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Intended Learning Outcomes

By the end of this lecture you will:
* Appreciate the need for dimensionality reduction
* Understand basic feature extraction and feature selection

* Be aware of various methods for dimensionality reduction
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Overview

* Understanding dimensions
* Why reduce the number of dimensions?

* Types of dimensionality reduction

Pearson Correlation Coefficients

Principal Component Analysis

Independent Component Analysis

t-distributed Stochastic Neighbour Embedding (t-SNE)

* Feature selection
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Data and dimensions

* Dimensions are easy, right?

+ time
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Data and dimensions

* What about a four dimensional cube? AKA, the tesseract
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Data and dimensions

* With data frames, for every additional variable you are adding a new dimension

Location / Author description TiO2 AI203 Fe203t Fe203 FeO FeOT MnO MgO CaO Na20 K20 P205 F cl B P B203 Li20 s H20+ H20- Ag As Ba Be Bi Cd Co Cr Cs Cu Ga Ge Hf

Holmans 022 15.78 1.21 0.62 1.7 0.05 043 0.70 3.03 5.40 0.24 275

Granite West Megilligar 0.03 17.10 0.66 0.19 0.23 4.30 370 3.00 13.00  49.00

Pegmatite East Megilligar 0.04 16.70 1.04 0.21 0.31 3.9 3.85 198.00 1000  47.00

Lamorna 0.38 14.81 0.32 219 248 0.07 0.65 0.85 252 5.57 0.29 0.24 0.06 0.02 0.00 117 027 0.30 7.00 280.00 6.00 0.30 5.30 13.10 31.00 7.00 2260 290 460

Lamorna 0.38 14.92 0.16 235 249 0.05 0.71 0.88 267 543 0.29 0.23 0.06 0.02 0.00 1.07 020 0.30 6.00 275.00 6.00 0.20 520 12.90 28.00 4.00 2260 270 440

[Quarry nr Zennor 0.35 14.72 0.31 207 235 0.05 0.61 0.85 265 5.40 0.28 0.24 0.05 0.04 0.00 1.1 0.26 <0.1 10.00 250.00 5.00 0.30 4.80 9.40 38.00 3.00 2220 290 420

Newmill Quarry 0.29 1475 047 1.53 1.95 0.03 0.46 0.80 261 5.69 0.30 0.26 0.05 0.06 0.00 1.02 028 030  54.00 230.00 4.00 0.40 7.60 8.10 36.00 4.00 2320 350 390

[Quarry nr Pendeen 0.15 14.13 0.52 0.77 124 0.02 0.22 0.65 269 5.24 0.31 0.62 0.05 0.09 0.00 080 = 0.30 0.10 3.00 48.00 2.00 0.30 0.80 270 48.00 6.00 2580 450 210

[Castle-an-Dinas 0.16 14.67 0.32 1.15 1.44 0.07 0.32 0.64 3.05 4.99 0.27 0.25 0.05 0.06 0.00 090 030 030 3500 135.00 12.00 0.30 230 4.80 52.00 3.00 2300 340 210

[Castle-an-Dinas 0.16 14.92 0.39 0.98 1.33 0.03 0.35 0.51 2.98 5.19 0.28 0.16 0.03 0.06 0.00 1.03 029 <0.1 3.00 135.00 13.00 0.30 1.70 4.20 48.00 7.00 2280 400 210

Penrew Quarry 0.25 15.18 0.30 1.32 1.59 0.04 0.49 0.99 3.01 5.03 0.24 0.22 0.02 0.02 0.00 114 021 0.10  24.00 200.00 9.00 0.20 4.30 11.60 40.00 1.00 2720 340 320

[Trevone Quarry 0.28 15.15 0.21 1.53 1.72 0.04 0.51 0.98 2.98 5.08 0.26 0.24 0.01 0.02 0.00 094 021 0.10__ 16.00 195.00 9.00 0.20 4.00 11.60 44.00 1.00 2620 340 340

Boscahan Quarry 027 14.48 0.12 154 1.65 0.04 048 0.99 3.02 4.70 0.24 0.23 0.02 0.02 0.01 086 017 0.10  16.00 175.00 7.00 <0.1 4.10 11.40 38.00 200 2540 310 330

[Chywoon Quarry 0.25 15.44 0.19 144 1.61 0.04 047 0.96 3.13 5.10 0.25 0.23 0.02 0.03 0.00 1.02 023 <0.1 23.00 195.00 9.00 0.20 3.50 10.30 44.00 1.00 2720 380 330

Pelestine Quarry 0.24 14.82 0.14 1.38 151 0.04 0.44 0.88 3.05 4.85 0.23 0.28 0.01 0.03 0.00 082 0.6 0.10  20.00 170.00 8.00 0.30 3.60 8.90 52.00 <1 26.00 360 290

400 decline S. Crofty 0.25 15.44 0.25 142 164 0.04 0.52 0.91 3.16 5.11 0.25 0.25 0.01 0.02 0.00 1.06 019 0.10 2200 195.00 10.00 0.20 3.30 9.80 48.00 1.00 2680 390 3.10
0.21 14.99 0.21 125 144 0.04 040 0.83 311 5.05 0.23 0.27 0.01 0.03 0.00 092 021 020  31.00 170.00 10.00 <0.1 370 8.80 44.00 1.00 2620 390 290

Luxulyan Quarry 0.32 14.08 0.12 1.92 203 0.06 0.49 0.99 288 4.90 0.25 0.24 0.04 0.02 0.00 084 017 0.10 3.00 210.00 7.00 0.30 3.50 5.60 32.00 3.00 21.00 310 4.00

Goonbarrow 022 1443 0.28 1.33 1.58 0.04 0.36 0.68 295 5.21 0.28 0.25 0.04 0.05 0.00 078  0.18 0.10  27.00 140.00 7.00 0.30 340 5.30 52.00 4.00 2360 4.10 3.00

[Craddock Moor 0.23 14.88 0.16 1.37 1.51 0.04 042 0.88 273 5.34 0.27 0.29 0.01 0.03 117 013 0.10  18.00 180.00 7.00 0.30 4.50 820 40.00 200 2360 300 3.00

De Lank Quarry 022 15.22 0.21 122 141 0.05 0.41 0.89 3.10 4.96 0.29 0.28 0.01 0.02 0.00 1.01 0.17 0.10  16.00 175.00 13.00 0.30 3.00 6.70 42.00 200 27.00 300 320

[Bolventor road cutting 0.19 14.54 0.31 0.97 1.25 0.05 0.27 0.74 284 5.19 0.29 0.39 0.01 0.04 0.00 097 018 0.10 8.00 110.00 9.00 0.30 240 3.60 78.00 3.00 2320 450 280

Blackenstone Quarry 042 13.85 0.23 248 269 0.08 0.64 148 3.00 4.78 0.23 0.16 0.05 0.02 2000 073 o021 020  11.00 195.00 12.00 0.40 5.60 5.80 41.00 6.00 2020 280 440

[Quarry nr Haytor 0.30 13.83 0.23 1.79 200 0.06 0.57 117 3.13 457 0.18 0.18 0.06 0.02 1000 076 0.16 0.10 7.00 235.00 7.00 <0.1 4.50 8.40 36.00 1.00 2080 330 4.00

Haytor Quarry 0.26 13.70 0.17 1.69 1.84 0.07 0.44 0.75 299 5.03 0.19 0.10 0.03 0.01 1500 085 0.6 0.30 3.00 140.00 14.00 <0.1 340 5.90 33.00 1.00 1960 320 320

Haytor Quarry 0.22 13.63 0.16 1.62 1.76 0.08 0.40 0.54 2.98 5.01 0.18 0.06 0.03 0.01 4000 100 022 0.20 5.00 110.00 9.00 0.40 340 4.90 28.00 3.00 1940 360 280

Marrivale Quarry 0.18 13.35 0.33 1.4 1.7 0.08 0.25 0.51 3.01 4.94 0.21 0.26 0.04 0.05 1000 077 015 0.10 5.00 68.00 16.00 0.10 240 270 69.00 5.00 2220 470 310

Prison Quarry 0.21 13.35 0.48 141 1.84 0.07 0.30 0.60 2.9 489 0.21 0.25 0.04 0.07 1000 066 0.19 0.30 6.00 78.00 14.00 0.40 240 3.00 74.00 4.00 2200 470 330

Prison Quarry 0.17 13.23 0.31 1.4 1.69 0.07 0.27 0.44 274 522 0.21 0.28 0.04 0.07 1000 073 025 0.30 9.00 52.00 18.00 0.30 1.60 240 93.00 7.00 2240 440 3.00

Lamorna 041 14.68 0.42 212 250 0.06 0.70 0.92 272 5.39 0.28 0.24 0.02 12.00 278.00

[Penryn Granite Quarry 0.26 15.00 0.24 1.36 1.58 0.04 0.37 0.68 3.09 5.28 0.25 0.21 0.01 37.00 196.00

[Penryn Granite Quarry 0.29 21.22 0.04 0.06 0.10 0.02 0.08 288 6.92 1.06 0.05 0.08 <0.002 6.50 31.00

[Quarry 0.28 1472 0.28 1.40 1.65 0.04 0.28 0.72 3.04 5.02 0.23 0.22 0.01 16.00 201.00

[Chywoon Quarry 0.25 14.83 0.25 1.31 1.53 0.04 0.28 0.70 3.11 5.19 0.31 0.22 0.02 25.00 191.00

[Quarry nr Herniss 0.24 14.48 0.25 1.26 148 0.05 0.34 0.66 3.12 4.94 0.29 0.25 0.03 39.00 171.00

[Trevone Quarry 0.27 14.56 0.15 148 1.61 0.05 042 0.78 3.02 4.90 0.36 0.23 0.02 22,00 200.00

[Trevone Quarry 0.07 15.02 0.35 0.50 0.81 0.08 0.10 0.17 3.99 377 0.29 0.75 0.03 9.00 30.00

Bosahan Quarry 0.32 15.04 0.44 1.50 1.90 0.05 0.57 0.80 3.14 483 0.23 0.22 0.02 19.00 195.00

[Quarry nr Coverack Bridges 022 15.00 045 1.18 1.58 0.05 0.23 0.49 323 4.95 0.27 0.36 0.04 55.00 151.00

[Carn Marth 0.16 14.83 0.49 0.76 1.20 0.04 0.16 041 329 497 0.33 045 0.07 94.00 108.00

Lands End MGG - Porth Nanven 0.12 13.53 1.49 0.03 0.14 0.35 327 5.00 0.23 14.00 8.00 200 9500 47.00 4.00 28.00

Lands End MGG - Progo Cove 0.16 13.92 1.57 0.04 0.23 0.35 320 5.21 0.24 15.00 90.00 55.00 32.00 7.00 25.00

Lands End - Lamorna 0.38 14.86 2.88 0.05 0.59 0.72 282 5.69 0.26 14.00 302.00 81.00 31.00 1000  23.00

Lands End 0.21 14.07 1.99 0.05 0.28 0.67 343 459 0.32 27.00 76.00 83.00 93.00 3.00 29.00

Lands End 0.31 1461 223 0.05 0.41 0.84 2.88 5.83 0.30 22.00 238.00 66.00 34.00 6.00 24.00

Lands End 0.28 14.56 2.30 0.05 043 0.70 282 5.67 0.27 1.00 5200 247.00 51.00 40.00 6.00 23.00

Lands End - Castle an Dinas 0.14 14.60 177 0.06 0.23 0.58 342 5.09 0.24 33.00 140.00 36.00 51.00 4.00 24.00

[Carnmenellis Ga - Rosemanowes 0.22 15.06 1.71 0.04 0.33 0.79 3.39 491 0.23 31.00 180.00 1.00  48.00 50.00 3.00 25.00

[Carnmenellis Ga - Rosemanowes 0.21 14.76 1.67 0.04 042 0.91 324 4.90 0.24 21.00 165.00 70.00 48.00 5.00 26.00

[Carnmenellis Ga - Carnsew 0.25 14.83 1.76 0.08 045 0.93 293 5.06 0.23 14.00 212.00 66.00 38.00 200 27.00

[Carnmenellis Ga - Carnsew 0.26 14.47 1.93 0.05 0.52 0.88 271 523 0.31 29.00 194.00 74.00 42.00 6.00 27.00

[Carnmenellis Ga - Carnsew 0.26 14.73 1.83 0.06 0.51 1.01 320 542 0.23 11.00 204.00 63.00 39.00 3.00 28.00

[Carnmenellis Ga - Trevone Quarry 0.21 14.84 173 0.06 0.54 0.87 284 529 0.24 13.00 213.00 68.00 44.00 200 26.00
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Why reduce the number of dimensions?

* Achieved through feature extraction and feature selection

 Assist in visualising the data to understand data structure

|dentify best predictors (before further feature enhancement — iterative)
* E.g. plausible causal drivers under an experimental setup

* E.g. what controls platinum concentration in the crust, melting (MgO#) or contamination (Ti)

Enhancing features

Remove redundant data

Improve model efficiency (reduce modelling time)
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Pearson Correlation Coefficients

* Asimple way to determine
correlated variables

_ Z (x —my)(y — my)
VX (= m)? Y (v — my)

e Often discard one of the correlated
variables whenr> 0.8

r

* Only considers bivariate correlation

* It is simple but a bit of a
sledgehammer
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Principal Component Analysis

* A linear dimensionality reduction method

* The new uncorrelated features (PCA 1, PCA 2,...) are weighted (w’s)
linear combinations of the original data (x’s)

PCA 1= w11L] + W12 + ... + Wi1pTyp
PCA 2 = wy1 1 + waa + ... + wypxy

PCAp =wpx; + wpezs + ... + Wy,

* Objective is to find directions, called principal components, that
maximise the variance of the data
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Principal Component Analysis
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Principal Component Analysis

feature 2

feature 1
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t-SNE

* A non-linear dimensionality reduction method

* Projects data into a lower-dimensional space/embedding such that
the original high-dimensional clustering is preserved

e.g. Van der Maaten and G. Hinton. (2008) Journal of Machine Learning Research

e.g. Horrocks et al. (2019) Computers & Geosciences
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Independent Component Analysis

* |CA finds independent IC1 IC2 IC3

components with non- a .
Gaussian distributions
* ICA is used to separate source S . i
signals from mixed signals %‘?E :z T e T T
without or with little prior gm; B ———— h: e S ————
information about the source = | “H % o JJJ |
" .lt ‘. m s, TN R o u\\ " .JJ_JIJ” |0J|].J.“,l ol

signals or the mixing process
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Independent Component Analysis

e Comparison with PCA PC1 PC2 PC3
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Feature selection

Now you’ve reduced the data
dimensionality, are the features you

have the best predictors?

PCA uses a scree plot

In-algorithm selection

(e.g. out-of-bag error)

Do you need to reprocess?

Horrocks et al. (2019)
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U259

using remaining elements
o
o

Out-of-bag classification error rate

0.10 1

o

N

o
L

: Zn =O=
Ccu Ni s Co Ars T
o@o%ogozogooooooﬁozog

Cd Au Pb Li Pd Th La Ba

31 20 27 25 23 21 19 17 15 13 11 9 7 5 3 1
No. elements not yet eliminated
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Feature selection

min max
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