Technical CommitteeNative ATM Services:Semantic DescriptionVersion 1.0a f - s a a - 0 0 4 8 . 0 0 0 February, 1996

Native ATM Services: Semantic DescriptionATM Forum Technical Committeeii(C) 1995 The ATM Forum. All Rights Reserved. No part of this publication may be reproduced in any form or byany means.The information in this publication is believed to be accurate as of its publication date. Such information is subjectto change without notice and the ATM Forum is not responsible for any errors. The ATM Forum does not assumeany responsibility to update or correct any information in this publication. Notwithstanding anything to the contrary,neither The ATM Forum nor the publisher make any representation or warranty, expressed or implied, concerning thecompleteness, accuracy, or applicability of any information contained in this publication. No liability of any kindshall be assumed by The ATM Forum or the publisher as a result of reliance upon any information contained in thispublication.The receipt or any use of this document or its contents does not in any way create by implication or otherwise:¥ Any express or implied license or right to or under any ATM Forum member company�s patent, copyright,trademark or trade secret rights which are or may be associated with the ideas, techniques, concepts or expressionscontained herein; nor¥ Any warranty or representation that any ATM Forum member companies will announce any product(s) and/orservice(s) related thereto, or if such announcements are made, that such announced product(s) and/or service(s) embodyany or all of the ideas, technologies, or concepts contained herein; nor¥ Any form of relationship between any ATM Forum member companies and the recipient or user of this document.Implementation or use of specific ATM standards or recommendations and ATM Forum specifications will bevoluntary, and no company shall agree or be obliged to implement them by virtue of participation in the ATMForum.The ATM Forum is a non-profit international organization accelerating industry cooperation on ATM technology.The ATM Forum does not, expressly or otherwise, endorse or promote any specific products or services.

Native ATM Services: Semantic DescriptionATM Forum Technical CommitteeiiiThe ATM Forum wishes to especially thank the following individuals who contributed much effortto the production of this specification:Jim Harford Chairman of the API Ad-hoc Work Group and directlyresponsible for most of the text hereinBob Callaghan,Editor of this specificationDean SkidmoreChairman, ATM Forum SAA Work Group

Native ATM Services: Semantic DescriptionATM Forum Technical CommitteeivThis page is intended to be blank.

Native ATM Services: Semantic DescriptionATM Forum Technical CommitteevContents1. INTRODUCTION11.1 Purpose of Document11.2 Scope of Document21.3 Reference Model31.3.1 Notes for the Reference Model41.4 Normative Versus Informative Text42. API_CONNECTION STATE MACHINE42.1 Motivation52.2 One-Shot State Machine52.3 Terms Used52.4 States of API_connection62.4.1 Null (A0)62.4.2 Initial (A1)62.4.3 Outgoing Call Preparation (A2)62.4.4 Outgoing Call Requested (A3)62.4.5 Incoming Call Preparation (A4)72.4.6 Wait Incoming Call (A5)72.4.7 Incoming Call Present (A6)72.4.8 Incoming Call Requested (A7)72.4.9 Point-to-Point Data Transfer (A8)82.4.10 Point-to-Multipoint Root Data Transfer (A9)82.4.11 Point-to-Multipoint Leaf Data Transfer (A10)82.4.12 Connection Terminated (A11)82.5 Entity-Relationship Diagrams82.5.1 Client-Server modeling92.5.2 Specific ER Diagrams for Each State92.6 Partial State Diagram1 8 3. PRIMITIVES1 8 3.1 Control Plane1 9 3.2 Data Plane3 1 3.2.1 Sending Data323.2.2 Receiving Data333.3 Management Plane3 5

Native ATM Services: Semantic DescriptionATM Forum Technical Committeevi4. PROCEDURES3 8 4.1 PVC Provisioning3 9 4.1.1 Establishment394.1.2 Termination394.2 SVC Provisioning3 9 4.2.1 Initiating a Call404.2.2 Responding to a Call414.3 Synchronization and Coordination Function4 2 4.3.1 NULL_SSCS434.3.2 SSCOP_RELIABLE_SSCS444.3.3 SSCOP_UNRELABLE_SSCS484.4 Specification of SAP Address4 8 4.4.1 SAP Address as a Vector494.4.2 SVE Encoding504.5 Registration of a Local SAP Address5 2 4.6 Incoming Call Distribution5 3 4.7 Compatibility Checking5 5 4.8 Negotiation of Parameters5 5 4.8.1 Outgoing calls554.8.2 Incoming calls555. REFERENCE DOCUMENTS5 5 ANNEX A: CONNECTION ATTRIBUTES5 7 A.1 UNI Signaling Related5 7 A.2 Local Services6 0 ANNEX B: MANAGEMENT VARIABLES6 1 B.1 UNI Defined6 1 B.2 Native ATM Services Defined6 3 ANNEX C: USAGE OF WILDCARDS IN SAPS6 4 APPENDIX A: PRAGMATICS OF DATA SEND AND RECEIVE6 5

Native ATM Services: Semantic DescriptionATM Forum Technical CommitteeviiAPPENDIX B: MAPPING BETWEEN ATM FORUM SIGNALING MESSAGES3.1 AND PRIMITIVES6 7 B.1 Primitives invoked by the application6 7 B.2 Messages received from Network6 7 APPENDIX C: EXAMPLE SAP COMBINATIONS7 0 C.1 SAPs for Data Link Layer Protocols7 0 C.2 SAPs for Network Layer Protocols7 0 C.3 SAPs for Higher Layer Protocols and ATM-Aware Applications7 1

Native ATM Services: Semantic DescriptionATM Forum Technical Committee11. Introduction1.1 Purpose of DocumentThis document specifies the semantic definition of ATM-specific services that are available to software programs andhardware residing in devices on the user side of the ATM User-Network Interface. The ATM environment provides awealth of new services to the application developer. This allows enhancements in performance and specification ofnetwork characteristics. Such ATM-specific services are denoted by the term �Native ATM Services�.�Semantic�, means that this document will describe the services in a way that is independent of any programminglanguage or operating system environment. Semantic specifications for generic services define various aspects of theinterface to those underlying services, such as:• request for the underlying service to perform some action• notification that some event has occurred• parameters of the requests and notifications• response codes to the requests and notifications.This document uses a state machine, entity-relation diagrams, primitives, implementation-specific tips, and otherinformative text to accomplish this aim.The semantic description presented in this document is not an Applications Programming Interface (API). An API isa set of libraries or interfaces that enable an application to use the language in which it is written to access thefunctionality of lower-level modules - such as operating systems, graphical user interfaces, and communicationsprotocols. The ATM Forum�s interest is in applications being able to access the functionality provided by NativeATM Services.This document will advance the development of such APIs that allow access to Native ATM Services. The semanticdescription included herein is intended to influence the direction of these emerging APIs. This document addressesconcerns with both interoperability aspects and the proper abstraction of ATM procedures and parameters. Thus, thissemantic description provides a firm engineering foundation and logically precedes any API development. Note thatAPI development is expected to occur within the ATM Forum, other industry groups, and ATM vendors.Note also that the semantic description herein is not limited to development of traditional APIs. Rather, thisinterface can be applied to any software program or hardware that uses Native ATM Services. Some examples of thisare:1. operating system kernel interface between Native ATM Services and ATM LAN Emulation2. operating system kernel interface between Native ATM Services and traditional networking protocols (e.g. IP,X.25)3. operating system kernel interface to an ATM device driver, where the device driver contains the implementation ofthe Native ATM Services4. inside a PBX, used for circuit emulation5. inside an ATM switch, used for vendor applications providing value-added services.

Native ATM Services: Semantic DescriptionATM Forum Technical Committee21.2 Scope of Document�Native ATM Services� include the following:1. data transfer, including both reliable and unreliable data delivery, using the ATM layer and various ATMadaptation layers2. provisions for setting up switched virtual circuits (SVC)3. provisions for setting up permanent virtual circuits (PVC)4. traffic management considerations, including traffic types and quality of service guarantees5. Distribution of connections and associated data to the correct application, or entity.6. provisions for local participation in network management (i.e. ILMI and OAM protocols)The next section presents a reference model showing the relationships between the various software components in adevice at the user side of the ATM User-Network Interface. In the reference model, the dashed line labeled �NativeATM SAP� identifies the general scope and interest of this document.This version of the specification supports version 3.x (3.0 and 3.1) of the ATM Forum�s User-Network Interface(UNI) Specification. Future versions of this specification will support future versions of the UNI. Not all featuresof UNI 3.x are supported by this document. In particular, several limitations are listed below.• UNI 3.x allows for two levels of ATM bearer service: virtual path (VP) and virtual channel (VC). Thisdocument supports only VC-level service. The support of VP-level service is for further study.• UNI 3.x allows for AAL type 1, AAL type 3/4, AAL type 5, and a user-defined AAL. This document supportsonly AAL Type 1, AAL type 5, and a user-defined AAL. The support for AAL1 and user-defined AAL includesthe control plane (signaling), but the data plane is considered implementation-specific at this time. The supportof the other AAL types (including AAL type 2) is for further study.• This document supports only the message mode of AAL type 5. Support of AAL type 5 streaming mode is forfurther study.• The procedures in this document do not support a single ATM device being multiple leaves on a same point-to-multipoint connection. This feature is for further study.• Some features of UNI 3.0 were changed or obsoleted by UNI 3.1. Where such conflicts exist, this document isconsistent with UNI 3.1.Motivation for a software interface specification centers on portability of software and reduction of developmentexpense. In addition, this document addresses end-to-end interoperability issues, such as:• distribution of an incoming connection to the correct application inside the device on the user side of the UNI• agreement of what parameters supported in the UNI may be expected by the application

Native ATM Services: Semantic DescriptionATM Forum Technical Committee31.3 Reference ModelFigure 1:Reference Model for Native ATM Services (Native ATM SAP)D a t aTransferS V CP V CLocalManagement

Connection and DataDistributionTraditional transport &network protocolsother API librariesotherservicesNative ATMLibrary

Applications

DriversNetworkInterface(s)

Native ATM APIExistingTransport API(s)NativeATM SAP

UNI Services

Native ATM Services: Semantic DescriptionATM Forum Technical Committee41.3.1 Notes for the Reference ModelThe notes in this section are intended to help the reader understand the reference model.1. �Native ATM API� � an API that is specifically tailored to support Native ATM Services.2. �Existing Transport APIs� � an API that provides application access to an underlying transport layer. Note thatin order to support applications that are aware of an underlying ATM network, the API must be extended tosupport Native ATM Services. Examples of existing transport APIs include sockets, XTI, Winsock, Netbios,etc.3. �Native ATM Library� � software component that presents the Native ATM API to an application.4. �other API libraries� � software components that present the transport APIs to the application.5. �traditional transport & network protocols� � traditional data communications protocols such as X.25, TCP/IP,SPX/IPX, SNA, Netbui, Appletalk, etc. Note that these protocols may or may not be aware of the underlyingATM network.6. �other services� � software components that provide an appearance of some network type other than ATM.Examples include ATM LAN Emulation, Circuit Emulation, etc.7. �Connection and Data Distribution� � this component allows multiple applications (software programs andhardware) to simultaneously use the functions of ATM networks in a native fashion.8. The direction of the arrows in the diagram are meant to loosely show the relationship between a service providerand a service user. For example, "Applications" uses the services of "Native ATM API".1.4 Normative Versus Informative TextThe main body of this specification, plus the annexes, are considered normative text. If a particular implementationsupports a given service (e.g. SVC, PVC, AAL5, AAL1, SSCOP, ILMI, OAM), then access to that service shall bedone in a manner consistent with this specification.The appendices of this specification are considered informative text.

Native ATM Services: Semantic DescriptionATM Forum Technical Committee52. API_connection State Machine2.1 MotivationThis document describes behavior that is dynamic in nature. The valid actions across the interface to Native ATMServices change with time. For example, an application may not transfer data to another ATM device until an ATMcall (between the two ATM devices) is setup across the network. In order to accomplish many actions, a certainsequence of requests and notifications must occur across the interface to Native ATM Services. To be precise, thisdocument describes the dynamic behavior in terms of a finite state machine.2.2 One-Shot State MachineMost finite state machines contain cycles, or return paths, because the object being modeled repeats a similarsequence of actions. With these kinds of objects, a �dead end� in the state transition path implies a deadlocked state.The object becomes �stuck� in the deadlocked state and is unavailable for future use. For this reason, the last state inan operational sequence often returns to some initial state.The state machine used for Native ATM Services is a �one-shot� state machine. After the last state in the operationalsequence, the state machine remains in state A11 forever.The difference in these two approaches result from differences in the objects being modeled. The first case is usedwhen modeling an object that can be reused or recycled. Examples of this are communication channels, blood cellscarrying oxygen, or a rental video tape. The second case can be used when modeling an object that has a finitelifespan. Examples of this are human age progression or consumption by fire.By design, the state machine used for Native ATM Services models an object with a finite lifespan. The object beingmodeled is a connection between two or more parties across an ATM network, which occurs once in time. Thisapproach is superior to the alternative.The alternative would have been to model a capacity provided by the ATM device�s operating system to communicateacross the ATM network. In real operating systems, this capacity is typically identified by something analogous to aUNIX file descriptor. The problem with this approach is that various operating systems and existing APIs attachdifferent semantics to the capacity identifier. The differences might include ability to share the capacity identifieracross process boundaries, generation of a new capacity identifier when an incoming call is accepted, and the recyclingof a capacity identifier after a connection has been terminated. The differing semantics for capacity identifiers wouldhave resulted in a state machine that was tied to a particular operating environment or existing API.Native ATM Services abstracts away from these differences. Instead, the state machine models an object much morefundamental to ATM communication: an individual connection across the ATM network. The focus of the statemachine is an abstract concept herein called an �API_connection� or �connection�. Note that the definition for�connection� differs in this document from the use of that term found in the UNI specification. The precise definitionand properties of an API_connection were created in order to describe the interface to Native ATM Services in termsof a finite state machine. The specific definition for an API_connection is found immediately below.2.3 Terms Used• �API_endpoint� or �endpoint� - an object associated with a set of attributes by which an applicationcommunicates with other ATM devices.

Native ATM Services: Semantic DescriptionATM Forum Technical Committee6• �API_connection� or �connection� - a relationship between an API_endpoint and other ATM devices, that has thefollowing characteristics:1. Data communication may occur between the API_endpoint and the other ATM devices comprising theAPI_connection.2. Each API_connection may occur over a duration of time only once; the same set of communicating ATMdevices may form a new connection after a prior connection is released.3. The API_connection may be presently active (able to transfer data), or merely anticipated for the future.2.4 States of API_connection2.4.1 Null (A0)There is no association between the API_connection and the API_endpoint that may be used in the future to offernative ATM service to the application.2.4.2 Initial (A1)An association now exists between the API_connection and the API_endpoint that may be used to offer native ATMservice to the application.2.4.3 Outgoing Call Preparation (A2)The application has indicated the intention of placing an outgoing call across the ATM network. Any data structuresthat are needed to specify characteristics of the outgoing call must exist while the API_connection is in state A2.Those data structures are initialized, to the extent possible, when the API_connection enters state A2. Theapplication is allowed to examine and/or modify some subset of these data structures while in state A2.2.4.4 Outgoing Call Requested (A3)The application has requested that an outgoing call be placed across the ATM network. The characteristics of the callare those specified by data structures that were manipulated while the API_connection was in state A2.State A3 is entered when the application issues a primitive requesting that the outgoing call be established. Thisstate (A3) can be mapped to the following possible system implementations:polling:The application polls to determine the status of the requested outgoing call. While polling (andbefore receiving a status indication), the API_connection remains in state A3.blocking:The operating system blocks the application�s process thread, until the outgoing call attempt iseither accepted or rejected by the network. While the application is blocked, the API_connectionremains in state A3.messaging:The application receives an asynchronous message to indicate either acceptance or rejection of theoutgoing call attempt. While the application is waiting for that message, the API_connectionremains in state A3.

Native ATM Services: Semantic DescriptionATM Forum Technical Committee72.4.5 Incoming Call Preparation (A4)The application has indicated the intention of receiving an incoming call across the ATM network. Any datastructures that are needed to queue incoming calls (for the purpose of presenting them to the application) must existwhile the API_connection is in states A4, A5, A6, and A7.2.4.6 Wait Incoming Call (A5)The application has requested that incoming calls from the ATM network be queued for possible acceptance. Thecharacteristics of the queue of potential calls are those specified by data structures that were manipulated while theAPI_connection was in state A4.State A5 is entered when the application issues a primitive requesting that incoming calls with the registered SAP bequeued and presented to this application. This state (A5) can be mapped to the following possible systemimplementations:polling:The application polls to determine the presence of an incoming call that has not been presented tothe application. While polling, the API_connection remains in state A5 until the application isnotified of the new incoming call.blocking:The operating system blocks the application�s process thread, until a new incoming call is present.While the application is blocked, the API_connection remains in state A5.messaging:The application receives an asynchronous message to indicate that a new incoming call is present.While the application is waiting for that message, the API_connection remains in state A5.2.4.7 Incoming Call Present (A6)An incoming call exists that has not been presented to an application; it is presented to the application for possibleacceptance. While in this state (A6), the Native ATM Services makes available characteristics of the incoming callthat help the application make an accept/reject decision. If parameter negotiation is present, the application canchoose and/or modify the appropriate parameters.2.4.8 Incoming Call Requested (A7)The application has accepted the incoming call that is at the head of the incoming call queue. However, the call mustbe awarded by the network before the call is completely setup and ready for data transfer.State A7 is entered when the application issues a primitive requesting that the incoming call at the head of theincoming call queue be accepted. This state (A7) can be mapped to the following possible system implementations:polling:The application polls to determine the status of the accepted call. While polling (and beforereceiving a status indicating the call was either awarded or released), the API_connection remains instate A7.blocking:The operating system blocks the application�s process thread, until the accepted call is eitherawarded or released. While the application is blocked, the API_connection remains in state A7.messaging:The application receives an asynchronous message to indicate that the call is either awarded orreleased. While the application is waiting for that message, the API_connection remains in stateA7.

Native ATM Services: Semantic DescriptionATM Forum Technical Committee82.4.9 Point-to-Point Data Transfer (A8)The point-to-point call (either outgoing or incoming) has been set up across the ATM network. The application maynow send and receive data. If any additional states are required for flow control, they will be considered sub-states ofstate A8.2.4.10 Point-to-Multipoint Root Data Transfer (A9)The point-to-multipoint call has been set up across the ATM network, with the application being the root node. Theapplication may now send data. If any additional states are required for flow control, they will be considered sub-states of state A9. If any additional states are required for the joining and releasing of additional leafs, they will beconsidered sub-states of state A9.2.4.11 Point-to-Multipoint Leaf Data Transfer (A10)The point-to-multipoint call has been set up across the ATM network, with the application being a leaf node. Theapplication may now receive data. If any additional states are required for flow control, they will be considered sub-states of state A10.2.4.12 Connection Terminated (A11)The connection�s lifespan is completed. This state could have been reached by either:1. An active connection (API_connection in state A8, A9, or A10) was released.2. A pending connection (API_connection in state A3 or A7) was released by the network or remote ATM device.3. A connection was aborted by the application.There is no longer an association between the API_connection and the API_endpoint that was used to offer nativeATM service to the application.2.5 Entity-Relationship DiagramsThe following diagrams are entity-relationship diagrams for each state of API_connection. The prime purpose of theentity-relationship diagrams is to show, for each state:• the data structures required to implement Native ATM Services• the information available to the application, through the interface primitives.In the diagrams, the following conventions are used:• the rectangles are entities• the circles are attributes of the attached entities• the diamonds are relationships between the entities• the numbers on either side of the diamond denote the cardinality of the relationship (e.g. one-to-one, many-to-one).

Native ATM Services: Semantic DescriptionATM Forum Technical Committee92.5.1 Client-Server modelingNote the cardinality of the relationship between API_endpoint and API_connection. During the early states of thestate transition path, the relationship is one-to-many. This means that many API_connections are �bundled� togetherwith one API_endpoint. During the later states of the state transition path, the relationship is one-to-one. Thus,only one API_connection is associated with an API_endpoint.This is done to model the manner in which client-server programs are written. Typically, a server program willlisten for incoming calls on a single API_endpoint. When an incoming call is accepted, then the server program willcreate a child process that communicates with the client program, but communication will involve a newAPI_endpoint. Thus, an API_endpoint is created while the API_connection transitions into a data transfer state.To handle this, the model allows API_connection to change the API_endpoint with which it is associated, during thelife of API_connection. The future API_endpoint with which API_connection will be associated during the datatransfer phase may be unknown during the early states of the state transition path.As an example, consider that API_connections labeled X, Y, and Z are going to occur some time in the future,involving a server program listening for incoming calls on API_endpoint 22. The state for API_connections X, Y,and Z would be state A5; and all of them would be associated with API_endpoint 22. As incoming calls are accepted,the following state transitions occur:1. API_connection X moves to state A8 and becomes associated with API_endpoint 23. Connections Y and Zremain in state A5 and are associated with endpoint 22.2. API_connection Y moves to state A8 and becomes associated with API_endpoint 24. Connection Z remains instate A5 and is associated with endpoint 22.3. API_connection Z moves to state A8 and becomes associated with API_endpoint 25. Any other connections thatwill be forked from the server program remain in state A5 are associated with endpoint 22.2.5.2 Specific ER Diagrams for Each State2.5.2.1 Null (A0)In this state, there is no association between the API_connection and the API_endpoint that may be used in the futureto offer native ATM service to the application. Also, there is no relationship between the application and theAPI_endpoint. Thus, there is no entity-relationship diagram for this state.2.5.2.2 Initial (A1)In this state, the application has access to an API_endpoint. Native ATM Services are offered to the application viathe exchange of primitives between the application and the API_endpoint. The relationship between an applicationcontrolsApplicationn1Endpointtalksthrough n1Connection

Native ATM Services: Semantic DescriptionATM Forum Technical Committee10and the API_endpoint is one-to-many; an application may exchange primitives with many API_endpoints, but eachAPI_endpoint is bound to a maximum of one application.In this state, the relationship between an API_endpoint and an API_connection is one-to-many. A singleAPI_endpoint may be associated with multiple API_connections, but each API_connection is associated with amaximum of one API_endpoint. The significance of this is that many API_connections may share a singleAPI_endpoint in this state. This is done to model environments where an API_connection acquires a newAPI_endpoint as the API_connection progresses from the early states (call setup) to the data transfer states (A8, A9,A10).2.5.2.3 Outgoing Call Preparation (A2)In this state, the application has access to an API_endpoint. Native ATM Services are offered to the application viathe exchange of primitives between the application and the API_endpoint. The relationship between an applicationand the API_endpoint is one-to-many; an application may exchange primitives with many API_endpoints, but eachAPI_endpoint is bound to a maximum of one application.In this state, the relationship between an API_endpoint and an API_connection is one-to-many. A singleAPI_endpoint may be associated with multiple API_connections, but each API_connection is associated with amaximum of one API_endpoint. The significance of this is that many API_connections may share a singleAPI_endpoint in this state. This is done to model environments where an API_connection acquires a newAPI_endpoint as the API_connection progresses from the early states (call setup) to the data transfer states (A8, A9,A10).There exist �requested connection attributes� that specify various characteristics of the call to be originated across theATM network. These are modeled as an attribute of API_endpoint. The application issues primitives to query or setthe attributes. Examples of these attributes would include AAL type, forward peak cell rate, quality of service class,and AAL1 clock frequency recovery method.

�SAP�controls n1ConnectionApplicationnnn111EndpointtalksthroughATM Address requestedconnectionattributes dialcallerID destinationaddressATMAddress

Native ATM Services: Semantic DescriptionATM Forum Technical Committee11The API_endpoint is associated with a destination address, which is the complete specification for the software entitywith which the application desires to communicate. The destination address includes both the ATM address of thetarget device, plus a �SAP� that allows the call notification to reach the correct software entity within that targetdevice. See section 4.6 for more information on call distribution within an ATM device. Notice the many-to-onerelationship implies that many API_endpoints can simultaneously be communicating with the same destinationaddress.NOTE: The destination address is supplied by the primitive that move the connection from this state to A3..In cases where the API_endpoint resides in a device known by multiple ATM addresses, there can only be one ATMaddress associated with each API_endpoint. The ATM address referenced here will be reported in the �Calling PartyNumber� signaling information element. This ATM address might be known implicitly by default, or it could beexplicitly specified by the application. Notice the many-to-one relationship implies that many API_endpoints cansimultaneously be calling from the same ATM address.2.5.2.4 Outgoing Call Requested (A3)In this state, the application has access to an API_endpoint. Native ATM Services are offered to the application viathe exchange of primitives between the application and the API_endpoint. The relationship between an applicationand the API_endpoint is one-to-many; an application may exchange primitives with many API_endpoints, but eachAPI_endpoint is bound to a maximum of one application.In this state, the relationship between an API_endpoint and an API_connection is one-to-one. Each API_endpointmay be associated with a maximum of one API_connection, and vice-versa. The significance of this is that multipleAPI_connections may not share a single API_endpoint in this state. This is done to model environments where anAPI_connection acquires a new API_endpoint as the API_connection progresses from the early states (call setup) tothe data transfer states (A8, A9, A10).The attribute of API_endpoint labeled �completion status� displays the status of the application�s request to originatean outgoing call. This modeling may be useful for operating environments where polling is used to implement thisstate.controlsApplicationn1Endpointtalksthrough

11Connection

completionstatus

Native ATM Services: Semantic DescriptionATM Forum Technical Committee122.5.2.5 Incoming Call Preparation (A4)In this state, the application has access to an API_endpoint. Native ATM Services are offered to the application viathe exchange of primitives between the application and the API_endpoint. The relationship between an applicationand the API_endpoint is one-to-many; an application may exchange primitives with many API_endpoints, but eachAPI_endpoint is bound to a maximum of one application.In this state, the relationship between an API_endpoint and an API_connection is one-to-many. A singleAPI_endpoint may be associated with multiple API_connections, but each API_connection is associated with amaximum of one API_endpoint. The significance of this is that many API_connections may share a singleAPI_endpoint in this state. This is done to model environments where an API_connection acquires a newAPI_endpoint as the API_connection progresses from the early states (call setup) to the data transfer states (A8, A9,A10).The queue size specifies the number of incoming calls that may be held prior to the application�s acceptance.The API_endpoint is associated with a local address, which is the complete incoming call distribution specificationfor the application. The local address includes both the ATM address of the device housing the application, plus a�SAP� that allows the call notification to reach the correct application within the target device. See section 4.6 formore information on call distribution within an ATM device. Notice the one-to-one relationship (�located at�)implies that only one API_endpoint can receive calls on any given local address.

�SAP�controlsApplication1n11EndpointtalksthroughATM Address located at localaddress n1Connection queuesize

Native ATM Services: Semantic DescriptionATM Forum Technical Committee132.5.2.6 Wait Incoming Call (A5)In this state, the application has access to an API_endpoint. Native ATM Services are offered to the application viathe exchange of primitives between the application and the API_endpoint. The relationship between an applicationand the API_endpoint is one-to-many; an application may exchange primitives with many API_endpoints, but eachAPI_endpoint is bound to a maximum of one application.In this state, the relationship between an API_endpoint and an API_connection is one-to-many. A singleAPI_endpoint may be associated with multiple API_connections, but each API_connection is associated with amaximum of one API_endpoint. The significance of this is that many API_connections may share a singleAPI_endpoint in this state. This is done to model environments where an API_connection acquires a newAPI_endpoint as the API_connection progresses from the early states (call setup) to the data transfer states (A8, A9,A10).The attribute of API_endpoint labeled �new call status� displays the existence of a new incoming call. Thismodeling may be useful for operating environments where polling is used to implement this state.2.5.2.7 Incoming Call Present (A6)controlsApplicationn1Endpointtalksthrough n1Connection

new callstatus talksthrough11

ConnectionApplication1n11Endpoint queuehead incomingcall call attributes controls

Native ATM Services: Semantic DescriptionATM Forum Technical Committee14In this state, the application has access to an API_endpoint. Native ATM Services are offered to the application viathe exchange of primitives between the application and the API_endpoint. The relationship between an applicationand the API_endpoint is one-to-many; an application may exchange primitives with many API_endpoints, but eachAPI_endpoint is bound to a maximum of one application.In this state, the relationship between an API_endpoint and an API_connection is one-to-one. Each API_endpointmay be associated with a maximum of one API_connection, and vice-versa. The significance of this is that multipleAPI_connections may not share a single API_endpoint in this state. This is done to model environments where anAPI_connection acquires a new API_endpoint as the API_connection progresses from the early states (call setup) tothe data transfer states (A8, A9, A10).The queue that holds incoming calls for the application will have one and only one incoming call at the head of thequeue. There exist �call attributes� that specify various characteristics of the call being received across the ATMnetwork. These are modeled as an attribute of the entity �incoming call�. The application issues primitives to queryor set the attributes. Examples of these attributes would include AAL type, forward peak cell rate, quality of serviceclass, and AAL1 clock frequency recovery method. Note that the number of attributes that may be set by theapplication are the set of parameters that are negotiated end-to-end: �Broadband low-layer information� is an example.2.5.2.8 Incoming Call Requested (A7)In this state, the application has access to an API_endpoint. Native ATM Services are offered to the application viathe exchange of primitives between the application and the API_endpoint. The relationship between an applicationand the API_endpoint is one-to-many; an application may exchange primitives with many API_endpoints, but eachAPI_endpoint is bound to a maximum of one application.In this state, the relationship between an API_endpoint and an API_connection is one-to-one. Each API_endpointmay be associated with a maximum of one API_connection, and vice-versa. The significance of this is that multipleAPI_connections may not share a single API_endpoint in this state. This is done to model environments where anAPI_connection acquires a new API_endpoint as the API_connection progresses from the early states (call setup) tothe data transfer states (A8, A9, A10).The attribute of API_endpoint labeled �completion status� displays the status of the application�s request to acceptan incoming call. This modeling may be useful for operating environments where polling is used to implement thisstate.controlsApplicationn1Endpointtalksthrough

11Connection

completionstatus

Native ATM Services: Semantic DescriptionATM Forum Technical Committee152.5.2.9 Point-to-Point Data Transfer (A8)In this state, the application has access to an API_endpoint. Native ATM Services are offered to the application viathe exchange of primitives between the application and the API_endpoint. The relationship between an applicationand the API_endpoint is one-to-many; an application may exchange primitives with many API_endpoints, but eachAPI_endpoint is bound to a maximum of one application.In this state, the relationship between an API_endpoint and an API_connection is one-to-one. Each API_endpointmay be associated with a maximum of one API_connection, and vice-versa. The significance of this is that multipleAPI_connections may not share a single API_endpoint in this state. This is done to model environments where anAPI_connection acquires a new API_endpoint as the API_connection progresses from the early states (call setup) tothe data transfer states (A8, A9, A10).There exist �connection attributes� that specify various characteristics of the present call. These are modeled as anattribute of API_endpoint. The application issues primitives to query the attributes. Examples of these attributeswould include AAL type, forward peak cell rate, quality of service class, and AAL1 clock frequency recovery method.Every API_endpoint in this state is associated with one and only one VCC that carries user data to/from theapplication. The VCC may be designated by a VPI and a VCI.

VCIcontrolsApp1n11EndpointtalksthroughVPI connectionattributes user data VCC 11Connection

Native ATM Services: Semantic DescriptionATM Forum Technical Committee162.5.2.10 Point-to-Multipoint Root Data Transfer (A9)In this state, the application has access to an API_endpoint. Native ATM Services are offered to the application viathe exchange of primitives between the application and the API_endpoint. The relationship between an applicationand the API_endpoint is one-to-many; an application may exchange primitives with many API_endpoints, but eachAPI_endpoint is bound to a maximum of one application.In this state, the relationship between an API_endpoint and an API_connection is one-to-one. Each API_endpointmay be associated with a maximum of one API_connection, and vice-versa. The significance of this is that multipleAPI_connections may not share a single API_endpoint in this state. This is done to model environments where anAPI_connection acquires a new API_endpoint as the API_connection progresses from the early states (call setup) tothe data transfer states (A8, A9, A10).There exist �connection attributes� that specify various characteristics of the present call. These are modeled as anattribute of API_endpoint. The application issues primitives to query the attributes. Examples of these attributeswould include AAL type, forward peak cell rate, quality of service class, and AAL1 clock frequency recovery method.Every API_endpoint in this state is associated with one and only one VCC that carries user data to/from theapplication. The VCC may be designated by a VPI and a VCI.A �list of remote leafs� may be modeled as an attribute of API_endpoint. The remote leafs are other ATM devicesthat are leafs of a point-to-multipoint call, with the device housing API_endpoint as the root. The application usesprimitives to modify this list, thereby adding and dropping parties of the point-to-multipoint call.

VCIlist ofremote leafscontrolsApp1n11EndpointtalksthroughVPI connectionattributes user data VCC 11Connection

Native ATM Services: Semantic DescriptionATM Forum Technical Committee172.5.2.11 Point-to-Multipoint Leaf Data Transfer (A10)In this state, the application has access to an API_endpoint. Native ATM Services are offered to the application viathe exchange of primitives between the application and the API_endpoint. The relationship between an applicationand the API_endpoint is one-to-many; an application may exchange primitives with many API_endpoints, but eachAPI_endpoint is bound to a maximum of one application.In this state, the relationship between an API_endpoint and an API_connection is one-to-one. Each API_endpointmay be associated with a maximum of one API_connection, and vice-versa. The significance of this is that multipleAPI_connections may not share a single API_endpoint in this state. This is done to model environments where anAPI_connection acquires a new API_endpoint as the API_connection progresses from the early states (call setup) tothe data transfer states (A8, A9, A10).There exist �connection attributes� that specify various characteristics of the present call. These are modeled as anattribute of API_endpoint. The application issues primitives to query the attributes. Examples of these attributeswould include AAL type, forward peak cell rate, quality of service class, and AAL1 clock frequency recovery method.Every API_endpoint in this state is associated with one and only one VCC that carries user data to/from theapplication. The VCC may be designated by a VPI and a VCI.2.5.2.12 Connection Terminated (A11)There is no entity-relationship diagram for this state.The lifetime of API_connection is now over. There is no remaining association between an API_endpoint and theAPI_connection. Hence, there is no entity-relationship diagram needed for this state.

VCIcontrolsApp1n11EndpointtalksthroughVPI connectionattributes user data VCC 11Connection

Native ATM Services: Semantic DescriptionATM Forum Technical Committee182.6 Partial State DiagramBelow is a partial state diagram for API_connection. The circles are the states and the edges are primitives that causetransitions between states. These primitives will be described in chapter 3.A0

A2A3A9A4A5A6A7A10A8A11A1ATM_reject_incoming_callATM_accept_incoming_callATM_arrival_of_incoming_callATM_wait_on_incoming_callATM_prepare_incoming_callATM_P2MP_call_activeATM_call_releaseATM_abort_connectionATM_call_releaseATM_call_releaseATM_P2MP_call_activeATM_P2P_call_activeATM_P2P_call_activeATM_connect_outgoing_callATM_prepare_outgoing_callATM_associate_endpoint

Native ATM Services: Semantic DescriptionATM Forum Technical Committee193. PrimitivesThis section uses the following conventions for the primitives specified herein:• "IN" - a parameter value supplied by the originator of the primitive (e.g. the caller of a subroutine).• "OUT" - a parameter value supplied by the recipient of the primitive (e.g. the callee of a subroutine).• "INOUT" - a parameter value that might be supplied by the primitive’s originator, recipient, or both; dependingon the implementation.• "Request", "Indication", "Response", "Confirm" - these terms are conventionally used by ISO to describe the roleof the primitive.3.1 Control PlaneATM_abort_connectionRequestPurpose:clear the connection due to abnormal conditionsATM_abort_connection (INendpoint_identifier,INcause)where• endpoint_identifier specifies the connection to which this primitive applies.• cause specifies the abnormal conditionReturn Values:noneValid States:A1, A2, A3, A4, A5, A6, A7, A8, A9, A10State Transitions:the state becomes A11This primitive ends the association between the API_connection and an API_endpoint.This primitive is used to terminate a communication endpoint. All connections associated with thiscommunication endpoint will be aborted and all the resources allocated for the communication endpoint arereleased.

Native ATM Services: Semantic DescriptionATM Forum Technical Committee20ATM_accept_incoming_callResponsePurpose:application signals acceptance of the pending incoming callATM_accept_incoming_call (INendpoint_identifier,INOUTnew_endpoint_identifier)where• endpoint_identifier specifies the connection to which this primitive applies.• new_endpoint_identifier specifies the new endpoint identifier to be associated with this API_connection.In cases where the parent application provides a new endpoint identifier, this parameter is IN. In casewhere the underlying service provides a new endpoint identifier, this parameter is OUT.Return Values:SUCCESSCONNECTION_PREVIOUSLY_ABORTEDValid States:A6State Transitions:• If the return value is SUCCESS, then the API_connection most recently presented to the application movesto state A7.• If the return value is CONNECTION_PREVIOUSLY_ABORTED, then the API_connection most recentlypresented to the application moves to state A11.This primitive signals that the application wishes to accept the incoming call that is at the head of the incomingcall queue.The connection attribute BLLI_SELECTOR is set by the application to one of the following values:• 0: no �Broadband Low Layer Information� (BLLI) information element should be returned to the callingparty• 1: the first occurrence of BLLI information element should be returned to the calling party• 2: the second occurrence of BLLI information element should be returned to the calling party• 3 - the third occurrence of BLLI information element should be returned to the calling party.ATM_add_partyRequestPurpose:add a leaf to an existing point-to-multipoint call

Native ATM Services: Semantic DescriptionATM Forum Technical Committee21ATM_add_party (INendpoint_identifier,INleaf_identifier,INleaf_ATM_address)where• endpoint_identifier specifies the connection to which this primitive applies.• leaf_identifier is reference to the ATM device being added to this connection. (NOTE: This value must benon-zero and less than 32,768.)• leaf_ATM_address is the ATM address of the ATM device being added to this connection.Return Values:noneValid States:A9State Transitions:noneThis primitive allows applications to add new ATM devices to an existing point-to-multipoint call. The newleaf inherits the traffic parameters already in force for the existing leaf(s) of this connection. Note that data trafficin a point-to-multipoint connection only flows from the root node to each leaf node.ATM_add_party_rejectConfirmPurpose:signal that a previous ATM_add_party request was unsuccessful.ATM_add_party_reject (INendpoint_identifier,INleaf_identifier,INrejection_cause)where• endpoint_identifier specifies the connection to which this primitive applies.• leaf_identifier is a reference to the ATM device that could not be added.• rejection_cause specifies why the addition of a leaf was rejected.Return Values:noneValid States:A9State Transitions:no transitions

Native ATM Services: Semantic DescriptionATM Forum Technical Committee22ATM_add_party_successConfirmPurpose:signal that a previous ATM_add_party request was successful.ATM_add_party_success (INendpoint_identifier,INleaf_identifier,)where• endpoint_identifier specifies the connection to which this primitive applies.• leaf_identifier is reference to the ATM device being added to this connection.Return Values:noneValid States:A9State Transitions:no transitionsATM_arrival_of_incoming_callIndicationPurpose:notifies the application that a call has arrivedATM_arrival_of_incoming_call (INendpoint_identifier,)where• endpoint_identifier specifies the incoming call queue upon which the call is located.Return Values:noneValid States:A5State Transitions:The API_connection that is presented to the application moves from state A5 to A6. Allother API_connections for this endpoint_identifier remain in state A5.This primitive signals the application that an incoming call is present in the incoming call queue.The connection attribute BLLI_SELECTOR is set by Native ATM Services to one of the following values:• 0: no �Broadband Low Layer Information� (BLLI) information element was present in the incoming call• 1: the first occurrence of BLLI information element present in the incoming call forms part of the SAP(over which this call is being received)

Native ATM Services: Semantic DescriptionATM Forum Technical Committee23• 2: the second occurrence of BLLI information element present in the incoming call forms part of the SAP(over which this call is being received)• 3 - the third occurrence of BLLI information element present in the incoming call forms part of the SAP(over which this call is being received).ATM_associate_endpointRequestPurpose:associates an API_endpoint with the potential API_connections that will use that endpoint.ATM_associate_endpoint (OUTendpoint_identifier,)where• endpoint_identifier is the newly allocated API_endpoint.Return Values:noneValid States:A0State Transitions:API_connection moves to state A1This primitive creates an initial association between the API_connection and API_endpoint.ATM_call_releaseRequestPurpose:terminates an API_connection that is in an active state (A8, A9, A10) by the application.ATM_call_release (INendpoint_identifier,INrelease_cause,)where• endpoint_identifier specifies the connection to which this primitive applies.• release_cause identifies the cause of release.Return Values:noneValid States:A8, A9, A10State Transitions:API_connection moves to state A11

Native ATM Services: Semantic DescriptionATM Forum Technical Committee24ATM_call_releaseIndicationPurpose:terminates an API_connection because of a network or remote device action.ATM_call_release (INendpoint_identifier,INrelease_cause,)where• endpoint_identifier specifies the connection to which this primitive applies.• release_cause identifies the cause of release.Return Values:noneValid States:A3, A7, A8, A9, A10State Transitions:API_connection moves to state A11ATM_connect_outgoing_callRequestPurpose:initiates a call across the ATM networkATM_connect_outgoing_call (INendpoint_identifier, INdestination_SAP,)where• endpoint_identifier specifies the connection to which this primitive applies.• destination_SAP is the address of the target ATM device and target entity within the ATM device. Seesection 4.4 for more information on SAP addresses.Return Values:noneValid States:A2State Transitions:API_connection moves to state A3This primitive causes the underlying ATM protocols to attempt set up of an outgoing call.

Native ATM Services: Semantic DescriptionATM Forum Technical Committee25ATM_drop_partyRequestPurpose:remove an ATM device from a point-to-multipoint call.ATM_drop_party (INendpoint_identifier,INleaf_identifier,INdrop_cause)where• endpoint_identifier specifies the connection to which this primitive applies.• leaf_identifier specifies the ATM device being dropped.• drop_cause specifies the reason for dropping.Return Values:noneValid States:A9State Transitions:no state transitionsThis primitive allows applications to drop a leaf node from a point-to-multipoint connection.ATM_drop_partyIndicationPurpose:an ATM device (leaf of point-to-multipoint call) released the connection.ATM_drop_party (INendpoint_identifier,INleaf_identifier,INdrop_cause)where• endpoint_identifier specifies the connection to which this primitive applies.• leaf_identifier specifies the ATM device that dropped off of the connection.• drop_cause specifies the reason for dropping.Return Values:noneValid States:A9

Native ATM Services: Semantic DescriptionATM Forum Technical Committee26State Transitions:no state transitionsThis primitive notifies an application that a remote leaf node dropped off a point-to-multipoint connection.ATM_get_local_port_infoRequestPurpose:obtain necessary information related to an ATM physical portATM_get_local_port_info (INport_number,OUTaddress_listOUTline_rate)where• port_number identifies a physical UNI attachment.• address_list is a list of ATM addresses that are valid for the port number.• line_rate is the maximum cell rate supported by the ATM port in cells per second.Return Values:SUCCESSINVALID_PORT_NUMBERNO_VALID_ADDRESSESValid States:not applicableState Transitions:not applicableThis primitive reports the result of ILMI address registration, as specified in section 5.8 of the UNI.ATM_P2MP_call_activeConfirmPurpose:signal that the point-to-multipoint call is now in active stateATM_P2MP_call_active (INendpoint_identifier,)where• endpoint_identifier specifies the connection to which this primitive applies.

Native ATM Services: Semantic DescriptionATM Forum Technical Committee27Return Values:noneValid States:A3, A7State Transitions:If the API_connection was in state A3, then the new state will be A9. If theAPI_connection was in state A7, then the new state will be A10.ATM_P2P_call_activeConfirmPurpose:signal that the point-to-point call is now in active stateATM_P2P_call_active (INendpoint_identifier,)where• endpoint_identifier specifies the connection to which this primitive applies.Return Values:noneValid States:A3, A7State Transitions:API_connection moves A8.ATM_prepare_incoming_callRequestPurpose:sets up incoming call distribution tablesATM_prepare_incoming_call (INendpoint_identifier,INlocal_SAP,INqueue_size)where• endpoint_identifier specifies the connection to which this primitive applies.• local_SAP is the address of this ATM device and application entity. See section 4.4 for a discussion onSAP addresses.• queue_size specifies the depth of the incoming call queue.Return Values:SUCCESSSAP_ALREADY_USED

Native ATM Services: Semantic DescriptionATM Forum Technical Committee28Valid States:A1State Transitions:API_connection moves to state A4This primitive allows applications to associate an API_endpoint with a local address. The intent of the 2ndparameter is to specify an address that can be used to identify a unique API_endpoint.ATM_prepare_outgoing_callRequestPurpose:sets up data structures that hold the characteristics of the outgoing callATM_prepare_outgoing_call (INendpoint_identifier,)where• endpoint_identifier specifies the connection to which this primitive applies.Return Values:noneValid States:A1State Transitions:API_connection moves to state A2.ATM_query_connection_attributesRequestPurpose:to obtain an attribute value of the connectionATM_query_connection_attributes (INendpoint_identifier,INattribute_name,OUTattribute_value,)where• endpoint_identifier specifies the connection to which this primitive applies.• attribute_name identifies the attribute.• attribute_value is the value of attribute.Return Values:SUCCESSATTRIBUTE_DOES_NOT_EXIST

Native ATM Services: Semantic DescriptionATM Forum Technical Committee29Valid States:A2, A6, A8, A9, A10State Transitions:no state transitionsThis primitive allows applications to query connection attributes. The attribute_name parameter specifies thename of the attribute (e.g. QoS, peak cell rate). The attribute_value parameter contains the query result.NOTE: Native ATM Services must provide access to as many as three instances of the connection attributesfound in the �Broadband Low Layer Information� information element. One convenient way to do this is to useconnection attribute BLLI_SELECTOR to select which of the three instances is being queried. Suchimplementations should default BLLI_SELECTOR to a value of 1 when API_connection transitions from stateA1 to A2.ATM_reject_incoming_callResponsePurpose:signals that the application does not accept the incoming callATM_reject_incoming_call (INendpoint_identifier,INrejection_cause)where• endpoint_identifier specifies the connection to which this primitive applies.• rejection_cause specifies why the connection is being rejected.Return Values:noneValid States:A6State Transitions:API_connection moves to state A11This primitive signals that the application wishes to reject the incoming call that is at the head of the incomingcall queue.ATM_set_connection_attributesRequestPurpose:to modify an attribute value of the connection

Native ATM Services: Semantic DescriptionATM Forum Technical Committee30ATM_set_connection_attributes (INendpoint_identifier,INattribute_name,IN attribute_value,)where• endpoint_identifier specifies the connection to which this primitive applies.• attribute_name identifies the attribute.• attribute_value is the desired value of attribute.Return Values:SUCCESSATTRIBUTE_DOES_NOT_EXISTCAN_NOT_MODIFYINVALID_VALUEValid States:A2, A6State Transitions:no state transitionsThis primitive allows applications to modify connection attributes. The attribute_name parameter specifies thename of the attribute (e.g. QoS, peak cell rate). The attribute_value parameter contains the desired new value.NOTE: Native ATM Services must provide access to as many as three instances of the connection attributesfound in the �Broadband Low Layer Information� information element. One convenient way to do this is to useconnection attribute BLLI_SELECTOR to select which of the three instances is being manipulated. Suchimplementations should default BLLI_SELECTOR to a value of 1 when API_connection transitions from stateA1 to A2.ATM_wait_on_incoming_callRequestPurpose:activates the incoming call distribution function for this endpoint.ATM_wait_on_incoming_call (INendpoint_identifier,)where• endpoint_identifier specifies the connection to which this primitive applies.Return Values:noneValid States:A4State Transitions:All API_connections associated with this endpoint move to state A5

Native ATM Services: Semantic DescriptionATM Forum Technical Committee31This primitive causes the application to wait for an incoming call to enter the incoming call queue.

Native ATM Services: Semantic DescriptionATM Forum Technical Committee323.2 Data PlaneThere are three major approaches to the implementation of the data transfer primitives:• polling• blocking• messagingAnother issue is the location of the data. The data bound for the application could exist in:• memory space that the operating system kernel manages• memory space that the application manages• hardware (e.g. the ATM adapter card, the video card, the sound card, a private data bus)It is possible that there is a total hardware path between the ATM function and an application implemented inhardware. In this case, the data plane primitives are realized in hardware.Implementation choices are outside the scope of this document. However, for completeness, this section considersthe differing semantics associated with these different implementation approaches. See Appendix A for a discussionof pragmatic issues concerning these primitives.NOTE: the data plane primitives to support AAL1 and User defined AAL traffic are implementation specific at thistime. This topic is for further study.3.2.1 Sending DataATM_send_dataRequestPurpose:to send data on the API_connectionATM_send_data (INendpoint_identifier,INdata_source,OUTsending_result)

Native ATM Services: Semantic DescriptionATM Forum Technical Committee33where• endpoint_identifier specifies the connection to which this primitive applies.• data_source describes the data. For example, it could be a buffer location and amount of data, or even acollection of buffers. As another example, it could be an instance of the application�s data to betransmitted across the ATM network.• sending_result is a status indication. In some implementations, it is simply SUCCESS or FAILURE.In other implementations, it could be the amount of data transferred.Return Values:SUCCESSNO_CONNECTIONValid States:A8, A9State Transitions:no state transition3.2.2 Receiving DataOnly one of the following implementations needs to be supported in a conforming system.3.2.2.1 Polling ImplementationATM_receive_dataRequestPurpose:to receive data on the API_connectionATM_receive_data (INendpoint_identifier,INOUTdata_receptor,)where• endpoint_identifier specifies the connection to which this primitive applies.• data_receptor:Before this primitive is invoked, data_receptor describes where the received data should be placed. Afterthis primitive returns, data_receptor describes the data.For example, before the primitive is invoked, data_receptor could be a buffer location and buffer size.After the primitive returns, data_receptor would be a buffer location and amount of data.As another example, before the primitive is invoked, data_receptor could be a character string of zerolength and a maximum string size. After the primitive returns, data_receptor would be a character string.

Native ATM Services: Semantic DescriptionATM Forum Technical Committee34Return Values:SUCCESSDATA_NOT_PRESENTNO_CONNECTIONValid States:A8, A9, A10State Transitions:no state transition3.2.2.2 Blocking ImplementationATM_receive_dataRequestPurpose:to receive data on the API_connectionATM_receive_data (INendpoint_identifier,INOUTdata_receptor,)where• endpoint_identifier specifies the connection to which this primitive applies.• data_receptor:Before this primitive is invoked, data_receptor describes where the received data should be placed. Afterthis primitive returns, data_receptor describes the data.For example, before the primitive is invoked, data_receptor could be a buffer location and buffer size.After the primitive returns, data_receptor would be a buffer location and amount of data.As another example, before the primitive is invoked, data_receptor could be a character string of zerolength and a maximum string size. After the primitive returns, data_receptor would be a character string.Return Values:SUCCESSNO_CONNECTIONValid States:A8, A9, A10State Transitions:no state transition

Native ATM Services: Semantic DescriptionATM Forum Technical Committee353.2.2.3 Messaging ImplementationATM_receive_dataIndicationPurpose:to receive data on the API_connectionATM_receive_data (INendpoint_identifier,INreceive_data)where• endpoint_identifier specifies the connection to which this primitive applies.• receive_data describes the data. Consider the following examples for this parameter:1. a buffer location and the amount of data2. an instance of the data (received across the ATM network) traversing a bus from the ATMhardware to some other hardware device3. an indication to an implementation-specific "receive handler" (see below) that the data either hasbeen or is in the process of being received across the ATM network.Return Values:noneValid States:A8, A9, A10State Transitions:no state transitionIn some cases, a �receive handler� would be installed in the system. An environment-specific function isperformed to install the receive handler. The receive handler becomes the recipient of the ATM_receive_dataprimitive. Additionally, the sending application could include application-defined control information in an AALframe and the application-defined receive handler could interpret this control information.

Native ATM Services: Semantic DescriptionATM Forum Technical Committee363.3 Management PlaneATM_confirm_loopbackConfirmPurpose:confirms completion of loopback testATM_confirm_loopback (INendpoint_identifier,INcorrelator)where• endpoint_identifier specifies the connection to which this primitive applies.• correlator allows the management application to match this confirmation to a previousATM_initiate_loopback request.Return Values:noneWhen this confirmation is received, it means that the loopback test was successful. If no confirmation to acorresponding ATM_intiate_loopback is received, then the loopback test failed.ATM_indicate_errorIndicationPurpose:indicates an error was detected among the managed objects.ATM_indicate_error (INerror_code,INendpoint_identifier,)where• error_code is the error that occurred.• endpoint_identifier specifies the connection to which this primitive applies, when error_code is identifiesan error that is associated with a single connection. Otherwise, the value of endpoint_identifier isunspecified.Return Values:noneError_Code Values:Note that these are network-oriented error messages. They arise from errors detected over the UNI.NOTE: these values are for further study

Native ATM Services: Semantic DescriptionATM Forum Technical Committee37ATM_indicate_fault_alertIndicationPurpose:indicates reception of an OAM alarm signalATM_indicate_fault_alert (INendpoint_identifier,)where• endpoint_identifier specifies the connection to which this primitive applies.Return Values:noneATM_initiate_loopbackrequestPurpose:initiates a loopback test to the nearest switch or the far end point of a connection.ATM_initiate_loopback (INendpoint_identifier,INloopback_extent,INcorrelator,)where• endpoint_identifier specifies the connection to which this primitive applies.• loopback_extent specifies nearest switch loopback or end-to-end loopback.• correlator is a value that will be returned with the ATM_confirm_loopback primitive.Return Values:noneATM_query_mgmt_variableRequestPurpose:queries the value of the specified management variable.

Native ATM Services: Semantic DescriptionATM Forum Technical Committee38ATM_query_mgmt_variable (INvariable_name,INtable_index,OUTvariable_value,)where• variable_name identifies the managed object.• table_index identifies the table location when this variable is located in a table. For variables not locatedin a table, this parameter is ignored.• variable_value is the value of the managed object.Return Values:SUCCESSVARIABLE_NOT_SUPPORTEDINDEX_OUT_OF_RANGEVARIABLE_DOES_NOT_EXISTATM_set_mgmt_variableRequestPurpose:modifies the value of the specified management variableATM_set_mgmt_variable (INvariable_name,INtable_index,INdesired_value,)where• variable_name identifies the managed object.• table_index identifies the table location when this variable is located in a table. For variables not locatedin a table, this parameter is ignored.• desired_value is the desired value of the managed object.Return Values:SUCCESSVARIABLE_NOT_SUPPORTEDINDEX_OUT_OF_RANGEVARIABLE_DOES_NOT_EXISTCAN_NOT_MODIFYINVALID_VALUE

Native ATM Services: Semantic DescriptionATM Forum Technical Committee394. Procedures4.1 PVC ProvisioningThese procedure shall be limited to trusted applications, such as a management application. General user applicationsthat use a PVC shall only receive an indication that a PVC is active.4.1.1 EstablishmentThe management application shall perform the following steps in order to provision a PVC:1. Choose an unused table entry in the atmfVccGroup.2. Using the ATM_set_mgmt_variable primitive, set all the parameters for this table entry of theatmfVccGroup except for atmfVccOperStatus. It is presumed that atmfVccOperStatus has the value unknown orlocalDown.3. Using the ATM_set_mgmt_variable primitive, set atmfVccOperStatus in atmfVccGroup tolocalUpEnd2endUnknown. This is a signal to native ATM services to perform all locally required setup of theVC. This includes hardware register manipulation and buffer allocation. During this timeatmfVccEndpointIdentifier shall be assigned by native ATM services. The value for atmfVccOperStatus willretain the value of unknown or localDown until the initialization of the VC is complete. After the initializationis completed atmfVccOperStatus is set to localUpEnd2endUnknown by Native ATM services.4. Using the ATM_query_mgmt_variable primitive, poll and query atmfVccOperStatus in atmfVccGroup untilthe value is localUpEnd2endUnknown.5. Using the ATM_query_mgmt_variable primitive, obtain the value for atmfVccEndpointIdentifier and pass itto the entity that is to use this PVC.4.1.2 TerminationThe management application shall perform the following steps in order to terminate a PVC:1. Using the ATM_set_mgmt_variable primitive, set atmfVccOperStatus in atmfVccGroup to localDown.This is a signal to native ATM services to perform all locally required teardown of the VC. This includeshardware register manipulation and buffer deallocation.

Native ATM Services: Semantic DescriptionATM Forum Technical Committee404.2 SVC Provisioning4.2.1 Initiating a Call4.2.1.1 EstablishmentThe application first acquires a local connection endpoint with which primitives may be exchanged that offer nativeATM services. This is done via the ATM_associate_endpoint primitive. The endpoint_identifier that isreturned from this primitive is used in the future to identify the newly acquired connection endpoint.Next, the application must signal its intent to initiate an outgoing call. The application does this via theATM_prepare_outgoing_call primitive. In response to the primitive, the connection endpoint creates datastructures that initially hold default values for various connection attributes. Examples of connection attributesinclude the AAL type, forward peak cell rate, and QOS class; for a complete listing see Annex A. The applicationmay examine any of these default connection attributes via the ATM_query_connection_attributes primitive.In addition, the application may optionally modify some of these attributes via theATM_set_connection_attributes primitive. Depending on the implementation, each of these attributes may ormay not be settable by the application. Also, the value to which the application attempts to set a given connectionattribute may be modified by the connection endpoint, due to local resource constraints or the local implementationof Native ATM Services.The application can optionally select additional data plane services. The default is that no additional data planeservice is provided beyond AAL5. The only such additional option supported at this time is the SSCOP protocol;SSCOP adds reliability to the ATM connection. Option selection is performed via the SSCS connection attribute.If the application wishes to place a point-to-multipoint call, then the application signals this to the connectionendpoint by setting the CONNECT_CONFIG connection attribute to reflect this. The default forCONNECT_CONFIG shall be to select a point-to-point call. When a point-to-multipoint connection is selected,then Native ATM Services will enforce a reverse bandwidth of zero and indicate a leaf identifier of zero in the Q.2931network messages.When the application is satisfied that the connection attributes, as represented by the connection endpoint, conform tothe application�s requirements, then a call is placed across the ATM network. The application initiates this via theATM_connect_outgoing_call primitive. Included as a parameter of this primitive is destination_SAP. Thedestination SAP is the ATM address of the remote ATM device plus the additional information allowing the call toreach the correct target software entity within the remote ATM device.Native ATM Services places the call across the ATM network to the target ATM device. If a point-to-point callattempt is successful, then Native ATM Services signals the application via an ATM_P2P_call_activeprimitive. If a point-to-multipoint call attempt is successful, then Native ATM Services signals the application viaan ATM_P2MP_call_active primitive. In the event that the call attempt was unsuccessful, then Native ATMServices signals the application via an ATM_call_release primitive. This primitive includes the cause for thelack of success.4.2.1.2 Adding and Removing LeafsFor point-to-multipoint calls, the application originating the call has the ability to add and remove additional partiesof the call. In this section, the originating application is referred to as the �root� of the call; all other participants ofthe call are referred to as �leafs�.

Native ATM Services: Semantic DescriptionATM Forum Technical Committee41To add a leaf, the root issues an ATM_add_party primitive. The parameters for this primitive include the ATMaddress of the leaf, plus a leaf_identifier, which is used to identify the leaf in future primitives that affect that leaf.Note that the application is responsible for generating values of leaf_identifier. If the leaf is successfully added to thepoint-to-multipoint call, then the application is notified of this via the ATM_add_party_success primitive.Otherwise, the application is notified that the request to add a leaf failed, via the ATM_add_party_rejectprimitive.To remove a leaf, the root issues an ATM_drop_party (request) primitive. Included as a parameter of thisprimitive the root�s reason for removing the leaf.If a leaf decides to remove itself from a point-to-multipoint call, then Native ATM Services notifies the applicationvia the ATM_drop_party (indication) primitive. Included as a parameter of this primitive is the leaf�s reasonfor removing itself. This primitive would also be used in the case of the ATM network deciding to remove the leaf.4.2.1.3 TerminationWhen the application wishes to terminate the connection, then the application invokes the ATM_call_release(request) primitive. If the remote ATM device or the ATM network terminates the connection, then the applicationis notified of this via the ATM_call_release (indication) primitive.4.2.2 Responding to a Call4.2.2.1 EstablishmentThe application first acquires a local connection endpoint with which primitives may be exchanged that offer NativeATM Services. This is done via the ATM_associate_endpoint primitive. The endpoint_identifier that isreturned from this primitive is used in the future to identify the newly acquired connection endpoint.Next, the application must signal its intent to respond to an incoming call. The application does this via theATM_prepare_incoming_call primitive. Included as parameters of this primitive are the ATM address of thelocal ATM device, plus the SAP information allowing call notification to reach the application. During theprocessing of this primitive, Native ATM Services ensures that no other application is using the same SAP.The application then issues the ATM_wait_on_incoming_call primitive to request that incoming calls bequeued and presented to the application. When such an incoming call does arrive, the connection endpoint notifiesthe application via the ATM_arrival_of_incoming_call primitive.The application must make a decision as to whether or not to accept the call. The application may examine theconnection attributes of the newly arrived incoming call via the ATM_query_connection_attributes primitive.In addition, the application may modify a small number of attributes via the ATM_set_connection_attributesprimitive.If the application decides to accept the call, the application invokes the ATM_accept_incoming_call primitive.Otherwise, the application rejects the call via the ATM_reject_incoming_call primitive.Even if call has been accepted, the application must wait for the ATM network to award the call. After an incomingpoint-to-point call has been awarded, the application is notified via the ATM_P2P_call_active primitive. Afteran incoming point-to-multipoint call has been awarded, the application is notified via theATM_P2MP_call_active primitive. If an error occurred during the awarding of the call, then the application isnotified via the ATM_call_release primitive.

Native ATM Services: Semantic DescriptionATM Forum Technical Committee424.2.2.2 TerminationWhen the application wishes to terminate the connection, then the application invokes the ATM_call_release(request) primitive. If the remote ATM device or the ATM network terminates the connection, then the applicationis notified of this via the ATM_call_release (indication) primitive.

Native ATM Services: Semantic DescriptionATM Forum Technical Committee434.3 Synchronization and Coordination FunctionThis section describes the synchronization and coordination function (SCF) that Native ATM Services performsbetween the control and data planes. This service is related to and can be selected via the local service connectionattribute SSCS that is modified with the ATM_set_connection_attribute primitive.data planecontrol planeAALAAL-5data SSCScontrol SSCSsignalingSCF

Native ATM SAP4.3.1 NULL_SSCSIn this case, the data plane protocol stack for Native ATM Services includes the SAR function and CPCS layer(AAL5, AAL1, or a user-defined AAL). The only function that SCF performs is to maintain the state ofAPI_connection and verify that the ATM_send_data and ATM_receive_data primitives are issued in theappropriate states.

Native ATM Services: Semantic DescriptionATM Forum Technical Committee44data planecontrol planeAALAAL-5control SSCSsignalingSCF

Native ATM SAPnull4.3.2 SSCOP_RELIABLE_SSCSIn this case, the data plane protocol stack for Native ATM Services includes the SAR function, the CPCS layer(AAL type 5 only), and the SSCOP protocol. The SCF is defined below. Note that this option is onlyavailable for point-to-point connections."SSCOP" in this discussion is restricted to an instance of the SSCOP protocol that provides reliability in thedata plane; it has nothing to do with the instance of SSCOP that provides a similar service for the signalingprotocol. Note that the only SSCOP signals used by SCF are: AA-ESTABLISH, AA-RELEASE, AA-DATA,and MAA-ERROR.data planecontrol planeAAL-5control SSCSsignalingSCF

Native ATM SAPSSCOPAAL-5

Native ATM Services: Semantic DescriptionATM Forum Technical Committee454.3.2.1 Connection EstablishmentAfter ATM_connect_outgoing_call is invoked, the SCF in the ATM device initiating the ATM callshall establish an SSCOP connection in the following manner:1. After the Q.2931 CONNECT message is received from the ATM network, the SCF will invokethe AA-ESTABLISH (request) signal to the SSCOP function. Parameter SSCOP-UU shall benull. Parameter BR shall be YES.2. The SCF shall wait for an AA-ESTABLISH (confirm) signal from the SSCOP function.Parameter SSCOP-UU shall be ignored.3. Native ATM Services then indicates that the connection is in state A8, viaATM_P2P_call_active primitive.SCFSSCOPsignalingATM networkapp

ATM_P2P_call_activeAA-establishAA-establish

Setup.requestQ.2931 SETUPQ.2931 CONNECTQ.2931 CONNECT_ACKSetup.confirmSSCOP BGNSSCOP BGNAKATM_connect_outgoing_call(request)(confirm)After ATM_accept_incoming_call is invoked, the SCF in the ATM device receiving the ATM callshall establish an SSCOP connection in the following manner:1. After the Q.2931 CONNECT_ACK message is received from the ATM network, the SCFcontinues to wait.2. The SCF shall wait for an AA-ESTABLISH (indication) signal from the SSCOP function.Parameter SSCOP-UU shall be ignored.3. The SCF will invoke the AA-ESTABLISH (response) signal to the SSCOP function. ParameterSSCOP-UU shall be null. Parameter BR shall be YES.

Native ATM Services: Semantic DescriptionATM Forum Technical Committee464. Native ATM Services then indicates that the connection is in state A8, viaATM_P2P_call_active primitive.SCFSSCOPsignalingATM networkapp

ATM_P2P_call_activeAA-establishAA-establish

ATM_arrival_ATM_accept_

Setup.indicationSetup.responseQ.2931 SETUPQ.2931 CONNECTQ.2931 CONNECT_ACKSSCOP BGNSSCOP BGNAKincoming_callincoming_call(response)(indication)4.3.2.2 Data TransferWhen the ATM_send_data primitive is issued, the SCF will invoke an AA-DATA (request) signal to theSSCOP function. When the SSCOP function signals AA-DATA (indication) signal to SCF, then theATM_receive_data primitive is completed. Parameter SN from SSCOP is ignored.SCFSSCOPATM networkapp

ATM_send_dataATM_receive_dataAA-data (request)AA-data (indication)

SSCOP SDSSCOP SD

Native ATM Services: Semantic DescriptionATM Forum Technical Committee474.3.2.3 Connection TerminationIf the ATM_call_release (request) primitive is issued, the SCF invokes an AA-RELEASE (request)signal to the SSCOP function. Parameter SSCOP-UU shall be null. After this, the ATM device sends aQ.2931 RELEASE message to the ATM network. If the instantiation of SSCOP requires any cleanup, thisshould be performed after the SCF has requested the Q.2931 RELEASE message to be sent.Note that depending on a race condition, an SSCOP ENDAK PDU may or may not arrive across the ATMnetwork before the Q.2931 RELEASE_COMPLETE message. This SSCOP ENDAK PDU should beignored.SCFSSCOPsignalingATM networkapp

ATM_call_releaseRelease.requestQ.2931 RELEASEQ.2931 RELEASE_AA-release (request)SSCOP END any required cleanup(request)COMPLETEAs a result of the previous scenario, the peer SCF on the other end of the ATM connection will receive anAA-RELEASE (indication) signal from the SSCOP function. (The other possibility of the race condition --a Q.2931 RELEASE being received first -- will be covered below.) When the SCF receives an AA-RELEASE (indication) signal from the SSCOP function, and the SOURCE parameter indicates that the peeruser requested the release, then SCF will simply indicate to the application that the connection is no longeravailable. It is assumed that a Q.2931 RELEASE message will arrive shortly from the ATM network.After the Q.2931 RELEASE message is received, the SCF cleans up any resources from the instantiation ofthe SSCOP function.SCFSSCOPsignalingATM networkapp

ATM_call_releaseRelease.indicationQ.2931 RELEASEQ.2931 RELEASE_AA-releaseSSCOP END any required cleanupCOMPLETE

SSCOP ENDAK(indication)(indication)

Native ATM Services: Semantic DescriptionATM Forum Technical Committee48The ATM device may receive an unexpected Q.2931 RELEASE message from the ATM network. Thiscould be the result of the race condition presented in the first flow diagram of this section, or else the ATMnetwork terminates the connection. In these cases, SCF issues a ATM_call_release (indication)primitive and cleans up any resources from the instantiation of the SSCOP function.SCFSSCOPsignalingATM networkapp

ATM_call_releaseRelease.indicationQ.2931 RELEASEQ.2931 RELEASE_ any required cleanupCOMPLETE(indication)If the SCF receives an AA-RELEASE (indication) with the SOURCE parameter indicating the localSSCOP has terminated the connection, or MAA-ERROR signal from the SSCOP function; then SCFissues a ATM_call_release (indication) primitive and sends a Q.2931 RELEASE message to theATM network. If the instantiation of SSCOP requires any cleanup, this should be performed after the SCFhas requested the Q.2931 RELEASE message to be sent.SCFSSCOPsignalingATM networkapp

ATM_call_releaseRelease.requestQ.2931 RELEASEQ.2931 RELEASE_AA-release (indication) any required cleanupor MAA-error(indication)COMPLETE4.3.3 SSCOP_UNRELABLE_SSCSThe SCF for this SSCS is for further study.

Native ATM Services: Semantic DescriptionATM Forum Technical Committee494.4 Specification of SAP AddressIn this document, a �SAP� (service access point) is used for the following purposes:1. When the application initiates an outgoing call to a remote ATM device, a destination_SAP specifies the ATMaddress of the remote device, plus further addressing that identifies the target software entity within the remotedevice.2. When the application prepares to respond to incoming calls from remote ATM devices, a local_SAP specifies theATM address of the device housing the application, plus further addressing that identifies the application withinthe local device.NOTE: The preceding explanation refers to a single destination SAP. This is a simplification; Native ATMServices actually supports up to three destination SAPs. For a discussion of this, see section 4.6.4.4.1 SAP Address as a VectorThe SAP address may be expressed as a vector, (ATM_addr, ATM_selector, BLLI_id2, BLLI_id3, BHLI_id), where:• ATM_addr corresponds to the 19 most significant octets of a device�s 20-octet ATM address (private ATMaddress structure) or the entire E.164 address (E.164 address structure)• ATM_selector corresponds to the least significant octet of a device�s 20-octet ATM address (private ATM addressstructure only)• BLLI_id2 corresponds to a set of octets in the Q.2931 BLLI information element that identify a layer 2 protocol• BLLI_id3 corresponds to a set of octets in the Q.2931 BLLI information element that identify a layer 3 protocol• BHLI_id corresponds to a set of octets in the Q.2931 BHLI information element that identify an application (orsession layer protocol of an application)4.4.1.1 SAP Vector Element (SVE)Each element of the SAP vector is called a SAP Vector Element, or SVE. Each SVE semantically consists of aSVE_tag, SVE_length, and SVE_value field, as defined below. The method used to realize this is implementationspecific.• SVE_tag determines the interpretation of the SVE. There are three values defined: PRESENT, ABSENT, andANY. The value of PRESENT means that the SVE_value field contains valid data, which may be comparedagainst corresponding octets found in the Q.2931 SETUP message. The value of ABSENT means that theSVE_value field is invalid, and the corresponding octets in the Q.2931 SETUP message are not present. Thevalue of ANY means that the SVE_value field is invalid, and that the corresponding octets in the Q.2931SETUP message may either be not present or assume any value. The parameter destination_SAP in primitive ATM_connect_outgoing_call has these special restrictions:1. An SVE_tag of ANY is not allowed for any SVE.2. An SVE_tag of ABSENT is not allowed for the SVE that conveys the ATM address.3. For private ATM addresses, the SVE_tag for the ATM selector byte is PRESENT; for public ATMaddresses, the SVE_tag for the ATM selector byte is ABSENT.• SVE_length contains the size, in bytes, of the SVE_value field. Note that if the value of SVE_tag is ABSENTor ANY, then SVE_length shall contain a value of zero.

Native ATM Services: Semantic DescriptionATM Forum Technical Committee50• SVE_value, when valid, contains a value to be compared against corresponding octets found in the Q.2931SETUP message. For example, the SVE_value field for the ATM_selector SVE may be compared against theQ.2931 Called Party Number information element. As another example, the SVE_value field for the BHLI_idSVE may be compared against the Q.2931 BHLI information element.4.4.2 SVE EncodingThis section specifies the mapping between the SVE_value field and the corresponding Q.2931 information element,for each of the five SVE types. See the preceding section for the encoding of the SVE_tag and SVE_length fields.In the mappings listed below, the following conventions are used:• to label bytes of the SVE_value field: the first byte is called �1�, the second byte is called �2�, and so on• to label octets of the Q.2931 information element: the same label specified in Q.2931 is used.4.4.2.1 ATM_addr SVE• Byte 1 of the SVE_value field corresponds to octet 5 of the Q.2931 �Called Party Number� information element(�Type of number� and �Addressing/Number plan identification�). Note that this determines whether the ATMaddress uses private ATM address structure or E.164 address structure.• When the ATM address uses the private ATM address structure, then bytes 2 - 20 of the SVE_value fieldcorrespond to octets 6 through the next-to-last octet of the Q.2931 �Called Party Number� information element.When the ATM address uses the E.164 address structure, then bytes 2 - N of the SVE_value field correspond tooctets 6 and beyond of the Q.2931 �Called Party Number� information element.4.4.2.2 ATM_selector SVEWhen the ATM address uses the private ATM address structure, then byte 1 of the SVE_value field corresponds to thelast octet of the Q.2931 �Called Party Number� information element.When the ATM address uses the E.164 address structure, then the SVE_value field cannot exist; the SVE_tag field forthe SVE must equal ABSENT or ANY.4.4.2.3 BLLI_id2 SVEIn this case, there are two options for the structure of the SVE_value.1. Option 1• Byte 1 of the SVE_value field corresponds to octet 6 of the Q.2931 �Broadband Low Layer Information�information element (�User information layer 2 protocol�). Note that for this option, the value of thisbyte must not correspond to User Specified (b�10000�).2. Option 2• Byte 1 of the SVE_value field corresponds to octet 6 of the Q.2931 �Broadband Low Layer Information�information element (�User information layer 2 protocol�). Note that for this option, the value of thisbyte must correspond to User Specified (b�10000�).• Byte 2 of the SVE_value field corresponds to octet 6a of the Q.2931 �Broadband Low Layer Information�information element (�User specified layer 2 protocol information�).

Native ATM Services: Semantic DescriptionATM Forum Technical Committee51 NOTE: This option must be restricted to experimental applications. Uniqueness of these values cannot beguaranteed in a non-experimental ATM environment.4.4.2.4 BLLI_id3 SVEIn this case, there are five options for the structure of the SVE_value.1. Option 1• Byte 1 of the SVE_value field corresponds to octet 7 of the Q.2931 �Broadband Low Layer Information�information element (�User information layer 3 protocol�). Note that for this option, the value of thisbyte must not correspond to ISO/IEC TR 9577 (b�01011�) or User Specified (b�10000�).2. Option 2• Byte 1 of the SVE_value field corresponds to octet 7 of the Q.2931 �Broadband Low Layer Information�information element (�User information layer 3 protocol�). Note that for this option, the value of thisbyte must correspond to User Specified (b�10000�).• Byte 2 of the SVE_value field corresponds to octet 7a of the Q.2931 �Broadband Low Layer Information�information element (�User specified layer 3 protocol information�). NOTE: This option must be restricted to experimental applications. Uniqueness of these values cannot beguaranteed in a non-experimental ATM environment.3. Option 3• Byte 1 of the SVE_value field corresponds to octet 7 of the Q.2931 �Broadband Low Layer Information�information element (�User information layer 3 protocol�). Note that for this option, the value of thisbyte must correspond to ISO/IEC TR 9577 (b�01011�).• Byte 2 of the SVE_value field corresponds to octets 7a and 7b of the Q.2931 �Broadband Low LayerInformation� information element (�Initial Protocol Identifier�). Note that for this option, the value ofthis byte must not correspond to IEEE 802.1 SNAP (b�10000000�).4. Option 4• Byte 1 of the SVE_value field corresponds to octet 7 of the Q.2931 �Broadband Low Layer Information�information element (�User information layer 3 protocol�). Note that for this option, the value of thisbyte must correspond to ISO/IEC TR 9577 (b�01011�).• Byte 2 of the SVE_value field corresponds to octets 7a and 7b of the Q.2931 �Broadband Low LayerInformation� information element (�Initial Protocol Identifier�). Note that for this option, the value ofthis byte must correspond to IEEE 802.1 SNAP (b�10000000�).• Bytes 3 - 7 of the SVE_value field correspond to octets 8.1- 8.5 of the Q.2931 �Broadband Low LayerInformation� information element (�OUI� and �PID�).5. Option 5• Byte 1 of the SVE_value field corresponds to octet 7 of the Q.2931 �Broadband Low Layer Information�information element (�User information layer 3 protocol�). Note that for this option, the value of thisbyte must correspond to ISO/IEC TR 9577 (b�01011�).

Native ATM Services: Semantic DescriptionATM Forum Technical Committee52• Byte 2 of the SVE_value field corresponds to octets 7a and 7b of the Q.2931 �Broadband Low LayerInformation� information element (�Initial Protocol Identifier�) is not present. Therefore, SVE_lengthequals 1. NOTE: This option is an exception case of BLLI_Id3 that does not identify a layer 3 protocol. The semanticmeaning of this option is that each frame in the data plane will contain a header identifying the layer 3protocol for that frame. NOTE: This option is equivalent to SVE_tag value of ABSENT except for when the vector is used tospecify a destination SAP.4.4.2.5 BHLI_id SVEIn this case, there are three options for the structure of the SVE_value.1. Option 1• Byte 1 of the SVE_value field corresponds to octet 5 of the Q.2931 �Broadband High Layer Information�information element (�High Layer Information Type�). Note that for this option, the value of this bytemust correspond to ISO (b�0000000�).• Bytes 2 - 9 of the SVE_value field correspond to octets 6 - 13 of the Q.2931 �Broadband High LayerInformation� information element (�High Layer Information�).2. Option 2• Byte 1 of the SVE_value field corresponds to octet 5 of the Q.2931 �Broadband High Layer Information�information element (�High Layer Information Type�). Note that for this option, the value of this bytemust correspond to User Specific (b�0000001�).• Bytes 2 - 9 of the SVE_value field correspond to octets 6 - 13 of the Q.2931 �Broadband High LayerInformation� information element (�High Layer Information�). NOTE: This option must be restricted to experimental applications. Uniqueness of these values cannot beguaranteed in a non-experimental ATM environment.3. Option 3• Byte 1 of the SVE_value field corresponds to octet 5 of the Q.2931 �Broadband High Layer Information�information element (�High Layer Information Type�). Note that for this option, the value of this bytemust correspond to Vendor-Specific (b�0000011�).• Bytes 2 - 8 of the SVE_value field correspond to octets 6 - 12 of the Q.2931 �Broadband High LayerInformation� information element (�High Layer Information�).

Native ATM Services: Semantic DescriptionATM Forum Technical Committee534.5 Registration of a Local SAP AddressThis section specifies the actions taken by Native ATM Services for the purposes of registering a local SAP addressby an application through the ATM_prepare_incoming_call() primitive.Native ATM Services must maintain knowledge about all local SAP addresses registered by all applications. When anew SAP is being registered, Native ATM Services must search for a match with all currently registered SAPs andaccept the new SAP only when no match is found. If a match is found, Native ATM Services must reject the SAPwith a return value of SAP_ALREADY_USED.A match between two SAPs occurs when all the SVEs match according to the rules in the table below. A �registeredvector� may be defined as the result of mapping any SAP address currently registered with Native ATM Services intothe structure as specified in section 4.4.1. A �new vector� may be defined as the result of mapping the SAP addresswhich the application is attempting to register into the structure as specified in section 4.4.1.New SVERegistered SVESVE_tag =ABSENTSVE_tag =PRESENTSVE_tag =ANYSVE_tag = ABSENTMatchNo MatchMatchSVE_tag =PRESENTNo MatchMatch if Values Match 1MatchSVE_tag = ANYMatchMatchMatchNotes1.For a more precise specification — the SVE_value field of the new vector is compared to the SVE_value field ofthe registered vector; if the values equal each other, then there is a match.Native ATM Services does not allow multiple overlapping SAPs to be registered at the same time. The use ofoverlapping SAPs is for further study. However, this does not preclude, wild card SAPs which use the ANY value inSVE_tag field.NOTE: An implementation may optionally allow a special SAP with ANY as the SVE_tag of every SVE. ThisSAP violates the above rules, but could be allowed as a special case. This SAP can be registered by only oneapplication on an end system. It receives indication of all calls not distributed to other SAPs (see next section for thedescription of incoming call distribution).

Native ATM Services: Semantic DescriptionATM Forum Technical Committee544.6 Incoming Call DistributionThis section specifies actions taken by native ATM services for the purposes of call distribution to the correct entityat the destination ATM device.An entity shall be identified by a SAP address. A SAP address shall only identify one entity. An entity may beidentified by more than one SAP address. A �registered vector� may be defined as the result of mapping the validaddress registered by an entity into the structure as specified in section 4.4.1. An entity shall register a SAP addressby issuing the ATM_prepare_incoming_call primitive.An �incoming vector� is defined as the result of mapping the incoming call�s Q.2931 information elements into thestructure as specified in section 4.4.1. Native ATM Services supports up to three incoming vectors for a singleincoming call:• The �first choice� incoming vector�s elements are generated from the following Q.2931 information elements:�Called Party Number�, �Broadband High Layer Information�, and the first occurrence (if any) of �Broadband LowLayer Information�.• The �second choice� incoming vector�s elements are generated from the following Q.2931 information elements:�Called Party Number�, �Broadband High Layer Information�, and the second occurrence of �Broadband LowLayer Information�. If only one occurrence of �Broadband Low Layer Information� is present, then there is nosecond choice incoming vector.• The �third choice� incoming vector�s elements are generated from the following Q.2931 information elements:�Called Party Number�, �Broadband High Layer Information�, and the third occurrence of �Broadband Low LayerInformation�. If no more than two occurrences of �Broadband Low Layer Information� is present, then there isno third choice incoming vector.When an incoming call arrives, the list of registered vectors is searched for a match with the first choice, then secondchoice, then third choice incoming vectors. A match between a registered vector and one of the incoming vectorsoccurs when all of the SVEs match according to the rules in the following table. If a registered vector is found thatmatches one of the incoming vectors, then the entity corresponding to the vector shall be notified of the incomingcall via the ATM_arrival_of_incoming_call primitive. If a registered vector is not found, the ATM nativeservices rejects the call with a cause value 88 (incompatible destination).Incoming SVERegistered SVESVE_tag =ABSENTSVE_tag =PRESENTSVE_tag =ANYSVE_tag = ABSENTMatchNo MatchMatchSVE_tag =PRESENTNo MatchMatch if Values Match 1MatchNotes1.For a more precise specification — the SVE_value field of the incoming vector is compared to the SVE_value fieldof the registered vector; if the two values are equal, then there is a match.

Native ATM Services: Semantic DescriptionATM Forum Technical Committee554.7 Compatibility CheckingThe ATM Forum Technical Committee User-Network Interface (UNI) Specification Version 3.1 Annex B describesthe compatibility checking that is required for an incoming connection.Call distribution uses some of the parameters that must be checked for compatibility. The parameters of anincoming call will be checked against the parameters registered by applications. If there is a match, the connectionswill be offered to that application via the ATM_arrival_of_incoming_call primitive. If there is no match, the callshall be cleared.The application shall perform compatibility checking, according to the specified procedure in UNI 3.x, while theconnection is in state A6. If this procedure determines that the connection is not compatible, the application shallreject the connection using the ATM_reject_incoming_call primitive; otherwise it may accept the connection via theATM_accept_incoming_call primitive.4.8 Negotiation of ParametersThe ATM Forum Technical Committee User-Network Interface (UNI) Specification Version 3.1 Annex C describesnegotiation for Broadband Low Layer Information (BLLI). Annex F describes negotiation for the ATM AdaptationLayer (AAL). These procedures are supported by Native ATM Services.As part of the BLLI negotiation, the application initiating the call can specify up to three destination SAPs. TheseSAPs are composed of the following:• The first choice destination SAP is completely specified by the destination_SAP parameter of theATM_connect_outgoing_call primitive.• The second choice destination SAP contains the ATM_addr SVE, ATM_selector SVE, and BHLI_id SVE fromthe destination_SAP parameter of the ATM_connect_outgoing_call primitive. The BLLI_id2 SVE andBLLI_id3 SVE are obtained from the second instance of the connection attributes located in the �Broadband LowLayer Information� information element.• The third choice destination SAP contains the ATM_addr SVE, ATM_selector SVE, and BHLI_id SVE from thedestination_SAP parameter of the ATM_connect_outgoing_call primitive. The BLLI_id2 SVE andBLLI_id3 SVE are obtained from the third instance of the connection attributes located in the �Broadband LowLayer Information� information element.4.8.1 Outgoing callsWhile the outgoing connection is in state A2, all negotiable parameters may be set using theATM_set_connection_attributes primitive. This includes the setting of up to 3 BLLI choices.After the connection is in state A8 or A9, the results of negotiation may be obtained via theATM_query_connection_attributes primitive.4.8.2 Incoming callsWhile incoming connection is in state A6, the proposed values for negotiable parameters may be read via theATM_query_connection_attributes primitive. If alternate values are required, they are set via theATM_set_connection_attributes primitive. If nothing is set, the proposed values shall be used for the connection.This includes the first proposed value for BLLI.

Native ATM Services: Semantic DescriptionATM Forum Technical Committee565. Reference DocumentsThe following documents are referred to within this document. They define various aspects of the ATM layers thatare being abstracted.I.361B-ISDN ATM layer specificationI.362B-ISDN ATM Adaptation Layer (AAL) Functional DescriptionI.363B-ISDN ATM Adaptation Layer (AAL) SpecificationQ.2100B-ISDN Signaling ATM Adaptation Layer Overview DescriptionQ.2110B-ISDN - Adaptation Layer - Service Specific Connection Oriented Protocol (SSCOP)Q.2130B-ISDN Signaling ATM Adaptation Layer - Service Specific Coordination Function for Support ofSignaling at the User-to-Network Interface (SSCF at UNI)UNIATM User-Network Interface Specification, version 3.0 and 3.1

Native ATM Services: Semantic DescriptionATM Forum Technical Committee57ANNEX A: Connection AttributesA.1 UNI Signaling RelatedThe items listed in the table below are attributes of connections across ATM networks. In general, these attributesare manipulated using the ATM_query_connection_attributes and ATM_set_connection_attributes primitives.ItemSet inStateQ.2931 EncodingNotesA 2 A 6 InformationElementOctetAAL_TYPEX5AAL1_SUBTYPEX6.1AAL1_CBR_RATEX7.1AAL1_MULTIPLIERX8.1 - 8.2AAL1_CLOCK_RECOVERY_TYPEX9.1AAL1_ERROR_CORRECTIONXATM Adaptation10.1AAL1_STRUCTURED_DATA_TRANSFERXLayer Parameters11.1 - 11.2AAL1_PARTIALLY_FILLED_CELLSX12.1AAL5_FWD_MAX_SDUXX6.1 - 6.2AAL5_BAK_MAX_SDUXX7.1 - 7.2AAL5_SSCS_TYPEX8.11USER_DEFINED_AAL_INFOXX6 - 6.3FWD_PCR_CLP0X5.1 - 5.3FWD_PCR_CLP1XATM Traffic7.1 - 7.3BAK_PCR_CLP0XDescriptor6.1 - 6.3BAK_PCR_CLP1X8.1 - 8.3

Native ATM Services: Semantic DescriptionATM Forum Technical Committee58ItemSet inStateQ.2931 EncodingNotesA 2 A 6 InformationElementOctetFWD_SCR_CLP0X9.1 - 9.3FWD_SCR_CLP1X11.1 - 11.3BAK_SCR_CLP0X10.1 - 10.3BAK_SCR_CLP1XATM Traffic12.1 - 12.3FWD_MBS_CLP0XDescriptor13.1 - 13.3FWD_MBS_CLP1X15.1 - 15.3BAK_MBS_CLP0X14.1 - 14.3BAK_MBS_CLP1X16.1 - 16.3BEST_EFFORTX17FWD_TAGGINGX18.1BAK_TAGGINGX18.1BEARER_CLASSX5TRAFFIC_TYPEXBroadband5aTIME_REQXBearer Capability5aCLIPPING_INDX6CONNECT_CONFIGX6APPL_ID_TYPEBroadband High52APPL_IDLayer Information6 - 132BLLI_SELECTORXX3LAYER_2_IDXBroadband Low62, 4LAYER_2_MODEXXLayer Information6a4LAYER_2_WINDOW_SIZEXX6b4

Native ATM Services: Semantic DescriptionATM Forum Technical Committee59ItemSet inStateQ.2931 EncodingNotesA 2 A 6 InformationElementOctetLAYER_2_USER_IDX6a2, 4LAYER_3_IDX72, 4LAYER_3_MODEXX7a4LAYER_3_PACKET_SIZEXXBroadband Low7b4LAYER_3_WINDOW_SIZEXXLayer Information7c4LAYER_3_USER_IDX7a2, 4LAYER_3_IPI_IDX7a - 7b2, 4LAYER_3_OUI_IDX8.1 - 8.32, 4LAYER_3_PID_IDX8.4 - 8.52, 4CALLED_ADDR_FORMATCalled Party52CALLED_ADDRNumber6 etc.2CALLED_SUBADDR_TYPEXCalled Party5CALLED_SUBADDRXSubaddress6 etc.CALLING_ADDR_FORMATX5CALLING_ADDRXCalling Party6 etc.PRESENTATION_INDXNumber5aSCREENING_INDX5aCALLING_SUBADDR_TYPEXCalling Party5CALLING_SUBADDRXSubaddress6 etc.CAUSE_CODING25, 6CAUSE_LOCATIONCause55, 6CAUSE_VALUE65, 6

Native ATM Services: Semantic DescriptionATM Forum Technical Committee60ItemSet inStateQ.2931 EncodingNotesA 2 A 6 InformationElementOctetCAUSE_DIAGNOSTICSCause7 etc.5, 6FWD_QOS_CLASSXQuality of Service5BAK_QOS_CLASSXParameter6NETWORK_IDXTransit NetworkSelection6 etc.Notes:1. This connection attribute is encoded at octet 9.1 for UNI 3.0.2. This connection attribute is set via the ATM_connect_outgoing_call primitive.3. This connection attribute does not appear in a Q.2931 message; it is used to select the choice of BLLI that otherprimitives operate on. See primitives ATM_query_connection_attributes,ATM_set_connection_attributes, ATM_arrival_of_incoming_call, andATM_accept_incoming_call for the semantics of this attribute.4. This connection attribute is conceptually an array of three elements, to support BLLI negotiation.5. This connection attribute is set via the ATM_abort_connection, ATM_call_release, andATM_reject_incoming_call primitives.6. This connection attribute is conceptually an array of two elements, to support two independent suppliers of thisinformation.A.2 Local ServicesItemSet inStateValuesNotesA 2 A 6 SSCS (Service Specific ConvergenceSublayer)XXNULL,SSCOP_RELIABLE,SSCOP_UNRELIABLE1Notes:1. This selects the services that native ATM services supplies in the data plane for AAL5.

Native ATM Services: Semantic DescriptionATM Forum Technical Committee61ANNEX B: Management VariablesB.1 UNI DefinedThe semantic meaning and codings of these management variables may be found in ATM User Network SpecificationChapter 4.MIB Group and Variable3 . 03 . 1TableEntryatmfPhysicalGroupatmfPortIndexXXXatmfPortTransmissionTypeXXXatmfPortMediaTypeXXXatmfPortOperStatusXXXatmfPortSpecificXXXatmfPortMyIfNameXXatmfMyIpNmAddressXatmfMyOsiNmNsapAddressXatmfAtmLayerGroupatmfAtmLayerIndexXXXatmfAtmLayerMaxVPCsXXXatmfAtmLayerMaxVCCsXXXatmfAtmLayerConfiguredVPCsXXXatmfAtmLayerConfiguredVCCsXXXatmfAtmLayerMaxVpiBitsXXXatmfAtmLayerMaxVciBitsXXXatmfAtmLayerUniTypeXXX

Native ATM Services: Semantic DescriptionATM Forum Technical Committee62MIB Group and Variable3 . 03 . 1TableEntryatmfAtmLayerUniVersionXXatmfAtmStatsGroupatmfAtmStatsIndexXXXatmfAtmStatsReceivedCellsXXXatmfAtmStatsDroppedReceivedCellsXXXatmfAtmStatsTransmittedCellsXXXatmfVccGroupatmfVccPortIndexXXXatmfVccVpiXXXatmfVccVciXXXatmfVccOperStatusXXXatmfVccTransmitTrafficDescriptorTypeXXXatmfVccTransmitTrafficDescriptorParam1XXXatmfVccTransmitTrafficDescriptorParam2XXXatmfVccTransmitTrafficDescriptorParam3XXXatmfVccTransmitTrafficDescriptorParam4XXXatmfVccTransmitTrafficDescriptorParam5XXXatmfVccReceiveTrafficDescriptorTypeXXXatmfVccReceiveTrafficDescriptorParam1XXXatmfVccReceiveTrafficDescriptorParam2XXXatmfVccReceiveTrafficDescriptorParam3XXXatmfVccReceiveTrafficDescriptorParam4XXX

Native ATM Services: Semantic DescriptionATM Forum Technical Committee63MIB Group and Variable3 . 03 . 1TableEntryatmfVccReceiveTrafficDescriptorParam5XXXatmfVccTransmitQoSClassXXXatmVccReceiveQoSClassXXXB.2 Native ATM Services DefinedatmfVccEndpointIdentifierThis element is an extension of atmfVccEntry defined in theatmfVccGroup of UNI 3.0 Chapter 4. Its purpose is to correlate aVCC with an API_endpoint.NOTE: this is a table entry and requires an index parameter.

Native ATM Services: Semantic DescriptionATM Forum Technical Committee64Annex C: Usage of Wildcards in SAPsThis annex describes the care that must be taken when using �wildcards� to specify SAPs. A �wildcard� is defined asan SVE (SAP vector element) with a tag of ANY. The use of wildcards in a SAP offers flexibility to an applicationdeveloper. However, this feature shall optionally be used only after the following implications are understood:• The destination_SAP parameter of the ATM_connect_outgoing_call primitive may not contain anywildcards.• When an application successfully registers a SAP with a wildcard, the SAP occupies a large number of theavailable SAP combinations, based on the matching rules in section 4.5. Thus, careless use of wildcards maypreclude other desired applications from registering their SAPs.• When an application registers a SAP containing a wildcard, the application implies that it supports all specificvalues for the matching SVE of an incoming vector (including the ABSENT tag) on an incoming call.• Once an application has accepted an incoming call on an endpoint associated with a wildcard SAP, theapplication must support and employ the protocols specified by the incoming vector that matched theapplication�s registered SAP.

Native ATM Services: Semantic DescriptionATM Forum Technical Committee65Appendix A: Pragmatics of Data Send and ReceiveFundamental issues in sending data are:1. identifying the location for outgoing data,2. determining when the source location(s) may be reused, and3. recognizing/handling sender overflow.The most common way to specify the data source is to provide the location of a buffer (e.g. via a pointer) andamount of data to send starting from that location. Alternatively, the source data may be specified as an immediateoperand to the send operation, i.e., the data is contained on the stack or in a register.The source buffer cannot be reused until either the data has been deemed sent (or the attempt aborted) or the data hasbeen copied to another buffer. Thus returning from a send operation does not necessarily mean the data has actuallybeen sent. Depending on the communication protocol, (in the case of AAL type 5, depending on assured vs.unassured modes), the data might not be deemed sent until it is known to be successfully received at the destination.Typically, a send operation blocks until the source data is copied or mapped to an intermediate buffer (e.g. in theoperating system/network driver). An implementation could also block until the data is deemed sent, but since thisincurs latency waiting for the network this usually has poor performance. Yet other possibilities are to poll until thereuse is indicated or to asynchronously interrupt/notify/callback the application to permit buffer reuse.Sender overflow may occur if the network is not able to send data as fast as an application(s) can transfer data via sendoperations. In particular, intermediate buffers in the operating system/network driver may overflow. This is animportant issue for UBR (unspecified bit rate) traffic: the network capacity devoted to such a connection can change atany time. Thus no amount of sender rate preplanning or buffer size can prevent overflow. Furthermore, the ABRconnection capacity can change rapidly. Consequently, implementations may provide a feedback mechanism forindicating and controlling sender overflow. (Of course, a particular implementation is free to simply drop data whilean overflow condition exists, but this is not a satisfactory solution for all applications.) Fundamental ways toaccomplish this feedback are by blocking (e.g. on a send call), polling (either explicitly or based on some valuereturned by a send call), or interrupt/notification/callback to the application. It is often effective to tie the sourcegeneration rate to the availability of buffers for reuse.Fundamental issues in receiving data are:1. identifying the location for depositing incoming data,2. indicating arrival of data to the application, and3. recognizing/handling receiver overflow.Typically, the operating system/network driver chooses a temporary intermediate location in operating systemmemory for the incoming data. However, it is also possible for the application to specify a location for the incomingdata. For example, the application can indicate a memory range that can be transferred to the operatingsystem/network driver as a buffer.The application can determine the arrival of data via polling or blocking until the data arrives. Alternatively, theapplication can be informed of data arrival via an interrupt/notification/callback. In polling or blocking, once data hasarrived it is transferred via copying or mapping to a location pre-specified by the application in the receive operation.In the case of interrupt/notification/callback, the application can provide a location at the time of such an event towhich the data it is transferred via copying or mapping.

Native ATM Services: Semantic DescriptionATM Forum Technical Committee66Receiver overflow may occur if the application is not able to retrieve (or use data) as fast as the network receives it.As with sender overflow, intermediate buffers in the operating system/network driver may overflow. This is animportant issue for UBR (unspecified bit rate) traffic: the network could deliver data at any point; moreover, theapplication may not be scheduled. Unless the application is guaranteed to attempt to receive data at regular intervals(e.g. via a timer) and the connection PCR (peak cell rate) is set appropriately, it is possible that receiver overflowoccurs. Receiver overflow is also an issue for CBR (constant bit rate) connections, unless the application can beguaranteed to be scheduled regularly and consume data. Since the application may not be scheduled and thus not ableto consume and thereby replenish the intermediate buffers, there should be an interrupt/notification/callbackmechanism for receiver overflow feedback.For guaranteed connection rates (e.g. CBR), underflow may also be an issue. Sender underflow arises when there isinsufficient data available for the network to send. For CBR connections, sender underflow may result in a violationof the guaranteed rate to the destination application. Likewise, receiver underflow arises when there may not besufficient data available for the application.Finally, it is very common to use operating system/network driver memory as a intermediate buffer for sending andreceiving. Various work has explored eliminating the overhead of this approach by obtaining the source data directlyfrom application memory and storing incoming network data directly into application memory.

Native ATM Services: Semantic DescriptionATM Forum Technical Committee67Appendix B: Mapping between ATM Forum signalingmessages 3.1 and primitivesThis annex presents the mapping between the UNI 3.x messages provided by the signaling and the Native ATMServices primitives.B.1 Primitives invoked by the applicationThe left column of the following table contains the Native ATM Services primitives and in the right column theresulting signaling messages. The Native ATM Services primitives refer to request or response primitives.Native ATM ServicesprimitivesATM Forum signalingmessagesATM_abort_connectionRELEASEATM_accept_incoming_callCONNECTATM_add_partyADD PARTYATM_associate_endpointNone (local significance)ATM_call_releaseRELEASEATM_connect_outgoing_callSETUPATM_drop_partyDROP PARTYATM_prepare_incoming_callNone (local significance)ATM_prepare_outgoing_callNone (local significance)ATM_query_connection_attributesNone (local significance)ATM_reject_incoming_callRELEASEATM_set_connection_attributesNone (local significance)ATM_wait_on_incoming_callNone (local significance)Messages indicated in the ATM Forum signaling message column without correspondence primitive in the NativeATM Services primitives column should not be generated by the application.

Native ATM Services: Semantic DescriptionATM Forum Technical Committee68B.2 Messages received from NetworkThe left column of the following table contains the signaling messages and in the right column the resulting NativeATM Services primitives. The Native ATM Services primitives refer to indication or confirm primitives.ATM Forum signalingmessagesNative ATM ServicesprimitivesCALL PROCEEDINGNoneCONNECTATM_P2P_call_active orATM_P2MP_call_activeCONNECT ACKNOWLEDGEATM_P2P_call_active orATM_P2MP_call_activeSETUPATM_arrival_of_incoming_callRELEASEATM_call_releaseRELEASE COMPLETENoneSTATUSNone 1STATUS INQUIRYNoneRESTARTATM_call_releaseRESTART ACKNOWLEDGENoneADD PARTYInvalid under the restrictions in this specificationADD PARTY ACKNOWLEDGEATM_add_party_successADD PARTY REJECTATM_add_party_rejectDROP PARTYATM_drop_partyDROP PARTY ACKNOWLEDGENone

1 This depends on the cause information element. In some cases, this message may imply the release ofthe connection.

Native ATM Services: Semantic DescriptionATM Forum Technical Committee69Signaling messages that correspond to �None� (in the Native ATM Services primitives column) do not generate aprimitive that reaches the application.

Native ATM Services: Semantic DescriptionATM Forum Technical Committee70Appendix C: Example SAP CombinationsThis appendix provides examples of users of Native ATM Services can be specify SAPs. This is not meant torestrict implementations, but rather to provide helpful guidance.C.1 SAPs for Data Link Layer ProtocolsCharacteristicsThis group of SAPs is used when the destination of the connection is a Data Link Layer protocol entity. Thisprovides support for the transport of several network protocols over a single VC, which may be cost effective whenthe cost of a VC is a consideration. Examples of these data link protocols include LLC (Logical Link Control) andPPP (Point-to-Point Protocol).Semantic DefinitionThe SAP address consists of the ATM address, including the selector byte, and the identification of a Layer 2 protocolSpecific CodingThe Layer 2 protocol specification is encoded in the following way:ATM_addr.SVE_tag = PRESENTATM_addr.SVE_value = the ATM address, minus the selector byteATM_selector.SVE_tag = PRESENT (private ATM address) or ABSENT (E.164 address)ATM_selector.SVE_value = the selector byte (from the private ATM address)BLLI_id2.SVE_tag = PRESENTBLLI_id2.SVE_value = the identification of the layer 2 protocolBLLI_id3.SVE_tag = ABSENTBHLI_id.SVE_tag = ABSENTC.2 SAPs for Network Layer ProtocolsCharacteristicsThis group of SAPs is used when the destination of the connection is a Network or Transport Layer protocol entity,or a service transport entity. This provides support for a single network or transport protocol, or a single servicetransport over a single VC. Examples of these network protocols include X.25 and IP. Examples of transportprotocols are TCP and TP4. Examples of service transport entities are ATM LAN emulation and ATM Circuitemulation.Semantic DefinitionThe SAP address consists of the ATM address, including the selector byte, and the specification of a Layer 3protocol.Specific CodingThe Layer 3 protocol specification is encoded in the following way:ATM_addr.SVE_tag = PRESENT

Native ATM Services: Semantic DescriptionATM Forum Technical Committee71ATM_addr.SVE_value = the ATM address, minus the selector byteATM_selector.SVE_tag = PRESENT (private ATM address) or ABSENT (E.164 address)ATM_selector.SVE_value = the selector byte (from the private ATM address)BLLI_id2.SVE_tag = ANYBLLI_id3.SVE_tag = PRESENTBLLI_id3.SVE_value = the identification of the layer 3 protocol (options 1 - 3 only)BHLI_id.SVE_tag = ABSENTC.3 SAPs for Higher Layer Protocols and ATM-AwareApplicationsCharacteristicsThis group of SAPs is used when the destination of the connection is an ATM-aware application, or more properly,the session layer of an application. This provides for the transport of a single application�s data over a single VC.Semantic DefinitionThe SAP address consists of the ATM address, including the selector byte, identification of the layer-2 protocol used(if present), identification of the layer-3 protocol used (if present), and the identification of the higher layer protocolor an ATM-aware application.Specific CodingThe ATM-aware application specification is encoded in the BHLI information element.ATM_addr.SVE_tag = PRESENTATM_addr.SVE_value = the ATM address, minus the selector byteATM_selector.SVE_tag = PRESENT (private ATM address) or ABSENT (E.164 address)ATM_selector.SVE_value = the selector byte (from the private ATM address)BLLI_id2.SVE_tag = ABSENT or PRESENTBLLI_id2.SVE_value = identification of the layer 2 protocol (if tag = PRESENT)BLLI_id3.SVE_tag = ABSENT or PRESENTBLLI_id3.SVE_value = identification of the layer 3 protocol (if tag = PRESENT)BHLI_id.SVE_tag = PRESENTBHLI_id.SVE_value = the identification of the ATM-aware application