cmsl12.3004.2. RELIABLE TRANSFER cmr12.300 99 cmtt10.329int RtWaitRequest (sd, secs, rti) int sd; int secs; struct RtSAPindication *rti; cmr12.300The parameters to this pro cedure are: cmtt12.300sd cmbx12.300cmr12.300 the asso ciation-descriptor; cmtt12.300secs cmbx12.300cmr12.300 the maxim um um er of seconds to ait for the ev en (a alue of cmtt12.300NOTOK cmr12.300 indicates that the call should blo inde�nitely whereas alue of cmtt12.300 OK cmr12.300 indicates that the call should not blo at all, e.g., olling action); and, cmtt12.300rti cmbx12.300cmr12.300 oin ter to cmtt12.300 RtSAPindication cmr12.300 structure, whic is alw ys up- dated. Unlik the other routines in the cmti12.300 librtsap cmr12.300 (3n) library the cmtt12.300 RtWaitRequest cmr12.300 rou- tine returns one of three alues: cmtt12.300 NOTOK cmr12.300 (on failure), cmtt12.300 OK cmr12.300 (on reading data) or cmtt12.300DONE cmr12.300 (when something else happ ens). If the call to cmtt12.300 RtWaitRequest cmr12.300 returns the manifest constan cmtt12.300 NOTOK cmr12.300then the cmtt12.300 RtSAPabort cmr12.300 structure con tained in the cmtt12.300 RtSAPindication cmr12.300 parameter cmtt12.300 rti cmr12.300con tains the reason for the failure. Otherwise if the call to cmtt12.300 RoWaitRequest cmr12.300 returns the manifest constan cmtt12.300 OK cmr12.300 then data has arriv ed. This ev en is enco ded in the cmtt12.300 rti cmr12.300 parameter, dep ending on the alue of the cmtt12.300 rti_type cmr12.300 elemen t. Curren tly when cmtt12.300 RoWaitRequest cmr12.300returns cmtt12.300 OK cmr12.300 the cmtt12.300 rti_type cmr12.300 elemen is set to cmtt12.300 RTI_TRANSFER cmr12.300 whic indicates that cmss12.300 RT-TRANSFER.REQUEST cmr12.300 ev en has ccurred. Otherwise if the call to cmtt12.300 RtWaitRequest cmr12.300 returns the manifest constan cmtt12.300DONE cmr12.300 then some ev en other than data arriving has ccurred. This ev en is also enco ded in the cmtt12.300 rti cmr12.300 parameter, dep ending on the alue of the cmtt12.300 rti_type cmr12.300elemen t. Curren tly when cmtt12.300 RoWaitRequest cmr12.300 returns cmtt12.300 DONE cmr12.300 the cmtt12.300 rti_type cmr12.300 ele- men is set to one of alues: cmbx12.300alue Ev en cmtt12.300RTI TURN cmss12.300RT-TURN-PLEASE.INDICA TION cmtt12.300RTI TURN cmss12.300RT-TURN-GIVE.INDICA TION cmtt12.300RTI CLOSE cmss12.300X.410 CLOSE.INDICA TION cmr12.300(for old-st yle asso ciations) cmtt12.300RTI FINISH cmss12.300RT-CLOSE.INDICA TION cmr12.300100 cmsl12.300 CHAPTER 4. RELIABLE TRANSFER cmbx12.300ransfer Indication cmr12.300When an cmss12.300 RT-TRANSFER.INDICA TION cmr12.300 ev en ccurs, the cmtt12.300 rti_type cmr12.300 �eld of the cmtt12.300 rti cmr12.300 parameter con tains the alue cmtt12.300 RTI_TRANSFER cmr12.300 and cmtt12.300 RtSAPtransfer cmr12.300structure is con tained inside the cmtt12.300 rti cmr12.300 parameter. cmtt10.329struct RtSAPtransfer PE rtt_data; }; cmr12.300The elemen ts of this structure are: cmtt12.300rtt data cmbx12.300 cmr12.300 the data receiv ed. Note that the cmtt12.300 rtt_data cmr12.300 elemen is allo cated via cmti12.300 mal lo cmr12.300 (3) and should released using the cmtt12.300 RTTFREE cmr12.300 macro when no longer referenced. The cmtt12.300 RTTFREE cmr12.300macro eha es as if it as de�ned as: cmtt10.329void RTTFREE (rtt) struct RtSAPtransfer *rtt; cmr12.300The macro frees only the data allo cated in the cmtt12.300 RtSAPtransfer cmr12.300 structure and not the structure itself. cmbx12.300urn Indication cmr12.300When an cmss12.300 RT-TURN-GIVE.INDICA TION cmr12.300 or cmss12.300 RT-TURN-PLEASE.INDICA TION cmr12.300ev en ts ccur, the cmtt12.300 rti_type cmr12.300 �eld of the cmtt12.300 rti cmr12.300 parameter con tains the alue cmtt12.300RTI_TURN cmr12.300 and cmtt12.300 RtSAPturn cmr12.300 structure is con tained inside the cmtt12.300 rti cmr12.300 parameter. cmtt10.329struct RtSAPturn int rtu_please; int rtu_priority; }; cmr12.300The elemen ts of this structure are: cmtt12.300rtu please cmbx12.300 cmr12.300 if set, indicates that cmss12.300 RT-PLEASE-TURN.INDICA TION cmr12.300 ev en has ccurred; if not set, indicates that cmss12.300 RT-GIVE-TURN.INDICA- TION cmr12.300 ev en has ccurred; and, cmtt12.300rtu priority cmbx12.300 cmr12.300 the priorit at whic the turn is requested (meaningful only if cmtt12.300 rtu_please cmr12.300 is set). cmsl12.3004.2. RELIABLE TRANSFER cmr12.300 101 cmbx12.300Close Indication cmr12.300When an cmss12.300 X.410 CLOSE.INDICA TION cmr12.300 ev en ccurs, the cmtt12.300 rti_type cmr12.300 �eld of the cmtt12.300rti cmr12.300 parameter con tains the alue cmtt12.300 RTI_CLOSE cmr12.300 and cmtt12.300 RtSAPclose cmr12.300 structure is con tained inside the cmtt12.300 rti cmr12.300 parameter. cmtt10.329struct RtSAPclose int rtc_dummy; }; cmbx12.300Finish Indication cmr12.300When an cmss12.300 RT-CLOSE.INDICA TION cmr12.300 ev en ccurs, the cmtt12.300 rti_type cmr12.300 �eld of the cmtt12.300rti cmr12.300 parameter con tains the alue cmtt12.300 RTI_FINISH cmr12.300 and cmtt12.300 AcSAPfinish cmr12.300 structure is con tained inside the cmtt12.300 rti cmr12.300 parameter. cmbx10.4324.2.3 Managing the urn cmr12.300The user with the turn is ermitted to send data to the other user. request the turn, one in ok es the cmtt12.300 RtPTurnRequest cmr12.300 routine, whic corresp onds to the cmss12.300RT-PLEASE-TURN.REQUEST cmr12.300 cmtt10.329int RtPTurnRequest (sd, priority, rti) int sd; int priority; struct RtSAPindication *rti; cmr12.300The parameters to this pro cedure are: cmtt12.300sd cmbx12.300 cmr12.300 the asso ciation-descriptor; cmtt12.300priority cmbx12.300 cmr12.300 the priorit at whic the turn is requested (this is de�ned eac application); and, cmtt12.300rti cmbx12.300 cmr12.300 oin ter to cmtt12.300 RtSAPindication cmr12.300 structure, whic is up dated only if the call fails. If the call to the cmtt12.300 RtPTurnRequest cmr12.300 routine succeeds, then the turn has een requested of the remote user. Otherwise the cmtt12.300 RtSAPabort cmr12.300 structure con tained in the cmtt12.300 RtSAPindication cmr12.300 parameter cmtt12.300 rti cmr12.300 con tains the reason for failure. relinquish the turn, one in ok es the cmtt12.300 RtGTurnRequest cmr12.300 routine, whic corresp onds to the cmss12.300 RT-GIVE-TURN.REQUEST cmr12.300 cmr12.300102 cmsl12.300 CHAPTER 4. RELIABLE TRANSFER cmtt10.329int RtGTurnRequest (sd, rti) int sd; struct RtSAPindication *rti; cmr12.300The parameters to this pro cedure are: cmtt12.300sd cmbx12.300 cmr12.300 the asso ciation-descriptor; and, cmtt12.300rti cmbx12.300 cmr12.300 oin ter to cmtt12.300 RtSAPindication cmr12.300 structure, whic is up dated only if the call fails. If the call to the cmtt12.300 RtGTurnRequest cmr12.300 routine succeeds, then the turn has een relinquished to the remote user. Otherwise the cmtt12.300 RtSAPabort cmr12.300 structure con- tained in the cmtt12.300 RtSAPindication cmr12.300 parameter cmtt12.300 rti cmr12.300 con tains the reason for failure. cmbx10.4324.2.4 Async hronous Ev en Handling cmr12.300The ev en ts discussed th us far ha een sync hronous in nature. Some users of the reliable transfer service ma wish an async hronous in terface. The cmtt12.300RtSetIndications cmr12.300 routine is used to hange the service asso ciated with an asso ciation-descriptor to an async hronous in terface. cmtt10.329int RtSetIndications (sd, indication, rti) int sd; IFP indication; struct RtSAPindication *rti; cmr12.300The parameters to this pro cedure are: cmtt12.300sd cmbx12.300 cmr12.300 the asso ciation-descriptor; cmtt12.300indication cmbx12.300 cmr12.300 the address of an ev en t-handler routine to in ok ed when an ev en ccurs; and, cmtt12.300rti cmbx12.300 cmr12.300 oin ter to cmtt12.300 RtSAPindication cmr12.300 structure, whic is up dated only if the call fails. If the service is to made async hronous, then cmtt12.300 indication cmr12.300 is sp eci�ed; otherwise, if the service is to made sync hronous, it is not sp eci�ed (use the manifest constan cmtt12.300 NULLIFP ). cmr12.300 The most lik ely reason for the call failing is cmtt12.300RTS_WAITING cmr12.300 whic indicates that an ev en is aiting for the user. When an ev en ccurs, the ev en t-handler routine is in ok ed with parameters: cmsl12.3004.2. RELIABLE TRANSFER cmr12.300 103 cmtt10.329(*handler) (sd, rti); int sd; struct RtSAPindication *rti; cmr12.300The parameters are: cmtt12.300sd cmbx12.300 cmr12.300 the asso ciation-descriptor; and, cmtt12.300rti cmbx12.300 cmr12.300 oin ter to cmtt12.300 RtSAPindication cmr12.300 structure enco ding the ev en t. Note that the data con tained in the structure as allo cated via cmti12.300 mal lo cmr12.300 (3), and should released with the appropriate macro (either cmtt12.300 RTTFREE cmr12.300 or cmtt12.300 RTPFREE cmr12.300 when no longer needed. When an ev en t-handler is in ok ed, future in cations of the ev en t-hander are blo ed un til it returns. The return alue of the ev en t-handler is ignored. urther, during the execution of sync hronous call to the library the ev en t- handler will blo ed from eing in ok ed. cmbx12.300NOTE: cmr12.300 The cmti12.300 librtsap cmr12.300 (3n) library uses the SIGEMT signal to pro vide these services. Programs using async hronous asso ciation- descriptors should NOT use SIGEMT for other purp oses. cmbx10.4324.2.5 Sync hronous Ev en Multiplexing cmr12.300user of the reliable transfer service ma wish to manage ultiple associ- ation-descriptors sim ultaneously; the routine cmtt12.300 RtSelectMask cmr12.300 is pro vided for this purp ose. This routine up dates �le-descriptor mask and asso ciated coun ter for use with cmtt12.300 xselect cmr12.300 (consult Section 2.4), as asso cation-descriptors are �le-descriptors. cmtt10.329int RtSelectMask (sd, mask, nfds, rti) int sd; fd_set *mask, int *nfds; struct RtSAPindication *rti; cmr12.300The parameters to this pro cedure are: cmtt12.300sd cmbx12.300 cmr12.300 the asso ciation-descriptor; cmr12.300104 cmsl12.300 CHAPTER 4. RELIABLE TRANSFER cmtt12.300mask cmbx12.300 cmr12.300 oin ter to �le-descriptor mask meaningful to cmtt12.300 xselect cmr12.300 cmtt12.300nfds cmbx12.300 cmr12.300 oin ter to an in teger-v alued lo cation meaningful to cmtt12.300 xselect cmr12.300 and, cmtt12.300rti cmbx12.300 cmr12.300 oin ter to cmtt12.300 RtSAPindication cmr12.300 structure, whic is up dated only if the call fails. If the call is successful, then the cmtt12.300 mask cmr12.300 and cmtt12.300 nfds cmr12.300 parameters can used as argumen ts to cmtt12.300 xselect cmr12.300

The most lik ely reason for the call failing is cmtt12.300RTS_WAITING cmr12.300 whic indicates that an ev en is aiting for the user. If cmtt12.300 xselect cmr12.300 indicates that the asso ciation-descriptor is ready for reading, cmtt12.300RtWaitRequest cmr12.300 should called with the cmtt12.300 secs cmr12.300 parameter equal to cmtt12.300 OK cmr12.300

If the net ork activit do es not constitute an en tire ev en for the user, then cmtt12.300RtWaitRequest cmr12.300 will return cmtt12.300 NOTOK cmr12.300 with error co de cmtt12.300 RTS_TIMER cmr12.300 cmbx10.4324.2.6 Reliable ransfer (revisited) cmr12.300The mec hanism pro vided cmtt12.300 RtTransferRequest cmr12.300 ma not useful for ap- plications whic ha large amoun ts of data to transfer. In most cases, it is preferable to transfer data incremen tally pro vide for this functionalit the routine cmtt12.300 RtSetDownTrans cmr12.300 is pro vided: cmtt10.329int RtSetDownTrans (sd, fnx, rti) int sd; IFP fnx; struct RtSAPindication *rti; cmr12.300The parameters to this pro cedure are: cmtt12.300sd cmbx12.300 cmr12.300 the asso ciation descriptor; cmtt12.300fnx cmbx12.300 cmr12.300 the address of an ev en t-handler routine to in ok ed when data is needed; and, cmtt12.300rti cmbx12.300 cmr12.300 oin ter to cmtt12.300 RtSAPindication cmr12.300 structure, whic is up dated only if the call fails. If the cmtt12.300 fnx cmr12.300 parameter is some alue other than the manifest constan cmtt12.300 NULLIFP cmr12.300 then up on successful return from cmtt12.300 RtSetDownTrans cmr12.300 the eha vior of the rou- tine cmtt12.300 RtTransferRequest cmr12.300 is altered. cmsl12.3004.2. RELIABLE TRANSFER cmr12.300 105 1. The cmtt12.300 data cmr12.300 parameter to cmtt12.300 RtTransferRequest cmr12.300 ma cmtt12.300 NULLPE cmr12.300

2. In this case, the ev en t-handler routine cmtt12.300 fnx cmr12.300 will in ok ed in order to retriev ortion of the data to transferred: cmtt10.329result (*fnx) (sd, base, len, size, ack, ssn, rti); int sd; char **base; int *len, size; long ack, ssn; struct RtSAPindication *rti; cmr12.300where cmtt12.300 sd cmr12.300 is the asso ciation-descriptor whic as giv en to the routine cmtt12.300RtTransferRequest cmr12.300

3. If the cmtt12.300 base cmr12.300 parameter has the alue cmtt12.300 NULLVP cmr12.300 then cmss12.300 RT-PLEASE.INDI- CATION cmr12.300 ev en is eing signaled, and the cmtt12.300 size cmr12.300 parameter has the alue of the priorit asso ciated with the ev en t. 4. Otherwise, the cmtt12.300 base cmr12.300 and cmtt12.300 len cmr12.300 parameters oin to oin ter/length pair whic should set the ev en handler to upto cmtt12.300 size cmr12.300 ctets. The ev en handler is resp onsible for an memory allo cation (e.g., allo cating bu�er of cmtt12.300 size cmr12.300 ctets and then assigning the address of the bu�er to cmtt12.300*base ). cmr12.300 Once bu�er is hosen, the ev en handler should read upto cmtt12.300size cmr12.300 ctets in to the bu�er and set cmtt12.300 *len cmr12.300 to the um er of ctets ac- tually read. The cmtt12.300 ssn cmr12.300 and cmtt12.300 ack cmr12.300 parameters giv en the alues of the last sync hronization oin requested and ac knolw edged (ho this informa- tion should used is unkno wn at this time). If the alue assigned to cmtt12.300*len cmr12.300 is zero, then this indicates that all data has een read and the transfer should completed. 5. If the alue of the cmtt12.300 size cmr12.300 is zero, then this indicates that the pro vider could not negotiate incremen tal transfer and the ev en handler should allo cate bu�er of arbitrary size, read all of the data to transferred in to that one bu�er, and then up date cmtt12.300 *base cmr12.300 and cmtt12.300 *len cmr12.300 accordingly 6. If the ev en handler encoun ters an error, it should return the manifest constan cmtt12.300 NOTOK cmr12.300 (otherwise, it should return cmtt12.300 OK ). cmr12.300 If an error is signaled, cmr12.300106 cmsl12.300 CHAPTER 4. RELIABLE TRANSFER cmr12.300the ev en handler should up date the cmtt12.300 rti cmr12.300 structure accordingly The easiest to do this is: cmtt10.329return rtsaplose (rti, RTS_TRANSFER, NULLCP, "text"); cmr12.300If the ev en is cmss12.300 RT-PLEASE.REQUEST cmr12.300 then signaling an error results in the pro vider generating an cmss12.300 S-A CTIVITY-INTERRUPT.REQUEST cmr12.300 oth- erwise when an error is signaled, the pro vider will generate an cmss12.300 S- CTIVITY-DISCARD.REQUEST cmr12.300 to ab ort the transfer. or similar reasons, the mec hanism emplo ed cmtt12.300 RtWaitRequest cmr12.300 ma not useful for applications whic ha large amoun ts of data to transfer. Again, in most cases it is preferable to transfer data incremen tally pro vide for this functionalit the routine cmtt12.300 RtSetUpTrans cmr12.300 is pro vided: cmtt10.329int RtSetUpTrans (sd, fnx, rti) int sd; IFP fnx; struct RtSAPindication *rti; cmr12.300The parameters to this pro cedure are: cmtt12.300sd cmbx12.300 cmr12.300 the asso ciation descriptor; cmtt12.300fnx cmbx12.300 cmr12.300 the address of an ev en t-handler routine to in ok ed when data has een receiv ed; and, cmtt12.300rti cmbx12.300 cmr12.300 oin ter to cmtt12.300 RtSAPindication cmr12.300 structure, whic is up dated only if the call fails. If the cmtt12.300 fnx cmr12.300 parameter is some alue other than the manifest constan cmtt12.300 NULLIFP cmr12.300 then up on successful return from cmtt12.300 RtSetUpTrans cmr12.300 the eha vior of the routine cmtt12.300RtWaitRequest cmr12.300 is altered when it returns an cmss12.300 RT-TRANSFER.INDICA TION cmr12.300(the cmtt12.300 rti_type cmr12.300 �eld of the cmtt12.300 rti cmr12.300 parameter con tains the alue cmtt12.300 RTI_TRANSFER cmr12.300 and cmtt12.300 RtSAPtransfer cmr12.300 structure is con tained inside the cmtt12.300 rti cmr12.300 parameter). No data is returned cmtt12.300 RtWaitRequest cmr12.300 rather as data is receiv ed, the ev en routine is in ok ed: 1. When data is receiv ed, the ev en t-handler routine cmtt12.300 fnx cmr12.300 will in ok ed in order to store ortion of the data eing transferred: cmsl12.3004.2. RELIABLE TRANSFER cmr12.300 107 cmtt10.329result (*fnx) (sd, event, addr, rti); int sd; int event; caddr_t addr; struct RtSAPindication *rti; cmr12.300where cmtt12.300 sd cmr12.300 is the asso ciation-descriptor whic as giv en to the routine cmtt12.300RtWaitRequest cmr12.300

2. If the cmtt12.300 event cmr12.300 parameter has the alue cmtt12.300 SI_DATA cmr12.300 then the cmtt12.300 addr cmr12.300 parameter is really oin ter to cmtt12.300 struct qbuf cmr12.300 structure, and the ev en handler should tra erse the qbuf writing out the data found therein. 3. If the cmtt12.300 event cmr12.300 parameter has the alue cmtt12.300 SI_SYNC cmr12.300 then the cmtt12.300 addr cmr12.300 parame- ter is really oin ter to cmtt12.300 struct SSAPsync cmr12.300 structure, and the ev en handler should note the information con tained therein.Curren tly this will only ccur when cmss12.300 S-MINOR-SYNC.INDICA TION cmr12.300 ev en is signaled. 4. If the cmtt12.300 event cmr12.300 parameter has the alue cmtt12.300 SI_ACTIVITY cmr12.300 then the cmtt12.300 addr cmr12.300parameter is really oin ter to cmtt12.300 struct SSAPactivity cmr12.300 structure, and the ev en handler should note the information con tained therein. Curren tly there are four ev en ts that are signaled: cmsy10.360cmss12.300 S-A CTIVITY-ST ART.INDICA TION cmr12.300 whic indicates that transfer is ab out to egin; cmsy10.360cmss12.300 S-A CTIVITY-END.INDICA TION cmr12.300 whic indicates that transfer is ab out to complete; and, cmsy10.360cmss12.300 S-A CTIVITY-INTERRUPT.INDICATION cmr12.300 and cmss12.300S-A CTIVITY-DISCARD.INDICATION cmr12.300 whic indicate that an activ- it is either susp ended or ab orted. 5. If the cmtt12.300 event cmr12.300 parameter has the alue cmtt12.300 SI_REPORT cmr12.300 then the cmtt12.300 addr cmr12.300 parame- ter is really oin ter to cmtt12.300 struct SSAPreport cmr12.300 structure, and the ev en handler should note the information con tained therein. Curren tly this will only ccur when cmss12.300 S-U-EX CEPTION-REPORT.INDICATION cmr12.300 ev en is signaled. 6. If the ev en handler encoun ters an error, it should return the manifest constan cmtt12.300 NOTOK cmr12.300 (otherwise, it should return cmtt12.300 OK ). cmr12.300 If an error is signaled, cmr12.300108 cmsl12.300 CHAPTER 4. RELIABLE TRANSFER cmr12.300the ev en handler should up date the cmtt12.300 rti cmr12.300 structure accordingly The easiest to do this is: cmtt10.329return rtsaplose (rti, RTS_TRANSFER, NULLCP, "text"); cmr12.300If the ev en is cmss12.300 S-A CTIVITY-INTERRUPT.INDICA TION cmr12.300 cmss12.300 S-A CTIVITY- INTERRUPT.INDICA TION cmr12.300 or cmss12.300 S-A CTIVITY-INTERRUPT.INDICATION cmr12.300 then signaling an error is ignorred the pro vider; otherwise, when an error is signaled, the pro vider will generate an cmss12.300 S-U-EX CEPTION- REPORT.REQUEST cmr12.300 to ab ort the transfer. cmbx10.5184.3 Error Con en tions cmr12.300All of the routines in this library return the manifest constan cmtt12.300 NOTOK cmr12.300 on er- ror, and also up date the cmtt12.300 rti cmr12.300 parameter giv en to the routine. The cmtt12.300 rti_abort cmr12.300elemen of the cmtt12.300 RtSAPindication cmr12.300 structure enco des the reason for the fail- ure. One co erces oin ter to cmtt12.300 RtSAPabort cmr12.300 structure, and consults the cmtt12.300rta_reason cmr12.300 elemen of this latter structure. This elemen can giv en as parameter to the routine cmtt12.300 RtErrString cmr12.300 whic returns ull-terminated diagnostic string. cmtt10.329char *RtErrString (c) int c; cmbx10.5184.4 Compiling and Loading cmr12.300Programs using the cmti12.300 librtsap cmr12.300 (3n) library should include cmtt12.300 <isode/rtsap.h> cmr12.300 whic automatically includes the header �le cmtt12.300 <isode/psap.h> cmr12.300 describ ed in Chapter 5. The programs should also loaded with cmtt12.300 -lisode cmr12.300 cmbx10.5184.5 An Example cmr12.300Let’s consider ho one migh construct generic serv er that uses reliable transfer services to establish an asso ciation, but then uses remote op eration services to comm unicate with its eer. This en tit will use sync hronous in terface.