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Appendix-A 
 

Software for Bayesian neural networks training 
 
 
 

 
          Software for training Bayesian neural networks, called Model Manager. It is a collection 

of scripts working around a core optimization algorithm due to David MacKay. This 

core algorithm is what does the real job, but it is a research tool and, understandably, no 

efforts were made by the author to make it user-friendly. It is command-line (OK so far), 

hardly documented and all pre- and post- processing had to be done separately. Also, if 

you wanted to build a committee of models (as then recommended by the authors), you 

just      had      to      write      you      own      script      for      combined      errors      etc. 

The software provided is a collection of tcl scripts with a tk interface, and C code 

provided to carry out all the pre-processing of your data and all the post-processing 

including graphs etc. 

          Software for making predictions with your trained models, aptly called Predictor. There 

again, a lot of scripts and C code around a core algorithm by David MacKay. Models are 

installed as downloadable packages or transferred from the Model Manager. 

 
On the requirements: 

 
 All these softwares are intended for Linux. 

          Training a full model (150 models tested) on a database with 3000 entry lines and 20 

variables will take a couple of days on a P4-3GHz. 

 
History: 

 
          This software was in great part written by PhD students at Cambridge University. Most 

of data processing C code is based on methods by Dr Sree Harsha Lalam, and other 

programming by Dr. Thomas Sourmail. 

 
Website of Neuromat Software: Model Manager and Predictor 

 
https://thomas-sourmail.net/publications.html 

 
 
 
 
 
 
 
 
 
 
 

 

http://www.inference.phy.cam.ac.uk/mackay/
http://www.inference.phy.cam.ac.uk/mackay/
https://thomas-sourmail.net/publications.html
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Appendix-B 
 

Provenance of Source Code 
 

Anne Delorme 

Phase Transformations Group, 

Department of Materials Science and Metallurgy, 

University of Cambridge, 
Cambridge CB2 3QZ, U.K. 

 
Purpose 

 

This  program  is  an  implementation  of  a  genetic  algorithm  which  can  reach  an 

optimum set of parameters for a target value of yield strength of austenitic stainless 

steel. This can in theory be applied to any problem, where a neural network exists. 
 
Specification 

 

 

Language:      C 

Product form: Source code 
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How to run the GA to find an optimum set of parameters for a desired yield 

strength of austenitic stainless steel: 
 

   First you have to define in the "values" file the inputs you wish to vary or those you wish to fix 

and the corresponding fixed value 

     Then, you must normalised the desired target value of yield strength and enter it in the "nn- 

input" file, as well as the wanted accuracy. 

   Finally, compile the C program "ga_code" and execute it. 

 
How to adapt this GA to optimise other mechanical properties: 

 
    First, you have to put in the folder "gacode" all the files related to the neural network created 

for the mechanical properties you want optimise. This files are the following: 

generate44.exe 

norm_test.in 

_w*f 
*.lu 

spec1.t1 

outran.x 

MINMAX 

   Then, write the labels of the inputs of the neural network in the "labels.tct" file 

   Change as well the file "values" to have the right corresponding parameters in the first column 

   Repeat the steps described in the previous paragraph 

 
How to change GA parameters: 

 

 
 
 

The efficiency of the GA depend on the values of parameters such as the number of population, 

the number of generations ... which are not defined for any problem but must be adapted for each 

GA. The values are entered directly in the "ga_code.c" file so you have to edit it and change the 

desired values in the header of the file. 
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Source Code 
 

 
 
 
/* 

* File name : anne15_output.c 

* 

* This program is an implementation of a Neural Network (NN) which 

attempts to 

* reach a target, by using a optimal search method based on this value 

using 

* Genetic Algorithms (GA). 

* 

* It initially chooses several random input datasets (depending on the 

number 

* of populations) and various predictions are made on these inputs. The 

* error involved is used to "rank" the predictions. 

* The values with the lowest errors are seen as the "fittest" and are 

more 

* likely to reproduce and get closer to the target. The process can stop 

after 

* the prescribed number of generations, or if the target has been reached 

* before the max. number of generations requested. 

* 

*/ 

 

#include <stdio.h> 

#include <ctype.h> 

#include <math.h> 

#include <sys/time.h> 

 

/* NN related */ 

#define LIMIT 150 /* Maximum number of inputs the system can handle 

*/ 

#define SESSIONS 10000 /* Number of generations we'll put the system 

through */ 

 

/* GA related */ 

#define POPS 3 /* Number of populations */ 

#define MAXPOP 20 /* Size of population */ 

#define BESTPOP 1 /* Number of individuals taken from the best */ 

#define CROSSPOP 19 /* CROSSPOP-BESTPOP: number of individuals 

recombined */ 

#define LMUTPOP 18 /* LMUTPOP-CROSSPOP: number of individuals slightly 

mutated */ 

#define HMUTPOP 19 /* HMUTPOP-LMUTPOP: number of individuals hardly 

mutated */ 
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#define MIXPOP 200 /* Number of generations between population mixing 

*/ 

 

int e=0; 

int NUM=-1; 

int SIZE=0; 

char name[20][10]; 

 

/* NN related */ 

float target_0,target_1,target_2; 

float *w1; 

int total; 

 
/* GA related */ 

float ***pop; 

float ***temp_pop; 

double score[POPS][MAXPOP]; 

double result[POPS][MAXPOP]; 

double error[POPS][MAXPOP]; 

float *f,*low,*high; 

float *sort_low,*sort_high; 

int *v; 

int *x; 

 

/*----------------------------------------------------------------------- 

*\ 

| 

| 

| Randomize 

| 

| 

| 

\*----------------------------------------------------------------------- 

*/ 

 

randomize() 

{ 

struct timeval tp; 

struct timezone tzp; 

/* Use time of day to feed the random number generator seed */ 

gettimeofday( &tp, &tzp); 

srandom( tp.tv_sec ); 

} 

/*----------------------------------------------------------------------- 

*\ 

| 

| 

| Get data (reads input file) 

| 

| 

| 

\*----------------------------------------------------------------------- 

*/ 
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int get_data() 

{ 

FILE *fd; 

 

/* Total number of input values */ 

total = 0; 

 

/* opens the file */ 

if ( (fd = fopen("nn-input","r")) == NULL ) 

{ 
 

 
} 

else 

{ 
 

 
} 

printf ("no-input-file"); 

exit(1); 
 

 

 
 

fscanf(fd,"%f%f",&target_0,&target_2); 

printf("Target is %f\nWanted accuracy is %f\n",target_0,target_2); 

fclose( fd ); 

return (0) ; 

} 
 

/*----------------------------------------------------------------------- 

*\ 

| 

| 

| Return the number of cases for which the NN returns the correct value 

| 

| 

| 

\*----------------------------------------------------------------------- 

*/ 

 

calc_limit_err() 

{ 

float err=0; 

 

err = pow((target_2*target_0),2); 

target_1 = 1.0/sqrt(err) ; 

printf("Target Score is: %f\n",target_1); 

return err; 

} 

/*----------------------------------------------------------------------- 

*\ 

| 

| 

| Initialize the populations 

| 

| 

| 

\*----------------------------------------------------------------------- 

*/ 
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make_initial_population() 

{ 

int p,i,k,y[20]; 

int j,l; 

char label[60]; 

FILE *afp; 

float depop_fe, depop_y[20],sum=0; 

 

/* read low and high values for the SIZE inputs which vary */ 

if((afp=fopen("values","r"))==NULL) 

{ 
 

 
} 

else 

{ 

printf("Error:can't read the file Values"); 

exit(1); 
 

 

 
 

l=0; 

fgets (label,sizeof(label),afp); 

for (j = 0; j < NUM; j++) 

{ 

fscanf(afp,"%s%d%d%f%f%f",name[j],&x[j],&v[j],&f[j],&low[j],&high[j]); 

if (v[j]==1) 

{ 

sort_low[l]=low[j]; 

sort_high[l]=high[j]; 

++l; 

} 

} 

} 

fclose(afp); 

for ( p = 0 ; p < POPS ; p++ ) 

{ 

for ( i = 0 ; i < MAXPOP ; i++ ) 

{ 

sum =0; 

for ( k = 0 ; k < (SIZE-1) ; k++ ) 

{ 

y[k] = irand(SIZE-1); 

for ( l = 0; l < k ; l++) 

{ 

while (y[k] == y[l] ) 

{ 

y[k] = irand(SIZE-1); 

l = 0; 

} 

} 

depop_y[k] = (random()&1000000) / 10000.0 ; 

sum += depop_y[k]; 

} 

depop_fe = (random()&1000000) / 10000.0 ; 

sum += depop_fe; 

for ( k = 0 ; k < (SIZE-1) ; k++ ) 

{ 
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j = y[k]; 

pop[p][i][j] = ((((depop_y[k])*100)/sum)- 

(sort_low[j]))/(sort_high[j]-sort_low[j])-0.5; 

} 

pop[p][i][SIZE-1] = ((random()&1048575)/1000000.0 - 0.5) * 2; 

} 

} 

} 
 

/*----------------------------------------------------------------------- 

*\ 

| 

| 

| apply( p, i ) - apply the i gene of the population p on the NN 

| 

| 

| 

\*----------------------------------------------------------------------- 

*/ 

 

apply( p, i ) 

int p, i; 

{ 

int l; 

 

for( l = 0; l < SIZE; l++) 

{ 

w1[l] = pop[p][i][l]; 

} 

} 
 

/*----------------------------------------------------------------------- 

*\ 

| 

| 

| This function computes the NN's output for a certain input vector. 

| 

| 

| 

\*----------------------------------------------------------------------- 

*/ 

 

net(p,i) 

int p,i; 

{ 

FILE *nmin,*nmin2,*ofp,*afp; 

int j,l,na,nb; 

char c,model[250][50],s[100],d[50]; 

float serr=0.0,serr2=0.0,res[250],err[250],err_[250],sres=0.0,serr_=0.0; 

float value_Ti,value_Nb,value_C,value_N; 

printf("Calling net with p=%d and i=%d\n",p,i); 

/* write in the file norm_test.in a random value for the inputs allowed 

to */ 
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/* vary, otherwise the normalised fixed value 

*/if ((nmin = fopen("norm_test.in","w")) == NULL ) 

{ 
 

 
} 

else 

{ 

printf ("Can't write norm_test.in\n"); 

exit(1); 
 

 

 
 

l = 0; 

for ( j = 0; j < NUM ; j++) 

{ 

if (v[j]==1) 

{ 

fprintf(nmin,"%f\n",w1[l]); 

if (!strcmp(name[j],"Ti")) 

value_Ti = (w1[l]+0.5)*(high[j]-low[j])+low[j]; 

else 

{ 

if (!strcmp(name[j],"Nb")) 

value_Nb = (w1[l]+0.5)*(high[j]-low[j])+low[j]; 

else 

{ 

if (!strcmp(name[j],"C")) 

value_C = (w1[l]+0.5)*(high[j]-low[j])+low[j]; 

else 

{ 

if (!strcmp(name[j],"N")) 

value_N = (w1[l]+0.5)*(high[j]-low[j])+low[j]; 

} 

} 

} 

 
} 

else 

{ 

l++; 
 

 
 

 

if (v[j]==0) 

{ 

fprintf(nmin,"%f\n",(f[j]-low[j])/(high[j]-low[j])-0.5); 

if (!strcmp(name[j],"Ti")) 

value_Ti = f[j]; 

else 

{ 

if (!strcmp(name[j],"Nb")) 

value_Nb = f[j]; 

else 

{ 

if (!strcmp(name[j],"C")) 

value_C = f[j]; 

else 

{ 

if (!strcmp(name[j],"N")) 

value_N = f[j]; 

} 

} 
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} 

} 

else 

fprintf(nmin,"%f\n",(((((value_Ti/4)+(value_Nb/8))/(value_C+value_N) 

)-low[j])/(high[j]-low[j]))-0.5); 

} 

} 

} 

fprintf(nmin,"\n"); 

fclose(nmin); 

 

/* count the number of models */ 

ofp = popen("ls _w*f","r"); na=0; 

while((fgets(d,sizeof(d),ofp))!=NULL) 

++na; 

pclose(ofp); 

 

/* read files _w*f in the current directory and attribute to model[nb]*/ 

ofp=popen("ls _w*f","r"); 

for (nb=1 ; nb<na+1 ; nb++) 

fscanf(ofp, "%s",&model[nb]); 

pclose (ofp); 

 

/*generate44 for each model[nb]*/ 

for(nb=1; nb < na +1 ; nb++) 

{ 

sprintf(s, "generate44 spec1.t1 %d %s %s.lu> 

/dev/null",model[nb][2]-96,&model[nb],&model[nb]); 

system(s); 

if ( (nmin2 = fopen("_out","r")) == NULL) 

{ 

printf ("Can't read _out stage 1\n"); 

exit(1); 

} 

else 

{ 

fscanf(nmin2,"%f %f",&res[nb+1],&err[nb+1]); 

printf("res%d err%d %f %f\n",nb+1,nb+1,res[nb+1],err[nb+1]); 

printf("Indices %d %d\n",p,i); 
 

fclose(nmin2); 

} 

sres += res[nb+1]; 

serr += pow(err[nb+1],2); 

serr_ += pow ((res[nb+1]-target_0),2); 

} 
 

printf("thisisp %d %d\n", p,i); 

 

result[p][i] = sres / na; 

error[p][i] = sqrt((serr/na)+(pow((result[p][i] - target_0),2))) ; 

 

printf("error[p][i] is %f\n\n",error[p][i]); 
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e++; 
 

printf("\n-----------> sum %d\n",e); 

printf("In net() error is %f res is %f\n\n",error[p][i],result[p][i]); 

} 

/*----------------------------------------------------------------------- 

*\ 

| 

| 

| Return the number of cases for which the NN returns the correct value 

| 

| 

| 

\*----------------------------------------------------------------------- 

*/ 

 

double check_performance (p,i) 

int p,i; 

{ 

float score_value=0.0; 

 

net(p,i); 

 

score_value = error[p][i]; 

printf ("Answer is %f and target is %f\n",result[p][i],target_1); 

 

if (score_value < 0) 

score_value = 0; 

else 

score_value = 1.0/(score_value); 
 

 
 
 

printf("score_value is: %f\n",score_value); 

return score_value; 

} 

/*----------------------------------------------------------------------- 

*\ 

| 

| 

| Calculate the scores of all the vectors in all the populations 

| 

| 

| 

\*----------------------------------------------------------------------- 

*/ 

calc_score() 

{ 

int p, i, j; 

double check_performance(); 

for ( p = 0 ; p < POPS ; p++ ) 

{ 



359 

 

for ( i = 0 ; i < MAXPOP ; i++ ) 

{ 

{ 

printf("Here is scorecalc for pop %d gene %d: 

%f\n\n",p,i,score[p][i]); 

apply( p, i); 

score[p][i] = check_performance(p,i); 

printf("Here is scorecc2 for pop %d gene %d: 

%f\n\n",p,i,score[p][i]); 

printf("Read %f %f\n", result[p][i],error[p][i]); 

} 

} 

} 

} 

/*----------------------------------------------------------------------- 

*\ 

| 

| 

| pop_swap( p, a, b) - swap two vectors and scores in the population p 

| 

| 

| 

\*----------------------------------------------------------------------- 

*/ 

 

pop_swap( p, a, b) 

int p, a, b; 

{ 

int i; 

float tg,t; 

 

/* Swap vector */ 

for ( i = 0 ; i < SIZE ; i++ ) 

{ 

t = pop[p][a][i]; 

pop[p][a][i] = pop[p][b][i]; 

pop[p][b][i] = t; 

} 

/* Swap score, result ad error */ 

tg = score[p][a]; 

score[p][a] = score[p][b]; 

score[p][b] = tg; 

 

tg = result[p][a]; 

result[p][a] = result[p][b]; 

result[p][b] = tg; 

 

tg = error[p][a]; 

error[p][a] = error[p][b]; 

error[p][b] = tg; 

} 

/*----------------------------------------------------------------------- 

*\ 
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| 

| 

| Sort the populations 

| 

| 

| 

\*----------------------------------------------------------------------- 

*/ 

 

sort_population() 

{ 

int p, i, j, k; 

float best; 

 

/* Use insert sort */ 

for ( p = 0 ; p < POPS ; p++ ) 

{ 

for ( i = 0 ; i < MAXPOP ; i++ ) 

{ 

{ 

best = score[p][i]; 

for ( j = (i+1) ; j < MAXPOP ; j++ ) 

if ( score[p][j] > best ) 

{ 

best = score[p][j]; 

k = j; 

} 

if ( best > score[p][i] ) 

pop_swap( p, i, k); 

} 

} 

} 

} 
 

/*----------------------------------------------------------------------- 

*\ 

| 

| 

| irand( range ) - return a random integer in the range 0..(range-1) 

| 

| 

| 

\*----------------------------------------------------------------------- 

*/ 

int irand( range ) 

int range; 

{ 

return( random() % range ); 

} 

/*----------------------------------------------------------------------- 

*\ 

| 

| 
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| Uniform Crossover: pop[p1][i1][j] and pop[p2][i2][j] are swapped 

| 

| randomly 

| 

\*----------------------------------------------------------------------- 

*/ 

 

uniform_cross( p1, i1, p2, i2) 

int p1,i1,p2,i2; 

{ 

int j,k; 

 

for( j=0; j < SIZE; j++) 

{ 

k = irand(2); 

if( k==0 ) 

pop[p1][i1][j] = pop[p2][i2][j]; 

} 

} 

/*----------------------------------------------------------------------- 

*\ 

| 

| 

| Show (on the standard output) the best scores of all populations 

| 

| 

| 

\*----------------------------------------------------------------------- 

*/ 

statistics( generation ) 

int generation; 

{ 

int p,i; 

printf("generationi is here: %d\n",generation); 

if ( generation % MIXPOP == 0 ) 

printf("-----------------------------\n"); 

printf(" %4d) First are: ", generation); 

for ( p = 0 ; p < POPS ; p++ ) printf("%f ", score[p][0] ); 

printf(" (from %d)\n",total); 

} 

/*----------------------------------------------------------------------- 

*\ 

| 

| 

| Generate an intermediate generation 

| 

| 

| 

\*----------------------------------------------------------------------- 

*/ 

 

roulette_wheel() 

{ 
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int p1, p2 = 0, i1, i2, j; 

int r, integer_part; 

double sum_score, sum_temp = 0; 

 

for (p1 = 0; p1 < POPS; p1++ ) 

{ 

sum_score = 0; 

for( i1 = 0 ; i1 < MAXPOP ; i1++ ) 

sum_score += score[p1][i1]; 

integer_part = sum_score; 

 

for( i2 = 0 ; i2 < MAXPOP ; i2++ ) 

{ 

i1 = 0; 

r = random()&integer_part ; 

sum_temp = score[p1][i1]; 

while (sum_temp <= r ) 

{ 

++i1; 

sum_temp += score[p1][i1]; 

} 

for ( j = 0; j < SIZE ; j++ ) 

temp_pop[p2][i2][j] = pop[p1][i1][j]; 

} 

++p2; 

} 

for (p1 = 0; p1 < POPS; p1++ ) 

for( i1 = 0 ; i1 < MAXPOP ; i1++ ) 

for ( j = 0; j < SIZE ; j++ ) 

pop[p1][i1][j]=temp_pop[p1][i1][j]; 

} 
 

/*----------------------------------------------------------------------- 

*\ 

| 

| 

| Generate the next generation in all populations 

| 

| 

| 

\*----------------------------------------------------------------------- 

*/ 

 

make_next_generation( generation ) 

int generation; 

{ 

int p, i, j, q, k, l, y[20]; 

float dev, sum=0, depop_y[20], depop_fe; 

char c; 

FILE *afp; 

roulette_wheel(); 

calc_score(); 

sort_population(); 
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for ( p = 0 ; p < POPS ; p++ ) 

{ 

/* keep best - BESTPOP */ 

 

/* crossover */ 

for( i = BESTPOP; i < CROSSPOP ; i++) 

{ 

if((generation%MIXPOP)==0) 

{ 

q=irand(POPS); 

while(q==p) 

q=irand(POPS); 

uniform_cross( p, i, q, irand(CROSSPOP - i) + i); 

} 

else 

uniform_cross( p, i, p, irand(CROSSPOP - i) + i); 

} 
 

/* slight mutation */ 

i = irand(CROSSPOP - BESTPOP) + BESTPOP; 

{ 

j = irand(SIZE); 

dev = 1 + ((irand(2000) - 1000)/500000.0); 

pop[p][i][j] *= dev; 

while( pop[p][i][j] < (-(sort_low[j]/(sort_high[j]- 

sort_low[j])+0.5))) 

{ 

dev = 1 + ((irand(2000) - 1000)/500000.0); 

pop[p][i][j] *= dev; 

} 

} 

/* severe mutation */ 

i = irand(CROSSPOP - BESTPOP) + BESTPOP; 

{ 

j = irand(SIZE); 

dev = 1 + ((irand(2000) - 1000)/5000.0); 

pop[p][i][j] *= dev; 

while( pop[p][i][j] < (-(sort_low[j]/(sort_high[j]- 

sort_low[j])+0.5))) 

{ 

dev = 1 + ((irand(2000) - 1000)/5000.0); 

pop[p][i][j] *= dev; 

} 

} 

/* create new individuals */ 

for ( i = CROSSPOP ; i < MAXPOP ; i++ ) 

{ 

sum = 0; 

for ( k = 0 ; k < (SIZE-1) ; k++ ) 

{ 

y[k] = irand(SIZE-1); 

for ( l = 0; l <k ; l++) 

{ 



364 

 

while ( y[k] == y[l] ) 

{ 

y[k] = irand(SIZE-1); 

l = 0; 

} 

} 

depop_y[k] = (random()&1000000) / 10000.0 ; 

sum += depop_y[k]; 

} 

depop_fe = (random()&1000000) / 10000.0 ; 

sum += depop_fe; 

for ( k = 0 ; k < (SIZE-1) ; k++ ) 

{ 

j = y[k]; 

pop[p][i][j] = ((depop_y[k]*100/sum)- 

(sort_low[j]))/(sort_high[j]-sort_low[j])-0.5; 

} 

pop[p][i][SIZE-1] = ((random()&1048575)/1000000.0 - 0.5) * 2; 

} 

} 
 

calc_score(); 

sort_population(); 

statistics( generation ); 

printf("Done %d generations\n\n",generation); 

} 

/*----------------------------------------------------------------------- 

*\ 

| 

| 

| best_pop - Find the population with the best solution 

| 

| 

| 

\*----------------------------------------------------------------------- 

*/ 

int best_pop() 

{ 

int i, p; 

float best=0; 

for ( i = 0 ; i < POPS ; i++ ) 

if ( score[i][0] > best ) 

{ 

best = score[i][0]; 

p = i; 

} 

return(p); 

} 
 

/*----------------------------------------------------------------------- 

*\ 

| 

| 
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| Main 

| 

| 

| 

\*----------------------------------------------------------------------- 

*/ 

 

main() 

{ 

int generation, i, j, l, p, done = 0, k,x1,x2,w,z; 

float y; 

FILE *fb,*fscore,*afp,*fc; 

char c[10],label[60]; 

float value_Ti,value_Nb,value_C,value_N; 

/* read in the file "values" the numbers of inputs (NUM) and the 

*/ 

/* numbers of which are allowed to vary (SIZE) 

*/ 

if(( afp = fopen("values","r")) == NULL ) 

{ 

printf("error: can't read file \"values\""); 

exit(1); 

} 

else 

{ 

fgets(label,sizeof(label),afp); 

while(!feof(afp)) 

{ 

fscanf(afp,"%s%d%d%f%f%f",c,&w,&z,&y,&y,&y); 

if(z==1) 

++SIZE; 

++NUM; 

} 

} 

fclose(afp); 

/* define the size of the array *f,*v,*low,*high,*sort_low,*sort_high 

*/ 

/* *p,***pop 

*/ 

f=(float*)malloc(NUM*sizeof(float)); 

low=(float*)malloc(NUM*sizeof(float)); 

high=(float*)malloc(NUM*sizeof(float)); 

sort_low=(float*)malloc(SIZE*sizeof(float)); 

sort_high=(float*)malloc(SIZE*sizeof(float)); 

v=(int*)malloc(NUM*sizeof(int)); 

x=(int*)malloc(NUM*sizeof(int)); 

w1=(float*)malloc(SIZE*sizeof(float)); 

pop=(float***)malloc(POPS*sizeof(float**)); 

for(i = 0; i < POPS; i++) 

{ 

pop[i]=(float**)malloc(MAXPOP*sizeof(float*)); 

for(j = 0; j < MAXPOP; j++) 

pop[i][j]=(float*)malloc(SIZE*sizeof(float)); 
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} 

temp_pop=(float***)malloc(POPS*sizeof(float**)); 

for(i = 0; i < POPS; i++) 

{ 

temp_pop[i]=(float**)malloc(MAXPOP*sizeof(float*)); 

for(j = 0; j < MAXPOP; j++) 

temp_pop[i][j]=(float*)malloc(SIZE*sizeof(float)); 

} 

randomize(); 

get_data(); /* Read input from file */ 

calc_limit_err(); 

make_initial_population(); 

calc_score(); 

sort_population(); 

for (p=0;p<POPS;p++) 

{ 

printf("Score of %d is %f",p,score[p][0]); 

} 

printf("We got here "); 

/* Educate the net */ 

generation = 0; 

while ( (done != 1 ) && ( generation++ < SESSIONS ) ) 

{ 

make_next_generation( generation ); 

p = best_pop(); 

if ( score[p][0] > target_1) 

{ 

printf ("Target error was %f and error is 

%f",target_1,score[p][0]); 

done = 1; 

} 

else 

printf("Done all !!\n"); 

fb=fopen("../gacode/unnormalise/nn-output_b","w"); 

for (i=0;i<POPS;i++) 

{ 

for ( j=0;j<BESTPOP;j++) 

{ 

apply (i,j); 

l=0; 

for (k=0;k<NUM;k++) 

{ 

if (v[k]==1) 

{ 

fprintf(fb,"%f\n",w1[l]); 

if (!strcmp(name[k],"Ti")) 

value_Ti = (w1[l]+0.5)*(high[k]-low[k])+low[k]; 

else 

{ 

if (!strcmp(name[k],"Nb")) 

value_Nb = (w1[l]+0.5)*(high[k]-low[k])+low[k]; 

else 
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{ 

if (!strcmp(name[k],"C")) 

value_C = (w1[l]+0.5)*(high[k]-low[k])+low[k]; 

else 

{ 

if (!strcmp(name[k],"N")) 

value_N = (w1[l]+0.5)*(high[k]-low[k])+low[k]; 

} 

} 

} 

 
} 

else 

{ 

l++; 
 

 

 
 

if (v[k]==0) 

{ 

fprintf(fb,"%f\n",(f[k]-low[k])/(high[k]-low[k])-0.5); 

if (!strcmp(name[j],"Ti")) 

value_Ti = f[k]; 

else 

{ 

if (!strcmp(name[k],"Nb")) 

value_Nb = f[k]; 

else 

{ 

if (!strcmp(name[k],"C")) 

value_C = f[k]; 

else 

{ 

if (!strcmp(name[k],"N")) 

value_N = f[k]; 

} 

} 

} 

} 

else 

fprintf(fb,"%f\n",(((((value_Ti/4)+(value_Nb/8))/(value_C+value_N))- 

low[k])/(high[k]-low[k]))-0.5); 

} 

} 

fprintf(fb,"%f %f 

\n",result[i][j],(error[i][j]+result[i][j])); 

} 

} 

fclose(fb); 

if ((generation%500)==0) 

{ 

fc=fopen("temp_output","a"); 

for (i=0;i<POPS;i++) 

{ 

for ( j=0;j<BESTPOP;j++) 

{apply (i,j); 

l=0; 
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for (k=0;k<NUM;k++) 

{ 

if (v[k]==1) 

{ 

fprintf(fc,"%f\n",w1[l]); 

l++; 

} 

else 

{ 
 

 
0.5); 

if (v[k]==0) 

fprintf(fc,"%f\n",(f[k]-low[k])/(high[k]-low[k])- 

 
else 

 

fprintf(fc,"%f\n",(((((value_Ti/4)+(value_Nb/8))/(value_C+value_N))- 

low[k])/(high[k]-low[k]))-0.5); 

} 

} 

fprintf(fc,"%f %f 

\n",result[i][j],(error[i][j]+result[i][j])); 

} 

} 

fclose(fc); 

} 

} 
 

printf("done! \n"); 

printf("\n\n**** For unnormalisation, goto /unnormalise and type a.out 

(no. of lines in output file) => BEST_POP x POPS = no of lines in output 

file (no. of inputs)****\n"); 

fscore=fopen("score_output","w"); 

for (i=0;i<POPS;i++) { 

for ( j=0;j<MAXPOP;j++) { 

fprintf(fscore,"Score for score_T_298 pop %d gene %d is %f 

\n",i,j,score[i][j]); 

printf("scores for score_T_298 pop %d chromo %d id %f 

\n",i,j,score[i][j]); 

} 

} 

printf("\n Scores printed to 'scores'\n\n"); 

fclose(fscore); 
 

free(f); 

free(low); 

free(high); 

free(sort_low); 

free(sort_high); 

free(v); 

free(x); 

free(w1); 

free(pop); 

free(temp_pop); 

} 
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APPENDIX-C 
 

Profile string: Statistica Neural Network Software 
 

The profile string in the model summary window is used throughout SNN as a shortcut method 

to identify the architecture of the network or ensemble. The profile consists of a type code, 

followed by a code giving the number of input and output variables and number of layers and 

units (networks) or members (ensembles). For time series networks, the number of steps and the 

look ahead factor are also given. The individual parts of the profile are the type and architecture. 
 

The type is indicated by one of the following codes: 

MLP multilayer perceptron network 

RBF        radial basis function network 
 

SOFM      Kohonen self-organizing feature network 
 

Linear      linear network 
 

GRNN     generalized regression neural network 
 

PCA          principal components network 
 

Cluster cluster network 

Output  output ensemble 

Conf  confidence ensemble 

 

 
A neural network’s architecture is of form I:N-N-N:O, where I is the number of input variable, O 

the number of output variables, N the number of units in each layer. 
 

Example.  2:4-6-3:1  indicates  a network with  2  inputs  variables,  1  output  variable, 4  input 

neurons, 6 hidden neurons, and 3 output neurons. 
 

For a time series network, the steps factor is prepended to the profile, and signified by an “s”. 
 

Example. s10 1:10-2-1:1 indicates a time series network with steps factor (lagged input) 10. 
 

An ensemble’s architecture is of form I:[N]:O, where I is the number of input variable, O the 

number of output variables, and N the number of members of the ensemble. 
 

Training string: 
 

The training string is used throughout SNN as a shortcut method to identify the methods used to 

train the respective networks. The training string contains a number of codes, which are followed 

by the number of epochs for which algorithm ran (if an iterative algorithm) and an optional 

terminal code indicating how the final network was selected. For example, the code CG213b 
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indicates that the Conjugate Gradient Descent algorithmwas used, the best network discovered 

during that run was selected (for “best” read “lowest selection error”), and this network was 

found on the 213
th 

epoch. 
 

The codes are: 
 

BP Back propagation 
 

CG Conjugate gradient descent 
 

QN  Quasi-newton 
 

LM Levenberg-Marquardt 
 

QP Quick propagation 

DD   Delta-Bar-Delta 

SS  (sub) sample 

KM K-means (center assignment) 

EX Explicit (deviation assignment) 

IS Isotropic (deviation assignment) 

KN  K-nearest neighbor (deviation assignment) 

PI Pseudo-invert (linear least squares) 

KO Kohonen (center assignment) 
 

PN  Probabilistic neural network training 

GR Generalized regression neural network 

PC  Principal Components analysis 

The terminal codes are: 
 

b Best network (the network with lowest selection error in the run was restored) 
 

s Stopping condition (the training run was stopped before the total number of 

epochs elapsed as stopping condition was fulfilled) 

c Converged (the algorithm stopped early because it had converged; that is, reached 

and detected a local or global minimum. Note that only some algorithms can 

detect stoppage in a local minimum, and that this is an advantage not a 

disadvantage!) 
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Appendix - D 
 

ACADEMIC CONTRIBUTION 

(Publications) 
 
 
 

 
The  following  is  a  list  of  the  outcomes  that  have  been  published / presented 

during the period of the doctoral study: 

 
 

JOURNAL PAPER 
 
 

 B. J. Chauhan.,  S. N. Soman,  “Modeling of Yield Strength of Ferritic Steel Welds” 

International Journal for Research in Applied Science and Engineering Technology, 

Vol. 6, issue 8, August 2018, 524-531. (UGC Approved Journal, ISSN: 2321-9653; IC 

Value: 45.98; SJ Impact Factor: 6.887). 

          B. J. Chauhan., S.  N.  Soman,  “Modeling of Ultimate Tensile Strength of Ferritic 

Steel   Welds”   International   Journal   for   Research   in   Applied   Science   and 

Engineering Technology, Vol. 6, issue 10, October 2018, 21-28. (UGC Approved 

Journal, ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 6.887). 

 
 

INTERNATIONAL CONFERENCE 
 

 

          B. J. Chauhan., S. N.   Soman, “Modeling of Charpy Toughness of Ferritic Steel 

Welds”, International conference on Recent Advances in Metallurgy for Sustainable 

Development, Key-note lecture, IC-RAMSD 2018,1-3 February2018, Organized by 

The M S University of Baroda., Under the patronage of Ministry of Steel 

Government of India, New Delhi. 
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