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@® Not only answer but also calculation

® Derivations must be clear

+( 7 1. [+13] Let3= {(%, ), (Xy» ¥y )} be training data with y, = 7' (x,)) +¢,, E(g,)=0,Var(g, ) =0".
Let{(x,,¥°),...(xy, Y1)} be test data with ¥° = f(x)+&’, E(e))=0,Var(s')=0c".

et f‘(-) be an estimate based on 3 .

-+ ‘ (i) +1] Qcﬁne training error (err) under the squdred error loss.

\ oy
oy = E %/—’ ( /} A )
+ l (ii) [+2] Define in-sample error ( £r7,, ) under the squared error loss.
(explain the meaning of “expectation” in your formula).
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+ % (iii) [+3] Define the average optimism bias (@ ). f\ conditinal ?’ H/efl

(explain the meaning of “expectation” in your formula).
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Derive the relationship between @ and Cov( y,, f (x )) sl
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v) [+2]Is Cov(y, f(x)) ne atlveor omxve? V\xh ? S A V18 A N
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+( () 2. [+11] Consider a linear model y = XB +¢, wherc ¥ = Vi) s 8% B(0,0 ),
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X=| i | isan (N x p)-design matrix, and B" =(8,,....3,). .
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+2_ (@ {+2] Define an estimate p, of y, based on the ndge eﬂu_n_aimﬁ
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—J\-’) (iii) [+2] Write the average optimism bias by using the degree of freedom.
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-+ 2 (1v) [+3] Define a cross-validation C V(‘}Ar ,) and explain how to estimate the shrinkage parameter.
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'H/”)L 3. [+14] Let G be a class (G=1 or 2 ) and X=(X,...,X,) be inputs. Assume
X|G=k~N(u,%) and 7, =P(G=k) for k=1,2.
1) [+3] Wi PrG=2| X = i : .
+3 (1) [+3] Write down log Pr((C(I; ] \lX ) (simplify the formula by using g, — )
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+ { (iD[+1] Define a linear discriminant functlon . (%) sk X belongs class 2 if gu(x)=d.(x) .
(assuming all parameters are known)
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We have 6 gene expressions from 3 patients as follows:
Prognosis Genel Gene2 Gene3 Gene4 Gene5 Gene6
Patient 1 | Poor (class 2) 1 0 2 1 1 0
Patient 2 | Good (class 1) 0 1 -1 -2 1 -1
Patient 3 | Good (class 1) -1 -1 -1 1 -2 1
iii) [+3] Calculate d 5 3
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where X=7¢"] and ¢° = Z(x,l -x) and X ——ZZXU :
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(iv) [+3] A new patient x =(x,x,,%,,%,,%;,%;) belongs to class 2 if
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+2 (v) [+2] Which genes are useless for prognosis? Why
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’-t ) (vi) [+2] Which gene is the most useful for plognoms‘? Why?
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