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SPSS PLS Regression & Neural Networks
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E-mail: stat420@korea.ac.kr

2008.6.4
SPSS Open House

1 Model of a hierarchical neural network in action
age: Kurt W. Fleischer/Caltech Graphics

M Today’s Lecture

PLS Regression

SPSS 16: Analyze > Regression > Partial Least Squares...

Neural Networks

SPSS 16: Analyze > Neural Networks

- Multilayer Perceptron ...(MLP)
- Radial Basis Function ...(RBF)
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ﬁ PLS Regressions] 7] £54

PLS Regression

PLS: Partial Least Squares (PLS) RSPy )
- Projection to Latent Structures EWPEAS

FQs4:
1) tEF A A (multicollinearity)dl] 3 2Fa1A] &5, o] HoA A3 A <} =2,
2) A AT F71 B5 Aol FRU HE AL F4 715
3) A% 7 #ll (econometrics), A% 3}8H(chemometrics) 5 98 ool A &85,
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M PLS Regression Ateil

Boston Housing Data

The Boston house-price data of Harrison, D. and Rubinfeld, D.L. "Hedonic
prices and the demand for clean air’, J. Environ. Economics & Management,
vol.5, 81-102, 1978.

Used in Belsley, Kuh & Welsch, 'Regression diagnostics ...", Wiley, 1980.

Variables: CRIM  per capita crime rate by town
ZN proportion of residential land zoned for lots over 25,000 sq.ft.
INDUS proportion of non-retail business acres per town
CHAS  Charles River dummy variable (= 1 if tract bounds river; 0 otherwise)
NOX nitric oxides concentration (parts per 10 million)

RM average number of rooms per dwelling
AGE proportion of owner-occupied units built prior to 1940
DIS weighted distances to five Boston employment centres

RAD index of accessibility to radial highways

TAX full-value property-tax rate per $10,000

PTRATIO pupil-teacher ratio by town

B 1000(Bk - 0.63)*2 where Bk is the proportion of blacks by town
LSTAT % lower status of the population

MEDV  Median value of owner-occupied homes in $1000's
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PLS Regression Atéll

Boston Housing Data

2 Partial Least Squares Hegression

Varishles | Madel | Options |

Wariables: Dependent Wariables:
Q& Sample Wariahle Reference Categary

[MEDY] ()

Indlependert Variables:

& CRIM
ral |
¥ INDUS
¢ cras
& MOX
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Case Identifier Variable:

[

To change the measurement lewvel of

a variable, right-click the variable in T 12 G e G
the Variables list

o e JCrt ] Comen I )

SPSS Korea Open House 5

E PLS Regression Atgil

Boston Housing Data

2 Partial Least Squares Hegression

Varisbles | [Madel] | Options |

Specify Model Effects

© tintiots BEEEEEE
() Custom

actors and Covaristes: Model

| cri ~| rBuild Term[s]
[ 2n
|+ mpus
|+ cHas
|+ mc
| Rt
[+ acE -

Type:
[iteraction =]

]

o e JCrt ] Comen I )
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PLS Regression Atéll

Boston Housing Data

rtial Least Squares Hegression

Varishles | Madel | Options |

Save estimates for individual cases

Dataset name: | — _
ol =3t &3t

Thiz option saves predicted values, residuals, latert factor scores, and distances as SPSS data.
alzo plots lstent factor scores

on

Save estimates for latent factors

Dataset name:

[
FACTORS R0l

This option saves latent factor Ioadings and latert factor weights as SPSS date. It also plts latent |
factor weights

Save estimates for independent variables

Dataset name:

IEEEEEE

This option saves regression parametst estimates and variable importance to projsction (VIP) as L
SPSS data. It also plots VIP by Istent factor

o e JCrt ] Comen I )
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PLS Regression At&l

Boston Housing Data

Output:
Proportion of Variance Explained
Statistics
Curmulative ¥
Curmulative X “ariance (R- Adjusted R-
atent Factor X variance Variance ¥ Wariance square) sguare
1 459 459 499 499 497
2 09 468 207 .T0g ik
3 071 639 017 723 2
MY B2 X HSS2| 63.9%E &Y
M BMRICZ2Y H2| 723%E &Y
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PLS Regression Atéll

Boston Housing Data

Output: 3]AAS* (parameters)

Parameters
Depende -
MEDY
(Constant) 14.322
CRIM -.061
N 019
INDLUS - ORG
CHAS 2319
NOX -6.045
R 5.080
AGE -008
DIs 816
RAD 087
Tax Bl
PTRATIO _TAT
B oo
LSTAT 485
SPSS Korea Open House 9

PLS Regression At&l

Boston Housing Data

Output: ¥4 £ 8% (variable importance)

Variable Importance in the Projection

Latent Factar:

yarisbles 1 2 k]

CRIM 853 T8 710
N 7032 B7E 570
IMDUS 1.063 a4 903
CHAS 285 BIT 573
M 438 850 BBE
R 1627 1.814 1,783
AGE 18 T TTA
DIs 548 BES o7
RAD a3 823 347
Tax 1.029 a1 283
PTRATIO 1.118 1.100 1.083
B 732 B8 520
LSTAT 1.620 1,606 1.606

Cumulative Yariable Importance
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PLS Regression Atéll

Boston Housing

Data

Graph: (FERF) A5} A%k

50.00

40.00

30.007

MEDV

20.00

10.00-

x corr=0.85

T T T T T T T
4000 000 10.00 2000 30.00 4000 5000
PLS predicted values MEDV
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PLS Regression H'H &

=y y=Xb+ f

A7)

bt regression coefficient

f: error

SPSS Korea Open House
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@ PLS Regression H'H &

REHALAFT 3H (Ordinary Least Squares Regression)

n
min, > (y; — xb)?
i=1
Q74 xte X9 j9A @ (j=1...n).
HAHF 3] (PLS Regression)

max, Cov(y, Xb) =, ptp=1.
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M PLS Regression H'H &

ZAAJNA t, & 7FFA] Wy (Latent Factor and Weights)

71X tk"E nxl Wy px1 k:]_,...’d,

ZFAN AR} F-3}(Latent Factor Loadings)
Xp=tpj+-+t P
AN Pj=(Pj Pjg)E A Aol A Ra

j=1""’ p
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@ PLS Regression J|EFALS!
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M PLS Regression 7|6t

o

AEF

SPSS 16.0 Algorithms [PLS Algorithms, pp.582-588]
SPSS Neural Networks and PLS Regression 3274
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PLS Regression S&

S8 A 2394 237 Am
Near-Infrared (NIR) Spectroscopy

« 99 9 yarn_2.sav

o y=EZFdEd =X A=
+ X=2687] 2 EZHAA W F4% (p=228+1)

« 287 #5(=n)

- 2y y =bg +byx

1+ - +boggXoeg + |

SPSS Analyze > Regression > Partial Least Squares

SPSS Korea Open House

PLS Regression S&

Proportion of Variance Explained

Statistics
Cumulative
Cumulative ¥ Yariance (R- Adjusted R-
atent Factar: Hiariance Variance Y Variance sguare) square
1 498 498 922 922 916
2 202 700 072 994 993
O| Xt [e]fe) [n2] =2
Parameters 240 BRI MSYE HIS
Depende

Independent N

i yarn.density
(Constant) 47604
ksl -.094
"2 3548
3 1335
"4 235
5 113
xag arer | | B2 AL @MRAOE) |
H287 -3.815
268 -3.771

SPSS Korea Open House

6/16/2008



6/16/2008

@ PLS Regression S&

y: &2t ol =8t

100.00 o
B0 00~ o
60.00+ B0
.:: 9¢
g
T aoned 5068
g ol
20007 oam
. -
-20.00 w0 2000 40.00 000 000 100.00
PLS predicted values yarn.density
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E PLS Regression & XI

SPSS 16.00il Al PLS 3| HE otdAH ...

- Python2.5
- SPSSPythonintegrationPlugln
- SPSSPLSExtensionModule

http://www.spss.com/devcentral X
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@ Neural Networkse] 7] &%

&1 Z 2 (i #E#, neural networks):

- #2719 Fe(neuron, NA A )3} o] AL 0] A H F(layer) 22 TAE
- EARY FAL Y5 wHES 985 AF vk BA S S
- 99 Z(input layer) » &Y Z(hidden layer) — &3 Z(output layer)

Input Lavyer Hidden Layer Output Layer

SPSS Korea Open House 21

M Neural Networks : MLP

Ct= H& EE (Multi-Layer Perceptron, MLP) 22 &

- JES FARIEHPELRE ACHE NI ES Rot AP A G
- Xqe, XpE AREF(YE=D)Bdn & o o5 7w
L=wX;+-+wW, X,
ol Agddt}h o7|A Wy, -, W, & 2173 A (synapse)dl] BE 715 Fk(weight)
-] #4935
. X =H(logistic): S =e"/(1+e"), 0<S<1
. &= &A1 E(hyperbolic tangent): S =(e" —e")/(e"+e™), —-1<S<1

_%Qi:
LEEE o=L
. HFY: AT Ewl X (softmax): 0, :M A7 kK EWF
>exp(L;)
j=1
SPSS Korea Open House 22
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@ Neural Networks : RBF

2ALE D X & 4=(Radial Basis Fuctionstions, RBF) /2 =&

- gEF FAQIAPEIE AgEEA %%EO}
FAN 392 A °ﬂ =R EEEER it

R=exp[- 2{(X M)2+---+(Xp—ﬂp)2}]

AANA gy, py EAAB FA

.= =- _
FY=2 L=w,R;+--+W,R,

g O=L
- BFEF: 2T EYX(0ftmax): O, =M
Yexp(L;)
j=1
SPSS Korea Open House 23

M Neural Networks<] & §=} 557}

S ™I+ 1) 2| H(back-propagation algorithm):
£ (eta) 757 7P 2 BA FE A=
E(moment, alpha) ¢ : ©]A71A] 0] &3 E W&ol F= F e

X-I Oiltéi’%%% NEOH HINCZE 2 NHS S MGHRI g
AN ESSES S0 2 DF0I2t) M2 = R0l &€

= S St
CIAI THE & 212 #IX IOH/\-I AlZote S2e HE S B8ttt
Ol HEE =4 B BS510 It =2 A D8 S Fett

A3k B4 w7H AH 2 S H ok S 4T fAls
om AROIA ) BA7 9 B AR o5 BFE A3,
9427} gobd#F A nF S Ef IS =R
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@ Neural NetworksE 93 g 2%

& & Xt Z (training data), HI A E XS (test data)

EFEAE - A3 A7
o) 70%

HEE A8 - 1734 37}
o) 30%

¥ EAARE 50%, Hl2E A= 25%, FrEAE (hold-out) 25%

SPSS Korea Open House 25

sess VP

German Credit Data

- 234 gEFS &2 10008 UIg A &#H Mg 7S
€34 class=1 (good), 2 (bad)

B Z 2070 (A& 7, HF9 137D

n ol
e

| MName | Type | Width | Decimals ‘

1 checking String 4 0

2 duration Mumeric 4 1

3 history String 4 u]

4 purpose String 4 u]

5 amaunt Mumeric 4 2

B savings String 4 o

7 employ String 4 o

8 install Mumeric 4 0

9 rnarital String 4 o
10 dehbt Sitring 4 o

}

21 class

SPSS Korea Open House 26
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MLP A}

M LP Varlab|eS Multilayer. Perceptron

German Credit Warisbles | Parttions | Architecture | Training ‘ Output | Save | Expart | Optians |

Variables: Dependert Variables

& class

Factors:
a

& Property
& plan
——— | & housing
| - ‘ & ich
T |@htelephons
&g torsign
| credits

Covariates:
& durstion
& amount
& install

gf residence

& e

| people

To change the measurement level of a variable, Rescaling of Covariates

right-click the variable in the Yariables list lStandardized

SPSS Korea Open House 27

MLP A}#

M LP Pal’tltlons Multilayer Perceptron
German Credit variblos | [Pation || Arcticstae | Trining | o | Seve | Esgort | optins |
Variables: rPartition Dataset

(3) Randamly assign cases based on relative numbers of cases

Partttions:
Partition Relative Number %
Training 7 70
Test 3 30
Holcowt 0 1)
Total 10 100

(0 Uss partioning varisble to assign cases

‘ Partitioning W ariskle:

SPSS Korea Open House 28

6/16/2008

14



MLP A}

MLP Architecture

layer Perceptron

German Credit gk I
() Automatic architecture selection
Minimum Murmber of Units in Hidden Layer: D
Maimum Mumber of Units in Hidden Layer:
(%) Custom architecture
rHidden Layers
rNumber of Hididen Layers rNumber of Units
@® () Automatically campute
() Twea (%) Custom
-Acthvation Function———————————— Hiclclen Layer 1:
(2) Hyberholic tangert Hiclen Layer 2
() Sigmaid
rOutput Layer
rActivation Function L ling of Scale D Vari;
() Inentity Stancardized
(3) Softmen: 7) Mormalized
() Hyberbolic tangent Correction;
() Sigmoid O Adjusted Normalized
The sctivation function chosen for the e
@ output layer determines which rescaling Otene
methods are available,

SPSS Korea Open House 29

MLP A}#

MLP Save
German Credit

ayer Perceptron

Variables ‘ Pariions | Architecture ‘ Training | Output [ Save } Export ‘ Options ‘

Save predicted valus or category for each tependsnt varisble

[ave presicted pseuda-probabilty for sach dependert variable]

Variables:

Predicted Yalue or Categery

Predicted Pseudo-Probahility
Dependent Yariable  |Mame of Saved Yariable

oot Name of Saved Varables | Categories o Save
MLP_PssudoProkabilty |ES

class MLP_Predictedyalue

SPSS Korea Open House 30
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MLP A}

OUTPUT: Neural Networks for German Credit Data

Classification

Predicted

Fercent

Cample  Observed 1 2 Correct
Training 1 419 62 87 1%
2 a8 110 95 6%
Overall Percent T47% 25.3% T7.9%
Testing 1 181 38 22.6%
2 50 52 51.0%
Overall Percent 72.0% 28.0% 72 6%

Dependent Variable: class

SPSS Korea Open House 31

MLP A}#

OUTPUT: Neural Networks for German Credit Data

10

Sensitivity

0 T T T T
L 2 4 B 8

1 - Specificity

Dependent Variable: class

Area Under the Curve

Area

class

1
2

744
794

3 Specificity (501 &) = Probability of correctly identifying a negative
Sensitivity (2! 2 &) = Probability of correctly identifying a positive

SPSS Korea Open House 32

6/16/2008

16



MLP A}

OUTPUT: Neural Networks for German Credit Data

2.5

2.0

Lift

@1
@2

T T T T T T T T T
10% 20% 30% 40% 50% B60% 70% B80% 90% 10

POl B S TEE) Be AR
225 30129 T M E%)I} pe

Dependent Variable: class

Percentage

SPSS Korea Open House

MLP A}#

OUTPUT: Neural Networks for German Credit Data

*SPSS DataSet

MLP_Predict| MLP_Pseuda| MLP_Pseudol

el ed{/a\ue F'rub;b\htyj Prub;bwlity_Q

1 1 0978 0022

2 2 0258 0742

1 1 0965 003

1 1 053 0.464

2 2 0341 0859

1 1 0528 0172

1 1 0,960 0.040

1 1 0599 0.401

1 1 0970 0030

10 2 2 0245 0754

1 2 2 0222 0778

12 2 2 0129 0871

13 1 1 0876 0124

14 2 1 0572 0425

15 1 2 0292 0708

New Variables:
1) MLP_PredictedValue = o SHF
2) MLP_PseudoProbability 1 = H 1 o5 &&
3) MLP_PseudoProbability 2 = ¥ 2 o % &&
SPSS Korea Open House 34
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RBF A}

Telco Data

- Z33|AL 10007 h A-7AHE A Rpoh T4 Mu) A FR

A P —_
- &4 custeat=1, 2, 3, 4
* 1 =“Basic service”, 2=“E-service”, 3= “Plusservice”, 4 = “Total service”
2 s X
- WF g F 427
telco.sav [SPSS16\Samples\]
region | tenure | age | marital | address income | ed | employ [
1 2 13 44 1 9 64,00 4 5
2 3 1 33 1 7 136.00 5 5
3 3 68 52 1 24 116.00 1 29
4 2 33 33 0 12 33.00 2 i
5 2 23 30 1 9 30,00 1 2
5 2 41 L 0 17 78.00 2 16
7 3 45 2 1 2 19.00 2 4
] 2 8 35 i 5 76.00 2 10

SPSS Korea Open House
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RBF AL#|

RBF Variables
Telco H°|H

Radial Basis Function

“ariables 1 Partitions

Architecture ‘ Output ‘ Save | Export ‘ Options |

Wariahles:

Dependent Variables:

& Gengraphic indicator [region]

& Months with service frenure]

& Household income in thousands [inco
& Toll free service [tollires]

& Ectuipment rental [scip]

&) Calling card service [callcard]

&, Wireless service [wirsless]

& Long distance last month lonamon]
4 Talliree last monith [tolimon]

& Equipment last morth [ecquipmon]
& Caling oard last morth [carcmon]
& Wwireless last morth [wiremon]

& Long distance aver tenure [longten]
f Toll free over tenure [tolten]

& Equipment over tenure [Eguipten]
& Calling card ower tenure [cardten]
& Wircless over tenure [wireten]

& Wultiple lines [muitling]

& oice mail [vaice]

& Pading service [pager]

& Irternet [internet]

& Caller 1D [callid]

& Cal weaiting [callwalt]

a N

s

4]

& Customer categary [custcat]

Rezcaling of Scale Dependent Yariables:

[Stanaiardizen

Eactors:

% Marital status [marital]
d:l Lewvel of education [ed]
&, Retired [retire]

&, Gender [gender]

Covarisles

& Boe in vears [age]

| Wears st current address [sddress]
& Years with current employer [employ]
& Mumber of people in household [reside]

To change the messurement level of &
varighle, right-click the variable inthe
Wariahles list.

SPSS Korea Open House
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Rezcaling of Covariates:

Standardizect

6/16/2008
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RBF A}

RBF Partitions
Telco H°] &

Varigbles | Parttions | Architectwe | Ouput | Save | Export | Options |

Wariables:

& Morths with service [te
g? Housshold income inth...
% Toll free service ftolfree]
&3 Ecuipment rental [eguip]
@ Calling card service [cal...
& Wireless service [wirel...
& Long distance last mont
& Toll free last month ftoil
& Ecuipment last morith [e
& Calling card last month [,

&9 Long distance over ten...
& Toll free over tenure [iol...
» B

&, Geographic indicator [re._| = |

gf Wireless last month [eir .|

rPartition Dataset

(3) Randormiy assign cases based on relative numbers of cases

Partitions:

Partition Relative Mumber %
Training [ 66.67
Test 2 2222
Holdout 1 11
Total 3 100

(") Use partioning wariable to assign cases

Partitioning “ariakle:
>

SPSS Korea Open House
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RBF AL#|

RBF Architecture

Telco Hl°|H

Radial Basis Function

Varisbles | Parttions | [Architecture | | Cutput | Save | Export | options |

rNumber of Units in Hidden Layer

(3) Find the best number of units within a range

Range
(3) Automatically compute range

() Use & specified range

Magimum:

() Use a specified number of units

Mumber: l:l

SPSS Korea Open House
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RBF A}

OUTPUT: Neural Networks for Telco Data
Classification
Predicted
Percent
Basic service | E-service | Plus service | Total service Correct
Training  Basic service a3 0 72 an 44.9%
E-senice 39 1] 65 34 0%
Flus service 41 1] 122 26 bd.6%
Tatal sanvice 44 0 53 62 39.0%
Crverall Percent 30.8% 0% 46.5% 22.7% 39.8%
Testing Basic setvice 19 i) 34 T 3M.T7%
E-zenice 14 1] 23 12 0%
Plus service 9 0 34 14 59.6%
Total service 11 1] 17 18 39.1%
Owerall Percent 25.0% 0% 50.9% 24.1% 33.5%
Holdout  Basic semice B i] ] 7 28.6%
E-zervice 7 1] 12 11 0%
Flus senice 11 1] 17 7 48.6%
Total service 12 i) 9 10 32.3%
Overall Percent 30.8% 0% 39.3% 29.9% 28.2%
Cependent Yariahle: Customer category
SPSS Korea Open House 39

RBF AL#|

OUTPUT: Neural Networks

B9

Sensitivity

T
2 4

T
B

1 - Specificity

Dependent Wariable: Customer category

for Telco Data

~—— Basic service

E-service

Plus service
—— Total service

Area Under the Curve

Area

Customer category

Basic service
E-serice

Flus service
Total service

B28
460
670
GBS

SPSS Korea Open House
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E References for Neural Networks

SPSS 16.0 Algorithms [MLP Algorithms, pp.470-479, RBF Algorithms, pp.647-652]
SPSS Neural Networks 16.0
SPSS Neural Networks and PLS Regression st201 <

CIOIE OH0l'd 2 &2 It Alell [X2®] 512 2l/018=, StLteH 2008.

| E]]@UE] 0[]

sl N ]

2 fe
1090101010101010101010101010101010101010 1
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ﬁ Questions and Answers
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