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Motivation: ¢ :'_
Feasibility of Open Standards 3

e Funded by Office of Secretary of Defense,
Systems and Software Engineering

e Determine if open standards can be used to
describe:

- System of systems (SoS) architectures based on
computer models

- System components as elements of composable
distributed simulations
e Determine whether SysML models can be
used in conjunction with performance
simulation models



TEAMS Simulation Scope 7

Campaign

/ Mission
/ Engagement

Engineering

TEAMS Emphasis:
“Launch-to-Hit”
Analysis

Military M&S Resolution Levels

TEAMS: Torpedo Enterprise Advanced Modeling & Simulation
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Background: (¢
High-Level M&S Requirements

Torpedo M&S Components
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Environmental
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Targets Countermeasures

Other “Stimulus” M&S Components




e Problem: Modeling & Simulation

Business “Model” Obsolete
— Monolithic

— Stove pipes

- Single developers

- No communication

e Solution: Foster Collaborative
M&S Development Environment

- Standardize M&S architecture
framework and component
models

- Reduce the technology
development timeline

— Increase model content,
Implementation efficiency and
reuse

— Reduce cost

Where We Are Going
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Overall TEAMS Goals

Modeling and Simulation Community Collaboration
Standardized architecture framework
- Conceptual reference model
- Model-based requirements specifications
e Standardized reference model interfaces
- Interchangeable & composible components
- Extendable to other applications (e.g., XML schema)
- Semantically described (e.g., OWL ontology)
Document standards and requirements

Cost effective process to achieve interoperability and
composability

e Business model for future cross-organization M&S funded
efforts



Standard Interfaces
Platform Independence

Open Standards

Model Realizable Systems
Extensible Interfaces

Evolving Standards

Loosely Coupled Interfaces

Tiers of Interfaces

Support Different Levels of Detall

10. Standard Implementation Strategies

© 0 N o gk~ w0 Db PE

TEAMS Core Requirements 3
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International organization, developers of TOGAF architectural
framework

- Wants TEAMS as test case for TOGAF 8.1.1 and 9.0

- Interest in using TEAMS to test synergy between DoDAF and TOGAF
frameworks

- Wants TEAMS for its process to incorporate Ontologies
(relationships of components)

International organization, developers of several business
communications standards

- Used TEAMS as test case for their TOGAF/ Model Driven
Architecture (MDA) under the TOGAF/MDA Synergy Project

The Open Systems Joint Task Force of the Office of Secretary of
Defense (OSD)

- Wants to convert TEAMS UML artifacts to the newly approved
SysML standard to demonstrate utility of the new standard

TEAMS is quickly yielding highly visible and transitionable results.
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High-Level Process: (zes
TOGAF ADM 5

Prelim:
Framework
and Principle

A
Architecture
" Vision

Requirements
Management

The Open Group:
IT Consortium
Offers Consortia Services

TOGAF:
The Open Group
Architecture Framework

ADM:
Architecture
Development Method

H
Architecture
Change

anagement

G
Implementatio
Governance
F
Migration
Planning

B
Business
Architecture

c

Inform ation
System
Architecture

1
E
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DRIECT MANAGEMEMNT

*OMG™ |s [a] ... not-for-profit computer industry
consortium ... developing enterprise integration
standards for a wide range of technologies [... / ...]
Industries ... enabl[ing] powerful visual design,
execution and maintenance of software and other
processes...”

CORBA — Common Object Request Broker

UML - Unified Modeling Language

SysML — Systems Engineering Modeling Language
Numerous others in diverse industries (e.d., business)
Developer of Model Driven Architecture (MDA) method

OMG has a model-based emphasis in developing standards



http://www.omg.org/
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UML Consists of 13 Diagrams

Structure: E.g., Class Diagram

Behavior: E.g., Activity Diagram

Interaction: E.g., Sequence Diagram

OMG models are MOF-Based - Meta-Object Facility Standard
Think “TurboTax”



http://en.wikipedia.org/wiki/Image:Uml_diagram.svg
http://upload.wikimedia.org/wikipedia/en/3/32/CheckEmail.png
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Core Technical

SE Processes
-

The implementation (code) for technology selected by the
developer




Post Run Tools:

Target Models

Signal Parameter Generator (SPG) [Reverberatior
= Generator
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The Method:
Model Driven Architecture (MDA)

Artifact Type

>

TEAMS Conceptual Reference Model

e 8.Environment P— 9.Model Description

Skilled
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;‘to rkmg 6.Data Interchange
oftware
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* Time
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TEAMS Conceptual Reference Model
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Platform
Conceptual Level Diagram
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Artifact Type TEAMS UML Component Diagrams
o (Now Represented in SysML)

Computational Torpedo {Instance of Platform)
Independent

Model (CIM)

N\

Skilled
Transformatior

MDA Platform
Independent
Model (PIM)

N

Automated
Transformation

\ MDA Platform
Specific Model
/' (PSM)
Automated Coated O

Transformation

4

Working
Software
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TEAMS PSM: {
Implementation

Reference Implementations

In-situ Environmental Data
via Web Services

TRM Propagation Tool

NAVOCEANO
SIPRNET Web Site

EBdBE858 kg,

Jackson BottommModel via CORBA

RANGE (yd)

TEAMS Demonstration
Undersea World

Undarsea Medium

Acoustic Propertios Hatorm Model (Terpeso tarm b - Applled PhyS'CS Lab
University of Washington

Closed-Loop SimuLink™ Torpedo,
Envwonment & Target

“oupt | ety PMS 404

UNDERSEA WEAPONS PROGRAM OFFICE
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TEAMS SysML Proof of Concept

e Port existing UML to SysML
- Torpedo system components
— Simulation environment

e Extend TEAMS SysML to include:

- Requirements traceability
- Parametrics and constraints

e Share experiences and lessons learned
using SysML for architecture and
component modeling
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UML to SysML Approach

e Convert UML Class Diagrams to SysML
Block Definition Diagrams (BDDs)

e Convert UML Component Diagrams to
SysML Internal Block Diagrams (IBDs)

e Represent Behavior Relationships Between
Blocks as Activity Diagrams (new!)

e Capture Requirements Traceability (new!)

e Capture Parametric Relationships and
Constraints (new!)



Pros

e Requirements

- Explicitly lay out requirements and
consequences

e Views and Viewpoints

- Can separate requirements and model
views based on stakeholders concerns

e Structure

— Ability for model structure to verify
requirements

e Can search for requirements that aren’t
verified

e Can search for model components that
aren’t justified
— Separation of structure from behavior

e SysML BDDs vs. IBDs and Activities
allow for clear separation

e UML allows this, but easier to implement
in SysML
e Behavior
— Dashed line for activity flow is more
aesthetically pleasing
e vs. UML solid line

TEAMS Perspective:
SysML Pros and Cons

oFFICE OF NAVAL RESEARe,
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e Allocating CIM to PIM

— Difficulty with abstract activities

e Exit path dependent on logic within an
activity is not accessible and can’t be
modeled

e Not represented well in either UML or
SysML - tactical controller example

e Implementing PIM

- Not “direct” for some SysML features

e Flow ports, continuous activities,
parametric constraints involve more
components than just themselves

e Flows in “real systems” easier to
represent

e Flows in software modeling are open to
interpretation
- Requires additional documentation of
model to bridge between SysML
feature and executable code
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TEAMS Perspective:
SysML Pros

Pros

e Requirements

Explicitly lay out requirements and consequences

e Views and Viewpoints
- Can separate requirements and model views based on stakeholders concerns

e Structure

— Ability for model structure to verify requirements
e Can search for requirements that aren’t verified
e Can search for model components that aren’t justified

- Separation of structure from behavior
e SysML BDDs vs. IBDs and Activities allow for clear separation
e UML allows this, but easier to implement in SysML
e Behavior

-~ Dashed line for activity flow is more aesthetically pleasing
e vs. UML solid line



QE'F\GE OF NAVAL RESEAR%

s SSSSSSINSN T .

Sponsor Requirements

req SponsorRequirements [SponsaorRegts]

Feduced Duplicate Efforts

Less Component Integration Time

notes
Different contractors showld rot kave fo
esegmh the sane dbechrology orenabling
srod'ed f7 omlerto Focoralish their soecific
goFle. drsbead, similar efforts showld be
aemed dogether and the mault shamd.

rnotes
Comporent developers showld e ghle to
soend theirtine ard eoowmes oF
develoging, ard he shle bo neffy e
idezs with simw!atior goiohly.

Model Realizable Systems

Contractor Interoperability

notes
Comporent devslopmerts meed o e
coruedisle into 2 mal syeter o pe weef.

rnictes
¥iwo different contractors witle two
diffemnt comporents, ey should be ahle
to comaruticate with eack olher,

Feuse Legacy and Mew Components

Room for Future Growth

notes
Some mechanisn should enzhle older
systems bo e pulled fnho sicw!atiors with
e intedzoes, and fewdy devsloped
comaomeTts showld Fawe some easily
mushle intedzoe o educe this pmbleain
the futume

nictes
Adaptivity to future changes is fmoodant in
any lame inilia! investrert, including
stamdamization of comporents. There iz a
sk of the sandams deing out of dabe
sefore they have enough tiae to he yeedfl
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Rationale for Deriving
TEAMS Core Values
onsor Requirement(s)

req Contractor Interoperability [Contractor nteroperability

Contractor Interoperability

rickes
#iwn liffermat comtractons wiite Hio
differmnt compoments, they should he able
o commumicate with sach cther.

Standard Interfaces

wderives

it
FEAMS will prmvide standsmized imterfaces
for simulation elements s well 33 et

comoorents. Ary dersloper of either syste
slaiming TEAMS-Complianoe o any degree

will use these intedaces 25 the extemal TS
houndsry of theivimplenentation

By standardizing the approaches used
by all contractars when deweloping their
implementations, contractors can
depend upon the defined interfaces
without ewen knowing whe will be
writing it.

trom CoreRequimaents)

| Toipen standards aderives

Standard FSM Implementation Strategies

| pmwide Do vers

nrFieges

arationales |
By standardizing the way information
flowes between components and
simulations, simulation developers will
need less integration code to translate
data and requests

fom ComReguinments)

infarmation
t= and
lations, lati will
need less integration code to translate
data and requests

troar CoreRequiraents)




Standard Intefaces

Requirements
Traceability: TEAMS Core Values

req CoreRequirements [CoreRequirements] /

Standard Interfaces

Platfarm Independence

Open Standards

notes

TEAMS will pmovide standamized intedaces
for simalafion elements 35 well 35 plabfom
components, Any deweloper of either systen
olaiming TEAMS-Compliznoe to any degree
will yze these intedaces 25 the extemal
Bowndary of theirinplemertation

notes
The intenzees that TEAME povides will mot
¢ ! -

otz i
ro liarited o corsiderziions such 33
transoort arechanisem . operating system, and
OIDEERTG (FTGLFge.

theirdesign, Thisimcledes but iz

notes
To promate the ussfulness of standamized
interaoes, TEAMS must make those
iterzoes public and susilahle to aay
iterested pady

Model Realizable Systems

Model Realizable Systems

notes
The interzees that aopearin the TEAMS
wodel will eflect Fotual systens i the eal
wordd, Thizireludes desigred systems 22
b placed Ay the

well a5 physical somsh

BT ETE,

Ewolving Standards

gt
TEAMS will update their nodel pedodically
whene ver swch changes ame egaied o
aesene #n yo-do-date mlection of Fctual
systems.

Extensible Interfaces

notes

The TEAMS interdaees will mot e binding
cortracts of hekavior, hut rather 3 hasis of
communication hetween components, These
interdaoes will be extendable to lude few
ways of communication, amd mew behavios
of estaplished cosrmumications,

Loosely Coupled Interfaces

notes
TEAMS will design the interdaoes such that
they do rol degerd o ffve irtemal struckee
of sy otherinterdzoe and, whem possial
oo ot depgend on the existerce of another
interface at all

Tiars of Intarfaces

Support Differant Levels of Detail

Standard PSM Implementation Strategies

notes
The interaos wodel will 13ywer s inhent
swck that kigher levels completely compose
towerlevels, and mo imtedFoe or bekawion
sverdegends on e lower shuctire of 20
interdace i iz own Her, Commumication
petween comporents will only exist within
the szwe intedzce Her, or when
communicating with the compoment's paremt

5

orchild componamt.

notas
Wihere possible, TEAMS will uss valus tipes
sbataatly bo 2void soecifving the level of
detail present

notes
T promots intemhangs of inglemsmntad
comporents, TEAS will provide severm!
oopularinplementation strategies, This will
orevent sy loss of commumication die fo
different manoings foe the TEAMS platfacr
frde et model o the plaffom specific
implememtation
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Sponsor Requirements
Mapped to TEAMS Core Values

aderives ade

Loosely Coupled
Intedfaces

req SponsarRequirements [SponsorsRedtMap]

Standard Interfaces

o CormRequimments)

Model Realizable
Systems

i ComeReguimmets)

Evalving Standards

ffroar ComeReguinhe

o ComeRequimmets)

Tiets of Interfaces

o Core Requimmets)

A wdarives

~wderiven

+ aderiven -

aderiven

Flatform .
Independence P

wderives - . =
A - < wderiven

wderives .

i ot CoreRegquimrememts) L rdariva s et

Efforts

Reduced Duplicate

Less Component
Integration Time

Open Standards

#rom Core Requirements)

Estanzible Interfaces

S g CoreReguirements)

Loosely Coupled
Intarfaces

¢rom ComeRequirements)

wderives
Modsl Realizable Contracter
Systems Interaparability
e wderiven
Reuse Legacy and Room for Future
Mew Compenents N
aderives
o S T T i
ke U wderives
wdetiven g
b3 wdarivan Trogy R
i Tt Tl aderives
i Trel. wderivew

wderives

Support Different
Lewels of Detail

froar Care Requimments)

Standard PSM
Implementation
Stiategies

#rom Care Requiremrents)
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TEAMS Perspective: &
SysML Pros

Pros

e Requirements
-~ Explicitly lay out requirements and consequences

e Views and Viewpoints

- Can separate requirements and model views based
on stakeholders concerns

e Structure

— Ability for model structure to verify requirements
e Can search for requirements that aren’t verified
e Can search for model components that aren’t justified
— Separation of structure from behavior
e SysML BDDs vs. IBDs and Activities allow for clear separation
e UML allows this, but easier to implement in SysML

e Behavior

— Dashed line for activity flow is more aesthetically pleasing
e Vvs. UML solid line



1011010011

4 10100101 —CED
A ﬂ
iy .,
T

req Requirements [Regquirements] /

i el
Corponent Dewveloper Requirerents=s

a el
SponsorRequirements

+ Contractor Interoperability + Drezign Flexibility

+ Lesz Component Integration Time + Develop Mew Approaches

+ Model Realizable Systems + Intellectual Property Rights

+ Raduced Duplicate Efforts + Less Componrent itegation Tiae
+ Reause Legacy and New Components + Model Real Components

+ Scalable Component Dezign

+ Room for Future Growth

+ Simulation Interoperability

oo & il

Si mul ation Devel oper Requiremernts Fleet Requirerents

+ Continue using Legacy Systems + Better Systems

+ Dazign Flexibility + Commonality

+ Eazier Maintenance and Upgrades + Highly Detailad Simulations

+ Lesz Compaonent Integration Time + Shorter Acquisition Period

+ Simulate Real Situations
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TEAMS Perspective:
SysML Pros

Pros

e Requirements
- Explicitly lay out requirements and consequences
e Views and Viewpoints
- Can separate requirements and model views based on stakeholders concerns

e Structure

— Ability for model structure to verify requirements
e Can search for requirements that aren’t verified
e Can search for model components that aren’t justified

- Separation of structure from behavior
e SysML BDDs vs. IBDs and Activities allow for clear separation
e UML allows this, but easier to implement in SysML

e Behavior

- Dashed line for activity flow is more aesthetically pleasing
e vs. UML solid line
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Torpedo Internal
Block Definition Diagram
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coustic Properties
Internal Block Definition Diagram
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TEAMS Perspective:
SysML Pros

Pros

e Requirements

- Explicitly lay out requirements and consequences
e Views and Viewpoints

- Can separate requirements and model views based on stakeholders concerns
e Structure

— Ability for model structure to verify requirements
e Can search for requirements that aren’t verified
e Can search for model components that aren’t justified

- Separation of structure from behavior
e SysML BDDs vs. IBDs and Activities allow for clear separation
e UML allows this, but easier to implement in SysML

e Behavior

Dashed line for activity flow is more aesthetically
pleasing
e vs. UML solid line
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TEAMS Perspective: “,_...
SysML Cons 3

cons
e Allocating CIM to PIM

- Difficulty with abstract activities

e EXxit path dependent on logic within an activity is not accessible
and can’t be modeled

e Not represented well in either UML or SysML — tactical
controller example

e Implementing PIM

—  Not “direct” for some SysML features
e Flow ports, continuous activities, parametric constraints involve more components than just
themselves
e Flows in “real systems” easier to represent
e Flows in software modeling are open to interpretation
-~ Requires additional documentation of model to bridge between SysML feature and
executable code
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TEAMS Perspective:
SysML Cons

cons

e Allocating CIM to PIM

— Difficulty with abstract activities

e EXit path dependent on logic within an activity is not accessible and can’t be
modeled

e Not represented well in either UML or SysML — tactical controller example

e Implementing PIM

- Not “direct” for some SysML features

e Flow ports, continuous activities, parametric constraints
iInvolve more components than just themselves

e Flows in “real systems” easier to represent than simulations
e Flows in software modeling are open to interpretation

- Requires additional documentation of model to bridge
between SysML feature and executable code
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Requirements traceability is vital to the success of
several TEAMS projects

- ONR TEAMS standard framework and interfaces

-~ OSD-ATL feasibility study

- TOGAF/MDA Synergy Project

e SysML was designed with “real” systems in mind
- where UML is software oriented

e Perceived concreteness — simulated vs. actual system

- not just one way to design interfaces, need recommendations
for implementation

e Still need some UML features not present in SysML
—- <<lInstantiate>> or <<create>> for dynamic allocation
e Still need guidance on how to best implement

parametrics and constraints for modeling and
simulation
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OMG SE DSIG Recommendation Feams

“Clarify the distinction between the domain
model and the simulation design model.”

*Reference SE DSIG minutes from OMG San Diego Meeting on March 27, 2007



lr«j;gg)_ﬂﬁ Integrating SysML Models
with Simulation Models

e Goal

- Integrate system design models with simulation and analysis
models

e Use SysML models to specify an executable architecture
e Use simulation and analysis models to analyze performance

e How can they work together ?

- Plug the SysML executable architecture model into a simulation
Infrastructure to establish a dynamic interface

- Use the executable architecture model to control the sequence
of activities (e.g. detect target, launch weapon)

- Use the simulation model to compute the parameter values (e.qg.
missile range to target vs. time)

e \What Is needed?

- Approach to use SysML architectural model to specify simulation
requirements (use of parametrics?)

- Harmonization between SysML and simulation standards (i.e.
HLA) ?

Source: Sanford Friedenthal, Lockheed Martin, OMG SE DSIG Chair - Recommendation to TEAMS Project
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Future Direction —

Working to Establish an Activity for SysML /

Simulation Integration Approach

Formulation/establishment during INCOSE MBSE
Workshop in Albuquerque on January 24-25

Liaison to the INCOSE Model Base Systems
Engineering (MBSE) Initiative
Keep abreast of industry related activities

Help to foster interaction in this area across
iIndustry, government and academia to help move
towards the INCOSE MBSE Vision.

Explore this integration through SISO.
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