Presented at the 2011 ISPA/SCEA Joint Annual Conference and Training Workshop - www.iceaaonline.com

Headquarters U.S. Air Force

Integrity - Service - Excellence

A Methodology for Multivariate
Regression on Large Datasets

\ / AFCAAIFMS
\ / Matt Pitlyk
4 g
<9 SCEA June 2011
<

U.S. AIRFORCE




Pregnted atﬁe 2011 ISPA/SCEA Joint Annual Conference and Training Workshop - www.iceaaonline.com

\ 4 |
@ Overview

U.S. AIR FORCE

m Present motivation for ideas

m Give an approach for analysis of large
datasets

m Present logical organization of work/outputs
to make it understandable

m Show ways to automate procedures and
collection/summary of outputs

m Not an Excel or VBA lesson. I'll should you
what you can do, but not how to do It

Integrity - Service - Excellence



Pregnted atﬁe 2011 ISPA/SCEA Joint Annual Conference and Training Workshop - www.iceaaonline.com

\.;’/ Background

U.S. AIR FORCE

m Common practices

m Make scatterplots, ANOVA tables, all over the same sheet
trying to explore as many relationships as possible

m Add trendlines for each possible model
m Have to recalculate certain statistics which are not part of
ANOVA tables over and over, e.g. CV

m Wish we could make scatterplotting and calculating all
regressions and statistics easier and more organized
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\.;./ Background

U.S. AIR FORCE

m Was working with dummy (indicator/stratifying)
variables to represent varying levels of categorical
variables and wanted to be able to see those levels
visually

m E.g. Stratifying on F/A or B/C

m Needed to run many independent variable
combinations

m Needed to run the same variable combinations on
multiple datasets
m Run same combinations on each subsystem

m Had to choose which variable combinations to run
m With 15 variables, that is over 32,000 combinations
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\':'/ Background

U.S. AIR FORCE

m \Was asked to write a function that would produce
loglinear statistics dynamically (update
automatically)

m What if we had a scatterplot that could change
variables more easily?

m What if we could automatic regression and collect
the outputs in a consistent manner?
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U.S. AIR FORCE

m Assumptions (based on metadata)

m |dentified sound independent variables based on engineering
judgment

m |dentified exclusive relationships between IV's E.g. families of
dummy variables
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U.S. AIR FORCE

m Scatterplot variables that you expect to have good
relationships (with engineering judgment) or

have high correlation with the dependent variable

m Use colors and sizes to display varying factor levels of categorical
variables

m Include data points names for quick inspections of anomalies

m Scatterplot categorical variable vs cost to get a
rough idea of the mean and variance
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U.S. AIR FORCE

Cost vs Weight
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o Procedure

U.S. AIR FORCE

Costvs F/A
35000 -
30000 -
o H
25000 ¢ °
20000 H
dg [ J
o H
15000
o
10000 °
o
5000
0 T T
0 0.2 0.4 0.6 0.8 1 1.2
F/A

Integrity - Service - Excellence



Pregnted atﬁe 2011 ISPA/SCEA Joint Annual Conference and Training Workshop - www.iceaaonline.com

\ 4
< Procedure

U.S. AIR FORCE

Backwards Elimination: Take a collection of
iIndependent variables in which the biggest cost
drivers do not have high correlation (absolute value of
.7 or higher)

m e.g. Weight and power are big drivers for satellites, so do not
start with both of them

m High correlation in smaller cost drivers is alright for now
m OK to have dummy variables within the same family
m Perform Backwards Elimination

m Run regression

m Remove least significant variable (highest p-value)
m Rerun regression
[

Repeat until all remaining variables are significant (minimal
equation)

Integrity - Service - Excellence
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U.S. AIR FORCE

Backwards Elimination: An example.

Elimination value of .1

Estimate T1 cost of a satellite using Weight, EoL (Power),
Design Life, Number of Payloads, and dummy variables for a
GEO orbit and a MEO orbit. Weight and EoL are both highly
correlated with cost and also highly correlated with each other,
so we only start with Weight and perform a regression run
which yields the p-values on the next slide:

Integrity - Service - Excellence
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o Procedure
~ Wit DL Pay MEO

.07 12 .08 13

DL, GEO, and MEO all have p-values greater than our
elimination level of .1, but we only remove the least significant
variable, GEO. After running the regression again we have:

Wi DL Pay MEO
03 .05 12

Removing MEO has affected all the p-values and now DL is the
least significant variable and is greater than our elimination
level. We remove DL and run the regression again...

Integrity - Service - Excellence
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U.S. AIR FORCE

Wi Pay MEO

Removing DL affected all the p-values for the remaining
variables, but now they are all less than our elimination value of
.1 and so we have our minimal equation.

Now we must inspect it.

Integrity - Service - Excellence
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U.S. AIR FORCE

m Inspect your minimal equation for:

m High correlation between remaining variables
m 2+ dummy variables from the same family

® Run combination equations

m If Design Life and Number of Payloads are highly correlated, remove
DL from the minimal equation and rerun regression, then remove
Payloads from minimal and rerun

m If the dummy for satellites with LEO orbits and the dummy for MEO
orbits are both in your minimal equation, rerun regression with each
one removed

m Suggest Backward Elimination starting with these combination
equations

Integrity - Service - Excellence
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U.S. AIR FORCE

If the minimal equation from our example contained the variables
Weight, DL, Pay, GEO, MEO

We would next run four more regressions with theses
combinations:

Weight, DL, GEO
Weight, DL, MEO
Weight, Pay, GEO
Weight, Pay, MEO

Once all combination runs are complete, we start over with EoL
Instead of Weight as the biggest cost driver and repeat all the
steps.
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- Caveats

U.S. AIR FORCE

m The more regressions you run, the greater the

chance of a false positive (Type | error)

m Reserve datato test regression coefficients against
m Reserving is difficult if you are trying to stratify your data

® Removing some variable might cause a
previously removed variable to become
significant, if it were placed into the regression
again

m If you found arelationship during scatterplotting, try replacing
previously removed variables after getting a minimal equation

m Cannot try every combination, some relationships are bound to be
missed, but the number can be reduced with careful analysis
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U.S. AIR FORCE

m Organization: Organization of inputs and outputs
may be undervalued. Inputs, computations, and
outputs are separated for models, why not during

model development (regression analysis) too!

m One run per sheet

m Create a template for your output and STICK TO IT! Easier to read
and to find what you are looking for - also makes automation easier

m Create a summary sheet to display most important information for
comparing potential CERs
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U.S. AIR FORCE

m Record a macro for running ANOVA and adding formulas for
stats

m Create atemplate that is just waiting for the ANOVA output to
appear in a specific spot

m Create atool the does the regression and formatting for you

Integrity - Service - Excellence
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S Automation

U.S. AIR FORCE

Wt_F.A
Regression Type: Linear

Equation: Cost =471 591 + Weight*1 998 + F/4*2599 136
Intercept Weight FfA

Output:[ 471.591] 471.501 0] 0]

Alpha Ieuel:
Data points: 23 I .I

Variables

Name |interceptWeight |F/A

Coefficie; 471591 1998 2599136
SE | 501.104 0.057 378.697
P-value 0.358 0.000 0.000

Regression Statistics

30000
RA2 0.985 Regression DF 2|ssR | 1063912748.006
Adj R*2 0.983 Residual DF 20| 55E | 16435627.822 25000
F-Stat 647.321 Total DF 272|857 | 1080348375.829
F-StatP-\  0.000 SEE _ 906522 2 2N
Pearson' 0.992 Y_Bar 16809.612 'E
: { 2 15000 -
v 0.054 B
o
10000 4
Red Flag if &bs »= 0.7 ;
Yellow Flag if Abs »= 0.6 5000 -
0 T T T T T 1
SEEIRhL IE N 1] 5000 10000 15000 20000 25000 30000
Cost o| 09741 02275 = &
Weight _1.0000] 0.0394 Actuals
F/a 0.0394| 1.0000|
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RAND (2 XK v | =|ND|RECT{A4&"L|1S"}|
A B C D E F G H | J K
| Fit Statistics Significance tests (p-values shown)
CV (Unit) SEE (Unit) AdjR*2(Unit) SEE log  Ad]R*2(Fit space) Var_ 1 Var 2 Var_3 Reg (F-Stat)
5387.5298 0.4342 0.00000 0.00000
T(A4&"1118") 1 0.5263 0.00000 0.00000
CER 3 0.7692 5373.9748 0.4751 0.5203 G551 0.00000 0.00000
CER 4 5055.5934 0.5018 0.4784 0.00000 0.26600 0.00000
CER 5 0.6657  5328.2824 0.00000 0.09620 0.00000
CER B 0.747941535 4977.146586  0.494712612 0.5535 0.00000 0.15910 0.08760 0.00000
Best 0.717502686 5305.482027 0.495237482 0.5359 0.5131 0.00000 0.06080 0.00000
I » M| Summary /CER 1 “CER2 ~CER3 CER4 'CERS5 ~CER6  Best ~ ¥J |_|- Il
-
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o
-0

U.S. AIR FORCE

Fun# Mame ov W ariables

Coetficient

P-¥alue

Error OF | CV [Unit] SEE [Unit]  Pearson's Co B2 [Unit]

&dj B2 (Unit) OF

Automation

EGIN

&
4
3
E
T
g
]

1wt F& Ciost Intercepk
‘weight
Fia

4715910347
1337593363
2689126046

0357330325
2.00533E-13
11415EE-0E

065215533 0992364214 0934736733

20 | 00533256

Predicted

0383265407 23

Cost = 471531+ Weight'1.938 « F1AT2539.136

Cost

Cast 1.0000
Weight 0974
Fia 02275

Weight  |FI8
0a74|  n2zvs
10000 0.0394
0.0334] 10000

[ 5000 10000 15000 20000

250040

Actuals

30000

2 4 Cost Intercepk

‘weight

1F2.087704
203003266

0053122204
4. 7E1ZE-15

21 00964031 1620.49204 0974142267 0942055084

Predicted

0946524374 23

Cost = TP12.082 « Weight*2.012

Cost
1.0000
04974

‘weight
0974
1.0000

Cost
weight

20000 25000

[ 5000 10000 15000

Actuals

30000

Cost Intercepk
‘weight

Fayload Cap

1619.035287
2.0132eTe01
0.002301561

0.236037033
2.38292E-14
0339160223

20 0.0957E3 1EE0.2E342E 097415105 0948370326

Integrity - Service - Excellence

0.943367353 23

Cost = 1619.035 + Weight"2.014 + Payload Cap®0.002

Cost

1.0000
naTdd

“weight
0974
1 nnnn

Fayload Cap

-0.0999
nancr|

Cost
LRLENEII
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U.S. AIR FORCE

Fun# Mame oy ‘Wariables Coefficient P-Value Error OF Y [Unit] SEE [Unit]  Pearson's Co B2 [Unit] Adj B2 [Unit] oF EGMN
1t Fo Ciost Intercept 4715910347 0367580925 20 00539288 9065215889 0932364214 0384786733 0983265407 23 Ciost = 471591 « Weight™.995 « F1A" 2533136
2 M Coszt Intercept TF2.087784 005138284 21 0.0964031 162049204 0974143267 0.942955024 0946524374 23 Cost = 1T12.088 « weight"2.013
3 Mt _Payload  Cost Intercept 1619030287 0288097088 20 0.0987E 1BE0.ZE8426 097415108 0.9428970326 0343867309 23 Ciost = 1619.035 + weight"2.014 « Payload Cap0.002
4 it _Payload F, Cost Intercept 1185956377 0BEZ32307 13 0.053551 00AFHZE 099284902 0.386749177 0.983433042 23 Cost = 1185956 + Weight™1.93 + Payload Cap®-0.013 « FIA"2ETT 884
§ Payload F&  Cost Intercept 12186.01777 0001710364 20 04211874 TOS0.E4918 0.268303472  0.071939436 -0.02081162 23 Ciost = 13185.018 + Payload Cap™0.086 + FIA 3471045
£ Payload Ciost Intercept 1901197135 0001065952 21 04245579 TIIE654503 0039990267 0.009372065 -0.03TIEEE3E 3 Ciost = 13011.971 « Payload Cap®-0.053
:I

m Use conditional formatting to highlight
threshholds (p-values and correlation) and make
comparisons easier

m Collapse rows to make comparisons easier

m Create links to the full regression sheets

Integrity - Service - Excellence
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AN\ X4

o
-0

U.S. AIR FORCE

H o L= s C r L} n 4
Cost vs Weight
35000 -
30000 -
25000
20000
§
15000
10000
5000
o
] 2000 4000 B000 8OO0 10000 12000 14000
Weight
¥ Wariable ¥ Wariable Update | [ fescale
We ight ~| | cost =
Bve nts=True |
[~ LN -

8 L i N v o L7 "
Labels: Colors: Size:
| DataPoints =] | Red || =
Filter: Filter: Filter:
I Data Points j I F/i :! | j
O or_14 - O
O or_is
O or1s
O oraz
O cor_1s
O or 19
O or_zo
O op_21
=
Selectall | SelectMone Selectall | selectNaone selectall Sele ct Mone
X intercept
Coeff 2.13086 644.203
SE 011429 937.28
RA2 094303 181796 SEE
F-ctat 347 586 21 DF_error
S5R 1109 B9E+07 S5E
58T 12EH09
cv 0.10935

P-value 15E-14
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__U.S.AIRFORCE

Cost vs Weight
120000 -
100000 - o Orbits
Red:GEO
80000 - y=26217x+35462 | Green:MEO
o e  R*=0.1684 Black:Other
§ oo ] DL (years)
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Automation

U.S. AIR FORCE
e 3] L L E |5 3] 1 .9 L i ] L ¥ Ll R b
Costvs WEight Lahels: Colors: Size:
A | Datapoints =] | Green = | |
® Filter: Filter: Filter:
LLELOY I Data Points :I I GECH ll I oL j
® e  RE=0.1684 O or s (m B EN
> O or_is O s-5
g 60000 - O op.av
O op_is
- O op_1s
40000 - O oF_20
O or_21
20000 - O oe_22
o -
o T T ! Selectall | SelectMone selectall | selectMaone selectall Select Mane
] 2000 4000 000 2000 100 12000 14000
Weight X Intercept
Coeff 262174 354623
SE 127145 104267
A
> % ariable ¥ Wariable I pescale e Do Joraas
F-stat 425139 21 DF error
Wedght = | cost | 55R 176409 8.6E+00 SSE
35T 1E+10
i (B cv 0.36687
P-value 0.0518
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