Question 1a

fi(word, tag) = 1 if word = the and tag = D, 0 otherwise
fa(word, tag) = 1 if word = dog and tag = N, 0 otherwise
fs(word, tag) = 1 if word = sleeps and tag = V, 0 otherwise

1 if word ¢ {the, dog, sleeps} and tag = D, 0 otherwise

1 if word ¢ {the, dog, sleeps} and tag = N, 0 otherwise
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= 1 if word ¢ {the, dog, sleeps} and tag = V, 0 otherwise



Question 1b

V4

(&
p(D|cat) = pr——
Nllaughs) = —

p(N|laughs) = pETpT——

60

Dldog) = ——
p(Dldog) T
evs

Visleeps) = ————
PV |sleeps) = —5—



Question 1c

U1

e
Dlthe) = —— =10.9
p(D]the) evt + 2¢

gives "' = 18 = v; = log 18.
A similar argument gives vy = v3 = log 18.



Question 1c (continued)

ev4

p(D|word) = prs———— 0.6
Nlword e
=— =03
p(Nfword) =
eve
p(V|word) = — = 0.1

evt + e¥s + evs
One solution is e = 6, e = 3, €6 = 1. (Any solution with
e’ =3 x €' and e™ = 6 x € gives a valid solution.)



Question 2

' B 1 ife; =theanda=j
filer...em,j,a) = { 0 otherwise

To see this is correct, first consider the case e; # the. In this
case fi(ey...em,J,a) =0 for all values of j and a. Thus we
have for any 7, a,

e? e 1

p(a|el...em,j)zzm = S
j=1

(continued over the page)



Now consider the case where e¢; = the. In this case
v-f(er...em,j,a) =wvy if a =7, 0 otherwise. Hence if

(lj:j,

. evl 6”1
p(a/j|61 .. -ema.]) - evt + Zj?ﬁaj 60 - evt + (m_ 1) X 60

If we set v; — oo, then if a; = j we have
plajler...em,j) =1

which is the desired result.



Question 3a
At the optimal point v*, we have

dL(v*
@) _,
d’Uj
forj=1...m.
The gradients with respect to v, are
dL(v =
W) S A09) - 30 3 A |5 -
1 i=1 =1y’ ey
Empirical counts Expected counts

With fi(z,y) = 0 for all x,y, the empirical counts and

expected counts are both zero. Hence to have ds(l =0, we
must have

—)\?)1 =0

which implies that v; = 0.



Question 3b

We again consider the property dL(” = 0 for all k& (see the

previous slide).
For feature fs, we have fy(x,y) = 10 for all x,y. Hence

Zn: fo(2®@ @) = Xn: 10 = 10n
=1 i=1

and
ZZf2 Oy p(y | 2P50) =D > 10 x p(y | 275 v)
i=1 y'ey i=1 y'ey
—Zloxz p(y | 29;v) = 10n
y'ey
Hence deS; ) — _ vy, and vy must be 0 for de(” to be equal

to 0.



Question 3c
We again consider the property dL(” = 0 for all k& (see the

previous slide).
For feature f3, we have f3(2(, 4@) =i for all 2 y®. Hence

n n
S fala®y@) =3
=1 =1

and
33 A0 | 10m) = 303 ixply 2950
i=1 '€y i=1 'y
=3 ) = 3
y'ey =1
Hence deS; ) — _ s, and v must be 0 for de(” to be equal

to 0.



