Tanagra R.R.

Subject

Implementing the Principal Component Analysis (PCA) with TANAGRA.

The PCA belongs to the factor analysis approaches. It is used to discover the underlying structure of a set of
variables. It reduces attribute space from a larger number of variables to a smaller number of factors

(dimensions). It is an unsupervised procedure i.e. it does not assume a dependent variable is specified”.

In this tutorial, we show how to implement this approach and how to interpret the results with Tanagra.

Dataset

We use the AUTOS_ACP.XLS dataset from the famous SAPORTA's® book (Tableau 17.1, page 428). The
interest of this dataset is that we can compare our results with those described in the book (pages 177 to 181).
We simply show the sequence of operations and the reading of the results tables in this tutorial. About the

detailed interpretation, it is best to refer to the book.

The data table is the following:

Modele CYL PUISS |LONG LARG POIDS |V-MAX |FINITION|PRIX R-POID.PUIS
Alfasud TI 1350 79 393 161 870 165(B 30570 11.01
Audi 100 1588 85 468 177 1110 160|TB 39990 13.06
Simca 1300 1294 68 424 168 1050 152|M 29600 15.44
Citroen GS Club 1222 59 412 161 930 151|M 28250 15.76
Fiat 132 1585 98 439 164 1105 165|B 34900 11.28
Lancia Beta 1297 82 429 169 1080 160|TB 35480 13.17
Peugeot 504 1796 79 449 169 1160 1541B 32300 14.68
Renault 16 TL 1565 55 424 163 1010 140|B 32000 18.36
Renault 30 2664 128 452 173 1320 180|TB 47700 10.31
Toyota Corolla 1166 55 399 157 815 140[M 26540 14.82
Alfetta-1.66 1570 109 428 162 1060 175|TB 42395 9.72
Princess-1800 1798 82 445 172 1160 158|B 33990 14.15
Datsun-200L 1998 115 469 169 1370 160|TB 43980 11.91
Taunus-2000 1993 98 438 170 1080 167(B 35010 11.02
Rancho 1442 80 431 166 1129 144|TB 39450 14.11
Mazda-9295 1769 83 440 165 1095 165|M 27900 13.19
Opel-Rekord 1979 100 459 173 1120 173|B 32700 11.20
Lada-1300 1294 68 404 161 955 140|M 22100 14.04

The first column is the label of the examples. The active variables, used during the computation of the axes,
are in green; the supplementary (illustrative) variables, used only for the interpretation of the results, are in
blue. Compared to the original dataset, we create a new variable, R-POID.PUIS which is the ratio between the

horsepower and the weight of the vehicles. Its values are low for sports cars.

* http://faculty.chass.ncsu.edu/garson/PA765/factor.htm
* G. SAPORTA, « Probabilités, Analyse de données et Statistique », TECHNIP, 2006 (in French).
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Principal Component Analysis with TANAGRA

Creating a diagram

We can launch Tanagra from Excel using an add-on?. We select the range of cells that contains the dataset.
Then we click on the TANAGRA | EXECUTE TANAGRA menu.

E3 Microsoft Excel - autos_acp.xls EJ@@

Eichier Edition Affichage Insertion Format OQutils Données Fepétre ? | Tanagra Sipina == %
DEd QY e @ = A GEESIEIT - | 8 4% - 7
119 | =| =Fl9/c19 r—
A B C D E F ! J K L M =i
1 |Modele CYL PUISS [LONG LARG POIDS  |V-MAX |FINITION|PRIX R-FOID.PUEJ\ —
2 |alfasudTI 1350 79 393 161 870 165|B 30570 11.01
3 JAudiloo 1588 85 468 177 1110 160|TE 39990 13 06
4 |Simca 1300 1234 68 424 168 1050 152|M 29600 1544
5 |Citroen G5 Club 1222 59 412 161 930 151|M 28250 1576
6 _|Fiat 132 1585 98 439 164 1105 165|B 34900 11 28
7 |Lancia Beta 1297 82 429 169 1080 160|TE 35480 13.17
8 |Peugeot 504 1796 79 449 169 1160 154|B 32300 14 68
9 |Renault16 TL 1565 55 424 163 1010 140|B 32000 18 36
10 |Renault 30 2664 128 452 173 1320 180|TB 47700 10.31
11 |Toyota Corolla 1166 55 399 157 B15 140|M 26540 14.82
12 |Alfetta-1.66 1570 109 428 162 1060 175|TB 42385 972
13 |Princess-1800 1798 82 445 172 1160 158|B 33990 1415
14 |Datsun-200L 1998 115 489 169 1370 160|TE 43980 11.91
15 |Taunus-2000 1993 98 438 170 1080 167|B 35010 1102
16 |Rancho 1442 80 431 166 1123 144|TB 39450 1411
17 |Mazda-9295 1769 83 440 165 1095 165|M 27900 13139
18 |Opel-Rekord 1979 100 459 173 1120 173|B 32700 11 20
19 JLada-1300 1294 68 404 161 955 140|M 22100 14 .04
20
21
22
23
24
25
M 4 » M)\ Saporta- pA428 - Tab 17.1/
Dessin = 3 Formes automatiques = ™. “w [] O Al H-F-A-= sBea.
Frét Somme=6790506.25 UM
A dialog box appears. We click on OK if the selection is right.
Fichier Edition Affichage Insertion Format Cubis Données FepStre ? Tanagra Sipina
DeE Slky e REAREE P -F) e -
| =| =F19/C13
A B C D E F G H | ] K L M =l
1 Modele CYL PUISS |LONG LARG POIDS  |W-MAX |FINITION|PRIX R-POID.PUIS| —1
2 |Alfasud TI 1350 79 393 161 870 165|B 30570 11.01
3 Audil100 1588 85 468 177 1110 160|TB 39990 13.06
4 |Simca 1300 1294 68 424 168 1050 152|M 29600 15.44
5 |Citroen GS Club 1222 59 412 161 930 151|M 28250 15.76
5 |Fiat132 1585 98 439 1684 1105 165|B 34900 11.28
7 |LanciaBeta 1297
8 |Peugeot504 1796 A
9 |Renault16TL 1565
10 |Renault 30 : 2664 Dataset range (ncluding the name of the attribukes - First row):
11 |Toyota Corolla 1166 .
12 |Alfetta-1 66 1570 $AELEI419 J
13 |Princess-1800 1798
14 Datsun-200L 1998 oK | Cancel
15 |Taunus-2000 1993
16 |Rancho 1442
17 Mazda-9295 1763 83 440 165 1085 165|M 273900 13.19
18 |Opel-Rekord 1979 100 459 173 1120 173|B 32700 11.20
19 |Lada-1300 12394 68 404 161 955 140|M 22100 14.04
20
21
22
23
24
25
4 4[> [¥] Saporta - p.428 - Tab 17.1 / |
Dessin = [ Formes automatiques ~ ™, & [] O 4l - F-A - ERE-
Prét Somme=679056.25 MU

TANAGRA is launched. We check that there are 18 examples and 10 variables®.

3 http://data-mining-tutorials.blogspot.com/2008/10/excel-file-handling-using-add-in.html; we can also import the XLS
data file even if Excel is not installed on our computer, see http://data-mining-tutorials.blogspot.com/2008/10/excel-file-
format-direct-importation.html.

* Tanagra does not handle the label column. The first column is thus counted as a categorical variable in our dataset. It is
not a problem. Tanagra considers that each label is a value of the variable... but in this case, the number of different values
is limited to 255.
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" TANAGRA 1.4.14 - [Dataset (tanB.txt)] (=13
EFile Diagram Component  Window Help -8 X
0w E %

— —
Cmetllap o) 2 S

Database : C:\DOCUME~1WWaizoniLOCALS~1\TempitanE, txt

Download information

Datasource processing
Computation time 16 ms

Alocated memory 12 KB

Dataset descrjption
10 attribute(s)
18 example(s) |

Attribute  Category Informations

Modele Discrete 18 walues
L Cantinue
PLISS Continue
LONG Continue &
Components
Data wisualization | Statistics ‘ Monparametric statistics | Instance selection ‘ Feature construction |
Feature selection | Regression ‘ Factaoral analysis | PLS ‘ Clustering |
Spw learning | etazpy learning ‘ Spw learning assessment | Sconng ‘ #zsociation |

@Correlation seatterplot I&‘Scatterplot with label

EBExport dataset ERview dataset
EScatterplot E,_!\h‘ew multiple scatterplot

Principal component analysis

First, we must define the types of variables. We insert the DEFINE STATUS component into the diagram by
clicking the shortcut in the toolbar. We set as INPUT the active variables. We see below how to use the

illustrative variables.

" TANAGRA 1.4.14 - [Dataset (tanB.1xt)]
I File: D\aym\Componant Window  Help

0w @ 5 )
Andlysis |

= Dataset (tanE&«]
%7 Define status 1

Define attribute statuses

Parameters
Aftributes (Fm— .
Target | Input | lllustrative =
CrL

D plodele
L

FUISS
LONG
LARG
FOIDS

e live
>
D FINTION

C PRIX
C R-FOID.PUIS

_B| B | ! Clear selection |

|

[ ok [ cancel J[ rew |

Data visualizatian ‘ Statistics ‘ Monparametric statistics ‘ Instance selection ‘ Feature construction ‘
Feature selzaction ‘ Regression ‘ Factaorial analysis ‘ PLS ‘ Clustering ‘
Spw learning | Metespulearning | Spv learning assessment | Scoring \ #ssociation \

eCarrelation scatterplot [ Seatterplat with label

Export datazet View dataset
1, Scatterplat [%.2 Wiew multiple soatterplat

Then we add the PRINCIPAL COMPONENT ANALYSIS component (FACTORIAL ANALYSIS tab). We click on
the PARAMETERS menu: we set the number of dimensions to calculate (3 factors); we want to compute the
COS2 (contribution of dimensions to points or squared correlations) and the CTR (contributions of points to

dimensions).
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We click on the VIEW menu in order to obtain the results.

TANAGRA 1.4.14 - [Dataset (tanB.txt)]
W File Diagram  Component Window  Help

H

Analysis

= Dataset (tanB.txt)
%5 Define status 1

>

Database : C\DOCUME-1\WaisoniLOCA L5~ 1\ Tempitang, txt

hloa PCA parameters

Parameters

Generate axis attributes

Cal

@ limited to

Datasource pi
Computation t

Allocated mem:

Dataset

10 attributeqs)

Data wisualization Statistics
Feature selection Regression
Spv learning ety py learning

18 example(s) Cornpute Cos2 and CTH for cases
Attribute
Modele O [ ok [ cancel [ Her
cYL ntinoe
PUIss Cantinue
LONG Cantinue - ¥
Components

Monparametric statistics Instance selection Feature construction

Factorial analysis < PLS Clustering
Spw learning assessment Scorng Azzociation

lysis

#" Canonical Discriminant Analysis -
@Factor’ ratation KPﬁncipalComponent Analysis
[ Multiple Correspondance Anal

Eigenvalues. The first table describes the eigenvalues. They reflect the importance of each dimension. We see

that the two first factors reflect the 87.95% of the available information.

' TANAGRA 1.4.14 - [Principal Component Analysis 1]

EFH& Diagram Component  Window  Help
B %

Analysis

= Dataset (tanB.txt)
= 1:* Define status 1
E}E Principal Component Analysis 1

Data visualization Statistics

Feature selection Regreszion

Spw learning

Meta-spy learning

Compute COS2 and CTR : 1

Eigen values

Matrix trace = 6.00

Axis Eigen value % explained Histogram % cumulated
1 4,420858 73.68% 73.68%
2 0.566062 14.27% &7.95%
3 0.373066 6.22% F.17%
+ 0.213922 3.67% 97.73%
5 0.092801 1.55% 99, 28%
6 0.043230 0.72% 100.,00%

Tot.  6.000000

Components

Monparametric statistics Instance selection Feature construction

Factorial analysis PLS Clustering
Spw learning assessment Scoring Pssociation

# Cananical Disedminant Analysis
@»Factnr rotation
@N\ulﬁple Correspondance Analysis

[ nIpaLs

B:Pn'nm‘pat Component Analysis

Correlations between factors and active variables. The second part describes the correlations and the COS2

(squared correlations) in percentage and cumulated percentage between the variables and the factors.
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MAGRA 1.4.14 - [Principal Component Analysis 1] (=13
E File Diagram Component Window Help - 8%
EH 7
Analysis 3 373066 & T 3
= Dataset (tanB.txt) 4 0.213922 3.57% 97 73%
= £§ Define status 1
E}_{ Principal Component Analysis 1 s 0.092801 .85 7 28
6 0.043290 0.73% 100,003
Tot. 6.000000
Factor Loadings [Communality Estimates]
Attribute Axis 1 Axis_2 Axis 3 \
carr. % (Tot. %) carr, #* (Tot, %) carr. % (Tot, %)
CYL 0.8935 &0 % (30 %) 0148 B R 02160 S%(35 %)
PUISS 0.8868 72 % (79 %) -0.3847 15 %93 &%) 01129 1 % (B2 %)
LOHG 0.8862 72 % (77 %) 03610 15 %733 %) -0.0413 0% (RF A >
LARG 0.8135 &6 % (56 %) 04127 17 %83 %) -0.3694 14 K (PT K)
POIDS 0.9062 &2 % (32 %) 02245  5H{(E7 %) 0.2959 9 %P5 %)
¥-MAX 0.7847 57 % (57 %) -0.5736 33 %90 &%) -0.2965 9 % (99 X)
Var. Expl. 4.4209 74 % (74 %) 0.6661 14 %(85 &) 03731 SX(P4 %) J
3 £ . . hd
Companents
Data wvisualization Statistics Monparametric statistics Instance selection Feature construction
Feature selection Regression [ Factorial snabesiz pLS Clustering
5py learning Meta-spy learning 5pv learning assessment Scoring Association

#* Canonical Discriminant Analysis KNIPALS
@Factor rotation MPanipalComponent Analysiz
[ Multipls Carrespondance Analysis

Factor scores. A third table displays the coefficients for the computation of the factor scores of the
individuals. The mean and the standard deviation used during the computation of the correlation matrix are

given. You must perform the transformation before applying the coefficients on a new instance.

" TANAGRA 1.4.14 - [Principal Component Analysis 1]

m File Diagram Component ‘Window Help - T
B %
Analysis PURS THEET 77T % 00547 TS %T % U271 (95 &) =
- Dataset (tanB.tet) LOHG 0.8862 79 % (7% %) 03810 15%93 %)  -0.0413 0 %93 &)
=¥ Define status 1 LARG 0i8135] s6%(66 %) 04127 17%(83%)  -0.3694 14%GTH)
M Principal Component Analysis 1 FOIDS 0.9052 82 % (82 %) 02246 5%(87 %) 0.2959 9 %96 %)
V-MAX Q0.7847 57 & (57 %) 05738 I3 &0 %) -0.2965 9 %99 %)
¥ar. Expl. 4.4209 74 % (T4 %) D.B541 14 %33 %) 053731 & %94 %)

Eigen vectors -- Factor Scores

Attribute Mean Std-dev Axis_1 Axis_2 Axis_3
CYL 1631.606667 363, 394490 0424936 -0.124191 0.353613
PUISS 84.611111  12.802155 0421794 -0.415774 0.134920
LOHG 433.500000 21454491 0.421460 0.411815  -0.067634
LARG 166666667 5163978 0,3869322 0.446087  -0,604366
FOIDS 1078.833333 133099065 0.430612 0.242676 0.484396

V-MAX 188.277778  11.798331 0358944 -0.619863  -0.435472

Computation time : O ms.

< ¥ Created at 06/02/2007 06:36: 16 “
Companents
Data wisualization Statistics Monparametric statistics Instance selection Feature construction
Feature selection Regression Factorial analysis PLS Clustering
Spv learning Mheta-spy learning Spv learning assessment Scoring Association

# Canonical Discriminant Anabysiz MNIPALS
@»Factnr rotation B“Pm‘nm‘pal Compaonent Anabysis
@N\ultipts Correspondance Analysis

But we can also get the computed factor scores for all the individuals. Indeed, the PCA component adds
automatically new columns to the current dataset. They are available in the subsequent part of the diagram.

According our settings (see above), the COS2 and contributions are also computed.

In order to view the related values, we add the VIEW DATASET component (DATA VISUALIZATION tab) into
the diagram. We click on the VIEW menu.
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" TAMAGRA 1.4.14 - [View dataset 1 [All] (18 examples, 19 attributes)]
B File Diagram Component Window Help

H

Analysis FINITION |PRIX

= Dataset (tanB.txt]
= £ Define status 1
=3 Principal Companent Analysis 1
Wiew dataset 1

< E (1 | L3
Components
Data visualization Statistics Monparametric statistics Instance selection Feature construction
Feature zelection Regression Factaoral analysis PLS Clusterng
Spw learning fieta-spw learni Spw learning assessment Scoring Association

@Correlation scatterplot
EREuport dataset
[ Seatterplat

BB view dataset

View mumiple scatterplot

TANAGRA uses a scientific format. A simple way to obtain a more convenient presentation is to copy/paste
the values into a spreadsheet (COMPONENT / COPY RESULTS menu) as the follows.

@ Fichier Edition Affichage Insertion Format OQutls Données Fenétre 7 Tanagra Sipina

DEEESRY $BRY o ez AR P -0 8 - 0B
L3 j = 1.56145858764848
A B — M == N — = e o = == === —5= = T

1 |exarModele PCA_L Axis_1PCA 1 Axis_2 PCA_1 Axis_3PCA 1 CTR_1PCA_1 CTR 2 PCA 1 CTR 3 PCA_1_COS2 PCA_1 COS2_PCA 1 CC—
2 1 Alfasud Tl -2.14 -1.79 -0.57 5.75 20.69 4.87 0.56 0.39 C

ﬂ 2 Audi 100 1 55! 1.53 -1.32 3.08 15.13 25.76 0.37 0.35 C
4 3 Simca 1300 112 0.67 -0.48 1.57 2.95 3.10 0.58 0.21 C
5 4| Citroen GS Clut -2.57 -0.11 -0.15 8.32 0.08 0.33 0.98 0.00 C
6 5 Fiat132 0.43 -0.70 0.19 0.23 3.14 0.56 0.16 0.41 C
7 & Lancia Beta -0.30 0.20 -0.68 0.12 0.25 6.80 0.08 0.03 C
8 7 Peugeot 504 0.68 0.93 0.26 0.59 5.65 0.98 0.31 0.58 C
9 8 Renault 16 TL -1.95 0.98 0.62 4.77 6.24 5.72 0.67 0.17 C
10 9 Renault 30 441 -1.06 0.59 24.44 7.34 5.25 0.89 0.05 C
11 | 10 Toyota Corolla -3.99 -0.24 0.30 19.95 0.36 1.37 0.98 0.00 C
12 | 11 Alfetta-1.66 0.44 -1.91 -0.02 0.24 23.74 0.01 0.04 0.82 C
13 | 12|Princess-1800 1.02 0.84 -0.22 1.30 4.60 0.70 0.53 0.36 C
14 | 13 Datsun-200L 2.94 0.56 1.24 10.87 2.03 23.04 0.78 0.03 C
15 | 14 Taunus-2000 1.31 -0.49 -0.28 2.17 1.54 118 0.70 0.10 C
16 | 15 Rancho -0.69 0.90 0.63 0.60 5.23 5.88 0.24 0.41 C
17 | 16 Mazda-9295 0.39 -0.36 0.08 0.19 0.82 0.09 0.22 0.19 [y
18 | 17 Opel-Rekord 2.29 -0.10 -0.80 6.59 0.07 9.44 0.86 0.00 [y
19 | 18|Lada-1300 271 0.14 0.57 9.22 0.13 4.91 0.93 0.00 €
20

21

22

23

24

25

ORIDCING R DK
Dessin = [} Formes automatiques + . & [ O ‘ & . i - & = E

Prét KUK

In addition, with the spreadsheet, we have multiple sorting options that allow to highlight the relevant

information. For instance, according the contributions, we note that the first dimension is mainly defined by
the opposition between RENAULT 30 TS + DATSUN-200 L (*big” cars) and TOYOTA COROLLA + LADA-1300

(‘small” cars).
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E3 Microsoft Excel - Classeur2 g@]gl

@ Fichier Edition Affichage Insertion Format Ourils Données Fenétre 7 Tanagra Sipina |5 x|
DeE ERAY sBRT - Bz A RAE W -3 e - - 4
05 ﬂ =| 9.21938991546631
A B L M N o P Q R El T =l
1 |exarModele PCA 1 Axis_1 PCA 1 Axis 2 PCA_1 Axis 3PCA 1 CTR 1 PCA 1 CTR 2 PCA 1 CTR 3 PCA 1 COS2 PCA 1 COS2 PCA 1 CC—|
2 9 Renault 30 4.41 -1.06 0.58 24 .44 7.34 5.25 0.89 0.05 C
3 10 Toyota Corolla -3.99 -0.24 0.30 19.96 0.36 1.37 0.98 0.00 C
4 13 Datsun-200L (| 2.94 0.56 124 1087 2.03 23.04 0.78 0.03 C
ﬂ 18 Lada-1300 -2.71 0.14 0.57] 9.22) 0.13 4.91 0.93 0.00 C
6 4|Citroen GS Clut -2.57 -0.11 -0.15 8.32 0.08 0.33 0.98 0.00 C
7 17 Opel-Rekord 2.29 -0.10 -0.80 6.59 0.07 9.44 0.86 0.00 C
8 1 Alfasud TI -2.14 -1.79 -0.57 5.75 20.69 4.87 0.56 0.39 [
9 8 Renault 16 TL -1.95 0.98 0.62 477 6.24 5.72 0.67 0.17 C
10 2 Audi 100 1.56 1.53 -1.32 3.06 15.13 25.76 0.37 0.35 C
11 | 14 Taunus-2000 131 -0.49 -0.28 217 1.54 119 0.70 0.10 [
12 3 Simca 1300 -1.12 0.67 -0.46 157 2.95 3.10 0.58 0.21 C
13 | 12 Princess-1800 l.o2 0.84 -0.22 130 4.60 0.70 0.53 0.38 C
14 | 15/Rancho -0.69 0.90 0.63 0.60 5.23 5.88 0.24 0.41 C
15 T Peugeot 504 0.68 0.93 0.26 0.59 5.65 0.98 0.31 0.58 C
16 | 11 Alfetta-1.66 0.44 -1.91 -0.02 0.24 23.74 0.01 0.04 0.82 C
17 5 Fiat 132 0.43 -0.70 019 0.23 3.14 0.56 0.16 0.41 C
18 | 16 Mazda-9295 0.39 -0.36 0.08 019 0.82 0.09 0.22 0.19 C
19 &|Lancia Beta -0.30 0.20 -0.68 \/ 012 0.25 5.80 0.08 0.03 C
20
21
22
23
24
25
DERDCNAERE DIk
Dessin » R Formes aukomatigues » ™, I:| O E 4 ! & . i - & -
Prét MU

Scatter plots. The popularity of factorial methods is based largely on graphical representations. They allow us
to visually evaluate the proximity between observations. In our case, we project the observations in the first
two dimensions. We can associate a label to each point. We insert the SCATTERPLOT WITH LABEL
component (DATA VISUALIZATION tab) into the diagram. We set the first dimension for the horizontal axis

and the second dimension for the vertical one. We note that we can easily modify the axes.

4 TANAGRA 1.4.14 - [Scatterplot with label 1]

EFi\e Diagram Componsnt  Wwindow Help - 8 %X
(=
b T — Legens
= Datasst (tanB.txt) @ Exampls ID

= f:‘ Define status 1 PCA_1_Axis_1 ws PCA717A)Q;":‘,"'2

. O 0 ) values
=] B‘ Principal Component Anakysi
Wiew dataset 1 4 O atiribute valus
[# Scatterplot with label 1
Attribute ref
hodele v
o
= 0
=>f. o
o
o
o
-
; N ;
T T T 3 T T T
-3 -1 o 1 2 3 4
PCA_1_Axis 1
< PCA_1_fodis_1 <—
Components
Data visualization <: Statistics Monparametric statistics Instance selection Feature construction
Feature selection Regression Factorial analysis PLE Clustering
Spw learning Mheta-zpy learhing Spw learning assessment Sconng Association

View dataset
[,z View multiple scatterplot

@'Currelation scatterplot

EBEcport dataset [# Scatterplot with label

The points are automatically labeled by their number. We can modify this by clicking on LEGEND /
ATTRIBUTE VALUE option. We select MODELE as reference attribute. We obtain the scatter plot on the two
first dimensions. Of course, this option is practical as long as the number of points remains reasonable.

Beyond of a certain number of observations, the graph would be unreadable.

Sometimes, some points are superposed. In this case, copying the coordinates in a spreadsheet and ranking
the examples according the dimensions is the best way to identify precisely each example. We can also modify
the size of the labels with the shortcuts CTRL + W and CTRL + Q.
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TANAGRA 1.4.14 - [Scatterplot with label 1]
E File Diagram Component ‘window Help

=

Analysis PCA_1_fis_2 ~ Legend

= Dataset (tanB.txt) - - @ Bl [
= 8% Define status 1 P oz 1 vs. PCAT i 100 |
— 1 7 7 1 1 1 1 1 1 O values
= E Prncipal Component Analysi g ! ' g ' ' 6 6
(2 View dataset 1 @ atribute value_
1% Seatterplot with label 1 ‘ Rancha. !
# Scatterplot with labe .
Ellea 10| : Atribute ref

kiz_2

- E
Toyota
Mazda-9295 ;

uritls-2000

| i | lAfettaigb ; ;
t t u T T 4 4 T
-3 -2 -1 a 1 2 3 4
PCA_1_Axis_1
< | 3 PCa_1_fxis_1 v
Compaonents
Data visualization Statistics MNonparametric statistics Instance selection Feature construction
Feature selection Regression Factorial analysiz PLS Cluztering
Spv learning Mheta-spy learning Spv learning aszessment Scoring Association
@'Curralatiun scatterplot ESCatterulut \;"w‘ew dataset
Expnrt dataset EScatterplot with label E,_';Vw‘ew multiple scatterplat

Correlation circle and illustrative variables. The correlation circle (or correlation scatter plot) is a graphical
tool which allows to enhance the interpretation of the factors. Their correlations with the active and the

illustrative continuous variables are computed. These are the coordinates of the variables into the scatter plot.

First we insert the DEFINE STATUS component. We set as TARGET the two first factors; then we set as INPUT

all the continuous variables, including the illustrative ones.

TANAGRA 1.4.14 - [Scatterplot with label 1]
File Diagrag_ Component  Window  Help

Define attribute statuses

= Faremetors
alysis S
Poa_1_fxis_2 Attributes : T E TS Legend
D Modele ~ PC#_1_kiz_1 O Example 1D
C oyl PCA_1 _bxis_2
C Puiss o} values
C LonG o
C LeRG .
C PoiDs = @ atribute value
C v J’
D FINITION -
C PRIX Pitribute ref.
C R-POID.PUIS
c ] 1 Modele b
Execute {g‘ C Poa 1 A
A nbo Rt
view ovdta Corolla Al 8] ]
N
o
A AN [ ok J[ cencel [ Hew |
ittribute statuses
Parameters
Aftributes = e =
D ele oL
c PUIBSE
[+ LOMNG
< | = c LARG
c POIDS
c VoA
c * || PR
Data wisualization Statistics Nonparal n R-FOID.PUIS
s 5 c
Feature selection Regression Fact |:
; ; [
Spv learnin: fheta-spw learnin; Spu Lear -
P 2 P 2 P C Poa_1_sxis_2
e v
@Correlation scatterplot I;_f-"‘Scattarplot \u’ir: Capm éf‘m S i’.’;
Export dataset I;_E‘Scattarplot with label I;,_Z‘\he £ ==
[ ok [ cance [ hep |
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Then, we add the CORRELATION SCATTERPLOT component. We click on the VIEW menu.

NAGRA 1.4.14 - [Correlation scatterplot 1] =3
ﬁFile Diagram Component  Window  Help - 8 x

E %

Analyzis
= Dataset (tanB.txt)
=% Define status 1
=] Té. Principal Component Anabysis 1
Wiew dataset 1
L Scatterplot with label 1
=% Define status 2
@. Correlation scatterplot 1

Correlation scatterplot (PCA_1_Axis_1 ws. PCA_1_Axis_2)

PCA_1_Axiz 2

A

T T T T T R e o e R Nt
-1 -08-06-07-06-05-04-03-02-01 0 01 020304050607 0508 1

PCa_1_Axis 1
Components
Data wisualikation Statistics Monparametric statistics Instance selection Feature construction
Feature seldction Regresszion Factorial analysis PLS Clustering
Spw learni Meta-spy learning Spw learning assessment Scorng hzzociation

< @Correlation scatterplot ]L",Scatterplot
Expo Jatase EScatterplot with label E,_';View multiple scatterplot

We see that PRICE (PRIX), which is an illustrative variable, is highly correlated to the first factor. It is associated
to "big" cars (with high horsepower, high weight, etc.).

The second factor is associated to the "sports" characteristic of the vehicles. The location of the R.POIS-PUIS

in the scatter plot confirms this analysis.

Categorical illustrative variables. Active variables must be continuous one for PCA. But we can use

categorical illustrative variables in order to improve the interpretation of the factors.

Like for the correlation scatter plot, we must first define the types of the variables using the DEFINE STATUS
component. We set as TARGET the two first factors; then we set as INPUT the categorical illustrative variable
e.g. FINITION (finishing touches of the cars: M = mediocre; B = good; TB - very good).

Then we insert the VIEW MULTIPLE SCATTERPLOT component.

The coordinates correspond to the conditional average of the categories of the variable on each dimension.
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TANAGRA 1.4.14 - [View multiple scatterplot 1] 3
ﬁFile Diagram Component  Window Help - 3 X
(=
Analpsiz

PCA A _Mxis 1 ws PCA_1_Axis 2

= Dataset (tanB.txt)

=% Define status 1
= ]x. Principal Component Analysis 1
Wiew dataset 1
L Scatterplot with label 1
=% Define status 2
@» Carrelation scatterplot 1 &
=% Define status 3 o
E‘_'.. ‘iew multiple scatterplot 1 f: -
S
a
PCA_1_Axis_1
Camponents
’m Stadistics Monparametric statistics Instance selection Feature construction
Feature selection Regress1dw Factorial analysis PLS Clustering
Spv learning Meta-spv learning Spw learning assessment Scaring hszociation

@Correlation scatterplot ]L-"E'Scatterplot 25 viewmedatass
Expor‘t dataset EScatterplot with label E,_';\-’iew multiple scatterplot

We note that "big" cars have also very good finishing touches.

Illustrative examples. We do not use this option in our tutorial, but we can also subdividing the dataset in a
learning sample and an illustrative sample. The first is used for the computation of the new dimensions. The
second corresponds to new instances that we want to locate into this new representation space, for instance

when we want to apply the results on other sub-population.

Conclusion

The principal component analysis, and in general the factor analysis, is useful to understand the underlying

structure of a tabular dataset. In this tutorial, we show how to implement this approach with Tanagra.

The opportunity to copy/paste the results into a spreadsheet is certainly one of the most interesting
functionalities of the software. Indeed, it gives us access to tools (sorting, formatting, etc.) in a well-known
environment of the experts of the data processing. For example, the possibility to sorting the various tables
according to the contributions and the COSz2 is really an interesting functionality when we wish to interpret

the dimensions.
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