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WHY GENETIC ALGORITHM 
FOR GOSIA

Local minima problem

• Random multi-start gradient 
search (OP,RAND)  

• Simulated Annealing 
implemented into GOSIA 
by  R.W.Ibbotson 
(OP,ANNL)

• Genetic Algorithm Zbigniew Michalewicz
Genetic Algorithms + Data Structures = Evolution Programs

Springer-Verlag Berlin and Heidelberg GmbH & Co. K, 2013
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GENETIC ALGORITHM
how to do

• Generation of population (sets of ME)

1. Ranking with fitness function 
(calculation of 𝛘2 for all sets of ME)

2. Selection  
(deleting of sets of ME with bad 
𝛘2) 

3. Creating new sets of ME  crossing

4. Mutation: random change of ME

5. GoTo 1.

• Stop: user satisfaction
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SELECTION

• Truncation

• Roulette

• Tournament 

9-11 April, 2018WORKSHOP3RD



SELECTION

• Truncation

• Roulette

• Tournament 

4%
22%

2%

49%

13%
9%

A, 7
B, 5
C, 1.3
D, 29
E, 2,9
F, 15

9-11 April, 2018WORKSHOP3RD



CROSSING

4%
22%

2%

49%

13%
9%A, 7

B, 5
C, 1.3
D, 29
E, 2,9
F, 15

9-11 April, 2018WORKSHOP3RD

C1

C2

C3

C4

C5



CROSSING

4%
22%

2%

49%

13%
9%A, 7

B, 5
C, 1.3
D, 29
E, 2,9
F, 15

9-11 April, 2018WORKSHOP3RD

C1

C2

C3

C4

C5

B1

B2

B3

B4

B5

&



CROSSING

4%
22%

2%

49%

13%
9%A, 7

B, 5
C, 1.3
D, 29
E, 2,9
F, 15

9-11 April, 2018WORKSHOP3RD

C1

C2

C3

C4

C5

B1

B2

B3

B4

B5

C1

C2

C3

C4

C5

& =



MUTATION
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TO FIND MINIMUM/MINIMA

• Tested with 6D test function: 
F7 - The Schaffer Function.

J. M. DIETERICH, B. HARTKE 1557

 

 

 
Figure 6. Scaling results for Rastrigin’s function; without 
local optimization (top), with local optimization (middle) 
and zoom with local optimization (bottom). 
 

 
Figure 7. 2D plot of Schwefel’s function. 

since otherwise our unrestricted local optimization finds 
lower-lying minima outside the principal borders. As can 
be seen from Figure 8, sub-quadratic scaling can be 
achieved with and without local optimization. Once more, 
without local optimization the non-crossing algorithm 
has a higher prefactor but the same scaling as the others, 
which is equalized when turning on local optimizations. 
In this particular case, the usage of local optimization 
steps has the potential to slightly affect the scaling from 
1.15 to 1.75. 

Again, we must come to the conclusion that a sub- 
quadratic scaling is far better than what we would expect 
to obtain for real-world problems, restricting the usage of 
Schwefel’s function as a test-case for algorithms de-
signed to solve the latter. 

3.4. Schaffer’s F7 Function 

Schaffer’s F7 function is defined as 

� �
21

5
0

1, , sin(50.0 ) 1
1n i if x x s s

n

ª º§ ·
 � �« »¨ ¸¨ ¸�« »© ¹¬ ¼

"   (12) 

with 
2 2

1i i is x x � �              (13) 

 

 

 
Figure 8. Scaling results for Schwefel’s function, without 
(top) and with local optimization (bottom). 

Copyright © 2012 SciRes.                                                                                  AM 
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JACOB - GENETIC ALGORITHM 
IMPLEMENTATION

• the same data input scheme as in 
GOSIA

• resistance to the local minimum 
problem: 
automatic scan for alternative solutions 
and expected better convergence to 
the global minimum

• error estimation based on the scan of 
the 𝛘2 surface

• parallel processing on several clustered 
computers connected into a network.

• the first version: for MS Windows 
with .NET technology

• recently: for Linux  
with QT library

• with graphic interface/GUI  
and console mode

9-11 April, 2018WORKSHOP3RD



JACOB 
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JACOB 
how to run

OP,FILE
22,3,1
jacob.o
12,3,1
jacob.me
9,3,1 
osiris.f9
8,3,1  
osiris.f8
3,3,1
120te-data-v6.f3
4,3,1
120te-data-v6.f4
15,3,1
120te-error.f15
0 0 0 
[…] 
OP,MINI
2100,1,1.0E+34,.00001,1.1,1,0,1,1,0.001
OP,EXIT

Time of calculation: a few hours
9-11 April, 2018WORKSHOP3RD

But:  
integration in a given point



JACOB 
how to run

OP,FILE
22,3,1
jacob.o
12,3,1
jacob.me
9,3,1 
osiris.f9
8,3,1  
osiris.f8
3,3,1
120te-data-v6.f3
4,3,1
120te-data-v6.f4
15,3,1
120te-error.f15
0 0 0 
[…] 
OP,MINI
2100,1,1.0E+34,.00001,1.1,1,0,1,1,0.001
OP,EXIT

OP,FILE
22,3,1
jacob.o
12,3,1
jacob.me
9,3,1 
[…] 
OP,YIEL 
[…] 
3           !NTAP - tape number 
[…] 
OP,INTG 
[…] 
OP,YIEL 
[…] 
4           !NTAP - tape number 
[…] 
OP,MINI 
2100,1,1.0E+34,.00001,1.1,1,0,1,1,0.001 
OP,EXIT

Integration can be performed 
in every point

Time of calculation: a few days
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TO CHECK ALTERNATIVE 
SOLUTIONS

• Repository of the all tested 
𝛘2 values

• QRepScan tool 

• find the best point to 
continue minimisation  
with GOSIA

• scan the 𝛘2 surface for 
alternative solutions 
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TO CHECK ALTERNATIVE 
SOLUTIONS

• Repository of the all tested 
𝛘2 values

• QRepScan tool 

• find the best point to 
continue minimisation  
with GOSIA

• scan the 𝛘2 surface for 
alternative solutions 

Values found in repository
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ALTERNATIVE 
SOLUTIONS CHECK - 

IN PRACTICE
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STATUS OF JACOB
• It works…

• The hybrid approach is 
recommended:

1. GOSIA: test of input

2. JACOB: find a interesting 
point/alternative points

3. GOSIA: finalise the solution 
starting from JACOB’s 
point(s) 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STATUS OF JACOB
• It works…

• The hybrid approach is 
recommended:

1. GOSIA: test of input

2. JACOB: find a interesting 
point/alternative points

3. GOSIA: finalise the solution 
starting from JACOB’s 
point(s) 

• It works…

• The hybrid approach is 
recommended:

1. GOSIA: test of input

2. JACOB: find a interesting 
point/alternative points

3. GOSIA: finalise the solution 
starting from JACOB’s 
point(s) 

• RepScan has still to be 
tested 

• JACOB2: extension to 
projectile-target excitation 
is planned

• Parallel processing - make 
to be useful 
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FRONT LINE ALGORITHM  
FOR ERROR ESTIMATION

Test function - regular mesh
D.A.Piętak, J. Wojciechowski, P. J.Napiorkowski

A Front Line Algorithm For Error Estimation In Data Sets With Nonuniform Sampling Distribution 
20th European Conference on Circuit Theory and Design (ECCTD), 2011 
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FRONT LINE ALGORITHM  
FOR ERROR ESTIMATION

Test function plot after a scan with JACOB

9-11 April, 2018WORKSHOP3RD



PARALLEL PROCESSING 



SUMMARY
• JACOB* & QRepScan*

• available for Linux with QT library 

• still under development but ready for testers

• www.slcj.uw.edu.pl/~pjn/JACOB

• to start with: e-mail pjn@slcj.uw.edu.pl 
9-11 April, 2018WORKSHOP3RD
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TRIBUTE TO:

• Daniel A. Piętak

• Jacek Wojciechowski

Warsaw University  
 of  Technology 
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