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Abstract

This document describes the Distributed Resource Management Application APl (DRMAA) C
binding. The document is based on the implementations work of the DRMAA GWD-R
document.
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1.1 Overview

This document lists a C language binding for the DRMAA interface. For information related to
interface semantics, possible argument values, error conditions etc., consult chapter "3.2 DRMAA
API" of the interface specification. The C header file below is complete only with regard to the
information needed by a C compiler and linker.

This C binding may be used with C++ programs through use of the extern "C" { } wrapping
technique, which is widely used to import C binding interfaces in C++ programs. An example is
listed in the header file.

1.2 The C header file

The header file contains a C function prototype for each interface operation described in the
DRMAA interface specification. The function names in this document are always identical with the
names from the interface specification.

Function prototypes and opaque data types in the header file that do not have a counterpart in
the interface specification are specific to the C language binding. The DRMAA interface makes
frequent use of strings, string vectors as input and output arguments. Since C language does not
have a “real” string data type, a few additional opaque data types and helper functions are used
to handle output string vector arguments with the actual interface calls. To minimize the
complexity that was added for the C language binding compared to the language independent
specification, traditional C constructs such as "const char *" and "const char *job_ids[]" are used
whenever possible. As a result not much has been added compared to the "3.2 DRMAA API"
description.

#i fndef _ DRVAA H
#define _ DRMAA H

#ifdef _ cpluspl us

extern "C' {

#endi f

A T Constants ------------------- */
/*

* Agreed buffer length constants
* these are recomended m ni mum val ues

*/
#def i ne DRVAA_ATTR _BUFFER 1024
#def i ne DRMAA CONTACT_BUFFER 1024
#defi ne DRMAA DRM SYSTEM BUFFER 1024
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#defi ne DRVMAA ERROR STRI NG BUFFER 1024
#defi ne DRVAA_JOBNAME BUFFER 1024
#defi ne DRVAA_SI GNAL_BUFFER 32

/*

* Agreed constants

*/
#def i
#def i

#def i
#def i

#def i
#def i

/*

ne
ne

ne
ne

ne
ne

DRVAA TI MEOUT WAl T_FOREVER
DRVAA_TI MEOUT_NO V&I T

DRVAA JOB_| DS_SESSI ON_ANY
DRVAA_JOB_| DS_SESSI ON_ALL

-1

"DRVAA JOB_| DS_SESSI ON_ANY"
" DRVAA_JOB_| DS_SESSI ON_ALL"

DRVAA_SUBM SSI ON_STATE_ACTI VE "dr maa_acti ve"

DRVAA_SUBM SSI ON_STATE_HOLD

* Agreed pl acehol der nanes

*/

#defi ne DRVMAA_PLACEHOLDER | NCR
#def i ne DRVAA_PLACEHOLDER_HD
#def i ne DRVAA PLACEHOLDER WD

/*

* Agreed nanes of job tenplate attributes

*/
#def i ne DRVAA REMOTE COVMAND "drmaa_renot e_comand"
#defi ne DRVAA JS STATE "drmaa js_state”
#define DRVAA WD "dr maa_wd"
#defi ne DRVAA JOB_CATEGORY "drnmma_j ob_cat egory"
#defi ne DRVMAA NATI VE_SPECI FI CATION  "drnma_native_specification"
#def i ne DRVAA BLOCK_EMAI L "drmaa_bl ock_email "
#defi ne DRVAA START TI ME "drmaa_start _tine"
#def i ne DRVAA JOB_NAME "drmaa j ob_nane"
#def i ne DRVAA_| NPUT PATH "drmaa_i nput _pat h"
#def i ne DRVAA OUTPUT PATH "drmaa_out put _pat h"
#def i ne DRVAA ERROR PATH "drrmaa_error_path"
#def i ne DRVAA JO N _FI LES "drrmaa_join_files”
#defi ne DRVAA TRANSFER FI LES "drrmaa_transfer files"
#define DRMAA DEADLI NE_TI MVE "drnaa_deadl i ne_time"
#defi ne DRMAA WCT HLIM T "drmaa_wct _hlimt"
#defi ne DRMAA WCT SLIM T "drmaa_wet _slimt”
#defi ne DRMAA DURATION HLIM T "drrmaa_durartion_hlimt"
#def i ne DRVAA DURATION SLIM T "drrmaa_durartion_slimt"

"dr maa_hol d"

"$drmaa_i ncr _ph$"
"$dr maa_hd ph$"
"$dr maa_wd_ph$"

/* Agreed nanes of job tenplate vector attributes */
#def i ne DRVAA VARGV "drrmaa_v_argv"
#defi ne DRVAA V ENV "“drrmaa_v_env"

#defi ne DRVAA V_EMAI L "drrmaa_v_enail"

/*
* Agreed DRMAA errno val ues
*

* Note: The order in the enumis significant!
*/
enum {
R LR these are relevant to all sections -----------

DRMAA ERRNO_SUCCESS = 0,

DRVAA_ERRNO_| NTERNAL ERR(]?
DRVAA_ERRNO_DRM COVMUNI CATI ON_FAI LURE,
DRVAA_ERRNO_AUTH_FAI LURE,
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DRVAA_ERRNO | NVALI D_ARGUNVENT,
DRMAA_ERRNO_NO_ACTI VE_SESSI ON,
DRVAA_ERRNO_NO_MEMCRY,

[* e - - init and exit specific --------------- */
DRMAA _ERRNO | NVALI D_CONTACT_STRI NG,

DRVAA _ERRNO DEFAULT_CONTACT_STRI NG_ERROR,

DRVAA ERRNO_NO DEFAULT_CONTACT_STRI NG_SELECTED,

DRVAA_ERRNO DRVS_I NI T_FAI LED,

DRMAA ERRNO_ALREADY_ACTI VE_SESSI ON,

DRVAA ERRNO DRMVB_EXI T_ERROR,

[* e job attributes specific -------------- */
DRMAA _ERRNO | NVALI D_ATTRI BUTE_FORMAT,

DRVAA _ERRNO | NVALI D_ATTRI BUTE_VALUE,

DRVAA_ERRNO_CONFLI CTI NG_ATTRI BUTE_VALUES,

[* j ob submission specific ---=---------- */
DRVAA_ERRNO _TRY_LATER,
DRVAA_ERRNO DENI ED_BY_DRM

R e job control specific ----------c--- */
DRMAA ERRNO | NVALI D_JOB,

DRMAA ERRNO_RESUME_| NCONSI STENT_STATE,

DRVAA ERRNO SUSPEND | NCONSI STENT_STATE,

DRMAA ERRNO HOLD | NCONSI STENT_STATE,

DRVAA ERRNO_RELEASE | NCONSI STENT_STATE,

DRVAA ERRNO EXI T_TI MEQUT,

DRVAA NO ERRNO
b

/*

* Agreed DRMAA job states as returned by drmaa_j ob_ps()
*/

enum {

DRVAA PS_UNDETERM NED = 0x00,
DRVAA_PS_QUEUED ACTI VE = 0x10,
DRVAA_PS_SYSTEM ON_HOLD = Ox11,
DRVAA _PS USER _ON_HOLD = 0x12,
DRVAA PS_USER SYSTEM ON HOLD = 0x13,
DRVAA_PS_RUNNI NG = 0x20,
DRVAA_PS_SYSTEM SUSPENDED = 0x21,
DRVAA_PS_USER_SUSPENDED = 0x22,
DRVAA_PS_USER_SYSTEM SUSPENDED = 0x23,
DRVAA_PS_DONE = 0x30,
DRVAA_PS_FAI LED = 0x40

b

/*
* Agreed DRMAA actions for drmaa_control ()
*
/
enum {
DRVAA CONTROL_SUSPEND = 0,
DRVAA CONTROL__RESUNME,
DRVAA CONTROL_HOLD,
DRVAA CONTROL_RELEASE,
DRI\/AA CONTROL_TERM NATE

drmaa-wg@agridforum.org 4




* Agreed opaque DRVAA job tenplate type

* struct drnma_job _tenplate_s is defined el sewhere

*/

typedef struct drnmaa_job tenplate_ s drmaa_job_tenplate t;

[* aeeeeee - C/ C++ | anguage binding specific interfaces -------- */
typedef struct drmama_attr_names_s drmma_attr_names_t;

typedef struct drnmma_attr _values_s drnma_attr_val ues_t;
typedef struct drnaa_job ids s drrmaa_job_ids t;

/ *
* get next string attribute fromstring vector
*
* returns DRMAA ERRNO SUCCESS or DRMAA ERRNO.I NVALI D ATTRI BUTE_VALUE
* if no such exists
*

/

nt drnaa_get next_attr_nanme(drmaa_attr_nanes_t* val ues, char *val ue,
i nt value_l en);

nt drnaa_get next_attr_value(drnaa_attr_values t* val ues, char *val ue,
int value_len);

nt drnaa_get _next _job_id(drrmaa_job_ids_t* val ues, char *value, int

val ue_l en);
/*
* rel ease opaque string vector
*
* (Opaque string vectors can be used wthout any constraint
* until the release function has been call ed.
*/

void drrmaa_rel ease_attr_nanes( drrmaa_attr _nanes t* val ues );
void drrmaa_rel ease _attr_val ues( drnma_attr values_t* val ues );
void drrmaa_rel ease job_ids( drnmaa job_ids t* values );

[* e init/exit routines ------------------- */

int drmaa_ init(const char *contact, char *error_diagnosis, size_t
error_diag |len);
int drnmaa_exit(char *error diagnosis, size t error_diag |len);

R L EEEEE job tenplate routines ------------------- */

int drrmaa_al l ocate_job_tenpl ate(drmaa_j ob_tenplate t **jt,
char *error_diagnosis, size t error_diag |en);

int drmaa_delete_job tenplate(drnaa_job_tenplate_t *jt,
char *error_diagnosis, size t error_diag |en);

int drmaa_set _attribute(drmaa_job_tenplate_t *jt, const char *nane,
const char *value, char *error_diagnosis, size_ t error_diag_len);

int drmaa_get _attribute(drmaa_job_tenplate_t *jt, const char *nane,
char *val ue, size_t val ue_len,
char *error_diagnosis, size t error_diag |en);

int drmaa_set vector_attribute(drmaa_job tenplate t *jt,
const char *nane,
const char *value[], char *error_di agnosis, size_t
error_diag_len);

drmaa-wg@agridforum.org 5




int drmaa_get vector_attribute(drmaa_job tenplate t *jt,
const char *nane,
drnmaa_attr_val ues_t **val ues,
char *error_diagnosis, size t error_diag |en);

int drmaa_get _attribute _nanmes( drnma_attr_nanes_t **val ues,
char *error_diagnosis, size t error_diag |en);

int drmaa_get vector_attribute names(drnaa_attr_nanes_t **val ues,
char *error_diagnosis, size t error_diag |en);

R R job submission routines -------------------
int drmaa_run_job(char *job_id, size t job_id_len,
drnmaa_job tenplate t *jt,
char *error_diagnosis, size t error_diag len);
int drmaa_run_bul k_jobs( drnmaa_job_ids t **jobids,
drnmaa_job_tenplate_ t *jt,
int start, int end, int incr
char *error_diagnosis, size t error_diag |en);
A job control routines ------------------- */

int drrmaa_control (const char *jobid, int action
char *error_di agnosis, size_t error_diag len);

int drmaa_wait (const char *job_id, char *job id out,
size_t job_id_out_len,
int *stat, signed long tineout, drnma_attr val ues_t **rusage,
char *error_diagnosis, size t error _diagnois_len);

int drmaa_wi fexited(int *exited, int stat,
char *error_diagnosis, size t error diag_|len);

int drmaa_wexitstatus(int *exit status, int stat,
char. *error_diagnosis, size t error_diag |en);

int drmaa wi fsignaled(int *signaled, int stat,
char *error_diagnosis, size t error_diag |en);

int drmaa wt ernsi g(char *signal, size t signal _len, int stat,
char *error_diagnosis, size t error_diag |en);

i nt drrmaa_wcor edunp(int *core_dunped, int stat,
char *error_di agnosis, size t error_diag |en);

int drmaa_wi faborted(int *aborted, int stat,
char *error _diagnosis, size t error_diag |en);

int drmaa_job_ps( const char *job_id, int *renote_ps,
char *error_diagnosis, size t error_diag |en);

R E auxiliary routines ------------------- */
const char *drmaa_strerror(int drnaa_errno);

int drmaa_get contact(char *contact, size t contact_|en,
char *error_di agnosis, size_t error_diag_|en);

int drrmaa_version(unsigned int *major, unsigned int *minor
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char *error_diagnosis, size t error_diag |en);

int drmaa_get DRM systen{char *drm system size t drmsystem|l en,
char *error_diagnosis, size t error_diag |en);

int drmaa_get DRMAA inpl enmentation(char *inpl, size t inpl_len,
char *error_diagnosis, size t error_diag |len);

#i fdef _ cplusplus

}

#endi f

#endif /* _ DRVMAA H */

1.3 C binding example

The C test program below serves as an example of an application that uses the DRMAA C
binding interface. It illustrates submission of both single and bulk remote jobs. After submission
drmaa_synchronize() call is used to synchronize the remote jobs execution. The call returns after
all the jobs have finished executing. Finally, drmaa wait() call is used to retrieve and print out
the remote jobs execution information.

A full path for the remote command is passed as the first argument to the test program. That
value is directly used as “drmaa_remote _command’ job template attribute. The C binding
example uses value “5” as a first argument to the job template vector attribute “drmaa_v_argv”.
Passing “/bin/sleep” as a first argument to the test program will for example cause 32 sleep jobs
to be run that sleep for 5 seconds each before finishing execution. Note that we expect to find
“/bin/sleep” command on all of the remote nodes.

#i ncl ude <stdi o. h>;
#i ncl ude <uni std. h>;
#i ncl ude <string. h>;

#i ncl ude "dr nma. h"

#define JOB_CHUNK 8
#define NBULKS 3

static drnaa_job tenplate_ t *create_job_ tenplate(const char *job_path,
i nt seconds, int as_bul k_job);

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

char di agnosi s[ DRVAA ERROR STRI NG BUFFER] ;

const char *all _j obi ds[ NBULKS*JOB_CHUNK + JOB_CHUNK+1] ;
char j obi d[ 100];

int drmaa_errno, i, pos = O;

const char *job_path;

drmaa_j ob_tenplate_ t *jt;
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if (argc < 2) {
fprintf(stderr, "usage: exanple path-to-job\n");
return 1,

}
job_path = argv[1];

if (drrmaa_init(NULL, diagnosis, sizeof(diagnosis)-1) !=
DRVAA ERRNO_SUCCESS)
fprintf(stderr, "drnaa_init() failed: 9%\n", diagnosis);
return 1;

}

/* submit some bul k jobs */
if (!(jt = create_job_template(job_path, 5, 1))) {
fprintf(stderr, "create job tenplate() failed\in");

return 1;

}

for (i=0; I < NBULKS; i++) {
drnmaa_j ob_ids_t *jobids;
int j;

while ((drmaa_errno=drmaa_run_bul k_j obs(& obids, jt, 1, JOB CHUNK
1, diagnosis, sizeof(diagnosis)- 1))
==DRMAA_ERRNO_DRM_COMMUNI CATI ON_FAI LURE) {
fprintf(stderr, "drnmaa_run_bul k jobs() failed - retry: %\n",
di agnosi s) ;
sl eep(l);

}
if (drrmaa_errno ! = DRMAA ERRNO SUCCESS) {
fprintf(stderr, "drmaa run_bulk jobs() failed: %\n",
di agnosi s) ;
return 1,

}

printf(“"subnitted bulk job with jobids:\n");

for (j=0; j < JOB CHUNK; j++) {
drmaa_get _next_job_id(jobids, jobid, sizeof(jobid)-1);
al | _j obi ds[ pos++] = strdup(jobid);
printf("\t \"%\"\n", jobid);

drnaa_rel ease_j ob_ids(j obids);
}
drmaa_del ete_job_tenplate(jt, NULL, 0);

/* submit sonme sequential jobs */

if (!(jt = create job_tenplate(job_path, 5 0))) {
fprintf(stderr, "create_sleeper job template() failed\n");
return 1;

}
for (i=0; I JOB CHUNK; i++) {
whil e ((drmaa_errno=drmaa_run_j ob(jobid, sizeof(jobid)-1, jt,
di agnosi s, sizeof (di agnosis)-1)) ==
DRVAA ERRNO_DRM COVMUNI CATI ON_FAI LURE) {
fprintf(stderr, "drrmaa_run_job() failed - retry: %\n",
di agnosi s) ;
sl eep(l);

if (drrmaa_errno ! = DRMAA ERRNO_SUCCESS)

fprintf(stderr, "drnmaa_run_job() failed: %\n", diagnosis);
return 1;
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intf("\t \"%\"\n", jobid);
| _jobids[pos++] = strdup(]jobid);

/* set string array end nark */
al | _j obids[pos] = NULL;

drnmaa_del ete_job tenmplate(jt, NULL, 0);

/* synchronize with all jobs */
drmaa_errno = drrmaa_synchroni ze(al | _j obi ds,
DRVAA TI MEQUT _WAI T_FOREVER, 0,
di agnosi s, si zeof (di agnosi s)-1);
if (drrmaa_errno ! = DRMAA ERRNO SUCCESS)
fprintf(stderr, "drmaa_synchroni ze( DRVAA JOB I DS SESSI ON ALL,
di spose) failed: %\n", diagnosis);
return 1,

printf("synchronized with all jobs\n");

/* wait all those jobs */

for (pos=0; pos < NBULKS*JOB CHUNK + JOB CHUNK; pos++) {
int stat;
int aborted, exited, exit_status, signaled,

drmaa_errno = drrmea_wait (all _j obi ds[pos], jobid, sizeof(jobid)-1,
&stat, DRVAA TI MEOQUT WAI T_FOREVER, NULL
di agn03| s, sizeof (diagnosis)-1);

if (drrmaa_errno ! = DRMAA ERRNO SUCCESS)
fprintf(stderr, "drmaa_wait (%) failed: %\n",
al | _j obi ds[ pos], diagnosis);
return 1;

}

/* report how job finished */
drmaa wi f abort ed(&borted, stat, NULL, O);
if (aborted)
printf("job \"%\" never ran\n", all_jobids[pos]);
el se {
drmaa_wi fexited(&exited, stat, NULL, 0);
if (exited) {
dr maa_wexi t st atus(&exit_status, stat, NULL, 0);
printf("job \"%\" finished regularly with exit status d\n",
al l_j obids[pos], exit_status);
} else {
drmaa_wi f'si gnal ed(&si gnal ed, stat, NULL, 0);
if (signaled) {
char ternsi g[ DRMAA_SI GNAL_BUFFER+1] ;
drmaa_wt ernsi g(ternsi g, DRMAA SI GNAL BUFFER, stat,
NULL, 0);
printf(" jOb \"9&\" finished due to signal 9%\n",
al | _jobids[pos], ternsigQ);
} else
printf("job \"%\" finished with unclear conditions\n",
al | _j obi ds[ pos]);
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if (drrmaa_exit(diagnosis, sizeof(diagnosis)-1) !=

DRVAA_ERRNO_SUCCESS)

}

“fprintf(stderr, "drnmma_exit() failed: %\n", diagnosis);
return 1;
}

return O;

static drnaa_job tenplate_t *create_job_ tenplate(const char *job_path,

{

i nt seconds, int as_bul k_job)

const char *job_argv[2];
drmaa_job_tenplate_t *jt = NULL;
char buffer[100];

if (drrmaa_allocate_job tenplate(& t, NULL, 0)!=DRMAA ERRNO SUCCESS)
return NULL;

/* run in users honme directory */
drnmaa_set _attribute(jt, DRMAA WD, DRMAA PLACEHOLDER HD, NULL, 0);

/* the job to be run */
drnmaa_set _attribute(jt, DRMAA REMOTE COMIVAND, job path, NULL, 0);

/* the job's arguments */

sprintf(buffer, "%l", seconds);

job_argv[0] = buffer;

job_argv[1] = NULL;

drnmaa_set _vector _attribute(jt, DRVMAA V ARGV, job _argv, NULL, 0);

/* join output/error file */
drnmaa_set _attribute(jt, DRMAA JON FILES, "y", NULL, 0);

/* path for. output */
if ('as_bul k job)
drnmaa_set _attribute(jt, DRMAA OUTPUT_PATH,
DRVAA PLACEHOLDER HD'/ DRVMAA JOB", NULL, 0);
el se
drnmaa_set _attribute(jt, DRMAA OUTPUT_PATH,
DRVAA PLACEHOLDER HD'/ DRVAA JOB. " DRVAA PLACEHOLDER | NCR,
NULL, 0);

return jt;
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Security Considerations

The scheduling scenario described by the DRMAA 1.0 GWD-R document assumes that security
is handled at the point of job authorization/execution on a particular resource. It is assumed that
credentials owned by the process using the API are used by the DRMAA implementation to
prevent abuse of the interface. In order to not unnecessarily restrict the spectrum of usable
credentials, no explicit interface is defined for passing credentials.
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