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output_file

xe "output files"

xe "error messages"Sets the output file or the error message output file.

Synopsis with Optional Arguments

#include <imsls.h>
void imsls_output_file (
IMSLS_SET_OUTPUT_FILE, FILE *ofile,
IMSLS_GET_OUTPUT_FILE, FILE **pofile,
IMSLS_SET_ERROR_FILE, FILE *efile,
IMSLS_GET_ERROR_FILE, FILE **pefile,
0)

Optional Arguments

IMSLS_SET_OUTPUT_FILE, FILE *ofile   (Input)
Sets the output file to ofile.
Default: ofile = stdout
IMSLS_GET_OUTPUT_FILE, FILE **pofile   (Output)
Sets the FILE pointed to by pofile to the current output file.

IMSLS_SET_ERROR_FILE, FILE *efile   (Input)
Sets the error message output file to efile.
Default: efile = stderr
IMSLS_GET_ERROR_FILE, FILE **pefile   (Output)
Sets the FILE pointed to by pefile to the error message output file.

Description

This function allows the file used for printing by IMSL functions to be changed. 

If multiple threads are used then default settings are valid for each thread. When using threads it is possible to set different output files for each thread by calling imsls_output_file from within each thread.  See Example 2 for more details.

Examples

Example 1

This example opens the file myfile and sets the output file to this new file. Function imsls_f_write_matrix"CSCH13.DOC!13", "imsls_f_write_matrix" then writes to this file.

#include <stdio.h>
#include <imsls.h>

main()
{
    FILE         *ofile;
    float       x[] = {3.0, 2.0, 1.0};

    imsls_f_write_matrix ("x (default file)", 1, 3, x, 0);

    ofile = fopen("myfile", "w");
    imsls_output_file(IMSLS_SET_OUTPUT_FILE, ofile,
                     0);
    imsls_f_write_matrix ("x (myfile)", 1, 3, x, 0);
}

Output

         x (default file)
         1           2           3
         3           2           1

File myfile

x (myfile)
1           2           3
3           2           1

Example 2

The following example illustrates how to direct output from IMSL routines that run in separate threads to different files.  First, two threads are created, each calling a different IMSL function, then the results are printed by calling imsls_f_write_matrix from within each thread. Note that imsls_output_file is called from within each thread to change the default output file.  
#include <pthread.h>

#include <stdio.h>

#include "imsls.h"

void *ex1(void* arg);

void *ex2(void* arg);

void main()

{

  pthread_t       thread1;

  pthread_t       thread2;

  /* Disable IMSL signal trapping. */

  imsls_error_options(IMSLS_SET_SIGNAL_TRAPPING, 0, 0);

  /* Create two threads. */

  if (pthread_create(&thread1, NULL ,ex1, (void *)NULL) != 0)

    perror("pthread_create"), exit(1); 

  if (pthread_create(&thread2, NULL ,ex2, (void *)NULL) != 0)

    perror("pthread_create"), exit(1); 

  /* Wait for threads to finish. */

  if (pthread_join(thread1, NULL) != 0)

    perror("pthread_join"),exit(1);

  if (pthread_join(thread2, NULL) != 0)

    perror("pthread_join"),exit(1);

}

void *ex1(void* arg)

{

  float *rand_nums = NULL;

  FILE  *file_ptr;

  /* Open a file to write the result in. */

  file_ptr = fopen("ex1.out", "w");

  /* Set the output file for this thread. */

  imsls_output_file(IMSLS_SET_OUTPUT_FILE, file_ptr, 0);

  /* Compute 5 random numbers. */

  imsls_random_seed_set(12345);

  rand_nums = imsls_f_random_uniform(5, 0);

  /* Output random numbers. */

  imsls_f_write_matrix("Random Numbers", 5, 1, rand_nums, 0);

  if (rand_nums) free(rand_nums);

  fclose(file_ptr);

}

void *ex2(void* arg)

{


  int n_intervals=10;

  int n_observations=30;

  float *table;

  float x[] = {0.77, 1.74, 0.81, 1.20, 1.95, 1.20, 0.47, 1.43, 3.37,


       2.20, 3.00, 3.09, 1.51, 2.10, 0.52, 1.62, 1.31, 0.32,


       0.59, 0.81, 2.81, 1.87, 1.18, 1.35, 4.75, 2.48, 0.96,


       1.89, 0.90, 2.05};

  FILE  *file_ptr;

  /* Open a file to write the result in. */

  file_ptr = fopen("ex2.out", "w");

  /* Set the output file for this thread. */

  imsls_output_file(IMSLS_SET_OUTPUT_FILE, file_ptr, 0);

  table = imsls_f_table_oneway (n_observations, x, n_intervals, 0);

  imsls_f_write_matrix("counts", 1, n_intervals, table, 0);

  if (table) free(table);

  fclose(file_ptr);

}

ex1.out
Random Numbers

 1      0.4919

 2      0.3909

 3      0.2645

 4      0.1814

 5      0.7546

ex2.out
                                counts

         1           2           3           4           5           6

         4           8           5           5           3           1

         7           8           9          10

         3           0           0           1

version

xe "serial number"

xe "library version"

xe "operating system"

xe "compiler"Returns information describing the version of the library, serial number, operating system, and compiler.

Synopsis

#include <imsls.h>
char *imsls_version (Imsls_keyword code)
Required Arguments

Imsls_keyword code   (Input)
Index indicating which value is to be returned. It must be IMSLS_LIBRARY_VERSION, IMSLS_OS_VERSION, IMSLS_COMPILER_VERSION, or IMSLS_LICENSE_NUMBER.

Return Value

The requested value is returned. If code is out of range, then NULL is returned. Use free to release the returned string.

Description

Function imsls_version returns information describing the version of the library, the version of the operating system under which it was compiled, the compiler used, and the IMSL serial number. 

Example

This example prints all the values returned by imsls_version on a particular machine. The output is omitted because the results are system dependent.

#include <imsls.h>

main()
{
    char    *library_version, *os_version;
    char    *compiler_version, *license_number;

    library_version  = imsls_version(IMSLS_LIBRARY_VERSION);
    os_version       = imsls_version(IMSLS_OS_VERSION);
    compiler_version = imsls_version(IMSLS_COMPILER_VERSION);
    license_number   = imsls_version(IMSLS_LICENSE_NUMBER);

    printf("Library version = %s\n", library_version);
    printf("OS version = %s\n", os_version);
    printf("Compiler version = %s\n", compiler_version);
    printf("Serial number = %s\n", license_number);
}

error_options
xe "error handling"Sets various error handling options.
Synopsis with Optional Arguments
#include <imsls.h> 

void imsls_error_options (
IMSLS_SET_PRINT, Imsls_error type, int setting, 
IMSLS_SET_STOP, Imsls_error type, int setting, 
IMSLS_SET_TRACEBACK, Imsls_error type, int setting, 
IMSLS_FULL_TRACEBACK, int setting, 
IMSLS_GET_PRINT, Imsls_error type, int *psetting, 
IMSLS_GET_STOP, Imsls_error type, int *psetting, 
IMSLS_GET_TRACEBACK, Imsls_error type, int *psetting, 
IMSLS_SET_ERROR_FILE, FILE *file,
IMSLS_GET_ERROR_FILE, FILE **pfile,
IMSLS_ERROR_MSG_PATH, char *path,
IMSLS_ERROR_MSG_NAME, char *name,
IMSLS_ERROR_PRINT_PROC, Imsls_error_print_proc print_proc,
IMSLS_SET_SIGNAL_TRAPPING, int setting, 
 0)

Optional Arguments
IMSLS_SET_PRINT, Imsls_error type, int setting   (Input)
Printing of type type error messages is turned off if setting is 0; otherwise, printing is turned on.
Default: Printing turned on for IMSLS_WARNING, IMSLS_FATAL, IMSLS_TERMINAL, IMSLS_FATAL_IMMEDIATE, and IMSLS_WARNING_IMMEDIATE messages

IMSLS_SET_STOP, Imsls_error type, int setting   (Input)
Stopping on type type error messages is turned off if setting is 0; otherwise, stop​ping is turned on. 
Default: Stopping turned on for IMSLS_FATAL and IMSLS_TERMINAL and IMSLS_FATAL_IMMEDIATE messages

IMSLS_SET_TRACEBACK, Imsls_error type, int setting   (Input)
Printing of a traceback on type type error messages is turned off if setting is 0; oth​erwise, printing of the traceback turned on. 
Default: Traceback turned off for all message types

IMSLS_FULL_TRACEBACK, int setting   (Input)
Only documented functions are listed in the traceback if setting is 0; otherwise, internal function names also are listed.
Default: Full traceback turned off

IMSLS_GET_PRINT, Imsls_error type, int *psetting   (Output)
Sets the integer pointed to by psetting to the current setting for printing of type type error messages.

IMSLS_GET_STOP, Imsls_error type, int *psetting   (Output)
Sets the integer pointed to by psetting to the current setting for stopping on type type error messages.

IMSLS_GET_TRACEBACK, Imsls_error type, int *psetting   (Output)
Sets the integer pointed to by psetting to the current setting for printing of a trace​back for type type error messages.

IMSLS_SET_ERROR_FILE, FILE *file   (Input)
Sets the error output file.
Default: file = stderr
IMSLS_GET_ERROR_FILE, FILE **pfile   (Output)
Sets the FILE * pointed to by pfile to the error output file.

IMSLS_ERROR_MSG_PATH, char *path   (Input)
Sets the error message file path. On UNIX systems, this is a colon-separated list of directories to be searched for the file containing the error messages.
Default: system dependent

IMSLS_ERROR_MSG_NAME, char *name   (Input)
Sets the name of the file containing the error messages.
Default: file = "imsls_e.bin"

IMSLS_ERROR_PRINT_PROC, Imsls_error_print_proc print_proc   (Input)
Sets the error printing function. The procedure print_proc has the form void print_proc (Imsls_error type, long code, char *function_name, char *message).

In this case, type is the error message type number (IMSLS_FATAL, etc.), code is the error message code number (IMSLS_MAJOR_VIOLATION, etc.), function_name is the name of the function setting the error, and message is the error message to be printed. If print_proc is NULL, then the default error printing function is used.

IMSLS_SET_SIGNAL_TRAPPING, int setting   (Input)
C/Stat/Library will use its own signal handler if setting is 1; otherwise the C/Stat/Library signal handler is not used.  If C/Stat/Library is called from a multi-threaded application, signal handling by C/Stat/Library must be turned off.  See Example 3 for details.
Default: setting = 1

Return Value

The return value is void.

Description
This function allows the error handling system to be customized. 

If multiple threads are used then default settings are valid for each thread but can be altered for each individual thread. When using threads it is necessary to set options (excluding IMSLS_SET_SIGNAL_TRAPPING ) for each thread by calling imsls_error_options  from within each thread. 

The IMSL signal-trapping mechanism must be disabled when multiple threads are used. The IMSL signal-trapping mechanism can be disabled by making the following call before any threads are created:

imsls_error_options(IMSLS_SET_SIGNAL_TRAPPING, 0, 0);

 See Example 3 and Example 4 for multithreaded examples.

NOTE: Signal handlers are installed when a C/Stat/Library  function is called, then uninstalled prior to returning from the C/Stat/Library function.    The library function imsls_error_options can be used to perform many different tasks with regard to error handling and it will install signal handlers when first called, even if the call is being made to disable signal handling through the use of the optional argument IMSLS_SET_SIGNAL_TRAPPING. However, there may be cases when it is desirable to completely avoid any installation of signal handlers by C/Stat/Library functions.  In these cases, the following function can be called.

#include <imsls.h>
void imsls_skip_signal_handler( );

Examples

Example 1
In this example, the IMSLS_TERMINAL print setting is retrieved. Next, stopping on IMSLS_TERMINAL errors is turned off, output to standard output is redirected, and an error is deliberately caused by calling imsls_error_options with an illegal value.
#include <imsls.h>

#include <stdio.h>


main()

{

    int         setting;

                              /* Turn off stopping on IMSLS_TERMINAL */

                              /* error messages and write error */

                              /* messages to standard output */

    imsls_error_options(IMSLS_SET_STOP, IMSLS_TERMINAL, 0,

                       IMSLS_SET_ERROR_FILE, stdout,

                       0);

                              /* Call imsls_error_options() with */

                              /* an illegal value */

    imsls_error_options(-1);

                              /* Get setting for IMSLS_TERMINAL */

    imsls_error_options(IMSLS_GET_PRINT, IMSLS_TERMINAL, &setting,

                       0);

    printf("IMSLS_TERMINAL error print setting = %d\n", setting);

}

Output

*** TERMINAL Error from imsls_error_options.  There is an error with

*** argument number 1.  This may be caused by an incorrect number of

*** values following a previous optional argument name.


IMSLS_TERMINAL error print setting = 1
Example 2
In this example, IMSL’s error printing function has been substituted for the standard func​tion. Only the first four lines are printed below.
#include <imsls.h>

#include <stdio.h>


void         print_proc(Imsls_error, long, char*, char*);


main()

{

                           /* Turn off tracebacks on IMSLS_TERMINAL */

                           /* error messages and use a custom */

                           /* print function */

    imsls_error_options(IMSLS_ERROR_PRINT_PROC, print_proc,

                       0);

                           /* Call imsls_error_options() with an */

                           /* illegal value */

    imsls_error_options(-1);

}


void print_proc(Imsls_error type, long code, char *function_name,

                char *message)

{

    printf("Error message type %d\n", type);

    printf("Error code %d\n", code);

    printf("From function %s\n", function_name);

    printf("%s\n", message);

}

Output 

Error message type 5

Error code 103

From function imsls_error_options

There is an error with argument number 1.  This may be caused by an incorrect number of values following a previous optional argument name.

Example 3
In this example, two threads are created and error options is called within each thread to set the error handling options slightly different for each thread.  Since we expect to generate terminal errors in each thread, we must turn off stopping on terminal errors for each thread. Also notice that imsls_error_options is called from main to disable the IMSL signal-trapping mechanism.  
See Example 4 for a similar example, using WIN32 threads. Note since multiple threads are executing, the order of the errors output may differ on some systems.

#include <pthread.h>

#include <stdio.h>

#include "imsls.h"

void *ex1(void* arg);

void *ex2(void* arg);

void main()

{

  pthread_t       thread1;

  pthread_t       thread2;

  /* Disable IMSL signal trapping. */

  imsls_error_options(IMSLS_SET_SIGNAL_TRAPPING, 0, 0);

  /* Create two threads. */

  if (pthread_create(&thread1, NULL ,ex1, (void *)NULL) != 0)

    perror("pthread_create"), exit(1); 

  if (pthread_create(&thread2, NULL ,ex2, (void *)NULL) != 0)

    perror("pthread_create"), exit(1); 

  /* Wait for threads to finish. */

  if (pthread_join(thread1, NULL) != 0)

    perror("pthread_join"),exit(1);

  if (pthread_join(thread2, NULL) != 0)

    perror("pthread_join"),exit(1);

}

void *ex1(void* arg)

{

  float res;

  /* 

   * Call imsls_error_options to set the error handling

   * options for this thread.

   */

  imsls_error_options(IMSLS_SET_STOP, IMSLS_TERMINAL, 0, 0);

  res = imsls_f_beta(-1.0, .5);

}

void *ex2(void* arg)

{


  float res;

  /* 

   * Call imsls_error_options to set the error handling

   * options for this thread.  Notice that tracebacks are

   * turned on for IMSLS_TERMINAL errors.

   */

  imsls_error_options(IMSLS_SET_STOP, IMSLS_TERMINAL, 0,



         IMSLS_SET_TRACEBACK, IMSLS_TERMINAL, 1, 0);

  res = imsls_f_gamma(-1.0);

}

Output 

*** TERMINAL Error from imsls_f_beta.  Both "x" = -1.000000e+00 and "y" =

***          5.000000e-01 must be greater than zero.

*** TERMINAL Error from imsls_f_gamma.  The argument for the function can

***          not be a negative integer. Argument "x" = -1.000000e+00.

Here is a traceback of the calls in reverse order.

  Error Type        Error Code               Routine

  ----------        ----------               -------

 IMSLS_TERMINAL    IMSLS_NEGATIVE_INTEGER    imsls_f_gamma

Example 4
In this example the WIN32 API is used to demonstrate the same functionality as shown in Example 3 above.  Note since multiple threads are executing, the order of the errors output may differ on some systems.

#include <windows.h>

#include <stdio.h>

#include "imsls.h"

DWORD WINAPI ex1(void *arg);  

DWORD WINAPI ex2(void *arg);

int main(int argc, char* argv[]) 

{


HANDLE
thread[2];


imsls_error_options(IMSLS_SET_SIGNAL_TRAPPING, 0, 0);


thread[0] = CreateThread(NULL, 0, ex1, NULL, 0, NULL);


thread[1] = CreateThread(NULL, 0, ex2, NULL, 0, NULL);


WaitForMultipleObjects(2, thread, TRUE, INFINITE);

}

DWORD WINAPI ex1(void *arg)  

{

  float res;

  /* 

   * Call imsls_error_options to set the error handling

   * options for this thread.

   */

imsls_error_options(IMSLS_SET_STOP, IMSLS_TERMINAL, 0,



      0);

  res = imsls_f_beta(-1.0, .5);


return(0);

} 

DWORD WINAPI ex2(void *arg)  

{

  float res;

  /* 

   * Call imsls_error_options to set the error handling

   * options for this thread.  Notice that tracebacks are

   * turned on for IMSLS_TERMINAL errors.

   */

  imsls_error_options(IMSLS_SET_STOP, IMSLS_TERMINAL, 0,



      IMSLS_SET_TRACEBACK, IMSLS_TERMINAL, 1,



      0);

  res = imsls_f_gamma(-1.0);

  return(0);

} 

Output 

*** TERMINAL Error from imsls_f_beta.  Both "x" = -1.000000e+000 and "y" =

***          5.000000e-001 must be greater than zero.

*** TERMINAL Error from imsls_f_gamma.  The argument for the function can

***          not be a negative integer. Argument "x" = -1.000000e+000.

Here is a traceback of the calls in reverse order.

  Error Type        Error Code               Routine

  ----------        ----------               -------

 IMSLS_TERMINAL    IMSLS_NEGATIVE_INTEGER    imsls_f_gamma USER

error_code

xe "error handling"Gets the code corresponding to the error message from the last function called.

Synopsis

#include <imsls.h>
long imsls_error_code ( )

Return Value

This function returns the error message code from the last function called.  The include file imsls.h defines a name for each error code.

Example

In this example, stopping on IMSLS_TERMINAL error messages is turned off and an error is then generated by calling function imsls_error_options with an illegal value for IMSLS_SET_PRINT. The error message code number is then retrieved and printed. In imsls.h, IMSLS_INTEGER_OUT_OF_RANGE is defined to be 132.

#include <imsls.h>
#include <stdio.h>

main()
{
    long        code;
                                /* Turn off stopping IMSLS_TERMINAL */
                                /* messages and print error messages */
                                /* on standard output */
    imsls_error_options(IMSLS_SET_STOP, IMSLS_TERMINAL, 0,
                       IMSLS_SET_ERROR_FILE, stdout,
                       0);
                                /* Call imsls_error_options() with */
                                /* an illegal value */
    imsls_error_options(IMSLS_SET_PRINT, 100, 0,
                       0);
                                /* Get the error message code */
    code = imsls_error_code();
    printf("error code = %d\n", code);
}

Output

*** TERMINAL error from imsls_error_options.  "type" must be between 1 and
***          5, but "type" = 100.

error code = 132

machine (integer)

xe "constants"

xe "computer constants"Returns integer information describing the computer’s arithmetic.

Synopsis

#include <imsls.h>
int imsls_i_machine (int n)

Required Arguments

int n   (Input)
Index indicating which value is to be returned. It must be between 0 and 12.

Return Value

The requested value is returned. If n is out of range, NaN is returned.

Description

Function imsls_i_machine returns information describing the computer’s arithmetic. This can be used to make programs machine independent.

imsls_i_machine(0) = Number of bits per byte

Assume that integers are represented in M-digit, base-A form as 
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where σ is the sign and 0 ≤ xk < A for k = 0, …, M. Then,


	N
	Definition

	0
	C, bits per character

	1
	A, the base

	2
	Ms, the number of base-A digits in a short int

	3
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	4
	M1 the number of base-A digits in a long int


	5
	
[image: image3.wmf]1,

l

M

A

-

the largest long int


Assume that floating-point numbers are represented in N-digit, base B form as
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where σ is the sign and 0 ≤ xk < B for k = 1, …, N and Emin ≤ E ≤ Emax. Then

	N
	Definition

	6
	B, the base

	7
	Nf, the number of base-B digits in float

	8
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	10
	Nd, the number of base-B digits in double

	11
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Example

In this example, all the values returned by imsls_i_machine on a machine with IEEE (Institute for Electrical and Electronics Engineer) arithmetic are printed.

#include <imsls.h>

main()
{
    int         n, ans;

    for (n = 0;  n <= 12;  n++) {
        ans = imsls_i_machine(n);
        printf("imsls_i_machine(%d) = %d\n", n, ans);
    }
}

Output

imsls_i_machine(0) = 8
imsls_i_machine(1) = 2
imsls_i_machine(2) = 15
imsls_i_machine(3) = 32767
imsls_i_machine(4) = 31
imsls_i_machine(5) = 2147483647
imsls_i_machine(6) = 2
imsls_i_machine(7) = 24
imsls_i_machine(8) = -125
imsls_i_machine(9) = 128
imsls_i_machine(10) = 53
imsls_i_machine(11) = -1021
imsls_i_machine(12) = 1024

machine (float)

xe "constants"

xe "computer constants"Returns information describing the computer’s floating-point arithmetic.

Synopsis

#include <imsls.h> 

float imsls_f_machine (int n)

The type double function is imsls_d_machine.

Required Arguments

int n   (Input)
Index indicating which value is to be returned. The index must be between 1 and 8.

Return Value

The requested value is returned. If n is out of range, NaN is returned.

Description

Function imsls_f_machine returns information describing the computer’s floating-point arithmetic. This can be used to make programs machine independent. In addition, some of the functions are also important in setting missing values.

Assume that float numbers are represented in Nf-digit, base B form as
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where σ is the sign; 0 ≤ xk < B for k = 1, 2, …, Nf; and
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Note that B = imsls_i_machine(6); Nf = imsls_i_machine(7); 
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The ANSI/IEEE 754-1985 standard for binary arithmetic uses NaN as the result of various otherwise illegal operations, such as computing 0/0. On computers that do not support NaN, a value larger than imsls_d_machine(2) is returned for imsls_f_machine(6). On computers that do not have a special representation for infinity, imsls_f_machine(2) returns the same value as imsls_f_machine(7).

Function imsls_f_machine is defined by the following table:

	N
	Definition

	1
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	5
	log10(B)

	6
	NaN

	7
	Positive machine infinity

	8
	negative machine infinity


Function imsls_d_machine retrieves machine constants that define the computer’s double arithmetic. Note that for double B = imsls_i_machine(6), Nd = imsls_i_machine(10), 
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Missing values in functions are always indicated by NaN. This is imsls_f_machine(6) in single precision and imsls_d_machine(6) in double precision. There is no missing-value indicator for integers. Users will almost always have to convert from their missing value indicators to NaN.

Example

In this example, all eight values returned by imsls_f_machine and by imsls_d_machine on a machine with IEEE arithmetic are printed.

#include <imsls.h>

main()
{
    int             n;
    float           fans;
    double          dans;

    for (n = 1;  n <= 8;  n++) {
        fans = imsls_f_machine(n);
        printf("imsls_f_machine(%d) = %g\n", n, fans);
    }

    for (n = 1;  n <= 8;  n++) {
        dans = imsls_d_machine(n);
        printf("imsls_d_machine(%d) = %g\n", n, dans);
    }
}

Output

imsls_f_machine(1) = 1.17549e-38
imsls_f_machine(2) = 3.40282e+38
imsls_f_machine(3) = 5.96046e-08
imsls_f_machine(4) = 1.19209e-07
imsls_f_machine(5) = 0.30103
imsls_f_machine(6) = NaN
imsls_f_machine(7) = Inf
imsls_f_machine(8) = -Inf
imsls_d_machine(1) = 2.22507e-308
imsls_d_machine(2) = 1.79769e+308
imsls_d_machine(3) = 1.11022e-16
imsls_d_machine(4) = 2.22045e-16
imsls_d_machine(5) = 0.30103
imsls_d_machine(6) = NaN
imsls_d_machine(7) = Inf
imsls_d_machine(8) = -Inf

data_sets

xe "data sets"Retrieves a commonly analyzed data set.

Synopsis

#include <imsls.h>
float *imsls_f_data_sets (int data_set_choice, ..., 0)
The type double function is imsls_d_data_sets.

Required Arguments

int data_set_choice   (Input)
Data set indicator. Set data_set_choice = 0 to print a description of all nine data sets. In this case, any optional arguments are ignored.

	data_set_choice
	N_observations
	n_variables
	Description of Data Set

	1
	16
	7
	Longley

	2
	176
	2
	Wolfer sunspot

	3
	150
	5
	Fisher iris

	4
	144
	1
	Box and Jenkins Series G

	5
	13
	5
	Draper and Smith Appendix B

	6
	197
	1
	Box and Jenkins Series A

	7
	296
	2
	Box and Jenkins Series J

	8
	100
	4
	Robinson Multichannel Time Series

	9
	113
	34
	Afifi and Azen Data Set A


Return Value 

If data_set_choice ≠ 0, the requested data set is returned. If data_set_choice = 0 or an error occurs, NULL is returned.

Synopsis with Optional Arguments

#include <imsls.h>
float *imsls_f_data_sets (int data_set_choice,
IMSLS_X_COL_DIM, int x_col_dim,
IMSLS_N_OBSERVATIONS, int *n_observations,
IMSLS_N_VARIABLES, int *n_variables,
IMSLS_PRINT_NONE,
IMSLS_PRINT_BRIEF,
IMSLS_PRINT_ALL,
IMSLS_RETURN_USER, float x[],
0)

Optional Arguments

IMSLS_X_COL_DIM, int x_col_dim   (Input)
Column dimension of user allocated space.

IMSLS_N_OBSERVATIONS, int *n_observations   (Output)
Number of observations or rows in the output matrix.

IMSLS_N_VARIABLES, int *n_variables   (Output)
Number of variables or columns in the output matrix.

IMSLS_PRINT_NONE
No printing is performed. This option is the default.

IMSLS_PRINT_BRIEF
Rows 1 through 10 of the data set are printed.

IMSLS_PRINT_ALL
All rows of the data set are printed.

IMSLS_RETURN_USER, float x[]   (Output)
User-supplied array containing the data set.

Description

Function imsls_f_data_sets retrieves a standard data set frequently cited in statistics text books or in this manual. The following tables gives the references for each data set:

	Data_set_choice
	Reference

	1
	Longley (1967)

	2
	Anderson (1971, p.660)

	3
	Fisher (1936); Mardia et al. (1979, Table 1.2.2)

	4
	Box and Jenkins (1976, p. 531)

	5
	Draper and Smith (1981, pp. 629-630)

	6
	Box and Jenkins (1976, p. 525)

	7
	Box and Jenkins (1976, pp. 532-533)

	8
	Robinson (1976, p. 204)

	9
	Afifi and Azen (1979, pp. 16-22)


Example

In this example, imsls_f_data_sets is used to copy the Draper and Smith (1981, Appendix B) data set into x.

#include <imsls.h>

main()
{
    float *x;

    x = imsls_f_data_sets (5, 0);

    imsls_f_write_matrix("Draper and Smith, Appendix B", 13, 5, x, 0);
}

Output

                 Draper and Smith, Appendix B
             1           2           3           4           5
 1         7.0        26.0         6.0        60.0        78.5
 2         1.0        29.0        15.0        52.0        74.3
 3        11.0        56.0         8.0        20.0       104.3
 4        11.0        31.0         8.0        47.0        87.6
 5         7.0        52.0         6.0        33.0        95.9
 6        11.0        55.0         9.0        22.0       109.2
 7         3.0        71.0        17.0         6.0       102.7
 8         1.0        31.0        22.0        44.0        72.5
 9         2.0        54.0        18.0        22.0        93.1
10        21.0        47.0         4.0        26.0       115.9
11         1.0        40.0        23.0        34.0        83.8
12        11.0        66.0         9.0        12.0       113.3
13        10.0        68.0         8.0        12.0       109.4

mat_mul_rect

xe "matrices"

xe "multiplying matrices"

xe "transposing matrices"Computes the transpose of a matrix, a matrix-vector product, a matrix-matrix product, a bilinear form, or any triple product.

Synopsis

#include <imsls.h>
float *imsls_f_mat_mul_rect (char *string, ..., 0)

The type double function is imsls_d_mat_mul_rect.

Required Arguments

char *string (Input)
String indicating operation to be performed. See the “Description” section below for more details.”

Return Value

The result of the operation. This is always a pointer to a float, even if the result is a single number. If no answer was computed, NULL is returned.

Synopsis with Optional Arguments

#include <imsls.h>
float *imsls_f_mat_mul_rect (char *string,
IMSLS_A_MATRIX, int nrowa, int ncola, float a[],
IMSLS_A_COL_DIM, int a_col_dim,
IMSLS_B_MATRIX, int nrowb, int ncolb, float b[],
IMSLS_B_COL_DIM, int b_col_dim,
IMSLS_X_VECTOR, int nx, float *x,
IMSLS_Y_VECTOR, int ny, float *y,
IMSLS_RETURN_USER, float ans[],
IMSLS_RETURN_COL_DIM, int return_col_dim,
0)

Optional Arguments

IMSLS_A_MATRIX, int nrowa, int ncola, float a[]   (Input)
The nrowa × ncola matrix A.

IMSLS_A_COL_DIM, int a_col_dim   (Input)
Column dimension of A. 
Default: a_col_dim = ncola
IMSLS_B_MATRIX, int nrowb, int ncolb, float b[]   (Input)
The nrowb × ncolb matrix A. 

IMSLS_B_COL_DIM, int b_col_dim   (Input)
Column dimension of B.
Default: b_col_dim = ncolb
IMSLS_X_VECTOR, int nx, float *x   (Input)
Vector x of size nx.

IMSLS_Y_VECTOR, int ny, float *y   (Input)
Vector y of size ny.

IMSLS_RETURN_USER, float ans[]   (Output)
User-allocated array containing the result.

IMSLS_RETURN_COL_DIM, int return_col_dim   (Input)
Column dimension of the answer.
Default: return_col_dim = the number of columns in the answer

Description

This function computes a matrix-vector product, a matrix-matrix product, a bilinear form of a matrix, or a triple product according to the specification given by string. For example, if “A*x” is given, Ax is computed. In string, the matrices A and B and the vectors x and y can be used. Any of these four names can be used with trans, indicating transpose. The vectors x and y are treated as n × 1 matrices.

If string contains only one item, such as “x” or “trans(A)”, then a copy of the array, or its transpose, is returned. If string contains one multiplication, such as “A*x” or “B*A”, then the indicated product is returned. Some other legal values for string are “trans(y)*A”, “A*trans(B)”, “x*trans(y)”, or “trans(x)*y”.

The matrices and/or vectors referred to in string must be given as optional arguments. If string is “B*x”, then IMSLS_B_MATRIX and IMSLS_X_VECTOR must be given.

Example

Let A, B, x, and y equal the following matrices:
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The arrays AT, Ax, xTAT, AB, BTAT, xTy, xyT and xTAy are computed and printed.

#include <imsls.h>

main()
{
    float       A[] = {1, 2, 9,
                       5, 4, 7};
    float       B[] = {3, 2,
                       7, 4,
                       9, 1};
    float       x[] = {7, 2, 1};
    float       y[] = {3, 4, 2};
    float       *ans;

    ans = imsls_f_mat_mul_rect("trans(A)",
        IMSLS_A_MATRIX, 2, 3, A,
        0);
    imsls_f_write_matrix("trans(A)", 3, 2, ans, 0);

    ans = imsls_f_mat_mul_rect("A*x",
        IMSLS_A_MATRIX, 2, 3, A,
        IMSLS_X_VECTOR, 3, x,
        0);
    imsls_f_write_matrix("A*x", 1, 2, ans, 0);

    ans = imsls_f_mat_mul_rect("trans(x)*trans(A)",
        IMSLS_A_MATRIX, 2, 3, A,
        IMSLS_X_VECTOR, 3, x,
        0);
    imsls_f_write_matrix("trans(x)*trans(A)", 1, 2, ans, 0);

    ans = imsls_f_mat_mul_rect("A*B",
        IMSLS_A_MATRIX, 2, 3, A,
        IMSLS_B_MATRIX, 3, 2, B,
        0);
    imsls_f_write_matrix("A*B", 2, 2, ans, 0);

    ans = imsls_f_mat_mul_rect("trans(B)*trans(A)",
        IMSLS_A_MATRIX, 2, 3, A,
        IMSLS_B_MATRIX, 3, 2, B,
        0);
    imsls_f_write_matrix("trans(B)*trans(A)", 2, 2, ans, 0);

    ans = imsls_f_mat_mul_rect("trans(x)*y",
        IMSLS_X_VECTOR, 3, x,
        IMSLS_Y_VECTOR, 3, y,
        0);
    imsls_f_write_matrix("trans(x)*y", 1, 1, ans, 0);

    ans = imsls_f_mat_mul_rect("x*trans(y)",
        IMSLS_X_VECTOR, 3, x,
        IMSLS_Y_VECTOR, 3, y,
        0);
    imsls_f_write_matrix("x*trans(y)", 3, 3, ans, 0);

    ans = imsls_f_mat_mul_rect("trans(x)*A*y",
        IMSLS_A_MATRIX, 2, 3, A,
                                /* use only the first 2 components of x */
        IMSLS_X_VECTOR, 2, x,
        IMSLS_Y_VECTOR, 3, y,
        0);
    imsls_f_write_matrix("trans(x)*A*y", 1, 1, ans, 0);
}

Output

        trans(A)
            1           2
1           1           5
2           2           4
3           9           7
 
          A*x
         1           2
        20          50
 
   trans(x)*trans(A)
         1           2
        20          50
 
           A*B
            1           2
1          98          19
2         106          33
 
    trans(B)*trans(A)
            1           2
1          98         106
2          19          33
 
trans(x)*y
        31
 
             x*trans(y)
            1           2           3
1          21          28          14
2           6           8           4
3           3           4           2
 
trans(x)*A*y
        293

permute_vector

xe "permutations"Rearranges the elements of a vector as specified by a permutation.

Synopsis

#include <imsls.h>
float *imsls_f_permute_vector (int n_elements, float x[], int permutation[], Imsls_permute permute, ..., 0)

The type double function is imsls_d_permute_vector.

Required Arguments

int n_elements   (Input)
Number of elements in the input vector x.

float x[]   (Input)
Array of length n_elements to be permuted.

int permutation[]   (Input)
Array of length n_elements containing the permutation.

Imsls_permute permute (Input)
Keyword of type Imsls_permute. Argument permute must be either IMSLS_FORWARD_PERMUTATION or IMSLS_BACKWARD_PERMUTATION. If IMSLS_FORWARD_PERMUTATION is specified, then a forward permutation is performed, i.e., x(permutation[i]) is moved to location i in the return vector. If IMSLS_BACKWARD_PERMUTATION is specified, then a backward permutation is performed, i.e., x[i] is moved to location permutation[i] in the return vector.

Return Value

An array of length n_elements containing the input vector x permuted.

Synopsis with Optional Arguments

#include <imsls.h>
float *imsls_f_permute_vector (int n_elements, float x[], int permutation[], Imsls_permute permute,
IMSLS_RETURN_USER, float permuted_result[],
0)

Optional Arguments

IMSLS_RETURN_USER, float permuted_result[](Output)
User-allocated array containing the result of the permutation.

Description

Function imsls_f_permute_vector rearranges the elements of a vector according to a permutation vector. The function can perform both forward and backward permutation.

Example

This example rearranges the vector x using permutation. A forward permutation is performed.

#include <imsls.h>

void main()
{
    float x[] = {5.0, 6.0, 1.0, 4.0};
    int permutation[] = {2, 0, 3, 1};
    float     *output;
    int        n_elements = 4;

    output = imsls_f_permute_vector (n_elements, x, permutation,
        IMSLS_FORWARD_PERMUTATION, 0);

    imsls_f_write_matrix ("permuted result", 1, n_elements, output,
                           IMSLS_COL_NUMBER_ZERO, 0);
}

Output

                permuted result
         0           1           2           3
         1           5           4           6

permute_matrix

xe "permutations"Permutes the rows or columns of a matrix.

Synopsis

#include <imsls.h>
float *imsls_f_permute_matrix (int n_rows, int n_columns, float a[], int permutation[], Imsls_permute permute, ..., 0)

The type double function is imsls_d_permute_matrix.

Required Arguments

int n_rows   (Input)
Number of rows in the input matrix a.

int n_columns   (Input)
Number of columns in the input matrix a.

float a[]   (Input)
Matrix of size n_rows × n_columns to be permuted.

int permutation[]   (Input)
Array of length n_elements containing the permutation.

Imsls_permute permute   (Input)
Keyword of type Imsls_permute. Argument permute must be either IMSLS_PERMUTE_ROWS, if the rows of a are to be interchanged, or IMSLS_PERMUTE_COLUMNS, if the columns of a are to be interchanged. 

Return Value

Array of size n_rows × n_columns containing the permuted input matrix a.

Synopsis with Optional Arguments

#include <imsls.h>
float *imsls_f_permute_matrix (int n_rows, int n_columns, float a[], 
int permutation[], Imsls_permute permute,
IMSLS_RETURN_USER, float permuted_result[],
0)

Optional Arguments

IMSLS_RETURN_USER, float permuted_result[]   (Output)
User-allocated array of size n_rows × n_columns containing the result of the permutation.

Description

Function imsls_f_permute_matrix interchanges the rows or columns of a matrix using a permutation vector. The function permutes a column (row) at a time using function imsls_f_permute_vector\Relate "CSCH14.DOC!74", "imsls_f_permute_vector". This process is continued until all the columns (rows) are permuted. On completion, let B = result and pi = permutation [i], then Bij = Apij for all i, j.

Example

This example permutes the columns of a matrix a.

#include <imsls.h>

void main()
{
    float a[] = {3.0, 5.0, 1.0, 2.0, 4.0,
                 3.0, 5.0, 1.0, 2.0, 4.0,
                 3.0, 5.0, 1.0, 2.0, 4.0};
    int permutation[] = {2, 3, 0, 4, 1};
    float     *output;
    int        n_rows = 3;
    int        n_columns = 5;

    output = imsls_f_permute_matrix (n_rows, n_columns, a, permutation,
        IMSLS_PERMUTE_COLUMNS,
        0);

    imsls_f_write_matrix ("permuted matrix", n_rows, n_columns, output,
        IMSLS_ROW_NUMBER_ZERO, 
        IMSLS_COL_NUMBER_ZERO,
        0);
}

Output

                       permuted matrix
            0           1           2           3           4
0           1           2           3           4           5
1           1           2           3           4           5
2           1           2           3           4           5

binomial_coefficient
XE "binomial coefficient"Evaluates the binomial coefficient.
Synopsis

#include <imsls.h>

int imsls_f_binomial_coefficient (int n, int m)

The type double procedure is imsls_d_binomial_coefficient.

Required Arguments

int n   (Input)
First parameter of the binomial coefficient. Argument n must be nonnegative.

int m   (Input)
Second parameter of the binomial coefficient. Argument m must be nonnegative.

Return Value
The binomial coefficient 
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is returned.
Description
The binomial function is defined to be 
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with n ≥ m ≥ 0. Also, n must not be so large that the function overflows.

Example
In this example, 
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 is computed and printed.
#include <stdio.h>

#include <imsls.h>


main()

{

    int       n = 9;

    int       m = 5;

    int       ans;

    ans = imsls_f_binomial_coefficient(n, m);

    printf("binomial coefficient = %d\n", ans);

}

Output

binomial coefficient = 126

beta
XE "beta functions"Evaluates the complete beta function.
Synopsis

#include <imsls.h>

float imsls_f_beta (float a, float b)

The type double procedure is imsls_d_beta.

Required Arguments

float a   (Input)
First beta parameter. It must be positive.

float b   (Input)
Second beta parameter. It must be positive.

Return Value
The value of the beta function β(a, b). If no result can be computed, then NaN is returned.
Description
The beta function, β(a, b), is defined to be
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Example
Evaluate the beta function β(0.5, 0.2).
#include <imsls.h>


main()

{

    float       x = 0.5;

    float       y = 0.2;

    float       ans;


    ans = imsls_f_beta(x, y);

    printf("beta(%f,%f) = %f\n", x, y, ans);

}

Output

beta(0.500000,0.200000) = 6.268653

[image: image24.wmf]
Figure 15- 1  Plot of β (x, b)

The beta function requires that a > 0 and b > 0. It underflows for large arguments.
Alert Errors
IMSLS_BETA_UNDERFLOW
The arguments must not be so large that the result underflows.

Fatal Errors
IMSLS_ZERO_ARG_OVERFLOW
One of the arguments is so close to zero that the result overflows.

beta_incomplete
XE "beta functions"Evaluates the real incomplete beta function Ix = βx (a, b)/β(a, b).
Synopsis

#include <imsls.h>

float imsls_f_beta_incomplete (float x, float a, float b)

The type double procedure is imsls_d_beta_incomplete.

Required Arguments

float x   (Input)
Point at which the incomplete beta function is to be evaluated.

float a   (Input)
Point at which the incomplete beta function is to be evaluated.

float b   (Input)
Point at which the incomplete beta function is to be evaluated.

Return Value
The value of the incomplete beta function.
Description
The incomplete beta function is defined to be
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The incomplete beta function requires that 0 ≤ x ≤ 1, a > 0, and b > 0. It underflows for suffi​ciently small x and large a. This underflow is not reported as an error. Instead, the value zero is returned.

Example

Evaluate the log of the incomplete beta function I0.61 =β0.61 (2.2,3.7)/β(2.2,3.7).
#include <imsls.h>


main()

{

    float       x = 0.61;

    float       a = 2.2;

    float       b = 3.7;

    float       ans;


    ans = imsls_f_beta_incomplete(x, a, b);

    printf("beta incomplete = %f\n", ans);

}

beta incomplete = 0.8822;

log_beta
XE "beta functions"Evaluates the logarithm of the real beta function ln β(x, y).

Synopsis

#include <imsls.h>

float imsls_f_log_beta (float x, float y)

The type double procedure is imsls_d_log_beta.

Required Arguments

float x   (Input)
Point at which the logarithm of the beta function is to be evaluated. It must be positive.

float y   (Input)
Point at which the logarithm of the beta function is to be evaluated. It must be positive.

Return Value
The value of the logarithm of the beta function β(x, y).
Description 
The beta function, β(x, y), is defined to be
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and imsls_f_log_beta returns ln β(x, y).
The logarithm of the beta function requires that x > 0 and y > 0. It can overflow for very large arguments.
Warning Errors
IMSLS_X_IS_TOO_CLOSE_TO_NEG_1
The result is accurate to less than one precision because the expression −x/(x + y) is too close to −1.

Example
Evaluate the log of the beta function ln β(0.5, 0.2).
#include <imsls.h>


main()

{

    float       x = 0.5;

    float       y = 0.2;

    float       ans;


    ans = imsls_f_log_beta(x, y);

    printf("log beta(%f,%f) = %f\n", x, y, ans);

}

Output

log beta(0.500000,0.200000) = 1.835562
gamma
XE "gamma functions"Evaluates the real gamma function.
Synopsis

#include <imsls.h>

float imsls_f_gamma (float x)

The type double procedure is imsls_d_gamma.

Required Arguments

float x   (Input)
Point at which the gamma function is to be evaluated.

Return Value
The value of the gamma function Γ(x).

Description
The gamma function, Γ(x), is defined to be
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For x < 0, the above definition is extended by analytic continuation.
The gamma function is not defined for integers less than or equal to zero. It underflows for x << 0 and overflows for large x. It also overflows for values near negative integers.

[image: image28.wmf]
Figure 15- 2   Plot of Γ(x) and 1/Γ(x)

Alert Errors
IMSLS_SMALL_ARG_UNDERFLOW
The argument x must be large enough that Γ(x) does not underflow. The underflow limit occurs first for argu​ments close to large negative half integers. Even though other arguments away from these half integers may yield machine-representable values of Γ(x), such argu​ments are considered illegal. 

Warning Errors
IMSLS_NEAR_NEG_INT_WARN
The result is accurate to less than one-half precision because x is too close to a negative integer.

Example
In this example, Γ(1.5) is computed and printed.
#include <stdio.h>

#include <imsls.h>


main()

{

    float       x = 1.5;

    float       ans;

    ans = imsls_f_gamma(x);

    printf("Gamma(%f) = %f\n", x, ans);

}

Output

Gamma(1.500000) = 0.886227
Fatal Errors
IMSLS_ZERO_ARG_OVERFLOW
The argument for the gamma function is too close to zero.

IMSLS_NEAR_NEG_INT_FATAL
The argument for the function is too close to a negative integer.

IMSLS_LARGE_ARG_OVERFLOW
The function overflows because x is too large.

IMSLS_CANNOT_FIND_XMIN
The algorithm used to find xmin failed. This error should never occur.

IMSLS_CANNOT_FIND_XMAX
The algorithm used to find xmax failed. This error should never occur.

gamma_incomplete
XE "gamma functions"Evaluates the incomplete gamma function γ(a, x).
Synopsis

#include <imsls.h>

float imsls_f_gamma_incomplete (float a, float x)

The type double procedure is imsls_d_gamma_incomplete.

Required Arguments

float a   (Input)
Parameter of the incomplete gamma function is to be evaluated. It must be positive.

float x   (Input)
Point at which the incomplete gamma function is to be evaluated. It must be nonnega​tive.

Return Value 
The value of the incomplete gamma function γ(a, x).
Description
The incomplete gamma function, γ(a, x), is defined to be
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for x > 0. The incomplete gamma function is defined only for a > 0. Although 
γ(a, x) is well defined for x > −∞, this algorithm does not calculate γ(a, x) for negative x. For large a and suf​ficiently large x, γ(a, x) may overflow. γ(a, x) is bounded by Γ(a), and users may find this bound a useful guide in determining legal values for a.

[image: image30.wmf]
Figure 15- 3   Contour Plot of γ(a, x)

Example 
Evaluates the incomplete gamma function at a = 1 and x = 3.
#include <stdio.h>

#include <imsls.h>


main()

{

    float       x = 3.0;

    float       a = 1.0;

    float       ans;


    ans = imsls_f_gamma_incomplete(a, x);

    printf("incomplete gamma(%f,%f) = %f\n", a, x, ans);

}

Output  

incomplete gamma(1.000000,3.000000) = 0.950213
Fatal Errors
IMSLS_NO_CONV_200_TS_TERMS
The function did not converge in 200 terms of Taylor series.

IMSLS_NO_CONV_200_CF_TERMS
The function did not converge in 200 terms of the con​tinued fraction.

log_gamma

XE "gamma functions"Evaluates the logarithm of the absolute value of the gamma function log |Γ(x)|.
Synopsis

#include <imsls.h>

float imsls_f_log_gamma (float x)

The type double procedure is imsls_d_log_gamma.

Required Arguments

float x   (Input)
Point at which the logarithm of the absolute value of the gamma function is to be evaluated.

Return Value 
The value of the logarithm of gamma function log |Γ(x)|.
Description
The logarithm of the absolute value of the gamma function log |Γ(x)| is computed.
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Figure 15- 4   Plot of log|Γ(x)|
Example
In this example, log |Γ(3.5)| is computed and printed.
#include <stdio.h>

#include <imsls.h>


main()

{

    float       x = 3.5;

    float       ans;

    ans = imsls_f_log_gamma(x);

    printf("log gamma(%f) = %f\n", x, ans);

}

Output

log gamma(3.500000) = 1.200974

Warning Errors
IMSLS_NEAR_NEG_INT_WARN
The result is accurate to less than one-half precision because x is too close to a negative integer.

Fatal Errors

IMSLS_NEGATIVE_INTEGER
The argument for the function cannot be a negative integer.

IMSLS_NEAR_NEG_INT_FATAL
The argument for the function is too close to a negative integer.

IMSLS_LARGE_ABS_ARG_OVERFLOW
|x| must not be so large that the result overflows.

ctime
XE "CPU"Returns the number of CPU seconds used.
Synopsis

#include <imsls.h>

double imsls_ctime ()

Return Value
The number of CPU seconds used by the program.
Example
The CPU time needed to compute
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is obtained and printed. The time needed is machine dependent. The CPU time needed will varies slightly from run to run on the same machine.
#include <imsls.h>


main()

{

    int     k;

    double  sum, time;

                                /* Sum 1 million values */

    for (sum=0, k=1;  k<=1000000; k++)

         sum += k;

                                /* Get amount of CPU time used */

    time = imsls_ctime();

    printf("sum = %f\n", sum);

    printf("time = %f\n", time);

}

Output

sum = 500000500000.000000

time = 0.820000

910 ∙ log_gamma
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