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What are the minimum values?
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Note the values of the MSE!
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Problem 2
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h(x) = f (g(x))
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h(x) = f (g(x))
h′ (x) = f′ (g(x)) g′ (x)
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h(x) = f (g(x))
h′ (x) = f′ (g(x)) g′ (x)

∇log (ρ(w)) =
1

ρ(w)
∇ρ(w)
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Problem 3

Note how this is a more general 

form with more than 1 label!
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Problem 3
Only terms with j=q and k=p are 1!
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Problem 4

ϕ(x) =

1 x(1) (x(1))2 (x(1))3

1 x(2) (x(2))2 (x2)3

1 x(3) (x(3))2 (x(3))3

1 x(4) (x(4))2 (x(4))3

1 x(5) (x(5))2 (x(5))3

ϕ⊤(x) =

1 1 1 1 1
x(1) x(2) x(3) x(4) x(5)

(x(1))2 (x(2))2 (x(3))2 (x(4))2 (x(5))2

(x(1))3 (x(2))2 (x(3))3 (x(4))3 (x(5))3
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x(1) x(2) x(3) x(4) x(5)

(x(1))2 (x(2))2 (x(3))2 (x(4))2 (x(5))2

(x(1))3 (x(2))2 (x(3))3 (x(4))3 (x(5))3

1 x(1) (x(1))2 (x(1))3

1 x(2) (x(2))2 (x2)3

1 x(3) (x(3))2 (x(3))3

1 x(4) (x(4))2 (x(4))3

1 x(5) (x(5))2 (x(5))3
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ϕ⊤(x)ϕ(x) =

1 1 1 1 1
x(1) x(2) x(3) x(4) x(5)

(x(1))2 (x(2))2 (x(3))2 (x(4))2 (x(5))2

(x(1))3 (x(2))2 (x(3))3 (x(4))3 (x(5))3

1 x(1) (x(1))2 (x(1))3

1 x(2) (x(2))2 (x2)3

1 x(3) (x(3))2 (x(3))3

1 x(4) (x(4))2 (x(4))3

1 x(5) (x(5))2 (x(5))3

(ϕ⊤(x)ϕ(x))2,3
= x(1) (x(1))2 + x(2) (x(2))2 + x(3) (x(3))2 + x(4) (x(4))2 + x(5) (x(5))2
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= x(1) (x(1))2 + x(2) (x(2))2 + x(3) (x(3))2 + x(4) (x(4))2 + x(5) (x(5))2

= (x(1))3 + (x(2))3 + (x(3))3 + (x(4))3 + (x(5))3
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ϕ⊤(x)ϕ(x) =

1 1 1 1 1
x(1) x(2) x(3) x(4) x(5)

(x(1))2 (x(2))2 (x(3))2 (x(4))2 (x(5))2

(x(1))3 (x(2))2 (x(3))3 (x(4))3 (x(5))3
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(ϕ⊤(x)ϕ(x))2,3
= x(1) (x(1))2 + x(2) (x(2))2 + x(3) (x(3))2 + x(4) (x(4))2 + x(5) (x(5))2

= (x(1))3 + (x(2))3 + (x(3))3 + (x(4))3 + (x(5))3

=
s

∑
i=1

(x(i))2+3−2
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ϕ⊤(x)ϕ(x) =

1 1 1 1 1
x(1) x(2) x(3) x(4) x(5)

(x(1))2 (x(2))2 (x(3))2 (x(4))2 (x(5))2

(x(1))3 (x(2))2 (x(3))3 (x(4))3 (x(5))3
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= (x(1))3 + (x(2))3 + (x(3))3 + (x(4))3 + (x(5))3

=
s

∑
i=1

(x(i))2+3−2 (ϕ(x)⊤ϕ(x))j,k
=

s

∑
i=1

(x(i))j+k−2
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ϕ⊤(x)y =

1 1 1 1 1
x(1) x(2) x(3) x(4) x(5)

(x(1))2 (x(2))2 (x(3))2 (x(4))2 (x(5))2

(x(1))3 (x(2))2 (x(3))3 (x(4))3 (x(5))3

y(1)

y(2)

y(3)

y(4)

y(5)
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ϕ⊤(x)y =

1 1 1 1 1
x(1) x(2) x(3) x(4) x(5)

(x(1))2 (x(2))2 (x(3))2 (x(4))2 (x(5))2

(x(1))3 (x(2))2 (x(3))3 (x(4))3 (x(5))3

y(1)

y(2)

y(3)

y(4)

y(5)

(ϕ⊤(x)y)3
= (x(1))2 y(1) + (x(2))2 y(2) + (x(3))2 + y(3) + (x(4))2 y(4) + (x(5))2 y(5)
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ϕ⊤(x)y =

1 1 1 1 1
x(1) x(2) x(3) x(4) x(5)

(x(1))2 (x(2))2 (x(3))2 (x(4))2 (x(5))2

(x(1))3 (x(2))2 (x(3))3 (x(4))3 (x(5))3

y(1)

y(2)

y(3)

y(4)

y(5)

(ϕ⊤(x)y)3
= (x(1))2 y(1) + (x(2))2 y(2) + (x(3))2 + y(3) + (x(4))2 y(4) + (x(5))2 y(5)

=
s

∑
i=1

(x(i))3−1 y(i)
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ϕ⊤(x)y =

1 1 1 1 1
x(1) x(2) x(3) x(4) x(5)

(x(1))2 (x(2))2 (x(3))2 (x(4))2 (x(5))2

(x(1))3 (x(2))2 (x(3))3 (x(4))3 (x(5))3

y(1)

y(2)

y(3)

y(4)

y(5)

(ϕ⊤(x)y)3
= (x(1))2 y(1) + (x(2))2 y(2) + (x(3))2 + y(3) + (x(4))2 y(4) + (x(5))2 y(5)

=
s

∑
i=1

(x(i))3−1 y(i) (ϕ(x)⊤y)j
=

s

∑
i=1

(x(i))j−1 y(i)
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(x(1), y(1)) = (0,0) (x(2), y(2)) = ( 1
4

,1) (x(3), y(3)) = ( 1
2

,0) (x(4), y(4)) = ( 3
4

, − 1)
(x(5), y(5)) = (1,0)
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(x(1), y(1)) = (0,0) (x(2), y(2)) = ( 1
4

,1) (x(3), y(3)) = ( 1
2

,0) (x(4), y(4)) = ( 3
4

, − 1)
(x(5), y(5)) = (1,0)

ϕ(x)(d=1) =

1 0
1 1

4

1 1
2

1 3
4

1 1
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1 1
2

1 3
4

1 1

ϕ(x)⊤
(d=1) = (

1 1 1 1 1
0 1

4
1
2

3
4 1)
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4

, − 1)
(x(5), y(5)) = (1,0)

ϕ(x)(d=1) =

1 0
1 1

4

1 1
2

1 3
4

1 1

(ϕ(x)⊤ϕ(x))j,k
=

s

∑
i=1

(x(i))j+k−2
ϕ(x)⊤

(d=1) = (
1 1 1 1 1
0 1

4
1
2

3
4 1)
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(x(1), y(1)) = (0,0) (x(2), y(2)) = ( 1
4

,1) (x(3), y(3)) = ( 1
2

,0) (x(4), y(4)) = ( 3
4
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4

1 1

(ϕ(x)⊤ϕ(x))j,k
=

s

∑
i=1

(x(i))j+k−2
ϕ(x)⊤

(d=1) = (
1 1 1 1 1
0 1

4
1
2

3
4 1)

ϕ(x)⊤
(d=1)ϕ(x)(d=1) =

5 5
2

5
2

15
8



www.qmul.ac.uk /QMUL @QMUL 24
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(x(1), y(1)) = (0,0) (x(2), y(2)) = ( 1
4

,1) (x(3), y(3)) = ( 1
2

,0) (x(4), y(4)) = ( 3
4

, − 1)
(x(5), y(5)) = (1,0)

ϕ(x)⊤
(d=1)y = (

1 1 1 1 1
0 1

4
1
2

3
4 1)

0
1
0

−1
0
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(x(1), y(1)) = (0,0) (x(2), y(2)) = ( 1
4

,1) (x(3), y(3)) = ( 1
2
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ϕ(x)⊤
(d=1)y = (

1 1 1 1 1
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4
1
2

3
4 1)

0
1
0

−1
0

ϕ(x)⊤
(d=1)y = (

0
− 1

2 )
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2

5
2

15
8

(w0
w1) = (

0
− 1

2 )
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2

5
2

15
8

(w0
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0
− 1

2 )
5w0 +

5
2

w1 = 0
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