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Euclidean balls and ellipsoids

(Euclidean) ball with center x, and radius 7:

B(xe,r) ={z| ||z — 2 < r} ={z. +ru| |ul2 <1}

ellipsoid: set of the form
{o|@—2)"P e —a) < 1)

with P € 8" | (i.e., P symmetric positive definite)

other representation: {z.+ Au | ||ull2 < 1} with A square and nonsingular

Convex sets 2-7

Norm balls and norm cones

norm: a function || - || that satisfies

e |lz|| > 0; ||x|| = 0 if and only if x =0

o |[tx|| = [t||z] for t € R

o [lz+yll <l + [yl

notation: || - || is general (unspecified) norm; || - ||symb is particular norm

norm ball with center . and radius r: {z | ||z — z.|| < r}

L0z

norm cone: {(z,t) | ||z| <t}

Euclidean norm cone is called second-
order cone 2.

norm balls and cones are convex

Convex sets 2-8
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IN GENCRAL
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Sbu“ée ‘. http://en.wikipedia.org/wiki/Space_(mathematics)

A hierarchy of mathematical spaces: The inner product induces a norm. The norm induces a
metric. The metric induces a topology.
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Manifold «&

/\

Hilbert space

€ (Dot product and
completeness)

l

Normed vector space : Inner product space
{Nﬂr"‘l} (Dot prnduct}

Banach space
(Norm and completeness)

Metrlc space Locally convex spaces
(Distance) (Seminorm)
v /
Topological space Viector space
(open set) (Linear combination)

Overview of types of abstract spaces. An arrow from space A to space Bfimplies that 3Qace A is also a
kind of space B. That means, for instance, that a normed vector space if also a metric s\ace.
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