A dl = max JIax]l 7 ]| x| => L Ax (< QA1 lix
lA B || = max_{[[x||=1} [IA B x|| < max_{[[x||=1} [|A || ]| B x|
< Al max {lIx|[=1} I B x|
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In particular: For an nxn matrix A

A<l < [IAll®
lA ll<1 ===> ||A¥|| - ©
proof of expression of || A ||z

A Il = max_{|[x|lx =1} || Ax ||

Define n = max; || A(:,3)llx = |IAC:,30)]1

DAl < n
let x s.t. |[|x|]1=1
| Ax|lx =l X xi AC:,3) llx = 35 Ixil [l AC:, 3) s
< 3o Ixil maxs || AC:,3)li= 3 IXil N
I Axlla = n 3 Ixi] =n
==> ||All1 < n
2) ||Alliz n

Assume max reached for jo
let x = e_{j0} = [ 0; 0; ..., 0; 1; 0 ....]
A- position jO

A e;j = jth column of A

J=30 == [] A(:JO0)[]1 =max [| A(:,]) |]1
Then || A x |l2 = || A(:,30) [l2=n

For one particular x || A x||l» =2 n

max || A x||l» = n



P(A) < [IA |72

Let A be the largest eigenvalue in modulus and write
with [Ju ||= 1

u

=Au
||A ull =

AL full

Al = p(A)

Al ==> |lAll = p(A)

A u I < [IAl Qi



