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National foreword

This British Standard reproduces verbatim ISO/IEC 10861:1994 and implements
it as the UK national standard.

This British Standard is published under the direction of the Information
Systems Technology Assembly whose Technical Subcommittee IST/6/10 has the
responsibility to:

— aid enquirers to understand the text;

— present to the responsible international committee any enquiries on
interpretation, or proposals for change, and keep UK interests informed;

— monitor related international and European developments and promulgate
them in the UK.

NOTE International and European Standards, as well as overseas standards, are available from
Customer Services, BSI, 389 Chiswick High Road, London W4 4AL.

A British Standard does not purport to include all the necessary provisions of a
contract. Users of British Standards are responsible for their correct application.

Compliance with a British Standard does not of itself confer immunity
from legal obligations.

Summary of pages

This document comprises a front cover, an inside front cover, pages 1 and 11,
the ISO/IEC title page, pages i1 to x, pages 1 to 121 and a back cover.

This standard has been updated (see copyright date) and may have had
amendments incorporated. This will be indicated in the amendment table on the

inside front cover. Documents
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Abstract: The operation, functions, and attributes of a parallel system bus (PSB), called MULTIBUS II,
are defined. A high-performance backplane bus intended for use in multiple processor systems, the PSB
incorporates synchronous, 32-bit multiplexed address/data, with error detection, and uses a 10 MHz bus
clock. This design is intended to provide reliable state-of-the-art operation and to allow the implementation
of cost-effective, high-performance VLSI for the bus interface. Memory, I/0O, message, and geographic
address spaces are defined. Error detection and retry are provided for messages. The message-passing
design allows a VLSI implementation, so that virtually all modules on the bus will utilize the bus at its
highest performance — 32 to 40 Mbyte/s. An overview of PSB, signal descriptions, the PSB protocol,
electrical characteristics, and mechanical specifications are covered.

Keywords: High-performance synchronous 32-bit bus, MULTIBUS II, system bus architectures
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Foreword

ISO (the International Organization for Standardization) and IEC (the
International Electrotechnical Commission) form the specialized system for
worldwide standardization. National bodies that are members of ISO or IEC
participate in the development of International Standards through technical
committees established by the respective organization to deal with particular
fields of technical activity. ISO and IEC technical committees collaborate in fields
of mutual interest. Other international organizations, governmental and
nongovernmental, in liaison with ISO and IEC, also take part in the work.

In the field of information technology, ISO and IEC have established a joint
technical committee, ISO/IEC JTC 1. Draft International Standards adopted by
the joint technical committee are circulated to national bodies for voting.
Publication as an International Standard requires approval by at least 75 % of the
national bodies casting a vote.

In 1990, ANSI/IEEE Std 1296:1987 was adopted by ISO/IEC JTC 1, as draft
International Standard ISO/IEC/DIS 10861. This draft was subsequently
approved by ISO/IEC JTC 1 in the form of this edition, which is published as
International Standard ISO/IEC 10861:1994.
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IEEE Standards documents are developed within the Technical Commaittees 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 which
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 once 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 a normative part of ISO/IEC 10861:1994 [ANSI/IEEE Std 1296, 1994 Edition], but
is included for information only.)

In the last decade, the avalanche of new microcomputer technology, especially VLSI, threatened to obsolete
products almost before they went into production. To buffer users from this onrush of technology, Intel

helped develop standard interfaces. One of the most notable was the MULTIBUS I system bus, which was
used as the basis for a standard by the IEEE in 1983 as IEEE Std 796:1983 (after going through a 5-year

review and revision process).

In the early 1980s, Intel recognized that the trends toward multiprocessing and more sophisticated
microcomputer-based systems called for an advanced 32-bit system bus architecture. Intel called this new
bus MULTIBUS II. In continuing to pioneer the open systems technology, which included multiprocessing,
four critical requirements were observed: technical credibility, processor independence, standardization,
and openness to all levels of integration. Early in the development of the new bus, Intel established a
“MULTIBUS II Development Consortium.” The consortium gave the new bus a technical credibility that
few buses, especially those defined only among board vendors, can match. The companies in the consortium
also represented all microprocessor families; included in the group were 68020, 32032, 80386, and Z8000
board and system users, thus ensuring that the bus is easily adaptable to virtually any manufacturer’s
Processor.

The primary benefits being sought in the creation of this new bus were high-performance multiprocessing,
high system reliability, ease-of-use by system designers, and improved cost/performance.

Specific bus features were developed in response to these objectives. The 32 Mbyte/s message passing of the
bus provides a bus that acts like a very high-speed network connection for multiple processors (or processor
equivalents). There is a recognition that the bus is no longer to interconnect a CPU with its memory and
I/0; instead the bus is to interconnect whole stand-alone processors with each other and with intelligent
“subsystems-on-a-board.”

System reliability is enhanced by the features of bus parity, synchronous operation, negative acknowledge,
transfer retries, geographic addressing, and advanced backplane design. Ease-of-use by system designers
is implemented primarily through the geographic addressing, which provides for dynamic system
configuration. The bus encourages the use of software programmable configuration options (and
discourages any use of mechanical jumpers). The standardization of the high-level message-passing
protocol also gives the system designer an easy-to-use capability for interprocessor communication.

The cost/performance objective of the bus is delivered through its specification of a realizable 32 to 40
Mbyte/s bus bandwidth. Virtually all boards designed to the bus can achieve this bus utilization factor due
to the high-level protocol called out in the specification, and thus the availability of standard,
high-performance and cost-effective VLSI components to actually implement this level of performance. For
example, this specification and the VLSI make it possible for eight concurrent 4 megabyte/second transfers
to take place on the bus. This, or other combinations of transfers that add up to 32 Mbyte/s, demonstrate
the real cost/performance advantages of the bus for multiprocessor applications.

In 1983 MULTIBUS II was introduced to the IEEE standards process as a part of the considerations for
the P896 (Future Bus) working group activities. In the 1984/1985 time frame the MSC (Microcomputer
Standards Committee, of the TCMM) formed an independent study group for MULTIBUS II. During this
time the many active participants of the group proceeded to thoroughly review and make changes to the
proposed draft. In early 1986 the group was assigned a formal project number P1296. During the
remainder of 1986, the draft was passed by the Working Group and the MSC after thorough review,
discussion, and changes. In 1987, the draft was presented for Sponsor ballot and, after passing, presented
to the June 1987 meeting of the IEEE Standards Board.

The IEEE Standards Board calls attention to the fact that there are patents claimed and/or pending on
many aspects of this bus by Intel Corporation. IEEE takes no position with respect to patent validity. Intel
Corporation has assured the IEEE that it 1s willing to grant a license for these patents on reasonable and
nondiscriminatory terms to anyone wishing to obtain such a license. The general terms of the license are a
one-time administration fee of $§ 100 for a nonexclusive perpetual license. Intel Corporation’s undertakings
in this respect are on file obtained from the legal department of Intel Corporation whose address is Intel
Corporation, 5200 N.E. Elam Young Parkway, Hillsboro, OR 97124.
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1 General overview

1.1 Scope
This International Standard defines the operation, functions, and attributes of the IEEE 1296 bus
standard.

a) This standard defines a high-performance 32-bit synchronous bus standard.

b) The bus standard must have a design-in lifetime of 10 years with backward compatibility.

¢) The standard is intended for general purpose applications to optimize block transfers, including

protocol for message passing. For real-time applications, the bus will provide a means of ensuring an
upper limit to message delivery time.

d) The standard is intended to be compatible with existing IEC mechanical standards

(IEC Pub 297-1,1) 297-3, and 603-2) with recognition of the need for special front panels to address ESD,
EMI, and RFI requirements.

e) Options within the standard will be clearly identified.

f) The standard is intended to support multiple processor modules in a functionally partitioned
configuration and heterogeneous processor types in the same system.

g) The standard is intended to support heterogeneous processor types in the same system.

h) Message-passing format and protocol is intended for future migration to a serial system bus.

1.2 Normative references

The following standards contain provisions which, through references in this text, constitute provisions of
this International Standard. At the time of publication, the editions indicated were valid. All standards are
subject to revision, and parties to agreements based on this International Standard are encouraged to
investigate the possibility of applying the most recent edition of the standards listed below. Members of
TIEC and ISO maintain registers of currently valid International Standards.

DIN 41612, Two Part Connectors for Printed Board, GRIB, to 54 mm, Common Mounting Features, Survey
of Typesg).

TEC 297-1:1986, Dimensions of mechanical structures of the 482,6 mm (19 in) series — Part 1: Panels and
racks®.

TEC 297-3:1984, Dimensions of mechanical structures of the 482,6 mm (19 in) series — Part 3: Subracks
and associated plug-in units.

IEC 603-2:1988, Connectors for frequencies below 3 MHz for use with printed boards — Part 2: Two-part
connectors for printed boards, for basic grid of 2,54 mm (0,1 in), with common mounting features.

IEEE Std 1101:1987, IEEE Standard for Mechanical Core Specifications for Microcomputers (ANSI)4).

2 Definitions

The following definitions apply to all clauses of this International Standard.

2.1

acquisition phase

the final phase of the arbitration operation entered after determining that an agent has the highest priority
and the bus is available. See: arbitration operation; agent

2.2
address transfer

the passing of address information over the multiplexed address/data bus from the bus owner in order to
select the replying agent(s). See: bus owner; replying agent

D Information on references can be found in 1.2.

2 DIN publications are available from the Deutsches Institut fir Normung, Burggrafenstrasse 6, D-1000 Berlin 30, Germany.
3) IEC standards are available from the IEC Sales Department, Case Postale 131, 3 rue de Varembé, CH-1211, Genéve 20,
Switzerland/Suisse.

Y IEEE publications are available from the Institute of Electrical and Electronics Engineers, Service Center, 445 Hoes Lane,

P.O. Box 1331. Piscataway, NJ 08855-1331, USA.
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2.3
address/data bus signal group

a set of thirty-six (36) signals, consisting of 32 address/data signals and four parity signals that are used
for address and data transfers

2.4
agent
a physical unit that has an interface to the parallel system bus, for example, a single-board computer

2.5
agent error

an agent status that indicates an error condition in a replying agent

2.6
agent status

the condition of the replying agent, transmitted during the reply phase of a transfer operation.
See: reply phase; transfer operation

2.7
arbitration operation

the bus operation in which agents attempt to gain exclusive access to the parallel system bus

2.8
backplane

the physical mechanism by which signals are routed between agents
2.9

bit (b)

a binary digit

2.10

broadcast message

a sequence of one or more data transfers from the bus owner to all replying agents, with uninterrupted bus
ownership

2.11
bus clock cycle

an amount of time equal to one bus clock period, nominally 100 nanoseconds

2.12
bus loss

the amount of time required for a valid signal transition to occur at every point on the backplane. This value
is equivalent to two bus propagation delays plus the clock skew

2.13
bus operation

the basic unit of processing whereby digital signals effect the transfer of data across an interface by means
of a sequence of control signals and an integral number of bus clock cycles

2.14
bus owner

the agent that enters the acquisition phase of the arbitration operation and initiates one or more transfer
operations. See: acquisition phase; arbitration operation; transfer operation

2.15
bus request sequence

a set of one or more arbitration operations in which all agents that simultaneously request the bus become
the bus owner, one at a time. See: arbitration operation; bus owner
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2.16
byte (B)

a group of eight adjacent bits operated on as a unit

2.17
central services module (CSM)

a specific module that is required in all systems using the parallel system bus. Its services, such as starting
certain bus operations and guaranteeing uniform initialization of all agents, are required by all agents on
the parallel system bus. It is always located in a specific slot in the system backplane. See: parallel system
bus

2.18
client

an agent that requests services of a server. See: server

2.19
cold-start

a sequence of events performed on the application of power that ensures a uniform initialization period for
all agents, giving them the ability to begin operation from a known state

2.20
command transfer

the passing of command information over the system control signal group, from the bus owner to the
replying agent(s), during the request phase of a transfer operation. Command information includes
parameters for the impending transfer operation, as well as additional address space information not
transmitted with the address transfer. See: request phase; system control signal group

2.21
data transfer

the passing of data over the multiplexed address/data bus, between the bus owner and the replying
agent(s), during the reply phase of a transfer operation

2.22
driving agent
the agent that is permitted to assert or negate a signal on the bus

2.23
dual-mode agent

an agent that supports both memory-mode and message-mode communication on the parallel system bus.
See: memory-mode agent; message-mode agent

2.24
dual-mode system

a system that supports both memory-mode and message-mode communication. A mixture of both
communication types is used on the parallel system bus

2.25
end of transfer (EOT) status

a handshake status that indicates the last data transfer of the transfer operation. See: handshake status

2.26
exception

an abnormal condition on the bus caused by either a bus parity error, a bus time-out, a protocol violation,
or a bus owner reply phase termination

2.27
exception operation

a bus operation in which an agent places an error indication on the parallel system bus. The error
indication causes all bus agents to terminate arbitration and transfer operations
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2.28
handshake status

a status transfer that indicates the exchange of data between bus owner and replying agent(s)

2.29
I/0 space

the address space used for accessing peripheral devices such as communication controllers and mass
storage devices

2.30
interconnect space

the address space used for board identification, system configuration, and board specific functions such as
testing and diagnostics

2.31

interconnect template

a definition of the contents of the interconnect space of an agent

2.32
interface

a shared boundary between modules or agents of a computer system, through which information is
conveyed

2.33
locked

a condition of the bus that guarantees exclusive access to the parallel system bus and to resources on the
replying agent(s). This inhibits transfer operations between the replying agent and any other bus interface

2.34
memory space

the address space used for accessing physical memory devices for storage and retrieval of code and data

2.35
memory-mode agent

an agent that communicates with others by using memory and/or I/0 space on the parallel system bus

2.36
memory-mode system

a system in which the agents communicate with one another with data structures in memory and/or 1/0
space

2.37

message space

the address space used for packet based communications ranging from interrupts to negotiated data
movement. See: packet

2.38
message-mode agent

an agent that exclusively uses message space for communication with other agents

2.39
message-mode system

a system in which communication between agents is via blocks of data transmitted in the message space

2.40
module

a basic functional unit within an agent

2.41
nibble
a group of four adjacent bits operated on as a unit
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2.42
packet

a block of information that is transmitted within a single transfer operation in message space.
See: message space; transfer operation

2.43
parallel system bus (PSB)

the signals, media and protocol used to interconnect agents in the IEEE 1296 system
2.44
parking

the state of the bus owner where, after the completion of the current transfer operation, ownership is
retained until there is a request by another agent for the use of the bus

2.45
power failure recovery

a sequence of events that provides orderly control of system shutdown during a temporary power failure
and start-up after power is restored

2.46
protocol

the set of signaling rules used to convey information between agents

2.47
read data transfer

one or more data transfers from a replying agent to a bus owner, with uninterrupted bus ownership

2.48
receiver

an agent that is the recipient of the data during a solicited message. See: solicited message

2.49
recovery phase

the final phase of an exception operation in which the parallel system bus is allowed to sit idle for a defined
amount of time. See: exception operation

2.50
reply phase

the final phase of a transfer operation that consists of one or more consecutive data and/or status transfers
on the parallel system bus

2.51
replying agent
an agent that participates in a transfer operation with the bus owner

2.52
request phase

the initial phase of a transfer operation in which the bus owner places command and address information
on the parallel system bus

2.53
requesting agent

an agent that has entered arbitration for bus access. See: arbitration operation

2.54
resolution phase

the initial phase of an arbitration operation in which all agents requesting access to the bus drive an
arbitration ID onto the parallel system bus. Agents mutually resolve requests and allow the agent with the
highest priority to gain access to the bus. See: arbitration operation
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2.55
sender

the agent that supplies the data for a solicited message. See: solicited message

2.56
sequential transfer

a transfer operation with multiple data transfers during the reply phase. See: reply phase; transfer
operation

2.57

server

an agent that performs a service for clients. See: client

2.58
signal phase

the initial phase of an exception operation in which all agents are notified of an error condition.
See: exception operation

2.59
skew

the time difference between signals because of timing differences for logic and backplane delays

2.60
solicited messages

a negotiated data transfer in message space. See: data transfer; message space

2.61
status transfer

the passing of information over the system control signal group, between the bus owner and the replying
agent, during the reply phase of a transfer operation. See: agent status

2.62
system control signal group

a set of ten (10) signals, including two parity bits, which supply command and status information between
the bus owner and the replying agent

2.63
transfer operation

the bus operation in which a bus owner transfers data on the parallel system bus. See: bus operation; bus
owner

2.64
warm-start

a sequence of events performed to reset a running system

2.65
write data transfer

one or more data transfers from the bus owner to a replying agent or agents, with uninterrupted bus
ownership

3 Guide to notation

3.1 General

A consistent convention on all signals, figures, and state-flow diagrams is used throughout this
International Standard. The conventions used are described in the following subclauses.
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3.2 Signal notation

Throughout this International Standard, the following convention is used for signal notation. An
asterisk (¥) following a signal name indicates that the signal is active when it is at a low voltage level

(as described in clause 4). A signal name that is not followed by an asterisk indicates that the signal is
active when it is at a high voltage level. Additionally, a high signal voltage level may be indicated by an
uppercase h (H), and a low signal voltage level may be indicated by an uppercase 1 (). This convention is
summarized in Table 3.2-1.

Table 3.2-1 — Signal notation

Signal name | Electrical level Signal notation

Low or L Inactive, deasserted, negated
BREQ
High or H Active, asserted
Low or L Active, asserted

BREQ*
High or H Inactive, deasserted, negated

Many signals on the parallel system bus (PSB) are more easily or conveniently discussed as a group. Names
for these signals follow a decimal radix numbering convention. When discussed as an individual signal, the
decimal number is simply appended to the signal name, e.g., AD15*. A group of signal lines with the same
signal group name are collectively referred to by listing the group name and enclosing the decimal numbers
within brackets, e.g., AD<31,23,7,0>*. A range of consecutive signals is referred to by using a double period
to list the beginning and ending signals, inclusively, e.g., AD<31..24>*. Consecutive and disjoint signals
are referred to by using both methods, e.g., SC<9,3..0>*. A bus signal group name with no brackets and
digits afterward refers to the entire group, e.g., AD* is equivalent to AD<31..0>*.

Signal lines on the PSB are always shown in capital letters, e.g., BREQ¥. In the case of open-collector
drivers, where more than one agent may drive the line at any time, the signal level driven by an agent may
not be the logic level currently on the PSB signal line. The signal an agent drives on the corresponding bus
line is designated by the same signal name, but in lowercase letters, e.g., breq*.

3.3 Figure notation

An example of the notation used in figures is shown in Figure 3.3-1. All solid vertical lines in the figure
represent the sampling point for signals (the falling edge of the BCLK* signal). Dashed vertical lines
indicate phase transitions. Groups of signals used for phases and transfers are enclosed in polygons
indicating simultaneous high and low logic levels. All bus operations (arbitration, transfer, and exception)
are enclosed in rectangles. Curved lines and arrows indicate cause-and-effect relationships, not
asynchronous operation. Double-slashed lines in the timing diagrams (/) indicate the occurrence of an
indefinite number of bus clock cycles, unless otherwise noted.
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Figure 3.3-1 — Figure notation example

3.4 Notation in state-flow diagrams

The state-flow diagrams use a consistent notation system in describing the transitions between states
during an operation.

Within each diagram there are various components. Each component describes, either graphically or in
words, some aspect of the operation of an agent. The various states that an agent may assume are
represented as circles. Transitions to other states are shown as arrowed lines and are labeled with a
number that corresponds to the numbered paragraph that defines their function. Bold type is used to name
conditions that are derived from bus signals or name conditions that describe the internal status of an
agent. Generally, such conditions are associated with transitions occurring from one state to another.

A condition that causes a transition is shown next to the arrowed line for that transition. Equals signs (=)
are used to indicate the state of individual lines or the components of a condition. The state equations and
conditions use “AND” to indicate when the AND operator is required and “OR” to indicate when the OR
operator 1s used.

3.5 Notation for multiple bit data representation

Data values for spanning multiple bits are represented in a consistent manner. The value for the multiple
bit quantity is shown as a decimal number, except where noted. The value is shown as high-true, making
it independent of bus level inversions. For byte values, the highest numbered bit is the most significant bit
of the byte. This International Standard does define the format of multiple data byte specification, except
when noted.

If the data is in ASCII format, the data consists of eight consecutive bits, with the value of the eighth (most
significant bit) always 0.

If the data is BCD format, each nibble within the byte represents a decimal digit. The value of bits <3..0>
is used for the units digit of the number and the value of bits <7..4> is used for the tens digit of the number.
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4 PSB overview

4.1 General

The PSB is a general purpose interface for multiple agents. Figure 4.1-1 shows a functional diagram of the
PSB. As shown, the PSB consists of five signals groups that requesting and replying agents use to
communicate with one another.

/4

< CENTRAL CONTROL SIGNAL GROUP >
AN N AN AN
ISO/IEC ARBITRATION OPERATION SIGNAL GROUP ISO/NEC
e T — loser,; 16us
L
FEVETEM AT TIHA AT TS SVETEM
BUS XCEPTION OPERATION SIGNA| GROUP BUS
\ oy O D ay

A Illllll—lllllll_‘ll

GHERE JREREE (R lll!l!l!i

REQUESTING CSM I
REPLYING AND REQUESTING
AGENT REPLYING AGENT
AGENT REQUESTING
AGENT

Figure 4.1-1 — Block diagram of the PSB interface

The PSB has several specific attributes, as follows:

a) The address/data path is 32-bit plus four parity bits, providing a 4-Gbyte address range and capable
of 8-, 16-, 24-, or 32-bit transfers. Ten system control signals, including nibble parity, provide command,
status, and handshake information for the address/data path.

b) The message-passing facility provides interagent communication.

¢) The interconnect facility allows configuration of agents and modules.

d) The bus operations are synchronous; the bus uses a handshaking protocol that is synchronous with
the basic clock rate (10 MHz) for the system resulting in a 40 Mbyte/s maximum transfer rate.

e) The bus operates in defined bus operations. The three types of bus operation are arbitration operation,
transfer operation, and exception operation.

f) The bus uses a central services module to provide some centralized system functions for up
to 21 agents.

Each of these attributes is explained further in the following subclauses.

4.2 Address/data path and system control signals

The address/data path on the PSB consists of 36 signal lines, including four parity lines, that are
time-multiplexed. During the request phase of a transfer operation, the signal lines provide address
information; during the reply phase of a transfer operation, the signal lines contain data. Byte parity is
provided for all address and data transfers on the address/data path.

Ten system control signals, including two parity signals, provide command, status and handshake
information for the address/data path. These signals are also time-multiplexed. During the request phase
of a transfer operation, the system control signals provide command information; during the reply phase of
a transfer operation, the signals are used for status and handshake information. Nibble parity is provided
for the system control lines at all times.
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4.3 Message-passing facility

The PSB defines a dedicated address space for use by agents in passing messages. The message-passing
facility provides a standardized method for performing direct transfers of messages (command and data)
from one agent to another. Message passing on the PSB provides for interagent communications
(interrupts and data movement) through the use of the dedicated message space.

4.4 Interconnect facility

The interconnect facility within the PSB defines geographic addressing for ease of configuration,
initialization, and diagnosis of an agent on the PSB. This allows software to identify, diagnose, configure,
and initialize an agent within a system.

4.5 Synchronous operation of the PSB

The PSB is referred to as being “synchronous” in that all operations on the PSB occur relative to the active
edge of a bus clock that is distributed to all agents on the bus. The synchronous nature of the bus does not
place rigid time constraints on the length of a transfer operation. It requires that agents sample and drive
signals at a specific time with respect to the bus clock.

The synchronous nature of the PSB allows each operation on the bus interface to be defined as a sequence
of bus states. Agents on the bus proceed from one bus state to the next by monitoring and asserting specific
status and control signals in a state control sequence defined by the operation. The specific meaning or
function of some status or control signals can vary and is dependent on the bus operation and state.

Bus operations and associated state sequences are diagrammed later in this International Standard.

4.6 Bus operations on the PSB

Agents perform three types of bus operation on the PSB: an arbitration operation, a transfer operation, or
an exception operation. Each operation has a definite event that signals the start and end of the operation.
The three types of bus operation can occur simultaneously, maximizing bus utilization.

A typical read or write sequence on the PSB consists of a series of two operations. First, the requesting
agent participates in the arbitration operation for access to the bus. When the requesting agent becomes
the bus owner, it performs one or more transfer operations to read or write data. If any agent senses an
exception (error) on the bus, that agent places an exception indication on the bus. The exception indication
initiates an exception operation, which terminates the current arbitration and transfer operations.

Figure 4.6-1 shows how the two types of operation form a typical read or write sequence on the bus. The
arbitration operation is a time period in which agents decide which will be the next to control the bus; the
transfer operation is a subsequent time period in which that agent performs the address, command, data,
and status transfers. Note that an exception operation is an error reporting time period that occurs only
when an error is sensed.

ARBITRATION ARBITRATION
OPERATION OPERATION

[ ARBITRATION
OPERATION

( | TRANSFER TRANSFER
=t=F OPERATION OPERATION

EXCEPTION
OPERATION

Figure 4.6-1 — Bus operation relationships

Each of the three types of bus operation is described further in the following paragraphs.
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4.6.1 Arbitration operation

The arbitration operation is the bus operation in which agents attempt to gain exclusive access to the PSB.
For each agent that requests access, the arbitration operation includes two phases: the resolution phase
and the acquisition phase.

The resolution phase is the time period during which agents that desire the bus collectively arbitrate for
access rights to the bus. The agents decide among themselves which one of them is going to control the bus
on completion of the current transfer operation.

The arbitration method used during the resolution phase for the PSB is referred to as a parallel contention
or self-selecting method. In this method, each agent on the bus is assigned an encoded bit pattern that gives
it a priority level when it makes a request for bus use.

The agent that has the highest priority request during the resolution phase obtains access rights to the bus
and begins the acquisition phase while the remaining agents begin the resolution phase of the next
arbitration operation. The agent in the acquisition phase is referred to as the bus owner.

Once in the acquisition phase, the bus owner begins its transfer operation while the other requesting
agents conduct another resolution phase (resolving for next access rights). Figure 4.6-2 shows the
end-of-a-transfer operation (EOT) initiating an acquisition phase of the arbitration operation to allow the
next bus owner to acquire control of the bus.

The arbitration scheme is such that no agent is prevented from gaining access to the bus. Agents that enter
arbitration enter collectively as a group, and each agent within the group receives bus access before any
new agent with normal priority is allowed to participate in the bus arbitration process. A bus request
sequence is a period consisting of at least one arbitration operation in which all requesting agents (at least
one) within a group arbitrate for and receive bus access. When all agents within the group have received
bus access, a new bus request sequence 1s entered and a new group of requesting agents begin arbitration
for bus access. An agent may enter the bus request sequence if it has a high priority request as defined
in 6.2.2.2.

Figure 4.6-2 shows bus operations that include three consecutive, errorless transfer operations on the bus.
This type of operation sequence is typical of a system with more than one requesting agent. The first
operation consists of a single data transfer, the second consists of three data transfers, and the third
consists of one data transfer. The diagram shows the relationship between the arbitration operation and
the transfer operation and shows the two phases of each arbitration operation: the resolution phase and
the acquisition phase.
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Figure 4.6-2 — Block diagram of bus operations

Note that the resolution phase of the next arbitration operation overlaps the acquisition phase of the
current arbitration operation.
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4.6.2 Transfer operation

After arbitrating for and winning control of the bus, the bus owner performs transfer operations to move
data to or from another agent.

Figure 4.6-2 shows three consecutive transfer operations on the bus. The diagram shows the two phases of
the transfer operation, the request phase and the reply phase, and shows the transfers within each phase,
including the command, the address, the data, the handshake, and the EOT.

The request phase is controlled by the bus owner. During the request phase, the bus owner places address
and control information onto the bus. The address and control information defines the replying agent(s),
the type of operation, and the type of address space involved in the transfer operation.

After the bus owner transmits the address and control information, the reply phase of the transfer
operation begins, in which the replying agent(s) satisfies the request.

During the reply phase, the bus owner and replying agent engage in a handshake that synchronizes the
data transfer. In the case of a read transfer, the handshake status signifies that the replying agent has
placed the data on the bus and the bus owner has received it. In the case of a write transfer, the handshake
status signifies that the bus owner has placed the data on the bus and that the replying agent has received
it. The bus owner and replying agent may perform one or more data transfers in a reply phase. The final
data transfer is accompanied by an EOT indication. With the EOT, the bus owner releases ownership of
the bus if other agents request access to the bus. Otherwise, the bus owner retains ownership of the bus.

4.6.3 Exception operation

The exception operation is an error-reporting and recovery tool. If an agent detects an error (exception),
that agent provides an exception indication on the bus and all agents begin an exception operation. The
exception operation terminates any arbitration and transfer operations.

Figure 4.6-3 shows the same operation sequence presented in Figure 4.6-2, except that in Figure 4.6-3 an
agent detects and signals an exception, thus initiating an exception operation. (Any agent can detect and
signal an exception.) The diagram shows the two phases of the exception operation, the signal phase and
the recovery phase, and shows how the exception operation terminates transfer and arbitration operations.
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Figure 4.6-3 — Block diagram of bus operations with errors

During the signal phase, the agent that detected the exception condition indicates the problem to all agents
on the bus by asserting an exception line. As a result of the signal phase, all agents terminate any
arbitration and transfer operation that may be in progress.
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After the exception line is negated by the agent that signalled the error, the recovery phase begins. One
bus clock cycle following the negation of the exception line, arbitration operations may begin. Four bus
clock cycles following the negation of the exception line, transfer operations may begin.

As Figure 4.6-3 shows, the exception operation has a specific time relationship with respect to sensing an
exception in the transfer operation. That is, the current exception operation reflects an exception condition
sensed during the previous transfer operation.

4.7 Central services module

The PSB uses a single central services module (CSM) to provide central control of the bus functions. The
CSM 1is responsible for clock and time out generation, monitoring the state of the power supplies and
initialization of the bus interface logic. One and only one CSM is active in the PSB backplane.

5 Signal descriptions

5.1 General

This clause lists and defines the five signal groups that make up the PSB. Each signal is discussed in detail.

5.2 Signal groups

The PSB contains five groups of signals over which requesting and replying agents enact the bus protocol.
All signals are sampled and driven relative to the falling edge of the bus clock unless otherwise noted. The
signal groups, signal names, and their functions are listed in Table 5.2-1. Each signal is discussed in the
following text. Refer to 7.5.1 for information regarding physical signal position on the connector.

Table 5.2-1 — Signal groups on the PSB

Signal group name Signals in group Ol}hsl;lglngs Description
Arbitration operation signal group | BREQ*, ARB* 7 Provides the signals to request the bus
and resolve arbitration for the next
bus owner.
Address/data bus signal group AD*, PAR* 36 Provides the address, data, and parity
signals for read and write sequences.
System control signal group SC* 10 Provides the control signals needed to
transfer address and data on the
address/data signal group.
Exception operation signal group |TIMOUT?, 2 Provides the error indication signals
BUSERR* to stop transfer operations.
Central control signal group RST*, RSTNC*, 7 Provides system-wide services such as
DCLOW?#*, PROT*, reset and initialization control.
BCLK*, CCLK*,
LACHn*

Refer to clause 7 for electrical specifications of the signals.
5.2.1 Arbitration operation signal group

The arbitration signals on the PSB provide for the requesting, arbitrating, and granting of bus ownership
to bus agents. All agents that require access to bus resources must arbitrate for use of the bus.

The seven signals within the arbitration operation signal group that implement the arbitration operation
protocol on the PSB are bus request (BREQ¥) and the arbitration ID signals ARB<5..0>*. These signals are
described in the following subclauses.
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5.2.1.1 BREQ* (bus request)

BREQ¥*, when asserted, indicates that a bus request sequence is in progress. Any bus agent that requires
access to the bus asserts its breq*. All breq* signals are ORed to become the BREQ* signal. Each requesting
agent negates breq* as it receives bus access. As the last requesting agent in the current bus request
operation is granted the bus, it negates breq*, which causes the negation of BREQ* on the bus. The
negation of BREQ¥ indicates to all bus agents that the bus request sequence has ended. BREQ* 1s used
only in arbitration operations; once an agent has ownership of the bus, it negates breq* and performs the
transfer operation. Other agents wishing access to the bus must sample BREQ¥* to determine if arbitration
is already underway. If arbitration has not begun, an agent may assert its breq* and enter arbitration.

5.2.1.2 ARB* (arbitration)

The arbitration signals are ARB<5..0>*. The arbitration signals provide three functions:
a) Carry cardslot ID assignment during reset
b) Carry arbitration ID assignment during reset
¢) Arbitration

During reset, the CSM uses the ARB* lines to assign the agent in each cardslot a cardslot ID and an
arbitration ID. The CSM drives the cardslot ID when ARB5* is asserted and the arbitration ID when
ARB5* is negated. The cardslot and arbitration IDs are placed on ARB<4..0>*. The cardslot ID gives the
agent a geographical address that is used in addressing interconnect space. The arbitration ID defines the
arbitration priority level for the agent. During reset, all agents are required to latch their cardslot ID and
requesting agents are required to latch their arbitration ID from the ARB<4..0>* lines.

The ARB* lines are used to resolve priorities for agents requesting access to the bus. During the resolution
phase, a requesting agent places its arbitration ID on its arb* lines. Then, the agent with an arbitration ID
that matches the ORed arbitration code present on ARB* gains access to the bus. As an agent gains bus
access, 1t stops asserting its arb* and breq* lines and leaves arbitration to perform transfer operations as
the bus owner. The remaining agents in the bus request sequence successively gain access to the bus in the
same fashion as described.

An agent uses the ARB5* line to request high-priority access to the bus during arbitration. If two or more
agents assert ARB5* at the same time, their bus access is determined by the priority of their arbitration
IDs on ARB<4..0>*,

5.2.2 Address/data bus signal group

Only the bus owner and the selected replying agent(s) use the multiplexed address/data bus of the PSB.
The address/data bus signal group includes two sets of signals: address/data signals and parity signals. The
address/data signals and the parity signals of the address/data bus signal group are described in the next
subclauses.

5.2.2.1 AD* (address/data bus)

The address/data signals on the PSB are AD<31..0>*. These 32 signals are multiplexed and serve a dual
purpose depending on the phase of the transfer operation.

During the request phase of the transfer operation, AD* signals contain the address for the ensuing data
transfer (ADO* is the least significant and AD31* is the most significant address bit). This address
corresponds to a location in memory or I/O space, a processing agent in message space, or a cardslot/register
location in interconnect space. The bus owner drives these lines during the request phase.

During the reply phase of the transfer operation, AD* signals provide for a variable-width data transfer,
carrying 8, 16, 24, or 32 bits of data. The replying agent drives the AD* lines during the reply phase of a
read transfer. The bus owner drives the AD* lines during the reply phase of a write transfer.

5.2.2.2 PAR* (parity)

The parity signals on the address/data bus signal group are PAR<3..0>*. The parity signals help ensure
the integrity of address and data information transferred on the AD* lines. Each parity signal carries an
even-parity bit for one byte of a 4-byte (32-bit) address/data bus. An agent that drives less than 4 bytes
need not place parity for the unused bytes onto the bus. The parity signals are assigned to bytes as follows:

PARO* — parity for AD<7..0>*

PAR1* — parity for AD<15..8>*

PAR2* — parity for AD<23..16>*
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16 B o Becsment Sharing Hub

Full document details: BS ISO/IEC 10861:1994


http://www.avadocuments.com/doc/bs-iso-iec-10861-1994
http://www.avadocuments.com/doc/bs-iso-iec-10861-1994

ISO/TEC 10861:1994

PAR3* — parity for AD<31..24>*

Even parity means that when the number of asserted bits within a byte on the bus (not including the parity
bit) is even, the corresponding parity signal is negated. If the number is odd, the parity signal is asserted.

5.2.3 System control signal group

The system control signal group on the PSB consists of ten signals, SC<9..0>*, that provide control between
agents during transfer operations. Agents use the SC* signals to define commands or report status,
depending on the phase of the transfer operation.

During the request phase of a transfer operation, the bus owner drives the SC* signals providing command
information to the replying agent(s).

During the reply phase of a transfer operation (not broadcast messages), the bus owner drives the
SC<9,3..0>* signals and the replying agent drives the SC<8..4>* signals. The SC* signals provide for
handshake and the transfer of status information between the bus owner and the replying agent(s). During
the reply phase of broadcast messages, the bus owner continues to drive all SC* signals.

The following subclauses describe the functions of each SC* signal during the request and reply
phases. Table 5.2-2 summarizes the functions of the SC* signals. Table 5.2-3 and Table 5.2-4 list the
request phase and reply phase functions for each of the SC* signals.

5.2.3.1 SCO0* (request phase or reply phase)

SCO0* is always driven by the bus owner and serves the same function during the request and reply phases
of a transfer operation. When asserted, SCO* indicates to all agents that the bus owner is in the request
phase of a transfer operation and that the address/data bus and the SC* lines contain valid request phase
information. When negated, SCO* indicates to all agents that the bus owner is in the reply phase of the
transfer operation.

5.2.3.2 SCI* (lock)

SC1* is always driven by the bus owner and serves the same function during the request and reply phases
of a transfer operation. When the bus owner asserts SC1*, pending bus requests are unheeded and the bus
owner retains ownership of the bus. Agents in the resolution phase remain there until the current bus
owner relinquishes the bus. Additionally, when SC1* is asserted, all multiported resources on the PSB that
are accessed during the time that the bus owner asserted SC1* are locked from access by other devices. The
locked resources are dedicated to the current bus owner until SC1* is negated.

Table 5.2-2 — Summary of functions of SC* signals

Signal Function during request phase Function during reply phase
SCo* Request phase Reply phase
SC1* LOCK LOCK
SC2* Data width End-of-transfer
SC3* Data width Bus owner ready
SC4* Address space Replying agent ready
SCh5* Address space Agent status
SCe6* Read/write data transfer Agent status
SC7* Reserved Agent status
SC8* Even parity on SC<7..4>* Even parity on SC<7..4>*
SC9* Even parity on SC<3..0>* Even parity on SC<3..0>*
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Table 5.2-3 — Functions of SC* during request phase

Signal Driving agent Functions during request phase Meaning
SCOo* Bus owner Identify transition between L =request phase
request phase and reply phase of
the transfer operation.
SC1* Bus owner Locked access L =lock active
H = lock inactive
SC<3..2>* | Bus owner Identify the width of the data SC3* SC2*
during the transfer operation. H H = 8-bit transfers
H L = 16-bit transfers
L H  =24-bit transfers
L L = 32-bit transfers
SC<5..4>* | Bus owner Identify the address space for the | SC5* SC4*
transfer operation. H H = memory space
H L =1/0 space
L H = message space
L L = interconnect space
SCe6* Bus owner Identify the type of data transfer |L = write data transfer
in the reply phase. H = read data transfer
SCT* Bus owner Not used; must be high.
SC8* Bus owner Provide even parity for L = odd number of lows on SC<7..4>*
SC<7..4>%: H = even number of lows on SC<7..4>*
SC9* Bus owner Provide even parity for L = odd number of lows on SC<3..0>*
SC<3..0>*: H = even number of lows on SC<3..0>*
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Table 5.2-4 — Functions of SC* during reply phase

Signal D:gi‘éiﬁg Functions during request phase Meaning
SCO* Bus owner |Identify transition between H = not request phase
request phase and reply phase
of the transfer operation.
SC1* Bus owner |Locked access L =lock active
H = lock inactive
SC2* Bus owner |Place an end-of-transfer L = end-of-transfer for transfer operation
indication onto the bus. H = not end-of-transfer
SC3* Bus owner |Provide a bus owner ready L = agent ready for data transfer operation
indication on the bus (part of |H = agent not ready
the reply phase handshake).
SC4* Replying Provide a replying-agent-ready |L = agent ready for data transfer operation
agent indication on the bus (part of |H = agent not ready
the reply phase handshake).
SC<7..5>* |Replying Place an agent status SC7* SC6* SCb5* Description
agent indication onto the bus. L L L Reserved

L L H Reserved.

L H L Agent data error.

L H H NACK; Replying agent
cannot respond because of a
temporarily unavailable
resource.

H L L Transfer not understood
error; multiple errors
sensed.

H L H Continuation error; replying
agent is unable to continue.

H H L Width error; width of
transfer is not compatible
with replying agent.

H H H No error; transfer completed
without errors.

SC8* Replying Provide even parity for L = odd number of lows on SC<7..4>*
agent SC<T..4>*: H = even number of lows on SC<7..4>*

SC9* Bus owner |Provide even parity for L = odd number of lows on SC<3..0>*
SC<3..0>*: H = even number of lows on SC<3..0>*

5.2.3.3 SC2* (data width or end-of-transfer operation)

SC2* changes functions depending on the phase of the transfer operation.

During the request phase, the bus owner uses SC2* (with SC3¥) to tell the replying agent(s) the data-width
format for the ensuing data transfer. The bus owner codes SC<3..2>* to select one of four possible data
widths: 8-, 16-, 24-, or 32-bits. Table 5.2-3 shows the four codes and the associated data widths.

During the reply phase, the bus owner asserts SC2* to inform all agents that the current data transfer is
the last in the transfer operation, the end-of-transfer (EOT).

5.2.3.4 SC3* (data width or bus owner ready)

SC3* changes functions depending on the phase of the transfer operation.

During the request phase, the owner uses SC3* (with SC2*) to tell the replying agent(s) the data-width
format for the ensuing data transfer. The bus owner drives SC<3..2>* to select one of four possible data
widths: 8-, 16-, 24-, or 32-bits. Table 5.2-3 shows the encoding of each data width.
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During the reply phase, the bus owner asserts SC3* to notify the replying agent when it is ready to send
or receive data. SC3* and SC4* provide a two-directional handshake during the reply phase of the transfer
operation.

5.2.3.5 SC4* (address space or replier ready)
SC4* changes functions depending on the phase of the transfer operation.

During the request phase, the bus owner drives SC4* (with SC5*) to select which address space will be used
for the impending data transfer. For a read transfer, the address space is a source of data; for a write
sequence, the address space is a destination. The bus owner has four address space options from which to
choose: memory, I/0, message, or interconnect. Table 5.2-3 shows the four codes available using SC4* and
SC5* and the associated address space selection.

During the reply phase, the replying agent asserts SC4* to indicate to the bus owner that it is ready to send
or receive data. SC4* and SC3* provide a two-directional handshake during the reply phase of the transfer
operation.

5.2.3.6 SC5* (address space or agent status)
SC5* changes functions depending on the phase of the transfer operation.

During the request phase, the bus owner drives SC5* and SC4* to select which address space will be used
for the impending data transfer. For a read transfer, the address space is a source of data; for a write
sequence, the address space is a destination. Table 5.2-3 shows the four codes available and the associated
address space selection.

During the reply phase, SC5* is driven (with SC<7..6>*) by the replying agent to provide agent status
information. Table 5.2-4 shows the assigned agent status codes.

5.2.3.7 SC6* (read-write or agent status)
SC6* changes functions depending on the phase of the transfer operation.

During the request phase, the bus owner uses SC6* to indicate the direction of data flow for the transfer.
When the bus owner negates SC6¥, the reply phase of the transfer operation is a read data transfer. When
the bus owner asserts SC6*, the transfer operation is a write data transfer.

During the reply phase, SC6* is driven with SC<7,5>* by the replying agent to provide agent status
information. Table 5.2-4 shows the assigned agent status codes.

5.2.3.8 SC7* (reserved or agent status)
SC7* changes functions depending on the phase of the transfer operation.
During the request phase, SC7* is not used and must be negated by the bus owner.

During the reply phase, SC7* is driven with SC<6..5>* by the replying agent to provide agent status
information. Table 5.2-4 shows the assigned agent status codes.

5.2.3.9 SC8* (parity on SC<7..4>%)

The function of SC8* remains the same in both the request phase and the reply phase of the transfer
operation. Agents use SC8* to provide even parity for the SC<7..4>* signals. If SC<7..4>* contain an odd
number of asserted signals on the bus, then the agent driving SC<7..4>* must also assert SC8* on the bus.

5.2.3.10 SC9* (parity on SC<3..0>%)

The function of SC9* remains the same in both the request phase and the reply phase of the transfer
operation. Agents use SC9* to provide even parity for the SC<3..0>* signals. If SC<3..0>* contain an odd
number of asserted signals on the bus, then the agent driving SC<3..0>* must also assert SC9* on the bus.

5.2.4 Exception operation signal group

The PSB provides the exception operation signal group for passing indications of exception errors to all
agents. This group contains two signals: bus error (BUSERR*) and bus time out (TIMOUT?¥). Each of these
signals is on a dedicated line. They are defined in the following subclauses.
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5.2.4.1 BUSERR* exception

An agent asserts bus error to indicate the detection of a data integrity problem during a transfer. Problems
reported through the BUSERR* signal are: detection of a parity error on the valid bytes of the AD* lines
or the SC<7..0>* lines, a bus owner reply phase termination, or a protocol violation occurring during the
reply phase. BUSERR* is received by all agents and can be asserted by any agent capable of detecting
transfer integrity problems.

5.2.4.2 TIMOUT* exception

An agent monitors TIMOUT?* to determine when a bus time-out condition occurs. Bus time out on the PSB
1s a result of the CSM determining that an agent is taking too much time to assert a handshake signal on
the bus. TIMOUT?* may also be generated by the CSM after determining that the bus owner has
maintained ownership for an excessive length of time, which is user defined. TIMOUT™ is received by all
active agents on the bus and is generated from time-out circuitry located on the CSM.

5.2.5 Central control signal group
The central control signal group provides bus status and control information for devices operating on the
PSB. This signal group contains seven signals. They are as follows:

— Reset (RST¥)

— Reset not complete (RSTNC¥)

— DC power low (DCLOW?¥)

— Protect (PROT¥)

— Bus clock (BCLK*)

— Central clock (CCLK¥)

— ID latch (LACHn*)
Each of the signals is described in more detail in the following subclauses. Electrical specifications of the
signals are contained in clause 7 .
5.2.5.1 Reset (RST*)

The CSM asserts RST* as a system-level initialization signal to all agents. Agents may monitor RST* along
with DC power low (DCLOW?¥) and protect (PROT¥) to distinguish between the types of reset: warm-start,
cold-start or power failure recovery (see 6.5.2).

5.2.5.2 Reset not complete (RSTNC¥)

Agents may assert RSTNC* during reset to extend the initialization time period provided by the CSM.
RSTNC* is an OR-tied signal that is low when one or more agents on the PSB have not completed their
reset requirements. Agents cannot perform bus operations while RSTNC* is asserted. The rstnc* signal
must be driven by any agent that needs more initialization time than the RST* signal provides. The rstnc*
signal should be negated by the agent as soon as possible, as no bus operations can be performed until the
RSTNC* signal is negated. RSTNC* is received by all bus agents.

5.2.5.3 DC power low (DCLOW¥*)

The CSM asserts DCLOW?* to all agents as a warning of an imminent power failure. The CSM monitors
the power level from the power supply and holds DCLOW?* high during normal system operation. When the
power supply identifies a power failure for the CSM, the CSM asserts DCLOW™* to indicate to all agents
that a power failure is imminent. Systems use DCLOW? as the control signal for enabling back-up power
and storage. DCLOW?® is asynchronous to the bus clock.

5.2.5.4 Protect (PROT*)

The CSM asserts PROT* as a power-failure protection signal to other system agents. PROT* is a delayed
result of the CSM sensing a power failure and indicates that system-supplied voltages are not within
tolerance. Agents in the system that contain battery-backed resources receive PROT*. The CSM negates
PROT™ after ac line voltage is stable and system voltages are available. PROT* is asynchronous to the bus
clock.
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5.2.5.5 Bus clock (BCLK*)

Only the CSM generates BCLK* and all agents in a system receive BCLK*. An agent uses BCLK* to drive
the PSB state machines. BCLK* has a fixed frequency of 10 MHz on the bus for normal operation, though
the frequency can be reduced to dc for testing of the PSB. Agents should be designed to operate at BCLK*
frequencies from 10 MHz to dc. The falling edge of BCLK* provides all system timing references.

5.2.5.6 Central clock (CCLK¥%)

CCLK* 1is generated by the CSM and may be used for additional timing among agents on the PSB. CCLK*
operates with a specific relationship to BCLK* and at twice the frequency.

5.2.5.7 ID latch (LACHn¥*)

An agent uses its ID latch signal only during a reset. The LACHn* signal is driven by the CSM and serves
two functions: it tells the agent when to latch the arbitration ID and when to latch the cardslot ID from the
ARB<4..0>* lines, depending on the state of ARB5*.

The ID latch signal is called LACHn* (where “n” is the cardslot to which the ID is assigned). Each of the
cardslots, except 0, contains a LACHn* signal that is activated when the CSM drives one of the
address/data lines (AD<20..1>*). For example, the agent in cardslot 2 accepts its ID when the CSM asserts
AD2* which is connected on the backplane to LACHn* at cardslot 2. This is shown in Figure 5.2-1.

CARDSLOT 1 CARDSLOT 2 ... CARDSLOT N
AD* LACHn* AD* LACHn" AD* LACHnN*

BACKPLANE CONNECTIONS

< ADDRESS/DATA SIGNAL GROUP >

Figure 5.2-1 — Backplane connection of LACHn*

5.2.6 Power

The PSB provides power for bus agents. The system power includes dc power at +5V, + 12V, - 12V,
ground, and facilities for + 5 V battery backup.

6 PSB protocol
6.1 General

This clause describes the communication protocol for the PSB. The communication protocol among agents
on the PSB is consistent for all bus operations. All agents implement the protocol by monitoring and
controlling the signals within the five signal groups described in clause 5. The description of the protocol
1s organized according to the three general bus operations that occur: the arbitration operation, the transfer
operation, and the exception operation. Following the discussion of bus operations, the systemwide
functions of the PSB are presented.

The protocol for all bus operations is presented in two stages, first in timing diagrams and then in
state-flow diagrams. The timing diagrams provide a time-ordered representation of bus operations by
showing the transition relationships among the signals that define the bus protocol. The timing diagrams
illustrate the synchronous nature of the PSB by showing the bus clock cycles as vertical lines. The bus clock
provides a common signal for all bus agents and is used to synchronize bus operations.
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State-flow diagrams present the lowest level of detail in defining the protocol responsibilities of each agent
in an operation. The state-flow diagrams list signal conditions required for each state-transition in an
operation.

Figure 6.1-1 shows the three types of bus operation and the signal groups that create the protocol for each
operation. The three types of bus operation are as follows:

a) Arbitration operation
b) Transfer operation
¢) Exception operation
These three bus operations are discussed in detail in the following subclauses.

6.2 Arbitration operation

An agent that wishes to transfer data on the PSB must participate in a bus request sequence and
participate in at least one arbitration operation. During an arbitration operation, one or more agents
arbitrate for control of the bus. As a result of a single arbitration operation, one agent gains control of the
bus and becomes the bus owner. Agents must gain control of the PSB before they can transfer data.

The arbitration operation performs two functions: first, it allows all requesting agents equal opportunity
to access the bus, and second, it eliminates the possibility of more than one agent trying to transfer data
on the bus at any one instant. In a case where more than one agent requests access to the bus at the same
mstant (or during the same bus request sequence), those agents that are refused access to the bus engage
in additional arbitration operations until all requesting agents are granted bus access, in a sequential
fashion, based on their priority.

6.2.1 Agent arbitration ID and cardslot ID assignment

During reset, the CSM in each system assigns cardslot IDs (1 through 20) to each agent and assigns
arbitration IDs to each agent on the bus. The sequence involves the use of the arbitration ID lines (ARB¥),
the address/data bus lines (AD<20..1>%), the ID latch signal (LACHn¥), and the reset signal (RST*). When
ARB5* is asserted, the CSM drives cardslot IDs on ARB<4..0>*; when ARB5* is negated, the CSM drives
arbitration IDs on ARB<4..0>*.

ARBITRATION OPERATION

RESOLUTION >_< ACQUISITION

YRANSFER OPERAT|ON

ske _< COMMAND HHANDSHAKE

REQUEST REPLY

PHASE PHASE
ss H

BREQ*
ARB*

DATA

| ADDRE!
]

EXCEPTION OPERATIDN

BUSERR® ___| SIGN RECOVERY
TIMOUT* ‘< AL

(optionally)

Figure 6.1-1 — Bus operation details
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With each arbitration/cardslot ID, the CSM drives a corresponding address/data line (connected to the
LACHnN* signal for each cardslot) to identify the destination for the ID. The CSM asserts one and only one
of the AD* lines at any time during the assignment sequence. Each agent uses its LACHn* line (connected
to one of the address/data lines) to identify the ID from the ARB<4..0>* lines. Whenever an agent detects
RST*, LACHn* and ARB5* asserted, the agent must latch the values on ARB<4..0>* for use as its cardslot
ID. Whenever an agent detects RST* and LACHn* asserted and ARB5* negated, the agent must latch the
values on ARB<4..0>* for use as its arbitration ID.

Figure 6.2-1 details the relationship among RST*, ARB*, and LACHn*. The LACHn* signal remains
asserted for at least one bus clock cycle. The arbitration or slot ID is guaranteed to be stable for at least one
clock cycle before and after the LACHn* signal is active. Refer to 6.5 for more information on the
assignment of cardslot and arbitration IDs.

6.2.2 Bus arbitration priority

All agents in a system share access to six signal lines on the bus, ARB<5..0>*. These signals provide the
mechanism that allows agents to decide among themselves which agent has first access rights to the bus.
At the beginning of a resolution phase, each agent desiring access to the bus places its arbitration ID and
priority onto its arb* lines. The arbitration operation signal group supports two different priorities at which
an agent can request use of the bus: normal priority (order of access determined by the arbitration ID on
ARB<4..0>*) and high priority (access based on condition of ARB5* and arbitration ID on ARB<4..0>%). It
1s possible that the implementations could utilize different values of ARB<4..0>* for high and normal
priority arbitration. The protocol for each priority method is discussed in the next subclauses.

RST* \
V7 V74

V4 V4
ARBITRATION ID

Nl

7 X
//

7

ARBS”

><

CARDSLOT ID
V74

/7
ARB<4..0>" X ARBITRATIOTI ORSLOTID X
//

/7

LACHn* \—,-7/ /

Figure 6.2-1 — Reset sequence

6.2.2.1 Normal priority

An agent places a normal priority request by asserting its breq*, holding arb5* inactive, and placing its
arbitration ID onto arb<4..0>*, Then each agent that requests access to the bus determines whether it is
making the highest priority request (higher arbitration IDs have higher priority — see Table 6.5-1) by
monitoring the condition of all arbitration lines on the bus.
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At the beginning of the resolution phase, each agent requesting the bus must place its arbitration ID on its
arb<4..0>* lines. If, for the given agent, the arbitration ID that it asserts does not match the ID present on
the ARB¥* lines, the agent stops driving the arbitration ID lines below the bit that doesn’t match (toward
the LSB). The agent continues to compare its arb* lines to the ARB* lines throughout the resolution phase.
The settling time for the ARB¥ lines is a maximum of three bus clock cycles, but the driving of the arb*
lines by requesting agents continues until the bus ownership can be exchanged. At the end of the resolution
phase, the agent whose arbitration ID matches the ARB* lines becomes the bus owner and removes its
breq* and arb* signals. Agents whose arbitration ID lines do not match the ARB* lines continue into the
resolution phase of the next arbitration operation. One arbitration operation is executed for each agent
that receives access to the bus. To service all agents that have requested bus access, a series of arbitration
operations are executed. This series of arbitration operations, during which all requesting agents receive
bus ownership access sequentially, based on their priority, is called a bus request sequence.

Agents making a normal priority request may request bus access and enter a bus request operation only

when no bus request sequence is in progress, as indicated by the negation of BREQ*. All agents engaged

in the current bus request sequence must be given bus access, and the current bus request sequence must
end before a new bus request sequence can begin. This ensures that no normal priority agent in a given bus
request sequence is locked out of bus access by another normal priority agent.

6.2.2.2 High priority

If an agent requires urgent bus operations, that agent uses the high priority feature. An agent’s high
priority request does not wait for the negation of BREQ* before driving its arb* lines. However, if BREQ*
1s asserted, an agent with a high priority request must wait until the beginning of the next resolution phase
to drive its arb* lines. In this case, the beginning of the next resolution phase immediately follows an EOT
status transfer without a lock indication. If BREQ¥ is not asserted at the time of a high priority request,
the requesting agent enters a resolution phase in the same manner as agents with normal priority
requests.

Once having entered the resolution phase, an agent places a high priority request by asserting arb5* while
placing its arbitration ID onto its arb<4..0>* lines. By asserting arb5*, an agent guarantees itself access to
the bus before any simultaneous or pending requests from other agents asserting a normal priority request.
When more than one agent simultaneously places a high priority request, (asserts arb5*) the agent with
the higher priority specified by its arbitration ID gains first access.

Table 6.2-1 summarizes the interaction between agents of different priority levels on the bus.

Table 6.2-1 — Arbitration priority protocol

Priority level of Priority level of o

Agent A’s request | Agent B’s request Next bus owner Description

Normal Normal Either Arbitration based on ARB<.4..0>* to select next
bus owner.

Normal High Agent B Allow the agent making the high priority request
to be the next bus owner.

High Normal Agent A Allow the agent making the high priority request
to be the next bus owner.

High High Either Arbitrate among high priority agents based on
ARB<4..0>*

6.2.3 Bus ownership

If, at the end of the resolution phase, an agent recognizes that its arbitration ID matches the ID on the bus,
the agent begins an acquisition phase.

During the acquisition phase, the bus owner performs transfer operations and all agents with pending
requests begin arbitrating again to determine the next bus owner. During the last handshake of the
transfer operation, the bus owner asserts SC2*. If another agent has won access rights to the bus, then the
current bus owner releases control of the bus and the new bus owner immediately enters the bus

acquisition phase.

A bus owner can perform several consecutive transfer operations by asserting lock via SC1*. By asserting
SC1%*, the bus owner guarantees itself exclusive use of the bus until it negates SC1*; other agents are
prohibited from gaining ownership of the bus while SC1* is asserted.
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Figure 6.2-2 shows the timing sequence for an operation during which the bus owner has locked the bus.
While SC1* is asserted, the bus owner may perform several consecutive transfer operations without
interruption from any other device.
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AGENT A

TRANSFER OPERATION TRANSFER OPERATION

AGENT A

AGENT B

AGENT A GAINS
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DURING TRANSFER
OPERATION, AGENT A
ASSERTS LOCK"

AGENT A CONTINUES
AS BUS OWNER BECAUSE
OF THE ASSERTION OF

LOCK"

AGENT A IS DONE AND
HAS DE-ASSERTED
LOCK". AGENT B TAKES
CONTROL OF BUS.

Figure 6.2-2 — Timing sequence with bus locked

6.2.4 Parking and bus release

A bus owner releases control of the bus if it has completed its transfer operation, SC1* (lock) is not asserted,
and another agent has entered the resolution phase of an arbitration operation. If the current bus owner
1s the last agent in the bus request sequence to gain access to the bus, then as it negates breq*, the BREQ*
signal goes inactive on the bus. The negation of BREQ* allows all agents to participate in the next bus

request sequence. As the bus owner completes its operation, the EOT status transfer on the bus allows the
next bus owner to assume ownership of the bus.

If no other agents request access to the bus, the last agent to be the bus owner retains ownership of the bus.
As such, this agent can perform another transfer operation without arbitrating for access to the bus. This
condition is known as parking.

If a bus owner performs multiple data transfers while other agents are in the resolution phase of an
arbitration operation, the resolution phase is extended until the EOT status transfer occurs. The

occurrence of the EOT status transfer permits the new bus owner to enter the acquisition phase and
perform transfer operations.

Figure 6.2-3 shows the three conditions that must be satisfied to exchange ownership of the bus: a pending
request for the bus, no transfer operation in progress, and SCI* (lock) negated.
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Figure 6.2-3 — Timing sequence for bus release

6.2.5 Arbitration priority example

Figure 6.2-4 shows two consecutive bus request sequences during which four agents (Agent A, Agent B,
Agent C, and Agent X) make normal priority requests for bus access assuming an idle bus. These two bus
request sequences occur as described in the following steps:

a) Agents A, B, and C make normal priority requests for access to the bus by asserting their breq* lines
and placing their arbitration IDs onto their arb<4..0>* lines with arb5* negated.

b) The breq* signals from the three agents are ORed together and placed on the bus as BREQ*, thus
closing the current bus request sequence to any additional normal priority requests.

c¢) The first arbitration operation begins. During the resolution phase, Agent A is determined to have the
next bus ownership by virtue of its arbitration ID and is given access rights to the bus.

d) Agent A now negates its breq* and arb*, enters the acquisition phase, and begins the transfer
operation over the PSB. As the first arbitration operation enters its acquisition phase, the second
arbitration operation begins its resolution phase with Agents B and C. Note that the acquisition phase
of the first arbitration operation occurs coincident with the resolution phase of the second arbitration
operation.

e) During the resolution phase of the second arbitration period, agent X desires to make a normal priority
bus request. However, a bus request sequence is currently in progress, and this is by the assertion of
BREQ*. Agent X is not permitted to make the normal priority bus request or engage in arbitration until
the current bus request sequence is completed and all current requesting agents have been satisfied.
f) At the end of the resolution phase of the second arbitration operation, Agent B is determined to have
next bus ownership, and is given access rights to the bus. Agent B negates its breq* and arb* after Agent
A has relinquished bus ownership. Agent B then enters the acquisition phase and begins the transfer
operation over the PSB.

g) As Agent B enters the acquisition phase described in the last step, Agent C enters the resolution phase
of the third arbitration operation.
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