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ABSTRACT 
 
This presentation discusses the development of a “Similar-
To” Basis Of Estimate (BOE) generation tool used in 
conjunction with a Complex Parametric Antenna Cost 
Model.  Starting with the parametric model based on 
quantifiable sizing mechanisms which are designed to 
quickly and accurately calculate the “top-down” cost for all 
engineering and operations disciplines and functions 
required for antenna development and test, cost is 
generated, “similar to” programs are identified, and a BOE 
can be auto-populated. 
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What is the burning platform?  What problem am we trying 
to address and solve? 

1) How to bid a product? 
 
 
2) How to link the BOE 
into the cost method? 
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Customer 
“Required” 

Performance 

Cost 
Tool 

How to 
calculate 
cost? 

Which method to use? 
What works best for us? 

Calculate cost 
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Customer 
“Required” 

Performance 

Bid 

Cost 
Tool 

BOE 

The BOE is arguably the most important 
part.  It is what the Customer will see.   
 
If the connection to the Cost Tool is unclear, 
it diminishes the integrity of the BOE. 
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“I want a car for my son for when 
he goes away to college.” 

“We will call it the CollegeCar.  
How much will it cost?” 
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Cost Method #1 -  Bottoms-Up cost estimation 

Wheels $600

Seats $2,200

Paint $475

Dash $4,275

etc.

Total $1.4M

"Forgotten" $700K

End of Program

Total $2.1M

Each piece is defined and 
bid separately.  The costs 
are then added up. 
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Cost Method #1 -  Bottoms-Up cost estimation 

Wheels $600

Seats $2,200

Paint $475

Dash $4,275

etc.

Total $1.4M

"Forgotten" $700K

End of Program

Total $2.1M

e.g. 
Hoses 

Bidding Bottoms-Up has 
it’s Pros and Cons. 
 
•All bid costs are clearly 
understood. 

•The pieces that are bid 
might loose sight of the 
total cost. 

•Total cost becomes a 
surprise at the end. 

•Locked into an 
architecture from the start, 
no time to re-spin the cost 
for a new architecture. 
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Cost Method #1 -  Bottoms-Up cost estimation 

Lengthy Costing phase 
squeezes the available 
time for “what-if” 

Ideally, most of the time 
would be spent choosing an 
architecture. 
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Make Model Doors Cylinders Seats Rims MPG Price

Raytheon CollegeCar 4 4 Leather Steel 35 ??

Lexus RC 350 4 6 Leather Aluminum 15 $45,000

Toyota Camry 4 6 Cloth Aluminum 18 $27,000

Kia Soul 4 4 Cloth Steel 35 $15,000

The CollegeCar is most “similar to” the Kia Soul with 
the following differences: 
 
Leather vs. Cloth seats. 
 
Leather modifies the overall cost by (+ 5.2%) over the 
cost of a car with cloth seats. 
 
$15,000 * 5.2% = $15,780 

Sizing factors 

D
at

a 
Cost Method #2 -  Tops-down estimation 

Price 
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Make Model Doors Cylinders Seats Rims MPG Price

Raytheon CollegeCar 4 4 Leather Steel 35 $15,780

Lexus RC 350 4 6 Leather Aluminum 15 $45,000

Toyota Camry 4 6 Cloth Aluminum 18 $27,000

Kia Soul 4 4 Cloth Steel 35 $15,000

Sizing factors 

D
at

a 

Price 

Bidding Bottoms-Up has it’s Pros and Cons. 
 
•Fast 
•Quantitative complexity factors 
•Accurate 
•Includes “everything” 
•Data collection is burdensome 
 

Cost Method #2 -  Tops-down estimation 



Copyright © 2015 Raytheon Company. All rights reserved. 

Challenges of Product Level Cost Model Development 
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A.  Government DOD Contractor Challenge (Cost) 
 1.  Customer expects WBS 
 2.  Engineering works to PBS 
 3.  Must untangle cost relationship             
      between WBS and PBS 
 
B.  Internal Organizational Challenge (Cost) 
 1.  Matrix organizations make collecting product    
       level costs problematic 
 2.  Matrix organizations in flux are even more   
      problematic 
 3.  Must unmix organizational data from product   
      data 
 
C. Must Get Agreement on Cost Drivers (Size) 
 1.  Costs are causal 
 2.  Key size and scaling factors are causing factors 
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Connecting Tops Down With Bottoms Up 
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A.  Cost Model Connecting Gate 3 (ROM) to Gate 4 (actual bid) 
 1.  Gate 3 ROM is organizational independent 
 2.  Gate 4 is organizational and execution dependent 
 3.  Cost Model must bridge this gap 
 4.  Cost Model must also provide flags for high cost       
      variance items that can drive architectural and            
      performance trade offs 
 5.  Cost and size must be based on historical actuals 
 
B.  Cost Model Connecting Gate 4 (actual bid) to Gate 5 (plan after win) 
 1.  Must be detailed enough to provide cost details for   
      execution plan 
 2.  Must be flexible enough to account for organizational    
      changes 
          
C. Cost Connecting Gate 5 (plan after win) to Execution 
 1.  Must apply to EACs also! 
 2.  Must have standardized cost and size collection forms 
 3.  Must be able to rapidly evolve with technology 
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Radar Functional Block Diagram – Generic and applicable to any Program 

Consistent Product Structure 
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Beginning With a Standard Reference Architecture 
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Overall Antenna Cost Estimation Process 

Questions 
Architecture 

Trades 
Performance 

Trades 

Cost 
Trades 

Final 
Architecture Final 

Performance 

Final 
Cost 

ROM 
Architecture 

ROM 
Performance 

ROM 
Cost 

Integrating the early cost 
estimation process with the 
final cost estimation process 
and the execution process 



Copyright © 2015 Raytheon Company. All rights reserved. 

3/31/2015 

Getting to a ROM Architecture 

Questions 

ROM 
Cost 

Simple set of high level 
questions answered using 
rough requirements 
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Architectural Trade-offs 

Questions 
Architecture 

Trades 
Performance 

Trades 

Cost 
Trades 

ROM 
Architecture ROM 

Performance 

ROM 
Cost 

Answers to questions drive 
choice of architecture of 
antenna (panel, tile, etc.) 
which drives cost 
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Flexible Reference Architecture Key to Result 

Specific antenna architecture with specific 
sub products related to that architecture 
with average cost driving parameters 
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Still Top Down Cost Estimation 

Questions 
Architecture 

Trades 
Performance 

Trades 

Cost 
Trades 

ROM 
Architecture ROM 

Performance 

ROM 
Cost 

High level cost trades based 
on answers to questions 
and customer needs 
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Result of the ROM Bidding Process 

Effort results in a ROM cost 
estimate that is put in 
context of historical actuals 
of previous antenna 
programs in the data base 



Copyright © 2015 Raytheon Company. All rights reserved. 

3/31/2015 

Moving to the Final Cost Estimate 

Questions 
Architecture 

Trades 
Performance 

Trades 

Cost 
Trades 

Final 
Architecture Final 

Performance 

Final 
Cost 

Each Sub Product Owner reviews ROM for cost 
driving elements to the performance 
requirements that will effect execution 
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Expert Review of the ROM Cost Estimate 

Pre-populated size factors of each 
sub product from the ROM is 
now reviewed in detail for 
applicability to the final bid  

Cost Model maintains running 
bid total of updated sub 
product cost information 
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Final Basis Of Estimate will be Based on Historical Actuals 

Final Cost Totals 

Final Cost Subproduct Allocations 

Final Architecture With Sizing 
Parameters 
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Summary of Tops Down Approach 

Start 
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High level, Product 

 Requirements 
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8 a 400 0 0 7180 6 6 3400 6 280 6 11284

7 c 0 60 0 3920 4 4 5720 4 200 4 9916

7 b 0 60 0 2040 4 4 3900 4 120 4 6136

9 a 200 0 0 2580 6 6 3040 6 180 6 6024

2 c 800 0 0 2040 4 4 2780 4 180 4 5816

14 c 800 60 0 3220 2 2 1060 2 100 2 5248

1 c 100 40 0 1620 5 5 3220 5 220 5 5220

4 b 40 0 0 1960 4 4 2440 4 180 4 4636

2 b 400 0 0 1340 4 4 1940 4 140 4 3836

10 a 200 0 0 1960 4 4 1520 4 140 4 3836

11 a 200 0 0 1960 4 4 1520 4 140 4 3836

6 c 0 0 0 960 2 2 2440 2 120 2 3528

13 a 200 0 0 1400 3 3 1360 3 100 2 3071

12 b 200 0 0 1200 4 4 1240 4 120 4 2776

14 b 400 0 0 1400 2 2 280 2 20 2 2108

13 b 100 0 0 900 3 3 800 3 60 2 1871

6 b 0 0 0 480 2 2 1220 2 60 2 1768

1 b 0 0 0 200 5 5 1380 5 60 5 1660

3 b 0 40 0 720 3 3 760 3 80 3 1612Design To Cost 
sensitivity calculations 

Priced 
To Win? 
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What is a BOE? 

A BOE, or Basis Of Estimate, is a Word document.  It captures the Cost of 
the effort along with whatever justifications go along with the calculations. 
 
It should be clear, complete and solid enough to pass any audit. 
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BOE method #1 – Point to Cost Tool 
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“We calculated cost:  $15,780” 
 
“We are bidding $15,780 because based on all this other data, that is 
our calculated price, i.e. the Cost Tool calculated this cost.” 
 
 
 
 
 
 
 
 
The problem here is that the Cost Tool is loaded with data from “every” 
Program.  We can not refer back to our Cost Tool because then we have 
to provide data from “every” Program to explain where the cost came 
from.  That simply is not an option. 
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“We calculated cost:  $15,780” 

“We made a DuPoppie in the past.  That was $7,000.  But 
CollegeCar has twice the number of wheels (complexity factor).   
So: 
  $7,000 x 2 = $15,780” 
 

We have confidence with bid but it is not directly tied to the Cost Tool 



Copyright © 2015 Raytheon Company. All rights reserved. 

3/31/2015 30 

Customer 
“Required” 

Performance 

Bid 

Cost 
Tool 

BOE 

The BOE is arguably the most important 
part.  It is what the Customer will see.   
 
If the connection to the Cost Tool is unclear, 
it diminishes the integrity of the BOE. 
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“The CollegeCar is most “similar to” the Kia Soul with the following differences: 
 
Leather vs. Cloth seats. 
 
Leather modifies the overall cost by (+ 5.2%) over the cost of a car with cloth 
seats.  Therefore: 
 
$15,000 * 5.2% = $15,780” 

The tool was used to determine the Cost Estimating Relationships and to size 
the differences.  The tool was used to identify a “similar to” reference point.  
Could be the most similar, or could be any Program in the data base. 
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BOE method #3 – Use Tool and one “Similar 
to” Program 

The Cost Tool (Excel) and a “Golden 
BOE” (Word) have been used.  The 
Golden BOE can be edited line-by-line 
to match the current bid.  The two tie 
together directly.  There is no reference 
to The Tool in the BOE.  There is only 
reference to a “similar to” Program. 

That’s the real elegance of The 
Cost Tool.  It’s a tool.  Something 
that helps bridge the gap between 
cost calculations and the bid. 
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Golden BOEs written from the Cost Tool has it’s Pros and 
Cons. 
 
•Relatively fast since it’s already written – golden BOE 
•Everything is included, no “forgots” 
•Might be perfect if you could write it with no errors 
•Very complete 
•Can take a long time to edit 
•Relatively slow since done manually 
 

BOE method #3 – Use Tool and one “Similar 
to” Program 



Copyright © 2015 Raytheon Company. All rights reserved. 

3/31/2015 34 

Using the features of Word 
and Excel, dynamic links 
were/are created to couple 
the two documents together. 

BOE – Today 



Copyright © 2015 Raytheon Company. All rights reserved. 

Dynamically Linking Excel & Word - Example 
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Two Separate Documents 
Excel & Word 

Golden BOE 

Cost Tool 
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Dynamically Linking Excel & Word - Example 
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Two Separate Documents 
Excel & Word 

Deliberately included 
an error 

Golden BOE 

Cost Tool 
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Dynamically Linking Excel & Word - Example 
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Dynamically Linking Excel & Word - Example 
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Dynamically Linking Excel & Word - Example 

3/31/2015 39 Word Document with Dynamic Links 

Random errors 
already fixed 
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Dynamically Linking Excel & Word - Example 
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Dynamically Linking Excel & Word - Example 

3/31/2015 41 Word document is automatically updated 

Dynamic BOE 
Cost Tool 
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Overall Antenna Cost Estimation Process 

Questions 
Architecture 

Trades 
Performance 

Trades 

Cost 
Trades 

Final 
Architecture Final 

Performance 

Final 
Cost 

ROM 
Architecture 

ROM 
Performance 

ROM 
Cost 

The dynamically linked BOE is 
now part of the Process 

Dynamically 
linked BOE 
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BOE – Future Steps 
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• Additional formatting cleanup 
 

• Additional features would enhance the selection of 
“similar to” Program.  
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 Strengths 
– Integrated ROM/Final Bid/Execution planning 
– Historical Actuals based 
– Organizational roles accounted 
– Quantitative complexity factors 
– Very fast 
– Accuracy 

 Weaknesses 
– Data collection burdensome 
– What is easy to use is also easy to abuse 

 Innovative 
– The dynamically linked BOE is new.  Provides a solution to a previously 

unidentified problem. 
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Questions? 
 
 


