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/*============================================================================ 
Designed and Developed by Rajesh Kitey. 
 
Code to solve governing equation of CGS and to extract mode-I and mode-II SIF 
from digitized data. Co-ordinate system is located at the crack tip with the  
direction of crack orientation as positive x axis. Number of terms in 
asymptotic series can be chosen while executing the code. Data within 3-D zone  
is discarded (r/B <= 0.5). 
============================================================================*/ 
 
#include <stdio.h> 
#include <math.h> 
 
#define SINGULAR_ERROR -1001 
#define PI ( 4 * atan ( 1.0 ) ) 
 
void read_input ( char *input_file, int *num_data_points, double **x_cord,  
                        double **y_cord, double **fringe_order ); 
 
void get_polar ( double crack_length, int num_data_points, double *x_cord, 
                        double *y_cord, double **r_cord, double **phi ); 
 
void construct_matrix ( FILE *fp_w, int num_asmp_terms, double grating_pitch, 
                        double grating_distance, double elastic_modulus, 
                        double poissons_ratio, double plate_thickness, 
                        int num_data_points, double *r_cord, double *phi, 
                        double *fringe_order, double ***K_mat, double **F_vec );  
 
int gauss_elimination ( int mat_size, double ***a_mat, double **b_mat ); 
 
int back_substitution ( int mat_size, double **a_mat, double *b_mat,  
                        double **x_mat ); 
 
main ( int argc, char *argv[] ) 
{ 
    int inx = 0; 
    FILE *fp_w; 
    int num_data_points = 0, num_asmp_terms = 0; 
    double crack_length = 0.0, grating_pitch = 0.0, grating_distance = 0.0, 
           elastic_modulus = 0.0, poissons_ratio = 0.0, plate_thickness = 0.0; 
    double *x_cord = NULL, *y_cord = NULL, *r_cord = NULL, *phi = NULL, 
           **K_mat = NULL, *F_vec = NULL, *Williams_const = NULL, 
           fracture_toughness = 0.0, *fringe_order = NULL ; 
    char *out_file = ( char * ) malloc ( ( strlen ( argv[1] ) + 5 ) 
                                         * sizeof ( char ) ); 
 
    strcpy ( out_file, argv[1] ); 
    strcat ( out_file, ".out" ); 
    fp_w = fopen ( out_file, "w" ); 
 
    read_input ( argv[1], &num_data_points, &x_cord, &y_cord, &fringe_order ); 
    printf ( "read_input pass\n" ); 
 
    num_asmp_terms = atoi ( argv[2] );  
    grating_pitch = atof ( argv[3] );  
    grating_distance = atof ( argv[4] ); 
    elastic_modulus = atof ( argv[5] ); 
    poissons_ratio = atof ( argv[6] ); 
    plate_thickness = atof ( argv[7] ); 
    crack_length = atof ( argv[8] ); 
 
    if ( num_asmp_terms == 1 ) 
        num_asmp_terms = 2; 
 
    fprintf ( fp_w, "num_asmp_terms = %d\ngrating_pitch = %lf\n", 
              num_asmp_terms, grating_pitch ); 
    fprintf ( fp_w, "grating_distance = %lf\nelastic_modulus = %lf\n", 
              grating_distance, elastic_modulus ); 
    fprintf ( fp_w, "poissons_ratio = %lf\nplate_thickness = %lf\n", 
              poissons_ratio, plate_thickness ); 
 
    get_polar ( crack_length, num_data_points,  
                x_cord, y_cord, &r_cord, &phi ); 
    printf ( "get_polar pass\n" ); 
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    construct_matrix ( fp_w, num_asmp_terms, grating_pitch, grating_distance, 
                elastic_modulus, poissons_ratio, plate_thickness, 
                num_data_points, r_cord, phi, fringe_order, &K_mat, &F_vec ); 
    printf ( "construct_matrix pass\n" ); 
 
    gauss_elimination ( 2*(num_asmp_terms-1), &K_mat, &F_vec ); 
    printf ( "gauss_elimination pass\n" ); 
 
    back_substitution ( 2*(num_asmp_terms-1), K_mat, F_vec, &Williams_const ); 
    printf ( "back_substitution pass\n" ); 
 
    fprintf ( fp_w, "\n\nWilliam's Constants :" ); 
    for ( inx = 0 ; inx < num_asmp_terms-1 ; inx++ ) 
    { 
        if ( inx == 0 ) 
            fprintf ( fp_w, "\n\nA(%d) = %lf\n", inx+1, Williams_const[inx] ); 
        else 
            fprintf ( fp_w, "A(%d) = %lf\n", inx+2, Williams_const[inx] ); 
    } 
    for ( inx = 0 ; inx < num_asmp_terms-1 ; inx++ ) 
    { 
        if ( inx == 0 ) 
            fprintf ( fp_w, "\n\nB(%d) = %lf\n",  
                      inx+1, Williams_const[inx+num_asmp_terms-1] ); 
        else 
            fprintf ( fp_w, "B(%d) = %lf\n",  
                      inx+2, Williams_const[inx+num_asmp_terms-1] ); 
    } 
 
    fracture_toughness = *Williams_const * pow ( ( 2.0 * PI ), 0.5 ) / 2.0 ; 
    fprintf ( fp_w, "\nfracture toughness K(I) = %lf Pascal root meter\n\n",  
              fracture_toughness ); 
    printf ( "\nfracture toughness K(I) = %lf Pascal root meter\n\n",  
              fracture_toughness ); 
 
    fracture_toughness = Williams_const[num_asmp_terms-1]  
                       * pow ( ( 2.0 * PI ), 0.5 ) / 2.0 ; 
    fprintf ( fp_w, "fracture toughness K(II) = %lf Pascal root meter\n\n",  
              fracture_toughness ); 
    printf ( "fracture toughness K(II) = %lf Pascal root meter\n\n",  
              fracture_toughness ); 
 
    fclose ( fp_w ); 
} 
 
void read_input /* Function to read data from input_file */ 
(   char *input_file, int *num_data_points, double **x_cord, 
    double **y_cord, double **fringe_order ) 
{ 
    int inx = 0, jnx = 0, data_index = 0; 
    char temp ;  
    FILE *fp_r; 
 
    fp_r = fopen ( input_file, "r" ); 
  
    *x_cord = ( double * ) malloc ( 1 * sizeof ( double ) ); 
    *y_cord = ( double * ) malloc ( 1 * sizeof ( double ) ); 
    *fringe_order = ( double * ) malloc ( 1 * sizeof ( double ) ); 
  
    while ( 1 ) 
    { 
        fscanf ( fp_r, "%lf", &((*x_cord)[data_index]) ); 
  
        if ( feof (fp_r) ) 
            break; 
        else 
        { 
            *x_cord = ( double * ) realloc ( (void *)(*x_cord), 
                                   ( data_index+2) * sizeof ( double ) ); 
            *y_cord = ( double * ) realloc ( (void *)(*y_cord), 
                                   ( data_index+2) * sizeof ( double ) ); 
            *fringe_order = ( double * ) realloc ( (void*)(*fringe_order), 
                                   ( data_index+2) * sizeof ( double ) ); 
        } 
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        fscanf ( fp_r, "%lf", &((*y_cord)[data_index]) ); 
        fscanf ( fp_r, "%lf", &((*fringe_order)[data_index]) ); 
 
        data_index++; 
    } 
    *num_data_points = data_index; 
 
    fclose ( fp_r ); 
} 
 
void get_polar /* Converting digitized data into polar co-ordinates */ 
(   double  crack_length, int num_data_points, double *x_cord, 
    double  *y_cord, double **r_cord, double **phi ) 
{ 
    int inx = 0; 
    double x_new = 0.0, y_new = 0.0, abs_phi = 0.0; 
 
    *r_cord = ( double * ) malloc ( num_data_points * sizeof ( double ) ); 
    *phi = ( double * ) malloc ( num_data_points * sizeof ( double ) ); 
 
    for ( inx = 0; inx < num_data_points; inx++ ) 
    { 
        x_new = y_cord[inx] ;  
        y_new = - x_cord[inx] ; 
 
        (*r_cord)[inx] = pow( ( pow( x_new, 2.0 ) + pow( y_new, 2.0 ) ), 0.5 ); 
        (*r_cord)[inx] *= 0.001; 
        abs_phi = atan ( fabs ( y_new / x_new ) ) ; 
 
        if ( x_new >= 0.0 )   
        { 
            if ( y_new >= 0.0 ) 
                (*phi)[inx] = abs_phi ; 
            else 
                (*phi)[inx] = - abs_phi ; 
        } 
        else 
        { 
            if ( y_new >= 0.0 ) 
                (*phi)[inx] = PI - abs_phi ; 
            else 
                (*phi)[inx] = - ( PI - abs_phi ); 
        } 
    }  
} 
 
void construct_matrix /* Constructing Coefficient matrix and known vector */ 
(   FILE *fp_w, int num_asmp_terms, double grating_pitch,  
    double grating_distance, double elastic_modulus, double poissons_ratio, 
    double plate_thickness, int num_data_points, double *r_cord,  
    double *phi, double *fringe_order, double ***K_mat, double **F_vec )  
{ 
    int inx = 0, jnx = 0, knx = 0; 
    double fvec_const = 0.0, gvec_const = 0.0, 
           *fnx_rphi = NULL, *gnx_rphi = NULL; 
 
    if ( num_asmp_terms == 1 ) 
        num_asmp_terms = 2; 
     
    fnx_rphi = ( double * ) malloc ( (num_asmp_terms-1) * sizeof ( double ) ); 
    gnx_rphi = ( double * ) malloc ( (num_asmp_terms-1) * sizeof ( double ) ); 
    *K_mat = ( double **) malloc ( 2 * (num_asmp_terms-1) * sizeof (double *) ); 
    *F_vec = ( double * ) malloc ( 2 * (num_asmp_terms-1) * sizeof ( double ) ); 
 
    for ( inx = 0; inx < 2 * (num_asmp_terms-1) ; inx++ ) 
    {    
        (*K_mat)[inx] =  
            ( double * ) malloc ( 2 * (num_asmp_terms-1) * sizeof ( double ) ); 
        for ( jnx = 0; jnx < 2 * (num_asmp_terms-1) ; jnx++ ) 
            (*K_mat)[inx][jnx] = 0.0; 
        (*F_vec)[inx] = 0.0; 
    } 
    fvec_const = gvec_const = ( elastic_modulus * grating_pitch ) 
               / ( grating_distance * poissons_ratio * plate_thickness ); 
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    for ( inx = 0; inx < num_data_points; inx++ ) 
    { 
        fprintf ( fp_w, "\n\npoint(%d) : r = %lf, phi = %lf\n",  
                  inx+1, r_cord[inx], phi[inx] ); 
 
        if ( r_cord[inx] / plate_thickness <= 0.5 ) 
        { 
            fprintf ( fp_w, "3-D zone, point discarded !!!\n" ); 
            continue; 
        } 
 
        for ( jnx = 0; jnx <num_asmp_terms; jnx++ ) 
        { 
            if ( jnx == 0 ) 
                knx = 0; 
            else if ( jnx == 1 ) 
                continue; 
            else 
                knx = jnx - 1; 
 
            fnx_rphi[knx] = -1.0 * ((double)(jnx-1)/2.0) 
                          * pow ( r_cord[inx], ((double)(jnx-3)/2.0) ) 
                          * cos ( ((double)(jnx-3)/2.0) * phi[inx]) ; 
            gnx_rphi[knx] = -1.0 * ((double)(jnx-1)/2.0) 
                          * pow ( r_cord[inx], ((double)(jnx-3)/2.0) ) 
                          * sin ( ((double)(jnx-3)/2.0) * phi[inx]) ; 
            fprintf ( fp_w, "f(%d) = %lf\tg(%d) = %lf\t",  
                             jnx+1, fnx_rphi[knx], jnx+1, gnx_rphi[knx] ); 
        } 
 
        for ( jnx = 0; jnx < num_asmp_terms-1 ; jnx++ ) 
        { 
            for ( knx = 0; knx < num_asmp_terms-1 ; knx++ ) 
            { 
                (*K_mat)[jnx][knx] += ( fnx_rphi[jnx] * fnx_rphi[knx] ) ; 
                (*K_mat)[jnx][knx+num_asmp_terms-1]  
                                   += ( fnx_rphi[jnx] * gnx_rphi[knx] ) ; 
                (*K_mat)[jnx+num_asmp_terms-1][knx]  
                                   += ( gnx_rphi[jnx] * fnx_rphi[knx] ) ; 
                (*K_mat)[jnx+num_asmp_terms-1][knx+num_asmp_terms-1]  
                                   += ( gnx_rphi[jnx] * gnx_rphi[knx] ) ; 
            } 
            (*F_vec)[jnx] += ( fvec_const * fnx_rphi[jnx] * fringe_order[inx]); 
            (*F_vec)[jnx+num_asmp_terms-1]  
                          += ( gvec_const * gnx_rphi[jnx] * fringe_order[inx]); 
        } 
    } 
 
    fprintf ( fp_w, "\n\nK Mat :\n" ); 
    for ( jnx = 0; jnx < 2 * (num_asmp_terms-1) ; jnx++ ) 
    { 
        for ( knx = 0; knx < 2 * (num_asmp_terms-1) ; knx++ ) 
            fprintf ( fp_w, "%lf(%d%d)\t", (*K_mat)[jnx][knx], jnx+1, knx+1 ) ; 
        fprintf ( fp_w, "\n" ); 
    } 
    fprintf ( fp_w, "\nF Vec :\n" ); 
    for ( jnx = 0; jnx < 2 * (num_asmp_terms-1) ; jnx++ ) 
        fprintf ( fp_w, "F(%d) = %lf\n", jnx+1, (*F_vec)[jnx] ); 
} 
 
int gauss_elimination /* Solving system of equations by Gauss elimination */ 
(    int mat_size, double ***a_mat, double **b_mat ) 
{ 
    int inx = 0, jnx = 0, knx = 0; 
 
    for ( inx = 0 ; inx < mat_size-1 ; inx++ ) 
    { 
        if ( fabs ( (*a_mat)[inx][inx] ) < 1e-06 ) 
        { 
            int swp_row = 0; 
 
            for ( jnx = inx+1 ; jnx < mat_size ; jnx++ ) 
            { 
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                if ( fabs ( (*a_mat)[jnx][inx] ) >= 1e-06 ) 
                { 
                    swp_row = jnx; 
                    break; 
                } 
            }  
 
            if ( swp_row ) 
            { 
                double temp_element = 0.0; 
 
                for ( jnx = 0 ; jnx < mat_size ; jnx++ ) 
                { 
                    temp_element = (*a_mat)[inx][jnx]; 
                    (*a_mat)[inx][jnx] = (*a_mat)[swp_row][jnx]; 
                    (*a_mat)[swp_row][jnx] = temp_element; 
                } 
 
                    temp_element = (*b_mat)[inx]; 
                    (*b_mat)[inx] = (*b_mat)[swp_row]; 
                    (*b_mat)[swp_row] = temp_element; 
            } 
        } 
 
        for ( jnx = inx+1 ; jnx < mat_size ; jnx++ ) 
        { 
            (*a_mat)[jnx][inx] = (*a_mat)[jnx][inx]/(*a_mat)[inx][inx]; 
 
            for ( knx = inx+1 ; knx < mat_size ; knx++ ) 
                (*a_mat)[jnx][knx] = (*a_mat)[jnx][knx]  
                                   - (*a_mat)[jnx][inx] * (*a_mat)[inx][knx];  
             
                (*b_mat)[jnx] = (*b_mat)[jnx]  
                                   - (*a_mat)[jnx][inx] * (*b_mat)[inx]; 
        } 
    } 
} 
 
int back_substitution /* Back substitution part of Gauss elimination */ 
(   int mat_size, double **a_mat, double *b_mat, double **x_mat ) 
{ 
    int inx = 0, jnx = 0; 
    double sum = 0.0; 
 
    *x_mat = ( double * ) malloc ( mat_size * sizeof ( double ) ); 
    (*x_mat)[mat_size-1] = b_mat[mat_size-1]/a_mat[mat_size-1][mat_size-1]; 
 
    for ( inx = mat_size-2 ; inx >= 0 ; inx-- ) 
    { 
        sum = 0.0; 
        for ( jnx = inx+1 ; jnx < mat_size ; jnx++ ) 
            sum += a_mat[inx][jnx] * (*x_mat)[jnx];  
        (*x_mat)[inx] = ( b_mat[inx] - sum ) / a_mat[inx][inx];   
    }  
} 
 
/*--------------------------------------------------------------------------- 
executing the code : 
a.out in_file.dat 3 0.000025 0.0475 3e+09 -0.33 0.0053 0.012 
argv 1 : executable 
argv 2 : input file name ( data be in mm: x, y, N ) 
argv 3 : number of asymptotic terms 
argv 4 : grating pitch ( meters )  
argv 5 : grating distance ( meters ) 
argv 6 : elastic modulus ( Pascal ) 
argv 7 : poisson's ratio 
argv 8 : plate thickness ( meters ) 
argv 9 : crack length ( meters ) 
---------------------------------------------------------------------------*/ 
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100 
2.500000e-04 
2 
65 
0.000000e+00 -1.000000e-02 0.000000e+00 0.000000e+00 1 1 1 
8.750000e-03 -1.000000e-02 0.000000e+00 0.000000e+00 1 1 2 
1.750000e-02 -1.000000e-02 0.000000e+00 0.000000e+00 1 1 3 
2.625000e-02 -1.000000e-02 0.000000e+00 0.000000e+00 1 1 4 
3.500000e-02 -1.000000e-02 0.000000e+00 0.000000e+00 1 1 5 
4.375000e-02 -1.000000e-02 0.000000e+00 0.000000e+00 1 1 6 
5.250000e-02 -1.000000e-02 0.000000e+00 0.000000e+00 1 1 7 
6.125000e-02 -1.000000e-02 0.000000e+00 0.000000e+00 1 1 8 
7.000000e-02 -1.000000e-02 0.000000e+00 0.000000e+00 1 1 9 
7.000000e-02 -1.000000e-02 1.000000e-01 0.000000e+00 1 1 10 
7.000000e-02 0.000000e+00 1.000000e-01 0.000000e+00 1 1 11 
7.000000e-02 1.000000e-02 1.000000e-01 0.000000e+00 1 1 12 
7.000000e-02 2.000000e-02 1.000000e-01 0.000000e+00 1 1 13 
7.000000e-02 3.000000e-02 1.000000e-01 0.000000e+00 1 1 14 
7.000000e-02 3.000000e-02 0.000000e+00 0.000000e+00 1 1 15 
6.000000e-02 3.000000e-02 0.000000e+00 0.000000e+00 1 1 16 
5.000000e-02 3.000000e-02 0.000000e+00 0.000000e+00 1 1 17 
4.000000e-02 3.000000e-02 0.000000e+00 0.000000e+00 1 1 18 
3.000000e-02 3.000000e-02 0.000000e+00 0.000000e+00 1 1 19 
2.000000e-02 3.000000e-02 0.000000e+00 0.000000e+00 1 1 20 
1.000000e-02 3.000000e-02 0.000000e+00 0.000000e+00 1 1 21 
0.000000e+00 3.000000e-02 0.000000e+00 0.000000e+00 1 1 22 
-1.000000e-02 3.000000e-02 0.000000e+00 0.000000e+00 1 1 23 
-2.000000e-02 3.000000e-02 0.000000e+00 0.000000e+00 1 1 24 
-3.000000e-02 3.000000e-02 0.000000e+00 0.000000e+00 1 1 25 
-4.000000e-02 3.000000e-02 0.000000e+00 0.000000e+00 1 1 26 
-5.000000e-02 3.000000e-02 0.000000e+00 0.000000e+00 1 1 27 
-6.000000e-02 3.000000e-02 0.000000e+00 0.000000e+00 1 1 28 
-7.000000e-02 3.000000e-02 0.000000e+00 0.000000e+00 1 1 29 
-7.000000e-02 3.000000e-02 0.000000e+00 0.000000e+00 0 1 30 
-7.000000e-02 2.000000e-02 0.000000e+00 0.000000e+00 0 1 31 
-7.000000e-02 1.000000e-02 0.000000e+00 0.000000e+00 0 1 32 
-7.000000e-02 1.000000e-02 0.000000e+00 0.000000e+00 0 0 33 
-7.000000e-02 0.000000e+00 0.000000e+00 0.000000e+00 0 0 34 
-7.000000e-02 -1.000000e-02 0.000000e+00 0.000000e+00 0 0 35 
-7.000000e-02 -1.000000e-02 0.000000e+00 0.000000e+00 1 1 36 
-6.125000e-02 -1.000000e-02 0.000000e+00 0.000000e+00 1 1 37 
-5.250000e-02 -1.000000e-02 0.000000e+00 0.000000e+00 1 1 38 
-4.375000e-02 -1.000000e-02 0.000000e+00 0.000000e+00 1 1 39 
-3.500000e-02 -1.000000e-02 0.000000e+00 0.000000e+00 1 1 40 
-2.625000e-02 -1.000000e-02 0.000000e+00 0.000000e+00 1 1 41 
-1.750000e-02 -1.000000e-02 0.000000e+00 0.000000e+00 1 1 42 
-8.750000e-03 -1.000000e-02 0.000000e+00 0.000000e+00 1 1 43 
0.000000e+00 -1.000000e-02 0.000000e+00 0.000000e+00 1 1 44 
0.000000e+00 -1.000000e-02 0.000000e+00 0.000000e+00 1 1 45 
0.000000e+00 -8.750000e-03 0.000000e+00 0.000000e+00 1 1 46 
0.000000e+00 -7.500000e-03 0.000000e+00 0.000000e+00 1 1 47 
0.000000e+00 -5.625000e-03 0.000000e+00 0.000000e+00 1 1 48 
0.000000e+00 -5.000000e-03 0.000000e+00 0.000000e+00 1 1 49 
5.000000e-03 1.000000e-02 0.000000e+00 0.000000e+00 2 2 50 
4.267767e-03 8.232233e-03 0.000000e+00 0.000000e+00 2 2 51 
3.535534e-03 6.464466e-03 0.000000e+00 0.000000e+00 2 2 52 
1.767767e-03 5.732233e-03 0.000000e+00 0.000000e+00 2 2 53 
-9.184851e-19 5.000000e-03 0.000000e+00 0.000000e+00 2 2 54 
-1.767767e-03 5.732233e-03 0.000000e+00 0.000000e+00 2 2 55 
-3.535534e-03 6.464466e-03 0.000000e+00 0.000000e+00 2 2 56 
-4.267767e-03 8.232233e-03 0.000000e+00 0.000000e+00 2 2 57 
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-5.000000e-03 1.000000e-02 0.000000e+00 0.000000e+00 2 2 58 
-4.267767e-03 1.176777e-02 0.000000e+00 0.000000e+00 2 2 59 
-3.535534e-03 1.353553e-02 0.000000e+00 0.000000e+00 2 2 60 
-1.767767e-03 1.426777e-02 0.000000e+00 0.000000e+00 2 2 61 
3.061617e-19 1.500000e-02 0.000000e+00 0.000000e+00 2 2 62 
1.767767e-03 1.426777e-02 0.000000e+00 0.000000e+00 2 2 63 
3.535534e-03 1.353553e-02 0.000000e+00 0.000000e+00 2 2 64 
4.267767e-03 1.176777e-02 0.000000e+00 0.000000e+00 2 2 65 
1 
45  44  1 
29 
3.200000e+03 
3.000000e-01 
0.000000e+00 
1 2 3 1 
3 4 5 2 
5 6 7 3 
7 8 9 4 
10 11 12 5 
12 13 14 6 
15 16 17 7 
17 18 19 8 
19 20 21 9 
21 22 23 10 
23 24 25 11 
25 26 27 12 
27 28 29 13 
30 31 32 14 
33 34 35 15 
36 37 38 16 
38 39 40 17 
40 41 42 18 
42 43 44 19 
45 46 47 20 
47 48 49 21 
50 51 52 22 
52 53 54 23 
54 55 56 24 
56 57 58 25 
58 59 60 26 
60 61 62 27 
62 63 64 28 
64 65 50 29 
0 
1 
49  21  -1 
8 
7.000000e+04 
3.000000e-01 
0.000000e+00 
50 65 64 30 
64 63 62 31 
62 61 60 32 
60 59 58 33 
58 57 56 34 
56 55 54 35 
54 53 52 36 
52 51 50 37 
0 
0 
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