





SimSummit Topics

T o l] i c s o' Commercial Education Government Societies
& )
2, By
;—-P wg’sé}&} “’5'@. )
f LA g?v\ '159 =,
S @é\ . £ ‘k{;ﬁ? @@? &‘Q
\tf"@.s?a B ‘@&J&D}& .ge‘;’ S#‘P 45
S vf‘fﬁ"d'@rp‘ﬁ! Y \ig s 75 (e
¢ /. 7 7
r N O D Py A
TOPICS S IS f?é‘ﬁﬁ& €SS TP ‘\' f&"gﬂ
TECHNOLOGY 1 1 1 1 1 1 1 1
Fesearch Apenda
S TOPIC QUESTION;’ ISSUE
Comgosabiliy
mi erability
S Mansgerand TECHNOLOGY What M&S powerful M&S technologies are
e Menagenent available? What technology investment is desired?
PROFESSIONAL DEVELOPMENT
ST FResearch Agenda What is u:uught to-be the M&S technology research

Community-cf-Pracice

WD Meeds | Requrements

Body-oi-knowdedge Speciication

Conceptual modelling

Curricular Management

Profeszenal Certifeation

Code of Ethies

INDUSTRIAL DEVELOPMENT

dentity, recagnition

Hmr can / do we abstract from owr appreciation of
the ‘referent’ to establish a conceptual model

suitble for M&S development qualification,

Scope

Fragmentation Wersus Synengy

Labor Classification Codes

integration, and use?

persistent MA&S assets into h]ghﬂr—nrder ensembles?

ndustrial Classifeation Codes

Interoperability

MAS Asset {He-ocyce] Management

Crganizatonal Relations

Evert Coondination

How can / do we cost-effectively guarantee
interoperability of M&S assets reused in alternative
contexts or integrated into highﬂr—nrder ensembles?

BUSINESS PRACTICE

Data Management

Economics of MAS

ME&S Market Descriphion

MaS-based Enterprize

Business Case Specification

How can / do we cost-effectively an:qu:rL qua.Jf‘-
use and re-use referent characterisetics / scenario /
and behavior data and simulaitn asset operation
data?

Acqustion/Procurement Applcation

Architecture Management

MAS Investrnent (Techonclogy AssetiApplication) and ROI

Feuse of MBS assels

Costof _. MES ssset development, uses, sic.

Walue of ...

Economic Impact

What are the implications for M&S of architecture-
managmeent concepts and practices (being) appliad
to: enterprise, objective systems, simulation assets,
etc.?

Standards

How do standards affect M&S cost-utility? What
standards are worth mvestment? How should
standards definintion, promulgation, and

[P D (. (- — .




Conceptual Modeling (SISO)

—

Terms of Reference (TOR) For the
SISO Study Group on:
“Simulation Conceptual Modeling™

Standing:
Proposed to SISO EXCOM on 5 Dec 2002
Rationale:

The Simulation Conceptual Modeling Study Group is to be formed in order to conduct a
preliminary investigation on the best practices of simulation conceptual modeling and to
establish recommendations for pursuit of the topic within the scope of the SISO, if
appropriate. A simulation conceptual model is an abstraction from either the existing or a
notional physical world that serves as a frame of reference for further simulation
development by documenting simulation-independent views of important_entities and
their key actions and interactions. A simulation conceptual model describes what the
simulation will represent. the assumptions limiting those representations. and other
capabilities needed to satisfy the stakeholder’s requirements. It bridges between these
requirements. and simulation design.




Conceptual Modeling (NATO
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Activity MSG-058 2007

P Conceptual Modelling for M&S 5
Activity REF. RTG-038 <p g J'tme:%.(}t}?

Number

Principal Military Requirements May 2010

Military Functions

Panel and Coordination

Location and Dates Mulnple

Publication Data TR 2010

Kevwords M Interoperability M&S Re-use

L. Background and Justification:

Current M&S standards have provided a first step to interoperability and a state-of-the-art way to mnterconnect simulations and
tools to build distributed systems of simulation but it is recognized that existing standards are not meant for exchange of
semantics and concepts. The final objective of the TG is to achieve a common understanding and use of information
exchanged benween stmulations for better sanisfying military requirements for education. training and operational support.
Conceptual models are key to the transformation of user needs and requirements to M&S design, and evenrually
implementation. The purpose of this NMSG TG 1s to develop a gmdance document on Conceptual Models, which can be used
mn the future by NATO to support M&S requirements,

IL Objective(s):
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NATO MSG-058,
“Conceptual Modeling for M&S”
MEETING #1
Paris, France

April 16-17, 2007



TOR ODbjectives

 “Clarify the “Conceptual Model” concepts, discuss
the terminology, and emphasize the utility to
better formalize Conceptual Models, etc.”

* “Investigate methodologies, simulation and
software engineering processes, initiatives and
technologies,

 Draft a guidance document on conceptual
modeling that can be used by different
stakeholders,

» Foster the establishment of the guidance
document as a SISO standard.”



Distributed Collaborative Program

e Dispersed membership with coordination meetings

e Collaboration with NATO Group Activities:

— MSG-054 Task Group on “An Overlay Standard for
Verification , Validation , And Accreditation (VV&S) of
Federations”.

— MSG-052 Task Group on “ Establishment of a
Knowledge Network for Federation Architecture and
Design”

— Prospective Task group via IST-075 / RTG-034 on
“*Semantic Operability” (nee IST Group ET-040 on
“Ontology Fusion”.

Coordination with SISO for publication dissemination
of work product

SISO-NATO Collab to SISO




Role of Conceptual Model
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STUDY GROUP MEMBER DISCISSION
- Percelved Need -

What needs are perceived to exist
within the member’s operational
environment or within NATO that
deserve to be addressed, and for which
reasonable consequential results are
within the scope and capacity of the
Study Group to achieve?



STUDY GROUP MEMBER DISCISSION
- Percelved Need -

REFERENCES:
* Minutes — “First Meeting on the MSA/ET-021 on
Simulation Conceptual Modeling” - “Presentations and
Discussions
« MSG 058 TOR: “Justification, Objectives”, “Topics to
be Covered:, “Military Objectives”
 “Conceptual Modeling- The Missing Link of
Simulation Development” | SISOIBorah
 “Simulation Conceptual Modeling Standing Study
Report: Spring ‘07 SIW SISO|  SIW Pace




STUDY GROUP MEMBER DISCISSION
- Intentions and Expectations -

What intentions or expectations
are desired to be achieved by the

study group that will meet these

needs? What are the criteria for
success?



STUDY GROUP MEMBER DISCISSION
- Intentions and Expectations -

REFERENCES:

Definitions — “Body of Knowledge Definitions”

BOK lex

“SISO CM References” SISO CM Bib
“BOK References | BOK'Refs
*Practice — “Conceptual Modeling- How do we do

Iit?—A practical example” [SIW Process Rec

*Process specification — “Unified Process Specification
Language: Requirements for Modeling Process”

NISTIR 5910 HL A Federation Design / Development

and Fed. Impl. Process Model” | HLA Process Spec

*Best-practice Standard? - TBD

*Final Report — “SISO Final Report” | Ref 017-2006




STUDY GROUP MEMBER DISCISSION
- Technical Concepts and Issues -

What technical concepts are
Important to be understood by
the members of the study group
In order to operate successfully
In a distributed collaborative
environment and to produce
desired work products?



8.

STUDY GROUP MEMBER DISCISSION
- Technical Concepts and Issues -

User needs analysis

Technical references and Definitions (what is required
of the level of abstraction)

Available (useful) programming languages/tools (UML?)

Supporting hardware/software needed for CM
Implementation

Standards used by nations and NATO or other
International bodies. Is there a need for other standards?

Evaluation of nation’s potential in CM

Impact study on existing technologies (HLA, CORBA,
RMI)

Risk Analysis on main expected results



STUDY GROUP MEMBER DISCISSION
- Technical Concepts and Issues -

REFERENCES:

* User needs analysis — Stakeholder roles and
requirements analysis .... TBD

« Fundamental Concepts — Concepts are?... Ontology is?
“Conceptual Models in M&S Lifecycle” Role 6f CM
“Ontology Development 101" [ Intro Ontology

e Tools —“ A Survey on Ontological Tools”, IST-2000-29243

 Existing Technologies and Standards - TBD

« Evaluation of nation’s potential in CM - TBD

* Risk-Analysis Cost-benefit — Econ of M&S | Survey







Ballistic Missile Defense System
(BMDS) Conceptual Model
- ‘Sample Problem’ -



Briefing Purpose and Exposition

What is a “BMDS Conceptual
Model”?

What Iis the BMDS Conceptual Model
Tasking?

W
W
W

nat Progress has been made?
nat Results are available?

nat Lessons have been learned?




BMDS Conceptual Modeling Context —
Definitions / Concepts

e Abstraction

 Referent

 Conceptual Model
 Simulation Conceptual Model

 Mission Space (or Real-World)
Conceptual Mode

e BMDS Conceptual Model
 Conceptual Model Specification
e ... Others i




BMDS Conceptual Modeling
Context - Circumstance

e Canonical progression from real-
world through conceptual model and

locity {méa) | Posgion (m)

g 18 | -1863 0.00

Real World Conceptual Simulation Analytical
Model Results



BMDS Conceptual Modeling

Context - Circumstance

« BMDS Simulation representations have

been developed in parallel from

concurrent, uncorrelated, ‘best

avallable’ input as to real-world

mission-space and entity abstractions
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BMDS Conceptual Modeling
Context - Circumstance

« BMDS Simulation representations are
now being developed Iin parallel through
formal, controlled simulation
conceptual model abstraction
specifications

r= """ r= """

SImA
Simulation Simulation
System Ll Results

v
L -

—> i
Real 1*‘ SIMA 4l | sim A
World Simulation |—!
[ L
Conceptual

Model —




BMDS Conceptual Modeling
Context - Need

« Formal BMDS conceptual model
supports consistent development of
simulations’ representations
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BMDS Conceptual Modeling
Context - Opportunity

« Formal BMDS conceptual model
supports consistent development of
simulations’ representations

... and In addition!

« BMDS Conceptual Model supports
communications across MDA

enterprise, and development of
BMDS



BMDS Conceptual Modeling
Context - Intention

e Build technical data product ...
e Capture, maintain intellectual property ...

e Support MDA'’s simulation-based system
development enterprise ... over the entire
life cycle of BMDS

BMDS
Conceptual
Model

BMDS
Conceptual
Model

—__~ Use-Case




Technical Approach (OUTLINE)

Resources — What assets exist to
support the execution of task
activity?

Notation — What conventions of
notation, and documentary capture
will we employ?

Activity — What is the technical basis
for the task activity?

Products — What technical products
will result from the effort?



Technical Approach — Resources:
GUIDANCE

e Standards

— OMG Standard “Unified Modeling Language (UML)
V 1.4,

— IEEE 1471-2000 Standard for “Architecture Views
and Viewpoints”

e Process

— Rational Unified Process (RUP, contingent)
— MDA Directive 5011, V4.0 1/6/03 DRAFT

e Practice

— DMSO RPG
— MDA TEM Conceptual Model Management Notes
— Industry publications




Technical Approach — Resources:
DATA

e System Descriptions
— BMDS Build 4 SDS
— Element System Description Documents

 Simulation Conceptual Models

—“MDSE Conceptual Model Version
DRAFT Version 0.7”, December 2002

— “MDWAR Conceptual Model Version
DRAFT Version 0.4 December 2002

—EADTB..., CAPS..., EADSIM..., BEST...,
ARROW




Technical Approach — Resources:
TOOLS

Requirements Analysis

— MS Word™, DOORS™Trational’s tool?] ... ?
Model Specification and Configuration
Management

— Rational Rose™

Enterprise

— E-mail reflectors, Web-based documentation
pooling (BMDO IDC, TMDES FTP Site, DocuShare™),
EndNote™

Documentation

— MS Word™



Technical Approach — Notation:
MOTIVATION

UML Notation is available, familiar, simple,
suggestive, and powerful

Notation is formally defined and de facto industry
standard for software-intensive systems

Notation directly supports simulation and software
design / development.

COTS database, generated / indicated through
formal notation provides a single semantic artifact

See UML Resource Center at
http://www.rational.com/uml/index.jsp n




Technical Approach — Notation:
TACTICAL GUIDANCE

o Alternative Views ... of unary model

— Object / Process Single
— System / System-of-Systems :Dnrtoeilaleerc;;ual-
— Capability / Architecture product

e Self-conscious management of: scope,
detail, consistency, redundancy, etc.



Technical Approach — Notation:
CHARACTERISTICS

e Notation provides a formal syntax and semantics
for system specification ... and development

e Notation denotes:
— things (entities and classes of entities)
— their attributes and operations
— their relationships to one another
— their behaviors together See UML

» Notation is neutral as to: Quick Reference
Guide and Poster
— what to represent
— how to represent it

— what the characteristics of any system being
represented are H




BMDS Conceptual Model
— CASE (UML) Views —

Use Case Diagram(s)
Class(ification) / Static Diagrams

Behavior Diagrams

— Statechart Diagrams

— Activity Diagram

— Interaction Diagram

— Sequence Diagram

— Collaboration Diagrams

Implementation Diagrams
— Component Diagram
— Deployment Diagram



Technical Approach — Notation:
VIEWS

 The notation supports system module
encapsulation and system use:

GENERAL-PURPOSE CONCEPTS
Can be used on various diagram types

Package, dependency, note

1

package 1
name

optional dependency name

— 1 ¥
usteraatype names i
package 2 [=cmsses=sl note text
name .

— In
) lconstraint_taxt}

USE-CASE DIAGRAM

Shows the system'’s use cases and
which actors interact with them

Actor, use case, and association

COMmRG aton
SSF0CIaton name O

acitor name usa=-Ccase name




Technical Approach — Notation:

VIEWS

« The notation denotes classes (and
Instances) with their intrinsic attributes

and operations:

CLASS DIAGRAM Shows the existence of classes and their relationships
in the logical view of a system

Class

| Clazs Name

Class Name

atiribute
attribute - data_type
attribute : data_type = init_value

operation
operation (arg_list) ; result_type

Parameterized class

templata name

template name <actual srguments=

class instantiated

from template




Technical Approach — Notation:
VIEWS

 Relationships among classes (or entities)
can be specified. These include
‘composition’, generic ‘association’:

Association classes Role names and derived associations

Association .
Aszociation Name

Association Name
Class-1 | i Class-1 [ o7 1 Class-2

Aarived association

association
clags name
attribute

aperation

Aggregation, navigability, and multiplicity Constraints

| Whole Class Nama Class 1 al Class 2
i1 % aggregation, i1 ¥ composite aggregation, "'."‘
urndirectianal J bidirechional navigabilty {canstraint}
nawigability ; al
1y 0.*

Part Clazs Nama Part2 Class Namea (i)

a3 0.* | {orderad;




Technical Approach — Notation:
VIEWS

e ... and ‘specialization’ whereby classes
(and object entities) ‘inherit’ the attributes
and operations of their parents:

Qualified association Generalization/specialization
Superclass-B
—————— Asgaciation Name .
i . Superclags-A oparation
Class-1 qualifier —— — Class-2 | /{j ‘:c\ /{?
| Subclass-1 | Subclass-2

operation




Technical Approach — Notation:
VIEWS

Sequential dynamic interaction among
objects can be illustrated via ‘sequence
diagrams’...:

INTERACTION DIAGRAMS Show objects in the system and how they interact

Sequence diagram

X .

actor name: | ahject1: | ‘ bigct 2 éﬂb'EET.EE  class

Actor class | Class name | name
sCript text | event : '
Z. operation
3. Operaton |
[parameter listh;
d.lpperati-:-n o | :
i iparameter listl i 5, operation i
mare script text f o :.:I.Jarametarlist]i
| !




Technical Approach — Notation:
VIEWS

e ... and other manifestations of dynamic
behavior such as ‘state-transition’ and
‘collaboration’ or control-flow may be

specified:

Mesting

superstate

g S
substate 2

Collaboration diagram

1: evant

—m

ghject ! : Class name

3 operation [parameter list)

2: oparation i E
— :

aetar name
Actor class

1 4; operation (parameater list)

object 3

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

&: operation {parameter list)

—

=) objectflow

class name IJ




Technical Approach — Notation:
VIEWS

e Finally, deployment of systems to
operational environments are denoted.:

COMPONENT DIAGRAM
Shows the dependencies between software components

component 1 component 2

DEPLOYMENT DIAGRAM
Shows the configuration of runtime processing elements



Technical Approach — Activity:
OPERATIONAL STRATEGIES

e ‘Parallel, iterative, layered’ development

— Collect soil samples, Drill test hole, build
foundation, complete structure

« Systematic configuration management

— Case tool is record of original and persistent
entry and provides developmental operational
workspace

« Open source ... collaboration



Technical Approach — Activity:

ACTIVITY (and DATA) FLOW

START

BMDS
Conceptual
Model
Requirements
- DOORS -

Raw
Data
BMDS CM Model Data Model Data Coi'(\:/ler?ual
Requl.r('emgnts Capture l# Organlza.tlon, 'q Model
Specification Integration Review

BMDS CM
Requirements
Memorandum
for Record

BMDS Scratch

b Database Files J

t 4

Intermediate
Database
- UML -

-UML -

DATA FLOW ACTIVITY FLOW

BMDS
Conceptual
Model
Publication

Final BMDS

Conceptual
Model
Database
- UML -

- End

BMDS Conceptual
Model Report
- Word -




Technical Approach — Activity:

PROCESS

Requirements Devolution and
Specification

Data Mining and Capture

MOO
MOO

\Yle]o

e
e
e

Data Organization / Integration
Review and Evaluation
Publication



Requirements Devolution and
Specification Activity

What are the consequent
required characteristics
of the product?

What Is ‘
the Need?
Explicit deliberate requirements management
for the BMDS Conceptual Model supports:

e Conceptual Model Task Management
e Conceptual Model Development
e Conceptual Model Evaluation (Validation)




Requirements Devolution and
Specification Activity, Cont.

Need Required
characteristics

Detail NLT most detailed
simulation within relevant scope

Basis for Simulation

Conceptual Models Scope over Union of Simulation

representation domains

. Neutral Notation
Basis for MDA

M&S Collaboration Auditably traceable from
authoritative data sources



Data Mining and Capture Activity

e Capture (with annotation) information
from authoritative source to CASE
Tool

« Check completeness, consistency of
iInformation ‘as stated’

e Supplement with ‘implied’ information
(classes, associations, etc.) for
completeness, consistency and logical
convenience



Unclassified Statement of

Lieutenant General Ronald T. Kadish, USAF

Director, Missile Defense Agency

Authoritative
sSources

Before the

Senate Armed Services Committee
Strategic Forces Subcommittee

Thursday, March 7, 2002

MDNTS

Missile Defense National Team Systems

BMDS Block 04
Integration Strategy

Integration & Test IPT
December 16, 2002

Unclassified
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IDEFO Kill Chain Functions

Assign Weapon
|

v

Maintain SA Evaluate Threat
*Receive and Display *Weigh Data !
Track Data *Threat Evaluation Against DAL

«Prioritize Threats

*Synchronize to Ongoing
Tactical Situation

Track

Constraints

Sequence

Assqciate Track/

Correlation

*Genergte Tracks|
Correlate Local
Remofe Tracks

sensgr data
*Majntain Track R

*Conduct Active Search
*Conduct Passive Search

I

scriminate ldentify Classit,  Develop ~ Update Track
*Apply features  «Compare Profiles IPP/LPE  Amplifying Data
recognition «Trajectories «Points +Position
*Debris *Phenomenology «Ellipse Velocity
«Countermeasures  «RCS «Covariance
* Decoys «Sigma
*Tank/Booster «Missile Type
RV *RV Type
Survell
|
Planned Cued Search Detect  Acquire
Search

*Receive Tracks
from other source
*Compute search
volume

*Process sensor data
eInitial filtering
*Develop initial track file

Pair Weapon to Target
Evaluate Impact Point Prediction

*Evaluate Weapon Kinematics
*Evaluate Weapon Sensor/

*Determine Optimum EN

v

Direct Execution

*Assign Weapon/Sensor/Target
*Assign Backup

Engage
I I

Prepare Launch ~ Flyou Handover
for Launch TTL *IFTU «Activate all
oL TL *Divert KV functions Conduct

*Ready Interceptor Reni
*Ready Launcher Begin search  Endgame

» Compute firing |

solution
Acquire e+ect Divert
|mpo_|nt *Fire thrusters
ute intercept .\ raneuver to
point target

| .
' Assess Kill
|

Collect Formulate Release
Data Assessment Results
*Perform

discrimination
*Compare Features



Model Review and Evaluation
Activity

e Structured Walkthourgh(s)

— For scope, detail, completeness, consistency,
correctness, symmetry, auditability, etc.

— By-model feature: classes, attributes, methods,
affiliations, etc.

— By BMDS system features: types (all the
sensors?) components (all the parts of Aegis?),
operational threads (full kill chain?), etc.

 Execute developmental QA and support
formal IV&V

* Incidental feedback-upon-exposure ... what
your friends wouldn’t tell you!



BMDS Conceptual Model
- Evaluation Criteria -

e Scope

e Detall

e Consistency

« Completeness

o Auditability

o Authoritativeness
e Correctness



BMDS Conceptual Model
- Scope -

Scope — [of a conceptual model] the breadth of the
domain of the referent (or alternatively the range of
representation of the model) The span of that which is
represented at any given level of detail

Scope is a matter of bounding the universe of
discourse

e.g. the scope of the BMDS conceptual model includes
not only the BMDS itself (the system), but also its
related threats, defended assets, and operational
(natural and man-made) environments

Scope is specific and evaluable ... adequacy criterion
IS (obviously) contingent on intended use ... therefore
relevant to VV&A



MDNTS

BMDS Block 06 Integration

Block 06
Added Capability

Mid Course Segment

Boost Segment Terminal Segment

DISN/IBS (SIPRNET/SATCOM
JTIDS Range Extension
JDN LINK 16

Sea Based
BMDS Radar Cobra XBR

I Dane /
UEWRs /

SPY-1B(V) SRS TPS-X

BLK04 Sensor

EMD MPQ-53,65

HALE Radar

DSP-ALL AT JIS w EO/IR GMD

BMC2 (ICC/ECS

AWS /ALl 3.0
|

- I T BMDSC2BMC— L |
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BMDS Conceptual Model
- Scope -

Example illustrations of conceptual
model scope include:

« BMDS in Operational Context
 Operational Segments

e Segment / Element Composites
e Other Scoping Dimensions



BMDS Conceptual Model - Scope
BMDS in Operational Context-

BMDS +defend against Mitigation +be mitigatedby = Threat
(from Object Taxonomy)—— ‘ (from Object Taxonomy)
T~ ) //// +attack
+protect T~ \ -
Environment
(from Object Taxonomy)
Protect Attack
+be protect by +be attacked by

Defended Asset
(from Inferred from MDA Link "The Ballistic Missile Defense System")




BMDS Conceptual Model - Scope
Operational Segments

BMDS
(from Object Taxonomy)
VDS Boot Segmem/ / \\ BMDS Terminal Segment
BMDS Sensors BMDS Midcourse Segment

Battle Management/Command, Control and Communications (BM/C3) System




BMDS Conceptual Model - Scope
Segment / Element Composites

LA BMDS Terminal Segment LA

Theater High Area Air Defense System (THAAD)

Patriot Advanced Capability 3 (PAC-3) System

Medium Extended Air Defense System (MEADS)

Arrow Weapon System (AW S)

Naw Area Defense System

Sea-Based Terminal System




Other Scoping Dimensions

PROGRAMMATIC

BMD Program

Development

Capability

+develops

ENGAGEMENT

REGIME

Flight Phase

—

Boost Phase
(from Imported Inferred from Kadish March 7 2002)

BASING OPTIONS

+is developed by

4& /L\\\\\\\\\\

Midcourse Phase

(from Imported Inferred lom Kadish March 7 2002)

Platform Basing

(from Imported, Inferred from MDALinKk)

Land-Based Platform

Terminal Phase
(from Imported Inferrel

d from

Space-Based Platforms
(from Imported, Inferred from MDA Link)

Sea-Based Platforms

Air-Based Platforms

(from Imported, Inferred from MDALIink)| (from Imported, Inferred fom MDA LI

nk)




BMDS Conceptual Model
- Detall -

Detail — [of a conceptual model] the fineness or
precision with which the model is expressed The
degree of modularity of that which is represented at
any given scope

Detail is commensurate with the cardinality of partition
of any of the dimensions of the manifold in which the
model lies — related to explicitness, precision,
complexity and to Shannon information metrics

e.g. how many (class types, classes, objects,
attributes, operations, operational steps, relationships,
views, etc.) the model comprises

Detall is specific and evaluable ... adequacy criterion is
(obviously) contingent on intended use ... therefore
relevant to VV&A



BMDS Conceptual Model - Detalil

Threat Missile

Sensor generic

& Waveband
IFOV
| ®FOR
| ®Search Mode
Taep _sCup”| cs i \ SH, H Ss:1 ss
1= | - &Framerate
Ta sc cs /OF Pq‘& “,\ AL HA SS. ss Q}Sensitivjty
No-D sc cs /bl# PRI = SH ss ss ®Track Accuracy
\ & Apeture
BMDS C2BME H || St ss_||_ss_ &Modulation
“*Monitor Situation & Environment() sA ‘ &h 3s
:Perfqrm Deliberate & Dyngmi'c Planning() ‘\‘ ‘Search()
Provide msg/data Transmission() ‘\ e & .
*Monitor Comm Paths() TR ACCIUIFG()
%Ctrl & Monitor BMD ops() "Track()
%Ctrl BMD Execution() SS S S
®Precision Cue() Dlscrlmlnate()
*Develop/Coordinate/Implement Comm Paths() "Detecto
*Assign Elements() ‘A Kill
®|dentify BMDS Comm Requirements() SSESS Kl 0
®Summarize Engagement Assessments() 1.'|||umir|ate()

*Provide Comm Ctrl & Mgmt()




More Detall ? (GMD Comms)

Seaba UBWR Cobra
e “Perform Surveilance()
“Perfom Surveillnce() Perform Surveilance() Perform S,
Perfom Tracking() *perform Tracking() Perform Tracking() -
#Assess Engagenent() “Assess Engagement() *Assess Engagement()
Perform Surveilance()

*Provide msgldata Transmission() Perform Tracking()
"onitor Situation & Environment()

E=N |

Engageme

Resource

i——h| \
S .

= e Caune
[ ] [

JTAGSIME

*Provide msgidata Transmission()
Monitor Situation & Environment()

#perform Deberate & Dynamic Panning()

Gromd | I Gromd 1 | —
] Baema |
*Provide msg/data Transmission()
I B
I
Tk 16
Serovide msgidata Transr
o Provide msgidaa Transmisson
onitar Comen Pt |
SProukde mgdata Transnission)
*Provide Comm Ctrl & Mgme()
Ergagene ]

1

L ABL

[ TS e
‘ *Perform Tracking()

*Provide msgldat

STADILY

Provide msgidata Transmssion()

™
A A oz Tas) s
i —1
Smovis mestata Tansmsind i
et Suctoce( || eetom Srvetaree) “Fre gt Tarshosent
St Tacksd || eetom Tacina) i S
*Assess Engagement() *Assess Engagement() /
Trk
ez
weotom suveterce)
— e
ETR—— o Fop—— e

BMC2 Tasks()
“Provide msg/data Transmission()
¥Assess Engagement()

ANSP

Sperform Sunveilance()
*perform Trackng()
*Assess Engagement()

“Perform Surveilance()
*perform Tracking()
¥Assess Engagement()

PACS

AEg

*Engage Threat()

*Engage Threat()

—] Voce [ FA



BMDS Conceptual Model
- Consistency -

o Similarity of representation of
comparable entities, e.g.:

— Patriot and THAAD systems
composition

— Sensor operations— detect, acquire,
track, discriminate, etc.

— Views provided for alternative elements

— Use of denotative terminology —
‘sensor’, ‘track algorithm’, ‘interceptor’,
‘launcher’

* Freedom from logical contradiction



BMDS Conceptual Model
- Completeness -

 Exhaustion of:
— Referent Scope (at given detail)
— Referent Detail (for given scope)
— Representational Schema Views

AND.

o Sufficiency In scope and detail for
Intended use



BMDS Conceptual Model
- Auditability / Authoritativeness -

Class Specification for BMDS

o Traceable from Felations | Companents | Mested I Files I B

General | Detail | Dperations | Aftributes

recognized source
based on explicit Tpe  [Coss H
model annotation Sereonpe: | i

— Expon Control

Y ReCO g n i Zed SO u rC e & Public € Frotected C Frivate. O Irmplementation

Documentation:

|S aUth @) r|tat|ve 1. Directfram pg 3, Kadish, 7 March 2002 =

2. Inferred from "missile defense system” pog 1. MDA Link }
fwenewy ac.osd milfbmdofamdolink/html/systerm html), 18 Now 2002

based on pOIICy, 3. Direct from pg 2, MDA Link

fwennwe asd osd milfbmdofbmdolink/html/miderse html), 18 Mo

practice, or
declaration v
=

0] I Cancel Al Etowse W | Help |

Farent  Object




BMDS Conceptual Model
- Correctness -

e Conformance to authoritative
documentation

* Freedom from logical inconsistencies,
e.g.:

Circularity-of-inclusion inhibition

A B A results from theory-of-types and
/ " \ Transitivity-of-specialization
: T i enforcement... error trapped by
T T CASE Tool
B C C

eror |

Circular generalization: can't generalize from & subclass
]




Encapsulation / Configuration
Management

1 1
Logical View Use Case View
Kill Chain Object Function to Object
Context Analysis Taxonomy Allocation
I | v | v lv |
Event Trace Function o :
. . Capability Object System
(Kill Chain 1) Taxonomy Build View Relationships Element View "-.‘_
| v | v :.-": | i |
Function Function Object Object Specificatioh
Composition Specification Composition Relationships
Dnlnfinnchipc Dnlnfinnchipc Dnlnfinnchipc ‘‘‘‘‘‘‘‘‘‘
:: ............................
Object ID |
Workfile
| v v | v v | v | v
Import, Inferred Imported, Inferred Imported, Inferred Imported, Inferred Imported, Inferred Imported, Inferred
from Kill Chain from Web Sources from Kadish from MDA Link from Missile from Block 04
Madal Mareh—+7-2002 Defense Fact Sheet Inmgrm‘inn thmg\]/

TVToUTT [=\~A~Z =



Use Case Diagram(s)

()
\__/
<> Manufacturer ()
| _Development P rojucnon Operation /K
\\\\\fs////‘\ 445////
Developer ( ) Operator
.
=7 )
N 7 o
X PN
Maintainer

User



System-of-Systems Perspective
- Block -

Block as Build, versus

Block
Block as Capability
Block 2004 Block 2006
Block 2004
Block 04 Weapon ] ?  Block 04 C2BMC

Block 04 Sensor




Context
- Defended Assets -

+have Defended Asset

National Entities
(from Inferred from MDA Link "The Ball

Allies United States /

| Forces Territory

Friends




BMDS Conceptual Model
- Terminology Overloading -

OPERATIONS

Engagement Regime

ARCHITECTURE

BMDS

!

BMDS Element
(from Object ID W orkfile)

\ —

v
—
<
_— }
) ]
</
]
[

| Terminal Phase

(from Object Taxonomy) PROG RAMMATICS

Boost Phase

Midcourse Phase

MDA Program Segment

—_—
—
~_
~
~__
~__
~_

Configuration BMDS Segment

Midcourse Deﬁense Seg ment.| Sensor Segment

|

Terminal Defense Segment

[

Boost Defense Segment | | Technology Segment

Layered Defense




Multiple Inheritance
- Threat Taxonomy -

Threat
(from Object Taxonomy)

/
A
[

Threat Missile
(from Imported, Inferred from Web Sources)

+carrEes
+is carried by
Payload @

_— T~
_— ~—

-
_—

~_

_— T~
_— ~
Nuclear Warheads Biological Warheads Chemical Warheads
(from Imported, Inferred from Web Sources) (from Imported, Inferred from Web Sources) (from Imported, Inferred from Web Sources)

Nuclear Weapon@ Biological Weapon Chemical Weapon

T =

- =

— _—

Weapons of Mass Destruction




Element Perspective
- Patriot Composition -

PAC-2

*Engage Threat()

PAC-3

*Engage Threat()

AN/MP

*Perform Tracking()

®Perform Surveillance()

®Assess Engagement()

PATRIOT

PAC-2 Launcher

AN/MP

%Perform Tracking()

T\

PAC-3 Launcher

TCS/AMDWS

*Provide Planning/C2()

PATRIOT BMC2

Link 16

%perform Surveillance()

Link 11

*Provide msg/data Transmission()

*Assess Engagement()




Element Perspective
- GMD Composition -

“*Perform Surveillance()
“®Perform Tracking()
®Assess Engagement()

External Systeminterface

*Perform Surveilance()
*Perf orm Tracking()
*Assess Engagement()

®Monior Comm Paths()

*®provide msg/data Transmission()

Command Launch Equipment

Ground-Based Interceptor

®Engage Threat()

/
T

Ground-Based Interceptor B

\

\
\

Ground-Based Interceptor A

GMD
K>
Cobra Dane = K
\
\
\
\
\
\
|
Sea-Based XBR (SBX) “
\
\
\
\
\
\
\
\
|
|
|
|
DT \
|
|
\
*Provide msg/data Transmission() “
*Provide Comm Ctrl & Mgmt() \‘
|
\
UEWR GBMC3

*perform Surveillance()
*pPerform Tracking()
*Assess Engagement()

*Provide msg/data Transmission()
*Montor Situation & Environment()
*Qir1 & Monitor GMD ops()

*Perf orm Delberate & Dynamic Planning()

|

GMD Communications Netw ork

GBMC2

*Provide msg/data Transmission()




‘Classification’ of
BMDS Functions / Processes

Function Base

Track — - ﬁ T~ Assess Kill

Engage

Assign Weapon

.

- 7 ) RS ~__
// \ \\\
- \\ \\\
Associate Track/ Correlation \ T~
\\ Update Track Amplifying Data

\ Develop IPP/LPE

Identify Classify

... pending identification and allocation of
entity class ‘operations’ and object ‘methods’



‘Classification’ of
BMDS Operational Data

BMDS Operational Data
(from Object ID Workfile)

Tactical Situation Data Surveillance Data | Features Dat\g Identification Data
(from Object ID Workfile) (from Object /D Workfile) / (from ObjectID Workfile)

/
| *
/
/ *
/
/

BM De_tection Data_ Track Data Discrimination Data ‘Threat Engagement Data’
(from Object ID Workfile) (from Object ID Workfile) (from Object ID Workfile)




‘Classification’ of

BMDS Operational Data

Track Data
(from Object ID Workfile)

Track Velocitry Data
(from Object ID Workfile)

Track Position Data
(from Object ID Workfile)

Track RV Type Data

Track Covariance Data
(from Object ID WorKile)

73 hiaet DA rkfile)
(oM~ Opject D VWOTKITe)

Track Sigma Data |

(from Object ID Workfile)

(from Object ID Workfile)

Track Missile System Data

KV Intercept Guidance Data

¥

KV Search Data
(from Object ID WorkKile)

KV A cquisition Data
(from Object ID Workfile)

KV Aimpoint Selection Data
(from Object ID Workfile)

KV maneuver command CDataNew Class6
(from Object ID Workfile)

KV Intercept Point Estimation Data
(from Object ID Workfile)




BMDS Conceptual Model Behavior
Diagrams

e Statechart Diagrams

e Activity Diagram

* Interaction Diagram

e Sequence Diagram

e Collaboration Diagrams



Scenario Perspective

Seguence Diagrams for ‘Kill Chain’

BMDS

Threat

Environment

Defended Asset

BMDS Surweillandce Asset :

BMDS Tracking Asset :

BMDS Surveilance Assets

BMDS Tracking Assets

BMDS Weapon Assignment
Asset: BMDS Weapon

BMDS Engagement Asset :

BMDS Kill Assessment Asset :

BMDS Engagement Assets

BMDS Kill Assessment Assets

Sensor Planner

Search Volume

Sensor Search

BM Detiection and

and poisitioner

Computer

Mechagnism

Display Mechanism

BMDS Sensor Plot

BMDS Hit-to-Track BMD

Collection Asset

S Processor Asset

BMDS ABT-BM
Discrimination Asset

BMDS Data

Filter Asset

Plots

|
N

| Internal Track

|
|
|

|
|
|
/LH BM Data
|
|

|
|
|
|




Implementation Diagrams

« Component Diagram
 Deployment Diagram

...to be differed till need iIs
manifest



Lessons-Learned
- Observations / Issues / Opportunities -

e Collaboration among modeling
community Is effective and efficient

 Practice is converging ... thought
there are a variety of discretionary
choices wrt practice, documentation,

etc.

 Authoritative data management
reguires attention






DISCUSSION

What will it take to establish ‘best-
practice’ in conceptual modeling for
the M&S community-of-practice

What role should SCS play In
establishing such best-practice

What will you do?
ACTION?
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