Machine Learning HW2

Problem 1

Solution:

For the linear SVM in the non-separable case, we are trying to optimize following equation:
min, e 1w} +CYN €

st.y;((wyz;) +b) >1—¢,6 >0,Vi=1,...,N

Using Lagrange multiplier method and treat it as dual problem, we are trying to optimize
following equation (denote this equation as equation (*)):

maXq,g minwyb,fi L(w’ b7 € Q, ﬂ)
= maxeg mingpe 3w w+CXL, 6 — Y ailyi((w,z) +b) — 1+ 6] = L, Biei (%)
Calculating partical derivative, we can get:

oL N
S =W oYz =0

?9_{; = _Zﬁl a;y; =0

g—L —C-aq;—Bi=0Vi=1,...,N

That is, we get following restrictions:

w= Zfil Qi YiTi

Zi\; o;y; =0

C=a; +p5;,Vi=1,...,N

Considering these restrictions in equation (*), we are now trying to optimize following equation:
maxe Yoiy @ — § Yoig Mg Yy (2, ;)

st. YN oy =0,0<a; <C,Vi=1,...,N

Assuming the solution to this optimization problem is o*, we get the solution:
w* = sz\il yiojx; = Za;;éo Yi o T

b =y — (W' mi) =i — Do Vi (i, T5)

Finally, we get the hyperplane:

f(z) = (w",z) +b* = Ea#o v (zi, ) + b*

Problem 2



Solution:
e Non-negativity

Since euclidean distance is always no less than 0, h(A, B) = max,c4 minyep ||a — b||, > 0,
and h(B, A) = maxpcp mingec 4 ||b — al|, > 0, so H(A, B) = max(h(A, B), h(B, A)) > 0.

e |dentity

Supposing A = B, we can easily getVa € A, 3b=a € B, ||a — b||, = 0,and Vb € B,
da=0be A |la—b|l, =0.Thatis h(A, B) = h(B,A) = 0.So H(A, B) = 0.

Supposing H(A, B) = 0, we can easily get h(A, B) = h(B, A) = 0. Thatis, Va € A,
mingep |la — bl|, =0,and Vb € B, minge4 ||a — b||, = 0. Supposing Jag € A, ag ¢ B, we can
easily get Vb € B, ||ag — b||, > 0, we get a contradiction. So A = B.

e Symmetry
H(A,B) = max(h(A,B),h(B,A)) = max(h(B, A),h(A,B)) = H(B, A)

e Triangle inequality
Supposing A, B, C are bounded closed set, b* € B satisfy h(A, B), then we can get:
h(A, B) + h(B,C)

= maXge 4 Mingep ||a — b||, + maxyep min.cc ||b — ||,
= maXue4 ||a — b* ||, + maxpep mingec ||b— ||,

> maXgeyq ||a — 0|y + minec [[b* — ¢l

= max,e mineee(|la — b [[, +[|b* —cfl;)

> MaXge 4 MiNeco Ha' - C| |2

= h(A,C)

Similarly, we can get:

h(B,A) + h(C,B) > h(C,A)

That is to say:

H(A,B)+ H(B,C)

= max(h(4, B),h(B, A)) + max(h(B,C),h(C, B))
> max(h(4,C),h(C, A))

= H(A,QC)

Problem 3

Solution:

1. Supposing we observe nothing, since a, b are indepentent to each other, we can get the
following equation:

p(a,b) = p(a,b) 3_4 - p(cla, b)p(d|c) = p(a)p(b) >_, p(d|a,b) = p(a)p(b)
So we can say:

a 1l bl¢



2. Supposing we now obeserve d, we can get the following equations:
p(a, b|d) _ p(a,b,d) _ p(a)p(b) > p(cla,b)p(d|c) p(a)p(b)p(d|a,b)

p(d) p(d) p(d)
_ plad) > p(b) 3, p(cla,b)p(dlc)
p(a”d) - p(d) - ((1,) - p(d)
_ pbd) > a p(a) X2, plclab)p(dc)
p(b’d) - p(d) —p(b) p(d)

Since:

p(a,bld) # p(a|d)p(b|d)

So we can say:

a /l bld
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