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Description of the Problem

An experimental study of any system involves two primary steps:
(a) Stimulate the system in a controlled manner (input parameter)
(b) Record the response of the system (output parameter)

Let’s refer the input values as x and output values as y

Observations:  {(xn, yn)} = {(x1, y1), (x2, y2), 

…, (xN, yN)}

A set of N pairs of input 
and the corresponding 
output values 

Next step: Analysis

Find a functional relationship between the input and the output 

Draw general inferences about the system/phenomenon
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Description of the Problem

Suppose a controlled experiment on a spring yields the following dataset

How do we go about analyzing this dataset?

{(xn, yn)} where  x represents the displacement, and

y represents the observed force



How do we go about analyzing this dataset?

Assumption:           There exists an exact functional relationship between 
the input and observed output parameters:

Then, every observed data point would satisfy  

yn = axn + b

Or,                     yn – (axn + b) = 0 But not always!
Experimental errors

We work with quantities      yn – (axn + b)



Method of Least Squares

We need to find   (a , b)  for the system such that the net error is minimum



𝑛=1

𝑁

{ yn – (axn + b)}

Not the best way to define error 
since { yn – (axn + b)} with opposite signs cancel  

Net error: 

How about 

𝑛=1

𝑁

{ yn – (axn + b)}2

𝐸𝑟𝑟𝑜𝑟𝑠 with opposite signs do not cancel 

OR 

𝑛=1

𝑁

|yn – (axn + b)|

Not continuously differentiableContinuously differentiable



Method of Least Squares

Task

Find (a , b) such that 

𝑛=1

𝑁

{ yn – (axn + b)}2 is minimum or least.

Let

E(a, b) is minimum when



Method of Least Squares

On expanding 

These can now be expressed as matrices



Method of Least Squares

All of the terms on the right hand side are data dependent and can be directly evaluated

Thus, (a, b) can be found

Let M represent the (2 x 2) matrix in the above equation



Method of Least Squares

Variance of the given data set



Method of Least Squares

The model function need not be linear in x

The only necessary requirement is that the model function be linear in 
coefficients.

In general, the model function is of the form



Thank you!


