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Space Acquisition

Acquiring Space Systems in an Uncertain Future:
The Introduction of Value-Centric Acquisition

Dr. Owen C. Brown
Chief Technology Officer, Kinsey Technical Services, Inc.
Chantilly, Virginia

Mr. Paul Eremenko
Program Manager, Tactical Technology Office
Defense Advanced Research Projects Agency
Arlington, Virginia

... Pentagon planners may blithely assume away all uncertainty
and essentially bet that the future they forecast is the one that
will emerge. In this case the US military will be very well pre-
pared—for the predicted future. But history shows that militar-
ies are often wrong when they put too many eggs in one basket.!

~ Dr. Andrew Krepinevich

n an ideal world we would have a crystal ball. Using it
we could foretell all future threats: all requirements would
be known well in advance, and systems would be built to meet
those needs with the requisite acquisition timelines. In the magi-
cal sphere, we would see future technical challenges faced in
building space systems, and we could visualize the disruptive ca-
pabilities that would be deployable in the coming years. Failures
would be predictable and designed away or new processes creat-
ed to avert catastrophic consequences. Space system cost would
be estimated to high precision. The entire cycle of planning,
procuring, budgeting, and execution would run like clockwork.
Risk would vanish. In summary, there would be no uncertainty.
Such a crystal ball is fantasy of course. Uncertainty has al-
ways been an unavoidable and inexorable fact of existence: to
make matters worse, the ambiguity of the future will only ac-
celerate. In a networked world of well educated benevolent and
malevolent people and intelligent machines, uncertainty now
increases at an increasing rate. In this, the 21% century, linear
change has given way to jumps, or substantial discontinuities
that ultimately shape our world. Elements under our main con-
trol in the acquisition framework —namely the space systems we
build—have become so complex that great uncertainty exists in
their successful procurement and operation.

Given we cannot predict the future, we are left with only one
alternative: we must prepare for a future of uncertainty for the
entire life cycle of all military systems. This impetus is particu-
larly strong for space systems, which are high-value assets with
lengthy development timelines, and which cannot be easily ac-
cessed for the duration of their operational life. The inevitability
of an uncertain future does not mean that we throw up our hands,
and simply wait to react to future shocks (eschewing the planning
process). It does mean that we must explore a variety of potential
futures (including very ambiguous ones), and create strategies
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and policies, as well as technical and architectural solutions that
provide hedges for a variety of circumstances that could occur.
In our domain, the manifestation of such an approach will be the
acquisition of flexible and robust space systems. Flexibility will
provide options for change throughout a space system’s lifecycle
(to include conceptualization, design, build, launch, and opera-
tions). Robustness will further enable our space assets to oper-
ate, as planned, through a variety of threatening environments.
Today our space systems are notoriously inflexible and lack the
robustness to survive in a variety of stressing scenarios, includ-
ing programmatic ones. Requirements changes and technology
readiness impediments can break these systems. The ability to
rapidly scale, evolve, adapt, or maintain on-orbit space system
assets (although demonstrated to a degree) has not yet been ac-
cepted or demanded for the national space architecture. Worse
still, the complexity of our space systems creates a brittleness
that threatens their successful deployment, regardless of the time
spent developing them. We continue to be held hostage to a
“one strike and you’re out” architecture. After five decades, why
have space systems not evolved to meet the demands of change?
We argue that it is the current acquisition framework, one that
rewards cost minimization for a fixed set of requirements, which
leads us to build inflexible and non-robust systems. These sys-
tems and the process used to deliver them are, in themselves, a
clear and present danger in a world of uncertainty. The counter
to this cost-centric approach is the development and integration
of what we call a value-centric acquisition framework. This val-
ue-centric model provides a rational and quantitative framework
for trading flexibility, cost, performance, and risk. Using this
methodology, tools are provided to decision makers which allow
them to plan appropriately for an uncertain future, constrained
only by the resources made available to them.?

The Status Quo: Cost Centric Acquisition

McNamara’s lasting systems legacy was the Planning, Program-
ming, and Budgeting System (PPBS).... It was a laudable ap-
proach to solve industrial era system complexity, which sought
to match a complex analytical tool to the growing complex pro-
grams needed for defense in the early 1960’s.... Unfortunately
Department of Defense is still using this method forty years after
its introduction. The rudimentary understanding of the complex-
ities of the Information Age is its chief failing today...?

~ CDR Gregory Glaros, Office of Force Transformation

Before we describe value-centric acquisition, it is important
to understand the historical development of today’s cost-centric
practices. This history begins with the 1960 appointment of the
late Mr. Robert S. McNamara as secretary of defense, which
brought about the most radical re-thinking of government pro-
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curement practices that had ever been undertaken. McNamara
had started his career teaching analytical approaches to business
decision-making at the Harvard Business School. During World
War II; he worked for (then) Maj Gen Curtis LeMay analyzing
the effectiveness of various bombers and helping systematically
coordinate the allies’ global bombing campaign. In 1946, Mc-
Namara joined the Ford Motor Company with a group of other
young quantitative analysts—the so-called “Whiz Kids” —from
General LeMay’s staff. For the next 14 years, McNamara held
various senior management positions at Ford, culminating in his
ascent to the firm’s presidency. His time at the auto maker is,
perhaps, best remembered by the prescient admonition to his
engineers: “Put in value, not cost.” McNamara emerged as an
ardent advocate of safety, fuel efficiency, and reliability, while
the prevailing wisdom in the industry (and among much of the
rest of Ford’s managers and engineers) favored size, chrome, and
horsepower. Thirty four days after being named the company’s
president, McNamara accepted an offer from President-elect
John F. Kennedy to run the Pentagon.

Nearly simultaneously with McNamara’s appointment as
Secretary of Defense Charles J. Hitch, an economist at the
RAND Corporation, published a report (and later book) titled
The Economics of Defense in the Nuclear Age.> The work was
a summary of economic techniques applied to defense planning.
Its major contribution was an extensive treatment of the applica-
tion of economic tools to defense decision-making, particularly
in the realm of procurement. It was the Harvard economist Mr.
John Kenneth Galbraith who—having originally recommended
McNamara to Kennedy for the Pentagon job—encouraged Mc-
Namara to read the book and meet with Hitch.* McNamara was
enamored. Hitch’s work formalized many of the ideas that Mc-
Namara had practiced and advocated for years. In January 1961,
Hitch was appointed assistant secretary of defense (comptroller)
and charged with architecting a new budgeting system for the
Pentagon: enforcing the philosophy of his RAND work, he in-
stituted what came to be known as PPBS in the course of a mere
six months in 1961 —in time to apply it to the fiscal year 1963
defense budget submission.’

In a 1965 retrospective on PPBS, Hitch described the resul-
tant process of the system:

Thus, the problem of allocating resources within the Department
of Defense itself involves the choosing of doctrines, weapons,
equipment, and so forth, so as to get the most defense out any
given level of available resources or, what is logically equiva-
lent, to achieve a given level of defense at the least cost.... Ap-
proaching the problem from the second point of view —achiev-
ing a given level of defense at the least cost, which is the way
Secretary McNamara prefers to look at the problem [emphasis
added] —we work in terms of marginal products and marginal

costs in order to help the top decision-maker choose the appro-
priate level of resources.?

So, in the end, the analysis used in the PPBS process to de-
termine the “best” system (in our specific case space systems)
has a foundation on minimizing cost for a fixed set of require-
ments. As described in a previous High Frontier Journal article
by Dr. Owen C. Brown and Mr. Naresh Shah,’ the relevant result
of this philosophy is the procurement of large, monolithic, and

relatively long-lived space systems: Decision makers respond
to increased marginal cost by increasing the scale of spacecraft
to maximize the overall capability/cost quotient, and increasing
lifetime to minimize amortized annual costs.'° In a perfect world
of no uncertainty (or certainty of the uncertainty) this is an ap-
propriate decision. The scars of real world experience illustrate
the true problems of this approach. These space systems, which
(because of their complexity) take years to design and build, are
designed to meet requirements based on the today’s threat fore-
casts. With constantly changing threat environments, require-
ments change during the design and build phase. The result is re-
design, which costs time and money for a large, tightly coupled
system. Once launched, there is little hope the capability of a
space system can be adapted to a new threat. Carrying multiple
payloads, it takes a delay with only one of those payloads to de-
lay the entire program and hence result in cost-overruns. Putting
all eggs in one basket, the failure of a launch results in incred-
ible setback—the same is true of a potential on-orbit attack or
debris collision. All of these examples imply risk—but there is
also little opportunity. New technologies advance at a breakneck
pace. For the most part, technology growth is exponential, fol-
lowing Moore’s law (more or less). But, technologies can also
be disruptive, ushering in unpredicted capability in what seems
to be overnight. These new technologies sit waiting for literally
a decade or more, on the shelf, before being integrated into the
next block of spacecraft or new spacecraft series to take advan-
tage of them (the reverse, of course, is also true: some spacecraft
may wait around a decade for a new technology to be matured).
There are possible technologies and architectures that can
limit the risk and enhance the opportunities in space systems dis-
cussed here. These approaches include:

* Distribution, such as building multiple smaller satellites
that provide the same capability as a large one.

* Modularization —already adopted to a significant extent in
new naval and aircraft architectures and being developed
for satellites at the Air Force Research Laboratory — pro-
vides a plug-n-play approach for payloads and other com-
ponents.!!

* On-orbit servicing—demonstrated autonomously in De-
fense Advanced Research Projects Agency’s (DARPA)
Orbital Express demonstration—allows the means to up-
grade and maintain space systems.!?

DARPA’s System F6 fractionated spacecraft program com-
bines the strategies of distribution, modularization, and servic-
ing into a single architecture, creating “virtual spacecraft” made
up of free flying, wirelessly networked elements.!* These newer
approaches to spacecraft lifecycle management all have the hall-
mark of flexibility: by adopting these solutions, options would
be provided to decision makers to change a space system, rela-
tively rapidly, at any time in the lifecycle. Likewise, they offer
greater robustness, as replacement strategies can be employed
more rapidly, plus there is resiliency (graceful degradation) in
the event of failure. The challenge is that the cost-centric acqui-
sition framework provides no incentives for the development of
flexible systems, and also makes it difficult to fully measure the
impact of robustness features on cost and benefits. For a fixed



set of requirements, flexible systems most probably cost more
(assuming no or little uncertainty) than the conventional coun-
terpart, and therefore are disadvantaged in a cost-centric analysis
of alternatives. Of course, one could “require” flexibility. But
how would such flexibility be measured and specified? What are
the units of flexibility? Does that flexibility curtail capability or
add to it? What will that flexibility cost? How much should one
be willing to pay for it? Several single function spacecraft cost
more than a multi-payload monolith, but are less prone to cata-
strophic loss of all capability: is this approach “worth it”? These
are the pertinent questions that would be asked in the systems
analysis required by Planning, Programming, Budgeting, and
Execution System (PPBES), and rightly so. At present, there
are no tools provided in the decision making process to make
appropriate trades in flexibility, cost, risk, and performance. Val-
ue-centric acquisition principles, if adopted, could change that
problem.

A New Approach: Value Centric Acquisition
I will never get to know the unknown since, by definition, it is
unknown. However, I can always guess how it might affect me,
and I should base my decisions around that.'*

~ Nassim Nicholas Taleb

We introduce here the notion that the acquisition of space sys-
tems should be based on cost-benefit analyses firmly rooted in
the metric of net present value (NPV)—and hence our approach
is deemed “value centric acquisition.” NPV, a measure used in
making daily investment decisions in the business sector, is sim-
ply the value of a project, less its cost, over the lifecycle of the
project. Inflows (value) and outflows (cost) are both measured in
dollar units. Out-year net values are discounted. This technique
accounts for a simple law of finance: a dollar received tomorrow
is worth less (now) than one received today.'> This follows from
the notion that there is a time value of money. Put another way,
there are opportunity costs for waiting for a valuable commodity.
We then introduce a second element into this acquisition mod-
el—uncertainty. The lifecycle of a space system can be viewed
as a series of uncertain events: the performance over time with
the system is fully dependent on the interaction of these events.
In this model, each key event has a possible distribution of out-
comes. For example, a threat capability may slightly change
with a probability of 15 percent, or dramatically change with
a probability of 60 percent. Likewise, it may be predicted in
pre-Phase A that the delivery of a TRL-3 payload has a 5 per-
cent chance of occurring within one month of schedule, and a 80
percent chance of occurring two years late.!® A launch may have
a 98 percent chance of success. A specific hostile space event
may have a 50 percent chance of taking place, conditioned on a
regional conflict taking place. All such events can be modeled
in a simulation.!” If any options (such as the option to upgrade a
system in-orbit) have been built in, they can be exercised in the
simulation when the model determines an event has occurred
which acts as a “tripwire” for that change. At the end of a single
simulation run, a lifecycle cost and value (and hence a NPV)
for a given system design will result. After another simulation
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run, events will take place in different fashion (because of the
random nature of events) resulting in a different lifecycle cost
and value (either better or worse than the previous). Through
execution of many, many simulations, a distribution of possible
outcome in cost and value will be accumulated.’® The range of
possible outcomes is representative of the uncertainty in cost and
value which is intrinsically based on the forecast of many pos-
sible futures.

Placing value on a space asset requires a pricing scheme for its
services. Presently, most space systems are purchased on a cost-
plus basis, but this provides little information of their true value
to the stakeholder.! But, current value based pricing models
exist for many commercial space products (as a market exists),
many of which are purchased by the government. Commercial
communications bandwidth is valued and purchased on a per bit
basis: the authors have previously conducted a NPV analysis of
a satcom service for monolithic and fractionated architectures
using reasonable market rates and demand variations.”® Satellite
imagery is sold commercially on the basis of image resolution.
These value models could serve as an initial basis for the dol-
larization of equivalent military capability. Valuation of other
space system products currently not offered on a commercial
market has been performed: In a cost-benefits analysis conduct-
ed by National Oceanic and Atmospheric Administration for the
Geostationary Operational Environmental Satellite Block R, the
present value of the data products delivered by both payloads
(imager and sounder) was calculated. Recognized as a lower
bound in the estimates, the monetized benefits came from many
stakeholder categories, including aviation (e.g., cost savings by
reducing weather delays) and agriculture (e.g., frost mitigation).
Benefits of other systems (e.g., GPS, reconnaissance missions)
might prove more difficult to quantify in dollar terms, but tech-
niques based on stakeholder interviews exist which can develop
value relationships with capabilities.?! Seemingly more elusive
still are space systems designed to support others: in this case the
value of such systems is derived specifically from the value of
those systems supported.

Using the net value approach, with uncertainty modeled, many
new insights arise during the analysis of alternative architectures
and systems design of the most promising ones. Specifically:

1. Flexibility is measurable and can be traded with cost.

In today’s acquisition framework, flexibility has no units,
and therefore measures of effectiveness are elusive and
arbitrary. In an analysis of alternatives for example, flex-
ibility may be given a qualitative score, such as “high”
or “low.” This score is typically somehow weighted and
analyzed, apart from the base system capability scoring,
and then added as part of the total score. But, in value-
centric analysis with uncertainty modeled, flexibility is
quantifiable in dollar terms. With flexibility, the capabil-
ity of the system (hence its value) can be maintained and
even increased once a change is made to the system. Say
for example we build in the flexibility for a communica-
tions satellite to have its computer upgraded on-orbit. We
can forecast today that a new computer may have twice
the processing speed in three years. In this scenario, as-
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sume that if this old computer is exchanged with the new
one, the spacecraft can use an advanced signal process-
ing algorithm that increases its bandwidth by 50 percent;
hence, if value grows directly with bandwidth, the value
of the system increases 50 percent at that time. In this
case, the value of flexibility is the net value added to the
system over its remaining lifetime because of the added
bandwidth capacity. In this example, there would be add-
ed cost for serviceability, and it comes in two forms. First,
adding the capability of servicing will add additional fixed
cost to the spacecraft. Second is the cost of the actual ser-
vicing mission, but this cost would be optional —one could
decide not to upgrade, and live with the system as is for
the entire life of the system. Thus, from this approach it
can be seen that flexibility value, measured in dollars, can
be traded with cost. Note two other important features of
flexibility that this example points out. First, the value
of flexibility —which is measured apart from the cost—is
derived from the value of an underlying asset. In this brief
example, the value of flexibility is specifically derived
from the value of communications capability. Many trades
are currently done (incorrectly) with flexibility as a score
separate from baseline capability: but, without capability,
flexibility is worthless. Secondly, this example demon-
strates that flexibility implies a choice: it is the right, but
not the obligation, to exercise change in the future. This
delineation is the formal definition of an option—Ilike a
stock option, where the owner has the right, but not the
obligation to purchase stock in the future. Stock options
have true monetary value, a value that can be determined
using analysis that looks at the value of the underlying as-
set (the stock in this case) and the probability of future
events changing the value of the asset (more often referred
to as volatility). A body of academic work was started at
Massachusetts Institute of Technology several years ago
using options analysis to value space system flexibility
by former Air Force Chief Scientist Dan Hastings (now
the dean of undergraduate education and a professor in
the Department of Aeronautics and Astronautics).”?> This
work continues to serve as motivation for the acquisition
philosophy amplified in this article.?

Alternatives can be traded against one another based
on value, cost, and quantifiable risk. Risk analysis and
management is based today on the use of the infamous tri-
color (red, yellow, green) risk chart. The value-centric ap-
proach embraced here allows risk to be quantified—where
risk is now the downside variance in potential outcomes of
cost (and similarly, the value variance, specifically upside
value, is a measure of opportunity). Thus, not only can
alternatives be traded on a basis of possible net value, but
also risk (to net value). In this context, many categories of
robustness —such as resiliency and survivability —become
quantifiable elements that limit risk throughout the life-
cycle. A new feature introduced is that the risk tolerance
or aversion of the relevant stakeholders can be explicitly
and quantitatively incorporated into architectural decision-

making, for example, the extent to which one might dis-
tribute or fractionate a system, and so forth. This is very
similar to the way in which any investor of mutual funds
chooses a plan—it is based not only on expected increase
in value, but also the risk of the investment. Note that us-
ing the uncertainty analysis approach, managers can play
a much more active and controlling role in the risk man-
agement process: a tool is now available that provides in-
sights into how programmatic and design decisions quan-
titatively impact uncertainty in outcomes. Thus, changes
in program philosophy or design can be analyzed in terms
of the quantitative impact they have on program risk. This
insight should undoubtedly lead to a further embrace of
a portfolio of approaches that appropriately balance cost,
value, and risk, including alternate architectures that are
non-conventional (e.g., ground based solutions).

The value of responsiveness is quantifiable and can
be traded with cost and capability. Discounting future
cash flows in the NPV based analysis reveals the higher
value of a capability when it is received sooner. Often we
hear of the “70 percent solution” as the prototype of an ap-
proach that can get a space system (confidently) delivered
sooner and less expensively than the total (100 percent
solution). The NPV approach will allow the 70 percent
and 100 percent system solutions to be compared equita-
bly, with distinct value metrics provided to determine the
benefit of one approach versus the other.

A better measure of both cost and value uncertainty
can be made, and therefore confidence in predictions
can be much higher. One of the key tenets of the net
value approach is to utilize uncertainty in key events to
forecast possible outcomes. Thus, both cost and value es-
timates yielded in the net value analysis are not discrete
numbers, but rather are random variables contained within
a probability distribution. Most conventional cost esti-
mates performed today are given probability distributions,
but the practice that leads to these estimates is specious.
Current cost analysis uncertainty estimates are based on
the uncertainty in the cost estimating relationships that are
derived from curve fits of programs in the past. The more
optimal approach described is to base uncertainty on costs
based on the forecast uncertainty of key events for the ac-
tual program in the future * The enormous advantage this
approach provides is that the stakeholder now can quan-
tify the impact of trade decisions on possible cost growth,
as well as value growth (which would be a function of
the flexibility built into the system!). This uncertainty
analysis process also is used for the launch and operations
phase of programs, which can be important in quantifying
the robustness of architecture. A distributed satellite ap-
proach using multiple launch vehicles, for example, has
been shown to be more robust to possible launch failures,
as compared to a monolithic system launched on a single
launch vehicle.® The latter “all eggs in one basket” ap-
proach means significant value is lost should the launch
fail. If a replacement is built, additional cost is incurred,
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and the value of the replacement is diminished because
of the delay (accounted for in the discounting process).
A distributed approach results in only partial reduction
of capability, the impact of which if fully quantifiable in
the value centric analysis. Of course, this effect needs to
be traded with the extra potential costs of the distribut-
ed approach, which most probably would exceed that of
the monolithic architecture if everything goes right. This
same analytical approach also is suitable for the studying
the impact of survivability and resiliency of systems in a
threat environment.

Before ending this present discussion, we must note one of
the much-touted reforms of the 1990s to the defense procure-
ment process—that of “best-value” contracting, whereby more
than just the cost of a system (for a given level of performance)
is considered in procurement decisions; specifically, the alterna-
tive that offers the “best value to the government” is selected.?
Unfortunately, while a good idea in principle, this particular ac-
quisition reform fell far short of the mark. The impetus behind
best best-value contracting was to provide an incentive scheme
for rewarding systems that had desirable non-performance and
non-cost attributes such as quality and schedule. In perform-
ing systems analyses or in making source selection decisions,
these additional attributes are combined—either quantitatively
or qualitatively —using an arbitrary weighting scheme to evalu-
ate alternative systems.

There are at least two problems that compromise the merits
of this approach. First, attributes such as flexibility and robust-
ness, for which no commonly accepted definitions much less
quantitative metrics are available (within the current acquisi-
tion framework) are still universally excluded. Second, the ar-
bitrary weighting scheme provides no assurances that optimal
balance between cost, performance, and other system attributes
is attained. In fact, by imposing an ambiguous “best value” cri-
terion in place of a clear and quantitative (albeit sub-optimal)
minimum-cost one, the designer’s ability to optimize the system
is compromised. While the procurer undoubtedly has some con-
ception of his relative weighting of the attributes, this is treated
as private information by the procurement process (i.e., it is not
disclosed to the performers proposing alternate system designs),
they do not provide a viable metric for design optimization.”’
The value-based source selection criterion which we advocate
here is much different than this existing “best value” paradigm
by revealing quantitative measures of value and cost, based on
design decisions.

Integration into the Planning, Programming,
Budgeting, and Execution System—What Would
Hitch Think?

Our proposal to use value centric analysis in space acquisi-
tion is modest in its scope but dramatic in its ramifications. We
do not purport to supplant the half-century of wisdom that has
accrued in what is today PPBES. We seek only to replace the
criterion for selecting among alternatives for effecting a particu-
lar capability that nominally takes place during the programming
activity. At the same time, comparable changes would need to
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take place in the criteria employed during execution, specifically
in source selection, contract execution, and effects analysis.

So what would the creator of PPBS, Charles Hitch, think of
this value centric approach, as opposed to the cost centric ap-
proach he advocated in writing 45 years ago? If one returns to
the principal document that Hitch authored 50 years ago, which
catalyzed his appointment to the Pentagon, answers can be found.
In The Economics of Defense in the Nuclear Age, Hitch wrote,
“In principle, the criterion we want is clear enough, the optimal
system is the one which yields the greatest excess of positive
values (objectives) over negative values (resources used up, or
costs).” This articulated an identical criterion to the one that
we have advocated here —net value. “But,” Hitch continued,
“this clear-cut ideal solution is seldom a practical possibility in
military problems. Objective and costs usually have no common
measure: there is no generally acceptable way to subtract dollars
spent or aircraft lost from enemy targets destroyed. Moreover
... there may be multiple objectives or multiple costs that are in-
commensurable.””® Hence, Hitch was presented with two issues
in implementing a value based approach. First, he understood
the difficulty in monetizing capability. Second, there are “in-
commensurable” criteria that are likewise difficult to quantify.
We have suggested approaches here that tackle the issue of mon-
etization. In fact, space systems can be much easier to dollarize
than other military systems, as commercial analogues exist for
many capabilities. Flexibility and robustness seem to be difficult
to quantify and to compare with cost, but the uncertainty analy-
ses introduced here tackles that problem. Therefore, we believe
that value-centric acquisition conforms more closely than cost
minimization to Hitch’s original thesis, and even to McNamara’s
admonition to his Ford Engineers, “Put in value, not cost.”

Value
(%)

Lines of
Conalant
MNPV

Cost (5)

Figure 1. Plot comparing the cost and value distributions of two hy-
pothetical space system architectures (Al and A2).
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A Brief Example of the Value-Centric Approach

NPV analysis, including an acknowledgement of the possible
variation in cost and value inherent because of uncertain events,
is the fundamental tenet of value-centric acquisition approach.
An example is provided here to provide a better grasp of the
concept. Figure 1 provides a notional depiction of a NPV com-
parison of two hypothetical space architectures. The horizontal
axis of the graph is cost, in dollars. The vertical axis is value,
also in dollars. Lines of equal NPV are shown as dashed lines
for reference. The bold green line represents the points of zero
NPV for all costs (the “break even” solution); all points above
the green line have greater value than cost, and all points below
the green line have greater cost than value. Architecture 1 (A1)
is representative of a tightly coupled, complex, (but typically
“cheaper””) monolithic system, whereas Architecture 2 (A2) is
representative of a distributed system. Both systems are de-
signed to have the same initial baseline capability. Uncertainty
ellipses are shown for Al and A2 representing 1-sigma, 2-sig-
ma, and 3-sigma confidence levels (equivalent to 66 percent, 95
percent, and 99.7 percent confidence levels, respectively). The
first obvious behavior of uncertainty profiles is that Al has a
much larger range of levels in cost as compared to A2. This
is a feature symptomatic of the monolithic approach where all
eggs have been placed in one basket, and therefore all value is
potentially spoiled at once (for example, a launch failure results
in total loss of capability). Next note that the uncertainty profile
of Al goes down and to the right. In the case of total failures,
the only path to recovery is to start over, which adds costs, but
delays availability. With discounting, the value decreases. The
effect is the same for delays in integration and test due to com-
ponent delays etc. Hence, as cost builds, value decreases. For
A2, the cost spread is reduced, and in fact, a large percentage
of possible A2 costs lie in the same region of possible costs for
Al. Fundamentally, this is the result of distribution: a loss or
delay in one element does not result in total loss of the system: it
is more robust. A2 also demonstrates a behavior in uncertainty
profiles that as cost increases, so does value. This would be at-
tributable to the value of flexibility. For example, a distributed
system can be scaled—elements can be added as demanded to
increase capability. Hypothetically, new elements can be added
much more quickly with newer technologies. Is the increased
value worth the added cost? In this case, note that as more costly
solutions are chosen for A2, in general the NPV increases (as the
solutions move to higher NPV lines). Thus, in this case, flex-
ibility is worth the added cost. This approach is totally different
from the conventional cost-centric deterministic approach: most
likely a specific cost for each architecture would be determined
for a notional case, with A1 showing the least cost in the “perfect
world” scenario. Although this example is purely hypothetical,
it is consistent with results obtained from four separate contrac-
tors who performed value-centric analyses of fractionated versus
monolithic architectures in the first phase of DARPA’s System
F6 program.?-3-31

Conclusion
...In preparing for battle I have always found that plans are use-
less but planning is indispensable.

~ Dwight D. Eisenhower

We have introduced the concept of value-centric acquisition
as a possible path to improved decision making in today’s dy-
namic world. Rather than providing a crystal ball that allows us
to better predict the future, value-centric acquisition acknowl-
edges uncertainty, and provides a quantification of risk and op-
portunity, which are functions of programmatic and design de-
cisions. Put another way, both flexibility and robustness—the
prescriptions to uncertainty —become measurable units and can
be traded with cost and performance. In this approach, we resist
the technocratic urge to conclude that a few formulas will lead
to perfection in plans and execution. We instead acknowledge
the complexity of systems and the unpredictability of events: in
the process we provide a technique that allows decision makers
to determine a system’s possible distribution of costs and ben-
efits in a world of potential futures. The key to our approach is
the introduction of the net value metric, which is an analogue
to NPV in widespread employment for private-sector decision-
making. We fully understand that our military space systems are
not built to make money —but they are built to provide value to
the warfighter. Our net value approach provides a new toolset
that will provide the best assurance (and insurance) that our men
and women in harm’s way have the capability they need, when
they need it. In fact, this approach may usher in more rapidly
capability the warfighter had no idea could exist. In essence, our
approach is a return to the gain-minus-cost formulation which
the founders of PPBS, McNamara, and Hitch, rejected due to
the problem of incommensurables. A half-century of progress
in microeconomics, finance, and decision theory has placed it
firmly within the realm of solvability.
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