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Challenge:

How do we
Why translate this
How What ( into practical

’ |
5 Benefits\ MOSA

Approaches ConSiderationS

B heiablliny ; Modular Technical Design Approaches .
Modular Design - Design severable modules Incorporated
Tech Refresh ; » Define interfaces between modules
Defined Interfaces - Publish consensus-based standards .
+ Define, standardize & describe data models t t I ' |
» Standards Process In O Sys e S
Competition . .
Accessible Data Open System Business Approaches e ng I nee rl ng
p t - — » Use standards & specs for interfaces
nnovation pen Interfaces - Recognize the relevant technical community t' 't' t
» Acquire necessary data & IP rights aC IVI |eS a
z IP Rights
Cost Savings / n  mgn
B - each acquisition

Supporting the goals for MOSA implementation stage?
are methods, processes and tools which underpin the approach
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Enabling security has been identified as an added MOSA benefit
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Assumptions

« Implementation of modularity and open systems in a system
development or upgrade can provide particular benefits to each system
« To achieve these benefits for a system it is important to

— Understand the objectives and drivers for a new system or system
upgrade early and assess how modularity and open systems can be
used to achieve these objectives

— Address MOSA considerations at each stage in development as they
apply to the desired benefits for the particular system

« This needs to be done as an integral part of the systems engineering
for the system with relevant MOSA considerations in trades at each
stage of development

— AO0A, preferred solution, requirements, design, development and test

« ... and relevant MOSA considerations need to be reflected in
acquisition, systems engineering and test planning
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The Basic Concept

« To effectively implement modularity and open systems
through SE to achieve system objectives ....

— ldentify where MOSA can benefit the system as envisioned and
factor this into actions throughout the entire lifecycle

— Begin with assessing the objectives and drivers of the future
deployed system with a MOSA perspective at the earliest point
» Key points
— Tailor use of MOSA to the situation of the particular system

— Identify opportunities for MOSA benefits at the inception of the
system development

— Implement engineering follow-though at each stage to ensure
these MOSA benefits are explicitly addressed in the engineering
decisions as part of the systems engineering process

Develop a set of MOSA considerations and related questions

to be addressed at each stage of development
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MOSA Considerations
At Each Stage

Development

A= Milestone Decision

RFP
Materiel CDD Release
Development Valldauon Dec|;|on FRP loc FoC O: Decision Point
Decision : bl J
s 5o Materiel Technology Engineering & LRIP Production & Operations & Support
- £ .= 3 | Solution Maturation & Manufacturing Deployment
% 3 gg £ | Analysis Risk Reduction Development
£ FEEEl e
‘i 3 S §§ I Multiple Software Builds
W R N 00—
Integration OT&E Sustainment Di

T Rane Oy

Z%\ PCA \ \
v v/

Pre-MDD: What MSA: Does the TMRR: Are the factors to  EMDD:Does the P&D: Doesthe O&S:Howis

are the drivers for  preferredsolution  achieve desired MOSA detailed designand planinclude support of the

this system and provide opportunity  penefits included in developmental test continued system structured

how can MOSA to ﬁ_mploy MOSAto  acquisition strategy, SE incor ZOV ate MOSA review, testing  to take advantage

support these? achieve system Plan, and T&E strategy, considerations, to assure - and evaluation  of the MOSA
objectives? . design and development {5 ensure the o

Are these lifecycle support strategy, will achieve expected duct basell characteristics

addressed in AoA RFP and preliminary benefits? oo dLl:f:atritilSaenI(?e expected to benefit

guidance? design? openness? the systems?

Planning for P&D and O&S needs to be done early
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Questions to Be Addressed
Though Life Cycle Stages

S A= Milestone Decision
Materiel CDD Rel
Dev;::nient Valldahon oé’c'.’:.i';’, FRP e FOG (> = Decision Point
Decision l : bl l
s 5B Materiel Technology Engineering & LRIP Production & Operations & Support

- 2 . £ & | Solution Maturation & Manufacturing Deployment

E‘ g gg 2 Analysis | Risk Reduction Development

£ TEES] -

§ q,,g i% I Muttiple Software Builds

w Ca9s| s

Integration OT&E Sustainment Di
/ / J\SR saa, srtm@\ /0}‘}’\5;‘%“/\ R 9"'/5' :ogfi, \ \
Pre-MDD: What MSA: Does the TMRR: Are the factorsto  EMDD: Does the P&D: Doesthe O&S:Howis
arethe driversfor  preferredsolution  achieve desired MOSA detailed design and planinclude support of the
this system and provide opportunity  penefits included in developmental test continued system structured
how can MOSA to ﬁ_mpby MOSAto  jcquisition strategy, SE Incor Zor ate MOSA review, testing  to take advantage
support these? ag. leve syitem Plan, and T&E strategy, ;0”.5' er a(tjlc;ns, tlo assUré - and evaluation  of the MOSA
h objectives? lif | esignand development ¢4 ensyre the h .
Arethese ifecycle support strategy, \.ill achieve expected _ Characteristics
: L _ P product baseline -

addressed in AoA RFP and preliminary benefits? modularity and expected to benefit
guidance? design? Openness‘?’ the systems?

Planning for P&D and O&S needs to be done early
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MOSA Considerations:

Pre-Materiel Development Decision

* Questions to assess how each of the 5 benefits might
apply to the system being considered

 |ldentify the specific system components for modularity
and open systems.

Interoperability | Tech Refresh

Innovation

Cost Savings/Cost Avoidance

Enhanced Competition

Rationale

Pre-MDD

Questions

Actions

Modularity and open
systems enable
enhanced
competition by
allowing for
acquisition of
components of the
system at the outset
and over time to be
offered and obtained
from all providers,
allowing for more
competition selection
of best match,
regardless of
previous provider, on
a component level.

To make this feasible, those components
of a prospective system which may be
amenable to independent procurement,
need to be identified and there neads to
be analysis to determine that there are
multiple prospective suppliers. Oncs
identified, it is important identify systam
solutions which allow for making these
components as separable modules in the
system design with clear definition of
functionality and interfaces. While thess
specifications will not be defined until
later phases of the development, at this
stage, it is important to ensure that the
alternatives being considered do not
preclude such a design, and that the
considerations in the Analysis of
Alternatives [AoA) address the ability to
modularize the design to enable
enhanced competition for these
particular components of this
prospective system.

Snapshot example —
comparable tables for other benefits

* Given the alternatives being
considerad, are there components or
types of components which could
benefit from enhanced competition?
What are these components?

* |5 thers 3 large performer base for ...
types of systems considered in the
alternatives? Commercial availability
and variety? Commercial maturity?
Market availability?

Do the alternatives being considered

allow for modularity and open systems

approaches which would support
enhanced competition _.._..7

* Does the AoA guidance call for

consideration of potential of
modularity and open systemsto .7
* Does the AoA guidance include
business considerations, relative to
data rights for components and
performers, that will enhance
competition? Specific products to
consider include reference
architecture, technical standards ..

The need to apply MOSA to
enable enhancad competition
for specific components (or
component types) should be
included in an initial version of
the modularity and open
system plans for this
acquisition and in early
system requirements and
design considerations. |r_
particular, the
identify the specific type of
components which benefit
from MOSA for enhanced
completion and the
supporting business case,
including evidence of availakle
suppliers of the particular
components. At this stage, the
most useful ... focus on
functional architectures and
logical grouping of functions
that would enable MOSA
implementation later.

[Example: Sensor on a
weapons platform]
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MOSA Considerations:
J Pre-Materiel Development Decision

= =% ST e~ « Questions to assess how each of the 5 benefits might
T ;e apply to the system being considered

FF 7« |dentify the specific system components for modularity
and open systems.

Example questions o : 5

Given the alternatives being considered, are there components or types
of components which could benefit from enhanced competition? .

What are these components?

o E’| !::|| l!.||
()

L oM

of
e Isthere alarge performer base for some or all of the elements in the

types of systems considered in the alternatives? Commercial availability
: and variety? Commercial maturity? Market availability?

[ R R

- o Do the alternatives being considered allow for modularity and open
systems approaches which would support enhanced competition for
these components’? e

What are the drlvers for thls system and how can MOSA support them’P

Sets the basis for considerations through life cycle stages

| | weapons platform]
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Describe Where System Can Benefit
From Modularity or Open Systems

« Based on the review of the Pre-MDD MOSA considerations for the

system

» Describe which components of the system can benefit, identifying the
benefit, describing the rationale and pointing to a program documentation

reference

» This information is carried through to subsequent stages as the basis
for assuring follow-through in engineering trades and decisions

May be revised based on new information or engineering decision
« Key point is to assure that identified MOSA benefits are explicitly considered

modularity or cpen systems/
standards

cumpnnent;" interface:

Enhanced competition

* Technology refresh

* |ncorporate innovation

= Cost savings;’cnst avoidance
* Interoperability

interface?

Component/Interface MOSA Benefit Eationale Feported in ...
Name of component or interface | Which of the MOSA benefits What is the rationale for applying | How has thizs been documented?
identified as benefiting from apply to this MOSA to this component or

(e.g. reflected in the ApA
Guidance, included in the AgA
plan, other....)

Repeat for each component

Repeat for each component

Repeat for each component

Repeat for each component

Repeat for each component

Repeat for each component

Repeat for each component

Repeat for each component

20" NDIA SE Conference
Oct 26, 2017 | Page-9

Distribution Statement A — Approved for public release by DOPSR on 10/03/2017, SR Case # 18-S-0003 applies. Distribution is unlimited.




MO_SA Consi_derations: |
Materiel Solution Analysis

- - D';:"z':m I . A: Mikestore Decision -
=== -0 Te== e« Questions on how the system concept supports
b= - = ) achievement of the specific benefits anticipated for
WIS each specific system component identified for
A modularity and open systems
Enhanced Competition
MSA Activity Questions
Conduct AoA. Includes all activities and analyses » Where appropriate, does the Ach incorporate
conducted by the AoA Study team under the direction assessment criteria for promoting enhanced
of the Senior Advisory Group,/Executive Steering competition?
Committee (SAG/ESC) and CAFE, or Service o In particular, does the AcA analysis and results :
Key equivalent. Concludes with a final SAG/ESC and AoA consider the impact of alternatives on the ability QUGSUO”S to
. Repart. Systems Engineers should support this of the system to independently procure ths hEIp ensure
activities activity. <identified component=? (e.g. Does the solution MOSA
d u l’i n provide the ability for the government to . .
g replace/divest the specific componant?) consi d erations

MSA are addressed

Perform Analysis to Support Selection of a Preferred + Does the preferred solution allow for modularity

Materiel Solution. Includes all enginsering activities and open standards which would be needed to
and technical analysis performed to support Service independently procure the <identified
selection of the preferred materiel solution by component=?
balancing cost, performance, schedule and risk. o That is, does the preferred solution allow for the Sn aps hot
<jdentified component= to be a separable exam |e-
module with clear definition of functionality and p )
interfaces amenable to independent com parab le
procurement?
+ If not, have the consequences of not being able to tab I es_ for Oth er
benefit from enhanced competition for the ben eﬂts

identified component been explicitly factored into
the selection of the preferred solution?
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MO_SA Consi_derations: |
Materiel Solution Analysis

* Questions on how the system concept supports
achievement of the specific benefits anticipated for
each specific system component identified for

Example questions

e \Where appropriate, does the AoA incorporate assessment
criteria for promoting enhanced competition?

e Does the preferred solution allow for modularity and open
standards which would be needed to independently procure ions to

Key : - |
activities the <identified component>? nsure
dul\sl'gg e If not have the consequences of not being able to benefit Jerations

from enhanced competition for the identified component been dressed
explicitly factored into the selection of the preferred solution?

e Does the market research address and do the results

reinforce the expectation that there are multiple potential l‘:’)Tg_t
sources of the <identified component>? Jarable

Ensure that decisions about the preferred solution explicitly consider the

potential benefits of MOSA identified for the system
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Ovogmant /\ = Misiore Decisicn
Mawrd C0O  Reme -

ooplegen  Vldston e LR (5 Oecison Point . . . .
et o * Questions about the preliminary design to assess the
i lg=— - extent to which it supports key design considerations

I for the specific components identified for modularity
and openness

TMRR Activity Questions
Perform Technology Maturation. The A5 o Can the technologies addressed in the technologies affect the modularity or open
identifies technologies requiring further interfaces of <specific component(s)=7
maturation before they can be o If 5o, are the modularity/interfaces of the <specific component(s)> considered
implemented within & solution. Technology in the technology maturation activitiss?
maturation invalves design, development, o If not, what are the risks to the ahility to achieve the expected benefits of

integration and testing., . MOSA for the <specific component(s)>?

Questions to
help ensure
MOSA

Key Perform Prototyping. Prototyping is an ¢ [Does the TMRR prototyping address the modularityfinterfaces include MOSA (e.g.,
engingering technigque employed for severs modulzrity and cpen system/standard interfaces of compenents and loose coupling
i ing techni loyed fi I dularity and tem/standard interf f tz and | li
d u ri n g reasons: to reduce risk, inform of compaonents), particularly the <spedfic component{s)~ identified for the system?

requirements and encourage competition. »  Does the TMRR prototyping demonstrate the suitability of having “frameworks" and . .
TMRR protocels for modularity, and the performance of those frameworks/protocols? ConS|derat|OnS
. are addressed

* |f competition, innovation, or cost savings are among the prototyping goals, are
MOSA elements explicitly included in the prototype evaluation criteria?
o

Perform Systern Trade Analysis. The ¢ [Dotrade factors include MO3SA elements such as interfaces or modularity

Systems Engineer assesses alternatives with
rezpect to performance, cost, schedule and
risk, and makes a recommendation to the

particularly as related to the <spedfic component(s)» identified for modularity/open
interfaces for this system?

o Snapshot example:
PM. The SE assessment should considerthe | pg trade factors include affordability, technology refresh, or interoperability? How Address these
full range of relevant factars, ... are the <specific component(s)= identified for modularity/ocpen interfaces addressed .
. : questions for each
in these trade studies? -
Develop Systern Architecture. »  Towhat extent does the system’s architecture identify functional allocation, OppOl’tU n Ity to
functional dependency, distinct functional grouping of components that allows for benefit from MOSA
loose coupling, and reflect the modularity/ocpen systems for the <specific
component|s)= identified for this system?
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A MOSA Considerations: \
“’ Tech Maturation and Risk Reduction

/\= Missions Decison
O (3= Desison Pon

ay 17 « Questions about the preliminary design to assess the
- extent to which it supports key design considerations

for the specific components identified for modularity

Example Questions

* Do the architecture/preliminary specification of the system include
requirements for modularity and open systems approaches to allow for
incorporation of new or improved capabilities without necessitating large
changes to other elements of the system over the system lifecycle,
particularly as this applies to the <identified component>?

« Do prototyping recommendations address MOSA-related requirements or | .
solutions for enhanced competition, including areas of uncertainty or risk, ed
feasibility of high-level conceptual designs, or the discovery or refinement of
requirements?

« Do the acquisition strategy, the systems engineering plan, the life cycle
support plan and the testing strategy address the need for modularity for mple:
the <identified component> to achieve enhanced competitiveness? each

Are the factors to achieve desired MOSA benefits included in acquisition strategy,
SE Plan and T&E strateqgy, lifecycle support strategy, RFP and preliminary design?

h
Zooclt gleDléAOf;ElC;;gf:_rfgce Distribution Statement A — Approved for public release by DOPSR on 10/03/2017, SR Case # 18-S-0003 applies. Distribution is unlimited.



MOSA Considerations:
Engineering, Manufacturing and
Development

cawm 40 . e Questions about how the plans for the detailed design and
developmental test incorporate MOSA considerations for
the specific components identified for modularity and
openness to assure design and development will achieve
expected benefits

EMD Responsibility/Activity MOSA Questions
Responsibility
* Managing the system design to satisfy the ¢ |s due consideration given to the modularity and open interfaces of
operational requirements, within the <specific component(s)> of the systemn as the system design is being
constraints of cost and schedule, and to refined to satisfy the operational requirements within cost and schedule
Key evaluate the system design, identify constraints? Questions to
aCtiVitieS deficiencies and make recommendations * Havethe !mpllcatmns of the design changes to the MOSA objectives for help ensure
. for corrective action. the =specific component(s)> of the systems been asseszed?
durlng * Have alternative design approaches been considered that preserve MOSA MOSA
TMRR objectives and reguirements when modularity and openness of a considerations
<specific component({s)>been eliminated due to programmatic or other are addressed
constraints?
* Conducting or supporting the technical ¢ Do the source selection technical evaluation criteria include modularity
evaluation in support of source selection and open interfaces for the <specific component{s)>?
for the EMD contract award. * Do the source selection criteria include consideration of the proposers’

capability to meet the system’s MOSA objectives and requirements for
the =specific component(s)> of the system?
* Maintaining requirements traceability and ¢« Are all requirements for modularity and open interfaces for the <specific Snapshot example:

linkage to the initial product baseline. component(s)> traceable and linked to the initial product baseline? Address these

* Tracking and reporting initial product ¢ |5 attention p?ld to tracking and r_eportlngoflnlltlal product baseline N questions for each
baseline changes after CDR and changes that impact for modularity and open interfaces for the <specific .

. opportunity to
recommend the path forward in component(s)=7 .
accordance with the Configuration * Have the implications of the design changes on the for modularity and benefit from MOSA
Management (CM) process, ... open interfaces for the <specific component(s)> been assessed?
20" NDIA SE Conference Distribution Statement A — Approved for public release by DOPSR on 10/03/2017, SR Case # 18-S-0003 applies. Distribution is unlimited.
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MOSA Considerations:
Engineering, Manufacturing and
Development

don

A A0 . * Questions about how the plans for the detailed design and

developmental test incorporate MOSA considerations for
the specific components identified for modularity and
openness to assure design and development will achieve
expected benefits

Example Questions

e Have alternative design approaches been considered that preserve MOSA
objectives and requirements when modularity and openness of a <specific

’ component(s)>been eliminated due to programmatic or other constraints?
activit
dur e Do the source selection technical evaluation criteria include modularity and
™ open interfaces for the <specific component(s)> identify for this system?

e Are all requirements for modularity and open interfaces for the <specific
component(s)> traceable and linked to the initial product baseline?

e Have the implications of the design changes on the for modularity and open
interfaces for the <specific component(s)> been assessed?

Does the detailed design & developmental test incorporate MOSA considerations,

to assure design and development will achieve expected benefits?
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Considerations Continue Through
the Full Life Cycle

Dev 1;”'“"“ A= Milestone Decision
Materiel CDD Rel
Development  Validation  Decision FRP 10c Fo¢ &= Decision Point
> 215 Zﬂ |
& g Materiel Tochnology Englneering & LRIP Production & Operations & Support
3 g % | Solution Maturation & ufacturing Deployment
o g“ = | Analysis | Risk Reduction D e!opme nt
£ 38 ESl B i
s "g &g I Multiple Software Builds
W ¢ g8 92| LbB——

« Similar tables of considerations are included for
Production & Deployment and Operations & Support
stages

— P&D: Does production include continued review, testing and
evaluation to ensure the product as produced implements the
modularity and openness as designed?

— O&S: How is support and evolutional adaption of the system
structured to take advantage of the MOSA characteristics
expected to benefit the system?
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Summary

« MOSA is recognized as having
benefit for defense systems

MITRE Modular and Open * Application of MOSA should
Systems Approach be focused on achieving
Considerations . . e
Throughout the benefits which specifically
Drecyo omeering apply to the system under

e | Teon G development

e . * Addressing MOSA as an

o e integral part of systems
engineering throughout the
system life cycle ensures
MOSA considerations are
explicitly addressed in critical
decisions
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Systems Engineering:
Critical to Defense Acquisition

Defense Innovation Marketplace DASD, Systems Engineering
http://www.defenseinnovationmarketplace.mil http://www.acq.osd.mil/se
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For Additional Information

Philomena Zimmerman

ODASD, Systems Engineering
571.372.6695 | philomena.m.zimmerman.civ@mail.mil

Judith Dahmann, Mimi Hailegiorghis, George Rebovich,
Peter Korfiatis, Brian Soeder

The MITRE Corporation

jdahmann@mitre.org, hailegik@mitre.org, grebovic@mitre.org,
pkorfiatis@mitre.org, bsoeder@mitre.org
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