3] 724

Multiple Linear Regression
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Predictive Analytics

e A new fancy name of “Supervised” data mining, or
Regression and Classification

e “Find a mapping/function f such that y = f(x) given
data set D = {(x,y)}"

e Regression wheny is continuous
e Classification when vy is categorical/binary




Predictive Analytics

e Regression
e Multiple Linear Regression
e k-NN
e Decision Tree Regression
e Neural Networks

e Classification
e Logistic Linear Regression, Discriminant Analysis
e k-NN, Naive Bayese
e Decision Tree Classifier
e Neural Networks
e SVM




Topics

e Explanatory vs. predictive modeling with regression
o Example: prices of Toyota Corollas

e Fitting a predictive model

e Assessing predictive accuracy

e Selecting a subset of predictors
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AH =L
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b= H0 L)
Fuel Type HP Metallic Automatic
46986 Diesel 90 1 0
72937 Diesel 90 1 0
41711 Diesel 90 1 0
48000 Diesel 90 0 0
38500 Diesel 90 0 0
61000 Diesel 90 0 0
94612 Diesel 90 1 0
75889 Diesel 90 1 0
19700 Petrol 192 0 0
71138 Diesel 69 0 0
31461 Petrol 192 0 0

cc
2000
2000
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2000
2000
2000
1800
1900
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Doors

w

w w w w wwwwww
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XS = (1=yes, 0=no)
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Diesel (1=yes, O=no)

CNG (1=yes, 0=no)

None needed for “Petrol” (reference category)
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1|RRA 2/3-Doors 13500 23 10 2002 46986 1 0
4]1RRA 2/3-Doors 14950 26 7 2002 48000 1 0
5|SOL 2/3-Doors 13750 30 3 2002 38500 1 0
6| SOL 2/3-Doors 12950 32 1 2002 61000 1 0
9YVT | 2/3-Doors 21500 27 6 2002 19700 0 1
10|RRA 2/3-Doors 12950 23 10 2002 71138 1 0
12|BNS 2/3-Doors 19950 22 11 2002 43610 0 1
17|ORT 2/3-Doors 22750 30 3 2002 34000 0 1
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XMste| 3|1 2M oa

= e T =
Input variables Coefficient Std. Error p-value SS
Constant term -3608.418457| 1458.620728 0.0137]| 97276410000
Age_08_04 -123.8319168 3.367589 0] 8033339000
KM -0.017482 0.00175105 0 251574500
Fuel Type_ Diesel 210.9862518| 474.9978333 0.6571036 6212673
Fuel_Type_Petrol 2522.066895| 463.6594238 0.00000008 4594.9375
HP 20.71352959 4.67398977 0.00001152 330138600
Met_Color -50.48505402| 97.85591125 0.60614568 596053.75
Automatic 178.1519013| 212.0528565 0.40124047 19223190
cc 0.01385481 0.09319961 0.88188446 1272449
Doors 20.02487946 51.0899086 0.69526076 39265060
Quarterly_Tax 16.7742424 2.09381151 0 160667200
Weight 15.41666317 1.40446579 0 214696000
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Training Data scoring - Summary Report

Total sum of

RMS Error| Average Error
squared errors

1514553377 1325.527246| -0.000426154

Validation Data scoring - Summary Report

Total sum of

RMS Error| Average Error
squared errors

1021587500 1334.079894| 116.3728779
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Prec{gﬁg Actual Value Residual
15863.86944 13750| -2113.869439 \
16285.93045 13950| -2335.930454
16222.95248 16900 677.047525
16178.77221 18600| 2421.227789 PPN IE= PN | g SZ i,
19276.03039 20950| 1673.969611 0|= 7+ AtO| 9|
19263.30349 19600| 336.6965066 X}
18630.46904 21500| 2869.530964
18312.04498 22500| 4187.955022
19126.94064 22000| 2873.059357
16808.77828 16950| 141.2217206
15885.80362 16950| 1064.196384
15873.97887 16250| 376.0211263
15601.22471 15750| 148.7752903
15476.63164 15950| 473.3683568
15544.83584 14950| -594.835836
15562.25552 14750| -812.2555172
15222.12869 16750| 1527.871313
17782.33234 19000| 1217.667664
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(c. 1285-1349), an influential
nominalism philosopher monk, said “It is futile to do
with more things that which can be done with fewer.’

7

Occam’s Razor:

a principle that generally recommends selecting the
competing hypothesis that makes the fewest new
assumptions, when they both sufficiently explain
available data.



http://en.wikipedia.org/wiki/William_of_Ockham

_I

Al XK
= T

Computationally expensive, H| &

SR

ol
— T

= Kl

o O




El AH

4 O

A
(.

)
o
M_JI
50
10D
KI
oF
o)
10
Jlo
M_JI
U @0
04 KW
ol KI
U — Mo
< U0 o
B 100 &I
KIr Kl <
S 0=

(1-R%)

I

—

C
n-1

I

—

u

_1_

2
adj

e “adjusted R2"=




Uv

| Jldote B




o

0 X HO
22 02 [N

~

0%

Kl H Backward Elimination

Wio jp =
W0 I ot Iy

0 o g

ol (I

[ o
-0

<

I HU

l

g =

I T
i

0=
I

-

[l

1> 1
in o

o 42

S L

= [Q
i B
|0 Jd

HU |0

oy U

0 =

o &




CHAH A Stepwise

0|0
[l
B
il
X/
10
KJ




e

S O+ 7JH @ &0t Hol
1 2 3 4 5 6 7 8

Constant Age 08 04 * * * * * *
Constant Age 08 _04 Weight * * * * *
Constant Age 08 04 KM Weight * * * *
Constant Age_08_04 KMjel_Type_Petrol Weight * * *
Constant Age 08 04 KMjel_Type Petrol|l Quarterly Tax Weight * *
Constant Age_08_04 KMjel_Type_Petrol HP| Quarterly_Tax Weight *
Constant Age 08 04 KMjel_Type_Petrol HP Automatic| Quarterly Tax Weight
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Model {Constant present in all models)

1 2 3 4 5 6 [ 8 10 11 12
Constant Age 05 04 ¥ * ¥ * ¥ * * " * ¥
Constant Age 05 04 Wieight * ¥ * ¥ * * " * ¥
Caonstant Age_ 03 04 A YWaight ¥ = ¥ = = v = ¥
Caonstant Age_ 03 04 kM pel_Type_Petral Weight ® * ® = * = *
Constant Age_ 05 D4 kMpel_Type_Petral| Quarterly_Tax YWaight * ® = * = *
Constant Age 03 D4 kMpel Type Petral HF| Quarterly Tax YWeight ® = * = *
Constant Age 03 D4 kMpel Type Petral HF Automatic| Quarterly Tax YWeight = * = *
Constant Age 03 04 kM el Type Petral HF het Colar Automatic| Quarterly Tax Weight * * *
Constant Age 03 04 KM|al Type Dieseljel Type Petrol HF het Colar Autormatic| Quarterly Tax YWeight * *
Constant Age 05 04 KMl Type Dieseljel Type Petrol HF Met Colar Autormatic Doors| Quartery Tax YWeight *
Constant Age_05_04 KM |el_Type_Dieseljel_Type_Petrol HF Wlet_Colar Automatic Co Doors| Quarterly_Tax Weight
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#Coeffs RSS Cp R-Squared 5::::‘;;;
Choose Subset 2| 2535203648 566.4946289| 0.759902253| 0.759623076
Choose Subset 3| 2245803264 404393219 0.787561455| 0.7870B6537
Choose Subset 4| 17ORAT3I056E| 154.2755432| 0.830055744| 0829461533
Choose Subset 5|  1689283456| 95.06230164| 0.84020465| 0.839458514
Choose Subset G| 1555462272 22.9839553| 0.852863273| 0.85200353
<~ Choose Subset 7| 1516E25084| 3.27544785| 0.856518017| 0.855511126
Choose Subset 8| 1515633144 460830661 0.856630379| 0.855455219
Choose Subset 9| 1815206272| B.36643076| 0.886671232| 0.855326999
Choose Subset 100 1514873086 3.1794405| 0856702749 0.855189045
< Choose Subset 11| 1514592768| 10.02211857| 0.856729285| 0.855045708
Choose Subset 12| 1514553344 11.99999332| 0856732995 0.854578951
Ze e 0 #ECk
= adj-R?%, Cp=# 0| S =




Mallow’s C_p (P=# of variables)

C, = S‘g‘ff‘ — N +2P,

N
SSE, =) (Y - Y)
i=1
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The Regression Model

—/ T prmn L |
Input variables Coefficient Std. Error p-value SS
Constant term -3874.492188( 1415.003052 0.00640071| 97276411904
Age_08_04 -123.4366303| 3.33806777 0| 8033339392
KM -0.01749926| 0.00173714 0 251574528
Fuel_Type_Petrol 2409.154297| 319.5795288 0 5049567
HP 19.70204735| 4.22180223| 0.00000394 291336576
Quarterly_Tax 16.88731384| 2.08484554 0 192390864
Weight 15.91809368 1.26474357 0 281026176
Training Data scoring - Summary Report
Total sum of RMS Error| Average Error
- squared errors
1516825972| 1326.521353| -0.000143957
Validation Data scoring - Summary Report
Total sum of
— — > RMS Error| Average Error
o =
§ E % = H | DL Ol_ a|_|) squared errors

1021510219

1334.029433

118.4483556
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Danger of Fitting




Anscomb’s Quartet

I [ [ IV

X y X y X y X y
10.0 8.04 10.0 9.14 10.0 746 8.0 6.58
8.0 6.95 8.0 814 8.0 6.77 8.0 5.76
13.0 7.58 13.0 8.74 13.0 12.74 8.0 7.71
9.0 8.81 9.0 877 9.0 711 8.0 8.84
11.0 8.33 11.0 926 11.0 781 8.0 8.47
14.0 9.96 14.0 8.10 140 884 8.0 7.04
6.0 7.24 6.0 6.13 6.0 6.08 8.0 5.25
4.0 4.26 4.0 3.10 4.0 539 19.0 12.50

12.0 10.84 120 9.13 12.0 815 8.0 5.56
7.0 4.82 7.0 7.26 7.0 6.42 8.0 7.91
5.0 5.68 5.0 4.74 5.0 573 8.0 6.89




Anscomb’s Quartet

e Mean of x: 9

e Variance of x : 10

e Mean ofy: 7.5

e Variance ofy: 3.75

e Correlation between xand y : 0.816
e Linear Regression line:y = 3.0 + 0.5 x




Anscomb’s Quartet
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Anscomb’s Quartet
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Anscomb’s Quartet

clearly quadratic, 0.816 meaningless
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Anscomb’s Quartet
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a clear linear relation but with a slightly
different slope. But an outlier “incorrects” it.




Anscomb’s Quartet
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