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INEQSE OMG SysML™ Specification

Specification status

— Adopted by OMG in May 06

— Available Specification v1.0 in Sept '07
— Available Specification v1.1 in Nov ‘08
— Revision task force for v1.2 in process

* Multiple vendor implementations available

» This tutorial is based on the OMG SysML available specification
(formal/2007-09-01)

» This tutorial, the specifications, papers, and vendor info can be
found on the OMG SysML Website at hitp://www.omgsysml.org/

» Refer to “A Practical Guide to SysML” by Friedenthal, Moore, and
Steiner for language details and reference
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INGSPE Objectives & Intended Audience

At the end of this tutorial, you should have an awareness of:
. Motivation of model-based systems engineering approach

. SysML diagrams and language concepts

. How to apply SysML as part of a model based SE process
. Basic considerations for transitioning to SysML

This course is not intended to make you a systems modeler!
You must use the language.

Intended Audience:
. Practicing Systems Engineers interested in system modeling

. Software Engineers who want to better understand how to
integrate software and system models

. Familiarity with UML is not required, but it helps
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* Motivation & Background

« Diagram Overview and Language Concepts
« SysML Modeling as Part of SE Process

— Structured Analysis — Distiller Example
— OOSEM - Enhanced Security System Example

« SysML in a Standards Framework
* Transitioning to SysML
 Summary

« (Class Exercise
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Motivation & Background



SE Practices for Describing Systems

System design

Analysis & Trade-off

Test plans

Future

ATC

Moving from Document centric to Model centric

4/15/2008
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System Modeling

. Control Power Vehicle
Start Shift Accelerate Brake () ()
- - - - Input Equations Dynamics

‘HF
Cost

| Integrated System Model Must Address Multiple Aspects of a System
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INCOSE  Model Based Systems Engineering
Benefits

Shared understanding of system requirements and design
— Validation of requirements
— Common basis for analysis and design
— Facilitates identification of risks
« Assists in managing complex system development
— Separation of concerns via multiple views of integrated model
— Supports traceability through hierarchical system models
— Facilitates impact analysis of requirements and design changes
— Supports incremental development & evolutionary acquisition
* Improved design quality
— Reduced errors and ambiguity
— More complete representation
« Supports early and on-going verification & validation to reduce risk
« Provides value through life cycle (e.g., training)
« Enhances knowledge capture
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INCOSE Modeling at Multiple Levels
of the System

Component Models
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Stakeholders Involved
in System Acquisition

Developers/
Integrators

Project
Managers

Vendors

Regulators

Testers

Modeling Needed to Improve Communications
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o NG A What |S SySML’? LANGUAGE L

« A graphical modelling language in response to the UML for
Systems Engineering RFP developed by the OMG, INCOSE, and
AP233

— a UML Profile that represents a subset of UML 2 with
extensions

« Supports the specification, analysis, design, verification, and
validation of systems that include hardware, software, data,
personnel, procedures, and facilities

« Supports model and data interchange via XML Metadata
Interchange (XMI®) and the evolving AP233 standard (in-process)

SysML is Critical Enabler for Model Driven SE
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INCOSE What is SysML (cont.)

* |s a visual modeling language that provides
— Semantics = meaning
— Notation = representation of meaning

* Is not a methodology or a tool
— SysML is methodology and tool independent
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Diagram Overview & Language Concepts



4/15/2008

UML
reused by
SysML
UML (UML4SysML)
not required
by SysML
(UML -

UML4SysML)

Copyright © 2006-2008 by Object Management Group.

SysML
extensions
to UML
(SysML
Profile)

SysML Extensions
-Blocks

-ltem flows

-Value properties
-Allocations
-Requirements
-Parametrics
-Continuous flows

15



SysML Diagram Taxonomy

SysML Diagram

- l..... |

' [
Behavior s Requirement = Structure
Diagram l Diagram = Diagram
'
$ Ctoacacsascsaaaaa & A
Activity Sequence State Machine Use Case Block Definition Internal Block .
. . - i ) . Package Diagram
Diagram Diagram Diagram Diagram Diagram Diagram
-
E Same as UML 2 ' .
s Parametric
: Diagram
[ ] Wodified from UML 2 S

:___] New diagram type
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International Councll on Systems Engincering

1. Structure

4 Pillars of SysML — ABS Example

==

bdd [Package] Structure [ ABS Structure Hisrarchy ])
==hlock== ==hlock== ==hlock==
Lihrary;: Anti-Lock Library::
Electronic Comrlind [Biock] Anti-Lack Cortroller [ Basic 1)
Processor
o — d1 : Traction
Detector
==hlock== )
Traction c2:
Detector
m1 : Brake
Modulator
definition use

req [Package] Yehicle Specifications [ Braking Requirement=s ])

Vehicle System Speciﬁcatiun|

Braking Subsystem Specification

==tequirerment==
Stopping Distance

==reguirement=:=
Anti-Lock Performance

[d="102"

Text="The wehicle shall
stop from B0 miles per hour
within 150t on & clean dry

surface "

ld="33.7"
Teut="The hraking system shall
prevent wheel lockup under all
hraking conditions.

OMG
SYSTEMS
MODELING o
LANGUAGE
sd ABS_ActivationSequence [Sequence Diagramy 2 . B e h aVI O r
stm TireTraction [State Diagramy | nteraCti on
[ act PreventLockup [Activity Diagram] ) State
JiL machine
( T A | activity/
TractlLozs .
:DetectLoss0Of function
] Traction BrakingForce
Tractlozs
[ I
J<___' par [Block] Straight Line “ehicle Dynamics [ Parameters U
: thom ot % i M m: kg
I_| I_| I_| fom fiM I_|
e1 : Braking Force e? : Acceleration
Equation E :I Equation

{f=(HfIr1 40}

=zderiveRegt==

A misecey =MAA}

e

.

a: mizec"?
[ e4: Distance Equation | [ |_| |
Tw=cl Sl } e3 : Velocity Equation
¥ mfsec ¥ misec {a=cwidt}
xim 1. sec |: :I t |£TI:

3. Requirements _

4. Parametrics
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INCOS :
N SysML Diagram Frames

Each SysML diagram represents a model element
Each SysML Diagram must have a Diagram Frame
Diagram context is indicated in the header:

— Diagram kind (act, bdd, ibd, sd, etc.)

— Model element type (package, block, activity, etc.)
— Model element name

— User defined diagram name or view name

A separate diagram description block is used to indicate if the
diagram is complete, or has elements elided |, .n escription ™

Version:

Description:
Completion status:
H e a d e l’ Reference:
e _o* " (User-defined fields)

L d
y -
«diagram usage»
diagramKind [modelElementType] modelElementName [diagramName]

Contents

4/15/2008 Copyright © 2006-2008 by Object Management Group. 18



Structural Diagrams

SysML Diagram

A

N ==

0
Behavior : Requirement Structure
Diagram . Diagram Diagram
Z} :----------d A
Activity Sequence State Machine Use Case Block Definition Internal Block Package Diagram
Diagram Diagram Diagram Diagram Diagram Diagram 9 9
i
E Same as UML 2 ,  Parametric
] Diagram
[] Modified from UML 2 T
;---] New diagram type
4/15/2008 Copyright © 2006-2008 by Object Management Group. 19
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INCOSE i
Package Diagram

« Package diagram is used to organize the model
— Groups model elements into a name space
— Often represented in tool browser
— Supports model configuration management (check-in/out)

* Model can be organized in multiple ways
— By System hierarchy (e.g., enterprise, system, component)
— By diagram kine (e.g., requirements, use cases, behavior)
— Use viewpoints to augment model organization

« Import relationship reduces need for fully qualified
name (package1:.class1)
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INCOSE Package Diagram

Organizing the Model

pkg SampleModel[by diagram type]) pkg SampleModel[by Ievel]) pkg SampleModel[by IP'I])

Use Cases Enterprise Arc_r;:at:rc;ture

Requirements System Reql_Jrmeents
Behavior Logical Design IPT A

Physical

Structure Design IPT B

EngrAnalysis Verification IPTC

By Diagram Type By Hierarchy By IPT

4/15/2008 Copyright © 2006-2008 by Object Management Group. 21



Package Diagram - Views

pkg SampleModel[by Ievel]/

Enterprise NT
«ir;]po‘rt»
\\
. «view»
System = dmMPOrt>--1 - epgrAnalysis
«im polrlt» I/I ':
Logical Design o / «confiorms»
«import» i
W/
EngrAnalysisViewpoint
Physical
Design «viewpoint»
stakeholders="...”
purpose="..."
constructionRules="...”
concerns="..."
e languages="..."
Verification
4/15/2008

* Viewpoint represents the
stakeholder perspective

* View conforms to a
particular viewpoint
— Imports model elements
from multiple packages

— Can represent a model
query based on query
criteria

* View and Viewpoint
consistent with IEEE
1471 definitions

Copyright © 2006-2008 by Object Management Group. 22



~7 Blocks are Basic Structural Elements

* Provides a unifying concept to describe the structure of an element or

system
~ System «blocks Compartment
_ Hardware BrakeModulator |-~ Label
— Software allocatedFrom
— Data «activity»Modulate
— Procedure BrakingForce
— Facility
— Person values
DutyCycle Percentage

* Multiple standard compartments can describe the block characteristics
— Properties (parts, references, values, ports)
— Operations
— Constraints
— Allocations from/to other model elements (e.g. activities)
— Requirements the block satisfies
— User defined compartments

4/15/2008 Copyright © 2006-2008 by Object Management Group. 23
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INCOSE Property Types

* Property is a structural feature of a block

— Part property aka. part (typed by a block)
» Usage of a block in the context of the enclosing (composite) block
« Example - right-front:wheel

— Reference property (typed by a block)
» A part that is not owned by the enclosing block (not composition)
« Example — aggregation of components into logical subsystem

— Value property (typed by value type)

» A quantifiable property with units, dimensions, and probability
distribution

 Example
— Non-distributed value: tirePressure:psi=30
— Distributed value: «uniform» {min=28,max=32} tirePressure:psi

4/15/2008 Copyright © 2006-2008 by Object Management Group. 24



AN D USlng BIOCkS LANGUA

« Based on UML Class from UML Composite Structure

— Supports unique features (e.g., flow ports, value properties)

* Block definition diagram describes the relationship
among blocks (e.g., composition, association,
specialization)

 Internal block diagram describes the internal structure
of a block in terms of its properties and connectors

« Behavior can be allocated to blocks

Blocks Used to Specify Hierarchies and Interconnection

4/15/2008 Copyright © 2006-2008 by Object Management Group. 25



Block Definition vs. Usage

Block Definition Diagram Internal Block Diagram

bdd [Package] Structure [ ABS Structure Hierarchy ]J

ibd [Block] Arti-Lock Contraller [ Baszic U

==hlock== ==hlock== ==hlock==

Library:: Anti-Lock Library:: d1 : Traction
Electronic Controller Electro- Detector

Processor Hydraulic Valve
c2:
I\ i1 mrl f
==hlock== =zhlock== * m1 : Brake
_,.
Traction Brake . Modulator

Detector Modulator
Definition Usage
— Block is a definition/type — Part is the usage of a block

in the context of a
composing block

— Also known as a role

— Captures properties, etc.
— Reused in multiple contexts

4/15/2008 Copyright © 2006-2008 by Object Management Group. 26



INCOSE Internal Block Diagram (ibd)
Blocks, Parts, Ports, Connectors & Flows

ibd [BElock] Anti-Lock Controller [ Rem Flowy U
Enclosing
Block
sy L d1 : Traction
T Detector
Connector
¥ activate ; Swdc
m1 : Brake
ltem Flow —*| Modulator
L
Port Part

Internal Block Diagram Specifies Interconnection of Parts

4/15/2008 Copyright © 2006-2008 by Object Management Group. 27
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N’COSE

N Reference Property Explained

bdd [Package] Structure [ Owerall Structure ])

==hlock==
Vehicle

==hlock==

Braking
System

==hlack==

Anti-Lock
Controller

==hlock=:=
Rotor

==hlock=:= ==hlock=:=
Traction Brake
Detector Modulator

==hlock==
Chassis

==hlock==
Hub Assy

==hlock==
Sensor

==hlock=:=
Tire

*S1is areference part*
*Shown in dashed outline box

ibd [Block] Anti-Lock Cortraller [ Extended U

s1: Sensor [4] |
ol : |

¥ root: Pulze
d1 : Traction
Detector
c2:

W activate ; Svdc

m1 : Brake
. Modulator

"

*Actual name is reference property
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INCOSE
NG~ SysML Ports

« Specifies interaction points on blocks and parts
— Integrates behavior with structure
— portName:TypeName

« Kinds of ports

— Standard (UML) Port
» Specifies a set of required or provided operations and/or signals
» Typed by a UML interface

— Flow Port
» Specifies what can flow in or out of block/part
» Typed by a block, value type, or flow specification
« Atomic, non-atomic, and conjugate variations

Standard Port and Flow Port

Support Different Interface Concepts

4/15/2008 Copyright © 2006-2008 by Object Management Group. 29
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LINSA 9L Port Notation

provided interface
(provides the operations)

Standard
part1: EM] part2:

Port
required interface
(calls the operations)
Flow Port
Flow partl: &= » =  part2:
Port
item flow

4/15/2008 Copyright © 2006-2008 by Object Management Group. 30



INGSPE Delegation Through Ports

- Delegation can be used to ibd [block]Block1[delegation] )
preserve encapsulation of
block (black box vs white box) :I—CNLE Child1:
 Interactions at outer ports of

Block1 are delegated to ports
of child parts D oz

« Ports must match (same kind,
type, direction, etc.)

« Connectors can cross
boundary without requiring
ports at each level of nested
hierarchy

-
K
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............ S Parametrics

« Used to express constraints (equations) between value
properties
— Provides support for engineering analysis
(e.g., performance, reliability)
— Facilitates identification of critical performance properties

« Constraint block captures equations

— Expression language can be formal (e.g., MathML, OCL) or
informal

— Computational engine is provided by applicable analysis tool and
not by SysML

« Parametric diagram represents the usage of the constraints in
an analysis context

— Binding of constraint parameters to value properties of blocks (e.g.,
vehicle mass bound to parameter ‘m’ in F=m x a)

Parametrics Enable Integration of Engineering

Analysis with Design Models

4/15/2008 Copyright © 2006-2008 by Object Management Group. 32



f: \. SYSTEM
I N OS E . . . MODELIN
N g Defining Vehicle Dynamics

bdd [Package] Analysis [ Analysis Context U
==hlock==
=<block== | mdﬁblﬁ:}ﬁb clk Clock
. raig ine P
Vehicle " - values
Vehicle Dynamics time : zeci{unit = Second, dimension = Time
y \
==constraint== &4 ==constraint==
Braking Force Equation Distance Equation
{E=C* %1 -t} {w=clxfolt }
pamafeters pamneters
f: M{unit = Mewwton, dimension = Force} v o mizeciunt = MeterPer=econd, dimension = “Yelocity
tf . M{unit = Mewton, dimenzion = Force} ¥ o miunit = Meter, dimenzion = Length}
bt M{unit = Meswton, dimension = Force} {L: zeciunit = Second, dimension = Time}
1l %%
= (=X
==constraint== ==constrairt==
Acceleration Equation Velocity Equation
1f=m*a} {a=dwidt}
pamaheters pamaneters
f: Bunit = Mewton, dimenzion = Force} a: mizec*2iunt = MeterPerzecondSguared, dimension = Acceleration}
m - Kgjunit = Kilogram, dimension = Mazs} v o mizeciunt = MeterPer=econd, dimension = Yelocity }
a . mizec”2{unit = MeterPerzecond=guared, dimenzion = Acceleration} 1. zeciunt = Second, dimension = Time}

Defining Reusable Equations for Parametrics

4/15/2008 Copyright © 2006-2008 by Object Management Group. 33



Vehicle Dynamics Analysis

par [Block] Straight Line Yehicle Dynamics [ Walue Bindings U

v.b.abs.m1.duty cycle : % v.mass : Kq
v.c.Lfriction : N v.b.r.braking force : N
oM |t % bf: M m Ky
HEREN tn ]
e : Braking F“":E e? : Acceleration
Equation Equation
f=tf*at)*(1-1l -
NS CURARUY P
a . misec®s
e4 : Distance Equation |_|
{w=chfoit} e3 : Velocity Equation
W MIEEG MR fa=dvict }
XIm 1. =zec t- zec
v.position : m clk.time : sec

Using the Equations in a Parametric Diagram to

Constrain Value Properties
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Behavioral Diagrams "

SysML Diagram

L eeeee deceaa
) 9
Behavior s Requirement : Structure
Diagram l Diagram : Diagram
’
. 4

i e A
| |

Activity Sequence State Machine Use Case Block Definition Internal Block Package Diagram
Diagram Diagram Diagram Diagram Diagram Diagram 9 9
.
E Same as UML 2 ’ . :
s Parametric ¢
: Diagram :
[ ] Modified from UML 2 teecacaaanad
..---q i
t___24 New diagram type
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International Councll on Systems Engincering

Activities

 Activity specifies transformation of inputs to outputs
through a controlled sequence of actions

« Secondary constructs show responsibilities for the
activities using activity partitions (i.e., swim lanes)
« SysML extensions to Activities

— Support for continuous flow modeling

— Alignment of activities with Enhanced Functional Flow Block
Diagram (EFFBD)

4/15/2008 Copyright © 2006-2008 by Object Management Group. 36
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"i« 0 Activity Diagram
AcU%
act ExampIeJ
4
| t .a— Output
npu\ _____________ L /

(o0 V. [x<=0]

Output

Activity Diagram Specifies Controlled Sequence of Actions

4/15/2008 Copyright © 2006-2008 by Object Management Group. 37



International Councll on Systems Engincering

4/15/2008

Routing Flows

Initial Node — On execution of parent control token placed
on outgoing control flows

Activity Final Node — Receipt of a control token terminates parent

Flow Final Node — Sink for control tokens

Fork Node — Duplicates input (control or object) tokens
from its input flow onto all outgoing flows

Join Node — Waits for an input (control or object) token on all
input flows and then places them all on the outgoing flow

Decision Node — Waits for an input (control or object) token on its
input flow and places it on one outgoing flow based on guards

Merge Node — Waits for an input (control or object) token on
any input flows and then places it on the outgoing flow

Guard expressions can be applied on all flows

Copyright © 2006-2008 by Object Management Group. 38



INCOSE Actions Process Flow of
""""""" Control and Data

« Two types of flow
— Object / Data
— Control

« Unit of flow is called a “token”
(consumed & produced by actions)

Control Input

v

==aptional== action ==optional==

inpLt oLttt
input2 output 2

|

|

Control Output |

I

\

Actions Execution Begins When Tokens Are Available

on “all” Control Inputs and Required Inputs

4/15/2008 Copyright © 2006-2008 by Object Management Group.
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& An Action Can Invoke Another Activity

1
1
Control Input :
1
1

==optional==
input

act Activity J

<<optional>> actionl
inputl . .

; action2
input2 . .

<<optional>>

outputl

output2

\

action : Activity ==optional==

oLttt

th

T

1

:

1

Control Output 1
P v

Activity is Invoked When an Action Begins to Execute

4/15/2008
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INCOSE Semantics for Activity Invocation {ive

A call behavior action can have
* 0..* control inputs & outputs
. 0.* optional item inputs & outputs Note: The summary is an approximation of the semantics.
* . . . The detailed semantics are specified in the UML and SysML specification.
* 0..* required item inputs & outputs

* 0..* streaming (and continuous) item inputs & outputs

Starting an action:

* An action starts when a token is placed on all of its control inputs and all of its required inputs
(must meet minimum multiplicity of its input pins) and the previous invoked activity has
completed

* An action invokes an activity when it starts, and passes the tokens from its input pins to the
input parameter nodes of the invoked activity

During an execution:
* An action continues to accept streaming inputs and produce streaming outputs

Terminating an action:

* An action terminates when its invoked activity reaches an activity final, or when the action
receives a control disable, or as a side affect of other behaviors of the parent activity

» The tokens on the output parameter nodes of the activity are placed on the output pins of the
action and a control token is placed on each of the control outputs of the action

Following action termination:

* The tokens on the output pins and control outputs of the action are moved to the input pins of
the next actions when they are ready to start per above

* The action can restart and invoke the activity again when the starting conditions are satisfied
per above

4/15/2008 Copyright © 2006-2008 by Object Management Group. 41
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INCOSE ettt S
InternatioNCORREIL OHSYSEMEPY £ ncering C O m m O n A Cti O n S LANGUAGE L
act Activity)
e o S M B
B
opliinil, out ol )
input2 —— > gedone T output2
b ﬁﬁuptiuﬁ?lbb action : Activity |'|1 ==aptional==
ary in outputd
_m £ = =
op1 ol
" % inpt 2 D D output2
Call Operation Action Call Behavior Action
(can call leaf level function)
target
[1]
zigralData -
> p—r E = EvertiData = i >
Accept Event Action Send Signal Action
(Event Data Pin often elided) (Pins often elided)

4/15/2008 Copyright © 2006-2008 by Object Management Group. 42



INC SE Activity Diagram Example
With Streaming Inputs and Outputs

act Activity
g
«optional
inl e]
<<optional>>

ot {stream} — y>0] <<optional>>

P action 1 B
tream} . ! utpu
{s «optional» «opti utl

inl {stream}
in2 outl {stream}
{stream} {stream} «optional
in
in s

Streaming Inputs and Outputs Continue to Be
Consumed and Produced While the Action is Executing

4/15/2008 Copyright © 2006-2008 by Object Management Group. 43




......... QQM,}%E Distill Water Activity Diagram
(Continuous Flow Modeling)

act [activib DistilVvater [Simultaneous — no control ﬂux-.y ContinUOUS ﬂOW means ATlme
Actions are enabled by default between tokens approaches zero
when activity is enabled Continuous Flow
______________________ _—— — —
7
| N'| wcontinuousy
loP res=:Residuse
wcontinuousa - |
coldDirtyH20 | swcontinuouzs wcontinuous»
[liquid] s.te[am:lilzlil hiPregs:Residus |
gas]

| swcontinuouss
recovered:Heat

I ..
{Etreamy . )
[ ; st ; a4:.DrainResidus
reanm
a1Heat\Water ad:CondenzeSteam [

| |
|
|
|
' |
| Y acontinuouss
| hotDirty:H 20 |
|

liquid) a2:BoilVWater “?J;é?ﬁﬁ%]sn
{=tream’} | liquid]
ac::lntinu_uus»

external:Heat | S hutDown |
\ ______ /_ _________________ _ _.---"‘)I|I

Accept Event Action ‘\ .

Will Terminate Execution Intertuptible
Region

Continuous Flow Is Representative

of Many Physical Processes
4/15/2008 Copyright © 2006-2008 by Object Management Group. 44




= Example — Operate Car

act Operate Car /

._ o TunKey | !
% to On H :Driving E Turn Key e
T . oo ,—1 o >@

«continuous»

«continuous» «continuous»

Brake Pressure| | | | Braking Pressure

«controlOperator»
:Enable on Brake

Pressure > 0

1

1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
I 1
1 1
1 1
1 N 1
1 Modulation 1
1 1
| Frequency |
' «continuous» |
1 1 1
' «optional » N
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1

«continuous»

Modulation

Frequency
:Monitor Traction jcontrol}
| ]
\ /

Enabling and Disabling Actions

With Control Operators

4/15/2008 Copyright © 2006-2008 by Object Management Group.
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INCOS Activity Diagrams
Pin vs. Object Node Notation

* Pins are kinds of Object Nodes
— Used to specify inputs and outputs of actions
— Typed by a block or value type
— Object flows connect object nodes

* Object flows between pins have two diagrammatic

International Councll on Systems Engincering

forms

— Pins shown with object flow between them
— Pins elided and object node shown with flow arrows in and out

act [Activity] Prevent Lockup [ Actions u

act [Activity] Prevent Lockup [ Actions u

Pins

ObjectNode

4/15/2008 Copyright © 2006-2008 by Object Management Group.

Pins must
have same
characteristics
(name, type
etc.)
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INCOSE

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ al Councll on Systems Engincering

Activity Diagram
(without Swimlanes)

Activity Diagram
(with Swimlanes)

4/15/2008

Explicit Allocation of Behavior to
Structure Using Swimlanes

act [Activity] Prevent Lockup [ Actions U

pl: TractLoss
al: Detect Loss of of1 a2 : Modulate
Traction Braking Force
p2: TractLoss

act [Activity] Prevent Lockup [ Swimlanes u

<<allocate>>
d1 : Traction Detector

<<allocate>>
m1: Brake Modulator

M\ Vi

R . —

1 f
Y—
allocatedTo ﬁ !

al: Detect Loss of pl:TractLoss
Traction ofl
,/p2 : Tract}
e

a2 : Modulate
Braking Force

<<connector>>c2 : é

Copyright © 2006-2008 by Object Management Group.
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NCOSE

»ral Council on Systems Eng,

Activity Decomposition

bdd [Package]Behavior[ Behavior Decompy act [Activity] ~Prevent Lockup [ Actions ])

<<activity>> .

Prevent !

Lockup *

Traction

Force

al a2 pl: TractLoss
<<activity>> <<activity>> al: Detect LOSS of ofl
Detect Modulate Traction
Loss of Braking p2: TractLoss

a2 : Modulate
Braking Force

p1 p2

<<block>>
TractLoss é

Definition Use
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'''''''''''' ) SysML EFFBD Profile
EFFBD - Enhanced Functional Flow Block Diagram

«effod»
act

2.4 Function in
Multi-exit
Construct

«optional»
Iltem 1

[ before third time]

Item 2 \

External 2.1 Serial «optional» [ after External
Input Function third Output
2.5 Function in time ]

an lterate

ltem 3 ~

xoptional»

2.6 Output
Function

2.3 Function in
Concurrency

«optional»

ltem 4

Aligning SysML with Classical Systems Engineering Techniques
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INCOSE i
INGPE Interactions

« Sequence diagrams provide representations of
message based behavior
— represent flow of control
— describe interactions between parts

« Sequence diagrams provide mechanisms
for representing complex scenarios
— reference segquences
— control logic
— lifeline decomposition

« SysML does not include timing, interaction overview,
and communications diagram
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'''''''''''' - Black Box Interaction (Drive)

sd DriveBlackBox )

driver:Driver vehicle: HybridSUV
: T
ref StartVehicleBlackBox
T
i
par ) |
|
1 1
alt controlSpeed J [state = (idle)] |
1
ref Idle
___________________________________________________________________________
[state = (accelerating/cruising)]
ref Accelerate/Cruise
__________________________________________________________________________
[state = (braking)]
ref Brake
_______________________________________________________________________________
ref Steer
ref Park/ShutdownVehicle

UML 2 Sequence Diagram Scales
by Supporting Control Logic and Reference Sequences &



&7 Black Box Sequence (StartVehicle) ™" L

sd StartVehicleBlackBox )

driver:Driver

vehicle:HybridSUV
ref StartVehicleWhiteBox

turnignitionToStart E \
1: StartVehicle i

 References Life
i Decompositid
For White Bo

Interaction

line
n
X

Simple Black Box Interaction

4/15/2008
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INCOSE : :
&= White Box Sequence (StartVehicle)
sd StartVehicleWhiteBox )
ecu:PowerControlUnit epc:ElectricalPowerController

1: StartVehicle

1.1: Enable

1.2:ready
O e e b b —

Decomposition of Black Box Into \WWhite Box Interaction
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i = s Primary Interaction Operators

ref name
— reference to a sequence diagram fragment defined elsewhere
* 0opt [condition]
— has 1 part that may be executed based on a condition/state value
- alt
— has 2 or more parts, but only one executes based on a condition/state
— an operand fragment labeled [else] is executed if no other condition is true
e par
— has 2 or more parts that execute concurrently

« Concurrence indicates does not require simultaneous, just that the order
is undetermined. If there is only one processor the behavior could be (A
then B), (B then A), or (A and B interleaving) ...

* loop min..max [escape]

— Has a minimum # of executions, and optional maximum # of executions, and
optional escape condition

* break [condition]

— Has an optional guard. If true, the contents (if any) are executed, and the
remainder of the enclosing operator is not executed

Provided by Michael Chonoles
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B Other Interaction Operators

critical

— The sequence diagram fragment is a critical region. It is treated as atomic —
no interleaving with parallel regions

*  neg

— The sequence diagram fragment is forbidden. Either it is impossible to
occur, or it is the intent of the requirements to prevent it from occurring

» assert
— The sequence diagram fragment is the only one possible (or legal)
 seqg (weak, the default)
strict
— Strict: The message exchange occurs in the order described

— Weak: Each lifeline may see different orders for the exchange (subject to
causality)

« consider (list of messages)
ignore (list of messages)
— Consider: List the messages that are relevant in this sequence fragment
— Ignored: List the messages that may arrive, but are not interesting here
Provided by Michael Chonoles
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Trial Result of Vehicle Dynamics I‘
{imMaxAcceleration [100 Wheel Horsepower = e ec:Sgang? riptio
5 Lifeline are
I value properties
/—'
L
pd
J/
AL

cx T Timing Diagram Not
p{usansgs Part of SysML

Time (sec)

N\

| Typical Example of a Timing Diagram
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International Councll on Systems Engincering

State Machines

» Typically used to represent the life cycle of a block

* Support event-based behavior (generally
asynchronous)
— Transition with trigger, guard, action
— State with entry, exit, and do-activity
— Can include nested sequential or concurrent states

— Can send/receive signals to communicate between blocks
during state transitions, etc.

 Event types
— Change event
— Time event
— Signal event
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Operational States (Drive)

stm HSUVOperatlonaIStates

start[in neutral]/start engine

'?[ J%I@yom—%@

shutOff/stop engine

Nominal
states only

o

Operate

accelerate/

g

when (speed = 0)

reIeaseBrake/ﬂ

[

{ Braking }

Accelerating/
Cruising
LengageBrake/J /

4/15/2008
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Transition notation:
trigger[guard]/action
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International Councll on Systems Engincering

Use Cases

* Provide means for describing basic functionality in
terms of usages/goals of the system by actors
— Use is methodology dependent
— Often accompanied by use case descriptions

« Common functionality can be factored out via
«include» and «extend» relationships

« Elaborated via other behavioral representations to
describe detailed scenarios

 No change to UML
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O .
Operational Use Cases

uc HSUV_UseCases [Operational Use Casesy

HybridSUV

e

4
«extend»
/

Pl
Drive_The_Vehi «include»™ Accelerate
cle
~

Driver

~N
N ~N

«include»

N
N
N
o «includesy=— Brake

4/15/2008 Copyright © 2006-2008 by Object Management Group. 60
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* Allocations
 Requirements

SysML Diagram

Cross-cutting Constructs

Behavior
Diagram

1

..... j

Requirement

0
]

' .

(] Diagram
’

[ Y

Structure
Diagram

A

Activity Sequence State Machine Use Case Block Definition Internal Block .
. : i . . Package Diagram
Diagram Diagram Diagram Diagram Diagram
e
E Same as UML 2 ' b .
. arametric
: Diagram
[ ] Modified from UML 2 .

';---] New diagram type

4/15/2008
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International Councll on Systems Engincering

Allocations

* Represent general relationships that map one model
element to another

 Different types of allocation are:
— Behavioral (i.e., function to component)

— Structural (i.e., logical to physical)
— Software to Hardware

» Explicit allocation of activities to structure via swim
lanes (i.e., activity partitions)

» Both graphical and tabular representations are
specified
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Different Allocation Representations

=

oe S
LING n
LANGUAGE L

(Tabular Representation Not Shown)

Element r
Namel |

-

-

-

-

’7
-
-

-

Element
Name?2

«allocate»

part name : Element Name

~ «allocate»

-

"~ ~~. «allocate»

~
~

~~o
~

Element
Name3

action name :
Activity Name

Allocate Relationship

«block»
Block Name

part name

allocatedFrom

«elementType» ElementName

Compartment Notation
Read as follows: “part name has constraints that are allocated to/from an <<element type>> Element Name”

4/15/2008

Explicit Allocation of
Action to Part Property

«block»
Block Name

part name

Py

-

allocatedFrom
«elementType»Element Name

-
-

Callout Notation
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SysML Allocation of SW to HW

* In UML, the deployment diagram is used to deploy artifacts to nodes
* In SysML, «allocation» on an ibd and bdd is used to deploy software/data to

hardware

| P
%
‘ 2
S «hardware » «hardware » «hardware»
‘ : Optical Sensor - Video Camera - Alarm
|
\ ¥
N
«hardware » ‘ N
: Site Processor m<> «hardware »
allocatedFrom : NW Hub O—r— «hardware » S
«software» Device Mgr allocatedFrom : DSL Modem
«software» Event Mgr ‘
«software » Site Config Mgr «software » S/E Comm I/F
«software » Site RDBMS \\/
«software » Site Status Mgr
«software» User I/F
«software » User Valid Mgr o D\;(Baggarg»,
: - rive

4/15/2008

ibd [node] SF Residence

S

A «hardware »
> .
«hardware » : User Console
: Site Hard Disk Q
allocatedFrom
«data» Site Database |
N\
A4

allocatedFrom
«data» Video File

Copyright © 2006-2008 by Object Management Group.
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Requirements

« The «requirement» stereotype represents a text
based requirement
— Includes id and text properties
— Can add user defined properties such as verification method
— Can add user defined requirements categories
(e.g., functional, interface, performance)
 Requirements hierarchy describes requirements
contained in a specification

« Requirements relationships include DeriveReqt,
Satisfy, Verify, Refine, Trace, Copy

4/15/2008 Copyright © 2006-2008 by Object Management Group. 65



G T A Re qu iIrements Breakdown

req [package] HSUVRequirements [HSUV Specification])
HSUVSpecification RefinedBy
o & «useCase» HSUVUseCases:Accelerate
«requirement» «requirement» I
Eco-Friendliness Performance I
«requirement»
q & D D I Power
/
I «deriveReqt»
;7 l
«requirement» «requirement» «requirement» ,
raking FuelEconomy Acceleration ,
«requirement» / ,
Emissions
Id =“R1.2.1" VerifiedBy SatisfiedBy
text = “The vehicle shall meet UltraLow «testCase» MaxAcceleration «block» PowerSubsystem
Emissions Vehicle standards”

Requirement Relationships Model the Content of a Specification
4/15/2008 Copyright © 2006-2008 by Object Management Group. 66




le OSE Example of Derive/Satisfy Requirement

International Councll ms £

Dependencies
«requirement» «requirement» «requirement»
OffRoadCapability Acceleration CargoCapacity
Supplier F\ *\‘ 7’
\«eeriveReqt» \ //
«deriveReqt»  Zderi »
\\ \ / deriveReqt
/
\ \ /
\ |
RN /
Client 1 .
) ) «requirement»
Client depends on supplier Power

(1.e., a change in supplier

: . . Supplier“ (satisfys
results in a change in client) ~satisfy

~
\Qent

«block»
PowerSubsystem

Arrow Direction Opposite Typical Requirements Flow-Down

4/15/2008 Copyright © 2006-2008 by Object Management Group. 67



) g Problem and Rationale

bdd Master Cylinder requirementy
«requirement» ﬁblOCk»
Loss of Fluid <---. . Brake System
=~~~ _«satisfy»
m:MasterCylinder
«requirement» ISR FSS
Reservoir " satisfy .“
«rationale» _ o «problem»
The best-practice solution consists in The master cylinder in previous
assigning one reservoir per brakeline. version leaked.
See "automotive_d32_hdb.doc"

Problem and Rationale can be attached to any

Model Element to Capture Issues and Decisions
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Stereotypes & Model Libraries

* Mechanisms for further customizing SysML

* Profiles represent extensions to the language

— Stereotypes extend meta-classes with properties and
constraints

« Stereotype properties capture metadata about the model element
— Profile is applied to user model
— Profile can also restrict the subset of the meta-model used
when the profile is applied
* Model Libraries represent reusable libraries of model
elements

4/15/2008 Copyright © 2006-2008 by Object Management Group. 69



............ ""Q'fsf:;”’m* Ste re Oty pe S

«metaclass»
NamedElement

«configurationltem»
Engine

author="John Doe”

version="1.2"

«stereotype» -
Configurationltem lastChanged=Dec12, 2005

author: String
version: String
lastChanged: Date

Defining the Stereotype Applying the Stereotype
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INCOSE Applying a Profile and
Importing a Model Library

pPkg ModelingDomain [Establishing HSUV Modeﬂ)

«profile»
SysML N

3

. «apply» {strict}

«apply»
: {strict}

«modelLibrary» [ amport> | L sUvModel
Sl Definitions

4/15/2008 Copyright © 2006-2008 by Object Management Group. 71



.!,N OE Cross Connecting Model Elements

1. Structure 2 Behavior

ibd [blocl] Anti-LockControlier J

[InErnal Block Diagram]
ot
d'l'fla{:tiunl:letec'tu' /
all at:::IFr:-1
egffions a1:Detectioss a‘e
I f,_r- T‘ a\\oc -

4 |

j,.f mi:BrakeM odulator

e 3hoCaten «dS0C3ED

= d1:TraconDsetec I"

Tractloss

ai:DetectLoss OF
Trction

J; Tractloss
I_I:-t-::a_t-.::‘I,IZr“T:h stz 4”1 = T L i
Braking Foros W
T Value allocate dT o
s — . . par [Block] Straight Line Vehicle Dynamics [ Walue Bindings |
TERUL PN binding J
quuty cycle : % v.mass : Kg
\‘
v.c.Lfriction : N Y v.b.r.braking force : N
N 1% |be m: Ky
Vehicle System Braking Subsystem I—l I—l |—| fiN I—l
5 pecification § pecification e1 : Braking Furce e2 : Acceleration
\ Equation E :l Equation
= *| * =
aregquirem ents arEquirements {f=Ct*af -t a:mizecry lfmmal
StoppingDistance A nti-Lock Perfermance
Ext=Ths vahids shall stoc \\ [-EKF--E'S{FQ subEystem & mizactl
s sle e e e o e4: Distance Equation [ ]
e e st bt bl il ] Pu=clictt &3 : Velocity Equation
Verifie dBy ‘EEtisfi:—dE:.- W miEes v mizec {a=chwfdt}
ginteractions MinimemStooo ablocks Anti-LookC

““““ ey %1 t: zec| | t:see
N L0 (]

- \;\ v.position : m L time : sec J
- Verify |

3. Requwements ) _ 4. Parametrics 72
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SysML Modeling
as Part of the SE Process



Distiller Sample Problem

Refer to Chapter 15
“A Practical Guide to SysML”



Distiller Problem Statement

* The following problem was posed to the SysMLteam in Dec 05 by D. Oliver:

« Describe a system for purifying dirty water.
— Heat dirty water and condense steam are performed by a Counter Flow Heat Exchanger
— Boll dirty water is performed by a Boiler
— Drain residue is performed by a Drain

— The water has properties: vol = 1 liter, density 1 gm/cm3, temp 20 deg C, specific heat
1cal/gm deg C, heat of vaporization 540 cal/gm.

« A crude behavior diagram is shown.

Energy to Pure
Dirty water @ condense water
@ 100 deg C /'

/ L Condense
Heat Dirty water @ steam
» Boil Dirty water
~—* To 100 deg C Yy - @

Drain

Residue
Heat to Dirty ' T Disposed
water residue

Heat 1o Boil
water

What are the real requirements?

How do we design the system?
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Neostar L Distiller Types

Batch
Distiller

Continuous
Distiller

Note: Not all aspects of the distiller are modeled in the example
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/}.:_
INCOSE
Distiller Problem — Process Used

» Organize the model, identify libraries needed
« List requirements and assumptions
 Model behavior

— In similar form to problem statement
— Elaborate as necessary

 Model structure

— Capture implied inputs and outputs
« segregate I/O from behavioral flows

— Allocate behavior onto structure, flow onto I/O

« Capture and evaluate parametric constraints
— Heat balance equation

* Modify design as required to meet constraints
* Model the user interaction
* Modify design to reflect user interaction
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INCOSE

phkg Distiller [ model organization ])

[ ]

[ |

Distiller
Requirements

[ ]

Distiller Use
Cases

[ ]

Distiller
Behavior

Distiller
Structure

[ ]

[ ]

Item Types Value Types
o
<<|mp|or1>>
o
Engineering ==modelLibrary==
Analysis S| Definitions

4/15/2008
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dimension = m@heat flow rate

unit= @calaries per second

dimension = m@specific heat

unit= calaries per gram degree celcius

OMG
- ? - . SYSTEMS
ISUler Froplem — rFackage vlagram.  moci
LANGUAGE
Model Struct d Librari
pkg “alue Types[ value types for distiller ])
=2V alueTypes=
Real
2=2ValueTypes: ==WalueTypess ==ValueTypes==
°C Him*2 gmi/sec “zl?tl_lu:g:s;»
<yaluaTypey> <yaluaTyper> <haluaTypeass {0==n==1}
dirension = mtemperature dimension = @pressure dimension = @mass flow rate
unit= mdegrees celcius unit= Mnewtons per sguare meter unit= Mgrams per second
==YalueTypes== ==ValueTypes== ==ValueTypes=
cal/sec cali{gm*°C) caligm
<O alueType »» < alueType »» <ylueTypes>

dimension = m@latent heat
unit= @calaries pergram

78
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International Councll on Systems Engincering

Distiller Example Requirements Diagram

req [Package] Distiller Requirements [ Top Level Requirements ])

Source_Requirements
(Distiler Distiller Regquirement=)

==requirement=»=
Original Statement

ld="50.0"
Text="Describe a system for purifying dirty water.

- Heat dirty wwater and condense steam are performed by a Counter Flow Heat Exchanger
- Boil dirty water is perfarmed by a Boiler. Drain residue is performed by a Drain.
The water has properties: val =1 liter, density 1 gmicm3, termp 20 deg C, specific heat 1caligm deg C, heat of vaparization 540 calfgm

[3:]
i cerenuirementon ==requirement== T; ==reguirement==
Pu?ify Water Heat Exchanger Water Properties
ld="51 0" Ig="520" Id="55.0"
Text:"'l.'he system shall purify Text="Heat dirty water and Text="Water has properties: density 1
dlifty water” candense steam are performed by a gmfcm3, temp 20 deg C, specific heat
) Counter Flow Heat Exchanger 1calfgm deg ©, heat of vaporization
T 540 caligm.”
|
i ==reguirement==
Boiler
| — - ==reguirement==
[ lIEj}_Et SHSE';J i dirty water | . ib Water Initial Temp
. ext="B0il dirty water is performed by
::derwfﬁeq‘t:‘; a Bailer. " Id="551"
Text="Water has an initial
==Rationale== - - 7 temp 20 deg "
The reguirement | L1 - ==requirsments=
for & boiling i L~ Drain
function and & - S - -
hoiler implies that I - == Id="54.0
the water must be . Text="0rain residue is performed hy
purified by I =sderiveReqt=> | T in
distillation o '
| s
| e
==requirement==
Distill Water
(Distiller Distiler Requirements Derived_Reguirements)
ld="01.0"
Text="The systern shall purify water by bailing it."

4/15/2008
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Distiller Example:
Requirements Tables

table [requirement]OriginalStatement[Decomposition of OriginalStatemenﬂ)

id name

text

S0.0 |OriginalStatement

Describe a system for purifying dirty water. ...

S1.0 [PurifyWater

The system shall purify dirty water.

S2.0 |HeatExchanger

Heat dirty water and condense steam are performed by a ...

S3.0 |Boiler

Boil dirty water is performed by a Boiler.

S4.0 |Drain

Drain residue is performed by a Drain.

S5.0 |WaterProperties

water has properties: density 1 gm/cm3, temp 20 deg C, ...

S5.1 [WaterlnitialTemp

water has an initial temp 20 deg C

table [requiremenf PurifyWater[Requirements Treey

id name relation

id name

Rationale

S1.0 |PurifyWater |deriveReqt

D1.0 |DistillWater

The requirement for a boiling function and a boiler
implies that the water must be purified by distillation

4/15/2008 Copyright © 2006-2008 by Object Management Group.
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INCOse  Distiller Example — Activity Diagram:
o Initial Diagram for DistillWater

« This activity diagram applies the SysML EFFBD profile, and formalizes the
diagram in the problem statement.

wefibds
act [adivity] DistillVater [Simple Staring Point)

purs:HZ0

recovered:Heat Tliquid]

\/

coldDityHZ20 hotDirtyH20 geam:HZ0 ‘

[liquid] [liquid] [gas]
3,{ﬂ?}:l:-:lnI:Inans,EStEﬂrn J\
a2 :BoilWWater —{ } — a-@
3 -

al:HeatWater

me%eat / mmﬂmeﬂt\ ‘ hpmﬂcmk 0P ress Residue
/ "\ \
// \ | ~\

Actions (Functions) Control (Sequence) Things that flow (ObjectNodes)

.__

a4:.0DrainRezidus

4/15/2008 Copyright © 2006-2008 by Object Management Group. 81




{cose  Distiller Example — Activity Diagram:

Control-Driven: Serial Behavior

g—
g
g

&

ncll on Sy

stems Engincering
r
o~

«effod»

act [activity] DistillWater [Simple Starting Point)

recovered:Heat

coldDirty:H20 ‘

pure:H20

liquid]

[liquid]

hotDirty:H20
[liquid]

external:Heat

N
[ ]
——————— al:HeatWater t----->> a2:BoilWater
[ ]

steam:H20
[gas] /

_=~ a3:CondenseSteam  _
Q{‘ a4:DrainResidue F’

u\ discharge :Residue

predischarge :Residue

Continuous Distiller Here

Batch
Distiller
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Distiller Example — Block Definition
Diagram: DistillerBehavior

bdd [Package] 1. Inttial Behavior [ behavior breakdown with OhjectFlows U

Act
(Fu

it ==gctivity== CO n t ro I
VI tl €s Distill Water
et
: e (not shown
nctions )\
\ ~ l on BDD)
-a1 -8 -a -8
==activity== ==activity== ==activity== ==activity==
Heat Water Boil Water Condense Steam Drain Residue [
[+ [+
1 1
-external -recovere -pre-discmarge -pre-dizcharge -dizcharge
==hlock== ==hlock==
-recoveled Heat Residue
vales vales
dicvickt : calories per second sludge temp © *C{unit = degrees celcius, dimension = temperature}
zludge prezz - Nm*2{unit = newtons per square meter, dimension = prezsure}
-hat dirty -cold dirty |, -hat dirty |, -stesm

==hlock==

H20

values
weater temp : *C{unit = degrees celcius, dimension = temperature
zpecific heat | calim{nonunigue unit = calories per gram, dimension =

latert hest?

latent heat : calfgm**Cifnonunique unit = calaries per gram degree celcius, dimension = specific heat}  wl

weater press | Mim™2unit = newtons per sgquare meter, dimension = pressure}
maszs flowe rate : gmifzec{unit = grams per second, dimenzion = mass flow rate}

Need to
consider
phases
of H,0

4/15/2008
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Things that flow (ObjectNodes)
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COE Distiller Example — State Machine

Diagram: States of H20

States Transitions

N\
‘stm States of H2O( Example\aMachinM

en [water temp==100 & lstert hgat of vaporization removed)

wehien Cuweater temp == 0 & latent heat of fusion removed)

4/15/2008 Copyright © 2006-2008 by Object Management Group. 84



& . o L : SYSTENS
INCOSE Distiller Example — Activity Diagram: MODELING L
nternational Ft.:uncll on Systems Engincering . . .

|/O Driven: Continuous Parallel Behavior
(act Distil Wiater [ cold dirty : H2O, external : Heat, pure : H2O, dizcharge Residue,j[ 4. parallel continuous U )
| I I
: | | |
| o pure : H20 | | ==continuauss=
[a:i : Condense Steam ]j{gtream} pure : H20
[ ! ! {stream}
I I I
o : Hes
T | |
<=continuous == | | | |
cold dirty : H20 I I I I
istream} | | | |
steam : H20
| Ecovered | Heat {stream} | discharge : Residue
_ _ {stream} | hiot g{rw: Hzo U {ztream} pTa——
mlq{gtlrrnt;;r:n? I istresm} [34: Drain Rﬂsmllﬁ P discharge : Residue
hat dirty : H20 {=tream}
{strearr]} exterTial | Hest pre-dipcharge | Femidy pee=tizdharge : Residue
{stream} | {stream} fstream}

{stream}

==continuous==
external : Heat

Continuous
Distiller
4/15/2008 Copyright © 2006-2008 by Object Management Group.
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N’COSE Distiller Example — Activity Diagram:
A No Control Flow, ActionPin Notation,

Simultaneous Behavior

(act Distil Wigter [ cold dirty - H20, external : Heat, pure : H2O, dizcharge : Besidue 1 [ 5. interruptakle ])

| |
|
==cortinuous== pure : H20 ! z=corti ==
cold dirty : H20 | a3: Condense Stea#;l ,ﬂﬂream} = l Cflriltn'l-flgz
{ztream}t | | g )
h, | {=stream}
| recovered: HeatLH I—l}\\ |
I {stream} steam : H20™.
{atream} |
|
of3 |
|
steam ;: H2O |
1 ) recu:u{\;ntared : }Heat {ztream} dizcharge : Residus
: . FESIT strea
{stream} e T — hot dirty - H20 41:‘—2 T =T { } s=continuousss
I |a s ﬁ.lr ':| of2 {stream}lj SER S ﬁ'l | |a ks Ilﬁ % discharge : Residue
| J7 hat dirty : H20 g {stream}
{stream? ______—‘—)| e . |
| e pre-dizcharge | Residue  RPE-OIZChArge | Residue
I off __— ext{e;tr;aelanll-l}eat {stream} {stream} |
- — |
==continuous== | —+ |
external : Heat |
oo |
| = |
z @
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Distiller Example — Activity Diagram
(with Swimlanes): DistillWater

act Distil Wiater [ cold dirty : H2O, pure : H20, external : Heat, dizcharge : Residue ) [ 7. swimlanes & callouts U

==gllocate== ==allocate== ==gllocate==
condenser : Heat Exchanger x evaporator : Boiler x drain : Valve
allocatedTo = E@maing
==continuous== | pure  H20 Parts l -
cold dirty : H20 | a3 : Condense Steam {stream} S [ ==continuous==
{stream} | I pure : H2O
| O | Tstream}
[ recovered | Heat allocatedTo = mmainﬁ |
1ztream}
I P I
ol I ofs - |
| |
L \h |
. . dizcharge : Residj
céld chrty Hao recovered | Heat steam ; H2O <t Ei
| (sjreath) {stream} hat dirty | Hz stream? {stream} | .
al : Heat Water 4 “tredgm} a2 : Boil Water a4 : Drain Residu i ==continuaus=:=
I th o th |'f| i':' = discharge : Residue
| [ hot dirty © HRO g | I {stream}
=t
I of? fsheam} | ofs |
| externgl Hest  pre_discharge ; Residle pre-discharge | Residue |
=z=cortinuous=:= ‘_'_'_._._,_,_._J——-— ! {str aqz} {stream} \ {stream} |
external : Heat | | \ \ ||
shutdown
I i i e — == — — — — - - — = = — |
/ - \
allocatedTo = CAmain / A \\9 allacatedTo = Amain \ allocatedTo = CEsludge?
/ L
allocatedTo = mqﬁ allocatedTo = msludgeﬁ
. A
Allocated ibd . .
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H\TCOSE Distiller Example — Block Definition
Diagram: DistillerStructure

International Councll on Systems E

bdd [Package] Intial Distiller Structure [ distiller breakdown ])

==hlock=:=
- Distiller |g

-condenser

==hlock==
Heat Exchanger

Satisfies = CAIHeat Exchanger

-evaporator

==hlock=:=
Boiler

Satisfies = EBailer

-drain

==hlock=:=
Valve

Satisfies = @ Drain

4/15/2008 Copyright © 2006-2008 by Object Management Group.
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”\T;OE Distiller Example — Block Definition
Diagram: Heat Exchanger Flow Ports

bdd Initial Distiller Structure [distiller breakdown (ports)]J

<<block>>
Distiller

condenser evaporator drain

<<block>> <<block>> in - Fluid <<block>> out : Fluid
Heat Exchanger Boiler Valve
cin : Fluid constraints hin: Fluid middle : Fluid top : Fluid
<

= {h out.temp<=120,
cout: Fluid | c¢in.temp<=60, h out : Fluid bottom : Fluid

h in.temp<=120
< ’
. ¢ out.temp<=90}

\

bottom : Heat

Constraints Flow Ports
(on Ports) (typed by things that flow)
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Distiller Example — Internal Block
Diagram: Distiller Initial Design

ibd Digtiller [ 1 .distiller block disgram (intial) ])

mainl ; H20
E

dirty weater : H2O

i Fluid

main2 : H20 sludige! : Residue sludge? © Residue
- > =
sludge | Residue
 out : Fluicd miclcdle © Fluid bottarm : Fluid ir: Fluict ot : Fluid
1t Lt d
condenser : Heat Exchanger evaporator : Boiler drain : Valve

b out : Fluid hiin: Fluid ap ; Fluid hottom : Heat
(11
T maind . H20
. |
miaind ; H20
-
» =]
g1 : Hest purified : H2O
= >
o in ; Heat
4/15/2008
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INCOSE Distiller Example —Table:
Functional Allocation

S P IV I N I P R RS P
||| EjLljle|l|jlae]je|el
el e eferefreflelel vl | o
= = = = = = 222X
=} =} =} o | @ =} =} =] =] = =
L ||| |@C || |ao|leo|o| o
sl8|8ls|s|Blg 22|22
rlElE]E&E]E]E]IEI SISl «
G|c|c|c|c|c|C|®|®|®|®
2 2/ 2|22/ 2| iojojalo
E £ Initial Distiller Structure[ Distill...
Er = Distiller [Distiller::Distiller St..

i {1 -condenser : Distiller::D... e o

b 3 -drain : Distiller::Distiller... e

L @ -evaporator : Distiller::... <

b 3 -mainl :Distiller::Item ... |

b @3 -main2 :Distiller::Ttem ... o

b @ -main3 :Distiller::Ttem ... e

b ¢ -maind :Distiller::Item ... e

e @ -ql : Distiller::Item Typ... <

i @ -sludgel :Distiller::Ite... e

b iy -sludge2 : Distiller::Ite... v

Exercise for student:
Is allocation complete?
Swimlane Diagram Where is “ «ObjeCtFIOW»Of8”?
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INCOSE i~ D
—=7  Parametric Diagram: Heat Balance

par [Constraint Elack] Distiller [zobaric Heat Balance [ composzition of equations U

==hlock==
: Distiller
maini : H20
- = heat : calfgm®=C)
P ==constraint==
==valueTypes= - :‘ s1: Single Phase Heat Xfer
water temp : °C Equation
19 rate=th-tc)*m ratels heat}

m wate : gmifzec

== alueType== ==hlock==
1| mass flow rate : gm/sec . [] - HZ2O
th: o o rate ; calfzec ==valueTypes=
main2 : H20 specific heat : cali{gm**C)
==ValueTypes=
==WalleTypes== latent heat : caligm
water temp : °C .
q rate : calfzec

|_| | heat : caliam

=valueTypes=

mass flow rate : gmisec ==constraint==

condensing : Phase Change Heat
Xfer Equation

maini : H20 1 rate=m rate* hest}

.

m rate : gmizec

==WalueTypes»=
mass flow rate : gm/sec

maind : H20

==WalueType==
mass flow rate : gm/sec

m rate ; gmisec
-——— - =, = — — — — | |_| I hest : caligm

. 1 : Heat ==constraint==

! | beoiling : Phase Change Heat Xfer

| ==lpit== | Equation

[ dQidt : calories per second s} lra e calisec {g rate=m rate?l heat}
L -
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3 oM
E

NZQMQWSE Distiller Example — Heat Balance
Results

table IsobaricHeatBalancel [Results of Isobaric Heat Balancey
specific heat callgm-°C ____ et 1 5
latent heat caI/cm L= _.| 540 %
Satisfies «reqwrement» ',/" 2 &
WaterSpecificHeat g S| @
o"' E _.9
Satisfies «requirement» = c
WaterHeatOfVaporization olo | o ol o
N A AN AN AN
T| T | I I| T
Satisfies «requirement» N PSP P ol <«
WaterlnitialTemp | £ = £ £
TSeo © @© ®© @ ®
‘ss“ E E E E E
mass flow rate gm/sec \\\ 6.8| 6.8le
temp °C TS \ 00 sed 10
dQ/dt cooling water cal/sec 540 \ . 2 SOlve for
Note: Cooling water
dQ/dt steam-condensate cal/sec | 540| | yeeds to have6.75x th ese
condenser efficency 1 flow of steam!
heat deficit 0 Need bypass between
hx_water _out and
bx_ water in!
dQ/dt condensate-steam cal/sec | 540
boiler efficiency 1
dQ/dt in boiler cal/sec 540
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— OMG
L ] L ] n L ] L]
. SYSTEMS
INCOSE IStier cxample — ACLVILY Diagram. MODELING :
International Councll on Systems Engincering l. A N G |.| A G E
Updated Distill\Wat
(act Distil Water ([ cold dirty : H2O, external | Hest, dizcharge | Residue, pure : H20, bypass : H20 ) [ 8. revised ])
==allocate== ==allocate=- ==allocate=- ==gllocate=»
condenser : Heat Exchanger diverter assembly evaporator : Boiler drain : Valve
| pure : H2g | i
- " {stream} [ ==continuauss:=
:<;o;rt_|nuo}1:;:) I al: Condense Stea#;l D afd pure : H20
co {stlr::rr;} Y I | {stream}
| bypasq  H20 | |
) | hot dirty : H2Q :
| " co{\;i’ree;ﬂrﬁreat steam : H20 {straam} a5 : Divert Feed {strgam} | ==continuous==
| {stream} — th O ofdg i bypass : H20
| | {stream}
ofd feed : H2O
ofl l {stream} |
I I
of3
o © Heat .
l PECOVEIER - Ne o2 steam - H20 dizcharoe Rlesidue
i airly {20 mi—— het it fetream} {strepn}
cold dirty . ity
rgal al:He er : =traam a2 : Boi er a4 : Drain Residue ==continuous==
{strath} 1 : Heat Wat hm{gj[fgamk;zo i 3 2 : Boil Wat N 4 : Drain Resid ) | i
fok o P . :
— T = | t—1— = C H discharge : Residue
{stream}
I I
externgl | Hest I%‘ I'j_J
I tetrdam of5 |
=acortinuous=:= I ] disch - Rasi pre-discharge : Residue |
e:te;tnal:Hea'l } af pre- 'SC{S?:S;"]} Bl {stream} |
== | |
L . T S S S S P J
Z,
. v

4/15/2008
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COSE Distiller Example — Internal Block
Diagram: Updated Distiller

ibd Distiller [ distiller block diagram (revised) ])
diverter assembly
splitter : Tee Fitting
port2 : Fluid 2.2 H20
B > =]
port3 : Fluid bypass  H20
port1 : Fluid
feed : Valve
‘ .
miin2 . H2i ot Fluid
o 11
main : H20 v sludgel : Residue sludge? : Residue
E] _ > > [
dlirty water - H20 m.1 - H20 sludge ; Residue
cin: Fluid cout: Fluid =5 micldle : Fluid bottom : Fluid in: Fluid out : Fluid
L1 Lt v t
condenser : Heat Exchanger evaporator : Boiler drain : Valve
b out : Fluid brin : Fluid op ;- Fluid bottorm? © Hest
(11 (1]
LI
maind ; H20
f
maind : H20
> =]
purified : H2O
o1 : Heat
= >
of in : Heat




COSE Distiller Example — Use Case and
Sequence Diagrams

sd [Interaction] Operational Sequence [ simple seqgence ]J

: Distiller

| |
] 1: Turn On .J_

Operator%
e — — 2; PowerLampOn __ __ __ | Operate Distiller

3: Operating Lamp On

uc [Package] Distiller Use Cases[ use case example 1]

Distiller

loo

[while state=Ogefating]

alt
[level=high] .

< 4: High Level Lamp On
[level=low]

¢ 5: Low Level Lamp On

[state=draihing residue]

P 6: Draining Lamp On
7: Turn Off >
<« — — — — — 8. Powerlamp Off __ _ _ 1
T |
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COSE Distiller Example — Internal Block

|-| zrnational Councll on Systems Engir
L ] L} L
| ]
Diagram: Distiller Controller
ibd Distiller [block diagram revised & eIaborated]J
diverter assembly
splitter : Tee Fitting m2.2 : H20 '_

> =]

main1 : H20  main2 : H20 sludge1 : Residue sludge2 : Residue —El
E> vV Ctrl %

drain : Valve

v

Y in : Elec P .
c : Boiler| Signals pin: Elec Fower v:V Ctrl

main3 : H20 htr pwr : Elec Power
< <

bir ctl : Blr Sig

feed ctl : V Ctrl A
main4 : H20 drain ctl : V Ctrl
> =]

Y blr status : Blr Sig

|:_;I pwr in : Elec Power distiller pwr : Elec Power

> b—
v2:V Ctrl b : Boiler Signals bp : Elec Power v1:V Ctrl
Elec P 1 H (1
wr : Elec Power
user : Control Panel Jp\(\ P heat & valve : Controller

iPanel iPanel

Bl
=l
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COSE Distiller Example — State Machine
Diagram: Distiller Controller

|-| zrnational Councll on Systems Engir

(stm Controller State Machine [ simple diagram])

[NOT |bx1 level low]

Warming Up
do bx1 heater on

|do lopen feed : Valvej Ldo /shut all VaIvesJ Ldo lopen drain : ValveJ

G

[NOT bx1 level low]

A

[NOT bx1 level high]

[power = on] Off | [bx level low]
( do Power Light Ofr| ]
[ Filling ] Operating
- do bx heater on —
{do jopen feed .VaIveJ b level low] [bx1 level high] ( Draining )
Ldo fopen drain : VaIveJ
([ Levellow | [ LevelOK ] | Level High ]

[bx1 temp = 30]

( Cooling Off

]

———————————————————————————————————— entry /bx1 heater OFF

(Building Up Residue

[residue timer:

Purging Residue ]

| do fclose drain : Valve

[bx1 temp = 100]

[drain timer]

do lopen drain : VaIveJ

do /Oopen feed : Valve, open drain : Valve

[shutdown command]

4/15/2008
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OOSEM — ESS Example

Refer to Chapter 16
“A Practical Guide to SysML”



Z

OSE

International Councll on Systems Engincering

Stakeholder
Reqts

Integrated Product

Manage
System

v

Development

Status
Technical data

System a

Modeling
Activities

ANGUAGE
System Development Process I‘
Plan
. Test procedures
Define System Integrate
Reqt's & —P & Test —» System
Design System arch System [
Allocated reqt'sv
Verified
System
Component
Software
Develop
Component % System
Modeling Components |

Activities

Development (IPD) is

essential to improve
communications

4/15/2008

A Recursive V process
that can be applied to

multiple levels of the
system hierarchy
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INQQSE System Modeling Activities — OOSEM s
Integrating MBSE into the SE Process

_ Major SE Development Activities
eCausal analysis

eMission use cases/scenarios
Enterprise model

Analyze
Needs

Define eSystem use cases/scenarios
System

T e eElaborated context

Define eLogical decomposition
Logical eLogical scenarios
Architecture | eLogical subsystems

Optimize &
Evaluate eParametric Diag
Alternatives | «Trade study

Synthesize .NOde diagram
Allocated |*HW, SW, Data arch
Architecture | eSystem deployment

) Support
Reqt’s . ;
Manage €q Validation & | *Test cases
Requirements| Diagram

Verification | eTest procedures
& tables

Common Subactivities
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o —

P
MNERE Enhanced Security System Example

 The Enhanced Security System is the example for
the OOSEM material
— Problem fragments used to demonstrate principles

— Utilizes Artisan RTS™ Tool (early version) for the SysML
artifacts
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INCOSE

International Councll on Systems Engincering

ESS Requirements Flowdown

req [package] ESS Requirements FIowdownJ

«document»
Market Needs

«trace»

«requirement»

ESS System Specification

«deriveReqt»

ESS Allocated Requirements

«requirement»

id# = AR1

id# = SS1
«requirement»
IntruderDetection «requirement»
R111
id# = SS102
= id# = SS111
:jxétec§¥r?:?un<;eslfh:r2|tw «deriveReqb |
and exit ...
L «requirement»
satisfiedBy ESS Logical Requirements|~
Entry/Exit Subsystem . <
verifiedBy id# = LR1
Entry/Exit Detection Test

«trace»

«satisfy»

«refine»

«satisfy»

«refine»

«satisfy»

«refine»

ESS Enterprise Models

ESS System Models

ESS Logical Design Models

ESS Allocated Design
Models

4/15/2008
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o Operational View Depiction

bdd [package] Enterprise (As |S)J

S

Central Monitoring Station As-Is

Comm Network

Residence

%
o il %y
Dispatcher Intruder

Police
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p
NG ESS Enterprise As-Is Model

bdd k ESS Enterprise (As |
[package] nterprise (As S)J Doman
As-s
«enterprise»
O O Residence Enterprise Asds
1
Customer As-Is Intruder
«system» «external» «external»
Sec Sys Comm Network Emergency Services As-ls
! _ _ Q) @)
Site Installation Central Monitoring 1 T
As-Is Station As-Is
Dispatcher Police
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INCOSE

International Councll on Systems Engir

ESS Operational Enterprise To-Be i
Model

bdd [package] ESS Enterprise (To Be)J

Intruder

Customer

Domain
To-Be

. 4

1.5

Protected Site

Physical Environment

aextemals
Single-family Residence

«enterprises

ESS Operational Enterprise

amoe» Operationalfyailability = {= 99}
amoe» MissionResponseTime = {<5 min}
amoe» OperationalCost = {TBD}

amoe» CostEffectiveness

MonitorSite ()
DispatchEmergencySenvices ()
FrovideEmergencyResponse ()

. = Assess Report ()

asystems»
ESS

aexternal »
Property

gentemal»
Comm Network

aextemals
Multifamily Residence

aexternal»
Business

aexternal»
Emergency Services

Report Update ()
Dispatch Police ()

Responder

Dispatcher

Falice )
Fire Paramedic

4/15/2008
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System Use Cases - Operate

uc [package] System Use CasesJ

«include»

~ «include» «eXtend»
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INCOE System Scenario: Activity Diagram

Monitor Site (Break-In)

act Monitor Site (break in))

«actor» «system» «external»
Intruder ESS Emergency Services
o

< System On
Enter Property
s &

— tatus Update | g ;o

DetectEntry

1

ValidateEntry

Validated Entry

|

Conduct Theft

[Alert]

[GenerateAlarm] [ ReportEntry }
Exit Property $ Assess Report

InternalMonitor

[Alert]
[Report Update] [Dispatch PoIic%
ReportExit [Alert] \ %

il
]

DetectExit
A\

11
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SE

International Councll on Systems Engincering

ESS Elaborated Context Diagram

«system»
:ESS

«perf» Power = {<100 watts}
«perf» Reliability

«phys» SitelnstallDwg
«store» EventLog

«store» System State

ibd [domain] Domain-To-BeJ
: EmergencyServicesin
«external» < >
: Emergency Services | EmergencySenicesOut
: CustomerQut : Customerln
: Customer
: Alarm Signal . IntruderSignal
: Intruder
«external» . . .
 Property :Power : Doorlnput :Window Input
«external» o
: Physical Environment _ Envronm;ntal n

DetectEntry ()
DetectExit ()
ReportEntry ()
RepontExit ()
GenerateAlarm ()
ValidateEntry ()
IntemalMonitor ()
DetectFire ()
DetectiMedicalEmergency ()
RequestUserlD ()
ValidateUserlD ()
SetTimer ()
ActivateSystem ()
ProtectPrivacy ()
Status Update ()
DetectFault ()

4/15/2008
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SE

International Councll on Systems Engincering

ESS Logical Decomposition (Partial)

SY
N

ST
0DE
A

G

OMG
EMS
NG
GE

LI
UA

bdd [package] ESS Logical DecompositionJ dogical»
Customer Output Mgr
«system»
ESS ‘ «logical» |
;e Customer Input Mgr
. «logical» «logical»
Entry Sensor «logical» I/O Item Manager
Entry/Exit Monitor
. «logical»
Exit Sensor «logical» |
Emergency Monitor
«logical»
* P erimeter Sensor «logical» ]
Event Monitor
3 «logical»
Environment Sensor «logical»
Sensor
«logical»
Emer Serv IFF
«logical»
Customer I/F
«logical»
«logical» External I/F Manager
Alarm Generator
«logical»
Alarm VF
«logical»
Fault Mgr «logical»
— Support Service Manage!
«logical»
User Validation Mgr
«logical»
Sys Config Mgr
4/15/2008 Copyright © 2006-2008 by Object Management Group. 110

=

™




INC

Inter nalml\;q Councll on Systems Engincering
=

Detect Entry Scenario

act detectEntry )
«subsystem»
entry/exit subsystem
«logical» «logical» «logical»
Entry Sensor Entry/Exit Monitor Event Monitor
«continuous»
Door Input
«continuous» Alert Status
Window Input
di : Door Input
wi : Window Input ee :|SensedEntry estatu status
L Sense State Changﬁ L Detect Event ﬁ Record Event J
sensor : SensorOutpu =BreakInResponse]
HJ log : Event
[Else] @
«store»
Event Log
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Internationa) Councll on 5 ystems Engincering Elaboratlng Loglcal Component
«logical» «logical» «logical»
Entry Sensor Entry/Exit Monitor Event Monitor
‘ % Sense State Change() ®Detect event() SRecord event()
| . «store»: Event Log

«Added operations from Detect Entry / Detect EXxit logical scenario

*These operations support entry/exit subsystem
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ESS Logical Design —
Example Subsystem

INCOSE

International Councll on Systems Engincering

ibd [subsystem]Entry/Exit Subsystem‘

Doorlnput | me ol o O
. Door Inpu m+n'.
= Inp : tosicats : SensedEntry dogicalr |
I - Entry Sensor I I . Entry/Exit Monitor I
. Door Input I Tt E
- SensedExit - Entry/Exit Alert Status
- Window Input
T m+n «logicaly I
- | loaical I - Event Monitor |
L e TS v N | | Alert Status
| ' I | «storen | > =
- . I - Event Log |
o
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» \_ TR S
P SYSTENS |
INCOSE . . . MODELING .

oo GouRllon SYtEmS oo E S S L O g I C a I D e S I g n ( P a rtl a I ) LANGUAGE
ibd [system] ESS |
loaical : AlarmSignal
AL «logical» —
: Window Input _ : Alarm Generator
=S —> «logical»
> : Entry Sensor ) E
- Door Inpu : SensedEntry
: AlarmCmd
l : Bl «logical»
: Entry/Exit Monitor | -
Yy : Alert Status «logical»
: Alarm I/F
- Window Inbut : Entry/Exit Alert Status
N «logical» : SensedExit :
— : Exit Sensor «Ioglcal»_
: Door Input | : Event Monitor dogical»
: Alert Status : Emergency Monitor
«store» >
l - : Event Log
: EmergencyData
«logical» -BIT «logical» «logical» ’
: Perimeter Sensor T : Fault Mgr : Emer Serv I/F : Emergency
ServicesOut
T : BIT : Fault
«logical» - «logical» : FauILReport «logical» : Lalmp >
: Environment Sensor : Customer Output Mgr| : Customer I/F

4/15/2008
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INCOSE e

ESS Allocation Table (partial)

« Allocating Logical Components to HW, SW, Data, and Procedures
components

Logical Components

Entry Perimeter Entry/Exit Event Site Customer Customer System Alarm
Type Sensor Exit Sensor Sensor Monitor Monitor Comms I/F Event Log I/F Output Mgr Status Fault Mgr ~ Generator  Alarm I/F

«software» [Device Mgr X

SF Comm I/F X

User I/F X

Event Mgr X X

Site Status Mgr X

Site RDBMS

CMS RDBMS

«data» Video File

CMS Database

XX | X[ X | X

Site Database

«hardware» |Optical Sensor X x

DSL Modem X

Physical Components

User Console X

Video Camera X

Alarm X
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INCOSE ESS Deployment View

ibd [systern] ESS

#nodes

«nodes : . Central Monitoring Station
- MF Fesidence Installatio

«hardware»
- Help Desk Client

- Phone Linef¢y]

d * 594,

“nodes «hardware»

. Busine ss Installation . = whardwares
wexternals CMSLAN

- Application Server

S Comm
M etwiork

allocatedFrom
asaftwares M3 Camm IF ginternal actors
wsoftwares MS Event Monitor |- Help Desk Operator
«softwarer PS Report Mar
«softwarer PS Reqguest Mar
«saftwares Site Interface Mar

,_|
5 SF Residence Installation

*

ghardwares 2
SWideo Camera

ghardwares
D=L Mademn

«hardware»
- Optical Sensar

m m é ghardwares
whardware» ehardwiares H] DB Sener
- Site Processor *—Qo - NWY Hub <7 f allocaéﬁlgrégems
twvares
allocatedFrom «hardwarey s
allocated_From ceaftwares SE Comm |/F . whardwares “CM Server #datar CMS Database
«softwares Device Mar i SVideo Server
«softwares Event Mor Ll allocatedFrom
wsoftwarer Site Config Mar wsoftwares SAVY Distrib Mar
#softwares Site ROEMS #softwares System C

«softwares Site Status Mgr

waoftwares User IF

wsoftwares User vValid Mgr _E—Q
«hardware»

- DVD-ROM Drive

allocatedFrom

[T} B «datas Site Database
ghardwares ghardwares
- Site Hard Disk - lser Cansole

alloc atedFrom
#datar Site Database

RF—
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JCOSE ESS Parametric Diagram

To Support Trade-off Analysis

{CE= sum (wl*u (OR) +w2*u
(MRT) +w3*u (0C) )}

par [block] EnterpriseEffectivenessModel %

-
«moe» |
MissionResponseTim I

of1 : ObjectiveFunction ™

MRT CE
«moe» [ «moe»
OperationalAvailability OA CostEffectiveness

«moe»
OperationalCost
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(;:— svsrgmg =
INCOSE . I
Entry/Exit Test Case

sd Entry/Exit Detection TestJ

«testComponent» «sut» «sut» «sut» «sut»
:IntruderEmulator «hardware» «hardware» «hardware» «hardware»
Door[1] Window[4] :Site Processor :DSL Modem
- [:Optical Sensor | /:Optical Sensor
seq seq)
Intruder enters through front Enter
door
Door sensor detects entry : SensedEntry
New alert status sent to central IntruderEntry : 7U
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SysML in a Standards Framework



|l\‘f'c'ﬁ)\SE Systems Engineering Standards

xxxxxxxxx iial Council on Sysl:ms}iu_. ing,
<y

= Framework (Partial List)

Process
Standards m ISO 15288 m m

Frameworks

e HP 'SADT
Methods
Simulation

Standards System Modeling Simulation & Analysis

vor [l xRl STERIARZ3E

Interchange &
Metamodeling
Standards

121

4/15/2008 Copyright © 2006-2008 by Object Management Group.



,.—-T——,

\

{COSE

Inlunal 01 nell on gineering

ISO/IEC 15288

“&ﬁ?.{!'f" ]
System Life Cycle Processes
e |= =TT T T T s s s I et el I
: Enterprise Processes : : Project Processes : : Technical Processes :
I I I I
| 532 ! | | | 352 |
I Enterprise Environment : | 542 : I Stamlfe!lfllder Reqts |
: Management Process I : Project Planning Process | | | Definition Process I
| ! 1
! 533 | | | ' 3353 l
: Investrnent I : 543 ! : Runts Anelysis Procese :
I Management Process : I Project Assessment : | 554 |
: 534 I : Process I I | Architectural Design Process| |
o I I
| sy‘tem Life CYCIO : | : 1 555 1
: Processes Management I : 5.4.4 I I Implementation Process I
| I I Project Conirol Process I I I
| 535 : | | | 556 |
: Quality | : I I Integration Process [
Management Process I [ I I
: I : Decisi -Ms .::5 P : : 8.5.7 :
536 I ION-TIRMg FIOcess | : Verification Process :
: Resource | ' I ' '
: Management Process I : 7T I : 558 :
4. I
e : : Risk Management I [ Transition Process I
———————————————— Process | ! I
I | I I I - 559 I
I Agreement Processes ' I ' Validation Process '
I : | 5.4.7 I ' 5510 :
! Configuration Management| | ! L !
I
I ) ‘5_.2.2 | I s I I Operation Process I
| Acquisition Process I I I I I
: : | | : 5.5.11 :
| I I 548 " I Maintenance Process I
1 523 I | Information Management I [ 1
I Supply Process I ! Process I ' D 55{:32 :
I | :- I I isposal Process I
L _______________ e R ] =1 I. ________________ I
4/15/2008 Copyright © 2006-2008 by Object Management Group. 122



Standards-based Tool Integration

with SysML
Systems Modeling Other Engineering
Tool Tools
Model/Data
Interchange
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INEQSE Participating SysML Tool Vendors

Artisan (Studio)

 EmbeddedPlus (SysML Toolkit)
— 3rd party IBM vendor

 No Magic (Magic Draw)

« Sparx Systems (Enterprise Architect)
« |IBM (Tau and Rhapsody)

« TopCased

* Visio SysML template
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INCOSE Using Process Improvement
To Transition to SysML

Plan
Improvement
Assess & Measure Define
Improvement _ Improvement
Continuous
Improvement
Cycle
Deploy Pilot
Improvement Improvement
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MBSE Transition Plan

« MBSE Scope
« MBSE Responsibilities/Staffing
* Process guidance
— High level process flow (capture in SEMP)
— Model artifact checklist
— Tool specific guidance
e Tool support
— Modeling tool
— Requirements management
— CM
« Training
« Schedule
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Typical Integrated Tool
Environment
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Summary and Wrap up
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INCOSE Summary e

» SysML sponsored by INCOSE/OMG with broad industry and
vendor participation and adopted in 2006

« SysML provides a general purpose modeling language to support
specification, analysis, design and verification of complex
systems

— Subset of UML 2 with extensions

— 4 Pillars of SysML include modeling of requirements, behavior,
structure, and parametrics

* Multiple vendor implementations available

« Standards based modeling approach for SE expected to improve
communications, tool interoperability, and design quality

» Plan SysML transition as part of overall MBSE approach

« Continue to evolve SysML based on user/vendor/researcher
feedback and lessons learned
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Class Exercise
Dishwasher Example
Sample Artifacts

International Councll on Systems Engincering

Primary

* Requirement diagram — dishwasher spec

« Block definition diagram — top level

* Internal block diagram — dishwasher black box
 Use case diagram

« Activity diagram — black box scenario

« Block definition diagram — input/output definitions
» Block definition diagram — dishwasher hierarchy
* Internal block diagram — dishwasher white box

» Activity diagram — white box scenario

« Requirement diagram - traceability

Optional

« Parametric diagram

« State machine diagram
« Sequence diagram
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