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1. Introduction 

ZDATA files can be used to store information about the fragments produced by fragmentation 

weapons. This report presents a set of functions, written in C++, that can be used to read, write, 

and analyze ZDATA files. Functions from the yIo namespace1 are used in examples. A summary 

sheet is provided at the end of this report. It presents the yZdata namespace, which contains the 

two structs and three functions that are described in this report. 

2. ZDATA File Format 

With respect to ZDATA files, fragmentation weapons, and thus their fragment patterns, are 

assumed to be axially symmetric. Fragment characteristics are grouped by angular zones (see  

figure 1 inset). Within each angular zone, initial fragment speeds, as well as mass and count 

distributions, are documented. Figure 1 presents an annotated sample ZDATA file that is in 

standard format.2 

                                                 

 
1Yager, R. J. Reading, Writing, and Parsing Text Files Using C++; ARL-TN-545; U.S. Army Research Laboratory:  

Aberdeen Proving Ground, MD, June 2013. 
2Joint Technical Coordinating Group for Munitions Effectiveness. Computer Program for General Full Spray Personnel 

MAE Computations: Volume 1 – Users Manual; 61 JTCG/ME-79-6-1; U.S. Army Materiel Systems Analysis Activity: Aberdeen 

Proving Ground, MD, April 1991. 
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ZDATA             12 

     0.000     7.500    15.000  3000.250  3112.717  3038.661        10 

    80.874    47.987    89.596    74.660    85.894    51.353     1.498 

    36.445    16.590    44.569 

     5.850     3.503     8.228     1.741     7.105     3.040     0.914 

     1.473     9.885     1.191 

    15.000    22.500    30.000  3000.934  3001.782  3075.576        10 

    53.166    60.176    16.623    45.079     5.704    78.332    51.988 

    87.597    95.590    53.935 

     5.712     6.072     6.630     3.521     6.077     8.026     3.020 

     7.267     9.257     1.423 

    30.000    37.500    45.000  3092.416  3047.066  3172.448        10 

    20.960    84.365    99.969    39.244    29.728     2.374     9.262 

     5.622    91.879    27.290 

     7.797     9.968     6.115     2.662     8.401     3.759     6.772 

     0.088     2.759     5.879 

    45.000    52.500    60.000  3138.237  3167.522  3145.299        10 

    48.494    74.374    45.796    74.444    59.905    73.501    57.241 

    15.155    42.515    51.711 

     2.054     4.685     9.492     1.083     3.852     6.090     3.613 

     2.251     8.029     9.900 

    60.000    67.500    75.000  3150.310  3069.112  3033.796        10 

    65.731     6.354    50.481    94.958    90.512    30.305     7.038 

    68.319    87.725    58.205 

     4.919     6.998     1.475     1.416     6.929     4.266     9.666 

     1.532     8.217     1.914 

    75.000    82.500    90.000  3035.578  3163.439  3095.053        10 

    15.555    73.202    27.958    68.224    72.192    12.302    83.468 

    51.701    42.622    94.934 

     5.039     4.056     5.687     7.559     4.753     3.678     0.351 

     6.630     1.047     9.214 

    90.000    97.500   105.000  3109.909  3069.198  3094.345        10 

    37.498    31.687    27.189    29.780    56.728    76.131    39.766 

    89.016    99.463     5.051 

     8.470     4.561     9.830     7.392     1.960     8.394     5.009 

     0.275     5.726     5.313 

   105.000   112.500   120.000  3038.813  3168.609  3125.352        10 

    65.761    84.216    10.993    31.407    28.608    14.026    83.462 

    60.024    25.272     0.162 

     1.979     1.233     7.431     9.411     3.363     7.331     7.080 

     7.472     1.445     0.610 

   120.000   127.500   135.000  3161.248  3170.525  3042.116        10 

    11.560     1.425    45.451    68.615     7.389    20.194    29.035 

    23.243    53.258    16.019 

     5.532     1.138     7.522     5.434     4.367     6.962     4.367 

     5.779     6.287     5.041 

 

 

 

   165.000   172.500   180.000  3122.410  3124.076  3138.224        10 

    80.453    57.604    91.156    72.768    66.778    31.501    30.583 

    10.855    85.122    15.488 

     1.491     8.677     6.147     0.432     9.765     5.692     1.739 

     8.690     7.443     3.269 

     0.500 

lower, upper, and midpoint zone angles (degrees) initial fragment speeds for lower, upper, and midpoint angles (ft/s) 

number of angular 

zones (50 max) 

average mass of fragments in 

each mass group (grains) 

number of fragments in each mass group 

number of mass groups in this 

particular angular zone (25 Max) 

different 

angular zones 
(color 

discriminated) 

intermediate zones have been removed 

shape factor (ft2gr1/3/lb), used for computing drag 

Warheads (and thus fragment 

distributions) are assumed to be 

axially symmetric. 

lower 

zone 

angle 

upper 

zone 

angle 

an 

angular 

zone 

 

Figure 1. Annotated sample ZDATA file with inset visual of an angular zone. 
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3. ZDATA Structs 

ZDATA structs can be used to store the information contained in ZDATA files. They can be 

created and populated either directly or through the use of the StringToZdata() function (see 

section 5.1 for more information). 

The user is free to store the values of a ZDATA struct in whatever units he/she chooses. If a 

ZDATA struct is created using the StringToZdata() function, the units from the source character 

array will be retained. 

ZDATA-Struct Code 

  struct ZDATA{//<=====STORES THE INFORMATION CONTAINED IN A STANDARD ZDATA FILE 
    std::vector<double>AL;//<-------------------------LOWER ANGLES [ANGLE INDEX] 
    std::vector<double>AM;//<----------------------MIDPOINT ANGLES [ANGLE INDEX] 
    std::vector<double>AU;//<-------------------------UPPER ANGLES [ANGLE INDEX] 
    std::vector<double>VL;//<--------------SPEEDS FOR LOWER ANGLES [ANGLE INDEX] 
    std::vector<double>VM;//<-----------SPEEDS FOR MIDPOINT ANGLES [ANGLE INDEX] 
    std::vector<double>VU;//<--------------SPEEDS FOR UPPER ANGLES [ANGLE INDEX] 
    std::vector<std::vector<double> >M;//--MASS VALUES [ANGLE INDEX][MASS INDEX] 
    std::vector<std::vector<double> >N;//<------COUNTS [ANGLE INDEX][MASS INDEX] 
    double sf;//<-------------------------SHAPE FACTOR (USED FOR COMPUTING DRAG) 
  };//~~~YAGENAUT@GMAIL.COM~~~~~~~~~~~~~~~~~~~~~~~~~LAST~UPDATED~16SEP2013~~~~~~ 

ZDATA-Struct Members 

AL AL stores all of the lower-angle values for a ZDATA file (one per angular bin). 

AM AM stores all of the midpoint-angle values for a ZDATA file (one per angular 

bin). 

AU AU stores all of the upper-angle values for a ZDATA file (one per angular bin). 

VL VL stores all of the speeds that are associated with the lower-angle values. 

VM VM stores all of the speeds that are associated with the midpoint-angle values. 

VU VU stores all of the speeds that are associated with the upper-angle values.
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M M stores all of the fragment-mass values from a ZDATA file, indexed first by 

angular bin, then by mass bin. The number of mass bins per angular bin can 

vary between angular bins. 

N N stores all of the fragment-count values from a ZDATA file, indexed first by 

angular bin, then by mass bin. The number of mass bins per angular bin can 

vary between angular bins. Since the fragment-count values in a ZDATA file 

represent expected values, they are not required to be integer values. 

sf sf stores the shape factor for a ZDATA file. 

4. Creating ZDATA Files 

Creating ZDATA files using the yZdata namespace is a two-step process. First, the 

ZdataToString() function is used to create a character array from information that is stored in a 

ZDATA struct. Once the character array has been created, it can be written to a file in a variety 

of ways. The example included at the end of this section uses the WriteTextFile() function from 

the yIo namespace. 

4.1 ZdataToString() Function 

The ZdataToString() function creates a character array that contains the information contained in 

a ZDATA struct. Character arrays that are created using the ZdataToString() function retain the 

units from the source ZDATA struct. 

Note that the ZdataToString() function uses the “new” command to allocate memory for the 

character array that is pointed to by the return value. Thus, to avoid memory leaks, each use of 

the ZdataToString() function should be accompanied by a use of the “delete[]” operator. 
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ZdataToString() Code 

  inline char*ZdataToString(//<=========CREATES A CHAR ARRAY FROM A ZDATA STRUCT 
      const ZDATA&Z,//<-------------------------------------------A ZDATA STRUCT 
      int d=3){//<-THE NUMBER OF DIGITS AFTER THE DECIMAL POINT FOR NON INTEGERS 
    int m=Z.M.size(),l=32;/*<-*/for(int i=0;i<m;++i)l+=73+142*Z.M[i].size()/7; 
    char*s=new char[l+1]; 
    s+=sprintf(s,"ZDATA     %10d\n",m);//............................header line 
    for(int i=0,n=Z.M[0].size();i<m;++i,n=Z.M[i].size()){ 
      s+=sprintf(s," %9.*f %9.*f %9.*f %9.*f %9.*f %9.*f%10d\n",d,Z.AL[i],d, 
        Z.AM[i],d,Z.AU[i],d,Z.VL[i],d,Z.VM[i],d,Z.VU[i],Z.M[i].size()); 
      for(int j=0;j<n;++j) 
        s+=sprintf(s," %9.*f%s",d,Z.M[i][j],j%7==6||j==n-1?"\n":"");//....masses 
      for(int j=0;j<n;++j) 
        s+=sprintf(s," %9.*f%s",d,Z.N[i][j],j%7==6||j==n-1?"\n":"");}//...counts 
    s+=sprintf(s," %9.*f\n",d,Z.sf);//..............................shape factor 
    return s-l;//...................note that s points to newly allocated memory 
  }//~~~~YAGENAUT@GMAIL.COM~~~~~~~~~~~~~~~~~~~~~~~~~LAST~UPDATED~16SEP2013~~~~~~ 

ZdataToString() Parameters 

Z Z specifies a ZDATA struct. 

d d specifies the number of digits to the right of the decimal for non-integer 

values in the output character array. The default value is 3. 

ZdataToString() Return Value 

The ZdataToString() function returns a pointer to a character array that contains the information 

from the input ZDATA struct. 

4.2 Example: Creating a Sample ZDATA File 

The following example was used to create the sample file “zdata.txt,” which is presented in 

figure 1. The example begins by creating a ZDATA struct that contains randomly drawn masses, 

counts, and speeds. The example then uses the ZdataToString() function to create a character 

array that contains the information from the newly created ZDATA struct. The WriteTextFile() 

function, borrowed from the yIo namespace, is then used to create the file “zdata.txt.” Finally, 

the “delete[]” operator is used to deallocate the memory that was allocated by the 

ZdataToString() function.
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#include <cstdlib>//.............................................rand(),RAND_MAX 
#include "y_zdata.h"//...........................................yZdata,<vector> 
#include "y_io.h"//..........................................................yIo 
int main(){ 
  using std::vector; 
  int m=12,n=10;//number of angular bins and number of mass bins per angular bin 
  yZdata::ZDATA Z={vector<double>(m),vector<double>(m),vector<double>(m),//setup 
    vector<double>(m),vector<double>(m),vector<double>(m),//                   a 
    vector<vector<double> >(m,vector<double>(n)),//                        ZDATA 
    vector<vector<double> >(m,vector<double>(n)),.5};//                   struct 
  for(int i=0;i<m;++i){//..............................populate the ZDATA struct 
    Z.AL[i]=i*180./m,Z.AM[i]=(i+.5)*180./m,Z.AU[i]=(i+1)*180./m; 
    Z.VL[i]=3000+rand()*200./RAND_MAX;//..............set upper, middle, & lower 
    Z.VM[i]=3000+rand()*200./RAND_MAX;//                 speeds to random values 
    Z.VU[i]=3000+rand()*200./RAND_MAX;//                   between 3000 and 3200 
    for(int j=0;j<n;++j){ 
      Z.M[i][j]=rand()*100./RAND_MAX;//.....set masses to random values 0 to 100 
      Z.N[i][j]=rand()*10./RAND_MAX;}}//.....set counts to random values 0 to 10 
  char* s=yZdata::ZdataToString(Z,3); 
  yIo::WriteTextFile("zdata.txt",s); 
  delete[]s; 
}//~~~~~~YAGENAUT@GMAIL.COM~~~~~~~~~~~~~~~~~~~~~~~~~LAST~UPDATED~16SEP2013~~~~~~ 

5. Reading ZDATA Files 

ZDATA files can be read and interpreted by first reading a file into a character array and then 

using the StringToZdata() function to create a ZDATA struct. 

5.1 StringToZdata() Function 

The StringToZdata() function uses a character array that contains text formatted as shown in 

figure 1 to create a ZDATA struct. The input character array is modified in the process. ZDATA 

structs that are created using the StringToZdata() function retain the units from the source 

ZDATA character array. 

The formatting standard for ZDATA files allows for cases where there is no white space between 

numbers (the numbers are column aligned). However, the StringToZdata() function can only 

correctly read files that have white space between numbers. Thus, if the user wishes to use the 

StringToZdata() function to read a ZDATA character array that does not have white space 

between numbers, the user will be responsible for inserting white spaces.
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StringToZdata() Code 

  inline ZDATA StringToZdata(//<======CREATES A ZDATA STRUCT FROM A ZDATA STRING 
      char*s){//<-------------------A POINTER TO A STRING READ FROM A ZDATA FILE 
    char d[6]="\n\r\f \t";//............delimiting characters used in ZDATA file 
    strtok(s,d); 
    int m=atoi(strtok(NULL,d));//.........................number of angular bins 
    ZDATA Z={std::vector<double>(m),std::vector<double>(m), 
      std::vector<double>(m),std::vector<double>(m),std::vector<double>(m), 
      std::vector<double>(m),std::vector<std::vector<double> >(m), 
      std::vector<std::vector<double> >(m)}; 
    for(int i=0;i<m;++i){ 
      Z.AL[i]=atof(strtok(NULL,d)),Z.AM[i]=atof(strtok(NULL,d)), 
      Z.AU[i]=atof(strtok(NULL,d)),Z.VL[i]=atof(strtok(NULL,d)), 
      Z.VM[i]=atof(strtok(NULL,d)),Z.VU[i]=atof(strtok(NULL,d)); 
      int n=atoi(strtok(NULL,d));//...number of mass bins in the jth angular bin 
      for(int j=0;j<n;++j)Z.M[i].push_back(atof(strtok(NULL,d)));//.......masses 
      for(int j=0;j<n;++j)Z.N[i].push_back(atof(strtok(NULL,d)));}//......counts 
    Z.sf=atof(strtok(NULL,d));//....................................shape factor 
    return Z; 
  }//~~~~YAGENAUT@GMAIL.COM~~~~~~~~~~~~~~~~~~~~~~~~~LAST~UPDATED~16SEP2013~~~~~~ 

StringToZdata() Parameters 

s s points to a character array that contains the text that will be used to create a 

ZDATA struct. 

StringToZdata() Return Value 

The StringToZdata() function returns a ZDATA struct. 

5.2 Example: Reading a Sample ZDATA File 

The following example first uses the ReadTextFile() function from the yIo namespace to read the 

file “zdata.txt,” presented in figure 1, into a character array. The character array is then used to 

create a ZDATA struct using the StringToZdata() function. Finally, the first five counts from the 

first angular bin are printed to the screen. 

#include "y_zdata.h"//.................................yZdata,<cstdio>{printf()} 
#include "y_io.h"//..........................................................yIo 
int main(){ 
  char*s=yIo::ReadTextFile("zdata.txt"); 
  yZdata::ZDATA Z=yZdata::StringToZdata(s); 
  for(int j=0;j<4;++j)printf("%f , ",Z.N[0][j]); 
  printf("%f\n",Z.N[0][4]); 
  delete[]s; 
}//~~~~~~YAGENAUT@GMAIL.COM~~~~~~~~~~~~~~~~~~~~~~~~~LAST~UPDATED~16SEP2013~~~~~~ 

OUTPUT: 

8.087400 , 4.798700 , 8.959600 , 7.466000 , 8.589400
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6. ZSTATS Structs 

ZSTATS structs can be used to hold a set of variables that summarizes the contents of a ZDATA 

file. The AnalyzeZdata() function can be used to create a ZSTATS struct (see section 7.1 for 

more information). Note that the user is free to store the values of a ZSTATS struct in whatever 

units he/she chooses. If a ZSTATS struct is created using the AnalyzeZdata() function, then the 

units from the source ZDATA struct will be retained. 

ZSTATS Struct Code 

  struct ZSTATS{//<==============A SET OF VARIABLES THAT SUMMARIZES A ZDATA FILE 
    double M;//<-----------------------------------------TOTAL MASS OF FRAGMENTS 
    double N;//<---------------------------------------TOTAL NUMBER OF FRAGMENTS 
    double KE;//<------------------------------------------TOTAL FRAGMENT ENERGY 
    double m_avg;//<-----------------------------------AVERAGE MASS OF FRAGMENTS 
    double v_avg;//<--------------------------------------AVERAGE FRAGMENT SPEED 
  };//~~~YAGENAUT@GMAIL.COM~~~~~~~~~~~~~~~~~~~~~~~~~LAST~UPDATED~16SEP2013~~~~~~ 

ZSTATS Struct Members 

M M is the total mass of all of the fragments that are specified in a ZDATA file. M 

is calculated by summing the product of count and mass values for all mass bins 

and all angular bins. 

N N is the total number of fragments that are specified in a ZDATA file. Since the 

counts in a ZDATA file represent expected values, N is not required to be an 

integer value. N is calculated by summing all counts for all mass bins and all 

angular bins. 

KE KE is the total fragment kinetic energy for an entire ZDATA file. For a given 

angular bin, the average of the squares of the upper, midpoint, and lower speeds 

is used to calculate KE. 

m_avg m_avg is the average fragment mass for an entire ZDATA file. m_avg is 

calculated by dividing M by N. 

v_avg v_avg represents a weighted average fragment speed for an entire ZDATA file. 

v_avg is calculated using the equation KE=.5·M·v_avg
2
.
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7. Analyzing ZDATA Files 

7.1 AnalyzeZdata() Function 

The AnalyzeZdata() function can be used to get an overview of the general characteristics of the 

fragments that are specified in ZDATA structs. The parameters that are calculated using the 

AnalyzeZdataFile() function are far from exhaustive; rather, they are meant to serve as a core set 

of descriptive values. Users may desire additional parameters, such as standard deviations, 

minimum and maximum values, median values, etc. Although the AnalyzeZdata() function does 

not calculate those parameters, its code can be used as a template for writing custom functions 

that further analyze the data found in ZDATA structs. 

AnalyzeZdata() Code 

  inline ZSTATS AnalyzeZdata(//<======CREATE A ZSTATS STRUCT FROM A ZDATA STRUCT 
      const ZDATA&Z){//<----------------------------CREATE USING ReadZdataFile() 
    ZSTATS S={0,0,0,0,0};//....................................initialize values 
    for(int i=0,m=Z.M.size();i<m;++i){//..............loop through angular zones 
      double v_avg_2=(Z.VL[i]*Z.VL[i]+Z.VM[i]*Z.VM[i]+Z.VU[i]*Z.VU[i])/3; 
      for(int j=0,n=Z.M[i].size();j<n;++j){//.............loop through mass bins 
        S.N+=Z.N[i][j];//...................................total fragment count 
        S.M+=Z.N[i][j]*Z.M[i][j];//..........................total fragment mass 
        S.KE+=.5*Z.M[i][j]*Z.N[i][j]*v_avg_2;}}//...........total kinetic energy 
    S.m_avg=S.M/S.N;//.....................................average fragment mass 
    S.v_avg=sqrt(2*S.KE/S.M);//...........................average fragment speed 
    return S; 
  }//~~~~YAGENAUT@GMAIL.COM~~~~~~~~~~~~~~~~~~~~~~~~~LAST~UPDATED~16SEP2013~~~~~~ 

AnalyzeZdata() Parameters 

Z Z specifies a ZDATA struct. 

AnalyzeZdata() Return Value 

The AnalyzeZdata() function returns a ZSTATS struct. 

7.2 Example: Analyzing a Sample ZDATA File 

The following example first uses the ReadTextFile() function from the yIo namespace to read the 

file “zdata.txt,” presented in figure 1, into a character array. The resulting character array is then 

used to create a ZDATA struct using the StringToZdata() function. Next, the newly created 

ZDATA struct is used to create a ZSTATS struct using the AnalyzeZdata() function. Finally, the 

contents of the ZSTATS struct are printed to the screen. 
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#include "y_zdata.h"//.................................yZdata,<cstdio>{printf()} 
#include "y_io.h"//..........................................................yIo 
int main(){ 
  char*s=yIo::ReadTextFile("zdata.txt"); 
  yZdata::ZDATA Z=yZdata::StringToZdata(s); 
  yZdata::ZSTATS S=yZdata::AnalyzeZdata(Z); 
  printf("M=%f grains\nN=%f\nKE=%f grains*feet^2/second^2\nm_avg=%f grains\n" 
    "v_avg=%f feet/second\n",S.M,S.N,S.KE,S.m_avg,S.v_avg); 
  delete[]s; 
}//~~~~~~YAGENAUT@GMAIL.COM~~~~~~~~~~~~~~~~~~~~~~~~~LAST~UPDATED~16SEP2013~~~~~~ 

OUTPUT: 

M=29738.329240 grains 
N=581.116400 
KE=142875248760.490690 grains*feet^2/second^2 
m_avg=51.174479 grains 
v_avg=3099.810999 feet/second 

8. Summary 

A summary sheet is provided as an appendix in this report. It presents the yZdata namespace, 

which contains the two structs and three functions that are described in this report. Also included 

is an example that incorporates the three examples presented in this report. 
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Appendix. yZdata Summary



yZdata Summary 
 

 

1
2
 

y_zdata.h 

#ifndef Y_ZDATA_GUARD//        See Yager, R. J. "Reading, Writing, and Anaylzing 
#define Y_ZDATA_GUARD//                                   ZDATA Files Using C++" 
#include <cmath>//........................................................sqrt() 
#include <cstdio>//....................................................sprintf() 
#include <cstdlib>//...............................................atoi(),atof() 
#include <cstring>//....................................................strtok() 
#include <vector>//.......................................................vector 
namespace yZdata{//@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@ 
  struct ZDATA{//<=====STORES THE INFORMATION CONTAINED IN A STANDARD ZDATA FILE 
    std::vector<double>AL;//<-------------------------LOWER ANGLES [ANGLE INDEX] 
    std::vector<double>AM;//<----------------------MIDPOINT ANGLES [ANGLE INDEX] 
    std::vector<double>AU;//<-------------------------UPPER ANGLES [ANGLE INDEX] 
    std::vector<double>VL;//<--------------SPEEDS FOR LOWER ANGLES [ANGLE INDEX] 
    std::vector<double>VM;//<-----------SPEEDS FOR MIDPOINT ANGLES [ANGLE INDEX] 
    std::vector<double>VU;//<--------------SPEEDS FOR UPPER ANGLES [ANGLE INDEX] 
    std::vector<std::vector<double> >M;//--MASS VALUES [ANGLE INDEX][MASS INDEX] 
    std::vector<std::vector<double> >N;//<------COUNTS [ANGLE INDEX][MASS INDEX] 
    double sf;//<-------------------------SHAPE FACTOR (USED FOR COMPUTING DRAG) 
  };//~~~YAGENAUT@GMAIL.COM~~~~~~~~~~~~~~~~~~~~~~~~~LAST~UPDATED~16SEP2013~~~~~~ 
  struct ZSTATS{//<==============A SET OF VARIABLES THAT SUMMARIZES A ZDATA FILE 
    double M;//<-----------------------------------------TOTAL MASS OF FRAGMENTS 
    double N;//<---------------------------------------TOTAL NUMBER OF FRAGMENTS 
    double KE;//<------------------------------------------TOTAL FRAGMENT ENERGY 
    double m_avg;//<-----------------------------------AVERAGE MASS OF FRAGMENTS 
    double v_avg;//<--------------------------------------AVERAGE FRAGMENT SPEED 
  };//~~~YAGENAUT@GMAIL.COM~~~~~~~~~~~~~~~~~~~~~~~~~LAST~UPDATED~16SEP2013~~~~~~ 
  inline char*ZdataToString(//<=========CREATES A CHAR ARRAY FROM A ZDATA STRUCT 
      const ZDATA&Z,//<-------------------------------------------A ZDATA STRUCT 
      int d=3){//<-THE NUMBER OF DIGITS AFTER THE DECIMAL POINT FOR NON INTEGERS 
    int m=Z.M.size(),l=32;/*<-*/for(int i=0;i<m;++i)l+=73+142*Z.M[i].size()/7; 
    char*s=new char[l+1]; 
    s+=sprintf(s,"ZDATA     %10d\n",m);//............................header line 
    for(int i=0,n=Z.M[0].size();i<m;++i,n=Z.M[i].size()){ 
      s+=sprintf(s," %9.*f %9.*f %9.*f %9.*f %9.*f %9.*f%10d\n",d,Z.AL[i],d, 
        Z.AM[i],d,Z.AU[i],d,Z.VL[i],d,Z.VM[i],d,Z.VU[i],Z.M[i].size()); 
      for(int j=0;j<n;++j) 
        s+=sprintf(s," %9.*f%s",d,Z.M[i][j],j%7==6||j==n-1?"\n":"");//....masses 
      for(int j=0;j<n;++j) 
        s+=sprintf(s," %9.*f%s",d,Z.N[i][j],j%7==6||j==n-1?"\n":"");}//...counts 
    s+=sprintf(s," %9.*f\n",d,Z.sf);//..............................shape factor 
    return s-l;//...................note that s points to newly allocated memory 
  }//~~~~YAGENAUT@GMAIL.COM~~~~~~~~~~~~~~~~~~~~~~~~~LAST~UPDATED~16SEP2013~~~~~~ 
  inline ZDATA StringToZdata(//<======CREATES A ZDATA STRUCT FROM A ZDATA STRING 
      char*s){//<-------------------A POINTER TO A STRING READ FROM A ZDATA FILE 
    char d[6]="\n\r\f \t";//............delimiting characters used in ZDATA file 
    strtok(s,d); 
    int m=atoi(strtok(NULL,d));//.........................number of angular bins 
    ZDATA Z={std::vector<double>(m),std::vector<double>(m), 
      std::vector<double>(m),std::vector<double>(m),std::vector<double>(m), 
      std::vector<double>(m),std::vector<std::vector<double> >(m), 
      std::vector<std::vector<double> >(m)}; 
    for(int i=0;i<m;++i){ 
      Z.AL[i]=atof(strtok(NULL,d)),Z.AM[i]=atof(strtok(NULL,d)), 
      Z.AU[i]=atof(strtok(NULL,d)),Z.VL[i]=atof(strtok(NULL,d)), 
      Z.VM[i]=atof(strtok(NULL,d)),Z.VU[i]=atof(strtok(NULL,d)); 
      int n=atoi(strtok(NULL,d));//...number of mass bins in the jth angular bin 
      for(int j=0;j<n;++j)Z.M[i].push_back(atof(strtok(NULL,d)));//.......masses 
      for(int j=0;j<n;++j)Z.N[i].push_back(atof(strtok(NULL,d)));}//......counts 
    Z.sf=atof(strtok(NULL,d));//....................................shape factor 
    return Z; 
  }//~~~~YAGENAUT@GMAIL.COM~~~~~~~~~~~~~~~~~~~~~~~~~LAST~UPDATED~16SEP2013~~~~~~ 
 

  inline ZSTATS AnalyzeZdata(//<======CREATE A ZSTATS STRUCT FROM A ZDATA STRUCT 
      const ZDATA&Z){//<----------------------------CREATE USING ReadZdataFile() 
    ZSTATS S={0,0,0,0,0};//....................................initialize values 
    for(int i=0,m=Z.M.size();i<m;++i){//..............loop through angular zones 
      double v_avg_2=(Z.VL[i]*Z.VL[i]+Z.VM[i]*Z.VM[i]+Z.VU[i]*Z.VU[i])/3; 
      for(int j=0,n=Z.M[i].size();j<n;++j){//.............loop through mass bins 
        S.N+=Z.N[i][j];//...................................total fragment count 
        S.M+=Z.N[i][j]*Z.M[i][j];//..........................total fragment mass 
        S.KE+=.5*Z.M[i][j]*Z.N[i][j]*v_avg_2;}}//...........total kinetic energy 
    S.m_avg=S.M/S.N;//.....................................average fragment mass 
    S.v_avg=sqrt(2*S.KE/S.M);//...........................average fragment speed 
    return S; 
  }//~~~~YAGENAUT@GMAIL.COM~~~~~~~~~~~~~~~~~~~~~~~~~LAST~UPDATED~16SEP2013~~~~~~ 
}//@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@ 
#endif 
 
 
 
 

Example 

#include <cstdlib>//.............................................rand(),RAND_MAX 
#include "y_zdata.h"//...........................................yZdata,<vector> 
#include "y_io.h"//..........................................................yIo 
int main(){ 
  using std::vector; 
  int m=12,n=10;//number of angular bins and number of mass bins per angular bin 
  yZdata::ZDATA Z={vector<double>(m),vector<double>(m),vector<double>(m),//setup 
    vector<double>(m),vector<double>(m),vector<double>(m),//                   a 
    vector<vector<double> >(m,vector<double>(n)),//                        ZDATA 
    vector<vector<double> >(m,vector<double>(n)),.5};//                   struct 
  for(int i=0;i<m;++i){//..............................populate the ZDATA struct 
    Z.AL[i]=i*180./m,Z.AM[i]=(i+.5)*180./m,Z.AU[i]=(i+1)*180./m; 
    Z.VL[i]=3000+rand()*200./RAND_MAX;//..............set upper, middle, & lower 
    Z.VM[i]=3000+rand()*200./RAND_MAX;//                 speeds to random values 
    Z.VU[i]=3000+rand()*200./RAND_MAX;//                   between 3000 and 3200 
    for(int j=0;j<n;++j){ 
      Z.M[i][j]=rand()*100./RAND_MAX;//.....set masses to random values 0 to 100 
      Z.N[i][j]=rand()*10./RAND_MAX;}}//.....set counts to random values 0 to 10 
  char*s=yZdata::ZdataToString(Z,3); 
  yIo::WriteTextFile("zdata.txt",s); 
  delete[]s; 
  char*s2=yIo::ReadTextFile("zdata.txt"); 
  yIo::WriteTextFile("zdata2.txt",s); 
  yZdata::ZDATA Z2=yZdata::StringToZdata(s2); 
  yZdata::ZSTATS S=yZdata::AnalyzeZdata(Z2); 
  printf("M=%f grains\nN=%f\nKE=%f grains*feet^2/second^s\nm_avg=%f grains\n" 
    "v_avg=%f feet/second\n",S.M,S.N,S.KE,S.m_avg,S.v_avg); 
  delete[]s2; 
  return 0; 
}//~~~~~~YAGENAUT@GMAIL.COM~~~~~~~~~~~~~~~~~~~~~~~~~LAST~UPDATED~16SEP2013~~~~~~ 
 
 
 
 

Example Output 

M=29738.329240 grains 
N=581.116400 
KE=142875248760.490690 grains*feet^2/second^2 
m_avg=51.174479 grains 
v_avg=3099.810999 feet/second 
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