Q1-1: Are these statements true or false for the binary logistic regression?
(A) When the linear log odds 108%2:@ — 400, the predicted probability
p(Y = 1|X) tends to zero.

(B) When p(X|Y = i) are Gaussian N (X|u;, 1), we can derive that the
corresponding log odds is linear with respect to X.

True, True
True, False
False, True
False, False
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Q1-1: Are these statements true or false for the binary logistic regression?
(A) When the linear log odds logzgz:g — 400, the predicted probability
p(Y = 1|X) tends to zero.

(B) When p(X|Y = i) are Gaussian N (X|u;, 1), we can derive that the
corresponding log odds is linear with respect to X.

True, True (A) When the log odds a = log 22210, o
. p(Y=2|X)
True, False we have p(Y = 11X) = - ——>—1

False, True _ (B) Just as is shown in the lecture.

False, False
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Q1-2: Please calculate the w and b of log odds as p(x|y = 1) = N (x|uq4,1) and
p(xly =2) = N(xluz, D,

where x € R?, y; = [1,0,1]7, 4 = [-1,1,0]7, p(y = 1) = -, and p(y = 2) ==,

1. w=1[0,1,1]",b = —2log 2
2 w=[2,-1,11",b=0

3 w=[-2,1-11',b=1

4. w

2,—-1,1]T,b =1



Q1-2: Please calculate the w and b of log odds as p(x|y = 1) = M(x|u4,1) and
p(xly =2) = N(x|pz, D),

where x € R?, y; = [1,0,1]7, 4, = [-1,1,0]7, p(y = 1) = , and p(y = 2) =
log odd is

ey =Dply =1 _

a= x+b
"pxly = 2p(y = 2)
where : 5
W=~ b=—spiu +5u0, +1n
H1 — U2 2.111#1 2#2.112 »(y = 2)
1. w=]0,1, 1]T,b = —2log?2
2. w=[2,-1,1]",b = 04— - h
y the lecture, we have

3. W= _—2, 1,—1]T,b =1 w = M1 Uy = [2 -1, 177,
4 w=1[2,-1,11',b =1 b= —m i +31" 1 +logZ2=0 = 0.




Q2-1: Are these statements true or false for the multiclass logistic regression?
(A) We model p(y = i|x) = =290 ith a; = log p(xly=)p=/)

% exp(a;) p(xly=Dpy=0)
(B) When p(x|y = i) are Gaussian N (x|u;, I) and we model p(y = i|x) = Zexei;a(ic)l :
j j
can NOT be linear because a; = —%xTx + w;Tx + b; and there’s a —%xTx term.

True, True
True, False
False, True
False, False

s w b=

i



Q2-1: Are these statements true or false for the multiclass logistic regression?

| —ily) = P@) L n o e PEIYEDPGET)
(A) We model p(y = i|x) S exp(a) with a; = log el =DPr=0)

(B) When p(x|y = i) are Gaussian N (x|u;, I) and we model p(y = i|x) = =20

Zj exp(aj)’

. 1 , 1
can NOT be linear because a; = —ExTx + w;Tx + b; and there’s a _EXTX term.

(A) By the lecture, we have

a; = log[p(x|ly = )p(y = )]
1 ) True’ True (é) Since we have
2. True, False exp (—%xTx) both on the
numerator and denominator,
3- False, TrUe we can cancel it out and get a
4. False, False _ linear expression for a;.

i



Q2-2: Please calculate the w; and b; of a; for some i in our multiclass logistic
regression model. Assume p(x|y =1i) = N (D),

where x € R3, y; = [1,0,1]7, n(y = i) = %

Cancel out —=x"x and In ld , we have
2 (2m)4/2
_ exp(a;) T .
= llx) = , a; = wh) x + bt
p(y = ilx) 5 exp(@) (w?)
where )
wh=p, bt =—cuip +Inply =)
1. W; = 1, O, 1]T, biN —1
2. W; = 2, O, Z]T, biN — lOgZ
3. w; =[0.5,0,0.5]%, b;~ — 1 —log 2
4. w; =[1,0, 1]T, bi~—1—log?2




Q2-2: Please calculate the w; and b; of a; for some i in our multiclass logistic
regression model. Assume p(x|y =1i) = N (D),

where x € R3, y; = [1,0,1]7, n(y = i) = %

T 1

1
Cancel out ——x"x and In Gz We have
. exp(a;) T -
(v =i|x) = ) a; = (w') x+ b
P =il = e = (w')
where
. . 1
wh=p, b= —cpip+Inp(y =0
1. W; = 1, O, 1]T, biN —1
2. Wi = 2' O' Z]T' biN o lOgZ By the lecture, we have
.= T .~ — — w; = u; = [1,0,1]",
3. Wi 20.5, 0,0.5]%, b; 1 —log?2 by = LTy + loglp(y = D]~ 1 — log2.
4, W; = _1, O, 1]T, biN —1 - lOgZ_



Q3-1: Please calculate the softmax of (1, 2, 3, 4, 5).

0.067, 0.133, 0.2, 0.267, 0.333)

0, 0.145, 0.229, 0.290, 0.336)
0.012, 0.032, 0.086, 0.234, 0.6306)
0.636, 0.234, 0.086, 0.032, 0.012)

1.
2.
3.
4.



Q3-1: Please calculate the softmax of (1, 2, 3, 4, 5).

1.
2.
3.
4.

AN N N N

0.067, 0.133, 0.2, 0.267, 0.333)

0, 0.145, 0.229, 0.290, 0.336)

0.012, 0.032, 0.086, 0.234, 0.636) _
0.636, 0.234, 0.086, 0.032, 0.012)

By the lecture, we have for
some a = (a;),

exp(a;)
3 exp(a;)

softmax(a); =

Here:
(A)

ai

Zj aj
(B) log(a;)
Zj log(aj)
(C) exp(a;)
Zj exp(a;j)
(D) exp(—a;)
Zj exp(—aj)




Q3-2: Please calculate the cross entropy for the following data point and
corresponding prediction. Given log(%l) ~ —2.3,10g(0.3) ~ — 1.2,10g(0.6) ~ — 0.51.

—logp(y =y |xW) = —2 g7 logp(y = j|x®) = H(@®,p®)
j=1

1. ~1.20 One-}_I(())t_Label Prediction
0.1
2. ~2.30 0 0.3
3. ~4.02 ; ;
4. ~0.51 : :
1 0.6
0 0
0 0
0 0
_.0_ | 0 .




Q3-2: Please calculate the cross entropy for the following data point and
corresponding prediction. Given log((}{.l) ~ —2.3,10g(0.3) ~ — 1.2,10g(0.6) ~ — 0.51.

—logp(y = y@|xW) = —2 q;” logp(y = j|x®) = H(q®,p®)
=1

1. ~1.20 One-}_I(())t_Label Prediction
0.1
2. ~2.30 0 0.3
3. ~4.02 ; ;
4. ~0.51 <4— 0 0
1 0.6
0 0
0 0
0 0
_.0_ | 0 .

Here ¢ = [0,0,0,0,0,1,0,0,0,0]7, » = [0.1,0.3,0,0,0,0.6,0,0,0,0]".
So we have H(q,p) = — 211-21 q; log(pj) = —1 X log(0.6) ~0.51.
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