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INFORMATION TECHNOLOGY -
RAPIDIOT™ INTERCONNECT SPECIFICATION

FOREWORD

1) ISO (International Organization for Standardization) and IEC (International Electrotechnical Commission) form the
specialized system for worldwide standardization. National bodies that are members of ISO or IEC participate in
the development of International Standards through technical committees established by the respective
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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 1/0 devices, as WeII as prowdmg globally shared memory, message
passing, and software-ns : 0 < d-i-a,FPGA end point.
The interconnect defines a protocol mdependent of a phy5|cal |mplementat|on The phy5|cal features of an |mple entation utilizing
the interconnect dre defined by the requirements of the implementation, such as I/O signaling levels, intercorinect topology, physical
layer protocol, erfor detection, and so forth. The architecture is intended and partitioned to allow adaptation to'a muftitude 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

— Partition 11: Message Passing Logical Specification

— Partition V: Globally Shared Memory Logical Specification
2. Transpoit layer—The transport layer provides the necessary route information for a packet to move frem ong point to another.

This infqrmation is covered in Partition 111: Common Transport Specification.

3. Physicalllayer—The physical layer contains the device level interface such as packet transport’ mechanisms, flow control,
electrical characteristics, and low-level error management. This standard covers thesetopics in Partition 1Y: Physical 8/16
LP-LVD§ Specification, and in Partition VI: Physical Layer 1X/4X LP-Serial Specification.

4. Interopefability — This consists of a standard set of device and system desigp-selutions to provide for intefoperability. The
specificdtion is given in Patition VII: Interoperability Specification System and Device.
NOTE

Rapidl O specificptions are structured so that additions can be made to eagh without affecting the others. For example, each logi-
cal specification |s independent and can be implemented alone.
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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-

processin

g.

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.

Because all logical layers fulfill the same data communication functions no matter what programming model they support,

specifica
is reflect

Chap
Chap

passifg and input/output protocols.

Chap

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

Chap
used

The mes§
sage pasy
The exte
Chap
proto
Chap

envirpnment. The chapter explains the memory direttory-based mechanism that tracks memory accesse

cachg

Chap
share
Chap
types
lateng
Chap
elemg
logics
other

definitions.

Chap
specif
Chap

ions written to this logical level address similar issues. In RapidlO, this similarity among the lag
bd in the chapter contents, with each of the logical specifications containing the following chaptet

er 1, “ System Models,” provides explanations and figures of the types of systems that can use a R
er 2, “Operation Descriptions,” describes the sets of operations and transactions supported by Rap

er 3, “Packet Format Descriptions,” breaks down packets into the two basic classes of request and

n the message passing and 1/O specifications, and then subsections that.discuss and illustrate each

age passing logical specification has an annex added that describes'in“greater detail two examples
ing models, one a simple model and one a more extended madel.

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

er 1, “Overview,” describes the set of operations and transactions supported by the RapidlO globall
cols.

er 2, “System Models,” introduces some possibledevices that could participate in a RapidlO GSN

coherence. Transaction ordering and deadleck prevention are also covered.

er 3, “Operation Descriptions,” describgs'the set of operations and transactions supported by the H
i memory (GSM) protocols.

er 4, “Packet Format Descriptions; contains the packet format definitions for the GSM specificati
request and response packets, with their sub-types and fields are defined. The chapter explains hg
y is handled by RapidIO.

er 5, “Globally Shared Memory Registers,” describes the visible register set that allows an extern
nt to determine the gtobally shared memory capabilities, configuration, and status of a processing ¢
| specification. Only registers or register bits specific to the GSM logical specification are explair
RapidlO logicaly.transport, and physical specifications of interest to determine a complete list of r
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ication:
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Partition 111: 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.

P t't IV and \/l:- Dhvicical | avnr Q/1A8 1 D IN/NC and 1v/Av 1 D Carial Chncifinatinn
arttions OOV I T ityorcar gy T O7r OV Do ar o XX =T ot o opeeeatto

Partition|[IV: Physical Layer 8/16 LP-LVDS Specification contains eight chapters and an annex:

Partition|VI: Physical Layer 1x/4x LR-Serial Specification contains eight chapters and two annexes:

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
determine the capabilities, configuration, and status of a processing element using this RapidlO transport layer definition.

The imtroduction to Partition IV: Physical Layer 8/16 LP-LVDS Specification offers a general understanding of the features
and flinctions of the physical layer specification.

Chapter 1, “Physical Layer Protocol,” describes the physical layer protocol for packet delivery to the RapidlO fabric,
includling packet transmission, flow control, error management, and link maintenancejprotocols.

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

Chapter 3, “Control Symbol Formats,” explains the physical layer control farmats that manage the pacKet delivery
protogols mentioned in Chapter 2.

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

Chapter 5, “System Clocking Considerations,” discusses the RapidlO synchronous clock and how it is distributed in a
typical switch configuration.

Chapter 6, “Board Routing Guidelines,” explains board layout guidelines and application environment donsiderations for
the RapidlO architecture.

“Chapter 7,” contains the signal pin descriptions fora RapidlO end point device.
Chapter 8, “Electrical Specifications,” describes-the low voltage differential signaling (LVDS) electrical specifications of
the RapidlO 8/16 LP-LVDS device.

Annek A, “Interface Management (Informative),” contains information pertinent to interface managemegnt in a RapidlO
systein, including SECDED error tables, error recovery, link initialization, and packet retry state machines.

Chapter 1, “Overview”, offers.a general understanding of the futures of the physical layer specification,
Chapfer 2, “Packets”, defines the LP-Serial packet format and the fields that are added by the LP-Serial[physical layer.

Chapter 3, “Control Symbols”, defines the format of the two classes of control symbols which are the message elements
set by ports connected by an LP-Serial link to manage all aspects of the link operation.

Chapter 4, “PGS and PMA Layers”, defines the fonctions provided by the Physical Coding Sublayer (PSC) and the
Physical Media-Attachment (PMA) sublayer, comprising encoding, link transmission rules, serializatiof and link
initialization!
Chapter5/“LP-Serial Protocol”, defines how packets, control symbols, and the PSC/PMA sublayers are Used to implement
the physical layer protocol that provides the reliable delivery of packets between two RapidlO devices that are connected
by an LP-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”.
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. Inter-operability Specification System and Device
VII: Inter-operability Specification System and Device contains chapters:

» 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.

e Chapter 3, “816 LP-LVDS Device Class Requirements”, describes the requirements for devices adhering to the 8/16 LP-
LVDS physical layer specification, and defines three classes of devices with increasing levels of functionality.

» Chapter 4, “PCI Considerations”, describes architectural considerations for an implementation of a RapidlO to PCI (PVCI
2.2 and PCI x1.0) bridge processing element.

8372:2004(E)

e Chap
differ|
transa

Partition VII
Partition
e Chap

descr
and h

e Chap

I: Error Management Extensions Specification
\VI11: Error Management Extensions Specification contains two chapters and oneannex:
er 1, “Error Management Extensions”, defines the additional requirements forall physical and log

bes the behavior of a device when an error is detected and how the new registers and bits are man
praware.

er 2, “Error Management Registers”, describes the Error ManagementExtended Features block, ang

bits tg the existing standard physical layer registers.

e Anne

Extensions
Extensio

Terminology
Refer to

Conventions
I

ACTIVH
asserted

ACTIVH
asserted

italics

REG[FIH
appear in

TRANS/

XK A provides information and background on the application of the error management capabilities

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

he Glossary at the back of this document.

Concatenation, used to indicate that two fields are physically associated as consecuti

| HIGH Names of active high signals are shown in uppercase text with no overbar. Activg
vhen high and not asserted whef fow.

| LOW Names of active“low signals are shown in uppercase text with an overbar. Activ
vhen low and not asserted when high.

Book titles in text are set in italics.

LD] Abbreviations or acronyms for registers are shown in uppercase text. Specific bits
brackets.

ACTION= Transaction types are expressed in all caps.

operatior]

ent processing elements (devices). Additionally, this chapter contains the 8/16 LP-LVDS andx/4k LP-Serial

er 5, “Globally Shared Memory (GSM) Devices”, defines the portions of the GMS protocol neces}zz\ry to implement
ction to priority mappings to guarantee that a system maintains cache coherence and is deadlock free.

ical layers, and
pged by sofware

anumber of new

e bits

-high signals are

e low signals are

fields, or ranges

Device operation types are expressed in plain text.

n
[n-m]
Obnn

0xnn

A decimal value.
Used to express a numerical range from n to m.

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

A hexadecimal value, the number of bits is determined by the number of digits or from the surrounding
context; for example, Oxnn may be a 5, 6, 7, or 8 bit value.

Referenced Documents

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

collision

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 layers of the
architecture are described, and the functional, physical, and performance features are presented.

Introduction

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 in connected
microprocessors, memory, and memory mapped I/O devices that operate in networking equipment, memory subsystems,
and general purpose computing.

The Rapie

s. Such systems

consist of multiple mdependent dewces that use DMA engines to communlcate data and malntaln thelr consistency by pass-
ing messpges back and forth among the devices. The majority of applications written today use suchya DIMA and message

passing grogramming model.

RapidIOfis a definition of a system interconnect. System concepts such as processor programming modeld, caching, system
reset, ang interrupt programming models are beyond the scope of the RapidlO architecture) However, thase functions may
use facilities provided within the RapidlO interconnect to support the necessary behavior. For example, t:re RapidIO archi-

tecture provides the necessary operations to support processor programming models ranging from s

rong consistency

through tiotal store ordering to weak ordering. Any reference to these areas within the RapidlO architectufe specification is
for illustfation only. Subsequent revisions of the RapidlO specifications maydurther define these system 1]mctions.

Although this set of RapidlO specifications is built for the distributed~-memory system, further Rapi

10 specifications

extend the capabilities of the interface and address topics such as a sefial physical layer, globally shared njemory, and inter-
operability requirements. These specifications are available underSseparate covers from the specificationg contained in this

book.

Logical Spedifications, Partitions I-II
Globally Shgred Memory Extensions,
Partition V

Transport Spgcification, Partition 111

Physical Sperifications, Partition. LV,
Partition VI

Inter-operability Spec
System and Devicg,
Partition VII

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

RapidlO Layered Hierarchy

The RapidiQ.architecture is specified in a three-layer hierarchy consisting of logical, common transport, and physical speci-

fications:

Logical specifications—The logical specifications define the operation protocols required by the end points to 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.

Because applications are written using different programming models, the RapidlO architecture subdivides its
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
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 Layer Features
Message passing and direct-memory access (DMA) devices can improve the interconnect efficiency if larger
non-c§herent data quantities are encapsulated within a single packet, S0 RapidlO supporis a varliety 0f]
the pafket formats. Because the message passing programming model is fundamentally a non-coherent
ory mpdel, in a RapidlO device, portions of the memory space are only directly accessible by-.a prg

devicq

Packe
and di

controlled message passing interface.

headers are as small as possible to minimize the control overhead and are organized for fast, g
bassembly. As the amount of data included in a packet increases, packet efficiency increases. Rapi

paylogds up to 256 bytes. Messages are very important for embedded control applications, so a variety
data fields and multiple packet messages are supported.

Multi

le transactions are allowed concurrently in the system, not only threugh' the ability to pipeline tr

single[device, but also through spatial reuse of interfaces between different.devices in the system. Witho
of the Jpotential system throughput is wasted.

Functional Fdatures
The following are RapidlO logical layer functional features:

Many embedded systems are multiprocessor systems; not multiprocessing systems, and preferam
oftware-based coherency programming modehover the traditional computer-style globally shareg

etworking and routing markets. RapidlOstipports all of these programming models.

ystem sizes from very small to very large are supported in the same or compatible packet formatg
or future expansion and requirements!

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

Message passing and DMA devices can improve the interconnect efficiency if larger non-coherent d
e encapsulated withifrasingle packet, so RapidlO supports a variety of data sizes within the pac

Because the message-passing programming model is fundamentally a non-coherent non-shared m
RapidlO can assume that portions of the memory space are only directly accessible by a processor
hat memory-space. A remote device that attempts to access that memory space must do so throug
ontrolledmessage passing interface.

Physical Featpires

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

data sizes within
non-shared mem-
cessor or a local

fficient assembly
d10 supports data
bf large and small

Ansactions from a
ut this, a majority

pssage passing or
memory

rogramming model in order to support theirdistributed 1/O and processing requirements, especidlly in the

—RapidlO plans

ystem elements.

he RapidlO architecture sdpports 50- and 66-bit addresses as well as 34-bit local addresses for smaller systems.

ata quantities can
et formats.

mory model,
or device local to
h a local device

hyer requirements

The RapidlO packet definition is independent of the width of the physical interface to other devices on the

interconnect fabric.

The protocols and packet formats are independent of the physical interconnect topology. The protocols work whether
the physical fabric is a point-to-point ring, a bus, a switched multi-dimensional network, a duplex serial connection,

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.

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

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

Certain devices have bandwidth and latency requirements for proper operation. RapidlO should not preclude an

implementation from imposing these constraints within the system.
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Performance
Fol

Features
lowing 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 La
Thetr

physig

Functional Fs
Fu

Physical Feat
Thq

fab

int

Performance
Per|

Physical Laye
The p
16-bit
dedicd
A sou

yer Features
hnsport layer functions of the RapidlO interconnect have been addressed by incorporating the foll
al, and performance features.

atures

ctional features at the transport layer include the following:

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

Packets are assumed, but not required, to be directed from a single seurce to a single destination.

Lires

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
ic.

No requirement exists in RapidlO for geographical addressing; a device’s identifier does not depen
ne address map but can be assigned by othersmeans.

Features

formance features that apply to the-transport layer include the following:
Packet headers are as small as possible to minimize the control overhead and are organized for fast,
and disassembly.

Broadcasting and multicasting can be implemented by interpreting the transport information in thg
fabric.

I Features

pwing functional,

5.

s assured.

interconnect

d on its location

fficient assembly

interconnect

hysical layetdefines the signal definitions, flow control and error management for RapidlO. Ini
parallel«(8/16 LP-LVDS), point-to-point interface is deployed. An 8/16 LP-LVDS device interfac
ted 8=0r 16-bit input port with clock and frame signals, and a 8- or 16-bit output port with clock

referel
freque

Cce- synchronous clock S|gnal clocks packet data on the nsmg and falllng edges. A frame slgnal i

ncy scalablllty across pnnted circuit boards and connectors

Functional Features

Fol

L]

lowing is a functional feature of the physical layer of RapidlO:

ially an 8-bit and
e contains a

and frame signals.

provides a control

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:

L]

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:

L]

Physical protocols and packet formats allow for the smallest to the largest data payload sizes
Packet headers are as small as possible to minimize the control overhead and are organized for fast, efficient assembly

alals lal
AU UTSASSTTTIUTY.

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

The electrical specification allows for the fastest possible speed of operation for futuregvices.
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Partition | - Input/Output Logical Specification

ISO/IEC © 18372:2004(E)

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

Overview
The Input/Output Logical Specification is part of RapidlO’s logical layer specifications that define the interconnect’s
overall protocol and packet formats. This layer contains the transaction protocols necessary for end points to process a

ogical Specifica-

transaction_Anather I-'\’nlnirllﬂ Ingir‘nl Inynr Qpnr‘ifir‘g’rinn is described in Partition 11: I\/In':cngp Dnccing |
tion.
The Iqgical specifications do not imply a specific transport or physical interface; therefore theyare
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Nornmpative References
Ilowing referenced documents are indispensable for the application of this document. For dated references, only the
edition cited applieS-"For undated references, the latest edition (including any amendment) applies.

The fo

ISO/IH
and m

format. At the lower levels in the RapidlO three-layer hierarchy, necessary bits are added to the
transport and physical layers.

O is targeted toward memory-mapped distributed memory systems. A message-passing progr

ted to enable distributed 1/O processing. Partition I: Input/Output Logical, Specification defines
chitecture of RapidlO.

pNts

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

apter 1, “System Models,” introduces some devices that.might be part of a RapidlO system e

apter 2, “Operation Descriptions,” describes the set.of transactions and operations supported
tocols.

apter 3, “Packet Format Descriptions,” contains the packet format definitions for the Input/O
pcification. The two basic types, request.and response packets, with their sub-types and fields
apter 4, “Input/Output Registers,” describes the visible register set that allows an external prg
etermine the 1/O capabilities, configuration, and status of a processing element using this logi
ly registers or register bits specific to the Input/Output specification are explained. Refer to th
ical, transport, and physical specifications of interest to determine a complete list of registers
finitions.

C 8802=3:2002, Information technology - Telecommunications and information exchange betweq
ptropolitan area networks - Specific requirements - Part 3: Carrier sense multiple access with g

(CSM

\/CD) access method and physical layer specifications

specified in a bit

logical encoding

bmming model is
the basic 1/O sys-

vironment.
5tem issues, such as the ordered and unordered systems’that can be built using RapidlO, are ejxplained.
by the 1/0

itput

are defined.
cessing element
al specification.
e other RapidlO
and bit

n systems - Local
ollision detection

ISO/IEC 8802-3/DAmd 1 Media Access Control (MAC) Parameters, Physical Layers, and Management Parameters for

10 Gh

it/s Operation .

ISO/IEC 8802-3/DAmd 3 Maintenance 7
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 -

|EEE Std 802.3ae-2003: 10Gb/s Ethernet, covers most of the changes between ISO/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.
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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 Prgcessor-Memory Processing Element Model

Figure 1-2 shows an example of a processing element consisting of a processor connected to an ggent device. The
agent carries out several services on behalf of the processor’ Most importantly, it provides access tp a local memory
that has much lower latency than memory that is local to anoether processing element (remote memory accesses). It also
proyides 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

Cosat Lai 4
Iy STCTT HICCTCUTITICTT

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 memaryzonly device|as shown in
Figure 1-4. This type of device is much simpler than a processor; it only responds to‘tequests from thg¢ external system,
not|to local requests as in the processor-based model. As such, its memory is remaote for all processofs in the system.

Memory
Control

Memory

RapidlO-based
Systém Interconnect

Figure 1-4. Memory-Only Processing Element Example

1.1.4 Prqcessor-Only Processing Element

Similar to a memory-only element,‘a-processor-only element has no local memory. A processor-only processing 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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1.1.6

1.2

1.2.1

System Issues
The fdllowing sections describe transaction ordering and system deadlock.econsiderations in a RapidlO pystem.

-4] -

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.

Switch

I

Figure 1-6. Switch Processing Element Example

Opgration Ordering

Mogt operations in an 1/0 system do not have any requirements.as far as completion ordering. There are, however, sev-
era| tasks that require events to occur in a specific order.-As an example, a processing element may wish to write a set
of fegisters in another processing element. The sequencerin which those writes are carried out may| be critical to the

opd
tio
tio
In g
in g
ple
tio

ration of the target processing element. Without some specific system rules there would be no gua
ordering of these operations. Ordering is mostly a concern for operations between a specific sd
pair.

ertain cases a processing element may communicate with another processing element or set of pr
ifferent contexts. A set or sequence.of operations issued by a processing element may have requ
ing in order at the target processing element. That same processing element may have another s¢
s that also requires a completion order at the target processing element. However, the issuing p

rantee of comple-
urce and destina-

cessing elements
rements for com-
equence of opera-
ocessing element

has|no requirements for complétion order between the two sequences of operations. Further, it may be desirable for
ond of the sequences of @perations to complete at a higher priority than the other sequence. The ferm “transaction
reqpest flow” is defined as one of these sequences of operations.

A transaction request flow is defined as a ordered sequence of non-maintenance request transactipns from a given
source (as indicated by the source identifier) to a given destination (as indicated by the transaction gestination identi-
fier), where_ & maintenance request is a special system support request. Each packet in a transaction request flow has
the|same-saurce identifier and the same destination identifier.

Th rexmay be multlple transactlon request flows between a glven source and destlnatlon pair. When multiple flows
. RapidIO allows
multiple transactlon request flows between any source and destination pair. The flows between each source 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 comply as appli-
cable with the following Fabric Delivering Ordering and End point Completion Ordering rules.

Fabric Delivery Ordering Rules

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 that they were
issued by the logical layer of the source.

2. Non maintenance request transactions that have the same source (same source |dent|f|er) and the same destination
] ] nption as follows.

- A transaction of a higher priority transaction request flow that was issued by the logical layer.of the source before a
ransaction of a lower priority transaction request flow shall be delivered to the logical layer|ofthe destination before
he lower priority transaction.

- |Atransaction of a higher priority transaction request flow that was issued by the logical layer of the source after a
ransaction of a lower priority transaction request flow may be delivered to the logi¢al layer of the destination before
he lower priority transaction.

3.Request transactions that have different sources (different source identifiers)or different destinatigns (different des-

tingtion identifiers) are unordered with respect to each other.

End point Completion Ordering Rules

1.Write request transactions in a transaction request flow shall be completed at the logical layer of [the destination in
the|same order that the transactions were delivered to the logical fayer of the destination.

2. |A read request transaction with source A and destination B shall force the completion at the logical layer of B of all
wrife requests in the same transaction request flow that.were received by the logical layer of B beforg the read request
tranjsaction.

Redd request transactions need not be completed in the same order that they were received by the Iqgical layer of the
desfination. As a consequence, read responseztransactions need not be issued by the logical layer of the destination in
thelsame 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 jwvrite request was
recgived. However, since respongse(transactions are not part of any flow, they are not ordered relatiye to one another
and may not arrive at the logiCal level their destination in the same order as the associated write fransactions were
issyed. Therefore, write response transactions need not be issued by the logical layer in the same order as the associ-
ateg write request was received.

rface standards or

s: unordered and
sing element are
‘dependencies for
operation. RapidlO also aIIows completely ordered delivery systems to be constructed. Each type of system 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 and destina-
tion pair can arbitrarily pass each other during transmission through the intervening fabric.

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
packet |s retransmltted and accepted In this case, the source shall “unroll” its outstandlng transaction list and

1.2.3
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xplicit transaction tags which allow the destination to place the transactlons in the proper orderu

hdlock Considerations

eadlock can occur if a dependency loop exists. A dependency loop is a situation where & loop of
brmed, in which forward progress at each device is dependent upon progress at the next device. |
D can make progress then the system is deadlocked.

simplest solution to the deadlock problem is to discard a packet. This reledses’resources in the ng
vard progress to be made. RapidlO is designed to be a reliable fabric for use in real time tightly
efore discarding packets is not an acceptable solution.

onse-less operations. Dependency loops to single directionpackets can exist in unconstrained 3
bn the dependency loop can be avoided with simple routing rules. Topologies like hypercubes or 1
hes physically contain loops. In both cases, routing is dene in several dimensions (X,y,z). If rout
he x dimension, then y, then z (dimension ordered routing), topology related dependency loops ar
ctures.

ddition, a processing element design shall not*form dependency links between its input and outpu
y link between input and output ports occursiif a processing element is unable to accept an input p
packet can be issued from the output port.

may make use of
pbon receipt.

buffering devices
no device in the

twork and allows
coupled systems,

Irder to produce a system with no chance of deadlock it is requiredthat a deadlock free topologly be provided for

witch topologies.
hree-dimensional
ng is constrained
b avoided in these

ports. A depend-
hcket until a wait-

RapidlO supports operations, such as read operations, that require responses to complete. These opefations can lead to
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bpendency link between a processing element’s input port and output port.

an example of a input to output port dependency, consider a processing element where the output

processing element can not accept a new request at its input port since there is no place to put th
but port queue. No mere‘transactions can be accepted at the input port until the output port is ablg
output queue by issuing packets to the system.

method by which a RapidlO system maintains a deadlock free environment is described in the §
Layer speeification.

r 2'- Operation Descriptions

port queue is full.
e response in the
to free entries in

ppropriate Physi-

This chapter describes the set of operations and their associated transactions supported by the 1/0 protocols of RapidlO. The
transaction types, packet formats, and other necessary transaction information are described in Chapter 3, “Packet Format

Descripti

ons.”

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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type transactions as described above.

An ERROR response means that the target of the transaction encountered an unrecoverable error and co
the transaction.
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A DONE response indicates to the requestor that the desired transaction has completed and it also returns data for read-

uld not complete

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 the appropriate

Rap|d|o trahcpnrf and ph\]/cir\al |a\]lnr cpnr\ifir\atinne and ara hnynnr’l thn er\npn of this Hnmlmnnt_
For most{transaction types, a request transaction sent into the system is marked with a transaction 1D that'[s unique for each
requestof and responder processing element pair. This transaction ID allows a response to be easily‘matched to the original
request when it is returned to the requestor. An end point cannot reuse a transaction 1D value to,the same destination until the
response[from the original transaction has been received by the requestor. The number of outstanding transactions that may
be supported is implementation dependent.
Transaction 1Ds may also be used to indicate sequence information if ordered reception of transactions |s required by the
destinatign processing element and the interconnect fabric can reorder packets. Thedeceiving device can gither retry subse-
quent out-of-order requests, or it can accept and not complete the subsequent out-of-order requests until thg¢ missing transac-
tions in the sequence have been received and completed.
2.1 1/0 Qperations Cross Reference
Table P-1 contains a cross reference of the 1/0 operations defined in this RapidlO specification and theif system usage.
Table 2-1. 1/0O Operations-€ross Reference
Request
Transactions Transaction
Operation Used Possible System Usage Classification Description Packpt Format
for Completion
Ordering Rules
Read NREAD, Read operation Read Section Type 2 Sgction 3.1.5
RESPONSE 221
Write NWRITE Write operation Write Section Type 5 Sgction 3.1.7
222
Write-with- NWRITE'R,; Write operation Write Section Type 5 Sgction 3.1.7
response RESPONSE 223
Streaming-wiite SWRITE Write operation Write Section Type 6 Sgction 3.1.8
222
Atomic (readf ATOMIC, Read-modify-write Write Section Type 2 Sgction 3.1.5
modify-write RESPONSE aperation 224 Type 5 Section 3.1.7
Maintenance 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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22.1

2.2.2

2.2.3

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.
(D) NREAD
Requestor Destination
(2 DONE, data
Figure 2-1. Read Operation
Wilite and Streaming-Write Operations
The write and streaming-write operations, consisting of the NWRITE and"'SWRITE transactions as s
Figure 2-2, are used by a processing element that needs to write data.to-the specified address. The |
tion) allows multiple double-word, word, half-word and byte writes:with properly padded and align

bol
ovd
una
act

NW
act

Ift
coh

memory controller.

W
The

ndary) data payload. The SWRITE transaction is a double-word=only version of the NWRITE th
rhead. The write size and alignment for the NWRITE traqsaction are specified in Table 3-4. N9
ligned writes are not supported. It is the requestor’s respansibility to break up a write operation i
ons if the block is not aligned.

RITE and SWRITE transactions do not receive fesponses, so there is no notification to the sende
on has completed at the destination.

e write operation is to memory, data is Written to the memory regardless of the state of any sy
erence mechanism for the specified cache line or lines, although it may cause a snoop of any ¢

(1) NWRITE or SWRITE, data

Requestor Destination

Figure 2-2. Write and Streaming-Write Operations

ite-With-Response Operations
wrfite-with-response operation, consisting of the NWRITE_R and RESPONSE transactions (t

nown in

NWRITE transac-
ed (to the 8-byte
at has less header
n-contiguous and
to multiple trans-

r when the trans-

stem-wide cache
aches local to the

ypically a DONE

response) as shown in Figure 2-3,7is identical to the write operation except that It receives a response to notify the
sender that the write has completed at the destination. This operation is useful for guaranteeing read-after-write and
write-after-write ordering through a system that can reorder transactions and for enforcing other required system

beh

aviors.

(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 (typically 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-word (8-byte)

and

3,5, 6, and 7 byte ATOMIC transactions may not be specified.

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 modified data

back to the specified address without allowing any intervening activity to that address. D

mept-ee RE-SYWaP : B RE B Re pte-4—16—0O+tAe

SW4
ize(

If t
coh

memory controller.

Syste
All d3
within

Mgintenance Operations

The
is u
ters
rath
opt

p require the requesting processing element to supply data. The target data of an atomic opgrati
| using an NWRITE transaction.

Ne atomic operation is to memory, data is written to the memory regardless of the state of any s\
erence mechanism for the specified cache line or lines, although it may cause a snoop of any ¢

(1) ATOMIC, data (opt.)

Requestor Destination

(2) DONE, data

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

m Operations
ta payloads that are less than 8 bytes shall be padded and have their bytes aligned to their prg
the double-word, as in the examples showniin Figure 2-6 through Figure 2-8.

maintenance operation, which ean consist of more than one MAINTENANCE transaction as sh
sed by a processing element that-heeds to read or write data to the specified CARs, CSRs, or loc3

or data structures. If a response is required, MAINTENANCE requests receive a MAINTEN
er than a normal response for both read and write operations. Supported accesses are in 32 bit g
onally be in double-word and multiple double-word quantities to a maximum of 64 bytes.

(1) MAINTENANCE, opt. data

Requestor Destination

efined operations are incre-

se, only test-and-
bn may be initial-

stem-wide cache
aches local to the

per byte position

bwn in Figure 2-5
Ily-defined regis-
NANCE response
Lantities and may

(@) opt. MAINTENANCE, opt. data

Figure 2-5. Maintenance Operation

Endian, Byte Ordering, and Alignment
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

Byte 0 1 2 3 4 5 6 7

For w

to the destination. This alignment may require breakingp a data stream into multiple transactions if th
rally dligned. A number of data payload sizes and double-word alignments are defined to minimize this
Figurd 2-9 shows a 48-byte data stream that a processing element wishes to write to another processing
the interconnect fabric. The data displayed in_the figure is big-endian and double-word aligned with thq
ten shpded in grey. Because the start of the stream and the end of the stream are not aligned to a doubl
the sending processing element shall brgak the stream into three transactions as shown in the figure.

st transaction sends the first'three bytes (in byte lanes 5, 6, and 7) and indicates a byte lane 5, 6} and 7 three-byte
third transaction

and 4.

The fi

write. [The second transaction sends all of the remaining data except for the final sub-double-word. Thq
sends fhe final 5 bytes in bytelanes 0, 1, 2, 3, and 4 indicating a five-byte write in byte lanes 0, 1, 2, 3,

L [ [wsfws] [ [ [ |

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 Alignmént Example

ite operations, a processing element shall properly ‘align data transfers to a double-word boundary for transmission
b data is not natu-

burden.

element through
bytes to be writ-
b-word boundary,

Byte} Byte Byte Byte Byte Byte Byte Byte
Lang Lane Lane Lane Lane Lane Lane Lane
0 1 2 3 4 5 6 7
MSB——<—
| First transaction sends these thfee bytes
P S with this double-word alignment
~— |
— > Second transaction sends these five
— double-words
<
< | Third transaction sends these five bytes
| with this double-word alignment
=< LSB

Lo

ouble-Word Boundary
Figure 2-9. Data Alignment Example
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Chapter 3 - Packet Format Descriptions

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
anything required
for a partlicular appllcatlon Reserved formats, unless defined in another logical specification, shall not be.lised by a device.
Request Packet Formats
A reqliest packet is issued by a processing element that needs a remote processing element to-accomp|ish some activity
on its [pbehalf, such as a memory read operation. The request packet format types and thein transactions for the RapidlO
Input/Putput Logical Specification are shown in Table 3-1 below.
Table 3-1. Request Packet Type to Transaction Type CrossReference
Requpst Packet . L Document
Fornat Type Transaction Type Definition Sectibn No.
Type 0 Implementation- Defined by the device implementation Section3.1.3
defined
Type 1 — Reserved Section3.1.4
Type 2 ATOMIC Read-modify-write @peration on specified address Section3.1.5
NREAD Read specified-address
Type 3-4 — Reserved Section3.1.6
Type 5 ATOMIC test-and- | Read-test=0-swap-write operation on specified address Section3.1.7
swap
NWRITE Write specified address
NWRITE_R Write specified address, notify source of completion
Type 6 SWRITE Write specified address Section3.1.8
Type 7 — Reserved Section3.1.9
Type 8 MAINTENANCE | Read or write device configuration registers and perform Section3.1.10
other system maintenance tasks
Type 9-11 — Reserved Section3.1.11
Adgressing and Alignment

The size of the address is defined as a system-wide parameter; thus the packet formats do not support mixed local
physical address fields simultaneously. The least three significant bits of all addresses are not specified 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.
wdptr 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|3-3 and Section
24.
wrsize Write data size for sub-double-word transactions, used in conjunction with the word peinter (wdptr) bit4-see

Table 3.4 and Section 2.4. For writes greater than one double-word, the size is the maximum payload thdt should
be expected by the receiver.

rsrv Reserved
srcTID The packet’s transaction 1D
transactiop | The specific transaction within the format class to be performed by the recipient; also called type or ttypp.

extended Optional. Specifies the most significant 16 bits of a 50-bit physi€al address or 32 bits of a 66-bit physical address.

address

xamshs Extended address most significant bits. Further extends\the address specified by the address and extendefd address
fields by 2 bits. This field provides 34-, 50-, and 66-bit-addresses to be specified in a packet with the xamgbs as 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
0b0 0b1001 6 0b11111100
bl 0b1001 6 0000111111
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 0k0000 1 0b10000000
0bO 0b0001 1 0b01000000
0bo 0b0010 1 0b00100000
0bO0 0b0011 1 0b00010000
Obl 0b0000 1 0b00001000
Obl 0b0001 1 0b00000100
Ob1 0b0010 1 0b00000010
0Ob1 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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wdptr wrsize Nugnyt;z;’ of Byte Lanes
Obl 0b1000 4 0b00001111
0b0 0b1001 6 0b11111100
Obl 0b1001 6 0b00111111
0b0 0b1010 7 0b11111110
ObT Ob1010 7 ODOIIIIIIT
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 resefvedl
0b0 0b1111 reserved
Obl 0b1111 256

maximum

Type 0 Packet Format (Implementation-Defined)

The

Type 1 Packet Format (Reserved)

The

type 1 packet formatiis reserved.

Type 2 Packet Format (Request Class)

The
Tah

The
rea

type 0 packet format is reserved-for implementation-defined functions such as flow control.

type 2 format'is used for the NREAD and ATOMIC transactions as specified in the transactio
le 3-5. Type 2 packets never contain a data payload.

data_payload size for the response to an ATOMIC transaction is 8 bytes. The addressing sche
| portion of the ATOMIC transaction also controls the size of the atomic operation in memory scﬂthe bytes shall be

n field defined in

e defined for the

contiguous and shall be of size byte, half-word (2 bytes), or word (4 bytes), and be aligned to that boundary and byte
lane as with a regular read transaction. Double-word (8-byte), 3, 5, 6, and 7 byte ATOMIC transactions are not
allowed.

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
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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.

3.1.6

3.1.7

| 0010 | transaction ‘ rdsize | srcTID Ii
4 4 4 8
—>| extended address ‘ address |wdptr‘ xamshs |
0, 16, 32 29 1 2

Flgure o-1. Type £ FaCKel BIt streaim Format

Type 3-4 Packet Formats (Reserved)

The

Ty

type 3-4 packet formats are reserved.

Ter 5 Packet Format (Write Class)

e 5 packets always contain a data payload. A data payload that consists of a-single double-word

infgrmation as defined in Table 3-4. The wrsize field specifies the maximum size-of the data payload

ble

NWRITE, and NWRITE_R transactions use the type 5 format as defiped-in Table 3-6. NWRITE r

not
an

The

sch

con

lan

rbitrary value.

bme defined for the write transactions also controls the size of the atomic operation in memory so

tiorls are not allowed.

No

e that type 5 packets don’t have any speciakfields.
Table 3-6. Transaction-Eields 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
0b1111 Reserved

or less has sizing
for multiple dou-

word transactions. The data payload may not exceed that size but may be smaller if desired. The ATOMIC,

bquest packets do

require a response. Therefore, the transaction ID (srcTID) field foraNWRITE request is undefied and may have

ATOMIC test-and-swap transaction is limited to one double-word (8 bytes) of data payload. The addressing

the bytes shall be

tiguous and shall be of size byte, half-word (2 bytes);er word (4 bytes), and be aligned to that boundary and byte
 as with a regular write transaction. Double-word.(8-byte) and 3, 5, 6, and 7 byte ATOMIC test-and-swap transac-

Figure 3-2 displays the type 5 packet with all its fields. The field value 0b0101 in Figure 3-2 specifies that the packet
format is of type 5.
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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
——> 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)

Thq type 6 packet is a special-purpose type that always contains data. The data payload always contajns a minimum of
ong complete double-word. Sub-double-word data payloads shall use the type 5 NWRITE transactiop. Type 6 transac-
tior)s may contain any number of double-words up to the maximydm defined in Table 3-4.

Begause the SWRITE transaction is the only transaction to‘uSe format type 6, there is no need for th¢ transaction field
within the packet. There are also no size or transaction. D fields.

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

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

Figure 3-3. Type 6 Packet Bit Stream Format

Ty;|>e 7.Packet Format (Reserved)
The type 7 packet format is reserved.

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 payloads for
write requests and read responses. All configuration register read accesses are performed in word (4-byte), 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-word quantities
up to a limit of 64 bytes.

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 in Table 3-2.

Type 8 Figlds 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_offs

Double-word offset into the CAR/CSR register block for reads and writes

srcTID — The type 8 request packet’s transactiofn\D (reserved for port-write requests)
targetTID — The corresponding type 8 response’packet’s transaction ID
status 0b0000 DONE—Requested transaction has completed successfully

0b0001-0110 Reserved

0b0111 ERROR—Unrecovérable error detected

0b1000-1011

Reserved

0b1100-1111

Implementation-defined—Can be used for additional information such as an error

code

Figure 3-4 displays a type 8 request (read or write) packet with all its fields. The field value 0b1000 i

T Figure 3-4 spec-
t

e requests.

ifiep that the packet format is. of type 8. The srcTID and config_offset fields are reserved for port-wr
1000 | trapsaction | rdsize/wrsize ‘ srcTID |—
4 4 4 8
H' config_offset ‘ wdptr ‘ rsrv ‘ double-word 0 I
21 1 2 64
*)| double-word n |
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

&l N =i
TOToTC=vvOTO 11 I

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 Resppnse Packet Formats
A resgonse transaction is issued by a processing element when it has completed a request made to it by p remote process-
ing elément. Response packets are always directed and are transmitted jn‘the same way as request packgts. Currently two
packe{ format types exist, as shown in Table 3-8.
Table 3-8. Response Packet Type to Transaction Type Cross Reference
Resporse Packet . A Document Section
Format Type Transaction Type Definition Number
Type 12 — Reserved Section 3.4.2
Type 13 RESPONSE Issued by a-processing element when it completes a Section 3.2.3
request by<d remote element.
Type 14 — Reserved Section 3.2.4
Type 15 (Ijr;]fr::]irgentatlon- Defined by the device implementation Section 3.5
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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

ISO/IEC © 18372:2004(E)

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

targetTID — The corresponding request packet’s transaction 1D

status 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—Can\be used for additional informatidn 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)

type 13 packet format returns status, data (if required), and the requestor’s transaction ID. A R
with an “ERROR” status or a response that.is’not expected to have a data payload never has a data payload. The type

The

13
No

e that type 13 packets do not have_ any special fields.

ormat is used for response packets to altrequest packets except maintenance and response-less w

Figure 3-6 illustrates the format and fields of type 13 packets. The field value 0b1101 in Figure 3-6
packet format i is of type 13 .

| 1101 | transaction

status

|7

targetTID

4

4

8

SIS

double-word 0

‘ double-word 1

|_

64

64

FSPONSE packet

rites.

specifies that the

]

double-word n |

64

Figure 3-6. Type 13 Packet Bit Stream Format

Type 14 Packet Format (Reserved)
The type 14 packet format is reserved.

Type 15 Packet Format (Implementation-Defined)
The type 15 packet format is reserved for implementation-defined functions such as flow control.
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Chapter 4 - Input/Output Registers

This chapter describes the visible register set that allows an external processing element to determine the capabilities, con-
figuration, and status of a processing element using this logical specification. This chapter only describes registers or regis-
ter bits defined by this specification. Refer to the other RapidlO logical, transport, and physical specifications of interest to
determine a complete list of registers and bit definitions. All registers are 32-bits and aligned to a 32-bit boundary.

Register Summary
Table 4-1 shows the register map for this RapidlO specification. These capability registers (CARs) and command and sta-

ister offsets not defined are consid-

the scope of this
5e an error condi-
r condition in the

ed in this specifi-

tus reqisters (CSRs) can be accessed using RapidlO maintenance operations. Any re
ered re¢served for this specification unless otherwise stated. Other registers required for a processingiel¢ment are defined
in other applicable RapidlO specifications and by the requirements of the specific device and are beyon
specif|cation. Read and write accesses to reserved register offsets shall terminate normally and not cau
tion in the target device. Writes to CAR (read-only) space shall terminate normally and not gause an errg
target device.
Register bits defined as reserved are considered reserved for this specification only. Bits that are resery
cation|may be defined in another RapidlO specification.
Table 4-1. 1/0O Register Map
c ;gzg:g;ttlgn Register Name Register Name
Offset (Word 0) (Word 1)

0xp Device Identity CAR Device Information CAR

0xpB Assembly Identity CAR Assembly Information CAR

0x10 Processing Element Features CAR Switch Port Information CAR

0x|18 Source Operations CAR Destination Operations CAR

0xR0-38 Reserved

0x¢40 Reserved Write Port CSR

0x¢48 Reserved Processing Element Logical Layer Contro

CSR
0x60 Reserved
0xp8 Local Configuration Space High Base Address | Local Configuration Space Base Address C$R
CSR

0xp0-F8 Reserved

0x{L00—

FHF8 Extended Features Space

0x10000-

FFFFF8 Implementation-defined Space

Reserved Register and Bit Behavior
Table 4-2 describes the required behavior for accesses to reserved register bits and reserved registers for the RapidlO
register space.
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Table 4-2. Configuration Space Reserved Access Behavior

Byte Offset Space Name Item Initiator behavior Target behavior

0x0-3C Capability Register Reserved bit read - ignore returned value® | read - return logic 0
Space (CAR Space - this
space is read-only)

write - write - ignored

Implementation- | read - ignore returned value read - return implementation-
defined bit unless implementation- defined value
defined function understood

write - write - ignored
Reserved read - ignore returned value read - returmlogic 0s
register - .
g write - write ~ignered
0x40-F( Command and Status Reserved bit read - ignore returned value redd~-return logic 0
Register Space (CSR write - preserve current value?7 write - ignored
Space)
Implementation- | read - ignore returned value read - return implemgntation-
defined bit unless implementationt defined value
defined function understood
write - preserve(Current value | write - implementatipn-
if implementation-defined defined
functiop-nerunderstood
Reserved register | read ~ignore returned value read - return logic 0g
write - write - ignored
0x100- Extended Features Space | Reserved bit read - ignore returned value | read - return logic 0
FFFC write - preserve current value | write - ignored
Implementation- | read - ignore returned value read - return implementation-
defined bit unless implementation- defined value
defined function understood
write - preserve current value | write - implementatipn-
if implementation-defined defined
function not understood
Reserved register | read - ignore returned value read - return logic Og
write - write - ignored
0x10000- | Implementation-defined | Reserved bitand | All behavior implementation-defined
FFFFFQ | Space register

1. Do notdepend on reserved bits being a particular value; use appropriate masks to extract defined bits from the read value.

2. All register writes shall be in the form: read the register to obtain the values of all reserved bits, merge in the desired values
for defined bits to be modified, and write the register, thus preserving the value of all reserved bits.

Extended Features Data Structure

The RapidlO capability and command and status registers implement an extended capability data structure. If the
extended features bit (bit 28) in the processing element features register is set, the extended features pointer is valid and
points to the first entry in the extended features data structure. This pointer is an offset into the standard 16 Mbyte capa-
bility register (CAR) and command and status register (CSR) space and is accessed with a maintenance read operation in
the same way as when accessing CARs and CSRs.

The extended features data structure is a singly linked list of double-word structures. Each of these contains a pointer to
the next structure (EF_PTR) and an extended feature type identifier (EF_ID). The end of the list is determined when the
next extended feature pointer has a value of logic 0. All pointers and extended features blocks shall index completely into
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the extended features space of the CSR space, and all shall be aligned to a double-word boundary so the three least signif-
icant bits shall equal logic 0. Pointer values not in extended features space or improperly aligned are illegal and shall be
treated as the end of the data structure. Figure 4-1 shows an example of an extended features data structure. It is required
that the extended features bit is set to logic 1 in the processing element features register.

ExtendedFeaturesPtr

0 15 16 31 32 47 48 63
| NextExtendedFeaturePtr ExtendedFeaturelD reserved reserved

0 15 16 31 32 47 48 63
| NextExtendedFeaturePtr ExtendedFeaturelD reserved reserved

[t 15 16 31 32 47 48 63
L | 0p0000000000000000 ExtendedFeaturelD reserved reserved

Capapility Registers (CARS)

Every
bilitie

byte) quantities, although some processing elements may optionally allow larger accesses. CARS are r¢
-2 for the required behavior for accesses to reserved. pegisters and register bits.

Table
CARs

D¢

The
AV

RapidlO Trade Association.

The
end
Tah

vice Identity CAR (Offset 0x0 Word 0)

Figure 4-1. Example Extended Features Data Structure

processing element shall contain a set of registers that allowSan external processing element to d
through maintenance read operations. All registers are-32 bits wide and are organized and acc

are big-endian with bit 0 and Word 0 respectivély the most significant bit and word.

DeviceVendorldentity field identifiesthe vendor that manufactured the device containing the pr
alue for the DeviceVendorldentity field is uniquely assigned to a device vendor by the registratig

Deviceldentity field is intended to uniquely identify the type of device from the vendor specifieq
orldentity field. The values for the Deviceldentity field are assigned and managed by the respe

le 4-3.
Table 4-3. Bit Settings for Device ldentity CAR
Bit Field Name Description
0-15 Deviceldentity Device identifier
16-31 | DeviceVendorldentity Device vendor identifier

btermine its capa-
pssed in 32-bit (4
ad-only. Refer to

bcessing element.
n authority of the

by the DeviceV-
ctive vendor. See

De

vice Information CAR (Offset 0x0 Word 1)

The DeviceRev field is intended to identify the revision level of the device. The value for the DeviceRev field is
assigned and managed by the vendor specified by the DeviceVendorldentity field. See Table 4-4

Table 4-4. Bit Settings for Device Information CAR

Bit Field Name Description

0-31 DeviceRev Device revision level

Assembly Identity CAR (Offset 0x8 Word 0)

The AssyVendorldentity field identifies the vendor that manufactured the assembly or subsystem containing the
device. A value for the AssyVendorldentity field is uniquely assigned to a assembly vendor by the registration author-
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ity of the RapidlO Trade Association.

The Assyldentity field is intended to uniquely identify the type of assembly from the vendor specified by the AssyVen-
dorldentity field. The values for the Assyldentity field are assigned and managed by the respective vendor. See Table

4-5,
Table 4-5. Bit Settings for Assembly Identity CAR
Bit Field Name Description
0-15 | Assyldentity Assembly identifier
1621 AcavN\londarldantibn g AN bl vondar idantifinge
=L I_\Jd_y VDIIUUIIUMIILIL)’ I_\\J\Jblllul_y vieTrimuaur Tucrionrred
4.4.4 Asgembly Information CAR (Offset 0x8 Word 1)

Thik register contains additional information about the assembly; see Table 4-6.
Table 4-6. Bit Settings for Assembly Information CAR

Bit Field Name Description
0-15 | AssyRev Assembly revision level
16-31 | ExtendedFeaturesPtr Pointer to the first entry.in‘the extended features list

4.4.5 Prqcessing Element Features CAR (Offset 0x10 Word 0)
Thik register identifies the major functionality provided by the‘processing element; see Table 4-7
Table 4-7. Bit Settings for Processing*Element Features CAR

Bit Field Name Description

0 Bridge PE can bridge to another interface. Examples are PCI, proprietary
processar.buses, DRAM, etc.

1 Memory PE has physically addressable local address space and can be accgssed as
ar-end point through non-maintenance (i.e. non-coherent read and write)

operations. This local address space may be limited to local configuration
registers, or could be on-chip SRAM, etc.

2 Processor PE physically contains a local processor or similar device that executes
code. A device that bridges to an interface that connects to a procgssor
does not count (see bit 0 above).

3 Switch PE can bridge to another external RapidlO interface - an internal port to a
local end point does not count as a switch port. For example, a devlice with
two RapidlO ports and a local end point is a two port switch, not g three

port switch, regardless of the internal architecture.

4-27 — Reserved

28 Extended features PE has extended features list; the extended features pointer is valid

29-31 | Extended addressing support | Indicates the number address bits supported by the PE both as a source and
target of an operation. All PEs shall at minimum support 34 bit addresses.
0b111 - PE supports 66, 50, and 34 bit addresses

0b101 - PE supports 66 and 34 bit addresses

0b011 - PE supports 50 and 34 bit addresses

0b001 - PE supports 34 bit addresses

All other encodings reserved
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lement; see Table
b requests if it is
pplicable for end

Switch Port Information CAR (Offset 0x10 Word 1)
This register defines the switching capabilities of a processing element. This register is only valid if bit 3 is set in the
processing element features CAR; see Table 4-8
Table 4-8. Bit Settings for Switch Port Information CAR
Bit Field Name Description
0-15 |— Reserved
16-23 | PortTotal The total number of RapidlO ports on the processing element
8560000066—Reserved
0b00000001 - 1 port
0b00000010 - 2 ports
0b00000011 - 3 ports
0b00000100 - 4 ports
bubllllllll - 255 ports
24-31 |[PortNumber This is the port number from which the maintenance read operatign
accessed this register. Ports are numbered\starting with 0x00.
Soyrce Operations CAR (Offset 0x18 Word 0)
Thik register defines the set of RapidlO 10 logical operations that can be issued by this processing e
4-9| It is assumed that a processing element can generate /O logical maintenance read and writ
reqpired to access CARs and CSRs in other processing elements. The Source Operations CAR is g
point devices only. RapidlO switches shall be able to routg any packet.
Table 4-9. Bit Settings for(Source Operations CAR
Bit Field Name Description
0-13 |— Reserved
14-15 | Implementation Defined Defined by the device implementation
16 Read PE can support a read operation
17 Write PE can support a write operation
18 Streaming-write PE can support a streaming-write operation
19 Write-with-response PE can support a write-with-response operation
20-22 & Reserved
23 Atomic (test-and-swap) PE can support an atomic test-and-swap operation
24 Atomic (increment) PE can support an atomic increment operation
25 Atomic (decrement) PE can support an atomic decrement operation
26 Atomic (set) PE can support an atomic set operation
27 Atomic (clear) PE can support an atomic clear operation
28 — Reserved
29 Port-write PE can support a port-write operation
30-31 | Implementation Defined Defined by the device implementation
Destination Operations CAR (Offset 0x18 Word 1)

This register defines the set of RapidlO 1/0 operations that can be supported by this processing element; see Table 4-
10. It is required that all processing elements can respond to maintenance read and write requests in order to access
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these registers. The Destination Operations CAR is applicable for end point devices only. RapidlO switches shall be
able to route any packet.

Table 4-10. Bit Settings for Destination Operations CAR

Com
A pro
ment
access
registe

W
The

Bit Field Name Description
0-13 — Reserved
14-15 | Implementation Defined Defined by the device implementation
16 Read PE can support a read operation
17 Write PE can support a write operation
18 Streaming-write PE can support a streaming-write operation
19 Write-with-response PE can support a write-with-response operation
20-22 | — Reserved
23 Atomic (test-and-swap) PE can support an atomic test-and=swap operation
24 Atomic (increment) PE can support an atomic increment operation
25 Atomic (decrement) PE can support an atomi¢_deecrement operation
26 Atomic (set) PE can support an atomic set operation
27 Atomic (clear) PE can support,an<atomic clear operation
28 — Reserved
29 Port-write PE can stpport a port-write operation
30-31 | Implementation Defined Defined by the device implementation

mand and Status Registers (CSRS)

essing element shall contain a set of command and status registers (CSRs) that allows an extern
o control and determine the status. of its internal hardware. All registers are 32 bits wide and 3
ed in the same way as the CARs“Refer to Table 4-2 for the required behavior for accesses to rese
r bits.

ite Port CSR (Offset. x40 Word 1)
write port CSR i§ accessed if an external processing element wishes to determine the status of th

Al processing ele-
re organized and
rved registers and

is processing ele-

ment’s write port.hardware if the target processing element supports the port-write maintenance operation. It is not
necgssary to examine this register before sending a port-write transaction since the protocol will behiave appropriately
depending upon the status of the hardware. This register is read-only. See Table 4-11 for the bit setfings for the write
porf CSR:
Table 4-11. Bit Settings for Write Port CSR
Bit Field Name Description
0-23 |— Reserved
24 Write Port Available Write port hardware is initialized and ready to accept a port-write
transaction. If not available, all incoming port-write transactions will be
discarded.
25 Write Port Full Write port hardware is full. All incoming port-write transactions will be
discarded.
26 Write Port Empty Write port hardware has no outstanding port-write transactions
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ation for the logi-

physical address

Table 4-11. Bit Settings for Write Port CSR (Continued)
Bit Field Name Description

27 Write Port Busy Write port hardware is busy queueing a port-write transaction. Incoming
port-write transactions may or may not be discarded depending upon the
implementation of the write port hardware in the PE.

28 Write Port Failed Write port hardware has had an internal fault or error condition and is
waiting for assistance. All incoming port-write transactions will be
discarded.

29 Write Port Error Write port hardware has encountered a port-write transaction that Js found
to be illegal for some reason. All incoming port-write transactiong will be
discarded.

30-31 |[— Reserved

Prqcessing Element Logical Layer Control CSR (Offset 0x48 Word 1)
Thg Processing Element Logical Layer Control CSR is used for general command and status inform
cal finterface.
Table 4-12. Bit Settings for Processing Element Logical lkzayer Control CSR
Bit Field Name Description
0-28 ||[— Reserved
29-31 ||Extended addressing control | Controls the number ofaddress bits generated by the PE as a sourge and
processed by the PE"as the target of an operation.
0b100 - PE supports 66 bit addresses
0b010 - PE. supports 50 bit addresses
0b001 - RE’supports 34 bit addresses (default)
All other encodings reserved
Logal Configuration Space Base:Address 0 CSR (Offset 0x58 Word 0)
Thq local configuration space base address 0 register specifies the most significant bits of the local
doyble-word offset for the\processing element’s configuration register space. See Section 4.5.4 helow for a more
detgiled description.

Table 4:137 Bit Settings for Local Configuration Space Base Address 0 CSR

Bit

Field Name

Description

Reserved

1416 LCSBA

Reserved for a 34-bit local physical address

Reserved for a 50-bit local physical address
Bits 0-15 of a 66-bit local physical address

17-31 | LCSBA

Reserved for a 34-bit local physical address
Bits 0-14 of a 50-bit local physical address
Bits 16-30 of a 66-bit local physical address
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Local Configuration Space Base Address 1 CSR (Offset 0x58 Word 1)

The local configuration space base address 1 register specifies the least significant bits of the local physical address
double-word offset for the processing element’s configuration register space, allowing the configuration register space
to be physically mapped in the processing element. This register allows configuration and maintenance of a processing
element through regular read and write operations rather than maintenance operations. The double-word offset is right-

justified in the register.description.
Table 4-14. Bit Settings for Local Configuration Space Base Address 1 CSR

Bit

Field Name

Description

LCSBA

Reserved for a 34-bit local physical address
Bit 15 of a 50-bit local physical address
Bit 31 of a 66-bit local physical address

1-31

LCSBA

Bits 0-30 of a 34-bit local physical address
Bits 16-49 of a 50-bit local physical-address
Bits 32-62 of a 66-bit local physical address
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Partition Il is intended for users who need to understand the message passing architecture of the RapidlO interconnect.

1.1

Overview

The Message Passing Logical Specification is part of RapidlO’s logical layer specifications that define the interconnect’s
overall protocol and packet formats. This layer contains the transaction protocols necessary for end points to process a
transaction. Another RapidlO logical layer specification is explained in Partition I: Input/Output Logical Specification.

The logical specifications do not imply a specific transport or physical interface, therefore they are specified in a bit
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to enable distributed 1/0O processing.
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ing are the contents of Partition 11: Message Passing Logical Specification;

sing system environment. The chapter also explains the message passing model, detailing the g
ssage types used in a RapidlO system. System issues such as the ‘lack of transaction ordering
vention are presented.

apter 2, “Operation Descriptions,” describes the set of.0perations and transactions supported
ssage passing protocols.

apter 3, “Packet Format Descriptions,” contains the‘packet format definitions for the messagg
cification. The two basic types, request and response packets, and their fields and sub-fields
apter 4, “Message Passing Registers,” displays the RapidlO register map that allows an exter
ment to determine the message passing.capabilities, configuration, and status of a processing e
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mplete list of registers and bit.definitions.

r 1 - System Models
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Processing
Element A

Processing
Element B

Memory

Memory

Processing
Element C

Memory

Processing
Element D

RapidlO System Interconnect Fabric

PCI A

PCIB

Bridge

Firewire

MPIC

XBUS

Figure 1-1. A Possible RapidlO-Based Computing-System

The fgllowing sections describe several possible processing elements.

1.1.1 Prgcessor-Memory Processing Element Model
Figure 1-2 shows an example of a processing element consisting of a processor connected to an dgent device. The
agent carries out several services on behalf of the processor:Most importantly, it provides access td local memory. It
alsg provides an interface to the RapidlO interconnect:torservice message requests that are used fof communications

w

th other processing elements.

Memory

Processor

Agent

RapidlO-based
System Interconnect

Local Interconnect

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, 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.

Figure 1-2. Processor-Memory Processing Element Example
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Processor

Memory

RapidlO-Based

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

emory-Only Processing Element Model

5 type of device is much simpler than a processor in that it is only responsible for responding to
brnal system, not from local requests as in the processor-based model. As stchyits memory is rem
in the system.

Memory
Control

Memory

RapidlO-Based
System Interconnect

Figure 1-4. Memory-Only Processing Element Example

cessor-Only Processing Element

nt is shown in Figure 1-5.

Processor

Local Interconnect

as in Figure 1-4.
requests from the
pte for all proces-

y processing ele-

Agent

RapidlO-based
System Interconnect

Figure 1-5. Processor-Only Processing Element Example

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. An 1/O 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
Figure 1-6. Behavior of the switches, and the interconnect fabric in general, is addressed in the RapidlO Common

Transport Specification.

Switch

N

Figure 1-6. Switch Processing Element Example

Messpge Passing System Model
Rapid|O supports a message passing programming model. Message passing is a programming model g
distributed memory system machines. In this model, processing eléments are only allowed to access me
selves, and communication between processing elements.is handled through specialized hard

device that reads a section of the sender’s local memory and moves that information to the rece
essage passing device. The recipient message passing device then stores that information in |

its lochl memory to read the message.

For edample, referring to Figure 1-1, processing element A can only access the memory attached to it,

ommonly used in
mory that is local
vare manipulated
D a local message
iving processor’s
pcal memory and
sor then accesses

ind cannot access
h only access the
on. If processing
message passing
it to assemble the
receives the mes-

k up the message
ultiple packetsbefore transmitting it. At times it may also be useful to have more than one message being transmit-
b time. RapidiO has facilities for both of these features.

as 256 data bytes

per packet. A varlety of data payload sizes eX|st allowmg a source to choose a smaller size data payload if needed for
an application. RapidlO defines all data message packets as containing the same amount of data with the exception of

the last one, which can contain a smaller data payload if desired. The packets are formatted with thre

e fields:

< One field specifies the size of the data payload for all except the last packet for the data message operation.

« The second field specifies the size of the data payload for that packet, and
« The third field contains the packet sequence order information.
The actual packet formats are shown in Chapter 3, “Packet Format Descriptions.”

Because all packets except the last have the same data payload size, the receiver is able to calculate the local memory
storage addresses if the packets are received out of order, allowing operation with an interconnect fabric that does not
guarantee packet delivery ordering.

A letter field and a mailbox field allow a source to simultaneously have up to four data message operations (or “let-
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ters”) in progress to each of four different mailboxes, allowing up to sixteen concurrent data message operations
between a sender and a receiver. The mailbox field can be used to indicate the priority of a data message, allowing a
higher priority message to interrupt a lower priority one at the sender, or it can be used as a simple mailbox identifier
for a particular receiver if the receiver allows multiple mailbox addresses. If the mailbox number is used as a priority
indicator, mailbox number 0 is the highest priority and mailbox 3 is the lowest.

The number of packets comprising a data message operation, the maximum data payload size, the number of concur-
rent letters, and the number of mailboxes that can be sent or received is determined by the implementation of a partic-
ular processing element. For example, a processing element could be designed to generate two concurrent letters of at
most four packets with a maximum 64-byte data payload. That same processing element could also be designed to
receive data messages in two mailboxes with two concurrent letters for each, all with the maximum data payload size
and number of packets.

There is further discussion of the data message operation programming model and the necessary hafdware support in
Anhex A, “Message Passing Interface”.

Dogprbell Message Operations

RapidlO supports a second message type, the doorbell message operation. The.doorbell message pperation sends a
small amount of software-defined information to the receiver and the receivercontrols all local memory addressing as
with the data message operation. It is the responsibility of the processor receiving the doorbell mesage to determine
thefaction to undertake by examining the 1D of the sender and the received.data. All information supplied in a doorbell
megsage is embedded in the packet header so the doorbell message never‘has a data payload.

The generation, transmission, and receipt of a doorbell message’ packet is handled in a fashion similar to a data mes-
sagp packet. If processing element A wants to send a doorbell message to processing element B, the application soft-
walle accesses special doorbell message hardware through operating system calls or API libraries arjd configures it to
assemble the doorbell message and send it to processing element B. The doorbell message hardwdre for processing
element B receives the doorbell message and puts it into local memory at a predetermined addrness, then notifies
professing element B, again, usually via an interrupt.

Thgre is further discussion of the doorbell message operation programming model and the necessary [hardware support
in Annex A, “Message Passing Interface”.

Systegm lIssues

The fgllowing sections describe transaction ordering and system deadlock considerations in a RapidlO gystem.
Opgration Ordering
Thg RapidlO Message Passing Logical Specification requires no special system operation ordering. Message opera-
tior) completion is managed by the overlying system software.
It i§ important to,fecognize that systems may contain a mix of transactions that are maintained under the message pass-
ing|model as/well as under another model. As an example, 1/0 traffic may be interspersed with messpge traffic. In this

operation order-
ern between one

casg, the shared 1/O traffic may require strong ordering rules to maintain coherency. This may set a
ing|precedence for that implementation, especially in the case where the connection fabric cannot di
typg ef\aperation and another.

Transaction Delivery

There are two basic types of delivery schemes that can be built using RapidlO processing elements: unordered and
ordered. The RapidlO logical protocols assume that all outstanding transactions to another processing element are
delivered in an arbitrary order. In other words, the logical protocols do not rely on transaction interdependencies for
operation. RapidlO also allows completely ordered delivery systems to be constructed. Each type of system puts dif-
ferent constraints on the implementation of the source and destination processing elements and any intervening hard-
ware.

A message operation may consist of several transactions. It is possible for these transactions to arrive at a target mail-
box in an arbitrary order. A message transaction contains explicit tagging information to allow the message to be
reconstructed as it arrives at the target processing element.
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Deadlock Considerations

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

The simplest solution to the deadlock problem is to discard a packet. This releases resources in the network and allows
forward progress to be made. RapidlO is designed to be a reliable fabric for use in real time tightly coupled systems,
therefore discarding packets is not an acceptable solution.

In order to produce a system with no chance of deadlock it is required that a deadlock free topology be provided for
response-less operations. Dependency loops to single direction packets can exist in unconstrained switch topologies.
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an example of a input to output port dependency, consider a processing element where the output
but port queue. No more transactions can be accepted at the input port until the output port is ablg
output queue by issuing packets to the system.

method by which a RapidlO system maintains a deadlock free environment is described in the 3
Layer specification.

r 2 - Operation Descriptions

hnd packet formats are described in Chapter 3, “Packet Format Descriptions”.

dlO operation protocols use.request/response transaction pairs through the interconnect fabric.

ds a request transaction.toranother processing element if it requires an activity to be carried o
g element responds with a response transaction when the request has been completed or if an

Fed. Each transacfiofiis sent as a packet through the interconnect fabric. For example, a proces
send part of amessage operation to another processing element sends a MESSAGE request pack
bnt, which ptocesses the message packet and returns a DONE response packet.

5sible response transactions can be received by a requesting processing element:

NEresponse indicates to the requestor that the desired transaction has completed.
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A processing ele-
ut. The receiving
error condition is
sing element that
bt to that process-

el L V4 ball k. ol + tH thaot ott tot +HHo. ot
FINT TCOPUTIOU ofalm VT YTTICTAITU TUT A TTICooay L trariodLiiurirat dttTiTipto tU dLLT oo d TTTIATTUUA that

s busy servicing

another message operation, as can a doorbell transaction that encounters busy doorbell hardware. All transactions that are
retried for any reason shall be retransmitted by the sender. This prevents a transaction from partially completing and then
leaving the system in an unknown state.

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 the appropriate
RapidlO physical layer specification and are beyond the scope of this document.

Each request transaction sent into the system is marked with a transaction ID that is unique for each requestor and responder
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processing element pair. This transaction ID allows a response to be easily matched to the original request when it is
returned to the requestor. An end point cannot reuse a transaction 1D value to the same destination until the response from
the original transaction has been received by the requestor. The number of outstanding transactions that may be supported is
implementation dependent.

Message Passing Operations Cross Reference
Table 2-1 contains a cross-reference list of the message passing operations defined in this RapidlO specification and their
system usage.

Table 2-1. Message Passing Operations Cross Reference

Operation Trar:Jssg;ions Possible System Usage Description | Packet[Format
Doorbell DOORBELL, Section Type 1(
RESPONSE Section3.1.4
Data MESSAGE, Section Type 11
Messag¢ RESPONSE Section|3.1.5
Messpge Passing Operations
The two kinds of message passing transactions are described in this sectien.and defined as follows:
» Ddorbell
» D4gta Message
Dogrbell Operations
Thg doorbell operation, consisting of the DOORBELL and RESPONSE transactions (typically a DONE response) as
shown in Figure 2-1, is used by a processing element to send a very short message to another processing element
thrgugh the interconnect fabric. The DOORBELL transaction contains the info field to hold informgtion and does not
have a data payload. This field is software-defined and can be used for any desired purpose; see Se¢tion 3.1.4, “Type

10

A
wit
ilar
mi

Packet Formats (Doorbell Class),” forinformation about the info field.

rocessing element that receives a-doorbell transaction takes the packet and puts it in a doorbe
nin the processing element. Fhis-queue may be implemented in hardware or in local memory. Thi
to that of typical message passing mailbox hardware. The local processor is expected to read th
e the sending processing.element and the info field and determine what action to take based on tf

(D) DOORBELL

Destination

Requestor

| message queue
5 behavior is sim-
e gueue to deter-
at information.

Figure 2-1. Doorbell Operation

Data Message Operations

The data message operation, consisting of the MESSAGE and RESPONSE transactions (typically a DONE response)
as shown in Figure 2-2, is used by a processing element’s message passing support hardware to send a data message to
other processing elements. Completing a data message operation can consist of up to 16 individual MESSAGE trans-

acti

ons. MESSAGE transaction data payloads are always multiples of doubleword quantities.
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(D) MESSAGEs, data

Requestor Destination

~__@oons >

Figure 2-2. Message Operation

The processing element’s message passing hardware that is the recipient of a data message operation examines a
number of fields in order to place an individual MESSAGE packet data in local memory:

Message length (msglen) field—Specifies the number of transactions that comprise the data message operation.

Message segment (msgseg) field—Identifies which part of the data message operation is ggntainefl in this
ransaction. The message length and segment fields allow the individual packets of a data nessagg¢ to be sent or
received out of order.

Mailbox (mbox) field—Specifies which mailbox is the target of the data messaget
Letter (letter) field —Allows receipt of multiple concurrent data message operations from the same source to the
ame mailbox.

tandard size (ssize) field—Specifies the data size of all of the transactions except (possibly) the last transaction in
he data message.

this information, the message passing hardware of the recipierit processing element can calculgte to which local
ory address the transaction data should be placed.

Fr
me

Forfexample, assume that the mailbox starting addresses for-the’recipient processing element are at pddresses 0x1000
for|mailbox 0, 0x2000 for mailbox 1, 0x3000 for mailbox 2y and 0x4000 for mailbox 3, and that the processing ele-
ment receives a message transaction with the following fields:

* Imessage length of 6 packets

* Imessage segment is 3rd packet

¢ Imailbox is mailbox 2

o [etteris1

« tandard size is 32 bytes

« [data payload is 32 bytes (it shall-be 32 bytes since this is not the last transaction)

Usilng this information, the processing element’s message passing hardware can determine that the 3R bytes contained
in this part of the data message shall be put into local memory at address 0x3040.

Thg message passing-hardware may also snoop the local processing element’s caching hierarchy when writing local
memory if the mailbox’memory is defined as being cacheable by that processing element.

2.3 Endian, Byte'Qrdering, and Alignment

Rapid|O hastdouble-word (8-byte) aligned big-endian data payloads. This means that the RapidlO inferface to devices
that are little-endian shall perform the proper endian transformation at the output to format a data paylopd.

Operationsthat-specify dataquantitiesthataretessthamr8-bytesshatHave the bytesatigned-totheirproper byte position
within the big-endian double-word, as in the examples shown in Figure 2-3 through Figure 2-5.

Bytt O 1 2 3 4 5 6 7

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

Figure 2-3. Byte Alignment Example
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Byte 0 1 2 3 4 5 7
L [  [wss[is [ | [
Half-word address 0x0000_0002, the proper byte positions are shaded.
Figure 2-4. Half-Word Alignment Example
u']'t\, Q 1 2 ] Y| 124 Z
L [ [ [ [ms[ [ [uss|

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

Figure 2-5. Word Alignment Example

Chaptgr 3 - Packet Format Descriptions

This chapter contains the packet format definitions for the RapidlO Message”Passing Logical Specificatig

types of message passing packet formats:

¢ Request

* Respgnse

* Implgmentation-defined
* Resenved

The pacKet formats are intended to be interconnect fabricuindependent so the system interconnect can be
for a partlicular application. Reserved formats, unless defined in another logical specification, shall not be

Request Packet Formats

A requiest packet is issued by a processing:element that needs a remote processing element to accomp

n. There are four

hnything required

sed by a device.

ish some activity

on its pehalf, such as a doorbell operation. The request packet format types and their transactions for fhe RapidlO Mes-
sage Rassing Logical Specificatiop-are shown in Table 3-1

Table 3-1. Request Packet Type to Transaction Type Cross Reference

ngr:itt?;;;t Transaction Type Definition Docuxjrr:)seiction
Type 0 [mplementation- | Defined by the device implementation Section 3.1.2
defined
Type 1-p — Reserved Section 3.1.3
Type 10 BOORBELL Sendashortmessage SectionS1.4
Type 11 MESSAGE Send a message Section 3.1.5

Field Definitions for All Request Packet Formats

The field definitions in Table 3-2 apply to all of the request packet formats. Fields that are unique to type 10 and type
11 formats are defined in the sections that describe each type. Bit fields that are defined as “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 figure 3-2 from left to right respectively.
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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.

rsrv

Reserved

3.1.2

3.1.3

3.14

3.15

The

Type 1-9 Packet Formats (Reserved)
Thg type 1-9 formats are reserved.

Type 10 Packet Formats (Doorbell Class)

The

valyie 0b1010 in Figure 3-1 specifies that the packet format is of type 10.

Defi
typg

Figure 3-1displays a type 10 packet with all its fields:

Type 11 Packet Format (Message Class)

The

word messages are,not.specifiable and must be managed in software.

Definitions and’encodings of fields specific to type 11 packets are provided in Table 3-4. Fields that
typg 11 packets are described in Table 3-2.

Type 0 Packet Format (Implementation-Defined)

type 10 packet format is the DOORBELL transaction format. Type 10 packets never have data p

nitions and encodings of fields specific to type 10 packets are providethin Table 3-3 Fields that
10 packets are described in Table 3-2.

Table 3-3. Specific Field Definitions for Type 10 Packets

Field Encoding Befinition

info — Software-defined information field

[ 1010 | ST SICTID | infomst) | infogsh) |
4 8 8 8 8

Figure3-1. Type 10 Packet Bit Stream Format

type 11 packet is.the)! MESSAGE transaction format. Type 11 packets always have a data pay

Table 3-4. Specific Field Definitions and Encodings for Type 11 Packets

hyloads. The field

hre not specific to

oad. Sub-double-

hre not specific to

Field Enr-nrling Definition
msglen — Total number of packets comprising this message operation. A value of 0 indicates a
single-packet message. A value of 15 (0xF) indicates a 16-packet message, etc. See
example in Section 2.2.2, “Data Message Operations”.
msgseg — Specifies the part of the message supplied by this packet. A value of 0 indicates that

Operations”.

this is the first packet in the message. A value of 15 (0xF) indicates that this is the
sixteenth packet in the message, etc. See example in Section 2.2.2, “Data Message



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

-76 - ISO/IEC © 18372:2004(E)

Table 3-4. Specific Field Definitions and Encodings for Type 11 Packets

Field Encoding Definition
ssize — Standard message packet data size. This field informs the receiver of a message the
size of the data payload to expect for all of the packets for a single message operations
except for the last packet in the message. This prevents the sender from having to pad
the data field excessively for the last packet and allows the receiver to properly put the
message in local memory. See example in Section 2.2.2, “Data Message Operations”.
0b0000— Reserved
1660
0b1001 8 bytes
0b1010 16 bytes
0b1011 32 bytes
0b1100 64 bytes
0b1101 128 bytes
0b1110 256 bytes
Ob1111 Reserved
mbox — Specifies the recipient mailbox in the target processing element
letter — Identifies a slot within a mailbox. This'field allows a sending processing elemgnt to
concurrently send up to four messages to the same mailbox on the same procegsing
element.

Figure 3-2 displays a type 11 packet with all its fields. The value 0b1011 in Figure 3-2 specifies thatthe packet format

is of type 11.
| 1011 ‘ msglen | sSize | letter ‘ mbox ‘ msgseg Ii
4 4 4 2 2 4
—>| double-word 0 ‘ double-word 1 I—
64 64
—»' double-word n
64

Figure 3-2. Type 11 Packet Bit Stream Format

The combination of the letter, mbox, and msgseg fields uniquely identifies the message packet in the system for each
requestor and responder processing element pair in the same way as the transaction ID is used for other request types.

3.2 Response Packet Formats
A response transaction is issued by a processing element when it has completed a request made by a remote processing
element. Response packets are always directed and are transmitted in the same way as request packets. Currently two
response packet format types exist, as shown in Table 3-5.
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Table 3-5. Response Packet Type to Transaction Type Cross Reference

Response Packet . A Document Section
Format Type Transaction Type Definition 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 Racarvad Qnr\tinn 324
Type 15 Implementation- | Defined by the device implementation Section312.5
defined
3.21 Field Definitions for All Response Packet Formats

Thq field definitions in Table 3-6 apply to more than one of the response packet formats. Fields that{are unique to the
typg 13 format are defined in Section 3.2.3 “Type 13 Packet Format (Response'Class).”

Table 3-6. Field Definitions and Encodings for All Responsé’Packets

Fielg Encoding Sub-Field Definition

transactjon | 0b0000 RESPONSE transaetion’with no data payload
0b0001 Message RESPONSE transaction
0b0010-1111 Reserved

status Type of status and encoding
0b0000 DONE Reguested transaction has been successfully completed
0b0001-0010 — Reserved
0b0011 RETRY Requested transaction is not accepted; must retry the request
0b0100-0110 — Reserved
0b0111 ERROR Unrecoverable error detected
0b1000-1011 = Reserved
0b1100-1111 Implementation | Implementation defined—Can be used for additional

information such as an error code

3.2.2 Type 12 Packet Format (Reserved)
The type-22 packet format is reserved.

3.2.3 Type 13 Packet Format (Response Class)

The type 13 packet format returns status and the requestor’s transaction ID or message segment and mailbox informa-
tion. The type 13 format is used for response packets to all request packets. Responses to message and doorbell packets
never contain data.
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Definitions and encodings of fields specific to type 13 packets are provided in Table 3-7. Fields that are not specific to
type 13 packets are described in Table 3-6.

Table 3-7. Specific Field Definitions for Type 13 Packets

Field Sub-Field Definition

target_info As shown in Figure 3.3, when the response is the target_info field, these three sub-fields are used:

msgseg Specifies the part of the message supplied by the corresponding message packet.
A value of 0 indicates that this is the response for the first packet in the message.
A value of 15 (0OxF) indicates that this is the response for the sixteenth (and last)
packet in the message, etc.

mbox Specifies the recipient mailbox from the corresponding message packet.

letter Identifies the slot within the target mailbox. This field allows asehding progessing
element to concurrently send up to four messages to the sameymailbox on the
same processing element.

targetTID — Transaction ID of the request that caused this response.{except for message
responses defined in Figure 3-3).

Figure 3-3 shows the format of the target_info field for message responses.

| letter | mbox | msgseg
2 2 4

Figure 3-3. target_info Field for Message Responses

Figure 3-4 displays a type 13 packet with all its fietds. The value 0b1101 in Figure 3-4 specifies that the packet format
is of type 13.

1101 transaction status target_info/targetTID
4 4 4 8

Figure 3-4. Type 13 Packet Bit Stream Format

Type 14 Packet Format (Reserved)
Thq type 14 packetformat is reserved.

Type 15 Packet Format (Implementation-Defined)
Thq type 15 packet format is reserved for implementation-defined functions such as flow control.

Chapter 4 - Message Passing Registers

This chapter describes the visible register set that allows an external processing element to determine the capabilities, con-
figuration, and status of a processing element using this logical specification. This chapter only describes registers or regis-
ter bits defined by this specification. Refer to the other RapidlO logical, transport, and physical specifications of interest to
determine a complete list of registers and bit definitions. All registers are 32-bits and aligned to a 32-bit boundary.

Register Summary

Table 4-1 shows the register map for this RapidlO specification. These capability registers (CARs) and command and sta-
tus registers (CSRs) can be accessed using Partition I: Input/Output Logical Specification maintenance operations. Any
register offsets not defined are considered reserved for this specification unless otherwise stated. Other registers required
for a processing element are defined in other applicable RapidlO specifications and by the requirements of the specific
device and are beyond the scope of this specification. Read and write accesses to reserved register offsets shall terminate
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normally and not cause an error condition in the target device. Writes to CAR (read-only) space shall terminate normally
and not cause an error condition in the target device.

Register bits defined as reserved are considered reserved for this specification only. Bits that are reserved in this specifi-
cation may be defined in another RapidlO specification.

Table 4-1. Message Passing Register Map

Configuration
Space Byte
Offset

Register Name
(Word 0)

Register Name
(Word 1)

0xP-8 Reserved

0x10 Processing Element Features CAR Reserved

0x18
0xR0-38
0xy40
0xp48-F8

0X]100—
FAFs

Source Operations CAR Destination OperationsCAR

Reserved

Mailbox CSR Doorbell CSR

Reserved

Extended Features Space

0x110000-

FHFFF8 Implementation=defined Space

4.2

Reserved Register and Bit Behavior

Table

registgr space,

4-2 describes the required behavior for acceSses to reserved register bits and reserved register:

Table 4-2. Configuration Space Reserved Access Behavior

for the RapidlO

Byte Offpet Space Name Item Initiator behavior Target behavjor
0x0-3C Capability Register Reserved bit read - ignore returned value® | read - return logic 0
Space _(CAR Space,; this write - write - ignored
space is read-only)
Implementation- | read - ignore returned value read - return implementation-
defined bit unless implementation- defined value
defined function understood
write - write - ignored
Reserved read - ignore returned value read - return logic 0g
register - P
write - write - ignored
0x40-FC | Command and Status Reserved bit read - ignore returned value | read - return logic 0

Register Space (CSR
Space)

write - preserve current value?

write - ignored

Implementation-
defined bit

read - ignore returned value
unless implementation-
defined function understood

read - return implementation-

defined value

write - preserve current value
if implementation-defined
function not understood

write - implementation-

defined

Reserved register

read - ignore returned value

read - return logic Os

write -

write - ignored
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Table 4-2. Configuration Space Reserved Access Behavior

Byte Offset Space Name Item Initiator behavior Target behavior
0x100- Extended Features Space | Reserved bit read - ignore returned value | read - return logic 0
FFFC write - preserve current value | write - ignored
Implementation- | read - ignore returned value read - return implementation-
defined bit unless implementation- defined value
defined function understood
write - preserve current value | write - implementation-
if implementation-defined defined
function not understood
Reserved register | read - ignore returned value read - return logic 0s
write - write_ignored
0x10000~ | Implementation-defined | Reserved bitand | All behavior implementation-defined
FFFFFQ | Space register
1. Do notdepend on reserved bits being a particular value; use appropriate masks to extraet defined bits from the read Jalue.

2. Allreg
for defi

hed bits to be modified, and write the register, thus preserving the value of allreserved bits.

Capapility Registers (CARs)

Every
bilitie
32-Dit
Refer

CARS|

Prd
Thi

processing element shall contain a set of registers that allows an external processing element to d

fo Table 4-2 for the required behavior for accesses-to reserved registers and register bits.
are big-endian with bit 0 and Word 0 resgeetively the most significant bit and word.
cessing Element Features CAR (Offset 0x10 Word 0)

5 register identifies the major functionality provided by the processing element; see Table 4-3.
Table 4-3. Bit:Settings for Processing Element Features CAR

ster writes shall be in the form: read the register to obtain the values of all resérved bits, merge in the desired vilues

btermine its capa-

using the 1/0 logical maintenance read operation. Allregisters are 32 bits wide and are organized and accessed in
(4 byte) quantities, although some processing elements may optionally allow larger accesses. CA

Rs are read-only.

Bit Field Name Description

0-7 — Reserved

8 Mailbox 0 PE supports inbound mailbox #0

9 Mailbox & PE supports inbound mailbox #1

10 Mailbox 2 PE supports inbound mailbox #2

11 Maitbox 3 PE supports inbound mailbox #3

12 Doorbell PE supports inbound doorbells

13-31 | — Reserved

4.3.2

Source Operations CAR (Offset 0x18 Word 0)

This register defines the set of RapidlO message passing logical operations that can be issued by this processing ele-
ment; see Table 4-4. It is assumed that a processing element can generate 1/0 logical maintenance read and write
requests if it is required to access CARs and CSRs in other processing elements. The Source Operations CAR is appli-
cable for end point devices only. RapidlO switches shall be able to route any packet.
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4.3.3

4.4

44.1

De

Thi
see
req

Table 4-4. Bit Settings for Source Operations CAR

Bit Field Name Description
0-13 | — Reserved
14-15 | Implementation Defined Defined by the device implementation
16-19 | — Reserved
20 Data message PE can support a data message operation
21 Doorbell PE can support a doorbell operation
22-29 | — Reserved
30-31 | Implementation Defined Defined by the device implementation

tination Operations CAR (Offset 0x18 Word 1)
5 register defines the set of RapidlO message passing operations that can be supparted by this pr

lests in order to access these registers. The Destination Operations CAR<4s applicable for end p

RapidlO switches shall be able to route any packet.

Com
A pro
ment

accesy
registe

Table 4-5. Bit Settings for Destination Operations CAR

Bit Field Name Description
0-13 | — Reserved
14-15 | Implementation Defined Defined¢byythe device implementation
16-19 | — Reserved
20 Data message RE can support a data message operation
21 Doorbell PE can support a doorbell operation
22-29 | — Reserved
30-31 | Implementation Defined Defined by the device implementation

mand and Status Registers (CSRs)

essing element shall contain a set of command and status registers (CSRs) that allows an extern
o control and determine the status of its internal hardware. All registers are 32 bits wide and 3
ed in the same:way as the CARs. Refer to Table 4-2 for the required behavior for accesses to rese
r bits.

Thg mailbox command and status register is accessed if an external processing element wishes to de

M4ilbox CSR (Offset 0x40 Word 0)
of tFV_I_Ib_W_V—I_H'_I—I_VB processing elements’s mailboxX nardware, 1T any 1S present. It IS NOt Necessary 10 examine

pcessing element;

Table 4-5. It is required that all processing elements can respond to 1/Q-logical maintenange read and write

bint devices only.

al processing ele-
re organized and
rved registers and

lermine the status
is register before

sending a message since the RapidlO protocol shall accept, retry, or send an error response message depending upon
the status of the addressed mailbox. This register is read-only. Table 4-6 shows bit settings for the mailbox status reg-

ister (CSR).
Table 4-6. Bit Settings for Mailbox CSR
Bit Field Name Description

Mailbox 0 Available Mailbox 0 is initialized and ready to accept messages. If not available, all
incoming message transactions return error responses.

Mailbox 0 Full Mailbox 0 is full. All incoming message transactions return retry
responses.

Mailbox 0 Empty Mailbox 0 has no outstanding messages.
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Table 4-6. Bit Settings for Mailbox CSR

Bit Field Name Description

3 Mailbox 0 Busy Mailbox 0O is busy receiving a message operation. New message operations
return retry responses.

4 Mailbox 0 Failed Mailbox 0 had an internal fault or error condition and is waiting for
assistance. All incoming message transactions return error responses.

5 Mailbox 0 Error Mailbox 0 encountered a message operation or transaction of an
unacceptable size. All incoming message transactions return error
responses.

6-7 — Reserved

8 Mailbox 1 Available Mailbox 1 is initialized and ready to accept messages4 Ifinot available, all
incoming message transactions return error responses,

9 Mailbox 1 Full Mailbox 1 is full. All incoming message transactions return retry
responses.

10 Mailbox 1 Empty Mailbox 1 has no outstanding messages:

11 Mailbox 1 Busy Mailbox 1 is busy receiving a message-operation. New message operations
return retry responses.

12 Mailbox 1 Failed Mailbox 1 had an internal fault or error condition and is waiting for
assistance. All incomingimessage transactions return error responses.

13 Mailbox 1 Error Mailbox 1 encountereda message operation or transaction of an
unacceptable size2All incoming message transactions return error
responses.

14-15 ||— Reserved

16 Mailbox 2 Available Mailpox 2 is initialized and ready to accept messages. If not availgble, all
incoming message transactions return error responses.

17 Mailbox 2 Full Mailbox 2 is full. All incoming message transactions return retry
responses.

18 Mailbox 2 Empty Mailbox 2 has no outstanding messages.

19 Mailbox 2 Busy Mailbox 2 is busy receiving a message operation. New message operations
return retry responses.

20 Mailbox 2 Failed Mailbox 2 had an internal fault or error condition and is waiting for
assistance. All incoming message transactions return error responses.

21 Mailbox 2 Error Mailbox 2 encountered a message operation or transaction of an
ul |aubcptab:c O;LC. A:: ;I 1CUT1 I;I IU IIICQJC\HC tl al |ouut;u| o |ctu| LLIA*1 A%}
responses.

22-23 | — Reserved

24 Mailbox 3 Available Mailbox 3 is initialized and ready to accept messages. If not available, all
incoming message transactions return error responses.

25 Mailbox 3 Full Mailbox 3 is full. All incoming message transactions return retry
responses.

26 Mailbox 3 Empty Mailbox 3 has no outstanding messages.

27 Mailbox 3 Busy Mailbox 3 is busy receiving a message operation. New message operations

return retry responses.
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4.4.2

Table 4-6. Bit Settings for Mailbox CSR

Bit Field Name Description
28 Mailbox 3 Failed Mailbox 3 had an internal fault or error condition and is waiting for
assistance. All incoming message transactions return error responses.
29 Mailbox 3 Error Mailbox 3 encountered a message operation or transaction of an
unacceptable size. All incoming message transactions return error
responses.
30-31 | — Reserved
Dogprbell CSR (Offset 0x40 Word 1)
The doorbell CSR is accessed if an external processing element wishes to determine the status of thjis processing ele-
ment’s doorbell hardware if the target processing element supports these operations. It is'hot necessafy to examine this
reg|ster before sending a doorbell message since the protocol shall behave appropriately depending tipon the status of
the|hardware. This register is read-only. See 4-7 for the bit settings for the doorbell'status register.
Table 4-7. Bit Settings for Doorbell CSR
Bit Field Name Description
0 Doorbell Available Doorbell hardware is initialized and ready to accept doorbell mesgages. If
not available, all incoming deorbell transactions return error respgnses.
1 Doorbell Full Doorbell hardware is full)AH incoming doorbell transactions retupn retry
responses.
2 Doorbell Empty Doorbell hardware has no outstanding doorbell messages
3 Doorbell Busy Doorbell hardware is busy queueing a doorbell message. Incoming
doorbell transactions may or may not return a retry response depepding
upon the'implementation of the doorbell hardware in the PE.
4 Doorbell Failed Doorbell hardware has had an internal fault or error condition and|is
waiting for assistance. All incoming doorbell transactions return efror
responses.
5 Doorbell Error Doorbell hardware has encountered an Doorbell transaction that i§ found
to be illegal for some reason. All incoming doorbell transactions return
error responses.
6-31 |[— Reserved
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Annex A
(informative)

Interface Management

This annex contains state machine descriptions that illustrate a number of behaviors that are described in the Partition V. They are
included as examples and are believed to be correct, however, actual implementations should not use the examples directly.

Al

All

Link dnitialization-and Maintenance Mechanism

This spction contains the link training and initialization state machine referred to in Section 2.6.1.1 of Rartition IV, “Sam-
pling Yindow Alignment.” Training takes place in two circumstances; when coming out of reset and-after the loss of reli-

able input port sampling during system operation.

Link ipitialization and maintenance actually requires two inter-dependent state machines-in‘order to operate, one associ-

ated with the input port and the other with the output port. The two state machines wark together to
trainirlg. The state machines are intended for a device with an 8-bit port or a device-with a 16-bit port.

complete the link
The port can only

transition from the “Port uninitialized” state to the “Port ready” state when both halves of the state mgchine are in their

“ready” state.

Ingut port training state machine

Figure A-1 illustrates the input port training state machine. Error ¢onditions are only detectable whiile in the “ready”

states (ready and ready_maint_trn). The optional ready_maiptstrn state, shaded in Figure A-1, is
delice input port sampling circuitry during system operatiofl.

Yised to adjust the

ready _maint_tr

Figure A-1. Input port training state machine

Table A-1 describes the state transition arcs for Figure A-1.
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Table A-1. Input port training state machine transition table

Arc

Current State

Next state

cause

Comments

reset

reset

Start training condition not met.

Remain in the reset state until the
start training condition is met.
Typically, this is after reset has been
applied to the device and all other
necessary initialization activity has
completed.

reget

Walt_good_ptin

Start training condition met.

This state 1s entered after all
initialization activity has-completed
for the device.

wait_good_pttn

wait_good_pttn

The defined training pattern has
not been detected yet. Wait for the
sampling circuitry to indicate that
the defined training pattern has
been received and the sampling

circuitry is calibrated.

Remain in this stateuntil the{defined
training pattern’is detected.

4 wadit_good_pttn | wait_for_idle | Sampling circuitry is calibrated UYpon recognizing the definefl
and the defined training pattern training pattern, a 16-bit por{ can
has been received. decide whether it’s output pgrt needs

to be downgraded to drive in| 8-bit
mode. Request the output poit to start
sending idle control symbols,

5 wadit_for_idle | wait_for_idle | Remain in thisGtate until an exit | In this state, only training pajterns
condition ogcurs. and the idle and link-request{send-

training control symbols are Jegal.

6 wadit_for_idle | ready Idle-eontrol symbol has been This transition indicates that the input
received and the output port is in | port is ready to start receiving
the “send_idles” state. packets and other control symbols.

7 wqdit_for_idle | wait_good. ptth | The input port receives something | Receiving something unexpgcted or
besides a training pattern, idle, or | when the sampling circuitry s no
link-request/send-training control | longer able to reliably samplg the
symbol, or the sampling circuitry | device pins causes both the input port
is no longer calibrated. and output port to start restart the

training sequence.

8 reqdy ready Sampling circuitry remains This is a functional state in which
calibrated and is not drifting. packets and control symbols|can be

accepted, Errors are also reported in
this state.

9 ready ready_maint_trn| Sampling circuitry drift. This transition takes place when the

sampling circuitry can still reliably
sample the device pins, but
adjustment is required to prevent
eventual loss of calibration.
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Table A-1. Input port training state machine transition table (Continued)

Arc | Current State Next state cause Comments

10 | ready wait_good_pttn | Sampling circuitry is no longer Both the input port and output port
calibrated. restart the training sequence when the

sampling circuitry is no longer able
to reliably sample the device pins.
This error invokes the error recovery
algorithm when the ready state is re-
entered to attempt to recover possible
lost data.

11 | reqdy_maint_trn| ready_maint_trn| The complete sequence of 256 This is a functional state)in which
training patterns has not been packets and contrel 'symbols|can be
received, and the sampling accepted. Errors are"also repprted in
circuitry is still calibrated. this state. Indhijs’state, the device

adjusts the sampling circuitry when
the training patterns are rece|ved.

12 | reqdy_maint_trn| ready The complete sequence of 256 Sampling circuitry has been gdjusted.
training patterns has been
received and the sampling
circuitry is still calibrated.

13 | reqdy_maint_trn| wait_good_pttn | Sampling circuitry is no-lenger Both the input port and outp{it port
calibrated. restart the training sequence \hen the

sampling circuitry is no longgr able
to reliably sample the device|pins.
This error invokes the error fecovery
algorithm when the ready stdte is re-
entered to attempt to recover [possible
lost data.

Al2 Ougput port training state machine

Figure A-2 illustrates the output-port training state machine. Packets can only be transmitted when O
output port are in theirt“ready” states (ready and ready_maint_trn for the input port, and ready, ready_trn_req and

and

reafly _send_pttn for the"output port). The 8-bit mode adjustment state for a 16-bit port is heavily sh
is not required for 8-bit ports. The optional ready_maint_trn state, lightly shaded in Figure A-2
device input port sampling circuitry during system operation, and is associated with the ready |
input port state'machine.

and
the
the

oth the input port

hded in igure A-2
is used to adjust
maint_trn state in
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Figure A-2. Outputiport training state machine

Taljle A-2 describes the state transition arcs*for Figure A-2.

Table A-2. Output port training state machine transition table

ready_send_pttn

Arc | Current State Next state cause Comments
1 reset reset Start training condition not Remain in the reset state until the start
met. training condition is met. Typically, this is
after reset has been applied to the glevice and
all other necessary initialization agtivity has
completed.

2 reset send_trn_req Start training condition met. | This state is entered after all initialization
activity has completed for the device. The
output port will send a Iink-rpqnpq /send-
training control symbol

3 send_trn_req send_trn_pttn | Unconditional transition. The output port will send 256 iterations of the
training pattern

4 send_trn_pttn | send_trn_pttn | The 256 iterations of the The input port is waiting to calibrate and

training pattern is not receive the defined training pattern. The
completed. output port is sending training patterns.

5 send_trn_pttn | send_idles The 256 iterations of the The input port sampling circuitry is

training pattern is completed | calibrated and the input port has received the
and the input port has defined training pattern. In the send_idles
requested to send idle control | state, idle control symbols are sent out on the
symbols. output port.
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Table A-2. Output port training state machine transition table (Continued)

training pattern are completed
and followed by at least one
idle control symbol.

Arc | Current State Next state cause Comments

6 send_trn_pttn | send_trn_req The 256 iterations of the Remain in the send_trn_req - send_trn_pttn
training pattern are completed | loop until the input port sampling circuitry is
but the input port has not calibrated and the input port recognizes the
requested to send idle control | defined training pattern and then requests to
symbols. send idle control symbols. A link-request/

send-training control symbol is sent out in
state send_trn_req.

7 send| idles send_idles Remain in this state until an A reset to the beginning of the-traiping
exit condition occurs. sequence occurs on input porttrangitions into

the wait_good_pttn state, ‘ldle control
symbols are sent on the oltput port in this
state.

8 send| idles ready The input port is in state Ready to startsending packets and any
wait_for_idle and has control symbol.
received an idle control
symbol.

9 send) idles send_trn_pttn | A link-request/send-training | The output port will send 256 iteraions of the
is received on the input port. <4 of the training pattern as requested.

10 |send| idles send_trn_req The input port asks for a feset | Transition to send_trn_req and staft over.
back to the beginning afthe
training sequence.

11 | read ready A link-request/sénd-training | This is a functional state in which packets
is not receivedion the input and control symbols are transmitted. Errors
port and the-input port does are detected and reported in this stfte.
not ask.for a reset to the
beginning of the training
séquence.

12 | read ready_send_ptta{ link-request/send-training is | This transition occurs when in the feady state
received on the input port. and a training request is received fyom the

attached device.

13 |read ready—trn_req | The input port wants the This transition occurs when in the feady state
attached device to send 256 and input port sampling circuitry reeds to be
iterations of the training adjusted, and is associated with th¢ optional
pattern. input port ready_maint_trn state.

14 | read send_trn_req The input port asks for a reset | Transition to send_trn_req and staft over.
taotl I H H £+l Tk L. +la |H H H H
wuic UCBII LLRLLI Iy Ul uic o ULLuUro vwWIiICTT UiIcT QGIII'JIII I\J unuL“try IS nO
training sequence. longer able to reliably sample the device pins.

15 |ready_send_pttn| ready_send_pttn| The 256 iterations of the The output port is sending training patterns.
training pattern is not Errors are detected and reported in this state.
completed. Must send at least one idle control symbol

after the 256 iterations.

16 | ready_send_pttn| ready The 256 iterations of the This is a normal operating case where the

attached device requested that we send
training patterns.
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Table A-2. Output port training state machine transition table (Continued)

Arc | Current State Next state cause Comments
17 |ready trn_req |ready trn_req | Waiting to send the Might have to wait for the end of the current
link-request/send-training packet because link-request control symbols
can not be embedded. Errors are detected and
reported in this state.
18 |ready trn_req |ready link-request/send-training Input port is requesting training patterns from
sent out on the output port as | the other end to adjust its sampling circuitry.
TequeSted-by themput port:
A2 Packet Retry Mechanism
This section contains the example packet retry mechanism state machine referred to in Partition, IV, Sectjon 1.2.3, “Trans-
action|and Packet Delivery”.
Packef retry recovery actually requires two inter-dependent state machines in order to.operate, one agsociated with the
input port and the other with the output port on the two connected devices. The.two state machines|work together to
attempt recovery from a retry condition.
A21 Ingut port retry recovery state machine
If 4 packet cannot be accepted by a receiver for reasons other than error conditions, such as a full input buffer, the
recgiver follows the state sequence shown in Figure A-3.

reset

retry_stopped

Figure A-3. Input port retry recovery state machine

Table A-3 describes the state transition arcs for Figure A-3. The states referenced in the comments in quotes are the
RapidlO 8/16 LP-LVDS defined status states, not states in this state machine.
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Table A-3. Input port retry recovery state machine transition table

Arc Current State Next state cause Comments

1 recovery_disabled| recovery_disabled| Remain in this state until the This is the initial state after reset.
input port is enabled to receive The input port can’t be enabled
packets. before the training sequence has

been completed, and may be
controlled through other
mechanisms as well, such as a
software enahble hit

2 reqovery_disabled| wait_for_retry Input port is enabled.

3 wdit_for_retry wait_for_retry Remain in this state until a packet
retry situation has been detected.

4 wdit_for_retry stop_input A packet retry situation has been | Usually this is due to an |nternal
detected. resource problem such ag not

having packet buffers avgilable
for low priority packets.

5 wdit_for_retry recovery_disabled| Input port is disabled.

6 stqp_input stop_input Remain in this state-until Send a packet-retry control
described input port stop activity | symbol with the expected ackID,
is completed. discard the packet, and dpn’t

change the expected acklD. This
will force the attached dgvice to
initiate recovery starting at the
expected ackID. Clear the “Port
ready” state and set the “Input
Retry-stopped” state.

7 stdp_input retry_stopped Input port stop activity is
complete.

8 retry_stopped retpy~.Stopped Remain in this state until a The “Input Retry-stopped” state
restart-from-retry or restart-from- | causes the input port to sjlently
error control symbol is received | discard all incoming packets and
or an input port error is not change the expected ackID
encountered. value.

9 retry_stopped wait_for_retry Received a restart-from-retry or a | The restart-from-error cgntrol
restart-from-error control symbol | symbol is a link-request/{nput-
Or &I MpUt POTtError 15 Status controt Symbof-Clear the
encountered. “Input Retry-stopped” state and

set the “Port ready” state. An

input port error shall cause a

clean transition between the retry

recovery state machine and the

error recovery state machine.
A22 Output port retry recovery state machine

On receipt of an error-free packet-retry acknowledge control symbol, the attached output port follows the behavior
shown in Figure A-4. The states referenced in the comments in quotes are the RapidlO 8/16 LP-LVDS defined status
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Figure A-4. Output port retry recoyery state machine

Taljle A-4 describes the state transition arcs for Figure‘A-4.

Table A-4. Output port retry recovery state machine transition table

Arc Current State

Next state

cause

Comments

1 reqovery_disabled

recovery_disabled

Remain in this state until the
output port is enabled to receive
packets.

This is the initial state affer reset.
The output port can’t be g¢nabled
before the training sequence has
been completed, and may be
controlled through other
mechanisms as well, such as a
software enable bit.

2 reqovery_disabléd

wait_for_retry

Output port is enabled.

3 wdit_for-retry

wait_for_retry

Remain in this state until a

packet-retry control symbol is
received

The packet-retry control
shall be error free.

symbol

4 wait_for_retry

stop_output

A packet-retry control symbol has
been received.

Start the output port stop
procedure.

5 wait_for_retry

recovery_disabled

Output port is disabled.

6 stop_output

stop_output

Remain in this state until the
output port stop procedure is
completed.

Clear the “Port ready” state, set
the “Output Retry-stopped” state,
and stop transmitting new
packets.

7 stop_output

recover

Output port stop procedure is
complete.
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Table A-4. Output port retry recovery state machine transition table (Continued)

Arc Current State Next state cause Comments
8 recover recover Remain in this state until the The packet sent with the ackID
internal recovery procedure is value returned in the packet-retry
completed. control symbol and all subsequent
packets shall be re-transmitted.
Output port state machines and
the outstanding acklD scoreboard
shall be updated with this
information, then clearthe
“Output Retry-stopped” $tate and
set the “Port ready” state fo restart
the output port.
Receipt of a’packet-not-gccepted
control’symbol or other qutput
port epror during this progedure
shall cause a clean transifion
between the retry recovety state
machine and the error re¢overy
state machine.
9 reqover wait_for_retry Internal recovery proceddre is Re-transmission has started, so
complete. return to the wait_for_refry state
to wait for the next packet-retry
control symbol.
A3 Error Recovery
This section contains the error recovery state. machine referred to in Partition 1V, Section 1.3.5, “Link Behavior Under
Error.
Error fecovery actually requires two inter-dependent state machines in order to operate, one associated with the input port
and the other with the output port on.the two connected devices. The two state machines work together|to attempt recov-
ery.
A3l Ingut port error recovery:State machine
Thqre are a variety of recoverable error types described in detail in Patition IV, Section 1.3.5, “Link Behavior Under
Errpr”. The first gfeup of errors are associated with the input port, and consists mostly of corrupt packet and control
synnbols. An example of a corrupt packet is a packet with an incorrect CRC. An example of a corrupt|control symbol is
a control symbol where the second 16 bits are not an inversion of the first 16 bits. The recovery state machine for the
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input port of a RapidlO link is shown inFigure A-5.

reset

Tahjle A-5 describes the state transition arcs for Figure A=5. The states referenced in the comments
RapidlO 8/16 LP-LVDS defined status states, not statesin this state machine.

Figure A-5. Input port error recovery state machine

error_stopped

Table A-5. Input port error recovery state machine transition table

in quotes are the

Arc

Current State

Next state

cause

Comments

reqovery_disabled

recovery_disabled

Remain in this state until error
recovery is enabled.

This is the initial state af
Error recovery can’t be ¢
before the training seque
been completed, and may
controlled through other
mechanisms as well, suc
software enable bit.

er reset.
nabled
nce has
be

nasa

reqovery_disabiled

wait_for_error

Error recovery is enabled.

wdit_for_error

wait_for_error

Remain in this state until a
recoverable error is detected.

Detected errors and the |
coverage is implementat

evel of

dependent.

wait_for_error

stop_input

A recoverable error has been
detected.

An output port associated error
will not cause this transition, only
an input port associated error.

wait_for_error

recovery_disabled

Error recovery is disabled.
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Table A-5. Input port error recovery state machine transition table (Continued)

Arc Current State Next state cause Comments

6 stop_input stop_input Remain in this state until Send a packet-not-accepted
described input port stop activity | control symbol and, if the error
is completed. was on a packet, discard the

packet and don’t change the
expected acklD value. This will
force the attached device to
initiate recovery. Clear the “Port
ready” state and set the. nput
Error-stopped” state:

7 stqp_input error_stopped Input port stop activity is
complete.

8 erfor_stopped error_stopped Remain in this state until a The “InpUYError-stopped” state
restart-from-error control symbol | causes, the input port to sjlently
is received. discard all subsequent ingoming

packets and ignore all subsequent
input port errors.

9 erfor_stopped wait_for_error Received a restart-from-error, The restart-from-error cgntrol
control symbol. symbol is a link-request/{nput-

status control symbol. Clgar the
“Input Error-stopped” stdte and
set the “Port ready” state| which
will put the input port bagk in
normal operation.

A.3.2 Oufput port error recovery state maching

The

the

second recoverable group of errors. déscribed in Section 1.3.5, “Link Behavior Under Error” is a
output port, and is comprised of centrol symbols that are error-free and indicate that the attach
detgcted a transmission error or.seme other unusual situation has occurred. An example of this situati
receipt of a packet-not-accepted control symbol. Another example is the receipt of a link-req
control symbol, which shotild cause the error recovery procedure to be followed after responding td

state machine for the output port is shown in Figure A-6.

bsociated with the
bd input port has
pn is indicated by
llest/send-training
the request. The
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Taljle A-6 describes the state transition arcs for Figure A-6~The states referenced in the comments
RapidlO 8/16 LP-LVDS defined status states, not states in.this state machine.

Figure A-6. Output port error recovery state machine

Table A-6. Output port error recovery state machine transition table

fatal_error

in quotes are the

Arc Current State Next state cause Comments
1 recovery| disabled| recovery_disabled| Remain ifnthis state until error This is the initial state after resgt. Error
recovery is enabled. recovery can’t be enabled befofe the training
sequence has been completed, pnd may be
controlled through other mechgnisms as well,
such as a software enable bit.
2 recovery| disabled| wait_for_errar Error recovery is enabled.
3 wait_for| error waithfor_error Remain in this state until a Detected errors and the level of coverage is
recoverable error is detected. implementation dependent.
4 wait_for| error stop_output A recoverable error has been An input port associated error yvill not cause
detected. this transition, only an output gort associated
error.
5 wait_for_error recovery_disabled| Error recovery is disabled.
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Table A-6. Output port error recovery state machine transition table (Continued)

8372:2004(E)

complete.

Arc Current State Next state cause Comments

6 stop_output stop_output Remain in this state until an exit | Clear the “Port ready” state, set the “Output
condition occurs. Error-stopped” state, stop transmitting new

packets, and send a link-request/input-status
control symbol. Ignore all subsequent output
port errors.

The input on the attached device is in the
“Input-Error-stopped—state-ang is waiting for
a link-request/input-status in afder to be re-
enabled to receive packets.

An implementation may-wish tp time-out
several times before régarding jp time-out as
fatal using a threshold counter pr some other
mechanism.,

7 stop_output recover The link-response is received and | An outstanding acklID is a valug sent out on a
returned an outstanding ackID packet'that has not been acknowledged yet. In
value the-case where no acklDs are gutstanding the

returned acklD value shall matth the next
expected/next assigned acklD Yalue,
indicating that the devices are §ynchronized.
Recovery is possible, so follow recovery
procedure.

8 stop_output fatal_error The link-response iSreceived and | Recovery is not possible, so start error
returned an acktD value that is shutdown procedure.
not outstanding, or timed out
waiting forthe link-response.

9 recover recover Remain'in this state until the The packet sent with the ackID|value returned
internal recovery procedure is in the link-response and all suljsequent
completed. packets shall be re-transmitted| All packets

transmitted with ackID values preceding the
returned value were received bl the attached
device, so they are treated as if|packet-
accepted control symbols have|been received
for them. Output port state maghines and the
outstanding ackID scoreboard $hall be
updated with this information, then clear the
“Qutput Error-stopped” state and set the ‘Port
ready” state to restart the outpyt port.

10 | recover wait_for_error The internal recovery procedure | Re-transmission (if any was necessary) has
is complete. started, so return to the wait_for_error state to

wait for the next error.

11 | fatal_error fatal_error Remain in this state until error Clear the “Output Error-stopped” state, set the
shutdown procedure is “Port Error” state, and signal a system error.
completed.

12 | fatal_error wait_for_error Error shutdown procedure is Return to the wait_for_error state even

though the output port is shut off.
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Partition 111 is intended for users who need to understand the common transport architecture of the RapidlO interconnect.

Over

view

The Common Transport Specification defines a standard transport mechanism. In doing so, it specifies the header infor-
mation added to a RapidlO logical packet and the way the header information is interpreted by a switching fabric. The
RapidlO interconnect defines this mechanism independent of a physical implementation. The physical features of an
implementation using RapidlO are defined by the requirements of the implementation, such as 1/O signaling levels, inter-

conne
Rapid

This t

Cont
Partit

* CHapter 1, “Transport Format Description,” describes the routing methods uSed in RapidlO for s

a

O

« CHapter 2, “Common Transport Registers,” describes the visible register set that allows an exter
gment to determine the capabilities, configuration, and status of asprocessing element using th
transport layer definition.

e

Chaptér 1 - Transport Format Description

This cha

fields ard added to the packet formats described in the RapidlO logical specifications. The transport forma

be fabric
tions of t

System Topology

Rapid
gies a

ent Lqgical Specifications.

Swjtch-Based Systems

A RapidlO system'can be organized around the concept of switches. Figure 1-1 shows a small sys
professing elements are interconnected through two switches. A logical packet sent from one proc
angther is routed through the interconnect fabric by the switches by interpreting the transport fields.

usuplly requires a response, the transport fields must somehow indicate the return path from the
responder:

ct topology. physical layer protocol, and error detection. These requirements are specified in the appropriate

O physical layer specification.
ansport specification is also independent of any RapidlO logical layer specification.
PNts

on I11: Common Transport Specification contains two chapters:

0ss the systems of switches described in this chapter.

bter contains the transport format definition forcthe RapidlO Common Transport Specification

independent so the system interconnect canibe anything required for a particular application; the
he transport fields and their relationship\with the logical packets are shown as bit streams.

O is intended to be interconnect/fabric independent. This section describes several of the possil

ending packets

nal processing
s RapidlO

. Three transport
ts are intended to
refore all descrip-

le system topolo-

d routing methodologies allowed by the processing element models described in the Models chapters of the differ-

em in which five
pssing element to
Because a request
requestor to the
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Figure 1-1. A Small Switch-Based System

1.1.2 Ring-Based Systems

A gimplification of the switch structure is a ring as shewn in Figure 1-2. A ring is a point-to-point yersion of a com-
mof bus; therefore, it is required to have a unique identifier for each processing element in the system. A packet put
ontp the ring contains the source and destination*identifier in the transport fields. Each packet issudd is examined by
the|downstream processing element. If that precessing element’s identifier matches that of the destifation, it removes
the|packet from the ring for processing. If the“destination identifier does not match the packet, it is passed to the next
propessing element in the ring.

Processing Processing
ID=12 Element Element ID=4
Processing
ID=7 Element
Processing Processing
ID=2 Element Element ID=9

Figure 1-2. A Small Ring-Based System

1.2 System Packet Routing
There are many algorithms that can be used for routing through a system. The RapidlO Common Transport Specification
requires device identifier based packet routing. Each directly addressable device in the system shall have one or more
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unique device identifiers. When a packet is generated, the device ID of the destination of the packet is put in the packet
header. The device ID of the source of the packet is also put in the packet header for use by the destination when generat-
ing response packets. When the destination of a request packet generates a response packet, it swaps the source and desti-
nation fields from the request, making the original source the new destination and itself the new source. Packets are
routed through the fabric based on the destination device ID.

One method of routing packets in a switch fabric using device ID information incorporates routing tables. Each switch in
the interconnect fabric contains a table that tells the switch how to route every destination ID from an input port to the
proper output port. The simplest form of this method allows only a single path from every processing element to every
other processing element. More complex forms of this method may allow adaptive routing for redundancy and congestion
relief. How i i i tput of a switch is
implementation dependent.

Field|Alignment and Definition
The RapidlO Common Transport Specification adds a transport type (tt) field to the logical specifigation packet that
allowq four different transport packet types to be specified. The tt field indicates which type of additiongl transport fields
are adfled to the packet.

The three fields (tt, destinationID, and sourcelD) added to the logical packets alfow-for two different sjzes of the device
ID fields, a large (16-bit), and a small (8-bit), as shown in Table 1-1. The two_sizes of device ID fields allow two different
syster]: scalability points to optimize packet header overhead, and only affix’additional transport field overhead if the
additipnal addressing is required. The small device ID fields allow a maximum of 256 devices to be atta¢hed to the fabric.
The large device ID fields allow systems with up to 65,536 devices,

Table 1-1. tt Field Definition

tt Definition

0b00 8-bit devicelD fields

0b01 16-bit devicelD-fields

0Ob10 Reserved

Ob11 Resefved
Figurg 1-3 shows the transport header definition bit stream. The shaded fields are the bits associated with the logical
packe{ definition that are related to the transport bits. Specifically, the field labeled “Logical ftype” is the format type
field defined in the logical specifications. This field comprises the first four bits of the logical packet. Tlhe second logical
field gnown (“Remainder ‘of) logical packet”) is the remainder of the logical packet of a size determirjed by the logical
specif|cations, not including the logical ftype field which has already been included in the combinefl bit stream. The

unshagled fields (tt=0b00 or tt=0b01 and destinationID and sourcelD fields) are the transport fields ad

ded to the logical

packef by the RapidlO Common Transport Specification.
|tt:0m | Logical ftype| destinationID | sourcelD |—
2 y| Qarila Qaris

—>| Remainder of logical packetl
n

Figure 1-3. Destination-Source Transport Bit Stream

Routing Maintenance Packets

Routing maintenance packets in a switch-based network may be difficult because a switch processing element may not
have its own device ID. An alternative method of addressing for maintenance packets for these devices uses an addi-
tional hop_count field in the packet to specify the number of switches (or hops) into the network from the issuing
processing element that is being addressed. Whenever a switch processing element that does not have as associated
device ID receives a maintenance packet it examines the hop_count field. If the received hop_count is zero, the access
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is for that switch. If the hop_count is not zero, it is decremented and the packet is sent out of the switch according to
the destinationID field. This method allows easy access to any intervening switches in the path between two addressa-
ble processing elements. However, since maintenance response packets are always targeted at an end point, the
hop_count field shall always be assigned a value of OXFF by the source of the packets to prevent them from being inad-
vertently accepted by an intervening device. Figure 1-4 shows the transport layer fields added to a maintenance logi-
cal packet. Maintenance logical packets can be found in the Partition I: Input/Output Logical Specification.

Chaptg

This chatter describes the visible register set that allows an exteraal processing element to determine the

figuratio

register k
est to determine a complete list of registers and bit definitions. All registers are 32-bits and aligned to a 32

Regigter Summary

Table
and st
Any r
requir
specif

termirfate normally and not ealise an error condition in the target device. Writes to CAR (read-only) spa
normally and not cause an\error condition in the target device.

Register bits defined as reserved are considered reserved for this specification only. Bits that are resery

| tt=0m | ftype=0b1000| destinationID | sourcelD Ii
2 4 8orl6 8orl6
—»’ Logical transaction, dsize/status, TID fields ‘ hop_count I—
16 8

Remainder of logical packet |

-

Figure 1-4. Maintenance Packet Transport Bjt Stream

n

r 2 - Common Transport Registers

, and status of a processing element using this transpoert layer definition. This chapter only des

P-1 shows the register address map for this RapidlO specification. These capability registers (CA
tus registers (CSRs) can be accessed:using Partition I: Input/Output Logical Specification mainte
bgister offsets not defined are eonsidered reserved for this specification unless otherwise state
ed for a processing elementcare defined in other applicable RapidlO specifications and by the re
c device and are beyond the scope of this specification. Read and write accesses to reserved reg

capabilities, con-
ribes registers or

its defined by this specification. Refer to the other RapidlO logical, transport, and physical specifications of inter-

-bit boundary.

Rs) and command
nance operations.
. Other registers
fuirements of the
ister offsets shall
ce shall terminate

ed in this specifi-

cation|may be defiped in another RapidlO specification.
Table 2-1. Common Transport Register Map
ngzg:;?[isn Register Name Register Name
Offset (Word 0) (Word 1)
0x0-8 Reserved
0x10 Processing Element Features CAR Reserved
0x18-58 Reserved
0x60 Base Device ID CSR Reserved
0x68 Host Base Device ID Lock CSR Component Tag CSR
0x70-F8 Reserved
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Table 2-1. Common Transport Register Map (Continued)

ngg(?:l;a;ttlgn Register Name Register Name
Offset (Word 0) (Word 1)
0x100-
FFF8 Extended Features Space
0x10000-
FFFFF8 Implementation-defined Space
Reserved Register and Bit Behavior
Table [2-2 describes the required behavior for accesses to reserved register bits and reserved-register
register space,
Table 2-2. Configuration Space Reserved Access Behavior
Byte Offpet Space Name Item Initiator behavior Target behavjor
0x0-3C Capability Register Reserved bit read - ignore returned:vatue® | read - return logic 0
Space _(CAR Space - this write - write - ignored
space is read-only)
Implementation- | read - ignoredeturned value read - return implemegntation-
defined bit unless implementation- defined value
defined function understood
write - write - ignored
Reserved read - ignore returned value read - return logic 0s
ist - - -
register write - write - ignored
0x40-FC | Command and Status Reserved-bit read - ignore returned value read - return logic 0
Register Space (CSR write - preserve current value? | write - ignored
Space)
Implementation- | read - ignore returned value read - return implementation-
defined bit unless implementation- defined value
defined function understood
write - preserve current value | write - implementatipn-
if implementation-defined defined
function not understood
Reserved register | read - ignore returned value read - return logic 0g
write - write - ignored
0x100- Extended Features Space | Reserved bit read - ignore returned value | read - return logic 0
FFFC write - preserve current value | write - ignored
Implementation- | read - ignore returned value read - return implementation-
defined bit unless implementation- defined value
defined function understood
write - preserve current value | write - implementation-
if implementation-defined defined
function not understood
Reserved register | read - ignore returned value read - return logic Os
write - write - ignored
0x10000— | Implementation-defined | Reserved bitand | All behavior implementation-defined
FFFFFC | Space register

for the RapidlO
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1. Do not depend on reserved bits being a particular value; use appropriate masks to extract defined bits from the read value.

2. All register writes shall be in the form: read the register to obtain the values of all reserved bits, merge in the desired values
for defined bits to be modified, and write the register, thus preserving the value of all reserved bits.

2.3 Capability Registers (CARSs)
Every processing element shall contain a set of registers that allows an external processing element to determine its capa-
bilities using the 1/0 logical maintenance read operation. All registers are 32 bits wide and are organized and accessed in
32-bit (4 byte) quantities, although some processing elements may optionally allow larger accesses. CARs are read-only.
Refer to Table 2-2 for the required behavior for accesses to reserved registers and register bits.

CARs|are big-endian with bit 0 and Word 0 respectively the most significant bit and word.

2.3.1 Prqcessing Element Features CAR (Offset 0x10 Word 0)

The processing element features CAR identifies the major functionality provided by the‘processing element. The bit
settiings are shown in Table 2-3.

Table 2-3. Bit Settings for Processing Element Features CAR

Bits Name Description
0-26 |1+ Reserved
27 Common transport large 0b0 - PE does not support common transport large systems
bystem support 0b1 - PE supports common transpert‘large systems
28-31 | +— Reserved

2.4 Command and Status Registers (CSRs)

A progessing element shall contain a set of registers:that’allows an external processing element to contfol and determine
status [of its internal hardware. All registers are 32 bits'wide and are organized and accessed in the same ay as the CARs.
Refer o Table 2-2 for the required behavior foraccesses to reserved registers and register bits.

24.1 Bage Device ID CSR (Offset 0x60 Word 0)

The base device ID CSR contains thebase device ID values for the processing element. A device nay have multiple
device ID values, but these arenat.defined in a standard CSR. The bit settings are shown in Table 2-

+=

Table 2-4. Bit Settings for Base Device ID CSR

. Reset o
Bits Name Value Description

0-7 — Reserved

8-15 Base \devicelD see This is the base ID of the device in a small common transporj system
footnote | (end point devices only)
1

16-31 Large_base_devicelD | see This is the base ID of the device in a large common transport system
footnote | (only valid for end point device and if bit 27 of the Processing
2 Element Features CAR is set)

1. The Base_devicelD reset value is implementation dependent
2. The Large_base_devicelD reset value is implementation dependent

2.4.2 Host Base Device ID Lock CSR (Offset 0x68 Word 0)

The host base device ID lock CSR contains the base device ID value for the processing element in the system that is
responsible for initializing this processing element. The Host_base_devicelD field is a write-once/reset-able field
which provides a lock function. Once the Host_base_devicelD field is written, all subsequent writes to the field are
ignored, except in the case that the value written matches the value contained in the field. In this case, the register is re-
initialized to OxFFFF. After writing the Host_base_devicelD field a processing element must then read the Host Base
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Device ID Lock CSR to verify that it owns the lock before attempting to initialize this processing element. The bit set-
tings are shown in Table 2-5.

Table 2-5. Bit Settings for Host Base Device ID Lock CSR

Reset Description

Bits Name Value

0-15 — Reserved

16-31 Host_base devicelD | OxFFFF | This is the base device ID for the PE that is initializing this PE.

o

2.4.3 Cofnponent Tag CSR (Offset 0x68 Word 1)
Thg component tag CSR contains a component tag value for the processing element and can. be assigned by software
when the device is initialized. It is especially useful for labeling and identifying devices that are not pnd points and do

notfhave device ID registers. The bit settings are shown in Table 2-6.
Table 2-6. Bit Settings for Component ID CSR

Reset Descriptioh

Bits Name Value

0-31 component_tag All Os This is a component tag for thé-PE.
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Partition IV - Physical Layer 8/16 LP-LVDS
Specification
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Partition 1V - Physical Layer 8/16 LP-LVDS Specification
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Partition 1V is intended for users who need to understand the physical 8/16 LP-LVDS architecture of the RapidlO intercon-

nect.

Overview
The Physical Layer 8/16 LP-LVDS Specification is RapidlO’s physical layer specification that addresses the physical
layer requirements for a RapidlO device.

This specification defines a full duplex interface with 8-bit or 16-bit unidirectional low voltage differential signaling
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apter 2, “Packet and Control Symbol Transmission,*defines packet and control symbol delin
pnment on the physical port and mechanisms to-control the pacing of a packet.
apter 3, “Control Symbol Formats,” explains:the physical layer control formats that manage thg

ermine the physical capabilities antstatus of an 8/16 LP-LVDS RapidlO implementation.
apter 5, “System Clocking Considerations,” discusses the RapidlO synchronous clock and hoy
A typical switch configuration:

apter 6, “Board Routing Guidelines,” explains board layout guidelines and application envirg
nsiderations for the/RapidlO architecture.
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Chapter 1 - Physical Layer Protocol

This chapter describes the physical layer protocol for packet delivery to the interconnect fabric including packet transmis-
sion, flow control, error management, and other system functions. See the user’s manual or implementation specification for

specific i

mplementation details of a device.

Packet Exchange Protocol
This physical layer 8/16 LP-LVDS specification defines an exchange of packet and acknowledgment control symbols in
which a destination or intermediate processing element (such as a switch) acknowledges receipt of a request or response
packet from a source.

If a packet cannot be accepted for any reason, an acknowledgment control symbol indicates that the original packet and
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1.1.2

any already transmitted subsequent packets should be resent. This behavior provides a flow control and transaction order-
ing mechanism between processing elements. Figure 1-1 shows an example of transporting a request and response packet
pair across an interconnect fabric with acknowledgments between the link transmitter/receiver pairs along the way. This
allows flow control and error handling to be managed between each electrically connected device pair rather than
between the original source and final target of the transaction. A device shall transmit an acknowledge control symbol for
a request before the response transaction corresponding to that request.

Initiator (Source) Re?ﬂr?ed
gggggug; Request Acknowledge CoLrJr?p:I[:t:d”:‘or
Master Packet Issued Control Symbol Master

i (i
| |

Gﬂtric \ ¢ \ ‘ \

Acknowledge Response
Control Symbol Packet Forwarded
A
4
Request Acknowledge
Packet Forwarded Control Symbol

\ T R /
Tarnget Destination \ ¢ \ ¢

Acknowledge Response
Control Symbol Packet Issued

Target
Completes
Operation

Figure 1-1. Example Transaction with Acknowledge

Pagket and Cantrol Alignment

Allpackets defined by the combination of this specification and the appropriate logical and transport|specifications are
aligned to 16-bit boundaries, however, all packets and control symbols sent over the 8-bit and 16-bif ports are aligned
to 32:hit boundarles This allgnment allows devices to work on packets usmg a larger internal width thus requiring
ed.

See Flgure 1- 11 and Figure 1- 12 for examples of padded packets. Control symbols are nominally 16-bit quantities, but
are defined as a 16-bit control symbol followed by a bit-wise inverted copy of itself to align it to the 32-bit boundary.
This, in turn, adds error detection capability to the interface. These 32-bit quantities are referred to as aligned control
symbols.

The 16-bit wide port is compatible with an 8-bit wide port. If an 8-bit wide port is properly connected to a 16-bit wide
port, the port will function as an 8-bit interface between the devices. Port width connections are described in
Chapter 7, “Signal Descriptions”.

Acknowledge Identification

A packet requires an identifier to uniquely identify its acknowledgment. This identifier, known as the acknowledge
ID (or acklID), is three bits, allowing for a range of one to eight outstanding unacknowledged request or response pack-
ets between adjacent processing elements, however only up to seven outstanding unacknowledged packets are allowed
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at any one time. The acklDs are assigned sequentially (in increasing order, wrapping back to 0 on overflow) to indi-
cate the order of the packet transmission. The acknowledgments themselves are a number of aligned control symbols
defined in Chapter 3, “Control Symbol Formats.”

1.2 Field Placement and Definition
This section contains the 8/16 LP-LVDS specification for the additional physical layer bit fields and control symbols
required to implement the flow control, error management, and other specified system functions.

1.2.1 Flow Control Fields Format
The fields used to control packet flow in the system are described in Table 1-1.

Table 1-1. Fields that Control Packet Flow

Field

Description

e

0bO0 - RapidlO request or response packet
Ob1l - Physical layer control symbol

ol

Inverse of S-bit for redundancy (odd parity bit)

dckID

Acknowledge ID is the packet identifier for acknowledgments back to the packet
sender—see Section 1.1.2.

grio

Sets packet priority:

0b0O - lowest priority

0b01 - medium priority

0b10 - high priority

0b11 - highest priority

See Section 1.2.2 for an explanation of prioritizing packets

Quf_status

Specifies the number of available packet buffers in the receiving device. See Section

1.2.4.2 and Table 1-2.

qype

Control symbol type—see Chapter 3, “Control Symbol Formats” for definition.

BIrv

Reserved

Figure 1-2 shows the format for the physical layer fields for packets. In order to pad packets to the
thefe are three reserved bits.in a packet’s physical layer fields. These bits are assigned to logic 0 wh

ignpred when received.

S=0| ackiD |rsrv=0/S=1| rsrv=00 prio
1 3 1 1 2 2

Figure 1-2. Packet Physical Layer Fields Format

16-bit boundary
en generated and

Figtret=3-shows-the-basic-format-for-thephystcatHayer-fietds-forcontrot-symbots—norder-topad-the control symbol
to the 16-bit boundary there are four reserved bits in the control symbol. These bits are assigned to logic 0 when gener-
ated and ignored when received. The field formats for all control symbols are defined in Chapter 3, “Control Symbol

Formats.”
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Table 1-2. buf_status Field Definition

buf_status
Encoding Description
Value

0b0000
0b0001
0b0010
0b0011
0b0100

Specifies the number of maximum length packets that the port can accept
without issuing a retry due to a lack of resources. The value of buf_status in
0b0101 a control symbol is the number of maximum packets that can be accepted,
0b0110 inclusive of the effect of the packet being accepted or retried.

Value 0-13: The encoding value specifies the number of new maximum
000111 sized packets the receiving device can receive. The value 0, forexample,
0b1000 signifies that the downstream device has no available packet buffers (thus is
not able to hold any new packets).

0b1001

Value 14: The value 14 signifies that the downstream device can receive 14
001010 or more new maximum sized packets.
0b1011 Value 15: The downstream device can receive@n-undefined number of
0b1100 maximum sized packets, and relies on the retry protocol for flow control.
0b1101
0b1110
0b1111

S=1| ackID |rsrv=Q S=0| rsrv=000| buf _status stype
1 3 1 1 3 4 3

Figure 143. Control Symbol Physical Layer Fields Format

Figure 1-4 shows how the.physical layer fields are prefixed to the combined transport and logical layler packet.

S=0 acklD | rsrv=Q S=1 rsrv=00| prio tt ftype Remainder of transport & logical fielfis

1 3 1 1 2 2 2 4 n

Figure 1-4. Flow Control Fields Bit Stream

Tha unshaded fields are the physical layer fields defined by this physical specification. The shaded Ifields are the bits
associated with the combined transport and logical transaction definitions. The first transport and logical field shown
is the two bit tt field specified in the RapidlO Common Transport Specification. The second field is the four bit format
type (ftype) defined in the logical specifications. The third combined field is the remainder of the transport and logical
packet of a size determined by those specifications.

Packet Priority and Transaction Request Flows

Each packet has a priority that is assigned by the end point processing element that is the source of (initiates) the
packet. The priority is carried in the prio field of the packet and has four possible values, 0, 1, 2 or 3. Packet priority
increases with the priority value with 0 being the lowest priority and 3 being the highest. Packet priority is used in
RapidlO for several purposes which include transaction ordering and deadlock prevention.

When a transaction is encapsulated in a packet for transmission, the transaction request flow indicator (flowlD) of the
transaction is mapped into the prio field of the packet. Transaction request flows A and B are mapped to priorities 0
and 1 respectively and transaction request flows C and above are mapped to priority 2 as specified in Table 1-3.


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

1.2.3

1.23.1

-110 -

ISO/IEC © 18372:2004(E)

The mapping of transaction request flow onto packet priority (prio) allows a RapidlO transport fabric to maintain
transaction request flow ordering without the fabric having any knowledge of transaction types or their interdependen-

cies. This allows a RapidlO fabric to be forward compatible as the types and functions of transactions

evolve. A fabric

can maintain transaction request flow ordering by simply maintaining the order of packets with the same priority for
each path through the fabric and can maintaining transaction request flow priority by never allowing a lower priority

packet to pass a higher priority packet taking the same path through the fabric.
Table 1-3. Transaction Request Flow to Priority Mapping

Ftow SystenT PTiorit Request Response
¥ Y Packet Priority Packet Priority
C or higher Highest 2 3

B Next 1 20r3

A Lowest 0 1,2,0r3
Trgnsaction and Packet Delivery
Cerftain physical layer fields and a number of control symbols are used ferhandling flow control. G
field contains the ackID field (Table 1-1), which is assigned by the sedding processing element, an

recgiving processing element, in a sequential fashion.

Padkets shall be accepted by the receiving processing element ably when ackID values of successivg

ne physical layer

| expected by the

packets occur in

the|specified sequence. The receiving processing element signals the acceptance of a packet by rgturning a packet-
accepted control symbol to the sender. This order allows-a device to detect when a packet has been Jlost and also pro-

vidgs a mechanism to maintain ordering.

A device that retries a packet (by returning a packet-rétry control symbol to the sender) due to some temporary internal

condition shall silently discard all new incoming packets until it receives a restart-from-retry contro
sender. The sender then retransmits all packets starting from the retried acklD, reestablishing thg
betyveen the devices. The packet sent with\the retried ackID may be the original retried packet or

symbol from the
proper ordering
a higher priority

packet, if one is available, allowing higher priority packets to bypass lower priority packets acrgss the link. This

behavior is shown in an example state-machine in Partition Il, Annex A.2, “Packet Retry Mechanisn.

Si
symbol, indicating an error,condition, to the sender. It shall also silently discard all new incoming p3

7

ilarly, if a receiving processing element encounters an error condition, it shall return a packet-nof-accepted control

ckets. If the error

condition is due to a transmission error the sender may able to recover from the effects of the error condition. The error

recpvery mechanism jis'described in Section 1.3.5.

A retried transaction.shall eventually be retransmitted by the sending device.

ransaction‘and Packet Delivery Ordering Rules
he rulesspecified in this section are required for the physical layer to support the transaction ord
ied-in_the logical layer specifications.

ering rules speci-

1. The physical layer of an end point processing element port shall encapsulate in packets and forwarded to the RapidlO
fabric transactions comprising a given transaction request flow in the same order that the transactions were received

from the transport layer of the processing element.

2. The physical layer of an end point processing element port shall ensure that a higher priority request transaction that
it receives from the transport layer of the processing element before a lower priority request transaction with the same
sourcelD and the same destinationID is forwarded to the fabric before the lower priority transaction.

3. The physical layer of an end point processing element port shall deliver transactions to the transport layer of the

processing element in the same order that the packetized transactions were received by the port.

Packet Delivery Ordering Rules:
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A packet initiated by a processing element shall not be considered committed to the RapidlO fabri

¢ and does not

participate in the packet delivery ordering rules until the packet has been accepted by the device at the other end of

the link. (RapidlO does not have the concept of delayed or deferred transactions. Once a packet is
fabric, it is committed.)

2. A switch shall not alter the priority of a packet.

accepted into the

Packet forwarding decisions made by a switch processing element shall provide a consistent output port selection
which is based solely on the value of the destinationID field carried in the packet.

Jow (packets with

the same sourcelD, the same destinationID, the same priority and ftype != 8) as the packets pass\trough the switch.

b pass higher
rough the switch.

5. A switch processing element shall not allow lower priority non-maintenance packets (ftype/l= 8) t
priority non-maintenance packets with the same sourcelD and destinationID as the packets pass th
6. A switch processing element shall not allow a priority N maintenance packet (ftype='8) to pass another maintenance

Iacket of priority N or greater that takes the same path through the switch (same switch input port
utput port).

Deadlock Avoidance

To fllow a RapidlO protocol to evolve without changing the switehing fabric, switch processing
reqpired, with the sole exception of ftype 8 maintenance transactions, to discern between packet typ
or their interdependencies. Switches, for instance, are not required to discern between packets carryin
tion)s and packets carrying response transactions. As a result, t is possible for two end points, A and B
thelr output buffers, the fabric connecting them and the ather end point’s input buffers with read req
restilt in an input to output dependency loop in each end point in which there would be no buffer
responses necessary to complete any of the outstandifg read requests.

and same switch

elements are not
s, their functions
g request transac-
to each fill all of
Lests. This would
space to hold the

To preak input to output dependencies, end pointiprocessing elements must have the ability to issue gutbound response

padkets even if outbound request packets awaiting transmission are congestion blocked by the conné
techiniques are provided to break inputto output dependencies. First, a response packet (a packet
trarjsaction) is always assigned an initial priority one priority level greater than the priority of the g
padket (the packet carrying the assaciated request transaction).

This requirement is specified, in-Table 1-3. It breaks the dependency cycle at the request flow level
poipt processing element that is the source of the response packet may additionally raise the priorit
padket to a priority higher'than the minimum required by Table 1-3 if necessary for the packet to b
connected device. This)additional increase in response packet priority above the minimum require
called promotion<./An’end point processing element may promote a response packet only to the deg
the|packet to bé@accepted by the connected device.

The|following rules define the deadlock prevention mechanism:

lock Prevention Rules:

cted device. Two
carry a response
ssociated request

Second, the end
y of the response
e accepted by the
d by Table 1-3 is
ree necessary for

1. A RapidlO fabric shall be dependency cycle free for all operations that do not require a response. (This rule is

necessary as there are no mechanisms provided in the fabric to break dependency cycles for operations not requiring
responses.)

A packet carrying a request transaction that requires a response shall not be issued at the highest priority. (This rule
ensures that an end point processing element can issue a response packet at a priority higher then the priority of the
associated request. This rule in combination with rule 3 are basis for the priority assignments in Table 1-3.)

A packet carrying a response shall have a priority at least one priority level higher than the priority of the associated
request. (This rule in combination with rule 2 are basis for the priority assignments in Table 1-3.)

A switch processing element port shall accept an error-free packet of priority N if there is no packet of priority greater
than or equal to N that was previously received by the port and is still waiting in the switch to be forwarded. (This
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rule has multiple implications which include but are not limited to the following. First, a switch processing element
port must have at least as many maximum length packet input buffers as there are priority levels. Second, a minimum

of one maximum length packet input buffer must be reserved for each priority level. A input buffe
priority N might be restricted to only priority N packets or might be allowed to hold packets of pri
or equal to N, either approach complies with the rule.)

5. A switch processing element port that transmits a priority N packet that is forced to retry by the conn

r reserved for
ority greater than

ected device shall

select a packet of priority greater than N, if one is available, for transmission. (This guarantees that packets of a given

priority will not block higher priority packets.)

6. f\n end point processing element port shall accept an error-free packet of priority N if the port has
he packet in the input buffer space of the port allocated for packets of priority N. (Lack of ifput b
nly reason an end point may retry a packet.)

enough space for
Iffer space is the

7. The decision of an end point processing element to accept or retry an error-free packet of priority IN shall not
ependent on the ability of the end point to issue request packets of priority less than or equal to N| from any of its

aragraphs.)
o
sio
to dqongestion in the connected device, read transactions.could not be processed (no place to put the

>

orts. (This rule works in conjunction with rule 6. It prohibits a device’s inability'to issue packets ofjpriority less than
requal to N, due to congestion in the connected device, from resulting in-alack of buffers to receive inbound packets
f priority greater than or equal to N which in turn would result in pacKets of priority greater than ofl equal to N being
orced to retry. The implications and some ways of complying with. this rule are presented in the fgllowing

e implication of Rule 7 is that a port may not fill all of its\buffers that can be used to hold packets gwaiting transmis-
with packets carrying request transactions. If this situation was allowed to occur and the outpufl was blocked due

response packet),

inppt buffer space would become filled and all subseguent inbound request packets would be forced)to retry violating

Rule 7.

Angther implication is that a port must have@ way of preventing output blockage at priority less than or equal to N,

dud to congestion in the connected device, from resulting in a lack of input buffer space for inbound
grepter than or equal to N. There are multiple ways of doing this.

Oneg way is to provide a port withxinput buffer space for at least four maximum length packets and re

ackets of priority

serve input buffer

spafe for higher priority packets-in a manner similar to that required by Rule 4 for switches. In thig case, output port
blogkage at priority less than or equal to N will not result is blocking inbound packets of priority greater than or equal

to

as any responses pacgkets they generate will be of priority greater than N which is not conges

ion blocked. The

porf must however have the ability to select packets of priority greater than N for transmission from the packets await-

ing[transmission.<THis approach does not require the use of response packet priority promotion.

Altgrnatively; ayport that does not have enough input buffer space for at least four maximum length pgckets or that does

not|reserve-space for higher priority packets can use the promotion mechanism to increase the pr
padgkets, until they are accepted by the connected device. This allows output buffer space containing
to Refreed even though all request packets awaiting transmission are congestion blocked.

ority of response
response packets

As an example, suppose an end point processing element has a blocked input port because all available resources are
being used for a response packet that the processing element is trying to send. If the response packet is retried by the
downstream processing element, raising the priority of the response packet until it is accepted allows the processing

element’s input port to unblock so the system can make forward progress.

Resource Allocation

This section defines RapidlO LP-LVDS link level flow control. The flow control operates between each pair of ports

connected by an LP-LVDS link. The purpose of link level flow control is to prevent the loss of packe
buffer space in a link receiver.

ts due to a lack of

The LP-LVDS protocol defines two methods or modes of flow control. These are named receiver-controlled flow con-
trol and transmitter-controlled flow control. Every RapidlO LP-LVDS port shall support receiver-controlled flow con-

trol. LP-LVDS ports may optionally support transmitter-controlled flow control.
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Receiver-Controlled Flow Control

Receiver-controlled flow control is the simplest and most basic method of flow control. In this method, the input
side of a port controls the flow of packets from its link partner by accepting or rejecting (retrying) packets on a

packet by packet basis. The receiving port provides no information to its link partner about the
space it has available for packet reception.

amount of buffer

As a result, its link partner transmits packets with no a priori expectation as to whether a given packet will be
accepted or rejected. A port signals its link partner that it is operating in receiver-controlled flow control mode by
setting the buf_status field to all 1’s in every control symbol containing the field that the port transmits. This method
is named receiver-controlled flow control because the receiver makes all of the decisions about how buffers in the

receiver are allocated for packet reception

port operating in receiver-controlled flow control mode accepts or rejects each inbound efror-fre

hether the receiving port has enough buffer space available at the priority level of the packet.
uffer space available, the port accepts the packet and transmits a packet-accepted.cantrol symbol

e packet based on
f there is enough
to its link partner

at contains the acklD of the accepted packet in its packet_acklID field. This inferms the port’s ligk partner that the

acket has been received without detected errors and that it has been accepted by the port. On rec
ccepted control symbol, the link partner discards its copy of the accepted.pecket freeing buffer sp

f buffer space is not available, the port rejects the packet. When ,a ‘port rejects (retries) an er

ehaves as described in Section 1.2.3, “Transaction and Packet Delivery”. As part of the recovery

ends a packet-retry control symbol to its link partner indicating that the packet whose ackID is in

ield of the control symbol and all packets subsequently transmitted by the port have been disc

artner and must all be retransmitted. The control symbel also indicates that the link partner is t
uffers for packets of priority less than or equal to the.priority of the retried packet.

port that receives a packet-retry control symbol also behaves as described in Section 1.2.3. As

biving the packet-
ace in the partner.

or-free packet, it
process, the port
the packet_acklD
arded by the link
emporarily out of

part of the recov-

ry process, the port receiving the packet-retry~control symbol sends a restart-from-retry cont:LoI symbol which

auses its link partner to resume packet reception. The acklD assigned to that first packet tra
estart-from-retry control symbol is the ackiD of the packet that was retried.

igure 1.5 shows an example of recejver-controlled flow control operation. In this example the tr
le of sending packets faster than the'receiver is able to absorb them. Once the transmitter has rec
acket, the transmitter may elect to cancel any packet that is presently being transmitted since it
anyway. This makes bandwidthavailable for any higher priority packets that may be pending tran

smitted after the

hnsmitter is capa-
bived a retry for a
will be discarded
mission.
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Transmitter Receiver
Time Write 0 -
Write 1 X Ack 0
Write 2 -
. Ack 1
Write 3 P& _
Write 4 X Rtrv 2
Write 5 ‘-\> y
Write 2 ] [
Write 3 >< ACk%g\
writ4 —— — —— N
Write 5 K,Q/@k 3
N
Ack 4
e
Ack 5
<
Figure 1-5. Receiver-Controlled Flow Control
Transmitter-Controlled Flow Control

1.2.4.2

n transmitter-controlled flow control, the receiving port provides information to its link partner
f buffer space it has available for packet'reception. With this information, the sending port can 3

e receiving port’s receive buffers according to the number and priority of packets that the sendin
or transmission without concern that:one or more of the packets shall be forced to retry.

Buf_status field to a value different from all 1’s in every control symbol containing the field that 1
This method is named transmitter-controlled flow control because the transmitter makes almost a
about how the buffersin-the receiver are allocated for packet reception.

The number of free-buffers that a port has available for packet reception is conveyed to its link pa
f the buf_status‘field in control symbols that the port transmits. The value conveyed by the buf |
umber of'-maximum length packet buffers currently available for packet reception up to the limit
in the field."1f a port has more buffers available than the maximum value that can be reported in th
e port sets the field to that maximum value. A port may report a smaller number of buffers th

about the amount
llocate the use of
J port has waiting

\ port signals its link partner.that it is operating in transmitter-controlled flow control mogle by setting the

he port transmits.
| of the decisions

rtner by the value
status field is the
that can reported
b buf_status field,
an it actually has

vailable, but it shall not report a greater number.

A port informs its link partner when the number of free buffers available for packet reception changes. The new
value of buf_status is conveyed in the buf_status field in every control symbol containing the field that the port
transmits. Each change in the number of free buffers a port has available for packet reception need not be conveyed

to the link partner.

A port whose link partner is operating in transmitter-control flow control mode should never rece

ive a packet-retry

control symbol from its link partner unless the port has transmitted more packets than its link partner has receive
buffers, violated the rules that all input buffer may not be filled with low priority packets or there is some fault con-

dition. If a port whose link partner is operating in transmitter-control flow control mode receives a
trol symbol, the output side of the port behaves as described in Section 1.2.3.

A simple example of transmitter-controlled flow control is shown in Figure 1-6.

packet-retry con-
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Time

1.2.4.3

Transmitter Receiver
Write 0 -
Ack 0, 2 buffers avail
Write 1 -
s Ack 1, 1 buffer avail
. <
Write 2 .
Ack 2, 0 buffers avail
< :
Idle, 0 buffers avail Q
< N
Idle, 0 buffers avail -
e b .
Idle, 2 buffers @g&l
Write 3 I ye)
: T Ack 3,3 Uffers avail
Write 4 | g — .
Write 5 >< A%\Q\%/buffers avail
<4 3 k 5, 1 buffers avail
D

Figure 1-6. Transmitter-Contrelled Flow Control

Receive Buffer Management

lln transmitter-controlled flow control, the trangmitter manages the packet receive buffers in the r
e done in a number of ways, but the selected method shall not violate the rules in Section 1.2.2

and Transaction Request Flows” concerning the acceptance of packets by ports.

Dne possible implementation to organize the buffers is establish watermarks and use them to prog
iacket priorities that can be transmitted as the effective number of free buffers in the receiver dec

acket priorities that may be_transmitted as the effective number of free buffers decreases. D¢
vatermarks as WMO, WiM1; and WM2 where WMO0 > WM1 > WM2 > 0 and employ the followin

f free_buffer_count'>= WMO, all priority packets may be transmitted.

f WMO > free_buffer_count >= WML, only priority 1, 2, and 3 packets may be transmitted.
f WM1 >Arge_buffer_count >= WM2, only priority 2 and 3 packets may be transmitted.

f WIM2:> free_buffer_count, only priority 3 packets may be transmitted.

bceiver. This may
| “Packet Priority

essively limit the
reases. For exam-

le, RapidlO LP-LVDS has feur-priority levels. Three non-zero watermarks are needed to progressively limit the

signate the three
g rules.

fthis’'method is implemented, the initial values of the watermarks may be set by the hardware at

eset as follows.

WMO = 4
WM1 =3
WM2 =2

These initial values may be modified by hardware or software. The modified watermark values shall be based on
the number of free buffers reported in the buf status field of idle control symbols received by the port following

link initialization and before the start of packet transmission.

The three watermark values and the number of free buffers reported in the buf_status field of idle control symbols
received by the port following link initialization and before the start of packet transmission may be stored in a CSR.
Since the maximum value of each of these four items is 14, each will fit in an 8-bit field and all four will fit in a sin-
gle 32-bit CSR. If the watermarks are software setable, the three watermark fields in the CSR should be writable.

For the greatest flexibility, a watermark register should be provided for each port on a device.
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Effective Number of Free Receive Buffers

The number of buffers available in a port’s link partner for packet reception is typically less than the value of the
buf_status field most recently received from the link partner. The value in the buf_status field does not account for
packets that have been transmitted by the port but not acknowledged by its link partner. The variable
free_buffer_count is defined to be the effective number of free buffers available in the link partner for packet recep-
tion. The value of free_buffer_count shall be determined according to the following rules.

The port shall maintain a count of the packets that it has transmitted but that have not been acknowledged by its link
partner. This count is named the outstanding_packet_count.

After link initialization and before the start of packet transmission,

f (received_buf status < 15) {

low_control_mode = transmitter;
ree_buffer_count = received_buf_status;

utstanding_packet_count = 0;

S,

glse
flow_control_mode = receiver;

(Vhen a packet is transmitted by the port,

Iutstanding_packet_count =
utstanding_packet_count + 1;

[Vhen a control symbol containing a buf_status field\is received by the port,

lree_buf'fer_count = received_buf_status -
utstanding_packet_count;

fVhen a packet-accepted control symbol is received by the port indicating that a packet has been accepted by the
link partner,

Dutstanding_packet_count =
Dutstanding_packet_count - 1;
ree_buffer_count =(egeived_buf_status -
lutstanding_packet_count;

(Vhen a packet=retry control symbol is received by the port indicating that a packet has been forcefl by the link part-
mer to retry;

Dutstanding_packet_count = 0;

s ‘- - [ Y S
IEC_UUTICT_LUUTIU = TELEIVEU_UUT_Stdtus,

When a packet-not-accepted control symbol is received by the port indicating that a packet has been rejected by the
link partner because of one or more detected errors,

Outstanding_packet_count = 0;
free_buffer_count = 0;

The port then transmits a link-request/input-status (for input-status) control symbol and waits for the link partner to
respond with a link-response control symbol. When the link-response control symbol is received,

free_buffer_count = received_buf_status;

Speculative Packet Transmission
A port whose link partner is operating in transmitter-controlled flow control mode may send more packets than the
number of free buffers indicated by the link partner. Packets transmitted in excess of the free_buffer_count are
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transmitted on a speculative basis and are subject to retry by the link partner. The link partner accepts or rejects
these packets on a packet by packet basis in exactly the same way it would if operating in receiver-controlled flow
control mode. A port may use such speculative transmission in an attempt to maximize the utilization of the link.
However, speculative transmission that results in a significant number of retries and discarded packets can reduce
the effective bandwidth of the link.

Flow Control Mode Negotiation

Immediately following the initialization of a link, each port begins sending idle control symbols to its link partner. The
value of the buf_status field in these control symbols indicates to the link partner the flow control mode supported by

the

sending port.

The
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flow control mode negotiation rule is as follows:

ne port and its link partner both support transmitter-controlled flow control, then both perts'sha
trolled flow control. Otherwise, both ports shall use receiver-controlled flow control.

- Detection and Recovery

letection and recovery is becoming a more important issue for many systems as operational fre

stem electrical margins are reduced. The 8/16 LP-LVDS specification provides’extensive error de

combining retry protocols, cyclic redundancy codes, and single and multiple error detect capabi
all single-bit errors and many multiple bit errors. One goal of-the’ error protection strateg

nnect fabric from having to regenerate a CRC value as the packet moves through the fabric. A

e error checking.

ntrol Symbol Protection

control symbols defined in this specification are protected in two ways:

The S bit, distinguishing a control symbol from apacket header, has an odd parity bit to protect a
from being interpreted as a packet.

32-bit boundary described in Section 1.1.%This allows extensive error detection.
ansmission error in the buf_status field, regardless of the control symbol type, may optionally ng

For example, if a corrupt valu€ of buf_status is used, a low value may temporarily prevent a g
ed, or a high value may res(ltyin a packet being issued when it should not have been, causing a re
problems are temporary. and will properly resolve themselves through the existing protocol.

ket Protection
packets specified.in the RapidlO Common Transport Specification and the RapidlO Logical Spe

trol symhiols'to protect the packet from being interpreted as a control symbol, and the packet is
focol as:described below.

LireL-7 shows the error coverage for the first 16 bits of a packet header. CRC protects the prio, t

| use transmitter-

fuencies increase
ection and recov-
ities, thereby tol-
y is to keep the
Al RapidlO ports

control symbol

The entire aligned control symbol is protected by the bit-wise inversion of the control symbol used to align it to the

t be treated as an

r condition because it is always a resérved or an information only field that is not critical for proper system behav-

acket from being
try. In either case

Cification are pro-

ed with a CRC\code that also covers the two bit priority field of this specification. The S bit is dyplicated as in the

also protected by

L, and ftype fields

an

twoof thereservedbitsaswetasthe remainder of thetransportand-ogicat-fietds—Simce=an

w packet has an

expected value for the ackID field at the receiver, bit errors on this field are easily detected and the packet is not
accepted due to the unexpected value. An error on the S bit is detected with the redundant inverted S parity bit.

S=0

ackID 0 [S=1 prio tt ftype

1 3 1 1 2 2 2 4

Figure 1-7. Error Coverage of First 16 Bits of Packet Header

D Protected by protocol
D Protected by CRC

D Protected by parity

This structure does not require that a packet’s CRC value be regenerated when the uncovered physical fields are
assigned in the fabric.
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NOTE

All packets defined in the combination of this specification and the RapidlO interconnect logical and common transport
specifications are now evenly divisible by 16 bits, or the complete packets are now naturally 16-bit aligned. This is
illustrated in Figure 1-8. The leading 16 bits of the packet are referred to as the first symbol of the packet. The first sym-
bol of a packet shall always land on the most significant half of the 32-bit boundary. Other aligned 16-bit packet quan-
tities are also referred to as symbols.

S=0 ackiD 0|S=1 00 prio tt ftype Remainder of transport & logical fields
T 1 3 1 1 2 2 2 4 A n*16
|4 16 bits >
32-bit Houndary 16“bit boundary

Figure 1-8. Naturally Aligned Packet Bit Stream

Logt Packet Detection

Some types of errors, such as a lost request or response packet or a lost acknowledgment, result in a pystem with hung
respurces. To detect this type of error there shall be time-out counters that.expire when sufficient|time has elapsed
without receiving the expected response from the system. Because the expiration of one of these timefs should indicate
to the system that there is a problem, this time interval should be set.leng enough so that a false tifne-out is not sig-

nalgd. The response to this error condition is implementation dependent.
Thg RapidlO specifications assume an implementation has time=gut counters for the physical layer, the port link time-
out|counters, and counters for the logical layer, the port response time-out counters. The logical layer timers are dis-

cus
lay
intg
intq

The

synpbol. This time-out interval is likely to-be comparatively short because the packet and acknowle

onl
ack

Thg
rec
phy
Shq
out
twi

Centain GSM-eperations may require two response transactions, and both must be received for the op|

sidg
the

sed here in the physical layer specification because the packet delivery mechanism is an artifa
br. The values for these counters are specified in the.physical layer registers in Partition 11, Anr
rpretation of the values is implementation dependent, based on a number of factors including li
rnal clock rate of the device, and the desired system behavior.

physical layer time-out occurs between the transmission of a packet and the receipt of an acknow

y traverse a single link. For the purpose of error recovery, a port link time-out should be trg
howledge error.

logical layer time-out occurs between the issuance of a request packet that requires a respon
ipt of that response pagket. This time-out is counted from the time that the logical layer issues
sical layer to the time that the associated response packet is delivered from the physical layer to
uld the physical layer'fail to complete the delivery of the packet, the logical layer time-out will
interval is likely.to"be comparatively long because the packet and response pair have to traverse
Ce and be processed by the target. Error handling for a response time-out is implementation deper

red complete. In the case of a device implementation with multiple links, one response packet m
samg link where the operation was initiated and the other response packet may be returned on 3

ct of the physical
ex A, A.2.1. The
nk clock rate, the

ledgment control
dgment pair must
ated as a packet

e packet and the
the packet to the
the logical layer.
occur. This time-
the fabric at least
dent.

eration to be con-
ay be returned on
different link. If

this
for

1S DEavior 15 SUPPOTtet by the TSSUing ProCessing Stement, the poTt TESPONSE HIme-out TMptemme
both responses, regardless of which links they are returned on.

Implementation Note: Transactional Boundaries

1tation must look

A system address map usually contains memory boundaries that separate one type of memory space from another.
Memory spaces are typically allocated with a preset minimum granularity. These spaces are often called page bounda-
ries. Page boundaries allow the operating system to manage the entire address space through a standard mechanism.
These boundaries are often used to mark the start and end of read-only space, peripheral register space, data space, and
so forth.

RapidlO allows DMA streaming of data between two processing elements. Typically, in system interfaces that allow
streaming, the targeted device of the transaction has a way to disconnect from the master once a transactional boundary
has been crossed. The RapidlO specifications do not define a page boundary, nor a mechanism by which a target can
disconnect part way through a transaction. Therefore, it is up to the system software and/or hardware implementation
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to guarantee that a transaction can complete gracefully to the address space requested.

As an example, a RapidlO write transaction does not necessarily have a size associated with it. Given a bus error con-
dition whereby a packet delimiting control symbol is missed, the target hardware could continue writing data beyond
the intended address space, thus possibly corrupting memory. Hardware implementations should set up page bounda-
ries so this condition does not occur. In such an implementation, should a transaction cross the boundary, an error
should be indicated and the transaction discarded.

1.3.5

reqpirements and implementation of a deV|ce

1.35.1

13511

1.35.1.2

Link Behavior Under Error
Transmission error detection is done at the input port, and all transmlssmn error recovery is also initiated at the input

Recoverable Errors

Four basic types of errors are detected by a port: an error on a packet, an error on a control symbol
arror (an S bit parity failure), and a time-out waiting for a control symbol. A detailed\state mach
lhe behavior described in the sections below is included in Annex A.3 of PartitiomH, "Error Reg

ending upon the

an indeterminate
ne description of
overy". The error

ecovery mechanism requires that a copy of each transmitted data packet be retained by the sending port so that the

packet can be retransmitted if it is not accepted by the receiving port. The cepy is retained unti
gither receives a packet-accepted control symbol for the packet or deteftines that the packet hg
nrecoverable error condition.

hen a sending port detects that the receiving port has not accepted a packet because one or n
listed above has occurred (or the port has received a retry control-symbol), the sending port resets
¢ounters for the affected packet and all subsequently transnditted data packets. This prevents the ge
gus time-out errors.

the sending port
s encountered an

hore of the errors
the link time-out
neration of spuri-

A\ny awaiting higher priority data packets are transiitted and all unaccepted data packets are retransmitted by the

4ending port. The number of times a data packet iSretransmitted due to a recoverable error befor
leclares an unrecoverable error condition exists.is implementation dependent.

Packet Errors

Three types of packet errors exist: a packet with an unexpected ackID value, a corrupted packet
CRC value, and a packet that ovérruns some defined boundary such as the maximum data pay
tional boundary as described inSection 1.3.4. A processing element that detects a packet error
sitions into an “Input Error-stopped” state and silently discards all new packets until it receiv
error control symbol fromi"the sender. The device also sends a packet-not-accepted control
packet acklD back te.the sender. The sender then initiates recovery as described in Section 1.3.
acknowledge error,

Control Symbel Errors

The three(types of detectable control symbol errors: a packet acknowledge error, a corrupt cor
and an uncorrupted protocol violating control symbol.

e the sending port

ndicated by a bad
load or a transac-
mmediately tran-
es a restart-from-
symbol with any
b.1.2 for a packet

trol symbol error

valle or an unexpected packet-not-accepted control symbol. This error shall cause the receivi

A packet acknowledge error is a packet-accepted or packet retry control symbol which has an :I:nexpected ackiD

g device to enter

an “Output Error-stopped” state, immediately stop transmitting new packets, and issue a restart-from-error control

symbol.

The restart-from-error control symbol receives a response containing receiver internal state, including

the expected ackID. This expected acklID indicates to the sender where to begin re-transmission because the
interface may have gotten out of sequence. The sender shall then back up to the appropriate unaccepted packet

and begin re-transmission.

The following is an example of a packet acknowledge error and recovery from that error. The sender transmits
packets labeled ackID 2,3,4 and 5. It receives acknowledgments for packets 2, 4 and 5, indicating a probable error

associated with acklD 3. The sender then stops transmitting new packets and sends a link re
(restart-from-error) control symbol to the receiver. The receiver then returns a response link
symbol indicating which packets it has received properly. These are the possible responses
resulting behavior:

« expecting acklD = 3 - sender must re-transmit packets 3, 4, and 5

quest/input-status
response control
and the sender’s
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» expecting ackID = 4 - sender must re-transmit packets 4 and 5

» expecting acklD =5 - sender must re-transmit packet 5

» expecting ackID = 6 - receiver got all packets, resume operation
» expecting ackID = anything else - fatal (non-recoverable) error

8372:2004(E)

A corrupt control symbol is deteced as a mismatch between the true and complement 16-bit halves of the aligned
control symbol. A corrupt control symbol shall cause the receiver to enter the “Input Error-stopped state and send
a packet-not-accepted control symbol. This informs the sending device that a transmission error has occurred and

the sender shall enter the recovery process described above, sending a restart-from-error control

symbol.

An uncorrupted protocol violating control symbol is a control symbol that is received unexpectedly. Some exam-

ples of this type of error are:

« anunsolicited packet-accepted or packet-retry control symbol

 arestart-from-retry control symbol received while in the Input OK state,

» a2nd link-request received before returning a link-response, or

» apacket-accepted received before packet transmission has completed

Such errors are an indication of either an otherwise undetectable multi-bit-error on the link or
violation by the sender. Such errors may cause unpredictable behavior and the link may ng

Upon detecting such an error, the receiver shall enter Input Error-stopped state and/or Output B
if attempting to recover from these types of errors.

Indeterminate Errors
An indeterminate error is an S bit parity error in which it iSunclear whether the information be
a packet or a control symbol. These errors shall be handled’as a corrupt control symbol.

Time-Out Errors
A link time-out on an acknowledge control symbol for a packet is treated like an acknowledd
with an unexpected ackID value.

CRC Operation

6-bit CRC is selected as the method of error detection for the 8/16 LP-LVDS physical layer. This
over all of a packet header, and all of the data payload except the first 6 bits of the added physical lay
in Rigure 1-7. This checksum is appended to a packet in one of two ways. For a packet that has up to §
(ingluding all logical, transport,and 8/16 LP-LVDS fields) and logical data payload, a single CRC va
the|packet. For packets with greater than 80 bytes of header and logical data payload, a CRC value ig
first 80 bytes, aligning it to'the first half of the 32-bit alignment boundary, and a second CRC value

end of the packet. The second CRC value is a continuation of the first and included in the running cal
thaf the running CRC.value is not re-initialized after it is inserted after the first 80 bytes of the pg
intgrvening devicesito regard the embedded CRC value as 2 bytes of packet payload for CRC checki

Thg embedded CRC value is itself used in the running CRC. As a result, from the CRC generator’s poi
ninfy CRCG-value is guaranteed to be all logic 0’s because the running CRC is XORed with itself. This 1

A blatant protocol
t be recoverable.
rror-stopped state

ng received is for

e control symbol

CRC is generated
r fields as shown
0 bytes of header
ue is appended to
inserted after the
s appended at the
Culation, meaning
cket. This allows
Ng purposes.

nt of view the run-
act may be useful

in dn implementation

The early CRC value can be used by the receiving processing element to validate the header of a larg

e packet and start

processing the data before the entire packet has been received, freeing up resources earlier and reducing transaction

completion latency. If the final appended CRC value does not cause the total packet to align to the 32

-bit boundary, a 2

byte pad of all logic Os is postpended to the packet. The pad of logic Os allows the CRC check to always be done at the

32-bit boundary.
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NOTE

While the embedded CRC value can be used by a processing element to start processing the data within a packet before
receiving the entire packet, it is possible that upon reception of the end of the packet the final CRC value for the packet
is incorrect. This would result in a processing element that has processed data that may have been corrupted. Outside
of the error recovery mechanism described in Section 1.3.5, the RapidlO Interconnect Specification does not address
the occurrence of such situations nor does it suggest a means by which a processing element would handle such situa-
tions. Instead, the mechanism for handling this situation is left to be addressed by the device manufacturers for devices
that implement the functionality of early processing of packet data.

Switch devices shall maintain the packet error coverage internally in order to preserve the integrity of the packets
tho[ilgh the fabric. ThiS Wit prevent Undetected device mrernat errors such as SRAN DITerrors from gilently corrupting
the|system. The simplest method for preserving error coverage is to pass the CRC values through.the switch as part of
the|packet. This works well for all non-maintenance packets whose CRC does not change-as_the packets are trans-
porfed from source to destination through the fabric. Maintaining error detection coverage.is mor¢ complicated for
mafntenance packets as their hop_count and CRC change every time they pass through-a'switch.

Fig

Fig

Lire 1-9 is an example of a naturally 32-bit aligned packet of less than or equal t0.80 bytes.

First symbol

Remainder of packet

CRC

L 32-hit boundary

Even # of 16-bit multiples

16
32-hit boundary —T

Figure 1-9. Naturally Aligned Packet Bit.Stream Example 1

Lire 1-10 is an example of a naturally 32-bit aligned packet of greater than 80 bytes.

First symbol

Remainder of packet header

T 16 (bytes 1 and 2)
32-bit boundary

Odd # of 16-bit multiples

32-bit boundary

¥

> Lodical data

CRC

Even #.0f 16-bit multiples

16 (bytes 81 and 82)

Remainder of logical data

CRC

Even # of 16-bit multiples

16
32-bit boundary —T

Figure 1-10. Naturally Aligned Packet Bit Stream Example 2

F' 114 2 1 £ daad-29 it o1 al Lot of | +lo. Lt Q0O Lot
IgJIC L1 1o dIT TAAITIPIT UT d yauutu oL UTL diTylitu JALATLT UT TC oo Ui U tyyudl tU OU Uy 1LTo.

First symbol

L 32-bit boundary

Remainder of packet
Odd # of 16-bit multiples

> CRC value Logic 0 pad

16 16
32-bit boundary

4

Figure 1-11. Padded Aligned Packet Bit Stream Example 1
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Figure 1-12 is an example of a padded 32-bit aligned packet of greater than 80 bytes.

First symbol

Remainder of packet header

T 16 (bytes 1 and 2)
32-bit boundary

Even # of 16-bit multiples

32-bit boundary

¥

> Logical data

CRC

Odd # of 16-bit multiples

16 (bytes 81 and 82)

CRC Code

Remainder of logical data CRC
Odd # of 16-bit multiples 16
> Logic 0 pad

16
32-bit boundary J

Figure 1-12. Padded Aligned Packet Bit Stream Example 2

Thq ITU-T polynomial X18+X12+x5+1 is a popular CRC.code. The initial value of the CRC is OXFFFF (all logic 1s).
Forfthe CRC calculation, the uncovered 6 bits are treated\as logic 0s. As an example, a 16-bit wide pgrallel calculation
is described in the equations in Table 1-4. Equivalentimplementations of other widths can be employed.

Table 1-4. Parallel CRC tatermediate VValue Equations

where:

ele|lelede|e|e|e|e|e|e|e|e|e|e]|e
CheckBit (0|0 [O0f0|0O(O|0O|OfO|0O|2(2]|1|2|1]|1
O[I142(3|4|5(6|7(8]|9(|0[1|2[3|4]5
CO00 X | X X X
Cco1 X | X X X
Co2 X | x X X
Co03 X X | X X X
Cco4 X | X X | X X
CO05 X | X X | X X
CO06 X X | X X | X X
Cco7 X | X X | X X | X X
Co08 X[ X|X X | x X | x X
C09 X | X|X X | X X | X X
C10 X|X|X X | X X | X X
c1u1 X X X X
C12 X | X X X X
C13 X | X X X X
Cl4 X | x X X X
C15 X | X X X X
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1.3.8

1.4

141

C00-C15 contents of the new check symbol

e00-e15 contents of the intermediate value symbol
€00 = d00 XOR c00

€01 =d01 XOR c01

through

el5 =d15 XOR c15

d00-d15 contents of the next 16 bits of the packet

c00-c15 contents of the previous check symbol

ass!

M3

The
tran

Link
To ini
conne
Sectig
ior Un

ming the pipetine aescriped In rFigure 1-1o.

d00-d15
H( ¢ XORd )
e00-e15
C XOR )
equations network
C00-C15
B |
c00-c15
\J

Figure 1-13. CRC Generation Pipeline

Ximum Packet Size

sport, and physical layer header information, data payload, and required CRC bytes.

Maintenance Protocol

cted system devices. This meehanism is used to establish communications between connected devi
h 2.6.1, “Link Initialization™), attempt automatic error recovery as described above in Section 1.
der Error”, and allows)software-managed link maintenance operations.

Thisp
ware

procegsing elenfent'write of a command to the link-request register with a Partition I: Input/Output Logji
maintgnanceswrite transaction causes an aligned link-request control symbol to be issued onto the g

Fotocol involves.a request and response pair between electrically connected (linked) devices in thd

maximum packet size permitted by the 8/16 LP-LVDS specification is 276 bytes. This includes pll packet logical,

ialize, explore, and recover-from errors it is necessary to have a secondary mechanism to communicate between

ces (described in
.5, “Link Behav-

system. For soft-

anagement;the request is generated through ports in the configuration space of the sending device. An external

cal Specification

utput port of the

so. The external

devicq, but*only one link-request can be outstanding on a link at a time. The device that is linked to t}Le sending device
shall respond with an aligned link-response control symbol if the link-request command required it to d

processing element retrieves the link-response by polling the link-response register with 1/0 logical maintenance read
transactions. A device with multiple RapidlO interfaces has a link-request and a link-response register pair for each cor-
responding RapidlO interface.

The automatic recovery mechanism relies on the hardware generating link-request control symbols under the transmis-
sion error conditions described in Section 1.3.5.1 and using the corresponding link-response information to attempt
recovery.

Automatic link initialization also depends upon hardware generation of the appropriate link-requests and link-responses.

Command Descriptions

Table 1-5 contains a summary of the link maintenance commands that use the link maintenance protocol described
above. Three link request commands are defined currently. The input-status command generates a paired link-response
control symbol; the reset and send-training commands do not.
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Command Description

Reset

Resets the device

Input-status

conditions.
Generates a paired link-response control symbol.

Returns input port status; functions as a restart-from-error control symbol under error

Send-training

Stops normal operation and transmits 256 training pattern iterations

141.1

14.1.2

1413

14.2

St

eset and Safety Lockouts

he reset command causes the receiving device to go through its hard reset or power(up-se
achines and the configuration registers reset to the original power on states. The reset.command
link-response control symbol.

ue to the undefined reliability of system designs it is necessary to put a safety jockout on the res

link request control symbol. A device receiving a reset command in a link-reguest control symbol

e reset function unless it has received four reset commands in a row withQut'any other intervenir

guence. All state
does not generate

et function of the
shall not perform
g packets or con-

ol symbols, except idle control symbols. This will prevent spurious~reset commands inadverntently resetting a

evice.
nput-status
gender on its input port and the current input port operational status for informational purpose

auses the receiver to flush its output port of all control.symbols generated by packets received be
tus command. The receiver then responds with a link=response control symbol.

ackets after generating the link-responsg‘control symbol. This restart-from-error control symbol

restart the receiving device if it is.\waiting for a restart-from-retry control symbol after retrying
ation can occur if transmission érrors are encountered while trying to re-synchronize the send
evices after the retry.

bend-training
The send-training command causes the recipient device to suspend normal operation and begin t

least one idle «control symbol and then resumes operation. The usage of this command

ontrol symbol.

?us Descriptions

Thq input-status request generates two pieces of information that are returned in the link-response:

The input-status command requests the receiving device to return the ackID value it expects to nex

The input-status command is the command useg by the hardware to recover from transmission ¢
ort had stopped due to a transmission error that-generated a packet-not-accepted control symbol 4
is input-status command acts as a restart-from-error control symbol, and the receiver is re-enabl

ial training pattern.\The receiving device transmits a total of 256 iterations of the training patte

bection 2.6.1-1-¥Sampling Window Alignment.” The send-training command does not generat

t receive from the
5. This command
fore the input-sta-

rrors. If the input
ack to the sender,
ed to receive new
may also be used
h packet. This sit-
ng and receiving

ansmitting a spe-
rn followed by at
is described in
e a link-response

link status
acklD usage
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The first type of data is the current operational status of the interface. These status indicators are described in Table

1-6.

Table 1-6. Link Status Indicators

Status Indicator

Description

OK

The port is working properly.

Error

The port has encountered an unrecoverable error and has shut down.

Retry-stopped®

The port has been stopped due to a retry.

Error-stppped-

The port has been stopped due to a transmission error.

1. Valid only with the Stopped indicator

The
wh
tha
req

The

retry-stopped state indicates that the port has retried a packet and is waiting to be,restarted. Th
bn a restart-from-retry (or a link-request/input-status) control symbol is received:-The error-stopy
the port has encountered a transmission error and is waiting to be restarted. This state is cle
est/input-status control symbol is received.

second field returned in the link-response control symbol is state information about the ackng

is state is cleared
ed state indicates
red when a link-

wledge identifier

usape. The input port returns a value indicating the next acklD expected-0 be received by the port. The automatic error

rec

errgr condition has been encountered.

Chaptg

This Rap

control the pacing of a packet. Each input and output port is either one or two bytes wide. All 8/16 LP-LV

cols are |
of pins u

Pack
The ¢
to-zer
tion™)
tains 4
(ttype
nals, g
erencq
have 1

bvery mechanism uses this information to determine where to fegin packet re-transmission aft

r 2 - Packet and Control Symbol Transmission

sed identically for both the 8- and 16-bit wide versions of the physical interface. The only differe
ed to transmit the packets and aligned control symbols.

bt Start and Control Symbel Delineation

ntrol framing signal used to_delineate the start of a packet or a control symbol on the physical p

b, or NRZ signal. This frame.signal is toggled for the first symbol (see the Note in Section 1.3.2

of each packet and for the first control symbol of each aligned control symbol. Therefore, if a 1
RapidlO logical packet format type (the ftype field in the RapidlO logical specifications) or
field, the frame signal shall toggle. In order for the receiving processing element to sample the d
data reference Signal is supplied that toggles on all possible transitions of the interface pins. Thi

o required_frequency or phase relationship.

The flaming signal is not toggled for other symbols such as those containing remaining packet headd
HoweT/ier, it'is toggled for all idle control symbols between packets. This means that the maximum togg

er a transmission

idlO chapter defines packet and control symbol.delineation and alignment on the physical port and mechanisms to

DS defined proto-
nce is the number

Drt is a no-return-
, “Packet Protec-
b-bit symbol con-
a control symbol
hta and frame sig-
5 type of data ref-

signal is alse-known as a double-data-rate clock. These received clocks on devices with multiple RapidlO ports

r and data bytes.

e rate of the con-

trol framing signal is every 4 bytes, and the framing signal is only alTowed to toggle on every fourth byte. Therefore, the
framing signal is aligned to a 32-bit boundary as are all of the packets and aligned control symbols. Additionally, the data
reference signal shall transition from low to high on this same boundary. Examples of these constraints are shown in Fig-
ure 2-1 and Figure 2-3 for an 8-bit port and Figure 2-2 and Figure 2-4 for a 16-bit port.
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Byte stream through time >
byte byte Control \/ Control \/ Control \/ Control Packet Packet Packet Packet Packet
byte 0 byte 1 byte 0 byte 1 byte byte byte byte byte
f— 32-bit boundary
Framing Framing \
/\— signal signal J
toggles toggles

signal rises
aligned to framing signal transition
and 32-bit boundary

Figure 2-1. Framing Signal Maximum Toggle Rate for 8-bit Port

Symbol stream through time

symbol [X symbol Control /' Control Packet Packet Packet Packet Packet Packet Packet
symbol /\ symbol /\ symbol /\ symbol /\ symbol symbol /\ symbol symbol /\ symbol

— 32-bit boundary

Framing signal

\ Framing ; toggles

signal
toggles
L Data reference signal rises

aligned to framing signal*transition
and 32-bit boundary

Figure 2-2. Framing Signal Maximum Toggle Rate for 16-bit Port

Byte stream through time

byte Control \/ Control \/ ‘Control \/ Control Idle Idle 1dle 1dle Control \/ Control
byte 0 byte 1 byte 0 byte 1 byte 0 byte 1 byte 0 byte 1 byte 0 byte 1
L 32:bit boundary —T

/— Framing signal /

NV VA VA

Figure 2-3. Control Symbol Delineation Example for 8-bit Port

_/

\— Data reference signal
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Symbol stream through time »
svmbol Control \/ Control \/ Control \/ Control Idle 1dle Control \/ Control \/ symbol \/ symbol
Y ? symbol symbol symbol symbol symbol symbol symbol symbol

—\/— Framing signal

— 32-bit boundary

/

Errorg
only

CRC ¢r control symbol corruption, etc. if these signals behave improperly. Either method of error dete
ing and data reference signals allows error recovery by following the mechanisnis-described in Section
ble Erfors” and Partition Il, Annex A.3, “Error Recovery.”

For simplicity, the data reference signal will not be included in any additional figures in this document.
32-bit boundary when it is legal for the frame signal to toggle assshown in Figure 2-1 through Figure 2-4.

on the

Packet Termination

A pac
e Th
e Th

lin
The s

packe
possib

The rd
symbd

The li
applic
ware {
descri

A port
any er
caused

\ _ 7/  / /
Data reference signal

Figure 2-4. Control Symbol Delineation Example for 16-bit Port

on the framing and data reference signals can be detected either directly by verifying that the
hen they are allowed and expected to transition, or indirectly by depending upah detection of

et is terminated in one of two ways:

e beginning of a new packet marks the end of a previous packet.
e end of a packet may be marked with one of:the following: an aligned end-of-packet (eop), re
Kk-request, or stomp control symbol.

omp control symbol is used if a transmitting processing element detects a problem with the
. It may choose to cancel the packetby sending the stomp control symbol instead of terminatin
ly system fatal, fashion like corrupting the CRC value.

start-from-retry control symbakean cancel the current packet as well as be transmitted on an idle
| is used to enable the receiver to start accepting packets after the receiver has retried a packet.

hk-request control sympol can cancel the current packet as well as be transmitted on an idle lin
htions. It can be used.by software for system observation and maintenance, and it can be used by

ped in Sectiont:3, “Error Detection and Recovery.”

receiving.a/cancelled packet shall drop the packet. The cancellation of a packet shall not result in
Fors. ~1f\the packet was cancelled because the sender received a packet-not-accepted control sym
the’packet-not-accepted to be sent shall be reported in the normal manner.

signals transition
packet header or
tion on the fram-
3.5.1, “Recovera-

t is always rising

start-from-retry,

[ransmission of a
j it in a different,

link. This control

k and has several
software or hard-

b enable the receiver to start accepting packets after the receiver has refused a packet due to a trapsmission error as

the generation of
bol, the error that

If a port receiving a cancelled packet has not previously acknowledged the packet and is not in an “Input Stopped”
stopped state (Retry-Stopped or Error Stopped), the port shall immediately enter the Input Retry-stopped state and follow
the Packet Retry mechanism specified in Section 1.2.3, if the packet was cancelled with a control symbol other than a
restart-from-retry or a link-request/input-status control symbol. As part of the Packet Retry mechanism, the port sends a
packet retry control symbol to the sending port indicating that the cancelled packet was not accepted.
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Figure 2-5 is an example of a new packet marking the end of a packet.

Byte stream through time

byte >< byte >< byte >< byte >< byte >< byte >< byte >< I;}e/?d%r >< byte 1 >< byte 2 >< byte 3

Byte stream for a packet Last byte for packet _A 32'bit boundary

/ \ Start header for

new packet

Figure 2-5. Header Marked End of Packet (8-bit Port)

Figurd 2-6 is an example of an aligned end-of-packet control symbol marking the end of acpaeket. |The stomp, link-
requedt, and restart-from-retry control symbol cases look similar.

Symbol stream through time

Eop Eop Idle Tdle Idle Idle
symbol >< symbol >< symbol >< symbol >< symbol X symbol >< symbol >< symbol X symbol >< symbol >< symbol

\ Symbol stream Last symbol . j
- for a packet for packet J T— 32-bit boundary

Start end-of-packet /\ /

symbol

Figure 2-6. End-Of-Packet Control Symbol Marked End of Packet (16-bit Port)

Packget Pacing

If a dgvice cannot transmit a packet as a contiguous stream of control symbols, it may force wait state by inserting idle
contrgl symbols called pacing idles. As with the'ether control symbols, the pacing idle control symbols are always fol-
lowed|by a bit-wise inverted copy and are then\called aligned pacing idle control symbols. Any number|of aligned pacing
idle cgntrol symbols can be inserted, up tolSome implementation defined limit, at which point the sender should instead
send g stomp control symbol and cancel-the packet in order to attempt to transmit a different packet. Figure 2-7 shows an
example of packet pacing. These idle-control symbols are ignored by the receiving device, and more data is sent when it
beconjes available. Pacing idle control symbols can be embedded anywhere in a packet where they can|be legally deline-
ated.

Byte stream'through time

Idle Header Idle Idle Idle Idle
byte 1 >< byte 0 >< byte 1 >< byte 2 >< byte 3 >< byte O >< byte 1 >< byte 0 >< byte 1 >< byte 4 >< byte 5

32-bit boundary A % Inserted pacing % More
idle symbol bytes for
/ \ the packet
/ & Start of \

packet header
Figure 2-7. Pacing Idle Insertion in Packet (8-bit Port)

The receiver of a packet may request that the sender insert pacing idle control symbols on its behalf by sending a throttle
control symbol specifying the number of aligned pacing idle control symbols to delay. The packet sender then inserts that
number of aligned pacing idles into the packet stream. If additional delay is needed, the receiver can send another throttle
control symbol.

If the receiver requests too many aligned pacing idles indicating an excessive delay, determined by some implementation
defined limit, it should terminate the packet transmission by issuing a packet-retry acknowledge control symbol. Alterna-
tively, the sender may issue a stomp control symbol to cancel the packet if too many aligned pacing idle control symbols
are requested by the receiver. The throttle control symbol shall be honored because it is used to force insertion of idle
control symbols for clock re-synchronization in the receiver as described in Chapter 5, “System Clocking Considera-
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2.4

2.5

tions.”

The maximum allowed response time from the receipt of the last byte of an aligned throttle control symbol at the input
pins to the appearance of the first byte of an aligned pacing idle control symbol on the output pins is 40 interface clocks
(80 data ticks).

Note that for CRC values for a packet, the aligned pacing idle control symbols are not included in the calculation.

Embedded Control Symbols

Control symbols can be embedded anywhere in a packet in the same fashion as pacing idle control symbols, as long as all
delineation and alignment rules are followed.

Byte stream through time

Control ' Control \/ Control \/ Control
byte >< byte >< byte >< byte >< byte 0 >< byte 1 >< byte 0 >< >< byte >< byte >< byte
| Bytes for a packet 32'bit boundary Packet contjnues
/\ Embedded
control symbol
Figure 2-8. Embedded Control Symbols for 8-bit Port
Symbol stream through time
symbol [X symbol X symbol X symbol Control \/" Control symbol X symbol X symbol X symbol X| symbol
symbol symbol
| Symbols for a packet — 32-bit boundary Packet continues
/\ Embedded
control symbol

Figure 2-9. Embedded Control Symbols for 16-bit Port
As with the pacing idle control symbols, the embedded aligned control symbols are not included in the CRC value calcu-
lation [for the packet.
A spegial error case exists.when a corrupt embedded control symbol is detected. In this case a packet-pot-accepted con-
trol symbol shall be generated and the embedding packet is discarded.
Packget to Port-Alignment
This spction shows examples of packet transmission over the 8-bit and 16-bit interfaces. The corresponfling control sym-
bol alignment is shown in Section 3.6, “Control Symbol to Port Alignment.”
Figur 2 10 S!'\n\n:o fhn b\lfn hfc\nomuoounn nrrlnrlng oh—5 pr\rf fhrnngh hmn ||o|ng a oma“ franopnri‘ fr\rnr at ftype 2 packet

from the RapidlO Input/Output Logical Specification and RapidlO Common Transport Specification. Note that for this
example the two bytes following the CRC would indicate some form of packet termination such as a new packet or an

eop.
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Port bit numbers — | 0 1 2 3 4 5 6 7 Time
32-bit boundary, Preceding byte
framing signal toggles > 0 ’ acklD 0 | 1 ‘ 00
pio | 0010
destinationID
sourcelD
transaction rdsize
srcTID

address[0-7]
address[8-15]
address[16-23]

address[24-28] |detr‘ xamshs
CRC[0-7]
32-bit boundary, CRC[8-15]
framing signal toggles - Following byte \%\J \J

0 1 2 3 4 5 | 6 7

Figure 2-10. Request Packet Transmission Example 1
Figurd 2-11 shows the same packet transmitted over a 16-bit poft.

Port bit jumbers — | 0 1 2 3 4 6 7 8 9 10 | 11 12 13 14 15

5
A\) Preceding symbol
1

32-bit bqundary, —»
framing signal toggles 0 acklD ‘ 0 l ‘ 00 prio tt 001
destinationID sourcelD
transaction } rdsize srcTID
address[0-15]
address[16-28] |detr| xamshs
CRC[0-15]

Following symbol

32-bit bqundary, —» —
framing signal toggles N C)

0 ' 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Figure 2-11. Request Packet Transmission Example 2

Figurd 2<12 shows the same example again but with the large transport format over the 8-bit port. Note trat for this exam-
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ple the two bytes following the CRC of the packet are all logic 0 pads.

Port bit numbers — 0 1 2 3 4 5 6 7 Time
32-hit boundary, Preceding byte
framing signal toggles 0 l acklD 0 | 1 ‘ 00
pio | 0010
destinationID[0-7]
destinationID[8-15]
sourcelD[0-7]
sourcelD[8-15]
transaction rdsize
srcTID
address[0-7]
address[8-15]
address[16-23]
address[24-28] | wdptf ‘ xamsbs
CRC[0-7]
CRC[8-15]
000006000
32-bit boundary, 00000000
framing signal toggles Following byte 1 ]
0 1 2~ 3 4 5 6 7
Figure 2-12. Request-Packet Transmission Example 3
Figurg 2-13 is the same packet as for Figure-2-12 but over the 16-bit port.
Port bit qumbers —» 0 1 2 | 3 4 5 6 7 8 9 10 11 12 | 13 4 | 15
32-bit bqundary, —» Preceding symbol
framing signal toggles 0 ackiD ‘ 0 ‘ 1 ‘ 00 ‘ prio tt 001
destinationID
sourcelD
transaction ‘ rdsize | srcTID
address[0-15]
9rlrlrnec[1£: ')Q] !\Alr{pfr! VameS
CRC[0-15]
32-bit boundary, —» 0000000000000000
framing signal toggles Following symbol
0 1 2 3 4 5 6 7 8 9 10 11 12 13 | 14 | 15

Figure 2-13. Request Packet Transmission Example 4

Figure 2-14 and Figure 2-15 show the ftype 13 response packet for request example—the small transport format packet.
Note that the two bytes following the packet CRC may be logic 0 pads depending on the size of the packet.
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Port bit numbers — | 0 1 2 3 4 5 6 7 Time
~32-bit boundary, Preceding byte
framing signal toggles 0 ‘ acklD 0 | 1 ‘ 00
pio | 1101
destinationID
sourcelD
transaction status
targetTID
byte 0
byte 1
byte n
CRC[0-7]
32-hit boundary, CRC[8-15]
framing signal toggles Followingp& ~ \
0 1 2 3 4 5 6 7
Figure 2-14. Response Packet&Fransmission Example 1
Port bit fumbers —» 0 1 2 3 4 ! 5 6 7 8 9 10 11 | 12 13 14 15
) Preceding symbol
32-bit bqundary, — O 95 .
framing signal toggles | 0 ackiD ‘ 0 | 1 ‘ 00 prio tt 1101}
destinationID sourcelD
transaction ‘ status targetTID
byte 0 byte 1
byte n-1 byte n
CRC[0-15]
32-bit bqundary, —» Following symbol
framing signaltaggles
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Figure 2-15. Response Packet Transmission Example 2
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System Maintenance

A necessary part of any system are methods for initializing, configuring, and maintaining the system during operation.

2.6.1

26.1.1

26.1.11

Port and Link Initialization

Before an LP-LVDS port can exchange packets with the port to which it is connected, the port may require initializa-
tion and the link connecting the two ports must be initialized.

Many ports, especially those operating at higher data rates, must adjust the timing of when they sample input data from
the link in order to achieve an acceptable or optimal received bit error rate. This process is called training and is exe-
cuted while the port is receiving a special training pattern. In addition, each 16-bit wide port must decide whether to

opefrate-S-bi-erte-hiurle Ras-peer-statcay-contguredterS—oH-or-16-moae:

Link initialization requires that each port must receive at least one idle control symbol from the(cehnected port before

bedinning normal operation.

Thq state of a port is indicated by bits 30 (Port OK) and 31 (Port Uninitialized) of the asSociated POT n Error and Sta-
tus |Register. Bit 31 is set when the port is in the Uninitialized state and cleared when the port initialization process is
completed and the port is initialized. Bit 30 is set when the port has received an idle'control symbol from the connected
port and the port is in the normal operation mode and is cleared if the port or,the)connected port is pninitialized or if
thefe is no connected port (the port is not receiving valid input signals).

Port Initialization
A\ny port whose link receiver input sample timing is not fixed and ‘any 16-bit port whose width
¢ally configured require port initialization.

Port Width Mode Selection

mode is not stati-

2.6.1.1.2

Al 16-bit LP-LVDS ports shall be capable of operating in both 8-bit and 16-bit modes.The width
6-bit port operates may be either statically or dynamigally configured. If the width mode of a por

mode in which a
| is statically con-

igured, the port will operate correctly only if copnected to a port operating in the same width njode. If the width

ode of a 16-bit port is not statically configured, the width mode is determined as part of the
process.

hen operating in 8-bit mode, only thgsignal pairsCLK0/CLKO0, FRAME/FRAME and D[0-7
sed. The 16-bit mode output signal pairs TCLK1/TCLK1, and TD[8-15]/TD[8-15] may be driv
the input signal pairs RCLK1/RCILLK1 and RD[8-15]/RD[8-16] shall be ignored as inputs.

Dynamic port width selection,shall be based on the presence of valid signals at the inputs of t
FRAME D[0-7] and D[8-15] receivers. If valid signals are present at the inputs of the CLKO, CLK

] and D[8-15] receivers,the port shall operate in 16-bit mode. If valid signals are present at the in
FRAME and D[0-7 \receivers, but not at the inputs of the CLK1 and D[8-15] receivers, the port
bit mode. If valid Signals are not present at the inputs of the CLKO, FRAME and D[0-7] receiver
is undefined,and-the port shall not exit Uninitialized state.

Input.Sampling Window Alignment
nputSampling window alignment is the process in which a port adjusts the timing of when input

port initialization

1/D[0-7] shall be
bn as outputs, but

ne CLKO, CLK1,
K1, FRAME DI0-
puts of the CLKO,
hall operate in 8-
, the width mode

data is sample by

thellink receiver. The timing is adjusted to achieve an acceptable or optimal received bit error ra

process or algorithm used by a port to align the input sampling window is not specified.

te. The process is

&= or “trained”. The

Sampling window alignment is done while the port is receiving a special data pattern called the training pattern. A
special data pattern is required to ensure that enough transition timing information is available to the receiver to cor-
rectly adjust the input sample timing and to ensure that bytes transmitted by a port operating in 8-bit or that half-
words transmitted by a port operating in 16-bit are correctly recovered by the link receiver.

There are two types of training, initialization training and maintenance training. Initialization training is used when
a device powers up or is reset or when a port loses input sampling window alignment due to events such as exces-
sive system noise or power fluctuations. Maintenance training is used when a port is nominally input sampling win-
dow aligned, but in need of some “fine-tuning” of the input sampling window timing to maintain an acceptable or
optimum received bit error rate.
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Training Pattern
The training pattern shall be the bit sequence 0b11110000. The training pattern shall be transmitted left to right with
the left most bit transmitted first and the right most bit transmitted last.

When transmitted, the training pattern shall be transmitted simultaneously on all of the data signals, D[0-7] for an 8-
bit port or a 16-bit port statically configured to operate in 8-bit mode, D[0-15] for a 16-port not statically configured
to operate in 8-bit mode, and the training pattern or is complement shall be transmitted on the FRAME signal. The
training pattern or its complement is selected for transmission on the FRAME signal such that the FRAME signal
shall toggle at the beginning of training pattern transmission. The training pattern shall never be transmitted on a
CLK signal. The training pattern shall never be transmitted on signals D[8-15] of a 16-bit port if the port is statically

r‘nnfigllrnd o operate in 8-hit mode

he result of these rules is that during training pattern transmission, FRAME and data signal$’transmitted by the
ort have the following properties.

The FRAME signal toggles at the beginning of training pattern transmission. (Individual datg
ot toggle at the beginning of training pattern transmission depending on their value during the bit
receding the training pattern.)

After the first bit of the training pattern, FRAME and all data bits all toggle-at the same nomina
Each byte transmitted by a port transmitting in 8-bit mode is either all"@nes, OxFF, or all zeros, (
Each half-word transmitted by a port transmitting in 16-bit mode is-€ither all ones, OXFFFF, or 3

he reception of the training pattern by an initialized port is readily identified by looking at RD[0-
ggles. If the received value of RD[0-7] is either all ones, OXFF, or all zeros, 0x00, the trainin
eceived.

Training Pattern Transmission
hen transmitted, the training pattern shall be trarsmitted in bursts. Each burst shall contain 256
aining pattern. Each burst shall be followed byceither a link-request/send-training or an idle cont|

he training pattern shall be transmittedy an initialized port only at request of the connectg
lequest/send-training control symbol is‘used to request that the connected port transmit the traini
at is not initialized and therefore*unable to reliably receive control symbols assumes that the

ith each burst followed by a link-request/send-training control symbol as specified by the Port |
SS.

he training pattern shall'neither be embedded in a packet nor used to terminate a packet.

Ports Not Requiring Port Initialization

n 8-bit port-with fixed input sampling window timing does not require port initialization. Simil
ith fixed-input sampling window timing and whose width mode is statically configured does ng
ialization. On device power-up and on device reset, such ports shall enter and remain in the In
hall never be in the Uninitialized state. Such ports shall transmit idle control symbols until an id

bits may or may
time immediately

time.
X00.
Il zeros, 0x0000.

7] when FRAME
) pattern is being

repetitions of the
rol symbol.

d port. The link-
g pattern. A port
connected port is

ending link-request/send-trainipg-control symbols and therefore continuously transmits training sequence bursts

nitialization Proc-

arly, a 16-bit port
t require port ini-
tialized state and
e control symbol

is réceived from the connected port. Upon the reception of an idle control symbol from the conne

cted port, the port

shall transmit an idle control symbol, set the “port OK™ bit in its Port n Control and Status Register, enter the normal
operation state and may then begin the transmission of packets and non-idle control symbols.

If while waiting to receive an idle control symbol from the connected port, the reception by the port of a link-
request/send-training control symbol from the connected port immediately followed by the training pattern indi-
cates that the connected port in not initialized. When this occurs, the port shall stop sending idle control symbols
and repeatedly send training pattern bursts, each burst followed by an idle control symbol, until an idle control sym-
bol is received from the connected port indicating that the connected port is now initialized. Upon receiving an idle
control symbol from the connected port, the port shall complete transmission of the current training pattern burst,
transmit an idle control symbol, set the “port OK” bit in its Port n Control and Status Register and enter the normal
operation state. The port may then transmit packets and non-idle control symbols.

Ports Requiring Port Initialization
Ports that do not have fixed input sampling window timing and 16-bit ports whose width mode is not statically con-
figured require port initialization. Such ports shall enter the Uninitialized state on device power-up and device reset.
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2.6.1.1.7

2.6.1.2

2.6.1.3

Such a port shall also enter the Uninitialized state if the port loses correct input sampling window timing due to
events such as excessive system noise or power fluctuations. The algorithm used to determine when a port has lost
input sample window alignment is not specified. A port in the Uninitialized state shall execute the Port Initialization
Process to exit the Uninitialized state.

The output signals of a LP-LVDS port may be erratic when the device containing the port is powering up or being
reset. For example, the output drivers may be temporarily disabled, the signals may have erratic HIGH or LOW
times and/or the clock signals may stop toggling. A LP-LVDS port must be tolerant of such behavior and shall prop-
erly initialize after the signals from the connected port return to normal and comply with the LP-LVDS electrical
specifications.

POTT INitialization PTOCESS
Upon entering the Uninitialized state, a port shall execute the following Port Initialization Prgcesy.

4 The port sets the “Port Uninitialized” bit and clears the “Port OK” bit in its Port n Contral-and Jtatus Register.

4 The port transmits a link-request/send-training control symbol followed by one-ok more burgts of the training
dequence. The port continuously transmits training pattern bursts, each followed fya link-requegt/send-training or
idle control symbol, until the port has achieved input sample timing alignment-and*has received an|idle control sym-
ol from the connected port.

The port attempts to detect a valid clock signal on its CLKO input and,\if present, on its CLK1 ipput and to detect
the training pattern on its FRAME and D[0-7] inputs and, if present,‘on its D[8-15] inputs.

Once valid input signals are detected, a 16-bit ports whose width'mode is not statically configurgd determines the
idth of the connected port and selects the matching width made.

Once the width mode of the port is established, either Statically or dynamically, the port attempts to achieve input
gampling window timing alignment. While attemptipng-to-achieve input sampling window timing alignment, the port
ghall transmit a link-request/send-training control symbol after each training pattern burst.

When the port achieves input sampling windew timing alignment, it clears the “Port Uninitialized” bit in the Port
Control and Status Register and transmits:an idle control symbol after each training pattern bursy instead of a link-
equest/send-training control symbol. This-indicates to the connected port that the port has completed input sam-
pling window alignment.

Upon receiving an idle contro}-symbol from the connected port, indicating that the connected pprt has completed
input sampling window alignment, the port completes transmitting the current training pattern burst, sends an idle
¢ontrol symbol, sets the “Port-OK” bit in the Port n Control and Status Register and enters normal| operation.

ink Initialization
\fter a port is in the Initialized state, the port shall not begin transmission of packets and control symbols other than
the idle control tntil it has received an idle control symbol from the connected port. The reception|of an idle control
qgymbol indicates that the connected port is in the Initialized state and is ready to receive packets pnd non-idle con-
rol symbaols) When both ports connected by a link have received an idle control symbol from the connected port,
the linkKsisTinitialized.

alntenance Tralnlng

3 ut sampling win-
dow timing while in the Inmallzed state to maintain an optimal recelved blt error rate. Such adjustment is called
maintenance training. A port requiring maintenance training shall do the following.

* The port shall transmit a single link-request/send-training control symbol and then resume normal transmit opera-
tion.

« If the port is not able to complete maintenance training with one burst of the training pattern, the port may trans-
mit additional link-request/send-training control symbols and shall resume normal transmit operation after transmit-
ting each link-request/send-training control symbol.

A port requiring maintenance training shall not transmit the training pattern after transmitting a link-request/send-
training control symbol. (The transmission by a port of a link-request/send-training control symbol followed by the
training pattern indicates that the port has become uninitialized.)

A port receiving a link-request/send-training control symbol that is not followed by the training pattern shall end the
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transmission of packets and control symbols as quickly as possible without violating the link protocol, transmit one
burst of the training pattern followed by an idle control symbol and then resume normal operation.

Unexpected Training Patter Reception

At any time, the reception by an initialized port of unsolicited training pattern, whether or not preceded by a link-
request/sent-training control symbol, indicates that the connected port is in the Uninitialized state. When this
occurs, the port receiving the unsolicited training pattern shall repeatedly transmit training pattern bursts, each burst
followed by an idle control symbol, until an idle control symbol is received from the connected port indicating that
the connected port is now initialized. Upon receiving an idle control symbol from the connected port, the port shall
complete transmission of the current tralnlng pattern burst, transmlt an idle control symbol set the “port OK” bit in

on-idle control symbols

Once a link has been initialized, the reception of unsolicited training pattern is a protocol violatio
the sending port has lost input sampling window alignment and has most likely not received son
packets and control symbols. Once the link has been initialized, a port receiving an unsolicited tra
gnter the output Error-stopped state. The port shall execute the Output Error-stopped’recovery pr
$ection 5.10.2.8, “Output Error-Stopped Recovery Process.” once communicationwith the conneg
e-established.”

MyJlticast-Event

The Multicast-Event control symbol provides a mechanism throughwhich notice that some system
occurred, can be selectively multicast throughout the system. Refer(to*3.2 for the format of the multi
synnbol.

When a switch processing element receives a Multicast-Eveqt control symbol, the switch shall forw
Event by issuing a Multicast-Event control symbol from-each port that is designated in the port's CS
Evant output port. A switch port shall never forward.a Multicast-Event control symbol back to the d
it received a Multicast-Event control symbol regardiess of whether the port is designated a Multicas
not

It i intended that at any given time, Multicast=Event control symbols will be sourced by a single devj
source device can change (in case of failover, for example). In the event that two or more Multicast-E

e time, at least one of the Multicast-Event control symbols shall be forwarded. The others may
arded (device dependent).

Thé
It npay occur randomly,(periodically, or anything in between. For instance, Multicast-Event may be ug
fungtion or for a clock.synchronization function in a multiprocessor system.

In g
tion through the system and the variation in propagation time from Multicast-Event to Multicast-Eve]
For these-Feasons and the need to multicast, control symbols are used to convey Multicast-Events a
have thehighest priority for transmission on a link and can be embedded in packets.

smit packets and

n. It indicates that
e previously sent
ning pattern shall
hcess specified in
ted port has been

defined event has
Cast-event control

ard the Multicast-
R as a Multicast-
evice from which
t-Event output or

ice. However, the
vent control sym-

 are received by a switch processing-element close enough in time that more than one is present in the switch at the

be forwarded or

system defined event.whose occurrence Multicast-Event gives notice of has no required temporjal characteristics.

ed for a heartbeat

n applicatien.such as clock synchronization in a multiprocessor system, both the propagation tinpe of the notifica-

nt are of concern.
5 control symbols

Wh . e . N
functions should be designed to minimize these characteristics. In addition, switch functions shal

variation, switch
I include in their

specifications the maximum value of Multicast-Event forwarding delay (the maximum value of Multicast-Event for-

warding delay through the switch) and the maximum value of Multicast-Event forwarding delay va

riation (the maxi-

mum value of Multicast-Event forwarding delay through the switch minus the minimum value of Multicast-Event

forwarding delay through the switch).

Power Management

Power management is currently beyond the scope of this specification and is implementation dependent. A device that
supports power management features can make these features accessible to the rest of the system in the device’s local
configuration registers.
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3.1

311

3.1.2

Chapter 3 - Control Symbol Formats

This chapter defines the RapidlO physical layer control symbols described in Chapter 1, “Physical Layer Protocol.” Note
that the S bit defined in Section 1.2.1 is always set to logic 1 and the S bit (also defined in Section 1.2.1) is always set to
logic 0 for the physical layer control symbols. All control symbols are aligned to 32 bits with the last 16 bits as a bit-wise
inverse of the first 16. A device receiving an undefined control symbol shall treat the control symbol as an idle control sym-
bol for forward compatibility.

Acknowledgment Control Symbol Formats

An acknowledgment control symbol is a transmission status indicator issued by a processing element when it has
receivpd a packet from another processing element to which it is electrically connected. Acknowledgment control sym-
e used for flow control and resource de-allocation between adjacent devices. The follewing|are the different
acknoledgment control symbols that can be transmitted back to sending elements from receiving-¢elenfents:

e Pafket-retry
« Pafket-not-accepted

Becaupe receipt of an acknowledgment control symbol does not imply the eqd of a packet, a contrpl symbol can be
embedded in a packet, as well as sent when the interconnect is idle. Embedded control symbols|are discussed in

Section 2.4, “Embedded Control Symbols.”
Field gefinitions for the acknowledgment control symbols are shown inyTable 3-1.

Table 3-1. Field Definitions for Acknowledgment Control Symbols

Field Definition
packet_acklD Acknowledgment ID is the paeket identifier for acknowledgments back to the
request or response packet.sender.
buf_gtatus buf_status field indicates:the number of maximally sized packets that can be
received, described.in*Section 1.2.1
causH cause field indicates the type of error encountered by an input port, defined in
Table 3-2

Pagket-Accepted ControkSymbol

Thg packet-accepted acknowledgment control symbol indicates that the adjacent device in the interqonnect fabric has
taken responsibility forsending the packet to its final destination and that resources allocated by the sending device
can| be released. This control symbol shall be generated only after the entire packet has been receivefd and found to be
freq of detectable-errors. This control symbol format is displayed in Figure 3-1.

‘ Preceding bits‘ 1 | packet_acklD | 0 |—0| 000 buf_status 000 —

AL 3 11 3 4 3
32-bit boundary, _1
framing signal toggles

0 |packetackib| 1| 1] 111 buf_status 111 | Following bits
1 3 1

1 3 4 3

L 32-bit boundary,
framing signal toggles

Figure 3-1. Type 0 Packet-Accepted Control Symbol Format

Packet-Retry Control Symbol

A packet-retry acknowledgment control symbol indicates that the adjacent device in the interconnect fabric was not
able to accept the packet due to some temporary resource conflict such as insufficient buffering and the source should
retransmit the packet. This control symbol can be generated at any time after the start of a packet, which allows the
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sender to cancel the packet and try sending a packet with a different priority or destination. This will avoid wasting
bandwidth by transmitting all of the rejected packet. This control symbol format is displayed in Figure 3-2.

| Preceding bits | 1 |packet ackip| o[ 0| 000 0000 001 |——
1 3 11 3 4 3
32-bit boundary, _T
framing signal toggles
>t 0 |packetackiD| 1| 1| 111 1111 110 | Following bits
1 S 1 1 3 4 3 )

3.1.3 Pa

Al
dus
tim
pric
by
of 1
the

pla

T

32-hitbe
Figure 3-2. Type 1 Packet-Retry Control Symbol Format

ket-Not-Accepted Control Symbol

acket-not-accepted acknowledgment control symbol means that the receiving device could not
to an error condition, and that the source should retransmit the packet. This control symbol can b
e after the start of a packet, which allows the sender to cancel the packet‘and try sending a pack
rity or destination. Generating this control symbol at any point in packet transmission avoids w
ransmitting all of the rejected packet. The packet-not-accepted contfehSymbol contains a field de
he error condition, shown in Figure 3-3. If the receiving device is.not able to specify the cause fg
cause is not one of defined options, the general error encoding-shall be used. This control sym
ed in Figure 3-3.

000 cause 010 }7

Preceding bits | 1 packet_ackID| 0 | 0

32-bit 1
framing

Thd
mal

[
A1 3 11 1 3

oundary, —|
ignal toggles

3

Lindary,

framing.signal toggles

accept the packet
b generated at any
et with a different
asting bandwidth
scribing the cause
I some reason, or
bol format is dis-

> 0 |packetackip|na] 1| 111

| 0 | cause 101 | Following bi

S

1 3 1 1 3 1 3 3

— 32-bit bg
. framing sig
Figure 3-3.:Type 2 Packet-Not-Accepted Control Symbol Format

cause field shall be-used to display informational fields useful for debug. Table 3-2 displays the
not be acceptedindicated by the cause field.

Table 3-2. Cause Field Definition

undary,
nal toggles

reasons a packet

Encoding Definition
0b000 Encountered internal error
966t Receivedtnexpectedackib-onpacket
0b010 Received error on control symbol
0b011 Non-maintenance packet reception is stopped
0b100 Received bad CRC on packet
0b101 Received S bit parity error on packet/control
symbol
0b110 Reserved
Ob111 General error
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Canceling Packets

A packet-retry or packet-not-accepted acknowledgment control symbol that is received for a packet that is still being
transmitted may result with the sender canceling the packet.

The sending device can use the stomp (see Chapter 2, “Packet and Control Symbol Transmission”), restart-from-retry
(in response to a packet-retry control symbol), or link-request (in response to a packet-not-accepted control symbol)
control symbol to cancel the packet. Because the receiver has already rejected the packet, it will not detect any induced
error. Alternatively, the sending device can choose to complete transmission of the packet normally.

Packet Control Symbol Formats

ntrol functions as

Packe
descri

The p3
ticast-
contrg
Of the

packel.

This ¢

+. L |y | U 4 l +alals i +. H H H | +lo Lisalciiat £
CUTTITUT SYTTTOUTS dI'C USTU TUT JAURT U UTTITITAtTUTT, tralisiTiisS STulT, PJatitly, artu UticT TIHTR TTTTTdlt LU

bed in Chapter 2, “Packet and Control Symbol Transmission.”

cket control symbols are the throttle, stomp, restart-from-retry control symbols, idle, end¢of=pack
bvent control symbols, which are specified in the sub_type field of the type 4 control symbol fg
I symbols also have a contents field, which has a different meaning depending upon-the particulg
se control symbols, all control symbols that are not defined as terminating a packet may be en

pbntrol symbol format is displayed in Figure 3-4.

100

Ii

000 contents

Preceding bits| 1 ‘ sub_type 0 | 0

32-bitb
framing s

Table
contro
in Tab
that th
begin
the co

3 4

1 3 1 1
bundary, J

gnal toggles

bt (eop), and mul-
rmat. The packet
r control symbol.
nbedded within a

contents 011 ‘ Following bit

—> 0| sbwpe |11

111

5

1 3 1 1 3 4 3

framing sigr
Figure 3-4. Type 4Packet Control Symbol Format

3-3 shows how sub_type values function with values of the contents field. For the idle, eop, an
I symbols the contents field is.usedas the buf_status field described in Section 1.2.1, whose encod
e 1-2. For a throttle control'symbol, the contents field specifies the number of aligned pacing idl
e sender should insert in the packet. One of the specified encodings indicates to the sender that if
to resume packet transmission, as can be seen in Table 3-4. For the stomp and restart-from-retry
ntents field is unused and shall be tied to all logic 0s and ignored by the receiving device.

Table 3-3. sub_type and contents Field Definitions

L 32-bit boindary,

al toggles

d multicast-event
ings are specified
b control symbols
can immediately
control symbols,

suln_t)_/pfa _Fleld sub_ty_pe contents Field Definition
Definition Encoding

idle 0b000 Used as a buf_status field that |nd|cates the number of maX|mum -size¢l
paclkkata that can ha racanind Naceorih adin Cantinn 1 21 ancaodinac ar
paeketsthatcan-bereceivedDesertbedHn-Seethont2tencodingsare
defined in Table 1-2.

stomp 0b001 Unused, contents=0b0000

eop 0b010 Used as a buf_status field that indicates the number of maximum-sized
packets that can be received. Described in Section 1.2.1, encodings are
defined in Table 1-2.

restart-from-retry | 0b011 Unused, contents=0b0000

throttle 0b100 Specifies the number of aligned pacing idles that the sender inserts in a
packet. The encodings are defined in Table 1-2.
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Table 3-3. sub_type and contents Field Definitions (Continued)

sub_t)_/p_e .Fleld sub_ty_pe contents Field Definition
Definition Encoding
Multicast-event | 0b101 Used as a buf_status field that indicates the number of maximally sized
packets that can be received. Described in Section 1.2.1, encodings are
defined in Table 1-2.
Reserved 0b110-111

The p4cing Tdte count content fietdfora throttie controt Symbol 15 defined i Tabie 3-4
Table 3-4. Throttle Control Symbol contents Field Definition

Encoding Definition

0b0000 1 aligned pacing idle control symbol

0b0001 2 aligned pacing idle control symbols

0b0010 4 aligned pacing idle control symbols

0b0011 8 aligned pacing idle control symbols

0b0100 16 aligned pacing idle control sympbols

0b0101 32 aligned pacing idle control-symbols

0b0110 64 aligned pacing idle control symbols

0b0111 128 aligned pacing idle eontrol symbols

0b1000 256 aligned pacing idle control symbols

0b1001 512 aligned pacing idle control symbols

0b1010 1024 aligned pacing idle control symbols

0b1011- Reserved

1101

0b1110 1 aligned pacing idle control symbol for oscillator
drift compensation

Ob11%t Stop transmitting pacing idles, can immediately
resume packet transmission

Link|Maintenance Control Symbol Formats
Maintgnance of a link is controlled by link-request/link-response control symbol pairs as described in the link mainte-

nance |protocol of Section 1.4. Each of the control symbols is described below:

e Alink-request control symbol issues a command to or requests status from the device that is electrically connected,
or linked, to the issuing device. The link-request control symbol is followed by a complemented version of itself as
with the other control symbols. A link-request control symbol cannot be embedded in a packet, but can be used to
cancel the packet. Under error conditions a link-request/input-status control symbol acts as a restart-from-error
control symbol as described in Section 1.3.5.1, “Recoverable Errors.” This control symbol format is displayed in

Figure 3-5.
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Ii

| Preceding bits I 1 ’ cmd 0 | 0 | 000 buf_status 101
1 3 1 1 3 4 3
32-bit boundary, J

framing signal toggles

o] emd [1]1] 111 buf_status 010

Following bits

1 3 11 3 4 3

\
ﬂ— 32-bit boundary,

framing signal toggles

The cind, or command, field of the link-request control symbol format is defined in Table 3-5.

Table 3-5. cmd Field Definition

cmd_ Command Name Description
Encoding
0b000 Send-training Send 256 iterations of the training-pattern
0b001-010 Reserved
0b011 Reset Reset the receiving deyice
0b100 Input-status Return input port status; functions as a restart-from-
error control symbol under error conditions
0b101-111 Reserved

« [The link-response control symbol is used by a device to respond to a link-request control symbol a

embedded in a packet. This control symbeltformat is displayed in Figure 3-6.

link maintenance protocol described in Section'1:4. The link-response control symbol is the same a|
Ssymbols in that the second 16 bits are a bit-wise inversion of the first 16 bits. A link-response contfol symbol can be

‘ Pré¢ceding bits | 1 “ ackiD_status | 0 /O I 000 link_status 110
1 3 | 3 4 3

32-hit boyndary, J
framing s{gnal toggles

5 described in the
5 all other control

Figure 3-6. Type 6 Link-Response Control Symbol Format

The a¢kI)” status field of the link-response format is defined in Table 3-6

—Df 0 | acklD_status | 1(1 | 111 link_status 001 ‘ Following bits
1 3 4
11 3 3 L 32-bit bopndary,
framing signal toggles

Table 3-6. ackID_status Field Definition

Encoding Description
0b000 Expecting ackID 0
0b001 Expecting ackID 1
0b010 Expecting ackID 2
0b011 Expecting ackID 3
0b100 Expecting ackID 4
0b101 Expecting ackID 5
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Table 3-6. acklD_status Field Definition (Continued)

Encoding Description
0b110 Expecting ackID 6
Ob111 Expecting ackIiD 7

The link_status field is defined in Table 3-7. Note that the ackID information is included in both fields for additional error
coverage if the receiver is working properly (encodings 8-15).

3.4

3.5

Fable-3—+trk—statusHeld-Befirition
IE‘E;;;?;‘;S Port Status Description
0b0000 - Reserved
0b0001
0b0010 Error Unrecoverable error encountered.
0h0011 Reserved
0b0100 Retry-stopped The port has been stopped du€to a retry.
0b0101 Error-stopped The port has been stopped due to a transmission
error; this state is cleared after the link-request/
input-status command is completed.
0h0110 - Reserved
0b0111
0b1000 OK, ackiD0O Working properly, expecting ackID 0.
0b1001 OK, acklD1 Working properly, expecting ackID 1.
0b1010 OK, acklD2 Working properly, expecting ackID 2.
0b1011 OK, ackiD3 Working properly, expecting ackID 3.
0b1100 OK, ackiD4 Working properly, expecting ackID 4.
0b1101 OK, ackID5 Working properly, expecting ackID 5.
0b1110 OK/acklD6 Working properly, expecting ackID 6.
0Ob1111 OK, acklD7 Working properly, expecting ackID 7.
Reserved Symbol Formats
The control symbols corresponding to stypes 0b011 and 0b111 are reserved.
ContretSymbettoPortAtgnment

This section shows examples of control symbol transmission over the 8-bit and 16-bit interfaces. The corresponding

packet transmission alignment is shown in Section 2.5, “Packet to Port Alignment.”

Figure 3-7 shows the byte transmission ordering on an 8-bit port through time using an aligned packet-accepted control

symbol as an example.
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4.1

Port bit numbers — 0 1 2 3 4 5 6 7 Time
32-bit boundary, Preceding byte
framing signal toggles R packet_ackiD 0 0 00
0 buf_status 000
0 packet_ackID 1 1 11
32-bit boundary, ! buf_status 111

framing signal toggles

Following byte

0 1 2 3 4 5 6 7
Figure 3-7. Control Symbol Transmission Example 1

Figurg 3-8 shows the same control symbol over the 16-bit interface.

Port bit pumbers — 0 1 2 3 4 5 6 7 8 /10 11 | 12 | 13 | 14 |15

Preceding symbol

32-bit bpundary, —»
framing signal toggles 1 | packet_acklD [ 0 | © 000 buf_status 000

0 | packet_acklD 1 1 111 buf_status 111

32Tbitb_ undary, —»
framing signal toggles Following symbol

0 1 2 3 43 6 7 8 9 10 11 12 13 14 |15
Figure 3-8. Control Symbol Transmission Example 2

Chaptgr 4 - 8/16 LP-LVDS Registers

This chapter describes the Command and Status Register (CSR) set that allows an external processing element to determine
the capabilities, configuration,.and status of a processing element using this physical layer specification. [This chapter only
describeq registers or register bits defined by this specification. Refer to the other RapidlO logical, transport, and physical
specifications of interestto determine a complete list of registers and bit definitions. All registers are 32-Hits and aligned to
a 32-bit joundary.

These registers-utilize the Extended Features blocks and can be accessed using Partition I: Input/Output fogical Specifica-
tion mai tenance operatlons Any reglster offsets not defined are consldered reserved for this specmcatlor unless otherwise
stated. Other—+eg S s gations and by the
requirements of the specmc deV|ce and are beyond the scope of th|s speC|f|cat|on Read and wr|te accesses to reserved reg-
ister offsets shall terminate normally and not cause an error condition in the target device. The Extended Features pointer
(EF_PTR) defined in the RapidlO logical specifications contains the offset of the first Extended Features block in the
Extended Features data structure for a device. The 8/16 LP-LVDS physical features block shall exist in any position in the
Extended Features data structure and shall exist in any portion of the Extended Features Space in the register address map
for the device.

Table 4-1 describes the required behavior for accesses to reserved register bits and reserved registers for the RapidlO
Extended Features register space.

This chapter is divided up into three sections, each addressing a different type of RapidlO device.

Generic End Point Devices
This section describes the 8/16 LP-LVDS registers for a general end point device. This Extended Features register block
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Table 4-1. Extenended Feature Space Reserved Access Behaviour

Byte Offset Space Name Item Initiator behavior Target behavior
0x100- Extended Features Space | Reserved bit read - ignore returned value! | read - return logic 0
FFFC

write - preserve current
value?

write - ignored

Implementation-

read - ignore returned value

read - return implementation-

dafi Al 1
acTmeT-varac

41.1

dafl P TS
TCTImeToTe

1 + 1 $ods
GrmCSSTTITPTCTHCTTITAatioTT

defined function understood

write - preserve current value
if implementation-defined
function not understood

write - implementati
defined

pn-

Reserved register

read - ignore returned value

read.* return logic 0s

write -

wwrite - ignored

1. Do notdepend on reserved bits being a particular value; use appropriate masks to extract,defined bits from the read V

2. All register writes shall be in the form: read the register to obtain the values of all reserved bits, merge in the desired V]
for defiped bits to be modified, and write the register, thus preserving the value of all reserved bits.

Register Map

Talyle 4-2 shows the register map for generic RapidlO 8/16 LP-LVDS end point devices. The Block (
based on the Extended Features pointer (EF_PTR) to this block. This register map is currently only d
th up to 16 RapidlO ports, but can be extended or shortened if more or less port definitions are requiired for a device.

w

Forl example, a device with four RapidlO ports is\0nly required to use register map space corresy
[EF_PTR + 0x00] through [EF_PTR + 0x98]. Register map offset [EF_PTR + 0xAQ] can be used for

Fegtures block.

Table 4-2. Physical 8/16 LP-LVDS Register Map

alue.
Alues

Dffset is the offset
bfined for devices

onding to offsets
another Extended

Blogk Byte RegisterName Register Name
Qffset (Word 0) (Word 1)
0x0 8/16 LP-LVDS Port Maintenance Block Header
0x8t18 Reserved
|— 0x2p Port Link Time-Out Control CSR Port Response Time-Out Control CSH
< | Ox2B Reserved
(<5}
g ox3p Reserved
L 0x3B Reserved Port General Control CSR
r 0x40 Reserved
o | 0x48 Reserved
g 0x50 Reserved
\_ 0x58 Port O Error and Status CSR Port 0 Control CSR
’— 0x60 Reserved
o | Ox68 Reserved
S | 0x70 Reserved
L 0x78 Port 1 Error and Status CSR Port 1 Control CSR
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Table 4-2. Physical 8/16 LP-LVDS Register Map

Block Byte
Offset

Register Name
(Word 0)

Register Name
(Word 1)

™ Port2-14 1

0x80-218

Assigned to Port 2-14 CSRs

0x2p0

Reserved

0x2p8

Reserved

0x2B0

Reserved

™ Port15 ™ !

0x2B8

Port 15 Error and Status CSR

Port 15 Control CSR

41.2 Co
Ref

4121

mmand and Status Registers (CSRs)
er to Table 4-1 for the required behavior for accesses to reservederegisters and register bits.
Port Maintenance Block Header 0 (Block Offset 0x0 WaFd 0)

The port maintenance block header 0 register contains the.EF PTR to the next EF_BLK and the §
fies this as the generic end point port maintenance block header.

Table 4-3. Bit Settings for Port Maintenance Block Header 0

EF 1D that identi-

Bit

Name

Reset
Value

Description

0-15

EF_PTR

Hard wired pointer to the next block in the data structure, if

ne exists

16-31

EF_ID

0x0001

Hard wired Extended Features ID

4122

Port Maintenance Block Header 1 (Block Offset 0x0 Word 1)
The port maintenance block header 1 register is reserved.

Table 4-4. Bit Settings for Port Maintenance Block Header 1

Bit

Name

Reset
Value

Description

0-31

Reserved

4123

artl inle Tima ot Conteal OCD (DInsl, Offont Q20 \A/ard O
ot T e Tt S Ot r o oo™t D ToCIc oot ot oV vy Ororo

The port link time-out control register contains the time-out timer value for all ports on a device. This time-out is for
link events such as sending a packet to receiving the corresponding acknowledge, and sending a link-request to
receiving the corresponding link-response. The reset value is the maximum time-out interval, and represents
between 3 and 5 seconds.

Table 4-5. Bit Settings for Port Link Time-out Control CSR

Bit

Name

Reset
Value

Description

0-23

time-out_value

All 1s

time-out interval value

24-31

Reserved
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4.1.2.4 Port Response Time-out Control CSR (Block Offset 0x20 Word 1)
The port response time-out control register contains the time-out timer count for all ports on a device. This time-out
is for sending a request packet to receiving the corresponding response packet.The reset value is the maximum
time-out interval, and represents between 3 and 5 seconds.
Table 4-6. Bit Settings for Port Response Time-out Control CSR
: Reset -
Bit Name Value Description
0-23 time-out_value All 1s | time-out interval value
24-31 — Reserved
4.1.25 Port General Control CSR (Block Offset 0x38 Word 1)
The bits accessible through the Port General Control CSR are bits that apply to all ports on'a devige. There is a sin-
1Ie copy of each such bit per device. These bits are also accessible through the RortyGeneral Control CSR of any
ther physical layers implemented on a device.
Table 4-7. Bit Settings for Port General Control CSRs
. Reset '\
Bit Name Value Description
0 Host see A Host device is a device that is responsible for system
footnote! | exploration, initialization, and maintenance. Agent or slave|devices
are typically initialized by Host devices.
0b0 - agent or Slave device
0b1 - host device
1 Master Enable see The Master Enable bit controls whether or not a device is gllowed
footnote? | to isste requests into the system. If the Master Enable is nof set, the
devite may only respond to requests.
0b0 - processing element cannot issue requests
Obl - processing element can issue requests
2 Discovered see This device has been located by the processing element responsible
footnote3 | for system configuration
0b0 - The device has not been previously discovered
0b1 - The device has been discovered by another processirg
element
3-31 — Reserved
1. The Haqst resetwvalue is implementation dependent
2. The Master Enable reset value is implementation dependent

3. The Dipcovered reset value is implementation dependent
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4.1.2.6 Port n Error and Status CSRs (Block Offsets 0x58, 78, ..., 238 Word 0)
These registers are accessed when a local processor or an external device wishes to examine the port error and status
information.
Table 4-8. Bit Settings for Port n Error and Status CSRs
. Reset .
Bit Name Value Description
0-10 — Reserved
1 Output Retry- 0b0 Output port has encountered a retry condition. This bit is set when
encountered bit 13 is set. Once set remains set until written with a logic{1 to
clear.

12 Output Retried 0b0 Output port has received a packet-retry control symbol andjcan not
make forward progress. This bit is set when bit\13 is set and is
cleared when a packet-accepted or a packetpot-accepted cpntrol
symbol is received (read-only).

13 Output Retry-stopped | Ob0 Output port has received a packet-rétfy control symbol and is in the
“output retry-stopped” state (readsonly).

14 Output Error- 0bo Output port has encountergd\(and possibly recovered from) a

encountered transmission error. This hitis set when bit 15 is set. Once get
remains set until written with a logic 1 to clear.

15 Output Error-stopped | 0b0 Output port is in the “output error-stopped” state (read-only).

16-20 — Reserved

21 Input Retry-stopped 0b0 Input pert.s in the “input retry-stopped” state (read-only).

22 Input Error- 0b0 Inputiport has encountered (and possibly recovered from)

encountered transmission error. This bit is set when bit 23 is set. Once get
remains set until written with a logic 1 to clear.

23 Input Error-stopped 0bo Input port is in the “input error-stopped” state (read-only).

24-26 — Reserved

27 Port-write Pending 0b0 Port has encountered a condition which required it to initigte a
Maintenance Port-write operation.This bit is only valid if the
device is capable of issuing a maintenance port-write transpction.
Once set remains set until written with a logic 1 to clear.

28 Port Present 0bo The port is receiving the free-running clock on the input pgrt.

29 Port Error 0bo Input or output port has encountered an error from which hardware
was unable to recover. Once set remains set until written with a
togic-ttoclear:

30 Port OK 0bo Input and output ports are initialized and can communicate with the
adjacent device. This bit and bit 31 are mutually exclusive (read-
only).

31 Port Uninitialized Obl Input and output ports are not initialized and is in training mode.
This bit and bit 30 are mutually exclusive (read-only).
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Port n Control CSR (Block Offsets 0x58, 78, ..., 238 Word 1)
The port n control registers contain control register bits for individual ports on a processing element.

Table 4-9. Bit Settings for Port n Control CSRs

8372:2004(E)

Bit

Name

Reset
Value

Description

Output Port Width

see
footnotel

Operating width of the port (read-only):
0b0 - 8-bit port
Obl - 16-bit port

Qutput Port Enable

see
footnote?

Output port transmit enable:

0b0 - port is stopped and not enabled to issue any packets excq
or respond to 1/0 logical MAINTENANCE packets, dependin
functionality of the processing element. Control symbels are n
and are sent normally.

Obl - port is enabled to issue any packets

pt to route
g upon the
ot affected

Output Port Driver
Disable

0b0

Output port driver disable:

0b0 - output port drivers are turned enand will drive the pins
Obl - output port drivers are turned off and will not drive the
This is useful for power managément.

normally
DiNS

Reserved

[Input Port Width

see
footnote3

Operating width of the port (read-only):
0b0 - 8-bit port
Obl - 16-bit port

[Input Port Enable

see

footnote®

Input port receive enable:
0b0 - port'is stopped and only enabled to route or respond 1/Q
MAINTENANCE packets, depending upon the functionality
pragessing element. Other packets generate packet-not-accep
symbols to force an error condition to be signaled by the send
Control symbols are not affected and are received and handle
Obl - port is enabled to respond to any packet

logical
pf the

ed control
ng device.
1 normally.

[nput Port Receiver
Disable

0b0

Input port receiver enable:

0b0 - input port receivers are enabled

0b1 - input port receivers are disabled and are unable to recei
packets or control symbols

/e to any

Reserved

Error Checking
Disable

0b0

This bit disables all RapidlO transmission error checking
0bO0 - Error checking and recovery is enabled
0b1 - Error checking and recovery is disabled

Device benavior when error checking and recovery 1s disable
error condition occurs is undefined

d and an

Multicast-event
Participant

see
footnote®

Send incoming multicast-event control symbols to this port (multiple

port devices only)

10-30

Reserved

31

Port Type

This indicates the port type, parallel or serial (read only)
0b0 - Parallel port
Obl - Serial port

1. The output port width reset value is implementation dependent
2. The output port enable reset value is implementation dependent
3. The input port width reset value is implementation dependent
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4. The Input port enable reset value is implementation dependent
5. The multicast-event participant reset value is implementation dependent

4.2

421

Generic End Point Devices, software assisted error recovery option

This section describes the 8/16 LP-LVDS registers for a general end point device that supports software assisted error
recovery. This is most useful for devices that for whatever reason do not want to implement error recovery in hardware
and to allow software to generate link request control symbols and see the results of the responses. This Extended Fea-
tures register block is assigned Extended Features block ID=0x0002.

Register Map

Talyle 4.10 shows the register map for generic RapidlO 8/16 LP-LVDS end point devices with software assisted error
recpvery. The Block Offset is the offset based on the Extended Features pointer (EF_PTR) to this)blpck. This register
map is currently only defined for devices with up to 16 RapidlO ports, but can be extended of shorterjed if more or less
port definitions are required for a device. For example, a device with four RapidlO ports is anly requifed to use register
map space corresponding to offsets [EF_PTR + 0x00] through [EF_PTR + 0x98]. Register map affset [EF_PTR +
0xA\0] can be used for another Extended Features block.
Table 4-10. Physical 8/16 LP-LVDS Register Map
Blogk Byte Register Name Register Name
Qffset (Word 0) (Word 1)

0x0 8/16 LP-LVDS Port Maintenance/Block Header
0x81-18 Reseryed

|— 0x2p Port Link Time-Out Control CSR Port Response Time-Out Control CSH

< | Ox2B Reserved

[«5)

g 0x3p Reserved

L 0x3B Reserved Port General Control CSR

r 0x4p Port 0 Link Maintenaneé.Request CSR Port 0 Link Maintenance Response C§R

o | 0x4B Port 0 Local acklD Status CSR Reserved

g 0x5p Reserved

\_ 0x58 Port.Q Error and Status CSR Port 0 Control CSR

|— 0x6p Port.YLink Maintenance Request CSR Port 1Link Maintenance Response CSR

- | Ox6B Port 1 Local ackID Status CSR Reserved

é 0x7p Reserved

L [ox7B Port 1 Error and Status CSR Port 1 Control CSR

.

> .

5 0x80-218 Assigned to Port 2-14 CSRs

o

r 0x220 Port 15 Link Maintenance Request CSR Port 15 Link Maintenance Response CSR

o | 0x228 Port 15 Local ackID Status CSR Reserved

§ 0x230 Reserved

L 0x238 Port 15 Error and Status CSR Port 15 Control CSR



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

- 150 - ISO/IEC©1

4.2.2 Command and Status Registers (CSRs)
Refer to Table 4-1 for the required behavior for accesses to reserved registers and register bits.
4221 Port Maintenance Block Header 0 (Block Offset 0x0 Word 0)

The port maintenance block header 0 register contains the EF_PTR to the next EF_BLK and the EF_ID that identi-
fies this as the generic end point port maintenance block header.

Table 4-11. Bit Settings for Port Maintenance Block Header 0

8372:2004(E)

his time-out is for
a link-request to
I, and represents

ce. This time-out
is the maximum

. Reset s
Bit Name Value Description
0-15 EF PTR Hard wired pointer to the next block in the data structure,.if:one exists
16-31 EF ID 0x0002 | Hard wired Extended Features ID
4.2.2.2 Port Maintenance Block Header 1 (Block Offset 0x0 Word 1)
The port maintenance block header 1 register is reserved.
Table 4-12. Bit Settings for Port Maintenance Block Header 1
. Reset N\ )
Bit Name Value Description
0-31 — Reserved
4.2.2.3 Port Link Time-out Control CSR (Block Offset 0x2Q \Word 0)
The port link time-out control register contains the time=out timer value for all ports on a device. T
link events such as sending a packet to receiving the corresponding acknowledge and sending
;Ieceiving the corresponding link-response. The'¥eset value is the maximum time-out interva
etween 3 and 5 seconds.
Table 4-13. Bit Settingsfor Port Link Time-out Control CSR
. Reset .-
Bit Name Value Description
0-23 time-out_value AlljIs | time-out interval value
24-31 — Reserved
4.2.2.4 Port ResponseTime-out Control CSR (Block Offset 0x20 Word 1)
The port respgnse time-out control register contains the time-out timer count for all ports on a dev
is for sending a request packet to receiving the corresponding response packet.The reset valug
time-out-interval, and represents between 3 and 5 seconds.
Table 4-14. Bit Settings for Port Response Time-out Control CSR
. Reset ..
Bit Name Value Description
0-23 time-out_value All 1s | time-out interval value
24-31 — Reserved

4.2.2.5 Port General Control CSR (Block Offset 0x38 Word 1)
The bits accessible through the Port General Control CSR are bits that apply to all ports on a device. There is a sin-
gle copy of each such bit per device. These bits are also accessible through the Port General Control CSR of any
other physical layers implemented on a device.
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Table 4-15. Bit Settings for Port General Control CSRs

. Reset -
Bit Name Value Description
0 Host see A Host device is a device that is responsible for system
footnote! | exploration, initialization, and maintenance. Agent or slave devices
are initialized by Host devices.
0b0 - agent or slave device
0bl - host device
1 Master Enable SEe The Master Enable bit controls whether or not a device 1s gllowed
footnote? | to issue requests into the system. If the Master Enable is0t set, the
device may only respond to requests.
0b0 - processing element cannot issue requests
Obl - processing element can issue requests
2 Discovered see This device has been located by the processing element responsible
footnote® | for system configuration
0b0 - The device has not been previously discovered
0bl - The device has been discovered by another processing
element
3-31 — Reserved
1. The Hqst reset value is implementation dependent
2. The Master Enable reset value is implementation dependent

3. The Dipcovered reset value is implementation dependent

4.2.2.6 Port n Link Maintenance Request CSRs (Block Offsets 0x40, 60, ..., 220 Word 0)
The port link maintenance request registers;are accessible both by a local processor and an extern
tio one of these registers generates a link=request control symbol on the corresponding RapidlO poyt interface.
Table 4-16. Bit Settings-for Port n Link Maintenance Request CSRs
. Reset .
Bit Name vAlue Description
0-28 — Reserved
29-31 Command 0b000 | Command to be sent in the link-request control symbol. If reqd, this
field returns the last written value.
4.2.2.7 Port ndeink Maintenance Response CSRs (Block Offsets 0x40, 60, ..., 220 Word 1)
The port link maintenance response registers are accessible both by a local processor and an exteral device. A read
tio'this register returns the status received in a link-response control symbol. The link_status and a$
are defined In Section 3.3, “Link Maintenance Control Symbol Formats.™ This register Is read-only.
Table 4-17. Bit Settings for Port n Link Maintenance Response CSRs
. Reset .
Bit Name Value Description
0 response_valid 0b0 If the link-request causes a link-response, this bit indicates that the
link-response has been received and the status fields are valid.
If the link-request does not cause a link-response, this bit indicates
that the link-request has been transmitted.
This bit automatically clears on read.
1-24 — Reserved

al device. A write

KID_status fields
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Table 4-17. Bit Settings for Port n Link Maintenance Response CSRs(Continued)

. Reset s
Bit Name Value Description
25-27 acklD_status 0b000 | acklID status field from the link-response control symbol

28-31 link_status 0b0000 | link status field from the link-response control symbol
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4.2.2.8 Port n Local acklD Status CSRs (Block Offsets 0x48, 68, ..., 228 Word 0)
The port link local ackID status registers are accessible both by a local processor and an external device. A read to
this register returns the local ackID status for both the out and input ports of the device.
Table 4-18. Bit Settings for Port n Local ackID Status CSRs
: Reset .
Bit Name Value Description

0-4 — Reserved

5-7 Inbound_ackID 0b000 | Input port next expected ackID value

8-15 — Reserved

16-23 Outstanding_ackID 0x00 Output port unacknowledged acklD status. A set bit indicateq that the

corresponding acklD value has been used to send@)packet tojan
attached device but a corresponding acknowledge\control symbol has
not been received. Ob1xxx_xxxx indicates ackiD 0, ObX1xx_KXXX
indicates acklID 1, Obxx1x_xxxx indicates acklD 2, etc. This|field is
read-only.

24-28 — Reserved

29-31 Outbound_ackID 0b000 | Output port next transmittedackiD value. Software writing this value

can force re-transmission of outstanding unacknowledged packets in
order to manually implement error recovery.
4.2.2.9 Port n Error and Status CSRs (Block Offsets 0x585.78, ..., 238 Word 0)
These registers are accessed when a local processor 0fan external device wishes to examine the pgrt error and status
information.
Table 4-19. Bit Settings:for Port n Error and Status CSRs
. Reset -
Bit Name Value Description
0-10 — Reserved
11 Output Retry- 0bo Output port has encountered a retry condition. This bit is st when
encountered bit 13 is set. Once set remains set until written with a logic{1 to
clear.

12 Output Retried 0b0 Output port has received a packet-retry control symbol andjcan not
make forward progress. This bit is set when bit 13 is set and is
cleared when a packet-accepted or a packet-not-accepted cpntrol
symbol is received (read-only).

13 Qutput Retry-stopped | 0b0 Output port has received a packet-retry control symbol andiis in the
“output retry-stopped” state (read-only).

14 Output Error- 0bo Output port has encountered (and possibly recovered from) a

encountered transmission error. This bit is set when bit 15 is set. Once set
remains set until written with a logic 1 to clear.

15 Output Error-stopped | 0b0 Output port is in the “output error-stopped” state (read-only).

16-20 — Reserved

21 Input Retry-stopped 0b0 Input port is in the “input retry-stopped” state (read-only).

22 Input Error- 0bo Input port has encountered (and possibly recovered from) a

encountered transmission error. This bit is set when bit 23 is set. Once set
remains set until written with a logic 1 to clear.



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

- 154 -

Table 4-19. Bit Settings for Port n Error and Status CSRs (Continued)

. Reset .
Bit Name Value Description

23 Input Error-stopped 0bo Input port is in the “input error-stopped” state (read-only).

24-26 — Reserved

27 Port-write Pending 0b0 Port has encountered a condition which required it to initiate a
Maintenance Port-write operation.This bit is only valid if the
device is capable of issuing a maintenance port-write transaction.
Once set remains set until written with a logic 1 to clear:

28 Port Present 0b0 The port is receiving the free-running clock on the input pgrt.

29 Port Error 0bo Input or output port has encountered an error from,which hardware
was unable to recover. Once set remains setantil written with a
logic 1 to clear.

30 Port OK 0b0 Input and output ports are initialized.and’can communicate with the
adjacent device. This bit and bit 3%aré mutually exclusive|(read-
only).

31 Port Uninitialized Obl Input and output ports aremotinitialized and is in training mode.
This bit and bit 30 are,matually exclusive (read-only).

4.2.2.10 Port n Control CSR (Block Offsets 0x58, 78, ..., 238 Word 1)
The port n control registers contain control register bits-for individual ports on a processing elemdnt.
Table 4-20. Bit Settings for Port n Control CSRs
. Reset ..
Bit Name Value Description
0 Output Port Width see Operating width of the port (read-only):
1 .
footnate™ | oo - 8-bit port
0b1 - 16-bit port
1 Output Port Enable see Output port transmit enable:
2 . .
footnote” | oho - port is stopped and not enabled to issue any packets ecept to
route or respond to 1/O logical MAINTENANCE packets,
depending upon the functionality of the processing element.
Control symbols are not affected and are sent normally.
Obl - port is enabled to issue any packets
2 Qutput Port Driver 0b0 Output port driver disable:
Disable 0b0 - output port drivers are turned on and will drive the plns

normally
0b1l - output port drivers are turned off and will not drive the pins
This is useful for power management.

3 — Reserved

4 Input Port Width see Operating width of the port (read-only):

3 .
footnote™ | oo - 8-bit port

0b1 - 16-bit port

ISO/IEC © 18372:2004(E)
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Table 4-20. Bit Settings for Port n Control CSRs (Continued)

Reset

Bit Name Value Description
5 Input Port Enable see Input port receive enable:
4 .
footnote™ | opo - port is stopped and only enabled to route or respond 1/0
logical MAINTENANCE packets, depending upon the
functionality of the processing element. Other packets generate
packet-not-accepted control symbols to force an error condition to
he cignalpd hy the Qpnding device _Caontral cymhnl: are nat affected
and are received and handled normally.
0bl - port is enabled to respond to any packet
6 Input Port Receiver 0bo Input port receiver enable:
Disable 0bO - input port receivers are enabled
Obl - input port receivers are disabled and are unable to regeive to
any packets or control symbols
7 — Reserved
8 Error Checking 0bo This bit disables all RapidlOdransmission error checking
Disable 0bO - Error checking and recovery is enabled
0b1 - Error checking and'recovery is disabled
Device behavior when error checking and recovery is disaljled and
an error condition‘occurs is undefined
9 Multicast-event see Send incomifg’multicast-event control symbols to this por
Participant footnote® (multiple-port devices only)
10-30 — Reserved
31 Port Type This indicates the port type, parallel or serial (read only)
0b0 - Parallel port
0Ob1 - Serial port
1. The ouput port width reset value is implementation dependent
2. The oufput port enable reset valuéyis implementation dependent
3. The ingut port width reset valtéyis implementation dependent
4. The Input port enable resetwalue is implementation dependent
5. The mylticast-event participant reset value is implementation dependent

Genelric EndiPoint Free Devices

This sgction describes the 8/16 LP-LVDS registers for a general devices that do not contain end point fy
cally these“devices are switches. This Extended Features register block uses extended features block 1D

nctionality. Typi-

=0x0003.

Register Map

Table 4-21 shows the register map for generic RapidlO 8/16 LP-LVDS end point-free devices. The Block Offset is the
offset based on the Extended Features pointer (EF_PTR) to this block. This register map is currently only defined for
devices with up to 16 RapidlO ports, but can be extended or shortened if more or less port definitions are required for
a device. For example, a device with four RapidlO ports is only required to use register map space corresponding to
offsets [EF_PTR + 0x00] through [EF_PTR + 0x98]. Register map offset [EF_PTR + 0xAQ] can be used for another

Extended Features block.

Command and Status Registers (CSRs)
Refer to Table 4-1 for the required behavior for accesses to reserved registers and register bits.
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Table 4-21. Physical 8/16 LP-LVDS Register Map
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Block Byte Register Name Register Name
Offset (Word 0) (Word 1)

0x0 8/16 LP-LVDS Port Maintenance Block Header

0x8-18 Reserved
|— 0x20 Port Link Time-Out Control CSR Reserved
© | 0x28 Reserved
(5]
g 0x3p Reserved
L 0x3B Reserved Port General Control CSR
I— 0x4p Reserved
o | 0x4B Reserved
E 0x5p Reserved
L 0x58 Port 0 Error and Status CSR Port,0 Control CSR
|— ox6p Reserved
< | Ox6B Reserved
S | ox7p Reserved
L 0x7B Port 1 Error and Status CSR Port 1 Control CSR
5
& .
S 0x8p-218 Assigned to Port 2-14 CSRs
o
|— 0x2pR0 Reserved
o | 0x2p8 Reserved
—
E 0x2B0 Reserved
L 0x2B8 Port 15 Error and Status CSR Port 15 Control CSR

43.2.1 PortMaintenance Block Header 0 (Block Offset 0x0 Word 0)
Theqort maintenance block header 0 register contains the EF_PTR to the next EF_BLK and the E

EF D that identi-

H tlos +la. + ol HeY 'S HTS kbl L la <l
1Co TS do LT YTTITTTIL TITU PUTTTU pUTUTHAnmerarctc JTUULRN TITAUtTT.

Table 4-22. Bit Settings for Port Maintenance Block Header 0

Bit

Name

Reset
Value

Description

0-15 EF_PTR

Hard wired pointer to the next block in the data structure, if one exists

1631 |EF_ID

0x0003 | Hard wired Extended Features ID

4.3.2.2 Port Maintenance Block Header 1 (Block Offset 0x0 Word 1)
The port maintenance block header 1 register is reserved.
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Table 4-23. Bit Settings for Port Maintenance Block Header 1

. Reset _—
Bit Name Value Description

0-31 — Reserved

43.2.3 Port Link Time-out Control CSR (Block Offset 0x20 Word 0)
The port link time-out control reglster contalns the time-out timer value for all ports on a deV|ce This time-out is for
a link-request to

ecelvmg the correspondlng link- response The reset value is the maximum time-out mterval and represents
petween 3 and 5 seconds.

Table 4-24. Bit Settings for Port Link Time-out Control CSR

. Reset i
Bit Name value Description
0-23 time-out_value All 1s | time-out interval value
24-31 — Reserved

4324 Port General Control CSR (Block Offset 0x38 Word 1)
The bits accessible through the Port General Control CSR arébits that apply to all ports on a devige. There is a sin-
1Ie copy of each such bit per device. These bits are also-degessible through the Port General Control CSR of any
ther physical layers implemented on a device.

Table 4-25. Bit Settings for Port-General Control CSRs

. Reset o
Bit Name Value Description
0 — Reserved
2 Discovered see This device has been located by the processing element responsible
foetnote 1 | for system configuration

0bO0 - The device has not been previously discovered
0b1 - The device has been discovered by another processing
element

3-31 — Reserved

1 - The PDiscovered-reset value is implementation dependent.

43.25 Port n-Error and Status CSRs (Block Offsets 0x58, 78, ..., 238 Word 0)
These registers are accessed when a local processor or an external device wishes to examine the part error and status

information.
Table 4-26. Bit Settings for Port n Error and Status CSRs
Bit Name \F;;Sj; Description
0-10 — Reserved
11 Output Retry- 0bo Output port has encountered a retry condition. This bit is set when
encountered bit 13 is set. Once set remains set until written with a logic 1 to
clear.
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Table 4-26. Bit Settings for Port n Error and Status CSRs (Continued)
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. Reset .
Bit Name Value Description

12 Output Retried 0b0 Output port has received a packet-retry control symbol and can not
make forward progress. This bit is set when bit 13 is set and is
cleared when a packet-accepted or a packet-not-accepted control
symbol is received (read-only).

13 Output Retry-stopped | 0b0 Output port has received a packet-retry control symbol and is in the
“uutput |ct|y-atuppcd" State (lcad-uu:y).

14 Output Error- 0b0 Output port has encountered (and possibly recovered.from) a

encountered transmission error. This bit is set when bit 15 is set.)Once set
remains set until written with a logic 1 to clear:

15 Output Error-stopped | 0b0 Output port is in the “output error-stopped?state (read-only).

16-20 — Reserved

21 Input Retry-stopped 0bo Input port is in the “input retry-stopped” state (read-only).

22 Input Error- 0b0 Input port has encountered (afid possibly recovered from) 4

encountered transmission error. This bit is\set when bit 23 is set. Once set
remains set until written with a logic 1 to clear.

23 Input Error-stopped 0b0 Input port is in the-input error-stopped” state (read-only).

24-26 — Reserved

27 Port-write Pending 0b0 Port has epeountered a condition which required it to initigte a
Maintenance Port-write operation.This bit is only valid if the
devige.is capable of issuing a maintenance port-write transpction.
Once set remains set until written with a logic 1 to clear.

28 Port Present 0b0 The port is receiving the free-running clock on the input pgrt.

29 Port Error 0b0 Input or output port has encountered an error from which hardware
was unable to recover. Once set remains set until written with a
logic 1 to clear.

30 Port OK 0b0 Input and output ports are initialized and can communicate vith the
adjacent device. This bit and bit 31 are mutually exclusive|(read-
only).

31 Port Uninitialized Obl Input and output ports are not initialized and are in training mode.
This bit and bit 30 are mutually exclusive (read-only).

4.3.2.6 Port’n Control CSR (Block Offsets 0x58, 78, ..., 238 Word 1)
The port n control registers contain control register bits for individual ports on a processing element.
Table 4-27 Bit Settings for Port n Control CSRs
. Reset -
Bit Name Value Description
0 Output Port Width see Operating width of the port (read-only):
1
footnote 0b0 - 8-bit port
0bl - 16-bit port
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Table 4-27 Bit Settings for Port n Control CSRs (Continued)

Bit

Name

Reset
Value

Description

Output Port Enable

see
footnote!

Output port transmit enable:

0b0 - port is stopped and not enabled to issue any packets except
or respond to 1/0 logical MAINTENANCE packets, depending u

to route
pon the

functionality of the processing element. Control symbols are not affected

and are sent normally.
0b1 - port is enabled to issue any packets

Output Port Driver
Disable

0b0

Output port driver disable:

0bO0 - output port drivers are turned on and will drive the pins-nor|
0b1 - output port drivers are turned off and will not drive the pins
This is useful for power management.

mally

Reserved

Input Port Width

see
footnote?

Operating width of the port (read-only):
0b0 - 8-bit port
0b1 - 16-bit port

Input Port Enable

see
footnote3

Input port receive enable:

0b0 - port is stopped and.only’enabled to route or respond 1/0O log
MAINTENANCE pagkets, depending upon the functionality of t
processing element/ Other packets generate packet-not-accepted
symbols to force.an error condition to be signaled by the sending
Control symbgls.are not affected and are received and handled ng
0b1 - port issenabled to respond to any packet

ical

he
ontrol
device.
rmally.

Input Port Receiver
Disable

0b0

Input portreceiver enable:

0b@* input port receivers are enabled
Obl - input port receivers are disabled and are unable to receive t
packets or control symbols

any

Reserved

Multicast-event
Participant

see
footnote®

Send incoming multicast-event control symbols to this output poft

(multiple port devices only)

10-30

Reserved

31

Port Type

This indicates the port type, parallel or serial (read only)

0b0 - Parallel port
Ob1l - Serial port

1. Theou

2. Theinf

put.port enable reset value is implementation dependent
ut.port width reset value is implementation dependent

3. The input port enable reset value is implementation dependent
4. The multicast-event participant reset value is implementation dependent
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Chapter 5 - System Clocking Considerations

The RapidlO parallel physical interface can be deployed in a variety of system configurations. A fundamental aspect to the
successful deployment of RapidlQ is clock distribution. This section is provided to point out the issues of distributing clocks

in a system.

Example Clock Distribution
Clock distribution in a small system is straightforward. It is assumed that clocking is provided from a single clock source,
as shown in Figure 5-1.

Clock
Source

Y

End Switch End
Point Fabric o| Point

A

A

Y

Y

End
Point

Y

Figure 5-1. Clock Distribution in a Small System

In thig case the timing budget must account for any<skew and jitter component between each point. Skew and jitter are
introdliced owing to the end point clock regeneration circuitry (PLL or DLL) and to transmission line effects.

Distrilputing a clock from a central source may:not be practical in larger or more robust systems. In thege cases it may be
desiraple to have multiple clock sources or:to distribute the clock through the interconnect. Figure 5-2 glisplays the clock
distribution in a larger system.

Clock Clock
Source 0 Source 1
Y Y Y Y
End < Switch [ Switch [ End
Point - Fabric > Fabric »| Point

A A

To Other End Points To Other End Points

Figure 5-2. Clock Distribution in a Larger System

In such a system the clock sources may be of the same relative frequency; however, they are not guaranteed to be always
at exact frequency. Clock sources will drift in phase relationship with each other over time. This adds an additional com-
ponent because it is possible that one device may be slightly faster than its companion device. This requires a packet elas-
ticity mechanism. If the clock is transported through the interconnect as shown in Figure 5-3, then additive clock jitter
must be taken into account.
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Clock
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Assunping that each device gets a clock that was regenerated by its predecessor, and each-gdevice adds a
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To Other End Points

Y
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Figure 5-3. Clock Distribution Through the Interconnect

to the clock, the resulting clock at the end point may be greatly unstable. This factor must be ag

city Mechanism
ems with multiple clock sources, clocks may be of the same relative ffequency but not exact. The
me. An elasticity mechanism is therefore required to keep deviges from missing data beats. Fg
bd clock is faster than the internal clock, then it may be nécessary to delete an inbound symbq
s slower than the internal clock, then it may be necessaryyte/insert an inbound symbol.

apidlO 8/16 LP-LVDS interface is source synchronous; therefore, it is guaranteed that a data ele
bted clock strobe with which to synchronize. A clock-boundary is crossed in the receive logic of th

bources does not cause a setup hold violationyresulting in metastability in capturing the data.

ure that data is not missed, an end pointiimplements an elasticity buffer. RapidlO uses idle cont
ity mechanism. If a receiver needs to~skip a symbol during receipt of a large packet, it can issue
| to cause the sender to insert an.aligned pacing idle control symbol in the byte stream.

beat is clocked into the elasticity buffer with the external clock. The data beat is pulled out of th
the internal clock delayed. by“a number of clocks behind the external clock event. This allows th
before it is synchronized'to the internal clock. If the two clock events drift too close together then
nchronization logic fo reset the tap and essentially skip a symbol. By guaranteeing a periodic idle
ible for the receivelogic to skip a data beat and not miss a critical symbol element.

r 6 - Board Routing Guidelines

This chal
implemeti

hter contams board deS|gn gU|deI|nes for RapidlO based systems The mformatlon here is presen

certain jitter com-
ded to the timing

ir phase will drift
r example, if the
I. If the received

ment will have an
e end point as the
between the two

ol symbols as the
a throttle control

e elasticity buffer
e data to become
it is necessary for
control symbol, it

ted as a guide for

andard design prac-

tices, vendor seIectlon crlterla and design methodology that must be followed Therefore approprlate diligence must be
applied by the designer.

RapidIlO is a source-synchronous differential point-to-point interconnect, so routing considerations are minimal. The very
high clock rate places a premium on minimizing skew and discontinuities, such as vias and bends. Generally, layouts should
be as straight and free of vias as possible using controlled impedance differential pairs.

Impe

dance

Interconnect design should follow standard practice for differential pairs. To minimize reflections from the receiver’s 100
Ohm termination, the differential pair should have an differential impedance of 50 Ohms. The two signals forming the
differential pair should be tightly coupled. The differential pairs should be widely spaced, consistent with skew control
and quality routing, so that the crosstalk noise is common mode.
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To minimize the skew on a RapidlO channel the total electrical length for each trace within each unidirectional channel
should be equal. Several layouts are suggested in Figure 6-1.

[l

A

Becau|
clean

The si
keep t

Finall
increa

All sk
to min

PCB
PCB s
contrg

Side-by-Side Right Angle Opposed
Figure 6-1. Routing for Equalized Skew for Several Placements

5e the RapidlO model is source synchronous, the total length is not critical:Best signal integrity i

ayout between opposed parts due to routing on a single layer.

de-by-side layout requires two routing layers and has reduced sighal’integrity due to the vias b
ne total electrical length equal, both layers must have the same ghase velocity.

, right angle routing requires meandering to equalize deldy;yand meandered sections reduce sign
5ing radiation. It may be necessary to place meandered sections on a second routing layer to keep

bw calculations should be taken to the edge of the package. The package layout and PCB breakol
imize skew, and a recommended PCB breakout is’provided.

Stackup
tackup has a significant effect on EMI gérerated by the high frequency of operation of a RapidIC
I must be planned from the start. Several stackups are shown in Figure 6-2.

GND _

S1 GND S1 _— r

N

GND sS1 | | PWR __

Stripline

S2 - L
PWR : S2

S) PWR — GND |
S3

Stripline

achieved using a
etween layers. To
al integrity while

the routing clean.

t are co-designed

channel, so EMI

Traditional EMl-control EMl-control

four layer four layer high signal integrity
six layer

Figure 6-2. Potential PCB Stackups

The traditional four-layer stackup provides equal phase velocities on the two routing layers, but the placement of routing
on the outside layers allows for easier radiation. This stackup is suitable for very short interconnects or for applications
using an add-on shield.

The four-layer stackup can be rearranged to help with EMI control by placing the power and ground layers on the outside.
Each routing layer still has equal phase velocities, but orthogonal routing can degrade signal integrity at very high speeds.
The power distribution inductance is approximately tripled due to the larger spacing between the power and ground
planes, so applications using this stackup should plan on using more and higher quality bypass capacitance.

The six-layer stackup shows one of many possible stackups. High-speed routing is on S1 and S2 in stripline, so signal
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quality is excellent with EMI control. S3 is for low-speed signals. Both S1 and S2 have equal phase velocities, good
impedance control, and excellent isolation. Power distribution inductance is comparable to the four-layer stackup since
the extra GND plane makes up for the extra (2X) spacing between PWR and GND. This example stackup is not balanced
with respect to metal loading.

Term

ination

Depending upon the individual device characteristics and the requirements of the particular application, the board route
may be required to encompass external devices such as terminating resistors or networks. The effect of such devices on
the board route must be carefully analyzed and controlled.

Addifional Considerations

The application environment for a RapidlO channel may place additional constraints on the PCB desigh.

Si

le Board Environments

A RapidlO channel completely constructed onto a single board offers the highest performance in tg
and signal integrity. The primary issues are clean routing with minimal skew. Higher(clock rates put

on the use of quality sockets (in terms of electrical performance) or on eliminating sockets altogether.

Sinlgle Connector Environments

The high clock rate of the 8/16 LP-LVDS physical layer requires the use,of an impedance-controlle
Thg number of pins dedicated to power should equal the number dedicated to ground, and the dist
and ground pins should be comparable. If ground pins greatly outndmber power pins, then bypass ca
length of each side of the connector should be provided. Place-ttie connector as close to one end of t

connect as possible.

Bagkplane Environments

Wi
The

Reco
Given

h two connectors, the design considerations fremthe single connector environment apply but wit
two connectors should either be located as close together or as far apart as possible.

mmended pin escape ordering
the source-synchronous nature ofsthe' 8/16 LP-LVDS physical layer and the clock to data pin

maxinmum operating frequency, the recommended bit escape ordering (assuming the device and port ori

Figure
the to
design

6-1) is shown graphically in*Figure 6-3 and Figure 6-4. The figures assume that the device is b
h. For BGA-style packaged-devices the recommended bit escape wire route should be supp
er. The signal names aredefined in Chapter 7, “Signal Descriptions”.

rms of clock rate
greater emphasis

d edge connector.
fibution of power
bacitors along the
ne RapidlO inter-

N greater urgency.

skew concern for
entation shown in
bing viewed from
ied to the board
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Figure 6-3. Recommended device pin escape, input port, top view of device
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Figure 6-4. Recommended device pin escape, output port, top view of device
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pin escapes allow clean board routes that provide maximum performance connections between tyvo devices as can
h in the example in Figure 6-5 below.
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Figure 6-5. Opposed orientation, same side of board

httached devices are\mounted with certain device orientations the bit wires become crossed. An example of this sit-
is shown in Figure/6-6. It is permissible for a device to also allow a bit-reversing option on the output (or input)
support theséworientations, as shown in Figure 6-6 and Figure 6-7.



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

- 165 -

ISO/IEC © 18372:2004(E)

A

Device on bottom of board

coH
oIgHI
o+
—IgHI
NI
NIgHI
wgH
wigH|
oxroH
oIXFIOHI
~oH
SIOHI
ooH
GIgHI
>0+

o IOHI
~oH
~oHI
mZ>xT-
M p>FomHI

i

—IH O

—_—l Qw0

—]IHO <
—_— 0 %
—IHO ™ N

—l Q™
go]
—{IHO I~ -
—FO-w o
—iHOdX— =
—lroa¥Ya @
—_—IHO >
m —  FOQ wl
m —IHOQ w10 ]
o —FQO«-o L)
5 — |Hao 9
° — oo <0
s D —IHO® 4
Q T — 0w (]
Q H pus
® Imuod<dSw — o —{Hud<dSw o
o ruor<Iw © = —rux<sw 5
> Mo~ T3 2 —IHa~ Q.
O xXos~ =, 0 — ] 0O~ ..m
oA 5 2 —Hae a
e xoo 72 —] 0o =
S - =
z [ofar 2 g IHOW o
o Xow > = —rown <
© o~ Q8 —lHa< Q
= g c —] o< S
S [aa[S ] NATCY 2 —]IHUdXo D
o xo4dX o S —FOdXo c
© IOy S —IHO™ ‘B
S Xom Par) —_F0Om ®
S IO 8 —IHO«~ o
O oo W ——'0~ >
® [T o) — 156 S
-, o« — O st
S— Moo < —IHE @
S ¥oo ©* —J oo m
g =

=

k=2 £
LL o
o)
x
n
©
[«b]
S
S
2
LL



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

7.1

- 166 -

Device on bottom of board,
output port reversed

33

00 AR

AN vVvY

00TT 22€ETTYYSS 99 L.4dY
0000y 404ad03004ad daad4g
IT1ITITIT1TITITLITITI1T
<><)<><)rl<>o<)<>lo< Jmc <><><)<><l>

ISO/IEC © 18372:2004(E)

[oXoXoXe XoXeXoXoRoXeXoXeJoXoXeloNo o XX o)
RRRRRRRRRRRRRR RRRRRR
DDDD DDDDCCDDDD DDDDFE
0011 2233LL44556677RR
KK AA

00 MM

EE

Figure 6-8. Opposed orientation, output port reverSed, opposite sides of board

Chaptgr 7 - Signal Descriptions

This chapter contains the signal pin descriptions for a RapidlO 8/16 LP-LVDS port. The interface is defing
bit full duplex point-to-point interface using differential LVDS signaling. The LVDS electrical details
, “Electrical Specifications.”

Chapter

Signgl Definitions
Table [7-1 provides a summary of the RapidlO signal pins as well as a short description of their functiorfality.

Table7-1. Memory Interface Signal Description

Device on top of beard

Si

ghal Name

1/0 Signal Meaning

Timing Comments

TCLK(

O©./ | Transmit Clock—Free-running clock for the
8-bit port and the most significant half of
the 16-bit port. TCLKO connects to RCLKO
of the receiving device.

TCLKT

O | Transmit Clock complement—This signal is

the differential Ir\:\ir of the TCLKOQO Qignnl

TD[0-7]

O | Transmit Data—The transmit data is a
unidirectional point to point bus designed to
transmit the packet information along with
the associated TCLKO and TFRAME. The
TD bus of one device is connected to the
RD bus of the receiving device.

Assertion of TD[0-7] is always
done with a fixed relationship to
TCLKO as defined in the AC
section 8.3.

TD[0-7]

O | Transmit Data complement—This vector is
the differential pair of TD[0-7].

Same as TD

d as a parallel 10
are described in
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Table 7-1. Memory Interface Signal Description (Continued)

Signal Name 1/0 Signal Meaning Timing Comments

TFRAME O | Transmit framing signal—When issued as | Assertion of TFRAME is always
active this signal indicates a packet control | done with a fixed relationship to
event. TFRAME is connected to RFRAME | TCLKO as defined in the AC

of the receiving device. section 8.3.

TFRAME O | Transmit frame complement—This signal is | Same as TFRAME
the differential pair of the TFRAME signal.

TCLK1 O | Transmit Clock—Free-running clock for the
least significant half of the 16-bit port
(TD[8-15]). TCLK1 connects to RCLK1 of
the receiving device. This signal is not used
when connected to an 8-bit device.

TCLK1 O | Transmit Clock complement—This signal is
the differential pair of the TCLKL1 signal.

TDI[8-15] O | Transmit Data—Ieast significant half of the | Assertion of TD[8-15] is always
16-bit port. These signals are not used when_(-done with a fixed relationship to
connected to an 8-bit device. TCLKO and TCLK1 as defined in

the AC section 8.3.

TDJ[8-15] O | Transmit Data complement—This-vegtor is | Same as TD[8-15]

the differential pair of TD[8-15]

RCLK¢( I Receive Clock—Free-running-input clock
for the 8-bit port and the-mast significant
half of the 16-bit port, RCLKO connects to
TCLKO of the transmitting device.

RCLK¢( I Receive Clock.complement—This signal is
the differential pair of the RCLK signal.
RCLKQO Connects to TCLKO of the
transmitting device.

RDI[0-T] I Receive Data—The Receive data is a
unidirectional packet data input bus. It is
connected to the TD bus of the transmitting

device.
RDI[0-T] I Receive Data complement—This vector is
the differential pair of the RD vector.
RFRAME I Receive Frame—This control signal RFRAME is sampled with respect
;I |d;uutco A QPC\.‘;G: puulr\ct fl art I;I IU CVTI It "IN} tU RCL:\C
the RD pins.
RFRAME I Receive Frame complement—This signal is | Same as RFRAME

the differential pair of the RFRAME signal.

RCLK1 I Receive Clock—Free-running input clock
for the least significant half of the 16-bit
port (RD[8-15]). RCLK1 connects to
TCLK1 of the transmitting device. This
signal is not used when connected to an 8-
bit device.

RCLK1 I Receive Clock complement—This signal is
the differential pair of the RCLKZ1 signal.
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Table 7-1. Memory Interface Signal Description (Continued)

Signal Name 1/0 Signal Meaning Timing Comments
RD[8-15] I Receive Data—L east significant half of the
16-bit port. These signals are not used when
connected to an 8-bit device.
RD[8-15] I Receive Data complement—This vector is

the differential pair of the RD[8-15] vector.

RapiflTO Tnterface Diagrams

Figurd 7-1 shows the signal interface diagram connecting two 8-bit devices together with the Rapidl

intercpnnect.

DEVICE A

TCLKO

TCLKO

TFRAME

TFRAME
TDI[0-7]

TD[0-7]

Yvvvyy

RCLKO

RCLKO

RFRAME

RFRAME
RD[0-7]

I'YYYYY)

RD[0-7]

DEVICE B

RCLKO
RCLKO
RFRAME
RFRAME
RD[0~7]
RD[0=7]

TCLKO
TCLKO
TFRAME
TFRAME
TD[0-7]
TD[0-7]

Figure 7-1 Rapidi© 8-bit Device to 8-bit Device Interface Diagram

D 8/16 LP-LVDS
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Figure 7-2 shows the connections between an 8-bit wide 8/16 LP-LVDS device and a 16-bit wide device.

DEVICE A DEVICE B
TCLKO »| RCLKO
TCLKO »| RCLKO

TFRAME »| RFRAME
TFRAME »-| RFRAME
TD[0-7] »| RD[0-7]
TB[0-7] > | RO[0-7]

ToLkil o
TCLKI |-o
TD[8-15] o N-C:
TO[E-15] [-o
RCLKO |- TCLKO
RCLKO |- TCLKO
RFRAME |- TFRAME
RFRAME |- TFRAME
RD[0-7] |« TD[0-7]
RD[0-7] <= TD[0-7]
RCLK1 |-
RCLKI |-o
RD[8-15] o NC-
RD[8-15] |-o

Figure 7-2. RapidlO 8-bit Device to ¥6-bit Device Interface Diagram

Figurd 7-3 shows the connections between two 16-bitiwide 8/16 LP-LVDS devices.

DEVICE A DEVICE B
TCLKO | RCLKO
TGLKO »| RCLKO

TFRAME »| RFRAME
TFRAME »-| RFRAME
TD[0-7] p| RD[0-7]
TO[0-7] »| RD[0=7]
TCLK1 | RCLK1
TCLK1 »| RCLK1
TD[8-15] p| RD[8-15]
TD[8-15] p| RD[8-15]
RCLKO |- TCLKO
RCLKO | TCLKO
RFRAME |<g TFRAME
RFRAME | g TFRAME
RD[0-7] | TD[0-7]
RD[0-7] | TD[0-7]
RCLK1 | TCLK1
RCLK1 |- TCLK1
RD[8-15] | TD[8-15]
RD[8-15] |- TD[6-15]

Figure 7-3. RapidlO 16-bit Device to 16-bit Device Interface Diagram
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Chapter 8 - Electrical Specifications
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This chapter contains the driver and receiver AC and DC electrical specifications for a RapidlO 8/16 LP-LVDS device. The

interface

defined is a parallel differential low-power high-speed signal interface.

Overview
To allow more general compatibility with a variety of silicon solutions, the RapidlO parallel interface builds on the low
voltage differential signaling (LVDS) standard. For reference refer to ANSI/TIA/EIA-644-A, Electrical Characteristics
of Low Voltage Differential Signaling (LVDS) Interface Circuits. The goal of the interface is to allow two devices to com-

municate with each other within a monolithic system, and key factors in choosing an interface are electrical performance,
power] consumption (both at the end point and in the switch fabric), signal robustness, circuit complexity, pin count,
future|scalability, and industry acceptance. LVDS satisfies these requirements.
Althodigh differential signaling requires twice as many signals as single-ended signaling, the tetal pin count including
power|and ground pins for high-speed differential and single-ended interfaces are more comparable. Single-ended inter-
faces fequire large numbers of power and ground pins to provide a low-impedance AC return path. Sincg LVDS uses con-
stant-gurrent drivers, a low-impedance AC return path is not needed, allowing for a dramatic reduction in the number of
powerland ground pins dedicated to the interface. The constant-current drivers also/generate very smgll switching tran-
sients |leading to lower noise and lower EMI. Differential signaling is also not as\susceptible to imperfeqtions in transmis-
sion lipes and connectors.
LVDS|provides for a low-voltage swing (less than 1 Volt), process indépendent, point-to-point differential interface. The
intent jof this signaling specification is for device-to-device and board-te-board applications, but it may pot be suitable for
cable gpplications owing to the stringent signal-to-signal skew requirements.
LVDS]is an end point self-terminated interface. It is assumed that each receiver provides its own termination resistors.
LVDS|can tolerate ground potential differences between transmitter and receiver of +/- 1V.
DC Specifications
Rapid|O driver and receiver DC specifications areidisplayed in Table 8-1 and Table 8-2 Power variation] is +/- 5%. Resis-
tor tolprances are +/- 1%.
Table 8-1. RapidlO 8/16 LP-LVDS Driver Specifications (DC)
Characteristic Symbol Min Max Unit Notes
Differenfial output high voltage Vonbp 247 454 mV Bridged 100 Ipad
See Figure 8-1(p)
Differential output lowwvoltage Voup -454 -247 mV Bridged 1002 Ipad
See Figure 8-1(p)
Differential offsetwoltage AVop 50 mV Bridged 100} load
IVonp+VoLp|- See
Figure 8-1(b)
Output high common mode voltage | Vogy 1.125 1.375 \Y/ Bridged 100<2 load
Output low common mode voltage | Vosp 1.125 1.375 \% Bridged 100Q load
Common mode offset voltage AVg 50 mV Bridged 100Q load
IVosH-VosL- See
Figure 8-1(c)
Short circuit current [ss| 24 mA Outputs shorted to Vpp
(either output) or Vss
Bridged short circuit current [Isgl 12 mA Outputs shorted together
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Table 8-2. RapidlO 8/16 LP-LVDS Receiver Specifications (DC)

Characteristic Symbol Min Max Unit Notes

\oltage at either input V| 0 2.4 \Y

Differential input high voltage ViHD 100 600 mvV Over the common
mode range

Differential input low voltage Vi -600 -100 mvV Over the common
mode range

CommoiTmode nput Tange Vs 0050 2-350 \Y Cimited by Vv,

(referenged to receiver ground)

Input differential resistance Rin 80 120 Q Forsen-chip termina-
tion.®

1. Off-chip termination value and tolerance is vendor defined consistant with the return loss specification. Receiver ingut
impedahce shall exhibit a differential return loss better than 10 dB from DC to (1.6 * AC ClackjFrequency). The
differential return loss must measured at and include effects due to the receiver itself, associated circuitry such as E§D
structurles, chip packaging, and any external termination structures related to the receiver\ The reference impedance [for
measurpment is 100 ohms.

DC drjver signal levels are displayed in Figure 8-1.

Voa
RTERM
100Q2 VOd = VO& - VOb
(nom)
Vob
(@)
Vod = Voa - Vob Vos = (Voa + Vo)/2

_______ 454mV C o _ 137V
Vooer

R g (257, Vorp | NE—
VosL

whid Lo |- — |z 0
_\/.A\/W:_E— Vain >

\/ \j

Differential Specification Common-mode Specifications

(b) ©

Figure 8-1. DC driver signal levels

AC Specifications

This section contains the AC electrical specifications for a RapidlO 8/16 LP-LVDS interface. The interface defined is a
parallel differential low-power high-speed signal interface. RapidlO specifies operation at specific nominal frequencies
only. Correct operation at other frequencies is not implied, even if the frequency is lower than the specified frequency.
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Concepts and Definitions

This section specifies signals using differential voltages. Figure 8-2 shows how the signals are defined. Figure 8-2 shows
waveforms for either a transmitter output (TD and TD) or a receiver input (RD and RD). Each signal swings between
A volts and B volts where A > B. Using these waveforms, the definitions are as follows:

1) The transmitter output and receiver input signals TD, TD, RD and RD each have a peak-to-peak swing of A-B \olts.
2) The differential output signal of the transmitter, Vgp, is defined as V1p-V1p.

3) The differential input signal of the receiver, V|p, is defined as Vgp-Vgp.

4) i i i i i i i -
Volfs.

\olts to -(A - B)

5) The peak differential signal of the transmitter output, or receiver input, is A - B Volts.

6) The peak to peak differential signal of the transmitter output, or receiver input, is 2*(A'-|B) Volts.
A Volts TD or RD

B Volts TD or RD >C

Figure 8-2. Differential Peak-Peak Voltage of Transmitter or Receiver

To [llustrate these definitions using numerical values,consider the case where a LVDS transmitter hag a common mode
volfage of 1.2V and each signal has a swing that'goes between 1.4V and 1.0V. Using these values,|the peak-to-peak
volfage swing of the signals TD, TD, RD and.RD is 400 mV. The differential signal ranges betwg¢en 400mV and -
40QmV. The peak differential signal is 400m\V/,and the peak to peak differential signal is 800mV.

At
nou
clo

Sta
or (

Dy

ming edge is the zero-crossing of acdifferential signal. Each skew timing parameter on a parall
sly measured on two signals relativeto each other in the same cycle, such as data to data, data to
LK. A skew timing parameter may be relative to the edge of a signal or to the middle of two seque

ic skew represents the timing difference between signals that does not vary over time regardless
ata pattern. Path length differences are a primary source of static skew.

hamic skew represents the amount of timing difference between signals that is dependent on thg

sigmals and varies gver time. Crosstalk between signals is a source of dynamic skew.

diagrams-and compliance masks are a useful way to visualize and specify driver and receiver g

el bus is synchro-
clock, or clock to
ntial edges.

Df system activity

activity of other

erformance. This

teclnique.issused in several serial bus specifications. An example compliance mask is shown in Figure 8-3. The key
difflerence jin the application of this technique for a parallel bus is that the data is source synchronous to its bus clock
bSs”, “openness”,

ance mask is that
it allows specifying the quality of a signal Wlthout requiring separate specifications for effects such as rise time, duty
cycle distortion, data dependent dynamic skew, random dynamic skew, etc. This allows the individual semiconductor
manufacturer maximum flexibility to trade off various performance criteria while keeping the system performance

constant.

In using the eye pattern and compliance mask approach, the quality of the signal is specified by the compliance mask.
The mask specifies the maximum permissible magnitude of the signal and the minimum permissible eye opening. The
eye diagram for the signal under test is generated according to the specification. Compliance is determined by whether
the compliance mask can be positioned over the eye diagram such that the eye pattern falls entirely within the
unshaded portion of the mask.

Serial specifications have clock encoded with the data, but the LP-LVDS physical layer defined by RapidlO is a source
synchronous parallel port so additional specifications to include effects that are not found in serial links are required.
Specifications for the effect of bit to bit timing differences caused by static skew have been added and the eye dia-
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8.3.2

[enuaJayid SHOA

grams specified are measured relative to the associated clock in order to include clock to data effects. With the transmit
output (or receiver input) eye diagram, the user can determine if the transmitter output (or receiver input) is compliant

with an oscilloscope with the appropriate software.

-4

Timelin Ul
Figure 8-3. Example Compliance Mask

Y 3 Minimum data valid amplitude

Z 4 Maximum amplitude

1 Ul = 1 Unit Interval = 1/Baud rate
X1|= End of zero crossing region
X2|= Beginning of Data Valid window
DV = Data Valid window = 1 - 2*X2

Thg waveform of the signal under test must fall within the unshaded area of the mask to be complian
are|used for the,driver output and the receiver input allowing each to be separately specified.

Driver Specifications

Driver.AC timing specifications are given in Table 8-3 through Table 8-7 below. A driver shall comp

. Different masks

ly with the speci-

fications for each data rate/frequency for which operation of the driver is specified. Unless otherwise specified, these

specifications are subject to the following conditions.

The specifications apply over the supply voltage and ambient temperature ranges specified by the device vendor.

The specifications apply for any combination of data patterns on the data signals.

The output of a driver shall be connected to a 100 Ohm, +/- 1%, differential (bridged) resistive load.

Clock specifications apply only to clock signals (CLKO and, if present, CLK1).

Data specifications apply only to data signals (FRAME, D[0-7], and, if present, D[8-15]).
FRAME and D[0-7] are the data signals associated with CLKO, D[8-5] are the data signals associated with CLK1.

Driver DC termination is not specified (in accordance with TIA/EIA-644-A), but is recommended for devices target-
ing higher data rates. This termination is intended to reduce data reflections in the matched data interconnect. The
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value and location of this termination and the methods of test and measurement are left to the individual vendor.

Table 8-3. Driver AC Timing Specifications - 500Mbps Data Rate/250MHz Clock Rate

Range
Characteristic Symbol Unit Notes
Min Max
Differential output high voltage VoHD 200 540 mV See Figure 8-4
Differential output low voltage VoLp -540 -200 11\ See Figure 8-4
Unit intgrvat tH 2066 2066 Ps Rettrires—+=160ppm
long term freguency
stability.
Duty cyg¢le of the clock output DC 48 52 % Medsured at Vgp=0V
Vop fallltime, 20-80% of the peak to | tpay 1 ul
peak differential signal swing
Vop risq time, 20-80%of the peak to | tgisg 1 yl
peak dif‘erential signal swing
Data Valid DV .63 ul Measured using the
RapidlO Transpit
Mask shown in
Figure 8-4
Allowabje static skew between any | tppair .09 ul See Figure 8-10
two data| outputs within a 8 bit/9 bit
group
Allowabje static skew of data tskewpalr 09 .09 ul See Figure 8-8
outputs o associated clock Figure 8-10
Clock to|clock static skew teskEWPAIR .09 ul See Figure 8-9
Clock tofclock dynamic skew tESKEW, 2 ul See Figure 8-9
PAIRD
Table 8-4. Driver-A€ Timing Specifications - 750Mbps Data Rate/375MHz Clock Rate
Range
Characteristi¢ Symbol Unit Notes
Min Max
Differential output high voltage VoHD 200 540 mV See Figure 8-4
Differential‘ottput low voltage VoLbp -540 -200 11\ See Figure 8-4
Unit interval 1333 1333 ps Requires +/-100ppm
long term frequency
stability
Duty cycle of the clock output DC 48 52 % Measured at Vop=0V
Vop fall time, 20-80% of the peak to | tpay 1 ul
peak differential signal swing
Vop rise time, 20-80% of the peak to | tgisg 1 ul
peak differential signal swing



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

ISO/IEC © 18372:2004(E) -175 -

Table 8-4. Driver AC Timing Specifications - 750Mbps Data Rate/375MHz Clock Rate

Range
Characteristic Symbol Unit Notes
Min Max

Data Valid DV .6 ul Measured using the
RapidlO Transmit
Mask shown in
Figure 8-4

A”owa a ctatic clkows hnt\nlnnn an\]l fUI"I—\IH ) L1 Spop Eigllrn Q.10

two data outputs within a 8 bit/9 bit

group

Allowable static skew of data tskewpalr | -1 1 Ul SeeFigure 8-8

outputs fo associated clock Figure 8-10

Clock toj clock static skew teskew, PAIR 15 ul See Figure 8-9

Clock to|clock dynamic skew teskew, 2 ul See Figure 8-9

PAIRD
Table 8-5. Driver AC Timing Specifications - 1000Mbps Ddta Rate/500MHz Clock Rate
Rangé
Characteristic Symbol Unit Notes
Min Max

Differential output high voltage Vonp 200 540 mV See Figure 8-4

Differential output low voltage VoLp -540 -200 mV See Figure 8-4

Unit intgrval 1000 1000 ps Requires +/-10pppm
long term frequency
stability

Duty cyg¢le of the clock output 3]e; 48 52 % Measured at Vp=0V

Vp fallltime, 20-80% of the peak to | tpay 1 Ul

peak differential signal swing

Vp risgtime, 20-80% of the,peak to | ty;se 1 Ul

peak dif‘erential signal Swing

Data Valid DV 575 ul Measured using the
RapidlO Transmit
Mask shown in
Figure 8-4

Allowable static skew between any | tppar 1 ul See Figure 8-10

two data outputs within a 8 bit/9 bit

group

Allowable static skew of data tskewpair | -1 1 Ul See Figure 8-10

outputs to associated clock

Clock to clock static skew teskew, PAIR 15 ul See Figure 8-9

Clock to clock dynamic skew teskew, 2 ul See Figure 8-9

PAIRD
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Table 8-6. Driver AC Timing Specifications - 1500Mbps Data Rate/750MHz Clock Rate
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Range
Characteristic Symbol Unit Notes
Min Max

Differential output high voltage Vonp 200 540 mV See Figure 8-4

Differential output low voltage VoLp -540 -200 mV See Figure 8-4

Unit interval 667 667 ps Requires +/-100ppm
long term frequency
stability

Duty cyg¢le of the clock output DC 48 52 % Measuredat’VVyp=0V

Vop fallltime, 20-80% of the peak to | tpay 1 Ul

peak differential signal swing

Vp risgtime, 20-80% of the peak to | tg;se 1 Ul

peak dif‘erential signal swing

Data Valid DV 525 ul Measured using the
RapidlO Transmit
Mask shown in
Figure 8-4

Allowablle static skew between any | tppar 2 ul See Figure 8-1

two dataf outputs within a 8 bit/9 bit

group

Allowablle static skew of data tskewpalR | =2 2 Ul See Figure 8-8

outputs fo associated clock Figure 8-10

Clock toj clock static skew teskew, PalR 15 ul See Figure 8-9

Clock to|clock dynamic skew teskew, 2 ul See Figure 8-9

PAIRD

Table 8-7. Driver AC Tim

ing Specifications - 2000Mbps Data Rate

/1000MHz Clock Rate

Range
Characteristic Symbol Unit Notes
Min Max
Differential output-high voltage VoHD 200 540 mvV See Figure 8-4
Differential output low voltage VoLp -540 -200 mV See Figure 8-4
Unit intgrval 500 500 ps Requires +/-10pppm
iuug termfr equency
stability
Duty cycle of the clock output DC 48 52 % Measured at Vop=0V
Vp fall time, 20-80% of the peak to | tpa; 1 Ul
peak differential signal swing
Vp rise time, 20-80% of the peak to | tg;se 1 Ul
peak differential signal swing
Data Valid DV 5 ul Measured using the

RapidlO Transmit

Mask shown in
Figure 8-4
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Table 8-7. Driver AC Timing Specifications - 2000Mbps Data Rate/1000MHz Clock Rate

Range
Characteristic Symbol Unit Notes
Min Max
Allowable static skew between any | tppar 2 ul See Figure 8-10
two data outputs within a 8 bit/9 bit
group
Allowable static skew of data tskewpalr | -2 2 Ul See Figure 8-8,
Outputs associated clock I:ignrn .10
Clock toj clock static skew teskew, PAIR 2 ul See Figure 8:9
Clock to|clock dynamic skew teskew, 2 ul See Figure 8-9
PAIRD
The¢ compliance of driver output signals TD[0-15] and TFRAME with their minimum Data Valid window (DV) speci-
fication shall be determined by generating an eye pattern for each of the data signals and comparing the eye pattern of
signal with the RapidlO Transmit Mask shown in Figure 8-4. The\valle of X2 used to cgnstruct the mask
shdl be (1-DVmin)/2. A signa is compliant with the Data Valid window’ specification if and only if the Transmit
Magsk can be positioned on the signal’s eye pattern such that the eye pattern falls entirely within the|unshaded portion
of the mask.
VOHD nax
| |
VOHD minm- — — — — — —, | N — ~
I I
s I |
S Y I I I
=
3 I I
< | |
Volppaxm — — — — )= f - - - - — = —
l«———— DV — !
I I
VOLDnin | I
I I
| 1
0 X2 Time in Ul 1-X2 1

Figure 8-4. RapidlO Transmit Mask

The eye pattern for a data signal is generated by making a large number of recordings of the signal and then overlaying
the recordings. The number of recordings used to generate the eye shall be large enough that further increasing the
number of recordings used does not cause the resulting eye pattern to change from one that complies with the RapidlO
Transmit Mask to one that does not. Each data signal in the interface shall be carrying random or pseudo-random data
when the recordings are made. If pseudo-random data is used, the length of the pseudo-random sequence (repeat
length) shall be long enough that increasing the length of the sequence does not cause the resulting eye pattern to
change from one that complies with the RapidlO Transmit Mask to one that does not comply with the mask. The data
carried by any given data signal in the interface may not be correlated with the data carried by any other data signal in
the interface. The zero-crossings of the clock associated with a data signal shall be used as the timing reference for
aligning the multiple recordings of the data signal when the recordings are overlaid.

While the method used to make the recordings and overlay them to form the eye pattern is not specified, the method
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used shall be demonstrably equivalent to the following method. The signal under test is repeatedly recorded with a dig-
ital oscilloscope in infinite persistence mode. Each recording is triggered by a zero-crossing of the clock associated
with the data signal under test. Roughly half of the recordings are triggered by positive-going clock zero-crossings and
roughly half are triggered by negative-going clock zero-crossings. Each recording is at least 1.9 Ul in length (to ensure
that at least one complete eye is formed) and begins 0.5 Ul before the trigger point (0.5 Ul before the associated clock
zero-crossing). Depending on the length of the individual recordings used to generate the eye pattern, one or more
complete eyes will be formed. Regardless of the number of eyes, the eye whose center is immediately to the right of
the trigger point is the eye used for compliance testing.

An example of an eye pattern generated using the above method with recordlngs 3 Ul in length is shown in Figure 8-5.
igger the recordings.
kew was present, the eye pattern would be shifted to the left or right relatlve to the oscnloscope tnigger point.

0.5 Ul 1uUl 1Ul
'

Oscilloscope Eye used for
(recording) compliance Eye patterm
trigger:paint testing

Eigure 8-5. Example Driver Output Eye Pattern

Regeiver Specificatiens

Regeiver AC timjrg.specifications are given in Table 8-8 through Table 8-12 below. A receiver shal] comply with the
spegifications for.each data rate/frequency for which operation of the receiver is specified. Unless otherwise specified,
these specifications are subject to the following conditions.

Thq specifications apply over the supply voltage and ambient temperature ranges specified by the depice vendor.

The specifications apply for any combination of data patterns on the data signals

The specifications apply over the receiver common mode and differential input voltage ranges.

Clock specifications apply only to clock signals (CLKO and, if present, CLK1).

Data specifications apply only to data signals (FRAME, D[0-7], and, if present, D[8-15]).

FRAME and D[0-7] are the data signals associated with CLKO0, D[8-5] are the data signals associated with CLK1.

The compliance of receiver input signals RD[0-15] and RFRAME with their minimum Data Valid window (DV) spec-
ification shall be determined by generating an eye pattern for each of the data signals and comparing the eye pattern of
each data signal with the RapidlO Receive Mask shown in Figure 8-6. The value of X2 used to construct the mask shall be
(1 - DVpin)/2. The +/- 100mV minimum data valid and +/- 600mV maximum input voltage values are from the DC
specification. A signal is compliant with the Data Valid window specification if and only if the Receive Mask can be
positioned on the signal’s eye pattern such that the eye pattern falls entirely within the unshaded portion of the mask.
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Table 8-8. Receiver AC Timing Specifications - 500Mbps Data Rate/250MHz Clock Rate

Range
Characteristic Symbol Unit Notes
Min Max
Duty cycle of the clock input DC 47 53 % Measured at V|p=0V
Data Valid DV 54 ul Measured using the
RapidlO Receive Mask
shown in Figure 8-6
Allowable static skew between any | tppajr 19 Ul See Figure 8-10
two data|inputs within a 8 bit/9 bit
group
Allowabfle static skew of data inputs | tskewpair | =15 15 ul Seé Figure 8-8
to associated clock Figure 8-10
Clock toj clock static skew teskew, PAIR 14 Ul See Figure 8-9
Clock toj clock dynamic skew teskew, 3 Ul See Figure 8-9
PAIRD
Table 8-9. Receiver AC Timing Specifications - 750Mbps Data Rate/375MHz Clock Rate
Rafige
Characteristic Symbol Unit Notes
Min Max
Duty cygle of the clock input DC 47 53 % Measured at V|=0V
Data Vallid DV 45 ul Measured using the
RapidlO Receiye Mask
shown in Figurg 8-6
Allowablle static skew between any | tppar 3 Ul See Figure 8-10
two datg|inputs within a 8 bit/9 bit
group
Allowabfle static skew of data inputs | tsxewpair | -2 2 ul See Figure 8-8
to associated clock Figure 8-10
Clock toj clock static skew tcskew, PAIR 2 Ul See Figure 8-9
Clock toj clock dynamiic skew teskew, 3 Ul See Figure 8-9
PAIRD
Table 8-10. Receiver AC Timing Specifications - 1000Mbps Data Rate/500MHz Clock Rate

Range
Characteristic Symbol Unit Notes
Min Max
Duty cycle of the clock input DC 47 53 % Measured at V|p=0V
Data Valid DV 425 ul Measured using the
RapidlO Receive Mask
shown in Figure 8-6
Allowable static skew between any | tppair 3 ul See Figure 8-10
two data inputs within a 8 bit/9 bit
group
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Table 8-10. Receiver AC Timing Specifications - 1000Mbps Data Rate/500MHz Clock Rate (Continued)

Range
Characteristic Symbol Unit Notes
Min Max
Allowable static skew of data inputs | tsxgwpair | =2 2 Ul See Figure 8-8,
to associated clock Figure 8-10
Clock to clock static skew teskew, PAIR 2 ul See Figure 8-9
Clock to clock dynamic skew teskEw, 3 ul See Figure 8-9
PAIRD

Table 8-11. Receiver AC Ti

ming Specifications - 1500Mbps Data Rate/750M

Hz Clock Rate

Range
Characteristic Symbol Unit Notes
Min Max
Duty cyg¢le of the clock input DC 47 53 %, Measured at Vp=0V
Data Valid DV 375 ul Measured using the
RapidlO Receiye Mask
shown in Figurg 8-6
Allowablle static skew between any | tppar 4 Ul See Figure 8-10
two datg|inputs within a 8 bit/9 bit
group
Allowabfle static skew of data inputs | tskewpair | =25 .25 Ul See Figure 8-8
to associated clock Figure 8-10
Clock toj clock static skew teskew, PARR 3 Ul See Figure 8-9
Clock toj clock dynamic skew teskew: 3 Ul See Figure 8-9
PAIRD

Table 8-12. Receiver AC Timing Specifications - 2000Mbps Data Rate/1000MHz Clock Rate

Range
Characteristic Symbol Unit Notes
Min Max
Duty cyg¢le of the cléek-input DC 47 53 % Measured at Vp=0V
Data Valid DV .35 ul Measured using the
RapidlO Receiye Mask
shown in Figurg 8-6
Allowable static skew between any | tppair 4 ul See Figure 8-10
two data inputs within a 8 bit/9 bit
group
Allowable static skew of data inputs | tsxewpair | =25 .25 ul See Figure 8-8,
to associated clock Figure 8-10
Clock to clock static skew tcskew, PAIR 3 ul See Figure 8-9
Clock to clock dynamic skew teskew, 3 ul See Figure 8-9
PAIRD



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

ISO/IEC © 18372:2004(E)

-181 -

600

100

Awur dip

The
the
nun
Re(
wh
len
cha
car
the
alig

Wh
use
ital
Wit
rou
tha
zer

-100

-600

Time in Ul
Figure 8-6. RapidlO Receive’Mask
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nber of recordings used does not cause the resultifig eye pattern to change from one that complies
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n the recordings are made. If pseudo-random data is used, the length of the pseudo-random
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N the data signal'under test. Roughly half of the recordings are triggered by positive-going clock z
phly half @are triggered by negative-going clock zero-crossings. Each recording is at least 1.9 Ul in
at least-one complete eye is formed) and begins 0.5 Ul before the trigger point (0.5 Ul before thg
b-crossing). Depending on the length of the individual recordings used to generate the eye pat
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hplete eyes will be formed. Regardless of the number of eyes, the eye whose center is immediat

ely to the right of

the

trigger point is the eye used for compliance testing.

An example of an eye pattern generated using the above method with recordings 3 Ul in length is shown in Figure 8-7.
In this example, there is no skew between the signal under test and the associated clock used to trigger the recordings.
If skew was present, the eye pattern would be shifted to the left or right relative to the oscilloscope trigger point.
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0.5 Ul 1uUl 1ul
>

Oscilloscope Eye used for
(recording) compliance Eye pattern
trigger point testing

Figure 8-7. Example Receiver InputEye Pattern

Figlire 8-8 shows the definitions of the data to clock statie/skew parameter tsxew pajr and the Data Valid window
parameter DV. The data and frame bits are those that are-associated with the clock. Figure 8-8 applies for all zero-
cropsings of the clock. All of the signals are differential signals. Vp represents Vg for the transmitter and V,p for the
recgiver. The center of the eye is defined as the midpoint of the region in which the magnitude of th¢ signal voltage is
gregter than or equal to the minimum DV voltage.

Vp clock x iy A ) iR - Vp=0V

A
c
]
v

Vp clock x Vp =0V

- <— I5KEWPAIR
I VHDmin
D[0-7]/D[8-15], FRAME eye opening
VLDmax
—_—

Figure 8-8. Data to Clock Skew

Figure 8-9 shows the definitions of the clock to clock static skew parameter tcskew, pajr @and the clock to clock
dynamic skew parameter tcskew, pairp - All of the signals shown are differential signals. Vi represents Vg for the
transmitter and V|, for the receiver. These two parameters, tcskew, pair @Nd teskew, pairns 0Ny apply to 16 bit inter-
faces.
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Figpre 8-10 shows the definition of the data to data static skew parameter tppa;r and how the ske

app

lied.

0.5 tcskew, PAIRD

tcskEw, PAIRD

Figure.8-9. Clock to Clock Skew

W parameters are
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Annex A
(informative)

Message Passing Interface

The RapidlO Message Passing Logical Specification defines several packet formats that are useful for sending messages
from a source device to a destination. These formats do not describe a specific programming model but are instantiated as an
example packetizing mechanism. Because the actual programming models for message passing can vary greatly in both
capability and complexity, they have been deemed beyond the scope of the RapidlO Logical Message Pass

This anng

itions and Goals
m may be made up of several processors and distributed memory elements. These processors m

Ay be tightly cou-

pled ahd operating under a monolithic operating system in certain applications. When this’is tfue the operating system is

tasked with managing the pool of processors and memory to solve a set of tasks. In mostof-these cases,
for th¢ processors to work out of a common hardware-maintained coherent memory“space. This allg
commpnicate initialization and completion of tasks through the use of semaphores,/ spin locks, and in
rupts. Memory is managed centrally by the operating system with a paging protection scheme.

In other such distributed systems, processors and memory may be moredegsely coupled. Several opé
kernels may be coexistent in the system, each kernel being responsible for a small part of the entire systd
to havje a communication mechanism whereby kernels can communiedte with other kernels in a systé
Since this is a shared nothing environment, it is also desirable todtave a common hardware and softward
nism tp accomplish this communication. This model is typically called message passing.

In thege message passing systems, two mechanisms typically-are used to move data from one portion of
anothgr. The first mechanism is called direct memory access (DMA), the second is messaging. The p
betwegn the two models is that DMA transactions are.steered by the source whereas messages are sted
This means that a DMA source not only requires.access to a target but must also have visibility into th
space.| The message source only requires access.to the target and does not need visibility into the target’s
distriguted systems it is common to find a mix of DMA and messaging deployed.

The RiapidlO architecture contains a pagket transport mechanism that can aid in the distributed shared

ment. [The RapidlO message passing.model meets several goals:

« A [message is constructed,of one or more transactions that can be sent and received through a po
interconnect

« A pender can have 4 number of outstanding messages queued for sending

« A gender can send\a higher priority message before a lower priority message and can also preemp

t is most efficient
WS processors to
ter-process inter-

rating systems or
m. It is necessary
m of this nature.
interface mecha-

memory space to
rimary difference
red by the target.
e target’s address
address space. In

nothing environ-

5sibly unordered

a lower priority

mgssage to sefid a higher priority one and have the lower priority message resume when the higher is complete

(ptfioritized=eoncurrency)
* A pendertequires no knowledge of the receiver’s internal structure or memory map

kocnivar of o anccann bhoc comnlata conteral oy ny 1t?
ove T

° A 1o L addracacpnaca
T

o
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e A rreceiver can have a number of outstanding messages queued for servicing if desired
e Areceiver can receive a number of concurrent multiple-transaction messages if desired

Message Operations
The RapidlO Message Passing Logical Specification defines the type 11 packet as the MESSAGE tr.

ansaction format.

The transaction may be used in a number of different ways dependent on the specific system architecture. The transaction

header contains the following field definitions:
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For a detailed description of the message packet format, refer to Partition Il, Section 3.1.5, “Type 11 Packet Format (Mes-
sage Class).”

mbox

Specifies the recipient mailbox in the target processing element. RapidlO allows up to
four mailbox ports in each target device. This can be useful for defining blocks of dif-

ferent message frame sizes or different local delivery priority levels.

letter

A RapidlO message operation may be made up of several transactions. |

desirable in some systems to have more than one multi-transaction message concur-
rently in transit to the target mailbox. The letter identifies the specific message within

The malfbox. This TTefdalfows a sending of Up 10 Tour messages 1o the samp mailbox

in the same target device.

t may be

mult

-transaction fields

In cases where message operations are made up of multiple transactions, the follow-

ing fields allow reconstruction of a message transported through an unordg
connect fabric:

red inter-

msg|

Specifies the total number of transactions comprising this message. A value
cates a single transaction message. A value of 15¢0xF) indicates a 16 t
message, and so forth.

of 0 indi-
ansaction

msgs

Specifies the part of the message operation, supplied by this transaction. A yalue of 0

indicates that this is the first transaction inctfie message. A value of 15 (OxF
that this is the sixteenth transaction in_the message, and so on.

indicates

ssize

Standard message transaction data-Size. This field tells the receiver to expg
sage the size of the data field forall of the transactions except the last one.
vents the sender from having to pad the data field excessively for the last t
and allows the receiver toproperly put the message in local memory; othery

last transaction is the first one received, the address calculations will be in grror when

writing the transactign to memory.

ct a mes-
This pre-
ansaction
ise, if the

The s4

cond type of message packet is.the'type 10 doorbell transaction packet. The doorbell transactio

h is a lightweight

transaftion that contains only a 16-bit.information field that is completely software defined. The doorlell is intended to

be an
vey in
refer t
There

model
model

Inbo
Rapid

n-band mechanism to send interrupts between processors. In this usage the information field wou
terrupt level and target information to the recipient. For a more detailed description of the doorb
D Section 3.1.4, “Type 10 Packet Formats (Doorbell Class).”

are two transaction’format models described in this annex, a simple model and an extended m
is recommended for both the type 10 (doorbell) and type 11 (message) packet format messag
is only recommended for the type 11 (message) packet format messages.

ind Mailbox Structure
Q@ provides two message transaction packet formats. By nature of having such formats it is possi

to pasSaMESSage 10 another tevice Without a Specific Memory Tapped transaction. THe transaction a

d be used to con-
ell packet format,

odel. The simple

es. The extended

ble for one device
lows for the con-

cept of a memory map independent port. As mentioned earlier, how the transactions are generated and what is done with
them at the destination is beyond the scope of the RapidlO Message Passing Logical Specification. There are, however, a
few examples as to how they could be deployed. First, look at the destination of the message.

Simple Inbox
Probably the most simple inbound mailbox structure is that of a single-register port or direct map into local memory

space (see figure A-1).
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A3.2
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Message
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Messége
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Message
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Figure A-1. Simple Inbound MailboxPort Structure

In this structure, the inbound single transaction message i5.posted to either a register, set of registers,

inl
dov
sag
intq
The

The
BE

bcal memory. In the case of the circular queue, hardware maintains a head and tail pointer that poi
of pre-partitioned message frames in memory. Whenever the head pointer equals the tail poin

bs can be accepted and they are retried on the’RapidlO interface. When messages are posted, the

rrupted. The interrupt service routine readsithe mailbox port that contains the message located
message frame is equal to the largest message operation that can be received.

RapidlO MESSAGE transaction allews up to four such inbound mailbox ports per target add
| L transaction is defined as a singlte mailbox port.

Extended Inbox

AY
ent

econd more extensible-structure similar to that used in the intelligent I/O (1,0) specification, bu
Y, also works for the.receiver (see figure A-2).

or circular queue
nts at a fixed win-
er, no more mes-
local processor is
nt the tail pointer.

ess. The DOOR-

t managed differ-
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Local Memory Local Memory
Optional Inbound
Letter Slots Free Message
alllo_w multiple List Frame
multi-transaction FIFO
messages to i Message
arrive in the Head PomteL Frame
Inbox Local Processor Message
concurrently Write MFA Framg
Transactions — MFA
from Letter Slot Tail Pointer = Message
RapidlO|interface | Letter Slot | nbound [ Alza Frame
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etter Slot Port Head Pointer Inbound Mgssage
Letter Slot Post Frame
LISt M assage
MFEA Megssage
VIEA Hrame
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Tail Pointer miﬁ /—’ Frame

Local Processor
Read

Figure A-2 Inbound Mailbox'Structure

Ong¢ of these structures is required for each priority level'supported in an implementation. There are|inbound post and
freq list FIFOs which function as circular queues of @ fixed size. The message frames are of a size gqual to the maxi-
mufn message size that can be accepted by the receiver. Smaller messages can be accepted if allowed |by the overlaying
soffware. The sender only specifies the mailbox and does not request the frame pointer and perform direct memory
accpss as with 1,0, although the 1,0 model.can be supported in software with this structure. All pointers are managed

by the inbound hardware and the local pracessor. Message priority and letter number are managed by software.

The advantage of the extended structure is that it allows local software to service message frames infany order. It also
allgws memory regions to be meved in and out of the message structure instead of forcing software|to copy the mes-
sagp to a different memory location.

Regeived Messages

When a message transaction is received, the inbound mailbox port takes the message frame address (MFA) pointed at
by the inbound freeMist tail pointer and increments that pointer (this may cause a memory read to|prefetch the next
MRA), effectivelytaking the MFA from the free list. Subsequent message transactions from a differ¢nt sender or with
a d|fferent_letter number are now retried until all of the transactions for this message operation haye been received,
unlgss therg is additional hardware to handle multiple concurrent message operations for the same mpilbox, differenti-
atetii by the letter slots.

The inbound mailbox port uses the MFA to write the transaction data into local memory at that base address with the
exact address calculated as described in Partition 1I, Section 1.2.1, “Data Message Operations” and Partition I,
Section 2.2.2, “Data Message Operations.” When the entire message is received and written into memory, the inbound
post list pointer is incremented and the MFA is written into that location. If the queue was previously empty, an inter-
rupt is generated to the local processor to indicate that there is a new message pending. This causes a window where
the letter hardware is busy and cannot service a new operation between the receipt of the final transaction and the MFA
being committed to the local memory.

When the local processor services a received message, it reads the MFA indicated by the inbound post FIFO tail
pointer and increments the tail pointer. When the message has been processed (or possibly deferred), it puts a new
MFA in the memory address indicated by the inbound free list head pointer and increments that pointer, adding the
new MFA to the free list for use by the inbound message hardware.

If the free list head and tail pointer are the same, the FIFO is empty and there are no more MFAs available and all new
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messages are retried. If the post list head and tail pointers are the same, there are no outstanding messages awaiting
service from the local processor. Underflow conditions are fatal since they indicate improper system behavior. This
information can be part of an associated status register.

A4 Outbound Message Queue Structure
Queuing messages in RapidlO is accomplished either through a simple or a more extended outbox.

A4l Simple Outbox

Generation of a message can be as simple as writing to a memory-mapped descriptor structure either in local registers
or memory. The outbound message queue (see Figure A-3) looks similar to the inbox.

Local Processor

Local Memory

i Message
write Frame
Head Pointer
Transactions ¢ Message
to f Frame
RapidlO Interface Outbound
- Mailbox
Port Tail Pointer
<—\ Message
Frame
Message
Frame

Figure A-3. Outbound-Message Queue

Thq local processor reads a port in the outbound, niaitbox to obtain the position of a head pointer inf local memory. If
the|read results in a pre-determined pattern the . message queue is full. The processor then writes a dgscriptor structure
and message to that location. When it is doneyit writes the message port to advance the head point and mark the mes-
sagp as queued. The outbound mailbox hardware then reads the messages pointed to by the tail poipter and transfers
them to the target device pointed at by*the message descriptor.

Ong¢ of these structures is required.for each priority level of outbound messages supported.

A.4.2 Extended Outbox

A more extensible method of queueing messages is again a two-level approach (see Figure A-4). Multiple structures
are|required if concufrent operation is desired in an implementation. The FIFO is a circular queue of some fixed size.
Thg message frames are of a size that is equal to the maximum message operation size that can bg accepted by the
recgivers in the_system. Smaller message operations can be sent if allowed by the hardware and th¢ overlaying soft-
warle. As with the receive side, the outbound slots can be virtual and any letter number can be handlgd by an arbitrary

letter slot:

Local Memory

Local Processor

Write
Transactions ¢
to Letter Slot
RapidlO Interface| | atter Slot | Outbound
-« Mailbox
Letter Slot Port
Letter Slot

—/—>

Local Memory

Head Pointer

MFD
MFD
Tail Pointer MFD

Outbound
Post
List
FIFO

MFD |——— | Frame
MED | | Message

Figure A-4. Extended Outbound Message Queue
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When the local processor wishes to send a message, it stores the message in local memory, writes the message frame
descriptor (MFD) to the outbound mailbox port (which in-turn writes it to the location indicated by the outbound post
FIFO head pointer), and increments the head pointer.

The advantage of this method is that software can have pre-set messages stored in local memory. Whenever it needs to
communicate an event to a specific end point it writes the address of the message frame to the outbound mailbox, and
the outbound mailbox generates the message transactions and completes the operation.

If the outbound post list FIFO head and tail pointers are not equal, there is a message waiting to be sent. This causes
the outbound mailbox port to read the MFD pointed to by the outbound post list tail pointer and then decrement the
pointer (this may cause a memory read to prefetch the next MFD). The hardware then uses the information stored in
the [MIFD 0 Tead the Message rame, PacketiZe 1T, and transmit 1T 1o the TecelVer. MUITIpie messages dan be transmitted
concurrently if there is hardware to support them, differentiated by the letter slots in Figure A-4

If the free list head and tail pointer are the same, the FIFO is empty and there are no more| MFDg to be processed.
Unglerflow conditions are fatal because they indicate improper system behavior. This information can also be part of a
status register.

Begause the outbound and inbound hardware are independent entities, it is possible for more complgx outbound mail-
boxes to communicate with less complex inboxes by simply reducing the complexity of the mesgage descriptor to
mafch. Likewise simple outboxes can communicate with complex inboxes. ‘Seftware can determine the capabilities of
a device during initial system setup. The capabilities of a devices message -hardware are stored in the port configura-
tior registers.
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Partition V - Globally Shared Memory Logical Specification

Chapt

er 1 - Globally Shared Memory

This chapter provides an overview of the RapidlO™ Interconnect Globally Shared Memory Logical Specification, including
a description of the relationship between the GSM specifications and the other specifications of the RapidlO interconnect.
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Although RapldIO is targeted toward the message passmg programmlng model it supports a gIobaIIy shared distributed
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Under the globally shared distributed memory programming model, memory may be physically located in different
places in the machine yet may be shared amongst different processing elements. Typically, mainstream system archi-
tectures have addressed shared memory using transaction broadcasts sometimes known as bus-based snoopy protocols.
These are usually implemented through a centralized memory controller for which all devices have equal or uniform
access. Figure 1-1 shows a typical bus-based shared memory system.
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XBUS

Memory |

PCI

Figure 1-1. A Snoopy Bus-Based System

Super computers, massively parallel, and clustered machines that have distribated memory systems must use a differ-
ent|technique from broadcasting for maintaining memory coherency. Because a broadcast snoopy [protocol in these
maghines is not efficient given the number of devices that must participate and the latency and trapsaction overhead
invplved, coherency mechanisms such as memory directories or distcibuted linked lists are required to keep track of
where the most current copy of data resides. These schemes are often referred to as cache coherent npn-uniform mem-
ory|access (CC-NUMA) protocols. A typical distributed memory system architecture is shown in Figure .1-2

>

Processor Processor Processor Processor
A B A B
Snoopy-bus Snoopy-bus
Bridge Bridge

g Interconnect g
Fabric
Memory Memory
PCI PCI

Figure 1-2. A Distributed Memory System

For RapidlO, a relatively simple directory-based coherency scheme is chosen. For this method each memory controller
is responsible for tracking where the most current copy of each data element resides in the system. RapidlO furnishes
a variety of ISA specific cache control and operating system support operations such as block flushes and TLB syn-

chronization mechanisms.

To reduce the directory overhead required, the architecture is optimized around small clusters of 16 processors known
as coherency domains. With the concept of domains, it is possible for multiple coherence groupings to coexist in the
interconnect as tightly coupled processing clusters.

1.2 Features of the Globally Shared Memory Specification
The following are features of the RapidlO GSM specification designed to satisfy the needs of various applications and

systems:
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Functional Features

A cache coherent non-uniform memory access (CC-NUMA) system architecture is supported to provide a globally
shared memory model because physics is forcing component interfaces in many high-speed designs to be point-to-

point instead of traditional bus-based.

The size of processor memory requests are either in the cache coherence granularity, or smaller. T
granule size may be different for different processor families or implementations.

Instruction sets in RapidlO support a variety of cache control and other operations such as block f
functions are supported to run legacy applications and operating systems.

Physical Features

8372:2004(E)
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RapidlO packet definition is independent of the width of the physical interface to other devicesor
fabric.

the physical fabric is a point-to-point ring, a bus, a switched multi-dimensional network; a duplex
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.

Certain devices have bandwidth and latency requirements for proper operation. RapidlO does not
implementation from imposing these constraints within the system.

formance Features

Packet headers must be as small as possible to minimize the gontrol overhead and be organized fo
assembly and disassembly.

18- and 64-bit addresses are required in the future, and must be supported initially.
AN interventionist (non-memory owner, direct-to-requestor data transfer, analogous to a cache-to-

requested data.

Multiple transactions must be allowed concurrently in the system, otherwise a majority of the potg
throughput is wasted.

bNts

ing are the contents of the RapidlO Interconnect Globally Shared Memory Logical Specification
apter 1, “Overview,” describes the set of operations and transactions supported by the RapidIQ
mory protocols.

apter 2, “System Models,” introduces some possible devices that could participate in a Rapid
ironment. The.chapter explains the memory directory-based mechanism that tracks memory
intains cachg.toherence. Transaction ordering and deadlock prevention are also covered.
apter 3,.*Operation Descriptions,” describes the set of operations and transactions supported
bally-shared memory (GSM) protocols.

the interconnect

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

erial connection,

preclude an

I fast, efficient

cache transfer)

protocol saves a large amount of latency for memery*accesses that cause another processing elemgnt to provide the

ntial system

globally shared

JO GSM system
accesses and

by the RapidlO

apter 4, “Packet Format Descriptions,” contains the packet format definitions for the GSM splecification. The

two basic types, request and response packets, with their sub-types and fields are defined. The chapter explains
how memory read latency is handled by RapidlO.
e Chapter 5, “Globally Shared Memory Registers,” describes the visible register set that allows an external

processing element to determine the globally shared memory capabilities, configuration, and status of a processing
element using this logical specification. Only registers or register bits specific to the GSM logical specification
are explained. Refer to the other RapidlO logical, transport, and physical specifications of interest to determine a
complete list of registers and bit definitions.

Chapter 6, “Communication Protocols,” contains the communications protocol definitions for this GSM
specification.

Chapter 7, “Address Collision Resolution Tables,” explains the actions necessary under the RapidlO GSM model
to resolve address collisions.
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1.4
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2.1

Terminology
Refer to the Glossary at the back of this document.

Conventions
[|Concatenation, used to indicate that two fields are physically associated as consecutive bits

ACTIVE_HIGHNames of active high signals are shown in uppercase text with no overbar. Active-high signals are
asserted when high and not asserted when low.

ACTIVE_LOWNames of active low signals are shown in uppercase text with an overbar. Active low signals are asserted
when low and not asserted when high.

italics

REG[
in bra

TRAN

operationDevice operation types are expressed in plain text.

nA de
[n-m]
ObnnA

0xnnA
examy

Chaptg

This ove

Procq
Figurg
a proc
provid

system support functions. Multiple processing elements require cache coherence support in the Rapidl

Book titles in text are set in italics.

FIELD]Abbreviations or acronyms for registers are shown in uppercase text. Specific bits) fields

cimal value.

Jsed to express a numerical range from n to m.

kets.
SACTIONTransaction types are expressed in all caps.

binary value, the number of bits is determined by the number ofdigits.

le, Oxnn may be a 5, 6, 7, or 8 bit value
r 2 - System Models

view introduces some possible devices in aRapidlO system.

ssing Element Models
2-1 describes a possible RapidlO-based computing system. The processing element is a compu

or ranges appear

hexadecimal value, the number of bits is determined by the iumber of digits or from the surrounding context; for

er device such as

bssor attached to a local memory and also attached to a RapidlO system interconnect. The bridge part of the system
es 1/0 subsystem services stichras high-speed PCI interfaces and gigabit ethernet ports, interrupt gontrol, and other
D protocol to pre-

serve the traditional globally:shared memory programming model (discussed in Section, “2.2.1 Globally Shared Memory
Systen Model”).
Processing Processing Processing Processing
Element A Element B Element C Elemept D
 —  —  —
Memory | Memory Memory Memory |
( RapidlO System Interconnect Fabric )
PCI A MPIC
Bridge
PCI B XBUS
Firewire

Figure 2-1. A Possible RapidlO-Based Computing System
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A processing element containing a processor typically has associated with it a caching hierarchy to improve system per-
formance. The RapidlO protocol supports a set of operations sufficient to fulfill the requirements of a processor with a
caching hierarchy and associated support logic such as a processing element.

RapidlO is defined so that many types of devices can be designed for specific applications and connected to the system
interconnect. These devices may participate in the cache coherency protocol, act as a DMA device, utilize the message
passing facilities to communicate with other devices on the interconnect, and so forth. A bridge could be designed, for
example, to use the message passing facility to pass ATM packets to and from a processing element for route processing.
The following sections describe several possible processing elements.

Processor-Memory Processing Element Model

Fig
age
thai
pro

In sup

Lire 2-2 shows an example of a processing element consisting of a processor connected to_ah.
ht carries out several services on behalf of the processor. Most importantly, it provides access t
has much lower latency than memory that is local to another processing element (remote'memory

vides an interface to the RapidlO interconnect to service those remote memory accesses.
Processor
Local Interconnect
Agent
Memory Remote

Cache

RapidlO-based
System Interconnect

Figure 2-2 Processer-Memory Processing Element Example

port of the remote accesses{ the agent maintains a cache of remote accesses that includes all rem

residing in and owned by the local processor. This cache may be either external or internal to the agent

Agent
hierar
that ar
not bd
coherg
with t
locally

caching is necessary ‘due to the construction of the RapidlO cache coherence protocol combin
hy behavior in modern processors. Many modern processors have multiple level non-inclusive
e maintained independently. This implies that when a coherence granule is cast out of the process
returning_ownership of the granule to the memory system. The RapidlO protocol requires thg
nce granule be guaranteed to be returned to the system on demand and without ambiguous cach
he castout behavior. The remote cache can guarantee that a coherence granule requested by the
ahd,can be returned to the home memory (the physical memory containing the coherence granu

gent device. The
b a local memory
accesses). It also

pte data currently
Hevice.

bd with the cache
aching structures
or, it may or may
t ownership of a
b state changes as
system is owned
le) on demand. A
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Qllly CICTTICTIU UNTIAt 19 |u||y IIILCHIGLCU vwWWUUTU AoV TICTU U OUPPUI U LUro UCTiaviuvl.

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 .2-3. 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. Because such a
device is designed specifically for RapidlO, a remote cache is not required because the proper support can be designed
into the processor and its associated logic rather than requiring an agent to compensate for a stand alone processor’s
behavior.
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Processor

Memory

RapidlO-based
SYSTETT IETCOMNMECt

Figure 2-3. Integrated Processor-Memory Processing Element Example

Memory-Only Processing Element Model

A different processing element may not contain a processor at all, but may be a memory-only devicg as in Figure 2-4.
Thik type of device is much simpler than a processor as it is only responsible for responding to requegts from the exter-
nal [system, not from local requests as in the processor-based model. As such, its'mémory is remote foy all processors in

the|system.

Memory
Control

Memory

RapidlO-based
System Interconnect

Figure 2-4. Memory=Only Processing Element Example
Prqcessor-Only Processing Element

Similar to a memory-only element;a processor-only element has no local memory. A processor-only processing ele-
ment is shown in Figure 2-5.

Processor
Local Interconnect
Agent
Remote
Cache

RapidlO-based
System Interconnect

Figure 2-5. Processor-Only Processing Element Example

1/0 Processing Element

This type of processing element is shown as the bridge in Figure 2-6. This device has distinctly different behavior than
a processor or a memory. An 1/O device only needs to move data into and out of local or remote memory in a cache
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coherent fashion. This means that if the 1/O device needs to read from memory, it only needs to obtain a known good
copy of the data to write to the external device (such as a disk drive or video display). If the I/O device needs to write
to memory, it only needs to get ownership of the coherence granule returned to the home memory and not take owner-
ship for itself. Both of these operations have special support in the RapidlO protocol.

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
Figure 2-6. Behavior of the switches, and the interconnect fabric in general, is addressed in the RapidlO Common
Transport Specification.

Switch

N

Figure 2-6. Switch Processing Elemént Example

Prog
Rapid

gramming models.

Glg
The

ramming Models
O supports applications developed under globally.shared memory and software-managed cach

bally Shared Memory System Model
preferred programming model for modetn’ computer systems provides memory that is accessibl

e coherence pro-

e from all proces-

sor$ in a cache coherent fashion. This medel is also known as GSM, or globally shared memory. For traditional bus-
baspd computer systems this is not.g difficult technical problem to solve because all participants in the cache coher-
ence mechanism see all memory activity simultaneously, meaning that communication between procgssors is very fast
and handled without explicit software control. However, in a non-uniform memory access system, this simultaneous
memmory access visibility is\not the case.

With a distributed memoty system, cache coherence needs to be maintained through some tracking mechanism that
keeps records of memory access activity and explicitly notifies specific cache coherence participaﬁt processing ele-
ments when a cache coherence hazard is detected. For example, if a processing element wishes to write to a memory
address, all participant processing elements that have accessed that coherence granule are notified [to invalidate that
addpress in_their caches. Only when all of the participant processing elements have completed the inyalidate operation
and repliedback to the tracking mechanism is the write allowed to proceed.

Thq tracking mechanism preferred for the RapidlO protocol is the memory directory based system mpdel. This system
model allows efficient, moderate scalability with a reasonable amount of information storage required for the tracking
mechanism.

Cache coherence is defined around the concept of domains. The RapidlO protocol assumes a memory directory based
cache coherence mechanism. Because the storage requirements for the directory can be high, the protocol was opti-
mized assuming a 16-participant domain size as a reasonable coherence scalability limit. With this limit in mind, a
moderately scalable system of 16 participants can be designed, possibly using a multicast mechanism in the transport
layer for better efficiency. This size does not limit a system designer from defining a larger or a smaller coherent sys-
tem such as the four processing element system in Figure 2-1 since the number of domains and the number of partici-
pants is flexible. The total number of coherence domains and the scalability limit are determined by the number of
transport bits allowed by the appropriate transport layer specification.

Table 2-1 describes an example of the directory states assumed for the RapidlO protocol for a small four-processing
element cache coherent system (Table 2-1 assumes that processor O is the local processor). Every coherence granule
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that is accessible by a remote processing element has this 4-bit field associated with it, so some state storage is
required for each globally shared granule. The least significant bit (the right most, bit 3) indicates that a processing ele-
ment has taken ownership of a coherence granule. The remaining three bits indicate that processing elements have
accessed that coherence granule, or the current owner if the granule has been modified, with bit O corresponding to
processor 3, bit 1 corresponding to processor 2, and bit 2 corresponding to processor 1. These bits are also known as
the sharing mask or sharing list.

Owing to the encoding of the bits, the local processing element is always assumed to have accessed the granule even if
it has not. This definition allows us to know exactly which processing elements have participated in the cache coher-
ency protocol for each shared coherence granule at all times. Other state definitions can be implemented as long as

they encompass the MSI_ (modified, shared, local) state functionality described here
Table 2-1. RapidlO Memory Directory Definition

State Description

0000 Processor 0 (local) shared

0001 Processor 0 (local) modified

0010 Processor 1, 0 shared

0011 Processor 1 modified

0100 Processor 2, 0 shared

0101 Processor 2 modified

0110 Processor 2, 1, @ shared

0111 llegal

1000 ProcessofZ3, 0 shared

1001 Progessor 3 modified

1010 Processor 3, 1, 0 shared

1011 llegal

1100 Processor 3, 2, 0 shared

1101 llegal

1110 Processor 3, 2, 1, 0 shared

1111 llegal
When a cohéerence granule is referenced, the corresponding 4-bit coherence state is examined by thelmemory control-
ler fo determine if the access can be handled in memory, or if data must be obtained from the current owner (a shared
grapulé. is-owned by the home memory). Coherence activity in the system is started using the cache|coherence proto-
col Lif\t'is necessary to do so, to complete the memory operation

Software-Managed Cache Coherence Programming Model

The software-managed cache coherence programming model depends upon the application programmer to guarantee
that the same coherence granule is not resident in more than one cache in the system simultaneously if it is possible for
that coherence granule to be written by one of the processors. The application software allows sharing of written data
by using cache manipulation instructions to flush these coherence granules to memory before they are read by another
processor. This programming model is useful in transaction and distributed processing types of systems.

System Issues
The following sections describe transaction ordering and system deadlock considerations in a RapidlO GSM system.

Operation Ordering
Operation completion ordering in a globally shared memory system is managed by the completion units of the process-
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ing elements participating in the coherence protocol and by the coherence protocol itself.

Transaction Delivery

There are two basic types of delivery schemes that can be built using RapidlO processing elements: unordered and
ordered. The RapidlO logical protocols assume that all outstanding transactions to another processing element are
delivered in an arbitrary order. In other words, the logical protocols do not rely on transaction interdependencies for
operation. RapidlO also allows completely ordered delivery systems to be constructed. Each type of system 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.

Deadlock Considerations

A deadlock can occur if a dependency loop exists. A dependency loop is a situation where acloep of [buffering devices
is fprmed, in which forward progress at each device is dependent upon progress at the next device. Iff no device in the
loop can make progress then the system is deadlocked.

Thg simplest solution to the deadlock problem is to discard a packet. This releases resources in the ngtwork and allows
foryvard progress to be made. RapidlO is designed to be a reliable fabric for use in real time tightly|coupled systems,
thefefore, discarding packets is not an acceptable solution.

In grder to produce a system with no chance of deadlock it is required-that a deadlock free topologly be provided for
resmonse—less operations. Dependency loops to single direction packets can exist in unconstrained gwitch topologies.
Often the dependency loop can be avoided with simple routing rule§. Topologies like hypercubes or {hree-dimensional
meshes, physically contain loops. In both cases, routing is done.if several dimensions (x,y,z). If routjng is constrained
to the x dimension, then y, then z (dimension ordered routing);\then topology related dependency logps are avoided in
thege structures.

In gddition, a processing element design shall not form dependency links between its input and outpyt port. A depend-
ency link between input and output ports occurs if:@ processing element is unable to accept an input packet until a wait-
ing|packet can be issued from the output port.

RapidlO supports operations, such as cohérent read-for-ownership operations, that require respomses to complete.
Thgse operations can lead to a dependency link between an processing element’s input port and outpjit port.

As jan example of an input to output‘port dependency, consider a processing element where the oufput port queue is
fulll. The processing element cam hot accept a new request at its input port since there is no place to put the response in
theoutput port queue. No more transactions can be accepted at the input port until the output port is gble to free entries
in the output queue by issuing packets to the system.

A further consideration;is that of the read-for-ownership operation colliding with a castout of the requested memory
address by another\processing element. In order for the read-for-ownership operation to complefe the underlying
casfout operatign-must complete. Therefore the castout must be given higher preference in the systenj in order to move
ahepd of otheér operations in order to break up the dependency.

Thg method by which a RapidlO system maintains a deadlock free environment is described in the dppropriate Physi-
cal |Layer specification.

Chapter 3 - Operation Descriptions

This chapter describes the set of operations and transactions supported by the RapidlO globally-shared memory (GSM) pro-
tocols. The opcodes and packet formats are described in Chapter 4, “Packet Format Descriptions.” The complete protocols
are described in Chapter 6, “Communication Protocols.”

The RapidlO operation protocols use 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 home memory in another processing element sends a READ_HOME transaction in a request packet. The
receiving element then reads its local memory at the requested address and returns the data in a DONE transaction via a
response packet. Note that not all requests require responses; some requests assume that the desired activity will complete


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

ISO/IEC © 18372:2004(E)

3.1

properly.

-201 -

A number of possible response transactions can be received by a requesting processing element:

» A DONE response indicates to the requestor that the desired transaction has completed and also returns data for read-type
transactions as described above.

e The INTERVENTION, DONE_INTERVENTION, and DATA_ONLY responses are generated as part of the processing
element-to-processing element (as opposed to processing element-to-home memory) data transfer mechanism defined by
the cache coherence protocol. The INTERVENTION and DONE_INTERVENTION responses are abbreviated as INTERV
and DONE_INTERYV in this chapter.

« The NOT_OWNER and RETRY responses are received when there are address conflicts within the system that need

resolytior:
* An ERROR response means that the target of the transaction encountered an unrecoverable error and.cquld 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 descriped in the appropriate RapidlO
transport|layer specification and are beyond the scope of this specification.
Dependimng upon the interconnect fabric, other packets may be generated as part of the physical layer prptocol to manage
flow confrol, errors, etc. Flow control and other fabric-specific communication requitements are described fin the appropriate
RapidlO [physical layer specification and are beyond the scope of this document.

Each req

processirjg element pair. This transaction ID allows a response to be €asily matched to the original r

returned

the original transaction has been received by the requestor. The number of outstanding transactions that m

impleme

htation dependent.

est transaction sent into the system is marked with a transaction dD\that is unique for each requegtor and responder

bquest when it is

to the requestor. An end point cannot reuse a transaction 1B ¥alue to the same destination until fhe response from

y be supported is

The trangaction behaviors are also described as state machine*behavior in Chapter 6, “Communication Profocols”.

GSM| Operations Cross Reference
Table |3-1 contains a cross reference of the GSMCoperations defined in this RapidlO specification and their system usage.
Table 3-1xGSM Operations Cross Reference
Operdtion Trartfs:(;ions Possible System Usage Description Packet Format Prptocol
Read READ_HOME; CC-NUMA operation Section 6.3 Types 1 and 2: | Sectipn 6.3
READ_OWNER, Section 4.1.5
RESP@NSE and Section
416
Instructipn IREAD_HOME, | Combination of CC- Section 6.3 Type 2: Sectipn 6.3
read READ_OWNER, | NUMA and software- Section 4.1.6
RESPONSE maintained coherence of
Read-for- READ_TO_OWN | CC-NUMA operation Section 3.2.3 | Types 1 and 2: | Section 6.5
READ_TO_OWN and Section
_OWNER, 416
DKILL_SHARER
RESPONSE
Data cache DKILL_HOME, | CC-NUMA operation; Section 3.2.4 | Type 2: Section 6.6
invalidate DKILL_SHARE, | software-maintained Section 4.1.6
RESPONSE coherence operation
Castout CASTOUT, CC-NUMA operation Section 3.25 | Type 5: Section 6.7
RESPONSE Section 4.1.8
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Table 3-1. GSM Operations Cross Reference (Continued)

Operation Trarljs:l:;ions Possible System Usage Description Packet Format Protocol
TLB TLBIE, Software-maintained Section 3.2.6 | Type 2: Section 6.8
invalidate- RESPONSE coherence of page table Section 4.1.6
entry entries
TLB TLBSYNC, Software-maintained Section 3.2.7 | Type 2: Section 6.8
invalidate- RESPONSE coherence of page table Section 4.1.6
entry entries
synchrorlnize
Instructipn IKILL_HOME, Software-maintained Section 3.2.8 | Type 2: Sectipn 6.6
cache IKILL_SHARER, | coherence of instruction Section 4,16
invalidate RESPONSE, caches
Data caghe FLUSH, CC-NUMA flush Section 3.2.9 | Types:2and 5: | Sectipn 6.9
flush DKILL_SHARER | instructions; Section 4.1.6

’ CC-NUMA write-through and Section
_OWNER,
RESPONSE CC-_NUMA DMA 1/0

device support;

software-maintained

coherence operation.

1/0 read I0_READ HOM | CC-NUMA DMA, I/Q Section 3.2.10 | Types 1 and 2: | Sectipn 6.10
E, I0_READ _ DMA device suppoft Section 4.1.5
OWNER, and Section
INTERYV, 4.1.6
RESPONSE

GSM| Operations
A set pf transactions are used to support GSM (cache coherence) operations to cacheable memory spage. The following

descriptions assume that all requests are to system memory rather than to some other type of device.

GSM

bperations occur basedon the size of the coherence granule. Changes in the coherence granule fgr a system do not

changg any of the operation/protocols, only the data payload size. The only exception to this is are flush and 1/O read

operat

on, which maysrequest (in the case of an 1/0O read), or have (in the case of a flush) a sub-coherenge granule to sup-

port cpherent 1/0 and write-through caches. Flush operations may also have no data payload in order to support cache
manipplation instructions.

Some ftransactions are sent to multiple recipients in the process of completing an operation. These transagctions can be sent

either fas‘a
cast capab

Read Operations

The READ_HOME, READ_OWNER, and RESPONSE transactions are used during a read operation by a processing
element that needs a shared copy of cache-coherent data from the memory system. A read operation always returns one
coherence granule-sized data payload.

number of directed transactions or as a single transaction

if the transport layer has multicast [capability. Multi-

The READ_HOME transaction is used by a processing element that needs to read a shared copy of a coherence gran-
ule from a remote home memory on another processing element.

The READ_OWNER transaction is used by a home memory processing element that needs to read a shared copy of a
coherence granule that is owned by a remote processing element.

The following types of read operations are possible:

If the requested data exists in the memory directory as shared, the data can be returned immediately from memory with
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a DONE RESPONSE transaction and the requesting processing element’s device ID is added to the sharing mask as
shown in Figure 3-1.

(D) READ_HOME

Requestor

(2 DONE, data

Figure 5-1. Kead Operation to kemote shared conerence Granule

 [If the requested data exists in the memory directory as modified, the up-to-date (current) data.must|be obtained from
the owner. The home memory then sends a READ_OWNER request to the processing glemeént that owns the
coherence granule. The owner passes a copy of the data to the original requestor and tg'memory, m¢mory is updated,
and the directory state is changed from modified and owner to shared by the previaus)lowner and the requesting
processing element’s device ID as shown in Figure 3-2.

(D READ_HOME (2) READ_OWNER

Requestor

(@) INTERV, data

(3) DATA_ONLY, data

Figure 3-2. Read Operation to Remote Modified Coherence Granule

 [If the processing element requesting a madified coherence granule happens to be the home for the memory, some of
the transactions can be eliminated as shown in Figure 3-3.

(D) READ_OWNER

Requestor,
Home
Memory

(2 INTERV, data

Figure 3-3. Read Operation to Local Modified Coherence Granule
Insgruction Read Operations

Sorme. processors have instruction caches that do not participate in the system cache coherence mecITanism. Addition-
ally,Theinstruction cache foad may also foad a shared Instruction and data cache fower in the cache nierarchy. This can
lead to a situation where the instruction cache issues a shared read operation to the system for a coherence granule that
is owned by that processor’s data cache, resulting in a cache coherence paradox to the home memory directory.

Due to this situation, an instruction read operation must behave like a coherent shared read relative to the memory
directory and as a non-coherent operation relative to the requestor. Therefore, the behavior of the instruction read oper-
ation is nearly identical to a data read operation with the only difference being the way that the apparent coherence par-
adox is managed.

The IREAD_HOME and RESPONSE transactions are used during an instruction read operation by a processing ele-
ment that needs a copy of sharable instructions from the memory system. An instruction read operation always returns
one coherence granule-sized data payload. Use of the IREAD_HOME transaction rather than the READ_HOME
transaction allows the memory directory to properly handle the paradox case without sacrificing coherence error detec-
tion in the system. The IREAD_HOME transaction participates in address collision detection at the home memory but
does not participate in address collision detection at the requestor.
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The following types of instruction read operations are possible:

« If the requested instructions exists in the memory directory as shared, the instructions can be returned immediately
from memory and the requesting processing element’s device ID is added to the sharing mask as shown in Figure 3-4.

(D IREAD_HOME

Home
Memory

Requestor

(2) DONE, data

Figure 3-4. Instruction Read Operation to Remote Shared Coherence Granule

 [If the requested data exists in the memory directory as modified, the up-to-date (current)data must|be obtained from
the owner. The home memory then sends a READ_OWNER request to the processing, element that owns the cohe-
rence granule. The owner passes a copy of the data to the original requestor and to@emory, memoty is updated, and
and the directory state is changed from modified and owner to shared by the previous owner and the requesting pro-
cessing element’s device 1D, as shown in Figure 3-5.

(1) IREAD_HOME (2) READ_OWNER

Requestor

(@)NTERV, data

(3) DATA (ONLY, data

Figure 3-5. Instruction Read Operation to Remote Modified Coherence Granule

« |If the processing element requesting a modified coherence granule happens to be the home for thg memory the
READ_OWNER transaction is used\to obtain the coherence granule as shown in Figure 3-6.

(D) READ_OWNER

Requestor,
Home
Memory

(@ INTERV, data

Figure 3-6. Instruction Read Operation to Local Modified Coherence Granule

e [The‘apparent paradox case is if the requesting processing element is the owner of the coherence granule as shown in

P 2 The-h. RNV | READ_OVA/NICD - tT b leto-th HectHAE-B 1 1
|yurc o—TRE-RoMe mcmury SCTTUS T\ /D _ovviveEmn BRSeCHORDacrItothe rcqucaun\d pluuco.ﬂng element Wlth

the source and secondary ID set to the home memory ID, which indicates that the response behavior should be an
INTERVENTION transaction rather than an INTERVENTION and a DATA_ONLY transaction as shown in Figure

3-5.



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

ISO/IEC © 18372:2004(E)

3.2.3

- 205 -

(D IREAD_HOME

() INTERV, data

Requestor

and Home

Memory

(%) DONE, data

Read-for-Ownership Operations

The

usefl during read-for-ownership operations by a processing element that needs to write te,a coherence

not

paylload. These transactions are used as follows:

The

e [The READ_TO_OWN_OWNER transaction is used by a home ‘memory processing element that
writable copy of a coherence granule that is owned by a remate processing element.

e [The DKILL_SHARER transaction is used by the home mémory processing element to invalidate
the coherence granule in remote processing elements.

¢ [Following are descriptions of the read-for-ownership.operations:

« [If the coherence granule is shared, DKILL_SHARER transactions are sent to the participants indic3
mask, which results in a cache invalidate operation for the recipients as shown in Figure 3-8.

Figure 3-7. Instruction Read Operation Paradox Case

READ_TO_OWN_HOME, READ_TO_OWN_OWNER, DKILL_SHARER, and RESPONSH

exist in its caching hierarchy. A read-for-ownership operation always returns.one coherence ¢

READ_TO_OWN_HOME transaction is used by a processing element.that needs to read a w

(@ DKILL_SHARER

(1) READ_TO_OWN HOME

Figure 3-8. Read-for-Ownership Operation to Remote Shared Coherence Granule

If the coherénee granule is modified, a READ_TO_OWN_OWNER transaction is sent to the own

transactions are
granule that does
ranule-sized data

ritable copy of a

coherence granule from a remote home memaory on another processing element. This transaction cajlses a copy of the
datg to be returned to the requestor, from memory if the data is shared;.or/from the owner if it is mo

ified.
heeds to read a

shared copies of

ted in the sharing

er, who sends a

copy of the data to the requestor (intervention) and marks the address as invalid as shown in Figute 3-9. The final

Imemory directory state shows that the coherence granule is modified and owned by the requestor

s device ID.
Ps not necessarily

Because the coherence granule in the memory directory was marked as modified, home memory do

eed to he updated However the RapidlQ protacol requires that a processing element return the modified data and

update the memory, allowing some attempt for data recovery if a coherence problem occurs.

(1) READ_TO_OWN_HOME  (2) READ_TO_OWN_OWNER

Requestor

(4 INTERV, data _

(3 DATA_ONLY, data

Figure 3-9. Read-for-Ownership Operation to Remote Modified Coherence Granule
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If the requestor is on the same processing element as the home memory and the coherence granule is shared, a
DKILL_SHARER transaction is sent to all sharing processing elements (see Figure 3-10). The final directory state is
marked as modified and owned by the local requestor.

(D DKILL_SHARER

Requestor,
Home
Memory

Sharers »

(2) DONEs

If t
rem
dirg

324 Da

The
in g

Dat
thig

me
ida

coh

L]

Figure 3-10. Read-for-Ownership Operation to Local Shared Coherence Granule

he requestor is on the same processing element as the home memory and the coherefice”gran
ote processing element, a READ_TO_OWN_OWNER transaction is sent to the owner (see Fig
ctory state is marked as modified and owned by the local requestor.

(D) READ_TO_OWN_OWNER

Requestor,
Home
Memory

(@ INTERV, data

Figure 3-11. Read-for-Ownership Operation to\Local Modified Coherence Granule

a Cache Invalidate Operations

DKILL_HOME, DKILL_SHARER, and RESPONSE transactions are requests to invalidate a g
Il of the participants in the coherence domain'as follows:

The DKILL_HOMIE transaction is used by a processing element to invalidate a data coherence gran
Imemory in a remote processing element.

The DKILL_SHARER transaction is used by the home memory processing element to invalidate
the data coherence granule ifi remote processing elements.

a cache invalidate operations are also useful for systems that implement software-maintained ca
case, a requestor may.send DKILL_HOME and DKILL_SHARER transactions directly to oth
Nts without going thredgh home memory as in a CC-NUMA system. The transactions used for the
e operation depend on whether the requestor is on the same processing element as the hom
erence granule-as follows:

If the reguestor is not on the same processing element as the home memory of the coherence gran
DKIELNHOME transaction is sent to the remote home memory processing element. This causes t
for the“shared coherence granule to send a DKILL_SHARER to all processing elements marked a

le is owned by a

uLvIe 3-11). The final

oherence granule

ule that has home
shared copies of

che coherence. In
br processing ele-
data cache inval-
e memory of the

ile, a
e home memory
5 sharing the

granule in the memary directory state excent for the requestor (see Figure 3-12) The final memaory

state shows that

the coherence granule is modified and owned by the requesting processing element’s device ID.

(2) DKILL_SHARER

(D DKILL_HOME

Requestor

Figure 3-12. Data Cache Invalidate Operation to Remote Shared Coherence Granule
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If the requestor is on the same processing element as the home memory of the coherence granule, the home memory
sends a DKILL_SHARER transaction to all processing elements marked as sharing the coherence granule in the
memory directory. The final memory state shows the coherence granule modified and owned by the local processor

(see Figure 3-13).

(D DKILL_SHARER

Requestor,
Home
Memory

Sharers »

(2) DONEs

Figure 3-13. Data Cache Invalidate Operation to Local Shared Coherence Granulé

tout Operations

pership of a coherence granule and return it to the home memory. The CASTOWUT can be treate

(D) CASTOUT, data

Requestor

Figure 3-14. Castout Operatign on Remote Modified Coherence Granule

Cessing element A is performing‘a CASTOUT that collides with an incoming READ_OWNER

as a low-priority
e a high-priority

CASTOUT and RESPONSE transactions are used in a castout operation by a processing eIemea: to relinquish its

saction. The CASTOUT causes the home memory to be updated with theimost recent data and ghanges the direc-
state to owned by home memory and shared (or owned, depending upon the default directory state) by the local
professing element (see Figure 3-14).

ASTOUT transaction does not partiCipate in address collision detection at the home memory to prevent deadlocks
ache paradoxes caused by packet-to-packet timing in the interconnect fabric. For example, conslider a case where

ransaction. If the

CAISTOUT is not allowed to complete at the home memory, the system will deadlock. If the read opefation that caused

the
ory

TL

The
par
ent

origirfal requestor. A TLBIE transaction has no effect on the memory directory state for the specified

not

TL

READ_OWNER completes (through intervention) before the CASTOUT transaction is received
the CASTOUT willappear to be illegal because the directory state will have changed.

B Invalidate-Entry Operations

TLBIE antKRESPONSE transactions are used for TLB invalidate-entry operations. If the proce
icipate in-the cache coherence protocol, the TLB invalidate-entry operation is used when page
ies need to be modified. The TLBIE transaction is sent to all participants in the coherence dom

it the home mem-

ssor TLBs do not
table translation
hin except for the
address and does

TR P alal e L [ Q40
particigatc T auurcos CUTTISTUTIS (STT TTYUTT o=1J).

@ TLBIE

Requestor

x
All
Participants

Figure 3-15. TLB Invalidate-Entry Operation

B Invalidate-Entry Synchronization Operations

The TLBSYNC and RESPONSE transactions are used for TLB invalidate-entry synchronization operations. It is used
to force the completion of outstanding TLBIE transactions at the participants. The DONE response for a TLBSYNC
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transaction is only sent when all preceding TLBIE transactions have completed. This operation is necessary due to
possible indeterminate completion of individual TLBIE transactions when multiple TLBIE transactions are being exe-
cuted simultaneously. The TLBSYNC transaction is sent to all participants in the coherence domain except for the
original requestor. The transaction has no effect on the memory directory state for the specified address and does not
participate in address collisions (see Figure 3-16).

(D TLBSYNC

Roguastor A"

(2 DONEs

Figure 3-16. TLB Invalidate-Entry Synchronization Operation

Instruction Cache Invalidate Operations

Theg IKILL_HOME, IKILL_SHARER, and RESPONSE transactions are used during instruction| cache invalidate
opdrations to invalidate shared copies of an instruction coherence granule inremote processing elements. Instruction
cache invalidate operations are needed if the processor instruction caches\do not participate in thel cache coherence
profocol, requiring instruction cache coherence to be maintained by software.

Anlinstruction cache invalidate operation has no effect on the memory directory state for the spedified address and
dogs not participate in address collisions. Following are descriptiens of the instruction cache invaliddte operations:

« [If the requestor is not on the same processing element as.the’home memory of the coherence grantile, an

IKILL_HOME transaction is sent to the remote homexmemory processing element. This causes the home memory
for the shared coherence granule to send an IKILL_SHARER to all processing element participantg in the coherence
domain because the memory directory state only properly tracks data, not instruction, accesses. (See Figure .3-17).

D IKILL_HOME (@ IKILL_SHARER

(®DONE (3) DONEs

Figure 3-17. Instruction Cache Invalidate Operation to Remote Sharable Coherence Granule

« [If the requestor.is oA the same processing element as the home memory of the coherence granule, the home memory
sends an IKILEASHARER transaction to all processing element participants in the coherence domain as shown in
Figure 3-18;

@D IKILL_SHARER

Requestor,
Home
Memory

Participants

Figure 3-18. Instruction Cache Invalidate Operation to Local Sharable Coherence Granule

Data Cache Flush Operations

The FLUSH, DKILL_SHARER, READ_TO_OWN_OWNER, and RESPONSE transactions are used for data cache
flush operations, which return ownership of a coherence granule back to the home memory if it is modified and inval-
idate all copies if the granule is shared. A flush operation with associated data can be used to implement an 1/0 system
write operation and to implement processor write-through and cache manipulation operations. These transactions are
used as follows:
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The FLUSH transaction is used by a processing element to return the ownership and current data

of a coherence

granule to home memory. The data payload for the FLUSH transaction is typically the size of the coherence granule
for the system but may be multiple double-words or one double-word or less. FLUSH transactions without a data
payload are used to support cache manipulation operations. The memory directory state is changed to owned by home
memory and shared (or modified, depending upon the processing element’s normal default state) by the local

processing element.

The DKILL_SHARER transaction is used by the home memory processing element to invalidate
the data coherence granule in remote processing elements.

The READ_TO_OWN_OWNER transaction is used by a home memaory processing element that
ownership ofa coherence granule that is owned by a remote processing element.

notjexceed the number of double-words in the coherence granule. The write size and alignment)for
action are specified in Table 4-8. Unaligned and non-contiguous operations are not supported‘dnd m

multiple FLUSH transactions by the sending processing element.

A flush operation internal to a processing element that would cause a FLUSH transaction for a remot
owned by that processing element (for example, attempting a cache writesthrough operation tg
ote coherence granule) must generate a CASTOUT rather than a FLUSH transaction to propefly implement the
RapidlO protocol. Issuing a FLUSH under these circumstances generates amemory directory state pa
home memory processing element.

ule
ren

FolJowing are descriptions of the flush operations:

L]

If a flush operation is to a remote shared coherence granule;the FLUSH transaction is sent to the
which sends a DKILL_SHARER transaction to all of the pracessing elements marked in the shari
the requesting processing element. The processing elements that receive the DKILL_SHARER tran
the specified address if it is found shared in their cdehing hierarchy (see Figure 3-19).

(D) FLUSH, data (opt.) (2 DKILL_SHARER

Figure 3-19. Flush Operation to Remote Shared Coherence Granule

If the coherence granule is owned by a remote processing element, the home memory sends a
READ_TO_OWN=-OWNER transaction to it with the secondary (intervention) ID set to the homg

coherence-granule data (see Figure 3-20).

(D) FLUSH, data (opt.) (2 READ_TO_OWN_OWNER

shared copies of
needs to retrieve

iis; however, they

5t be allgned to byte, half word, word, or double-word boundaries. Multiple double- word FLUSH transactrons can-

he FLUSH trans-
st be broken into

b coherence gran-
a locally owned

radox error in the

home memory,
ng list except for
saction invalidate

memory 1D

instead of the fequestor ID. The owner then invalidates the coherence granule in its caching hierarchy and returns the

—

Requestor

(3®) INTERV, data

Figure 3-20. Flush Operation to Remote Modified Coherence Granule

If the requestor and the home memory for the coherence granule are in the same processing element,
DKILL_SHARER transactions are sent to all participants marked in the sharing list (see Figure 3-21).
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(D DKILL_SHARER

Requestor,
Home
Memory

Figure 3-21. Flush Operation to Local Shared Coherence Granule

ut the coherence

1/0
The

progessing element that needs a current copy of cache-coherent data from the memory system, but d
added to the sharing list in the memory directory state. The 1/O read operation is most useful for DM

1/0
Sizf

e [The I0O_READ_HOME transaction is used-by a requestor that is not in the same processing eleme
e [The IO_READ_OWNER transactionis used by a home memory processing element that needs to

Following are descriptions of the I/O operations:

granule is owned by a remote processing element,a READ_TO_OWN_OWNER transaction is sént
Figure 3-22).

(1) READ_TO_OWN_OWNER

Requestor,
Home
Memory

(2 INTERV, data

Figure 3-22. Flush Operation to Local Modified Cohérence Granule
Read Operations

I0_READ_HOME, I0_READ_OWNER, and RESPONSE transactions are used during /O reg

read operation always returns the requested size.data payload. The requested data payload size g
of the coherence granule. These transactions are used as follows:

Imemory for the coherence granule.

coherence granule owned by a rémote processing element.

If the requested data exists in the memory directory as shared, the data can be returned immediate
and the sharing mask is'not modified (see Figure 3-23).

(D 10_READ_HOME

Requestor

to the owner (see

d operations by a
es not need to be
A\ /O devices. An
an not exceed the

nt as the home

read a copy of a

y from memory

() DONE_data

Figure 3-23. 1/0 Read Operation to Remote Shared Coherence Granule

If the requested data exists in the memory directory as modified, the home memory sends an IO_READ_OWNER
transaction to the processing element that owns the coherence granule. The owner passes a copy of the data to the
requesting processing element (intervention) but retains ownership of and responsibility for the coherence granule

(see Figure 3-24 and Figure 3-25).
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(D 10_READ_HOME (2) 10_READ_OWNER
Home
@
(5) DONE_INTERV @ INTERV

@ DATA_ONLY, data
Figure 3-24. 1/0 Read Operation to Remote Modified Coherence Granule

(D 10_READ_OWNER

Requestor,
Home
Memory

(@ INTERV, data

Figure 3-25. 1/0 Read Operation to Local Modified Cohérence Granule

3.3 Endign, Byte Ordering, and Alignment
Rapid|O has double-word (8-byte) aligned big-endian data payloads. This means that the RapidlO inferface 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 prgper byte position
within the big-endian double-word, as in the examplés shown in Figure 3-26 through Figure 3-27.

Bytt. O 1 2 3 4 5 6 7

Byte address 0x0000_,0002, the proper byte position is shaded.

Figure 3-26. Byte Alignment Example

Byfer” 0 1 2 3 4 5 6 7
| [ [ws|ws| [ | [ |

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

Figure 3-27. Half-Word Alignment Example

Byte'” O 1 2 3 4 5 6 7
| | | | | msB | | | Ls |

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

Figure 3-28. Word Alignment Example

For write operations, a processing element shall properly align data transfers to a double-word boundary for transmission
to the destination. This alignment may require breaking up a data stream into multiple transactions if the data is not natu-
rally aligned. A number of data payload sizes and double-word alignments are defined to minimize this burden. Figure 3-29
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shows a 48-byte data stream that a processing element wishes to write to another processing element through the inter-
connect fabric. The data displayed in figure 3-29 is big-endian and double-word aligned with the bytes to be written shaded
in grey. Because the start of the stream and the end of the stream are not aligned to a double-word boundary, the sending
processing element shall break the stream into three transactions as shown in the figure 3-29.

The first transaction sends the first three bytes (in byte lanes 5, 6, and 7) and indicates a byte lane 5, 6, and 7 three-byte
write. The second transaction sends all of the remaining data except for the final sub-double-word. The third transaction
sends 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.

Byte Byte Byte Byte Byte Byte Byte Byte
Lane | ane | ane | ane | ane | ane | ane | ane
0 1 2 3 4 5 6 7
MSB——<—
| First transaction sends these thiee bytes
~— with this double-word alignment
~— |
— > Second transaction sends these|five
— double-words
<
< | Thid transaction sends these five bytes
i IR with'this double-word alignment
< LSB

L Dpuble-Word Boundary

Figure 3-29. Data Alignment' Example

Chaptgr 4 - Packet Format Descriptions

This chapter contains the packet format definitions for the RapidlO Interconnect Globally Shared Memory Logical Specifi-
cation. There are four types of globally shared memory packet formats:

* Request
* Respgnse

« Implgmentation-defined

* Reserved

The packet formats are intended.to be interconnect fabric independent, so the system interconnect can be pnything required
for a partlicular application, Reserved formats, unless defined in another logical specification, shall not be yised by a device.

Request Packet.Formats
A requiest packet s issued by a processing element that needs a remote processing element to accomplish some activity
on its |pehalfisuch as a memory read operation. The request packet format types and their transaction$ for the RapidlO
Intercpnnect Globally Shared Memory Logical Specification are shown in Table 4-1.

Request

. L Document

Packet Transaction Type Definition Section No.
Format Type

Type 0 Implementation-defined Defined by the device implementation Section 4.1.4

Type 1 READ_OWNER Read shared copy of remotely owned coherence Section 4.1.5

granule

READ_TO_OWN_OWNER

Read for store of remotely owned coherence
granule

|I0_READ_OWNER

Read for 1/O of remotely owned coherence granule
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Request Document
Packet Transaction Type Definition .
Section No.
Format Type
Type 2 READ_TO OWN_HOME Read for store of home memory for coherence Section 4.1.6
granule
READ_HOME Read shared copy of home memory for coherence
granule
I0_READ_HOME Read for 1/0 of home memory for coherence
granule
DKILL_HOME Invalidate to home memory of coherence granule
IKILL_HOME Invalidate to home memory of coherence granule
TLBIE Invalidate TLB entry
TLBSYNC Synchronize TLB invalidates
IREAD_HOME Read shared copy of home memory for instruction
cache
FLUSH Force return of ownershipof coherence granule to
home memory, no update to coherence granule
IKILL_SHARER Invalidate cached{copy of coherence granule
DKILL_SHARER Invalidate cached copy of coherence granule
Type 3-4 — Reserved 4.1.1
Type 5 CASTOUT Returh ownership of coherence granule to home 4.1.9
memory
FLUSH (with data) Force return of ownership of coherence granule to
home memory, update returned coherence granule
Type 6-11 — Reserved 4.1.9
4.1.1 Adgressing and Alignment
Thg size of the address is defined as a system-wide parameter; thus the packet formats do not support mixed local
physical addresstfields simultaneously. The least three significant bits of all addresses are not $pecified and are
assyimed to he-logic 0.
Thg cohgrence-granule-sized cache-coherent write requests and read responses are aligned to a doub|e-word boundary
within’'the‘coherence granule, with the specified data payload size matching that of the coherence grapule. Sub-double-
wotd data payloads must he padded and properly aligned within the 8-hyte boundary Non-contiguous or unaligned

transactions that would ordinarily require a byte mask are not supported. A sending device that requires this behavior
must break the operation into multiple request transactions. An example of this is shown in Section 3.3, “Endian, Byte

Ordering, and Alignment.”

4.1.2 Data Payloads

Cache coherent systems are very sensitive to memory read latency. One way of reducing the latency is by returning the
requested, or critical, double-word first upon a read request. Subsequent double-words are then returned in a sequential
fashion. Table 4-2 and Table 4-3 show the return ordering for 32- and 64-byte coherence granules. Sub-double-word
data payloads due to I/O read operations start with the requested size as shown. The only case that this is not a linear
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data return is for a 16 byte request starting at double-word 3, which returns double-word 3, then double-word 0.

Table 4-2. Coherent 32-Byte Read Data Return Ordering

Requested Double-word Double-word Return Ordering
0 0,123
1 1,2,3,0
2 2,3,0,1
3 3,0,1,2

Dat
firs
loa
Wit

Fie)
Fie
“re
def
an

def
stre

The

Table 4-3. Coherent 64-Byte Read Data Return Ordering

Requested Double-word Double-word Return Ordering

0,1,2,34,56,7
1,2,304,56,7
2,3,0,1,4,5,6, 7
3,0,1,2,4,5-6,7
4,56,7,0,1;2,3
5,6,@4,0,1,2,3
6,774,5,0,1,2,3
7,4,5,6,0,1,2,3

N[ o] o Al W] N | O

a payloads for cache coherent write-type transactions are always linear starting with the specif
| double-word to be written, (including flush'transactions that are not the size of the coherence gj
Is that cross the coherence granule boundary can not be specified. This implies that all castout
n the first double-word in the coherence-granule.

d Definitions for All Request-Packet Formats

ds that are unique to type 1, type 2, and type 5 formats are defined in their sections. Bit fields t
erved” shall be assigned: to logic Os when generated and ignored when received. Bit field e
ned as “reserved” shall-not be assigned when the packet is generated. A received reserved encod
error if a meaningfulencoding is required for the transaction and function, otherwise it is ignored
ned fields shallbe-ignored unless the encoding is understood by the receiving device. All packet
ams from the,first bit to the last bit, represented in the Figures 4-1 to 4-4 from left to right respec

following_field definitions in Table 4-4 apply to all of the request packet formats. See Figures 4-

Table 4-4. General Field Definitions for All Request Packets

ed address at the
anule). Data pay-
transactions start

nat are defined as
ncodings that are
ing is regarded as
Implementation-
described are bit
ively.

1 through 4-4.

Field

Definition

ftype

Format type, represented as a 4-bit value; is always the first four bits in the logical packet stream.

wdptr Word

pointer, used in conjunction with the data size (rdsize and wrsize) fields—see Table 4-7, Table
Section 2.4.

4-8 and

rdsize Data

size for read transactions, used in conjunction with the word pointer (wdptr) bit—see Table 4-7, T
and Section 2.4.

able 4-8

wrsize

be expected by the receiver.

Write data size for sub-double-word transactions, used in conjunction with the word pointer (wdptr) bit—see
Table 4-7 and Section 2.4. For writes greater than one double-word, the size is the maximum payload that should

rsrv

Reserved

srcTID

The packet’s transaction 1D
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Table 4-4. General Field Definitions for All Request Packets (Continued)

Field

Definition

transaction

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

extended Optional. Specifies the most significant 16 bits of a 50-bit physical address or 32 bits of a 66-bit physical
address address.
xamshs Extended address most significant bits. Further extends the address specified by the address and extended
address fields by 2 bits. This field provides 34-, 50-, and 66-bit addresses to be specified in a packet with the
xamsbs as 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 4-5. Read Size (rdsize) Definitions
wdptr rdsize Nuglykzzg of Byte Lanes Comment
0bO0 0b0000 1 0b10000000 1/0 read only
0b0 0b0001 1 0b01000000 1/@\read only
0b0 0b0010 1 0b00100000 I/O read only
0b0 0b0011 1 0b00010000 1/0 read only
Obl 0b0000 1 0b00001000 1/0 read only
Obl 0b0001 1 0b00000100 1/0 read only
Obl 0b0010 1 0b00000010 1/0 read only
Obl 0b0011 1 0b00000001 1/0 read only
0b0 0b0100 2 0b11000000 1/0 read only
0b0 0b0101 3 0b11100000 1/0 read only
0b0 0b0110 2 0b00110000 1/0 read only
0bO0 0b0111 5 0b11111000 1/0 read only
0b1 0b0100 2 0b00001100 1/0 read only
Obl 0b0101 3 0b00000111 1/0 read only
Ob% 0b0110 2 0b00000011 1/0 read only
0bl 0b0111 5 0b00011111 1/0 read only
0bo 0b1000 4 0b11110000 1/0 read only
0Oh1 0h1000 4 0h00001114 /O raad r\l’\l\Jl
0bo 0b1001 6 0b11111100 1/0 read only
Obl 0b1001 6 0b00111111 1/0 read only
0bo 0b1010 7 0b11111110 1/0 read only
Obl 0b1010 7 0b01111111 1/0 read only
0bo 0b1011 8 0b11111111 1/0 read only
Obl 0b1011 16 1/0 read only
0bo 0b1100 32
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Table 4-5. Read Size (rdsize) Definitions

wdptr rdsize Nugnyk:gsr of Byte Lanes Comment
Obl 0b1100 64
0b0-1 | 0b1101-1111 Reserved
Table 4-6. Write Size (wrsize) Definitions
wdptr wrsize Nu‘;ny[:zg o Byte Lanes
0b0 0b0000 1 0b10000000
0b0 0b0001 1 0b01000000
0b0 0b0010 1 0b00100000
0b0 0b0011 1 0b00010000
Ob1 0b0000 1 0b00001000
Ob1 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 0b010Q 2 0b00001100
Ob1 0b0101 3 0b00000111
Ob1 0b0110 2 0b00000011
0bt 0b0111 5 0b00011111
0b0 0b1000 4 0b11110000
Ob1 0b1000 4 0b00001111
0b0 0b1001 6 0b11111100
Ob1 0b1001 6 0b00111111
Bbo Bb1010 T Obtttitto
Obl 0b1010 7 0b01111111
0b0 0b1011 8 0b11111111
Ob1 0b1011 16
maximum
0b0 0b1100 32
maximum
Ob1 0b1100 64
maximum
Ob0-1 | 0b1101-1111 Reserved
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4.1.4

4.1.5

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 (Intervention-Request Class)

Type 1 request packets never include data. They are the only request types that can cause an intervention, so the sec-
ondary domain, secondary 1D, and secondary transaction 1D fields are required. The total number of bits available for
the secondary domain and secondary ID fields (shown in Figure 4-1) is determined by the size of the transport field
defined in the appropriate transport layer specification, so the size (labeled m and n, respectively) of these fields are
not specified. The division of the bits between the logical coherence domain and device ID fields is determined by the
specific application. For example, an 8 bit transport field allows 16 coherence domains of 16 participants.

The type 1 packet format is used for the READ_OWNER, READ_TO_OWN_OWNER, and-l10:[READ_OWNER
trarjsactions that are specified in the transaction sub-field column defined in Table 4-9. Type 1 packets are issued only
by & home memory controller to allow the third party intervention data transfer.

Definitions and encodings of fields specific to type 1 packets are displayed in Table 4¢7: Fields that @re not specific to
typg 1 packets are described in Table 4-4.

Table 4-7. Specific Field Definitions and Encodings for Type 1 Backets

Fielg Encoding Sub-Field Definition

seclD — Original requestor’s, or secondary, ID for intgrvention

secTID — Originakrequestor’s, or secondary, transactign ID for

intervention

sec_domp

n |— Qriginal requestor’s, or secondary, domain for
intervention

transaction 0b0000 READ_OWNER

0b0001 READ_TO_OWN_QWNER
0b0010 I0_READ_OWNER
0b0011-1111 | Reserved

4.1.6

Figlre 4-1 displays a type 1 packet with all its fields. The field value 0b0001 in Figure 4-1 specifies that the packet for-
mat is of type 1.

0001 | transaction | rdsize | srcTID |7
4 4 4 8

—»' sec_domain| seclD | secTID | extended address I
m n 8 0, 16, 32

*>| address | wdptr ‘ xamsbs |

29 1 2

Figure 4-1. Type 1 Packet Bit Stream Format

Type 2 Packet Format (Request Class)

Type 2 request packets never include data. They cannot cause an intervention so the secondary domain and ID fields
specified in the intervention-request format are not required. This format is used for the READ_HOME,
IREAD_HOME, READ_TO_OWN_HOME, I0_READ_HOME, DKILL_HOME, DKILL_SHARER,
IKILL_HOME, IKILL_SHARER, TLBIE, and TLBSYNC transactions as specified in the transaction field defined in
Table 4-10. Type 2 packets for READ_HOME, IREAD_HOME, READ_TO_OWN_HOME, I0_READ_HOME,
FLUSH without data, DKILL_HOME, and IKILL_HOME transactions are issued to home memory by a processing
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element. DKILL_SHARER and IKILL_SHARER transactions are issued by a home memory to the sharers of a coher-
ence granule. DKILL_HOME, DKILL_SHARER, IKILL_HOME, IKILL_SHARER, FLUSH without data, and
TLBIE are address-only transactions so the rdsize and wdptr fields are ignored and shall be set to logic 0. TLBSYNC
is a transaction-type-only transaction so both the address, xamsbs, rdsize, and wdptr fields shall be set to logic 0.

The transaction field encodings for type 2 packets are displayed in Table 4-8. Fields that are not specific to type 2

packets are described in Table 4-8.

Table 4-8. Transaction Field Encodings for Type 2 Packets

Encoding Transaction Field
0b0000 READ_HOME
0b0001 READ_TO_OWN_HOME
0b0010 I0_READ_HOME
0b0011 DKILL_HOME
0b0100 Reserved
0b0101 IKILL_HOME
0b0110 TLBIE
0b0111 TLBSYNC
0b1000 IREAD_HOME
0b1001 FLUSH witheut data
0b1010 IKILL*SHARER
0b1011 DKILL_SHARER
0b1100-1111 Reserved

Figure 4-2 displays a type 2 packet with-all its fields. The field value 0b0010 in Figure 4-2 specifi

foriat is of type 2.

| 0010 ‘ transaction rdsize |

srcTID I—

Figure 4-2. Type 2 Packet Bit Stream Format

4 4 4 8
—>| extended address ‘ address |wdptr‘ xamshs |
0, 16, 32 29 1 2

bs that the packet

Typn 3.4 Packet Formats (Dacnr\lnd)

The type 3-4 packet formats are reserved.

Type 5 Packet Format (Write Class)

Type 5 packets always contain data. A data payload that consists of a single double-word or less has sizing information
as defined in Table 4-8. The wrsize field specifies the maximum size of the data payload for multiple double-word
transactions. The FLUSH with data and CASTOUT transactions use type 5 packets as defined in Table 4-11. Note that

type 5 transactions always contain data.
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Fields that are not specific to type 5 packets are described in Table 4-6.
Table 4-9. Transaction Field Encodings for Type 5 Packets

Encoding Transaction Field
0b0000 CASTOUT
0b0001 FLUSH with data

0b0010-1111 Reserved

Figpre 4-37displays a type 5 packet with all 1ts fields. The field value Ob0I0T in Figure 4-3 SpeciTips that the packet
foriat is of type 5.

| opo1 ‘ transaction wrsize ‘ srcTID I—
4 4 4 8
—»' extended address ‘ address |wdptrl Xamshs Ii
0, 16, 32 29 1 2
—>| double-word 0 | double-word 1 I
64 64
—>| double-werd n |

64
Figure 4-3. Type 5 Packet Bit Stream Format

4.1.9 Type 6-11 Packet Formats (Reserved)
The type 6-11 packet formats are reserved.

4.2 Resppnse Packet Formats

A resgonse transaction is issued by a processing element when it has completed a request made by a remote processing
elemept. Response packets are always directed and are transmitted in the same way as request packgts. Currently two
resporjse packet format types exist, as shown in Table 4-10.

Table 4-10. Request Packet Type to Transaction Type Cross Reference

Request Docyment
Paclet Transaction Type Definition .
Sectign No.
Format|Type
Type 1 — Reserved Section 4.2.2
Type 13 RESPONSE Issued by a processing element when it completes a | Section 4.2.3
request by a remote element.
Type 14 — Reserved Section 4.2.4
Type 15 Implementation-defined Defined by the device implementation Section 4.2.5

4.2.1 Field Definitions for All Response Packet Formats
The field definitions in Table 4-11 apply to more than one of the response packet formats.
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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
targetTID| — The carresponding request packet’s transaction D
status Type of status and encoding
0b0000 DONE Requested transaction has been successfully completed
0b0001 DATA_ONLY This is a data only response
0b0010 NOT_OWNER Not owner of requested coherénce granule
0b0011 RETRY Requested transaction isnot-accepted; must retry the
request
0b0100 INTERVENTION Update home memapy with intervention data
0b0101 DONE_INTERVENTION | Done for a transaction that resulted in an intervegntion
0b0110 — Reserved
0b0111 ERROR Unrecoverable error detected
0b1000-1011 — Reserved
0b1100-1111 Implementation Implementation defined—Can be used for additjonal
information such as an error code
4.2.2 Type 12 Packet Format (Reserved)
The type 12 packet format is reserved:
4.2.3 Type 13 Packet Format (Response Class)
The type 13 packet format returns status, data (if required), and the requestor’s transaction ID. A RESPONSE packet
with an “ERROR?” statys ‘or a response that is not expected to have a data payload never has a data payload. The type
13 format is used for\response packets to all request transactions.
Nofe that type 23 packets do not have any special fields.
Figure 4-4'illustrates the format and fields of type 13 packets. The field value 0b1101 in Figure 4-4|specifies that the
packet format is of type 13.

1101 transaction status

targetTID

4 4 4

8

double-word 0

—

|7

‘ double-word 1

64

64

—

double-word n |

64

Figure 4-4. Type 13 Packet Bit Stream Format
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4.2.4

4.2.5

5.1

5.2

Type 14 Packet Format (Reserved)
The type 14 packet format is reserved.

Type 15 Packet Format (Implementation-Defined)
The type 15 packet format is reserved for implementation-defined functions such as flow control.

Chapter 5 - Globally Shared Memory Registers

This chapter describes the visible register set that allows an external processing element to determine the
figuratio, attrsof-aprocessingetemer strgrthistogicat-specification—hischapteron

ter bits defined by this specification. Refer to the other RapidlO logical, transport, and physical specificat]
determing a complete list of registers and bit definitions. All registers are 32-bits and aligned to a 32-hit bq

a OTa 1o v Cl U O VALY I

Regigter Summary

Table p-1 shows the register map for this RapidlO specification. These capability registers {CARs) and (
tus registers (CSRs) can be accessed using the Partition I: Input/Output Logical Specification mainte
Any register offsets not defined are considered reserved for this specification unless otherwise state
requirgd for a processing element are defined in other applicable RapidlO specifications and by the re
specif|c device and are beyond the scope of this specification. Read and write’ accesses to reserved reg
termirfate normally and not cause an error condition in the target device. Writes to CAR (read-only) spa
normglly and not cause an error condition in the target device.

Register bits defined as reserved are considered reserved for this'specification only. Bits that are resery
cation|may be defined in another RapidlO specification.

Table 5-1. GSM Register Map

capabilities, con-
registers or regis-
ons of interest to
undary.

ommand and sta-
nance operations.
. Other registers
uirements of the
ister offsets shall
ce shall terminate

ed in this specifi-

Configuration
Spage Byte
Qffset

Register Name Register Name
(Word 0) (Word 1)

0x0-1p Reserved

0x18 Source Opérations CAR Destination Operations CAR

0x20-F8 Reserved

0x100
FFF8 Extended Features Space

0x10Q00-
FEEFES Implementation-defined Space

Resefved Register and Bit Behavior

Table 5.2 describes the required behavior for accesses to reserved register bits and reserved registers for the RapidlO reg-

ister space.
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Table 5-2. Configuration Space Reserved Access Behavior

Byte Offset Space Name Item Initiator behavior Target behavior
0x0-3C Capability Register Reserved bit read - ignore returned value® | read - return logic 0
Space _(CAR Space - this write - write - ignored
space is read-only)
Implementation- | read - ignore returned value read - return implementation-
defined bit unless implementation- defined value
defined function understood
write - write - ignored
Reserved read - ignore returned value read - returmlogic 0s
register - .
g write - write ~ignered
0x40-Fd Command and Status Reserved bit read - ignore returned value redd--return logic 0
geglster Space (CSR write - preserve current write - ignored
pace) value?
Implementation- | read - ignore returned value read - return implemgntation-
defined bit unless implementation+ defined value
defined function-understood
write - preserve current value | write - implementatipn-
if implementation-defined defined
function not understood
Reserved register | read™ ignore returned value read - return logic 0g
write - write - ignored
0x100- Extended Features Space | Reserved hit read - ignore returned value | read - return logic 0
FFFC write - preserve current value | write - ignored
Impleémentation- | read - ignore returned value read - return implemegntation-
defined bit unless implementation- defined value
defined function understood
write - preserve current value | write - implementatipn-
if implementation-defined defined
function not understood
Reserved register | read - ignore returned value read - return logic Og
write - write - ignored
0x10000- |dmplementation-defined | Reserved bitand | All behavior implementation-defined
FFFFFQ { Space register

1. Do not depend on reserved bits being a particular value; use appropriate masks to extract defined bits from the read

value.

2. All register writes shall be in the form: read the register to obtain the values of all reserved bits, merge in the
desired values for defined bits to be modified, and write the register, thus preserving the value of all reserved bits.

Capability Registers (CARs)

Every processing element shall contain a set of registers that allows an external processing element to determine its capa-
bilities using the 1/0 logical maintenance read operation. All registers are 32 bits wide and are organized and accessed in
32-bit (4 byte) quantities, although some processing elements may optionally allow larger accesses. CARs are read-only.
Refer to Table 5-2 for the required behavior for accesses to reserved registers and register bits.

CARs are big-endian with bit 0 and Word 0 respectively the most significant bit and word.
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Source Operations CAR (Offset 0x18 Word 0)

This register defines the set of RapidlO GSM logical operations that can be issued by this processing element; see
Table 5-3. It is assumed that a processing element can generate 1/0 logical maintenance read and write requests if it is
required to access CARs and CSRs in other processing elements. The Source Operations CAR is applicable for end
point devices only. RapidlO switches shall be able to route any packet.

Table 5-3. Bit Settings for Source Operations CAR

bnt; see Table 5-4.
fuests in order to
RapidlO switches

Bit Field Name Description
0 Read PE can support a read operation
1 Instruction read PE can support an instruction read operation
2 Read-for-ownership PE can support a read-for-ownership operation
3 Data cache invalidate PE can support a data cache invalidate operation
4 Castout PE can support a castout operation
5 Data cache flush PE can support a data cache flush operation
6 1/0 read PE can support an 1/O read opetation
7 Instruction cache invalidate | PE can support an instruction)cache invalidate
operation
8 TLB invalidate-entry PE can support a TLBJinvalidate-entry operation
9 TLB invalidate-entry sync PE can supportéa TLB invalidate-entry sync
operation
10-13 | — Reserved
14-15 | Implementation Defined Defined by the device implementation
16-29 | — Reserved
30-31 | Implementation Defined Defined by the device implementation
Degtination Operations CAR (Offset 0x18 Word 1)
Thig register defines the set of RapidlO GSM operations that can be supported by this processing elem
It i$ required that all processing elements can respond to 1/0 logical maintenance read and write re
accpss these registers. The-Destination Operations CAR is applicable for end point devices only.
shall be able to route any.packet.
Table 5-4. Bit Settings for Destination Operations CAR
Bit Field Name Description
0 Read PE can support a read operation
1 Instruction read PE can support an instruction read operation
2 Read-for-ownership PE can support a read-for-ownership operation
3 Data cache invalidate PE can support a data cache invalidate operation
4 Castout PE can support a castout operation
5 Data cache flush PE can support a flush operation
6 1/0 read PE can support an 1/0 read operation
7 Instruction cache invalidate | PE can support an instruction cache invalidate
operation
8 TLB invalidate-entry PE can support a TLB invalidate-entry operation
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Table 5-4. Bit Settings for Destination Operations CAR (Continued)

Chapte

This chd
machines
space, o
the local
defined H
in Chaptg
ing the S

Similarly
LOCAL |
within a
sor cachg

Some de

e for remote accesses to local space, and one for handling responses madeg, by’the remote systen

HARED state into a REMOTE_SHARED and a REMOTE_AND) LOCAL_SHARED state pair.

, it may be desirable for an implementation to hdve®an UNOWNED state instead

brocessing element, not the globally shared memory protocol itself. This flexibility allows a variet

in Sectio|
only req
have a |
request
described

Defin
Theg
are de

Ge

add
ma

ass

N, “2.1.3 Memory-Only Processing Element*Model”. The protocols for these devices are much

J

nd response state machines. The protocols assume a processor element and memory proce
in Figure 2-2.

itions

neral definitions of ~Section 6.1.1 apply throughout the protocol, and the requests and responses

fined in Section 6.2;1Request and Response Definitions”.

heral Definitions

Bit Field Name Description
9 TLB invalidate-entry sync PE can support a TLB invalidate-entry sync
operation
10-13 | — Reserved
14-15 | Implementation Defined Defined by the device implementation
16-29 | — Reserved
30-31 | Implementation Defined Defined by the device implementation

r 6 - Communication Protocols

are required for a processing element on the RapidlO interface: one for local system accesses tg
system. The protocols are documented as pseudo-code partitioned by. opération type. The Rap

ere assume a directory state definition that uses a modified bit with thelocal processor always sh
r 2, “System Models.” The protocols can be easily modified to use an‘alternate directory scheme

SHARED or LOCAL_MODIFIED. These optimizations only affect the RapidlO transaction

state coherence definitions such as MSI or MESL.

igns may not have a source of local system requests, for example, the memory only processing §

iring the external request state machineand a portion of the response state machine. Similarly,

ress_collision -- An address match between the new request and an address currently being ser
hines-or some other address-based internal hazard. This frequently causes a retry of the new requ

gnentry() -- Assign resources (such as a queue entry) to service a request, mark the address as

ISO/IEC © 18372:2004(E)

pter contains the RapidlO globally shared memory (GSM) communications @rotocol definifjons. Three state

local and remote
to requests from
dlO protocols as

ring as described

hat allows break-

Of defaulting to
issuing behavior
y of local proces-

lement described
less complicated,
a design may not

cal memory controller, which is als@ a much less complicated device, requiring only a portign of the internal

ssing element as

of state machines

viced by the state
est.

hble to participate

in address collision detection (if appropriate), and assign a transaction 1D

data -- Any data associated with the transaction; this field is frequently null

directory_state -- The memory directory state for the address being serviced

error() -- Signal an error (usually through an interrupt structure) to software, usually to indicate a coherence violation
problem

free_entry() -- Release all resources assigned to this transaction, remove it from address collision detection, and deal-
locate the transaction 1D

local -- Memory local to the processing element

local_request(m,n,...) -- A local request to a local processor caused by an incoming external request that requires a
snoop of the processor’s caches
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local_response (m,n,...) -- A local response to a local request; usually indicates the cache state for the requesting proc-
essor to mark the requested data

LOCAL_RTYPE -- This is the response from the local agent to the local processor in response to a local request.

LOCAL_TTYPE -- This is the transaction type for a request passed from the RapidlO interconnect to a local device.

(mask <= (mask ~= received_srcid)) -- “Assign the mask field to the old mask field with the received ID bit cleared.”
This result is generated when a response to a multicast is received and it is not the last one expected.

((mask ~= (my_id OR received_id)) == 0) -- “The mask field not including my ID or the received ID equals 0.” This
result indicates that we have received all of the expected responses to a multicast request.

(mgsk ~= my_id)"“-- The sharing mask not including my ID.” This result is used for multicast opefations where the
reqpestor is in the sharing list but does not need to be included in the multicast transaction because it is the source of
the|transaction.

(mask <= (participant_list ~= my_id)) -- “The sharing mask includes all participants except'my ID.” This result is used
forthe IKILL operation, which does not use the memory directory information.

(mask <= (participant_list ~= (received_srcid AND my_id))) --“The sharing mask includes all parti¢ipants except the
reqpestor’s and my IDs.” This result is used for the IKILL operation, which.dges not use the memory directory infor-
mation.

(mask == received_srcid) -- “The sharing mask only includes the requestor’s ID.” This result is us¢d for the DKILL
opdration to detect a write-hit-on-shared case where the requestor has'the only remote copy of the coherence granule.

orig
rec
rec
rec
ren
ren
RE

retd
the

sec
pro

set |
set |

Sou

inal_srcid -- The ID of the initial requestor for a transactiemnysaved in the state associated with th
bived_data -- The response contained data

bived_data_only_message-- Flag set by set_received-data_only_message()

bived_done_message -- Flag set by set_received. done_message()

ote_request (m,n,...) -- Make a request ta;the interconnect fabric

ote_response (m,n,...) -- Send a respense to the interconnect fabric

SPONSE_TTYPE -- This is the'RapidlO transaction type for a response to a request

rn_data() -- Return data tothe local requesting processor, either from memory or from a intercon
source can be determined from the context

bndary_id -- The third party identifier for intervention responses; the processing element ID cond
Cessing element domain.

received_data~only_message() -- Remember that a DATA_ONLY response was received for this
received..done_message() -- Remember that a DONE response was received for this transaction

rce” id-“- The source device identifier; the processing element ID concatenated with the processin

e transaction 1D

hect fabric buffer;

atenated with the

transaction 1D
D

) element domain

targ

PRI =) b " ! - LY ) - I — - ol ol
CL_1U ==TTIE UCSUTIallUIT UTVILE TUTTIUTICT, UTE PTULESSITTY CICTTIETIU T CUTILALETIAalEU WL Uie Pi

domain

TRANSACTION -- The RapidlO transaction type code for the request

update_memory() -- Write memory with data received from a response

update_state(m,n,...) -- Modify the memory directory state to reflect the new system status

Request and Response Definitions

cessing element

Following are the formats used in the pseudocode to describe request and response transactions sent between process-
ing elements and the formats of local requests and responses between the cache coherence controller and the local
cache hierarchy and memory controllers.

System Request
The system request format is:
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emote_request(TRANSACTION, target_id, source_id, secondary_id, data)
which describes the necessary RapidlO request to implement the protocol.

6.1.2.2 Local Request
The local request format is:

local_request(LOCAL_TTYPE)

that is the necessary local processor request to implement the protocol; the pseudocode assumes a generic local bus.
A local request also examines the remote cache as part of the processing element’s caching hierarchy. The local

transactions are defined as:

KILL -- Causes the processor to transition the coherence granule to invalid regardless of the tufrent state; data is

ot pushed if current state is modified

KILL -- Causes the processor to invalidate the coherence granule in the instruction caehe

EAD -- Causes the processor to transition the coherence granule to shared and push data if necessary

EAD_LATEST -- Causes the processor to push data if modified but not transition the cache statg
EAD_TO_OWN -- Causes the processor to transition the coherence gradule to invalid and push data
LBIE -- Causes the processor to invalidate the specified translation-leok-aside buffer entry

LBSYNC -- Causes the processor to indicate when all outstanding TLBIEs have completed

6.1.2.3 ystem Response
he system response format is:

emote_response(RESPONSE_TTYPE, target_id, soutee_id, data (opt.))
vhich is the proper response to implement the pratocol.

6.1.2.4 | ocal Response
The local response format is:

local_response(LOCAL_RTYPE)

n general, a transaction ID (TID)\s-associated with each device ID in order to uniquely identify a fequest. This TID

is frequently a queue index jin‘the source processing element. These TIDs are not explicitly callefl out in the pseu-

ocode below. The local respenses are defined as:
XCLUSIVE -- The progessor has exclusive access to the coherence granule

K -- The transaction requested by the processor has or will complete properly

ETRY -- Causes the processor to re-issue the transaction; this response may cause a local bus gpin loop until the

rotocol allows a different response

HARED -- The processor has a shared copy of the coherence granule

6 2 O s + D + L Rof
. pe AltiUulT tU T"TULULUT ©TUSS TATITTTTIUT

Table 6-1 contains a cross reference of the operations defined in the RapidlO Interconnect Globally Shared Memory Log-

ical Specification and their system usage.
Table 6-1. Operation to Protocol Cross Reference

Operations Protocol
Read Section 6.3 Read Operations
Instruction read Section 6.3 Read Operations
Read for ownership Section 6.5
Data cache invalidate Section 6.6
Instruction cache invalidate | Section 6.6
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6.3

6.3.1

6.3.2

Table 6-1. Operation to Protocol Cross Reference (Continued)

Operations Protocol
Castout Section 6.7
TLB invalidate entry Section 6.8
TLB invalidate entry Section 6.8
synchronize
Data cache flush Section 6.9
1/O read Section 6.10

Read| Operations

This operation is a coherent data cache read; refer to the description in Section 3.2.1, "Read\Operationsf{.

Intprnal Request State Machine

Thik state machine handles requests to both local and remote memory from the local processor.

if (address_collision)

[l in progress or a cache
local_response(RETRY);

elsgif (local)

switch (directory_state)

casg LOCAL_MODIFIED:

/llogal memory to owned
local_response(EXCLUSIVE);
retyrn_data();

casp LOCAL_SHARED,// local, owned by memory
casp SHARED: // shared local and remote
locgl_response(SHARED);

retyrn_data();

/I the way it was

casg REMOTE_MODIFIED:
locgl_response(SHARED);

assign_entry();

/I altransaction ID,

[l upually a queue entry
remote_request(READ_OWNER, mask_id, my_id, my_id);
default:

errgr();

else // remote - we’ve got to go

/1 t1¢ anether processing element

/I this-is due to an external requ

{/'index hazard from a previous
I/ our local memory

/I local modified is OK if we de

/I keep directory state

/I this means to assign

est

request

fault

asskgr—eAtrH:

local_response(RETRY);

I/ snoop yet

remote_request(READ_HOME, mem_id, my_id);
endif;

Response State Machine

This state machine handles responses to requests made to the RapidlO interconnect on behalf of the local system or a

third party.

/ can’t guarantee data before a

if (my_id == mem_id == original_srcid)// original requestor is home memory

switch(remote_response)// matches my _id only for
/I REMOTE_MODIFIED case
case INTERVENTION:
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update_memory();

update_state(SHARED, original_srcid);
return_data();

free_entry();

case NOT_OWNER,// due to address collision or
case RETRY:// passing requests

switch (directory_state)

case LOCAL_MODIFIED:
local_response(EXCLUSIVE);

/I when processor re-requests

retyrn_datag);

freg_entry();

casg LOCAL_SHARED:
locgl_response(SHARED);

[/l when processor re-requests

retyrn_data();

freg_entry();

casf REMOTE_MODIFIED: // mask_id must match received_srcid

[lonerror; spin or wait for castout
remote_request(READ_OWNER, received_srcid,
my| id, my_id);

defpult:

errgr();
def]xult
errgr();

elsgif(my_id == mem_id ~== original_id// i’m home memory working for
[la third party

switch(remote_response)

casg INTERVENTION:

update_memory();

update_state(SHARED, original_srcid);
remote_response(DONE_INTERVENTION, original_srcid, my_id);
freq_entry();

casg NOT_OWNER,// data comes from memory,

/I mimic intervention

casg RETRY:

switch(directory_state)

case LOCAL_SHARED:

update_state(SHARED, original_srcid);

renjote_response(DATA_ONLY, original_srcid,

my| id, data);

emoteresponse(DONE_INTERVENTION, original_srcid,

myidy;

free_entry();

case LOCAL_MODIFIED:

update_state(SHARED, original_srcid);

remote_response(DATA_ONLY, original_srcid,

my_id, data);

remote_response(DONE_INTERVENTION, original_srcid,

my_id);

free_entry();

case REMOTE_MODIFIED:// spin or wait for castout
remote_request(READ_OWNER, received_srcid,

my_id, my_id);

default:

error();
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default:

error();

else// my_id ~=mem_id - I’'m

/I requesting a remote

/l memory location

switch(remote_response)

case DONE:

local_response(SHARED); // when processor re-requests
return_data();

free_entry();

casf DONE_INTERVENTION//MUSt be Trom third party
set |received_done_message();

if (feceived_data_only_message)

freg_entry();

else
[/l wait for a DATA_ONLY

endif;

casp DATA_ONLY: // this is due to an intervention, a
/I QONE_INTERVENTION should come

Il sgparately

locgl_response(SHARED);

set |received_data_only_message();

if (feceived_done_message)

retyrn_data();

freq_entry();

elseé
retyrn_data(); // OK for weak ordering

endif;

casg RETRY:

renote_request(READ_HOME, received_srcid, my _id);
default

errgr();

endif;

External Request State Machine

Thik state machine handles:requests from the system to the local memory or the local system. This may require making

further external requests:

if (address_collision)

I, I'7T Chapter~7{-"Address Collision Resolution Tables”
elsgif (READ-HOME)

assign_entry();

/I use collision tables in

Il remote request to our local mefory

swigch (directory_state)
cas D)

local_request(READ);

update_state(SHARED, received_srcid);

[lafter possible push completes
remote_response(DONE, received_srcid, my_id, data);
free_entry();

case LOCAL_SHARED,

case SHARED:

update_state(SHARED, received_srcid);
remote_response(DONE, received_srcid, my_id, data);
free_entry();

case REMOTE_MODIFIED:

if (mask_id ~= received_srcid)

/I intervention case
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remote_request(READ_OWNER, mask _id,

my_id, received_srcid);

else

error(); I he already owned it;
/I cache paradox (or I-fetch after d-

/I store if not fixed elsewhere)

endif;

default:

error();

else /I READ_OWNER request to our caches
assfgn_entry();

locgl_request(READ); /I spin until a valid response
I/ filom caches

switch (local_response)

casg MODIFIED: // processor indicated a push;

[l Wait for it

cache_state(SHARED or INVALID);

/Isurrender ownership

if (received_srcid == received_secid)

[loniginal requestor is also home

remote_response(INTERVENTION, received_srcid,

my| id, data);

else
remote_response(DATA_ONLY, received_secid,

my| id, data);

remote_response(INTERVENTION, received_srcid,

my| id, data);

endif;

casg INVALID: // must have cast it out
remote_response(NOT_OWNER, receivedsfcid, my_id);
defpult;

errgr();

freg_entry();

endif;

6.4 Instruction Read Operations
This dperation is a partially’coherent instruction cache read; refer to the description in Section 3.2.2, ['Instruction Read
Operajions".

6.4.1 Internal Reguest State Machine
Thip state- machine handles requests to both local and remote memory from the local processor.

if (address_collision) // this is due to an external
// requEeST In progress or a cache

local_response(RETRY); // index hazard from a previous request
elseif (local) I our local memory

switch (directory_state)

case LOCAL_MODIFIED: /I local modified is OK if we default

/' local memory to owned

local_response(EXCLUSIVE);

return_data();

case LOCAL_SHARED, /I local, owned by memory

case SHARED: /I shared local and remote
local_response(SHARED);

return_data(); /I keep directory state the way it was

case REMOTE_MODIFIED:
local_response(SHARED);
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assign_entry(); /I this means to assign a transaction
//'1D, usually a queue entry

remote_request(READ_OWNER, mask_id, my_id, my_id);

default:

error();

else /l remote - we’ve got to go
/Ito another processing element

assign_entry();

local_response(RETRY);

/ can’t guarantee data before a

/1 spoop yet

remote_request(IREAD_HOME, mem_id, my_id);

endif;

Regponse State Machine

This state machine handles responses to requests made to the RapidlO interconnect ‘@nbehalf of the|local system or a
third party.

if (My_id == mem_id == original_srcid) /I original™equestor is home memory
errgr();
elsgif(my_id == mem_id ~== original_id) Il Yrhome memory working forja

// third party

switch(remote_response)

case INTERVENTION:

update_memory();

update_state(SHARED, original_srcid);

remote_response(DONE, original_srcid, my_id);

freq_entry();

case NOT_OWNER, /I data comes from memory,
/I mimic intervention

casg RETRY:

switch(directory_state)

casg LOCAL_SHARED:

update_state(SHARED, originat- srcid);

remote_response(DONE, original_srcid, my_id);

freq_entry();

casg LOCAL_MODIEIED:

update_state(SHARED) original_srcid);

remote_response(BONE, original_srcid, my_id);

freq_entry();

casp REMOTE MODIFIED: /I spin or wait for castout
renmote, fequest(READ_OWNER, received_srcid,

my| id{my id);

defautt;

error();

default:

error();

else // my_id ~= mem_id - I’'m requesting

/I a remote memory location

switch(remote_response)

case DONE:

local_response(SHARED); // when processor re-requests
return_data();

free_entry();

case DONE_INTERVENTION: /I must be from third party
set_received_done_message();

if (received_data_only_message)
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free_entry();

else

/I wait for a DATA_ONLY
endif;

case DATA_ONLY: /I this is due to an intervention; a

// DONE_INTERVENTION should come
/I separately

local_response(SHARED);
set_received_data_only_message();

if (received_done_message)

retyrn_datag);
freg_entry();
else
retyrn_data(); /l OK for weak ordering
endif;

casg RETRY:

renote_request(IREAD_HOME, received_srcid, my_id);

defpult

errgr();

endif;

External Request State Machine

This state machine handles requests from the system to the localemory or the local system. This m

further external requests.

if (address_collision) /I use collision tables in

y require making

els¢if(IREAD_HOME) // remote request to our local mefnory

itch (directory_state)

case LOCAL_MODIFIED:

local_request(READ);

update_state(SHARED, received_srcid);

/I after possible push completes
renote_response(DONE, received_srcid, my_id, data);
freq_entry();

casg LOCAL_SHARED,

case SHARED:

update_state(SHARED, received_srcid);
renote_respons€(DONE, received_srcid, my_id, data);
freq_entry();

casg REMOTE_MODIFIED:

if (1nask_id ~= received_srcid)

[/ itETVention case

remote_request(READ_OWNER, mask _id,

my_id, received_srcid);

else I he already owned it in his
//data cache; cache paradox case

remote_request(READ_OWNER, mask_id, my_id, my_id);

endif;

default:

error();

endif;

Read for Ownership Operations
This is the coherent cache store miss operation.
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Internal Request State Machine
This state machine handles requests to both local and remote memory from the local processor.

if (address_collision) // this is due to an external request
/I in progress or a cache index

local_response(RETRY); /I hazard from a previous request
elseif (local) Il our local memory

switch (directory_state

case LOCAL_MODIFIED, /l'local modified is OK if we

/I default memory to owned locally

casp-EOCAL—SHARED:
local_response(EXCLUSIVE); /I give ownership to processor.
retyrn_data();

if (
upd
end
cas
/la
ass
loc
rem
cas
ass
loc
rem
def
err(
elsé
II'p
ass
loc
rem
end

R

Thi
thin
if (
SWi
cas
if (
/1t

D

irectory_state == LOCAL_SHARED)

ate_state(LOCAL_MODIFIED)

if;

t REMOTE_MODIFIED: /I owned by another, get a copy
nd ownership

gn_entry();

Bl _response(RETRY); Il retry
ote_request(READ_TO_OWN_OWNER, mask_id, my_id, my_id);

b SHARED: /invalidate the sharing list
gn_entry();

bl _response(RETRY); // retry

ote_request(DKILL_SHARER, (mask ~= my_id), my. id, my_id);

hult:

rQ);

/l remote - we’ve got to go to another

Focessing element

gn_entry();

l_response(RETRY);
ote_request(READ_TO_OWN_HOME, mem_id, my_id);
if;

ponse State Machine

5 state machine handlés-responses to requests made to the RapidlO interconnect on behalf of the
d party.

y_id == mem_\id'== original_srcid)
ch (received-response)

e DONE: /I SHARED, so invalidate case
mask~= (my_id OR received_id)) == 0)

isds the last DONE

loc

I _procnaoncalEXYCL LICSIN/EN-
T—TCopPo SARa—yr

HottEoT=o
~ \

return_data();
update_state(LOCAL_MODIFIED);
free_entry();

else

mask <= (mask ~= received_srcid);

Il
o

ip the responder’s shared
it and wait for next DONE

endif;
case NOT_OWNER: /I due to address collision with
/I CASTOUT or FLUSH

swi

tch(directory_state)

case LOCAL_MODIFIED,:
local_response(EXCLUSIVE);

local system or a

// original requestor is home memory
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return_data();

free_entry();

case LOCAL_SHARED:
local_response(EXCLUSIVE);

return_data();

update_state(LOCAL_MODIFIED);

free_entry();

case REMOTE_MODIFIED:

/I spin or wait for castout
remote_request(READ_TO_OWN_OWNER, mask_id,
my[To; my_1dy;

defpult:

errgr();

casg INTERVENTION: I/ remotely owned
locgl_response(EXCLUSIVE);

retyrn_data();

update_state(LOCAL_MODIFIED);

freg_entry();

casg RETRY:

switch (directory_state)

casg LOCAL_MODIFIED:
locgl_response(EXCLUSIVE);

retyrn_data();

freq_entry();

casg LOCAL_SHARED:
locgl_response(EXCLUSIVE);

retyrn_data();

update_state(LOCAL_MODIFIED);

freq_entry();

casg REMOTE_MODIFIED: /Imask_id must match received_grcid
/lonerror condition
renote_request(READ_TO_OWN_OWNER, received_srcid,
my| id, my_id);

case SHARED:

remote_request(DKILL_SHARER, received_srcid, my _id,
my| id);

defpult:

errgr();

defpult:

errgr();

elsgif (my=id== mem_id ~= original_srcid)

I Vjm iome memory working

[/ forathird party

switch(received_response)

case DONE: / invalidates for shared
/I directory states

if ((mask ~= (my_id OR received_id)) == 0)

// this is the last DONE
update_state(REMOTE_MODIFIED, original_srcid);
remote_response(DONE, original_srcid, my_id, data);
free_entry();

else

mask <= (mask ~= received_srcid);

/I flip the responder’s shared bit

endif; // and wait for next DONE
case INTERVENTION:
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/I remote_modified case

upd

ate_memory();

/I recovery
update_state(REMOTE_MODIFIED, original_id);

remote_response(DONE_INTERVENTION, original_id, my_id);

free_entry();

case NOT_OWNER:

/I intervention
switch(directory_state)
case LOCAL_SHARED:

/I for possible coherence error

// data comes from memory, mimic

cas
upg
ren
dat
ren
freq
cas
ren
my
def

FCOCAL_MODIFIED:
ate_state(REMOTE_MODIFIED, original_srcid);
ote_response(DATA_ONLY, original_srcid, my_id,
);
ote_response(DONE, original_srcid, my_id);

_entry();

e REMOTE_MODIFIED:
ote_request(READ_TO_OWN_OWNER, received_srcid,
| id, original_srcid);

hult:

swi
cas
cas
upg
ren
dat
ren
freq
cas
/lo
ren
my
cas
ren
my
def
errg
def
errg
elsg

errgr();
cas} RETRY:
i

ch (directory_state)

e LOCAL_MODIFIED,

b LOCAL_SHARED:
ate_state(REMOTE_MODIFIED, original_srcid);
ote_response(DATA_ONLY, original_srcid, my_dd,
)
ote_response(DONE, original_srcid, my_id);

_entry();

e REMOTE_MODIFIED:

- error condition
ote_request(READ_TO_OWNCOWNER, received_srcid,
[ id, my_id);

e SHARED:

ote_request(DKILL-SHARER, received_srcid, my_id,
id);

hult:

rQ);

hult:

rQ);

/l/my~id ~= mem_id - I’m requesting

/la

remote memory location

// mask_id must match received_|

srcid

swi

tch (received_response)

case DONE:
local_response(EXCLUSIVE);
return_data();

free_entry();

case DONE_INTERVENTION:
set_received_done_message();
if (received_data_message)
free_entry();

else

[/l wait for DATA_ONLY
endif;

case DATA_ONLY:


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

- 236 - ISO/IEC © 18372:2004(E)

set_received_data_message();

local_response(EXCLUSIVE);

if (received_done_message)

return_data();

free_entry();

else

return_data(); /I OK for weak ordering

endif; // and wait for a DONE

case RETRY: /I lost at remote memory so retry
remote_request(READ_TO_OWN_HOME, mem_id, my_id);

dEf([lUII.
errgr();
endif;

6.5.3 External Request State Machine

Thik state machine handles requests from the interconnect to the local memory or théylocal system. [This may require
making further external requests.

if (address_collision) /I use collision tables
/l'ig , “7 Chapter 7 - Address Collision Resolution Tables”
elsgif (READ_TO_OWN_HOME) /I rémpte request to our local mefnory

assign_entry();

switch (directory_state)

case LOCAL_MODIFIED,

case LOCAL_SHARED:

locgl_request(READ_TO_OWN);

remote_response(DONE, received_srcid, my_id, data);

/I after possible push

update_state(REMOTE_MODIFIED, received.srcid);

freq_entry();

case REMOTE_MODIFIED:

if (mask_id ~= received_srcid)

/I igtervention case

renjote_request(READ_TO_OWN:>OWNER, mask_id, my_id,

recgived_srcid);

elsé

errgr(); I he already owned it!
endif;
case SHARED:

local_request(READ_TO_OWN);

if (mask ==teceived_srcid)

[Irepuestonis only remote sharer
update{state(REMOTE_MODIFIED, received_srcid);
,TeCeived_sTeid, my 1o, tatay;

[/l from memory

free_entry();

else /lthere are other remote sharers
remote_request(DKILL_SHARER, (mask ~= received_srcid),

my_id, my_id);

endif;

default:

error();

elseif(READ_TO_OWN_OWNER) /I request to our caches
assign_entry();

local_request(READ_TO_OWN); /I spin until a valid response from
/I the caches

switch (local_response)
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6.6

6.6.1

Data
This o

case MODIFIED:

cache_state(INVALID);

[Isurrender ownership

if(received_srcid == received_secid)

/I the original request is from the home
remote_response(INTERVENTION, received_srcid, my_id,
data);

else

// third party

remote_response(DATA_ONLY, received_secid, my_id,

/I processor indicated a push

// the original request is from a

dat@);
remote_response(INTERVENTION, received_srcid, my_id,
datg);

endif;

freg_entry();

casg INVALID:

remote_response(NOT_OWNER, received_srcid, my_id);
defpult:

errgr();

endif;

Internal Request State Machine

Thip state machine handles requests to both local and’remote memory from the local processor.

if (ddress_collision)

/I progress or a cache index
locgl_response(RETRY);
elsgif (local)

if (PKILL)

switch (directory_state)

casg LOCAL_MODIFIED,

/I memory to owned locally
case LOCAL_SHARED:
local_response(EXCRUSIVE);
if (LOCAL_SHARED)
update_state(cOCAL_MODIFIED, my _id);
endif;

casg REMOTE_MODIFIED:
I Writeshit-on-shared

Cache and Instruction Cache Invalidate Operations
peration is used with coherent cache store-hit-on-shared, caché operations; refer to the description in Section 3.2.4,
"Data[Cache Invalidate Operations".

/I castout address-eollision

// this is due to an external requegt in
/I hazard from a previous request
/I our local memory and we won
/I DKILL checks the directory

/I local modified is OK if we default

/I cache paradox; DKILL is

errorQ);

case SHARED:
local_response(RETRY);
assign_entry();

/I issue direct to each sharer

remote_request(DKILL_SHARER, (mask ~= my_id), my_id);

default:

error();

else // IKILL always goes to everyone
remote_request(IKILL_SHARER,

mask <= (participant_list ~= my_id)), my_id);
endif;

else // remote - we’ve got to go to another

/I processing element

/l Multicast if possible otherwise
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assign_entry();

local_response(RETRY);

remote_request({DKILL_HOME, IKILL_HOME}, mem_id, my_id);
endif;

6.6.2 Response State Machine
This state machine handles responses to requests made to the RapidlO interconnect on behalf of the local system or a

third party.

if (my_id == mem_id == original_srcid) // original requestor is home memory
switch (rpr‘ni\/pd_rnclnnncp)

casp DONE: /I shared cases

if ({(mask ~= (my_id OR received_id)) == 0)
I/ this is the last DONE
update_state(LOCAL_MODIFIED);
freg_entry();

else
masgk <= (mask ~= received_srcid);
I/ fliip the responder’s shared bit and
endif; // wait for next DONE

case RETRY:

renjote_request({DKILL_SHARER, IKILL_SHARER}, received_sreid,

my/ id); I retry the transaction
defpult:

elsgif (my_id == mem_id ~= original_srcid)

I/ 'Jm home memory working

/I for a third party

swich(received_response)

casp DONE // invalidates for shared

/I djrectory states

if ({mask ~= (my_id OR received_id))*<='0)

I/ this is the last DONE
update_state(REMOTE_MODIFIED, original_srcid);
remote_response(DONE, original_srcid, my_id);
freq_entry();

else
masgk <= (mask ~= received_srcid);
I/ fllip the responder’s shared bit

endif; // and wait for next DONE
casg RETRY:

remote, fequest({DKILL_SHARER, IKILL_SHARER}, received_srcid,

my/| id); I/ retry

defautt;

error();

else // my_id ~= mem_id - I’'m requesting

/I a remote memory location

switch (received_response)

case DONE:

local_response(EXCLUSIVE);

free_entry();

case RETRY:

remote_request({DKILL_HOME, IKILL_HOME}, received_srcid,
my_id); /I retry the transaction
default:

error();

endif;
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6.6.3 External Request State Machine

This state machine handles requests from the system to the local memory or the local system. This may require making
further external requests.

if (address_collision)
/I, “7 Chapter 7 - Address Collision Resolution Tables”

elseif (DKILL_HOME || IKILL_HOME)// remote request to our local memory
assign_entry();

if (DKILL_HOME)
switch (directory_state)

cas
Il
loc
if (
11 rg
upd
ren
fred
elsé
ren
ma
end
def

SHARED: // this is the right case, send
validates to the sharing list

|_request(DKILL);

ask == received_srcid
questor is only remote sharer
ate_state(REMOTE_MODIFIED, received_srcid);
ote_response(DONE, received_srcid, my _id);
_entry();

ote_request(DKILL_SHARER,

k ~= received_srcid), my_id, NULL);
if;

hult:

errgr();

else
/1 rd
ren
ma
rec
else
cac
ass
loc

questor
ote_request(IKILL_SHARER,

k <= (participant_list ~=
bived_srcid AND my _id), my . id);

nes

gn_entry();
bl _request({READ-TO_OWN, IKILL});

Il's

in until a valid:-reésponse from the

/I cqches

swifch (loeal response)
casg SHARED,

casg WNWVALID:

use collision tables in

/Il there are other remote sharers

/I KILL goes to everyone excep} the

/I DKILL_SHARER or IKILL|SHARER to our

/I invalidating for shared cases

cache_state(INVALID);

remote_response(DONE, received_srcid, my_id);
free_entry();

default:

error();

endif;

6.7 Castout Operations
This operation is used to return ownership of a coherence granule to home memory, leaving it invalid in the cache; refer

to the

description in Section 3.2.5, "Castout Operations™.

6.7.1 Internal Request State Machine
A castout is always done to remote memory space. A castout may require local activity to flush all caches in the hier-

Il surrender copy
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6.7.2

6.7.3

6.8

6.8.1

6.8.2

TLB [Invalidate-Entry, TLB Invalidate Entry Synchronize Operations

These|operations~are used for software coherence management of the TLBs; refer to the descriptions
"TLB [Invalidate-Entry Operations" and Section 3.2.7, "TLB Invalidate-Entry Synchronization Operatig

- 240 - ISO/IEC © 18372:2004(E)

archy.

if (local) /I our local memory
switch (directory_state)

case LOCAL_MODIFIED: /I if the processor is doing a castout

/I this is the only legal state
local_response(OK);
update_memory();
update_state(LOCAL_SHARED);
default:

errqr();

elsg // remote - we’ve got to go to another

/I processing element

assign_entry();

locgl_response(OK);

renmote_request(CASTOUT, mem_id, my_id, data);
endif;

Regponse State Machine

Thi state machine handles responses to requests made to the RapidlO intérconnect on behalf of the
third party.

D

switch (received_response)
casg DONE:

freq_entry();

default:

errgr();

External Request State Machine

Thik state machine handles requests from the system to the local memory or the local system. This m
further external requests.

assign_entry();
update_memory();

/ldgfault is owned locally
renjote_response(DONE received_srcid, my_id);
freq_entry();

Intprpal Request State Machine

The TLBIE and TLBSYNC transactions are always sent to all domain participants except the sender
the processor not home memory.

assign_entry();
remote_request({TLBIE, TLBSYNC}, participant_id, my_id);
endif;

Response State Machine

local system or a

y require making

update(LOCAL_SHARED, my _id); /I may be LOCAL_MODIFIED if the

in Section 3.2.6,

ns.

and are always to

This state machine handles responses to requests made to the RapidlO interconnect on behalf of the local system. The

responses are always from a coherence participant, not a home memory.

switch (received_response)
case DONE:
if ((mask ~= (my_id OR received_id)) == 0)
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6.8.3

6.9

6.9.1

6.9.2

/1 this is the last DONE
free_entry();

else

mask <= (mask ~= received_srcid);

Il

ip the responder’s participant

/I bit and wait for next DONE

endif;

case RETRY:

remote_request({TLBIE, TLBSYNC}, received_srcid, my_id, my_id);
default

errqriy;

External Request State Machine

Thi
tot

ass
loc

5 state machine handles requests from the system to the local memory or the local system."The re
ne local caching hierarchy.

gn_entry();
bl _request({TLBIE, TLBSYNC});// spin until a valid response

/I flom the caches

ren
freq

Data

This d
descri

Int
Thi
if (
11 rg

loc
else

ote_response(DONE, received_srcid, my_id);
entry();

Cache Flush Operations
peration returns ownership of a coherence granule to home memory and performs a coherent
ption in Section 3.2.9, "Data Cache Flush Operations".

brnal Request State Machine

5 state machine handles requests to both local.ahd remote memory from the local processor.
ddress_collision) /1 this is due to an external

quest in progress or a cache index

l_response(RETRY); Il hazard from a previous request
if (local) // our local memory

swikch (directory_state)

cas
cas
loc
upd
cas
ass
ren
cas
ass

e LOCAL_MODIFIED,

e LOCAL_SHARED:

Bl _response(OK);

ate_memory();

e REMOTE_MODIFIED:

gn_entry();

ote_request(READ_TO_OWN_OWNER, mask_id, my_id, my_id);
e SHARED:

an’entry();

guests are always

vrite; refer to the

remnt

loterequest{DKILL_SHARER {mask==myid)my—id);
— T\ J = VA J VA

default:

error();

else // remote - we’ve got to go to

/I another processing element

assign_entry();

remote_request(FLUSH, mem_id, my _id, data);
// data is optional

endif;

Response State Machine

This state machine handles responses to requests made to the RapidlO interconnect on behalf of the local system or a
third party.

if (my_id == mem_id == original_srcid)

// original requestor is home memory
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switch (received_response)

case DONE:

if ((mask ~= (my_id OR received_id)) == 0)

[/ this is the last DONE

if (received_data)

I/ with local request or response

update_memory();

endif;

update_state(LOCAL_SHARED); // or LOCAL_MODIFIED
local_response(OK);

freq_entry();

els
masgk <= (mask ~= received_srcid);

/I fllip responder’s shared bit

endif; // and wait for next-DONE
casg NOT_OWNER:

switch(directory_state)

casg LOCAL_SHARED,

casg LOCAL_MODIFIED:

if (feceived_data)

ith local request from memory

ate_memory();

endif;
update_state(LOCAL_SHARED); /l or LOCAL_MODIFIED
local_response(OK);

freg_entry();

casg REMOTE_MODIFIED:

remote_request(READ_TO_OWN_OWNER, mask. id, my_id, my_id);

defpult:

errgr();

casg RETRY:

switch (directory_state)

casg LOCAL_MODIFIED,

case LOCAL_SHARED:

if (Teceived_data)

update_state(LOCAL_SHARED); /l or LOCAL_MODIFIED
local_respanse(OK);

freg_entry();

casg REMOTE MODIFIED: // mask_id must match
/I received_srcid or error

remote_request(READ_TO_OWN_OWNER, received_srcid,

my_id, my_id);

case SHARED:

remote_request(DKILL_SHARER, received_srcid, my _id,

my_id);

default:

error();

default:

error();

elseif (my_id == mem_id ~= original_srcid)

/l i’m home memory working for a third

Il party



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

ISO/IEC © 18372:2004(E) - 243 -

switch(received_response)
case DONE: /I invalidates for shared directory
Il states

if ((mask ~= (my_id OR received_id)) == 0)

/I this is the last DONE

remote_response(DONE, original_srcid, my_id, my_id);

if (received_data)

/I with original request or response

update_memory();

endif;

update_state{COCAL_SHAREDY; /7 or COCAL_MODIFIED
freg_entry();

els

masgk <= (mask ~= received_srcid);

/I fllip responder’s shared bit

endif; //and wait for next DONE

casg NOT_OWNER:

switch(directory_state)

case LOCAL_SHARED,

casg LOCAL_MODIFIED:

renmote_response(DONE, original_srcid, my_id);

if (feceived_data)

I/ With original request

update_memory();

endif;

freq_entry();

case REMOTE_MODIFIED:
renote_request(READ_TO_OWN_OWNER, received_srcid,
my| id, my_id);

defpult:

errgr();
cas} RETRY:
i

switch(directory_state)

casg LOCAL_SHARED,

case LOCAL_MODIFIED:
remote_response(DONE;.eriginal_srcid, my_id);

if (Teceived_data)

I/ With original request

update_memory();

endif;

freq_entry();

case REMOTE_MODIFIED:

remote“request(READ TO OWN_ OWNER, received srcid,
my_id, my_id);

case SHARED:

remote_request(DKILL_SHARER, received_srcid, my_id);
default:

error();

default:

error();

else /I my_id ~= mem_id - I’m requesting
/l a remote memory location

switch (received_response)

case DONE:

local_response(OK);

free_entry();
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case RETRY:

remote_request(FLUSH, received_srcid, my_id, data);
/l data is optional

default:

error();

endif;

6.9.3 External Request State Machine

This state machine handles requests from the system to the local memory or the local system. This may require making
further external requests.

if (address_collision) /I use collision table in
/', |'7 Chapter 7 - Address Collision Resolution Tables”

elsgif (FLUSH) // remote request to our local memory

assign_entry();

switch (directory_state)

casg LOCAL_MODIFIED,

casg LOCAL_SHARED:

locgl_request(READ_TO_OWN);

renmote_response(DONE, received_srcid, my_id);

/I after snoop completes

if (feceived_data) [ffrom request or local response
update_memory();

endif;

update_state(LOCAL_SHARED, my _id);

/I of LOCAL_MODIFIED

freq_entry();

case REMOTE_MODIFIED:

if (mask_id ~= received_srcid) // owned elsewhere
renjote_request(READ_TO_OWN_OWNERgymask _id, my id,

my| id); // secondary TID is a don’t care since data is

I/ npt forwarded to original requestor

elsq /I requestor owned it; shouldn’t
/I generate a flush

errgr();

endif;

case SHARED:

local_request(READ\TO_OWN);

if (mask == received: srcid) Il requestor is only remote sharer|

renjote_respons€(DONE, received_srcid, my_id);

/I after snaop eompletes

if (feceived" data) /I from request or response
update{memory();

endif;

update_state(LOCAL_SHARED, my _id); // or LOCAL_MODIFIED

free_entry();

else /lthere are other remote sharers
remote_request(DKILL_SHARER, (mask ~= received_srcid), my _id,

my_id);

endif;

default:

error();

endif;

6.10 1/0 Read Operations
This operation is used for 1/O reads of globally shared memory space; refer to the description in Section 3.2.10, "I/O Read
Operations".
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6.10.1 Internal Request State Machine
This state machine handles requests to both local and remote memory from the local processor.

if (address_collision) /I this is due to an external request
Il in progress or a cache index hazard

local_response(RETRY); [/ from a previous request

elseif (local) [/l our local memory

local_response(OK);

switch (directory_state)
case LOCAL_MODIFIED: /I local modified is OK if we default
I lgeal-memery-te-ewned

local_request(READ_LATEST);

retyrn_data()) /I after possible push

casg LOCAL_SHARED,

casg SHARED:

retyrn_data(); /I keep directory statée the way it yas

casg REMOTE_MODIFIED:

assign_entry();

remote_request(I0_READ_OWNER, mask_id, my_id, my_id);
defpult:

errgr();

elsq H remote - we’ve got to go to
/I gnother processing element

ass{gn_entry();

local_response(OK);

remote_request(I0O_READ_HOME, mem_id, my_id);

endif;

D

6.10.2 Regponse State Machine

This state machine handles responses to requests made to the RapidlO interconnect on behalf of the|local system or a
third party.

if (my_id == mem_id == original_srcid)

/I ofriginal requestor is home memoty

switch(remote_response) /I matches my_id only for

/l REMOTE_MODIFIED case

casg INTERVENTION;

retyrn_data();

freq_entry();

casg NOT_OWNER, /I due to address collision or

/I ppssing requests

casg RETRY:

swich(directory_state)

case-E8CALE—MOBIHED:

case LOCAL_SHARED

return_data();

free_entry();

case REMOTE_MODIFIED: /I mask_id must match received_srcid or

Il error; spin or wait for castout

remote_request(lI0O_READ_OWNER, received_srcid, my_id,

my_id);

default:

error();

default

error();

elseif(my_id == mem_id ~== original_id) // i’m home memory working for a third
/I party
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switch(remote_response)
case INTERVENTION:
update_memory();
remote_response(DONE_INTERVENTION, original_srcid, my_id);
free_entry();
case NOT_OWNER, // data comes from memory, mimic
/I intervention
case RETRY:
switch(directory_state)
case LOCAL_MODIFIED,
casf COCAL_SHARED:
renmote_response(DATA_ONLY, original_srcid, my _id,
datg);
remote_response(DONE_INTERVENTION, original_srcid,
my| id);
freg_entry();
casg REMOTE_MODIFIED: /1 spin or wait for castout
remote_request(I0O_READ_OWNER, received_srcid, my_id,
my| id);
defult:
errgr();
defpult:
errgr();
elsg¢ // my_id ~= mem_id - I’m requesting a
I/ r¢mote memory location
switch(remote_response)
case DONE:
retyrn_data();
freq_entry();
casg DONE_INTERVENTION: /I must be from third party
set |received_done_message();
if (feceived_data_only_message)
freq_entry();
else
I/ wait for a DATA_ONLY
endif;
casp DATA_ONLY: /I this is due to an intervention, a
// QONE_INTERVENTION should come
Il sgparately
set |received(data_only_message();
if (feceived-tdone_message)
retyrn/data();
freq_entry();
else
return_data(); // OK for weak ordering
endif;
case RETRY:
remote_request(I0_READ_HOME, received_srcid, my_id);
default
error();
endif;

6.10.3 External Request State Machine

This state machine handles requests from the system to the local memory or the local system. This may require making
further external requests.

if (address_collision) // use collision tables in


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

ISO/IEC © 18372:2004(E) - 247 -

/I, *“7 Chapter 7 - Address Collision Resolution Tables”
elseif (I0_READ_HOME) /I remote request to our local memory
assign_entry();

switch (directory_state)

case LOCAL_MODIFIED:

local_request(READ_LATEST);

remote_response(DONE, received_srcid, my_id, data);

/I after push completes

free_entry();

case LOCAL_SHARED:

renjote_response(DONE; Tecelved_srcid, my_id, data);

freg_entry();

casg REMOTE_MODIFIED:

remote_request(I0O_READ_OWNER, mask_id, my_id, received_srcid);
case SHARED:

remote_response(DONE, received_srcid, my_id, data);

freg_entry();

defult:

errgr();

elsq /I JOLREAD_OWNER request fo our caches
assign_entry();

locgl_request(READ_LATEST); ffyspin until a valid response from

/I the caches

switch (local_response)

casg MODIFIED: /I processor indicated a push;
I/ Wait for it

if (feceived_srcid == received_secid)

I/ ofiginal requestor is also home

/I memory

remote_response(INTERVENTION, received-srcid, my_id,

datg);
elsé
remote_response(DATA_ONLY, received_secid, my _id,
datg);
remote_response(INTERVENTION, received_srcid, my_id);

endif;

casg INVALID: /I must have cast it out during
/I ap address collisign

remote_response(NOT_OWNER, received_srcid, my_id);

defpult:

errgr();

freg_entry();

endif:
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Address collisions are conflicts between incoming cache coherence requests to a processing element and outstanding cache
coherence requests within it. A collision is usually due to a match between the associated addresses, but also may be because
of a conflict for some internal resource such as a cache index. Within a processing element, actions taken in response to an
address collision vary depending upon the outstanding request and the incoming request. These actions are described in
Table 7-1 through Table 7-17. Non-cache coherent transactions (transactions specified in other RapidlO logical specifica-
tions) do not cause address collisions.

Some of

transactign

the tab

le entries specify that an outstanding request should be canceled at the local processor and that the incoming
se-tsstetHmmetiatety-totheprocessor—Thischoostngbetween-transactionsis v to prevent dead-

N an outstanding

lock cong
Resolving an Outstanding READ_HOME Transaction
Table [f-1 describes the address collision resolution for an incoming transaction that/collides wit
READ_ HOME transaction.
Table 7-1. Address Collision Resolution for READ_HOME
Outftanding Request Incoming Request Resolution

READ_HOME READ_HOME Generate “ERROR” response

READ_HOME IREAD_HOME Generate “ERROR” response

READ_HOME READ_OWNER Gengerate “NOT_OWNER?” response

READ_HOME READ_TO_OWN_HOME Generate “ERROR” response

READ_HOME READ_TO_OWN_OWNER " Generate “NOT_OWNER” response

READ_HOME DKILL_HOME Generate “ERROR” response

READ_HOME DKILL_SHARER If outstanding request, wait for all expected
responses. If final response is “DONE”, retlirn data
if necessary and forward DKILL_SHAREHR to
processor then generate a “DONE” responsg. If
final response is “RETRY”, cancel the read|at the
processor and forward DKILL_SHARED tp
processor then generate a “DONE” responsg
If no outstanding request, cancel the read af the
processor and forward DKILL_SHARER tg
processor then generate a “DONE” responsg (this
case should be very rare).

READ_HOME CASTOUT Generate “ERROR” response

READ_HOME TLBIE No collision, forward to processor then gengrate
“DONE” response (software must maintain TLB
entry coherence)

READ_HOME TLBSYNC No collision, forward to processor then generate
“DONE” response (software must maintain TLB
entry coherence)

READ_HOME IKILL_HOME Generate “ERROR” response

READ_HOME IKILL_SHARER No collision, forward to processor then generate
“DONE” response (software must maintain
instruction cache coherence)

READ_HOME FLUSH Generate “ERROR” response
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Table 7-1. Address Collision Resolution for READ_HOME (Continued)

Outstanding Request

Incoming Request

Resolution

READ_HOME

I0_READ_HOME

Generate “ERROR” response

READ_HOME

I0_READ_OWNER

Generate “NOT_OWNER?” response

Resolving an Outstanding IREAD_HOME Transaction

Table 7-2 describes the address collision resolution for an incoming transaction that collides with an outstanding

IREAD_HOME transaction.

Table 7-2. Address Collision Resolution for IREAD_HOME
Outftanding Request Incoming Request Resolution

IREAD |HOME READ_HOME Generate “ERROR” response

IREAD |HOME IREAD_HOME Generate “ERROR” response

IREAD [HOME READ_OWNER No collision, forwatd to-processor then gengrate
“DONE” response\(software must maintain|
instruction cache.coherence)

IREAD |HOME READ _TO OWN_HOME Generate “ERROR” response

IREAD_[HOME READ_TO_OWN_OWNER | No coflision, forward to processor then gengrate
“DONE” response (software must maintain|
instruction cache coherence)

IREAD |HOME DKILL_HOME Generate “ERROR” response

IREAD [HOME DKILL_SHARER No collision, forward to processor then gengrate
“DONE?” response (software must maintain|
instruction cache coherence)

IREAD_[HOME CASTOUT Generate “ERROR” response

IREAD [HOME TLBIE No collision, forward to processor then gengrate
“DONE?” response (software must maintain| TLB
entry coherence)

IREAD [HOME TLBSYNC No collision, forward to processor then gengrate
“DONE?” response (software must maintain| TLB
entry coherence)

IREAD |HOME IKILL_HOME Generate “ERROR” response

IREAD _[HOME IKILL_SHARER No collision, forward to processor then gengrate
“DONE” response (software must maintain|
instructioncachecoherence)

IREAD_HOME FLUSH Generate “ERROR” response

IREAD_HOME 10_READ_HOME Generate “ERROR” response

IREAD_HOME I0_READ_OWNER No collision, forward to processor then generate
“DONE” response (software must maintain
instruction cache coherence)

Resolving an Outstanding READ_OWNER Transaction

Table 7-3 describes the address collision resolution for an incoming transaction that collides with an outstanding
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h an outstanding

Outstanding Request Incoming Request Resolution

READ_OWNER READ_HOME Generate “RETRY” response

READ_OWNER IREAD_HOME Generate “RETRY” response

READ_OWNER READ_OWNER Generate “ERROR” response

READ_OWNER READ_TO OWN_HOME | Generate “RETRY” response

READ_OWNER READ_TO_OWN_OWNER | Generate “ERROR” response

READ_OWNER DKILL_HOME Generate “RETRY” response

READ_OWNER DKILL_SHARER Generate “ERROR” response

READ_OWNER CASTOUT No collision, update directory state, generate
“DONE” response (CASTOUT bypasses address
collision detection)

READ_OWNER TLBIE No collision, fofward to processor then gengrate
“DONE” respanse (software must maintain| TLB
entry coherence)

READ_OWNER TLBSYNC No cellision, forward to processor then gengrate
“DONE” response (software must maintain| TLB
entry coherence)

READ_OWNER IKILL_HOME No collision, forward to processor, send
IKILL_SHARER to all participants except
requestor (software must maintain instructign cache
coherence)

READ_OWNER IKILL_SHARER Generate “ERROR” response

READ_OWNER FLUSH Generate “RETRY” response

READ_OWNER I0_READ_HOME Generate “RETRY” response

READ_OQWNER 10 READ_OWNER Generate “ERROR” response

Resolving an Outstanding READ_TO_OWN_HOME Transaction
Table|7-4 describigs-the address collision resolution for an incoming transaction that collides wit
READ _TO OWN HOME transaction.

Table 7-4. Address Collision Resolution for READ_TO_OWN_HOME

OutsterdirgRegdest

L o acil -+
THCOTTYCYutst

READ_TO_OWN_HOME

READ_HOME

Generate “ERROR” response

READ_TO_OWN_HOME

IREAD_HOME

Generate “ERROR” response



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

ISO/IEC © 18372:2004(E)

- 251 -

Table 7-4. Address Collision Resolution for READ_TO_OWN_HOME (Continued)

Outstanding Request

Incoming Request

Resolution

READ_TO_OWN_HOME

READ_OWNER

If outstanding request, wait for all expected
responses. If final response is “DONE”, return data
if necessary and forward READ_OWNER to
processor and generate an
“DONE_INTERVENTION” with data response and
a “DATA_ONLY” to originator as in Section 3.2.1,
"Read Operations". If final response is “RETRY”

generate an “ERROR” response

If no outstanding request generate an
“NOT_OWNER” response.

READ ]

[O_ OWN_HOME

READ_TO_OWN_HOME

Generate “ERROR” response

READ_]|

[O_ OWN_HOME

READ_TO_OWN_OWNER

If outstanding request, wait for all expected
responses. If final response is “DONE”, retlrn data
if necessary and forward
READ_TO_OWN), OWNER to processor and
generate an “DONE_INTERVENTION” w|th data
response and a “DATA_ONLY” to originatr as in
Sectior,3.2:3, "Read-for-Ownership Operatjons". If
final response is “RETRY” generate an “ERROR”
response

READ_]|

[O_ OWN_HOME

DKILL_HOME

Generate “ERROR” response

READ_]

[O_ OWN_HOME

DKILL_SHARER

If outstanding request, wait for all expected
responses. If final response is “DONE” generate an
“ERROR?” response (we own the coherence|granule
and should never see a DKILL). If final response is
“RETRY” generate a “DONE” response anfl
continue the READ_TO_OWN_HOME.

If no outstanding request generate a “DONIE”
response.

READ_TO_OWN_HOME (\CASTOUT Generate “ERROR” response

READ_TO _OWN_HOME~ | TLBIE No collision, forward to processor then gengrate
“DONE?” response (software must maintain| TLB
entry coherence)

READ_TO _OWN_HOME | TLBSYNC No collision, forward to processor then genprate
“DONE” response (software must maintain| TLB
1 Itl y \:UhCI Cl1 IbC)

READ_TO_OWN_HOME | IKILL_HOME Generate “ERROR” response

READ_TO_OWN_HOME IKILL_SHARER No collision, forward to processor then generate

“DONE?” response (software must maintain
instruction cache coherence)
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Table 7-4. Address Collision Resolution for READ_TO_OWN_HOME (Continued)
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Outstanding Request

Incoming Request

Resolution

READ_TO_OWN_HOME

FLUSH

If outstanding request, wait for all expected

responses. If final response is “DONE”, return data
if necessary and forward FLUSH to processor and
generate a “DONE” with data response as in
Section 3.2.9, "Data Cache Flush Operations”. If
final response is “RETRY” generate an “ERROR”

response (we didn’t own the data and we lo

st at

home memory)

If no outstanding request generate an*“ERR
response (we didn’t own the data).

OR”

READ_TO_OWN_HOME

I0_READ_HOME

Generate “ERROR” response

READ_TO_OWN_HOME

|I0_READ_OWNER

If outstanding request, wait for all expected
responses. If final response is “DONE”, ret
if necessary and forward 10_READ_OWN
processor then generate a “DONE” with da
response, ete.'g9in Section 3.2.10, "1/0O Red

Operations®, If final response is “RETRY” ﬁenerate

an “ERROR” response (we didn’t own the
we_lost at home memory)

If no outstanding request generate an
*NOT_OWNER?” response.

irn data
ER to

a

d

ata and

Reso
Table

READ TO OWN_OWNER transaction.

ving an Outstanding READ_TO_OWN> OWNER Transaction
7-5 describes the address collision resolution for an incoming transaction that collides wit

Table 7-5. Address Collision Resolution for READ_TO_OWN_OWNER

N an outstanding

Outftanding Request

Incoming Request

Resolution

READ_TO OWN_OWNER | READ_HOME Generate “RETRY” response
READ_TO OWN_OWNER [)IREAD_HOME Generate “RETRY” response
READ_TO OWN_OWNER | READ_OWNER Generate “ERROR” response

READ_TO_OWN_OWNER

READ_TO_OWN_HOME

Generate “RETRY” response

READ_TO_OWN OWNER

READ_TO_OWN_OWNER

Generate “ERROR” response

READ_TO«OWWN_OWNER | DKILL_HOME Generate “RETRY” response

READ_TO_OWN_OWNER | DKILL_SHARER Generate “ERROR” response

READ_TO_OWN_OWNER | CASTOUT No collision, update directory state, generate
“DONE” response (CASTOUT bypasses address
collision detection)

READ_TO_OWN_OWNER | TLBIE No collision, forward to processor then generate
“DONE?” response (software must maintain TLB
entry coherence)

READ_TO _OWN_OWNER | TLBSYNC No collision, forward to processor then generate

“DONE?” response (software must maintain
entry coherence)

TLB
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Table 7-5. Address Collision Resolution for READ_TO_OWN_OWNER (Continued)

Outstanding Request

Incoming Request

Resolution

READ_TO_OWN_OWNER

IKILL_HOME

No collision, forward to processor, send
IKILL_SHARER to all participants except
requestor (software must maintain instruction cache
coherence)

READ_TO_OWN_OWNER

IKILL_SHARER

Generate “ERROR” response

READ_TO_OWN_OWNER

FLUSH

Generate “RETRY” response

READ_TO_OWN_OWNER

I0_READ_HOME

Generate “RETRY” response

READ_TO_OWN_OWNER

I0_READ_OWNER

Generate “ERROR” response

Resolving an Outstanding DKILL_HOME Transaction
Table [r-6 describes the address collision resolution for an incoming transaction ‘that collides wit

DKIL|._HOME transaction.

Table 7-6. Address Collision Resolution for DKILL_HOME

Outftanding Request

Incoming Request

Resolution

DKILL_HOME

READ_HOME

Generate “ERROR” response

DKILL_HOME

IREAD_HOME

Generate “ERROR” response

DKILL_HOME

READ_OWNER

Ifoutstanding request, wait for all expected
responses. If final response is “DONE”, retfirn data
if necessary and forward READ_OWNER to
processor and generate a
“DONE_INTERVENTION” with data response and
a “DATA_ONLY™ to originator as in Sectign 3.2.1,
"Read Operations". If final response is “RE[TRY”

generate an “ERROR” response (we didn’t pwn the
data and we lost at home memory)

If no outstanding request generate an “ERROR”
response (we didn’t own the data).

DKILL_HOME

READ_TO_OWN_HOME

Generate “ERROR” response

DKILL_HOME

READ_TO_OWN_OWNER

If outstanding request, wait for all expected
responses. If final response is “DONE” foryvard
READ_TO_OWN_OWNER to processor ahd
generate a “DONE_INTERVENTION” with data
response and a “DATA_ONLY™ to originatgr as in

Section 3.2.3, "Read-for-Ownership Operations". If
final response is “RETRY” generate an “ERROR”
response (we didn’t own the data and we lost at
home memory)

If no outstanding request generate an “ERROR”
response (we didn’t own the data).

DKILL_HOME

DKILL_HOME

Generate “ERROR” response

N an outstanding



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

7.7

- 254 -

ISO/IEC © 18372:2004(E)

Table 7-6. Address Collision Resolution for DKILL_HOME (Continued)

Outstanding Request

Incoming Request

Resolution

DKILL_HOME

DKILL_SHARER

If outstanding request, wait for all expected
responses. If final response is “DONE” generate an
“ERROR?” response (we should never see a
DKILL_SHARER if we own the coherence
granule). If final response is “RETRY” cancel the
data cache invalidate at the processor and forward
DKILL SHARER to processor then generate a

“DONE” response

If no outstanding request, cancel the data cache
invalidate at the processor and forward
DKILL_SHARER to processorithen genergte a
“DONE” response.

DKILL_HOME

CASTOUT

Generate “ERROR” response (cache paradgx, can’t
have a SHARED granule also MODIFIED jn
another processing\element)

DKILL_HOME

TLBIE

No collision; fdgpward to processor then gengrate
“DONE” response (software must maintain| TLB
entry eoherence)

DKILL_HOME

TLBSYNC

Ngcollision, forward to processor then gengrate
“DONE” response (software must maintain| TLB
entry coherence)

DKILL_HOME

IKILL_HOME

Generate “ERROR” response

DKILL_HOME

IKILL_SHARER

No collision, forward to processor then gengrate
“DONE” response (software must maintain|
instruction cache coherence)

DKILL_HOME

FLUSH

Generate “ERROR” response

DKILL_HOME

I0_READ_HOME

Generate “ERROR” response

DKILL_HOME

1O READ_OWNER

If outstanding request, wait for all expected
responses. If final response is “DONE” foryvard
I0_READ_OWNER to processor then gengrate a
“DONE” with data response, etc. as in Sectjon
3.2.10, "1/O Read Operations". If final resppnse is
“RETRY” generate an “ERROR” response |(we
didn’t own the data and we lost at home mgmory)

If no outstanding request generate an “ERROR”

response (we didn’t own the data).

Resolving an Outstanding DKILL_SHARER Transaction

Table 7-7 describes the address collision resolution for an incoming transaction that collides with an outstanding

DKILL_SHARER transaction.
Table 7-7. Address Collision Resolution for DKILL_SHARER

Outstanding Request

Incoming Request

Resolution

DKILL_SHARER READ_HOME Generate “RETRY” response
DKILL_SHARER IREAD_HOME Generate “RETRY” response
DKILL_SHARER READ_OWNER Generate “ERROR” response



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

ISO/IEC © 18372:2004(E)

7.8

- 255 -

Table 7-7. Address Collision Resolution for DKILL_SHARER (Continued)

Outstanding Request

Incoming Request

Resolution

DKILL_SHARER

READ_TO_OWN_HOME

Generate “RETRY” response

DKILL_SHARER

READ_TO_OWN_OWNER

Generate “ERROR” response

DKILL_SHARER DKILL_HOME Generate “RETRY” response

DKILL_SHARER DKILL_SHARER Generate “ERROR?” response

DKILL_SHARER CASTOUT Generate “ERROR” response (cache paradox, can’t
have a SHARED granule also MODIFIED. jn
another processing element)

DKILL |[SHARER TLBIE No collision, forward to processer then gengrate
“DONE” response (software must‘maintain TLB
entry coherence)

DKILL |SHARER TLBSYNC No collision, forward to processor then gengrate
“DONE” response (Sgftware must maintain| TLB
entry coherence)

DKILL |[SHARER IKILL_HOME No collisionyferward to processor, send
IKILL_SHARER to all participants except
requestor (software must maintain instructign cache
coherence)

DKILL_[SHARER IKILL_SHARER Generate “ERROR” response

DKILL_[SHARER FLUSH Generate “RETRY” response

DKILL_|[SHARER

|I0_READ_HOME

If processing element is HOME: generate a|
“RETRY” response

If processing element is not HOME: If outsfanding
request, wait for all expected responses. If final

response is “DONE” forward 10_READ to
processor then generate a “DONE” with dafa
response, etc. as in Section 3.2.10, "1/0O Regd
Operations". If final response is “RETRY” ﬁenerate
an “ERROR” response (we didn’t own the ¢lata and
we lost at home memory)

If no outstanding request generate an “ERROR”
response (we didn’t own the data).

DKILL_|[SHARER

I0_READ_OWNER

Generate “ERROR” response

Resolvingam outstanding TRKICC_HOME Transaction

Table 7-8 describes the address collision resolution for an incoming transaction that collides with an outstanding

IKILL_HOME transaction.

Table 7-8. Address Collision Resolution for IKILL_HOME

Outstanding Request

Incoming Request

Resolution

IKILL_HOME READ_HOME Generate “ERROR” response
IKILL_HOME IREAD_HOME Generate “ERROR” response
IKILL_HOME READ_OWNER No collision, process normally
IKILL_HOME READ _TO OWN_HOME Generate “ERROR” response
IKILL_HOME READ_TO_OWN_OWNER | No collision, process normally
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Table 7-8. Address Collision Resolution for IKILL_HOME (Continued)
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Outstanding Request Incoming Request Resolution

IKILL_HOME DKILL_HOME Generate “ERROR” response

IKILL_HOME DKILL_SHARER No collision, process normally

IKILL_HOME CASTOUT No collision, process normally

IKILL_HOME TLBIE No collision, forward to processor then generate
“DONE” response (software must maintain TLB
ETItTY TOHTETETICE)

IKILL_HOME TLBSYNC No collision, forward to processor then.gengrate
“DONE” response (software must maintain| TLB
entry coherence)

IKILL_HOME IKILL_HOME Generate “ERROR” response

IKILL_HOME IKILL_SHARER No collision, forward to processor then gengrate
“DONE” response (Software must maintain|
instruction cache-caherence)

IKILL_HOME FLUSH Generate “ERROR” response

IKILL_HOME 10_READ_HOME Generate “ERROR” response

IKILL_HOME I0_READ_OWNER No-collision, process normally

Resolving an Outstanding IKILL_SHARER Transaction

Table [r-9 describes the address collision resolution-for an incoming transaction that collides wit
IKILY SHARER transaction.

Table 7-9. Address Collision Resolution for IKILL_SHARER

N an outstanding

Outftanding Request

Incoming Request

Resolution

IKILL_$HARER READ;HOME No collision, process normally
IKILL_$HARER IREAD_HOME No collision, process normally
IKILL_$HARER READ_OWNER Generate “ERROR” response

IKILL_$HARER

READ_TO_OWN_HOME

No collision, process normally

IKILL_$HARER

READ_TO_OWN_OWNER

Generate “ERROR” response

IKILL_$HARER

DKILL_HOME

No collision, process normally

IKILL_$HARER

DKILL_SHARER

Generate “ERROR” response

IKILL_S)H#R'E‘R CASTUUT I‘\iU l..U”ihiUl 1, PTULESS ||un||a“y

IKILL_SHARER TLBIE No collision, forward to processor then generate
“DONE?” response (software must maintain TLB
entry coherence)

IKILL_SHARER TLBSYNC No collision, forward to processor then generate
“DONE?” response (software must maintain TLB
entry coherence)

IKILL_SHARER IKILL_HOME No collision, forward to processor, send
IKILL_SHARER to all participants except
requestor (software must maintain instruction cache
coherence)

IKILL_SHARER IKILL_SHARER Generate “ERROR” response
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Table 7-9. Address Collision Resolution for IKILL_SHARER (Continued)

Outstanding Request

Incoming Request

Resolution

IKILL_SHARER

FLUSH

No collision, process normally

IKILL_SHARER((

|I0_READ_HOME

If processing element is HOME: generate a
“RETRY” response

If processing element is not HOME: If outstanding
request, wait for all expected responses. If final
response is “DONE” forward 10_READ to

processor then generate a “DONE” with dafa
response, etc. as in Section 3.2.10, "I/ Regd
Operations". If final response is “REFRY” ﬂenerate
an “ERROR” response (we didn’tjown the ¢lata and
we lost at home memory)

If no outstanding request generate an “ERROR”
response (we didn’t own the data).

IKILL_$HARER 10_READ_OWNER Generate “ERROR™ response

Resolving an Outstanding CASTOUT Transaction
Table [f-10 describes the address collision resolution for an incoming transaction that collides with an outstanding
CASTIOUT transaction.
Table 7-10. Address Collision Resoldtion for CASTOUT
Outftanding Request Incoming Request Resolution

CASTOUT READ_HOME Generate “ERROR” response

CASTOUT IREAD_HOME Generate “ERROR” response

CASTOUT READ_OWNER Generate “RETRY” response; the CASTOUT will
bypass address collision at home memory ahd
modify the directory state

CASTOUT READ’TO_OWN_HOME Generate “ERROR” response

CASTOUT READ_TO_OWN_OWNER | Generate “RETRY” response; the CASTOUT will
bypass address collision at home memory ahd
modify the directory state

CASTOUT DKILL_HOME Generate “ERROR” response

CASTOUT DKILL_SHARER Generate “ERROR” response

CASTOUT CASTOUT Generate “ERROR” response

CASTOUT TLBIE No collision, forward to processor then generate
“DONE” response (software must maintain TLB
entry coherence)

CASTOUT TLBSYNC No collision, forward to processor then generate
“DONE” response (software must maintain TLB
entry coherence)

CASTOUT IKILL_HOME Generate “ERROR” response

CASTOUT IKILL_SHARER No collision, forward to processor then generate
“DONE” response (software must maintain
instruction cache coherence)

CASTOUT FLUSH Generate “ERROR” response
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Table 7-10. Address Collision Resolution for CASTOUT (Continued)

Outstanding Request

Incoming Request

Resolution

CASTOUT

I0_READ_HOME

Generate “ERROR” response

CASTOUT

I0_READ_OWNER

Generate “RETRY” response; the CASTOUT will
bypass address collision at home memory and
modify the directory state

Resolving an Outstanding TLBIE or TLBSYNC Transaction
Table |7-11 describes the address collision resolution for an incoming transaction that collides with an.olitstanding TLBIE
or TLBSYNC transaction.
Table 7-11. Address Collision Resolution for Software Coherence Operations
Outftanding Request Incoming Request Resolution
TLBIE, ANY No collision, process request as described ip
TLBSYNC Chapter 6, “Communication Protocols”
Resolving an Outstanding FLUSH Transaction
The flpush operation has two distinct versions. The first is for processing-elements that participate in the[ coherence proto-
col sufh as a processor and it’s associated agent, which may alsodave a local 1/0 device. The second|is for processing
elemepts that do not participate in the coherence protocols such‘asa pure 1/O device that does not have a corresponding
bit in he directory sharing mask. Table 7-12 describes the address collision resolution for an incoming transaction that
collidgs with an outstanding participant FLUSH transactign:
Table 7-12. Address Collision Resolution for Participant FLUSH
Outftanding Request Incoming Requést Resolution
FLUSH READ_HOME Generate “ERROR” response
FLUSH IREAD_HOME Generate “ERROR” response
FLUSH READ :OWNER Generate “NOT_OWNER?” response (we a:|e not
allowed to issue FLUSH to an owned coheljence
granule - should be a CASTOUT)
FLUSH READ_TO_OWN_HOME Generate “ERROR” response
FLUSH READ_TO_OWN_OWNER | Generate “NOT_OWNER” response (we a:Ie not
allowed to issue FLUSH to an owned coheljence
granule - should be a CASTOUT)
FLUSH DKILL_HOME Generate “ERROR” response
FLUSH DKICLC_SHARER IT outstanding request, walt Tor all EXpecte
responses. If final response is “DONE” generate an
“ERROR?” response (we should never see a
DKILL_SHARER if we own the coherence
granule). If final response is “RETRY” cancel the
flush at the processor and forward
DKILL_SHARER to processor then generate a
“DONE” response
If no outstanding request, cancel the data cache
invalidate at the processor and forward
DKILL_SHARER to processor then generate a
“DONE” response.
FLUSH CASTOUT Generate “ERROR” response
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Table 7-12. Address Collision Resolution for Participant FLUSH (Continued)

Outstanding Request Incoming Request Resolution

FLUSH TLBIE No collision, forward to processor then generate
“DONE” response (software must maintain TLB
entry coherence)

FLUSH TLBSYNC No collision, forward to processor then generate
“DONE” response (software must maintain TLB
entry coherence)

FLUSH IKILL_HOME Generate “ERROR” response

FLUSH IKILL_SHARER No collision, forward to processor then gengrate
“DONE?” response (software must mdintain|
instruction cache coherence)

FLUSH FLUSH Generate “ERROR” response

FLUSH I0_READ_HOME Generate “ERROR” response

FLUSH 1I0_READ_OWNER Generate “NOT/OQWNER” response (we a:le not
allowed to isstie,FLUSH to an owned coheijence
granule - should be a CASTOUT)

Table [7-13 describes the address collision resolution for an incoming transaction that collides with an
participant FLUSH transaction.

Table 7-13. Address Collision Resolution for Non-participant FLUSH

outstanding non-

Outftanding Request Incoming Request Resolution

FLUSH READ_HOME Generate “ERROR” response (should nevef receive
coherent operation)

FLUSH IREAD_HOME Generate “ERROR” response (should nevef receive
coherent operation)

FLUSH READ” OWNER Generate “ERROR” response (should nevef receive
coherent operation)

FLUSH READ_TO_OWN_HOME | Generate “ERROR?” response (should nevel receive
coherent operation)

FLUSH READ_TO_OWN_OWNER | Generate “ERROR?” response (should nevel receive
coherent operation)

FLUSH DKILL_HOME Generate “ERROR” response (should nevef receive
coherent operation)

FLUSH DKILL_SHARER Generate “ERROR?” response (should never receive
coherent operation)

FLUSH CASTOUT Generate “ERROR” response (should never receive
coherent operation)

FLUSH TLBIE No collision, forward to processor then generate
“DONE?” response (software must maintain TLB
entry coherence) - non-participant may have page
table hardware.
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Table 7-13. Address Collision Resolution for Non-participant FLUSH (Continued)

Outstanding Request Incoming Request Resolution

FLUSH TLBSYNC No collision, forward to processor then generate
“DONE” response (software must maintain TLB
entry coherence) - non-participant may have page
table hardware.

FLUSH IKILL_HOME Generate “ERROR” response

FLUSH IKILL_SHARER No collision, forward to processor then generate
“DONE” response (software must maintain|
instruction cache coherence) - non-participant may
have software coherence.

FLUSH FLUSH Generate “ERROR” response.(should nevel receive
coherent operation)

FLUSH 10_READ_HOME Generate “ERROR” response (should nevel receive
coherent operation)

FLUSH I0_READ_OWNER Generate “ERROR” response (should nevel receive
coherent operation)

Resolving an Outstanding I0_READ_HOME Transaction

The 1/0O read operation is used by processing elements that dg)net want to participate in the coherence protocol but do
want tpb get current copies of cached data. There are two versions of this operation, one for processing ellements that have
both gdrocessors and 1/O devices, the second for pure 1/O.déevices that do not have a corresponding bit in the directory
sharinpg mask. Table 7-14 describes the address collisionresolution for an incoming transaction that collides with an out-

standi

ng participant IO_READ_HOME transaction.,

Table 7-14. Address Collision:Resolution for Participant IO_ READ_HOME

Outftanding Request

Incoming-Request

Resolution

I0_READ_HOME READ.HOME Generate “ERROR” response
IO_READ_HOME IREAD_HOME Generate “ERROR” response
I0_READ_HOME READ_OWNER Generate “NOT_OWNER” response (we dgn’t own

the data otherwise we could have obtained & copy
locally)

|I0_READ HOME

READ_TO_OWN_HOME

Generate “ERROR” response

|I0_READ HOME

READ_TO_OWN_OWNER

Generate “NOT_OWNER” response (we dgn’t own
the data otherwise we could have obtained @ copy

lacally)

|I0_READ_HOME

DKILL_HOME

Generate “ERROR” response

|I0_READ_HOME

DKILL_SHARER

If outstanding request, wait for all expected
responses. If final response is “DONE”, return data
if necessary and forward DKILL_SHARER to
processor then generate a “DONE” response. If
final response is “RETRY” forward
DKILL_SHARED to processor then generate a
“DONE” response

If no outstanding request forward
DKILL_SHARER to processor then generate a
“DONE” response
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Table 7-14. Address Collision Resolution for Participant IO_READ_HOME (Continued)

Outstanding Request

Incoming Request

Resolution

I0_READ_HOME CASTOUT Generate “ERROR” response

I0_READ_HOME TLBIE No collision, forward to processor then generate
“DONE” response (software must maintain TLB
entry coherence)

I0_READ_HOME TLBSYNC No collision, forward to processor then generate
“DONE” response (software must maintain TLB
entry coherence)

I0_READ_HOME IKILL_HOME Generate “ERROR” response

I0_READ_HOME IKILL_SHARER No collision, forward to processor then gengrate
“DONE” response (softwarefmust maintain|
instruction cache coherenge)

I0_READ_HOME FLUSH Generate “ERROR” response

10_READ_HOME

I0_READ_HOME

Generate “ERRORY response

10_READ_HOME

I0_READ_OWNER

Generate “N@T OWNER” response (we dd
the data otherwise we could have obtained
locally)

n’t own
h copy

Table

7-15 describes the address collision resolution for antincoming transaction that collides with an

participant I0_READ_HOME transaction.

Table 7-15. Address Collision Resolutionfor Non-participant IO_READ_HOME

outstanding non-

Outptanding Request Incoming Request Resolution
I0_READ_HOME READ_HOME Generate “ERROR?” response (should nevel receive
coherent operation)
I0_READ_HOME IREAD~HOME Generate “ERROR?” response (should nevel receive
coherent operation)
I0_READ_HOME READ_OWNER Generate “ERROR?” response (should nevel receive

coherent operation)

|I0_READ HOME

READ_TO_OWN_HOME

Generate “ERROR” response (should nevei
coherent operation)

receive

|I0_READ HOME

READ_TO_OWN_OWNER

Generate “ERROR” response (should nevei
coherent operation)

receive

I0_READ_HOME

DKILL_HOME

Generate "ERROR” TeSponse (should never
coherent operation)

receive

|I0_READ_HOME

DKILL_SHARER

Generate “ERROR?” response (should never receive

coherent operation)

I0_READ_HOME CASTOUT Generate “