
2. For any s ∈ R2k+1,

∇f(s) = L

4


2s1 − s2 − 1
2s2 − s1 − s3

...
2s2k − s2k−1 − s2k+1

2s2k+1 − s2k

 .

For any s, s′ ∈ R2k+1,

∇f(s) − ∇f(s′) = L

4


2(s1 − s′

1) − (s2 − s′
2)

2(s2 − s′
2) − (s1 − s′

1) − (s3 − s′
3)

...
2(s2k − s′

2k) − (s2k−1 − s′
2k−1) − (s2k+1 − s′

2k+1)
2(s2k+1 − s′

2k+1) − (s2k − s′
2k)


= L

4
(2(s − s′) − D1(s − s′) − D−1(s − s′)) ,

where we define, for any x ∈ R2k+1,

D1x =


x2
x3
...

x2k+1
0

 , D−1x =


0
x1
x2
...

x2k

 .

We observe that, for any x ∈ R2k+1, ||D1(x)||2 ≤ ||x||2 and ||D−1(x)||2 ≤
||x||2. As a consequence, for any s, s′ ∈ R2k+1,

||∇f(s) − ∇f(s′)|| = L

4
||2(s − s′) − D1(s − s′) − D−1(s − s′)||2

≤ L

4
(2||s − s′||2 + ||D1(s − s′)||2 + ||D−1(s − s′)||2)

≤ L

4
(2||s − s′||2 + ||s − s′||2 + ||s − s′||2)

= L||s − s′||2,

which exactly says that ∇f is L-Lipschitz.
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