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Cost, Demand, and Financial CATscans
Doug Howarth, Hypernomics, Inc.

Abstract: In the estimating world, the focus is on costs, which is normal, as runaway costs can
sink any program. What is less well understood is the relationship between costs, features, and
the Quantity produced for any given project. Specifically, the Value of various product features
is seldom compared to their costs, as these are constrained by demand and learning curves, both
of which can change. This paper offers a solution for first capturing and then reducing these
terms. Financial CATscans take representative 2D Demand Planes (with Quantity and Price as
dimensions) and discover Demand Frontiers. That Frontier sets the Price-Quantity limits. If we
pick a target Quantity, we set a limiting Price. A Price limit, in turn, reveals an adjacent 3D
Value Space (with Feature 1, Feature 2, and Price as dimensions). Financial CATscans reveal
how to reduce the resulting 4D systems to a single term that sets product specifications.

Background: Several years ago, | went to my local ear, nose, and throat specialist complaining
of being unable to breathe through my nose properly. He asked if I had ever had a Computed
Tomography, or CT, scan of my nose. I said I had not.

Figure 1: A computerized tomography scan of the head, from base to the top of the skull [1]
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He replied that he thought it would be a good idea and had me scanned. His machine produced a
series of images, or section cuts, not unlike the ones in Figure 1. Those pictures revealed that my
nose had been broken at least five times, information he could not get by other means.

The encounter resolved one issue and raised another. The resolution of my problem came when
the doctor now knew how to fix my nose and went about doing just that.

The issue raised was that I began to think some analogy from that technology ought to apply to
financial matters. In simple terms, CT took 2D section cuts from a bounded 3D region, namely

my head.

I wondered then whether markets were bounded in ways that we could meaningfully depict their
actions.

This paper deals with how the analogy of medical CT imaging applies to parametric analysis.

Commercial Examples

We can learn a great deal about the foundations of this problem by going back deep into history.

In Figure 2 [2], we see the
cost and price records of the
Ford Model T. The lower
line is the experience curve
that we recognize. History
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Figure 2: Ford Model T cost and price histories

Prices ‘ r .
3 Price Curve revealed that achieving
§ [ O—a / costs below the line was
% *1Financjy; o S ool qnattainable. At 'the same
S feaean “PPOrtunity, Space, S ~vr, time, the upper line reflects
g oY =, T —— the Price Line, which fell as

the market became
saturated and satiated.
Trying to set prices beyond
that limit would have been
unsupportable. The space
between these lines is the
Financial Opportunity

Space, a region in that market where prices exceed costs, and producers can make a profit—this

is a crucial concept.

While we don't have comparable histories for other models in the Ford Model T era, we can
retrieve data on contemporary Electric Vehicles (EVs), as shown in Figure 3.[3]
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Model Sales Price HP Curb Wt lbs Model Sales Price HP Curb Wtlbs

Tesla Model Y 372,613 | $43,990| 295 4154 Kia EV6 21,715 | $42,600| 167 3984
Tesla Model 3 189,903 | $40,630| 257 3891 Tesla Model X 19,855 | $81,630| 670 5233
Ford Mustang Mach-E 51,745 | $44,795| 266 4609 Nissan Ariya 19,798 | $40,980| 214 4323
Hyundai loniq 5 44,400 | $43,195| 168 4023 Toyota bZ4X 18,570 | $44,420| 201 4266
Tesla Cybertruck 38,965 | $82,235| 600 6669 BMW iX 15,383 | $88,095|516 5659
Ford F-150 Lightning 33,510 | $57,090| 426 6015 GMC Hummer EV 13,993 | $96,995|570 9063
Honda Prologue 33,017 | $48,795| 212 4932 Ford E-Transit 12,610 | $54,455| 266 6189
Chevrolet Equinox EV 28,874 | $43,295 213 4950 Subaru Solterra 12,447 | $45,340|215 4354
Cadillac Lyriq 28,402 | $58,590| 340 5557 Tesla Model S 12,426 | $74,990| 670 4560
Rivian RIS 26,934 | $77,300| 533 6986 Kia Niro EV 12,367 | $39,740| 201 3721
BMW i4 23,403 | $53,195| 282 4553 Hyundai loniq 6 12,264 | $38,315| 149 3935
Chevrolet Blazer EV 23,115 | $53,715| 288 5337 Mercedes-Benz EQE SUV | 11,660 | $79,050| 288 5412
Kia EV9 22,017 | $54,900| 215 5093

Figure 3: Top 25 selling Electric Vehicles (EVs) in the United States in 2024

If we want to understand how this modern market

works, we may be tempted to turn to modern Price

economics to see what it has to say about this

problem. As shown in Figure 4 [4], the standard / Supply
answer in this discipline is that an upward-sloping Equilibrium

supply curve intersects a downward-sloping
demand curve at a single point, known as the
equilibrium point. This approach is wrong from Demand
several standpoints, not the least of which is that
an upward-sloping supply curve posits that

people become less effective the more times they Quantity
perform a function. This characterization is in Figure 4: The law of supply and demand claims there is 1
direct opposition to the Learning Curve theory’ equilibrium price in a market — this is exactly incorrect

which has demonstrated time and time again that

workers take less time with succeeding tasks. This Model also suggests that we might find a
single equilibrium point for the Electric Vehicles we considered in Figure 3. But, as we saw
there, we have 25 models in the market at the same time, far from the single point that the law of
supply and demand theory claims.

We might reasonably ask ourselves what supports prices in Electric Vehicles. With a little work,
we discover that in Figure 5. It finds that

MSRP =299 * HP*412* Curb Wt*4?° *Sales 02 * Ping Factor * € = Equation (1)
Where:

MSRP = Manufacturer's Suggested Retail Price

HP = Horsepower

Curb Wt = Curb weight of the vehicle, in pounds

Ping Factor = Adjustment factor to the constant, adjusted for downward bias
€ = Error term for the equation
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Figure 5: EV prices increase with added horsepower and curb weight, but fall with added sales

Equation 1 has an Adjusted R? of 86.9% and a Mean Absolute Percentage Error (MAPE) of
7.1%. Its p-values for Horsepower, Curb Weight, and Sales are 2.36E-06, 0.74%, 1.71%,
respectively. Of special interest is the term for Sales — it constitutes a Product Demand Curve,
showing how the prices of each Model decline as sales increase. Analysis of product features
reveals gaps in the market, as shown in Figure 6.
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Figure 6: The market has gaps relative to horsepower and sales price

This information about market gaps can be useful to new market entrants.
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The Product Demand Curves for all vehicles combine to form an overall Market Demand Curve,
as shown in Figure 7.
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Figure 7: The market has an overall Demand Frontier, a line limiting sales for the year in question

MSRP =1,110,000 * *Sales®>°* ¢  Equation (2)
Where:

MSRP = Manufacturer's Suggested Retail Price
Sales = Model Sales for 2024

€ = Error term for the equation

Equation 2 has an adjusted R? of 90.4% and a p-value of 6.20E-04. As stated earlier, it is a
function of all the Product Demand Curves that form it. Figure 8 shows a pair of those curves,
one for the Tesla Model 3, and another for the Tesla Model Y. Note that these Product Demand
Curves (with slopes of -0.0692), and, indeed, all Product Demand Curves are flatter than the
overall Demand Frontier (here, with a slope of -0.259). In general, sales for a given model can
continue to increase until it reaches the Demand Frontier. That noted, these curves are in
constant flux and can change dramatically from one year to the next.
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Figure 8: The Demand Frontier is built on the models in the market, including the Models 3 and Y
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Importantly, the Product Demand Curve slope equates to a 95.3% Learning Curve. The auto
industry has consistently demonstrated an 85% Learning Curve. If we plot those differences in
Figure 9 and suppose we will model an EV model with 471 horsepower (in the middle of the
Figure 6 gap), a curb weight of 5000 pounds, and target sales of 20,000 units in a year (to the
Figure 6 price gap), we find we get this Product Demand Curve in Figure 9.

2024 US EV Market

$100,000 New Car Value
Demand Frontier 1 16,000Qty06%2 (95.3%)
$80,000 =

$60,000

$40,000

$20,000

85% Cost Crv

$0
10,000 20,000 30,000 40,000 50,000

2024 Qty Sold

Figure 9: The Learning Curve is much steeper than the Product Demand Curve
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In Figure 9, we additionally posit that the first unit cost of the hypothetical Model we will
examine will be $200,000, and that it will follow an 85% Learning Curve.

2024 US EV Market
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Figure 10: We proposed a car worth $68,000, with targeted sales of 20,000 units in a year. If we raise
the price by $4,000 to $72,000, sales fall to about 8,000 units. By contrast, if we reduce the price of
our $68,000 car by $4,000 to $64,000, sales increase to about 48,000 units.

If we model a car that falls in the middle of the price and horsepower gaps, we might select a
curb weight of 5,000 pounds and a targeted sales figure of 20,000 units in 2024, yielding the
results shown in Figure 10. If we were to raise the Price of this Model to $72,000, we would find
the sales would fall by over half, to about 8,000 units. By contrast, if we were to reduce the Price
by $4,000 to $64,000, sales would increase to 48,000 units.

Military Examples

In August 2018, the US Air Force awarded a $480 million contract to Lockheed Martin to
develop an air-launched hypersonic weapon, an air-to-surface missile known as the AGM-183A
ARRW ("Arrow").[6] This device was originally promoted to support the Prompt Global Strike
(PGS) initiative [7], but eventually evolved into a solution to "keep up with the Russians and the
Chinese" as both countries began fielding those weapons.
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In October 2018, my paper, "A
7D Trade," was released, in
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aircraft that carry them.[8] In it, )
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Office (CBO), perhaps unaware Figure 11: 20-year history of the US air-to-surface missile market, with the

of this limit, said that it saw the Congressional Budget Office’s (CBO) estimate of AGM-183s overlaid on it
need for 100 to 300 of these devices, which would sell for about $18M each (in 2023$, or about
$14M in 20169) if the US Government were to buy a 100 unit run, based on the demonstrated
first unit cost of the Lockheed Martin AGM-183A ARRW ("Air-Launched Rapid Response
Weapon") [10]. The program was canceled in 2023 [11], but was later revived in 2025 [12].

e US Air-to-Surface Weapons
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There is nothing inherently amiss with having hypersonic weapons and using them on the
battlefield. The potential problem with the AGM-183A is its Price: simply put, its projected Price
at 100 units is more than 100 standard deviations beyond what the market could support over the
20 years ending in 2016. Besides its speed, its cost is driven by its Range: the longer the Range,
the more fuel that is needed, and the larger the missile has to be to accommodate that load. The
AGM-183A, with a launch mass of 6,600 pounds [13], weighs more than a small business
jet.[14] The confusion the program demonstrated seems to stem from a lack of understanding of
how this market works.

As shown in Figure 12, this market separates itself into glide bombs and powered missiles. To
get a full picture of USG purchases, it is prudent to include all buys from all service branches, as
has been done here.

When we plot the quantities sold against Price in Figure 13, we find that the market not only has
the Upper Demand Frontier we found in Figure 11, but also a Minimum Demand Frontier.
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1997 - Pay- | Max | Max
2016 2016 |Launch|{load| V Range
Type Price Kg kph

Glide Bomb BLU-109 2000 Ib 18,556  $51,000 1,605

Glide Bomb BLU-110 1000 Ib 6,565  $36,000 447 202 1,605 28
Glide Bomb BLU-I111 500 Ib 33,330  $32,000 227 87 1,605 28
Glide Bomb BLU-117 2000 Ib 24506  $40,000 948 429 1,605 28
Glide Bomb SBD | Small Diameter Bomb 16,577  $59,000 129 93 1,200 (]|
Glide Bomb SBD I Small Diameter Bomb 2,417  $78,000 129 93 1,200 72
Missile AGM-158 JASSM 635 $1,352,000 1,021 450 1,200 370
Missile AGM-158-1 JASSM-ER 275 $1,912,000 1,021 450 1,200 1,000
Missile AGM-88E HARM 643  $892,000 355 66 2,280 150
Missile AGM-84  SLAM-ER 4,152 $528,000 675 221 855 270
Missile AGM-130 Powered GBU-15 102 $804,000 1,323 907 1,200 75
Missile AGM-154A USAF JSOW Soft 1,742  $557,000 450 42 1,200 110
Missile AGM-154B USAF |SOW Vehicles 3,893 $501,000 450 177 1,200 110
Missile AGM-154C USN Hard Target 6,599 $442,000 450 250 1,200 110
Missile AGM-142 Have Nap 46 $1,773,000 1,361 350 1,482 80
Missile AGM-114P USAF Hellfire 14,886 $113,000 47 9 1,591 8
Missile AGM-114N USN Hellfire 8,741 $123,000 47 9 1,591

Missile AGM-114R US Army Hellfire 25,238 $161,000 47 9 1,591 8

Figure 12: A 20-year history of the US Air-to-Surface missile buys
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Figure 13: The market formed upper and lower Demand Frontiers.
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When we analyze the Value of the
missiles and glide bombs, we find that

while the Value of these devices can be m $10633
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Figure 15: The 3D Value Space and the 2D Demand Plane share the Price Axis, forming a 4D system.
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Figure 16: Using the analysis we’ve created, we can find
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Figure 17: Air-to-surface missiles and their
platforms offer trade-offs between time and money.

Using Equation 3 (or similar equations), we can
work out what the Range ought to be for a
hypersonic missile with a first-unit cost of
$10.8M, the market limit we discovered in
Figure 11. As shown in Figure 16, the original
range target of 1000 miles was too expensive
for the USG budget, but a missile with roughly
1/9'" the Range, or 114 miles, would be
affordable. Interestingly, missiles of this Range
would be markedly smaller. Given the missile
parameters, designs may be enabled that could
be carried internally by several platforms.

While we see the trade-offs between Range and
Price in Figure 16, if we intend to entertain
such ideas, it behooves us to simultaneously
consider how hypersonic ranges combine with
their carrier aircraft to form a range of "Time to
Target" possibilities, as shown in Figure 17.
Here, we study how long it takes to reach a
target 1000 miles away, assuming it takes us 15
minutes to get our plane/missile combination
aloft and that the plane, once at altitude, flies at
500 miles per hour, while the missile travels at
Mach 5. Of course, the results will vary based
on attitudes about aircraft and missile speeds.

At the leftmost edge of the chart, near the
configuration shown in Figure 16, with the
missile flying roughly 100 miles, it takes us a
little over 2 hours to get it to its intended
destination.

By contrast, on the extreme right-hand side of
the chart, the airplane climbs to its designated
altitude and lets the missile fly the entire 1000-
mile distance to the target, which it does in
about 40 minutes. This scenario is what the
AGM-183A hopes to accomplish.

Thus, the question appears to become this:
Would you prefer to have one (1) missile to
prosecute the mission in 40 minutes, or 100 to
be able to do it in a little over two hours? To
this paper's point: do we want that answer in
advance, or when we hit a budget wall?
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Figure 18: The lower limit to Air-to-surface missiles may well be described by the NATO 5.56 round, of
which the US has roughly 10B at $0.39 each. Ukraine has employed drones as remotely piloted projectiles,
radically reshaping the market landscape, which now requires constant updating to remain current.

Markets often evolve dramatically, as we've seen in the hundred years since the end of Model T
production and the emergence of a new generation of Electric Vehicles. The market for missiles
and bombs is much the same, having witnessed dramatic changes in the last few years.

While it is not a precise comparison, for relative scales, in Figure 18, we add recent drone
production in Ukraine to offer some points of reference for where this market might go. What
has happened is that drones, once used primarily as surveillance platforms, gradually evolved to
launch platforms (MQ-9 Reaper) and, in the Ukraine-Russia war, are now capable of one-way
attack drones. It appears their cost are approaching the low hundreds of US dollars per unit and
have become vital in the Ukrainian arsenal. This rapidly changing market requires constant
updates to keep its information current.

Financial Catscans
When we realize the constraining nature of the Demand Frontier and understand the connection

between the Demand Plane and the Value Space, we can leverage that 4D relationship using
Financial Cat Scans. The goal of exercise is to reduce the number of dimensions from 4 to 1.
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Figure 19: Aggregate Demand points represent the total quantities and average prices in
each of several bins. Once we draw Aggregate Demand, we find the Demand Frontier;
those slopes approximate each other. Given our Frontier, we find a gap.
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Figure 20: Once a price is set, we add a Value Space, turning a 2D problem into 4D problem.
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Figure 21: We cannot have a “0” value for any features, so we determine an “Area of
Interest” on the Price Plane. We overlay that with Value and Cost surfaces.
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Figure 22: Once we study the problem in depth, we may constrain it further. The
constraints provide a bounded region for analysis, analogous to the head shown in Figure 1.
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Figure 23: With the region fully bounded, we take 2D section cuts of the 3D volume.
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Figure 24: We perform like operations in the orthogonal direction, and find a section cut
that offers a profit (or, for the government, a net benefit) line. That line, multiplied by the
number of sales, determines the total profit or net benefit.
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In Figure 19, we first find the 1) Total Quantity and 2) Average Price in each of several bins.[15]
Once we do that, we find the Demand Frontier. Note that in this data set, there is a noticeable
price gap, and we target that Price as our goal. Crucial to this action is that, once we set the Price,
the Demand Frontier also determines our Quantity. Figure 19 is a short study of a two-
dimensional system.

With Figure 20, we add a Value Space to the analysis, seemingly turning a 2D problem into a 4D
problem. Crucially, though, we recall that once we set the Price, the Demand Frontier determines
the Quantity as well—this means that we are working in a 3D space.

As we turn to Figure 21, observe that we need to discover an "Area of Opportunity," meaning we
want to explore a range of possibilities. To that, we add a Value Response Surface (the points
that form it are not shown) and a pair of related Cost Surfaces (again, with the points forming
them not displayed).

Once we study the problem for a while, we likely move to a problem like that in Figure 22. In
that Figure, we add Constraints to the problem, abiding by the minimum Value we assigned in
the Area of Interest in the A direction, but not reducing the maximum Value, as shown by the
planes with the orange outliers. In the B direction, we do the opposite: working with the
previously determined maximum Value while increasing our minimum Value.

Figure 23 performs section cuts, or Financial CATscans in one direction, while Figure 24 turns
the problem around and creates Financial CATscans on the orthogonal axis. Figure 24's resulting
Profit Line has 1) a predetermined price, 2) a derived cost, 3) a certain amount of Feature A, 4) a
defined amount of Feature B, and 5) the Quantity we set (when we set the Price). The profit per
unit (or net benefit, if it is a government project) multiplied by the number of units yields the
total profit or net benefit.

Summary

Financial CATscans let users solve dependent variables, which are either 1) Price, 2) Quantity
Sold, or 3) Profit, all of which are functions of independent variables that influence them, which
we must determine. Demand Frontiers are barriers that markets set for themselves, and, while
they can and do move over time, in any given period, trying to exceed their limits by vast
amounts does not work well, as the markets, that is, the buyers within them, have collectively
agreed that they have only so much money with which to work. They won't add significant
amounts of money to markets without good reason.

Financial CATscans help users work through multiple scenarios while providing visual evidence
of outcomes, optimizing not only for potential benefits or profits but also for reducing
competition as practitioners use the tool to carve out market niches.
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