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Interpolation with Least Squares

Curve Fitting with the Least Square Method
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Context
we wish t model the positive feedback of the production of AHL. For this purpose we need to interpolate a set of N experimental measurements 
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 with the function 
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There are several ways to do the interpolation, some are more robust than others. We chose to use the least square methods that is to minimize the expression
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The minimum of the function is obtained for the point (A,B) such as 
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We have therefore the following necessary conditions

(1)
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(2)
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Equation (1) can be simplified to yield the condition

(1) 
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Likewise (2)  can be modified into

(2) 
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The intersections of the curves 
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 are potential extrema of the 
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.  It is easy to prove that they actually are local minima. If the data are kind to us there is only one intersection. In the general case we have more than one intersections. To determine which local minimum is the absolute minimum (the point we are after), we need to compute 
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 for all the candidates – the overall minimum is of course the point that returns the lowest value.

How many Local Minima are there?

There is no way to know how many local minima there are but it is easy to know how many there are in the worst case scenario

It is easy to prove that the equation 
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 can be turned into a polynomial equation of degree 5N-5. So there cannot be more the 5N-5 intersection points – which can still be many.

Do we know where they are located? 

Up to a point. We are only interested in the positive values of B, so we have 0 as a lower bound for B. Unfortunately we do not have a simple upper bound for B. 

An easy pragmatic solution is available to us however. Just plot 
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It will be easy to identify a value of B (call it Blim) which is sure to be an upper bound (the estimation does not have to be that precise!!!).

A little physical sense also helps: if you have done your experiments properly you have acquired some data in the saturation phase. If this is the case you can be sure that Xmax is larger than B, and Xmax can therefore be sued as an upper bound fro Bin the search for the overall minimum for 
[image: image15.wmf](

)

)

,

B

A

e

.

How do I find the solutions of 
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?

We now have a lower and an upper bound for B.

For complex equations like the one we are interested in I would recommend the following strategy (which is not brute force but is still computationally intensive). Implementation will require a few programming skills (I recommend Matlab or C as language).

1) Cut the segment 
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 into a large number (p+1) of equally-spaced points 
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Ideally p is large (1000 or even better). 

2) Compute 
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 for all the points 
[image: image20.wmf]p

jB

j

/

lim

=

b


3) For j=0 to j= p, Compare the sign of 
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If there has been a change of sign between then there is a zero of the function between 
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 and 
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. Find this zero of the function by dichotomy.

Providing the initial sampling of 
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 has been fine enough (p large enough) we have found all the solutions of the function.

Reminder : Finding zeros of a function by dichotomy

Dichotomy = ‘cutting in two’

Let us assume we have a function f continuous on 
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Note if we have 
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 instead it does not matter just switch –f for f!!

It can be proven that f has a zero between a and b (f being continuous). Please note that there may be more than one zero between a and b. The method detailed below is going to yield one of them only, not all of them. To get all the zeros between a and b you need to resample 
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Let us call ( the precision of the estimation of this zero.

We want to return a value x such as 
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For this purpose we build two series 
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  with the following rules

Initialization:
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Rank j+1:
Compute 
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If it is positive then 
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Repeat the operation until 
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A less complicated way to find the overall Minimum

Excel offers a way to implement the least square method with any interpolation function.

All it needs is

- the expression of the interpolation function

- the data 
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- a starting point for the search (A0,B0)

However, the optimization algorithm is not as robust as we could hope and therefore nothing ensures that the software will not return a local minimum instead of the overall minimum.

We can use the previous results to get a more robust interpolation. The idea is to use a (potentially) large number of starting points and let Excel do the rest.


We assume that the upper bound Blim has been found. 

1) Cut the segment 
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Ideally for every value 
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 we would associate a value of 
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of A such as (
[image: image46.wmf]j

a

, 
[image: image47.wmf]j

b

) is a good starting point. If your experiments were done properly then you did some measures in the saturated phase of the curve. you can therefore use 
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2) For every value of
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, run the Excel Simulation with (Ymax,
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) as starting point.

We call the result (Aj, Bj). 

3) Compute the error function  
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for (Aj, Bj)

The point (Aj, Bj) that achieves the lowest value of 
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 will be a good approximation of the minimum of 
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if you have used enough points (p is large enough).
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		0		0		0		0

		0.1		0.0909090909		0.0476190476		0.0243902439

		0.2		0.1666666667		0.0909090909		0.0476190476

		0.3		0.2307692308		0.1304347826		0.0697674419

		0.4		0.2857142857		0.1666666667		0.0909090909

		0.5		0.3333333333		0.2		0.1111111111

		0.6		0.375		0.2307692308		0.1304347826

		0.7		0.4117647059		0.2592592593		0.1489361702

		0.8		0.4444444444		0.2857142857		0.1666666667

		0.9		0.4736842105		0.3103448276		0.1836734694

		1		0.5		0.3333333333		0.2

		1.1		0.5238095238		0.3548387097		0.2156862745

		1.2		0.5454545455		0.375		0.2307692308

		1.3		0.5652173913		0.3939393939		0.2452830189

		1.4		0.5833333333		0.4117647059		0.2592592593

		1.5		0.6		0.4285714286		0.2727272727

		1.6		0.6153846154		0.4444444444		0.2857142857

		1.7		0.6296296296		0.4594594595		0.298245614

		1.8		0.6428571429		0.4736842105		0.3103448276

		1.9		0.6551724138		0.4871794872		0.3220338983

		2		0.6666666667		0.5		0.3333333333

		2.1		0.6774193548		0.512195122		0.3442622951

		2.2		0.6875		0.5238095238		0.3548387097

		2.3		0.696969697		0.5348837209		0.3650793651

		2.4		0.7058823529		0.5454545455		0.375

		2.5		0.7142857143		0.5555555556		0.3846153846

		2.6		0.7222222222		0.5652173913		0.3939393939

		2.7		0.7297297297		0.5744680851		0.4029850746

		2.8		0.7368421053		0.5833333333		0.4117647059

		2.9		0.7435897436		0.5918367347		0.4202898551

		3		0.75		0.6		0.4285714286

		3.1		0.756097561		0.6078431373		0.4366197183

		3.2		0.7619047619		0.6153846154		0.4444444444

		3.3		0.7674418605		0.6226415094		0.4520547945

		3.4		0.7727272727		0.6296296296		0.4594594595

		3.5		0.7777777778		0.6363636364		0.4666666667

		3.6		0.7826086957		0.6428571429		0.4736842105

		3.7		0.7872340426		0.649122807		0.4805194805

		3.8		0.7916666667		0.6551724138		0.4871794872

		3.9		0.7959183673		0.6610169492		0.4936708861

		4		0.8		0.6666666667		0.5

		4.1		0.8039215686		0.6721311475		0.5061728395

		4.2		0.8076923077		0.6774193548		0.512195122

		4.3		0.8113207547		0.6825396825		0.5180722892

		4.4		0.8148148148		0.6875		0.5238095238

		4.5		0.8181818182		0.6923076923		0.5294117647

		4.6		0.8214285714		0.696969697		0.5348837209

		4.7		0.8245614035		0.7014925373		0.5402298851

		4.8		0.8275862069		0.7058823529		0.5454545455

		4.9		0.8305084746		0.7101449275		0.5505617978

		5		0.8333333333		0.7142857143		0.5555555556

		5.1		0.8360655738		0.7183098592		0.5604395604

		5.2		0.8387096774		0.7222222222		0.5652173913

		5.3		0.8412698413		0.7260273973		0.5698924731

		5.4		0.84375		0.7297297297		0.5744680851

		5.5		0.8461538462		0.7333333333		0.5789473684

		5.6		0.8484848485		0.7368421053		0.5833333333

		5.7		0.8507462687		0.7402597403		0.587628866

		5.8		0.8529411765		0.7435897436		0.5918367347

		5.9		0.8550724638		0.746835443		0.595959596

		6		0.8571428571		0.75		0.6

		6.1		0.8591549296		0.7530864198		0.603960396

		6.2		0.8611111111		0.756097561		0.6078431373

		6.3		0.8630136986		0.7590361446		0.6116504854

		6.4		0.8648648649		0.7619047619		0.6153846154

		6.5		0.8666666667		0.7647058824		0.619047619

		6.6		0.8684210526		0.7674418605		0.6226415094

		6.7		0.8701298701		0.7701149425		0.6261682243

		6.8		0.8717948718		0.7727272727		0.6296296296

		6.9		0.8734177215		0.7752808989		0.6330275229

		7		0.875		0.7777777778		0.6363636364

		7.1		0.8765432099		0.7802197802		0.6396396396

		7.2		0.8780487805		0.7826086957		0.6428571429

		7.3		0.8795180723		0.7849462366		0.6460176991

		7.4		0.880952381		0.7872340426		0.649122807

		7.5		0.8823529412		0.7894736842		0.652173913

		7.6		0.8837209302		0.7916666667		0.6551724138

		7.7		0.8850574713		0.793814433		0.6581196581

		7.8		0.8863636364		0.7959183673		0.6610169492

		7.9		0.8876404494		0.797979798		0.6638655462

		8		0.8888888889		0.8		0.6666666667

		8.1		0.8901098901		0.801980198		0.6694214876

		8.2		0.8913043478		0.8039215686		0.6721311475

		8.3		0.8924731183		0.8058252427		0.674796748

		8.4		0.8936170213		0.8076923077		0.6774193548

		8.5		0.8947368421		0.8095238095		0.68

		8.6		0.8958333333		0.8113207547		0.6825396825

		8.7		0.8969072165		0.8130841121		0.6850393701

		8.8		0.8979591837		0.8148148148		0.6875

		8.9		0.898989899		0.8165137615		0.6899224806

		9		0.9		0.8181818182		0.6923076923

		9.1		0.900990099		0.8198198198		0.6946564885

		9.2		0.9019607843		0.8214285714		0.696969697

		9.3		0.9029126214		0.8230088496		0.6992481203

		9.4		0.9038461538		0.8245614035		0.7014925373

		9.5		0.9047619048		0.8260869565		0.7037037037

		9.6		0.9056603774		0.8275862069		0.7058823529

		9.7		0.9065420561		0.8290598291		0.7080291971

		9.8		0.9074074074		0.8305084746		0.7101449275

		9.9		0.9082568807		0.8319327731		0.7122302158

		10		0.9090909091		0.8333333333		0.7142857143
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