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1. (Sp total) Choose the correct answetr:

a) The rank of X is cqual to the number of non-zero [select] 1) singular values or 2) eigenvalues or 3) both.

b) Latent variables are 1) principal components, or 2) PLS components, or 3) both.

c) In autoscaling the variance of 1) samples, or 2) variables, or 3) both is set to one.

d) PCA is computed using SVD of mean-centered data: 1) always, 2) never, 3) there are alternative ways.

e) In PLS the covariance between 1) score vectors ¢ and u, 2) matrices X and Y, or 3) eigen matrices is maximized.

2. (Sp total) Principal Component Analysis. STy
In biplot, there are loadings of 5 X variables, and scores of 7 samples. s2g d

a) Sample 4 (S4) is near the origin. Does it mean that it is an average sample? X3

b) Variables X1 and X2 seem to be positively correlated. Is there any other variable
correlated with them?

¢) X6 is near the origin. Does it mean that it is an average variable or that its variation is
not captured by PC1 and PC2? ‘ ‘ o

d) S5 is projected into lower right corner. Can you draw any conclusion about: xt" ‘

x4
X5

PC2 (12 %)

PC1 (76 %)

3. (10p) Regression model validation.

a) The aim is to keep models as simple as possible to gam a global model. Explam how th:s affects various steps of modelling
and selection of methods.

b) Number of latent variables can be defined with cross- vahdatlon Descnbe the method.
c¢) Describe validation and considerations with external data. . :
d) List 3-5 indicators for “a good model”. ; ~  o

4. (10p total) Partial ‘Least-Squares. An alr-quallty station records hourly PM:.s concentratlons and five meteorological
variables. The objective i is to forecast PM:.s one hour ahead The fi gure presents results from a global PLS model(a—c) and

dynamic PLS models (d). ‘
- (a) Global PLS: model comple:uty 2 {b) Global PLS: regression coefficients - a) Based on ﬁgure (a), how many latent
s i SO Wy y ; variables would you select for the global PLS
15 g model?
~ 150 | e // . o D
i” s g oo % % (777773 7 © b) Figure (b): Which predictor has the
% 1001 ~§ -2s % strongest positive coefficient, and which has
z 7] 3 .50 // / the strongest negative coefficient? Explain
501 § 151 7 _ // what these coefficients describe and whether
;: g -004 o they establish causal effects.
1 AR, S : e W.w - ot W f:) Figure. (c): what. d.ctes if suggest abfmt the
(<) Global PLS: validation residual ACF {d) Moving-window PLS: validation RMSE information rem_amm.g in_the l‘e'SldLla]S?
o 22413 acprsimace 5% bouncs P'ro.pose one rpodlﬁcatlon to the predictor set,
5 giving a specific example.
2 | ’ . P Window (h) 1w 2Llvs 3vs 4Lvs .
t o8 i = 20 | 12 | s T 1es 1 d) Selecta conﬁgur'anon from figure (_d) and
% 04 ‘ = w1 | 85 | a0 | 10s | compare its validation perfo.rmance with the
1., ; 2y 3 | 96 | s | o | global model and the persistence forecast,
2 .. : s :
i S — PR which predicts that the next concentration
e bl paeadarlt L L equals the current concentration.
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5. (10p total) Fault Diagnostics.

a) Explain what 1% and Q represent. Interpret how the monitoring pattern changes from interval A to interval B, including

the difference in alarm timing. Explain why monitoring both statistics is useful.
{a) PCA monlla;l"c tharts )

b) Which variable would you investigate first at
sample 85, and why? Does the contribution plot
establish the physical cause of the alarm? Describe

one additional check you would perform.

&0
Manltoring sample
iy o ¢) Describe how you would construct the reference
S s PCA model and establish its control limits. Include

the  choice of reference observations,

preprocessing, retained components, and the

40 60 80 100 120
0 . . N | intended false-alarm rate.

{b) Normalized Q contributions at sample 85 (interval B)

d) Suppose similar Q alarms appear repeatedly
when the process moves from summer to autumn,
although  treatment  performance ° remains
acceptable. Give one plausible explanation and

prrrrrrIn  P7ZZ777777 77777770 wrrrrzrren errs72777:] explain what evidence you would require before
Temperature pH Flow Pressure Conductivity Oxygen .
updating the reference model.

(10p total) Advanced methods. Choose either Scenario A or Scenario B. .

Scenario A — Kernel PCA _ :

You have measured physical and chemical properties of plant samples. You wish to visualize a map of similarity between
different groups of samples, but you do not have the labels for the groups. The variables show nonlinear relationships that the
linear PCA does not adequately capture. Explain how kernel PCA could provide a useful low-dimensional representation.

Explain the method and its advantage over the corresponding linear method. Describe its main mathematical principles. Outline -
the pre-processing, parameters selection, and model assessment. :

OR
Scenario B — Kernel PLS

You want to predict a biochemical property from highly correlated spectral variables. Linear PLS produces systematic curved
patterns in validation residuals, even after increasing the number of latent variables. Explain how kernel PLS could improve
the model.

Explain the method and its advantage over the corresponding linear method. Describe its main mathematical principles. Outline
the pre-processing, parameters selection, and model assessment.
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