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Figure 3.3: Summary of the properties of the solutions td'the system of equations
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Thws:

The system of equations Ax = b is solvable when b is in the column space

C'(A).
Another way of describing solvability 1s:
The system of equations Ax = b is solvable if a combination of the rows of

A produces a zero row, the requirement on b is that the same combination of
the components of b has to yield zero.
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. Xparticular—: Set all free variables (corresponding to columns with no piv-
ots) to (. In the example above, we should set 2 =0 and x4 = 0.

2. Solve Ax = b for pivot variables.
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Convex set
A\

line segment between xz; and z5: all points
r=0x+ (1 —0)xs
with 0 <60 <1
convex set: contains line segment between any two points in the set
r,x0€C, 0<0<1 = 0Oxr1+(1—-0)zeC

examples one convex, two nonconvex sets)
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Convex combination and convex hull*’

convex combination of z,. .., xx: any point x of the form

T =011+ 029+ -+ 0] = CG‘{\'\J ({l“xz ,.')(.kf?])

with0y+---+0,=1,0,>0
\/\/\/\/\’\_’_

convex hull conv S: set of all convex combinations of points in S
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Convex \cone

0 -
/\\
D conic (nonnegative) combination of x; and xs: any point of the form
g_ Aé Ir —= 912131 + 6'2:[32
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onvex cone: set that contains all conic combinations of points in the set

Convex sets

4 Hyperplanes and halfspaces

2 2-
% %ﬂ[ hyperplane: set of the form {x | a’x = b} (a # 0)—y p&fff'
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e a is the normal vector

e hyperplanes are affine and convex; halfspaces are convex
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Metric spaces jn CJ
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Sau“cc 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)

calo) l

Inner product space

Banach space
(Norm and completeness)

Normed vector space

{Nﬂr"‘l} (Dot prnduct}
M'E't”': 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 B implfs that space\ is also a kind of
space B. That means, for instance, that a normed vector space is also a mejfic space.
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