X3T11/95-X3T11/Project 1026/Rev 1.6High-Performance Parallel Interface -Mapping to Asynchronous Transfer Mode(HIPPI-ATM)working draft proposedAmerican National Standardfor Information SystemsFebruary 16, 1996Secretariat:Computer and Business Equipment Manufacturers AssociationABSTRACT: This standard defines the frame formats and protocol definitions for encapsulation of High-Performance Parallel Interface - Mechanical, Electrical, and Signalling Protocol Specification (HIPPI-PH) packetsfor transfer over Asynchronous Transfer Mode (ATM) equipment, or for use with other media. An informativeannex describes an IP Router for use between HIPPI and ATM systems.NOTE:This is an internal working document of X3T11, a Technical Committee of Accredited Standards Committee X3. Assuch, this is not a completed standard. The contents are actively being modified by X3T11. This document ismade available for review and comment only. For current information on the status of this document contact theindividuals shown below:POINTS OF CONTACT:Roger Cummings (X3T11 Chairman)Carl Zeitler (X3T11 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) 838-3822 E-mail: Roger_Cummings@Stortek.com E-mail: zeitler@ausvm6.vnet.ibm.comDon Tolmie (HIPPI-ATM Technical Editor)Los Alamos National LaboratoryCIC-5, MS-B255Los Alamos, NM 87545 (505) 667-5502, FAX (505) 665-7793E-mail: det@lanl.gov

ANSI ¤X3.xxx-199xAmerican National Standardfor Information Systems —High-Performance Parallel Interface —Mapping to Asynchronous Transfer Mode(HIPPI-ATM)SecretariatInformation Technology Industry Council (ITI)Approved, 199American National Standards Institute, IncAbstractThe described Specification defines the frame formats and protocol definitions for encapsulation of High-Performance Parallel Interface - Mechanical, Electrical, and Signalling Protocol Specification (HIPPI-PH)packets for transfer over Asynchronous Transfer Mode (ATM) equipment, or for use with other media. Aninformative annex describes an IP Router for use between HIPPI and ATM systems.

AmericanNationalStandardApproval of an American National Standard requires verification by ANSI thatthe requirements for due process, consensus, and other criteria for approvalhave been met by the standards developer.Consensus is established when, in the judgment of the ANSI Board ofStandards Review, substantial agreement has been reached by directly andmaterially affected interests. Substantial agreement means much more than asimple majority, but not necessarily unanimity. Consensus requires that allviews and objections be considered, and that a concerted effort be madetowards their resolution.The use of American National Standards is completely voluntary; theirexistence does not in any respect preclude anyone, whether he has approvedthe standards or not, from manufacturing, marketing, purchasing, or usingproducts, processes, or procedures not conforming to the standards.The American National Standards Institute does not develop standards and willin no circumstances give interpretation on any American National Standard.Moreover, no person shall have the right or authority to issue an interpretationof an American National Standard in the name of the American NationalStandards Institute. Requests for interpretations should be addressed to thesecretariat or sponsor whose name appears on the title page of this standard.CAUTION NOTICE: This American National Standard may be revised orwithdrawn at any time. The procedures of the American National StandardsInstitute require that action be taken periodically to reaffirm, revise, or withdrawthis standard. Purchasers of American National Standards may receive currentinformation on all standards by calling or writing the American NationalStandards Institute.PatentStatementCAUTION: The developers of this standard have requested that holder’s ofpatents that may be required for the implementation of this standard, disclosesuch patents to the publisher. However, neither the developers nor thepublisher have undertaken a patent search in order to identify which, if any,patents may apply to this standard.As of the date of publication of this standard and following calls for theidentification of patents that may be required for the implementation of thestandard, no such claims have been made. No further patent search isconducted by the developer or the publisher in respect to any standard inprocess. No representation is made or implied that licenses are not required toavoid infringement in the use of this standard.Published byAmerican National Standards Institute11 West 42nd Street, New York, New York 10036Printed in the United States of America iiContentsPageForeword..................................................................................................................... ii1Scope................................................................................................................... 12Normative references.......................................................................................... 13Definitions and conventions................................................................................. 13.1Definitions................................................................................................ 13.2Editorial conventions................................................................................ 14HIPPI format and conversion............................................................................... 24.1HIPPI format............................................................................................. 24.2HIPPI Converter....................................................................................... 24.3H-PDU format........................................................................................... 34.4Connection and routing control................................................................ 44.5Flow control.............................................................................................. 54.6Error control.............................................................................................. 74.7Bit and byte ordering................................................................................ 84.8Inverse multiplexing.................................................................................. 84.9Loop back................................................................................................. 95ATM Specifics...................................................................................................... 95.1ATM format............................................................................................... 95.2ATM routing and connection control...................................................... 105.3ATM error control................................................................................... 10AnnexesAHIPPI-ATM IP Router........................................................................................ 13A.1Overview................................................................................................ 13A.2IP packet mapping................................................................................. 14BBibliography....................................................................................................... 15Tables1Mapping HIPPI_Burst_Data to 800 Mbit/s HIPPI-PH bursts.............................. 42Mapping HIPPI_Burst_Data to 1600 Mbit/s HIPPI-PH bursts............................ 43Summary of V and H bit actions........................................................................ 54Byte assignments............................................................................................... 8Figures1HIPPI logical framing hierarchy.......................................................................... 22System with generic HIPPI Converters.............................................................. 23H-PDU format with the HB_Header carrying credit information......................... 34Credit parameters and credit control flow.......................................................... 65Near-end HIPPI Converter in local loop back.................................................... 96AAL 5 CPCS-PDU for HIPPI-ATM Converter.................................................. 107System with HIPPI-ATM Converters................................................................ 108Mapping two 800 Mbit/s HIPPI-PH full bursts to an H-PDU and ATM cells..... 119Mapping a 1600 Mbit/s HIPPI-PH full burst to an H-PDU and ATM cells........ 12A.1System with HIPPI-ATM IP Router.................................................................. 13A.2HIPPI to AAL 5 IP packet mapping.................................................................. 14 iiiiForeword(This foreword is not part of American National Standard X3.xxx-199x.)This standard defines the frame formats and protocol definitions forencapsulation of High-Performance Parallel Interface — Mechanical, Electrical,and Signalling Protocol Specification (HIPPI-PH) packets for transfer overAsynchronous Transfer Mode (ATM) equipment, i.e., tunneling through ATM, orfor use with other media. An informative annex describes an IP Router for usebetween HIPPI and ATM systems.This standard was developed by Technical Committee X3T11 of AccreditedStandards Committee X3 during 1994. The standards approval process startedin 1995.This document includes annexes, which are informative and not considered partof 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:James D. Converse, ChairDonald C. Loughry, Vice-ChairJoanne M. Flanagan, SecretaryOrganization RepresentedName of Representative (Membership list to be added by ANSI Editor when approved as an ANSI standard.)

iiiiiiSubcommittee X3T11 on Device Level Interfaces, which reviewed this standard,had the following members:Roger Cummings, ChairCarl Zeitler, Vice-ChairHorst Truestedt, International RepresentativeDon Tolmie, HIPPI-ATM Technical EditorI. AhmedD. AllanD. AllenB. AtkinsonR. BaillyB. BellinoC. BinfordP. BoulayC. BrillJ. BumblisE. CadyJ. CalleK. ChanE. ChangM. CheneryK. ChennappanH. ChinT. ClayR. CookJ. CoomesR. CorneliusS. DarnellJ. DedekD. DeelM. DorsettP. DuclosB. EdgeS. ErlerF. FergusonD. FlanaganM. FoggD. FordC. FosterM. FosterK. FredericksG. FreemanE. FrymoyerB. GallagherB. GallowayE. GardnerF. GaullierC. GrantM. GriffinE. GrivnaP. HaasD. HagermanB. HamN. HarrisB. HarvieV. HayduD. HepnerJ. HimesM. HoardE. JacquesT. JohnsonS. JoinerD. KachelmeyerM. KargM. KelleyR. KembelR. KleckowskiO. KornblumB. KowalskiL. LamersM. LeibW. LeslieB. LevinJ. LohmeyerP. MaherK. MalavalliW. MartinJ. MathisM. McGowenV. MelendyJ. MerkwazS. MindemannJ. MurdockK. NakamuraR. O’ConnellJ. OliverT. PalkertA. ParsonsR. PedersenR. PetersenS. PooleG. PorterK. PowellR. PrenticeS. QuanG. RaraJ. RenwickC. RichW. RickardR. RonaldB. RumerP. RupertJ. SherfeyM. ShiflettM. ShrikiK. SmithR. SnivelyT. SprenkleJ. StaiG. StephensB. StoevhaseA. StoneC. StoopsR. TaborekK. TeowL. ThorsbakkenJ. ToyS. UcciH. Van DeusenS. Van DoornT. VossR. WagnerP. WalfordN. WanamakerG. WardenL. WhitfieldS. WilsonM. WingardK. WitteM. Zandy working draft proposed AMERICAN NATIONAL STANDARDwdpANS X3.xxx-199x

1draft proposed American National Standardfor Information Systems —High-Performance Parallel Interface —Mapping to Asynchronous Transfer Mode(HIPPI-ATM)1 ScopeThis American National Standard defines the frame formatsand protocol definitions for encapsulation of High-Performance Parallel Interface — Mechanical, Electrical, andSignalling Protocol Specification (HIPPI-PH) packets fortransfer over Asynchronous Transfer Mode (ATM)equipment, i.e., tunneling through ATM, or for use with othermedia. An informative annex describes an IP Router foruse between HIPPI and ATM systems.Physical layer specifications for transporting ATM cells arenot specified. Both the 800 Mbit/s (100 MByte/s) and 1600Mbit/s (200 MByte/s) HIPPI-PH options are supported.Transfers from an 800 Mbit/s HIPPI-PH, through HIPPI-ATM, to a 1600 Mbit/s HIPPI-PH, and vise versa, aresupported.2 Normative referencesThe following standards contain provisions which, throughreference in this text, constitute provisions of this AmericanNational standard. At the time of publication, the editionsindicated were valid. All standards are subject to revision,and parties to agreements based on this American Nationalstandard are encouraged to investigate the possibility ofapplying the most recent editions of the standards listedbelow.ANSI X3.183-1991, High-Performance Parallel Interface, —Mechanical, Electrical, and Signalling Protocol Specification(HIPPI-PH).ITU-T Recommendation I.361-1993, BISDN ATM LayerSpecification.ITU-T Recommendation I.363-1993, BISDN ATMAdaptation Layer (AAL) Specification.3 Definitions and conventions3.1 DefinitionsFor the purposes of this American National Standard, thefollowing definitions apply.3.1.1HB_Header: The eight-byte header of an H-PDU.3.1.2 H-PDU: A protocol data unit consisting of aHB_Header, and possibly the data portion of one or twoHIPPI-PH bursts.3.1.3 protocol data unit (PDU): The unit of data transferbetween communicating peer layer entities.3.2 Editorial conventionsIn this document, a number of conditions, mechanisms,parameters, or similar terms are printed with the first letter ofeach word in uppercase and the rest lowercase (e.g., Pad).Any lowercase uses of these words have the normaltechnical English meaning.In this American National Standard the words byte and octetare synonymous.

wdpANS X3.xxx-199x224 HIPPI format and conversion4.1 HIPPI formatFigure 1 shows the HIPPI physical level format as specifiedin ANSI X3.183, HIPPI-PH.ConnectionEstablishedConnectionEstablishedConnectionEstablished

wdpANS X3.xxx-199x33be between the HIPPI devices, e.g., between the near-end HIPPI-based device (Source) and the HIPPIConverter (sending-side); similarly for the far-end.b) The sending-side shall assemble up to 2048 bytes ofHIPPI-PH burst data received (in one or two bursts), withan HB_Header, into an H-PDU. Each H-PDU is thencarried through the intermediate media. An intermediatemedia reverse direction path for Credit informationprovides flow control similar to the HIPPI READY signals.(See 4.5.)c) At the receiving-side, the H-PDUs are recovered. EachH-PDU containing HIPPI data shall be translated by thereceiving-side into one or two HIPPI-PH bursts. H-PDUswithout HIPPI data may be used for passing controlinformation. The HIPPI-PH signals from the HIPPIConverter receiving-side are equivalent to thosegenerated by the original HIPPI Source.4.3 H-PDU formatA HIPPI-PH packet is composed of one or more data bursts.The data portion of one or two of these bursts, and an eightbyte HB_Header form an H-PDU. Control information maybe sent along with the HIPPI data, or in H-PDUs consistingof only the HB_Header. Figure 3 shows the format of an H-PDU and an HB_Header carrying credit information.4.3.1 HB_Header Word 0An HB_Header passes control information between HIPPIConverters. It may be sent by itself, or with HIPPI databurst(s). The HB_Header shall be the first eight bytes of theH-PDU. The fields in Word 0 are:V = Valid (bit 31)V = 1 means that HB_Header Word 1 contains validinformation. (See the I bit for contents selection.)V = 0 means that contents of HB_Header Word 1 shall beignored.I = I-Field (bit 30) signifies which of two parameter sets iscontained in HB_Header Word 1 when V = 1.I = 1 means that a new connection is being requested andWord 1 contains I-Field information.I = 0 means that Word 1 contains credit and capabilityinformation. I = 0 shall be transmitted when V = 0.D = Disconnect (bit 29)D = 1 means that the near-end HIPPI Source hasdeasserted the REQUEST signal, breaking theconnection. The receiving-side shall deassert theREQUEST signal breaking the connection to the far-end HIPPI Destination. If the H-PDU containsHIPPI_Burst_Data, then the REQUEST signal shall bedeasserted after transmitting the burst(s).D = 0 requires no action by the receiving-side.PA = PACKET signal control (bits 28,27)PA = 00 requires no action by the receiving-side.PA = 01 means that the receiving-side shall assert thePACKET signal. If the H-PDU contains HIPPI_Burst_Data, then the PACKET signal shall be asserted beforetransmitting the burst(s).PA = 10 means that the receiving-side shall deassert thePACKET signal. If the H-PDU contains HIPPI_Burst_Data, then the PACKET signal shall be deasserted aftertransmitting the burst(s).PA = 11 means that the receiving-side shall assert thePACKET signal before transmitting the burst, and thendeassert the PACKET signal after transmitting theburst(s).E = Error (bit 26)E = 1 means that the sending-side detected a parity orLLRC error in the data from the HIPPI Source. Thereceiving-side shall force parity and/or LLRC errors inthe burst(s) being sent to the HIPPI Destination.E = 0 requires no action by the receiving-side.R = Reset (bit 25).R = 1 signals receiving-side to initialize itself. (See 4.5.2.)R = 0 requires no action by the receiving-side.H = HIPPI-significant (bit 23)H = 1 means that this H-PDU contains HIPPI_Burst_Dataor HIPPI-PH state change information, i.e., any of I = 1,D = 1, PA „ 00, E = 1, R = 1, or L = 1.H = 0 means that the contents of this H-PDU do not affectthe HIPPI receiving-side, i.e., this H-PDU contains onlycredit update information for the sending-side.Word 0

Burst_LengthCredit_Information

HB_Header(8 bytes)

IPARHIPPI_Burst_Data (0 to 2048 bytes)HIPPIBurst Data(0-2048bytes)

H-PDU_CountWord 1RsvVNB

DEBit 31071523| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |

Byte 0 Byte 1 Byte 2 Byte 3

¥¥¥HRsvRsvFigure 3 — H-PDU format with the HB_Header carrying credit information wdpANS X3.xxx-199x44H-PDUs without HIPPI-significant information, i.e., with H= 0 in the HB_Header, are not flow controlled. An H-PDUwith H = 0 may be transmitted by the sending-sideregardless of the value of its Credit_Count. The sending-side shall not decrement Credit_Count when transmittingan H-PDU with H = 0. A receiving-side shall not changethe New_Credit value when processing an H-PDU with H= 0.Rsv = Reserved (bit 22) shall be transmitted as zero, butshall not be checked at the receiver.Burst_Length (bits 21-12) denotes the length of theHIPPI_Burst_Data field in 32-bit words, i.e., n times 4 bytes.H-PDU_Count (bits 11-0) is a running count, modulo 4096,of the number of H-PDUs with H = 1 transmitted. See 4.6.2for details on using the H-PDU_Count to detect lost H-PDUs.4.3.2 HB_Header Word 1HB_Header Word 1 shall contain I-Field, or credit andinitialization information, when V = 1, or no information whenV = 0. Figure 3 shows the case where V = 1 (Valid) and I =0 (Word 1 contains credit information).B = Break connection (bit 31)B = 1 means that the far-end HIPPI Destination hasdeasserted the CONNECT signal to break theconnection before receiving D = 1, i.e., unexpectedlydisconnected. The near-end HIPPI Converterreceiving-side shall pass this indication to its localsending-side, which in turn shall deassert theCONNECT signal to the near-end HIPPI Source. Asnoted in A.6 of ANSI X3.183, HIPPI-PH, the near-endHIPPI Source may not see this indication, or associateit with the connection that caused the indication.B = 0 requires no action by the receiving-side.N = Credit_Information (bit 30)N = 1 means that the Credit_Information is New_Credit.N = 0 means that the Credit_Information is Initial_Credit.Rsv = Reserved (bits 29-20) shall be transmitted as zeros,but shall not be checked at the receiver.Credit_Information (bits 19-0) (See 4.5.1.)4.3.3 Data fieldsHIPPI_Burst_Data is the HIPPI Source information from oneor two HIPPI-PH bursts. Note that bursts on 800 Mbit/sHIPPI-PH contain from one to 256 32-bit words (four to1024 bytes), and bursts on 1600 Mbit/s HIPPI-PH containfrom one to 256 64-bit words (eight to 2048 bytes). Theindividual HIPPI-PH bursts are transferred as entities, andshall not be split between multiple H-PDUs.The H-PDUs from the sending-side of a HIPPI-ATMconnected to an 800 Mbit/s HIPPI-PH shall contain one ofthe following in the HIPPI_Burst_Data field:— one short burst (< 1024 bytes), or— one full burst (1024 bytes) if this is the last or only burstin the packet, or— two full bursts (1024 bytes each for 2048 bytes total).The H-PDUs from the sending-side of a HIPPI-ATMconnected to a 1600 Mbit/s HIPPI-PH shall contain one ofthe following in the HIPPI_Burst_Data field:— one short burst (< 2048 bytes), or— one full burst (2048 bytes)An H-PDU containing n bytes of HIPPI_Burst_Data,received by the receiving-side of an HIPPI-ATM connectedto an 800 Mbit/s HIPPI-PH, shall be passed to the HIPPI-PHas shown in table 1.Table 1 — Mapping HIPPI_Burst_Data to 800 Mbit/sHIPPI-PH burstsn (bytes)Convert HIPPI_Burst_Data to:

less than 1024 one short burst

1024one full burst

1025 to 2047the first data sent as a full burst, remaining data sent as a short burst

2048two full bursts

An H-PDU containing n bytes of HIPPI_Burst_Data,received by the receiving-side of an HIPPI-ATM connectedto a 1600 Mbit/s HIPPI-PH, shall be passed to the HIPPI-PHas shown in table 2.Table 2 — Mapping HIPPI_Burst_Data to 1600 Mbit/sHIPPI-PH burstsn (bytes)Convert HIPPI_Burst_Data to:

less than 2048one short burst

2048one full bursts

4.3.4 Processing H-PDUs based on V and H bitsThe V bit in the HB_Header tells the receiving-side ifHB_Header Word 1 contains credit information that shouldbe passed to its local sending-side. The H bit in theHB_Header tells the receiving-side if the H-PDU containsHIPPI data, or if HB_Header Word 0 contains HIPPI stateinformation, for processing by this receiving-side . Table 3is a summary of the actions taken for the differentcombinations of the V and H bits. V = 0 and H = 0 is aninvalid combination.4.4 Connection and routing controlIn relation to figure 2, an end-to-end connection is actuallycomposed of three separate connections. The connectionbetween the HIPPI-based device and the HIPPI Convertershall be as specified by ANSI X3.183, HIPPI-PH, i.e., by theHIPPI REQUEST and CONNECT signals and the I-Field.NOTE — HIPPI switches between the HIPPI-based devices andthe HIPPI Converters may use the I-Field for routing and controlas described in HIPPI-SC [1] wdpANS X3.xxx-199x55Table 3 — Summary of V and H bit actionsV and H bitsAction

011011

� �Sending-side increments the H-PDU_Count in the H-PDU

�Sending-side can transmit the H-PDU when Credit_Count „ 0

� Sending-side can transmit the H-PDU when Credit_Count = 0

� �Sending-side decrements Credit_Count when it transmits the H-PDU

�Receiving-side passes Word 1 to its local sending-side

� �Receiving-side processes Word 0 and burst data, and increments New_Credit when done

The connection across an ATM intermediate media isspecified in 5.2. Connections, or passing of H-PDUs,across other intermediate media shall be as specified for theparticular media.These connections are separated for performance reasons.The connection across the intermediate media may beindependent of the HIPPI equipment making and breakingconnections. For example, the intermediate mediaconnection may last across multiple packets and for a longtime, as in the case of ATM. The near-end and far-endHIPPI Converters are also assumed to be independent ofeach other to avoid the latency of the intermediate mediabecoming part of the connection setup time. Theseseparate connections allow a system to send small packetscomposed of a single H-PDU, or a small number of H-PDUs, in a store-and-forward fashion, with the connectionbreaking on one link while the packet is being forwarded onthe next link.For example, it is reasonable to expect a HIPPI Source tomake a connection to its local HIPPI Converter, send ashort packet, e.g., 64 KBytes, and then break theconnection. In this example, the HIPPI Converter wouldforward the connection, packet, and disconnection over theintermediate media. If the intermediate media covers alarge distance, e.g., an ATM link, then there may be severaloperations and H-PDUs in flight at any one time. When thefar-end HIPPI Converter receives a HIPPI connectionsequence, it shall make a connection to the far-end HIPPI-based device, send the packet, and then disconnect fromthe far-end HIPPI-based device.If a parity error occurred on an I-Field from the HIPPISource to the near-end sending-side, the HIPPI Convertershall immediately reject the connection and not send an H-PDU.If H-PDUs cannot be transferred across the intermediatemedia for whatever reason, e.g., a connection cannot beestablished, and the HIPPI-based device Source tries tomake a connection to the sending-side, then the sending-side shall immediately reject the connection.If a connection(s) exists between the HIPPI Converter and aHIPPI-based device, and the state of the intermediatemedia unexpectedly changes such that H-PDUs can nolonger be transferred across the intermediate media, thenthe HIPPI Converter sending-side shall break any existingconnections to the HIPPI-based device Source.Disconnection from the HIPPI-based Destination shall occurafter sending as much data as possible from the receiving-side.If the receiving-side is unable to establish a connection withthe requested HIPPI-based device, it shall time out anddiscard any packet information associated with thisconnection request.If the HIPPI Converter receiving-side receives a Rejectedconnection sequence (see A.7 of ANSI X3.183, HIPPI-PH)while trying to establish a connection, it may retry theconnection at a later time. If the HIPPI Converter receiving-side is unable to establish a connection with the requestedHIPPI-based device, it shall time out and discard any packetinformation associated with this connection request. Thedefault value of this time out period shall be 3 seconds.Note that the sending-side will be unaware of these actionsand will need to use higher layer protocols for recovery.If the sending-side does not receive a credit update for 15seconds, then the intermediate media link is assumed to bedead. The sending-side shall break any existingconnections with the HIPPI-based device Source, and shallreinitialize the intermediate media link as specified in 4.5.2.4.5 Flow controlAs with the connection control, the flow control is alsotreated as three separate entities. The function of the flowcontrol mechanisms is to provide a way for the datareceivers to inform the data transmitters of the datareceivers ability to accept data, e.g., how much receivebuffer space is available.The flow control between the HIPPI-based device and theHIPPI Converter shall be as specified by ANSI X3.183,HIPPI-PH, i.e., by HIPPI READY indications.A credit mechanism provides positive flow control acrossthe intermediate media to prevent buffer overflow at thereceiving-side. The credit is separate and independent ofany flow control mechanism in the intermediate media, e.g.,to pace the insertion of cells into the ATM equipment, or toprevent cell loss within the ATM equipment. The credit isalso separate and independent of the HIPPI READY pulsescontrolling the flow between the HIPPI end nodes and theHIPPI Converters.

wdpANS X3.xxx-199x66The flow of H-PDUs is paced by the receiving-side. Thereceiving-side sends an Initial_Credit value to the sending-side. This value denotes the capability of the receiving-sideto accept H-PDUs, e.g., one credit for each 1024-byte HIPPIburst. The sending-side now has permission to send thatnumber of H-PDUs to the receiving-side.As the receiving-side processes the H-PDUs, and forwardsthe bursts to the HIPPI Destination, it frees up buffers. Thereceiving-side notifies the sending-side of the now freebuffers by sending credit updates.H-PDUs without HIPPI-significant information, i.e.,containing only credit update information, H = 0, are not flowcontrolled. (See 4.3.1 and 4.3.4.)As noted in ANSI X3.183, HIPPI-PH, approximately one1024-byte receive buffer is required for each kilometer ofdistance to sustain the full 800 Mbit/s HIPPI bandwidth.Fewer buffers would be needed for slower links, e.g., if themaximum bandwidth is limited to 100 Mbit/s then one bufferwould be needed for each 8 km of distance to sustain the100 Mbit/s rate. In terms of a bandwidth-delay product:n ‡ 0.12 x BW x RTTwheren = number of buffers, or credits, needed to sustain BWBW = data transfer rate (in Mbit/s)RTT = round trip delay time (in milliseconds)4.5.1 Credit parametersOperations on the credit values shall be done with two’scomplement arithmetic. The sending-side shall use thefollowing credit parameters:— Credit_Count — The current number of receiving-sidebuffers available. The Credit_Count shall bedecremented by the sending-side for each H-PDU with H= 1 transmitted. The sending-side shall not send H-PDUswith H = 1 when Credit_Count = 0. The Credit_Countvalue shall be 20 bits in length. (See 4.3.1 and 4.3.4 foroperations with H = 0.)— Old_Credit — The previous New_Credit value receivedfrom the receiving-side. The Old_Credit value shall be tenbits in length.The receiving-side shall use the following credit parameters:— Initial_Credit — The number of 1032-byte H-PDUs thatcan be accepted by the receiving-side without bufferoverflow. The Initial_Credit value shall be 20 bits inlength.— New_Credit — The number of buffers made availablesince the Initial_Credit was sent. The New_Credit valueshall increment by one for each buffer freed, and shallwrap when the count value overflows. The New_Creditvalue shall be ten bits in length. New_Credit shall be rightjustified in the Credit_Information field, with zeros in theten most significant bits of Credit_Information.The credit operations are based on the number of buffersfor 1032-byte H-PDUs. 2056-byte H-PDUs are assumed touse two buffers. Hence, when sending a 1032-byte orsmaller H-PDU, the sending-side shall decrementCredit_Count by one, and shall decrement by two whensending a larger H-PDU, i.e., 1033-byte to 2056-byte H-PDU.4.5.2 Initializing credit and other parametersFigure 4 shows the credit parameters in HIPPI Convertersseparated by an intermediate media, and providesreferences for the information flow.The initialization process starts by the near-end sending-side:set Credit_Count = 1,set H-PDU_Count = 0,send an H-PDU with R = 1 and H = 1 in the HB_Header.Any HIPPI data within the sending-side shall be discarded.Passing the initialization H-PDU is shown as (A) in figure 4.Upon receiving this H-PDU with R = 1 and H = 1, the far-end receiving-side shall:initialize its logic,initialize its buffers,set New_Credit = 0,set H-PDU_Count = 0.set an appropriate Initial_Credit value.This Initial_Credit value is then passed to the far-endsending-side. This is shown as (B) in figure 4. Any HIPPIdata within the receiving-side shall be discarded.The far-end sending-side shall form up an HB_Header:set V = 1,set I = 0,set H = 1 if this HB_Header also contains HIPPI state change information or Burst_Length „ 0,set N = 0,set Credit_Information = Initial_Credit value received.This HB_Header may be sent as the only information in theH-PDU, or in an H-PDU that also contains HIPPI_Burst_Data being sent from the far-end sending-side. This H-PDUtransfer is shown as (C) in figure 4.Upon receiving an H-PDU with V = 1 and I = 0, the near-endreceiving-side shall pass the HB_Header Word 1 to thenear-end sending-side. This is shown as (D) in figure 4.

(D)(receiving-side)(A)

(sending-side)

Near-end

Far-endCredit_CountOld_CreditInitial_CreditNew_Credit(B)

(sending-side)(C)

(receiving-side)

HIPPI ConverterHIPPI ConverterFigure 4 — Credit parameters and credit control flow wdpANS X3.xxx-199x77The near-end sending-side, upon seeing N = 0 shall:set H-PDU_Count = 0,set Old_Credit = 0.set Credit_Count = Credit_Information,The sending-side is now enabled to send data to thereceiving-side since the Credit_Count was set to theInitial_Credit value. (See 4.6.2 for what happens if theinitialization is lost.)While the receiving-side cannot initiate an initializationoperation, it can effectively reset most of the link andparameters by acting as if it had received the (A) messagewith R = 1, and start the procedure from there.The credit across the intermediate media link operates in adual simplex mode, i.e., an initialization process from thenear-end to the far-end does not also initialize the reversepath (far-end to near-end).4.5.3 Updating the creditAs the receiving-side processes the H-PDUs with H = 1,buffers are freed up. The receiving-side shall incrementNew_Credit for each buffer freed, and shall periodicallyinform the sending-side of the number of buffers freed up sothat the sending-side can update its Credit_Countaccordingly. To avoid sending-side credit starvation due tocredit updates being lost, credit updates shall be sent atleast once a second. If no buffers have been freed, then aduplicate of the previous New_Credit shall be sent. (See4.4 for actions taken when expected credit updates are notreceived for an extended period.)To send credit update information to the near-end sending-side, the far-end receiving-side passes the New_Creditvalue to the far-end sending-side. This is shown as (B) infigure 4.The far-end sending-side shall form up an HB_Header:set V = 1,set I = 0,set H = 1 if this HB_Header also contains HIPPI state change information or Burst_Length „ 0,set N = 1,set Credit_Information = the New_Credit value received.This HB_Header may be sent as the only information in anH-PDU, or in an H-PDU that also contains HIPPI_Burst_Data being sent from the far-end sending-side. This H-PDUtransfer is shown as (C) in figure 4.Upon receiving an H-PDU with V = 1 and I = 0, the near-endreceiving-side shall pass the HB_Header Word 1 to thenear-end sending-side. This is shown as (D) in figure 4.The near-end sending-side, upon seeing N = 1, shall updateCredit_Count with the receiver’s delta change, i.e.,New_Credit minus Old_Credit, since the previous update:Credit_Count = New_Credit — Old_Credit + Credit_CountThis equation uses two’s complement modulo n arithmetic,where values that wrap shall be treated as larger valuesthan values that have not wrapped. This means that themaximum update size is one less than half of the maximumvalue of the counters, i.e., 511 with 10-bit New_Credit andOld_Credit sizes.The near-end sending-side then sets Old_Credit to theNew_Credit value received.4.6 Error control4.6.1 HIPPI side errorsIf the sending-side of a HIPPI Converter detects a parity orLLRC error on its HIPPI side, it shall set E = 1 in theHB_Header associated with that HIPPI data. A HIPPIConverter receiving E = 1 in an HB_Header shall forceparity and/or LLRC errors in the associated burst being sentto the HIPPI Destination.Other HIPPI errors, e.g., sequence errors, shall be handledas specified in ANSI X3.183, HIPPI-PH, and may not besignaled to the HIPPI Destination.Errors associated with making and maintaining connectionsbetween the different entities are detailed in 4.4.4.6.2 Errors mapping between 800 and 1600 Mbit/soptionsMapping between 800 Mbit/s and 1600 Mbit/s options issupported for most cases. A case that is not supported iswhen a 1600 Mbit/s HIPPI-PH is sending a short burst of1025 to 2047 bytes followed by more bursts in the packet.In this case the HIPPI-ATM Converter passing data to an800 Mbit/s HIPPI-PH would see a full 1024-byte burst, ashort burst, and more full bursts; violating the HIPPI-PH rulethat a short burst must only be either the first or last burst.However, HIPPI-FP [2] specifies that the D1_Area be smallenough to fit in a 1024-byte burst. Hence the case citedwould only occur when (1) HIPPI-FP is not used, and (2) theSource sends a short first burst of more than 1024 bytes.The combination is not deemed very likely.Another case that may cause problems is when an 800Mbit/s HIPPI-PH sends a short first burst followed by an oddnumber of full bursts. In this case, the receiving 1600 Mbit/sHIPPI-ATM Converter will generate a short first burst, full2048-byte bursts, and the a short last burst containing 1024bytes. This violates the HIPPI-PH rule that there can onlybe one short burst per packet. It is felt that mostimplementations will tolerate short bursts at both ends, but itcan be avoided by making sure that the Source alwaysgenerates an even number of full bursts following a shortfirst burst if there is the possibility of the Destination usingthe 1600 Mbit/s option.4.6.3 Intermediate media errorsIt is expected that errors in the intermediate media will bedetected by mechanisms provided by the intermediatemedia. If the intermediate media does not provide adequateerror detection, then it is strongly suggested that additionalchecksums or other mechanisms be provided.H-PDUs received with intermediate media errors may bediscarded with no indication provided to the HIPPIDestination. Alternatively, questionable data may beforwarded to the HIPPI Destination, but shall be markedwith parity and/or LLRC errors. The receiving-side may alsotruncate the HIPPI packet in this case.

wdpANS X3.xxx-199x88During initialization, if an H-PDU is lost, the HIPPI Convertersending-side will not receive an Initial_Credit value, andshall time out. The default value of this initialization timershall be 10 seconds.If the HIPPI Converter receiving-side misses an H-PDU, i.e.,there is a gap in the H-PDU_Count values, then thereceiving-side shall adjust its New_Credit value to accountfor these H-PDUs. This keeps the credit values in stepeven if H-PDUs are lost between the sending-side and thereceiving-side. The receiving-side shall truncate any HIPPIpacket being received, discarding any further bursts fromthe sending-end until the end of packet is received, i.e., PA= 10.If an H-PDU carrying New_Credit information from thereceiving-side to the sending-side is lost, the only harm willbe to delay updating the sending-side’s Credit_Count untilanother New_Credit value is sent. The Credit_Count valuewill not be incorrect due to the missing H-PDU unless thesum of the updates is greater than 511. (See 4.4 for theactions taken when expected credit updates are notreceived for an extended period.)4.7 Bit and byte orderingThe byte positions within the HIPPI words, for both the 800Mbit/s and 1600 Mbit/s (32-bit and 64-bit) HIPPI-PHs, shallbe as shown in table 4. Byte 0 is the first byte in theordered byte stream, byte 1 is the second byte, etc. Bitordering with a byte is as shown in figure 3. Figure 3 alsoshows the byte order for the 800 Mbit/s HIPPI-PH option.Table 4 — Byte assignmentsByteData signals onData signals on

No.32-bit HIPPI-PH64-bit HIPPI-PH

0D31-D24D31-D24

1D23-D16D23-D16

2D15-D08D15-D08

3D07-D00D07-D00

4D31-D24D63-D56

5D23-D16D55-D48

6D15-D08D47-D40

7D07-D00D39-D32

4.8 Inverse multiplexing (striping)HIPPI-PH with data rates of 800 Mbit/s or 1600 Mbit/s isfaster than many other media. As such, the speed of theintermediate media may well cause the overall throughput todecrease to unacceptable rates. It is possible to usemultiple intermediate media connections to transfer severalH-PDUs simultaneously. This is similar in function to thestriping operations used in redundant arrays of inexpensivedisks (RAID). In RAID, the data is spread over multipledisks to increase performance, while here it is used tospread the transmission bandwidth over multipleintermediate media connections.The H-PDU_Count field in the HB_Header enables inversemultiplexing by indicating the transmit order of the H-PDUs.At the receiving side, the H-PDUs would be put back in theproper sequence based on the H-PDU_Count parameter.For example, if there were four available connections acrossthe intermediate media, numbered 1 - 4, then the first H-PDU could be sent across connection 1, the second across2, etc. At the receiving side, each H-PDU would probablybe recovered separately. The H-PDU_Count field in theHB_Header of each H-PDU would be used to reorder thereceived H-PDUs before conversion to HIPPI-PH signals.As long as the skew between the intermediate mediaconnections is less than 10 ms, reassembling the H-PDUsin the proper order should be possible; of course the largerthe skew the larger the buffers on the receive side.It is reasonable to consider using one intermediate mediaconnection during periods of light activity, or when lowerbandwidth is acceptable, and then adding more connectionsas the bandwidth needs increase. These connections couldbe static, or added and broken dynamically as the loadchanges.The methods for making and controlling multipleintermediate media connections are specific to the particularmedia, and are outside the scope of HIPPI-ATM.The credit-based flow control across the intermediatemedia, as specified in 4.5, shall operate in a global fashion,i.e., across the complete set of intermediate mediaconnections in use, rather than across individualconnections.4.9 Loop backHIPPI Converters shall provide loop back capability for faultdiagnosis. Loop back allows the echoed data to be checkedfor errors.4.9.1 Local loop backHIPPI Converters shall provide a local loop back facility asshown in figure 5 as path LLB. Local loop back shallconnect the transmit signal to the receive signal within aconverter. When in local loop back, the signal to the far-endshall be disabled. The crosshatched areas in figure 5 donot participate in local loop back, they are just shown forreference.The task of the local loop back is to test the circuitry at thelocal end. The loop back should therefore include as muchof the circuitry at the local end as possible. Local loopback should occur as close to the intermediate media aspossible. Ideally this would be implemented as re-routingthe intermediate media signal from the transmitter to thereceiver, e.g., like a loop back cable. This is shown as theLLB path in figure 5.When going into, or out of, local loop back, the credit andother parameters of the newly communicating sending-sideand receiving-side should be initialized by setting R = 1 inthe HB_Header. Failure to initialize may result in overruns,credit starvation, or other errors. (See 4.5.2.)

wdpANS X3.xxx-199x99

HIPPIConverterHIPPIConverterHIPPI-PHHIPPI-baseddeviceTransparentdata

Near-end

Far-end(sending-side)(sending-side)(Destination)HIPPI-PH

wdpANS X3.xxx-199x1010— Packet Length contains the actual length, in bytes, ofthe user data, i.e., the H-PDU. Packet Length does notinclude the Pad or Trailer.— CRC-32 provides a Cyclic Redundancy Check (CRC)over the entire CPCS-PDU including the Payload (H-PDU), Pad, control, and Packet Length fields.5.2 ATM routing and connection controlRouting on the ATM side is controlled by the Virtual PathIdentifier (VPI), Virtual Channel Identifier (VCI) and otherATM header parameters. All of the cells associated with aHIPPI connection shall be identified by a single VPI/VCIpair, or if inverse multiplexing is used then by the set ofVPI/VCI pairs. The VPI/VCI pair(s) are for the exclusive useof the HIPPI-ATM Converters, and shall not be shared withother ATM traffic.The connection(s) across the ATM link and/or switch shallbe controlled as specified in the ATM UNI [3]. Theoperations to set up, or tear down, ATM virtual circuits areoutside the scope of HIPPI-ATM.5.3 ATM error controlIt is expected that most of the errors on the ATM side will beeither bit errors, or dropped cells. Bit errors will be detectedby the AAL 5 CRC-32. Dropped cells may occur as theresult of congestion in an ATM switch, or uncorrectableerrors in the ATM header. H-PDUs with H = 1 contained ina single cell that is dropped will not be detected by the ATMchecking, but should be detected by an H-PDU_Count error.H-PDUs with H = 0, containing only credit updates, will becontained in a single cell, which if dropped should not causelasting harm. (See 4.6.2.)AAL 5 CPCS-PDUs received with either CRC-32 errors, orerrors in the AAL 5 CPCS-PDU Length field (signifying morebytes in the PDU than in the number of cells received), shallbe discarded with no indication provided to the HIPPIDestination.

CPCS-PDU, i.e.,H-PDU with: HB_Header HIPPI_Burst_Data (see Figure 3)Byte 0Byte 1:

AAL 5Payload,i.e., H-PDU(8-2056bytes)

AAL 5 Pad(0-44bytes)AAL 5Trailer(8 bytes)

Unused Padbytes

CPCS-UUCPIPacket LengthCRC-32

Bit 7Bit 1

Figure 6 — AAL 5 CPCS-PDU for HIPPI-ATM Converter

wdpANS X3.xxx-199x1111

HB_HeaderLLRC

Next 48bytes ofHIPPI_Burst_Data

HIPPI burst

H-PDU

ATM cells

NOTE — Numbers to the right side of the figures are the number of bytes in the field.

Byte 0Byte 1etc.Bit 31Bit 0Bit 1Bit 7First wordLast wordFirstATM cellLastATM cellByte 0123

HIPPI burst n + 11024LLRC

Last word

wdpANS X3.xxx-199x1212

HB_HeaderLLRC

Next 48bytes ofHIPPI_Burst_Data

HIPPI burst

H-PDU

ATM cells

NOTE — Numbers to the right side of the figures are the number of bytes in the field.

Byte 0Byte 1etc.Bit 31Bit 0 Bit 63Bit 1Bit 7First wordLast wordFirstATM cellByte Bit 32AAL 5 TrailerLastATM cell

01234567

Figure 9 — Mapping a 1600 Mbit/s HIPPI-PH full burst to an H-PDU and ATM cells wdpANS X3.xxx-199x1313Annex A(informative)HIPPI-ATM IP RouterA.1 OverviewThis annex describes the use of existing standards forrouting Internet Protocol (IP) packets between HIPPI basedsystems and ATM based systems. This annex is includedas useful information, not as requirements orimplementation specifics.The HIPPI-ATM IP Router uses existing standard IPtransport mechanisms for both the HIPPI and ATM baseddevices. Transport of IP over HIPPI is specified in ANSIX3.218, High-Performance Parallel Interface -Encapsulation of ISO 8802-2 (IEEE Std 802.2) Logical LinkControl Protocol Data Units (HIPPI-LE) [4] and RFC 1374[5]. Transport of IP over ATM is specified in RFC 1483 [6]and RFC 1577 [7]. No changes should be required to theprotocols of either the HIPPI or ATM based devices. TheATM-based device must use LLC SNAP headers.The HIPPI-ATM IP Router is not constrained to specificdata rates for the HIPPI or ATM connections. HIPPIequipment operating at 800 Mbit/s or 1600 Mbit/s may beused. The physical layer used on the ATM side is notspecified, and may be selected by the implementer basedon cost, throughput, availability, and other considerations.Figure A.1 shows a HIPPI-ATM IP Router in arepresentative system. A single VPI/VCI provides theforward and reverse paths through the ATM equipment.The functions performed in figure A.1 to transfer an IP PDUfrom the HIPPI-based device to the ATM-based Deviceinclude:a) On the HIPPI side, the IP PDU is placed in a HIPPIpacket as specified by HIPPI-LE [4] and RFC 1374 [5].This process uses a HIPPI-FP header [2], and a HIPPI-LEheader, preceding the IP PDU. The resultant HIPPIpacket is transmitted using ANSI X3.183, HIPPI-PH, to aHIPPI Destination, in this case the HIPPI-ATM IP Router.This is shown in figure A.1 by following the IP PDU, fromthe HIPPI Source in the HIPPI-based device, downthrough the protocol stack of HIPPI-LE, HIPPI-FP, andHIPPI-PH.b) HIPPI switches, e.g., as described in HIPPI-SC [1],may be between the HIPPI-based device and the HIPPI-ATM IP Router. A HIPPI switch is shown in figure A.1 justfor completeness. HIPPI switches do not modify orotherwise transform the packet.

wdpANS X3.xxx-199x1414c) In the HIPPI portion of the sending-side of the HIPPI-ATM IP Router, the HIPPI-FP and HIPPI-LE headers arediscarded, and the resultant IP PDU passed to the ATMside.d) In the AAL 5 portion of the sending-side of the HIPPI-ATM IP Router, the IP PDU is packaged in an AAL 5packet as specified in RFC 1483 [6] and RFC 1577 [7].Since ATM is data rate independent, and physical layerindependent, no specific physical layer is shown on theATM side of the HIPPI-ATM IP Router. The ATM side ofthe HIPPI-ATM IP Router should conform to the ATMForum User-Network Interface Specification (UNI) forconnecting to a private ATM switch.e) An ATM switch may or may not be in the system; it isjust shown for completeness. ATM switches do notmodify or otherwise transform the payload portion of theATM cells. ATM cells are delivered in sequence.f) In the ATM-based device, the IP PDU is extracted fromthe AAL 5 packet.A similar scenario may be used to transfer IP PDUs fromthe ATM-based device to the HIPPI-based device.A.2 IP packet mappingFigure A.2 shows the operations used in mapping a HIPPIpacket carrying an IP PDU to an AAL 5 packet carrying thesame IP PDU. Mapping in the inverse direction is alsopossible.RFC 1374 [5] specifies the Maximum Transmission Unit(MTU) for IP packets as 65,280 (decimal) bytes in the HIPPIenvironment. "Default IP MTU for use over ATM AAL5" [8]specifies a default MTU of 9,180 bytes. RFC 1191 [9]describes the method of determining MTU restrictions on anarbitrary network path between two hosts, and may be usedwith the HIPPI-ATM IP Router to determine the allowableMTU value.When going from HIPPI to ATM, The VPI/VCI may bederived from the IP address in the IP PDU header, or fromthe received I-Field, or from the HIPPI-LEDestination_Switch_Address, or from the HIPPI-LEDestination_IEEE_Address (48-bit address). When goingfrom ATM to HIPPI, the IP address in the IP PDU headermay be used to derive the I-Field, the HIPPI-LEDestination_Switch_Address, and the HIPPI-LEDestination_IEEE_Address (48-bit address). This annexdoes not specify how these fields are derived.

wdpANS X3.xxx-199x1515Annex B(informative)Bibliography[1]ANSI X3.222-1993, High-Performance ParallelInterface, — Physical Switch Control (HIPPI-SC).(Specifies the control of physical layer HIPPIswitches.)[2]ANSI X3.210-1992, High-Performance ParallelInterface - Framing Protocol (HIPPI-FP). (Specifies aframe format and packet header for use with ANSIX3.183, HIPPI-PH.)[3]ATM Forum, User-Network Interface Specification(UNI). (Specifies the interfaces between ATM userequipment and public or private ATM networkequipment.)[4]ANSI X3.218, High-Performance Parallel Interface -Encapsulation of ISO 8802-2 (IEEE Std 802.2) LogicalLink Control Protocol Data Units (HIPPI-LE).(Specifies an encapsulation for using HIPPI-FP lowerlayer.)[5]RFC 1374, IP and ARP on HIPPI. (Describes atechnique whereby IP equipped hosts using a HIPPIcompliant interface may discover the media address ofa destination host with a known IP address.)[6]RFC 1483, Multiprotocol Encapsulation over ATMAdaptation Layer 5. (Describes the encapsulationmethod for carrying IP packets over ATM AAL 5.)[7]RFC 1577, Classical IP and ARP over ATM. (Definesan application of classical IP and ARP in an ATMnetwork environment configured as a Logical IPSubnetwork (LIS).)[8]INTERNET DRAFT, Default IP MTU for use over ATMAAL5. (Defines the IP maximum transmission unit(MTU) as 9120 bytes.)[9]RFC 1191, Path MTU Discovery. (Describes atechnique for dynamically discovering the maximumtransmission unit (MTU) of an arbitrary interconnectpath.)