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Outline

- A little on how chemometrics uses visualization
e Why PARAFAC is so interesting

e Where it makes a difference

Chemometrics 1
| Math and stat applied to chemical data
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Human pattern recognition
uses all available data
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Principal component analysis movie

Removed. Find it at www.models.kvl.dk
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Data analysis
o'o(/ i« O’l’,o
(o s,
95—
OO(, X 0/1:9
K . 7 vari
s % variables

Austral 0.0210 0.0985 .8560 1.3160
Austria 1.7200 Pl 0.0985 .546 0.6700
Barbado 10 i 000
Belgium 4
Brit Gu 2350
Bulgari i o j 0.8650
Canada i) ' 1.9470
Chile bt 0.3790
Costa R o ) 0 0.3570
Cyprus b 0.0 805 4 <0 0.4670
Czechos < | 00310606 1080 3210 D308 0.6800
Denmark 0.0237 . ) 5700+, 1.0570
El Salv 0.0763 : 4970, : . “190.2190
Finland 0.0210 0.0985 27940
France 0.0274 0.0964 0.6
West Ge 0.0338 7980 . 0.0985 0.5280 0.¢
Yugosla 0.1000 6370 0.0730 1.2150 0.0770 0.5240 0.2650

- . . . o . x1000 ©

| Gunst & Mason (1980) Regression analysis and its applications: A data-oriented approach, NY, Marcel Dekker, p. 358
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What European country.is most similar to
Japan?

What country is most bizarre?
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Principal Component Analysis
QOutliers are easily spotted in score scatter plot
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Principal Component Analysis
Why — Add loadings — bi-plot?

pop. per km? pop. agri. land

Hong Ko What variables are correlated?
Why is the outlier strange?
What variables (eg expensive)
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Fluorescence spectroscopy
Excitation Emission
monochromator monochromator
Sample
Lamp
(uv-vis)

A 4

Detector/
Intensity

— Excitati

—)

Excitation-emission
matrix — a chemical
fingerprint
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PARAFAC movie

Removed. Find it at www.models.kvl.dk
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PARAFAC movie

Removed. Find it at www.models.kvl.dk
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F
Xijk = Zaif bijkf + Cijk
f-1

PARAFAC - algorithm X, = AD,B’ + E,
Dk = diag(C(k,:)

Efficient ALS algorithm
1. Initialize B and C

K
2. A =(Zkaij{(B'B)*(C'C)} 1 Why ALS?
k=1 Simple
K 1 Extends to N-way
3.B= (Z X', Aij{(A'A) *(c'c)} Handles missing
k=1 Handles ML fitting
. , \ -1 . \ ints:
4. diagD, = {(B'B)*(A'A)} " diag(A'X,B), k=1,...k Fogjrf;g;gf;w
Unimodality
» Orthogonality
Linear constraints

» Fixed parameters

_ * Smoothness
* Hadamard (elementwise e Functional

product) . etc

5. Step 2 until relative change in fit is small
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Lawton & Sylvestre. Self modeling
curve resolution. Technometrics
13:617-633, 1971.

Hanson & Lawson. Solving least
squares problems, Englewood
Cliffs:Prentice-Hall, Inc, 1974.
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Why ALS?
Simple

Extends to N-way
Handles missing
Handles ML fitting

Constraints:
Nonnegativity
Unimodality
Orthogonality
Linear constraints
Fixed parameters
Smoothness
Functional

etc
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Cancer diagnostics

Traditional Approach Biomarkers

HEAD/NECK, ESOPHAGUS @

rancreas (ERD D ED D@ =\ooverriuv
rrosTATE (D EED €D c=rvix
restic (ED R CD DD =orrosLast
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Cancer diaghostics

Alternative
Use fluorescence of
blood samples

l.e. measure m
markers simult

Here we use o
part of the over
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Cancer diagnostics

A = Concentrations B = Emission spectra
35 0.4
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C = Excitation spectra
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| f=1
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Cancer diagnostics

10 . .
N Scatter plot of scores Y™™
® Control
80- 7
< | v | Grouping according to:
3 - Disease
5 o v | - Something else.
e *Veo
£ v ® . | Chemically interpretable on a
fluorescence level leading to
v Y . .
40- Vi Y | understanding, biomarkers, etc.
.. ..
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Multi-way analysis in metabonomics

Metabonomics “the systematic study of the unique chemical fingerprints that
specific cellular processes leave behind”.
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Toxic study
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Toxic stud

Exploratory Tucker moc
Unlike unfolding/flattening:
Shows recovery of low-dose
rats as well as an early
response to taurine and
creatine.
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Toxic study

=

ek

Hydrazine study

S i
] s
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Remaining problem:
Are components reflecting ©

effect or biological variation
within dose?

| L R
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Multilevel component analysis of fime-resolved metabolic

TOXiC Stu dy fingerprinting data

Jevoen 1. Jansen®, ITanb C.J. IToefaloot®, Tan van der Creef®t,
Mariske E. Timmerman?, Age K. Smilde® 2+
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Further analysis
Use ANOVA-SCA (simultaneous component analysis)

X (94

rat s, time ,nmr H nmr time ,nmr (CZ,B ) dose ,time ,nmr
— P

23
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Separate the effect into a shock

Dose effect relative to control

20
150
100

50

Control Low dose

High dose
Time effect High-dose o

1 2 3 4 5 6 7 8 |rreversible

time

NMR effect
04
0.2
0
i
50 100 150 200
shift

u PARAFAC factor 1
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Toxic study

Difference between reversible and irreversible effect
Creatine indicating chronic kidney damage

o Creatine
Creatine

NMR loading two

NMR loading one

L] _..__¢M,)M_ .
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Concluding remarks

Many interesting solutions using tensor approaches

Uniqueness
e Pure spectra
e Pure profiles
e Pure concentrations
e Pure magic!!!

e Mathematical chromatography

26
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EEG
5-way analysis Miwakeichi et al 2004

Other Examples

Anthropometry

DOSY S Lee 2006

Toft et al 2004

~— |

Light-induced oxidation
of cheese
Andersen & Bro 2004

Generalized ANOVA
Bro & Jakobsen 1996, 2002

Tracing DOM
Stedmon, Markager, Bro 2003

oo praceaned duts

ctronic nose.
5kow & Bro 2004

Proces

5 B B B8 E & B 7P

Datamining
Bro 1998
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