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B E E  Standards documents are developed within the Technical Committees of the IEEE 
Societies and the Standards Coordinating Committees of the IEEE Standards Board. Mem- 
bers of the committees serve voluntarily and without compensation. They are not necessar- 
ily members of the Institute. The standards developed within IEEE represent a consensus 
of the broad expertise on the subject within the Institute as well a s  those activities outside of 
IEEE which have expressed an interest in participating in the development of the standard. 

Use of an  IEEE Standard is wholly voluntary. The existence of an IEEE Standard does 
not imply that there are no other ways to  produce, test, measure, purchase, market, or  pro- 
vide other goods and services related to the scope of the IEEE Standard. Furthermore, the 
viewpoint expressed a t  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 a t  least once every five 
years for revision or  reaffirmation. When a document is more than five years old, and 
has not been reaffirmed, it is reasonable t o  conclude that its contents, although still of some 
value, do not wholly reflect the present state of the art. Users are cautioned t o  check to  de- 
termine that they have the latest edition of any IEEE Standard. 

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

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

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

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

IEEE Standards documents are adopted by the Institute of Electrical and Electronics 
Engineers without regard to whether their adoption may involve patents on articles, mate- 
rials, or processes. Such adoption does not assume any liability to any patent owner, nor 
does i t  assume any obligation whatever to parties adopting the standards documents. 
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(This foreword is not a part of IEEE Std 896.2-1991, IEEE Standard for Futurebus+ - Physical Layer and Profile 
Specification.) 

Historical Perspective 
IEEE Std 896.2-1991 defines the first set of profiles for the IEEE Futurebus+ family of 

standards. The IEEE Futurebus+ Working Group voted to develop a separate specification 
to contain the physical layer and profiles for the Futurebus+ standard in the July 1989 Meet- 
ing of the Working Group in Milpitas, California. The Project Application Request (PAR) 
was approved by the IEEE Microprocessor Standards Committee for submission t o  the IEEE 
Standards Board in September 1989, and the project was approved with the number P896.2 by 
the IEEE Standards Board in November 1989. 
purpoSe and Featums ofthe Futtm?bus+ Spec8ications 

A unique attribute of the design of Futurebus+ protocols is the protocols’ technology inde- 
pendence, achieved through basing them on fundamental protocol and physics principles 
and optimizing them for maximum communication efficiency (and, hence, throughput), 
rather than for a particular generation or type of processor. Timing and handshake proto- 
cols are governed by ‘law of nature” types of constraints rather than limitations of current 
and projected technology, such as skews, device propagation delays, and capture windows. 

The benefits of technology independence are apparent in the principle of no technology- 
based upper limit to the performance of Futurebus+. Configuration and transaction capa- 
bility modes guarantee interoperability when two devices of different speeds or of different 
generations communicate on the same bus segment, thus providing Futurebus+ with an 
unprecedented ability t o  support multiple generations of computers well into the twenty- 
first century. 

Because of this, Futurebus+ is layered into a family of standards, which separates the 
fundamental architectural framework of the standard, and the logical protocols which 
serve that architecture, from the physical implementation of those protocols in a packaging 
scheme suitable for the intended application. 

IEEE Std 896.1-1991 protocols may therefore be implemented using any logic family 
(e.g., TTL, BTL, CMOS, ECL, GaAs) providing the physical implementation is con- 
strained such that it meets the Futurebus+ signaling requirements (incident wave switch- 
ing and positive relative skews between information and synchronization lines). 

Additionally, the protocols in IEEE Std 896.1-1991 may be used at  any level in the system 
hierarchy: chip-to-chip, board-to-board, system-to-system, or at several levels at once in 
the same system. These protocols are particularly powerful when used a t  two or more levels 
in a hierarchical bus system; this was an intended aspect of the protocol design, since to- 
day’s backplane protocols often become tomorrow’s chip-to-chip protocols. 
Profiles and Interoperability 

This flexibility of logical and physical implementation of the Futurebus+ architecture 
presents a dilemma: how to minimize unnecessary variations in products developed by 
many different vendors. The problem is addressed by the use of profiles in this document. 
Profiles tie together the various specifications and support standards to create interoper- 
ability. Restrictions in profile specifications are designed to ensure compatibility amongst 
products. The word conformance, therefore has no meaning within the IEEE Futurebus+ 
family of specifications, except when used in conjunction with an approved profile. 

This document contains the first three profiles developed by the working group. Each has 
demonstrated a real “need to exist” based on major differences in the intended application. 

Profile A: 
Profile B: 
Profile F: 

General Purpose Multiprocessor Systems 
General Purpose U0 Systems 
Very High Performance Multiprocessor Systems 
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The working group, recognizing the diverse compute environs served by the Futurebus+ 
protocols, are working on the following profiles for future release: 

Profile T: Telecommunications 
Profile M: Military Systems 
Profile D: Desktop Systems 
Profile C: Futurebus+ Cable 

Specifications that may be treated as a family for use within a typical Futurebus+ profile 
are IEEE Std 896.1-1991, IEEE Standard for Futurebus+ - Logical Protocol Specification; 
IEEE Std 896.2-1991, IEEE Standard for Futurebus+ - Physical Layer and Profile Specifi- 
cation; IEEE Std 1194.1-1991, IEEE Standard for Electrical Characteristics of Backplane 
Transceiver Logic (BTL) Interface Circuits; IEEE Std 1212-1991, IEEE Standard Control 
and Status Register (CSR) Architecture for Microcomputer Buses; IEEE Std 1301-1991 and 
IEEE Std 1301.1-1991 (metric mechanical standards); and P896.3, Futurebus+ Recom- 
mended Practices. 

A profile consists of a set of choices of specification sections, and options within those 
sections, that are appropriate for use together within an implementation. The explicit dis- 
cussion of what is required and what is not, within a given profile, addresses the interoper- 
ability issues brought about by arbitrary assignment of optional features. Profiles also al- 
low the buyer of Futurebus+-based products to know exactly what features come with each 
product. If a manufacturer follows the requirements laid out within a profile, that product 
is much more likely to  be interoperable with the products of any other manufacturer meet- 
ing that profile. 

Though profiles address different applications, and interoperability across multiple pro- 
files cannot be guaranteed, there are a number of advantages t o  using the same basic ar- 
chitectural foundation and protocols: 

They can share silicon support; for example, arbitration and parallel protocol con- 
trollers, memory controllers, cache controllers, serial bus controllers, and diagnos- 
tic interface devices. 
The learning experience of engineers implementing an interface for one product is 
directly applicable to the next (possibly different) product, thus shortening product 
development cycles. 
Two or more products using different profiles may intercommunicate using an in- 
terface cable between those systems, and maintain architectural continuity through- 
out the larger interconnected system. This is particularly useful for allowing, for 
example, desktop computers using Futurebus+ to be part of the same shared-memory 
environment as a large powerful multiprocessor array. The desktop bus may use 
CMOS, while the large machine may use ECL, but the architecture is maintained 
and efficiency is not lost due t o  converting from one protocol to another. 
An infrastructure can be created within the silicon support and software architecture 
so that diagnostics (JTAG support), configuration, initialization, and device driver 
interfaces can be standardized. 

Futurebus+ sets the scene for a major paradigm shift within the computer industry. No 
longer is i t  necessary t o  think of isolated islands of computing power having t o  be inter- 
connected with grossly inefficient intermediate protocols in order to  overcome the tower of 
Babel created by the parochial interests of competing vendors and the unyielding march of 
technology obsoleting over-optimized products before they leave the CAD screen. The stage 
has been set for systems to  conveniently communicate with one another; all can now speak 
the same language, regardless of the application for which they were designed: Future- 
bus+. 
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IEEE Standard for Futurebus+ - 
PhysicalLayer and Prome Specification 

1. Introduction 

1.1 Scope. The initial work in development of the Futurebus+ specification was done under 
the auspices of the IEEE Computer Society Microprocessor Standards Committee. In 1988 
both the United States Navy's Next Generation Computer Resources (NGCR) Backplane 
Standards Committee and the VMEbus International Trade Association (VITA) (a trade 
association of both VMEbus manufacturers and users) agreed to join the IEEE in revising 
the initial 1987 standard (IEEE Std 896.1-1987). In early 1989 the Multibus Manufacturers 
Group (MMG) (a trade association of both Multibus I and Multibus I1 manufacturers and 
users) also agreed to join this effort. 

The primary goal of all four groups (IEEE, U. S. Navy, VITA, and MMG) was to  provide 
a new microprocessor bus standard that would be commercially viable and that would be 
acceptable to the two manufacturer groups and the three user communities. 

This work resulted in the IEEE 896 family of standards. IEEE Std 896.1-1991 [211 defines 
the logical functionality of the set of signals that make up the bus. IEEE Std 896.2-1991 (this 
publication) describes and specifies the physical layer (electrical characteristics, pin-outs, 
connector locations, module sizes, etc.) required. I t  also contains application environment 
profiles. These profiles are descriptions of functional requirements with pointers t o  exist- 
ing standards, including portions of this one, that  select and bind options within those 
standards. It is to  these profiles, not to  the component standards, that manufacturers may 
claim conformance. An OEM or end user who then purchases modules complying to  a 
given profile from a range of suppliers has a higher assurance of interoperability. 

Three profiles are included in this standard a t  the time of publication. Additional pro- 
files, that address other aspects of the Futurebus+ compute spectrum, are being developed by 
the working group. These will appear in companion standards. As new physical or electri- 
cal layer requirements (e.g., a different connector type or driver technology) emerge, new 
profiles will be developed t o  address the enhanced capabilities available from newer tech- 
nologies; this is part of the reason for layering the Futurebus+ standards. 

The scope of this standard has been restricted to exclude some of the higher level system 
requirements associated with bus-based computer systems; these are addressed in com- 
panion standards P896.3 [3l, P896.4 [41, P896.5 [53, P896.6 [6l, P896.7 [71, and P896.8 [8l. 

The software interface t o  common node capabilities as shared by Futurebus+, Serial Bus, 
and SCI, is defined by IEEE Std 1212-1991 [12l. This interface provides the framework for 
defining processor, memory, and I/O nodes on the Futurebus+, as well a s  bridges to  other 
buses (for example, P1014.1 [93). 

Where appropriate, each subject of the standard is divided into two parts: a description 
and a specification. The descriptions are intended only as an aid to  understanding opera- 
tion of the bus and are not intended t o  imply any requirements on equipment built t o  this 
standard. The specifications contain all the requirements with which equipment designed 
to  this standard must comply. Should any divergence exist between the descriptions and the 
specifications, the specifications shall take precedence. 

' The numbers in brackets correspond to those of the references in 1.2.1. 
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1.2 References. The following publications should, when applicable, be used in conjunc- 
tion with this standard. 

L2.1 Protocol Stack Specifications 

[l l  EIA IS-64 (1991), 2 mm Two-Part Connector for Use with Printed Boards and Back- 
planes.2 
[21 IEEE Std 896.1-1991, IEEE Standard for Futurebus+ - Logical Protocol Spe~ification.~ 

[31 P896.3, Futurebus+ Recommended Practices (Draft No. 4, Jan. 7, 1992h4 

[41 P896.4, Conformance Test Requirements for Futurebus+ (Draft No. 1.1, Jul. 26,1991). 

[51 P896.5, Futurebus+ - Military Systems, Profile M (Draft No. 2, Jan. 1992). 

[61 P896.6, Futurebus+ - Telecommunications Systems, Profile T (Draft 1.0, Jan. 1992). 

[71 P896.7, Interconnect between Futurebus+ Systems (Draft 1 .O, Jan. 1992). 

[81 P896.8, Small Computer Expandibility Module for Futurebus+ Systems, Profile D (Draft 
0.2, Mar. 1992). 

[91 P1014.1, W E  Bus, Futurebus+ Extended Architecture (VFE) (Draft No. 8, Jan. 7,1992). 

[lo] P1156.1, Environmental Specifications for Computer Modules (Draft No. 3.2, Nov. 19, 
1991). 

[ l l l  IEEE Std 1194.1-1991, IEEE Standard for Electrical Characteristics of Backplane 
Transceiver Logic (BTL) Interface Circuits. 

[123 IEEE Std 1212-1991, IEEE Standard for Control and Status Register (CSR) Architecture 
for Microcomputer Buses. 

[131 P1212.1, Configuration Status Register for Direct Memory Access (CSR/DMA) 
Microcomputer Buses. 

[141 IEEE Std 1301-1991, IEEE Standard for a Metric Equipment Practice for Microcomput- 
ers-Coordination Document 

[151 IEEE Std 1301.1-1991, IEEE Standard for a Metric Equipment Practice for Microcom- 
puters-Convection-Cooled with 2 mm Connectors. 

1161 P1394, High Performance Serial Bus, Draft No. 5.0, Mar. 8,1992. 

1171 IEEE Std 1596-1992, IEEE Standard Scalable Coherent Interface (SCI). 

1.2.2 International Government Regulations for Safety and EMI/RFI Control. This list 
is not intended to  be all-inclusive or final. The appropriate government agencies should be 
contacted for the latest status of these and other regulations: 

EIA publications are available from Global Engineering, 1990 M Street NW, Suite 400, Washington, DC 20036, 

IEEE publications are available from the Institute of Electrical and Electronics Engineers, Service Center, 

Numbers with a "P" prefix are IEEE-authorized standards projects. For information about obtaining drafts, 

USA. 

445 Hoes Lane, P.O. Box 1331, Piscataway, NJ  08855-1331, USA. 

contact the IEEE Computer Society, 1730 Massachusetts Ave., NW, Washington, DC 20036-1903. 
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Parameter Agency Regulation 

Safety CSA 
IEC 

EMC 

UL 
P T T  

FCC 

ZZF 
CENELEC 
VCCI 
P T T  

ESD IEC 

Radiated IEC 
Susceptibility 

CSA 22.5 #950 
IEC 950 
EN 60950 
UL 1950 
(license) 

Part 15 

VDE 0878 
CISPR-22 or European Norm 55022 
CISPR-22, with 6 dB margins 
(license) 

13.6.1 

13.6.2 

TP-5 

2. Definitions and Sbvcture 

2.1 Special Word Usage 
may. A keyword that indicates flexibility of choice with no implied preference. 

optional, option. Refers to the implementation or use of a function that is not required. Op- 
tions may be Futurebus+ specific, profile-specific, vendor-specific, or unit-specific. The 
latter two are not discussed or specified in profiles, and may be implemented provided they 
do not conflict in any way with profiles or  other standards, have no effect on required 
levels of interoperability, and are fully documented in product specifications. Futurebus+ 
specific options are those that are specified in Futurebus+ documents. Reference shall be 
made to  the appropriate standard, with wording such as  “. . . if implemented, this option 
shall meet the requirements specified in (document and section).” An example of a 
Futurebus+ specific option is distributed arbitration. Similarly, a profile-specific option is 
one tha t  is specified in detail in the profile. Any profile-compliant design implementing 
that function shall do it as specified in the profile. 

Availability of an  option shall not be required for the correct operation of a profile-com- 
pliant module or  system; modules implementing an option should be able to default t o  op- 
eration with the option disabled. 

Availability of an option should be specified in a documented capability ROM bit in CSR; 
a corresponding readwrite bit should be available to turn the function on or  off. 

prohibited. Profile-compliant systems or  modules shall not exhibit or assert the behavior or 
function under discussion. Modules compliant with multiple profiles may implement a 
function prohibited by a profile provided that function is disabled in systems compliant 
with that profile, or  provided they do not direct prohibited transactions at modules compli- 
ant with that profile. 

required or mandatory. All profile-compliant modules or systems shall implement the 
specified feature or function. 

shall. A keyword that indicates a mandatory requirement. Designers must implement all 
such mandatory requirements t o  ensure interoperability with other compliant designs. 
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should. A keyword that indicates flexibility of choice with a strongly preferred implemen- 
tation. The phrase it is recommended is used interchangeably with the keyword should. 

supported. Profile-compliant systems or modules that respond appropriately to  the exis- 
tence or  assertion of the specified feature or  function. The profile o r  a referenced Future- 
bus+ standard shall specify the appropriate functional behavior or design. 

not supported. Profile-compliant systems o r  modules that do not respond, or  that respond 
inappropriately, to the existence or assertion of the feature under discussion. 

2.2 Definitions 

activate. The action of applying signals to  a group of bus lines. Similarly, the term acti- 
vated is used to describe the state of a group of bus lines when they carry signals. 

application environment profile (AEP). A document that describes functional require- 
ments and points t o  existing standards, selecting and binding options within those stan- 
dards. An implementor who then designs a specific module and/or system should be rea- 
sonably assured that another designer’s (manufacturer’s or supplier’s) modules will prop- 
erly function within the same system. This includes all aspects of definition: mechanical, 
electrical, protocol, environmental, and system considerations. 
assert. The action of applying a logic one signal to a bus line. Similarly, the term asserted 
is used to  describe the state of a bus line when the signal i t  carries represents a logic one. 

* (asterisk). When appended to  a signal’s name, the suffix “*” indicates that the logic one 
state of the signal is such that i t  will override the logic zero state applied by any other 
module on that line. 
backplane. An electronic circuit board and connectors used to  interconnect modules to- 
gether electrically. The backplane connects selected pins of the connectors, thus providing 
the medium for the transfer of signals needed for the operation of the bus. 

backplane bus. A means t o  connect circuit modules using common signal traces on a 
backplane and a standard set of rules. 

backplane capacity. The minimum and maximum number of backplane slots permitted. 

BIST. Built-in self-test. 

BTL. Bus transceiver logic. 

bus bridge. An interconnect between two or more buses, which provides signal and protocol 
translation from one bus t o  another. The buses may adhere to  different bus standards for 
mechanical, electrical, and logical operation (such a s  a bus bridge from Futurebus+ t o  
VMEbus or  to  Multibus 11). (See also: system bus bridge.) 

bus line. The medium for the transmission of signals. Since Futurebus+ uses open collec- 
tor drivers, a bus line may be driven by several boards simultaneously. Therefore, the 
signal carried by the bus line is the combination of signals applied to  that line from each 
board. 

command-reset. An initialization event that is initiated by a write t o  the RESET-START 
CSR. 
CSR. Control and status registers. 
delta-vgnd. Voltage differential of 0 V dc rail between any two worst-case points of use on 
the backplane, including terminating resistors and backplane capacitors. 
failover. The process of reconfiguration after a fault o r  for planned maintenance. 
Failover may be manual or automatic. 
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geographical address. A unique identifier statically assigned to  each slot by the back- 
plane. 
glyph. A picture, logo, or symbol; used instead of text. 
glitch filter. As explained in IEEE Std 896.1-1991 [21, filters out a fundamental transmis- 
sion line effect found in bused backplane implementations. The effect is  commonly called 
the wire-OR glitch. 
immediate entry. A ROM entry that provides a 24-bit immediate data value. 
intermateable. Mechanical compatibility between modules with the backplane, card cage, 
and system into which they are inserted. Sometimes includes compatibility in the assign- 
ment of power and ground pins. 
interoperate, interoperability. Compatibility of modules with each other or with the sys- 
tendbackplane into which they are inserted. When a pair of such units is said to  interop- 
erate, (a) they cannot suffer damage as  a consequence of being powered and functioning in 
the same system; (b) the modules and the system will each be able to  perform the basic 
function for which they were designed; (c) the modules will be able t o  communicate with 
each other using specified Futurebus+ transactions. 

Some modules o r  backplanes will have optional features not shared by others in the same 
system, so they need to be able t o  default t o  the smaller common set in order t o  communicate 
with each other. A module or  system working in such a reduced-capability mode may suf- 
fer performance degradation that may be severe, but will still be interoperable in that sys- 
tem. 

key. When used in the context of a ROM entry, refers to  an 8-bit field whose value identi- 
fies a ROM location as  an immediate entry, offset entry, leaf entry, o r  subdirectory entry. 
This is a term used (but not defined) in IEEE SM 1212-1991 [121. 

leaf entry. A ROM entry that specifies the address of a variable-length data block. 

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

live insertion. The process of inserting boards into a backplane when power is on. 

live insertion state. A state in which a module may be removed from a powered, opera- 
tional system without interfering with the operation of the remainder of the system or caus- 
ing safety hazard to  the maintenance operator. 

live removal. The process of removing boards from a backplane when power is  on. 

LSB. Least significant bit. 

Lstub. Stub length, measured from the connector via t o  the center of the transceiver pin 
surface-mount pad (include etch length from dispersion via, if present). 

master or reference clock node. The node managing the overall synchronization process, 
which initiates clock synchronization cycles. 

module. An electronic circuit assembly that connects to one or more slots on the backplane. 
I t  is removable from and replaceable in a backplane assembly via connectors. 

monarch processor. The processor that  is selected t o  partially initialize the local-bus 
resources and fetch the initial boot code. 

MSB. Most significant bit. 

node. A node is a set of control and status register addresses (including identification- 
ROM and reset command registers) that  are initially defined in a 4 kbyte (minimum) 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 09:14:49 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 896.2-1991

http://www.avadocuments.com/doc/ieee-896-2-1991
http://www.avadocuments.com/doc/ieee-896-2-1991


IEEE 
Std 896.2-1991 IEEE STANDARD FOR FUTUREBUS+ - 

initial node address space. Each node can be reset independently (a reset of one node has 
no effect on other nodes). 

Node ROM. A range of register addresses that are mapped to address offsets 1024 to 2047. In 
IEEE Std 1212-1991 [121 this is known as ROM-WINDOW. 

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

profile. See: application environment profile (AEP). 

Profile A module. The assembled unit, containing a Futurebus+ interface and one or  more 
nodes complying with Profile A, that  is inserted into a compatible Profile A slot. Profile A 
modules may operate in systems complying with other profiles if the system meets Profile 
A physical requirements and if modules support a compatible transaction set when shar- 
ing data. ' 

Profile A system. The assembly of hardware elements made up of, at a minimum, the Pro- 
file A compliant backplane and subrack, power supply, fans, etc. Modules complying with 
other profiles may operate compatibly with Profile A systems and modules if they meet Pro- 
file A physical requirements and if their features constitute an identity o r  a superset of 
those implemented in a Profile A system as per Tables 59 and 60. 

Profile B module. The assembled plug-in unit, containing a Futurebus+ interface and one 
or two nodes complying with Profile B, which is inserted into a compatible Futurebus+ slot. 
Profile B modules may operate compatibly in systems complying with other profiles if the 
system meets Profile B mechanical requirements, and if non-Profile B nodes properly 
subset their transaction set when addressing Profile B modules, as specified in this profile. 

Profile B system. The assembly of hardware elements made up of, a t  a minimum, the Pro- 
file B compliant backplane and card cage, power supply, air mover, and a bridge to  the rest 
of the system or to another bus. Modules complying with other profiles may operate compat- 
ibly with Profile B systems and modules if they meet Profile B mechanical requirements, 
and if their features constitute an identity or a superset of those mandated in this profile. 

Profile F module. The assembled unit, containing a Futurebus+ interface and one or  two 
nodes complying with Profile F, which is inserted into a compatible Futurebus+ slot. Pro- 
file F modules may operate compatibly in systems complying with other profiles if the sys- 
tem meets Profile F mechanical requirements, and if non-Profile F nodes properly subset 
their transaction set when addressing Profile F modules, as specified in this profile. 

Profile F system. The assembly of hardware elements made up of, at a minimum, the Pro- 
file F compliant backplane and card cage, power supply, and an air mover. Modules com- 
plying with other profiles may operate compatibly with Profile F systems and modules if 
they meet Profile F mechanical requirements, and if their features constitute an identity 
o r  a superset of those mandated in this profile. 

quiescent state. A state in which all modules on a Futurebus+ backplane bus have ceased 
all activity on all Futurebus+ defined signals and all user I/O field signals. 

release. The action of applying a logic zero signal to  a bus line. Similarly, the term re- 
leased is used to  describe the state of a bus line when the signal i t  carries represents a logic 
zero. 

request message. A message that generates one or more response messages when pro- 
cessed. 

root direct0ry.A region in ROM specified in IEEE Std 1212-1991 U21 whose 
identified in the first location of the root directory and whose contents include ROM 
that may be identified using the ROM key. 

size is  
entries 
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Rsie Signal etch resistance. 
Rterm. Terminator resistance (shall be placed on the backplane). 

SELV. Safety extra low voltage. 

serial bus. Intended as a low-cost peripheral connect or  an alternate diagnostic and 
control path. One instantiation of a serial bus is the “Serial Bus” as specified in P1394 [161. 

signal names. Where a group of bus lines are represented by the same letters, the lines 
within the group are numbered, e.g., ADO*, ADl*, AD2*, etc. In order to  represent a group 
of lines or signals in more convenient form, the notation AD[31..0]* is used. Also, the nota- 
tion AD[ ]* is used to refer to all of the lines within the group. 

signal skew. The time difference a data bus may have relative to  its corresponding strobe 
signal. Signal skew is a positive quantity when the strobe signal delay exceeds the bus 
signal delay. 

slot. A mechanical location on a backplane. 

stub. The signal path on the module connecting the BTL transceiver t o  the Futurebus+ con- 
nector. 

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

synchronization internal. The time period between clock synchronization cycles. 

system bus bridge.The interface between a Profile B Futurebus+ and the system 
CPU/main memory which uses Futurebus+ to  communicate to I/O subsystems. Typically, 
the bridge couples the Profile B I/O bus t o  an internal system bus, which links CPU and 
main memory. 

A distinction should be made between the two types of bus bridges defined in this section: 
the bus bridge must comply with Profile B requirements in all respects, while the system 
bus bridge may be exempt from certain Profile requirements, such as  accessibility of its 
CSRs from the Futurebus+, and mechanical requirements. Where different or reduced 
constraints apply t o  system bus bridges, they are called out in the appropriate section of the 
profile. 

system configuration process. The software that intializes the system. The monarch pro- 
cessor executes the system configuration process. 

system reset. As specified in IEEE Std 896.1-1991 [21, this is an initialization event intiated 
when any module asserts the re* signal for 100 to  200 ms. The equivalent term for this 
event, found in IEEE Std 1212-1991 [121, is power-reset. 

Vterm. Terminator source voltage to be maintained under all load conditions. 

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

write one to clear. A method used to clear specific bits in a register. For example, if a write 
one to  clear register contained OxFFFFFFFF and the value 0x00800000 was written into it, 
the contents of the register would become OxFF7FFFFF. 

Zo. Characteristic imedance of signal lines, without including connector vias, on the un- 
populated backplane. 
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Zo’. Characteristic impedance of signal lines on backplane populated by male connectors, 
without termination resistors and with no modules inserted. 

&tub. Characteristic impedance of signal line stub on the module. 

2.3 Signal Conventions. Figure 1 shows an example of the signal conventions used in this 
document. The example is shown with open collector technology (although this specifica- 
tion is independent of this logic family). The signal that a module applies to  the input of its 
driver is designated by a lowercase label, e.g., ai. The signal that  a specific module ap- 
plies to  a bus line is designated by a lowercase label with an  asterisk, e.g., ai*. The signal 
that appears on a bus line as the result of the combined signals applied to i t  by all modules is 
designated by an uppercase label with an  asterisk, e.g., AI*. 

When appended t o  a signal name, the suffix “f’ (filtered) refers to  the bus line signal 
after i t  has passed through a receiver and a wired-OR glitch filter (integrator). For exam- 
ple, AIf refers t o  the signal on the AI* line, after i t  has passed through an inverting re- 
ceiver t o  become AI  and the wired-OR glitch filter to become AIf. 

In a label with an appended asterisk (e.g., WR*), a “0” would mean the signal was re- 
leased. A “1” would mean an asserted signal. 

i: 

Alf llntegratorl <p 
- 1  Y 

I 
AI* 

AI I 

Fig 1 
Signal Conventions 

2.4 Numbering Conventions 

Hexadecimal numbers in this specification are represented by the notation 
Ox####, where each “#” is an integer from 0-9 or a letter from A-F. 
Binary numbers in this specification are represented by a sequence of 1’s and 0’s 
with subscript 2 (e.g., 10 = O x A  = 10102). 
All other numbers in the specification are decimal numbers. 
Superscript (e.g., 232) indicates “to the power of.” 

* All register names and bit names are uppercase. 
For all CSRs in this specification the bit position of each data bit when reading or 
writing the CSR from the Futurebus+ may be determined by overlaying the following 
figure on the CSR figure. 
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BYTE 0 

I I I 1 I "  
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Std 896.1-1991 

BYTE2 I BYTE3 I 
Fig 2 

Numbering Conventions 

2.5 Futurebus+ Logo. The IEEE 896 logo shown in Fig 3 is copyrighted by the IEEE Computer 
Society and may only be used on products that  fully conform t o  all mandatory require- 
ments of an IEEE-approved 896 profile document, or adhere to either IEEE Std 896.1-1991 or 
IEEE Std 896.1-1987. 

Fig 3 
lEEE886Logo 
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3. Node Management 

3.1 Introduction. Node management operations include address allocation, configuration 
control, clock synchronization, error reporting, test, communication, and generic control. 
Some of these operations are accomplished through standard control and status registers 
(CSRs). Many of the CSRs required for Futurebus+ are specified in Section 7 of IEEE Std 
896.1-1991 [23, or in the IEEE Std 1212-1991 [121. A number of fields defined as bus-dependent 
or optional in IEEE Std 1212-1991 are specified in this section. This section also specifies 
CSRs and address offsets that are not specified elsewhere. In the case of conflict in the spec- 
ification of any register, IEEE Std 896.1-1991 takes precedence over this document. 

CSRs are used to  define module characteristics in a uniform way for buses such as Fu- 
turebus+, Serial Bus (P1394 1161) and SCI (P1596 [171). The CSRs appear as memory-mapped 
registers that  are used to  control node initialization (booting), identification, configura- 
tion, and diagnostics. For example, Futurebus+ modules use the CSRs to  perform the per- 
sonality-defining functions that VMEbus modules typically do with jumpers. 

This section introduces the use of arbitrated messages for interrupts, support for the 
node’s use of available address space, CSR addressing, error handling, clock synchro- 
nization, and node control. The intent is to define interfaces, not specify algorithms and 
implementation. 

For the purposes of this section, a node is a set of CSRs, typically including a processor 
with memory, which functions independently of actions on other sets of CSRs. In Future- 
bus+, a module, which may occupy more than one physical board, may contain one or two 
nodes, for a total of 62 addressable nodes in a single Futurebus+ subrack. The module is the 
entity that is removed from or inserted into a Futurebus+ subrack as a unit. 

Futurebus+ signaling is defined between modules; however, address and data lines 
(AD[63..01 and D[255..641) actually transmit addresses and data between nodes. The rela- 
tionship between boards, modules, and nodes is shown in Fig 4. The figure is not meant to  
imply an implementation. CSRs for different nodes on the same module may or may not be 
comprised of separate physical entities. 

3.1.1 Address Space 

3.1.1.1 Memory Addresses. Futurebus+ optionally supports 64-bit addressing and is 
required to  support 32-bit addressing. The 32-bit address space, including the space re- 
served for CSRs, is illustrated in Fig 5(a). The 64-bit address space is unstructured in the 
sense that Futurebus+ does not reserve any areas in it. However, IEEE Std 1212-1991 [121 re- 
serves the top 256 Mbytes of the 64-bit address space. 

3.1.1.2 CSR Addresses. As shown in Fig 5(a), CSRs are addressed when the most sig- 
nificant four bits of the 32-bit address are asserted. The CSR architecture requires 1/16 of 
the available 32-bit address space. 

When referencing CSRs, 32-bit addresses (A321 shall be used. Supported transactions 
and capabilities for CSR references are specified in 3.2. D32 transactions are always 
supported in the CSR area. 64-bit data transfers (D64), 128-bit data transfers (D128), or 256- 
bit data transfers (D256) are permitted. 

Node addressing allows 1023 separate buses, each with 63 nodes, to  co-exist in the same 
address space. This makes seamless references to  nodes on various buses possible. A 
“bus” may be a bus other than Futurebus+, providing a bus bridge exists. One geographical 
address, OxlF, is reserved, so a Futurebus+ bus is limited to 62 nodes. 

The nodes on the same Futurebus+ bus may access each other’s CSR space by using bus 
address 1023 or the actual bus number. The alias bus number, 1023, simplifies addressing 
on a local bus. The actual bus number, stored in the NODE-IDS CSR, is important to  any 
nodes that may generate a split response to a requester on the far side of a bridge. The im- 
portance of the actual bus number is that the split responder will include i t  in the address 
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Module 1 

Board 1 Board 2 Board 3 

Futurebus+ 
Fig4 

F’utumbus+ Boards, Module4 and Nodes 

system bus node initial node 
spaces spaces spaces space 

15/16 

1/16 

Local bus address Broadcast node address 

0 

51 2 

1K 

2K 

4K 

Fig %a) 
32-bit CSR Addressing 
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32-bit CSR Addressing 
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Fig 5(c) 
First CSR Address of Local Bus Node One 

during the connection phase of an uncached split response, and in the data during the dis- 
connection phase of a cached split response. Masters may substitute the local BUS- 
ADDRESS alias (1023) when addressing a node on the local bus. 

Since the default address of the local bus is 1023, initial access to  nodes should use 
BUS-ADDRESS 1023. The most significant five bits of the node address are taken from the 
geographical address lines (GA[4..0] *). Since a Futurebus+ module can never contain 
more than two nodes, the least significant bit of the node address is assigned by the board 
vendor. 

A broadcast to all nodes on a Futurebus+ backplane is achieved by addressing node 63 on 
bus 1023. A broadcast directed t o  any remote bus may be accomplished by addressing node 
63 and the address of the target bus. Modules participating in the broadcast transaction will 
set the module transaction attribute BROADCAST,5 which results in the assertion of ST3* 
(also called broadcast, BC*). 

Figure 5(b) describes CSR address space (the same information as  Fig 5(a)) in an alter- 
nate format. Figure 5(c) shows the address of the first CSR in the Futurebus+ reserved area 
on the local bus for node 1. 

3.1.1.3 Hybrid Addressing. Futurebus+ nodes must support A32 and may support A64 
(64-bit addressing). Futurebus+ modules that support only A32 can coexist on the same 
backplane with modules that  are using A64 without fear of aliasing. To support hybrid 
systems, since all Futurebus+ modules are required t o  support A32, all transactions with 
32-bit equivalents shall be done with A32 transactions. A node that is A64 internally shall 
be designed to recognize a bus address of less than 3.75 Gbyte (the bottom 15/16 of 32-bit ad- 
dress space) as  shown in Table 1, and convert it to A32. This slightly increases the cost of 
64-bit nodes, but ensures compatibility with the elementary 32-bit-only designs. 

/-- 

A 

Specified in ZEEE Std 896.1-1991 [2] ,  Section 6. 
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ADDRESS FIELD DESCRIPTION 
FROM T O  

The lower 15/16 of the 32-bit address space maps directly into the 64-bit address space. 
The combination of address width (CM7*) and address signals driven on the AD bus de- 
termine the target of a transaction, as shown in Table l. 

0 

0 

1 

1 

mm EFFF FFFF A32 Memory 

FOOOoooO FFFF FFFF Node CSR Space 

Address Space 

OOOOoooOOOOOoooO 0000 0000 EFFF FFFF PROHIBITED 
(Use the A32 
Equivalent) 

oo00 oo00 FOOO oo00 FFFF FFFF FFFF FFFF A64 Memory 
Address Space 

3.1.1.4 Byte Lane Mapping. Futurebus+ systems provide address invariance when 
mapping between nodes with different internal byte ordering conventions by adopting a 
“little addressan” byte labeling convention. No matter what the internal byte ordering 
convention is for a particular node or module, data byte 0 always appears on AD[7..01*, 
data byte 1 appears on AD[15..81*, and subsequent bytes follow the same sequence. 

Individual unit architectures may specify any floating point data format, DMA control 
structure format, or endian ordering convention. Units that expect to share data in other 
than the unit’s native format may support more than one format. However, the selection of 
which format to  use is a unit architecture issue. 

Units in a Futurebus+ system that have different native format conventions, and expect 
to  share integer, floating point, or any other data type, must agree on the format of any data 
that is to  be shared (one of the units may have to reformat data). With the exception of the 
CSRs specified in IEEE Std 1212-1991 [121 and in IEEE Std 896.1-1991 121, data format is be- 
yond the scope of this standard. 

A big endian convention is used in all CSR data formats specified in this standard. The 
most significant byte in a big endian system is byte 0, which appears as a data byte on 
AD[7..01*. This means that in CSRs which contain addresses (integers) stored as data, the 
most significant byte of the stored address is byte 0 and the least significant byte of stored 
address is byte 3. When a little endian processor accesses a CSR specified in this standard, 
then byte lane swapping is always necessary. 

When driving an address on the bus, the least significant bit of the address is always 
driven on AD[Ol* and address bit significance increases in ascending order starting at 
AD[O]*. Figures 6(a) and 6(b) show how data is mapped onto the bus. 

For all CSRs in this section, the bit position of each data bit when reading or writing the 
CSR from the Futurebus+ may be determined by overlaying Fig 2 on the CSR figure. 

P896.3 [31 contains a complete description of byte ordering. 
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Fig 6 (a) 
Native Big Endian Node to Futurebus+ CSR Byte Lane Mapping 

,--- 
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Fig6 (b) 
Native Little Endian Node to Futurebus+ CSR Byte Lane fipping 

I 
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3.1.2 Base Functional Character. The CSRs defined in this section are intended to be the 
minimum set necessary t o  “make a system work.” Operations and registers tha t  are 
needed only for specific applications o r  only with specific system architecture paradigms 
are described in 3.1.3. 
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3.1.2.1 Resets. The three uses of the reset line specified in Section 7 of IEEE Std 896.1- 
1991 [21 are live insertion alignment, Bus Initialize, and System Reset. The term 
"command-reset" means that the identified node goes through the same reset operation that 
it does when it  receives a system reset. Different reset events and their associated effects 
are summarized in Table 2. 

Table 2 
Reset (RE*) Operations 

I I EVENT EFFECT I 
I I live insertion alignment I Align only 

I BUS Initialize I Module bus interface only 1 

A directed or broadcast write t o  the RESET-START CSR initiates a command-reset. 
Nodes shall stay aligned to  the bus throughout a command-reset and are prohibited from 
driving RE* as  a side effect of the command-reset. 

3.1.2.2 ROM Identification. The initial register space of a node includes 1 kbyte of 
ROM a t  an address offset range of 1024 to  2044. All addresses used t o  access the ROM 
should have the two least significant bits equal t o  zero. The ROM is used under normal op- 
eration a s  a storage location for read-only data or code. The information stored in the 
ROM is expected to be used by the system configuration process after a system reset, com- 
mand-reset, or live insertion. For example, the ROM will contain data concerning the ca- 
pabilities of the node, the software and hardware version of the node, and the amount of 
node memory that may be mapped into Futurebus+ available address space. The overall 
format of the ROM is specified in IEEE Std 1212-1991 [121. 

The first entry in ROM is specified as required by IEEE Std 1212-1991. Futurebus+ speci- 
fies or reserves 15 locations of the ROM (each location is four bytes wide). The remaining 
240 locations (960 bytes) are specified in IEEE Std 1212-1991 as available for root directory 
entries, unit subdirectories, root and unit leaves, and vendor-dependent information. De- 
tails of the ROM contents can be found in 3.2.4. The basic structure of the ROM is shown in 
Table 3. 

Table 3 
Basic Node ROM Structure 

I INFO-LENGTH I CRC-LENGTH I ROM-CRC-VALUE 1 
I Bus Information Block I 
I Root Directory I 

Unit Subdirectories 
Root and Unit Leaves 

Vendor-Denendent Information 
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The first entry in the ROM as shown in Table 3 contains three fields: The first field 
(INFO-LENGTH) is used t o  indicate the number of four-byte locations contained in the 
Bus Information Block. The INFO-LENGTH field will always contain a value of 15 on 
Futurebus+ systems. The CRC-LENGTH field indicates the number of four-byte locations 
protected by the value in the ROM-CRC-field. For example, if the CRC-LENGTH field 
contained OxFF (255), the entire ROM (except for the first location) would be protected by the 
value in the ROM-CRC-VALUE field. 

The next portion of the ROM is the Bus Information Block. Generally speaking, this 
block contains information that identifies the module as a Futurebus+ product, lists appli- 
cation environment profile compatibility data, and contains bus-dependent ROM entries. 

The Root Directory area of the ROM contains entries that describe the module, node, and 
unit(s). The area also provides pointers to  additional information contained in the ROM. 
The Root Directory might point to other subdirectories (Unit Subdirectory block) or it might 
point directly to leaves (Root and Unit Leaves block), which contain the actual data. 

The last portion of the ROM structure is the Vendor-Dependent Information. This block 
contains parameters that  may vary among vendors supplying the same node or unit archi- 
tectures. 

3.1.2.3 Capability and Setup. This section describes the capability CSRs (in ROM) and 
the corresponding setup (capability enable) CSRs. CSRs for bus control and arbitration are 
discussed in other sections. 

The static characteristics and capabilities of a Futurebus+ node are stored in the ROM 
CSRs. This capability information is expected to be collected and used by a system configu- 
ration process. The combination of the system configuration process, software resident on 
the node, and system events (e.g., faults) set the dynamic characteristics of a node. The 
dynamic characteristics are in writable CSRs. The MODULE-LOGICAL-CAPABILITY, 
NODE-CAPABILITIES, and NODE-CAPABILITIES-EXT CSRs define the static ca- 
pabilities of a node. Most of the remaining ROM CSRs are discussed later and relate to  bus 
control and arbitrated messaging. 

Certain node state and other status information that is referenced a t  system configura- 
tion time is available in the STATE-SET or STATE-CLEAR CSRs. 

The LOGICAL-COMMON-CONTROL CSR may be a broadcast target and all nodes are 
expected to have the same capabilities enabled in this register. The LQGICAL-MODULE- 
CONTROL CSR is expected to be a directed write target, and it is likely that different nodes 
in the same system will be initialized with different capabilities enabled in this register. 

The MODULE-LOGICAL-CAPABILITY ROM CSR is specified in IEEE Std 896.1-1991 
[al. Capabilities specified include support for cache coherence, split transactions, packet 
mode, tags, lock operations, and address and data width. 

The NODE-CAPABILITIES-EXT ROM CSR is specified in 3.2.5.3. Capabilities speci- 
fied in this CSR are node characteristics and indicate support for node control functions 
such as 64-bit address and message passing, compelled data transfers of various widths, 
clock synchronization, and live insertion. 

The system configuration process, using the capabilities values from all nodes, will set 
the system characteristics. These will primarily be set in the LOGICAL-COMMON- 
CONTROL CSR and the LOGICAL-MODULE-CONTROL CSR. The LOGICAL- 
COMMON-CONTROL and LOGICAL-MODULE-CONTROL CSRs are specified in IEEE 
Std 896.1-1991 [21. 

3.1.2.4 Bus Control. The BUS-PROPAGATION-DELAY CSR is a CSR that provides 
programmable control for glitch filter settling time registers. The system configuration 
process is expected to  load this CSR with a value that is a function of the system configura- 
tion. 
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3.1.2.5 Distributed Arbitration. The parameter that  controls distributed arbitration 
priority is loaded into the PRIORITY field of the NODE-IDS CSR. The COMPETITION- 
SETTLING-TIME CSR provides control over competition settling time. The system con- 
figuration process will load these registers with values that are a function of the system 
configuration. These values are typically determined at system configuration o r  boot time 
as  a function of the invariant characteristics of the nodes and other characteristics of the 
system. When these values are changed the new value will take effect on the transition of 
the arbitration enable state bit (from disabled to enabled). 

Control of the COMPETITION-SETTLING-TIME and PRIORITY fields may be left to 
the unit developer. 

Modules capable of both central and distributed arbitration may be commanded t o  
change from one to the other with a CSR write. Switching from central arbitration to  dis- 
tributed arbitration or distributed t o  central may be accomplished by clearing or setting the 
CENTRAL-ARBITER bit in the LOGICAL-COMMON-CONTROL CSR of all nodes on 
the bus. A method using arbitration messages to cause all nodes in a system to switch from 
one to the other is specified later in this section. 

3.1.2.6 Timeout and Setup. There are several timeouts supported by the Futurebus+ 
standard, some have programmable values and others are specified in IEEE Std 896.1-1991 
121 as fixed. 

3.1.2.6.1 Arbitration Timeout Error. ARBITRATION-TIMEOUT is specified in 
Section 5 of IEEE Std 896.1-1991 [21. The timeout period is not programmable. A simplified 
view is that an  ARBITRATION-TIMEOUT occurs only in distributed arbitration phase 2 
or 4. A 1 p s  timer is started at the beginning of phase 2 and phase 4. If the timer expires be- 
fore the transition to the next phase, then an  ARBITRATION-TIMEOUT has occurred and 
the ARB-TIMEOUT-ERROR bit in the ERROR-LO CSR should be set. 

3.1.2.6.2 Transaction Timeout. There is a 32-bit programmable field located in the 
TRANSACTION-TIMEOUT CSR. This register has  a default value of 0x80000 (5242881, 
which is approximately 122 ps. It increments in steps of 2-32 (-233 psI6 up to  one second. The 
TRANSACTION-TIMEOUT CSR is used by the current master only. It guards against a 
parallel protocol violation causing the bus to  hang when one node fails t o  handshake the 
connection, data, or disconnection phase status signals. The timeout is also used as  protec- 
tion against transaction times that are considerably longer than expected by the system 
configuration process. The value to  be loaded into the TRANSACTION-TIMEOUT CSR is 
configuration-dependent. I t  may be acceptable to leave it at its default. 

If the timer expires while waiting for the following phase-dependent attributes: 
Connection phase - waiting for AK* & -AI* 
Data phase - waiting for DATA-INFO-CAPTURED 
Disconnection phase - waiting for TRANSACTION-COMPLETE 

then an error has occurred and the TRANSACTION-TIMEOUT bit in the ERROR-HI 
CSR should be set. 

3.1.2.6.3 Split Timeout. There is one split transaction timeout value stored across 
two SPLIT-TIMEOUT CSRs. The first CSR represents integer seconds and may not be re- 
quired in most system configurations. The second is in fractional seconds and should be 
implemented on all split requestors. If this timeout counter is not implemented, then the de- 
lay waiting for a split response may be infinite. It is recommended that if there are two 
nodes on the same module, a single split transaction timeout value be used. A module with 
the capability of supporting multiple split transactions should initialize separate timers 
with the value in this CSR for each split transaction. 

As specified in IEEE Std 896.1-1991 [2], Section 6. 
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If the timer expires before the response is received, the requester shall assume that the 
transaction is in error, and the SPLIT-TIMEOUT bit in the ERROR-HI CSR should be set. 

3.1.2.7 Retry. A general retry mechanism has been provided for those systems wish- 
ing to retry a transaction tha t  has  resulted in a BUSY or an  ERROR. Two sets of corre- 
sponding registers have been defined for this purpose. Each set consists of four registers as 
follows: 

BUSyRetrYRegiSters EirrorRetryRegisters 
BUSY-RETRY-COUNTER ERROR-RETRY-COUNTER 
BUSY-RETRY-DELAY ERROR-RETRY-DELAY 
BUSY-RETRY-COUNTER-CAPABILITY ERROR-RETRY-COUNTER-CAPABILITY 
BUSY-RETRY-DELAY-CAPABILITY ERROR-RETRY-DELAY-CAPABILITY 

A system may choose to disable all retries. This can be accomplished by setting the 
threshold count to zero. The details of the retry facility are left to the designer. The retry de- 
lay interval does not have to  be a constant time and may be changed by the module on each 
retry attempt. The designer should note that certain reads may have side effects that  should 
be considered when defining the hardware retry mechanism. 

It should be noted that software retry is an alternative to implementing a hardware retry 
mechanism. The effectiveness of retry is completely dependent on the reason for the error 
or busy condition. 

In general, it is not safe to automatically retry any transaction that has failed. The first 
attempt may have had side effects (reads of unit-dependent registers or coherent locations 
may have side effects). For that reason, units are only expected to automatically retry a 
subset of transactions tha t  are called safe-retries. However, selecting the subset of safe- 
retries is unit-dependent and beyond the scope of this standard. 

When an error is detected, the error symptoms are always captured in the error log regis- 
ters regardless of the retry strategy. If that  transaction is retried and another error is de- 
tected before the error log registers have been reset, then no new state should be set in the 
ERROR-HI register. If a retry succeeds at any time, the RECOVERED bit should then be 
set in the ERROR-LO register. If the retry count is exceeded, then the ERROR-RETRY- 
THRESHOLD-EXCEEDED bit is set in the ERROR-LO CSR. 

P896.3 [31 discusses retry in depth in the fault tolerance section. 

3.1.2.8 Node State Control. Four node states are defined: initializing, running, test- 
ing, and dead. Two additional states are defined for nodes but are not meaningful to  nor- 
mally operating nodes: not powered and live insertion. Transitions between the four node 
states can be initiated by use of operator facilities on the module front panel or by bus trans- 
actions that write t o  the STATE-SET, RESET-START, and TEST-START CSRs. 

The node state is represented in the STATE-CLEAR CSR by the 2-bit STATE field. The 
STATE field can be changed by writing to  the RESET-START CSR, which will cause the 
node t o  undergo a command-reset. This will cause the node to  enter the initializing state. 
If no errors are detected, the node will transition to the running state. If a fatal fault is de- 
tected, the node will enter the dead state. If a permanent fault is detected but the node is able 
to perform its assigned function, the LIMP bit in the ERROR-LO CSR will be set and the 
node will enter the running state. If a transient fault is detected but a retry of the failing 
transaction succeeds, the RECOVERED bit in the ERROR-LO CSR is set. 

Tests can be defined such that running nodes can continue to  run while performing the 
test. The testing state is entered when a test is started (by writing t o  the TEST-START 
CSR) that causes the node to be unable to perform its assigned function. 
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Live insertion is controlled by one bit in the LOGICAL-COMMON-CONTROL CSR, two 
bits in the STATE-CLEAR and STATE-SET CSRs, two capability bits in the NODE- 
CAPABILITIES-CSR, and two capability bits in the NODE-CAPABILITIES-EXT CSR. 
The electrical and other non-CSR related live insertion requirements are presented and 
specified in Section 4. 

A Futurebus+ module implements one of four live insertion levels. The module's level is 
specified by the LIVE-INSERTION field in the NODE-CAPABILITIES-EXT CSR. 

(1) Level 0 - live insertion is not supported. 
(2) Level 1 - during the withdrawal or insertion operation, no parallel or arbitration 

bus transactions are permitted. 
(3) Level 2 - permits a limited number of transaction types during the withdrawal and 

insertion operation. 
(4) Level 3 - permits any transaction type defined for the profile to be implemented dur- 

ing live withdrawal and insertion operation. 
For level 2, the transaction type permitted during live insertion is defined by the applica- 

ble profile. If a module contains two nodes, both nodes implement the same level. 
Systems that do not support live insertion (e.g., for safety reasons) may disable a live in- 

sertion capable module from entering the live insertion state (indicator lights never indi- 
cate live insertion). Disabling this function is done by setting a control bit in the LOGI- 
CAL-COMMON-CONTROL CSR, which disables the front panel live insertion switch, 
and the ATN and OFF state bits in the STATE-CLEAR and STATE-SET CSRs. 

Setting the ATN bit in the STATE-SET CSR indicates to the module that module shut- 
down, in preparation for a live withdrawal operation, is about to begin. The node's func- 
tional logic (one or  two nodes per module) initiates the implementation-defined housekeep- 
ing operations necessary to save the node's state prior to removing power. Examples of ac- 
tions that set the ATN bit are given in Section 4. Futurebus+ modules are designed so that 
when housekeeping is complete, power is  removed from the module without requiring addi- 
tional signals. The node is permitted to initiate bus transactions as a part of housekeeping. 

A module can be powered down by setting the OFF bit in the STATE-SET CSR to one. 
Once OFF has been set the module will no longer respond to  or generate Futurebus+ trans- 
actions. How power is restored t o  the module is beyond the scope of this specification. 

If ATN has been set, but a power-reset or  command-reset is received before the house- 
keeping operations are complete, the housekeeping operations are terminated and the node 
is reset. If a Bus Initialize is received after the ATN bit has been set but prior to the comple- 
tion of housekeeping, the bus interface is initialized and housekeeping continues followed 
by power removal. 

If a module contains two nodes, receiving ATN or OFF at either node causes the action at 
both nodes. For ATN, power is removed when the slower node completes housekeeping. 

3.1.2.9 Standard Diagnostic Interface. This section describes how to make a node res- 
ident (built in) test accessible for use by generic test control software. 

3.1.2.9.1 Diagnostic Facility. Diagnosing an error is often facilitated by the avail- 
ability of state information captured at the time the error was detected. The region in the 
CSR core address space between 384 and 508 is reserved for error symptom logging. The in- 
formation t o  be logged in the CSR core error log buffer area on Futurebus+ systems should 
include (but is not limited to) the address referenced in the failing transaction, the byte 
lane on which a parity error was detected, and state of the ADC I* bus when a connection, 
data, or disconnection phase error is detected. 

The Futurebus+ diagnostic facility specifies 16  Core CSRs for error symptom capturing, 
as defined in 3.2.2.14. In addition t o  error symptom capturing, the standard provides a 
CSR interface to initiate and monitor the progress of node and bus built-in self-test (BIST) 
and resets. Additional information on how the Futurebus+ diagnostic facility is intended 
to be used will be included in the Systems Test section of P896.3 [31. 

35 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 09:14:49 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 896.2-1991

http://www.avadocuments.com/doc/ieee-896-2-1991
http://www.avadocuments.com/doc/ieee-896-2-1991


IEEE 
Std 896.2-1991 IEEE STANDARD FOR A FUTLTREBUS+ - 

A default self-test is assumed to  run when System Reset o r  command-reset is signaled 
or when one or more tests are explicitly requested. At the end of the reset period, the module 
must be ready to  respond if addressed. If the module is addressed and self-test is not 
complete, the module may respond with busy status BS*. This standard specifies a 
maximum time for a default built-in self-test to complete but does not specify a maximum 
time limit on all tests (including those not run by default). 

Diagnostic tests are divided into four categories: 
(1) Initialization diagnostics are autonomous in that they should not depend on the cor- 

rect operation of other nodes in the system or the contents of the ARGUMENT CSRs. 
The maximum time limit for the default set of initialization tests to execute on a de- 
fect free node is 10 seconds. By setting the maximum value, software has a reliable 
mechanism for detecting failures that prevent test completion. The default initial- 
ization tests may be a subset of all tests in this category. 

(2) Extended diagnostics depend on the availability of a memory buffer. These tests will 
generate bus traffic using a memory buffer that  is identified in the ARGUMENT 
CSRs. They should detect all permanent faults on a node that remain following exe- 
cution of initialization diagnostics, with the exception of logic that is untestable 
without operator intervention. These tests may verify attached options such a s  mass 
storage devices and controllers. The maximum time for the default set of extended 
tests to execute on a defect-free node is 10 seconds. The default extended tests may be 
a subset of all tests in this category. 

(3) System diagnostics are an option of the system designer. When this test category is 
selected, the interpretation of data passed in the TEST-STEP field o r  in the ARGU- 
MENT CSRs is not specified in this standard. For example, a vendor may define a 
protocol for passing ASCII characters t o  a module resident ROM based diagnostic 
monitor a s  a mechanism for invoking unit-specific diagnostic tests. Examples of 
functions that system category tests may verify include timer functions, message 
passing, or cache coherence in shared memory systems. These may also be used to  
stress the bus by generating a dense sequence of transactions that consume as  much 
of the available bus bandwidth as possible. 

(4) Manual intervention diagnostics are tests that require some action on the part of the 
operator, such as mounting scratch media, the connection of an I/O loopback connec- 
tor, or manual setting of loopback on an external modem. When this test category is 
selected, the interpretation of data passed in the TEST-STEP field or in the ARGU- 
MENT CSRs is not specified in this standard. Destructive testing is only permitted 
in the manual category (e.g., formatting a disk, or running a readwrite exerciser). 

3.1.2.9.2 Diagnostic Test Initialization. Diagnostic tests are initiated by power-on, 
System Reset, or by writing the TEST-START CSR, a member of the core set of CSRs. The 
TEST-START CSR contains three fields: 

(1) TEST-STEP - a 16-bit field that typically identifies which test sequence to run. The 
interpretation of the field is implementation-specific. TEST-STEP equal t o  Ox0000 
is reserved for the default set of tests; TEST-STEP equal to  OxFFFF indicates that all 
tests in the category are to be run. In the system test category, a TEST-STEP may 
represent a message in a vendor-defined communication protocol with a unit resi- 
dent diagnostic monitor program. 

(2) TOPS - an optional 3-bit field indicating the test should be continually looped, 
should loop on error, and/or should continue or halt if an error is detected. The op- 
tions are not mutually exclusive (multiple bits may be set). 

(3) CAT (category) - a 4-bit field indicating the category of test to be run. Tests may be 
initialization diagnostics, extended diagnostics, system diagnostics, or manual 
intervention tests. A write of Ox0 to  the category field causes the current test to  stop. A 
test may be part of one or more categories. The categories are not mutually exclusive 
(multiple bits may be set). 
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NOTE: When invoking a potentially destructive manual intervention category test, the operator is  
responsible for taking appropriate precautions. 

The ARGUMENT CSRs are available for processes outside the node to  provide parame- 
ters to guide the test, or to receive parameters from the test. The parameter will be the ad- 
dress of a buffer in memory that an  extended test may use. The ARGUMENT CSRs can 
also be used in system tests to pass commands to the test, present further symptom informa- 
tion from the test, or t o  indicate the memory address where further information can be 
found. By convention, these CSRs will be used by the extended test category to indicate the 
location of a 4 kbyte memory buffer. Except for extended tests, the interpretation of the con- 
tents of the ARGUMENT CSRs are implementation-dependent and may vary between di- 
agnostics. 

A typical extended test would read the ARGUMENT CSRs to obtain the test area address, 
read the LOGICAL-MODULE-CONTROL CSR t o  determine the length and width 
transaction to use, then write and read data patterns to the test area. This test will exercise 
the transceivers in both the sending and receiving module. 

3.1.2.9.3 Diagnostic Test Status. A TEST-STATUS CSR in the Core CSR space is 
provided both to observe the progress of the test and to determine the results of the test. This 
CSR is set by node logic; a write to  this CSR from other Futurebus+ nodes is ignored. The 
CSR contains four fields: 

CAT (category) - a 4-bit field indicating whether an initialization diagnostic, 
extended diagnostic, system diagnostic, or manual intervention test is running. A 
test may be part of one or more categories. 
TEST-STEP - a 16-bit field that identifies the test currently running or the last test 
run if the tests are complete. I t  is assumed that tests run in sequence. Thus, the 
TEST-STEP field value used to  start the test may be automatically succeeded by 
other test identifiers. The interpretation of the field, i.e., the identification of the test, 
is implementation-specific. In the system test category, the contents of this field may 
be used to pass vendor-defined information. 
FRU (field replaceable unit) - the implementation-specific identification of the 
failed component, if one was identified. 
TEST-STATE - a 6-bit field that indicates whether a test passed, failed, is imple- 
mented, or is active. When running a series of tests, i t  is possible for multiple bits t o  
be set. A TEST-STATE of 0 0 0 1 0 0 2  (test successful) or 0 0 0 0 0 0 2  (test not implemented) 
indicates that the node has entered the running state. This will also be indicated in 
the STATE-CLEAR and STATE-SET CSRs. The TEST-STATUS field is imme- 
diately updated when a test starts, detects an error, or completes. The immediate up- 
date is permitted to clear all bits and set the running state while checking to deter- 
mine if a specified test is implemented by the node. 

3.1.3 Optional Functional Character. This section describes functional character 
needed for specific unit architecture and system paradigms. For example, only real-time 
systems are likely to use clock synchronization. These are all areas that are less likely to  
be of general utility. Standard interfaces have been defined for those functions that require 
that the interface address and character be common for all implementations that require 
the specific feature. 

3.1.3.1 Messages. The optional message mechanism defines two message receive 
mailboxes, a selective message broadcast facility (sometimes referred to  as multi-cast), 
and variable length messages. The presence of the message facility is indicated by the 
MESSAGE-CAPABLE bit being set in the MODULE-LOGICAL-CAPABILITY CSR' and 

The MESSAGE-CAPABLE bit in the MODULE-LOGICAL-CAPABILITIES CSR is specified in IEEE Std 
896.1-1991 [23. The NODE-CAPABILITIES CSR is specified in  IEEE Std 1212-1991 [12]. Both shall be set on 
message capable nodes. 
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the MS bit being set in the NODE-CAPABILITIES CSR. If the MESSAGE-CAPABLE bit 
indicates that  the message facility exists then the implementation shall support the entire 
message facility. Section 9 of IEEE Std 896.1 [21 contains the general description and 
specification of the message facility. 

The Futurebus+ message facility defines separate target addresses for request and re- 
sponse messages. A request message is defined as  a message that generates one or more 
response messages when processed. A response message generates no additional mes- 
sages when being processed. Two message mailboxes defined in this manner can reduce 
the possibility of deadlocks. An implementation is allowed t o  merge MESSAGE- 
REQUEST and MESSAGE-RESPONSE if deadlock-free operation can be maintained. 
Futurebus+ nodes that merge the message targets must recognize both addresses. This will 
retain compatibility with other buses that support message passing as  defined in IEEE Std 
1212-1991 1121. Messages directed to a specific node, i.e., not node 63, must have the least 
significant six bits of the address equal to zero. 

The message CSRs can be used as target addresses for broadcast messages. Broadcast 
messages are indicated by a CSR address in the range 128 to 252 directed to node 63. When 
a node that supports message passing detects a broadcast message, if the least significant 
six bits of the address are non-zero, they are used to select a bit in the node's MESSAGE- 
PASSING-SELECT-MASK CSR. If the bit is one, the message is accepted (assuming no 
other conditions cause i t  to  fail). If the bit is a zero, the message is not accepted. If the least 
significant six bits of the address are zero, then the message is unconditionally accepted. 

CSR addresses 128 to 252 are reserved for messages. The intent is to reserve 64 bytes, for 
each of the message targets, to aid minimum implementations in supporting the default 
message size (64 bytes). A performance-oriented implementation may provide sufficient 
buffering to  support queuing multiple messages and receive messages longer than 64- 
bytes. The maximum frame size a node can accept is specified by the MESSAGE- 
FRAME-SIZE CSR. Messages may be transmitted 32,64,128, or 256 bits in parallel. 

The message mechanism can be used to transmit large amounts of data but requires ac- 
cess to  the data transfer bus. A complementary event mechanism based on arbitrated mes- 
sages (which does not require the data transfer bus) is presented in 3.1.3.2. 

3.1.3.2 Arbitrated Messages. Arbitrated messages and distributed arbitration mes- 
sages are defined in Section 5 of IEEE Std 896.1-1991 121 to allow nodes to  signal global 
events across the bus without becoming master or performing data transfers. Systems with 
distributed arbitration may support distributed arbitration messages. Systems with central 
arbitration may support general arbitrated messages and central arbitrated messages. 

Central arbitrated messages are messages to the central arbiter. They include a new ar- 
bitration priority and the geographical address of the node sending the message, as speci- 
fied in Section 5 of IEEE Std 896.1-1991. 

General arbitrated messages and distributed arbitration messages allow nodes to broad- 
cast a message to  other nodes on the same Futurebus+ segment. Some encodings of general 
arbitrated and distributed arbitration message fields are reserved in this standard. 

A bridge to a non-Futurebus+ backplane may convert certain arbitrated messages into 
interrupts, particularly if the bus "on the other side" supports the INTERRUPT-TARGET 
CSR. But in general, designers need to carefully consider how arbitrated messages will be 
interpreted by bus bridges. 

This standard reserves general arbitrated messages and distributed arbitration mes- 
sages for the following purposes: 

For use by vendors 
For specification by profiles 
Unmaskable Interrupt 
Power fail 

For the event mechanism, described in the next section 

-_ 
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INTERBUPT-TARGET CSR 

Target for broadcast or directed writes 

One per node, located a t  a specific CSR 
offset 

Writes shall never be busied 
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IIlterruptRegister 

Target for directed writes 

As many as  needed, located a t  any ad- 
dress in unit space 

Writes may be busied 

3.1.3.2.1 Event Mechanism. A write to the node’s INTERRUPT-TARGET CSR can 
be used to cause an implementation-defined interrupt in the node. The data that  is written 
to  the INTERRUPT-TARGET register is ANDed with the data in the INTERRUPT- 
MASK register and the result is sent to all processors on the node. A non-zero bit in the 
result corresponds to  one of 32 interrupt priorities. This mechanism is  described in 
3.1.3.3.2. 

In situations where the data transfer lines are unavailable, either because a long trans- 
action is underway or because of a fault such as  a “babbling transmitter,’’ general arbi- 
trated messages or distributed arbitration messages can be used to signal an event to a 
node with minimum delay. Certain of these messages are defined to  set a specified bit in 
the INTERRUPT-TARGET CSR. The result will be ANDed with the INTERRUPT-MASK 
register as indicated above. 

General arbitrated messages and distributed arbitration messages Ox00 to OxlF are de- 
fined t o  have a one-to-one correspondence with bits in the INTERRUPT-TARGET CSR. 
The least significant bit is set by 0x00, the most significant bit by OxlF, etc. These messages 
are local to the particular Futurebus+ segment where they are generated, i.e., they are not 
necessarily passed across bridges. 

The use of arbitrated messages and distributed arbitration messages for event signaling 
follows the same rules as the generation of all arbitrated messages. 

3.1.3.3 Interrupts. Interrupt requests may originate from sources within the node that 
services the interrupt, from external sources, other modules, DMA engines, or sources out- 
side the local system. Either hardware or software can potentially initiate interrupts. Fu- 
turebus+ supports two interrupt mechanisms: unit-specific interrupts and unit-broadcast 
interrupts. These interrupt mechanisms provide the basic facilities upon which a system 
designer can build an application-specific interrupt-processing mechanism. 

-. 
3.1.3.3.1 Unit-Specific Interrupts. The unit-specific interrupt mechanism uses a 

write unlocked transaction to write a 32-bit datum to a unit space register whose location is 
determined by mutual agreement between the interrupting and the interrupted processes. 

These interrupt registers are not to be confused with the INTERRUPT-TARGET CSR 
specified in 3.2.2.11. Table 4 contrasts some of the differences between the two types of 
interrupt registers. 

Although not defined by this standard, a few examples of possible interrupt register im- 

A node has one or  more interrupt-registers where each bit signifies an interrupt, i.e., 
there are 32 possible discrete interrupts per register. When a write occurs to  this reg- 
ister a side effect is to post an interrupt corresponding to  each bit set. For example, a 
write of the value 0x00000001 to an interrupt register will initiate the interrupt request 
corresponding to  the least significant bit. 

plementations are: 

39 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 09:14:49 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 896.2-1991

http://www.avadocuments.com/doc/ieee-896-2-1991
http://www.avadocuments.com/doc/ieee-896-2-1991


IEEE 
Std 896.2-1991 IEEE STANDARD FOR A FUTUREBUS+ - 

The hardware behind this register should be designed to translate interrupt bits t o  
prioritized interrupt vectors for the appropriate processor. When a bit is set the hard- 
ware will schedule the corresponding interrupt. If multiple interrupts are posted to  
the same bit before it is serviced, it should be counted as one interrupt. The bit should 
be cleared when the interrupt is serviced. 
A node may have a simple interrupt-register that  can only signal one interrupt. A 
write of any value to this register would signal an interrupt to the node; the actual 
value loaded could be an encoded representation of the interrupt level vector loca- 
tion. 
A node may have separate interrupt registers, one for each priority level. A write of 
any value to  one of these registers would signal an  interrupt at the priority level im- 
plicit in that  register. 

3.1.3.3.2 Unit Broadcast Interrupts. The INTERRUPT-TARGET and INTER- 
RUPT-MASK CSRs provide a mechanism for sending 32 prioritized interrupts to a node. 
Bits in the INTERRUPT-TARGET correspond to 32 priority levels with the most signifi- 
cant bit corresponding t o  the highest priority level and the least significant bit to the lowest 
priority level. When a write to the INTERRUPT-TARGET CSR occurs, the INTER- 
RUPT-TARGET is ANDed with the contents of the INTERRUPT-MASK CSR. If any bit of 
the result is a one, an interrupt on that level is sent t o  the node's processors. Masked inter- 
rupts do not remain pending; writing to the INTERRUPT-MASK CSR does not cause the 
AND to take place. The relationship between bits in the INTERRUPT-TARGET CSR and 
vectoring of external interrupts by the node's processors, other than relative priority, is de- 
fined by the implementation. 

When multiple bits are set as a result of the AND of INTERRUPT-MASK and INTER- 
RUPT-TARGET, the node's logic is expected to provide the mechanism to queue the inter- 
rupts. 

As an example, a process can be assigned a given priority level when executing. If an 
interrupt at a lower level is received, the interrupt is logged but left pending. If an interrupt 
at a higher level is received, the currently executing process is interrupted and a process 
associated with the new priority level is dispatched. 

Processors tha t  only recognize, for example, eight priority levels would never be enabled 
for priority levels 8 through 31. Nodes that do not use priority-based process dispatching 
would always have the INTERRUPT-MASK CSR set to contain a single one bit; all other 
bits would be zeros. 

Interrupts can be initiated using arbitrated messages as  presented in 3.1.3.2. 

3.1.3.4 Packet Management. Packet management is discussed in detail in IEEE Std 
896.1 -1991 121. Fields in the MODULE-LOGICAL-CAPABILITY register indicate what 
packet-mode capabilities a node supports. Fields in the LOGICAL-MODULE-CONTROL 
CSR enable those functional capabilities. 

3.1.3.5 Clock Synchronization. For systems that must maintain global time among 
multiple nodes with real-time clocks, Futurebus+ provides timing facilities for use in con- 
junction with a set of real-time clock CSRs. The intent is not to fully specify a particular 
system clock implementation, but rather t o  define primitive operations that support the 
clock synchronization techniques described by P896.3 [31. 

Futurebus+ references real-time clock CSRs defined by IEEE Std 1212-1991 [121. These 
include the 64-bit CLOCK-VALUE, CLOCK-TICK-PERIOD, and CLOCK-STROBE- 
ARRIVED CSRs. The format of these registers is defined in IEEE Std 1212-1991. Future- 
bus+ defines other real-time clock registers whose addresses and names are reserved by 
IEEE Std 1212-1991 but whose format and function are bus-specific. These include the 32-bit 
CLOCK-INFOO, CLOCK-INFO1, CLOCK-INFOZ, and CLOCK-INFO3 CSRs. Futurebus+ 
defines CLOCK-STROBE as  an equivalent name with CLOCK-INFOO, reserves the use of 

A 
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CLOCK-INFO1, and defines CLOCK-REFERENCE-HI and CLOCK-REFERENCE- 
LO as equivalent names with CLOCK-INFO2 and CLOCKJNF03, respectively. A clock 
strobe signal associated with the CLOCK-STROBE-ARRIVED CSR is also defined by Fu- 
turebus+. 

The minimum real-time clock CSRs required to  implement a distributed synchronized 
clock node on Futurebus+ are: CLOCK-STROBE and CLOCK-STROBE-ARRIVED. Two 
bits in the NODE-CAPABILITIES-EXT ROM CSR and two bits in the LOGICAL- 
MODULE-CONTROL CSR are also required. In addition, it is  recommended that  
CLOCK-REFERENCE, CLOCK-VALUE and CLOCK-TICK-PERIOD CSRs be imple- 
mented to allow the following Futurebus+ operations: broadcast writes of a reference clock 
value to  all subordinate clock nodes; Futurebus+ reads of a node's local clock; Futurebus+ 
reads t o  inform other nodes of the local clock update period. 

The time facilities in each node are under control of a software process known as the 
clock manager. The clock manager process uses the timing facilities t o  (1) establish a 
distributed system clock configuration, (2) initialize system time, and (3) maintain sys- 
tem time via periodic synchronizations. 

To support the range of synchronization techniques described in P896.3 [SI, all clock 
nodes are assumed to  be intelligent entities, capable of adjusting their own local clock 
based upon a reference time distributed periodically by a reference clock. To support clock 
synchronization across a bus bridge, i t  is further assumed that the bus bridge has its own 
local clock, its own clock CSRs, and a mechanism to synchronize i ts  local clock to  a refer- 
ence clock on at least one side of the bridge. 

3.1.3.5.1 Clock Synchronization Summary. The time period between clock syn- 
chronization cycles is the synchronization interval. The synchronization interval should 
be short enough to  ensure that the synchronicity of clocks is adequate for the intended appli- 
cation but not so short as  to cause synchronization to  consume an excessive amount of bus 
bandwidth. Minimum requirements on the oscillator accuracy and update frequency of 
clocks are specified in 3.2.2.12. 

The node managing the overall synchronization process, called the master or  reference 
clock node, initiates clock synchronization cycles. During each synchronization cycle, 
the reference clock node sends a sample-clock-strobe signal to all participating clock 
nodes using standard Futurebus+ signals. The sample-clock-strobe signal causes all 
nodes to store the current value of their local clock in a local CSR. A reference clock value, 
called reference-clock, is then transmitted by the reference clock node to all subordinate 
clock nodes. Alternatively, subordinate clock nodes may perform CSR read($ to  obtain a 
reference clock value from a particular node or an average value from many nodes. Each 
node computes the time error or  offset between the local and reference clock value. When 
all clock nodes have adjusted the time or frequency of their local clock based upon the time 
error, then the clock synchronization cycle is complete. 

3.1.3.5.2 Local Clock Model. Each node participating in clock synchronization 
maintains a free-running counter called time-running. Time-running, which does not 
reside in CSR space, is 64-bits long and represents time as an unsigned integer such that 
the least significant bit represents 2-32 seconds (-233 picoseconds). Thus, the most signifi- 
cant quadlet of time-running represents seconds and the least significant quadlet repre- 
sents fractions of a second. Node-local processor reads of time-running return the current 
time. 
NOTE: All 64 bits of time-running may not be visible to application software since, in certain synchronization 
methods, the m least significant clock bits are manipulated by hardware to accomplish time synchronization. In 
this case, the clock is divided into 64 - m application software usable bits and m synchronization bits. Conversely, 
time-running may be extended beyond 64 bits to 96 or more bits in order to implement other synchronization 
methods. (Refer to P896.3 131 for a description of these clock correction methods.) 
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To support reads of a node's free running clock over Futurebus+ a node may, as  an op- 
tion, implement a read-only 64-bit CLOCK-VALUE CSR. To accurately read a 64-bit clock 
value, software is expected to  read the CLOCK-VALUE-HI register, to read the CLOCK- 
VALUE-LO register, and to  reread the CLOCK-VALUE-HI register. If the CLOCK- 
VALUE-HI register has changed, an overflow has occurred, and the CLOCK-VALUE-LO 
register can be assumed to be zero (a legal value within the reading interval). 

The optional 64-bit CLOCK-TICK-PERIOD CSR is used to  inform other nodes of the local 
clock update period. The least significant bit represents 244 seconds. 

3.1.3.5.3 Clock Offset Determination. Each node participating in clock synchro- 
nization contains a 32-bit CSR called CLOCK-STROBE. A Futurebus+ broadcast write to  
CLOCK-STROBE is interpreted by all clock nodes as the sample-clock-strobe signal. A 
detailed description of the timing of the sample-clock-strobe is in 3.1.3.5.5. 

Along with providing the sample-clock-strobe signal, the broadcast write to CLOCK- 
STROBE CSR provides a label that  uniquely identifies this strobe from previous or subse- 
quent strobes. The least significant byte contains a COUNT field that is incremented each 
time the node generates a strobe. This is intended to  distinguish between different strobes 
generated by the same node. The label contains the NODE-ADDRESS. This is intended to  
distinguish between strobes generated by different nodes. The remaining bits of 
CLOCK-STROBE are reserved by Futurebus+. 

On the arrival of the sample-clock-strobe, clock nodes latch their local 64-bit clock into 
the local 64-bit CLOCK-STROBE-ARRIVED CSR. Sampling occurs on all enabled clock- 
capable nodes including the reference node which generated the strobe and any clock ca- 
pable bridge which has enabled clock nodes on the remote bus. When read over Futurebus+ 
the CLOCK-STROBE-ARRIVED register simply returns its current value (i.e., the most 
recently latched value of time-running due to  a sample-clock-strobe). 

After sending the sample-clock-strobe, the reference node computes a new reference 
time. How this is done is not defined by this standard. In the simplest case, the reference 
node's most recently sampled clock value (the contents of CLOCK-STROBE-ARRIVED) 
may be used a s  the reference time. Alternatively, the reference node may read each partic- 
ipating clock's CLOCK-STROBE-ARRIVED CSR in order t o  compute an  averaged or 
weighted-average reference clock value. 

Once a reference time is determined, the reference node distributes the reference time to  
a target 64-bit CSR on each clock node called CLOCK-REFERENCE. The broadcast is per- 
formed as  follows. The most significant quadlet of reference-clock is written to  CLOCK- 
REFERENCE-HI. Then, the least significant quadlet of reference-clock is written t o  
CLOCK-REFERENCE-LO. The write of CLOCK-REFERENCE-LO activates the local 
clock manager process (e.g., by generating an interrupt). 

If the CLOCK-REFERENCE CSR is not implemented, subordinate nodes may determine 
the reference time by reading a designated node's CLOCK-STROBE-ARRIVED CSR. 
This method requires N bus transactions to  distribute the reference clock, where N is the 
number of clock-capable nodes on the local bus segment. Alternatively, all nodes may 
read each other's CLOCK-STROBE-ARRIVED CSR in order to  compile an averaged ref- 
erence clock value. This method requires N2 bus transactions to  determine the clock refer- 
ence value. While requiring more overhead, these alternative methods facilitate imple- 
mentation of a fault-tolerant global clock. Futurebus+ profiles are responsible for specify- 
ing the method of computing and distributing the reference value. 

After the reference clock value is available in the local node, the local clock manager 
process computes the offset value by subtracting the stored 64-bit value of CLOCK- 
STROBE-ARRIVED from the 64-bit reference clock value: 

Offset = CLOCK-REFERENCE - CLOCK-STROBE-ARRIVED 

,- 

n 
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From this definition, a positive offset indicates the subordinate clock is running slow 
relative to  the reference clock, and a negative offset indicates the subordinate clock is run- 
ning fast. 

Based upon the sign and magnitude of the computed offset, a node performs the appropri- 
ate adjustment t o  the local time-running. Two basic clock adjustmenffcorrection methods 
are possible: adjustment of the local clock phase (value) or  adjustment of the local clock 
frequency. The method of clock adjustment is outside the scope of this standard. For a de- 
scription of these methods and their relative merits consult P896.3 [31. The synchronization 
interval is complete when all clock nodes have adjusted their local clocks. 

3.1.3.5.4 Bridge Considerations. The Futurebus+ clock synchronization algorithm 
described in 3.1.3.5.3 is extensible for use in multiple bus architectures that are intercon- 
nected by bridges. To achieve synchronization of clocks across bridges, the bridge is re- 
quired to be capable of acting both as a reference and subordinate clock node as previously 
described. In addition, the bridge must be able to forward the sample-clock-strobe t o  the 
remote bus and be able to  compute and broadcast an adjusted reference time to clock nodes 
on this bus. If clocks on remote bus nodes are to be included in the averaging of the refer- 
ence time, then the bridge must either (1) contain CSRs to allow the reference node to  nor- 
malize these CLOCK-STROBE-ARRIVED CSR values, or (2) perform the normalization 
itself during a read of this register. At a minimum, delay of the sample-clock-strobe sig- 
nal through the bridge and across any significant amount of cabling should be accounted 
for. The bridge standard is  ultimately responsible for unambiguously specifying this 
functionality. 

3.1.3.5.5 Detailed Clock Strobe Timing. Upon initiation of the clock synchroniza- 
tion procedure, the reference clock node performs a Futurebus+ broadcast write transaction 
to  the CLOCK-STROBE CSR. All clock nodes, including the reference clock node, are t o  
recognize that when they decode this address that the sample-clock-strobe signal is immi- 
nent. The timing diagram of this signal is shown in Fig 7. Each time-synchronized bus 
interface unit should not acknowledge the address, i.e., release ai, until it  is ready to ac- 
cept the sample-clock-strobe. All nodes must release ai in a timely manner, however, so 
as not to cause a bus transaction timeout. 

When the reference node observes AI* released, it asserts ds, causing DS* to  be asserted. 
This odd beat signal transition of DS* is interpreted as  sample-clock-strobe by all clock 
nodes. The DS* odd-beat transition causes all participating nodes, including the reference 
clock node, to  latch the value of the local time-running counter into the local CLOCK- 
STROBE-ARRIVED CSR. All nodes should be able to  sample their time-running CSR 
within 80 ns of the DS* odd beat transition. I t  is expected that well-designed modules will be 
able to achieve a much tighter tolerance. 

3.1.3.5.6 System Clock Configuration. Nodes that participate in the clock synchro- 
nization procedure indicate whether they have reference clock capability or subordinate 
clock capability by having the REFERENCE-CLOCK-CAP or LOCAL-CLOCK-CAP bits 
set in the NODE-CAPABILITIES-EXT register. For fault-tolerant applications requiring 
spare reference clock nodes and/or real-time applications requiring the use of the “best 
available” clock as the reference clock in a given configuration, clock nodes should be im- 
plemented with both reference and subordinate clock capability. 

The Futurebus+ node which is to  be responsible for coordinating the overall clock syn- 
chronization process will have the REFERENCE-CLOCK bit set in the LOGICAL- 
MODULE-CONTROL CSR. The reference node is responsible for determining and 
distributing the initial reference clock value t o  all participating clock nodes on the local 
Futurebus+. The reference node is further responsible for initiating clock synchroniza- 
tions at the required (profile-dependent) update rate. A node which is to  participate as a sub- 
ordinate clock will have the LOCAL-CLOCK bit set in i ts  LOGICAL-MODULE- 
CONTROL CSR. 
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Fig7 
Clock Synchronization 

3.1.3.5.7 System Clock Initialization. On system power-up, all clocks participating 
in clock synchronization must be initialized to  a common initial reference time. The 
initial reference time may be an international standard time, some other time 
maintained locally, independent of node power or zero, depending on the application. The 
first step is for the reference clock node to  update its own internal time-running counter 
with an initial reference time. How this is done is not specified. 

Once the reference clock node time-running counter is initialized, this node may ini- 
tialize all the other Futurebus+ clock nodes via the synchronization procedure previously 
described. 
NOTE: It is up  to the individual subordinate clock node's clock-manager process to distinguish between the ini- 
tial reference time broadcast and all subsequent synchronization events, should such a distinction be necessary. 

3.1.3.6 Unit Access. Futurebus+ nodes may contain a unit with resources that are de- 
signed t o  be accessible to  other nodes on the bus. This unit may be made accessible in any of 
three address spaces: 

P-- 
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(1) Initial units space 
(2) Available address space 
(3) Indirect address space 
A unit may be a memory, an U 0  device, a bridge, a processor, or any other option. 

3.1.3.6.1 Initial Units Space. Initial units space is the name given to the area be- 
tween 2048 and 4095 in a node's CSR space. When 2 kbytes of addresses are enough for all 
units on the node, units' memory requirements may be mapped into this area. When units 
require additional address space, the MEMORY-BASE/MEMORY-BOUND and UNITS- 
BASEKJNITS-BOUND CSRs are used t o  specify additional memory accessible from other 
nodes. 

3.1.3.6.2 Available Address Space. Unit architectures on a Futurebus+ node may 
have a need to make more than the 2048 bytes available in the initial units space of CSR 
space directly accessible on the bus. Available address space includes all locations not re- 
served for registers. When a node contains units with blocks of addresses to be mapped into 
available address space, the node will also contain ROM entries indicating the size and 
address alignment requirements of the address space. 

Futurebus+ permits the identifications of two areas in the available address space. The 
Node ROM entries NODE-MEMORY-EXTENT (3.2.5.5.1) and NODE-UNITS-EXTENT 
(3.2.5.5.2) specify the extent of areas that can be accessed using Futurebus+ address. The 
starting address of an area is established when a system configuration process writes to  the 
MEMORY-BASE o r  the UNITS-BASE CSR and the size of the allocated address space is set 
when the MEMORY-BOUND or the UNITS-BOUND CSR is  written. There are no 
restrictions on the applications of either basehounds pair. 

A node's units address space cannot be placed on an arbitrary byte boundary. The 
MEMORY-BASE and UNITS-BASE have at least the 12 least significant bits equal to zero 
(a 4 kbyte boundary). Implementations may specify that UNITS-BASE has additional re- 
strictions, e.g., the contents of UNITS-BASE may be restricted to values equal to 0 Mod Z20 
without violating this specification. Specification of additional restrictions are defined in 
the NODE-MEMORY-EXTENT and NODE-UNITS-EXTENT ROM entries. 

Access t o  node addresses mapped into available address space is controlled by the ENB 
bit in the UNITS-BASE or MEMORY-BASE CSRs. ENB is set t o  zero (access disabled) by 
Power-on, System Reset, and command-reset, in addition to  being explicitly disabled by 
resetting the bit with a write t o  the UNITS-BASE or MEMORY-BASE CSRs. 

In summary, access t o  the node's available address space is delimited by MEM- 
ORY-BASE and MEMORY-BOUND, UNITS-BASE and UNITS-BOUND, and is con- 
trolled by ENB bit. 

3.1.3.6.3 Indirect Address Space. The INDIRECT-ADDRESS and INDIRECT- 
DATA CSRs may also provide access to  node resources. Implementations may use these 
registers to access that part of node resources that has no other address window on the bus 
(e.g., unit-specific microcode or boot ROM). Software is expected to access data residing in 
the indirect address space by 

(1 ) Writing the indirect address space's address into the INDIRECT-ADDRESS CSR, 
a n d  

(2) Reading or writing the INDIRECT-DATA CSR to access the data at that  address. 
This provides a flexible but relatively slow mechanism for indirectly accessing this 
data (which is expected to  be accessed infrequently). 

This standard does not require any node internal resources to  be made available on the 
bus. This register pair does provide an indirect access mechanism to those who choose t o  
use it. 
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Following a system or command-reset, INDIRECT-ADDRESS shall be set to zero. Bus 
Initialize does not change the contents of these CSRs. A read of the INDIRECTADDRESS 
CSR returns the last value written. The INDIRECT-ADDRESS and INDIRECT-DATA 
CSRs contain 32-bit values. INDIRECT-ADDRESS can address a maximum of 230 loca- 
tions. 

3.2 Futurebus+ CSR Specification. This section specifies the CSRs to be used by most 
Futurebus+ nodes. These CSRs are divided into three classes: 

Core CSRs, described in 3.2.2. 
Futurebus+ dependent CSRs, described in 3.2.3. 
Node ROM entries, described in 3.2.4 and 3.2.5. 

The initial units space may be defined by a vendor or specified in a unit-specific 
architecture standard. The following restrictions apply to  the CSR address space identified 
in Table 5 :  

The two least significant CSR address bits (AD[l..Ol*> are user-defined for general 
CSR accesses, and may be ignored, or  may have user-specified effects. When 
referencing mailbox CSR addresses, the meaning of AD[5..01* is specified in 
Section 9 of IEEE SM 896.1-1991 [21. 
Only an address width of 32 bits shall be supported. 
With the exception of WRITE-NO-ACKNOWLEDGE and ADDRESS-ONLY 
transactions t o  the message registers, “read unlocked” and “write unlocked” trans- 
actions shall be supported. Additional transaction types may also be supported.8 
Unimplemented fields and registers shall return zeros when read. 
Writes t o  read-only registers and to  unimplemented fields and CSRs shall be 
ignored (no side affects). 
Block transfers t o  and from CSRs are permitted (but not required), as long as the 
serial sequence of operation is guaranteed t o  be maintained. 
Nodes that do not support block transfers to certain (or all) CSR addresses shall use 
ED* t o  terminate transactions aRer the first data beat.g 
When accessing core and Futurebus+ dependent CSRs, a data width of 32 bits shall be 
supported. Additional transaction widths and multiple data beats may also be 
supported. 

When a-CSR write is followed immediately by a CSR read, the second transaction may 
be split such that an operation or state change initiated by the first transaction will appear to  
have been immediate. As a last resort, CSR references may also be busied because some 
modules may not be able to respond immediately. 

To complete the Futurebus+ definition, certain fields labeled reserved in IEEE Std 896.1- 
1991 121 are assigned a specified function in this standard. Fields and addresses reserved 
in this specification shall not be used for vendor- or unit-defined functions. In cases of 
conflict or ambiguity, this standard is subordinate to IEEE Std 896.1-1991. 

Futurebus+ nodes shall decode references to  the local bus number (stored in the 
NODE-IDS CSR), and to the bus alias number (1023). 

The supported addresses are specified in Table 1. 

3.2.1 CSR Memory Space Specification. The CSR address space shall be allocated as 
shown in Table 5.  

..-- 

E The target address of a split response transaction is CSR space. 
This is specified in IEEE Std 896.1-1991 [21. This is not an error case. 
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Futurebus+ dependent CSRs 

ROM registers 

Initial units space 

Table 5 
CSR Address Space Allocation 

AREANAME I CSR ADDmSS RANGE 

512-1020 

1024-2044 

2048-4092 

Core CSRs I 0-508 

BEE 
Std 896.2-1991 

3.2.2 Core CSRs. (See Table 6.1 This section specifies the core CSRs required by 
Futurebus+ modules. It will be noted that the CSRs are not allocated sequentially. Registers 
omitted are reserved for the core CSR standard and shall not be defined by a bus or vendor 
standard. Byte offsets into the node address space are used throughout. The CSRs in this 
section shall support A32 and D32. CSRs may be accessed using any other data width 
supported by the node. 
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UNITS-BOUND 
MEMORY-BASE 
MEMORY-BOUND 
INTERRUPT-TARGET 
INTERRUPT-MASK 
CLO CK-VALUE 
CLOCK-TICK-PERIOD 

Table 6 
Core CSRs and Addresses 

CSR 
REGISTER NARlE ADDRXSS 

56,60 

64,68 

72,76 

80 

84 
88,92 

96,100 

STATE-CLEAR 
STATE-SET 
NODE-IDS 
RESET START 12 

INDIRECT-ADD RE SS 

INDIRECT-DATA 
S PLIT-TIME OUT 
ARGUMENT 32,36 

~~ ~~ 

CLOCK STROBE-ARRIVED 1 104,108 

ERROR-LOG-BUFFER I 384, ..., 508 

* Same meaning as the clock unit CLOCK-INFO0 CSR specified 
in IEEE Std1212-1991 [121. 
t Same meaning as  the clock unit CLOCK-INFOZ and CLOCK- 
INFO3 CSR specified in IEEE Std 1212-1991 [12]. 

3.2.2.1 STATE-CLEAR and STATE-SET CSRs. (See Table 7 and Fig 8.) The STATE- 
CLEAR and STATE-SET CSRs shall be used by a remote node to control and report state 
transitions. Writing ones t o  bits in the STATE-CLEAR CSR (address 0) shall cause the 
corresponding state bits to be cleared. Writing ones t o  bits in the STATE-SET CSR 
(address 4) shall cause the corresponding state bits t o  be set. Writing zeros to bits in these 
CSRs will have no effect on the corresponding state bits. Reading either the STATE- 
CLEAR or STATE-SET CSRs shall return the current contents of the internal state bits that 
make up these two CSRs. 
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BIT FIELD REQ ACCESS POWER-UP SYSTEM 
0 PT TYPE RESET 

Unit-Specific (1 6) OPT 

IEEE 
Std 896.2-1991 

BUS 
INITIALIZE 

I 
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BUS-ADDRESS (10) 

Byte 3 

OPT TYPE RESET INITIALIZE 
REQ RIW 1023 1023 no change 

ADDRESS OFFSET = 0 , 4  
Bvte 0 

GEOGRAPHICAL- REQ RO no change no change 
ADDRESS (5 )  

Unit-Specif ic1 I I I l l  

no change 

Fig 8 
Fields in the STATE-CLEAR and STATE-SET CSRs Used by Futurebus+ 

3.2.2.2 NODE-IDS CSR. (See Table 8 and Fig 9.) The most significant 16-bits of the 
NODE-IDS CSR shall contain the node's identifier. If the node is designed to never use the 
distributed arbitration bus, then the least significant 16-bits shall be reserved (i.e., when 
read, these bits shall always return zeros). The least significant 8 bits of the NODE-IDS 
CSR may allow a system configuration process to set a default priority field in a target 
node for use in distributed arbitration and arbitrated messages. Specifically, the default 
priority may be used t o  set the PR[7..0] field during distributed arbitration and when send- 
ing arbitrated messages when no other priority value is explicitly provided by node- 
internal hardware or  software. This is useful in controlling non-intelligent U0 modules 
in systems that  employ distributed arbitration. If the node is designed to never use the dis- 
tributed arbitration bus or if the node is designed to  always provide priority values for 
PR[7..01, then the least significant 16 bits of the NODE-IDS CSR shall be reserved (i.e., 
when read, these bits shall always return zeros). The combination of GEOGRAPHICAL- 
ADDRESS and NODE-SIDE is called offsetjd in IEEE Std 1212-1991 [121 and NODE- 
ADDRESS in this standard. 
Note: The round robin bit shall not be controlled by the contents of this CSR. 

Table 8 
NODEJDS CSR Bit Descriptions 

BIT FIELD I REQ I ACCESS IPOWER-UP1 SYSTEM I BUS 
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