
Linear Regression In Depth



Simple Linear Regression (1-D, vector form)

• You have a dataset: { "#, %# }#∈[),*,…,]
• You wish to find the “best” curve relating your target, y, to your 

features, x.

• Assume:	%# = 6 %# + 8#,		(Mean	trend	+	Noise)
• Where, 6 %# = DE + D)"#,

8~G(0, I*)

• Equivalently: %#~G(DE + D)"#, I*) 



Simple Linear Regression (1-D)

• Underlying Assumptions: L-I-N-E,

• L: Regression is Linear,
• I: Errors are Independent,
• N: Errors are Normally distributed,
• E: Errors have constant variance.



Simple Linear Regression (1-D)
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Simple Linear Regression (1-D)

X

Y

!"# = %& + %()#()+, "+)

)+

"+

!"+



Simple Linear Regression (1-D)
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Simple Linear Regression (1-D)
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Simple Linear Regression (1-D)

• Mean Squared Error: ! = #
$ ∑&'#

$ (&)

• But (&= [+&-(-.+-#0&)]

• Hence, !(-., -#) = #
$ ∑&'#

$ [+&−(-.+-#0&)])



Simple Linear Regression (1-D)

• To perform Gradient Descent, we need the gradient:!"
!#$
!"
!#%

= 1
()*+%

,
(−2) [2*−(#$+#%4*)]

4*[2*−(#$+#%4*)]

• And for every iteration of gradient descent:
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Simple Linear Regression (Matrix Form)

• Design Matrix: ! =
1
1
. .

%&
%'
. .

1 %(
• Weights Vector:) = )*

)&

• Model Prediction: +, = !)



Simple Linear Regression (Matrix Form)

• Mean Squared Error: ! = # − %# &(# − %#)/*

• Gradient: +,+- = (.&/&/ − #&#)&/*


