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FOREWORD

1) ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commission)
form the specialized system for worldwide standardization. National bodies that are members of I1SO or IEC
participate in the development of International Standards through technical committees established by the
respective organization to deal with particular fields of technical activity. ISO and IEC technical committees
collgberate—-fetds—of-muttarterest—Otherthternational-organizations—goverarmenta-antrer-governmental, in

liaispn with ISO and IEC, also take part in the work.

2) In tHe field of information technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC1.
Draft International Standards adopted by the joint technical committee are circulated to national badies fof voting.
Publication as an International Standard requires approval by at least 75 % of the national bodies casting g vote.

3) Atteption is drawn to the possibility that some of the elements of this International Standard may be the syibject of
patent rights. ISO and IEC shall not be held responsible for identifying any or all such patent rights.

Interngtional Standard ISO/IEC 13961 was prepared by subcommiittee 26: Microprogessor
systems, of ISO/IEC joint technical committee 1: Information techinology.

Annexes A and B are for information only.
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IEEE Standards documents are developed within the Technical Committees of the IEEE
Societies and the Standards Coordinating Committees of the IEEE Standards Board.
Members of the committees serve voluntarily and without compensation. They are not
necessarily members of the Institute.

The standards developed within IEEE represent a consensus of the broad expertise on the
subject within the Institute as well as those activities outside of IEEE that have expressed an
interest in participating in the development of the standard.

Use of an IEEE Standard is wholly voluntary. The existence of an IEEE Standard does not
imply that there are no other ways to produce, test, measure, purchase, market, or provide
other igoods and services related to the scope of the IEEE Standard. Furthermofe, the

viewpgint expressed at the time a standard is approved and issued is subject ¢to~ghange
brought about through developments in the state of the art and comments received.fronf users
of the|standard. Every IEEE Standard is subjected to review at least every. five years for
revisign or reaffirmation. When a document is more than five years old ahd has nof been
reaffirfned, it is reasonable to conclude that its contents, although still ofrsome value, |[do not
wholly| reflect the present state of the art. Users are cautioned to check tordetermine that they
have the latest edition of any IEEE Standard.

Commlents for revision of IEEE Standards are welcome from any.interested party, reggrdless
of membership affiliation with IEEE. Suggestions for changessin’ documents should be|in the
form of a proposed change of text, together with appropriate~supporting comments.

Interpietations: Occasionally questions may arise <fregarding the meaning of portipns of
standdrds as they relate to specific applications. When the need for interpretations is brought
to the|attention of IEEE, the Institute will initiatéJaction to prepare appropriate resppnses.
Since |IEEE Standards represent a consensusZof all concerned interests, it is imporfant to
ensurg that any interpretation has also received the concurrence of a balance of interesfs. For
this rdason IEEE and the members of itsttechnical committees are not able to provjde an
instant response to interpretation requests except in those cases where the matter has
previopsly received formal consideration.

Commlents on standards and reguests for interpretations should be addressed to:

Secretary, IEEE Standards Board
445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 08855-1331

USA

|[EEE Standards documents are adopted by the Institute of Electrical and
Flectronics Engineers without regard to whether their adoption may involve

Authorization to photocopy portions of any individual standard for internal or personal use is
granted by the Institute of Electrical and Electronics Engineers, Inc., provided that the
appropriate fee is paid to Copyright Clearance Center. To arrange for payment of licensing
fee, please contact Copyright Clearance Center, Customer Service, 222 Rosewood Drive,
Danvers, MA 01923 USA; (978) 750-8400. Permission to photocopy portions of any individual
standard for educational classroom use can also be obtained through the Copyright Clearance
Center.
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[This foreword is not a part of ISO/IEC 13961:2000, Information technology — Scalable Coherent Interface (SCI).]

The demand for more processing power continues to increase, and apparently has no limit.
One can usefully saturate the resources of any computer so easily by merely specifying a
finer mesh or higher resolution for the solution of some physical problem (hydrodynamics, for
example), that engineers and scientists are desperate for enormously larger computers.

To get this kind of computing power, it seems necessary to use a large number of processors
cooperatively. Because of the propagation delays introduced when signals cross chip
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INFORMATION TECHNOLOGY —

SCALABLE COHERENT INTERFACE (SCI)

1 Introduction

1.1 Document structure

This International Standard describes a communication protocol that provides thecsgrvices
requir¢gd of a modern computer bus, but at far higher performance levels than any\bug could
attain.| Packet protocols on unidirectional point-to-point transmission links) emujate a
sophigticated bus without incurring the inherent bus physics or bus contention.problems

This International Standard is partitioned into clauses that serve several distinct purposeés:

Clausg 1: Introduction provides background for understandingthe Scalable Cdherent
Interfdce (SCI) protocols, and may be skipped by those already familiar with these concepts.
The descriptions in this clause are somewhat simplified, and showd not be considered part of
the S{I specification.

Clausg 2: References, glossary and notation defines ‘the terminology used withjn this
standgrd and lists references that are required for implementing the standard.

Clausge 3: Logical protocols and formats definessthe packets and protocols that implement
transaptions (like reads and writes) between SCl.nedes. This clause uses text and figures as
introdyctory material, to establish a frame of reference for the formal specification.

Clausg 4: Cache-coherence protocols provides background information for understanding
the prptocols used by two or more SCI nodes to maintain coherence between cached [copies
of shgqred data. The coherence protocols’ contain many options. This clause describes the
minimal subset of these protocols, actypical set of options that are likely to be implemented,
and algo the full set of protocols.

Clausg 5: C-code structure-explains the structure of the C code that defines the [ogical
(packgt symbol processing) and cache-coherence protocols. The precise specifications| of the
logical-level packet protoeols and the cache-coherence protocols, which involve & large
numbagr of state-transitijondetails, are expressed in C code because it is difficult to statg them
unambiguously in English, and so that they can be tested thoroughly under simulation.

Clausg 6: Physicali\tayers defines a mechanical package and several physical links that may
be us¢d to implement the logical protocols. This clause uses text and figures to spedify the
mechgnical and-electrical characteristics of several physical links.

AnneXes ‘A) and B: These annexes describe other system-related concepts thaf have
influenced’the design of this standard. These may be useful for understanding the rationale
behind some of the SCI design decisions.

Bibliography provides a variety of references that may be useful for understanding the
terminology, notation, or concepts discussed within this standard.

C code: The C code is published as a text file on an IBM-format diskette. This was done for
the convenience both of the casual reader of this standard, who will not delve into the details
of the C code, and also of the serious user, who will wish to understand the C code
thoroughly, executing it on a computer. Though the C code takes precedence over this
International Standard in case of inconsistency, this International Standard provides
considerable explanation and illustration to help develop an intuitive understanding that will
make the C code more comprehensible.
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1.2 SCloverview
1.2.1 Scope and directions

Purpose: To define an interface standard for very high-performance multiprocessor systems
that supports a coherent shared-memory model scalable to systems with up to 64 K nodes.
This standard is to facilitate assembly of processor, memory, I/O, and bus adaptor cards from
multiple vendors into massively parallel systems with throughputs ranging up to more than
1012 gperations per second.

Scope: This standard will encompass two levels of interface, defining operation over
distances less than 10 m. The physical layer will specify electrical, mechanical, and thermal
charaﬂterlstlcs of connectors and cards. The logical level will describe the address_gpace,
data tfansfer protocols, cache coherence mechanisms, synchronization primitives, contfol and
status|registers, and initialization and error recovery facilities.

The pfeceding statements were those submitted to and approved by thenlEEE Stapdards
Board|as the definition of the SCI project. These goals have been met and’exceeded: qupport
for mejssage-passing was added, and the operating distance is not limjted to 10 m. (Thd intent
of that| limitation was to make clear that this is not yet-another LocalArea Network.)

The real distinction between SCI and a network has more to-do with the memory-access-
based|model SCI uses and the distributed cache-coherence model.

The pfactical operating distance depends more on the throughput and performance reeded
than oh any absolute limit built into the specification.Very long links would yield unaccgptable
performance for many users (but perhaps not all).

In particular, the fibre-optic physical layer cansextend the SCI paradigm over distancds long
enough to link a computer to its I/O devicesy or to link several nearby processors. No atbitrary
length| limit would be appropriate, but@practical considerations including the throtighput
requirgments and the cost of transmitters and receivers will set the lengths that people
consi(Ter useful.

A very-high-priority goal wascthat SCI be cost-effective for small systems as well as for the
massiyely parallel ones mentiohed in the purpose statement above. SCl's low pin count and
simple ring implementationmake medium-performance, few-processor systems easier t};\: build
with SCI than with buséd)backplane systems; a two-layer backplane should be sufficient, and
three |ayers should be)enough to support the optional geographical addressing mechpnism.
The Sl interfaces.complete with transceivers, fits into a single IC package that includeg much
of the] logic needed to support the cache-coherence protocols. This economy for[ small
systems leads-to the expectation that SCI processor boards will be built in high vplume,
making them inexpensive enough to be assembled in large numbers for building
supergomputers at low cost.

SCI also simplifies the construction of reliable systems. SCI Type 1 modules are well
protected against electrostatic discharge and electromagnetic interference, and can be safely
inserted while the remainder of the system remains powered. SCI supports live insertion and
withdrawal by using a single supply voltage (with on-board conversion as needed) and
staggered pin lengths in the connector to guarantee safe sequencing. Note, however, that
system software plays an important role in live insertion or removal of a module because the
resources provided by that module have to be allocated and deallocated appropriately.
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In systems where several modules share a ringlet, the removal of one module interrupts all
communication via that ringlet, so the resources on those modules also have to be
deallocated. A similar situation arises in any system that may have multiple processors
resident on one field-replaceable board: all have to be deallocated when any one is replaced.
The system software for handling the deallocation and reallocation of these resources is
outside SCI's scope.

Although SCI does not provide fault tolerance directly in its low-level protocols, it does
provide the support needed for implementing fault-tolerant operation in software. With this
recovery software, the SCI coherence protocols are robust and can recover from an arbitrary
number of detected transmission failures (packets that are lost or corrupted).

The SLI paradigm removes the limits that bus structures place on throughput, but dts-latency
is of gourse limited by the speed of signal propagation (less than the speed ofylight)| Ever-
increaping throughput can be expected as technology improves, but the erganizafion of
hardwgre and software will have to take into account the relatively constant latency |[(delay
between request and response), which is proportional to the physical size ©f the system

The Igst generation of buses approached the ultimate limits of performance, leading|to the
concept of an ultimate standard. However, the initially defined SCINphysical layers are likely
just thle first of a series of implementations having higher or lewer performance levels. The
1 Ghyte/s link speed specified for the initial ECL/copper-backplane implementation was
chosen based on a combination of marketing and engigeering considerations. Ffom a
markeling point of view, it was necessary to define a terfitory that did not disturb the markets
for prgsent 32-bit standards or present networks, and,from an engineering point of view this
link speed was near the edge of what available signalling technology and integrated |circuit
technqlogy could support.

New technologies, such as better cables, connectors, transceivers; IC packages with more
pins of higher power-dissipation capabilities} or faster ICs, could make it practical or depirable
to implement SCI on new physical-layersstandards. Such standards, with different link jwidths
or bit rates, will be developed from time to time. However, packet formats and higher level
cohergnce protocols will be the same across all these physical implementations. That should
make the problem of interfacingcone SCI system to another relatively simple — SCI gdlready
includés the necessary mechanisms to cope easily with speed differences.

1.2.2 [The SCIl approach

The objective of SCl'was to define an interconnect system that scales well as the number of
attachpd processors increases, that provides a coherent memory system, and that defines a
simplg interface\between modules.

SCI degvelopers initially hoped to make a better backplane bus to meet these goals, but soon
realizgd\no bus could do the job. Bus speeds are limited by the distance a signal musf{ travel
and the propagation delay across a backplane. In asynchronous buses, the limit is the time
needed for a handshake signal to propagate from the source to the target and for a response
to return to the source. In synchronous buses, it is the time difference between clock and data
signals that originate in different places.

Transmission lines in a backplane bus are affected by reflections caused by multiple
connectors, as well as by variations in loading as the number of inserted modules changes.
This makes a backplane bus an imperfect transmission line at best.

Furthermore, a backplane bus can only handle one data transmission at a time and therefore
becomes a bottleneck in multiprocessor systems. Although bridges can be used to extend the
bus concept to a multiple-bus topology, these bridges are expected to be more costly and less
efficient than SCI switches. Support for an efficient switch greatly influenced the design of the
SCI protocols.
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SCI solves these problems by defining a radically different interconnect system. SCI defines
an interface standard that enables a system integrator to connect boards using many different
interconnect configurations. These configurations may range from simple rings to complex
multistage switching networks. SCI modules still may plug into a backplane — it holds the
connectors in place; it is just not wired as a bus.

SCI uses point-to-point unidirectional communication between neighbouring nodes, greatly
reducing the nonideal-transmission-line problems. The bandwidth of the point-to-point link
depends on the transmission medium. A Type 18 DE 500 link is 2 bytes wide and data are
transferred at 1 Gbyte/s, using differential ECL signalling and both edges of a 250 MHz clock.

The clock rate can be much higher for point-to-point links than for buses. For a giveh data
rate this makes it possible to use faster clocking to reduce the link width. This reduces-the pin
count ffor bus interface logic, so that the entire bus interface can be integratedy,on a|single
chip. Thus, timing skews can be tightly specified, since components are jinhéerently well
matched in a single-chip design. A large number of requests can be outstanding at thg same
time, making SCI well suited for high-performance multiprocessor systems,-SCI allowsg up to
64 K hodes to be connected in a single system. Since each node. could itself|f be a
multipfocessor, the SCI addressing mechanism should be sufficient) to support the next
generation of massively parallel computer systems.

Cachel coherence is an important part of the proposed standard. Switching networks tannot
easily| provide reliable broadcast or eavesdrop capabilities. Hence the SCI coherence
protocpls are based on single-responder directed bus transactions and distributed diredtories,
where| processors sharing cache lines are linked {fegether by pointers. Broadcasfts are
generally software, not hardware, operations, though the protocols do support| some
(noncgherent) broadcast transactions that may be.useful in certain applications.

1.2.3 [System configurations

An SdI node relies on feedback arriving.'on its input link to control its behaviour on its [output
link. Thus there must always be a ring-like connection, with the output of one node prgviding
the input to another. Implementations-of this structure range from a small ring connectipg two
nodes|(one of which might be.the port to a fast switch) to a large ring consisting off many
nodes| The term ringlet is often* used to imply a ring that has a relatively small nunber of
nodes| up to perhaps half a dozZen. Few applications will perform well with large rings because
each rode sees traffic generated by all the other nodes on the ring; for some /O applichtions,
however, large rings may)be appropriate.

One npde on eachiring (called the scrubber) is assigned certain housekeeping tasks, such as
initializing the ritig to the point that each node is addressable, maintaining certain timefs, and
discarging damaged packets so they don't circulate indefinitely.

For pgrformance, fault tolerance or other reasons many systems will require more than one
ringlet. Agents, which consist of two or more SCI node interfaces to different ringlets, with
appropriate routing mechanisms, are used to allow nodes on different ringlets to communicate
with one another in a transparent way.

One can build useful switch fabrics consisting of many ringlets with a few processor nodes
and agents on each. Or one can use more traditional switch mechanisms that have SCI
interfaces at their extremities but transparently use whatever internal data transfer and
switching techniques they prefer.
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1.2.4 Initial physical models

The logical portion of the SCI specification defines the format and function of fields in packets
that are sent from one SCI node to another over any one of several different physical link
layers.

SCI links continually transmit symbols that contain 16 data bits plus packet-delimiter and
clock information. The clock provides a precise timing reference that the receiver uses for
extracting data from the incoming signals. A symbol is either part of a packet (a contiguous
sequence of symbols marked by the packet delimiter) or an idle symbol (transmitted during
the interval between packets to maintain synchronism between the link and the receiver). On
a backplare—where—sighral-wires—are—relatively—threxpensive—an—entire—symbelmay—be sent
each clock period. On longer-distance interconnects, where signal wires are félatively
expensive, the symbols may be sent one bit at a time.

The notation used by SCI for names of link types is:
Type <number of signals> <kind of signals> <bit rate per signal‘in Mb/s>.

Type 18 DE 500 signals support high-performance boards pluggeeiinto a system backplane or
cable |links connecting proprietary physical packages. Symbeols-are sent bit-parallel,| using
differeptial drivers and receivers. High transmission rates can b& achieved by having allfsignal
driverg and receivers in the same integrated circuit packag€) 'which also contains highispeed
gueuesp, as illustrated in figure 1.

SCI node SCI node
application application
logic logic
I |
queues and queues and
control control

b v ‘?
<Y - 1) (1)

(18 pairs) (18 pairs)

ECL electrical signals optical signals
Figure 1 — Physical-layer alternatives

The initial interface chips were VLSI chips that included the transmitters, receivers, high-
speed queues, and most of the cache-coherence protocols. Subsequent implementations
generally removed the coherence logic, leaving that to the province of the system's memory
controller. Several implementations initially ran at reduced speed for compatibility with
standard CMOS processes. Some included the SCI interface as just a small part of a system
chip that included processor and other application-specific logic. The complexity of the
protocol is very low, with some implementors reporting that they used less than 25 k gates,
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much less than some common low-end interface products. The inherent power dissipation of
the SCI interface is less than that of interfaces to bused backplanes, since the differential
signal levels are smaller (less than 1V), there are fewer signals, and transmission
impedances are significantly higher.

The Fiber-Optic Physical Layer Type 1-FO-1250 is intended to support longer-distance local
communications (tens to thousands of meters). The fiber versions of SCI could be used to
connect back-end peripherals to the central system, or could provide high-bandwidth
communication between workstations and servers in a local computing environment. Packets
are sent in a bit-serial fashion, as illustrated in figure 1.

Low-cesttEDs—ean—suppert—eemmunicatienbanrdwidths—eftless—thar1—Gbis—eversheft fiber
hops. | Higher-cost single-mode lasers and fibers are required for higher hapdwidth
commuynications over longer distances. Many applications will find it attractive tocuse ¢oaxial
cable |nstead of fiber for short hops, avoiding the optical/electrical conversion costs.

Fiber-pptic interfaces are expected to consist of high-speed bipolar front-ends that donvert
between a high-bandwidth serial bit-stream and a lower-bandwidth symbol-stream. Lower-
speed|back-end circuits could be implemented in less expensive CMOS technologies.

New llnk standards will be defined from time to time to také_advantage of advangces in
technqglogy or to accommodate the needs of particular markets.

1.2.5 |SCIl node model

An SdI node needs to be able to transmit packets while concurrently accepting other packets
addregsed to itself and passing packets addressed,to other nodes. Because an input packet
might Jarrive while the node is transmitting anginternally generated packet, FIFO storfage is
provided to hold the symbols received while:the packet is being sent. Since a node transmits
only when its bypass FIFO is empty, the«minimum bypass FIFO size is determined py the
longeqt packet that the node originates.(ddle symbols received between packets provide an
opportunity to empty the bypass FIFO_in*preparation for the next transmission.

Input @nd output FIFOs are needed in order to match node processing rates to the higher link-
transfgr rate. Since there is(no facility for delaying the transmissions of symbols wjthin a
packet, each node ensures that all symbols within one packet are available for transmisgion at
full Iir]:< speed. Similarly~the node is able to receive a packet at full speed. Since node
application logic is not. expected to match the SCI link speeds, FIFO storage is needed for
both tfansmit and receive functions, as illustrated in figure 2.

node application logic

__>

2 2
w o
= 2
3 £
address
- MUX bypass FIFO [<—— decode -
output link input link

Figure 2 — SCl node model
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1.2.6 Architectural parameters

The SCI system is generally considered to have a 64-bit architecture, because of its address
size (16 bits for node selection plus 48 bits for use within each node). The data width is less
constrained, however. SCI usually sends data in multiples of 16 bytes, and the most
significant size assumption is the 64-byte coherence-line size.

SCI is described in terms of a distributed shared-memory model with cache coherence,
because that is the most complex service SCI provides. However, SCI also provides
message-passing mechanisms and noncoherent transactions for those who need or prefer
them. All of these transactions can be dynamically mixed in one system as desired.

1.2.7 ]JA common CSR architecture

Contrql and status registers (CSRs) are an important part of the proposed standard: The CSR
definitjons are essential for all initialization and exception handling. A few of\the CSRs are
SCl-specific, but the majority of the necessary definitions are provided by thg CSR
Architg¢cture standard (IEEE Std 1212-1991)1.

SCI upes the 64-bit-fixed addressing model defined by the CSR\Architecture. The| 64-bit
addregs space is divided into subspaces, one for each of 64K equal-sized nodgs, as
illustrdted in figure 3. When compared to other address-extension schemes, the fixed
addregs-field partitioning dramatically simplifies packet routing; however, it complicates
softwdre's memory-mapping model, since the memory ‘@ddresses provided by different
memofly nodes can no longer be contiguous.

directed 0
node [0] registers
ROM
node [n] availaple 2 Kbytes
memory initial
space units
space
4 Kbytes
available
register
node [64K™=H private space
64bits register
> 256 Mbytes
256 Tbytes

I Directly accessible from 32-bit CSR Architecture systems

Figure 3 — 64-bit-fixed addressing

The upper 16 bits of the address specify the responder nodeld value; the remaining 48 bits
specify the address-offset in the addressed node. The highest 256 Mbytes of each node's 256
Tbytes contain the CSR registers as defined in the CSR Architecture. Since SCl's broadcast
transactions are block moves with no responses, only the directed (i.e., not broadcast) CSR
registers are supported.

D Information on references can be found in 2.1.
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Only a portion of the 64-bit address space is accessible from 32-bit systems bridged to SCI.
The initial 4 Kbytes of each node's directed CSR address space as defined by the CSR
Architecture could be directly mapped into 32-bit addresses, using the 10 bus-address and
6 module-address bits to form an SCI node address. In addition, a small portion (3.5 Gbytes)
of the memory address space in node[0] could be directly mapped from the 32-bit memory
address space. However, the address-map conventions used by bridges to other buses are
beyond the scope of the SCI standard.

1.2.8

This specification covers a great deal of new territory,
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Bridged systems

sure the early availability of the\wide range of 1/O interface boards that any
in order to become accepted @nd useful, the SCI standard was heavily influen
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Figure 4 — Bridged systems
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Indivisible uncached lock transactions (such as swap, compare&swap, fetch&add) are
supported, but not implemented as indivisible read-modify-write transaction sequences. Since
indivisible sequences are hard to implement in large switches, indivisible lock operations are
performed at the responder upon request. A standard set of lock transaction subcommands is
defined in order to communicate the intent of the requester to the hardware at the responder
that will carry out the operation. Bus bridges may translate these lock transactions into
indivisible sequences where appropriate.

Most remote DMA adapters generate uncached bus transactions; bus bridges can convert
these into coherent transaction sequences. If the remote bus supports coherent transfers, the
bus bridge can also convert between coherence protocols. Futurebus+R (see [B11]2, [B3],
and [r‘4]) ant—SCave—the—same—coherence—tme—size;,—which D;Illp“ﬁcb that—conyersion
procesgs.

1.3.2 |Scalable systems

SCI pfotocols are scalable, which means that they are efficient and cost:=effective fof uses
ranging from low-end desktop computers to high-end massively parallel“processing [(MPP)
systemps. One future vision of a massively parallel processor consists of large numiers of
single{board computers connected through a high-performance switch

To make this vision a reality, SCI is designed to be used_n simple passive backplane
configpirations, or as the basis for constructing switches; or as the interface bgtween
multipfocessor boards and vendor-dependent proprietary high-performance interconnects.
Such gonfigurations are introduced in the following clauses.

1.3.3 |Interconnected systems

SCI i based on packets sent from one node to another over unidirectional linkg. This
specification defines a way to send these packets 16 bits at a time over short distances (on
the ordler of meters), and one bit at a tim& over longer distances (on the order of a kilometer).

The bit-serial version of SCI makes usSe of fiber-optic links or short coaxial cables. It might be
used |as a high-performance. @eripheral bus connecting storage servers to bagk-end
procegsors, or as a local-area bus connecting distributed workstations and file servers.

1.3.4 Backplane rings

The simplest SCI interconnect is a single ring. Larger configurations could consist of multiple
rings ¢onnected through bridges. The highest performance configurations would probdbly be
based|on switehihg interconnects, like the butterfly switch. From a node interface perspgctive,
the inferface-to”a simple ring and to a complex switch is the same (one input link and one
output| link). The lowest-cost SCI configuration makes use of a passive backplane; the|nodes
are elpctfically connected as a ring. The ring connection could join adjacent slots (which
results—momne tong Mk to conmect the ends)or atermate stots (to sthortern the maximum - link
length). On a sequential ring, a node's physical and electrical neighbours are the same, as
illustrated in figure 5.

2 The numbers in brackets preceded by the letter B correspond to those of the bibliography.
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Figure 5 — Backplane rings

t is empty).

5 and redundant fault-tolerant systems possible. With multiple rings arranged so
ne ring skips any given slot, one can maintain{partial system operation even wh

Ct the remaining modules via bridges.

me applications it may be desirable “to use SCI signals on cable links to ¢
s that do not fit conveniently into the-standard SCI modules.

Interconnected rings

the SCI protocols have been designed to minimize the transit time for packets tha
h a switch from one ringlet to another, they can be readily applied to multip
pies. For example, a grid of processors can be easily and efficiently interconneg
htal and vertical ringlets, as illustrated in figure 6. In this illustration, each pro
o SCI interfaces;-one interface attaches to the horizontal ringlet and the other at
vertical ringlét.

interleaved ring a node's physical and electrical neighbours differy-Even-numbered
attach to one ring direction; odd-numbered boards to the other; thus minimizil[;g the
maximum distance between nodes. To support partially populated topologies, imple

re expected to use pass-through cards in empty slots, to proyide jumper-card pairs for
Eing empty slots, or to use self-bridging connectors (that short inputs to outputd when

enta-

is also provision for doubled (or even trebled) SCI ‘connections to a module, making
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Figure 6 — Interconnected rings

Additignal dimensions (for example, a 3-D cube) can be supported by increasing the nqumber
of porfs on each processor (one for eachidimension). Such structures are known asg k-ary
n-cubes, where k is the number of nodéston each ringlet and n is the number of dimensions.
For a fixed number of processors, the number k can be increased to reduce the cost|of the
switch|elements or may be decreased to reduce the contention on each ringlet.

1.3.6 |Rectangular grid intefconnects

SCI can also be used as-an interconnect to form grids of processors. Nodes with four SCI
interfaces can form a.bidirectional interconnect, where different ringlets connect each node to
its adjpcent neighbours. Nodes with two SCI interfaces can form a unidirectional intercgnnect,
where|the ringletssfoerm squares of nodes, as illustrated in figure 7.

bidirectional unidirectional

- - .

Figure 7 — 2-D processor grids

Copyright 0 1998 IEEE. All rights reserved.


https://iecnorm.com/api/?name=cc37cb26a5fd271a3b0630d9583740a4

~30- ISO/IEC 13961:2000(E)
IEEE Std 1596, 1998 Edition

1.3.7 Butterfly switches

SCI can also be used to implement butterfly-like interconnects. Before SCI, these NlogN
switches were generally implemented with a unidirectional data transfer and a reverse flow-
control signal. The switch is wrapped around, so one processor node appears to connect to
both sides of the switch.

SCI ringlets can be used to implement such switches by partitioning the transmission paths
into separate ringlets, horizontal and diagonal, as shown in figure 8.

The dotted-line ringlet-completion path in this figure is an implied node-internal data path that
conneffS OonNe access port to another.

wrap-around butterfly horizontal ringlets
A - - A A - - A
\ - \
B - =B B - B
\ - \
cl o c Cl—» ~|C
/\ \ - ]
D - D D - | D

diagonalringlets

A A A A
B B B B
C (o] (o] (o]
| ~ |
\
D D D D

Figure 8 — Butterfly ringlets
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1.3.8 Vendor-dependent switches

A switch may internally implement specialized vendor-dependent protocols to route SCI
packets. Each node is attached to the switch by an SCI ringlet obeying normal SCI protocols,
as shown in figure 9. SCI provides the interface between the nodes and the queues in the
switch interfaces. To avoid deadlock, two queues are provided in each direction, one for
requests and one for responses. This prevents requests from using up all the queue space
and thus blocking completion of their responses. This strategy is followed throughout SCI.

node [~ - | node
node |~ vendor-dependent _| node
switch
node |_ | node
/ \
= request
~| responses ‘ -
node
requests -
responses

switch-interface queues
Figure 9 — Switch interface

1.4 Tfransactions

Transactions are performed 'by sending packets from a queue in one node to a queue in
anothgr. A packet consists of an unbroken sequence of 16-bit symbols. It contains address,
command, and status_information in a header, optional data in one of several allowed Igngths,
and a|check symbol: When a packet arrives at a node to which it is not addressed, it is
passedl on to the/next node with no change except possibly to the flow control informgtion in
the hdader. \When a packet arrives at its destination address it is stored by that nqgde for
procegsing; and is not passed on to the next node.

An SChpacketofigirates—atasodreeandisaddressedto-asigletarget—rgotrgfror-source
to target the packet may possibly pass through intermediate nodes or agents (explained
later). Such single-requestor/single-responder protocols are highly scalable.

Transactions are initiated by a requester and completed by a responder. Transactions consist
of two subactions. During the request subaction address and command are transferred from
requester to responder. The response subaction returns completion status from responder to
requester. Depending on the transaction command, data are transferred in the request
subaction (writes), the response subaction (reads), or both subactions (locks).

A subaction consists of two packet transmissions, one sent on the output link and the other
received on the input link. A subaction is initiated by a source, which generates a send
packet. The subaction is completed by the destination, which returns an echo packet. Hence a
typical transaction involves the transfer of four packets, as illustrated in figure 10.
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; source request send target ;
€ [ request > e
3 subaction target request echo source I‘:‘
e ~ )
s n
t | target response send source d
e | g e
r response r
source response echo target subaction
>

141

The fif

Packet formats

Figure 10 — Subactions

st symbol of the header, targetld, contains the final target's nodeld and is sufficient for

a node to quickly recognize packets addressed to it. During the passage ‘of a packet tihhrough

an SC
to rou
the pa

flag
1

1

data (16 bits)

system, intermediate agents look at the targetld symbol (and,passibly other symbols)
e the packet, and intermediate nodes look at it to determine_whéther they should
ket. This and other packet symbols are shown, in simplifiedform, in figure 11.

Accept

targetld

flowControl cmd

sourceld

timeOfDeath sequence

addressOffset/status

(optional) data

CyclicRedundancyCode (CRC)

Figure 11 — Send-packet format, simplified

Masked from CRC calculation (0 assumed)

The second symbol,

command, provides flow-control

information and the transaction

command field. The flow-control field, which contains localized flow-control information, may
be changed many times before a packet reaches its destination. This information is excluded
from the CRC calculation, so the CRC remains unchanged (and error coverage is not

compromised) as the packet is routed toward its final destination.

The command field specifies the type of packet (read00, readsb, writesb, etc.). In a request-
send packet, the command specifies the action to be performed by the responder. In a
response-send packet, the command specifies the amount of data returned. In an echo
packet, the command field indicates whether the corresponding send packet was accepted.
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The third symbol contains the sourceld, allowing the target to identify the originator of the
packet. All packets include a 6-bit sequence number (which distinguishes between multiple
currently pending transactions from one requester). The location of this field differs for send

and ec

ho packets.

Appended to each packet is a 16-bit cyclic redundancy code (CRC), that is generated when
the packet is created by the source, is optionally checked by agents, and is checked before
the packet is processed by the target. The CRC is generated based on a parallelized version
of the 16-bit ITU-T CRC.

Note that a flag bit is associated with each symbol. A zero-to-one transition of the flag bit is

used

near the end of the packet (1 or 4 symbols before the packet's end, for echoCang
packets respectively). A loss of link synchronization will generally cause impropg

patter

Other

identify the first symbol of a packet. The one-to-zero transition of the ftlag bit

s and CRCs.

nformation that is included in some packet types includes the following:

pccurs
send
er flag

1) Time of death. The timeOfDeath is a time-stamp field in send packets, that specifies the

tim

bounding the lifetime of all outstanding packets.

e at which the packet should be discarded. This simplifies_grror recovery protog

ols by

2) Adgress offset. The 48-bit addressOffset field in request-send packets transfg¢rs an

adflress offset to the responder. Although this is often used to select specific men;

reg

dependent.

3) St3
fro

4) EX
the
of
ref

stindard.
5) Dalta bytes. The data section/contains a data block of 0, 16, or 64 bytes. SCI systen;

op

1.4.2

Queusd
their i
input g
been |
bandw

ister locations, the interpretation of (most of)~‘this field is responder-archit

itus. The 48-bit status field in response-send packets returns the transaction
n the responder to the requester.

ended header. A packet may include ah.additional 16 bytes of header. The presd
extended header is signalled by a hitsin the command field. A small portion (four

the extended header is defined’ for certain cache-coherence transactiong.

hainder of the extended header.iS‘reserved for definition by future extensions to t

ionally support 256-byte transfers for higher efficiency.

Input and output gueues

s are used.to\hold SCI packets that cannot be immediately forwarded or proces
ntermediate-or final destinations. The simplest responder node has two queue
ueue haolds request packets that have been stripped from the input link but have
rocessed. The output queue holds response packets to be sent on the output linK
idth'is available. These queues are illustrated in figure 12.

ory or
ecture

status

nce of
bytes)
The
he SCI

s may

sed at
5. The
not yet
when
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node application logic

|
Y

output queue input queue
output FIFO input FIFO

Packe
contro

i

output 4—' address input
ink T MUX | | bypassFIFO < decode [T ink

Figure 12 — Responder queues

s in the output queue are sent when the bypass FIFO is empty and the node's flow-
mechanism (see 3.6) permits it. Another packet (or packets) may arrive on the¢ input

link while an output packet is being sent. If they are not addressed to this node, the bhypass

FIFO
has b
throug

While
are mg
provid
When
packe

When
echo
intercd
of ech
target

When
its qu
corres

retry, and the discarded send packet is said to have been busied by the destination nodg.

nolds these incoming packets for delayed transmission after the output queue
ben sent. Thus, the bypass FIFO needs to beas large as the longest packe
h the output queue.

the bypass FIFO is nonempty, symbols arriving between packets (called idle sy
brged and their contents are saved for,delayed retransmission. Thus, most idle sy
e an opportunity to decrease by one.the number of saved symbols in the bypass

may be sent from the output queue.

a send packet is emittedthe packet is saved in the output queue until a con
packet is received. Thevtaddressed target node strips the send packet frg
nnect and creates an-echo packet, which is returned to the source. There are twg
0 packet. If the target node can save the send packet, a done echo is returned
node lacks queue space, it discards the send packet and returns a retry echo.

a done echosis returned to the source the corresponding send packet is discarde
bue spacé. is freed for reuse). When a retry echo is returned to the sour
ponding.send packet is resent. Resending after a retry echo packet is often calleg

packet
t sent

mbols)
mbols
FIFO.

the bypass FIFO is empty, and ¢he flow-control mechanism is re-enabled, gnother

irming
m the

types
If the

d (i.e.,
ce the
busy-

P

Note that send packets can be discarded by targets that have no space to save them, but
returned echo packets are always accepted. Sources need to allocate space for echo packets

before

1.4.3

transmitting send packets.

Request and response queues

Many SCI nodes have requester as well as responder capabilities. To avoid system deadlocks
on these full-duplex nodes, request and response subactions are processed through separate
gueues. Thus, each node logically has a pair of request and response subaction queues, as

shown

in figure 13.
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requester responder
| A | A
output queue input queue output queue input queue
output FIFO input FIFO output FIFO input FIFO
| |
<’ address <’ address
~—H MUX < bypass FIFO | ‘jocode < MUX = bypass FIFO [ jocode [
Qutput input
link link
Figure 13 — Logical requester/responder queues
For pdrformance and cost reasons, a single bypass FIFO is desitable. With suitable allgcation

protocpls, the two bypass FIFOs can be merged into one, as illustrated in figure 14.
requests responses requests responses

Y

Y

output queues

input queues

¢

¢

!

!

output request |(output response input request input response
FIFO FIFO FIFO FIFO
<—' address
- MUX bypass FIFO |[<—— decode =
output input
link link

Figure 14 — Paired request and response queues

Pairs of input and output FIFOs are still required, to ensure that requests and responses can
be processed independently. The input and output queues can be dynamically or statically
allocated for holding requests and responses, if these queues can be bypassed when a FIFO
entry is available. Forward progress is ensured because at least one entry is always available
for holding input-request, input-response, output-request, and output-response packets
respectively.
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1.4.4 Switch queues

The concept of independent queue pairs can be extended to switches. For example, the
gueues in a simple bridge (suitable for use in hierarchical topologies) between two SCI
ringlets are illustrated in figure 15.

> request queue ——P

——»  response queue | —|

R ringlet ringlet b

HZC P22 2028 HZE P20 202N
TItCTIac T TIteTTIacT

More-
topolo
mesh)

1.45

When
transal
used
shown
involvg
The r
genery
packe

- request queue -

response queue -

Figure 15 — Basic SCI bridge, paired request and response‘queues

gy formed by connecting the top and bottom edges and the right and left edges o

Subactions

requester and responder are on the.same lightly loaded ringlet (i.e., locg

as it would be just before receipt of the illustrated packet.) The request suk
s the transfer of a request paegket from the requester to the responder (steps 1 @
bsponder's processing invoelves the consumption of the request packet an
ition of a response packet.The response subaction involves the return of a res
from the responder to the requester (steps 3 and 4).

omplex topologies could have loops in the physical c€enfiguration (e.g., a tproidal

a 2-D

Additional queues may be needed to avoid hardware deadlocks due to possible
circulgr dependencies in such systems.

I ), a

tion involves four packet transmissions; as illustrated in figures 16 and 17. (Shafding is
0 indicate the queue that holds theirelevant packet. The queue state in figurg¢ 16 is

action
and 2).
d the
ponse
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requester (1) request send responder
m :
request
subaction
requester responder
(2) request echo
requester responder
responder
processing req | res res
requester responder
: H
(3) response send
response
subaction

requester (4) response echo responder

requester

requester

responder

Figure 16 — Local transaction components
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requester (1) request send responder
request >
subaction res - req | res
(2) request echo/
busy
request requester (3) request send ‘ responder
subaction >
retry res - res
(4) request echo/
done
requester responder
responder
requester (6) response echo responder
response >
(5) response send

requester responder
requester

Figure 17 — Local transactiofi*components (busied by responder)

subaction consists of a send) packet (steps 1 and 3 in figure 16) that trg

vledging the receipt of thevinformation. Each packet is sent between a source

oducer saves (aj)copy of the request-send (or response-send) packet until a reg

nsfers

ption between a producer(and a consumer and an echo packet (steps 2 and 4)

and a
get for

turned

requegt-echo (or response-echo) packet confirms its acceptance at the consuming nodll‘e. The

echo packet mag‘sometimes indicate that the consumer queues were busy (full) and t
send packet was discarded. These busied packets are retransmitted until they are ac

by the

eventdally‘transmit their send packets; queue allocation protocols guarantee that cong

will ev

constnter. Bandwidth allocation protocols are used to guarantee that all produce

at the
cepted
ers will
umers

pntdally accept these send packets (or a busied retransmission of them, see 3.7).

For example, consider a heavily loaded system, where there is contention for the shared
responder subaction queues. If the responder’'s request queue is full, the first request-send
packet may be busied and retransmitted as illustrated in figure 17. The queue state in this

figure

is shown as it would be just before completion of each illustrated subaction.

The first request-send packet (1) is busied by the responder, which initially has a full request
gueue. The request-send packet is discarded and the busy status (2) is returned in the first
request-echo packet. Later another request-send packet (3) is sent from the requester to the
responder and (in this example) is accepted; receipt of the request-send packet is confirmed

by the

status returned in the request-echo packet (4).
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Although not illustrated in figure 17, either the request-send or the response-send packet may
be busied many times, but will eventually be accepted. Simple ageing protocols guarantee

that th

1.4.6

e oldest busied transactions are eventually accepted.

Remote transactions (through agents)

A packet starts at an original-producer (source) node, addressed to a final-consumer (target)
node. For a remote transaction the source and target nodes are on different rings. The packet
will then be accepted by consumer queues in intermediate agents (e.g., bridges or switches) for
forwarding to the target. Each intermediate agent behaves like a producer when forwarding the
packet to its final-consumer node. A given packet has only one final consumer, but may be

caod h haor of o arlnradt roaire ac it v nc fram anaant ta anannt
ST T TOvV eSO

proces

Arem

the trgnsaction are queued and forwarded by intermediate agents. To the requester, the

behav
typica
addreq

transaption are illustrated in figure 18, for a lightly loaded system (no_subaction queu

full) w
the st4g

‘e anumho ancllin oo
JTO Oy o rrorriocT o coTrourteTrprotoace T poairo ™ ogTTit to g Tt

bs like a responder; to the responder, the agent behaves like a requester. An
ly acts on behalf of many nodes, and thus accepts packets with~any of a
ses (a different set on each side). The steps involved in the completion of a remdg

th a single intermediate agent. In this figure, the queue state.is‘shown as it was
rt of each illustrated subaction.

bte transaction is initiated by the requester as though it were local. The packets fprming

agent
agent
set of
te SCI

es are

before
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requester responder

local request subaction
res req | res

(1) request send

(2) request echo

requester responder

remote request subaction
req | res req | res

agent
(3) request send
req
res (4) requestecho
requester responder
.. remote response subaction .E
req | res req

(6) response echo

-
-

(5) response send

requester responder
local response subaction
req | res req | res

(8) response echo

(7) response send

Figure 18 — Remote transaction components

The initial request subaction (1 and 2) transmits the request packet from the local requester to
the intermediate agent. The remote request subaction (3 and 4) forwards the request packet
from the agent to the remote responder. After confirmation that the request has been
accepted by the responder, the intermediate agent discards subaction information (residual
history); its send buffers can immediately be reused for other purposes.

Note that subactions do not care whether they are local or remote; only agents need know
that the subaction is not local. Note also that echoes merely confirm delivery to the next
agent, not necessarily to the final consumer, and that queues in agents take responsibility for
further transmission.
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After the request has been processed by the responder, the remote response subaction
(5 and 6) transmits the response packet from the remote responder to the intermediate agent.
The local response subaction (7 and 8) forwards the response packet from the agent to the
original requester. After confirmation of the response being accepted by the requester, the
responder and the intermediate agent have no queued send packets; their send buffers can
be immediately reused for other purposes.

An active agent can be pipelined; forwarding of the request-send packet (3) can begin before
the request-echo packet is returned (2) to the requester. The same is true for the response;
the response-send packet (7) can begin before the response echo (6) is returned to the
responder. Note that an agent must also keep a copy in its queue until echo confirmation has

occurr

ed.

This mechanism applies in general for any number of intermediate agents. The\rou

packe

accepf.

1.4.7

A moV
is retu
transfq
data t
lack o
usest

A mo
subac
subac
enter
respor

by application-specific higher-level ones). The steps involved in the completion of a

SClm

s in a system is determined by the set of agents, each with its own set of'addres

Move transactions

e transaction is like a write transaction, with the exception thdt-no response sul

rred and timeliness is more important than confirmed, delivery, such as for ref
ansfers to a video frame buffer. Although more efficient than a write transactic
a response (which provides the responder’'s completion status) limits move-trans
b specialized applications or constrained configuration topologies.

e transaction is a specialized noncoherent write transaction that has a r
ion but (for improved efficiency) no respanse subaction. Flow control, performed
ion level, ensures that request-send pdckets are not discarded when attemp
se subactions) will not be detected by the standard lower-level protocols (but cd

bve transaction are illustrated.in figure 19, for a lightly loaded system.

requester responder

local request subaction
res req | res

(1) request send

(2) request echo

ling of
ses to

action

rned. A move transaction is expected to be used when large amounts of dqta are

etitive
n, the
action

equest
at the
ing to

congested queues. However, transmission errors (which are normally repoited in

uld be
emote

requester responder
remote request subaction
req | res req | res

agent
(3) request send

req

(4) request echo

Figure 19 — Remote move-transaction components
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The local request subaction (1 and 2) transmits the move-request packet from the requester
to the intermediate agent. The remote request subaction (3 and 4) forwards the move-request
packet from the agent to the responder. The final agent is informed when the request is
gueued in the responder, but the requester receives no such confirmation. Since transactions
may be reordered while passing through an interconnect, there is no standard way for either
the requester or the agent to confirm when or if the move transaction has completed.

Since move transactions have no response, there is no standard way to return agent or
responder error status to the requester. Intermediate agents and responders are expected to
provide mechanisms for logging these errors, but these error logging mechanisms are beyond
the scope of the SCI standard.

Since t‘nove transactions have no confirming response, there is no reliable way to.'usg their
transagtionld values to differentiate between distinct move transactions. Thus, praducefs with
two orlmore active move transactions could become confused, when two or more |activg move
transaftions generated the same request-echo packet. To avoid these confusions, profucers
are ejpected to temporarily inhibit transmission of new move requests_when their gechoes
could pe confused with those that are already expected from other active.requests. (An|active
request is one that has been sent but whose echo has not been returnged).

1.4.8 |Broadcast moves

Some [applications can benefit from the optional capability of<efficiently broadcasting a packet
to multiple destinations using a single transaction. Application examples include somg kinds
of imgge processing such as HDTV (high-definition television) signal processing, gystolic
procegsing arrangements, and massively parallel architectures such as neural networks.
Special protocols are used to ensure forward progress, since a move transaction| might
somet|mes be accepted by some of the nodes butnot all (when some of the consumer queues
are temporarily full).

In thel worst case, a broadcast consumes the same bandwidth as sending the packet
repeatedly to all its N destinations. In the best case, it reduces the consumed bandwidth by a
factor [of N, when there are N breadcast-capable nodes on the ring. Note that bropdcast
transagtions are ignored by nodes.that do not support this optional capability.

Several subaction command codes are allocated for broadcast functions. Half of these|codes
are fol starting broadcastimessages; the other half are for the resumption of a preyiously
initiatgd broadcast. Except for having multiple effective target addresses, broadcast (start and
resump) transactions are functionally equivalent to directed moves (they do not Have a
response subaction\and they do not participate in cache coherence).

On a [local ringlet, a start-broadcast packet is sent from the broadcaster to itself, with a
| start-move command code (smove) that enables the eavesdrop capability on other
ringlettloeal nodes. The command code for the broadcast is decoded by all those nodgs that

| ~ tha oo e—is—i v at—do—ret—supperi—breadcast,

based on its target address.

If all acceptance queues are free, the smove packet returns to its source (node_C) and is
stripped. The originating broadcaster node_C recognizes that no echo is needed, but updates
its send queues as though one were received. The strategy of not echoing one's own send
packets is efficient, simplifies the allocation-priority sampling protocols, and applies to
directed send packets as well.

If an eavesdropper's acceptance queues are full, it strips (1) the packet and returns (2) an
echo, as illustrated in figure 20.
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(1) | (2) |
- - -

node_D node_B node_A

i gy

1) smove send packet, target = source = R
2) echo packet, target = R, source = A

Figure 20 — Broadcast starts
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example, the broadcast transaction has been originated by a remote nodex(ng
being forwarded to this ringlet through node_C. Just as for other SCI transactio
acket's sourceld field is provided by the original source, not the local agent.

the busied transaction is re-sent (3) by node_C, the retried packet/contains the rg
ast command (rmove) and is directed to the node that returned(the echo (node_A
-broadcast packet is directed in the sense that it is igneréd by other ringle
While the acceptance queues are full, the rmove packetsare stripped and ech
A and re-sent by node_C. When the acceptance queues®ecome free, node_A cd
cket into its original smove form (4) for distribution to the downstream nod
ted in figure 21.

(3) | ) |
- - -

node_D node_B node_A

3) rmove send packet, target = A, source = R
4) smove send pagcket, target = source = R

Figure 21 — Broadcast resumes

the rmove transaction is accepted by node_A, its target address is restored to thg
ed by the seurce and its command value is restored to the original smove value.
leued packet is passed to an adjacent ringlet it looks like the original brog
ing the resume-broadcast to its start-broadcast form also requires regeneration
alue; since the target and command fields change. Note that waiting for the so
converting the packet to its original form requires two extra levels of pipelining

de_R)
hs, the

sume-
). The
t-local
bed by
nverts
es, as

value
When
dcast.
of the
urceld
in the

node'

pnr‘l(m‘ prnr‘nccing (nnn more than needed hy a ring cr‘rnhhnr)

The smove transaction completes when it is stripped by the originating node_C. This
broadcast is never busied, even if node_C's acceptance queues are full. This is because the
broadcast actions were already performed on node_C, before the send packet was originally
transmitted.

1.4.9

Broadcast passing by agents

The routing algorithms for an agent's directed and broadcast transactions may differ, to
prevent broadcasts from travelling from one ringlet through a switch or a bridge to another

ringlet

Copyri

and back again, thereby circulating in the system indefinitely.
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For example, consider two ringlets connected to each other via two distinct symmetric
bridges. A broadcast could start on one ringlet, propagate to the first bridge, pass to the other
ringlet, circulate around to the second bridge, and then propagate back onto the original
ringlet. There would be an infinite loop and an increasing number of packets the original
packet would go past the bridge while the bridge creates a new one.

Normally an agent needs only to look at the targetld and its own internal routing tables to
decide whether or not to pass a packet to its remote side. That is, routing decisions depend
entirely on packet destinations. However, agents that support broadcast transactions look at the
sourceld field in broadcast packets, and broadcasts have a special routing table. The table
indicates which broadcasts are to be passed, based on sourceld comparisons. When properly

"'I' (] | PR . | e ) - £l (] - bl - - L | I N - - | Y
Initialized;suchrtaptes preventthereturmof broadeaststhat previousty teft thrsrmgtet:

Such broadcast routing tables need to be set up at initialization time. Proper setup of these
routing tables involves treating each node in the system as the potential root of a’tree whose
branches are formed by the other ringlets and agents in the system. System initialjzation
procedures are expected to put these broadcast tree routes into the broadeast tables with the
specific purpose of creating efficient paths that have no loops. These procedureg may
optionplly take into account traffic patterns in the system in order to optimizg path
assignments where path choices exist.

Note fhat the implementation of the broadcast routing table.<in an agent, like the pormal
routing table, need not be a table lookup. In some configurations, the routing can be done
algorithmically with sourceld range-checking logic. However, the specification of the fouting
tables|or range-checking logic is beyond the scope of this standard.

1.4.10] Transaction types

Several types of transactions are supportedyincluding reads, writes, and locks. The grimary
differghce between these transactions isi\the amount of data transferred, and in|which
subaction is as illustrated in figure 22.

request response
readxx* header header | 0,16,64,256
writexx* header | 16,64,256 header

movexx* | header | 0,16,64,256

eventxx* header | 0,16,64,256

locksb header 16 header 16

Note: xx represent one of the allowed data block lengths
(number of data bytes, on the right arfter the header)

Figure 22 — Transaction formats

Readxx transactions copy data from the responder to the requester; writexx transactions copy
data from the requester to the responder. Readxx and writexx transactions both have
responses, which are used to return the completion status from the responder.

Movexx transactions copy data from the requester to the responder. Movexx transactions are
more efficient than their nearly equivalent writexx transactions, but there is no provision for
returning the completion status from the responder.
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Eventxx transactions copy data from the requester to the responder. Eventxx transactions
have no flow control, and are never rejected. Therefore, the protocols in this standard can
provide no guarantee of data delivery. Event00 is used for synchronizing time-of-day clocks. If
the other Eventxx transactions are used for moving data, the system designer must provide
sufficient storage for that data outside the normal request-queue storage that is managed by
SCl's flow control mechanisms.

Locksb transactions copy data from the requester to the responder. The responder indivisibly
updates the affected address, based on the command value and the request-subaction's data.
The response subaction returns the previous (unmodified) data and status. These non-
coherent transactions support fetch&add as well as compare&swap update operations.

Shortgr transactions, such as a 1-byte write transaction, are formatted asi 16-byte
transaptions, but only a portion of the data is used. These selected-byte read\and write
transagtions are useful when accessing control registers (which are less than 16.bytes ip size,
and whose side-effects are sometimes dependent on the transaction size).

1.4.11| Message passing

SCI sypports message passing, as defined by the CSR Architecture< A standard noncgherent
write6fl transaction is used to send short unsolicited messages to a specified CSR register
within the target node. Two techniques for sending longer messages can be used:

1) Concatenated packets. Two or more 64-byte write transactions are concatenated to form a
longer message.

2) Indirect pointer. A long message transfer (from AJto”B) is initiated by a short unsglicited
mgssage from A to B. This message includes.a pointer to the longer message,|which
remains stored in memory at A. After processing the message pointer, the procesgsor on
nogle B reads the long message from node A

To simplify flow-control protocols (and buffer allocation), the indirect-pointer appropch is
recommended.

1.4.12| Global clocks

The S[CI standard supports global time synchronization, as defined by the CSR Architgcture.
SCI npdes can maintain Jocal clocks (formatted as 64-bit integer-seconds/fraction-s¢conds
countgrs). Hardware provides mechanisms for detecting drifts between clocks, and softyare is
responsible for correcting the drifts as they are detected. Several expected uses of the [clocks
are as|follows:

1) Syptem debugging. If the optional trace feature is implemented, the route of a packpt with
its|trace-hit_set can be reconstructed by logging (with an accurate time stamp) packet
arrjvals-at switching points in the interconnect.

2) Time\of death. If the optional timeOfDeath value is provided in the packet header, stale
selpackets tambesafety distardedbeforethey might bemmismterpreted:

3) Real-time data. A global clock can be used to synchronize the activities of multiple data-
acquisition nodes (such as A/D and D/A converters).

On a traditional backplane, a clockStrobe signal can be broadcast to synchronize clocks on
observing nodes. Clock synchronization on SCI is more complex, since signal paths are
daisy-chained or switched rather than bused (see 3.12.4.1).

Copyright 0 1998 IEEE. All rights reserved.


https://iecnorm.com/api/?name=cc37cb26a5fd271a3b0630d9583740a4

— 46 - ISO/IEC 13961:2000(E)
IEEE Std 1596, 1998 Edition

1.4.13 Allocation protocols

Depending on system configurations and dynamic loading conditions, the cumulative
bandwidth requirements of multiple requesters can exceed the capacity of a shared inter-
connect or the bandwidth of a shared responder. When the cumulative bandwidth exceeds the
available bandwidth, allocation protocols apportion the oversubscribed resources to the
multiple requesters.

Most of the bandwidth is (optionally) apportioned unfairly to the highest-priority transactions.
However, a small portion of the bandwidth is always apportioned fairly, as illustrated in figure 23.
There are four priority levels: 0 through 3 are the lowest through highest priority respectively. The
allocation protocols allocate most of the bandwidth (approximately 90 %) to those transactions
with the highest priority that is currently being used; the remaining bandwidth is allocated-fairly to
those fransactions having priorities less than the current highest priority.

fraction of
priority bandwidth

highest

PO fair f

Figure 23 — Bandwidth partitioning

For thge lower-priority nodes, the relative‘hode priority has no effect on the allocation |of this
bandwidth. However, under dynamic loading conditions, the higher-priority nodes are likely to
become the highest-priority nodesvmore often, which then increases their appoftioned
bandwidth.

Although this partial fairness scheme complicates allocation protocols, having even j little
teed bandwidth-fairly allocated simplifies SCI in other ways, which incluge the

1) Fofward progress. The impact of transient hardware or software priority inversipons is
minimized.~A<high-priority process can be temporarily blocked by a low-priority process
without deadlocking the system.

2) Deterministic timeouts. For any system configuration, deterministic worst-case trangaction
eolt values can be calculated. These values are necessary for initializing the timeout
hardware.

3) Queue-allocation protocols. Partial fairness bounds the time limit for retrying busied
transactions. This simplifies queue-allocation protocols, which wait for retries of previously
busied transactions.

Bandwidth allocation protocols apportion bandwidth on a local ringlet. When many requesters
and many responders are on the same ringlet, allocation protocols apportion the shared
ringlet bandwidth. SCI bandwidth-allocation protocols are similar in effect to bus arbitration
protocols.

Queue allocation protocols allocate queue entries in a responder or switch component. When
many requesters access the same responder, the responder's allocation protocols allocate the
limited responder-queue bandwidth. SCI queue-allocation protocols and bus-bridge busy-retry
protocols are similar in function.
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Bandwidth allocation protocols apportion bandwidth when the interconnect is the bottleneck;
gueue allocation protocols apportion bandwidth when a shared responder (or intermediate
agent) is the bottleneck. These bottlenecks are illustrated in figure 24. Shading indicates

conge

stion.
requester[0] interconnect responder[0]
bottleneck
requester[1] responder[1]
. (many-to-many) .
e bandwidth allocation e
requester[N-1] r ‘1 responder[N-1]
requester|0] shared-responder respondet{0]
bottleneck
requester[1] responder[1]
. (many-to-one) .
e queue allocation -

requester[N-1] responder[N-1]

Figure 24 — Resourcebottlenecks

Requgster nodes assign a two-bit transactiompriority to their transactions. This trans
priority affects the bandwidth and queue,allocation protocols, which assign most

availa
equal

packe
inherit

to its transaction priority, but may-be temporarily increased because of higher-
s that are blocked behind. ity This priority-modification process is called

transagtion priority as well as the\effective priority.

Alloca
inhibit
protoc

ion of prioritized bandwidth has a delayed effect. Transmission of future pac
bd based on the—state of other nodes in the recent past. On large systems,
pls can effectively apportion bandwidth but have little effect on reducing the late

randomn accesses,

Traditi
nodes
bus vi
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1.4.14

onal backplane bus arbitration takes longer, but simultaneously senses the priorit
so priority information is more current and more directly affects latency. Note th

action
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ble bandwidth to the highest-priority-hodes. A send packet's effective priority is fisually

Driority
briority

ance. Priority inheritance«is “supported by SCI, whose send packets contain the

ets is
these
hcy for

y of all
at this
ber of

tue’ comes at the price of severely limiting the bandwidth and the maximum nun

Queue allocation

Most bus designers are familiar with arbitration protocols, which are similar in function to
SCl's bandwidth allocation protocols. When bus transactions are unified (not split into
separate request and response subactions) and never busied, fair arbitration protocols are
sufficient to ensure that all transactions eventually complete. However, when bus transactions
are split into request and response subactions, many requesters may access a shared
responder node, and its available queues may be filled. When queues are filled, request
subactions are terminated with a busy status, which forces them to be retried until the queue
eventually has space.
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In the absence of queue-reservation protocols, some retried request subactions could never
be sent successfully. Although queues may be emptied quickly, they could consistently be
refilled by one or several other requesters, while the one requester is continually busied, as
illustrated in figure 25.

requester2 responder requesteri
ﬁ (2) echo " 1 sond
(done) | |
g —
Im |
ﬁ (4) echo “ (3) send %)
| (busy) |
l‘ I:‘
< >
ﬁ ®)| in (6)
ﬁ (8) echo - (7) send
(done) | |
r<g rt
= u
ﬁ (10y echo out

| (busy) | (9) send

Figure 25 — Queue allocation avoids starvation

In this|illustration, requesterl initially sends (1) a request-send packet to the responder| since

the regponder's queue is empty, the packet is accepted. The returned request-echo packet

|nd|ca ac (2 tha raaliact cand wac accantad withaont arrar Haowavar thic racdiiact.cand acket
2 thereguestsendwasacceptedwithgut error—Howeverthis reguest-send

temporarily fills the responder's input-request queue.

Before the responder has processed its input-request queue, another request-send packet is
sent (3) from requester2; since the responder's queue is full, the packet is rejected. The
returned request-echo packet indicates (4) the subaction was busied and should be quickly
retried.

Soon thereafter, the responder's input-request queue is emptied (5) and another request-send
packet is generated (6) within requesterl. The new request subaction is sent (7) from
requesterl; since the responder's queue is empty, the packet is accepted. The returned
request-echo packet indicates (8) the request send was accepted without error.
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Then requester2 resends (9) its previously busied request-send packet, but since the
responder's queue is once again full the packet is rejected. The returned request-echo packet
indicates (10) the subaction was busied and should be quickly retried.

If this cycle repeats, the less-fortunate requester2 could be forever starved by the activity of
requesterl. The SCI allocation protocols avoid such starvation conditions by reserving space

for the

older send packets that are busied. See 3.7 for details.

1.5 Cache coherence

151

Interconnect constraints

High-performance processors use local caches to reduce effective memory-access timg
multipfocessor environment this leads to potential conflicts; several processofsyco
simultaneously observing and modifying local copies of shared data.

Cachercoherence protocols define mechanisms that guarantee consistent-data even
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re locally cached and modified by multiple processors. The.SCI cache-cohérence
protocpl can be hardware based, thus reducing both the operating system complexity and the
re effort to ensure consistency. Many cache-coherence’protocols rely gn the

nism.

Distributed directories

ses a distributed directory-based cache-coherence protocol. Each shared i

| copies participate in the update -of’this list.

memory line that supports, coherent caching has an associated directory ent

ES pointers to the next @and previous nodes in the sharing list for that cache line|

es with cached copies of the same memory line are linked together by these pqg
sulting doubly linked\ist structure is shown in figure 26.
processors
head mid mid tail

CPU_A [execution
unit

cache

Copyr

memory

B coherent line

[ noncoherent line

Figure 26 — Distributed cache tags
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Note that this illustrates the logical organization of the directory's sharing-list structure for one
line, which may be different for each line that is cached. The processors are always shown on
the top and the shared memory location is shown on the bottom. These logical illustrations
should not be confused with the physical topology of a system; SCI expects that processors
and memory will often be found on the same node.

Coherence protocols can be selectively enabled, based on bits in the processor's virtual-
address-translation tables. Depending on processor architecture and application require-
ments, pages could be coherently cached, noncoherently cached, or not cached at all.

This distributed-list concept scales well. Even when the number of nodes in a list grows
dramatically, the memory-directory and processor-cache-tag sizes remain unchanged.
Howeyer, memory-directory storage and processor-cache-tag storage represent extral fixed-
percentage overheads for cache-coherence protocols.

The ligt pointer values are the node addresses of the processors (caches)? When g node
access$es memory to get a copy of coherently shared data, memory saves the reqyesting
node'y address. If there are currently no cached copies, the requesting node becomges the
head ¢f a new list. (The memory directory is updated with the new, node address.) If other
nodes|have cached copies of the data, the pointer to the head of\thé sharing list is returned
from miemory. The requesting node inserts itself at the head of-the list and gets its data from
the pre¢vious head.

With the exception of the pairwise sharing option, write-a€cess is restricted to the node| at the
head of the list. To get write access, a requesting node ‘ereates an exclusive copy by ingerting
itself at the head of the list and purging the remainder of the list entries. SCI supports both
weak [and strong sequential consistency, as determined by the processor architgcture.
A weakly ordered write instruction can be executed before the sharing-list purge completes,
while @ strongly ordered write must wait for purge completion.

1.5.3 |Standard optimizations

Standard optimizations are defined that improve the performance of common kinds of
cohergnce updates, as follows:

1) Fr¢sh copies. The fresh-memory state indicates that all shared copies are read-only; the
data can be returnedsftom memory when a new processor is attaching to the head|of the
previous sharing list.

2) DMA transfers. BMA data can be read directly from the sharing-list head without changing
thg directory/state. DMA writes (of full 64-byte lines) can be performed directly to memory,
although a(list of old copies (purge list) will be returned to the writer if the data werq being
shared,

3) Pajrwise sharing. When data are shared by a producer (the writer) and a consumer (the

re"rlnr), data _are rhrnr‘fly transferred from one cache to the other The rhrnr\fnry p inters

need not be changed, and memory is not involved in the cache-to-cache transfer.

1.5.4 Future extensions

As well as supporting a wide range of interoperable options, the SCI standard intends to
support several compatible future extensions. This allows implementations to quickly use the
existing specification, while providing opportunities to expand the SCI capabilities when more
experience is available. Although the future extensions are beyond the scope of the SCI
standard, a short overview is intended to provide the reader with insights on how this
standard may evolve in the future.
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1.5.4.1 Out-of-band QOLB

The SCI standard supports the concept of delaying distribution of shared data, by queuing
additional requesters until a cache line has been released by its current owner (queued on
lock bit, called QOLB). The coherence protocols define the QOLB option to avoid transferring
shared cache lines until the data can be used. Although QOLB controls the flow of cache lines
between caches, an additional lock bit is needed to validate ownership of the cache-line data;
within the SCI standard, this lock bit is expected to be contained within the 64 bytes of cache-
line data.

A future extensron to the SCI coherence protocols could |mplement a more- transparent lock bit,
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Figure 27 — Request combining

read transactions can be combined in the idterconnect or at the front-end
y controller.

request combining reduces the hot spotdatencies, the distribution of data to thg
p-list entries may become the performiance bottleneck. Extensions to the coh
pls are being developed to reduce._the linear latencies normally associated wit
ition and invalidations. Linear latencies can be reduced to logarithmic lateng
a third sharing-list pointer to_ SCl's forward and backward pointers to form
re, as illustrated in figure 28.
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Figure 28 — Binary tree
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The three pointers per cache line define a binary tree. Shared data can be routed through the
tree to quickly distribute new copies of read-shared data. A writer can also route purges

through the tree to quickly invalidate other read-only copies.

forwarding of data and purges can be handled correctly.

Deadlock avoidance for

The support for binary trees is planned as a compatible extension to SCI (P1596.2). It is an
authorized standards project that has not been completed at the time of this International
Standard's publication. For current information contact the chairman of that working group.

1.5.5 TLB purges

Most SysStems will have processors
their fnost recent virtual-to-physical address translations in special translationclookaside

buffers (TLBs). When page-table entries are changed, remotely cached TLB entries n

be purged.

TLB replacements are usually handled by software that purges the corresponding

al use virtual a

ressing. such processors
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eed to

emote

entrieg when page-table entries are changed. Three remote TLB purge mechanisms are
suppofted by SCI:

1) Indirect purging. The TLB purge address is left (1) in a memoty;resident message. Remote

prqcessors are interrupted (2), read their messages, purge’their local TLB entrie
return their completion status to memory (3).

2) Di

completed.

rect purging. The TLB purge address is written tola control register on each
prqcessor. The response from the control registerwrite is delayed until the TLB pur

5, and
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je has

3) Coupled purging. Physically addressed TLB.“entries can be implemented as ¢ached

velsions of page-table entries. When thepage table is modified the cache-coh

prqtocols are used to invalidate the TLBentries in the other processors.

prence

The fifst two of these TLB-purge options are illustrated in figure 29, for processor P-1 gurging
a TLB|entry in processor P-2. The thitd option has some dependency interlocks that must be
clearlyf understood to ensure correctness while avoiding deadlock.

interrupt other
processors (2)

P-1 \ P-2
interrupts interrupts

(8) rendezvous

] (1) when done
write TLB-purge

Copyright 0 1998 IEEE. All rights reserved.

purge TLBs
directly (1)
P-1 \ P-2
tibAddr tibAddr

direct purging

meSSaygt™

memory

indirect purging

Figure 29 — TLB purging
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1.6 Reliability, availability, and support (RAS)
1.6.1 RAS overview

Maintainability has been a primary concern in the design of SCI. To simplify maintenance, the
SCI protocols have been defined with the following precepts in mind:

1) Conceptual simplicity. Although high-performance circuits may be complex when
implemented, the functions provided by the SCI interconnect should be conceptually
simple.

2) Minimum options. It is better to standardize on one nonoptimal option than to support a
wide \I:\rinf\ll of nlnfinne inthe field

Rather than describing a formal RAS strategy, this clause describes the major decisipns (in
the logical protocols) that were influenced by the RAS objectives and strategies.

1.6.2 [Autoconfiguration

Each finglet has a scrubber node that is responsible for monitoring ringlet activity and
discarfling stale or corrupted packets and idle symbols. To minimize" human errors |in the
configpration process, the scrubber is automatically selected when the ringlet is initiplized.
This ajoids the use of human-settable switches, which could accidentally be set to conflicting
values.

The sfcrubber-selection process is based on an 80<hit unique identifier. The 16| most-
signifi¢ant bits of this identifier can be set manually{so“that a pre-specified scrubber ¢an be
select¢d whenever the ringlet is initialized. The least-significant 64 bits of the number are
used tp break ties, when two or more nodes haverthe same value for the 16 most-sigrnificant
bits. These 64 bits are assigned at node manutfacturing time, or may be generated randomly
(based on a real, not pseudo-, random numbet generator).

The initial addresses on each ringlet are automatically assigned by the scrubber, baged on
the digtance of the node from the scrubber. In larger systems with multiple ringlets, gach of
the scfubbers initially assigns thexsame sequence of nodeld values to the nodes on its finglet.
Initialization software eventually-overrides these initial values and assigns unique nodeld
valueq to all nodes on all ringlets in the system.

1.6.3 |Control and status registers

In the|design of the,control and status registers (as defined by the CSR Architecturg), the
foIIowi[‘rg issuesiwere considered:

1) Augoconfiguration. When new nodes are inserted, the old boot code should still wprk on
thg new.’system. The new configuration can be automatically detected and dynamically
inifialized. Autoconfiguration support includes the following features:

a) Standard ID-ROM. Each node has ROM. A standard portion of the ROM identifies the
node's name and initialization characteristics.

b) Standard selftests. With standardized selftests, a node can be partially initialized
before its I/O driver software is available.

2) Distributed error logs. The CSR Architecture provides the framework for implementing
distributed error logs, one on each node in the system. These error logs supplement the
standardized error status codes when attempting to isolate the source of an error.

See the CSR Architecture for details. Note that most of the definitions therein are shared by
related buses (Futurebus+ and Serial Bus) as well.
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1.6.4 Transmission-error detection and isolation

In a large system, a significant number of errors may occur during packet transmissions. SCI
protocols are designed to detect these errors readily and isolate them. Although a small
portion of each packet has no error detection coverage, these fields are only used for
arbitration purposes; an error in them would affect only the packet's ringlet-local effective
priority, not the packet's correct interpretation.

To reliably detect transmission errors, all packets are protected by a 16-bit ITU-T CRC code.
The packet's flow-control information (which dynamically changes during packet routing) is
excluded from the CRC calculation. Thus, the CRC is unchanged by intermediate (switch)
hops between the original source and the final target. This simplifies implementation of
switches and improves reliability of error checking (coverage is not compromised while[a new
CRC i$ being appended to unprotected data).

Timeolts are also used to detect transmission errors. Whenever possible, these timeolits are
desigrned to be self-calibrating (so they cannot be incorrectly set). An~gxception |is the
responjse timeout, which has to be set by software (based on knowledge of gystem
configpiration and design parameters). Allocation protocols ensure a minimal amount of fairly
apportioned bandwidth, so proper timeout values that detect hardware\transmission errgrs are
indepgndent of the system's real-time software loading.

Addressing errors are a form of transmission error; although the-data are not corrupted |during
transnjission, there is no target to properly acknowledge the packet. These addressing|errors
are qulickly detected and reported by ringlet scrubbers, sO that these (software-related)|errors
will not be confused with other (hardware-related) types, of transmission errors.

When [possible, error status is returned to the requester in the response-send packet, ysing a
4-bit qtatus code. The status code distinguishes®among error categories. This helps jsolate
the cause of the problem (for an address-ID¢error), or the location of additional information
(for a fesponder-data error).

1.6.5 |[Error containment

To simplify recovery from transmission errors, errors are contained (whenever possiblg). For
exampgle, the conversion of a send packet into an echo packet is delayed so that the irftegrity
of the send packet can be reflected in its echo.

Often fransmission of a-packet or echo has begun before it is discovered to be invalid. [This is
commgnly done to reduce latency. In such a case the correct CRC is computed for thie data
as trapsmitted, and.then certain bits are complemented to produce a recognizable bag CRC
value.| This proeess is called stomping the CRC, and makes it possible to discriminate
between packetsinewly discovered to be bad and those that have already been detected but
are still propagating. Thus error logging can record the bad packet at only the first checking
locatign after'the failure, making discovery of the failure point easier. The stomped CHC is a
bad CRC{.,and has the normal effect that the packet will eventually be discarded.

Error containment also influenced the time-of-death fields (which are optionally included in all
send packets). When a response timeout is generated, the time-of-death value can be used to
guarantee that residual send packets have been deleted. This simplifies error recovery, since
stale packets (which could be confused with newly generated transactions) are never
delivered.
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Hardware fault retry (ringlet-local, physical layer option)

Ringlet-local hardware fault-retry may be supported (as a physical layer option) on individual
ringlets. However, hardware fault-retry is not supported for end-to-end transmissions, since
the failures introduced by the (much more complex) end-to-end retry hardware would most
likely offset most of the benefits it could provide. For example, hardware fault retry could be
used to improve the reliability of transmission over a less reliable intermediate medium, as
illustrated in figure 30.

Hardwjare fault retry has significant costs; special accounting\ hardware is needed
sequence numbers needed for duplicate suppression, and “€ach packet is lengther
preper:I:ding these sequence numbers. The SCI standard d@es not define a hardware

retry

1.6.7

Several forms of software fault recovery are well supported. When accessing noncg

CSRs

sounds; after the failure, the success of the{irst transaction is unknown (it may have sucq

or fail

be safgely retried (one and two reads are~equivalent, they both have no side effects).

Many

Softw

memoly has altag identifying the last owner, the previously dirty entries can be identifie

the fa
and d
After

coher

requester responder
~| bridge .| bridge [~ T
1) request-send 2) timeout

3) retry request-send

Figure 30 — Hardware fault-retry sequence

echanism.

Software fault recovery (end-to-end)

| many transactions can be safely retried\by software. The retry is not as simple as

gd). Reads (to SCI-defined registers) have no side effects, so reads of these registe

gre can peffaorm end-to-end fault retry on coherent memory transactions. Since co

to log
ed by
fault-

herent
it first
eeded
rs can

writes have side effects, but can safely be retried (the side effects of one apd two
identiqal writes are the same).~Retrying writes to CSRs where one and two writeg
different side-effects is harderFor these registers, the CSR Architecture recommendg
sequepce-number bits in_the data; these bits can be used by software (to verify the s
or failure of the initialytransaction attempt). Designers should carefully consider
problems and avoid creating needless difficulties for error recovery.

have
using
iccess
these

herent
d after

It is-detected. Transaction fault recovery involves flushing the old dirty copy to m
}‘stroying the (possibly now corrupted) sharing-list structure, as illustrated in fig

emory
re 31.

e.data have been flushed, the sharing list is rebuilt automatically using the standard

ence protocols.
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»| bridge »| bridge

1) request-send
2) timeout (SPLIT_TIMEOUT)
3) check memory tags / flush dirty data

4) retry request-send

Figure 31 — Software fault-retry on coherent data

on system performance.

System debugging

gh the error recovery is relatively inefficient, its infrequent use should have a njinimal

b bit is provided to selectively enable packet logging as\packets are routed through the

system. Since a globally synchronized time-of-day clock is provided (see 3.4.6), packdts can

be acq
implen
1.6.9

On a g
entire
ringlet

Even though a ringlet has failed,~its nodes could still be interrogated and diagnosed U

redung
redund

1.6.10

The S
idled v

hentation and use of the trace bit is beyond the'scope of the SCI standard.
Alternate routing

ingle ringlet, the SCI protocols are intolerant to faults since one failure brings do
5 can isolate each ringlet from the\failure of others.

ant low-cost diagnostic-bus (Serial Bus). Although Serial Bus is not intended t
ant operational bus, it ean assist in identifying the failed field-replaceable unit.

Online replacement

C| standard<supports online replacement of modules, in that the full system need
hile a module is being replaced. Software is expected to isolate the module befo

replac

cachi

syste’r.T. For example, coherently cached data has to be flushed to memory before a pro

bd, taking account of any resources that that module was providing to the rest

g dt-can be replaced.

urately time-stamped as they are logged. The usé€ of time stamps allows the rgute of
the palcket (at logging locations) to be reconstructed based on the log contents. The d

ptailed

ivn the

ringlet. However, redundant-ringlet’systems are feasible. Switches or bridges bgtween

sing a
b be a

not be
re it is
of the
cessor

The physical specification section of the SCI standard defines mechanical and electrical
interfaces that support online replacement. These specifications allow a module to be
replaced without disrupting the electrical power supplied to other nodes in the system. The
CSR Architecture defines the behaviour of modules during the on-line replacement process.

Replacing a module temporarily breaks the ringlet. A switch could isolate this ringlet from the
remainder of the system while the module is being replaced. Alternatively, fault-recovery
software could retry transactions that were lost while the module was being replaced. These
ringlet-isolation and fault-recovery protocols are beyond the scope of the SCI standard.

Copyri
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2 References, glossary, and notation

2.1 Normative references

The following normative documents contain provisions which, through reference in this text,
constitute provisions of this International Standard. For dated references, subsequent
amendments to, or revisions of, any of these publications do not apply. However, parties to
agreements based on this International Standard are encouraged to investigate the possibility
of applying the most recent editions of the normative documents indicated below. For undated
references, the latest edition of the normative document referred to applies. Members of IEC
and ISO maintain registers of currently valid International Standards.

EIA IS}64 (1991), 2 mm Two-Part Connectors for Use with Printed Boards and Backplanes 3)
IEC 6(793-1, Optical fibres — Part 1: Generic specification 4)
IEC 60793-2, Optical fibres — Part 2: Product specifications

IEEE ptd 1301-1991, IEEE Standard for a Metric Equipment Practice for Microcomputers —
Coord|nation Document) (ANSI) 5

IEEE $td 1301.1-1991, IEEE Standard for a Metric Equipment-Practice for Microcompuyiters —
Convefction-Cooled with 2 mm Connectors (ANSI)

ISO/IHC 13213:1994 [ANSI/IEEE Std 1212, 1994% Edition], Information technolpgy -
Microgrocessor systems — Control and Status Registefs (CSA) Architecture for microcomputer
buses|6)

ISO/IHC 9899:1990, Programming languages:="C

2.2 Clonformance levels

Several keywords are used to dijfferentiate between different levels of requiremenfs and
optiong, as follows:

expected
a keyword used to describe the behaviour of the hardware or software in the design models
assumed by the SCI_standard. Other hardware and software design models may also be
implemented

may
a keyword(that indicates flexibility of choice with no implied preference

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

4 |EC publications are available from IEC Customer Service Centre, Case postale 131, 3 rue de Varembé,

CH-1211, Geneve 20, Switzerland/Suisse. IEC publications are also available in the United States from the
Sales Department, American National Standards Institute, 11 West 42" Street, 13" Floor, New York, NY
10036, USA.

IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O.
Box 1331, Piscataway, NJ 08855-1331, USA.

ISO publications are available from the ISO Central Secretariat, Case postale 56, 1 rue de Varembé, CH-1211
Geneéve 20, Switzerland/Suisse. ISO publications are also available in the United States from the American
National Standards Institute.

5)

6)
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shall

a keyword indicating a mandatory requirement. Designers are required to implement all such
mandatory requirements to ensure interoperability with other SCI standard conformant
products

should

a keyword indicating flexibility of choice with a strongly preferred alternative. Equivalent to the
phrase is recommended

NOTE These terms are used infrequently in the introductory portions of this specification, which are nonbinding.
This includes clause 1: Introduction, parts of clause 3: Logical protocols and formats, parts of clause 4: Cache-

coherence protocols, parts of clause 5: C-code structure, and the Annexes. In these clauses, a less-precise writing
style is used.

2.3 Terms and definitions

Many pus and interconnect-related technical terms are used in this document, ‘These| terms
are deffined as follows:

agent
switch| or switch-like component or bridge between the requester and-the responder. pPuring
normaj operation the agent's intervention is transparent to the requestér and responder

allocation protocols
protocpls used to allocate resources that are shared by)multiple nodes. These include
bandwidth allocation protocols and queue allocation protdcols

backpllane
board fthat holds the connectors into which SCI medules can be plugged

In ring-based SCI systems, the backplane mag~contain wiring that connects the output|link of
one mlodule to the input link of the next. In Switch-based SCI systems, the backplane may
merely provide mechanical mounting faop,connectors that are connected by cables |to the
switch|circuitry; or, part of the switch cifcuitry may be implemented on the backplane. Usually
the bdckplane provides power connections, power status information and physical ppsition
informption to the module.

bandwidth allocation protocols
protocpls used to allocate bandwidth on a ringlet. This involves inhibiting send-packet
transnjissions from oné or more nodes when another node is being starved (never gets an
opportunity to transmit its send packet)

board
physicial component of an SCI module that is inserted into one of the backplane slots. A board
may contdiny'multiple nodes, and that nodes can be implemented without using bogrds or
modules

bridge
pair of communicating nodes, each of which selectively (based on target address) accepts
certain packets for retransmission by the other

For example, a symmetric bridge may be used to connect two SCI ringlets. Such a bridge (the
simplest kind of switch) acts as an agent, taking the place of the target on one ringlet and of
the source on the other. It acts like a node that has many addresses. Bridges may also
connect dissimilar systems, such as SCI and VME. Such bridges are generally much more
complex, because they must translate protocols.
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broadcast transaction
transaction that may be processed by more than one responder.

Although a broadcast transaction is distributed to all nodes on the ringlet, it is only accepted
by nodes that support the broadcast option. Broadcast transactions are flow-controlled, and
bridges or switches may forward these transactions to other ringlets in the system. Only move
transactions can be broadcast, so higher-level protocols are needed to confirm when all
broadcast transactions have completed in a multiple-ringlet system.

busied
status indication returned in an echo packet that indicates to the sender that the send packet

in the

was n
destin

byte
eight K

cache
often (

unit o

informption is maintained

In SCI

cleans
cleans
memo

clear
packe
unaffe

Clear

clocks
packe
to rec
synchi

consu

node gn a ringletthat strips a send packet from the ringlet and creates the echo packet

return

at —accantad (and \wac dicoardad) nrabablhv_haocaica thaora \wac o roaom
Or—oCTC pPptTe oottty o ot o e o P ooTotoTy — o ettt e eyt ro— T oo

htion queue. The sender should retransmit the packet later

its of data, used as a synonym for octet

line
alled simply a line

f data on which coherence checks are performed, and\\for which coheren

a line consists of 64 data bytes.

e instruction

'y are the same)

backet
used during initialization to emptyilinc buffers and initialize the linc. CSR s
cted; for example, the node's address is unchanged by a clear

may be sent by any node that.has lost synchronization in order to trigger reinitializ

btrobe signal
that causes a node to record its time-of-day registers (if any) when it is receive
pbrd the duration of the propagation of the packet within the node. Used for pr
onizing multiple fime-of-day clocks within a system

mer

bd to the-producer

consu

mption of idles

te tag

e (cache-control) instruction converts a line.to“the clean state (the data in cacle and

fate is

ation.

d, and
bcisely

that is

idle symbols arriving at a node may be discarded (after saving certain informafion) while other
symbols that arrived earlier and were stored in the bypass FIFO are being transmitted

Consu

CRC
cyclic

ming idles thus reduces the number of symbols stored in the bypass FIFO.

redundancy code used for error detection on each packet

CSR Architecture
See ISO/IEC 13213.

direct

ed transaction

transaction that is processed by one and only one responder

The read, write, and lock transactions are always directed transactions.
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doublet
two bytes of data

echo

second subaction packet

This 8-byte packet reports the status of the queueing of the corresponding send packet.

emperor
processor that has the responsibility for initialization of an entire multiprocessor system

flag

signalfused to delimit packets in parallel signal transmission implementations

For edample, in the 16-bit parallel implementation the flag is a 17th signal. In.Some| serial
implementations special symbols could be used in place of flag transitions.

flush {nstruction

flush (kache-control) instruction changes a line to the uncached state

If the data are dirty, they are copied back to memory before the old cache line is invalidated.
Futurgbus+

refers|to ISO/IEC 10857:1994 [B11] and IEEE Std 896.2-1991 [B3] which refine the [earlier
IEEE $td 896.1-1987. Those standards are intended for use-with (or as an upgrade path from)
MULTI|BUS Il (ISO/IEC 10861:1994 [B12]) systems, VME(IEC 60821:1991 [B1]) systen]s, and
U.S. Navy next-generation hardware systems. They<support cache-coherent multiprocessing
with physical buses on the backplane. SCI may berused to interconnect Futurebus+ sygtems,
since {hey share the same coherence line size and-CSR Architecture.

global system time

SCI ngpdes may maintain time-of-day clocks as described in the CSR Architecture. Sqftware
may afljust each of these clocks in order to make them consistent to high accuracy. If|this is
done, |the system is said to implement global system time. Otherwise each clock runs
indepgndently, which is sufficient\for local timeout purposes but is not sufficient to implement
the optional packet time of death.feature.

go symbol

idle symbol that has bheen marked with the pertinent go bit (idle.lg=1 or idle.hg=1) to give
permigsion to a waitingynode to transmit

high dymbol

idle symbol_that has been marked for consumption by highest-priority nodes (Somgtimes

called

high-idle symbol.)

idle symbol
symbol that is not inside a packet, and is therefore not protected by a CRC. Idle symbols
serve to keep links running and synchronized when no other data are being transmitted. The
idle symbol also contains flow-control information

linc
interfa

ce circuitry that attaches itself to an SCI ringlet

A linc typically contains control/status registers (including identification ROM and reset
command registers) that are initially defined in a 4 kbyte (minimum) ringlet-visible initial node
address space.
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block of memory (sometimes called a sector) that is managed as a unit for coherence
purposes; i.e., cache tags are maintained on a per-line basis. SCI directly supports only one
line size, 64 bytes

low symbol
idle symbol that has been marked for consumption by lower-priority nodes. Sometimes called
low-idle symbol. May also be consumed by a highest-priority node when it is taking its fair

share of lower-priority bandwidth

module
board,rerbeard-set-consistirg-ef-ene-ormere-hodes—that-share-aphysicanterfaceteHCl

If a mpdule has multiple boards with backplane-mating connectors, it only uses aghe“for the
logical connection to the node. The others may provide additional power orAfO fofr their
associated boards, but otherwise merely pass the input link signals through to.the outgut link
to proyide continuity in case the module is plugged into a ring-connected backplane.

monalich

procegsor that has the responsibility for initializing a part of the system;“such as a ringldt

If a syistem has multiple monarchs, they eventually defer to an emyperor that coordinates the
initialization process.

node

entity [associated with one or more interconnected dincs and optionally containing| other
functignal units, such as cache and memory

In normal operation each node can be accessed\independently (a control-register update on
one ngde has no effect on the control registers.6f another node).

nodeld

16-bit humber that determines the node address space

After gystem initialization, unique;s-nodeld values have been assigned to all nodes wjthin a
tightly|coupled system. The podeld is the part of the 64-bit address that is used for fouting
packets.

noncgherent

transaptions that doynot participate in the cache coherence protocols, normally used when the
data gre known<to-be uncached or uncacheable, or in systems that do not implement|cache
cohergnce

NuBu§ 3

refers totHEEE—Std-33496-3 93+ EFEStandardHfora-Simple-32-BH-BackplaneBus—Nubus [BI]

NVM (nonvolatile memory)
memory that retains its contents even through power failures

octlet
eight bytes of data

packet

collection of symbols that contains addressing information and is protected by a CRC. A

subaction consists of two packets, a send packet and an echo packet

* NuBus is a registered trademark of Texas Instruments, Inc.
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packet symbol
symbol contained within a packet and protected by the packet's CRC

(Exception: part of the second symbol in a packet contains flow control information that is not
covered by the CRC, but the symbol as a whole is still considered to be within the packet.)

physical interface
circuitry that interfaces a module's nodes to the input link, output link and miscellaneous
signals

producer
node on a ringlet that transmits a send packet to the consumer and deletes the echo packet
that is|returned

purgelinstruction
purge |(cache-control) instruction changes a line to the uncached state, invalidating the old
cachelline without copying dirty data back to memory

QOLBJ|(queue on lock bit)
mechgnism for efficiently sequencing the access to resources that ate not to be used by more
than ohe process at a time

guadlet
four bytes of data

gqueug allocation protocols
protocpls used to allocate queue space when seyveral nodes are sending packets to a ghared
node

This ipvolves rejecting packets (with a busy. status), but reserving future queue spage; the
reserved queue space is eventually used during one of the packet's retransmissions.

requegter
node that initiates a transaction, by initiating a request subaction

requegt echo
echo packet generated by‘a responder or agent when it strips the request send packet

requegt send
packe{ generated<by ‘a requester to initiate an action in the responder, containing address,
command, and,Jf appropriate, data

In a processor-to-memory read transaction, for example, the request send transfegrs the
memofy address and command from the processor to memory.

request subaction
request send and its echo. Often called simply a request

reset packet
packet used during initialization to reset the node's CSR state, empty ring buffers, initialize
the ring interface and establish that ring closure has been achieved

responder
node that completes a transaction, by returning a response subaction

response echo
echo packet generated by a requester or agent when it strips the response send packet
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response-expected request
request subaction component of a response-expected transaction

response-expected transaction
transaction that normally consists of a request subaction and a response subaction

For example, the read, write, and lock transactions are all response-expected transactions.

responseless request
request subaction component of a responseless transaction

respopseless transaction
transaftion that consists of only a request subaction (there is never any response subagtion)

For exfample, the move and event transactions are responseless transactions.

respopse send
packef generated by a responder to complete a transaction initiated by a requester

In a processor's memory-read transaction, for example, the response send returps the
requegted data and related status information from the memory to thé’processor.

respopse subaction
response send and its echo. Often called simply a response

ringle
closed path formed by the connection that provides.feédback from the output link of a node to
its input link

This cpnnection may include other nodes or switch elements.

ROM (read-only memory)
memofly on a node that provides storage“locations for normally read-only data or code

The ROM data are maintained actess losses of primary and secondary power. In| some
implementations ROM may be writable, using (normally disabled) vendor-specific protodols.

SCI
scalablle coherent interface

SCI stlandard
refers [to this document

scrubper
node that,'marks packets as they go past in a ringlet, and discards any previously marked
packe

This prevents damaged or misaddressed packets from circulating indefinitely. The scrubber
also performs other housekeeping tasks for the ringlet. There is always exactly one scrubber
on a ringlet. Normal nodes may all have scrubber capability built in, but exactly one is
enabled as scrubber per ringlet. Often the scrubber will take responsibility for initializing a
ringlet, but this could be done by another (unique) node.

segment
portion of a ringlet between the producer and consumer along which a packet is sent

The segment traversed by a send packet is the send segment, and the segment traversed by
an echo is the echo segment.
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send
first of two packets within a request or response subaction (the second packet is an echo)

The send packet contains a 16-byte header (containing command and status) and may
optionally contain a data component (up to 256 bytes).

Serial Bus

refers to the P1394 standards project that is defining an inexpensive serial network that can
be used as an alternate control or diagnostic path, as an 1/O connection, or even in place of a
parallel bus in some systems

signaline
electrical or optical information-carrying facility, such as a differential pair of wires|or an
optical fiber, with associated transmitter and receiver, carrying binary true/false logic vaJues

slot
modulg-insertion position provided by the backplane and associated card ¢age

source
node that creates a send or echo packet

The squrce nodeld is contained in the third symbol of the packét:

specialld
reserved nodeld value associated with special-send paekets

special send
packe{ having one of a particular set of special addresses and a special format uded for
initialization, such as reset or clear

split tfansaction
transaption that consists of separate request and response subactions

On a |backplane bus, for example; a split transaction is one in which bus mastership is
relinqyished between the treguest and response subactions. Few buses permit split
transaftions.

See allso: unified transaction.

strip
to replace a received nonidle symbol by an idle symbol and hence to remove it from
transnjission gMa ringlet

For edample;. a send packet is stripped by the receiving port of an agent or the target and
replac
FIFO)
source and replaced by idles.

subaction
component of a transaction; a request or a response

switch
device that connects ringlets and has queues

It can behave as a consumer (when accepting remote subactions) and as a producer (when
forwarding the subaction to another ringlet). It may be visible as a node, with a nodeld, or be
transparent, with no nodeld. A switch differs from a bridge in that a switch may connect more
than two ringlets, but a bridge connects only two. A switch is generally assumed to connect
multiple instances of the same bus standard, while a bridge may connect different bus
standards.
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symbol
16-bit unit of data accompanied by flag information

The flag information may be explicitly present as a 17th bit, or implied by the context.
Symbols are transmitted one after another to form SCI packets or idles. The particular
physical layer used to transmit these symbols is not visible to the logical layer.

sync packet
special packet that is used heavily during initialization and occasionally during normal
operation for the purpose of checking and adjusting receiver circuit timing

target
node dddressed by the first symbol of a packet; I.e., the final destination of the packet

time gf death
term ysed to describe a field within a send packet that is used to determine.when & send
packef is stale and should be discarded

training
procegs of synchronizing the receiver circuit of a linc to the incoming data stream [during
initialization

transgction
informption exchange between two nodes

A trarnsaction consists of a request subaction and™a response subaction. The rpquest
subaction transfers commands (and possibly data) between a requester and a respondgr. The
respornse subaction returns status (and possibly data) from the responder to the requester.

unified transaction
transagtion in which the request and response subactions are completed in an indivisible
sequence; i.e., no other subactions may be performed on the bus until this regponse
subaction is complete

Most buses use unified transactiens, but SCI uses only split transactions. The concept of a
unified transaction is only relevant'to SCI in the context of bridges to other buses.

2.4 BJit and byte ordering

The addressable unit)in SCI is the byte. SCI is primarily defined in terms of packets,
constrlcted from 2-byte (doublet) symbols, that contain a single data value or multiplg items
locateql in separate fields. For all packet headers, SCI defines the order and position of fields
within [the doublets. For data symbols in packets SCI defines the ordering of byte addresses
within fthe symbols.

Bit zeroTtsatwaysthemostsignificantbitof-asymbotbytezeroisatwaysthemostsignificant
byte of a symbol, and the most-significant doublet of the address always comes first. Bit[0]
and byte[0] are sent first when packets are sent bit-serially. This notation is illustrated in
figure 32.
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bits in a byte bytes in a packet
b[0] b[7] B[O] B[1]
b - ———»Isb B[2] B[3]
increasing time
B[4] B[5]
msb Isb

bytes within a packet
B[O] | B[1] | B[2] eoe B[N-1]

time=T - ——» time = T+k
increasing time

Figure 32 — Big-endian packet notation

the byte-position ordering on a multiplexed address/data bus. The format ef a packet may be
specified in terms of sequential symbols, when the next symbol (is, placed benedth the
previous symbol. The format of a packet may also be specified in.tefms of a sequential byte
strean), where the next byte is placed to the right of the previous, byte. Both packet [format
conveftions are illustrated in figure 32.

The byte ordering defines the position of data bytes within a packet. This.is’the equiv}ent of

The YCI standard also defines registers that are 4 hytes (or larger) in size. To ensure
interoperability across bus standards, the ordering of\the bytes within these regisfers is
definef by their relative addresses, not their physical position on the bus. Bus bridges are
similafjly expected to route data bytes from one bus.to another based on their address¢s, not
their ghysical position on a bus. The routing of ‘data bytes based on their address is|called
addregs-invariance.

To support the address-invariance model; this standard specifies the mapping of data-byte
addregses to bytes within a packet. For-an access of an SCIl-defined quadlet register, tHe data
byte wlith the smallest address is the'most significant. This big-endian byte significance|option
(whicH is also used by the CSR Architecture) is illustrated in figure 33.

bytes in"a quadlet quadlet register pair
msb Isb msb Isb

b{0]-] b[1] | b[2] | b[3] A | most significant quadlet
8 8 8 8  A+4 |least significant quadlet
32

Figure 33 — Big-endian register notation

Since 64-bit addressing is used throughout this standard, some registers are implemented as
guadlet-register pairs. For consistency, the quadlet register with the smaller address is also
the most significant, as illustrated above.

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

NOTE Different byte ordering conventions may be applied to the vendor-defined unit-dependent registers. For
example, a graphics frame buffer could route data-byte-zero to the least-significant portion of a pixel-depth
parameter. These unit-dependent formats are beyond the scope of this standard. For example, the byte
significance of a processor's general registers, or an 1/O adapter's control and status registers, need not be the
same as the byte-position ordering within a packet or within a defined SCI register.
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umerical values

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

Decimal numbers are represented in their standard 0, 1, 2,... format. Hexadecimal numbers
are represented by a string of one or more hexadecimal (0-9, A-F) digits followed by the
subscript 16, except in C-code contexts, where they are written as 0x123EF2, etc. Binary
numbers are represented by a string of one or more binary (0, 1) digits, followed by the
subscript 2. Thus the decimal number 26 may also be represented as 1A;5 or 11010,.

2.6 Ccode
The C|code in this document is compatible with that specified by ANSI X3.159¢1989, pxcept
for thg use of long names. To use this code with a compiler that does not suppott-long names,
use a preprocessor to translate the long names into unique short names.
3 Logical protocols and formats
3.1 Packet formats
3.1.1 |Packet types
The tylpes of SCI packets directly involved in the logical protocols are listed in table [L. The
first (tprgetld) symbol of a packet is used to route.the packet to its destination. The gecond
(command) symbol uniquely identifies one of the four packet types. Some switches may also
use thp command and the third (sourceld) symhbol'to make routing decisions.
Table 1w+ Packet types
Group Description

request send request subaction content

request echo request subaction local acknowledge

response send response subaction content

respopse.echo response subaction local acknowledge
The 16 highest targetld values identify packets that have special properties, while al] other
targetld values-are used for normal send or echo packets. The special packets include init
and syinc packets (see 3.2.7). Bits within the command symbol are used to distinguish the four
types pf send and echo packets: the command.ech bit distinguishes a send from an echo, the
command.cmd field distinguishes a request send from a response send, and the command.res
bit distrguishesareguestechoHromaresponseecho—asHustatedtHagure34-
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targetld (<FFFO4g)

command

sourceld

CyclicRedundancyCode (CRC)

3.2 S
3.2.1

The ré
possib

summary
| tgt [com] src [ e | crc |
request send

mpr | spr | phase | old e8h eh cmd(<124)
2 2 2 1 1 1 7

Y request echo Y
mpr | spr | phase | old e<1:h bsy r%s transactionld
2 2 2 1 1 1 1 6

v response send v
mpr | spr | phase | old egh eh cmd(=124)
2 2 2 1 1 1 7

v response echo Y
mpr | spr | phase“| old eg:h bsy r?s transactionld
2 2 2 1 1 1 1 6

Figure 34 — Send- and echo-packet formats

end and echo packet formats

Request-send packet format

guestpacket contains targetld, command, sourceld, control, a 48-bit address
ly<a 16-byte extended header ext, data (0, 16, 64, or 256 bytes), and a CRC.

Dffset,
These

compad

nante ara illhiictratad in fianira A0
HeHtS—att HruStHette- e HgHHe—o

Copyright 0 1998 IEEE. All rights reserved.


https://iecnorm.com/api/?name=cc37cb26a5fd271a3b0630d9583740a4

~70 - ISO/IEC 13961:2000(E)
IEEE Std 1596, 1998 Edition

targetld

command

sourceld

control

addressOffset{00..15}

addressOffset{16..31}

addressOffset{32..47}

ext (0 or 16 bytes)

data
(0, 16, 64, or 256 bytes)

CyclicRedundancyCode (CRC)

summary
| tot |com| Src |cont | A0O | A16 | A32|ext, data | cre |

Figure 35 — Request-packet format

The tdrgetld symbol is used to route the.send packet from the requester to the responder.
Some|switches may also use the cmd<&field (in the following command symbol) apd the
sourcgld symbol to make their routing-decisions.

The cgmmand symbol provides:flow control information and identifies the request-send packet
type, gs illustrated in figure 36.

command

| tgt |com src |cont|A00 | A16| A32| ext |data| cre |

\j

| mpr| spr |phase| old |ech 0| eh | cmd(<124)
2 2 2 1 1 1 7

control
GORH-O1

[ tgt |com | src [cont| A0o [ A16 | A32| ext [data] crc |

A

|trace| todExponent| todMantissa | tpr | transactionld
1 5 2 2 6

Figure 36 — Request-packet symbols

The sourceld symbol provides a nodeld address for the request echo that is created when the
send request is consumed. The sourceld symbol also provides the targetld address for the
subsequent response-send packet that may be created by the responder.
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The 48-bit addressOffset field is interpreted by the responder. Some of these addresses have
special meanings, as defined by the CSR Architecture.

A portion of the extended header ext (whose presence is signalled by the command.eh bit) is
used by the cache-coherence protocols to pass a pointer while writing a cache line directly
from one cache to another, as defined in the cache-coherence part of the SCI standard (see
clause 4). Other uses are reserved for definition in future extensions to SCI. Likely contents
include information needed for realtime scheduling applications.

For compatibility between designs, even nodes that do not generate request packets with
extended headers shall accept and process request packets with extended headers if the
requegt+Fits— } —WAH i f feh— de the
extended-header symbols), these packets shall be processed as though the extended\header
exist. Thus nodes that use 80-byte buffers to handle a header and 64-byteswrife data
accept all transactions with extended headers except for write64. Nodes that handle 256-byte
transagtions shall include sufficient buffer storage to accept extended headers.in all cases.

The cgmmand.mpr (maximum ringlet priority) field, which is initially zero"when a send packet
is prodluced, is modified by other nodes to determine the ringlet priority. The commgnd.spr
field (send priority) associates one of four effective send-prioritysfevels with each rpquest
packetl. The effective priority is set by the producer when the sénd packet is sent, baged on
the tr@ansaction priority (control.tpr) and the priority of other~blocked subactions ayvaiting
transnjission in the producer's queue.

The cgmmand.phase field is used by the queue-controlhardware, to enforce forward prpgress
when packets are busied. When a request is busied,'the phase field for the following fetry is
provided by the phase field of the echo packet, using'the coding defined in table 2.

Table 2 — Phase field for send packets

value name description
00 NOTRY send, on space-available basis
01 DGIRY send, reserve space if busied
10 RETRY_A retry, after BUSY_A status retyrned
11 RETRY_B retry, after BUSY_B status retdrned

The cpmmand.old bit.is used by the scrubber to identify and eventually discard stal¢ send
packets. The scrubber sets the old bit to 1 in all packets. When the scrubber obseryes an
incoming command.old bit already set in a send packet, it strips the packet from the [ringlet
and crpates_an-echo packet with a special error status.

Note t{hat.the command.mpr, command.spr, command.phase, and command.old fielfls are
exclu when
the CRC is calculated).

The command.ech bit identifies echo packets, and is 0 for send packets.

The command.eh bit is set to 1 if a 16-byte extended header is present. The coherence
protocols define a few of the bytes within the extended header; the remainder are reserved.
See 4.2 for details.

The command.cmd field specifies the transaction command being performed, as defined
in 3.4.1. For request-send packets, the value of cmd is less than 124.
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The control.trace bit (trace packet route) enables an optional hardware logging mechanism to
monitor the progress of packets through the interconnect. When the control.trace bit is set, a
node that produces or consumes this send packet places the packet header into a history log
along with the current time. If the system clocks have been properly synchronized, this time is
sufficiently accurate to ensure that the sequence of nodes processing the packet can be
correctly determined later.

The control.todExponent and control.todMantissa fields specifies the global system time at
which the send packet is to be discarded by agents. The zero value of control.todExponent
corresponds to a never-die code, which prevents time-of-death discards. For example, the
never-die code is used before the synchronized global time reference has been established,
as degeribedm3872-

The cqontrol.tpr field specifies a 2-bit transaction priority that assigns one of four priority| levels
to each request-send packet. This priority is set by the requester when the packet is cileated,
and is|used by the allocation protocols.

The dontrol.transactionld field, when concatenated with the soureeld symbol, uniquely
identifles each of the outstanding transactions. (Some nodes may “be capable of issuing
multiple requests before any responses are received.)

3.2.2 [Request-echo packet format

A regyest-echo packet is created by a consumer when axequest-send packet is stripped from
the ringlet. The targetld and sourceld fields in the echo.packet are generated by exchanging
those |in the stripped send packet. Request-echo.packets are always four symbols Ipng as
illustrgted in figure 37.

targetld

command

sourceld

CyclicRedundancyCode (CRC)

command

[ tgt [com| src | crc |

KN

[ mpr | spr [phase | old | ech 1] bsy | res 0 | transactionld |
2 2 2 1 1 1 1 6

Figure 37 — Request-echo packet format

An echo command symbol contains part of the command symbol and part of the control
symbol from the stripped send packet. The command.mpr and command.spr (maximum and
send priority) fields are used by the bandwidth allocation mechanism. The command.mpr field
is cleared to zero when the echo is created, and is updated when the echo passes through
other nodes. The command.spr field is the command.mpr value contained in the send packet
that was stripped from the ringlet when the echo was created.
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The command.phase field is used by the consumer to return enqueue status to the producer;
its meaning depends on the value of the busy-status bit (command.bsy). For completed send
subactions (command.bsy is 0), the phase field values are defined in table 3. The scrubber
uses the NONE status when stripping old send packets from the ringlet (within that generated
echo packet, command.bsy is 0 and command.phase is NONE).

Table 3 — Phase field for nonbusied echoes

value name description
00 DONE send queued successfully (safe to discard)
01 NONE no lacal nodeld address (nane respanded)
10 DONE_A reserved (equivalent to DONE)
11 DONE_B reserved (equivalent to DONE)

For bysied subactions (command.bsy is 1) the phase field values are.defined in table

also tgble 2).

Table 4 — Phase field for busied echoes

4 (see

value name description
00 BUSY_N reserved (retry using NOTRY)
01 BUSY_D retry, using DOTRY
10 BUSY_A space reserved, retry using RETRY_A
11 BUSY_B space reserved, retry using RETRY_B

The cpmmand.old bit is used by the~scrubber to identify and eventually discard stalg
packefs. A scrubber sets the old.bit*to 1 in all echo packets. When a scrubber obser

incoming command.old bit it discards the old echo packet from the ringlet.

Note Jhat the command.mpr, command.spr, command.phase, and command.old fiel
ed from the request-echo packet's CRC calculation.

exclu

The command.ech.bit is set to 1 to identify echo packets. The command.bsy bit is s
when the send_packet was rejected and needs to be resent. The command.res bit is U
discriminate between request- and response-echo packets and is O for request-echo pa

e echo
es an

s are

pt to 1
sed to
ckets.

The cormimand.transactionld field is the value contained in the control.transactionld symbol of

i L L . L L - ' ! : : :
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3.2.3 Response-send packet

The response packet contains the targetld, command, sourceld, control, status, forwild,
backld, possibly an extended header ext (0O or 16 bytes), data (0, 16, 64, or 256 bytes), and
CRC. These components are illustrated in figure 38.

targetld

command

sourceld

control

status

forwid

backld

ext (0 or 16 bytes)

data (0, 16, 64, or 256 bytes)

CyclicRedundancyCode (CRC)

summary

| tot |com| Src | cont] stat| fid | bid | ext | data| crc |

coherent transaction status

Figure 38 — Response-packet format

The tgrgetld symbollis used to route the response-send packet from the responder |to the
requegter. Switchesmay also use the command.cmd field (in the following command symbol)
and the sourceld/symbol to make their routing decisions.

The cpmmand symbol provides flow-control information and identifies the responsge-send
packef type, as illustrated in figure 39.

Copyright 0 1998 IEEE. All rights reserved.


https://iecnorm.com/api/?name=cc37cb26a5fd271a3b0630d9583740a4

ISO/IEC 13961:2000(E) ~ 75—
IEEE Std 1596, 1998 Edition

command

| tgt |com| SIC | cont| stat| fid | bid | data| cre |
N

| mpr| spr | phase| old |ech 0| eh | cmd(=124)
2 2 2 1 1 1 7

control

| tgt |com | src | cont| stat | fid | bid | data| crc |
\

The s
when
respor
condit
reques
protec

Portio
to iden
define

The
comm
packe
fields

The cq

but a differentsrange of command codes is used (the two least-significant bits of the con

code §

[frace | TodEXponent | TodMantissa | Tpr_|fransactionid
1 5 2 2 6

status

[ tgt [com | src | cont | stat| fid | bid | data] crc |
\

| sStat | res | vStat | cStat
4 1 3 8

Figure 39 — Response-packet symbols

burceld symbol provides a targetld address forithe response echo that is gen
he response send is stripped from the ringlet.\The sourceld symbol also identif
der node that created the response-send\packet, which may (after certain
ons) be different from the addressed responder (as defined by the targetld value
t-send packet). The sourceld field may be used to implement vendor-dep
fion or error-logging protocols, which_are beyond the scope of the SCI standard.

s of the status, forwld, and backld symbols are used by the cache-coherence prqg
tify other nodes caching the same cache-line address. The forwld and backld fie
d in clause 4.

jefinitions of the_ command.mpr, command.spr, command.phase, comma
hnd.ech, and command.eh fields are the same for request-send and respons
s. Note that the_ command.mpr, command.spr, command.phase, and commg
hre excluded from the response-send packet's CRC calculation.

mmand/(cmd field has the same format in the request-send and response-send p4

pecify the response-transaction size).

erated
es the

error
of the
endent

tocols
ds are

hd.old,
b-send
nd.old

ickets,
nmand

The definitions of the control.trace, control.todExponent, and control.todMantissa fields are
the same for request-send and response-send packets.

The value of the control.tpr field specifies the priority of the response subaction. A responder
should use the same control.tpr value in the response-send packet that it received in the
corresponding request-send packet, but may use a larger value in the response-send packet.

The control.transactionld field, when concatenated with the targetld field, uniquely identifies
each of the outstanding transactions.

Copyri
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The status.sStat (standard-status summary) field (defined in table 5) returns a summary of the
transaction status from the addressed responder (or affected agent). Note that this field
allows the requester to tell when an agent has provided the (unsuccessful) status information,
implying that the request never reached its target. The following subclause defines the
status.sStat code values.

The status.res (reserved) bit is reserved for future extensions to the SCI standard. The
status.vStat (vendor-dependent status) field returns vendor-dependent transaction status
details from the addressed responder (or affected agent). The definition of this field is beyond
the scope of the SCI standard.

The dtatus.cStat (coherence status) field returns the coherence-check status from the
addregsed responder. This field is defined in the cache-coherence specification) (see
clausq 4).

3.2.4 |Standard status codes

The sftatus.sStat (standard status) field (defined in table 5) returns "a summary [pf the
transagtion status from the addressed responder (or affected agent). Note that this field
allows|the requester to tell when an agent has provided the (unsuccessful) status information,
implyimg that the request never reached its target. The following subclause defings the
status|sStat code values.

Table 5 — status.sStat status sufmmary codes

Responder-provided status.sStat codes

code status.sStat name description
0000 RESP_NORMAL completion successful, normal operatiof
0001 RESP_ADVI CE completion successful, abnormal operati
0010 RESP_GONE transaction OK, coherent data gone
0011 RESP_LOEKED transaction OK, coherence-line is lockefd
0100 RESR”,€CONFLI CT conflict (end-to-end retry)
0101 RESP_DATA unrecoverable failure
0110 RESP_TYPE unsupported command or length
0111 RESP_ADDRESS addressing error

Agent-provided status.sStat codes
code status.sStat name description
1000 AGENT_NORMAL completion successful, normal operatiop
1001 AGENT_ADVI CE completion successful, abnormal operation
1010 AGENT_GONE reserved for extensions to the SCI standard
1011 AGENT_LOCKED reserved for extensions to the SCI standard
1100 AGENT_CONFLI CT reserved for extensions to the SCI standard
1101 AGENT_DATA split-response timeout
1110 AGENT_TYPE unsupported command or length
1111 AGENT_ADDRESS addressing error
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Requesters are expected to perform their normal transaction-completion processing for
transactions with a RESP_NORMAL or RESP_ADVI CE completion status. Requesters are
expected to process transactions with a RESP_ADVI CE or AGENT_ADVI CE completion status
similarly, but save the status symbol and other implementation-dependent information for later
analysis. The other status.sStat error-status values are expected to generate a requester trap;
the trap is expected to invoke error-isolation and/or error-recovery procedures.

A response-expected transaction (for which a response-send packet is expected) is normally
completed when a response-send packet containing the RESP_NORMAL completion status is
returned from the responder. A RESP_ADVI CE completion status is returned when a
response-expected transaction is completed successfully, but a recoverable error is detected
(fOI’ exnampic, =} aillgic-'uit MeToTy CIIUI).

A valid (correct address and type) noncoherent response-expected memmory-access
transagtion (readsh, writesb, nread00, nwritel6, nwrite64, nwrite256) is terminated jwith a
RESP_|GONE status if the requested data is unavailable (memory is in theMS_GONE [state).
Note that a different completion status code (RESP_NORMAL) is used whemdata is availpble in
memoly, but may be stale (the most-recent copy is coherently cached); noncgherent
requegters are expected to detect such coherent-data conflicts by ehetking the status.cStat
field ir] the response-send packet.

A vali¢ coherent memory-access or cache-access transaction\(mread00, mwrite1l6, mwrite64,
mwritg256, cread, or cwrite64) is terminated with a RESP_LOCKED status if the requestdd data
is unajailable because the line's fault-recovery lock is séet. This status is only expected to be
observed while recovering from coherent transaction failures.

A valid (correct address and type) noncoherent response-expected memory-access
transagtion (readsh, writesb, nread00, nwritelB, nwrite64, nwrite256) is terminated jwith a
RESP_|[CONFLI CT status in situations where. busy-retry protocols could generate gystem
deadlqcks, if the request cannot be queued: For example, bridges to 1/O buses without split-
response capabilities are expected to generate a RESP_CONFLI CT error status when |cross-
bus adcess conflicts are detected.

A valid (correct address and:..type) response-expected transaction is terminated with a
RESP_|[DATA status if the request cannot be completed correctly (for example, a doyble-bit
memofy error).

A corrpctly addressed response-expected transaction is terminated with a RESP_TYPE(status
if the fequest-send packet's command.sCmd is not supported, or if address ranges/alignments
are incorrect. Ilncase of a conflict, a RESP_TYPE command has precedence q@ver a
RESP_|[DATA command (i.e., a bad access is not detected if the access is not performeg). For
examgle, a-"RESP_TYPE status is generally returned if an nread64 transaction addresses a
CSR 4gddress; a RESP_TYPE status is returned by a cache when processing the cwritel6 or
cwritep56transactions; a RESP_TYPE status is _returned by a simple cache (that dopes not
support pairwise sharing) when processing a cwrite64 transaction.

A response-expected transaction may be correctly routed to the responder based on the
targetld value in the request-send packet. A RESP_ADDRESS status is returned if the send-
packet's address is not recognized by the responder. In the case of a conflict, a
RESP_ADDRESS error status has precedence over a RESP_TYPE error status (i.e., the validity
of a command is not checked if the address is incorrect). For example, a RESP_ADDRESS
status is returned if cache-access transactions (cread00, cwritel6, cwrite64, or cwrite256) are
addressed to a responder that has no cache. Also, a RESP_ADDRESS status would be
returned for a memory-access transaction (mread, mwritel6, mwrite64, or mwrite256) whose
address-offset is larger than the size of populated RAM.
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To improve system performance a response-expected transaction (for which a response-send
packet is expected) may be completed by an agent rather than the addressed responder. For
example, a bridge may combine sequential DMA requests into one larger request (to improve
the transfer efficiency), or a switch may combine several coherent memory requests (to
minimize interconnect traffic). A response-send packet containing the AGENT_NORMAL
completion status is returned by such agents. An AGENT_ADVI CE completion status is
returned by such agents when a response-expected transaction is completed successfully but
a recoverable error is detected (for example, a single-bit memory error).

The AGENT_GONE, AGENT_LOCKED, and AGENT_CONFLI CT status values are reserved for
definition by future extensions to the SCI standard.

When [its response packet is excessively delayed or discarded (due to a transmissiom~grror or
an exfessive packet length), a response-expected transaction shall be terminated by a
timeoJt. After the timeout the requester is expected to report the error condition usjng an
internal AGENT_DATA error status.

A corfectly addressed response-expected transaction is terminated by “anh agent with an
AGENT|_TYPE status if the request-send packet's command.sCmd js not supported on a
remotg bus, or if address ranges/alignments are found to be incorrect‘when the transagtion is
forwargded through a bridge.

A response-expected transaction may also be terminated when ao other node responds| to the
targetld address specified within the request-send packet: These addressing errofs are
detectpd by the scrubber, which is indirectly responsible{for creating a response-send packet
contaiping the AGENT_ADDRESS error status.

3.2.5 |Response-echo packet format

A response-echo packet is created by a constimer when the response-send packet is sfripped
from the ringlet. The targetld and sourceld fields in the echo packet are generajed by
exchanging those from the stripped résponse-send packet. Response-echo packets are
alwaysg four symbols long, as illustrated-in figure 40.

targetld

command

sourceld

CyclicRedundancyCode (CRC)

command

| tgt [com] src | crc |

rm/pr spr | phase | old e?h bsy | "§° | transactionld
2 2 2 1 1 1 1 6

Figure 40 — Response-echo packet format
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An echo command symbol contains part of the command symbol and part of the control
symbol from the stripped send packet. The command.mpr, command.spr, command.phase,

comm

and.old, command.ech, and command.bsy fields are the same for request-echo and

response-echo packets. Note that the command.mpr, command.spr, command.phase and
command.old fields are excluded from the request-send packet's CRC calculation.

The command.res bit is 1 for response-echo packets. The command.transactionld field is the

same

3.2.6

A ven
based

for request-echo and response-echo packets.

Interconnect-affected fields

dor mav_maodifv_tha ntarnratation aof 2 cand nackat's addracc affcat aor datg \alues
ro+—HHety y—t+t pretatto—o—a—Se Ha—pPabket+5—aa a8 SS-eHSe+—0+—aata y

oot e

on the needs of the node's requester and responder units. For example, severalyfanges

of address-offset values could be mapped indirectly to the same graphics framefbuffer

memo
encod

that affects their routing and/or processing by the interconnect as follows:

1) Ta
no

'y, to support multiple data-access formats (byte per color, bits per color, RGB and YIQ
ngs, etc.). However, the other symbols within a send packet have a standard mganing

rgetld symbol. The targetld symbol is used to route a packet from source node to|target
e.

2) Command symbol. A portion of the command symbol is used for ringlet-local flow ¢ontrol

pu

poses, and may be changed while the packet is routed-through the interconneg¢t. The

remainder of this symbol contains the command.cmd field, which has the following $pecial

prqperties:

a)

Response generation. Only subactions with command.cmd values 0 — 55 or 112/ - 115
generate a response packet when an addressing error is detected.

b) |Event processing. The command.cmd Wvalues of 120 through 123 identify| event
subactions. Event subactions may changé a node's state, but are discarded if th¢ node
does not have space to store them.

c) | Response queueing. The command.cmd values greater than 124 identify regponse
subactions; requests and responses are placed into different queues while| being
routed through the interconnegct.

d) | Size restrictions. The command.cmd value specifies the maximum packet size;|larger
packets may be truncated by intermediate nodes and switches. The actual packet size
may be less than this value, but shall be an integer multiple of 16 bytes.

3) Soprceld symbol. Thersourceld symbol contains the nodeld of the creator of the send
patket, which is atsp-the targetld address used to return an echo from the consumerf to the
prqducer.

4) Control symbhol. The control symbol contains the trace bit, the time-of-death fie|d, the
trapsaction_Jpriority field, and the control.transactionld field. These influende the
sulpaction's processing by the interconnect as follows:

a) | Tracing. The control.trace bit enables the logging and time-stamping of packet headers
fTT Producers and CONSUMers Detween the requester and responder.

b) Time of death. The control.todExponent and control.todMantissa fields specify when
send packets should be discarded.

c) Transaction priority. The control.tpr field influences the speed (or at least the
sequence) of processing send packets in the requester, intermediate producers and
consumers, and the responder.

d) Transaction identifier. The control.transactionld field is used to uniquely identify the
transaction, so that multiple echoes and responses returning to the same requester
can be correctly processed.
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5) Address offsets. A small range of values within the addressOffset field in a request-send
packet is reserved for control and status registers, as defined by the CSR Architecture.

6) CRC calculations. Only the flow-control information in a packet is excluded from the CRC
calculation.

3.2.7 Init packets

There are several special packets, called init packets, that are only used during the system
initialization process. The special packet format used by reset, clear, and start packets is
illustrated in figure 41. These packets are identified by their use of defined special targetlid
values that are all in the range FFF0,¢ < targetld < FFFF 4.

targetid

distanceld

stableld

uniqueldO

uniqueld1

uniqueld2

uniqueld3

CyclicRedundancyCode (CRC)

Figure 41— Initialization-packet format

These| special packets containia~distanceld, which measures the node's distance frgm the
scrubher; it is decremented by ohe as the packet passes through each node. In reset packets,
the digtanceld value is used to set each node's initial nodeld value. This field is also ysed to
detect| stale uniqueld values (perhaps left by a node that started up briefly, then digd and
restarfed again with a-lower uniqueld number).

The sfableld field,~which sets the default scrubber selection order, is based on inputs from
optionpl backplane-provided geographicalld signals or optional nonvolatile memory. The
uniqugldo through uniqueld3 fields are the most- through least-significant portions of al 64-bit
uniqugldvalue. During ringlet initialization, the uniqueld value identifies the packets thdt each
node |generates. The uniqueld value may be randomly generated at startup (using an
uncorrelated thermal noise source) or may be manufactured uniquely (a 24-bit companyld
followed by a 40-bit companyUnique identifier).

For uniquely manufactured uniqueld values, the 24-bit companyld value is the most-
significant portion of the 64-bit uniqueld value. The 40 least-significant bits of the uniqueld
value are companyUnique bits that are assigned by the owner of the companyld value.

For example, a companyld value of ACDE48,5 (which has a binary representation of
101011001101111001001000,) is placed in an initialization packet as illustrated in figure 42.
In this figure, the 40 companyUnique bits are labelled as # characters.
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Note that the companyld as referenced in this clause is the~same as the company
definefl by the CSR Architecture.”

3.2.8

There

redundancy code (CRC) is used. The CRC efficiently detects errors but does not

errors

There

any odd-number-of-bit errors, using yarious 16-bit polynomials. SCI uses the ITU poly
124+ X5+ 1. This is one of.the*best documented 16-bit polynomials, able to detgct the

X16+
follow

¢ Allfodd numbers of bit grrors
¢ Alllconsecutive contiguous (single-burst) errors of 16 bits or less

e Alllsingle-, douhle-/and triple-bit errors

The p
errors

SClp
to the

targetld

distanceld

stableld

1010 1100 1101 1110

0100 1000 #H### ###4#
uniqueld

HHHEH A HAHE HHAH

FHEH HEHSE HEHE HHEH

CyclicRedundancyCode (CRC)

Figure 42 — Initialization-packet format example (companyld-based uniqueld value)

Cyclic redundancy code (CRC)

is a 16-bit check symbol at the end of eachopacket. For good error coverage, a

Error recovery is performed at a higherlevel.

are many 16-bit CRCs that detect-all single-burst errors up to 16 bits (1 symbc

ing:

obability-that (given random errors other than the above) there will be combinat
that the'code is not able to detect is less than 2716 (15 PPM).

| id as

cyclic
correct

I) and
homial

ons of

crease

esumes that the links are highly reliable and error free, and when error rates in
Lmn#ﬁwrm-rm—ﬁpom at this presumption 1S invalid, the link shou € shut down because |

has a

functional failure. Thus an undetected error should be rare, and probably only will occur
during a transition into a shut-down state.

The serial implementation of the ITU-T CRC-16 polynomial is specified as shown in table 6
and figure 43.

The term "company_ld" is used throughout the ROM format to uniquely identify vendors that manufacture or

specify components used in the CSR Architecture. The 24-bit "company_ld" value is derived from the 24-bit
Organizationally Unique Identifier (OUIl) assigned by the IEEE Registration Authority Committee (RAC). To
obtain an OUI, contact the Registration Authority Committee, The IEEE, 445 Hoes Lane, Piscataway, NJ 08855-

133
Copyr

1, USA (908) 5623-3813.
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Table 6 — Serial CRC-16 implementation

000(E)
Edition

cl5 .=c0Od

cl4 :=c15

cl3 :=c14

cl2 :=c13

cll :=c12

cl0 :=¢c110 cOOd

c9 :=ci10

c8 '=c9

c7 '=c8

cb =c7

c5 :=c6

c4 :=ch5

€3 :=c40c0Od

c2  :=c3

cl  :=c2

cO  :=c1

where:

c0-cl15 are the contents of the check work
d is the data (1 bit for each strobe)
= Replaced by (after strobe)
0 Exclusive OR

T

o —»g

Figure 43 — Serjalized implementation of 16-bit CRC

The check word is clocked for.e\ery data bit. After all data bits have been used to generate
the check word, the check ward'is inserted in the data stream. The circuit effectively divides
the data (bits taken as coefficients of a high order polynomial) by X16 + X12 + X5+ 1 an
the refnainder as the cheeck word.

3.2.9 |Parallel 16-bit-CRC calculations

Althoujgh the CRC is specified as a bit-serial computation, the CRC value can be comp
parallgl asswell. This is important for SCI, because CRCs have to be checke
regengrated’ at full SCI speed. Parallelizing the serial specification generates the

equatiphssshown in table 7.

d uses

ited in
d and
set of
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Table 7 — Parallel implementation of 16-bit CRC

Cl5= el5 0O ell O e07 O e04 0O e03;

Cl4= el4 0O el0 O e06 O e03 O e02;

Cl13= el13 O e09 O e05 O e02 0O e01;

Cl2= el2 0O e08 O e04 O e01 0O e00;

Cll= ell O e07 O e03 0O €00

Cl0= el5 O ell O el0 O e07 O e06 O e04 O e03 O e02;
C09= el14 O el0 O e09 O e06 O e05 O e03 O e02 O e01;
C08= €13 [0 e09 0O e08 0O e05 0O e04 O e02 O e01 O e00;
C07= el2 [0 e08 0O e07 0O e04 0O e03 O e01 0O e00;
C06=[eIT O eU0r7 O eUb O eU3 O euZ O edus,

C05=|el0 O e06 0O e05 0O e02 0O eO01;

CO04=|e09 0O e05 0O e04 0O e01 0O eO00;

C03=|el5 0O ell O e08 0O e07 0O e00;

C02=|el4 0O el0 O e07 0O e06;

CO0l1=|el3 0O e09 0O e06 0O e05;

C00=|el2 0O e08 0O e05 0O e04;

where

C00-CJj15 are the contents of the new check symbol

e00-e]

d00-d]
c00-c1
All of

left ar
illustrg

5 are the contents of the intermediate value symbol;
el5 = c15 [0 d15; el4 = c14 0O d14; ... e00 = c@0 O d0OO;

5 are the contents of the data symbol
5 are the contents of the old check symbgl|

he check-bits (c00—c15) on the right arebefore the symbol-clock strobe and all jon the
b after the symbol-clock strobe. The assumed hardware model for this calculation is
ted in figure 44.
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gates for XOR-network

C00-C15

registers for c00 - c15, strobed for every clock

c00-c15

Figure 44*— Parallel CRC check

The maximum number of inputsito an XOR-term for one bit is 16. In advance
technqglogy this will take less than 1 ns (worst case). It is possible to calculate the CRC
time while transmitting and ‘receiving (independently). This mechanism makes it e
modify control bits and_talculate new check words on the fly when necessary,

generally a CRC is calculated at packet creation and propagates unchanged until the
reachgs its final targeét in order to ensure end-to-end coverage without gaps.

The 1p-bit check word is cleared to begin the packet's CRC calculation. The accun
CRC Jalue is\updated for each symbol in the packet, except for the final one (the CR(
CRC ip a received packet is compared to the computed value. If they are equal the pa
presumed to be error-free.

1 ECL
in real
asy to
hough
packet

ulated
). The
cket is

3.2.10 CRC stomping

The processing of a packet may be initiated before the packet's CRC is verified, but only if the

side-effects of the processing can be nullified if a problem with the packet is eve
detected. For example:

ntually

1) an echo packet may be created by any requester or responder before the send packet's

CRC is observed;

2) the data return from a memory controller may begin before the memory detects an error

that affects part of the packet; and

3) the forwarding of a send packet by an agent may begin before the CRC has been

observed.
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To nullify the side-effects of partially sent send and echo packets, the CRC at the end of the
damaged packet is "stomped”. Stomping involves setting the new CRC value to the Exclusive
Or of good and stomp, where good is what would have been the correct CRC value for the
packet (as received) and stomp is a defined constant value (874D,¢, which complements half
of the bits).

An error is expected to be logged the first time (and only the first time) that a packet is
stomped, to assist in isolating the source of the error. For example, if an error is introduced
(1) in the request-send packet, several stomped transactions are generated (2, 3, 4), as
illustrated in figure 45.

requester . responder

(2) request echo

N/
AN

(1) request send

requester responder

remote request subaction

(6) echo timeout | (4) request echo

(request discarded)

(5) requester strips echo
(but ignores its contents)

(3) request send

(error logged)

Figure 45 — Remote transaction components (local request-send damaged)

Note that both a stomped request-echo packet and a stomped request-send packlet are
generated by a high-performance pipelined agent (which begins to forward the send packet
before] checking its CRC). The remote responder could initiate its processing befdre the
requegt-send packet's CRC is verified, but must nullify any side-effects when the bad CRC is
obseryed.

If the request{send address has not changed (5), the damaged packet's echo is stripped by
the requesters>but its side-effects are nullified by the bad CRC value. Therefore, the rpquest
remains gueued until an echo timeout (6) causes it to be discarded.

3.2.11 Idle symbols

Idle symbols fill the spaces between packets; they are created when request or echo packets
are stripped from the ringlet. An idle symbol is any symbol that is not part of a send, sync or
echo packet. Only eight bits of information are carried by a 16-bit idle symbol, whose other
8 bits provide a simple parity check, as illustrated in figure 46.

|«—— errorchecking ——»

ipr |ac|cc|hg| Ig |old| It | ipr* |ac*|cc*|hg*| Ig*|old* It*
2 11 1 1 1 A 2 1 1 1 1 1 A

Figure 46 — Logical idle-symbol encoding
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The idle-priority field, idle.ipr, is used to distribute the best current estimate of the ringlet's
highest priority.

The allocation-count field, idle.ac, toggles when all nodes have had an opportunity to transmit
a send packet. This field idle.ac is used to cancel target-queue reservations when busied
send packets are never re-sent.

The circulation-count field, idle.cc, toggles when an idle has circulated around the ringlet. This
field is used to detect lost echo packets and go bits.

The high-go and low-go bits, idle.hg and idle.lg, are the high priority and low priority
bandwidth-allocation-control flags respectively. They enable allocation in an approkimate
round{robin order between nodes of the same priority class.

The ajge bit, idle.old, is set by the scrubber and cleared by other nodes “under g¢ertain
conditlons, as part of a mechanism to monitor proper ringlet activity.

The lgw-type bit, idle.lt, allows the symbol to be consumed by nodes._in the lower prigrity or
highedt-priority classes, when it is 0 or 1 respectively.

See 3J6 for an explanation of the use of these bits.

3.3 Lpgical packet encodings
3.3.1 [Flag coding

SCI transactions are implemented as contiguous*groups of nonidle symbols called packets,
sent between a requester and a responder. Al packets consist of an integer multiple pf four
symbdls. Special sync packets are also used during initialization of each link; although the
formaf of these sync packets is physical-layer dependent, they are always 8 symlbols in
length] Idle symbols (illustrated as-\i) are transmitted between packets to mapintain
synchijonization and transfer flow-control information, as illustrated in figure 47.

t=T symbol groups t=T+N
send packet i |i| echo packet | sync packet
S 1(1) 4 8
flag
>0 S-4 4 11 3 11 7

frereasingtime -
Figure 47 — Flag framing convention

One idle symbol is postpended to each send packet when it is produced. If there is more than
one idle symbol between packets, the first is reserved for stripping by elastic buffers (to
compensate for small differences in clock frequency at the various nodes) and the rest may
be used to empty bypass FIFOs. Internal packets (after elasticity-buffer processing) may be
back-to-back (as illustrated by the echo and sync packet), but there are enough idle symbols
to handle the worst-case elasticity requirements.
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The size of the fundamental SCI symbol is 16 bits. In addition, a clock signal is needed to
define symbol boundaries (the data should be stable when sampled), and a flag signal is
needed for locating the start and end symbols of a packet. No special start or stop symbols
are needed or provided. Depending on the physical-layer encoding, some or all of these

logical

signals may be encoded and multiplexed onto one physical signal path.

A zero-to-one transition of the flag signal is used to mark the beginning of each packet, and
the one-to-zero transition of the flag signal specifies the approaching end of each packet. The
flag signal returns to zero for the final 4 symbols of send packets (to indicate when an echo
should be created) and for the final symbol of an echo packet (to indicate when the CRC
should be checked) as illustrated in figure 47. A zero always accompanies the CRC of any

packe, so—the—zero-to-one—transitton—can a:vvaya be—trsed—to idcntify thre—start—of—the next
packel (even when there is no idle symbol between them).
The fifst nonzero flag signal identifies the beginning of any packet. If the flag xémains |Jat one
for at |east four symbols, the packet is a send packet. The final symbol in theysend pagket is
the CRC. It is identified by the fourth non-one flag bit. These send-packet framing conventions
are illystrated in figure 48.
flag
(...)0 CRC or idle
1 targetld
1
() other leading-information
1
0
0 other trailing information
0
0 CyclicRedundancyCode (CRC)
Figure 48— Logical send- and init-packet framing convention
An echo packet has ‘asequence of three nonzero flag bits, while send packets alway$ have
four of more and«sSynhc packets have only one, as shown in figures 49 and 50. (Fof most
purpoges a bit_ih“the command field is used to identify an echo for processing, because that
bit proyvides eatlier identification of the echo than the flag sequence does.)
flag
(...)0 CRC or idle
1 targetld
1 command
1 sourceld
0 CyclicRedundancyCode (CRC)

Figure 49 — Logical echo-packet framing convention
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Sync packets are generated by each node during the initialization sequence and from time to
time during normal operation so the downstream neighbour can deskew its receiver's data
paths. The logical sync and send packets can easily be distinguished by the flag bit (which is

high fo

For sd
identid

clock signal too, not shown) can be used for observing and campensating for differer

the sig
to-low
large 9§

advanged SCI interfaces when circuit technology permits).

Abort packets are generated by any node that-wishes to initiate a reset, in order to
abort pn arbitrary symbol stream being tranSmitted by the node (and cleanly stop

proceg
sync (

packet.
followed by two zero symbols, with the flag set to one for the first six symbols and to z

the 14
implen
flag pa

r only the first symbol of the sync packet), as illustrated in figure 50.
flag
(...)0 CRC or idle
1 targetld
1 command
1 sourceld
0 CyclicRedundancyCode (CRC)

Figure 50 — Logical sync-packet framing convention

me physical encodings, the physical and logical encodings®ef the sync symAi
al. These "simultaneous" transitions of the flag signal and‘all data signals (a

nals' arrival times. The seven zero symbols are intended to provide a well-define
transition for calibrating phase detection hardware ‘in the data receivers. (Rel
kews may be produced by inexpensive cables,and automatically compensated

sing on the downstream receiver). An abort packet is always immediately followg
acket; this sequence generates aflag pattern that can never be interpreted as
The abort packet uses a special nodeld address (table 13), repeated six

st two, as illustrated inxfigure 51. The repetition of the abort address
hentation convenience. Since this can never be interpreted as a valid packet, o
ttern is significant.

flag

(...) x any

1 1111111111111011

1 1111111111111011

ol are
nd the
ces in
l high-
atively
for by

leanly
packet
d by a
A valid
times,
ero for
is for
nly the

1 11111111111 11011

1 1111111111111011

1 1111111111111011

1 1111111111111011

0 0000000000000000

0 0000000000000000

Figure 51 — Logical abort-packet framing convention
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3.4 Transaction types

3.4.1 Transaction commands

— 89 —

The command in a send packet falls into one of four main categories: response-expected
request, move request, event request, and response. It is specified by a 7-bit command field
and the 6 Isb's of the responder's offset address, as described in tables 8, 9, and 10.

Applications that might wish to have other (user defined, nonstandard) command types for
special purposes should achieve their goals by using address bits in special ways rather than
by redefining a standard command or using a reserved command. This provides sufficient
flexibility for customization, while minimizing the risks of incompatibility. However, the length

of thege specialized subactions shall not be greater than the length specified by thé send
packel's command.cmd field, and shall be multiples of 16 bytes.
Table 8 — Response-expected-subaction commands (read, write, andJNock)
commgnd field | address Isb's request req bytes resp bytes description
transaction
000 fff aaaaaa readsb 0 16 Selected-byte read
001jfff aaaaaa writesb 16 0 selected-byte write
010§ f SS aaaass locksb 16 16 selected-byte lock
011p000 0bbbbb nread256 0 256 noncoherent memory read
0119000 1lbbbbb nread64 0 64 noncoherent memory redd
011p001 aarrrr nwrite16 16 0 noncoherent memory write
011p010 rbbbbb nwrite64 64, 0 noncoherent memory write
011p011 rbbbbb nwrite256 256 0 noncoherent memory write
0119100 Or nmmm mread00 0 0 coherent memory contro
0119100 1r mmm mread64 0 0,64 coherent memory read
011p101 aanmmmm mwrite 16 16 0 coherent memory write
(subline)

011p110 rrnmmm mwrite64 64 0 coherent memory write (|ine)
011p111 rrmmm reserved 256 0 reserved for extensions
11149000* Occcec cread00 0 0 cache-to-cache control
1114000* lcceec cread64 0 0,64 cache-to-cache read
111p001 - reserved 16 - reserved for extensions
11149010* ccececece cwrite64 64 0 cache-to-cache write
111p01 1 - reserved 256 - reserved for extensions

NOTES

01110X0* cread00, cread64, and cwrite64 transactions shall have extended headers

aaaaaa least-significant address bits

cccccc specify cache access codes

bbbbb specify block data-transfer hints (for contiguous DMA transfers)

mmm specify memory-access codes

rrrr specify reserved address bits

SSss sub-command modifier bits, see lock and read transactions

ffff final selected-byte address
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Table 9 — Responseless-subaction commands (move)

command field | address Isb's request req bytes resp bytes description
transaction
100ffff aaaaaa smovesb 16 - start broadcast selected-byte
move
101ffff aaaaaa rmovesb 16 - resume broadcast selected-
byte move
110ffff aaaaaa dmoveshb 16 - directed selected-byte move
0111000 rrrrrr smove00 0 - start broadcast 00-byte move
01166+ oottt STIToOVE IO IO = startbroadeast J.o-'uylc move
0111010 rrrrrr smove64 64 - start broadcast 64-Byte“move
0111011 rerrrr smove256 256 - start broadcast 256-byte| move
0111100 rrrrrr rmove00 0 - resume broadcast 00-byte
move
0111101 aarrrr rmovel6 16 - resume‘broadcast 16-byte
move
0111110 rerrrr rmove64 64 - resume broadcast 64-byfe
move
011f111 rrrrrr rmove256 256 - resume broadcast 256-bjte
move
111p100 rrrrrr dmove00 0 - directed 00-byte move
111p101 aarrrr dmovel6 16 - directed 16-byte move
111p110 rrrrrr dmove64 64 - directed 64-byte move
111p111 rrrrrr dmove256 256 - directed 256-byte move
NOTES
aaaa | least-significant address bits

rrrr

reserved address bits

Table 10 — Event- and response-subaction commands

Event-subaction commands

command field | address Jsb's request req bytes | resp bytes description
transaction
1114000 recrerr event00 0 - clockStrobe signal
1111001 aarrrr eventl6 16 - reserved for 16-byte everfts
1114010 rrrrrr event64 64 - reserved for 64-byte ever|ts
1111071 rrrrrr event256 256 - reserved for 256-byte evgnts
Resporse-stbactionrecommands
command field | address Isb's request req bytes | resp bytes description
transaction
1111100 --na-- several - 0 status and 00-byte data return
1111101 --na-- several - 16 status and 16-byte data return
1111110 --na-- xread64 - 64 status and 64-byte data return
1111111 --na-- xread256 - 256 status and 256-byte data return
NOTE
-na- not applicable (response has no address-offset field)

aaaa
rerr

least-significant address bits
reserved address bits
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The nread256 and nwrite256 transactions are provided to access large blocks of data.
Although the accessed block address is 256-byte aligned, the starting address for the
transaction is 64-byte aligned (so the most critical 64-byte line can be transferred first). That
is, the 256-byte data transfer begins with the addressed 64 bytes and continues with the other
192 bytes of the aligned block in ascending address order (modulo 256). This is expected to
reduce latency when efficiently accessing nonsequential data. However, the validity of the
early data should not be assumed until the CRC has been checked, so the consumer should
be able to undo side effects until the CRC has been verified.

Zero-length reads involve no transfer of data and cause no side effects on the data. However,
the zero-length versions of the mread and cread transactions may have the side effect of

updati

ng the coherence state of the addressed cache line.

A mov
have
each
comm
and th

An ev
shall K
Only d
is use

The fdg
deadlq
subac

Most §
high s
registg
writes

subcommand specifying the pertinént address range within the data transferred. Th

least-9
four lg
byte, §

e transaction shall have no response, but its acceptance may be delayed (its\ech
busy status). Move transactions may be directed to one node, or to multiple

hnds; the broadcast move transaction uses the smovexx commands)(when firs
e rmovexx command (while being retried, after a busy status is returned).

bnt transaction is special, in that its acceptance is never delayed. Event transa
ave no response, shall be accepted immediately, and shall never generate an
ne of the event transactions has a currently defined meaning — the event00 trang
l to distribute the (time-of-day) clock-synchronization strobe signal, clockStrobe.

ur response subaction commands differ in thefamount of data that follows. Tg
cks, response subactions are expected to be ‘placed in different queues from r
ions (reads, writes, locks, and moves).

beed. However, odd-size or small transfers (1 to 16 bytes) are necessary to supp
rs or adapters to existing bus.'designs. The selected-byte transfers (reads
D) are implemented as ordinary 16-byte data transfers, with bits in the addres

ignificant bits of the address™(called al5) specify the address of the first data by

ast-significant bits of thercommand (called f15) specify the address of the las
s illustrated in figure 52

writesb(request), readsb(response)

data
A+0 A+15

0 may
nodes

f which has broadcast capabilities. The directed move transaction uges- the dnmpovexx

sent)

ctions
echo.
action

avoid
pguest

bCI| transfers use a small set of data sizes, for efficient queue storage managenment at

ort I/0
b and
s and
e four
te; the
t data

P
.4.

where:
A = address&~0XF;
al15 = address&0XF;
f15 = command&O0XF;

Figure 52 — Selected-byte reads and writes

The last byte address shall be equal to or larger than the first byte address. The unselected
data may be undefined and shall be ignored.
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Because of the distributed nature of SCI configurations, the interconnect cannot reasonably
be locked while transaction sequences implement indivisible (e.g., test&set) operations on a
memory location. Therefore, special lock transactions are defined that (for noncoherent
accesses) communicate the intent from the requester to the responder, allowing indivisible
updates to be performed at the responder. There is one standard lock transaction format, with
several subcommands to define conditional and unconditional update actions that can be
used for noncoherent memory accesses.

Lock subcommands are based on the model required for implementing the fetch&add and

compare&swa
perfor

In this|lock implementation model two data values (data and arg) are sent in thedoek re
one data value (old) is returned in the lock response. These are illustrated in figure 53.

The tHree data values (data, arg, and old) are all the same size, and are either quad
octlety. The specified setwof locks, listed in table 11, is consistent with those defined

CSR Architecture.

data

response request
old arg data subcommand
A
Y y
> compare > encode -—¢
~| “add | MUX
old new

Figure 53 — Simplified lock model

Table 11 — Subcommand values for Lock4 and Lock8

rimitives. Other subcommands define additional update actions that can be
ed easily with minimal additions to the basic lock-implementation hardware.

quest;

lets or
by the

SSss name update*

Q000 - (not used)

0001 MASK_SWAP new = (data&arg)|(old&~arg);

0010 COMPARE_SWAP if (old==arg) new = data; else new = old;
0011 FETCH_ADD new = old+data;

0100 LI TTLE_ADD * new = LittleAdd(old,data);

0101 BOUNDED_ADD if (old!=arg) new = data+old; else new = old;
0110 V\IRAP_ADD if (old!=arg) new = data+old; else new = data;
0111 vendor - dependent T new = op(old,data,arg);

1000- reserved[ 8] % new = op(old,data,arg);

1111

NOTES

* C-code notation used to define update actions
t Optional subcommands
T Reserved encodings for future definition by the CSR Architecture
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Since the two least-significant bits of the address (ss) are not needed for addressing
purposes, they are appended to the two least-significant bits of the command field (SS) to
specify the 4-bit lock subcommand value. The two least-significant bits of the command
specify the two most-significant bits of the lock subcommand; the two least-significant bits of
the address specify the two least-significant bits of the subcommand.

The two next-more-significant bits in the address (aa in table 8) specify the first quadlet-
aligned address of the data; the two next-more-significant bits in the command (ff in table 8)
specify the last quadlet-aligned address of the data.

The MASK_SWAP, COWPARE_SWAP, FETCH_ADD, BOUNDED_ADD, and WRAP_ADD sub-

comm ards—shalbe—supported—by-SCcmemery—eentrolers—Fhe—H-FHE-ABB-subeeqmmand

T

should be supported and one vendor-dependent subcommand may also be implemented.

Four Ipck subcommands involve addition of multiple-byte entities (quadlets ,or ‘Octlefs); for
these [subcommands, a byte-significance specification is needed to correctly, determiphe the
directipn of byte-carry propagation. For the FETCH_ADD, BOUNDED ABD; and WRAP_ADD
subcommands, a big-endian byte-significance is assumed (byte 0 is most\significant). For the
LI TTUE_ADD subcommand, a little-endian byte-significance is assumed (byte 0 id least
signifigant).

Lock fransactions are constrained to access aligned quadlets/and octlets. To simpljfy the
hardwgre implementation, the least-significant bits of datasand arg values are right jystified
within [the two halves of the packet's 16-byte data field, &s illustrated in the request poition of
figureg 54 and 55.

For a guadlet lock access, old is returned in one-of four data positions. Figure 54 illustrates
the foimat of the 16 bytes in the lock transaction,request and response packets; the fomat of
the reguest subaction is independent of the\.data address. Four formats for the regponse
subaction are illustrated, one for each quadlet address.

request (quadlet)

data arg

32 32 32 32

command/addr(Isbs)
ffss/aass response (quadlet)

00Ss/
00ss old

01ss/
Olss old

108s/
10ss old

118s/
llss old

Figure 54 — Selected-byte locks (quadlet access)

For an octlet lock access, old is returned in one of two data positions, as illustrated in
figure 55.
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request (octlet)

data arg

64 64

command/addr(Isbs)
ffsSS/aass response (octlet)

01s8s/
00ss old

118s/ old
TUSS =

Figure 55 — Selected-byte locks (octlet access)

The umpselected data in lock requests and responses (illustrated as blank _boxes in figyres 54
and 59) are undefined and shall be ignored.

3.4.3 [Unaligned DMA transfers

The se¢rial version of SCI is expected to be used for interconnecting distributed systems that
may he based on the parallel version of the SCI standard or on (e.g.) bus-backplane
standgrds. In distributed systems many of the transfers, between subsystems may beg large
DMA-ihitiated transfers with cache- or page-aligned addresses and lengths. Although many
DMA transfers are expected to access pages at page-aligned addresses, SCI also supports
transfers to unaligned addresses, to efficiently support smaller transfers used for netwprk- or
termingl-transfer traffic.

When | transferring noncoherent data from memory to a peripheral, a DMA contrgller is
expected to primarily use nread64 transactions. For unaligned transfers the first and last
nread$4 transactions are likely to centain unneeded data, but using the smaller readsb
transagtions to transfer only the ne€ded data would generally be more complex and less
efficient. This use of nread64 transactions is illustrated in figure 56; the shaded portijons of
the blqcks illustrate which datasaddresses are involved in the transfers.

read data-transfer direction

AA

first intermediate final

nread64 N*nread64 nread64

(crossing 16-byte aligned blocks)

nad-blaald
TS U~ OTOCIKy

Loasibin-t-abvwvia—a.
\RALLIRLIE B oytc—an

readsb
Figure 56 — Expected DMA read transfers
If nread256 transactions are supported, they may be used instead of nread64 transactions.

A single readsb transaction is expected to be used for small DMA transfers that are contained
within a 16-byte aligned address block. The readsb transaction is more efficient than an
nread64 transaction, and transparently supports DMA transfers to memory-mapped control
registers (which may not support nread64 transactions).
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When transferring noncoherent data into memory from a peripheral, a DMA controller is
expected to use writesb, nwritel6, and nwrite64 transactions. For a poorly aligned transfer,
the first transfer would use a writesb transaction to modify data up the next 16-byte-aligned
address. The next transfer would use up to three nwritel6 transactions to modify the data up
to the next 64-byte-aligned address, as illustrated in figure 57.

write data-transfer direction

intermediate

writesb nwrite16 N*nwrite64 3*nwrite16 writesb

(crossing 16-byte aligned blocks)

(within 16-byte aligned block)

writesb

Figure 57 — Expected DMA write transfers

Intermlediate transfers are expected to use the more efficient nwrite64 transactions. The final
transfers are expected to use up to three nwritel6 transactions-to modify data up to the final
16-byte-aligned block. The final writesb transfer is expected to modify data up to the final
byte-aligned address.

A shoift transfer that is entirely contained within all6-byte-aligned block shall be performed
using & single writesb transaction.

Nodes| that support nwrite256 may use them in the intermediate phase, using nwrite64
transaptions to reach a 256-byte-aligned poundary.

Writeslp transactions are sufficient to.mplement the entire write transfer, but are significantly
less efficient. Similarly, writesb may be used with nwritel6 transactions to implement @ less-
efficient write transfer.

System efficiency can betimproved in some applications if intermediate bridges are| given
some hints that let thefn)prefetch or buffer data in the intermediate phase of a DMA transfer,
as deqcribed in the fallowing subclause.

3.4.4 |Aligned-kfock-transfer hints

To imlprove,'performance for intermediate 64-byte (or optionally 256-byte) aligned data
transfers ate its
intent 3 —¥ y on the
DMA controller's announced intent.

Hints also indicate that other nodes are not expected to use or modify the data while it is
being transferred. For read transfers a bridge may safely prefetch data (which would become
stale if they were modified later). For write transfers a bridge may pre-purge data (i.e., discard
modified cached copies), if the purged data are eventually updated by the subsequent
transactions.

The 5-bit data-transfer hints conveyed in the 5 least-significant address bits (see table 8) are
provided for noncoherent 64-byte and 256-byte data transfers (nread64, nread256, nwrite64,
and nwrite256). These long transfers have five phases, first, start, continue, near, and last.
For the first, start, continue, and near phases, three of the data-transfer hint bits specify a
phase-length parameter N (in multiples of the transaction size). The transaction command
specifies the parameter B, which is the block size of the individual transactions.
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A data-transfer hint shall only be used on a transfer to a contiguous range of physical
addresses, and the phase-length parameter N shall be the same for all transactions within the
transfer. When hints are provided, a normal transfer shall consist of a first transaction, a start
phase containing N — 1 transactions, a variable-length continue phase, a near phase with
N — 1 transactions, and a 1l-transaction last phase, as illustrated in figure 58.

data-transfer sequence 64/256
start continue near
N*B M*B N*B

Figure 58 — DMA block-transfer model

While [performing transactions within the transfer, the number of simultaneouslyloutstanding
transaptions shall be limited to N, and the transaction at address A+N*B shatlnot be irnitiated
until the transaction at address A has completed. A data transfer may) be prematurely
terminpted at any point (the start, continue, near, and last phases are therefore optional)).

Bridggs may use these transaction hints to prefetch read data onto-/concatenate writgs into
larger |blocks. Note that prefetch algorithms shall tolerate out-of-order transaction delivery; on
a congested system, flow control mechanisms may reorder dransactions before they are
accepted by the bridge.

The be¢haviour of a simple prefetching bridge, when precessing read transactions to addfess A,
is expgcted to be as follows: During the start phase, previously prefetched data at addyess A
are not used and previously prefetched data at addresses A and A+N are discarded. Dur|ng the
continfie phase, previously prefetched data at address A are used and data are prefetched for
addregs A+N. During the near phase, previausly prefetched data at address A are us¢d and
data are not prefetched for address A+N. During the last phase, previously prefetched ¢lata at
addregs A are used and all transfer-relatedprefetch resources are released.

The be¢haviour of a simple prefetching bridge, when processing write transactions to afdress
A, is gxpected to be as follows: During the start, continue, and near phases, a write through
the bridge is delayed until the next transaction (with the next larger address) is accepted by
the bridge (or until a short timeout period); this provides the opportunity to merge four ghorter
64-byte writes into one lenger 256-byte write transaction, for example. The write trangaction
in the Jast phase is metged with previously buffered packets, but the emptying of this merged
buffer |is not delayed.

Note that any transfer may be terminated early, when a short data transfer terminates qr after
a DMA-conteoller failure. For a short DMA transfer (when the number of transferred bytes is

less than the number requested) the near phase can be eliminated. In normal operati¢n, the
last phase is expected and can be used to improve bridge performance. Howev;r, the
terminaiing near and last phases should only be used to Improve the bridge’s read-prefetch or

write-merge performance, since they cannot be relied upon to correctly terminate transfer-
related prefetch activity.

The 5 least-significant bits of the transaction address uniformly specify block-transfer hints
for noncoherent nread64, nread256, nwrite64, and nwrite256 transactions, as specified in
table 12.
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Table 12 — Noncoherent block-transfer hints

bbbbb phase phase-length description
(N)

00000 - none no data-transfer hints

XX001 (below) 1 data transfer, shortest prefetch

XX010 (below) 2 data transfer, short prefetch

XX011 (below) 4 data transfer, short prefetch

XX100 (below) 8 data transfer, short prefetch

XX101 (below) 16 data transfer, short prefetch

XX110 (hnln\m) 22 data transfershort rr_\rnf'nfr-h

XX111 (below) 64 data transfer, longest prefetch

00nnn first nnn first contiguous data transfer

O0lnnn start nnn starting contiguous data transfer

10nnn continue nnn continue contiguous data transfer

11nnn near nnn near end of contiguous data transfer

11000 last - last contiguous data transaction

01000 reserved - not used, reserved for otheftypes of hints

19000 reserved - not used, reserved for\other types of hints
3.4.5 [Move transactions
Move [ransactions are acknowledged by an echo (for the purposes of flow control), but have

the rejguest has been delivered, higher-level'protocols are needed to confirm that
transagtions have completed successfully. These higher-level protocols are beyond the
of the [SCI standard, but could include the-following:

1)

2)

3)

d-to-end delivery confirmation. Since there“is no response to confirm when or W

Time delays. Some types of data,such as video or some kinds of physics data, a
tolerant, in that the data are stillMuseful when small portions have been lost. A fixe
delay may be provided for such transfers to complete; after that time delay, late-§
data will be discarded.

Rejguester credits. The requester moves the data to the responder, up to an 3
esfablished by its credit value. When a sufficient number of move transactions ha
reqeived and proCessed the responder directs a write transaction to the request
ingreases the credits for the requester.

Constrained.ardering. For certain configurations, all transactions with the same req
angl responder ringlets will be routed on the same path through intermediate switc|
briflges; called agents. The agents may be designed to flush previously-queued

hether
move
scope

e loss
d time
rriving

mount
5 been
pr that

uester
hes or
move
nodeld

subactions before forwarding read or write subactions with the same requester

valde Sa~ ec—>o eq cHa-cHOH otH-C S c0—p v/ o4

br, the

move subactions would be forwarded (and discarded from the agent's queues) before the

forwarding of the following read or write subaction is initiated.

To improve their performance when constrained ordering (3) is provided, DMA command
architectures may have the capability of using move transactions for all but the last
transaction in large DMA transfers. However, the DMA command architectures should allow
this feature to be selectively disabled (on an address-block basis) in configurations without
constrained ordering.

Errors are also harder to log and contain when move transactions are used. These error
logging and containment strategies are agent-architecture dependent and beyond the scope
of the SCI standard, but could include the following:
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1) Error logging. The agent would log move-transaction errors when they are detected. The
error log could be periodically polled, or the agent could periodically interrupt a pre-
specified processor when this error log changes.

2) Error containment. After a move-transaction error is logged, an agent may disable further
accesses to the now-corrupted data. Accesses may be disabled on a global basis (all
accesses to the corrupted data are blocked) or on a selective basis (accesses from the
same requester are blocked).

3.4.6

Global time synchronization

The SCI standard supports global clock synchronization (referring to time clocks, not data
transmission clocking), within the framework provided by the CSR Architecture. All SCI nodes

should
A clod
betwe

To support clock synchronization on SCI, all nodes provide a through register and the

capab

clock-master (one on each ringlet, assigned by software), is routed through the

local n
figure

For th
creatiq
betwes
accurg
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other |

By ang
conne

kStrobe (event00) packet provides the signal that maintains clock synchron
bn SCI nodes on the same ringlet.

e nodes also provide an arrived register. The clockStrobe packetlis generate

odes, and is ultimately stripped when it returns to the clock.master, as illustra
59.

clock master other slave clock slave

discard

create A pass-through pass-through

arrived arrived —

— through — through = — through =

stop start Y stop start ' stop start

A
A

Y

Figure 59 — Time-sync on SCI

b clock master, the through register measures the time between the clockStrobe p
n and its transmission. For all other lincs, the through register measures th
bn the arrival and departure of the clockStrobe packet. To minimize costs and in
cy, the through jyegister is calibrated in terms of ringlet symbol times. For thg
, the arrived\latch saves the clock value when the clockStrobe packet is creats
ncs, the arrived latch saves the clock value when the clockStrobe packet is receive

lyzing'the latched values of the arrived and through registers, and knowing the p
Ctiefn delays (cable lengths, etc.), software can make all clocks consistent ar

maintain local timers (formatted as 64-bit integer-seconds/fraction-seconds ceunters).
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logging, the precise arrival and departure time of the clockStrobe packet shall be defined to

be at t

Multipl

he trailing edge of its CRC symbol.

e-linc switch nodes require additional resources for routing clockStrobe signals
between SCI ringlets. See the C code for details.
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3.5 Elastic buffers

3.5.1

Elasticity models

An SCI node usually has its own clock (referring now to data transmission clocking, not time
clocks), which is approximately (but not exactly) the same frequency as the clock of any other
node attached to the same ringlet. Since the clocks on separate nodes will drift in phase over
time, symbols will sometimes need to be deleted (when the received clock is faster than the
internal clock) or inserted (when the received clock is slower than the internal clock). The
symbols that are inserted or deleted are idle symbols, which can only be between packets,
(except that the last symbol of a sync packet may also be deleted). These are called elasticity

symbo

Is.

Note
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the in
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capab

The s
speed
which
comps
their g
can la
trainin
of the

To gu

without at least one idle symbol separatipng*it from the previous packet, and an idle syr

postps
delete
allocat

Idle sy
shown

hat SCI nodes are entirely synchronous, and that data transmission csJ"g
onous". The only asynchronous part of SCI is in the first stage of the receiver,
coming data may have an arbitrary (and slowly drifting) phase with 'respect
der of the node. The sync packet provides enough information (for’ a rece
ically compensate for phase shifts on individual bits independently. Howeve
lity should not be needed in most systems.

ynchronous nature of an SCI node greatly simplifies operation at these ver
5; for example, the FIFOs do not have to be concerngdyWith metastability pro
would slow them enormously. However, data receivets ‘must be carefully desig
nsate for incoming clock phase drifts and to ensure'‘that sampling latches neve
etup and hold time specifications violated. Metastable responses of receiver |
5t for many bit times, so they must be avoided except, of course, during initial
g of the link. Synchronous operation also greatly simplifies the operational desd
node, allowing its behaviour to be simulatedwith great confidence.

brantee a sufficient number of deletable idle symbols, a packet is never trans
nded to any packet that is sent, unless the bypass buffer is full. Any idle symbol

d as necessary, but some of.the information it carried must be saved for use
ion protocols.

mbols are deleted or. inserted by means of an elastic buffer at the SCI input
in figure 60.
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Figure 60 — Elasticity model
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The input data synchronizer, which is responsible for the insertion and deletion of elasticity
symbols, contains a multiple-tap two-symbol delay element (of length 2 T, where T is the
duration of one symbol). A symbol is inserted when the delay is increased by T (tap a to b, as
shown in figure 61), and a symbol is deleted when the delay is decreased by T (tap b to a).
The shading illustrates the delay ranges that have different effects on the insertion and
deletion of idles. A typical implementation of this delay element might be sixteen taps to
provide a total delay of two symbols.

Durind
clock,
sampl
chang

, 2-symbol delay ]
sync'd ScCl
input . idle h 3 input
4 MUX |=

Figure 61 — Input-synchronizer model

that they can support an arbitrary number of nodes on each ringlet.

3.5.2

If the
eventy
symbo
inhibit

Idle-symbol insertions

bd within packets.

1) Before insert (time =t + 0)

-— -
\<

— idle

2-symbol delay

b

2) Duringiinsert (time =t + 1)

2-symbol delay

b

| idle
r—— |«

-

normal operation the received data clock is monitored and compared with the
and a different tap is selected from time to time to ensure that thé input data arg never
bd near a transition. Thus, as the relative phases of the\two clocks drift, t
s and the delay in the elastic buffer varies. The elastic-buffer protocols are robust, in

eceived clock is consistently slower than the naede's clock, the delay will decrea
ally reach zero. When this happens, the tapschanges from a to b, which inserts
| and increases the delay by one symbol,~as illustrated in figure 62. Idle inseiftion is

node's

he tap

5e and
an idle

-

3) After insert (time =t + 2) 2-symbol delay
| g— idle b
-
-

Figure 62 — Idle-symbol insertion

An idle symbol need not actually be inserted; an internal label (see 5.2.2) can be used to
mark the input symbol for equivalent special processing by other parts of the node.
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3.5.3 Idle-symbol deletions

Similarly, if the received clock is consistently faster than the node's clock, the delay will
increase and could eventually reach two symbols. Before this happens, the tap changes from
b to a, which deletes an idle symbol and decreases the delay by one symbol, as illustrated in
figure 63. To avoid packet corruption, the idle deletion is only performed when the previewed
symbol (at tap a) is known to be a deletable symbol (an idle or a sync-packet symbol). The go
bits from deleted idles (which affect bandwidth allocation) are saved.

1) Before idle discard (time =t + 0) 2-symbol delay Do
—die b a
- -
-

Save go bits ~agm—

2) After idle discard (time =t + 1) 2-symbol delay e ]

— idle b a

- <
\<

Figure 63 — Idle-symboJ-deletion

To avpid frequent insertions and deletions when the input and local clocks are ¢losely
matched, the idle deletion process is inhibited; until the accumulated delay has exdeeded
5/4T.

A simijar form of symbol deletion may_be performed on the trailing symbol of a sync packet,
which [is sent periodically between adjacent nodes on the ringlet. Since this may prgvide a
sufficignt number of deletable symbols, particularly when nodes on one backplane share the
same tlock, the idle-symbol deletion capability is optional.

If sufficient idle symbols were not present, the deletion process could be inhibited until the
two-cycle delay limit is~eXceeded. The node would lose data synchronization and the ring
would [need to be cleared and re-synchronized. To avoid this problem, the idle symbol|at the
end of every packet.is reserved for elastic-buffer uses. (It is never deleted for allogation-
relateq purposes))>Also, nodes should re-insert idles between back-to-back packets, junless
their blypass buffers are full.

3.6 Blandwidth allocation

Computer buses use an arbitration mechanism to determine which processor gets exclusive
use of the bus. SCI ringlets consist of a number of nodes connected by point-to-point links
and performance would degrade if only one active transaction were allowed on each ringlet at
any given time. Instead of arbitrating for exclusive access to the ringlet, SCl's protocols for
allocating ringlet bandwidth allow multiple nodes to transmit packets concurrently. This
bandwidth allocation protocol assures that all nodes are allocated at least a minimal
bandwidth (independent of their priority), while most of the ringlet's bandwidth is reserved for
nodes that have the highest active priority.

Bandwidth allocation protocols inhibit the transmissions of some nodes to ensure trans-
mission opportunities for others. The allocation mechanism minimizes latency and overhead
on an idle ringlet, while providing fairness and prioritized bandwidth partitioning.
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Bandwidth allocation controls access to the ringlet, but if many producers direct send packets
to the same consumer, the consumer may have insufficient space to queue all of these
packets. For example, several processors may direct a sequence of requests to the same
memory controller. In such a situation queue space, not bandwidth, is the limiting resource
and gueue-allocation protocols are needed to ensure that no producer is starved (i.e., there is
forward progress for all). Queue allocation protocols are discussed in 3.7.

Nodes may be fair-only, incapable of using the prioritized bandwidth, or optionally they may
be unfair-capable, capable of using the fair as well as the prioritized bandwidth. Note that a
system containing exclusively fair-only nodes will share all the bandwidth fairly; the protocol
does not reserve prioritized bandwidth if no one needs it.

3.6.1 [Fair bandwidth allocation

Fairness (among nodes in the same allocation-priority group) gives each nodg‘equal access
to the|ringlet, with no node preferred over any other. Fairness is enforced~by round-robin
protocpls, based on go-bits in idle symbols. Separate lo-go and hi-go bits~are provided, so
fairnegs between nodes in the lower and highest allocation-priority groupsan be mairjtained
indepgndently. The low-go bit, idle.lg, maintains fairness among lowef_nodes; the high{go bit,
idle.hd, maintains fairness among highest nodes. In this clause, fait/bandwidth allocqtion is
assumed and only one of the two go bits, idle.lg, is considered. \Fhough every idle actually
has an idle.Ig bit, with value 0 or 1, for simplicity in the following-discussion only the valpe 1 is
referrgd to as an idle.lg bit and an idle that has an idle.lgxvalue of O is referred to jas not
havingd an idle.lg bit.

For a producer, send packets can only be transmitted{by postpending them to an idle $symbol
that has an idle.Ig bit (step 1 in figure 64). The transmitted packet is also followed by another
idle, which is reserved for elasticity uses. On_aightly loaded ringlet, this constraint| rarely
delayq the transmission of send packets, since“most symbols are idles and their low-go bits
are usually set. Only when the bandwidth approaches saturation does this constraint begin to
delay fransmissions.
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(1)
sendEnable =
idle.go;
output - - input
(idle.go == 1)
(2)
— while (sending)
save.go |= idle.go;
save.go
output = E:\ input
(3)
while{Anot empty)
sayeydo |= idle.go;
save.go
output = | E;\ input
(4)
if (done)
idle.go |= save.go;
save.go
output - | ’/ - input

Figure 64 — Fair bandwidth allocation

When |a transmission- starts, forwarding of additional idle.lg bits is delayed (and the node is

said t¢ be blocked) until the node empties its transmit buffer and bypass FIFO. Duri

g this

time cpnsumable’idles (those that follow another idle and have idle.lt==1 or idle.ipr=40) are

discarfled and*their go bits are saved. Other packet symbols and nonconsumable idl
saved|in/ the bypass FIFO, whose contents may increase while the send packet is

transmitted (step 2) and decrease after the transmission has ended (step 3).

Es are
being

In figure 64, ".go" refers to ".Ig" or ".hg" , which are treated similarly. There is an internal go
bit (save.lg) that is set to one when an idle with idle.lg set is consumed. Thus these incoming
go bits are never discarded, but multiple go bits are sometimes merged into one.

The forwarding of idle.lg bits to the node's downstream neighbours is stopped (inhibiting
additional transmissions from them) until the producer's transmission (of the packet it sent
and of any symbols in its bypass FIFO) has ended. After the transmission ends, the saved go
bit (save.lg) is released and put into the next idle symbol (step 4 in figure 64).
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After a go bit has been released, it is extended into the immediately following idle symbol. A
set idle.lg bit in one pass-through idle is extended so the idle.lg bit in the following output idle
symbol is also set. These go bit extensions (which are also performed on the idle.hg bits)
eventually fill the idle space between packets. Thus go bits fill an idle ringlet, reducing latency
for access to a lightly loaded ringlet, yet act somewhat like a token that precedes a packet.

The go-bit extensions should be performed by the transmitter portion of a node, so the
extended go bits can be used to quickly re-enable additional send-packet transmissions.

While the producer is transmitting (steps 2 and 3), it blocks the circulation of the allocation-
count bit (idle.ac) within the idles that pass through it, by replicating the previous idle.ac
value.[The new allocation-count value passes through the node when the transmit buffer and
bypas$ FIFO are empty and the node is re-enabled to send (step 1). By properly inhibiting the
circulgtion of this idle.ac bit, changes in its value indicate that all local producers-have had an
opportunity to transmit (or re-transmit) their queued packets. These changes are monitdred by
the cohsumers, to detect failures in expected retransmissions.

3.6.2 |Setting ringlet priority

The gp bits are used to allocate bandwidth fairly among producersin the same bandwidth-
allocation priority class. However, the highest-priority producers.are allowed to consumg¢ more
bandwidth than lower-priority producers. To implement\this bandwidth partitjoning,
mechgnisms are provided to dynamically determine the highest currently active prpducer
priority, the ringlet priority. Each node maintains its owf view of the current ringlet priority,
based|on its own priority and other priority information\ip observes in passing packets [or idle
symbdls. The idle field idle.ipr distributes the ringlet priority determined by the node that has
the mqst up-to-date information, i.e., a node that hasjust received an echo packet.

Requgst-send and response-send packets are~assigned 2-bit priorities when created. This
priority is stored in the control.tpr field of the” packet's header (see 3.2), which specifies the
packet's transaction-completion priority_ @nd is unchanged as the packet flows through the
system. The strategy used to select the control.tpr values is beyond the scope of the SCI
standdrd. A producer calculates a<tinglet-local send priority, command.spr, based pn the
contro].tpr value of its queued packets (some of which may have a higher priority).

The concept of using a ringlet-local send priority (command.spr) that may be higher than the
transagtion's priority (contrgl.tpr) is often called priority inheritance. When transaction ofdering
canno{ easily be changed; high priority packets temporarily increase the effective priority| of the
packets that block them.-The original transaction priority is restored when the transaction [moves
to another consumergueue where it is no longer blocking other higher-priority packets.

The ringlet priority level is established by unfair-capable producers, based on their calqulated
command.sprvalues. As symbols pass through a blocked producer, this value is insefted in
place pf_ smaller command.mpr fields in send and echo packets and smaller idle.ipr figlds in
idle symbals, as illustrated in figure 65.
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blocked
output
entry

output -—— ~—— input

| send or echo packet

command.mpr = Max (command.mpr, node.spr);

idle symbol

| <
4 I‘

idle.ipr = Max(idle.ipr, node.spr) ;
Figure 65 — Increasing ringlet priority

In the|absence of some other priority-reduction mechanismthe ringlet priority would soon
increage to the highest priority of any previously blocked<producer. To avoid this priority
escalation, nodes are responsible for restoring the ringlet priority when their echo packe¢ts are
returngd. When the producer's echo is returned, thé Ymaximum of its command.mpr and
command.spr fields is saved for insertion into the_idle.ipr field of subsequent idle symbols.
This cpntinues, as illustrated in figure 66, until the fiext send or echo packet is observed. This
procegs quickly reduces the ringlet priority level to~the most-recently sampled level.

last input
was my
echo

output (<e~—— ~—— input

idle symbol
x B y

idle.ipr = Max(node echo.mpr, node echo.spr);

Figure 66 — Restoring ringlet priority

The command.spr field in the echo, which is set to the send packet's command.mpr value
when the echo is created, provides the maximum of node priorities in the send-packet's path
from the producer to the consumer. The command.mpr field in the echo, which is cleared
when the echo is created, provides the maximum of the node priorities in the echo-packet's
path from the consumer to the producer. (Note that event packets require special treatment
because they have no echo. See the C code for details.)

These two segment priorities are kept separate to enable optimization of the performance of
pipelined bandwidth allocation, where producers send most packets directly to their
downstream neighbours. On such pipelined systems, the cumulative bandwidth may be much
larger than provided by any individual link (the send-packet bandwidth can be reused after the
send packet is stripped by the consumer). The command.spr and command.mpr fields are
intended to support such pipelined bandwidth-allocation protocols, which are planned for
future extensions of the SCI standard.
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Bandwidth partitioning

iorities of the nodes on the ringlet are divided dynamically into two allocation groups: the

highest, consisting of all nodes having effective priority equal to or greater than their estimate of

the rin
bandw

glet priority, and the lower, consisting of all nodes. A goal is to apportion most of the
idth to the highest allocation group, while ensuring forward progress by leaving a residual

bandwidth (which is partitioned fairly) for the lower group. Note that these groups are not

mutual

ly exclusive, as all nodes in the highest group are also in the lower group.

To implement the partitioning of ringlet bandwidth, two classes of idle symbols are created:
high-type (idle.Ilt=0) and low-type (idle.lt=1). Allocation priorities restrict the consumption of

these

low- and high-type idles. The ratio of available low-type and high-type idles is

influen
the rin
guanti

Unfair
This nj
idles.
high-ty

the producer node, is_.converted into a mix of high-type and low-type idles.

ced by the way these idles are created when send or echo packets are strippef from
glet. Fair-only nodes create only high-type idles, as illustrated in figure 67, Whgre the

ies in square brackets represent the number of symbols.
packet
being
stripped
output -—— <—— input
ho[4
echof4] send[N]
-
idle-hi[N-4]
idle-hi[4] echo[4]
- -

Figure 67 — ldle-symbol creation, fair-only node

capable nodes are respaensible for maintaining a mix of high-type and low-typq idles.
ix is created by converting each subaction into many high-type idles and two low-type
A\ send packet, whef.stripped by the consumer node, creates an echo packet ang many
pe idles, as illustrated in figure 68. An echo packet, when stripped upon returping to

Copyright 0 1998 IEEE. All rights reserved.


https://iecnorm.com/api/?name=cc37cb26a5fd271a3b0630d9583740a4

ISO/IEC 13961:2000(E) ~ 107 -
IEEE Std 1596, 1998 Edition

When
itself),

This el:sures the same ratio of low-type and highytype idles whether the producer a

consu

When
bandw
which
priority

Fair-o
have &
consu
high-ty
(noncg

packet
being
stripped
output -—— ~—— input
echo[4] send[N]
- -
idle-hi/lo[N-4]
idle-hi/lo[4] echo[4]
- -
idle-hi/lo[N] send[N]
- .

(internal echo)

Figure 68 — Idle-symbol creation, unfair-eapable node

stripping the send packet creates many high<idle symbols and a few low-idle sy

er are the same or different nodes.

prioritized packets are being sent,-Unfair-capable nodes (which consume most
idth and produce most of the idles) establish the ratio of low-type to high-type
determines the proportion of the bandwidth available to the highest-priority and
producers.

nly producers have to consume idle symbols to empty their bypass FIFOs, whig
ccumulated part orall of an incoming packet while the node was transmitting. Tg
ming bandwidth allocated to the highest priority group, fair-only nodes only co
pe idles when~the ringlet priority is zero, as illustrated in figure 69.
nsumable) idles are put into their bypass FIFOs, as are any packet symbols.

bypass

the producer and consumer are the same node/a node transmits a send pacgket to

mbols.
nd the

of the
idles,
lower-

h may
avoid
nsume
Other

not empty

output <—— .4— ~—— input

|< idle.lt || idle.ipr == 0

Figure 69 — Idle consumption, fair-only node

The consumption properties of an unfair-capable node are determined dynamically based on
the node's consumption mode. Depending on its previous history, a producer may be able to
only consume low-type idles (lower priority, fair), high-type idles (highest priority, unfair), or
both (highest priority, fair), as illustrated in figure 70.

Copyri
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bypass
not empty
output -—— .4— ~—— input
(lower priority, fair) -
idle.lt || idle.ipr == 0

(highest priority, unfair) -

The p
unfair-
FIFO,

consumption behaviour is approximated by increasing a debt ‘counter when a nonconsy

type ¢
idles i

cause

highest priority, fai
(highest priority, fair) all idles

Figure 70 — Idle consumption, unfair-capable node

receding discussion was simplified for clarity. To further improve performan
which may have accumulated part or all of an incoming packet. The desired sel
f idle is consumed. After the bypass FIFO has emptied, the type of passing-t

5 converted until the debt has been repaid. This Behaviour reduces the ringlet |
| by storing symbols in the bypass FIFO.

A rin
consu
echo (
some
minor

3.6.4

let's priority and the availability of go bitsrcan change dynamically, so the

ption restrictions may be changed while,the send packet is being sent or befq
acket is returned. Since any given nodé.only knows the priority state of the ringlg
earlier time, it cannot make ideal altocation decisions. As a result, priority has
pffect on latency, but eventually affects the bandwidth allocation.

Types of transmission protocols

trans

shall

These
implen
standi
are th
expen

The p4

The impler pass-transmission: protocol may be used by nodes that support on

issions (i.e., priority has no influence on these nodes). Low/high-transmission prg
e used by nodessthat support unfair transmissions (priority influences these n

protocols are\_interoperable, and provide cost/performance tradeoffs
hentor. The pass transmission protocol is simpler, but limits the node to a sing
ng nonprioritized transaction, and does not support idle insertion/deletion (sync p
e only ,source of elastic symbols). The low/high-transmission protocols are
Sive, bot-have higher performance and can support other options.

\Sss<tfansmission protocol involves saving nonconsumable idles in the bypass FIF

e, an

capable node consumes all idle symbols regardless of theit\type to empty its bypass

bctive-
mable
hrough
atency

node's
re the
t as of
only a

ly fair
tocols
odes).
o the
e out-
ackets
more

D. The

debt-t

one saveldle symbol.

3.6.5

Pass-transmission protocol

ansmission protocol involves discarding idles after merging their critical information into

For the pass-transmission protocol, an output buffer is used to hold a packet that is ready for
transmission, a bypass FIFO holds portions of packets that arrive during the transmission, an
output multiplexer selects between these two symbol sources, and an idleMerge block merges
and/or saves bits from received idle symbols. The idleMerge block includes storage to save
an idle symbol, saveldle, as illustrated in figure 71.
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M | outputBuf
- U
X
- idleMerge [« bypass FIFO
(savedldle)
I:igurn 71 — Pass-transmission model (f:air-nnly nnrin)

When|a fair-only node has recovered from its previous transmission, the_fode's next
transnjission may begin immediately after it has output an idle symbol having idle4g sef. That
previops idle is copied into saveldle, for creating an idle symbol that can be postpended to the
transnjitted packet. The ready-to-transmit condition and the saving ofythese idle-symbol
paramgters is illustrated in figure 72.

if (idle.lg)
transmit();

- idle symbol input/output

RN

A

ideMerge [* bypass FIFO [«———

Figure 72 — Rass-transmission enabled

While | the packet is being transmitted, arriving input symbols are saved for dglayed
transnjission. A packet symbol.6p a nonconsumable idle is placed in the bypass FIHO (1),
which | may increase in stared-symbol content as the packet is being transmitied. A
consumable idle (either idle:lt is 1 or idle.ipr is 0) is not inserted into the bypass FIFO, [but its
idle.lg] idle.hg, and idle.sld" bits are merged into the saveldle symbol (2) and the nunjber of
symbdls in the bypass-EIFO remains unchanged, as illustrated in figure 73.

Merging the idleZlgrand idle.hg bits involves ORing them into the saveldle symbol (thege bits
are sejectively set). Merging the idle.old bit involves ANDing the bit with the saveldle $symbol
(this bjt is sefectively cleared).

Immediatély after the packet has been transmitted the current saveldle symhol is pastgended
to it. From the perspective of incoming symbols, the saveldle symbol extends the packet-
transmission length by one symbol.

After the postpended idle has been sent, there may be one or more symbols in the bypass
FIFO. The bypass FIFO is emptied until the node has recovered from its previous
transmission. During this time, an incoming packet symbol or a nonconsumable idle is placed
in the bypass FIFO (1), leaving the number of symbols in the bypass FIFO unchanged. A
consumable idle (either idle.It is 1 or idle.ipr is 0) is deleted (2), decreasing the number of
symbols in the bypass FIFO. The idle deletion process involves saving the idle.lg, idle.hg, and
idle.old bits, as illustrated in figure 74.
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/ { 1) nonconsumable input
“Ea
idleMerge

/ { 2) consumable input
idleMerge . o> ‘

idle.lg, idle.hgiddle.old

Figure 73 — Pass-transmission active

outputBuf

1) nonconsumable-idle input

<——
O —
idleMerge

outputBuf

2) consumable-idle input

-
\ —
idleMerge - ‘

idle.lg, idle.hg, idle.old

A

Figure 74 — Pass-transmission recovery

After the bypass FIFO has been emptied, the node is again free to transmit by postpending
another packet to an output idle symbol, as previously illustrated in figure 74.
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3.6.6

Low-transmission protocol

3.6.6.1 Low-transmission model

The low-transmission protocol is used for the lowest-priority packets and is occasionally used
when sending the highest-priority packets (to ensure a small amount of fair bandwidth). A
high-transmission protocol is generally used when sending the highest-priority packets. The
low-transmission protocol utilizes similar components to the pass-transmission protocol, but

they a

re used slightly differently.

During packet transmission, low- and high-transmissions delete incoming idles to quickly
reduce_the storage inthe h\lllnnec EIEQ (\A/hir‘h reduces the ringlnf I:\fnnr‘\ll) Thus there is no

need
block

When
stores
empty

consumed; subsequent producer transmissions are affected by the accumulated debt.

The bg
the pgq
discus

3.6.6.2

When
allows
output
The rg
in figu

o modify the idles passing through the bypass FIFO, as illustrated in the fun
liagram of figure 75.

outputBuf

A

bypass FIFO |«

A
xcZ
A

A

idleMerge

Figure 75 — Low/high-transmission model

the producer sends its packet, its bypass“FIFO may become nonempty becad
packet symbols received while sendings’ The producer uses any idles it recei
the bypass FIFO quickly, but accumulates a debt when the wrong type of

bhaviours of the low/high-transmission and pass-transmission protocols are simil
rformance of the pass-transmission protocol is worse. The remainder of this
ses the low-transmissign\protocol; the high-transmission protocol is described in

Low-transmissionenabled

a producer has_recovered from its previous transmission, the low-transmission p
the producer's next transmission to begin immediately after an idle symbol hajs
and idle.lg*was set. That previous idle is saved for post-pending to the transmitte
ady-to-transmit condition and the saving of these idle-symbol parameters is illu
e 76:

ctional

\use it
ves to
idle is

ar, but
clause
3.6.8.

otocol
5 been
d idle.
strated

Copyri

if(idtertg) -: idle symbol input/output
transmit();

- bypass FIFO

A

idleMerge |«

»
!

Figure 76 — Low-transmission enabled
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3.6.6.3 Low-transmission active

While the packet is being transmitted, input symbols are saved for delayed transmission. A
packet symbol is placed in the bypass FIFO (1), which increases the number of symbols
saved in it. An idle symbol is not inserted into the bypass FIFO (2), but its idle.lg, idle.hg and
idle.old bits are saved in the idleMerge block and the number of symbols in the bypass FIFO
remains unchanged, as illustrated in figure 77.

{ 1) packet symbol input
- CEne.

idleMerge

2) any idleigpGt
Pam =
E |

idle.lg, idle.hg, idle.old

idleMerge

A

(debt may increase)

Figure 77 — Low=fransmission active
A debf is accumulated that counts how_many hi-type idles have been unjustly consumed.

Immediately after a packet has been transmitted, a saveldle symbol is postpended to it. This
saveldle value was initialized by-the idle symbol preceding the packet transmission.

3.6.6.4 Low-transmissioh.recovery

After the postpend idle has been sent, there may be one or more symbols in the bypass FIFO.
The bypass FIFO.is.emptied until the node has recovered from its previous transmissgion or
anothgr packet 4ias been output. During this time, any incoming packet symbol is pldced in
the bypass FIEO (1) and the number of symbols in the bypass FIFO remains unchanged. An
incomgg idle"is deleted (2) and the number of symbols in the bypass FIFO decreases. The

idle de¢letion’ process involves saving the idle.lg, idle.hg, and idle.old bits, as illustrgted in
8

figure
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outputBuf 1) packet symbol input
R — - .
idleMerge
PR 2) anv idle input
UUI.PUI.I_JUI 7 »s T
B E— - E
idleMerge |« ’

idle.lg, idle.hg, idle.old

(debt may increase)

Figure 78 — Low/high-transmission recoveny

The de¢bt value is increased when consuming each second through final consecutive idlg, if its

idle.lt |s O.

3.6.6.3 Low-transmission debt repayment

After the bypass FIFO has been emptied, accumulated low-consumption debts are reduced or
cancelled. During the repayment phase, «packet symbols pass (1) through the| node
unmodified. However, the type of idle symbols may be changed and the consumptioh debt
reducqd as idles pass (2) through the node, as illustrated in figure 79.

outputBuf 1) packet symbol input
] - bypassFIFO |e—F"
idleMerge
outputBuf 2) any idle input
~ - bypassFIFO
idleMerge |

idle.lg, idle.hg, idle.old

(debt may decreas

Figure 79 — Low/high-transmission debt repayment
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A low-consumption debt is reduced by 1 when a low-type idle is converted into a high-type
idle (by setting the previously zero idle.lt bit). This low-consumption debt is cancelled when
the idle.ipr priority is no larger than the node's transmission priority. Further transmissions are
disabled until the low-consumption debt has been reduced to zero.

3.6.7 Idle insertions

During the active and debt-repayment phases, idles are re-inserted as back-to-back packets
pass through the bypass FIFO. The value of these saveldle symbols may have been affected
by the idle.lg, idle.hg, and idle.old bits within idles that were consumed during the packet
transmission. When this post-pend occurs, an incoming packet symbol (1) increases the

StOI’a mthao bhvimmace EIEOY Ao llhiictratad 1n finiierkn ON
ge-tthe-bypass FHRO—asHustrated-m-fgure-80-

outputBuf 1) packet symbol input
-n .
\ - idleMerge
outputBuf 2) any idle input
T I
\ - idleMerge™ | ’

idle.lg, idle.hg, idle.old

(debt may increase)

Figure 80'=Low/high-transmission idle insertion

An incdoming idle symbol is. merged (2) with the previously saved idle, and leaves the bypass
FIFO storage depth unchanged, as illustrated in figure 80. However, the processing [of this
idle may increase the'lgw-consumption debt.

3.6.8 High-tramsmission protocol

3.6.8.1 High:transmission enabled

The high:transmission protocol uses the same components as the low-transmission prptocol,
but the components are used slightly differently. When a producer has recovered from its
previous transmission, the high-transmission protocol allows the producer's next transmission
to begin immediately after an idle symbol has been output and idle.hg was set. That previous
idle is saved for post-pending to the transmitted packet. The ready-to-transmit condition and
the saving of this post-pend symbol are illustrated in figure 81.
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if (idle.hg)
transmit(); -: idle symbol input/output
- bypass FIFO
- idleMerge |«

-
-

3.6.8.3
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The debt value_is“increased when consuming each second through final consecutive idl

idle.lt

3.6.8.4

Figure 81 — High-transmission enabled

High-transmission active

the packet is being transmitted, input symbols are saved for delayed transmiss
symbol is placed in the bypass FIFO, which increases the number of symbols sg
dle symbol is not inserted into the bypass FIFO, but its idle.ld, idle.hg and idle.d
ved in the idleMerge block and the number of symbols jn\the bypass FIFO re
nged, as previously illustrated in figure 77.

is accumulated that counts how many low-type idles have been unjustly consumg

iately after a packet has been transmitted, the ‘saveldle symbol is postpended to

b transmission of the previous send-packe&t symbols.

High-transmission recovery

he postpend idle has been sent,)there may be one or more symbols in the bypass
pass FIFO is emptied untilithe node has recovered from its previous transmisg
r packet has been output.“During this time, any incoming packet symbol is pla
pass FIFO and the number of symbols in the bypass FIFO remains unch
pming idle is deleted and the number of symbols in the bypass FIFO decrease
bletion process jinvolves saving the idle.lg, idle.hg, and idle.old bits, as pre
ted in figure 78.

s 0.

ion. A
ved in
Id bits
mains

ed.

t. This

le symbol is a copy of the idle that immediately preceded the packet transmtlission.
From {he perspective of the input symbols, the transmission of this saveldle symbol is

reated

FIFO.
sion or
ced in
hnged.
5. The
iously

b, if its

High-transmission debt repayment

After the bypass FIFO has been emptied, accumulated high-consumption debts are evaluated.
When this debt has exceeded a maximum threshold, high-transmission protocols are no
longer used; a flag is set to ensure that low-transmission protocols are used on the next
packet transmission.
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3.7 Queue allocation

3.7.1 Queue reservations

When bus transactions are unified and never busied, fair arbitration protocols are sufficient to
ensure that all transactions eventually complete. However, when bus transactions are split
into request and response subactions, the queues on a shared consumer node may become
filled. When this occurs, send packets are echoed with a busy status and must be re-sent until
successful. Without a queue reservation mechanism, it would be possible for one producer to
be starved, always failing to get queue space, while others successfully compete with its
retries. This problem may occur with either request-send or response-send packets, which
(from an acceptance-queue perspective) are processed independently.

The queue-reservation protocols, which are a subset of the queue-allocation~pro

ensurq
state
subac

consider a consumer node whose input queue is being actively shared by producer

requeg

that retried send packets are eventually accepted. Input send-packet queues
egister, whose state (SERVE_NA, SERVE_A, SERVE_NB, and SERVE B). affects

tocols,
nave a

when

ions are accepted and how they are busied. To illustrate how reservations are utilized,

terl and requester2, as illustrated in figure 82.
producer2 consumer produceri
SERVE_NA
- e r

(2) echo

(1) send

command.bsy=0,
command.phase=DONE

command.phase=DOTRY

B

SERVE_NA

out

A

command.bsy=1,

(4) echo

e

(3) send

command.phase=DOTRY

command.phase=BUSY_2A

nodes

(8) echo
command.bsy=1,
command.phase=BUSY_B

SERVE_A
o on] B
SERVE_A
o o
- ' =

(7) send

command.phase=DOTRY

SERVE_A

B

A

command.bsy=0,

(10) echo

-

command.phase=RETRY_A

command.phase=DONE

(9) send

Figure 82 — Consumer send-packet queue reservations
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In this illustration, producerl initially sends a request-send packet (1) to the consumer, and it

is accepted. The returned echo packet (2)

indicates the send packet was accepted

(command.bsy is 0) without error (command.phase is DONE). This send packet temporarily fills
the consumer's input-send-packet queue.

Before the consumer empties its input-send-packet queue, another send packet (3) is sent by
producer2. The returned echo packet (3) indicates the send packet was not accepted
(command.bsy is 1) and should be retried with a RETRY_A command phase (command.phase
is BUSY_A). The consumer's state is also changed from SERVE_NA (accepting new and
RETRY_A commands) to SERVE_A (accepting only RETRY_A commands).

Shortl
packe
return
should
gueue
for the

Produ
phase
forwar|
accep
(inclug

thereafter, the consumer’s input-send-packet queue 1s emptied (5) and anothe
is generated within producerl (6). When the new send packet is transmitted(
bd echo packet (8) indicates the send packet was not accepted (commandAsy is
be retried with a RETRY_B command phase (command.phase is BUSY'B). Al
space is available, the send packet is not accepted while the queue, space is re
previously busied send packet (which has an A label).

cer2 eventually resends its previously busied send packet, using“a RETRY_A con

The consumer's state (SERVE_A) allows it to accept this re-sent packet, which e
d progress for producer2. When all previously busied REPRY_A requests have
ed, the consumer's state is changed to SERVE_NB;~“new or RETRY_B re
ing those from producerl) will be accepted next.

The

SERVH _NB, and SERVE_B. While in the SERVE_A.and SERVE_B states, only RETRY |
RETRY_B send packets are accepted respectively:This is a simple ageing protocol, whg
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identif

At any
SERVH
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SERVH

The q
busied

ueue-reservation protocol cycles through the€ ‘queue states SERVE_NA, SEH

packets from the oldest batch are accepted first and the A/B labels are u
y the relative age of re-sent packets.

time, the relative age of a packet is dependent on the reservation state.
A state, the (older) RETRY_A(packets are accepted before changing to the SER|
In the SERVE_B state, the (older) RETRY_B packets are accepted before moving
| NA state.

Leue-reservation algorithm is controlled by the consumer when the subactio
, as illustrated infigure 83.
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Figure 83 =A/B age labels

SERVE_NA state any transaction.istaccepted into an empty queue. However, as s
a send packet is rejected (BUSY_A. (S returned), the queue state changes to SERVE |
ETRY_A requests (which are(the oldest retries) are accepted.

bl (previously busied) RETRY_A transactions have been accepted, the queue
In the SERVE NB state any transactlon is accepted into an

\RETRY_A — BUSY_B (err)/

SERVE_NB
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SERVE_NA SERVE_B
— DONE (ffee)\ /NOTRY — BUSY_D )
— BUSY_D (full)
DOTRY,RETRY_A
— DONE (free) — BUSY A
— BUSY_A (full) acﬂg'stsed
RETRY_B — DONE (free)
\HE'I‘RY:B = BUSY_A kerr)/ \ — BUSY_B (full)/
subaction subaction #
BUSY_A BUSY_B
LBUSY D ) /NOTRY  — DONE (free)
—>-BUSY_D (full)
DOTRY,RETRY_B
_,BUSY B A > — DONE (free)
aceepted — BUSY_B (full)

bon as
A and

Dy the
h self-
an be
icient)
erflows

state
empty

state

changes to SERVE B and only RETRY B requests (wh|ch are the oIdest retnes) are accepted

Separate state machines are required for the request and response queues, which are
processed independently to avoid queue-dependency deadlocks.

3.7.2 Multiple active sends

A high-performance producer may transmit more than one send packet before the first echo is
returned. Many of these may be active (sent, but no echo returned) with a command.phase
value of NOTRY. This allows a large number of new (not previously busied) send packets to be
sent concurrently and accepted on a first-come first-served basis. However, when NOTRY
send packets are busied by a consumer (which is in the SERVE_A or SERVE_B state or its
input queue is full), no reservations are made.
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Although no immediate reservations are made for a busied NOTRY send packet, this packet is
eventually re-sent with a command.phase value of DOTRY. If this re-sent DOTRY send packet
is then busied, it is assigned a reservation and will eventually be accepted. To avoid abuse of
the reservation system (one producer reserving multiple queue entries) each producer shall
have at most one DOTRY request-send and one DOTRY response-send packet active
concurrently.

This constraint on re-send processing (which forces re-sent packets to be accepted
sequentially), ensures that reservations are allocated fairly between contending producers
(one reservation per producer) and limits the bandwidth overhead while send packets are
being re-sent. Even with this implementation-model constraint, the NOTRY and DOTRY phases
guarantee that a large number of sends can be concurrently active and every send will
eventyally be accepted.

3.7.3 |[Unfair reservations

The gueue-reservation protocols restrict the use of free queue space toyensure fairness
among contending nodes. On an unfair-capable node, these queue reServations may be
bypasg$ed for prioritized send packets, whose command.spr field is qgreater than zerp. The
algorithm used to select which prioritized send packets are accepted is beyond the scope of
the S@I standard.

To engure at least a minimal amount of fairness, the quele-reservation protocols shall be
bypassed for a limited number of successive send packets. For example, by applying the
reservption protocols to every sixteenth send-packet acCeptance, every producer is epsured
some gmall fraction of the consumer's packet-processing bandwidth.

3.7.4 |[Queue-selection protocols

The dueue-selection protocols, which are“a subset of the queue-allocation profocols,
constrpin the transmission order for sengd-packets in a producer's output queues. For|a fair-
only npde, the entries within the request-send and response-send queues are procegsed in
FIFO prder, with respect to other entries in the same queue. The producer is requfred to
select| output entries from the request-send and response-send queues in an altefnating
order,|so that both queues are serviced equally.

For ar] unfair-capable node, these queue-selection protocols may be bypassed for prigritized
send packets, whose ccommand.spr field is greater than zero. When the gueue-selection
protocpls are bypassed; which prioritized send packet is selected is based on priority[rather
than the entry's relative queue position.

To ensure a myinimal amount of fairness, the queue-reservation protocols shall not always be
bypassed..By applying the selection protocols to the selection of one request and one
responseé,packet out of every 16, for example, both output queues would be enstlired a
minimal-fraction—of -the available prndllnnr'c pnr\l{nf transmission—bandwidth—The Jd code

illustrates a more efficient implementation.

An output send packet will sometimes have a lower priority than other send packets that are
blocked behind it. When this occurs, the output send packet assumes (inherits) the highest
priority of the packets that are queued behind it.

3.7.5 Re-send priorities

High-priority producers could easily saturate the ringlet by quickly retrying busied
transmissions. To avoid such saturation, the node maintains two transmission priorities,
insertPriority and consumePriority. The insertPriority value is used to increase the ringlet
priority level; the previously busied packets are ignored when this value is computed. The
consumePriority value is used to initiate a high-transmission or cancel low-consumption debt;
all queued packets are checked when computing this value.
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By using these two values, a retrying high-priority node is ensured a fair portion of the
available ringlet bandwidth.

3.8 Transaction errors
3.8.1 Requester timeouts (response-expected packets)

For read, write, and lock transactions, the requester uses a response timeout to detect errors
that result in the loss of request-send or response-send packets. The requester is expected to
calculate a time interval within which a response is expected and when that time limit is
exceeded the requester's linc synthesizes a response (or a response equivalent) to report the
error to the attached hardware, as illustrated in figure 84.

requester

output |(active transaction)| input
- -~

reqTimer

(not observed) ==
response-send[N]

reqTimer = reqTimer+1;
if (reqTimer>splitTimeout)
CreateBadResponse (),;

Figure 84 — Response timeouts (requiest and no response)

To implement these timeouts, each SCI node shall implement a timer and a SPLI T_TI MEOUT
registgr (which sets the default time-limit forsa.response) as defined by the CSR Architgcture.
Vendolr-dependent unit architectures may .override the default time-limit value; for example, a
procegsor could have a different timezfor-response value for each of its virtually mapped
memo[y pages. The response-timeout timers need not be coordinated with timers orn other
nodes| i.e., a globally consistent time:is not needed for its operation.

A respgonse timeout error is generated when either the request-send or response-send packet
is danjaged or lost. If the request subaction has side effects, the state of the responder is
unknown and hardwareSretry protocols should not be used to automatically retry| failed
transagtions. However)_the cache-coherence protocols and the CSR Architecture support
software-based fault-retry protocols.

Note that nodes must wait after a ringlet reset until the slowest possible response ghould
have returnedsfrom elsewhere in the system before resuming normal operation, to ensufe that
old regponses do not get confused with responses to new requests.

3.8.2 Time-of-death timeout (optional, all nodes)

When a transaction is initiated, a time-of-death value may be specified by setting the
control.todExponent and control.todMantissa values in the request subaction. (These fields
are also returned in the corresponding response subaction.) The control symbol is checked in
send-packet queues and send packets are discarded when their time-of-death interval is
reached. This control-symbol checking involves a decode step, which converts the compact
control-symbol field into a normalized 64-bit deathTime value, based on the linc's current
time-of-day value (myTime), as illustrated in figure 85.
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any node

output _ input
<———{(queued subaction)fe——

deathTime = Decode (control,myTime) ;
if (myTime>deathTime) DiscardSendPacket () ;

Figure 85 — Time-of-death discards

e-of-death value should be less than the response-timeout value, so that'stale

sends

are sdfely discarded before the response-timeout occurs. Eliminating stale subaction plackets
simplifies error recovery protocols, which could otherwise confuse stale packets with
ones denerated during or after the error-recovery process.

The ti
theref
partici

Send

e used for time of death is based on an absolute time-of:day reference. This
re requires the implementation of globally synchronized time-of-day clocks
bating nodes.

packets are only discarded from queues, and areldot discarded while passing t

normal nodes on a ringlet. In a highly pipelined switch-the discard decision (which is ba
valueq in the packet's control symbol) may be made* while the packet is being trans

these

their being discarded.

To minimize the number of bits used withinteach send packet, the time-of-death protoc

based

on life-intervals. A packet is kern during life-interval N and is discarded

intercgnnect during life-interval N+2~The requester's timeout is during the following i
N+3, gs illustrated in figure 86.

The ti

requester

start . timeout

2 time —» =
birth death (Mot

N N+1 N+2 N+3

Figure 86 — Packet life-cycle intervals

recent

option
in all

hrough
sed on
mitted;

packet transmissions shall be nullified by stomping the CRC, which will soon rgsult in

bls are
by the
hterval

ponent

and 2 bits of mantissa) that is only included in send packets. The control.todExponent
specifies the length of the life-cycle interval (in powers of two) and the control.todMantissa
specifies the date of death (one of four values). A zero value of control.todExponent (which is

the de

fault) inhibits any time-of-death-based discarding.

This 7-bit value and the node's 64-bit global time-of-day register (which is synchronized with
the other global clocks) are used to generate a normalized 64-bit time-of-death value when a
packet is enqueued, as illustrated in figure 87. This time-of-death value is checked when the
packet is dequeued, and the stale packets are discarded. The time-of-death value need not
be checked before the send-packet transmission starts, but has to be checked in time to

stomp

the CRC value.
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current time | | |

54—exp 10+exp
man
\
time of death | i |
54—exp 2 8+exp
Where:

man is the value of control.todMantissa
exp is the value of control.todExponent

Figure 87 — Time-of-death generation model

3.8.3 |Responder-processing errors

Errors|may be detected by the responder when its queued request packets-are procgssed.
When [a response-expected request is processed, the responder processing status is returned
as an error-status code within the returned response packet. When a responseless request is
procegsed, the error status shall not be returned, but should be logged in a unit-depgendent
fashiop (if the request's addressOffset corresponds to an implemented unit) or should be
logged in the node by setting the errorLog bit (when no unit-responds to the spgcified
addregsOffset value), as illustrated in figure 88.

if (!Responseless (command.cmd) ) response
ConvertRequestToBadResponse () ; l T
request
- |
response request
if (Responseless (command.cmd) && unitError
IsUnitAddress (addressOffset)) =1
UnitDependentErtrorLog() ; request
request
if (Responseless (command.cmd) && errorLog
| TsUnitAddress (addressOffset)) =1
errorLog = 1; request
request

Figure 88 — Responder's address-error processing

A request packet with an invalid CRC value, an invalid length, or excessive length (which is
not supported by the node) shall be discarded. The node's ERROR_COUNT register should be
incremented (which shall have the side-effect of setting the node's STATE_CLEAR.elog bit). A
unit-dependent error shall not be logged under these circumstances, since the integrity of the
addressOffset field cannot be verified.
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The excessive-length packets may always be discarded; this includes excessive-length
request packets, for which a response packet is never returned. This dramatically simplifies
consumer node hardware, which only needs to respond to packets that can be queued. Two
errors are generated by such packet discards: The consumer increments its ERROR_COUNT
when the packet is discarded, and the producer increments its ERROR_COUNT after an echo

timeou

t (no echo is generated when the packet is discarded).

Note that there is no immediate way of distinguishing between the lack-of-response errors
created by transmission errors and packet-size discards. In both cases the packet is lost and
the loss is ultimately detected by the requester's response-timeout hardware. However, reading
the CSRs that identify the node's capabilities can quickly identify packet-size-related errors.
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Figure 89 — Response timeouts (request and no response)
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For correctly sized packets the CRC value is checked when the packet passes through
intermediate nodes. If the CRC value is incorrect, a stomped value is substituted for the
incorrect value. The stomped value is the expected CRC value (new_CRC) exclusive-ORed
with a constant 16-bit STOMP value. An error is only logged when the incoming CRC value is
incorrect and is different from the stomped CRC value. Only a few multiple-bit errors (about 1
in 216 error-burst sequences generate the "stomped" CRC value) will not be logged using this
error-correction strategy.

Send packets are constrained to be multiples of 8 symbols in length and echo packets are
constrained to be 4 symbols in length. If an error corrupts the flag signal, which marks the
start and end of packets, the observed length of a send or echo packet may differ from one of

these Fegﬁ—mk&—@ngﬂﬁﬁwrmm—ﬁmmﬁ—mmmd or
truncaled to a legal packet length and an error is logged.

Idle symbols are protected by parity, which is checked when the idle symbol is”processed.
When the parity is incorrect, the idle symbol is discarded and an error is logged. The previous
idle symbol with good parity is substituted for a discarded idle symbol.

3.9.1.2 Error logging

An error condition may be detected during each symbol period. 'Errors are counted using the
ERROR_COUNT register, but this register is only updated once-every 64 symbol periods. The
infrequent counter updates simplify the implementation of the NERROR_COUNT register |(which
changes at a slower clock rate), while providing a reasonable estimate of the number of efrors.

To implement this slower counter, a detected error.gcondition immediately sets an errorljog bit.
Every |64 symbols the errorLog bit is checked and. cleared. When the errorLog bit is one, the
ERROR_COUNT register is incremented and an error status bit is set in the node's erroristatus
summary register (STATE_CLEAR.elog), as illustrated in figure 90.

STATE_CLEAR.elog J— QD OR (errorLog)
S clock/64
- 0
increment QD
ERROR_COUNT clock 4
g | clock/ed

error

Figure 90 — Error-logging registers

The ERROR_COUNT register and bits within the STATE_CLEAR register may also be modified
by CSR write transactions; these external-access update capabilities are not illustrated.

The ERROR_COUNT register should be implemented and the STATE_CLEAR.elog bit shall be
implemented. Vendors may have additional vendor-dependent error logging registers to
identify the error type and parameters (such as the packet's address). However, the definition
of these registers is beyond the scope of the SCI standard.
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3.9.2 Scrubber maintenance
3.9.2.1 Recoverable scrubber errors

A minimal ringlet has one requester, one responder, and one scrubber (although all three may
be the same node). The scrubber is responsible for deleting damaged packets, returning
nodeld addressing errors, and maintaining the self-calibrating ringlet timeout counters.
Although many nodes can have scrubber capabilities, only one scrubber is activated on each
ringlet; the ringlet initialization process assigns the scrubber node.

Although an implementation will generally combine scrubber functions with the normal node-
function hardware, a node should act as though its scrubber functions are independent of
other functions. Thus, the scrubber is logically a separate node but may be precefled or
followed (internally) by a node that transmits and receives packets.

The sgrubber is selected by a voting protocol during the ringlet initialization process. After the
ringlet| has been initialized, the scrubber is responsible for performing acvatiety of finglet-
maintgnance functions, as illustrated in figure 91.

output scrubber input
- -
idle = < idle
idle.cc=not(x) x=idle.cc
idle = < idle
idle.ac=not(x) x=idle.ac
idle = | idle
idle.old=1 idle.old
send[N] <= | send[N]
cmd.old=1 cmd.old==0
) cmd.phase=NONE
idle[N-4] == - send[N]
idle.old=0 cmd.old==1
echo[4] = | echo[4]
cmd.old=1 cmd.old==0
idlie[4] - | echo[4]
idle.old=0 cmd.old==1

Figure 91 — Scrubber maintenance functions

When [an<idle passes through the scrubber, the values of its counters, idle.cc and idle.ac, are
complmmﬂgpemd
of the counter depends on the delays of the idle.cc or idle.ac bits when passing through the
other nodes. These counters are used for various timeouts that protect against waiting forever
(deadlocking) after certain failures. For example, idle.cc is a ring circulation count, used to
detect missing echoes (or dropped packets). The idle.ac counter keeps track of allocation
opportunities, and is used in the busy-retry mechanism.

When an idle passes through the scrubber, its age bit idle.old is set to 1. Other nodes clear
the idle.old bits to 0 while their FIFO is being emptied or their idle-consumption debts are
decreasing. For certain timeouts, the absence of idle.old bits at the scrubber's input is
interpreted as a sign of ringlet activity.
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The scrubber's processing of send packets is influenced by the age bit in the command
symbol, command.old. If command.old is 0, its value is set to 1 (the packet's age is
increased). If command.old is 1, the send packet is stripped and replaced with idles and an
echo. An error status is provided by the echo's command symbol: command.phase shall be
set to NONE and the command.mpr, command.spr, and command.old fields shall be set to 0.

The scrubber's processing of echo packets is influenced by the age bit in the command
symbol, command.old. If command.old is 0, its value is set to 1 (the packet's age is
increased). If command.old is 1, the echo packet is discarded and replaced with idles.

3.9.2.2 Unrecoverable scrubber errors

Transrlwission errors may result in the loss or corruption of idle symbols. If all of (the|idle.lg
(low-gp) bits are lost, the ringlet activity will cease (permission to transmit is based on these
go bit). A scrubber that detects this condition may optionally clear the ringlet/(to discard
corruptlted idles and distributed allocation state) and inject new idle.lg and_idle.hg bit§ when
restarfing the ringlet activity. A circulation-count-based timeout, a two-bit-lgTimer counter, is
used tp detect this condition, as illustrated in figure 92.

output scrubber input

IgTimer

<
-

if (packet || idle.lg || idle.g)d”== 0) lgTimer = 0

output scrubber input

IgTimer += 1;

-

if (node.saved_cc != idle.cc) 1lgTimer += 1;
nésync |= (lgTimer == 4);

Figure 92 — Detecting lost low-go bits

The dounter is _eleared when a packet passes through, a low-go bit passes through
(idle.Ig==1), or_other ringlet activity is sensed (idle.old==0). The counter is incremented every
ringlettcirculation time, i.e., whenever idle.cc changes. The error condition is detected| by an
overflgw ofthe IgTimer (counting past the value of 3).

Speciattmersare ot eededto detectwhenmdte-hg—thigh=go)ybitsaretost,simcethese bits
are only used by unfair nodes, and the idle.lg bit regenerates an idle.hg bit when passing
through unfair nodes.

3.9.3 Producer-detected errors
3.9.3.1 Ringlet-local address errors
SCI protocols are optimized for directed transaction transmissions to existing node addresses.

During system initialization, and after certain privileged-software (operating-system kernel) or
hardware errors, transactions might be directed to nonexistent addresses.

Copyright 0 1998 IEEE. All rights reserved.


https://iecnorm.com/api/?name=cc37cb26a5fd271a3b0630d9583740a4

ISO/IEC 13961:2000(E) — 127 -
IEEE Std 1596, 1998 Edition

If the nodeld portion of the address is correct, but the address offset is not implemented, then
the responder status field status.sStat in the returned response packet informs the requester
of the error. Packet transmission protocols are not affected by these address-offset errors;
with the exception of the status code in the response-send packet and the lack of requested
data in the response-send packet, these are normal transactions.

If the nodeld portion of the address corresponds to a nonexistent node address, the packet
may be accepted by switches or bridges and forwarded to another ringlet, but at some point it
will not be forwarded further and will circulate around that ringlet and be marked old by setting
the command.old bit as the packet passes the ringlet scrubber. When this old packet returns
to the scrubber, it is converted into an echo packet (with the NONE error status), as previously
illustrgted-nfigure9t:

Thus, the ringlet scrubber is a pseudo-responder for nonexistent nodeld addresses.) Note that
these pddressing errors are quickly detected, since the delays in setting the command]old bit
add only a small amount of latency compared to waiting for a response timeout)

When [an echo with a NONE status is returned, the producer converts a'response-expected
requegt to a response packet that returns an error status to the source. Thus, addrgssing-
error qtatus is returned to the requester in two forms: a locally detected address error feturns
error gtatus in an echo and a remotely detected address efror returns error statugs in a
response, as shown in figure 93.

& (matching entry) &

echo[4]

|

if (command.bsy == 0N&& command.phase == NONE)
if (Responseless(&ommand)
DiscardSendPagket () ;

else

ConvertReqUestToBadResponse () ;

Figure 93 — Producer's address-error processing

When [an echo with a'NONE status is returned, the producer discards responseless (moye and
event)|requests.

3.9.3.2 Echotimeouts

A producer-retains a send packet until the corresponding echo packet is returned. If the echo
is dan i lsm | ' - Yy, as
illustrated in figure 94. This rapid timeout quickly releases expensive queue resources for use
by other transactions.

output input
4& (activity entry) &

ccTimer

idle.cc

-

if (node.saveCc != idle.cc) ccTimer += 1
if (ccTimer == 4) DiscardSend() ;

Figure 94 — Producer's echo-timeout processing
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The echo timeout period is measured as four transitions of the ringlet-circulation count (the
idle.cc bit in the idle symbol, see 3.2.11). This self-calibrating circulation count is maintained
by the scrubber and propagated around the ringlet in idle symbols.

Except for optional error logging, the echo timeout only has the effect of discarding send
packets. Thus, the higher-level response timeout (described previously in this clause) is still
needed to detect the loss of corrupted send packets. A transaction may still complete
normally after an echo timeout has occurred, if the send packet was transferred successfully
but the returned echo was corrupted.

3.9.3.3 Fatal ringlet-state errors

An ungxpected echo, which is returned with a good CRC and has no matching activ¢ send
packet, is one form of ringlet-state error (that could be generated after a circutatiornf-count
failure). When attempting to transmit (and therefore preventing its output idle.ac¢ valug from
chang|ng), a node's input allocation-count (idle.ac) should change at most once; an additional
changeg is a ringlet-state error (an allocation-count failure). A producer mayroptionally [detect
these finglet-state errors and initiate an initialization sequence to clear the ringlet's inteffaces,
as illugtrated in figure 95.

output (no match) input
echo[4
< (41
if (EchoMatch (input) == NULL)
noSync = 1;

output | (blocked entry) input

- -
last.ac
- idle.ac
if (idle.ac !=glast.ac) {last.ac = idle.ac; acCheck += 1;}
if (acCheck == 14) noSync = 1;

Figure 95 — Producer fatal-error recovery (optional)

3.9.4 [Consumer:detected errors

When [many<nedes send packets to a congested consumer, they are stripped but retry echoes
are refurned to the producers. To ensure forward progress the consumer reserves its|queue
entrieg fotthe (older) set of the busied packets. When the source is reset or a re-sent packet
is lost, TNESE qUeUEe-entry reservations need to be cancelled quickly.

When space is reserved for it, a packet shall be re-sent within the next allocation-count
interval, to ensure forward progress. Transactions not retried within four allocation-count
intervals shall have their reservations cancelled.

The discard of a consumer's reservation is based on updating a reservation-confirmation
timeout value (acTimer) while monitoring the allocation-count value. The acTimer value is
cleared whenever a reservation is used, or when a reservation is confirmed (the send is
resent, but is once again busied). If four arbitration counts are observed and no reservations
are used or confirmed, the older reservations are cancelled, as illustrated in figure 96. This
figure illustrates how the timeout applies to the RETRY_A state; a similar timeout is applied
when in the RETRY_B state.
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Every
discar

output RETRY A input
- - -«
acTimer
send[N]
if (command.phase == RETRY_A) acTimer= 0;
output RETRY A input
- . -«
acTimer
- idle.ac
if (last.ac != idle.ac) acTimer += 1;
if (acTimer == 4) state = RETRY_NB;

Figure 96 — Consumer error recovery

led. A higher-performance node may optionally maintain-reservation counts, wh

node shall use this reservation timeout to determine._whén its reservations are

ch are

incremented when a reservation is made and decremented *when a reservation is uLiIized.
With g reservation count, the consumer reservation timeout*need only be utilized when the
reservgtion count overflows or when resets or error§ cancel an expected send-packet
retrangmission.
Note that a reservation timeout when the countér:did not overflow is an error that shquld be
logged by incrementing the ERROR_COUNT register.
3.10 Address initialization
3.10.1] Transaction addressing
SCI upes the 64-bit-fixed addressing model defined by the CSR Architecture. The| 64-bit
addregs space is divided into~subspaces, one for each of 64 K equal-sized nodgs, as
illustrgted in figure 97. The highest 16 subspaces are reserved for special uses. The highest
eight gre used during system initialization.
node[0]
node[n]
initial node
addresses
node[64K-16]
to
node[64K-1]

Copyri

Figure 97 — SCI (64-bit fixed) addressing
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The scrubber assigns sequential addresses to each node in its ringlet and then starts the
ringlet operating normally. At this stage, each ringlet's nodes have the same set of sequential
addresses. Software then initializes and starts the agents that connect the various ringlets
and finally assigns a new address to each node so that node addresses will be unique in the
system. These software address-assignment algorithms are beyond the scope of the SCI
standard.

Defined nodeld addresses are used as the target address to label special-send (initialization-
related) packets, as listed in table 13.

Table 13 — Defined SCI nodeld addresses

odel d name description
FFFF16 SYNC special synchronization format, all nodes strip on receipt
FFFE CLEARH clear packet, from fixed scrubber
FFFD RESETH1 reset packet, from fixed scrubber, phase==
FFFC RESETHO reset packet, from fixed scrubber, phasg¢==0
FFFB STOP first symbol of stop and abort packets
FFFA CLEARL clear packet, from candidate scrubber or other
FFF9 RESETL1 reset packet, from scrubberfor other, phase==1
FFF8 RESETLO reset packet, from scrubberor other, phase==0
FFF7- FFFO special I d reserved nodeld addresses
FFEF SCRUB_I D scrubber's initialodeld address
FFEEI ower (ot her Ids) initial nodeld,addresses assigned by scrubber to others

The specialld values are reserved for future definition, and should not be assigned by system-
configpiration software. Note that ‘the address decoders need not detect these spgcialld
addregses, since they always pass-through nodes that have their nodelds properly assigned.

The sync packet (whose initial'symbol is SYNC) and the abort packet (whose initial symbol is
STOP]} are both special,«insthat the final packet symbol (which would otherwise have been a
CRQC) Js zero and the flag'bit has a unique pattern. For the sync packet, the first symhol has
flag=1| and the final 'seven symbols have flag=0. For the abort packet, the first six symbols
have flag=1 and_the‘final two symbols have flag=0. The abort packet is used to terminate
packef transmissions unambiguously during link shutdown. It is always followed immefdiately
by a sync packet.

The SFOP-symbol is also the first symbol of a stop packet, which has a CRC and thg same
flag-codimg—asthreother—sendpackets (four symbots—flfag=t—amd—four symbots—ftag=0). The
stop packet is used to force downstream nodes into the dead state (see figure 102).

A node design may allow one component (such as the processor) to access another node-
local component (such as a memory) using node-local transport protocols. On such nodes,
the SYNC address should be used to address other node-local components when the node's
nodeld value may be unknown or changing. In normal operation, software is not expected to
use the SYNC address, since this address cannot be shared by other nodes.
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3.10.2 Reset types

There are several types of reset. A power_reset (which is triggered by a real or apparent loss
of power for more than one second) discards all volatile node state. If random uniqueld values
are used during ringlet initialization, a new uniqueld value is also generated. Note that one
node's power_reset quickly initiates a linc_reset of other nodes on the same ringlet.

A warm_reset (which is triggered by a loss of power for less than one second) resets most of
the linc and the node, but leaves the uniqueld and phase-bit values (which are used to select
the scrubber) unchanged. A warm_reset is optional; if not implemented, the node's apparent
power-loss shall always be greater than one second (i.e., a short power-recovery is not
possibte)-

A comimand_reset (which is triggered by a write to the node's RESET_START register) has no
effect jon the queued packets or the control bits that affect their routing. However, the reset
affectg the node state, as defined by the CSR Architecture. From a softwareperspectiye, the
command_reset differs from a power_reset or warm_reset in that 1) the reset only affects the
addregsed node and 2) the contents of the NODE_| DS and ERROR_COUNT registers gre not
changgd.

A linc|_reset (which is triggered by a vendor-dependent sigpal))is used to clear the link-
interfajce-circuit (linc) queues, arbitration logic, arbitration “counts, etc. From a sqftware
perspéctive, the linc_reset differs from a power_reset or warm_reset in that the contgnts of
the ERROR_COUNT registers are not changed.

A lind_clear (which is triggered by a vendor-dependent signal) is used to clear the linc
gueuep, arbitration logic, arbitration counts, etc.¢Adlinc_clear has no direct affect on register
state. |[However, the clearing of the linc queug state may force the discard of preyiously
queuef packets, which may indirectly affect local and remote error-logging registers.
A linc [clear is optional; if not implementedy a node shall enter the dead state when & clear
initialization packet is observed.

These|forms of reset are illustrated in figure 98.
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node node node
nid | err | uid,ph nid | err | uid,ph nid | err | uid,ph
linc linc linc
power_reset |< | |<
node node node
nid | err | uid,ph nid | err | uid,ph nid | err | uid,ph
linc linc linc
| | | |
warm_reset < e |
node node node
nid | err | uid,ph nid | err | uid,ph nid | err [“uid,ph
linc linc linc
command_reset |< | |< I
node node node
nid | err | uid,ph nid | err [ Gid,ph nid | err | uid,ph
linc linc linc
linc_reset |< | |< |
node node node
nid | err | uid,ph nid | err | uid,ph nid | err | uid,ph
linc linc linc
linc_clear |< | |< |
l:‘ affected components
Figure 98 — Forms of node resets
3.10.3| Unique node identifiers

A working system needs each node to have a unique address and each ringlet to have exactly
one node serving as scrubber. The initialization process SCI uses to meet these requirements
needs a unique identifier for each node. This identifier is not used as the node's address;
address assignment is a software responsibility that can be carried out once SCI has started
up and made the nodes accessible.

Soon after the SCI links have started operating, and before normal transactions can begin,
the ringlet scrubber node is selected. After initialization is complete the scrubber performs a
variety of housekeeping functions: it maintains two self-calibrating ringlet-local time counters,
detects and reports nodeld-addressing errors, and deletes damaged packets. Several of these
functions depend on having only one scrubber per ringlet. For example, the scrubber sets a

Copyright 0 1998 IEEE. All rights reserved.


https://iecnorm.com/api/?name=cc37cb26a5fd271a3b0630d9583740a4

ISO/IEC 13961:2000(E) ~133 -
IEEE Std 1596, 1998 Edition

command.old bit in each packet it sees go by, and if the command.old bit is set in an incoming
packet, that packet is discarded (because it circulated more than once around the ringlet). If
there were two scrubbers, every packet would be discarded by the second scrubber it
encountered. However, if a second scrubber is somehow erroneously enabled, timeouts will
cause the ringlet to be re-initialized (which will eliminate the problem).

On some backplane-based interconnects (not SCI) the assignment of unique identifiers is
based on specialized backplane wiring, i.e., geographical addressing. Basing the scrubber-
selection process on backplane wiring would complicate the design of serial versions of SCI,
and would introduce the possibility of failure when the system is improperly configured (e.g.,
the special scrubber slot is not occupied).

Scrubll)er selection protocols are therefore based on 80-bit unique identifiers (called| UIDs)
contaiped on each node. During the initialization process, the node with the largest\JIQ value
is seldcted to be the scrubber. The most-significant part of UID (stableld) may be|provifed by
16 bag¢kplane signals or 16 bits of nonvolatile memory and the least-significant part of [UID is
provided by a 64-bit random number (randomld) or by a fixed humber knowfAto be uniqye.

When [the most-significant 16 bits of the UID are uniquely assigned} the scrubber sejection
procegs is deterministic and the highest UID identifies the preferred.serubber node. When the
most-gignificant 16 bits of the UIDs of two or more nodes are inadvertently assigned thg same
value |(and this is the largest value on the ringlet) the less‘significant portion of tHe UID
ensurgs that the UIDs will (almost always) be unique.

3.10.4( Ringlet initialization

The JCI initialization protocols uniquely identify «the scrubber (which has unique c|eanup
responsibilities on each ringlet) and assign initiak nodeld values to all nodes on the finglet.
Initial |(ringlet-unique) nodeld values are assigned during the scrubber-selection prpcess,
based|on the distance of each node from the scrubber. The robust scrubber selection pfocess
avoidg the use of specialized backplane>wires or manual selection switches, since manual
selectjon mechanisms are susceptible to*human-induced configuration errors.

Each $CI ringlet is initialized independently, which will result in the same sequence of hodeld
valueq being assigned to each0f the various ringlets. Higher-level software that configures
the bridge or switch address-acceptance lists is responsible for changing the initial nodelds to
noncopflicting values.

Initialization on each/ringlet involves reset generation, input checking, nodeld checking, and
startug steps (some«wof which are performed concurrently), as described in 3.10.4.1 to 3.10.4.4.

3.10.4]1 Reseget generation

Each node-generates a stream of training (sync) packets to synchronize the receiver of its
downsftream neighbour. The training packets are interleaved with reset packets. [Nodes
initially output reset packets with their own unique identifier (UID) values and a distanceld
value of SCRUB_I D.

3.10.4.2 Input checking
Although all input packets are stripped during the initialization process, the nodes monitor

incoming initialization packets and output the maximum of their UID value and the last UID
value received, as illustrated in figure 99.
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2) max(myUid,inUid) 1) reset,sync
- |

node_A node_B node_C bridge

I I U ) P

»
-

Figure 99 — Receiver synchronization and scrubber selection

Resets with a lower UID value than the node's own UID value are ignored. Observing a reset
with a higher UID value than the node's own UID value removes the node from the scrubber-

selection process, and the node forwards the higher UID value to the resets it senpdg

output|

In moq
transit|
packe
symbag
illustrg

3.10.4

The d
saved
distan
value
correc
error |
every

3.10.4

After 1

packet stream.

ons at various nodes) ringlet closure is ensured when a node observes an input
with its own UID value. That node then becomes the scrubb€ery-and outpu

ted in figure 100.

4) out=idles (no go bits) 3) in=reset/myUid

- |
node_A node B nodelC bridge
(scrubber)

Figure 100 — Reset-closure generates idle symbols

3 Nodeld assignment

stanceld value in each.init" packet is decremented by each nonscrubber nods

received comes from'a reset generated by the scrubber (with nodeld SCRUB | D

nhode from,becoming the scrubber) and the initialization sequence is restarted.

4 Startup

idle sy

mbol IS recelved, the scrubber changes to a running state and Injects idle.lg and

bits into the idle symbols that it generates, as illustrated in figure 101.

6) out=idles (with go bits) 5) in=idles
|

- |
node_A node_B node_C bridge
FFEE FFEF FFEC FFED
(scrubber)

Figure 101 — Idle-closure injects go-bits in idles
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3.10.5

Simple-subset ringlet resets

A simplified subset of this general model is also provided: one node on each ringlet may be
configured by a means not specified by SCI (perhaps a jumper option) to be the scrubber.
This node always considers itself to have the highest UID, and it emits RESETH and CLEARH
packets that cause the other nodes to consider that they have lower UIDs. Thus this node
always wins the scrubber competition, even if many other nodes have scrubber capability.
Nodes of this type that are configured not to be scrubbers, and nodes with no scrubber

capabi

3.10.6

lity, always lose the competition.

Ringlet resets

The p
activit
SCI ng

Ringle
(presu
provid
provid
packe
sync (

A node¢ continues sending its reset and sync packets (state teset) waiting for its own RE|

packe
winnin
chang
distan
of figu

des.

-local initialization begins when primary power is turned on. Eachmode gener|
ably) unique 64-bit random number and concatenates this after a 16-bit
bd by nonvolatile storage (or the backplane status signals, if nonvolatile storage
bd) to form its UID. The node then sets its phase bit ph to/zero, and sends &
(RESETLO) that contains this UID and the distanceld value"SCRUB_I D, folloy
raining) packets.

to be returned. If its own RESETLO packet is obs&rved, the node changes its st
g) and outputs idle symbols. If a larger effeCtive UID value is observed, thg
bs state (to losing) and forwards reset fackets (decrementing and saving
Celd values) until an idle is received at its input, as illustrated in the reset state d
fe 102.
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C,S,lost
"
DEAD
. (out=stop)
R,rst
. ! <R,C,rst power on
id=SCRUB_ID; " X
I ph=0,SetUid(),
RESET «— [d=SCRUB_ID;
(out=my_reset)
>R 1 ;E— not(ph);
>R R
1 X
CsS LOSING <R, | =R WINNING CsS
(out=input) rstlost | rstlost (out=idles)
Idle
Idle Ig=hg=1"
\i y
OTHER aR rst >l R,rst SCRUBBER
C,S,lost C,S,lost
[erminology: Compare result:
bh — phase bit < —less than
fst  — node-initiated reset < — less than or equal
Ir — node-initiated clear > — greater than
dle —idle symbol received > — greater than or equal
3 — stop packet received = —equal
ost — input-sync lost # — different (not equal)
R  —resetinit-packet
C  —clear init-packet
(where x is compare result)
Figure 102 — Initialization states
The UID comparison is performed as follows: Nodes with scrubber-competition capability
compdre the incoming 80-bit UID with their own UID. If the incoming effective UID is greater
than their own UID. the comparison is greater than. Nodes that have no scrubber capahility or
that are configured not to be scrubbers always generate greater than. Nodes that are
configiired~to—always be the scrubber generate less than until they receive a RESKETH or
CLEARH/whereupon they generate equal.

The chosen scrubber waits until its idle symbols return, then enters its operational state
(winner), and injects idle.lg/idle.hg bits to enable transmissions by other nodes.

The reset sequence fails if a clear packet is observed in the LOSI NG or W NNI NG states (only
reset packets or idles should be observed), and the node enters the DEAD state (an explicit
reset is required to leave this state). Similarly, a node enters the DEAD state when input
synchronization is lost.

If the reset process is restarted after a node has entered the W NNI NG or SCRUBBER states
(perhaps because of power cycling), the node's phase bit (ph) has been complemented. The
phase bit is copied to the LSB of the first reset packet symbol, to distinguish old reset packets
(created before the reset was restarted) from the new (that are used to ensure ringlet
closure). When looking for its own reset packet, reset packets with the incorrect phase bit are
ignored.
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3.10.7 Ringlet clears (optional)

~ 137 -

Nodes may optionally provide a ringlet-clear capability that allows the flushing of packets and

state bits from the linc when state-error or synchronization-error conditions have been

detected. A ringlet clear may be initiated by the node's processor or other logic, or may be
autonomously initiated by the node interface logic when a state error or synchronization error
is detected, as illustrated in figure 103.

(where x is compare result)

Figure 103 - Initialization states (clear option)

Copyright 0 1998 IEEE. All rights reserved.
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During the initial phase of a ringlet clear, nodes output clear packets containing their own UID
values. This continues (in the state LSTART or WSTART) until the appropriate clear packet is
observed at the input. A node in the LSTART state moves to the LWAI T state when a clear
packet with a higher UID (which might be from the scrubber) is observed. UID comparisons
are performed as explained in the previous subclauses.

The scrubber moves from the WSTART to the WAAI T state when ringlet closure is ensured a
clear packet with an equal UID (from the scrubber itself) is observed. The scrubber then
outputs idle symbols (with go bits cleared), until idle symbols are observed at its input. Ringlet
operation is then activated by injecting go bits into the scrubber's output idles.

3 10 8 lncartina tnitialigatian nanl - Atc
. . o et gTrrrarrZatr o Pt ke Ts

During the initialization process, input send and echo packets are discarded ang-a pgriodic
sequefce of init packets is output. Several types of init packets are output, as' illustrated in
figure [LO5. When a node is reset or cleared, it initially outputs an abort packet imme;Eiiately
followg¢d by a SYNC packet to cleanly terminate any currently active packetransmissions.

The npde then outputs packets containing its own UID, illustrated as, mine. Each receijed init
packet is initially stored in save, then transferred to the pass buffer(after the CRC ha$ been
check¢d and the initialization state has changed appropriately. Nogpscrubber nodes evehtually
output| packets from pass, after they observe an incoming UID valtue higher than their own.

The infitialization sequence involves inserting init packets between sequences of 1 02B sync
packets, so the downstream neighbour can properly _symchronize its receiver circuits [before
participating in the initialization process. This affects\the data paths of the output mult|plexer
and the counters that are needed to properly sequence the output data symbols. The cqunters
are expected to support sequencing through init. and sync packets as illustrated in figurg 104.

1024

| packets |

o o} 0} [
) £ @ i
|*5 | syncs | S | syncs | o.| syncs | o.| syncs | idles&syncs| inputs
. e e
RESET RESET
LSTART LSTART LOSING LOSING WINNING | SCRUBBER
WSTART WSTART LWAIT LWAIT OTHER
DEAD DEAD
operational state
ABORT MINE FIRST AGAIN IDLE THRU

initialization counter (MSBs)

Figure 104 — Output symbol sequence during initialization
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- abort (constant)
output | MUX sync (constant)
-
mine (contains UIDs)
pass save

input

(stripper fills)

Figure 105 — Insert-multiplexer model

3.10.9| Address initialization

On a fingle- or multiple-ringlet system, the ringlet initialization process,selects the sciubber,
assignis the initial ringlet-local addresses and enables transmissionsf{rom nodes on the finglet.
In a multiprocessor system, processor firmware is responsible~for selecting at most one
procegdsor on each ringlet to participate in the initialization process; this processor is called the
monargch. Since memory is not yet available, special lock registers are expected to supplort the
monargh selection process. However, the details of théJspecial lock registers amd the
procegsor's access protocols are beyond the scope of the{(SCI standard. Note that the pfocess
for selpcting the monarch processor is independent of ¢dhe/process used to select the scrupber.

Becauge switches or bridges between ringlets are initially disabled, the monarch se]ection
procegs can be performed independently on-~gach ringlet in the system. The node that is
selected to be the monarch may be the same as or different from the node that was preyiously
selectgd to be the scrubber. The initial nodeld values are distinct for all nodes on thg same

ringletf but may be the same for nodes.gn different ringlets, as illustrated in figure 106.

Figure 106 — Nodelds after ringlet initialization and monarch selection

scrub,
monarch monarch
FFEB FFEA FEFEE FFEﬂJFFEB FFEA
A FIF
] I . ]
- E|E|-
ringlet[3] D[E ringlet[2]
scrub 1
FFEC FFHF
FFEB FFEA
A
ringtet{t} Fir rmgtet{o}
> >
E|E
A|B
FFEC FFED FFEF FFEC FFED FFEE FFEF
monarch scrub scrub

Note that a bridge may have two or more node interfaces, one on each ringlet connection.
Each of these node interfaces has a nodeld value that is initialized independently by the
ringlet initialization process. The scrubber's initial nodeld address is SCRUB_I D, and the other
initial nodeld values are assigned sequentially in decreasing order.
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In a tightly coupled system, the monarch processors execute a distributed selection protocol
to select one of the monarchs (called the emperor) that continues the initialization process.
The emperor is responsible for establishing the ranges of addresses that is forwarded by each
bridge and sets the initial nodeld addresses to be consistent with this address-forwarding
plan, as illustrated in figure 107.

emperor
FFBF FFBEﬂjFBC - rrac| [Frap| [Frae| [Frar
A
uh e i e
= RIRi=
N FFAX, FF8X — »
= <— FFBX,FF9X s Y
FFBA 2 o [FEAA
FFOA g ﬁ FF4a
A [y FFAX,FF8X —» )
3 < FFBX, FFOX o
»|F|F >
15IE
I e e =4 e e S i
rior| [FroE| [FroD| [Froc rrsc |dFrep| [Free]| [FraF

Figure 107 — Nodelds after emperor selection, final address assignments

In figufe 107, a shorthand notation specifies which:of‘two address ranges (FFAX or FE8X) is
forwarded through the bridge from ringlet 3 to«ringlet 2. The first three digits specjfy the
12 MSBs of the nodeld addresses that are forwarded to the adjacent ring; the X digit indicates
that the 4 LSBs are ignored.

Note that more complex topologies (such as multidimensional grids) and different fouting
protocpls are possible. The fastest~routing decisions are based on the packet's targetld
addregs, which is in the first symbol*of every packet. Slower routing decisions may be|based
on thg packet's command, sourceld, or control symbols as well. Other configurations and
routing protocols may require" additional request/response queue pairs to avoid [queue
deadlqcks. However, the details of these alternate queue designs (often called virtual cfrcuits)
are belyond the scope ofthis standard.

Since |the emperoriis expected to fetch its address-configuration software from nonyolatile
memoly (such as)disk storage), the address assignment protocols can be customized tp meet
the requirements’of a particular system.

3.11 pPacket encoding

The encoding specifies how packet types, packet lengths, and idle symbols are uniquely
identified. For flexibility in the physical encoding layer (which might support any of several
data-path widths), the logical encoding is specified in terms of the receiver output signals. For
example, if the physical layer specifies that the data are transmitted 8 bits at a time, the
receiver would be responsible for merging pairs of 8-bit data items into 16-bit SCI symbols.

3.11.1 Common encoding features (L18)

The size of the fundamental SCI symbol is 16 bits. In addition, a clock signal is needed to
define symbol boundaries, and a flag signal is needed for locating the starting and ending
symbols of packets. Depending on the physical-layer encoding, some or all of these logical
sighals may be encoded and sent on one physical signal path.
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A zero-to-one transition of the flag signal is used to mark the beginning of each packet, and
the one-to-zero transition of the flag signal specifies the approaching end of each packet. The
flag signal returns to zero for the final 4 symbols of send packets and for the final symbol of
an echo packet as illustrated in figure 108. A zero flag always precedes the CRC of any
packet, so the zero-to-one transition can always be used to identify the start of the next
packet (even when there is no idle symbol between them).

This logical encoding is the basis for the definition of the logical protocols defined by the SCI
standard. A physical encoding may differ, but shall define the conversions necessary to
convert between the physical encoding and this logical encoding.

t=T symbol groups t=T+N
send packet i |i]| echo packet | sync packet
S 1(1) 4 8
flag
>0 S-4 4 11 3 11 7

increasing time ——
Figure 108 — Flag framing cofivention

3.11.2| Parallel encoding with 18 signals (P18)

The simplest encoding, called P18 encoding (parallel encoding, 18 signals) uses 18 sighals to
send gne symbol (16 data bits, the flag, and:the clock). The clock signal is used by thé¢ node
interfalce to establish the phase difference_between its internal clock and the clock assqciated
with the incoming data. The flag signal:uniquely delineates the start and end of SCI packets,
S0 no gpecial start or stop symbols are needed.

The flag signal directly transmits”the logical flag signal, which is used to delimit the starting
and ending symbols within a packet. The use of the data and flag signals in the P18 engoding
is the pame as in the logical'symbol encoding L18.

The logical sync-packet-encoding, which allows it to be readily distinguished from other send
packels by its flag«bit-transition, is also useful for synchronizing the P18 receivers. The all-
ones symbol followed by the seven zero symbols provides a well-defined hightto-low
transitjon for calibrating phase detection hardware in the data receivers. (Relatively large
skews| may<be produced by inexpensive cables, and automatically compensated [for by
advanged 'SCI interfaces when circuit technology permits.)

3.11.3 Serial encoding with 20-bit symbols (S20)

For the S20 (serial, 20-bit symbols) encoding, 16 data bits, flag, and clock are encoded into
one 20-bit unit that is transmitted one bit at a time, and the encoding ensures that the signal
has no long-term d.c.-offset value. This encoding is much easier to map to its P18 equivalent
than serial-encoding schemes that insert extra symbols to mark the transitions of the flag line.
Thus, one may be able to use P18 chips within an S20-based node design.
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A transition is guaranteed between the third- and second-from-last bits of each encoded S20
symbol. Implementations are expected to use this transition to maintain synchronization of the
receiver with the data stream. During initialization this transition is always 0-1 and there is
only one 0-1 transition per encoded symbol. During normal running the transition may be
either 0-1 or 1-0.

With the exception of sync-packet symbols, the encoding of a 20-bit S20 symbol involves
postpending the 16 bits of data with four additional bits, and complementing the 20-bit
guantity as required to minimize the transmitter's cumulative d.c. offset value. If the flag bit is
high, the 16 bits of data are postpended with a 1011 value before the complement decision is
made. If the flag bit is low, the 16 bits of data are postpended with a 1101 value before the

complenrentdecistomris madeasustrated-infigure—169-
S20 encoding L18 encoding
edata tag f Idata
16 4 1 16
Idata 1011 fe—0__
1 Idata
~ldata olool«—
Idata 1101 fe—0__
0 Idata
~Ildata 0010/~

increasing time —=
Figure@09 — S20 symbol encoding

In thege figures, the left-mostbit of each S20 symbol is always sent first. The 16 pits of
encoded data are sent first (most-significant bit first) followed by the 4-bit tag value (whose
bits hgve no arithmetic significance).

Either|complement decision may be used when the symbol has a zero d.c.-offset value (the
numbgr of ones minus the number of zeros) or when the transmitter's accumulated d.c/ offset
is zerg. When the-intermediate 20-bit symbol has a nonzero d.c. offset and the transmitter's
accumulated.d.c.-offset value is also nonzero, the complement decision shall act to feduce
the trgnsmitter's accumulated d.c.-offset value when the symbol is sent. Thus, an all-Zero or
all-ong symbol value may temporarily increase the magnitude of short-term excursions from
the d. - ' B,

With the exception of sync-packet symbols, the decoding of a 20-bit S20 symbol is based on
its postpended 4-bit data value, called the tag. If the tag is 1011 or 0100, the decoded flag bit
is one; if the tag is 1101 or 0010, the decoded flag is zero, as illustrated in figure 110. For all
legal SCI signal encodings, the tag shall be one of the 1011, 0100, 1101, 0010, or 0011 (sync
packet symbol, see following discussion) values; other tag values are illegal and indicate the
symbol value has been corrupted.
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S20 encoding L18 encoding
edata tag > f Idata
16 4 1 16
edata 1011 > 1 edata
edata 0100 > 1 ~edata
adata 1101 - C adata
edata 0010 > 0 ~edata

increasing time —»
Figure 110 — S20 symbol decoding

g value also influences the interpretation of the encoded _data. If the tag is 1

prresponding S20 data-bit values.

ncoded sync packet contains 8 repetitions “of a unique encoded symbol
mes called fill frame 0 (see 6.5.3.4). These.symbol values are designed to simp

acket sequences, since only one low-to-high (zero-to-one) transition occurs withi

e symbols, and the transition is always at the same place, as illustrated in figure

tag
$111111100000000 0011
1111111100000000 0011
1111111100000000 0011
1111111100000000 0011
1111111100000000 0011
1111111100000000 0011
1111111100000000 0011
1111111100000000 0011

D11 or

the decoded L18 data-bit values are the same as their corresponding S20 data-bit
. If the tag is 0100 or 0010, the decoded L18 data-bit values are the complement of

value,
ify the

br's phase-locked loops, which are provided with blocks of 1023 sync packets while the
is being initialized. Phase-locked loops.should easily be able to synchronize on these

N each
111.

increasing time ——»

Figure 111 — S20 sync-packet encoding

The S20 sync packet is defined to be the same length as a P18 sync packet in order to make
the interface between these two encodings as simple as possible, with a simple block
substitution and a constant ratio of clocks between the two encodings.

Copyri
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3.12 SCl-specific control and status registers
3.12.1 SCl transaction sets

SCI follows the CSR Architecture. Certain transaction-set specifications are required by the
CSR Architecture. Although the CSR Architecture specifies address-space formats and
transaction-set requirements, a compliant standard is required to specify which address-
space format is used and which optional transactions are implemented, as discussed in this
clause.

The 64-bit fixed address-space model is used. Note that the sixteen (16) highest node
addreccnc,FFFruo FFFFLO,nrnllcndfnrcpnﬁnﬁ7nd purposes (see table 1) _and shall never
be aspigned by software. SCI uses command codes to specify whether a transactign is a
broadgast, so special broadcast addresses are not required.

In addjtion to the transactions required by the CSR Architecture (table 8), the-SCI trangaction
set al$o supports several optional transactions, as described below intable 14. Coherent
read, rite, and update transactions can be used to support the optional cache-cohg¢rence
protocpls. Selected-byte reads and writes can be used to access unaligned noncoherent data.

Table 14 — Additional SCI transaction types

trangaction size align description
cread 64 64 coherent proeessor-to-cache read transactions
cwrite64 64 64 coherentprocessor-to-cache write transactions
mread 00/64 64 coherent processor-to-memory read/control
mwrite 16 16 16 coherent processor-to-memory write (subline)
mwrite 64 64 64 coherent memory write (line)
readsb* 1-16 1 read selected (contiguous) byte addresses
writesb 1-16 1 write selected (contiguous) byte addresses
nread246 256 64/256 read 256-byte block
nwrite2$6 256 64/256 write 256-byte block
lock4 4 4 indivisible 4-byte updates
lock8 8 8 indivisible 8-byte updates
event0Q -~ - clockStrobe signal
NOTES

The reqdl, read2, read4, and read8 transactions are variants of readsb.

The wrftel, Wwrite2, write4, and write8 transactions are variants of writesb.

The nrpad256/nwrite256 transactions access an unaligned 256-byte block, but the starting address is [64-byte
aligned:

SCI supports the 4-byte and 8-byte lock transactions defined by the CSR Architecture, as
specified in table 11. In addition, SCI reserves 8 lock-transaction subcommands for possible
future extensions to the SCI standard.

SCIl also supports several types of responseless transactions, including directed moves,
broadcast moves, and events. For move transactions, the command (rather than the address)
is used to distinguish between the directed and broadcast versions. Events are a special form
of directed move, which is used to transport signals and can never be busied. One of these
transaction types (event00) provides the clockStrobe synchronization signal. These
transactions are described in tables 9 and 10.
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A response subaction (when provided) returns a 4-bit completion-status code to the
requester. The various forms of error status are encoded into this 4-bit status.sStat field, as
summarized previously in table 5.

3.12.2 SClresets

SCI supports several types of reset, in addition to the power_reset and command_reset
defined by the CSR Architecture. The warm_reset is a variant of power_reset, and is expected
to be processed identically by software.

The linc_reset and linc_clear forms of reset are distinct SCI capabilities, which are initiated by
sending special packets and affect all nodes on the attached ringlet. Both of these clear all
gueuepand—atocationm state (e they providea bus=clear functiomatity)—Thefnc—Teset also
resets|node state.

Nodes| are expected to initiate a linc_clear after fatal node-transmission failures.” Nodges are
expected to initiate a linc_reset if the milder linc_clear does not succeed. See 3.10.2 for defails.

3.12.3| SCl-dependent fields within standard CSRs

SCI fgllows the CSR Architecture. Certain register fields in that.standard are reseryed for

definitjon by the using standard. Such register fields and other SCl-specific details arg given

in this|clause, which should be viewed as a supplement to the“€SR Architecture and ghould

be reald in conjunction with it.
I

For all CSRs, including those fully defined by the/GSR Architecture, SCI places| some
minimym performance constraints on CSR accesses{Without such performance constrpints it
would |be impossible to accurately set the SPLI ToTI MEOUT register in SCl-based sygtems.
When jaccessing a CSR-Architecture-standard-defined or SCl-defined CSR, the access should
take np longer than 10 ps and shall take no lepgér than 100 ps.

3.12.3]1 NODE_IDS register

Initial [nodeld values are assignedyby the scrubber during the ringlet-initialization prpcess,
which |is invoked when the systemlis powered on. After a power_reset, the ringlet scrubber is
assigned an initial nodeld value’ of SCRUB_I D. Other nodelds are assigned sequéntially
decregsing values, based on\the node's distance downstream from the ringlet scrubber (the
closest node has the highestinitial nodeld value).

The n¢deld value is not‘changed by a command_reset, but can be read or written whien the
node responds to its address space, as illustrated in figure 112.

definition
| nodeld | initialld |

16 ) 16
dlter power-ori

| distanceld | distanceld |

after cmd_reset
| last-value | distanceld |

read value

| last-value | distanceld |

write effect

| new-value | ignored |

Figure 112 — NODE_IDS register
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The initial values of the nodeld and initialld fields are the same and both are generated by a
power_reset. The initialld field depends on the node's location relative to the scrubber; the
scrubber's initialld field is equal to SCRUB_I D. The initialld value of the scrubber's
downstream neighbour is one less, the next downstream neighbour is two less, etc. These
initialld values are summarized in table 15.

Table 15 — Initial nodeld values

nodeld name description

FFEF ¢ SCRUB_I D scrubber's initial nodeld (address)

FFEE ¢ down1l-Id first downstream neighbour, initial nodeld value

-FED; ¢ down2-1d second downstream neighbour, initial nodeld value
other ringlet-local nodelds

The initialld field is read-only from a software perspective, and is provided for discqvering
which [nodes are on the same module. The nodeld field is compared to a packet's targetld
symbdl when selecting which packets are processed by the node.’The nodeld field npay be
writter] as well as read, to relocate the node's initial address space:

3.12.3|2 STATE_CLEAR register

The STATE_CLEAR register provides bit fields that can’bg used to log special bus-depgendent
eventy. SCI reserves 8 bus-dependent bits, as illustrated in figure 113.

definition
unit_depend bus_depend state
16 8 8
reserved
8

Figure 113 — STATE_CLEAR fields

The CBR Architecture defines several optional state bits, including lost and dreq. On S(CI, the
lost bit shallybe implemented on all nodes and the dreq bit shall be implemented on all[nodes
that cgn denerate request subactions.

Special bits are not required for identifying the scrubber on each ringlet, since the
NODE_ I DS.initialld addresses provide an equivalent functionality. When multiple nodes are
implemented on one module, the matching of node addresses to module locations is assisted
by a ROM entry that identifies the initial, intermediate, and final nodes on the module.

3.12.3.3 SPLIT_TIMEOUT register
The SPLI T_TI MEOUT register provides the default split-response timeout value for SCI

nodes. On SCI, only the 16 most-significant bits of the SPLI T_TI MEOUT_LO register are
required, as illustrated in figure 114.
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3.12.3
The A

can be
as illu

3.12.3

None

definition
integer seconds
fraction of a second |
16
read value
zeros
last-write | zeros
write effect
fgrored
stored | ignored

Figure 114 — SPLIT_TIMEOUT register-pair format

4 ARGUMENT register

Strated in figure 115.

last-write values

remote_address:-hi

remote_address-lo bus-depend enb

20 11 1

reserved

11
Figure 115 — ARGUMENT register-pair format

5 Unimplemrented registers

Table 16 — Never-implemented CSR registers

RGUMENT register provides the address for a remote range of.memory addressé¢s that
used during node tests. SCI reserves 11 of the bus-dependent bits within this rdgister,

Df the.extended address registers is implemented. These unimplemented registers are
listed in table" 16.

register description

UNI TS_BASE_HI unit address extensions (base registers)
UNI TS_BASE_LO unit address extensions (base registers)
UNI TS_BOUND_HI unit address extensions (bound registers)
UNI TS_BOUND_LO unit address extensions (bound registers)
MEMORY_BASE_HI memory address extensions (base registers)
MEMORY_BASE_LO memory address extensions (base registers)
MEMORY_BOUND_HI memory address extensions (bound registers)
MEMORY_BOUND_LO memory address extensions (bound registers)
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3.12.4 SCl-dependent CSRs

Certain registers in the CSR Architecture are reserved for definition by the using standard.
Those registers and other SCI-specific details are given in the following, which should be read
in conjunction with the CSR Architecture.

3.12.4.1 CLOCK_STROBE_ARRIVED register

The optional CLOCK_STROBE_ARRI VED registers are defined by the CSR Architecture. In SCI,
these registers sample the CLOCK_STROBE_VALUE registers at the time the clockStrobe
signal is created or received by the node. See 3.4.6 and the CSR Architecture for further
details.

3.12.4{2 CLOCK_STROBE_THROUGH register

The ({LOCK_STROBE_THROUGH provides a measure of the time taken by the."clockStrobe
transagtion to pass through the node. For the clockStrobe master, this registermeasures the time
betwegn the creation and transmission of the clockStrobe packet. For the clockStrobe slaves, this
registgr measures the time between the arrival and departure of the pass-through clocKStrobe
packet. The format of the CLOCK STROBE_THROUCH register is shown jn figure 116.

definition
samplelnteger sampleFraction
24 8
read values

most recent of last-update and last-write

write effect

stored

Figure 416 — CLOCK_STROBE_THROUGH format (offset 112)

CLOCK_|STROBE_ THROUGH;

Optional(RW): Required:

Initial value: 0]

Read4 yalue: . <:Shall return the most recent of the last-write or last-update values.
Write4 ¢ffect:~" Shall be stored.

Writes to the CLOCK _STROBE_THROUGH register are expected to be used only for diagnostic
purposes, since this register is updated by the clockStrobe packet during normal system
operation.

3.12.4.3 ERROR_COUNT register

The optional ERROR_COUNT register, shown in figure 117, provides an inexpensive method of
logging transmission errors that are not returned to the requester. The ERROR_COUNT register
is incremented once for every error-interval (64 16-bit symbol times) during which an error
was detected. Unlike most CSRs, this register is cleared by a power_reset or warm_reset, but
is not affected by a command_reset, linc_reset, or linc_clear.
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definition

error-interval count

32

read values

most recent of last-update and last-write

write effects

stored

Figure 117 — ERROR_COUNT register (offset 384)

Note {hat the STATE_CLEAR.elog bit is also set whenever the ERROR_COUNT regifter is
incremented. However, reads and writes of the ERROR_COUNT register’have no effect jon the
state ¢f the STATE_CLEAR.elog bit.

3.12.4]4 SYNC_INTERVAL register

The mlandatory SYNC_| NTERVAL register specifies thetime interval at which the special sync
packets should be generated. A default value is set’dufing the ringlet initialization prjocess.
After finglet initialization, software is expected tovupdate this register with a time ipterval
appropriate for normal operation of the particularimplementation. Only the 24 most-significant
bits of[the SYNC_| NTERVAL register are required, as illustrated in figure 118.

definition
fraction of a second reserved
24 8
read value
last-write zeros
write effect
stored ignored

Figure 118 — SYNC_INTERVAL register (offset 512)

Unlike other CSRs, this register is initialized by a power_reset, warm_reset, or ringlet_reset
and is unaffected by a command_reset or linc_clear. For the 18-DE-500 link, the initial value
of this register is set to 0000400044 (and for the 1-FO-1250 or 1-SE-1250 links it is set to
000200004¢).
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.5 SAVE_ID register

The SAVE_I D register provides access to the 16 bit stableld value, which forms the most-
significant portion of the 80-bit unique identifier (UID). This UID value is used during system
initialization to determine which node becomes the ringlet scrubber. The most-significant
16 bits of this register are reserved. If the node supports a nonvolatile identifier, the format of

this re

If a nonvolatile identifier is not supported, the behaviour of this register is identical

define

Unlike
ringlet

3.12.4

The o

gister is illustrated in figure 119.
definition
reserved stableld
16 16
read value
zeros last-write
write effect
ignored stored

Figure 119 — SAVE_ID register-(offset 520)

H for the SLOT_I Dregister (see 3.12.4.6),

other CSRs, this register is unaffected by a power_reset, warm_reset, command]|
| reset, or linc_clear.

6 SLOT_ID register

btional SLOT_| D register~provides read-only access to a maximum of 16 bac

o that

| reset,

kplane

5 shall

signal|values. The slotSignals~field is obtained from signals provided by the backplange. The
most-gignificant bits of this\field may be partially implemented; any unimplemented bit
be zerp. The format of this register is illustrated in figure 120.
definition
reserved slotSignals
16 16
read value
zeros last-write

write effect

ignored

Figure 120 — SLOT_ID register (offset 524)
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On the Type 1 Module version of the standard, these bits are hard-wired to zero or connected
to backplane-provided geographical addressing signals. An implementation may connect less
than 16 geographical address signals; the signals that are connected shall correspond to a
contiguous range of least-significant bits within the slotSignals field.

On the bit-serial Type 1-FO-1250 or Type 1-SE-1250 versions of the standard, the slotSignals
field shall be zero.

3.12.4.7 Vendor-dependent registers

Vendor-dependent registers may be placed in the CSR-offset range of 768 to 1020. These
addre§SEsS are expected to be Used for node-related pUrpoOSEs. UNI-SpPeciiic regisigrs are
expecled to be assigned to other register addresses (starting from address-offset 2048)

3.12.5|] SCl-dependent ROM
3.12.5|1 Overall ROM format

The CBR Architecture provides a framework for defining the location,\format, and meafping of
node-gupplied ROM information. The term ROM is used to describé-the read-only nature of
this information, which could be physically located in nonvelatile memory or colld be
initialized by a vendor-dependent support processor. The*~CSR Architecture defijnes a
bus_info_block, whose length and format are bus-dependent; for SCI, this is 32 bytes |n size
and hgs the format illustrated in figure 121.

4 "' '5' '9' '6'
8,12,16 busName

20 CsrOptions

24 LincOptions

28 MemoryOptions

32 CacheOptions

Figure 121 — SCI ROM format (bus_info_block)

The fifst four bytes are ASCIlI numerical characters that uniquely identify SCI by its project
numbgr. Thefollowing 12 bytes are null-terminated character strings that specify|which
physicial standard is implemented, as shown in table 17.

Fabtet7—=Physicatstandarddescription
name description
T-18- DE-500 18 signals, differential ECL, 500 Mperiods/second
T-1- SE- 1250 1 signal, differential ECL, 1250 Mperiods/second

Note that the T-1-FO-1250 option is not explicitly supported in ROM, since its functional
behaviour is expected to be identical to the defined T-1-SE-1250 option. Vendor-dependent
implementations that intend to closely imitate the capabilities of the SCI standard should use
names that begin with the two characters V- , to avoid confusion with the SCI names that
begin with the two characters T—.
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The bus_info_block contains four additional quadlets called CsrOptions, LincOptions,
MemoryOptions, and CacheOptions, whose formats are specified in 3.12.5.2 to 3.12.5.5.
These quadlets specify which SCI options are implemented. Although most of these options
have no effect on system software, identifying the implemented options is expected to be
useful for diagnostic, verification, and initial configuration purposes.

3.12.5.2 Format of CsrOptions

The CsrOptions quadlet specifies which of the optional CSR registers (or portions of registers)
are implemented, as illustrated in figure 122.

splitTimeout
errorCount
savedld
throughReac
throughWrite
arriveRead
arriveWrite

nodePositior]
slotld

nodeMemor
nodeCache
slotBits
ClockTick

reserved
12 11 2 1111 4 1 v,1A4 4

Figure 122 — ROM format, CsrOptions

If the hodeMemory bit is 1, the node supports SCI memory-and the following MemoryQptions
guadlgt shall be nonzero. If the nodeMemory bit is 0, the“node does not support SCI njemory
and thle following MemoryOptions quadlet shall be zéro? If the nodeCache bit is 1, the node
suppofts a coherent SCI cache and the following €acheOptions quadlet shall be nonzero. If
the ngdeCache bit is 0, the node does not suppdrt a coherent SCI cache and the following
CacheOptions quadlet shall be zero.

The 2{bit nodePosition field is provided to~help identify nodes that are physically located on
the same module. If the module has only*one node on this ringlet, its nodePosition valye is 0.
If the fnodule has two or more nodes(attached to the same ringlet, the nodePosition valpie is 1
for thg most-upstream node and 3Lfor the most-downstream node. If the module has three or
more nodes attached to this node's ringlet, the nodePosition value is 2 for the other|nodes
attachpd to the same ringlet.

If the| splitTimeout bit™is 1, the 64 bits of the SPLIT_TI MEOUT register pair shall be
implemented. If the splitTimeout bit is 0, only 16 bits of the SPLI T_TI MEOUT_L O registgr shall
be imglemented.

If the |errorCount bit is 1, the optional ERROR_COUNT register shall be implemented.| If the
saveld bit iS,1, the optional SAVE_I D register shall be implemented.

If the STOTId DIT 1S I, a portion of the SLOT_T D register shall be implemented, and the value of
slotBits+1 shall specify the number of implemented least-significant bits within this register. If
slotld is 0, the SLOT_| D register shall not be implemented and the value of slotBits shall be 0.

If the throughRead bit is 1, the CLOCK _STOBE_THROUGH register shall be read-only. If the
throughWrite bit is 1, the CLOCK _STROBE_THROUGH register shall be readable and writeable.
The throughRead and throughWrite bits are mutually exclusive, in that one and only one of
these two bits shall be 1.

If the arriveRead bit is 1, the CLOCK_STROBE_ARRI VED register pair shall be read-only. If the
arriveWrite bit is 1, the CLOCK_STROBE_ARRI VED register shall be readable and writeable. The
arriveRead and arriveWrite bits are mutually exclusive, in that at most one of these two bits
shall be 1; if both bits are zero the CLOCK_STROBE_ARRI VED register is not implemented.
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The clockTick field shall specify the approximate size of the clock-tick period (in 32-bit
fractions of a second). If the arriveRead and arriveWrite bits are both zero, the value of
clockTick shall be zero. Otherwise, the value of clockTick shall be the smallest integer for
which the following inequality is true: clockTickPeriod<(1<<clockTick), where clockTickPeriod
is the time period between clock updates measured in units of 2732 s.

3.12.5.3 Format of LincOptions

The LincOptions quadlet specifies which of the optional linc capabilities are implemented, as
illustrated in figure 123.

P
> — .":.":'q)
OO0 OE EE> <
b CEE5EEGga5x o b
L0555338002E2c88,2 B
2> =S8 =L SEECO=g 2o oo
COoWOBTEEOLEBSSE=58.8 = oY
SOCEESOESERQEESSELD 7 B2
OIS RLLOES506858EEGSE 3 £T oo
cnSEFaS8onoaS8ESSwno o) S0 00
reserved
6 11111111111 1111111 4 1111
Figure 123 — ROM format, LincOptions

The clearing bit is 1 if the node supports the optional lin¢: clear capability. The stableVote bit
is 1 if a 64-bit stable identifier is provided, and{that identifier is used during $ystem
initialization to select the ringlet scrubber. The randomVote is 1 if a random 64-bit identifier is
used during system initialization to select the rirglet scrubber. The fixedEither bit is 1 if the
linc chip can be selectively configured to be<either the scrubber or a nonscrubber node
respedtively. The fixedOther bit is 1 if the Tinc chip can only be a nonscrubber nodg. The
stable)/ote, randomVote, fixedEither, and;fixedOther bits are mutually exclusive, in that one
and only one of these four bits shall be_set to 1.

If the proadcast bit is 1, the noderaccepts broadcast send packets. If the targetRoute hit is 1,
the ngde's routing decisions_are’ only influenced by the packet's targetld symbol.|If the
commandRoute bit is 1, the\node's routing decisions are only influenced by the targetid
and cqmmand symbols (fer example, requests and responses have different routes).| If the
sourcdRoute bit is 1,-the node's routine decisions are only influenced by the targetid,
command, and sourceld symbols (for example, the packet's route depends on where it
origingted). If the controlRoute bit is 1, the node's routing decisions are influenced py the
targetld, command; sourceld, and control symbols (for example, the packet's route dgpends
on the|send packet's control.transactionld field.

The targetRoute, commandRoute, sourceRoute, and controlRoute bits are mutually exclusive,
in that@wm&mmwmw It | ither the

sourceld or the controlld bit shall be 1 (routing of broadcast packets is influenced by the third
sourceld symbol).

If the passTransmit bit is 1, the node uses the pass transmission protocol and the elasticldles
bit shall be 0. If the fairTransmit bit is 1, the node uses only the low-transmission protocol,
and only two packets (one request send and one response send) are simultaneously active
(packets have been transmitted, but no echo has been returned). If the manyTransmit bit is 1,
the node uses only the low-transmission protocol but more than one request send and one
response send may be simultaneously active. If the unfairTransmit bit is 1, the node uses both
the low- and high-transmission protocols to support prioritized send-packet transmissions.
The passTransmit, fairTransmit, manyTransmit, and unfairTransmit bits are mutually
exclusive, in that one and only one of these four bits shall be set to 1.
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If the unfairReceive bit is 1, the node uses priority to selectively bypass the send-packet
acceptance protocols (i.e., priority packets are busied less often). The unfairReceive bit shall
be zero if the unfairTransmit bit is zero, and should be 1 if the unfairTransmit bit is 1 (the
unfairReceive capability is an optional extension of the unfairTransmit capability).

The sameClock bit is 1 if the node's clock is the same as its input clock and insertion/deletion
of idle symbols is not performed. The syncldles bit is 1 if the node's clock may be different
from its input clock, and insertion/deletion of symbols can occur only during sync packet
inputs. The elasticldles bit is 1 if the insertion/deletion of idle symbols can occur between any
input packets as well as during input sync packets. The sameClock, syncldles, and
elasticldles bits are mutually exclusive, in that one and only one of these three bits shall be
set to ft=

If the pusyMax bit is 0, the node's busy-retry protocols do not count the number of_preyiously
busied subactions. If busyMax is nonzero, the node's busy-retry protocols count“the number
of preyiously busied subactions, using a binary counter with busyMax bits.

If the fimeOfDeath bit is 1, the node supports time-of-death checks on queued send packets
and (if requester capabilities are provided) can initialize these to/nenzero values when a
requegt-send packet is generated. If the send288 bit is 1, the node\cah accept the larggst SCI
packets (an extended header plus 256 bytes of data). If the send96 bit is 1, the nodgle can
accepl 64-byte SCI packets with extended headers. If the 'send80 bit is 1, the node can
accepl 64-byte SCI packets without extended headers. The*send288, send96, and §end80
bits arp mutually exclusive, in that one and only one of these three bits shall be setto 1

3.12.5]4 Format of MemoryOptions

If memory is not supported, as indicated by themodeMemory bit within the CsrOptions quadlet,
the M@moryOptions quadlet shall be zero. Otherwise, the MemoryOptions quadlet specifieg which
of the pptional memory capabilities are implemented, as illustrated in figure 124.

-— ey

[ ,—

S o 3

o o [oe)
240 2 Qxw©o
o2 s £ Buo®
s{scee @m e’
SE8066 9 E£600
CEzE B2 o =7 N7 N7}
reserved

18 111111 4 1111

Figure 124 — ROM format, MemoryOptions

If the vepdorLock bit is 1, the node's memory supports the vendor-dependent variant|of the
noncoherent locksh transaction If the littleAdd hit is 1_the node's memaory supports the

LITTLE_ADD variant of the noncoherent locksb transaction.

If the wash bit is 1, the node's memory supports the coherent MS_WASH memory state. If the
fresh bit is 1, the node's memory supports the coherent M5S_FRESH memory state. If the gone
bit is 1, the node's memory supports the coherent MS_GONE memory state. If the noncoherent
bit is 1, the memory controller supports only the noncoherent accesses. The wash, fresh,
gone and noncoherent bits are mutually exclusive, in that one and only one of these four bits
shall be set to 1.

The tagBits field specifies the number of tag bits used to identify the owner of each coherently
cached line; these nodeld values are saved as sign-extended values in a field that has
tagBits+1 bits. If one of gone, fresh, and wash is 1, legal tagBits values shall include 7, 11,
and 15; otherwise the tagBits field shall be 0.
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If the timeOfDeath bit is 1, the memory controller supports time-of-death checks on queued
send packets and (if requester capabilities are provided) can initialize these to nonzero values
when a request-send packet is generated. If the send288 bit is 1, the memory controller can
accept the largest SCI packets (and extended header plus 256 bytes of data). If the send96
bit is 1, the memory controller can accept 64-byte SCI packets with extended headers. If the
send80 bit is 1, the memory controller can accept 64-byte SCI packets without extended
headers. The send288, send96, and send80 bits are mutually exclusive, in that one and only
one of these three bits shall be set to 1 if a memory controller is supported.

3.12.5.5 Format of CacheOptions

If cache is not supported, as indicated by the nodeCache bit in the CsrOptions quadlet, the
CacheOptions quadlet shall be zero. Otherwise, the CacheOptions quadlet specifiesAwhich of
the optional cache capabilities are implemented, as illustrated in figure 125.

<
3
Q

o) 2o o o

> n b~
«Bg clc_o £ 2 9933
TP ES5TSLOSETOo0E D) ECTO
caoz2aFs=00Ll=22EsDT & S0 00

reserved

9 111111111111 14M 4 1111

Figure 125 — ROM format, CacheOptions

The qgplb, pair, weak, robust, purge, flush, wash,cleanse, clean, local, write, read, modify,
fresh, |Jand dirty bits specify which of the cache ‘options are supported. See the C cqde for
detailq.

The tagBits field specifies the number (of tag bits used to identify the other entries in a
cohergnce sharing list; these nodeld values are saved as sign-extended values in a figld that
has tapBits+1 bits. If cache is 1, legaltagBits values include 7, 11, and 15; otherwise {agBits
shall he zero.

If the [timeOfDeath bit is 1; the cache controller supports time-of-death checks on dueued
send packets. If the send288 bit is 1, the node can accept the largest SCI packdts (an
extended header plus.256 bytes of data). If the send96 bit is 1, the node can accept §4-byte
SCI packets with extended headers. If the send80 bit is 1, the node can accept 64-byte SCI
packels without extended headers. The send288, send96, and send80 bits are mputually
exclusjive, in thatione and only one of these three bits shall be set to 1 if cache is suppojted.

3.12.6] Interrupt register formats

A sindte SCtSystenT may imctude Processors (TonT many aifferent—sopptiers. Wit shared
memory, processors are expected to pass messages by writing the data to memory and
interrupting another processor or processors. Software mailbox conventions, which are
beyond the scope of this standard, are expected to standardize the format and meaning of the
data structures in shared memory.

Although the architectures of various processors are likely to differ, standard interrupt and
memory-controller architectures are intended to simplify the implementation of standard
shared-memory-based message-passing protocols. Standardizing the processor's interrupt
architecture is also expected to simplify monarch selection protocols, which may be defined in
future extensions to this standard.
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A node that contains one or more monarch-capable processors shall implement the
| NTERRUPT_TARGET register, as defined in the CSR Architecture. This provides an address
for broadcasting interrupts to all monarch-capable processor units on the node. A write to this
target address is distributed to all processors on the node, and shall be processed (as defined
by the CSR Architecture) by all monarch-capable processors on the node. For interruptible
uniprocessor nodes, this is the only required interface to the processor interrupt capability.

For nodes with two or more monarch-capable processors, a DI RECT_TARGET register shall be
defined in the unit architectures of each monarch-capable processor (so that processors can
be selectively interrupted).

A write to the processor's DI RECTED_TARGET register Is routed to an individual procegsor on
the ndde. For that processor, a write to the DI RECTED_TARGET register and a write'|to the
node'q | NTERRUPT_TARGET register (with the | NTERRUPT_MASK register set~to all| ones)
shall e processed equivalently, as defined within this subclause.

The 32 data bits of a write4 transaction correspond to 32 interrupt-event priorities, whe¢re the
most-through-least-significant bits of the data correspond to the highest (p[0]) through lowest
(p[31]) priority interrupt-event respectively, as illustrated in figure 126,

definition
p[0] | p[1] | pI2] p[30] | p[31]
1 1 1 27 1 1
read value
zero

write effect

sets selected interruptBit value(s)

Figure 126 — DIRECTED_TARGET format

DIRECTED_TARGET:

Optional(WO): One should be provided on each interruptible processor.
Initial value: 0

Read4 yalue:  Shall*return 0.

Write4 ¢ffect: __The write-data value is ORed with the processor's internal interruptBits.

Units [hat respond to DI RECTED _TARGET writes are expected to provide one bit to [queue
each interrupt event When the DI RECTED TARGET register is mapped to a unit with less
than 32 interrupt priority levels, each priority bit in the unit shall be mapped to a contiguous
range of bits within the DI RECTED_TARGET register, the mapping shall be monotonic (higher-
priority interrupt bits shall be mapped to more-significant bits within the DI RECTED_TARGET
register), and all of the DI RECTED_TARGET bits shall be mapped to a unit interrupt bit.

When the DI RECTED_TARGET register is written, the write data are sent to the processor unit
and may be ORed with the bits in the processor's internal interruptBits register. The enabling
of processor interrupts is expected to be based on the bit position of the interrupt bit, and the
processor is expected to provide mechanisms for selectively clearing bits within the internal
interrupt-pending register. However, these internal processor-architecture details are beyond
the scope of the SCI standard.
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3.12.7 Interleaved logical addressing

Supporting interleaved addresses is an optional capability of a requester. However, having a
common model supports interoperability between nodes made by different vendors.

On high-performance systems, memory interleaving is a cost-effective way of improving
effective memory-access bandwidth. To simplify the hardware (and to improve burst-transfer
rates), SCI supports interleaving on a cache-line (64-byte) granularity.

The interleaving is performed by a transformation of the logical DMA address (as specified in
the DMA-command chain) to a physical DMA address (as used on SCI). Since the interleave
transformation is performed inside the DMA controller it has no effect on the data-transfer
protocpls defined by the SCI standard. Simple processors are assumed to use thel same
addregs-translation protocols, for compatibility with standard interleaved DMA controllers.

The interleaving involves an exclusive-OR of address bits. The width of the @ffected afdress
bits is| specified by the interleave width w and the location of the affected address |bits is
specified by the interleave shift parameter s, as illustrated in figure 127.

logical address

16-s—w w s 2 40-w w 6
add1 in add2
16
\
(enable)
16 decode » mask |e—w

16 shift s

|

XOR (16 bits)

add3 out add2

physical address
Eigure 127 — Logical-to-physical address translation

The interleave~shift field, s, provides flexibility for interleaving memory addresses from
memoly controtlers with noncontiguous nodeld values. To make use of this intgrleave
capabllity,(initialization software is required to configure the nodelds of the 2" interJeaved
memofy.eontrollers to nodeld addresses that differ by only an n-bit field.

The upper two bits of the address offset field selectively enable the interleave operation. If the
upper two bits are 00 or 11, interleaving is disabled. This supports noninterleaved access of
the lowest or highest portion of the physical address space. If the upper two bits are 01,
interleaving is enabled and the access address is mapped to the lower half of the address-
offset space, as specified by table 18. If the upper two bits are 10, the address interpretation
is vendor-dependent.
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Table 18 — Interleave-control bits

in out enable
00 00 0
01 00 1
10 vd vd
11 11 0

4 Cafhe-coherence protocols

4.1 Introduction

SCI suUipports multiprocessing with cache coherence for the very general. distributed-shared-
memofy model. Use of cache coherence is optional, and there are alse’ optional fdatures
within [the cache-coherence model that interoperate compatibly but offer various tradeoffs of
performance versus cost.

Some japplications may choose to maintain cache coherence ufnder software control ins{ead of
using BCl's automatic coherence mechanism, and others may prefer to use message-pgssing
schemes. SCI supports all these styles efficiently and eoneurrently, so long as the gystem
softwglre correctly manages mixed-system operation.

4.1.1 [Objectives

The s@t of cache-coherence states and transactions that is described in this document includes
a numper of optional subsets. These options“are available to improve the performance|of the
frequent forms of cache sharing between-entries in relatively short sharing lists. Performance
enhantements for long sharing lists are\under development for a future extension to S¢I. The
options included in this document are(Subject to the following constraints:

1) Thp coherence options can.be implemented without significantly increasing the gize of
tads in the memory direct@ry or caches.

2) Thp options work with the basic SCI transaction-set (request/response) definitions.

3) The options shauld’) not affect the correctness of the basic SCI cache-cohgrence
specification.

4.1.2 |SCI transdction components

SCl's high=performance design goals (1 Gbyte/s per node) forced a migration from [bused
backplarnes~to a unidirectional point-to-point-link interface. The interconnection possibilities
for thelsexlink ingsthrod oshe j i

shes. o alals 0-S\A allaT=YaV.V/aTd ds

In order to support arbitrary interconnection mechanisms, SCI does not depend on broadcast
transactions or eavesdropping third parties. Experienced switch-network designers claim that
broadcasts are nearly impossible to route efficiently. Broadcasts are also hard to make
reliable; with the large number of nodes on SCI (and therefore a high cumulative error rate)
reliability and fault recovery are primary objectives.

Therefore, SCI cache-coherence protocols are based on directed point-to-point transactions,
initiated by a requester (typically a processor) and completed by a responder (typically a
memory or another processor). Most transactions consist of a request subaction followed by a
response subaction. For example, the request subaction transfers the address to a memory
controller and the response subaction returns data or caching status from the memory
controller to the processor, as illustrated in figure 128.
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4.1.3

request subaction )
requester . transaction
response subaction

(requester responder)
Figure 128 — SCI transaction components

Physical addressing

For si

addregs is sufficient to extract cache entries from a cache. Although primary caches wi
be virually indexed, SCI expects that large secondary caches will isolate the.interc
from the virtual addresses generated by the processor.

Althoulgh virtually indexed caches are not supported by the SCI standard, ‘a sufficient n
of resgerved fields is provided that such capabilities could be defined’ by extensions
standgrd. With such extensions, virtual index bits could be transférred among com
procegsors in fields reserved for vendor-specific uses. If standard DMA devices are
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pctory.

ed.configurations the directory could be centralized at the memory controller. Ho

| often
bnnect
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patible
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r DMA
rollers

oping:
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aches.

Clusive writer. Only one cache at a time may have permission to write to a line of data.
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ind of
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the memory directory. By distributing the directory updates among multiple processors rather
than using a central directory, SCI also distributes the housekeeping communication among
the sharing processors. This is preferable to concentrating that communication at a heavily
shared memory controller.

The SCI cache-coherence overview assumes that there is always one processor/CPU for

each

cache and that this processor executes the cache-coherence protocol.

In an

implementation there might, of course, be several processors with distinct primary caches that
share a common secondary cache. In such configurations, the cache-coherence protocols are
expected to be performed by a specialized cache controller, not the processor/CPU.

Copyri
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With SCl's distributed sharing lists each coherently cached line is entered into a list of
processors sharing that line. Other lines may be locally cached, and are not visible to the
coherence protocols. For illustrative purposes, both coherent and noncoherent lines are
shown in figure 129.

processors

execution
units

caches

. Coherent line

l:l Non-coherent line

Figure 129 — Distributed sharing-list directory

Noncoherent copies may also be made coherent by higher-level software, perhaps on & page-
level Qasis. However, the details of such software coherénce protocols are beyond the|scope
of the [SCI standard.

For every line the memory directory keeps associated tag bits. Some of these identify the first
procegsor in the sharing list (called the head)?;Double links are maintained betweer| other
procegsors in the sharing list, using forward<ahd backward pointers. The backward ppinters
suppoft independent (and perhaps simultaneous) deletions of entries in the middle of the list,
e.g., When a processor needs to free a ¢ache line for use by a different address.

4.1.5 [Memory and cache tags

Memofy tags include a lock bit;*a 2-bit memory-state field, mState, and a 16-bit forwld field.
With the basic memory maodel, which only supports the caching of apparently dirty data| these
bits mlay be located in_the* data store (which is not used when the data are cached). The
forwld|field specifies the/first node in the sharing list in terms of the 16 most-significant bits
(nodelld) of an SCI address.

Each ¢ache entry contains the 7-bit cache state, cState, and two 16-bit pointer fields, [forwld
and backld,which usually point to the adjacent sharing-list entries. The extra memory-tag and
cacheijtag'storage represent overheads of approximately 4 % and 7 %, respectively. [These
tag bits'are illustrated in figure 130.
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processors

exc_ecution
units

caches

memory
r\gnfrnl i(ss] forwld backld 16b

addressOffset |48b

data[64]

(about 4% extra)

data[64]
N

(about 7% éxtra)

Additional coherence
protocol state

Figure 130 — SCI coherence tags (64-byte line, 64K nodes)

Each ¢ached entry has an address that is partitioned¢into a 16-bit memory-controller identifier
memld and 48 bits of addressOffset. For entries at.the head of the list, the backld field is not
needef, since the memld field is part of the lihesaddress. For these head-list entrigs, the
backlq pointer is not part of the basic sharing-list structure, but is used by an optional part of
the coperence protocols.

SCI agsumes a fixed 64-byte cache-ling'size, which is near optimal for most systems, for the
following reasons:

1) Small tag overhead. The:Sizes of memory-directory and processor-entry tags are
sighificantly less than the Size of a line of data.

2) Rejasonable efficiency®wThe 64-byte SCI transaction is relatively efficient; approximately
tw@ thirds of the copsumed bandwidth is used for data.

3) Unjformity. The 64-byte size is shared by other bus standards (Futurebus+).

Having one fixed(size dramatically simplifies the coherence protocols, which compensaltes for
the usge of a nenoptimal size on some systems. Although smaller line sizes could redyce the
amourt offalse sharing (which can occur when two or more independent variables happen to
be in thelsame line), smart compilers are a more effective solution to this problem.

4.1.6 Instruction-execution model

The cache-coherence protocols describe a set of actions used to change cache-line states.
For a load instruction, the cache-line data must be converted to a readable state; for a store
instruction, the cache-line data must be converted to an exclusive writeable state; for a flush
instruction, the cache-line data must be returned to memory.

For this specification the processor's memory-access instructions are expected to have four
phases: the allocate phase, the setup phase, the execute phase, and the cleanup phase. For
example, the simplified C code of the following listing illustrates the four phases within a
coherent store instruction.
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Listing 1: store_instruction illustration */
teStore(ProcParameters *procPtr, AccessMddes node,
ds2 address, Byte *grBuf, int size)
{ CacheTags *cTPtr;
i nt of fset= address. Lo%%4;
cTPt r =Fi ndLi ne( procPtr, node, address); /* Fetch matching entry */
St or eSet up( procPtr, node, addr ess) ; /* Setup cache-line state */
ore(procPkPtr, node, cTPtr, of f set,
gr Buf , si ze) ; /* Execute phase */
e ; ; T —Cteamup phase—+
example, the allocate phase consists of Fi ndLi ne(), which finds or fetchés a gache-
line etry for the addressed cache line. If a cache-line entry is found in_acusable state (a
hit), no transactions are generated.
The getup phase (which may involve the generation of multiple transactions) calls
St or gSet up() to convert from the previous cache-line state_to.'0ne of the instruction's
usablg cache states. For example, the setup phase of a load-instruction would be used to

conve

The e
cache
cache
phase
a mod
would

t a cache line from the state | NVALI D to one of the readable cache-line states.

line states. For example, the execute phase of/a‘store instruction changes a mogd
line entry (ONLY_CLEAN) to a modified cache-line entry (ONLY_DI RTY). The e
of a store instruction may also change a madifiable cache-line entry (HEAD_DI H
fied intermediate state (HEAD_MODS). Similarly, the execute phase of a flush inst
mark the cache-line for flushing during<thee cleanup phase.

The dleanup phase of an instructiofn”(which may involve the generation of n

transal
cache
phase

ctions) calls Cl eanup() to change a transient cache-line state to one of the
line states. For example, after data in the sharing-list head is modified, the ¢
of a store instruction is responsible for purging the other sharing-list copies.

Procegsors may enforce weak or strong ordering constraints for the execution of m
access$ instructions. Weak ordering constraints generally allow the pipelined execu

other i
weak

an ins
interlo

4.1.7

Instructions during-the cleanup phase and strong ordering constraints do not. To s
brdering constraints, the SCI C code updates a done code when the execute ph
fruction completes. However, the details of how this affects other pipelined-inst
ks are peyond the scope of the SCI standard.

Coherence document structure

ecute phase of an instruction calls Store() and might involve an immediate change of

ifiable
Kecute
TY) to
uction

ultiple
stable
eanup

Pmory-
ion of
upport
ase of
uction

The coherence protocols support a rich set of interoperable performance enhancement
options. These options have been designed so that nodes implementing different sets will
interoperate correctly in all cases, but the enhanced performance the options offer may not be
realized if they have not been implemented by all participating nodes.

The full set of options will probably not be used in initial implementations, but provides a rich
set of design choices for customizing the protocols to meet specific system requirements. To
simplify understanding of the cache-coherence protocols, three sets of implementation
options are outlined in this overview: the minimal, a typical, and the full sets.

The minimal set can be used to maintain cache coherence in a trivial but correct way that has no
provision for read sharing. This model could be useful for small multiprocessors where appli-
cations infrequently share data, and manage coherence of shared instruction pages by software.
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The typical set has provisions for read sharing, robust recovery from errors, efficient read-only
(fresh) data accesses, efficient DMA transfers, and local (noncoherent) data caching. This
option set is likely to be implemented even in the first SCI systems.

The full set implements all of the defined options. In addition to the provisions of the typical
set, the full set supports clean cache-line states, cleansing and washing of dirty cache-line
states, pairwise sharing, and QOLB. This more complex option set is expected to be
implemented on general-purpose processors as implementors gain experience with SCI.

These three option sets are described in 4.2 to 4.5.

4.2 (Cjoherence update sequences
4.2.1 |List prepend

To illustrate the coherence protocol components, consider the conversion cofta sharing list
from g one-entry (ONLYP_DI RTY) list to a two entry list (HEAD_EXCL and TANC_STALE), If the
entry in CPU_B is initially invalid, a modifiable cache line must be fetched\from memory [before

the indtruction can be executed. The mread64 (coherent memory read) transaction congists of
requegt and response components; the memory accepts the requestvQ1, performs an tpdate
action|(Al) to update its cache-tag state and pointers, and returns-the response S1.
The mlemory-tag-update action leaves the memory tag pointing to CPU_B and the old pointer
value (which identifies CPU_A) is returned to CPU_B in/the’transaction response S1.| While
waiting for S1, CPU_B is left in the PENDI NG state. ThisS\sequence is illustrated in figufe 131,
using p shaded line (from requester to responder) to/specify transactions and a solid [line to
specify sharing-list links.
new old new old
CPU_B CPU_A CPU_B CPU_A
INVALID ONLYP_DIRTY PENDING ONLYP_DIRTY
A S A
Y Q1 Y
GONE-A (A1)
Before Step-1 GONE-A
memory memory
new old new old
Q2
faln] NI ») oLl A faln] NI ») oLl A
T U_D A2 O OU_7\ T U_D O OU_7\
QUEUED_JUNK S2 ONLYP_DIRTY HEAD_EXCL | | TAIL_STALE
A
GONE-B GONE-B
Step-2 After
memory memory

Figure 131 — Prepend to ONLYP_DIRTY (pairwise capable)
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The response S1 returns to CPU_B the previous state of the memory-line and a pointer to
CPU_A. Based on these values, CPU_B initiates a cread64 (coherent cache read) transaction
to the old sharing-list head (CPU_A). The old sharing-list head accepts the request subaction
(Q2), performs an update action (A2), and returns a response subaction (S2). The update
action (A2) leaves CPU_A in the TAI L_STALE state (tail of the list, data are stale and
unusable). The processing of the response S2 leaves CPU_B in the HEAD_EXCL state (head of
the list, data are exclusive and modifiable).

In this example the Q1 request is the first half of an mread64 transaction; if the data had been
uncached, this would have returned 64 bytes of data from memory. The mread64 request is
16 bytes Iong, |t contalns the 16 bit nodeld of the memory controller responder (resld) the

. . . : . e 48-bit
)|These
transaftion components WhICh are many of the request subactlon fields, are |Ilustrctted in
figure [132.

The 91 response is the second subaction in the mread64 transaction,”When dafa are
unavallable, this response subaction returns the 4-bit storage-status (sStat), which is Used to
report|data-storage and transmission errors, the 8-bit memory status,(mStat), which is ysed to
return|the previous memory-tag state, a 16-bit forward pointer (forwid), which points|to the
previous sharing-list head, and a 16-bit reserved field (for future(extensions to the cohgrence
protocpls). The sStat field is expected to be used for reporting“ECC errors in RAM; thel mStat
field irldicates how the sharing list was previously owned.

Q1: Memory mread request (16 bytes)

resld | cmd | reqld ctrl A00,A16,A32 (mop) crc

S1: Memory mread response (16 bytes)

N sStat;
reqld | cmd | resld ctrl | Stat forwld | resv crc

Q2: Cache cread request (32 bytes)

resld [ ecmd | (egld ctrl A00,A16,A32 (cop) newld | memld|pad[12]| crg

S2: Cache cread response (80 bytes)

sStat,
cStat

reqld ;| cmd resld ctrl forwld | backld data[64] crc

Figure 132 — Memory mread and cache-extended cread components

The Q2 request is the first subaction of an extended cread64 transaction that requests data
from the remote cache (CPU_A). The extended request is 32 bytes long; the first half contains
the 16-bit address of the cache responder (resld), the 7-bit transaction command (cmd), the
16-bit address of the cache requester (reqld), the 48-bit address offset (A00,A16,A32), which
includes the 6-bit cache-update operand (cop), and 16 bytes of extended-header information.

The extended portion of the header contains an unused 16-bit identifier (newld), a 16-bit
memory identifier (memld), which provides the address of the memory controller, and
12 bytes of pad data. The pad data, which extends the packet to a uniform multiple of
16 bytes, contains reserved fields.
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The S2 response is the second subaction in the cread64 transaction. This response subaction
returns the 4-bit storage status (sStat), which is used to report data-storage and transmission
errors, the 8-bit cache status (cStat), which is used to return the previous cache-tag state, a
16-bit forward pointer (forwld), which points to the next sharing-list entry, a 16-bit backward
pointer (backld), which points to the previous sharing-list entry, and 64 bytes of (optional) data.

Note that the memory controller can always add a requesting node to the pending queue, and
ownership is then passed sequentially to the new heads of the queue. The addition of new
sharing-list entries is thus performed in FIFO order, as defined by the arrival of coherent
requests at the memory controller. Note that ownership implies that the cache-line's data may
be immediately modified, although some delayed purging may be required after the data are

modified.
4.2.2 |List-entry deletion
To illuptrate other coherence protocol components, consider the deletion of thevinitial sharing-
list ertry, which occurs when the cache-entry storage is needed for _amother cache-line
addregs. If the cache line in CPU_B is initially in a head/exclusive state)(HEAD_EXdL), an
extended cwrite64 transaction (see table 27) is used to return the data-from CPU_B to CPU_A.
The cwrite64 transaction consists of request and response subactions; the remote [cache
accepls the request Q3, performs an update action (A3) to update its cache-tag staje and
pointefs, and returns the response S3. The cache-tag-update @ction leaves the cache|tag of
CPU_A in the ONLYP_DI RTY state, as illustrated in figure 133,
old new old new
Q3
CPU_B CPU_A CPU_B A3 CPU_A
HEAD_EXCL | | TAIL_STALE HX_FORW_HX Si TAIL_STALE
GONE-B GONE-B
before step-1
remory memory
old new old new
CPU2B CPU_A CPU_B CPU_A
HX%=BACK_IN ONLYP_DIRTY INVALID ONLYP_DIRTY
\ S4 A
Q4 a (] Y
(A4) GONE-A
step-2 GONE-B after
memory memory

Figure 133 — Deletion of head (and exclusive) entry

The response to CPU_B returns the cache's previous cache-line state and pointer value.
Based on these values, CPU_B initiates an extended mread00 transaction to memory.
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The memory accepts the request subaction (Q4), performs an update action (A4), and returns
a response subaction (S4). The update action (A4) changes the memory pointer to point to
the new sharing-list head (CPU_A). The processing of the response Q4 leaves the cache-line
entry at CPU_B in the | NVALI D state, so it may be used to cache other cache-line addresses.

In this case, the extended cwrite64 request (Q3) is the first subaction of a cwrite64
transaction. The cwrite64 request is 96 bytes long; it contains the 16-bit nodeld of the cache
responder (resld), the 7-bit transaction command (cmd), the 16-bit nodeld of the cache
requester (reqld), a 48-bit address offset (add_offset), which includes a 6-bit cache-update
operand (cop), and 16 bytes of extended-header information, as shown in figure 134.

Q3: Cache cwrite 64 request (96 bytes)

resld[ | cmd | reqld ctrl A00,A16,A32 (cop) newld | memid |pad[12]| data[64] [ | crc

S3: Cache cwrite response (16 bytes)

sStat,
cStat

reqld| | emd | resld ctrl forwld |backld | crc

Q4: Memory extended mread request (32 bytes)

resldf | cmd | reqld ctrl A00,A16,A32 (mop) }rewld [pad[14]| crc

S4: Memory mread response (16 bytes)

sStat,
mStat

reqidl | cmd | resld ctrl forwld | resv crc

Figure 134 — Cache cwrite64 and memory-extended mread components

The extended header contains an unused 16-bit identifier (newld), a 16-bit memory idéentifier
), which identifies the address of the memory controller, and 12 bytes of pad data. The
pad data, which extendsthe packet to a uniform multiple of 16 bytes, contains reserved|fields.

requirg¢d to hold the extra memld value.

The cyrite64 response (S3) is the second subaction in the cwrite64 transaction. This regponse
subaction retufns the 4-bit storage status (sStat), which is used to report data-storage and

transnfissianyerrors, the 8-bit cache status (cStat), which is used to return the previous caghe-tag
state, [and/two 16-bit pointers (forwld and backld), which point to the previous and following
sharing-Mi | | IS ex ] | -RAM;

the cStat field indicates how the sharing list entry was previously used.

The Q4 request is the first subaction of an extended mread00 transaction. The extended
request is 32 bytes long; its first half contains the 16-bit nodeld of the cache responder
(resld), the 7-bit transaction command (cmd), the 16-bit nodeld of the cache requester (reqld),
the 48-bit address offset (A00,A16,A32), which includes a 6-bit memory-update operand
(mop), and 16 bytes of extended-header information.

The extended header contains a 16-bit new-cache-nodeld identifier (newld), which identifies
the new sharing-list owner, and 14 bytes of pad data. The pad data, which extends the packet
to a uniform multiple of 16 bytes, contains reserved fields. The Q4 transaction is called an
extended mread00, because an extended 32-byte header is required to hold the extra newld
value. Note that control operations (which transfer no data) are called zero-length reads
(mread00 or cread00, when accessing memory or cache respectively).
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The S4 response is the second subaction of an extended mread transaction. This response
subaction returns the 4-bit storage-status (sStat), which is used to report data-storage and
transmission errors, the 8-bit memory status (mStat), which is used to return the previous
memory-tag state, a 16-bit forward pointer (forwld), which points to the next sharing-list entry,
and a 16-bit reserved field.

4.2.3 Update actions

The responder's processing of each coherent request (Q1-Q4) initiates an indivisible action
(Al1-A4) in the responder. These actions conditionally update the responder's tag state, based
on the parameters provided within the request subaction packet.

For this example, the subaction Q1 contains the memory-command value CACHE_DI RT|Y. The
memoly's processing of this command (A1) normally converts the memory state fromHOME to
GONE (if the data was previously uncached) and changes the forwld value to~point|to the
sharinpg-list head.

Similafly, the subaction Q2 contains the cache-command value COPY_STALE. The (QPU_A)
cache’ls processing of this command (A2) normally converts the “cache state from
ONLYH_DI RTY to TAI L_STALE, simultaneously changing the backld painter in CPU_A tp point
to the fequester (reqld).

Some |of the update actions (A3 and A4) are conditional; these.tvo update actions are npllified
unlesq either the tag's backld or forwld value matches the reguest subaction's reqld fielld (the
identity of the requester). These conditional actions make it“possible to maintain consistency
even though any or all processors may be concurrently* trying to change the pointefs and
states|in various ways. These (simplified) update actiens are summarized in table 19.

Table 19 — Memory and-cache update actions

initial states final states
update_command state forwid backld state forwld bacHKld
A1:CACHE_DI RTY HOVE forwld - GONE reqld -
AL1:CACHE_DI RTY GONE forwld - GONE reqld -
A2: CQPY_STALE ONLYP_DI RTY, forwld backld | TAI L_STALE reqld req|d
A3: NHXT_EHEAD TAI L_STALE forwld backld | ONLYP_DI RTY forwld bacKld
A4: PASS_HEAD GONE forwld - GONE newld -

Note that table 49%s an oversimplified update-action table; other possible initial states have
not bgen incldded in the table. This simplified description does not include the effgcts of
cacheiline lacks, which are used to block most memory- and cache-update actions duiing an
error-recovery process.

Although it would be possible to specify the memory-update and cache-update actions as
state-transition tables, particularly in these simplified cases, they have been specified by
executable C routines instead. This simplifies the document considerably and provides a
convenient mechanism for testing the specification by computer simulations.

The specification code includes tests of memory-tag and cache-tag lock bits. Also, a variety of
implementation options is specified by execution-time conditional code execution. Execution-
time conditionals are used rather than compile-time ones to make it easier to test the
interactions of nodes that implement differing sets of options.

4.2.4 Cache-line locks

Error-recovery considerations have heavily influenced the design of the coherence protocols.
During error recovery, software-based protocols utilize lock bits (one per cache line) to
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stabilize the cache-line status. The error-recovery process (which is beyond the scope of this
standard) is expected to proceed as follows:

1) Lock lines. The lock bits in the affected memory line and matching cache lines are set, to

inh

ibit spontaneous state changes during the recovery process.

2) Copy. The currently cached (and now locked) entries are copied to a memory-resident

tab

le. After being copied, the previously cached entries are invalidated.

3) Recovery. Process the newly created memory-resident sharing-list table, in an attempt to
recover the cached (and possibly modified) line. The recovery process completes with one
of the following status codes:

a)

Corrupted. The sharing-list structure was corrupted (hardware failure).

b)

c)

Note
(which
implen

To im
LOCK |
Proces
depen

Excep

line ajidresses return an error status in thevresponse subaction status.sStat field. H
lized LOCK_SET and LOCK_CLEAR-commands, the error status is not returned, but the

speci
updatsg

4.2.5

Each

states
HOVE
WASH
the ty
protoc
states

4) Un]ock memory. The memory line is unlocked, returning it to the HOME state.

Unrecoverable. The possible locations for the most recently modified data a]
unique; system software is expected to recover from a previous checkpoint

Recovered. The data has not been modified, or the most recently modified’copy,
line was located. If modified, the dirty data was returned to memory.

hat the unrecoverable status is only expected when the option called POP_R
increases the complexity and latency of returning a dirtysCache line copy)
hented.

blement error recovery, there is one lock bit for éach cache line. When se
SET command, the lock bit disables most changes to the associated state ang
sors are expected to bypass the cache (t@)avoid generating additional, p
Hent, errors) when executing the recovery software routines.

for other LOCK_SET and LOCK_CLEAR‘{ommands, accesses to these locked

-action status is returned in the response transaction's status fields.

Stable sharing lists

of the entries in theysharing list, cState. In normal operation, the memory state is
no sharing list), FRESH (read-only sharing list), GONE (sharing list can be modifi
transition fromGONE to FRESH). The minimal protocol uses the HOME and GONE
bical protocob uses only the HOME, FRESH, and GONE states, and the full coh
pIs use alb'of the memory-directory states. The stable and semistable mem
are sunimarized in table 20.

Table 20 — Stable and semistable memory-tag states

re not

of the

OBUST
is not

by a
data.
hSsibly

cache-
or the

bf the stable sharing-list_states is defined by the state of the memory, mState, and the

either
ed), or
states,
brence
Dry-tag

name description
HOVE no sharing list
FRESH sharing-list copy is the same as memory
GONE sharing-list copy may be different from memory
WAsSH 1) transitional state (GONE to FRESH)
1) WASH is a semistable state.

The sharing-list state names have two components. The first component specifies the location
of the entry in a multiple-entry sharing list (HEAD, M D, or TAI L), or identifies the only entry in
the sharing list (ONLY). The second component specifies the entry's caching properties
H, CLEAN, DI RTY, VALID, STALE, etc.). The stable and semistable cache-tag

(FRES
states

are summarized in table 21.
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Table 21 — Stable cache-tag states

name description
ONLY_DI RTY only one, writeable, modified
ONLYP_DI RTY only one, writeable, modified (pairwise capable)
ONLY_CLEAN only one, writeable, unmodified
ONLY_FRESH only one, convertable, unmodified
HEAD_DI RTY head of several, purgeable, modified
HEAD_CLEAN head of several, purgeable, unmodified
HEAD_WASH 1) like HEAD_CLEAN (but list is in transition to HEAD_FRESH)
HEAD_FRESH head of several, changeable, unmodified
M D_VALI D middle of many, readable, modified
M D_CGR¥ midcte-of-manyreadcabtetmmodified
TAI L_MALI D tail of several, markable, modified
TAI L_dOoPY tail of several, markable, unmodified
HEAD_HXCL head of two (exclusive), writeable, modified
HEAD_MALI D head of two (shared), markable, modified
HEAD_HTALEO head of two (stale), transferable, previously valid data
HEAD_HTALE1 head of two (stale), transferable, previously valid data
TAI L_HXCL tail of two (exclusive), writeable, modified
TAI L_ON RTY tail of two (shared), purgeable, modified
TAI L_YTALEO tail of two (stale), transferable, previously(valid data
TAIL_YTALE1 tail of two (stale), transferable, previously valid data
ONLYQ |DI RTY only one, writeable, modified (QOLB_history)
HEAD_I|DLE head of several, transferable, waiting for data
MD_IOLE middle of many, transferable, @vaiting for data
ONLY_USED only one, writeable, lock setynhone waiting
HEAD_USED head of two, writeable, lock‘set, none waiting
HEAD_NEED head of two, writeable, lock set, other is waiting
TAI L_I|DLE tail of two, transferable, waiting for data
TAI L_USED tail of two, writeable, lock set, none waiting
TAI L_NEED tail of severalywriteable, lock set, others waiting
1) HEAD_WASH is a semistable state
NOTES
several two or more sharing-list entries
many three or more sharing-list entries
changeable data may be read, but not written until memory is informed and rest of list is purged
convertgable data may be fead, but not written until memory is informed
markable data may be’modified after other copy has been marked stale
purgealjle data may be read, but not written until rest of list is purged or marked stale
readablg data-may be read immediately
transferpble data may not be read or written, until fetched from another entry
writeablle data may be read or written
unmodified data are the same as memory
modified data could be different from memory

Since the head normally administers the return of dirty data to memory, it differentiates
between FRESH (must be the same as memory) and the other (can modify without informing
memory) states. The protocols generate the stable sharing-list states shown in table 22.
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mem head (other) tail description
HOME - - - none or noncoherent copies
FRESH ONLY_FRESH - - convertable unmodified copy
FRESH HEAD_FRESH M D_BOTH TAI L_BOTH changeable unmodified copies
GONE ONLY_CLEAN - - writeable unmodified copy
GONE ONLY_DI RTY - - writeable modified copy
GONE HEAD_DI RTY M D_VALI D TAI L_VALI D purgeable modified copies
GONE HEAD_BOTH 1) M D_BOTH 1) TAIL_BOTH 1) purgeable unmodified copies
GONE HEAD_WASH 2 M D_VALI D TAI L_VALI D purgeable unmodified copies
(pairwise-sharing option)
CONE ONLYP_DI RTY - - like ONLY_DI-RTY, pairwise
capable
SONE HEAD_EXCL - TAI L_STALEO writeable ‘modified copy
SONE HEAD_EXCL - TAI L_STALE1 writeable modified copy
[SONE HEAD_VALI D - TAI L_DI RTY purgeable modified copigs
SONE HEAD_STALEO - TAI L_EXCL writeable modified copy
CONE HEAD_STALE1 - TAI L_EXCL writeable modified copy
(QOLB option)
SONE ONLYQ_DI RTY - — like ONLYP_DI RTY, QOLB history
SONE ONLY_USED - - writeable modified copy, |ocked
SONE HEAD_USED - TAI L_STALEO writeable modified copy, [ocked
SONE HEAD_USED - TAI L_STALE1 writeable modified copy, |ocked
SONE HEAD_STALEO - TAI L_USED writeable modified copy, [ocked
SONE HEAD_STALE1 - TAI L_USED writeable modified copy, |ocked
SONE HEAD_NEED - TAI'L_I DLE writeable modified copy, Jocked,
waiting
[SONE HEAD_| DLE - TAI L_NEED writeable modified copy, Jocked,
waiting
GONE HEAD_IN\DLE MID_IDLE TAI' L_NEED writeable modified copy, Jocked,
waiting
1) Whdn heterogeneous opfions are implemented, unmodified lists may contain the following:
HEAD BOTH either HEAD_CLEAN or HEAD_DI RTY;
M D| BOTH ejthe} M D_COPY or M D_VALI D;
TAI |_BQTHeither TAI L_COPY or TAI L_VALI D.
2) senfistable state, transitioning between HEAD DI RTY / HEAD_CLEAN and HEAD_FRESH states.

The processors within the sharing lists may implement different sets of optional cache
capabilities. Thus, an entry at the head of the list may know that a cache line is fresh
(HEAD_FRESH), while the other sharing-list entries believe the sharing-list could be dirty
(M D_VALI Dor TAI L_VALI D).
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Note that two types of stale states (STALEO and STALE1) are provided. The extra sequence
bit that distinguishes these two states is needed to support software-based fault recovery
protocols that are invoked after transmission failures.

43 M

4.3.1

inimal-set coherence protocols

Sharing-list updates

The minimal set of coherence options supports the conversion of an invalid cache-line to the
(modifiable) ONLY_DI RTY state. Fetching of read-only data (such as ONLY_FRESH) and
support of multiple-entry sharing lists (HEAD_DI RTY, M D_VALI D, TAI L_VALI D) are not

essen

lal_for loadina or storina data—and can thus be viewed as optional perfor
~J ~ 7 T T
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enhan
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4.3.2
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data).
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mreadp4.CACHE_DI RTY transaction, which leaves a newly (created cache line

ONLY |
requeg
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Ccements. However, some additional states (ONLY_FRESH and TAI L_VALI
H in order to be compatible with the optional performance enhancements.

Cache fetching

, memory is in the HOVE state and all cache entries are | NVAL| B (have no
The sharing-list creation begins at the cache, where an entry,is changed frg
| D to the PENDI NG state. A dirty cache-line copy is fetched.(%) from memory ug

DI RTY state. This sequence is illustrated in figure 135;-Using a shaded line

ter to responder) to specify transactions and a solid line'to specify sharing-list lin
CPU_A CPU_A
PENDING ONLY_DIRTY
mread64 A
CACHE_DIRTY Y
HOME GONE
memory memory
before after

Figure 135 — ONLY_DIRTY list creation (minimal set)

cations of¢«cache lines in the ONLY_DI RTY state can be performed immediately, v
ng the caghe-line state.

For SL1bsequent accesses, the memory state is GONE and the head of the sharing list R
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vithout
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the new requester then prepends (2) to the old sharing-list head to get the data. After
prepending has completed, the old sharing-list entries are invalidated (3) by the new head.

These

steps are illustrated in figure 136.
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cread00 cread00
COPY_VALID VALID_ INVALID
new old new old
@) (3)
CPU B CPU_A CPU B A3 CPU A
PENDING old head HD_INVAL_OD TAIL_VALID
A
(1) mread64 Y
CACHE_DIRTY
GONE GONE
before during
memory memory
new old
CPU B CPU_A
(otherinvalid
ONLY_DIRTY INVALID eqtries...)
GQNE
done
memory

Figure 136 — GONE_list additions (minimal set)

It might appear that the prepend and-invalidation steps could be combined into a|single
transaption that returns the (possibly-dirty) data and leaves the old head in the invalid state.
Howeyer, separate prepend and<invalidate transactions are needed for recovering from
transnjission errors. The performance penalty of this extra transaction can be avoided by
implementing the pairwise-sharing option.

The minimal protocols_need to interoperate with other options as well, and the [ypical
protocpls may leave the memory in the FRESH state. In this case, a new requester receives

(1) thg data directlysfrom memory and invalidates (2) the old sharing-list entries, as illugstrated
in figufe 137.

cread00
FRESH_INVALID
rNnew [e][0] rNnew [e][0]
cruB @] cpPua CPU_B CPU_A
PENDING old head ONLY_DIRTY INVALID
<_
I
(1) mread64 Y
CACHE_DIRTY
FRESH GONE
before done
memory memory

Figure 137 — FRESH list additions (minimal set)
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An old head may also be in a PENDI NG state, in the process of adding itself back into the
same sharing-list. In such cases, the transaction status returns the PENDI NG state from the
next pending-queue entry. The new head's prepend transaction is retried until the old head's
pending status changes.

4.3.3 Cache rollouts

An ONLY_DI RTY sharing list may be collapsed, e.g., when the cache-line storage is needed
for use by another cache-line address (cache-line rollout). In the case of an ONLY_DI RTY
entry, only one transaction (1a) is needed to collapse the sharing list. This transaction returns
the dirty data to memory and updates the memory-tag state (from GONE to HOME), as
illustrated in figure 138. To be interoperable with other options, the minimal option returns
ownerghip of an ONLY_FRESH line to memory (1b) in a similar way.

The memory-directory update is nullified if the directory points to a previous’ or to [a new
sharinp-list head. In this case, memory is polled until the sharing-list ownership.is retufned to
CPU_A or until the cache-line in CPU_A is invalidated by another prepending_processor.

only only only
CPU_A CPU_A CPU_A
ONLY_DIRTY ONLY_FRESH INVALID
A
(1a)mwrite64 (1b)mread00
LIST_TO_HOME LIST_TO_HOME
A Y
GONE FRESH HOME
memory memory memory
before after

Figure 138 — Only-entry deletions

Recovery from an arbitrary: number of detected transmission errors is not guaranteed when a
single|write transactipn.is used to collapse an ONLY_DI RTY sharing list. If one transagtion is
used fo simultaneously return ownership and data, several transmission errors could leave
the shpring list with~one entry in the PENDI NG state and two entries in the OD_RETN_I N state.
Although oneef. the OD_RETN_I N lines is known to have the valid data, it canpot be
determined which one has the dirty copy and which one has a stale copy. To reliably|return
dirty data,(one transaction is needed to cleanse the cache line (convert from ONLY_DI RTY to
ONLY_|CLEAN) and another is needed to convert from ONLY_CLEAN to | NVALI D, as degcribed
in4.4:

Although the TAI L_VALI D and ONLY_FRESH states are not directly generated by the minimal
protocols, these states may be created after a more complex node prepends itself to an
ONLY_DI RTY list. When deleting itself (1), a TAIL_VALI D entry is converted into an
intermediate state (called TV_BACK I N), and one sharing-list transaction is used to delete the
entry from the list, as illustrated in figure 139.

Copyright 0 1998 IEEE. All rights reserved.


https://iecnorm.com/api/?name=cc37cb26a5fd271a3b0630d9583740a4

— 174 - ISO/IEC 13961:2000(E)
IEEE Std 1596, 1998 Edition

cread00
head PREV_VTAIL tail
CPU B (1) CPU_A
before
HEAD DIRTY | TV_BACK_IN
(to memory) head
CPU_B CPU_A
dlter
ONLY_DIRTY INVALID

N\

(to memory)
Figure 139 — Tail-entry deletions

Since |the linked list is distributed and doubly linked, multipte entries can be dgleting
themsglves concurrently. To ensure forward progress when adjacent deletions are initiated
concufrently, the entry closest to the tail has priority and is deleted first.

4.3.4 [Instruction-execution model

For efficient cache operation, a processor must ¢ommunicate the nature of its access fo data
as wegll as the address of the data. Some(processors at present lack the appropriate
instrudgtions for this and must simulate them by using special addresses or instfuction
sequefpces. Generic instructions that provide the needed information are assumed |in the
following.

The processor is expected tosjcheck and change cache-line states before and after
instrudgtions are executed. These’checks and changes are modelled by the cache-ekecute
routings listed in table 23.

Table 23 — MinimalExecute Routines

name generated by the execution of
M ni nall Execut eLe@d() a load memory-access instruction
M ni n‘all ExecuteSt ore() a store memory-access instruction
M ni rra|| Execut eFl ush() the global flush cache-control instruction (which
collapses the sharing list)

M ni mal Execut eDel et e() the local flush cache-control instruction (which deletes
the local cache entry)

M ni mal Execut eLock() the fetch&add, compare&swap, and mask&swap
instructions

NOTE The M ni mal Execut eLoad() routine is equivalent to the Ful | Execut eLoad() routine, with the proper
set of option bits. However, separate routines are provided so that this basic functionality is not obscured by the
generality of the Ful | Execut eLoad() routine (which documents all options).
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4.4 Typical-set coherence protocols

4.4.1

Sharing-list updates

The typical set of coherence options supports the sharing of fresh or dirty data and provides
special DMA read and write optimizations. This is a useful set of options that efficiently
supports the sharing of read-only instructions/data as well as read/write data. This option set
better illustrates the complexity of a typical implementation. Note that implementations are
free to select other subsets of the coherence options, which might include fewer, more, or
alternative options.

4.4.2

Dnar‘l_nnly fetch

Initiall
copy,

I NVAL
obtain
to FRH
as illu

Leavin
reads,
attach

For su
unmod
and t

, memory is in the HOVE state and all caches are | NVALI D. When fetching-a.res
the sharing-list creation begins at the cache, where an entry is changed frd
| D to the PENDI NG state, and an mread64.CACHE_FRESH transaction. is, genera
a coherently cached copy. The read updates (1) the memory-directoryystate (fron
SH), and the new entry state is changed accordingly (from PENDI,NGto ONLY_F
btrated in figure 140.

CPU_A CRU_A

PENDING ONLY_FRESH

\
(1) mread64

CACHE_FRESH

HOME FRESH
memory memory
before after

Figure 140 — FRESH list creation

g the memory infayFRESH state minimizes the memory-access latencies for subs
since FRESH(data can be provided by memory before the new sharing-list
bs to the existing sharing list.

bsequent.accesses, the memory state is FRESH and the head of the sharing list h
ified-data. When read-only data are accessed (1), fresh data are returned from n
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cread00
PEND_VALID
new @) old new old
CPU_B CPU_A CPU_B CPU_A
PENDING old head HEAD_FRESH old head
lt—— —
A
(1) mread64 ¥
CACHE_FRESH
FRESH FRESH
before after
memory memory
old head

ONLY_FRESH=TATIL_VALID
HEAD_FRESH=MID_VALID

Figure 141 — FRESH addition to FRESH list

When the memory state is GONE, the head of the sharing list has\the (possibly modified) data.
The frésh data that is requested (1) cannot be returned from memory, but the dirty sharjng-list
copy ip returned (2) when the new requester is attached toythe old sharing-list head. [These
steps pre illustrated in figure 142, for an mread64.CACHE _FRESH request when memogy is in
the GONE state.

cread64
COPY_VALID
new @) old new old
CPU_B CPU_A CPU_B CPU_A
PENDING old head HEAD_DIRTY old head
- > -
A
(1) mread64 Y
CACHE_FRESH
GONE GONE
before after
memory memory
old head

ONLY_DIRTY=TAIL_VALID
HEAD_DIRTY=MID_VALID

Figure 142 — FRESH addition to DIRTY list

The final state of the old sharing-list head is a function of the old head's initial state. The state
of the new sharing-list head is HEAD_DI RTY. The states of the other mid and tail entries are
unaffected by sharing-list additions.
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4.4.3 Read-write fetch

If a later write is expected, a data-cache miss may be designed to fetch a modifiable (but not
yet modified) copy. In this case, the read64.CACHE_CLEAN transaction is used (1) to fetch
modifiable (but not immediately modified) data from memory. A FRESH memory state returns
its data before the memory-tag state is changed to the GONE state. After prepending (2) to the
old sharing list, the sharing list is left in the HEAD_DI RTY state, as illustrated in figure 143.

cread00
PEND_VALID
new @) old new old
CPU_B CPU_A CPU_B CPU_A
PENDING old head HEAD_DIRTY old head
— -¢
A
(1) mread64 ¥
CACHE_CLEAN
FRESH GONE
before after
memory memory
old head

ONLY_FRESH=TATIL_VALID
HEAD_FRESH=MID_VALTID

Figure 143 — DIRTY addition to FRESH list

The rgad64.CACHE_CLEAN transaction could~access (1) a GONE memory state. In thig case,
the memory state is unchanged and np;-data are returned. The dirty data are eventually
returng¢d (2) when attaching to the old sharing list, as illustrated in figure 144.

cread00
COPY_VALID
new @) old new old
CPU_B CPU_A CPU_B CPU_A
PENDING old head HEAD_DIRTY old head
- > -
S A
(1) mread64 Y
CACHE_CLEAN
GONE GONE
before after
memory memory
old head

ONLY_DIRTY=TAIL_VALID
HEAD_DIRTY=MID_VALID

Figure 144 — DIRTY addition to DIRTY list
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4.4.4 Data modifications

Data in the HEAD_DI RTY state may be modified immediately, before the remaining sharing-list
entries are invalidated. After data are modified, the head of a modifiable sharing list
(HEAD_DI RTY) purges the remaining sharing-list entries. For the typical set of options, the
initial transaction to the second sharing-list entry purges (1) that entry from the sharing list
and returns its forward pointer. The forward pointer is used to purge (2) the next (formerly the
third) sharing-list entry. The process continues until the tail entry is reached, as illustrated in
figure 145.

writer reader reader
CPU_C CPU B CPU_A
before
HEAD_DIRTY [* ™| MID_VALID | MID_VALID
<> | TAIL_VALID
\ (1) cread00
(to memory) VALID_INVALID
CPU B
INVALID
writer reader
2 creadog\
durin CPU_C VALID_ INVALID CPU_A
g HD_ INVAIL,_OD \% MID_VALID
- - > TATL_VALID
(to memory)
writer reader reader
CPU _C CPU B CPU_A
after
ONLY_DIRTY INVALID INVALID

p

(to memory)

Figure 145 — Head purging others

Concurrent_deletions may temporarily corrupt the backld pointers in one or more |of the
sharinlg-list entries. Since the head-initiated purge uses only the forwld pointers, the purges
and deletions can safely be performed at the same time.

The purging state (HD_I NVAL_QOD) is similar to the PENDI NG state, in that new sharing-list
additions are delayed while the purges are being performed. Note that purge latencies
increase linearly with the number of sharing readers. Since purge lists are often short, the
linear latencies may be acceptable in many systems.

An ONLY_FRESH entry is changed to the ONLY_DI RTY state before the data are modified.
This requires an additional memory-access transaction (1) mread00.LI ST_TO_GONE, which
changes the memory-directory state from FRESH to GONE, as illustrated in figure 146.
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Simila
before
accesy
HEAD |
to an
illustrg

CPU_A CPU_A
ONLY_FRESH ONLY_DIRTY
A A
(1) mread00
LIST TO_GONE
FRESH GONE
memory memory
before after

Figure 146 — ONLY_FRESH list conversion

[ly, a HEAD_FRESH entry is changed to an intermediate modifiablex(HEAD_DI RTY)) state

the data are modified and the other sharing-list entries are inyalidated. The m
transaction (1) mread00.LI ST_TO_GONE is used to change<from the HEAD_ FR
DI RTY state, the data modifications are performed, and the~cache-line state is cH
intermediate HD_| NVAL_OD state. The other copiescare then invalidated (

ted in figure 147.
CPU_A CPU_A
HEAD_FRESH BD_INVAL_OD
(2) cread00
VALID_INVALID
(1) mread00
LIST_TO_GONE
FRESH GONE
memaory memory
before after

Figure 147 — HEAD_FRESH list conversion

The

memoly directory points to a newly queued cache entry the update is nullified|
nullifigation-is detected by the sharing-list head, which then deletes itself from the shar

readO@:LF ST_TO_GONE transaction's update of memory state is conditional;

Pmory-
ESH to
anged
2), as

if the
This
ng list

and rekattaches in a modifiable (OI\II Y DI RTY or HEAD Dl F?TY) state

4.4.5

Mid and head deletions

Entries can also be deleted from the list by their own controller when they are needed to
cache data at other addresses (cache-line rollout). The sharing-list deletions involve the
update of the backld in the next (closer to the tail) entry, and the forwld pointer in the
previous (closer to memory) entry. Before the deletion begins the entry is converted into a
locked state. A M D_VALI D entry is converted into the locked MV_FORW MW/ state and
transactions (1 and 2) to the adjacent sharing-list entries are generated, as illustrated in
figure 148.
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cread00 cread00
PREV_VMID NEXT_VMID
head 2 mid (1) tail
CPU_C CPU_B CPU_A
before
HEAD DIRTY ~ | MV_FORM_MV | | TAIL_VALID
(to memory)
CPU_B
INVALID
head tail
CPU_C CPU_A
after
HEAD_ DIRTY TAILD) VALID

A

(to memory)
Figure 148 — Mid-entry deletians

Head pntries can also delete themselves from the lisp,“€.g., when they are needed to|cache
data at other addresses (cache-line rollout). The sharing-list deletions involve (1) the update
of the|backld in the next (closer to the tail) entryyand (2) the forwld pointer in the memory
directqry, as illustrated in figure 149.

cread00
NEXT_DHEAD
head M middle
CPU_B CPU_A
before
HEAD_DIRTY ~| MID_VALID
(2) old head new head
| HOME
mread00
CPU_B CPU_A
PASS_HEAD memory _ _
INVALID HEAD-DIRTY
same
after
memory

Figure 149 — Head-entry deletions
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Recovery from detected transmission errors is usually possible when a single write
transaction is used to collapse an ONLY_DI RTY sharing list, but cannot be guaranteed.
Multiple transmission errors during a particular set of sharing-list transitions can leave the
sharing-list in an uncorrupted (the data won't be incorrectly recovered) but unrecoverable (the

correct data can't be recovered) state.

Therefore the fault-tolerance of the SCI system may optionally be improved by using two
transactions: the first transaction returns (1) the dirty data and the second transaction
collapses (2) the sharing list. These two steps are illustrated in figure 150.

only only only
CPU_A CPU_A CPU_A
ONLY_DIRTY OC_RETN_IN INVALID
A A
(1) mwrite64 (2) mread00
LIST_TO_GONE LIST_TO_HOME
GONE GONE HOME
memory memory memory
before during after

Figure 150 — Robust ONLY) DIRTY deletions

4.4.6 DMA reads and writes

On a nead, a DMA controller needs a coherent copy of the data but has no need to cac
copy fpr future use. Therefore, a special read64.ATTACH_TO_GONE transaction is used

he the

(1) to

fetch the data from memory. If.the addressed location is HOVME or FRESH, the data are

returne¢d directly from memory;:otherwise the controller's cache is prepended to the pr
sharing-list head, from which )it fetches the most-recently modified data. Thus, thg
controjler can often fetch,its data from memory (when it is in the HOVE or FRESH

without joining the sharing-list, as illustrated in figure 151.

new old new old
INVALID head- (-——) INVALID head- (——)

state state

\

(1) mread64
ATTACH_TO_GONE

before HOME / after same

FRESH

Figure 151 — Checked DMA reads
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A DMA-write option supports writes of partial or full cache-lines that need not be cached by
the DMA controller. The DMA controller writes (1) its data to memory using a mwrite64.
FRESH_TO_HOME transaction. If the memory line was in the HOME state, the write is performed
and the memory state remains unchanged. If the memory line was in the FRESH state, the
memory state is changed to HOVE and the pointer to the old sharing-list is returned (2, 3, ...)
for purging by the DMA controller, as illustrated in figure 152.

old
cread00
FRESH_INVALID CPU_A
fow ) old row INVALID
DMA B CPU A DMA B (3) other purges
INVALID HEAD_FRESH PURGING v
A
(1) mwrite64
FRESH_TO_GONE
FRESH ) HOME
before during
memory memory
new old
after DMA_B JRU_A (others also invalid)
INVALID INVALID
HOME
memory

If the memory state.was GONE, the DMA controller attaches to the old sharing list (1 2

Figure 152 — Checked DMA write (memory FRESH)

ind 2),

purgeg the remaining entries (3, ...), and (eventually) generates a transaction (N) to refurn its

dirty cppy to memory, as illustrated in figure 153.
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old
cread
00 CPU_A
PEND_VALID
5 INVALID
new @) old new \
(3,...) cread
DMA_B CPU_A DMA_B VALID_INVALID
4_
INVALID old head HD_INVAL_OD -
. A
(1) mwrite64 \
FRESH TO GONE
GONE ) GONE
before during
memory memory
new old
after DMA_B CPU_A (others also invalid)
ONLY_DIRTY INVALID

(N) mwrite6:\

LIST_TO_HOME

: . HOME
(if not copied
to new head) memory

Figure 153 — Checked DMA write (memory GONE)

The mwrite64.L1 ST_TO_HOME transaction is not necessarily generated; the data may be
fetchef by another processor before being returned to memory.

The DMA-write optimization-can generate a temporary condition where memory is in the HOVE
state while fresh copies ef\the data exist in caches. To ensure sequential consistency, higher-
level 1JO driver-software protocols (interrupts and DMA-completion messages) are expe¢ted to
test fogr the completion’ of the purge process. Processors that use the DMA-write optipn are
expected to provide\equivalent forms of testing for the completion of the purge process.

4.4.7 [Instruction-execution model

For effici€nt cache operation, a processor must communicate the nature of its access fo data
as we priate

instructions for this and must simulate them by using special addresses or instruction
sequences. Generic instructions that provide the needed information are assumed in the
following.

The processor is expected to check and change cache-line states before and after
instructions are executed. These checks and changes are modelled by the cache-execute
routines listed in table 24.
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Table 24 — TypicalExecute Routines

name generated by the execution of

Typi cal Execut eLoad() a load memory-access instruction

Typi cal Execut eSt ore() a store memory-access instruction

Typi cal Execut eFl ush() the global flush cache-control instruction (which collapses
the sharing list)

Typi cal Execut eDel et e() the local flush cache-control instruction (which deletes the
local cache entry)

Typi cal Execut eLock() the fetch&add, compare&swap, and mask&swap

NOTE | The Typi cal Execut eLoad() routine is equivalent to the Ful | Execut eLoad() routine, with\thg proper

set of pption bits. However, separate routines are provided so that this basic functionality is not ohscured by the

generality of the Ful | Execut eLoad() routine (which documents all options).

4.5 Fpll-set coherence protocols

4.5.1 [Full-set option summary

The fyll set of coherence options includes the typical set plus’clean sharing lists, efficient

cache|control (flush, purge, and cleanse), pairwise sharing;nand QOLB. Implementations are

not exjpected to implement the full set of options. HoweVver, the full set is interoperable with

any suUbsets (only the resulting efficiency varies) and-sprovides a wide range of optionfs from

which o choose a nearly optimal subset.

The code for the full option set is part of the specification, from which the minimal and fypical

option|sets can be derived. The special operations of this set are described in this subglause;

the detailed specification can be found in the C code.

4.5.2 |CLEAN-list creation

Initially, memory is in the HOVE Gtate and all caches are | NVALI D. The sharing-list cfeation

beging at the cache, where an entry is changed from the | NVALI D to the PENDI NG state. To

fetch @ modifiable copy (which is not immediately modified), a clean copy is fetched (1) from

memofy using an mread64.CACHE_CLEAN transaction. This leaves a newly created cache line

in the ONLY_CLEAN state) as illustrated in figure 154.

CPU_A CPU_A
PENDING ONLY_CLEAN
mread64
CACHE_CLEAN
HOME GONE
memory memory
before after

Figure 154 — CLEAN list creation
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Clean sharing lists minimize the latencies for subsequent writes, since the data may be
immediately written. An ONLY_CLEAN state is more efficient than the nearly equivalent
ONLY_DI RTY state, since the data need not be returned to memory when the sharing list is

collapsed.

4.5.3 Sharing-list additions

For subsequent accesses, the memory state is either FRESH or GONE and the head of the
sharing list has the (possibly dirty) data. When fetching (1) read-only data from a (possibly)
modified sharing list, a pointer is returned from memory and the new requester fetches (2) its
data when attaching to the old sharing-list head. These steps are illustrated in figure 155.

Note that the previgously clean head entries are left in the M D_COPY or TAI L_COP
after the prepend,completes. These optional copy states indicate that the data are thg
as mefnory. Thistinformation may be used by the cleanse cache-control instructions (on

HEAD_CLEAN
HEAD_DIRTY
HEAD_CLEAN
HEAD_DIRTY

ONLY_CLEAN = TAIL_COPY

cread64
COPY_VALID
new (@) old new old
CPU_B CPU_A CPU B CPU A
<_ —_— <> —
PENDING old head new head old head
(1)mread64 ‘ \
CACHE_FRESH )
GONE GONE
before after
memory memory
new head old head

ONLY_DIRTY = TAIL_VALID

HEAD_CLEAN = MID_COPY
HEAD_DIRTY = MID_VALID

cachellines neéd be returned to memory).

When |fetching (1) clean data from a fresh sharing list, the fresh data are returne

Figure 155 — FRESH addition to CLEAN/DIRTY list

state
same

y dirty

l from

memory before the new head attaches (2) to the old sharing list as illustrated in figure 156.
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cread00
PEND_VALID
new @) old new old
CPU_B CPU_A CPU_B CPU_A
l— -
PENDING old head new head old head
A
(1)mread64
CACHE_CLEAN
FRESH GONE
before after
memory memory
new head old head
HEAD_CLEAN ONLY_FRESH = TAIL_COPY,
HEAD CLEAN ONLY_FRESH = MID_CORY.

Figure 156 — CLEAN addition to FRESH.list

fetching (1) clean data from a clean or dirty sharing list, a sharing-list poipter is
bd from memory and the data are fetched (2) when the new head attaches to the old
j list as illustrated in figure 157.

cread64
COPY_VALID
new @) old new old
CPU_B CPUMA CPU_B CPU_A
- <>
PENDING old’head new head old head
A
(1)mread64
CACHE_CLEAN
GONE GONE
before after
memory memory
nawchaoaad Lol Lo
o oo VI 1T1ICAuU
HEAD CLEAN ONLY_CLEAN = TAIL_COPY
HEAD DIRTY ONLY_DIRTY = TAIL_VALID
HEAD_ CLEAN HEAD_CLEAN = MID_COPY
HEAD_DIRTY HEAD_ DIRTY = MID_VALID

Figure 157 — CLEAN addition to CLEAN/DIRTY list
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4.5.4 Cache washing

Read-only data are most efficiently accessed when in the fresh state; memory can return a
data copy for use while a new head is prepending to an existing sharing list. However, most
cache lines will be written before being used (for example, a cache line is written when pages
are fetched from disk), and (if the cache line remains cached) a written cache line is left in the
dirty state.

An optional washing protocol is provided to convert a dirty sharing list to the FRESH state, to
improve the efficiency of accessing data that has become read-only. After a write has been
performed, the washing protocol is performed by readers when they prepend themselves to
the dirpy-sharirgHst

A writ¢ will generally leave a previously written cache line in the ONLY_DI RTY staté.” The first
read64.CACHE_FRESH of the ONLY_DI RTY line (which is not affected by‘the wpashing
protocpls) leaves the sharing list in the HEAD_DI RTY/TAI L_VALI D states (Steps 1 arnd 2 of
figure [L58. After the second successive read64.CACHE_FRESH attempt (3 and [4), a
write6{l.LIST_TO_FRESH transaction returns the dirty data to memory (6)."In the absence of
additignal reads, this would convert the memory and sharing-list states_to fresh.
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cread00
COPY_VALID
reader C reader_B reader A (2 writer
CPU_C CPU_B CPU_A CPU_W
INVALID INVALID PENDING ONLY_DIRTY

(1)mread64 /

CACHE_CLEAN

GONE
before reads
memory
cread64
COPY_VALID
(4)
CPU_C CPU_B CPU_A CPULW
>
PENDING PENDING HEAD_DIRTY TATIINVALID
(3)mread64, CACHE_FRESH \
(6)mwrite64, L.IST_TO_FRESH
GONE
(5)mread64, CACHE_FRESH memory
cread64
COPY_VALID
(7)
CPU_C CPU_B CPU_A CPU_W
QUEUED_ HEAD_WASH' [*| MID_VALID [*®™| TATL_VALID
CLEAN
WASH
3" (8)mread00, WASH_TO_FRESH memory
CPUC |_| CPUB | | CPUA | | CPUW
HEAD FRESH| | MID_copy | | MID_VALID TATL,_VALID
»
FRESH
> memory

after reads

Figure 158 — Washing DIRTY sharing lists (prepend conflict)
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However, another processor (CPU_C) may get a modifiable copy of the data from memory (5)
before the LI ST_TO_FRESH update (6) has been processed. This form of prepend conflict
delays the washing process, leaving the memory and the sharing list in the WASH and
HEAD_WASH states respectively. When entering the HEAD_WASH state, the sharing-list head

(CPU_

B) saves the identity of the conflicting reader (CPU_C) in its backld pointer.

After prepending to a HEAD_ WASH list (7), the third reader (CPU_C) checks the returned backld
value. If equal to its own nodeld value, CPU_C generates the read00.WASH_TO_ FRESH
transaction to convert memory from the WASH to FRESH states. Since memory's forwld value
is ignored during the WASH_TO_FRESH conversion, the second wash cycle is not affected by
additional readers that prepend to the same sharing list at nearly the same time.

Under
(mwrit
Under
multip
(mwrit

light loading conditions, the washing process uses one extra _trans
p64.L1 ST_TO_FRESH) to convert the sharing list from the GONE to the~WASH
heavy loading conditions (when the cache line is being concurrently” access
e readers), the washing process uses two extra washing transa

HEAD |DI RTY to the HEAD_FRESH state.

4.5.5

Cache flushing

A flush operation collapses the sharing list and returns dirty data’ (if any) to memory. Af
flush Has completed, the memory directory is normally left ip<the HOVE state. When cac
addregses are flushed, a memory transaction is necesSary to confirm that copies th
locallyjinvalid are globally invalid as well.

For edample, a cache line of the flushing processor (not in the sharing list) could be
I NVAUI D state if the data are being read-shared by others. The flushing processor se

mread
an exi

64.ATTACH_TO LI ST transaction to memory, which prepends the flushing proce
5ting sharing list.

If memory is in the HOVE state, no @sharing list exists and the flush is completed wh

memo

[y response is returned. If the®memory is in the FRESH state, the data are returr

from memory and the processof_purges (2, 3, ...) the remaining sharing-list entries

return
memo
the flu

ng the sharing-list ownership, as illustrated in figure 159. Data are requeste
'y, in case another sharing-list prepend occurs (and requests the shared data)
5h operation completes.

action
state.
ed by
ictions

b64.L1 ST_TO_FRESH and mread00.WASH_TO_FRESH) to convert sharing lists from the

ter the
he-line
at are

in the
nds an
5sor to

eEn the
ed (1)
before
] from
before

Copyright 0 1998 IEEE. All rights reserved.


https://iecnorm.com/api/?name=cc37cb26a5fd271a3b0630d9583740a4

~190 - ISO/IEC 13961:2000(E)
IEEE Std 1596, 1998 Edition

cread00 cread00
FRESH_INVALID VALID_INVALID
new @) old new 3, ) old
CPU_B CPU_A CPU_B CPU_A
[.— l<-—
PENDING HEAD_ FRESH QF_FLUSH_IN|e®| MID VALID

(1)mread64 1 (N)mread00 \
LIST_ TO_HOME

ATTACH_TO_LIST

FRESH CONE
before Juring
memory memory
new old
CPU_B CPU_A o o iSars
INVALID INVALID (others alsoinvalid)
HOME
done
memory

Figure 159 — Flushing a FRESH list

If memory is in the GONE state, a list, pointer is returned (1) from memory and the d3
fetchefl (2) when the processor attaches to the old sharing list head. After invalidating
old entries, the old data (which may have been modified) is returned (N) to memory W

sharinpg-list ownership, as illustrated in figure 160.

ta are

@3, ..)
ith the
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The ¢

data rather than returning them tog memory. A cache-purge instruction would be used to

owner
examy
buffer

4.5.6

A dirty
which
cleans
memo
lost).

cread00 cread00
COPY_VALID VALID_INVALID
new @ old new (3,--.) old
CPU_B CPU_A CPU_B CPU_A
| -— l<-—
PENDING HEAD_DIRTY HD_INVAL_OD|e®{ MID VALID
(1)mread64 4 (N)mwrite64 \
ATTACH_TO_LIST LIST_TO_HOME
GONE GONE
before during
memory memory
new old
CPU_B CPU_A R D
INVALTD INVALTD (others alsoiinvalid)
HOME
done
memory

Figure 160 —Elushing a GONE list

hche-purge instruction similarly, collapses the existing sharing list, but discard

hip of coherent copies toCmemory before the data are noncoherently overwritt
le, a purge instruction could be used to release the contents of a stack frame or
before a noncoherent:DMA input transfer.

Cache cleansing

cache linemay be cleansed by the execution of a cleanse cache-control instr
copies dirty data to memory, but does not necessarily collapse the sharing list.
ing iscexpected to be used with specialized memory, such as a graphics frame
[y of_nonvolatile memory (batteries maintain memory, but not the cache, when pg
-ordar graphics frame buffer or nonvolatile memory, cleansing a cache line puts th

s dirty
return
en; for
a data

Liction,
Cache
Fbuffer
wer is
b most

recent

updates OfI1 the screemn or g CHECKpOiﬂ[aDIe memaory, wihite |eaving e dala el

cached for further updates.

ciently

The cleansing of an ONLY_DI RTY cache line involves a write to memory (1), during which the
ownership is checked. If there is a new sharing-list owner (3), the cleansing cache then
attempts to delete (2 and 4) itself from the list. This deletion is necessary to ensure forward
progress, since otherwise writes and cleansing could constantly change the cache line
between the ONLY_DI RTY and ONLY_CLEAN states and a new prepender could be delayed
indefinitely by these continual changes. These cleansing steps are illustrated in figure 161.

Copyri
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cread64
COPY_VALID
new old new ©) old
CPU_B CPU_A CPU_B CPU_A
4_
PENDING ONLY_DIRTY PENDING OC_RETN_IN
\ (1)mwrite64 \ (2)mwrite64
LIST_TO_GONE y ¢ LIST TO _HOME
GONE GONE
before step 1
memory memory
cread00
PREV_VTAIL
new (4) old new old
CPU_B CPU_A CPU_B CPU_A
HEAD_CLEAN [*™| TAIL_VALID ONLY_CLEAN INVALID
GONE GONE
step 2 after

memory memory

Figure 161 — Cleansing:DIRTY sharing lists (prepend conflict)

D DI RTY cache line is cleansed by copying the previously dirty data to memory
5hip has changed, the old head remains in the list (in the HEAD_CLEAN stat
(d progress is still guaranteed; the next write converts the head to ONLY_DI R]
forward progress is assured (as described previously).

COPY and TALLZCOPY) are defined. When a new entry is prepended to a HEAD_
Y_CLEAN-entry, the head of the old sharing list is left in the M D_COPY or TAI L
respectively. The M D_COPY and TAI L_COPY entries indicate that the sharing
so that cleansing instructions to these cache-line addresses need not chan
O-list_state.

If the
p) and
'Y, for

states
CLEAN
| COPY
list is
je the

4.5.7

Pairwise sharing

The pairwise-sharing option supports direct cache-to-cache transfers between the head and
tail entries in a two-entry sharing list. The pairwise-sharing option reduces memory
bottlenecks, since shared data can be transferred directly using cache-to-cache transfers.

Several types of cache-to-cache transfers are used to transfer data and ownership of cache
lines between the head and tail sharing-list entries. For example, a store miss in a processor
with a HEAD DI RTY copy uses the cread00.TAI LV_TO _STALE transaction (1) to convert
the pair of sharing-list entries from the HEAD DI RTY/ TAI L_VALI D to the HEAD_EXCL/
TAI L_STALEO states, as illustrated in figure 162.
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(1)

CPU B cread00. TATLV_TO_STALE CPU A
HEAD_DIRTY [ » TATL_VALID
(2)

CPU B cread64. HEADE_TO_DIRTY CPU_A
HEAD_EXCL |« » TAIL_STALEO
(3)

CPU_B cread00. HEADD_TO_STALE CPU_A
HEAD_DIRTY [« » TAIL_VALID
(4)

CPU B cread64. TAILE_TO_STALEO CPUA
HEAD_STALEO|= > TAIL_EXCL
CPU B (repeat cycles) CPU_A
HEAD_EXCL [ > TAIL_STALEQ

Figure 162 — Pairwiséssharing transitions

Similafly, a load miss in the TAI L_STALEO state generates a cread64.HEADE_TO Pl RTY
transagtion (2), which converts the\*entries from the HEAD_EXCL/ TAI L_STALEO to
HEAD_DI RTY/TAI L_VALI D states; a.(Store miss in the TAIL_VALID state genergtes a
cread00. HEADD_TO_STALE tramsaction (3), which converts from the HEAD_DDI RTY/
TAI L_|[VALI D to the HEAD_STALEO/ TAlI L_EXCL states. An exclusive copy can be directly
transferred as well; a store miss in the HEAD_STALEO state generates a cread64.TAI LE_TO_
STALHO transaction (4) which converts from the HEAD STALEO/ TAlI L_EXCL states |to the
HEAD_ |EXCL/ TAI L_STALEO states.

There| is a potential for conflict if the cread00.TAILV_TO STALE and cread0O.
HEADD) TO _STALE- transactions are generated concurrently. When such conflicts |occur,
the dirty copyl\ has precedence; the head and tail entries change to the HEAD_EX{L and
TAI L_|STAELED" states respectively. Similarly, when the cread00.HEADV_TO _STALE and
creadQO0TAFLD_TO_STALE transactions are generated concurrently, the entries change| to the
HEAD |STALEQ/ TAIL L _EXCI states

The existence of pairwise sharing affects the prepend process, as illustrated in figure 163.
After accessing memory (1), when prepending (2) to the HEAD EXCL/ TAlI L_STALEO or
HEAD_EXCL/ TAI L_STALEL1 sharing-list states, an extra cread00.TAI L_I NVALI D transaction
(3) is required in order to purge the old tail entry after the new head has prepended to the old
sharing-list head.
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cread64
COPY_STALE
new (2) old head old tail
CPU_C CPU_B L CPU_A
PENDING HEAD EXCL | |TAIL_STALEO
A
(1)mread64
CACHE_DIRTY
GONE
hefaore
memory
old head
new CPU B old tail
CPU C TAIL_STALE CPUX
QUEUED_ |47 ™| AT STALE
DIRTY
(3)cread00
TAIL INVALID
) GONE
during
memory
old head
neEw CPU B old tail
CPU C TAIL_STALE CPU A
HEAD_EXCL |&"1 INVALID
GONE
after
memory

Figure 163 — Prepending to pairwise list (HEAD_EXCL)

Prepending to the HEAD_STALEO/ TAlI L_EXCL or HEAD_STALE1/ TAI L_EXCL sharing list also
takes one more step, as illustrated in figure 164. After accessing memory (1), when
prepending (2) to a HEAD_STALE entry, the old head entry is changed to the SAVE_STALE
state and provides the pointer to the tail, from which the data are returned. After prepending
(3) to the old tail entry, the new head purges (4) the old sharing-list head (which was left in

the transient SAVE_STALE state).
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(2)cread64
COPY_STALE old head
new CPU B old tail
CPU. C HEAD_STALEOQ | crua
PENDING |41 T ~ | TATL_EXCL
(1)mread64 (3)cread64
CACHE_DIRTY Y COPY_STALE
GONE
before
memory

(4)cread00  old head
TAIL_INVALID

new CPU_B old tail
CPU C SAVE_STALE CPU A
QUEUED_ TAIL~STALEQ
DIRTY >
] GONE
during
memoty
old head
new CPU_B old tail
CPU_C INVALID CPU_A
HEAD_EXCL TATI,_STALEO

GONE
after

memory

Figure 164 — Prepending to pairwise list (HEAD_STALEO)

A pairwise tail sets its forwld pointer equal to its backld value, to simplify the prepend process
for the new sharing-list head. From the new head's perspective, the prepend process always
involves the deletion of initial entries (which have invalid data), the transfer of (potentially
dirty) data, and the post-invalidation of a remaining stale copy.

Copyright 0 1998 IEEE. All rights reserved.


https://iecnorm.com/api/?name=cc37cb26a5fd271a3b0630d9583740a4

~ 196 - ISO/IEC 13961:2000(E)
IEEE Std 1596, 1998 Edition

4.5.8 Pairwise-sharing faults

The pairwise sharing protocols support the efficient transfer of an exclusive (i.e., modifiable)
cache line between the head and tail of a two-entry sharing list. In the event of transmission
failures, the response (which contains the exclusive copy of data) may be dropped and the
entries can both end up in similar externally visible stale states, as illustrated in figure 165.

CPU_B CPU_A
HEAD_EXCL TAIL_STALEO
(1a)
CPU B cread64. HEADE_TO_STALE1 CPU A
HEAD_EXCL | » TS0_Move_TE
(1b)
CPU B response discarded CPU A
HEAD_ STALE1l TS0)'Move_TE|
(2a)
CPU B cread64. TATILE_TO_STAMEO CPU A
HEAD_STALE1|< < »lTS0_Move TE
(2b)
CPU B response discarded CPU_A
HS1 MOVE_HE TS0_Move_TE
Figure.165 — Two stale copies, head is valid
In this example, the only-valid copy is originally owned and retained by the head enfry, as
indicaied by the shaded boxes. The tail entry initiated a cread64.HEADE TO S[TALE1l
transaption to fetch the data from the head entry (1a). This transaction is processed |by the
head entry, whichSchanges to the HEAD_STALEL state and returns a response. The regponse
is desfroyed by-a.transmission failure (1b), and never returns to the tail entry. The head entry
attempts to_fetch its exclusive copy from the tail, using a cread64.TAl LE_TO_S[TALEO
transaption, which is delayed by the tail waiting for its previous response (1b). This leaves the
head gndtail entries in the HS1_MOVE_HE and TSO_Move_TE states, respectively.

With these similar head and tail entry states, sequence bits (which differentiate between the
HEAD STALEO/ HEAD_STALE1, TAIL_STALEO/ TAI L_STALE1, HSO_MOVE_HE/ HS1_ MOVE_HE,
and TSO_Move_ TE/ TS1_Move_TE state pairs) are necessary to identify the location of the most-
recently modified data (which could be in the head or tail entry).

To illustrate the operation of the sequence bits, consider an example where the exclusive
copy is originally owned by the tail entry and the head is in the HEAD_STALEO state. In this
case, the only valid copy is originally owned and retained by the tail entry, as indicated by the
shaded boxes, in figure 166.
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HSO_MOVE_HE

CPU_B
HSO_MOVE_HE

(2a)

CPU_B CPU_A
HEAD_STALEO TAIL_EXCL
(1a)
CPU B cread64. TAILE_TO_STALEO CPU A
HSO_MOVE_HE | » TAIL_EXCL
(1b)
CPU B response discarded CPU A

TAIL STALEO

cread64.HEADE_TO_STALE1l

-

CPU_B
HSO_MOVE_HE

The he¢ad entry initiates a cread64.TAl LESTO_STALEO transaction to fetch the data fr
tail emtry (1a). This transaction is processed by the tail entry, which changes
TAI L_|STALEO state and returns a response. The response is destroyed by a trans

-

CPU_A
TS0_Move_TE

(2b)
response discarded

CPU_A
TS0_Move_TE

Figure 166 — Two stale copies, tail is valid

bm the
to the
ission

failure| (1b), and never returns to“the head entry. The tail entry attempts to retrigve its
exclusjve copy from the head, cusing a cread64.HEADE_TO _STALE1l transaction, wlhich is

delaydd by the head waiting/for its previous response (1b). This leaves the head

entrieg in the HSO_MOVE_HE and TSO_Move_TE states, respectively.

The se¢quence bits depend on whether the valid data are left in the head or in the tail

Recovery software s expected to check the sequence bit in the head and tail entries
two values differ«(as in the first of these two examples), the modified data are recovere|
the hejad entry—{f the two values are the same (as in the second of these two example

modified dataare recovered from the tail entry.

4.5.9 |QOLB sharing

nd tail

states.

If the
d from
s), the

SCI also supports efficient synchronization primitives for large scale multiprocessors. One, the
gueued-on-lock-bit (QOLB) concept, provides FIFO access to shared variables. The rationale
for QOLB is to offer local spin-waiting on exclusive data structures. Since linked cache entries

form the QOLB queue, little additional hardware is needed to implement this scheme.

The QOLB protocols offer synchronization on a per-memory-line basis. Using QOLB, a
processor can request an exclusive copy of a memory line in its cache, and once granted, the
line will stay in the cache until it is either rolled out or explicitly released. The processor that
has such an exclusive copy of the line is called the QOLB owner of the line. If no other
processor has requested the line, then the state of the exclusive copy is ONLY_USED. When a
new processor uses QOLB to request the line for exclusive uses, it prepends to the sharing
list, by sending a cread64.COPY_QOLB transaction to the old head.

Copyright 0 1998 IEEE. All rights reserved.


https://iecnorm.com/api/?name=cc37cb26a5fd271a3b0630d9583740a4

~198 - ISO/IEC 13961:2000(E)
IEEE Std 1596, 1998 Edition

When the cache line is owned by the old sharing-list head, the read64.COPY_QOLB transaction
returns that status. The prepending processor then waits in the | DLE state, until the
previously owned line is released (or rolled out). Other processors requesting QOLB access to
the line will also join the sharing list as idle waiters. The sharing list will then consist of a head
entry, mid-entries, and a tail entry, in the HEAD_|I DLE, M D_I DLE, and TAIl L_NEED states,
respectively.

QOLB only guarantees exclusive use of cache lines that remain cached and are not rolled out
for other uses. To ensure exclusive use despite rollouts, a lock bit is expected to be set in a
line when the line is received for exclusive use. When the processor has completed its use,
the lock bit is expected to be cleared. After the lock is cleared, the QOLB ownership is

L () L. - Fan ) - L -
releasgdandthetmmets—senttothemextexciusiveuser:

The cpherence protocols could support out-of-band lock bits, but such specifications have
been deferred to extensions of this standard.

With QOLB the efficiency of shared locks is improved because the lackyowner keeps the
cache(line while the lock is owned. The original QOLB concept used a ‘special out-of-band
(not part of a normal data item) lock bit. However, out-of-band bits’weuld have complicated
the 1/Q system, since a simple byte-sequential data access modehis assumed by most 1/0O
peripherals. SCI therefore implements the flow-control aspects of\the QOLB scheme, byt does
not usp memory-resident out-of-band lock bits.

To implement QOLB-like protocols we assume the availability of specialized enqolb, fdeqolb
and rgqgolb instructions. The enqolb instruction is usedto request ownership of a QOLB line;
the cafhe-line is returned in an idle state when that access is delayed. The deqolb instfuction
is usgld to release ownership of a QOLB line%The reqolb instruction is a more efficient
implementation of the deqolb/engolb sequence:ithe ownership of a QOLB line is only rejeased
when needed by other idle lines waiting for its_release.

The emqgolb instruction leaves an unshared cache line in the ONLY_USED state; the distjnction
betwegn ONLY USED and ONLYP_DIRTY indicates the cache line has a QOLB owner. If
anothgr enqgolb is executed while_ih the ONLY_USED state, the new processor joips the
sharing list in the HEAD | DLE state, as illustrated in figure 167.

(2).cread64

new RS i old new old
CPU.B CPU_A CPU_B CPU_A
BENDING ONLY_USED HEAD IDLE [*™| TAIL_NEED

(1) mread64 # (_
(“A(“T—IF‘_T}TP'T‘V
GONE GONE
before done
memory memory

Figure 167 — Enqgolb prepending to QOLB-locked list

While in the HEAD | DLE state additional enqgolb instructions are completed locally (with an
unsuccessful status code). Polling of the TAI L_NEED node is not required, since the next entry
is informed when the deqolb operation completes. For long QOLB lists, the deqolb operation
converts an (N+1)-entry QOLB list into an N-entry QOLB list by transferring the tail's dirty data
to the previous entry. This is illustrated in figure 168, for a three-entry sharing list.
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(2) cwrite64
PREVI_TO_NEED

head old mid old tail
CPU_C CPU_B CPU_A
HEAD_IDLE | | MID_IDLE TaTL neEp | Pefore
(to memory)
hnad r\!d m:d old tail
CPU_C CPU_B CPU_A
after HEAD_IDLE | | TAIL_NEED INVALTD

———

(to memory)
Figure 168 — Deqolb tail-deletion on QOLB sharing list

If therg are only two entries in the QOLB list, the exclusive data ownership is returned but the
tail rggmains in the TAIL_STALE state. Thus, the read/write performance advantage of
pairwige sharing is applicable to QOLB lists as well.

For pairwise sharing, QOLB contention on a lacked data structure generates at mast two
transagtions for each transfer of ownership. The first transaction is generated by the checker,
to fetgh an exclusive or idle copy. The second transaction is generated by the owner|(when
the lo¢k is released) and converts the remate copy from the | DLE to the USED or thg NEED
state. [These steps are illustrated in figuréZ169.

The QOLB protocol also ensures graceful transformation between QOLB use and normal use
of a njemory line. A normal read/write prepend to a QOLB sharing list breaks down the list
and lgaves the prepender &s,the only member of the list (in the state ONLYQ _D| RTY).
Additignal read or write operations from other processors turn the list into a normal gharing
list, while new QOLB operations turn the list back into a QOLB list (with one owner anld zero
or more waiters).

time
other l other
state state
-+— enqolb
stale cread64.COPY_QOLB used
engolb >
enqolb —= idle cwrite64.PREVI_TO_USED need
engolb —» - deqolb
enqolb —=| used cread00.HEADU_TO_NEED stale
-«+— enqolb
need idle

Figure 169 — QOLB usage
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4.5.10 Cache-access properties
The read/write properties of the cache-line states, which affect their usefulness when read or
written, are indirectly specified by the instruction execution model and associated routines.

That specification is illustrated in a more human-readable form in table 25. Note that there are
other (unreadable) states, like TAI L_STALEO, that are not included in this table.

Table 25 — Readable cache states

cache state R/W clean write actions post-write state
ONLY_DI RTY RW differs done same
ONLYP_RLRTY R\ chiffers done Sae
ONLYQ [DI RTY RW differs done same
HEAD_HXCL RW differs done same
TAI L_HXCL RW differs done same
LOCAL_[DI RTY RW differs done same
ONLY_USED RW differs done same
HEAD_USED RW differs done same
HEAD_NEED RW differs done same
TAI L_USED RW differs done same
TAI L_NEED RW differs done same
HX_XXXX_0D RW differs done same
TX_XXHX_0D RW differs done same
OD_spi|n_I'N RW differs done same
ONLY_dLEAN RW same change ONLY_DI RTY D
LOCAL_|CLEAN RW same change LOCAL_DI[RTY
QUEUEDQ_MODS RW differs purge same
QUEUEQ_DI RTY RW differs purge same
HD_| NMAL_OD RW differs purge same|
HD_MARK_HE RwW differs purge same|
TD_mar|k _TE RW differs purge same
QUEUEO CLEAN RW same purge QUEUED_NODS
HEAD_dLEAN RW same purge HD_I NVAL_|oD 2)
HEAD_VIASH RW same purge HD_I NVAL_|oD 2)
HEAD_Oi RTY RW differs purge HD_I NVAL oD 2)
TAIL_QI RTY RW differs purge TD_MARK| TE
TAI L_MALI D R differs NA NA
M D_VALI D R differs NA NA
HEAD_MALI D R differs NA NA
OD_CLHAN_OC R differs NA NA
HD_CLHAN_HC R differs NA NA
HD_WASH_HF R differs NA NA
HV_MARK_HE R differs NA NA
HX_1 NMAL,OX R differs NA NA
MW_f orwi\W R differs NA NA
HX_FORW_OX R differs NA NA
QUEUED_FRESH R same NA NA
ONLY_FRESH R same NA NA
HEAD_FRESH R same NA NA
M D_COPY R same NA NA
TAI L_COPY R same NA NA
HW WASH_HF R same NA NA
OF_MODS_0D R same NA NA
HF_MODS_HD R same NA NA
QF_FLUSH_IN R same NA NA

1) Or state ONLYP_DI RTY, if pairwise sharing supported
2 Or state HD_MARK_HE, if pairwise sharing supported
NA means not applicable
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The R/W column specifies whether the cache state is read-only (R) or readable and writeable
(RW). The Clean column specifies whether the data may be different from the copy in memory
(differs) or is the same as the copy in memory (same).

For the writeable cache-line states the write actions column specifies actions that must be
performed on the cache-line state after the data has been modified. The write may require no
further actions (done), may require a local cache-state change (change), or may require
purging of other sharing-list entries (purge). For the read-only cache-line states this column
may not be applicable (NA).

For the writeable cache lines the post-write-state column specifies the new cache-line state
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Table 26 — FullExecute Routines

name generated by the execution of

Ful | Execut eLoad() a load memory-access instruction

Ful | Execut eSt ore() a store memory-access instruction

Ful | Execut eFl ush() the global flush cache-control instruction (which collapses the sharing
list)

Ful | Execut ePur ge() the global purge cache-control instruction (which returns ownership to
memory, but may discard the data)

Ful | Execut eCl eanse() the global cleanse cache-control instruction (which copies dirty data
baek-te-rremery)

Ful | Exlecut eDel et e() the local flush cache-control instruction (which deletes thelgedl cache
entry)

Ful | Exlecut eLock() the fetch&add, compare&swap, and mask&swap instructions

Ful | Execut eEnqol b() the engolb instruction, which converts a cache lingto Qolb-owned (if
unowned); otherwise adds the line to the Qolb' queue

Ful | Exlecut eDegol b() the degolb instruction, which releases Qalb ownership of a cache line

Ful | Exjecut eReqol b() the reqolb instruction, a more efficient\egtivalent of a deqolb/epqolb
instruction sequence

Ful | Exlecut eAccess() the privileged cache-line/memory-line locking instructions, as Used by
fault-recovery software

4.6 Clcode naming conventions

Previous subclauses have illustrated how . subsets of the coherence protocol collld be
implemented. The coherence specification 'has provisions for supporting a wide rapge of
implementation options, and all options are“designed to interoperate with each other. Rather
than providing a separate specification_for'each allowable subset, one coherence specifjcation
is proyided and the vendor is allowed to specify several static and dynamic implemeptation
option

vJ

Most ¢f the coherence protocels are defined in terms of C-code routines that specify changes
betwe¢n cache states. Rautines that initiate transitions between states include the wprd To
betwe¢n the initial and final states; the library routines that are shared by two or more of these
routings include the word’Do between the initial and final states, as illustrated in listing 2.

/* Listing 2: Routine_nanes.h illustration */

OnlyQirtyTol nval i d(procPtr, node, cTPtr); /*transition specification|*/
OnlyQirtyBol nval i d(procPtr, node, cTPtr); /* library routine */

The cache-state names are formatted in several ways, but always begin (in the C codg) with
the characters CS_, to distinguish them from other defined constants. The stable cache state
names have two other character fields that describe the sharing-list position and the cache-
access rights.

Transient cache states have three other character fields: the first and last of these are
abbreviations of the initial and final cache states. The middle field describes the action that is
being performed, and the capitalization of the middle name describes the response to prepend
and invalidate actions. If the middle field is fully uppercase, prepends and invalidations to the
transient cache state are delayed. If only the first letter is uppercase, prepends are delayed but
invalidations are not. If none of the letters are uppercase, neither prepends nor invalidations are
delayed. These naming conventions are illustrated in listing 3.
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/* Listing 3: Code_notation.h illustration */

enum CacheSt ates {
CS LI ST_ACCESS, /* Stable cache state */
CS_LO_ACTI ON_L1, /* Transient, nullifies prependsé&i nvalidates */
CS L2 _Action_L3, /* Transient, nullifies prepends */
CS L4 _action_L5 /* Transient, accepts prependsé& nvali dates */

h

With one exception, an implementation shall behave as though all of the C code were
executed indivisibly. The exception allows others to access the cache while waiting for a
transaction to complete (after a request subactlon has been sent and before the response
subactien-h - ifically,

the roditine of I|st|ng 4 need not be executed |nd|V|S|ny
/* Listing 4: Divisible routines */
Chi pWai t sFor Event () ; [* Waiting for time or queue-state change */

4.7 Cloherent read and write transactions
The detailed format for the coherence transactions is specified in the logical protocols,

clausqg 3. A subset of these transactions is used to maintain.Cache coherence, as illustrated in
table 37.

Table 27 — Coherent transaction summary

trgnsaction name requester, responder description
cread/cop proc,proc coherent cache control/read (for prepending to| dirty
list)
cwrite64/cop proc,proc coherent cache write (for exclusive-entry delet|ons)
mread/mop proc,mem coherent memory control/read (basic and extefpded
header)
mwrite64/mop procymem coherent memory writes

NOTE [The 6-bit cop and mop cohierence-command codes are the 6 LSBs of the address.

For the noncohefrent response-expected transactions (readsb, writesb, locksb, nread64,
nread256, nwrite64, nwrite256) the coherence checks are bypassed. Events and
responselessitransactions behave the same way, except that there is no provisipn for
returning, €rror status.

The coherent memory transactions are also directed to memory and transfer data to or from it.
In addition the coherence mode also affects the memory access (the data transfer may be
nullified) and the updates of the coherent memory tags.

For the coherent memory access transactions (mread00, mread64, and mwrite64), the least
significant bits of the 48-bit addressOffset specify the coherence check mode. This
information, in conjunction with the basic command.cmd field and the identity of the requester
(sourceld), specifies which coherent actions are performed. These fields are illustrated in
figure 170.
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In coherent memory transactions the previous state of the directory is ‘always retur
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1-bit doherence-option bit (co), a 4-bit reserved field (reserved), the/old memory-di
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request packet

tgt | com | src |cont | AOO | A16 | A32 |data[0,16,64] crc

addressOffset(msbs) s|r | mop

42 11 4

Figure 170 — Basic mread/mwrite request

Edition

in the response subaction packet. The status includes a command-nullified field

ImState), and the old head pointer value (forwld), as illustrated.in figure 171.

status

tgt | com | src |cont | stat [forwld|resy | data[0,64] cre

sStat vStat @n co reserv | mState

4 4 11 4 2
Figure 17D — Memory-access response

Extended mread transactions

newld parameterin the 16 bytes of extended header, as illustrated in figure 17
Df the newld_parameter influences the update of the memory tag.

ctively.
but is

med as
cn), a
ectory

tended mread00 and mread64 transactions are directed to memory to perform th¢ more
bx updates of the“sharing-list directory. These extended transactions pass an additional

P. The
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offset address

tgt [ com | src |ctrl |AO0,A16,A32| ext

data[0,16,64]| crc
addressOffset(msbs) s|r | mop
42 11 4
other information
tgt | com | src [cont [AO0,A16,A32| ext data[0,64] cre

newld reserved

16 112

Figure 172 — Extended coherent memory read request

ewld parameter is used when the head deletesuitself from a multiple-entry sharing|list. In
se, the newld value is needed to identify the new sharing list head, which is different

from the transaction's requester. The newld valide is used to identify the new sharing ligt head

in oth

the stqndard.

The s

respeq

but is

4.7.2

The ¢

updatg
extend

Cache cread and«write64 transactions

extended header, as illustrated in figure 173.

@r transactions as well. This generalization is intended to support future extensions of

ize bit, s, is 0 or 1 for the O-byte mread00 or 64-byte mread64 extended transactions
tively. The reserved bit, r,is-always set to 0 when the request-send packet is cfeated,
ghored by the respondefwhen the request-send packet is consumed.

hche-access transactions are directed to other caches to perform the more complex
s of the distributed sharing-list. The cache-access transactions are implemented as
ed cread\/transactions; two additional parameters are passed in the 16 bytes of
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offset address

tgt |com | src |cont |[A00,A16,A32( ext data[0,64] crc

addressOffset(msbs) cop

42 6

other information

tgt |com | src |cont |A00,A16,A32| ext data[0,64] crc

newld | memid reserved

16 16 96
Figure 173 — Cache cread and cwrite64 reguests

In the|request subaction the physical cache address is gpecified by the addressOffset (A0O,
A16 apd A32) and the memld field. The tag update operation is specified by the cache-tag-
operatjion, cop, and the newld field. The remaining 12/bytes of data contain 4 reserved bytes

and 8 vendor-dependent bytes.

For th¢ cread00, cread64, and cwrite64 transactions, the response status returns the previous
tag state, as illustrated in figure 174.

status
tgt | com | src Jecont | stat fid bid data crc
sStat vStat ch cState
4 4 1 7

Figure 174 — Cache cread and cwrite64 responses

In addtiomtoreturmmythecache's—7=bittoherencestate—(cState);,two nodetd—fretds—forwld
and backld, abbreviated as fid and bid respectively) are returned. The command-nullified bit
(cn) is set to 1 when the cache command has not changed the cache-tag state.

4.7.3 Smaller tag sizes

Products may implement 8, 12, or the full 16 bits in the nodeld fields in their cache-tag and
memory-tag storage, which are visible in several of the request and response fields (newld,
forwld, and backld). If this subset is implemented, the upper (unimplemented) bits of the
nodeld field shall be assumed to be all ones and the product shall be said to have an n-bit
nodeld configuration constraint, where n is the number of bits implemented.
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5 C-code structure

5.1 Node structure
5.1.1 Signals within a node

From the perspective of this International Standard, a node consists of a linc (link interface
circuit) and one or more components. These components may be implemented as separate
integrated circuits, or as separate portions of a single integrated circuit. This standard
specifies the behaviour of these components; how they are implemented is beyond the scope
of this standard.

On a node containing a single linc, the linc is expected to generate signhals based-on plackets
that it|receives from its input port; these signals include arrived and reset. The arrived|signal
is gengrated when a clockStrobe packet is created or received at the input port\(these may be
used {o synchronize time-of-day clocks on the attached units). The reset\signal, which is
generated while the linc is being reset, may be used to reset the “state of atfached
compdnents.

These|signals are expected to be distributed to the other components on a node, as illustrated
in figufe 175.

component[0] component[1]
arrived, \ i reset,
reset state
A
Y
linc

]

scrubPin slotPins
SCl-output SCl-input

Figure 175 — Linc and component signals

From theMinc's perspective, a unit may also generate signals directed to the linc. The reset
signal is used to reset the interface to the linc. From the linc's perspective, this signal comes
from one component; however, with the proper wired-OR circuitry, any component may initiate
these ringlet activities.

Depending on the physical model, the linc may also be provided with static configuration-
control signals, scrubPin and slotPins. The scrubPin signal is used to statically configure the
scrubber or other node, when the node does not support a dynamic scrubber-selection
process during system initialization. The (up to) 16 slotPins may be provided by the
backplane, to provide the node with an identifier that can be read by software to determine
the node's physical location.

Copyright 0 1998 IEEE. All rights reserved.


https://iecnorm.com/api/?name=cc37cb26a5fd271a3b0630d9583740a4

— 208 - ISO/IEC 13961:2000(E)
IEEE Std 1596, 1998 Edition

5.1.2 Packet transfers among node components

During normal operation, these linc-related signals are not used. Communication is performed
by passing packets among queues located on the linc and its associated components, using a
vendor-dependent packet-transfer interconnect. Separate request and response queues are
provided, to avoid queue-dependency deadlocks. The linc has receive queues, transmit
gueues, and CSR-access queues, as illustrated in figure 176.

component[0] component[1]

Res
Req
Res
Req
es |
eq |

- >
Yy packet-transfer
interconnect
. 0| O] i
Goooeny (|8 22 (8 (e
g CSRs q
I linc
SCl-output SCl-input

Figure 176 — Linc and component queues

In thig| illustration, component[0] has requesterifesponder capabilities and component[1] only
has rgsponder capabilities. As examples, camponent[0] could be a processor (which is a
requegter when fetching data and a _fesponder when its cache is interrogated) and
compdnent[1] could be a memory controller (which never generates requests). Note that ghe linc
also bghaves like a responder unit, when packets are sent to its CSRs. Within the contexi of the
logicall code specification, the term “ehip" is used to describe the linc and any of its attached
compdnents (which could be implémented on the same or different integrated circuits).

In many cases, a node cemponent (which has its own queues) may be the same as|a unit
(which has its own control registers and state). However, a unit may consist of multiple
compdnents (a coherent’ multiprocessor has process and cache components) or the|entire
node rhay be viewed as one unit architecture.

5.1.3 [Transfer-cloud components

The SCl standard specifies the behaviour of send packets in the linc and in a standard
memofly\controller, as well as the behaviour of coherent traffic between processors an£ other
caches. To accurately define the behaviour of these components without overspecifying the
packet-transfer interconnect, the SCI standard is based on an abstract transfer-cloud that
transfers signals and packets between the linc and other node components, as illustrated in
figure 177. Within this illustration the source and destination for coherent request packets are
shown with dark arrows.
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Figure 177 — One node's transfer<cloud model
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Figure 178 — The linc packet queues

ansfer cloud is expected to transfer request-send packets_from the OQ _REQ qu
bmponent into the 1 Q REQ or | Q CSR queue of another component. Similar

mponent into the | Q_RES queue of another.

hat a request-send packet may be transferred*from an OQ REQ queue to an |
on the same component (as is done on ¢he"linc). Similarly, a response-send
b transferred from an OQ_CSR queue to anr] Q_RES queue on the same componen

node's linc component

A linc's subcomponents

how this behaviour shall\be implemented. The operation of an SCI node is illu
hardware blocks described in this clause; the functional behaviour is specified
. Although the implementation shall have the same observable behaviour

b specification, the)implementation may implement other hardware structures than
ted in this clause or may partition the design differently from the C-code routines,

eue of
y, the
CSR of

Q _CSR
packet
t.

es not
strated
by the
hs the
those

is expeetéd to have paired transmit and receive queues, each having one qusg
ts and>one queue for responses (as shown in figure 179). In addition, there is a
which" delays pass-through packets while a transmit-queue packet is bein

(reque

gueue must be at least N symbols long. For certain options, the bypass FIFO needs to be one
symbol longer than the maximum transmitted packet. (The extra space is needed for inserting
an idle between back-to-back packets, to support the elastic-buffer protocols).

The receive hardware (which is located near the upstream or incoming port) contains an
elastic buffer, a parser and a stripper. The elastic buffer synchronizes the input clock to the
local clock, inserting or deleting idle symbols as required. The parser uses the flag bits on
incoming symbols to label symbol types within each packet. The stripper checks the nodeld
and strips those packets addressed to this node.
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The transmit hardware (which is located near the downstream outgoing port) contains a
bypass FIFO, a saveldle buffer, a multiplexer, and a CRC encoder. The bypass FIFO is used
to save incoming packets while other symbols are being output. The saveldle buffer is used to
save the needed information from incoming idle symbols while other symbols are being
output. Note that multiple incoming idle symbols can be merged and saved in the single-
symbol saveldle buffer.

Each node requires one CRC checker and one CRC generator. The stripper has a CRC
checker, which delays processing of a node's received echo until its CRC has been verified.
The stripper is also responsible for marking CRC errors in packets that pass through the node
or are saved within it. The transmitter is responsible for creating new CRC values for new
packe s——the gtete—of for IICVV:y created—echoes—Fhe—transmitter—s—atso lc:-punai le for
creating stomped CRC values when CRC errors are detected by the stripper. These-fungtional
compdnents are illustrated in figure 179.
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Figure 179 — Node interface structure

The node interface model has two high-speed receive queues, so that request and regponse
packefs can imtediately be accepted before being processed. When receive queugs are
filled, ffair nodes selectively accept packets based on their age, using a simple A/B pgeing
scheme.

Selective—acceptance—(gquete—atocation)—protocots—ensure—that—att—packets—are—eventually
accepted. Independent processing paths for requests and responses ensure that all queued
sends are eventually processed. Thus, two receive queues are sufficient to ensure forward
progress. Nodes may provide additional queue entries so that additional packets can be
gueued while others are being processed. The number of implemented receive queues is
based on system performance requirements, which are beyond the scope of this International
Standard.

Incoming data passes through an elastic buffer that inserts or deletes idle symbols based on
the phase difference between the incoming data and the node-local clock. To avoid corruption
of packets, only idle symbols (or an intermediate symbol of a sync packet) may be deleted,
and only idle symbols may be created (and only between packets). Special symbol
information is passed from the elastic buffer to the stripper, to identify symbols that have been
inserted and to pass residual information from symbols that have been deleted.

Copyright 0 1998 IEEE. All rights reserved.


https://iecnorm.com/api/?name=cc37cb26a5fd271a3b0630d9583740a4

~212 - ISO/IEC 13961:2000(E)
IEEE Std 1596, 1998 Edition

The elastic buffer's output passes to the stripper, which labels and selectively strips packet
symbols. The stripper uses the flag-signal value to identify and label the packet symbols
(SS_HEADO, SS HEAD1, etc.). The stripper strips selected packets and, for robustness,
truncates overly-long accepted packets (to avoid overflowing the initially allocated receive-
gueue space). The stripper is also responsible for detecting excessively long pass-through
packets (generated by fatal transmission errors) and for clearing the ringlet when such errors

are de

tected.

The stripped symbol stream is routed to a receive-queue entry or (if the queue is full) is
discarded. Packet symbols that are not stripped are routed into the bypass FIFO or are
multiplexed directly to the output. Idle symbols are saved, modified, or directly routed to the

(whichf can be consumed and regenerated) and the packet symbols, which sometime

output. A separate saveldle storage is used for saving the information from the idle s
throug|h the bypass FIFO.

Fair n

bdes are expected to use FIFO queues, processing the packets in the_ order in

they are received. Prioritized nodes are expected to change the processing order of

entrieq
gueue
on thg
protoc

5.2.2

The e
clock

in the receive or transmit queues, based on their packet priorities. When r
5 become full, prioritized nodes are also expected to selectively accept packets
ir priority and their age. Some fairness is required in the re<egrdering and acce
pls to ensure forward progress for lower-priority transmissions.

A linc's elastic buffer

astic buffer code specifies how idle symbols are‘inserted or deleted when thg
drifts from the local clock reference. The El sty ci ty() routine uses its pre

calculated delay value (myDelay) to control a fraction-of-a-cycle delay block (variablel

The fl
machi
insertg

g associated with the output symbol value provides an input to the contro
ne which (along with bits within the next.Symbol) determines when idle symbols

d and deleted. These functional blocks.\are illustrated in figure 180.
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Figure 180 — Elasticity model

The El asticity() routine's output symbol, out, is processed by the Stri pper () routine.
These symbols are labelled to identify the out symbols that should be ignored (they were
created by idle-insertions or they are the tail of a stripped sync packet). When idles are
deleted, their idle.hg and idle.lg bits are passed to the Stri pper () routine and propagate to
the transmitter.
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5.2.3 Other linc components

The Stri pper () is responsible for selectively copying the desired packets into the receive
buffers and labelling packet symbols for other downstream components within the linc.

The I nserter() routine is responsible for inserting initialization packets in the output
symbol stream during the node's initialization process.

The Transm tter () routine is responsible for selecting packets from the transmit buffers
when the input link is idle and transmissions are enabled. On unfair nodes, the
Transm tter () also updates the priority of the idles and selective send packets based on
the linE'S blocKed-transaction priorities. NOLe that the priorities ol packets emanatng irpm the
linc's gwn source FIFOs are not updated, so that the priorities on the local ringlet canyb¢ more
accurdtely sampled.

The Epcoder () routine is primarily responsible for re-inserting the flag symbol (FT_LOWor
FT_HI|GH), based on the symbol labels generated by the St ri pper () and’(possibly) mpdified
by the[l nserter() or Transm tter () routines. The Encoder () routine also provides the
check|value for idle symbols and generates the CRC for new packets.

While the node is initializing, the Transm t t er () component is-idle and the El asti ci[ty(),
Strigper(), and Encoder () components remain operationah

5.3 Jther node components
5.3.1 JA node's core component

Since the cloud is only an agent for performing @ata transfers, it has no I/O queues. However,
each gomponent on a cloud has a pointer toca‘shared node component, called the core. The
core ¢lata structure also contains a bitts\map of the outstanding transaction ideptifiers
(transldBits), and provides queues for all@éating this transaction-identifier resource.

The npde's CSRs may be located ‘on the linc or on other components connected [to the
transfer cloud. The CSRs thav' intimately affect the linc's behaviour (STATE_CLEAR,
STATH_SET, NODE_I DS, RESET_START, CLOCK_STROBE_THROUGH, and SYNC_| NTHRVAL)
are eXpected to be located  on the linc. Other registers, such as the SPLI T_TI MEOYT and
CLOCH_STROBE_ARRI VEDLCSRs, can be accessed through the transfer cloud and npay be
locatefl on other node-components.

5.3.2 JA node'sdanemory component

To prgvide eemmon support for other SCI requesters (typically processors and DMA), the SCI
standdrd,specifies the functional behaviour (but not the performance) of standard memdry unit
architgctires. The specification code assumes that two memory queues are needed, pne to
hold request-send packefs (T Q_REQ) and another to hold response-send packeis (OQ_RES),
as illustrated in figure 181.
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nory unit is not expected to have output-request or input-response queues, S
ly has no need to generate transactions. A mjnimal implementation shall pro

f the GONE, FRESH, and WASH option bhijts is set when a coherent-memory op
ed. The GONE option minimizes the tag\storage requirements (the tag is saved 3
b line is coherently cached). The FRESH option supports efficient fetching of coh
| read-only fresh data, which is returned immediately from memory. The WASH
ts the efficient conversion of data from the dirty state (the data must be fetched
sor) to a fresh state (the data‘may be fetched from memory).

bnor yAccessBasi c()( routine performs the requested RAM-update action and 1
guested data. The *DoLocks() routine implements the coherent memor

ed by this routine,/but may also provide additional support for a vendor-depende

A nodels)exec component

ne queue entry, to be shared between input-request and output-response queues|.
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Cl, standard specifies the functional behaviour (but not the performance) of standard
sof/execution-unit architectures. The specification code assumes that two protessor

gueues are needed to support each processor-initiated transaction, one to hold outgoing
request-send packets (OQ _REQ) and another to hold incoming response-send p
(I Q_RES), as illustrated in figure 182. Note that one processor (proc) may have many
attached execution units (execs).

ackets
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5.3.4 |A node's proc component

To pr¢vide common support for coherent SCI processors, the SCI standard specifies the
functignal behaviour (but not the performance) of a standard cached processqr unit
architgcture, abbreviated as proc. The specification codexassumes that two cache queues are
needef, one to hold request-send packets (I Q REQ).and another to hold responsg-send
packets (OQ_RES), as illustrated in figure 183.

- SRAM
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Figure 183 — A proc component's packet queues
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