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NODE-BASED COMPUTE DEVICE WITH PROTOCOL-BASED PRIORITY

BACKGROUND

[0001] Computer networks and systems have become indispensable tools
for modern business. Today terabytes or more of information on virtually every
subject imaginable are stored and accessed across networks. Some applications,
such as telecommunication network applications, mobile advertising, social media
applications, etc., demand short response times for their data. As a result, new
memory-based implementations of programs, such as in-memory databases, are
being employed in an effort to provide the desired faster response times. These
memory-intensive programs primarily rely on large amounts of directly addressable
physical memory (e.g., random access memory) for storing terabytes of data rather
than hard drives to reduce response times.
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BRIEF DESCRIPTION OF DRAWINGS

[0002] The following description illustrates various examples with reference
to the following figures:

[0003] FIG. 1 is a diagram showing a node-based compute device, according
to an example;

[0004] FIG. 2 is a block diagram illustrating modules of a memory node,
according to an example;

[0005] FIG. 3 is flowchart illustrating a method for co-scheduling and

prioritizing different protocol types transmitted through and by the node-based

compute device, according to an example;

[0006] FIG. 4 is a diagram illustrating an example of routing logic that
receives message data from given protocol types over dedicated virtual channels;

[0007] FIG. 5 is a diagram illustrating the routing logic being configured to
co-schedule different protocol types using a protocol type identifier, according to an
example;

[0008] FIG. 6 is a diagram showing an example where message data are

promoted to a higher priority than the priority in which the message data were

originally assigned; and

[0009] FIG. 7 is a block diagram of a computing device capable of co-
scheduling message data, according to one example.
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DETAILED DESCRIPTION

[0010] For simplicity and illustrative purposes, the principles of this
disclosure are described by referring mainly to examples thereof. In the following
description, numerous specific details are set forth in order to provide a thorough
understanding of the examples. It is apparent that the examples may be practiced
without limitation to all the specific details. Also, the examples may be used

together in various combinations.

[0011] A node-based compute device, according to an example, includes
memory nodes that are connected via interconnects, such as point-to-point links.
Each memory node may be a memory subsystem including a memory controller
and memory to store data. The memory node may also include routing logic to
route message data to a destination, which may be another memory node,
processor node, or input/output (“1/O”) port in the node-based compute device. The
node-based compute device may provide a main memory address space for
processor nodes.

[0012] Examples may use the memory nodes and the point-to-point links of a
node-based compute device as a messaging fabric to communicate different
protocol types carrying different types of data, such as cache coherency messages,
memory access command messages, and /O messages, to given memory nodes,

I/O ports, or processor nodes of the node-based compute device.

[0013] In an example discussed herein, a node-based compute device may
include a first memory node and a second memory node that together form an
address space of main memory for a processor node. In this example, the first
memory node may assign message data a priority based on a protocol type of the
message data. The first memory node may also select the message data over
other message data based on the priority assigned to the message data relative to
a priority assigned to the other message data. Responsive to the message data
being selected, the first memory node may process the message data. By way of
example and not limitation, the first memory node may process the message data
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by transmitting the message data to the second memory node over a point-to-point

link if the first memory node is not the destination for the message data.

[0014] FIG. 1 is a diagram showing a node-based compute device 100,
according to an example. The node-based compute device 100 may include
processor nodes 110a,b and memory nodes 130a-i. The processor nodes 110a,b
may be compute units that are configured to execute computer-readable
instructions and operate on data stored in the memory nodes 130a-i. As FIG. 1
shows, the processor nodes 110a,b may include processor-side memory controllers
111a,b that are connected (directly or indirectly) to the memory nodes 130a-i of the
node-based compute device 100 via point-to-point links 101. A point-to-point link
may be a wire or other connection medium that links two circuits. In an example, a
point-to-point link connects only two circuits which is unlike a shared bus or
crossbar switches that connect more than two circuits or devices. A processor
node and processor-side memory controller connected to the node-based compute
device 100, such as 110a and 111a or 110b and 111b, may be provided on the
same chip, or may be provided on separate chips. Also, more or fewer processor
nodes, processor-side memory controllers and memory nodes than shown in FIG. 1
may be used in the node-based compute device 100. Also, an I/O port 112 may be
connected to the node-based compute device 100. The I/O port 112 may be linked
to a network device, a memory device, a data link or bus, a display terminal, a user

input device, or the like.

[0015] The processor nodes 110a,b may, in some cases, be connected to
each other with a direct processor node-to-processor node link 150, which may be
a point-to-point link that provides a direct communication channel between the
processor nodes 110a,b. In some cases, the processor nodes 110a,b may be
configured to use the direct processor node-to-processor node link 150 to
communicate high priority message data that is destined for each other. For
example, the processor node 110a may send a cache coherency message destined
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for the processor node 110b through the direct processor node-to-processor node

link 150 to avoid multiple hops through the memory nodes 130a-i.

[0016] The node-based compute device 100 may include memory nodes
130a-i that may also be connected together via point-to-point links 131, which are
inter-node point-to-point links. Each memory node can operate as a destination of
message data if the data to be accessed is stored at the memory node, and as a
router that forwards message data to its appropriate destination memory node if the
data to be accessed is at a different memory node. For example, the processor-
side memory controllers 111a,b can send memory access command messages,
e.g., read, write, copy, etc., to the memory nodes 130a-i to perform memory access
operations for the processor nodes 110a,b. Each memory node receiving message
data may execute the command if that memory node is the destination or route the
command to its destination memory node. The node-based compute device 100
may provide memory scalability through the point-to-point links 131 and through the
ability to add memory nodes as needed, which may satisfy the memory capacity
requirements of big-data workloads. Scaling up memory capacity in the node-
based compute device 100 may involve, in some cases, cascading additional

memory nodes.

[0017] The node-based compute device 100 may be used to co-schedule
and prioritize protocols of different types transmitted through and by the node-
based compute device 100 to provide quality of service (“QoS”) provisions for
messages communicated through the node-based compute device 100. For
example, the node-based compute device 100 may be used to co-schedule and
prioritize, among other things, cache coherency messages 140, memory access
command messages 142, and /O commands 144. In some cases, the cache
coherency messages 140 may have a level of priority, the memory access
messages 142 may have a lower level of priority relative to the cache coherency
messages 140, and I/O commands 144 may have a lower level of priority relative to
the memory access messages 142.
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[0018] FIG. 2 is a block diagram illustrating modules of a memory node,
according to an example. It is to be appreciated that although FIG. 2 is discussed
relative to the memory node 130e, examples of the other memory nodes 130a-d,f-I
may also include the modules/logic discussed with reference to FIG. 2. As shown
in FIG. 2, the memory node 130e may include a memory-side memory controller
210 and local memory 215. The local memory 215 may be dynamic random-
access memory (DRAM) or any type of semiconductor memory that is volatile or

nonvolatile.

[0019] The memory-side memory controller 210 may include memory logic
211 and routing logic 212. The memory-side memory controller 210 may include
hardware and/or machine readable instructions stored on a storage device and
executable by hardware. The memory logic 211 and the routing logic 212 may be
implemented by separate hardware circuits or a single circuit. The memory logic
211 may perform the operations involved in executing memory access operations
on the local memory 215. For example, the memory logic 211 can receive packets
from other memory nodes, decode the packets to extract the memory access
commands and enforce memory management mechanisms that may be
implemented and the actual execution of the read, write, and block copy commands
from local memory. For example, with temporary reference to FIG. 1, after
receiving a read command from the processor-side memory controller 111a of the
processor node 110a, the memory logic 211 can fetch the data from local memory
215 and notify the processor-side memory controller 111a that the data is ready to
be accessed or directly sends a data packet with a transaction identifier and the
requested data back to the processor-side memory controller 111a. These
mechanisms depend on the specific type of the memory technology employed in
the node; for example, the memory-side co-memory controller for DRAM is different
from the co-memory controller for a DRAM stack, for flash memory, or for other

forms of non-volatile memory.
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[0020] The routing logic 212 may receive message data, determine whether
the message data relate to a memory address mapped to the local memory 215,
and, if yes, sends the message data to the memory logic 211 for execution. If the
memory node 130e is not the destination, the routing logic 212 sends the message
data to a next hop in the node-based compute device 100 toward the destination

along one of the point-to-point links 131.

[0021] To manage the incoming message data, the routing logic 212 shown
in FIG. 2 may include a message scheduler 202, message buffers 203a-c, and a
message dispatcher 204. The message scheduler 202 may be a computer-
implemented module configured to receive message data over the point-to-point
link 131 and schedule message data for transmission to another memory node
within a node-based compute device. In some cases, the message scheduler 202
may schedule message data for processing by storing message data received over
the point-to-point link 131 in a selected message buffer according to the virtual
channel in which the message data is received or according to a protocol type
identifier tagged in the message data.

[0022] Each of the message buffers 203a-c may be computer readable
memory that provides the message scheduler 202 and the message dispatcher 204
the capability of storing and reading message data. In some cases, the message
buffers 203a-c may be implemented as circular queues or arrays that allow the
message scheduler 202 to push message data to the back of one of the selected
message buffers and to pop message data from the front of one of the selected

message buffers.

[0023] The message dispatcher 204 may be a computer-implemented
module configured to process message data stored in the message buffers 203a-c.
The message dispatcher 204 may process message data by forwarding the
message data to another memory node if the message data is not destined for the
memory node 130e or sending the message data to the memory logic 211 if the
message data is destined for the memory node 130e.
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[0024] The order in which the message dispatcher 204 selects message data
among the message buffers 203a-c may in some cases be determined based on
priorities assigned to the message buffers 203a-c. For example, in some cases,
the message buffer 203a may be assigned a first priority, the message buffer 203b
may be assigned a second priority, and the message buffer 203c may be assigned
a third priority. In such a case, in each round in which the message dispatcher 204
selects message data to process, the message dispatcher 204 may process the
message data from the message buffer 203a if the message buffer 203a is non-
empty. If the message buffer 203a is empty, the message dispatcher 204 will then
process message data from the message buffer 203b. If message buffers 203a,b
are both empty, the message dispatcher 204 will the process the message data
from the message buffer 203c.

[0025] The memory-side memory controller 210 may be used to co-schedule
and prioritize different types of communication transmitted through and by the node-
based compute device to provide QoS provisions for messages communicated
through the node-based compute device. FIG. 3 is flowchart illustrating a method
300 for co-scheduling and prioritizing different protocol types communicating data
transmitted through and by the node-based compute device, according to an
example. The method 300 may be performed by the modules, logic, components,
or systems shown in FIGS. 1 and 2 and, accordingly, is described herein merely by
way of reference thereto. It will be appreciated that the method 300 may, however,
be performed on any suitable hardware.

[0026] The method 300 may begin at operation 302 when the message
scheduler 202 of the memory node 130e receives message data. In some cases,
the message data may be sent to the memory node 130e from an adjacent memory
node in the node-based compute device 100. For example, one of the memory
nodes 130b, 130d, 130f, or 130h may send the message data to the memory node
130e through a connecting point-to-point link 131. Further, the message data may
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have originated from any of the memory nodes, processor nodes 110a,b, or I/O
devices.

[0027] At operation 304, upon receiving the message data, the message

scheduler 202 may assign the message data a priority based on a protocol type of
the message data. For example, if the protocol type of the message data relates to
cache coherency messages then the message scheduler 202 may assign the
message data one priority, or if the protocol type of the message data relates to
memory access command messages then the message scheduler 202 may assign
the message data another priority, or if the protocol type of the message data
relates to I/O messages then the message scheduler 202 may assign the message
data yet another priority. Example techniques for assigning message data are
discussed in greater below.

[0028] At operation 306, the message dispatcher 204 may select the
message data that was received at operation 302 over other message data based
on the priority assigned to the message data relative to a priority assigned to the
other message data. For example, the message dispatcher 204 may select the
message data that was received at operation 302 over the other message data
because the message data that was received at operation 302 was assigned a
priority relating to cache coherency messages, while the other message data may
have been assigned a priority relating to an I/O message.

[0029] At operation 308, the message dispatcher 204 may, responsive to the
message data being selected, process the message data. In some cases,
processing the message data may involve transmitting the message data to the
second memory node through one of the point-to-point links 131, as may occur
upon determining that the memory node 130e is not the destination of the message
data. In other cases, processing the message data may involve sending the
message data to the memory logic 211 of the memory node 130e, so that the
memory logic 211 can perform a memory operation on the local memory 215.
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[0030] In some cases, a memory-side memory controller may use protocol
separation to co-schedule and prioritize the different types of protocols carrying
message data transmitted through and by the node-based compute device 100. An
example of a way in which a memory-side controller may provide protocol
separation is by dedicating virtual channels to different protocol types of
communication data. FIG. 4 is a diagram illustrating an example of routing logic
212 that receives message data of given protocol types over dedicated virtual
channels. A virtual channel may be a logical partitioning of the physical bandwidth
of the point-to-point link 131. By way of illustration and not limitation, the point-to-
point link 131 is transmitting message data through virtual channel segments 410-
413. A virtual channel segment may refer to data sent over a point-to-point link that
relates to a given virtual channel. Virtual channel segments 410, 412 may relate to
the same virtual channel, for example, virtual channel 1. Virtual channel 1 may be
used to transmit one type of protocol, such as cache coherency messages. The
virtual channel segment 411 may relate to a virtual channel different from the virtual
channel of the virtual channel segments 410, 412, such as, for example, virtual
channel 2. Virtual channel 2 may be used to transmit another type of protocol, such
as memory access command messages. The virtual channel segment 413 may
relate to yet another virtual channel, for example, virtual channel 3. Virtual channel
3 may be used to transmit yet another type of protocol, such as commands to I/O
devices.

[0031] Each of the virtual channel segments 410-413 may include virtual
channel header data and message data. Virtual channel header data may be
header data that identifies a virtual channel and allows for control of the flow of data
sent through the corresponding virtual channel. As an illustration of virtual channel
header data and message data that may be sent in a virtual channel, FIG. 4 shows
that the virtual channel segment 410 may include a virtual channel identifier 420,
message data 421, and an end of transmission tag 422. The virtual channel
identifier 420 may be data that signal transmission is beginning over a specified
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virtual channel (e.g., virtual channel 1). That is, header data and message data that
follows the virtual channel identifier 420 belong to the virtual channel identified by
the virtual channel identifier 420. The message data 421 may be the data for a
cache coherency message. For example, in a cache coherency message, the
message data 421 may include data specifying a memory address and/or a
memory value. The end of transmission tag 422 may signal the transmission of
data involving a virtual channel has ended. In some cases, rather than using an
explicit end-of-transmission data message, sending another virtual channel
identifier data message may be used to implicitly signal the end of one virtual

channel.

[0032] The virtual channel segments 411-413 may include a similar format of
data to that used by virtual channel segment 410. For example, the virtual channel
segment 411 may include a virtual channel identifier 440 that signals transmission
is beginning over a specified virtual channel (e.g., virtual channel 2), message data
441 that includes data specifying a memory access command, and an end of
transmission tag 442 that signals that transmission of data for the virtual channel
specified by the virtual channel identifier 440 has ended. Although not shown in
FIG. 4, virtual channel segments 412 and 413 may include similar formats. That is,
the virtual channel segments 412, 413 may each include a virtual channel identifier,
message data, and an end of transmission tag.

[0033] The message data transmitted by the different virtual channels may
vary in data size. For example, the virtual channel segment 411 may include
message data 441 that is comparatively larger than the message data 421
transmitted in the virtual channel segment 410. Such may be the case where
message data includes a data payload that is to be written in a local memory of a
memory node or communicating blocks of memory through an input/output

interface.

[0034] As described above, some examples of the message scheduler 202
may schedule message data for processing by storing message data received over
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the point-to-point link 131 in a selected message buffer according to the virtual
channel in which the message data is received. For example, the message buffers
203a-c may each be assigned to a given virtual channel (e.g., the message buffer
203a may be assigned to virtual channel 1, the message buffer 203b may be
assigned to virtual channel 2, and the message buffer 203¢c may be assigned to
virtual channel 3). Accordingly, when receiving the virtual channel segment 410,
the message scheduler 202 may store the message data 421 in the message buffer
203a based on the message buffer 203a being assigned to virtual channel 1 and
the virtual channel identifier 420 specifying that the virtual channel segment 410
belongs to virtual channel 1. Similarly, the message scheduler 202 may store the
message data 441 in the message buffer 203b based on the message buffer 203b
being assigned to virtual channel 2 and the virtual channel identifier 440 specifying
that the virtual channel segment 411 belongs to virtual channel 2.

[0035] As FIG. 4 illustrates, assigning message data is performed implicitly,
as each virtual channel is assigned or otherwise dedicated for a protocol type, and
each virtual channel has a priority rank. Thus, a memory node does not need to
reassign priority to message data once the memory node receives the message
data a given virtual channel. Instead, the memory node can just schedule the
routing operations based on the virtual channel priority ranking.

[0036] Although FIG. 4 illustrates examples where virtual channels are
dedicated to a single type of protocol, other examples may transmit multiple types
of protocols over the same virtual channel. FIG. 5 is a diagram illustrating the
routing logic 212 being configured to co-schedule different types of protocols using
a protocol type identifier, according to an example. In FIG. 5, the point-to-point link
131 transmits virtual channel segments 510, 511. The virtual channel segments
510, 511 may transmit message data for multiple protocol types. For example, as
shown in FIG. 5, the virtual channel segment 510 may include a virtual channel
identifier 520, message data packets 521, 522, and an end of transmission tag 523.
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The roles of a virtual channel identifier and an end of transmission tag are
discussed above with respect to FIG. 4.

[0037] The message data packets 521, 522 may each carry data relating to
the same or different message data. By way of example and not limitation, the
message data packet 521 may include data 521b for a cache coherency message
and the message data packet 522 may include data 522b for a memory access
command (e.g., a read or write of a memory address). To identify the protocol type
of the message data packets 521, 522, the message data packets 521, 522 may
include protocol type identifiers 521a, 522a. A protocol type identifier may be a field
in @ message data packet that signals a protocol type for the message data packet.
To illustrate, with reference to FIG. 5, the protocol type identifier 521a may specify
that the message data packet 521 is a cache coherency message and the protocol
type identifier 522a may specify that the message data packet 522 is a memory
access command. In some cases, the protocol type identifier may be part of a
protocol header transmitted with the message data packets. A protocol header may
include other information usable to control and manage the flow of the message
data packets.

[0038] Upon receiving a message data packet, the message scheduler 202
may assign a priority to the message data packet by decoding the message data
packet to identify a protocol type associated with the message data packet and then
storing the message data packet in a message buffer mapped to the identified
protocol type. To illustrate, upon receiving the message data packet 521, the
message scheduler 202 may decode the message data packet 521 to identify a
protocol type (e.g., cache coherency) specified by the protocol type identifier 521a.
Based on the protocol type specified by the protocol type identifier 521a, the
message scheduler 202 may store the message data packet 521 in a message
buffer mapped to that protocol type. If, for example, the protocol type identifier
521a specifies a cache coherency type and if the message buffer 203a is assigned
to cache coherency type messages, the message scheduler 202, upon making



WO 2016/014044 PCT/US2014/047707

-14-

these determinations, will store the message data packet 521 in the message buffer
203a. The same process may be used for scheduling memory packet 522. That is,
upon receiving the message data packet 522, the message scheduler 202 may
decode the message data packet 522 to identify a protocol type (e.g., memory
access) specified by the protocol type identifier 522a. Based on the protocol type
specified by the protocol type identifier 522a, the message scheduler 202 may store
the message data packet 522 in a message buffer assigned to that protocol type.
If, for example, the protocol type identifier 522a specifies a memory access
command messages type and if the message buffer 203b is assigned to memory
access command messages, the message scheduler 202, upon making these
determinations, may store the message data packet 522 in the message buffer
203b.

[0039] Some examples may provide techniques to reduce starvation of
scheduling message data of lower priority. "Starvation," as used herein, may refer
to a situation where routing logic fails to schedule message data for processing
because the routing logic repeatedly selects other message data to process
because those other message data are assigned to a comparatively higher priority.
One technique for reducing starvation of a message data is to promote the
message data that is starved for scheduling. Promoting a message data may refer
to a mechanism in which message data is selected for transmission contrary to a
priority originally assigned to the message data.

[0040] FIG. 6 is a diagram showing an example where message data are
promoted to a higher priority than the priority in which the message data were
originally assigned. In FIG. 6, the message buffer 203a includes message data
602, 604, which may relate to cache coherency messages; the message buffer
203b includes message data 606, which may relate to a memory access command,;
and the message buffer 203c includes message data 608, which may relate to 1/O
messages. FIG. 6 also shows that the message scheduler 202 is receiving a
stream of cache coherency message data 612.
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[0041] As discussed above, the message dispatcher 204 may operate by
scheduling message data for processing based on the priority of the message
buffers storing the message data. For example, the message dispatcher 204 may
schedule message data from the message buffer 603a until the message buffer
603a is empty. If the message buffer 603a is empty, the message dispatcher 204
may schedule message data stored in message buffer 603b for processing until the
message buffer 603b is empty or until the message buffer 603a stores new
message data. If the message buffers 603a,b are empty, the message dispatcher
204 may schedule message data stored in message buffer 603c for processing until
the message buffer 603c is empty or until the message buffers 603a,b store new

message data.

[0042] In some cases, it may take an unfair amount of time to empty a
message buffer assigned to a comparatively high priority. Such may be the case
when the rate in which a stream of message data assigned to a high priority (e.g.,
the stream of message data 612) exceeds the rate in which the message
dispatcher 204 can process the message data stored in the message buffer
associated with that high priority (e.g., the message data 602, 604 stored in
message buffer 203a). In this case, or if this case persists for an extended period
of time, message data stored in the lower priority message buffers (e.g., message

buffers 203b,c) may be viewed as a starved resource.

[0043] To provide fair scheduling, or to limit resource starvation, of the
message data 606, 608, the message dispatcher 204 may promote the message
data 606, 608. In selecting which message data to promote, the message
scheduler 202 may determine if the age (e.g., a time period in which the message
data has been queued in a message buffer) of a message data exceeds an age
threshold. In some examples, the message dispatcher 204 may be configured to
promote a message data by re-queuing or moving the message data to a message
buffer that is mapped to a higher priority. FIG. 6 shows that the message data 606
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may be promoted to the message buffer 203a, while the message data 608 may be

promoted to the message buffer 203b.

[0044] Other examples may promote message data using techniques other
than re-queuing message data in higher priority message buffers. For example, the
message scheduler 202 may periodically identify and mark message data as stale if
the message data has been queued in a message buffer for a time period above a
threshold time period. In selecting message data for processing, the message
dispatcher 204 may first select message data that is marked as stale before
processing message data based on priorities of the message buffers 203a-c. As
another example, the message scheduler 202 can increase the priority assigned to
a message buffer (203b) with stale message data so that that message buffer (e.g.,
203b) has a higher priority relative to another message buffer (e.g. 203a) for a
period of time

[0045] FIG. 7 is a block diagram of a computing device 700 capable of co-
scheduling message data, according to one example. The computing device 700
includes, for example, a processor 710, and a computer-readable storage device
720 including instructions 722, 724. The computing device 700 may be, for
example, a memory node (see FIG. 1) or any other suitable computing device
capable of providing the functionality described herein.

[0046] The processor 710 may be a central processing unit (CPU), a
semiconductor-based microprocessor, a graphics processing unit (GPU), other
hardware devices or circuitry suitable for retrieval and execution of instructions
stored in computer-readable storage device 720, or combinations thereof. For
example, the processor 710 may include multiple cores on a chip, include multiple
cores across multiple chips, multiple cores across multiple devices, or combinations
thereof. The processor 710 may fetch, decode, and execute one or more of the
instructions 722, 724 to implement methods and operations discussed above, with
reference to FIGS. 1-6. As an alternative or in addition to retrieving and executing
instructions, processor 710 may include at least one integrated circuit (IC), other
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control logic, other electronic circuits, or combinations thereof that include a number

of electronic components for performing the functionality of instructions 722, 724.

[0047] Computer-readable storage device 720 may be any electronic,
magnetic, optical, or other physical storage device that contains or stores
executable instructions. Thus, computer-readable storage device may be, for
example, Random Access Memory (RAM), an Electrically Erasable Programmable
Read-Only Memory (EEPROM), a storage drive, a Compact Disc Read Only
Memory (CD-ROM), non-volatile memory, and the like. As such, the machine-
readable storage device can be non-transitory. As described in detail herein,
computer-readable storage device 720 may be encoded with a series of executable
instructions for co-scheduling message data through a node-based compute
device.

[0048] As used herein, the term “computer system” may refer to one or more

computer devices, such as the computer device 700 shown in FIG. 7. Further, the

terms “couple,” “couples,” “communicatively couple,” or “communicatively coupled”
is intended to mean either an indirect or direct connection. Thus, if a first device,
module, or engine couples to a second device, module, or engine, that connection
may be through a direct connection, or through an indirect connection via other
devices, modules, logic, engines and connections. In the case of electrical
connections, such coupling may be direct, indirect, through an optical connection,

or through a wireless electrical connection.

[0049] While this disclosure makes reference to some examples, various
modifications to the described examples may be made without departing from the
scope of the claimed features.



WO 2016/014044 PCT/US2014/047707

-18-
CLAIMS

What is claimed is:

1. A node-based compute device comprising:

a first memory node connected to a second memory node through a
point-to-point link, the first memory node includes:

a message scheduler to assign message data a priority based
on a protocol type of the message data, and

a message dispatcher to:

select the message data over other message data
based on the priority assigned to the message data relative to a priority assigned to
the other message data, and

responsive to the message data being selected,
processing the message data.

2. The node-based compute device of claim 1, wherein the message
data includes protocol header data that specifies that the message data is of the
protocol type, and the message scheduler is to determine the protocol type based
on an inspection of the protocol header.

3. The node-based compute device of claim 2, wherein the message

scheduler is to:

select a first message buffer based on the priority assigned to the
message data; and

store the message data in the first message buffer.
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4. The node-based compute device of claim 3, wherein the message

scheduler is to:

determine that a second message buffer has an available slot, the
second message buffer being assigned to a different priority; and

move the message data to the second message buffer based on the

available slot.

5. The node-based compute device of claim 3, wherein the message
scheduler is to:

determine that an age of the message data exceeds an age
threshold; and

increase the priority assigned to the first message buffer so that the
first message buffer has a higher priority relative to a second message buffer for a

period of time.

6. The node-based compute device of claim 1, wherein the protocol type
includes at least one of: a cache coherency protocol, a memory access protocol, or

an input/output protocol.

7. The node-based compute device of claim 1, wherein the protocol type
of the message data is used to communicate cache coherency messages, and a
protocol type of another message data is used to communicate memory access

command messages.

8. The node-based compute device of claim 1, wherein:
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the message scheduler is further to assign an additional message

data an additional priority based on a protocol type of the additional message data,
and

the message dispatcher is further to abstain from communicating the
additional message data to the second memory node until communication of the

message data completes.

9. The node-based compute device of claim 1, wherein the message
data is received through a virtual channel, and the message scheduler is to assign
the message data the priority by storing the message data in a message buffer
assigned to the virtual channel, the message buffer being assigned the priority
according to a priority ranking of the message buffer.

10. The node-based compute device of claim 1, wherein the message
dispatcher is to process the message data by determining that the first memory
node is a destination for the message data, and forwarding the message data to a
memory logic of the first memory node.

11. A method comprising:

assigning, by a first memory node, message data received from a
second memory node a priority based on a protocol type of the message data, the
first memory node and the second memory node forming a main memory address

space for a processor node;

selecting the message data over other message data based on the
priority assigned to the message data relative to a priority assigned to the other
message data, and
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responsive to the message data being selected, transmitting the

message data to the second memory node over a point-to-point link.

12. The method of claim 11, wherein the message data is received
through a virtual channel assigned to a priority, and the message scheduler is to
assign the message data the priority based on the message data being received

through the virtual channel.

13. The method of claim 11, wherein the protocol type of the message
data is used to communicate cache coherency messages, and a protocol type of
the another message data is used to communicate memory access command

messages.

14. The method of claim 11, further comprising, prior to selecting the

message data over other message data:

determining that an age of the message data exceeds an age
threshold; and

promoting the priority of the message data.

15. A computer-readable storage device comprising instructions that,

when executed, cause a processor node of a computing device to:

assign, by a first memory node, message data received from a
second memory node a priority based on a protocol type of the message data, the
first memory node and the second memory node forming a main memory address

space for a processor node;
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select the message data over other message data based on the

priority assigned to the message data relative to a priority assigned to the other
message data, and

responsive to the message data being selected, transmit the message
data to the second memory node over a point-to-point link.
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