SAE/AS-2A SUBCOMMITTEE RTMT* STATEMENT ON REQUIREMENTS FOR REAL-TIME COMMUNICATION PROTOCOLS (RTCP) * REAL-TIME MODEL TASK GROUP

ISSUE #1 (Final Draft)

November 12, 1991

SAE ARD50007

Contents

1.0 PREFACE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1.1 ADMINISTRATIVE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1.1.1 CHARTER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1.2 FOREWORD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1.3 NOTICE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

2.0 SCOPE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

3.0 INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 3.1 TARGET APPLICATIONS DESCRIPTIONS . . . . . . . . . . . . . . . . 4 3.1.1 DISTRIBUTED . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 3.1.2 UNINTERRUPTED OPERATIONAL PERFORMANCE . . . . . . 6 3.1.3 REAL-TIME . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 3.1.4 HIGHLY AUTOMATED . . . . . . . . . . . . . . . . . . . . . . . . . . 6 3.1.5 CONTROL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 3.1.6 PREDEFINED SYSTEM CONFIGURATIONS . . . . . . . . . . . . 7 3.2 SYSTEM DEFINITION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

4.0 REQUIREMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 4.1 GENERAL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 4.1.1 TRANSFER TOPOLOGIES . . . . . . . . . . . . . . . . . . . . . . . . 9 4.1.1.1 Point-To-Point . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 4.1.1.2 Broadcast . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 4.1.1.3 Multicast . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 4.1.1.4 Concentration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 4.1.1.5 Multiple Concentration . . . . . . . . . . . . . . . . . . . . . . . . 12 4.1.2 SEMANTIC IMPORTANCE . . . . . . . . . . . . . . . . . . . . . . . 12 4.1.3 PERFORMANCE REQUIREMENTS . . . . . . . . . . . . . . . . . 13 4.1.4 AUTOMATIC FUNCTION ALLOCATION . . . . . . . . . . . . . 14 4.1.5 RTCP LAYERS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 4.1.6 RTCP IMPLEMENTATION . . . . . . . . . . . . . . . . . . . . . . . 14 4.2 SYSTEM SERVICES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 4.2.1 DATA COMMUNICATION SERVICES . . . . . . . . . . . . . . . . 15 4.2.1.1 Category 1 Transfers . . . . . . . . . . . . . . . . . . . . . . . . . . 16 4.2.1.2 Category 2 Transfers . . . . . . . . . . . . . . . . . . . . . . . . . . 17 4.2.1.3 Message Size . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 4.2.1.4 Packet Size . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 4.2.1.5 Flow Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 4.2.1.6 Flow Restriction . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 4.2.1.7 Acknowledged and Non-Acknowledged Services . . . . . . . . . . 22 4.2.2 SYNCHRONIZATION SERVICE . . . . . . . . . . . . . . . . . . . . 23 4.2.2.1 Remote Interrupts . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 4.2.2.2 Time Distribution . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 4.2.2.3 Related Data Streams . . . . . . . . . . . . . . . . . . . . . . . . . 25 4.2.3 MANAGEMENT SERVICES . . . . . . . . . . . . . . . . . . . . . . 25 4.2.3.1 Configuration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 4.2.3.2 Network Monitoring . . . . . . . . . . . . . . . . . . . . . . . . . . 26 4.2.3.3 Network Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 4.2.3.4 Intrinsic Maintenance . . . . . . . . . . . . . . . . . . . . . . . . . 27 4.2.3.5 Invoked Maintenance . . . . . . . . . . . . . . . . . . . . . . . . . 28 4.2.3.6 RTCP Reset . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

Contents iii

5.0 USER/RTCP INTERFACE . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 5.1 SERVICE PROCEDURE . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 5.2 SERVICE PRIMITIVES . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 5.2.1 REQUEST . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 5.2.2 INDICATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 5.2.3 RESPONSE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 5.2.4 CONFIRMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 5.2.5 INSTRUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 5.3 TIME SEQUENCE DIAGRAMS . . . . . . . . . . . . . . . . . . . . . . . 30 5.4 SERVICE PARAMETERS . . . . . . . . . . . . . . . . . . . . . . . . . . . 31 5.4.1 SERVICE TOPOLOGY . . . . . . . . . . . . . . . . . . . . . . . . . . 32 5.4.2 QUALITY OF SERVICE . . . . . . . . . . . . . . . . . . . . . . . . . 32 5.4.3 RESULTS REPORTING . . . . . . . . . . . . . . . . . . . . . . . . . 32

6.0 REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

Appendix A. TARGET APPLICATIONS KEY DESCRIPTOR WORDS . . 34

iv REAL-TIME COMMUNICATION PROTOCOLS

Figures

1. Aerospace Categories of RTCP Intended Applications . . . . . . . . . . . . 4 2. RTCP System Definition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 3. Definition of Topology Terms . . . . . . . . . . . . . . . . . . . . . . . . . 10 4. Static Connections State Diagram . . . . . . . . . . . . . . . . . . . . . . . 17 5. Dynamic Connections State Diagram . . . . . . . . . . . . . . . . . . . . . 18 6. Flow Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 7. Types of Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . 23 8. Types of Remote Interrupts . . . . . . . . . . . . . . . . . . . . . . . . . . 24 9. Sample Time Sequence Diagram . . . . . . . . . . . . . . . . . . . . . . . . 31 10. Key Descriptor Words . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 11. Key Descriptor Words cont′d. . . . . . . . . . . . . . . . . . . . . . . . . . 35

Figures v

ABSTRACT

This document contains the requirements for the SAE/AS-2A Real-Time Communication Protocols (RTCP) as developed by the RTMT Task Group. These requirements are an edited compilation of those voiced by numerous military and commercial organizations primarily concerning aircraft applications. However, it is the opinion of the Task Group that these requirements have general applicability to distributed real-time control systems.

vi REAL-TIME COMMUNICATION PROTOCOLS

1.0 PREFACE

1.1 ADMINISTRATIVE

This document was prepared under the direction of the following administrative personnel of the SAE Avionics Systems Division, to whom general inquiries and/or recommendations should be directed:

Vernon Nicklow, Chairman AS-2 Committee c/o TRW 13567 Stoney Creek Road San Diego, CA 92129 619/592-3431

Christina Berggren, Chairman AS-2A Subcommittee, c/o International Business Machines Corporation P. O. Box 6 Endicott, NY 13760 607/755-0123 berggren@gdls4.vnet.ibm.com

1.1.1 CHARTER

The Real-Time Model Task Group was chartered by the Systems, Applications, and Requirements Subcommittee (AS-2A) as follows :

Define requirements for communication protocols specifically intended for real-time applications. These requirements are intended to complement SAE AS-2 communication standards, and address the logical interface between user and communication tasks, and the functions allocated to communication tasks.

Systems for real-time applications are characterized by the presence of hard deadlines where failure to meet a deadline must be considered a system fault.

1.2 FOREWORD

A wide spectrum of industry representation has been tasked to define the requirements for a multinational, multiservice, commercially accepted military standard for real-time communication protocols. This effort was sponsored by the Society of Automotive Engineers (SAE) Interconnect Networks committee AS-2. Inputs to this document have been consolidated from participating resources of the Department of Defense′s military services, aerospace prime contractors, United

PREFACE 1

Kingdom, France, West Germany, electronic and LSI component suppliers, ARINC, commercial aviation equipment manufacturers and consumers, and systems consultants. The requirements defined herein discuss technical aspects based upon the following considerations:

• Functions

• Performance

• Test Requirements

• Operational Properties

• Validation Requirements

Comments and recommendations for changes to this document are solicited and should be addressed to the following:

Christina Berggren, Chairman AS-2A-2 RTMT Task Group c/o International Business Machines Corporation P. O. Box 6 Endicott, NY 13760 607/755-0123 berggren@gdls4.vnet.ibm.com

Guy d′Hervilly, Secretary AS-2A-2 RTMT Task Group Dassault Electronique 55 Quai Marcel Dassault 92214 Saint Cloud France 33.1.3481.4505

1.3 NOTICE

This vesion of the document is the final draft. It is ready to be submitted to SAE for publication. Committee approval was obtained by mail ballot completed September 20, 1991. The changes that have been incorporated are editorial or explanatory in nature.

2 REAL-TIME COMMUNICATION PROTOCOLS

2.0 SCOPE

The purpose of this document is to establish the requirements for Real-Time Communication Protocols (RTCP). Systems for real-time applications are characterized by the presence of hard deadlines where failure to meet a deadline must be considered a system fault.

These requirements have been driven predominantly, but not exclusively, by aerospace type military platforms and commercial aircraft. These requirements are primarily targeted for the Transport and Network Layers of peer to peer protocols, as referenced in the Open System Interconnect Reference Model (OSI/RM), developed by the International Standards Organization (ISO). These requirements are intended to complement SAE standards AS4074.1 (High Speed Linear Bus Standard) and AS4074.2 (High Speed Ring Bus Standard), and future SAE communications standards. Although information transfer objectives herein concentrate primarily on digital data flow attributes, efforts have been made such as not to preclude sensor/video and voice information transfers. This document provides evaluation criteria for selecting viable alternatives for a real-time communications protocol standard.

SCOPE 3

3.0 INTRODUCTION

The RTCP requirements set forth in this document, reflect a consensus of experts′ views for satisfying the needs of applications encompassing the entire field of aerospace military platforms and commercial aircraft. Non-aerospace applications are not precluded and will be encouraged to utilize the proposed RTCP standard. Aerospace categories of the RTCP intended applications are outlined in Figure 1.

MILITARY PLATFORMS CIVILIAN AIRCRAFT

o Space Craft

- Manned - Unmanned

o Manned Aircraft o Manned Aircraft - Fixed Wing - Fixed Wing Command Post Transport Bomber Transport Fighter Anti-Sub Warfare Ground Attack Airborne Early Warning - Rotary Wing - Rotary Wing Light Heavy

o Unmanned Aircraft

- Missile - Remote Piloted Vehicle

NOTE: Multiservice Multinational

Figure 1. Aerospace Categories of RTCP Intended Applications

3.1 TARGET APPLICATIONS DESCRIPTIONS

The protocol requirements defined in this document are intended for real-time applications. Real-time applications, as defined here, are characterized by the presence of hard deadlines where failure to meet a deadline must be considered a system fault. While these applications are open in that they use published standards to insure interoperability between equipments and across platforms, they are closed

4 REAL-TIME COMMUNICATION PROTOCOLS

in the sense that valid users and transactions are predetermined during system design for a specific implementation.

The following description and characteristics of the intended target applications are based on a set of KEY DESCRIPTOR WORDS. These target application key descriptor words were developed by the Real-Time Model Task Group (RTMT) at early meetings, and they represent the consensus of this group. These key words and functional breakdown are included as Appendix A to this document.

3.1.1 DISTRIBUTED

The RTMT target applications are distributed. This means that in addition to applications and processing being distributed, the following are also distributed: data, communications functions, control, storage, and system management functions.

The characteristics of distributed data are manyfold and include the following:

• Demand driven; that is, the data are sent when requested.

• Supply driven; that is, the data are sent at the time that the data are originated.

• For some data categories all data are essential, whilst for other categories only the latest data (or the latest N sets of data) are essential.

• For some data categories the integrity of the data is essential, whilst for other categories integrity is not a driving requirement.

• For some categories of data, the order of arrival, or knowledge of the order of origination, is essential.

• Distributed data are of any size and of different data types (objects).

The characteristics of the communication functions being distributed include the data transfer itself, packetization or the segmentation and reassembly of data, flow control and the routing to target destination(s) of the data.

Characteristics of the control being distributed in these RTMT target applications include the following:

• Application control; that is, control of the initiation of execution of the tasks that are subsets of an application that result from the distribution of said application.

• Provisions for the distribution of a global reference point, for synchronization purposes, and to allow time stamps on data, should that be desired.

• Provisions for remote interrupts.

The characteristics of storage being distributed implies that the target applications facilitate parallel data searches and stores, and the need for guaranteeing data coherence; that is, the data stored must at any point in time appear consistent to all users.

The implications of system management functions being distributed in these RTMT target applications include the following:

• Configurations; both static and dynamic.

• Monitoring of system status, health and errors; the latter being either hard or intermittent.

• System state support; the global understanding of current system state, for instance, normal or exception states with degraded modes and changing system priorities and objectives.

3.1.2 UNINTERRUPTED OPERATIONAL PERFORMANCE

The RTMT intended applications are characterized by requiring uninterrupted operational performance. This uninterrupted operational performance implies the tolerance of the occurrence of both scheduled and unscheduled events. Scheduled events may be executed either off or on line.

The unscheduled events may be either planned, such as interrupts or asynchronous events, or unplanned. The unscheduled unplanned events include both faults and defects.

3.1.3 REAL-TIME

The RTMT intended applications are real-time systems. In this context real-time means that the systems are characterized by the presence of hard deadlines where failure to meet a deadline must be considered a system fault.

Real-time is a relative concept; timing parameters may vary from system to system. Requirements for each application specify the necessary deadlines, i.e., the acceptable response times.

3.1.4 HIGHLY AUTOMATED

The RTMT intended applications are characterized by many functions being automated. To be automated a function must be predefinable, that is, either via analytical methods or parametrically through behavioral models.

6 REAL-TIME COMMUNICATION PROTOCOLS

3.1.5 CONTROL

The RTMT intended applications may to a large extent be characterized by executing control functions. There are cause/reaction modes of system behavior. This implies closed loop(s) with cyclic data, and a fail safe operation with high integrity. In addition to closed loops the system may contain open loops.

3.1.6 PREDEFINED SYSTEM CONFIGURATIONS

All RTMT intended applications are characterized by having system configurations that are predefined or planned in advance during the system design. Therefore, all system parameters, such as processor or communication network loads, can be calculated and resources allocated. This includes the system dependability as well as the event of changing system states with anomalies resulting in the exception handling of, for instance, data, applications/processing, system management, and initialization/reinitialization.

3.2 SYSTEM DEFINITION

The RTMT intended target applications as described above under paragraph 3.1, “TARGET APPLICATIONS DESCRIPTIONS” can be functionally partitioned into the USER APPLICATION and supporting communications functions, the REAL-TIME COMMUNICATION PROTOCOLS (RTCP) with a logical interface between the two functional areas as shown in Figure 2.

This document defines the requirements for the communications functions that can support target applications as described above. It is understood that there may be a USER SPECIFIC COMMUNICATIONS FUNCTION integrated with the USER APPLICATION. Requirements for this integrated user communications function are not included in this requirements document.

Figure 2. RTCP System Definition

Note: NOMENCLATURE. These target applications are distributed over a set of hardware equipments executing Application and Communication functions. In addition, the Communication function may be allocated to a Network Interface Unit (NIU); that is, when the logical interface shown in Figure 2 maps onto a physical interface between the communications and applications processors.

8 REAL-TIME COMMUNICATION PROTOCOLS

Figure 5. Dynamic Connections State Diagram

Rationale:

A good way to illustrate a Category 2 data transfer is the mailing of a letter. The transfer is initiated by addressing the letter and putting it in the mailbox. This is (hopefully) transferred to the correct person who will (hopefully) read it. Nothing is known of the letter′s progress unless specific instructions are included (e.g. registered delivery, RSVP).

It should be noted that, because the target applications of the real-time communications system are closed, the Category 2 transfers are designed into the system. Thus the probability of the transfers reaching the required User(s) may be 1, the same as for the Category 1 data transfers. Of course, to limit the resources required, these transfers may still be designed to reach the required User(s), with a probability of less than 1, if this is acceptable to the system.

4.2.1.3 Message SizeThe real-time communications system shall allow the User to define a parameter for

a Category 1 transfer defining the size of the message to be passed. It is desired that the bounds of this parameter be unrestricted. A System Design parameter shall also be defined restricting the maximum message size of a Category 2 transfer.

18 REAL-TIME COMMUNICATION PROTOCOLS

SAE ARD50007

Rationale:

The message size parameters may be applied to either Category 1 or Category 2 transfers. For Category 1 transfers, the message size will be defined before any transfers take place to allow the resources (memory etc.) to be allocated. In this way, the message size of a Category 1 transfer is unlimited, provided the required resources can be allocated. These resources must be allocated in all Users of the particular Category 1 transfer.

Since the Category 2 transfer does not define its resource requirements beforehand, the maximum size of the message may be limited, firstly by the resources allocated to be shared by the Category 2 transfers and secondly by the amount of these resources already being utilized by other Category 2 transfers. Since there is no cooperation between Users, different Users may not be able to allocate the necessary resources when the data transfer is received. For this reason, there is often a System Design message size parameter applied to the Category 2 transfers generally to limit the resources required by any individual transfer.

4.2.1.4 Packet Size

The real-time communications system shall provide support for a System Design parameter restricting the size of packets transmitted on the physical network. It is desired that the maximum size of a Category 2 message shall be independent of this parameter.

Rationale:

The maximum packet size is a system design parameter and so applies to both types of transfers. While the User may define the size of a message for either type of transfer to be as big as is required, other constraints may be applied to the way in which this message is transferred through the real-time communication system. One example of this is the data bus packet size, which defines the maximum size of an information unit for transfer across the data bus. This system design parameter may be required to limit the maximum size to less than that of the data bus standard to ensure latency requirements are maintained.

Messages larger than this size of either transfer type will be segmented into a number of data bus packets and reassembled into the message at the receiving node.

The real-time communication system should be capable of segmenting and reassembling Category 2 data transfers; otherwise the reduction of the maximum packet size may require a complete system redesign because of the reduced maximum size of these transfers. Thus, the two parameters need to be independent.

REQUIREMENTS 19

SAE ARD50007

4.2.1.5 Flow Control

The real-time communication system shall allow the User to request flow control for a Category 1 data transfer.

Rationale:

Flow control of Category 1 data transfers allows the receiving User to prevent the data-providing User from sending further data until such a time when it may be accommodated. Flow control cannot exist for Category 2 data transfers because the receiving User does not know that further data is to be sent. For this transfer category it is acceptable to ignore data received but not for Category 1 transfers.

Flow control may also be required by layers within the real-time communication system for similar reasons. However, the layers will also have restrictions placed upon them by other data transfer parameters (e.g. latency) such that the maximum extent to which flow control may be used is limited. Thus sufficient resources will have to be supplied to support the transfer.

The flow control between Users is concerned with resources outside the real time communications system. Thus, the real-time communications system parameters do not apply to the use of flow control and the delay of information could be infinite; it is up to the system designer to define what is allowable. The real-time communications system is just providing a service to the receiving User to exercise flow control without the real-time communications system requiring extra resources to accept data from the data-providing User without passing it on to the receiving User simply because that User is not prepared to accept it.

Resources are allocated within the RTCP to transfer the data placed in the interface by User A according to the parameters defined when the Category 1 transfer was activated. See Figure 6. User B must accept data from the RTCP as was also part of the agreement. However, User B may not be able to handle the instantaneous data rate supplied by User A. For example, if the rate defined was 1000 blocks per second, it may be that the 1000 blocks occur in 1ms followed by 999ms silence. If User B can only handle 10 blocks at a time then, having received 8 blocks (assume 2 more in transit) in a short period of time, User B uses the flow control to prevent further transfers until some of the buffer space has been freed.

4.2.1.6 Flow Restriction

It is desirable that the real-time communications system shall allow the User to define a parameter for a Category 1 transfer defining the bandwidth of the series of messages to be passed. The User shall be restricted to this message flow bandwidth in subsequent transfers. The real-time communications system shall be capable of enforcing this flow restriction.

20 REAL-TIME COMMUNICATION PROTOCOLS

Figure 6. Flow Control

Upon acceptance of the message flow bandwidth, the real-time communications system shall reserve sufficient network bandwidth to guarantee the transfer of this message flow. It is also desirable that a system design parameter be defined restricting the maximum message bandwidth of all Category 2 transfers.

If these two desires cannot be implemented, it is required that the real-time communications system report to the User when excessive bandwidth requests result in the inability to meet all the data transfer parameters.

Rationale:

Flow control helps a receiving User manage its own resources, whilst flow restriction prevents a data-providing User from hogging more than its fair share of a global resource (RTCP).

While the Category 1 data transfer may be considered as a pipe from one User to another, the use of a multiplex network means that some resources (in this case network bandwidth) must be shared and will not be allocated solely to one data transfer.

The use of flow restriction is mainly applicable to Category 1 data transfers and is used to define the communication bandwidth resource which is allocated to the

REQUIREMENTS 21

SAE ARD50007

4.2.2.1 Remote InterruptsIt is required that the RTCP provides a remote interrupt service that ensures the transfer of an interrupt vector to a destination entity or to a group of destination entities. It is required that the invocation of this service can be allocated to the RTCP (automatic remote interrupt.)

This does not imply a specific mechanism to implement the service. Rationale: The following provides examples of how interrupts might be used and shows, for instance, that interrupts at the RTCP level might be used by the User: Remote interrupts to a destination User entity can be implemented via an interrupt request primitive from a User that is the source of the interrupt (Int1), see Figure 8.

Figure 8. Types of Remote Interrupts In addition, a User can instruct the RTCP to provide this interrupt to a remote User entity (Int2). A User can instruct the RTCP to provide this remote interrupt service

24 REAL-TIME COMMUNICATION PROTOCOLS

SAE ARD50007

parameters required. The list here of service parameters is not complete since the parameters depend on, and vary with, the specific interaction over the interface.

In addition to service parameters, a second category of primitives, interface control primitives, are required for a complete definition of the interaction between the User and the RTCP.

5.4.1 SERVICE TOPOLOGY

A number of the service parameters relate to the transfer topology, either explicitly, such as source address and destination address(es), or implicitly via a circuit ID that uniquely defines a previously established transfer topology. Other parameters may identify a specific message, for instance, Message ID.

5.4.2 QUALITY OF SERVICE

A large number of the service parameters can be grouped under the description service quality. They include such things as latency, whether one wants acknowledgement or not, security level, error control, flow control and restriction, priority, and delivery confidence.

5.4.3 RESULTS REPORTING

Another category of primitives are used to further define the result of a completed action; a report. These are used to notify the User of the success/failure of a completion of a request.

32 REAL-TIME COMMUNICATION PROTOCOLS

SAE ARD50007

6.0 REFERENCES 1. Information Processing Systems - Open Systems Interconnection - Basic

Reference Model. ISO 7498

2. Information Processing Systems - Open Systems Interconnection - Basic Reference Model.

Addendum 1: Connectionless-mode Transmission ISO 7498 Addendum 1

3. High Speed Linear Bus Standard, Issued August 29, 1988

SAE AS4074.1 (Being revised as AS4074)

4. High Speed Ring Bus Standard, Issued August 29, 1988

SAE AS4074.2 (Being revised as AS4075)

5. Logical Interface Definition for Real-Time Communication Protocols (RTCP), Under development. SAE ARD50033

REFERENCES 33

SAE ARD50007

Appendix A. TARGET APPLICATIONS KEY DESCRIPTOR WORDS

Figure 10. Key Descriptor Words

34 REAL-TIME COMMUNICATION PROTOCOLS

Figure 11. Key Descriptor Words cont′d. Appendix A. TARGET APPLICATIONS KEY DESCRIPTOR WORDS 35