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Question

How might we formally describe the “extreme points”?
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Definition
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Let S be a convex set and T € S. Then Z is NOT an extreme point if
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Remark

A convex set may have an infinite number of extreme points.
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Question

What are the extreme points in the following figure?

Halfspace

No extreme points !!!

Remark

A convex set may have NO extreme points.
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Goals:

1. Characterize the extreme points in a polyhedron.
2. Characterize an extreme point for LP in Standard Equality Form.

3. Gain a geometric understanding of the Simplex algorithm.
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What do the extreme points
F=12)7 and g=(2,1)7

have in common?
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Question

What do the extreme points
F=12)7 and g=(2,1)7

have in common?

Each satisfy n = 2 “independent” constraints with equality!
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Let P = {x € R" : Az < b} be a polyhedron and let Z € P.

1. ‘ If rank(A) = n, then Z is an extreme point.

2. If rank(A) < n, then Z is NOT an extreme point.

Let's prove part (1).





















Remark
Let a, b, c € R, and suppose

1 1
a:§b+§c and
Thena=b=c.
Proof
a—2 b —|—2 S%a—i—%a:a.
<a <a

Thus, equality holds throughout

b<a, c<a.



Remark
Let a, b, c € R, and suppose

1 1
a:§b+§c and b<a, c<a.
Thena=b=c.
Proof
a—2 b —|—2 S%a—i—%a:a.
<a <a

Thus, equality holds throughout = b =a and ¢ = a.















Remark
Let a,b,c € R, and let A where 0 < A\ < 1. Suppose

a=X+ (1-N)ec and b<a, c<a.

Thena=b=c.

Exercise

Prove the previous remark.
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However, since rank(A) =n, () = 2(?). This is a contradiction.
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The Simplex algorithm moves from extreme points to extreme points.
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