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Abstract
One problem frequently cited with the defini on and applica on of Technology
Readiness Levels (TRLs) is that they are extremely hardware focused. So ware is
diﬀerent than hardware in that it’s not as obvious what so ware technology means and
how it is best assessed. So ware brings almost infinite possibili es for advancements of
the state of the art, but these possibili es require the right mix of hardware, tools,
people and processes. Assessing the state of so ware technology becomes a ‘so er’
exercise. Consequently, the issues associated with es ma ng the costs of transcending
So ware TRLs become less obvious as well. The paper will clarify the concept of TRLs as
they relate to so ware. It defines components of so ware technology as they relate to
the assessment of technology maturity. It also presents factors that may complicate
so ware TRAs and oﬀers guidance on gaining a be er handle on their impacts. Finally,
it presents a methodology to give cost es mators and analysts a tool to perform
credible cost es mates.
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Costs of Achieving So ware Technology Readiness
Many of the complex systems required by the
Department of Defense (DoD) and NASA require
technological innova ons to achieve sophis cated
missions and state of the art accomplishments.
Technology Readiness Assessments (TRAs) for
complex systems and subsystems are important
for both the government and its contractors to
ensure proposed technologies meet program
requirements.
Without good technology
assessments, programs may be funded that have
li le or no chance of success because success
assumes use of technologies not yet confirmed to
be realis c. The defense acquisi on community
recognizes this and has developed detailed
guidelines for Technology Readiness Assessments
(TRAs). [1]
Wikipedia defines Technology Readiness Level
(TRL) as a measure used to assess the maturity of
evolving technologies prior to incorpora ng that
technology into a system or subsystem [2]. The
US Department of Defense (DoD), NASA and
many large corpora ons use TRLs to determine
whether the design of systems is technically
feasible prior to the start of any significant design
or development ac vi es. Both the DoD and
NASA have developed TRL scales from 1 to 9 to
facilitate technology maturity assessment. A level
1 represents technology that s ll resides on
cocktail napkins and in laboratory experiments
while a 9 represents technology that has been
deployed successfully in systems currently
fielded.
As new technologies are required and proposed,
the cost community becomes an important
component to program success. A good cost
es mate for a program relying on currently
immature or non‐existent technology should

Costs of Achieving So ware Technology Readiness

include the costs associated with bringing that
technology to a maturity level of 6 or greater.
One problem frequently cited with the defini on
and applica on of TRLs (as defined by both the
DoD and NASA) is that they are very focused on
hardware. And much success has been realized
with their applica on in the hardware world.
However, so ware is diﬀerent than hardware.
It’s not as obvious what so ware technology
means and how it is best assessed. So ware
brings
almost
infinite
possibili es
for
advancements of the state of the art, but these
possibili es require the right mix of hardware,
tools, people and processes. Assessing the state
of so ware technology becomes a ‘so er’
exercise. Consequently, the issues associated
with es ma ng the costs of transcending
So ware TRLs become less obvious as well.
This paper starts with a brief discussion of
technology readiness levels (TRLs) and technology
readiness assessments (TRAs). It then defines the
components of so ware technology as they relate
to the assessment of technology maturity. This
paper presents the factors that may complicate
so ware TRAs and oﬀers guidance on gaining a
be er handle on their impacts.
Finally, a
methodology is presented to give cost es mators
and analysts the tools to perform credible cost
es mates that incorporate the eﬀects associated
with advancing so ware technology to
appropriate levels of maturity.

TRLs and TRAs
For most of us the concept of technology
readiness is hard to grasp. This is because in
general, our experiences with technology are with
fully matured technology.
In 1961, President
Kennedy
challenged
US
scien sts,
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mathema cians and engineers when he announced that within the decade of the 1960s the US would ‘land a
man on the Moon, and return him safely to Earth’. At the me, there were no solu ons to solve problems such
as reaching earth’s orbit and traveling to the moon, let alone for how man would be able to survive in space.
Some very smart people and crea ve thinking was needed to invent solu ons that didn’t exist in order to make
Kennedy’s dream a reality.
One of the many things that these smart people discovered was that programs
envisioned when the technology is very new or non‐existent are much harder to plan
for than programs using technology that has been used successfully on other programs.
As the possibili es for the space program greatly outsized the budget for space
programs this fact became increasingly problema c. In 1974 Stan Sadin of NASA
developed Technology Readiness Levels as a methodology to assess the technology
readiness of a proposed spacecra design. Eventually the methodology was
ins tu onalized by NASA and later similar methodologies were developed by the US
Department of Defense (DoD) and other organiza ons responsible for the acquisi on of
complex aerospace and defense programs. TRLs are used by NASA and the DoD to
support go/no‐go decisions at various acquisi on milestones. Figure 1 summarizes
NASA’s TRL view. Table 1 summarizes a generaliza on of TRLs used by DoD and NASA. Figure 1 : NASA's TRL Meter

Table 1 : TRL Descrip ons (generalized)
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The intent of the TRA is to document that prior to system design and development, there is a reasonable
expecta on that the acquisi on is technically feasible. [1] The DoD has outlined a detailed process for execu ng a
TRA which is documented in [3]. TRA’s are required for any Acquisi on Category 1 (ACAT1) programs at Milestones
B and C. Figure 2 shows how TRLs and TRAs integrate into the general acquisi on process. [3]. The TRA process is
summarized below.

Figure 2: Acquisi on process perspec ve for TRLs
The basic approach for a TRA requires iden fica on of the cri cal technology elements (CTEs), those items for
which the technology is new and novel or where technology will be expected to operate in environments which are
diﬀerent from any previous opera onal environment for that technology. It is generally recommended that the
Work Breakdown Structure (WBS) be used as a guide for CTE iden fica on although there are problems with this
approach when dealing with so ware. Each CTE is evaluated against the defini ons of the technology readiness
level and assigned a level. This examina on could include study of program concepts, requirements for technology,
and actual demonstrated technology capabili es. Matura on plans are then developed for any CTE that is not
mature.

So ware TRL
There are two aspects to so ware technology – the technologies and tools that support the development of
so ware for opera onal systems and the algorithms that are implemented in an opera onal system using so ware.
Robert Gold [5] discusses the five dis nct ways that so ware can be evaluated for technology readiness
1. Unprecedented Func onality
So ware implements algorithms or methods developed by domain experts. To assess readiness it is important to
understand whether the algorithms or methods are new or novel.
2. Oﬀ the shelf components
While it is common to make an assump on that oﬀ the shelf solu ons are mature since they are already being used
commercially, it is not always true. While the capability may not be new or novel, the capability may not have been
proven in the intended opera onal environment
3. Enabling Run Time
There are technologies that make up a backbone of a system that may be transparent to end user but are required
to make the so ware operate correctly. Such capabili es, when vital to the successful opera on of the so ware
system should be evaluated as poten al cri cal technology elements.
Costs of Achieving So ware Technology Readiness
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4. Aggrega on of components
It is important to understand how various so ware components need to be aggregated to work together to create
system capabili es. Components that may not be cri cal on their own may gain cri cality if their interac ons
prevent cri cal components to succeed. It may be necessary to evaluate cri cality at a system or subsystem be
evaluated. As noted in [6], “two aspects of so ware are, by defini on new… The systems as a whole and the
interfaces”
5. Enabling Development
In addi on to the maturity of the algorithms and methods, and the suppor ng hardware and so ware, it may also
be necessary to evaluate the maturity of technologies cri cal to development and evolu on of the system which
are not deployed with the system. Basically this category includes programming, management or process tools that
support the development and maintenance of a system.

So ware TRL Challenges
It’s clear from the terminology of the TRLs that the original focus for technology readiness assessment focused
primarily on hardware. So ware is, of course, diﬀerent than hardware. The Army has developed so ware specific
TRLs (Table 2) which help with some issues but challenges remain that are very specific to so ware and how it is
used in programs. So ware brings almost infinite possibili es for advancements of the state of the art, but these
possibili es require the right mix of hardware, tools, people and processes. Assessing the state of so ware
technology presents unique challenges. These challenges include dealing with issues surrounding oﬀ the shelf
capability, iden fying and dealing with cri cal technology associated with suppor ng hardware and so ware and
issues associated with integra on and interoperability.
So ware applica ons fall into one of two categories: embedded so ware and Informa on Technology (IT)
applica ons. Embedded so ware uses IT components to deliver specific unique capability required for successful
opera on. This is the type of so ware that is developed for weapons systems, aircra , etc. Embedded so ware is
generally composed of new capability integrated with capability that has been reused from similar applica ons.
The so ware system and the interfaces should both be considered as poten al CTEs. Generally for these systems IT
is not considered a cri cal element in the delivery of the so ware unless it is new or subject to unique requirements
in the context of the so ware.
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Table 2: Summary of Army So ware TRL Defini ons
IT applica ons are composed of capabili es that are available oﬀ the shelf. These applica ons rely mostly on oﬀ
the shelf technology to meet system capability requirements. The benefit of oﬀ the shelf components include
poten al cost and me savings as well as the promise of so ware that has been tested through use in the field.
These benefits can be realized but there are other areas for considera on. Even if the capability is not new and
novel and has been field tested, if it has not been field tested in the opera onal environment of the target system it
requires considera on as a CTE. Addi onally, there are issues associated with the fact that so ware never stops
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changing. According to [7], Commercial Oﬀ The Shelf (COTS) products generally undergo a new release every eight
to nine months with ac ve vendor support for only the three latest releases. Is it safe to assume that upgrades do
not incorporate new or novel algorithms or is re‐evalua on necessary? Further, COTS vendors some mes re re
their products, introducing a new or improved alterna ve or some mes presen ng no alterna ve at all. A COTS
product with a known ‘end of life’ could present as a CTE if it’s capability is cri cal or if it supports cri cal capability.
Unlike hardware, so ware cannot stand alone. Without hardware and suppor ng so ware, a so ware applica on
is useless. Evalua on of cri cality needs to consider all of the components required for successful delivery.
So ware that is new and novel should be a CTE. The Informa on Technology (IT) infrastructure that supports the
so ware should be evaluated as poten al CTE as well. Addi onally, there may be cri cality associated with
conversions of legacy tools or environments if backward compa bility is crucial.

So ware TRL Costs
In order to es mate the costs to advance from a “cocktail napkin” to fielded capability it is necessary to understand
what the CTEs and their TRLs are. What follows is a methodology for tailoring a parametric es ma ng methodology
to es mate the journey from TRL 1 to TRL 9. This methodology addresses considera on of cost drivers relevant to
technology maturity issues.

Figure 3 : Sample Breakdown for So ware TRL es mates
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Figure 3 provides a sample product breakdown
structure for es ma ng so ware technology
maturity. The analysis is par oned into three parts:


Costs for theore cal study to prove the concept
(TRL 1 – 4)



Costs for development of the technology (TRL 6 –
8)



Costs for development and produc on of the
system incorpora ng new technology with
exis ng technology

To transi on from TRL 1 to 4 requires paper studies
and laboratory experiments. It is important to plan
for theore cal studies since mul ple aspects of the
new technology need ve ng. It’s likely that going
from TRL 1 to 4 will require more studies than going
from TRL 3 to 4 so star ng technology level is
relevant. At TRL 1 and 2 the ac vi es are focused on
algorithm valida ons and high level design. Only
ac vi es such as concept, requirements and high
level design are per nent for TRL 1 and 2, for TRL 3
and 4 some code and unit test should also be
relevant.
Code size should indicate only the ‘size’ of the
technology being considered and should be
es mated based on analogous experience with
similar technologies. Complexity values for the code
size tend to be higher than organiza onal norms
since innova on generally trends to the more
complex. Even if the technology is eventually
targeted for space or airborne equipment, this does
not need to be accounted for in early studies as these
are experimental and not intended for prac cal use.
Cost drivers indica ng the amount of new design
should be set to high for the new technology
elements.
The move from TRL 4 through 6 will require focus on
addi onal ac vi es as actual development of new
technology occurs. Coding and unit test of the new
technology elements will need to occur. Integra on
and test ac vi es need to be achieved in order to
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prove the new technologies play well with mature
technologies and legacy capabili es.
Code size for new technology element(s) should
reflect the expected ‘size’ of the implementa on
based on analogous experience and discoveries
during early experiments. Consider how much, if any,
code exists from prior studies that can be used to
implement this new technology and indicate size as
new, modified and reused. Size for COTS being
validated in new opera ng environments should
reflect the func ons of the COTS required mee ng
the eventual system requirements. A size should also
be determined for the func onality which exists or
will be developed that is not part of the technology
study but whose integra on with the new
technologies is a cri cal technology element for this
system. Cost drivers indica ng the amount of new
design should s ll be high, though they should be
slightly lower than the earlier analysis if some high
level design has already been accomplished.
Since so ware that may become produc on so ware
is included in the technology development phase, the
eventual opera ng pla orm may be a significant cost
driver at this point. Addi onally, cost drivers
associated
with
integra on
complexi es,
development personnel and integra on team
personnel should be scru nized as integra ons are
o en an area of high cri cality.
Once TRL 6 has been achieved the development of
the system becomes a typical project. The cost
es mate for this project follows tradi onal
es ma ng
guidelines.
Because
so ware
implemen ng the new technology elements already
exists this should be modeled as reused or modified
code instead of new. Cost drivers indica ng the
amount of new design should be lowered for the new
technology elements since this design has already
been developed and validated. Where relevant, the
cost drivers for integra on complexi es and
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integra on team personnel and experience should reflect the fact that some integra on has already been
prototyped and tested.
Figure 4 is an example of the progression of a project through the various levels of technology maturity.

Figure 4 : Plan for the phases of technology maturity

Conclusions
Technology readiness assessments for complex systems and subsystems are important for both the government
and its contractors to ensure proposed technologies meet program requirements. Towards this goal, NASA, the US
DoD and other Departments of Defense throughout the world have adopted a method of assessing technology
readiness with Technology Readiness Levels. While each organiza on has a slightly diﬀerent defini on for the
various levels of TRLs, all represent the same basic steps in the development of new technology. TRLs range from a
1 indica ng a very sketchy good idea to 9 indica ng technology that has been used successfully in the intended
environment.
TRLs have proved useful in helping organiza ons manage risks specifically associated with technology maturity.
From a legacy perspec ve, TRLs are primarily targeted at the hardware side of acquisi on projects. More and more,
so ware requirements are overshadowing hardware requirements in acquisi on projects, par cularly with respect
to requirements being met with new technology elements. Evalua on of TRLs for so ware is problema c because
of the unique aspects of so ware and so ware projects. So ware requires hardware and other so ware to
operate. This presents challenges in the iden fica on of where cri cal technology elements reside. Addi onally,
the use of so ware Commercial oﬀ the Shelf complicates the process of iden fying Cri cal Technology Elements.
Interfaces and interoperability of new technology components with legacy and mature technology components
presents a poten al technology risk.
In cases where immature (or not mature enough) technology is required to meet program needs, eﬀort and cost
needs to be expended to mature the technology before the program begins development. Parametric cost
es ma ng techniques can be adapted to es mate the resources required to traverse from TRL 1 to TRL 9 in order to
determine the cost and schedule of the en re program. A methodology has been outlined to accomplish this
analysis along with guidelines for how to select values for relevant cost drivers. By adap ng cost drivers such as
so ware size, amount of new design, integra on complexi es and code reuse it is possible to model the ac vi es
that go on with paper designs, theore cal studies, laboratory experiments and proof of concept exercises focused
on the new technology only. Addi onally, recommenda ons have been made as to how to model the final system
in light of eﬀort already accomplished to mi gate the technology risks.
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