link. If presen the HEC is formed from the CCITT CR olynom ial 1, initialised to zero and exclusiv e-ored with 01010101 efore insertion. The start of cell that includes the HEC is indicated transmission of AXI TT comm and, the 53 ytes of the cell will follo this. cell that do es not con tain HEC is started with AXI SR haracter whic is follo ed 52 data ytes. Th us reciev er can determine whether to hec for the HEC based on the start mark, and receiv ers whic only accept one form can drop cells of the other yp e. least one AXI Sync haracter should inserted et een cells Note that the AXIc hips cannot told to transmit Sync haracter, instead cycle with no transmission should used. 7.2 AXI command haracters The follo wing AXIc hi comma nd haracters are used: Name AXI AXI Use Mnemonic co de Sync JK 0000 ad when no transmission, line sync hronisation Xon 0001 con tin ue transmission (see text) So TT 0010 Start of Cell with HEC precedes 53 data ctets Xo� TS 0011 Stop transmission (see text) Held TR 0101 ransm ission has een stopp ed (see text) Sno SR 0110 Start of Cell with no HEC precedes 52 ctets With the exception of So c/Sno, comm ands ma sen at an time. Receiving hardw are should able to con tin ue assem bling cell ev en if the data comp onen is in terupted comma nd. This is useful for sev eral reasons. Firstly it enables data to injected on to the link at slo er sp eed than the AXIc hi is eing clo ed the hip will automaticall insert Sync comma nds et een data items in this case. Secondly it enables the handshak comm ands (whic apply to the other side of the link) to sen in timely manner ev en if the sender is also transmitting data. The handshak comm ands Xo� and Xon are generated receiving no de to request the transmit- ter to stop or con tin ue sending. Since the link distance is short this simple proto col can used, for links with dela ys of sev eral cells in the transmission media other tec hniques ould required. The Xo� comm and requests that the transmitter stops sending at the end of the curren cell or efore. Th us transmitter ma ho ose to resp ond to an Xo� stopping imm edia tely but the cell seems the natural unit to use for this activit transmitter whic has een stopp ed ma con tin ue to send all comma nds except So c/Sno. When transmitter is stopp ed it should erio dically send Held comm ands to prev en loss of an Xon from stalling the system. receiv er should send the Xon comma nd when it has sen an Xo� and is no prepared to receiv another cell, or if it sees Held comm and and is prepared to receiv cell. allo direct orking with the Sun/Xero prop osal the Xon/Xo� handshaking could made advisory th us Xo� ould suggestion that the transmitter stop to oid data loss, but it could ignored simple implem en tatio ns. The AXI use of 4B/5B and NRZI enco ding ensures that the transmitted data will alw ys ha the same erage amm oun of high and lo times, so the DC balance of the line is ensured. The AXI comm and set has this prop ert when eraged er the transmission of single haracter. Ho ev er some of the command haracters ha few transitions, so their use is not recomended these haracters ha een oi ded when selecting the co des used ab e. This is not needed our hardw a re, but main t ain compatib ilit with the Sun/Xero prop osals. 33-8 YES TURBOchanne Option Rom Stub Size EQU 32768 ORG 0x03E0>>2 DEFB rom width byte DEFB rom stride DEFB Size>>13 rom size in 8k units DEFB memory in 4M units signature DEFB 0x55,0x00,0x AA,0x FF Naming and mapping ORG 0x400>>2 DEFB ’V0.001 firmware version DEFB ’ORL/DEC manufacturer DEFB ’YES-CBG Option Name DEFB ’YES0’ firmware type Start of modules DEFB 0,0,0,0,0,0, 0,0 none present Figure 2: Example option rom con ten ts. 33-7 rom programm ing oin of view, the mezzanine card is designed to transparen t. It has no programm abl state. Only VME D32 longw ord access is supp orted. DMA addresses are rotated three bits, as is the case for all turb hannel systems. When the mezzanine card is bus master there is no pro vision for bus dtac time-out, so if an option erforms DMA transfer to non-existen VME address, the VME bus will hang un til the VME bus arbiter times out. DMA transfer et een the option mo dules plugged in to the same mezannine card will NOT ork. Hardw are reset of the VME rac causes hardw are reset of the turb hannel slots. 6.1 In terrupts and DMA turb hannel option exp ects in terrupt ectors to generated its system mo dule. The mezannine card ust adopt this function, since the VME requires that VME cards generate their wn ectors. In terrupts are generated at an in terrupt lev el and ector set with links on the mezzanine card. The ector for slot is the incremen of the ector for slot 0. (There are links for the ector, three for the lev el in binary and for the lev el in unary). In terrupts can disabled setting the lev el links for lev el 0. Bus requests for DMA are generated at lev el set with links on the mezzanine card. In ternally the mezzanine card erforms arbitration et een the slots, with transfers from the turb han- nel mo dules to the vme (DMA write) ha ving priorit er the rev erse direction and round-robin arbitration et een the slots within the same direction. AXI ph ysical la er sp eci�cati on (Mark Ha yter). Cells are delineated on the ph ysical medium using 4B5B non-data, comma nd sym o l. This is the FDDI TT sym ol, whic precedes eac cell. There can an um er of sync haracters inserted at an yte oundary inside or outside cell dy On transmission, at least one sync haracter is inserted et een cells. Additional sync hs ma app ear within cells if programm ed IO is eing used and the soft are is slo or pre-empted. Discussions et een the Computer lab and Oliv etti ha suggested few hanges and extensions to the TM drop cable in terface prop osed Sun/Xero x. These include extensions to the comm ands used et een the axi hips to allo hardw are handshaking. In addition to the use of optical �b er, as prop osed in the Sun/Xero do cumen t, prop ose to use wisted pair links for shorter distances. In oth cases the link distance is short, with an upp er lim it of 500 metres for �b er link and 25 metres for wisted-pair link. The AXIc hi fami ly allo oth systems to used, ha ving compatibil it et een the XI and AXI devices. 7.1 Cell ormat The cell format is essen tially the same as for B-ISDN, except nothing is said ab out the header data format. Th us cell has ctet header, follo ed single ctet Header Error Chec (HEC) and 48 ctet pa yload. The HEC ma omitted since there is dispute ab out its usefulness on axi This ph ys ical la er format conform to the Sun, Xero x, ORL, Cam br idg Consortium TM orkstati on ph ysic al la er sp eci�cati on. 33-6 empt It will also stop if the length coun ter reac hes 0x02. This is one less than for transmit. The initial setting of the length coun ter ust set the programm er to alue suc that the maxim um DMA transfer coun set the system is not exceeded and suc that the bu�er pro vided for the receiv ed data is not errun. LEDs, Links and Connectors Link L1 and connector J1 are for remote oting the Xilinx devices. All pins of these links should left op en for normal op eration. One green LED is on during ph ysical la er cell reception and the other is on during ph ysical la er cell transmission. The ello LED is on when the violation ag in the status register is set. The SMB connector sites are ai labl for coax drop cable impl em en tati ons. J2 is the output and J3 is the input. The receiving termination resistor needs hanging to 50 ohms when using J3 and on V2.0 oards only other hanges are also required. The drop cable J4 connector is pin male. Pins and are transmit data and pins and are receiv data. Drop cables should cross er the pairs. Pin is lo cal ground. oi ground lo ops, the cable screen should connected to pin at one end only Drop cable o con trol option. Hardw are transmit o con trol is a il able if bit of the con trol register is set. When enabled, receipt of comm and FDDI sym ol TS from the drop cable will cause transmissions from the ‘Y es’ oard to blo ed and bit of the status register to set. An cell curren tly eing transmitted will completed. ransmi ssions will recommence on receipt of an sym ol and bit of the status register will return to zero. VME mezzanine system. The ‘CBG turb hannel vme mezzanine card’ enables turb hannel cards, suc as the ‘Y es’ card, to plugged in to double-heigh t, standard depth VME rac k. Sev eral mezzanine cards ma plugged in to single A32/D32 VME system and are distinguished their base address. The base address of the card ma selected links for an ultipl of 0x2000.000 0, giv set of eigh ossible base addresses. The turb hannel slots of eac card are termed ‘slot 0’ and ‘slot 1’ and are separated in card address space 0x1000.000 0. or anda, the prefered mapping in to the VME ph ysical address map, as follo ws Board Number Base Address End address ------------ ------------ ----------- Card Slot 0x8000.0000 0x8FFF.FFFF Card Slot 0x9000.0000 0x9FFF.FFFF Card Slot 0xA000.0000 0xAFFF.FFFF Card Slot 0xB000.0000 0xBFFF.FFFF or example, the status register of ‘Y es’ card in slot zero app ears as the ottom sixteen bits of the 32 bit ord at address 0x8020001C. 33-5 ‘YES V2’ OPTION MODULE CONTR OL REGISTER Bit Bit Bit Bit Bit Bit2 Bit Bit Tx FIF Rx Cell Eom Cell Dma Tx Flo ransmit Big Rx Bad Av ailable Ready Receiv ed Complete Con trol Header Endian ault I-Enable I-Enable I-Enable I-Enable Enable Chec Mo de I-Enable able 3: Bit ositions in the con trol register. in terrupt. This bit is cleared an read of this register. Bit Tx Idle. This ag ecomes unset when midw through writing cells in to the in terface. If this bit is clear for an undue length of time without receiving ali data, in terface reset is required. able sho ws the con trol register bit assignmen ts. All con trol register bits are cleared hardw are reset or the reset command. Bits 7, 6, 5, and are in terrupt enables. When set, they enable in terrupt when the ag in the status register of the same name is set. Bit Tx Flo Con trol. When set, the transmitter will re ect the state of the receiv data FIF Os sending Xo� and Xon comma nd messages. Bit ransm it Header Chec k. When set, an extra yte is inserted after the four yte CI �eld con taining the header hec k. Di�eren start of cell out-of-band haracters are sen dep ending on whether this bit is set or clear. Bit Big Endian Mo de. This bit a�ects receiv and transmit in the same When set, data from bits 24 to 31 of 32 bit ord are put in the �rst yte of cell. When clear, the yte from bits to is put �rst. This ag should (normall y) set for 68000 systems and clear for DEC Stations. Length register The length register is an bit coun ter, incremen ted after eac 32 bit ord is transmitted or receiv ed from the in terface DMA. It ma read and written via programm ed IO with an alue. During DMA transmission, where data is read from the host and sen as cells on the link, the last ord will transferred when the alue in the coun ter reac hes 0x02. After this transfer, the coun ter will con tain 0x03. The highest starting alue is 0xFE, maki ng �v ord transfer the smallest ossible for transmit. (The coun ter wraps around fromm 0xFF to 0x00 during ev ery DMA transfer.) transfer 12 ord cell pa ylo ad, the starting alue should 0xF7. In order to transmit, the 13 ords of whole cell DMA, the initial coun ter alue needs to 0xF6 and the �nal alue will 0x03, as alw ys. It is only sensible to transmit an in tegral um er of cells, imply ing an in tegral ul tiple of 13 ords. Since the urb hannel can cop data in to the ‘Y es’ option at 800 Mbit/second, while data is only transmitted at 100 Mbit/second, the Tx FIF can er o if to long or to frequen DMA transfers are erformed. The FIF sizes �tted ma read from the option OM at lo cations TxFIF OSIZE and RxFIF OSIZE. They are ypicall 512, 1024 or 2048 ords of 32 bits. Note also that the host computer has system-dep enden maxim um DMA transfer size wing to DRAM page-mo de line size. or DMA reception, the length coun ter is ail able to limi the total amoun of data transferred and to indicate the amoun actually transfered. receiv DMA will normall terminate when there are no further omplete cells in the receiv in terface. That is, when the tok en FIF go es 33-4 ‘YES V2’ OPTION MODULE ST TUS REGISTER (LO) Bit Bit Bit Bit Bit Bit2 Bit Bit Tx FIF Rx cell Eom Cell DMA Tx Flo Rx Rx bad Tx Av ailable Ready Receiv ed Complete Blo ed Idle ault Idle ‘YES V2’ OPTION MODULE ST TU REGISTER (HI) Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit Bit Spare Tx FIF (Rx FIF Tx FIF Rx Hec Rx Line Rx FIF Rx FIF Not ull Not Empt y) Ov errun Bad Violation Underrun Ov errun able 2: Bit ositions in the status register. Status and con trol registers. able sho ws the status register bit assignmen ts. They are no describ ed. Bit 14 Tx FIF Not ull. This bit is clear if the Tx FIF is comp etely full and an further writes to it ould cause an errun. Bit 13 (Rx FIF Not Empt .) Clear when the Rx FIF is empt and reading the Rx FIF ould cause an underrun. This ag should ignored for simple driv ers. Use Bit instead. Bit 12 Tx FIF Ov errun. Error. Set if Tx FIF written when full, either DMA or programm ed IO. This bit is cleared an read of this register. Bit 11 Rx Hec Bad. Error. receiv ed cell as receiv ed with bad header hec yte. This bit is cleared an read of this register. Bit 10 Rx Line Violation. Error. Latc hed indication that the AXI receiv er hip strob ed its violation output. This indicates that in al id bit sequences ha een receiv ed do wn the drop cable. This bit is cleared an read of this register. Bit Rx FIF Underrun. Error, the Rx FIF as read when empt This bit is cleared an read of this register. Bit Rx FIF Ov errun. Error. uc data has een receiv ed without eing read out of the in terface. artial cells ha most probably een written to the FIF O. This bit is cleared an read of this register. This fault should cleared with write to the reset lo cation. Bit Tx FIF Av ail abl e. Set if the Tx FIF is less than half full. This bit is a il able as an in terrupt. Bit Rx Cell Ready Set if the tok en FIF is non empt indicating that at least one cell is ail abl in the in terface. This bit is a il able as an in terrupt. Bit EOM Cell Receiv ed. cell with its push bit set has een receiv ed. The push bit normally indicates last cell of blo k. This bit is a ila ble as an in terrupt. This bit is cleared an read of this register. Bit DMA Complete. DMA transfer has ended. This bit is ai labl as an in terrupt. This bit is cleared an read of this register. Bit Rx Idle. Set if the receiv er �nite state mac hine is not in the middle of cell reception. ault (short) cells receiv ed on the link can lea the receiv er in non-idle mo de. If this bit is clear for an undue length of time without receiving alid data, in terface reset is required. Bit Tx Flo Blo ed. The in terface has receiv ed an Xo� haracter from the switc and will not send an further data un til re-enabled Xon or reset. Bit Rx Bad ault. Set if an of the ab receiv error ags is set. This bit is ail able as an 33-3 Name Width Cycle yp es Byte O�set Length coun ter read or write 0x0010 Reset command n/a write 0x0014 XReset command n/a write 0x0018 Start DMA Tx 32 bit address write 0x0004 Start DMA Rx 32 bit address write 0x0008 Con trol register write only 0x011C Status register 16 read only 0x001C Rx FIF 32 read only 0x0030 Tx FIF 32 write only 0x0130 able 1: Register allo cation within the ‘Y es’ option mo dule. Programming Mo del able sho ws the register o�sets within the in terface. The base address for the registers is equal to the system and option slot dep enden turb hannel programm ed IO base plus an o�set in ternal to the ‘Y es’ oard. The in ternal o�set is 0x200000 (0x20 << 16). The area from 0x000000 to 0x01FFF (0x7FFF << 2) con tains the on oard option EPR OM, whic is one yte wide, ositioned in bits to 7. The ‘Y es’ option mo dule con tains its wn status and con trol registers. Their bit assignmen and meaning is describ ed in section 2. riting an alue to the ‘reset’ lo cation causes reset of the option mo dule. This clears the con trol register and empties the FIF Os. The con trol register ust reprogrammed after an ‘reset’ comm and. The ‘xreset’ lo cation erforms the same functions, but in addition, resets the AXI trans- mission hips. This will result in violation ags eing set at oth ends of the link, whic can cleared reading the status register once, su�cien time afterw ards. ypical requiremen is 500 microseconds. Xreset is more di�cult to use than the ‘reset’, but is the only option if the AXI devices ha ecome upset, as indicated rep eated violations. olled, or programm ed, IO ma erformed explicitly writing or reading eac 32 bit ord of eac cell to or from the Tx and Rx FIF Os resp ectiv ely DMA transfers are requested writing the base ph ysical address of the bu�er to one of the DMA start lo cations. Note that the ph ysical address should rotated left three bits efore writing to the option mo dule, as required the urb hannel sp eci�cation. 33-2 dro ca le in terface for ur ann el. liv etti esearc es tion dule. DJ rea es and eslie renc h. ebruary The ‘Y es’ urb hannel option mo dule is an TM net orking card for the systems whic use the DEC urb hannel option bus. Figure is blo diagram of the option mo dule. The ‘Y es’ option pro vides ph ysical la er transmission and reception facilities for the sending and receiving of TM cells er wisted pair cable at 100 Mbit/second. The mo dulatio tec hnique is 4B5B/NRZI using the AMD AXI parts. The option mo dule con tains FIF bu�ering for cells just receiv ed or ready to transmitted. Host access through oth olled and DMA access is supp orted. There are um er of ossible programm abl in terrupt conditions. dela ed-receiv in terrupt mo de is a il able, whereb the host is not in terrupted un til complete, ul ti-cell message, including the End-Of-Message cell, has accum ula ted in the reception FIF O. There is no cell-lev el proto col supp ort, for instance for header generation, SAR op erations or dem ulti plexing. The TM cell format used consists of 48 yte pa yload with yte header. The header hec yte, whic is the �fth yte in the header, is optionally inserted the option mo dule, if the appropriate bit in the con trol register is set. The header is hec ed on reception, if presen t, indicated the particular cell start-of-cell ph ysical la er delimiter. ransmi ssion order is either ‘big-endian’ or ‘little-endian’ according to bit in the con trol register. Little-endian means that the yte from bits through of 32 bit ord is transmitted �rst. Figure 1: Blo diagram of the ‘Y es V2’ option mo dule. 33-1