Recognized as an
American National Standard (ANSI) IEEE Std 1212-1991

IEEE Standard Control and Status
Register (CSR) Architecture for
Microcomputer Buses

Circuits and Devices

Communications Technology

IEEE Computer Soclety

| Sponsored by the
” Microprocessor and Microcomputer Subcommittee

Electromagnetics and
Radiation

Energy and Power
Industrial Applications

Signals and
Applications

IEEE Std 1212-1991

Standards
Coordinating

Commitiees

7 Published by the Institute of Electrical and Electronics Engineers, Inc., 345 East 47th Street, New York, NY 10017 USA.
IEEE July 26, 1992 SH15085

Documents

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 11:58:53 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1212-1991


http://www.avadocuments.com/doc/ieee-1212-1991
http://www.avadocuments.com/doc/ieee-1212-1991

THIS PAGE WAS
BLANK IN THE ORIGINAL

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 11:58:53 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1212-1991


http://www.avadocuments.com/doc/ieee-1212-1991
http://www.avadocuments.com/doc/ieee-1212-1991

Recognized as an IEEE Std 1212-1991
American National Standard (ANSI)

IEEE Standard Control and Status Register
(CSR) Architecture for Microcomputer Buses

Sponsor

Microprocessor and Microcomputer Subcommittee
ofthe
IEEE Computer Society

Approved December 5,1991
IEEE Standards Board

xﬂ

Approved May 14, 1992
American National Standards Institute

Abstract: The document structure and notation are described, and the objectives and scope
of the CSR Architecture are outlined. Transition set requirements, node addressing, node
architectures, unit architectures, and CSR definitions are set forth. The ROM specification
and bus standard requirements are covered.

Keywords: CSR Architecture, bus architecture, bus standard, interoperability, micropro-
cessors, node addressing, registers, transaction sets

The Institute of Electrical and Electronics Engineers, Inc.
345 East 47th Street, New York, NY 10017-2394, USA

Copyright © 1992 by the
Institute of Electrical and Electronics Engineers, Inc.
All rights reserved. Published in 1992
Printed in the United States of America

ISBN 1-55937-198-6
No part of this publication may be reproduced in any form,

in an electronic retrieval system or otherwise,
without the prior written permission of the publisher.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 11:58:53 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1212-1991


http://www.avadocuments.com/doc/ieee-1212-1991
http://www.avadocuments.com/doc/ieee-1212-1991

oum

IEEE Standards documents are developed within the Technical Commit-
tees 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, mea-
sure, 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 inter-
ested 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 mean-
ing 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 rep-
resent a consensus of all concerned interests, it is important to ensure that
any interpretation has also received the concurrence of a balance of inter-
ests. 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 ad-
dressed to:

Secretary, IEEE Standards Board
445 Hoes Lane, P.O. Box 1331
Piscataway, NJ 08855-1331

USA

IEEE Standards documents are adopted by the Institute of Electrical and
Electronics Engineers without regard to whether their adoption may in-
volve patents on articles, materials, or processes. Such adoption does not as-
sume any liability to any patent owner, nor does it assume any obligation
whatever to parties adopting the standards documents.
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Foreword

ﬂ (This foreword is not a part of IEEE Std 1212-1991, IEEE Standard Control and Status Register (CSR)
Architecture for Microcomputer Buses.)

Bus standards have often been driven by hardware designers who have focused on the
transport mechanisms for sending read and write transactions on a bus. Additional soft-
ware considerations are needed to ensure interoperability between boards, as users of cur-
rent bus “standards” have discovered. Therefore, many bus standards have been supple-
mented with one or several de facto or recommended register architectures, which have
usually differed for each bus standard.

Through the cooperative efforts of the P1394 Serial Bus, P896 Futurebus+, and P1596 Scal-
able Coherent Interface (SCI) Working Groups, the need for a more formal approach to
defining a common scalable bus-technology-independent Control and Status Register
(CSR) Architecture was recognized. The hope is that, by sharing a uniform CSR Architec-
ture, these systems will minimize the software and firmware changes when migrating a
processor from one system bus to another or when bridging from one bus to another, and
that software costs for migrating between standards (as technology evolves) will be re-
duced. The P1212 CSR Architecture Working Group was fortunate to have the wide range of
bus technologies (from approximately 40 Mb/s for Serial Bus to approximately 1 Gbyte/s for
SCI) to test the performance and cost scalability of its designs. The popularity of the Future-
bus+ standard ensured that the CSR Architecture specification would be reviewed by a large
audience for use in a wide variety of applications.

The scope of the CSR Architecture includes the definition of the generic registers needed
to initialize, configure, and test nodes within a system. Other broadcast registers are suffi-
ciently standardized to ensure interoperability between modules supplied by different ven-
dors. The CSR document also defines address-space maps, bus transaction sets (reads,
writes, and locks), and ROM data formats.

|’ﬂ Protocols are defined for interrupting processors, passing messages, and for accurately
synchronizing distributed clocks. These definitions are intended to provide a sufficient
and standard framework for the design of vendor-dependent unit architectures. Parts of
this CSR Architecture are likely to indirectly influence the processor designs of the future.
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IEEE Standard Control and Status Register
(CSR) Architecture for Microcomputer Buses

L Document Structure and Notation
1.1 Document Structure. The CSR Architecture is split into two components, as listed below:

IEEE Std 1212 CSR Architecture

The specification portion of this document defines the address-space maps, the bus trans-
action sets, and the node’s CSRs. The intention is to provide a sufficient and standard
framework for the design of vendor-dependent unit architectures.

The specification includes the format and content of the configuration ROM on the node.
The configuration ROM provide the parameters necessary to auto-configure systems with
nonprocessor nodes provided by multiple vendors.

Note that a monarch selection process, which selects one processor to boot the system, is
not defined. A monarch selection process would be necessary to initialize a system con-
taining processors provided by different vendors.

Appendix: A Guide for Using the CSR Architecture
The appendix provides background for understanding the usage of this CSR Architecture
specification.
W The CSR Architecture provides the specification upon which conforming designs should
be based. The appendix illustrates ways that these capabilities could be used. Note that the
appendix is nonbinding.

1.2 References. This standard shall be used in conjunction with the following publication.
When it is superseded by an approved revision, the revision shall apply:

1] ISO 646:1983, Information processing—ISO 7-bit coded character set for information
interchange.!

1.3 Conformance Levels. Several key words are used to differentiate between different lev-
els of requirements and optionality, as follows:

expected. A key word used to describe the behavior of the hardware or software in the design
models assumed by the CSR Architecture. Other hardware and software design models can
also be implemented.

may. A key word that indicates flexibility of choice with no implied preference.

shall. A key word indicating a mandatory requirement. Designers are required to im-
plement all such mandatory requirements to ensure interoperability with other CSR
Architecture conformant products.

should. A key word indicating flexibility of choice with a strongly preferred alternative.
The phrase it is recommended has the same meaning.

Geneve 20, Switzerland/Suisse; and from the Sales Department, American National Standards Institute, 1430
Broadway, New York, NY 10018, USA.

m 1 ISO documents are available from ISO Central Secretariat, 1 rue de Varembé, Case Postale 56, CH-1211,
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1.4 Technical Glossary. A large number of bus and interconnect-related technical terms -
are used in the CSR Architecture document. These terms are described herein:

active test. An on-going test that is invoked by a write to the TEST_START register. The
node is in the testing state (STATE_CLEAR.state is equal to testing) while an active test is
in progress.

address_error. An error-status code returned to the requester when a transaction is di-
rected to a non-existing address; on some buses, this has been called a NACK (negative
acknowledge). The address_error status is generally returned if a valid address ac-
knowledgement is not observed within a fixed timeout period.

addressing. See: extended addressing (82-bit); extended addressing (64-bit); fixed
addressing (64-bit).

agent. An active switch, switch-like component, or bridge, between the requester and re-
sponder. During normal system operation, the agent is transparent to the requester and re-
sponder.

backplane. A subassembly that holds the connectors into which one or more boards can be
plugged. In addition to providing bus signal connections, the backplane usually provides
power connections, power status information, and physical position information to the
board.

big addressian. A term used to describe the physical location of data-byte addresses on a
multiplexed address/data bus. On a big-addressian bus, the data byte with the largest ad-
dress is multiplexed (in time or space) with the least-significant byte of the address.

big endian. A term used to describe the arithmetic significance of data-byte addresses
within a multibyte register. Within a big endian register or register set, the data byte with —
the largest address is the least significant.

board. The physical component that is inserted into one of the backplane slots.
bridge. A hardware adapter that forwards transactions between buses.
broadcast transaction. A transaction that is distributed to all nodes on a bus.

buffered write. A write transaction that appears to complete when the request is queued in
the agent or responder. A buffered-write transaction returns an optimistic (done_correct)
status before the responder’s completion status (which could report an error) is available.

bus-dependent. A term used to describe parameters that may vary among different bus
standards, but are defined by them. Although the CSR Architecture may constrain the defi-
nition of these fields, their detailed definition is provided by the appropriate bus standard.

bus standard. An abbreviated notation used throughout this document, rather than the more
exact “bus standard document that claims conformance to this specification.”

byte. A byte is 8 bits of data.

coherent transaction. A transaction (typically read or write) that provides protocols for
checking and maintaining consistency with other caches. Coherent transactions are ex-
pected to address a cache-line. For example, tightly coupled multiprocessors are expected to
use coherent transactions when accessing shared-memory resident data.

command_reset. An initialization event that is initiated by a write to the RESET_START
register.

company_id. A 24-bit binary value used to identify a company within the context of the CSR
Architecture. The company_id values are expected to be uniquely assigned to each com- -
pany.

14
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TT | conflict_error. An error-status code that is returned when a transaction has been transmit-
ted successfully, but a queue or usage conflict inhibits the transaction completion. A con-
flict_error status is returned to the original requester, which is expected to retry the trans-
action. This is different than a bus-dependent delay (wait or busy status), which delays the
forwarding of a transaction or subaction across the bus.

CSR. An abbreviation for control and status register. A CSR is a quadlet register that is ac-
cessed through read4 or write4 transactions and is used to observe a node’s state or to con-
trol its operation.

CSR Architecture. A term that refers to this standards document.

dead state. A node state that is reflected by the value of 3 in the STATE_CLEAR.state field.
A node enters the dead state when a fatal error has been detected and the node is connected
but no longer operational. Note that the severest errors could leave the node in a broken
state, with its registers undefined, rather than indicating a dead state.

diagnostic test. A test, or collection of tests, that is invoked by writing to the TEST_START
register. There are four forms of diagnostic tests: initialization tests, extended tests,
manual tests, and system tests.

directory. A contiguous collection of one or more entries, which is contained within the
node’s ROM.

directory entry. A ROM entry that specifies the address of another ROM directory.

disconnected state. A state in which the node no longer responds to bus transactions. Since
the node no longer responds to bus transactions, a power_reset is required to change to an-
other node state.

T [| disruptive test. A test that is invoked through a write to the TEST_START register and dis-
rupts the node’s operation by temporarily moving the node to the testing state.

DMA. A direct memory access (or simply DMA) architecture is an optional capability of
an I/O controller. After being started by the processor, I/O controllers with DMA capabili-
ties can access their commands, fetch data, and report status by accessing memory di-
rectly.

done_correct. A status code that is returned when a transaction is completed without errors.
On many buses, the done_correct status is implicitly assumed when no error-status codes
are observed.

doublet. Two bytes (16 bits) of data.

emperor processor. The monarch processor that is selected to initialize and configure the
system. On a single-bus system, the monarch and emperor processor are always the same.
On a multiple-bus system, the single emperor processor is selected from the available
monarch processors.

entry. (1) See: ROM. (2) A component of a directory, which is located within the node’s
ROM. An entry may contain information, or a pointer to another directory or leaf.

extended addressing (82-bit). The address model implemented by bus standards support-
ing 32-bit addresses. The 32-bit extended addressing model is a subset of the 64-bit extended
addressing model.

extended addressing (64-bit). An address model implemented by bus standards supporting
64-bit and 32-bit addresses. The 32-bit extended addressing model is a subset of the 64-bit
extended addressing model.

ﬂl extended memory space. An extended address space on a node that provides a RAM-access
window for a memory-controller unit architecture. The base address and upper bound of
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the extended memory space are specified through writes to the node’s MEMORY_BASE and -
MEMORY_BOUND registers. The extended memory space is not relevant to bus stan-
dards implementing 64-bit fixed addressing.

extended test. A test or collection of tests that shall perform bus transactions and use an ex-
ternal memory buffer. An extended test is invoked by writing to the TEST_START regis-
ter.

extended units space. An extended address space on a node that provides an access window
for unit architectures. The base address and upper bound of the extended units space are
specified through writes to the node’s UNITS_BASE and UNITS_BOUND registers. The
extended units space is not relevant to bus standards implementing 64-bit fixed address-
ing.

fixed addressing (64-bit). An address model implemented by bus standards supporting
only 64-bit addresseses. The initial node space is large (258 Tbytes), is fixed in size, and
extended spaces are not supported.

Futurebus+. A name that refers to IEEE 896.1-1991 [B312 and companion 896.x standards.
Futurebus+ defines a physically bussed backplane bus standard, which supports 32-bit and
64-bit physical addresses.

general ROM format. A format for the node-provided ROM. The general ROM format pro-
vides bus-dependent information and a root_directory; the root_directory directly provides
additional ROM entries.

immediate effect. An effect of a transaction, which appears to occur between the time the re-
quest subaction is accepted and the response subaction is returned. If a bus standard allows
CSR transactions to be split, and sufficient time is allowed between the acceptance of a re-
quest subaction and the return of a response subaction, an immediate effect can be emu-
lated by a processor on the node.

immediate entry. A ROM entry that provides a 24-bit immediate data value.

independently powered. An adjective used to describe a node on a bus, when the node’s
power supply may fail while other nodes remain powered and operational.

initial memory space. A portion of the initial node space, which provides a RAM-access
window for a memory-controller unit architecture. Unit architectures can also be mapped
to non-conflicting portions of the initial memory space. The initial memory space is only
relevant to bus standards implementing 64-bit fixed addressing.

initial node space. The address space that is initially mapped to a node. The initial node
space contains the initial register space (2 Kbytes) and initial units space. On buses im-
plementing 32-bit or 64-bit extended addressing, the initial units space is 4 Kbytes in size.
On buses implementing 64-bit fixed addressing, the initial node space is 256 Tbytes in size
and also includes the node’s initial memory and private spaces.

initial register space. A 2-Kbyte portion of the initial node space that is adjacent to the
initial units space. The registers defined by the CSR Architecture are located within the
initial register space. The initial register space also provides addresses for defining bus-
dependent registers.

initial units space. The portion of the initial node space that is adjacent to but above the
initial register space. When its size is sufficient, unit architectures are expected to be lo-
cated within this space.

2 The numbers in brackets refer to those of the references in 1.2; when preceded by a “B” they refer to those of the
Bibliography in Section 10.
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, initialization test. A test or collection of tests that does not require cooperation of any other
' D node(s) on the bus. The default and vendor-dependent initialization tests are invoked by
writing to the TEST_START register.

initializing state. A node state that is reflected by the value of 1 in the STATE_
CLEAR.state field. The initializing state is an optional transient state which is entered
immediately after a power_reset or command_reset event.

Kbyte. Kilobyte. Indicates 210 bytes.

leaf, A contiguous information field that is pointed to by a ROM-directory entry. A leaf
contains a header (length and CRC specification) and other information fields.

leaf entry. A ROM entry that specifies the address of a leaf.

line. An aligned block of data on which coherence checks are performed. Several bus
standards use 64-byte lines, so it is the expected line size for the CSR Architecture (although
other line sizes are not prohibited). For example, the 64-byte line size is reflected in the size
of bus transactions used for message passing.

little addressian. A term used to describe the physical location of data-byte addresses on a
multiplexed address/data bus. On a little addressian bus, the data byte with the smallest
address is multiplexed (in time or space) with the least-significant byte of the address.

little endian. A term used to describe the arithmetic significance of data-byte addresses
within a multibyte register. Within a little endian register or register set, the data byte
with the smallest address is the least significant.

lock transaction. A transaction that passes an address, subcommand, and data parame-
ter(s) from the requester to the responder and returns a data value from the responder to the

l/T » requester. The subcommand specifies which indivisible update is performed at the respon-
der; the returned data value is the previous value of the updated data.

manual test. A test or collection of tests that requires an operator. The tests may involve
power failure testing, on-line replacement testing, media testing, or cable connection tests
(when loop-back cables are required). A manual test is invoked by writing to the
TEST_START register.

Mbyte. Megabyte. Indicates 220 bytes.

minimal ROM format. A format for the node-provided ROM. The minimal ROM format
provides a 24-bit company_id value; although additional ROM parameters can be pro-
vided, their format and meaning are vendor-dependent.

module. A board, or board set, consisting of one or more nodes that share a physical in-
terface. Although only one board in a module connects to bus signals, each board connector
could provide power from the bus.

monarch processor. The processor that is selected to partially initialize the local-bus re-
sources and fetch the initial boot code.

node. The software-visible station on a bus. Each node is allocated a set of control register
addresses (including identification-ROM and reset command registers) that are initially
defined in a 4-Kbyte (minimum) initial node address space. Although multiple nodes may
share one bus interface, each node can be reset independently (a reset of one node has no
effect on other nodes).

nodecast. An adjective used to describe an interrupt or message transaction that is dis-
tributed to all units on a node. Also used as a verb; e.g., “transactions may be nodecast to
{T) all units on a node.”
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node_id. A 16-bit value that determines the initial node address space. On some buses, the —
node_id value has two components: a bus_id field specifies one of 1024 bus address and an

offset_id field specifies one of 64 node positions on the bus. During system initialization,

software is expected to assign unique node_id values to nodes within a system.

noncoherent transaction. A transaction (typically read or write) that is completed without
checking for consistency with other caches on the local bus. For example, nonccherent
4-byte read and write transactions are used to access CSRs. Note that noncoherent trans-
actions may be converted into coherent transaction sequences when passing through bus
bridges.

nondisruptive test. A test that is invoked through a write to the TEST _START register and
does not disrupt the node’s operation (the node does not enter the testing state).

nonvolatile memory (NVM). Read/write storage that is preserved through losses of power.

offset entry. A ROM entry that provides a 24-bit offset value. The offset value specifies the
location of a CSR that provides a 32-bit parameter.

physical interface. The circuitry that interfaces the module, board(s), and node(s) to the
bus signals.

power_reset. An initialization event triggered by the restoration of primary power. On a
backplane bus, a power_reset event is generally triggered by one or several specialized
signals driven by the shared power supply.

primary state. The state on a node that is initialized by a power_reset. For example, the
CSRs defined by IEEE Std 1212-1991, CSR Architecture, are part of the node’s primary state.

quadlet. Four bytes (32 bits) of data.

read transaction. A transaction that passes an address and size parameter from the re-
quester to the responder and returns data values from the responder to the requester. The
size parameter specifies the number of bytes that are transferred.

register. A term used to describe quadlet addresses that can be read or written by software.
In the context of this document, a register does not imply a specific hardware implementa-
tion. If a bus standard allows transactions to be split, and sufficient time is allowed be-
tween the request and response subactions, the functionality of the register can be emulated
by a processor on the module.

request subaction. A subaction that is generated by a requester to initiate an action on the
responder, For a processor-to-memory read transaction, for example, the request subaction
transfers the memory address and command from the processor to memory.

requester. A node that initiates a transaction by generating a request subaction (con-
taining address, command, and sometimes data).

reset test. A test or collection of tests that is invoked by a command_reset. Although a reset
test is actually a form of initialization test, the term reset test is used to avoid confusing its
functionality with the initialization tests that are invoked by writing to the TEST_START
register.

responder. A node that completes a transaction by returning a response subaction (con-
taining completion status and sometimes data).

response subaction. A subaction that is returned by a responder to complete a transaction
initiated by a requester. In a processor-memory read transaction, for example, the re-
sponse subaction returns the data and status from the memory to the processor.

response_timeout. An implied split-transaction-error status that is returned when the re-
sponse subaction is not returned within an expected timeout interval.
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( Tp ROM. An abbreviation for read-only memory. The ROM data is maintained through
losses of power. In some implementations ROM may actually be writeable, using
(normally disabled) vendor-dependent protocols.

root_directory. A term used to describe the directory at the top level of the hierarchical ROM
directory structure.

running state. A node state that is reflected by the value of 0 in the STATE_CLEAR.state
field. The running state is the normal operational state in which access to all of the node’s
CSRs are defined.

SCI (Scalable Coherent Interface). The name that refers to IEEE Std 1596-1992 [B9]. Though
functionally behaving as a bus, the SCI's physical implementation is a collection of point-
to-point unidirectional links (i.e., a ring).

Serial Bus. The name that refers to the IEEE project, P1394 [B8], which specifies a serial bus
intended as a low-cost peripheral connect or an alternate diagnestic and control path.

split transaction. A transaction that consists of separate request and response subactions.
On a backplane bus, for example, bus ownership is relinquished between the request and
response subactions. A transaction that is not split is called a unified transaction.

standard bus. An abbreviated notation used throughout this document, rather than the more
exact “physical bus standard that claims conformance to this specification.”

subaction. One of the two components in a transaction; a transaction consists of request
and response subactions.

subunit. A logical subcomponent of a unit that is accessed by a largely independent sub-
component of I/O driver software. For example, a terminal multiplexer unit could have
[ﬂ multiple subunits (two for each full-duplex connection).

successful test. A completed test that is inveked by a write to the TEST_START register, in
which no errors are detected.

supported transaction. A transaction whose returned data value and side effects are de-
fined by the hardware architecture that is addressed. For example, a write4 transactions to
the 4-byte STATE_CLEAR register is supported.

system test. A test, or collection of tests, that may use an external memory buffer and may
require cooperation of other nodes. For example, identical unit architectures may collabo-
rate to test cache coherence or to generate background “noise” traffic for other nodes being
tested. A system test is invoked by writing to the TEST_START register.

Tbyte. Terabyte. Indicates 240 bytes.

testing state. A node state that is reflected by the value of 2 in the STATE_CLEAR.state
field. The testing state is an optional transient state that is entered immediately after a
write to the TEST_START register. The node remains in the testing state until the active
test completes.

transaction. A transfer between requester and responder consisting of a request and re-
sponse subaction. The request subaction transfers a command (and sometimes data) be-
tween a requester and responder. The response subaction returns status (and sometimes
data) from the responder to the requester. A transaction may be either unified or split.

type_error. A status code that is returned when the transaction is directed to an existing
address, but the transaction command (for example, a read64 directed to a quadlet register)
is not implemented.

{ Th unified transaction. A transaction in which the request and response subactions are com-
pleted as an indivisible sequence. Between the initiation of the request and the completion
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of the response, other subactions are blocked. The Futurebus+ standard also calls this a -
connected transaction. A transaction that is not unified is called a split transaction.

unit. A subcomponent of the node that provides a processing, memory, or I/O functionality.
After the node has been initialized (typically by generic software), the unit provides the
register interface that is accessed by I/O driver software. The units normally operate inde-
pendently of each other, and do not affect the operation of the node upon which they reside.
Note that one node could have multiple units (e.g., processor, memory, and SCSI con-
troller).

unit architecture. The specification document describing the format and function of the
unit’s software-visible registers.

unit-dependent. A term used to describe parameters that may vary between different unit
architectures. Although the CSR Architecture may specify the size and location of these
fields, their format and most of their definition is provided by the appropriate unit architec-
ture specification.

unsuccessful test. A completed test that is invoked by a write to the TEST_START register
and detects one or more errors.

unsupported transaction. A transaction whose returned data value or side effects are not
defined by the hardware architecture that is addressed. For example, a write64 transac-
tions to the 4-byte STATE_CLEAR register is unsupported.

vendor-dependent. A term used to describe parameters that may vary between vendors sup-
plying the same node or unit architectures. Although the CSR Architecture may constrain
the definition of these fields, their format and definition is provided by the module vendor.
Note that vendor-dependent fields may be standardized or left implementation-specific,
depending on the vendor’s needs.

write transaction, A transaction that passes an address, size parameter, and data values
from the requester to the responder. The size parameter specifies the number of bytes that
are transferred.

1.5 Bit, Byte, and Quadlet Ordering. The CSR Architecture defines registers that are 4 bytes
(or larger) in size. To ensure interoperability across bus standards, the ordering of the
bytes within these registers is defined by their relative addresses, not their physical posi-
tion on the bus. Bus bridges are similarly expected to route data bytes from one bus to an-
other based on their addresses, not their physical position on a bus. The routing of data
bytes based on their address is called address-invariance.

To support the address-invariance model, bus standards shall specify the mapping of
their physical byte-lanes to relative data-byte addresses. The CSR Architecture specifies
the mapping of data-byte addresses to bytes within the multibyte CSRs. These two specifica-
tions indirectly specify the mapping between a CSR and physical byte-lanes on the bus. For
a quadlet CSR access, the data byte with the smallest address is the most significant, as il-
lustrated in Fig1-1.

Msg bytesin a quadiet LSB msg_quadiet register pair LSB
b[0] b[1] b[2] b[3] A| most_significant_quadlet
8 8 8 8 A+4| least significant_quadiet
32
Fig 1-1
Byte and Quadlet Ordering
20
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{ T ) Since 64-bit addressing is supported throughout this standard, many values are stored as
quadlet register pairs. For consistency, the quadlet register with the smallest address is
also the most significant, as illustrated in Fig 1-1. Note that different byte-ordering con-
ventions may be applied to the vendor-defined unit-dependent registers. For example, a
graphics frame buffer could route data-byte-zero to the least-significant portion of a pixel-
depth parameter. These unit-dependent formats are beyond the scope of the CSR
Architecture.

For most of the CSRs, the size of all fields within the quadlet are specified; the bit position
of each field is implied by the size of fields to its right or left. This labeling convention is
more compact than bit-position labels, and avoids the question of whether 0 should be used to
label the most or least-significant bit.

1.6 Numerical Values. Decimal, hexadecimal, and binary numbers are used within this
document. For clarity, the decimal numbers are generally used to represent counts, hexa-
decimal numbers are used to represent addresses, and binary numbers are used to describe
bit patterns within binary fields.

Decimal numbers are represented in their standard 0, 1, 2, . . . format. Hexadecimal
numbers are represented by a string of one or more hexadecimal (0-9,A-F) digits followed
by the subscript 16. Binary numbers are represented by a string of one or more binary (0,1)
digits followed by the subscript 2. Thus the decimal number “26” may also be represented as
“1A1g” or "110102".

1.7 C Code Notation. The meaning of several arithmetic algorithms are formally defined
by C code. Since many of the C code operators are not obvious to the casual reader, their
meanings are summarized in Table 1-1. If the case of conflict, the definition in ANSI
X3.159-1989 [B1] takes precedence.

Table 1-1
C Expression Summary
Expression  Description
~c Bitwise complement of integer ¢
c~d Bitwise EXOR of integers ¢ and d
c&d Bitwise AND of integers ¢ and d
cld Bitwise OR of integers ¢ and d
c<<d Integer c, shifted left by d bits
c>>d Integer c, shifted right by d bits
c== Boolean, true if integer c is equal to integer d
cl=d Boolean, true if integer c is not equal to integer d
'b Logical negation of Boolean b
a&&b Logical AND of Booleans ¢ and b
allb Logical OR of Booleans a and b

1.8 CSR, ROM, and Field Notation. This document describes a large number of control
and status registers (CSRs) and fields within these registers. To distinguish register and
field names from node states or descriptive text, the register name is always capitalized
and the field name is always in italics. Thus, the notation STATE_CLEAR.lost is used to
describe the lost bit within the STATE_CLEAR register. In this paragraph, as well as the

m rest of this document, a bold type font is used to emphasize a term, particularly on its first
usage.
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All CSRs are quadlets and are quadlet-aligned. The address of a register (which is
always a multiple of 4) is specified as the byte-offset from the beginning of the initial node
space. When a range of register addresses is described, the ending address is the address

of the last register, which is also a multiple of 4. These addressing conventions are
illustrated in Table 1-2,

Table 1-2
CSR Addressing Conventions
Offset Register Name Description
0 STATE_CLEAR First CSR location
4-12 OTHER_REGISTERS1 Next three CSR locations

When a CSR register is defined, the address represents an address offset from the
beginning of the initial node space, which is described in a later section.

This document describes a large number of ROM entries and fields within these entries.
To distinguish ROM entry and field names from node states or descriptive text, the first
character of the entry name is always capitalized and the field name is always in italics.
Thus, the notation Node_Memory_Extent.align is used to describe the align bit within the
Node_Memory_Extent entry.

1.9 Register Specification Format. This document precisely defines the format and
function of CSRs. Some of these registers are read-only, some are read/write, and some
have special side effects on writes. To accurately define the content and function of these
CSRs, their specification includes the format (the sizes and names of bit field locations),
the initial value of the register (if not zero), the value returned when the register is read,
and the effect(s) when the register is written. An example register is illustrated in Fig 1-2.

definition
unit_depend lbus_depend| vendor-depend sig | resv| why| not
16 8 4 1 1 1 1
initial value
unit_depend |bus_depend zeros 1 of{ o 0
read value
last-write last-update w |0 u u
write effect
stored ignored s )i i e
Fig1-2

CSR Format Specification (example)

The fields within a register are named in the register’s definition; these names are -
somewhat descriptive, but may be too short to be meaningful. The meaning of these fields is
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qu defined in the text; their capabilities should not be implied by their names. However, the
following register-definition fields have generic meanings:

unit_depend:

Definition The meaning of this field shall be defined by the node’s unit
architecture(s).
bus_depend:
Definition The meaning of this field shall be defined by the bus standard.
vendor_depend:
Definition The meaning of this field shall be defined by the node’s vendor.

Within a unit architecture, the unit_dependent fields may be defined to be vendor_
dependent. Within a bus standard, the bus_dependent fields may be defined to be vendor_
dependent.

The node registers defined in the CSR Architecture shall be initialized when power is
restored (a power_reset) or when a quadlet is written to its RESET_START register (a
command_reset). For most registers, the initial value after a power_reset or command_
reset is the same. When the initial CSR values differ, the two initial values are explicitly
illustrated.

State in the CSRs need not be lost when the CSRs are initialized (in the sense that the pre-
vious values are irretrievable). An implementation may save the CSR contents in non-
volatile memory before power is lost; bus standards are expected to provide a power-failure
warning, to support such state-save protocols. After a power_reset or command_reset ini-
tializes the CSRs to (possibly) new values, the previously saved CSR values may be recalled
using bus- or vendor-dependent mechanisms.

” The following read-value fields have a generic meaning:

last_write:
Abbreviation w
Definition The value of the data field shall be the value which was previously

written to the same register address.

last_update:
Abbreviation u
Definition The value of the data field shall be the last value which was updated by

node hardware.

The following write-effect fields have a generic meaning:

stored:
Abbreviation s
Definition The value of the written data field shall be immediately visible to
reads of the same register.
ignored:
Abbreviation i
Definition The value of the written data field shall be ignored; it shall have no
effect on the node’s state.
effect:
Abbreviation e
Definition The value of the written data field shall have an effect on the node’s
m state, but is not immediately visible to reads of the same register.
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The register description specifies the register’s optionality (required or optional) as well
as its read/write characteristics. A read/write register (RW) is expected to be read and
written by software; a read-only register (RO) is expected to be only read by software; a
write-only register (WO) is expected to be only written by software. Although reads and
writes of WO or RO registers are not expected, the register definition still defines their re-
sults.

1.10 Reserved Registers and Fields. Some of the CSR addresses correspond to unimple-
mented registers. This includes optional registers (when the option is not implemented)
and reserved registers (which are required to be unimplemented). The capabilities of these
unimplemented registers are exactly defined to minimize conflicts between current im-
plementations and future definitions, as illustrated in Fig 1-3.

definition
unimplemented

32
initial value

zZeros

Initlal&read values
zeros

write effect

ignored J

Fig1-3
Unimplemented Register (hardwired to zero)

Within an implemented register, a field that is reserved for future revisions of this
standard is labelled reserved (sometimes abbreviated as r or resv). For a reserved field
within an implemented register, the field is ignored on a write and returns zero on a read,
as formally specified below:

reserved:
Required Reserved for future definitions.
Initial Value Zero.
Read4 Value Shall return zero.

Write4 Effect Shall be ignored.

Documents

Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 11:58:53 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1212-1991


http://www.avadocuments.com/doc/ieee-1212-1991
http://www.avadocuments.com/doc/ieee-1212-1991

IEEE
ARCHITECTURE FOR MICROCOMPUTER BUSES Std 12121991

ﬂ 2. Objectives and Scope

2.1 Scope. This section summarizes the feature sets provided by the CSR Architecture and
illustrates how these features are expected to be used. The CSR Architecture supports the
concept of bus bridges, which (after being properly initialized) can transparently forward
transactions from one compliant bus to another. This simplifies software development and
encourages the use of specialized (low-cost or high-performance) bus standards. By defin-
ing a common CSR Architecture for multiple buses, the amount of customized software
necessary to support each bus standard is minimized.

To improve the amount of software transparency in such multiple-bus configurations,

the scope of the CSR specification includes the following:

(1) Physical Address Space Partitions. The partitioning of the address space between
node CSRs and memory is defined. Both 32-bit and 64-bit addressing options are al-
lowed.

(2) Common Transaction Sets. A common transaction set (including error-status
codes) is defined. This transaction set can be transparently passed through bridges.

(3) Core CSRs. The location and meaning of the core CSRs, which are accessed during
the system initialization process, are defined. This provides a uniform software in-
terface, independent of the physical bus location.

(4) ID-ROM. The format and meaning of the node’s ROM data structures are defined.
The ROM directory structure supports standard and vendor-dependent data types.

(5) Interrupts. Standard target addresses are provided for interrupts that are broadcast
or nodecast to multiple nodes. Other vendor-dependent quadlet registers may be pro-
vided for interrupts that are directed to individual units.

(6) Messages. Standard target addresses are provided for messages that can be broad-

; cast or nodecast to multiple nodes. Other vendor-dependent registers may be pro-
‘ W vided for messages that are directed to individual units.

2.2. Objectives. The design of the CSRs was intended to meet the following objectives:

(1) Scalable. The architecture should be applicable to a wide range of systems, from the
low-cost Serial Bus to the high-performance Futurebus+ and SCI interconnects.

(2) Extendable. The architecture should support existing processor and bus components,
while not constraining future system designs, in the following ways:

(a) Addressing. Many existing processors have 32-bit addresses; these should be
sufficient to access resources defined by the CSR Architecture. However, the
CSR Architecture should support a natural migration to 64-bit multiprocessor
architectures in the future.

(b) I/O Buses. The architecture should support bridges from standard buses to other
T/O buses (such as VME) or vendor-dependent processor/memory buses.

(¢) The architecture should support bridges between standard buses, such as
Futurebus+ or SCI (which could be used as processor/memory buses) and Serial
Bus (which is intended for use as an I/O bus).

(3) Interoperable. The architecture should support system configurations with modules
supplied by different vendors. The functionality of one vendor’s module should not
be adversely affected by modules supplied by other vendors.

(4) Supportable. The architecture should be fully supportable. This affects the following
design areas:

(a) Self-test. The node’s self-test capabilities, which are invoked before system
software is available, should be standardized.

(b) Power Fail Recovery. The control register definitions should support the recov-
ery by operating system software after a power failure.

HI (¢) Error Logging. The control register definitions should support the logging of
standard, bus dependent, and vendor-dependent error conditions.
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(d) Fault-retry. The control register definitions should support the software-initi-
ated retry of transmission-related bus-transaction errors.

(e) Autoconfiguration. The firmware, initialization software, or run-time operat-
ing system software need not be changed to configure a new node, bus, or sys-
tem.

(f) Live Insertion. The CSR Architecture should support the on-line insertion and
removal of modules, without requiring a system re-boot, when the bus standard
provides that capability.

(5) Predictable. With the appropriate implementation level support, predictable real-
time task scheduling should be efficiently supported. Real time support should in-
clude the following:

(a) Synchronized Clocks. The CSR Architecture should provide a mechanism for
synchronizing distributed clocks, so each node can maintain a consistent ver-
sion of the global system time.

(b) Unit-Architecture Options. The CSR Architecture should provide the opportunity
for the definition of prioritized scheduling in the vendor-supplied unit architec-
tures (for example, processors and DMA controllers).

(6) Parallelizable. Multiprocessor configurations require support in the following ar-
eas:

(a) Interrupts. An interrupt architecture should efficiently support interrupts gen-
erated by simple I/O nodes, DMA controllers, and other processors.

(b) Coherence. The transaction sets and DMA architecture should be compatible
with the Futurebus+ (broadcast and eavesdrop based) and SCI (distributed direc-
tory) cache-coherence protocols.

(¢) Message Passing. A message-passing architecture should efficiently support
reception of messages generated by general-purpose processors or special-pur- ~
pose processors on I/O nodes or DMA controllers.

(7) Adaptable. The I/O driver software should depend on the function that is supported,
not the packaging which is selected. If properly implemented, the driver designed to
support one unit architecture could be used by either a unit-per-board design or a
multiple-unit-per-board design.

Initialization standards are also necessary to guarantee interoperability between nodes
supplied by different vendors (without modification of the system-boot firmware).
However, these standards are harder to define and affect fewer nodes. For those reasons,
the objectives of the CSR Architecture did not include the following initialization stan-
dards:

(1) Monarch Selection. A processor (called the monarch) can be selected to perform the
system initialization process.

(2) Memory Controller. A standard memory controller can be initialized by firmware,
before system software is available.

(3) Boot Device. A standard boot device can be accessed by firmware, before system
software is available.

The ROM defined by the CSR Architecture provides the framework for identifying these
initialization-related unit architectures as their definitions are refined by the CSR
Architecture or bus-dependent standards in the future. The unit-architecture framework
can also be used to define vendor-dependent unit architectures, such as processors, frame
buffers, disk controllers, bus bridges, and A/D converters.

T e - - S e
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{ Tp 8. Transaction Set Requirements

3.1 Transaction Overview. Bus transactions are used to communicate between a requester
(which initiates the transaction) and a responder (which completes the transaction). For
example, a processor is usually a requester and a memory controller is usually a respon-
der. The CSR Architecture defines the transaction set, which shall be provided by a bus
standard, and the subset of these, which shall be supported by a memory-controller unit.

A noncoherent transaction consists of two components, called request and response sub-
actions. The request subaction transfers the address, command, and optionally data from
the requester to the responder. The response subaction returns the status and optional data
from the responder to the requester. For the read and write transactions, data is only trans-
ferred in the response and request subactions respectively. Coherent transactions may
have bus-dependent components, and are beyond the scope of the CSR Architecture.

A bus may support unified and/or split transactions. In a unified transaction, the request
and response subactions are completed indivisibly; other subactions are inhibited between
the initiation of the request subaction and the completion of the associated response subac-
tion. In a split transaction, other transactions or subactions may be completed between the
request and response subaction phases of one transaction. Split transactions should be sup-
ported when the transaction may pass through one or more bridges.

For compatibility between node and unit architectures, the CSR Architecture specifies
several properties of bus transactions: their address formats (which are described in
Section 4), the transaction commands, the data-transfer sizes, and the returned status
codes.

3.2 Read and Write Transactions. Table 3-1 specifies the read and write transactions,
. which shall be provided by all bus standards and shall be supported by all memory con-
) m trollers. These are aligned transactions; the address shall be an integer multiple of the
transaction size.

Table 3-1
Required Transaction Types
Transaction Size (in bytes)

readl
read2
read4
read8
readl6
read64

Rroosor

writel
write2
write4
write8
writel6
writeb4

Lo+

Note that not all of these transactions need be supported by all nodes or all portions of the
node address space (simple nodes need only support read4 and write4 transactions).
However, the common memory transaction set provides a common expectation for the de-
D’ sign of processor and DMA unit architectures.
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Only directed read4 and write4 transactions are required on all nodes, since these are
used to access the CSRs that control the node’s operation. On buses that support broadcast
write4 transactions, these transactions shall be equivalent to a set of write4 transactions
simultaneously directed to all nodes on the local bus.

The readl, read2, read4, read8, read16, writel, write2, writed4, write8, writel6, lock4, and
lock8 transactions are transported and processed indivisibly. For example, after two
writel6 transactions to the same address have completed, the contents of that address shall
be equal to the data contained in one of the two writel6 transactions (and shall not be a
mixed copy of the two).

The read64 and write64 transactions shall be transported indivisibly on standard buses,
but the indivisibility of their processing by a responder is unit-architecture dependent. For
example, a write64 transaction directed to a message-passing address is processed indi-
visibly but the indivisibility of a write64 transaction directed to a memory-controller RAM
address is not guaranteed.

Lock transactions, which implement indivisible updates on a specified address, shall be
provided by CSR Architecture compliant bus standards. The noncoherent lock4 and lock8
transactions may be used to perform indivisible updates at the responder (fetch&add, for
example). Although lock transactions encodings shall be provided by a bus standard, their
implementation on nodes is optional. These optional transactions are specified in Table
3-2.

Table 3-2
Optional Transaction Types
Transaction Size (in bytes)

lock4 4
lock8 8

A bus standard may provide other bus-dependent read and write transactions to improve
the efficiency of unaligned or large-block transfers. Unaligned transfers may be more ef-
ficiently supported with selected-byte write transactions, which selectively enable updates
of bytes within a small aligned data block. Aligned transfers may be efficiently supported
by larger block-aligned read or write data transfers (Serial Bus, Futurebus+, and SCI all
support an optional 256-byte transfer using a 256-byte aligned address).

A bus standard may also define move transactions (also called unacknowledged writes)
to improve the efficiency of large-block transfers. A move transaction is acknowledged
when accepted by an intermediate agent, but no response is provided when processed by the
responder. Transaction ordering constraints (which delay writes until moves have com-
pleted) or higher-level protocols are expected to confirm the completion of move transac-
tions, in a bus-dependent fashion.

A bus standard may define other bus-specific transactions (such as initialization-re-
lated transactions, cache-coherent accesses, synchronization primitives, or clock syn-
chronization strobes), but these transaction definitions are beyond the scope of the CSR Ar-
chitecture.

3.3 Noncoherent Lock Transactions. Because of the distributed nature of multiple-bus

configurations, the interconnect cannot reasonably be locked while transaction sequences

implement indivisible (e.g., test&set) operations on a memory location. Therefore,

special atomic transactions called locks are defined. Locks are noncoherent transactions

that communicate the intent from the requester to the responder, thus allowing indivisible —
updates to be performed at the responder.
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TT There are two standard lock transaction formats (4-byte and 8-byte transactions), with
several subcommands to define conditional and unconditional update actions that can be
used for noncoherent memory accesses. The lock subcommand codes are standardized, to
minimize conversion costs when transactions pass through bridges. Buses that implement
lock transactions are required to transport the first 8, so they can be used as intermediate
buses between other bus standards. The required implementation of these lock transac-
tions on responding nodes (e.g., memory or specialized control registers) is bus-dependent
and beyond the scope of the CSR Architecture.

The lock subcommands are based on the model required for implementing the
fetch&add and compare&swap primitives. The other subcommands define other update
actions that can be easily performed with minimal additions to the basic lock-im-
plemention hardware.

In the simplified lock implementation model two data values (data and arg) are sent in
the lock request; one data value (0ld) is returned in the lock response. These are illustrated
in Fig 3-1.

response request
old arg | data sub-

Fig 3-1
Simplified Lock Model

The three data values (data, arg, and old) are all the same size and are either 4 or 8 bytes
in size. The subcommand values are standardized, but the backplane signals or fields
within packets that are used to transmit these values are bus-dependent. The lock’s sub-
command field selects which indivisible operation shall be performed at the responder, as
specified in Table 3-3. The value of new is put in the addressed location when the lock up-
date is performed, based on the lock-transaction subcommand and the values of data and
arg in the request subaction.

I
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Table 3-3 -
Subcommand Values for Lock4 and Lock8
Code Name Update”
0 (not used)
1 mask_swap new= (data&arg)|(old&~arg);
2 compare_swap if (old==arg) new=data; else new= old;
3 fetch_add (big)new= (big)old+(big)data;
4 little_add (little)new=(little)old+(little)data;
5 bounded_add if (old!=arg) new= data+old; else new= old;
6 wrap_add if (old!=arg) new= data+old; else new= data;
7 vendor-depend new= op(old,data,arg);
815 reserved[8]F new= op(old,data,arg);
e ——

* C-code notation used to define update actions.
T Reserved encodings for future definition by the CSR Architecture.

Note that the arg value is not used by the fetch_add and little_add subcommands, and
need not be transferred to the responder. For these subcommands, a bus standard may spec-
ify that the arg value is not transferred (a more efficient transaction format) or may spec-
ify that the arg value is transferred (a more uniform transaction format).

Note that the simple swap subcommand is not explicitly defined. However, the mask_
swap subcommand (with a mask field of all 1’s) can provide the equivalent functionality.

Both big- and little-endian fetch&add lock subcommands are defined (fetch_add and
little_add). For the big-endian and little-endian adds, the byte with the smallest address
within the addressed integer is assumed to be the most or least significant, respectively.
Only big-endian unequal_add and wrap_add lock subcommands, which are expected to be
used less frequently, are defined.

3.4 Transaction Errors. Bus standards are expected to provide bus transactions with a sta-
tus code, to confirm the success of the transaction or localize the cause of the error. The bus
standard shall minimally support the following error conditions, which are referenced by
the CSR Architecture standard and defined in 1.4:

(1) type_error

(2) address_error
(3) conflict_error
(4) response_timeout

A bus standard may define other types of errors (such as address and parity errors), and
may provide additional status bits to specify which node detected the error (e.g., agent or
responder) or to localize the error location (address parity, etc.). The details of these error
status codes are beyond the scope of this standard. The done_correct status is assumed if
none of the standard or bus-dependent error status codes are returned.

The requester unit is expected to be informed of errors that affect a transaction it has ini-
tiated. This is necessary to support a consistent fault management and error logging strat-
egy and to avoid propagation of corrupt data in the system. The requester’s error logging,
containment, and recovery strategies are unit-architecture dependent.

An error that is detected in a responder (or agent between the requester and responder) is
expected set an error-log bit (STATE_CLEAR.elog) after updating the node’s ERROR._
LOG registers. The optionality of the ERROR_LOG registers and their detailed formats —
are bus-dependent.
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I/ TT’ Note that the error status cannot always be returned to the requester, for the following
reasons:

(1) Some bus standards define move transaction (a responseless write transaction);

(2) Bridges may buffer write transactions (an optimistic done_correct response is re-
turned before the completion status is available); and

(3) Subactions containing the requester’s address can be corrupted.

The logging and containment strategies for such errors (which cannot be reliably re-
ported to the requester) are bus-dependent.

Transaction status codes should be used to report transmission failures. Other types of
I/0 device status (such as a disk off-line status or correctable-RAM error) are expected to be
reported through software-accessible unit-dependent control registers.

On a broadcast transaction, the standard bus may ignore errors (broadcasts are not re-
quired to be reliable) or may provide mechanisms for summarizing multiple error-status
reports. Unrecoverable errors (type_error, address_error, and bus-dependent transmis-
sion errors) should have precedence over conflict_error transaction-status reports.

3.5 Immediate Effects. When accessing a CSR defined by the CSR Architecture, the trans-
action’s effects shall always be immediate, in that they appear to occur after the acceptance
of the request and before the generation of the response. If initialization tests are supported,
for example, a write to the node’s RESET_START register has the effects of immediately
moving the node to the initializing state and starting an initialization test. Both of these ef-
fects are immediate, although the completion of the initialization test may be delayed.

Writes to several of the CSRs have externally visible effects, which can immediately af-
fect the acceptance as well as processing of other transactions. For example, a write to the
RESET_START register immediately disables the extended units and extended memory
spaces. The writes that affect the acceptance of other transactions are not expected to be

T“ buffered (completed in FIFO order after the response has been returned), since their effects
shall be immediately visible.

For split transactions, several request subactions may be accepted before the first one is
processed and several requests may be processed before the first response has been re-
turned. A request subaction is accepted, the request may be temporarily queued before be-
ing processed, the request processing produces a response subaction, the response may be
temporarily queued, and the response is eventually sent, as illustrated by the split-response
processing model of Fig 3-2.

Req
Consumer

Request
Queues

Standard Bus

m Fig 3-2
Responder CSR Processing Model

3
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With split-response transactions, all transaction-processing effects shall occur simul- —
taneously after the request subaction has been removed from the request queue (the genera-
tion of a response subaction is one of these effects). The request and response queues en-
queue/dequeue order is not constrained by the CSR Architecture (a FIFO queue model is not
required).

The effects of some CSR writes may delete previously queued request or response subac-
tions; for example, a write to the node’s RESET_START register may discard queued re-
quest and response queue entries. Active responses, which are being retransmitted after
having been previously busied, may also be discarded.

The effects of CSR writes may also affect which requests are accepted based on their ad-
dress; for example, a write to the node’s MEMORY_BASE register changes the address-
match parameters and affects which request subactions are accepted in the future. Changes
of the node’s address-match parameters may have bus-dependent effects on the processing
of previously queued requests (which were accepted based on the old address).

To avoid bus-dependent effects, responder queues are expected to be empty when software
writes to a CSR that affects the address-match parameters or deletes request-queue or
response-queues entries. These CSR locations are summarized in Table 3-4.

Table 34

CSRs With Special Split-Responder Effects
—_— ey
CSR Location Special Considerations
STATE_CLEAR The off bit discards queue entries, lost bit disables address spaces.
RESET_START May discard request-queue and response-queue entries.
NODE_IDS Changes address-match (all addressing models).
UNITS_BASE Changes address-match (32/64-bit extended addressing). -

UNITS_BOUND
MEMORY_BASE "
MEMORY_BOUND "

Note that a write to the NODE_IDS register changes the responder’s node_id parameter,
which (on some buses) is included as a source_id parameter in the response subaction.
These bus standards should clearly define the meaning of this source_id field (i.e., is it the
old or new node_id value?).
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4. Node Addressing
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4.1 Node Addresses. The CSR Architecture defines two largely compatible address-space
mappings, as follows:
(1) Extended. The extended address-space model supports 32-bit and 64-bit addresses.
The 32-bit extended address space is split into available and register address space.

The register address space is partitioned into 64K initial node spaces. The available

space can be dynamically assigned to increase the size of address spaces mapped to

a node. A bus standard may support only 32-bit addresses or 32-bit and 64-bit ad-

dresses.

(2) Fixed. The fixed address-space model supports only 64-bit addresses. The entire 64-
bit address space is split into 64K equal initial node spaces, which are 256 Tbytes in
size. A node space contains initial memory, private, register, and initial units

spaces.

Since some of the bus addresses and node offset addresses are reserved for special uses,
this restricts the total number of realizable buses and nodes to a slightly smaller number.

The same number of node addresses (64K) are supported in both address-space map-
pings, to simplify the address conversions through bus bridges. See the following sections

for details.

4.2 Extended Addressing. The extended addressing is based on 32-bit and 64-bit physical
address spaces, which are both split into separate available and register address spaces.
The register address space is partitioned into bus offset addresses, and each bus is parti-
tioned into node offset addresses. Although a large number of nodes are mapped to the reg-
ister address space, the register address space is only a small portion of the total physical

address space. The 32-bit extended address space layout is illustrated in Fig 4-1.

7/8

116

116

system space bus spaces node spaces  initial node space

bus[0] node[B+0) initial
register |2kB
space
available -
initial
uhits 2KB
bus[B] node[B+n] space
> 12 bits
private
bus[1022] node[B+62]
register
32 bits
;\M,; Local bus address & Broadcast node address

l

Fig4-1
32-Bit Extended Addresses
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The 32-bit extended address model supports the available, private, and register spaces,
whose address ranges are specified in Table 4-1.

Table 4-1
32-Bit Extended Addresses
address_base address_bound Description
00000000 DFFFFFFF 32-bit available space
E0000000 EFFFFFFF 32-bit private space
F0000000 FFFFFFFF Register space

Within the register space, up to 64 node addresses are allocated to one bus, and up to 1024
bus addresses are allocated to each system. Since some of these allocated addresses have
special uses, this limits the system to 1023 buses with 63 nodes on each bus.

The node’s initial address space is limited to 4 Kbytes, which contains two address
spaces: the node’s initial register space and initial units space. The address of the node is
specified by a 16-bit node_id value; the 10 MSBs (most-significant bits) define the bus_id
and the 6 LSBs (least-significant bits) define the offset_id. Software is expected to
configure the node_id values so that all nodes on one bus have the same bus_id value and a
bus-unique offset_id value.

One of the bus_id values (1023) has a special meaning: all slaves respond to this fixed lo-
cal bus address as well as to their dynamically configured global bus address. Software is —
expected to use the fixed local bus address to access nodes on the local bus before the global
bus address has been assigned. After the global bus addresses have been assigned, soft-
ware is expected to use global bus addresses to access all nodes.

If broadcast transactions are supported by the bus standard, one of the offset_id addresses
(63) has a special meaning; all slaves respond to this offset_id address as well as their lo-
cally distinct offset_id number. Software is expected to use the broadcast offset_id address
to broadcast write transactions to the nodes attached to one bus. A write to bus_id 1023 and
offset_id 63 is broadcast to all nodes on the local bus (including the requester). A write to a
remote bus_id address with an offset_id of 63 is broadcast to all nodes on a remote bus. If
broadcast transactions are not supported by the bus standard, this offset_id address (63) is
not used.

Broadcast read transactions (sometimes called broadcall transactions) are not supported
by the CSR Architecture. Read or lock transactions directed to a broadcast node address
(node 63) have unspecified side effects and may compromise system integrity. To improve
its error-detection capabilities, a node may detect the illegal read or lock address before the
transaction is initiated on the bus.

The 64-bit extended address space is an extension of the 32-bit extended address space.
The lowest and highest portions of the 64-bit extended addresses correspond to 32-bit ad-
dresses; the middle of the 64-bit address space has no 32-bit extended address equivalent.
The mapping between the 32-bit extended addresses and portions of the 64-bit extended ad-
dress space is illustrated in Fig 4-2.
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Fig4-2
64-Bit Extended Addresses

On buses using the 64-bit extended address-space model, all nodes shall have the capa-
bility of responding to 32-bit addresses and may optionally have the capability of respond-
ing to 64-bit addresses as well. To ensure compatibility between 32-bit-only and 32/64-bit

‘ nodes, the 64-bit masters shall pre-decode their 64-bit addresses before they are asserted on

W the bus. If the 64-bit address has a 32-bit equivalent, the 32-bit address equivalent (the least-
significant portion of the 64-bit address) shall be used, as described in Table 4-2. This ad-
dress translation is expected to be performed by bus-interface logic, but may also be per-
formed by virtual-to-physical translation tables in a processor.

Table 4-2
64-Bit Extended Addresses

address_base address_bound Description

00000000 00000000 | 00000000 EFFFFFFF | Prohibited (use 32-bit available space)

00000000 F0000000 | FFFFFFFF DFFFFFFF | 64-bit available space

FFFFFFFF E0000000 | FFFFFFFF EFFFFFFF | 64-bit private space

FFFFFFFF F0000000 | FFFFFFFF FFFFFFFF | Prohibited (use 32-bit register space)

Because the entire 32-bit address space is contained within a subset of the 64-bit address
space, a 64-bit physical address pointer is sufficient to specify any address on a hybrid
32/64 bit system (a special bit is not required to specify which address space is used).

4.3 64-Bit Fixed Addressing. The 64-bit fixed addressing partitions the address into sepa-
rate 16-bit node_id and 48-bit address_offset components, to simplify routing through ac-
ﬂ] tive switches. The 64-bit address is partitioned into 64K equal-sized initial node spaces
(which need not be associated with specific bus addresses). Although the address space is
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shared by a large number of nodes, the address space assigned to each node is still large
(256 Thytes), as illustrated in Fig 4-3.

initial
register | 2K
space
256T- initial
512M| memory
space
initial
units 256M-2K
space
node[64K-64] -
through private
node[64K-1] register 256M
Fig4-3
64-Bit Fixed Addressing

Up to 64 of the largest node_id addresses are allocated for bus-dependent uses. The
shaded blocks illustrates the addresses that are available for nodes.

Since the address space of each node (48 bits) is sufficient to meet any foreseen require-
ments, address extension registers shall not be implemented. By binding the memory ad-
dresses to the node’s initial address space, the cost and complexity of address recognition
hardware is reduced.

When practical, the node should use only the first 2 Kbytes of the initial units space. This
simplifies the design of heterogeneous bus systems, since the initial register and 2 Kbytes
of the initial units spaces can be directly mapped to their 32-bit equivalents on buses using
extended addressing.

When implemented, a memory controller is expected to be mapped to a contiguous range
of the node’s initial memory space, beginning at zero. If the initial units space is insuffi-
cient, additional units may also be placed within the initial memory space.

4.4 Private Addresses. The private address space is allocated for vendor-dependent node-
local uses. Some nodes may need to allocate the private space for internal uses, in a way
that makes the private space on the bus inaccessible to these nodes. Such nodes, which are
said to implement the private space, shall not generate bus transactions with addresses in
the private space. Instead, transactions with private space addresses should be routed to
node-local resources (such as a boot ROM).

Nodes that do not implement the private space can access these addresses on the bus.
However, software is expected to constrain the assignment of extended spaces within the
private space, since these bus addresses cannot be accessed by those nodes that implement
the private space option.

4.5 Initial Node Space. A node initially responds to a 4-Kbyte initial node space. Half of the —
initial node space (2 Kbytes) is register space and the other half is allocated to unit-depen-
dent specifications. One quarter of the 2-Kbyte register space is allocated to CSRs (as
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{ T} defined by this document), one quarter of the register space is allocated to bus-dependent
registers (which are restricted by this document), and the other half provides an address
window to the initial addresses in the node’s ROM, as illustrated in Fig 4-4.

0 -
] core
initial registers
register 512
bus-
space
pa dependent bus-
2K 1K defined
initial
units RnOdM vendor-
space window dependent
4K 2K
(min)
Fig44
Initial Node Space Components

Read transactions to the initial register space shall be supported and shall have no side
T [' effects. This restriction is intended to simplify state-save, diagnostics, and fault-retry
software, which can safely read (or reread) any address within the initial register space

(without unexpected, and sometimes unrecoverable, side effects).

The bus standard shall define the first part of the bus-dependent portion of the initial
node space, and shall allocate the remainder for vendor-dependent uses. The bus standard
shall specify the number of vendor-dependent registers at the end of the bus-dependent
portion of the initial node space.

4.6 Extended Address Spaces. In the extended address space model, the initial size of a
node is 4 Kbytes, which may be insufficient for many applications (for examples, a mem-
ory controller or memory-mapped graphics). To increase the effective size of the node ad-
dress space, two pairs of address-extension registers are provided; these allow the node to
additionally respond to an extended units space and an extended memory space.

A node’s extended units or extended memory spaces are expected to be assigned in the
available address space. The available address space is initially empty, and (since the
node’s extension addresses can be dynamically assigned to this space by software) the CSR
Architecture places no restrictions on the use of the available space. However, software is
expected to assign extended memory addresses to a contiguous range of addresses starting
from address zero.

A multifunction node may contain a memory controller as well as other I/O unit archi-
tectures (such as a graphics frame buffer). By providing separate registers for extending
the size of the memory and units spaces, the extended memory spaces and the extended
units spaces can be assigned independently. Thus, the extended memory spaces of several
memory controllers can be assigned contiguously, as illustrated (for two extended mem-
ory spaces) in Fig 4-5.
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Configurable Extended Addresses

Note that (for each node) only one extended units space is required, since multiple units
(such as memory-mapped graphics and processors) can be mapped into separate partitions
in the extended units space.

The location and size of an extended space is specified by two registers; the base register
specifies the lowest address in the extended space and the bound register specifies the next
highest address (one more than the last address in the extended space). The base register
contains an enable bit, which can be used to selectively disable an extended space while it
is being moved.

To simplify hardware address decoders, alignment restrictions are placed on the loca-
tion of the extended address spaces. For example, a node that supports an 8 Mbyte memory
controller may restrict the base location of its extended memory space to addresses that are
a multiple of 1 Mbyte in size. The alignment and size restrictions for the extended memory
and extended units space are specified by ROM-supplied values; see 8.4.13 and 8.4.14 for
details.

Except for the address alignment and size restrictions, a node shall place no restrictions
on the location of its extended spaces—a node may have its extended space located in any,
or across several, of the available, private, and register spaces.

4.7 Indirect Space. A node shall provide an indirect space and a standardized ROM shall
be located at the lower indirect space addresses. The first 1 Kbyte of indirect address space
is directly mapped to a 1 Kbyte portion of the node’s 4-Kbyte initial node address space. This
simplifies inexpensive nodes, of which the total ROM size is less than 1 Kbyte in size.
When larger ROMs are implemented, critical information, such as the type of node and
bus-dependent parameters, shall be located at the beginning of ROM. This directly mapped
ROM address space is illustrated in Fig 4-6.
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Indirect Space Mapping (address less than 1 Kbyte)
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In addition to the ROM, the indirect space may contain unit-dependent registers, which
may have read and write capabilities. When accessing these registers, reads shall have no

side effects.

Other indirect addresses, those with addresses at or above 1024 in the indirect space, shall
‘ﬂ' be indirectly accessed through the INDIRECT_ADDRESS and INDIRECT_DATA register
pair. When accessed indirectly, a write to the INDIRECT_ADDRESS register establishes
the indirect address; a following read of the INDIRECT_DATA register returns a quadlet
from this pre-specified indirect address. In a multiprocessor environment, higher level
locks are expected to ensure that this sequence is performed indivisibly. This indirect ac-
cess model (which is used on indirect addresses above 1 Kbyte) is illustrated in Fig 4-7.
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Fig 4-7
Indirect Space Mapping (address greater or equal to 1 Kbytes)
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Software is always expected to access the first 1 Kbyte of the indirect address space by ac-
cessing an address within the node ROM_WINDOW. When the value of the INDIRECT_
ADDRESS is less than 1 Kbyte, the value returned from a read of the INDIRECT _DATA

register and the effect of a write to the INDIRECT_DATA register are both vendor-depen-
dent.

4.8 Address Space Offsets. The node’s ROM contains entries that specify the location of
unit-related resources within the initial units space and within the extended units space.
When the specified address is contained within the initial units space, the address of the
resource is measured as a byte offset from the beginning of the initial node space, as illus-
trated in Fig 4-8.

0
: initial
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Fig4-8
ROM-Specified Offsets in the Initial Units Space

When the specified resource is contained within the extended units or initial memory
spaces, the address of the resource is measured as a byte-offset from the beginning of the
space, as illustrated in Fig 4-9.
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