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About me

Kevin Patron Hernandez
Mechanical Engineer (Universidad Tecnologica de Bolivar, 2013)
Adjunct professor at Universidad Tecnologica de Bolivar (2013 - 2015)
Naval Architecture Designer at Cotecmar’s Design and Engineering office (2015 — Current date)
Areas of development and research at Cotecmar:

Analysis and design of ship structures
Mathematical modelling for ship design
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Cost vs. Price

The financial anatomy of a $ 100 Nike shoe*

$5.00 is Nike’s profit on
a $100 shoe

“Cost : amount of money needed to
actually produce an item.

$22 5858115 $50

COSTTO PRODUCE

RETAILER MARGIN

Price: what you and | must pay for that
item in the marketplace.”

$5 - Freight, Insurance, custom duty - $2 - Income taxes**

| I $5 - Marketing §5 - Net profit or income

- $11 - Other expenses and overheads
* Basad on overall cost of sales as per 7015 Nike incoeme statement. Frelghteimurancesdation are assumptions SOLEREVIEW.COM
** Tanes are calculated on the gross income, which is 7% of the retail price.

https://www.solereview.com/what-does-it-cost-to-make-a-running-shoe/

Mislick, G., Nussbaum, D. (2015) Cost Estimation: Methods and Tools. John Wiley & Sons, Wiley Series in Operations Research and Management Science
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Cost estimating

Cost estimating is a process:
» collect and analyze historical data
apply quantitative models, techniques and tools

...to predict an estimate of the future cost of :

e anitem
e product

program
e ...ortask

Mislick, G., Nussbaum, D. (2015) Cost Estimation: Methods and Tools. John Wiley & Sons, Wiley Series in Operations Research and Management Science
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“Prediction is very difficult...”

By T LN 'U\X_y

_TI) 2 1 — C1)

= “..especially if it's about the future.”

Niels Bohr
Nobel laureate in Physics (1922)

https://www.slideshare.net/mti2/commercial-success-from-innovation
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Cost estimating process

“Cost estimating is the application of the art and the technology of approximating the probable
worth (or cost), extent, or character of something based on information available at the time”

Initiation and research Assessment Analysis Presentation

Your audience, what you Cost assessment steps are The confidence in the point or range Documentation and
are estimating, and why iterative and can be of the estimate is crucial to the presentation make or
you are estimating it are accomplished in varying order decision maker break a cost estimating
of the utmost importance or concurrently decision outcome

Analysis, presentation, and updating the estimate steps
can lead to repeating previous assessment steps

(: N N\ A N N [ e L A Xl Y R L A '
Define Determine Identify
the the ground
estimating rules and
: program . Conduct a Present Update the
5;:;‘;;2,5 -, Zmime A\ L SIUGIND JRassaTpione 5| Conduct || riskand | Docttrj)r:ent | estmateto |, | estimateto
oA y planng d 'z N7 ) N | sensiivity || uncertainty | asthietis " |management| | reflect actual
PLROs Obtain Develop the point analysis for approval | |costsichanges
estimate and compare
the : ;
ol W
. 7 N 7 B 7\ A\ 7 '\ RS o7 NG 7 X J
Source: GAO.

Mislick, G., Nussbaum, D. (2015) Cost Estimation: Methods and Tools. John Wiley & Sons, Wiley Series in Operations Research and Management Science
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Cost estimating methods

-

\_

Analogy

cost of similar

and adjusts for
differences

~

programs is used to
estimate a new one

US GAO (2005) GAO Cost Estimating and Assessment Guide

New program cost = (scaling factor) X (historical program cost)

Cost of new system
Parameter Existing system Newsystem (assuming a linear relationship)
Engine F-100 F-200
Thrust 12,000 Ibs 16,000 Ibs
Cost $5.2 million X (16,000/12,000) x $5.2 million = $6.9 million

Source: © 2003, Society of Cost Estimating and Analysis (SCEA), “Costing Techniques.”
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Cost estimating methods
/ \ 350
_ Given weight (X) = 675; cost (Y) = 240
Parametric o i
= 300+ o
® | s ‘
. S **
cost Is related to one O 250- POy
or more technical, 240 :.. 3eg:(ssi:n Calculation
""" . = +
performance, cost =2 ‘3 """  yoossse R
program parameters, : Y =0.355"*675 + 0.703 = 240
USing statistical 5('10 5éo e(')o 6‘50 71)0 7%0 8(|)0 séo gcl)o 9éo 10'00
WEIGHT

relationships

US GAO (2005) GAO Cost Estimating and Assessment Guide
NASA Cost Estimating Handbook Version 4.0 -



Cost estimating methods

-

WBS: the sum of the
pieces becomes the
estimate

\

~

Engineering build-up

cost estimate developed
at the lowest level of the

/

US GAO (2005) GAO Cost Estimating and Assessment Guide
NASA Cost Estimating Handbook Version 4.0

Segregate Into
CBS/WBS
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Decompose
CBS/WBS into Estimate

“Work Packages” Individual
“Work Packages”

Aggregate
“Work Packages”

Perform

“Sanity Check”

Test for
Omissions and
Duplications

Aggregate Into

“Total Estimate”
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Naval ship cost estimating

Group

4 ESWBS Name

ESWBS Names and Group Descriptions

Group Description

100 Hull Structure Includes shell plating, decks, bulkheads, framing, superstructure, pressure hulls, and foundations
200 Propulsion Plant Includes boilers, reactors, turbines, gears, shafting, propellers, steam piping, lube oil piping, and radiation shielding
300 Electric Plant Includes ship service power generation equipment, power cable, lichting systems, and emergency electrical power systems.
i 3 3 = 7 ’ / J
400 Command and Includes navigation systems, interior communications systems, fire control systems, radars, sonars, radios, teletype equipment, telephones, and
g J 3 J bl J b b] b 2 J ]_ C]_ p ) ]_ 3
Surveillance command and control systems.
500 Auxiliary Systems Includes air conditioning, ventilation, refrigeration, replenishment-at-sea systems, anchor handling, elevators, fire extinguishing systems, distilling
plants, cargo piping, steering systems, and aircraft launch and recovery systems
600 Outfit and Furnishings Includes hull fittines, painting, msulation, berthine, sanitary spaces, offices, medical spaces, ladders, storerooms, laundry, and workshops
g s | ga > ga P > 3 p > > > ’ I
700 Armament Includes guns, missile launchers, ammunition handling and stowage, torpedo tubes, depth charges, mine handling and stowage, and small arms.
800 Integration/Engineering | Tncludes all engineering effort, both recurning and nonrecurring. Nonrecurring engineering is generally recorded on the Construction Plans
category line of the end cost estimate while recurring engineering is recorded in Group 800 of the Basic Construction category.
900 Ship Assembly and Includes staging, scaftfolding, and cribbing; launching; trials; temporary utilities and services; materials handling and removwval; and cleaning
Support Services services

USA DoD (2005), NAVSEA Cost Estimating Handbook

P
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Naval ship cost estimating

@)OP APPRQY

wF RESUy
< % @@ L

g

Task 1. Initiate Estimate Task 7. Run Model & Generate Point Task 10. Produce Final Estimate

Estimate Task 11. Document Estimate
Task 8. Conduct Cost Risk Analysis & Task 12. Brief Results

Task 2. Develop Technical Baseline
Task 3. Obtain WBS

Task 4. Establish Estimate Assumptions Incorporate info Estimate

Task 9. Conduct Preliminary Estimate

Task 5. Select Cost Estimating Methods )
Review

& Tools
Task 6. Collect Data

Part 1

USA DoD (2005), NAVSEA Cost Estimating Handbook
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Motivation

(&OP APPRod Methods and tool selection decisions are influenced by:

$ %

v the level of the program definition
v" the purpose of the estimate

N v’ the availability of cost, technical, or economic data
Task 2. Develop Technical Bascline v the quality of the cost, technical or economic data

Task 3. Obtain WBS

Task 4. Establish Estimate Assumptions / and time ConStraintS

Task 5. Select Cost Estumating Methods
& Tools

Task 6. Collect Data

Part 1

USA DoD (2005), NAVSEA Cost Estimating Handbook



g comoi . Visssos By XXV

mar NAVAL CONGRESO PANAMERICANO DE
INGENIERIA NAVAL, TRANSPORTE
C(HO.HP,\IN,‘AV&L MARITIMO E INGENIERIA PORTUARIA

Motivation

Cost Estimating Methodology by Program Life Cycle Phase

Concept Technology System Production & Operations &
Refinement Development Development & Development Support
Demonstration

Analogy ;: '
D
®

4l \ Not Applicable ‘ ’ Sometimes Applicable

Parametric

Engmeering Buuld-T P

Legend

USA DoD (2005), NAVSEA Cost Estimating Handbook
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Motivation

Common Estimating Methods by Life Cycle Phase

Concept Refinement Technology System Development & Production & Operations & Support
Development Demonstration Deployment

S Concevt Decicion

Engineering Extrapolation
Parametric Build-Up from Actuals

USA DoD (2005), NAVSEA Cost Estimating Handbook
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Common Estimating Methods by Life Cycle Phase

Program Life Cycle

\

Analogy

\

>\

Parametric

\

:::::;: PhaseB/C Phase D Operations &
Development Design Build Support
*\\ﬂ Extrapolation
\\ From Actuals

\Enginee}N

Gross Estimates P
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Motivation
If ...
...the applied cost estimation methods are equally valid and applicable for conceptual design
...each method leads to (slightly different) reliable results, based on different base information
...each method provides with relevant information to the decision makers
Then ...

it becomes necessary to have an additional rational method that facilitates
the decision-making process for the obtention of a single resultant resuit !

P
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The proposed approach

"Cost estimates are expressed as probability distributions to reflect the actual, though perhaps
unmeasurable, uncertainty surrounding each estimate."

System A

Relative likelihood of ocurrence vs. Cost

Dienemann, P. (1966) Estimating cost uncertainty using Monte Carlo techniques
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The proposed approach

« “Different decision-makers inherently have different judgments or opinions on a decision target’

 Aggregation of those different opinions is formed by a consensus

 “The decision-maker’s opinion can be represented by a probability distribution function” (PDF)

 The problem reduces to the aggregation of a set of distributions to an aggregated or consensus
distribution.

Cansarm tats svalabis ot SoVerse Scercallines - ——
W & W
iy Information Sciences i~ “ﬂ
e 8L

BO8 Waw elaesion 4o logaleling

A novel approach to probability distribution aggregation
X. Uu*, Amol Charpade ®, Y.L Tu", W) Zhang™*

vt o Wmwrive! Enprwrveg, |\rvrmas of Ynbntmmm 7 Dpmmpm 0%, Spbmn 5 Clmds S8 18
" U o 1IN 3

X. Liu, A. Ghorpade, Y. L. Tu, and W. J. Zhang, “A novel approach to probability distribution aggregation,” Inf. Sci., vol. 188, pp. 269-275, Apr. 2012

P
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PDFs
The proposed approach
0.016 T /
* Aggregated PDF* f(x) - P
fix) = Z w; f; (%) 0.008 St
i=1 0.006 1 i
Linear combination of individual cost estimation PDFs | iy s
" / \ ' /Expert"l

m
OSW{S]., Zwi=1
i=1

X. Liu, A. Ghorpade, Y. L. Tu, and W. J. Zhang, “A novel approach to probability distribution aggregation,” Inf. Sci., vol. 188, pp. 269-275, Apr. 2012

P

PDF* : Probability Distribution Function
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The proposed approach

1. "What should be criterion applied to evaluate decision-makers?”

2. “How should weight be assigned to decision-makers?”

Methods

» Ranking of decision-makers W -
« Delphi method 2iaT
* Analytic Hierarchy Process

o ...efc

X. Liu, A. Ghorpade, Y. L. Tu, and W. J. Zhang, “A novel approach to probability distribution aggregation,” Inf. Sci., vol. 188, pp. 269-275, Apr. 2012

—,,
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The proposed approach

Objective:
Maximum consensus or minimum difference among cost estimation results

Keypoints:
* The expertise of a cost estimation method is represented by the overlapping area between its
distribution and the aggregated distribution.

 The weight of a cost estimation model is given in proportion to the corresponding overlapping
area.

X. Liu, A. Ghorpade, Y. L. Tu, and W. J. Zhang, “A novel approach to probability distribution aggregation,” Inf. Sci., vol. 188, pp. 269-275, Apr. 2012

P
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The proposed approach

A Probability(cost)

overlapping area A
1

aggregated cost PDF

i-th cost PDF

cost

X. Liu, A. Ghorpade, Y. L. Tu, and W. J. Zhang, “A novel approach to probability distribution aggregation,” Inf. Sci., vol. 188, pp. 269-275, Apr. 2012

P




DISENO E

HMG[NIE?A m XXV|

NAVAL CONGRESO PANAMERICANO DE
INGENIERIA NAVAL, TRANSPORTE
COPINAVAL MARITIMO E INGENIERIA PORTUARIA

A~ mor

){‘ Colombia

The proposed approach

Goal:
Maximize the sum of the overlapping areas for all cost estimation methods (i.e., total overlapping area)

—> find the weights that maximize this sum of overlapping areas
m m
maXAtot:ZA] S.t OSWlS]., ZW1=1
i=1 (=1

An optimization technique is employed to determine the weights.

X. Liu, A. Ghorpade, Y. L. Tu, and W. J. Zhang, “A novel approach to probability distribution aggregation,” Inf. Sci., vol. 188, pp. 269-275, Apr. 2012

—,,
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Example

Estimate the shipbuilding cost of a given naval ship , based on the following results obtained
from different cost estimation methods

Cost estimation Minimum cost Expected cost Maximum cost

method (USD) (USD) (USD)

Carreyette 62,048,269 68,042,521 75,836,773
Lamb 62,304,721 73,299,672 84,294,622
CGT 68,546,855 78,957,125 89,293,750

re“g:';ts'z:zn 72,844,500 90,443,000 108,041,000

—,;
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Example
?OSt. Minimum cost Expected cost Maximum cost
estimation (USD) (USD) (USD)
method
Carreyette 62,048,269 68,942,521 75,836,773
Lamb 62,304,721 73,299,672 84,294,622
CGT 68,546,855 78,957,125 89,293,750
Multiple 72844500 90443000 108,041,000
regression
Cost estimation
Weight (w
method ght (w)
Carreyette 0.1
Lamb 0.1
CGT 0.3
Regresion multiple 0.4

Sum of overlapping areas = 0,89
Non-optimal (arbitrary) weights

PDF

PDF Aggregation
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0.14 4

0.12 4

0.10 -

0.08 q-

0.06 1

0.04 1

0.02 -

0.00 -

Carreyete

Lamb

CGT

Regression
Aggregated PDF

60

Cost (M USD)
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Example
?OSt. Minimum cost Expected cost Maximum cost
estimation (USD) (USD) (USD)
method
Carreyette 62,048,269 68,942,521 75,836,773
Lamb 62,304,721 73,299,672 84,294,622
CGT 68,546,855 78,957,125 89,293,750
Multiple 72844500 90443000 108,041,000
regression
Cost estimation
Weight (w
method ght (w)
Carreyette 0.215
Lamb 0.425
CGT 0.358
Regresion multiple 0.000

Sum of overlapping areas = 1.0
Optimal weights

PDF
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0.12 4

0.10 -

0.08 q-

0.06 -

0.04 +

0.02 -

0.00 4

PDF Aggregation

Carreyete

Lamb

CGT

Regression
Aggregated PDF

60

1 T

80 90
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PDF Aggregation

Carreyete

Lamb

CGT

Regression
Aggregated PDF

PDF Aggregation
— —— Carreyete
—— Lamb
— CGT
0.12 7 —— Regression
—— Aggregated PDF
0.10 1 i -
0.08 4
w
[a)
o
0.06 4
0.04 4
0.02 -
0.00 4
60 70 80 90 100 110 50

Cost (M USD)

Aggregated PDF with non-optimal weights

80 90
Cost (M USD)

100

Aggregated PDF with Optimal weights
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Cost (M USD) Aggregated

Example CDF

75,0 0,557

Aggregated CDF 76,0 0,612

Lo 77,0 0,666
78,0 0,720

. 79,0 0,773
80,0 0,823

81,0 0,866

061 P(Cost <7856 MUSD) = 0.75 82,0 0,902
5 83,0 0,931
04 P(Cost <79.52M USD) = 0.8 84,0 0,953
85,0 0,969

0.2 86,0 0,982
87,0 0,991

88,0 0,997

>0 | | | | | 89,0 1,000
60 70 80 a0 100 110 90’0 1 ’000

Cost (M USD)

91,0 1,000
Cumulative Aggregated Cost Distribution Function 92,0 1,000
93,0 1,000
94,0 1,000
95,0 1,000

—,,
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Concluding remarks

A rational methodology for the aggregation of probability distributions has been applied for the
development of the cost estimate of a naval ship, during early stages of design.

The presented methodology can be used to assist during decision making processes around the

cost estimate of naval vessels in the early design phases, where more than one estimation method
can be used.
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Kevin E. Patron kpatron@cotecmar.com

Luis D. Leal lleal@cotecmar.com

Omar D. Vasquez  ovasquez@cotecmar.com

COTECMAR
Zona Industrial Mamonal Km 9, Cartagena, Colombia
(+57 5) 653 5035 Ext. 5508
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