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Let's walk through a concrete least-squares problem and see exactly how the Moore-Penrose inverse solves
it.

Problem: Fit a line to data

Suppose you have three data points:
0,1), (1,2), (2,2)
You want the "best fit" line:

y=ax+b

Step 1: Write as a linear system

We rewrite this as:

Az

(1) =@ ()

This system is overdetermined (3 equations, 2 unknowns), so no exact solution exists.

Q
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where

Step 2: Use the Moore—Penrose inverse



The least-squares solution is:

z= A"

Since A has full column rank, we use;

Step 3: Compute ATA

Step 4: Invert AT A

(ATA)—I

Step 5: Compute Af

Al = (ATA)1AT =

Multiply:

Step 6: Solve z = A'b

Compute:

e First component:

e Second component:

Final answer

So the best-fit line is:

ATA=<O 1

Al = (ATA) AT
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3

-3

—




