ISO/IEC 8073:1992 (E)Edition 3Editor’s CopyDate: August 17, 1992FOR REVIEW ONLYPlease provide your comments before10 September 1992Direct all comments to:Hsi-ming LeeCOMSAT Laboratories22300 Comsat DriveClarksburg, MD 20871+1 301 428-4260+1 301 428-7747 faxlee%comlabs@uunet.uu.net[ITTF to provide the final title page]

ISO/IEC 8073:1992 (E)iiForewordISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commission) form thespecialized system for worldwide standardization. National bodies that are members of ISO or IEC participate in thedevelopment of International Standards through technical committees established by the respective organization to deal withparticular fields of mutual interest. Other international organizations, governmental and non-governmental, in liaison with ISOand IEC, also take part in the work.In the field of information technology, ISO and IEC have established a joint technical committee ISO/IEC JTC 1. DraftInternational Standards adopted by the joint technical committee are circulated to national bodies for voting. Publication asan International Standard requires approval by at least 75% of the national bodies casting a vote.International Standard ISO/IEC 8073 was prepared by Joint Technical Committee ISO/IEC JTC 1, Information Technology.This third edition cancels and replaces the second edition (ISO/IEC 8073:1988) and includes technical revisions that havebeen published as: ISO 8073:1986/Add.1:1988, ISO/IEC 8073:1988/Add.2:1989, ISO/IEC 8073:1988/Am.3, ISO/IEC8073/Cor.1:1990, ISO/IEC 8073:1988/Cor.2:1990, ISO/IEC 8073:1988/Cor.3:1990, ISO/IEC 8073:1988/Cor.4:1991, ISO/IEC8073:1988/Cor.5:1991 and ISO/IEC 8073:1988/Cor.6:1992. This edition also includes ISO/IEC 8073:1988/Dam.4 and varioustechnical revisions that have been balloted together with the Draft International Standard of this edition.Annex A, B and C form part of this International Standard. Annexes D and E are for information only.

ISO/IEC 8073:1992 (E)iiiIntroductionThis International Standard is one of a set of International Standards produced to facilitate the interconnection of informationprocessing systems. This set of International Standards covers the services and protocols required to achieve suchinterconnection.The Transport Protocol Standard is positioned with respect to other related International Standards by the layers defined inthe Reference Model for Open Systems Interconnection (ISO 7498). It is most closely related to, and lies within the field ofapplication of the Transport Service Standard (ISO 8072). It also uses and makes reference to the Network Service Standard(ISO/IEC 8348), whose provisions it assumes in order to accomplish the transport protocol’s aims. The interrelationship ofthese International Standards is illustrated in Figure 1.TransportProtocolSpecificationTRANSPORT SERVICE DEFINITIONNETWORK SERVICE DEFINITIONReference to aimsReference to assumptionsFigure 1 — Relationship between the Transport Protocol and adjacent servicesThis International Standard specifies a common encoding and a number of classes of transport protocol procedures to beused with different network qualities of service.It is intended that the Transport Protocol should be simple but general enough to cater for the total range of Network Servicequalities possible, without restricting future extensions.The protocol is structured to give rise to classes of protocol which are designed to minimize possible incompatibilities andimplementation costs.The classes are selectable with respect to the Transport and Network Services in providing the required quality of service forthe interconnection of two session entities (each class provides a different set of functions for enhancement of servicequalities).This International Standard defines mechanisms that can be used to optimize network tariffs and enhance the followingqualities of service:a)different throughput;b)different error rates;c)integrity of data requirements;d)reliability requirements.It does not require an implementation to use all of these mechanisms, nor does it define methods for measuring achievedquality of service or criteria for deciding when to release transport connections following quality of service degradation.The primary aim of this International Standard is to provide a set of rules for communication expressed in terms of theprocedures to be carried out by peer entities at the time of communication. These rules for communication are intended toprovide a sound basis for development in order to serve a variety of purposes i.e.:a)as a guide for implementors and designers;b)for use in the testing and procurement of equipment;c)as part of an agreement for the admittance of systems into the open systems environment;

ISO/IEC 8073:1992 (E)i v d)as a refinement of the understanding of OSI.As it is expected that the initial users of this International Standard will be designers and implementors of equipment thisInternational Standard contains, in notes or in annexes, guidance on the implementation of the procedures defined herein.It should be noted that, as the number of valid protocol sequences is very large, it is not possible with current technology toverify that an implementation will operate the protocol defined in this International Standard correctly under all circumstances.It is possible by means of testing to establish confidence that an implementation correctly operates the protocol in arepresentative sample of circumstances. It is, however, intended that this International Standard can be used incircumstances where two implementations fail to communicate in order to determine whether one or both have failed to operatethe protocol correctly.This International Standard contains a section on conformance of equipment claiming to implement the procedures in thisInternational Standard. To evaluate conformance of a particular implementation, it is necessary to have a statement of whichcapabilities and options have been implemented for a given OSI protocol. Such a statement is called a ProtocolImplementation Conformance Statement (PICS). A PICS proforma is provided in Annex C. Attention is drawn to the fact thatthis International Standard does not contain any tests to demonstrate this conformance.The variations and options available within this International Standard are essential as they enable a transport service to beprovided for a wide variety of applications over a variety of network qualities. Thus, a minimally conforming implementation willnot be suitable for use in all possible circumstances. It is important, therefore, to qualify all references to this InternationalStandard with statements of the options provided or required or with statements of the intended purpose of provision or use.

ISO/IEC 8073:1992 (E)vTable of ContentsForeword............................................................................................................................. iiIntroduction......................................................................................................................... iiiTable of Contents.................................................................................................................. v1Scope........................................................................................................................... 12Normative references....................................................................................................... 1Section one: General............................................................................................................. 33Definitions..................................................................................................................... 34Symbols and abbreviations............................................................................................... 45Overview of the Transport Protocol..................................................................................... 4Section two: Transport protocol specification............................................................................. 106Elements of procedure..................................................................................................... 107Protocol classes............................................................................................................. 288Specification for class 0: Simple class................................................................................ 309Specification for class 1: Basic error recovery class.............................................................. 3010Specification for class 2: Multiplexing class......................................................................... 3111Specification for class 3: Error recovery and multiplexing class............................................... 3212Specification for class 4: Error detection and recovery class................................................... 3413Structure and encoding of TPDUs....................................................................................... 43Section Three: Conformance................................................................................................... 5914Conformance.................................................................................................................. 59Annex AState tables............................................................................................................ 61Annex BNetwork connection management subprotocol............................................................... 79Annex CPICS Proforma........................................................................................................ 94Annex DChecksum Algorithms............................................................................................... 121Annex EState tables for operation of class 4 over connection-mode and connection-less modenetwork services..................................................................................................... 122

ISO/IEC 8073:1992 (E)1Information technology �Telecommunications and information exchangebetween systems �Open Systems Interconnection �Protocol for providing the connection-modetransport service1S c o p e This International Standard specifiesa)five classes of procedures when operating over theconnection-mode network service:1)class 0: simple class;2)class 1: basic error recovery class;3)class 2: multiplexing class;4)class 3: error recovery and multiplexing class;5)class 4: error detection and recovery class;for the connection-mode transfer of data and controlinformation from one transport entity to a peer transportentity;b)one class (class 4) of procedure when operatingover the connectionless-mode network service;c)the means of negotiating the class of procedures tobe used by the transport entities;d)the structure and encoding of the transport protocoldata units used for the transfer of data and controlinformation.The procedures are defined in terms ofa)the interactions between peer transport entitiesthrough the exchange of transport protocol data units;b)the interactions between a transport entity and thetransport service user in the same system through theexchange of transport service primitives;c)the interactions between a transport entity and thenetwork service provider through the exchange ofnetwork service primitives.These procedures are defined in the main text of thisInternational Standard supplemented by state tables inannex A.These procedures are applicable to instances ofcommunication between systems which support theTransport Layer of the OSI Reference Model and whichwish to interconnect in an open systems environment.This International Standard specifies, in clause 14,conformance requirements for systems implementing theseprocedures and provides the PICS proforma in compliancewith the relevant requirements, and in accordance with therelevant guidance, given in ISO/IEC 9646-2. It does notcontain tests which can be used to demonstrate thisconformance.2Normative referencesThe following standards contain provisions which, throughreference in this text, constitute provisions of thisInternational Standard. At the time of publication, theeditions indicated were valid. All standards are subject torevision, and parties to agreements based on thisInternational Standard are encouraged to investigate thepossibility of applying the most recent editions of thestandards listed below. Members of IEC and ISO maintainregisters of currently valid International Standards.ISO 7498:1984, Information processing systems � OpenSystems Interconnection � Basic Reference Model.ISO 7498:1984/Add.1:1987, Information processingsystems — Open Systems Interconnection — BasicReference Model — Addendum 1: Connectionless-modetransmission.ISO 7498-3:1989, Information processing systems — OpenSystems Interconnection — Basic Reference Model — Part3: Naming and addressing.ISO 8072:1986, Information processing systems � OpenSystems Interconnection � Transport service definition.ISO/IEC 8348:1992, Information processing systems �Data communications � Network service definition.ISO/IEC 9646-1:1991, OSI Conformance TestingMethodology and Framework, Part 1: General Concepts.ISO/IEC 9646-2:1991, OSI Conformance TestingMethodology and Framework, Part 2: Abstract Test SuiteSpecification.ISO/IEC 11570:1992, Information technology �Telecommunications and information exchange betweensystems � Open systems interconnection � Transportprotocol identification mechanism.

ISO/IEC 8073:1992 (E)2CCITT X.224, Transport Protocol Specification for OpenSystems Interconnection for CCITT Applications Version1988.

ISO/IEC 8073:1992 (E)3Section one: General3DefinitionsNOTE — The definitions contained in this clause make use ofabbreviations defined in clause 4.3 . 1 This International Standard is based on theconcepts developed in ISO 7498 and ISO 7498/Add.1 andISO/IEC 7498-3 and makes use of the following termsdefined in it:a)concatenation and separation;b)segmenting and reassembling;c)multiplexing and demultiplexing;d)splitting and recombining;e)flow control;f)connectionless-mode transmission;g)nil selector value.3 . 2 For the purposes of this International Standard, thefollowing definitions apply:3 . 2 . 1 e q u i p m e n t : Hardware or software or acombination of both; it need not be physically distinct withina computer system.3 . 2 . 2 transport service user: An abstractrepresentation of the totality of those entities within asingle system that make use of the transport service.3 . 2 . 3 network service provider: An abstractmachine that models the totality of the entities providingthe network service, as viewed by a transport entity.3 . 2 . 4 local matter: A decision made by a systemconcerning its behavior in the Transport Layer that is notsubject to the requirements of this protocol.3 . 2 . 5 initiator: A transport entity that initiates a CRTPDU.3 . 2 . 6 responder: A transport entity with whom aninitiator wishes to establish a transport connection.NOTE — Initiator and responder are defined with respect to a singletransport connection. A transport entity can be both an initiator andresponder simultaneously.3 . 2 . 7 sending transport entity: A transport entitythat sends a given TPDU.3 . 2 . 8 receiving transport entity: A transportentity that receives a given TPDU.3 . 2 . 9 preferred class: The protocol class that theinitiator indicates in a CR TPDU as its first choice for useover the transport connection.3 . 2 . 1 0 alternative class: A protocol class that theinitiator indicates in a CR TPDU as an alternative choice foruse over the transport connection.3 . 2 . 1 1 proposed class: A preferred class or analternative class.3 . 2 . 1 2 selected class: The protocol class that theresponder indicates in a CC TPDU that it has chosen foruse over the transport connection.3 . 2 . 1 3 proposed parameter: The value for aparameter that the initiator indicates in a CR TPDU that itwishes to use over the transport connection.3 . 2 . 1 4 selected parameter: The value for aparameter that the responder indicates in a CC TPDU that ithas chosen for use over the transport connection.3 . 2 . 1 5 error indication: An N-RESET indication, oran N-DISCONNECT indication with a reason code indicatingan error, that a transport entity receives from the NS-provider.3 . 2 . 1 6 invalid TPDU: A TPDU that does not complywith the requirements of this International Standard forstructure and encoding.3 . 2 . 1 7 protocol error: A TPDU whose use does notcomply with the procedures for the class.3 . 2 . 1 8 sequence number:a)the number in the TPDU-NR field of a DT TPDU thatindicates the order in which the DT TPDU wastransmitted by a transport entity;b)the number in the YR-TU-NR field of an AK or RJTPDU that indicates the sequence number of the nextDT TPDU expected to be received by a transport entity.3 . 2 . 1 9 transmit window: The set of consecutivesequence numbers which a transport entity has beenauthorized by its peer entity to send at a given time on agiven transport connection.3 . 2 . 2 0 lower window edge: The lowest sequencenumber in a transmit window.3 . 2 . 2 1 upper window edge: The sequence numberwhich is one greater that the highest sequence number inthe transmit window.3 . 2 . 2 2 upper window edge allocated to thepeer entity: The value that a transport entitycommunicates to its peer entity to be interpreted as its newupper window edge.

ISO/IEC 8073:1992 (E)43 . 2 . 2 3 closed window: A transmit window thatcontains no sequence number.3 . 2 . 2 4 window information: Information containedin a TPDU relating to the upper and the lower window edges.3 . 2 . 2 5 frozen reference: A reference that is notavailable for assignment to a connection because of therequirements of 6.18.3 . 2 . 2 6 unassigned reference: A reference that isneither currently in use for identifying a transportconnection nor which is in a frozen state.3 . 2 . 2 7 transparent (data): TS-user data that istransferred intact between transport entities and which isunavailable for use by the transport entities.3 . 2 . 2 8 owner (of a network connection): Thetransport entity that issued the N-CONNECT requestleading to the creation of that network connection. Onlyapplicable when operating over the connection-modenetwork service.3 . 2 . 2 9 retained TPDU: A TPDU that is subject to theretransmission procedure or retention andacknowledgement procedure and is available for possibleretransmission.3 . 3 This International Standard use the following termsdefined in ISO/IEC 8348:a)connection-mode network serviceb)connectionless-mode network service3 . 4 This International Standard uses the following termsdefined in ISO/IEC 9646-1:a)PICS proformab)protocol implementation conformance statement(PICS)4Symbols and abbreviations4 . 1 Data unitsTPDUTransport-protocol-data-unitTSDUTransport-service-data-unitNSDUNetwork-service-data-unit4 . 2 Types of Transport Protocol data unitsCR TPDUConnection request TPDUCC TPDUConnection confirm TPDUDR TPDUDisconnect request TPDUDC TPDUDisconnect confirm TPDUDT TPDUData TPDUED TPDUExpedited data TPDUAK TPDUData acknowledge TPDUEA TPDUExpedited acknowledge TPDURJ TPDUReject TPDUER TPDUError TPDU4 . 3 TPDU FieldsLILength indicator (field)CDTCredit (field)TSAP-IDTransport-service-access-point identifier(field)DST-REFDestination reference (field)SRC-REFSource reference (field)EOTEnd of TSDU markTPDU-NRDT TPDU number (field)ED-TPDU-NRED TPDU number (field)YR-TU-NRSequence number response (field)YR-EDTU-NRED TPDU number response (field)ROARequest of acknowledgement mark4 . 4 Times and associated variablesT1Local retransmission timeNThe maximum number of transmissionsLTime bound on reference and sequence numberIInactivity timeWWindow timeTTRTime to try reassignment/resynchronizationTWRTime to wait for reassignment/resynchronizationTS1Supervisory timer 1TS2Supervisory timer 2MLRNSDU lifetime local-to-remoteMRLNSDU lifetime remote-to-localELRExpected maximum transit delay local-to-remoteERLExpected maximum transit delay remote-to-localRPersistence timeALLocal acknowledgement timeARRemote acknowledgement timeILLocal inactivity timeIRRemote inactivity time4 . 5 MiscellaneousTS-userTransport-service userTSAPTransport-service-access-pointNS-providerNetwork service providerAPNetwork-service-access-pointQOSQuality of serviceCLNSConnectionless-mode network serviceCONSConnection-mode network service5Overview of the Transport ProtocolNOTE — This overview is not exhaustive and has been provided forguidance.5 . 1 Service provided by the Transport LayerThe protocol specified in this International Standardsupports the Transport Service defined in ISO 8072.Information is transferred to and from the TS-user in thetransport service primitives listed in Table 1.5.2 Service Assumed from the Network LayerThe protocol specified in this International Standardassumes the use of the Network Service defined inISO/IEC 8348.

ISO/IEC 8073:1992 (E)5When operating over CONS, information is transferred toand from the NS-provider in the network service primitiveslisted in Table 2a). When operating over CLNS, informationis transferred to and from the NS-provider in the networkservice primitives listed in table 2b).NOTES1The parameters listed in Table 2a) are those in the currentconnection-mode network service (see ISO/IEC 8348).2The parameters listed in table 2b) are those in the currentconnectionless-mode network service (see ISO/IEC 8348).3The way the parameters are exchanged between the transportentity and the NS-provider is a local matter.Table 1 — Transport Service PrimitivesPrimitivesParametersT-CONNECTrequestindicationCalled AddressCalling AddressExpedited data optionQuality of serviceTS-user dataT-CONNECTresponseconfirmResponding addressQuality of serviceExpedited data optionTS-user-dataT-DATArequestindicationTS-user-dataT-EXPEDITED DATArequestindicationTS-user-dataT-DISCONNECTrequestTS-user-dataT-DISCONNECTindicationDisconnect reasonTS-user-data

ISO/IEC 8073:1992 (E)6Table 2a) — Connection-mode network service primitivesPrimitivesX / Y ParametersW / X / Y / Z N-CONNECTrequestindicationXXCalled AddressCalling AddressReceipt confirmation selectionExpedited data selectionQOS parameter setNS-user-dataXXYYXZN-CONNECTresponseconfirmXXResponding AddressReceipt confirmation selectionExpedited data selectionQOS parameter setNS-user-dataXYYXZN-DATArequestindicationXXN-user-dataConfirmation requestXYN-DATA ACKNOWLEDGErequestindicationYYN-EXPEDITED DATArequestindicationYYNS-user-dataYN-RESETrequestindicationXXReasonOriginatorReasonWWWN-RESETresponseconfirmXX�N-DISCONNECTrequestindicationXXReasonNS-user-dataResponding addressOriginatorReasonNS-user-dataResponding addressWZZWWZZKey:W:The usage of this parameter is a local matter, e.g. for diagnostic or to decide whether to attempt resynchronization.X: The Transport Protocol assumes that this facility is provide in all networks.Y: The Transport Protocol assumes that this facility is provided in some networks and a mechanism is provided to optionallyuse the facility.Z: The Transport Protocol does not use this parameter.Table 2b) — Connectionless-mode network service primitivesPrimitivesX / Y ParametersW / X / Y / Z N-UNITDATArequestindicationXXSource AddressDestination AddressQuality of serviceNS-user-dataSource AddressDestination AddressQuality of serviceNS-user-dataXXXXXXXXKey:W:The usage of this parameter is a local matter, e.g. for diagnostic or to decide whether to attempt resynchronization.X: The Transport Protocol assumes that this facility is provide in all networks.Y: The Transport Protocol assumes that this facility is provided in some networks and a mechanism is provided to optionallyuse the facility.Z: The Transport Protocol does not use this parameter.

ISO/IEC 8073:1992 (E)75 . 3 Functions of the Transport Layer5 . 3 . 1 Overview of FunctionsThe functions in the Transport Layer are those necessaryto bridge the gap between the services available from theNetwork Layer and those to be offered to the TS-users.The functions in the Transport Layer are concerned with theenhancement of quality of service, including aspects ofcost optimization.These functions are grouped below into those used at alltimes during a transport connection and those concernedwith connection establishment, data transfer and release.NOTE — This International Standard does not include the followingfunctions which are under consideration for inclusion in future editionsof this International Standard:a)encryption;b)accounting mechanisms;c)status exchanges and monitoring of QOS;d)blocking;e)temporary release of network connections;f)alternative checksum algorithm.5 . 3 . 1 . 1 Functions used at all timesThe following functions, depending upon the selected classand options, are used at all times during a transportconnection:a)transmission of TPDUs (6.2 and 6.9);b)multiplexing and demultiplexing (see 6.15): Afunction used only when operating over CONS to sharea single network connection between two or moretransport connections;c)error detections (see 6.10, 6.13 and 6.17): Afunction used to detect the loss, corruption,duplication, misordering, or misdelivery of TPDUs;d)error recovery (see 6.12, 6.14, 6.18, 6.19, 6.20,6.21, and 6.22): A function used to recover fromdetected and signalled errors.5 . 3 . 1 . 2 Connection EstablishmentThe purpose of connection establishment is to establish atransport connection between two TS-users. The followingfunctions of the transport layer during this phase match theTS-users’ requested quality of service with the servicesoffered by the network layer:a)select the network service which best matches therequirement of the TS-user taking into account chargesfor various services (see 6.5);b)decide whether to multiplex multiple transportconnections onto a single network connection onlywhen operating over CONS (see 6.5);c)establish the optimum TPDU size (see 6.5);d)select the functions that will be operational uponentering the data transfer phase (see 6.5);e)map transport addresses onto network addresses;f)provide a means to distinguish between two differenttransport connections (see 6.5);g)transport of TS-user data (see 6.5);h)exchange values of Inactivity timers (see 6.5).5 . 3 . 1 . 3 Data TransferThe purpose of data transfer is to permit duplextransmission of TSDUs between the two TS-usersconnected by the transport connection. This purpose isachieved by means of two-way simultaneouscommunication and by the following functions, some ofwhich are used or not used in accordance with the result ofthe selection performed in connection establishment.a)concatenation and separation (see 6.4): a functionused to collect several TPDUs into a single NSDU at thesending transport entity and to separate the TPDUs atthe receiving transport entity;b)segmenting and reassembling (see 6.3): a functionused to segment a single data TSDU into multipleTPDUs at the sending transport entity and toreassemble them into their original format at thereceiving transport entity;c)splitting and recombining (see 6.23): a functionallowing, only when operating over CONS, thesimultaneous use of two or more network connectionsto support the same transport connection;d)flow control (see 6.16): a function used to regulatethe flow of TPDUs between two transport entities on onetransport connection;e)transport connection identification: a means touniquely identify a transport connection between thepair of transport entities supporting the connectionduring the lifetime of the transport connection;f)expedited data (see 6.11): a function used tobypass the flow control of normal data TPDU.Expedited data TPDU flow is controlled by separateflow control;g)TSDU delimiting (see 6.3): a function used todetermine the beginning and ending of a TSDU.5 . 3 . 1 . 4 ReleaseThe purpose of release (see 6.7 and 6.8) is to providedisconnection of the transport connection, regardless ofthe current activity.

ISO/IEC 8073:1992 (E)85 . 4 Classes and options when operating overCONS5 . 4 . 1 GeneralThe functions of the Transport Layer have been organizedinto classes and options.A class defines a set of functions. Options define thosefunctions within a class which may or may not be used.This International Standard defines five classes ofprotocol:a)class 0: simple class;b)class 1: basic error recovery class;c)class 2: multiplexing class;d)class 3: error recovery and multiplexing class;e)class 4: error detection and recovery class.NOTES1Transport connections of classes 2, 3 and 4 may be multiplexedtogether onto the same network connection.2Classes 0 to 3 do not specify mechanisms to detect unsignallednetwork transmission failures.5 . 4 . 2 NegotiationThe use of classes and options is negotiated duringconnection establishment. The choice made by thetransport entities will depend upona)the TS-users’ requirements expressed via T-CONNECT service primitives;b)the quality of the available network services;c)the user required service versus cost ratioacceptable to the TS-user.5 . 4 . 3 Choice of network connectionThe following list classifies network services in terms ofquality with respect to error behavior in relation to userrequirements; its main purpose is to provide a basis for thedecision regarding which class of transport protocol shouldbe used in conjunction with given network connection:a)Type A: Network connection with acceptableresidual error rate (for example, not signalled bydisconnect or reset) and acceptable rate of signallederrors.b)Type B: Network connections with acceptableresidual error rate (for example, not signalled bydisconnect or reset) but unacceptable rate of signallederrors.c)Type C: Network connections with unacceptableresidual error rate.It is assumed that each transport entity is aware of thequality of service provided by particular networkconnections.5 . 4 . 4 Characteristics of class 0Class 0 provides the simplest type of transport connectionand is fully compatible with the CCITT RecommendationT.70 for teletex terminals.Class 0 has been designed to be used with type A networkconnections.5 . 4 . 5 Characteristics of class 1Class 1 provides a basic transport connection with minimaloverheads.The main purpose of the class is to recover from networkdisconnect or reset.Selection of this class is usually based on reliabilitycriteria. Class 1 has been designed to be used with type Bnetwork connections.5 . 4 . 6 Characteristics of class 25 . 4 . 6 . 1 GeneralClass 2 provides a way to multiplex several transportconnections onto a single network connection. This classhas been designed to be used with type A networkconnections.5 . 4 . 6 . 2 Use of explicit flow controlThe objective is to provide flow control to help avoidcongestion at transport-connection-end-points and on thenetwork connection. Typical use is when traffic is heavyand continuous, or when there is intensive multiplexing.Use of flow control can optimize response times andresource utilization.5 . 4 . 6 . 3 Non-use of explicit flow controlThe objective is to provide a basic transport connectionwith minimal overheads suitable when explicitdisconnection of the transport connection is desirable. Theoption would typically be used for unsophisticatedterminals, and when no multiplexing onto networkconnections is required. Expedited data is never available.5 . 4 . 7 Characteristics of class 3Class 3 provides the characteristics of class 2 plus theability to recover from network disconnect or reset.Selection of this class is usually based upon reliabilitycriteria. Class 3 has been designed to be used with type Bnetwork connections.5 . 4 . 8 Characteristics of class 4Class 4 provides the characteristics of class 3, plus thecapability to detect and recover from errors which occur asa result of the low grade of service available from the NS-provider. The kind of errors to be detected include: TPDU

ISO/IEC 8073:1992 (E)9loss, TPDU delivery out of sequence, TPDU duplication andTPDU corruption. These errors may affect control TPDUsas well as data TPDUs.This class also provides for increased throughputcapability and additional resilience against network failure.Class 4 has been designed to be used with type C networkconnections.5 . 5 Characteristics of class 4 transportprotocol when operating over CLNSIn operation over a connectionless-mode network servicethe class 4 transport procotol provides flow controlbetween communicating peer transport entities, thecapability to detect and recover from errors which occur asa result of a low grade of service available from the NS-provider, and resilience from failure of the peer entity. Thekinds of error to be detected include: TPDU loss, TPDUdelivery out of sequence, TPDU duplication and TPDUcorruption. These errors may affect control TPDUs as wellas data TPDUs.NOTE — The transport entity is incapable of distinguishing betweenfailure of the network service and failure of the peer entity, exceptoptionally, by some local means, in the case of the failure of the localinterface to the network service (e.g., in the failure of the localtransceiver on a local area network).There is no indication given to the transport entity about theability of the network entity to fulfill the servicerequirements given in the N-UNITDATA primitive. However,it can be a local matter to make transport entities aware ofthe availability and characteristics (QOS) ofconnectionless-mode network services, as thecorresponding NSAP associations, exist logically by thenature of the connectionless-mode network service andmay be recognized by network entities.5 . 6 Model of the transport layerA transport entity communicates with its TS-users throughone or more TSAPs by means of the service primitives asdefined by the transport service definition (see ISO 8072).Service primitives will cause or be the result of transportprotocol data unit exchanges between the peer transportentities supporting a transport connection. These protocolexchanges are effected using the services of the NetworkLayer as defined by the network service definition (seeISO/IEC 8348) through one or more NSAPs.Transport connection endpoints are identified in endsystems by an internal, implementation dependent,mechanism so that the TS-user and the transport entity canrefer to each transport connection.Transport entityTransport entityTSAPTSAPNSAPNSAPNOTE — For the purposes of illustration, figure 2 shows only one TSAP and one NSAP for each transport entity. In certaininstances, more than one TSAP and/or more than one NSAP may be associated with a particular transport entity.Figure 2 — Model of the transport layer