wo 2013/173181 A1 [N I 00000 OO

(43) International Publication Date

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

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

(10) International Publication Number

WO 2013/173181 Al

(51

eay)

21 November 2013 (21.11.2013) WIPO | PCT
International Patent Classification: (81)
GO6F 15/16 (2006.01)

International Application Number:
PCT/US2013/040508

(22)

(25)
(26)
(30)

1

(72

74

International Filing Date:
10 May 2013 (10.05.2013)

Filing Language: English
Publication Language: English
Priority Data:

13/470,847 14 May 2012 (14.05.2012) US
Applicant: ADVANCED MICRO DEVICES, INC.

[/US]; 1 AMD Place, Sunnyvale, Calitornia 94085 (US).

Inventors: HUMMEL, Mark; 68 Stewart Street, Franklin,
Massachusetts 02038 (US). MAYHEW, David; 159 Pleas-
ant Street, Northborough, Massachusetts 01532 (US). OS-
BORN, Michael; 50 Black Oak Drive, Hollis, New Hamp-
shire 03049 (US).

Agent: COLLINS, Timothy P.; Guerin & Rodriguez,
LLP, 5 Mount Royal Avenue, Mount Royal Office Park,
Marlborough, Massachusetts 01752 (US).

(84)

Designated States (uniess 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, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
™™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
IM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, 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, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

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

(54) Title: SERVER NODE INTERCONNECT DEVICES AND METHODS

20

Interconnect
Fabric Switch

114

120

NIC

i

- i
;M
126] I |

|t
I

114

142

FIG. 2

(57) Abstract: Described are systems and methods for interconnecting devices. A switch fabric is in communication with a plurality
of electronic devices. A rendezvous memory is in communication with the switch fabric. Data is transferred to the rendezvous
memory from a first electronic device of the plurality of electronic devices in response to a determination that the data is ready for
output from a memory at the first electronic device and in response to a location allocated in the rendezvous memory for the data.



WO 2013/173181 PCT/US2013/040508

SERVER NODE INTERCONNECT DEVICES
AND METHODS

FIELD OF THE INVENTION
[0001] The present invention relates generally to a network switch architecture, and more

specifically, to systems and methods for interconnecting server nodes using a switch fabric.

BACKGROUND

[0002] Data centers are generally centralized facilities that provide Internet and intranet
services supporting businesses and organizations. A typical data center can house various types
of electronic equipment, such as computers, servers (e.g., email servers, proxy servers, and DNS
servers), network switches, routers, data storage devices, and other associated components. A
given data center can have hundreds or thousands of interconnected server nodes communicating
with each other and external devices via a switching architecture comprising the switches and
routers. Conventional data centers can also be configured for virtualization, permitting the
server nodes to share network interface cards (NICs), hard disk drives, or other hardware. In
doing so, a complex switch fabric is required for facilitating communications between nodes via

the data center architecture.

BRIEF SUMMARY OF EMBODIMENTS
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[0003] In accordance with one aspect, there is provided an aggregation device comprising a
switch fabric and a rendezvous memory. The switch fabric is in communication with a plurality
of electronic devices. The rendezvous memory is in communication with the switch fabric. Data
is transferred to the rendezvous memory from a first electronic device of the plurality of
electronic devices in response to a determination that the data is ready for output from a memory
at the first electronic device and in response to a location allocated in the rendezvous memory for
the data.

[0004] In accordance with another aspect, there is provided a server aggregation system
comprising a plurality of server nodes and an aggregation device coupled to the plurality of
server nodes. The aggregation device includes a rendezvous memory that participates in a data
transfer with a local memory of a first server node of the plurality of server nodes in response to
a determination that the data is ready for output from the memory of a first server node and in
response to a location allocated in the rendezvous memory for the data.

[0005] In accordance with another aspect, there is provided a method for communication
between a plurality of electronic devices and an aggregation system. The method comprises
providing data at a local memory of a first electronic device of the plurality of electronic devices
for sending to a second electronic device of the plurality of electronic devices, providing a
rendezvous memory at the aggregation system for receiving the data from the local memory of
the first electronic device, and transferring the data from the local memory of the first electronic
device to the rendezvous memory in response to determining by the aggregation system that the
data is in the local memory of the first electronic device for transmission and in response to
determining that a location is allocated in the rendezvous memory for storing the data received
from the local memory of the first electronic device.
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[0006] In accordance with another aspect, there is provided a method for communication
between a plurality of electronic devices and an aggregation system. The method comprises
providing data at a local memory of a first electronic device of the plurality of electronic devices
for sending to a second electronic device of the plurality of electronic devices; notifying a virtual
network interface card (vINIC) at the aggregation system that the data is available at the local
memory of the first electronic device for transmission; generating a notification of at least one
available buffer at the second electronic device; allocating the at least one available buffer for
receiving the data; outputting by the vNIC the data to the at least one available buffer at the
second electronic device; and transferring the data from the local memory of the first electronic
device to the rendezvous memory in response to a determination that the data is in the local
memory of the first electronic device for transmission and in response to determining the
allocation of the at least one available buffer at the second electronic device.

[0007] In accordance with another aspect, there is provided a computer program product
comprising a computer readable storage medium having computer readable program code
embodied therewith. The computer readable program code comprises computer readable
program code configured to provide data at a local memory of a first electronic device for
sending to a second electronic device via an aggregation system; computer readable program
code configured to notify a virtual network interface card (vNIC) at the aggregation system that
the data is available at the local memory of the first electronic device for transmission; computer
readable program code configured to generate a notification of at least one available buffer at the
second electronic device; computer readable program code configured to allocate the at least one
available buffer for receiving the data; computer readable program code configured to output by

the vNIC the data to the at least one available buffer at the second electronic device; and
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computer readable program code configured to transfer the data from the local memory of the
first electronic device to the rendezvous memory in response to a determination that the data is in
the local memory of the first electronic device for transmission and in response to determining

the allocation of the at least one available buffer at the second electronic device.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0008] The above and further advantages of this invention may be better understood by
referring to the following description in conjunction with the accompanying drawings, in which
like numerals indicate like structural elements and features in various figures. The drawings are
not necessarily to scale, emphasis instead being placed upon illustrating the principles of the
invention.

[0009] FIG. 1 is a block diagram of a conventional data center network hierarchy;

[0010] FIG. 2 is a block diagram of a data center including a plurality of server nodes
coupled to a conventional interconnect fabric switch;

[0011] FIG. 3 is a block diagram of a computing infrastructure including a plurality of server
nodes in communication with a server aggregation system having a rendezvous memory, in
accordance with an embodiment;

[0012] FIG. 4 is a block diagram of the rendezvous manager of FIG. 3, in accordance with an
embodiment;

[0013] FIG. 5 is a block diagram of the network processor of FIG. 3, in accordance with an
embodiment;

[0014] FIG. 6 is a flow diagram of a method for electronic communication between a server

node and a server aggregation system having a rendezvous memory, in accordance with an
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embodiment;

[0015] FIG. 7 is a flow diagram of a method for electronic communication between a source
server node and a server aggregation system having a rendezvous memory, in accordance with
an embodiment;

[0016] FIG. 8 is a flow diagram of a method for establishing a communication between a
server aggregation system and a destination server node, in accordance with an embodiment; and
[0017] FIG. 9 is a flow diagram of a method for establishing a communication between first
and second server nodes coupled to a server aggregation system configured for rendezvous

switching, in accordance with another embodiment.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0018] In the following description, specific details are set forth although it should be
appreciated by one of ordinary skill that the systems and methods can be practiced without at
least some of the details. In some instances, known features or processes are not described in
detail so as not to obscure the present invention.

[0019] FIG. 1 is a block diagram of a conventional data center network hierarchy 10. In
FIG. 1, a plurality of server nodes 12-1 to 12-N (N is an integer greater than 1) can communicate
with a rack switch 14 via a local area network (LAN) such as an Ethernet LAN or related data
network in a rack 18-1. The rack 18-1 can be configured as part of a cluster with one or more
other racks 18-2, 18-N (N is an integer greater than 1) in the data center network hierarchy 10.
Each cluster can include an aggregation switch 22-1, 22-2, 22-N (N is an integer greater than 1),
which is connected to a core router 24 via Ethernet or other network connection. A user

computer 32, for example, a laptop, smartphone, or other electronic device, can communicate
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with the server nodes 12-1 to 12-N (generally, 12) via a network 26, for example, an IP network,
the internet, and so on. A continuing desire exists to reduce the size, expense, and power
requirements associated with data center switches while also increasing data center scalability.
[0020] FIG. 2 is a block diagram of a data center 20 including a plurality of server nodes
112 1 through 112 N (N is an integer greater than 1) coupled to a conventional interconnect
fabric switch 120. The interconnect fabric switch 120 can reduce the number of switches by
consolidating functions of the aggregation switches and rack switches under a single chassis,
replacing much of the traditional Ethernet switching requirements used in conventional server
racks.

[0021] The server nodes 112_1 through 112 N (generally,112) can be configured as a
processor cluster or other well-known arrangement. The server nodes 112 can include single
socket servers or low-power processors 102 having a shared infrastructure. A server node
processor 102 can include one or more microprocessors, central processing units (CPUs),
graphics processing units (GPUs), digital signal processors (DSPs), application-specific
integrated circuits (ASICs), memory controllers, multi-core processors, and other types of data
processing devices, as well as portions and/or combinations of these and other devices.

[0022] A server node 112 also includes a local memory 104 and an I/O logic 106. The local
memory 104 can include non-volatile or volatile memory, for example, one or more channels of
dynamic random access memory (DRAM) or static RAM (SRAM). The I/O logic 106 can be
configured to include an I/O controller that include a southbridge and the like for managing
computer 1/O functions, for example, data transfers between the server node 112 and the
interconnect fabric switch 120. The I/0 logic 106 can include an Ethernet, PCle, or other

network connector 114 for establishing an electronic communication with the interconnect fabric
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switch 120.

[0023] The interconnect fabric switch 120 includes a plurality of input and output ports and a
crossbar 124 that can route variable or fixed length frames, data packets, cells, and the like
between the input and output ports, facilitating communication between the server nodes 112,
shared devices such as the NIC 142 or the hard drive 144, and/or external electronic devices,
such as the user computer 152. The ports can include virtual ports, physical ports, or a
combination therecof. The ports can be configured for unidirectional or bidirectional
communications.

[0024] The crossbar 124 can be organized into an array of rows and columns. During data
transmission, several input ports on a given row can compete for an output port at a column. The
input ports can communicate with an input buffer 126 that temporarily stores data received from
the server nodes 112 until the crossbar 124 can deliver the data to an available output port. The
output ports can include an output buffer 128 for temporarily storing data received from one or
more input ports until the desired output port is available for transmitting the packet to its
destination via a network bus 140, for example, an Ethernet bus, a PCle bus, and the like.

[0025] However, the interconnect fabric switch 120 is prone to congestion-related problems
such as head-of-line (HOL) blocking, which can occur when multiple input ports of the switch
120 contend for the same output port. Scaling-related issues can also occur, since the addition
of I/O ports at the switch 120 increases the risk of contention for shared resources. A related
issue is the inefficient use of bandwidth between the server nodes 112 and the interconnect fabric
switch 120. For example, HOL blocking can consume a significant amount of bandwidth at the
crossbar 124, in particular, if packets, cells, and the like waiting at the input ports are stored in a
first-in, first-out (FIFO) queue. Also, queues at the input and output buffers 126, 128 can fill up
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quickly, resulting in undesirable latencys, jitter, or packet loss, as well as overrun and/or underrun
conditions, which can lead to inefficient bandwidth utilization and performance issues.

[0026] Flow control techniques are readily available for mitigating network congestion at the
data center 20. For example, complex scheduling techniques can be applied to manage the data
traffic through the crossbar 124. However, such techniques are typically expensive to
implement.

[0027] Another well-known technique is to implement Ethernet-based retransmissions.
However, Ethernet-based retransmissions consume valuable bandwidth.

[0028] Other flow control mechanisms can be applied to an upstream device, requesting it to
stop passing packets. Although such approaches are effective at reducing buffer overflow, but it
does not alleviate network congestion completely.

[0029] Another approach is to rely on external memory devices for the temporary storage
and queuing of packets. However, this approach requires additional pins at the interconnect
fabric switch 120 and “wires” or connectors to an out-of-box memory device, resulting in scaling
limitations and bandwidth-related problems along with a corresponding need for additional
power consumption.

[0030] The present inventive concepts reduce or eliminate congestion-related issues
associated with conventional data center interconnect switches by introducing a server
aggregation system including a rendezvous device that communicates with the local memories of
a plurality of server nodes or related electronic devices via a high-bandwidth switch fabric in a
controlled manner. The rendezvous device communicates between a transmitting device having
data ready for output and a receiving device having memory buffers available for receiving the
data, providing an efficient data transmission path between the transmitting and receiving
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devices. For example, data can be explicitly transferred from a local memory of a transmitting
device after the server aggregation system determines that the data is ready to be output and after
a specific memory location is allocated to a memory location at the rendezvous device for storing
the data. When both conditions are determined to be true, i.¢., the transmitting device has data to
send and the receiving device has available buffers, an efficient, low latency data movement
occurs from the transmitting device to the receiving device.

[0031] In the conventional network switch environment described in FIG. 2, data is output to
a crossbar switch queue 126, 128 regardless of whether the queue 126, 128 has available space.
If the queue 126, 128 does not have available space, the data is typically discarded, and a
complex, bandwidth-consuming retransmission process is implemented.

[0032] In an embodiment, a server aggregation system can determine when to receive data
from a source server node and the like, and establish a “rendezvous” location, which in turn can
communicate with a memory location at a destination server node and the like to provide when
to send the data to the destination server node. Pre-allocated locations can be provided at a
rendezvous memory and/or the destination server node memory for incoming data from any
input port of the server aggregation system. In doing so, free data buffers are allocated in order
to move data from the source server node memory to the rendezvous memory, or from the
rendezvous memory to a destination server node memory. If there are no available locations in
the rendezvous memory for data intended to be sent from a source server node, the data is not
transferred to the rendezvous memory until a location is made available in the rendezvous
memory. Also, the received data can be stored in the rendezvous memory until the destination
server node notifies the server aggregation system that it has an available location in its local

memory to receive the data.
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[0033] In another embodiment, a remote computer provides data to the server aggregation
system over an external network to a NIC or related interface coupled between the external
network and the server aggregation system. Here, the NIC transfers the data to a receive buffer
at the rendezvous memory, for example, identified by descriptors at the NIC’s receive ring. If
insufficient buffering is available, the data is dropped or filtered. Otherwise, a receive buffer is
available, wherein the data is provided to the rendezvous memory, and a processing complex in
communication with the rendezvous memory is notified. The memory buffers are then examined
to determine where they should be routed and placed on descriptors in the processing complex
connection to the switching fabric. At this point, the data is moved in a similar manner as though
it was at an ingress VNIC. Here, a rendezvous memory manager is notified by the destination
server node, for example, via a vNIC, whether there is an available location at the destination
server node memory. The rendezvous memory manager does not fetch the data for transmission
to the destination server node memory unless it is allocated a receive buffer.

[0034] Accordingly, a feature of the present inventive concepts is that flow control can occur
at the input and/or output regions of the rendezvous memory in a data transfer, i.c., at one end of
the rendezvous memory communicating with the source server node, and at another end of the
rendezvous memory communicating with the destination server node. Also, processing latency
from an ingress port to egress port of the switch fabric is low because there is little or no
buffering performed at the switch fabric. For example, latency can be improved because a data
transaction is scheduled to reduce the risk of blocking due to congestion or other traffic caused
by speculative data movement.

[0035] Another feature of the present inventive concepts is that bandwidth can be
apportioned efficiently in the server aggregation system and between interconnected server
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nodes, since the server aggregation system can determine prior to an actual data transfer whether
a local memory at a source server node has data to be output, whether the rendezvous memory
can receive the data, and/or whether a local memory at a server node in a memory-to-memory
exchange of data has sufficient space to receive the data.

[0036] FIG. 3 is a block diagram of a computing infrastructure 30 including a plurality of
server nodes 312-1 through 312-N in communication with a server aggregation system 300
having a rendezvous memory 308, in accordance with an embodiment. The computing
infrastructure 30 can include a large-scale data center, cloud, and the like. The computing
infrastructure can be configured for virtualization similar to the data center 20 described with
reference to FIG. 2. Details regarding virtualization-related elements are therefore omitted with
respect to FIG. 3 for reasons of brevity.

[0037] The server aggregation system 300 includes a switch fabric 302, a rendezvous
management module 304, an 1/O processor 306, a rendezvous memory 308, and a control plane
processor 110. The server aggregation system 300 can be configured for virtualization.

[0038] The server nodes 312-1 through 312-N (generally, 312), or microservers and/or other
electronic devices having at least one processor, can communicate with the server aggregation
system 300 via a connector 314, preferably a PCle bus or other network connector. Each
connector 314 can provide a data path between one or more server nodes 312 and the server
aggregation system 300. The server aggregation system 300 and the server nodes 312 can be co-
located at a same multi-processing unit, for example, a chip, a computing device, or a rack. In
other embodiments, the server nodes 312 are fabricated on one or more units, and the server
aggregation system 300 is fabricated on a separate unit, for example, a chip.

[0039] The switch fabric 302 includes a plurality of input ports and output ports, and can be
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configured to move data or other electronic information between the server nodes 312 in
communication with its input ports and the rendezvous memory 308 in communication with its
egress ports. The switch fabric 302 can include a switching configuration, for example, a
crossbar, for moving data between its ingress ports and egress ports, as is well-known to those of
ordinary skill in the art. Unlike conventional switch fabrics, little or no buffering is required at
the switch fabric 302, since conventional queuing techniques are not required at the switch
fabric. The switch fabric 302 and the rendezvous memory 308 can be interconnected having a
I/O bandwidth communication channel therebetween and is therefore capable of receiving data
from any number of server nodes 312, providing that the rendezvous memory 308 has allocated
enough space for the data.

[0040] The rendezvous management module 304 in collaboration with the control plane
processor 310 and the I/0 processor 306 oversees the explicit transfer of data packets between
one or more memories 104-1 through 104-N (generally, 104) at the server nodes 312 and the
rendezvous memory 308. The rendezvous management module 304 can allocate buffer space in
the rendezvous memory 308 for “parking” data sent from a source server node until a destination
server node or external computing device can retrieve it from the rendezvous memory 308. The
rendezvous management module 304 can use descriptors and the like to control the manner in
which data is transmitted from the rendezvous memory 308 to a destination memory. The
rendezvous management module 304 can monitor receive buffer availability at the rendezvous
memory 308 and wait for receive buffers to be posted. In other words, the rendezvous
management module 304 can ensure that one party in a transfer operation, i.e., a source server
node or the rendezvous memory, has data for transmission and that the other party in the transfer
operation, i.¢., a destination server or the rendezvous memory, has sufficient space to receive the
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data.

[0041] The rendezvous memory 308 can include through via silicon (TSV), SRAM, or on-
die memory configured for sufficient high bandwidth, for example, 10Gb or more, when
communicating with a plurality of network switch links. The rendezvous memory 308 can be
configured to include a plurality of free data buffers, for example, organized into blocks of
memory, that can be allocated to one or more vNICs 334 when moving data from a local
memory 104 to the rendezvous memory 308.

[0042] The 1/0 processor 306 processes data transferred between the rendezvous memory
308 and one or more electronic devices, for example, the server nodes 312 and/or remote
computing devices 352. The 1/O processor 306 can include a multiplexer and other logic for
performing data transfers to and from the rendezvous memory 308 in accordance with
communications made with the rendezvous management module 304, the control plane processor
310, or a combination thereof. In this manner, the I/O processor 306 can serve as a staging arca
for moving data into and out of the server aggregation system 300, for example, between two or
more server nodes 312 or between a server node 312 and the external computing device 352.
[0043] The 1/0 processor 306 can identify buffers in the rendezvous memory 308 where
specific data determined to be ready for transmission from a source server node 312 is to be
temporarily stored, for example, until a destination server node 312 retrieves the data, by posting
receive descriptors that point to the available buffers. The I/0 processor 306 can maintain buffer
descriptors, for example, for one or more channels of the rendezvous memory 308, for moving
data from the rendezvous memory 308 to a vINIC 334, which can process the buffer descriptors.
The 1/0 processor 306 can populate receive descriptors with receive buffer resources.

[0044] The control plane processor 310 manages a switching control plane (not shown) for
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data delivery between the server nodes 312 and the server aggregation system 300 by operating
network routing protocols, participating in the forwarding of data packets, frames, cells, and the
like that are received by the server aggregation system 300, and so on. Other control plane
processor 310 functions include generating data ready notifications, receive buffer available
notifications, buffer releases, and the like. The control plan processor 310 can provide
communications between blocks, ports and nodes at the server aggregation system 300 and
communicates with the switch fabric 302 for data movement between ports. The control plane
processor 310 can write to and/or read from the rendezvous memory 308 and/or one or more
server node memories 104.  The control plane can be configured to send data available, e.g.,
ready to send messages, for querying the number of receive buffers available and buffer release
messages.

[0045] The control plane processor 310 can implement and manage zero, one, or a plurality
of vNICs 334, preferably in combination with a direct memory access (DMA) agent (not shown)
or related agent in the switch fabric 302. Various types of communication can occur over the
control plane under the management of the control plane processor 310, for example, transmit/
receive descriptor door bell notifications, written from a server node interface driver to indicate a
change in the state of buffer descriptor memory locations. In another example, the control plane
can manage buffer release messages, for example, buffers that have been transmitted to be
recycled for more transmissions or as receive buffers. Other control plane functions can include
providing data ready notifications, receiving buffer available notifications and buffer releases,
and the like.

[0046] FIG. 4 is a block diagram of the rendezvous management module 304 of FIG. 3, in
accordance with an embodiment. The rendezvous management module 304 can include a
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memory allocation module 402, a notification module 404, a data distribution module 406, an
interrupt generation module 408, and/or a timer 410. The rendezvous management module 304
is shown as being part of a same device, such as a chip, rack, and the like. Alternatively, some
elements of the rendezvous management module 304 can be physically located elsewhere in the
computing infrastructure 30 shown at FIG. 3.

[0047] The memory allocation module 402 allocates buffer space in the rendezvous memory
308 for the vNIC 334 to use when fetching data from a source server node 312-1. More
specifically, the memory allocation module 402 can provide indices pointing to a block in the
rendezvous memory 308 that contain buffer descriptors that point to available data buffer blocks
at the rendezvous memory.

[0048] The notification module 404 generates a notification regarding buffer allocations
when data is input to the rendezvous memory 308. For example, the notification module 404 can
notify the vINIC 334 of receive buffer allocations in response to the vNIC 334 requesting buffers.
The notification module 404 can receive a notification, for example, from the vNIC 334,
indicating that data is available for transmission from a server node 312. The notification module
404 can notify the vNIC 334 that new data is available after fetching descriptors and/or data from
the rendezvous memory 308 to the vINIC 334 for a destination device.

[0049] The data distribution module 406 can fetch descriptors, data, and the like from the
rendezvous memory 308 for allocation to the vINIC 334, which in turn can provide the data to a
destination local memory.

[0050] The interrupt generation module 408 outputs an interrupt signal to the I/O processor
306 when new data is in the rendezvous memory 308, whereby the I/O processor 306 can pull
the data from the rendezvous memory and service it. The interrupt generation module 408 can
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also output an interrupt signal to the network processor after freeing a transmit descriptor, for
example, after moving data from the rendezvous memory 308 to a destination local memory 104-
N.

[0051] The timer 410 can be activated when receive buffers are not available at the
rendezvous memory 308 for allocation to the vNIC 334, indicating to elements of the server
aggregation system 300 that data cannot be transferred to the rendezvous memory 308, thereby
providing a level of flow control.

[0052] FIG. 5 is a block diagram of the I/O processor 306 of FIG. 3, in accordance with an
embodiment. The I/O processor 306 includes a processor 502, a descriptor processing module
504, and/or a scheduler 508. The I/O processor can also include a memory (not shown).
Although the 1/0 processor 306 is shown as being part of a common device, such as a chip, rack,
and the like, some or all of the elements of the I/O processor 306 can be at other elements of the
computing infrastructure 30 shown at FIG. 3.

[0053] The processor 502 can execute program code of the programs used for interfacing
with elements involved with the outputting of data, for example, NICs 342. The processor 502
can make routing decisions and move receive buffers from a receive descriptor ring to the
destination transmit descriptor ring.

[0054] The descriptor processing module 504 can generate and/or post receive descriptors
that point to available locations at the rendezvous memory 308 for receiving data from a source
server node 312-1. The receive descriptors can indicate where in the rendezvous memory 308 a
buffer resides, the size of the buffer, a number of segments, and so on. The 1/O processor 306
can receive information on which data buffers in the rendezvous memory 308 are available for
use by passing descriptors of data buffers are currently free (available to receive data) from the
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rendezvous memory 308 to the I/O processor 306. The descriptor processing module 504 can
also generate transmit descriptors, which can include commands, a scatter-gather list, and the
like for transferring the data from the rendezvous memory 308 to a local memory 104-N of a
destination server node 312-N.

[0055] The scheduler 508 wakes up when it receives a notification that new data is received
by the server aggregation system 300, for example, via a NIC 342 or a PCle connector 314, or
that new data is available in the rendezvous memory 308 for transmission to a destination device.
The scheduler 508 can coordinate the transfer of data between rendezvous memory and one or
more server nodes 312 and/or remote computing devices 352, for example, in a round-robin
order, a first-in, first-out order, or other order known to those of ordinary skill in the art. The
scheduler can arrange for the transfer of data according to a predetermined policy. For example,
a policy can include a mechanism of tagging flows or ports with priority. The I/O processor 306
can perform a level of packet inspection and classification to differentiate flows. A strict priority
scheduler 508 can be implemented. Alternatively, the scheduler 508 can provide different flows
having a minimal bandwidth allocation. The scheduler 508 can select data for a destination by
managing VNICs at the server aggregation system 300.

[0056] FIG. 6 is a flow diagram of a method 600 for electronic communication between a
server node and a server aggregation system having a rendezvous memory, in accordance with
an embodiment. The method 600 can be governed by instructions that are stored in a memory
104 of one or more server nodes 312 and/or the server aggregation system 300 of FIG. 3.
Accordingly, reference is made to FIGs. 2-5. Some or all of the method 600 can be performed
on-die, at an ASIC, a system-on-a-chip (SOC), or related device.

[0057] At block 602, a source server node 312-1 announces that a cell, packet, frame or other
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unit of data in local memory 104-1 is available for output to a destination, for example, another
server node 312-N or an external computing device 352 via a NIC 342. The source server node
312-1 can notify the vNIC 334 that data for transmission is in the memory 104-1 and is available
for transmission. The server nodes 312 can maintain ring buffers and the like defined in the
memory 104-1 for processing the data for performing a data transmit or receive operation.
[0058] At decision diamond 604, a determination is made whether the rendezvous memory
308 can receive the data for transmission in the memory 104-1 of the source server node 312-1.
The determination can be made by the rendezvous management module 304, which can establish
whether buffer space is available in the rendezvous memory 308 where data can be transmitted
directly from the source server node 312-1. If the rendezvous memory 308 cannot receive the
data, then at block 608, the rendezvous management module 304 can wait for a receive buffer to
be posted. Otherwise, at block 606, data, descriptors, and the like can be transferred from the
memory 104-1 of the source server node 312-1 to the rendezvous memory 308.

[0059] At decision diamond 610, a determination is made by the I/O processor 306 whether
the data transferred from the source server node 312-1 to the rendezvous memory 308 is to be
forwarded to a destination server node, for example, server node 312-N. The determination can
be based on a destination address, or by prepending meta information on a transmit descriptor or
packet that identifies a destination port. If the determination result is that data is not to be
transferred to the destination server node, then at block 612, the 1/0 processor 306 can consume
the data, for example, the data terminates at the I/O processor 306. Alternatively, the I/O
processor 306 can forward the data to a NIC 342 depending on the data contents, for example,
based on a destination address. For example, a data packet can be associated with flow
management through the switch fabric 302 and interacts with elements of the I/O processor 306
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the processing complex that control routing of the data. Otherwise, at decision diamond 614, a
determination is made whether the destination server node 312-N has available space in its local
memory 104-N to receive the data ready for transmission from the rendezvous memory 308. The
determination can be made by the control plane processor 310, where the virtual NIC 334 can
establish whether buffer space is available in the destination local memory 104-N. If no, then at
block 616 the rendezvous management module 304 can wait to send the data to the destination
local memory 104-N until a receive buffer is posted by the destination server node CPU 102.
Otherwise, at block 618, when a determination is made that the data is available at the
rendezvous memory 308 for transfer, and that a receive buffer is allocated for the rendezvous
memory 308, the data can be transferred from the rendezvous memory 308 to the destination
server node memory 104-N.

[0060] FIG. 7 is a flow diagram of a method 700 for electronic communication between a
server node and a server aggregation system having a rendezvous memory, in accordance with
an embodiment. The method 700 can be governed by instructions that are stored in a memory
104 of one or more server nodes 312 and/or the server aggregation system 300 of FIG. 3.
Accordingly, reference is made to FIGs. 2-5. Some or all of the method 700 can be performed
on die, at an ASIC, a system-on-a-chip (SOC), or a related integrated circuit.

[0061] The server node 312-1 first determines that a cell, packet, frame or other unit of data
is in local memory 104-1 to be output to a destination, for example, another server node 312-N,
or the remote computing device 352 via a NIC 342. The local memory 104-1 can include
queues, ring buffers, linked lists, and the like for processing data.

[0062] At block 702, the CPU 102 of the server node 312-1 can generate a descriptor or
related information regarding the data in the local memory 104-1 to be output from the server
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node 312-1. The descriptor can include a command, a scatter-gather list, and the like related to
the data to be transferred to the rendezvous memory 308. Related descriptor information can
identify a location in the memory 104-1 where the data resides, a destination address where the
data is to be transmitted, the number of bytes of data to move, and/or other relevant information
for establishing a communication between the CPU 102 and a vNIC 334 at the server
aggregation system 300.

[0063] At block 704, the CPU 102 of the first server node 312-1 notifies the vNIC 334 that a
new descriptor is in the memory 104-1 and is available for transmission. The CPU 102 can notify
the vNIC 334 of the availability of data for transmission by sending a mailbox write or related
event notification to the vINIC 334 via the communication path 314.

[0064] At block 706, the I/O processor 306 posts a receive descriptor that points to an
available data buffer in the rendezvous memory 308. The receive descriptor can include a buffer
address, length, or related information.

[0065] At block 708, the 1/0 processor 306 notifies the rendezvous management module 304
of the availability of one or more rendezvous memory buffers for the vNIC 334.

[0066] At block 710, the control plane processor 310 sends a message to the rendezvous
management module 304 requesting one or more buffer locations in the rendezvous memory 308
for availability for the vINIC 334.

[0067] At block 712, the rendezvous management module 304 allocates for the vINIC 334
one or more receive buffers from the rendezvous memory 308 to allow the vNIC 334 to transfer,
copy, or otherwise move data from the server node memory 104-1 to the rendezvous memory
308. The rendezvous management module 304 can send a notification to the control plane

processor 310 of the buffer allocation. If no receive buffers are currently available, the
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rendezvous management module 304 can wait for a receive buffer to become available.
Descriptors and/or data are not fetched during this wait period. In an embodiment, input
descriptors can be prefetched to reduce latency as they don’t consume significant memory
resources to reduce transfer latency.

[0068] At block 714, the vNIC 334 fetches transmit descriptors from the server node
memory 104-1 used for fetching the data. The vNIC 334 can fetch one or more descriptors, or
follow a chain of descriptors for fetching. The vNIC 334 fetches the data according to the
descriptor information, ¢.g., an address, from the server node memory 104-1, and moves the data
over the switch fabric 302 to the available rendezvous memory 308 allocated by the rendezvous
management module 304. For example, the control plane processor 310 can issue a read to the
memory 104-1 via a PCle connector 314 to fetch the data to move to the rendezvous memory
308.

[0069] At block 716, the control plane processor 310 can send a notification to the
rendezvous management module 304 that the fetched data is available in the rendezvous memory
308. The rendezvous management module 304 can generate an interrupt that is transmitted to the
1/0 processor 306, whereby the 1/0 processor 306 can pull the data from the rendezvous memory
308 and service it.

[0070] At block 718, the 1/0 processor 306 can process the data in the rendezvous memory
308, for example, determining whether to consume the data, forward it to a NIC 342, or forward
it to a CPU 102 of another server node 312 that is part of the computing infrastructure 30.

[0071] Although not shown, the control plane processor 310 can free the transmit descriptor
generated at the server node 312-1. The control plane processor 310 can optionally interrupt the
server node CPU 102. The I/O processor 306 can control the delivery of the data in the
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rendezvous memory 308, for example, according to the scheduler 508. In this manner, the I/0
processor 306 can assure delivery of the data to its destination, for example, a destination server
node 312-N, described in detail in FIG. 8.

[0072] FIG. 8 is a flow diagram of a method 800 for establishing a communication between
first and second server nodes coupled to a server aggregation system configured for rendezvous
switching, in accordance with an embodiment. The method 800 can be performed in response to
a determination at block 718 of FIG. 7 by a network processor of the server aggregation system
to forward the fetched data available in the rendezvous memory 308 to another server node or
related electronic device having a CPU, for example, server node 312-N shown in FIG. 3. The
method 800 can be governed by instructions that are stored in a memory 104 of a server node
312 and/or the server aggregation system 300 of FIG. 3. In doing so, reference is made to FIGs.
2-5and 7.

[0073] At block 802, the descriptor processing module 504 of the 1/0 processor 306 can
provide a descriptor or related information related to the data moved into the rendezvous
memory 308 according to the method 700 described in FIG. 7. The descriptor can include a
command, a scatter-gather list, and the like for transferring the data to a local memory 104-N of
a destination server node 312-N. Related descriptor information can identify a location in the
memory 104-1 where the data resides, a destination address where the data is to be transmitted,
the number of bytes of data to move, and/or other relevant information for establishing a
communication between the 1/0 processor 306 and the vNIC 334 participating in the transfer of
the data to the local memory 104-N.

[0074] At block 804, the 1/0 processor 306 notifies the rendezvous management module 304

that the data in the rendezvous memory 308 is available for transmission.
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[0075] At block 806, a CPU 102 at the destination server node 312-N posts a receive
descriptor that points to an available data buffer in the memory 104-N of the destination server
node 312-N. The receive descriptor can include a buffer address, length, or related information.
[0076] At block 808, the CPU 102 of the destination server node 312-N notifies the control
plane processor 310 of the availability of one or more host memory buffers at the memory 104-N
for the rendezvous management module 304.

[0077] At block 810, the CPU 102 of the destination server node 312-N sends a request to
the control plane processor 310 requesting one or more buffer locations in the destination node
memory 104-N for availability to the rendezvous management module 304.

[0078] At block 812, the control plane processor 310 allocates for the rendezvous
management module 304 a receive buffer from the destination node memory 104-N to allow the
rendezvous management module 304 to transfer, copy, etc. data from the rendezvous memory
308 to the destination node memory 104-N. The control plane processor 310 can send a
notification to the rendezvous management module 304 of the buffer allocation. If no receive
buffers are currently available, the rendezvous management module 304 can wait for a receive
buffer to become available at the destination server node memory 104-N. In an embodiment,
descriptors and/or data are not fetched during this wait period.

[0079] At block 814, the rendezvous management module 304 fetches transmit descriptors
used for fetching the data from the rendezvous memory 308. The rendezvous management
module 304 fetches the data according to the descriptor information, e.g., an address, from the
rendezvous memory 308, and moves the data over the switch fabric 302 to the vnic 634. The
rendezvous management module 304 can notify the control plane processor 310 that the new
data is available after fetching descriptors and/or data from the rendezvous memory 308 to the
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vNIC 334 for the destination server node 312-N.

[0080] At block 816, the vNIC/CP fetches and processes a descriptor for a receive buffer and
moves the data to the destination server node memory 104-N. The control plane processor 310
can generate an interrupt that is output to the CPU 102 of the destination server node 312-N for
servicing the data moved to the memory 104-N. The rendezvous management module 304 can
free the transmit descriptor and optionally interrupt the server node 1/0 processor 306.

[0081] Embodiments of the methods described herein permit data to be transferred on
demand, when the server aggregation system 300 determines that data is ready to be sent to its
destination. If the rendezvous memory 308 is not ready to receive data, data is not transmitted to
it, even if the data is ready for transfer at the source server node 312-1. Similarly, if the
destination server node 312-N is not ready to receive data, data is not transmitted to it from the
rendezvous memory 308. In this manner, conventional queuing techniques are not required, and
data is not dropped due to lack of buffer space. Instead, the movement of data is tied to the
availability of descriptors. When descriptors are established, a determination can be made by the
server aggregation system 300 that there is data to move.

[0082] FIG. 9 is a flow diagram of a method 900 for electronic communication between first
and second server nodes coupled to a server aggregation system configured for rendezvous
switching, in accordance with an embodiment. The method 900 can be governed by instructions
that are stored in a memory 104 of one or more server nodes 312 and/or the server aggregation
system 300 described above. One or more elements of the method 900 can be similar to those
described above. Although reference is made to FIGs. 2-5, the method 900 is performed with the
absence of a rendezvous memory 308. In particular, the rendezvous management module 304

and the control plane processor 310 can participate in the method 900, in which a data transfer
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occurs between two server nodes 212-1, 212-N without an intervening rendezvous memory 308.
[0083] At block 902, a descriptor is generated at the first server node 312-1.

[0084] At block 904, the vNIC 334 is notified that data is available for transmission.

[0085] At block 906, a receive descriptor is posted at an available buffer of the second server
node 312-N.

[0086] At block 908, the destination server node 312-N notifies the control plane processor
310 of the availability of one or more host memory buffers at the memory 104-N for the
rendezvous management module 304.

[0087] At block 910, a request is made for buffers at the destination node memory 104-N.
[0088] At block 912, receive buffers are allocated. The buffers can be allocated for the vNIC
334 to allow the vNIC 334 of the control plane processor 310 to transfer, copy, or otherwise
move data from the server node memory 104-1 to the destination node memory 104-N.

[0089] At block 914, the vNIC 334 fetches and processes a descriptor for a receive buffer
and moves the data to the destination server node memory 104-N.

[0090] As will be appreciated by one skilled in the art, aspects of the present invention may
be embodied as a system, method or computer program product. Accordingly, aspects of the
present invention may take the form of an entirely hardware embodiment, an entirely software
embodiment (including firmware, resident software, micro-code, etc.) or an embodiment
combining software and hardware aspects that may all generally be referred to herein as a

bR Y

“circuit,” “module” or “system.” Furthermore, aspects of the present invention may take the form
of a computer program product embodied in one or more computer readable medium(s) having
computer readable program code embodied thereon.

[0091] Any combination of one or more computer readable medium(s) may be utilized. The
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computer readable medium may be a computer readable signal medium or a computer readable
storage medium. A computer readable storage medium may be, for example, but not limited to,
an electronic, magnetic, optical, electromagnetic, infrared, or semiconductor system, apparatus,
or device, or any suitable combination of the foregoing. More specific examples (a non-
exhaustive list) of the computer readable storage medium would include the following: an
electrical connection having one or more wires, a portable computer diskette, a hard disk, a
random access memory (RAM), a read-only memory (ROM), an erasable programmable read-
only memory (EPROM or Flash memory), an optical fiber, a portable compact disc read-only
memory (CD-ROM), an optical storage device, a magnetic storage device, or any suitable
combination of the foregoing. In the context of this document, a computer readable storage
medium may be any tangible medium that can contain, or store a program for use by or in
connection with an instruction execution system, apparatus, or device.

[0092] A computer readable signal medium may include a propagated data signal with
computer readable program code embodied therein, for example, in baseband or as part of a
carrier wave. Such a propagated signal may take any of a variety of forms, including, but not
limited to, electro-magnetic, optical, or any suitable combination thereof. A computer readable
signal medium may be any computer readable medium that is not a computer readable storage
medium and that can communicate, propagate, or transport a program for use by or in connection
with an instruction execution system, apparatus, or device. Program code embodied on a
computer readable medium may be transmitted using any appropriate medium, including but not
limited to wireless, wireline, optical fiber cable, RF, etc., or any suitable combination of the
foregoing.

[0093] Computer program code for carrying out operations for aspects of the present
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invention may be written in any combination of one or more programming languages, including
an object oriented programming language such as Java, Smalltalk, C++ or the like and
conventional procedural programming languages, such as the "C" programming language or
similar programming languages. The program code may execute entirely on the user's computer,
partly on the user's computer, as a stand-alone software package, partly on the user's computer
and partly on a remote computer or entirely on the remote computer or server. In the latter
scenario, the remote computer may be connected to the user's computer through any type of
network, including a local area network (LAN) or a wide area network (WAN), or the
connection may be made to an external computer (for example, through the Internet using an
Internet Service Provider).

[0094] Aspects of the present invention are described herein with reference to flowchart
illustrations and/or block diagrams of methods, apparatus (systems) and computer program
products according to embodiments of the invention. It will be understood that each block of the
flowchart illustrations and/or block diagrams, and combinations of blocks in the flowchart
illustrations and/or block diagrams, can be implemented by computer program instructions.
These computer program instructions may be provided to a processor of a general purpose
computer, special purpose computer, or other programmable data processing apparatus to
produce a machine, such that the instructions, which execute via the processor of the computer or
other programmable data processing apparatus, create means for implementing the functions/acts
specified in the flowchart and/or block diagram block or blocks.

[0095] These computer program instructions may also be stored in a computer readable
medium that can direct a computer, other programmable data processing apparatus, or other

devices to function in a particular manner, such that the instructions stored in the computer
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readable medium produce an article of manufacture including instructions which implement the
function/act specified in the flowchart and/or block diagram block or blocks. The computer
program instructions may also be loaded onto a computer, other programmable data processing
apparatus, or other devices to cause a series of operational steps to be performed on the
computer, other programmable apparatus or other devices to produce a computer implemented
process such that the instructions which execute on the computer or other programmable
apparatus provide processes for implementing the functions/acts specified in the flowchart and/or
block diagram block or blocks.

[0096] The flowchart and block diagrams in the figures illustrate the architecture,
functionality, and operation of possible implementations of systems, methods and computer
program products according to various embodiments of the present invention. In this regard,
cach block in the flowchart or block diagrams may represent a module, segment, or portion of
code, which comprises one or more executable instructions for implementing the specified
logical function(s). It should also be noted that, in some alternative implementations, the
functions noted in the block may occur out of the order noted in the figures. For example, two
blocks shown in succession may, in fact, be executed substantially concurrently, or the blocks
may sometimes be executed in the reverse order, depending upon the functionality involved. It
will also be noted that each block of the block diagrams and/or flowchart illustration, and
combinations of blocks in the block diagrams and/or flowchart illustration, can be implemented
by special purpose hardware-based systems that perform the specified functions or acts, or
combinations of special purpose hardware and computer instructions.

[0097] While the invention has been shown and described with reference to specific

embodiments, it should be understood by those skilled in the art that various changes in form and

Attorney Docket No.: AMD-016PC



WO 2013/173181 PCT/US2013/040508
29

detail may be made therein without departing from the spirit and scope of the invention.
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What 1s claimed is:

1. An aggregation device, comprising:

a switch fabric in communication with a plurality of electronic devices; and

a rendezvous memory in communication with the switch fabric, wherein data is
transferred to the rendezvous memory from a first electronic device of the plurality of electronic
devices in response to a determination that the data is ready for output from a memory at the first

electronic device and in response to a location allocated in the rendezvous memory for the data.

2. The aggregation device of claim 1, wherein the first electronic device is a server node

coupled to the switch fabric.

3. The aggregation device of claim 1, wherein the first electronic device is a remote

computer in communication with the aggregation device.

4. The aggregation device of claim 1, wherein the data is transferred from the
rendezvous memory to a second electronic device of the plurality of electronic devices in
response to a determination that the data is ready for output from the rendezvous memory to the
second electronic device and in response to a location allocated in a memory at the second

electronic device for the data.

5. The aggregation device of claim 4, wherein the destination electronic device is a
second server node of the plurality of server nodes or a remote computer in communication with

the aggregation device.

6. The aggregation device of claim 1, further comprising a rendezvous
management module that allocates the location in the rendezvous memory for the data until the

data can be provided to a second electronic device.
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7. The aggregation device of claim 1, further comprising an input/output (1/0)
processor that identifies the location allocated in the rendezvous memory where the data ready

for output is to be received.

8. The aggregation device of claim 1, further comprising a control plane processor that

manages a switching control plane for data delivery between the plurality of electronic devices.

9. The aggregation device of claim 1, wherein the memory includes a TSV memory.

10. The aggregation device of claim 1, wherein the memory includes an on die memory.

11. A server aggregation system, comprising:

a plurality of server nodes; and

an aggregation device coupled to the plurality of server nodes, the aggregation device
including:

a rendezvous memory that participates in a data transfer with a local memory of a first
server node of the plurality of server nodes in response to a determination that the data is ready
for output from the memory of a first server node and in response to a location allocated in the

rendezvous memory for the data.

12. The server aggregation system of claim 11, wherein the data is transferred from the
rendezvous memory to a destination electronic device in response to a determination that the data
is ready for output from the rendezvous memory to the destination electronic device and in

response to a location allocated at the destination electronic device for receiving the data.

13. The server aggregation system of claim 12, wherein the destination electronic device
is a second server node of the plurality of server nodes or a remote computer in communication

with the aggregation device.
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14. The server aggregation system of claim 11, further comprising a rendezvous
management module that allocates the location in the rendezvous memory for the data until the

data can be provided to a second electronic device.

15. The server aggregation system of claim 11, further comprising an input/output
(I/0) processor that identifies the location allocated in the rendezvous memory where the data

ready for output is to be received.

16. The server aggregation system of claim 11, further comprising a control plane
processor that establishes a transfer of the data between the local memory of the first server node

and the rendezvous memory.

17. A method for communication between a plurality of electronic devices and an
aggregation system, the method comprising:

providing data at a local memory of a first electronic device of the plurality of electronic
devices for sending to a second electronic device of the plurality of electronic devices;

providing a rendezvous memory at the aggregation system for receiving the data from the
local memory of the first electronic device; and

transferring the data from the local memory of the first electronic device to the
rendezvous memory in response to determining by the aggregation system that the data is in the
local memory of the first electronic device for transmission and in response to determining that a
location is allocated in the rendezvous memory for storing the data received from the local

memory of the first electronic device.

18. The method of claim 17, further comprising:

generating a notification from the first electronic device that the data is available for
transmission at the local memory of the first electronic device;

identifying an available buffer at the rendezvous memory;

allocating the available buffer for receiving the data from the local memory of the first
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clectronic device; and
outputting the data from the local memory of the first electronic device to the available

buffer at the rendezvous memory.

19. The method of claim 17, further comprising;:
determining that a local memory at the second electronic device can receive the data; and
transferring the data from the rendezvous memory to the local memory at the second

electronic device.

20. The method of claim 19, further comprising;:

generating a notification from the rendezvous memory that the data is available for
transmission at the rendezvous memory;

identifying an available buffer at the local memory at the second electronic device;

allocating the available buffer at the local memory at the second electronic device; and

outputting the data from the rendezvous memory to the local memory at the second

electronic device.

21. The method of claim 17, wherein at least one of the first and second electronic

devices includes a server node.

22. The method of claim 17, wherein the second electronic device is a server node or a

remote computer.

23. A method for communication between a plurality of electronic devices and an
aggregation system, the method comprising:

providing data at a local memory of a first electronic device of the plurality of electronic
devices for sending to a second electronic device of the plurality of electronic devices;

notifying a virtual network interface card (vNIC) at the aggregation system that the data
is available at the local memory of the first electronic device for transmission;

generating a notification of at least one available buffer at the second electronic device;
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allocating the at least one available buffer for receiving the data;

outputting by the vNIC the data to the at least one available buffer at the second
clectronic device; and

transferring the data from the local memory of the first electronic device to the
rendezvous memory in response to a determination that the data is in the local memory of the
first electronic device for transmission and in response to determining the allocation of the at

least one available buffer at the second electronic device.

24. The method of claim 23, wherein at least one of the electronic devices includes a

server node.

25. The method of claim 23, wherein the second electronic device is a server node or a

remote computer.

26. A computer program product, comprising:

a computer readable storage medium having computer readable program code embodied
therewith, the computer readable program code comprising:

computer readable program code configured to provide data at a local memory of a first
electronic device for sending to a second electronic device via an aggregation system;

computer readable program code configured to notify a virtual network interface card
(VNIC) at the aggregation system that the data is available at the local memory of the first
clectronic device for transmission;

computer readable program code configured to generate a notification of at least one
available buffer at the second electronic device;

computer readable program code configured to allocate the at least one available buffer
for receiving the data;

computer readable program code configured to output by the vNIC the data to the at least
one available buffer at the second electronic device; and

computer readable program code configured to transfer the data from the local memory

of the first electronic device to the rendezvous memory in response to a determination that the
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data is in the local memory of the first electronic device for transmission and in response to

determining the allocation of the at least one available buffer at the second electronic device.
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