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Foreword

ISO (the International Organization for Standardization) and IEC (the International
Electrotechnical Commission) form the specialized system for worldwide standard-
ization. National bodies that are member of ISO or IEC participate in the develop-
ment 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 JTCI1 1. Draft International Standards adopted by the joint tech-
nical committee are circulated to national bodies for voting. Publication as an Inter-
national Standard requires approval by at least 75% of the national bodies casting a
vote.

In 1994, ANSVIEEE Std 1212-1991 was adopted by ISO/IEC JTC], as draft Intefna-
tional Standard ISO/IEC DIS 13213. This edition incorporates editorial comiments
received in the review of ISO/IEC DIS 13213.

IEC

International Organization for Standardization/International Electrotechnical Commission
Case postale 56 ® CH-1211 Genéve 20 ® Switzerland
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IEEE Standards documents are developed within the Technical Committees of the
IEEE Societies and the Standards Coordinating Committees of the ITEEE Standards
Board. Members of the committees serve voluntarily and without compensation.
They are not necessarily members of the Institute. The standards developed within
IEEE represent a consensus of the broad expertise on the subject within the Institute
as well as those activities outside of IEEE that have expressed an interest in partici-
pating 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, mar-

— ket or provide other goods and services related to the scope of the IEEE Standard.—
Furthermore, the viewpoint expressed at the time a standard is approved and issued is
subject to change brought about through developments in the state of the art and
comments received from users of the standard. Every IEEE Standard is subjected to
review at least every five years for revision or reaffirmation. When a document jis
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 staté.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 anylinterested party,
regardless of membership affiliation with IEEE. Suggestions-for changes in docu-
ments 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 Institdte will initiate action to prepare appro-
priate responses. Since IEEE Standards represent a consensus of all concerned inter-
ests, it is important to ensure that any intérpretation has also received the concurrence
of a balance of interests. For this reason IEEE and the members of its technical com-
mittees 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 part of this International Standard or of ANSI/IEEE Std 1212, 1994 Edition.)

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

D 04 oria]l R DRO

[nterface (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 ds\that
by sharing a uniform CSR Architecture, 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 tojanother, and
that software costs for migrating between standards (as technology evolves) will be reduced. The P1212
CSR Architecture Working Group was fortunate to have the wide range of bus technologies-(from approxi-
mately 40 Mb/s for Serial Bus to approximately 1 Gbyte/s for SCI) to test the performance and cos
scalability of its designs. The popularity of the Futurebus+ standard ensured that the €SR Architecture spec;
ification 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, con;
figure, and test nodes within a system. Other broadcast registers ar¢’ sufficiently standardized to ensure
interoperability between modules supplied by different vendors. The €SR document also defines address;
space maps, bus transaction sets (reads, writes, and locks), and ROM data formats.

Protocols are defined for interrupting processors, passing messages, and for accurately synchronizing dis-
tributed clocks. These definitions are intended to provid¢-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.

The following is a list of participants in the IEEE Control and Status Register (CSR) Working Group at the
time ANSI/IEEE Std 1212-1991 was approyed:

iv

David V. James, Chair
Barbara Aichinger Tony Grigg Mira Pauker
Knut Alnes David B. Gustavson Chet Pawlowski
Robert S. Baxter, Claes-Goran Gustavsson James M. Pexa
Harrison Beasley, Mark Hassel Mike Roby
David Brash David Hawley Tim Scott
Mark Bunker Hubert Holierhoek Don Senzig
Robert-Ci\Carpenter Ed Jacques Patricia Smith
D. Del Corso Marit Jenssen Joanne Spiller
JoCrowell Ernst Kristiansen Bob Squirrell
Stephen Deiss Ralph Lachenmaier Haruhisa Suzuki
Ian Dobson Jim Leahy Michael Teener
Emer Dooley Jim McGrath John Theus
Michael A. Dorsett Thanos Mentzelopoulous Yoshiaki Wakimura
Sam Duncan Jim Moidel Mike Wenzel
W.P. Evertz Klaus Mueller Martin Whittaker
Frank Fidducia George Nacht Hans Wiggers
John R. Fortier Mitsunori Nakata Dwight Wilcox
Ralph Frangioso Richard Napolitano Mark Williams

Daniel C. O’Connor

David L. Wright
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The following persons were on the balloting committee that approved this document for submission to the
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Information technology—Microprocessor
systems—Control and Status Registers (CSR)
Architecture for microcomputer buses

1. Document structure and notation

T Document structure

This International Standard defines the address-space maps, the bus transaction sets, and the node’s €SRs
The intention is to provide a sufficient and standard framework for the design of vendor-dependent unif
architectures.

The specification includes the format and content of the configuration ROM on the node. The configuration
ROM provide the parameters necessary to autoconfigure systems with nonprocessor nodes provided by mul4
tiple 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 confaining processors provided by
different vendors.
The annexes provide background for understanding the usage of this CSR Architecture specification. Thg

CSR Architecture provides the specification upon which conforming designs should be based. The annex
Clauses illustrate ways that these capabilities could be used(Note that the annexes are nonbinding.

1.2 References
The following standards contain provisions Which, through reference in this text, constitute provisions of
this International Standard. At the time. of publication, the editions indicated were valid. All standards arg
subject to revision, and parties to agreements based on this International Standard are encouraged to investi
gate the possibility of applying the most recent editions of the standards indicated below. Members of IEQ
and ISO maintain registers of currently valid International Standards.

ANSI/ISO/IEC 9899:1990, Plogramming Languages—C.!?

ISO/IEC 646:199 L-Information technology—ISO 7-bit coded character set for information intc:rchange.2

1.3 Conformance levels

Several keywords are used to differentiate among various levels of requirements and optionality, as followst

1.3]1 expected: A key word used to describe the behavior of the hardware or software in the design model$
assumed by the CSR Architecture. Other hardware and software design models can also be implemented.

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

! Replaces ANSI X3.159-1989.

2 1SO documents are available from ISO Central Secretariat, 1 rue de Varembé, Case Postale 56, CH-1211, Geneéve 20, Switzer-
land/Suisse; and from the Sales Department, American National Standards Institute, 11 West 42nd Street, 13th Floor, New York, NY
10036-8002, USA.
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1.3.3 shall: A key word indicating a mandatory requirement. Designers are required to implement all such
mandatory requirements to ensure interoperability with other CSR Architecture conformant products.

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

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:

1.4.1 active test: An ongoing test that is invoked by a write to the TEST_START register. The nodeis)in the
testing state (STATE_CLEAR .state is equal to testing) while an active test is in progress.

1.4.2 address_error: An error-status code returned to the requester when a transaction is direCted to a no

existing address; on some buses, this has been called a NACK (negative acknowledge). The address_err%r
status is generally returned if a valid address acknowledgment is not observed within a-fixed timeout periogl.
1.4.3 addressing: See: extended addressing (32-bit); extended addressing-(64-bit); fixed addressing
(64-bit).

1.4.4 agent: An active switch, switch-like component, or bridge, betwé€en the requester and responder. Duf:
ing normal system operation, the agent is transparent to the requester-and responder.

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

[oN

1.4.6 big addressian: A term used to describe the physical location of data-byte addresses on a multiplexe]
address/data bus. On a big-addressian bus, the data byte with the largest address is multiplexed (in time ¢
space) with the least-significant byte of the!address.

[a]

1.4.7 big endian: A term used to deseribe the arithmetic significance of data-byte addresses within a mult
byte register. Within a big-endian.régister or register set, the data byte with the largest address is the leas
significant.

—

1.4.8 board: The physical component that is inserted into one of the backplane connectors.
1.4.9 bridge: Achardware adapter that forwards transactions between buses.

1.4.10 breadcast transaction: A transaction that is distributed to all nodes on a bus.

1.411 buffered write: A write transaction that appears to complete when the request is queued in the agen

orxesponder. A buffered-write transaction returns an optimistic (done_correct) status before the responder’

kDL P 1ol 3 . 1 1.3
CUIIPITLIOITStatus { WHILIT COUIU TCPUIL all CITOUL ) IS avdlldDIC,

2R

1.4.12 bus-dependent: A term used to describe parameters that are defined by the bus standards that con-
form to this standard. Although the CSR Architecture may constrain the definition of these fields, their
detailed definition is provided by the appropriate bus standard.

1.4.13 bus standard: An abbreviated notation used throughout this document, rather than the more exact
“bus standard document that claims conformance to this specification.”
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1.4.14 byte: A byte is 8 bits of data.

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

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

1.4.17 company id: A 24-bit binary value used to identify a company within the context of the CSR
rchitecture. The company_id values are expected to be uniquely assigned to each company.

.4.18 conflict_error: An error-status code that is returned when a transaction has been transmitted suc-
ssfully, but a queue or usage conflict inhibits the transaction completion. A conflict_error status isreturned
tp the original requester, which is expected to retry the transaction. This is different than a bus-dependent
elay (wait or busy status), which delays the forwarding of a transaction or subaction across,the bus.

.4.19 CSR: An abbreviation for control and status register. A CSR is a quadlet régister that is accessed
through read4 or write4 transactions and is used to observe a node’s state or to control'its operation.

.4.20 CSR Architecture: A term that refers to this International Standard.

.4.21 dead state: A node state that is reflected by the value of 3 in the)STATE_CLEAR.state field. A node
nters the dead state when a fatal error has been detected and the'iode is connected but no longer opera-
onal. Note that the severest errors could leave the node in a broken state, with its registers undefined, rather

an indicating a dead state.

.4.22 diagnostic test: A test, or collection of tests, thatis invoked by writing to the TEST_START register.
here are four forms of diagnostic tests: initializatiofi'tests, extended tests, manual tests, and system tests.

.4.23 directory: A contiguous collection of\ohe or more entries, which is contained within the node’s
OM.

1.4.24 directory entry: A ROM entty that specifies the address of another ROM directory.

.4.25 disconnected state: A state in which the node no longer responds to bus transactions. Since the node
no longer responds to bug-trafisactions, a power_reset is required to change to another node state.

.4.26 disruptive test: A test that is invoked through a write to the TEST_START register and disrupts the
lode’s operation by temporarily moving the node to the testing state.

.4.27 DMA: A direct memory access (or simply DMA) architecture is an optional capability of an I/O con-
roller. Aftér being started by the processor, I/O controllers with DMA capabilities can access their com-
ands, fetch data, and report status by accessing memory directly.

1.4.28 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.

1.4.29 doublet: Two bytes (16 bits) of data.
1.4.30 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.
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1.4.31 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.

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

1.4.33 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.

1.4.34 extended memory space: An extended address space on a node that provides a RAM-access wijl—
dow for a memory-controller unit architecture. The base address and upper bound of 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 standards implementing 64-bit fixed addressing,

1.4.35 extended test: A test or collection of tests that shall perform bus transactions and_use an externpl
memory buffer. An extended test is invoked by writing to the TEST_START register.

1.4.36 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 spacelare specified through writes fo
the node’s UNITS_BASE and UNITS_BOUND registers. The extended ‘wnits space is not relevant to bus
standards implementing 64-bit fixed addressing.

1.4.37 fixed addressing (64-bit): An address model implemented by bus standards supporting only 64-Hit
addresses. The initial node space is large (256 terabytes), is\fixed in size, and extended spaces are nt
supported.

1.4.38 Futurebus+: A name that refers to ISO/IEC 10857:1994 (ANSIIEEE 896.1, 1994 Edition) and
companion 896.x standards [B3)3. Futurebus+ defines a physically bused backplane bus standard, whigh
supports 32-bit and 64-bit physical addresses.

1.4.39 general ROM format: A format for the node-provided ROM. The general ROM format providgs
bus-dependent information and a root:directory; the root_directory directly provides additional ROM
entries.

1.4.40 gigabyte: 230 bytes.
1.4.41 immediate effect: An effect of a transaction that appears to occur between the time the request sub-
action 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 request subaction and the return of|a
response subaction, an immediate effect can be emulated by a processor on the node.

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

1:4.43 independently powered: An adjective used to describe a node on a bus, when the node’s power sup
ply may fail while other nodes remain powered and operational.

1.4.44 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.

3 The numbers in brackets refer to those in annex A.
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1.4.45 initial node space: The address space that is initially mapped to a node. The initial node space con-
tains the initial register space (2 kbytes) and initial units space. On buses implementing 32-bit or 64-bit
extended addressing, the size of initial units space is 4 kbytes. On buses implementing 64-bit fixed address-
ing, the size of the initial node space is 256 terabytes and also includes the node’s initial memory and private
spaces.

1.4.46 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 initjal
register space also provides addresses for defining bus-dependent registers.

.4.47 initial units space: The portion of the initial node space that is adjacent to but above the initial regis-
r space. When its size is sufficient, unit architectures are expected to be located within this space.

.4.48 initialization test: A test or collection of tests that does not require cooperation of any other node(s)
n the bus. The default and vendor-dependent initialization tests are invoked by writing to the TEST_START
egister.

.4.49 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 that is entered immediatély) after a power_reset or|
ommand_reset event.

.4.50 kbyte: kilobyte. Indicates 210 bytes.

|.4.51 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.

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

.4.53 line: An aligned block of data on which-coherence checks are performed. Several bus standards use
h4-byte lines, so it is the expected line size for-the CSR Architecture (although other line sizes are not pro-
nibited). For example, the 64-byte line.size is reflected in the size of bus transactions used for message
passing.

.4.54 little addressian: A termused to describe the physical location of data-byte addresses on a multi-
blexed address/data bus. Ona little-addressian bus, the data byte with the smallest address is multiplexed (in|
ime or space) with the least-significant byte of the address.

1.4.55 little endiam?) 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]
east significant.

1.4.56 Jock transaction: A transaction that passes an address, subcommand, and data parameter(s) from the
Fequester to the responder and returns a data value from the responder to the requester. The subcommand

Na¥z v . a D atapy RELIOrINed 2 ils RDONAC 1 Mea aata d 1 D Q

of the updated data.

1.4.57 manual test: A test or collection of tests that requires an operator. The tests may involve power fail-
ure 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.

1.4.58 Mbyte: Megabyte. Indicates 220 bytes.
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1.4.59 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 provided, their format and meaning
are vendor-dependent.

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

1.4.61 monarch processor: The processor that is selected to partially initialize the local-bus resources and
fetch the initial boot code.

1.4.62 MULTIBUS II*: Refers to IEEE Std 1296-1987, IEEE Standard for a High-Perfornranc
Synchronous 32-Bit Bus: MULTIBUS II (ANSI).

0

1.4.63 node: The software-visible station on a bus. Each node is allocated a set of control register addressefs
(including identification-ROM and reset command registers) that are initially defined in‘a-4<kbyte (mini
mum) initial node address space. Although multiple nodes may share one bus interface, €ach node can b
reset independently (a reset of one node has no effect on other nodes).

w

—

1.4.64 nodecast: An adjective used to describe an interrupt or message transaction that is distributed to al
units on a node. Also used as a verb; e.g., “transactions may be nodecast to,allkunits on a node.”

1.4.65 node_id: A 16-bit value that determines the initial node addres§ space. On some buses, the node_i
value has two components: a bus_id field specifies one of 1024 buS)addresses and an offset_id field specifie
one of 64 node positions on the bus. During system initialization, software is expected to assign uniqu
node_id values to nodes within a system.

LS N - B —

=

1.4.66 moncoherent transaction: A transaction (typically read or write) that is completed without checkin
for consistency with other caches on the local bus. For example, noncoherent 4-byte read and write transac
tions are used to access CSRs. Note that noncohérent transactions may be converted into coherent transac
tion sequences when passing through bus bridges.

P

1.4.67 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).

1.4.68 nonvolatile memory (NVM): Read/write storage that is preserved across losses of power.
1.4.69 nonvolatile memory (NVM): Read/write storage that is preserved across losses of power.

1.4.70 NuBus®>: Refers to IEEE Std 1196-1987, IEEE Standard for a Simple 32-Bit Backplane Bus;
NuBus (ANSI)

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

Ay

1:4.72 power_reset: An initialization event triggered by the restoration of primary power. On a backplan

“bus; @ power—Teseteventis-generalty-triggered-by-one-or-severat-speciatized-sigmatsdrivenrby-threstrared
power supply.

1.4.73 primary state: The state on a node that is initialized by a power_reset. For example, the control and
status registers defined within this standard are part of the node’s primary state.

4 MULTIBUS 11 is a registered trademark of Intel Corporation.
5 NuBusis a registered trademark of Texas Instruments, Inc.
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1.4.74 quadlet: Four bytes (32 bits) of data.

1.4.75 read transaction: A transaction that passes an address and size parameter from the requester to the
responder and returns data values from the responder to the requester. The size parameter specifies the num-
ber of bytes that are transferred.

1.4.76 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 implementation. If a bus standard
allows transactions to be split, and sufficient time is allowed between the request and response subactions,
the functionality of the register can be emulated by a processor on the module.

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

1.4.78 requester: A node that initiates a transaction by generating a request subaction (containing address,
rommand, and sometimes data).

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

1.4.80 responder: A node that completes a transaction by returning aré€sponse subaction (containing com-
bletion status and sometimes data).

[.4.81 response subaction: A subaction that is returned by aresponder to complete a transaction initiated
by a requester. In a processor-memory read transaction, for example, the response subaction returns the data
hnd status from the memory to the processor.

1.4.82 response_timeout: An implied split-transaction-error status that is returned when the response sub-
hction is not returned within an expected timeoub interval.

1.4.83 ROM: An abbreviation for read-only memory. The ROM data is maintained across losses of power.
[n some implementations ROM may-actually be writeable, using (normally disabled) vendor-dependent
brotocols.

1.4.84 root_directory: A term used to describe the directory at the top level of the hierarchical ROM direc-
fory structure.

1.4.85 running state: A node state that is reflected by the value of 0 in the STATE_CLEAR .state field. The
Funning state i§ the'normal operational state in which access to all of the node’s CSRs is defined.

.4.86 SCV/(Scalable Coherent Interface): The name that refers to IEEE Std 1596-1992 [B8]. Though
unctionally behaving as a bus, the SCI's physical implementation is a collection of point-to-point unidirec
ional*links. These links may be connected to a switch (in high-performance systems) or daisy-chained tg

A ring (1n 1oy onct ouctamol)
tor-a g HOW-COStSYStemS)-

1.4.87 Serial Bus: The name that refers to the IEEE project, P1394 [B7], which specifies a serial bus
intended as a low-cost peripheral connect or an alternate diagnostic and control path.

1.4.88 split transaction: A transaction that consists of separate request and response subactions. On a back-
plane bus, for example, bus ownership is relinquished between the request and response subactions. A trans-
action that is not split is called a unified transaction.
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1.4.89 standard bus: An abbreviated notation used throughout this document, rather than the more exact
“physical bus standard that claims conformance to this specification.”

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

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

o T isi i — Tegister, in which ng

errors are detected.

1.4.93 supported transaction: A transaction whose returned data value and side effects are defined by th
hardware architecture that is addressed. For example, a write4 transaction to the 4-byte SFTATE_CLEAF
register is supported.

L

1.4.94 system test: A test, or collection of tests, that may use an external memorycbuffer and may require
cooperation of other nodes. For example, identical unit architectures may collaborate\to test cache coherence
or to generate background “noise” traffic for other nodes being tested. A system test is invoked by writing t¢
the TEST_START register.

1.4.95 terabyte: 240 bytes.

1.4.96 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 regis}
ter. The node remains in the testing state until the active test.completes.

1.4.97 transaction: A transfer between requester. and responder consisting of a request and a response sub
action. The request subaction transfers a command (and sometimes data) between a requester and responder
The response subaction returns status (and sefmetimes data) from the responder to the requester. A transac
tion may be either unified or split.

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

1.4.99 unified transaction: A transaction in which the request and response subactions are completed as ar
indivisible sequence. Between the initiation of the request and the completion of the response, other subac
tions are blocked. The ‘Futurebus+ standard calls this a connected transaction. A transaction that is not uni
fied is called a splif transaction.

1.4.100 unit;"A subcomponent of the node that provides a processing, memory, or I/O functionality. Aftes
the nodehas been initialized (typically by generic software), the unit provides the register interface that is

ccesSed by I/O driver software. The units normally operate independently of each other, and do not affec
El;e operation of the node upon which they reside. Note that one node could have multiple units (e.g., proces]
)

1.4.101 unit architecture: The specification document describing the format and function of the unit’s soft-
ware-visible registers.

1.4.102 unit-dependent: A term used to describe parameters that may vary among different unit architec-
tures. 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 architecture specification.
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1.4.103 unsuccessful test: A completed test that is invoked by a write to the TEST_START register and
detects one or more errors.

1.4.104 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 transaction to the 4-byte
STATE_CLEAR register is unsupported.

1.4.105 vendor-dependent: A term used to describe parameters that may vary among vendors supplying
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 feft impiementation-specific, depending on the vendor s eeds:

1.4.106 write transaction: A transaction that passes an address, size parameter, and data values from th|
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). To ensure interoperability across bus star-
dards, the ordering of the bytes within these registers is defined by their relative'addresses, not their physicgl
position on the bus. Bus bridges are similarly expected to route data bytes from/one bus to another based op
their addresses, not their physical position on a bus. The routing of data bytes based on their address is callefd
address-invariance.

To support the address-invariance model, bus standards shall.specify the mapping of their physical bytg-
lanes to relative data-byte addresses. The CSR Architecture(specifies the mapping of data-byte addresses tp
bytes within the multibyte CSRs. These two specifications’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 illustrated in figure 1.

MSB  bytes in a quadlet LSB MSB quadlet register pair LSB
[ bro) | bry | b2 [big] | Al most_significant_quadiet
8 8 8 8 Asd least_significant_quadiet
32

Figure 1—Byte and quadlet ordering

Since 64-bit addressinig-is supported throughout this standard, many values are stored as quadlet registgr
pairs. For consistefiey; the quadlet register with the smaller address is also the more significant, as illustrated
in figure 1. Note that different byte-ordering conventions may be applied to the vendor-defined unit-deper
dent registers:For example, a graphics frame buffer could route data-byte-zero to the least-significant po
tion of a pixel-depth parameter. These unit-dependent formats are beyond the scope of the CSR Architecture.

Fof.miost of the CSRs, the sizes of all fields within the quadlet are specified; the bit position of each field
implied by the size of fields to its right or left. This labeling convention is more compact than bit-positio

= »w

labels, and avoids the question of whether O 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, hexadecimal numbers are used to represent addresses, and binary
numbers are used to describe bit patterns within binary fields.
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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 num-
ber “26” may also be represented as “1A5” or “11010,”.

1.7 C code notation

The meanings 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. The detailed defini-
tions of these operations are provided in ANSI/ISO/IEC 9899:1990, Programming Languages—C.

Table 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

cla bitwise OR of integers ¢ and d

c<<d integer c, shifted left by 4 bits

c>>a integer c, shifted right by d bits

c==d boolean, true if integer ¢ is equal tointeger d

ct=d boolean, true if integer c is not equal to integer d
'b logical negation of Boolean 5.

a&&b logical AND of Booleans'@'and b

al|b logical OR of Booleans.a and b

1.8 CSR, ROM, and field notation

'his document describes a large number of'control and status registers (CSRs) and fields within these regis-
ers. To distinguish register and field names-from node states or descriptive text, the register name is always
apitalized and the field name is always in italics. Thus, the notation STATE_CLEAR.lost is used to
escribe the lost bit within the STATE_CLEAR register. In this paragraph, as well as the rest of this docu-
hent, bold type is used to emphasize a term, particularly on its first usage.

R O . 0 o= .3

All CSRs are quadlets and are quadlet-aligned. The address of a register (which is always a multiple of 4) is
ecified as the byte-offset from the beginning of the initial node space. When a range of register addresses
ip described, the ending address is the address of the last register, which is also a multiple of 4. These
dressing conyentions are illustrated in table 2.

Table 2—CSR addressing conventions

Offset Register name Description
0 STATE_CLEAR first CSR location
4-12 | OTHER_REGISTERS next three CSR locations

When a CSR register is defined, the address represents an address offset from the beginning of the initial
node space, as described in 4.2 and 4.3.

10
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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 cap-
italized 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 define accurately the content and func-
101 O1 these S, e 1 oSy, the 11i-
tial value of the register (if not zero), the value returned when the register is read, and the effect(s) wherr'the
register is written. An example register is illustrated in figure 2.

definition

unit_depend | bus_depend | vendor-depend | sig | res |why| not

16 8 4 1 1 1 1
initial value

unit_depend | bus_depend zeros 1 01 0 0
read value

last-write last-update wio0 uj u

write effect

stored ignored s | i e

Figure 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 defined in the text; their capabilities
should not be implied by their ‘names. However, the following register-definition fields have genetic
meanings:

unit_depend:

Definition The meaning of this field shall be defined by the node’s unit architecture(s).
bus_depend;
Definjtion 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 reg-
isters, 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.

11
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State in the CSRs need not be lost when the CSRs are initialized (in the sense that the previous values are
irretrievable). An implementation may save the CSR contents in nonvolatile 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 initializes 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 that was previously written to thel
same register address.
ast_update:
Abbreviation u
Definition The value of the data field shall be the last value that was updated by node

hardware.

[he following write-effect fields have a generic meaning:

tored:
Abbreviation s
Definition The value of the written data field shallbe’ 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 state, but is

not immediately visible to reads of the same register.

The register description specifies the register’s optionality (required or optional) as well as its read/write

haracteristics. A read/write register (RW) is expected to be read and written by software; a read-only regis-
r (RO) is expected-to be only read by software; a write-only register (WO) is expected to be only written

fy software. Altheugh reads and writes of WO or RO registers are not expected, the register definition still
efines their results.

.10 ‘Reserved registers and fields

Some of the CSK addresses corresponﬁ o ummplementeﬂ I’CngfCl’S. This includes opflonal l'CngfeI'S (when

the option is not implemented) and reserved registers (which are required to be unimplemented). The capa-
bilities of these unimplemented registers are exactly defined to minimize conflicts between current
implementations and future definitions, as illustrated in figure 3.

Within an implemented register, a field that is reserved for future revisions of this standard is labeled
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:

12


https://standardsiso.com/api/?name=c05630fd155bd75762cb48c19c99f0c1

ISO/IEC 13213 : 1994 (E)
ARCHITECTURE FOR MICROCOMPUTER BUSES ANSI/IEEE Std 1212, 1994 EDITION

definition

unimplemented
32

initial value
Zeros

initial&read values
Zeros

write effect
ignored

Figure 3—Unimplemented register (hardwired to zero)

reserved:
Required Reserved for future definitions.
Initial Value Zero.
Read4 Value Shall return zero.
Write4 Effect Shall be ignored.

13
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2. Objectives and scope

2.1 Scope

This clause 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 prop-
erly 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 defining a common CSR Architecture for multiple buses, the amount of customized software necessary

11 + 1 1 s 1
WSUPPUIL ©alll UUS Sldllilddiud 15 RRUIIITITZUAL,

To improve the amount of software transparency in such multiple-bus configurations, the scope of, the) CSI
specification includes the following:

Vel

a)  Physical Address Space Partitions. The partitioning of the address space betweennode CSRs and
memory is defined. Both 32-bit and 64-bit addressing options are allowed.

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

c) Core CSRs. The location and meaning of the core CSRs, which are aecessed during the system in
tialization process, are defined. This provides a uniform software interface, independent of the phys
ical bus location.

d) ID-ROM. The format and meaning of the node’s ROM data striictures are defined. The ROM direq
tory structure supports standard and vendor-dependent data types.

e) Interrupts. Standard target addresses are provided for interrupts that are broadcast on the bus to afl
nodes, or broadcast within the node (nodecast) to multiple units. Other vendor-dependent quadlg¢t
registers may be provided for interrupts that are ditécted to individual units.

f)  Messages. Standard target addresses are provided for messages that can be broadcast or nodecast
multiple nodes. Other vendor-dependent registers may be provided for messages that are directed
individual units.

[Z]

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

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

b)  Extendable. The-architecture should support existing processor and bus components, while not coj
straining fGture system designs, in the following ways:

1) Addressing. Many existing processors have 32-bit addresses; these should be sufficient fo
access resources defined by the CSR Architecture. However, the CSR Architecture should sup

port a natural migration to 64-bit multiprocessor architectures in the future.

2)" I/O buses. The architecture should support bridges from standard buses to other I/O buses (sudh

as VME) or vendor-dependent processor/memory buses.

3) 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/0O bus).

c) Interoperable. The architecture should support system configurations with modules supplied by dif-
ferent vendors. The functionality of one vendor’s module should not be adversely affected by mod-
ules supplied by other vendors.

d)  Supportable. The architecture should be fully supportable. This affects the following design areas:
1) Self-test. The node’s self-test capabilities, which are invoked before system software is avail-

able, should be standardized.
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e)

g)

) Live insertion. 1he CSRATchitecture stroutd Support the On-Hine msertion and removal of mod

[nitialization standards are(also necessary to guarantee interoperability among nodes supplied by differen
vendors (without modification of the system-boot firmware). However, these standards are harder to defing
and affect fewer nodesFor those reasons, the objectives of the CSR Architecture did not include the follow
ing initialization standards:

2) Power fail recovery. The control register definitions should support recovery by operating
system software after a power failure.

3) Error logging. The control register definitions should support the logging of standard, bus
dependent, and vendor-dependent error conditions.

4)  Fault-retry. The control register definitions should support the software-initiated retry of trans-
mission-related bus-transaction errors.

5) Autoconfiguration. The firmware, initialization software, or run-time operating system software
need not be changed to configure a new node, bus, or system.

ules, without requiring a system re-boot, when the bus standard provides that capability.

Predictable. With the appropriate implementation-level support, predictable real-time task schedul}
ing should be efficiently supported. Real-time support should include the following:

1)  Synchronized clocks. The CSR Architecture should provide a mechanism for synchtonizing dis
tributed clocks, so each node can maintain a consistent version of the global system time.

2)  Unit-architecture options. The CSR Architecture should provide the opportunity for the defini
tion of prioritized scheduling in the vendor-supplied unit architectures (for example, processor:
and DMA controllers).

Parallelizable. Multiprocessor configurations require support in the following areas:

1) Interrupts. An interrupt architecture should efficiently support interrupts generated by simplg
I/O nodes, DMA controllers, and other processors.

2) Coherence. The transaction sets and DMA architecture should be compatible with the Future
bus+ (broadcast and eavesdrop based) and» SCI (distributed directory) cache-coherencd
protocols.

3) Message passing. A message-passing architecture should efficiently support reception of mes
sages generated by general-purpose.processors or special-purpose processors on I/O nodes of
DMA controllers.

Adaptable. The 1/O driver software should depend on the function that is supported, not the
packaging that is selected. If properly implemented, the driver designed to support one unit architec
ture could be used either by*a unit-per-board design or by a multiple-unit-per-board design.

a)  Mondrch selection. A processor (called the monarch) can be selected to perform the system initial]
ization process.

b)Y\ Memory controller. A standard memory controller can be initialized by firmware, before system soft;
ware is available.

¢) 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 architec-
tures, such as processors, frame buffers, disk controllers, bus bridges, and A/D converters.
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3. 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 responder. The CSR Architecture defines the transaction set that shall be provided by a
bus standard, and the subset that shall be supported by a memory-controller unit.

A noncoherent transaction consists of two components, called request and response subactions. The reques
subaction transfers the address, command, and sometimes data from the requester to the responder{_Thg
response subaction returns the status and sometimes data from the responder to the requester. For thé’reag
and write transactions, data are only transferred in the response or request subactions respectivel§-Coheren
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 requestand response subac
tions are completed indivisibly; other subactions are inhibited between the initiation ©f the request subactior
and the completion of the associated response subaction. In a split transaction, ether transactions or subac
tions may be completed between the request and response subaction phases of ©netransaction. Split transac
tions should be supported when the transaction may pass through one or more bridges.

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

3.2 Read and write transactions

Read and write transactions that shall be provided-by all bus standards and shall be supported by all memory
controllers are specified in table 3. These are‘aligned transactions; the address shall be an integer multiple of
the transaction size.

Table 3-—Required transaction types

Read Write Size
transactions | transactions | (in bytes)
readl writel 1
read2 write2 2
read4 writed 4
read8 write8 8
read16 write16 16
read64 write64 64

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 trans-
action set provides a common expectation for the design of processor and DMA unit architectures.

Only directed read4 and writed 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 transac-
tions shall be equivalent to a set of write4 transactions simultaneously directed to all nodes on the local bus.

17


https://standardsiso.com/api/?name=c05630fd155bd75762cb48c19c99f0c1

ISO/IEC 13213 : 1994 (E)
ANSI/IEEE Std 1212, 1994 EDITION CONTROL AND STATUS REGISTERS (CSR)

The readl, read2, read4, read8, read 16, writel, write2, write4, write8, write16, lock4, and lock8 transactions
are transported and processed indivisibly. For example, after two write16 transactions to the same address
have been completed, the contents of that address shall be equal to the data contained in one of the two
write16 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 indivisibly but the indivisibility of a write64 transaction
directed to a memory-controller RAM address is not guaranteed.

Lock transactions, which 1mpleément indivisible updates on a specihied address, shall be provided by CS
Architecture compliant bus standards. The noncoherent lock4 and lock8 transactions may be used to perforr
indivisible updates at the responder (fetch&add, for example). Although lock transactions encodings shall b
provided by a bus standard, their implementation on nodes is optional. These optional transactions are sped
ified in table 4.

O = v

Table 4—Optional transaction types

Lock Size
transactions | (in bytes)
lock4 4
lock8 8

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

LTI e Y

A bus standard may also define move transactions (also called unacknowledged writes) to improve the effi
ciency of large-block transfers. A moye transaction is acknowledged when accepted by an intermediat,
agent, but no response is provided when processed by the responder. Transaction ordering constraints (whic
delay writes until moves have-completed) or higher-level protocols are expected to confirm the completio
of move transactions, in a bus=dependent fashion.

=

A bus standard may.define other bus-specific transactions (such as initialization-related transactions, cache
coherent accesses,‘syinichronization primitives, or clock synchronization strobes), but these transaction defi
nitions are beyend/the scope of the CSR Architecture.

3.3 Noncoherent lock transactions

Because of the distributed nature of multiple-bus configurations, the interconnect cannot reasonably bg
OCked while transaction seque im ent indivisible (€.8., 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 per-
formed at the responder.

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
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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 transactions 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 com-
pare&swap primitives. The other subcommands define other update actions that can be easily performed
with minimal additions to the basic lock-implementation hardware.

Ln the simplified iock implementation model two data values (dafa and arg) are sent 1n the lock request; one
ata value (old) is returned in the lock response. These are illustrated in figure 4.

response request

old arg data | subcommand

i

Figure 4—Simplified lock model

[he three data values (data, arg, and old) are all the same size and are either 4 or § bytes. The subcommand|
values are standardized, but the backplane signals or fields within packets that are used to transmit these val-|
es are bus dependent. The lo¢k’s'subcommand field selects which indivisible operation shall be performed
it the responder, as specifiedin table 5. The value of new is put in the addressed location when the lock
hpdate is performed, based on the lock-transaction subcommand and the values of data and arg in the|
request subaction.

Note that the.arg value is not used by the fetch_add and little_add subcommands, and need not be transferred
o the responder. For these subcommands, a bus standard may specify that the arg value is not transferred (4
more efficient transaction format) or may specify that the arg value is transferred (a more uniform transac-
ionformat).

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 subcom-
mands, which are expected to be used less frequently, are defined.
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Table 5—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 !!l"')p add 1f fold—l= argl—Rew——qdat N 1+ N rew deta
7 vendor-depend new= op(old, data, arg);
8-15 reserved[S]T new= op{old, data, arg);

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

3.4 Transaction errors

Bus standards are expected to provide bus transactions with a status code, to‘confirm the success of the trank
action or localize the cause of the error. The bus standard shall minimally-support the following error condi-
tions, which are referenced by the CSR Architecture standard and defined in 1.4:

a) type_error

b) address_error

c¢) conflict_error

d) response_timeout

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

The requester unit is expected-to-be informed of errors that affect a transaction it has initiated. This is neces
sary to support a consistent fault management and error logging strategy and to avoid propagation of corrupt
data in the system. The-requester’s error logging, containment, and recovery strategies are unit-architectuy
dependent.

o

An error that is'detected in a responder (or agent between the requester and responder) is expected to set an
error-log bit(STATE_CLEAR .elog) after updating the node’s ERROR_LOG registers. The optionality of th
ERRORZCLOG registers and their detailed formats are bus-dependent.

o

Note that the error status cannot always be returned to the requester, for the following reasons:

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

b)  Bridges may buffer write transactions (an optimistic done_correct response is returned before the
completion status is available); and

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

The logging and containment strategies for such errors (which cannot be reliably reported to the requester)
are bus-dependent.
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Transaction status codes should be used to report transmission failures. Other types of I/O device status
(such as a disk off-line status or correctable RAM error) are expected to be reported through software-acces-
sible unit-dependent control registers.

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

3.5 Immediate effects

en accessing a CSR defined by the CSR Architecture, the transaction’s effects shall always be immediate
n that they appear to occur after the acceptance of the request and before the generation of the response. I
nitialization tests are supported, for example, a write to the node’s RESET_START register hasthe effects
f immediately moving the node to the initializing state and starting an initialization test.-Both of thes¢
ffects are immediate, although the completion of the initialization test may be delayed.

rites to several of the CSRs have externally visible effects, which can immediately dffect the acceptance ag
ell as the processing of other transactions. For example, a write to the RESET. START register immedi-
tely disables the extended units and extended memory spaces. The writes thataffect the acceptance of othe:
ansactions are not expected to be buffered (completed in FIFO order afterhe response has been returned)
ince their effects shall be immediately visible.

or split transactions, several request subactions may be acceptedcbefore the first one is processed and sev;
ral requests may be processed before the first response has beenreturned. A request subaction is accepted
he request may be temporarily queued before being processéd;-the request processing produces a responsg
ubaction, the response may be temporarily queued, and théresponse is eventually sent, as illustrated by thd
plit-response processing model of figure 5.

request consumer

response request
queues queues

- -

standard bus

Figure 5—Responder CSR processing model

request subaction has been removed from the request queue (the generation of a response subaction is one of
these effects). The request and response queues’ enqueue/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 subactions; for example,

a write to the node’s RESET_START register may discard queued request and response queue entries.
Active responses, which are being retransmitted after having been previously busied, may also be discarded.
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The effects of CSR writes may also affect which requests are accepted based on their address; 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-queue entries. These CSR
locations are summarized in table 6.

Table 6—CSRs with special split-responder effects

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
UNITS_BOUND Changes address-match (32/64-bit extended addressing).
MEMORY_BASE
MEMORY_BOUND

Note that a write to the NODE_IDS register changes the responder’s node_id parameter, which (on som¢
buses) is included as a source_id parameter in the response, subaction. These bus standards should clearly
define the content of this source_id field (i.e., is it the old‘or new node_id value?).
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4.1 Node addresses
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The CSR Architecture defines two largely compatible address-space mappings, as follows:

a) 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 64 K initial node spaces. The available space can be dynamically assigned to

InCrease the size Of address spaces mapped t0 a node. A bus standard may support only 32-Bjit

addresses or 32-bit and 64-bit addresses.

b) Fixed. The fixed address-space model supports only 64-bit addresses. The entire 64-bit, addre
space is split into 64 K equal initial node spaces, which are 256 terabytes in size. A nodéspace com

tains initial memory, private, register, and initial units spaces.

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

The same number of node addresses (64 K) is supported in both address-space mappings, to simplify the

address conversions through bus bridges. See 4.2 and 4.3 for details.

4.2 Extended addressing

The extended addressing is based on 32-bit and 64-bit physical address spaces, which are both split info
separate available and register address spaces. The regiSter address space is partitioned into bus offsgt
addresses, and each bus is partitioned into node offseét addresses. Although a large number of nodes
mapped to the register address space, the register address space is only a small portion of the total physich

address space. The 32-bit extended address space\layout is illustrated in figure 6.

7/8

116

116

2KB

2KB

system space bus spaces node spaces initial node space
bus[0] node[B+0] initial
register
. space
available —
initial
units
bus[B] node[B+n] space
12 bits
private °"
bus[1022] node[B+62]
register
9 node[B+63]
32 bits 28 bits 18 bits

w

—_

Local bus address

- Broadcast node address

Figure 6—32-bit extended addresses

The 32-bit extended address model supports the available, private, and register spaces, whose address ranges
are specified in table 7.
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Table 7—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

Tt q ; US, and up to us addresses are

pllocated to each system. Since some of these allocated addresses have special uses, this limits the system'tq
1023 buses with 63 nodes on each bus.

The node’s initial address space is limited to 4 kbytes, which contains two address spaces: theynode’s initial
Fegister 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.

Dne of the bus_id values (1023) has a special meaning: all slaves respond to this fixed local bus address as
well as to their dynamically configured global bus address. Software is expected to use the fixed local bus|
iddress to access nodes on the local bus before the global bus address has. been assigned. After the global bus
hddresses have been assigned, software is expected to use global bds addresses to access all nodes.

[f broadcast transactions are supported by the bus standard, oneof the offser_id addresses (63) has a special
neaning: all slaves respond to this offset_id address as well\as to their locally distinct offset_id number. Soft-
vare is expected to use the broadcast offset_id address to*broadcast write transactions to the nodes attached
0 one bus. A write to bus_id 1023 and offset_id 63 s 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 supportedby the bus standard, this offset_id address (63) is not used.

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

he 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 addresses; 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 address space is illustrated in figure 7.

Dn buses-using the 64-bit extended address-space model, all nodes shall have the capability of responding to
82-bit addresses and may optionally have the capability of responding to 64-bit addresses as well. To ensure
( ompatlblhty between 32-bit- only and 32/64-bit nodes, the 64-bit masters shall pre -decode thenr 64-bit

equlvalent (the least—mgmﬁcant portion of the 64-bit address) shall be used, as dcscrlbed in table 8 This
address translation is expected to be performed by bus-interface logic, but may also be performed by virtual-
to-physical translation tables in a processor.

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).
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not used
(use 32-bit
equivalent) 0

available 25123

private 256M

register 256M

32 bits

64 bits

Figure 7—64-bit extended addresses

Table 8—64-bit extended addresses

Address base Address bound Description

0000000000000000 00000000 EFFFFFFF prohibited (use 32-bit available space)

00000000 FO000000 FFFFFFFF DFFFFFFF 64-bit available space

FFFFFFFF E0000000 FFFFFFFF EFFFFFFE 64-bit private space

FFFFFFFF FO000000 FFFFFFFF FFFFFFFF prohibited (use 32-bit register space)

4.3 64-bit fixed addressing

The 64-bit fixed addressing partitions the address into separate 16-bit node_id and 48-bit address_offse}
components, to simplify routing'through active switches. The 64-bit address is partitioned into 64 K equal
sized initial node spaces (which need not be associated with specific bus addresses). Although the addres$
space is shared by a large mumber of nodes, the address space assigned to each node is still large (25¢
terabytes), as illustratéd.in figure 8.

Up to 64 of the‘largest node_id values are allocated for bus-dependent uses. The shaded blocks illustrate
these addresses, which are unavailable for nodes.

Since the-address space of each node (48 bits) is sufficient to meet any foreseen requirements, address extent
sion régisters shall not be implemented. By binding the memory addresses to the node’s initial addres$
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 ini-

tial memory space, beginning at zero. If the initial units space is insufficient, additional units may also be
placed within the initial memory space.
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node[O] initial
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space
private / 256M
register 256M
64 bits 48 bits 28 bits

Figure 8—64-bit fixed addressing
@.4 Private addresses

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

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

1.5 Initial node space

A node initially responds to a 4-kbyte initial node space. Half of the initial node space (2 kbytes) is register
kpace and the other half is allo€ated to unit-dependent specifications. One quarter of the 2-kbyte register
kpace is allocated to CSRs f(as-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 addressable
window to the lower portion of the node’s ROM, as illustrated in figure 9.

0 >
0 core
initial registers
register 512 >
space bus-
dependent bus-
2K \ 1K N defined
initial
units BOM vendor-
space window dependent
4K 2K
(min)

Figure 9—Initial node space components
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Read transactions to the initial register space shall be supported and shall have no side effects. This restric-
tion 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 ExXtended address spaces

=

In the extended address space model, the initial size of a node is 4 kbytes, which may be insufficient fo
many applications (for example, a memory or memory-mapped graphics). To increase the effeétiye size of
the node address space, two pairs of address-extension registers are provided; these allow theé)node to addi
tionally 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 inthe available addres
space. The available address space is initially empty, and (since the node’s @xtension addresses can b
dynamically assigned to this space by software) the CSR Architecture places.ngrestrictions on the use of th
available space. However, software is expected to assign extended memory.addresses to a contiguous rang
of addresses starting from address zero.

W W I

A multifunction node may contain a memory controller as well 4s other I/O unit architectures (such as
graphics frame buffer). By providing separate registers for €xtending the size of the memory and unif]
spaces, the extended memory spaces and the extended units;spaces can be assigned independently. Thus, th
extended memory spaces of several memory controllers<¢an be assigned contiguously, as illustrated (for tw
extended memory spaces) in figure 10.

A" €' ¥ B v

-

available
units space Space
base&bound
|
memory space |
base&bound I ist
1 - - register
- ------- space
2**32 or 2**64

Figure 10—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 higher address (one more than the last
address in the extended space). The base register contains an enable bit, which can be used to selectively dis-
able an extended space while it is being moved.
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To simplify hardware address decoders, alignment restrictions are placed on the location of the extended
address spaces. For example, a node that supports an 8 Mbyte memory controller may restrict the base loca-
tion of its extended memory space to addresses that are a multiple of 1 Mbyte. 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 spacg
addresses. The first 1 kbyte of indirect address space is directly mapped to a 1 kbyte portien of the node’
4-kbyte initial node address space. This simplifies inexpensive nodes, for which the total'\ROM size is les
than 1 kbyte in size. When larger ROMs are implemented, critical information, such a§ the type of node and
bus-dependent parameters, shall be located at the beginning of ROM. This directlyanapped ROM addres
space is illustrated in figure 11.

indirect
address space

ROM_WINDOW

1K

initial
unit

space

initial node
address space

4G

Figure-11 =Indirect space mapping (address less than 1 kbyte)

In addition to the-ROM, the indirect space may contain unit-dependent registers, which may have read ang
write capabilities»When accessing these registers, reads shall have no side effects.

Other indiréct addresses, those with addresses at or above 1024 in the indirect space, shall be indirectly
accessed through the INDIRECT_ADDRESS and INDIRECT_DATA register pair. When accessed indi
rectly, a wnte to the INDIRECT ADDRESS reglster estabhshes the mdlrect address; a followmg rcad of the

env1ronment hlgher level locks are expected to ensure that this sequence is performed md1v1s1bly ThlS 1nd1-
rect access model (which is used on indirect addresses above 1 kbyte) is illustrated in figure 12.

Software is always expected to access the first 1 kbyte of the indirect address space by accessing 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-dependent.
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Figure 12—Indirect space mapping (address greater than or equal to 1 kbytes)

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, ps

illustrated in figure 13.

0
(special _ initial positive byte-offsets
units) reglstel’ space (STATE_CLEAR==0)
2K
(other
units) initial
units space
4K
{min)

Figure 13—ROM-specified offsets in the initial units space

When the specified resource is contained within the extended units or initial memory spaces, the address
the resoure¢ is measured as a byte-offset from the beginning of the space, as illustrated in figure 14.

Since’these ROM addresses are measured as offsets from the beginning of the address space, their meaninjs

are hot affected by the (software configured) location of the initial node or the extended units spaces.

bf
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Figure 14—ROM-specified offsets in extended units space
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5. Node architectures

5.1 Modules, nodes, and units

A simple configuration supported by the CSR Architecture includes modules attached to a shared bus, as
illustrated in figure 15.

. processor/ "
graphics memory "o
: ! !
- .

Figure 15—Simple single-bus system

To uniquely identify each module, a standard bus may provide geographical ID ‘Signals, which provide 3
unique code to each backplane slot (0, 2, and 4 as illustrated above). The module 1ses these backplane-prot
vided signals and hardwired printed circuit metal-etch traces (which proyide-node-offsets +0 and +1, a$
illustrated in figure 16) to distinguish each node on the module from othernodes on the bus.

processor |4 onboard /O memory

-+ .

system bus

Replace together

/ /7

node Initialize and test together
L L L
unit Separate 1/O driver software

Figure 16—Physical CSR component hierarchy

n N

ing-system software. Note that modules are a physical packaging concept and nodes are a logical addressing
concept. A module is a board or board set, consisting of one or more nodes that share a physical interface. In
normal operation, a module is not visible to software. Of course, this is not true when the module is replaced,
when the shared bus interface fails, or when specialized module-specific diagnostic software is invoked.

A node is a logical entity with a unique bus-offset address. It provides an identification ROM and extended
address-space registers, and it can be reset independently. A node has an initial address space (4 kbytes min-
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imum), of which 2 kbytes are defined by the CSR Architecture. Since the definition of nodes is standardized,
their initialization can be handled by generic system software.

The address space provided by a node can be directly mapped to one or more units. A unit is a logical entity,
such as a disk controller, which corresponds to unique I/O driver software. On a multifunction node, for
example, the multiprocessor, memory, and SCSI interfaces could be different units on the same node. Unless
the node is reset or reconfigured, the I/O driver software for each unit can operate independently.

Within a unit there may be multiple subunits, which (after being configured by their shared I/O driver soft-
ware) can be accessed through independent control registers or uniquely addressed DMA-command
sequences. Although unit architectures should use the subunit concept to simplify I/O driver software,\the
definition of subunit architectures is beyond the scope of the CSR Architecture.

5.2 Node states

The definition of many CSRs is influenced by the concept of node states. There are four software-visible
node states: initializing, running, testing, and dead. The running state is required; thé€ other node states m
be optionally implemented. All of the node’s registers are accessible while themode is in the running sta?ly
Only a small portion of the node’s registers is accessible while the node is in.the initializing, testing, or dead
states.

After a power_reset or command_reset (and if the initializing state’ is implemented), a node enters th
initializing state. A node autonomously leaves the initializing state'and moves to the running state (no fats
errors) or the dead state (fatal error(s) detected). A power_reset'or command_reset is needed to change fron
the dead to the running or initializing states.

- D

The start of a disruptive test (which is invoked through a write to the TEST_START register) moves the node
from the running or dead state to the testing state and initiates a test sequence. At the completion of a disrup
tive or nondisruptive test, the node enters the funning state or (if the node is non-operational) dead state.

These node states and the events thattrigger transitions between them are illustrated in figure 17.

A disconnected node-state concept is illustrated, but has a minimal effect on the CSR definitions. In the dig
connected state, the node isnet visible on the bus. A node may be in the disconnected state because its prj
mary power has failed (it has no power to respond), because it has been disconnected from the bus b
software (which sets the-STATE_CLEAR.off bit to one, in preparation for on-line replacement), or when it
hardware failures prevent it from responding to bus transactions.

]

>

Note that the;CSR Architecture defines two forms of reset that may be used to enter the initializing state. 4
power_réset is an event that occurs when power is restored (or after a simulated loss of power, as indicate
by pewer-status signals). A command_reset is an event that occurs during a write to the node’
RESET_START register. These two forms of reset are summarized in table 9.

TT e

With one exception, the effects of a command_reset on the CSR Architecture shall be the same as
power_reset. This exception is that on a power_reset the node_id shall be set to its initial value, and on a
command_reset the node_id value shall be unchanged.

The side effects of a command_reset and power_reset may be different for bus-dependent and unit-depen-
dent registers and fields. A bus standard may also define other forms of node reset, which are beyond the
scope of the CSR Architecture.
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RESET_START | disconnected

power
on

write of 1 to
STATE_CLEAR.off

good test

disruptive
test
test completes|
no fatal errors

NOTE—If implemented, lost bit should be set
on transition to the dead state.

Figure 17—Node states

Table 9—Types of node reset

Reset type Description

power_reset restoration of primary.power, primary state is initialized

command_reset | write to RESET-START, most primary state is initialized

5.3 Node testing

5.3.1 Access-path tests

Before using any node; a-processor may verify the integrity of the node’s CSR-access path. To assist in thi
task, a read/write ARGUMENT_LO register may be provided. Since the data value in this register has ng
direct side effects,it'can be safely read and written to verify the CSR-access path before other node tests ar¢

remotely initiated.

5.3.2-Reset test

reset test is initiated by writing a command to the node’s RESET_START registe:r; test completion is
detected by polling the STATE_CLEAR register. Although the test interface is standard and the tests have
some constraints, the tests may be radically different on different nodes.

Errors in the default reset test may prevent an update of the STATE_CLEAR register when the error is
detected. Since reset tests are required to complete within ten seconds, a timeout can be used to detect such
catastrophic errors, as illustrated in figure 18.
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1) Write initiates self-test . _ _ RESET START
2) Poll for 10 seconds = STATE_CLEAR

Figure 18—Initialization test interface

In the event of a reset-test failure, a standard mechanism for invoking other standard tests is provided, using
Tothe 0 ST-STATUSY:

5.3.3 Diagnostic tests

Standard but more complex diagnostic tests can be performed when the node is in the running-ordead states|.
The diagnostic-test interface includes the TEST_START and TEST_STATUS registers, which allow an
operator to select a specific test or set of tests to be run. The test options also allow these tests to be run in 4
tight loop, so that a logic analyzer or oscilloscope may be used effectively to isolate the-defect.

Although the node-local initialization tests can test internal components, other-extended tests are needed t
test the bus-interface logic. The extended tests allow the node to access a remote’address range while the test
is being performed. The location of the remote address range is written(to the node’s argument register
before the extended test is started.

The CSR Architecture supports other optional diagnostic tests, which are useful for isolating the defects to a
smaller number of components or connections. These system‘and manual tests, which are most useful in thg
repair depot, provide access and control features that make the test useful for defect isolation and repair. Thq
four types of tests and their time-length constraints are as follows:

a)  Initialization tests. The default set of tests\shall complete in less than 10 seconds.
b)  Extended tests. The default set of testsshall complete in less than 10 seconds.

c)  System tests. There is no recommended time limit for system tests.

d) Manual tests. There is no recomimended time limit for manual tests.

Note that system and manual tests.are unit-specific and are not expected to be invoked by generic diagnostig
control programs.

Errors in the default initialization and extended tests may prevent an update of the TEST_STATUS registe
when the error is detéeted. Since these tests are required to complete within 10 seconds, a timeout can bg
used to detect suchieatastrophic errors, as illustrated in figure 19.

1) Write initiates test

' RESET_START
2) Poll for completion STATE_CLEAR

{default tests < 10 sec)

Figure 19—Diagnostic test interface

The default initialization and extended tests, as well as many of the other standard tests, are expected to be
disruptive. A disruptive test may make the node nonoperational, in the sense that the node registers behave
differently than in the running state. A disruptive test is initiated by a write to the TEST_START register,
which immediately sets the TEST_STATUS.active bit to one, as illustrated in figure 20.
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write to TEST_START test completes

Y Y

TEST_STATUS.active

1
STATE_CLEAR.state running | ftesting |

disruptive
> et -

Figure 20—Disruptive test interface

The node may transition to the testing state when the TEST_START register is written, but shall fransition t¢
the testing state before the node’s registers are disrupted. The node remains in the testing state until the dist
ruptive test completes. At that time, the STATE_CLEAR.state field and the TEST_STATUS.active bit ar¢
simultaneously changed. The node state is set to the running (no fatal errors) op~dead (fatal error(s
detected) and the TEST_STATUS.active bit is cleared to zero.

Other vendor-dependent tests may be nondisruptive. Diagnostic tests that are inv¥oked when the node is in the
dead state are also nondisruptive. A nondisruptive test has no effect on the node’s operation, in the sense that
the behavior upon access to the node registers does not change. A nondisraptive test is initiated by a write t¢
the TEST_START register, which immediately sets the TEST _STAFUS.active bit to one, as illustrated if
figure 21.

write to TEST_START, test completes

v Y

TEST_STATUS.active

STATE_CLEAR.state running or dead

O, -

Figure 21—Nondisruptive test interface

The node remains in its previous state during the nondisruptive test. At that time, the TEST_STATUS.activ
bit is cleared to zero,

N

5.3.4 Non-standard diagnostic tests

The node’s'reset and standard tests may be insufficient to test the bus interface, which could be shared b
other riodes on the same module. More-extensive module or system-level tests may be required to test thif
intetface and to find other problems invoked by heavy system loads (stress tests). These extensive tests ma;
be-performed by vendor-dependent diagnostic software.

The CSR Architecture provides ROM values for associating the proper diagnostic software with the module
under test. However, the diagnostic registers and test procedures are vendor-dependent.
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5.4 Multinode modules

Multiple nodes can be located in a single module, which may display a summary of the node’s states as illus-
trated in figure 22.

- el

bus interface

node node
hardware hardware

check chéck
LED switch

Figure 22—Multinode module

The shared bus interface is visible to vendor-dependent diagnostics, but is not normally visible to system)
software. For example, there are no defined registers for accessing the bus interface directly.

Each of the nodes has an operational state (such as initializing or running). To summarize its node’s states, 4
module may have one or several state-displays. The details of the state display codes, as well as the state}
summary algorithms (for consolidating the node’s stafe'information) are bus-dependent.

To support on-line replacement, a module may have an attention switch. Changing the attention switch posi
tion sets an attention bit in one of the node’s-status registers, and (depending on the details of additional unit
specific registers) may optionally send an-interrupt. After observing the set attention status bit, software i
expected to deconfigure the nodes on-the module and disconnect the module from the bus. See 5.5 fo
details.

5.5 On-line replacement (OLR)

A bus standard may_provide mechanisms for supporting on-line replacement (OLR). The CSR Architecturd
defines two bit to’ support OLR: the STATE_CLEAR.atn (attention) and the STATE_CLEAR.off bit. Thd
remainder of this subclause defines how these bits are expected to be used.

A replacement warning signal event (1) is expected to be generated before a defective module is replaced
(for example, the signal could be generated by a front-panel switch or a transaction sent over the diagnostig

module (2) and the processo s optionally nterrupted (g).

After checking the STATE_CLEAR .atn bit (4), operating-system software is expected to idle the I/O driver
software (5) associated with all nodes on the module (this could, for example, involve copying state to sys-
tem memory). After the I/O driver software has been idled, the I/O driver software is expected to disconnect
the module by setting the STATE_CLEAR.off bit on one of the nodes on the defective module (6). These
steps are illustrated in figure 23.
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T) Replacement signal generaled
2) STATE_CLEAR.atn bit is set
3) Processor is (optionally) interrupted
4) Processor detects STATE_CLEAR.atn bit
5) I/O driver software is idled
6) STATE_BITS.off bit is set
(module now appears to be gone)

Figure 23— OLR—defective module removal

(Once the STATE_CLEAR.off bit is set, all nodes on the module appear to immediately disconnect from the
address space on the bus. However, an additional (bus-dependent) time may be.réquired to reduce the mod-
yle’s power consumption before the module is replaced.

ince the STATE_CLEAR.atn bit, or the hardware used to accesshit, could be defective, modules are
xpected to provide alternative mechanisms for manually setting.the'STATE_CLEAR .off bit when software
isconnection protocols fail.

.0 n
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6. Unit architectures

6.1 Unit architecture overview

The node’s CSRs provide standard mechanisms for addressing, identifying, and testing hardware resources.
After the system has been initialized, most of these registers are not accessed by the I/O driver software.
Other register sets are provided to access processor, memory, or /O device functions; these register sets
define one or more unit architectures on the node.

, ; N SioSEof-the-Tisres]

expected to be mapped to a contiguous range of addresses within one of these (initial units, indirect; ot
extended units) spaces. In normal operation, each unit has its own register set, and register sets of different
units can be accessed concurrently by their I/O driver software.

In addition, a small number of CSRs on the node may be shared by its units. A few of the CSRs are used to
route broadcast transactions (interrupts and messages) to the units through standardized CSR addresses on
the node. One of the other CSRs, STATE_CLEAR, provides unit-dependent status bits,/so the state of the
node and its attached units can be quickly checked with one status register read.

To facilitate understanding these shared CSR resources, the interrupt and message-passing mechanisms are
described in 6.2 and 6.3. Two of the partially standardized unit architecturesy(global clock and memory con-
troller) are described in 6.4 and 6.5. Subclause 6.6 illustrates how othef.wendor-dependent unit architectures
could be designed.

6.2 Interrupts
6.2.1 Interrupt-target registers

A standard CSR address offset, INTERRUPT_TARGET, is provided to support broadcast interrupts. A write
to this address offset with the broadcast node address (node #63) is broadcast to all units on the local bus. A
write to this address offset with a directed node address is nodecast to all units on the selected node. Other
(unit-dependent) interrupt addresses may-be provided for interrupts that are directed to a specific unit.

To improve efficiency and ensure‘forward progress, the standardized INTERRUPT_TARGET register sup-
ports the immediate acceptance/of an arbitrary number of interrupt-write transactions. Although all broad-
cast interrupt events are immediately queued, the processing of the queued interrupts may be delayed (based
on vendor-dependent interrupt-processing protocols).

The INTERRURT \TARGET register provides one bit of storage for each of 32 interrupt groups; an interrupt|
is queued by setting the corresponding interrupt-group bit. Although this ensures that interrupt events can
always be-quéued, there is no mechanism for determining the number of interrupt events that may have set a|
shared dnterrupt-group bit. When interrupt-group bits are shared, other polling mechanisms are needed to
determine the source of the broadcast interrupt or to provide interrupt-service-routine parameters.

Architecture also restricts the functionality of directed interrupt registers. Directed interrupts are constrained
to be writed transactions, whose address is a register within the vendor-defined processor unit architecture
(note that a 64-bit address may sometimes be needed to address this register).

As with all CSRs, congested processors may assert a busy status to delay the acceptance of directed inter-
rupts until storage space is available. However, to avoid the generation of system deadlocks, the processor is
not expected to additionally delay the acceptance of the interrupt until other bus transactions are completed.
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6.2.2 Interrupt-poll registers

When multiple nodes share an interrupt-group bit, polling is required to identify the interrupt source. Note
that polling may never be required for processors whose vendor-dependent directed-interrupt definitions
provide a sufficient number of interrupt-group bits.

To support such polling, a simple (non-DMA) node is expected to set a “service-request” bit within its
STATE_CLEAR register before interrupting the processor. Alternatively, the processor may be programmed
to periodically poll the STATE_CLEAR register of active I/O nodes.

To simplify and enhance the performance of the interrupt dispatch routine, 16 bits within the dode’s
STATE_CLEAR register are reserved for units and expected to be used for this purpose. Note that-othef
node-status bits are included in the same register, to minimize the overhead of simultaneously checking fo
other node-error conditions.

-

For shared interrupt-group bits, previously initialized memory tables or lists are expected to identify these
interrupting nodes. In addition to a pointer to the node’s STATE_CLEAR register,\these data structures ar¢
expected to provide an interrupt mask value and interrupt-dispatch parameters, s illustrated in figure 24.

(interrupting devices)

STATE_CLEAR I
node[A]
STATE_CLEAR |
node[B]
STATE_CLEAR l
node[C]
next
node
mask
dispatch
information

Figure 24—Polled-CSR interrupt dispatch model

An interrupting node produces a nonzero value when its STATE_CLEAR register is ANDed with its speci-
fied mask value. After the interrupting node has been identified, the selected status bits can be cleared by
writing this nonzero value to the STATE_CLEAR register. The location, format, and functionality of the
STATE_CLEAR register is standardized, to improve the performance of the latency-sensitive interrupt-poll-
ing software.
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For higher-performance nodes with processor or DMA-like capabilities, the interrupting node can return
completion-status reports to arrays or queues in memory. Nodes sharing one interrupt-group bit could share
one completion-status list; each interrupt-group bit and its corresponding completion-status list could corre-
spond to a different interrupt priority level. However, the details of these DMA-related data structures are
beyond the scope of the CSR Architecture.

6.3 Message passing

Two standard CSR address offsets are provided to support broadcast message passing. A write to either of
these address offsets with the broadcast node address (node [63]) is broadcast to all units on the local bus. A
write to either of these address offsets within a directed node address is nodecast to all units on the selected|
node. Other unit-dependent message-passing addresses may be provided for messages that are directed 19 a
specific unit.

Properly sized and aligned write transactions to these target addresses shall return a done_correct (if mes-
sage queue space is available) or a conflict_error status (if no message queue space is available). All mes-
sage-passing nodes are required to support 64-byte messages. Nodes may optionally support other message
sizes (such as 16 or 256 bytes) as well, but larger message sizes are not transported indivisibly across all
standard buses.

Separate target addresses are provided for request and response messages, to avoid message-queue dead
locks. A request message is defined as a message that could generate ope ‘or more response messages when
processed. A response message never generates additional messagesswhen being processed. Request and
response messages may be directed to the MESSAGE_REQUEST<address. Only response messages shall bg
directed to the MESSAGE_RESPONSE address.

Hardware is expected to provide a minimum of one queue entry for each message-passing address. The
queue entry is updated and inserted into one of two message-received queues by writing to the correspond-
ing message-passing address. The queues are emptied by processor firmware or software, which processes
the queued messages. The protocols used by the ptocessors to empty and interpret the contents of these mes
sages are beyond the scope of the CSR ArchiteCture.

Several techniques can be used to transfer-larger messages using the 64-byte message-transfer primitives:

a) Concatenated messages. The larger message is split into smaller 64-byte messages. Messages con-
tain identifiers that distinguish among the parts of the large message and smaller messages that may
be concurrently accepted.

b) Indirect messages, ‘The small message provides the address of a larger message, which can bg
DMA’d from ‘memory-mapped data structures.

The format and)ineaning of 64-byte messages, as well as the techniques used to transmit large messages, arg
beyond the scope of the CSR Architecture.

6.4 Globally synchronized clocks

6.4. 1 Clotkoverview
A bus standard may provide support for physically distributed yet globally synchronized clocks. Since the
synchronization process involves a broadcast address and the clock values have a uniform format across bus

standards, the register interface for the clock-unit architecture is partially standardized.

Real time systems often require a sense of the current physical time. The current time may be needed to
record the time that events occur in the external world, to measure the elapsed time between events, to con-
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trol the sequence in which event processing takes place, or to schedule the initiation of new events in the
external world.

When only one processor requires physical time, this service is easily provided by a real time clock directly
accessible to the processor. Although a central clock may be highly accurate internally, its accuracy is sub-
ject to loss in transit through the bus (due to variable arbitration and transmission latencies). A central clock
also constitutes a single point of possible failure. Thus there is a need to provide distributed clocks for each
node, and in order for the decentralized clocks to provide a common sense of time, the respective clocks
must be synchronized.

A clock 1s expected to consist of a clock_value register and an oscillator. The clock_value register 1s updated
by adding a clock_tick value to it at the completion of each cycle of the oscillator. The clock_value register]
may be initialized by software to any value within its range. To provide a common interface, all clock values
are presented to the system scaled to the same clock_value format. The clock_value is representedas a 64-bit
unsigned fixed-point number. The binary radix point divides the 64-bit integer into two 32-bit-portions. The]
32-bit most-significant portion represents seconds. The 32-bit least-significant portion represénts a binary
fraction of one second. The least-significant bit represents approximately 233 picoseconds. The 64-bit
unsigned number overflows approximately once every 136 years.

The number of oscillations per second is called the frequency or rate of the ¢loek. The completion of one
oscillator cycle is called a tick. The tick period represents the time interval between two ticks and determines
the resolution or granularity of the clock.

6.4.2 Clock synchronization
Ciock synchronization is expected to involve the following steps:

a)  Clock sampling. The values of all clocks are sampled at the same (or nearly the same) time, by dis-
tributing a clock_strobe signal to all nodes on'the same bus. The sampled values are saved in the
CLOCK_ARRIVED registers.

b)  Reference update. A reference clocK)value (which corresponds to the time of the previous
clock_strobe signal) is calculated. The reference clock may be derived in one of two ways:

1) Master reference. The master’s CLOCK_ARRIVED register is used as the value of the refer-
ence time.

2) Averaged reference. The values of the CLOCK_ARRIVED registers from two or more nodes
are averaged to proyvide the reference time.

¢) Clock adjustment. The frequencies of clocks are changed to compensate for the errors between their
sampled values and the reference time. The frequency adjustments may be performed in the follow-
ing ways:

1)  Mastérupdate. The slave nodes provide external access to their clock-adjustment and clock-
calibration registers. The clock master computes the clock slave clock errors and compensates
for these errors through writes to their clock-adjustment registers.

20\ )Local updates. The clock master distributes the reference time (as sampled on the last
clock_strobe signal) to the clock slaves, using directed or broadcast writes to bus-dependent
memory-mapped control registers. The clock slaves locally compensate for their own errors
based on the differences between their internal clock_value register and the reference value
received from the clock master.

On a traditional physically bussed bus standard, the clock_strobe is a well-defined phase of a write to a spe-
cific control register address. This event is nearly simultaneously observed by local nodes, which latch their
impression of the current clock value in the CLOCK_ARRIVED register, as illustrated in figure 25.

On other bus standards based on point-to-point physical links, such as SCI, the clock_strobe signal must be
forwarded through multiple nodes on the ringlet. Since the time delay through each node is variable, sepa-
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clock clock clock clock
arrive arrive arrive arrive
- -

Y

clock_strobe

Figure 25—Synchronized node clocks (broadcast backplane mode)

rate registers are required to latch the time the clock_strobe signal arrives and the accumulated time betweep
its arrival and departure (delta). Only the nodes with local clocks are required to have an arrival-time fegis
ter, but (to accurately synchronize clocks) all nodes are required to provide the delta register. Theseyregisters
are illustrated in figure 26.

clock clock clock clock
delta |arrive delta |arrive delta |arrive delta.jarrive
clock_strobe

Figure 26—Synchronized clocks (pipelined backplane model)

The delta register capability may also be used on bridges(between buses, to calibrate the time taken by th
clock_strobe signal when passing through the bridge. However, the detailed functionality and format of th)
delta registers are beyond the scope of the CSR Architecture.

[CHY]

6.4.3 Clock update models

Several of the (optional) clock registers are needed to support a master update clock adjustment model. Si
of the clock-related registers have standard formats and meanings; four of the clock-related registers ar
reserved for bus-dependent uses. The optionality of these ten clock-related registers, as well as additions
definitional details, are bus-dependent.

[CHEa]

—

The CLOCK_VALUE-registers are used to initialize and monitor the current clock value, th
CLOCK_TICK_PERIOD registers are used to adjust the current clock value, and th
CLOCK_STROBELARRIVED registers are used to calibrate the current clock value. The definition of thes
registers is based on the clock design model illustrated in figure 27.

w O O

The uppér\64 bits of the clock_value register are externally visible as the CLOCK_VALUE register pair. In
figure:27, these registers are not shaded, to illustrate that register storage is not required to provide access tp
thé internal clock_value register value. The clock_value register is expected to have additional less-signif]
eant bits, which cannot be accessed directly through CSR registers.

Although 32 least-significant bits of clock_value register are architecturally supported, an implementation
may omit unnecessary least-significant bits in the adder and clock_value registers; the shading of these com-
ponents is intended to illustrate this optionality. However, the resolution in the register and adder shall be
sufficient to meet the node’s clock-adjustment accuracy specification.

The adder is used to compute the next clock_value register value, which is updated at each tick of the oscil-
lator. The difference between new and old values of the clock_value register is determined by the pair of
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CLOCK_VALUE_HI P
CLOCK_VALUE_LO - {

(observed)

0

Figure 27—Synchronized clock registers

ICLOCK_TICK_PERIOD CSRs, which supply the middle-significant and-least-significant quadiets of the
added value, respectively (the most-significant quadlet of the added value is zero). Software is expected to
control the rate of the clock_value increase by setting the values intthe*CLOCK_TICK_PERIOD registers.

The CLOCK_STROBE_ARRIVED registers record the valueof CLOCK_VALUE during the time that a
strobe signal is observed on the bus. The CLOCK_STROBEZARRIVED_MID register is sufficient to detect
synchronization error differences up to half of a second; the CLOCK_STROBE_ARRIVED_HI register is
needed to detect synchronization error differences-that may be larger than half a second.

A bus standard may also support a local-update-clock-adjustment model. Although a similar implementation
model is expected, a local-update node is@ot required to provide CSR access to these resources; the details
of their implementation are beyond the scope of the CSR Architecture.

6.4.4 Updating clock registers

Software is expected toluse sequences of 32-bit accesses to access the larger 64-bit clock-register values.
Although this complicates some of the register-access protocols, supporting the larger 64-bit read and write
transactions would,complicate the hardware designs.

Reading the,CLOCK_VALUE register is expected to involve three reads of two quadlet registers. Software
reads thesCLOCK_VALUE_HI register and the CLOCK_VALUE_MID register before re-reading the
CLOCK: VALUE_HI register. If the first and second values read from CLOCK_VALUE_HI are different (a
carry” condition), the second CLOCK_VALUE_HI time is used and the previously read value of
CEOCK—VATUE-MID-s-cf 1 Hemt-6d=bitti ! ” bt et l
second read of the CLOCK_VALUE_HI register.

Writing the CLOCK_VALUE register is expected to involve two quadlet register writes. Software is
expected to set the time by writing zero to the CLOCK_VALUE_MID register and time value to the
CLOCK_VALUE_HI register when the time is an integer multiple of seconds. Since the CLOCK_VALUE
register need only be updated when the system is initialized, these difficulties in accurately setting the initial
time value do not complicate the on-line use of these registers.
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Wiriting the CLOCK_TICK_PERIOD_MID register is expected to involve two quadlet register writes. Soft-
ware is expected to write to the CLOCK_TICK_PERIOD_MID register before writing to the
CLOCK_TICK_PERIOD_LLO register. The second write simultaneously updates the
CLOCK_TICK_PERIOD_LO register and transfers the value of the CLOCK_TICK_PERIOD_MID regis-
ter to the internal tick_mid register.

6.4.5 Clock accuracy requirements

The clock-calibration and clock-adjustment protocols shall minimally meet the following functional require-

a)  Clock tick period. The internal clock_value register shall be updated at a nominal frequency of no
slower than once per microsecond.

b)  Clock tick resolution. The effective resolution of the clock-adjustment protocol shall bé sufficient to
adjust the clock drift rate to within 10 parts per million.

¢)  Oscillator accuracy. The frequency accuracy of the clock shall be 100 parts perumillion or less in the]
product’s operating environment.

6.5 Memory unit architectures

The CSR Architecture provides the framework for the definition of/memory unit architectures and constrains|
or supports its definition in the following ways:

a)  Read and write transaction set. The CSR Architecture defines standard transactions that shall be
implemented within the extended memory address space (see 3.2). The memory unit architecture
may optionally support locks (see 3.3) or other bus-dependent transactions as well.

b) RAM addressing. The node provides MEMORY_BASE and MEMORY_BOUND registers that]
define the base and bound of the node’s extended memory space. Addresses within this space are
mapped through the node and processed by the memory unit.

¢) Address-space constraints. The hode’s ROM provides standard mechanisms for specifying the align-
ment and size requirements for the node’s extended memory space (see 8.4.14).

A memory controller with error-detection circuitry (EDC) can detect errors; a memory controller with error-
correction circuitry (ECC) can also correct errors. A memory unit is expected to log detected and corrected|
errors in a unit-dependent error log and to set its allocated unit-dependent bit in the STATE_CLEAR register]
when the error is-logged. The location of the memory-error bit and the details of the memory controller’s|
error log are dépendent on the memory-controller architecture.

A memery nit is expected to provide a set of registers for accessing the memory-controller functions. These
registers could be used to initialize and test the contents of RAM and to select alternate memory banks,
However, the detailed definition of these memory-unit registers is beyond the scope of the CSR Architec-
uIcC,

6.6 Unit architecture environment

Unit architectures may be standardized or may have vendor-dependent definitions. A unit corresponds to a
piece of /O driver software and (in normal operation) the accesses to one unit do not affect the node or other
units. A unit can be (optionally) reset without affecting the other units or the node to which it is attached.
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The node architecture provides a framework for the definition of unit architectures; this framework is sum-
marized below:

a)

b)

Address space. A unit (other than a memory unit) is located in a contiguous range of addresses
within one of the initial units, extended units, or indirect address spaces. To support autoconfigura-
tion of the units, the offset and size of the unit’s address space is specified by an entry in the node’s
ROM.

Initialized states. The node command_reset and power_reset events also initialize the registers of
their attached units. The initial state of the unit’s registers is defined when the node enters the run-
ning state. Although their initial values are beyond the scope of this standard, one of the following

c)

d)

e)

2

Nodes with requester capabilities aré expected to pass the error status of bus transactions to the units that
initiated them. Simple unit architectures (such as DMA or non-monarch-capable processors) are expected to
log the bus transaction errors afid'set one of their allocated bits in the STATE_CLEAR register before halt-
ing. A processor is expected to/periodically poll the STATE_CLEAR register to detect these halted-DMA
error conditions.

Polling of the STATE_CLEAR register can be avoided if the unit provides a DMA heartbeat capability.
which periodically Teturns its status to memory. The definition and use of such heartbeat capabilities are
unit-dependent and beyond the scope of the CSR Architecture.

Conventions 1S expected:

1)  Running. The unit architecture is minimally initialized and left in the running state. /O driver
software is expected to invoke a unit-specific initialization or extended test.

2) Initializing. The unit is in the initializing state and remains in this state until the initialization
test has completed. /O driver software is expected to poll periodically until the nitialization
test has completed.

Messages. Two standard message-passing target addresses are defined on the node. These addresses

may be used to direct a message to all units on one node or to broadcast a message to all units on thg

bus.

Interrupt target. A standard INTERRUPT_TARGET address is defined.oh the node. This address

may be used to broadcast an interrupt to all units on the bus or to send\an’interrupt to all units on ong

node.

Interrupt poll. Sixteen (16) bits of a standard interrupt-poll register (STATE_CLEAR) may be used

by unit architectures on the node. This provides one registenthat can be efficiently polled to check

the unit and node states.

No-access spaces. If the optional STATE_CLEAR .lgst bit is implemented, accesses to registers in

the initial units and extended units space are blocked when the node enters the initializing or dead

states. This blocks access to the unit registers after a loss of power or after fatal errors.

Power-fail warning. On standard buses that provide centralized power, a (minimum) 4 ms power-fail

warning should be provided. The warning.is’expected to be sufficient for most nodes to save their

critical primary state (such as processer registers) in node-local secondary state (such as battery-
backed RAM).
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7. CSR definitions

7.1 Register names and offsets

This clause defines the format and meaning of the control and status registers (CSRs) that provide a frame-
work for the design of vendor-dependent unit architectures (such as memory, I/O, or processors).

The CSR Architecture is not intended to provide a complete register definition for all node types—the ven-

doris-expected to define additiona nif-sp i oo he 1nfen 0 standard h g hat
are accessed by generic software for initializing, configuring, and testing the node. Also, the intent is to sped

ify broadcast addresses, to avoid incorrect interpretations of broadcast transactions directed to inconsistently
defined addresses.

Many of the CSRs are optional and need not be implemented. However, other uses for axegister addres
shall not be defined (the behavior of an unimplemented register is exactly defined). Thus, the cost of th
implementation depends on the functionality provided by the node.

[72]

[¢)

The location of a node-control register is defined by its byte-offset from the beginning of the initial registdr
space. The CSRs needed to support the basic and optional capabilities are listed in table 10.

Note that some of the registers are affiliated with standard unit architectures; they provide extended address
spaces for the units (UNIT_BASE through MEMORY_BOUND); a target address for broadcast/nodecast
interrupts  (INTERRUPT_TARGET), target addresses.~ for  broadcast/nodecast — messages
(MESSAGE_REQUEST or MESSAGE_RESPONSE), or they define a standard unit with special broadcagt
capabilities (CLOCK_VALUE through CLOCK_INFQ).

The ROM_WINDOW specifies a range of registér/addresses that are mapped to the first 1 kbytes of the
node’s internal address space. The first portion.of the internal address space shall contain ROM data (a min
imum of 4 ROM bytes is required, see clause 8 for details).

A rather large space is allocated for bus-dependent registers; the bus standard is expected to define some gf
these to be vendor-dependent.

-

The read4 transactions aré supported at all CSR addresses. The write4 transactions are supported to mos
CSR addresses, and the Wwrite64 transaction is supported to the message-target registers. For each of th
CSRes, table 11 lists the'expected software uses of the register (RO for read-only, WO for write-only, and RV
for read/write) and’the transaction types that are supported (read4, write4, etc.).

=< O

Access torth¢ previously listed registers is supported when the node is in the running state. When a node is Ii
the initializing, testing, or dead states, only limited access to the registers is supported, as described i
table\12.

Only the first quadlet address of the ROM_WINDOW location always returns a defined result. A node’s
ROM is not required to be accessible while in the initializing state; if not accessible, a read of the first
ROM_WINDOW address shall return a zero value. Once the ROM_WINDOW becomes accessible (a read
of the first ROM_WINDOW address returns a nonzero value), the entire 1-kbyte ROM_WINDOW shall be
accessible while the node is in the initializing state. '

Accesses to the node’s initial units and initial memory spaces are blocked when the STATE_CLEAR .lost bit
is set to one; when blocked, an access of an address within these spaces completes with a type_error status.
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Table 10—CSR locations

Offset Register name Optional uses
0 STATE_CLEAR state and control information
4 STATE_SET sets STATE_SET bits
8 NODE_IDS required
12 RESET_START required (command_reset)
16 INDIRECT_ADDRESS large ROM (>1 kbyte)
20 INDIRECT_DATA "
24 SPLIT_TIMEQUT HI splitrequ imeout)
28 SPLIT_TIMEOUT_LO split-requester (all timeouts)
32 ARGUMENT_HI extended tests (64-address)
36 ARGUMENT_LO diagnostic test interface
40 TEST_START "
44 TEST_STATUS "
48 UNITS_BASE_HIT extended units space (64-address)
52 UNITS_BASE_LOT extended units space
56 UNITS_BOUND_HFL extended units space (64-address)
60 UNITS_BOUND_LOT extended units space
64 MEMORY_BASE_HI-'L extended memory spdece-(64-address)
68 MEMORY_BASE_LOT extended memory space
72 MEMORY_BOUND_HIT extended memery (64-address)
76 MEMORY_BOUND_LOT extended memory space
80 INTERRUPT _TARGETJr broadcast/nedecast interrupt
84 INTERRUF’T‘__MASKJr broadcast/nodecast interrupt
88 CLOCK_VALUE_HI+ remote clock _unit read/write
92 CLOCK_VALUE_MID# ¢
96 CLOCK_TICK_PERIOD_MIDi remote clock_unit calibration
100 CLOCK_TICK_PERIOD_LO¥ "
104 CLOCK_STROBE_ARRIVED_HI* "
108 CLOCK_STROBE_ARRIVED_MID# "
112 CLOCK_INFOOi bus-dependent clock_unit uses
126 CLOCK_INFO1¥ "
120 CLOCK_INFO2¥ "
124 CLOCK_INFO3+ "
128-188 MESSAGE_REQUESTT target address for messages
192-252 | MESSAGE_RESPONSET "
256-380 reserved future IEEE Std 1212 definitions
384-508 ERROR_LOG_BUFFER bus-dependent error log
512-1020 ¢ bus_dependent bus-dependent
1024= ROM_WINDOW required
2044(max)

Accesses to the node’s extended units space is blocked when the STATE_CLEAR.lost bit is 1 or the
UNITS_BASE.enb bit is zero; when blocked, an access of an address within this space completes with an

TAccess path to unit architectures.

TOTIST

address_error status.
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Register name Usest Transactions
STATE_CLEAR RW read4, writed
STATE_SET WO read4,writed
NODE_IDS RW read4,writed
RESET_START WO read4,writed
INDIRECT_ADDRESS RwW read4,writed
INDIRECT DATA RO (RW*) | readd(writed4)
SPLIT_TIMEOUT_HI RW read4,write4
SPLIT_TIMEOUT _LO RW read4,write4
ARGUMENT_HI RW readd,write4
ARGUMENT_LO RW read4,writed
TEST_START RW read4,write4
TEST_STATUS RO read4
UNITS_BASE_HI RwW read4,write4
UNITS_BASE_LO RW read4,write4
UNITS_BOUND_HI RW read4,write4
UNITS_BOUND_LO RW read4,write4
MEMORY_BASE_HI RW read4,write4
MEMORY_BASE_LO RW read4d;write4
MEMORY_BOUND_HI RW read4,write4
MEMORY_BOUND_LO RW réad4,writed
INTERRUPT_TARGET RB read4,write4
INTERRUPT_MASK RW read4,write4
CLOCK_VALUE_HI RW read4,writed
CLOCK_VALUE_MID RW read4,write4
CLOCK_TICK_PERIOD_MID RW read4,write4
CLOCK_TICK_PERIOD_LO RW read4,writed
CLOCK_STROBE_ARRIVED_HI RW read4,write4
CLOCK_STROBE_ARRIVED_MID RW read4,write4
CLOCK_INFO0 RWT read4,writed
CLOCK_INFO1 RWT readd,write4
CLOCK_INFO2 RwWT read4,write4
CLOCK_INFO3 RWT read4,writed
MESSAGE_REQUEST WB read4,write64
MESSAGE \RESPONSE WB read4,write64
ROM_(WINDOW RO read4

*RW"access expected when non-ROM units are located in indirect space,

otherwise only read accesses are necessary.

1 The CLOCK_INFO registers may require broadcast-transaction support.

1 Uses keys:

RW  Read/write: software is expected to read and write this register.
WO  Write-only: software is only expected to write this register.

RO Read-only: softw

o
WB  Write-broadcast: software is expected to write this register

(directed and broadcast).

Accesses to the node’s extended memory space is blocked when the STATE_CIL.EAR.lost bit is 1 or the
MEMORY_BASE.enb bit is zero; when blocked, an access of an address within this space completes with

an address_error status.
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Table 12—CSRs access modes in non-running states

Extended units space

Extended memory space

no-access**
no-access**

Register name initializing testing dead Comments
STATE_CLEAR R*; only state field
STATE_SET only off field
NODE_IDS RW# node configuration OK
RESET_START w resets always work
ARGUMENT_HI no-access RW no-access used by testing
ARGUMENT_LO no-access RW no-access "

TEST_START TIO-access RW W STarts estng
TEST_STATUS no-access RO no-access needed when testing
ROM_WINDOW RO(zero) RO ROM mostly available
(minimal)

Other CSRs within the No-access access limited

initial register space

Initial units space no-access§ when space’is enabled
Initial memory space no-access§ "

T

1

* WON o b ¥

To support multiple implementation technologies and testing strategies, access to most of the CSRs is only
defined in the running state. However, bus- or vendor-dependent standards may require additional register
to be accessible while in these states. Special hardware is not required to detect CSR accesses while in thesg

state field only, other fields are no-access.
off field only, other fields are no-access.
bus_id and offset_id only, other fields are bus-dependent.
Returns type_error if space is disabled.
* Returns address_error if space is disabled.

states, since registers which still meet the CSR-specification are in a legal no-access state.

When a register access is no-access, reads return undefined data. A write to a no-access register may corrup
the node’s state. While in the initializing or testing states, a write to a no-access register may cause the return

of an incorrect test result when the.node enters the running or dead states.

7.2 Minimal implementations

Only a small portiomof these registers is required on a minimal node. If none of the node options are imple

mented, table 13.specifies the set of CSRs that shall be implemented.

Table 13—Minimal CSR register set

Register name

Requirements

[

NODE_IDS

sets reconfigurable bus_id and offset_id values

RESET_START

software trigger for command_reset

ROM_WINDOW

one quadlet is required
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A standard Node_Capabilities field in ROM is provided to identify which options are implemented. See
Clause 8 for details.

7.3 Unsupported register accesses

In this 2-kbyte initial register space, read4 transactions are supported. The CSR definitions also support
other transaction types or sizes (for example, write4). Unless explicitly stated otherwise, these transactions
return a done_correct status or a bus-dependent error when an unrecoverable transmission error is detected.

ype_error status (so the error can be quickly detected) or a done_correct status (a lower-cost option):
Within the initial register space, other unsupported transactions (which are not read4 or write4) shall reforn a
ype_error status.

[he returned status for an unsupported transaction in other spaces is vendor- or unit-dependent. However,
hnsupported transactions are constrained to return values derived from the data that is addressed and their
ide effects shall be equivalent to writes of arbitrary data to the addresses that are accessed.

7.4 Register definitions

7.4.1 STATE_CLEAR

'he STATE_CLEAR register provides bit fields, which are used to log special node-related, bus-dependent,
hnd unit-dependent events. The format of the STATE_CLEAR régister is illustrated in figure 28.

definition
unit_depend|bus_depend| lost|dreq] r |elog| atn | off state
16 8 1 1 1 1 1 1 2

initial values
zeros bus_depend| 1 oj0jJ]0]lO0]O0 00,01

read value
unit_depend|bus_depend} w | w | O | w [ w | O [last-update

write effect
clears selected (writeable) state_bits ignored

Figure 28—STATE_CLEAR format

STATESCLEAR:

Optional(RW) Shall be implemented if any of its field values are implemented.

Initial value See field definitions.

Read4 value Returns the internal state_bits value.

Write4 effect Shall update writeable fields by ANDing the current state_bits value with the

complement of the write-data value.

Sixteen of these bits are allocated for unit-dependent uses. A unit-dependent bit may be unused, may be
assigned to one unit, or may be shared by multiple units. If shared by multiple units, these bits shall only be
used for interrupt-status reporting; a bit shall only be set when the unit generates an interrupt. To provide a
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uniform environment for the design of bus-independent unit architectures, the unit-dependent fields shall
not be used for bus-dependent purposes.

Eight of these bits are allocated to bus-dependent uses. For example, these bits could be used to sense front-
panel events or to illuminate LEDs on the front panel.

One of these bits (r) is reserved for future definition by the CSR Architecture.

The lost bit is set to its initial value of 1 by a command_reset, a power_reset, or when the node enters the
dead state. Operating system software is expected to clear the lost bit after the node has been initialized and

iy . . i . -
bit; on a split-response bus, such accesses may have bus-dependent effects on request subactions thatchave

been queued but have not been processed.

The dreq bit is expected to be set by software, to disable requests from unreliable nodes. Othef unit-depen|
dent bits may also be used to initially disable requests from DMA controllers or bridges untibthéy have beer
properly initialized by system software. Nodes may provide a back-door access to the dreg bit, which may|
be used by general or special-purpose (remote diagnostic interface) processors to clear/their own dreq bi
when it has been improperly set by others.

The elog bit is expected to be set by node-internal hardware and is intendéd 40 inform software when an
error has been detected and the node’s error log has been updated. The elog bit shall be set to one when the
error log is updated. Operating system software is expected to clear theselog bit after saving the contents of
the node’s error log. A bus standard may specify mechanisms for cleating the elog bit as a side effect of sav-
ing the error-log data. This is a status bit that has no effect on the.node’s operation.

The atn bit is expected to be set by node-internal hardware and is intended to inform software when the
module containing this node should be prepared for on*lin¢ replacement. The bit may be set by a (momen-
tary throw) front-panel switch or by a special command on a redundant diagnostic bus. This is a status bit
that has no effect on the node’s operation.

The off bit is expected to be set by software to'disconnect a board from the bus resources before the board is|
replaced. Software is not expected to otherwise access the node while the off bit is being set; on a split-
response bus, setting the off bit may discard the responses to such accesses (which are expected to generate
response_timeouts) and the transaction that sets the off bit may also be terminated with a response_timeout.

The formal definitions of these-fields follows.

unit_depend:
Optional The implemented bits shall be defined by the node’s unit architectures.
Initial value Zero.
Cleared By STATE_CLEAR write, when the corresponding bit is one.
Set (1) By STATE_SET write, when the corresponding bit is one.
(2) By unit-dependent events.
Effects: None. These bits shall not affect the operation of the node or its units.

bus_depend (writeable bits):

Optional The implemented bits shall be defined by the bus standard.

Initial value Bus-dependent, but should be zero.

Cleared By STATE_CLEAR write, when the corresponding bit(s) are one.

Set (1) By a STATE_SET write, when the corresponding bit(s) are one.
(2) By bus-dependent events.

Effects Bus-dependent.
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bus_depend (read-only bits):

Optional

Initial value

Cleared
Set
Effects

lost:

dreq:
Optional

Initial value
Cleared
Set

Effects(0)
Effects(1)

Initial value

The implemented bits shall be defined by the bus standard.
Bus-dependent, but should be zero.

By bus-dependent events.

By bus-dependent events.

Bus-dependent.

One.
By STATE_CLEAR write (if STATE_CLEAR .[ost is one).

(1) By STATE_SET write (if STATE_SET.lost is one).
(2) By a power_reset.

(3) By a command_reset.

None.

(1) Accesses to the initial units space shall return a type \error.
(2a) For 32-bit and 64-bit extended address models, an access of the extended
units and extended memory spaces returns an address/ error status.
(2b) For 64-bit fixed address model, access of the initial memory space returns a
type_error status.

Required if bus-dependent mechanisms are not provided to disable the
requester’s initiation of bus transactions.

Zero.

Cleared By STATE_CLEAR wiite/(if STATE_CLEAR .dreq is one).
Set By STATE_SET write (STATE_SET.dreq is one).
Effects(0) None.
Effects(1) Initiation of retry of request subactions is inhibited.
elog:
Optional Regquired when the optional error-log is implemented.
Initial value Zero.
Cleared (1) By STATE_CLEAR wrrite (if STATE_CLEAR .elog is one)
(2) By saving the contents of the error log.
Set (1) By STATE_SET write (if STATE_SET.elog is one)
(2) By an update of the node’s error log.
Effects None.
P
Optional Required to support on-line replacement.
Initial value Zero.
Cleared By STATE_CLEAR write (if STATE_CLEAR.atn is one).
Set (1) By STATE_SET write (if STATE_SET.atn is one).
(2) By the node upon observation of an on-line-replacement signal.
Effects None.
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off:

Optional Required for supporting on-line replacement or board disconnects.

Initial value Zero.

Cleared Not applicable (always read as 0).

Set (1) By STATE_SET write (if STATE_SET.off is one).

(2) By node-local disconnect signal.
Effects(0) None.
Effects(1) All nodes on the module shall immediately enter the disconnected state (they

———— sttt o longer respomdtobustransactions):

state:
Optional Required for supporting the initializing, testing, and dead node states.
Initial value(0) If the node is initially in the running state.
Initial value(1) If the node is initially in the initializing state.

The state field is a read-only field that specifies one of four node states, as specified in table 14,

Table 14—Node state values

state Name Description
0 running initialization complete, now running
1 initializing initialization reset&test in progress
2 testing testing.improgress (TEST_START invoked)
3 dead fatalerror, node is nonoperational

7.4.2 STATE_SET

Any writeable bits in the internal state_bits register can be set by a write of the STATE_SET register, with a
pne in the corresponding-bit tocations. The format of this register is illustrated in figure 29.

definition
unit_depend|bus_depend| lost [dreq| r |elog] atn | off state
16 8 1 1 1 1 1 1 2

initial values
zeros bus_depend| 1 oJ]o|lofo0ofoO 00,01

read value
unit_depend|bus_depend] w | w | O | w | w | O |last-update

write effect
sets selected (writeable) state_bits ignored

Figure 29—STATE_SET format
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STATE_SET:

Optional(W) Required if STATE_CLEAR is implemented.

Initial value Same as STATE_CLEAR.

Read4 value Same as STATE_CLEAR.

Write4 effect The writeable bits in the STATE_CLEAR register are indivisibly updated by

ORing their current values with the corresponding write-data value.

See 7.4.1 STATE_CLEAR for definition of individual fields.

The NODE_IDS register is used to identify and modify the current node_id values, which directly affect the
nitial node address. The NODE_IDS register contains the read/write node_id value and a 16-bit bus-
Hependent field, as illustrated in figure 30.

definition
bus_id offset_id bus-dependent

10 6 16
after power-on reset

bus-dependent

cmd_reset initialization

unchanged bus-dependent
write effects
stored orsig),{gged stored or ignored

Figure 30--NODE_IDS format

NODE_IDS:
Required(RW) Used to configure the 4-kbyte initial node address space.
Initial value See field definitions.
Read4 value The-writeable fields shall return the last-write value.
Write4 effect Shall be stored to the writable fields.

The 16-bit node_id value, which is the concatenation of the bus_id and offset_id fields, shall be used to spec-
fy the initial node/space and may also be used to specify the return address for split-response bus transac-
lions. Note that'the node_id value has no effect on the location of the extended units or extended memory
kpaces.

When the extended address space is used, the 10-bit read/write bus_id field provides software with a mecha-

0
eConig ne the ROr{IoNn Q he nod 4 D - ROde.d ay:

dard shall define the 6-bit offset_id field to be either a read/write or read-only field, but shall not allow both
options.

Note that the initial node_id values after a power_reset and after a command_reset can be different. After a
loss of power, the initial bus_id and offset_id values are bus-dependent. After a command_reset initializa-
tion, the bus_id and offset_id values remain unchanged. These distinctions are expected to simplify
operating-system code by allowing a node to be reset without moving its initial node space.
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Software is not expected to otherwise access the node while the NODE_IDS register is being changed; on a
split-response bus, such accesses may have a bus-dependent effect on request subactions that have been
queued but have not been processed.

The bus_id and bus_dependent fields have the following definitions:

bus_id:
Required This field shall be implemented.
Initial value (a) For power_reset, bus-dependent (should be 1023).
(b) For command_reset, shall return the last-write value.
Read value Shall return the [ast-wrte value.
Write effect Shall be stored. The value in the bus_id field affects the base address of the initial
node space.
bus_depend:
Optional This field shall be defined by the bus standard.
Read value The writeable fields shall return the last-write value.
Write effect The writeable fields shall be stored.

(When the offser_id field is writeable, it has the following definition:

offset_id:
Required This field shall be implemented.
Initial value (a) For power_reset, bus-dependent. However, all offsez_id values on the bus shall
be different.
(b) For command_reset, shall return-the last-write value.
Read value Shall return the last-write value.
Write effect Shall be stored.

When the offset_id field is hardwired, it has the following definition:

pffset_id:
Required This field shall be implemented.
Initial value Shall be hardwired to a bus-unique value.
Read value Shall'return the hardwired value.
Write effect Shall'be ignored.

Nodes responsible forinitialization shall provide a vendor-dependent mechanism for accessing their own
node_id value. Thig’allows these nodes to determine which of the bus-visible node_id addresses is their own.

7.4.4 RESET_START

A write'tothe RESET_START register performs an immediate command_reset. The command_reset initial-
izesthé node’s primary state and optionally invokes an initialization test. If the initialization is immediate
pand successful, the node is left in the running state. If the initialization is delayed the node is temporarily left
in the initializing state. Software is not expected to read the RESET_START register during normal
operation.

Other request or response subactions may be queued in the node when a command_reset is performed. The
node may discard these queued subactions as a side effect of the reset command. The node may also process
these queued subactions, after the immediate effects of the write to the RESET_START register have been
completed and the node is left in the initializing state (or running state, if the initializing state is not
implemented).
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Software is not expected to otherwise access the node while the RESET_START register is being changed;
on a split-response bus, such accesses may have a bus-dependent effect on request subactions that have been
queued but have not been processed.

The format of the RESET_START register is illustrated in figure 31.

definition

reserved nt

31 1

read value

zZero

write effect
ignored e

Figure 31—RESET_START format

RESET_START:
Required(WO) A write to this register performs an immediate command_reset.
Write4 effects (1) The nt bit may be used as a parameter to the command_reset.
(2) The read-only STATE CLEAR .state‘field shall be set to the initializing state|
(or running if the initializing state is not implemented).
(3) A command_reset shall be performed.

The no-test bit (nt) can be use to selectively disable the\initialization tests, which shall take less than 10 s to
complete. Note that the 10-second limit applies to node tests; unit-dependent tests (such as memory-control-
ler RAM initialization) may take longer than the, 10-second limit. This nz bit is defined below:

nt:
Optional Required if an initialization test is provided and the node has the ability to not run
it.
Write effects(0) Thenode shall be reset and an initialization test should be performed.
Write effects(1) The node shall be reset and an initialization test should not be performed.

7.4.5 INDIRECT_ADDRESS

A node shall lg¢ate its ROM entries and may locate its specialized units in its indirect space; indirect-space
addresses _above the first 1 kbyte are accessed indirectly through the INDIRECT_ADDRESS and
INDIRECT/DATA registers. Note that the indirect address space is different from the node’s private or]
internal'spaces, which may be used by a processor to access its node-local memory-mapped resources.

NDIR ADDR eg e ed Houre pceingdire

assumed to be quadlet aligned,_the two LSBs (which should normally be zero) are reserved.

INDIRECT_ADDRESS:

Optional(RW) Required if ROM or units are at indirect addresses greater than 1 kbyte.
Initial value Zero.

Read4 value The indirect_address field returns the last-write value.

Write4 effect The indirect_address field shall be stored.
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definition
indirect_address resv
30 2
read value
last write 00
write effects
stored i

Figure 32—INDIRECT_ADDRESS format

The i field in figure 32 illustrates that the 2-bit reserved field (resv) is ignored, 'when the
INDIRECT_ADDRESS register is written.

See 8.2 for the structure and meaning of the first addresses in the indirect space. Other unit architectures may
be located in the remainder of the indirect space.

7.4.6 INDIRECT_DATA

A read of the INDIRECT_DATA register returns a quadlet data valuefrom the node’s indirect space, based
on the address in the INDIRECT_ADDRESS register. A write of th€ INDIRECT_DATA register stores a
quadlet to the same indirect-address. The format of the INDIRECT_DATA register is illustrated in figure 33.

definition

indirect_data
32

read value

read from indirect_space[INDIRECT_ADDRESS]

write effects

write to indirect_space[INDIRECT_ADDRESS]

Figure 33—INDIRECT_DATA format

INDIRECT_DATA:
Opticnal(RO/RW)  Required if the INDIRECT_ADDRESS is implemented.
Read4 value Shall return the indirect_space[INDIRECT_ADDRESS] value.
Write4 effect Shall be stored to indirect_space[INDIRECT_ADDRESS] if that location is

wikrtahla
Wittaote:

7.4.7 SPLIT_TIMEOUT

The SPLIT_TIMEOUT registers set the default timeout value for detecting split-transaction errors. After a
request subaction is sent, the value of SPLIT_TIMEOUT sets the time within which the response subaction
should be received. After this time, a requester is expected to terminate the transaction with a
response_timeout status.
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This format is consistent with the optional clock registers in this standard and other timeout register formats
in the bus standards. The integer and fractions-of-a-second format allows a range of up to 23?—1 s (approxi-
mately 136 years) with a resolution of 232 s (the value of the LSB is approximately 233 ps).

The zero value has special meaning: the split-response timeout value is ignored. The timeout value is effec-
tively infinite.

The bus standard shall specify the range of values in the split-transaction register that shall be implemented
(which is expected to be much less than 136 years and much more than 233 ps). If the specified timeout
value is outside this range, the operation of the timeout-detection hardware may be undefined.

Software is not expected to update the SPLIT_TIMEOUT register while a split-transaction is active ©On the
kame node. Such updates may have a bus-dependent effect on the effective timeout value used to generate
the response_timeout status.

The format of the SPLIT_TIMEOUT register is illustrated in figure 34.

definition

integer seconds

fraction of a second
32

read value

last-write

last-write

write’effect

stored

stored

Figure 34—SPLIT_TIMEOUT register

SPLIT_TIMEOUT:

Optional(RW) Required for requesters supporting split-response transactions.
Initial value Zero.

Read4 value Shall return the last-write value.

Write4 effect Shall be stored.

7.4.8\ARGUMENT

Software is expected 10 use writed and readd transactions 1o the ARGUMENT O Tegister 10 test the node’s
basic bus interface. After this access path has been tested, the values of the ARGUMENT_HI and
ARGUMENT_LO registers may be used to pass arguments to the extended tests that are initiated through
writes to the TEST_START register.

The meaning of these argument values is dependent on the value written to the TEST_START register. The
ARGUMENT_HI and ARGUMENT _LO registers are read/write registers, with the format illustrated in
figure 35.
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definition

command-dependent data

command-dependent data
32

read values

last-write value

last-write value

write effects

stored

stored

Figure 35— ARGUMENT formats

ARGUMENT_HI:

Optional(RW) Required if extended tests are implemented and the node supports 64-bit address-
ing. May also be required for vendor-dependentytests that are initialized through
writes to the TEST_START register.

Initial value Zero.
Read4 value Shall return the last-write value.
Writed4 effect Shall be stored.

ARGUMENT_LO:
Optional(RW) Required if extended tests’are implemented.

May also be requited for vendor-dependent tests that are initialized through
writes to the TEST_START register.

Initial value Zero.
Read4 value Shall return the last-write value.
Writed effect Shallbe stored.

These registers should notbe updated while a test is in progress. If the register values are updated during this
time, the side effects 6fthe test may be undefined.

The values of the ARGUMENT_HI/JARGUMENT _LO registers have a special meaning when an extended
test is invok&d-(a write to the TEST_START register when TEST_START.extended is one); these two regis-
ters specify the address of a 4-kbyte memory space that may be accessed during the extended test to exercise
the bus interface. In this case, the format of these registers is illustrated in figure 36.

last-write values

remote_address_hi

remote_address_lo bus-dependent enb
20 1 1

Figure 36—ARGUMENT register remote address format
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Software is expected to load the ARGUMENT_HI and ARGUMENT_LO registers with a 64-bit address.
However, if the node only supports 32-bit addressing, the upper half of the 64-bit address is ignored. This
remote address space is expected to support the noncoherent read and write transactions specified in table 3.

The value of the enable remote access bit, enb, specifies whether remote bus transactions can be generated,
using the address in the ARGUMENT_HI and ARGUMENT_LO registers.

7.4.9 TEST_START

A write to the TEST START register initiates one of the node’s built-in test sequences. A write to the
TEST_START register shall immediately set the TEST_STATUS .active bit to one.

The TEST_START register includes a 4-bit test category field (cat), a 16-bit field that identifies a 'spécific
test sequence or test step (fest_step), and a 3-bit field that specifies test options (tops), as illustrated in
figure 37.

definition
cat test_step reserved tops
4 16 9 3
read value
last-write value zero last-write
write effect
stored reserved stored

Figure 37—TEST_START format

TEST_START:

Optional(RW) Required to'1hitiate extended, system, or manual tests. Also required to initiate
initialization‘tests beyond those run during a command_reset and power_reset.

Initial value Zero:
Read4 value Non-reserved fields shall return the last-write value.
Write4 effects (1) Shall be stored.

(2) The STATE_CLEAR .state field shall be set to the testing value. ‘
(3) A test or a test-step activity shall be invoked. The cat, test_step, and tops
fields are used as arguments for the test that is invoked.

The cat aidYops fields contain single-bit arguments for the test. A cat field value of zero has a special mean-
ing; this:1s interpreted as a test-stop command (any tests that are running are stopped at the next available
oppOrtunity). The format of the argument bits within these fields (which have defined meanings when cat is
noenzero) is illustrated in figure 38.

These argument bits and the test_step field are defined below:

cat:
Required
Effects(0) Halts all tests.
Effects(not 0) Starts tests, see following bit definitions for details.
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TEST_START definition

cat test_step reserved tops
manual | system | extended {initialize loop_at_end| loop_on_error | continue_on_error
1 1 1 1 1 1 1
Figure-38—eatand-fopsformats
manual:
Optional Required to support manual tests.
Effects(0) Manual tests shall not be performed.
Effects(1) Manual tests should be performed.
system:
Optional Required to support system tests.
Effects(0) System tests shall not be performed.
Effects(1) System tests should be performed.
extended:
Optional Required to support extended tests.
Effect(0) Extended tests shall not be performed.
(1) Extended tests should beperformed.
initialize:
Optional Required to'support initialization tests.
Effect(0) Initialization tests shall not be performed.
1) Initialization tests should be performed.
test_step:
Optional Required to select a specific test or set of tests to be run.
Effects Shall specify which test sequence or group of sequences is run. The test_step val-

ues are vendor-dependent except when one or both of the initialize and extended,
bit are 1; for these exceptions the test_step values have special meanings, as spec
ified in table 15.

Table t5—Spevciattesi—stepvalues

test_step Description

000046 | default tests shall be run.

- other - | vendor-dependent definitions.
FFFFi¢g | all tests in this category should be run.
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Required for repeating the requested test sequence automatically (restart from the

beginning).

Shall be ignored if loop_on_error is 1 or continue_on_error is 0. Otherwise, shall

stop testing at the end of the test sequence.

Shall be ignored if loop_on_error is 1 or continue_on_error is 0. Otherwise, shall

restart the test sequence at the end of the test sequence.

Optional Required for looping on the failed portion of a test sequence automatically after
one or several errors have been detected.

Effects(0) Action after an error shall be specified by continue_on_error.

Effects(1) Shall repeatedly rerun the portion of the sequence that failed.

continue_on_error:
Optional

Effects(0)

Effects(1)

Tests are allowed to ignore any of the bits within this register. However, if any bit or field is ignored, the tes

Required for continuing the requested test sequence automatically after one or

several errors have been detected.

Shall be ignored if loop_on_error is 1.

Otherwise, shall halt testing when an error is detected-

Shall be ignored if loop_on_error is 1.

Otherwise, should continue testing after an errok is*detected.

shall behave as though the bit or field were zero.

Combinations of bits are expected to be set in the test options field. For example, a temporary (intermitten
or transient) fault may only be detected after running a test’sequence many times. To cause the test to captur
the symptoms of the infrequent temporary fault, the operator would set loop_at_end and no other bit in th
tops field. Table 16 describes the interpretation of the'tops field for all single and multiple bit-set values.

Table 16—Expected interpretation of tops values

tops

Expected interpretation

000,

In the abseénce of an error, testing shall stop at the end of the test sequence.
When an €rror is detected, testing shall halt.
(Nloop._at_end && lloop_on_error && !continue_on_error)

001

Testing shall stop at the end of the test sequence.
(Moop_at_end && loop_on_error && continue_on_error)

010,
0il,

In the absence of an error, testing shall stop at the end of the test sequence.

When an error is detected, testing shall loop, repeating the failed portion of the test
sequence.

(Noop_at_end && loop_on_error)

1009

In the absence of an error, testing shall repeat the test sequence after reaching the

halt

d.o h eq A Lo d

-+

AR CERS

(loop_at_end && tloop_on_error && !con!inue_on_errr)

101,

Testing shall repeat the test sequence after reaching the end of the test sequence.
(loop_at_end && \loop_on_error && continue_on_error)

110,
1115

In the absence of an error, testing shall repeat the test sequence after reaching the
end of the test sequence. When an error is detected, testing shall loop, repeating the
failed test.

( loop_at_end && loop_on_error)
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7.4.10 TEST_STATUS

A read of the TEST_STATUS register provides access to the node’s current test state values. Its format is
dependent on the value of the test_state field, as illustrated in figure 39. Software is not expected to write to
the TEST_STATUS register during normal system operation.

definition

cat test_step fru test_state

-+

P
Q

©

read value

last update value

write effect
ignored

Figure 39—TEST_STATUS format

TEST_STATUS:

Optional(RO) Required if TEST_START is implemented.
Initial value Shall return zero.

Read4 value Shall return the last-update value.

Write4 effect Shall be ignored.

The format and meaning of bits within the cat fieldsin TEST_START and TEST_STATUS are the same.
The test_state field provides 6 bits of status information, as illustrated in figure 40.

definition
cat test_step fru test_state
&~ ¥
resv active | looping | implemented | timeout failed

1 1 1 1 1 1
Figure 40—test_state format

After a_write to the TEST_START register, the testing phase is either active, successful, or unsuccessful. The
testing>phase is specified by the values of the TEST_STATUS.active field and the logical OR of the
TEST_STATUS.timeout and TEST_STATUS failed values, as illustrated in table 17.

Within the context of table 17, a nonfatal error allows the test to complete as specified by this standard. Fatal
errors are those that halt the test immediately, without updating the value of the TEST_STATUS register.
Software is expected to detect fatal errors by timing the length of active tests; a fatal error is assumed after a
timeout interval has passed. For that reason, the length of several standard tests is constrained to not exceed
10 s (see 5.3 for details).

The definitions of the TEST_STATUS fields are dependent on the test phase, as specified below.
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. . ti t . e
Testing phase active 0;'3’;’;: d Description
active 1 0,1 testing being performed
successful 0 0 testing completed, no efrors
unsuccessful 0 1 testing completed, nonfatal error(s)
cat:
Optional Useful for identifying the type of test that failed.
Active Should identify the type of test that is being performed.
Successful Should identify the type of test that detected the error.
Unsuccessful Vendor-dependent.
test_step:
Optional Useful for identifying the specific test step that failed.
Active Shall be updated at least once every 10 s, with different, nonrecurring values.
Successful Should identify the final test step in the test,sequence.
Unsuccessful Should identify the test step that detectedthe failure.
Sfru:
Optional Useful for identifying the field-réplaceable unit that failed.
Active Should identify the unit undertest.
Successful Vendor-dependent.
Unsuccessful Should help identify the failed field-replaceable unit.
active:
Required
Value(0) Shall méan a test was successful or unsuccessful.
Value(1) Shall\mean a test is active.
looping:
Optional Required if TEST_START.loop-on-error is implemented.
Active(0) Shall indicate the testing continues.
Active(1) Shall indicate testing is looping on a failed test.
Suceesstul Vendor-dependent.
Unsuccessful Vendor-dependent.
| implemented:
Required Confirms that the selected test is implemented.
Active(0) Shall indicate that the specified test might not be implemented.
Active(1) Shall indicate that the specified test is implemented.
Successful(0) Shall indicate that the specified test is not implemented.
Successful(1) Shall indicate that the specified test is implemented.
Unsuccessful(0) Shall be an illegal value.
Unsuccessful(1) Shall indicate the specified test is implemented.
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timeout:
Optional Required if errors are detected by timeouts.
Active(0) Vendor-dependent if looping is 1. If looping is O:
Shall indicate no timeout errors have been detected.
Active(1) Vendor-dependent if looping is 1. If looping is O:
Shall indicate one or more timeout errors have been detected.
Successful Not applicable (zero by definition).
Unsuccessful One or more errors have been detected by a timeout.
Jfailed:
Optional Required 1f errors are detected by fault (non-timeout) mechanisms.
Active(0) Vendor-dependent if looping is 1. If looping is O:
Shall indicate no fault errors have been detected.
Active(l) Vendor-dependent if looping is 1. If looping is O:
Shall indicate one or more fault errors have been detected.
Successful Not applicable (zero by definition).
Unsuccessful One or more errors have been detected by a timeout.

When tests have completed (either successfully or unsuccessfully), the 5 defined. bits"in the 6-bit test_state
field shall provide an overview of how the test completed, as specified in table-18.

Table 18—Test status values (successful and unsuccessful phases)

test_state Name Description

00000, not implemented Successful unimplemented test.
00001,-00011, | illegal Unimplemented tests do not have errors.

001002 implemented Successful implemented test.

00101, failed Unsuccessful test, fault error.

00110, timeout Unsuccessful test, timeout error.

00111, failed/timeout Unsuccessful test, timeout&fault errors.
010009-011115 A=~illegal Completed tests are not looping.

When tests are active;the five LSBs of the fest_state field shall provide an overview of how the test is
progressing, as specified in table 19.

7.4.11 UNITS_BASE

For semie unit architectures (such as graphics frame buffers), the size of the node’s initial address space may|
be‘insufficient. A node can be assigned additional address space for its unit architectures by writes to the
UNITS_BASE and UNITS_BOUND registers. These writes set the base address and bound of the extended|
units address space. Multiple units may be mapped to non-overlapping portions of the extended units
address space.

Software is not expected to otherwise access the node while the UNITS_BASE or UNITS_BOUND regis-
ters are being changed; in a split-response bus, such accesses may have a bus-dependent effect on request
subactions that have been queued but have not been processed.

The UNITS_BASE registers are either 32 bits or 64 bits, as illustrated in figure 41.
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UNITS_BASE_HI:

Optional(RWY)
Initial value
Read4 value
Wiite4 effect

UNITS_BASE 1.0O:

test_state Name Description
10000, checking Test implementation has not been verified.
10001,-10011, | illegal Unimplemented tests do not have errors.
10100, implemented Test implementation verified.
10101, failed Fault error detected, testing continues.
10110, timeout Timeout error detected, testing continues.
10111, failed/timeout Timeout and fault errors detected, testing continues.
11000,_11011, | illegal Unimplemented tests do not loop.
11100, looping Initial tests complete, test is now looping.
1110i,-111115 | looping on error Error detected, test is now looping.
definition
ubase_hi
ubase_lo reserved enb
20 11 1
read values
last-write\value
last-write value zero w
write effects
stored
Stored ignored S

Figure 41—UNITS_BASE formats

Required on 64-bit nodes if UNITS_BASE_LO is implemented.
Zero.

The last-write value shall be returned.

Shall be stored.

Optional(RW)
Initial value
Read4 value
Write4 effect

Required for supporting extended units space.
Zero.
For the nonreserved fields, the last-write value shall be returned.

For the nonreserved fields, shall be stored.

Within the UNITS_BASE_LO register, the following fields are defined:
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ubase_lo:

Required Specifies the least-significant bits of the extended units space.

Initial value Zero.

Read4 value Shall return the last-write value.

Write4 effect Shall be stored. The stored value specifies (part or all of) the base address for the

extended units space.

enb:
Required Selectively enables the extended units space.
Initial value Shall be zero
Read value Shall return the last-write value.
Write effect Shall be stored. The extended units space is only enabled (Gwhen

STATE_CLEAR.lost is 0 and enb is 1.
7.4.12 UNITS_BOUND
The UNITS_BOUND registers specify an address that is one more than the largest address within the node’s

extended units space. The UNITS_BOUND_HI and UNITS_BOUND_LO registerformats support 64-bit
pddresses, as illustrated in figure 42.

definition
ubound_hi
ubound_lo reserved
20 12
read values

last:write value

last-write valug zero

write effects
stored

stored ignored

Figure 42—UNITS_BOUND formats

UNITS_BOUND_HI:

Optional(RW-) Required if UNITS_BASE_HI is implemented.
Initial-value Zero.

Read4 value Shall return last-write value.

Write4 effect Shall be stored.

UNITS_BOUND_LO:

Optional(RW) Required if UNITS_BASE_LO is implemented.

Initial value Zero.

Read4 value For nonreserved fields, shall return the last-write value.
Write4 effect For nonreserved fields, shall be stored.

Within the UNITS_BOUND_LO register, the following field is defined:
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Required

Initial value Zero.

Read4 value Shall return the last-write value.

Write4 effect Shall be stored. The stored value partially or fully specifies the next larger

address after the extended units space.

When the value of base is equal to UNITS_BASE and bound is equal to UNITS_BOUND and these registers
do not conflict with the node’s initial node or extended memory spaces, table 20 specifies which addresses
are within the node’s extended units space.

Table 20—Extended space alignment and size

/* Returns 1 if address is within the node's extended address space.
* Depending on the node architecture, int is 32 bits or 64 bits. */
#define ENB 1

Extendedaddress (int address, int base, int bound)

{

if ((base & ENB) == 0) /* Address space-is’ */
return (0); /* enabled when\ENB is 1 */
if (address < (base & ~0XFFF)) /* Ignore 12 4,SBs */
return (0); /* Below ekXtended space */
if (address >= (bound & ~O0XFFF)) /* Ignoxe\12 LSBs */
return (0); /* Aboye ‘extended space */
return (1); /* Within extended space */

}

7.4.13 MEMORY_BASE

A node is assigned additional address space*for its memory controller by writes to the MEMORY_BASE
and MEMORY_BOUND registers. These Writes set the base address and bound of the extended memory|
address space. The MEMORY_BASE\HI and MEMORY_BASE_LO register formats support 64-bit
addresses, as illustrated in figure 43.

definition

mbase_hi
mbase_lo reserved enb

20 11 1

read values

last-write value
last-write value zero w

write effects

stored

stored ignored s

Figure 43— MEMORY_BASE formats
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Software is not expected to otherwise access the node while the MEMORY_BASE or MEMORY_BOUND
registers are being changed; on a split-response bus, such accesses may have a bus-dependent effect on
request subactions that have been queued but have not been processed.

MEMORY_BASE_HI:

Optional(RW) Required on 64-bit nodes if MEMORY_BASE_LO is implemented.
Read4 value Shall return the last-write value.
Write4 effect Shall be stored.

MEMORY_BASE_LO:

Read4 value For nonreserved fields, shall return the last-write value.
Write4 effect For nonreserved fields, shall be stored.

Within the MEMORY_BASE_L O register, the following fields are defined:

mbase_lo:
Required
Initial value Zero.
Read4 value Shall return the last-write value.
Write4 effect Shall be stored. The value specifies (part or alhof) the base address for the
extended memory space.
enb:
Required This bit shall be implemented.
Initial value Shall be zero.
Read value Shall return the last-write value.
Write effect Shall be stored. The extended memory space is only enabled when

STATE_CLEAR.lostis 0 and enb is 1.
7.4.14 MEMORY_BOUND
The MEMORY_BOUND registers specify,an address that is one more than the largest byte address within

the node’s extended memory space.(The MEMORY_BOUND_HI and MEMORY_BOUND_LO register|
formats support 64-bit addresses, as illustrated in figure 44.

definition
mbound_hi
mbound_lo reserved
20 12
read values

last-write value

last-write value zero

write effects
stored

stored ignored

Figure 44 —MEMORY_BOUND formats
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MEMORY_BOUND_HI:

Optional(RW) Required if MEMORY_BASE_HI is implemented.
Read4 value Shall return last-write value.
Write4 effects Shall be stored.

MEMORY_BOUND_LO:

Optional (RO) Required if MEMORY_BASE_LO is implemented.
Read4 value Nonreserved fields shall return the last-write value.
Write4 effects Nonreserved fields shall be stored.

Within the MEMORY_BOUND_L.O register, the following field is defined:

mbound_lo:
Required
Initial value Zero.
Read4 value Shall return the last-write value.
Write4 effect Shall be stored. This value specifies (part or all of) the sizelof the extended mem-

ory space.

When the value of base is equal to MEMORY_BASE and bound is equal to MEMORY_BOUND and these|
registers do not conflict with the node’s initial node or extended units Spaces, table 20 specifies which|
addresses are within the node’s extended memory space.

7.4.15 INTERRUPT_TARGET

The node’s INTERRUPT_TARGET register provides ancaddress for nodecasting interrupts to all units on the
node. A write to this target address is distributed to allwnits on the node. Software is not expected to read the]
INTERRUPT_TARGET register during normal system operation.

The writed4 transaction data correspond to 32 interrupt-event priorities, where the most- through least-
significant bits of the data correspond.to.the highest-through-lowest-priority interrupt event, respectively.
When responding to these writes, units are expected to provide bits to save the 32 interrupt events. When alll
32 bits of this register are implemented, each bit shall correspond to an event type, and each occurrence of an
cvent shall set the correspondingbit in the register.

When the INTERRUPT_TARGET register is mapped to a unit with less than 32 interrupt priority levels,
each priority bit in thé-unit shall be mapped to a contiguous range of bits within the INTERRUPT_TARGET|
register, the mapping) shall be monotonic (higher priority interrupt bits should be mapped to more-significang
bits within the INTERRUPT_TARGET register), and all of the INTERRUPT_TARGET bits shall be
mapped to a-unit interrupt bit.

When-the INTERRUPT_TARGET register is written, the write-data is ANDed with the current value of the
INTERRUPT_MASK register, and the result is distributed to the units on the node. The format of the
INTERRUPT TARGET register is illustrated in figure 45.

INTERRUPT_TARGET:

Optional(WO) Required to support nodecast interrupts.

Initial value Zero.

Read4 value Shall return zero.

Write4 effect The write-data value shall be ANDed with the value of the INTERRUPT_MASK

register; the resulting data shall be immediately nodecast to the units.
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definition .
plO] | p[1] | PI2] .-- p30] |p[31]
1 1 1 27 1 1
read value
Zero

write effects

distributes nodecast interrupt value

Figure 45—INTERRUPT_TARGET format
7.4.16 INTERRUPT_MASK

The INTERRUPT_MASK register is used to selectively enable the INTERRUPT_TARGET’s interrupt bitg.
The format of the corresponding INTERRUPT_MASK register is shown in figure 46.

definition
m[0] | m{1] | m[2] m[30]|m[31]
1 1 1 27 1 1
read value

last-writé value

write effects
defined

Figure 46—INTERRUPT_MASK format

INTERRUPT_MASK:

Optional(WO) Required if INTERRUPT_TARGET is implemented.
Initial value Zero.

Read4 value Shall return the last-write value.

Write4 effeCt Shall be stored.

Note that'the' INTERRUPT_MASK register is only used as a mask for writes to the INTERRUPT_TARGET
register;.a write to the INTERRUPT_MASK register does not have the effect of forwarding interrupt data t¢
the“units on the node.

7.4.17 CLOCK_VALUE

The optional CLOCK_VALUE registers provide access to the 64 most-significant bits of an internal
clock_value register. Software is expected to read these registers to determine the current time. Software is
only expected to write to these registers when the global system time is being initialized. The most-signifi-
cant register holds the integer portion of time, which is measured in seconds. The least-significant register
provides the fractions-of-a-second portion.
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The CLOCK_VALUE register may be read-only or read/write; the format of the read-only version is ilfus-
trated in figure 47.

definition

clock_value (32 most-significant bits)

clock_value (32 mid-significant bits)
32

read-valde
last-update

last-update

write effects

ignored

ignored

Figure 47—CLOCK_VALUE formats (read-only)

CLOCK_VALUE_HI:

Optional(RO) Required if CLOCK_VALUE_MID isdmplemented.
Initial value Zero.
Read4 value Shall return the last-update value.
Write4 effect Shall be ignored.
CLOCK_VALUE_MID:
Optional(RO) Required for some clogk unit architectures.
Initial value Zero.
Read4 value Shall return thelast update value.
Write4 effect Shall be ignered.

The format of the read/write version of the CLOCK_VALUE register is illustrated in figure 48.

CLOCK_VALUE_HI:

Optional(RW) Required if CLOCK_VALUE_MID is implemented.

Initial value Zero.

Read4 value Shall return the most recent of the last-update and last-write values.
Write4 éffect Shall be stored.

CLOEK VALUE_MID:

Optional(RW) Required for some clock-unit architectures.

Initial value Zero.

Read4 value Shall return the most recent of 1he 1ast-updare and 1ast-write vaiues.
Write4 effect Shall be stored.
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definition

clock_value (32 most-significant bits)

clock_value (32 mid-significant bits)
32

read value

most recent of last-update and last-write

mmost Tecent of tast-update and tastwrite

write effects

stored

stored

Figure 48—CLOCK _VALUE formats (read/write)

=~y

.4.18 CLOCK_TICK_PERIOD

he CLOCK_TICK_PERIOD registers determine the amount by which the 96-bit clock-timer is incre-
hented on each cycle of its oscillator. When implemented, softwdre is expected to write to the
'LOCK_TICK_PERIOD registers to control the rate of increase of/the.clock_value register. The format of
hese registers is illustrated in figure 49.

o o W s R |

definition

add periodically to-clock_value_mid

add periodically to clock_value_lo
32

read values

last write

last write

write effects

stored

stored and CLOCK_TICK_PERIOD_MID —tick_mid

Figure 49—CLOCK_TICK_PERIOD formats

(LOCK_TICK_PERIOD_MID:

Optional(RW) Required 1t CLOCK_TICK_PERIOD_LO 1s implemented.
Initial value Zero.

Read4 value Shall return the last-write value.

Write4 effect Shall be stored.
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CLOCK_TICK_PERIOD_LO:

Required(RW) Required for some clock-unit architectures.
Initial value Zero.

Read4 value Shall return the last-write value.

Write4 effects 1) Shall be stored.

2) The value of the CLOCK_TICK_PERIOD_MID register is simultaneously
transferred to the internal tick_mid register.

7.4.19 CLOCK _STROBE_ARRIVED

The CLOCK_VALUE_HI and CLOCK_VALUE_MID registers are simultaneously transferred fo\the
CLOCK_STROBE_ARRIVED_HI and CLOCK_STROBE_ARRIVED_MID registers during thejtime tha
a bus-dependent clock_strobe is observed. Software is expected to read these registers when the)distributed
clocks are being synchronized. Software is not expected to write these registers during normal System ope
ation.

-

The CLOCK_STROBE_ARRIVED registers may be implemented as read-only or@€ad/write register pairs.
The format of the read-only version of these registers is shown in figure 50.

definition

saved clock_value (32 most-significanit bits)

saved clock_value(32 mid-significant bits)
32

read values

last-update

last-update

write effects

ignored

ignored

Figure 50—CLOCK_STROBE_ARRIVED formats (read-only)

CLOCK_STROBE:ARRIVED_HI:

Optional(RO) Required if CLOCK_STROBE_ARRIVED_MID is implemented.
Initial value Zero.

Read4 value Shall return the last-update value.

Write4 effect Shall be ignored.

CLOCK_STROBE_ARRIVED_MID:

Optional(RO) Required by some clock-unit architectures.
Initial value Zero.

Read4 value Shall return the last-update value.

Write4 effect Shall be ignored.

The format of the read/write version of the CLOCK_STROBE_ARRIVED registers is in figure 51.
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definition

saved clock value (32 most-significant bits)

saved clock_value(32 mid-significant bits)
32

read values

most recent of last-update and last-write

most recent of last-update and last-write

write effects

stored

stored

Figure 51—CLOCK_STROBE_ARRIVED formats (read/wirite)

CLOCK _STROBE_ARRIVED_HI:

Optional(RW) Required if CLOCK_STROBE_ARRIVED_MID is implemented.
Initial value Zero.

Read4 value Shall return the most recent of the last-write,or last-update values.
Write4 effect Shall be stored.

CLOCK_STROBE_ARRIVED_MID:

Optional(RW) Required by some clock-unit architectures.

Initial value Zero.

Read4 value Shall return the most recent of the last-write or last-update values.
Write4 effect Shall be stored.

Writes to the CLOCK_STROBE_ARRIVED_HI and CLLOCK_STROBE_ARRIVED_MID registers are
only expected to be used for diagnostiC purposes, since these registers are updated by the clock_strobe signal
during normal system operation.

7.4.20 CLOCK_STROBE \INFO

The CLOCK_STROBEINFOO through CLOCK_STROBE_INFO3 registers are bus-dependent quadlet
registers. For example, a backplane bus could use these registers to transmit the time associated with the pre-
vious strobe and{on a bus-bridge or point-to-point interconnect) the registers could log the time taken to for-
ward the strobe through the node. The format and detailed definition of these registers is bus-dependent.

7.4.21<Message targets

The two 64-byte-aligned message addresses, MESSAGE_REQUEST and MESSAGE_RESPONSE, provide

farget addresses 101 broadcast and nodecast Message wansactions.
Logically, the message-passing window (these register addresses) is part of the node, but the messages are

processed or filtered (selectively discarded, based on their content) by the units. Physically, either the node
or the units may do the message filtering.

The MESSAGE_REQUEST and MESSAGE_RESPONSE registers respond to at least aligned 64-byte write
transactions. Support of other transaction sizes and unaligned addresses is bus-dependent.
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MESSAGE_REQUEST:

Optional (WO) Required for supporting nodecast or broadcast message passing.
Read4 values A read shall return zeros.
Write64 effect If message-passing request-queue space is available, the transaction’s data are

saved and a done_correct status is returned. If request-queue space is not avail-
able, an error-status code (conflict_error) is returned.

MESSAGE_RESPONSE:

Optional (WO) Required for supporting nodecast or broadcast message passing.
Read4 values Acread shall return zeros.
Write64 effect If message-passing response-queue space 1s available, the transaction’s data are

saved and a done_correct status is returned. If response-queue space is not avail
able, an error-status code (conflict_error) is returned.

7.4.22 ERROR_LOG registers

The error log contains 128 bytes of bus-dependent registers. Node hardware is expected-to update these regH
isters when a node-related error is detected; the ERROR_LOG registers shall be-updated before the
STATE_CLEAR .clog bit is set to one. The subsequent errors are not expected to overwrite the critical error
log fields until the STATE_CLEAR .elog bit has been cleared. The format of these registers and the condij
tions under which they are updated are bus-dependent.

Operating system software is expected to read these registers and sdvé their contents in system memory|
Software is expected to clear the STATE_CLEAR.elog bit after reading the ERROR_LOG_BUFFER regis;
ters. Bus standards are expected to provide overflow bits or errer.count fields, to detect duplicate errors tha
could not be properly logged.

The error log minimizes the need to provide special errorsrelated errors in the STATE_CLEAR register; the
standard location for the error log simplifies error-logging software, which is expected to copy the data from
the error log to a system-memory log after the STATE_CLEAR .elog bit is set.
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8. ROM specification

8.1 Introduction
8.1.1 ROM design assumptions
The CSR ROM Directory structure is based upon several assumptions:

a)  The portion of the ROM containing critical boot information should be easily accessed by initializa-

tion irmware or software.
b) The ROM is expected to be scanned during system initialization, to identify the node and to identify
the appropriate driver software to be loaded.
¢) A minimal ROM structure is necessary for inexpensive nodes or for vendors who wish todefine their
own data structures.
d) Optional ROM structures should support large numbers of bus-, unit-, or vendor-dépendent parame
ters.

Note that the term ROM does not imply a physical implementation; see 1.4 for the definition of this term.
8.1.2 ROM formats

Two ROM formats are supported: minimal and general. A minimal-ROM format provides a 24-bit vendar
identifier; the vendor may provide additional vendor-dependent information.

The general ROM format provides additional information inf@bus_info_block and a root_directory contain
ing entries. Each entry within the root_directory may ptovide information, or may contain a pointer tp
another directory (which has the same structure as the ro0t_directory) or a leaf (which contains information}.

The unit directories contain information about_the units, such as their software version number and their
location within the node’s address space. These directories and leaves are illustrated in figure 52.

8.1.3 Driver and diagnostic identifiers

The ROM structures provide identifiers for associating the appropriate I/O driver software and diagnostif
software with a particular medule, or a particular node or unit on the module. The identifiers and their hier-
archical relationship to each other are illustrated in figure 53.

The arrows in figure-53 illustrate the default values for various company_id values. For example, whe
Node_Spec_Id is-not provided, its assumed value shall be equal to Node_Vendor_Id. Similarly whe
Node_Vendor-Id/is not provided, its assumed value shall be equal to Module_Vendor_Id.

-

3

The Module_Hw_Version and Node_Hw_Version values (when concatenated with their respective vendo
identifier, such as Module_Vendor_Id) are expected to uniquely identify the appropriate diagnostic softwar
fof.the module or node respectively. The unit-dependent diagnostics are expected to be contained within th
node’s diagnostic software.

o O

The Module_Sw_Version, Node_Sw_Version, and the Unit_Sw_Version values (when concatenated with
their respective specifier identifier, such as Module_Spec_Id) are expected to uniquely identify the appropri-
ate I/O driver software for the module, node, or unit, respectively.
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root N ™ root
directory dependent root
directory leaf

root
leaf

root
leaf

|
unit \
directory unit- \\
dependent

directory

unit
leaf

unit

leaf .
unit
leaf

unit \
directory .
unit
leaf

Figure 52—ROM hierarchy

Module_Hw_Version Node_Hw_Version

Module_Sw_Version Node_Sw_Version Unit_Sw_Version

l:‘ Company-administered values

Figure 53—Software identifier hierarchy
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8.1.4 ASCII text

The CSR Architecture defines a minimal ASCII subset for use within the ROM format and for simple,
generic unit architectures that may be defined in the future. The minimal ASCII subset, specified in table 21,
is derived from ISO/IEC 646:1991. Within this table, each of the 7-bit codes is followed by the associated
character or control action.

Table 21—ASCII subset (number values are hexadecimal

07 BEL
08 RS 0p  IF QC FF IOD CR
20 sp (21 1122 " 25 % |26 & |27 ;
28 (129 ) |2A * |2B + |2C , 12D - |2E . |2F /
30 0 (31 1 (32 2 133 3134 4 135 5 (36 6 |37 7
38 8 139 9 |3a : |3B ; |3C < |3D = |3E >(3F ?
40 @ |41 A |42 B |43 C |44 D |45 E |46 F |47 G
48 H |49 I |(4A J |4B K {4C L |4D M {4E N [4F O
50 P |51 Q |52 R |53 S |54 T |55 U156 VvV |57 W
58 X |59 Y {5A Z 5F -
61 a |62 b |63 c |64 d 65 e |66 f |67 g
8 h |69 i |6A j | 6B k |6C IN{6D m |6E n |6F o
70 p |71 q |72 r |73 s |74 t |75 u |76 v |77 w
78 x {79 vy |7A z

See ISO/IEC 646:1991 for the definition of*the characters and control actions. The backspace character
encoding is provided for future unit architéCtures and shall not be used in the ROM format. All codes not
explicitly defined are reserved.

The minimal ASCII subset for the ROM format complies with ISO/IEC 646:1991 with the exception that the
following characters defined.by ISO/IEC 646:1991 are not included in the ASCII subset of table 21:

a)  Subclause 4.1, Transmission control characters.

b)  Subclause 4:1:2; The format effectors HT and VT (horizontal & vertical tabulation).
¢) Subclause 4.1.3, Code extension control characters.

d)  Subclause 4.1.4, Device control characters.

e) Subclause 4.1.5, Information separators.

f) _“Subclause 4.1.6, Other control characters.

g)._(Subclause 4.3.2, Alternative graphics character allocations.

l)  Subclause 6.4, IRV graphics character allocations.

When used within the context of a unit architecture, the expected display size is 80 characters by 24 lines.
8.1.5 CRC calcuiations
The CRC check is based on the ITU-T CRC-16 code (ITU-T Recommendation V.41 [B2]), which is per-

formed on the most-significant bits first. This specification is based on the generation of a 16-bit CRC value
(call this check). The CRC calculation shall start with an initially-zero check value and shall be successively
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updated by each doublet protected by the CRC. The final check value provides the CRC value for the pro-
tected data.

The update algorithm shall calculate the new check doublet (CO0-C15) based on the values of the previous
check doublet (c00—15) and the protected data value (d00-d15), using the algorithm provided by table 22.
Note that a big-endian convention is used to label the bit positions; 00 labels the most-significant bit.

Table 22— CRC-16 update algorithm

CO0= e04 @ e05 & e08 @ el2;

COl= €05 @ e06 @ e09 @ el3;

CO2= e06 @ e07 @ el0 @ el4;

CO3= e00 @ e07 @ e08 @ ell @ el5;

Cod= 00 @ e0l @ ed & e05 @ €09

CO5= e0l @ e02 @ e05S @ e06 @ el0

CO6= 00 @ e02 @ e03 @ e06 @ e07 @ ell;

CO7= e00 @@ e0l @ e03 @ e4 @ e07 & e08 @ el2;

Co8= e00 @ el @ e02 @ e04 @ e05 @ e08 @ e09 & \el3;
CO9= e0l @& e02 @ e3 @ e05 @ e06 @ e09 @ el0 @ el4,
Cil0= e02 @ e03 @ e4 @ e06 @ e07 @ el0 @ ellM\@® els;
Cll = e00 © 03 ® e07 D ell;

Cl2= e00 ® e0l @ e4 @ e08 @ el2;

Cl3= e0l @& e02 @ e05 & e09 @ el3;

Cld= e02 @ e03 @ e06 & el0 @ el4,

Cil5= e03 & e04 @ e07 @ ell @ els;

where:

C00 —-C15 are the most- through-least-significant bits of theznew check symbol
€00 —el5 are the most- through-least-significant bits of an‘intermediate value:
el5=cl15®d15;eld =cl4 @ di4;. .. e00=c00 @ d00;
d00 —d15 are the most- through-least-significant bits of the data symbol
c00 —cl15 are the most- through-least-significanf\bits of the old check symbol
@ Exclusive OR

The checking of a quadlet data value is performed by sequentially checking both doublets; the most-
significant doublet is checked first. The equivalent CRC value can be calculated in an efficient nibble-
sequential fashion, as illustratéd in table 23. The CrcQuadlet routine is initially called with a check value of
D and data is the first quadlet being checked. For additional data values check is the returned value from the
previous call.

Table 23—CRC-16 calculation routine

/* OCRC~16 calculation, performed on quadlets at a time */
Doublet
Gf¢eQuadlet (unsigned data, unsigned check)

{
int shift, sum, next; /* Integers are >= 32 bits */

for (next = check, shift = 28; shift >= 0; shift -= 4) {
sum = ((next >> 12) ~ (data >> shift)) & OXF;
next = (next << 4) ~ (sum << 12) "~ (sum << 5) ~ (sum);

}
return(next & OXFFFF); /* 16-bit CRC value */
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8.2 ROM formats

8.2.1 First ROM quadlet

The first (most-significant) byte of the first ROM quadlet is used to specify which ROM format is imple-
mented. After a node is initialized, ROM access may be unavailable while the node is being tested; during
this time, the quadlet shall be zero. When the ROM access is enabled, the first byte is 1 for the minimal ROM
implementation option, and is greater than one for the general ROM option, as illustrated in figure 54.

(ROM being initialized)

00000000 shall_be_zero
8 24
{minimal ROM Format)
00000001 other_information
8 24

(general ROM Format)

00000002

other_information

8 24

Figure 54—First ROM quadlet

8.2.2 Minimal ROM format

The minimal ROM implementation has a single quadlet, which provides a 24-bit vendor_id value as illus-
frated in figure 55.

00000001 vendor_id
8 24

Figure 55—Minimum ROM implementation

The 24-bit immediate vendor_id value provides the 24-bit company_id of the vendor that manufactured the
T‘-odule. The’company_id value is uniquely assigned to each module vendor by the IEEE; see 8.7. Note that
he minimal ROM format does not preclude the presence of additional vendor-dependent information in the
ROM:

8.2.3 General ROM format

In its more general form, the ROM directory structure is a hierarchy of information blocks; the blocks higher
in the hierarchy point to the blocks beneath it. The locations of the initial blocks (which include the
bus_info_block and root_directory) are fixed. The location of other entries (unit_directories, root and unit
leaves) is vendor-dependent, but shall be specified by entries within the root_directory or its affiliated direc-
tories.
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A general ROM implementation is shown in figure 56. Note that there may be multiple copies of the
unit_subdirectories, one for each unit on the node.

info_length crc_length rom_crc_value

gth

bus_info_block

info_len

root_directory

unit_directories

root & unit leaves

vendor dependent information

8 8 16

Figure 56—Fully implemented CSR ROM directory

The info_length byte (which is greater than one) distingbishes the general from the minimal ROM formdt
(whose first byte equals one). The info_length value specifies the number of quadlets contained in the fol
lowing bus_info_block data structure.

The crc_length parameter specifies how many_of the following quadlets are protected by the rom_crc_valu
(the number of protected bytes is four times the crc_length value). For example, the crc_length field woul
be 11 if 44 bytes were protected. The \minimum number of protected quadlets is the number within th
bus_info_block.

P =& (§

4

The maximum number of protected bytes for rom_crc_value is 1020 bytes; the length field would equal 25
for this maximum coverage-length. Thus, the entire ROM window within the node’s initial address space ca
be protected by one CRE:

=3

If the complete ROM is less than 1 kbyte in length, the initialization software is expected to check only th
rom_crc_value protecting the entire ROM. However, the other CRC values (contained within th
bus_infosblock, the root_directory, directories, and leaves) may be checked to localize an error when th
overallrom_crc_value is incorrect.

T b P

The rom_crc_value is calculated by the method described in 8.1.5.

8.2.4 Directory formats
All directories (including the root_directory) shall have the format specified in figure 57.

The directory_length parameter specifies the number of following quadlet entries in the directory; the total
number of bytes in the directory is 4+(4 X directory_length). The CRC-16 value covers all of the following
entries.
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directory_length CRC-16

i key offset or immediate value
>c
Il
O C e o o
Qo
T key offset or immediate value

8 8 16

Figure 57—Directory structure

Each directory entry has the format shown in figure 58.

|< key >I< entry_value ——>|

key_type | key_value offset or immediate value
2 6 24

Figure 58—Directory entry format

The key is broken down into two fields. The key_type indicates the type of directory entry as shown in thg
table 24.

Table 24— key_type definitions

Reference name key_type Meaning of least-significant 24-bits
immediate 0 immediate value

offset 1 initial-register-space offset for an immediate value
leaf 2 indirect-space offset for a leaf

directory 3 indirect-space offset for a directory

The key_value specifies:the particular directory entry, e.g., Module_Spec_Id, Unit_Sw_Version, etc.

For an immediate’entry (key_type is 0), the entry_value shall be the 24-bit value for that directory entry, ag
illustrated infigure 59. Its meaning is dependent on the type of entry.

00 | key_value value
2 6 24

Figure 59—Immediate entry format

For an offset entry (key_type is 1), the entry_value shall contain an 24-bit offset field, as illustrated in
figure 60. The offset value specifies a CSR address, as a quadlet offset from the base address of the initial
register space.
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01 | key_value csr_offset
2 6 24

Figure 60—Offset entry format

For the leaf and directory entries (key_type is 2 or 3), the entry_value shall provide a 24-bit indirect_offset
value, as illustrated in figure 61. The indirect_offset value specifies the the address of the leaf or directory in
the indirect space.

10,11| key_value indirect_offset
2 6 24

Figure 61—Leaf and directory formats
The indirect_offset value indirectly specifies the ROM-offset address of the™leaf or directory entry

offsetOfValue) by specifying the number of quadlets between the entry point (6ffsetOfEntry) and the ROM-
bffset address. The relationship of these byte-address offsets within the indiréct space is specified in table 25.

Table 25—Calculating address ofentry value

/* Calculate ROM-offset address (offsetOfvalue), bkased on

* the address of the referencing entry (offsetOfEntry) and

* the contents of the entry (indirect_offset)'. Note that

* offsetOfValue and offsetOfEntry are intéger multiples of 4 */

offsetOfValue = offsetOfEntry + 4 * indirect_offset;

The following text clarifies how data (s fetched from ROM, once the offsetOfValue parameter is known. If
the ROM-offset is less than 1024, a (properly adjusted) ROM-offset address shall be used to directly access
the corresponding ROM location:Jf'the ROM-offset is equal to or larger than 1024, the corresponding ROM
location shall be accessed indirectly. The C code in table 26 illustrates the algorithm for performing these
pCCesses.

8.2.5 Leaf format
All leaves havedthe format shown in figure 62.

The leaf-lerigth parameter specifies the number of following quadlets in the leaf; the total number of bytes in
the leaPis 4+(4 X leaf_length). The CRC-16 value covers all of the following quadlets.

8:2-6—Textual—descriptor

The Textual_Descriptor entry provides a textual descriptor of a ROM directory entry and may be used for
describing a portion of a module, node, or unit. The Textual _Descriptor entry, if present, occurs directly after
the directory entry that it describes. In figure 63, the first Textual_Descriptor is used to describe the
Module_Dependent_Info entry and the second Textual Descriptor is used to describe the
Node_Software_Version entry. A Textual_Descriptor entry may follow any entry other than another
Textual_Descriptor.
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/* Routine for accessing ROM, based on base address of the node's CSRs

* csrBase - base address of node being accessed
* romOffset -~ offset address of Quadlet being accessed */
#define INDIRECT_ADDRESS 16
#define INDIRECT_DATA 20
Quadlet
FetchRomQuadlet (Quadlet csrBase, Quadlet romOffset)
{
Quadlet *csrAddress, *regAddress, *regData;

assert{(romOffset % 4) == 0);
if (romOffset < 1024) {
/* Internal address is mapped directly (but offset from csrBase)

csrAddress = (Quadlet *) ((char *)csrBase + 1024 + romOffset);
return(*csrAddress);
} else {

/* Otherwise, address is mapped indirectly */

regAddress = (Quadlet *) ((char *)csrBase + INDIRECT_ADDRESS) ;
reghata = {(Quadlet *) ((char *)csrBase + INDIRECT_DATA);
*regAddress = romOffset;

return (*regbata) ;

/* Offset is multiple of 4 */

*/

leaf_length CRC-16
quadiet_0
'§, guadiet_1
f’, quadlet_2
3 e o o
quadlet_n
16 16
Figure 62—Leaf format
directory_length CRC-16
key Module_Dependent_lInfo
key Textual_Descriptor(1)
key Module_Hardware_Version
key Node_Soitware_Version
key Textual_Descriptor(2)

Figure 63—Textual descriptor locations
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The Textual_Descriptor entry may either point to a leaf or a directory (which provides descriptions for data
entries in one or more languages). A leaf provides a single human-readable character string. A directory can
have multiple leaves, each of which is a human-readable character string. When the Textual_Descriptor
points to a directory, the directory contains entries that point to leaves; each leaf is expected to provide the
same information, but would support a different language (and possibly different character sets).

The format of a generic Textual_Descriptor Leaf is shown in figure 64. The specifier_id field identifies the
entity that defines the langeage defined by the language_id. The string_info quadlets contain the text
description of the data entry. The format of the string_info information is specifier_id/language_id depen-
ent

length CRC-16
spec_type specifier_id
language_id
string_info_0
e o o
string_info_n

8 8 16

Figure 64— Textual descriptor leaf

Vendors who wish to supply languages to be used in the €SR Architecture’s standard directories, other than
he minimal ASCI], shall provide the spec_type and specifier_id values and shall usefully specify the format
ind meaning of the string_info_0 through string_info_n quadlet values. For vendor-dependent entries, the
value of spec_type shall be 1 and the specifier, idfield shall be the vendor’s company_id value.

The spec_type value of zero is used when the language is specified by a standards body, rather than by a ven-
Hor with a company_id value. For this spec_type value, the specifier_id value of 0 is reserved for use by the
CSR Architecture. If spec_type,sspecifier_id, and language_id are all zero, this shall indicate that the mini-
mal ASCII set specified in this\document is being used and the language of the textual descriptor is English.
[he textual descriptor leaf format for the minimal ASCII set is as shown in figure 65.

[he above format $hows a string n characters long, char [0] to char [n-1]. If the length of the string is not
huadlet alignedsithe last quadlet shall be null extended, NUL = 00;.

A TextualyPescriptor directory contains one or more Textual_Descriptor leaves and no other entries.

B-5—bus—info—bleek

The format of the bus_info_block is specified in figure 66.

The bus_info_block shall contain the 4-character bus_name value and may contain additional bus-depen-
dent information. For example, the bus-dependent information may be used to specify which profile or pro-
files are implemented. The “ABCD” characters correspond to the IEEE PAR number assigned to the bus
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length CRC-16
0000 0000 0000 0000 0000 0000 0000 0000
0000 0000 0000 0000 0000 06000 0000 0000
char_0 char_1 char_2 char_3
char_4 char_5 char_6 char_7
char_s
e o o
char_n-3
char_n-2 char_n-1 NUL NUL
8 8 8 8

Figure 65—Minimal ASCII textual descriptor leaf format

bus_name A B c D

info_length bus-dependent information

(minimum size is.4 bytes)

8 8 8 8
Figure 66—bus_info_block format

standard and are stored in the first four characters. For example, an “0896” number would correspond to thej
IEEE Futurebus+ specifications ([B3] and [B4}), as illustrated in table 27.

Table27—Bus_name example values

Position A B C D
ASCII representation ‘o’ ‘¢ ‘9 ‘¢’
Hexadecimal value 3016 | 3816 | 3916 | 3616

The optionality)format, and meaning of the bus-dependent information shall be defined by the bus standard
corresponding to the bus_name value. The ASCII string containing four zero characters, “0000,” should b
used on buses that are compliant with the CSR Architecture but do not have an IEEE PAR number (becausg
the bis-is not yet or may never be an industry/IEEE standard). Vendor-dependent processor/memory buseg
are a'good example of this.

8.4 Root directory entries

The root_directory contains entries that describe the module and node and provides pointers to other infor-
mation provided by a general ROM format. The defined root_directory entries are illustrated in table 28.
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Table 28-—Root directory entries

Entry name

Entry description

Bus_Dependent_Info

bus-dependent info

Module_Vendor_Id

module’s vendor provides company_id

Module_Hw_Version

module’s diagnostic software identifier

Module_Spec_Id

module’s architect provides company_id

Module_Sw_Version

module’s software interface identifier

Module_Dependent_Info

module’s additional information

Node_Vendor_Id

node’s vendor provides company_id

Node_Hw_ Version

node’s diagnostic software identifier

Node_Spec_Id

node’s architect provides company_id

Node_Sw_Version

node’s software interface identifier

Node_Capabilities

node’s option-bits specification

Node_Unique_Id

node’s unique 64-bit identifier

Node_Units_Extent

node’s extended units spacesize

Node_Memory_Extent

node’s extended memory space size

Node_Dependent_Info

node’s additional information

Unit_Directory

unit-specifi€ information (one per unit)

8.4.1 Bus_Dependent_info

Optional.)
Used to provide additional bus-dependent information.

The Bus_Dependent_Info entty specifies a directory or a leaf that contains information not contained in the
bus information block. The méaning of the directory’s key_value is bus-dependent and the meaning of quad-
fets within the leaf is bus-dependent; the bus_name value specifies the bus standard that defines them.

8.4.2 Module «Vendor_Id

Required:)
Provides.the company_id of the vendor manufacturing the module.

Qimnpan d.0 ne endo 0 an ed

immedi e_NMLOd = ENnago d PO e e

he 4.0

the module. The company_id ;alue is _uniquely assigned to each modu_le vendor by the IEEE. See 8.7 for
details.

8.4.3 Module_Hw_Version
(Optional.)

Used to identify the appropriate diagnostic software for the module.
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The 24-bit immediate Module_Hw_Version value provides a module-hardware identifier. The
Module_Hw_Version number, when prepended with the Module_Vendor_Id value, is expected to uniquely
identify the appropriate diagnostic software for extensive module-level tests.

8.4.4 Module_Spec_Id

(Optional.)
If not implemented, its assumed value shall be equal to Module_Vendor_Id.

The 24-bit immediate Module Spec Id value provides the company id of the vendor that defined the archi-

tectural interface for the module.
8.4.5 Module_Sw_Version

(Optional.)
Identifies the I/O driver software interface architecture for the module. Shall not be'‘present if either
Node_Sw_Version or Unit_Sw_Version is present.

The 24-bit immediate Module_Sw_Version value provides a modulefsoftware identifier. This
Module_Sw_Version number, when prepended with the Module_Spec_Id value, is expected to uniquely
identify the appropriate I/O driver software for the module.

8.4.6 Module_Dependent_Info

(Optional.)
Used to provide additional information about the module.

The Module_Dependent_Info entry specifies a directory or leaf containing module-dependent information.

The meaning of the directory’s key_value is vendor~-dependent and the meaning of quadlets within the leaf is
vendor-dependent; the module’s Module_Vendor_Id value specifies the vendor that defines them.

8.4.7 Node_Vendor_lId

(Optional.)
If not implemented, its assumed, value shall be equal to Module_Vendor_Id.

The 24-bit immediate Nodé_Vendor_Id value provides the 24-bit company_id of the vendor that manufac-
tured the node.

8.4.8 Node{Hw Version

(Optional.)
Used'to-identify the appropriate diagnostic software for the node.

to uniquely identify the apI;ropriate

~‘ i ’l- - NUU o w_YV U Vda a
number, when prepended with the Node_Vendor_Id value,
diagnostic software for extensive node-level tests.

t O 00 rGwal

is expecte
8.4.9 Node_Spec_lId

(Optional.)
If not implemented, its assumed value shall be equal to Node_Vendor_Id.
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The 24-bit immediate Node_Spec_Id value provides the 24-bit company_id of the vendor defining the archi-
tectural interface for the node.

8.4.10 Node_Sw_Version

(Optional.)
Identifies the I/O driver software interface architecture for the node. Shall not be present if
Module_Sw_Version or Unit_Sw_Version is present.

The 24-bit immediate Node_Sw_Version value provides a node-software identifier. This Node_Sw_Version
humber, when prepended with the Node_spec_Id value, 1s expected to uniquely 1dentity the appropriate /O
driver software for the node.

B.4.11 Node_Capabilities

Required.)
Shall identify which options are implemented.

The 24-bit immediate Node_Capabilities value indicates which options in the CSR\Architecture are imple-
mented in this node. The Node_Capabilities entry’s format is shown in figure 67-

| misc | testing | addressing | state

reserved |spt(ms|int |ext|bas{prv| 64 | fix | Ist[drq{ r |elo|atn| off |ded| init
8 1 1 1 1 1 1 1 1 i1 1 1 1 1 1 1

Figure 67—Node capabilities entry format

The nonzero bits within the Node_Capabilities entry specify which options are implemented, as described in
fable 29.

B.4.12 Node_Unique_Id

Optional.)
[Jsed to uniquely identify the.node.

The leaf Node_UniqueZId entry provides a 64-bit binary number, which, if present, shall be uniquely
hssigned by the vendor to each node. For example, this entry could provide a serial number. The format of
the Node_Unique-1d value leaf is illustrated in figure 68.

[The technigae used to assign the unique_id values is vendor-dependent and beyond the scope of the ROM
format, If the Node_Unique_Id entry is present, the 88-bit number formed by concatenating the 24-bit
Node Vendor_Id value with the 64-bit unique_id value shall be unique for any node.

8.4.13 Node_Units_Extent

(Optional)
Required if one or more units are located within the extended units space.

Specifies the size and alignment constraints for the node’s extended units space. The Node_Units_Extent
entry may have an immediate or offset value format.
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Bit field Description
spt The SPLIT_TIMEOUT register is implemented.
ms The messages-passing registers are implemented.
int The INTERRUPT_TARGET and INTERRUPT MASK registers are implemented.
ext The ARGUMENT registers are implemented.
bas Node implements TEST_START&TEST STATUS registers and testing state.
prv The node implements the private space.
64 The node uses 64-bit addressing (otherwise 32-bit addressing).
fix The node uses the fixed addressing scheme (otherwise extended addressing).
Ist The STATE_BITS.lost bit is implemented.
drg The STATE_BITS.dreq bit is implemented.
r This bit shall be zero, but shall be ignored when read.
elo The STATE_BITS.elog bit and the ERROR_LOG registers are‘implemented.
atn The STATE_BITS.atn bit is implemented.
off The STATE_BITS.off bit is implemented.
ded The node supports the dead state.
init The node suppotts the initializing state.

length CRC-16

unique_id_hi

unique_id_lo
16 16

Figure 68—Unique_ld leaf format

8.4.13.1 Node_Units, Extent immediate format

The immediate,Node_Units_Extent value format (key_type is 0) provides align and number parameters
within a 24-bit'value. The immediate value format is illustrated in figure 69.

00| key_value | r align number

2 6 2 6 16

Figure 69— Extent entry format, immediate form
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The fields in the immediate Node_Units_Extent entry are defined in table 30.

Table 30—Extent entry fields, immediate form

Bit fields Description

r reserved 2-bit field, shall equal 00,

align the align parameter for the extended space calculations

number | the number parameter for the extended space calculations

The align parameter specifies the address-alignment restrictions for the base address of the node’s extended
inits space. The number parameter, when multiplied by the alignment size, specifies the size of the extended
inits space.

The location and size of the node’s extended units space shall be defined when the baseAddress and
boundAddress values are in the UNITS_BASE and UNITS_BOUND registers, respectively.-The values of
baseAddress and boundAddress are based on the align and number parameters provided by this entry, and
he count value provided by system software, as specified by the C code of table 31.

Table 31 —Extended space alignment and:size

/* ROM specifies align, software specifies count.
* The count argument selects the base addresses locdtion.
* This code assumes that the default integer size«is "32 or 64 bits, for
* nodes supporting 32-bit and 64-bit extended addressing, respectively.
*/
#define ENB 1
int
CalculateBaseAddress({int align, int count)
{
return ({1 << align) * count); /* Return baseAddress */
}

/* The baseAddress, align and number arguments are provided by ROM */
int
CalculateBoundAddress (int baseAddress, int align, int number)
{
return (baseAddress +\(1l << align) * number); /* Return boundAddress */
}

8.4.13.2 Node{Units_Extent offset format

[he offset/Node_Units_Extent value format (key_type is 1) provides a 24-bit offser parameter. The offset
balue format is illustrated in figure 70.

01 | key_value csr_offset
2 6 24

Figure 70—Node_Units_Extent format, offset form
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The csr_offset value specifies a CSR address, as a quadlet offset from the base address of the initial register

space. An EXTENT register is located at the csr_offset-specified address and shall have the format specified
in figure 71.

reserved align number

10 6 16

Figure 71 —EXTENT register format

The fields within the EXTENT register are defined in table 32.

Table 32—EXTENT register fields, offset form

Bit field Description

r reserved 10-bit field, shall be zero.

align the align parameter for the extended units space calculation.

number | the number parameter for the extended units space ealculation.

The location and size of the node’s extended units space shall be\defined when the baseAddress and
boundAddress values are in the UNITS_BASE and UNITS_BOUND registers, respectively. The values of
baseAddress and boundAddress are based on the align and number parameters provided by the EXTENT
register, and the count value provided by system software, as specified by the C code of table 31.

8.4.14 Node_Memory_Extent

(Optional.)
Required if a node contains a memory controller that is expected to be mapped to the available addresg
space.

Specifies the size and alignment constraints for the node’s extended memory space. The
Node_Memory_Extent entry may have an immediate or offset value format.

8.4.14.1 Node_Memory_Extent immediate format

The immediaté Node_Memory_Extent value format (key_type is 0) provides align and number parameters
within a4-bit value. The immediate value format is illustrated in figure 69. The fields in the immediatg
Node_WMemory_Extent entry are defined in table 30.

l'l:l pDaAramelc De l‘ NE AAArc -:lll‘l C 1 ll 0 DE DASC AAQTC 0 N NOAC CXICNACO
memory space. The number parameter, when multiplied by the alignment size, specifies the size of the
extended memory space.

The location and size of the node’s extended memory space shall be defined when the baseAddress and
boundAddress values are in the MEMORY_BASE and MEMORY_BOUND registers, respectively. The val-
ues of baseAddress and boundAddress are based on the align and number parameters provided by this entry,
and the count value provided by system software, as specified by the C code of table 31.
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8.4.14.2 Node_Memory_Extent offset format

The offset Node_Memory_Extent value format (key_type is 1) provides a 24-bit offset parameter. The offset
value format is illustrated in figure 70.

The offset value specifies a CSR address, as a quadlet offset from the base address of the initial register
space. An EXTENT register is located at this address and has the format specified in figure 71. The fields
within the EXTENT register are defined in table 32.

The location and size of the node’s extended memory space shall be defined when the baseAddress and
boundAddress values are in the MEMORY_BASE and MEMORY_BOUND registers, respectively. The
values of baseAddress and boundAddress are based on the align and number parameters provided by the]
EXTENT register, and the count value provided by system software, as specified by the C code of table)31.

8.4.15 Node_Dependent_info

(Optional.)
Used to provide additional information about the node.

The leaf or directory Node_Vendor_Dependent_Info provides vendor-dependent information. The format
and meaning of this information is dependent on the 48-bit value produced by prepending the 24-bit
Node_Vendor_Id value to the 24-bit Node_Hw_Version number.
8.4.16 Unit_Directory

(Optional.)

Used to provide additional information about a unit” If either the Module_Sw_Version or the]

Node_Sw_Version are provided, this entry shall not be\présent.

The Unit_Directory entry points to a lower-level directory that contains unit-specific information. There
may be several Unit_Directory entries in each\root_directory, one for each unit on the node.

8.5 Unit directories

If any unit subdirectories are(present in the ROM, then one unit directory is required for each unit on the
node. All of the defined unit directory entries are shown in table 33.

Table 33—Unit directory entries

Entry name Entry description
Unit_Spec_Id unit’s vendor provides company_id
Unit_Sw_Version unit’s I/O driver software identifier

Unit_Dependent_Info unit’s additional information

Unit_Location unit’s address-space location

Unit_Poll_Mask unit’s bits within STATE_CLEAR

A unit directory shall not be provided if either Module_Sw_Version or Node_Sw_ Version is present.

96


https://standardsiso.com/api/?name=c05630fd155bd75762cb48c19c99f0c1

ISO/IEC 13213 : 1994
ARCHITECTURE FOR MICROCOMPUTER BUSES ANSI/IEEE Std 1212, 1994 EDITION

8.5.1 Unit_Spec_Id

(Optional.)
If not implemented, its assumed value shall be equal to Node_Vendor_Id.

The 24-bit immediate Node_Spec_Id value provides the 24-bit company_id of the vendor defining the archi-
tectural interface for the unit.

8.5.2 Unit_Sw_Version

(Required if the unit directory 1s present. )
Identifies the I/O driver software interface architecture for the unit.

The 24-bit immediate Unit_Sw_Version value provides a unit-software identifier. This Unit_Sw_-Version
number, when prepended with the Unit_Spec_Id value, is expected to identify uniquely the unit architecturg
and therefore the appropriate I/O driver software for the unit.

8.5.3 Unit_Dependent_Info

(Optional.)
Used to provide additional information about the unit.

The leaf or directory Unit_Dependent_Info provides additional unit.dépendent information. The format anct
meaning of this information is dependent on the 48-bit vallie“produced by prepending the 24-bi
Unit_Spec_Jd value to the 24-bit Unit_Sw_Version number.

8.5.4 Unit_Location

(Optional.)
Required if two or more unit subdirectories are present.

The Unit_Location entry provides a tag,base64, and bound64 values. A unit is mapped to a contiguous
range of addresses within one of the node’s address spaces (initial node, indirect, initial memory, or extended
memory spaces). The tag value selects'one of 4 address spaces; the base64 and bound64 values specify the
range of byte addresses that is mapped.

The base64 and bound64 pairs specify the quadlet-aligned base and bound addresses of the unit, measured
as byte offsets from the/base address of the specified space. The address specified by bound64 is one greatef
than the last unit address.

The format of these two values is illustrated in figure 72.

length CRC-16
base64_hi
base64_lo tag
bound64_hi
bound64_lo
16 14 2

Figure 72—Unit_Locate leaf format
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The value of tag specifies where the address space is located, as defined in table 34.

Table 34—Unit_Locate.fag bit field definition

tag Unit register location

00, initial register space

01, initial memory or extended units space

10, Indirect space

11, reserved

Note that the initial memory space and the extended units space are mutually exclusive; thesnitial memory
space is only defined for the 64-bit fixed address model and the extended units space is only defined for the
B2- and 64-bit extended address models. The node’s address space model is specified by its node’s
Node_Capabilities entry.

B.5.5 Unit_Poll_Mask

Optional.)
Required if the unit affects one or more bits in the STATE_CLEARnit_depend field.

[he immediate Unit_Poll_Mask entry provides a 16-bit poll “mask value that is shifted left by 16 bits to
Hefine the bits within the STATE_CLEAR register that are-affected by this unit. The format of the entry is
thown in figure 73.

key resv poll_mask

8 8 16

Figure 73—Unit_Poll entry format

B.6 Key definitions

[Che key_type and key_value values for the entries in the general ROM format are specified in table 8-17. The
key_type is a 2-bit field and the key_value is a 6-bit field; all values are hexadecimal numbers.

With the exception of the Textual_Descriptor, there are no constraints on the order in which these entries
hippear Within a directory, and (depending on its definition) some of the entries may appear multiple times
within a directory.

The remaining key_value values are reserved as follows:

— 17,4 to 2F¢ are reserved for future definition by the CSR Architecture.
— 3044 to 3714 are reserved for definition by the bus standard identified in the Bus_Info_Block.

— 386 to 3F¢ are allocated for definition by vendors. Vendor-dependent key_value values may be
position- and context-dependent. Within a vendor-dependent directory, the meaning of all key_value
parameters is also vendor-dependent.
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Table 35—key_type and key_value (hexadecimal values)

Entry name key_type(s) key_value

Textual_Descriptor leaf or directory 01
Bus_Dependent_Info leaf or directory 02
Module_Vendor_Id immediate 03
Module_Hw_Version immediate 04
Module_dSpec_Id immediate 05
Module_Sw_Version immediate 06
Module_Dependent_Info leaf or directory 07
Node_Vendor_Id immediate 08
Node_Hw_Version immediate 09
Node_Spec_Id immediate 0A
Node_Sw_Version immediate 0B
Node_Capabilities immediate 0C
Node_Unique_Id leaf 0D
Node_Units_Extent immediate or offset OE
Node_Memory_Extent immediate 61 offset OF
Node_Dependent_Info leaf ordirectory i0
Unit_Directory directory 11
Unit_Spec_Id immediate 12
Unit_Sw_Version immediate 13
Unit_DependentInfo leaf or directory 14
Unit_Locatien leaf 15
Unit_Poll_Mask immediate 16

8.7 company_ids

8.7.1 company.id assignments

The term\‘’¢company_id” is used throughout this clause to identify uniquely vendors that manufacture o

specify components. To obtain an Organizationally Unique Identifier (OUI), contact:

Registration Authority Committee

The Institute of Electrical and Electronic Engineers, Inc.
445 Hoes Lane
Piscataway, NJ 08855-1331
USA
(908) 562-3812

Ask for an Organizationally Unique Identifier (OUI) for your organization. See 8.7.2 for a description of
how the IEEE/RAC-administered company_id value is used in the ROM entries defined by this standard.
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8.7.2 company_id mappings

A direct or indirect read of the ROM quadlet containing the Module_Vendor_Id returns the company_id. For
example, a company_id value of ACDE48y, (which has a binary

representation  of
101011001101111001001000,) is returned as illustrated in figure 74.

1212 defined company_id

1. fray oy ]
. e Ll Lot |

10| key_value 1010 1100 1101 1110 0100 1000
) 6 o4

Figure 74—Mapping of company_id bits

Dther ROM entries, such as Module_Spec_Id, Node_Vendor_Id, Node_Spec_Id and Unit_Spec_Id'may also
ontain the company_id value, but have a different key_value.

Your company need not purchase a company_id if it has been previously assigned an IEEE 48-bit Globally
Assigned Address Block or an IEEE-assigned Organizationally Unique Identifier (QUI)for use in network
ppplications. However, beware that the (left through right) order of the bits within-the company_id value is
hot the same as the (first through last) network-transmission order of the bits within these other identifiers.
Consult the IEEE Registration Authority for clarifying documentation.
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9. Bus standard requirements

The CSR Architecture requires the bus standard to define the following:

a)

Addressing. The bus standard shall specify which of the following address models are supported:
1) 32-bit extended

2) 64-bit extended

3) 64-bit fixed

b)

d)

2)

h)

i)

Transaction definitions. The bus standard shall define the following:

1) Encoding. The bus standard shall specify the form of the required transactions (read1-fead64
write1-write64, lock4, and lock8).

2) Clocks. If synchronized clocks are supported, the bus standard shall specify the form of the
clock_strobe signal.

Error status codes. The bus standard shall define signaling protocols for returning the following
error-status values:

1) Type_error
2) Address_error
3) Conflict_error

Resets. This specification defines two types of resets: pewer_reset (primary power is lost) ang
command_reset (write to RESET_START). The bus standards shall define how the power_rese
event is signaled. A bus standard that defines other forms of reset shall define their side effects on the
registers defined by the CSR Architecture.

STATE_CLEAR (bus_dependent field). Eight bits of the STATE_CLEAR register are bus depen
dent. These are expected to be used for specialized node status and control purposes.

NODE_IDS (bus-dependent fields). A bus standard shall define:
1) offset_id. What is the initial offset_id value; is the offset_id a read/write or read-only value?
2) bus_dependent. The formatand meaning of this field shall be defined by the bus standard.

ARGUMENT _LO (extended tests). Eleven of the bits in the ARGUMENT_LO register are bus
dependent. These are expected to specify the access modes (32-bit, 64-bit, compelled, split/unified
etc.) or sizes (can 256-byte transactions be used?) for transactions that can be used by the node’s
extended test routines.

SPLIT_TIMEOUT (defined ranges). The bus standard should define the range of bits that shall bg
implemented in the SPLIT_TIMEOUT register.

Bus-dependent registers. The bus standard shall specify the content and size of the bus-dependent
portion of the initial node space.

Biss-dependent ROM entries. The bus standard shall specify the following parts of ROM:

1) Bus Name. The bus standard shall specify the last four characters of the bus_name componenf
within the Bus_Information_Block.

2) Bus_Information_Block. The bus standard shall specify the size of the
Bus_Information_Block, plus any contents after the bus_name component (if any).

3) Bus_Dependent entry point. If one is provided, the bus standard shall specify the type of the
Bus_Dependent entry point (leaf or directory). The bus standard shall also specify the format
and meaning of the contents within the Bus_Dependent entry point.
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Annexes

Annex A
Bibliography

(informative)

The CSR Architecture has involved the extensive cooperation of several bus standards. The standards listed

below are cited as illustrations:

{B1] CCITT Recommendation V.41, Code-Independent Error-Control System. Geneva: International
Telecommunications Union, 1988.

[B2] ISO/IEC 10857:1994 [ANSVIEEE Std 896.1, 1994 Edition], Information technology “=Ftturebus+ —
Logical protocol specification.

{B3] IEEE Std 896.2-1991, IEEE Standard for Futurebus+ — Physical Layer and“Profile Specification
(ANSI).

[B4] IEEE P1014.1, Standard for a Futurebus+/VMEG64 Bridge (Draft No(2, March 1993).
[B5] IEEE Std 1196-1987, IEEE Standard for a Simple 32-Bit Backplane Bus: NuBus (ANSI).

[B6] ISO/IEC 10861:1994 [ANSIJIEEE Std 1296-1987]s Information technology—High-Performancs
Synchronous 32-Bit Bus: MULTIBUS II.

[B7] IEEE P1394, High Performance Serial Bus (Draft No. 6.6, March 1992).
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