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“Right—sized” trees for boosting

“Boosting” :
build and prune at each step - NOT GOOD
expensive + inaccurate
“MART": fixed tree size J at each step
Friedman 1999:
J = small, but not too small

»4-—-8 (6) (insensitive)



“Right—sized” trees (L)

ANOVA expansion
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“stumps” L = 2 => additive (main effects) model
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Usually unknown = “meta” —parameter for

model selection — but usually small

empirical: L < 6.
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WHY?

J controls interaction order of '(x)
J =2 (“stumps”) = additive (main effects)
J > 2 permits interactions (to order J — 1)

Empirical: 4 < J < 8 (6)



DATA MINING

Breiman:

“Boosted trees Best off-the—shelf classifiers”
MART — regression.
Inherited tree advantages:
(1) naturally handle mixed variable types

and missing values

(2) invariant to monotone transformations of z;
(3) immune to bad x;—distributions
(4) internal variable subset selection

(5) robust to irrelevant inputs.



Tree disadvantage - inaccuracy:
(1) coarse piecewise—constant approx.
(2) instability = high variance (Large Jases )

~ poanch pHeslegy
(3) high interaction order approx.

(4) Fragwentation

MART{ Boostimg)

(1) piecewise—constant approx. much finer
(2) small trees + averaging = stable

(3) interacﬁon order controlled by L.

In addition( amy Loaa cavdenim)

(4) LAD_MART immune, and

(5) M_MART resistant to

y—otitliers
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INTERPRETATION

Relative importance of input variables

Trees (Breiman et al 1983):
JAT) = - 1w = 5)

MART: average over trees
72 1M 32 : = f../oo//maxi'\
Jj = 'Mzm—:l Jj (Tm) B -IJ Ll e .

works better than for single tree

Justification: Friedman 1999
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MORE INTERPRETATION

Joint dependence of F'(x) on relevant {wj}'lf

plot F Xe)
Visualization most pewerful tool
M Xs C X
BUT, limited to J < 3 Z reloyant
= weAlol le
rule st

Plot partial (average) dependence of F'(x)
on selected small subsets of {z;}{

Incomplete - but useful if subsets chosen carefully
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PARTIAL DEPENDENCE FUNCTIONS

\F%MM
z1={21, -z} Cx, zZyUz=x

F(x) = F(z1,2\) = F(z | 2;) = Fay(z1)
= function of z; with “parameters” Z\]

“Partial” (average) dependence of F(x) on z;:

Fi(z;) = Bz [F(x)] = [ F(x) p\i(2\;) dzy;
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Describes complete dependence if
F(x) = Fi(z;) + F\y(z\;)

F(x) = Fi(z) - Fy(z\;) (diagnostics)

Bz, = nrib. of 2, Ly Fek) afier accoumtin
NOT equivalent to for(averane) offects  Zi g

Fi(z)) = Ex[F(x) | 2] = [ F(x) p(x | 7) dx
conhribution g 2, Lgmalimg B,

Trees: Fj(z;) -~ weighted tree traversal

MART: average over trees.
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