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m Problem1

Recall 9(x) =07(9,00 - 9,001 = (s )X~ [ (4 ~ 42

Cl
Assuming equal priors, g(x)=x >0
C,

u2

e 2du~

P = () = 0(-10) -

X2

usin g for large x, ®(—x) = L 2

N2 | X|
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m Problem 2

X2

Al “  Class 1
O Class 2
— Bayesian decision rule
_6 C r C r r r r C r [
-4 -3 -2 -1 0 1 2 3 4 5 6

x1
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AN J
m Problem 2
0 2
£ o) "2
1 0.25 ., |16/15 -4/15
5, =2,=%= =3t =
025 1 -4/15 16/15

;
Discriminant g(x) = (ﬁl —52) 2‘15—%(/_412‘131 —EZZ*EZ) assuming equal priors

=-1.6x, —1.6x, +3.2
= class 1if g'(x) =x, +x, —2<0;else class 2.
P(9(x)|2=1)=N(3.2,6.4); p(g(x)|z=2) = N(-3.2,6.4)

0

1 0 0
P 2{ [ "N(g:32,6.4)dg + | N(g;3.2,6.4)dg}
decis\ifonzz ’ deci;ifonzl ’
=[" N(9:3.2,6.4)dg = ®(~1.2649) = 0.10295

Alternately : p(g'(x)|z=1)=N(-2,2.5); p(g'(X)| z=2) =N(2,2.5)
F. = %U: N(g;-2,2.5)dg + j(’w N(g;2, 2.5)dg} =0.10295
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m  Problem 2 (assume equal priors)

[ o 1
- 10.005 0

= classlif P(z=2|x)<0.005P(z =1| x);else class 2
= classlif P(z=1|x)>200P(z=2]x);else class 2.
= class1if P(x|z=1)>200P(x|z=2);elseclass 2.

= class 1if u Z7*x<=

‘uTz—l,u
=2__=2_|n200;elseclass 2

= class1if g(x) =1.6x, +1.6x, +2.0983 < 0;elseclass 2
P(g(x)|z=1)=N(g;2.0983,6.4)
pP(g(x)|z=2)=N(g;8.4983,6.4)

ECM = —[O 005*P{(9(x)|2=1)>0}+P{(g(x)[2=2) <0}]

deC|S|on 2 decision=1

= —[O 7966*0.005+0.00039077) = 0.0022

Empirical Risk =

Copyright ©2018 by K. Pattipati
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0 1000
A=

1 0
= class 1if 1000P(z =2|x) < P(z =1|x);else class 2

= classlif P(z=1|x)>1000P(z = 2| x);else class 2.
= class1if P(x|z=1)>1000P(x|z =2);else class 2.
= classlif InP(x|z=1)>In1000+InP(x|z = 2);else class 2.

m Problem 2

— class1if —%(g— 1) S (x> 6.9078—%(5— 1) (x— 1 );else class 2.

LR

= class 1if —EZZ‘lg >6.9078— 5 =2 =6.9078—-3.2=3.7078;else class 2.

= class1if —1.6x, —1.6x, > 3.7078;else class 2.
= class1if g(x)=x +Xx,+2.3174 <0;else class 2.

P(9(x)|2=1)=N(9;2.3174,2.5); p(9(x) | 2=2) = N(9;6.3174,2.5)  ~l.ss1 Class 2

ECM = %[P{(Q(Z) |2 =1) >0}+1000P{(g(x)|z=2) <0}] _
. decision=2 decision=1 463 500 j j
= 5[0.9286 +1000*0.00003) = 0.46445 < d
N
Empirical Risk = iZ[lOOO* P (decision =1, class 2) + P(decision = 2,class1) | = 0.463 ! :
Copyright ©2018 by K. Pattipati k=1 L
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0 1

10 O
= classlif P(z=2|x)<10P(z=1]|x);else class 2

= classlif P(z=1|x)>0.1P(z =2] x);else class 2.
= class1if P(x|z=1)>0.1P(x|z=2);else class 2.
= classlif InP(x]|z=1)>-2.3026+InP(x|z = 2);else class 2.

m Problem 2 A=

= class 1if —%(g—ﬁl)T T (x—u,) >-2.3026 _%(X_EZ)T T7(x—p,);else class 2.

; Ty-1 ﬁ;z_lﬁz .
= class1if —u 7 x>-2.3026 B —2.3026 — 3.2 = —5.5026; else class 2.

= class1if —1.6x, —1.6x, > —-5.5026;else class 2.
= class1if g(x)=x, +x, —3.4391<0;else class 2.
p(g(x)|z=1)=N(g;-3.4391,2.5); p(g(x)| z =2) = N(g;0.5609, 2.5)

1 Class1 Class?2
ECM =—[10*P{(9(x) [z =1) > 0}+ P{(9(x) | z =2) < O}]
2 decision=2 ) decision=1 ’ ol
1 ol
= E[10*0.0148+ 0.36139) = 0.2547 8 340 a
N

Empirical Risk = iZ[P(decision =1,class 2) +10* P(decision = 2,class1)| = 0.24 :
Copyright ©2018 by K. Pattipati k=1 1
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m Problem 3

Q = Quantity to buy
D = Demand with pdf f (D) and distribution F (D)
C = Cost per item
P = Selling price
(P-C)Qif D>Q
(P-C)Dif D<Q
0if D>Q
(Q-D)Cif D<Q

Profit :{
Waste = {
Net expected profit = E,[7(Q)] = T(P —C)Qf (D)dD +_T(P —C)Df (D)dD —T (Q-D)Cf (D)dD

2 g 0
Optimal Q° :%’SQ)]:O: ;ii(P—C) f(D)dD—(P-C)Q"f(Q")+(P-C)Q f(Q") —(j[*Cf (D)dD =0

= (P-C)l-F(Q)]-CF(Q) =0= (P-C)-PF(Q) =0= FQ) = === Q = F (=)

kL

oYL L

Second derivative: % =—(P-C)f(Q)-Cf(Q")=—Pf(Q") < 0= maximum
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m Problem 4

L(A, p(.)) ==Inp(4)
Two possibilities :

p**(4) =, p(A|m,D)P(m|D)

p"(A)=p(A|m,D)
E o [L(A, p™"™)]==] p™*(4) In p™*(A)d A

Eon[L(A, pP™]= =] p*(4)In p"(4)dA

E L D) LA, P =] P i B Ty A =KL () p"(4) <0

BMA p oM (A) BMA ) ( ) BMA p ( )
Why ?7— A)l dA= A)l dA <] dA=In1=0
A e r L L

Recall In x is concave
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m Problem5
a. p(x,y|0)=p(x|6)p(y|x 6,)

p(X | 01) — 01)( (1— Hl)l—x\
p(y | X, ‘92) — 92[(1—x)(1—y)+xy] (1_ 92)[(1—x)y+x(1—y)]
p(X, y|8) =6 (L—6,) > L0 g, )lEyxiyil
In terms of a 2x2 table, p(x, y | 0) is:
y=0 y=1

x=0|1-6)8, (1-6)1-6,)

x=1161-6,) 6,0,
b. p(Dl@ |\/|2) H[HX (1 9)1 X (9[(1 x)(l—y)+xy](1 2 )[(1 Xi ) i+ (1—y)]:| N =7

Given:x=(11,0,110,0);y=(10,0,0,1,0,1)

kL L
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m Problem5
Given:x=(110,110,0);y=(10,0,0,1,0,1)

,
Letn, =) X, =4;ny=7-n =3

i=1

Let Dc — nOO nOl — 2 1
Ne Ny 2 2
J,==Inp(D|8,M,)=—[n,InG +n,In(1— &) +(Ng, + ;) ING, +(ny, + Ny ) IN(L—-6,)]

=-[4In6,+3In(1-6,) +4In 6, +3In(L-6,)]

oJ A
a_j =0= Hl,MLE =

0J A
5—192 =0= ‘92,M|_E =

~N s NI

3_
-
c)Similarly, 6 = (6,,,6,,,6,,,6,,)

J,=—Inp(D|8,M,)=-[2InGy, +InGy; +2In G, +2In(L— Gy, — 6,, — 6,,) ]

J; =—8In§—6|n 9.5607 = p(D|8,,c. M,) =% =7.0443x10°°
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m Problem5
Given:x=(110,110,0);y=(,0,0,0,1,0,1)

i
Letn =) x, =4n,=7-n,=3

i=1
Let DC _ n00 n01 _ 2 1
ng, Ny 2 2

Jy = —Inp(D|8, M4) =~ Nyo In 6)00 + Ny In ‘901 Ny In ‘910 +Ny In (1_900 _‘901 _910)]

91 1

- 2InG,,+Ing,, +2In6,+2In(1-6,,-6,, ‘910)]

911

~

A A A 2 A~ 0 1
Easy to see that §,, = 6,, = 11:?;901=%:? -
* A «d Jd
J; =9.4625= p(D| 6, M,) =€ =7.7712x10°° 5
o
Copyright ©2018 by K. Pattipati ‘
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m Problem5

d)Given: x=(1,1,0,1,1,0,0);y =(10,0,0,1,0,1)

7
Letn =Y x=4n=7-n=3

i=1

N, No| [2 1 2 1 2 1
Let D, = = ;LOOCV :D =D = ,D,=D_= ;
2 2

Ne Ny 2 1 1 2
S oo [t 1], [z 0
ST 2 2T T2 2
For model 2:
(i)For D, &D., :J =—[3Ing,+3In(L-4,) +3In6, +3In(L—6,)] = 6, = 6, :%
(ii)For D, &D,:J =—[3In¢91+3ln(1—¢91)+4ln6?2+2In(1—6’2)]:>él=%;éz =%
(iii)For D, &D 3 =—[4In6, +2In(L—6,) +3In 6, + 3In(L— 6,)] = 6, :%;é2 :%

(iv)For D, :—[4In6, +2In(L—6) +4In 6, + 2In(L- 6,)] = 6, = %;92 zg

L(2)=In p(D|Q,M2):4In£+2[|n1+Inl]+2[lnl+ln£]+2ln£:8In1+6lnl:—12.1369
2 2 3 3 2 3 2 3

oYL L
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m Problem5

d)Given:x=(110,110,0);y=(10,0,0,1,0,1)

7
Letn, => x =4;n,=7-n, =3

i=1

N Noy 2 1 2 1 2 1
Let D, = = ,LOOCV :D =D .= ,D,=D,= ;
N, N, 2 2

1 1] 2 0
D.=Ds=1, ,|Da=|,

For model 4: For D_,, ém =0= L(4) = —oo because p((0,1)| D_,,M,) =In0 =—o0
So, LOOCV will pick model M,,.

dof (M

e)BIC(M,)=InP(D|8,,c,M,)— > dof (M) 11 N = —9.5607 — In 7 = 115066

BIC(M,)=InP(D|8,,:. M4)—Mln N =—9.4625—g|n7 =-12.1814 3

«d Jd

BIC(M,) > BIC(M,) = BIC will also pick Model 2. al

< °d

L
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m Problem 6

p(ll Z :l) > (’%2 _ﬂzz)P(Z :2) —

p(ﬁl Z= 2) - (121 _/111)P(Z :1)

= Inp(x|z=1)—In p(x|z—2)>|n[

:>——In(0 5)—1 (x-2)° |

= 0.3466 — (x—2)* —0.8047 + 2.5(x —1.5)* > Int —0.6931 = class 1; else class 2

In(02) 1(x 15)° Bu:

7 =1;otherwise 2 =2

21~ M1

0.2

t

—1.5x* —=3.5x+1.7975—Int > 0 = class 1: else class 2

t=1=classl for x <0.7632 & x >1.5701;class 2 for x € (0.7632,1.5701)

x=xy = (3 x2)/2 - (7 x)/2 + 719/400

T T T - T
45F /
Al

35

3

25r

>

2|

151

1

0.5

0
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/1=20.08

Ao = Ao } InP(z=2)-InP(z=1) = class 1;else class 2

Ao +1In i In 2 = class 1;else class 2
1 3 3

kL

oYL L



