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FOREWORD

This High Speed Ring Bus (HSRB) Handbook has been prepared by the SAE AS-2B Ring
Implementation Task (RIT) Group. The main purpose of the handbook is

a. To provide an explanation of the standard in terms less formal and more readily understood than
those which appear in the standard.

b. To document the body of knowledge which directed the formulation of the standard.

c. To provide notes on the implementation and use of the standard.

Initial investigation of high speed data transmission by the SAE began in 1979 with a study of
requirements and the technology available at that time. It was recognized that progressively higher data
rates were being required by the aerospace community and that novel architectures were being
considered, capable of achieving not only high processing performance but also reduced life cycle cost.
Having established requirements in the form of the HART (High Speed Data Bus Applications and
Requirements Task Group) document, two Task Groups were set up in October 1984 to develop ring
and linear high speed data bus standards AS4075 and AS4074 respectively. The Ring Implementation
Task Group was established as part of the SAE AE-9B Subcommittee, subsequently the SAE AS-2
Committee, with a mandate to develop a ring data communication standard based on a token passing
access method. The objective was, at a minimum, to meet all of the requirements of the HART
document. The resulting standard, SAE AS4075, has been approved by the SAE Aerospace Council
and meets all of the original objectives in full.

The conclusions of the HART committee were summarized in the SAE AE-9B High Speed Bus
Requirements document. Among the fundamental findings, the document dictated that a high-speed
network utilize serial data, with a range of from 1 to 4096 16-bit words per message. A serial bus has
obvious size, cost and weight advantages over a parallel bus structure. The wide range of data word
counts allows for very high throughput efficiency, minimizing the effects of message overhead.
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FOREWORD (Continued)

A second general requirement of the HART document calls for distributed control. A token passing
protocol meets this requirement and was selected because it readily lends itself to the
processor-to-processor data communication applications foreseen for future military platform
applications. In contrast to the command/response protocol structure of MIL-STD-1553, token passing
reduces the overhead time required to control media access and enhances system reliability. The
reduced overhead time arises from the fact that a round-robin token pass on a physical ring is less time-
consuming than is the corresponding polling sequence for a command/response system, particularly at
higher data rates. This is principally due to the absence of the round trip propagation delay that is
inherent in a command/response protocol, but which is eliminated in a round-robin token passing
protocol. The improvement in system reliability results from the elimination of the single point failure
mode associated with a centralized bus controller for command/response networks.

Two other general requirements of the HART document involve addressing modes and classes of
latency. The two addressing modes specified are physical addressing and logical addressing. Physical
addressing assighs a unique address to each station on a network and is used for normal
station-to-station communication. Logical addressing entails a message destination address not
associated with any unigque station. It may be used to identify a particular message (e.q., navigation
information) to all stations on a network. Logical addressing supports multicasting (transmitting to a
preassigned subset of all stations on a network) as well as broadcast messages (transmitting to all other
stations on a network).

The requirement for different latency classes demands a mechanism for prioritizing of messages. By
embedding such a mechanism in the token-passing protocol, it is possible to allow messages of high
urgency, such as those involving imminent safety, to be transmitted prior to other traffic on the network.
Priorities also allow the scheduling of real-time traffic.

The HART document also lists a number of requirements relating to the topology of the high speed
hetworks. These specifications include a minimum of 128 stations, 300 m station separation (1000 m
desired), electrical isolation as well as guidelines for station coupling, insertion and removal. The
document demands that the standard be independent of both data rate and media type, allowing for both
wire and fiber implementations. Additional HART requirements related to reliability and "robustness”
issues, such as the necessity for rapid "healing" time for recovery from station and/or media faults.
Other HART requirements deal with issues such as predictability, self-test, fault tolerance, fault isolation,
initialization time and the capability to bridge to other networks.

In addition to the general requirements, the HART document also outlines a number of performance
requirements and design goals. Since the emerging standards were to be targeted primarily for military
applications, there is good deal of emphasis on real-time performance criteria. The most significant of
these benchmarks is information rate. The average rate of data bus transmission is evaluated as a
function of several parameters including the number of active stations, variable from 1 to 128, the use of
broadcast and/or multicast messages, the effect of message traffic with varying latency levels and the
effects of message overhead, short and long messages and the number of active and nonactive
stations.
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FOREWORD (Continued)

A second performance criterion is word error rate. This was specified as a 90% probability of ho more
than one detected word error every 100 ms and a 90% probability of ho more than one undetected word
error every 4 h.

Another important parameter considered was the effect on worst case latency in a system with varying
message priorities. Latency is defined as the time delay from when a transmitting station is ready to
send data until the time that a receiving station has received the full message. Specifically, the criterion
is to minimize the latency of the lowest priority message on a network of 128 stations with 4 stations
transmitting.

As mentioned, the SAE AE-9B Committee and HART Subcommittee gathered inputs from many
sources. These included a number of questionnaires and presentations as well as computer simulation
results to evaluate the relative performance of the various proposed networking schemes. After a
prolonged effort to reach a consensus resulted in a stalemate, it was finally resolved to formulate not
one, but two high-speed data communication standards. The two standards are AS4074 and AS4075.

The High Speed Linear Bus standard calls for a "broadcast" medium, whereby all stations are connected
to a common physical medium. For a fiber optic implementation, this probably entails the use of a "star"
coupler rather than a truly "linear" structure. Similar to HSRB, the linear bus utilizes a token-passing
protocol. This is achieved by means of a "logical ring" superimposed on a physical bus topology.

A token ring communication system is characterized by a number of stations connected in a complete
circuit by unidirectional point-to-point links. A message is transmitted on the ring by an originating
station, passes through all intervening stations to the destination station, where it is copied and
continues around the ring until it returns to the originating station, where it is removed. The right to
originate a message, as opposed to the action of repeating data appearing at the input of a station, is
transferred by means of a token. Atoken is created following power-up and initialization, and is claimed
each time a message is transmitted. Following message transmission (MT) a new token is created in
the station originating the message.

The performance advantages of the ring stem primarily from the compatibility of the token passing
access method with the way in which stations are connected. In any token passing scheme, a free token
is circulated around the system by passing it from one station to another. The ring requires no action
from a station in passing a token other than to function as a passive repeater, allowing the token to pass
through. This feature has implications not only for the time required to circulate the free token, but also in
allowing for a truly equitable scheme of assigning message priorities to messages in a deterministic
manner. A further important advantage of a ring system is its simple media interface requirements of
unidirectional point-to-point links between stations.
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Ring systems canh be designed to be highly reliable. The individual point-to-point links of the ring offer the
considerable advantage that they can be used to support dynamic redundancies. The basic topology of
the HSREB is the counterrotating ring; while the HSRE can be used in simplex systems, the requirement
for dual redundancy is most common, and dual redundant operation for the HSRB has been defined
completely in the standard document. The dual ring provides static redundancy in the sense that there is
a replicated secondary path for data should the primary path fail. Two further mechanisms provide
dynamic redundancy, with the ability to reconfigure around a fault. The first mechanism is a bypass
contained within the Ring Interface Module (RIM), activated in the event of station failure, and applicable
to both simplex and dual redundant systems. The bypass not only overcomes the system failure mode
for station failure but also provides a means for coupling signals into the ring and achieving spatial
diversity in dual systems.

The second dynamic redundancy mechanism is loopback, a capability unique to counterrotating rings.
Loopback operates by providing a path through a station to connect the two rings, forming a single ring
and excluding the fault.

Development of the Standard:

This document has been developed in the form of a main document and slash sheets. The main
document contains all of the generic information on semantics and protocols, and the slash sheets
provide information specific to an implementation. This overall approach has been taken to maximize
the useful life of the HSRB standard. Rings have the major advantage that, in principle, the clock rate
can be increased as the implementation technology advances with an almost prorata increase in
throughput without the need for modification of the protocols. Consequently there is no reference in the
main HSRB document to data rates or other implementation specific parameters and the protocols and
semantics have been designed specifically to allow for growth.

Particular acknowledgement is given to the following task group members for their effort in prototype
development:

Dr. Manvel Geyer

Rob DelCoco
Kevin Endlich
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1. SCOPE:

This Handbook has been prepared by the Ring Implementation Task Group of the SAE AS-2
Committee, and is intended to support AS4075 by providing explanation of the standard itself and
guidance on its use.

The principal objective in the preparation of a standard is to provide a statement of operational and
performance requirements, and an unambiguous definition of the functions to be realized in any
implementation, primarily from the view point of interoperability. VWhile efforts have been made within
the AS4075 standard to provide a readable general description of the HSRB, detailed explanations,
rationale and guidance to the use are incompatible with the purpose and, indeed, the format of a
standard. Accordingly, this Handbook contains a paragraph-by-paragraph explanation of the main
sections of the standard, and a discussion of application and implementation issues.

2. REFERENCES:
2.1 Applicable Documents:

The following publications form a part of this specification to the extent specified herein. The latest
issue of all SAE Technical Reports shall apply.

2.1.1  SAE Publications: Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

AS4075 High Speed Ring Bus Standard
AS4075/1 Optical Implementation Relating to the High Speed Ring Bus (HSRB) Standard

2.1.2 Other Publications:

Bicknell, J: 'SAE High Speed Data Bus Standards’, ERA Seminar on Military Avionics; London,
November 1988.

Berggren, C: 'Communications for Distributed Real-Time Systerms'; April 1987.

DelCoco, R J; Kroeger, BV, Kurtz, J J: 'An Overview of SAE AE-9B High Speed Ring Bus (HSRB)
Performance'; SAE Aerospace Avionics Equipment Conference, April 1986.

Glass, M: 'A Look at the SAE High Speed Ring Bus'. Defense Electronics, Sept 1988.

Walser, R A: 'Concepts and Operational Experience for 9B Ring Bus Standards Development';
SAE AE-98 Meeting, April 24, 1986.

SAE 'Technical Rationale for the HART Document'; Issue 4, SAE AE-9B High Speed Data Bus
Applications and Requirements Task Group, April 1986.
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2.2

Definitions:

4B5B Encoding

Delimiter

Deterministic

Fault Tolerance

An encoding method whereby four information data bits are encoded into five-bit
symbols.

A symbol or sequence of symbols used to mark the boundary of a field. The
HSREB standard specifies six types of delimiters: Token Starting, Token Ending,
Message Frame Starting, Message Frame Ending, Beacon Frame Starting and
Beacon Frame Ending.

Property of an item to which the future behavior can be predicted precisely.

Capability of the system to endure component errors and/or failures without
causing total system failure. Actions range from ignoring it, to retrying action, to
complex actions of fault isolation, and then taking positive action to continue
operation without the failed component (i.e., invoking backup, reconfiguring,
invoking degraded operation, etc.).

Protocol A set of related rules describing specific processes or activities.

Reconfiguration Process by which the operation of the HSRB is initialized using Beacon frames
following the application of power, the presence of failures, or the detection of
certain errors using Beacons.

Semantics The relationships between symbols and their meanings.

Topology The arrangement or layout of elements comprising a system.

2.3 Acrohyms:

AS Aerospace Standard

AS-2 Interconnect Networks Committee of ASD

ASD Avionic Systems Division

a.c. Alternating current (refers to ac coupled)

AC Address Control Field

ACK Acknowledgement

ACK1 Message Acknowledged 1 subfield

ACK2 Message Acknowledged 2 subfield

ADJ Adjustment subfield

AGC Automatic Gain Control

ANSI American National Standards Institute

AWO Address Word Count Bit O (least significant)

Page 9 of 112
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2.3 (Continued):

AW1 Address Word Count Bit 1 (most significant)

AWC Address Word Count subfield

BA Bridge Access

BCON Beacon Control

BFCS Beacon Frame Check Sequence Field

BFCSO0 Beacon Frame Check Sequence Bit 0 (least significant)
BFCS15 Beacon Frame Check Sequence Bit 15 (most significant)
BFED Beacon Frame Ending Delimiter Field

BFSD Beacon Frame Starting Delimiter Field

BLT Beacon Loop Timer

BPI Beacon Path Indicator subfield

BT Beacon Type subfield

CON Control field

CSMA Carrier Sense Multiple Access

DA Destination Address Field

DAL Destination Address Logical subfield

DAP Destination Address Physical subfield

dB Decibel

DL Destination Address Logical

DP8 Destination Address Physical hit 8 (most significant subaddress bit)
DP9 Destination Address Physical bit 9 (least significant physical address bit)
DP15 Destination Address Physical bit 15 (most significant physical address bit)
4B5B Four bits five bits (an encoding scheme)

FDDI Fiber Distributed Data Interface

FS Frame Status Field

FCS Frame Check Sequence

FET Field Effect Transistor

g Gravity

GA Global Address Field

GAL Global Address Logical subfield

GAP Global Address Physical subfield

GL Global Address Logical

Page 10 of 112
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2.3 (Continued):

GL3
GL2
GL1
GLO
GP
GPO
GP1
HART
HKA
HKAO
HKAB
HSRB
Hz

IB

IBO
IB15
IED
IED1
IED2
IEEE
IFA
IFCS
IFCSO
IFCS15
INFO
INT
W
km

LC
LiNbO,
LiTaO
LP

Full document details: SAE AIR4289A

Global Address Logical Bit 3

Global Address Logical Bit 2

Global Address Logical Bit 1

Global Address Logical Bit 0

Global Address Physical Bit

Global Address Physical Bit O (least significant)
Global Address Physical Bit 1 (most significant)
High Speed Data Bus Applications and Requirements Taskgroup
Highest Known Address Field

Highest Known Address bit O (least significant)
Highest Known Address bit 6 (most significant)
High Speed Ring Bus

Hertz

Information Bit

Information Bit O (least significant)

Information Bit 15 (most significant)
Information Error Detected

Information Error Detected 1 subfield
Information Error Detected 2 subfield

Institute of Electrical and Electronics Engineers
Interframe Adjustment field

Information Frame Check Sequence field
Information Frame Check Sequence bit O (least significant)
Information Frame Check Sequence bit 15 (most significant)
Information field

Integer function

Information Word

Kilometer

Liquid Crystal

Lithium Nicbate

Lithium Tantalate

Logical Physical subfield
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2.3 (Continued):

LTC Loop Timer Counter

LUT Look-Up Table

Mb Millions of signalling bits per second

Mbaud Megabaud (10° baud) (also see Mbd)

Mbd Megabaud (also see Mbaud)

MCED Message Control Error Detected

MCED1 Message Control Error Detected 1 subfield

MCED2 Message Control Error Detected 2 subfield

MCFCS Message Control Frame Check Sequence field

MCFCSO0 Message Control Frame Check Sequence bit O (least significant

MCFCS15 Message Control Frame Check Sequence bit 15 (most significant)

MFED Message Frame Ending Delimiter Field

MFSD Message Frame Starting Delimiter

MHz Megahertz (10° hertz)

ms Millisecond (10'3 second)

NRZ Non-Return to Zero

NRZI Non-Return to Zero Invert

oSl Open Systems Interconnect (an International Standards Organization reference
model)

pf Pico Farad (10 Farad)

PO Token Priority Bit O (least significant)

P1 Token Priority Bit 1

P2 Token Priority Bit 2 (most significant)

PDUS Protocol Data Units (also PDUs)

PMO Message Priority Bit O (least significant)

PM1 Message Priority Bit 1

PM2 Message Priority Bit 2 (most significant)

PR Priority subfield

PRM Message Priority subfield

PRS Priority and Retry Status

RO Reservation Bit O (least significant)

R1 Reservation Bit 1

R2 Reservation Bit 2 (most significant)

Documents

Document Sharing Hub

Full document details: SAE AIR4289A


http://www.avadocuments.com/doc/sae-air4289a
http://www.avadocuments.com/doc/sae-air4289a

SAE

AIR4289A

Page 13 of 112

2.3 (Continued):

RAM
RCVD
RCVD1
RCVD2
RCVST
RES
RIM
RIU
RIUC
ROM
RS
S0

S1

S2

S3

S1

S2

S3

S4

S5
S1.1
S1.2
S1.3
S1.4
S1.5
S1.6
S2.1
S22
S2.3
S2.4
S3.1
S4.1

Full document details: SAE AIR4289A

Random Access Memory
Received

Message Received 1 subfield
Message Received 2 subfield
Receiver Status (Table 3.5.15-3)
Reservation (contents 3.4.4.2.5)
Ring Interface Module

Ring Interface Unit (3.5.15.1)
Ring Interface Unit Controller
Read-Only Memory

Retry Status Indicator subfield
SMC Bit O (least significant)
SMC Bit 1

SMC Bit 2

SMC Bit 3 (most significant)
Unconnected State
Reconfiguration State

Inactive Ring State

Repeater Ring State

Active Ring State

Unpowered State

Powered State

Quiescent State

Wait State

Synchronization State

Listen State

Reconfiguration Initialization State
Vie State
Master/Configuration State
Slave State

Inactive State

Repeater State
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2.3 (Continued):

S5.1
85.2
85.3
S5.4
85.5
85.6
85.7
85.8
85.9
$5.10
SAB
SAO
SA
SAE
SC
SCO
SC6
SMC
T

T2
TED
TNLC
TSD
TS1
TS2
TSDC
UTIT
VCXO
WC11
WCO
WC
WP
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Await Token Starting Delimiter State
Check Token Priority State

Reserve Token State

Repeat Message State

Token Claim State

Criginate Message State

Issue Token State

Strip Message State

Check Beacon State

Warm Start State

Sending Address Bit 6 (most significant)
Sending Address Bit O (least significant)

Sending Address field

Society of Automotive Engineers
Station Count field

Station Count bit O (least significant)
Station Count bit 68 (most significant)
Short Message Count

Token Status 1 bit (3.4.4.2.2)

Token Status 2 bit (3.4.4.2.4)

Token Ending Delimiter

Twisted Neumatic Liquid Crystal
Token Starting Delimiter field

Token Status 1 subfield

Token Status 2 subfield

Token Starting Delimiter Counter
Uncontrolled Transmit Inhibit Time
Voltage Controlled Crystal Oscillator
Word Count Bit 11 (most significant)
Word Count Bit O (least significant)
Word Count field

Wollaston Prism
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3. EXPLANATION OF THE STANDARD:

An explanation of the general requirements, corresponding to Section 3, is given in the following
pages. Sections 3.2 to 3.5 are a paragraph-by-paragraph explanation of the standard. Paragraph
numbering has been preserved as far as possible for clarity. Some figures referenced by this
document are found in AS4075 and are so referenced.

3.1  General Description:

3.1.1 Ring Bus Topology: The physical topology of the SAE ring bus is illustrated in Figure 3.1-1. While
it is allowable under AS4075 to implement a single (nonredundant) ring network, most military
applications will demand dual (or greater) redundancy. The data communications system shown in
the figure consists of 2 to 128 stations connected by a series of point-to-point links over two
parallel, closed paths. The two rings are counterrotating.

Sta:ions/

FIGURE 3.1-1 - Ring Bus Topology

The architecture of a typical station for the HSRB is illustrated in Figure 3.1-2. Note that each
station consists of two Ring Interface Modules (RIMs) for media interface to the two rings, a single
Ring Interface Unit (RIU) for protocol control and a host interface. The host is generally a
microprocessor. The bypasses for the two RIMs allow ring operation to continue despite the
presence of a failed or unpowered station.
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FIGURE 3.1-2 - Ring Bus Station Architecture

3.1.1  (Continued):

The dual ring topology has three inherent mechanisms to enhance system reliability: first, dual
redundancy allows for operation on the alternate ring in the case of a failed RIM or media segment;
secondly, the RIM bypasses enable an unpowered or failed station to appear "transparent” so that
the rest of the system can continue to operate; thirdly, in the case of media faults on both rings, itis
possible to configure any given station in a loopback configuration (Figure 3.1-3). A loopback
station receives its signal from one ring and retransmits the signal on the alternate ring. When
configured for the loopback mode, one ring is used for the active reception and transmission of
messages, while the RIUs on the alternate ring act as passive repeaters.
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FIGURE 3.1-3 - Loopback Configuration

3.1.1  (Continued):

The HART document specifies that there must be a bridging mechanism, to support the
interconnection of two or more buses (Figure 3.1-4). AS4075 provides the "hooks" for bridging to
as many as three other rings, thereby increasing the number of stations that may be (indirectly)
accessed from 128 to 512. Bridging is supported in HSRB protocol by the inclusion of two "global”
address bits for physical addressing and four "global" address bits for logical addressing.

FIGURE 3.1-4 - Bridging Between Two Rings
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3.1.2 Media and Signaling Rate Independence: One of the principal tenets of the HART document
states that the high speed standards are to be independent of both data rate and media. AS4075
was partitioned into a main body and slash sheet(s) to provide this independence. The main body
contains the media independent portion of the standard. Slash sheets provide the mechanism for
specifying the media and signaling rate parameters for various implementations (electrical, fiber
optic, etc.). This allows for maximum flexibility by allowing data rate, media and the parametric
specifications regarding signal transmission and reception to be varied for each implementation.

3.1.3 Frames, Symbols and Code Bits: AS4075 specifies three types of frame: Token, Message and
Beacon frames (Figure 3.1-5). The Token frame provides the mechanism for the distribution of
access control for MT. The Message frame is used for the actual transfer of information. The
Beacon frame is used during periods of power turn-on initialization and in fault recovery sequences
for the purpose of ring reconfiguration control.

Figure 3.1-6 illustrates the encoding scheme specified by the HSRB standard. The three frame
types are formed by combinations of symbols and code bits. As shown in Figure 3.1-6(a), the
polarity of all signaling bits transmitted on the physical medium is determined by means of
Non-Return-to-Zero Inverted (NRZI) encoding. That is, if the next symbol bit or code bit is a zero,
the polarity of the next signaling bit will remain unchanged from the previous polarity; if the next
symbol bit or code bit is a one, the polarity of the next signaling bit toggles from its present value.
The formulation of symbol and code bits (discussed below) precludes the transmission of more
than three successive signaling bits of the same polarity. Limiting the unbalance of signal patterns
serves to reduce dynamic offset effects for electrical and fiber optic networks.

The encoding scheme used to convert symbols to signaling bits is 4-bit/3-bit (4B5B). As shown in
Figure 3.1-6(b), 4B5B encoding converts 4 bits of data to 5 symbol bits. The symbol bits are then
converted to signaling bits by means of the NRZI encoding. Each of the 16 possible 4-hit (hex)
combinations is converted to a unique 3-bit symbol. Therefore, each 16-bit word in the Information
field (INFO) of a Message frame consists of four symbols.

In addition to the 16 symbols representing hex bytes, Figure 3.3-6(b) lists a number of "nonhex"
symbols, used for special purposes. The principal use of these symbols is to form the Start and
End Delimiter fields for the three frame types. The Token Starting Delimiter (TSD) field is made up
of 10 signaling bits: a "J" symbol followed by a "K" symbol. Message frames are appended to
Claimed Tokens by means of a Message Frame Starting Delimiter (MFSD): a "J" symbol followed
by an "A" symbol. During periods of reconfiguration, all Beacon frames start with a Beacon Frame
Starting Delimiter (BFSD) made up of a "K" symbol followed by a "J" symbol. For all three frame
types, the End Delimiter consists of a single "T" symbol.

IDLE ("I"y symbols consist of five consecutive ones, resulting in a pattern of alternating ones and
zeros transmitted on the physical medium. IDLEs are used in Token and Message frames as part
of the HSRB Clock recovery (synchronization) scheme. IDLE symbols are also used following
some MT sequences and during reconfiguration as a means of keeping the entire ring "full" of
signaling bits in order to maintain synchronization.
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Token Token
Starting Control Ending
Delimiter (CON) Delimiter

(TSD)

Priority oken Status| Short Message Count Token Status| Reservation
1 2

1P2P?1F1TPO 1 |'l’1 sa[1{s2|s1[1|§o 1 irz nz]tln1|1|no

Token Frame
inter- |, ) Message
Frame |'co0"99 Priority | Word {Sending|Address| Global |Destination| Control Message Mossage| =
TSDCOIﬁAd]ustmem Starting ansleetrv Count|Address| Controf [Address| Address | Frame information 3,1'25 Er:?i?r:; Status |Adjust
ke atus Check -
Delimiter| Delimiter
|Sequence equence
Message Information| Messa,
Control Message |Message " m’r°" Contrgle Message |Message lnfosrgﬁion
Error Acknowledge | Received Detected Emor (Acknowledge Roceived| no4octad
Detected 1 1 1 1 Detected 2 2 2 2

11[1/MCED1 ACK1 1/RCVD1| 1ED {1 MCED2 ACK2 1 |RCVD2[1 IED2

Message Frame

Beacon Beacon | Beacon
Frame |Beacon|Highest Station| Frame | Frame
Starting|Control! Known | Count| Check | Ending
Delimit IAddre uenceDelimiter

Beacon Frame

FIGURE 3.1-5 - Ring Bus Frame Types (a) Token Frame; (b) Message Frame; (c) Beacon Frame
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Symbol Bits
Data Blts| 4-bit 5-bit NRZ] Encoding
J
{ Physical Medium
Encoding ; K G ’b y: od!
—_—1 s
Mt_s___ TX Clock
Signalling Bits

Symbol  Code Group Assignment

0 11110 Data Symbol '0000' Binary

1 01001 Data Symbol '0001' Binary

2 10100 Data Symbol ‘0010’ Binary

3 10101 Data Symbol ‘0011 Binary

4 01010 Data Symbol ‘0100’ Binary

5 01011 Data Symbol '0101' Binary

6 01110 Data Symbol ‘0110’ Binary

7 o111t Data Symbol ‘0111’ Binary

8 10010 Data Symbol ‘1000' Binary

9 10011 Data Symbol 1001’ Binary

A 10110 Data Symbol '1010' Binary. Also used with
a preceding 'J’' symbol as the message
frame starting delimiter.

B 10111 Data Symbol ‘1011’ Binary

c 11010 Data Symbol '1100°' Binary

D 11011 Data Symbol '1101' Binary

E 11100 Data Symbol '1110* Binary

F 11101 Data Symbol '1111' Binary

I 11111 idle. No information currently being
transmitted.

J 11000 Used for token, message frame, and
beacon frame starting delimiters.

K 10001 Used for token and beacon frame starting
delimiters.

Q 00000 Quiet, No signal being transmitted.

T 01101 Terminate., Ending delimiter for token,
message frame and beacon frame.

S 11001 Never transmitted as a symbol, but may
occur in a token or frame status.

v 00001

v 00010

v 00100

Vv 01000 invalid. These symbols shall not be used

v 10000 as they violate consecutive code-bit

\ 00011 zeros, duty cycle, or prevent unique

\' 00101 starting delimiter patterns.

v 00110

\ 00111

v 01100

FIGURE 3.1-6 - 4-bit/5-bit NRZI Encoding (a) Simplified Block Diagram;
(b) 4B5B Symbol Coding Table
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3.1.3 (Continued):

Code bits, rather than symbols, are used in the various "Control" subfields of Token frames as well
as in the "Frame Status" field of Message frames. |nthese fields, it is necessary for stations to flip
various bit values in "real-time." By eliminating the 4B5B encoding/decoding for such functions as
the Token Status, Priority and Reservation subfields in Token frames as well as the Error and
Acknowledge bits in Message Check Sequences, it is possible to specify a maximum "per station”
delay of six signaling bit times.

3.1.4 Token Passing: During normal operation, access to the HSRB is controlled by continually passing
a Token frame around the ring. VWhen in the token passing mode, each station behaves as a
passive repeater.

There are two types of Token frames: free tokens and claimed tokens. The two Token Status bits
are used to distinguish between the two types. When there are no stations vying to transmit, the
free token will continuously circulate around the ring. When a station has a message pending, it
flips the Token Status bits creating a claimed token and appends its message to the claimed Token
frame, forming a Message frame. Following the end of the Message frame, the transmitting station
issues a new free token.

One of the salient features of the HSRB is its protocol for message prioritizing. This is
accomplished by means of the Priority and Reservation fields of the Token frame. YWhen a
message is circulating around the ring, any station may use the Reservation field to indicate that it
has a message pending. This is done by updating the value of the Reservation field of the claimed
token preceding the current message to the priority of the vying station's message, providing that
the priority of the pending message is higher than the priority currently indicated by the
Reservation field. The Reservation field may assume a value between 0 and 7, with O indicating
the highest priority level. When the transmitting station issues the new free token, the value of its
Priority field is assighed the value from the Reservation field of the returned claimed token. The
free token may then be claimed, and another Message frame transmitted by any downstream
station with a message priority equal to or greater than the priority of the free token.

An exception to the normal token passing sequence involves Short Message protocol. A short
message is defined as a message that is shorter than the time to propagate around the ring plus
the time to process the reservation field of the returning token. In some scenarios using the Short
Message protocol, it is possible to have two or more messages propagating on the ring at the
same time. By means of the Short Message Count (SMC) field, the HSRB standard allows for as
many as 15 consecutive short messages to be transmitted without regard to the normal priority
protocol. This is implemented by loading the value of 7 (lowest priority) into the token Priority and
Reservation fields following each short message (up to 15), instead of waiting for the claimed token
portion of the Message frame to return to the transmitting station, as is otherwise done. After 15
short messages have been transmitted, it becomes necessary to cbserve the normal priority
protocol by transmitting IDLE symbols until the claimed token returns and then loading the returned
Reservation field into the Priority field of the new free token. In systems where message
prioritization ordering is considered more important than bus bandwidth, the HSRB standard allows
for disabling the Short Message option by always loading a value of 15 into the SMC field of free
tokens when they are issued.
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3.1.5 MT: Information transfer on the HSREB is implemented by means of the Message frame. In
Message frames, data are always transferred from the station claiming the free token to one or
more destination stations. As shown in Figure 3.1-5(b), the Message frame is formed by
appending additional fields to a claimed Token frame. The Message Priority field indicates the
actual priority level of the message, which must be equal to or greater than the Priority field of the
claimed token. Provision for a single message retry is included in the HSRE protocol. Such
messages are identified by means of the Retry Status bit. The number of 16-bit words to be
transmitted may vary from 1 to 4096 and is indicated by the Word Count field. The Sending
Address field specifies the 7-bit physical address of the transmitting station.

As mentioned, AS4075 supports two types of destination addressing: logical and physical. Fora
particular message, the addressing mode is specified by the Logical/Physical subfield. In addition,
the standard supports Global Addressing, providing the "hooks" to communicate with stations on
the other rings, via bridges.

For physical addressing, the two-bit Global Address Physical (GAP) subfield identifies the number
of the destination ring. By definition, zero (0) is always designated as the Global Address of the
ring containing the originating station. The 16-bit Destination Address Physical (DAP) field is
subdivided into a 7-bit Physical Address supporting 128 physical stations and a 9-bit subaddress
field, allowing for 512 physical subaddresses per station.

In the logical addressing mode, it is possible to send data to the stations on the originating ring
and/or to any combination of up to three other rings, via bridging. The destination ring(s) is (are)
identified by the four bits of the GAL subfield. For any particular message, the length of the Logical
Address field is identified to be 16, 32, 48, or 64 bits by the Address Word Count (AWC) subfield.
This specifies the width of the Logical Address subfield to be from one to four words, as
determined by system requirements.

The Information/Adjustment field contains between 1 and 4096 18-bit data words, as indicated by
the Word Count Field. In addition to the data words, this field also contains adjustment subfields
(ADJs), providing that the Word Count is 256 or greater. ADJs, which consist of 6 IDLE symbols
following by a J and A symbols, are embedded following every 256 words of the INFO to allow
compensation for clock differences as part of the standard's synchronization (clock recovery)
scheme.

3.1.6 Validity Checking. As a mechanism for verifying the valid transfer of a transmitted Message frame,
the HSRB standard calls for two check sequences. Both are based on the same residue generator
polynomial. The Message Control Frame Check Sequence (MCFCS) field encompasses the
Priority/Retry Status, Word Count, Source Address, Address Control, Global Address (GA) and
Destination Address (DA) fields. A second check field, the Information Frame Check Sequence
(IFCS) field covers the INFQO.
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3.1.6 (Continued):

The final field of the Message frame is the Frame Status (FS) field. The FS field enables the
station receiving a message to inform the transmitting station that the message has been received,
acknowledged and verified as correct. The active bits of the FS field are all initialized by the
transmitting station and may later be changed by the receiving station. The two Message
Acknowledge bits indicate that the full message has been received and made available to the
receiving station's host. The two Message Received bits indicate that the station has received a
message containing its address. The two Message Control Error Detected and the two Message
Error Detected bits indicate disparities between the received and calculated values of the MCFCS
and IFCS fields, respectively.

The HSRB information transfer sequence is summarized as follows: the station claiming the token
appends its transmitted Message frame to the claimed Token frame. The transmitted message is
repeated by each successive station around the active ring, including the receiving station(s).
Receiving station(s) copy and acknowledge the Message frame, as the message is repeated by all
stations. When the message returns to the transmitting station, it is stripped off the ring. In the
process of stripping the message, the transmitting station alerts its host regarding any and all fault
conditions indicated by the returned FS field. Immediately after completing transmission of the
Message frame, the transmitting station issues a new free Token frame, followed by IDLE symbols.
An exception to this involves the completion of the last (fifteenth) consecutive short message to be
transmitted; in this instance, IDLE symbols are transmitted until the Message frame returns, and
then the free token is issued.

3.1.7 Reconfiguration: The Beacon frame is used only during periods following station power turn-on or
during fault recovery sequences. The purpose of the reconfiguration sequence, which entails the
transmission of Beacon frames among the currently operational stations in a system, is to establish
one of three possible signaling paths to utilize for normal operation. The three reconfiguration
possibilities are: (1) Ring 0 Active, (2) Ring 1 Active, and (3) Loopback.

The Beacon Control (BCON) field consists of two subfields: the Beacon Type (BT) and Beacon
Path Indicator (BPI) subfields. The three bits of the BT subfield identify which of the seven Beacon
types is presently being passed around the ring. The seven types of Beacon frames are: Warm
Start, Warm Recover, Restart, Vie, Configure Ring 0, Configure Ring 1, and Configure Loopback.
The Warm Start and Warm Recover Beacons are used for the Warm Start sequences, involving
recovery to "soft" errors. All of the other Beacon types are utilized in the Restart, or
Reconfiguration sequence.

Following certain "soft" fault conditions, a Warm Start sequence may be initiated by any station
detecting such an error. After the "master" station repeats the Warm Start Beacon, it issues a
Warm Recovery Beacon followed by a free token to resume normal operation.
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3.1.7 (Continued):

Scenarios requiring the full Restart configuration sequence include following station power-up, as a
result of one of several "catastrophic” fault conditions, or following a failed Warm Start sequence.
The reconfiguration sequence is initiated by the transmission of a Restart Beacon. Next, Vie
Beacons are transmitted and retransmitted in a point-to-point manner by all active stations. The
Vie portion of the reconfiguration sequence involves making a determination of the functional
communication path. The BPI bit is used in the Vie process to determine if there is continuity in the
Ring 0 and/or Ring 1. The Station Count (SC) field is used to determine which of the two ring paths
has the greater number of functional stations. The Highest Known Address (HKA) field is used to
identify the station with the highest physical address, which is then designhated as the "master”
station on the ring. The "master” stations then determines the active transmission ring path, and
issues the appropriate type of Configuration Beacon. Following the Configuration Beacon, the
"master” station issues a free token to commence normal operation. Similar to the MCFCS and
IFCS fields for Message frames, the Beacon Frame Check Status (BFCS) field provides a
mechanism for checking the validity of Beacon frames.

3.1.8 Error Detection and Recovery: As required by the HART document, the HSRB standard calls for a
number of mechanisms to support robust operation in a real-time environment, with minimal
recovery times in response to a number of fault conditions. Most of these self-healing mechanisms
are directly embedded in the lower level protocol and are, therefore, implemented with minimal or
no involvement of the station host.

AS4075 calls for a variety of fault recovery schemes ranging from "no action required" to full
reconfiguration. Faults including Token Priority too low, claimed Token Reservation too high or too
low, and SMC errors have only a minor effect on ring operation and require no corrective action.
Single (or multiple) bit errors in Token or Message frames will generally be evidenced by the
receipt of invalid starting delimiters or symbol(s) and/or incorrect MCFCS or IFCS.

These conditions require ho immediate corrective action to be taken; however, a station detecting
one of these errors is required to notify its host of the fault. Similarly, a transmitting station will
notify its host if it detects a honreception or nonacknowledged condition in the FS field of a
Message frame. The host has the option of selecting a mode incorporating a message retry. The
HSRB standard supports this by the inclusion of the Retry bit in Message frames, which indicates
the retry status of the Message frame.

Another class of detected errors indicates either catastrophic fault conditions and/or conditions that
may "hang" the bus. These conditions result in a "Warm Start" beaconing sequence in order to
reinitialize the ring without having to go through a full reconfiguration sequence. The Warm Start
error conditions include Lost Token Start Delimiter, Token Priority too high, Token Status bit
disagreement, Token frame format errors, and fault conditions that are continuously monitored by a
number of timer and counter mechanisms. The Lost Free Token Counter detects two consecutive
messages containing the same Sending Address without an intervening free Token. Another timer
mechanism, the Uncontrolled Transmit Inhibit Timer (UTIT), inhibits MT after 1.1 times the
maximum message length (ML) of 4096 words.
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3.1.8 (Continued):

For the most catastrophic failure modes, the HSRB standard calls for a full "cold start"
reconfiguration sequence. The conditions requiring full reconfiguration are, loss of input on active
ring, acquisition of input from either receiver, Warm Start failure and station insertion.

3.1.9 Synchronization: One of the major topics of discussion during the development of the HSREB
standard was the specification of the synchronization, or clock recovery scheme. A
synchronization mechanism is required in order for each station on the ring to synthesize a
decoder clock, sample its received bit stream and repeat the signal to the next downstream station
on the ring.

During the HSRB standard development process, two synchronization schemes were considered.
The two techniques, as illustrated in Figure 3.1-7, are the "single clock master" scheme and the
"point-to-point" scheme.

The "single clock master” scheme is utilized in IEEE standard 802.5 (the IBM Token Ring) and is
shown in Figure 3.1-7. In this scheme, one station emerges from the reconfiguration process as
the clock master station. The timing of the signaling bit stream transmitted by the master station is
derived from a crystal oscillator in the station. All stations on the ring include a clock recovery
device (possibly a phase-locked loop). The function of the clock recovery device is to synthesize a
decoder sampling clock that is synchronized to the transition times of the incoming bit stream and
ultimately to the master station.

For the "single clock master" scheme, all stations other than the master station synchronize their
transmission as well as reception to the synthesized clock. In so doing, the transmission of
signaling bits for all stations on the ring is essentially synchronized so that there is no "bit slippage”
possible between adjacent stations, since they all transmit and receive at the same controlled rate.
The clock master station includes a 128-bit elastic buffer, or bit FIFO between its receiver and
transmitter sections. In addition to enabling the circulation of a Token frame on a very short ring,
the elastic buffer provides a mechanism to compensate for effects, such as delay drifts in
transmitters, receivers and media due to warm-up or temperature, that may either "shorten” or
"lengthen" the effective length of the ring (total bit delay).

The "single clock master” algorithm was seriously considered for the HSRB standard, but was
ultimately rejected in favor of the "point-to-point" scheme. While the "single clock master”
technique did offer a slight performance advantage and has been successfully implemented at 10
MHz in IEEE Std. 802.5, it was felt that the accumulated phase jitter resulting from intersymbol
interference and zero-crossing noise would result in difficult and unreliable operation for a
128-station 100 MHz ring.

The "point-to-point" synchronization scheme is utilized in the ANSI Fiber Distributed Data Interface
(FDDI) standard and is shown in Figure 3.1-7. Similar to the "single clock master" scheme, each
station contains a clock recovery device (one for each ring). However, instead of deriving the
timing for the retransmitted signaling bit stream from the synthesized clock, each station
synchronizes its transmitted signal from its internal crystal oscillator, independent of the decoder
clock.
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FIGURE 3.1-7 - Ring Synchronization Schemes
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3.1.9 (Continued):

One problem that must be overcome in implementing the "point-to-point", or independent,
synchronization scheme is the problem of bit slippage between independent stations, due to clock
frequency differences. Bit slippage can cause a station to start losing bits, thus causing errors in
messages. This bit slippage is avoided in the HSRB by specifying a maximum clock frequency
tolerance of £0.009%, adding an Adjustment Field consisting of IDLE symbols at strategic times in
the Message frame and requiring a small elastic buffer for all stations on the ring. The clock
frequency tolerance guarantees a maximum bit slippage from one station to the next. The IDLE
symbols provide areas of the Message frame to add to or delete bits in the elastic buffer in order to
compensate for the bit slippage. The Message frame includes 6 IDLE symbols (at origination)
between every 256 words in the INFO fields of Message frames to allow for the elastic buffer
operation.

For the "point-to-point" synchronization scheme, the small elastic buffers distribute the adjustment
function among all the stations on the ring, eliminating the need for the large elastic buffer required
for the "single clock master" scheme. However, the "point-to-point” technigue does demand that a
small buffer (40 bits) be implemented in a single station, designated as the "master" (as a result of
reconfiguration) for the purpose of allowing token passing operation on a very small ring.

As specified in the HSRB standard, the independent synchronization scheme permits the use of
simple, economical clock recovery devices while providing reliable system operation. The
performance penalty, in comparison to the "single clock master” scheme is small; an additional
2-bit station delay time and a maximum 0.8% throughput reduction for the INFO fields of Message
frames.

3.1.10 Tradeoffs, Rationales and Advantages of the HSRB Standard: In terms of topology, protocol and
survivability, this document offers a number of advantages over other networking standards.

The ring topology provides a number of inherent advantages over linear and star buses. The ring
configuration, consisting of a series of point-to-point repeater nodes, greatly reduces the amount of
transmitter power required and simplifies the design of transmitters and receivers. This is in
contrast to networks employing a broadcast medium, which encounter inevitable tradeoffs between
total media length, the maximum number of taps, transmitter power, receiver sensitivity and bit
error rate. Since each station on a ring bus is itself a repeater, there is essentially no limit to the
number of stations or total ring length.

In addition to the transmitter/receiver considerations, the ring topology is particularly advantageous
for a fiber optic implementation. Unlike a system employing a "broadcast” medium, there is no
need for tree or star couplers. In addition to limiting the number of nodes on a network (at this time,
32 is considered the most for a passive star configuration), the use of a star coupler reduces
system reliability by introducing a single point failure mode. Another advantage of the ring
configuration is that it allows stations to be positioned arbitrary, independent of physical address
with no effect on performance.
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3.1.10 (Continued):

In some respects, the counterrotating ring topology provides more inherent reliability than does a
linear bus structure. For example, media faults on the two redundant buses between adjacent
nodes renders a linear bus inoperative; for the same condition on a ring bus, continued operation is
made possible by reinitializing to the loopback configuration. In addition, the point-to-point
topology provides protection against a station with an "uninhibited transmitter” fault. Networks
employing a broadcast medium cannot continue operation in such a situation. In general, the
inclusion of bypasses and the loopback mode for a point-to-point ring network allows for robust
system operation over a wider range of fault scenarios than is possible for a network using a
broadcast medium.

The use of token-passing protocol, in contrast to Carrier Sense Multiple Access (CSMA), provides
excellent determination of latency. This is particularly important for real-time military systems,
where it is imperative that individual nodes be serviced within a known, predetermined maximum
time period. While CSMA provides good performance at low levels of loading (less than 20%), its
throughput efficiency and worst case latency degrades severely at high utilization levels, due to
access contention.

In addition to the performance and system reliability advantages provided by the use of token
passing, the protocol scheme provided by the HSRB standard includes a number of other desirable
features. Perhaps the most salient of these features is the access control scheme that is specified
in the HSRB standard. By taking full advantage of the physical ring topology, the time required to
circulate a Token frame around to all stations on a ring is held to an absolute minimum. This is due
to the fact that for a repeater ring bus, the passing of Token frames (as well as Message frames) is
a pipelined operation, rather than a purely serial operation (reference Figure 3.1-8). That is, the
station-to-station delay time for token passing on a ring bus consists entirely of a station's total
throughput delay plus the media propagation time to the next station. The maximum allowable
station throughput delay is specified as six signaling bit times plus transmitter and receiver delay
times, or a total of about 8 signaling bit times (80 ns) at 100 Mb. By contrast, the station-to-station
token passing time for a linear or star bus is comprised of the time needed to transmit the entire
Token frame plus the media delay time between the two stations (that are not necessarily in close
proximity) plus the Automatic Gain Control (AGC) adjustment, resynchronization and response
times for the next downstream station on the logical ring. This situation is particularly pronounced
for the fiber optic star topology, in which each station-to-station token pass requires propagation
from one station to the star coupler and then from the coupler to the next station on the logical ring
(Figure 3.1-8(c)).

The net effect of employing a physical ring rather than a logical ring is that the time required to pass
the token is minimized, allowing relatively more time for the transmission of Message frames,
resulting in a very high throughput efficiency. This is of paramount importance for a ring supperting
a large number of stations, particularly where long separation distances are involved and where
arbitrary assigning of physical addresses is desired.
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3.1.10 (Continued):

Aside from throughput efficiency, the implementation of a token-passing protocol on a physical ring
provides superior performance in the areas of predictability, short message operation and
message prioritization. Average message latency is minimized by the efficiency of the HSREB
token passing algorithm. The latency for very high priority messages is held to an absolute
minimum by the use of the Reservation and Priority fields of Token frames.

Use of the optional Short Message protocol provides a means to further improve throughout
performance by suspending the usual priority rules following short messages. The use of the Short
Message protocol may be disabled for applications where system predictability is favored over
average throughput.

To a large extent, the use of the point-to-point synchronization scheme for the HSRB simplifies the
design of receivers and clock recovery devices. Another aspect of the HSRB protocol that reduces
the demands on receiver AGC, filter, phase-locked loop and decoder design is the fact that under
normal operation, there is always a stream of signaling bits present at each active receiver's input.
This is in contrast to command/response, CSMA or token-passing on a broadcast medium where
there is always "dead time" between bursts of bus activity. A receiving station is susceptible to
noise-induced errors during this "dead time", particularly the time period just prior to and just
following the reception of Beacon, Token or Message frames. As a result, the requirements for
AGC bandwidth and rapid phase lock for a receiver on a ring bus are much less demanding than
on a broadcast media. This is because under normal conditions, a receiver's AGC and clock
recovery circuits are able to remain locked on to the same input signal, rather than having to
continually adapt to different signhals of varying amplitude, frequency and phase. In addition to
eliminating the added overhead of preamble fields associated with networks using broadcast
media, this contributes to achieving a very low system bit error rate. The bit error rate for the ring
topology is, in any case, very low since the full signal power from one station's transmitter is
received by only one station, rather than shared between all other stations in the system, as is the
case for a broadcast medium.

The encoding scheme employed in the HSRB, 4B5B NRZI, provides a fundamental advantage
over the Manchester encoding employed in other standards. 4B5B NRZI provides a ratio of 0.8
data bits per signaling bit, as opposed to 0.5 data bits per signaling bit for Manchester encoding. In
other words, to attain a data bit rate of 100 MHz requires 200 million sighaling bits per second for
Manchester, but only 125 million signaling bits per second for 4BSB. This difference in encoding
schemes yields a significant advantage, particularly for operation at very high data rates.

Some of the features suppored by the command/response protocol of MIL-STD-1553 include
RT-to-BC transfers, RT-to-RT transfers and mode code messages. In the interest of simplifying
the design, fabrication, test, software development and maintenance of the HSRB hardware, these
functions are not directly implemented by the HSRB standard. Nevertheless, it should not be
noted that command/response or any of the other "1353-like" features, including any or all of the
mode code functions, may be effectively emulated in a token passing network by means of the high
level system design.
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3.1.10 (Continued):

The large number of fault detection and recovery mechanisms called for in the HSRB standard
ensures robust operation and fast healing to a variety of error and fault conditions. This provides
the network survivability and reliable, real-time operation demanded for military platform
applications, with recovery times on the order of a millisecond for station and media faults.

3.1.11 Token Passing Rings: Both ANSI| FDDI and SAE AS4075 (HSRB) are high speed Token Passing
Ring buses.

Both buses use a 4B5B encoding scheme. FDDI transmits at 125 Mb (100 Mbit/s data rate) while
the HSRB standard does not limit the bit rate.

(The slower transmission speed of the initial 100 Mb fiber optic implementation was chosen in
order that the necessary components, both fiber optic and crystals with sufficiently tight tolerance
to meet the synchronization requirements, could be obtained to meet the wide temperature range
experienced in some military systems).

To understand one of the major differences between the HSRB and FDDI one must first consider
the other major Token Passing Ring standard, namely IEEE 802.5. The 802.5 standard is
considerably slower (signaling rate of 1 or 4 Mb) than the HSRE or FDDI. However, many of the
underlying principles of the Token Passing technique are exhibited by the standard.

A Token Passing Ring contains an attribute of "Ring Length". Ring Length is made up of the
transmission delay on the media together with the delay through the registers within the ring
stations that are in the direct path of the ring. The Ring Length of a system will appear to be longer
if the transmission rate is higher as more bits can be accommeodated within the ring if the bits are
transmitted faster, therefore appearing to take up less room on the ring.

In the case of 802.5 the transmission rate is comparatively slow and a single message therefore
tends to fill the ring. This fact allows an 802.5 station to use the mechanism of not releasing a Free
Token until it receives its previously transmitted message header back. This allows the use of the
priority protocol that is implemented in 802.5. A circulating message collects the priority of the
other messages awaiting transmission on the ring (in the priority reservation field of the message
header) and a Free Token can then be released at the highest priority of message that is awaiting
transmission. This mechanism gives the 802.5 standard a true priority (highest priority goes first)
scheme.

With increasing transmission speed the length of a ring becomes effectively longer. One message
may well not fill the ring. If the 802.5 protocol were used on such a ring its effective bandwidth
would be markedly reduced as it would spend a considerable amount of time transmitting padding
idle symbols in order to fill up the ring while awaiting the return of message headers.

The simple answer to this problem is for a station not to wait for the return of its own message
before transmitting a Free Token. In this way it is possible to have more than one message on the

ring at the same time and greatly increase the amount of data being transmitted, reduce the
amount of idle being transmitted and increase the effective bandwidth of the ring.

Documents

Full document details: SAE AIR4289A


http://www.avadocuments.com/doc/sae-air4289a
http://www.avadocuments.com/doc/sae-air4289a

SAE AIR4289A Page 32 of 112

3.1.11 (Continued):

The price to be paid for such a scheme is that if a station does not wait for its own message header
to return before issuing a Free Token then the issued Token cannot be allocated a priority.

Both FDDI and HSRB utilize schemes that allow multiple messages on the ring, giving the
advantage of increased effective bandwidth. However, the different methods which the two
standards use to overcome the problem of priority handling have a profound effect on the operation
of the two standards within a system.

FDDI has overcome the problem by the adoption of Token Rotation Timers. Very simply when Free
Tokens are rotating round the ring quickly the ring must be lightly loaded and therefore messages
of low priority can be transmitted. WWhen Free Tokens are rotating around the ring slowly the ring
must be loaded and low priority messages are therefore not allowed to be transmitted.

This scheme does not offer a true priority scheme as there is no guarantee that high priority
messages will always be transmitted before lower priority messages. The scheme is, in fact, more
akin to bandwidth sharing with an attempt being made to allocate more bandwidth, and therefore
better service, to the more important messages. FDDI therefore offers good throughput with
bandwidth sharing and is a scheme that is well suited to its intended application, i.e., that of
general purpose data processing.

The HSRB standard takes a different approach to handling the problem of utilizing the available
bandwidth while still maintaining a priority scheme.

VWhen messages are "longer" than the ring then a priority reservation scheme is used in the same
way as in the IEEE 802.5 standard. This ensures a true priority scheme where the higher priority
messages go before the lower priority messages. When messages are "shorter” than the ring then
the priority scheme is suspended and messages are dealt with as they are encountered. However,
in order to ensure that higher priority messages are not locked out by the presence of a large
number of short messages the priority scheme is only suspended for a maximum of 16 short
messages. After 16 short messages in a row a long message is forced, by padding the message
with idle, causing the re-establishment of the priority scheme.

The number of short messages that can be sent in a row (sixteen) was not chosen randomly but
was chosen such that a highest priority message would not experience considerably more delay
when waiting for the short messages to complete than it might have had to experience while
waiting for a maximum length message to complete. The other factor to be borne in mind is that if
the system contains considerable number of short messages then these messages, which would
have caused great inefficiency if dealt with under a priority scheme will be dealt with very quickly,
and efficiently, under the scheme used without detriment to the priority scheme as applied to the
other messages.

The HSRB was designed specifically for use in Real-Time systems. As such special attention was
paid to making both the semantics and the protocol of the standard as efficient as possible.
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3.1.11 (Continued):

The measures taken to make the semantics as efficient as possible can be seen by comparing the
semantics of the HSRB with that of the FDDI standard. For instance the use of a 16-bit error
detection code in the HSRB (which is quite adequate for the purpose) compared to the 32-bit one
used in FDDI.

The above semantic differences, while having an effect on efficiency, cause a small effect
compared with the bit delay allowed through a station in the two standards. The FDDI standard
allows up to 94 bits delay in a station on the ring while the HSRB standard allows only 6 bits delay
in all the stations on the ring except one master station that is allocated up to 40 bits. This
difference has a profound effect on the Ring Rotation Times (RRT) of the two standards (as RRT is
made up of transmission delay and total station bit delay).

To summarize the differences in the two standards, the HSRB offers a true priority scheme
whereby higher priority messages go first. The FDDI offers a bandwidth sharing scheme which
attempts to allocate sufficient bandwidth to high priority information.

Although both standards offer considerable, and efficient, throughput the HSRB standard imposes
far less delay in the path of any particular message.

A comprehensive guide to the calculation of the performance to be expected of the HSRB is given
in Section 7.

HSRB provides levels of performance and reliability eminently suitable for airborne, shiphoard,
vehicle and ground based applications. In addition to exhibiting superior throughput and latency
performance in comparison to other networking standards, the HSRB offers a great number of fault
detection and recovery mechanisms to support truly robust operation in a real-time environment.
Since the HSRB standard specifies point-to-point transmission and a protocol that is essentially
independent of both media and clock rate, it is inherently upward compatible. For example, it is
practical to plan and implement a 100 MHz system today, with an eye towards making future
upgrades to the gigahertz range.

3.2 Operational Requirements:

3.2.1 Serial Transmission: Data in a communications system can be transferred in either a parallel or
serial fashion. A parallel transfer system is characterized by a data bus (8, 16, or 32 bits wide) and
multiple control and timing signals while a serial transfer system combines control and data on a
single transmission medium. Although the parallel system is capable of achieving higher
bandwidths, the serial system has the cost, weight and power advantages of requiring only cne
driver and receiver per station (two for a redundant system) and only one transmission media per
link between stations. Moreover, message latency is governed primarily by the line rate in parallel
systems and there is little benefit in adopting a parallel structure for real-time, general purpose
communications. The HSRB is a serial data transfer system offering high signaling rates with
either wire or fiber optic media and sufficient bandwidth for modern avionic systems.
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