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Introduction 
 

 

In the previous report, some propositions have been mentioned in order to improve the Mix 

method.  

 

 This method seeks to combine the straights of the Direct method and the Nelder-Mead 

method. The Direct algorithm can find a global optimum but has very slow local convergence, 

whereas the Nelder-Mead algorithm has no mechanism to find the global optimum but has a very fast 

local convergence.   

 The Mix method searchs in a first time in the whole space with the Direct method for a limited 

number of evaluations, selects the “interesting points” from Direct and once the “good” points are 

found, the Nelder-Mead simplex method is used to determine the optimum from these good points. 

 

 This method gives better results than the two other separated algorithms; nevertheless it is 

really possible to improve this in finding better criteria for the switch to Nelder-Mead from Direct, the 

selection of the “good” points and the generation of the initial Nelder-Mead simplex. 

 

In the previous report entitled “Study of the Mix method”[1], three ways have been proposed.  

 

Firstly to find a better criterion to switch to Nelder-Mead from Direct not only based on the 

total number of evaluations which does not necessarily guarantee a good objective function value but 

only an acceptable number of evaluations. The new idea is to stop the Direct once a certain size of 

hyper rectangles is reached, a size which should allow getting satisfactory results with Nelder-Mead.  

 

The second suggestion is to find out a method based on the distance between each of selected 

points and their neighbours to choose only the “good” points according to the  previous discussion in 

the first report [1]. 

 

The third choice has been to implement new simplex to define a better simplex than the actual 

in order to find as good objective function value as possible in shortest possible time, because we think 

that the choice of the actual simplex is not the best for sure. 

 

 Meanwhile we have observed that it sometimes was anymore possible to find a better point 

from a certain simplex and so  to continue the progression of the algorithm. It was so useless to spend 

again some evaluations to get a flat area or every same coordinates for each points. The definition of a 

new stopping criterion for the Nelder-Mead has been defined and implemented in the process 

optimizer.  

 

 This report will present the solutions implemented in “Pressopt” and the results issued from 

these implementations. 
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I – Adding of a new stopping criterion for the Nelder-Mead method 

 

1) Explications 

 

Until now, the Nelder-Mead method was stopped once one of the two conditions was reached.  

The first condition: every points of the considered simplex have the same objective function value. 

The simplex is a flat area. It is then not possible to find a better point (we mean a point with a better 

objective function value). 

The second condition: The simplex has shrunk to only one point: every points have the same 

coordinates. 

Nevertheless, we have observed that it sometimes was not anymore possible to find a better 

point from a certain simplex, what it means that it was possible to stop the Nelder-Mead method 

before reaching one of the two stopping criteria. 

 

Reminder of Nelder-Mead method principle: (for more details about this, please refer to [1]) 

 

 The Nelder-Mead method uses a simplex (in N dimensions, N+1 vertices). For two variables, a 

simplex is a triangle. During each iterations, the worst vertex, which one the objection function value f 

(x, y) is largest, is rejected and replaced with a new vertex. A new triangle is formed and the search is 

continued. The process generates a sequence of triangles (which might have different shapes, sizes and 

orientations), for which the function values at the vertices get smaller and smaller. The size of the 

triangles is reduced and the coordinates of the minimum point are found.  

 We consider the problem in 2D. (See in the same time the Figure 1) 

 

 
Figure 1 - Progression of the Nelder-Mead algorithm (2D) 

Note:  

 the best point (this one with the best objective function value): B 

 the worst point (this one with the worst objective function value): W  

 the good  point (this one which has neither the best nor the worst objective function value): G 
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 The construction process uses the midpoint noted M of the line segment joining B and G . It is 

found by averaging the coordinates. The function decreases as we move along the side of the triangle 

from W to B, and it decreases as we move along the side from W to G. Hence it is feasible that f (x, y) 

takes on smaller values at points that lie away from W on the opposite side of the line between B and 

G. We choose a test point R (see Figure 1) that is obtained by “reflecting” the triangle through the side 

BG.  

 If the function value at R is smaller than the function value at W, then we have moved in the 

correct direction toward the minimum. Perhaps the minimum is just a bit farther than the point R. So 

we extend the line segment through M and R to the point E. The point E is found by moving an 

additional distance along the line joining M and R. This forms an expanded triangle BGE. If the 

function value at E is less than the function value at R, then we have found a better vertex than R, then 

we put the new point E,else we keep the simplex BGR. 

 

 If the function values at R and W are the same or if the function value at R is not less than at 

the value W, another point must be tested. Consider the two midpoints C1 and C2 of the line segments 

WM and MR, respectively. The point with the smaller function value is called C, and the new triangle 

is BGC. 

 If the function value at C is not less than the value at W, the points G and W must be shrunk 

toward B (Figure 2). The point G is replaced with M, and W is replaced with S, which is the midpoint 

of the line segment joining B with W. The process is continued until one of the two stopping criteria is 

reached. 

 

Figure 2 - Shrinkage of the simplex (2D) 

 However, from a certain shape of a reached simplex, it is impossible to find a better point and 

it is therefore useless to wait till one of the two stopping criteria is reached. This is due to the 

implementation. 

Details of the implementation: 

 The Nelder-Mead method makes its progression only with the points, which the parameter 

values are double values (real values). However the parameter double values don‟t exist in the real 

model: you can modify only parameter values for integer values. So you can only get the objective 

function values from points with integer parameter values.  

The transformation from a double value to a integer value is made in deleting the double part.  

Ex:  
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Figure 3 - correspondance points with double values to points with integer values 

 

Note:  

 points D, E, F (blue circles): points with parameter double values. 

 correspondant points with parameter integer values(red marks): Dint, Eint, Fint. 

 

 The objective function values are estimated for each point with the parameter integer values. 

Each objective function values get from the points with integer values  correspond now points with 

double values and the points with double values are ordered from these objective values (definition of 

the best point, the good point and the worst point). The program continues with the points which each 

parameter values are doubles until one of the two stopping criteria is reached. 

 

When is it anymore possible to find a better point? 

 

 In some cases, we can observe that the process does not find a better point by reflection and 

contraction and so needs shrinkage to continue. After a number n of evaluations the new get simplex is 

generally very small. The gap between the points D and E, D and F and the points F and E is very 

small (inferior to 1) and then is not enough big to shrink the simplex, what it means we will always get 

the same points and so the process will not allow finding better points (see “Example of a case with a 

better value is unreachable”). This is due to the transformation doubles in integers. 

 

 If this shrinkage is not possible, a better value is not reachable and it is so really useless to 

continue the process. We are therefore able to spare some evaluations in stopping the process earlier 

than with the two stopping conditions and in keeping the best findable value. (see “Example of a case 

with a better value is unreachable”) 
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Example of a case with a better value is unreachable: 

 

We consider a reached simplex which every vertex are 

distanced only of 1 or less. The objective values of these 

vertices are evaluated from the points with the parameter 

integer values. So it has been ordered: F the worst point, 

E the best point and D the good point. 

 

The worst point F needs to be replaced. The process tests 

the reflecting point R. The objective function of the point 

R is evaluated from Rint. If R is not better than the worst 

point W, the process has to continue and tests new points. 

 

The program tests two new points by contraction 

(contraction inside and outside). The objective values are 

estimated from parameter integer values. It is selected the 

best point between the two, C.  If C has not a better value 

than W, the Nelder-method begins a shrinkage of the 

simplex. 

 

Note: In this example Ci corresponds to B and Co 

corresponds to G but it is not always the case. 

 

The program searchs the middle points S and M.Their 

objective function values are estimated from the points 

with paramater integer values (B and G). 

The gap between each parameter values is only 1 or less. 

We will always get the points that we already have (here 

G and B), so it is not useful to continue the process. We 

will not reach a better value. 

 

The principle of the new stopping criterion  is to stop the 

Nelder-Mead for the simplex which the points have a gap 

of parameter values of 1 or less for each parameters and 

need a shrinkage to continue the process. 
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 We have so implemented in the process optimizer this new stopping criterion for the Nelder-

Mead method which allow sparing some evaluations in keeping the best possible objective function 

value. 

 Now, we have then three stopping criteria for the Nelder-Mead algorithm: 

 Same objective function value for every points: flat area 

 All vertices in the simplex have the same coordinates: it is only one point 

 Shrinkage which does not allow finding a better value 

2) Efficiency of the new stopping criterion on the number of evaluations 

 

 It has been taken again  the three different starting points (see [1]) to see the efficiency of the 

new stopping criterion on the number of evaluations.The same tests have been done again with the 

new implemented stopping condition. The table (see table 1) gives the previous number of evaluations 

get from the old criteria and the new get from the new inserted stopping criterion. You can see in the 

colored cases the action of the new stopping criterion.  

 

 center basic random 

step old new Objective value old new Objective value old new Objective value 

3 137 121 -11,4943 152 100 -12,5 114 84 -13,0435 

5 133 133 12,39669 120 120 -12,4481 123 111 -13,0435 

6 191 150 -12,2951 136 120 -12,5523 106 88 -13,0435 

8 147 147 -12,5 125 125 -12,4481 84 84 -12,987 

9 147 147 -12,5 114 114 -12,4481 91 91 -12,987 

10 138 138 -12,5523 123 123 -12,4481 80 80 -12,987 

11 164 152 -12,5523 117 117 -12,5523 81 81 -12,987 

12 171 171 -12,605 111 111 -12,5 84 84 -12,987 

15 146 146 -12,2951 116 116 -12,4481 91 91 -12,987 

Table 1 - Number of evaluations get from the new stopping condition 

 

Observation: 

 Evidently we get the same objective function values than previous because the new stopping 

criterion works only if a better point is unreachable. We can see that in almost 1/3 of cases, this new 

stopping criterion allows sinking the number of evaluations. Remember that 1 evaluation takes 

approximately 8 minutes and so a sparing of 8 evaluations for example allows sparing more of 1 hour 

of evaluations. 

Conclusion: 

 The implementation of this new stopping criterion for the Nelder-Mead method allows therefore 

sparing the number of  evaluations in a lot of cases in keeping the best possible objective function 

value.  
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3) Redefinition of the best size for the starting simplex 

 

 The good size of the starting simplex has been evaluated only with the previous stopping 

criteria. We had to define again the good size for the starting Nelder-Mead simplex, defined by the 

step (the gap between the starting point and the others), what it means to find a compromise between a 

low number of evaluations and the best objective function value.  

 We can observe on the table 1 that the best compromise is still get with the step size 10 despite 

of the new stopping criterion but the new stopping criterion showed its efficiency on the number of 

evaluations. 

II – Improving of the Mix method 

 

The previous report dealt with three questions: 

 

Question 1: When have we to switch to Nelder-Mead from Direct? 

 

Question 2: Which points have we to select from Direct?   

 

Question 3: How have we to generate the starting simplex in order to get the best results? 

 

 

The different implementations have been realized in the aim to provide some answers these 

three questions and to give some criteria to get better results with the Mix method, what it means to 

find as good objective function value as possible in shortest possible time. The implementations have 

been made in C++ and added in the actual process optimizer. 

 

The first implementation has been to create two new simplex in order to define a better 

simplex which will allow finding better points. We have defined a “good” size for this simplex and 

brought some modifications. 

The second implementation was to compute the distances between the selected points issued 

of the Local search method from Direct. In accordance to the previous results, we have defined again 

the length of chain for the gathering process and could discuss about a possible better stopping 

criterion for the Direct method.  

The last implementation was the saving the distances between the selected points from the 

Local search and its neighbors in  order to delete the points that will not allow finding a better direct 

by the Nelder-Mead method. 
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III – A “good” starting simplex  

 

1) Background and aim of the implementation 

 

 The main idea has been explained in the previous report, but to summarise, we wanted to create 

a regular simplex around the interesting point selected from one of the paths of selection (Local search 

or Global search method with or without gathering process) after the Direct method and to put this one 

at the centre of gravity of the new simplex. We thought that this new simplex should focus the search 

on the interesting point and so should allow getting better results. 

The goal of this part is to define a “good” starting simplex. We mean a simplex that allows less 

number of evaluations still finding the best objective function value. 

 

 I had to find a method to create a  regular simplex which the interesting point is its centre of 

gravity. The new simplex had to can be adapted to the old program and the size of the simplex had to 

be easily changed. I thought also that it should be really interesting to be able to change easily the 

orientation of the new simplex in order to see the influency of the orientation on the Nelder-Mead 

behaviour.The method to create this new simplex is explained in the appendix 1.  

 

 According to discussions on the appendix 1, two new simplex (Simplex A and B) have been 

implemented in the process optimizer. 

The aims of these new simplex are not only to find a better objective function value even if it could be 

really interesting, but also to find and to define other simplex to find the best size of the initial simplex 

and a good orientation. These new simplex will allow comparing to the old simplex and finding some 

rules to define a good initial simplex. 

 

Simplex A: 

 

 In 2D, the shape of the simplex A (see the Figure 4): 

Note:  the interesting point noted G has the coordinates :   

 
Figure 4 - Shape of the simplex A in 2D 

Coordinates of the points: 
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Simplex B:  

 

 The simplex B is the opposite of each coordinates of the simplex A. It is really easy to create 

other simplex by the method mentioned in the appendix A. 

In 2D, the shape of the simplex B is (see the Figure 5): 

 

 
Figure 5 - Shape of the simplex B in 2D 

Coordinates of the points:  

    

                                          

Step size of the starting simplex: 

 

 In order to have a good simplex , new tests have been done with different steps in order to find 

a good size for the initial simplex and to compare the old simplex and the news. The step defines still 

the length between the centre of gravity G and the other points, for example A in the next figure.(see 

the figure 6)  

 

 
Figure 6 - Link between the definition of the old and the new step 

In 2D:  

In 10D:  
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2) Results comparison between the Old_simplex and the Simplex B 

 

 In a first time , we compare the results get from the Old simplex and the Simplex B. 

 

 We note the point G, the interesting point selected after Direct method. 

 

Figure 7 - Old simplex versus Simplex B 

We taken again the three different starting points (see [1] ) in order to be able to compare the 

previous results and the news. We observe again the number of evaluations and the best objective 

function value found with different step size and the three different points.  
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Figure 8 - Results get from three different starting points with the Simplex B and the Old simplex 

Red square : Simplex B 

Blue diamond : Old Simplex 

 

Observation: 

 We can note again the importance of the starting simplex on the final results. Indeed we never 

get the same results with the two different simplex. 

 
 We can observe that in the majority of cases, the results issued from the new Simplex B are 

better than from the Old Simplex; the objective function value is often better and the number of 

evaluations is less or quasi the same. We can see that a good size for the new starting simplex B, 

which allows a compromise between a low number of evaluations and a good objective function value, 

is get with the step 13.  

 

Conclusion: 

 We can conclude that these modifications of the starting simplex improve well the results. 

This new simplex has shown its efficiency for finding a better objective objective function value than 

with the previous in keeping the quasi same number of evaluations. 

 

 Since now, we will use a regular simplex that has the interesting point issued from the Direct 

method for centre of gravity. 

 

3) Inclusion of every points of the starting simplex in the parameter limits 

 

 By experience, we have observed that in the set of points selected by one of paths from Direct,  

some “interesting points” were often very close to the limit of the parameter values. 

If an interesting point is very close to the limit we risk in building the initial simplex with the 

actual implementation to create points that will be out of the limit paramater values (see the Figure 9) 
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Figure 9 - Example of a point out of the parameter limits 

 

How does the program if a point of the initial simplex is out of a parameter limit? 

 

 For the moment, if a created point is out of the limit parameter values, the program considers 

that this point corresponds to a collision, and continues to work. These points are without value and 

the Nelder-Mead method will replace these by better other points during the process. Nevertheless, I 

think that we lose a precious time of evaluations in replacing these points by other points that will 

have not necessary directly a good value.  

 I have then proposed to replace these points out of the limit parameters in moving these on the 

parameter limits. (see the Figure 10) 

 

 
Figure 10 - Replacement of the point on a the parameter limit 

 

 In my opinion, these changements should allow having values of comparisons for the Nelder-

Mead work and perhaps these points should not need to be directly changed. 

I thougth it should allow sparing some evaluations and comparing the other points to a real value. 

But if we change some points of the starting simplex, we change automatically the shape of the 

starting simplex and so the orientation of the search will be different. We risk therefore not to find a 

better result. 

 We make the comparison between the starting simplex with every points into the parameter 

limits and the starting simplex B that can have some points out of parameter limits. 
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Figure 11 - Simplex B with every points inside the paramater limits versus the previous without modification 

 On the table (see table 2) you can see that the number of points which are created out of the 

limits with the program without the modification. With the modification, these points are put on the 

parameter limits. 

 

Table 2 - Number of created points out of the limits with the Simplex B without modification 

 

Figure 12 - Results from the starting simplex B with and without modification of the code 

Blue diamond: Simplex B 

Red square: Simplex B with every points into parameter limits 
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Observation:  

 We can observe that this modification of the code to include every points in the parameter limit 

values gives good results.  

 For the basic starting point, each created simplex with the three different sizes has 2 points out 

of the limits. The modification of the code includes these two points in the parameter limits. We can 

observe that the number of evaluations does not change a lot and the objective values is a bit better. 

This modification of the code allows getting a better objective function value. 

 For the random starting point, we get less good objective values for the step sizes 10 and 13 

than without the code modification, but the number of evaluations is very low. For the step size 16, we 

get a better obejctive function value, but the number of evaluations is higher. 

 The step size 13 seems to be again a good compromise between a low number of evaluations 

and a good objective function value. 

Conclusion : 

 We can conclude that these modifications of the code allows a little improvement of the results 

get from the Nelder-Mead method. They allows a better objective function value for the same number 

of evaluations or more, or a bit less good objective value for a very lower number of evaluations. 

 Since now, we will use a simplex which every points are included in the parameter limits to 

spare some evaluations or to get a better objective function value. 

4) Influence of the orientation of the starting simplex 

 

 We have created two simplex which have the same shape but not the same orientation in order 

to see if there is really a link between the orientation of the starting simplex and the get results. We 

hoped to show that the orientation of the starting point could give more or less good results.  

 We taken the starting Simplex B which every points are included in the parameter limits and 

the starting Simplex A with the same properties. 

 

 

Figure 13 - Simplex A versus Simplex B: importance of the starting simplex orientation 
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 We taken again the same three different starting points that have different positions in the 

space. The three tests have been made with the step size 13. 

 Starting Simplex B Starting Simplex A 

 

number of 

evaluations 
objective value 

number of 

evaluations 
objective value 

Centre 126 -12,987013 172 -12,396694 

Basic 109 -12,987013 120 -12,658228 

Random 63 -12,931034 83 -13,043478 
Table 3 - Results from the starting simplex A and the starting simplex B 

Observation: 

 We observe that the orientation of the starting simplex has really a big influency on the results. 

In the three cases, we do not get the same objective function values and the same number of 

evaluations for the starting simplex B and the starting simplex A. 

Conclusion: 

 So we can conclude that the results issued from the Nelder-Mead method are very dependant 

on the orientation of the starting simplex. Nevertheless we do not know how to define this orientation 

in order to get the best results. 

 In my opinion, it should be interesting to define a criterion of choice for the orientation of the 

starting simplex that will allow finding the best results. I think it should be possible to orientate the 

starting simplex from the knowledge of the selected point neigbourhood issued from the Direct 

method. 

5) Conclusions about the choice of the starting simplex 

 

 Since now, we will use a regular simplex which the centre of gravity is the “interesting point” 

selected from one of the paths of selection after Direct. Every points of the simplex will be placed in 

the parameter limits, even if it changes a bit the shape of the starting simplex. 

To summarize: 

A general good starting simplex to launch the Nelder-Mead method: 

 Regular simplex arround the center of gravity defined by the interesting point. 

 Every points in the parameter limits. 

In our case, the step size 13 (gap between parameter values) seems to be a good compromise between 

the number of evaluations and the best possible objective function value. 

Further work :  

 Definition of the good orientation to find as good objective function value as possible in 

shortest possible time.  
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IV – Results get from the full Mix method 
 

 In order to see the efficiency or the inefficiency of the integration of the new starting simplex 

shape and the new Nelder-Mead stopping criterion on the Mix method, we have launched again some 

of the same previous tests made with the previous Mix method by Stephane Torres [2].  

 After 144 evaluations made by the Direct method, three points have been selected by the Local 

search method (for more precisions, report to [1]). The table below (see the table 4) shows the number 

of evaluations spent by the Nelder- Mead method for each interesting points and the best objective 

function values found from these points. 

 In comparison to the previous results we have get : 

 Old Mix method New mix method 

 Number of Nelder- 

Mead evaluations 

Best objective 

function value 

Number of Nelder- 

Mead evaluations 

Best objective 

function value 

Point 1 115 12,987013 113 12,987013 

Point 2 134 12,875536 84 12,931034 

Point 3 127 13,100437 127 13,100437 

Total 376 13,100437 324 13,100437 
Table 4 - New Mix method compared to the Old version 

 

Note: New Mix method: Adding of new stopping criterion and of the new Simplex shape in the 

previous Mix method. 

Observation: 

 We can see that the new mix method finds the same best final objective function value. 

Nevertheless, the new finds this with only 324 Nelder-Mead evaluations compared to 376 with the old 

Mix method. Moreover the second point allowed finding a less good value with the old Mix method 

with a bigger number of evaluations. 

Conclusions : 

 We can conclude in this case about the good efficiency of the implementation of the new 

simplex and the new Nelder-Mead stopping criterion in the Mix method.  

Further work: 

 It is important to do more tests with the full method with the new implementations in order to 

better  define the qualities and drawbacks of the recent implementations. 
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V – Redefinition of the gathering process length 
 

1) Background 

 

 Now, we have a better knowledge about the choice of a good starting simplex. We know to 

choose its size and its shape from an interesting selected point.  

 The aim is now to define new rules about the selection of the interesting point for which the 

Nelder Mead method will be efficient and to find a Direct stopping criterion which allow reaching 

interesting points. In my opinion, the knowledge of the starting simplex size can help us to define 

these new criteria. From the size of the starting simplex, it has been defined a new chain length for the 

gathering process and new ideas have been proposed for the stopping of the Direct method. 

 

 The gathering process allows gathering the points which are very close to select  less points 

than with the Local or Global Search (for more explications about this, please report to [1]). To gather 

these points, it has been defined a chain length. If it is possible to have a chain of points which the 

distance between the first point and the last are inferior to the fixed length, we can gather these points. 

 The length has been defined from  the step size of the simplex. The aim is to say: we have 

several points which can entry in the same simplex (see the Figure 14), we can gather these points in 

order to launch Nelder-Mead for only one point.  

 

Figure 14 - To gather the points that can be in the same simplex 

 

 Actually the chain length is defined from the distance between the interesting points and the 

created points which build the Nelder-Mead starting simplex (see the Figure 15).  

 

The chain length is defined from:    in 2D ;  

 

In our case (10D):  
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 The coefficient  α allows only modifing easily the chain length. 

 

 

 

Figure 15 - Definition of the old chain length 

 In my opinion, we can gather the points which the distance between the first and the last of the 

chain are inferior to the distance between two created points from the interesting point (for example 

the length [AC]).  Remember that the length between each created points is the same because our 

starting simplex is regular. The new length has been defined from this distance (see the Figure 16). 

 

 

Figure 16 - Definition of a new chain length 

 

2) Influence of the new chain length on the number of selected points 

 

 This new gathering process criterion has evidently an influence on the number of selected 

points. The table 5 shows the number of selected points with the old gathering length and the new 

from the Local search selection. 
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Number 

of 

iterations 

Number 

total of 

Direct 

Local 

Search 

After the 

gathering 

Old 

length 

New 

length 

1 21 1 1 1 

2 39 1 1 1 

3 73 1 1 1 

4 103 2 2 2 

5 145 3 3 3 

6 197 5 4 4 

7 257 11 9 9 

8 323 9 7 7 

9 353 12 10 10 

10 107 14 12 12 

11 461 18 15 14 

12 515 21 17 16 

13 571 22 18 17 

14 627 23 19 18 

15 677 23 19 18 

16 727 24 20 19 

17 783 24 20 19 

18 839 24 21 19 

19 895 25 21 20 

20 951 25 22 20 

21 1007 26 22 21 

22 1031 26 22 21 
Table 5 - Number of selected points with the oild and the new chain length 

Observation:  

 We can see the number of selected points reduces from the iteration 11. This new definition 

allows therefore sparing evaluations with the Nelder-Mead method. 

Conclusion: 

  Now we have seen the efficiency on the number of  selected points. 

Further work:  

 Unfortunately, due to a lack of time, I could not test the effiency of this new definition of the 

chain length on the final get objective function value.  Indeed we can see the changement of the 

number of selected point at the iteration 11 and the new number of selected points is 14. The time to 

apply Nelder-Mead to these points is almost 8 days. 

 

 It should be good to test the gathering process with the new defined chain length. 
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VI – To select only the “good” points 

 

1) Background and aim of the implementation 

 

 The aim of this part was to define new rules to select only the “interesting” points with the 

Local Search selection from the Direct method. It means to select the points which will allow getting 

the best results after the Nelder Mead method launching for these selected points. 

Reminder of the Local Search selection principle (for more precisions, please report to 1) 

 The aim of the Local search is to select the best possible points found from the Direct method 

in order to get good points with the Nelder Mead method from these one. For each points found from 

the Direct method are compared their objective function values to their two closest neigbours (on the 

left and the right sides) along each parameters (see the example on the Figure 17). If the analyzed 

point is better than its two closest neighbours along each parameters, it will be selected.  

 

Figure 17 - Example in 2D showing the analyzed points to their closest neighbours 

Note: are representated on the figure the opposites of the objective values 

 In the Figure 17, the analyzed point is for example the point with the value 11. The program 

estimates its closest neigbours on each sides (on the left and on the right sides) and along each 

parameters. In n dimensions, this point has therefore 2n compared neigbours (4 in our example). The 

distances between points are evaluated by this computing: 

 

In 2D:  

In n dimensions:  
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 The analyzed point is better than its closest neigbour with the objective value 10.6  on the left 

side and its closest neigbour with the value 10.4 on the right side along the parameter 0. Moreover, it 

has a better value than its closest neigbour with the value 10.3 on the left side and its closest neigbour  

with the value 10.9 on the right side along the parameter 1. This point will be therefore selected. 

Moreover for the same reasons about the objectives values compared to their neigbours on each sides 

and along each parameters, the points with the values 11.3, 11.1, 11.8 and 10  will be selected. 

 But as you can see on the Figure 17, the distances between two points can be more or less big, 

very dependant on the analyzed point. For example, in the Figure 17, the selected point with the value 

10 is compared to points very close to this one, what it means the distances between compared points 

are very short. Contrary to that the point with the value 11.3 is compared to points which are far away 

from this.  

 In our opinion, the selected points compared to points which are very close to them and which 

have not really a good value  compared the other selected (but which are nevertheless the best points 

in the neighbourhood) could not give good results with the Nelder Mead method. Indeed the Nelder 

Mead progression should search in a bad area (areas defined by the point neighbourhood) and 

therefore the chance to find a good point should not be big. For example, the selected point with the 

objective value 10 has not a very good value compared to the other selected points and is compared to 

points which are very close. When the distances between compared points are very little, we have a 

good knowledge about the points around the selected point from the Direct progression. So we think 

that Nelder Mead could not be efficient in these areas. In the same way the selected points which have 

been compared to very far points and which have bad values should not allow saying that the results 

should become good and it could be better tha the Direct continues its work to know better if the local 

area is interesting or not. 

 The interest of the knowledge of the distances between the selected points and their compared 

neighbours should allow defining little or big distances and therefore perhaps deleting of the selection 

the points which should not allow finding good results from the Nelder Mead method. I have therefore 

implemented a saving of the 20 distances between each selected points and their neighbours. The aim 

was to find a method based on the distances between selected points and their compared neighbors in 

order to select only the “interesting” points and so to spare some evaluations. 

2) Results from this implementation 

 

 We have launched the Direct method for different number of evaluations and made the Local 

Search selection. For example, the table 6 shows, after 1000 Direct evaluations (5,5 days of 

computings), the 20 saved distances between each of the 26 selected points and their two closest 

neighbours along each parameters  from the Local search selection and their get objective function 

values. The table presents too the objective function values get after the Nelder Mead launching for the 

26 selected points in order to see the efficiency of each points. 
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Table 6 - Distances saved between each selected points and their compared neighbours for the Local Search selection 

Note: the colored cases indicate that there is no neighbour for the selected point on the considered 

side. 

Observation: 

 As you can see on the table there is not an obvious link between the distances defined by the 

neighbourhood and the final get objective function values with the Nelder Mead method. It is very 

difficult to predict from the indications given by the table that a selected point could give better results 

than another. I thought there should be a bigger gap between objective function values and the 

distances between neigbours. This implementation has shown that it was not really the case and that it 

was very difficult to say that one interesting point should be better than another.  However, it is 

interesting to observe in this example that a lot of points are selected very close to the parameter limits 

because they have no neighbour on one side along  a parameter. 

Conclusion: 

 I have not success with this study because I have not proved a link between the distances 

defined by the neighbourhood of each selected points and their final objective function values. 

Nevertheless, I think this implementation is very usefull in order to better know the sizes of the areas 

defined by the neigbours of the selected points. I think that this knowledge is essential in order to 

define a size of hyper rectangles to stop the Direct method. (idea mentioned in [1]) 
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VII – Discussion about a new stopping criterion for the Direct method. 

 
 Is it really usefull to gather the close points and delete the points in a so little area with 

not a good objective value?  

 

 In my opinion, the gathering process is really a good thing for the actual Mix method because 

it allows sparing a lot of evaluations. Nevertheless, I wonder if it should not better to stop the Direct 

method once we reach a certain size instead of gathering the selected close points. Why to continue the 

Direct process for later gathering the points issued from these divisions? 

 Now, we know to choose a good length for the Nelder-Mead method and perhaps it could be 

good to stop the Direct method once every sides of every hyper rectangles reach a size in accordance 

to these choices. I think that it should more efficient than to gather the points that are very close. 

 I think that we are able to stop the Direct method once we are sure that the Nelder-Mead 

method will can give good results, what it means to stop the Direct for a size that allow that Nelder-

Mead works well. By this way I think it should be possible spare a lot of Direct evaluations with this 

process. 

 

Further work: 

 To stop the Direct method once every sides of the hyper-rectangles reach a certain size, size 

which allow that Nelder-Mead is efficient. 
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Conclusions and discussion: 

 

 During the internship, it has been implemented a new stopping criterion for the Nelder-Mead 

method that allows stopping the process once a point with a better objective function value is 

unreachable. It gives the opportunity to spare some evaluations in keeping the best possible objective 

function value from the considered simplex. This new stopping criterion has shown its efficiency after 

several tests. 

 Moreover, several new starting simplex shapes have been implemeneted in order to determine 

a good starting simplex, what it means a simplex which allows less number of evaluations still finding 

the best objective function value. The chosen simplex is a regular simplex which the center of gravity 

is the interesting point selected from the Direct method. If the interesting point is very close to the 

parameter limits, it was possible with the previous program to create some points out of parameter 

limits. Now these points are moving on the parameter limits in order to get objective values for these 

points. 

 

 With these two previous implementations, the full Mix method has shown a better eficiency 

than before. The get results are very satisfactory. Nevertheless different tests have shown the big 

influence of the orientation of the starting simplex on the final results. It should be good to determine 

some criteria to choose the orientation of the starting simplex. 

 

  Another length of the chain for the gathering process has been implemented. This length has 

been set in function of the regular distance between two created points of the starting simplex. Its 

efficiency on the number of evaluations has been shown but unfortunately due to a lack of time, the 

final objective function value from these points is not known. It should be good to launch some tests 

about this. 

 The selection of only good points from the Local Search method has not shown a big 

satisfaction because it was so difficult to define these one from only the distances between neighbours.  

Nevertheless, the implementation helps us to better define the area sizes after the Direct divisions.  

 A new idea about the Direct stopping criterion which switchs from Direct to Nelder-Mead has 

been proposed instead of seeking to reduce the number of selected points. This solution deals with 

stopping the Direct once the sizes of each sides have reached a certain length to avoid to gasp an 

important of evaluations. 
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Appendix A: Building of the new simplex 
 

G: the interesting point selected fron one the paths (Local or Global Search with or without the 

Gathering process) 

 In order to get the interesting point like the centre of gravity of an area, you have to equilibrate 

the points. They have to be at the same length to the interesting point and opposite each other. 

The centre of the repere is the interesting point (G). 

1D:  

We create two points arround the interesting point. 

                           

 

 

2D:  

When you add a dimension at the problem, you create a third point. We wanted to maintain 

the distance between G and the other created points. We compute the two lengths along x‟ and y‟ to 

create the two new points A‟ and B‟. We create a third point C along the new dimension at the step 

length to equilibrate. 
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3D:  

 You do the same thing. You sink the three last points , you maintain the length 

“step” and you add a new point  to equillibrate the tetraedron. 

                                       

 

 

 

 

 After three iterations, we can see a reccurency along the dimension. The program is than not 

really difficult to implement in the process. Moreover with this implementation, it is very easy to 

change the orientation of the starting simplex, because in this first case we sink the previous created 

points and after you add step to create the new point (simplex_A). You can for example to do the 

opposite of each points, what it means to put up the previous points and after to subtract a step to 

create the new point (simplex_B). 
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Résumé 

 

 Le réglage des paramètres de contrôles dans le but d‟obtenir le meilleur rendement possible à 

partir du matériel disponible est aujourd‟hui un véritable challenge dans beaucoup d‟entreprises pour 

rester dans la concurrence. Ce n‟est pas inhabituel d‟avoir une centaine de paramètres à régler sur 

plusieurs systèmes industriels. Il n‟est donc pas possible par manque de temps ou par risque de 

détérioration du matériel de tester toutes les combinaisons possibles sur le modèle réel. Pour ces 

raisons, le département « Virtual Manufacturing » du groupe de recherche PTC de l‟University West 

de Trollhättan en Suède a mis au point le concept de Virtual Manufacturing. Pour cas d‟étude, ils ont 

simulé la ligne de presse de Volvo‟car à Göteborg, Suède. Trois robots et trois presses ont étés simulé 

pour l‟optimisation. Le rendement de la ligne de presse dépendait uniquement de l‟habilité et de la 

prise de risque de l‟opérateur. Le but de la virtual manufacturing est de pouvoir tester les différentes 

combinaisons de paramètres sans stopper la machine réelle et sans risque de collisions robots-presses. 

 Chaque combinaison des paramètres est représentée par une valeur de la fonction objective. Le 

but de l‟optimisation est de trouver la valeur minimale de cette fonction objective en un minimum de 

temps (sans tester chaque combinaison). Jusqu‟à présent plusieurs algorithmes ont été implémentés 

dans l‟optimiseur. La Nelder Mead method donne la possibilité de trouver rapidement le minimum 

local   d‟une fonction objective mais est très dépendante du choix du simplex de départ. La Direct 

method permet une recherche globale du minimum de la fonction objective. Elle n‟a pas besoin d‟un 

simplex de départ mais sa convergence est très lente. Une troisième méthode, la Mix method,  a été 

mise en place ; elle cherche à prendre chacun des avantages des méthodes précédentes. La Direct 

method fait une recherche globale pour un nombre limité d‟evaluations  et les points interessants sont 

sélectionnés. Une recherche locale est faite autour de ces points interessants avec la Nelder Mead 

method. La Mix method fonctionne mais il restait beaucoup de règles à fixer pour obtenir de meilleurs 

résultats. 

 Ce rapport présente les modifications faites sur la Mix method dans le but d‟obtenir la 

meilleure configuration des paramètres possible dans un minimum de temps. La définition d‟un 

simplex qui permet d‟obtenir de bons résultats a été mise en place et de nouvelles hypothèses 

concernant la sélection des points intéressants et le critère d‟arrêt de la Direct method ont été avancés.  

 


