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INFORMATION TECHNOLOGY -
RAPIDIOT™ INTERCONNECT SPECIFICATION

FOREWORD

ISO (International Organization for Standardization) and IEC (International Electrotechnical Commission) form the
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the development of International Standards through technical committees established by the respeefjve

organization to deal with particular fields of technical activity. ISO and IEC technical committees collaborate

in

fields of mutual interest. Other international organizations, governmental and non-governmental, in diaison with

ISO and IEC, also take part in the work.
In the field of information technology, ISO and IEC have established a joint technical committee, [SO/IEC JT(

Draft International Standards adopted by the joint technical committee are circulated to national-bodies for votipg.

Publication as an International Standard requires approval by at least 75 % of the national bodies casting a vote].

All users should ensure that they have the latest edition of this publication.

No liability shall attach to IEC or ISO or its directors, employees, servants or agents\including individual expqgrts
and members of their technical committees and IEC or ISO National Committees for‘any personal injury, propdrty
damage or other damage of any nature whatsoever, whether direct or indirect,»or’for costs (including legal fegs)

and expenses arising out of the publication, use of, or reliance upon, this ISGQHAEC publication or any other IEG
IEC/ISO publications.
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indispensable for the correct application of this publication.

Attention is drawn to the possibility that some of the elements_of.this International Standard may be the subjec
patent rights. ISO and IEC shall not be held responsible for idéentifying any or all such patent rights.
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INTRODUCTION

The RapidlO™ architecture was developed to address the need for a high-performance low pin count packet-switched system level
interconnect to be used in a variety of applications as an open standard. The architecture is targeted toward networking, telecom, and
high performance embedded applications. It is intended primarily as an intra-system interface, allowing chip-to-chip and board-to-
board communications at Gigabyte per second performance levels. It provides a rich variety of features including high data band-
width, low-latency capability and support for high-performance 1/O devices, as well as providing globally shared memeory, message
passing, and|software managed programming models. In its simplest form, the interface can be implemented in a.EPGIA end point.
The interconjnect defines a protocol independent of a physical implementation. The physical features of an implementation utilizing
the intercontect are defined by the requirements of the implementation, such as /0 signaling levels, interconnect topology, physical
layer protocgl, error detection, and so forth. The architecture is intended and partitioned to allow adaptation-to a multitude of applica-
tions.
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Overview

of the standard

This overview explains each of the three layers of the RapidlO architecture, their interrelationships, an the system and device inter-

operability:

1. Logical layer—The logical layer defines the overall protocol and packet formats, the types of transactions that can be carried

out

with RapidlO, how addressing is handled. The logical specifications are partitioned into three partitions:

— Partition I: Input/Output Logical Specification

2. Tra
Thi

3. Phy
eleq
LP-

4, Intg
spe
NOTE

Rapidl O spq
cal specificg

- Partition 11: Message Passing Logical Specification
- Partition V: Globally Shared Memory Logical Specification

nsport layer—The transport layer provides the necessary route information for a packet to move fromrone poir
5 information is covered in Partition 111: Common Transport Specification.

sical layer—The physical layer contains the device level interface such as packet transport mechanisms, flo
trical characteristics, and low-level error management. This standard covers these topics in Partition IV: Ph
LVDS Specification, and in Partition VI: Physical Layer 1X/4X LP-Serial Speeification.

roperability — This consists of a standard set of device and system design,sélutions to provide for interoper
Cification is given in Patition VII: Interoperability Specification Systemcand Device.

icifications are structured so that additions can be made to eachvwithout affecting the others. For example
tion is independent and can be implemented alone.

t to another.

v control,
ysical 8/16

hbility. The

each logi-
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Partitions I, Il and V: Logical Specifications
In RapidlO, the logical layer is subdivided into two specifications that support distributed 1/O processing. Partition I: Input/
Output Logical Specification explains how RapidlO supports input-output systems and Partition 11: Message Passing Logi-
cal Specification describes the message passing features of the RapidlO interconnect. Additionally, Partition V: Globally
Shared Memory Logical Specification, specifies an extension for applications that support cache-coherency and multi-
processing.

ISO/IEC © 18372:2004(E)

The logical specifications do not imply a specific transport or physical interface, therefore they are specified in a bit stream
format. Necessary bits are added to the logical encodings for each lower layer in the hierarchy.

Bec
sped
is re

q

The
sage

The

g

[

g

passing and input/output protocols.
Chapter 3, “Packet Format Descriptions,” breaks down packets into the two basic classes of request and respgnse packets

ised in the message passing and 1/0O specifications, and then subsections that\discuss and illustrate each regi

protocols.

ifications written to this logical level address similar issues. In RapidlO, this similarity among the logical s
flected in the chapter contents, with each of the logical specifications containing the following chapters:

Chapter 1, “ System Models,” provides explanations and figures of the types of systems that can\use a Rapid
Chapter 2, “Operation Descriptions,” describes the sets of operations and transactions suppoerted by RapidlO

nd then discusses and illustrates the format types within each class for each logical,specification.
Chapter 4, “Message Passing Registers,” and Chapter 4, “Input/Output Registers,” provides a memory map (

message passing logical specification has an annex added that describesin greater detail two examples of R
passing models, one a simple model and one a more extended madel.

extension to the logical specifications as given in Partition V contains the following chapters:

Chapter 1, “Overview,” describes the set of operations and transactions supported by the RapidlO globally sha

Chapter 2, “System Models,” introduces some possiblexdevices that could participate in a RapidlO GSM sys
nvironment. The chapter explains the memory dire¢tory-based mechanism that tracks memory accesses and
ache coherence. Transaction ordering and deadlock prevention are also covered.

Chapter 3, “Operation Descriptions,” describes'the set of operations and transactions supported by the Rapid|
hared memory (GSM) protocols.

Chapter 4, “Packet Format Descriptions,’) contains the packet format definitions for the GSM specification. T
ypes, request and response packets, with their sub-types and fields are defined. The chapter explains how m
atency is handled by RapidlO.

Chapter 5, “Globally Shared-Memory Registers,” describes the visible register set that allows an external prg
lement to determine the glohally shared memory capabilities, configuration, and status of a processing elemg
ogical specification. Only-registers or register bits specific to the GSM logical specification are explained. R

d

address-collisions.

ther RapidlO logical,\transport, and physical specifications of interest to determine a complete list of regist
efinitions.

Chapter 6, “Comimunication Protocol Defintions,” contains the communications protocol definitions for this
pecification,

Chapter<-~’Address Collision Resolution,” explains the actions necessary under the RapidlO GSM model tg

huse all logical layers fulfill the same data communication functions no matter what programming maodel ]hey support,

becifications

O interface.
message

f registers
ter.

apidlO mes-

red memory

em
maintains

10 globally-

he two basic
bmory read

cessing
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efer to the
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I11: Common Transport Specification

Partition I11: Common Transport Specification contains three chapters:

The introduction to Partition I11: Common Transport Specification offers a general understanding of the features and func-
tions of the transport specification.

Partition

Par

Chapter 1, “Transport Format Description,” describes the routing methods used in RapidlO for sending packets across the
systems of switches described in this chapter.

Chapter 2, “Common Transport Registers,” describes the visible register set that allows an external processing element to
i ititi i T i i i i er definition.

IV and VI: Physical Layer 8/16 LP-LVDS and 1x/4x LP-Serial Specifications
Partjtion IV: Physical Layer 8/16 LP-LVDS Specification contains eight chapters and an annex:

The introduction to Partition I1V: Physical Layer 8/16 LP-LVDS Specification offers a general understanding of the features
nd functions of the physical layer specification.

Chapter 1, “Physical Layer Protocol,” describes the physical layer protocol for packet delivery to the RapidlD fabric,
ncluding packet transmission, flow control, error management, and link maintenance/pretocols.

Chapter 2, “Packet and Control Symbol Transmission,” defines packet and controlsymbol delineation and alignment on
the physical port and mechanisms to control the pacing of a packet.

Chapter 3, “Control Symbol Formats,” explains the physical layer control formats that manage the packet defivery
rotocols mentioned in Chapter 2.

hapter 4, “8/16 LP-LVDS Registers,” describes the register set that allows an external processing element tp determine
he physical capabilities and status of an 8/16 LP-LVDS RapidlO implementation.

hapter 5, “System Clocking Considerations,” discusses the RapidiO synchronous clock and how it is distrilputed in a
pical switch configuration.

hapter 6, “Board Routing Guidelines,” explains board layout guidelines and application environment consigerations for
he RapidlO architecture.

TChapter 7,” contains the signal pin descriptions fori@RapidlO end point device.
Chapter 8, “Electrical Specifications,” describes-the low voltage differential signaling (LVDS) electrical spedifications of
the RapidlO 8/16 LP-LVDS device.
Annex A, “Interface Management (Informative),” contains information pertinent to interface management inja RapidlO
ystem, including SECDED error tables, error recovery, link initialization, and packet retry state machines.

tition VI: Physical Layer 1x/4x LsRsSerial Specification contains eight chapters and two annexes:

Chapter 1, “Overview”, offefs ageneral understanding of the futures of the physical layer specification.
Chapter 2, “Packets”, defines the LP-Serial packet format and the fields that are added by the LP-Serial phydical layer.

Chapter 3, “Control Symbols”, defines the format of the two classes of control symbols which are the message elements
et by ports conneeted’by an LP-Serial link to manage all aspects of the link operation.
Chapter 4, “PCS%and PMA Layers”, defines the fonctions provided by the Physical Coding Sublayer (PSC) dnd the
Physical Media-Attachment (PMA) sublayer, comprising encoding, link transmission rules, serialization and|link

nitialization.
Chaptepb; “LP-Serial Protocol”, defines how packets, control symbols, and the PSC/PMA sublayers are used tp implement

lhe physical layer protocol that provides the reliable delivery of packets between two RapidlO devices that arle connected
v an | P-Serial link

Chapter 6, “LP-Serial Registers”, defines the physical layer control and status register set. By accessing this LP-Serial
Command and Status Register (CSR) set a processing element may query the capabilities and status, and configure another
processing element.

Chapter 7, “Signal Descriptions”, describes the signal pin for end point devices and shows the connectivity between
processing elements with 1x ports and those with 4x ports.

Chapter 8, “A.C. Electrical Specifications”, defines the electrical requirements for the LP-Serial device, comprosing two
transmission types and three speed grades.

Annex A, “Interface Management”, describes state machines showing examples for error recovery, link initialization and
packet retry.

Annex B, “Bibliography”.


https://standardsiso.com/api/?name=fb8515ec5174c086d0946b946cf9d7a5

Partition

-32- ISO/IEC © 18372:2004(E)

VII: Inter-operability Specification System and Device

Partition VII: Inter-operability Specification System and Device contains chapters:

Partition

Partjtion VIII: Error Management Extensions Specification contains two chapters and one annex:

Extensions

Ext
Termino

Refer to the Glossary at the back of this document.

Conventi
I

AC]

ital

REG[FIELD] Abbreviations or acronyms for registers are shown in uppercase text. Specific bits, field
appgar in brackets.

TRANSACTION/~ Transaction types are expressed in all caps.

Chapter 1, “Overview”, provides a short survey about one way of interworking of system components.

Chapter 2, “System Exploration and Initialization”, describes a system that is explored and configured at boot time by

processors, in order to support relatively fast-changing plug-and-play or hot-swap systems.
Chapter 3, “816 LP-LVDS Device Class Requirements”, describes the requirements for devices adhering to t

2.2

different processing elements (devices). Additionally, this chapter contains the 8/16 LP-LVDS and.1x/4x LP
ransaction to priority mappings to guarantee that a system maintains cache coherence and is deddlock free.

\VI111: Error Management Extensions Specification

Chapter 1, “Error Management Extensions”, defines the additional requirements forallphysical and logical
dlescribes the behavior of a device when an error is detected and how the new registers and bits are managed
nd hardware.

bits to the existing standard physical layer registers.
A\nnex A provides information and background on the application ofithe error management capabilities.

gnsions to this base set of RapidlO specifications will be published periodically under separate cover.

ogy

DNS
Concatenation, used to indicate that two fields are physically associated as consecutive bit

[IVE_LOW Names of active*low signals are shown in uppercase text with an overbar. Active low

iLs Book titles in text are set in italics.

he 8/16 LP-

LVDS physical layer specification, and defines three classes of devices with increasing levels of functionality.
ieeratt ' ' fereratt riplementatior-ofa-Rapttotg PCI (PVCI

Chapter 5, “Globally Shared Memory (GSM) Devices”, defines the portions of the GMS protocol necessary to implement

Serial

ayers, and
by sofware

Chapter 2, “Error Management Registers”, describes the Error Management Extended Features block, and a number of new

5

[IVE_HIGH Names of active high signals are shown in uppercase text with no overbar. Active-high signals are
assgrted when high and not asserted when fow.
AC]
assgrted when low and not asserted-when high.

signals are

S, Or ranges

opefation Device operation types are expressed in plain text.

n A decimal value.

[n-m] Used to express a numerical range from n to m.

Obnn A binary value, the number of bits is determined by the number of digits.

0xnn A hexadecimal value, the number of bits is determined by the number of digits or from the

context; for example, Oxnn may be a 5, 6, 7, or 8 bit value.

Referenc

ed Documents

surrounding

The following referenced documents are indispensable for the application of this document. For dated references, only the edi-
tion cited applies. For and dated references, the latest edition of the reference document (including any amendments) applies.

ISO/IEC 8802-3, Ed. 7 (under consideration), Information technology - Telecommunications and information exchange
between systems- Local and metropolitan area networks — Specific requirements: Part 3: Carrier sense multiple access with

col

lision detection (CSMA/CD) access method and physical layer specifications.
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Summary

This summary is intended for anyone who needs a high-level understanding of the RapidlO architecture. The
architecture are described, and the functional, physical, and performance features are presented.

Introduction

layers of the

RapidIO is a packet-switched interconnect intended primarily as an intra-system interface for chip-to-chip and board-to-

board communications at Gigabyte-per-second performance levels. Uses for the architecture can be found i
microprocessors, memory, and memory mapped I/O devices that operate in networking equipment, memory
and [general purpose computing.

The|RapidlO interconnect is targeted toward memory-mapped distributed memory systems and subsystems. S
congist of multiple independent devices that use DMA engines to communicate data and maintain their‘consiste
ing messages back and forth among the devices. The majority of applications written today use such,.a DMA
pasding programming model.

RapjdIO is a definition of a system interconnect. System concepts such as processor programming models, cac
reset, and interrupt programming models are beyond the scope of the RapidlO architecture/However, these fy
use ffacilities provided within the RapidlO interconnect to support the necessary behavier/For example, the R3
tectYire provides the necessary operations to support processor programming models ranging from strong
throlgh total store ordering to weak ordering. Any reference to these areas withinthe RapidlO architecture sp
for fllustration only. Subsequent revisions of the RapidlO specifications may further define these system functi

Alth
exte
ope

book.

Logica
Global
Partitio

Transp

Physica
Partitio

The
fica

ough this set of RapidlO specifications is built for the distributed™memory system, further RapidlO s
nd the capabilities of the interface and address topics such as a sefial physical layer, globally shared memo
ability requirements. These specifications are available under separate covers from the specifications cont

Specifications, Partitions I-I1
y Shared Memory Extensions,
hV

rt Specification, Partition 111

Inter-operability Spec
System and Device,

| Specifications, Partitioh-V, Partition VII

h VI

8/16 LP-LVDS 1x/4x LP-Serial

RapidlO Layered Hierarchy

RapidiO.architecture is specified in a three-layer hierarchy consisting of logical, common transport, and ph
ions:

n connected
subsystems,

uch systems
ncy by pass-
hnd message

hing, system
nctions may
pidlO archi-
consistency
ecification is
ns.

becifications
y, and inter-
ained in this

ysical speci-
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o carry out

the targeted operation and the necessary transaction packet formats. The logical specifications do not imply a specific
transport nor physical interface, therefore they are specified in a bit stream format. Necessary bits are added to the logical
formats for each lower layer in the hierarchy.

specifications to support them. Currently the RapidlO logical specifications include the following:

System 1/0O specifications in Partition I: Input/Output Logical Specification

Message passing specifications in Partition I1: Message Passing Logical Specification
Additional logical layer specifications under separate covers

Transport specification—The common transport specification describes the packet addressing scheme for delivery of

Because applications are written using different programming models, the RapidlO architecture subdivides its

RapidlO packets from one end point to another. The commaon transport specification is common to all of RapidlO and is
described in Partition 111: Common Transport Specification.
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Physical specification—A set of physical layer specifications define the interface between two devices and the packet
transport mechanisms, flow control, and electrical characteristics. This specification is described in Partition 1V: Physical
8/16 LP-LVDS Specification. Additional physical layer specifications are under separate covers.

RapidlO Feature Set
The RapidlO feature set and protocols are based upon a number of considerations for both general computing and embedded
applications. In each of the three layers, these features are broken down into three categories: functional, physical, and
performance.

Logical

oy Laatiirac
yet—T=tatourts

essage passing and direct-memory access (DMA) devices can improve the interconnect efficiency if larget

Function|

Physical

npn-coherent data quantities are encapsulated within a single packet, so RapidlO supports a variety of\data
the packet formats. Because the message passing programming model is fundamentally a non-coherent non-
ry model, in a RapidlO device, portions of the memory space are only directly accessible by a process
pvice controlled message passing interface.

(@)

pta fields and multiple packet messages are supported.

ngle device, but also through spatial reuse of interfaces between different devices in the system. Without th
f the potential system throughput is wasted.

O »wW = OT D T O

al Features
The following are RapidlO logical layer functional features:

Many embedded systems are multiprocessor systems; not multiprocessing systems, and prefer a messag
software-based coherency programming model-over the traditional computer-style globally shared mer]
programming model in order to support their distributed 1/0 and processing requirements, especially in
networking and routing markets. RapidlO¢supports all of these programming models.

System sizes from very small to very large are supported in the same or compatible packet formats—Rg
for future expansion and requirements:

The RapidlO architecture supports 50- and 66-bit addresses as well as 34-bit local addresses for smallej
Message passing and DMA devices can improve the interconnect efficiency if larger non-coherent data g
be encapsulated withimassingle packet, so RapidlO supports a variety of data sizes within the packet fo

Because the message-passing programming model is fundamentally a non-coherent non-shared memor
RapidlO can assume that portions of the memory space are only directly accessible by a processor or de
that memory-space. A remote device that attempts to access that memory space must do so through a Id
controlled’message passing interface.

Features

The following are features of the RapidlO logical layer designed to satisfy the needs of the physical layer
for'various applications and systems:

acket headers are as small as possible to minimize the control overhead and are organized for fast, efficig
hd disassembly. As the amount of data included in a packet increases, packet efficienCy jincreases. RapidlO s
pyloads up to 256 bytes. Messages are very important for embedded control applications, so a variety of lar

flultiple transactions are allowed concurrently in the system, not only through the ability to pipeline transad

sizes within
hared mem-
br or a local

nt assembly
upports data
pe and small

tions from a
S, a majority

e passing or
hory
the

pidIO plans

Read-modify-write atomic operations are useful for synchronization between processors or other system elements.

I systems.

Lantities can
rmats.

y model,
vice local to
cal device

equirements

The RapidlO pacKet definition 1s independent of the width of the physical INterface 1o other GevICes on
interconnect fabric.

the physical fabric is a point-to-point ring, a bus, a switched multi-dimensional network, a duplex serial
and so forth.

RapidlO is not dependent on the bandwidth or latency of the physical fabric.
The protocols handle out-of-order packet transmission and reception.

in the address map but can be assigned by other means.

implementation from imposing these constraints within the system.

the

The protocols and packet formats are independent of the physical interconnect topology. The protocols work whether

connection,

No requirement exists in RapidlO for geographical addressing; a device’s identifier does not depend on its location

Certain devices have bandwidth and latency requirements for proper operation. RapidlO should not preclude an
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Performance Features
Following are performance features at the logical layer:

« Messages are very important for networking applications, so a variety of large and small data fields and multiple
packet messages are supported for efficiency.

» Packet headers are as small as possible to minimize the control overhead and are organized for fast, efficient assembly
and disassembly.

« Multiple transactions are allowed concurrently in the system, preventing much potential system input from being
wasted.

Transport Layer Features
Tlhe transport layer functions of the RapidlO interconnect have been addressed by incorporating the-faHowing functional,
physical, and performance features.

Functionl Features
Functional features at the transport layer include the following:

e System sizes from very small to very large are supported in the same or compatible packet formats.
« Because RapidlO has only a single transport specification, compatibility @among implementations is asqured.
e The transport specification is flexible, so that it can be adapted to future.applications.

e Packets are assumed, but not required, to be directed from a singl€_source to a single destination.

Physical Features
The following are physical features of the RapidlO fabric that'apply at the transport layer:

» The transport definition is independent of the width of.the physical interface between devices in the intérconnect

fabric.
« No requirement exists in RapidlO for geographical addressing; a device’s identifier does not depend onlits location
in the address map but can be assigned by other means.

Performance Features
Performance features that apply to thetransport layer include the following:

o Packet headers are as small as\possible to minimize the control overhead and are organized for fast, efficiént assembly
and disassembly.
< Broadcasting and multicasting can be implemented by interpreting the transport information in the intefconnect
fabric.

Physical Layer Features
he physical layer. defines the signal definitions, flow control and error management for RapidlO. Initially|an 8-bit and
B-bit parallel(8/16 LP-LVDS), point-to-point interface is deployed. An 8/16 LP-LVDS device interface corjtains a
pdicated 8<or 16-bit input port with clock and frame signals, and a 8- or 16-bit output port with clock and flame signals.
sourcessynchronous-clock signal clocks packet data on the rising and falling edges. A frame signal provigles a control
pference. Differential signaling is used to reduce interface complexity, provide robust signal quality, and pfomote good
equency scalability across printed circuit boards and connectors.

DS > o =

Functional Features
Following is a functional feature of the physical layer of RapidlO:

* RapidlO provides a flow control mechanism between devices that communicate on the RapidlO interconnect fabric,
because infinite data buffering is not available in a device.

Physical Features
The following are physical features of the RapidlO physical layer:

¢ Connections are point-to-point unidirectional, one in and one out, with 8-bit or 16-bit ports

« Physical layer protocols and packet formats are to some degree independent of the topology of the physical
interconnect; however; the physical structure is assumed to be link-based.
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There is no dependency in RapidlO on the bandwidth or latency of the physical fabric.
Physical layer protocols handle out-of-order and in-order packet transmission and reception.

Physical layer protocols are tolerant of transient errors caused by high frequency operation of the interface or

excessive noise in the system environment.

Performance Features
The following are performance features of the RapidlO physical layer:

Physical protocols and packet formats allow for the smallest to the largest data payload sizes

L]

Packet headers are as small as possible to minimize the control overhead and are organized for fast, efficignt assembly

and disassembly.

Multiple transactions are allowed concurrently in the system, preventing much potential system input f|
wasted.

The electrical specification allows for the fastest possible speed of operation for futurecdevices.

rom being
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Partition | - Input/Output Logical Specification

Overview

ISO/IEC © 18372:2004(E)

Partition | is intended for users who need to understand the input/output system architecture of the RapidlO interconnect.

The Input/Output Logical Specification is part of RapidlO’s logical layer specifications that define the interconnect’s

olr/erall protocol and packet formats. This layer contains the transaction protocols necessary for end points

to process a

tfansaction. Another RapidlO logical layer specification is described in Partition I1: Message Passing Llogicpl Specifica-
tijon.

Tlhe logical specifications do not imply a specific transport or physical interface; therefore they'are specified in a bit
sfream format. At the lower levels in the RapidlO three-layer hierarchy, necessary bits are added to the logifal encoding
for the transport and physical layers.

RapidlO is targeted toward memory-mapped distributed memory systems. A messdge passing programming model is
spipported to enable distributed 1/0 processing. Partition I: Input/Output Logical Specification defines the bpsic 1/0 sys-
tem architecture of RapidlO.

Gontents

Hollowing are the contents of Partition I: Input/Output Logical Specification:

| Chapter 1, “System Models,” introduces some devices that might be part of a RapidlO system envirg
System issues, such as the ordered and unordered systems\that can be built using RapidlO, are explai

protocols.
| Chapter 3, “Packet Format Descriptions,” contdins the packet format definitions for the Input/Output
specification. The two basic types, request.and response packets, with their sub-types and fields are ¢
[ Chapter 4, “Input/Output Registers,” describes the visible register set that allows an external process
to determine the 1/O capabilities, configuration, and status of a processing element using this logical sg
Only registers or register bits specific to the Input/Output specification are explained. Refer to the oth
logical, transport, and physieal\specifications of interest to determine a complete list of registers and
definitions.

Normative References
The following referenced documents are indispensable for the application of this document. For dated referen
eplition cited applies/ For undated references, the latest edition (including any amendment) applies.

I$O/IEC 88025372002, Information technology - Telecommunications and information exchange between sys
and metropolitan area networks - Specific requirements - Part 3: Carrier sense multiple access with collis
(ESMAIJED) access method and physical layer specifications

I$Q/IEC 8802-3/DAmMd 1 Media Access Control (MAC) Parameters, Physical Layers, and Management Pa

1 Chitlc- Onaratiaon

oo SO ptTatoTT—

ISO/IEC 8802-3/DAmd 3 Maintenance 7

nment.
ned.

| Chapter 2, “Operation Descriptions,” describes the set‘of transactions and operations supported by the 1/0

efined.

ng element
ecification.
er RapidlO
bit

ces, only the

tems - Local
on detection

rameters for

ISO/IEC 8802-3/DAmd 4 Physical layer and management parameters for 10 Gbit/s operation, type 10GBASE-CX4

ISO/IEC 8802-3:Ed 7 (under consideration), Information technology - Telecommunications and information exchange
between systems - Local and metropolitan area networks - Specific requirements - Part 3: Carrier sense multiple access

with collision detection (CSMA/CD) access method and physical layer specifications
NOTE - IEEE Std 802.3ae-2003: 10Gb/s Ethernet, covers most of the changes between I1SO/IEC 8802-3 Ed 6 and Ed. 7

Chapter 1 - System Models

Processing Element M odels
This overview introduces some possible devices in a RapidlO system.


https://standardsiso.com/api/?name=fb8515ec5174c086d0946b946cf9d7a5

ISO/IEC © 18372:2004(E) -39 -

Processing Processing Processing Processing
Element A Element B Element C Element D
Memory | Memory | Memory | Memory |
( RapidlO System Interconnect Fabric )
PCI A MPIC
Bridge
PCI B XBUS
Firewire
Figure 1-1. A Possible RapidlO-Based Computing System
1.1.1 Processor-Memory Processing Element Model

Figure 1-2 shows an example of a processing element consisting of a processor connected to an agent|device. The
agent carries out several services on behalf of the processorMost importantly, it provides access to a Igcal memory
that has much lower latency than memory that is local to anether processing element (remote memory accgsses). It also
provides an interface to the RapidlO interconnect to service those remote memory accesses.

Processor

Local Interconnect

Agent

Memory

RapidlO-based
System Interconnect

Figure 1-2. Processor-Memory Processing Element Example

1.1.2 Integrated Processor-Memory Processing Element Model

Another form of a processor-memory processing element is a fully integrated component that is designed specifically
to connect to a RapidlO interconnect system as shown in Figure 1-3. This type of device integrates a memory system
and other support logic with a processor on the same piece of silicon or within the same package.
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Processor

Memory |

RapidlO-based
System Interconnect

Figure 1-3. Integrated Processor-Memory Processing Element Example

1.1.3 Memory-Only Processing Element Model
A different processing element may not contain a processor at all, but may be a memory-only device as shown in
Figure 1-4. This type of device is much simpler than a processor; it only responds.torequests from the extgrnal system,
not to local requests as in the processor-based model. As such, its memory is remote for all processors in the system.

Memory
Control

Memory

RapidlO-based
Systém Interconnect

Figure 1-4. Memory-Only Processing Element Example

1.1.4 Processor-Only Processing Element
Similar to a memory-only element,‘a processor-only element has no local memory. A processor-only prgcessing ele-
ment is shown in Figure 1-5

Processor

Local Interconnect

Agent

RapidlO-based
System Interconnect

Figure 1-5. Processor-Only Processing Element Example
1.1.5 1/0 Processing Element

This type of processing element is shown as the bridge in Figure 1-1. This device has distinctly different behavior than
a processor or a memory device. An 1/0 device only needs to move data into and out of local or remote memory.
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Switch Processing Element

A switch processing element is a device that allows communication with other processing elements through the switch.
A switch may be used to connect a variety of RapidlO-compliant processing elements. A possible switch is shown in
Figurel-6. Behavior of the switches, and the interconnect fabric in general, is addressed in the RapidlO Common

Transport Specification.

(n

—

Switch

I

Figure 1-6. Switch Processing Element Example

ystem Issues
he following sections describe transaction ordering and system deadlock considerations in a RapidlO syste

Operation Ordering

Most operations in an 1/0 system do not have any requirements.as far as completion ordering. There are, h
eral tasks that require events to occur in a specific order. As an example, a processing element may wish
of registers in another processing element. The sequence-in which those writes are carried out may be g
operation of the target processing element. Without same specific system rules there would be no guarante
tion ordering of these operations. Ordering is mastly a concern for operations between a specific source
tion pair.

In certain cases a processing element may.communicate with another processing element or set of process
in different contexts. A set or sequence-of operations issued by a processing element may have requirems
pleting in order at the target processing element. That same processing element may have another sequer
tions that also requires a completion order at the target processing element. However, the issuing proces
has no requirements for completion order between the two sequences of operations. Further, it may be
one of the sequences of @perations to complete at a higher priority than the other sequence. The term
request flow” is defined as one of these sequences of operations.

pwWever, sev-
0 write a set
ritical to the
e of comple-
and destina-

ng elements
nts for com-
ce of opera-
5ing element
fesirable for
“transaction

A transaction request-flow is defined as a ordered sequence of non-maintenance request transactions from a given

source (as indicated by the source identifier) to a given destination (as indicated by the transaction destir
fier), where a/maintenance request is a special system support request. Each packet in a transaction requ
the same-source identifier and the same destination identifier.

There may be multiple transaction request flows between a given source and destination pair. When m
exist between a source and destination pair, the flows are distinguished by a flow indicator (flowlD). Ra|

ation identi-
est flow has

Litiple flows
idlO allows

multiple transaction request flows between any source and destination pair. The flows between each sour

Ce and desti-

nation pair are identified with alphabetic characters beginning with A.

The flows between each source and destination pair are prioritized. The flow priority increases alphabetically with
flow A having the lowest priority, flow B having the next to lowest priority, etc. When multiple transaction request
flows exist between a given source and destination pair, transactions of a higher priority flow may pass transactions of
a lower priority flow, but transactions of a lower priority flow may not pass transactions of a higher priority flow.

Maintenance transactions are not part of any transaction request flow. However, within a RapidlO fabric, maintenance
transactions may not pass other maintenance transactions of the same or higher priority taking the same path through
the fabric.

Response transactions are not part of any transaction request flow. There is no ordering between any pair of response
transactions and there is no ordering between any response transaction and any request transaction that did not cause
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the generation of the response.

To support transaction request flows, all devices that support the RapidlO logical specification shall com
cable with the following Fabric Delivering Ordering and End point Completion Ordering rules.

Fabric Delivery Ordering Rules

ISO/IEC © 18372:2004(E)

ply as appli-

1.Non-maintenance request transactions within a transaction request flow (same source identifier, same destination

identifier, and same flowlID) shall be delivered to the logical layer of the destination in the same order th
issued by the logical layer of the source.

at they were

2.Non-maintenance request transactions that have the same source (same source identifier) and the sam
(same destination identifier) but different flowlIDs shall be delivered to the logical layer of the destingtion

- Atransaction of a higher priority transaction request flow that was issued by the logical layerof the soy
transaction of a lower priority transaction request flow shall be delivered to the logical layer of the destin
the lower priority transaction.

b destination
as follows.

rce before a
ation before

- Atransaction of a higher priority transaction request flow that was issued by the logical layer of the solirce after a

transaction of a lower priority transaction request flow may be delivered to the logical layer of the destin
the lower priority transaction.
3.Request transactions that have different sources (different source identifiers)ror different destinations (d
tination identifiers) are unordered with respect to each other.

End point Completion Ordering Rules

1.Write request transactions in a transaction request flow shall b® completed at the logical layer of the d
the same order that the transactions were delivered to the logical layer of the destination.

2. A read request transaction with source A and destination B shall force the completion at the logical layj]
write requests in the same transaction request flow thatwere received by the logical layer of B before the
transaction.

Read request transactions need not be completedin the same order that they were received by the logica
destination. As a consequence, read response transactions need not be issued by the logical layer of the d
the same order that the associated read request transactions were received.

Write response transactions will likely:be issued at the logical level in the order that the associated write]
received. However, since response transactions are not part of any flow, they are not ordered relative to
and may not arrive at the logical level their destination in the same order as the associated write trans
issued. Therefore, write response transactions need not be issued by the logical layer in the same order g
ated write request was received.

It may be necessary te-impose additional rules in order to provide for inter operability with other interface
programming models. However, such additional rules are beyond the scope of this specification.

Transaction'Delivery

There are_two basic types of delivery schemes that can be built using RapidlO processing elements: un
ordered, The RapidlO logical protocols assume that all outstanding transactions to another processing
defivered in an arbitrary order. In other words, the logical protocols do not rely on transaction interdepe

ation before

ifferent des-

lestination in

er of B of all
read request

layer of the
estination in

request was
one another
hctions were
5 the associ-

standards or

ordered and

element are
ndencies for

operation. RapidlO also allows completely ordered delivery systems to be constructed. Each type of sysf

em puts dif-

ferent constraints on the implementation of the source and destination processing elements and any intervening hard-
ware. The specific mechanisms and definitions of how RapidlO enforces transaction ordering are discussed in the

appropriate physical layer specification.

Unordered Delivery System Issues
An unordered delivery system is defined as an interconnect fabric where transactions between a source
tion pair can arbitrarily pass each other during transmission through the intervening fabric.

and destina-

Operations in the unordered system that are required to complete in a specific order shall be properly managed at
the source processing element. For example, enforcing a specific sequence for writing a series of configuration reg-
isters, or preventing a subsequent read from bypassing a preceding write to a specific address are cases of ordering
that may need to be managed at the source. The source of these transactions shall issue them in a purely serial
sequence, waiting for completion notification for a write before issuing the next transaction to the interconnect fab-
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ric. The destination processing element shall guarantee that all outstanding non-coherent operations from that
source are completed before servicing a subsequent non-coherent request from that source.

Ordered Delivery System Issues

Ordered delivery systems place additional implementation constraints on both the source and destination processing
elements as well as any intervening hardware. Typically an ordered system requires that all transactions between a
source/destination pair be completed in the order generated, not necessarily the order in which they can be accepted
by the destination or an intermediate device. In one example, if several requests are sent before proper receipt is
acknowledged the destination or intermediate device shall retry all following transactions until the first retried

Ch

This

retransmit the first one to maintain the proper system ordering. In another example, an interface may [make use of

packet is retransmitted and accepted. In this case, the source shall “unroll” its outstanding transac’[ion list and

explicit transaction tags which allow the destination to place the transactions in the proper orderupon

Deadlock Considerations

A deadlock can occur if a dependency loop exists. A dependency loop is a situation where a Toop of buffq
is formed, in which forward progress at each device is dependent upon progress at the next device. If no
loop can make progress then the system is deadlocked.

The simplest solution to the deadlock problem is to discard a packet. This reledses'resources in the networ
forward progress to be made. RapidlO is designed to be a reliable fabric foriuse in real time tightly coug
therefore discarding packets is not an acceptable solution.

In order to produce a system with no chance of deadlock it is requirgd that a deadlock free topology be

eceipt.

ring devices
Hevice in the

k and allows
led systems,

provided for

response-less operations. Dependency loops to single direction gackets can exist in unconstrained switclp topologies.

Often the dependency loop can be avoided with simple routing.rules. Topologies like hypercubes or three-
meshes physically contain loops. In both cases, routing is done in several dimensions (X,y,z). If routing i
to the x dimension, then y, then z (dimension ordered routing), topology related dependency loops are avo
structures.

In addition, a processing element design shall not.form dependency links between its input and output port
ency link between input and output ports occurs if a processing element is unable to accept an input packet
ing packet can be issued from the output port.

RapidlO supports operations, such as.fead operations, that require responses to complete. These operation
a dependency link between a processing element’s input port and output port.

As an example of a input to output port dependency, consider a processing element where the output port
The processing element can 'not accept a new request at its input port since there is no place to put the res
output port queue. No more-transactions can be accepted at the input port until the output port is able to f
the output queue by issuing packets to the system.

The method by whith a RapidlO system maintains a deadlock free environment is described in the appro
cal Layer speeification.

apter 2.>.Operation Descriptions

chapter describes the set of operations and their associated transactions supported by the 1/0 protocols of
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Descriptions.”

The 1/0 operation protocols work using request/response transaction pairs through the interconnect fabric. A processing ele-
ment sends a request transaction to another processing element if it requires an activity to be carried out. The receiving
processing element responds with a response transaction when the request has been completed or if an error condition is
encountered. Each transaction is sent as a packet through the interconnect fabric. For example, a processing element that
requires data from another processing element sends an NREAD transaction in a request packet to that processing element,
which reads its local memory at the requested address and returns the data in a DONE transaction in a response packet. Note

that

not all requests require responses; some requests assume that the desired activity will complete properly.

Two possible response transactions can be received by a requesting processing element:
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» A DONE response indicates to the requestor that the desired transaction has completed and it also returns data for read-

type transactions as described above.

» An ERROR response means that the target of the transaction encountered an unrecoverable error and could not complete

the transaction.

Packets may contain additional information that is interpreted by the interconnect fabric to route the packets through the fab-
ric from the source to the destination, such as a device number. These requirements are described in the appropriate RapidlO

transport layer specification, and are beyond the scope of this specification.

Depending upon the interconnect fabric, other packets may be generated as part of the physical layer protocol to manage

flow control, errors, etc. Flow control and other fabric-specific communication requirements are described in thg
RapjdIO transport and physical layer specifications and are beyond the scope of this document.

For most transaction types, a request transaction sent into the system is marked with a transaction ID-that’is un
reguestor and responder processing element pair. This transaction ID allows a response to be easily,matched tqg
request when it is returned to the requestor. An end point cannot reuse a transaction ID value to the-same destina

appropriate

que for each
the original
tion until the
bns that may

uired by the
retry subse-

quent out-of-order requests, or it can accept and not complete the subsequent out-of-order requests until the misging transac-
tionp in the sequence have been received and completed.
2.1 IfO Operations Cross Reference
Tlble 2-1 contains a cross reference of the 1/0 operations definedhin this RapidlO specification and their sysem usage.
Table 2-1. 1/0O Operations €ross Reference
Request
Transactions Transaction
Opgration Used Possible System Usage Classification Description Packet Format
for Completion
Ordering Rules
Read NREAD, Read operation Read Section Type 2 Section 3.1.5
RESPONSE 221
Write NWRITE Write operation Write Section Type 5 Section 3.1.7
222
Write-wjth- NWRITE-R; Write operation Write Section Type 5 Section 3.1.7
responsy RESPONSE 223
Streaming-write SWRITE Write operation Write Section Type 6 Section 3.1.8
222
Atomic [read- ATOMIC, Read-modify-write Write Section Type 2 Section 3.1.5
modify-fvrite) RESPONSE operation 224 Type 5 Section 3.1.7
Maintenpnce MAINTENANCE | System exploration, not applicable | Section Type 8 Section 3.1.10
initialization, and 231
maintenance operation

2.2

1/0 Operations

The operations described in this section are used for 1/0 accesses to physical addresses in the target of the operation.
Examples are accesses to non-coherent memory, ROM boot code, or to configuration registers that do not participate in
any globally shared system memory protocol. These accesses may be of any specifiable size allowed by the system.

All data payloads that are less than 8 bytes shall be padded and have their bytes aligned to their proper byte position

within the double-word, as in the examples shown in Figure 2-6 through Figure 2-8.

The described behaviors are the same regardless of the actual target physical address.
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Read Operations
The read operation, consisting of the NREAD and RESPONSE transactions (typically a DONE response) as shown in
Figure 2-1 is used by a processing element that needs to read data from the specified address. The data returned is of the
size requested.

If the read operation is to memory, data is returned from the memory regardless of the state of any system-wide cache
coherence mechanism for the specified cache line or lines, although it may cause a snoop of any caches local to the mem-
ory controller.

(1) NREAD

Requestor Destination

(2 DONE, data
Figure 2-1. Read Operation

Write and Streaming-Write Operations

The write and streaming-write operations, consisting of the NWRITE and.SWRITE transactions as showr
Figure 2-2, are used by a processing element that needs to write data.to‘the specified address. The NWR
tion allows multiple double-word, word, half-word and byte writes\With properly padded and aligned (1
boundary) data payload. The SWRITE transaction is a double-word=only version of the NWRITE that ha
overhead. The write size and alignment for the NWRITE transaction are specified in Table 3-4. Non-co
unaligned writes are not supported. It is the requestor’s responsibility to break up a write operation into m
actions if the block is not aligned.

NWRITE and SWRITE transactions do not receive_résponses, so there is no notification to the sender wh
action has completed at the destination.

If the write operation is to memory, data is. Written to the memory regardless of the state of any system
coherence mechanism for the specified cdche line or lines, although it may cause a snoop of any caches
memory controller.

(D NWRITE or SWRITE, data

Destination

Requestor

Figure 2-2. Write and Streaming-Write Operations

Write-With-Response Operations

The whrite-with-response operation, consisting of the NWRITE_R and RESPONSE transactions (typica
response) as shown in Figure 2-3, is identical to the write operation except that it receives a response

in

ITE transac-
o0 the 8-byte
5 less header
htiguous and
Lltiple trans-

en the trans-

-wide cache
local to the

Ily a DONE
[o notify the

Sender_that the write has completed at the destination. This operation is useful for quaranteeing read-af

er-write and

write-after-write ordering through a system that can reorder transactions and for enforcing other required system

behaviors.

(D) NWRITE_R, data

Requestor Destination

~—_@oone >

Figure 2-3. Write-With-Response Operation
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Atomic (Read-Modify-Write) Operations
The read-modify-write operation, consisting of the ATOMIC and RESPONSE transactions (typicall

y a DONE

response) as shown in Figure 2-4 is used by a number of cooperating processing elements to perform synchronization
using non-coherent memory. The allowed specified data sizes are one word (4 bytes), one half-word (2 bytes) or one

byte, with the size of the transaction specified in the same way as for an NWRITE transaction. Double-w
and 3, 5, 6, and 7 byte ATOMIC transactions may not be specified.

ord (8-byte)

The atomic operation is a combination read and write operation. The destination reads the data at the specified address,

returns the read data to the requestor, performs the required operation to the data. and then writes the

ized using an NWRITE transaction.

If the atomic operation is to memory, data is written to the memory regardless of the state.of any systen
coherence mechanism for the specified cache line or lines, although it may cause a snoop of any caches
memory controller.

(1) ATOMIC, data (opt.)

Requestor Destination

(2) DONE, data

Figure 2-4. Atomic (Read-Modify-Write) Operation

ystem Operations
Il data payloads that are less than 8 bytes shall bépadded and have their bytes aligned to their proper
ithin the double-word, as in the examples shownin Figure 2-6 through Figure 2-8.

= > (D

Maintenance Operations
The maintenance operation, which ¢an,consist of more than one MAINTENANCE transaction as shown i

rather than a normal response_for both read and write operations. Supported accesses are in 32 bit quanti
optionally be in double-word and multiple double-word quantities to a maximum of 64 bytes.

(1) MAINTENANCE, opt. data

Requestor Destination

(2) opt MAINTENANCE opt data

Figure 2-5. Maintenance Operation

Endian, Byte Ordering, and Alignment

odified data

back to the specified address without allowing any intervening activity to that address. Defined operations are incre-
ment, decrement, test-and-swap, set, and clear (See bit settings in Table 4-9 and Table 4-10). Of these) oply test-and-
swap require the requesting processing element to supply data. The target data of an atomic opefation may be initial-

-wide cache
local to the

yte position

n Figure 2-5

is used by a processing element that needs to read or write data to the specified CARs, CSRs, or locally-defined regis-
ters or data structures. If a résponse is required, MAINTENANCE requests receive a MAINTENANCE response

ies and may

RapidlO has double-word (8-byte) aligned big-endian data payloads. This means that the RapidlO interface to devices

that are little-endian shall perform the proper endian transformation to format a data payload.

Operations that specify data quantities that are less than 8 bytes shall have the bytes aligned to their proper byte position

within the big-endian double-word, as in the examples shown in Figure 2-6 through Figure 2-8.
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Bytt' O 1 2 3 4 5 6 7

Byte address 0x0000_0002, the proper byte position is shaded.

Figure 2-6. Byte Alignment Example

Bytt' O 1 2 3 4 5 6 7
| [ [ws]ws| [ | [ |

Half-word address 0x0000_0002, the proper byte positions are shaded.

Figure 2-7. Half-Word Alignment Example

Bytt' O 1 2 3 4 5 6 7
| | | | | mss | | | Ls |

Word address 0x0000_0004, the proper byte positions are’shaded.

Figure 2-8. Word AlignméntExample

Eal

or write operations, a processing element shall properlysalign data transfers to a double-word boundary for fransmission
¢ the destination. This alignment may require breaking:up a data stream into multiple transactions if the data is not natu-
Ily aligned. A number of data payload sizes and deuble-word alignments are defined to minimize this burden.

igure 2-9 shows a 48-byte data stream that a pracessing element wishes to write to another processing elerpent through
ave interconnect fabric. The data displayed in the figure is big-endian and double-word aligned with the bytgs to be writ-

—

T =

n shaded in grey. Because the start of the_stream and the end of the stream are not aligned to a double-word boundary,
e sending processing element shall bfeak the stream into three transactions as shown in the figure.

~ —

he first transaction sends the firstithree bytes (in byte lanes 5, 6, and 7) and indicates a byte lane 5, 6, and|7 three-byte
rite. The second transaction sénds all of the remaining data except for the final sub-double-word. The thirgl transaction
bnds the final 5 bytes in byte lanes 0, 1, 2, 3, and 4 indicating a five-byte write in byte lanes 0, 1, 2, 3, and 4.

v < -

Byte Byte Byte Byte Byte Byte Byte Byte
Lane Lane Lane Lane Lane Lane Lane Lane

0 1 2 3 4 5 6 7
MSB——<—
| First transaction sends these three byftes

~— with this double-word alignment
- Sse— - -
— > Second transaction sends these five
— double-words
<
< | Third transaction sends these five bytes

| with this double-word alignment

=< LSB

L Double-Word Boundary

Figure 2-9. Data Alignment Example
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This chapter contains the packet format definitions for the RapidlO Input/Output Logical Specification. Four types of 1/0
packet formats exist:

¢ Request
* Response
* Implementation-defined
» [Reserved
The|packet formats are intended to be interconnect fabric independent so the system interconnect can be anything required
for & particular application. Reserved formats, unless defined in another logical specification, shall not be-used py a device.
Request Packet Formats
A request packet is issued by a processing element that needs a remote processing elementto accomplish spme activity
on its behalf, such as a memory read operation. The request packet format types and theijr transactions for [the RapidlO
Ihput/Output Logical Specification are shown in Table 3-1 below.
Table 3-1. Request Packet Type to Transaction Type Cross Reference
Request Packet . L Documen
Format Type Transaction Type Definition Section Na.
Tyge O Implementation- Defined by the device implementation Section 3.1.3
defined
Tyge 1 — Reserved Section 3.1.4
Tyfe 2 ATOMIC Read-modify-write\0peration on specified address Section 3.1.5
NREAD Read specified-address
Tyfe 3-4 — Reserved Section 3.1.6
Tyge 5 ATOMIC test-and- | Read-test=0-swap-write operation on specified address Section 3.1.7
swap
NWRITE Write specified address
NWRITE_R Write specified address, notify source of completion
Tyfe 6 SWRITE Write specified address Section 3.1.8
Tyge 7 — Reserved Section 3.1.9
Tyge 8 MAINTENANCE | Read or write device configuration registers and perform Section 3.1.1
other system maintenance tasks
Tyge 9-11 — Reserved Section 3.1.1]
Addressing and Alignment
The'size of the address is defined as a system-wide parameter; thus the packet formats do not support/mixed local
PN YW [l el £f1ioll ealtan mobse T 1 + o HP TR L it ot £ Ll el L Bat B 3
'Jllyoll.,al auuTrtoo T1TICITUOS OIIIIUILQIICUUQIy- LILLAYALAYI % 1 S B | f vy vy C)Il‘._dlllll\zallt Vito UT dIT dauutTCoolo AT TIUL QPC\JI Ied and are
assumed to be logic 0.
All transactions are aligned to a byte, half-word, word, or double-word boundary. Read and write request addresses are
aligned to any specifiable double-word boundary and are not aligned to the size of the data written or requested. Data
payloads start at the first double-word and proceed linearly through the address space. Sub-double-word data payloads
shall be padded and properly aligned within the 8-byte boundary. Non-contiguous or unM0Oaligned transactions that
would ordinarily require a byte mask are not supported. A sending device that requires this behavior shall break the
operation into multiple request transactions. An example of this is shown in Section 2.4, “Endian, Byte Ordering, and
Alignment.”
Field Definitions for All Request Packet Formats

Table 3-2 through Table 3-4 describe the field definitions for all request packet formats. Bit fields that are defined as
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“reserved” shall be assigned to logic Os when generated and ignored when received. Bit field encodings that are
defined as “reserved” shall not be assigned when the packet is generated. A received reserved encoding is regarded as
an error if a meaningful encoding is required for the transaction and function, otherwise it is ignored. Implementation-
defined fields shall be ignored unless the encoding is understood by the receiving device. All packets described are bit
streams from the first bit to the last bit, represented in the figures 3-1 to 3-6 from left to right respectively.

Table 3-2. General Field Definitions for All Request Packets

Field Definition
ftype Format type, represented as a 4-bit value; is always the first four bits in the logical packet stream.
wdpfr Word pointer, used in conjunction with the data size (rdsize and wrsize) fields—see Table 3-3, Table 3¢4and
Section 2.4.
rdsize Data size for read transactions, used in conjunction with the word pointer (wdptr) bit—see Table 8-3 and Sect|on
24.
wrsige Write data size for sub-double-word transactions, used in conjunction with the word pginter (wdptr) bit—see

Table 3.4 and Section 2.4. For writes greater than one double-word, the size is the maximum payload that shogild

be expected by the receiver.

rsrv Reserved

srcT|ID The packet’s transaction 1D

trangaction | The specific transaction within the format class to be performed by the recipient; also called type or ttype.

extepded Optional. Specifies the most significant 16 bits of a 50-bit physical address or 32 bits of a 66-bit physical address.

address

xamgbs Extended address most significant bits. Further extends.the address specified by the address and extended addfess
fields by 2 bits. This field provides 34-, 50-, and 66:bit-addresses to be specified in a packet with the xamsbs aq the
most significant bits in the address.

address Least significant 29 bits (bits [0-28] of byte address [0-31]) of the double-word physical address

Table 3-3. Read Size (rdsize) Definitions

wdptr rdsize NuErinyt;gSr of Byte Lanes
0b0 0b0000 1 0b10000000
0b0 0b0001 1 0b01000000
0bO0 0b0010 1 0b00100000
0b0 0b0011 1 0b00010000
Ob1 0b0000 1 0b00001000
Obl 0b0001 1 0b00000100
Ob1 0b0010 1 0b00000010
Ob1 0b0011 1 0b00000001
0b0 0b0100 2 0b11000000
0b0 0b0101 3 0b11100000
0b0 0b0110 2 0b00110000
0b0 0b0111 5 0b11111000
Ob1 0b0100 2 0b00001100
Ob1 0b0101 3 0b00000111
Ob1 0b0110 2 0b00000011
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wdptr rdsize Bytes Byte Lanes
Obl 0b0111 5 0b00011111
0b0 0b1000 4 0b11110000
Obl 0b1000 4 0b00001111
Bbo Bb100% 6 (Vjvsmmmmm a0
Ob1 0b1001 6 0b00111111
0bo 0b1010 7 0b11111110
0bl 0b1010 7 0b01111111
0b0 0b1011 8 0b11111111
Obl 0b1011 16

0b0 0b1100 32

Ob1 0b1100 64

0bo 0b1101 96

Ob1 0b1101 128

0b0 0b1110 160

Obl 0b1110 192

0b0 0b1111 224

Ob1 0Ob1111 256

Table 3-4. Write-Size (wrsize) Definitions

wdptr wrsize Nulgnyt;g; of Byte Lanes
0b0 0b0000 1 0b10000000
0bO 0b0001 1 0b01000000
0b0 0b0010 1 0b00100000
0bo 0b0011 1 0b00010000
Obl 0b0000 1 0b00001000
Obl 0b0001 1 0b00000100
Ob1 0b0010 1 0b00000010
Ob1 0b0011 1 0b00000001
0b0 0b0100 2 0b11000000
0bo 0b0101 3 0b11100000
0bo 0b0110 2 0b00110000
0bO0 0b0111 5 0b11111000
Ob1 0b0100 2 0b00001100
Ob1 0b0101 3 0b00000111
Ob1 0b0110 2 0b00000011
Obl 0b0111 5 0b00011111
0bo 0b1000 4 0b11110000
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3.1.3

3.1.4

3.15

Table 3-4. Write Size (wrsize) Definitions (Continued)

wdptr wrsize Nugnyt;z;’ of Byte Lanes
Obl 0b1000 4 0b00001111
0b0 0b1001 6 0b11111100
Obl 0b1001 6 0b00111111
0b0 0b1010 7 0b11111110
0bl 0b1010 7 0b01111111
0bo 0b1011 8 0b11111111
Obl 0b1011 16

maximum
0b0 0b1100 32

maximum
Ob1 0b1100 64

maximum
00b 0b1101 reserved
Obl 0b1101 128

maximum
0b0 0b1110 reserved
Obl 0b1110 resefved
0b0 0b1111 reserved
Obl 0b1111 256

maximum

Type 0 Packet Format (Implementation-Defined)
The type 0 packet format is reserved for implementation-defined functions such as flow control.

Type 1 Packet Format (Reserved)
The type 1 packet format is-reserved.

Type 2 Packet Format (Request Class)

The type 2 format'is used for the NREAD and ATOMIC transactions as specified in the transaction fie
Table 3-5. Type2 packets never contain a data payload.

The data-payload size for the response to an ATOMIC transaction is 8 bytes. The addressing scheme de
readsportion of the ATOMIC transaction also controls the size of the atomic operation in memory so the b

d defined in

fined for the
ytes shall be

contlguous and shaII be of size byte haIf word (2 bytes), or word (4 bytes), and be allgned to that bound

aIIowed

Note that type 2 packets don’t have any special fields.
Table 3-5. Transaction Fields and Encodings for Type 2 Packets

Encoding Transaction Field

0b0000-0011 Reserved
0b0100 NREAD transaction

0b0101-1011 Reserved

0b1100 ATOMIC inc: post-increment the data

0b1101 ATOMIC dec: post-decrement the data

ary and byte
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Figure 3-1 displays the type 2 packet with all its fields. The field value 0b0010 in Figure 3-1 specifies that the packet
format is of type 2.

| 0010 | transaction ‘ rdsize | srcTID Ii
4 4 4 8
—>| extended address ‘ address |wdptr‘ xamshs |
U, 10,32 29 T Z

Figure 3-1. Type 2 Packet Bit Stream Format

3.1.6 Type 3-4 Packet Formats (Reserved)
The type 3-4 packet formats are reserved.

3.1.7 Type 5 Packet Format (Write Class)

Type 5 packets always contain a data payload. A data payload that consists of aSingle double-word or leps has sizing
information as defined in Table 3-4. The wrsize field specifies the maximum size)of the data payload for multiple dou-
ble-word transactions. The data payload may not exceed that size but may’ be smaller if desired. THe ATOMIC,
NWRITE, and NWRITE_R transactions use the type 5 format as definedsin Table 3-6. NWRITE requegt packets do
not require a response. Therefore, the transaction ID (srcTID) field for a NWRITE request is undefined apd may have
an arbitrary value.

The ATOMIC test-and-swap transaction is limited to one double-word (8 bytes) of data payload. The addressing
scheme defined for the write transactions also controls the size’of the atomic operation in memory so the bytes shall be
contiguous and shall be of size byte, half-word (2 bytes),0r word (4 bytes), and be aligned to that boundary and byte
lane as with a regular write transaction. Double-word, (8-byte) and 3, 5, 6, and 7 byte ATOMIC test-and-sfvap transac-
tions are not allowed.

Note that type 5 packets don’t have any special fields.
Table 3-6. Transaction Fields and Encodings for Type 5 Packets

Encoding Transaction Field

0b0000-0011 Reserved

0b0100 NWRITE transaction

0b0101 NWRITE_R transaction
0b0110-1101 Reserved

0b1110 ATOMIC test-and-swap: read and return the data,
compare to 0, write with supplied data if compare is true

Ob1111 Reserved

Eigure 3-2 displays the type 5 packet with all its fields. The field value 0b0101 in Figure 3-2 specifies that the packet

£ - e -
TOrMat 1S oT type o
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3.1.8

3.1.9

3.1.10

| 0101 | transaction wrsize | srcTID |—
4 4 4 8
—>| extended address ‘ address ‘wdptr‘ xamshs Ii
0 16 32 29 1 2
*)l double-word 0 ‘ double-word 1 I
64 64
*)| double-word n |
64

Figure 3-2. Type 5 Packet Bit Stream Format

Type 6 Packet Format (Streaming-Write Class)

The type 6 packet is a special-purpose type that always contains data{The data payload always contains a
one complete double-word. Sub-double-word data payloads shall-Gse)the type 5 NWRITE transaction. Ty
tions may contain any number of double-words up to the maximum defined in Table 3-4.

Because the SWRITE transaction is the only transaction to tse format type 6, there is no need for the tran
within the packet. There are also no size or transaction.|D4ields.

Figure 3-3 displays the type 6 packet with all its fields. The field value 0b0110 in Figure 3-3 specifies th
format is of type 6.

| 0110 ‘ extended address ‘ address | rsrv ‘ xamshs Ii
4 0, 16, 32 29 1 2
—>| double-word 0 ‘ double-word 1 Ii
64 64
—>| double-word n
64

Figure 3-3. Type 6 Packet Bit Stream Format

Type-/~Packet Format (Reserved)
Fhevtype 7 packet format is reserved.

minimum of
be 6 transac-

saction field

at the packet

Type 8 Packet Format (Maintenance Class)

The type 8 MAINTENANCE packet format is used to access the RapidlO capability and status registers (CARs and
CSRs) and data structures. Unlike other request formats, the type 8 packet format serves as both the request and the

response format for maintenance operations. Type 8 packets contain no addresses and only contain data
write requests and read responses. All configuration register read accesses are performed in word (4-byte)

payloads for
, and option-

ally double-word (8-byte) or specifiable multiple double-word quantities up to a limit of 64 bytes. All register write

accesses are also performed in word (4-byte), and optionally double-word (8-byte) or multiple double-wo
up to a limit of 64 bytes.

rd quantities

Read and write data sizes are specified as shown in Table 3-3 and Table 3-4. The wrsize field specifies the maximum
size of the data payload for multiple double-word transactions. The data payload may not exceed that size but may be

smaller if desired. Both the maintenance read and the maintenance write request generate the appropriate

maintenance
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The maintenance port-write operation is a write operation that does not have guaranteed delivery and does not have an
associated response. This maintenance operation is useful for sending messages such as error indicators or status infor-
mation from a device that does not contain an end point, such as a switch. The data payload is typically placed in a
queue in the targeted end point and an interrupt is typically generated to a local processor. A port-write request to a
queue that is full or busy servicing another request may be discarded.

Definitions and encodings of fields specific to type 8 packets are provided in Table 3-7. Fields that are not specific to

type-8-packets-are-described-ntable-3-2-

Table 3-7. Specific Field Definitions and Encodings for Type 8 Packets

Typq 8 Fields Encoding Definition
transaction 0b0000 Specifies a maintenance read request
0b0001 Specifies a maintenance write request
0b0010 Specifies a maintenance read response
0b0011 Specifies a maintenance write response
0b0100 Specifies a maintenance port-write request
0b0101-1111 Reserved
config_offset — Double-word offset into the CAR/CSR registef block for reads and writes
srcTID — The type 8 request packet’s transaction\D (reserved for port-write requests)
target[l'ID — The corresponding type 8 response’packet’s transaction ID
status 0b0000 DONE—Requested transaction‘has completed successfully
0b0001-0110 Reserved
0b0111 ERROR—Unrecoyérable error detected
0b1000-1011 Reserved
0b1100-1111 Implementation-defined—Can be used for additional information such as an error code

re 3-4 spec-
uests.

Figure 3-4 displays a type 8 request (read or write) packet with all its fields. The field value 0b1000 in Fig
ifies that the packet format'is-of type 8. The srcTID and config_offset fields are reserved for port-write re
| 1000 | transaction | rdsize/wrsize ‘ srcTID |—
4 4 4 8
H' config_offset ‘ wdptr ‘ rsrv ‘ double-word 0 Ii
21 1 2 64
[ ]
| doubie-word n I
64

Figure 3-4. Type 8 Request Packet Bit Stream Format
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Figure 3-5 displays a type 8 response packet with all its fields.

| 1000 ‘ transaction

status targetTID —

4

4

8

_

reserved ‘ double-word 0

24 64

-

double-word n |

64

Figure 3-5. Type 8 Response Packet Bit Stream Format

3.1.11 Type 9-11 Packet Formats (Reserved)
The type 9-11 packet formats are reserved.
3.2 Response Packet Formats
A response transaction is issued by a processing element when it has completed a request made to it by a remote process-
img element. Response packets are always directed and are transmitted in the’same way as request packets. Qurrently two
pecket format types exist, as shown in Table 3-8.
Table 3-8. Response Packet Type to Transaction“Type Cross Reference
R =_sp0nse Packet Transaction Type Befinition Document Sectjon
Format Type Number
Type 12 — Reserved Section 3.2.2
Type 13 RESPONSE Issued by a processing element when it completes a Section 3.2.3
request by-a remote element.
Type 14 — Reserved Section 3.2.4
Typk 15 (Ijr:f[:#f;rgentatlon- Defined by the device implementation Section 3.2.5
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Field Definitions for All Response Packet Formats
The field definitions in Table 3-9 apply to more than one of the response packet formats.

Table 3-9. Field Definitions and Encodings for All Response Packets
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Field Encoding Sub-Field Definition
transaction | 0b0000 RESPONSE transaction with no data payload
0b0001-0111 Reserved
0b1000 RESPONSE transaction with data payload

0b1001-1111

Reserved

targgtTID — The corresponding request packet’s transaction 1D

statys Type of status and encoding
0b0000 DONE Requested transaction has been successfully completed
0b0001-0110 — Reserved
0b0111 ERROR Unrecoverable error detected
0b1000-1011 — Reserved
0b1100-1111 Implementation | Implementation defined—@Gan be used for additional information such as

an error code
3.2.2 Type 12 Packet Format (Reserved)

3.2.3

3.24

3.25

The type 12 packet format is reserved.

Type 13 Packet Format (Response Class)

The type 13 packet format returns status, data (if required), and the requestor’s transaction 1D. A RESPQ
with an “ERROR?” status or a response that.i§_not expected to have a data payload never has a data paylo
13 format is used for response packets tovall request packets except maintenance and response-less writes

Note that type 13 packets do not have any special fields.

| 1101 | transaction

status

|7

targetTID

4

4

8

Figure 3-6 illustrates the formatiand fields of type 13 packets. The field value 0b1101 in Fi