N Faisace

Minimize risk. Maximize potential.



; N
ICEAA Technology Showcase Webinar
Modeling OLS- based CER Errors™,

Dr. Steve Van Drew
March 24, 2021

\
k

N\

W\
A N . 3



Webinar Topics

Regression Fundamentals
— OLS assumptions
— useful Excel regression functions and tool

Linear CER Demonstration
— Excel regression analysis
— prediction interval
— @RISK implementation

Nonlinear (intrinsically linear) Regression
— transformations
— lognormal error term

Power CER Demonstration
— Excel regression analysis
— @RISK implementation
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Ordinary Least Squares (OLS) Regression Fundamentals

Y=a+bX+¢ Assumptions about €:
where: « normally distributed

a =Y intercept *mean =0

b = slope e constant variance

€ = error / residual * individual g independent

Linear w/ Error Term

==

X

Y

Y =a+ bX + ¢
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Useful Excel Regression Functions and Tool

* Functions
— INTERCEPT(known_y's, known_x's)
— SLOPE(known_y's, known_x's)
— LINEST(known_y's, [known_x's], [const], [stats])
— FORECAST.LINEAR(x, known_y's, known_x's)

* Tool
— Data - Data Analysis - Regression
Regression ? X
IT::tu‘tl'Range: fed
[ Labels [[] Constant is Zero i Help
[] confidence Level: 95 %

¥

(O Output Range:

(® New Worksheet Ply:
O New Workbook
Residuals

] Residuals [ Residual Plots
D Standardized Residuals D Line Fit Plots
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Linear CER Data Set & XY Scatter Plot

Weight
System| Cost ($K) (Ibs)
1 22.2 90
2 17.3 161 Cost = f(Weight)
3 11.8 40
4 9.6 108 25 y= 0.02831x +2.4765
o 8.8 82 possible outlier leftin for | - R"=0.3251
6 7.6 135 20 4| demonstration purposes
7 6.8 59| only .
8 3.2 68 g 15
9 1.7 25 T‘;’T .
10 1.6 24 3 10 / *
.
5 a
S
P
O T T T
0 50 100 150 200

Weight (Ibs)
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Linear CER Excel Regression Output

[ [ [k [ Lt [ ™ [ & [ o [ P [ @& |

3 | SUMMARY OUTPUT 2

. Poor R . :

5 Regressian Statistios

& |Multiple R 0.570207654 / Estimate of GE IS

7 |RSquare 0.325136763 =

8 | Adjusted R Square 0.240778865 Standard Error

9 | Standard Error 5.807608335

10 | Observations 10 ROOt M ea n Sq Uare E rror

1

12 | ANOVA

13 & 55 Al F Sanibicance £

14 | Regression 1 1233974834 129.3974834  3.854253766 0.08523137 1 1 H 11
5 | Fesitn s sssases ssresouer statistically significant

16 | Total 9 399.824 at Q= 1 O

17

18 Coefficients Srandard Errey ¢ Srar FP-yatve £ Sk dinper SRoy | Lower SR Unner SR

13 | Intercept 2476502105 3823373453 0847726971 0535303869 634021288 1129321703 -£.34021288 1.29321709

20 | Weight (Ibs) 0.083124973 €—0.042341025 1963225348  0.08523137 -0.014513605  0.180763552  -0.014513605  0.180763552

Estimated values for
a (2.4765) and b (.0831)

Cost ($K) =

2.4765 + .0831 * Weight (Ibs)

Palisade




Prediction Interval

Cost = f(Weight)

40
30 I + Cost ($K)

é 200 - ‘ -+ Predicted Cost

= 10+ T ($K)

S O+ | 90% Prediction
-10 0 50 100 150 200 Interval (lower)
-20 - 90% Prediction

Interval (upper)

Weight (Ibs)

s x—X)
VEtlai2,n- 2)58\/1+l+(— :
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Linear CER @RISK Implementation

Cost ($K) = 2.4765 + (.0831 * Weight) + €
¢ ~ Normal (0, 5.8076)

[} @R15K - Define Distribution: C34
=@RiskNormak 0,19, RiskName(“Linear error"

> | [l Distribution

&| | Function Normal
C35 v S =@RiskOutput(C3) +J19+(J20%C33)+C34 || parameters | standard
i 0
A B c 0 E F G H ! 1. .
3 i
1| | Description
gg A= 80.0 ‘ Name Linear erm or
34 N(0.s.) = 0.0¢ : S::m
35 v=[sm] .
38 Static Value
Seed Standard
Lock
Collect
@A A

CAUTION: Almost 6% of simulated costs came in less than zero!
Could use output filter to discard simulated negative costs.

Linear error

B[

]

Statistics v

-~
+oo
Mean 0.000
Mode 0.000
Median 0.000
Std Dev 5.808
Skewness 0.0000
Kurtosis 3.0000
LeftX 9.55
LeftP 5.0%
Right X 9.55
Right P 95.0%
Dif. X 19.105
Dif. P 90.0%
1% -13.511
2.5% 11.383
5% -9.553
10 -7.443
20 -4.888
25% -3.917
30% -3.046

Palisade




Intrinsically Linear Transformations

Linear

Power

Exponential

Y

InX

InY=lha+bln X

InY =lna+bX
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Power Model Basics

Power Model Transformed Model
Y InY
X InX
Y =aX’e' InY=lna+bInX +¢

€ in power model is a multiplicative error term that is lognormally distributed,
but in the transformed model € is additive and normally distributed with same
characteristics assumed as linear regression error term
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Lognormal Error Term

if Y ~N(u,0) then X = €Y ~ In(u,0)
E(X) = e?(u+0%2); V(X) = [eA(2u+02)](e%%1)

to model in @RISK use
RiskLognorm2 (u,0) or RiskLognorm (E(X), {V(X)}®)

J\ @RISK - Define Distribution: E12 (=[] F\ @RISK - Define Distribution: G12 _|ol x|

Name |L0gn0rm2 |EI Mame |L0gn0rm ‘EI
Cell =RisklLoonorm2(0,0.691 7 RiskMamel L ognorm2"s ﬂ el =RiskLognorm(1.2703,0.995 RiskMame"Lognarm"y EI
Farmula Farmula

M Logrormz(0,0.6917) | Wl Lognorm(1,2703,0,995)

Logrormz Lognorm

Function Lagnorm2 j Function Lognorm j
Parameters Standard — Parameters Standard
u 0 0.8 T — == " 1.2703 -
o 0.6917 a 0.995

0.7 4 0.7

El g =5 2 o=
05 B Loanomnzin,o a17) 05
Add Overlay | e ] Minmam  0.0000 Add Overlay | -

B Looremit 2703.0.395)
Minirruriy 0.0000

PFarirmu I +o Mazimum oo
0.5 4 lean 1.2702 0.3 l2an 12702
Std Dew 0.9350 ! Std Dewv 09950

0.2 4 0.z

0.1 4 0.1

0.0 0.0

o E T Ay x| e || @miE T e Ao | cee |
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Power CER Data Set, XY & InXInY Scatter Plots

Power Out|
System| Cost ($K) (watts) Power Model, Cost = f (Power Out)
1 22.2 20
2 17.3 400 25 possible outliers left in for
3 11.8 30 20 <~ | demonstration purposes only
4 9.6 10 < Ny
& 15
5 8.8 10 beg .
6 7.6 100 g 10 1¢ o
7 6.8 6 © 5
8 32 8 0 13 T T T T
9 1.7 8 0 100 200 300 400 500
10 1.6 0.5
Power Out (watts)
Power Model, Cost = f (Power Out)
4.00
é 3-60 . - . + In Cost ($K)
brd fo¥aYa s : N
74 20U T .
] " * Predicted In Cost
o 1+.00 ($K)
c S IS
- 0.00 | 1 1
-200 0.00 200 400 6.00 8.00
in(Power Out) Palisade




Power CER Excel Regression Output

! | J | K I L [ oM ] M [ o [ °p ] 8 |
Poor R?

3 |SUMMARY QUTPUT : ;
=S Estimate of o, is
iMultipleH S 0632400707 / Standard Error =
. ErrhE O rissar? Root Mean Square Error
| 3 | Standard Errar 0E3TFI0556

10 | Observations 10

i
| 12 | anowa,

13 ¥ S5 Ay £ Sigiiamce & . 4 . .
| 14 |Regressian 1 3525050133 352995013 7067437523 O.0264G16 Statlstlcally Slgnlflcant
15 |Residual 8 3827703273 0479463535 _
[ 6 |Total 3 7352758477 > ata=.05

7

18 Cieddiamits VST LA i At Suatee Ec-ysfﬁ:’i»’;' D SR Lower SEGT | e SR
| 19 [Intercept 0SEGETIS  04M96493 231368953 OSNG0S~ 0.00INET 189966671 ODOGMEET 199968671

20 [In(Fower Out] 0351906951 W 129643143 2714302401 002643063 % 0052335521 0850873441 0052335521 065075441

Estimated values for
Ina (.9513) and b (.3519)
Transformed CER a-e © 2.5892
In Cost ($K) = .9513 + .3519 * In(Power Out)
Power CER Palisade
Cost ($K) = 2.5892 * Power Out -3°19




Power CER @RISK Implementation

Cost ($K) = 2.5892 * (Power Out -3%19)* ¢’
€ ~ Lognorm2(0,.6917)

HI[8 @risk - Define Distribution: €33

Il cRiskLognorm2(0, )9, RiskName("Power error™

[l Distribution
Function Lognorm2

c24 B =@RiskOutput(C3) + EXP(J19)*(C324)20)*C33 e
5
| a B [o E F G H I 2 =
3 Description
32 X= 60.0 Nawe | Powss esor
33 In{p.c)= 127 < Category
Q3:] ve| 1B.83] Units
Advanced
Static Value
Seed Standard
Lock
Collect
@A O A

Power error
0.32 3.12

In this case ignoring the multiplicative error term would result in cost estimates
that are 27% low on average since € has a mean of 1.2703
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Thank You!

Steven L. Van Drew, PhD, PE
svandrew@palisade.com
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Lognormal Error Term Calculations

if Y ~ N(u,0) then X = eY ~ In(u,0)
E(X) = eMp+02/2); V(X) = [eM(2u+02)](e°%-1)

to model in @RISK use
RiskLognorm2 (u,0) or RiskLognorm (E(X), {V(X)}®)

69172

—e 2 =12703;

o
2

EX)=¢"

V(X)= (eZ,u+0'2 Xea2 _ 1): (ez(o)+.69172 Xe.69172 _ 1): 9900 ;

V(X)) =+/.9900 =.9950

Lognorm2(0,.6917) = Lognorm(1.2703,.9950)
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Power Model 90% Prediction Interval

Cost ($K)

Power Model, Cost = f (Power Out)

160
140

. + Cost ($K)

120

100

(lower)

(upper)

= Predicted Cost ($K)
90% Prediction Interval

* 90% Prediction Interval

Power Out (watts)
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