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> ( : The opinions expressed herein are strictly those of thé author)



> This o | .
accurate technical & prc
available

Weights

« Bills of materials
 Hardware descriptions
« Powerrequirements

« Software information

« Quantifies
 Schedule

« Efc.



Incorporatt
« Utilize staftistics in calculations
« Quantify historical and known uncertainties or

NS /
=  Offenreferred to as ‘Known Unknowns’



Rework and rede
Afttrition

Planned in-scope and possible technical, schedule, and
configuration changes

Phasing & schedules

Software Lines of Code and growth
Weights

Legacy and dependency impacts
Productivity, efficiency and realization
Improvement curves

And so on



> Yet there are
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data used

« Information that is statistically derived and apply

» Much of the history and techniques we use exclude certain

events
« Unpredictable or unforeseen incidents /

 Experiences, occurrences and variability outside the range of
historical trends and data

» Sometimes such occurrences are labeled as ‘Unknown
Unknowns’

« They could be considered as ‘Knowns’ as we know that the
unknown will occurl!



. This is also the case with other

» The history used is limited
. From programs that were completed

. Excludes projects that were terminated and that had severe
problems

. These events could be experienced again

» There are unplanned or out of scope changes to the task

. These changes aren’t anficipated and occur as both thera
of the art and user needs evolve

. Requirements creep and engineering change proposals result



Only the ‘A’

The program won't repeat the mistal
It will invent new ones

The job is more mature than it is

It's commercial or uses Commercial Off The Shelf (COTS)

hardware or software

Which should therefore be free in some mindsets
Overstating of heritage and legacy
Understatement of dependencies or correlation

Unredadlistic schedules are envisioned
Efc.



cost growth has not been caused by poor cost
estimating
cost estimates were particularly unrealistic about
increased contractor program
ement responsibilities
heritage

the anoun’r of
program, the availability of mature technology,
funding, the and the ochlevobm’ry C

to the Air Force, /

» GAO testimony [Reference 2]

 "In our 2005 department-wide assessment of selected major
weapon programs, we found that I
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» There is pressure 1o stay \
often arbitrary budget

» Defense Acquisition University (DAU) [Reference 3]

e deliberately overstated...to minimize need
for variance reporting, or by a

manager’s supervisor to reduce possible over consumption of
resources.”

> “The Elusive Challenge of Estimating Costs” [Reference 4]

« "“The GAO has found repeatedly ... that //

i



Political actio

‘Acts of God’ (hurricanes, floods,
earthquakes, etc.)

Strikes and labor disruptions
Replacement of contractors or vendors
Expenditure profile fluctuations

Certainly this list is not complete




> Historical actuals, estir
have visibility intfo the resultant costs

> The exact amount of experienced and needed /
additional money cannot be exactly calculated




amount of the total allocated
for management control and
ontract level rather than
necific tasks”.

* According to the GAO [Reference ¢], “
a part of the total project budget
infended to be usgd to fund work anticipated but

» Management Reserves are often viewed as ‘low /
hanging fruit’ to be ‘harvested’ in order to place
funding elsewhere




¢ ‘Cost Growth'’

Must be approc
Management Reserves

« Explained differently
« Sold to decision makers as being essential for a

successful program
» The quantification of such events will entail a mor/
detailed approach than using a single given value

« Management Reserves are usually established
applied as a given percentage



» Develop, b
to capture such events

> This will be referred to as the

> |t iIs dependent on and determined by
« ‘Maturity’ or Technology Readiness Level (TRL)
- ‘Additional Factors’



PROPOSED SOLUTION (CONT.)

> The Maturity or Technology Readiness Level (TRL) may be
assessed in the following increments:

3 |Conceptualdesigntested 00
| 4 |Critical function demonstrated

- Component/Breadboard model tested m relevant environment
“ Prototype/Engmeering model tested i relevant environment

Engmeering model tested m space or operatmg environment

“ Flight-qualified system
F]ight proven system
(Level 7 and on is considered ‘mature”)




» According to the DAL : ‘... budget is sensitive

> There are other considerations!



Program Stage

Procurement Type

« Contract Type
« Operating Environment /

» Program History

« (These may tend fo be subjective and are not mufually
exclusive)



o Assemblies and subassemblie
o Segments

o Computer Software Component Interfaces (CSCls)
o Contractors and subcontractors
o (And associated variables)

*  Quantity

. As more units are manufactured there is a greater potential to recove
from disruptions and to implement effective processes

- Quantity relates to
o The number of units
o And/or standard hour content
« Program Stage

. Development has more aberrations than follow-on progUction or
operations and support tasks



. Conftractor experience level is also an influence

- Coniract Type
. There is less incentive with a cost plus contract with less risk for

the contractor

- Operating Environment

. A military or space system must withstand more rigorous
constraints than a commercial ground based system

- Program History

. Having actual history (or history from a very similar es
program) to draw on will result in estimates with gr
Inherent fidelity



PROPOSED SOLUTION (CONT.)

» A table can be constructed to quantify the influence of
these elements:

Additional Factors

Factors Points
(Each = 0 points) (Each = +1 point)
tity High

11 (including Devel opment
oy
‘ost Plus

Program Stage oduction, O&S

Pr
Make

o | =

Procurement Type

g m
=
]
S,

b

",

=
-

Contract Type Firm Fixed Pnce |C
Environment Commercial Military
Program History |Established New

—
-~
B

Score For Additional Factors /
Points Rank
& or more




PROPOSED SOLUTION (CONT.)

> A program could then be ranked (for example) as:

Additional Factors

(Each = 0 points)
1
| 1
Make  [Buy
ost Plus 1
Commercial __|Military |1
Established

> This would be 5 points or a ‘B’ ranking

—

=

&
3
=



« Political pressures
« Volatility (program or project stability)
« Type of product

experience

> All of these "Additional Factors” should

Have definitions developed
Be expanded on
Should be adjusted for the specific area of f

US
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PROPOSED SOLUTION (CONT.)

» A maltrix based on the ‘Maturity’ and ‘Additional Factors' can
then be constructed to derive a “*Cost Growth” multiplier

> Example:

Cost Growth To Apply

Aaditional Factors

Rank: Complesity; | B | 1.030] L1154 La7s] 1203 127 121 12718
Quaniiy: Program | €| 1.110] 1433 1157 taso] 1203] 1227 1250
Stage: Procurement | D | 1.0%0] 1.013[ 1.135] 1458 1180 1203 1228
Type: Contract Types| £ | 1070] 1.092] 1113|1133 1157 17| 1200
Envionment: | F | Loso] Loni] o2 1an3] 1as3| Lisa] L%
Program History




PROPOSED SOLUTION (CONT.)

> Resultant matrix indicators:

Lower TRL

Less Mature
More Complex
Development
Volatile Program

Higher TRL
More Mature

Less Complex
Production/O&S
Stable Program




- Polls on space systems pe

» The Range is 3% to 30%

« Represents nominal step increases leading up to an order
of magnitude from the minimum

« The midpoint or average increase is ~15%

« Correlates with Air Force Space and Missile Center (SMC)
financial management information

7

» For more precision

 These need to be expanded on through experienc
definitions created

« They need to be calibrated and validated for different
applications



» Therefore, some growth must be predicted for every
program

> A single unforeseen event can significantly impa
program



» Then it may be allocated downward to the WE
other level that may be desired so as to demote visibility

7

» Since it isn't known where specifically the additional
funding will be needed it may require redistribution as
program or project evolves



> It may be imprecise in its quantification and
defining it are not exact

» Should be applied as a range in a Monte Carlo or simila/
modeling simulation in the following manner




IMPLEMENTATION (CONT.)

> Exqmple (Assuming a TRL of 4 and Additional Factors Rank of

Cost Growth To Apply

 ET T
Greater
Additional Factors
Rank: Complexity: | B | 1.130] 1.154] Ta78] 1203] 1227] 1251 179
Quaniity: Program | € | 1110 1.133[ 1157 1.180)
Stage; Procurement | D | 1000 1113|1438 — Laso| 1203 1235
Type:; Contract Type;| E | 1.070] 1.092
Program History

In this case, the resultant factors (triangular distribution) would
- BestCase = ~ 10% Confidence Level
* Most Likely = ~ 50% Confidence Level
« Worst Case = ~ 90% Confidence Level




This is a procedure that is in the formative stage, but is
suggested for consideration and application
The desired way ahead is

Initially implement this approach based on the notional
increases outlined

Then refine the procedure and data used

0 some extent subjective and based on




» We must be o
‘gamed’ by the overly optimis

» By implementing this method now the result will be
 Increased accuracy in projections

« Ability to execute programs successfully within the established
budget

> As we employ this tool it will
- Evolve
« Aid us in creating viable forecasts with additional fidelity
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