with
Lifelines and Messages o |

________________

Add time constraints

&: confirm

________________

________________
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ReCap Inter

At the end of the hands-on exercises, you should be able to

Explain the following terms: requirement, satisfy, verify, refine,
interaction, lifeline, message, event

Create a requirements hierarchy and display it in a requirement
diagram

Explain the direction of a dependency arrow

Create an interaction with lifelines and messages and display it in a
sequence diagram

|dentify the principle purpose(s) of requirement and sequence
diagrams

Copyright InterCAX LLC 2016
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Questions? inter

www.intercax.com
email info@intercax.com
blog www.intercax.com/blog
Twitter @intercax | LinkedIn intercax-lic

Disclosure
This course material is developed by InterCAX LLC. All copyrights held by InterCAX LLC.
Usage of this material is governed by the licensing agreement terms between user and InterCAX. Usage or
distribution for educational or other purposes outside these terms is not permitted. No part of this material
may be reproduced or repurposed without the written consent of InterCAX.
The intent is to present vendor-independent concepts and examples in an objective educational way that the
course participants will find helpful. References are made to commercial products by InterCAX for the
purpose of making these concepts concrete. Course participants are responsible to evaluate these products

and tools for themselves and to investigate similar products and tools by other organizations where
applicable.
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