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Overview of Presentation

ÅContext setting

ïStakeholder perspectives on model adoption

ïCurrent situation

ïVision for the future

ïStrategy for getting to the future state

ÅPart I: challenges and why architecting matters

ÅPart II: model adoption practices

ÅPart III: research topics that are emerging as 
necessary practices for System of Systems (SoS) 
MDE 
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Products

Current

Customers

Employees

Partners

Suppliers

Services

Competitors

Needs

Users

1) Skills,

lifecycle

timing,

practices

2) Structures,

virtual to physical,

complexity

4) Communication,

timing of 

deliverables

5) Skills - formalizes

communication

of requirements

and interfaces

3) Operational

requirements

ñIt is not the strongest 

of a species that 

survives, nor is it the 

fittest; it is those that 

can adaptthe fastest.ò 

[Darwin]

Future

Customers

Model

Technology 

Adoption

What  are the Impacts of Model Adoption 

on the wide array of Stakeholders?
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Complete the Storyboard
Today:  Customers need continuous 

integration of capabilities spanning wide 

range of mission and system domains
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Future Vision: 

Managing complexity in all dimensions 

through Systems of System Engineering
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How do we get there (one strategy)?

Engineer Resilient Systems:

Architecting to rapidly adapt to 

user needs in uncertain futures
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Systems of 

systems are 

emerging in 

many domains 

enabling 

unimagined 

complexity
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Complete the Storyboard
We must produce systems of the 

same complexity as hardware with 

similar costs and schedules
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Augustineõs Law ðGrowth of Software:

Order of Magnitude Every 10 Years

2080?

F-50

>4.7B 

LOC
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Complexity Results in 

Diseconomy of Scale In Software

often impacting size, scope and cost estimates
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Optimal Architecting Matters:

sequential path of least resistance often leads to 

delivery of poorly performing systems
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New 
capabilities 
need to be 

continuously 
developed, 

deployed, and 
evolved
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Enabling Technologies and Standards (Process, Training, Tools, Configuration Management)

Modeling & Simulation

Business/Enterprise

Systems Engineering

Subsystem

Models Implementations Integrated

Virtual Physical

System Concept

Selection

(Decision Analysis)

System

Area of weakness (opportunity) in Modeling/Tooling

Functional analysis across SoSis required to 

understand tradeoff of capabilities (CONOPS) 

and impact analysis
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Architecting is required for

asynchronous integration and test

across multiple SoSlayers
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Transitioning into operations must accommodate 

users with mixed operational capabilities and 

maintain trusted system properties
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ά²Ŝ ƳƻŘŜƭ ǘƻ 
reason 

about the 
ǇǊƻōƭŜƳΧ

And to 
communicate 
ǿƛǘƘ ƻǘƘŜǊǎΦέ
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Model Driven Engineering will

revolutionize concurrent engineering
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Tools

CapabilityMission

Customer

Users

Companies

Products

Skills

DoDAF / UPDM

Family of Systems (FoS)

System of Systems (SoS)

Capability-based 

technology evaluation 

SysML

Systems
(heterogeneous interacting 

multidisciplinary elements)

Subsystems

Methods

SystemC
VHDL

Simulink
UML

Supports

Standards

MDE

Perform

Understand

evolving needs

Require

Required to makeRequired to use

Enhance

Built into

Make

Fund

Need

How to use capability What to build (architecture)

Domain Specific ModelingM & S

GAP
GAP

MDE approaches and tools
must address gaps
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Complete the StoryboardFrom traditional SE Č Model-Based SE ð

standard, structured, rigorous, & linked

SysML Diagram

Structure Diagrams Behavior Diagrams Requirement Diagram

Block Definition Diagram

Internal Block Diagram

Parametric Diagram

Use Case Diagram

Activity Diagram

Sequence Diagram

Statechart Diagram

Requirements Analysis

Requirements Validation

Functional Analysis

Functional Verification

Synthesis

Verification/Validation

Requirements Baseline

Validated Requirements Baseline

Functional Architecture

Verified Functional Architecture

Design Architecture

Verified Design Architecture

PROCESS INPUTS

IEEE 1220 SE Process
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Use Case Model

Scenario
Sequence Diagram

Many tools support a typical

SysML usage scenario

req [Package] HSUVRequirements

«block»

PowerSubsystem

«requirement»

id#
REQ_1

txt
The HSUV will have the acceleration of a
typical SUV, but with much better fuel
economy.

Performance

«requirement»

Acceleration

«requirement»

Power

verifiedBy
«Activity Diagram» [Activity] Accelerate

refinedBy
«Use Case» Accelerate

«deriveReqt»

«satisfy»«Problem»

need to specify test conditions

«Rationale»

contains both power sources

Requirements Diagram

bdd [Package] HSUVStructure

«block»

HybridSUV

«block»

operations
activateABS ()
dactivateABS ()
brakeOn ()
brakeOff ()
runsCheck ()
applyABS ()

BrakeSubsystem

«block»

ChassisSubsystem

«block»

operations
powerUp ()

PowerSubsystem

«block»

BrakePedal

«constraint»

constraints
{flowrate=pressure/(4*demand)}

parameters
demand : Real
flowrate : Real
pressure : Real

FlowConstraint

bk

c

bkp

bkp

p

fc

satisfies
«requirement» Power

Block Definition
Diagram

ibd [block] PowerSubsystem

«part»

bkp : BrakePedal

«part»

ice : InternalCombustionEngine
ctlPrt

trsmPrt : Torque

ftPrt : FuelFlow

«part» 4

fi : FuelInjector

«part»

fr : FuelRegulator

ctlPrt

trsmPrt : Torque

ftPrt : FuelFlow

«part» 4

fi : FuelInjector

«part»

fr : FuelRegulator

«part»

trsm : Transmission

icePrt : TorqueicePrt : Torque

«part»

ecu : PowerControlUnit

allocatedFrom
MeasureVehicleConditions ()

icePrticePrt

«part»

ft : FuelTankAssembly

icePrt : FuelFlow

«part»

fp : FuelPump

icePrt : FuelFlow

«part»

fp : FuelPump

I_ICECmds

I_ICEData
I_ICEData

I_ICECmds

g1 : Torque

«ItemFlow»

g1 : Torque

«ItemFlow»

fuelSupply : Fuel

«ItemFlow»

fuelReturn : Fuel

«ItemFlow»
fuelSupply : Fuel

«ItemFlow»

fuelReturn : Fuel

«ItemFlow»

allocatedFrom
«Activity» ProvidePower

Blocks/Parts/Interfaces
Internal Block Diagram

Constraints / Performance
Parametric Diagram

Accelerate

«continuous»

drivePower

transModeCmd

«continuous»

drivePower

transModeCmd

PushAccelerator...

ProvidePower

MeasureVehicleConditions

accelPosition

«continuous»

vehCond

«continuous»

allocatedTo
«ItemFlow» g1

Activity Diagram

Requirements

άƛƭƛǘƛŜǎέ
Fault Tree

Test 
Scripts

. . .

Interaction
State Diagram

(Build me to see

how it works)
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Model Driven 
Engineering covers
concepts, practices, 

tools, and future 
ideas ςthis is
a core process

for MBSA/MBSE
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Structural views should include system

domain, context, and interfaces
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Air System

Air Vehicle Training Systems

Airframe Power & Control Systems Mission Systems

Vehicle Management

Propulsion

Mission System 

Software

Cockpit Systems

Weapon Systems

Model topology often mirrors 

architecture of system
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Å Change log

Å Recursively applied

ï Analysis ςcould have subpackages

Å Context

Å Mission concept

Å Operational concept

Å Stakeholders

Å Scenarios

Å User cases

ï Behavior

ï Requirements

ï Structure

Å Architecture

Å Simulations

Å Variants

Å Verification and test

Å Documents (controlled)

Å Domain context

Å Environment

Establish common package elements to 

organize and structure model
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Model artifacts 
trace requirements 
through views and 

map derived 
requirements to 

software / 
hardware 

subsystems
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For continuous integration and test, we 

must be able to understand allof the 

interfaces and allocated requirements
See next

slide for

example

pattern for

mapping

HW/SW

Context
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Models depict interfaces and derived 

requirements allocated to SW & HW

Example
use of
MARTE 

Stereotype
for
HW 

Computing 
Resource

Create package 
with hyperlink to 

another
model that 
refines the 
software
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Behavioral views provide inputs for 

continuous integration and test 

planning and execution
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Architect for testability to support 

automation and leverage 

simulation and legacy data 
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We must engage 
stakeholders in 

new ways to adapt 
faster and to 

determine what 
works, what 

ŘƻŜǎƴΩǘΣ ŀƴŘ Ƙƻǿ 
it should be used

Choose your game



31

A key focus is
on developing

the CONOPS for 
capabilities that 

need rapid
deployment
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Operational views are critical as they 

represent how the system is to be used



33

CONOPS: Then and Now

We have not progressed far - no meaning behind 

graphics, no human roles represented, takes too long, 

and customer often not involved

US Naval Institute Blog, http://blog.usni.org/?s=AEW&x=0&y=0 

First Airborne Early Warning 

System to defend against aircraft 

(1945)

CONOPS from any current Naval 

program


