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Description

TECHNICAL FIELD

[0001] The invention is in the field of data transfer in
computer and other digital systems.

BACKGROUND

[0002] As computer and other digital systems become
more complex and more capable, methods and hardware
to enhance the transfer of data between system compo-
nents or elements continually evolve Data to be trans-
ferred include signals representing data, commands, or
any other signals. Speed and efficiency of data transfer
is particularly critical in systems that run very data-inten-
sive applications, such as graphics applications. In typi-
cal systems, graphics processing capability is provided
as a part of the central processing unit (CPU) capability,
or provided by a separate special purpose processor
such as a graphics processing unit (GPU) that commu-
nicates with the CPU and assists in processing graphics
data for applications such as video games, etc. One or
more GPUs may be included in a system. In conventional
multi-GPU systems, a bridged host interface (for example
a PCI express (PCIe®) bus) interface must share band-
width between peer to peer traffic and host traffic. Traffic
consists primarily of memory data transfers but may often
include commands Figure 1 is a block diagram of a prior
art system 100 that includes a root 102. A typical root
102 is a computer chipset, including a central processing
unit (CPU), a host bridge 104, and two endpoints EPO
106a and EPI 106b. Endpoints are bus endpoints and
can be various peripheral components, for example spe-
cial purpose processors such as graphics processing
units (GPUs). The root 102 is coupled to the bridge 104
by one or more buses to communicate with peripheral
components, Some peripheral component endpoints
(such as GPUs) require a relatively large amount of band-
width on the bus because of the large amount of data
involved in their functions, It would be desirable to provide
an architecture that reduced the number of components
and yet provided efficient data transfer between compo-
nents. For example, the cost of bridge integrated circuits
(ICs) is relatively high. In addition, the size of a typical
bridge IC is comparable to the size of a graphics process-
ing unit (GPU) which requires additional printed circuit
board area and could add to layer counts. Bridge ICs
also require additional surrounding components for pow-
er, straps, clock and possibly read only memory (ROM).
US Patent Publication No. US2006/267993 describes a
system including multiple processors that each couple
to receive commands and data.

SUMMARY OF THE INVENTION

[0003] The invention provides a system according to
claim 1 and a method according to claim 6. Embodiments

are defined in the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004]

Figure 1 is a block diagram of a prior art processing
system with peripheral components.
Figure 2 is a block diagram of portions of a multi-
processor system with a multiplexed peripheral com-
ponent bus, according to an embodiment.
Figure 3 is a block diagram of portions of a process-
ing system with peripheral components, according
to an embodiment.
Figure 4 is a more detailed block diagram of a
processing system with peripheral components, ac-
cording to an embodiment.
Figure 5 is a block diagram of an embodiment in
which one bus endpoint includes an internal bridge.
Figure 6 is a block diagram of an embodiment that
includes more than two bus endpoints, each includ-
ing an internal bridge.
Figure 7 is a block diagram illustrating views of mem-
ory space from the perspectives of various compo-
nents in a system, according to an embodiment.

DETAILED DESCRIPTION

[0005] Embodiments of a multi-processor architecture
and method are described herein. Embodiments provide
alternatives to the use of an external bridge integrated
circuit (IC) architecture. For example, an embodiment
multiplexes a peripheral bus such that multiple proces-
sors can use one peripheral interface slot without requir-
ing an external bridge IC. Other embodiments include a
system with multiple bus endpoints coupled to a bus root
via a host bus bridge that is internal to at least one bus
endpoint. In addition, the bus endpoints are directly cou-
pled to each other. Embodiments are usable with known
bus protocols.
[0006] Figure 2 is a block diagram of portions of a mul-
ti-processor system 700 with a multiplexed peripheral
component bus, according to an embodiment. In this ex-
ample system, there are two GPUs, a master GPU 702A
and a slave GPU 702B. Each GPU 702 has 16 peripheral
component interconnect express (PCIe®) transmit (TX)
lanes and 16 PCIe® receive (RX) lanes. Each of GPUs
702 includes a respective data link layer 706 and a re-
spective physical layer (PHY) 704. Eight of the TX/RX
lanes of GPU 702A are connected to half of TX/RX lanes
of a X16 PCIe® connector, or slot 708. Eight of the TX/RX
lanes of GPU 702B are connected to the remaining
TX/RX lanes of the X16 PCIe® connector or slot 708.
The remaining TX/RX lanes of each of GPU 702A and
GPU 702B are connected to each other, providing a di-
rect, highspeed connection between the GPUs 702.
[0007] The PCIe® x16 slot 708 (which normally goes
to one GPU) is split into two parts. Half of the slot is
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connected to GPU 702A and the other half is connected
to GPU 702B. Each GPU 702 basically echoes back the
other half of the data to the other GPU 702. That is, data
received by either GPU is forwarded to the other. Each
GPU 702 sees the all of the data received by the PCIe®
bus, and internally each GPU 702 decides whether it is
supposed to answer the request or comments. Each
GPU 702 then appropriately responds, or does nothing.
Some data or commands, such as "Reset" are applicable
to all of the GPUs 702.
[0008] From the system level point of view, or from the
view of the peripheral bus, there is only one PCIe® load
(device) on the PCIe® bus. Either GPU 702A or GPU
702B is accessed based on address. For example, for
Address Domain Access, master GPU 702A can be as-
signed to one half of the address domain and slave GPU
702B can assigned to the other half. The system can
operate in a Master/Slave mode or in a Single/Multi GPU
modes, and the modes can be identified by straps.
[0009] Various data paths are identified by reference
numbers. A reference clock (REF CLK) path is indicated
by 711. An 8-lane RX-2 path is indicated by 709. An 8-
lane RX-1 path is indicated by 713. An 8-lane TX-1 path
is indicated by 715. Control signals 710 are non-PCIe®
signals such as straps. The (PHY) 704 in each GPU 702
echoes the data to the proper lane or channel. Lane con-
nection can be done in the order, which helps to optimize
silicon design and/or to support PCIe® slots with less
than 16 lanes. Two GPUs are shown as an example of
a system, but the architecture is scalable to n-GPUs. In
addition, GPUs 702 are one example of a peripheral com-
ponent that can be coupled as described. Any other pe-
ripheral components that normally communicate with a
peripheral component bus in a system could be similarly
coupled.
[0010] Figure 3 is a block diagram of portions of a
processing system 200 with peripheral components, ac-
cording to an embodiment. System 200 includes a bus
root 202 that is similar to the bus root 102 of Figure 1.
The bus root 202 in an embodiment is a chipset including
a CPU and system memory. The root 202 is coupled via
a bus 209 to an endpoint EP0 206a that includes an in-
ternal bridge 205a. The bus 209 in an embodiment is a
PCI express (PCIe®) bus, but embodiments are not so
limited. EP0 206a is coupled to another endpoint EP1
206b. EP1 206b includes an internal bridge 205b. EP0
205a and EP1 205B are through their respective bridges
via a bus 207. EP1 206b is coupled through its bridge
205b to the root 202 via a bus 211. Each of endpoints
EP0 206a and EP1 206b includes respective local mem-
ories 208a and 208b. From the perspective of the root
202, 209 and 211 make up transmit and receive lanes
respectively of a standard bidirectional point to point data
link.
[0011] In an embodiment, EP0 206a and EP1 206b are
identical. As further explained below, in various embod-
iments, bridge 205b is not necessary, but is included for
the purpose of having one version of an endpoint, such

as one version of a GPU, rather than manufacturing two
different versions. Note that EP0 may be used stan-
dalone by directly connecting it to root 202 via buses 209
and 207; similarly EP 1 may be used standalone by di-
rectly connecting it to root 202 via buses 207 and 211.
[0012] The inclusion of a bridge 205 eliminates the
need for an external bridge such as bridge 104 of Figure
1 when both EP0 and EP1 are present. In contrast to the
"Y" or "T" formation of Figure 1, system 200 moves data
in a loop (in this case in a clockwise direction). The left
endpoint EP0 can send data directly to the right endpoint
EP1. The return path from EP1 to EP0 is through the root
202. As such, the root has the ability to reflect a packet
of data coming in from EP1 back out to EP0. In other
words, the architecture provides the appearance of a
peer-to-peer transaction on the same pair of wires as is
used for endpoint to root transactions.
[0013] EP0 206a and EP1 206b are also configurable
to operate in the traditional configuration. That is, EP0
206a and EP1 206b are each configurable to communi-
cate directly with the root 202 via buses 209 and 211,
which are each bidirectional in such a configuration.
[0014] Figure 4 is a more detailed block diagram of a
processing system with peripheral components, accord-
ing to an embodiment. System 300 is similar to system
200, but additional details are shown. System 300 in-
cludes a bus root 302 coupled to a system memory 303.
The bus root 302 is further coupled to an endpoint 305a
via a bus 309. For purposes of illustrating a particular
embodiment, endpoints 305a and 305b are GPUs, but
embodiments are not so limited. GPU0 305a includes
multiple clients. Clients include logic, such as shader
units and decoder units, for performing tasks. The clients
are coupled to an internal bridge through bus interface
(I/F) logic, which control all of the read operations and
write operations performed by the GPU.
[0015] GPU0 305a is coupled to a GPU1 305b via a
bus 307 from the internal bridge of GPU0 305a to the
internal bridge of GPU1 305b. In an embodiment, GPU1
305b is identical to GPU0 305a and includes multiple
clients, an internal bridge and I/F logic. Each GPU typi-
cally connects to a dedicated local memory unit often
implemented as GDDR DRAM. GPU1 305b is coupled
to the bus root 302 via a bus 311. In one embodiment,
as the arrows indicate, data and other messages such
as read requests and completions flow in a clockwise
loop from the bus root 302 to GPU0 305a to GPU1 305b.
[0016] In other embodiments, one of the GPUs 305
does not include a bridge. In yet other embodiments, data
flows counterclockwise rather than clockwise.
[0017] In one embodiment, the protocol that deter-
mines data routing is communicated with in such as ways
as to make the architecture appears the same as the
architecture of Figure 1. In particular, the bridge in 305b
must appear on link 307 to bridge 305a as an upstream
port, whereas the corresponding attach point on the
bridge in 305a must appear on link 309 to root 302 as a
downstream port. Furthermore, the embedded bridge
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must be able to see its outgoing link as a return path for
all requests it receives on its incoming link, even though
the physical routing of the two links is different. This is
achieved by setting the state of a Chain Mode configu-
ration strap for each GPU. If the strap is set to zero, the
bridge assumes both transmit and receive links are to an
upstream port, either a root complex or a bridge device.
If the strap is set to one, the bridge assumes a daisy-
chain configuration.
[0018] In another embodiment, the peer to peer bridg-
ing function of the root is a two-step process according
to which GPU1 305b writes data to the system memory
303, or buffer. Then as a separate operation GPU0 305a
reads the data back via the bus root 302.
[0019] The bus root 302 responds to requests normal-
ly, as if the internal bridge were an external bridge (as in
Figure 1). In an embodiment, the bridge of GPU0 305a
is configured to be active, while the bridge of GPU1 305b
is configured to appear as a wire, and simply pass data
through. This allows the bus root 302 to see buses 309
and 311 as a normal peripheral interconnect bus. When
the bus root reads from the bridge of GPU0 305a, this
bridge sends the data to pass through the bridge of GPU1
305b and return to the bus root 302 as if the data came
directly from GPU0 305a.
[0020] Figure 5 is a block diagram of a system 400 in
which one of the multiple bus endpoints includes an in-
ternal bridge. System 400 includes a bus root 402, and
an EP0 406a that includes a bridge 405a. EP0 406a is
coupled to the root 402 through the bridge 405a via a
bus 409, and also to EP1b406b through the bridge 405a
via a bus 407. Each of endpoints EP0 406a and EP1
406b includes respective local memories 408a and 408b.
[0021] Figure 6 is a block diagram of a system 500
including more than two bus endpoints, each including
an internal bridge. System 500 includes a bus root 502,
and an EP0 506a that includes a bridge 505a and a local
memory 508a. System 500 further includes an EP1 506b
that includes a bridge 505b and a local memory 508b,
and an EP1 506c that includes a bridge 505c and an
internal memory 508c
[0022] EP0 506a is coupled to the root 502 through the
bridge 505a via a bus 509, and also to EP1b 506b through
the bridge 506b via a bus 507a. EP0 506b is coupled to
EP1c 506c through the bridge 506c via a bus 507b. Other
embodiments include additional endpoints that are add-
ed into the ring configuration. In other embodiments, the
system includes more than two endpoints 506, but the
rightmost endpoint does not include an internal bridge.
In yet other embodiments the flow of data is counterclock-
wise as opposed clockwise, as shown in the figures.
[0023] Referring again to Figure 4, there are two logical
ports on the internal bridge according to an embodiment.
One port is "on" in the bridge of GPU0 305a, and one
port is "off" in the bridge of GPU1 305b. The bus root 302
may perform write operations by sending requests on
bus 309. A standard addressing scheme indicates to the
bridge to send the request to the bus I/F. If the request

is for GPU1 305b, the bridge routes the request to bus
307. So in an embodiment, the respective internal bridg-
es of GPU0 305a and GPU1 305b are programmed dif-
ferently.
[0024] Figure 7 is a block diagram illustrating the divi-
sion of bus address ranges and the view of memory
space from the perspective of various components. With
reference also to Figure 4, 602 is a view of memory from
the perspective of the bus root, or Host processor 302.
604 is a view of memory from the perspective of the GPU0
305a internal bridge. 606 is a view of memory from the
perspective of the GPU1 305b internal bridge. The bus
address range is divided into ranges for GPU0 305a,
GPU1 305b, and system 302 memory spaces. The GPU0
305a bridge is set up so that incoming requests to the
GPU0 305a range are routed to its own local memory.
Incoming requests from the root or from GPU0 305a itself
to GPU1 305b or system 302 ranges are routed to the
output port of GPU0 305a. The GPU1305b bridge is set
up slightly differently so that incoming requests to the
GPU1 305b range are routed to its own local memory.
Requests from GPU0 305a or from GPU1 305b itself to
root or GPU0 305a ranges are routed to the output port
of GPU1 305b.
[0025] The host sees the bus topology as being like
the topology of Figure 1. GPU1 305b can make its own
request to the host processor 302 through its own bridge
and it will pass through to the host processor 302. When
the host processor 302 is returning a request, it goes
through the bridge of GPU0 305a, which has logic for
determining where requests and data are to be routed.
[0026] Write operations from GPU1 305b to GPU0
305a can be performed in two passes. GPU1 305b sends
data to a memory location in the system memory 303.
Then separately, GPU0 305a reads the data after it learns
that the data is in the system memory 303.
[0027] Completion messages for read data requests
and other split-transaction operations must travel along
the wires in the same direction as the requests. Therefore
in addition to the address-based request routing de-
scribed above, device-based routing must be set up in a
similar manner. For example, the internal bridge of GPU0
305a recognizes that the path for both requests and com-
pletion messages is via bus 307.
[0028] An embodiment includes power management
to improve power usage in lightly loaded usage cases.
For example in a usage case with little graphics process-
ing, the logic of GPU1 305b is powered off and the bridg-
ing function in GPU1 305b is reduced to a simple pass-
through function from input port to output port. Further-
more, the function of GPU0 305a is reduced to not proc-
ess transfers routed from the input port to the output port.
In an embodiment, there is a separate power supply for
the bridging function in GPU1 305b. Software detects the
conditions under which to power down. Embodiments
include a separate power regulator and/or separate in-
ternal power sources for bridges that are to be powered
down separately from the rest of the logic on the device.
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[0029] Even in embodiments that do not include the
power management described above, system board ar-
ea is conserved because an external bridge (as in Figure
1) is not required. The board area and power required
for the external bridge and its pins are conserved. On the
other hand, it is not required that each of the GPUs have
its own internal bridge. In another embodiment, GPU1
305b does not have an internal bridge, as described with
reference to Figure 5.
[0030] The architecture of system 300 is practical in a
system that includes multiple slots for add-in circuit
boards. Alternatively, system 300 is a soldered system,
such as on a mobile device.
[0031] Buses 307, 309 and 311 can be PCIe® buses
or any other similar peripheral interconnect bus.
[0032] Any circuits described herein could be imple-
mented through the control of manufacturing processes
and maskworks which would be then used to manufac-
ture the relevant circuitry. Such manufacturing process
control and maskwork generation are known to those of
ordinary skill in the art and include the storage of com-
puter instructions on computer readable media including,
for example, Verilog, VHDL or instructions in other hard-
ware description languages.
[0033] Embodiments of the invention include a system
comprising: a peripheral component connector coupled
to a peripheral component bus; and a plurality of periph-
eral components coupled directly to the peripheral com-
ponent connector via a plurality of respective transmit/re-
ceive (TX/RX) lanes such that the plurality of peripheral
components appear to the peripheral component bus as
one peripheral device coupled to the peripheral compo-
nent connector.
[0034] In an embodiment, the plurality of peripheral
components are further coupled directly to each other
via respective transmit/receive (TX/RX) lanes.
[0035] In an embodiment, at least one of the plurality
of peripheral components is a graphics processing unit
(GPU).
[0036] In an embodiment, the peripheral component
connector is a peripheral component interconnect ex-
press (PCIe®) slot, and wherein the peripheral compo-
nent bus is a PCIe® bus.
[0037] In an embodiment, the each peripheral compo-
nent is configured to receive all of the data transmitted
via the peripheral component connector and to decide
which data is applicable.
[0038] In an embodiment, each peripheral component
forwards all of the data received by it to the remaining
peripheral components.
[0039] In an embodiment, each of the peripheral com-
ponents is accessed based on an address.
[0040] Embodiments of the invention include a multi-
processor method, comprising coupling a plurality of
processors to a peripheral bus via respective groups of
transmit/receive (TX/RX) lanes of the bus; coupling the
plurality of processors to each other TX/RX lanes of the
plurality of processors that are not coupled to the bus;

transmitting data to the plurality of processor directly from
the bus to the plurality of processors, wherein each of
the plurality of processors is addressable; and transmit-
ting data directly between processors.
[0041] In an embodiment, the plurality of processor
comprises a graphics processing unit (GPU).
[0042] In an embodiment, the plurality of processors
comprise a plurality of GPUs, and wherein the peripheral
bus comprises a peripheral component interconnect ex-
press (PCIe®) bus to which the GPUs are directly cou-
pled.
[0043] In an embodiment, further comprising coupling
the GPUs communicating directly with each other via re-
spective TX/RX lanes.
[0044] In an embodiment, further comprising a GPU
receiving data from the bus and transmitting the data to
the other GPUs.
[0045] Embodiments of the invention include a com-
puter readable medium storing computer readable in-
structions adapted to enable manufacture of a circuit
comprising: a peripheral component connector coupled
to a peripheral component bus; and a plurality of periph-
eral components coupled directly to the peripheral com-
ponent connector via a plurality of respective transmit/re-
ceive (TX/RX) lanes such that the plurality of peripheral
components appear to the peripheral component bus as
one peripheral device coupled to the peripheral compo-
nent connector, wherein the plurality of peripheral com-
ponents are further coupled directly to each other via
respective transmit/receive (TX/RX) lanes.
[0046] In an embodiment, the instructions comprise
hardware description language instructions.
[0047] Embodiments of the invention include a com-
puter-readable medium having instructions stored ther-
eon, that when executed in a multi-processor system
cause a method to be performed, the method comprising:
coupling a plurality of processors to a peripheral bus via
respective groups of transmit/receive (TX/RX) lanes of
the bus; coupling the plurality of processors to each other
TX/RX lanes of the plurality of processors that are not
coupled to the bus; transmitting data to the plurality of
processor directly from the bus to the plurality of proces-
sors, wherein each of the plurality of processors is ad-
dressable; and transmitting data directly between proc-
essors.
[0048] In an embodiment, the plurality of processor
comprises a graphics processing unit (GPU).
[0049] In an embodiment, the plurality of processors
comprise a plurality of GPUs, and wherein the peripheral
bus comprises a peripheral component interconnect ex-
press (PCIe®) bus to which the GPUs are directly cou-
pled.
[0050] In an embodiment, the method further compris-
ing coupling the GPUs communicating directly with each
other via respective TX/RX lanes.
[0051] In an embodiment, the method further compris-
ing a GPU receiving data from the bus and transmitting
the data to the other GPUs.
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[0052] Embodiments of the invention include a system
comprising: a bus root comprising a central processing
unit configurable to communicate with peripheral com-
ponents via a bus; and a first peripheral component cou-
pled directly to the bus root and further coupled directly
to a second peripheral component, the first peripheral
component comprising an internal bridge configurable to
receive data and to transmit data, wherein receiving and
transmitting comprises direct communication between
the first peripheral component and the second peripheral
component.
[0053] In an embodiment, the first peripheral compo-
nent and the second peripheral component are each fur-
ther configurable to communicate directly with the bus
root to transmit and receive data.
[0054] In an embodiment, receiving and transmitting
further comprise transmitting requests and data from the
second peripheral component to the first peripheral com-
ponent via the bus root.
[0055] In an embodiment, receiving and transmitting
further comprise transmitting requests or data from the
first peripheral component to the second peripheral com-
ponent via the internal bridge of the first peripheral com-
ponent to the second peripheral component.
[0056] In an embodiment, the bus root is configurable
to perform write operations, wherein a write operation to
the second peripheral component comprises the bus root
transmitting a write request to the internal bridge of the
first peripheral component t, and the internal bridge of
the first peripheral component t transmitting the write re-
quest directly to the second peripheral component.
[0057] In an embodiment, the write request is received
by an internal bus interface of the second peripheral com-
ponent.
[0058] In an embodiment, the bus root is configurable
to perform write operations, wherein a write operation to
the first peripheral component comprises the bus root
transmitting a write request to the bridge, and the bridge
transmitting the write request to an internal bus interface
of the first peripheral component.
[0059] In an embodiment, the bus root is configurable
to perform read operations, wherein a read operation to
the first peripheral component comprises the bus root
transmitting a read request to the bridge, and the bridge
transmitting the read request to an internal bus interface
of the first peripheral component.
[0060] In an embodiment, the bus root is configurable
to perform read operations, wherein a read operation to
the second peripheral component comprises the bus root
transmitting a read request to the bridge, and the bridge
transmitting the read request directly to the second pe-
ripheral component.
[0061] In an embodiment, the bridge comprises logic
configurable to determine routing for received write re-
quests, received read requests, and received data.
[0062] In an embodiment, the second peripheral com-
ponent comprises an internal bridge configurable to re-
ceive data and to transmit data, and further configurable

to be powered done when the internal bridge is not used
to receive data and to transmit data.
[0063] In an embodiment, the second peripheral com-
ponent further comprises a dedicated power source for
the use of the internal bridge
[0064] In an embodiment, the first peripheral compo-
nent and the second peripheral component each com-
prise a graphics processing unit (GPU).
[0065] In an embodiment, each of the first peripheral
component and the second peripheral component further
comprise a respective plurality of clients coupled to re-
spective bus interfaces, wherein the clients comprises
video processing logic comprising shader units and en-
coder/decoder units.
[0066] Embodiments of the invention include a method
of communicating in a multi-processor system, the meth-
od comprising: a bus root transmitting requests directly
to a first peripheral component, wherein the requests
comprise read requests and write requests; the first pe-
ripheral component receiving the requests via a first bus
in an internal bridge of the first peripheral component;
and the internal bridge determining appropriate routing
for the request, wherein appropriate routing comprises,
routing requests that are directed to a second peripheral
component directly to a bus interface of the second pe-
ripheral component from the bridge via a second bus;
and routing requests that are directed to a first peripheral
component to a bus interface of the first peripheral com-
ponent.
[0067] In an embodiment, further comprising the sec-
ond component responding to a read request by trans-
mitting data directly to the bus root via a third bus.
[0068] In an embodiment, further comprising the sec-
ond peripheral component receiving requests in an inter-
nal bridge of the second peripheral component.
[0069] In an embodiment, further comprising: the first
peripheral component transmitting a read request to the
second peripheral component via the second bus; the
second peripheral component transmitting data in re-
sponse to the read request to the bus root via the third
bus; and the buss root transmitting the data to the bridge
via the first bus.
[0070] Embodiments of the invention include a com-
puter-readable medium having stored thereon instruction
that when executed in a multi-processor system, cause
a method of communicating to be performed, the method
comprising: a bus root transmitting requests directly to a
first peripheral component, wherein the requests com-
prise read requests and write requests; the first periph-
eral component receiving the requests via a first bus in
an internal bridge of the first peripheral component; and
the internal bridge determining appropriate routing for
the request, wherein appropriate routing comprises, rout-
ing requests that are directed to a second peripheral com-
ponent directly to a bus interface of the second peripheral
component from the bridge via a second bus; and routing
requests that are directed to a first peripheral component
to a bus interface of the first peripheral component.
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[0071] In an embodiment, the method further compris-
es the second component responding to a read request
by transmitting data directly to the bus root via a third bus.
[0072] In an embodiment, the method further compris-
es the second peripheral component receiving requests
in an internal bridge of the second peripheral component.
[0073] In an embodiment, the method further compris-
es: the first peripheral component transmitting a read re-
quest to the second peripheral component via the second
bus; the second peripheral component transmitting data
in response to the read request to the bus root via the
third bus; and the bus root transmitting the data to the
bridge via the first bus.
[0074] In an embodiment, the instructions comprise
hardware description language instructions that are us-
able to create an application specific integrated circuit
(ASIC) to perform the method.
[0075] Aspects of the embodiments described above
may be implemented as functionality programmed into
any of a variety of circuitry, including but not limited to
programmable logic devices (PLDs), such as field pro-
grammable gate arrays (FPGAs), programmable array
logic (PAL) devices, electrically programmable logic and
memory devices, and standard cell-based devices, as
well as application specific integrated circuits (ASICs)
and fully custom integrated circuits. Some other possi-
bilities for implementing aspects of the embodiments in-
clude microcontrollers with memory (such as electroni-
cally erasable programmable read only memory (EEP-
ROM), Flash memory, etc.), embedded microproces-
sors, firmware, software, etc. Furthermore, aspects of
the embodiments may be embodied in microprocessors
having software-based circuit emulation, discrete logic
(sequential and combinatorial), custom devices, fuzzy
(neural) logic, quantum devices, and hybrids of any of
the above device types. Of course the underlying device
technologies may be provided in a variety of component
types, e.g., metal-oxide semiconductor field-effect tran-
sistor (MOSFET) technologies such as complementary
metal-oxide semiconductor (CMOS), bipolar technolo-
gies such as emitter-coupled logic (ECL), polymer tech-
nologies (e.g., silicon-conjugated polymer and metal-
conjugated polymer-metal structures), mixed analog and
digital, etc.
[0076] The term "processor" as used in the specifica-
tion and claims includes a processor core or a portion of
a processor. Further, although one or more GPUs and
one or more CPUs are usually referred to separately
herein, in embodiments both a GPU and a CPU are in-
cluded in a single integrated circuit package or on a single
monolithic die. Therefore a single device performs the
claimed method in such embodiments.
[0077] Unless the context clearly requires otherwise,
throughout the description and the claims, the words
"comprise," "comprising," and the like are to be construed
in an inclusive sense as opposed to an exclusive or ex-
haustive sense; that is to say, in a sense of "including,
but not limited to." Words using the singular or plural

number also include the plural or singular number, re-
spectively. Additionally, the words "herein," "hereunder,"
"above," "below," and words of similar import, when used
in this application, refer to this application as a whole and
not to any particular portions of this application. When
the word "or" is used in reference to a list of two or more
items, that word covers all of the following interpretations
of the word, any of the items in the list, all of the items in
the list, and any combination of the items in the list.
[0078] The above description of illustrated embodi-
ments of the method and system is not intended to be
exhaustive or to limit the invention to the precise forms
disclosed While specific embodiments of, and examples
for, the method and system are described herein for il-
lustrative purposes, various equivalent modifications are
possible within the scope of the invention, as those skilled
in the relevant art will recognize. The teachings of the
disclosure provided herein can be applied to other sys-
tems, not only for systems including graphics processing
or video processing, as described above. The various
operations described may be performed in a very wide
variety of architectures and distributed differently than
described. In addition, though many configurations are
described herein, none are intended to be limiting or ex-
clusive.
[0079] In other embodiments, some or all of the hard-
ware and software capability described herein may exist
in a printer, a camera, television, a digital versatile disc
(DVD) player, a DVR or PVR, a handheld device, a mobile
telephone or some other device. The elements and acts
of the various embodiments described above can be
combined to provide further embodiments. These and
other changes can be made to the method and system
in light of the above detailed description.
[0080] In general, in the following claims, the terms
used should not be construed to limit the method and
system to the specific embodiments disclosed in the
specification and the claims, but should be construed to
include any processing systems and methods that oper-
ate under the claims. Accordingly, the method and sys-
tem is not limited by the disclosure, but instead the scope
of the method and system is to be determined entirely
by the claims.

Claims

1. A system (700) comprising:

a peripheral component connector (708) cou-
pled to a peripheral component bus; and
a plurality of peripheral components (702A,
702B) coupled directly to the peripheral compo-
nent (708) connector via a plurality of respective
transmit/receive (TX/RX) lanes (709, 713, 715),
the plurality of peripheral components compris-
ing plurality of processors;
and characterised in that :
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the plurality of peripheral components (702A,
702B) are further couple directly to each other
via respective transmit/receive (TX/RX) lanes
(709, 713) that are not couped to the bus; and
in that: each processor (702A, 702B), upon re-
ceiving data from the peripheral component con-
nector (708), forwards all of the data received
from the peripheral component connector to the
remaining processors via the transmit/receive
(TX/RX) Lanes (709, 713) that are not coupled
to the bus.

2. The system (700) of claim 1, wherein the plurality of
processors (702A, 702B) is a plurality of graphics
processing units (GPU).

3. The system of claim 1, wherein the peripheral com-
ponent connector (708) is a peripheral component
interconnect express slot, and wherein the periph-
eral component bus is a peripheral component inter-
connect express bus.

4. The system of claim 1, wherein the each peripheral
component (702A, 702B) is configured to receive all
of the data transmitted via the peripheral component
connector (708) and to decide which data is appli-
cable.

5. The system of claim 1, wherein each of the peripheral
components (702A, 702B) is accessed based on an
address.

6. A method, comprising:

communicating bus data between a plurality of
processors (702A, 702B) and a peripheral bus
(708) via respective groups of transmit/receive
(TX/RX) lanes (709, 713, 715) of the bus; the
method characterised by:
communicating data directly between the plural-
ity of processors (702A, 702B) via TX/RX lanes
(709, 713) that are not coupled to the bus;
determining one of the plurality of processors to
communicate with the peripheral bus (708) us-
ing an address; and
for each processor (702A, 702B), upon receiv-
ing data from the peripheral bus, forwarding all
of the data received from the peripheral bus to
the remaining processors via the transmit/re-
ceive (TX/RX) Lanes (709, 713) that are not cou-
pled to the bus.

7. The method of claim 6, wherein the plurality of proc-
essors (702A, 702B) comprise a plurality of GPUs,
and wherein the peripheral bus (708) comprises a
peripheral component interconnect express bus to
which the GPUs are directly coupled wherein the
step of communicating data between the plurality of

processors is communicating bus data.

8. The method of claim 7, further comprising each GPU
receiving data from the bus (708) and transmitting
the data to the other GPUs.

9. The method of claim 7, further comprising a GPU
(702A, 702B) receiving data from the bus (708) and
transmitting the data to the other GPUs (702A,
702B).

10. A computer-readable medium storing computer
readable instructions adapted to enable manufac-
ture of a circuit comprising the system components
of claim 1.

11. The computer-readable medium of claim 10, where-
in the peripheral component (702A, 702B) deter-
mines whether to receive the data using an address.

12. A computer-readable medium having instructions
stored thereon, that when executed in a multi-proc-
essor system cause a method according to claim 6
to be performed, wherein each of the plurality of proc-
essors (702A, 702B) is addressable; and transmit-
ting data directly between processors (702A, 702B).

13. The computer-readable medium of claim 12, the
method further including, wherein the plurality of
processors (702A, 702B) comprises graphics
processing units (GPUs), determining one of the plu-
rality of GPUs to communicate with the peripheral
bus (708) using an address.

14. The computer-readable medium of claim 11, where-
in the plurality of peripheral components (702A,
702B) comprise a plurality of GPUs, and wherein the
peripheral bus (708) comprises a peripheral compo-
nent interconnect express bus to which the GPUs
are directly coupled.

15. The computer-readable medium of claim 13, the
method further comprising the GPUs (702A, 702B)
communicating directly with each other via respec-
tive TX/RX lanes (709, 713) to exchange data re-
ceived from the bus.

16. The computer-readable medium of claim 15, the
method further comprising each GPU (702A, 702B)
receiving data from the bus (708) and transmitting
the data to the other GPUs (702A, 702B).

Patentansprüche

1. System (700), umfassend:

einen Peripheriekomponentenanschluss (708),

13 14 



EP 2 342 626 B1

9

5

10

15

20

25

30

35

40

45

50

55

der an einen Peripheriekomponentenbus ge-
koppelt ist; und
eine Mehrzahl von Peripheriekomponenten
(702A, 702B), die über eine Mehrzahl jeweiliger
Sende-/Empfangs(TX/RX)-Bahnen (709, 713,
715) unmittelbar an den Peripheriekomponen-
tenanschluss (708) gekoppelt sind, wobei die
Mehrzahl von Peripheriekomponenten eine
Mehrzahl von Prozessoren umfasst;
und dadurch gekennzeichnet, dass:

die Mehrzahl von Peripheriekomponenten
(702A, 702B) ferner über jeweilige Sen-
de-/Empfangs(TX/RX)-Bahnen (709, 713),
die nicht an den Bus gekoppelt sind, unmit-
telbar aneinander gekoppelt sind; und da-
durch, dass jeder Prozessor (702A, 702B)
beim Empfang von Daten von dem Periphe-
riekomponentenanschluss (708) alle vom
Peripheriekomponentenanschluss emp-
fangenen Daten über die Sende-/Emp-
fangs(TX/RX)-Bahnen (709, 713), an die
übrigen Prozessoren sendet.

2. System (700) nach Anspruch 1, wobei die Mehrzahl
von Prozessoren (702A, 702B) eine Mehrzahl von
Grafikverarbeitungseinheiten (GPU) ist.

3. System nach Anspruch 1, wobei der Peripheriekom-
ponentenanschluss (708) ein Peripheriekomponen-
ten-Interconnect-Express(PCIe)-Schlitz ist und der
Peripheriekomponentenbus ein Peripheriekompo-
nenten-Interconnect-Express(PCIe)-Bus ist.

4. System nach Anspruch 1, wobei jede Peripherie-
komponente (702A, 702B) dazu konfiguriert ist, alle
über den Peripheriekomponentenstecker (708)
übertragenen Daten zu empfangen und zu entschei-
den, welche Daten anwendbar sind.

5. System nach Anspruch 1, wobei auf jede der Peri-
pheriekomponenten (702A, 702B) auf Grundlage ei-
ner Adresse zugegriffen wird.

6. Verfahren, umfassend:

Übertragen von Busdaten zwischen einer Mehr-
zahl von Prozessoren (702A, 702B) und einem
Peripheriebus (708) über jeweilige Gruppen von
Sende-/Empfangs(TX/RX)-Bahnen (709, 713,
715) des Busses;
wobei das Verfahren gekennzeichnet ist
durch:

unmittelbares Übertragen von Daten zwi-
schen der Mehrzahl von Prozessoren
(702A, 702B) über TX/RX-Bahnen (709,
713), die nicht an den Bus gekoppelt sind;

Bestimmen von einem der Mehrzahl von
Prozessoren für die Datenübertragung mit
dem Peripheriebus (708) mithilfe einer
Adresse; und
für jeden Prozessor (702A, 702B) beim
Empfangen von Daten von dem Peripherie-
bus, Weiterleiten aller vom Peripheriebus
empfangenen Daten an die übrigen Prozes-
soren über die Sende-/Emp-
fangs(TX/RX)-Bahnen (709, 713).

7. Verfahren nach Anspruch 6, wobei die Mehrzahl von
Prozessoren (702A, 702B) eine Mehrzahl von GPUs
umfasst, und wobei der Peripheriebus (708) einen
Peripheriekomponenten-Interconnect-Ex-
press(PCIe)-Bus umfasst, an den die GPUs unmit-
telbar gekoppelt sind, wobei der Schritt des Übertra-
gens von Daten zwischen der Mehrzahl von Prozes-
soren das Übertragen von Busdaten ist.

8. Verfahren nach Anspruch 7, ferner umfassend Emp-
fangen von Daten von dem Bus (708) durch jede
GPU und Übertragen der Daten an die anderen
GPUs.

9. Verfahren nach Anspruch 7, ferner umfassend Emp-
fangen von Daten von dem Bus (708) durch eine
GPU (702A, 702B) und Übertragen der Daten an die
anderen GPUs (702A, 702B).

10. Computerlesbares Medium, auf dem computerles-
bare Anweisungen gespeichert sind, die dazu ange-
passt sind, die Herstellung einer Schaltung zu er-
möglichen, die die Systemkomponenten nach An-
spruch 1 umfasst.

11. Computerlesbares Medium nach Anspruch 10, wo-
bei die Peripheriekomponente (702A, 702B) be-
stimmt, ob die Daten mithilfe einer Adresse empfan-
gen werden sollen.

12. Computerlesbares Medium, auf dem computerles-
bare Anweisungen gespeichert sind, die, wenn sie
in einem Mehrprozessorsystem ausgeführt werden,
das Ausführen eines Verfahrens nach Anspruch 6
bewirken, wobei jeder der Mehrzahl von Prozesso-
ren (702A, 702B) adressierbar ist; und Daten unmit-
telbar zwischen Prozessoren (702A, 702B) übertra-
gen werden.

13. Computerlesbares Medium nach Anspruch 12, wo-
bei das Verfahren ferner einschließt, wobei die Mehr-
zahl von Prozessoren (702A, 702B) Grafikverarbei-
tungseinheiten (GPUs) umfasst, Bestimmen von ei-
ner der Mehrzahl von GPUs zum Kommunizieren
mit dem Peripheriebus (708) mithilfe einer Adresse.

14. Computerlesbares Medium nach Anspruch 11, wo-
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bei die Mehrzahl von Peripheriekomponenten
(702A, 702B) eine Mehrzahl von GPUs umfasst, und
wobei der Peripheriebus (708) einen Peripheriekom-
ponenten-Interconnect-Express(PCIe)-Bus um-
fasst, an den die GPUs unmittelbar gekoppelt sind.

15. Computerlesbares Medium nach Anspruch 13, wo-
bei das Verfahren ferner das unmittelbare Kommu-
nizieren der GPUs (702A, 702B) miteinander über
jeweilige TX/RX-Bahnen (709, 713) umfasst, um
vom Bus empfangene Daten auszutauschen.

16. Computerlesbares Medium nach Anspruch 15, wo-
bei das Verfahren ferner das Empfangen von Daten
von dem Bus (708) durch jede GPU (702A, 702B)
und das Übertragen der Daten an die anderen GPUs
(702A, 702B) umfasst.

Revendications

1. Système (700) comprenant :

un connecteur à composant périphérique (708)
couplé à un bus de composants périphériques ;
et
une pluralité de composants périphériques
(702A, 702B) couplés directement au connec-
teur de composant périphérique (708) par le
biais d’une pluralité de voies respectives d’émis-
sion/réception (TX/RX) (709, 713, 715), et la plu-
ralité de composants périphériques comprenant
une pluralité de processeurs ;
et caractérisé en ce que :

la pluralité de composants périphériques
(702A, 702B) sont en outre couplés direc-
tement les uns aux autres par la biais de
voies respectives d’émission/réception
(TX/RX) (709, 713) qui ne sont pas cou-
plées au bus ; et en ce que chaque proces-
seur (702A, 702B), en recevant des don-
nées du connecteur de composant périphé-
rique (708), transmet l’ensemble des don-
nées reçues du connecteur de composant
périphérique aux autres processeurs par le
biais des voies d’émission/réception
(TX/RX) (709, 713) qui ne sont pas cou-
plées au bus.

2. Système (700) selon la revendication 1, dans lequel
la pluralité de processeurs (702A, 702B) est une plu-
ralité d’unités de traitement graphique (GPUs).

3. Système selon la revendication 1, dans lequel le con-
necteur de composant périphérique (708) est une
fente expresse d’interconnexion de composants pé-
riphériques, et où le bus de composants périphéri-

ques est un bus express d’interconnexion de com-
posants périphériques.

4. Système selon la revendication 1, dans lequel cha-
que composant périphérique (702A, 702B) est con-
çu pour recevoir l’ensemble des données transmises
par le biais du connecteur de composant périphéri-
que (708) et pour décider des données applicables.

5. Système selon la revendication 1, dans lequel cha-
que composant périphérique (702A, 702B) est ac-
cédé en fonction d’une adresse.

6. Procédé comprenant :

la communication de données de bus entre une
pluralité de processeurs (702A, 702B) et un bus
périphérique (708) par le biais de groupes res-
pectifs de voies respectives d’émission/récep-
tion (TX/RX) (709, 713, 715) du bus ;
le procédé se caractérisant par la communica-
tion de données directement entre la pluralité
de processeurs (702A, 702B) par le biais de
voies respectives d’émission/réception (TX/RX)
(709, 713) qui ne sont pas couplées au bus ;
la détermination d’un des processeurs de la plu-
ralité pour communiquer avec le bus périphéri-
que (708) à l’aide d’une adresse ; et
pour chaque processeur (702A, 702B), à récep-
tion de données du bus périphérique, la trans-
mission de l’ensemble des données reçues du
bus périphérique aux processeurs résiduels par
le biais des voies d’émission/réception (TX/RX)
(709, 713) qui ne sont pas couplées au bus.

7. Procédé selon la revendication 6, dans lequel la plu-
ralité de processeurs (702A, 702B) comprennent
une pluralité de GPU, et où le bus périphérique (708)
comprend un bus express d’interconnexion de com-
posants périphériques auquel les GPU sont directe-
ment couplées, l’étape de communication de don-
nées entre la pluralité de processeurs étant la com-
munication de données de bus.

8. Procédé selon la revendication 7, comprenant en
outre le fait que chaque GPU reçoit des données du
bus (708) et transmet les données aux autres GPU.

9. Procédé selon la revendication 7, comprenant en
outre une GPU (702A, 702B) recevant des données
du bus (708) et transmettant les données aux autres
GPU (702A, 702B).

10. Support lisible par ordinateur enregistrant des ins-
tructions lisibles par ordinateur adaptées pour per-
mettre la fabrication d’un circuit comprenant les com-
posants de système de la revendication 1.
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11. Support lisible par ordinateur selon la revendication
10, dans lequel le composant périphérique (702A,
702B) détermine s’il faut recevoir les données à
l’aide d’une adresse.

12. Support lisible par ordinateur où sont enregistrées
des instructions, qui quand on l’exécute dans un sys-
tème à processeurs multiples entraîne l’exécution
d’un procédé selon la revendication 6, où chacun
des processeurs de la pluralité de processeurs
(702A, 702B) est accessible et la transmission de
données directement entre processeurs (702A,
702B).

13. Support lisible par ordinateur selon la revendication
12, le procédé comprenant en outre, lorsque la plu-
ralité de processeurs (702A, 702B) comprend des
unités de traitement graphique (GPU), la détermina-
tion d’une des GPU de la pluralité de GPU à com-
muniquer avec le bus périphérique (708) à l’aide
d’une adresse.

14. Support lisible par ordinateur selon la revendication
11, dans lequel la pluralité de composants périphé-
riques (702A, 702B) comprennent une pluralité de
GPU et où le bus périphérique (708) comprend un
bus express d’interconnexion de composants péri-
phériques auquel les GPU sont directement cou-
plées.

15. Support lisible par ordinateur selon la revendication
13, le procédé comprenant en outre le fait que les
GPU (702A, 702B) communiquent directement les
unes avec les autres par le biais de voies respectives
TX/RX (709, 713) pour échanger des données re-
çues du bus.

16. Support lisible par ordinateur selon la revendication
15, le procédé comprenant en outre le fait que cha-
que GPU (702A, 702B) reçoit des données du bus
(708) et transmet les données vers les autres GPU
(702A, 702B).
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