cmsl12.300A.1. REMOTE OPERA TIONS cmr12.300 169 cmbx10.329#include cmmi10.329 iso cmr10.329 de cmmi10.329rosap.h cmmi10.329cmbx10.329#include cmmi10.329 cmr10.329iso cmr10.329 de cmmi10.329isoserv cmr10.329 en t.h cmmi10.329 cmr10.329... cmbx10.329register struct cmr10.329 SSAP addr *sa; cmbx10.329struct cmr10.329 RoSAP addr roas; cmbx10.329register struct cmr10.329 RoSAP addr *roa &roas; cmbx10.329register struct cmr10.329 isoserv en *is; cmr7.30010 cmr10.329... cmbx10.329if cmr10.329 ((is getisoserv en tb yname "directory" cmr10.329 cmtt10.329 "rosap" )) cmr10.329 == cmtt10.329 NULL) error "rosap/directory" ); cmmi10.329cmr10.329 cmti10.329 cmtt10.329 emoteHost is the host we’r inter este in, e.g., \gr emlin.nrtc.northr op.c om" cmmi10.329 cmr10.329roa cmsy10.329 cmmi10.329 cmr10.329 roa ort is cmsy10.329 cmmi10.329 cmr10.329 is ort; cmbx10.329if cmr10.329 ((is getisoserv en tb yname "ros" cmr10.329 cmtt10.329 "ssap" )) cmr10.329 == cmtt10.329 NULL) cmr7.300 20 cmr10.329error "ssap/ros" ); cmbx10.329if cmr10.329 ((sa cmr10.329 cmtt10.329 is2saddr (RemoteHost, NULLCP struct cmr10.329 isoserv en cmbx10.329 *) is)) == NULLSA) error "address cmtt10.329 translation failed" ); cmr10.329roa cmsy10.329 cmmi10.329 cmr10.329 roa addr *sa; ... cmr12.300Figure A.1: Constructing the RoSAP address for the Directory Services en- tit cmr12.300170 cmsl12.300 APPENDIX A. OLD-STYLE ASSOCIA TIONS cmtt10.329int RoInit (vecp, vec, ros, roi) int vecp; char **vec; struct RoSAPstart *ros; struct RoSAPindication *roi; cmr12.300The parameters to this pro cedure are: cmtt12.300vecp cmbx12.300 cmr12.300 the length of the argumen ector; cmtt12.300vec cmbx12.300 cmr12.300 the argumen ector; cmtt12.300ros cmbx12.300 cmr12.300 oin ter to cmtt12.300 RoSAPstart cmr12.300 structure, whic is up dated only 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 call fails. If cmtt12.300 RoInit cmr12.300 is successful, it returns information in the cmtt12.300 ros cmr12.300 parameter, whic is oin ter to cmtt12.300 RoSAPstart cmr12.300 structure. cmtt10.329struct RoSAPstart int ros_sd; struct RoSAPaddr ros_initiator; u_short ros_port; PE ros_data; }; cmr12.300The elemen ts of this structure are: cmtt12.300ros sd cmbx12.300 cmr12.300 the asso ciation-descriptor to used to reference this asso cia- tion; cmtt12.300ros initiator cmbx12.300 cmr12.300 the \unique iden ti�er" of the initiator (con taining the initiator’s host address); cmtt12.300ros port cmbx12.300 cmr12.300 the application um er the initiator wishes to use to go ern the asso ciation; and cmsl12.300A.1. REMOTE OPERA TIONS cmr12.300 171 cmtt12.300ros data cmbx12.300 cmr12.300 an initial data (this is oin ter to cmtt12.300 PElement cmr12.300 structure, whic is fully explained in Chapter 5). Note that the cmtt12.300 ros_data cmr12.300 elemen is allo cated via cmti12.300 mal lo cmr12.300 (3) and should released using the cmtt12.300 ROSFREE cmr12.300 macro when no longer referenced. The cmtt12.300 ROSFREE cmr12.300macro eha es as if it as de�ned as: cmtt10.329void ROSFREE (ros) struct RoSAPstart *ros; cmr12.300The macro frees only the data allo cated cmtt12.300 RoInit cmr12.300 and not the cmtt12.300 RoSAPstart cmr12.300structure itself. urther, cmtt12.300 ROSFREE cmr12.300 should called only if the call to the cmtt12.300RoInit cmr12.300 routine returned cmtt12.300 OK cmr12.300

If the call to cmtt12.300 RoInit cmr12.300 is not successful, then cmss12.300 RO-P-REJECT.INDICATION cmr12.300ev en is sim ulated, and the relev an information is returned in an enco ded cmtt12.300RoSAPindication cmr12.300 structure. After examining the information returned cmtt12.300 RoInit cmr12.300 on successful call (and ossibly after examining the argumen ector), the resp onder should either accept or reject the asso ciation. or either resp onse, the resp onder should use the cmtt12.300 RoBeginResponse cmr12.300 routine (whic corresp onds to the cmss12.300 RO- BEGIN.RESPONSE cmr12.300 action). cmtt10.329int RoBeginResponse (sd, status, data, roi) int sd; int status; PE data; struct RoSAPindication *roi; cmr12.300The parameters to this pro cedure are: cmtt12.300sd cmbx12.300 cmr12.300 the asso ciation-descriptor; cmtt12.300status cmbx12.300 cmr12.300 the acceptance indicator (either cmtt12.300 ROS_ACCEPT cmr12.300 if the asso ciation is to accepted, or one of the \fatal" user-initiated rejection co des listed in able 3.1 on page 60); cmtt12.300data cmbx12.300 cmr12.300 an initial data if the asso ciation is to accepted; 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. cmr12.300172 cmsl12.300 APPENDIX A. OLD-STYLE ASSOCIA TIONS cmr12.300If the call to cmtt12.300 RoBeginResponse cmr12.300 is successful, and the cmtt12.300 status cmr12.300 parameter is set to cmtt12.300 ROS_ACCEPT cmr12.300 then asso ciation establishmen has no een completed. If the call is successful, but the cmtt12.300 status cmr12.300 parameter is not cmtt12.300 ROS_ACCEPT cmr12.300 then the asso ciation has een rejected and the resp onder ma exit. Otherwise, if the call fails and the reason is \fatal", then the asso ciation is closed. cmbx12.300Clien Initialization cmr12.300program wishing to asso ciate itself with another user of remote op eration services calls the cmtt12.300 RoBeginRequest cmr12.300 routine, whic corresp onds to the cmss12.300 RO- BEGIN.REQUEST cmr12.300 action. cmtt10.329int RoBeginRequest (called, data, roc, roi) struct RoSAPaddr *called; PE data; struct RoSAPconnect *roc; struct RoSAPindication *roi; cmr12.300The parameters to this pro cedure are: cmtt12.300called cmbx12.300 cmr12.300 the RoSAP address of the resp onder; cmtt12.300data cmbx12.300 cmr12.300 an initial data; cmtt12.300roc cmbx12.300 cmr12.300 oin ter to cmtt12.300 RoSAPconnect cmr12.300 structure, whic is up dated only 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 call fails. If the call to cmtt12.300 RoBeginRequest cmr12.300 is successful (this corresp onds to cmss12.300 RO-BEGIN.CONFIRMA TION cmr12.300ev en t), it returns information in the cmtt12.300 roc cmr12.300 parameter, whic is oin ter to cmtt12.300RoSAPconnect cmr12.300 structure. cmtt10.329struct RoSAPconnect int roc_sd; int roc_result; PE roc_data; }; cmsl12.300A.1. REMOTE OPERA TIONS cmr12.300 173 The elemen ts of this structure are: cmtt12.300roc sd cmbx12.300 cmr12.300 the asso ciation-descriptor to used to reference this asso cia- tion; cmtt12.300roc result cmbx12.300 cmr12.300 the asso ciation resp onse; and, cmtt12.300roc data cmbx12.300 cmr12.300 an initial data if the asso ciation as accepted. If the call to cmtt12.300 RoBeginRequest cmr12.300 is successful, and the cmtt12.300 roc_result cmr12.300 elemen is set to cmtt12.300 ROS_ACCEPT cmr12.300 then asso ciation establishmen has completed. If the call is successful, but the cmtt12.300 roc_result cmr12.300 elemen is not cmtt12.300 ROS_ACCEPT cmr12.300 the the asso ciation attempt has een rejected, consult able 3.1 to determine the reason for the reject. Otherwise, if the call fails then the asso ciation is not established and the cmtt12.300 RoSAPpreject cmr12.300 structure of the cmtt12.300 RoSAPindication cmr12.300discriminated union has een up dated. Note that the cmtt12.300 roc_data cmr12.300 elemen is allo cated via cmti12.300 mal lo cmr12.300 (3) and should released using the cmtt12.300 ROCFREE cmr12.300 macro when no longer referenced. The cmtt12.300 ROCFREE cmr12.300macro eha es as if it as de�ned as: cmtt10.329void ROCFREE (roc) struct RoSAPconnect *roc; cmr12.300The macro frees only the data allo cated cmtt12.300 RoBeginRequest cmr12.300 and not the cmtt12.300RoSAPconnect cmr12.300 structure itself. urther, cmtt12.300 ROCFREE cmr12.300 should called only if the call to the cmtt12.300 RoBeginRequest cmr12.300 routine returned cmtt12.300 OK cmr12.300

Note that in the basic service the arguemen parameter to an In ok request cannot NULL. As ell only the initiator ma mak in ok requests. cmbx10.432A.1.3 Asso ciation Release cmr12.300The cmtt12.300 RoEndRequest cmr12.300 routine is used to request the release of an asso ciation, and corresp onds to cmss12.300 RO-END.REQUEST cmr12.300 action. This action ma tak en only the initiator of an asso ciation. cmtt10.329int RoEndRequest (sd, priority, roi) int sd; int priority; struct RoSAPindication *roi; cmr12.300174 cmsl12.300 APPENDIX A. OLD-STYLE ASSOCIA TIONS 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 of this request; 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. If the call to cmtt12.300 RoEndRequest cmr12.300 is successful, then the asso ciation has een re- leased. Otherwise if the call fails and the error is not fatal, then the asso ci- ation remains established and the cmtt12.300 RoSAPpreject cmr12.300 structure con tained in the cmtt12.300RoSAPindication cmr12.300 parameter cmtt12.300 roi cmr12.300 con tains the reason for the failure. Up on receiving cmss12.300 RO-END.INDICA TION cmr12.300 ev en t, the user is required to generate cmss12.300 RO-END.RESPONSE cmr12.300 action using the cmtt12.300 RoEndResponse cmr12.300 routine. cmtt10.329int RoEndResponse (sd, roi) int sd; struct RoSAPindication *roi; cmr12.300The parameters to this pro cedure are: cmtt12.300sd cmbx12.300 cmr12.300 the asso ciation-descriptor; 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. If the call to cmtt12.300 RoEndResponse cmr12.300 is successful, then the asso ciation has een released. cmbx10.432A.1.4 An Example cmr12.300Let’s consider ho one migh construct generic serv er whic uses remote op erations services. This en tit will use an async hronous in terface and the basic service discipline. Note that could ha selected the adv anced ser- vice discipline using cmtt12.300 RtBInit cmr12.300 instead of cmtt12.300 RoInit cmr12.300 cmtt12.300 RtBeginResponse cmr12.300 in- stead of cmtt12.300 RoBeginResponse cmr12.300 and cmtt12.300 RtEndResponse cmr12.300 instead of cmtt12.300 RoEndResponse cmr12.300(resp ectiv ely). This is demonstrated later in this app endix. There are parts to the program: initialization and the request/reply lo op. In our example, assume that the routine cmtt12.300 error cmr12.300 results in the pro cess eing terminated after prin ting diagnostic. cmsl12.300A.2. RELIABLE TRANSFER cmr12.300 175 In Figure A.2, the initialization steps for the generic resp onder, including the outer cmti12.300 cmr12.300 wrapp er, is sho wn. First, the RoSAP state is re-captured calling cmtt12.300 RoInit cmr12.300

If this succeeds, then the asso ciation is authen ticated and an command line argumen ts are parsed. Assuming that the resp onder is satis�ed with the prop osed asso ciation, it calls cmtt12.300 RoBeginResponse cmr12.300 to accept the asso ciation. Then, cmtt12.300 RoSetIndications cmr12.300 is set to sp ecify an async hronous ev en handler. Finally the main request/reply lo op is realized. The serv er simply uses cmti12.300 ause cmr12.300 (2) to ait for the next ev en t. Figure 3.2 on page 77 con tains the de�nition of the cmtt12.300 ros_indication cmr12.300routine and asso ciated routines. Since the remote op erations service as used to establish the asso ciation, di�eren closing handler ust used. This is sho wn in Figure A.3. cmbx10.518A.2 Reliable ransfer cmr12.300Under old-st yle asso ciation handling for reliable transfer, the cmss12.300 X.410 OPEN cmr12.300and cmss12.300 X.410 CLOSE cmr12.300 primitiv es are used. cmbx10.432A.2.1 Addresses cmr12.300Addresses at the reliable transfer service access oin are represen ted the cmtt12.300RtSAPaddr cmr12.300 structure. cmtt10.329struct RtSAPaddr struct SSAPaddr rta_addr; u_short rta_port; }; cmr12.300This structure con tains elemen ts: cmtt12.300rta addr cmbx12.300 cmr12.300 the session address, as describ ed in Section 3.2 on page 42 of cmti12.300olume Two cmr12.300 and, cmtt12.300rta port cmbx12.300 cmr12.300 the ort um er of the en tit residing ab the tSAP In Figure A.4, an example of ho one constructs the tSAP address for the message transfer en tit on host cmtt12.300 RemoteHost cmr12.300 is presen ted. (The routine cmtt12.300is2saddr cmr12.300 is describ ed on page 42 of cmti12.300 olume Two .) cmr12.300176 cmsl12.300 APPENDIX A. OLD-STYLE ASSOCIA TIONS cmbx8.300#include cmmi8.300 stdio.h cmmi8.300 cmbx8.300#include cmtt8.300 "generic.h" cmmi8.300 cmr8.300 cmti8.300 de�nes OPERA TIONS and ERR ORS cmmi8.300 cmbx8.300#include cmmi8.300 iso cmr8.300 de cmmi8.300 rosap.h cmmi8.300 cmbx8.300#include cmmi8.300 cmr8.300 iso cmr8.300 de cmmi8.300 isoserv en cmr8.300 t.h cmmi8.300 cmbx8.300in cmr8.300 ros indications (); main (argc, argv, en vp) cmr7.300 10 cmbx8.300in cmr8.300 argc; cmbx8.300har cmr8.300 **argv, **en vp; cmsy8.300cmbx8.300in cmr8.300 result, sd; cmbx8.300struct cmr8.300 RoSAPstart ross; cmbx8.300register struct cmr8.300 RoSAPstart *ros &ross; cmbx8.300struct cmr8.300 RoSAPindication rois; cmbx8.300register struct cmr8.300 RoSAPindication *roi &rois; cmr7.300 20 cmbx8.300register struct cmr8.300 RoSAPpreject *rop &roi cmsy8.300 cmmi8.300 cmr8.300 roi preject; cmbx8.300if cmr8.300 (RoInit (argc, argv, ros, roi) == NOTOK) error "initialization cmtt8.300 fails: %s" cmr8.300

RoErrString (rop cmsy8.300 cmmi8.300 cmr8.300 rop reason)); sd ros cmsy8.300 cmmi8.300 cmr8.300 ros sd; cmmi8.300cmti8.300 do authentic ation using os cmsy8.300 cmmi8.300 cmti8.300 os data her e... cmmi8.300 cmr8.300OSFREE (ros); cmmi8.300cmti8.300 ad ommand line ar guments her e... cmmi8.300 cmr7.300 30 cmmi8.300cmti8.300 ould use OS ALID TE or OS BUSY inste ad and then exit cmmi8.300 cmbx8.300if cmr8.300 (RoBeginResp onse (sd, OS CCEPT, NULLPE, roi) == NOTOK) error "RO-BEGIN.RESPONSE: cmtt8.300 %s" cmr8.300

RoErrString (rop cmsy8.300 cmmi8.300 cmr8.300 rop reason)); cmbx8.300if cmr8.300 (RoSetIndications (sd, ros indication, roi) == NOTOK) error "RoSetIndications: cmtt8.300 %s" cmr8.300

RoErrString (rop cmsy8.300 cmmi8.300 cmr8.300 rop reason)); cmbx8.300for cmr8.300 (;;) cmr7.300 40 cmr8.300pause (); cmsy8.300cmr12.300Figure A.2: Initializing the generic OS resp onder cmsl12.300A.2. RELIABLE TRANSFER cmr12.300 177 cmr8.300... cmbx8.300static in cmr8.300 ros end (sd, ro e) cmbx8.300in cmr8.300 sd; cmbx8.300struct cmr8.300 RoSAP end *ro e; cmsy8.300cmbx8.300struct cmr8.300 RoSAPindication rois; cmbx8.300register struct cmr8.300 RoSAPindication *roi &rois; cmbx8.300register struct cmr8.300 RoSAPpreject *rop &roi cmsy8.300 cmmi8.300 cmr8.300 roi preject; cmr7.30010 cmbx8.300if cmr8.300 (RoEndResp onse (sd, roi) == NOTOK) error "RO-END.RESPONSE: cmtt8.300 %s" cmr8.300

RoErrString (rop cmsy8.300 cmmi8.300 cmr8.300 rop reason)); exit (0); cmsy8.300cmr12.300Figure A.3: Finalizing the generic OS resp onder cmbx10.432A.2.2 Asso ciation Establishmen cmr12.300The cmti12.300 librtsap cmr12.300 (3n) library distinguishes et een the user whic started an as- so ciation, the cmti12.300 initiator cmr12.300 and the user whic as subsequen tly ound to the asso ciation, the cmti12.300 esp onder cmr12.300 sometimes term these en tities the cmti12.300 client cmr12.300and the cmti12.300 server cmr12.300 resp ectiv ely cmbx12.300Serv er Initialization cmr12.300The cmti12.300 tsap cmr12.300 (8c) daemon, up on accepting connection from an initiating host, consults the ISO services database to determine whic program on the lo- cal system implemen ts the desired SSAP en tit In the case of the reliable transfer service, the cmti12.300 tsap cmr12.300 program con tains the otstrap for the reliable transfer pro vider. The daemon will again consult the ISO services database to determine whic program on the system implemen ts the desired tSAP en tit Once the program has een ascertained, the daemon runs the program with an argumen ts listed in the database. In addition, it app ends some cmti12.300magic ar guments cmr12.300 to the argumen ector. Hence, the ery �rst action er- formed the resp onder is to re-capture the tSAP state con tained in the magic argumen ts. This is done calling the routine cmtt12.300 RtBInit cmr12.300 whic on successful return, is equiv alen to cmss12.300 X.410 OPEN.INDICA TION cmr12.300 from the reliable transfer service pro vider. cmr12.300178 cmsl12.300 APPENDIX A. OLD-STYLE ASSOCIA TIONS cmbx10.329#include cmmi10.329 iso cmr10.329 de cmmi10.329 rtsap.h cmmi10.329 cmbx10.329#include cmmi10.329 cmr10.329 iso cmr10.329 de cmmi10.329 isoserv en cmr10.329 t.h cmmi10.329 cmr10.329... cmbx10.329register struct cmr10.329 SSAP addr *sa; cmbx10.329struct cmr10.329 tSAP addr rtas; cmbx10.329register struct cmr10.329 tSAP addr *rta &rtas; cmbx10.329register struct cmr10.329 isoserv en *is; cmr7.30010 cmr10.329... cmbx10.329if cmr10.329 ((is getisoserv en tb yname "p1" cmr10.329 cmtt10.329 "rtsap" )) cmr10.329 == cmtt10.329 NULL) error "rtsap/p1" ); cmmi10.329cmr10.329 cmti10.329 cmtt10.329 emoteHost is the host we’r inter este in, e.g., \gr emlin.nrtc.northr op.c om" cmmi10.329 cmr10.329rta cmsy10.329 cmmi10.329 cmr10.329 rta ort is cmsy10.329 cmmi10.329 cmr10.329 is ort; cmbx10.329if cmr10.329 ((is getisoserv en tb yname "rts" cmr10.329 cmtt10.329 "ssap" )) cmr10.329 == cmtt10.329 NULL) cmr7.300 20 cmr10.329error "ssap/rts" ); cmbx10.329if cmr10.329 ((sa cmr10.329 cmtt10.329 is2saddr (RemoteHost, NULLCP struct cmr10.329 isoserv en cmbx10.329 *) 0)) == NULLSA) error "address cmtt10.329 translation failed" ); cmr10.329rta cmsy10.329 cmmi10.329 cmr10.329 rta addr *sa; ... cmr12.300Figure A.4: Constructing the tSAP address for the Message ransfer en tit