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Introduction 

• Model Purpose 
Investigate whether MBSE provides benefits to infrastructure projects 
Provide concrete examples of infrastructure issues 
Clarify requirements 
Elicit discussion 

•  Implemented using PTC Integrity Modeler  
(Formerly Atego Artisan Studio) 
UPDM for the high level architecture 
SysML for the detailed view 
Explanation and commentary are contained in the notes section of each 

slide. 

• For more information contact 
MHause@PTC.com 
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Problem Statement 

• 1. General Background 
 The city of Autoville has just elected a new city council with a mandate 
to build a drawbridge connecting two points across the Tiger river at 
Jones Landing. The bridge has to allow for automobile, commuter rail, 
pedestrian, and bicycle traffic.  The bridge must accommodate vessel 
of a category 4 up to 50 feet in height. After receiving a grant of $1 
Billion from the federal government, the council must deliver this bridge 
by Jan 30, 2018.  Construction must start before the next council 
election. 
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Requirements 

• The requirements specified by the management 
are: 
-  Expected daily rail ridership is 100,000 passengers 
-  AM peak is 6:30 to 9:30 and PM peak is 4:00 to 7:00, and peak unidirectional 

ridership is 10,000 passengers per hour 
-  Expected vehicular traffic is 1,000 cars per hour in the inbound direction in the AM 

peak, and 1,250 cars in the outbound direction in the PM peak.  Six lanes of traffic, 
three in each directions to be provided  

-  Pedestrian and bicycle traffic across the bridge shall be provided and shall be 
separated from vehicular traffic 

-  Manned operations with 10 expected openings per day, with a vertical lift type. 
-  Height of the bridge to be determined, consistent with size 4 vessel types 
-  Commercial (ASASHTO HL93) heavy vehicle traffic is allowed throughout the day. 
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Requirements 

• The requirements specified by the management are: 
- Provide access for emergency vehicles 
-  Provide capability to coordinate vessel movement and drawbridge operations.   
-  12 hours a day operation provided by an Operator House 
-  The system has to operate under all weather conditions 
-  The system must be available 99.99% for all functions when called upon  
- System must meet all applicable federal and state laws and regulations 
- The system shall have an operational life of not less than 50 years. 
- The capital cost of the system shall not exceed $1 Billion. 
- The operations and maintenance cost of the system shall not exceed $10M per year. 
- The system shall be operational by Jan 30th, 2018. 
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Changes in Systems Engineering Practice 

Requirement  Specifications 
Interface Definitions 
System Architecture 
System Functionality 
Trade-off Analysis 
Test Specifications 
Etc. 

Change from Document centric to Model centric 

AirplaneATC Pilot

Request to proceed

Authorize

Power-up

Initiate power-up

Direct taxiway

Report Status

Executed cmds

Initiate Taxi

Old Approach New Approach
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The Four Pillars of SysML 

ibd [Block] Anti-Lock Controller1

«Block»
Anti-Lock Controller

«BlockProperty»
d1 : Traction Detector

«BlockProperty»
m1 : Brake Modulator

«BlockProperty»
d1 : Traction Detector

«BlockProperty»
m1 : Brake Modulator

c1:modulator interface

Use 

Interaction 

par [constraint] StraightLineVehicleDynamics [Parametric Diagram]

: AccelerationEquation
F c

a

: BrakingForceEquation
tf

tl

bf

f

: DistanceEquation

vx

: VelocityEquation

a

v

{f = (tf*bf)*(1-tl)} {F = ma}

{v = dx/dt} {a = dv/dt}

Structure 

Parametrics 

2. Behavior 

Vehicle System
Specification

Braking Subsystem
Specification

«requirement»

id#
102

txt
The vehicle shall stop from
60 mph within 150ft on a
clean dry surface.

Stopping Distance

«requirement»

id#
337

txt
The Braking subsystem shall
prevent wheel lockup under
all braking conditions.

Anti-Lock Performance

req [Package] Vehicle Specifications [Braking]

«deriveReqt»

Requirements 

bdd [Package] Vehicle [ABS]

«Block»
Library::
Electronic
Processor

«Block»
Anti-Lock
Controller

«Block»
Library::

Electro-Hydraulic
Valve

«Block»
Traction
Detector

«Block»
Brake

Modulator

d1 m1

Definition 

Gripping Slipping

LossOfTrac tion/

RegainTraction/

stm Tire [Traction] State Machine 

Detect Loss Of 
Traction

TractionLoss Modulate 
Braking Force

act PreventLockup
Activity/Function 

Behavior 
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Cross Connecting Model Elements 

ibd [block] Anti-LockController 
[Internal Block Diagram]

d1:Traction 
Detector

m1:Brake 
Modulator

c1:modulator 
interface

ibd [block] Anti-LockController 
[Internal Block Diagram]

 allocatedFrom
«activity»DetectLos
OfTraction

d1:TractionDetector

 allocatedFrom
 «activity»Modulate
 BrakingForce

m1:BrakeModulator

allocatedFrom
«ObjectNode»
TractionLoss:

c1:modulator
Interface

act PreventLockup [Activity Diagram]

DetectLossOf 
Traction

Modulate 
BrakingForceTractionLoss:

par [constraintBlock] StraightLineVehicleDynamics [Parametric Diagram]

:Accelleration
Equation
[F = ma]

:VelocityEquation
[a = dv/dt]

:DistanceEquation
[v = dx/dt]

:BrakingForce
Equation

[f = (tf*bf)*(1-tl)]

tf: bf:tl:

f:

F:

c

a:
a:

v:

v:

x:

Structure Behavior 

Parametrics 

act PreventLockup [Swimlane Diagram]

«allocate»
:TractionDetector

«allocate»
:BrakeModulator

allocatedTo
«connector»c1:modulatorInterface

DetectLossOf 
Traction

Modulate 
BrakingForceTractionLoss:

req [package] VehicleSpecifications 
[Requirements Diagram - Braking Requirements]

Braking  Subsystem 
Specification

Vehicle System 
Specification

id=“102”
text=”The vehicle shall stop 
from 60 mph within 150 ft 
on a clean dry surface.”

«requirement»
StoppingDistance

id=”337"
text=”Braking subsystem 
shall prevent wheel lockup 
under all braking conditions.”

«requirement»
Anti-LockPerformance

«deriveReqt»

ibd [block] Anti-LockController 
[Internal Block Diagram]

 allocatedFrom
«activity»DetectLos
OfTraction

d1:TractionDetector

 allocatedFrom
 «activity»Modulate
 BrakingForce

m1:BrakeModulator

allocatedFrom
«ObjectNode»
TractionLoss:

c1:modulator
Interface

satisfies
«requirement»
Anti-Lock
Performance

req [package] VehicleSpecifications 
[Requirements Diagram - Braking Requirements]

Braking  Subsystem 
Specification

Vehicle System 
Specification

id=“102”
text=”The vehicle shall stop 
from 60 mph within 150 ft 
on a clean dry surface.”

«requirement»
StoppingDistance

SatisfiedBy
«block»Anti-LockController

id=”337"
text=”Braking subsystem 
shall prevent wheel lockup 
under all braking conditions.”

«requirement»
Anti-LockPerformance

«deriveReqt»

ibd [block] Anti-LockController 
[Internal Block Diagram]

 allocatedFrom
«activity»DetectLos
Of Traction

d1:TractionDetector

values
DutyCycle: Percentage

 allocatedFrom
 «activity»Modulate
 BrakingForce

m1:BrakeModulator

allocatedFrom
«ObjectNode»
TractionLoss:

c1:modulator
Interface

satisfies
«requirement»
Anti-Lock
Performance

par [constraintBlock] StraightLineVehicleDynamics [Parametric Diagram]

:Accelleration
Equation
[F = ma]

:VelocityEquation
[a = dv/dt]

:DistanceEquation
[v = dx/dt]

:BrakingForce
Equation

[f = (tf*bf)*(1-tl)]

tf: bf:tl:

f:

F:

m:

a:
a:

v:

v:

x:

v.Position:

v.Weight:v.chassis.tire.
Friction:

v.brake.abs.m1.
DutyCycle:

v.brake.rotor.
BrakingForce:

par [constraintBlock] StraightLineVehicleDynamics [Parametric Diagram]

:Accelleration
Equation
[F = ma]

:VelocityEquation
[a = dv/dt]

:DistanceEquation
[v = dx/dt]

:BrakingForce
Equation

[f = (tf*bf)*(1-tl)]

tf: bf:tl:

f:

F:

m:

a:
a:

v:

v:

x:

v.Position:

v.Weight:v.chassis.tire.
Friction:

v.brake.abs.m1.
DutyCycle:

v.brake.rotor.
BrakingForce:

req [package] VehicleSpecifications 
[Requirements Diagram - Braking Requirements]

Braking  Subsystem 
Specification

Vehicle System 
Specification

VerifiedBy
«interaction»MinimumStopp
ingDistance

id=“102”
text=”The vehicle shall stop 
from 60 mph within 150 ft 
on a clean dry surface.”

«requirement»
StoppingDistance

SatisfiedBy
«block»Anti-LockController

id=”337"
text=”Braking subsystem 
shall prevent wheel lockup 
under all braking conditions.”

«requirement»
Anti-LockPerformance

«deriveReqt»

    satisfy 

verify 

value  
binding 

allocate 

Requirements 
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What is UPDM? - Summary 

•  UPDM is a standardized way of expressing DoDAF and 
MODAF artefacts using UML and SysML 
UPDM is NOT a new Architectural Framework 
UPDM is not a methodology or a process 
UPDM 2.0 supports DoDAF 2.0, MODAF 1.2, NAF 3.x, 

•  UPDM was developed by members of the OMG with help 
from industry and government domain experts. 

•  UPDM is now a DoD mandated standard 

•  UPDM has been implemented by multiple tool vendors. 
Tools supporting UPDM are available now, including of course by Atego. 



Select the Viewpoints That Fit-the-Purpose   

Architecture viewpoints are composed of data that 
has been organized to facilitate understanding.    

A
ll View

point 
O

verarching aspects of architecture context that relate to all 
m

odels 

D
ata and Inform

ation View
point 

A
rticulate the data relationships and alignm

ent structures in the 
architecture content  

Standards View
point   

A
rticulate applicable O

perational, B
usiness, Technical, and 

Industry policy, standards, guidance, constraints, and forecasts 

Systems Viewpoint 
Articulate the legacy systems or independent 

systems, their composition, 
interconnectivity, and context providing for, 

or supporting, DoD functions  

Services Viewpoint  
Articulate the performers, activities, services, 

and their exchanges providing for, or 
supporting, DoD functions 

Operational Viewpoint 
Articulate operational scenarios, processes, 

activities & requirements 

Capability/Strategic Viewpoint  
Articulate the capability requirement, 

delivery timing, and deployed capability 

Project/A
cquisition View

point 
D

escribes the relationships betw
een operational and capability 

requirem
ents and the various projects being im

plem
ented; 

D
etails dependencies betw

een capability m
anagem

ent and the 
D

efense A
cquisition System

 process. 
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Requirements Diagram – Can also show traceability  

•  Shows requirements traceability 

•  Can be linked to requirements 
management tools such as PTC Integrity 

req [Package] Bridge Requirements

«requirement»
High Level Requirements

«requirement»

txt
1. General Background

Background

«requirement»

txt
The city of Autoville has just elected a new city council with a mandate to build a drawbridge
connecting two points across the Tiger river at Jones Landing. The bridge has to allow for
automobile, commuter rail, pedestrian, and bicycle traffic.  The bridge must accommodate
vessel of a category 4 up to 50 feet in height. After receiving a grant of $1 Billion from the
federal government, the council must deliver this bridge by Jan 30, 2018.  Construction must
start before the next council election.

Background Text

«requirement»

txt
2. Capacity requirements:

Capacity Requirements

«requirement»

txt
3. Provide access for emergency vehicles

Emergency Vehicles

«requirement»

txt
4. Provide capability to coordinate vessel movement and drawbridge operations.

Coordinate Vessel and Drawbridge

«requirement»

txt
5. Availability Requirements

Availability

«requirement»

txt
6. System must meet all applicable federal and state laws and regulations

Compliance

«requirement»

txt
7. The capital cost of the system shall not exceed $1 Billion.

Capital Cost

«requirement»

txt
8. The operations and maintenance cost of the system shall not exceed $10M per year.

Running Costs

«requirement»

txt
9. The system shall be operational by Jan 30th, 2018.

Completion Date

«requirement»

txt
2.1. Expected daily rail ridership is 100,000 passengers

Rail Passengers

«requirement»

txt
2.2. AM peak is 6:30 to 9:30 and PM peak is 4:00 to 7:00, and peak unidirectional ridership is
10,000 passengers per hour

Peak Times

«requirement»

txt
2.3. Expected vehicular traffic is 1,000 cars per hour in the inbound direction in the AM peak,
and 1,250 cars in the outbound direction in the PM peak.  Six lanes of traffic, three in each
directions to be provided

Vehicle Traffic

«requirement»

txt
2.4. Pedestrian and bicycle traffic across the bridge shall be provided and shall be separated from vehicular traffic

Pedestrian and Bikes

«requirement»

txt
2.5. Manned operations with 10 expected openings per day, with a vertical lift type.

Bridge Openings

«requirement»

txt
2.6. Height of the bridge to be determined, consistent with size 4 vessel types

Bridge Height

«requirement»

txt
2.7. Commercial (ASASHTO HL93) heavy vehicle traffic is allowed throughout the day.

Heavy Vehicles

«requirement»

txt
5.1. 12 hours a day operation provided by an Operator House

Operator House

«requirement»

txt
5.2. The system has to operate under all weather conditions

Weather Conditions

«requirement»

txt
5.3. The system must be available 99.99% for all functions when called upon

Function Availability

«requirement»

txt
5.4. The system shall have an operational life of not less than 50 years.

operational Life

[Architectural Description] Capabilities [CV-2]...
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Bridge System Capabilities 
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Requirements Traceability Table 
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Goals and Visions 
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Concept Elements in Structural Format 
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Bridge Concept Element Relationships  
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Concept Elements with added graphics 
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Sample Stakeholders and Their Associated Goals 
Shown in Use Case Format 

OV-1d [Enterprise Phase] Enterprise Phase1 [OV-1d]

Bicyclist

Pedestrian

Rail
Commuter

Automotive
Commuter

Environmental
Protection

Agency

Construction
Company

River Vessel

Federal
Government

City Council
Local Business

Owner

Bridge
OperatorPress

Federal
Highway

Commission

Bridge
Designer

Train
Company

Cross Bridge
on Bike

«Mission»

Cross Bridge
on Foot

«Mission»

Cross Bridge
in Train

«Mission»

Cross Bridge
in Vehicle

«Mission»

Provide River
Crossing

«Mission»

Fund for
Bridge

«Mission»

Cross Under
Bridge

«Mission»

Construct
Bridge

«Mission»

Minimize Impact
to Environment

«Mission»
Increase
Business

«Mission»

Operate
Bridge

«Mission»

Publicize
Bridge

«Mission»

Commission
Bridge

«Mission»

Design Bridge
«Mission»

Interface to
Bridge

«Mission»

«requirement»
Operator House

«trace»

[Architectural Description] Measurement Definitions [AV-3]...
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Measurement Definitions 
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Actual Measurements 
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Some Example Exchanges 
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Organizations 

•  Bridge Organization for Operations 
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Construction and Inspection Organizations 
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Users of the Bridge 
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System Components 
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System Context Diagram 
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External Interfacing Systems 
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Using Systems 

•  Systems and users of the bridge 
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Signaling Systems 
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SV-1 Barriers 
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Operator Interactions 
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Bridge Control Systems 
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Bridge Control Systems 
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Supporting Systems 
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Ship Passing Sequence 



36 

Open Drawbridge 
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Close Drawbridge 
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Functions of Bridge and Systems 
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Ship Passing Sequence Activities 

«System»
: Bridge Context

«SystemRole»
BR : Bridge Structure

«SystemRole»
BO : Bridge Operator

«SystemRole»
SH : Ship

: Open Bridge

: Close Bridge

: Detect Ship

: Approve Passage

: Command Open

: Command Close

: Ship Approaches Bridge

: Ship Passes Bridge

: Request Passage

Ship Passing Execution

«Activity(System)»
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Open Bridge Activity Sequence 

: Stop Auto Traffic : Stop Pedestrian Traffic : Stop Train : Stop Bike Traffic

: Raise Bridge

: Activate Warning Systems

Open Bridge

«Activity(System)»
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Close Bridge Activity Sequence 

: Allow Auto Traffic

: Lower Bridge

: Allow Pedestrian Traffic : Allow Bike Traffic: Allow Train Traffic

: Activate Warning Systems

Close Bridge

«Activity(System)»

[Architectural Description]  Bridge Functions [SV-4 Open Bridge]...



42 

Functional Hierarchy of Open Bridge Activity 
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Functional Hierarchy of Close Bridge Activity 
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Generated Interface Report (Partial) 
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SV-3 Bridge Systems Interface Matrix 
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Bridge Data 
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Non-Data Interface Definitions 
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Bridge Capabilities and Supporting Systems 
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System to Capabilities Cross Reference Matrix 
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Construction and Operational Standards 
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Standards Compliance Matrix 
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Standards Conformance Example – Human  
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Standards Conformance Example – System 
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System Simulation - Overview 

•  Done with behavior-based diagrams 
State Diagrams 
Activity Diagrams 

•  Useful to: 
Verify system functionality 
Validate user requirements 
Create user interface prototypes 

•  Implementation largely dependent on individual tools 
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System Simulation – Simulation Context 

•  The BridgeTest Block defines the context for the simulation 
Made up of a Bridge Controller and Bridge Animator 
Behavior is executed with state diagrams 
A very simple example to elicit further discussion 
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System Simulation – Controller State Diagram 

•  Defines the various states of the system 
In this simple example, the bridge is raised and lowered periodically. 

•  Time based simulation 
Controls can be added to simulate a user interface 

•  Event based simulation 

Bridge25deg
Entry/BridgeUp(25);

Bridge50deg
Entry/BridgeUp(50);

Bridge80deg
Entry/BridgeUp(80);

Bridge50degdown
Entry/BridgeUp(50);

BridgeDown
Entry/BridgeUp(0);

BridgeControlerSM

/

after(  3000 )/

after(  3000 )/
after(  5000 )/

after(  3000 )/
after(  3000 )/
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System Simulation – Traffic Light State Diagram 

•  Warning light state diagram – also time driven. 

Halt
Entry/SwitchOnRedLight(True);
SwitchOnDisplay("");

Ready
Entry/SwitchOnAmberLight(True);
Exit/SwitchOnRedLight(False);
SwitchOnAmberLight(False);

Go
Entry/SwitchOnGreenLight(True);
Exit/SwitchOnGreenLight(False);

Caution
Entry/SwitchOnAmberLight(True);
Exit/SwitchOnAmberLight(False);

Crossing
Entry/SwitchOnRedLight(False);
ped_wait := False;

Running
Entry/ped_wait := False;
when( InputFromButton = True )/ped_wait := True;
SwitchOnDisplay("WAIT          ");

Controller

/

/
after(  6000 )/

[ped_wait =  0]/

after(  3000 )/

after(  6000 )/

[E lse ]/

/

after(  3000 )/
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System Simulation – Main Structures 
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System Simulation – Example Interface 

•  Example Controller simulation block showing the inputs and outputs. 
Interfaces are defined using SysML ports 
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System Simulation SySim Interface 

•  SySim is designed for systems engineers 
No programming necessary 
Generate and run with a single button 
Provides user interface components using Visual Studio 
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System Simulation – Example User Interface 

•  Simple Traffic Light and Bridge Lift Mechanism 
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System Simulation – Execution of Simulation 



Infrastructure Bridge Model 
Additional Views 

Matthew Hause 
GTM Solutions Specialist, Fellow 

Note that these are NOT Bridge Model Views 
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CV-3/StV-3 Capability Phasing (Fragment) 

Timeline 
Capabilities 

Capability 
Metrics Realizing 

Resource 

Coverage 

Summarizes how and 
when capabilities will be 

realized as well as 
metrics. Identifies 
capability gaps. 

Capability 
Gap 

Timing 
generated 

from Project 
Views 
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PV-1/AcV-1 Project Definition 

*

0..1

*

1

PV-3 [Architectural Description] Project Definitions

«ProjectType»
Development

«ProjectMilestone»

themes
Equipment : DOTMLPF Status
Training : DOTMLPF Status
Concepts & Doctrine : DOTMLPF Status
Personnel : DOTMLPF Status
Information : DOTMLPF Status
Organization : DOTMLPF Status
Infrastructure : DOTMLPF Status
Logistics : DOTMLPF Status
Interoperability : DOTMLPF Status

Development Milestone

*

0..1

subProject

*

1

milestone

Sub-Project 

Configurable 
Project 
Themes 

Milestone 
Type 

Project 
Type 

Provides 
milestone status 
as DOTMLPF or 

as custom 
definition 
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PV-1/AcV-1 Actual Project 

«Project»

startDate
2010-01-01 00:00:00

endDate
2010-12-01 00:00:00

responsibleResource
«Organization» Department Of Transport : Government Department

SAR Manual Project I : Development

«IncrementMilestone»

endDate
2010-01-01 00:00:00

resource
«System» Maritime Rescue Unit v1

MRU v1 INC

«RetirementMilestone»

endDate
2010-11-01 00:00:00

resource
«System» Maritime Rescue Unit v1

MRU v1 OOS

«IncrementMilestone»

endDate
2010-08-01 00:00:00

resource
«System» Maritime Rescue Unit v2

MRU v2 INC

«RetirementMilestone»

endDate
2011-05-01 00:00:00

resource
«System» Maritime Rescue Unit v2

themeValues
Equipment = Complete
Training = Complete
Concepts & Doctrine = Not Applicable
Personnel = Complete
Information = Complete
Organization = Complete
Infrastructure = Not Applicable
Logistics = Complete
Interoperability = Not Applicable

MRU v2 OOS

«DeployedMilestone»

endDate
2010-04-01 00:00:00

resource
«System» Maritime Rescue Unit v1

usedBy
«Organization» Maritime & Coastguard Agency
«Organization» Volunteer Rescue Organization

MRU v1 UK DEP

«NoLongerUsedMilestone»

endDate
2010-09-01 00:00:00

resource
«System» Maritime Rescue Unit v1

noLongerUsedBy
«Organization» Maritime & Coastguard Agency
«Organization» Volunteer Rescue Organization
«Organization» Coastguard

MRU v1 NLU

«DeployedMilestone»

endDate
2010-07-01 00:00:00

resource
«System» Maritime Rescue Unit v1

usedBy
«Organization» Coastguard

MRU v1 EU DEP

«DeployedMilestone»

endDate
2010-10-01 00:00:00

resource
«System» Maritime Rescue Unit v2

usedBy
«Organization» Maritime & Coastguard Agency
«Organization» Volunteer Rescue Organization
«Organization» Coastguard

MRU v2 DEP

«NoLongerUsedMilestone»

endDate
2011-01-01 00:00:00

resource
«System» Maritime Rescue Unit v2

noLongerUsedBy
«Organization» Maritime & Coastguard Agency
«Organization» Volunteer Rescue Organization
«Organization» Coastguard

MRU v2 NLU

«Project»

startDate
2010-06-01 00:00:00

endDate
2011-02-01 00:00:00

responsibleResource
«Organization» Department Of Transport : Government Department

SAR Automation Project : Development

«IncrementMilestone»

endDate
2010-07-01 00:00:00

resource
«System» Automated Rescue Unit v1

ARU Beta Unit INC : Development Milestone

«DeployedMilestone»

endDate
2010-09-19 00:00:00

resource
«System» Automated Rescue Unit v1

ARU INC : Development Milestone

«RetirementMilestone»

endDate
2011-01-01 00:00:00

resource
«System» Automated Rescue Unit v1

themeValues
Equipment = Complete
Training = Complete
Concepts & Doctrine = Not Applicable
Personnel = Complete
Information = Complete
Organization = Complete
Infrastructure = Not Applicable
Logistics = Complete
Interoperability = Not Applicable

ARU OOS : Development Milestone

«Project»

startDate
2010-08-01 00:00:00

endDate
2011-05-28 00:00:00

responsibleResource
«Organization» Department Of Transport : Government Department

SAR Manual Project II : Development

«MilestoneSequence»

PV-3 [Architectural Description] Actual Projects

Actual 
Milestone 

Milestone 
Dependency 

Actual 
Project 

Definition of 
projects, sub-

projects, 
milestones 

and 
dependencies 
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PV-1/AcV-1 Project Detail 

«DeployedMilestone»

endDate
2010-04-01 00:00:00

resource
«System» Maritime Rescue Unit v1

usedBy
«Organization» Maritime & Coastguard Agency
«Organization» Volunteer Rescue Organization

themeValues
Equipment = Complete
Training = In Test
Concepts & Doctrine = In Progress
Personnel = Complete
Information = In Progress
Organization = Complete
Infrastructure = Complete
Logistics = Not Applicable
Interoperability = In Progress

MRU v1 UK DEP

«Project»

startDate
2010-01-01 00:00:00

endDate
2010-12-01 00:00:00

responsibleResource
«Organization» Department Of Transport : Government Department

SAR Manual Project I : Development

Milestone 

Project 

Theme 
Statuses 

Resource 

Resource 
Used By 

Organization/ 
Person 

Responsible 
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PV-2/AcV-1 Project Timelines 

Project 
Timeline 

Milestone 
Dependency 

Milestone 

Dashboard view 
provides project 

status at a glance: 
generated from 

model 
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SV-1: Resource Interaction Specification 

SV-1/SvcV-1 [System] Maritime Rescue Unit v1

«System»
«block»

Maritime Rescue Unit v1

«SystemRole»
MR Aircraft : Aircraft

Air

«SystemRole»
Beacon : Lighting Device

Mon

«SystemRole»
Radio : Communication Device

Comm

«SystemRole»
MR Boat : Boat

«SystemRole»
Life Preserver : Life Saving Device

«SystemRole»
MRT : Maritime Rescue Team

«OrganizationRole»
Driver : MRT Boat Driver

«OrganizationRole»
Searcher : MRT Searcher Med

«OrganizationRole»
Radio Operator : MRT Communicator

«OrganizationRole»
Rescue Swimmer : MRT Swimmer

«OrganizationRole»
Pilot : MRT Helicopter Pilot

BI : boatInstruction

«DataExchange»
«ItemFlow»

BCI : beaconInstruction

«DataExchange»
«ItemFlow»

RI : radioInstruction

«DataExchange»
«ItemFlow»

LPI : lifePreserverInstruction

«DataExchange»
«ItemFlow»

AI : aircraftInstruction

«DataExchange»
«ItemFlow»

milestone
«DeployedMilestone» MRU v1 EU DEP
«IncrementMilestone» MRU v1 INC
«NoLongerUsedMilestone» MRU v1 NLU
«RetirementMilestone» MRU v1 OOS
«DeployedMilestone» MRU v1 UK DEP

Associated 
Milestones 

Systems 
aware of 

associated 
Milestones. 
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Variant Modeling 

•  Variant Diagram 
! Variation on all Diagrams 
! Simple Notation 

Varia%on	
  Point	
  
Variant	
  
Variability	
  Dependency	
  
	
  	
  	
  	
  	
  Mandatory/Op%onal	
  
Requires	
  Dependency	
  
Excludes	
  Dependency	
  
Ar%fact	
  Dependency	
  
Alternate	
  Choice	
  
	
  

! OVM 
PALUNO, The Ruhr Institute of Software Technology 
Software Product Line Engineering (Pohl et al - Springer 2005) 
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Evaluation of Architectures 

VP

VP

V V V

«ArchitecturalDescription»
UPDM Model::Capability::Capabilities

«Capability»
Manage Terrorist Attacks

«Capability»
Manage Biological Outbreaks «Capability»

Manage Environmental Incidents

«ArchitecturalDescription»
Biological Response«ArchitecturalDescription»

Terrorist Response

«ArchitecturalDescription»
Environmental Response

«Performer»
Explosive Containment «Performer»

Environment Response
«Performer»

Outbreak Mitigation

Disaster
Type

VP

Environm-
ental Type

VP

Terrorist

V

Biological

V

Environmental

V

«requires»

1..1

Environmental VariantsEnvironmental Variants

var Disaster Variants
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Evaluation of Architectures 

VP

V

V V V

«ArchitecturalDescription»
Flood Response

«ArchitecturalDescription»
Fire Response

«ArchitecturalDescription»
Storms Response

Environm-
ental Type

VP

Environmental

V

Flood

V

Fire

V

Storm

V

«requires»

1..1

[Performer] Disaster Response Context [OV-2][Performer] Disaster Response Context [OV-2]

var Environmental Variants
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Decision Editor 
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Evaluation of Architectures 
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Evaluation of Architectures 
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Asset-based Modular Design 

•  Super-system Model = Configuration of Versioned Sub-systems 

Super-­‐system	
  Model	
  2	
  Super-­‐system	
  Model	
  1	
  

Sub-­‐System	
  
2	
  

Sub-­‐System	
  
1	
  

Asset	
  Library	
  

Asset	
  1	
  
(Sub-­‐System	
  

Model)	
  

Asset	
  2	
  
(Sub-­‐System	
  

Model)	
  

Asset	
  3	
  
(Sub-­‐System	
  

Model)	
  

Asset	
  4	
  
(Sub-­‐System	
  NO	
  

Model)	
  

Sub-­‐System	
  
2	
  

Asset	
  1	
   Asset	
  2	
   Asset	
  3	
   Asset	
  4	
  

Super-­‐system	
  
Models	
  

Links	
  via	
  
Assets	
  

Sub-­‐system	
  
Models	
  

etc. 

V1.0 V1.1 

V2.0 

V2.0 

V2.0 

V3.0 

V3.0 

V3.0 

V3.0 

V4.0 
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Modeling-based Product Line Engineering 

Product	
  Model	
  Product	
  Line	
  Super-­‐system	
  Model	
  

Sub-­‐System	
  
2	
  

Sub-­‐System	
  
1	
  

Asset	
  Library	
  

Asset	
  1	
  
(Sub-­‐System	
  

Model)	
  

Asset	
  2	
  
(Sub-­‐System	
  

Model)	
   Asset	
  3	
  
(Sub-­‐System	
  

Model)	
  

Asset	
  4	
  
(Sub-­‐System	
  NO	
  

Model)	
  

Sub-­‐System	
  
2	
  

Asset	
  1	
   Asset	
  2	
   Asset	
  3	
   Asset	
  4	
  

Product	
  Line	
  
Models	
  

Links	
  via	
  
Assets	
  

Sub-­‐system	
  
Product	
  Line	
  

Models	
  

etc. 
V V V

V V

V V

V	
  

VP	
  

V	
  

Decision	
  Set	
  

V	
  

VP	
  

V	
  

Decision	
  Set	
  

V	
  

VP	
  

V	
  

Decision	
  Set	
  

•  Integrated MBSE, Modular Design & Variability Modeling  = Model-based Product Line 
Engineering 
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Next? 

•  Your feedback on the model would be useful. 




