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IEEE Standards documents are developed within the Technical Committees of the IEEE Societies and the Standards
Coordinating Committees of the IEEE Standards Board. Members of the committees serve voluntarily and without
compensation. They are not necessarily members of the Institute. The standards developed within IEEE represent a
consensus of the broad expertise on the subject within the Institute as well as those activities outside of IEEE that have
expressed an interest in participating in the development of the standard.

Use of an IEEE Standard is wholly voluntary. The existence of an IEEE Standard does not imply that there are no other
ways to produce, test, measure, purchase, market, or provide other goods and services related to the scope of the IEEE
Standard. Furthermore, the viewpoint expressed at the time a standard is approved and issued is subject to change
brought about through developments in the state of the art and comments received from users of the standard. Every
IEEE Standard is subjected to review at least every five years for revision or reaffirmation. When a document is more
than five years old and has not been reaffirmed, it is reasonable to conclude that its contents, although still of some
value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that they have the
latest edition of any IEEE Standard.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership affiliation
with IEEE. Suggestions for changes in documents should be in the form of a proposed change of text, together with
appropriate supporting comments.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they relate to
specific applications. When the need for interpretations is brought to the attention of IEEE, the Institute will initiate
action to prepare appropriate responses. Since IEEE Standards represent a consensus of all concerned interests, it is
important to ensure that any interpretation has also received the concurrence of a balance of interests. For this reason
IEEE and the members of its technical committees are not able to provide an instant response to interpretation requests
except in those cases where the matter has previously received formal consideration.

Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE Standards Board
445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 08855-1331
USA

IEEE standards documents may involve the use of patented technology. Their approval by the Institute of
Electrical and Electronics Engineers does not mean that using such technology for the purpose of conforming to
such standards is authorized by the patent owner. It is the obligation of the user of such technology to obtain all
necessary permissions.
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Introduction

(This introduction is not part of IEEE Std 960-1993, IEEE Standard FASTBUS Modular High-Speed Data Acquisition and Control
System.)

This standard is a revision of IEEE Std 960-1989 in that it incorporates the various addenda and errata that have been
issued based on operating experience. It defines a modular data-bus system for data acquisition and control.
Mechanical, signal, electrical, and protocol specifications are given that are sufficient to assure compatibility between
units from different sources of design and production. This standard applies to systems consisting of modular
electronic instrument units that process or transfer data or signals, normally in association with computers or other
automatic data processors.

The system on which this standard is based (U.S. Department of Energy Report DOE/ER-0189, as amended') was
developed by the NIM Committee? of the U.S. Department of Energy, consisting of representatives of the U.S.
National Laboratories and other major laboratories. Representatives of the ESONE Committee of European
Laboratories, as well as of individual European, Canadian, and Japanese laboratories, have also contributed to the
development of this standard.

Secretary, IEEE Standards Board
445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 08855-1331
USA

When the IEEE Standards Board approved this standard on December 2, 1993, it had the following membership:

Wallace S. Read, Chair
Donald C. Loughry, Vice Chair
Andrew G. Salem, Secretary

Donald N. Heirman

Satish K. Aggarwal Donald T. Michael*

Gilles A. Baril

James Beall

Jose A. Berrios de la Paz
Clyde R. Camp

Jim Isaak

Ben C. Johnson
Walter J. Karplus
Lorraine C. Kevra

Marco W. Migliaro
L. John Rankine
Arthur K. Reilly
Ronald H. Reimer

Richard B. Engelman E.G. Kiener Gary S. Robinson
Donald C. Fleckenstein Ivor N. Knight David E. Soffrin
Julian Forster* Joseph L. Koepfinger* Leonard L. Tripp

David F. Franklin Demetrois N. Logothetis
Ramiro Garcia Donald C. Loughry

Stanley Warshaw
Donald W. Zipse

*Member Emeritus

! Information on references can be found in clause 2.6.

2 To keep advised of FASTBUS developments, interested parties should request that they be placed on the FASTBUS mailing list. Such requests,
as well as any inquiries, comments or suggestions, should be addressed to Louis Costrell, Chairman, NIM Committee, Physics Laboratory, National
Institute of Standards and Technology, Gaithersburg, MD 20899, USA.
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This standard was reviewed and balloted by the Nuclear Instruments and Detectors Committee of the IEEE Nuclear
and Plasma Sciences Society and by the American National Standards Committee on Nuclear instruments, N42. It has
also been endorsed by the ESONE Committee of European Laboratories.

At the time this standard was approved, the Nuclear Instruments and Detectors Committee of the IEEE Nuclear and
Plasma Sciences Society had the following membership:

Sanford Wagner, Chair
Louis Costrell, Secretary

David J. Allard Edward Fairstein Paul L. Phelps
Martin L. Bauer Frederick S. Goulding Donald E. Stilwell
Joseph G. Bellian Ronald M. Keyser Kenneth L. Swinth
William M. Bugg Frederick A. Kirsten James H. Trainor
Christopher Cox Glenn F. Knoll Michael Unterweger
Larry Darken Hobart W. Kraner John Walter

W. Kenneth Dawson G. Laurie Miller

John Detko Dennis E. Persyk

At the time this standard was approved the American National Standard Committee on Nuclear Instruments had the
following representatives:

Louis Costrell, Chair
Luigi Napoli, Secretary

Organization Represented Name of Representative
American Conference of Governmental Industrial Hygenists ............ccoceveveveneneiininnninincnenenennens Jesse Lieberman
Health PRy SICS SOCIELY ....eueetietieiieiete ettt ettt et e et e st e s et e e s ae et e sae et e sbeentesbeeneens J.B. Homer Kuper
Jack M. Selby (Alt)

Institute of Electrical and Electronics ENINEETS .......cc.couevuerierierieiiiiiiininenieeeneseestereseeseeeeteeeeene e Louis Costrell
Julian Forster (Alt)

Anthony J. Spurgin (Alt)

Lawrence Berkeley LabOratory .........c.ceeceiierieiiereiieesiteste ettt st sttt et eneeneeens Edward J. Lampo
Lawrence Livermore National Laboratory .........cooeeierieriiniieiienieeie ettt sttt Paul L. Phelps
NUCIEar SUPPLETS ASSOCIALION ......evieuiiriieieeierte et sttt et et e e st e e e et e e teesee et estesteeatesaeeneesseemtesbeentesseenseeseenseeneenes Vacant
Oak Ridge National LabOratory ..........eecueriererierieiteieeiieste ettt ettt st e e st e saesstesbesseesbeeneeneeens Hugh R. Brashear
Pacific NOrthwest LabDOTatOTIeSs .......co.everueriirierienieieietetetet ettt sttt ettt s Kenneth L. Swinth
U.S. Department Of the AT ....cc.eeieriieieniieienie ettt sttt ettt ettt eteeteesteeseesaeenteseeeeesbeeneenaeas Edward Groeber
U.S. Department of Commerce, NIST ........coioiiiriiiriiniiieieieietet ettt Louis Costrell
Michael Unterweger (Alt)

U.S. Department of Energy, OHER/PCSRD .......ccccccoiiiiiiiiiiiinenenienesteeeeeeeteeeeeeee e Gerald Goldstein
U.S. Federal Emergency Management AZETICY .........ccevueruerterremeeerenteeeeeeneeeresensessessessessensensennenees Carl R. Siebentritt
U.S. Nuclear Regulatory COMMISSION .....c..covevteruerterierieieieieteieiteeeeeereeseseeseessesseseesenseneenees Edward C. Wenzinger, Sr.
INAIVIAUAL MEIMDETS ....c..eitieiiieiieie ettt ettt ettt a ettt e sttt e s bt etesateaesse e beeseebeeneenteens Joseph G. Bellian

Ernesto A. Corte
John M. Gallagher
James E. McLaughlih
Jack M. Selby
Edward J. Vallario
Lee J. Wagner
Sanford Wagner
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NIM Committee Membership

Argonne National LabOratory ..........ceoieieriiriert ettt ettt ettt este et e seeeateseeeeesbeemeenaeas John W. Dawson
Frank R. Lenkszus

Stanley J. Rudnick

Brookhaven National LabOratory ..........cceeuieierieierteeiteete sttt ettt eae e saeeseeestesaeestesbesseenaesneens John J. Gould
Leo Paffrath

Edward D. Plattner

Seymour Rankowitz

William P. Sims

CEBAF (Continuous Electron Beam Accelerator Facility) ........ccccocevieerierininenenenienieeeeeeececeenenn R. Roy Whitney
CERN European Organization for Nuclear Research .........c..coccoeoeviiiiiiinininininninncncncescecene Phillip J. Ponting
Henk Verweij

Department of Energy Environmental Measurement Laboratory ..........cocceeeeeeererreneeneneenieneeeeceeene Norman Latner
Vincent C. Negro

Fermi National Accelerator LabOratory .........coeereiiererieneei ettt Edward J. Barsotti

Thomas E. Droege
Cordon Kerns
Kathleen J. Turner

THNO0IS, UNIVETSIEY OF ..utiitiiiieiiit ettt ettt ettt ettt et sae et e s beestesbeemtesbeentesbeeneeene Robert W. Downing
Lawrence Berkeley Laboratory Edward J. Lampo
A.E. Larsh

Stewart C. Loken

Lawrence Livermore National Laboratory ...........cccoeeereeiririnineneninrenensentereneeeeeeeeneeseee e ssessenne Robert C. Lucena
Dennis W. O’Brien

Los Alamos National LabOratory ...........ccoeeeruirieriiiieieeiesieete ettt st ettt st sae s e besstesbeeseesteeneesaeenes Allan Gjovig

Frank Naivar
Ronald O. Nelson

Michigan, UNIVETSIEY OF ...c.ccueoiiiiiiiiiiiiiieiieentestet ettt ettt st se bbb b b e Carl Akerlof
National Aeronautics & Space Administration Donald E. Stilwell
James H. Trainor
National Institute of Standards and Technology ...........cccceeeuevierierieniinirininieeceeereeeeee Louis Costrell (Chairman)
Michael Unterweger
National Laboratory for High Energy Physics, Japan (KEK).........ccccooiriiiiiiinieiieeeeeeeeeee Hirokazu Ikeda
INOTtIWESIEIT UNIVEISILY ....eeutitieiieiieteete ettt ettt ettt ettt et et ea et e et e s et et e saeenbesatenbesse e beestenbeeneenseensenaeenes Bruno Gobbi
Oak Ridge National LabOratory ........cc.eeceiiereiienieeterieetesie ettt ettt seestesaeetesbeetesbeeeesseeneeene John A. Biggerstaff
Gerald K. Schulze
Stanford Linear ACCElerator CENLET ........cc.eioueiuieriertieieetteieetteeeeete sttt ettt et sbeete b eeeesbeeneeseeenes David B. Gustavson
Michael Harms
Dale Horelick
Paul F. Kunz
Helmut V. Walz
TRIUME ...ttt b e st e b e st e bt e s it e bt e eat e e bt e st e e beesaneebeenaeeen W. Kenneth Dawson
John V. Cresswell
YL UNIVETSIEY -ttt ettt ettt ettt et st e e e et et e st e bt ea e e bt e st et e eaeesaeentesaee bt satebeemeenbeensenseentenseaneene Satish Dhawan
F N A I 1 OSSR PRSTRPRPR Frederick A. Kirsten
Dick A. Mack
Lee J. Wagner
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NIM EXECUTIVE COMMITTEE FOR NIM

Louis Costrell NIST (Chairman)
Dick A. Mack

Stanley J. Rudnick ANL

William P. Sims BNL

Lee J. Wagner LBL

NIM EXECUTIVE COMMITTEE, FASTBUS

Louis Costrell NIST (Chairman)
Carl Akerlof U. Michigan
Edward J. Barsotti Fermilab

W. Kenneth Dawson TRIUMF
Robert W. Downing UIUC
David B. Gustavson SLAC

Paul F. Kunz SLAC
Stewart. C. Loken LBL
Ronald 0. Nelson LANL
Philip J. Ponting CERN

Ruth Pordes FNAL
William P. Sims BNL

Lee J. Wagner
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Edward J. Barsotti
Robert W. Downing
Boris Bertolucci
John A. Biggerstaff
A. William Booth
Jean-Claude Brisson
Louis Costrell
Andrew Daviel

W. Kenneth Dawson
David C. Doughty
Robert W. Dobinson
Allan Gjovig

David B. Gustavson
Dale Horelick
Michele Mur
Ronald 0. Nelson
Leo Paffrath
Edward D. Platner
Phillip J. Ponting
Stanley J. Rudnick
Robert Skegg
Kathleen J. Turner

Helmut V. Walz

ARCHITECTURE & PROTOCOL WORKING GROUP

FNAL (Chairman)
UIUC (Vice-Chairman)
SLAC
ORNL
FNAL
Saclay
NIST
TRIUMF
TRIUMF
CEBAF
CERN
LANL
SLAC
SLAC
CEN/Saclay
LANL

BNL

BNL

CERN

ANL

SSCL
FNAL
SLAC
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SOFTWARE WORKING GROUP

David B. Gustavson
Ruth Pordes
Timothy Berners-Lee
W. Kenneth Dawson
Satish Dhawan
Robert W. Dobinson
Thomas Kozlowski
Frank B. Lenkszus
Connie A. Logg
Ronald 0. Nelson

E. M. Rimmer

R. Roy Whitney

SLAC (Chairman)
FNAL (Vice-Chairman)
CERN

TRIUMF

YALE

CERN

LANL

ANL
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LANL

CERN

CEBAF

NIM EXECUTIVE COMMITTEE, CAMAC

Louis Costrell
Edward J. Barsotti
John A. Biggerstaff
W. Kenneth Dawson
Satish Dhawan
Frederick A. Kirsten
Dick A. Mack
William P. Sims

Donald E. Stilwell

NIST (Chairman)
FNAL

ORNL

TRIUMF

Yale

BNL
NASA/GSFC

MECHANICAL AND POWER SUPPLIES WORKING GROUP

Lee J. Wagner
Louis Costrell
Cordon Kerns
Dick A. Mack
Stanley J. Rudnick
William P. Sims

Thomas J. Thompson

(Chairman)
NIST
FNAL

ANL
BNL
SSCL
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USERS’ GUIDE WORKING GROUP

Frederick A. Kirsten LBL (Chairman)

Edward J. Barsotti FNAL

Louis Costrell NIST

W. Kenneth Dawson TRIUMF

John Gould BNL

David B. Gustavson SLAC

Connie A. Logg SLAC

Edward D. Platner BNL

Phillip J. Ponting CERN

Ruth Pordes FNAL
TECHNICAL EDITOR, FASTBUS STANDARD : .....coiiooeeeeeeeeeeeeeeeeeee et W. Kenneth Dawson
TECHNICAL EDITORS, STANDARD ROUTINES FOR FASTBUS: ..o Ruth Pordes and

W. Kenneth Dawson
PROJECT MANAGER : ..ottt et e e et e e et e e e e e s aaaeeata e e etbeeenabeeesntesesasaesesneean Louis Costrell
EUROPEAN (ESONE) LIALSON - ...ttt ettt e etae e et e e et e e stae e eeasaeeeavesesasaaeerneens Phillip J. Ponting
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IEEE Standard FASTBUS Modular High-
Speed Data Acquisition and Control
System

1. Introduction and general information

FASTBUS is a standardized modular data-bus system for data acquisition, data processing, and control. A FASTBUS
system consists of multiple bus segments that can operate independently, but link together for passing data and other
information. FASTBUS can operate asynchronously using a handshake protocol to reliably accommodate different
speed devices without prior knowledge of their speed. It can also operate synchronously without handshake for
transfer of data blocks at maximum speed.

1.1 Document outline

Complex systems such as FASTBUS are more easily understood if the specifications are accompanied by general
descriptive material that places the details of the various parts of the system in perspective. Hence, this section presents
an overview of the principal characteristics and operations of FASTBUS. Most of the ensuing sections contain, in
addition to the mandatory parts of the specification, descriptions of the usage of the features being specified. Section
2 contains the definitions of words that have a special meaning for FASTBUS systems. The symbols used in diagrams
to designate various parts of a FASTBUS system are defined and a list of commonly used abbreviations is given. The
remaining sections lay down the specifications for the FASTBUS system. This is followed by a series of annexes that
give more descriptive information concerning some FASTBUS features. Capitalized words are used in this section to
indicate words that have a special meaning for FASTBUS.

1.2 System overview

Most FASTBUS design features stem from a consideration of the requirements of contemporary data acquisition
systems. The need for high speed is met by providing for parallel operation of many fast processors that can
communicate with each other as well as with data acquisition and control devices. The communication protocol used
by processors and devices has a large data and address field and is defined in an implementation-independent manner
S0 as to be able to take advantage of advances in technology. The need for flexibility is met by a modular design which
readily permits many options in system configuration.

Copyright © 1994 |IEEE All Rights Reserved Docu ments
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IEEE Std 960-1993 IEEE STANDARD FASTBUS MODULAR HIGH-SPEED

Modular instrumentation systems are distinguished by the method used to interconnect the devices that form the
system. Mechanical, electrical, and logical aspects of the connection need to be specified. The electrical connections
are made by a set of signal lines called a SEGMENT. While FASTBUS DEVICES can be simply connected by
CABLE SEGMENTS, such an arrangement may incur speed penalties. The more usual situation is that the required
functionality at a given location is attained by a number of MODULES grouped together in a CRATE in order to share
a common backplane bus [see figure 1.2(a)]. This bus, called a CRATE SEGMENT or SEGMENT, like the CABLE
SEGMENT, forms a logical element of a FASTBUS system.

SEGMENT
INTERCONNECTION
CRATE TO,/FROM
OTHER SEGMENTS
PROCESSOR
J INTERFACE, ETC.
.. )
All
CRATE ‘ ' q TO SEGMENT
AUXILIARY
CONNECTORS INTERCONNECT
P MODULE
_
CEATE J “— PLUG—IN MODULES
SEGMENT
MASTER
CONNECTORS (o 7p L AVE
SEGMENT SEGMENT INTERCONNECTION
(BACKPLANE BUS) SPECIAL PURPOSE

Figure 1.2(a) —Basic FASTBUS Elements

Using the FASTBUS protocol, a SEGMENT functions as an autonomous bus interconnecting one or more MASTER
DEVICES with a number of SLAVE DEVICES. All bus operations involve a MASTER-SLAVE relationship between
the initiator, which must be a MASTER, and the responder, which must be a SLAVE. A MASTER is capable of
requesting and obtaining control of the SEGMENT to which it is connected in order to communicate with a SLAVE.
If the communication is with another MASTER, then, for the duration of the operation, the responding MASTER acts
as a SLAVE. A SLAVE cannot gain bus mastership but can make a Service Request that a MASTER on the same
SEGMENT can use to initiate a procedure to service the request. MASTERS have a more versatile interrupt
mechanism in that they can gain bus mastership and write an interrupt message to an interrupt service device. With
multiple MASTERS on a SEGMENT, techniques must be provided to resolve concurrent requests for use of the bus.
Each MASTER is assigned an Arbitration Level to use during Arbitration Cycles. In response to timing signals from
the SEGMENT Arbitration Timing Controller, circuitry in each MASTER determines which of the contending
MASTERS will next be granted bus mastership. No time penalty is usually associated with this arbitration procedure,
since the next MASTER can be selected before the current MASTER completes its operation.

Multiple MASTERS on a single SEGMENT share a common bus. Contention for use of this bus may reduce
throughput as seen by a given MASTER because of the time it spends waiting to gain Mastership of a busy bus. Since
SEGMENTS operate independently, distributing the MASTERS among several SEGMENTS can reduce the
contention problem and increase throughput to the extent that the information needed by each MASTER can be
localized on its SEGMENT.
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DATA ACQUISITION AND CONTROL SYSTEM IEEE Std 960-1993

A MASTER on one SEGMENT must also be able to quickly communicate with a SLAVE on another SEGMENT.
This ability is provided by SEGMENT INTERCONNECTS (SIs) which temporarily link independent SEGMENTS
[see figure 1.2(b)].

All SEGMENTS through which the operation passes must be available at the same time in order to complete an
intersegment operation. The arbitration mechanism, along with circuitry in each SI, extends the resolution of bus
contention problems to off-as well as on-SEGMENT MASTERS. Since one SEGMENT can be linked to any of a
number of different SEGMENTS, system configurations can be implemented that optimize time-critical data paths.

~e—— HOST PROCESSOR

b = PROCESSOR NTERFACE

TERMNATOR
SEGMENT
wG/MEN_T _ INTERCONNECT
MASTER CRATE
S M S| M SEGMENT

/ (TERMINATED)
J |

St
AN .
N
Sl SLAVES -
]
i
Sl

Figure 1.2(b) —Example of FASTBUS System Topology

The means by which a pair of SIs on different SEGMENTS communicate with each other is not specified, thus
allowing the technique most suitable for a given application to be chosen. A powerful technique, specified in annex E,
makes use of a CABLE SEGMENT for this connection. DEVICES other than SIs may be connected to a CABLE
SEGMENT. Such DEVICES also follow the FASTBUS protocol and require switches for position-dependent
GEOGRAPHICAL ADDRESSING and must be provided with power.

Other techniques for linking SEGMENTS involve the use of BUFFERED INTERCONNECTS and SEGMENT
EXTENDERS. The BUFFERED INTERCONNECT is a device that stores and forwards FASTBUS operations thus
breaking the synchronism between MASTER and SLAVE. The EXTENDED SEGMENT concept allows a number of
SEGMENTS to share the same GROUP ADDRESS. This sharing is accomplished by the use of SEGMENT
EXTENDERS whose simplicity, as compared to SEGMENT INTERCONNECTS, is obtained at the price of
somewhat reduced flexibility in system topology and operations for members of the EXTENDED SEGMENT.
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While most, if not all, MASTERS will have some processing ability, the FASTBUS system design also provides for
the connection of large and small computers to the system. Such a connection is made by a PROCESSOR
INTERFACE that gains entry to the FASTBUS system through either a CABLE SEGMENT or a CRATE SEGMENT
[see figure 1.2(b)]. System requirements dictate that each system contains one processor that has complete knowledge
of the structure of the system. In particular, it must be able to access every SEGMENT of the system and know how the
SEGMENTS are to be interconnected. This processor, called the HOST, initializes the system by telling each side of
each SI what operations it is to pass on to its other SEGMENT. By using GEOGRAPHICAL ADDRESSING, the
HOST can ascertain the physical location and type of each DEVICE in the system and, as needed, assign LOGICAL
ADDRESSES to the DEVICES. LOGICAL ADDRESSES allow a DEVICE to use an INTERNAL ADDRESS field
matched to its needs that is independent of position within a SEGMENT.

The principal characteristics and capabilities of FASTBUS can be summarized as follows:

*  Speed limited only by propagation and logic delays (typically better than 10 MHz for ECL)
e Large Address and Data Fields (32 bits)

*  Segmented Bus to allow parallel processing

*  Systemwide communication capability

*  Block transfers with or without handshake

*  Uniform systemwide protocol

*  Interrupt and arbitration features

1.2.1 FASTBUS operations

The FASTBUS operations defined in section 5 make use of a multi-line bus whose signal assignments are as indicated
intable 1.2.1. A CABLE SEGMENT consists of the group of 60 lines at the top of the list while a CRATE SEGMENT
includes, in addition, the other listed lines as well as power lines. Signals are classified according to use as indicated
in table 1.2.1.

Most FASTBUS operations begin with a MASTER requesting and being granted bus mastership. The MASTER then
selects a SLAVE by a primary address cycle and follows this by any number of data transfer cycles, after which the bus
is released.

A primary address cycle is started by the MASTER asserting the SLAVE’s address on the 32 Address/Data (AD) lines
followed by Address Sync (AS). This assertion of the address word sets up a path, through SEGMENT
INTERCONNECTS if necessary, between MASTER and SLAVE. When the SLAVE recognizes its address, it
responds with the Address Acknowledge signal (AK). The protocol requires that AS and AK remain asserted until the
operation is completed. This AS/AK lock serves to cause all other devices to ignore bus activity thus allowing the
communicating pair to employ any protocol they both understand as long as the AS/AK lock is not broken. In order to
facilitate the construction of compatible DEVICES, however, standard protocols for most useful operations have been
specified.

On receipt of the AK response from the SLAVE, the MASTER removes the address information from the AD lines and
uses these lines for data during the ensuing data transfer cycles. Alter the AS/AK lock between MASTER and SLAVE
has thus been established, a Read operation can be initiated by the MASTER asserting the Read (RD) and Data Sync
(DS) lines as in figure 1.2.1.
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ADDRESS DATA SIGNAL
GENERATED BY:

A/D MASTER/SLAVE

AS ( { é ( . MASTER

RD 'MASTER
\_\ ) |\

AK TN save

DS - MASTER

DK ' SLAVE

Figure 1.2.1 —Basic Handshake Operation (as seen by Master)
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Table 1.2.1 —FASTBUS Signals

Mnemonic Signal Name

* On CABLE SEGMENTS switches are used instead of GA and T pins.

AS
AK
EG

MS
RD
AD
PA
PE
Ss

DS
DK

WT
SR
RB
BH

GA

TP
DL
DR
TR
UR
FP
R

Address Synch
Address Acknowledge
Enable Geographical

Mode Select
Read
Address/Data
Parity

Parity Enable
Slave Status

Data Sync
Data Acknowledge

Wait

Service Request
Reset Bus

Bus Halted

Arbitration Grant
Arbitration level
Arbitration Request
Arbitration Request Inhibit
Grant Acknowledge

Serial Line Transmit
Serial Line Receive
LAN Connection

Geographical Address Pins
(position encoded, not bussed)”
T Pin (not bussed)

Daisy Chain Left

Daisy Chain Right
Terminated Restricted Use
Unterminated Restricted Use
F Pins (free use, not bussed)
Reserved

IEEE STANDARD FASTBUS MODULAR HIGH-SPEED

Use Number Comments

ap P =3 == Q) Q-3

> 55

CA
TA

L) nunn

P X

Description of Use symbols

T = Timing for address and data cycles

o P—‘HHl%h—‘b—‘i—'ml—lJ — lu»—- 100 = B8 0 atlalad
j L

W DO 00 W
[

For Address
.. and reporting
Status of connection

J

B for data and
control of data transfers

| forbus
arbitration

for FASTBUS
Serial Protocol

CRATE SEGMENT
— only

C = Control for address and data cycles
I = Information for address and data cycles
A = Asynchronous—timing not directly related to data transfers
TA = Timing for arbitration bus

IA = Information for arbitration bus

CA = Control for arbitration bus
S = Serial data, timing independent of parallel bus

F = Fixed information-—constant

X = Special purpose

Copyright © 1994 |EFE Al Q@%Qme nts

Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 10:15:46 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 960/1177-1993


http://www.avadocuments.com/doc/ieee-960-1177-1993
http://www.avadocuments.com/doc/ieee-960-1177-1993

DATA ACQUISITION AND CONTROL SYSTEM IEEE Std 960-1993

The SLAVE responds by placing data on the AD lines and issuing DK, which is used by the MASTER to latch the data.
For a Write operation, the MASTER asserts data on the AD lines and follows this assertion by the Data Sync (DS). The
SLAVE responds by issuing a Data Acknowledge (DK). The operation is terminated by the MASTER removing all its
signals, including AS, from the bus. The SLAVE, sensing the removal of AS, removes all its signals including AK.

Since Address and Data Cycles are easily distinguishable, the three Mode Select lines, MS, are used by the MASTER
to modify the meaning of the address information and to independently specify the type of data transfer. In a primary
address cycle, control or data space can be specified as well as single or multiple listener (Broadcast) mode. In a data
cycle, random data, secondary address, or handshake or pipelined (non-handshake) block transfer can be specified.

Similarly, the three Slave Status information lines, SS, are used to indicate the success or reason for failure of an
Address or a Data Cycle. Addressing difficulties can occur at SEGMENT INTERCONNECTS because the SI does not
respond (Network Failure) or cannot gain access to its Far-sidle SEGMENT (Network Busy) or gets preempted by a
higher priority operation (Network Abort). Bus lockup caused by unused addresses on the destination SEGMENT are
avoided by timers in the MASTER and in the SI which places the address on the destination SEGMENT.

During a Data Cycle, in addition to being able to indicate that it can either accept no more data or has no more data to
send, a SLAVE can also signal that it is currently busy or that it has detected one of several classes of error.

FASTBUS data transfers may employ parity checking and recommended techniques are provided for recovering from
errors. In Write operations SLAVEs normally respond to transmission errors by ignoring bad data and signaling the
MASTER that an error has occurred. The MASTER may then retry the operation. Error recovery in Read operations
is more complex. The SLAVE is usually unaware of the error and may increment its internal address pointer, or may
be accessing a FIFO or read-and-clear register; therefore the data may not be available for a retry. In order to assist in
read error recovery a Protective Buffer may be implemented. The Protective Buffer always contains a copy of the data
last transferred to or from the SLAVE. Hence by accessing the optional Protective Buffer, a MASTER may reaccess
data after a Read error.

1.2.2 Segment interconnects

A SEGMENT INTERCONNECT monitors the activity on the two SEGMENTS it connects, waiting for an address to
appear which is in the set of addresses it has been programmed to recognize. It responds to a recognized address
asserted on one of the SEGMENTS (Near-side) by requesting use of the other SEGMENT (Far-side) and asserting the
given address on that SEGMENT when it gains control. The two SEGMENTS remain locked together until the
operation is complete. The address asserted on the Far-side may, in turn, be recognized by another SEGMENT
INTERCONNECT and may be passed to yet another SEGMENT. An arbitrary number of SEGMENTS can be linked
as needed for a given operation. The address contains all the information needed to direct the appropriate SIs to form
the correct connections.

In order to use the address to provide the routing information in a practical way, the total address space available to the
system is divided among the SEGMENTS in such a way that the most significant bits of the address specify which
SEGMENT is addressed. This high-order part of the address is called the GROUP ADDRESS (GP) field. More than
one GROUP ADDRESS may be assigned to a SEGMENT to accommodate SEGMENTS containing DEVICES using
large amounts of address space. DEVICES on a SEGMENT are distinguished by the MODULE ADDRESS which is
adjacent to the GP field and may include some of the low order GP field bits. The combined GROUP and MODULE
ADDRESS fields form the DEVICE ADDRESS which serves to locate a DEVICE anywhere in the system. The
remaining (low-order) bits in the address, the INTERNAL ADDRESS FIELD, serve to specify a part or function
within the DEVICE. Because of a special type of Data Cycle called the Secondary Address Cycle, the number of
different parts or functions within a DEVICE that can be accessed is not limited to the number allowed by the
INTERNAL ADDRESS FIELD.

One simple implementation of the SI uses the high-order address bits to address an internal memory that contains a
pattern indicating which addresses are to be passed. When the system is initialized, each SI memory is loaded with the
patterns needed to route all permitted operations correctly.
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With this scheme, there are no restrictions on the kinds of interconnections that may be made between SEGMENTS.
For example, they may be connected in a tree structure with a large computer at the trunk and data acquisition
DEVICES as the leaves. If a high traffic demand between two widely separated SEGMENTS causes excessive tie-up
of the intermediate SEGMENTS, the two SEGMENTS can be directly linked by a SEGMENT INTERCONNECT
thus bypassing the intermediate SEGMENTS. No DEVICE address changes are required because of this addition, and
once the route tables in the SIs are reinitialized to make use of the new route, the interfering traffic will disappear from
the formerly intermediate SEGMENTS. Tree, star, and ring structures can all be accommodated by this scheme.

When a MASTER initiates a FASTBUS operation it always starts an internal Response Timer set to time out at a time
appropriate for the SEGMENT on which it resides. If the operation has to pass through one or more SIs, the MASTER
must be made aware that additional delays will be encountered before a response is received. Any SI passing an
operation asserts WAIT (WT) on the SEGMENT from which the operation arrived and starts a timer suitable for the
SEGMENT to which the operation is passed. The WT signal causes a MASTER (and the SI acts as a MASTER on the
SEGMENT to which it passes an operation) to stop its timer. The timer is reinitialized when the WT signal is removed.
In this way an operation can work its way through a system without causing timeouts to occur unless, of course, a
SEGMENT is reached that neither gives a normal response nor asserts the WT signal. A Long Timer in each MASTER
is used to detect deadlock situations that arise, for example, when conflicting requests are placed upon resources. After
a Long Timer timeout, a MASTER waits for a random Retry Period before again trying to complete the Operation.

1.2.3 Control and status registers

Certain registers and functions in DEVICES need to be separated in address space from the normal data registers in a
way that provides some protection from accidental access and which does not interfere with the allocation of addresses
to the normal data portions of the DEVICES. For example, two memory DEVICES should be able to have their
addresses set so that the memories are adjacent in address space, allowing them to be used as one larger memory.
However, they may contain control registers and status registers associated with memory protection or error detection
and correction, and these registers must also be accessible. Furthermore, it is desirable that DEVICES have basic
status and information registers in standard locations so that they can be readily accessed by standard shared programs.

The method chosen to accomplish this is to select control/status register (CSR) space in a primary address cycle by
suitable coding of the MS lines. This is followed by a secondary address cycle to select a register in CSR space, and a
data cycle to transfer to or from the registers. Secondary addressing provides a full 32-bit address for use within a
DEVICE, which is enough address space so that it can easily be allocated in standard ways without fear of a shortage.
Standard locations in dedicated CSR registers are specified for all the usual control and status bits. DEVICES are
required to contain an identifier unique to the DEVICE type that is used during system initialization. This identifier is
located in status register O so that even simple DEVICES with no address decoders can respond correctly with little
added cost.

1.2.4 Geographical addressing

The most general form of device addressing is LOGICAL ADDRESSING in which the address of the DEVICE is
independent of its physical location in the system. However, FASTBUS only requires that GEOGRAPHICAL
ADDRESSING, in which a DEVICE is accessed by addressing its physical location on a SEGMENT, be
implemented. Hence it is always possible to determine the location of DEVICES for use as a record or check.
GEOGRAPHICAL ADDRESSING must be used to initialize a system having address registers set by software. When
such a system is powered up, the registers, which will contain the DEVICE ADDRESS information, are randomly set.
GEOGRAPHICAL ADDRESSING is used to address the DEVICES in order to load their address registers with the
proper contents. The first 256 addresses on any SEGMENT are reserved for special purposes and the first 32 of these
are used to implement GEOGRAPHICAL ADDRESSING. There are five coded pins (GA4-GAO) at each DEVICE
position of a CRATE SEGMENT. These pins are coded so that 0 identifies the rightmost DEVICE position when the
crate is viewed from the front and the number coded increases by one for each MODULE position moved to the left.
When a GEOGRAPHICAL ADDRESS (0 to 31) is on the bus, the Enable Geographical Address (EG) control line is
asserted either by ancillary logic on the segment or by the current MASTER. When EG is asserted during a Primary
Address Cycle, DEVICES compare their coded pins with the five low-order address bits on the AD lines and respond
if a match is found. All DEVICES must have this capability but need not implement LOGICAL ADDRESSING.
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The GEOGRAPHICAL ADDRESSING mechanism can be used to access the control and information registers in
uninitialized DEVICES so that an automatic procedure can be used to initialize them. The normal logical address
recognition logic in a DEVICE is disabled until the DEVICE has been initialized.

Devices on CABLE SEGMENTS use switches to implement the GEOGRAPHICAL ADDRESS.
1.2.5 Block and pipelined transfers

A block transfer consists of an address cycle followed by any number of data cycles of the same type, that is, all read
or all write. The connection between MASTER and SLAVE is handled as described above with full handshaking at the
beginning and end of an operation. Speed is enhanced by making use of both transitions of the Data Sync and Data
Acknowledge signal pair while still providing full handshake protection for the data transfers if desired. Figure 1.2.5
shows a Write Block Transfer.

ADDRESS DATA
P o / o N\
A/D 7 7 N

s o

AK

~
X DN
A

/Y]

~ ~ ~
~ o >

) )
‘(¢

A

DS N

DK

Figure 1.2.5 —Write Block Transfer (as seen by Master)

Data transfer without data cycle handshakes is designated Pipelined Transfer and can be used to transfer data between
DEVICES that can handle the same data rates. In the case of a write, for example, after the initial handshake address
cycle to establish the AS/AK lock, the MASTER simply asserts data words and DS transitions at whatever rate is
appropriate. DK responses are ignored for timing purposes, but should be used for counting the number of words
transferred and for monitoring responses. In effect, DS becomes a strobe which the SLAVE uses to find the data words
in a synchronous transmission. In the case of a read, the MASTER still provides DS as the clock that the SLAVE uses
to determine the transfer rate, but the data is accompanied by DK which the MASTER uses as the data strobe.

Handshake-protected operations require each data word to be on the bus for at least two propagation delays, while the
data flows to its destination and the acknowledge flows back to the source. When handshake response is not used,
however, several data words could be flowing through the bus transmission lines at the same time and data can be
transmitted at the full bandwidth of the bus.

In most cases, operations will use full Handshake protection. The data cycle Handshake permits either party to pause,
if necessary, and allows either party to terminate an operation early (in case a buffer overflows, for example) with both
parties having full knowledge of how many words were successfully transmitted. Operations without data cycle
Handshake require the MASTER to know the capabilities of the SLAVE and the bandwidth of the entire path in order
to choose a workable DS clock rate. If the operation does not push this rate near its limit, it is better to use the more
reliable Handshake mode.

If during the course of a Block Transfer the MASTER detects (via the Arbitration Request line) other users requesting
the bus, it may relinquish the bus and later resume the Block Transfer.
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1.2.6 Address locked and arbitration locked operations

The operations described above can be generalized to allow data flow to reverse direction. An Address Locked
Operation consists of a primary address cycle followed by any number of secondary address and/or data cycles. For
example, during a Read-Modify-Write cycle, the MASTER asserts address information, reads data, reverses the signal
direction on the AD lines by removing the RD signal, and writes the modified data back to the SLAVE.

ADDRESS READ DATA  WRITE DATA SONAL
GENERATED BY:
AD ) MASTER /SLAVE /MASTER

s S At

R0 \ ] J
AK \' R SLAVE

DS : MASTER

DK SLAVE

Figure 1.2.6 —Address Locked Operation: Read-Modify-Write (as seen by Master)

Such an operation is uninterruptable by any other processor, since it is locked the whole time by the AS/AK lock and
no other device can use the bus. It thus forms the kind of indivisible operation needed in multiple processor systems for
coordinating use of shared resources.

An uninterruptable operation can be extended even further as long as MASTER and SLAVE agree on the meaning of
each bus cycle. For example, the address cycle that connects MASTER and SLAVE could be followed by a secondary
address cycle followed by another data cycle.

Address Locked Operations may include Block Transfers. In Address Locked Operations the direction of data flow
may be changed between block transfers or between individual non-block transfer words.

A still more general locked operation on the bus is called an Arbitration Locked Operation; a sequence of operations
by one MASTER directed to a number of different PRIMARY ADDRESSES which is not interruptible by any other
MASTER because the originating MASTER does not allow bus arbitration to take place. This can be very useful for
synchronizing a set of SLAVES that are shared by several processors, so that a sequence of operations can be
performed without interference by other processors. This mechanism works even if the SLAVES are on different
SEGMENTS, as the SEGMENT INTERCONNECT is designed to maintain any connection until the MASTER
releases the bus for arbitration.

1.2.7 Sparse data scan

In many large data acquisition systems not all DEVICES acquire data in each time interval of interest. FASTBUS
provides a mechanism—the Sparse Data Scan—that allows the rapid location of DEVICES containing valid data. The
Sparse Data Scan feature makes use of the unbussed T pin located at each DEVICE position on the CRATE
SEGMENT backplane. The T pin at position n is connected to Address/Data line n. A MASTER wishing to start a
Sparse Data Scan issues a broadcast command to all appropriate DEVICES on a SEGMENT asking those with data to
respond on their T pins. A read of the AD lines then indicates which DEVICES should be interrogated for data. This
capability can be provided on a CABLE SEGMENT by using patch pins or switches.
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1.2.8 Broadcast operations

In a Broadcast operation, a MASTER can connect to more than one SLAVE during a single PRIMARY ADDRESS
cycle. Broadcasts can be used for various purposes, such as synchronizing DEVICES or clearing a bank of counters.
Since several SLAVEs may be involved, no meaningful handshake between SLAVE and MASTER is possible.
However, a SYSTEM HANDSHAKE from ancillary logic on each segment of any route informs the MASTER that its
command has propagated to every SEGMENT to which it was addressed. The MASTER asserts an address along with
an MS code to indicate that a Broadcast address is being asserted. The Address Field is used to specify whether the
Broadcast is to be a LOCAL one to a specific SEGMENT or a GLOBAL one either to all SEGMENTS in a pattern
controlled by information in the SEGMENT INTERCONNECTS or to all SEGMENTS beyond a specified one. In
addition to being able to specify the SEGMENTS to be affected by a Broadcast, the Address Field can be used to select
either a class of DEVICE on the affected segments or a function to be carried out. Defined functions include the Sparse
Data Scan, DEVICE T pin assertion (either unconditionally or only if the DEVICE is asserting a Service Request) and
addressing by MASTER T pin assertion on the next cycle.

In SEGMENT INTERCONNECTS the route table entries corresponding to a GROUP ADDRESS of zero are used for
routing Global Broadcasts. More than one SEGMENT INTERCONNECT may recognize and pass a Broadcast
message since no individual Handshakes are returned. The pattern formed by a propagating Broadcast message must
be a simple tree with no cross connections. This rule has to be enforced by the initialization program.

When the Broadcast address has propagated successfully throughout the system, the SYSTEM HANDSHAKE is
generated by the ancillary logic in cooperation with the SEGMENT INTERCONNECTS. The succeeding Data Cycles
make use of the SYSTEM HANDSHAKE. Thus, any kind of standard Write or Read Operation may be performed
simultaneously on a set of DEVICES by a Broadcast.

Broadcasts may take some time to start, since they must wait for all conflicting use of the SEGMENTS involved to
complete. Once the system connection is complete, however, speed of execution of the Data Cycles is limited only by
System Handshake and propagation delays.

1.2.9 Arbitration for bus mastership

One of the most important requirements of a multi-processor system is a method for allocating control of the
SEGMENTS to the various MASTERS which may be contending for bus Mastership simultaneously. Part of the
circuitry to accomplish this, which resides on each independent SEGMENT, is called the Arbitration Timing
Controller (ATC).

Ten bus lines are dedicated to SEGMENT priority arbitration. Each master is assigned a six-bit Arbitration Level.
Masters wishing to gain bus mastership assert the Arbitration Request line (AR). If the Grant Acknowledge, GK, line
is not asserted, the Arbitration Timing Controller starts an Arbitration Cycle by asserting the Arbitration Grant, AG,
signal. Requesting Masters respond by asserting their arbitration levels on to the six Arbitration Level lines, AL. On
each Arbitration Level line an asserted bit will override any nonasserted bits. Each requester continually compares its
Arbitration Level with the code on the AL lines bit-by-bit from most to least significant positions. If a requester detects
a bit on the bus which it is not asserting, it removes from the bus all of its own bits of lesser significance. After a time
determined by the ATC, only the highest Arbitration Level remains asserted on the AL lines and each competitor
knows if it has won or lost. When the Arbitration Timing Controller has determined that the bus is completely free
(AS=AK=WT=GK=0), it stops asserting AG and the winning MASTER responds by asserting GK and assuming bus
Mastership. The MASTER continues to assert GK until it is willing to allow another Arbitration Cycle. This is usually
after the last Address Cycle of its sequence of operations thus allowing the next MASTER to be selected before the
current MASTER has finished its Data Cycles.

Two compatible protocols are possible with the specified arbitration scheme. In one of these protocols Arbitration
Requests are made without regard to the presence of any other requests leading to the possibility of low priority
MASTERS being denied bus mastership for intolerably long periods of time. In the other, the “assured access”
protocol, Arbitration Requests are made only if the Arbitration Request Inhibit line is false. This line is set by the ATC
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at the start of an Arbitration Cycle and reset only when no Arbitration Requests are outstanding. Hence, all Arbitration
Requests existing at a given instant of time are satisfied before any new ones can be made. MASTERS using either
protocol can share the same SEGMENT since the protocols differ only in the conditions for asserting AR.

Of the 64 possible priority codes, zero is not used because it is easily confused with an idle bus. Codes 1 through 31
are available for use within the SEGMENT, and 32 through 63 are available for use as “system” priorities for unique
assignment within communicating parts of a system. The Local priorities 1-31 must be assigned uniquely to
DEVICES within a given SEGMENT, but can be reused on every SEGMENT. When a SEGMENT INTERCONNECT
connects a MASTER to another SEGMENT, the Level used for arbitration on the second SEGMENT will normally be
that of the SI rather than that of the originating MASTER. However, if one of the system priorities was used by the
originating MASTER, the SI will propagate that priority onto the second SEGMENT, which it is free to do since the
system priorities are unique along a route. The system priorities can be useful in preventing undue delay for important
Broadcasts, and can help expedite important messages which might otherwise suffer from fluctuating priorities as they
form paths through the system.

No interruption or preemption of the current operation is possible. A MASTER is free to keep the bus as long as it
wishes. If it sees AR=1 while AS=AK=1, it knows that other MASTERS in the system are being blocked by the current
operation. The controlling MASTER should normally release the bus within a reasonable time in order to allow other
MASTERS to acquire bus Mastership. It should allow either one Arbitration Cycle or a random Retry Delay to occur
before again requesting bus Mastership. The general solution to the problem of contention and deadlock in FASTBUS
is to give up and retry after a random delay.

1.2.10 Interrupts

An Interrupt is a request from a DEVICE to a processor for service or attention. Since Interrupts may have to cross
SEGMENT boundaries, and since they must carry information, they are handled by normal FASTBUS operations.

The interrupting DEVICE addresses an interrupt-sensing control register region in a processor interface and writes its
own address and possibly other information into the registers. The processor then has all the information needed to
access the interrupting device and service it at some later time.

In some systems, large numbers of simple DEVICES may need to make requests for service without having the
capability of gaining bus mastership and performing an interrupt write operation. Such DEVICES may assert the
Service Request (SR) line, which can be monitored by a special Service Request handling device. This device can gain
Mastership and find the requester by means of the T pins, polling, or other means. The Service Request handling
DEVICE may then perform the necessary service itself or it may send a normal Interrupt message on behalf of the
simple requester to some other processor. SEGMENT INTERCONNECTS can be instructed to pass SR from one
SEGMENT to the other.

1.2.11 Timing

The relationships between the timing signal transitions in FASTBUS are defined in an implementation-independent
manner and supplementary timing information is required for guaranteed operation in a specific environment. This
information falls into two classes.

a) Signal delays to ensure that correct mutual timing relationships are met and that bus signals are of sufficient
duration to be recognized.

b) Timeouts in MASTERS which recognize that an expected response has failed to occur and to initiate a
recovery procedure.

An associated signal, WT, when asserted, has the action of blocking subsequent bus timing signals and also resetting
Master timeouts. Thus, it can be used to freeze the state of the bus for diagnostic purposes; in addition, however, it is
used as part of the intersegment timing protocol so that timeouts need to be specified only for local rather than global
conditions.
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1.2.12 Initialization

Upon power-up all DEVICES are placed in a passive state and respond only to Geographical Addressing. They must
therefore be initialized before use. Initialization consists of carrying out a number of operations some of which, such
as the proper setting of Logical Addresses and loading of Route Tables in SIs, require a general knowledge of the entire
system and its structure; while others, such as the setting of amplifier gains or zeroing counters, are peculiar to a given
DEVICE or group of DEVICES.

For each FASTBUS system one processor, the HOST, contains a complete description of the system to which it is
attached. The FASTBUS system must be so structured that every DEVICE in it can be accessed by the HOST. The
HOST, with its knowledge of the system structure, can by standard algorithms initialize Route Tables in SIs ensuring
that rules concerning routes and Broadcast trees, as well as any compatible constraints imposed by the user, are
followed. The HOST’s initialization program also assigns Arbitration Levels to MASTERS and Logical Addresses to
DEVICES requiring them and carries out DEVICE specific operations.

The initialization process proceeds in a methodical way. First, all the SIs, starting with those on the same SEGMENT
as the HOST and then working outward, are initialized. For each SI the HOST first accesses the Near-side and loads
the Route Table and Arbitration Level for Operations to its Far-side. Operations to the Far-side are then enabled and the
HOST loads the Far-side Route Table and Arbitration Level and finally enables the SI for Operations in the opposite
direction, that is, back toward the HOST. This continues until all SIs have been initialized. SLAVES and MASTERS
are initialized next. Enabling of MASTERS is carried out last to avoid the possibility of a MASTER trying to access
as yet uninitialized parts of the system.

All FASTBUS system topology information, as well as data specific to the initialization of each DEVICE, is best
maintained in a database managed by the HOST. After system initialization it may be necessary to refer to this
database if problems arise with the system or a DEVICE. For example, DEVICES seeing RB normally require, at the
least, being re-enabled; and replacement DEVICES require initialization. The centralization of the required
information and actions makes for a more easily managed system.

1.2.13 Diagnostic tools

Because all FASTBUS signals appear at each position of a CRATE SEGMENT, a DEVICE can be placed in the crate
to monitor all FASTBUS activity. It is possible to design such DEVICES so that they respond to only certain types of
operations. The Bus Cycle history can be stored in the DEVICE for later recall and analysis.

A powerful yet simple diagnostic tool is provided by such a DEVICE which has the ability to assert the WT signal.
Besides resetting and inhibiting the Response Timer in MASTERS, this signal inhibits any changes in the state of the
five timing signals, AG, AS, AK, DS, and DK, effectively stopping all activity on the bus. Hence, the state of the bus
can be examined after each timing transition using simple test equipment, by removing and reapplying WT.

2. Conventions, definitions, abbreviations, symbols and references

This section includes notations, logic signal conventions, definitions, abbreviations and symbols used in conjunction
with this standard as well as a list of documents referenced.

2.1 Interpretation of this standard

*  Clauses using the word shall are mandatory. Clauses printed in large italics and starting with a bullet, as
here, are mandatory.
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Definitions of recommended or preferred practice (to be followed unless there are sound reasons to the contrary)
include the word should.

Examples of permitted practice generally include the word may and leave freedom of choice to the designer or user.

Decimal notation is normally used in the text. Except where clear in the context, binary numbers are followed by the
letter b (that is, 01100b) and hexadecimal numbers by the letter h (that is, 1A3F5h).

*  [In order to conform with the specification of the FASTBUS system, an equipment or system shall satisfy the
mandatory requirements in this standard.

Non-FASTBUS equipment that does not interfere with the operation of the FASTBUS features as defined in this
standard is considered compatible with the FASTBUS system.

No part of this standard is intended to exclude the use of equipment that is compatible in the preceding sense, even if
it does not conform fully to the specification.

No license or other permission is needed in order to use this standard.

2.2 Notations and logic signal conventions
The following notation is used in this standard for defining registers and bits in registers:

Positive logic is assumed, that is, the higher state of the signal is true; the lower state is false. Signal names reflect this,
that is:

R#2  <31:27>
| | XX=N is used where lines
Register Name— | | designated XX have an
| encoded value of N.
Register Field— |

<high order bit number:low order bit number

AK implies that, if high, it is true.

AK¥* implies that if high it is false, that is, AK is active low.
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If FASTBUS were implemented in ECL, one would label the bus signal Address Acknowledge AK, but in a TTL
system the label would be AK*. Bus signals are usually boxed in logic circuits. For example see below figure.

DS > BDS

Bus Signal Internal Bus Signal

AS >————IAS

Logic graphic symbols used generally conform with IEEE Std 91-1984 ! using positive logic or IEC Pub 113-7-1981.

Use of positive logic symbols as in ANSI/IEEE 91-1984 is recommended. Using these symbols to interconnect lines
usually results in nonnegated outputs being connected to nonnegated inputs.

The following examples show the notation used for Lines and Signals:

SS All SS Lines and Signals

SSO SS Line or Signal with weight 1

SS1 SS Line or Signal with weight 2

SS2 SS Line or Signal with weight 4

SS=2 Encoded value of the set of SS Lines or Signals
SS<2:0> SS2, SS1 and SSO

SS1=1 Logic state of SS1

2.3 Definitions

Address: Synonymous with Primary Address

Address Locked Operation: An Operation directed to a single Primary Address containing a mixture of Read and
Write Cycles, possibly including Block Transfers as well.

Ancillary Logic (ANC): Logic required for each Segment but not part of any Device. Operations associated with
Arbitration, Geographical Addressing, System Handshake and Run/Halt Control are carried out in the Ancillary Logic.
The circuit board containing the ANC may also contain Segment terminators.

Arbitration Cycle: The process by which the next Master to be granted bus mastership is determined. It is initiated by
the Arbitration Timing Controller and is complete when the winning Master assumes bus mastership.

! Information on references can be found in clause 2.6.
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Arbitration Locked Sequence: A sequence of operations by one Master, directed to a number of different Primary
Addresses, which is not interruptable by any other Master because the originating Master does not allow bus
arbitration to take place.

Arbitration Timing Control (ATC): Logic associated with each Segment for the purpose of supervising and
generating the arbitration control signals, Run/Halt control, and Broadcast System Handshake. (This is part of the
Ancillary Logic.)

Assured Access Protocol: A potential Master is operating in the Assured Access Protocol if, on detecting an Al
assertion, it will not assert AR and thus will not participate in subsequent Arbitration Cycles until all Devices currently
asserting AR have obtained Bus Mastership and completed their operations.

Backplane: Circuit board (typically printed) at the rear of a Crate which, by means of its attached connectors, mates
with the Modules and constitutes the Crate Segment.

Base Group Address: The Group Address (GP) value that is used for Geographical Addressing on a Segment.
Normally the lowest GP assigned to the Segment.

Block Transfer: The portion of a FASTBUS Operation in which a Master either sends data to or receives data from an
Attached Slave on every transition of Data Sync. The Slave acknowledges receipt of or sends data with every transition
of Data Acknowledge.

Broadcast (Broadcast Operation): An operation directed to one or more Slaves on one or more Segments.
Broadcast Address: A Primary Address asserted by a Master during a Broadcast.

Broadcast, Global: A Broadcast to Slaves on all Segments of a Multi-Segment system that can be reached from the
originating Segment.

Broadcast, Linear: A Broadcast to a subset of the Segments affected by a Global Broadcast. The subset can be either
a specified Segment or up to a specified Segment or beyond a specified Segment.

Broadcast, Local: A Broadcast that is effective only on the originating Segment.

Buffered Interconnect (BI): A Device that implements an inter-Segment connection such that the FASTBUS
Protocol (FBP) on one Segment is not synchronized with that on the other.

CAMAC: An internationally standardized modular instrumentation and digital interface system as defined in IEEE
Std 583-1982 and the corresponding documents EUR 4100-1972 and IEC Pub 516-1975. (CAMAC is often treated as
an acronym for Computer Automated Measurement and Control.)

Cleanup Data Cycle: A Data Cycle that is not accompanied by data transfer but is for the purpose of turning off the
Slave’s AD, PA and PE drivers.

Connected System: All Segments of a Connected System are capable of communicating directly with one another
through SIs. Note that because of the route map table implementation of message paths, Segments of a system that are
connected electrically by SIs are not necessarily also logically connected in the sense used here.

Control and Status Register (CSR): A register used to control the operation of a Device and/or record the status of
an Operation. It is accessible through a separate Address Space in a FASTBUS Device. CSR#0, mandatory for all
Devices, contains the manufacturer’s ID for the Device and a number of Device status bits as well as some user-defined
bits.

CSR Space: A FASTBUS Primary Address Cycle may specify with a code on the MS control lines one of two separate
address spaces in a Device: CSR Space and Data Space. CSR Space contains registers for Device control and status
reporting. Its allocation and usage is a part of the FASTBUS specification. See also: Data Space.

Crate (FASTBUS Crate): The mechanical housing for FASTBUS modules in a Crate Segment.

Daisy-Chain: A backplane connection between adjacent Module stations that allows information to flow between
Modules independent of the FASTBUS protocol.
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Data Cycle: The portion of a FASTBUS Operation in which a Master either sends data to or receives data from an
attached Slave. It begins with the Master causing a Data Sync transition and terminates with the Master receiving a
Data Acknowledge transition from the Slave.

Data Space: The address space which Devices may have that is recommended for use in data operations. There are
few constraints applied to Data Space uses. See also: CSR Space.

Device (FASTBUS Device): Any equipment capable of connecting to a Segment and responding to the mandatory
features of the FASTBUS Protocol.

Device Address (DA): The (32 - m)-bit identifying number assigned to a FASTBUS Device that is compared with the
signals on the AD lines during a Logical Primary Address Cycle of a FASTBUS Operation. The Device Address is
formed by the Group and Module Address Fields. The (remaining) low-order m bits are assigned to the Internal
Address Field.

Device Class-Broadcast: Selective Broadcast-Class specified by CSR#7. Controls Device response to subsequent
cycles within the Broadcast.

ESONE: A multi-national committee representing European nuclear laboratories. It produced the initial CAMAC
specification and collaborates with NIM in the maintenance and extension of CAMAC and in the development of
FASTBUS.

Far-Side (of an SI or BI): That port of an SI or BI electrically farther from the originating Master.
FASTBUS: The standard modular high-speed data acquisition and control system.

FASTBUS Protocol (FBP): The format and sequence of control and data messages in FASTBUS. Formats are
specified by the FASTBUS signal line assignments. Sequences are specified by Operations.

Geographical Address (GA): The Primary Address of a Device based on the physical (Geographical) location of the
Module, and determined by coded backplane pins, or (on a Cable Segment) by switches. For a Crate Segment
Geographical Address zero is for the rightmost position when the Crate is viewed from the front and the address
increases by one for each Module position moved to the left.

Geographical Address Control (GAC): Logic associated with each Segment for supervising and generating signals
for Geographical Addressing.

Group Address (GP): The high order (left justified) bits assigned in the Device Address Field of a FASTBUS Address
which are used to identify the Segment on which a Device is located; more than one Group Address may be assigned
to a given Segment. See Base Group Address.

Handshake: An interlocked exchange of signals between a Master and a Slave, controlling the transfer of data.

Host Processor: The data processing and control processor assigned to exercise overall supervision over a FASTBUS
system. Contains detailed knowledge of the system topology.

Interconnect: See Segment Interconnect and Buffered Interconnect.

Internal Address Field (IA): The group of low-order bits (right justified and contiguous to the Device Address Field
on the left) assigned in the Address of a FASTBUS Device which is used to identify internal locations within a
FASTBUS Device. Secondary Address Cycles allow the number of different locations accessed to exceed that
available in the Internal Address Field.

Interrupt Operation: A FASTBUS Write Operation to an Interrupt Service Device, notifying it that the sender
requires attention.

Interrupt Service Device (ISD): A Processor or other Device that can respond to Interrupt Operations.

Logical Address: A Primary Address of 32 bits consisting of the Device Address and Internal Address. It is
independent of the location of the Device on a Segment.

Master: A Device that is capable of asserting or controlling an Operation on a Segment according to the FASTBUS
Protocol. A Master may, in addition, contain Slave logic.
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Mastership: A Master is asserting Mastership when it has control of the Segment to which it is attached and is
asserting GK or AS.

Minimum Pulse Down Time: In order for all Devices to detect the zero state of a signal between the occurrence of
two successive one states of the signal, the zero state must last for at least a bus dependent Minimum Pulse Down
Time.

Module (FASTBUS Module): Any FASTBUS Device that can be housed in a FASTBUS Crate, that can connect to a
Crate Segment and that conforms with the mandatory specifications in this Standard for a FASTBUS Module.

Module Address (MA): The group of bits assigned in the Device Address Field of a FASTBUS Address which
identifies the Module on its Segment. The Module Address may partially overlap the Group Address.

Module Auxiliary Connector: The standard connector that mounts above the Module Segment Connector on a
Module Circuit Board.

Module Circuit Board: The printed board that is the circuit part of a FASTBUS Module on which the Module
Segment Connector is mounted for mating with the Crate Segment Connector.

Module Segment Connector: The standard connector that mounts on a FASTBUS Module and mates with the Crate
Segment Connector for connection of the Module to the Segment.

Module Supplementary Board: Any board in a FASTBUS Module that does not make direct connection with the
Crate Segment.

Near-Side (of an SI or BI): That port of an SI or BI that is electrically closer to the originating Master.

Next Transfer Address (NTA): A pointer in a Slave to the Module register that will be accessed during the next data
transfer. The NTA Register may be written during a Primary Address Cycle and may be Read or Written during a
Secondary Address cycle. During Block and Pipelined Transfers the NTA may be automatically modified between
Data Cycles.

NIM: (a) A committee sponsored by the United States Department of Energy and associated with the United States
National Institute of Standards and Technology. It produced the NIM instrumentation system specifications, endorsed
the use of CAMAC, and collaborates with ESONE in the maintenance and extension of CAMAC.

(b) A standardized modular instrumentation system consisting of NIM MODULES and NIM BINS as defined
in DOE/ER-0457T, May 1990.

Null Operation: A Primary Address Cycle followed by no Data Cycles. It determines if the system contains a Device
capable of responding to the Primary Address used. It can be used to reserve Segment Interconnects for an Arbitration
Locked Sequence.

Operation: A Primary Address Cycle followed by zero or more Data Cycles and a Termination Sequence.

Parity (for FASTBUS): A bit, optionally appended to a FASTBUS word, whose value is chosen to make the total
number of one bits (including the parity bit) odd. It is used for error checking since receipt of an even number of one
bits implies a transmission error.

Pattern Select: A Broadcast Address specifying that all Devices seeing the Broadcast remain attached to the Master
only if their T pins are asserted during the immediately ensuing Write Data Cycle.

Pending Master: The Master that participated in and won the most recent Arbitration Cycle. As a result it will assume
bus Mastership when the current Master releases the bus.

Pipelined Transfer: The portion of a FASTBUS Operation in which a Master either sends data to or causes data to be
sent by an Attached Slave on every transition of Data Sync. The Slave acknowledges receipt of or sends data with
every transition of Data Acknowledge. The Master does not wait for an acknowledge signal from the Slave before
causing another Data Sync transition.

Position: The location of a Module in a Crate. The Position number corresponds to the Geographical Address.

Primary Address: An address assigned to a Device by means of which a Master is able to establish contact with the
Device or a subdivision of the Device. Primary Address types are Logical, Geographical and Broadcast Addresses.
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Primary Address Cycle: The portion of a FASTBUS Operation in which a Master addresses a Slave on the Address/
Data (AD) lines. The address type is specified by the EG and MS control lines. It begins with the Master asserting the
Address Sync (AS) line and terminates with the Master receiving an Address Acknowledgment on the AK line.
Logical, Geographical or Broadcast Addresses are asserted during Primary Address Cycles.

Processor Interface (PI): The interface device between a Processor and a FASTBUS Segment.

Protective Buffer: An optional single word buffer in a Slave that always contains a copy of the most recent data
asserted or received by the Slave.

Read Cycle (Read): A cycle in which the direction of data flow is from Slave(s) toward a Master.

Reserved: Bus lines, connector pins, codes, bits, etc held for future assignment by the NIM Committee. They are not
to be used until and except as so assigned.

Response Timer: A timing device within a FASTBUS Master or Segment Interconnect used to terminate an Operation
that has failed to complete within a given (excessive) period of time.

Retry Period: The time a Master waits after failing to receive a response before trying the Operation again. This time
should be randomized to avoid system deadlocks.

Route Table: The list of Group Addresses recognized by an SI for passing Operations to its Far-Side Segment.

Route Tracing Mode: A mode of SI operation that generates an error diagnostic response instead of the normal
passing of an Operation.

Run/Halt Switch (RH): A switch normally operated by the Run/Halt switch activator bar on Crate Segments and on
the ATC on Cable Segments which stops bus traffic so that it may be possible to insert or remove Modules without
affecting other Modules on the Segment.

Secondary Address: An Address for use within a Device. It is provided by a Secondary Address Cycle that loads the
NTA register of the Device following a Primary Address Cycle or a Data Cycle.

Secondary Address Cycle: A Data Cycle in which a Master uses the Address/Data (AD) lines to load a Secondary
Address into the NTA register of a Device.

Segment: A specific transmission medium that supports the FASTBUS Protocol and to which FASTBUS Devices may
attach. A Segment is capable of supporting autonomous operation and communicating with other Segments via
Segment Interconnects.

Segment, Cable: A FASTBUS Segment consisting of a cable together with appropriate connectors for mating with
Devices.

Segment, Crate: A FASTBUS Segment that consists of a backplane mounted on a FASTBUS Crate and having
connectors to mate with a multiplicity of FASTBUS Modules.

Segment, Extended: A multiplicity of Crate Segments accessed by the same Group Address. Unlike Operations on
Segments linked by Segment Interconnects, independent Operations on each of the Segments that are part of an
Extended Segment never proceed concurrently. Depending on the method of implementation, some restrictions may
exist as to the placement of Masters. Depending on the disposition of Modules on the Extended Segment, some
Broadcast Operations may not be useable or may require special interpretation.

Segment Extender (SE): A Device for connecting two Segments to form an Extended Segment or part of an Extended
Segment.

Segment Interconnect (SI): A Device that implements an inter-Segment connection such that the FBP on the two
Segments is synchronized. When an Operation is passing through an SI, the SI acts as a Slave on the Near-side and as
a Master on the Far-side.

Segment Interconnect, Active: A Segment Interconnect is said to be Active if it is asserting AS=1 on the Far-Side
Segment.
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Segment Interconnect, Reserved: A Segment Interconnect is said to be Reserved if it has gained mastership of the
Far-Side Segment and is asserting GK=1 onto that Segment.

Service Request Handler (SRH): A Master responsible for monitoring the Service Request line, SR, on a Segment
or a group of Segments. When SR=1 the SRH requests Bus Mastership and after obtaining Mastership determines
which Module(s) is asserting SR, either by polling or by a Broadcast Operation. The SRH may subsequently service
the pending request(s) itself, or may issue Interrupt Messages to other Devices on behalf of the Module(s) asserting
SR. SR is usually asserted only by Modules which lack Mastership capability.

Skew Time: The minimum time that the assertion of a FASTBUS timing signal must be delayed after the assertion of
information and/or control signals to allow for differences in propagation time of signals on a FASTBUS Segment.

Slave: A Device that responds to Masters according to the FBP.

Slave, Attached: An Attached Slave is one that in the previous Primary Address Cycle recognized its address and
address type and as a result will participate in the ensuing Data Cycles.

Slot: A Module connector position on a Crate Segment backplane (see Position).

Sparse Data Scan (SDS): A technique by which arrays of modules with low data occupancy may be scanned
efficiently, i.e, without accessing every potential data site.

System Handshake: A Handshake in a Broadcast Operation where the Handshake signal is from the last Segment of
the addressed system rather than from individual Devices.

Termination Sequence: The process by which the AS/AK lock is broken.

T-Pin Broadcast: A method of using the pattern of ones on the A/D lines to select devices on a Segment that should
participate in a Broadcast.

Timeout: A Timeout occurs when a protective timer completes its assigned time without the expected event occurring.
Timeouts prevent the system from waiting indefinitely in case of error or failure.

Tree Structure: A set of Connected Segments with no loops (cross connections).
Wait Timeout Period: The time a Master will wait after recognizing WT before terminating the Connection.

Write Cycle (Write): A cycle in which the direction of data flow is from a Master to Slave(s).

2.4 Abbreviations
The following is a list of the abbreviations that are used in this standard.

A Asynchronous (Type of line)
AD Address/Data

AG Arbitration Grant

Al Arbitration Request Inhibit
AK Address Acknowledge

AL Arbitration Level

ANC  Ancillary Logic

AR Arbitration Request

AS Address Sync

ATC  Arbitration Timing Control
BH Bus Halted

BI Buffered Interconnect
C Clear Bit
C Control (Type of line)

CA Control for Arbitration Bus (Type of line)
CSR  Control and Status Register
DA Device Address
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DAR  Daisy Chain A Return
DBR  Daisy Chain B Return
DK Data Acknowledge

DL Daisy Chain Left

DLA  Daisy Chain Out Left
DLB  Daisy Chain In Left
DRA  Daisy Chain In Right
DRB  Daisy Chain Out Right
DS Data Sync

ECL  Emitter-Coupled Logic
EG Enable Geographical
F Fixed Information (Type of pin)
F (pins) Free Pins

FBP FASTBUS Protocol
FIFO  FirstIn

G Global Bit

GA Geographical Address
GAC  Geographical Address Control
GK Grant Acknowledge
GP Group Address

GP Group Address Field

I Information (Type of line)

1A Internal Address

1A Information for Arbitration Bus (Type of line)
ID Device identification

IDC Insulation Displacement Connector

ISD Interrupt Service Device

L Local Bit

LED  Light Emitting Diode

LSB Least Significant Bit

LX LAN(Local Area Network) connection
M Master —

MA Module Address

MAC  Module Auxilliary Connector
MCB  Module Circuit Board

MS Mode Select

MSB  Most Significant Bit

MSC  Module Segment Connector
NTA  Next Transfer Address

PA Parity

PE Parity Enable

PI Processor Interface

PROM Programmable Read-Only Memory
R Read

R Reserved Line

RB Reset Bus

RD Read Line

RH Run/Halt Switch
RX Receive Serial Line

S Slave

S Set Bit

S Serial Data

SDS Sparse Data Scan
SE Segment Extender
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SHL  System Handshake Logic

SI Segment Interconnect

SR Service Request

SRH  Service Request Handler

SS Slave Status

T Timing(Type of line)

TA Timing for Arbitration Bus (Type of line)

TPT Pin

TR Terminated Restricted Use Line

TTL  Transistor-Transistor Logic

X Transmit Serial Line

UR Unterminated Restricted Use Line

W Write

WT Wait

2.5 Symbols
Master
Slave
Crate Segment
(termincted)
Cable Segment
Terminator
Segment Interconnect (SI)
Buffered Interconnect (BI)
Segment Extender (SE)
Host Processor
Processor Interface
22

IEEE STANDARD FASTBUS MODULAR HIGH-SPEED

or

O o

El

Bi

&

|

Host
Processor

Processor
Interface

]

comyrignt @ 1900iere anREMIMENTS

Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 10:15:46 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 960/1177-1993


http://www.avadocuments.com/doc/ieee-960-1177-1993
http://www.avadocuments.com/doc/ieee-960-1177-1993

DATA ACQUISITION AND CONTROL SYSTEM IEEE Std 960-1993
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IEEE Std 583-1982 (Reaff 1990), IEEE Standard Modular Instrumentation and Digital Interface System. (CAMAC)
ASTM 2240-1981, Test Method for Rubber Property-Durometer Hardness.*

EURATOM Report EUR 4100 (Revised version 1972), CAMAC; A Modular Instrumentation System for Data
Handling.5

EURATOM Report EUR 5100 (Revised version 1974), CAMAC; A Modular Instrumentation System for Data
Handling; Specification of Amplitude Analogue Signals within a 50 Ohm System.

IEC Publication 113-7-1981, Preparation of Logic Diagrams, Part 7.6
IEC Publication 297-1-1986, Panels and Racks, Part 10.
IEC Publication 516-1975, A Modular Instrumentation System for Data Handling; CAMAC System.

MIL 461 1980, Electromagnetic Emission and Susceptibility Requirements for the Control of Electromagnetic
Interference.’

MIL-C-39012 1984, Connectors, Coaxial, Radio Frequency.

MIL-C-83503 1984, General Specifications for Connector, Electrical, Flat Cable, and Printed Wiring Boards, Non
Environmental.

U.S. Department of Energy Report DOE/ER-0189, December 1983, FASTBUS Modular High Speed Data Acquisition
and Control System for High Energy Physics and Other Applications.8

U.S. Department of Energy Report DOE/ER-0457T May 1990, Standard NIM Instrumentation System.

U.S. Department of Energy Report TID-26614, October 1974, CAMAC;A Modular Instrumentation System for Data
Handling; Specification of Amplitude Analogue Signals within a 50 Ohm System.

2 ANSI/EIA publications are available from the American National Standards Institute, 11 West 42nd St., New York, NY 10016, or from the
Electronic Industries Association, 1722 Eye St NW, Suite 300, Washington, DC 20006.

3 IEEE Publications are available from the Institute of Electrical and Electronic Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway, NJ 08855.
4 ASTM publications are available from the Sales Department, American Society of Testing and Materials, 1916 Race St., Philadelphia, PA 19103.
5 EURATOM publications are available from the Commission of the European Communities, Office of Official Publications, Luxembourg.

6 IEC Publications are available from the American National Standards Institute, 11 West 42nd St., New York, NY 10016, USA, or from the
International Electrotechnical Commission, 3 rue de Varembe, 1211 Geneva 20, Switzerland.

7 MIL publications are available from the Director, US Navy Publications and Printing Service, Eastern Division, 700 Robbins Avenue,
Philadelphia, PA 19111.

8 The U.S. Department of Energy Reports listed herein are available from the Chairman of the NIM Committee, Louis Costrell, Physics Laboratory,
National Institute of Standards and Technology, Gaithersburg, MD 20899, USA.
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3. Signals, signal lines, and pins

This section contains a description of the terminology used when referring to signals, signal lines and pins as well as
a brief outline of their usage.

3.1 Types of signal lines
The signals used by FASTBUS may be classified in the following way:

a) Timing. Transitions of these signals are used to delimit FASTBUS cycles involving either address, data, or
arbitration information.

b) Control. The level of these signals is examined at the transition of a timing signal to further specify the type
of operation. Interpretation of the Control Lines is dependent upon the associated timing transition.

c) Information. The level of these signals at a transition of a timing signal is associated with the action specified
by the control lines and the initiating timing transition.

d) Asynchronous. A number of FASTBUS signals may be initiated by events which are not synchronized with
the FASTBUS protocol. Examples are Service Request and Arbitration Request.

e) Serial Data. An independent serial bus that implements the FASTBUS Serial Network Protocol.

f)  Fixed. Information indicating a Module’s physical position on a Crate or Cable Segment is Fixed in that this
information is associated with physical position and cannot be changed by FASTBUS Operations.

3.2 Signal nomenclature

Signals are designated in the following way: if XX is the bus signal, then on logic diagrams BXX is used to designate
the buffered (In) bus signal and IXX the internally generated (Out) bus signal. The state, or change of state, of the XX
signal is indicated as follows:

XX(u) | TheO to 1 transition (up).

XX(d) | The 1 to O transition (down).

XX(t) | The transition from one level to the other (toggle).

XX=1 | Signal asserted.

XX=0 | Signal not asserted.

3.3 Brief description of signals, lines, and pins

In addition to containing the name of the signal to be described each subheading in this section includes, in brackets,
the signal usage as defined in table 1.2.1 followed by the possible sources of the signal. Unless otherwise stated in the
description, each signal is implemented as a bussed line in both Crate and Cable Segments.

*  The FASTBUS signal lines and pins described in 3.3 shall be provided on FASTBUS Segments and shall be
used in accordance with the mandatory requirements detailed in this standard.

3.3.1 AS Address Sync (T, Master)

The AS timing signal is asserted a skew time after the Address/Data (AD) and Mode Select (MS) lines have been
asserted by a Master that has acquired bus mastership. On receipt of this signal, Slaves compare the address and its
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type with those that it has been designed or programmed to recognize. Slaves that do not recognize the address take no
further action until the next AS(u) when they again make the address comparison.

3.3.2 AK Address Acknowledge (T, Slave or ANC)

The AK timing signal is asserted by a Slave upon recognition of either its Geographical or Logical Address in a
Primary Address Cycle. The receipt of AK by the originating Master indicates that, according to the state of MS<2:0>,
either a single Slave or a Broadcast connection has been made: For a single Slave connection AK is generated by the
Slave while for a Broadcast connection AK is generated by the Ancillary Logic.

3.3.3 EG Enable Geographical (C, Master or ANC)

The EG control signal is asserted by a Master or by the Ancillary Logic. On receipt of this signal Slaves compare their
Geographical Address as determined by the coded GA pins on a Crate Segment, or by switches on a Cable Segment
Device, with the Address coded on the low-order AD lines.

3.3.4 MS Mode Select (C, Master)

The three Mode Select control signals are asserted by a Master during an Address Cycle to specify the type of
connection. During Data Cycles the Master asserts these lines and RD to specify the data transmission mode. For an
Address Cycle MS indicates access to either Data Space or CSR Space of a specific Device or several Devices
(Broadcast mode). For a Data Cycle the MS control signals specify Random Data, Secondary Address, Block Transfer
or Pipelined Transfer.

3.3.5 AD Address/Data (I, Master or Slave)

The 32 AD information lines are used to transfer information during FASTBUS Operations. The AD signals are
asserted by the Master for Write Cycles and by the Slave for Read Cycles. The lines are designated AD<31:00> where
AD31 is the most significant bit.

3.3.6 SS Slave Status (I, Slave)

In a Primary Address cycle the three SS information signals are asserted by a Segment Interconnect or a Slave to
indicate the status of the Network or Device connection respectively. In a Data Cycle these signals are asserted by an
Attached Slave to indicate the Slave’s status. In both cases an SS=0 response indicates that the cycle was successful.

3.3.7 DS Data Sync (T, Master)

The DS timing signal is asserted by a Master to initiate a Data Cycle. On receipt of this signal, Attached Slaves
examine the RD signal to determine whether to assert data on the AD lines (RD=1, Read) or to accept data (RD=0,
Write). MS<2:0> are likewise interpreted to determine the mode of the operation. The Master must wait a skew time
after settling of the control and information lines before asserting DS.

3.3.8 DK Data Acknowledge (T, Slave or ANC)

A single Attached Slave always asserts the timing signal DK in response to DS. For the Broadcast mode DK is issued
by the System Handshake (see section 7). The status of MS at Primary Address time determines the source of DK.

3.3.9 RD Read (C, Master)

The Master asserts RD to specify to the Attached Slave the direction of data flow on the AD, PE, and PA lines. For
Address and Write data cycles RD=0 and the Master asserts AD, PE and PA; for Read data cycles RD=1 and the Slave
asserts these lines.
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3.3.10 PE Parity Enable (I, Master or Slave)

The PE information signal is asserted by a Device to indicate that odd parity is being generated for the AD lines. The
line may be asserted by a Master for Address and Write Cycles and by Slaves for Read Cycles. The assertion of PE
does not guarantee that a parity check will occur.

3.3.11 PA Parity (I, Master or Slave)

The Master or Slave generating parity asserts PA. PA is set to logic 1 if AD<31:00> has an even number of bits set to
logic 1.

3.3.12 WT Wait (A, Any Device)

The assertion of WT resets and inhibits response timeouts in a Master and inhibits a Master’s or Slave’s assertion of
timing transitions. This signal is generated by Segment Interconnects, Slaves and Diagnostic Modules to indicate to
the originating Master that an extended delay will occur before the expected response. Diagnostic use of WT allows
the system to be single stepped.

3.3.13 AR Arbitration Request (A, Master)

The AR control signal is asserted by a Master to request control of its Segment. The Arbitration Timing Controller, on
receipt of AR, starts an Arbitration Cycle as soon as permitted by the current Master.

3.3.14 AG Arbitration Grant (TA, ANC)

The Arbitration Grant line, AG, is asserted by the ATC to synchronize Arbitration Cycles during which contending
Masters decide which will be the next bus Master.

3.3.15 AL Arbitration Level (1A, Master)

The Arbitration Level lines, AL<05:00>, are asserted by Masters participating in an Arbitration Cycle. The lines
asserted represent the Master’s priority on its local Segment or in the system. The rules for assertion of AL are given
in detail in Section 6.

3.3.16 GK Grant Acknowledge (TA, Master)

Grant Acknowledge, GK, is asserted by the Master that participated in and won the most recent Arbitration Cycle.
Until GK is asserted the Master is called the Pending Master. The Current Master is the one asserting GK or AS. The
rules for assertion of GK are given in section 6..

3.3.17 Al Arbitration Request Inhibit (CA, ANC)

The ATC asserts Al to indicate the presence of unsatisified requests after an Arbitration Cycle. Masters that operate in
the Assured Access Protocol, will not assert AR and thus abstain from participating in subsequent Arbitration Cycles
until all Masters currently asserting AR have obtained Mastership and completed their operations.

3.3.18 SR Service Request (A, Master or Slave)

A Device that requires service may assert the signal SR at any time. A Master monitoring SR may after gaining bus
Mastership take appropriate action.
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3.3.19 RB Reset Bus (A, Master or Master via Sls)

The RB signal is asserted by a Master with sufficient knowledge to force a Segment into its reset or quiescent state.
This asynchronous signal may be used to precondition a Segment before initialization or diagnostics. In the latter case,
it is important to minimally disturb a Segment prior to beginning diagnostic procedures.

3.3.20 BH Bus Halted (C, ANC)

The BH signal is asserted only by the Run/Halt logic in the ATC when it senses a Halt request from the Run/Halt
Switch. This signal, generated in conjunction with AK, indicates the inactive, halted status of the Segment allowing all
Devices residing on the Segment to protect themselves from spurious (transient) signals that can be generated for any
reason at this time on the bus. It is especially intended to protect against a false RB signal.

3.3.21 GA Geographical Address (F, Hardwired)

The GA pins are five binary encoded pins at each Module position in a Crate Segment which uniquely encode the
position on the Segment. GA=00 represents the rightmost position in the Crate as viewed from the front. When EG is
asserted the Device in each Module location compares its coded pins with the five lowest AD lines in order to
determine if it is being addressed Geographically. Each Device on a Cable Segment has five switches that are used in
lieu of the GA pins for Geographical Addressing.

3.3.22 TP T Pins (I, Slave)

Each Module location has a T pin connected to a unique AD line. The T pin for Module location 00 (Crate position 00)
connects to ADOO, etc. These pins are used to indicate data present in response to the beginning of a Sparse Data Scan,
or to show a pattern response such as indicating the source of SRs on a Segment. These pins can also be used for
Device selection.

3.3.23 DL, DR Daisy Chain (I, Master or Slave)

Two independent daisy chains, A and B, are provided in Crate Segments to allow token passing between adjacent
Modules. At each Module position both chains have connections to the adjacent Module position on the left (DLA and
DLB) and on the right (DRA and DRB). Each chain has a return line (DAR and DBR). Chain A is used to pass
information from right to left; chain B is used from left to right [See table 13.2.1 and figure 14.2.1(a)].

*  Use of the FASTBUS daisy chain shall not interfere with the use of the FASTBUS protocol.
The use of the daisy chains is not specified in this standard.

The daisy chains are not continuous across empty Module positions. This must be taken into account when configuring
a Crate Segment for daisy chain applications.

3.3.24 TX, RX Serial Network Lines (A, Master or Slave)

The Serial Network lines on the Crate Segment provide any Module with convenient access to the FASTBUS Serial
Network. Use of these lines follows the FASTBUS Serial Network Protocol. The connection between the Serial
Network lines on a Crate Segment and the rest of the FASTBUS Serial Network can be made by an interface in a
Module or on a circuit board on the rear of the Crate Segment.

3.3.25 TR Terminated Restricted Use Lines

The use of the TR lines is restricted to special systems where functions asynchronous to the standard bus operations are
required. These uses should be restricted to high-speed differential clocks, front-end detector gates, etc.
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*  The TR lines shall not be used in lieu of using the standard protocol operations.
The TR lines shall be terminated as specified in 7.5.

Warning: Since the use of these lines is not specified, different Module types that attach to them may not operate
compatibly.

3.3.26 UR Unterminated Restricted Use Lines

The use of the UR lines is restricted to analog signals for special systems. Voltage and current limits are specified in
3.4.1.

3.3.27 Other Lines and Pins

Lines and pins are also included for power and reserved purposes and four unbussed free use pins (FP) are provided.
They are specified in Section 13. Voltage limits for these F pins are specified in 3.4.1.

3.4 Bus Loading

* A Device shall have transmit and receive gates or equivalent for the four bus timing signals AS, DS, AK and
DK for loading purposes.

For specific implementations see Annex A.
3.4.1 Voltage and Current Limits for Signal Lines and F Pins

*  The voltage on the Unterminated Restricted Use (UR) lines and the F pins shall not exceed 15 volts. The
current through the signal line busses shall not exceed 100 mA.

4. FASTBUS operations: Addressing

A FASTBUS Operation has three distinct phases. During the first, the Primary Address Cycle, a Master, after having
been granted bus mastership, establishes a connection to one or more Slaves. The state of the Mode Select lines during
this Primary Address Cycle together with the information on the AD lines is used by each Slave to determine whether
or not it should attach to the Master. In the next phase Attached Slaves respond to Data Cycles initiated by the Master.
For Data Cycles the Slave’s interpretation of the information on the AD lines is determined by the Mode Select lines.
One special type of data is a Secondary Address that is used by Attached Slaves to select different registers or functions
without the need for further Primary Address Cycles. Data Cycles continue until the Termination Sequence in which
the Master signals to the Attached Slave(s) that the connection should be broken.

FASTBUS consists of a number of autonomous Segments that may be linked for the duration of intersegment
operations. Devices on one Segment must be distinguishable from those on another Segment. Similarly Devices on the
same Segment must be distinguishable from one another. These distinctions are made during a Primary Address Cycle
by three different, but compatible, addressing schemes: Geographical, Logical and Broadcast. Geographical
Addressing is a position-dependent scheme which must be used during system initialization. Logical Addressing is a
general addressing scheme in which each Device is, during initialization, assigned a range of 32-bit addresses to which
it will respond during Primary Address Cycles. For both Geographical and Logical Addressing only a single Slave
attaches to the Master. For Broadcast Addressing many Slaves may attach to a single Master. The addressing technique
used allows a measure of control over which Segments in the system will see the Broadcast as well as which Slaves on
the affected Segments attach to the originating Master.

The discussion and specifications in this section are related to the interpretation of addresses. The next section
discusses in detail the manner in which the various types of Primary Address and Data Cycles are generated as well as

the responses to such cycles. In FASTBUS 32 bits are used for the Primary Address. The high order bits Qﬁments
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Address are used to specify the Segment. This Group Address (GP) Field has a width that is implementation
dependent. It is the GP field that is used by each Segment Interconnect to determine if the Primary Address seen on one
of the two Segments to which it is connected should be passed to the other. Hence the width of the GP Field (n bits in
figure 4.1) is determined by the number of high order Primary Address bits used by the SI when making a decision as
to whether or not to pass a Primary Address. The GP field width may vary from Segment to Segment within a
connected system. It is, however, recommended that this width be fixed within a system.

4.1 Logical addressing

For Logical Addressing the bits contiguous to the GP Field are used to select a specific Device on a Segment. The
combination of the GP Field and this Module Address (MA) Field is called the Device Address Field. The border
between the GP and MA Fields is ill-defined in that a number of different GP Field values may all be passed to Devices
on the same Segment. Since Slaves always examine all 32 AD bits during a Primary Address Cycle the MA Field of
particular Devices may include some of the low-order bits of the GP Field used by the SI.

DA
le———— n bits ———I lt————— m bits —————J

l I
MSB GP . A LSB

- MA —]

Figure 4.1 —Logical Address Format

Group numbers should be allocated contiguously for any Segment and may be used only once within communicating
parts of a system. This means in systems which use transforming Segment Interconnects (see Section 10.1) that if a
Segment uses n transformed groups GP(0) to GP(n-1) then these groups cannot be used elsewhere in any system-wide
context. They may, however, be used locally on other Segments.

During a Primary Address Cycle to Data Space a register within a Device is selected by the Internal Address (IA) field.
After this field has been allocated for a Device all bits remaining from the 32 available form the DA field. Devices with
a wide IA Field (m bits in figure 4.1) will have a correspondingly narrower DA Field and vice versa. The IA may even
have zero width. The IA is examined during Slave selection in order to be able to signal invalid IAs at Address time.
It is recommended that the lowest IA implemented in a Device be zero. The combination of Device Address
(consisting of a Group Address and a Module Address) and Internal Address constitutes a Logical Address.

The number of identifiable data registers in a Device is not limited to that allowed by its IA Field. Secondary Address
Cycles provide large amounts of address space for each Device. Also, during a Primary Address Cycle the Mode Select
lines indicate whether Data Space or Control and Status Register (CSR) Space is to be accessed. Since the address
space is selected during a Primary Address Cycle, Secondary Address Cycles can only change address within the
previously selected address space. While registers in Data Space may be allocated in any way consistent with the IA
Field chosen for the Device, the allocation and usage of registers in CSR space is specified (see Section 8).

All writable registers in either Data Space or Control and Status Register Space should be readable.
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The standardization of CSR registers and the provision of Secondary Address Cycles means that a Broadcast to CSR
Space can be used by a Master to select a number of Slaves all of which can then participate in the same operation.

One CSR Register is allocated for a Device’s Logical Address. This register contains the Device Address which is used
for comparison with the AD lines during Primary Address Cycles addressed to either Data or CSR Space. If the Device
Address matches that on the AD lines during a Primary Address Cycle then the Slave attaches to the Master. The
system initialization procedure must assign Logical Addresses to Logically Addressable Devices.

*  Each Logically Addressable Device shall have its Logical Address specified by read-write register CSR#3.
This register shall be accessible by Geographical Addressing and shall be loaded by the system initialization
procedure prior to enabling the Device’s logical address recognition circuitry. A Device shall not respond to
Logical Addressing until this circuitry has been, enabled.

*  The DA field of a Logical Address shall be placed immediately to the left of the Data Space IA field and shall
extend through to the most significant bit of the 32-bit address.

*  Ifa Device implements only CSR Space the DA Field shall be 32 bits wide.

*  For Devices that implement both Data and CSR Space the width of the DA field shall be determined by the
Data Space requirements.

*  The DA Field consists of two parts; (1) the GP Field which shall occupy the left-most part of the field and
which shall identify the Segment, and (2) the MA Field, adjacent to the GP Field, which shall identify a
Device on a Segment. A Segment shall be allocated sufficient Group Addresses to accommodate all Devices
present. The maximum width of the GP field shall be 24 bits.

*  GP=0 shall not be globally allocated to any Segment for Logical Addressing. For Device selection by Logical
Addressing a Device shall fully decode its DA Field (see Section 5.2.2).

*  Addresses 0 to 255 inclusive in the Base Group of any Segment shall not be allocated for Logical Addressing.

4.2 Geographical addressing

On each Segment the first 32 Logical Addresses are reserved for positional addressing of Devices. The next 192
Logical Addresses are reserved for positional addressing of Devices on Extended Segments and the next 32 are
reserved for special purposes. These reserved first 256 Logical Addresses on each Segment are called Geographical
Addresses. There are two possible Geographical Address formats [figure 4.2(a)]. In the first format, which is confined
to a Segment, the high-order 24 bits of the address are all zero and the low-order 8 bits contain what is called the
Geographical Address (GA) Field. The second format, which allows a Geographical Address to reach a Device on
another Segment, has a non-zero GP Field and the region between the GP and GA Fields is all zero. The Ancillary
Logic on each Segment examines all Primary Addresses. If a Primary Address is found having one of the two specified
forms, where GP is that assigned to the Segment on which the Ancillary Logic resides, then, if Enable Geographic, EG,
has not already been asserted by the Master or SI, the Ancillary Logic asserts EG. On sensing EG=1 and RD=0, Slaves
compare AD<04:00> with their physical position as encoded at their connectors and AD<07:05> with zero. If a match
is found then the Slave attaches to the Master and regular Data Cycles, including Secondary Address Cycles, can
follow.
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MSB ZEROES GA LSB

24 bits 8 bits —™

=— n bits (24-n) bits —

MSB GP - ZEROES GA LSB

Figure 4.2(a) —Geographical Address Formats

Geographical Addressing allows a Slave to decode a reduced number of lines because of the address decoding that is
done in the EG generator part of the Ancillary Logic or by the Master or SI.

*  On each Segment, addresses 0 through 223 of the Base Group shall be allocated for positional addressing.
The Geographical Addresses 0 through 31 specify physical position on a Segment. For Extended Segments,
bits 5, 6 and 7 are used to identify which Segment of the extension the Geographical Address is specifying.
Addresses 224 to 254 shall be reserved. Address 255 shall be the EG generator address (see Section 7.2).

*  Five position-coded pins GA<4:0> shall be at each Module position on the Crate Segment. These pins shall
be used by Slaves during Geographical Addressing to determine if they are being addressed. On a Crate
Segment the pin code zero shall specify the rightmost Module position as seen from the front of the Crate and
shall increase by one for each position moved to the left.

*  Ona Cable Segment the “position” shall be specified by switches on each connected Device.

*  All Devices shall respond to Geographical Addressing in CSR space at all times.

*  If a Module occupies more than one Crate Segment position the GA or GAs to which it responds shall be
clearly indicated on the front of the Module.

*  [Ifa Module responds to more than one GA each GA shall correspond to a logically independent entity.

Figure 4.2(b) shows one implementation of Slave selection via Geographical Addressing. Multiple width Modules that
respond to more than one GA should not have any feature accessible by more than one path.
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AK=0
MS=0 or 1
AD<7:5>=0
AD<4:0>=CA<4:0>

D Q | GEOGRAPHICAL
SELECT

Figure 4.2(b) —Slave Selection via Geographical Addressing

4.3 Broadcast addressing

During a Broadcast Primary Address Cycle more than one Slave can become attached to the originating Master. Each
Slave that attaches responds internally but does not generate handshake signals. During Broadcast Operations
handshake response signals are generated only by the Ancillary Logic. All Slaves that attach during the Primary
Address Cycle respond to subsequent Data Cycles which may include Secondary Address Cycles. Typical uses of
Broadcasts include the synchronization of Devices and the clearing of banks of registers.

The Broadcast Address has two uses. One is to specify whether the Broadcast is to a specific Segment, to all Segments
in a pattern controlled by information in Segment Interconnects or to all Segments beyond and including the specified
one. The other use is to select on the affected Segments either a function to be executed or a Device class. Defined
functions include the Sparse Data Scan, unconditional TP assertion, TP assertion if asserting Service Request and
Device addressing by the Master’s assertion of TP. A Device on a Cable Segment makes direct use of the AD line
corresponding to the setting of the Device’s Geographical Address switches instead of TP. Eight functions are available
to the Device designer for special applications. Depending on implementation the Device class is either built into a
Device or specified at initialization time.

A T-Pin Broadcast is a method of using the pattern of ones on the A/D Lines to select Devices which should participate
in this type of Broadcast. Each Device’s Geographical Address on a Segment specifies a number between 00 and 31.
For T-Pin Broadcasts these Geographical Addresses are mapped to their corresponding Address/Data Line, ADOO to
AD31. When a “1” is asserted on the corresponding A/D Line (during the first MS=0 Write Data Cycle after the
Broadcast Address Cycle) which matches the Device’s GA value, the Device attaches for further Data Operations. If
a corresponding zero is asserted during this Write Cycle, the Device ceases further operations for that Broadcast. For
Crate Segments the T-Pin ‘decoding’ is wired into the backplane to simplify the electronics (see Section 14.2.1). For
Cable Segments the T-Pin is synthesized with extra electronics using the Cable Segment Geographical Address.

4.3.1 Master’s control of a broadcast

The SIs in a system play an important role in the propagation of Broadcasts. Section 10 contains an exact specification
of this role. Here a brief description is given in order to provide a better understanding of the interpretation of a
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Broadcast Address by SIs and Slaves. Figure 4.3.1(a) shows the format of a Broadcast Address. If the high order 24
bits of the address are zero and the Global bit, G (AD<01>), is set the Broadcast Address is said to be Global and the
operation affects all Segments that the Broadcast Address reaches. The Route Table Pass bit in each SI corresponding
to a zero GP Field is reserved for the routing of Global Broadcasts. The pattern formed by a propagating Broadcast
Address must be a simple tree with no cross connections (see Section 10.6.2). This rule has to be enforced at
initialization time. If both the GP Field and the Global bit are zero, then the Broadcast is confined to the Segment
containing the originating Master. Any SI passing a Global Broadcast Address with zero GP field ensures that the
Local bit, L (AD<00>), is set when asserting the Broadcast Address on its Far-Side Segment regardless of the state of
L on the Near-Side Segment. Slaves on a Segment that has a Broadcast Address asserted are only sensitive to the
Broadcast if the Local bit is asserted. SIs do not examine the Local bit when determining whether or not to pass a
Broadcast Address.

AD 31 8 7 2 1 0

GP ZEROES FUNCTION c|L

Figure 4.3.1(a) —Broadcast Address Field

If the GP Field is non-zero the Broadcast is not Global and the routing used by a non-Broadcast Operation is followed
to the specified Segment. The Global and Local bits as asserted by the originating Master determine the Segments on
which the Broadcast Operation is effective. If G=L=0 only the Segment specified by GP is sensitive to the Broadcast
while if G=0 and L=1 all Segments seeing the Broadcast Address on its way to the specified Segment are also affected.
If G=1 the Broadcast proceeds exactly as for G=0 affecting exactly the same Segments (as determined by L) until it
reaches the SI that passes the Broadcast Address to the specified Segment. Under these conditions this SI asserts a zero
GP Field on its Far-Side Segment as well as asserting L=1. Hence from the specified Segment on, the Broadcast
follows the Global Broadcast routing.

Table 4.3.1 displays these rules in tabular form and is made a mandatory part of the specification in Section 10.7.1.
This table uses figure 4.3.1(b) as an example to further clarify the routing of Broadcasts.

Since no individual handshakes are returned, more than one SI connected to a given Segment may recognize and pass
a Global Broadcast Address. Each SI that has detected a Broadcast Address that it is to pass asserts WT=1 on its Near-
Side Segment and proceeds to attempt to obtain mastership of its Far-Side Segment. If any error occurs in this attempt
the SI generates the appropriate Slave Status (SS) response and WT=0 on its Near-Side Segment. It does not generate
AK=1. If the attempt was successful the SI continues to maintain WT=1 on its Near-Side until on its Far-Side WT=0
and either AK(u) or DK(t) is received. The SI then sets WT=0 on the Near-Side Segment but does not pass either
AK(u) or DK(t). Rather, one of these signals, as appropriate, is generated by the Ancillary Logic. For a Crate Segment
the Ancillary Logic must have sensed that WT=0 for at least two bus delays. It is in this way that the System
Handshake is formed and returned to the originating Master.
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