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Motivation — Increasing System Cost & Complexity

Creating the Next

“In the year 2054, the entire defense budget
will purchase just one aircraft.

This aircraft will have to be shared by the
Air Force and Navy 3-1/2 days each per
week except for leap year, when it will be
made available to the Marines for the extra
day.”

F/A-18 A-D \ PRESENT DAY

Norman R Augustine,
Former Chairman/CEQ, Lockheed Martin - 1984
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Open vs. Closed Systems

Creating the Next

* Modular Open Systems
Approach (MOSA)

* Both a business and technical
strategy
 Defines key interfaces
» Uses consensus-based

standards
« MOSA is not necessarily an “all
or nothing approach” and the Proprietary | Android™
degree of openness can vary _[ S N— S———
based on the mOdU|ar|ty Of the Software Custom Middleware Custom Middleware | Custom Middleware
d eSIg n ] Custom OS Custom OS Semi-Custom OS

Hardware Custom Hardware Custom Hardware Open Hardware
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Implementing MOSA Using a Common Architecture

Creating the Next

Example of a Common Architecture

\ ( System Architecture (SA)
xtensions

Reference Architecture
RA|

Objective Architecture e

Baseline or Core Capability Mission specific e:

Derived/
Refined/
Extended
from and
traceable
to the OA

Tailoring/
Selection/
Refinement

muum‘
a-nluui-u—--:l

Business Context
(refinement of Data Rights Reuse/
Commonaity Acquaibion Strategy)

10
| ‘Stakeholder Context I
(Operational Model for included ‘Stakeholder Context
Common applied as ﬂ%"w

Common to all FoS baseline to extend all FoS - -
platforms/missions covered by platforms/missions covered by Specific to single platform and

the desired CDD/Reqts (PDR the desired CDD/Reqts (PDR its allocated missions covered by
level of detail) level of detail) the desired COD/Reqts (COR
level of detail)

K&:ﬂback Mechany Kﬁedback Mechanism

Joint Multi-Role Technology Demonstrator (JMR TD)Mission Systems Architecture Demonstration (MSAD) Capstone Demonstration Overarching Broad Agency Agreement (BAA), 2018
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Functional Reference Architecture (FRA)

* Intended to be used as a . . - el
template Example Navigate Functional Activity o

* Objective Architectures: Aid P _\
in defining functionality for a st [actiy] avigate ) Naiae | e o
family of systems ‘ e
b System ArChiteCtureS: "\Jt ImageCredit.: Naval Technolog
Specific to a single platform :Generate HC-130
and its allocated missions fraelPan, 1 ool o

. . : Current Vehicle State " J
* Provides consistent, full — — B
coverage of the system
functionality _ N

: Execute

- System and implementation S Rt Sgret -———1—> oo Comnuncs | [
agnostic |

* Result is generic and B S Hrremeearcs
reusable functions A

m i 2 Obstackes -
« Forms the basis for - Sensed Obstacke State = L 7 .

severable modules ' —

: Desired Vehicle State ;'

Future Vertical Lift
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Example FRA

* Joint Common Architecture (US Army Example Future Vertical Lift Concepts
Research, Development, and —
. . AVX Future Vertical Lift FOS Concepts
Engineering Command) _ % iy,

* Intended to define Reusable Software
Components that reside on the mission
computers of the Future Vertical Lift (FVL)

fleet E
» Government-owned, implementation, and <
technology-independent conceptual -

framework

* Provides a conceptual description of a set of
generic avionics subsystems

* Also provides a functionally decomposed ,@ o o G4 | .
mission computing subsystem comprising a Image Credit: AVX Aircrd
functional model and a semantic data model

Wigginton, Scott A., Joint Common Architecture Demonstration (JCA Demo) Final Report. TECHNICAL REPORT RDMR-AD-16-01. U.S. Army Research, Development, and
Engineering Command, July 2016.

Light/Madium Twin, 16,7005
[DGW, 44 Fi Diamater Rotor,
2010 B Payload
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Functional Architecture for STrategic Reuse — FASTR

FASTR

| System Design Analysis l System
Implementation

* FASTRis a Sys.tematic app!’oach \ Mission Context Analysis |
for developing implementation- =

agnostic functional FASTR Library

it |  Architecture Analysis | (includes specs) e
decompOSItlonS e - Partitioning and

allocating FASTR Library
to system elements
+ Defining Interface &
Physical Data elements
 Tradespace evaluation

System De5|gn
FASTR Process e :

* Approach works even in the
absence of formal requirements

. Inclgdes Model Based Systems D l -
Engineering decomposition and - ;

- P - =] ‘ _RFPS for fun_ction
recomposition processes and ——— pfestens
tools ‘ - E= function specs ——
el ll=cd _ - Product Line
i i : = ! " =
SUppOftS the creation of a FRA FASTR Architecturel L&A Re-used OA
and seve rable mOd UleS to " L Vendor-supplied function Implementation
F implementationsin an
Su pport M OSA - ‘W ' 35 - open standard (e.g.
-y /_j_ > ; ® FACE, OMS, HOST) ‘.
INCOSE SYMPOSIUM PAPER: Brimhall, E., Wise, R., Simko, R., Huggins, J. and Matteson, W. (2016), A Systematic Process for Functional Decomposition in the Absence of Formal A .
Requirements. INCOSE International Symposium, 26: 1204-1218. doi:10.1002/j.2334-5837.2016.00221.x
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Defining Severable Modules

Creating the Next

<<Mission>>

Steps to Defining Severable Modules:

| 1. Decompose Mission Threads to lower-level
S o S tasks and functions

<<FASTRFunction>> <<MissionTask>>
fastrUID = 289
Relay communications | |

<<MissionTask>> ‘

| Rescue

< <FASTRFunction>>
fastrUID = 299 Locate

J I ]

2. ldentify common tasks/functions

<<MissionTask>> <<MissionTask>> <<MissionTask>> <<MissionTask>> <<MissionTask>>
fastrUID = 314 fastrUID = 310 fastrUID = 315 fastrUID = 313 fastrUID = 311
Determine Location of Determine Determine Message from D i i P C: i _
nel Actionable Location of Isolated Personnel <
<<SystemFunction>> <<MissionTask>> <<SystemFunction>>
fastrUID = SF-71 Determine frequencies fastrUID = SF-73
Receive from to monitor Manage Offboard
Offboard Systems Communication Subsystems
<<Mission>>
fastrUID = 266 Conduct Warfare 4
[11 : L]
| Operate Comms. Equipment” appears
| | | in both mission threads
<<FASTRFunction>> <<FASTRFunction>> <<FASTRFunction>> <<FASTRFunction>> <<FASTRFunction>> \_
fastrUID = 372 fastrUID = 286 fastrUID = 268 fastrUID = 281 fastrUID = 273
Detect External Track External Prioritize External Neutralize External Classify External
Object | Object Object Object Object
<<FASTRFunction>> | <<FASTRFunction>> <<FASTRFunction>>
fastrUID = 280 fastrUID = 277 fastrUID = 279

Execute Neutralization

Determine jon| | Send Object Status

A"\

‘ <<MissionTask>>

fastrUID = 311 Operate
Communication Equipment

s

‘ 1 <<SystemFunction>> <<MissionTask>> <<SystemFunction>> - e
fastrUID = SF-71 Receive from Offboard Systems Determine frequencies to monitor | fastrUID = SF-73 ge Offboard C: ication I Glc =

D
. Cl Cl U =



Defining Severable Modules

Creating the Next

<<MissionTask>> - = .
fastrUID = 311 Steps to Defining Severable Modules:

Operate Communication
Equipment

3. Define a portable Software/Hardware Product
* Meets the data requirements
HC-130 « Can be reused for different platforms instead of re-
implemented

-image Credit: Naval Technology: .. = = Image Credit: By Paul D. Charron

Image Credit: Naval Technology
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Severable Modules Enable Functional Reuse

Creating the Next

Functional Decomposition Functional Reuse

&) ey
®e
e

w ! ; -
LG A
3 0
4 4
g
a8
@®

Result of this process: develop a common function Integration of functions into systems to meet
library that is system and implementation agnostic design requirements
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Measuring the Openness of a FRA

Creating the Next

* The “Openness” of a FRA must be assessed

* 1) How well does the FRA supports the development of severable modules?
» Quantitatively assess the level of modularity that can be achieved using the resulting
functional decomposition
« 2) What is the quality of the FRA in terms of the following?
» Consistency and completeness of the function definitions and data elements
» Are the functions specified to the correct level of abstraction?
* Etc.

A FRA was developed using FASTR for Aviate, Navigate, Communicate (ANC)
aircraft functions — FASTR ANC FRA

® |

A FRA is an integral part of implementing MOSA, thus, it is crucial to develop metrics to
assess how well the FRA supports an open approach.
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1) Modularization Scoring

Creating the Next

M
SCOT'e — z Eint B 'BEext Function 0

nn—1)
m=1
Function 1
A
A
Function 2 lecﬁous :

Genetic Algorithm-derived Genetic Algorithm-derived
modularization scheme with low cost modularization scheme with high
penalty for external module-to-module cost penalty for external module-to-

connections module connections

Tech |/ Institute
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2) Function Inputs/Outputs

Creating the Next

Functions without Inputs : Function
Description: Functions that do not have any inputs. without Input
Justification: If there's no input, the function is generating something from nothing.

Functions without Outputs : Function
Description: Functions that do not have any outputs. without Output

Justification: If there's no output, there's no need for the function.
Functions without Inputs or Outputs

Description: Functions that have neither inputs nor outputs. wi{:;?ﬁ,:gzts
Justification: If there's no input, the function is generating something from nothing. or Outputs
If there's no output, there's no need for the function.
Functions with Inputs that Match Outputs
Description: Functions with either no 1/0 at least one input that _ : Function with
matches at least one output. ! Inputs that

Justification: Functions transform inputs into outputs. o pats

If there's no transformation, there's no need for the function.
Functions without Modeled Inputs or Outputs

4 5 t
Description: Functions with either no 1/0 or I/O as text or graphically depicted but no wl:t?:)::n
modeled relationship between the functions and the data. Note that this ' m"gr
is NOT the same as functions that use data elements not data modeled. o‘:,tpu.,

Justification: If the inputs or outputs aren't modeled, there's no point of modeling the function.
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2) Function Names

Creating the Next

Metrics to Minimize

Function without a nam Functions Not Named
Jru ion without a name. Description: Functions with a blank name or a

: 1 meaningless placeholder name.
Justification: Function names help humans and
analysis software understand the main intent of a

function.

Function name not Functions Names Not Beginning with Verb
E— iy . Description: Functions with names that do not begin
. -— ' v
: Mission beginning with a verb. with a verb.
Status ' Justification: Functions transform inputs into outputs
by doing something; a verb helps capture what the
function is doing to accomplish that.

- Functions Names Not Containing an Object
Function name not Description: Functions with names that do not contain

: Allocate - containing an an object.
object. Justification: If it's unclear what the verb is acting

upon, the name is insufficient for communicating what
a function does.

& Visualization
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2) Function Documentation

Creating the Next

X

LT Specification of Call Behavior Action <=
Specification of documentation and hyperlinks [
Write documentation for the selected Call Behavior Action and assign hyperlinks. The hyperlink can direct the user to a model element, web
page, or file.
A

2 Documentation/ Hyperlinks

LIHmM. Function not
ot documented.

Pins

Inner Elements

Relations /
Tags
Constraints

Traceability

Allocations
E Metrics to Minimize

Functions Not Documented

Description: Functions without descriptions.
Justification: Functions without descriptions

are missing an important way to convey their

functionality to humans and analysis

software.

Active Hyperlink

Close Back Eorward Help
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2) Non-connected Functions

Creating the Next
F : Nonconnected

Function

'-.%.. j
Metrics to Minimize
| Non-connected Functions
Description: Functions that do not connect to

any other functions via data flow (i.e., the
inputs and the outputs are not used by other
functions)

Justification: Modular functions are intended
to connect to each other to serve a purpose.
Functions that cannot connect to others are
limited in their usefulness.

& Visualization
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2) Distinct Function Networks

Metrics to Minimize

Distinct Networks of Atomic Functions
Description: Number of separate networks formed by
input/output connections between atomic functions.
Justification: If there's no behavior path that can connect
specific functions, there could be a gap in functionality.

Creating the Next
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2) Data Elements Not Documented

Data Element : X .
Not Documented Function that
. Uses Data
: X 8 Specification of Class X % Element Not
Documented

Specification of documentation and hyperfinks
—

% Write documentation for the selected Class and assign hyperlinks. The hyperlink can direct the user to a model element, web page, or file,
Documentation/Hyperfinks
g Metrics to Minimi

etrics to ivinimize

Data Elements Not Documented
Description: Data elements that do not have

B pt
P descriptions.
: Justification: Descriptions are important for

Relations

communicating the purpose/content of a data element.

ces
o [B] Traceability
- [B] Allocations

Functions that Use Data Elements Not Documented
Description: Functions that use the data elements that
do not have descriptions.

Justification: Descriptions are important for
communicating the purpose/content of a data element.

Close

Georgia [01 Research

Sensor Intelligence ;
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2) Data Elements Not Data Modeled

<<Associationz>
Drivetraininstallation

Uniyyeldentifier: Uniqueldentifier

Installed

<<Entity>>
Drivetrain

Mode: Mode
Power: Power

Uniqueldentifier: Uniqueldentifier

Powertrain

<<Entity>>

Creating the Next

Function that
Uses Data
Element Not

<<Enth Transmission
E;Ji‘:iif:gﬁzﬁ“ﬁi? | e Modeled
OperationalState: Opj
In:
I Cata Hement Mot =
<<Associatig
e I Ll Metrics to Minimize
ged
A Data Elements Not Modeled
/ Description: Data elements that are not data modeled
o et [ : (Sroundvehicle | oo imgsystemintatation using some formal language.
Uniqueldentifer: Unidheret - — nigpelde nffier Unigyeldentiter Justification: Formal data modeling reduces ambiguity of
Installed Groundvehicle installed interpretation and allows automated analysis.
<<Entity>> <<Association>> <<Entity>>

BrakingSystem

Force: Force

Uniqueldentifier: Uniqueldentifier

GroundVehicleAdjustment
Uniqueldentifier: Uniqueldentifier

SteeringSystem

Unigueldentifier: Uniqueldentifier

\}-‘mgle: Angle

Command

<<Entity>>
Command

Angle: Angle
Force: Force
Mode: Mode

Uniqueldentifier: Uniqueldentifier

Functions that Use Data Elements Not Data Modeled
Description: Functions that use data elements that are
not data modeled using some formal language.
Justification: Formal data modeling reduces ambiguity of
interpretation and allows automated analysis.

Sensor Intelligence
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2) Over-specified Data

Creating the Next

l_ Data Elements Beyond Conceptual Level (Over-specified)
Data Fast the Description: Data elements that use non-conceptual
Conceptual Level concepts such as a frame of reference or units.
7 . Justification: Over-specifying data elements makes them
; PhysicalDataSet less portable/modular.

:::;"frim:'gféit"ﬁ.:g Functions that Use Data Elements Beyond Conceptual Level

(Over-specified)
Description: Functions that use data elements that are non-

1.7 { boundaryConditions 1" +regions Conceptual
<< abstract > > Region Justification: Over-specifying data elements makes their
BoundaryCondition ~name:identification associated functions less portable/modular.
-name:{denufication —conductivity: DataFloat
1.*4support  1." +support E
[ SalomeRet Function that
Uses Data Past
the Conceptual
Isotherm Adiabatic l Level

~ternperature:DataFloat

Sensor Intelligence Georgia [01 Research
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Metrics for FASTR ANC FRA

Creating the Next

Metric

Total Functions

Functions without Inputs
Functions without Outputs
Functions without Inputs or
Outputs

Functions with Inputs that
Match Outputs

Functions without Modeled
Inputs or Outputs
Nonconnected Functions
Functions Not Documented
Functions Not Named
Functions Names Not
Beginning with Verb
Functions Names Not
Containing an Object

Total
100
1
1

1

—
S OoOo -~

Percent

1%
1%

1%
1%
1%
16%
0%
0%
0%

3%

Metric

Total Atomic Functions
Atomic Functions without
Inputs

Atomic Functions without
Outputs

Atomic Functions without
Inputs or Outputs
Functions with Inputs that
Match Outputs

Atomic Functions without
Modeled Inputs or Outputs
Atomic Nonconnected
Functions

Atomic Functions Not
Documented

Functions Not Named
Atomic Functions Names Not
Beginning with Verb
Atomic Functions Names Not
Containing an Object
Distinct Function Graphs of
Atomic Behavior

Total

70

0

14

(N e]

Percent

0%

0%

0%

0%

0%

20%

0%
0%

0%

0%

13%

Metric

Total Data Elements

Data Elements Not
Documented

Functions that Use Data
Elements Not Documented
Atomic Functions that Use
Data Elements Not
Documented

Data Elements Not Modeled
Functions that Use Data
Elements Not Data Modeled
Atomic Functions that Use
Data Elements Not Data
Modeled

Data Elements Beyond
Conceptual Level
(Overspecified)

Atomic Functions that Use
Data Elements Beyond
Conceptual Level

Total
128

0

31

13

Percent

0%

0%

0%

1%

31%

19%

0%

0%

Sensor Intelligence
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Tool Development

Creating the Next

* FRAs can include hundreds of functions and data elements
* ARC tool developed to aid in the analysis of FRAs — Graph Based Analysis Approach

» Thorough analysis of FRA Openness can transform FRAs from templates to true analytical
tools.

Distinct Networks of
Atomic Functions

- Al - ]
mEom

Comparing the Connectedness of Different FRAs
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Summary

» System complexity and cost continues to increase at a rapid pace to mee

desired capability needs

* A Modular Open Systems Approach (MOSA) is necessary to combat this
negative trend

* The degree of Openness can vary based on the modularity of the design,
and Functional Reference Architectures form the basis for severable
modules

« Two approaches and corresponding metrics presented to assess how well a
FRA supports Openness
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Thank You!

Creating the Next
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