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12952 identify a signal from an extension
device to indicate an error detected
at the exiension device

L

12102 Access an event register resident on
the extension device based on the
signal

121577 Read data from the svent register
based on the signal

l

1229"2‘ Initiate resolution of the error
based on the data

FIG. 12

(57) Abstract: An extension device is positioned within a point-to-
point link to connect two devices, where the extension device includes
error detection circuitry to detect a set of errors at the extension de-
vice. The extension device further includes memory to store an event
register, where the extension device is to write data to the event reg-
ister to describe detection of an error by the error detection circuitry.
The extension device further includes a transmitter to transmit a no-
tification signal to indicate the detection of the error and presence of
the data in the event register associated with the error.
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ERROR REPORTING IN LINK EXTENSION DEVICES

FIELD

15861} This disclosure pertains to coraputing system, and in particular {buat not exclusively)

to extension devices in point-to-point interconmects.

BACKGROUND

(G062} Advances in semi-conductor processing and logic design have permitted an
ncrease in the amount of logic that roay be present on integrated circuit devices. As a corollary,
computer system configurations have evolved from a single or multiple integrated circuits in a
system to multiple cores, multiple hardware threads, and multiple logical processors present on
individual integrated circuits, as well as other interfaces integrated within such processors. A
processor or integrated circuit typically comprises a single physical processor die, where the
processor die may include any number of cores, hardware threads, logical processors, interfaces,
memory, controller hubs, etc.

(6063} As a result of the greater ability to fit more processing power in smaller packages,
smaller computing devices have increased in popularity. Smartphones, tablets, ultrathin
notebooks, and other user equipment have grown exponentially. However, these smaller devices
are reliant on servers both for data storage and complex processing that exceeds the form factor.
Consequently, the demand in the high-performance computing market (i.e. server space} has also
increased. For instance, in modern servers, there is typically not only a single processor with
multiple cores, but also multiple physical processors (also referred to as multiple sockets) to
increase the computing power. But as the processing power grows along with the number of
devices in a computing system, the comununication between sockets and other devices becomes

maore critical.
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{3341 In fact, interconnects have grown from more traditional multi-drop buses that
primarily handled electrical communications to full blown interconnect architectures that facilitate
fast communication. Unfortunately, as the demand for future processors to consume at even
higher-rates corresponding demand is placed on the capabilities of existing interconnect

architectures.

BRIEF DESCRIPTION OF THE DRAWINGS

(66651 FIG. 1 illustrates an emnbodiment of a computing system including an interconnect
architecture.

(330361 FIG. 2 flustrates an embodiment of a interconnect architecture including a lavered
stack.

158671 FIG. 3 illustrates an embodiment of a request or packet to be generated or received

within an interconnect architecture.

(80081 FiG. 4 illustrates an embodiment of a transmitter and receiver pair for an
interconnect architecture.

(30091 FIGS. 5A-5C illustrate simplified block diagrams of example links including one
or more extension devices.

16816} FIGS. 6A-6B illustrate simplified block diagrams of systems including example
extension devices.

(6011} FIG. 7 illustrates a simplified block diagram of an example retimer device.

(6012} FIGS. BA-8B illustrate examples of systems including example retimer devices
equipped with error detection logic.

(6613} FIG. 9 is a representation of an example event register.

(6014} FIG. 10 is a simplified block diagram of an example retimer.

[6015] FIGS. 11A-11B are flow diagrams illustrating handling of errors detected by
exarnple extension devices.

THIEY FIG. 12 is a flowchart illustrating an example technigue involving error detection

at extension devices.
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18617} FIG. 13 illustrates an embodiment of a block diagram for a computing system
including a multicore processor.
(8018} FIG. 14 illustrates an embodiment of a block for a computing system including

multiple processors.

DETAILED DESCRIPTION

[6019] In the following description, numerous specific details are set forth, such as
examples of specific types of processors and system configurations, specific hardware structures,
specific architectural and micro architectural details, specific register configurations, specific
instruction types, specific system components, specific measurements/heights, specific processor
pipeline stages and operation etc. in order to provide a thorough understanding of the present
invention. It will be apparent, however, to one skilled in the art that these specific details need not
be emploved to practice the present invention. In other instances, well known components or
methods, such as specific and alternative processor architectures, specific logic circuits/code for
described algorithms, specific firmware code, specific interconnect operation, specific logic
configurations, specific  manufacturing  technigoes and  materials,  specific  compiler
implementations, specific expression of algorithms in code, specific power down and gating
techniguoes/logic and other specific operational details of computer system haven’t been described
i detail in order to avoid unnecessarily obscuring the present invention.

(6626} Although the following embodiments may be described with reference to energy
conservation and energy efficiency in specific integrated circuits, such as in computing platforms
or microprocessors, other embodiments are applicable to other types of integrated circuits and
logic devices. Similar technigues and teachings of embodiments described herein may be applied
to other types of circuits or semiconductor devices that way also benefit from better energy
efficiency and energy conservation. For example, the disclosed embodiments are not limited to
desktop computer systems or Ultrabooks™. And may be also used in other devices, such as

handheld devices, tablets, other thin notebooks, systems on a chip (SOC) devices, and embedded
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applications.  Some examples of handheld devices include cellular phones, Internet protocol
devices, digital cameras, personal digital assistants (PDAs), and handheld PCs. Embedded
applications typically include a microcontroller, a digital signal processor (DSP), a system on a
chip, network computers {(NetP(), set-top boxes, network hubs, wide area network (WAN)
switches, or any other system that can perform the functions and operations taught below.
Moreover, the apparatus’, methods, and systems described herein are not limited to physical
computing devices, but may also relate to software optimizations for energy conservation and
efficiency. As will become readily apparent in the description below, the embodiments of
methods, apparatus’, and systems described herein (whether in reference to hardware, firmware,
software, or a combination thereof) are vital to a ‘green technology’ future balanced with
performance considerations.

(6621} As computing systems are advancing, the components therein are becoming more
complex. As a result, the interconnect architecture to couple and communicate between the
components is also increasing in complexity to ensure bandwidth requirements are met for optimal
component operation. Furthermore, different market segments demand different aspects of
interconnect architectures to swit the market’s needs. For example, servers require higher
performance, while the mobile ecosysterm is sometimes able to sacrifice overall performance for
power savings. Yet, it’s a singular purpose of most fabrics to provide highest possible performance
with maximuam power saving. Below, a number of interconnects are discussed, which would
potentaily benefit from aspects of the invention described herein.

(6022} One interconnect fabric  architecture includes the Peripheral Component
Interconnect (PCI) Express (PCle) architecture. A primary goal of PCle is to enable components
and devices from different vendors to inter-operate in an open architecture, spanning multiple
market segments; Clients (Desktops and Mobile), Servers {(Standard and Enterprise), and
Erobedded and Communication devices. PCI Express is a high performance, general purpose /O
nterconuect defined for a wide variety of future cornputing and communication platforms. Some
PCI attributes, such as its usage model, load-store architecture, and software inter{faces, have been
maintained through its revisions, whereas previous parallel bus implementations have been
replaced by a highly scalable, fully serial interface. The more recent versions of PCI Express take

advantage of advances in point-to-point interconnects, Switch-based technology, and packetized
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protocol to deliver new levels of performance and features. Power Mavnagement, Quality Of
Service {QoS), Hot-Plug/Hot- Swap support, Data Integrity, and Error Handling are among some
of the advanced features supported by PCI Express.

(6023} Referring to FI1G. 1, an embodiment of a fabric composed of point-to-point Links
that interconnect a set of components is illustrated. System 100 includes processor 105 and system
memory 110 coupled to controller hub 115. Processor 105 includes any processing element, such
as a microprocessor, a host processor, an embedded processor, a co-processor, or other processor.
Processor 105 is coupled to controller hub 115 through front-side bus (FSB) 106. In one
embodiment, FSB 106 is a serial point-to-point interconnect as described below. In another
embodiment, link 106 includes a serial, differential interconnect architecture that is compliant with
different interconnect standard.

16624} System memory 110 includes any memory device, such as random access memory
(RAM), non-volatile (NV) memory, or other memory accessible by devices in system 100, System
memory 110 is coupled to controller hub 115 through memory interface 116. Exaroples of a
memory interface include a double-data rate (DDR) memory interface, a dual-channel DDR
memory interface, and a dynamic RAM (DRAM) memory interface.

(36257 In one embodiment, controller hub 115 is a root hub, root complex, or root
controller in a Peripheral Component Interconnect Express (PCle or PCIE) interconnection
hierarchy. Examples of controller hub 115 include a chipset, a memory controller hub (MCH), a
northbridge, an interconnect controller hub (ICH) a southbridge, and a root controller/hub. Often
the term chipset refers to two physically separate controlier hubs, 1.e. a memory controller hub
{(MCH) coupled to an interconnect controller hub (ICH). Note that current systems often inchude
the MCH integrated with processor 105, while controller 115 18 to communicate with IO devices,
i a sumilar manner as described below. In some embodiments, peer-to-peer routing is optionally
supported through root complex 115.

(38261 Here, controller hub 115 is coupled to switch/bridge 120 through serial link 119.
Input/output modules 117 and 121, which may also be referred to as interfaces/ports 117 and 121,
nclude/implement a layered protocol stack to provide communication between controller hub 115

and switch 120. In one embodiment, multiple devices are capable of being coupled to switch 120.
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158271 Switch/bridge 120 routes packets/messages from device 125 upstream, ie. up a
hierarchy towards a root complex, to controller hub 115 and downstream, i.e. down a hierarchy
away from a root controller, from processor 103 or system memory 110 to device 125. Switch
120, in one embodiment, is referred to as a logical assembly of multiple virtual PCl-to-PCI bridge
devices. Device 125 includes any internal or external device or component to be coupled to an
electronic system, such as an /O device, a Network Interface Controller {NIC), an add-in card,
an audio processor, a network processor, a hard-drive, a storage device, a CO/DVD ROM, a
monitor, a printer, a mouse, a keyboard, a router, a portable storage device, a Firewire device, a
Universal Serial Bus (USB) device, a scanner, and other input/output devices. Often in the PCle
vernacular, such as device, is referred to as an endpoint. Although not specifically shown, device
125 may include a PCle to PCYPCE-X bridge to support legacy or other version PCl devices.
Endpoint devices in PCle are often classified as legacy, PCle, or root complex integrated
endpoints.

[0028] Graphics accelerator 130 is also coupled to controller hub 115 through serial link
132. In one embodiment, graphics accelerator 130 is coupled to an MCH, which is coupled to an
ICH. Switch 120, and accordingly ¥/O device 125, is then coupled to the ICH. VO modules 131
and 118 are also to implement a layered protocol stack to comrnunicate hetween graphics
accelerator 130 and controller hub 115, Similar to the MCH discussion above, a graphics
controller or the graphics accelerator 130 itself may be integrated in processor 105. Further, one
or more Hoks (e.g., 123) of the system can include one or more extension devices {e.g., 150}, such
as retimers, redrivers, repeaters, etc.

158291 Turning to FIG. 2 an embodiment of a layered protocol stack is illustrated. Layered
protocol stack 200 includes any form of a layered communication stack, such as a Quick Path
Interconnect {(QPD stack, a PCle stack, a next generation high performmance computing
interconnect stack, or other layered stack. Although the discussion immediately below in reference
to FIGS. 1-4 are in relation to a PCle stack, the same concepts may be applied to other interconmect
stacks. In one embodirent, protocol stack 200 1s a PCle protocol stack 1ncluding transaction layer
205, link layer 210, and physical layer 228. An interface, such as interfaces 117, 118, 121, 122,

126, and 131 in FIG. 1, may be represented as communication protocol stack 200. Representation
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as a commmnication protocol stack may also be referred to as a module or interface
implementing/including a protocol stack.

168361 PCI Express uses packets to communicate information between components.
Packets are formed in the Transaction Layer 205 and Data Link Layer 210 to carry the information
from the transmitting component to the receiving component. As the transmitted packets flow
through the other layers, they are extended with additional information necessary to handle packets
at those layers. At the receiving side the reverse process occurs and packets get transformed from
their Physical Laver 220 representation to the Data Link Layer 210 representation and finally (for
Transaction Layer Packets) to the form that can be processed by the Transaction Layer 205 of the
receiving device.

188311 Transaction Layer

(60321 In one embodiment, transaction layer 205 is to provide an interface between a
device’s processing core and the interconnect architecture, such as data link layer 210 and physical
layer 220. In this regard, a primary responsibility of the transaction layer 205 is the assermbly and
disassembly of packets (i.e., transaction layer packets, or TLPs). The translation layer 205
typically manages credit-base flow control for TLPs. PCle implements split transactions, i.e.
while the target device gathers data for the response.

(3633 In addition PCle utilizes credit-based flow control. In this scheme, a device
advertises an initial amount of credit for each of the receive huffers in Transaction Layer 205. An
external device at the opposite end of the link, such as controller hub 115 in FIG. |, counts the
number of credits consumed by each TLP. A transaction may be transmitted 1f the transaction
does not exceed a credit limut. Upon receiving a response an amount of credit is restored. An
advantage of a credit scheme is that the latency of credit return does not affect performance,
provided that the credit limit is not encountered.

(3334 In one embodiment, four transaction address spaces include a configuration address
space, a memory address space, an input/output address space, and a message address space.
Memory space transactions include one or more of read requests and write requests to transfer data
to/from a memory-mapped location. In one embodiment, memory space transactions are capable

of using two different address formats, e.g., a short address format, such as a 32-bit address, or a
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long address format, such as 64-bit address. Configuration space transactions are used to access
configuration space of the PCle devices. Transactions to the configuration space include read
requests and write requests. Message space transactions (or, simply messages) are defined to
support in-band communication between PCle agents.

(30351 Therefore, in one embodiment, transaction layer 205 assembles packet
header/payload 206. Format for current packet headers/payloads may be found in the PCle
specification at the PCle specification website.

(6436} Quickly referring to FIG. 3, an embodiment of a PCle transaction descriptor is
illustrated. In one embodiment, transaction descriptor 300 is a mechanism for carrying transaction
information. In this regard, transaction descriptor 300 supports identification of transactions in a
system. Other potential uses include tracking modifications of default transaction ordering and
association of transaction with channels.

188371 Transaction descriptor 300 includes global identifier field 302, attributes field 304
and channel identifier field 306. In the illustrated example, global identifier field 302 is depicted
comprising local transaction identifier field 308 and source identifier field 310. In one
embodiruent, global transaction identifier 302 is unique for all outstanding requests.

(38387 According to one implementation, local transaction identifier field 308 is a field
generated by a requesting agent, and it 1S wnigue for all outstanding requests that require a
comapletion for that requesting agent. Furthermore, in this example, source identifier 310 uniquely
identifies the requestor agent within a PCle hierarchy. Accordingly, together with source 1D 310,
local transaction identifier 308 field provides global identification of a transaction within a
hierarchy domain.

(3039} Attributes field 304 specifies characteristics and relationships of the transaction. In
this regard, attributes field 304 is potentially used to provide additional information that allows
modification of the defaunlt handling of transactions. In one embodiment, attributes field 304
ncludes priority field 312, reserved field 314, ordering field 316, and no-suoop field 318. Here,
priority seb-field 312 mway be modified by an initiator to assign a priority to the transaction.
Reserved attribute field 314 is left reserved for future, or vendor-defined usage. Possible usage

models using priority or security attributes may be implemented using the reserved attribute field.
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158461 In this example, ordering attribute field 316 is used to supply optional information
conveying the type of ordering that may modity default ordering rules. According to one example
implementation, an ordering attribute of "(" denotes default ordering rules are to apply, wherein
an ordering attribute of "1" denotes relaxed ordering, wherein writes can pass writes in the same
direction, and read completions can pass writes in the same direction. Snoop attribute field 318 is
utilized to determine if transactions are snooped. As shown, channel 1D Field 306 identifies a
channel that a transaction is associated with.

(60417 Link Layer

(60421 Link layer 210, also referred to as data link layer 210, acts as an intermediate stage
between transaction layer 205 and the physical layer 220. In one embodiment, a responsibility of
the data link layer 210 is providing a reliable mechanism for exchanging Transaction Layer Packets
(TLPs) between two components a link. One side of the Data Link Layer 210 accepts TLPs
assemibled by the Transaction Layer 205, applies packet sequence identifier 211, ie. an
identification nurnber or packet number, calculates and applies an ervor detection code, i.e. CRC
212, and submits the modified TLPs to the Physical Layer 220 for transmission across a physical
to an external device.

[6043] Physical Laver

16044} In one embodiment, physical layer 220 includes logical sub block 221 and electrical
sub-block 222 to physically transmit a packet to an external device. Here, logical sub-block 221
is responsible for the "digital” functions of Physical Layer 221, In this regard, the logical sub-block
includes a transmit section to prepare outgoing information for transmission by physical sub-block
222, and a receiver section to identify and prepare received information before passing it to the
Link Layer 210.

15845} Physical block 222 includes a transmitter and a receiver. The transmitter i1s supplied
by logical sub-block 221 with symbols, which the trapsmitter serializes and transmits onto to an
external device. The receiver is supplied with serialized symbols from an external device and
transforms the received signals into a bit-stream. The bit-stream is de-serialized and supplied to
logical sub-block 221. In one embodiment, an 8b/10b transmission code is employed, where ten-

bit symbols are transmitted/received. Here, special symbols are used to frame a packet with frames
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223, In addition, in one example, the receiver also provides a symbol clock recovered from the
incoming serial stream.

16846} As stated above, although transaction layer 203, link layer 210, and physical layer
220 are discussed in reference to a specific embodiment of a PCle protocol stack, a layered
protocol stack is not so limited. In fact, any layered protocol may be included/implemented. As
an example, an port/interface that is represented as a layered protocol includes: (1} a first layer to
assemble packets, i.e. a transaction layer; a second layer to sequence packets, i.e. a link laver; and
a third layer to transmit the packets, i.e. a physical layer. As a specific example, a common
standard interface (CS1) layered protocol is utilized.

(60471 Referring next to FIG. 4, an embodiment of a PCle serial point to point fabric is
illustrated. Although an embodiment of a PCle serial point-to-point link is illustrated, a serial
point-to-point link is not so limited, as it includes any transmission path for transmitting serial
data. In the embodiment shown, a basic PCle link includes two, low-voltage, differentially driven
signal pairs: a transmit pair 406/411 and a receive pair 412/407. Accordingly, device 405 includes
transmission logic 406 to transmit data to device 410 and receiving logic 407 to receive data from
device 410. In other words, two transmitting paths, i.e. paths 416 and 417, and two receiving
paths, i.e. paths 418 and 419, are included in a PCle link.

[0048] A transmission path refers to any path for transmitting data, such as a transmission
line, a copper line, an optical line, a wireless cornmunication channel, an infrared commumnication
hink, or other communication path. A connection between two devices, such as device 405 and
device 410, is referred to as a link, such as link 415, A link may support one lane — each lane
representing a set of differential signal pairs {one pair for transmission, one pair for reception). To
scale bandwidth, a link may aggregate multiple lanes denoted by xN, where N is any supported
Link width, such as 1,2, 4, 8, 12, 16, 32, 64, or wider.

(6491 A differential pair refers to two transmission paths, such as hnes 416 and 417, to
transmit differential signals. As an example, when line 416 toggles {rom a low voltage level to a
high voltage level, i.e. a rising edge, line 417 drives from a high logic level to a low logic level,
i.e. a falling edge. Differential signals potentially demonstrate better electrical characteristics,
such as better signal integrity, i.e. cross-coupling, voltage overshoot/undershoot, ringing, etc. This

allows for better timing window, which enables faster transmission frequencies.

10
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[3356] In some implementations, a link, such as a link compliant with PCle, USB, UP], or
other interconnect protocol, can include one or more retimers or other extension devices, such as
a redriver or repeater. A retimer device (or simply “retimer”), can include active electronic
devices that receive and re-transmit {retime) digital I/O signals. Retimers can be used to extend
the length of a channel that can be used with a digital YO bus.

(63511 FIGS. 5A-5C are simplified block diagrams 500a-c illustrating example
implementations of a link interconnecting two system components, or devices, such as upstream
component 505 and downstream component 510. An upstream component 505 and downstream
component 510 can be connected directly, in some instances, with no retimers, redrivers, or
repeaters disposed on the link between the two components 503, 710, such as shown in the example
of FIG. 5A. In other instances, a retimer (e.g., 515) can be provided to extend the link connecting
upstream component 505 and downstream component 510, such as illustrated in FIG. 58, In still
other implementations, two or more retimers {e.g., 515, 520) can be provided in series to further
extend a link connecting upstream component 505 and downstream component 510. For instance,
a particular interconnect technology or protocol may specify a maximum channel length and one
or more retimers (e.g., 515, 520), can be provided to extend the physical length of the channel
connecting two devices 503, 510. For instance, providing retimers 515, 520 between upstream
component 505 and downstrearn component 510 can allow a link three times the maximum length
specified for a link without these retimers e.g., 515, 520, among other example iroplementations.

[6052] A link incorporating one or more retimers can form two or more separate electrical
sub-links at data rates comparable to data rates realized by links employing similar protocols but
with no retimers. For instance, a link including a single retimer can form a link with two separate
sub-links, each operating at 8.0 G'T/s or higher. FIGS. 6A-6B illustrate siraplified block diagrams
600a-b of example links including one or more retimers. For instance, in FIG. 6A, a link
connecting a first component 605 (e.g., an upstrearn component) to a second component 610 (e.g.,
a downstream component) can include a single retimer 615a. A first sublink 620a can connect the
first component 603 to the retimner 615a and a second sublink 620b can connect the retimer 613a
to the second component. As shown in FIG. 6B, nultiple retimers 615a, 615b can be utilized to
extend a link. Three sublinks 620a-c can be defined through the two retimers 615a, 615b, with a

first sublink 615a connecting the first component to the first retimer 615a, a second sublink

11
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connecting the f{irst retimer 615a to the second retimer 613b, and the third sublink 61 5¢ connecting
the second retimer 615b to the second component.

108531 As shown in the examples of FIGS. 6A-6B, in some implementations, a retimer can
include two pseudo vports, and the pseudo ports can determine their respective
downstreamy/upstream orientation dynamically. Bach retimer 6153, 615b can have an upstream
path and a downstream path. Further, retimers 615a, 615b can support operating modes including
a forwarding mode and an executing mode. A retimer 615a, 615b in some instances can decode
data received on the sub-link and re-encode the data that it is to forward downstream on its other
sublink. In some cases, the retimer can modify some values in the data it receives, such as when
processing and forwarding ordered set data. Additionally, a retimer can potentially support any
width option as its maximum width, such as a set of width options defined by a specification such
as PCle.

(060541 As data rates of interconnects {(e.g., PCle, UP], OpenC/—‘xPIn’j.a Gen-Z™, Universal

TM™M

Serial Buas, (USB), Cache Coherent Interconnect for Accelerators (CCIX™), Advanced Micro

- . Y ; T N < . 4 2 < 4 Y
Device™’s (AMD™) Infinity™, Common Communication Interface (CCI), or Qualcomm™ s

™ interconnect, ete.) increase, retimers are increasingly used to extend the channel reach.

Centrig
Retimers may capture the received bit stream prior to regenerating and re-transmitting the bit
stream. In some cases, retimers may be protocol-aware and possess a full physical layer or even
additional logic to iroplement a portion of the protocol stack to allow the retimner to participate in
portions of the link training and negotiation (LTSSM), inclading transmitter / receiver
equalization, and other link training activities. However, in high speed links, implementing a
retimer with a full protocol stack or complete physical or link layer logic, etc., may add
unacceptable latency for links that connect two or more devices over one or more retimers. Indeed,
there are growing numbers of applications that are likely to utilize retimers or other channel
extension devices as the operating frequencies of external interfaces continue to increases while
channel improvement improves more at a more modest pace. Further, many applications call for
jonger channel lengths, such as data center, cloud, and server applications where interconnect
channels can span several inches, pushing or exceeding the maximum channel lengths supported
natively by emerging high speed interconnects. For example, PCI Express Gen 4, designed to

operate at a frequency of 16.0 GT/s, may provide for a particular Himited maximum channel length

12
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{e.g., 147 or less). For server applications, where the channel lengths may typically exceed 20
inches, a retimer, redriver, or other repeater elements may be sought after to extend the channel.
Similarly, for an Ultra Path Interconnect (UP1) cache-coherent interface, extension devices may
be likewise utilized to support longer-length platforms at 18.4 GT/s, among other examples.

{6855} The speed of high speed differential serial links continues to increase, with speeds
of future standard and non-standard applications expected to increase further. Notwithstanding
these advancements, the physical size of many systems and devices has stayed unchanged —
making the high speed differential channels more challenging to design as the /0O speeds increase.
Many channel designs now require an active extension device such as a retimer and the percentage
of channel designs where an extension device is required are increasing. Extension devices may
include such examples as repeaters, redrivers, and retimers. Of these examples, retimers offer the
greatest extension (100% per retimer) together with guaranteed interoperability. However,
retimers also have some drawbacks versus simpler analog-only redriver extension devices,
including increased cost, latency, and power. Accordingly, developing and implementing retimers
for high speed interfaces may face a variety of issues. For example, in high speed cache-coherency
protocols, a channel may be extremely sensitive to latency, such that adding even nanoseconds of
additional latency per retimer hop becomes untenable duae to the performance loss introduced
through the retimer{s). Latency may also be an issue in examples such as in memory applications
(e.g., Memory Drive and Memory Services Processor), and such challenges are only expected to
worsen as the next-generation non-volatile memory (NVM) technologies provide higher
bandwidth and lower latency, closing the gap with double data rate (DDR) memory {e.g., DDR
synchronous dynamic randome-access memory (SDRAM)).

{0056] Extension devices, in some iroplementations, may natively lack mechanisms and
logic to detect and report errors occurring or primarily detectable at the extension device. As a
result of no standardized fault handling mechanisms at the extension device, this results in the
sitnilar absence of any standardized mechanism to locate the source of a link error or the presence
of a failing device on a link that includes one or more extension devices. Such shortcomings may
thereby cripple the corresponding systemy’s Reliability, Availability and Serviceability (RAS)
capabilities due to the inability to monitor and fault handle on the extension devices. Given this,

link recovery protocols may be undermined, which may not only discourage the adoption and use
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of extension devices, but also the adoption of next generation interconpect protocols and
corresponding links, where speed is to increase yet further and create additional pressure on the
physical lengths of interconnect channels, among other example issues.

(63571 Turning to FIG. 7, a simplified block diagram 700 is shown illustrating an example
implementation of an enhanced retimer 710 equipped with logic to enable the retimer 710 to detect
and record errors and other events at the retimer 710, allowing these recorded events to be
consumed by software or hardware at one or both of the upstream {e.g., 705) and downstream (e.g.,
715) endpoint devices on the link to better detect and diagnose errors and other events affecting
the link. In one example implementations, the retimer may include retimer logic 720, implemented
at least in part in hardware circuitry to regenerate signals and corresponding data received by the
retimer 710 (e.g., on receiver Rx (B) or Rx (C)) to forward these regenerated signals downstream
on the corresponding transmitter (e.g., Tx{C) or Tx(B) respectively). Protocol logic 725 may
additional be provided in some implementations of a retimer 710 but may represent a subset of the
circuitry and other logic required to implement a full protocol stack of a particular interconnect
protocol {e.g., OpenCAPiTM, Gen-Z™, UPL, Universal Serial Bus, (USB), Cache Coherent
Interconnect for Accelerators (CCIX™), Advanced Micro Device™'s (AMD™) Infinity™,
Common Cormmunication Interface (CCD), or Qualcomm™ s Centrig™ interconnect, etc.). For
instance, in one example, the protocol logic 725 may be limited to physical layer logic of one or
more protocols and may be utilized to enable the retimer to participate in equalization, electrical
idle exit/entry, speed changes, link width negotiation and changes, among other physical layer (and
even some non-physical layer) tasks, while not adding detriroentally high levels of additional
latency to the retimer. An extension device, such as retimer 710, may be further equipped with
error detection logic 730, implemented fully or at least partially in dedicated hardware circuitry of
the retimer 710) to enable the retimer 710 to detect a certain set of events at the retimer, such as
receiver or transmitter link ervors, internal errors or events of the retimer, equalization esrrors,
among other exaraples. As errors and other events are detected using error detection logic 730,
the error detection logic 730 may record the event in one or more event registers 735 provided in
internal computer memory of the retimer 710.

(G058} An example retimer event register 735 may be implemented as an interrupt event

register and provide fields or registers for a set of common or default error types, while also
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reserving space for device-specific ervor listings. In some implementations, event register 735 are
defined according to a standardized format, such as according to a structured capability and/or
status register, with fields of the registers defined in accordance with a particular protocol. For
instance, the register 735 structure may be defined to be based on or at least partially adopt the
structure and fields of an existing register defined within an interconnect protocol, such as a PCle-
based capability and status register, among other potential examples.

(3059 As events are detected and recorded within the retimer 710, the retimer 710 may
communicate alerts, messages, or other signals to one or both of the upstream endpoint device 705
and downstream device 715 connected by the point-to-point link to notify the endpoint device
{e.g., 705, 713), or particular logic or components of an endpoint device {e.g., an interrupt handler,
basehoard management controller (BMC), system BIOS, or another event handier), that event
information has been or is being written to the event register 735, In some implementations, this
signal may be implemented as an in-band notification compliant with an interconnect protocol
utilized on the Hnk, such as an interrupt, or through the setting of one or more bits in an ordered
set, training sequence, packet, message, or other defined signal. In other implementations, the
notification of the event may be communicated out-of-band by the retimer 710, for instance, using
a sideband channel (e.g., 755). In some implementations, both in-band and out-of-band
notifications may be supported by the retimer 710, An out-of-band channel may be implemented,
in one example, through a Systemn Management Bus (SMBUS). In some implementations, the
notification may be comumumnicated through a dedicated interrupt pin provided on the retimer 710,
arnong other exarople implementations.

188601 Upon detecting the presence of an event recorded in the internal event register of a
retimer 710 (based on detection of the event by the retivner), a system controller may access and
read the event register 735 to identify details concerning the event and, if possible or relevant,
initiate corrective action to rernedy the event. In some implementations, the systern controller may
be implemented in system software {e.g., the BIOS, BMC, operating system (05), etc.) to access
the event register 735 and implement error detecting, error reporting and error correcting and
thereby extend the system’ RAS coverage through the fault handling mechanism facilitated by the
enhanced retimer device 710. For instance, the system controller may force a retraining of the

link, reconfigure one or more of the devices (e.g., 705, 718, 715) on the link, among other example
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actions. Through such improvements to extensions devices, such as example retimer 710, a
standardized mechanism may be defined by which system software may handle error logging,
signaling, and handling on links including extension devices and thereby improve overall RAS of
the system, including other examples advantages.

100611 Turning to the example of FIG. 8A, a simplified block diagram 8003 is shown
illustrating an example implementation of an improved extension device {e.g., a retimer 710)
including error detection logic 730 to detect various events at the extension device 710 and
populate one or more register fields of event register 735 to record details regarding the detected
event. In this example, the extension device may utilize protocol logic (e.g., physical layer logic
725) to communicate an in-band notification 820 of an event detected at the extension device 710,
In other instances, one of the endpoint components {(e.g., 705, 715) may generate the in-band
message, such an interrupt {(e.g., a systerm management interrupt (SMI), system control interrupt
(SCH, message signaled interrupt (MSh), etc.). For instance, a link error may be detected at one
of the upstream and/or downstream coraponent, and this error may, in fact be based on an error
occurring at the extension device 710, which the extension device 710 detects and document using
error detection logic 730 and event register 735. In either instance, the in-band message 8§20 may
be communicated to one of the endpoint components (e.g., 705) connected on the link that includes
the extension device, such that an event handler (e.g., 805) managing or otherwise in
comnmunication with the endpoint component (e.g., 705) may detect that an event has been reported
by the extension device through the in-band message 820. In sorne iroplementations, the event
handler 805 may be iraplemented in system software, as systern BIOS, a BMC, interrupt handler,
or other component on the system of which at least device 705 1s a component. In sorue cases,
more than one event handler 805 may be present ou the system and be capable of identifying and
handling events detected and reported by an extension device. For instance, based on the state of
the system or the time at which an event 13 detected and reported, a BIOS- or BMC-based event
handler may be used, while during runtime an OS-based event handler may be used, among other
examples.

100621 Continuing with the example of FIG. 8A, upon (in-band) notification of an event at
the extension device 71{}, the event handier 803, in response, may access and read the event register

735 to identify the record of the corresponding event and collect details regarding the event. Based
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on the type and nature of the reported event, the event handler 805 may then trigger or perform
actions to remedy the event. The event handler 805 may additionally perform reporting or logging
at the system level to record information gathered by and communicated the event register of the
extension device, among other examples. In some implementations, error correction and recovery
may inciude triggering a reset or retraining of the link, or other remedies defined in an interconnect
protocol governing the link. In other cases, an alert, report, or service ticket may be automatically
generated by the event handler to alert human or artificial inteligence (Al)-based system
administrators to attempt to remedy the issue detected at the extension device 710, among other
examples.

[6063] Turning to FIG. 8B, another simplified block diagram 800b is shown illustrating an
implementation of an extension device equipped with error detection logic and an event register,
such as discussed elsewhere herein. In the example of FIG. 8B, the extension device is further
equipped with a sideband port to communicate with one or more other components over a
corresponding sideband channel. In this example, the sideband channel rmoay be used to carry data
and clock signals {e.g., 840) over the sideband channel. The sideband channel can be augmented
or otherwise configured to support an alert signal (e.g., sent over a dedicated lane of the sideband
channel} to cornmunicate error events detected by the extension device 710 using error detection
logic 730 (i.e., rather than comumunicating such an event through an in-band communication
channel {(e.g., 830). In one example, a dedicated sideband alert pin may be provided on the
extension device to send an interrept message to an interrupt controller {e.g., 825). Other
implementations may send other types of event alert message to other coraponents of a host system
or other component coupled to a system event handler (e.g., implemented in system software
associated with upstream component 705). As 1o the example of FIG. 84, the indication of the
detected ervor, and with it an explicit or imaplicit indication that the extension device 718 also has
recorded corresponding information in its local event register, may cause the event handler 805 to

el
i
i

access and read the event register 735 and use this information to log and/or remedy the event
detected by the extension device.

16864} Enabling error detection on retimers may be particularly advantageous to detecting
various types and instances of errors that may otherwise be undetectable or expensive detect using

endpoint or system error detection alone. As an example, in links where two or more extension
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devices (e.g., retimers) are used to extend the physical length of a point-to-point Jink coupling two
error detected by an endpoint, in fact, originates from a retimer, but the system may be unable of
determining which of the multiple retimer was the ultimate cause of the error. As another example,
some errors may be effectively undetectable to an upstream component (and corresponding system
software and error handler). For instance, transmitter equalization errors may go undetected given
the presence of the two or more retimers positioned in cascade on the link, as the upstream system
may be unaware of Phase2/3 transmitter equalization status of the retimer(s). Additionally, internal
errors in retimers, which do not trigger link errors or are otherwise incapable of discoverable by
the endpoint components and system software, may go undetected, among other example issues.

(6065} As represented in FIGS. 8A-8B, an example events register may include sub-
registers or fields dedicated to respective types of events. For example, physical layer errors (e.g.,
810) may be one event type, internal retimer errors (e.g., 15) may be another event type, and so
on. For each event types, various, more granular events may be defined, and the registers (e.g.,
810, 815) may include fields specific to these respective sets of events. Further, an event register
may also identify the error detecting capabilities of the extension device (e.g., 710}, as well as
indicate, which specific errors an event handler {(e.g., 805) may be capable of or otherwise
designate for reporting by the enabled extension device, amoung another example information. In
some implementations, an event register 733 may be of a defined, standardized format. Such
standardization may allow extension devices of different types, models, and manufacturers to be
used interchangeably in various system iropleruentations, without a system having to install and
update different corresponding drivers for each extension device model. Instead, eveunt handlers
may expect and reuse logic {(e.g., defaunlt error handling logic) to handle errors detected by and
read event registers hosted on potentially any extension device model implementing the
standardized event register, among other example advantages.

13866} FIG. 9 is a representation of an example event register block 735 implemented in
accordance with a defined, standardized format, which may be adopted as an event regisier across
multiple different extension devices of various models and vendors. In the particular example of
FIG. 9, an event register is provided with a format defined based on a PCle-based capability and

status register. Such a format may provide for registers to indicate the retimers error reporting
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capabilities, the enabling/disabling of these capabilities (e.g., by system software through the
register), listings of error types, masking/unmasking of error types, status of error detection, and
status control for the extension device, among other information and settings. Such information
may be embodied according to a structure defined for configuration space of a system, such as
P(Cle Configuration Space/Extended Configuration Space.

(6067} In the particular example of FIG. 9, a PCle-based capability and status register
structure is used as the basis for an event register of a retimer. For instance, a register block may
include a traditional device capability structure 905, with additional event registers 930, 935, 940,
etc. for recording retimer-detected errors. In some implementations, additional records (e.g., 965)
may be maintained in the register block, such as lane equalization values established at the retimer
during link training, among other configuration information and other data. As represented in the
particular example of FI1G. 9, as may be consistent with a PCle-based capability and status register
(e.g., the Interrupt Pin register (INTPIN) and Interrupt Line register (INTL)Y). Similarly, capability
register fields 910 may be provided for the device capability structure 903, including device control
register fields 913, device status register fields 920, and a device status mask 925, which may be
used to indicate general capabilities and device functions supported by the retimer (e.g., functional
level reset, correctable error reporting, fatal error reporting, non-fatal error reporting, etc.), as may
be defined in a specification of a PCle-based protocol. In addition to a conventional, PCle device
capability structure 9035, additional event registers 930, 935, 940, etc. may be defined, which
borrow from the general PCle device capability structure definition and correspond to various
types or categories of events, which a retirner may potentially detect and record at the retimer. For
mnstance, receiver hink errors detected by the retimner, such as PHY -related receiver errors including
loss of lane-to-lane skew, elastic buffer overflows, received symbol invalid errors, loss of symbol
fock, loss of block alignroent, etc., may be recorded in receiver error capability structure 930.
Similarly, internal retimner errors, such as temperature errors, power errors, phase lock (PLL}
errors, clock ervors, etc., may be recorded in an imternal error capability strocture 935.
Additionally, equalization errors, such as an upstream phase 1/2/3 ervor, downstrearn phase 1/2/3
error, etc., may be recorded in an equalization error capability structure 940, among other types of
error, which may likewise be recorded in corresponding error capability structures in event register

block 735.
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(33681 As shown in the example of FIG. 9, in an implementation based on a PCle control
and status register, register fields of error capability structure may be based on P(le-based
capability registers. For instance, as with the device capability structure 905, an error capability
structure {e.g., 930, 935, 940, etc.) may also include capability register fields (e.g., 945), control
register fields {(e.g., 950), a status register fields {e.g., 955), and a status mask {(e.g., 960, 965),
among other potential register fields. In one example, capability register fields {e.g., 945) of an
error capability structure (e.g., 930, 935, 940) may be encoded with bits in one or more fields (or
in a bitmask) to identify the error detection capabilities of the corresponding retimer error detection
iogic. For instance, a set of errors may be defined to correspond with a particular type of error
{e.g., receiver errors), and the capability fields (e.g., 945) may identify which (i.e., all or a subset)
of the individual errors are capable of being detected by the retimer. This information may be used
by an event handler or system software accessing the event register to determine what events the
system can expect to have detected and reported by the retimer. As system software or another
systern controller may set some of the bits and write values in the retirner’s event register 735 (e.g.,
in control and status register fields}, the system may consider the error detection capabilities of the
retitner, as reported in capability register fields (e.g., 945) in determining what values to write in
other register fields.

(66691 The control register fields (e.g., 950) of an error capability structure {e.g., 930, 935,
940y may be encoded with bits in one or more fields to identify how the retimer 18 to report the
detection of particular errors. For instance, the control register field(s) (e.g., 950) may be encoded
to indicate whether detection of errors of this type {or event particolar errors of this type) will be
reported to the system through an in-band message, a sideband message, an mterrupt {or particalar
type of interrupt {e.g., SMI, SCI, etc.), among other example information. In somwe
implementations, the values of the control register field {(e.g., 950) will be set based on the
functionality of the retimer (e.g., whether it supports in-band or sideband alerts, etc.). System
software may also or instead set values in the control register field (e.g., 950) based on the
preferences or capabilities of the system, its interrupt controllers, event handlers, and/or other
components, among other examples.

(G767 Continuing with the example of FIG. 9, status register fields (e.g., 9535, 965) of an

error capability structure (e.g., 930, 935, 940) may be encoded with bits to indicate the detection
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of a particular error by the retimer. For instance, the retimer may detect a temperature error and,
in connection with the detection of this error, set a bit corresponding to the temperature error in
the status register {e.g., 965) of the internal error capability structure 935 (as the temperature error
is considered, in this example, to be an internal error type). Similarly, the detection of other errors
may cause corresponding bits within corresponding status register fields (e.g., 955, 965) to be set
to indicate detection of the specific error at the retimer. Additional fields and bits may be provided,
in some implementations, to report additional information corresponding to an error detected by
the retimer. For instance, some implementations of a retimer may be equipped with sensors to
indicate the temperature of the retimer measured in connection with the detection of a temperature
error, among various other examples involving errors of other types and corresponding information
that may be collected by retimer logic in some implementations.

(6671} An error mask (e.g., 960) may also be provided in each of the error capability
structures {(e.g., 930, 935, 940), through which the retimer may set a bit in the mask to identify
whether the retimer should report and record particular errors in the set of errors of the particular
type corresponding the error capability structure. For instance, while retimer error or event
detection logic may be capable of detecting a particular error, a system may be configured to ignore
such errors and may thus encode bits in the status mask (e.g., 960) to indicate to the retiroer that
the particular error should not be reported in the event status register by the retimer. If the error is
not masked, and detection of the error is supported by the retimer, then reporting of this other error
may be considered enabled through corresponding values set in the status mask (e.g., 960).

[G072] In one example, illustrated by the simplitied block diagram 1000 in FIG. 10, a
retimer 710 may be enhanced with error detection logic and an event register 735, such as
discussed above. Simlar to the example discussed in FIG. 8B, the retimer 710 may include a
sideband pin(s) or port to support sideband notifications of events detected at the retimer. In one
example, as Mustrated i FIG. 10, the sideband channel may be implemented as a system
management bus (SMBUS) that supports, in addition to clock {e.g., 840a) and data signaling (e.g.,
§40b), a lane or channel to support an alert signal 835 (e.g., SMBALERT#), which may be
triggered through logic circuitry {e.g., 1005) of the retimer 710 based on values set in the event
register(s) 735. For instance, if an event has been detected and reported (e.g., as indicated in the

status register {e.g., INT# EVENTS)) and the corresponding bit in the status mask {(e.g.,
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INT#_MASK) indicates that the event is to be reported to the system by the retimer, logic circnitry
1005 may be utilized to generate an SMBALERT# signal that is reported through the SMBUS to
an interrupt controller (e.g., implemented on the chipset or as an embedded controller (EC)) 825.
The alert signal 835 may then trigger system software or another event handler component of the
system to access and read the contents of the event register 735 to determine the nature of the
detected event and proceed with corresponding corrective action where appropriate.

18873} Turning to FIG. 11 A, a flow diagram 1100a 1s shown illustrating power-on self-test
(POST) time error detection flow for a link with one or more retimers equipped with error detection
logic and corresponding event registers. During POST time, in an implementation involving
retimers on a PCle-based link, PCle enumeration may be completed 1105 and system BIOS may
then check capability and status register(s) in the root complex {e.g., to get the link up status and
rule out errors of the upstream and downstream components, etc.). If the link is established (at
1115}, the BIOS may proceed to launch the operating system (at 1120). If there is an error or other
issue preventing the Hok from being brought up or otherwise functioning properly, the BIOS,
BMC, or other component (other than an OS-based component) may respond by attempting to
detect the cause of the error. In connection with this activity, the BIOS, BMC, or other component
may access and read event registers (at 1125) of each of the one or more retimers (or, in other
implementations, redrivers) present on the link. Information collected from the retimer event
register(s) may be combined with any other information collected by the countroller {e.g., BIOS or
the BMC) and generate log data (at 1135), such as system event log (SELLOG) data, and provide
this to the BMC or another controller in connection with an error reporting stage 1130 performed
by the system. This log data may then be accessed and used in an error correction/recovery stage
1140 to correct, reset, reconfigure, or otherwise atteript to reruedy the detected errors.

15874} Upon successfully laanching the operating systern {e.g., at 1120), system POST
titne can transition to system runtime. As illustrated in the example of FIG. 11B, tools provided
through and supported by the operating systern may be relied upon {e.g., instead of system BIOS
as in POST time) to address errors detected and reported at retimers, redrivers, or other extension
devices on a link. For instance, during rantime, error detection 1150 may involve the detection of
link errors (at 1165) through in-band registers of the root complex. For instance, an in-band

interrupt message may be sent/asserted, such as an SMI 1170 or SCI 1175, In some instances,
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handling of the errors and interfacing with the internal event registers of extension devices on the
link may be based on what type of interrupt or other error notification signal sent in-band or out-
of-band with the link. For instance, in the case of SMis, system BIOS or the BMC may handle the
error {at 1183), while an SC1 or other notification may be handled by the operating system event
handler (at 1185), among other examples. In some cases, the retimer may send a message or other
signal to indicate (at 1190} the detection of an event at the retimer. Such an alert, combined with
link errors detected by the system (e.g., at 1165) can prompt the event handler (e.g., BIOS, BMS,
(8, etc) to check the retimer event register (at 1192) and discover additional information
concerning the error or other event detected at the retimer and documented in the retimer event
register. Depending on which system event handler is responsible for handling the error, the event
can be logged by the corresponding handler (e.g., by the BMC in a SELLOG, or by the 08 1196).
Such error log information may then be referenced and used by error correction and recovery logic
(at 1160) implemented on the system.

[6075] While some of the examples above have made specific reference to certain
particular interconnect technologies and specifications, it should be appreciated that these
references are provided as non-limiting examples and that the principles discussed herein may be
applied to a variety of different interconnects. As an example, while some of the examples
discussed basing event registers on a PCle-based register format or following a PCle-based error
detection and recovery flow, it shoald be appreciated that similar principles may be applied in and
leverage data structures, protocols, and flows of other technologies and interconnects such as
OpenCAPImig Gen-Z™, UPL, Universal Serial Bus, (USB), Cache Coherent Interconnect for
Accelerators  (CCIX™), Advanced Micro Device™’s (AMD™)  Infinity™, Common

. M-
™ g Cenmq“‘ interconnect, among others.

Communication Interface (CCD, or (Qualcomm
Indeed, a variety of alternative examples and implementations may be realized that utilize and do
not depart from the principles and features discussed herein.

18676} FIG. 12 15 a flowchart 1200 illustrating an example technique involving error
detection at extension devices, stich as retimers and redrivers, on a link. For instance, a controller,
such as system software, system BIOS, the operating system, a BMC, etc. may identify 1205 a
signal from an extension device positioned on a point-to-point link connecting two components in

amicrocomputing environment. In some instances, the signal may be sent over a sideband channel
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by the extension device. An event register resident in memory of the extension device may be
accessed 1210 based on the signal and data may be read 1215 from the event register to identify
information collected and/or reported by the extension device concerning the detected error. A
resolution or corrective action may be initiated 1220 based on the data in an attempt to remedy the
EITOr.

(60771 Note that the apparatus’, methods’, and systems described above may be
implemented in any electronic device or system as aforementioned. As specific illustrations, the
figures below provide exemplary systems for utilizing the invention as described herein. As the
systems below are described in more detail, a number of different interconnects are disclosed,
described, and revisited from the discussion above. And as is readily apparent, the advances
described above may be applied to any of those interconnects, fabrics, or architectures.

(6678} Referring to FIG. 13, an embodiment of a block diagram for a computing system
including a multicore processor is depicted. Processor 1300 includes any processor or processing
device, such as a microprocessor, an embedded processor, a digital signal processor {(DSP), a
network processor, a handheld processor, an application processor, a CO-processor, a system on a
chip (80}, or other device to execute code. Processor 1300, in one emnbodiment, includes at least
two cores—core 1301 and 1302, which may include asymmetric cores or symmetric cores (the
illustrated embodiment). However, processor 1300 may include any number of processing
elements that may be symmetric or asymmetric.

[6079] In one embodiment, a processing element refers to hardware or logic to support a
software thread. Examples of hardware processing elements include: a thread unit, a thread slot,
a thread, a process unit, a context, a context unit, a logical processor, a hardware thread, a core,
and/or any other element, which 1s capable of holding a state for a processor, such as an execution
state or architectural state. In other words, a processing element, in one embodiment, refers to any
hardware capable of being independently associated with code, such as a software thread,
operating system, application, or other code. A physical processor {or processor socket) typically
refers to an integrated circuit, which potentially includes any nunnber of other processing elemenuts,
such as cores or hardware threads.

[30386] A core often refers to logic located on an integrated circuit capable of maintaining

an independent architectural state, wherein each independently maintained architectural state is
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associated with at least some dedicated execution resources. In contrast to cores, a hardware thread
typically refers to any logic located on an integrated circuit capable of maintaining an independent
architectural state, wherein the independently maintained architectural states share access to
execution resources. As can be seen, when certain resources are shared and others are dedicated
to an architectural state, the line between the nomenclature of a hardware thread and core overlaps.
Yet often, a core and a hardware thread are viewed by an operating system as individual logical
processors, where the operating system is able to individually schedule operations on each logical
PIOCESSOT.

(60811 Physical processor 1300, as illustrated in FIG. 13, includes two cores—core 1301
and 1302, Here, core 1301 and 1302 are considered symmetric cores, i.e. cores with the same
configurations, functional units, and/or logic. In another embodiment, core 1301 includes an out-
of-order processor core, while core 1302 includes an in-order processor core. However, cores
1301 and 1302 may be individuaily selected from any type of core, such as a native core, a software
managed core, a core adapted to execute a native Instruction Set Architecture (ISA), a core adapted
to execute a translated Instruction Set Architecture (1SA), a co-designed core, or other known core.
In a heterogeneous core environment (i.e. asymunetric cores), some form of translation, such a
binary transiation, may be utilized to schedule or execute code on one or both cores.  Yet to further
the discussion, the functional vnits iHustrated in core 1301 are described in further detail below,
as the units in core 1302 operate in a siroilar manner in the depicted ernbodiment.

(66821 As depicted, core 1301 includes two hardware threads 1301a and 1301h, which
may also be veferred to as hardware thread slots 1301a and 1301b. Therefore, software entities,
such as an operating syster, in one erobodiment potentially view processor 1300 as four separate
processors, 1.e., four logical processors or processing elements capable of executing four software
threads concurrently.  As alluded to above, a first thread is associated with architecture state
registers 13014, a second thread is associated with architecture state registers 1301b, a third thread
may be associated with architecture state registers 1302a, and a fourth thread may be associated
with architecture state registers 1302b. Here, each of the architecture state registers (1301a, [1301b,
1302a, and 1302b) may be referred to as processing elements, thread slots, or thread units, as
described above. As illustrated, architecture state registers 1301a are replicated in architecture

state registers 1301b, so individual architecture states/contexts are capable of being stored for
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fogical processor 1301a and logical processor 1301h. In core 1301, other smaller resources, such
as instruction pointers and renaming logic in allocator and renamer block 1330 may also be
replicated for threads 130ta and 1301b. Some rescurces, such as re-order buffers in
reorder/retirement unit 1335, IL'TB 1320, load/store buffers, and gueues may be shared through
partitioning.  Other resources, such as general purpose internal registers, page-table base
register(s), low-level data-cache and data-TLB 13135, execution unit(s) 1340, and portions of out-
of-order unit 1335 are potentially fully shared.

(60831 Processor 1300 often inchudes other resources, which may be fully shared, shared
through partitioning, or dedicated by/to processing elements. In FIG. 13, an embodiment of a
purely exemplary processor with illustrative logical units/resources of a processor is illustrated.
Note that a processor may include, or omit, any of these functional units, as well as include any
other known functional units, logic, or firmware not depicted. As illustrated, core 1301 includes
a simplified, representative out-of-order (OO0 ) processor core. But an in-order processor may be
utilized in different embodiments. The Q0O core includes a branch target buffer 1320 to predict
branches to be executed/taken and an instruction-translation buffer (I-TLB} 1320 to store address
translation entries for instructions.

(084 Core 1301 further inchudes decode module 1325 coupled to fetch unit 1320 to
decode fetched elements. Fetch logic, in one embodiment, jncludes individual sequencers
associated with thread slots 1301a, 1301b, respectively. Usnally core 1301 is associated with a
first ISA, which defines/specifies instructions executable on processor 1300, Often machine code
instructions that are part of the first ISA include a portion of the instruction (referred to as an
opcode), which references/specifies an instruction or operation to be performed. Decode logic
1325 includes circuitry that recognizes these instructions from their opcodes and passes the
decoded instructions on in the pipeline {or processing as defined by the first ISA. For example, as
discussed in more detail below decoders 1325, in one embodiment, include logic designed or
adapted to recognize specific instructions, such as transactional instruction. As a result of the
recognition by decoders 1325, the architecture or core 1301 takes specific, predefined actions to
perform tasks associated with the appropriate instruction. It is important to note that any of the
tasks, blocks, operations, and methods described hergin may be performed in response to a single

or multiple instructions; some of which may be new or old instructions. Note decoders 1326, in
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one embodiment, recognize the same ISA (or a subset thereof). Alternatively, in a heterogeneous
core environment, decoders 1326 recognize a second ISA (either a subset of the first ISA or a
distinct ISA).

(085 in one example, allocator and renamer block 1330 inchides an aliocator to reserve
resources, such as register files to store instruction processing results. However, threads 1301a
and 1301b are potentially capable of cut-of-order execution, where allocator and renamer block
1330 also reserves other resources, such as reorder buffers to track instruction resuits. Unit 1330
may also include a register renamer to remame program/instruction reference registers to other
registers internal to processor 1300, Reorder/retirement unit 1335 includes components, such as
the reorder huffers mentioned above, load buffers, and store buffers, to support out-of-order
execution and later in-order retirement of instructions executed out-of-order.

(80861 Scheduler and execution unit(s) block 1340, in one embodiment, includes a
scheduler unit to schedule instructions/operation on execution units. For example, a floating point
instruction is scheduled on a port of an execution unit that has an available floating point execution
unit. Register files associated with the execution units are also included to store information
instruction processing results. BExeroplary execution units include a floating point execution unit,
an integer execution unit, a jump execution unit, a load execution unit, a store execution unit, and
other known execution units.

(88871 Lower level data cache and data translation buffer (D-TLB) 1350 are coupled to
execution unit(s) 1340. The data cache is to store recently used/operated on elements, such as data
operands, which are potentially held in memory coberency states. The D-TLB is to store recent
virtual/linear to physical address translations. As a specific example, a processor may include a
page table structure to break physical memory into a plurality of virtual pages.

(38R Here, cores 1301 and 1302 share access to higher-level or further-out cache, such
as a second level cache associated with on-chip interface 1310. Note that higher-level or further-
out refers to cache levels increasing or getting further way from the execution unit(s). In one
ernbodiment, higher-level cache is a last-level data cache—Ilast cache in the memory hierarchy on
processor 1300-——such as a second or third level data cache. However, higher level cache is not so
limited, as it may be associated with or include an instruction cache. A trace cache—a type of

instruction cache—instead may be coupled after decoder 1325 to store recently decoded traces.
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Here, an instruction potentially refers to a roacro-instruction (1.e. a general instruction recogoized
by the decoders), which may decode into a number of micro-instructions (micro-operations).

(60891 In the depicted configuration, processor 1300 also includes on-chip interface
module 1310. Historically, a memory controller, which is described in more detail below, has
been included in a computing system external to processor 1300. In this scenario, on-chip interface
1310 is to communicate with devices external to processor 1300, such as system memory 1375, a
chipset {often including a memory controller hub to connect to memory 1375 and an VO controller
hub to connect peripheral devices), a memory controlier hub, a northbridge, or other integrated
circuit. And in this scenario, bus 1305 may include any known interconnect, such as multi-drop
bus, a point-to-point interconnect, a serial interconnect, a parallel bus, a coherent {(e.g. cache
coherent) bus, a layered protocol architecture, a differential bus, and a GTL bus.

RELSEH Memory 1375 may be dedicated to processor 1300 or shared with other devices in
a system. Common examples of types of memory 1375 include DRAM, SRAM, non-volatile
memory (NV memory), and other known storage devices. Note that device 1380 may include a
graphic accelerator, processor or card coupled to a memory controller hub, data storage coupled
to an VO controller hub, a wireless transceiver, a flash device, an audio controller, a network
controller, or other known device.

(6091} Recently however, as more logic and devices are being integrated on a single die,
such as SOC, each of these devices may be incorporated on processor 1300, For example in one
embodiruent, a memory controller hub is on the same package and/or die with processor 1300.
Here, a portion of the core (an on-core portion) 1310 includes one or more controller(s) for
interfacing with other devices such as memory 1375 or a graphics device 1380. The configuration
including an interconnect and controllers for interfacing with such devices is often referred to as
an on-core (or un-core configuration). As an exarople, on-chip interface 1310 includes a ring
interconnect for on-chip communication and a high-speed serial point-to-point link 1303 for off-
chip communication. Yet, in the SOC environment, even more devices, such as the network
interface, co-processors, memory 1375, graphics processor 1380, aud any other known computer
devices/interface may be integrated on a single die or integrated circuit to provide small form factor

with high functionality and low power consumption.
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15892} In ome embodiment, processor 1300 is capable of execufing a compiler,

)
i

optimization, and/or translator code 1377 to compile, translate, and/or optimize application code
1376 to support the apparatus and methods described herein or to interface therewith. A compiler
often includes a program or set of programs to translate source text/code into target text/code.
Usually, compilation of progranv/application code with a compiler is done in multiple phases and
passes to transform hi-level programming language code into low-level machine or assembly
language code. Yet, single pass compilers may still be utilized for simple compilation. A compiler
may utilize any known compilation techniques and perform any known compiler operations, such
as lexical analysis, preprocessing, parsing, semantic analysis, code generation, code
transformation, and code optimization.

(6093} Larger compilers often include multiple phases, but most often these phases are
included within two general phases: (1) a front-end, i.e. generally where syntactic processing,
semantic processing, and some transformation/optimization may take place, and (2) a back-end,
1.e. generally where analysis, transformations, optimizations, and code generation takes place.
Some compilers refer to a middle, which illustrates the blurring of delineation between a front-end
and back end of a compiler. As a result, reference to insertion, association, generation, or other
operation of a compiler may take place in any of the aforementioned phases or passes, as well as
any other known phases or passes of a compiler. As anillustrative example, a compiler potentially
inserts operations, calls, functions, etc. in one or more phases of compilation, such as insertion of
calls/operations in a front-end phase of compilation and then transformation of the calls/operations
into lower-level code during a transformation phase. Note that during dynamic compilation,
compiler code or dynamic optimization code way nsert such operations/calls, as well as optirnize
the code for execution during runtime. As a specific illustrative example, binary code (already
compiled code) may be dynamically optimized during runtime. Here, the program code may
inclade the dynamic optimization code, the binary code, or a combination thereof.

(33294 Similar to a compiler, a translator, such as a binary translator, translates code either
statically or dynamically to optimize and/or translate code. Therefore, reference to execution of
code, application code, program code, or other software environment may refer to: (1) execution
of a compiler program(s), optimization code optimizer, or translator either dynamically or

statically, to compile program code, to maintain software structures, to perform other operations,
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to optimiize code, or to translate code; (2) execution of main program code including
operations/calls, such as application code that has been optimized/compiled; (3) execution of other
program code, such as libraries, associated with the main program code to maintain software
structures, to perform other software related operations, or to optimize code; or {4) a combination
thereof.

(0957 Referring now to FIG. 14, shown is a block diagram of a second system 1400 in
accordance with an embodiment of the present invention. As shown in FIG. 14, multiprocessor
systemn 1400 is a point-to-point interconnect system, and includes a first processor 1470 and a
second processor 1480 coupled via a point-to-point interconnect 1450. Each of processors 1470
and 1480 may be some version of a processor. In one embodiment, 1452 and 1454 are part of a
serial, point-to-point coherent interconnect fabric, such as a high-performance architecture. Asa
result, the invention may be implemented within the QP! architecture.

188961 While shown with only two processors 1470, 1480, it is to be understood that the
scope of the present invention is not so limited. In other embodiments, one or more additional
processors may be present in a given processor.

[6097] Processors 1470 and 1480 are shown inchiding integrated memory controller units
1472 and 1482, respectively. Processor 1470 also includes as part of its bus controller units point-
to-point (P-P) interfaces 1476 and 1478, similarly, second processor 1480 includes P-P interfaces
1486 and 1488. Processors 1470, 1480 may exchange inforruation via a point-to-point (P-P)
mterface 1450 using P-P mterface circuits 1478, 1488, As shown in FIG. 14, IMCs 1472 and
1482 couple the processors to respective mernories, namely a merory 1432 and a memory 1434,
which may be portions of main memory locally attached to the respective processors.

(098] Processors 1470, 1480 each exchange information with a chipset 1490 via
individual P-P interfaces 1452, 14534 using point to point interface circuits 1476, 1494, 1486, 1498,
Chipset 1490 also exchanges information with a high-performance graphics circuit 1438 via an
mterface circuit 1492 along a high-performance graphics interconnect 1439.

(3099} A shared cache (not shown) may be included in either processor or outside of both
processors; yet connected with the processors via P-P interconnect, such that either or both
processors’ local cache information may be stored in the shared cache if a processor is placed into

a low power mode.
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(881661 Chipset 1490 may be coupled to a first bus 1416 via an interface 1496. In one
embodiment, first bus 1416 may be a Peripheral Component Interconnect (PCI) bus, or a bus such
as a PCI Express bus or another third generation I/O interconnect bus, although the scope of the
present invention is not so limited.

(681617 Asshown in FIG. 14, various VO devices 1414 are coupled to first bus 1416, along
with a bus bridge 1418 which couples first bus 1416 to a second bus 1420. In one embodiment,
second bus 1420 includes a low pin count (LPC) bus. Various devices are coupled to second bus
1420 including, for example, a keyboard and/or mouse 1422, conmumunication devices 1427 and a
storage unit 1428 such as a disk drive or other mass storage device which often includes
instructions/code and data 1430, in one embodiment. Further, an audio 1O 1424 is shown coupled
to second bus 1420. Note that other architectures are possible, where the included components
and interconnect architectures vary. For example, instead of the point-to-point architecture of FIG.
14, a system may implement a multi-drop bus or other such architecture.

(661621  While the present invention bas been described with respect to a Himited number of
embodiments, those skilled in the art will appreciate numerous modifications and variations
therefrom. It is intended that the appended clairos cover all such modifications and variations as
fall within the true spirit and scope of this present invention.

(861631 A design may go through various stages, from creation to simulation to fabrication.
Data representing a design may represent the desigo in a number of manners. First, as is useful in
sirnulations, the hardware roay be represented using a hardware description language or another
functional description language. Additionally, a circuit level model with Jogic and/or transistor
gates may be produced at some stages of the design process. Furthermore, most designs, at some
stage, reach a level of data representing the physical placement of various devices in the hardware
model. In the case where conventional semiconductor fabrication techniques are used, the data
representing the hardware model may be the data specifying the presence or absence of various
features on different mask layers for masks used to produce the integrated circuit. In any
representation of the design, the data may be stored in any form of a machine readable mediur.
A memory or a magnetic or optical storage such as a disc may be the machine readable medium
to store information transmitted via optical or electrical wave modulated or otherwise generated to

transmit such information. When an electrical carrier wave indicating or carrying the code or
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design 1s transmoitied, to the extent that copying, buffering, or re-transmission of the electrical
signal is performed, a new copy is made. Thus, a communication provider or a network provider
may store on a tangible, machine-readable medium, at least temporarily, an article, such as
information encoded into a carrier wave, embodying techniques of embodiments of the present
invention.

(661847 A module as used herein refers to any combination of hardware, software, and/or
firmware. As an example, a module includes hardware, such as a micro-controller, associated with
a non-transitory medium to store code adapted to be executed by the micro-controller. Therefore,
reference to a module, in one embodiment, refers to the hardware, which is specifically configured
to recognize and/or execute the code to be held on a non-transitory medium. Furthermore, in
another embodiment, use of a module refers to the non-transitory medium including the code,
which is specifically adapted to he executed by the microcontroller to perform predetermined
operations. And as can be inferred, in vet another embodiment, the term module (in this example)
may refer to the combination of the microcontrolier and the non-transitory medivm. Often module
boundaries that are illustrated as separate commonly vary and potentially overlap. For example, a
first and a second module may share hardware, software, firmware, or a combination thereof, while
potentially retaining some independent hardware, software, or firrmware. In one embodinent, use
of the term logic includes hardware, such as transistors, registers, or other hardware, such as
programinable logic devices.

[00165]  Use of the phrase ‘configured to,” in one embodirnent, refers to arranging, putting
together, manufacturing, offering to sell, importing and/or designing an apparatus, hardware, logic,
or element to perform a designated or deterroined task. In this example, an apparatus or element
thereof that is not operating is still ‘configured to’ perform a designated task if it i1s designed,
coupled, and/or interconnected to perform said designated task. As a purely illustrative example,
a logic gate may provide a 0 or a | during operation. But a logic gate ‘configured to’ provide an
enable signal to a clock does not include every potential logic gate that may provide a 1 or 0.
Instead, the logic gate is one coupled in some manner that daring operation the | or 0 output is to
enable the clock. Note once again that use of the term ‘configured to’ does not require operation,

but instead focus on the latent state of an apparatus, hardware, and/or element, where in the latent
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state the apparatus, hardware, and/or elemuent is designed to perform a particular task when the
apparatus, hardware, and/or element is operating.

1681667 Furthermore, use of the phrases ‘to,” ‘capable of/to,” and or ‘operable to,” in one
embodiment, refers to some apparatus, logic, hardware, and/or element designed in such a way to
enable use of the apparatus, logic, hardware, and/or element in a specified manner. Note as above
that use of to, capable to, or operable to, in one embodiment, refers to the latent state of an
apparatus, logic, hardware, and/or element, where the apparatus, logic, hardware, and/or element
is not operating but is designed in such a manner to enable use of an apparatus in a specified
manner.

(601677 A value, as used herein, includes any known representation of a number, a state, a
logical state, or a binary logical state. Often, the use of logic levels, logic values, or logical values
is also referred to as 1's and s, which simply represents binary logic states. For example, a |
refers to a high logic level and 0 refers to a low logic level. In one embodiment, a storage cell,
such as a transistor or flash cell, may be capable of holding a single logical value or multiple logical
values. However, other representations of values in computer systems have been used. For
example the decimal number ten may also be represented as a binary value of 1010 and a
hexadecimal letter A. Therefore, a value includes any representation of information capable of
being held in a corputer system.

(601681 Moreover, states may be represented by values or portions of vahlies. As an
example, a first value, such as a logical one, may represent a default or initial state, while a second
value, such as a logical zero, may represent a non-default state. In addition, the terms reset and
set, in one embodiment, refer to a default and an updated value or state, respectively. For example,
a default value potentially includes a high logical value, ie. reset, while an updated value
potentially includes a low logical value, i.e. set. Note that any combination of values may be
utilized to represent any number of states.

[33i89] The embodiments of methods, hardware, software, firmware or code set forth above
may be implemented via instructions or code stored on a machine-accessible, machine readable,
computer accessible, or computer readable medium which are executable by a processing element.
A non-transitory machine-accessible/readable medium includes any mechanism that provides (i.e.,

stores and/or transmits) information in a form readable by a machine, such as a computer or
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electronic systemn. For example, a non-transitory machine-accessible medium includes randorm-
access memory {RAM), such as static RAM (SRAM) or dynamic RAM (DR AM); ROM; magnetic
or optical storage medium; flash memory devices; electrical storage devices; optical storage
devices; acoustical storage devices; other form of storage devices for holding information received
from transitory {propagated) signals {e.g., carrier waves, infrared signals, digital signals); etc.,
which are to be distinguished from the non-transitory mediums that may receive information there
from.

(661167  Instructions used to program logic to perform embodiments of the invention may
be stored within a memory in the system, such as DRAM, cache, flash memory, or other storage.
Furthermore, the instructions can be distributed via a network or by way of other computer
readable media. Thus a machine-readable medium may include any mechanism for storing or
transmitting information in a form readable by a machine (e.g., a computer), but is not limited to,
floppy diskettes, optical disks, Compact Disc, Read-Only Memory (CD-ROMs), and magneto-
optical disks, Read-Ounly Memory (ROMs), Random Access Memory (RAM), Erasable
Programmable Read-Only Memory (EPROM), Electrically Erasable Programmable Read-Only
Memory (EEPROM), magnetic or optical cards, flash memory, or a tangible, machine-readable
storage used in the transmission of information over the Internet via electrical, optical, acoustical
or other forms of propagated signals (e.g., carrier waves, infrared signals, digital signals, etc.).
Accordingly, the computer-readable medium includes any type of tangible machine-readable
mediumn suitable for storing or transmitting electronic instructions or information in a form
readable by a machine (e.g., a computer).

(88111} The following examples pertain to embodiments in accordance with this
Specification. Example 1 is an apparatus including: a retimer to extend a point-to-point hink to
connect two devices, where the retimer includes: error detection circuitry to detect a set of errors
at the retimer; memory to store an event register, where the retiroer is to write data to the event
register to describe detection of an error by the error detection circuitry; and notification logic to
send a notification signal to indicate the detection of the error and presence of the data in the event
register associated with the error.

(64112} Example 2 may include the subject matter of example 1, where the notification

signal includes an in-band message to be sent on the link.
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(881131 Example 3 may include the subject matter of example 1, where the notification
signal includes a sideband signal to be sent over a sideband channel, and the retimer includes one
Or more pins to support the sideband channel.

(64114} Example 4 may include the subject matter of example 2, where the one or more
pins include a set of data pins to communicate data over the sideband channel and a dedicated alert
pin to send the notification signal.

(68115 Example 5 may include the subject matter of example 4, where the sideband
channel includes a system management bus (SMBUS).

(661167 Example &6 may include the subject matter of any one of examples 1-5, where the
event register is according to a standardized format associated with an interconnect protocol.

(6861177 Example 7 may include the subject matter of example 6, where the interconnect
protocol includes a Peripheral Component Interconnect Express (PCle)-based protocol.

[60118] Example 8 may include the subject matter of example 7, where the standardized
format is based on a PCle capability register format.

(661197 Example 9 may include the subject matter of any one of examples 1-8, where the
event register includes a respective register structure for each of a plurality of types of errors, and
errors of a particular type are to be reported in a corresponding one of the register structures.

[00120] Example 10 may include the subject matter of example 9, where the plurality of
types of errors include receiver errors, internal retimner errors, and equalization errors.

(001211 Example 11 may include the subject matter of any one of examples 1-10, where the
event register further inclades fields o indicate the set of events detectable by the error detection
circuitry and fields to indicate which of the set of events are (o be reported by the retimer in the
event register.

(881221 Example 12 i3 a non-traunsitory, machine-accessible storage wedium having
instructions stored thereon, where the instructions, when executed on a machine, cause the
machine to: identify a signal, sent from an extension device, to indicate that an error is detected at
the extension device, where the extension device is positioned on a point-to-poimnt link, the link 18
to connect two endpoint components, and the extension device is positioned between the endpoint

components to extend the physical length of the link; access an event register resident on the
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extension device based on the signal; read data from the event register, where the data describes
the error detected on the extension device; and initiate resolution of the error based on the data.

(681237 Example 13 may include the subject matter of example 12, where the instructions
include instructions associated with one of a system basic input/output system (BIOS) or a
baseboard management controller (BMC).

(64124} Example 14 may include the subject matter of any one of examples 12-13, where
the instructions include instructions associated with an operating system.

[64125] Example 15 may include the subject matter of any one of examples 12-14, where
the instructions, when executed, further cause the machine to identify a link error signal detected
on at least one of the two endpoint components, where the event register is accessed and read based
further on the link error signal.

[64126] Example 16 may include the subject matter of example 15, where the link error
signal includes an interrupt.

(001271 Example 17 may include the subject matter of any one of examples 12-16, where
the instructions, when executed, further cause the machine to generate log data to describe
information associated with the error based on the data read from the event register of the extension
device.

[00128] Example 18 may include the subject matter of any one of examples 12-17, where
the extension device includes one of a retimer or a redriver.

[00129] Example 19 may include the subject matter of any one of examples 12-18, where
the link inchudes a set of two or more extension devices in series positioned between the two
endpoint componeunts, and the respective event register of each of the two or more extension
devices 1s to be read based on the signal.

(881361 Example 20 is a system including: a first device; a second device connected to the
first device by a point-to-point link; and an extension device positioned between the first device
and second device in the hnk to extend physical distance of the link. The extension device
includes: error detection circuitry to detect a set of errors at the extension device; an event register,
where the extension device is to write data to the event register to describe detection of an error by

the error detection circuitry; and notification logic to send a notification signal to indicate the
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detection of the error and presence of the data 1n the event register associated with the error to a
controller associated with at least ong of the first device and the second device.

(68131} Example 21 may include the subject matter of example 20, further including the
controller.

(68132} Example 22 may include the subject matter of any one of examples 20-21, further
including an event handler to read the data in the event register responsive to the notification signal.

(681337 Example 23 may include the subject matter of example 22, where the event handler
is further to: generate log data for the error based on the data in the event register; and initiate
corrective action for the error.

[64134] Example 24 may include the subject matter of example 23, where the event handler
is implemented in system basic input/output system (BIOS) or a baseboard management controller
{(BMUC) of the system.

(681357 Example 25 may include the subject matter of example 23, where the event handler
is implemented in an operating system of the system.

(601361 Example 26 may include the subject matter of any one of examples 20-25, where
the extension device includes a retimer, and the retimer includes retimer circuitry to retirne signals
received from the first device and second device on receivers of the retimer.

(001371 Example 27 may include the subject matter of any one of examples 20-26, where
the extension device is further coupled to the first device by a sideband channel and the notification
signal is sent on the sideband channel.

[66138] Example 28 may include the subject matter of example 27, where the sideband
channel includes a system management bus (SMBUS).

[60139] Example 29 may nchude the subject matter of example 28, where the SMBUS
ncludes a pin dedicated for the notification signal.

(601461  Example 30 may inclade the sebject matter of any one of examples 20-29, where
the event register is based on a register defined for Peripheral Component Interconnect Express
(PCle)-based configuration space.

(68141} Example 31 may include the subject matter of example 30, where the register

includes a PCle control and status register.
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[86142] Example 32 is a method including: identifying a signal, sent from an extension
device, to indicate that an error is detected at the extension device, where the extension device is
positioned on a point-to-point link, the link is o connect two endpoint components, and the
extension device is positioned between the endpoint components to extend the physical length of
the link; accessing an event register resident on the extension device based on the signal; reading
data from the event register, where the data describes the error detected on the extension device;
and initiating resclution of the error based on the data.

(64143} Example 33 may include the subject matter of example 32, further including:
detecting the error at the extension device; generating the signal at the extension device; and
writing the data to the event register system.

(661447 Example 34 may include the subject matter of any one of examples 32-33, where
the instructions include instructions associated with one of a system basic input/output system
(BIOS) or a baseboard management controller (BMC).

[00145] Example 35 may include the subject matter of any one of examples 32-34, where
the instructions include instructions associated with an operating system.

[00146] Example 36 may include the subject matter of any one of examples 32-35, further
including identifying a link error signal detected on at least one of the two endpoint componeunts,
where the event register 1s accessed and read hased further on the link error signal.

(60147} Example 37 may include the subject matter of example 36, where the link error
signal inchudes an interrupt.

[60148] Example 38 may include the subject matter of any one of examples 32-37, further
ncluding generating log data to describe information associated with the error based on the data
read from the event register of the extension device.

(881491 Example 39 may include the subject matter of any one of examples 32-38, where
the extension device includes one of a retimer or a redriver.

(881561 Example 40 may include the subject matter of any one of examples 32-39, where
the hink inchudes a set of two or more extension devices in series positioned between the two
endpoint components, and the respective event register of each of the two or more extension

devices is to be read based on the signal.
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(881511 Example 41 is a system including meauns to perform the method of any one of
examples 32-40.

(68152} Reference throughout this specification to “one embodiment” or “an embodiment”
means that a particular feature, structure, or characteristic described in connection with the
embodiment is included in at least one embodiment of the present invention. Thus, the
appearances of the phrases “in one embodiment” or “in an embodiment” in various places
throughout this specification are not necessarily all referring to the same embodiment.
Furthermore, the particular features, structures, or characteristics may be combined in any suitable
manner in one or more embodiments.

[60153] In the foregoing specification, a detailed description has been given with reference
to specific exemplary embodiments. It will, however, be evident that various modifications and
changes may be made thereto without departing from the broader spirit and scope of the invention
as set forth in the appended claims. The specification and drawings are, accordingly, to be
regarded n an illustrative sense rather than a restrictive sense. Furthermore, the foregoing use of
embodiment and other exemplarily language does not necessarily refer to the same embodiment
or the same example, but may refer to different and distinct embodiments, as well as potentially

the same ernbodiment.
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What is claimed is:

1. An apparatus comprising:
a retimer to extend a point-to-point link to connect two devices, wherein the retimer
Comprises:
error detection circuitry to detect a set of errors at the retimer;
memory to store an event register, wherein the retimer is to write data to the event
register to describe detection of an error by the error detection circuitry; and
notification logic to send a notification signal o indicate the detection of the error

and presence of the data in the event register associated with the error.

2. The apparatus of Clairn 1, wherein the notification signal comprises an in-band message
to be sent on the hink.

3. The apparatus of Claim 1, wherein the notification signal comprises a sideband signal to
be sent over a sideband channel, and the retiner comprises one or more pins to support the

sideband channel.

4. The apparatus of Claim 2, wherein the one or more pins comprise a set of data pins to
communicate data over the sideband channel and a dedicated alert pin to send the notification

signal.

5. The apparatus of Claim 4, wherein the sideband channel comprises a system management

bus (SMBUS).

6. The apparatus of Claim 1, wherein the event register is according to a standardized

format associated with an interconnect protocol.

7. The apparatus of Claim 6, wherein the interconnect protocol comprises a Peripheral

Component Interconnect Express (PCle)-based protocol.
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8. The apparatus of Clairmn 7, wherein the standardized format is based on a PCle capability

register format.

9. The apparatus of Claim 1, wherein the event register coraprises a respective register
structure for each of a phurality of types of errors, and errors of a particular type are to be

reported in a corresponding one of the register structures.

10. The apparatus of Claim 9, wherein the plurality of types of errors comprise receiver

errors, internal retimer errors, and equalization errors.

11, The apparatus of Clairo 1, wherein the event register further comprises fields to indicate
the set of events detectable by the error detection circuitry and fields to indicate which of the set

of events are to be reported by the retimer in the event register.
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12. At least one non-transitory, machine-accessible storage mediurm having instructions
stored thereon, wherein the instructions, when executed on a machine, cause the machine to:

identify a signal, sent from an extension device, to indicate that an error is detected at the
extension device, wherein the extension device is positioned on a point-to-point lHink, the link is
to connect two endpoint components, and the extension device is positioned between the
endpoint components to extend the physical length of the link;

access an event register resident on the extension device based on the signal;

read data from the event register, wherein the data describes the error detected on the
extension device; and

inttiate resolution of the error based on the data.

13 The storage medium of Claim 12, wherein the instructions comprise instructions
associated with one of a system basic input/output systern {BIOS8) or a baseboard management

controller (BM(C).

14. The storage medium of Claim 12, wherein the instructions, when executed, further cause
the machine toidentify a link error signal detected on at least one of the two endpoint

coruponents, wherein the event register is accessed and read based further on the link error

signal.
15. The storage medium of Claim 14, wherein the link error signal comprises an interrupt.
16. The storage medium of Claim 12, wherein the instructions, when executed, further cause

the machine to generate log data to describe information associated with the error based on the

data read from the event register of the extension device.
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17. The storage medium of Claim 12, wherein the extension device comprises one of a

retimer or a redriver.

18. The storage medium of Claim 12, wherein the link comprises a set of two or more
extension devices in series positioned between the two endpoint cornponents, and the respective

event register of each of the two or more extension devices is to be read based on the signal.
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19, A system comprising:
a first device;
a second device connected to the first device by a point-to-point link; and
an extension device positioned between the first device and second device 1o the link to
extend physical distance of the link, wherein the extension device comprises;
errot detection circuitry to detect a set of errors at the extension device;
an event register, wherein the extension device is to write data to the event
register to describe detection of an error by the error detection circuitry; and
a transmitter to transmit a notification signal to indicate the detection of the error
and presence of the data in the event register associated with the error to a controller associated

with at least one of the first device and the secound device.

20. The system of Claim 19, further comprising the controller.

21 The system of Claim 19, further comprising an event handler to read the data in the event

register responsive to the notification signal.

22. The system of Claim 21, wherein the event handler is further to:
generate log data for the error based on the data in the event register; and

initiate corrective action for the error.

23. The system of Claim 19, wherein the extension device comprises a retimer, and the
retimer comprises retimer circuitry to retime signals received from the first device and second

device on receivers of the retimer.

24. The system of Claim 19, wherein the extension device is further coupled to the first

device by a sideband channel and the notification signal is sent on the sideband channel.
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25. The system of Claim 19, wherein the event register is based on a register defined for

Peripheral Component Interconnect Express (PCle)-based configuration space.

45



WO 2020/062075 PCT/CN2018/108442

Processor

105

| 106

132
131 118 Contre?iier
Hub 116
1i5
117
Graphics Accelerator 130

Systern
memaory
1i0

150 |

iz2e

{/0 Device 125

FiG. 1

1/15



WO 2020/062075 PCT/CN2018/108442

To Processing Core

LS

Packel Header/
Transaction Layer 205 Payload 206
A A
i Y
Link Layer 210 211 206 217
. ~
i ™
Physical Layer 220
Logical Sub Block 221 v
2231 211 206 212 | 223
Electrical Sub-Block 222

To External Device

FiG. 2

2/18



WO 2020/062075 PCT/CN2018/108442
Global 1D 302 Attribute Bits 304 300
A AN
- o
Local No-
Source Priority § Reserved | Ordering
Trans iD _ Snoop Channel 1D 306
308 i 310 312 314 316 318
FiG. 3
400

FiG. 4

3/15

410




PCT/CN2018/108442

WO 2020/062075

w0055 2§ Did

1%

I

{dsn) 3od weassdn
jusucdiio’} WESUMOQ

{4) %1 {4} xy
A
{3} xy {3}y
Z Jawnay
{alxi {a} xy
4 Cozs
A4
{2} xy {o)xy
[ Jawwpay
{alxL {g} xy
* Csrg
\:4
{v)xy {wixy

{dSQ) 04 WEeIISUMO]
usuoduioy wigasnsdn

0% V

g5 ‘DI

Ors

{d5n) vog wesssdn
auoduIo’) BIBSIISUMOQ

£s18

{431 {434
\2
{3} xy {31 %L
1 Juisy
{g) %y {g) xd
\:A
{v) xy {9} %1

{dSQ) 104 wieBIIsSUMOQ
juaucduio] weasysdn

505 M

Mmﬁmm

O01s

Vs "Did
¢

{450} 104 weasnsdn
jusuodiio} WEBIISUMO

{45Q) 1404 WEIISUMOQ
susuodwor weassdn

0% M

Mmmmm

4/15



PCT/CN2018/108442

WO 2020/062075

HUl

409

org

V9 24

(uoums 1o iod pu)
usuoduion) WesSNISUMO(]

uod weaasdn

LT

pod opnasd Wesisumo]
wsuoduion eumnsyy

uod opnasd wesssdn

4T

Hod LIBaNSUMO(]

(UDRMS 10 D)
wauodwon wesnsdn

Ured WEaNSUMOC]

< yied weensdn

01g

q5i9

509

(uonams o wod pu3)
JsUDdWIoD) WESHSUMO(]

wod weansdn

i

yod opnasd wesnsumog
wisuodwion euwnsy

uod opnasd weaisdn

1T

uod opnasd WRaSUMO(]
wauodwory Jsuinay

uod opnesd uleansdn

)

L&

/"j

jod WesHsSUMGd

{Uoums 40 0¥
misuoduwion weansdn

89 "Bid

LA

N

Ul

Mmmcm

5/18



WO 2020/062075 PCT/CN2018/108442

?GGEA
g 735

Devi 755
evice
qi.., mmmmmmmmmmmmm
Tx (A} Rx {A} :
3 i
f
7107 ;
!
Rx (B} Retimer Tx(B) e
e e e e e e !
Retimer Logic Protocol Error
Logic Detection
20 725 730

Event Register

735

Tx {C} Rx (<)
=
4

Rx (D} Tx {D}

Device

C); 715
FiG. 7

6/15



PCT/CN2018/108442

WO 2020/062075

V&8 'Did

(574
usuodwioTy WE3ISUMDQ

SI§ 1043 jpUIOIU|
| GI8  Jou3d AHd
_ TEZ 4315190y 1U9A3 577
| Jahe jeoisAyd
| 174 -
_ LUoi10alaq Jo4ig DER
| abossapy
| 1174 REHEN pubg-uj
_ /W‘W‘/// \\MHV
£08
Ja|pueH
JUIAT (3774 jusuoduio’ wiealisdn

M. 2308

7/15



PCT/CN2018/108442

WO 2020/062075

g8 "4

suod WICT) Eallsumod

7
SD §18 J0MF [RUIDIU]
528 —
Aiiiﬁmmw\ < GI8 1003y AHd
— TE7 1915180y 1UaAT [¥44
] JaAeT [eo1sAyd
_
| 74 -
| UO13313( 40443 ggg
578 =
_ 74 iswiey
IET L)t oly} |
sdnaagu m - L
08
JOIpUBH JUSAT [ iusuodwon weaiisdn

M. 4008

8/15



WO 2020/062075 PCT/CN2018/108442

bit7 bitd
INTPIN ENTL 00h
a DEV_CAP 910 loih
Device Capability pEV_CTL 815 {o2h
Structure l DEV_STATUS 820  103h
202 DEV STATUS MASK 925  loan

RCVR_ER_CAP 945 10h

Receiver Error | RCVR_ER CTL 850 11h
Capabitity < p— v

Sructure RCVR_ER STATUS 858 12h

930 g RCVR_ER_MASK 260 13h

INTL_ER CAP 20h
Internal Error | INTL ER CTL 2th
Capability < : -
i £
ructure INTL_ER_STATUS 185 22k
235 INTL_ER MASK 23h

INTL_ER_CAP 30h
Equalization Error INTL_ER_CTL 31h
Capabhility <
Structure INTL_ER_STATUS a2h
840 ‘ INTL_ER_MASK 33h
s LANEL_EQ LANED EQ 34h
LANE3 _EQ LANEZ _EQ 35h
LANES _EQ LANE4 EQ 36h
Equalization LANE? EQ LANES EQ 37h
5/‘ Records ) LANES EQ LANES EQ 38h
735 263 LANELL EQ LANELO EG {39k
LANEL13 EQ LANELZ_EQ  {3Ah
LANE1S_EQ LANE14 EC {3Bh

FIG. 9

9/15



PCT/CN2018/108442

WO 2020/062075

58

(D3/18sdiyd)
SENTs S UTelg!
1dniiaiyy

00T h;

- o

Gopg Viva SINS ASYIN SILLVES

e -

- SNLYLS
Bpe 1D QNS SN
TOULNGD
P 5tg 5001 ALIIAVAYD
HLUTIVENS M S NN R IR . ——
57
Sialsiday wsal dnieiu
51z SETTHAEN

10/15



PCT/CN2018/108442

WO 2020/062075

VIT 'Did

M@mmww
I 1344
OFtY uiioday 10443 5¢T1T
Cm>0umm ” /,, L1344 / M:MMMHWWMHWQL
\Mhozumtou B \ JWE O3 POpPE W B mxumxu. X
. /o jwesogrlEs
0443 / / 20735, oG 40 SO1g
OFTT N o0Iri SOTT

X3{do? 1004
Ui SIa15i834 snies 1eidwio?

pue Aujgedes ucnesWNUg

I9YT S0OIg 3{0d

&1L
ddnun

e R:-IACHIE

FWLL 150d

11/15



PCT/CN2018/108442

WO 2020/062075

1T "Dl

q00TT

€511 guisoday Joai3 gc¥t gunelad 1043
o9TT 9611 811 5T
) Suypuey  jE o61t MO} g1 POLIDSSE [y 29T
AlBAoIoY 1042 S0 7611 SN pUBGEPIS Suypuey 50 #IS sso351804 pueq
JUCHID2440D ugnoiul Ul Yanosp
J0443 NEMHELY) 1epuey 1UsA3 SI0LID
SETT JUsAd 01 3U3Ad O8It OiIT HUip 132180
% TR RTINS SOUIIUBDE g Moy} Sulpuey e— pariasse xaycuwon
SOTIIS DINE NeCITR) JENITEN, JNE 40 SO HIAIS 100Y 3134
T
FNLL N

12/15



WO 2020/062075

1265
_Z- device to indicate an error detected

identify a signal from an extension

at the extension device

l

13102 Access an event register resident on

the extension device based on the
signal

|

12157

Read data from the event register
based on the signal

|

1220,

initiate resolution of the error
based on the data

FiG. 12

13/15

PCT/CN2018/108442

5 1200



WO 2020/062075 PCT/CN2018/108442
Power Control 1360
1301 1302
Arch Reg Arch Reg Arch Reg Arch Reg
13014 1301b 1302a 1302b

BTBand -TLE 1320

Decode 1325

Rename/Allocater 1330

Scheduler/Execution
Unit(s) 1340

BIBand -TLB 13271

Decode

1326

Rename/Allocater 1331

Unitis} 1341

Scheduler/Execution

14/15

Reorder/Retirement Feorder/Retirement
Unit 1335 Unit 1336
Lower level D-Cache Lower level D-Cache
and D-TLRB 1350 and D-TLB 1357
J J
v
On-Chip Interface 1310
1300
1305
1376 1377 | Systemmemory 1375
FIG. 13 Dievice 1380




PCT/CN2018/108442

WO 2020/062075

Pl "Bid

BZPL| wviva || -DEFT
ONY 2007 SITIAIT ISNOW
IOVHOIS VIiVa NN%W\\ NINOD Nwwﬁ\\ JOHYOFATN
- I OZF I, H .
FFHT FIFT GTHT
o/1 CIaNY SINAIC O/ I0qIH8 SN
) 5751 o i
EEFT
A e Y g5 1144
JE SOIHAYYD
d-d EET FEFEd"d S43d-HDIH
FeF H/w % 7Th w/% W
GEFT | d-d dd " g-d| ld-d| G7FT
ey L V] S N 775
mmMH 5857 555F| 0Pl | 75T GIUFTC mm
FEFT FEDT
2 Al
AHOWIN AHOWIIN
YOSSIIOH YOSSITOHd

R

00%t

15/15



INTERNATIONAL SEARCH REPORT

International application No.

PCT/CN2018/108442

A. CLASSIFICATION OF SUBJECT MATTER
GO6F 9/30(2006.01)1

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

GO6F

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

component, interconnect, express, PCle, controller

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

WPI, EPODOC, CNPAT, CNKI, [EEE: retimer, error, detection, memory, register, notification, in-band, sideband, peripheral,

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™® Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X CN 105793715 A (INTEL CORPORATION) 20 July 2016 (2016-07-20) 1-25
description, paragraphs [0026]-[0092], [0155]; figures 5B, 6A-6E

21 July 2017 (2017-07-21)
the whole document

A CN 106970866 A (ZHENGZHOU YUNHAI INFORMATION TECHNOLOGY CO.,LTD.) 1-25

the whole document

A US 10063365 B1 (KEYSSA SYSTEMS, INC.) 28 August 2018 (2018-08-28) 1-25

the whole document

A US 2005086336 A1 (HABER, SARA) 21 April 2005 (2005-04-21) 1-25

the whole document

A US 2015295679 A1 (BROADCOM CORPORATION) 15 October 2015 (2015-10-15) 1-25

D Further documents are listed in the continuation of Box C.

See patent family annex.

*  Special categories of cited documents:

«A” document defining the general state of the art which is not considered
to be of particular relevance

“g” earlier application or patent but published on or after the international
filing date

“1” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or other
means

«<p” document published prior to the international filing date but later than
the priority date claimed

w

wyn

“g?

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand the
principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be

considered novel or cannot be considered to involve an inventive step
when the document is taken alone

' document of particular relevance; the claimed invention cannot be

considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search

Date of mailing of the international search report

100088
China

Facsimile No. (86-10)62019451

14 June 2019 27 June 2019
Name and mailing address of the ISA/CN Authorized officer
National Intellectual Property Administration, PRC
6, Xitucheng Rd., Jimen Bridge, Haidian District, Beijing DALLei
,Lei

Telephone No. 86-(10)-53961402

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.
Information on patent family members

PCT/CN2018/108442
. Pat(.ant document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
CN 105793715 A 20 July 2016 CN 105793715 B 15 February 2019
IP 2017510094 A 06 April 2017
uUs 2016377679 Al 29 December 2016
DE 112013007726  T5 02 February 2017
JP 6339198 B2 06 June 2018
KR 101963011 Bl 27 March 2019
EP 3087403 Al 02 November 2016
KR 20160075737 A 29 June 2016
WO 2015099733 Al 02 July 2015
CN 106970866 A 21 July 2017 None
Us 10063365 Bl 28 August 2018 None
Us 2005086336 Al 21 April 2005 us 7564798 B2 21 July 2009
Us 2015295679 Al 15 October 2015 us 9628220 B2 18 April 2017

Form PCT/ISA/210 (patent family annex) (January 2015)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - claims
	Page 42 - claims
	Page 43 - claims
	Page 44 - claims
	Page 45 - claims
	Page 46 - claims
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - wo-search-report
	Page 63 - wo-search-report

