MA8701 Advanced methods in statistical
inference and learning

L2: Classification and statistical decision theory, model
selection and assessment

Mette Langaas

32723

135 oA. 20293

Notep—in clonr —

witn e @ddlous__ a{gvtr‘ cenal



Plan

Continue with the decision theoretic framework from L1, but now
for classification. Bias-variance trade-off.

P Classification - should not be new (ESL Ch 4.1-4.5, except
4.4.4)

P Statistical decision theoretic framework for classification (ESL
2.4)

P and the bias-variance trade-off (ESL 2.9 and 7.2-7.3)
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Group discussion

1) What do we know about classification? (TMA4268 and
TMAA4315 mainly, or ESL ch 4.1-4.5, except 4.4.4)

» What is the difference between discrimination and
classification?

» What are the sampling vs diagnostic paradigm? Give an
example of one method of each type.

P Give an example of one parametric and one non-parametric
classification method.

2) Logistic regression is by many seen as the “most important
method in machine learning”. What do we remember about
logistic regression? (Will be a very important method in Part
2.)

3) What “changes” need to be done to 2) when we have K > 2
classes?
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We have lectures Monday 10-12 and Friday 10-12.

Is that enough? What if you have questions? Google and fellow

students to answer? Or would you like to have

+ digital mattelab - to ask questions and everyone helps to
answer?

+ office hours to ask about theory/exercises/etc or

+ booked S21 or 656 to work together and ask questions?
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Plan

1) Look at EPE(x,) (now called Err(z,) after we have estimated
f) and how model complexity can be broken down into
irreducible error, squared bias and variance (should be known
from before)

2) Study EPE (Err) unconditional and conditional on the training
set

Lo 3) Study optimism of the training error rate, and how in-sample

error may shed light on methods for model selection (like AIC,
Mallows Cp)
| 4+ 4) Cross-validation and .632 bootstrap estimates of EPE
5) How will we build on this in Parts 2-47
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Group activity

P Remind yourself on how this derivation was done and the
meaning of each term.
» What is the role of x, here? How can you get rid of x?
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Group discussion

Look at Figure 7.1 (with figure caption) on page 220 in the ESL
book. The text reads that “100 simulated training sets of size 50"
and that “lasso produced sequence of fits” (this means that we
have different model complexities on the x-axis).
Explain what you see - in particular what are the red and blue lines
and the bold lines. What can you conclude from the figure?

P Red lines= S eshinade. (magen yrek snaitd-sad 1)

» Bold red I|ne— 'E(f“ = & lCa) edtal

P Blue lines= - Z,Qﬁ’ oemn od Fmnq v ot kmw\mw)\n\

» Bold blue I|ne w,\) ST
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100 simulated training sets of size 50, lasso produced sequence
of fits. What do you see? What are the red and blue lines?
Conclusions?
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Loss function and training error for classification

> X e RP
» GeG={1,..,K}
> G(X)eG={l,..,K}
0-1 loss with G(X) = argmax, p;(X)

L(G,G(X)) = (G # G(X))
—2-loglikelihood loss (why —27):

L(G,p(X)) = —2logpg(X)



Test error (only replace fwith é)
Erey = E[L(Y, G(X)) | T]
Err = E[E[L(Y,G(X)) | T]] = E[Erry]

Training error (for 0-1 loss)
1 N
err = N ZH% # g(x;))
i=1

Training error (for —2loglikelihood loss)

9 N
e =—+ Zl logp,. ()
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Exercises Levemeee o ot .

What are the most important results from the “Statistical
decision theoretic framework™?
P What are results to remember for regression and for
classification?
» How would you use these results?

Look into the derivation for the bias and variance
decomposition

» for kNN in Equation 7.10 and
» OLS in Equation 7.11 on pages 222-223 of ESL.

Bayes classier, Bayes decision boundary and Bayes error rate

Solve TMA4268 exam problem 9 in 2019 at
https://www.math.ntnu.no/emner/ TMA4268 /Exam /V2019e.pdf


https://www.math.ntnu.no/emner/TMA4268/Exam/V2019e.pdf

Key results from logistic regression

a) What are the three components of a generalized linear
model?

b) What are these three for a logistic regression?

c) Parameter estimation

How are regression parameters estimated for the GLM, and for
logistic regression in particular?

Does it matter if you use the observed or expected information
matrix for logistic regression?

d) Asymptotic distribution
What is the asymptotic distribution of the estimator for the

regression parameter 57 How can that be used to construct
confidence intervals or perform hypothesis tests?

e) Deviance

11 - Y Y 0~ % €6 "% -~ I I L N R [ e



Next week (week 2) : we finish ESL chapter 7, and if time continue
to missing data (or that is week 3)



