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How TRAs Got Started

“Program managers’ ability to reject immature technologies is V
hampered by (1) untradable requirements that force acceptance” :
of technologies despite their immaturity and (2) reliance on
tools that fail to alert the managers of the high risks that would =
prompt such a rejection.” GAO/NSIAD-99-162

“Identify each case in which a major defense acquisition program entered
system development and demonstration ... into which key technology has
been incorporated that does not meet the technology maturity requirement ...
and provide a justification for why such key technology was incorporated and
identify any determination of technological maturity with which the Deputy
Under Secretary of Defense for Science and Technology did not concur and
explain how the issue has been resolved.” National Defense Authorization
Act for Fiscal Year 2002

“The management and mitigation of technology risk, which allows less costly
and less time-consuming systems development, is a crucial part of overall
program management and is especially relevant to meeting cost and schedule
goals. Objective assessment of technology maturity and risk shall be a routine
aspect of DoD acquisition.” DoDI 5000.2, paragraph 3.7.2.2

gS1°

Stop launching programs before technologies are mature




What is a TRA?

« Systematic, metrics-based
process that assesses the
maturity of Critical
Technology Elements (CTEs)

— Uses Technology Readiness
Levels (TRLs) as the metric

* Regulatory information
requirement for all
acquisition programs

— Submitted to DUSD(S&T) for
ACAT ID and IAM programs

# Not a risk assessment

# Not a design review

# Does not address system
integration



Critical Technology Element (CTE) Defined

A technology element is “critical” if the system
being acquired depends on this technology

element to meet operational requirements with
acceEtabIe deveIoEment cost and schedule and

with acceptable production and operation costs
and if the technology element or its application is
either new or novel.

Said another way, an element that is new or novel or
being used in a new or novel way is critical if it is
necessary to achieve the successful development

of a system, its acquisition or its operational utility.

CTEs may be hardware, software, or manufacturing technology;
at the subsystem or component level.




TRL Overview

 Measures technology maturity
* Indicates what has been accomplished in the
development of a technology
— Theory, laboratory, field
— Relevant environment, operational
environment
— Subscale, full scale gz@
— Breadboard, brassboard, prototype

— Reduced performance, full
performance
 Does not indicate that the technology is right for
the job or that application of the technology will
result in successful development of the system




Increasing maturity

Hardware and Manufacturing TRLs

Basic principles observed and reported

Technology concept and/or application
formulated

Analytical and experimental critical &
function and/or characteristic proof of °\
concept s

Component and/or breadboard
validation in a laboratory environment

Component and/or breadboard
validation in a relevant environment

System/subsystem model or prototype
demonstration in a relevant environment

System prototype demonstration in an
operational environment

Actual system completed and qualified
through test and demonstration

Actual system proven through
successful mission operations




Increasing maturity

. Module and/or subsystem validation in a 50

. Module and/or subsystem validation in a relevant

. Module and/or subsystem validation in a relevant

Software TRLs

. Basic principles observed and reported.
2. Technology concept and/or application formulated.
. Analytical and experimental critical function and/or

characteristic proof of concept ®

laboratory environment, i.e. software prototype
development environment

environment y
10

end-to-end environment

. System prototype demonstration in an operational

high fidelity environment

. Actual system completed and mission qualified

through test and demonstration in an operational
environment

. Actual system proven through successful mission

proven operational capabilities



Why is a TRA Important?

 The Milestone Decision Authority uses
the information to support a decision
to initiate a program
— Trying to apply immature
technologies has led to technical,
schedule, and cost problems
during systems acquisition
— TRA established as a control to
ensure that critical technologies
are mature, based on what has
been accomplished
« Highlights critical technologies and other potential technology
risk areas that require PM attention (and possibly additional

resources) both at program initiation and before low rate initial
production

« Congress receives a report on immature CTEs in programs




Quantifying the Effects of Immature
Technologies

According to a GAO review of 54 DoD programs:

— Only 15% of programs began SDD with mature
technology (TRL 7)

 Programs that started with mature technologies averaged
9% cost growth and a 7 month schedule delay

 Programs that did not have mature technologies averaged
41% cost growth and a 13 month schedule delay

— At critical design review, 42% of programs
demonstrated design stability (90% drawings releasable)
« Design stability not achievable with immature technologies

* Programs with stable designs at CDR averaged 6% cost
growth

* Programs without stable designs at CDR averaged 46%
cost growth and a 29 month schedule delay

Source: Defense Acquisitions: Assessments of Selected Major Weapon Programs, GAO-05-301, March 2005

10



PM responsibility

Collect
data

Process Overview

Set schedule

v

{

Identify CTEs

L 4

{

-

Coordinate CTEs

J

v

—> [Assess CTEs; prepare TRAJ

v

-~

Coordinate and submit TRA

~

J

4

-~

-

OSD review

~

J

PM responsibility
Coordinate with S&T Exec
Keep DUSD(S&T) informed

PM responsibility, independent
panel selected by PM may help

PM responsibility
Coordinate with S&T Exec
Keep DUSD(S&T) informed

S&T Exec responsibility
Appoints independent review
team to do it: PM funds it

S&T Exec coordinates
Acquisition Executive submits

DUSD(S&T) responsibility
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Joint Capabilities Integration and Development
System (JCIDS)

Strategic Guidance --
National Security Strategy/National Defense Strategy/National Military Strategy

Family of Joint Future Concepts
Concepts of Operations
Joint Tasks

Integrated Architectures

Functional
Area
Analysis

Functional
Needs
Analysis

L ]

DOTMLPF
Analysis

Ideas for
Materiel
Approaches

Functional Solution Analysis

Analysis
of Materiel/
Non-Materiel
Approaches

Approach 1

Defense Acquisition System — DoD 5000

_l

Approach 2 I-

Approach N

Post Initial Capability Capability
Independent .> Capabilities Development Production
. Document Document Document
Analysis
(ICD) (CDD) (CPD)

JCIDS governed by -- CJCSI 3170

13



Overview of Technology Considerations
During Systems Acquisition

Joint Capabilities
Integration &
Development
System (JCIDS)

User Needs &

Technolog

Opportunities

Process entry at Milestones A, B, or C
Entrance criteria met before entering phase

Evolutionary Acquisition or Single Step to Full
Capability

(Program
A B \\Initiation) C I0C FOC
Concept Technology System Development Production & Operations &
Refinement | Development & Demonstration Deployment Support
Design FRP
Beaste O il | LripnoTae O B

Pre-Systems Acquisition

ICD

Systems Acquisition

CCD

Sustainment

CPD

TRAS required at MS B, MS C, and program
initiation for ships (usually MS A).
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Technology Considerations Pre Milestone A

Concept Refinement

JCIDS Process:
Technology is
considered in
choosing materiel
approach.

_______________________________________________________________________

By MS A, CTE component should be demonstrated in a laboratory.

CTE identification begins in JCIDS process.

E Analysis of Alternatives: Technology maturation and :
! Concept is refined. demonstration needs are
E » Tradeoffs consider 3| identified and assessed. .
! technology maturity. Technology Development !
: Technologies for preferred Strategy (TDS) developed :
: concept are identified. and approved i

15



 The purpose is to refine the initial concept and
prepare a Technology Development Strategy (TDS)

 Guided by an Analyses of Alternatives (AoA) Plan for
assessing the critical technologies associated with
alternative system concepts, including technology
maturity, technical risk, and if necessary, technology
maturation and demonstration needs.

 Ends at Milestone A when Milestone Decision
Authority approves:

— Preferred system concept resulting from the AoA
— Associated Technology Development Strategy

The Concept Refinement Phase

16



, Overview of Systems Engineering-Related
Steps During Concept Refinement

INPUTS . - OUTFUTS
ico Concept Refinement +Preiim Sys Spec
=Aod Flan Pl ';;i Strategy
«Exit Criteria 1as5e .
sdltarnative Maintenance & : 'g:ﬂn:::;:;f;:::;ﬂ;:a’
Logistics Concapts ccerts
=drafi COD - TDS -Ao04

~CostHanpower Est

Interpret User Heads,

Anlmtcp!rﬂluMI FEEE S AEE S FEE SR EEEEEEENEEEEEAEEEEN
Capabilities & { )

Environmental Constraints

AnalyzelAssess

Concapts Verasus
Dafined User Hesds &

Enviranmental Constrainks

Trades
Develop Concept Aszesslnalyze
Parl-u-rm.n-tﬂ&ﬂnﬁﬂralntt] {--IIIIIIII-IIII-IIIIIIIII) Enn:!pt!‘-'u'trll'f
Drefinition & Verification Sygtem Concept's
Objectives Performance
Decompose Concapt AnalyzelAssess
Performance into s EEEEE . Systerm Concept
Functional Definition & { } Versus Functional
Verifieation Objectives Capabilities
Decompoze Concept AnalyzelAzsess

Functienal Definition inte Enabling/Critical
Concept Componants & {' “}‘ Components Versus

Assessment Objectives Capabliities

Develop Component Concepts,
e, Emabling/Critical
Technolegies, Constraints
& Cost/Risk Drivers




ﬁ Overview of Systems Engineering-Related
Steps During Concept Refinement (cont'd)

Systems engineering provides top level,
iterative analytical processes for each
alternative system concept that encompass:

 Requirements analysis, functional analysis and design
— Occurs iteratively and recursively
— Functional analysis links requirements and system design

« Trade offs among system operational requirements, operational
utility, and cost, to arrive at best system solution within allowed
constraints

 Resource allocation guiding design choices

» Verification at each step confirming that specified requirements
have been fulfilled

« Validation at the end of the process confirming that the refined
concept meets the needs of the user

18



ﬁ Purpose of Systems Engineering in Concept
Refinement

=" e (22, Systems engineering process can provide a

| —  technical evaluation of the operational
effectiveness and estimated costs of the
alternative system concepts that may provide a
materiel solution to a needed mission capability

 CTEs must be identified as part of the systems engineering
process during the AoA

— CTEs may be performance related or manufacturing related if
production costs are too high

« CTE maturity must be a critical input to the decision on the
preferred system concept

 The Technology Development Strategy encompasses the
plans for maturing the CTEs associated with the preferred

system concept
19



ﬁ System Engineering / TRA Interfaces During
Concept Refinement (1 of 3)

Decompose Concept
Functional Definition into
Concept Components &
Assessment Objectives

 Initiates the design process for each alternative
system concept

* First cut at a top level physical architecture or work
breakdown structure (system architecture for an IT
system)

+ Iteratively expands physical and functional
architecture into greater levels of detail to get a better
idea of the design (system and operational views for
an IT system)

 Framework for beginning CTE identification
20



ﬁ System Engineering / TRA Interfaces During
Concept Refinement (2 of 3)

Develop Component Concepts,
i.e., Enabling/Critical
Technologies, Constraints
& Cost/Risk Drivers

 For each alternative concept, conduct paper studies
and build breadboards to evaluate the maturity of the

CTEs

« Studies and breadboards must be detailed enough to
formulate the Technology Development Strategy

21



ﬁ System Engineering / TRA Interfaces During
Concept Refinement (3 of 3)

The Alternative System Review (ASR) is a multi-
disciplined technical review to ensure that the resulting
set of requirements meets the customers' needs and
expectations and that the system can proceed into the TD
phase. It’s completion provides in part:

« A recommendation on the preferred system concept(s) to take
forward (basis for the TRA)
— A comprehensive rationale for the preferred solution, including the AoA

that evaluated relative cost, schedule, performance (hardware, human,
software), and technology risks

 Refined thresholds and objectives initially stated as broad measures
of effectiveness (first cut maturity goals for CTEs)

« Completed, comprehensive planning for the Technology
Development phase (hardware, software and manufacturing), that
addresses critical components to be developed and demonstrated,
their cost, and critical path drivers (CTE maturation plan)

— A comprehensive risk assessment and risk reduction concept for the
Technology Development phase 22



Technology Considerations During the
Technology Development Phase

Detailed Design:
New CTEs may

emerge. Technology —>

maturation continues;
key ones tracked in
risk mitigation plan

PM identifies the CTEs at
Milestone B and any
emergent ones; provides
Component S&T Exec with
test results and other data
showing maturity of CTEs.

Component S&T

»| Exec approves or

changes CTE list and
directs TRA. TRA is
accomplished.

l

Component S&T Exec
approves TRA document;
sends draft to DUSD(S&T)
and action copy to
Component Acquisition
Executive (CAE)

CAE certifies TRA as
component position and

—— » sends it to the

DUSD(S&T)

By MS B, CTE subsystem should be demonstrated in a
relevant, preferably operational environment.

23



The Technology Development Phase

The purpose is to reduce technology risk and to determine
the appropriate set of technologies to be integrated into a
full system

Guided by a Technology Development Strategy for
maturing those technologies critical to achieving the
required capabilities

Ends, at Milestone B, when an affordable increment of
militarily-useful capability has been identified, the
technology for that increment has been demonstrated in a
relevant environment, and a system can be developed for

production within a short timeframe (normally less that five
years)

24
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Development Phase
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Overview of Systems Engineering-Related
Steps During Technology Development (contd)

Systems engineering provides comprehensive,
iterative processes to accomplish the following
activities for critical subsystems:

 Conduct trade studies and convert required capabilities
into performance specifications

« Translate user-defined performance parameters into
configured critical subsystems

« Characterize and manage technical and production risk

* Transition technology from the technology base into
program specific efforts

« Verify that preliminary designs meet operational needs

26



& Purpose of Systems Engineering in
Technology Development

Systems engineering process used to
develop the suite of technologies
for the preferred system solution

« CTEs will be matured from (at worst) having a
component and/or breadboard validation in a laboratory
environment to system/subsystem model of prototype
demonstration in a relevant environment

— Applies to critical hardware, software and manufacturing
technologies

* While most of the CTEs will have been identified during
Concept Refinement for the Technology Development
Strategy, additional CTEs may be uncovered in the

maturation process .



ajb
System Engineering / TRA Interfaces During
Technology Development (1 of 5)

« Begins where Concept Refinement finished

* Processes apply to each technology development
effort — in effect, a “V” for each critical subsystem

- Establishes the top level critical subsystem
requirements

28



ajb
System Engineering / TRA Interfaces During
Technology Development (2 of 5)

* Functional decomposition in greater detail
(operational view for an IT system)

« Trade space and risk should be re-analyzed and
assessed against available technologies

- Enabling and/or critical technologies finalized

 Technology functional performance specified (final
CTE maturity goals)

29



ajb
System Engineering / TRA Interfaces During
Technology Development (3 of 5)

« Adds greater levels of detail to the physical
architecture (system view for an IT system)

« Defines components that will provide the required
functionality — these are the CTEs

— New CTEs may emerge

« Additional tradeoffs occur to stay within program
constraints or identify mature technology alternatives

30



,;b
System Engineering / TRA Interfaces During
Technology Development (4 of 5)

- All basic design requirements have been analyzed,
defined and reconciled with constraints

« Components (CTEs) are synthesized to allow
verification of the components against requirements

* Prepare for tests to demonstrate CTEs in a relevant
environment

31



"o@ i -
System Engineering / TRA Interfaces During
Technology Development (5 of 5)

« An approved preliminary system performance specification

« A preliminary allocation of system requirements to hardware,
human, and software subsystems

* A determination that the available technology, and program
resources (funding, schedule, staffing, and processes) form a
satisfactory basis for proceeding into the SDD phase

A comprehensive risk assessment for System Development
and Demonstration (TRA is input to this assessment)

32



echnology Considerations During the System
Development and Demonstration Phase

Detailed Design: PM identifies the CTEs at Component S&T
New CTEs may Milestone B and any Exec approves or
emerge. — P emergent ones; provides ’ changes CTE list and
Component S&T Exec with directs TRA. TRA is
test results and other data accomplished.
showing maturity of CTEs.

l

Component S&T Exec CAE certifies TRA as

approves TRA document; component position and

sends draft to DUSD(S&T) » sends it to the i }
and action copy to DUSD(S&T)

Component Acquisition

Executive (CAE)

By MS C, system prototype should be demonstrated in an
operational environment.
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