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MULTISLOT LINK LAYER FLIT

FIELD

[80631] The present disclosure relates in general to the field of computer development,
and more specifically, to software development invoelving coordination of mutually-dependent

constrained systems.

BACKGROUND

[806G2] Advances in semi~conductor processing and logie design bave permitted an
increase in the amount of logic that may be present on integrated circuit devices. As a
corollary, computer system counfigurations have evolved from a single or multiple integrated
circuits in a system to multiple cores, multiple hardware threads, and multiple logical
processors present on individual integrated circuits, as well as other interfaces integrated
within such processors. A processor or integrated circuit typically comprises a single physical
processor die, where the processor dic may nclude any number of cores, hardware threads,
logical processors, interfaces, memory, controller hubs, etc.

100831 As a result of the greater ability to fit more processing power in smaller
packages, smaller computing devices have increased n popularity.  Smartphones, tablets,
ultrathin notebooks, and other user equipment have grown exponentially, However, these
smaller devices are rehant on servers both for data storage and complex processing that
exceeds the form factor. Consequently, the demand in the high-performance computing
market (1.¢. server space) has also increased. For instance, in modern servers, there is typically
not only a single processor with multiple cores, but also multiple physical processors (also
reforred to as multiple sockets) to increase the computing power. But as the processing power
grows along with the number of devices in a computing system, the communication between
sockets and other devices becomes more critical.

[806G4] In fact, wmterconnects have grown from more traditional multi-drop buses that
primarily handled electrical communications to full blown interconnect architectures that
facilitate fast communication. Unfortunately, as the demand for future processors (o consume
at even higher-rates corresponding demand is placed on the capabilities of existing

interconnect architectures,
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BRIEF BESCRIPTION OF THE DRAWINGS

[8005] FIG. 1 illustrates a simplified block diagram of a system including a senal
point-to~-point interconnect to connect /0 devices in a computer system in accordance with
one embodiment;

[9086] FIG. 2 illustrates a simplified block diagram of a layered protocol stack in
accordance with one embodiment;

(86671  FIG. 3 illustrates an embodiment of a serial point-to-poiut hok.

[0008] FIG. 4 illustrates embodiments of potential High Performance Interconnect
{HPI) system configurations,

10069 FIG. § illustrates an embodiment of a layered protocol stack associated with
HPL

[8616] FIG. 6 illustrates a representation of an example nulti-slot flit.

[9011] FIG. 7 illustrates a representation of an example tlit sent over an example
gight-lane data link.

[0012] FIG. & illustrates a representation of an example flit sent over an example
eight-lane data hink,

[0013] FIG. 9 illustrates a representation of an cxample flit sent over an example
twenty-lane data hink,

{8814] FIG. 10 dlustrates a representation of use of an example floating payload field
of an example multi-slot fhit,

[8615] FIG. 11 illustrates an embodiment of a block for an example computing
systent.

[9816] Like reference numbers and designations in the various drawings indicate like

elements,

DETAILED DESCRIPTION

[8617] In the following description, numerouns specific details are set forth, such as
examples of specific types of processors and system configurations, specific hardware
structures, specific  architectural and  ruecro  architectural  details, specific  register

configurations, specific instruction types, specific system components, specific processor

o
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pipeline stages, specific interconnect 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 juvention, It
may be apparent, however, to one skilled in the art that these specific details need not
necessarily be emploved to practice the subject matier of the present disclosure.  lu other
instances, well detailed description of known components or methods has been avoided, such
as specitic and altornative processor architectures, specific logic circutis/code for described
algorithms, specific firmware code, low-level interconnect operation, specific logic
configurations, specific manufacturing  technigues and  materials, specific  compiler
implementations, specific expression of algorithms in code, specific power down and gating
technigues/logic and other specific operational detatls of computer system in order to avoid
unnecessarily obscuring the present disclosure.

10018} Although the following embodiments may be described with reference to
energy conservation, energy efficiency, processing efficiency, and so on in specific integraied
circuits, such as in computing platforms or microprocessors, other embodiments are applicable
to other types of integrated circuits and logic devices. Similar technigues and teachings of
embodiments described herein may be applied 1o other types of circuits or semiconductor
devices that muay also benefit from such features. For example, the disclosed embodiments are
not livatted to server computer system, desktop computer systerns, laptops, Ultrabooks™, but
may be also used in other devices, such as handheld devices, smartphones, tablets, other thin
notebooks, systems on a chip (SOC) devices, and embedded applications. Some examples of
handheld devices include cellular phones, Internet protocol devices, digital cameras, personal
digital assistants (PDAs), and handheld PCs. Here, similar technigues for a high-performance
interconnect may be applied to increase performance (or even save power) in a low power
mterconnect,  Embedded applications typically include a microcontroller, a digital signal
processor (DSP), 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. Morcover, the apparatus’, methods, and systems described herein
are not Hmited to physical computing devices, but may also relate to software optimizations for
cucrgy conservation and cfficiency.  As may become readily apparent in the description
below, the embodiments of methods, apparatus’, and systems described herein (whether in
reference to hardware, firmware, sofiware, or a combination thereof) may be considered vital

to a “greeu technology” future balanced with performance considerations,
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[8619] As computing systems are advancing, the components therein are becoming
more complex. The interconunect architecture to couple and comumunicate between the
components has also increased m corplexity to ensure bandwidth demand s wet for optimal
component operation. Furthermore, different market segments demand different aspects of
interconnect architectures to suit the respective market.  For exaraple, servers require higher
performance, while the mobile ecosystem is sometimes able to sacrifice overall performance
for power savings. Yet, i is a singular purpose of most fabrics to provide highest possible
performance with maximum power saving, Further, a variety of different interconnects can
potentially benefit from subject matter described herein. For imstance, the Peripheral
Component Interconnect (PCH Express {PCle) interconnect fabric architecture and QuickPath
{nterconnect {(QPI} fabric architecture, among other examples, can potentially be improved
according to one or more principles deseribed herein, among other examples.

100207 FI1G. 1 illustrates one embodiment of a fabric composed of point-to-point Links
that jaterconnect a set of components is llustrated. System 100 mcludes processor 105 and
systemt 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, or
other processor. Processor 105 is coupled to controller hub 115 through front-side bus (FSB)
106, In one embodiment, FSB 106 is a serial pont-to-point interconuect as described below,
In another erabodiment, link 106 includes a serial, differential interconnect architecture that is
compliant with different interconnect standard.

{8021] Systern memory 110 wnchudes any rwoemory device, such as random access
memory {RAM}, non-volatile (NV) memory, or other memory accessible by devices in system
100, System memory 110 is coupled to controller hub 115 through memory mterface 116,
Examples of a memory interface include a double-data rate (DDR) memory interface, a dual-
channel DDR memory iterface, and a dynamic RAM (DRAM) memory interface,

{8922] In one embodiment, controller hub 115 can include a root hub, root complex, or
root controller, such as in a PCle interconnection hierarchy. Examples of controller hub 115
include a chipset, a memory controller hub (MCH), a vorthbridge, an nterconnect countroller
hub (ICH) a southbridge, and a root controller/hub.  Often the term chipset refers to two
physically separate coniroller hubs, ¢.g., a memory controller hub (MCH) coupled to an
interconnect controlier hub (JCH). Note that current systems often include the MCH ntegrated

with processor 105, while controller 115 1s to communicate with VO devices, n a similar
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manner as described below. In some embodiments, peer-to-peer routing is optionally
supported through root complex 115,

{8023] Here, coutroller hub 115 15 coupled to switch/bridge 120 through serial hink
119, Input/output modules 117 and 121, which may also be referred to as interfaces/ports 117
and 121, can nclude/implement a layered protocol stack to provide communication between
controller hub 115 and switch 120, In one embodiment, multiple devices are capabie of being
coupled to switch 120.

190247 Switch/bridge 120 routes packets/messages from device 125 upstream, i.e. up a
hierarchy towards a root coraplex, to controller hub 115 and downstream, 1.¢. down a hierarchy
away from a root contfroller, from processor 105 or system memory 110 to device 125, Switch
120, in one embodiment, is referred to as a logical assembly of nmltiple virtual PCl-to-PCI
bridge devices. Device 125 includes any wmiternal or external device or component to be
coupled to an clectronic system, such as an VO device, a Network Interface Controller (NIC),
an add-m card, an aundio processor, a network processor, a hard-drive, a storage device, a
C/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 mput/output
devices. Often in the PCle vernacular, such as device, 18 referred to as an endpoint. 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 {abrics supported by such devices,

[8025] Graphics accelerator 130 can also be coupled to controller hub 115 through
serial Huk 132, In one embodiment, graphics accelerator 130 is coupled to an MUH, which is
coupled to an ICH. Switch 120, and accordingly VO device 125, is then coupled to the ICH.
VO modules 131 and 118 are also to implement a layered protocol stack and associated logic 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 integrated
in processor 105,

10026] Twmning to FIG. 2 an cmbodiment of a layered protocol stack is illustrated.
Layered protocol stack 200 can juclades any form of a layered communication stack, such as a
(OPI stack, a PCle stack, a next generation high performance computing interconnect (HPI)
stack, or other layered stack. In one embodiment, protocol stack 200 can melude transaction
laver 205, link layer 210, and physical layer 2280, An interface, such as interfaces 117, 118,

121, 122, 126, and 131 in FIG. 1, may be represented as communication protocol stack 200,
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Representation as a communication protocol stack may also be referred to as a module or
interface mplementing/including a protocol stack.

{8027] 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 transtmiting component to the recetving component. As the trausmitted packets flow
through the other layers, they are extended with additional information used to handle packets
at those layers, At the recetving side the reverse process occurs and packets get transtormed
from their Physical Layer 220 representation to the Data Link Layer 210 representation and
finally (for Transaction Layer Packets) o the form that can be processed by the Transaction
Layer 205 of the recetving device.

[8028] 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 layer 205 can
include the asserably and disasserubly of packets (i.e., transaction layer packets, or TLPs). The
translation layer 205 can also manage credit-based flow control for TLPs. In some
implementations, split transactions can be utilized, t.e., fransactions with request and response
separated by time, allowing a hink to carry other traffic while the target device gathers data for
the response, among other examples.

[8429] Credit-based flow control can be used to realize virtual channels and networks
utilizing the mterconnect 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 controller hub 115 in FIG. 1, can count the number of credits
consumed by cach TLP, A trausaction may be transmitted if the fransaction does not exceed 4
credit limit. Upon recetving a response an amount of credit is restored. Ope example of an
advantage of such a credit scheme is that the latency of credit return does not affect
performance, provided that the credit Himit is not encountered, among other potential
advantages.

[8038] 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. Momory space transactions include one or more of read requests and write requests to
transfer data to/from a memory-mapped location.  In one embodiment, memory space
transactions are capable of using two differcut address formats, ¢.g., a short address format,

such as a 32-bit address, or a long address format, such as 64-bit address. Configuration space
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transactions can be used to access configuration space of various devices connected to the
interconnect, Transactions to the configuration space can include read requests and write
requests. Message space transactions {or, sumply messages) can also be defined to support n-
band communication between interconnect agents, Therefore, in one example embodiment,
iransaction layer 205 can asseruble packet header/pavioad 206.

[8031] A Link layer 210, also referred to as data link layer 210, can act as an
mtermediate stage between transaction layer 205 and the physical layer 220, In one
embodiment, a responsibility of the data hink layer 210 s providing a reliable mechanism for
exchanging Transaction Layer Packets (TLPs) between two components on a hink, One side of
the Data Link Layer 210 accepts TLPs assembled by the Transaction Layer 205, applies packet
sequence identifier 211, 1.e. an identification number or packet number, calculates and applies
au error detection code, t.e. CRC 212, and submits the modified TLPs to the Physical Layer
220 for transmission across a physical to an external device.

[8632] In one example, physical layer 220 includes logical sub block 221 and electrical
sub-block 222 to physically transmit a packet to an external device. Here, logical sub-block
221 is respounsible for the "digital” functions of Physical Layer 221 In this regard, the logical
sub-block can include a transmit section to prepare outgoing information for transmission by
physical sub-block 222, and a recciver section to identity and prepare received mformation
before passing it to the Link Layer 210,

[8033] Physical block 222 includes a transmitter and a receiver. The transmitter is
supplied by logical sub-block 221 with symbols, which the transmutier serializes and transmits
onto to an cxternal device. The receiver is supplied with serialized symbols from an external
device and transforms the received signals into a but-stream. The bit-stream i1s de-serialized
and supplied to logical sub-block 221, In one example embodiment, an &/10b transmission
code s eraployed, where ten-bit symbols are transmutted/recetved. 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.

[8034] As stated above, although transaction layer 205, huok layer 210, and physical
layer 220 are discussed in reference to a specific embodiment of a protocol stack (such as a
PCle protoeol stack), a layered protocol stack 1s not so limited. In fact, any layered protocol
may be included/implemented and adopt features discussed herein.  As an example, a
port/interface that is represented as a layered protocol can mnclude: (1) a first layer to assemble

packets, i.e. a transaction layer: a second layer to sequence packets, 1.¢. a link layer; and a third

~3
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layer to transmit the packets, 1.e. a physical layer. As a specific example, a high performance
interconnect layered protocol, as described herein, 18 utilized.

{8035] Referring next to FIG. 3, an example embodirnent of a senal point to point
fabric is illustrated. A serial point-to-point link can include any transmission path for
transmitting senial data.  In the ewbodimoent shown, a hnk can include two, low-voltage,
differentially driven signal pairs: a transmit pair 306/311 and a reccive pair 312/307.
Accordingly, device 305 includes transmission logic 306 to transmit data to device 310 and
recetving logic 307 to recetve data from device 310, In other words, two transmitting paths,
1.¢. paths 316 and 317, and two receiving paths, 1.e. paths 318 and 319, are included in some
implementations of a Hink.

[0036] A transmission path refers to any path for transmitting data, such as a
transmission hine, a copper line, an optical line, a wircless communication channel, an infrared
communication link, or other communication path. A connection between two devices, such as
device 305 and device 310, is referred to as a link, such as Huok 315, A link may support one
lane — cach lane representing a set of differential signal pairs {one pair for transmission, one
pair for reception). To scale bandwidth, a link may aggregate multiple lanes denoted by kN,
where N s any supported link width, such as 1, 2, 4, §, 12, 16, 32, 64, or wider.

{80371 A ditferential pair can refer to two transmission paths, such as hines 316 and
317, to transmit ditferential signals. As an example, wheuo line 316 toggles from a low voltage
icvel to a high voltage level, i.c. a rising edge, line 317 drives from a high logic level to a low
iogic level, ie. a falling edge. Differential siguals potentially demonstrate betier electrical
characteristics, such as better signal integrity, te. cross-coupling, voltage
overshoot/undershoot, ringing, among other cxample advantages, This allows for a betier
timing window, which enables faster transmission frequencies.

{8038] In one embodiment, a new High Performance Interconnect (HPI) is provided.
HPI can include a next-generation cache-coherent, link-based interconnect. As one example,
HPI may be utilized in high performance computing platforms, such as workstations or servers,
including 1o systems where PCle or another futerconnect protocol is typically used to connect
processors, accelerators, /O devices, and the hike. However, HPI s not so limited.  Instead,
HPI may be utilized in any of the systems or platforms described herein,  Furthermore, the
individual ideas developed may be applied to other interconnects and platforms, such as PCle,

MIPL, QP ete.
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{8639 To support multiple devices, in one example implementation, HPI can inelude
an Instruction Set Architecture {(ISA} agnostic (1.e. HPI 1s able to be implemented in multiple
different devices), In another scenario, HPI may also be utilized to connect high performance
/0 devices, not just processors or accelerators. For example, a high performance PCle device
may be coupled to HPI through an appropriate translation bridge (i.e. HPTto PCle). Moreover,
the HPI links may be utilized by many HP1 based devices, such as processors, in various ways
{e.g. stars, rings, meshes, ctc.}. FIG, 4 illustrates cxample muplementations of multiple
potential multi-socket configurations. A two-socket configuration 405, as depicted, can
include two HPI hinks; however, in other implementations, one HPI hink may be utilized. For
larger topologies, any configuration may be utilized as long as an identifier (ID} 1s assignable
and there is some form of virtual path, among other additional or substitute features. As
shown, in one example, a four sockel configuration 410 has an HPI hnk from each processor to
another. But in the eight socket implementation shown in configuration 415, not every socket
is directly connected to each other through an HPI hiok., However, U a virtual path or channel
exists between the processors, the configuration is supported. A range of supported processors
includes 2-32 in a native domain, Higher numbers of processors may be reached through use
of nultiple domains or other interconnects between node controllers, among other examples.

[8040] The HPI architecture includes a definttion of a layered protocol architecture,
including in some examples, protocol layers (coberent, nou-coherent, and, optionally, other
memory based protocols), a routing layer, a link layer, and a physical layer including
associated VO logic. Furthermore, HPI can {further include enhancements related to power
managers (such as power control units (PCUs)), design for test and debug (DFT), fault
handling, registers, security, among other cxamples. FIG. 5 illustrates an embodiment of an
example HPI layered protocol stack. In some implementations, at least some of the layers
ithustrated m FIG. 5 may be optional,  Each layer deals with its own level of granularity or
gquantum of information (the protocol layer 505a,b with packets 530, link layer 510ab with
flits 535, and physical layer 505a,b with phits 540). Note that a packet, in some embodiments,
may nclude partial flits, a single flit, or nultiple flits based on the implewentation.

[6041] As a first example, a width of a phit 540 includes a 1 to 1 mapping of link width
to bits (e.g. 20 bit link width nclades a phat of 20 bits, ¢te.). Flits may have a greater size,
such as 184, 192, or 200 bits. Note that if phit 540 s 20 bits wide and the size of thit 535 18
184 bits then it takes a fractional number of phits 540 fo transmit one flit 535 (e.g. 9.2 phits at

20 bits to transmt an 184 bit It 535 or 9.6 at 20 biis to wransomi a 192 bat flit, among other
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examples). Note that widths of the fundamental link at the physical layer may vary. For
example, the number of lanes per direction may inchude 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22,
24, etc. In one embodiment, link layer 510a,b is capable of embedding multiple pieces of
different transactions in a single flit, and one or multiple headers {e.g. 1, 2, 3, 4) may be
embedded within the flit. In one example, HPT splits the headers into corresponding slots to
enable multiple messages in the flit destined for different nodes.

[8042] Physical layer 505ab, in onc embodiment, can be responsible for the fast
transfer of information on the physical medium (electrical or optical etc.). The physical hink
can be point-to-point between two Link layer entities, such as layer 505a and 505b. The Link
layer 510ab can abstract the Physical layer 505ab from the upper layers and provides the
capability to reliably transfer data (as well as requests} and manage tlow control between two
directly connected entities, The Link Laver can also be respounsible for virtualizing the physical
channel into multiple virtual channels and message classes. The Protocol layer 520a,b relies on
the Link layer 510ab to map protocol messages nto the appropriate message classes and
virtual chamnels before handing them to the Physical layer 505ab for transfer across the
physical links., Link layer 510ab may support multiple messages, such as a request, snoop,
response, writeback, non-coherent data, among other examples.

{00431 The Physical layer 505a,b (or PHY} of HPI can be implemented above the
electrical layer (i.e. electrical conductors connecting two componenis) and below the link layer
510a,b, as illustrated in FIG. 5. The Physical layer and corresponding logic can reside on each
agent and connects the lok layers on two agents (A and B} separated from each other {e.g. on
devices on either side of a link}. The local and remote clectrical layers are connected by
physical media (e.g. wires, conductors, optical, ¢tc.). The Physical layer 505ab, i one
embodiment, has two major phases, initialization and operation. During iitialization, the
connection is opaque to the link layer and signaling may involve a combination of timed states
and handshake events. During operation, the connection is transparent to the link layer and
signaling s at a speed, with all lanes operating together as a single link. During the operation
phase, the Physical layer transports flus from agent A to agent B and from agent B to agent A,
The connection is also referred to as a link and abstracts some physical aspects including
media, width and speed from the link layers while exchanging flits and control/status of current
configuration {e.g. width) with the link layer. The initialization phase includes minor phases
e.g. Poliing, Configuration. The operation phase also includes minor phases (e.g. link power

management states).
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[6044] In one embodiment, Link layer 51{a,b can be implemented so as to provide
rehiable data transfor between two protocol or routing entitics, The Link layer can abstract
Physical layer 5035a,b from the Protocol layer 520ab, and can be responsible for the fow
control between two protocol agents (A, B), and provide virtual channel services to the
Protocol layer (Message Classes) and Routing layer (Virtual Networks). The mnterface between
the Protocol layer 520a,b and the Link Layer 510a,b can typically be at the packet level. In one
cmbodiment, the smallest transfer unit at the Link Laver s referred to as a flit which a
specified number of bits, such as 192 bits or some other denomination. The Link Layer 510ab
relics on the Physical layer 505a,b to frame the Physical layer’s 505a,b unit of transfer (phit)
into the Link Laver’s 510a.b unit of transfer {(flit}. In addition, the Link Layer 510ab 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 18 often performed
on both a flit and a packet basis. Error detection and correction is also potentially performed on
a flit level basis,

[6645] In one embodiment, Routing layer 515a,b can provide a flexible and distributed
method to route HPI trapsactions from a source 1o a destination. The scheme 15 flexible since
routing algorithms for multiple topologies may be specified through programimable routing
tables at cach router (the programming in one embodiment is performed by firmware, software,
or a combination thereof). The routing functiovality 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 lockup at a source may
be used to inject 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 output 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 variety of usage
models, including flexible platform architectural topologies to be defined by the system
implementation. The Routing layer 515a.b relies on the Link layer 5310ab for providing the
use of up to three {or more) virtual networks (VNs) — in one example, two deadlock-free VNs,
VNO and VN1 with several message classes defined in each virtual network. A shared adaptive
virtual network (VNA} may be defined in 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 examples.
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[6346] In onc cmbodiment, HPI can include a Coherence Protocol layer 520a,b s
support agenis caching lines of data from memory. An agent wishing to cache mermory data
raay use the coherence protocol to read the line of data to load into its cache. An agent wishing
to modify a line of data in its cache may use the coherence protocol to acquire ownership of the
lime before modifying the data.  Afier modifying a line, an agent may follow protocol
requircments of keeping it in its cache until it either writes the line back to memory or includes
the line m a response to an external request, Lastly, an agent may tulfill external requests to
invalidate a line in its cache. The protocol ensures coherency of the data by dictating the rules
all caching agenis may follow. It also provides the means for agents without caches to
coherently read and write memory data.

[8047] Two conditions may be enforced to support transactions utilizing the HPI
Coherence Protocol. Fivst, the protocol can maintain data consistency, as an example, on a per-
address basis, among data in agents’ caches and between those data and the data in memory.
Inforrually, data consistency may refer to each valid hine of data in an ageut’s cache
representing a most up-to-date value of the data and data transmitted in a coherence protocol
packet can represent the most up-to-date value of the data at the time 1t was sent. When no
valid copy of the data exists in caches or i1 transmission, the protocol may ensure the most up-
to-date value of the data resides 1n memory. Second, the protocol can provide well-defined
commitment points for requests. Commutment points for reads may mdicate when the data is
usable; and for writes they may indicate when the written data is globally observable and will
be loaded by subsequent reads. The protocol may support these commitment pownts for both
cacheable and uncacheable (UC) requests in the coherent memory space.

18048] The HPI Coherence Protocol also may ensure the forward progress of coherence
requests made by an agent to an address in the coberent memory space. Certainly, transactions
may cventually be satisfied and retired for proper systemn operation. The HPI Coherence
Protocol, in some embodiments, may have no notion of retry for resolving resource allocation
contlicts. Thus, the protocol itself may be defined to contain no circular resource dependencies,
and implementations may take care in their designs not to introduce dependencies that can
result in deadlocks. Additionally, the protocol may indicate where designs are able to provide
fair access to protocol resources.

1004987 Logically, the HPI Coherence Protocol, in one embodiment, can include three
items: coherence {or caching) agents, home agents, and the HPI interconnect fabric connecting

the agents. Coherence agents and howe agents can work together to achieve data consistency
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by exchanging messages over the interconnect. The link layer 510ab and s related
description can provide the details of the mterconnect fabric including how 1t adheres to the
coherence protocol’s requirements, discussed herein. (It may be noted that the division into
coherence agents and home agents is for clarity. A design may contain multiple agents of both
types within a socket or even combine agents behaviors into a single design untt, among other
examples.}

[0056] 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, distinet and dedicated clock lanes can be omitted. This can be usetul, for instance,
as it can allow more pins of a device to be dedicated to data transfer, particularly in systems
where space for pins is at a premium.

{8051 The Link layer can guarantee veliable data transfer between two protocol or
routing entities. The Link layer can abstract the Physical layer from the Protocol layer, handle
flow control between two protocol agents, and provide virtual chanpel services to the Protocol
layer (Message Classes) and Routing layer (Virtual Networks).

[0052] In some mmplementations, the Link layer can deal with a fixed quantum of
information, termed a flit. In one example, the {lit can be defined to be 192 bits in length.
However, any range of bits, such as 81-256 {or more) may be utilized in different variations. A
large flit size, such as 192 bits, may include format, cyclic redundancy check {CRC), and other
changes. For instance, a larger flit length can also permit the CRC field to be expanded {c.g., to
16 bits) to handle the larger flt payload. The mumber of phits or amt intervals (Ul {e.g., the
time used to transfer a single bit or phit, etc.) to transfer a single flit can vary with link width.
For instance, a 20 lane or bit link width can transfor & single 192 bit flit 1 9.6 Ul, while an 8
iane link width transfers the same flit in 24 Ul, among other potential examples. The Huk layer
crediting and protocol packetizing can also be based on a flit,

{8053] FIG. 6 illustrates a representation 600 of a generalized flit for an & lane hink
width, Each column of the representation 600 can symbolize a link lane and cach row a
respective UL In some implementations, a single it can be subdivided into two or more slots.
Dstinet messages or link layer headers can be included in cach slot, allowing multiple distinct,
and 1n some cases, independent messages corresponding to potentially different transactions to
be sent in a single flit. Farther, the multiple messages included in slots of a single flit may also

be destined to different destination nodes, among other examples. For instance, the example of
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FIG. 6 illustrates a flit format with three siots. The shaded portions can represent the portion
of the fitt ncluded mn a respective slot.

{8054 In the example of FIG, 6, three slots, Slots §, 1, and 2, are provided. Slot 0 can
be provided 72 bits of flit space, of which 22 bits arc dedicated to message header ficlds and 50
bits to message pavioad space. Slot 1 can be provided with 70 bits of flit space, of which 20
bits are dedicated to message header fields and 50 bits to message payload space. The
difference in message header field space between can be optimized to provide that certain
message types will be designated for inclusion in Slot € {e.g., where more message header
encoding 1s utilized). A third slot, Slot 2, can be provided that occupics substantially less
space than Slots 0 and 1, in this case utilizing I8 bits of flit space. Slot 2 can be optimized to
handle those messages, such as acknowledges, credit returns, and the like that do no utilize
larger message payloads. Additionally, a floating payload field can be provided that allows an
additional 11 bits to be alternatively applied to supplement the payload field of either Slot 0 or
Slot 1.

[8655] Continuing with the specific example of FIG. 6, other fields can be global to a
flit {i.c., apply across the {lit and not to a particular slot).  For instance, a header bit can be
provided together with a 4-bit flit control field that can be used to designate such information
as a virtual network of the flit, identity how the {flit is to be encoded, among other examples,
Additionally, error control functionality can be provided, such as through a 16-bit cyclic CRC
field, among other potential examples.

180561 A flit forrnat can be defined so as to optirmize throughput of messages on the
Link layer. Some traditional protocols have utilized unslotted, smaller flits. For instance, in
QPI an 80-but fhit was utihized. While the flit throughput of a larger {c.g., 192-bit thit) may be
lower, message or packet throughput can be increased by optimizing use of the flit data. For
instance, i some implementations of QP the entire 80-bit {lit space was utilized rogardiess of
the message size or type. By subdividing a larger flit into slots of predetermined lengths and
fields, the 192 flit length can be optimized realizing higher efficiency even in instances when
one or more of the available slots are someties unused. Indeed, Link layer traffic can be
assumed to include many different types of messages and traffic, including messages and
packets with varying header lengths and fields. The respective lengths and organization of
slots defined in a flit can be defined so as to correspond with the statistical or expected
frequency of various messages and the needs of these messages. For instance, two larger slots

can be defined for every small slot, to accommodate an expected statistical frequency of
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messaging using these larger message types and header lengths, among other example.
Further, flexibility can also be provided to further accommodate the varied traffic, such as
through a floating payload field, as 1o the exaruple of FIG. 6. In some nstances, a flit format
can be fixed, inchuding the bits dedicated to particular slots in the flit.

[80637] In the example of FIG. 6, a “Hdr” field can be provided for the flit generally and
represent a header indication for the flit. In some instances, the Hdr field can indicate whether
the flit 1s a header flit or a data flit. In data flits, the {lit can still remain slotted, but omit or
replace the use of certain fields with payload data. In some cases, data fields may inchide an
opcode and payload data, In the case of header flits, a variety of header ficlds can be provided.
i the example of FIG. 6, “0c” fields can be provided for cach siot, the Oc field representing
an opcode. Similarly, one or more slots can have a corresponding “msg” field representing a
ressage type of the correspouding packet to be wncluded m the slot, provided the slot i
designed to handle such packet types, etc. “DNID” ficlds can represent a Destination Node 1D,
a “TID” field can represent a transaction 1D, a “RHTID” field can represent either a requestor
node 12 or a home tracker 1D, among other potential fields. Further, one or more slots can be
provided with payload fields. Additionally, a CRC field can be mcluded within a thit to
provide a CRC value for the flit, among other examples.

{0058} In some implementations, link width can vary during the life of the link. For
instance, the Physical layer can transition between link width states, such as io and from a full
or original lane width and a different or partial lane width. For example, in some
implementations, a link can be mitialized to transfer data over 20 lanes. Later, the hink can
transition to a partial width transmitting state where only 8 lanes are actively used, among
many other potential examples, Such lane width transitions can be utilized, for instance, n
connection with power management tasks governed by one or more power control units (PCU)
among other examples,

100581 As noted above, link width can influence flit throughput rate. FIG. 7 is a
representation of an example 192-bit flit sent over an § lane link, resulting in throughput of the
flit at 24U Further, as shown in the exarple of FIG. 7, bits of the {lit can be sent out of order
in some instances, for example, to send more time-sensitive fields earlier in the transfer (e.g.,
flit type fields {c.g., data or header fli), opeodes, efc.}, preserve or facilitate particular error
detection or other functionality embodied in the {lit, among other examples. For instance, in
the example of FIG. 7, bits 191, 167, 143, 119, 95, 71, 47, and 23 are sent in parallel on lanes
L7 through LO during a first Ul (1.e., UlQ) of transter, while buts 168, 144, 120, 96, 72, 48, 24,
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and O are sent during the 24™ (or final) Ul of the flit transfer (ie., UI23). ¥ should be
appreciated that other ordering schemes, flit lengths, lane widths, ete. can be utilized in other
implementations and examples.

18060] In some instances, the length of the flit can be a nmltiple of the number of
active laves.  In such instances, the flit can be transmitted evenly on all active lanes and
transfer of the flit can end substantially simultancously at a clean (i.e., non-overlapping)
boundary. For cxample, as shown in the representation of FIG. §, bits of a flit can be
considered to be transmitted in consecutive groupings of 4 bits, or “nibbles.” In this example,
a 192 bat flit is to be transferred over an 8 lanc link. As 192 1s a multiple of 8, the entire it
can be cleanly transterred over the 8 lane link in 24 UL Ip other instances, the flit width may
not be a multiple of the number of active lanes. For mstance, FIG. 9 shows another
representation of an example 192 bit transferred over 20 lanes. As 192 1s not evenly divisible
by 20, transfer of the full flit would require a non-integer number of intervals (e.g., 9.6 Ul). In
such cases, rather than wasting “exira” lanes not utilized during the 10th Ul of transfer, a
second overlapping flit can be trapsferred with the final bits of a preceding flit.  Such
overlapping, or swizzling, of the fhits can result in jagged flit boundaries and flit bits sent out of
order in some implementations. The pattern utilized for the transfer can be configured to allow
more {ime-sensitive ficlds of the {lit to be transferred carlior in the flit, preservation of error
detection and correction, among other considerations, Logic can be provided in one or both of
the Physical and Link layers to transfer flit bits according to such patterns and dynamically
change between patterns based on the current hnk width, Further logic can be provided to re-
order and re-construct flits from such swizzled or ordered bit streams, among other examples.

{8061} In some implernentations, flits can be characterized as header thits {e.g., bearing
packet header data) or data flits (e.g., bearing packet payload data). Returning to FIG. 6, a flit
format can be defined that includes three (3) distinct slots {e.g., 0, 1, and 2}, allowing up to
three headers to be transferred in a single fhit (e.g., one header in each slot). Accordingly, each
slot can have both control fields and a payload field. In addition to these, payload fields can be
defined for each header {and slot). Further, a floating payload field can be defined that can be
flexibly used as extra payload length for two or more of the slots {¢.g., by either slot § or slot
1}, based on the header types in these siots. The floating field can enable, in one
implementation, 11 extra bits of payload for either Slot § or Slot 1. Note in implementations
defining a larger it more floating bits may be used and 1n smaller flits less floating bits may

be provided.
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[8062] In some implementations, by allowing a field to float between the two slots,
extra bits can be provided as neoeded for certain messages while still staying within a
predefined flit length (e.g., 192 bits) and maxirmzing the utilization of the bandwidth. Turming
to the examples of FIG. 10, two instances 1005, 1010 of an example 192-bit flit are shown on
an 8 fane data hink, In one instance, a flit {e.g., 1003) can wnchude three slots, Slots §, 1, and 2.
Each ot Slots 0 and | can include 50-bit payload fields. The floating field can be provided to
alternatively extend the payload field of the either Slot © or Slot 1 by the ficld length (e.g., 11
bits} of the floating ficld. The use of a floating field can further extend the efficiency gains
provided through a defined, multi-slot flit format. The sizing of the slots within the flit, and
the types of messages that can be placed in cach slot, can potentially provide increased
bandwidth even with a reduced flit rate.

{8063] In the particular example of FIG. 6, the messages that can use Slots 1 and 2 cap
be optimized, reducing the nuniber of bits to be set aside to encode these slots’ opcodes. When
a header having more bits that Slot 0 can provide enters the Link layer, slotting algorithms can
be provided to allow it to take over Slot 1 payload bits for additional space. Special control
{e.g. LLCTRL) flits may also be provided that consume all three siots worth of bits for thew
needs. Slotting algorithms may also exist to allow individual slots to be utilized while other
slots carry no information, for cases where the link is partially bugy.

[80664] In the particular example of FIG. 10, example use of a floating flit field is
shown. For instance, in the case of Standard Address Snoop (SA-8) Headers, only a single
SA-S message (and header) may be permitted to be sent in the same i (e.g., to preveunt
contlicts or where the SA-S payload utilizes a larger than 50-bit payload, etc.). Consequently,
in such cxamples, a SA-S may only be sent in either Slot O or Slot | of the same tlit in such
instances. In the example of flit 1005, an SA-8 header i3 included in Slot 0 and is to make use
of the tloating field. Consequently, in the example of tlit 1005, the use of the floating field is
dedicated to extend the payload of Slot §°s payload. In another example, of flit 1010, the SA-S
header is to occupy Slot 1. In the example of flit 1010, the floating field is instead dedicated to
extend the payload of Slot 1. Other potennial exaruples can also make use of the flexibility
provided through a floating payload field of a slotted flit utilizing principles illustrated in the
particular examples of FIGS. 6 and 10,

18065] In one embodiment, such as that iilustrated 1o connection with FIG. 6, two slots,
Slot 0 and 1, can be defined as having cqually sized payload ficlds, while Slot 2 has a much

smaller payload field for use by a particular subset of headers that lack the use of such larger
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payload fields, for instance. Further, in one example, Slot 1 and 2 control fields may not carry
full Message Class encodings (unlike Slot 0}, and Slot 2 may not carry a full opcode encoding,
amoung other potential implementations.

10066] As noted above, in some implementations, Slots | and 2 may not carry full
Message Class encodings, as not all bits are utilized due to slotiing restrictions. Slot 1 can
carries a Message Class bit 0. Here, request (REQ) and snoop (SNP) packets are allowed. In
this implernentation, REQ and SNP Message Class encodings are differcntiated by bit 8. As a
result, if a designer wanted to allow different message classes in partial message class field,
they could either select a ditferent bit position (1.e. an upper bit that differentiates two ditterent
types of messages} or assign different message types to the lower order bit. However, here the
upper two bits are implied as 0's with the lower bit distinguishing between a RE() and a SNP.
fn this example, Slot 2 carries no Message Class bits, as only response (RSP) (encoding 2)
packets are allowed in. Therefore, the Message Class encoding for Slot 2 is a RSP-2. Slot 2 can
also carry a partial opcode. As above, one or more of the opcode bits can be assumed to be 0.
As a result, partial message class fields and partial operation code fields may be utilized that
define a subset of messages and op codes that may be utilized. Note that multiple sets of
opcodes and messages classes may be defined. Here, if a lower order bit of the message class
18 used, then a subset of message types (1.c. MSG type /MSG type 2) 1s available, However,
if 2 bits are used, then a larger subset s provided {e.g. Message Type /Message Type
2/Message Type 3/Message Type 4}, among other examples.

{00671 Message class encodings can correspond to particular header types to be
included (or to utilize) one or more defined slots in a flit. For instance, a header may have
multiple sizes. In one cxample, a three slot flit can be defined to support potentially four sizes
of header, based on header type. Table 1 mcludes an exemplary listing of potential header
formats and associated sizes:

TABLE 1

Header Header Size | Description

Format

SA Single Slot Request

SA-S Single Slot Snoops (incorporates floating payload
ficld)

SA- Single Siot Data header

SR-U Small Slot Completion without data

18
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SR-0O Single Slot Ordering

SR-{ Single Slot Contlict resolution

SR-D Single Siot Data header

PW Dual Slot Partial write

PR [rual Slot Partial read

p2p [rual Slot Peer-to~-peer

NCM [rual Slot Non-coherent messaging

Slot~-NULL Siogle Slot {or | Control flit
Opcode only)

LLCRD Small Slot Control flit

LLCTRL Full Flit Control flit

[8068] Small (or single) slot headers can be for those message small enough to fit in
Slot 2, and that don’t have protocol ordering requirements forcing them into Slot 6. A small
siot header can also be placed in Slot 0, if the slotting restrictions for the flit call for it. The
single slot header can be for those messages with payload that can fit 1 Slot 0 or Slot 1. Some
single slot headers may also make use of the floating payload field. For instance, Standard
Address Snoop (SA-5) Headers, in one embodiment, may not be sent in both slot 0 and slot 1
of the same {lit in the example where only one HTID or floating field exists. Certain single
siot headers may use Slot  based on protocol ordering roguirements. The dual slot header can
be for those messages large enough that they are to consume both the Slot 8 and Slot 1 payload
fields, in addition to the tloating paylead ficld, among other examples.

[80669] A slot NULL opcode may mclude a special opeode that can be used, wn one
example, in either Slot 0 or Slot 1. For Slot §, Slot NULL may be used when the link layer
has no header to transmut in Slot §, but it does have a header to transmut in Slot | or 2. When
Slot NULL is used in Slot 8, the Slot § payload is considered reserved (RSVD), among other
examples. In some nuplementations, Slot NULL can be utilized in Slot 1 poteuntially unde
two conditions. First, when Slot 0 is encoding a dual slot or special control header, and thus
consunting the Slot | payload. In such instances, the Slot 1 opcode can be set to Slot NULL.
The second condition is wheu the link layer has nothing to send in Slot 1, but does have a vahd
Single Slot header for Slot § or Small Slot Header for Slot 2. Under this condition, the Slot 1
opcode can be set to Slot NULL and the Slot 1 payload can be considered Reserved, among

other potential cxamples.
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[8676] In some implementations, the small Slot 2, may include a reduced number of
opcode bits, When the link layer has nothing to send in Slot 2, it may send an “huoplicit NULL”
by encoding a specific opcode, such as a huk layer credit opecode and setting the Slot 2 payload
field to all zeros. The receiver of this Slot 2 encoding can process it as a link layer credit
message (except in the case of the special control flits}), but the all zeros encoding will have no
effect on the Credit and Acknowledge state. In the case of special control flits, because they
can consume the entire flit, the Slot 2 payload can be considered RSVD and the Implicit NULL
will be ignored. Where the link layer has nothing to send in any of the three slots and the
CRIVACK fields, the link layer may transmut a special control mull message, among other
examples.

[8071] Slotting restrictions can be defined for one or more of the defined slots of a flit.
In one embodituent, dual slot headers may only have their Message Class and Opcode placed
in Slot 8. When Slot O contains a Dual Slot Header, Slot 1 may encode a Slot NULL opcode,
as the Slot 1 Payload field will be cousumed by the Slot § header. When Slot 0 contains a
Slot NULL, single slot, or small slot header, Slots 1| and 2 may both encode a non-NULL
header.,  Only small slot headers are allowed in Slot 2 m this particular example {(e.g.,
ilfustrated in FEG. 6). When both Slot 0 and Slot T contain single siot headers, one may be of a
type that consumes the floating pavload ficld. ¥ netther Slot 0 or Slot 1 contain a header type
that consumes the floating payload field, the field ruay be considered RSV

[8072] Additionally, in some implementations, the Link layer can utilize multiple
different types of virtual network or virtual channel credits, In one example, pooled virtual
network adaptive (VNA) credits can be supported and a VNA field can be provided. In one
example implementation, when the VNA field indicates a non-VNA tlit {e.g., a {lit that uiilizes
a different credit pool}, the header may be designated to be placed in Slot §. Further, the Slot 2
opcode may include a Slot 2 credit in this case. Further, when Slot 0 encodes a special control
Header, both Slot 1 and Slot 2 control fields may be set to fixed values, and no headers may be
placed in these slots, among other potential implementations.

[8073] As noted above, in header flits, a variety of different fields can be provided to
be incorporated in corresponding flit slots, such as illustrated in the particular example of FIG.
6. Note that the ficlds illustrated and described a provided by way of example and additional
or substitute ficlds can also be incorporated. Indeed, some of the fields described may be

optional and be omitted in some implementations, among other exaraples,
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[6¢74] In one example, a message class (MC) field can be provided, as well as other
fields. In some examples, the Protocol layer can use the Message Class field to define the
Protocol Class which also acts as the Major Opceode field. The Link laver can use the Message
Class field as part of the virtual channel (VC) definition. Some Protocol Classes/VC can use
multiple Message Class encodings due to the number of opcodes that are to be encoded, arnong
other examples. For instance, Requests (RE(Q}, Snoops (S8NP), Response (RSP}, writeback,
non-coherent bypass, and non-coherent standard types can be supported. I each type encoded
sixteen operations, then there would be an opcode space of 96 operations. And if another
maode bit or other opcode space was defined for each type, then another 96 operations could be
provided; and so on.

{8075 In one example, an Opcode field can additionally be provided. The Protocol
fayer may use the opcode 1o conjunction with the Message Class to form a complete opcode
(i.c. definc the message class type and the operation within}. As an example, the same opcode
with a REQ message type may define a first request operation, while the same opcode with a
SNP message class may define a second, different SNF operation, among other exanples. The
Link Layer may use the opcode to distinguish, for instance, between a Home Agent target or a
Caching Agent target for packets when a Home Agent and a Caching Agent share the same
NodelD.  Additionally, the Link Layer may also use the opeode to determine packet size,
among other potential uses,

[8076] As noted above, flit headers can further include a Virtual network Adaptive
{(VNA} field. In one example, when a VNA field 1s sel to a first value, the field can indicate
that the flit is using VNA credits. When set to a sccond value, the flit 1s using VNO or VNI
credits, among other potential implementations. In one embodiment, a value may ndicate the
flit is a single slot flit and slots 1 and 2 codes can be defined as NULL.

{80771 A Virtual Network (VN field can also be provided and indicate for a flit if the
header(s) in the flit are utilizing a particular virtual petwork, such as a virtual network VNG or
VIN1. This may be used for both crediting purposes and to indicate which virtual network a
message should draio to if using VNA. If one VN bit is provided for the entire flit, any VNA
flit that contains multipie headers can ensure that all of them are draining to VNG or all of them
are draining to VNI, Alternatively, multiple VN bits may be provided. For non VNA flits,
only Slot 0 may be allowed to have a non-control opcode, so the VN may indicate that header’s

network.
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[8G78] In some implementations, slots in a flit can be used for small payload messages
such as credit returns, ACKs, NAKSs, among others. In one example, a channel {icld can be
provided that can be encoded for use in credit returns, This encoding, in corubination with the
Virtual Network field, may provide the Virtnal Channel that a credit return maps to. Where a
Message Class has multiple encodings, they may all map to a single Channel value for
crediting. When the credit return type 18 VNA, the Channel value can be ignored. Use of
RSVD encodings may be treated as an crror by the receiving component. Table 2 includes
examples of different Channel options that can be encoded. Note that any combination of bits
{or bits representing a heoxidecimal value) may be utilized, As an example, a lower order of 3
bits can be used for encoding.

TABLE 2

Channel

REQ: Request
SNP: Snoop

R5P: Response
REVD: Reserved
WE: Write back

NCB: Non-coherent bypass

NCS: Non-coherent standard

[8479] Acknowledgement, or ACK, fields can also be provided as header fieids 1o be
included n a flit slot. An ACK field may be used by the Link layer to communicate from a
recetver to a sender error free receipt of flits. ACK having a first valae indicates that a nunmber
of flits, such as 4, 8, or 12, have been recetved without error. When a sender receives an ACK
it may deallocate the corresponding flits from the Link Layer Retry Queue. Ack and Ack
fields can be used in credit return control flits {e.g, LLCRD}, with the total mumber of
Acknowledges being returned determined by creating the full acknowledge return value
{Acknowledge first portion, ACK, Acknowledge second portion}, among other examples.

{80801 A< noted above, a Header mndication bit (Hdr) can also be provided in some
implementations and can be used {or one or more purposes. For instance, a Hdr packet can
identify whether the packet is a header or data {lit, can indicate that the flit is the start of a new
packet, as well as indicate the start of an interleaved Link Layer Coutrol flit. The Hdr can be

set for the first flit of all packets. Further, an Address field can be provided to identify a global
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system address. All coherent transactions may be a number of byte aligned and may return the
number of bytes of data, chiminating the need for some portion of the Address bits {c.g. at 64
bytes, the lower 6 bits ruay be ormitted). For certain other packets, a full byte level address 1s to
be utilized. A Length ficld can be provided in some cxamples to indicate a length of the
requested data 1o bytes for any transaction that 1s doing a partial read. The partial vead specifies
the offset {c.g. the lower portion of the address bits omitted above} and the Length. Valid
iengths arc 0 to the nurber of bytes that the transactions are aligned to less one, among other
examples.

{00811 Adduional ficlds can be mchuded. A Byte Enable field can be provided i some
instances to indicate the valid bytes for any transaction doing a partial write. A Byte Enable
field may have any number 0 to the number of bytes that the transactions are aligned to less
one. A Reguest TID (RTID) field can be used to uniquely identify the different requests from
a single Protocol Agent. A Home tracker ID (HTID) field can be used in Snoop packets and
Snoop Response packets to indicate the Home Tracker 1D of the transaction the snoop and its
response are to be associated with.  An RHTID field can also be provided in some
implementations and flexibly embody an RTID or an HTID, depending on the opcode. For
instance, for a snoop, RHTID can be interpreted as RTID, as snoops have an explicit HTID
field. For response packets, on the other hand, targeting a home agent, RHTID can be
interpreted as HTID. Additionally, for repsonse packets targeting a cache agent, RHTID can be
interpreted as RTID for opcodes cxcept FwdCnfltd, among other examples. In some
implementations, other message types can default to being interpreted as RTID.

10082 In some implementations, additional fields can be provided such as a
Destination Node ID (DNID) field, Requestor Node 1D (RNID) field, Contlict Node D
{CNID} field, and Source Node 1D (SNID} field. The DNID can identify the destination of a
packet. It can be supplied by the Protocol Layer and used by the Link and Routing layers to
guide packets to their destinations. The RNID field can identify the original requester/initiator
of a transaction and can be supplied by the Protocol Layer. The CNID can be used in RspCnflt
packets to indicate the node 1D (NID) of the agent where the snoop experienced a conflict and
the FwdCnflt) should be sent. A SNID field can be used in SR-D packets to indicate the Node
1D of the agent transmitting the SR-D packet.

{90831 Additionally, a Prior Cache Line State (PCLS) field can be provided to encode
the state of the cache line where it was found at either g peer caching agent or i g home node.

For example, if the cache line was supplied by a peer node in the F state, the field should be set
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to a first value. H the cache line was sent by a home node, the home node should set the field to
reflect either the 1 state or S state depending on the snoop responses it received, I an agent
does not support this field it should always be encoded as a default value. Note the PCLS ficld
may be used for performance monitoring/tuning. A Non-Coherent Protected field can denote
whether a request is to Normal or Protected space. See the table below for the encodings.

[0084] In some implementations, HP{ Link layer can support a multi-siot flit with
explicit fields, such as those described above, as well as imphicit fields. For mstance, slot
message encoding and opeodes can be regarded as implicit. For instance, Slots 1 and 2 may
not carry full Message Class encodings, as not all bits are required, 1 some instances, due to
siotting restrictions. Slot 1 carries only Message Class bit 8, and only REQ and SNP packets
may be allowed in this slot. REQ and SNP Message Class encodings can be differentiated by
bit 8, and the upper two bits can be umplied as 0’s. Slot 2 may not carry Message Class bits, as
only RSP {encoding 2) packets are allowed in this Slot. Therefore the Message Class encoding
for Slot 2 may be RSP-2. Slot 2 can also only carry a portion of au opecode, with a second
portion of an opcode being assumed to be a default value. This means that RSP-2 packets with
the second portion holding the default value are allowed in Slot 2. Further, the Complete
opcode field, in one embodiment, can be created by combining the full Message Class with the
full Opcode field, forming a Complete Opeode.

[8085] Adduional examples of imphicit fields can include packet length, which can be
implied by the opcode. Further, the globally Unigue Transaction ID (UTID) may be formed by
combining Requester NodelD with Requester Transaction 1D, Note, that there may be an
overlap in the RTHD space between P2P and non-P2P transactions. For instance, the globally
P2P Unique Transaction ID (PZPUTID) may be formed by combining Requester NodelD with
Requester Transaction ID.

[0086] In some mmplementations, such as that illustrated in the examples of FIG. 6,
the structure of the flit can permit Transaction 1Ds (T1s) that utilize 11 bits of flit space. Asa
result, pre-allocation and the cnabling of distributed home agents may be removed
Furthermore, use of 11 bits, i some implementations, allows for the TID to be used without
having use for an extended TID mode.

[0087] Link layer logic can be provided on cach agent on each side of a hink. A
transmitier of an agent or device can receive data from higher layers {(e.g., a Protocol or

Routing layer) and gencrate one or more {lifs to transfor the data to a receiver of a remote
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agent. The agent can generate a flit with two or more slots. In some instances, the agent can
atierapt to combine multiple messages or packets within a single flit utilizing the defined slots,

{0088] Liok layer logic can imclude, m sowe iwmplementations, dedicated paths
corresponding to each defined slot. The paths can be embodied in either or both hardware and
software. A receiver of an agent can recetve a fli {as re-constructed using the Physical layer)
and Link layer logic can identify each of the slots and process the slots using cach slot’s
respective path.  The Link layer can process the flits, and the data wncluded in cach slot,
according to one or more encoded fields of the fhit, such as a control field, header field, CRC
field, cte.

[6089] In one illustrative example, a transmitter can receiver a write request
associated with a first transaction, a snoop request associated with another second transaction,
and oue or more acknowledges or credit returns that it can send to {or through) another device.
The transmitter can send a single flit to the other device over a serial data link of an
interconnect, the single flit to nclude headers for cach of the write request, the snoop, and an
acknowledge (e.g., a completion}, each header occupying a respective flit slot {(such as in the 3-
slot implementation dlustrated i the example of FIG, 6). The transmattter can buffer data it
receives and identify opportunities to send multiple messages in a single flit. The receiver can
recetve the compiled flit and process cach slot 1 parallel to 1dentify and process cach of the
three messages, aroong many other potential examples,

[8096] In some implementations, multiple headers can be included in a multi-slot flit
30 as to seund roultiple messages using a single flit. In sowe examples, the respective headers
can cach relate to fully independent transactions. In some implementations, the flexibility of
the flit can be constrained such that cach flit only contains messages directed to a particular
virtual network. (Other implementations may abstain from such a condition.

[0091] In mmstances where slot messages are to all apply to a common one of a
plurality of virtual networks, bits that would have traditionally been reserved for identification
of a slot’s respective virtual network can be dedicated to other uses, that in some
implementations, further increases efficiency gains iontroduced by the fit formal, among
potentially other benefits. In one example, all slots in a nulti-slot header flit may be aligned to
a single virtual network such as only VNA, only VNGO, or only VNI, etc. By enforcing this,
per slot bits indicating virtual network can be removed. This increases the efficiency of fhit bit

uitlization and potentially cnables such other features, as expanding from 10 bit TIDs to 11 bt
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TiDs, among other examples. Expanding to an 11 it TID can, in some implementations,
allow for the TID to be used without having use for an extended TID mode,

{90921  HPI can wcorporated in any variety of computing devices and systews,
including mainframes, server systoms, personal computers, mobile computers {such as tablets,
smariphones, personal digital systems, etc.), smart appliances, gaming ot entertamnment
consoles and sct top boxes, among other examples. For instance, FIG. 11 illustrates an
example computer systern 100 1 accordance with some implementations. As shown in FIG.
1, multiprocessor system 1180 is a point-to-point interconnect system, and includes a first
processor 1170 and a second processor 1180 coupled via a poimnt-to-point interconnect 1150,
Each of processors 1170 and 1180 may be some version of a processor. In one embodiment,
1152 and 1154 are part of a senial, point-to-point coherent interconnect fabric, such as a high-
performance architecture.  As a result, the mvention may be implernented within the QPI
architecture,

(86931  While shown with only two processors 1170, 1180, i 1s 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 i a given processor.

[0094] Processors 1170 and 1180 are shown including integrated memory controller
units 1172 and 1182, respoectively,  Processor 1170 also includes as part of its bus controller
untts pownt-to-point (P-P) tuterfaces 1176 and 1178; similarly, second processor 1180 includes
P-P interfaces 1186 and 1188, Processors 1170, 1180 may exchange information via a point-
to-point (P-P) interface 1150 using P-P interface circuits 1178, 1188, As shown in FIG. 1,
IMCs 1172 and 1182 couple the processors to respective memories, namely a memory 1132
and a memory 1134, which may be portions of main memory locally attached to the respective
Processors.

[8088]  Processors 1170, 1180 cach cxchange imformation with a chipset 1190 via
individual P-P interfaces 1152, 1154 using point to point interface circuits 1176, 1194, 1186,
1198, Chipset 1190 also exchanges information with a high-performance graphics circuit 1138
via an interface circuit 1192 aloug a high-performance graphics 1uterconnect 1139,

[6496] A shared cache (not shown) may be included in either processor or outside of
both processors; yvet connected with the processors via P-P interconnect, such that cither or
both processors’ local cache information may be stored in the shared cache if a processor is

placed into a low power mode.
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[6697] Chipset 1190 may be coupled to a first bus 1116 via an interface 1196, In one
embodiment, first bus 1116 may be a Peripheral Component Interconnect (PCH) bus, or a bus
such as a PCI Express bus or another third generation VO interconnect bus, although the scope
of the present invention is not so limited.

[8098] As shown in FIG, 11, various VO devices 1114 are coupled to first bus 1116,
along with a bus bridge 1118 which couples first bus 1116 to a second bus 1120. In one
embodiment, second bus 1120 includes a low pin count {(LPC) bus. Various devices are
coupled to second bus 1120 including, for example, a keyboard and/or mouse 1122,
conumunication devices 1127 and a storage unit 1128 such as a disk drive or other mass storage
device which often includes instructions/code and data 1130, in one embodiment. Further, an
audio O 1124 is shown coupled to second bus 1120, Note that other architectures are
possible, where the ncluded componeunts and interconnect architectures vary, For example,
instead of the point-to-point architecture of FIG. 11, a system may implement a multi-drop bus
or other such architectare,

[6168] While the present invention has been descnibed with respect to a limited
number of embodiments, those skilled in the art will appreciate numerous modifications and
variations therefrom. It is intended that the appended claims cover all such meodifications and
variations as fall within the true spirtt and scope of this present invention,

[8161] A design roay 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 level 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 specifying the presence or absence of various features on different mask layers for
masks used to produce the tegrated civcuit. In any representation of the desigo, the data may
be stored in any form of a machine readable medium. A memory or a magnetic or optical
storage such as a disc may be the machine readable medivm to store mmformation fransmitted
via optical or electrical wave modulated or otherwise generated to transmit such information.
When an electrical carrier wave mdicating or carryving the code or design is transmutted, to the

extent that copying, buffering, or re-transtmission of the electrical signal ¢ performed, a new
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copy is made. Thus, a communication provider or a network provider may store on a tangible,
machine-readablec medium, at least temporarily, an article, such as information encoded into a
carrier wave, emabodying technigues of embodiments of the present invention,

i8162] A module as used herein refers to any combination of hardware, software,
and/or firmmware. As an example, a module includes hardware, such as a micro-~-controller,
associated with a non-transitory medium to store code adapted to be executed by the micro-
controller. Thercfore, reference to a module, in one embodiment, refers to the hardware, which
is specifically configured to recognize and/or execute the code to be held on a non-transitory
medium. Furthermore, in another embodiment, use of a module refers o the non-transitory
medium including the code, which is specifically adapted to be executed by the microcontroller
to perform predetermined operations., And as can be inferred, in yet another embodiment, the
term roodule (n this example) may refer to the combination of the microcountroller and the
non-transitory medium. Often module boundaries that are illustrated as separate commonly
vary and potentially overlap. For example, a first and a second module may share hardware,
software, firmware, or a combination thereof, while potentially retaining some independent
hardware, software, or firrmware, In one embodiment, use of the term logic includes hardware,
such as transistors, registers, or other hardware, such as programmable logic devices.

18103] Use of the phrase “configured to,” in one embodiment, refers to arranging,
putting together, roanufacturing, offering to sell, mwoporting and/or designing an apparatus,
hardware, logic, or element to perform a designated or determined task. In this example, an
apparatus or clement thereof that 1s not operating is still ‘configured to” perform a designated
task if it is designed, coupled, and/or interconnected to perform said designated task. As a
purely illustrative oxample, a logic gate may provide a 0 or a 1 during operation. But a logic
gate ‘configured to’ provide an enable signal to a clock does not include every potential logic
gate that may provide a | 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 to” does not require operation, but instead focus on the latent state of an apparatus,
hardware, and/or element, where n the latent state the apparatus, hardware, and/or element is
designed to perform a particnlar task when the apparatus, bhardware, and/or element is
operating,

{8184] Furthermore, use of the phrases ‘to,” ‘capable of/to,” and or ‘operable t0,” in
one embodiment, refors to some apparatus, logic, hardware, and/or element designed in such a

way to enable use of the apparatus, logic, hardware, and/or elemeut 1u a specified roanuver,
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Note as above that use of to, capable to, or operable to, in one embodiment, refers 1o the latent
state of an apparatus, logic, hardware, and/or clement, where the apparatus, logic, hardware,
and/or elemnent is not operating but 15 designed in such a manner to enable use of an apparatus
in a spectfied manner.

[8185] A value, as used herein, includes any known representation of a number, a
state, a logical state, or a binary logical state. Often, the use of logic levels, logic values, or
logical values 15 also referred to as Us and s, which simply represents binary logic states.
For example, a | refers to a high logic level and O refers to a low logic level. In one
embodiment, a storage cell, such as a transistor or flash cell, may be capable of holding a
single logical value or multiple logical values. However, other representations of values in
computer systems have been used. For example the decimal number ten may also be
represented as a binary value of 1010 and a hexadecunal letter A, Therefore, a value includes
any representation of information capable of being held in a computer system.

[8186] Moreover, states may be represented by values or portions of values. As an
example, a first value, such as a logical one, may represent a default or initial state, while a
second value, such as a logical zero, may represent a non-default state. In addition, the torms
reset and set, in one embodiment, refer to a default and an updated value or state, respectively.
For example, a default value potentially includes a high logical value, i.e. reset, while an
updated value potentially includes a low logical value, 1.e. set. Note that any combination of
valucs may be utilized to represent any number of states.

{8107] The embodiments of methods, hardware, software, firmware or code set forth
above may be implemented via instructions or code stored on a machine-accessible, machine
readable, computer accessible, or computer readable medium which are executable by a
processing element. A non-transitory machine-accessible/readable medium inchudes any
mechanism that provides (1.e., stores and/or transmits) information in a form readable by a
machine, such as a computer or electronic system. For example, a non-trausitory machine-
accessible medium includes random-access memory {RAM), such as static RAM (SRAM) or
dysamic RAM (DRAM); ROM; magnetic or optical storage roedium; flash memory devices;
electrical storage devices; optical storage devices; acoustical storage devices; other form of
storage devices for holding mformation received from transitory (propagated) signals {(e.g.,
carrier waves, infrared signals, digital signals); etc, which are to be distinguished from the non-

transitory mediums that may receive information there from.
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[6108] Instructions used to program logic to perform embodiments of the invention
may be stored within a memory 1 the system, such as DRAM, cache, flash memory, or other
storage. Furtherroore, the iustructions can be distributed via a network or by way of other
computer readable media. Thus a machine-readable medium may include any mechanism for
storing or trausmitiing information o a form readable by a wachine {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 (EFROM), Electrically Erasable Programmable
Read-Only Memory (EEPROM), magnetic or optical cards, flash momory, or a tangible,
machine-readable storage used in the transmisston of information over the Internet via
clectrical, optical, acoustical or other forms of propagated signals (e.g., carrier waves, infrared
signals, digital signals, etc.). Accordingly, the computer-readable medium mcludes any type of
tangible machine-readable medium suitable for storing or transmitting clectronic instructions
or information in a form readable by a machine (e.g., a computer),

[6139] The following examples pertain to embodiments in accordance with this
Specification. One or more embodiments may provide an apparatus, a systern, a machine
readable storage, a machine readable medium, and a method to identify transaction data,
generate a fhit to include three or more slots and a floating tield to be used as an extension of
any one of two or more of the slots, aud send the it to transmit the it

[0116] In at lcast one example, VO logic comprises a layered stack comprising
physical layer logic, hink layer logic, and protocol layer logic

i8111] In at least onc example, the three or more slots consist of three defined slots.

(01121 v at least onc example, the tlit comprises 192 bits.

[6113] Iu at least one example, the first of the three slots comprises 72 bits, the
second of the three slots comprises 70 bits, and third slot comprises 18 bits

{8114] In at least one example, the first slot and second slot each include a respective
50 bit payload field.

[8115] v at least one example, the Hoating ficld is to extend the payload field of
either the first slot or the second slot by eleven bits,

[0116] In at least one cxample, the third slot is adapted to be encoded with one or
more of acknowledgements and credit returns.

{91171 v at least one cxample, the tlit further comprises a 16-but cychic redundancy

check (CRC) field.
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[6118] In at lcast one example, the flit further comprises an 11-bit transaction
identifier (TID) field.

{8119] In at least one example, each slot is to inchude a header of a distinct message.

10120] In at lcast one cxample, cach message is associated with a respective
iransaction within a particular virtual network.

[0121] In at least one example, the flit further comprises a virtual network identifier
to identity the particular virtual network.

191221  In at least one example, wherein message headers associated with transactions
in ditferent virtual networks are to be included in distinet flus,

[6123] One or more embodiments may provide an apparatus, a system, a machine
readable storage, a machine readable medium, and a method to receive a flit, wherein the flit is
to juctude three or more slots to be included 1 the flit and a floating field to be used as an
extension of any one of two or more of the slots, and process cach slot to identify one or more
headers relating to one or more transactions.

[6124] Iu at least one example, the one or more headers comprise three or more
headers.

{8125] In at least one example, each of the headers corresponds to a respective
message assoctated with a different, respective transaction.

[8126] v at least one example, cach of the transactions is wnchuded n a particular
virtual network.

{81271  In at least one example, it can be identified which of the first and second slois
the floating field is to extend.

[0128] v at lcast onc example, the third slot 15 adapted to be encoded with one or
more of acknowledgements and credit returns.

[9129] In at least onc example, the flit can be sent from a first device to a second
device over the data link., The first second devices can include microprocessors, graphics
accelerators, and other devices.

[8138]  One or more examples can further provide a lavered protocol] stack ncluding
at least a link layer and a physical layer, the layered protocol stack configured to be coupled to
a serial, differential hink, wherein the layered protocol stack 1s further configured to transmit a
192-bt fiit over the serial, differential link,

18131] In at least one example, the 192-bit flit includes a 16 bit CRC

[O%)
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[6132] One or more examples can further provide a layered protoco] stack including
at least a link layer and a physical layer, the lavered protocol stack configured to be coupled to
a senial, differential hink, wherein the layered protocol stack is further configured to transmit a
{lit over the serial, differential link, the {lit to include an 11-bit transaction identifier ficld.

[8133]  One or more examples can further provide a lavered protocol stack including
at least a link layer and a physical layer, the layered protocol stack configured to be coupled to
a serial, differential link, wherein the layered protocol stack 1s further configured to assemble a
header flit including a plurality of slots.

18134] In at least one example, the plurality of payload slots include 3 slots,

[6135] In at least one example, the first and second slots of the 3 slots are equal in
size and the third slot of the 3 slots is smaller than the first slot.

{3136] In at least one example, special control flits may consume ali 3 slots,

18137] In at least onc example, the flit includes a 16 bit CRC,

[8138] Reference throughout this specification to “one embodiment” or “an
embodiment” wmeans that a particular feature, structure, or characteristic described in
connection with the embodituent 18 included m at least one embodiment of the present
invention. Thus, the appearances of the phrases “in one embodiment” or “in an embodiment”
in various places throughout this specification are not necessarily all referring to the same
embodiment,  Furthermore, the particular features, structures, or characteristics may be
combined in any suitable manner in one or more cmbodiments.

181381  In the foregoing specification, a detatled description has been given with
reference to specific cxemplary embodiments. It will, however, be evident that various
maodifications and changes may be made thercto 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 illustrative scuse rather than a restrictive sense. Furthermore,
the foregoing use of embodiment and other exemplarily language does not necessarily refer to
the same embodiment or the same cxample, but may refer to different and distinct

embodiments, as well as potentially the same ernbodituent.
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What is claimed is:

1. An apparatus comprising:
17O logic to:
identity transaction data;
generate a flit to include three or more slots and a floating field to be used as an
extension of any one of two or more of the slots; and

transmit the {lit.

2. The apparatus of Claim 1, wherein the VO logic comprises a layered stack
comprising physical layer logic, link layer logic, and protocol layer logic
3. The apparatus of Claim 1, wherein the three or more slots consist of three

defined slots,

4. The apparatus of Claim 3, wheren the flit comprises 192 bits.
5. The apparatus of Claim 4, wherein the first of the three slots comprises 72 bits,

the second of the three slots comprises 70 bits, and third slot comprises 18 bits

6. The apparatus of Claim 5, wherein the first slot and second slot each include a

respective 50 bit payload field.

7. The apparatus of Claim 6, wherein the floating field is to extend the payload

field of either the first slot or the second slot by eleven bits,

8. The apparatus of Claim 5, wherein the third slot 1s adapted to be encoded with

one or more of acknowledgements and credit returns.

9. The apparatus of Claim 5, wherein the flit further comprises a 16-bit cyelic

redundancy check {CRC) field.
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10. The apparatus of Claim 5, wherein the flit further comprises an 11-bit

transaction identifier (TID) field.

11 The apparatus of Claim 1, wherein each slot 1s to include a header of a distinct
message.
12, The apparatus of Claim 11, wherein cach message is associated with a

respective transaction within a particular virtual network.

13, The apparatus of Claim 12, wherein the flit further comprises a virtual networlk

identifier to identify the particular virtual network.

14.  The apparatus of Claim 12, wherein message headers associated with

transactions in different virtual networks are o be included in distingt {lits.

15. An apparatus comprising:
VO logic to:
receive a flit, wherein the flit 18 to include three or more slots to be
included in the flit and a floating ficld to be used as an extension of any one of two or ruore of
the slots; and
process each slot to identity one or more headers relating to one or more

transactions.

16, The apparatus of Claim 15, wherein the one or wore headers comprise three or

more headers.

17. The apparatus of Claim 16, wherein each of the headers corresponds to a

respective message associated with a different, respective transaction.

18. The apparatus of Claim 17, wherein cach of the transactions is included in a

particular virtual network.
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19, The apparatus of Claim 15, wherein the three or more slots consist of three

defined slots,

20. The apparatus of Claim 19, wherein the tlit comprises 192 bits.

21, The apparatus of Claim 20, wherein the first of the three slots comprises 72 bits,
the second of the three slots comprises 70 bits, and third slot comprises 18 bits.
22. The apparatus of Claim 21, wherein the tfloating field 1s to cxtend the payload

field of either the first slot or the second slot,

23, The apparatus of Claim 22, wherein the V(O logic is further to identify which of

the first and second slots the floating field 18 to extend.

24.  The apparatus of Claim 21, wherein the third slot is adapted to be encoded with

one or more of acknowledgements and credit returns.

25. A method comprising:
identifying transaction data to be sent to a device on a serial data link;
generating, from the transaction data, one or more flits, cach flit including three

or more slots and a floating field to be used as an extension of any one of two or more of the

slots; and
sending the it to the device over the serial data link,
26. The method of Claim 25, wherein the {lit comprises 192 bits, a first of the slots

comprises 72 bits, a second of the slots comprises 70 bits, and a third of the slots comprises 18

bits.

27. The method of Claim 25, wherein the floating field comprises eleven bits.
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28, A system comprising:
a first device; and
a second device communicatively coupled to the first device using a serial data link, the
second device including a link layer module executed by at least one processor to:
identify transaction data to be sent to the first device ou the data link;
generate, from the transaction data, one or more flits, wherein each flitis to
include three or more slots to be included in the flit and a tloating field to be used as an
extension of any one of two or more of the slots; and

send the flit to the first device aver the data link,

29, The system of Claim 28, wherein the first device comprises a nicroprocessor,
30, The system of Claim 29, wherein the second device comprises a second

MUCTOPTOCESSOT.
31, The system of Claim 29, wherein the second device comprises a graphics

accelerator.

32. The system of Claim 28, wherein the fivst device inchudes hink layer logic to:
receive the tlits over the data link; and

process cach slot to identify one or more headers relating to one or more trausactions.

33, An apparatus comprising
a layered protocol stack including at least a link layer and a physical layer, the layered protocol
stack configured to be coupled to a serial, differential link, wherein the layered protocol stack

is further configured to transroit a 192-bt fhit over the serial, differential link.

34. The apparatus of Clain 33, wherein the 192-bit flit includes a 16 bu CRC

35. An apparatus Comprising
a layered protocol stack including at least a link layer and a physical layer, the layered protocol
stack configured to be coupled to a serial, differential link, wherein the layered protocol stack
is further configured to transmit a flit over the serial, differential link, the flit to tnclude an 11-

bit transaction dentificr field.
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36, An apparatus comprising
a layered protocol stack including at least a link layer and a physical layer, the layered protocol
stack configured to be coupled to a serial, differential link, wherein the layered protocol stack

is further configured to assemble a header flit including a phurality of slots.

37.  The apparatas of Claum 36, wherein the plurality of payload slots include 3

siots,

38,  The apparatus of any of Claims 36-37, wherein the first and second slots of the

3 slots are equal in size and the third slot of the 3 slots is smaller than the first slot.

39, The apparatus of any of Claims 36-38, wherein special control tlits may

consume all 3 slots,

40.  The apparatus of any of Claims 36-39, wherein the flit includes a 16 bit CRC.

N}
~~3
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