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(57) Abstract: A periodic control window is embedded in a link layer data stream to be sent over a serial data link, where the control
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link. The link layer data can be sent during a link transmitting state of the data link and the control window can interrupt the sending
of flits. In one aspect, the information includes link width transition data indicating an attempt to change the number of active lanes
on the link.
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HIGH PERFORMANCE INTERCONNECT PHYSICAL LAYER

FIELD
[6001] The present disclosure relates in general to the field of computer development,
and more specifically, to software development involving coordination of mutually-dependent

constrained systems.

BACKGROUND

[8682] Advances in semi-conductor processing and logic design have permitted an
increase in the amount of logic that may be present on integrated circuit devices. As a corollary,
computer system configurations have evolved from a single or muiltiple integrated circuits in a
system to multiple cores, multiple hardware threads, and multiple logical processors present on
individual integrated circuits, as weil as other interfaces integrated within such processors. A
processor of integrated civcuit 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, cte.

[B083] 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.c. server space} has also
mereased,  For instance, in modern servers, there is typically not only a single processor with
multiple cores, but also multiple physical processors (alse referred to as multiple sockets) to
merease the computing power.  But as the processing power grows along with the number of
devices i a computing system, the communication between sockets and other devices becomes
more critical,

(6004} In fact, interconnects have grown from more traditional multi-drop buses that
primarily handled clectrical communications to full blown intercounect architectures that facilitate

fast communication.  Unfortunately, as the demand for future processors o consume at even
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higher-rates corresponding demand is placed on the capabilities of existing interconnect

architectures.

BRIEF DESCRIPTION OF THE DRAWINGS

{8805  FIG. 1 illustrates a simplified block diagram of a system including a serial point-
to-point interconnect to connect VO devices in a computer system in accordance with one
embodiment;

[8686] FIG. 2 lustrates a simplified block diagram of a layered protocol stack
accordance with one embodiment;

(86671 FIG. 3 illustrates an embodiment of a transaction descriptor.

[B008]  FIG. 4 tlustrates an embodiment of a serial pont-to-point link.

[6689] FIG. § dlustrates embodiments of potential High Performance Interconnect (HPI}
system configurations.

(8610} FIG. 6 illustrates an embodiment of a layered protocol stack associated with HPL

[B011] FIG. 7 illustrates a representation of an example state machine,

(8612} FIG. 8 illustrates cxample control supersequences.

[B613] FIG. 9 illustrates a representation of an cxample control window embedded in a
data stream.

[6614] FIG. 10 illustrates a flow diagram of an example handshake.

[8615] FIG. 11 illustrates a flow diagram of an cxample transition to a partial width
state.

(6016} FIG. 12 illustrates an example transition from a partial width state.

(66177 FIG. 13 illustrates an embodiment of a block diagram for a computing system
mecluding a multicore processor.

[6618] FIG. 14 illustrates another embodiment of a block diagram for a computing
system including a multicore processor.

[6619] FIG. 15 illostrates an embodiment of a block diagram for a processor.

(60201 FIG. 16 illustrates another embodiment of a block diagram for a computing

systern including a processor,
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[6621] FIG. 17 ilustrates an embodiment of a block for a computing system including
multiple processor sockets.

(66221 FIG. 18 illustrates another embodiment of a block diagram for a computing
system.

[6623] Like refercnce nurnbers and designations in the vanous drawings indicate like

elements.

DETAILED DESCRIPTION

[8324] 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 wicro architectural details, specific register configurations, specific
mstruction  types, specific system components, specific processor pipeline stages, specific
mterconnect layers, specific packet/transaction configurations, specific transaction names, specific
protocol exchanges, specific link widths, specific implementations, and operation etc. in order to
provide a thorough understanding of the present invention. It may be apparent, however, to one
skilled in the art that these specific details need not necessarily be employed to practice the subject
matter of the present disclosure.  In other instances, well detailed description of known
components or methods has been aveided, such as specific and alternative processor architectures,
specific logic circuiis/code for described algorithms, specific firmware code, low-level
interconnect operation, specific logic configurations, specific manufacturing techniques and
materials, specific compiler implementations, specific cxpression of algorithms in code, specific
power down and gating techniques/logic and other specific operational details of computer system
i order to avoid unnecessarily obscuring the present disclosure.

(60251  Although the following cmbodiments may be described with reference to enecrgy
conservation, cnergy cfficiency, processing efficiency, and so on in specific mtegrated circuits,
such as in computing platforms or microprocessors, other embodiments arc applicable to other
types of integrated cirenits and logic devices, Similar technigques and teachings of embodiments
described herein may be applied to other types of circuits or semiconductor devices that may also
beuefit from such features. For example, the disclosed embodiments are not limited to server

computer system, desktop computer systems, laptops, Ultrabooks™, but may be also used in other
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devices, such as handheld devices, smartphones, fablets, other thin notebooks, systems on a chip
(SOC) devices, and emnbedded applications. Some examples of handbeld devices include cellalar
phones, Internet protocol devices, digital cameras, personal digital assistants (PDAs), and
handheld PCs. Here, similar technigues for a high-performance imterconnect may be applied to
merease performance (or even save power) in a low power interconnect. Embedded applications
typically include a microcontroller, a digital signal processor (D8P), a system on a chip, network

computers {(NetPC), set-top boxes, network hubs, wide arca 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 may
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) may be considered vital to a “green technology” future balanced with performance
considerations.

[8626] As computing systems are advancing, the components therein are becoming more
complex. The interconnect architecture to couple and commumicate between the components has
alse increased in complexity to ensure bandwidth demand is met for optimal component operation.
Furthermore, different market scgments demand different aspects of interconnect architectures to
suit the respective market. For example, servers require higher performance, while the mobile
ceosystom 18 somctimes able to sacrifice overall performance for power savings., Yet, it is a
singular purpose of most fabrics to provide highest possible performance with maximum power
saving, Further, a varicty of different interconnects can potentially benetit from subject matter
described herein.

(66271 The Peripheral Component Interconnect (PCIH) Express (PCle) interconnect fabric
architecture and QuickPath Interconnect (QP1} fabric architecture, among other examples, can
potentially be mmproved according to one or more principles described herein, among other
examples. For mstance, a primary goal of PCle is to cnable components and devices from
different vendors to inter-operate in an open architecture, spanning multiple market segments;
Clients (Desktops and Mobile), Servers (Standard and Eunterprise), and Embedded and
Cormmunication devices, PCI Express is a high performance, general purpose VO interconnect

defined for a wide variety of future computing and communication platforms. Some PCI
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attributes, such as its usage wodel, load-store archutecture, and software interfaces, have been
maintained through its revisions, whereas previous parallel bus implementations have been
replaced by a highly scalable, fully senal mterface. The more recent versions of PCT Express take
advantage of advances in point-to-point interconnects, Switch-based technology, and packetized
protocol o deliver new levels of performance and featores. Power Management, Quality Of
Service ({305}, Hot-Plug/Hot- Swap support, Data Integrity, and Error Handling are among some
of the advanced features supported by PCI Express.  Although the primary discussion herein 1s in
reference to a new high-performance interconnect (HPI} architectire, aspects of the invention
described herein may be applied to other interconnect architectures, such as a PCle-compliant
architecture, a QPl-compliant architecture, a MIPI compliant architecture, a high-performance
architecture, or other known interconnect architecture.

[B028] Reforning to FIG. 1, an embodiment of a fabric composed of point-to-point Links
that interconnect 8 set of components s Ulustrated.  System 1 includes processor 105 and
system memory 110 coupled to controller hub 115, Processor 105 can include any processing
clement, such as a microprocessor, a host processor, an embedded processor, a co-processor, of
other processor. Processor 1035 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
differcnt interconnect standard.

[6029] 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 10 is coupled to controlier hub 115 through memory interface 116,
Examples 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,

[8036] In one embodiment, controller hub 115 can inchude a root hub, root complex, or
root controller, such as in a PCle interconnection hierarchy. Examples of controller hub 115
melude a chipset, a memory controlier hub (MCH), a northbridge, an interconnect controller hub
(ICH) a southbridge, and a root controller/hub,  Often the ferm chipset refers to two physically
separate controller hubs, ¢.g., a wmemory controller hub (MCH) coupled to an intercounnect
controller hab (ICH). Note that current systerns often include the MCH integrated with processor

103, while controller 115 s to communicate with VO devices, in a simtlar manner as described
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below, In some embodiments, peer-to-peer routing s optionally supported through root complex
{135,

[6031] Here, controller hub 115 15 coupled to switch/bridge 120 through serial bnk 119,
Input/output modules 117 and 121, which may also be referred to as interfaces/ports 117 and 121,
can include/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 swiich
120,

88321  Switch/bridge 120 routes packets/messages from device 125 upstream, i.e. up a
hierarchy towards a root complex, to controller hub 115 and downstream, i.e. down a hicrarchy
away from a root controller, from processor 105 or system memory 110 o device 125, Switch
120, in one embodiment, s 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 o an
electronic system, such as an I/ device, a Network Interface Controlier (NIC), an add-in card, an
audio processor, a network processor, a hard-drive, a storage device, a CD/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 ondpoint.  Although not specifically shown, device 125 may
include a bridge (e.g., a PCle to PCYPCIE-X bridge} to support legacy or other versions of devices
or interconnect fabrics supported by such devices.

6033} Graphics accelerator 130 can also be coupled to controller hub 115 through serial
iink 132, In one embodiment, graphics accelerator 130 5 coupled to an MCH, which is coupled to
an ICH. Switch 120, and accordingly /O device 125, is then coupled to the ICH. /O modules
131 and 118 arc also to implement a layered protocol stack to communicate between graphics
accelerator 130 and controller hub 115, Similar to the MCH discussion above, a graphics
controller or the graphics accelerator 130 itself may be mmtegrated in processor 105,

[6034] Tuming to FIG. 2 an embodiment of a layered protocol stack is illustrated.
Layered protocol stack 200 can mcludes any form of a layered communication stack, such as a
(JPI stack, a PCle stack, a next generation hugh performance computing miterconnect {HPD stack,
or other layered stack. In one embodiment, protocol stack 200 can include transaction layer 205,
fink layer 210, and physical layer 220, An interface, such as mterfaces 117, 118, 121, 122, 1326,

and 131 m FIG. 1, may be represenied as communication protocol stack 200, Representation as a
b
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covwmunication  protocol  stack may  also be referred to as a4 modale or  mterface
iroplernenting/nchuding a protocol stack,

[80358] Packets can be used to communicate information between components. Packets
can be 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
throngh the other lavers, they are extended with additional information used to handie packets at
those layers. At the recetving side the reverse process occurs and packets get transformed from
thetr Physical Layer 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.

[8636] In one embodiment, transaction layer 205 can 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 laver 205 can
include the assembly and disassembly of packets (i.c., transaction layer packets, or TLPs). The
translation layer 205 can also manage credit-based flow contrel for TLPs. In some
implementations, split transactions can be utilized, ie., transactions with request and responsc
scparated by time, allowing a link to carry other traffic while the target device gathers data for the
response, among other examples.

186371 Credit-based flow control can be used to realize virtual channels and networks
utilizing the interconnect fabric. In one example, a device can advertise an initial amount of credits
for each of the receive buffers in Transaction Layer 205, An external device at the opposite end of
the link, such as controlier hub 115 in FIG. |, can count the number of credits consumed by each
TLP. A transaction may be transmitted if the fransaction docs not exceed a credit limit, Upon
receiving a response an amount of credit is restored. One example of an advantage of such a
credit scheme is that the latency of credit return does not affect performance, provided that the
credit limit is not encountered, among other potential advantages.

[B038] In one embodiment, four transaction address spaces can include a configuration
address space, a memory address space, an input/output address space, and a message address
space. Memory space transactions jochude one or more of read requests and write requests to
transter data to/from a mmemory-mapped location. In one embodiment, memory space transactions

are capable of using two different address formats, e.¢., a short address format, such as a 32-but
fox > Facad ]
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address, or a long address format, such as 64-bit address.  Configuration space fransactions can be
used to access configuration space of various devices connected to the inferconnect. Transactions
to the configuration space can include read vequests and write requests.  Message space
transactions {or, simply messages) can also be defined to support in-band communication between
mterconnect agents. Therefore, in one exarmple embodiment, transaction layer 205 can assemble
packet header/pavioad 206.

[86398] Quickly referring to FIG. 3, an example embodiment of a transaction layer packet
descriptor 1s ilhustrated.  In one embodiment, transaction descriptor 300 can be a mechanism for
carrving transaction information. In this regard, transaction descriptor 300 supports identification
of transactions in a system. Other potential uses inclnde tracking modifications of default
transaction ordering and association of transaction with channels. For instance, transaction
descriptor 300 can include global identifier field 302, atiributes field 304 and channel identifier
field 306. In the illustrated example, global identifier field 302 s depicted compnising local
transaction identifier ficld 308 and sowrce identifier field 316, In one embodiment, global
transaction identifier 302 is unigue for all outstanding requests.

[8048]  According to one implementation, local transaction identifier field 308 is a ficld
generated by a requesting agent, and can be unique for all outstanding requests that require a
completion for that reguesting agent. Furthermore, in this example, source identifier 310 uniquely
identifics the requestor agent within an interconnect hicrarchy. Accordingly, together with source
{3 310, local transaction identifier 308 field provides global identification of a transaction within a
hicrarchy domain.

[6041] Astributes ficld 304 specifies characteristics and relationships of the transaction.
In this regard, attributes field 304 s potentially used to provide additional information that allows
modification of the default handling of transactions. In one cmbodiment, atiributes field 304
meludes priority field 312, reserved field 314, ordering field 316, and no-snoop ficld 318, Here,
priority sub-ficld 312 may be modified by an initiator to assign a priority to the transaction,
Reserved sttribute 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 atiribute field,

[3042] In this example, ordenng attribute ficld 316 is used to supply optional
mformation conveying the type of ordering that may modity default ordening roles. According to

one example implementation, an ordering atiribute of "0 denotes defanlt ordering rules are to

&
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apply, wherein an ordering attribute of "17 denotes rvelaxed ordering, wherein writes can pass
writes in the same divection, and read completions can pass writes in the same direction.  Snoop
atiribute field 318 is utihzed to determine if transactions are snooped.  As shown, chamnel 1D Field
306 identifies a channel that a transaction 1s associated with.

[6643] Returning to the discussion of FIG. 2, a Link layer 210, also referred to as data
fink layer 210, can act as an intermediate stage between transaction layer 205 and the physical
layer 220, In one embodiment, a responsibility of the data link laver 210 is providing a reliable
mechanism for exchanging Transaction Layer Packets (TLPs) between two components on a link.
One side of the Data Link Layer 210 accepts TLPs assembled by the Transaction Layer 205,
applies packet sequence identifier 211, e, an identification number or packet mumber, calculates
and applies an error detection code, e, CRC 212, and submits the modified TLPs to the Physical
Laver 220 for transmission across a physical to an external device.

[8644] Iuv one example, physical layer 220 melndes logical sub block 221 and clectrical
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
can include a transmit section to prepare cutgoing information for transmission by physical sub-
block 222, and a receiver section to identify and prepare received information before passing it to
the Link Laver 210,

[8045] Physical block 222 includes a transmitter and a receiver. The transmitier is
supplied by logical sub-block 221 with symbols, which the transmitter scrializes and transmiis
onto to an cxternal 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
supplicd to logical sub-block 221. In one example embodiment, an 8b/10b transmission code 18
emploved, where ten-bit symbols are transmitted/received.  Here, special symbols are used to
frame a packet with frames 223, In addition, in one example, the receiver also provides a symbol
clock recovered from the incoming serial stream.

[B046] As stated above, although transaction layer 205, hink laver 210, and physical layer
220 are discussed n reference to a specific embodiment of a protocol stack (such as a PCle
protocol stack), a layered protocol stack is not so limited. In fact, any layered protocol may be
meluded/implemented and adopt features discussed herein, As an example, a port/interface that 13

represented as a layered protocol can nclude: (1) a fivst layer to assemble packets, 1e. a

9
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transaction layer; a second layer to sequence packets, 1.¢. a link layer; and a third layer to transmit
the packets, i.¢. a physical laver. As a specific example, a high performance interconnect layered
protocol, as described herein, 1s uiilized.

{88471 Refomng next to FIG. 4, an example embodiment of a serial point to point fabric
is tustrated. A serial point-to-point link can include any transmission path for transmitting serial
data. In the embodiment shown, a link can imclude two, low-voltage, differentially driven signal
pairs: a transmit pair 406/411 and a recoive pair 412/407.  Accordingly, device 405 mcludes
transmission logic 406 to ransmit data to device 410 and receiving logic 407 to receive data from
device 410, In other words, two transmitting paths, L.e. paths 416 and 417, and two receiving
paths, i.e. paths 41§ and 419, are included in some implementations of a Hink

[8048] A transmussion path refers to any path for transmitting data, such as a
transmission line, a copper lineg, an optical line, a wircless communication channel, an infrared
communication link, 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

- cach lane representing a st of differential signal pairs (one pair for transmission, one pair for
reception). To scale bandwidth, a link may aggregate mulitiple fanes denoted by xN, where N is
any supported link width, such as 1, 2, 4, 8, 12, 16, 32, 64, or wider.

[8049] A differential pair can refer to two transmission paths, such as hines 416 and 417,
to transmit differential signals. As an cxample, when line 416 toggles from a low veltage level to
a high voltage level, i.¢. a rising edge, line 417 drives from a high logic level to a low logic level,
i.¢. a falling edge. Differential signals potentially demonstrate better clectrical characieristics,
such as better signal integrity, t.c. cross-coupling, voltage overshoot/undershoot, ringing, among
other example advantages. This allows for a better timing window, which cnables faster
transmission frequencies.

(605061 In onc cmbodiment, a new High Performance Interconnect (HPL is provided.
HPI can include 8 next-gencration cache-coherent, link-based interconnect, As one example, HPL
may be utilized in high performance computing platforms, such as workstations or servers,
meluding in systems where PCle or another mnterconnect protocol is typically used to connect
processors, accelerators, /O devices, and the like. However, HPI is not so timited.  Instead, HPI

may be utilized 10 any of the systems or platforms described herein. Furthermore, the individual

10
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ideas developed may be applied to other interconnects and platforms, such as PCle, MIPI, QPI,
efe.

[6051] To support multiple devices, in one example implementation, HPI can include an
Instruction Set Architecture {(ISA} agnostic (1.e. HPI is able to be implemented in multiple
different devices), In another scenario, HPI may also be wiilized to comnect high performance VO
devices, not just processors or accelerators. For example, a high performance PCle device may be
coupled to HPI through an appropriate translation bridge (t.e. HPI to PCle). Moreover, the HPI
finks may be utilized by many HPI based devices, such as processors, in various ways (e.g. stars,
rings, meshes, cte.). FIG. 5 illustrates example implementations of multiple potential multi-socket
configurations. A two-socket configuration 505, as depicted, can include two HPI links; however,
in other implementations, one HPY link may be utilized. For larger topologies, any configuration
may be utitized as long as an identifier (ID} is assignable and there is some form of virtual path,
among other additional or substitute features. As shown, in one example, a four socket
configuration 510 has an HPI link from cach processor to another. But in the cight socket
implementation shown in configuration 5135, not every socket is directly connected to each other
through an HPI link. However, if a virtual path or channel exists between the processors, the
configuration is supported. A range of supported processors inchades 2-32 in a native domain.
Higher numbers of processors may be reached through use of multiple domains or other
interconnects between node controllers, among other examples.

[6052] The HPI architecture includes a definition of a layered protocol architecture,
meluding in some examples, protocol layers (coherent, non-coherent, and, optionally, other
memory based protocols), a routing layer, a link layer, and a physical layer. Furthermore, HPI can
further include enhancements related to power managers (such as power control units (PCUs}),
design for test and debug (DFT), tault handling, registers, scourity, among other examples, FIG. S
ilustrates an embodiment of an example HPI layered protocol stack, In some implementations, at
icast some of the layers ilustrated mn FI1G. § may be optional. Each layer deals with its own level
of granularity or guantum of imformation (the protocol layer 605ab with packets 630, hink layer
610ab with flius 635, and physical layer 605ab with phits 640). Note that a packet, in some
erabodiments, may include partial flits, a single {lit, or moultiple flits based on the implementation.

[B053]  As a first example, a width of a phit 640 mcludes a 1 to | mapping of hink width

to bits {e.g. 20 bit link width includes a phit of 20 bits, ete.). Flits may have a greater size, such as

!
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184, 192, or 200 bits. Note that if phit 640 15 20 bits wide and the size of it 635 15 184 buts then it

takes a fractional number of phits 640 to transmit one thit 635 {e.g. 9.2 phits at 20 bits to transmit

widths of the fundamental link at the physical layer may vary. For example, the number of lanes
per direction may include 2, 4, 6, §, 10, 12, 14, 16, I8, 20, 22, 24, cte. In ove ciobodiment, Tink
layer 610a,b is capable of embedding multiple pieces of different transactions i a single lit, and
one or multiple headers {e.g. 1, 2, 3, 4) may be embedded within the flit. In one example, HPI
splits the headers into corresponding slots to cnable multiple messages in the flit destined for
different nodes.

[8354] Physical layer 6033, in one embodiment, can be responsible for the fast transfer
of nformation on the physical medium (clectrical or optical etc.). The physical link can be point-
to-point between two Link laver entitics, such as layer 605a and 605b. The Link layer 610a.b can
abstract the Physical layer 603ab from the npper lavers and provides the capability to reliably
transfor data {(as well as requests) and manage flow control between two directly connected
entities. The Link Layer can alse be responsible for virtualizing the physical channel into multiple
virtual channels and message classes. The Protocol laver 620a,b relies on the Link layer 610a,b to
map protocol messages into the appropriate message classes and virtual channels before handing
them to the Physical layer 605ab for transfer across the physical links. Link layer 610a,b may
support multiple messages, such as a request, snoop, response, writeback, non-coherent data,
among other examples.

{60557 The Physical layer 605a.b (or PHY) of HPI can be implemented above the
clectrical layer (i.e. clectrical conductors connecting two components) and below the link layer
610a,b, as tllustrated in FIG. 6. The Physical layer and corresponding logic can reside on cach
agent and connects the link layers on two agents (A and B) separated from cach other {c.g. on
devices on either side of a hink), The local and remote electrical layers are connected by physical
media {c.g. wires, conductors, optical, ¢tc.). The Physical layer 605a.b, in onc embodiment, has
two major phases, initialization and operation. During initialization, the connection is opague fo
the link layer and signaling may involve a combination of timed states and handshake events,
During operation, the connection is fransparent to the hink layer and signaling 15 at a speed, with
all lanes operating together as a single hink. Duoring the operation phase, the Physical layer

transports fhits from agent A to agent B and from agent B to agent A, The connection 1s also
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referred to as a link and abstracts some physical aspects including media, width and speed from
the link layers while exchangmg flits and control/status of current configuration {¢.g. width) with
the hink layer. The mmtialization phase includes nunor phases e.g. Polling, Configuration. The
operation phase also inchudes munor phases {e.g. link power management states).

[6056] Iv one embodiment, Link layer 610a,b can be unplemented so as to provide
reliable data transfer between two protoco! or routing entities. The Link layer can abstract Physical
layer 605a.b from the Protocol layer 620a,b, and can be responsible for the flow control between
two protocol agents (A, B), and provide virtual channel services to the Protocol layer (Message
Classes) and Routing layer (Virtnal Networks). The interface between the Protocol layer 620a,b
and the Link Laver 610a,b can typically be at the packet level. In one embodiment, the smallest
transfer unit at the Link Layer is referred to as a flit which a specified nmumber of bits, such as 192
bits or some other denomination. The Link Layer 610a,b relies on the Physical layer 605a,b to
frame the Physical layer’s 603ab unit of transfer (phit) into the Link Layer’s 610ab unit of
transfer (flit). In addition, the Link Layer 610a,b may be logically broken into two parts, a sender
and a receiver. A sender/receiver pair on one entity may be connected to a recetver/sender pair on
another entity. Flow Control is often performed on both a thit and a packet basis. Error detection
and correction is alse potentially performed on a flit level basis.

(86571 In onc embodiment, Routing layer 615ab can provide a flexible and distributed
method to route HPI transactions from a source to a destination. The scheme is flexible since
routing algorithms for muktiple topologies may be specified through progranumable routing tables
at cach router (the programming in one embodiment is performed by firmware, software, or a
combination thercof). The routing functionality may be distributed; the routing may be done
through a series of routing steps, with cach routing step being defined through a lookup of a table
at either the source, intermediate, or destination routers. The lookup at a source may be used to
mject a HPI packet into the HPI fabric. The lookup at an intermediate router may be used to route
an HPI packet from an input port to an cutput port. The lookup at a destination port may be used
to target the destination HPI protocol agent. Note that the Routing layer, in some implementations,
can be thin since the routing tables, and, hence the routing algorithms, are not specifically defined
by specification. This allows for flexibility and a varicty of usage wmodels, ncluding Hexible
platform architectural topologies to be defined by the system implementation. The Routing layer

615a,b rehes on the Link layer 610ab for providing the use of up to three (or more) virtual
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networks (VNs} — in one example, two deadlock-free VNs, VNGO and VNI with several message
classes defined in each virtual network, A shared adaptive virtual network (VNA) moay be defined
m the Link layer, but this adaptive network may not be exposed directly in routing concepts, since
cach message class and virtual network may have dedicated resources and guaranteed forward
progress, among other features and exaraples.

[B658]  In some implementations, HPI can utilize an embedded clock. A clock signal can
be embedded in data transmitted using the interconnect. With the clock signal embedded in the
data, distinct and dedicated clock lanes can be omitted. This can be useful, for instance, as it can
allow more pins of a device to be dedicated to data transfer, particularly in systems where space
for pins 1S at a premium,

[8859] A link can be established between two agents on either side of an interconnect.
An agent sending data can be a local agent and the agent recciving the data can be a remote agent.
State machines can be employed by both agents to manage various aspects of the ink, In one
embodiment, the Physical fayer datapath can transmit flits from the link layer to the clectrical
front-end. The control path, in onc implementation, includes a state machine {also referred to as a
fink training state machine or the similar). The state machine’s actions and cxits from states may
depend on internal signals, timers, external signals or other information. In fact, some of the
states, such as a fow initialization states, may have timers to provide a timeout value to ¢xit a state.
Note that detect, in some embodiments, refers to detecting an event on both legs of a lanc; but not
necessarily simultaneously. However, in other embodiments, detect refers to detection of an event
by an agent of reference. Debounce, as one cxample, refers to sustained assertion of a signal. In
onc embodiment, HPI supports operation in the event of non-function lanes. Here, lanes may be
dropped at specific states,

[B068]  States defined in the state machine can include reset states, initialization states,
and opcrational states, among other categorics and subcategories.  In one example, some
mitialization states can have a secondary timer which is used to cxit the state on a timeout
{essentially an abort due to failure to make progress in the state). An abort may include updating
of registers, such as status register, Some states can also have primary timer(s) which are used to
time the prumary fimetions in the state.  Other states can be defined such that mternal or external
signals {such as handshake protocols) drive transition from the state to another state, among other

examples.
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[6061] A state machine may also support debug throungh single siep, freeze on
initiahization abort and use of testers. Here, state exits can be postponed/held until the debug
software 18 ready. In some instance, the exit can be postponed/held until the secondary timeout.
Actions and exits, in one embodiment, can be based on exchange of training sequences. In one
embodiment, the hink state machine is to tun n the local agent clock domain and transition from
one state to the next s to coincide with a transmitter training sequence boundary. Status registers
may be utilized to retlect the current state.

[8062] FIG. 7 illustrates a representation of at least a portion of a state machine used by
agents in one example mmplementation of HPL It should be appreciated that the states included w
the state table of FIG. 7 include a non-exhaustive listing of possibie states. For instance, some
transitions are onutted to simplify the diagram. Also, some states may be combined, sphit, or
omitted, while others might be added. Such states can inclnde:

[8663] Lvent reset state: entered on a warm or cold reset event. Restores default values.

Initialize counters {¢.g., sync counters). May exit {o another state, suich as another reset state.

[8064] Timed reset state: timed state for in-band reset. May drive a predetined electrical

ordered set (EOS) so remote receivers are capable of detecting the EOS and entering the timed
reset as well. Receiver has lanes holding electrical settings. May ¢xit to an agent to calibrate reset
state.

[8065] Calibratc reset state: calibration without signaling on the lane (e.g. receiver

calibration statc} or turning drivers off. May be a predetermined amount of time in the state based
on a timer. May set an operational speed. May act as g wait state when a port is not enabled.
May mchude minimum residency time. Receiver conditioning or staggering off may occur based
on design, May exit to a receiver detect state after a timeout and/or completion of calibration.

[8066] Receiver detect state: detect presence of a receiver on lane(s). May look for

receiver termination {e.g. receiver pulldown insertion), May exit to calibrate reset state upon a
specified value being set or when another specified value is not sct. May exit to transmitter
calibrate state if a receiver is detected or a timeout is reached,

[8067] Transmitter calibrate state: for transmitter calibrations. May be a timed state

allocated for transmitier calibrations, May mchude signaling on a lane. May continnously drive an

EOS, such as an EIEOS, May exit to compliance state when done calibrating or on expiration of a
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timer, May exit to transmitter detect state if a counter has expired or a secondary timeout has
occurred.

[6068] Transmitter detect state: qualifies valid signaling. May be a handshake state

where an agent completes actions and exits to a next state based on remote agent signaling.
Receiver may qualify valid signaling from transmitter, Receiver, m one embodiment, looks for a
wake detect, and if debounced on one or more lanes looks for it on the other lanes. Transmitier
drives a detect signal. May exit to a polling state in response to debounnee being completed for all
lanes and/or a timeout or if debounce on all lanes s not complete and there is a timeont. Here, one
or more monitor lanes may be kept awake to debounce a wake signal. And if debounced then the
other lanes are potentially debounced. This can enable power savings in low power states.

[6669] Polling state: receiver adapts, mitializes drift buffer and locks on bits/bytes (e.g.
identifics symbol boundarics). Lancs may be deskewed. A remote agent may cause an ¢xit to a
next state (e.g. a Link Width State) v response to an acknowledge message. Polling can
additionally include a training sequence lock by locking to an EOS and a training sequence header.
Lane to iane skew at remote transmitter may be capped at a first length for top speed and a second
iength for slow speed. Deskew may be performed i a slow mode as well as an operational mode.
Receiver may have a specific maximum to deskew lanc-to-lanc skew, such as &, 16, or 32 intervals
of skew. Receiver actions may include latency fixing. Receciver actions, in one embodiment, can
be completed on successtul deskew of a valid lane map. A successful handshake can be achieved,
m one example, when a number of consccutive fraining sequence headers are received with
acknowledgements and a number of training scquences with an acknowledge are transmitted after
the receiver has completed its actions,

[8076] Link width state: agent communicates with the final lane map to remote

transmitter. Receiver receives the information and decodes. Receiver may record a configured
lanc map in a structurc after checkpoint of a previous lane map value in a second structure.
Receiver may also respond with an acknowledge (“ACK”). May initiate an in-band reset. As one
example, first state to initiate in-band reset.  In one embodiment, oxit to a next state, such as flit
configuration state, is performed in response to the ACK. Further, prior to entering low power
state, a reset signal may also be generated if the frequency of a wake deteet signal occurrence
drops below a specified value (e.g. 1 every number of onit intervals (Uls), such as 4K Ul

Receiver may hold current and previous lane maps. Travsmuticr may use different groups of lanes
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based on training sequences having different values. Lane map mway not modify some status
registers in some embodiments,

(8071] Flhitlock configuration state: entered by a transmitter but the state 1s considered

exited (i.c. secondary timeout moot) when both transmitter and receiver have exited to a blocking
hink state or other Lok state. Transmitter exit to a hink state, in one embodiment, includes start of a
data sequence (SDS} and training sequence {TS) boundary after receiving a planctary alignment
signal. Here, recetver exit may be based on recetving an SDS from a remote transmitter. This
state may be a bridge from agent to link state. Receiver identifies SDS. Receiver may exit to
biocking link state (BLS) {or a control window) if SDS reccived after a descrambler is initialized.
If a timeout occurs, oxit may be to reset state. Transmitter drives lanes with a configuration signal.
Transmitter exit may be to reset, BLS, or other states based on conditions or timeouts.

(8672]  Transmitting Link State: a link state. Flits are sent to a remote agent. May be

entered from a blocking link state and return to a blocking link state on an event, such as a
timeout. Transmutter transmits flits.  Receiver receives flits. May also exit to a low power link
state. In some implementations, transmitting Hnk state {TLS) can be referred to as the LG state.

(66731 Blocking Link State: a link state. Transmitter and receiver arc operating in a

unified manner. May be a timed state during which the link laver flits are held off while the
Physical fayer information is communicated to the remote agent.  May exit to a low power link
state (or other link state based on the design). A blocking link state (BLS), in one embodiment,
periodically occurs. The period is referred to as a BLS interval and may be timed, as well as may
differ between slow speed and operational speed. Note that the link layer may be periodically
blocked from sending flits so that a Physical layer control sequence of a length may be sent, such
as during a transmitting Hok state or a partial width transmitting link state. In some
implementations, blocking link state (BLS) can be referred to as a LO control, or Lic, state.

[6074] Partial Width Transmitting Link State: Link state. May save power by entering

partial width state, In onc cmbodiment asymmetric partial width refers to cach direction of a two
direction link having different widths, which may be supported in some designs.  An example of
an mitiator, such as a transmitier, sending a partial width ndication to enter partial width
transmitting link state 1s shown in the example of FIG, 9. Here, a partial width indication is sent
while transmitting on a hok with a first width to transition the link to fransmot at a second,new

width. A mismatch may result in a reset. Note that speeds may not be aliered but width may be.
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Therefore, flits are potentially sent at different widths, May be similar to a transmitting hink state
logically; yet, since there 15 a sialler width, it may take longer to transmit flits, May exit to other
fink states, such as a low power link state based on certain received and sent messages or an exit of
the partial width transmutting link state or a link blocking state based on other events. In one
embodiment, a transmitter port may turn wdle lanes off in a staggered mwanner to provide better
signal integrity (i.e. noise mitigation} as shown in the tuning diagram. Here, non-retry-able flits,
Such as Null flits, may be utilized during perieds where the link width s changing. A
corresponding receiver may drop these null flits and twrn idle lanes off tn a staggered manner, as
well as record the cwrrent and previous lane maps in one or more structures. Note status and
asspciated status register may remain unaltered.  In some implementations, partial width
transmitting link state can be referved to as a partial 1O, or LOp, state,

(80751  Exut Partial Width Transmitting Link State: exit the partial width state. May or

may not nse a blocking link state in some implementations. The transmitter inttiates exit, in one
embodiment, by sending partial width exit patterns on the idle lancs to train and deskew them. As
one example, an exit pattern start with EIEOS, which is detected and debounced to signal that the
iane 1s ready to start the entry to a full transmitting link state, and may cnd with SDS or Fast
Training Scquence (FTS} on idle lanes. Any fatlure during the exit sequence {(recciver actions,
such as deskew not completed prior to timeout) stops flit transfers to the hink laver and asserts a
reset, which is handled by resetting the link on the next blocking link state occurrence. The SDS

may also initialize the scrambler/descrambler on the lanes to appropriate values.

[8876] Low Power Link State: is a lower power state. In one embodiment, it is lower
power than the partial width link state, since signaling in this embodiment is stopped on all lanes
and m both directions. Transmitters may use a blocking link state for requesting a low power hink
state. Here, receiver may decode the request and respond with an ACK or a NAK; otherwise reset
may be triggered. In some implementations, low power link state can be referred to as a L1 state.

(66777 In onc cmbodiment, two types of pin resets can be supported; power-on (or
“cold™} reset and warm reset. A reset initiated by software or originating (in the Physical or
another layer) on one agent may be communicated in-band to the other agent. However, due to
usage of an embedded clock, an in-band reset may be handled by communication o another agent
using an ordered set, such as a specific electrical ordered set or EIEOS, as introduced above, Such

ordered sets can be implemented as defined 16 Byte codes that may be represented in hexadecimal

18



WO 2014/065883 PCT/US2013/034188

format, among other examples, The ordered set can be sent doring initialization and a PHY
control sequence {or “blocking hink state”) can be sent after intialization. The block link state can
block the link layer from sending tlits.  As another example, link layer traffic may be blocked to
send a few NULL flits which may be discarded at the recetver.

[8078] In some implementations of HPIL, supersequences can be defined, cach
supersequence corresponding to a respective state or entry/exit to/from the respective state. A
superseguence can include a repeating sequence of data sets and symbols. The sequences can
repeat, in some instances, until completion of a state or state transition, or communication of a
corresponding event, among other examples. In some instances, the repeating sequence of a
supersequence can repeat according to a defined frequency, such as a defined number of unit
intervals {Uls). A unit interval (U} can correspond to the interval of time for transmitting a single
bit on a lane of a hink or system. In some implementations, the repeating sequence can begin with
an electrically ordered set (EOS). Accordingly, an instance of the EOS can be expected to repeat
in accordance with the predefined frequency. Such ordered sets can be implemented as defined 16
Byte codes that may be represented in hexadecimal format, among other examples, In one
example, the EOS of a supersequence can be an electrically ordered clectrical idle ordered set (or

g., a predefined

b~

EIEIOS). In one example, an EIEQS can resemble a low frequency clock signal {c.
number of repeating FFOO or FFFO00 hexadecimal symbols, ctc.}. A predefined sct of data can
follow the EOS, such as a predefined number of training sequences or other data.  Such
supersequences can be utilized in state transitions including link state transitions as well as
mitialization, among other examples.

[8079] As mtroduced above, initialization, in one embodiment, can be done initially at
slow speed followed by initialization at fast speed. Initialization at slow speed uses the default
values for the registers and timers. Software then uses the slow speed link to setup the registers,
umers and clectrical paramceters and clears the calibration semaphores to pave the way for fast
speed inttialization. As onc example, initialization can consist of such states or tasks as Resct,
Detect, Polling, and Configuration, among potentially others.

[B0B0] Tv one example, a hink layer blocking conirol sequence (i.e. a blocking hink state
(BLS) or LOc¢ state) can include a timed state during which the hink layver flits are held off while
the PHY information is communicated to the remote agent. Here, the transnutter and receiver may

start a block control sequence fimer.  And upon expiration of the timers, the transmitter and
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receiver can exit the blocking state and may take other actions, such as exit to reset, exit to a
different link state {or other state), including states that allow for the sending of flits across the
fink.

[B881] In onc embodiment, link training can be provided and include the sending of one
or more of scrambled traiming sequences, ordered sets, and control seguences, such as in
connection with a defined supersequence. A training sequence symbol may include one or more
of a header, reserved portions, a target latency, a pair number, a physical lane map code reference
launes or a group of lanes, and an imitialization state. In one embodiment, the header can be sent
with a ACK or NAK, among other examples. As an example, training sequences may be sent as
part of supersequences and may be scrambled.

[BG82] In one embodiment, ordered sets and control sequences are not scrambled or
staggered and are transmitted identically, simultancously and completely on all lanes. A valid
reception of an ordered set may include checking of at least a portion of the ordered set (or entire
ordered sct for partial ordered sets). Ordered sets may include an electrically ordered set (EGS),
such as an Electrical Idle Ordered Sct (EIOS) or an EIEOS. A supersequence may inchide a start
of a data sequence (SDS}) or a Fast Training Sequence (FTS).  Such scts and control
supersequences can be predefined and may have any pattern or hexadecimal representation, as
well as any length. For example, ordered scts and supersequences may be a length of € bytes, 16,
bytes, or 32 bvies, etc. FTS, as an example, can additionally be utilized for fast bit lock during
exit of a partial width transmitiing link state. Note that the FTS definition may be per lane and
may utilize a rotated version of the FTS.

[B083] Supersequences, in one embodiment, can include the insertion of an EOS, such as
an EIEOS, in a training sequence stream.  When signaling starts, lanes, in one implemcentation,
power-on in a staggered manner, This may result, however, i initial supersequences being seen
truncated at the receiver on some lanes. Supersequences can be repeated however over short
mtervals  {e.g.. approximately one-thousand unit intervals {or ~1KUD).  The training
supersequences may additionally be used for one or more of deskew, configuration and for
comnnicating initialization target, lane map, ectc. The EIEOS can be used for one or more of
ransitioning a lane from inactive to active state, screening for good lanes, identifying symbol and

TS boundaries, among other examples.



WO 2014/065883 PCT/US2013/034188

[6084] Turning to FIG. &, representations of example supersequences are shown, For
instance, an exemplary Detect supersequence 803 can be defined. The Detect supersequence 805
can inchide a repeating sequence of a single EIEOS (or other EQS) followed by a predefined
number of instances of a particular training sequence (TS}, In one example, the EIECGS can be
transmitted, twmediately followed by seven repeated mstances of TS, When the last of the seven
TSes is sent the EIEOS can be sent again followed by seven additional instances of TS, and so on.
This sequence can be repeated according to a particular predefined frequency. In the example of
FIG. &, the EIEOS can reappear on the lanes approximately once every one thousand Uls (~1KUI)
followed by the remainder of the Detect supersequence 803, A receiver can monitor lanes for the
presence of a repeating Detect supersequence 835 and vpon vahidating the supersequence 705 can
conclude that a remote agent is present, has been added {c.g., hot plugged} on the lancs, has
awoke, or is reinitializing, etc.

[B0BS] Iu another example, another supersequence 810 can be defined to indicate a
polling, configuration, or loopback condition or state. As with the example Detect supersequence
805, lancs of a link can be monitored by a receiver for such a Poll/Config/Loop supersequence €10
to identify a polling state, configuration state, or loopback state or condition. In one example, a
Poll/Config/Loop supersequence 810 can begin with an EIECS followed by a predefined number
of repeated instances of a TS. For instance, in one example the EIEOS can be followed by thirty-
one {31) instances of TS with the EIEOS repeating approximately every four thousand Ul {e.g.,
~4KUT).

[6086] Further, in another cxample, a partial width transmitting state (PWTS) cxit
supersequence 815 can be defined. In one example, a PWTS exit superseguence can include an
mitial EIEOS to repeat to pre-condition lanes in advance of the sending of the first full sequence in
the supersequence. For instance, the sequence to be repeated in supersequence 815 can begin with
an EIEQS (to repeat approximately once every 1KUI), Further, fast training sequences (FTS) can
be utilized in licu of other training sequences (1S), the FTS configured to assist in quicker bit
iock, byte lock, and deskewing, In some implementations, an FTS can be unscrambled to further
assist in bringmg idle lanes back to active as quickly and non-disruptively as possible.  As with
other supersequences preceding an entry into a link transmitting state, the supersequence 815 can

be interrupted and ended through the sending of a start of data sequence (SDS). Further, a partial
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FTS (FTSp) can be sent to assist in synchromizing the new lanes to the active lanes, such as by
allowing bits to be subiracted (or added) o the FTSp, among other examples.

[BOBT]  Suopersequences, such as Detect supersequence 705 and Poll/Config/Loop
supersequence 710, etc. can potentially be sent substantially throughout the inifialization or re-
mitialization of a ink. A receiver, upon receiving and detecting a particular supersequence can,
some mstances, respond by echoing the same supersequence to the transmitter over the lanes. The
receiving and validation of a particular supersequence by transmitter and receiver can serve as a
handshake to acknowledge a state or condition commnunicated through the snpersequence. For
instance, such a handshake (e.g., utihzing a Detect supersequence 705) can be used to identify
reinttialization of a link. In another example, such a handshake can be utihized to indicate the end
of an electrical reset or low power state, resulting in corresponding lanes bemng brought back up,
among other examples. The end of the electrical reset can be identified, for instance, from a
handshake between transmitter and receiver each transmitting a Detect supersequence 705.

[6388] In another example, lancs can be monitored for supersequences and use the
supersequences in connection with the screening of lanes for detect, wake, state exits and entries,
among other events, The predefined and predictable nature and form of superseguences can be
further used to perform such initialization tasks as bit lock, byte lock, debouncing, descrambling,
deskewing, adaptation, iatency fixing, negotiated delays, and other potential uses.  Indeed, lanes
can be substantially continuously monitored for such events to quicken the ability of the system to
react to and process such conditions, In the case of debouncing, transients can be introduced on
lancs as a result of a variety of conditions. For instance, the addition or powering-on of a device
can introduce transicnts onto the lane. Additionally, voltage irregularitics can be presented on a
ianc because of poor lane quality or clectrical fatlure. Such irregularitics can be readily detected
on supersequences with predictable values, such as when values of an EIEOS unexpectedly
deviate in connection with transients or other bit errors,

[6089] In onc example, a transmitting device can attempt to enter a particular state. For
mstance, the transmitting device can attempt to activate the link and enter an initialization state. In
another example, the transmitting device can attempt 1o exit a low power state, such as an L1 state,
arpong other examples. In some instances of an L1 state, the L1 state can serve as a power
savings, idle, or standby state. Indeed, in sorne examples, main power supplies may remain active
in the L1 state. In exiting an L1 state, a first device can send a supersequence associated with
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transitioning from the L1 state to a particular other state, such as an L0 transmitting link state
(TLS). The supersequence, as in other exaroples, can be a repeating sequence of an EOS followed
by a predetermined mumber of TSes such that the EOQS 1s repeated at a particular predefined
frequency. In one examples, a Detect supersequence can be used to exit the L1 or other low power
state. A receiving device can receive and validate the data, identifying the supersequence, and the
receiving device can complete the handshake with the transmitting device by sending the
supersequence back to the transmitting device.

[B0943] With both the tansmitting and receiving devices receiving the same
supersequence, each device can further perform additional initialization tasks utilizing the
supersequences.  For instance, each device can perform debouncing, bit lock, byte lock,
descrambling, and deskewing utilizing the supersequences.  Additional inttialization information
can be commmunicated through the headers and payloads of the TSes included in the
superseguences.  When the link is initialized, a start data send (SDS) sequence can be sent, m
some cascs, interrupting the supersequence {e.g., sent in the middic of a TS or EIEOS) and the
respective devices on either side of the link can prepare for the synchronized entry into TLS. In
TLS, or an “LO” state, supersequences can be ended and flits can be transmitted utilizing the Link
layer of the protocol stack.

[6091] While in TLS, the Physical laver may still be provided limited opportunitics to
perform control tasks. For instance, bit errors and other errors may be identitied on one or more
ianecs during an L0 state. [n one implementation, & control state LOc¢ can be provided. The Lic
statc can be provided as a periodic window within the TLS to allow Physical layer control
messages to be sent between streams of flits sent through the Link laver. For instance, as
represented in the example illustrated in FIG, 9, an LU state can be subdivided into LOc intervals,
Each LOc interval can begin with a Lc state or window {c.g., 905) in which Physical layer control
codes and other data can be sent. The remainder (¢.g., 910) of the LO¢ mterval can be dedicated to
the sending of flits. The length of the LOc¢ mterval and LOc¢ statc in cach imterval can be
programmatically defined, for mstance by BIOS of one or more devices or another software-based
controller, among other examples. The LOc state can be exponentially shorter than the remamder
of an LOc interval. For instance, in one example, the LOc can be 8UT while the remainder of the

LOc¢ mterval 1s on the order of 4KUL, among other examples. This can allow windows o which
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relatively short, predefined messages can be sent without substantially disrupting or wasting link
data bandwidth,

[6092] LOc state message can communicate a variety of conditions at the Physical layer
fevel. In one example, one device can initiate a reset of the link or a lane, for instance, based on
bit ervors or other errors in excess of a particular threshold amount.  Such errors can also be
communicated in LOc windows (such as preceding LOc windows). The LOc state can also be
leveraged to realize other in-band signaling, such as signaling for use in aiding or triggering
transitions between other link states. In one example, Lic messages can be utilized to transition a
link from an active L{ state to a standby or low power state, such as an L1 state. As shown in the
simplified flow diagram of FIG. 10, a particular LOc state can be used to communicate a L1 entry
request {e.g., 1010). Fuarther flits (e.g., 1020, 1030) can be sent while the device {or agent on the
device} waits for an acknowledgement of the request 10310, The other device on the link can send
the acknowledgement (e.g., 1040}, In some examples, the acknowledgement can also be sent ina

LOc window. In some instances, the acknowledgement can be sent in the next LOc window

following receipt/sending of the L1 request 1016, Timers can be employed to synchronize the Lic
mtervals at each device and the requesting device can identify the acknowledgement 1040 as an
acknowledgement of the request 10190 {e.g., rather than an independent L1 entry request) based on
an identification that the acknowledgement 1040 was sent at the next LOc window, among other
examples. In some instances, an acknowledgement can be communicated through an LOc code
distinet from that used in the LI entry request 1010, In other instances, the acknowledgement
1040 can include the echoing of the L1 entry request code used in request 1010, among other
examples.  Further, in alternative examples, a non-acknowledge signal or NAK can be
communicated in the LOc window.

[6093] In addition {or as an alternate} to handshaking using LOc codes, superseguences,
such as Detect supersequence, can be sent in connection with resetting and re-initializing the link,
Further handshaking can occur between the devices as the supersequences sent by a first device
and echoed by the second, receiving device. Superseguences can be used, as described above, to
assist in the remitialization of the link mcluding debouncing, bit lock, byte lock, descrambling,
and deskewing the lavnes of the link. Further, the devices can utilize the timer {e.g., embodying the
LOc¢ mterval} to synchromze entry of the devices and the link into the requested L1 state. For

instance, receipt of the acknowledgement 1040 can indicate to the devices that they are 1o
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mutoally enter (or begin entering) the L1 state at the end of the Lc interval corresponding to the
LOc¢ window in which the acknowledgement was sent, among other examples. For instance, data
sent n an LOc window included in or otherwise associated with the acknowledgement 1040 can
indicate the fime at which the devices are 1o enter the L1 state, among other potential examples.
Additional flits (e.g., 1050}, in some instances, can be sent while the devices await the tumeout
corresponding to the transition into the L1 state.

[6694] Iu some mmplementations of HPY, hinks can be established upon any number of
two or more lanes. Further, a link can be mitialized at a first nomber of lanes and later transttion
to a partial width state such that only a portion of the number of lanes 1s used. The partial width
state can be designated as a lower power state, such as a LOp state. In one example, an LOc state
can be used to transition from a L0 state where the first number of lanes is active to an LOp state
where a lesser number of lanes are to be active. For instance, as shown in the example of FIG. 11,
an Hok can be active at a fivst width 1110, In some instances, the first width can be the full width
{c.g., at LO). In other imstances, the link can transition from a first LOp state utilizing a first
number of lanes to another LOp using a different number {or set} of lanes, among other examples.
During a2 L0c window of the lanes in the first width, a LOp entry code 1120 can be transmitted.
The LOp entry request 1120 can identify what new width should be applied. In some instances,
the new link width can be predetermined and identificd simply from the receipt of the LOp reguest
1128, Additionally, the particular lanes to be dropped in the partial width state can also be
specified or otherwise identified or precontigured in connection with the LOp request 1120,
amnong other examples.

[6095] Continuing with the example of FIG. 11, flits or other data can continue to be
sent across the full width of lanes while the link awaits transition into the LOp state. For instance,
a duration ¢ can be specified by synchronized timers at the devices connected through the link to
synchronize entry into the LOp state. In one example, the duration t can correspond to a remainder
of a LOc interval corresponding to the request 1120, At the end of the interval a portion of the
iancs will remain active while another portion of the lanes are put into an inactive or idle state.
The hink will then operate at the new width (e.g., 1140), at least until an LOp exit request or other

link width transition request is received, among other examples.
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[6096] HPI can utilize one or more power control wnits (PCU) to assist i timing
iransitions between an LO state and lower power states, such as LOp and LI, Fuorther, HPI can
sapport master-slave, master-master and other architectures. For instance, a PCU may be present
on or otherwise associated with only one of the devices connected on a link and the device having
the PCU can be considered the master. Master-master configurations can be realized, for instance,
when both devices have an associated PCU which can prompt a link state transition. Some
implementations can specity a minimum stay for a particular low power state, such as LOp or L1,
for example, to attempt mininize transitions between states and attempt o maximize power
savings within an entered low power state, among other examples.

[8397] Exiting from a partial width low power state can be adapted to take place
efficiently and quickly so as to minimize the impact and interruption of the active lanes. In some
implementations, LOc windows and codes can also be used to trigger an exit from an Lip or other
state to reactive idle lanes. Turning, for instance, to the examples of FIG. 12, a simplified flow
diagram is shown illustrating an example exit from an LOp state. In the particular example of FIG.
12, thit data {c.g., 1205) can be sent when an L{c window 1210 is encountered in which a LO entry
{or LOp exit) request is included. Additional flits 1215 can be sent prior to the point at which the
LOp exit 1s to ocour. As in other examples, an LOc code 1210 can include identification of or
implicitly identify a time at which a state transition is to begin/end as well as particular events of
the state transition, Fhits (¢.g., 1215} can continue to be sent 1o maximize data transfer while the
devices anticipate to cnter the state fransition.

[B098] In one cxample, an EIEOS 1220 (or other data such another EOS) can be sent on
the inactive lanes to begin conditioning the lanes, In some instances, such mactive lanes {¢.g.,

3
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fancs “n+1” through “z”) may have been inactive for some time and waking the lanes can
mtroduce electrical transients and other instability.  Accordingly, the EIEOS 1220, as well as
partial width superseguences sent in connection with the exit from the LOp state can be used to
debounce the lancs as they awake. Further, in some instances, transients on the waking lanes {¢.g.,
lancs “n+1” through “z”") can potentially affect the active lanes {e.g., lanes “0” through “n™). To
prevent against irregularities stemmung from the re-awakening of the dle lanes negatively
impacting the active lanes, the active lanes can be synchroruzed to send mull flits {e.g., at 1225} at

or imrediately prior to the mitial signals {e.g., 1220) being sent over the waking lanes.
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[6099] Tv some implementations, re-initiahization of the dle lanes can be timed to begin,
such as at the conclosion of a corresponding LOc mterval. In other imstances, an alternative time
can be employed to start re-imitialization carly. In such nstances, a transnutter of the LOp exat
request can cause the idle lanes to be pre~-conditioned, for instance, through the sending of one or
more single EIEOSes. The sending of such conditiorung signals can be coordinated with the
active lanes so that pull flits are sent momentarily on the active lanes to cotncide with the initial
sending of the EIEOS and protect the active lanes from interfering transients at the start~up of the
idle lanes, among other examples. For instance, Link layer buffers can be alternatively or
additionally used to protect against bit loss resulting from such transients in reawaking idle lanes,
among other technigues.

[6160] Further, in some implementations, following the sending of an mitial EIEOS {or
supersequence ) a partial width state oxit supersequence {e.g., 1230} can be sent. At least a portion
of the supersequence can be repeated on the active lanes {e.g., at 1225}, Further, the device
receiving supersequence 1225 can echo the supersequence to handshake and acknowledge the
state fransition, among other cxamples. The sending of the supersequence {e.g., 1230} can be
further used to perform bit lock, byie lock, debouncing, descrambling, and deskew. For instance,
the reactivated lanes can be deskewed against the active lanes. In some instances, the initial
configurations determined for the idle lanes in the original initialization of the link can be accessed
and applied, although, in other instances, the idie character of the lanes can result in changes to the
skew and other lane characteristics resulting in the cffective re-initialization of the idle lanes.

(6161} Returning briefly to FI1G. 8, one example 1s represented of sequences that can be
sent in connection with a partial width transmitting state ¢xit {e.g,, a transition from a LOp state to
an L0 state). As lanes are to remain active before and afier such a transition, a premium can be
placed on accelerating the state transition so as to provide nunimal disruption to the active lancs.
In onc example, a partial superscquence can be sent {(e.g., as in 1220 of FIG, 12) without the
subseguent training scquences to cxpedite debouncing, For mstance, transients can be attempted
to be resolved within the first EIEOS without waiting another 1K UL for a sccond complete EIEQS
to be sent to begim bit lock, byte lock, deskew, and other tasks. Further the full partial width
transmitting state exit supersequence can include a repeating sequence of an EQS {e.g., EIEOS)
followed by a predefined nomber of training sequences. Tn the example of FIG, 8, an EIEOS can

be sent followed by a series of training sequence {(e.g., seven consecutive training sequences). In
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one implementation, rather than sending a full traming sequence (such as a “T8” used n
supersequences 805, 810) an abbreviated “fast tramning sequence” {or FTS) can be sent, The
symbols of the FTS can be optimized to assist with the gquick bit and byie lock and deskewing of
the reactivated lanes, among other featires. In one example, the FTS can be less than 150U in
fength (e.g., 128U, Further, FTSes can be left vnscrambled so as to further assist in quick
recovery of the idle lanes.

[6182] As shown in the third row of clement 815, a partial width transmitting state exit
supersequence can also be mterrupted by an SDS once a controller has determined that the
reactivated lanes have been effectively mitialized. In one example, a partial FTS {or FTSp) can
follow the SDS to assist with synchronizing the reactivated lane with the active lanes (e.g., once
bit lock, byte lock, and deskewing have been completed). For instance, the bit length of the FTSp
can be sct to correspond to a clean flit boundary for the final width between the reactivated lanes
and the active lanes. To facilitate fast synchronization of the lane, bits can be added or subtracted
from a lane at the receiver prior or during the FTSp to account for the skew. Alternatively, or in
addition, bits can also be added or subtracted to the lane at the receiver prior or during the 8BS to
facilitate deskewing of a newly activated lane, among other cxamples.

[6183] Returning to the discussion of FIG. 12, transmission of data flits can be resumed
on active lancs {(e¢.g., lanes § through n} (¢.g., at 1225} while initialization of the waking lanes
completes in some cxamples. For instance, once debouncing has been resolved, link laver
transmissions can resume. [n some instances, flit fransmission can be momentarily interrupted
{e.g., at 1240) n connection with the final reactivation and synchronization of the previously idle
ianes {(¢.g., lanes n+1 through z) {¢.g., in connection with the sending of an FTSp 12353, With the
lanes restored, flit data 1245 can then resume on all lanes,

[8184] In onc embodiment, the clock can be embedded in the data so there are no
scparate clock lanes. The flits sent over the lanes can be scrambled to facilitate clock recovery.
The receiver clock recovery umit, as one example, can deliver samapling clocks to a receiver (ie.
the receiver recovers clock from the data and uses it to sample the incoming data). Receivers in
some implementations continuously adapt to an incoming bit strearmn. By embedding the clock,
pinout can be potentially reduced. However, embedding the clock 1 the in-band data can alter the
manner in which in-band reset is approached. Tn one embodiment, a blocking link state (BLS) can

be utilized after imtialization. Also, electrical ordered set supersequences may be utilized during
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mitialization to facilitate the reset {e.g., as described sbove), among other considerations. The
erabedded clock can be common between the devices on a hink and the common operational clock
can be set during calibration and configuration of the hink, For instance, HPI links can reference a
common clock with drift buffers. Such implementation can realize lower latency than elastic
buffers used in non-coromon reference clocks, among other potential advantages. Further, the
reference clock distribution segments may be matched to within specified himits.

[8185] As noted above, an HPI link can be capable of operating at mmltiple speeds

<

mcluding a “slow mode” for default power-up, inttialization, ¢tc. The operational {or “fast™)
speed or mode of each device can be statically set by BIOS. The common clock on the link can be
configured based on the respective operational speeds of cach device on either side of the link.
For instance, the Hink speed can be based on the slower of the two device operations speeds,
among other examples. Any operational speed change may be accompanied by a warm or cold
reset.

[8186] In some cxamples, on power-on, the link inttializes to Slow Mode with transfer
rate of, for example, 100 MT/s. Software then sets up the two sides for operational speed of the
fink and begins the nitialization. In other instances, a sideband mechanism can be utilized to set
up a link including the common clock on the link, for instance, in the absence or unavailability of
a slow mode.

[8187] A slow mode initialization phase, in onc embodiment, can use the same encoding,
scrambling, training scquences {TS), states, cte. as operational speed but with potentially fower
features (¢.g., no clectrical paramcter setup, no adaptation, etc.). Slow mode operation phase can
also potentially use the same encoding, scrambling etc, (although other implementations may not)
but may have fower states and features compared to operational speed {¢.g.. no low power states),

[6108] Further, slow mode can be implemented using the native phase lock loop (PLL)
clock frequency of the device. For instance, HPI can support an cmulated slow mode without
changing PLL clock frequency. While some designs may use separate PLLs for slow and fast
speed, in some implementations of HPL emulated slow mode can be achicved by allowing the PLL
clock to runs at the same fast operational speed doring slow mode. For instance, a transmitter can
ermiate a slower clock signal by repeating bits multiple times so as to emulate a slow high clock

signal and then a slow low clock signal. The receiver can then oversample the received signal to
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locate edges emulated by the repeating bits and identify the bit. In such implementations, ports
sharing a PLL may coexist at slow and fast speeds,

[8168] A comuoon slow mode speed can be initialized between two devices.  For
mstance, the two devices on a link may have different fast operational speeds. A common slow
mode speed can be configured, for instance, during a discovery phase or state on the hink, Tn one
example, an emudation multiple can be set as an integer {or non-integer} ratio of fast speed to slow
speed, and the different fast speeds can be down-converted to work with the same slow speed. For
mstance, two device agents which support at least one common frequency may be hot attached
irrespective of the speed at which the host port 1s running. Software discovery may then use the
slow mode link to identify and setup the most optimal link operational speeds. Where the multiple
is an integer ratio of fast speed to slow speed, different fast speeds may work with the same slow
speed, which may be used during the discovery phase {¢.g.. of hot attach).

[8110] Iuv some implementations of HPI, adaptation of lanes on a link can be supported.
The Physical layer can support both receiver adaptation and transmitter, or sender, adaptation.
With receiver adaptation, the transmitter on a lane can send sample data to the recciver which the
receiver fogic can process to identify shortcomings in the electrical characteristics of the lane and
quality of the signal. The receiver can then make adpstments to the calibration of the lane to
optimize the lane based on the analysis of the received sample data. In the case of transmitter
adaptation, the recciver can again receive sample data and develop metrics describing the quality
of the lane but in this case communicate the metrics to the transmitier {¢.g.. using a backchannel,
such as a software, hardware, embedded, sideband or other channel) to allow the transmitier to
make adjustments to the lane based on the feedback. Receiver adaptation can be initiated at the
start of the Polling state using the Polling supersequence sent from the remote transmitter.
Stmilarly, transmitter adaptation can be done by repeating the following for cach transmitter
parameters. Both agents can enter Loopback Paticrn state as masters and transmit specified
pattern, Both receivers can measure the metric (e.g. BER) for that particular transmitter setting at a
rernote agent. Both agents can go to Loopback Marker state and then Resct and use backchannels
{slow mode TLS or sideband) to exchange metrics. Based on these metrics, the next fransmitter
setting can be wWdentified. Eventually the optimal transmitier setting can be identified and saved for

subsequent use,



WO 2014/065883 PCT/US2013/034188

[6111]  As both devices on a link can run off the same reference clock (e.g., ref clk),
elasticity buffers can be omitted (any elastic buffers may be bypassed or used as drift baffers with
lowest possible latency). However, phase adjustment or drift buffers can be utilized on cach lane
to transter the respective receiver bitstream from the remote clock domain to the local clock
domain, The latency of the duift buffers may be sufficient to handle sum of drift from all sources
i electrical specification (e.g., voltage, temperature, the residual SSC introduced by reference
clock routing mismatches, and so on} but as small as possible to reduce transport delay. If the
drift buffer is too shaliow, drift errors can result and manifest as series of CRO errors.
Consequently, in some umplementations, a drift alarm can be provided which can initiate a
Physical layer reset before an actual drift error occurs, among other examples.

[6112] Some implementations of HPI may support the two sides running at a same
nominal reference clock frequency but with a ppm difference. In this case frequency adjustment
{or elasticity) buffers may be needed and can be readjusted during an extended BLS window or
during special sequences which would occur periodically, among other examples.

[8113] The operation of the HPI PHY logical layer can be independent of the underlying
transmission media provided the latency does not result in latency fixing errors or timeouts at the
link layer, among other considerations,

[6114] External imterfaces can be provided in HPI to assist in management of the
Physical layer. For mstance, external signals (from pins, fuses, other layers), timers, control and
status rogisters can be provided. The input signals may change at any time relative to PHY state
but are to he obscrved by the Physical layer at specific points in a respective state, For example, a
changing alignment signal (as introduced below) may be recetved but have no effect after the link
has entered a transmitting link state, among other examples. Similarly command register values
can be observed by Physical layer centities only at specific points in time, For instance, Physical
layer logic can take a snapshot of the value and use it in subsequent operations.  Consequently, in
some implementations, updates to command registers may be associated with a hmited subsct of
specific periods {e.g., in a transmitting link state or when holding in Resct calibration, in slow
mode transmitting link state) to avoid anomalous behavior,

[6115]  Since status values track hardware changes, the values read may depend on when
they are read. Some statas vahues, however, such as link map, latency, speed, ete., may vot change

after inittalization.  For instance, a re-initialization {or low power link state (LPLS), or L1 state,
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exit) is the only thing which may cause these to change {¢.g., a hard lane fatlure in 2 TLS may not
result in reconfiguration of hink until re-initialization 1s triggered, among other examples).

[6116] TIuterface signals can include signals that are external to but affect Physical layer
behavior. Such mterface signals can include, as examples, encoding and timing signals. Interface
signals can be design specific. These signals can be an input or output.  Some mterface signals,
such as termed semaphores and prefixed EO among other examples, can be active once per
assertion edge, i.e., they may be deasserted and then reasserted to take effect again, among other
examples. For instance, Table 1 includes an example histing of example functions:

TABLE 1

Function

mmput pin reset {aka warm reset)

input pin reset {aka cold reset)

input in-band reset pulse; causes sermaphore to be set; semaphore is cleared when in-
band resct occurs
input enables low power states

input loopback parameters; applied for loopback pattern
input to enter PWLTS
mput to exit PWLTS

input to enter LPLS

input to exit LPLS

input from idle exit detect (aka squelch break)

mput enables use of CPhylnitBegin

input from local or planetary alignment for transmitter to exit initialization

cutput when remote agent NAKs LPLS request

output when agent enters LPLS

output to ok laver to force non-retryable flits
cutput to hink fayer to force NULL flits

output when transmaitter is in partial width link transmitting state (PWLTS)

cutput when recetver is in PWLTS

(61171 (SR timer defanlt values can be provided in pairs — one for slow mode and one
for operational speed.  In some instances, the value O disables the timer (i.e., fimeout never

oceurs). Timers can include those shown in Table 2, below. Primary timers can be used to time

3
3



WO 2014/065883 PCT/US2013/034188

expected actions in a state. Secondary fimers are used for aborting 1nitializations which are not
progressing or for making forward state transitions at precise fimes in an autornated test equipment
{or ATEY mode. Tn some cases, secondary timers can be much larger than the primary timers in a
state. Exponential timer sets can be suffixed with exp and the timer value is 2 raised to the field
value. For linear timers, the tumer valoe is the field value. Either timer could use different
granplarities. Additionally, some timers in the power management section can be in a set called a

timing profiie. These can be associated with a timing diagram of the same name.

TABLE 2

Timers

Table Tpriexp Set

Reset residency for driving EIECGS

Recetver calibration mininwim time; for stagger transmitter off

Transmiiter calibration munimum time; for stagger on

Tsecexp Set

Timed receiver calibration

Timed transmitier calibration

Squelch exit detect/debounce

DetectAtRx overhang for handshake
Adapt+bitlock/bytelock/deskew

Configore link widths

Wait for planetary aligned clean flit boundary

Re-bytelock/deskew

Tdebugexp Set

For hot plag; non-0 value to debug hangs

TBLSentry Set

BLS entry delay -~ fine

BLS entry delay - coarse

TBLS Set

BLS duration for transmitier

BLS duration for receiver

U3
U3
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BLS clean flit interval for transmitter

TBLS clean 11 mierval for receiver

[3118] Conmand and control registers can be provided. Control registers can be late
action and may be read or written by software in some jnstances. Late-action values can take
effect (e.g., pass through from software-facing to hardware-facing stage) continuously in Reset,
Control semaphores {prefixed CP) are RWIS and can be cleared by hardware. Control registers
may be utilized to perform any of the items described herein. They may be modifiable and
accessible by hardware, software, firmware, or a combination thereof.

[#119] Status registers can be provided fo track hardware changes (writien and used by
hardware) and can be read-only (but debug software may also be able to write to them). Such
registers may not affect microperability and can be typically complemented with many private
status registers. Status semaphores {prefixed SP) can be mandated since they may be cleared by
software to redo the actions which set the status. Default means initial {on reset) values can be
provided as a subsct of these status bits related to initialization. On an initialization abort, this
register can be copied into a storage structure.

[8128] Tool Box registers can be provided. For instance, testability tool-box registers in
the Physical laver can provide pattern generation, pattern checking and loop back control
mechanisms. Higher-level applications can make use of these registers along with electrical
parameters to determine margins. For example, Interconnect built in test may utilize this tool-box
to determine margins. For transmitter adaptation, these registers can be used in conjunction with
the specific registers described in previous sections, among other examples.

(6121} In somc implementations, HPl supports Reliability, Availability, and
Serviceability (RAS) capabilities utilizing the Physical layer. In one embodiment, HPY supports
hot plag and remove with one or more layers, which may include software, Hot remove can
mcelude quicscing the link and an initislization begin state/signal can be cleared for the agent to be
rernoved. A remote agent (i.¢. the one that is not being removed {e.g., the host agent}) can be set
to slow speed and its inttialization signal can also be cleared. An in-band resct (e.g., through BLS)
can cause both agents to wail in a reset state, such as a Calibrate Reset State (CRS); and the agent

to be removed can be removed (or can be held in targeted pin reset, powered down), among other
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examples and features. Indeed, some of the above events may be omitted and additional events
can be added.

(81221 Hot add can include initialization speed can default to slow and an wnitiahization
signal can be set on the agent to be added. Software can set speed to slow and may clear the
mitialization signal on the remote agent. The bink can come up v slow mode and software can
determine an operational speed. In some cases, no PLL relock of a remote is performed at this
point. Operational speed can be set on both agents and an enable can be set for adaptation (if not
done previously). The inttialization begin indicator can be cleared on both agents and an in-band
BLS reset can cause both agents to wait in CRS. Software can assert a warm reset {e.g., a targeted
or self-reset) of an agent (to be added}, which may cause a PLL to relock. Software may also set
the mitialization begin signal by any known logic and further set on remote {thus advancing it to
Receiver Detect State (RIDS)).  Software can de-assert warm reset of the adding agent (thus
advancing it to RDS). The link can then inttialize at operational speed to a Transmutting Link
State (TLS) {or to Loopback if the adaption signal is set}, among other examples. Indeed, some of
the above events may be omitted and additional cvents can be added.

[8123] Data lanc failure recovery can be supported. A link in HPI, in one embodiment,
can be resilient against hard error on a single lane by configuring itself to less than full width {e.g.
icss than half the full width) which can thereby exclude the faulty lane. As an example, the
configuration can be done by link state machine and unused lanes can be twrned off in the
configuration state. As a result, the flit may be sent across at a narrower width, among other
examples.

[6124] In some implementations of HPL, lane reversal can be supported on some links.
Lane reversal can refer, for instance, to lancs §/1/2... of a transmitter connected 1o lanes n/n-1/n-
2... of a receiver (e.g. n may equal 19 or 7, etc.). Lanc reversal can be detected at the receiver as
identified in a ficld of a TS header. The receiver can handle the lane reversal by starting in a
Polling statc by using physical lane n...0 for logical lane 0.n. Hence, references to a lane may
refer to a logical lane mumber. Therefore, board designers may more efficiently lay down the
physical or elecirical design and HPT may work with virtual lane assignments, as described herein,
Moreover, in one embodiment, polarity may be inverted (i.e. when a differential transmitter +/- 1s
connected o receiver -+, Polarity can also be detected at a receiver from one or more TS header

fields and bhandled, 1o one embodiment, in the Polling State.
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[6125] Retoring 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, sach 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 {80C), or other device to execute code. Processor 1300, in one embodiment, mcludes at least
two cores—core 1301 and 1302, which may include asymmetric cores or symmetric cores {the
Hhustrated embodiment).  However, processor 1300 may include any number of processing
elements that may be symmetric or asymmetric.

[8126] Iu one embodiment, a processing element refers to hardware or logic to support a
software thread. Examples of hardware processing clements 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 is capable of holding a state for a processor, such as an ¢xecution
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 number of other processing elements,
such as cores or hardware threads.

(81271 A core often refers to logic located on an integrated circuit capable of maintaining
an independent architectural state, wherein cach independently maintained architectural state is
associated with at least some dedicated execution resources. In contrast to cores, a hardware
thread typically refers to any logic located on an imtegrated circuit capable of maintaining an
mdependent architectural state, wherein the independently maintained architectural states share
access to execution resources. As can be secen, 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. Yot often, a core and a hardware thread are viewed by an operating system as
mdividual logical processors, where the operating system is able to individually schedule
operations on cach logical processor,

[6128] Physical processor 1300, as itlustrated 1o FIG. 13, includes two cores—core 1301
and 1302. Here, core {301 and 1302 are considered symumetric cores, i.¢. cores with the same
configorations, functional units, and/or logic. In another ernbodiment, core 1301 inclades an out-

of~order processor core, while core 1302 inclades an in-order processor core. However, cores
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1301 and 1302 may be individually selected from any type of core, such as a native core, a
software managed core, a core adapted o execnte a native Tnstruction Set Architecture (ISA), a
core adapted to execute a translated Instruction Set Architecture (ISA), a co-designed core, or
other known core. In  a heterogencous core environment (Le. asymmetric cores), some form of
translation, such a binary translation, may be utilized to schedule or execute code on one or both
cores,  Yet to further the discussion, the fumctional units llustrated in core 1301 are described in
firther detail below, as the units in core 1302 operate in a2 sumilar maoner in the depicted
embodiment.

(81291 As depicted, core 1301 includes two hardware threads 1301a and 1301b, which
may also be referred to as hardware thread siots 1301a and 1301b. Therefore, software entitics,
such as an operating system, in one ewbodiment potentially view processor 1300 as four separate
processors, 1., four logical processors or processing clements capable of execnting four software
threads concurrently.  As alluded to above, a first thread is associated with architecture state
registers 13013, a second thread is associated with architecture state registers 1301Db, a third thread
may be associated with architecture state registers 1302a, and a fourth thread may be associated
with architecture state registers 1302b. Here, cach of the architecture state registers (1301a,

g clements, thread slots, or thread units,

=]

1301b, 1302a, and 1302b) may be referred to as processin
as described above. As ilustrated, architecture state registers 1301a are replicated in architecture
state registers 1301b, so individual architecture states/contexts arc capable of being stored for
iogical processor 1301a and logical processor 1301b. In core 1301, other smaller resources, such
as instruction pointers and renaming logic m allocator and renamer block 1330 may also be
replicated for threads 1301a and 1301b.  Some resources, such as re-order buffers n
reorder/retitement unit 1335, ILTB 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-TEB 13135, cxecution unit(s) 1340, and portions of out-
of-order unit 1335 are potentially fully shared.

[8136] Processor 1300 often includes 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 1s illustrated.
Wote that a processor may inclade, 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
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simplified, representative out-of~order (OOO0) processor core. But an in-order processor may be
utilized in different embodiments. The OO0 core includes a branch target buffer 1320 to predict
branches to be executed/taken and an mstruction-translation buffer (I-TLB) 1320 to store address
translation entries for structions.

[8131] Core 1301 further includes decode module 1325 coupled to fetch onit 1320 to
decode fetched clements.  Feich logic, in one embodiment, includes individual seguencers
associated with thread slots 1301a, 1301h, respectively. Usually core 1301 is associated with a
first ISA, which defines/specifics 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 ap
opcode), which references/specifies an instruction or operation to be performed. Decode logic
1325 inchludes circuitry that recognizes these instructions from thewr opeodes and passes the
decoded instructions on in the pipeline for processing as defined by the first ISA. For example, as
discussed in more detail below decoders 1325, in one embodiment, inchide 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. [t is important to note that any of the
tasks, blocks, operations, and methods described herein may be performed in response to a single
or multiple instructions; some of which may be new or old instructions. Note decoders 1326, in
one embodiment, recognize the same ISA {or a subset thereof). Alternatively, in a heterogeneous
core environment, decoders 1326 recognize a second ISA {cither a subset of the first ISA or a
distinct I[SA).

[8132] In one cxample, allocator and renamer block 1330 mcludes an allocator to reserve
resources, such as register files to store mstruction processing results, However, threads 1301a
and 1301b arc potentially capable of cut-of-order execution, where allocator and renamer block
1330 also reserves other resources, such as reorder buffers to track instruction results, Unit 1330
may also include a register renamer to rename progranyinstruction reference registers to other
registers internal to processor 1300, Reorder/retivement unit 1335 includes components, such as
the reorder buffers mentioned above, load buffers, and store buffers, to support out-of-order

execution and fater in-order retirement of instructions execuied out-of-order.
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[6133] Scheduler and exccution unit{s) block 1340, in one embodiment, includes a
scheduler unit to schedule instructions/operation on execution units. For example, a floating point
mstruction 18 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
mformation instruction processing results.  Exemplary execution onits inchude a floating point
execution unit, an infeger execution unit, a jump execntion unit, a load execution unit, a store
execution unit, and other known execution units,

[8134] Lower level data cache and data translation buffer (B-TLB) 1350 are coupled to
execntion unit{s) 1340, The data cache is to store recently used/operated on clements, such as data
operands, which are potentially held tn memory coherency states. The D-TLB is to store recent
virtunal/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.

[8135] 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 imcreasing or getting further way from the execution unit{s). In one
embodiment, higher-level cache is a last-level data cache——last cache in the memory hierarchy on
processor 1300-such as a second or third level data cache. However, higher level cache is not so
fimited, 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.
Here, an instruction potentially refers to a macro-instruction (i.¢. a gencral mstruction recognized
by the decoders}), which may decode into a number of micro-instructions {(micro-operations).

[6136] In the depicted configuration, processor 1300 also includes on-chip imferface
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 1s to communicate with devices external to processor 1300, such as systom 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 controller hub, a northbridge, or other
mtegrated cirenit. And in this scenario, bus 1305 may include any known interconnect, such as
multi-drop bus, a poini-to-point interconnect, a serial interconmect, a parallel bus, a coherent {(e.g.

cache coherent) bus, a layered protocol architecture, a differential bus, and a GTL bus.
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(81377 Memory 1375 may be dedicated to processor 1300 or shared with other devices
in a systern. Conunon examples of types of memory 1375 include DRAM, SRAM, noun-volatile
memory (NV memory), and other known storage devices, Note that device 1380 may inchude a
graphic accelerator, processor or card coupled to a memory controller hub, data storage coupled to
an O controller hub, a wireless transceiver, a flash device, an audio controller, a network
controiler, or other known device.

[8138] 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 tn one
embodiment, a memory controlier hub 1s on the same package and/or die with processor 1300
Here, a portion of the core (an on-core portion) 1310 mcludes one or more controller(s) for
interfacing with other devices such as memory 1375 or a graphics device 1380, The confignration
including an interconnect and controllers for interfacing with such devices is often referred o as
an on-core {(or un-core configuration). As an example, on-chip interface 1310 includes a ring
mterconnect for on-chip communication and a high-speed serial point-to-point link 1305 for oft-
chip communication. Yet, in the SOC environment, cven more devices, such as the network
mterface, co-processors, memory 1375, graphics processor 1380, and 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.

(6139 In onc embodiment, processor 1300 is capable of executing a comptler,
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 progranvapplication code with a compiler is done in multiple phases and
passes to transform hi-level programuming 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 konown compilation technigues and perform any known compiler
operations, such as lexical analysis, preprocessing, parsing, semantic analysis, code generation,
code transtormation, and code optinization,

[3140]  Larger compilers often include multiple phases, but most often these phases are
meluded within two general phases: (1) a front-end, i.¢. generally where syntactic processing,

semantic processing, and some transformation/optimization may take place, and (2) a back-end,

40



WO 2014/065883 PCT/US2013/034188

Le. generally where analysis, transformations, optimizations, and code generation takes place.
Some compilers refer to a rmddle, which tHustrates the blorring 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 an illusirative example, a compiler
potentially imserts operations, calls, functions, etc. in one or more phases of compilation, such as
msertion 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 may insert such operations/calls, as well
as optimize the code for execution during runtime. As a specific tlustrative example, binary code
{(already compiled code) may be dynamically optimized during runtime. Here, the program code
may include the dynamic optimization code, the binary code, or a combination thercof,

[6141] Similar to a compiler, a translator, such as a binary translator, translates code
cither 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 transiator either
dynamically or statically, to compile program code, to maintain software structures, to perform
other operations, to optimize 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 librarics, associated with the main program code to
maintain software structures, to perform other software related operations, or to optimize code; or
{4) a combination thercof,

(6142} Referring now to FIG. 14, shown is a block diagram of an embodiment of &
multicore processor. As shown in the embodiment of FIG. 14, processor 1400 includes multiple
domains. Specifically, a core domain 1430 includes a plurality of cores 1430A-1430N, a graphics
domain 1460 includes onc or more graphics engines having a media engine 1465, and a system
agent domain 1410,

[6143] Tv various embodiments, system agent domain 1410 handles power control events
and power management, such that mdividual units of domains 1430 and 1460 (e.g. cores and/or
graphics engines) are independently controllable to dynamically operate at an appropriate power

mode/devel (e.g. active, turbo, sleep, hibernate, deep sleep, or other Advanced Configuration

41



WO 2014/065883 PCT/US2013/034188

Power Interface like state) in light of the activity (or nactivity) occurring in the given voit. Each
of domains 1430 and 1460 may operate at different voltage and/or power, and furthermore the
mdividual units within the domains each potentially operate at an independent freguency and
voltage. Note that while only shown with three domains, understand the scope of the present
mvention ¢ not bmited m this regard and additional domains may be present in other
embodiments,

[8144] As shown, cach core 1430 further mchudes low level caches in addition to various
execution units and additional processing elements. Here, the various cores are coupled to each
other and fo a shared cache memory that is formed of a plorality of vnits or shices of a last level
cache (LLC) 1440A-1440N; these LLCs often inchude storage and cache controller functionality
and are shared amongst the cores, as well as potentially among the graphics engine too.

[3145] As seen, a ring interconnect 1450 couples the cores together, and provides
interconnection between the core domain 1430, graphics domain 1460 and system agent circnitry
1414, via a phlurality of ring stops 1452A-1452N, cach at a coupling between a core and LLC slice.
As seen in FIG. 14, nterconnect 1450 is used to carry various information, inchiding address
information, data information, acknowledgement information, and snoop/invalid information.
Although a ring mterconnect is illustrated, any known on-dic interconnect or fabric may be
utitized. As an illustrative cxample, some of the fabrics discussed above {¢.g. another on-dic
interconnect, On-chip System Fabric (OSF), an Advanced Microcontroller Bus Architecture
{AMBA} interconnect, a multi-dimensional mesh fabric, or other known interconnect architecture)
may be utilized in a similar fashion.

[6146] As further depicted, system agent domain 1410 includes display engine 1412
which 15 to provide control of and an interface to an associated display. System agent domain
1410 may include other units, such as: an integrated memory controller 1420 that provides for an
mterface 1o a system memory {¢.g., a DRAM implemented with multiple DIMMs; coherence logic
1422 to perform memory coherence operations.  Multiple interfaces may be present to cnable
mterconnection between the processor and other circuitry, For example, i one cmbodiment at
ieast one direct media nterface (DMI) 1416 imterface 15 provided as well as one or more PCle™
interfaces 1414, The display engine and these interfaces typically couple to memory via a PCle™
bridge 1418, Still further, to provide for communications between other agents, such as additional

processors or other cireuitry, one or more other interfaces may be provided,
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[8147] Retorring now to FIG. 15, shown is a block diagram of a representative core;
specifically, logical blocks of a back-end of a core, such as core 1430 from FIG. 14, In general,
the structure shown in FIG. 15 includes an out-of-order processor that has a front end wt 1370
used to fetch incoming instructions, perform various processing {e.g. caching, decoding, branch
predicting, ete.) and passing instructions/operations along to an out-of-order (O00) engine 1580,
(300 engme 1580 performs further processing on decoded instructions.

[8148] Specifically wn the embodiment of FIG. 1§, out-of-order engine 1580 includes an
allocate unit 1582 to receive decoded instructions, which may be in the form of one or more
micro-instructions or uops, from front end unmit 1570, and allocate them to appropriate resources
such as registers and so forth. Next, the instructions are provided to a reservation station 1584,
which reserves resources and schedules them for execution on one of a plurality of execution units
1586A-1586N.  Various types of exccution units may be present, including, for example,
artthmetic logic units (ALUs), load and store units, vector processing units {VPUs), floating point
execution units, among others. Results from these different execution units are provided to a
reorder buffer (ROB)} 1588, which take unordered results and return them to correct program
order.

[8149] Stll reforring to FIG. 15, note that both front end unit 1570 and out-of-order
engine 1580 are coupled to different levels of a memory hierarchy. Specifically shown is an
instruction level cache 1572, that in turn couples to a mid-level cache 1576, that in turn couples to
a last level cache 1395, In one embodiment, last level cache 1595 is implemented in an on-chip
{sometimes referred to as uncore) unit 1590, As an example, unit 1590 is simlar to system agent
1410 of FIG. 14. As discussed above, uncore 1590 communicates with system memory 1599,
which, in the illustrated embodiment, is iraplemented via ED RAM. Note also that the varions
execution units 1586 within out-of-order engine 13580 arc in communication with a first level
cache 1574 that also is in commumnication with mid-level cache 1576, Note also that additional
cores 1530N-2 — 1530N can couple to LLC 1595, Although shown at this high level in the
ernbodiment of FIG. 15, undersiand that various alicrations and additional components may be
present.

[156]  Tuming to FIG. 16, a block diagram of an exemplary computer system formed
with a processor that includes execution unifs to execute an instruction, where one or more of the

interconnects implement one or more features n accordance with one embodiment of the present
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mvention s Hlustrated. System 1600 includes a component, such as a processor 1602 to eraploy
execution units including logic to perform algorithins for process data, in accordance with the
present invention, such as in the embodiment described hercin. System 1600 is representative of
processing systems based on the PENTIUM HI™ PENTIUM 4™ Xeon™, ltanitm, XScale™
and/or StrongARM™ jpuicroprocessors, although other systems (including PCs having other
microprocessors, engineering workstations, set-top boxes and the like) may also be used. In one
embodiment, sample systermn 1600 executes a version of the WINDOWS™ gperating system
avatlable from Microsoft Corporation of Redmond, Washington, although other operating systems
(UNIX and Linux for example), embedded software, and/or graphical user interfaces, may also be
used. Thus, embodiments of the present invention are not imited to any specific combination of
hardware circuitry and software,

[8151] Embodiments are not limited to computer systems. Alternative embodiments of
the present mvention can be used in other devices such as handheld devices and embedded
applications. Some examples of handheld devices include cellular phones, Internet Protocol
devices, digital cameras, personal digital assistants (PDAs}), and handheld PCs.  Embedded
applications can include a micro controller, a digital signal processor (DSP), system on a chip,
network computers (NetPC), set-top boxes, network hubs, wide arca network (WAN) switches, or
any other system that can perform one or more instructions in accordance with at least one
embodiment.

[8152]  In this illustrated embodiment, processor 1602 includes one or more execution
units 1608 to implement an algorithm that is to perform at least one instruction. One embodiment
may be described in the context of a single processor desktop or server system, but alternative
erabodiments may be included in a multiprocessor system. System 1600 is an example of a "hub’
systern architecture. The computer system 1600 includes a processor 1602 to process data signals.
The processor 1602, as onc illustrative example, includes a complex instruction sct computer
({CISCy microprocessor, a reduced instruction set computing (RISC) microprocessor, a very long
mstruction word (VLIW) microprocessor, a processor implementing a combination of instruction
sets, or any other processor device, such as a digital signal processor, for example. The processor
1602 1s coupled 1o a processor bus 1610 that transmits data signals between the processor 1602
and other components in the system 1600, The clements of system 1600 (¢.g. graphics accelerator

1612, memory controller hab 1616, memory 1620, VO controller hub 1624, wireless transceiver
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1626, Flash BIOS 1628, Network controlier 1634, Audio controlier 1636, Serial expansion port
1638, /O controller 1640, etc.) perform thew conventional functions that are well known to those
familiar with the art,

(#153]  In one embodiment, the processor 1602 includes a Level | (L1) internal cache
memory 1604, Depending on the archuecture, the processor 1602 may have a single mternal
cache or multiple levels of internal caches. Other embodiments inchude a combination of both
internal and external caches depending on the particular implementation and needs. Regster file
1606 is to store different types of data in various registers including integer registers, floating
point registers, vector registers, banked registers, shadow registers, checkpoint registers, status
registers, and instruction pointer register.

[8154] Execution unit 1608, mcluding logic to perform integer and floating point
operations, also resides in the processor 1602, The processor 1602, in one embodiment, includes a
microcode (ucede} ROM to store microcode, which when executed, is to perform algorithms for
certain macroinstructions or handle complex scenarios. Here, microcode is potentially updateable
te handle logic bugs/fixes for processor 1602, For one embodiment, execution unit 1608 includes
iogic to handle a packed instruction set 1609, By including the packed instruction set 1609 in the
instruction set of a gencral-purpose processor 1602, along with asscciated circuitry to execute the
mstructions, the operations used by many multimedia applications may be performed using packed
data in a general-purpose processor 1602, Thus, many multimedia applications are accelerated
and exccuted more cfficiently by using the full width of s processor’s data bus for performing
operations on packed data. This potentially chiminates the need to transfer smaller units of data
across the processor’s data bus to perform one or more operations, onc data clement at a time.

[8155] Alternate embodiments of an execution unit 1608 may also be used in micro
controllers, embedded processors, graphics devices, DSPs, and other types of logic circuits.
System 1600 includes a memory 1620, Memory 1620 includes a dynamic random access memory
{DRAM) device, a static random access memory (SRAM) device, tlash memory device, or other
memory device. Memory 1620 stores instructions and/or data represenied by data signals that are
to be executed by the processor 1602,

[3#156] Note that any of the aforementioned features or aspects of the ivention may be
utilized on one or wore interconnect Ulustrated i FIG. 16, For example, an on-die interconnect

(OD), which is not shown, for coupling infermal units of processor 1602 implements one or more
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aspects of the invention described above. Or the invention is associated with a processor bus 1610
{¢.g. other known high performance computing interconnect), a high bandwidth memory path
1618 to memory 1620, a point-to-point hink to graphics accelerator 1612 {(c.g. a Peripheral
Component Interconnect express (PCle) compliant fabric}, a controlier hub mterconnect 1622, an
/0 or other interconnect {e.g. USH, PCI, PCle) for coupling the other ilhustrated components.
Some examples of such components include the andio controller 1636, firmware hub (flash BIOS)
1628, wireless transcetver 1626, data storage 1624, legacy /O controller 1610 containing user
mput and keyboard interfaces 1642, a senal expansion port 1638 such as Universal Serial Bus
(USB), and a network controller 1634, The data storage device 1624 can comprise a hard disk
drive, a floppy disk drive, a CD-ROM device, a flash memory device, or other mass storage
device,

[3187] Referring now to FIG. 17, shown is a block diagram of a second system 1700 in
accordance with an embodiment of the present invention. As shown in FIG. 17, multiprocessor
system 1700 is a point-to-point interconnect system, and includes a first processor 1770 and a
sccond processor 1780 coupled via a point-to-point interconnect 1750, Each of processors 1770
and 1780 may be some version of a processor. In one embodiment, 1752 and 1754 arc part of a
serial, point-to-point coherent interconnect fabric, such as a high-performance architecture. As a
result, the invention may be implemented within the QPI architecture.

[8158] While shown with only two processors 1770, 1784, 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.

[6159] Processors 1770 and 1780 are shown including integrated memory controlier
units 1772 and 1782, respectively,  Processor 1770 also includes as part of its bus controller units
point-to-point (P-P} interfaces 1776 and 1778; similarly, second processor 1780 includes P-P
mterfaces 1786 and 1788, Processors 1770, 1780 may cxchange information via a point-to-point
(P-P) interface 1750 using P-P interface circuits 1778, 1788, As shown in FIG. 17, IMCs 1772
and 1782 couple the processors to respective memories, namely a memory 1732 and a memory
1734, which may be portions of main memory locally attached to the respective processors,

[3166] Processors 1770, 1780 cach exchange information with a chipset 1790 via

mdividual P-P mterfaces 1752, 1754 using point fo pownt interface civcutts 1776, 1794, 1786,
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1798, Chipset 1790 also exchanges information with a high-performance graphics circwt 1738
via an interface circuit 1792 along a high-performance graphics interconnect 1739,

[6161] A shared cache (not shown) may be included i either processor or outside of
both processors; vet connected with the processors via P-P mterconnect, such that either or both
processors’ local cache information may be stored in the shared cache if a processor s placed mto
a low power mode.

[8162] Chipset 1790 may be coupled to a first bus 1716 via an interface 1796, In one
embodiment, first bus 1716 may be a Peripheral Component Interconnect (PCI) bus, or a bus such
as a PCI Express bus or another third generation /O interconnect bus, although the scope of the
present invention is not so limted.

[8163] As shown in FIG. 17, various VO devices 1716 are coupled to first bus 1716,
along with a bus bridge 1718 which couples first bus 1716 to a second bus 1720, In one
embodiment, second bus 1720 includes a low pin count (LPC) bus. Various devices are coupled
to second bus 1720 including, for example, a keyboard and/or mouse 1722, communication
devices 1727 and a storage unit 1728 such as a disk drive or other mass storage device which often
inchudes instructions/code and data 1730, in one embodiment.  Further, an audic VO 1724 is
shown coupled to second bus 1728, Note that other architectures arc possible, where the included
components and intcrconnect architectures vary, For example, instead of the pont-to-point
architecture of FIG. 17, a system may implement a multi-drop bus or other such architecture.

[6164] Turning next to Figure 18, an embodiment of a system on-chip (SOC) design in
accordance with the inventions is depicied. As a specific illustrative example, SOC 1800 is
mchuded in user equipment (UE). In onc embodiment, UE refers to any device to be used by an
end-user to communicate, such as a hand-held phone, smartphone, tablet, ulira-thin notebook,
notebook with broadband adapter, or any other similar communication device. Often a UE
connects to a base station or node, which potentially corresponds in nature to a mobile station
{(MS) in a GSM network.

{8163 Hoere, SOC 1800 includes 2 cores— 1806 and 1807, Similar to the discussion
above, cores 1806 and 1807 may conform fo an Instraction Set Architecture, such as an Iotel®
Avchitecture Core™-based processor, an Advanced Micro Devices, Inc. (AMD) processor, a
MIPS-based processor, an ARM-based processor design, or a customer thereof, as well as thew

Hicensees or adopters. Cores 1806 and 1807 are coupled to cache control 1808 that 1s associate

4

~3



WO 2014/065883 PCT/US2013/034188

with bus mterface umt 1809 and L2 cache 1811 to coromunicate with other parts of system 1800,
Interconnect 1810 inchudes an on-chip interconnect, such as an [OSF, AMBA, or other
miterconneet discussed above, which potentially implements oune or more aspects of described
herein.

[6166] Iuterconmect 1810 provides commumication channels to the other components,
such as a Subscriber Identity Module {SIM} 1830 to interface with a SIM card, a boot rom 1835 to
hold boot code for execation by cores 1806 and 1837 to initialize and boot SOC 1806, a SDRAM
controller 1840 to interface with external memory (e.g. DRAM 1860}, a flash controller 1845 to
interface with non-volatile memory {(e.g. Flash 1863), a peripheral control 1850 (e.g. Serial
Peripheral Interface) to interface with peripherals, video codecs 1820 and Video interface 1825 to
display and receive input {¢.g. touch enabled input), GPU 18IS to perform graphics related
computations, etc, Any of these interfaces may incorporate aspects of the invention described
herein,

[8167] In addition, the system tllustrates peripherals for communication, such as a
Bluetooth module 1870, 3G modem 1875, GPS 1885, and WiFi 1885, Note as stated above, a UE
includes a radio for communication. As a result, these peripheral communication modules are not
all required. However, in a UE some form a radio for external communication is to be included.

[8168] While the present invention has been described with respect to a limited number
of embodiments, those skilled in the art will appreciate numercus modifications and variations
therefrom, It is intended that the appended claims cover all such modifications and variations as
fall within the true spirit and scope of this present invention,

[6169] A design may go through various stages, from creation to simulation to
fabrication, Data representing a design may represent the design in a number of manners. First, as
is useful in simulations, the hardware may be represented using a hardware description language
or another functional description language. Additionally, a circuit fevel model with logic 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 technigues are used,
the data representing the hardware model may be the data specitying the presence or absence of
various features on different mask lavers for masks used to produce the integrated cweuit, Tn any

representation of the design, the data may be stored 1o any form of a machine readable wedium. A
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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 imformation. When an electrical carrier wave indicating or carrving the code or
design is transmitted, to the extent that copying, buffering, or re-transmission of the electrical
signal 1s performed, a new copy s made, Thus, a communication provider or a network provider
may store on a tangible, machine-readable mediom, at least temporarily, an article, such as
information enceded into a carnier wave, embodying technigques of embodiments of the present
myention,

[8178] 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 medivm 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 specificaily
configured to recognize and/or execute the code to be held on a non-transitory mediom.
Furthermore, in another embodiment, use of a module refers to the non-transitory medium
including the code, which is specitically adapted to be executed by the microcontrolier to perform
predetermined operations. And as can be inferred, in yet another embodiment, the term meodule
(in this example} may refer to the combination of the microcontroller and the non-transitory
medium. Often module boundaries that are iliustrated as separate commonly vary and potentially
overlap. For example, a first and a second module may share hardware, software, firmyware, or a
combination thereof, while potentially retaining some independent hardware, software, or
firmware. [n onc embodiment, use of the term logic includes hardware, such as transistors,
registers, or other hardware, such as programmabile logic devices,

(6171}  Use of the phrase ‘configured to,” in one embodiment, refers to arranging, putting
together, manufacturing, offering to scll, importing and/or designing an apparatus, hardware,
logic, or clement to perform a designated or determined task, In this example, an apparatus or
clement thereof that is not operating is still “configured to” perform a designated task if it is
designed, coupled, and/or intercommected to perform said designated task, As a purcly 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 inclade every potential logic gate that may provide a 1
or 0. Instead, the logic gate is one coupled in some manner that during operation the 1 or § output

is to enable the clock, Note once again that use of the term ‘configured o’ does not require
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operation, but instead focus on the latent state of an apparatus, hardware, and/or element, where in
the latent state the apparatus, hardware, and/or clement is designed to perform a particnlar task
when the apparatus, hardware, and/or element is operating,

[8172] Furthermore, use of the phrases ‘to,” ‘capable of/to,” and or ‘operable to,” i one
embodiment, refers to sore apparatus, logic, hardware, and/or element designed n 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, vefers 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 manper to enable use of an apparatus in a specified
manuer.

[8173] A value, as used herein, includes any known representation of a number, a state, a
iogical state, or a binary logical state. Often, the use of logic levels, logic values, or logical values
is also referred to as ['s and 0’s, which simply represents binary logic states. For example, a |
refers to a high logic level and § 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
iogical 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 computer systen.

[6174] Morcover, states may be represented by values or portions of values. As an
example, a first value, such as a logical onc, may represent a default or initial state, while a second
value, such as a logical zero, may represent a non-defanit state. In addition, the terms reset and
sct, it one cmbodiment, refer to a default and an updated value or state, respectively. For
example, a default value potentially includes a high logical value, 1.e. reset, while an updated value
potentially includes a low logical value, 1.e. set, Note that any combination of values may be
utilized to represent any number of states.

[8175] The embodiments of methods, hardware, software, firmware or code set forth
above may be mimplemented via instructions or code stored on a machine-accessible, machine
readable, computer accessible, or computer readable medium which are executable by a
processing  clement. A noun-transttory  machine-accessible/readable  mediom  mcludes  any

mechanism that provides {(i.e., stores and/or transmuts) mmformation in a form readable by a
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machine, such as a compuicr or electronic systemn.  For example, a non-transitory machine-
accessible mediumn includes randome-access memory (RAM), such as static RAM (SRAM) or
dynamic RAM (DRAM); 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 imformation received from transitory (propagated) signals {e.g., carrier
waves, infrared signals, digital signals); etc, which are to be distinguished from the non-transitory
medinms that may receive information there from.

[8176] Instructions used to program logic to perform embodiments of the invention may
be stored within a memory in the system, such as DRAM, cache, tlash 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 mechamsm 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-Only 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 {¢.g., carrier waves, infrared signals, digital signals, etc.}).
Accordingly, the computer-readable medium inchudes any type of tangible machine-readable
medium suitable for storing or transmitting electronic instructions or information in a form
readable by a machine {e.g., a computer}.

(61777 The following cxamples pertain to cmbodiments in accordance with this
Specification. One or more embodiments may provide an apparatus, a syster, a machine readable
storage, a machine readable medium, and a method to embed a periodic control window in a link
layer data stream to be sent over a serial data link, wherein the control window is configured to
provide physical layer information inchuding imformation for use in initiating state transitions on
the data link.

[6178] TIu at least one example, the data stream cormprises a series of fits,

31791 In at least one example, the link layer data stream 13 sent during a link

transmitting state of the data link.
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[BIB0] One or more examples can further provide identifymg a particular control
window in the data stream and send reset data to a device connected to the data link during the
patticular control window, wherein the reset data 1s fo communicate an atiempt {0 enter a reset
state from the link transmitting state.

[B181] One or more exaroples can further provide generating a supersequence associated
with the reset state and send the supersequence to the device.

[B182] One or more examples can fwther provide identifying a particnlar control
window in the data stream and send hink width transition data to a device connected to the data
link during the particular control window, wherein the link width transition data is to commumicate
an attempt to change the number of active lanes on the link.

[B183] In at lcast one example, the nomber of fancs are to be reduced from an original
number to a new number, wherein reducing the number of active lanes is associated with entry
into a partial width link transmitting state.

[6184] One or more cxamples can further provide identifving a subsequent control
window in the data stream and send partial width state exit data to the device during the
subsequent control window, wherein the partial width state cxit data is to communicate an attempt
to return the number of active fanes to the original number,

[8185] One or morc examples can further provide idenmtifying a particular control
window in the data stream and send low power data to a device connected to the data link during
the particular control window, wherein the low power data is to communicate an attempt to enter a
iow power state from the link transmutting state,

[6186] In at least one example, control windows arc embedded according to a defined
control interval and devices connected to the data link are to synchronize the state transition with
an end of a corresponding control interval,

{31877 Onec or morc cmbodiments may provide an apparatus, a system, a machine
readable storage, a machine readable medium, and a method to receive a data stream wherein the
data stream is to include alternating transmitting intervals and control intervals, wherein link layer
flits are to be sent during the fransmitting intervals and the control intervals are to provide
opportunities to send physical layer control mformation, identify control data to be included in a

patticular one of the control mtervals, the control data to indicaie an attempted eontry into a
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patticular state from a first state, wherein the data stream is 1o be received n the first state, and
facilitate fransition into the particolar state,

[BIB8] Tu at least one example, the particular state coraprises a reset state,

[B189] In at least one example, facilitating transition into the particular state includes
sending an acknowledgement of the attempted entry into the particular state.

[8198]  In at least one example, the acknowledgement is sent within the control interval.

[6191] Iu at least one example, the data stream is sent over a serial data link including a
plurality of active lanes and the particular state comprises a partial width state, wherein at least a
subset of lanes included in the phurality of active lanes are to become idle in the partial width state.

[8192]  Oune or more examples can further provide identifying subsequent data inclnded
in a subsequent one of the control intervals, the subsequent data indicating an attempt to exit the
partial width state and reactivate the idle lanes.

[8193] Iu at lcast one example, the particular state comprises a low power transmitting
state.

[6194] In at lcast one example, the data stream is received over a serial data link
including a plurality of active lancs and the particular state comprises a partial width state, wherein
at least a subset of lancs included in the plurality of active lanes are to become idle in the partial
width state.

[8195] In at lcast one cxample, the particular state compriscs a reset state.

[6196] In at least one cxample, the physical layer control information describes an error
of the data link.

(8197] One or more cembodiments may provide an apparatus, a system, a machine
readable storage, a machine readable mediom, and a method to embed a clock signal in data to be
conmmunicated from a first device over a scrial data link including a plurality of lanes, and
transition from a first link transmitting state that is to use a first number of the plurality of lanes to
a second link transmutting state that is to usc a second number of the plurality of lanes.

(61981 In at least one cxample, the second number of lancs is greater than the first
number of lanes.

(31991 In at least one example, transitioning from the first link fransmitting state to the

second link transmitting state includes sending a partial width state exit supersequence comprising
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one ot more instances of a sequence ncluding an electrical ordered set (EOS) and a plurality of
instances of a training sequence,

[6280] Iu at lcast one example, transitioning from the first hok transmitting state to the
second link transmitting state further inchudes sending an nitial EOS preceding the partial width
state exit superseguence,

[8208] In at least one example, null fhits are to be sent on active lanes during the sending
of the mitial EOS.

[8202] In at least one cxample, the training sequence comprises an unscrambled fast
training sequence (FIS).

{82831 In at least one example, transitioning from the first link transmitting state to the
second hink transmitting state further includes using the partial width state exit supersequence to
mitialize at least a portion of idle lanes included in the phlurality of lanes.

[6284] Iu at least one example, transitioning from the first link transmitting state to the
second link transmitting state further includes sending a start of data sequence (SDS) following
initialization of the portion of the idle lanes.

[8285] In at lcast one example, transitioning from the first link transmitting state to the
sccond link transmitting state further includes sending a partial FTS (FTSp) following the sending
of the SDS.

[8286] In at lcast one cxample, transitioning from the first link transmitting state to the
second hink transmitting state further includes recciving an acknowledgement of the transition,
wherein the acknowledgement includes the partial width state exit supersequence.

(62671 In at lcast one example, transitioning from the first link transmitting state to the
sccond link transmitting state inchudes sending an in-band signal over the data link to the second
device,

(62081 In at least one cxample, the first number of lanes is greater than the second
nurnber of lanes.

(62691 In at least one example, the data comprises a datastream including alternating
transmitting intervals and control intervals, and the sigoal is sent within a particular control
interval and indicates the iransition from the first link transmitting state to the second link

transmitting state.
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[8218] Iu at least one example, the transition from the fivst link transmitting state to the
second hink transmitting state 15 to be synchronized with end of a particular transmitting interval
mmediately following the particular control interval.

{8218 In at least one example, the transition is based on a reguest of a power control
i,

[8212] Ouve or more embodiments may provide an apparatus, a system, a machine
readable storage, a machine readable medinmm, and a method to receive a data stream wherein the
data stream 1s to include alternating transmutting intervals and control intervals, wherein the
control intervals are to provide opportunities to send physical layer control mnformation, and the
data stream 1s to be sent over a serial data Hok that is to include active lanes and inactive lanes,
identify control data included in a particular one of the control intervals, wherein the data is to
indicate an attomyy to activate at [cast a portion of the inactive lanes of the link, and facilitate
activation of the portion of the inactive lanes.

[8213] In at lcast one cxample, the data stream is reccived while the data link is in a
partial width state and the control data is to indicate an attempt to cxit the partial width state.

[6214] In at lcast onc example, facilitating activation of the portion of the mactive lanes
is to include receiving a supersequence that is to indicate the attempt to activate the portion of the
mactive lanes.

[8215] In at lcast onc example, the supersequence is 1o COMPrISC OnC OF more instances
of a secquence including an clectric idle exit ordered set (EIEQS) and a plurality of instances of a
raming sequence.

[6216] In at lcast onc example, facilitating activation of the portion of the mactive lanes
meludes sending at least one initial EIEOS to immediately precede the supersequence,

[8217] In at lcast one example, null flits are to be sent on the active lanes during the
sending of the initial EIEOS.

[6218] In at least one example, the training seguence comuprises an unscrambled fast
training sequence (FTS).

[6218] Tu at least one example, facilitating activation of the portion of the mactive lanes

further includes using the supersequence to mitialize the portion of the mactive lanes,
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[6220] Tv at least one example, facilitating activation of the portion of the mactive lanes
further includes receiving a start of data sequence (SDS) following mitialization of the portion of
the mactive lanes.

[8228] In at lcast one example, facilitating activation of the portion of the mactive lanes
further inchudes receiving a partial FTS (FTSp) following the SDS,

[68222] In at lcast one example, facilitating activation of the portion of the mactive lanes
further inclndes acknowledging the atternpt by echoing the supersequence.

{82231 Ouvne or more embodiments may provide an apparatus, a system, a machine
readable storage, a machine readable medivm, and a method to recetve a data stream wherein the
data stream is to include alternating transmitting intervals and control intervals, wherein link laver
flits are to be sent during the transmitting intervals and the control intervals are to provide
opportunitics to send physical layer control information, identify control data that indicates an
attempted entry into a low power state from a link transmitting state, wherein the data stream is to
be received in the Hink transmitting state, and transition into the low power state.

[6224] In at least one cxample, the control data comprises a predefined code.

[8225] In at lcast onc cxample, transitioning inte the low power state includes echoing
the predefined code in a subsequent control interval.

[8226] In at lcast one cxample, transitioning into the low power state includes receiving
a supersequence indicating the transition to the low power state.

(62277 In at lcast one cxample, transitioning into the low power state further includes
echoing the superseguence.

[6228] In at lcast one cxample, the supersequence compriscs one or more instances of a
sequence including an clectrical ordered set (EQS) followed by a predetermined number of
mstances of a fraining sequence.

(62291  In at least one cxample, the EOS comprises an clectrical idle electrical ordered set
(EIEQS).

(62361 Onec or more embodiments may provide an apparatus, a system, a machine
readable storage, a machine readable medium, and a method to identify a particular mstance of a
periodic countrol interval to be embedded i a data stream on a senal data link during a link

transmitting state, send state transition data during the particular instance of the control interval to



WO 2014/065883 PCT/US2013/034188

a device, wherein the state transition data is to indicate an attempt o cuter a low power state, and
transition into the low power state.

[6231] One or more examples can further provide receiving an acknowledgement from
the device, the acknowledgement comprising the state transition data,

(82321 In at least one example, the acknowledgement is to comncide with a next periodic
control interval,

[8233] In at least one example, transitioning into the low power state includes sending a
supersequence to the device indicating the transition to the low power state.

[6234] Iu at least one example, transitioning into the low power state further includes
receiving a repeated instance of the supersequence from the device,

[8235] Iu at least one example, the supersequence comprises one of more instances of a
sequence including an electrical ordered set (EOS) followed by a predetermined number of
instances of a training sequence.

[8236] In at lcast one cxample, the EOS comprises an electric idle exit ordered set
(EIECS).

(82371 In at lcast one cxample, transition into the low power state is based on a request
ot a power controf unit.

[6238] One or more cxamples can further provide initiating a transition from the low
power state to the link transmitting state.

[8239] One or more examples can further provide a physical layer (PHY) configured to
be coupled to a serial, differential link, the PHY to periodically issue a blocking link state (BLS),
the BLS request to causc an agent to enter a BLS to hold off hink layer flit transmission for a
duration, wherein the PHY is to utilize the serial, differential link during the duration for PHY
associated tasks.

(62401 In at lcast one example, the PHY 15 to utilize the serial, differential link during
the duration for PHY associated tasks comprises sending onc or more messages of a priority
message list including a no-op, reset, in-band reset, entry into low power state, entry into partial
width state, enfry into other PHY state, ete.

(62411  Oue or more exarples can further provide a physical layer (PHY) configured to
be coupled to a link, the link including a first number of lanes, wherein the PHY 1s to transnut fhits

over the first mumber of lanes i a full width transmitting link state, and wherein the PHY is to
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transot flits over 4 second number of lanes, which is less than the first nuwnber of lanes, n a
partial-width transmitting link state,

[6242] Tu at least one example, the PHY i to utilize a blocking link state to enter the
partial-width transmitting hink state from the blocking hink state.

[8243] In at least one example, the flits have the same size when transmitiing over the
first number of lanes and the second number of lanes.

[6244] Iu at least one example, the PHY utilizes an embedded clock for transmitting over
the first number of lanes and over the second number of lanes.

[6245] Iu at least one example, the PHY utilizes an embedded clock for transmitting over
the first number of lanes and a forwarded clock for transmitting over the second number of lanes.

[8246] Refeorence 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 ombodiment” in variouns 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.

(62471 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 in an ilustrative sense rather than a restrictive sense. Furthermore, the
foregoing use of embodiment and other exemplarily langnage 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 embodiment,
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What 15 claimed 1s:
{. An apparatus comprising:

a layered stack comprising hink layer logic and physical layer logic, wherein the physical
iayer logic 1s to embed a pertodic control window in a link layer data stream to be sent over a
serial data link, wherein the control window is configured to provide physical layer information

including information for use in inttiating state transitions on the data hink.

=~

The apparatus of Claim 1, wherein the data stream comprises a series of flits,

3. The apparatus of Claim 1, wherein the link layer data stream 1s sent during a hink

transmitting state of the data link.

4. The apparatus of Claim 3, wherein the physical layer logic is to further identify a particular
control window in the data stream and send reset data to a device connected to the data link during
the particular control window, wherein the reset data is to communicate an attempt to enter a resct

state from the link transmitting state.

5. The apparatus of Claim 4, wherein the physical layer logic is to further generate a

supersequence associated with the reset state and send the supersequence to the device.

6. The apparatus of Claim 3, wherein the physical layer logic 1s to further wdentify a particular
control window in the data stream and send link width transition data to a device connected to the
data link during the particular control window, wherein the link width transition dats s to

communicate an attempt to change the number of active lancs on the link.
7. The apparatus of Claim 6, wherein the namber of lanes arc to be reduced from an original

mumnber to a new mumber, wherein reducing the number of active lanes is associated with entry

into a partial width link transmitting state.
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8. The apparatus of Claim 7, wherein the physical layer logic 1s to further wdentity a
subsequent control window n the data strearm and send partial width state exit data to the device
during the subsequent control window, wherein the partial width state exit data 1s to communicate

an attempt to return the number of active lanes to the original mumber.

5. The apparatus of Claim 3, wherein the physical layer logic is to further identify a particular
control window in the data stream and send low power data to a device connected to the data hink
during the particular control window, wherein the low power data is to commumicate an attempt to

enter a low power state from the hink transmitting state.

1. The apparatus of Claim 1, wheretn control windows are embedded according to a defined
control interval and devices connected to the data link are to synchronize the state transition with

an eud of a corresponding control interval,

1. An apparatus comprising:
a layered stack comprising physical layer logic, link layer logic, and protocol layer logic,

wherein the physical layer logic is to:

receive a data stream wherein the data stream is to include alternating transmitting
mtervals and control intervals, wherein link layer flits are to be sent during the transmitting
intervals and the control intervals are to provide opportunities to send physical laver control
information;

identify control data to be included in a particular one of the control intervals, the
control data to indicate an attempted entry into a particular state from a first state, wherein the data
stream is to be received in the first state; and

facilitate transition into the particular state.

i2. The apparatus of Claim 11, wherein the particular state comprises a reset state,
3. The apparatus of Claim 12, wherein facilitating transition into the particular state mcludes

sending an acknowledgement of the atterapted entry into the particular state,
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4. The apparatus of Claim 13, wheremn the acknowledgement 1s sent within the control
imnterval.
15. The apparatus of Claim 11, wherein the data stream is sent over a serial data link inchiding

a plurality of active lanes and the particular state comprises a partial width state, wherein at least a

subset of lanes included in the pharality of active lanes are to become idle in the partial width state.

i6. The apparatus of Claim 15, wherein the physical layer logic is further to identify
subsequent data included in a subsequent one of the control intervals, the subsequent data

mdicating an attempt to exit the partial width state and reactivate the idle lanes.

i7. The apparatus of Claim 11, wherein the particular state comprises a low power

transmitting state.

1&. A method comprising:

receiving a data stream wherein the data stream includes alternating transmitting intervals
and control intervals, wherein link layer flits are sent during the transmitting intervals and the
control intervals provide opportunitics to send physical layer control information;

identifying control data included in a particular one of the control intervals, the control
data indicating an attempted entry into a particular state from a first state, wherein the data stream
is received in the first state; and

tacilitating transition into the particular state,

19, The method of Claim 18, wherein the data stream is received over a serial data link
meluding a plurality of active lanes and the particular state comprises a partial width state, wherein
at least a subset of lanes inchuded in the plurality of active lancs are to becomce dle in the partial

width state.

20. The method of Claim 18, wherein the particular state coroprises a reset state,
21, The method of Claimn 18, wherein the physical laver control information describes an ervor

of the data link.
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22, A systerm corprising:
a first device; and
a second device a second device communicatively coupled o the first device using a serial
data link, the second device including a physical layer module executed by at least one processor
to:
receive a data stream wherein the data stream includes alternating transmitting
intervals and control intervals, wherein link layer flits are sent during the transmitting intervals
and the control intervals provide opportumties to send physical layer control information;
identify control data included in a particular one of the control intervals, the control
data indicating an attempted entry into a particular state from a first state, wherein the data stream
is received in the first state; and

facilitate transition into the particular state.

23. The system of Claim 22, wherein the first device compriscs a microprocessor.

24. The system of Claim 23, wherein the second device comprises a second miCroprocessor.
25. The system of Claim 23, wherein the sccond device comprises a graphics aceelerator.
26. The system of Claim 22, wherein the first device includes physical layer logic to

send the control dats in the particular control interval; and

fransition to the particular state,

27. The system of Claim 22, wherein the particular state 15 included in a plurality of states of &

fink training state machine,

28. An apparatus comprising:
a layered stack comprising physical layer logic, link layer logic, and protocol layer logic,
wherein the physical layer logic 1s to

embed a clock signal in data to be communicated from a first device over a serial
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data link incloding a plurality of lanes; and
transition from a first link transmitting state that is to use a first nomber of the
plurality of lanes to a second link transmitting state that is to use a second number of the plurality

of fanes.

29. The apparatus of Claim 28, wherein the second number of lanes is greater than the first

number of lanes.

34 The apparatus of Claim 29, wherein transitioning from the first link transmitting state to
the second link transmitting state inclodes sending a partial width state exit supersequence
comprising one or more instances of a sequence inclnding an electrical ordered set (EOS) and a

plurality of instances of a training sequence.

31. The apparatus of Claim 30, wherein transitioning from the first ink transmitting state to
the second link transmitting state further inchudes sending an mitial EOS preceding the partial

width state ¢xit supersequence.

32. The apparatus of Claim 31, wherein null flits are to be sent on active lanes during the

sending of the nitial EOS.

33. The apparatus of Claim 30, wherein the training sequence comprises an unscrambled fast

training sequence (FT8).

34. The apparatus of Claim 30, wherein transitioning from the first ink transmitting state to
the second link transmitting state further includes using the partial width state cxit supersequence

to initialize at least a portion of idle lanes included in the plurality of lancs.

35. The apparatus of Claim 34, wherein transitiorung from the first ink transmitting state to
the second link transmitting state further includes sending a start of data sequence (8DS)

following mitialization of the portion of the idle lanes,
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36. The apparatus of Claim 35, wherein transitiorung from the first ink transmitting state to
the second link transmitting state further inclades sending a partial FTS (FT8p) following the
sending of the SDS.

37. The apparatus of Claim 30, wherein transitiorung from the first ink transmitting state to
the second link transmitting state further includes receiving an acknowledgement of the transition,

wherein the acknowledgement includes the partial width state exit supersequence.

38. The apparatus of Claim 28, wherein transitioning from the first link transmitting state to
the second tink transmitting state inclodes sending an in-band signal over the data link to the

second device.

39, The apparatus of Claim 38, wherein the first number of lanes is greater than the second

number of lanes.

49. The apparatus of Claim 39, wherein the data comprises a datastream including alternating
transmitting intervals and control intervals, and the signal is sent within a particular control
mterval and indicates the transition from the first link transmitting state to the second link

transmiting state.
41. The apparatus of Claim 40, wherein the transition from the first link transmitting state to
the second link transmitting state is to be synchronized with end of a particular transmitting

mterval immediately following the particular control interval,

42. The apparatus of Claim 28, wherein the transition is based on a reguest of a power control

unit,
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43, An apparatus comprising:
a lavered stack comprising physical laver logic, tink layer logic, and protocol layer logie,

wherein the physical layer logic 1s to

receive a data stream wherein the data stream is to inchude alternating transmitting
mtervals and control intervals, wherein the control intervals are to provide opportunities to send
physical layer control information, and the data stream is to be sont over a serial data link that is to
inchude active Janes and inactive lanes;

wdentify control data included in a particular one of the control intervals, wherein
the data is to imdicate an attemipt fo activate at least a portion of the inactive lanes of the link; and

facilitate activation of the portion of the inactive lanes.

44. The apparatus of Claim 43, wherein the data stream is received while the data link isina

partial width state and the control data is to indicate an attempt to exit the partial width state.

45. The apparatus of Claim 43, wherein facilitating activation of the portion of the mmactive
ianes is to include receiving a supersequence that is to indicate the attempt to activate the portion

of the mactive lanes.

46. The apparatus of Claim 45, wherein the supersequence is £0 COMPTISC ONE OF MOTC
mstances of a sequence including an clectric idle exit ordered set (EIEQS) and a phurality of

instances of a training sequence,

47. The apparatus of Claim 46, wherein facilitating activation of the portion of the mactive

lanes includes sending at least one initial EIEOS to immediately precede the supersequence.

48. The apparatus of Claim 47, wherein mull flits are to be sent on the active lancs during the

sending of the initial EIEOS.

49. The apparatus of Claimn 46, wherein the training sequence comprises an unscrambled fast

training sequence (FTS).
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50. The apparatus of Claim 45, wherein facilitating activation of the portion of the inactive

lanes further includes using the supersequence to mitialize the portion of the inactive lanes,

51. The apparatus of Claim 50, wherein facilitating activation of the portion of the inactive
ianes further includes receiving a start of data seqoence (SDS) following initialization of the

portion of the inactive lanes,

52. The apparatus of Claim 51, wherein facilitating activation of the portion of the inactive

lanes further includes recetving a partial FTS (FTSp) following the SDS,

53. The apparatus of Claim 45, wherein facilitating activation of the portion of the inactive

lanes further includes acknowledging the aticmpt by echoing the supersequence.

54, An apparafus comprising:
a layered stack comprising physical layer logic, link layer logic, and protocol layer logic,

wherein the physical layer logic is o

receive a data stream wherein the data stream is to include alternating transmitiing
intervals and control intervals, whercin link laver flits are to be sent during the transmitting
mtervals and the control intervals are to provide opportunities to send physical layer control
information;

identify control data that indicates an attempted entry into a low power state from a
iink transmitting state, wherein the data stream 1s to be received in the link transmitting state; and

transition into the low power state,

5S. The apparatus of Claim 54, wherein the control data comprises a predefined code.
56. The apparatus of Claim 55, wherein transitioning into the low power state includes echoing

the predefined code in a subsequent control interval.

57. The apparatas of Claimn 54, wherein transitioning into the low power state includes

receiving a supersequence indicating the transition to the low power state.
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S8. The apparatus of Claim 57, wherein transitiorung into the low power state further mcludes

echoing the superseguence.

39. The apparatus of Claim 57, wherein the supersequence comprises one or more instances of
a sequence inchiding an elecirical ordered set (EOS) followed by a predetermined nomber of

mstances of a training sequence.

60. The apparatus of Claim 59, wherein the EOS comprises an electrical idle electrical ordered
set (E1IEOS).
61. An apparatus coraprising:

a layered stack comprising physical layer logic, link laver logic, and protocol layer logic,
wherein the physical layer logic is to:
identify a particular instance of a pertodic control interval to be embedded in a data
stream on a serial data link during a hink transmitting state;
send state transition data during the particular instance of the control interval to a
device, wherein the state transition data is to indicate an attempt to enter a low power state; and

transition into the low power state.

62. The apparatus of Claim 61, wherein the physical layer logic is to receive an

acknowledgement from the device, the acknowledgement comprising the state transition data.

63. The apparatus of Claim 62, wherein the acknowledgement is to coincide with a next

periodic control interval.

64. The apparatas of Claim 61, wherein transitioning into the low power state includes sending

a supersequence to the device indicating the transition to the low power state.

635. The apparatus of Claim 64, wherein transitioning into the low power state further includes

receiving a repeated mstance of the supersequence from the device,

fo
~3
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66. The apparatus of Claim 64, wherein the supersequence comprises one or more mnstances of
a sequence including an electrical ordered set (EOS) followed by a predetermimed mumber of

mstances of a fraining sequence.

67. The apparatus of Claim 66, wherein the EOS comprises an electrie wdle exit ordered set
{EIEGS).
68. The apparatus of Claim 61, wherein transition into the low power state is based on a

request of a power control unit,

69. The apparatus of Claim 61, wherein the physical layer fogic is further to initiate 2

transition from the low power state to the link transmitting state.

70. An apparatus comprising:

a physical layer (PHY) configured to be coupled to a serial, differential link, the PHY to
peripdically issue a blocking link state {(BLS), the BLS request to cause an agent to enter a BLS fo
hold off link layer flit transmission for a duration, whercin the PHY is to utilize the serial,

differential link during the duration for PHY associated tasks.

71. The apparatus of Claim 70, wherein the PHY is to utilize the serial, differential link during
the duration for PHY associated tasks comprises sending one or more messages of a priority
message list including a no-op, reset, in-band reset, entry into low power state, entry into partial

width state, entry into other PHY state, cic.

72. An apparatus coraprising:

a physical layer (PHY) configured to be coupled to a link, the link including a first number
of lanes, wherein the PHY is to transmat flits over the first number of lanes in a full width
transmitting link state, and wherein the PHY 1s to transmit flits over a second number of lancs,

which is less than the first number of lanes, in a partial-width transmitting link state,



WO 2014/065883 PCT/US2013/034188

i

73. The apparatus of Claim 72, wherewn the PHY 1s to utilize a blocking hink state to enter the

parfial-width transmitting hnk state from the blocking tink state.

74. The apparatus of Claim 72, wherein the flits have the same size when transmitting over the

first number of lanes and the second number of lanes,

75. The apparatus of Claim 72, wherein the PHY utilizes an embedded clock for transmitting

over the first number of lanes and over the second number of lanes.
76. The apparatus of Claim 72, wherein the PHY utilizes an embedded clock for transmitting

over the first number of lanes and a forwarded clock for transmitting over the second mumber of

fanes.
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