cmsl12.3008.2. CONVENTIONS cmr12.300 107 cmtt12.300ryo arg free cmbx12.300cmr12.300 the routine to free the cmti12.300 cmr12.300 structure created the argu- men deco de routine for the op eration; cmtt12.300ryo result cmbx12.300cmr12.300 non-zero if this op eration returns result; cmtt12.300ryo res encode cmbx12.300ryo cmtt12.300 res decode cmbx12.300cmr12.300 the address of the routines to enco de or deco de (resp ectiv ely) the op eration’s result from cmti12.300 cmr12.300 structure to its corresp onding abstract syn tax (presen only if the op eration returns result); cmtt12.300ryo res free cmbx12.300 cmr12.300 the routine to free the cmti12.300 cmr12.300 structure created the result deco de routine for the op eration; and, cmtt12.300ryo errors cmbx12.300 cmr12.300 oin ter to ull-terminated list of the errors whic this op eration ma generate (presen only if the op eration ma returns at least one error). The cmtt12.300 RyError cmr12.300 structure is used to de�ne the compiled parts of an error: cmtt10.329struct RyError char *rye_name; int rye_err; IFP rye_param_encode; IFP rye_param_decode; IFP rye_param_free; }; cmr12.300The elemen ts of this structure are: cmtt12.300rye name cmbx12.300 rye cmtt12.300 err cmbx12.300 cmr12.300 the error name and co de; cmtt12.300rye param encode cmbx12.300 rye cmtt12.300 res decode cmbx12.300 cmr12.300 the address of the routines to en- co de or deco de (resp ectiv ely) the error’s parameter from cmti12.300 cmr12.300 struc- ture to its corresp onding abstract syn tax (presen only if the error con tains parameter); and, cmtt12.300ryo param free cmbx12.300 cmr12.300 the routine to free the cmti12.300 cmr12.300 structure created the pa- rameter deco de routine for the error. cmr12.300108 cmsl12.300 CHAPTER 8. UN-TIME ENVIR ONMENT cmbx10.5188.3 Routines for Initiators cmr12.300Initiators use the routines in the cmti12.300 lib acsap cmr12.300 (3n) library for asso ciation con trol. These are describ ed in Chapter of cmti12.300 olume One cmr12.300 cmbx10.5188.4 Routines for In ok ers cmr12.300After forming an asso ciation, in ok ers are able to request op erations for ex- ecution the erformer. Tw in terfaces are pro vided: sync hronous in ter- face and an async hronous in terface. cmbx10.432Sync hronous In terface cmr12.300Most in ok ers desire simple in terface for sync hronous execution of op era- tions (the op eration blo ks un til it is completed). The cmtt12.300 RyOperation cmr12.300 routine is used to pro vide suc an in terface. cmtt10.329int RyOperation (sd, ryo, op, in, out, response, roi) int sd; struct RyOperation *ryo; int op, *response; caddr_t in, *out; struct RoSAPindication *roi; cmr12.300The parameters to this pro cedure are: cmtt12.300sd cmbx12.300 cmr12.300 the asso ciation-descriptor; cmtt12.300ryo cmbx12.300 cmr12.300 oin ter to cmtt12.300 RyOperation cmr12.300 table; cmtt12.300op cmbx12.300 cmr12.300 the op eration co de of the op eration to in ok e; cmtt12.300response cmbx12.300 cmr12.300 an in teger-v alued lo cation whic is up dated if the call suc- ceeds; cmtt12.300in cmbx12.300 cmr12.300 the address of the cmti12.300 cmr12.300 structure for the op eration’s argumen t; cmsl12.3008.4. OUTINES OR INV OKERS cmr12.300 109 cmtt12.300out cmbx12.300 cmr12.300 an address-v alued lo cation whic is up dated if the call succeeds; and, cmtt12.300roi cmbx12.300 cmr12.300 oin ter to cmtt12.300 RoSAPindication cmr12.300 structure, whic is up dated only if the op eration as not erformed. The cmtt12.300 RyOperation cmr12.300 routine returns one of three alues: cmtt12.300 NOTOK cmr12.300 (on failure), cmtt12.300 OK cmr12.300(on reading reply), or cmtt12.300 DONE cmr12.300 (when something else happ ens). If the call to cmtt12.300 RyOperation cmr12.300 returns the manifest constan cmtt12.300 NOTOK cmr12.300 then the cmtt12.300RoSAPpreject cmr12.300 structure con tained in the cmtt12.300 RoSAPindication cmr12.300 parameter cmtt12.300 roi cmr12.300con tains the reason for the failure. If the call to cmtt12.300 RyOperation cmr12.300 returns the manifest constan cmtt12.300 OK cmr12.300 then the cmtt12.300response cmr12.300 and cmtt12.300 out cmr12.300 parameters are up dated. If the alue of the in teger oin ted to cmtt12.300 response cmr12.300 is cmtt12.300 RY_RESULT cmr12.300 then the alue of the address oin ted to cmtt12.300out cmr12.300 is newly allo cated cmti12.300 cmr12.300 structure for the op eration’s result (if an y). If the alue of the in teger oin ted to cmtt12.300 response cmr12.300 is an other alue, then it indicates the error whic the op eration returned, and the alue of the address oin ted to cmtt12.300 out cmr12.300 is newly allo cated cmti12.300 cmr12.300 structure for the error’s parameter (if an y). Note that if result or parameter is returned, then it is the in ok er’s resp onsibilit to release the memory used the cmti12.300 cmr12.300 structure, when appropriate. If the call to cmtt12.300 RyOperation cmr12.300 returns the manifest constan cmtt12.300 DONE cmr12.300 then an in- dication that the asso ciation is ending termination is returned. The alue of the cmtt12.300 roi_type cmr12.300 elemen of the cmtt12.300 RoSAPindication cmr12.300 parameter is either cmtt12.300 ROI_END cmr12.300or cmtt12.300 ROI_FINISH cmr12.300

Consult Section 3.3.4 of cmti12.300 olume One cmr12.300 for the details, as this normally do es not happ en to initiators. The routine cmtt12.300 RyOperation cmr12.300 is simply comprehensiv in terface for more general routine, cmtt12.300 RyOpInvoke cmr12.300 whic in ok es an op eration: cmtt10.329int RyOpInvoke (sd, ryo, op, in, out, rfx, efx, class, invokeID, linkedID, priority, roi) int sd; struct RyOperation *ryo; int op, class, invokeID, *linkedID, priority; cmr12.300110 cmsl12.300 CHAPTER 8. UN-TIME ENVIR ONMENT cmtt10.329IFP rfx, efx; caddr_t in, *out; struct RoSAPindication *roi; cmr12.300The parameters to this pro cedure are: cmtt12.300sd cmbx12.300 cmr12.300 the asso ciation-descriptor; cmtt12.300ryo cmbx12.300 cmr12.300 oin ter to cmtt12.300 RyOperation cmr12.300 table; cmtt12.300op cmbx12.300 cmr12.300 the op eration co de of the op eration to in ok e; cmtt12.300in cmbx12.300 cmr12.300 the address of the cmti12.300 cmr12.300 structure for the op eration’s argumen t; cmtt12.300out cmbx12.300 cmr12.300 an address-v alued lo cation whic is up dated if the call succeeds; cmtt12.300rfx cmbx12.300 cmr12.300 the address of dispatc routine to in ok ed if the op eration returns result; cmtt12.300efx cmbx12.300 cmr12.300 the address of dispatc routine to in ok ed if the op eration returns an error; cmtt12.300class cmbx12.300 cmr12.300 the op eration class (either cmtt12.300 ROS_SYNC cmr12.300 for sync hronous op era- tion, or cmtt12.300 ROS_ASYNC cmr12.300 for an async hronous one); cmtt12.300invokeID cmbx12.300 cmr12.300 the in cation ID of this request; cmtt12.300linkedID cmbx12.300 cmr12.300 the link ed ID of this request (use cmtt12.300 NULLIP cmr12.300 if not link ed); cmtt12.300priority cmbx12.300 cmr12.300 the priorit of this request (use cmtt12.300 ROS_NOPRIO cmr12.300 if the priorit is undetermined); and, cmtt12.300roi cmbx12.300 cmr12.300 oin ter to cmtt12.300 RoSAPindication cmr12.300 structure, whic is up dated only if the op eration as not erformed. This routine is exactly equiv alen to the cmtt12.300 RoInvokeRequest cmr12.300 routine in the cmti12.300libr osap cmr12.300 (3n) library with the additional functions of: automatically enco d- ing and deco ding argumen ts, results, and parameters. Hence, the routine cmtt12.300RyOperation cmr12.300 is essen tially call to cmtt12.300 RyOpInvoke cmr12.300 with few hard-wired pa- rameters: cmsl12.3008.4. OUTINES OR INV OKERS cmr12.300 111 cmtt12.300class cmbx12.300 cmtt12.300 ROS_SYNC cmr12.300 cmtt12.300invokeID cmbx12.300 cmr12.300 unique-n um er; cmtt12.300linkedID cmbx12.300 cmtt12.300 NULLIP cmr12.300 and, cmtt12.300priority cmbx12.300 cmtt12.300 ROS_NOPRIO cmr12.300 cmbx10.432Async hronous In terface cmr12.300Although most in ok ers desire simple in terface for sync hronous execution, it is also useful to ha an async hronous in terface. urther, since sync hronous in terface can though of as degenerate subset of an async hronous in ter- face, most in ok ers use the async hronous in terface and simply ask for it to blo after making the in cation. The cmtt12.300 RyStub cmr12.300 routine is used to pro vide suc an in terface. cmtt10.329int RyStub (sd, ryo, op, id, linked, in, rfx, efx, class, roi) int sd; struct RyOperation *ryo; int op, id, *linked, class; caddr_t in; IFP rfx, efx; struct RoSAPindication *roi; cmr12.300The parameters to this pro cedure are: cmtt12.300sd cmbx12.300 cmr12.300 the asso ciation-descriptor; cmtt12.300ryo cmbx12.300 cmr12.300 oin ter to cmtt12.300 RyOperation cmr12.300 table; cmtt12.300op cmbx12.300 cmr12.300 the op eration co de of the op eration to in ok e; cmtt12.300id cmbx12.300 cmr12.300 the in cation iden ti�er to use; cmr12.300112 cmsl12.300 CHAPTER 8. UN-TIME ENVIR ONMENT cmtt12.300linked cmbx12.300 cmr12.300 the link ed in cation iden ti�er to use, if an (use cmtt12.300 NULLIP cmr12.300 if this is not link ed reply); cmtt12.300in cmbx12.300 cmr12.300 the address of the cmti12.300 cmr12.300 structure for the op eration’s argumen t; cmtt12.300rfx cmbx12.300 cmr12.300 the address of dispatc routine to in ok ed if the op eration returns result; cmtt12.300efx cmbx12.300 cmr12.300 the address of dispatc routine to in ok ed if the op eration returns an error or is rejected; cmtt12.300class cmbx12.300 cmr12.300 the op eration class (either cmtt12.300 ROS_SYNC cmr12.300 for sync hronous op era- tion, cmtt12.300 ROS_ASYNC cmr12.300 for an async hronous op eration, or cmtt12.300 ROS_INTR cmr12.300 for sync hronous but user-in terruptable op eration); and, cmtt12.300roi cmbx12.300 cmr12.300 oin ter to cmtt12.300 RoSAPindication cmr12.300 structure, whic is up dated only if the op eration as not erformed. The cmtt12.300 RyStub cmr12.300 routine returns one of three alues: cmtt12.300 NOTOK cmr12.300 (on failure), cmtt12.300 OK cmr12.300 (on success), or cmtt12.300 DONE cmr12.300 (when something else happ ens). If the call to cmtt12.300 RyStub cmr12.300 returns the manifest constan cmtt12.300 NOTOK cmr12.300 then the cmtt12.300RoSAPpreject cmr12.300 structure con tained in the cmtt12.300 RoSAPindication cmr12.300 parameter cmtt12.300 roi cmr12.300con tains the reason for the failure. If the call to cmtt12.300 RyStub cmr12.300 returns the manifest constan cmtt12.300 OK cmr12.300 then the op eration as queued or completed, dep ending on the alue of the cmtt12.300 class cmr12.300 parameter. If the alue of the cmtt12.300 class cmr12.300 parameter as cmtt12.300 ROS_ASYNC cmr12.300 then cmtt12.300 RyStub cmr12.300 returns immediately after queuing the in cation. Otherwise, cmtt12.300 RyStub cmr12.300 aits for resp onse to the op eration, in ok es the appropriate dispatc routine, and then returns. Both the result and error dispatc routines are in ok ed in the same y: cmtt10.329result (*fnx) (sd, id, reason, value, roi) int sd; int id, reason; caddr_t value; struct RoSAPindication *roi; cmr12.300The parameters to this pro cedure are: cmsl12.3008.4. OUTINES OR INV OKERS cmr12.300 113 cmtt12.300sd cmbx12.300 cmr12.300 the asso ciation-descriptor; cmtt12.300id cmbx12.300 cmr12.300 the in cation iden ti�er asso ciated with the result or error; cmtt12.300reason cmbx12.300 cmr12.300 either cmtt12.300 RY_RESULT cmr12.300 if the result dispatc routine is in ok ed, the error co de if the error dispatc routine is in ok ed with an error, or cmtt12.300RY_REJECT cmr12.300 if the error dispatc routine is in ok ed with rejection; cmtt12.300value cmbx12.300 cmr12.300 the address of the cmti12.300 cmr12.300 structure for the result or error parameter (if an y); and, cmtt12.300roi cmbx12.300 cmr12.300 oin ter to cmtt12.300 RoSAPindication cmr12.300 structure, whic is up dated only if the result, error, or rejection is fault The dispatc routine should return the manifest constan cmtt12.300 OK cmr12.300 unless ou kno what ou’re doing. Note that if cmtt12.300 value cmr12.300 is presen t, then the cmti12.300 libr osy cmr12.300 (3n) library will automatically release the memory used the cmti12.300 cmr12.300 structure when the dispatc routine returns. If the call to cmtt12.300 RyStub cmr12.300 returns the manifest constan cmtt12.300 DONE cmr12.300 then an indi- cation that the asso ciation is ending termination is returned. The alue of the cmtt12.300 roi_type cmr12.300 elemen of the cmtt12.300 RoSAPindication cmr12.300 parameter is either cmtt12.300 ROI_END cmr12.300or cmtt12.300 ROI_FINISH cmr12.300

Consult Section 3.3.4 of cmti12.300 olume One cmr12.300 for the details, as this normally do es not happ en to initiators. If the alue of the cmtt12.300 class cmr12.300 parameter as cmtt12.300 ROS_INTR cmr12.300 then cmtt12.300 RyStub cmr12.300 issues sync hronous call (as describ ed ab for the cmtt12.300 ROS_SYNC cmr12.300 case). Ho ev er, if the user generates an in terrupt, usually yping con trol-C (‘ ^C ’), cmr12.300 while cmtt12.300 aiting for the resp onse to the op eration, then cmtt12.300 RyStub cmr12.300 will return immediately with the alue cmtt12.300 NOTOK cmr12.300 and the cmtt12.300 rop_reason cmr12.300 elemen of the cmtt12.300 RoSAPpreject cmr12.300 structure con tained in the cmtt12.300 RoSAPindication cmr12.300 parameter cmtt12.300 roi cmr12.300 will set to the alue cmtt12.300ROS_INTERRUPTED cmr12.300 this time, the program ma do other pro cessing and later return to ait for the outcome of the op eration. Instead, the program ma direct the run- time en vironmen to silen tly discard an outcome. This is useful when the user wishes to abandon an inprogress op eration and really do esn’t care what the results are (i.e., when reading from database). The erb"RyDiscard" routine is used to accomplish this function: cmtt10.329int RyDiscard (sd, id, roi) int sd, cmr12.300114 cmsl12.300 CHAPTER 8. UN-TIME ENVIR ONMENT cmtt10.329id; struct RoSAPindication *roi; cmr12.300The parameters to this pro cedure are: cmtt12.300sd cmbx12.300 cmr12.300 the asso ciation descriptor; cmtt12.300sd cmbx12.300 cmr12.300 the in cation-iden ti�er asso ciated with the op eration; and, cmtt12.300roi cmbx12.300 cmr12.300 oin ter to cmtt12.300 RoSAPindication cmr12.300 structure, whic is up dated only on failure. The cmtt12.300 RyDiscard cmr12.300 routine returns either cmtt12.300 NOTOK cmr12.300 (on failure) or cmtt12.300 OK cmr12.300 (on success). cmbx10.5188.5 Routines for Resp onders cmr12.300Resp onders use the routines in the cmti12.300 lib acsap cmr12.300 (3n) library for asso ciation con trol. These are describ ed in Chapter of cmti12.300 olume One cmr12.300 cmbx10.5188.6 Routines for erformers cmr12.300After forming an asso ciation, erformers register the op erations they are will- ing to erform. They then ypically ait for those op erations to in ok ed. cmbx10.4328.6.1 Registering Op erations cmr12.300The routine cmtt12.300 RyDispatch cmr12.300 is used to register handler for an op eration: cmtt10.329int RyDispatch (sd, ryo, op, fnx, roi) int sd; struct RyOperation *ryo; int op; IFP fnx; struct RoSAPindication *roi; cmr12.300The parameters to this pro cedure are: cmtt12.300sd cmbx12.300 cmr12.300 the asso ciation-descriptor; cmsl12.3008.6. OUTINES OR PERF ORMERS cmr12.300 115 cmtt12.300ryo cmbx12.300 cmr12.300 oin ter to cmtt12.300 RyOperation cmr12.300 table; cmtt12.300op cmbx12.300 cmr12.300 the op eration co de of the op eration to registered; cmtt12.300fnx cmbx12.300 cmr12.300 the address of dispatc routine to in ok ed when the op eration is in ok ed; and, cmtt12.300roi cmbx12.300 cmr12.300 oin ter to cmtt12.300 RoSAPindication cmr12.300 structure, whic is up dated only if the call fails. An op eration ma un-registered using cmtt12.300 NULLIFP cmr12.300 for the cmtt12.300 fnx cmr12.300 parameter. When registered op eration is in ok ed (from the routine cmtt12.300 RyWait cmr12.300 de- scrib ed in Section 8.7), the dispatc routine is in ok ed with �v parameters: cmtt10.329result (*fnx) (sd, ryo, rox, in, roi) int sd; struct RyOperation *ryo; struct RoSAPinvoke *rox; caddr_t in; struct RoSAPindication *roi; cmr12.300The parameters to this pro cedure are: cmtt12.300sd cmbx12.300 cmr12.300 the asso ciation-descriptor; cmtt12.300ryo cmbx12.300 cmr12.300 oin ter to en try in the cmtt12.300 RyOperation cmr12.300 table for this op eration; cmtt12.300rox cmbx12.300 cmr12.300 oin ter to cmtt12.300 RoSAPinvoke cmr12.300 structure con taining miscellaneous in- formation regarding the op eration eing in ok ed (e.g., the in ca- tion id); cmtt12.300in cmbx12.300 cmr12.300 the address of the cmti12.300 cmr12.300 structure for the op eration’s argumen (if an y); and, cmtt12.300roi cmbx12.300 cmr12.300 oin ter to cmtt12.300 RoSAPindication cmr12.300 structure, whic is up dated only if the op eration as not erformed. Note that if an argumen is presen for the op eration, then the cmti12.300 libr osy cmr12.300 (3n) library will automatically release the memory used the cmti12.300 cmr12.300 structure when the dispatc routine returns. cmr12.300116 cmsl12.300 CHAPTER 8. UN-TIME ENVIR ONMENT cmr12.300The return alue of the dispatc routine is consulted to determine the disp osition of the in cation. One of three alues should returned: cmtt12.300 NOTOK cmr12.300 whic indicates that some non-op erational error ccured; cmtt12.300 OK cmr12.300 whic indicates that the op eration as handled; or, cmtt12.300 DONE cmr12.300 whic indicates that the asso ciation is ending termination. cmbx10.4328.6.2 Resp onding to Op erations cmr12.300If the op eration corresp onding to the dispatc routine do es not return re- sult, then the routine ma simply pro cess the request and return. Otherwise, the dispatc routine should ultimately cause one of three routines to called to handle an in cation. The routine cmtt12.300 RyDsResult cmr12.300 is used to return result to an in cation. cmtt10.329int RyDsResult (sd, id, out, priority, roi) int sd; int id, priority; caddr_t out; struct RoSAPindication *roi; cmr12.300The parameters to this pro cedure are: cmtt12.300sd cmbx12.300 cmr12.300 the asso ciation-descriptor; cmtt12.300id cmbx12.300 cmr12.300 the ID of the in cation eing resp onded to; cmtt12.300out cmbx12.300 cmr12.300 the address of the cmti12.300 cmr12.300 structure for the op eration’s result (if an y); cmtt12.300priority cmbx12.300 cmr12.300 the priorit of the resp onse (use cmtt12.300 ROS_NOPRIO cmr12.300 if the priorit is undetermined); and, cmtt12.300roi cmbx12.300 cmr12.300 oin ter to cmtt12.300 RoSAPindication cmr12.300 structure, whic is up dated only if the call fails. The routine cmtt12.300 RyDsError cmr12.300 is used to return an error to an in cation. cmtt10.329int RyDsError (sd, id, err, out, priority, roi) int sd; int id,