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Why we pivot

A = �� �
� �� ; b����

Want to solve Ax = b.
Find the LU factorization of
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Row exchange by permutation

A = �� �
� ��

P = �� �
� ��

permutation matrix

Pa -- c :: =L:::::S



Row exchange by permutation
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Transform the problem

Ax = b

PAx = Pb
Now do LU factorization:

PA = LU
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Permutation Matrices

All entries are zero except

� Each row has exactly one 1.

� Each column has exactly one 1.

E.g.

A = ���
� � �
� � �
� � �

���
Multiply PA to permute rows of A. Multiply AP to permute

columns of A. P� = I.

c ::* .

PA =

A P

P H
→ ( 2,1, 3)

Is This P is special. E
Es looks like I

with two rows interlaced .



c- = (9%9) EEI

↳
swap rows ¥ & ?÷ .



Full LU Factorization

PA = LU
To solve

Ax = b.
1. Observe this equation is equivalent to PAx = Pb.
2. So LUx = Pb
3. Solve Lb′ = Pb.
4. Solve Uxb′.
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Pivoting even without zeros

Â = ���−�� �
� �� ;b = ����

Solution:

x̂ = �� + a� − a�
a = ��−��

� − ��−�� ≈ ��−��
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Pivoting even without zeros

Using IEEE doubles:

Ã = ���−�� �
� �� ;b = ����
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