iX3T9.3/X3T9.3/Project 702/REV 4.4HIGH-PERFORMANCE PARALLEL INTERFACE -Framing Protocol(HIPPI-FP)maintenance copy ofAmerican National Standardfor Information SystemsX3.210-1992April 13, 1994Secretariat:Computer & Business Equipment Manufacturers AssociationABSTRACT: The described protocol provides framing for the High-Performance Parallel Interface, a simple high-performance point-to-point interface for transmitting digital data at peak data rates of 800 or 1600 Mbit/s betweendata-processing equipment.NOTE:This document is an X3T9.3 maintenance copy of American National Standard X3.210-1992. A list of the proposedchanges since approval of the standard is included. Some or all of these changes may be included in a futureerratum, amendment, interpretation, or revision to the standard. The committee lists included in the approvedstandard, and some other boilerplate, have been omitted in this draft. For current information on the status of thisdocument contact the individual shown below.POINT OF CONTACT:Roger Cummings (X3T9.3 Chairman)Carl Zeitler (X3T9.3 Vice-Chairman)Storage Technology CorporationIBM Corporation, MS 94402270 South 88th Street11400 Burnet RoadLouisville, CO 80028-0268Austin, TX 78758 (303) 661-6357, FAX (303) 684-8196 (512) 838-1797, FAX (512) 838-1852 E-mail: Roger_Cummings@Stortek.com E-mail: zeitler@ausvm6.vnet.ibm.comDon Tolmie (HIPPI-FP Technical Editor)Los Alamos National LaboratoryC-5, MS-B255Los Alamos, NM 87545 Phone (505) 667-5502 FAX (505) 665-7793 Internet address = det@lanl.gov iiProposed changes to ANSI X3.210-1992 — (and which have been incorporated in this draft)Proposed technical changes are preceded with (T), proposed editorial changes are preceded with (E).Rev 4.4, March 25, 1993 - These changes are both technical and editorial, and have been submitted as anAmendment to HIPPI-FP X3.210-1992.1.(E) In the Introduction, page iii, deleted the 19th through 28th lines, i.e., from "The information in thisdocument..." through "Clause 7 specifies the data, header, and packet formats."2. (E) In the Introduction, page iii, replaced figure 1 showing the relationship of HIPPI-FP with other documents.Replaces HIPPI-MI with HIPPI-FC, and replaces HIPPI / IPI-3 with IPI-3 Disk and IPI-3 Tape.3.(T) In 5.4.1, page 4, change both ULP-id assignments 00000010 = Memory Interface, and 00000011 =Memory Interface Initialization to Reserved. These ULP-ids are no longer needed since we dropped the HIPPI-MI project.4.(E) In 5.4.1, page 4, clarify the ULP-id assignments for IPI-3 Slave and IPI-3 Master by adding "i.e., IPI-3 Masterto Slave" and "i.e., IPI-3 Slave to Master" respectively. This clarification change is to avoid mix ups ashappened on an implementation.5. (T) In 5.4.1, page 4, assign the ULP-id value 00001000 = IPI-3 Peer. This change is needed to supportsystems conforming to the new IEEE Mass Storage Reference Model.6.(T) In 5.4.1, page 4, assign the ULP-id value 00001010 = HIPPI-FC. This change is needed to support upper-layer Fibre Channel protocols (FC-4s) for use with the HIPPI-FP and HIPPI physical layer.Items 2,3, and 4 Change 5.4.1 from:00000010 = Memory Interface00000011 = Memory Interface Initialization00000100 = ISO 8802.2 Link Encapsulation00000110 = IPI-3 Slave00000111 = IPI-3 Master1xxxxxxx = Locally assignedTo:00000010 = Reserved00000011 = Reserved00000100 = ISO 8802.2 Link Encapsulation00000110 = IPI-3 Slave, i.e., IPI-3 Master to Slave00000111 = IPI-3 Master, i.e., IPI-3 Slave to Master00001000 = IPI-3 Peer00001010 = HIPPI-FC mapping to Fibre Channel ULPs1xxxxxxx = Locally assigned7.(E) Add a bibliography in informative Annex C, page 16, to contain the references to the documents that useHIPPI-FP, i.e., have been assigned ULP-id’s in 5.4.1.

iiContentsPageForeword....................................................................................................... iiIntroduction.................................................................................................... iii1Scope...................................................................................................... 12Normative references................................................................................ 13Definitions and conventions...................................................................... 13 . 1 Definitions...................................................................................... 13 . 2 Editorial conventions...................................................................... 14HIPPI structure......................................................................................... 24 . 1 Structure........................................................................................ 24 . 2 Error detection mechanisms............................................................ 24 . 3 Error detection limitations................................................................ 25HIPPI-FP service interface to upper layers.................................................. 35 . 1 Service primitives............................................................................ 35 . 2 Sequences of primitives.................................................................. 35 . 3 HIPPI-FP service primitive summary.................................................. 35 . 4 ULP data transfer service primitives.................................................. 45 . 5 Control service primitives................................................................. 65 . 6 Status service primitives.................................................................. 66HIPPI-PH to HIPPI-FP services................................................................... 77HIPPI data formats..................................................................................... 87 . 1 Word and byte formats.................................................................... 87 . 2 HIPPI-FP packet format................................................................... 8AnnexesAState transitions and pseudo-code .......................................................... 10A . 1 General........................................................................................ 10A . 2 State exit...................................................................................... 10A . 3 Interlocks..................................................................................... 10A . 4 Source pseudo-code.................................................................... 10A . 5 Destination pseudo-code.............................................................. 12BImplementation observations................................................................... 14B . 1 Data transfer service primitive......................................................... 14B . 2 Classes of packets........................................................................ 14CBibliography........................................................................................... 16Alphabetical index........................................................................................ 17Tables1Byte assignments................................................................................... 8Figures1HIPPI-FP relationship to other entities.......................................................... vi2Logical framing hierarchy......................................................................... 23HIPPI-FP service interface....................................................................... 34Data transfer service primitives................................................................. 45Control service primitives......................................................................... 66Status service primitives.......................................................................... 67Ordered byte stream to HIPPI-PH............................................................. 88Bit significance within a byte.................................................................... 89HIPPI-FP packet format........................................................................... 9 iiiiForeword (This Foreword is not part of American National Standard X3.210-1992.)This High-Performance Parallel Interface, Framing Protocol (HIPPI-FP) standarddefines the data framing for an efficient simplex high-performance point-to-pointinterface. This interface was previously named the "High-Speed Channel"(HSC). The name was changed October, 1989, to avoid infringing on an existingtrademark.The HIPPI is designed for transmitting digital data at peak data rates of 800 or1600 Mbit/s between data-processing equipment. This standard responds to anindustry market need (expressed both by users and manufacturers) tostandardize the interconnection of data processing equipment at these datarates.This standard was developed by Task Group X3T9.3 of Accredited StandardsCommittee X3 during 1988, 1989 and 1990. The standards approval processstarted in 1991.The American convention of numbering is used i.e., four digit numbers do notinclude a space and a period is used as the decimal point. This is equivalent tothe ISO convention of a space and comma.ISOAmerican0,60.61 60016001 323 462,91,323,462.9This document includes annexes which are informative and are not consideredpart of the standard.Requests for interpretation, suggestions for improvement or addenda, or defectreports are welcome. They should be sent to the X3 Secretariat, Computer andBusiness Equipment Manufacturers Association, 1250 Eye Street, NW, Suite200, Washington, DC 20005.This standard was processed and approved for submittal to ANSI by AccreditedStandards Committee on Information Processing Systems, X3. Committeeapproval of the standard does not necessarily imply that all committee membersvoted for approval. At the time it approved this standard, the X3 Committee hadthe following members:(List of X3 Committee members included in published standard)Subcommittee X3T9 on Computer Input/Output Interfaces, which reviewed thisstandard, had the following members:(List of X3T9 committee members included in published standard)Task Group X3T9.3 on Device Level Interfaces, which developed this standard,had the following participants:(Listof X3T9.3 committee participants included in published standard) iiiiiiIntroductionThis High-Performance Parallel Interface, Framing Protocol (HIPPI-FP) standarddefines the data framing for an efficient simplex high-performance point-to-pointinterface.Characteristics of HIPPI-FP include—Large block data transfers with framing to split the data into smaller bursts.—Separation of user control and data information, and early delivery of thecontrol information.—Identifiers for multiple upper-layer protocols (ULPs).—Support for simplex topology.—Support for ULP non-word-aligned and an arbitrary number of byte transfers.—Error notifications, from the underlying physical layer, e.g., HIPPI-PH, arepassed through this framing protocol to notify the upper layers of damageddata.—Provides a connection-less data service.—Best effort delivery of data, i.e., datagram.—Connection control information, which may be used for physical layerswitching, is supported.Figure 1 shows the relationship of this standard (in the solid rectangle) to theother entities shown. HIPPI-LELink EncapsulationMechanical, Electrical, and SignallingProtocol HIPPI-PH(physical layer) HIPPI-SCSwitch Control(control of HIPPI physical layer switches)(mapping to IEEE 802.2) HIPPI-FC IPI-3 Disk(mapping to FibreChannel ULP’s) IPI-3 Tape HIPPI-FP(generic disk command set)(generic tape command set)Framing ProtocolFigure 1 — HIPPI-FP relationship to other entities

X3T9.3 maintenance copy of AMERICAN NATIONAL STANDARD ANSI X3.210-19921American National Standardfor Information Systems —High-Performance Parallel Interface —Framing Protocol (HIPPI-FP)1 ScopeThis American National Standard provides data framing for ahigh-performance point-to-point interface between data-processing equipment. This standard does not protectagainst certain errors which might be introduced byintermediate devices interconnecting multiple HIPPI-PHs.The purpose of this standard is to facilitate the developmentand use of the HIPPI in computer systems by providingcommon data framing. The standard provides an efficientframing protocol for interconnections between computers,high-performance display systems, and high-performance,intelligent block-transfer peripherals.2 Normative referencesThe following American National Standard containsprovisions which, through reference in this text, constituteprovisions of this standard. At the time of publication, theedition indicated was valid. All standards are subject torevision, and parties to agreements based on this standardare encouraged to investigate the possibility of applying themost recent edition of the standard listed below.ANSI X3.183-1991, High-performance parallel interface,mechanical, electrical, and signalling protocol specification(HIPPI-PH) .3 Definitions and conventions3.1 DefinitionsFor the purposes of this standard, the following definitionsapply.3.1.1 burst: A group of words sent by the Source to theDestination. Bursts contain 1 to 256 words. Bursts thatcontain less than 256 words are called short bursts. On a32-bit HIPPI-PH, bursts contain an even number of 32-bitwords.3.1.2 byte: A group of eight bits. Bytes are packed fourper 32-bit word, or eight per 64-bit word.3.1.3 connection: Condition of the HIPPI-PH whendata transfers from Source to Destination are possible.3.1.4 connection control information (CCI): Aparameter sent as part of the sequence of operationsestablishing a connection from a Source to a Destination.(The HIPPI-SC document includes examples of CCIs andtopologies.)3.1.5 Destination: The equipment at the end of theinterface that receives the data.3.1.6 optional: Features that are not required by thestandard. However, if any optional feature defined by thestandard is implemented, it shall be implemented accordingto the standard.3.1.7 packet: A data set sent from Source to Desti-nation. A packet is composed of one or more bursts. TheHIPPI specification does not limit the maximum packet size,but a maximum size may be imposed by a given HIPPIimplementation, or by a ULP. A packet consists of aheader, one or two optional ULP data sets, and optional fill.3.1.8 service interface (SI): Connection points tothe ULP.3.1.9 Source: The equipment at the end of the interfacethat transmits the data.3.1.10 state: The current condition of the interface,excluding transitions, as indicated by the control primitives.3.1.11 station management (SMT): The supervi-sory entity that monitors and controls the HIPPI.3.1.12 ULP data set: The data transferred betweenthe ULP and the HIPPI-FP.3.1.13 upper-layer protocol (ULP): A protocolimmediately above the HIPPI-FP service interface.3.1.14 word: A unit of information, consisting of 32 or 64bits, matching the HIPPI-PH word size. Words contain anordered set of four or eight bytes.3.2 Editorial conventionsIn this standard, certain terms that are proper names ofsignals or similar terms are printed in uppercase to avoidpossible confusion with other uses of the same words (e.g.,CLOCK). Any lowercase uses of these words have thenormal technical English meaning.A number of conditions, sequence parameters, events,states, or similar terms are printed with the first letter ofeach word in uppercase and the rest lowercase (e.g., In,Out, Enabled). Any lowercase uses of these words havethe normal technical English meaning.

X3T9.3 maintenance copy of ANSI X3.210-1992224 HIPPI structure4.1 StructureThe HIPPI-FP has been designed in a modular fashion tosupport simplex or dual simplex configuration require-ments.A compliant HIPPI network shall maintain packet and burststructures from the original Source to the final Destination.Figure 2 shows the basic organization of the information on the HIPPI.

ConnectionEstablished

PacketPacketPacket

BurstBurstBurst256 words of 32 or 64 bits eachConnectionEstablishedConnectionEstablished

Figure 2 — Logical framing hierarchyAs specified in HIPPI-PH, once a connection is establisheda packet (or multiple packets) can be sent from the Sourceto the Destination. Each packet contains one or morebursts. Bursts contain 1 to 256 words. Words contain fouror eight bytes. Bursts that contain less than 256 words arecalled short bursts. A packet contains no more than oneshort burst. A short burst may be either the first or lastburst of a multiburst packet. For error detection HIPPI-PHuses byte parity and a parity-based checksum on eachburst.On a 32-bit HIPPI-PH, bursts shall contain an even numberof 32-bit words. Words shall contain an ordered set of bytesas specified in 7.1.4.2 Error detection mechanisms4.2.1 Byte parityThe HIPPI physical layer (HIPPI-PH) uses bit-parallel wordtransfers, using 32-bit words for an 800 Mbit/s data rate and64-bit words for a 1600 Mbit/s data rate. An odd-parity bit isalso transmitted with each 8-bit byte of a word, i.e., fourparity bits are transmitted with each 32-bit word. Hence anundetected error in a word would require a 2-bit error, withboth bits being in the same byte.4.2.2 LLRCThe Length-Longitudinal Redundancy Check (LLRC)implements even parity across the individual bits of multiplewords in a burst. For example, bit 23 of the LLRC is theeven parity of bit 23 of each word in the burst. A burst isnominally 256 words in length (1 Kbytes or 2 Kbytes), butshort bursts may contain fewer words. Hence the LLRCwould not detect errors where the same bit in an evennumber of words was incorrect.In addition, the LLRC calculation includes the length of theburst. Hence, the LLRC would detect cases where a wordwas dropped or added, i.e., the length received was not thesame as what was transmitted.4.2.3 Packet lengthA packet is composed of one or more bursts. In HIPPI-FP alength field specifying the number of bytes in the packet isspecified. This length field provides a check for dropped orextra bursts. A special case where the packet length is notused is provided for such things as video data to a framebuffer, data collection from experimental equipment, etc.4.3 Error detection limitationsThe parity and LLRC will only fail on 4-bit errors in arectangular pattern. That is, two bits in a byte must fail(undetected by the byte parity check) and the same two bitsmust fail in another word of the burst (undetected by theLLRC).Use of the HIPPI-FP packet header length field permits thedetection of lost bursts within a packet; however nomechanism of either HIPPI-FP or HIPPI-PH allows thedetection of data corruption caused by the substitution ofone burst, with good parity and LLRC, for another burst ofthe same length.

X3T9.3 maintenance copy of ANSI X3.210-1992335 HIPPI-FP service interface to upperlayersThis clause describes the services provided by HIPPI-FP.The intent is to provide the formalism necessary to relatethis interface to other HIPPI interfaces. How many of theservices described herein are chosen for a givenimplementation, and whether others may be required, is upto the implementer; however, a set of HIPPI-FP servicesmust be supplied sufficient to satisfy the ULP(s) beingused. The services as defined herein do not imply anyparticular implementation, or any interface.In this standard the ULP and station management protocol(SMT) are service users, and the HIPPI-FP is the serviceprovider to the ULP and SMT. The interfaces consist of theULP primitives, prefixed with FP_, and the SMT primitives,prefixed with FPSM_.The HIPPI-FP is also the service user of the HIPPI-PHservices, prefixed with PH_.

Figure 3 shows the relationship of the HIPPI-FP interfaces.

HIPPI-FP

Upper-LayerProtocols(ULPs)

StationManagement(SMT)

HIPPI-PHPhysical Layer(PH_...)(FPSM_...)(PHSM_...)(FP_...)

Figure 3 — HIPPI-FP service interface5.1 Service primitivesAll of the primitives and parameters are considered asrequired except where explicitly stated otherwise.HIPPI service primitives are of four types.— Request primitives are issued by a service user toinitiate a service from the service provider. In this stan-dard, a second Request primitive of the same name shallnot be issued until the Confirm for the first request isreceived.— Confirm primitives are issued by the service provider toacknowledge a Request.— Indicate primitives are issued by the service provider tonotify the service user of a local event. This primitive issimilar in nature to an unsolicited interrupt. Note that thelocal event may have been caused by a service Request.In this standard, a second Indicate primitive of the samename shall not be issued until the Response for the firstIndicate is received.— Response primitives are issued by a service user toacknowledge an Indicate.5.2 Sequences of primitivesThe order of execution of service primitives is not arbitrary.Logical and time sequence relationships exist for alldescribed service primitives. Time sequence diagrams, asin figure 4, are used to illustrate a valid sequence. Othervalid sequences may exist. The sequence of eventsbetween peer users across the user/provider interface isillustrated. In the time sequence diagrams the HIPPI-FPusers are depicted on either side of the vertical bars whilethe service provider is in the center. A ULP or SMTimplementation may present multiple requests for services,but the requests shall be serviced one at a time and in theorder presented.5.3 HIPPI-FP service primitive summaryULP Data TransferFP_TRANSFER.Request (CCI, ULP-id, D1_Size,D1_Data_Set, D2_Size, D2_Data_Set,Keep_Connection, Start_D2_on_Burst_Boundary)FP_TRANSFER.ConfirmFP_TRANSFER_D1.Indicate (ULP-id, CCI, Status,D2_Size, D2_Offset, D1_Area_Size, D1_Data_Set)FP_TRANSFER_D2.Indicate (ULP-id, CCI, Status,D2_Size, D2_Offset, D2_Data_Set)FP_TRANSFER.ResponseControl LinkFPSM_CONTROL.Request (Command, Command_Parameter)FPSM_CONTROL.Confirm (Status)Link StatusFPSM_STATUS.RequestFPSM_STATUS.Confirm (Status)FPSM_STATUS.IndicateFPSM_STATUS.Response

X3T9.3 maintenance copy of ANSI X3.210-1992445.4 ULP data transfer service primitivesThese primitives, as illustrated in figure 4, shall be used totransfer ULP data from the Source ULP to the DestinationULP.5.4.1 ULP IdentifiersThe ULP-id of the HIPPI-FP header designates the Destina-tion ULP to which the data set is to be delivered.NOTE - Identifiers registered at the time this standard wasapproved include the following (shown in binary notation). Laterregistrations will be added as amendment to this standard.Processing of packets with unlisted ULPs is undefined.00000010 = Reserved00000011 = Reserved00000100 = ISO 8802.2 Link Encapsulation00000110 = IPI-3 Slave, i.e., IPI-3 Master to Slave00000111 = IPI-3 Master, i.e., IPI-3 Slave to Master00001000 = IPI-3 Peer00001010 = HIPPI-FC mapping to Fibre Channel ULPs1xxxxxxx = Locally assigned5.4.2 FP_TRANSFER.RequestIssued by the Source ULP to request a data transfer. If aconnection to the Destination specified by the CCI does notcurrently exist, then a connection will be established. Atthe completion of the transfer the connection may bebroken unless Keep_Connection was specified. The packetformat is defined in 7.2, and shown in figure 9..Response.Indicate

HIPPI-FP Source ULPDestination ULP.Request.ConfirmFP_TRANSFER_D1FP_TRANSFER

FP_TRANSFERFP_TRANSFER

.Response.IndicateFP_TRANSFER_D2FP_TRANSFER

Figure 4 — Data transfer service primitivesSemantics — FP_TRANSFER.Request (CCI, ULP-id,D1_Size, D1_Data_Set, D2_Size, D2_Data_Set, Keep_Connection, Start_D2_on_Burst_Boundary)The CCI is passed directly to the underlying HIPPI-PH.The ULP-id identifies the Destination ULP. See 5.4.1.D1_Size is the length, in bytes, of the ULPD1_Data_Set to be placed in the first burst of thepacket. The maximum D1_Size shall be 1016 bytes. Avalue of D1_Size equal to zero indicates a nullD1_Data_Set and shall cause the FP headerD1_Data_Set_Present bit to be set to 0. See 7.2.2.D1_Data_Set is the ULP data set to be placed in thefirst burst, and delivered separately from theD2_Data_Set. The D1_Data_Set is intended for controlinformation.D2_Size is the length, in bytes, of the ULP data set tobe placed in the remainder of the packet. The maximumdeterminate D2_Size is 4,294,967,294 bytes (232 - 2).A D2_Size of hexadecimal FFFFFFFF shall mean thatthe length is indeterminate at the start of the transfer.Indeterminate length packets may be longer or shorterthan the maximum determinate size. See B.1 forsuggestions on transferring larger size, orindeterminate size, packets. The D2_Size shall be setto zero to indicate the absence of the D2_Data_Set.D2_Data_Set is the ULP data set to be sent.Placement of the D2_Data_Set shall be governed bythe Start_D2_on_Burst_Boundary parameter. TheD2_Data_Set is intended for user data, or the wholedata set if separate control information is not used. AULP may deliver the D2_Data_Set to HIPPI-FP inmultiple segments. To decrease latency and conservebuffers, implementations may start transmission beforereceiving all of these segments.Keep_Connection true says that another ULP data setwith the same routing information is coming, and thephysical HIPPI-PH connection should be maintained ifpossible. When Keep_Connection is false, theconnection may be broken after this packet. ServicingFP_TRANSFER.Requests from other ULPs may alsocause the connection to be broken, e.g., requests todifferent Destinations, or requests withKeep_Connection false. Keep_Connection is a localcontrol parameter and is not passed to the Destination.Start_D2_on_Burst_Boundary controls the startinglocation for the D2_Area. If true, then the D2_Areashall start at the beginning of the second HIPPI-PHburst. If false, then the D2_Area may start in the firstburst.Issued — The Source ULP issues this primitive to theSource HIPPI-FP to request the transfer of the ULP dataset to the Destination.Effect — The Source HIPPI-FP shall accept the ULP dataset for transmission. The HIPPI-FP shall build an HIPPI-FP header, as specified in 7.2, and send the packet as aseries of bursts to the Destination. If (1) theD1_Data_Set does not completely fill the first burst, and(2) Start_D2_on_Burst_Boundary = true, and (3) theunderlying HIPPI-PH supports short first bursts, then thisHIPPI-FP shall use a short first burst whose length issufficient to completely contain the D1_Data_Set. If anyof the above conditions are not met, then a 256-word firstburst shall be used.

X3T9.3 maintenance copy of ANSI X3.210-1992555.4.3 FP_TRANSFER.ConfirmThis primitive acknowledges the FP_TRANSFER. Requestfrom the Source ULP.Semantics — FP_TRANSFER.Confirm (Status)Status shall be:— Accept — the HIPPI-PH has completed the connectionand accepted the packet for transmission.— Reject — the Destination has rejected the connectionrequest, no bursts were transmitted.— Timeout — the Destination did not respond to theconnection request within the timeout period. No burstswere transmitted. See A.4.7Issued — The HIPPI-FP shall issue this primitive to theSource ULP to acknowledge the FP_TRANSFER.Request.Effect — Unspecified5.4.4 FP_TRANSFER.IndicateThese primitives indicate to the Destination ULP that theD1_Data_Set, or D2_Data_Set, of a packet, addressed tothis particular ULP has been received from the Source.Semantics —FP_TRANSFER_D1.Indicate (ULP-id, CCI, Status,D2_Size, D2_Offset, D1_Area_Size, D1_Area)FP_TRANSFER_D2.Indicate (ULP-id, CCI, Status,D2_Size, D2_Offset, D2_Data_Set)ULP-id is the ULP to receive the data. See 5.4.1.CCI is the CCI for the current connection, i.e., receivedwith the PH_RING.Indicate connection request.Status denotes whether the data set being deliveredwas received with errors. Status includes, but is notlimited to, errors in the packet.D2_Size is the length of the D2_Data_Set, in bytes, asreceived in the FP_Header. If D2_Size equals hex-adecimal FFFFFFFF, then it is up to the ULP to deter-mine the validity and actual length of the D2_Data_Set.D2_Offset is the number of unused bytes from the startof the D2_Area to the first byte of the D2_Data_Set.The D2_Offset is used by the Source and Destination tokeep proper word alignment on the D2_Data_Set so asto avoid shifting and copying the data to achieve align-ment at the Destination. The D2_Offset allows theSource memory image of the D2_Data_Set, even if itdoes not start on a 64-bit word boundary, to bereproduced at the Destination.D1_Area_Size is the size of the D1_Area being passedto the ULP. The actual size of the D1_Data_Set is selfdefining within the D1_Area.D1_Area contains the D1_Data_Set. It is up to theDestination ULP to determine the size of the D1_Data_Set and extract it from the D1_Area. See 7.2.2.The D2_Data_Set is the D2 ULP data being delivered tothe ULP.Issued — The Destination HIPPI-FP shall issue this primi-tive to the Destination ULP when a ULP data set has beenreceived. A packet containing both the D1_Data_Set andthe D2_Data_Set shall generate primitives for both theD1_Data_Set and the D2_Data_Set.Effect — Unspecified5.4.5 FP_TRANSFER.ResponseThis primitive acknowledges a FP_TRANSFER.Indicate foreither the D1_Data_Set or the D2_Data_Set.Semantics — FP_TRANSFER.ResponseIssued — The Destination ULP issues this primitive toacknowledge receipt of the FP_TRANSFER.Indicate.Effect — The Destination HIPPI-FP is enabled to issueanother FP_TRANSFER. Indicate.

X3T9.3 maintenance copy of ANSI X3.210-1992665.5 Control service primitivesThese primitives, as illustrated in figure 5, shall be used toset parameters and control the interface. Note that aControl primitive can be initiated from either the Source orDestination.Source orDestination SMT

.RequestFPSM_CONTROLOther End SMT.ConfirmFPSM_CONTROL

HIPPI-FP Figure 5 — Control service primitives5.5.1 FPSM_CONTROL.RequestIssued by either the Source SMT or Destination SMT to setparameters, or otherwise control the local HIPPI-FP.Several functions are specified and others are left tospecific implementations.Semantics — FPSM_CONTROL.Request (Command,Command_Parameter)The Command specifies the function to be performed.The parameters are specific to each function.The Commands and Command_Parameters for theSource side include but are not limited toResetBreak ConnectionIndicate Enable/DisableReset resets the HIPPI-FP, breaks any existingconnections, and cancels any pending .Requestprimitives.Break Connection breaks any existing connections.Indicate Enable/Disable allows/disallows issuance ofFPSM_ STATUS.Indicate primitives.The Commands and Command_Parameters for theDestination side include but are not limited toResetBreak ConnectionAllow/Disallow/Reject ConnectionIndicate Enable/DisableReset resets the HIPPI-FP, breaks any existingconnections, and cancels any pending .Requestprimitives.Break Connection breaks any existing connections.Allow/Disallow/Reject Connection. Sets Connection_Enable. Allow enables the Destination to make aconnection. Disallow instructs the Destination toignore connection requests. Reject instructs theDestination to respond to connection requests withrejected connection sequences.Indicate Enable/Disable allows/disallows the HIPPI-FP to issue FPSM_ STATUS.Indicate primitives.Issued — The Source or Destination SMT issues this primi-tive to perform some control function over the interface asa whole.Effect — The HIPPI-FP shall perform the functionspecified.5.5.2 FPSM_CONTROL.ConfirmThis primitive acknowledges the FPSM_CONTROL.Re-quest to the issuing SMT.Semantics — FPSM_CONTROL.Confirm (Status)Status reports the success or failure of theFPSM_CONTROL.Request commands.Issued — The HIPPI-FP shall issue this primitive to theSMT when the command specified in the FPSM_CONTROL.Request has been accepted.Effect — Unspecified5.6 Status service primitivesThese primitives, as illustrated in figure 6, shall be used toobtain status information from the local HIPPI-FP. Note thata Status primitive can be initiated from either the Source orDestination, and shall only affect the local end of theinterface.

Source orDestination SMTOther End SMT.RequestFPSM_STATUS.ConfirmFPSM_STATUS.ResponseFPSM_STATUS.IndicateFPSM_STATUS

HIPPI-FP Figure 6 — Status service primitives5.6.1 FPSM_STATUS.RequestIssued by either the Source SMT or Destination SMT torequest a status report.Semantics — FPSM_STATUS.RequestIssued — The SMT issues this primitive when it wishes toobtain the status of the HIPPI-FP.Effect — The HIPPI-FP shall respond with aFPSM_STATUS.Confirm.

X3T9.3 maintenance copy of ANSI X3.210-1992775.6.2 FPSM_STATUS.ConfirmThis primitive replies to the previous FPSM_STATUS.Request with status information.Semantics — FPSM_STATUS.Confirm (Status)The Source side Status shall contain, but is not limitedtoErrorsCurrent state of HIPPI connectionFPSM_STATUS.Indicates Enabled/DisabledThe Destination side Status shall contain, but is notlimited toErrorsCurrent state of HIPPI connectionLast CCI ReceivedConnections Allowed/Disallowed/RejectedFPSM_STATUS.Indicates Enabled/DisabledIssued — The HIPPI-FP shall issue this primitive to theSMT in response to a FPSM_STATUS.Request.Effect — Unspecified5.6.3 FPSM_STATUS.IndicateThis primitive informs the SMT entity that a major event hasoccurred that affects the operation of the HIPPI-FP.Semantics — FPSM_STATUS.IndicateIssued — The HIPPI-FP, when enabled, shall issue thisprimitive to the SMT whenever a major event is detected.Major events include but are not limited toDetection of an illegal state transitionNOTE — If a FPSM_CONTROL.Request was accepted success-fully but not completed, then an FPSM_STATUS .Indicate couldbe used to indicate completion.Effect — UnspecifiedNOTE — Upon receipt of this primitive the local SMT entity shouldissue a FPSM_STATUS.Request to read status and determinewhich event occurred.5.6.4 FPSM_STATUS.ResponseThis primitive acknowledges the FPSM_STATUS.Indicate.Semantics — FPSM_STATUS.ResponseIssued — The SMT issues this primitive to acknowledgereceipt of the FPSM_STATUS.Indicate.Effect — The HIPPI-FP, if enabled, is allowed to issueanother FPSM_STATUS.Indicate.6 HIPPI-PH to HIPPI-FP servicesA summary of the primitives used to connect the HIPPI-FPto the HIPPI-PH is included here. The complete specifica-tion of the primitives is contained in the HIPPI Mechanical,Electrical, and Signalling Protocol Specification (HIPPI-PH)document.Initiate a ConnectionPH_RING.Request (CCI)PH_RING.ConfirmPH_RING.Indicate (CCI)PH_RING.ResponseComplete the ConnectionPH_ANSWER.Request (Accept/Reject)PH_ANSWER.ConfirmPH_ANSWER.Indicate (Accept/Reject)PH_ANSWER.ResponsePacket ControlPH_PACKET.Request (Begin/End)PH_PACKET.Confirm (Accept/Reject)PH_PACKET.Indicate (Begin/End,Status)PH_PACKET.ResponseBurst TransferPH_TRANSFER.Request (Length,Burst)PH_TRANSFER.Confirm (Accept/Reject)PH_TRANSFER.Indicate (Status,Length,Burst)PH_TRANSFER.ResponseTerminate the ConnectionPH_HANGUP.RequestPH_HANGUP.ConfirmPH_HANGUP.IndicatePH_HANGUP.Response

X3T9.3 maintenance copy of ANSI X3.210-1992887 HIPPI data formats7.1 Word and byte formatsThe data transferred between the HIPPI-PH and the HIPPI-FP shall be 32-bit or 64-bit words. The words shall consistof 32 or 64 signals labeled D00 through D31 or D00 throughD63. The size of the words shall match the HIPPI-PH.NOTE — The HIPPI-PH defined in the HIPPI Mechanical, Electricaland Signalling Protocol Specification (HIPPI-PH) uses 32-bit wordsfor the 800 Mbit/s option and 64-bit words for the 1600 Mbit/soption.The data transferred between the HIPPI-FP and the ULPshall be an ordered byte stream. The byte positions withinthe HIPPI words, for both the 32-bit and 64-bit HIPPI-PHs,shall be as shown in table 1. Byte 0 is the first byte in theordered byte stream, byte 1 is the second byte, etc.Table 1 — Byte assignmentsByteData signals onData signals onN o . 32-bit HIPPI64-bit HIPPI0D31-D24D31-D241D23-D16D23-D162D15-D08D15-D083D07-D00D07-D004D31-D24D63-D565D23-D16D55-D486D15-D08D47-D407D07-D00D39-D32Figure 7 shows the complete mapping of a 16-byte orderedbyte stream on an 32-bit HIPPI-PH, and the same orderedbyte stream on a 64-bit HIPPI-PH. Byte 0 is the first byte ofthe byte stream.

12131415(Cable-A) D00D31

891011

4567

0123word 0word 1word 2word 332-bitHPPI-PH64-bitHPPI-PH

12131415(Cable-A)(Cable-B)D63D00D32 D31

0123

4567word 0word 1Figure 7 — Ordered byte stream to HIPPI-PHWithin each byte of the interface, the highest numberedsignal shall be the most significant bit of the byte. Anexample byte is shown in figure 8. 0123456722222222D31 D30 D29 D28 D27 D26 D25 D24

Figure 8 — Bit significance within a byte7.2 HIPPI-FP packet formatThe packet data presented by the Source ULP with aFP_TRANSFER.Request primitive shall be transferred to theDestination with an HIPPI-FP header as shown in figure 9.The image is shown as it would appear on Cable-A of a 32-bitHIPPI-PH. The most-significant bit of the individual fieldsshown in figure 9 is at the left end of the field.The HIPPI-FP packets shall be composed of three areas,(1) Header_Area, (2) D1_Area, and (3) D2_Area, eachstarting and ending on a 64-bit boundary. If theD1_Data_Set is used as control information, theD2_Data_Set is intended as the data associated with thatcontrol information. See B.2 for packet examples.7.2.1 Header_AreaThe Header_Area shall be the first 64 bits of the packet, andshall be completely contained in the first burst of thepacket.ULP-id (8 bits) designates the Destination ULP to which thepacket is to be delivered. See 5.4.1.P = D1_Data_Set_Present (1 bit) = 1 designates that aD1_Data_Set is present in this packet.B = Start_D2_on_Burst_Boundary (1 bit) = 0 designatesthat the D2_Area starts at or before the beginning of thesecond burst of the packet. B = 1 designates that theD2_Area starts at the beginning of the second HIPPI-PHburst of the packet.D1_Area_Size (8 bits) designates the size of the D1_Area,i.e., the number of 64-bit words between the end of the 64-bit Header_Area and the start of the D2_Area.D2_Offset (3 bits) designates the number of Offset bytesfrom the start of the D2_Area to the first byte of theD2_Data_Set.NOTE — The concatenation of the D1_Area_Size and D2_Offset,referenced to the end of the header area, points to the first byte ofthe D2_Data_Set.Reserved (11 bits). All of the reserved bits shall betransmitted as zeros.D2_Size (32 bits) is the length, in bytes, of theD2_Data_Set portion of the packet. The D2_Size does notinclude the bytes contained in the D2_Offset, or in the Fillfollowing the D2_Data_Set. A D2_Size of hexadecimalFFFFFFFF specifies that the D2_Data_Set size is unknownat the start of the packet transfer. This means that packets

X3T9.3 maintenance copy of ANSI X3.210-199299with an unknown D2_Data_Set size cannot be terminated atarbitrary byte boundaries, only at 64-bit HIPPI -PH burstboundaries. A D2_Size of zero (0) specifies that theD2_Area and the D2_Data_Set do not exist.7.2.2 D1_AreaThe D1_Area shall immediately follow the Header_Area,shall be completely contained in the first burst, shall containan integral number of 64-bit words, and shall contain theD1_Data_Set (if present).If present, the D1_Data_Set shall be the first information inthe D1_Area. If the P bit of the Header_Area = 0, then theD1_Data_Set is not present, and the contents of theD1_Area may be ignored. The D1_Data_Set is intended forcontrol information that may be delivered to the DestinationULP on receipt, without waiting for the arrival of other burstsof the packet.The size of the D1_Data_Set shall be self-defining. Forexample, the HIPPI-IPI, identified by ULP-id = 00000111,uses a variable length D1_Data_Set byte string with thelength imbedded in the byte string. The maximum size ofthe D1_Data_Set shall be 1016 bytes, i.e., the maximumsize that fits in the first burst of a 32-bit HIPPI-PH.NOTE — The Source and Destination are not symmetrical. At theSource, the ULP determines the D1_Data_Set size, but the HIPPI-FP determines the size of the D1_Area. At the Destination, thewhole D1_Area is passed to the ULP, and the ULP must extract theD1_Data_Set from the D1_Area. The D1_Data_Set, if present, iscompletely contained within the D1_Area. However, the D1_Areamay be larger than the D1_Data_Set, for example, to complete thefirst burst of a class 3a packet (see B.2.3). A D1_Area with noD1_Data_Set, i.e., P = 0, is also permitted.7.2.3 D2_AreaThe D2_Area, if D2_Size is not zero, shall immediatelyfollow the D1_Area, shall start and end on a 64-bit bound-ary, and shall contain the D2_Data_Set. If the B bit of theHeader_Area = 1, then the D2_Area shall start at the begin-ning of the second HIPPI-PH burst.The Offset is the unused bytes from the start of theD2_Area to the first byte of the D2_Data_Set.The D2_Data_Set may range in size from zero to an indeter-minate number of bytes (see D2_Size in 7.2.1).Fill is the unused bytes between the end of theD2_Data_Set and the end of the D2_Area, i.e., the end ofthe packet. If a D2_Size of all binary ones is used, thenthere is no Fill.Word 0Bit 31071523| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |

ULP-idReservedD1_Area_SizePD2_SizeByte 0 Byte 1 Byte 2 Byte 3 BD2_Offset

Header _AreaD1_Data_Set resides in the D1_AreaSize of D1_Data_Set is self-defining (0 - 1016 bytes)

Offset (0 - 7 bytes)

D2_Data_Set resides in D2_Area0 < D2_Size < 4,294,967,294 (4 GBytes - 2)(The size is indeterminate if D2_Size = FFFFFFFF hex)Fill (0 - 2047 bytes)

D1_AreaD2_Area

Figure 9 — HIPPI-FP packet format

X3T9.3 maintenance copy of ANSI X3.210-1992101 0 Annex A(informative)State transitions and pseudo-codeA.1 GeneralThe framing protocol service interface and the HIPPI-PHservice interface are tied together by the state transitionpseudo-code. The flow diagrams are included as aconvenience for the user, the pseudo-code is morecomplete.The state transitions and flow diagrams do not describe themeans or specific implementation by which the functionsare provided. However, other implementations with fewer oradditional states should behave in a manner which iscompatible with peer protocols implemented identical to themodel.Source states start with the letter S, Destination states withthe letter D. Source states within this document arenumbered 2Jx0 where J = 0 - 4. Destination states withinthis document are numbered 2Kx0 where K = 5 - 9. Thisnumbering scheme is used to avoid confusion between theSource and Destination states, and between states in thisdocument and states in the HIPPI-PH physical layerdocument.A.2 State exitWithin a state that is testing for some condition, thepseudo-code is assumed to loop indefinitely within the stateuntil some exit condition is met.In the event that control sequence errors are detected, thestate machine breaks any existing connection and returnsto the disabled state (S2000 or D2500). For the purposes ofreporting errors, control sequence errors take precedenceover data errors.A.3 InterlocksThe implementer is cautioned that interlock flags or queuesmay be necessary to enforce the requirement of 5.1 that asecond .Indicate or .Request primitive may not be issued bythe HIPPI-FP until a .Response or .Confirm primitive of thesame name has been received. These interlocks are notillustrated in the pseudo-code.A.4 Source pseudo-codeThe Source flow diagram in figure A.1 gives an overview ofthe Source pseudo-code.A.4.1 S2000Disabled state; initialize the HIPPI-FP. Enter on Power-up,system master reset, or illegal state transition.InitializeIssue PH_HANGUP.RequestSet Connection_Present = falseGoto S2010A.4.2 S2010Wait for any connections to be broken. Time T1, specifiedin the HIPPI-PH document, is the round-trip propagationdelay plus action time.IF time T1 timeoutTHEN Goto S2020A.4.3 S2020Idle; wait for a transfer request from the ULP.IF PH_HANGUP.IndicateTHEN Issue PH_HANGUP.ResponseSet Connection_Present = falseIF FP_TRANSFER.RequestTHEN Goto S2030A.4.4 S2030Build the FP header based on the parameters in theFP_TRANSFER.Request primitive, and form up bursts fortransmission.Set D2_Size and D2_Offset as appropriateMaintain_Connection = Keep_ConnectionIF D1_Size not = 0THEN D1_Data_Set_Present = truePut D1_Data_Set in first burstELSE D1_Data_Set_Present = falseSet D1_Area_Size = n(where D1_Size £ n £ Max_Burst_Size - 8)IF Start_D2_on_Burst_Boundary = trueTHEN the D2_Data_Set starts in second burstELSE the D2_Data_Set can start in first burstForm up bursts for transmissionGoto S2040

X3T9.3 maintenance copy of ANSI X3.210-1992111 1

S2000Power-up orsystem master reset S2050S2070S2020Idle, wait for transfer request S2040Check connection,may break connection S2080Send the packet as one or more bursts

S2010Allow time for connection to break S2030Build FP header, form up bursts S2060Connection complete,mark the packet start

S2100

Mark the packet end,may break connection Check results of theconnection request Wait for connection to break, request a new oneS2110Wait for connectionto break

S2090Wait for physical to accept the burst

Figure A.1 — Source flow diagramA.4.5 S2040Check the connection. If no connection exists, then initiatea connection sequence. If a connection already exists tothis Destination, then omit the connection sequence and goon to the data transfer. If a connection to a differentDestination exists, then break that connection and initiate aconnection sequence to the new Destination.IF Connection_Present = falseTHEN Issue PH_RING.Request (CCI)Goto S2060IF PH_HANGUP.IndicateTHEN Issue PH_HANGUP.ResponseSet Connection_Present = falseIssue PH_RING.Request (CCI)Goto S2060IF CCI = Old_CCITHEN Goto S2070Issue PH_HANGUP.RequestGoto S2050NOTE — Breaking the connection and state S2050 are optionalwhen using the HIPPI with non-switched dedicated interfaces.A.4.6 S2050Wait for the original connection to be broken beforerequesting a new connection to this Destination.IF PH_HANGUP.IndicateTHEN Issue PH_HANGUP.ResponseSet Connection_Present = falseIssue PH_RING.Request (CCI)Goto S2060A.4.7 S2060Wait for the Destination to respond to the connectionrequest. Time T2 is the maximum time to wait for aconnection to be completed and is used to avoid hangingthe HIPPI-FP. No assumptions are made as to where or howtimer T2 is implemented. It could be done in the SourceHIPPI-FP or the ULP, with hardware, software or a mix of thetwo. The suggested default value of T2 is 10 seconds.IF PH_ANSWER.Indicate (Accept)THEN Set Connection_Present = trueSet Old_CCI = CCIGoto S2070IF PH_ANSWER.Indicate (Reject)THEN Issue FP_TRANSFER.Confirm (Reject)Goto S2020IF time T2 timeoutTHEN Issue FP_TRANSFER.Confirm (Timeout)Issue PH_HANGUP.RequestGoto S2010A.4.8 S2070A connection now exists; send the packet. Mark thebeginning of the packet and inform the ULP that the transferrequest has been accepted.Issue FP_TRANSFER.Confirm (Accept)Issue PH_PACKET.Request (Begin)Goto S2080NOTE — The FP_TRANSFER.Confirm is shown being issuedbefore the packet is sent to the Destination. An implementationmay optionally move this primitive so that theFP_TRANSFER.Confirm occurs after the packet has been sent.

X3T9.3 maintenance copy of ANSI X3.210-1992121 2 A.4.9 S2080Transfer a burst of the packet. If the ULP is delivering datato the HIPPI-FP in segments, make sure that a completeburst of data is available before issuing thePH_TRANSFER.Request primitive.IF PH_HANGUP.IndicateTHEN Issue PH_HANGUP.ResponseSet Connection_Present = falseGoto S2020ELSE Issue PH_TRANSFER.Request (Length,Burst)Decrement burst countGoto 2090A.4.10 S2090Wait for the HIPPI-PH to accept the burst, or for theDestination to break the connection. If all of the burstshave not been transmitted, then go back to transmit anotherburst.IF PH_HANGUP.IndicateTHEN Issue PH_HANGUP.ResponseSet Connection_Present = falseGoto S2020IF PH_TRANSFER.ConfirmTHEN IF all bursts have been transmittedTHEN Goto S2100ELSE Goto S2080A.4.11 S2100All of the bursts have been transmitted, mark the end of thepacket. The connection is broken at the completion of thepacket unless Keep_Connection was specified in theFP_TRANSFER.Request.Issue PH_PACKET.Request (End)IF Maintain_Connection = trueTHEN Goto S2020Issue PH_HANGUP.RequestGoto S2110A.4.12 S2110Wait for the connection to be broken.IF PH_HANGUP.IndicateTHEN Issue PH_HANGUP.ResponseSet Connection_Present = falseGoto S2020A.5 Destination pseudo-codeThe Destination flow diagram in figure A.2 gives an overviewof the Destination pseudo-code.A.5.1 D2500Disabled state; initialize the HIPPI-FP and break anyconnections that may exist. Enter on Power-up, systemmaster reset, or illegal state transition.InitializeIssue PH_HANGUP.RequestGoto D2510A.5.2 D2510Wait for the hangup to complete or time T1 to expire. TimeT1, specified in the HIPPI-PH document, is the round-trippropagation delay plus action time.IF PH_HANGUP.IndicateTHEN Issue PH_HANGUP.ResponseGoto D2520IF time T1 timeoutTHEN Goto D2520A.5.3 D2520Idle; wait for a connection request from the Source HIPPI.Save the CCI for later FP_TRANSFER.Indicate primitives.IF PH_RING.Indicate (CCI)THEN Issue PH_RING.ResponseCCI_Received = CCIGoto D2530A.5.4 D2530Accept or reject the connection request from the Source.IF Connection_Enable = DisallowTHEN Goto D2540IF Connection_Enable = RejectTHEN Goto D2550IF CCI_Received = Unknown or illegalTHEN Goto D2550Issue PH_ANSWER.Request (Accept)Goto D2560A.5.5 D2540Connections are disallowed, wait for the Source to abortthis connection request.IF PH_HANGUP.IndicateTHEN Issue PH_HANGUP.ResponseGoto D2520A.5.6 D2550The connection is being rejected.Issue PH_ANSWER.Request (Reject)Goto D2520A.5.7 D2560A connection is established. Wait for the start of a packetor a disconnect.Set Packet_Error = falseSet First_Burst_Error = falseIF PH_PACKET.Indicate (Begin)THEN Issue PH_PACKET.ResponseGoto D2570IF PH_HANGUP.IndicateTHEN Issue PH_HANGUP.ResponseGoto D2520A.5.8 D2570A packet has been started. Wait for the first burst.IF PH_TRANSFER.IndicateTHEN Goto D2580IF PH_HANGUP.IndicateTHEN Issue PH_HANGUP.ResponseGoto D2520

X3T9.3 maintenance copy of ANSI X3.210-199213

1 3

D2500Power-up orsystem master reset D2550Reject the connectionrequest D2570D2520Idle, wait for a connection request D2530Accept or rejectthe connection request D2560Connection OK, wait for a packet or disconnect

D2610End of packet received D2580Process first burst D2540Connection disallowed,wait for a disconnect

D2590Wait for another burst,or end of packet

D2600Process another burst Start of packet received, wait for first burst

D2510Wait for connectionto break Figure A.2 — Destination flow diagramA.5.9 D2580The first burst has just been received. If there are errors inthe first burst, then record it. Extract the FP headerparameters, and if a D1_Data_Set is present then pass theD1_Area to the ULP. The actual size of the D1_Data_Set isdefined or implied within the D1_Area.Issue PH_TRANSFER.ResponseIF PH_TRANSFER.Indicate (Status) = ErrorTHEN Set First_Burst_Error = trueCopy values from FP headerULP-id = header.ULP-idD2_Size = header.D2_SizeD2_Offset = header.D2_OffsetIF Header.D1_Data_Set_Present = true (i.e., P bit)THEN Status = PH_TRANSFER.Indicate (Status)Issue FP_TRANSFER_D1.Indicate (ULP-id, CCI_Received, Status, D2_Size, D2_Offset, D1_Area_Size,D1_Area)Goto D2590ELSE Assemble burst into bufferGoto D2590NOTE — There are cases where delivery of the packet, even witherrors, is highly desirable; but the ULP should treat first burst errorswith extreme caution. A first burst error could be in the FP header,e.g., any of the ULP-id, D1_Data_Set_Present, D1_Area_Size,D2_Offset, D2_Size, or Start_D2_on_Burst_Boundary, fields maybe incorrect.A.5.10 D2590Wait for more bursts for this packet, or an end of packetindication.IF PH_TRANSFER.IndicateTHEN Goto D2600IF PH_PACKET.Indicate (End)THEN Goto D2610IF PH_HANGUP.IndicateTHEN Issue PH_HANGUP.ResponseGoto D2520A.5.11 D2600Another burst has been received. Packet_Error indicatesan error in other than the first burst of a packet.Issue PH_TRANSFER.ResponseIF PH_TRANSFER.Indicate (Status) = ErrorTHEN Set Packet_Error = trueAssemble burst into bufferGoto D2590A.5.12 D2610The end of packet indication has been received. If theD2_Data_Set is present, then pass the D2_Data_Set to theULP.IF D2_Size not equal 0THEN Status = First_Burst_Error, Packet_ErrorIssue FP_TRANSFER_D2.Indicate (ULP-id, CCI_Received, Status, D2_Size,D2_Offset, D2_Data_Set)Issue PH_PACKET.ResponseGoto D2560

X3T9.3 maintenance copy of ANSI X3.210-1992141 4 Annex B(informative)Implementation observationsB.1 Data transfer service primitiveThe data transfer service primitive as defined in 5.4assumes that the Source ULP knows the packet size. Thismay not always be the case. The primitives are an abstrac-tion intended to clarify the operation of HIPPI-FP, they donot represent an implementation.For example, the HIPPI-FP header D2_Size field has theoption of denoting a packet of indefinite size by using thehexadecimal value of FFFFFFFF. This may be useful fortransferring such things as pictures, where the interface isstarted and left running with one packet supplying manyframes of picture data. Another example is transferringdata from a magnetic tape of unknown format.In these cases, the Source ULP may not know the completesize when it starts, and the Destination ULP does not careabout the size. The Source would need some way to keepfeeding data to the interface, and then signalling the endwhen complete. The Destination ULP would also probablyaccept the data in smaller portions, and not worry aboutreceiving the end of packet before processing the data.B.2 Classes of packetsPackets can be organized in a variety of ways to take bestadvantage of the hardware, firmware, and software imple-mentations used, and the applications being supported.The HIPPI-PH define the different classes. This HIPPI-FPdocument supports all of the classes. Particularimplementations may operate more efficiently with someclasses than with others.The abbreviations used in the figures are:H = FP header (8 bytes)D1_A = D1_Area (contains D1_Data_Set, if present)(O) = 0 - 7 optional Offset bytesD2_D = D2_Data_Set(F) = Optional FillThe D1_Area contains the D1_Data_Set, if present, andmay contain additional pad bytes to fill out to the end of theD1_Area. It is assumed that the D1_Data_Set containscontrol information that is associated with the information inthe D2_Data_Set.The optional Offset bytes are used to start theD2_Data_Set at other than a 64-bit boundary. It is assumedthat the D2_Data_Set contains user data.The optional Fill bytes are used to pad out the D2_Data_Setto the end of a physical burst.A full burst is either 1 Kbytes with the 32-bit HIPPI-PH, or 2Kbytes with the 64-bit HIPPI-PH option.B.2.1 Class 1 — Single short burstFigure B.1 illustrates class 1 transfers, in which a packet iscomposed of a single short burst, minimizing the number ofCLOCK periods required to transfer data. HH D1_AH D1_A (O) D2_D (F) H (O) D2_D (F) Class 1aClass 1bClass 1cClass 1dFigure B.1 — Class 1, single short burstClass 1a shows only the FP header being transmitted. Thismay be useful for diagnostic or HIPPI-FP to HIPPI-FPcommunications.Class 1b includes just the D1_Area, and is useful forpassing short messages. Here the information is less than1016 bytes, starts immediately after the FP header, and theinformation length is implied or self-defining.Class 1c includes both the D1_Area and D2_Data_Set.Optional Offset and Fill bytes may be use to start andterminate the D2_Data_Set at other than 64-bit boundaries.Class 1d is also useful for passing short messages. Herethe information is whatever will fit in the first burst, e.g., lessthan 2040 bytes on a 1600 Mbit/s HIPPI. It may use theoptional Offset and Fill bytes to start and end at other than64-bit boundaries. The information length is defined in theFP header.

X3T9.3 maintenance copy of ANSI X3.210-1992151 5 B.2.2 Class 2 — short burst with full burst(s)Figure B.2 illustrates class 2 transfers, in which packets arecomposed of a short first burst followed by one or more fullbursts.HClass 2a (O) D2_D D2_D (F)H D1_AClass 2b (O) D2_D D2_D (F)Figure B.2 — Class 2, short burst with fullburst(s)Class 2a is useful for separating the FP header from theuser data in the D2_Data_Set. Here the D2_Data_Set iseasy to separate since it starts in the second burst.Class 2b shows the inclusion of the D1_Area for containingcontrol information associated with the user data starting inthe second burst.B.2.3 Class 3 — full burst(s) with short burstFigure B.3 illustrates class 3 transfers, in which packetsare composed of one or more full bursts followed by a shortburst as the last burst.Class 3a (O) D2_DH D1_AD2_D (F)Class 3b D2_DH D1_A (O) D2_DD2_D (F)Class 3c D2_DH (O) D2_DD2_D (F)Figure B.3 — Class 3, full burst(s) with shortburstClass 3a is useful for separating the control information(contained in the D1_Area) from the D2_Data_Set userdata, and for transmitting a D2_Data_Set that does not fillan integral number of bursts.Class 3b includes both the D1_Area and the first portion ofthe D2_Data_Set within the first burst.Class 3c omits the D1_Area and starts the D2_Data_Set inthe first burst.B.2.4 Class 4 — full burst(s)Figure B.4 illustrates class 4 transfers, in which packets arecomposed of one or more full bursts and no short bursts.Class 4 may be well suited to connections where theDestination operates most efficiently with full bursts.Class 4a (O) D2_DH D1_AD2_D (F)Class 4b D2_DH D1_A (O) D2_DD2_D (F)Class 4c D2_DH (O) D2_DD2_D (F)Figure B.4 — Class 4, full burst(s)Class 4a shows starting the D2_Data_Set in the secondburst for ease of separation, and putting the D1_Area in thefirst burst (even if the D1_Data_Set control informationdoes not completely fill the first burst).Class 4b includes both the D1_Area control information andthe start of the D2_Data_Set user data within the first burst.This may be useful if the D2_Data_Set does not completelyfill an integral number of bursts.Class 4c omits the D1_Area entirely, and starts theD2_Data_Set in the first full burst.

X3T9.3 maintenance copy of ANSI X3.210-1992161 6 Annex C(informative)BibliographyThe following documents are upper-layer protocols ofHIPPI-FP and are assigned ULP identifiers in 5.4.1:ANSI X3.218, High-Performance Parallel Interface -Encapsulation of ISO 8802-2 (IEEE Std 802.2) Logical LinkControl Protocol Data Units (HIPPI-LE). (Uses ULP-id = ISO8802.2 Link Encapsulation)ANSI X3.xxx, High-Performance Parallel Interface -Mapping of Fibre Channel Signalling Protocol (HIPPI-FC).(Uses ULP-id = HIPPI-FC, which provides HIPPI physicallayer transport for Fibre Channel upper level, FC-4,protocols)ANSI/ISO 9318-3, Intelligent Peripheral Interface - Devicegeneric command set for magnetic and optical disk drives(IPI-3 Disk). (A revision to this standard uses ULP-id’s =IPI-3 Slave, IPI-3 Master, and IPI-3 Peer)ANSI/ISO 9318-4, Intelligent Peripheral Interface - Devicegeneric command set for magnetic tape drives (IPI-3 Tape).(A revision to this standard uses ULP-id’s = IPI-3 Slave, IPI-3 Master, and IPI-3 Peer)

X3T9.3 maintenance copy of ANSI X3.210-1992171 7 Alphabetical indexB bit.................................. 7.2.1, 7.2.3Bit ordering........................ 7.1Burst................................ 3.1.1, 4receiving first burst.......... A.5.9receiving other bursts....... A.5.10, A.5.11sending......................... 7.2.2, A.4.4, A.4.9, A.4.10short burst..................... 3.1.1, 4, 5.4.2, B.2Start_D2_on_Burst_........ 5.3, 5.4.2, 7.2.1, A.4.4, BoundaryA.5.9Byte................................. 3.1.2, 4, 7.1CCI................................... 3.1.4, 5.3, 5.4.2, 5.4.4,A.4.5, A.4.6, A.4.7, A.5.3CCI_Received................. 5.6.2, A.5.3, A.5.4, A.5.9,A.5.12Old_CCI......................... A.4.5, A.4.7Characteristics................... IntroductionClasses of packets.............. B.2Connection........................ 3.1.3, 4abort............................. A.5.5accept........................... A.4.7, A.5.4allow............................. 5.5.1, 5.6.2break............................ 5.4.2, 5.5.1, A.2, A.4.2,A.4.5, A.4.6disallow......................... 5.5.1, 5.6.2, A.5.4, A.5.5make............................. 5.4.2, A.4.5, A.4.6reject............................ 5.5.1, 5.6.2, A.4.7, A.5.4,A.5.6Connection_Enable.......... 5.5.1, A.5.4Connection_Present........ A.4.1, A.4.3, A.4.5, A.4.6,A.4.7, A.4.9, A.4.10, A.4.12Keep_Connection............ 5.3, 5.4.2, A.4.4, A.4.11Maintain_Connection........ A.4.4, A.4.11Control primitives................ 5.5D1_Area............................ 5.4.4, 7.2, 7.2.2, 7.2.3,A.5.9, B.2, B.2.1, B.2.2,B.2.3, B.2.4D1_Area_Size.................... 5.3, 5.4.4, 7.2.1, A.4.4, A.5.9D1_Data_Set...................... 5.3, 5.4.2, 5.4.4, 5.4.5, 7.2.1,7.2.2, 7.2.3, A.4.4, A.5.9,B.2, B.2.4D1_Data_Set_Present......... 5.4.2, 7.2.1, A.4.4, A.5.9D1_Size............................ 5.3, 5.4.2, A.4.4D2_Area............................ 5.4.2, 7.2, 7.2.1, 7.2.3D2_Data_Set...................... 5.3, 5.4.2, 5.4.4, 5.4.5, 7.2.1,7.2.3, A.4.4, A.5.12, B.2,B.2.1, B.2.2, B.2.3, B.2.4D2_Offset.......................... 5.3, 5.4.4, 7.2.1, A.4.4,A.5.9, A.5.12D2_Size............................ 5.3, 5.4.2, 5.4.4, 7.2.1, 7.2.3,A.4.4, A.5.9, A.5.12Data transfer primitives........ 5.4receiving at Destination.... 5.4.4, A.5.8, A.5.9, A.5.10,A.5.11sending from Source........ 5.4.2, A.4.3, A.4.4Disabled state.................... A.2, A.4.1, A.5.1Errors............................... Introduction, 1, 5.4.4, 5.6.2,A.2, A.5.9detection mechanisms..... 4.2First_Burst_Error............ A.5.7, A.5.9, A.5.12limitations...................... 4.3Packet_Error................. A.5.7, A.5.11, A.5.12sequence errors............. 5.6.3, A.2, A.4.1, A.5.1Fill................................... 7.2.1, 7.2.3, B.2, B.2.1Format.............................. 4bit................................ 7.1byte............................. 7.1header.......................... 7.2word............................. 7.1Header............................. 7.2, A.4.4Idle state.......................... A.4.3, A.5.2Master reset...................... A.4.1, A.5.1Offset.............................. 7.2.1, 7.2.3, B.2, B.2.1P bit................................. 7.2.1, 7.2.2, A.5.9Packet............................. 3.1.7, 4, 7.2begin............................ A.4.8, A.5.7, A.5.8classes of packets.......... B.2end.............................. 7.2, 7.2.1, 7.2.3, A.4.11,A.5.10, A.5.12indefinite size................. 5.4.2, 5.4.4, 7.2.1, B.1Primitives.......................... 5.1cancel.......................... 5.5.1from HIPPI-PH................ 6interlocks...................... 5.1, 5.2, A.3Reserved.......................... 7.2.1Segment........................... 5.4.2, A.4.9Short burst........................ 3.1.1, 4, 5.4.2, B.2Simplex............................ Introduction, 4SMT................................. 3.1.11, 5, 5.2, 5.5.1, 5.5.2,5.6.1, 5.6.2, 5.6.3, 5.6.4State notation.................... A.1state exit....................... A.2Status primitives................ 5.6Timeouts........................... 5.4.3, A.4.2, A.4.7, A.5.2ULP................................. 3.1.12, 3.1.13ULP-id.......................... 5.3, 5.4.1, 5.4.2, 5.4.4, 7.2.1,7.2.2, A.5.9, A.5.12Word................................ 3.1.1, 3.1.2, 3.1.14, 4, 5.4.4,7.1, 7.2.1, 7.2.2