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Purpose

Present the Software Engineering Directorate (SED)
Software Technology Readiness Assessment
Process.
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Background

DoD have set policies for implementing Technology
Readiness Assessment (TRA):

— DoD Directive 5000.1, The Defense Acquisition System, May
2003, Specifically calls for software to be included in TRA.

— DoD Instruction 5000.2, Operation of the Defense Acquisition
System, May 2003, provides the process for performing TRA.

— DoD Technology Readiness Assessment (TRA) Deskbook, May
2005 provides guidance for System and Software definitions of

technology maturity; but no detailed maturity criteria.
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System Acquisition Framework

« Process entry at Milestones A, B, or C
« Entrance criteria met before entering phase
« Evolutionary Acquisition or Single Step to Full

User Needs &
Technology Opportunities

Capabliity
TRL TRL TR
4 (Program
3 /p\ 5/6 B \Initiation) 819 [o]ed FOC
Concept Technology | System Development Production & Operations &
Refinement| Development & Demeonstration Deployment Support

oncept
eCisl

Oﬂe-sin
diness
Review

LRIP/IOT&E <> Petision

Pre-Systems Acquisition

Systems Acquisition

Sustainment

Figure 2-1. Defense Acquisition Management Framework
(Source: DoDI 5000.2)
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Technology Readiness Levels

e The TRA process results in the Technology
Readiness Level (TRL) metric for
technologies to be implemented or to
characterize an existing system

e The TRL I1s a set of definitions for 9 levels
of technology maturity:

— TRL 1 being the least mature.
— TRL 9 being the most mature.
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System Technology Readiness Levels

(1of 2)

1. Basic principles
observed and
reported.

Lowest level of technology readiness. Scientific research begins to be
translated into applied research and development. Examples might
include paper studies of technology’s basic properties.

2. Technology concept

Invention begins. Once basic principles are observed, practical
applications can be invented. Applications are speculative and there may

:npg:i?;ﬁon be no proof or detailed analysis to support the assumptions. Examples are
formulated. limited to analytic studies.

3. Analytical and
experimental Active research and development is initiated. This includes analytical
criical function studies and laboratory studies to physically validate analytical predictions
:hn:g::teﬁsﬁc of separate elements of the technology. Examples include components
proof of concept. that are not yet integrated or representative.

4. Component and/or
breadboard Basic technological components are integrated to establish that they will
validation in work together. This is relatively “low fidelity” compared to the eventual
::’:w‘_’:z:’"':am system. Examples include integration of “ad hoc” hardware in a

- laboratory

5. Component and/or
breadboard Fidelity of breadboard technology increases significantly. The basic
validation in technological components are integrated with reasonably realistic
relevant supporting elements so it can be tested in simulated environment.
environment.

Examples include “high fidelity” laboratory integration of components.
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System Technology Readiness Levels

(20f 2)

6. System/subsystem
model or
prototype
demonstration in
a relevant
environment.

Representative model or prototype system, which is well beyond the
breadboard tested for level 5, is tested in a relevant environment.
Represents a major step up in a technology’s demonstrated readiness.
Examples include testing a prototype in a high fidelity laboratory
environment or in simulated operational environment.

7. System prototype
demonstration in
an operational
environment.

Prototype near, or at, planned operational system. Represents a major
step up from TRL 6, requiring demonstration of an actual system
prototype in an operational environment such as an aircraft, vehicle, or
space. Examples include testing the prototype in a test bed aircraft.

8. Actual system
completed and
qualified through
test and
demonstration.

Technology has been proven to work in its final form and under expected
conditions. In almost all cases, this level represents the end of true
system development. Examples include developmental test and
evaluation of the system in its intended weapon system to determine if it
meets design specifications.

9. Actual system proven
through
successiul
mission
operations.

Actual application of the technology in its final form and under mission
conditions, such as those encountered in operational test and evaluation.
Examples include using the system under operational mission conditions.
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Software Technology Readiness Assessment
Process

Problem

 How to equate software TRLs to other
system element TRLs, e.g., Hardware,
Operations, Mission Plan, & Intelligence?

and

e How to relate software TRL’s to Software
Risk?
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Software Technology Readiness
Assessment Process

Solution

e Define and use software TRLS consistent
with the system TRLSs.

o Perform Technology Assessment
procedures for software (use software TRL
definitions).

e Correlate software TRLs to Risk
ASssessment.
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System Acquisition Framework

« Process entry at Milestones A, B, or C
« Entrance criteria met before entering phase
« Evolutionary Acquisition or Single Step to Full

User Needs &
Technology Opportunities

Capabliity
TRL TRL TR
4 (Program
3 /p\ 5/6 B \Initiation) 819 [o]ed FOC
Concept Technology | System Development Production & Operations &
Refinement| Development & Demeonstration Deployment Support

oncept
eCisl

Oﬂe-sin
diness
Review

LRIP/IOT&E <> Petision

Pre-Systems Acquisition

Figure 2-1. Defense Acquisition Management Framework

Systems Acquisition

(Source: DoDI 5000.2)
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Software Technology Readiness Levels

Takl=s 3-3. Softwarse TRL Definitions, Descriptions, and Supportimg Imformation
(Sowurce: /T THL Working Growp Mimutses, Hovembs-er 9, 2004F

TRL

DeTinitlon

Description

Supportimg Informsticmn

Basic princioies oossnted
ana reported.

Lorevesa lewel of sofbwarns iechnol-
ogy readiness. A NeEw softaane
domaln is =ing Imeestigabed by
the bashc research communiy.
Thni=s ewvel extends 1o the dewsl-
opment of pasic uwse, oaske prop-
arties of sothwars architscours,
mathematical fomulatons, and
gemaral algoithms.

Basic ressanch acihites,
reseaich arices, peer-reviewed
wihite papers,. pint papers, early
lab model of Dashc comoept many
D= usetul for substantiatdmg e
THEL =vel.

Technohegy Conceps
anciscr apglication
Tormulated.

Once Dasks princioles ane
chsenved, practical appicabtons
can b mvened. Aoplicatons e
speculative, and Tens may De no
Eroact or detalied anal'sis o sup-
port the assumplicns. Examoies
ars Imited o anakyic shudies
using synthetc dasa.

Appilied research activiEles, ana-
htkc studk==, small code unis,
and papsTs comparing
competing echnolcgles.

AnauyTical and experl-

me &l crigcal furncdon
ancscT charachensie proot
ot conc=Ept.

Actve A&ED = Inltated. The evel
at winich sclentific feasiiity 1s
demanstrassd throughn anahytcal
ard labarasory studles. This kewel
extands 1o the develcpment of
Nmited funcionalty enrviicnmenss
o walldabe criical prooarties and
analytical predicIons Wsing nori-
IMb=grated Soltware CoOmporents
and pamally regresentashee data.

AlgQoIithims run on a SUrrcgase
processor In & laboraiony envl-
FOMMmEnt, INStramsented compo-
meEnts oparating in aboraory
emvircnment, laboraicry resuts
shovalng walkdabon of crithical
promertes.

oduke andior subsy=siEm
wallidatbom N & laooratory
smnvircrnment (l.e., s=oitware
DroioTyoe desslommenst
srmvircrmeerit.

Sasic solbwars comoonents ars
IMtegratsd o estabiish mat ey
will weors together. They are rela-
thesty primitres with regand o
eficiency and rChusIEss Com-
pared with the eventual sysiEm.
Arnchitecburs develcprmeant Inib-
abad 1o Includ:s Intssoperabiity.,
resabilibhy. mainEmaciihy, exien-
SRy, Scalacilihy, and securthy
Issuwes. Emulaticn with cunenty
Iegacy slements as aporopriabe.
Protclypes deweloped o dem-
cnstrate ditersnt aspscis of
eventual sysEm.

Advanced technolcgy oevelcp-
ment, stand-alone prototyps
soilwing a synthetc lull-scake
prichem, o Standakoms probc-
hype processing Tuly represen-
=Ethes dala =e1s.
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Software Technology Readiness Levels

Tabls 3-3. Software TRL Definitions, Descriptione, and Supporting Information
(Source: IT TRHL Working Growp munofss, Movembsar 9, 2004 (Continuad)

TRL

DeTinitlon

Diescription

Supporting Informsatiosn

KMiodule andifior SubsysiEm
walldation n & refevan
EnmvincnmEnt

Lewed at which sofhwane tech-
nolcgy IS ready be start mbegra-
tion with existing sysiems. The
protctyoe Imolemanialicns con-
foam B barget ermincnment’
Intertaces. Experiments with
reallstic oroblems. Simulated
Intertaces o exlsIing sysEms.
Sy=Em scitwars anchileciure
establisned. Algorithms run on a
processors) with characheristics
expected In the cpeaticnal
ervircnmsant.

Sysiem archiRecaure diagram
around technology ekement with
criical pemormance nequire-
mEnts defined. Processor selec-
bon amalysis, Simulaton’
sSamulaticn (SImMySHm) Labosa-
Dy ouliduz plan. Sottwans
placed under configuraticn man-
agement. COTSAE0TS In the
sy=Em softwars archifeciure ane
e nEie.

kiodule and/or subsysiEm
walldatiom in & refevant
enc-to-snd envircrment

Lewel at winich the enginssring
f=asiollihy of a sofhware bechnol-
oy |5 demonstrabed. This lewel
axtends 1o laboiaiony proiotype
Impiementabons cn tull-scale
realistic oroblems Inowhich the
software technoicgy 15 paraly
Integraied witn exising harnd-
WarsSoiware sysiEms.

Res=ults from lacoratory tesung
of & Drofcy e package that is
near the desked configuraton in
Emms of percmancs, Including
phys=ical, Iogical, gata, and Sscu-
rty Interfaces. Comoanscns
D=bween tested envircnment and
operatonal emmvircnmEnt anahyt-
cally understood. Analysis and
=St measurements gquanithying
contriouton o system-wide
requirsments such as thnowgh-
put, scalanilty, and rellasiiity.
Analysis of human-computes
juser envircnment) begun.

B

SysEm probolype oemon-
sirason In an Soeratonal
nigh-fioelity ermvinnment.

Lewvel at which the program tea-
soliRy of & sofwars lechnology 1s
demonsiraisd. Tnis evel extends
o operational environment probo-
npe Implementations wners orit-
cal techinical risk functonality IS
avallable for semonsiraton and a
1Es51 In which the sotbware w=ch-
noilcgy 15 well Inegrated with
cpemRtional nandwaressoltaans
Syshems.

Criical techinciogical properes
are measured aganst reguins-
ments In a simulaked cpeatonal
EMvircnment
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Software Technology Readiness Levels

Takls 3-3. Softwars TRL Definitions, Descriptions, and Supportimg  Information
(Sowrce: /T THL Working Group Adinutes, November 9, 20041 (Continuwad?

TRL DeTinitlon

Descripthon

Supporting Informatisn

8 Acsual sysem completed
and missicn gualted
thaough test and derman-
strafon In an operabonal
eIz rnment.

Level at which a softwane tech-
nology Is fully Inmegrated with
GP'EIH.'“':-I'IHJ nandwane and soft-
wars EL'EIZEI'I"IE. Sodhwane ﬂ-E'IElEF-
ment gocumentation Is l}:-l'ﬂl:lEtE
All funcaicnality tested In simu-
abad and :peraumalﬁnenarb::s.

Pubiished documeniaton and
product EEcnnoiogy refresh buld
scheduls. Softwale resouncs
reserss measuled and Tracksd.

= .ﬂ.ﬂ'.uﬂlﬁyE—'.Em prcwen
'"'IIIJIng'I SWCCcESsTUl mils-
'EI'__.'I'I-FF__."I"'EI'I oicerabonal
capaoilities.

Lewel at wihich a softwane ech-
nokzxgy IS readily repsatacie and
reusable. The scfwane based on
the technocicgy IS tully Inkegrased
with op=rascnal hardwarefsoft-
ware systems. &l sotbwans
documeantaticn verfled. Suc-
cesshll cperaticnal expsrsnce.
Sustaning soibwars englneening
support In place. Actual system.

Pucducton configuration man-
agemsant repots. Technokogy
Int=grated INko & reuse “wizard™;
out-year funding estabisned for
SLIDPOIT acTvily
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Criteria for Software TRL

Maturity Previous Technology Studies/Test Open Test Develop- Safety/ Precision/ Develop- Change
Status System Prototyped/ Use Problem (Verify) ment Security Perform- ment To
Indicators Documents/ Used Results Reports Environment Process ance Environ- Code
> Code Existing ment
Availability System
TRL 1 Concept Concept Ops. Need N/A N/A N/A N/A N/A N/A N/A
Documented Documented Documented
TRL 2 Design Studies/ * Ops. Use N/A N/A N/A N/A N/A N/A N/A
Approach Simulation/ Likely
Analysis & Design * Possible
Feasibility Documented Application
Doc. Identified
TRL 3 Preliminary Prototype * Ops. Use N/A N/A N/A N/A N/A N/A N/A
Design Doc. Approach & Possible
Plan Doc. * Cost/Benefit
Doc.
TRL 4 Prototype Technology * Suitable for Fixes For Host Design N/A N/A N/A N/A
Code/Doc. Prototyped/ Ops. Observed Emulator Doc.
Simulated Use Problems or Breadboard & Code in
« Candidate Feasible Library
Systems
Identified
TRL 5 Existing Technology * Requirements/ Fixes for Host CM & Existing Existing COTS N/A
System/ Prototyped/ Algorithms Ok Reported Emulator Problem System/ System/
Prototype Existing for Problems or Typical Process Prototype Prototype
Code/Doc. System Ops. Use Feasible Target/ Doc. & Suitable Suitable
* Cost/Benefits & Within Breadboard Used with with
Updated Dev. Plan Changes Changes
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Criteria for Software TRL (

Cont’d)

Maturity Previous Technology Studies/Test Use Open Test Develop- Safety/ Precision/ Develo- Change
Status System Prototype/ Results Problem (Verify) ment Security Perform- ment To
Indicators Documents/ Used Reports Environment Process ance Envirn- Code
> Code Existing ment
Availability System
TRL 6 TRLS Prototype/ - Requirements/ Fixes for - Typical CMM System System COTS Change to
Code & Doc Existing Algorithms/ Reported Ops Target/ Level 2 Suitable Suitable TRL 5
System Design Ok for Ops Problems Simulator/ or Higher With Low But May Code
Used in Use Feasible Brdbrd. Doc. & Risk Need <10.0%
Typical Ops - Some & Within - Canned Followed Changes Tuning
Target/ Req/Design Dev Plan Ops Data
Brdbrd. Changes Ok
TRL 7 TRL 6 TRL 6 - Requirements/ - No - Typical CMM System - System COTS Change to
Code & Doc Software Algorithms/ Open Ops. Target/ Level 3 Suitable Suitable TRL 6
Used in Ops Design Ok for Ops Priority 1 Simulator/ or Higher With -No Code
Fidelity Use Problems Brdbrd. Followed Minor Changes <5.0%
Target/ - Some Design - Problem - Dynamic Low-risk to Req.
Brdbrd. Changes Ok Fixes Ops Data Changes or Design
Within
Dev Plan
TRL 8 TRL7 TRL 7 Acceptable with No Open Ops Fidelity CMM No - System COTS Change to
Code & Doc Software Only Minor Design Priority System Level 3 Changes Suitable Same as TRL 7
Field Tested Changes 1,2,3 or Field Test on or Higher to Reg. - Minor Used Code
or Problems Target Followed or Design Changes to for <1.0%
Used in Code TRL7
System
IOT&E
TRL9 TRL 8 TRL 8 Acceptable with No Open Ops Fidelity CMM No - System COTS Change to
Code & Doc Software Only Changes to Priority System or Field Level 3 Changes Suitable Same as TRL 8
Field Tested the Algorithm 1,23 Test on Target or Higher to Code - No Code Used Code
or Used in Parameters Problems Followed Changes for <0.5%
System TRL 8

I0T&E




Software TRL for the Systems

Documents/Code Availability
Maturity Status Indicator

— Purpose: to determine if there is sufficient
documentation to perform inspections, safety,
security analyses, and efficient and reliable
maintenance for FQT and post release support.

— TRL 9 Criterion: all of the pertinent documents
and data specified in J-STD-16/DOD STD-
490/IEEE 1228 have been produced, are
current, and have been verified as correct and
complete.
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Software TRL for the Technology
Prototyped/Operational Testing/Use

Maturity Status Indicator

— Purpose: to determine the state of the
technology operational experience.

— TRL 9 Criterion: the technology has been used
In a similar operational application and system
configuration (e.g., deployed system, field
tested system, successfully used in system level
testing/IOT&E).
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Software TRL for the
Operational Suitability

Maturity Status Indicator

— Purpose: to determine the degree to which the
operational functional requirements (e.g., logic,
algorithms/design) meet operational functional
requirements.

— TRL 9 Criterion: the technology meets the
system operational functional requirements
with only changes to the algorithm parameters
for the system under consideration.
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Software TRL for the
Problem Report Status

Maturity Status Indicator

— Purpose: to determine the significance of the problem
reports generated after the software code has been
baselined (put under CM iIn the Software Development
Library/code to be used for the FQT and code to be
released after FQT).

— TRL 9 Criterion: the technology code has a
demonstrated reliability as a result of formal testing
consistent with no unresolved DOD priority 1
(catastrophic), 2 (severe), and 3 (moderate) reported
problems.

Software Engineering Directorate 19



Software TRL for the

Test (Verify) Environment
Maturity Status Indicator

— Purpose: to determine that the test environment
(e.g., simulators, emulators, breadboards, target
prototypes, and targets used for FQT and data
and data generators) has operational fidelity and
will correctly represent the operational target
system and environment.

— TRL 9 Criterion: ensure that there is a high
level of confidence that the test environment
used for FQT is a high fidelity representation of
the operational environment.
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Software TRL for the
Development Process

Maturity Status Indicator

— Purpose: to determine that the development
process used for the software (used for FQT)
development meets the DoD best process as
specified by the SEI CMMI Level 3 or higher.

— TRL 9 Criterion: ensure that the FQT software
has been developed with a process equivalent to
the SEI CMMI Level 3 or higher standards and
that there are data and artifacts to provide a
process audit trail.
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Software TRL for the
Safety/Security Requirements

Maturity Status Indicator

— Purpose: to determine that the technology
adequately meets all of the system safety and
security requirements.

— TRL 9 Criterion: ensure that all system safety
and security requirements are fully and
correctly implemented and have been verified
at the completion of FQT for the system under
consideration.
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Software TRL for the

Precision/Performance Requirements
Maturity Status Indicator

— Purpose: to determine that the technology
adequately meets all of the allocated system
precision and performance requirements.

— TRL 9 Criterion: ensure that all allocated
system precision and performance requirements
are fully and correctly implemented and have
been verified at the completion of FQT for the
system under consideration.
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Software TRL for the

Development Environment
Maturity Status Indicator

— Purpose: to determine that the development
environment is validated, reliable, and predictable, and
will correctly and consistently produce the proper
results.

— TRL 9 Criterion: ensure that sufficient validation of the
development environment has been performed and
documented by means of: 1) a formal validation
process, or 2) use (without change) of the development
environment for similar operational software
development that was shown to produce correct and
reliable results.
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Software TRL for the
Code Stability
Maturity Status Indicator

— Purpose: to demonstrate that the code Is stable,
and significant changes are not being made to
complete FQT.

— TRL 9 Criterion: the code changes for
baselined software used for informal
requirements testing (code configuration used

to hold TRR and complete FQT) meet the
following criterion: code changes < 0.5%
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Technology Readiness Level
vS. Risk Assessment Matrix

Technology Non-Safety & Non-Security Safety & Security Software Risk Assessment
Readiness Level | Software Risk Assessment
TRL-1 Recommend against use for this | Not Acceptable for Operational Use; Recommend
deployment against deployment
TRL-2 Recommend against use for this | Not Acceptable for Operational Use; Recommend
deployment against deployment
TRL-3 Recommend against use for this | Not Acceptable for Operational Use; Recommend
deployment against deployment
TRL-4 Recommend against use for this | Not Acceptable for Operational Use; Recommend
deployment against deployment
TRL-5 High Risk Not Acceptable for Operational Use; Recommend
against deployment
TRL-6 Medium to High Risk High Risk: Not Recommended for Deployment
TRL-7 Low to Medium Risk Medium Risk: Not Recommended for Deployment
TRL-8 Low Risk Low Risk: Advise of the Risk and Recommend
Further Technology Maturity Development
TRL-9 No Risk Low Risk: Acceptable for Operational Use
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Software Technology Readiness Assessment
Procedure

1. Perform Technology Readiness Assessment
of software technologies predicted at project

startup.

2. Correlate software TRL assessment with TRL
versus Risk Assessment Matrix.
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Software Technology Readiness Assessment

3.

Procedure

Include Software Safety Risk Assessment In
Risk Mgt. Plan.

During system design identify TRLs &
Software Safety Risk Assessment for all

software.
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Software Technology Readiness Assessment

Procedure

5. Document the TRL for each software
component:

Project Plan
Software Development Plan
Risk Management Plan

6. Make design decision and resource trade-offs
based on:

S/W TRL Assessment
S/W TRLs vs. Risk Assessment

Risk Management procedures to optimize for
system development and mission success.
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Software Technology Readiness Assessment
Procedure

/. For TRL’s below 8, a Technology Transition
Plan is required to reach TRL 8 & 9 at
software release/deployment.

e Schedule

« Technical Approach
e Resources

* Include Technology Transition
Planning in the Risk Management Plan.
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Software Technology Readiness Assessment

Procedure

Update the Technology Assessment (TRLs) and Risk
Assessment on a continuous basis.

 Decision Gates
« Each Major Review (e.g., SRR, SSR, PDR, TRR)
e Risk Assessment Reviews

9. Attime of System/Software Release, or Flight
Release, make final TRL assessment and
recommendation including data from the TRL vs.
Risk Assessment Matrix, and include in the
supportable statement, suitability statement, material
release, VDD, and/or other documents as appropriate.
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Questions

256-876-9945
willie.fitzpatrick@us.army.mil

Software Engineering Directorate
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