Solving Linear System of Equations




4 ™
The “Undo” button for Linear Operations

Matrix-vector multiplication: given the data x and the operator A,
we can find y such that

y=Ax A
X Emmm———) Y

transformation

What if we know 7y but not x? How can we “undo” the

transformation? ~
X = A d
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* Image ored as a 2D array of real numbers between 0 and 1
(O re nts a white pixel, 1 represents a black pixel)

* xmat contains the 2D data (the image) with dimensions 100x40
* Flatten the 2D array as a 1D array
* X contains the 1D data with dimension 4000,

* Apply blurring operation to data X, gb /

X

lurred image

where A is the blur operator and Y 1s the
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4 ™
Blur operator
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"Undo” Blur to recover original image
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Solve operator
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Linear System of Equations

How do we actually solve A X = b ?

We can start with an “easier” system of equations. ..

Let’s consider triangular matrices (lower and upper):

L, O 0 X1 b
L1 Ly 0 X2 | _ [ b2
Lnl an Lnn Xn bn
U1 Up Uin X1 b
0 Uz Upn || X2 | _ [ b2
0 0 Unn Xn bn
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Example: Forward-substitution for lower

triangular systems

s X =
Iy +2%z ¢ 6= © g
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Linear System of Equations

How do we solve A X = b when A is a non—triangular matrix?

We can perform LU factorization: given a X7 matrix A,

obtain lower triangular matrix L and upper triangular matrix

U such that

A=LU
where we set the diagonal entries of L to be equal to 1. A
h
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