cmsl12.3004.2. CONNECTION EST ABLISHMENT cmr12.300 109 cmbx12.300Pro vider-initiated Disconnect (fatal) cmtt12.300DR NORMAL cmr12.300 Normal disconnect session en tit cmtt12.300DR REMOTE cmr12.300 Remote transp ort en tit congested at con- nect request time cmtt12.300DR CONNECT cmr12.300 Connection negotiation failed cmtt12.300DR DUPLICATE cmr12.300 Duplicate source reference detected for the same pair of NSAPs cmtt12.300DR MISMATCH cmr12.300 Mismatc hed references cmtt12.300DR PROTOCOL cmr12.300 Proto col error cmtt12.300DR OVERFLOW cmr12.300 Reference er o cmtt12.300DR REFUSED cmr12.300 Connect request refused on this net ork connection cmtt12.300DR LENGTH cmr12.300 Header or parameter length in alid cmtt12.300DR NETWORK cmr12.300 Net ork disconnect cmbx12.300User-initiated Disconnect (fatal) cmtt12.300DR UNKNOWN cmr12.300 Reason not sp ecifed cmtt12.300DR CONGEST cmr12.300 Congestion at TSAP cmtt12.300DR SESSION cmr12.300 Session en tit not attac hed to TSAP cmtt12.300DR ADDRESS cmr12.300 Address unkno wn cmbx12.300In terface Errors (non-fatal) cmtt12.300DR PARAMETER cmr12.300 In alid parameter cmtt12.300DR OPERATION cmr12.300 In alid op eration cmtt12.300DR TIMER cmr12.300 Timer expired cmtt12.300DR WAITING cmr12.300 Indications aiting able 4.1: TSAP ailure Co des cmr12.300110 cmsl12.300 CHAPTER 4. TRANSPOR SER VICES cmtt12.300data cmbx12.300cc cmbx12.300cmr12.300 an cmtt12.300 initial data (and the length of that data, whic ma not exceed cmtt12.300 TC_SIZE cmr12.300 ctets); cmtt12.300qos cmbx12.300cmr12.300 the qualit of service on the connection (see Section 4.6.2); and, cmtt12.300td cmbx12.300cmr12.300 oin ter to cmtt12.300 TSAPdisconnect cmr12.300 structure, whic is up dated only if the call fails. If the call to cmtt12.300 TConnResponse cmr12.300 is successful, then connection establishmen has completed and the users of the transp ort service no op erate as symmetric eers. Otherwise, if the call fails and the reason is not an in terface error (see able 4.1 on page 109), then the connection is closed. If instead, the resp onder wishes to reject the connection, it should �re the cmss12.300 T-DISCONNECT.REQUEST cmr12.300 action calling the cmtt12.300 TDiscRequest cmr12.300 routine. cmtt10.329int TDiscRequest (sd, data, cc, td) int sd; char *data; int cc; struct TSAPdisconnect *td; cmr12.300The parameters to this pro cedure are: cmtt12.300sd cmbx12.300 cmr12.300 the transp ort-descriptor; cmtt12.300data cmbx12.300 cc cmbx12.300 cmr12.300 an cmtt12.300 disconnect data (and the length of that data, whic ma not exceed cmtt12.300 TD_SIZE cmr12.300 ctets); and, cmtt12.300td cmbx12.300 cmr12.300 oin ter to cmtt12.300 TSAPdisconnect cmr12.300 structure, whic is up dated only if the call fails. After return from this call, the resp onder ma exit. cmbx10.4324.2.3 Clien Initialization cmr12.300program wishing to connect to another user of transp ort services calls the cmtt12.300 TConnRequest cmr12.300 routine, whic corresp onds to the cmss12.300 T-CONNECT.REQUEST cmr12.300action. cmsl12.3004.2. CONNECTION EST ABLISHMENT cmr12.300 111 cmtt10.329int TConnRequest (calling, called, expedited, data, cc, qos, tc, td) struct TSAPaddr *calling, *called; int expedited, cc; char *data; struct QOStype *qos; struct TSAPconnect *tc; struct TSAPdisconnect *td; cmr12.300The parameters to this pro cedure are: cmtt12.300calling cmbx12.300 cmr12.300 the TSAP address of the initiator; (need not presen t); cmtt12.300called cmbx12.300 cmr12.300 the TSAP address of the resp onder; cmtt12.300expedited cmbx12.300 cmr12.300 whether exp edited data is to ermitted; cmtt12.300data cmbx12.300 cc cmbx12.300 cmr12.300 an cmtt12.300 initial data (and the length of that data, whic ma not exceed cmtt12.300 TS_SIZE cmr12.300 ctets); cmtt12.300qos cmbx12.300 cmr12.300 the qualit of service on the connection (see Section 4.6.2); cmtt12.300tc cmbx12.300 cmr12.300 oin ter to cmtt12.300 TSAPconnect cmr12.300 structure, whic is up dated only if the call succeeds; and, cmtt12.300td cmbx12.300 cmr12.300 oin ter to cmtt12.300 TSAPdisconnect cmr12.300 structure, whic is up dated only if the call fails. If the call to cmtt12.300 TConnRequest cmr12.300 is successful (a successful return corresp onds to cmss12.300 T-CONNECT.CONFIRMA TION cmr12.300 ev en t), then information is returned in the cmtt12.300tc cmr12.300 parameter, whic is oin ter to cmtt12.300 TSAPconnect cmr12.300 structure. cmtt10.329struct TSAPconnect int tc_sd; struct TSAPaddr tc_responding; int tc_expedited; cmr12.300112 cmsl12.300 CHAPTER 4. TRANSPOR SER VICES cmtt10.329int tc_tsdusize; struct QOStype tc_qos; #define TC_SIZE 32 int tc_cc; char tc_data[TC_SIZE]; }; cmr12.300The elemen ts of this structure are: cmtt12.300tc sd cmbx12.300 cmr12.300 the transp ort-descriptor to used to reference this connection; cmtt12.300tc responding cmbx12.300 cmr12.300 the resp onding eer’s address (whic is the same as the cmtt12.300called cmr12.300 address giv en as parameter to cmtt12.300 TConnRequest ); cmtt12.300tc cmr12.300 expedited cmbx12.300 cmr12.300 whether exp edited data will supp orted; cmtt12.300tc tsdusize cmbx12.300 cmr12.300 the largest atomic TSDU size that can used on the connection (see the note on page 106); cmtt12.300tc qos cmbx12.300 cmr12.300 the qualit of service on the connection (see Section 4.6.2); and, cmtt12.300tc data cmbx12.300 tc cmtt12.300 cc cmbx12.300 cmr12.300 an initial data (and the length of that data). If the call to cmtt12.300 TConnRequest cmr12.300 is successful, then connection establishmen has completed and the users of the transp ort service no op erate as symmetric eers. Otherwise, if the call fails then the connection is not established, and the cmtt12.300 TSAPdisconnect cmr12.300 structure has een up dated. cmbx12.300Async hronous Connections cmr12.300Normally cmtt12.300 TConnRequest cmr12.300 returns only after connection has succeeded or failed. This is termed cmti12.300 synchr onous cmr12.300 connection initiation. If the user desires, an cmti12.300 asynchr onous cmr12.300 connection ma initiated. The routine cmtt12.300 TConnRequest cmr12.300 is really macro whic calls the routine cmtt12.300 TAsynConnRequest cmr12.300 with an argumen indicating that connection should attempted sync hronously cmtt10.329int TAsynConnRequest (calling, called, expedited, data, cc, qos, tc, td, async) struct TSAPaddr *calling, cmsl12.3004.2. CONNECTION EST ABLISHMENT cmr12.300 113 cmtt10.329*called; int expedited, cc, async; char *data; struct QOStype *qos; struct TSAPconnect *tc; struct TSAPdisconnect *td; cmr12.300The additional parameter to this pro cedure is: cmtt12.300async cmbx12.300 cmr12.300 whether the connection should initiated async hronously If the cmtt12.300 async cmr12.300 parameter is non-zero, then cmtt12.300 TAsynConnRequest cmr12.300 returns one of four alues: cmtt12.300 NOTOK cmr12.300 whic indicates that the connection request failed; cmtt12.300DONE cmr12.300 whic indicates that the connection request succeeded; or, either of cmtt12.300CONNECTING_1 cmr12.300 or cmtt12.300 CONNECTING_2 cmr12.300 whic indicates that the connection re- quest is still in progress. In the �rst cases, the usual pro cedures for han- dling return alues from cmtt12.300 TConnRequest cmr12.300 are emplo ed (i.e., cmtt12.300 NOTOK cmr12.300 return from cmtt12.300 TAsynConnRequest cmr12.300 is equiv alen to cmtt12.300 NOTOK cmr12.300 return from cmtt12.300 TConnRequest cmr12.300 and, cmtt12.300 DONE cmr12.300 return from cmtt12.300 TAsynConnRequest cmr12.300 is equiv alen to cmtt12.300 OK cmr12.300 return from cmtt12.300TConnRequest ). cmr12.300 In the �nal case, when either cmtt12.300 CONNECTING_1 cmr12.300 or cmtt12.300 CONNECTING_2 cmr12.300is returned, only the cmtt12.300 tc_sd cmr12.300 elemen of the cmtt12.300 tc cmr12.300 parameter has een up dated; it re ects the transp ort-descriptor to used to reference this connection. Note that the cmtt12.300 data cmr12.300 parameter is still eing referenced cmti12.300 libtsap cmr12.300 (3n) and should not tamp ered with un til the connection attempt has een completed. determine when the connection attempt has een completed, the rou- tine cmtt12.300 xselect cmr12.300 (consult Section 2.4 of cmti12.300 olume One cmr12.300 should used after calling cmtt12.300TSelectMask cmr12.300

In order to determine if the connection attempt as successful, the routine cmtt12.300 TAsynRetryRequest cmr12.300 is called: cmtt10.329int TAsynRetryRequest (sd, tc, td) int sd; struct TSAPconnect *tc; struct TSAPdisconnect *td; cmr12.300The parameters to this pro cedure are: cmtt12.300sd cmbx12.300 cmr12.300 the transp ort-descriptor; cmr12.300114 cmsl12.300 CHAPTER 4. TRANSPOR SER VICES cmtt12.300tc cmbx12.300 cmr12.300 oin ter to cmtt12.300 TSAPconnect cmr12.300 structure, whic is up dated only if the call succeeds; and, cmtt12.300td cmbx12.300 cmr12.300 oin ter to cmtt12.300 TSAPdisconnect cmr12.300 structure, whic is up dated only if the call fails. Again, one of four alues are returned: cmtt12.300 NOTOK cmr12.300 whic indicates that the connection request failed; cmtt12.300 DONE cmr12.300 whic indicates that the connection request succeeded; or, either of cmtt12.300 CONNECTING_1 cmr12.300 or cmtt12.300 CONNECTING_2 cmr12.300 whic indicates that the connection request is still in progress. In order to mak e�cien use of the asyc hronous connection facilit it is necessary to understand bit of its underlying mec hanisms. rom temp oral ersp ectiv e, connection establishmen consists of parts: 1. establishing reliable end-to-end connection; and, 2. exc hanging connection establishmen information. In some cases, the underlying transp ort mec hanisms accomplish oth sim ul- taneously (when the end-to-end connection is built, connection establishmen information is also exc hanged). Th us, in order to to erform async hronous connections e�ectiv ely use of cmtt12.300TAsynConnRequest cmr12.300 and cmtt12.300 TAsynRetry cmr12.300 should re ect this o-step pro cess: 1. Call cmtt12.300 TAsynConnRequest cmr12.300 with the cmtt12.300 async cmr12.300 parameter taking the alue 1. If the return alue as either cmtt12.300 NOTOK cmr12.300 (the connection as not estab- lished), or cmtt12.300 DONE cmr12.300 (the connection as established), then terminate this algorithm. Otherwise, return alue of cmtt12.300 CONNECTING_1 cmr12.300 or cmtt12.300 CONNECTING_2 cmr12.300 indi- cates that connection establishmen pro cess has egun. Remem er this alue. 2. some oin in the future, call cmtt12.300 TSelectMask cmr12.300 to get an argumen for cmtt12.300xselect cmr12.300

Then call cmtt12.300 xselect cmr12.300 hec king to see if writing is ermitted. Then call cmtt12.300 xselect cmr12.300 hec king for writing if the remem ered alue as cmtt12.300CONNECTING_1 cmr12.300 and for reading if it as cmtt12.300 CONNECTING_2 cmr12.300

If either call returns cmtt12.300 NOTOK cmr12.300 then catastrophic error has ccurred. Rep eat this step as often as necessary un til cmtt12.300 xselect cmr12.300 sa ys that reading or writing as required is ermitted. cmsl12.3004.3. TRANSFER cmr12.300 115 3. Call cmtt12.300 TAsynRetry cmr12.300

If the return alue as either cmtt12.300 NOTOK cmr12.300 (the connection as not established), or cmtt12.300 DONE cmr12.300 (the connection as established), then terminate this algorithm. Otherwise, return alue of cmtt12.300 CONNECTING_1 cmr12.300 or cmtt12.300 CONNECTING_2 cmr12.300 indicates that connection establishmen is cmti12.300 stil cmr12.300 in progress. Remem er this alue and go bac to the previous step. Although this seems complicated, implemen tation of these rules is actually straigh t-forw ard. In most cases, our co de will do some ork unrelated to the connection Note that this pro cedure is equally applicable to the higher-la ers (ses- sion, presen tation, and asso ciation con trol) whic also pro vide async hronous connection facilities. or example, at the application la er, the routines cmtt12.300AcAsynAssocRequest cmr12.300 and cmtt12.300 AcAsynRetryRequest cmr12.300 ould used. cmbx10.5184.3 Data ransfer cmr12.300Once the connection has een established, transp ort-descriptor is used to reference the connection. This is usually the �rst parameter giv en to an of the remaining routines in the cmti12.300 libtsap cmr12.300 (3n) library urther, the last pa- rameter is usually oin ter to cmtt12.300 TSAPdisconnect cmr12.300 structure (as describ ed on page 108). If call to one of these routines fails, then the structure is up dated. Otherwise, if the alue of the cmtt12.300 td_reason cmr12.300 elemen is asso ciated with fatal error, then the connection is closed. That is, cmss12.300 T-DISCONNECT.INDICA TION cmr12.300ev en has ccurred. The cmtt12.300 DR_FATAL cmr12.300 macro can used to determine this. cmtt10.329int DR_FATAL (r) int r; cmr12.300or proto col purists, the cmtt12.300 DR_OFFICIAL cmr12.300 macro can used to determine if the error is an \o�cial" error as de�ned the sp eci�cation, or an \uno�cial" error used the implemen tation. cmtt10.329int DR_OFFICIAL (r) int r; cmr12.300116 cmsl12.300 CHAPTER 4. TRANSPOR SER VICES cmbx10.4324.3.1 Sending Data cmr12.300There are three routines that ma used to send data. call to the cmtt12.300TDataRequest cmr12.300 routine is equiv alen to cmss12.300 T-D A.REQUEST cmr12.300 action on the part of the user. cmtt10.329int TDataRequest (sd, data, cc, td) int sd; char *data; int cc; struct TSAPdisconnect *td; cmr12.300The parameters to this pro cedure are: cmtt12.300sd cmbx12.300 cmr12.300 the transp ort-descriptor; cmtt12.300data cmbx12.300 cc cmbx12.300 cmr12.300 the cmtt12.300 data to written (and the length of that data); and, cmtt12.300td cmbx12.300 cmr12.300 oin ter to cmtt12.300 TSAPdisconnect cmr12.300 structure, whic is up dated only if the call fails. If the call to cmtt12.300 TDataRequest cmr12.300 is successful, then the data has een queued for sending. Otherwise, the cmtt12.300 td cmr12.300 parameter indicates the reason for failure. The cmtt12.300 TWriteRequest cmr12.300 routine is similar in nature to the cmtt12.300 TDataRequest cmr12.300routine, but uses di�eren set of parameters. The in cation is: cmtt10.329int TWriteRequest (sd, uv, td) int sd; struct udvec *uv; struct TSAPdisconnect *td; cmr12.300While the parameters are: cmtt12.300sd cmbx12.300 cmr12.300 the transp ort-descriptor; cmtt12.300uv cmbx12.300 cmr12.300 the data to written, describ ed in ull-terminated arra of scat- ter/gather elemen ts: cmtt10.329struct udvec caddr_t uv_base; int uv_len; }; cmsl12.3004.3. TRANSFER cmr12.300 117 The elemen ts of the structure are: cmtt12.300uv base cmbx12.300 cmr12.300 the base of an elemen t; and, cmtt12.300uv cc cmbx12.300 cmr12.300 the length of an elemen t. and, cmtt12.300td cmbx12.300 cmr12.300 oin ter to cmtt12.300 TSAPdisconnect cmr12.300 structure, whic is up dated only if the call fails. If the call to cmtt12.300 TWriteRequest cmr12.300 is successful, then the data has een queued for sending. Otherwise, the cmtt12.300 td cmr12.300 parameter indicates the reason for failure. call to the cmtt12.300 TExpdRequest cmr12.300 routine is equiv alen to cmss12.300 T-EXPEDITED- A.REQUEST cmr12.300 action on the part of the user. cmtt10.329int TExpdRequest (sd, data, cc, td) int sd; char *data; int cc; struct TSAPdisconnect *td; cmr12.300The parameters to this pro cedure are: cmtt12.300sd cmbx12.300 cmr12.300 the transp ort-descriptor; cmtt12.300data cmbx12.300 cc cmbx12.300 cmr12.300 the cmtt12.300 data to written (and the length of that data, whic ma not exceed cmtt12.300 TX_SIZE cmr12.300 ctets); and, cmtt12.300td cmbx12.300 cmr12.300 oin ter to cmtt12.300 TSAPdisconnect cmr12.300 structure, whic is up dated only if the call fails. If the call to cmtt12.300 TExpdRequest cmr12.300 is successful, then the data has een queued for exp edited sending. Otherwise, the cmtt12.300 td cmr12.300 parameter indicates the reason for failure. cmbx10.4324.3.2 Receiving Data cmr12.300There is one routine that is used to read data, cmtt12.300 TReadRequest cmr12.300 call to whic is equiv alen to aiting for cmss12.300 T-D A.INDICA TION cmr12.300 or cmss12.300 T-EXPEDITED- AT A.INDICATION cmr12.300 ev en t. cmr12.300118 cmsl12.300 CHAPTER 4. TRANSPOR SER VICES cmtt10.329int TReadRequest (sd, tx, secs, td) int sd; struct TSAPdata *tx; int secs; struct TSAPdisconnect *td; cmr12.300The parameters to this pro cedure are: cmtt12.300sd cmbx12.300 cmr12.300 the transp ort-descriptor; cmtt12.300tx cmbx12.300 cmr12.300 oin ter to the cmtt12.300 TSAPdata cmr12.300 structure to giv en the data; cmtt12.300secs cmbx12.300 cmr12.300 the maxim um um er of seconds to ait for the data (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, cmtt12.300td cmbx12.300 cmr12.300 oin ter to cmtt12.300 TSAPdisconnect cmr12.300 structure, whic is up dated only if the call fails. If the call to cmtt12.300 TReadRequest cmr12.300 is successful, then the data has een read in to the cmtt12.300 tx cmr12.300 parameter. cmtt10.329struct TSAPdata int tx_expedited; int tx_cc; struct qbuf tx_qbuf; }; cmr12.300The elemen ts of cmtt12.300 TSAPdata cmr12.300 structure are: cmtt12.300tx expedited cmbx12.300 cmr12.300 whether the data as receiv ed via exp edited transfer (i.e., an cmss12.300 T-EXPEDITED-D A.INDICA TION cmr12.300 ev en ccurred); cmtt12.300tx cc cmbx12.300 cmr12.300 the total um er of ctets that as read; and, cmtt12.300tx qbuf cmbx12.300 cmr12.300 the data that as read, in bu�er-queue form. cmtt10.329struct qbuf struct qbuf *qb_forw; struct qbuf *qb_back;