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conic (nonnegative) combination of x; and xs: any point of the form
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onvex cone: set that contains all conic combinations of points in the set
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Hyperplanes and halfspaces
hyperplane: set of the form {z | a’x = b} (a # 0) \
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halfspace: set of the form {x | a”z < b} (a # 0) = E,x\x o= 7(6
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e a is the normal vector

e hyperplanes are affine and convex; halfspaces are convex
L

Put NoT affne

2-6



@'. What s M ~velohon belween
A"-a&fjgﬂﬂ 32‘\, . @"‘ﬂ‘ B, = |

S - comen. Seb 0 Diatast ©,B=0

C - CopVex O’ 908220

ek s oFa ) a{;?lﬂt s
gVe«j &f%\ng sek | (;emem} ism\gu\f;sr % /gqm% ug,

g/(—\ - covell Cemne is Conwezx - CoWerx seXa

j o f Cones JE
gﬁo@cﬁg ;E:m»? o

Cenve L s



Thas . @CWM)= sef of all conver
Jeosted (,o-n\l(S cm\ma‘\‘\m‘s 0& 'ﬁo nS

@ C““_W/‘_’L\/\“ﬂ“ﬁ(ﬁ‘) Senallest Conves Set
deaked CaM(;) oot ontains 5 ['Izrwcas

huw)
Alsoe, The 1Aea o;() o Copvex Combialion can be
3”“’0\‘54—& 6 nude m»S'\(m\;e- SUNS \ﬂ"fﬂ‘(a\‘-‘»
) rdhe most %enwa\ Sorvn, Yﬂbab hey

o\\ssfv \ bUh oNnS




Euclidean balls and ellipsoids HXHQ . 5 W

§ (Euclidean) ball with center x. and radius r:
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other representation: {x. + Au | ||ull2 < 1} with A square and nonsingular
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Norm balls and norm cones
norm: a function || - || that satisfies
e |lz|| > 0; ||x|| = 0 if and only if x =0
o [tz] = |t|||z|| for t € R \ Lfy\
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notation: || - || is general (unspecified) norm; || - ||symb is particular norm
norm ball with center z. and radius r: {z | ||z — z.|| < r} \\OJ)
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norm cone: {(x,t) | ||:r|| <t}

Euclidean norm cone is called second-
order cone

norm balls and cones are convex
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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 «&
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Hilbert space

€ (Dot product and
completeness)
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{Nr::rrn} (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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