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assignment 2 solutions
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Then there are 4 such modified Haar transform. We choose one of them for explanation.
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Ã = H̃TA′HaarH̃

=
1

4


1 1

√
2 0

1 1 −
√

2 0

1 −1 0
√

2

1 −1 0 −
√

2




39
4 − 5

4 0 3
√
2

2

− 11
4 0

√
2
4 −

√
2
2

−
√
2
2

√
2
2 −1 2

−
√
2
4 −

√
2
4

3
2 −1




1 1 1 1
1 1 −1 −1√
2 −

√
2 0 0

0 0
√

2 −
√

2



=
1

4


6 − 1

4 − 3
√
2

4 3
√

2

8 − 9
4

5
√
2

4 −
√

2

12 − 7
4

5
√
2

4

√
2

13 − 3
4 − 7

√
2

4 3
√

2




1 1 1 1
1 1 −1 −1√
2 −

√
2 0 0

0 0
√

2 −
√

2



=


17
16

29
16

49
16

1
16

33
16

13
16

33
16

49
16

51
16

31
16

63
16

47
16

35
16

63
16

79
16

31
16

 .

(c)
1 %% Q2D
2 f unc t i on H = q2d (n)
3 N = 2ˆn ;
4 H = ze ro s (N) ;
5 H( 1 , : ) = 1 ; % H 0 ( t ) = 1
6 f o r k = 1 :N−1

1



7 p = f l o o r ( log2 (k ) ) ;
8 H k = Haar (p , k−2ˆp) ;
9 f o r i = 0 :N−1

10 t = i /N;
11 i f H k (1 , 1 ) <= t && t < H k (1 , 2 )
12 H(k+1, i +1) = H k (1 , 3 ) ;
13 e l s e i f H k (2 , 1 ) <= t && t < H k (2 , 2 )
14 H(k+1, i +1) = H k (2 , 3 ) ;
15 end
16 end
17 end
18 H = H/sym( sq r t (N) ) ;
19 end
20

21 %% HAAR
22 % Create Haar func t i on H {2ˆp+n}( t )
23 % The output $H {2ˆp+n}( t ) $ i s r ep r e s en ted by a matrix :
24 % [ n/(2ˆp) , (n+0.5) /(2ˆp) , s q r t (2 ) ˆp ; (n+0.5) /(2ˆp) , (n+1)/(2ˆp) ,

−s q r t (2 ) ˆp ]
25 f unc t i on H = Haar (p , n)
26 H = [ n/(2ˆp) (n+1/2) /(2ˆp) sq r t (2 ) ˆp ; (n+0.5) /(2ˆp) (n+1)/(2ˆp) −

s q r t (2 ) ˆp ] ;
27 end
28

q2d.m

(d)
1 %% Q2E
2 f unc t i on A2 = q2e (A, p)
3 N = s i z e (A, 1 ) ;
4 n = round ( log2 (N) ) ;
5 H = q2d (n) ;
6 num ps to keep = f l o o r (p/100∗Nˆ2) ;
7 A Haar = H∗A∗H’ ;
8 pos = f indkPos (A Haar , Nˆ2−num ps to keep ) ;
9 f o r p = pos

10 A Haar (p (1 ) ,p (2 ) ) = 0 ;
11 end
12 A2 = H’∗A Haar∗H;
13 end
14

15 %% FINDKPOS
16 % Find the p o s i t i o n s o f the e n t r i e s with the k sma l l e s t abso lu t e

va lue s in a matrix A
17 f unc t i on pos = f indkPos (A, k )
18 pos = ze ro s (2 , k ) ;
19 [m, ˜ ] = s i z e (A) ;
20 B = abs (A( : ) ) ;
21 f o r i = 1 : k
22 ind = f i nd (B == min(B) ) ;
23 ind = ind (1 ) ;
24 B( ind ) = In f ;
25

26 c = f l o o r ( ( ind−1)/m)+1; r = ind−(c−1)∗m;
27 pos ( : , i ) = [ r ; c ] ;
28 end
29 end
30

q2e.m
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Then there are 4 such modified Haar transform. We choose one of them for explanation.
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3. (a)
∫
R[H0(t)]2 dt =

∫ 1

0
dt = 1.

For any p ∈ N \ {0} and n ∈ Z ∩ [0, 2p − 1],∫
R
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(b) i. Let m ∈ N \ {0}. There exists p ∈ N ∪ {0} and n ∈ Z ∩ [0, 2p − 1] such that
m = 2p + n. Then
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B. Suppose p1 < p2. Then either
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= ∅.

In any case, Hm1
is constant on [
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), and thus denoting the constant

by c,
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= c
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Thus,
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