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Presentation outline
e Studying military M&S standards

=  Motivation
= Methodology
= Categories and attributes

o Survey of military M&S standards
Distributed simulation interoperability
= Live training
=  Object modeling
= Conceptual modeling
=  Synthetic environment
=  Simulation development

e Concluding remarks
= Preliminary findings
= Open questions
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Studying military M&S standards
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Motivation

e Overall project research questions
« What M&S standards exist?
= How effective are existing standards?
= How do governance processes affect their effectiveness?
= How should current and future standards be governed?

e Military M&S standards
= Standards as “data”: information about standards
may help answer project’s research questions
= Military M&S standards important and well-documented



UAHuntsville Technical Characteristics and Governance Processes in Military M&S Standards 5/36

Methodology

e Process
= |dentify military M&S standards
= |dentify attributes of standards to examine
= Collect information regarding standards
= Analyze to determine correlation between governance
and effectiveness

e Comments
= “Standard” understood broadly
= List of attributes evolving
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Categories

e Distributed simulation e Conceptual modeling

- SIMNET - UML
- ALSP = DoDAF
- DIS e Synthetic environment
= HLA = SEDRIS
= TENA e Simulation development
e Live training - FEDEP
= MILES = DSEEP
= CTIA = VV&A Overlay
e Object model - VV&A RPG
- RPR FOM e Enumerations
« Base Object Models = DIS Enumerations

Which standards should be added or deleted from this list?
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Attributes

Name; e.g., High Level Architecture

Status; i.e., pending, active, inactive

Category; e.g., distributed simulation

Year first “standardized”

Type; i.e., official (de jure), unofficial (de facto, proprietary)
Form; i.e., rec practice, tech specification, product line
Ubiquity; i.e., number of applications and users
Investment; i.e., total and annual support spending
Governance; i.e., standards body, management group
Governance formality; formality of process to change
Technical specificity; degree implementation prescribed
Utility; usefulness and effectiveness

Are these the right attributes to study standards?
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Name Domain Type Form Governance Year Status Tech_n_lc_al Governqnce
specificity | formality
pis | Distributed | e | Technical | Standards | 4994 | Agtive 3 5
simulation specification body
HLA | Distributed | e ooy | Technical | Standards | yg96 | Active 3 5
simulation specification body
L Architecture
TENA D_|str|bu.ted Unofficial Prqduct management | 1997 Active 4 3
simulation line
group
. Architecture
CTIA Live Unofficial FELE: management | 2001 Active 4 3
training line
group
RPRFOM | OPect | ooy | Technical | Standards | 1999 | Active 3 5
model specification body
. Architecture
Conceptual - Technical .
UML modeling Unofficial specification management | 1996 Active 2 3
group
SEDRIs | Synthetic | oo | Technical | Standards | 499, | Active 4 5
environment specification body
Dsgep | Simulation | e .., | Recommended |  Standards 2006 Pending o 5
development practice body
VV&A Simulation Official Recomm.ended Standards 2007 Active o 5
Overlay |development practice body




UAHuntsville Technical Characteristics and Governance Processes in Military M&S Standards 9/36

Survey of military M&S standards:
Distributed simulation interoperability
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Distributed simulation standard overview

SIMNET — >  TENA
Virtual; Virtual;
real-time; real-time; real tlme
entity level; entity level; entity level;
1980s 1990s 2000s

General purpose;
real- or logical-time;
ntity or aggregate level

ALSP 1990s

Constructive;
logical-time;
aggregate level;
1990s
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Overview: DIS

Real-time virtual distributed simulation
Simulations exchange standard-defined data
Standard defines message format, content, protocol
Network and protocol interface not part of standard

Network

Network and
Protocol Interface

Network and
Protocol Interface

Network and
Protocol Interface

Network and
Protocol Interface

Network and
Protocol Interface

|
Instructor/ |i| Instructor/ Brief/
Crew Crew | )
Station(s) Station(s) Operator | Operator Debrief
Station ! Station Station
Crewed Crewed SAF ! Exercise Exercise
simulator simulator ; control prep/review

SAF=Semi-Automated Forces
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Attributes: DIS

Name: Distributed Interactive Simulation
Domain: Distributed simulation

Type: Official

Form: Technical specification
Governance: Standards body (IEEE)
Year: 1990

Status: Active

Technical specificity: 3

Governance formality: 5

Utility: ?
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Overview: HLA

General purpose distributed simulation
Federates exchange federation-defined data
Standard defines interface services

RTI implementation not part of standard

\
Federate Federate Federate RTI
LR LR LR Executive

S @© S © s ®© S o > Federation
O® O ® O® c ®©
L0 L Qo I QO Q0O
@)
_
Network

RTI=Run-Time Infrastructure; LRC=Local RTI Component; FOM= Federation Object Model
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Attributes: HLA

Name: High Level Architecture
Domain: Distributed simulation
Type: Official

Form: Technical specification
Governance: Standards body (IEEE)
Year: 1996

Status: Active

Technical specificity: 3

Governance formality: 5

Utility: ?
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Overview: TENA

e Test and training range distributed simulation
e Applications exchange standard-defined data
e Standard includes middleware software

Constructive model Live radar or telemetry Hardware-in-the-loop

Execution monitor

— SSNEL R
Uéer Uéer Uéer Uéer Uéer
Application Application Application Application Application
TENA TENA TENA TENA TENA
Middleware Middleware Middleware Middleware Middleware

Network
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Attributes: TENA

Name: Test and Training Enabling Architecture
Domain: Distributed simulation

Type: Unofficial

Form: Product line

Governance: Architecture management group
Year: 1997

Status: Active

Technical specificity: 4

Governance formality: 3

Utility: ?
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Survey of military M&S standards:
Live training
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Overview: CTIA

e Live training
e Product-line software components and protocols
e Commonality promotes interoperability

LT2-FTS Operational View (OV) -1

U. S. Army PEO STRI U. S. Army RDECOM
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Attributes: CTIA

Name: Common Training Instrumentation Architecture
Domain: Live training

Type: Unofficial

Form: Product line

Governance: Architecture management group
Year: 2001

Status: Active

Technical specificity: 4

Governance formality: 3

Utility: ?
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Survey of military M&S standards:
Object modeling
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Overview: RPR FOM

e Entity-level HLA Object Model
e HLA “equivalent” to DIS PDU content
o Widely used and extended

| Hame ITIan:Im |Dﬂu|; I =1
= Objach
= - Syninetc Enwironmant

Flight Simulators Flight Robot Simulation Monitar ireetaosm o =

Radio Receives =) ]

o | = A - o

JSBSim % o E — Eminsions = ]

E E— E ™ Diwsignalos = a

] = L = Enly infarmation
FlightGear X-Plare I:.s Flllgt:: JESim-Py I B . E\.nt'.lﬁ State = o
imula Ao h Aggregate " | o
HLA 110 HLA 110 HLA 1O PyHLA PyHLA = Ware

Fire = o

l l l l Detanaion = a
Maﬁ H|_,|!|| 1.3 : I1- :l-u ﬂh.llj.l':'.ll'.- b

T T T T p— E] SISO RPR-FOM i ey
[”_] MITRE AviationSimet sttt - u
A i = =
SourceForge
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Attributes: RPR FOM

Name: Real-time Platform Reference FOM

Domain: Object modeling (in distributed simulation)
Type: Official

Form: Technical specification

Governance: Standards body (SISO)

Year: 1999

Status: Active

Technical specificity: 3

Governance formality: 5

Utility: ?
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Survey of military M&S standards:
Conceptual modeling
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Overview: UML

e Generalized diagrammatic “modeling language”

for software engineering
e Standard governed by Object Management Group
e Often used in M&S for conceptual modeling

class

Customer

name: String
phone: String

attributes

add (name, phone)

association

Reservation

date: Date

T

generalization

Subscription Series

series: Integer

0..1

constraint

|Individual Reservation

0.1

Ticket

available: Boolean

class-scope operation

1 | owner
role names
*

purchased

Show

name: String

1 | show
multiplicities <
1.*

performances

Performance

———

operations

sell (c: Customer)
exchange ()

p seat: String

date: Date
time: TimeOfDay

qualifier
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Attributes: UML

O
Governance formality: 3 w

Utility: ?

e Name: Unified Modeling Language

e Domain: Conceptual modeling

e Type: Unofficial

e Form: Technical specification

e Governance: Architecture management group

e Year: 1996

e Status: Active TE‘ZL‘:‘Eﬁ"JJIT‘.L‘J?‘
e Technical specificity: 2 i g
o

o

o 1 -_-'-L
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Survey of military M&S standards:
Synthetic environment
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Overview: SEDRIS

e Synthetic environment (terrain, ocean, air, space)
e Environmental data representation and interchange
o Software development kit available

Each creature card in your graveyar
8 has unearth 2%, (2% Rewwrn the card |
W 1o play. The ereatsre gains haste. Remove it |||
Jrom the game ar end of turn or {f 1t wouldd |
o feave play. Unearth only as a sorcery.) r

| He bids his minions vise from their praves o |
| their knees.

onner iy Tt N
.-"""-T,_a'u-' { i ..'.-.:ﬁ_.ll Lt ‘:

Wizards of the Coast
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Attributes: SEDRIS

e Name: Synthetic Environment Data Representation
and Interchange Specification

Domain: Synthetic environment

Type: Official

Form: Technical specification
Governance: Standards body (ISO/IEC)
Year: 2006

Status: Active

Technical specificity: 4

Governance formality: 5

Utility: ?
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Survey of military M&S standards:
Simulation development
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Overview: DSEEP

e Systems engineering process for developing
distributed simulation systems

e Evolved from earlier FEDEP

LA, TENA) neutral

Info on Authoritative
Available Existing  Damain

e Architecture (DIS, H

Existing
QOverall Domain

Plans Descriptions Resources Scenarios Inf

Define Simulation
Environment ObjectwesJ

1

Existing
Caonceptual

Models

Member

Application Supporting

Simulation Environment Test Criteria

formation Documentation Resources
Data Dictionary
Elements
Initial
Planning
Documents Existing /|| Muttiple Items:
Simulation Data Modified/New
Perform Conceptual W Scenario(s) Exchange Models / Member
Analysis ey
P J / Applications
Implemented
) ! Simulation
Design Simulation Sim Envirofment Development & Exstution Plan Fr;rvirmmem
i nfrastructure
Environment List of Selected (existing) Mémbers Y
3 J Simulation Data
Member & Sim E 5o Model
Environment Scenario
Conceptual Designs | Develop Simulation I
nstances
Model Environment
4 Supporting
Databases
Tested
Simulation
Plan, Integrate, & Test |Eqvironment
imulation Environment;
5
| Execution
Simulation Enviranment - -
Environment Descripiion Execute Simulation
Agreements Environment
& Prepare Outputs Derived
6 Outputs

Simulation Environment Reguirements

Objectives Statement

Analyze Data and
Evaluate Results
7

Final Lessons Reusable
Report Learned  Products
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Attributes: DSEEP

e Name: Distributed Simulation Engineering and
Execution Process

Domain: Simulation development

Type: Official

Form: Recommended practice

Governance: Standards body (IEEE)

Year: 2008 Ty
Status: Pending

Technical specificity: 2

Governance formality: 5

Utility: ?
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Concluding remarks
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Preliminary findings

o Methodological difficulties to date
= Observational bias; all standards studied “successful’
= Measurement ambiguity; measuring utility uncertain
= (Causation vs correlation; cause-and-effect unclear
= Confounding events; e.g., Kaminski HLA mandate

e Nevertheless, some observations
= Longevity and formality correlated
= Investment and utility correlated
= Technical inertia significant factor
= Purchase cost vs development cost weights disproportionate
= Significant overlaps among military M&S standards

What military M&S standards have not been successful?
How should the utility of a standard be measured?



UAHuntsville Technical Characteristics and Governance Processes in Military M&S Standards 34/36

Standards phase space, with data

5
>
=
o
= 4 oA SEDRIS
(&)
(D)
% DIS 1990 — > DIS 1993
Yoa HLA 1995 ——> HLA 2000
© RPR FOM
O
-
< 5 ML DSEEP
O VV&A
()]
I_

1

1 2 3 4 5

Governance formality

|s a standard’s trajectory over time significant?
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Open methodological questions

e Questions previously noted

= What standards should be added/deleted from the study?
- What standards attributes should be considered?

How should the utility of a standard be measured?

What military M&S standards have not been successful?

= |s a standard’s trajectory in phase space over time significant?
e Additional questions

=  Which of the attributes are the “independent variables”?

= Should successive generations of the same standard (e.g., HLA)
be considered separately or together?
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Final notes

e Further reading

A. E. Henninger, K. L. Morse, M. L. Loper, and R. D. Gibson, “Developing a Process for M&S
Standards Management within DoD”, Proceedings of the 2009 Interservice/Industry Training,
Simulation, and Education Conference, Orlando FL, November 30—December 3 2009. (Paper)

K. L. Morse, A. E. Henninger, and M. L. Loper, “Fundamentals of Standards”, Proceedings of the
2010 Interservice/Industry Training, Simulation, and Education Conference, Orlando FL,
November 29-December 2 2010. (Tutorial)

e Contributions, corrections, critiques, compliments
« Mikel D. Petty, Ph.D.
* UAHuntsville Center for Modeling, Simulation, and Analysis
= 256-824-4368, pettym@uah.edu

e Slides available: http://cmsa.uah.edu/?downloads
e Questions?
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Backup
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Special interest attributes

e Technical specificity
= Degree to which the standard defines or provides
content which is implementable or executable as written
= 5-point Likert scale: 5=compilable/executable code,
3=detailed technical specification, 1=descriptive text

e Governance formality
= Degree to which the process of setting and changing
the standard is controlled by formally prescribed processes
= 5-point Likert scale, 5=official standards body,
3=unofficial management group, 1=arbitrary
o Utility
« Usefulness, effectiveness, ubiquity of the standard

= Benefit (financial, social) of using the standard
= 5-point Likert scale: 5=7?, 3=7 1=?
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Special interest attributes Likert values

e Technical specificity
= 5=Universally used identical software (e.g., MS Word)
= 4=Compilable/executable code integrated with user code
3=Detailed technical specification
2=Mixture of technical specifications and descriptive text
1=Descriptive text

e Governance formality

= 5=Standard approved and controlled by official
standards body with formal procedures (e.g. IEEE or SISO)

« 4=Standard pending with official standards body

= 3=Standard controlled by unofficial management group,
with some procedures (e.g., HLA AMG or TENA AMT)
2=Unofficial management group with no procedures
1=Arbitrary control by organization or individual



