w0 2023/096841 A1 | NI 000 KA 00 0 0O 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
01 June 2023 (01.06.2023)

(10) International Publication Number

WO 2023/096841 Al

WIPO I PCT

(51) International Patent Classification:
GO6F 13/40 (2006.01)

(21) International Application Number:
PCT/US2022/050517

(22) International Filing Date:
20 November 2022 (20.11.2022)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
17/534,109 23 November 2021 (23.11.2021) US

(71) Applicant: META PLATFORMS, INC. [US/US]; 1601
Willow Rd., Menlo Park, California 94025 (US).

(72) Inventor: CHENG, Linda; 1601 Willow Road, Menlo
Park, California 94025 (US).

(74) Agent: COLBY, Steven et al.; Rimon Law, 420 West Main
Street, Suite 101B, Boise, Idaho 83702 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CV, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IQ, IR, IS, IT, JM, JO, JP, KE,
KG,KH, KN, KP, KR, KW,KZ, LA, LC, LK, LR, LS, LU,
LY,MA, MD, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
RU, RW, SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH,

TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS,
ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, CV,
GH, GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, ME, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI,
SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN,
GQ, GW, KM, ML, MR, NE, SN, TD, TG).

Published:
with international search report (Art. 21(3))

(54) Title: SMART SCALABLE DESIGN FOR A CROSSBAR

300
310/
330-0 3400 3401 3402 3403 3404 3405 3406 3407
TN Tl PLAL LN o
330-00 [330-01 [330-02[330-03 330-05[ 330-06 [ 330-07 [ 330-08 ||
> > >0—> 9 — > »O—>0— >0 390
350-0 330-04 =
o 3501 P W3503 o B Pas05 BB 3507
| 4| 4 3502} §| 4 350-4 [} & 3508} &

|37o o|37o 1| |37o 2|37o 3|

|37o4|37o 5| |37o 6|37O 7|

FIG. 3A

(57) Abstract: A system is described. The system includes a first group of data ports of one or more first elements of an integrated
circuit and a second group of data ports of one or more second elements of the integrated circuit. The system also includes a point-to-
point connection between a first data port of the first group of data ports to a second data port of the second group of data ports. In
addition, the system includes, for the first data port, a distinct crossbar connected to every data port of the second group of data ports.
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SMART SCALABLE DESIGN FOR A CROSSBAR
BACKGROUND

[0001] Crossbars are used to connect each of a first set of ports with each of a second
set of ports. The ports are generally connected via a full mesh within the crossbar. For
example, the crossbar may include source ports and destination ports. Each source port is
connected via the mesh with each destination port. Although this allows full connectivity
between the ports, the number of wires within the mesh increases exponentially with the
number of ports. As a result, larger numbers of wires are required to be routed within an
amount of space that is desired to remain small. Consequently, scaling the crossbar may be
challenging. Accordingly, what is needed is a mechanism for transferring data between large
numbers of ports.

SUMMARY

[0002] In accordance with a first aspect of the present disclosure, there is provided a
system, comprising: a first group of data ports of one or more first elements of an integrated
circuit; a second group of data ports of one or more second elements of the integrated circuit;
a point-to-point connection between a first data port of the first group of data ports to a
second data port of the second group of data ports; and for the first data port, a distinct
crossbar connected to every data port of the second group of data ports.

[0003] In some embodiments, the point-to-point connection is one of a plurality of
point-to-point connections between each of the first group of data ports and each of the
second group of data ports and wherein the distinct crossbar is one of a plurality of distinct
crossbars connecting each of the first group of data ports to every data port of the second
group of data ports.

[0004] In some embodiments, the point-to-point connections carry a valid signal from
the first group of data ports to each of the second group of data ports, the valid signal from
the first data port being coincident at the second data port with data from the first data port
for the second data port carried in the distinct crossbar for the first data port.

[0005] In some embodiments, the point-to-point connections carry at least one credit
release signal between the first group of data ports and the second group of data ports, the
credit release signal for the first data port being provided from the second data port in
response to data from the first data port being pulled from the second data port.

[0006] In some embodiments, the credit release signal corresponds to a credit, the

credit being based on a round trip time added to an overhead for the first data port and the
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second data port.

[0007] In some embodiments, the system further comprising: for the second group of
data ports, an additional distinct crossbar providing a connection from the second data port to
every data port of the first group of data ports.

[0008] In some embodiments, the additional distinct crossbar for the second data port
includes a plurality of pipeline stages to the first group of data ports.

[0009] In some embodiments, the distinct crossbar for the first data port includes a

plurality of pipeline stages to the second group of data ports.

[0010] In some embodiments, the first elements include a plurality of processing
engines.

[0011] In some embodiments, the second elements include a plurality of caches.
[0012] In accordance with a second aspect of the present disclosure, there is provided

a method, comprising: providing data from a first data port to a second data port, the first
data port being one of a first group of data ports of one or more first elements of an integrated
circuit, the second data port being one of a second group of data ports of one or more second
elements of the integrated circuit, the data being provided via a distinct crossbar connected
from the first data port to every data port of the second group of data ports; and providing a
valid signal from the first data port to the second data port, the valid signal being provided via
a point-to-point connection between the first data port and the second data port, the point-to-
point connection being one of a plurality of point-to-point connections between each of the
first group of data ports and each of the second group of data ports, the valid signal and the
data being coincident at the second data port.

[0013] In accordance with a third aspect of the present disclosure, there is provided a
method, comprising: providing a first group of data ports of one or more first elements of an
integrated circuit; providing a second group of data ports of one or more second elements of
the integrated circuit; providing a point-to-point connection between a first data port of the
first group of data ports to a second data port of the second group of data ports; and providing
for the first data port, a distinct crossbar connected to every data port of the second group of
data ports.

[0014] In some embodiments, the point-to-point connection is one of a plurality of
point-to-point connections between each of the first group of data ports and each of the
second group of data ports and wherein the distinct crossbar further includes for each of the
first group of data ports a connection to every data port of the second group of data ports.

[0015] In some embodiments, the providing the point-to-point connections further
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includes: configuring the point-to-point connections to carry a valid signal from each of the
first group of data ports to each of the second group of data ports, the valid signal from a first
data port of the first group of data ports being coincident at the second data port of the second
group of data ports with data from the first data port for the second data port carried in the
distinct crossbar for the first data port.

[0016] In some embodiments, the providing the point-to-point connections further
includes: configuring point-to-point connections to carry a credit release signal between each
of the first group of data ports and each of the second group of data ports, the credit release
signal for a first data port of the first group of data ports being provided from a second data
port of the second group of data ports in response to data from the first data port being pulled
from the second data port.

[0017] In some embodiments, the credit release signal corresponds to a credit, the
credit being based on a round trip time added to an overhead for the first data port and the
second data port.

[0018] In some embodiments, the method further comprising: providing, for each of
the second group of data ports, an additional distinct crossbar connected to every data port of
the first group of data ports.

[0019] In some embodiments, the providing the distinct crossbar further includes:

providing a plurality of pipeline stages to the second group of data ports.

[0020] In some embodiments, the first elements include a plurality of processing
engines.
[0021] In some embodiments, the second elements include a plurality of caches.Brief

DESCRIPTION OF THE DRAWINGS
[0022] Various embodiments are disclosed in the following detailed description and

the accompanying drawings.

[0023] FIGS. 1A-1C are diagrams depicting an embodiment of a system for routing
data.

[0024] FIG. 2 is a diagram depicting an embodiment of a system for routing data.
[0025] FIGS. 3A-3B are diagrams depicting an embodiment of a system for routing

data using pipelines.

[0026] FIG. 4 is a diagram depicting an embodiment of a system for routing data
using control signals.

[0027] FIG. 5 is a flow-chart depicting a method for routing data.

[0028] FIG. 6 is a flow-chart depicting a method for providing a routing system.
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DETAILED DESCRIPTION

[0029] The disclosure can be implemented in numerous ways, including as a process;
an apparatus; a system; a composition of matter; a computer program product embodied on a
computer readable storage medium; and/or a processor, such as a processor configured to
execute instructions stored on and/or provided by a memory coupled to the processor. In this
specification, these implementations, or any other form that the disclosure may take, may be
referred to as techniques. In general, the order of the steps of disclosed processes may be
altered within the scope of the disclosure. Unless stated otherwise, a component such as a
processor or a memory described as being configured to perform a task may be implemented
as a general component that is temporarily configured to perform the task at a given time or a
specific component that is manufactured to perform the task. As used herein, the term
‘processor’ refers to one or more devices, circuits, and/or processing cores configured to
process data, such as computer program instructions.

[0030] A detailed description of one or more embodiments is provided below along
with accompanying figures that illustrate the principles of the disclosure. The disclosure is
described in connection with such embodiments, but the disclosure is not limited to any
embodiment. The scope of the disclosure is limited only by the claims and the disclosure
encompasses numerous alternatives, modifications and equivalents. Numerous specific
details are set forth in the following description in order to provide a thorough understanding
of the disclosure. These details are provided for the purpose of example and the disclosure
may be practiced according to the claims without some or all of these specific details. For the
purpose of clarity, technical material that is known in the technical fields related to the
disclosure has not been described in detail so that the disclosure is not unnecessarily
obscured.

[0031] Various applications require each of a first set of circuit elements to be
connected to each of a second set of circuit elements. For example, each processing engine in
a set of processing engines may be desired to be connected to each cache in a set of caches.
Crossbars are one mechanism for accomplishing this connection. A crossbar generally
includes multiple data ports and a full mesh interconnecting the data ports. Data ports of a
given type have connectivity to any of the data ports of another type through the full mesh.
The data ports may be connected to the other elements in an integrated circuit between which
data is desired to be transferred. A crossbar is also generally laid out such that its data ports

align with the ports of the elements the crossbar interfaces with. For example, a crossbar may
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be used to connect a set of processing engines with a set of memories, such as caches. The
data ports on a first side of the crossbar are connected with the processing engines’ ports,
while the data ports on the opposite side of the crossbar are connected with the corresponding
caches’ ports. The full mesh within the crossbar connects each data port for a processing
engine with all data ports for the caches, and vice versa.

[0032] Although the crossbar allows for connectivity between elements of an
integrated circuit, there are drawbacks. The number of wires in the full mesh increases
exponentially with the number of data ports. Further, each data port may carry hundreds of
signals. Thus, the number of wires increases rapidly with the number of data ports. For
example, suppose there are three types of data ports (A, B, C) which are desired to be
connected (each data port of each type connected to each data port of another type). The
number of wires routed in the full mesh for the crossbar is (bus width)* [number of A data
ports *(number of B data ports + the number of C data ports) + number of B data
ports*(number of C data ports + number of A data ports) + number of C data ports*(number
of A data ports + number of B data ports)]. If the number of A data ports is 8, the number of
B data ports is 8, the number of C data ports is 2, and the bus width is 500 wires, the number
of wires routed is 96,000. Thus, the number or wires required to be routed in the full mesh
increases exponentially with the number of data ports. If data ports of the same type are
desired to be connected (e.g. every data port A connected to every other data port A), the
situation is further complicated. As a result, providing the crossbar for a larger number of
data ports is challenging, particularly if the space allocated for the crossbar is small.
Accordingly, what is needed is a mechanism for scaling the crossbar to larger numbers of
data ports.

[0033] A system that routes data is described. The system includes a first group of
data ports of one or more first elements of an integrated circuit and a second group of data
ports of one or more second elements of the integrated circuit. The system also includes a
point-to-point connection between a first data port of the first group of data ports to a second
data port of the second group of data ports. In addition, the system includes, for the first data
port, a distinct crossbar connected to every data port of the second group of data ports. In
some embodiments, the distinct crossbar for the first data port includes a pipeline having
multiple pipeline states that connect to each data port of the second group of data ports.
[0034] A method includes providing data from a first data port to a second data port.
The first data port is one of a first group of data ports for one or more first elements of an

integrated circuit. The second data port is one of a second group of data ports of one or more
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second elements of the integrated circuit. The data is provided via a distinct crossbar
connected from the first data port to every data port of the second group of data ports. The
method also includes providing a valid signal from the first data port to the second data port.
The valid signal is provided via a point-to-point connection between the first data port and
the second data port. The point-to-point connection is one of a plurality of point-to-point
connections between each of the first group of data ports and each of the second group of
data ports. The valid signal and the data are coincident at the second data port.

[0035] A method for providing a system that routes data is described. The method
includes providing a first group of data ports of one or more first elements of an integrated
circuit. The method also includes providing a second group of data ports of one or more
second elements of the integrated circuit. A point-to-point connection is provided. The point-
to-point connection is between a first data port of the first group of data ports and a second
data port of the second group of data ports. For the first data port, a distinct crossbar is
provided. The distinct crossbar is connected to every data port of the second group of data
ports.

[0036] FIGS. 1A-1C are diagrams depicting an embodiment of computer system 100
including system 110 for routing data. FIG. 1A is a bock diagram, while FIGS. 1B and 1C
depict aspect of system 100. For clarity, only a portion of system 100 is depicted. System 100
may be or include an integrated circuited and/or its components. System 100 includes routing
system 110 and elements 160 and 170. For example, elements 160 may include processing
engines, while elements 170 may include memories such as caches, or vice versa. Elements
160 and 170 are depicted as being directly coupled to routing system 110. In some
embodiments, other component(s) may be coupled between elements 160 and/or 170 and
routing system 110. Particular numbers of elements 160 and 170 are shown. However, in
other embodiments, another number of elements 160 and/or 170 may be present. Further,
although two sets of elements 160 and 170 are shown, in other embodiments, additional
elements may be present. Such elements may have corresponding data ports in routing system
110.

[0037] Routing system 110 has data ports 140-0, 140-1, 140-2, 140-3, 140-4, 140-5,
140-6, and 140-7 (collectively or generically data port(s) 140) and data ports 150-0, 150-1,
150-2, and 150-3 (collectively or generically data port(s) 150) corresponding to elements 160
and 170, respectively. Although depicted as a single line, data ports 150 and 160 generally
each include multiple wires. Routing system 110 allows for transfer of data from each data

port 140, and thus each element 160, to all data ports 150, and thus all elements 170.
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Similarly, routing system 110 allows for transfer of data from each data port 150, and thus
element 170, to all data ports 140, and thus all elements 160. Routing system 110 may be
viewed as functioning as a crossbar. Thus, routing system 110 may be termed a crossbar.
However, instead of the mesh connections of a crossbar, routing system 110 includes point-
to-point connections 120 and distinct crossbars 130.

[0038] Point-to-point connections 120 provide a point-to-point connection from each
data port 150 to every data port 140. Similarly, point-to-point connections 120 provide a
point-to-point connection from each data port 140 to every data port 150. For example, FIG.
1B depicts point-to-point connections 120-0 for data port 150-0. Thus, a connection between
data port 150-0 is provided to every data port 140-0, 140-1, 140-2, 140-3, 140-4, 140-5, 140-
6, and 140-7 (collectively or generically data ports 140). Similar point-to-point connections
may be present for data ports 150-1, 150-2, and 150-3. In some embodiments, analogous
point-to-point connections are provided between data ports 150 and/or between data ports
140. Thus, in some embodiments, data ports of the same type may communicate. In other
embodiments, data ports of the same type may not directly communicate. In other
embodiments, point-to-point connections 120 may be provided in another manner, such as via
a mesh connection. Point-to-point connections 120 may be used to provide valid signals,
credit signals, and/or other configuration or control signals.

[0039] Routing system 110 also includes distinct crossbars 130. Distinct crossbars
130 allow for data transfer between data ports 140 and 150, and thus between elements 160
and 170. Although termed “crossbars™, distinct crossbars 130 need not be implemented as a
crossbar. Instead, distinct crossbars 130 have a bus structure. In some embodiments, distinct
crossbars 130 utilize individual pipelines between each (source) data port 150 and every
(destination) data port 140, and vice versa. For example, FIG. 1C depicts an embodiment of
distinct crossbar 130-0 for data port 150-0. Data ports 150-1, 150-2, and 150-3 include
analogous distinct crossbars. Similarly, data ports 140 may include analogous distinct
crossbars. In some embodiments, analogous distinct crossbars are provided between data
ports 150 and/or between data ports 140. Thus, in some embodiments, data ports of the same
type may exchange data. In other embodiments, data ports of the same type may not directly
exchange data.

[0040] Routing system 110 allows for the exchange of data between elements 160 and
170 via point-to-point connections 120 and distinct crossbars 130. For example, to transfer
data from element 170 (e.g. a cache) via data port 150-0, routing system 110 provides a valid

signal on point-to-point connections 120-0 for each data port 140 that will receive data.
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Further, data from element 170 is transferred from port 150-0 over distinct crossbar 130-0.
Valid signals provided via point-to-point connections 120-0 may be timed such that elements
160 are notified to pull data from the corresponding port 140-0, 140-1, 140-2, 140-3, 140-4,
150-5, 140-6 or 140-7 at the appropriate time. In some embodiments, the valid signal
provided via point-to-point connections 120-0 to a particular port 140 is coincident with
provided via distinct crossbar 130-0 at that particular port 140. For example, suppose data
from port 150-0 is transferred to data port 140-3 and to data port 140-4. This data is present at
data ports 140-3 and 140-4 at times t1 and t2, which may correspond to clock cycle 3 and
clock cycle 4 from data being sent from data port 150-0. In some embodiments, valid signals
from data port 150-0 provided via point-to-point connections 120-0 are also present at data
ports 140-3 and 140-4 at times t3 and t4, respectively. Data may then be pulled, or otherwise
received, from data ports 140-3 and 140-4. In some embodiments, a credit system is also used
by source data ports 140 and/or 150 to determine whether data may be sent to a particular
destination data port 150 and/or 140, respectively. In such embodiments, the destination port
provides a credit release signal, indicating that data may be received on the corresponding
data port. In the example above, destination data ports 140-3 and 140-4 each provide a credit
release signal to data port 150-0 in response to data being pulled from data ports 140-3 and
140-4, respectively, by the corresponding elements 160. In some embodiments, the credit is
based on a round trip time added to an overhead for the source data port and the destination
data port. Thus, the credits corresponding to data port 140-3 may differ from the credits
corresponding to data port 140-4 for port 150-0. Thus, routing system 110 may route data
between elements 160 and 170. Further, routing system 110 may be extended to more than
two types of data ports.

[0041] Using routing system 110, system 100 may be capable of routing data between
the desired elements 160 and 170, such as processing engines and caches. Moreover, system
100 may be more readily scaled to larger numbers of elements 160 and/or 170. Routing
system 110 uses point-to-point connections 120 in combination with distinct crossbars 130
having a bus structure (e.g. pipelines). Because routing system 110 uses distinct crossbars

130 in combination with point-to-point connections 120, routing system 110 includes one
distinct crossbar 130 per data port 140 and 150. Thus, the number of wires utilized for routing
system 110 increases linearly with the number of data ports. Stated differently, the number of
wires routed is (bus width)* [total number of tracks] = (bus width)*|Z(number of data ports)].

For example, suppose there are three types of data ports (A, B, C) which are desired to be
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connected in a manner analogous to routing system 110. This is analogous to the example
described above with respect to a full mesh. The number of wires routed in the direct crossbar
130 routing system 110 is (bus width)* [number of A data ports + number of B data ports +
the number of C data ports)]. If the number of A data ports is 8, the number of B data ports is
8, the number of C data ports is 2, and the bus width is 500 wires, the number of wires routed
is 9,000. The inclusion of the point-to-point connections between data ports does not
markedly change the number of wires required. Thus, routing system 110 scales much more
readily with the number of ports. Further, routing system 110 may occupy a smaller amount
of space as routing system 110 is scaled to larger numbers of data ports. Consequently,
routing system may 110 may significantly improve fabrication, scalability, and performance,
particularly for systems 100 using large number(s) of elements 160 and/or 170.

[0042] FIG. 2 is a diagram depicting an embodiment of system 200 for routing data.
For clarity, only a portion of system 200 is depicted. System 200 may be or include an
integrated circuited and/or its components. System 200 is analogous to system 100.
Consequently, analogous components have similar labels. System 200 includes routing
system 210 and elements 260 and 270 that are analogous to routing system 110 and elements
160 and 170, respectively. In addition, a larger number of elements 270 are present than in
system 100. Elements 260 and 270 may include processing engines, memories such as
caches, and/or other components. Although elements 270 are depicted as being directly
coupled to routing system 210, in some embodiments, other component(s) may be coupled
between elements 270 and routing system 210. In the embodiment shown, component 262 is
coupled between elements 260 and routing system 210. For example, component 262 may
perform hashing and/or other functions for elements 260. In some embodiments, component
262 may be omitted. Although particular numbers of elements 260 and 270 are shown, in
other embodiments, another number of elements 260 and/or 270 may be present.

[0043] Routing system 210 also includes ports 280 corresponding to elements 290 of
system 200. For example, elements 290 may be other processors, such as systems on a chip
(SOCs), memories, bridges, or other components of system 200 desired to be connected with
elements 260 and/or 270 via routing system 210. Thus, connection to three types of elements,
260, 270 and 290 is provided via routing system 210. Point-to-point connections 220 and
distinct crossbars 230 also include structures for ports 280. For example, point-to-point
connections 220 include additional connections to ports 280. Each distinct crossbar 230
provided for ports 240 and 250 may include additional pipeline stages for data transfer to
ports 280. Further, distinct crossbars 230 include additional distinct crossbars for ports 280.
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Thus, routing system 110 may be expanded to additional ports and/or additional types of
elements for which connection is desired.

[0044] System 200 shares the benefits of system 100. Routing system 210 is capable
of routing data between the desired elements 260, 270, and 290. Because routing system 210
uses distinct crossbars 230 in combination with point-to-point connections 220, routing
system 210 includes one distinct crossbar 230 per data port 240, 250, and/or 280. The
complexity of routing system 210 increases linearly with the number of data ports. Thus,
routing system 210 scales much more readily with the number of data ports. Moreover,
routing system 210 may occupy less space. Consequently, routing system may 210 may
significantly improve fabrication and performance, particularly for systems 200 using large
number(s) of elements 260, 270 and/or 290.

[0045] FIGS. 3A-3B are diagrams depicting an embodiment of system 300 that routes
data via pipelines. System 300 may be or include an integrated circuited and/or its
components. System 300 is analogous to system(s) 100 and/or 200. Consequently, analogous
components have similar labels. System 300 includes routing system 310 analogous to
routing system(s) 110/210, elements 370-0, 370-1, 370-2, 370-3, 370-4, 370-5, 370-6, and
370-7 (collectively or generically elements 370) that are analogous to elements 170/270, and
element 390 that is analogous to element 290. Although not shown, elements that are
analogous elements 160 and/or 260 may be coupled to routing system 310. Elements 370
may include memories such as caches, processing engines, and/or other components.
Although elements 370 are depicted as being directly coupled to routing system 310, in some
embodiments other component(s) may be coupled between elements 370 and routing system
310. Some embodiments, a component may be coupled between elements (not shown) and
routing system 310. In system 300, elements 370 are source elements from which data is
being transferred to destination elements.

[0046] Routing system 310 includes distinct crossbars 330 and point-to-point
connections (not shown for clarity). Also shown are source data ports 350-0, 350-1, 350-2,
350-3, 350-4, 350-5, 350-6, and 350-7 (collectively or generically port(s) 350), destination
data ports 340-0, 340-1, 340-2, 340-3, 340-4, 340-5, 340-6, and 340-7 (collectively or
generically port(s) 340), and data port 380. The arrows for ports 340, 350, and 380 indicate
that information may flow in either direction for a particular port 340, 350, and 380. FIG. 3A
depicts distinct crossbar 330-0 corresponding to data port 350-0. FIG. 3B depicts distinct
crossbar 330-7 corresponding to data port 350-7.

[0047] Referring to FIG. 3A, crossbar 330-0 is a pipeline including pipeline stages
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330-00, 330-01, 330-02, 330-03, 330-04, 330-05, 330-06, 330-07, and 330-08 (collectively or
generically 330-01). In another embodiment, pipeline 330-0 may have a different number of
stages 330-01. In some embodiments, each stage 330-01 occupies approximately one square
mil and may include at least one set of registers. In some embodiments, data travels down
pipeline 330-0 by one stage 330-0i per clock cycle. In the embodiment shown in FIG. 3A,
data is travels in a single direction from port 350-0 through pipeline 330-0 toward port 380.
The direction of travel of data is shown by arrows within pipeline stages 330-0i. In the
embodiment shown, a packet of data from port 350-0 enters at pipeline stage 330-00 and
travels down pipeline 330-0 in one stage 330-0i per clock cycle. FIG. 3A depicts a situation
in which data is provided to port 340-3. A corresponding valid signal is provided by port 350-
0 to port 340-3 via a point-to-point connection (not shown in FIGS. 3A-3B). In some
embodiments, the valid signal is a valid bit that is “1” when data is to be provided (e.g.
pulled) from a destination port 340 and “0” otherwise. The valid signal “1” is at port 340-3
substantially coincident with the data residing in pipeline stage 330-04. Thus, on the fourth
clock cycle, data from port 350-0 is at pipeline stage 330-04 and the valid signal “1” is at port
340-4. Consequently, data may be pulled from pipeline stage 330-04 to the desired port 340-4
and element (not shown in FIG. 3A).

[0048] Referring to FIG. 3B, crossbar 330-7 is a pipeline including pipeline stages
330-70, 330-71, 330-72, 330-73, 330-74, 330-75, 330-76, 330-77, and 330-78 (collectively or
generically 330-71). In another embodiment, pipeline 330-7 may have a different number of
stages 330-71. In some embodiments, each stage 330-71 occupies approximately one square
mil and may include one set of registers. In some embodiments, data travels down pipeline
330-7 by one stage 330-71 per clock cycle. The direction of travel of data is shown by arrows
within pipeline stages 330-7i. In the embodiment shown in FIG. 3B, data in pipeline 330-7
travels in multiple directions. Some data travels from port 350-7 through pipeline 330-7
toward port 380. However, some data travels from port 350-7 through pipeline 330-7 toward
port 340-0. This is because of the location of port 350-7 with respect to pipeline stages 340-
71. In the embodiment shown, a packet of data from port 350-7 enters at pipeline stage 330-76
and travels through pipeline 330-7 in one stage 330-7i per clock cycle. Thus, after the first
clock cycle, data could be at pipeline stage 330-77 or 330-76. FIG. 3B depicts a situation in
which data is provided to port 340-3. Thus, data travels to pipeline stage 330-74 in two clock
cycles. A corresponding valid signal is provided by port 350-7 to port 340-3 via a point-to-
point connection (not shown in FIGS. 3A-3B). As discussed with respect to FIG. 3A, the
valid signal may be a valid bit that is “1” when data is to be provided (e.g. pulled) from a
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destination port 340 and “0” otherwise. The valid signal “1” is at port 340-3 substantially
coincident with the data residing in pipeline stage 330-74. Thus, on the second clock cycle,
data from port 350-7 is at pipeline stage 330-74 and the valid signal “1” is at port 340-4.
Consequently, data may be pulled from pipeline stage 330-74 to the desired port 340-4 and
element (not shown in FIG. 3B).

[0049] System 300 shares the benefits of system(s) 100 and/or 200. Routing system
310 is capable of routing data between the desired elements using distinct pipelines, such as
data pipelines 330-0 and 330-7, as distinct crossbars. Routing system 310 uses pipelines 330-
0 and 330-7 (i.e. distinct crossbars) in combination with point-to-point connections (not
shown in FIGS. 3A-3B). Routing system 310 includes one pipeline 330 (i.e. distinct crossbar)
per source data port 350, 340, and/or 380. The complexity of routing system 310 increases
linearly with the number of data ports. Thus, routing system 310 scales much more readily
with the number of data ports. Moreover, routing system 310 may occupy less space.
Consequently, routing system may 310 may significantly improve fabrication and
performance, particularly for systems 300 using large number(s) of elements such as
elements 370 and/or 390.

[0050] FIG. 4 is a diagram depicting an embodiment of system 400 that routes data
utilizing point-to-point valid signals and credit signals. System 400 may be or include an
integrated circuited and/or its components. System 400 is analogous to system(s) 100, 200
and/or 300. Consequently, analogous components have similar labels. System 400 includes
routing system 410 analogous to routing system(s) 100/200/300, elements 470-0, 470-1, 470-
2 and 470-3, (collectively or generically elements 470) that are analogous to elements
170/270/370. Also shown are elements that are elements 460-0, 460-1, 460-2, 460-3, 460-4,
460-5, 460-6, and 460-7 analogous to elements 160 and/or 260, and element 490 analogous to
elements 290 and/or 390. Elements 460, 470, and 490 may include processing engines,
memories such as caches, and/or other components. Although elements 460, 470, and 490 are
depicted as being directly coupled to routing system 410, in some embodiments other
component(s) may be coupled between the elements and routing system 410. In system 400,
elements 470 are source elements from which data is being transferred to destination
elements.

[0051] Routing system 410 includes distinct crossbars such as pipelines (not shown in
FIG. 4) and point-to-point connections 420. For simplicity only point-to-point connections
420-0 for data port 450-0 and a portion of connections 420-3 are shown for data port 450-3

are shown. The arrows for data ports 440, 450, and 480 indicate that information may flow in
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either direction for a particular data port 440, 450 and 480. Point-to-point connections 420-0
allow for valid bits to be sent from data port 450-0 and credit release signals to be sent by
data ports 440 and 480. The valid signal may be provided from source data port 450-0 via
point-to-point connections 420-0 to each of data ports 440 and 480 receiving data. Similarly,
credit release signals may be provided from each data port 440 and 480 via point-to-point
connections 420-0 to data port 450-0. Consequently, data may be pulled from the pipeline
stage (not shown in FIG. 4) to the desired data port 440 and/or 480 and element 460 and/or
490.

[0052] System 400 shares the benefits of system(s) 100, 200 and/or 300. Routing
system 410 is capable of routing data between the desired elements using distinct pipelines,
or distinct crossbars, and point-to-point connections 420. The complexity of routing system
410 increases linearly with the number of data ports. Thus, routing system 410 scales much
more readily with the number of data ports. Moreover, routing system 410 may occupy less
space. Consequently, routing system may 410 may significantly improve fabrication and
performance.

[0053] FIG. 5 is a flow-chart depicting method 500 for routing data. Method 500 may
include additional steps, including substeps. Although shown in a particular order, steps may
occur in a different order, including in parallel. Data is provided from each data port in a first
group of data ports (source data ports) to each desired data port of a second data group of data
ports (destination ports), at 502. The data is provided in 502 via distinct crossbars. Each
distinct crossbar is from a data port of the source data ports to each of the destination data
ports. In some embodiments, each distinct crossbar is a pipeline including multiple stages.
Thus, 502 may include data being transferred from the source data ports through the pipeline
stages to the appropriate destination data ports. As part of 502, each source data port may
assign credits corresponding to the latency and overhead for each destination data port to
which data is sent.

[0054] At 504, valid signal(s) are provided from the source data port(s) to each of the
destination data ports that receive data. The valid signal(s) of 504 are provided via point-to-
point connections between the source data ports and the destination data ports. In some
embodiments, 502 and 504 are performed such that the valid signal and the data are
coincident at particular destination data ports receiving data. As a result, destination data
ports may be notified of the presence of data that should be pulled and provided to the
corresponding elements. Data may be pulled from the appropriate pipeline stage(s). In

response to the data being pulled, credit release signal(s) may be sent from the destination
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port(s) to the source data port(s) via point-to-point connections. Credit release signal(s) are
received at the source port(s) from the destination port(s), at 506. Thus, the source port(s)
may be notified of the destination ports” ability to receive additional data.

[0055] For example, method 500 may be used in connection with system 300 of FIG.
3A. At 502, source data port 350-0 may send data for destination data port 340-3 via pipeline
330-0. Also at 502, credit corresponding to the four clock cycles used by the data to travel
from pipeline stage 330-00 to 330-04 and any overhead is set. In addition, source port 350-0
may send a valid signal (e.g. set a valid bit to “17) at 504. The valid signal is sent from source
port 350-0 to destination port 340-3 via a point-to-point connection analogous to point-to-
point connections 420-0 of FIG. 4. The valid signal and data are timed to be coincident at
port 340-3 and pipeline stage 330-04, respectively. Thus, the data may be pulled from
pipeline stage 330-04 at the appropriate time. At 506, destination data port 340-3 sends a
credit release signal to source data port 350-0 via a point-to-point connection via a point-to-
point connection analogous to point-to-point connections 420-0 of FIG. 4.

[0056] Using method 500, data may be routed between the desired elements using
distinct pipelines and point-to-point connections. A routing system having a complexity that
increases linearly with the number of data ports may be utilized. Thus, the benefits of such a
routing system may be achieved.

[0057] FIG. 6 is a flow-chart depicting method 600 for providing a routing system.
Method 600 may include additional steps, including substeps. Although shown in a particular
order, steps may occur in a different order, including in parallel. At least first and second
groups of data ports are provided, at 602. Data is desired to be transferred at least between
data ports in the first group and data ports in the second group.

[0058] Point-to-point connections are provided between the each of the first group of
data ports and every data port of the second group of data ports, at 604. In some
embodiments, the direct connection may be capable of transmitting limited information, such
as a valid bit and a credit release signal.

[0059] A distinct crossbar is provided for each of the data ports, at 606. The distinct
crossbar provides data from each of the first group of data ports to every data port of the
second group of data ports. For example, a pipeline from a data port of the first group of data
ports including pipeline stages for each of the second group of data ports may be provided at
606. In some embodiments, 606 may be repeated to provide distinct crossbars (e.g. pipelines)
for each of the second group of data ports. This may allow for transfer of data from the

second group of data ports to the first group of data ports.
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[0060] For example, method 600 may be used in connection with system 300 of
FIGS. 3A and 3B. Data ports 340, 350, and 380 are provided, at 602. At 604, direct
connections, such direction connections 420-0 of FIG. 4 are provided for each data port 340,
350 and 380. At 606, pipelines, such as pipelines 330-0 and 330-7, are provided. Thus, data
ports, the control signals used in data transfer and pipelines used in actually transferring data
may be fabricated.

[0061] Using method 600, a system for routing data between the desired elements
may be fabricated. The routing system uses distinct pipelines and point-to-point connections.
A routing system having a complexity that increases linearly with the number of data ports
may be provided. Thus, the benefits of such a routing system may be achieved.

[0062] Although the foregoing embodiments have been described in some detail for
purposes of clarity of understanding, the disclosure is not limited to the details provided.
There are many alternative ways of implementing the disclosure. The disclosed embodiments

are 1llustrative and not restrictive.
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CLAIMS

WHAT IS CLAIMED IS:
1. A system, comprising:

a first group of data ports of one or more first elements of an integrated circuit;

a second group of data ports of one or more second elements of the integrated circuit;

a point-to-point connection between a first data port of the first group of data ports to
a second data port of the second group of data ports; and

for the first data port, a distinct crossbar connected to every data port of the second
group of data ports.
2. The system of claim 1, wherein the point-to-point connection is one of a plurality of
point-to-point connections between each of the first group of data ports and each of the
second group of data ports and wherein the distinct crossbar is one of a plurality of distinct
crossbars connecting each of the first group of data ports to every data port of the second
group of data ports.
3. The system of claim 2, wherein the point-to-point connections carry a valid signal
from the first group of data ports to each of the second group of data ports, the valid signal
from the first data port being coincident at the second data port with data from the first data
port for the second data port carried in the distinct crossbar for the first data port.
4, The system of claim 2 or 3, wherein the point-to-point connections carry at least one
credit release signal between the first group of data ports and the second group of data ports,
the credit release signal for the first data port being provided from the second data port in
response to data from the first data port being pulled from the second data port.
5. The system of claim 4, wherein the credit release signal corresponds to a credit, the
credit being based on a round trip time added to an overhead for the first data port and the
second data port.
6. The system according to any of the preceding claims, further comprising:

for the second group of data ports, an additional distinct crossbar providing a
connection from the second data port to every data port of the first group of data ports.
7. The system of claim 6, wherein the additional distinct crossbar for the second data
port includes a plurality of pipeline stages to the first group of data ports.
8. The system according to any of the claims 2 to 7, wherein the distinct crossbar for the
first data port includes a plurality of pipeline stages to the second group of data ports.

9. The system according to any of the preceding claims, wherein the first elements
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include a plurality of processing engines; and/or preferably
wherein the second elements include a plurality of caches.
10. A method, comprising:

providing data from a first data port to a second data port, the first data port being one
of a first group of data ports of one or more first elements of an integrated circuit, the second
data port being one of a second group of data ports of one or more second elements of the
integrated circuit, the data being provided via a distinct crossbar connected from the first data
port to every data port of the second group of data ports; and

providing a valid signal from the first data port to the second data port, the valid
signal being provided via a point-to-point connection between the first data port and the
second data port, the point-to-point connection being one of a plurality of point-to-point
connections between each of the first group of data ports and each of the second group of
data ports, the valid signal and the data being coincident at the second data port.
11. A method, comprising:

providing a first group of data ports of one or more first elements of an integrated
circuit;

providing a second group of data ports of one or more second elements of the
integrated circuit;

providing a point-to-point connection between a first data port of the first group of
data ports to a second data port of the second group of data ports; and

providing for the first data port, a distinct crossbar connected to every data port of the
second group of data ports.
12. The method of claim 11, wherein the point-to-point connection is one of a plurality of
point-to-point connections between each of the first group of data ports and each of the
second group of data ports and wherein the distinct crossbar further includes for each of the
first group of data ports a connection to every data port of the second group of data ports;
and/or preferably
wherein the providing the point-to-point connections further includes:

configuring the point-to-point connections to carry a valid signal from each of the first
group of data ports to each of the second group of data ports, the valid signal from a first data
port of the first group of data ports being coincident at the second data port of the second
group of data ports with data from the first data port for the second data port carried in the
distinct crossbar for the first data port.

13. The method of claim 11 or 12, wherein the providing the point-to-point connections
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further includes:
configuring point-to-point connections to carry a credit release signal between each of the
first group of data ports and each of the second group of data ports, the credit release signal
for a first data port of the first group of data ports being provided from a second data port of
the second group of data ports in response to data from the first data port being pulled from
the second data port; and/or preferably wherein the credit release signal corresponds to a
credit, the credit being based on a round trip time added to an overhead for the first data port
and the second data port.
14.  The method according to any of the claims 11 to 13, further comprising:
providing, for each of the second group of data ports, an additional distinct crossbar
connected to every data port of the first group of data ports; and/or preferably wherein the
providing the distinct crossbar further includes:

providing a plurality of pipeline stages to the second group of data ports.
15.  The method according to any of the claims 11 to 14, wherein the first elements
include a plurality of processing engines; and/or preferably

wherein the second elements include a plurality of caches.
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