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N point are spread in the X-Y plane . 

 Y axis



 Xaxis

Call the straight line 
                                   y = mx + b                               (1)
m is the slope  and b the intercept on the Y axis. The slope m and b  are the unknowns.
With respect to a particular data point –the ith point (xi , yi)- there is an error 

                 si = (y-yi)          .                (2)
A straight line is wanted such that it minimizes the squares of the sum

         E(m,b)  =  ∑ i (si )2 = ∑ i (y-yi )2       

                      =   ∑ i (mxi +b - yi )2                   (3)  

Two equations can be  obtained for m and  b  by taking the partial derivatives of E(m,b).
∂ E(m,b) /∂m=0       ,      ∂ E(m,b) /∂ b=0                      .    (4)         
The partial derivative  with respect to to m gives,

∑ i (m xi +b - yi ) xi = 0       or 

 ( ∑ i xi )2 m  +   ( ∑ i xi ) b    =  ∑ i yi xi                  .          (5)   
The partial derivative  with respect to to b gives,

∑ i (m xi +b - yi ) =0           or 

(∑ i xi ) m +   N b  =     ∑ i  yi                                      .      (6)

The solutions are

m= {N( ∑i yi xi ) – (∑ i xi ) (∑ i yi ) } / [ N  ∑ i xi 2    -  ( ∑ i xi )2 ]  (7)

b={( ∑ i xi )2 (∑ i yi ) - ( ∑ i xi ) (∑ i yi xi ) }/ [ N  ∑ i xi 2  - ( ∑ i xi )2 ]                                                                

                                                                                                        (8)
One may also take y as the indepndent variable and x as the dependent variable. In that case 

One may write  

x i = m2 yi + b2                                                                          (9)

where m2 and b2 are the unknowns. Of course if all point were perfectly in a straight line

one would have m2=1/m    and   b2 = -b/m    .
To find m2 interchange xi and yi in (7)   and obtain

m2= {N( ∑i yi xi ) – (∑ i xi ) (∑ i yi ) } / [ N  ∑ i yi 2    -  ( ∑ i yi )2 ]  .(10)

The intercept b2 is ( interchanging  xi and yi in (8)  ),
b2={( ∑ i xi )2 (∑ i yi ) - ( ∑ i yi ) (∑ i yi xi ) }/ [ N  ∑ i yi 2  - ( ∑ i yi )2 ] 

                                                                                                   .     (11)

The square of the correlation coefficient (r) , is defined by
r2 = m * m2

= {N( ∑i yi xi ) – (∑ i xi ) (∑ i yi ) }{N( ∑i yi xi ) – (∑ i xi ) (∑ i yi ) }          

/ { [ N  ∑ i xi 2    -  ( ∑ i xi )2] [ N  ∑ i yi 2    -  ( ∑ i yi )2 ]  }             (12)

or 

r  =   {N( ∑i yi xi ) – (∑ i xi ) (∑ i yi ) } /
    { [ N  ∑ i xi 2    -  ( ∑ i xi )2] [ N  ∑ i yi 2 -  ( ∑ i yi )2 ]  }1/2        (13)

A perfect correlation would give r=1 , and a poor correlation would be r≈0.

FORTRAN code

c linear regression  y = mx + b   , slope m and intercept are sought

c example from Numerical Analysis 3 ed ,Burden and Faires ,pages 364-65

      real   npoints

      dimension x(100) , y(100)

      data x /1.,2.,3.,4.,5.,6.,7.,8.,9.,10.,11.,89*0.0/

      data y/1.3,3.5,4.2,5.0,7.0,8.8,10.1,12.5,13.0,15.6,16.1,89*0./

      data npoints/11./

      sumxi=0.

      sumyi=0.

      sumxiyi=0.

      sumxi2=0.

      sumyi2=0.

      do 10 i=1,int(npoints)

      sumxi=sumxi + x(i)

      sumyi=sumyi+ y(i)

      sumxiyi=sumxiyi + x(i)*y(i)

      sumxi2=sumxi2+ x(i)**2

      sumyi2=sumyi2 + y(i)**2

10    continue

      anum1=sumxiyi*npoints-sumxi*sumyi

      anum2=sumxi2*sumyi-sumxi*sumxiyi

      aden= sumxi2*npoints-sumxi**2

      slopem= anum1/aden

      b= anum2/aden

      corr=anum1/sqrt((npoints*sumxi2-sumxi**2)*(npoints*sumyi2

     $ -sumyi**2  ) )

      print*,'m, b , correlation=',slopem , b ,corr

      stop

      end

RUN

m, b , correlation=  1.51727283 -0.276364267  0.995121539
