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‘Visualization and Data Mining’

Data Mining: maybe?
(depends on the definition)

Visualization: certainly!
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Contents

• Principal Component Analysis 

• Example: demographical data

• PCA - some details

• Example: styrene reactor

• (Multi-block and ‘higher order’ PCA)
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Principal Component Analysis
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Principal Component Analysis
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Demographical data

7 variables
49
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Austral
Austria
Barbado
Belgium
Brit Gu
Bulgari
Canada 
Chile  
Costa R
Cyprus
Czechos
Denmark
El Salv
Finland
France
. . . 
West Ge
Yugosla

0.0195 0.8600 0.0010 0.0210 0.0985 0.8560 1.3160
0.0375 0.6950 0.0840 1.7200 0.0985 0.5460 0.6700
0.0604 3.0000 0.5480 7.1210 0.0911 0.0240 0.2000
0.0354 0.8190 0.3010 5.2570 0.0967 0.5360 1.1960
0.0671 3.9000 0.0030 0.1920 0.0740 0.0270 0.2350
0.0451 0.7400 0.0720 1.3800 0.0850 0.4560 0.3650
0.0273 0.9000 0.0020 0.2570 0.0975 0.6450 1.9470
0.1279 1.7000 0.0110 1.1640 0.0801 0.2570 0.3790
0.0789 2.6000 0.0240 0.9480 0.0794 0.3260 0.3570
0.0299 1.4000 0.0620 1.0420 0.0605 0.0780 0.4670
0.0310 0.6200 0.1080 1.8210 0.0975 0.3980 0.6800
0.0237 0.8300 0.1070 1.4340 0.0985 0.5700 1.0570
0.0763 5.4000 0.1270 1.4970 0.0394 0.0890 0.2190
0.0210 1.6000 0.0130 1.5120 0.0985 0.5290 0.7940
0.0274 1.0140 0.0830 1.2880 0.0964 0.6670 0.9430
. . . . . . . . . . . . . . . . . . . . .
0.0338 0.7980 0.2170 3.6310 0.0985 0.5280 0.9270
0.1000 1.6370 0.0730 1.2150 0.0770 0.5240 0.2650
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Demographical data
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Demographical data
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Demographical data
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Demographical data
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PCA - some details:
Math’s

min || X – T.P’ ||2 ti.tj’ = 0 / pi.pj’ = 0 || pi || = 1

X = t.p’ + E   E = X – t.p’

• NIPALS-algorithm
(power method)

• Eigenvalue decomposition
(X.X’).λ = t.λ p = t’.X

• Singular Value Decomposition
X = U.D.P’ = T.P’

• Alternating Least Squares
X ≈ A.B’   rotate X ≈ T.P’

• Principal Factor Analysis
Orthogonal/Non-orthogonal rotation

X

p’

t
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PCA - some details:
Preprocessing
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PCA - some details:
Missing values

• PCA models can handle a modest amount of missing data
• Imputation, expectation maximization, …
• Depends on the structure of the ‘non-missing’ data. 

X Xhatloadings p

0%

5%

50%
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PCA - some details:
Number of factors

• Mathematical rank v. ‘true rank’   (e.g. chemical rank)

• Percentage explained variance per factor
• Cross validation

X     ‘X’      t1.p1’      t2.p2’ Xhat

=+≈ …

X – Xhat = ‘E’ + E
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t = P’.x

• MSPM/MSPC
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PCA - some details:
Diagnostics

• Score values ta
Position of objects in the new factor-space

• Loading values pa
Role of original variables in determining the new factor-space

• Percentage explained variance
ΣΣ x2

ij = Σ Σ (t.p’)2 + Σ Σ e2
ij

• Leverage ha
How important is an object compared the rest of the data set
hi,a ≈ Σti,a/(ta’.ta)

• Residuals ea
How much structure/information remains after n-factors
objects: Σe2 over rows   variables: Σe2 over columns
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Styrene reactor

• AIBN initiator-driven polymerisation of 
styrene in a tubular reactor

• 5 temperatures
• 3 experiments, each with a duration 

of 850 time points (5 hours)
• Data matrices: 5x temp.
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Styrene reactor
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Styrene reactor

0

0

Tlow
Tmid

Thigh

Tfeed

Tbath

T1/P1 51%

T2
/P

2 
71

%



DINA (1.20)

Styrene reactor
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Styrene reactor

run #1 run #2 run #3

T1
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100 200 300 100 200 300 100 200 300
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100 200 300 100 200 300 100 200 300
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Multi-block PCA
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’Higher order’ PCA

X E= + +

PARAFAC

X E=

C core array

+

Tucker
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Theory session II:
Multivariate Regression using Partial Least Squares

X E= + +

Y = + + F

Regression
X Y
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Contents

• Partial Least Squares Regression 

• PLS - some details

• Example: demographical data

• (Multi-block and ‘higher order’ PLS)

• Computer exercises 
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Partial Least Squares

Data table/matrix (X) Data table/matrix (Y)
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PLS - some details:
Math’s

X=
y

b

X

X’

-1

y = X.b + f

X’.y = X’.X.b

(X’.X)-1.X’.y = (X’.X)-1.(X’.X).b

“(X’.X) / (X’.X) = 1”

(X’.X)-1.X’.y = b

(OLS/MLR solution)
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PLS - some details:
Math’s

X = T.P’ + E   (pca)

y = T.q + f

T’.y = T’.T.q

(T’.T)-1.T’.y = (T’.T)-1.(T’.T).q

(T’.T)-1.T’.y = q

(PCR solution, y = X.b = X.P.q)

T=
y

q

T

T’

-1
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X

w’
p’

Y

PLS - some details:
Math’s

BUT… max (cov(t,u) | Xw = t, || w || = 1)

X = tp’ + E   E = X – tp’
Y = tq’ + F   F = Y – tq’

q’

t u
(PLS solution, y = X.b = X.W.(P’.W)-1.q)
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PLS - some details:
Number of factors

• Leave-one-out cross validation
model predict

X Y

X Y

y1

… … …

yn

• RMSPcv = √ (Σ(y – yhat)2/n)
root mean squared error of prediction
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Demographical data

variables
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ct

s

Austral
Austria
Barbado
Belgium
Brit Gu
Bulgari
Canada 
Chile  
Costa R
Cyprus
Czechos
Denmark
El Salv
Finland
France
. . . 
West Ge
Yugosla

0.0195 0.8600 0.0010 0.0210 0.0985 0.8560 1.3160
0.0375 0.6950 0.0840 1.7200 0.0985 0.5460 0.6700
0.0604 3.0000 0.5480 7.1210 0.0911 0.0240 0.2000
0.0354 0.8190 0.3010 5.2570 0.0967 0.5360 1.1960
0.0671 3.9000 0.0030 0.1920 0.0740 0.0270 0.2350
0.0451 0.7400 0.0720 1.3800 0.0850 0.4560 0.3650
0.0273 0.9000 0.0020 0.2570 0.0975 0.6450 1.9470
0.1279 1.7000 0.0110 1.1640 0.0801 0.2570 0.3790
0.0789 2.6000 0.0240 0.9480 0.0794 0.3260 0.3570
0.0299 1.4000 0.0620 1.0420 0.0605 0.0780 0.4670
0.0310 0.6200 0.1080 1.8210 0.0975 0.3980 0.6800
0.0237 0.8300 0.1070 1.4340 0.0985 0.5700 1.0570
0.0763 5.4000 0.1270 1.4970 0.0394 0.0890 0.2190
0.0210 1.6000 0.0130 1.5120 0.0985 0.5290 0.7940
0.0274 1.0140 0.0830 1.2880 0.0964 0.6670 0.9430
. . . . . . . . . . . . . . . . . . . . .
0.0338 0.7980 0.2170 3.6310 ? ? ? 0.5280 0.9270
0.1000 1.6370 0.0730 1.2150 ? ? ? 0.5240 0.2650
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Demographical data
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Demographical data
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Demographical data

RMSPtest = 11.5%
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Multi-block PLS
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’Higher order’ PLS

X E= + +

Multi linear PLS

Y Y= + +
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Computer exercises ‘Foods’

• 16 countries x 20 food/consumption related variables
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Computer exercises ‘Foods’
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Computer exercises ‘Foods’

• Is Finland part of Scandinavia, and why not? 

• Can the data divide Europe in ‘food-compartments’?

• And which products make the split?

• Can you predict coffee consumption?

• …
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Computer exercises ‘Octane’
(Back-up)

• 39 gasoline samples x NIR spectra (= 226 variables)

• Octane number

• Additives


