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L Motivation

Why do we want to extend standard decision trees?

Decision trees
m Easy to build
m Easy to understand

m Problem-independent

Highly unstable - high variance
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LRegression trees and soft decision trees

LCrisp sets and Fuzzy sets

The difference between the fuzzy and the crisp set

m Crisp set
m Fuzzy set - membership function us(o) : V — [0, 1]

120 150 180 210 120 150 180 210

Figure: Crisp set membership Figure: Fuzzy set membership
function function
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LRegression trees and soft decision trees

L Regression tree

Example of the regression tree

m Power plant: Variables P, @
m Critical clearing time = secure x insecure (threshold 155ms)
m Example: P =1100MW, Q = —40MVar
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LRegression trees and soft decision trees

L_Soft decision tree

Example of the soft decision tree

m Discriminator function: «, 3
m Example: P =1100MW, Q = —40MVar

1
alpha

beta
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LRegression trees and soft decision trees

L_Soft decision tree

Example of the soft decision tree

m Discriminator function: «,
m Example: P =1100MW, Q = —40MVar

1
alpha

beta

0.87 0.43

insecure(example) = 1% 0.43%0.87 + 1 % (1 — 0.43) % 0.43 ~ 0.62
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LBuiIding a soft decision tree

LSoft tree semantics

m Membership of objects to the class (or concepts): pc(o0),
prc(0)

m Numerical and normalized attributes

Fuzzy subsets S, Sg C S and the corresponding u, ws, , fi's,,

m Discriminator function v(a(o), «, 5) — [0, 1]

m Values attached in leaves L;

ps.(0) = ps(o)v(a(o),a, )
fisg(0) ps(0)(1 = v(a(o), a, B))

Zjeleaves M%Lj (O) Lj
Zjeleaves 'u/SL. (O)
j
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LBuilding a soft decision tree

L Overview

Building a soft decision tree - Overview
m Test set (TS)
= Growing set (GS)

m Pruning set (PS)

Refitting

| Growing '—>
—

P

TS)
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LBuilding a soft decision tree

LSoft decision tree growing

Soft decision tree growing

m Input: Fuzzy set S
m Output: Attribute, o, G, Ly, Lg
m Error function:

Es = ns(o) — pe(0))?

o€S

where
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LBuilding a soft decision tree
LSoft decision tree pruning

Soft decision tree pruning

m Test nodes sorted by the increasing order of their relevance
Es = Y oes #s(0)(uc(0) — Ls)?
m Subtrees sequence generation

m The best subtree selection
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LBuilding a soft decision tree
LSoft decision tree tuning

Soft decision tree tuning

m Refitting - only terminal nodes parameters (inverse matrix,
Gaussian elimination)

m Backfitting - all parameters (Levenberg-Marquardt)
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LEmpirical results

LSize comparison

Model size comparison with standard methods

Average number of nodes
GS size | C45 ULG CART SDT
250 | 124 7.7 222 521
500 | 20.1 122 459 525
1000 | 33.8 24.1 93.0 549
1500 | 46.0 375 164.0 60.2
2000 | 56.6 40.4 223.8 59.2
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LEmpirical results

LError rate comparison

Error rate comparison with standard methods

Average error rate (%)
GSsize | C45 ULG CART SDT(R) SDT(B)

250 | 11.2 119 11.0 4.9 4.7
500 | 10.1 105 9.2 4.6 4.2
1000 8.3 8.1 7.6 4.2 4.0
1500 74 79 7.1 43 3.9

2000 70 7.0 6.5 4.4 4.1
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LEmpirical results

L Global variance

Global variance comparison with standard methods

Global variance
GS size VarCART VarSDT(R) VarSDT(B)
250 | 0.023058 0.005354  0.004777
500 | 0.017687 0.002559  0.002264
1000 | 0.013400 0.001253  0.001000
1500 | 0.011501 0.000971  0.000835
2000 | 0.009871 0.000825  0.000540
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L Discussions

L Possible extensions

m Different discriminator function (sigmoidal, Gaussian,
triangular)

m Qualitative parameters instead of only qualitative
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LSummary and conclusions

m Fuzzy classes and numerical attributes

m Regression and classification problems

m Usable for high dimensional real world problems

m Automatically sets fuzziness

m Global optimization procedure

m Fast, yet still accurate refitting

m Better results of refitting compared to backfitting on "small"
data sets

m Much slower than crisp tree construction



