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(57) Abstract: In an embodiment, a processor includes a core
to execute instructions and a logic to receive memory access
requests from the core and to route the memory access re-
quests to a local memory and to route snoop requests corres -
ponding to the memory access requests to a remote pro-
cessor. The logic is configured to maintain latency informa-
tion regarding a difference between receipt of responses to
the snoop requests from the remote processor and receipt of
responses to the memory access requests from the local
memory. Other embodiments are described and claimed.
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PERFORMING FREQUENCY COORDINATION IN A
MULTIPROCESSOR SYSTEM BASED ON RESPONSE TIMING OPTIMIZATION

Background
[0001]  Advances in semiconductor processing and logic design have permitted

an increase in the amount of logic that may be present on integrated circuit devices.
As a result, computer system configurations have evolved from a single or multiple
integrated circuits in a system to multiple hardware threads, multiple cores, multiple
devices, and/or complete systems on individual integrated circuits. Additionally, as
the density of integrated circuits has grown, the power requirements for computing
systems (from embedded systems to servers) have also escalated. Furthermore,
software inefficiencies, and its requirements of hardware, have also caused an
increase in computing device energy consumption. In fact, some studies indicate
that computing devices consume a sizeable percentage of the entire electricity
supply for a country, such as the United States of America. As a result, there is a
vital need for energy efficiency and conservation associated with integrated circuits.
These needs will increase as servers, desktop computers, notebooks, Ultrabooks™,
tablets, mobile phones, processors, embedded systems, etc. become even more
prevalent (from inclusion in the typical computer, automobiles, and televisions to

biotechnology).

[0002] In @ multiprocessor system, latency of an access to a remote processor is
determined by the remote processor’s frequency, more specifically, a frequency of a
non-core portion of the processor, often referred to as an uncore. Standard power
management features reduce uncore frequency when cores are inactive. This
creates a scenario such that when cores of one processor seek to access another
processor and the remote processor has idle/inactive cores (and thus low uncore
frequency), this low remote frequency will cause an increase in the response time.
While the remote processor can maintain a fixed frequency for this uncore
frequency, this can increase power consumption and still may not resolve the

problem of high latency, particularly in low bandwidth workloads.
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Brief Description of the Drawings

[0003] FIG. 1 is a block diagram of a portion of a system in accordance with an

embodiment of the present invention.

[0004] FIG. 2 is a flow diagram of a method in accordance with an embodiment of

the present invention.

[0005] FIG. 3A is a flow diagram of a method for requesting frequency

coordination in accordance with an embodiment of the present invention.

[0006] FIG. 3B is a flow diagram of a method for performing an uncore frequency

update in accordance with an embodiment of the present invention.

[0007] FIG. 4A is a block diagram of an example two processor system in

accordance with an embodiment of the present invention.

[0008]  FIG. 4B is a block diagram illustrating a flow of communications regarding
handling of a memory access request in accordance with an embodiment of the

present invention.

[0009] FIG. 5 is a block diagram of a processor in accordance with an

embodiment of the present invention.

[0010] FIG. 6 is a block diagram of a processor in accordance with an

embodiment of the present invention.

[0011]  FIG. 7 is a block diagram of a system in accordance with an embodiment

of the present invention.

Detailed Description

[0012] In various embodiments, a detection mechanism can detect a condition in
which response latency for a response received in a first processor is constrained by
a remote processor. Responsive to this detection a communication can be
generated and sent to the remote processor. In turn, operations may occur at the
remote processor to increase uncore frequency to alleviate the performance loss.

These processors may be respective processor sockets of a multiprocessor system
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such as a given personal computer, server computer, mobile device, or other

computing device.

[0013] In an embodiment a sensor may count transactions where performance (or
response latency) is sensitive to a frequency of the remote processor. Thatis, a
processor includes a home agent configured to receive, responsive to a memory
access transaction, a snoop response from the remote processor and data from an
access to local memory. The home agent will frequently have to wait for both of
these responses to be received to check that there are no conflicts prior to
continuing with the transaction. Only the latency of the snoop response from the

remote processor is determined by the remote processor frequency.

[0014] A set of counters may be provided to aid in quantifying the performance
benefit possible from speeding up a frequency of the remote processor. In an
embodiment, a first counter is configured to count the number of transactions where
a remote snoop response was received after a local memory response. And a
second counter is configured to count the total number of cycles where the home

agent (or other coherency controller) waited for the remote snoop response.

[0015] In turn, these counters can be read by a power controller of a processor
such as a power control unit (PCU) and compared against programmed thresholds
to determine based on this latency information if there is sufficient performance
benefit to trigger an inter-processor frequency coordination request. Note that as
described herein, this frequency coordination may take different forms, including a
situation in which the frequency of non-core circuitry, also referred to herein as
system agent or so-called uncore circuitry, is set at a common frequency across
multiple processor sockets. In other situations, this frequency coordination may take
the form of a request from one processor socket to another socket (or sockets) to
seek an update to the uncore frequency, to improve latency of inter-processor
communication. Furthermore, understand that while implementations described
herein are with regard to processor sockets that can operate at independent
frequencies for different domains including an uncore domain, embodiments apply
equally to processors that operate at a single frequency. Furthermore, while

described herein as performing frequency coordination with regard to uncore
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frequency, in some embodiments this frequency coordination may be for additional
or different components of a processor socket, such as an interconnect frequency in
an implementation in which an interconnect frequency such as a ring interconnect of

a processor socket operates at a different frequency than an uncore circuit.

[0016]  Although the scope of the present invention is not limited in this regard,
uncore frequency coordination control as described herein can be implemented via
firmware, hardware, software, and combinations thereof, to thus enable detection of
an undesired latency, communication of a request to at least one other processor

socket to enable an increased uncore frequency to reduce the latency.

[0017] In an embodiment, a frequency coordination request may be a PCU-to-
PCU message tunneled over an inter-processor link. When a processor receives
this indication from another processor, it attempts to raise its uncore frequency, if
possible within current power constraints of the processor. It may raise uncore
frequency incrementally (one step at a time) or in larger steps that are based on the
counter information, with higher counts triggering larger upticks in remote uncore

frequency.

[0018] Note that in many embodiments, it is only beneficial to increase a remote
frequency so that a remote snoop response is timed to arrive at the home agent
substantially at the same time as the local memory access. After this point, the local
memory becomes the latency determiner and there is no latency benefit from further

increasing in remote processor frequency.

[0019]  Referring now to FIG. 1, shown is a block diagram of a portion of a system
in accordance with an embodiment of the present invention. As shown in FIG. 1,
system 100 may include various components, including a processor 110 which as
shown is a multicore processor. Processor 110 may be coupled to a power supply
150 via an external voltage regulator 160, which may perform a first voltage

conversion to provide a primary regulated voltage to processor 110.

[0020] As seen, processor 110 may be a single die processor socket including
multiple cores 120a — 120n. In addition, each core may be associated with an

individual voltage regulator 125a — 125n. Accordingly, a fully integrated voltage
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regulator (FIVR) implementation may be provided to allow for fine-grained control of
voltage and thus power and performance of each individual core. As such, each
core can operate at an independent voltage and frequency, enabling great flexibility

and affording wide opportunities for balancing power consumption with performance.

[0021]  Still referring to FIG. 1, additional components may be present within the
processor including an input/output interface 132, another interface 134, and an
integrated memory controller 136. As seen, each of these components may be
powered by another integrated voltage regulator 125x. In one embodiment, interface
132 may be in accordance with the Intel® Quick Path Interconnect (QPI) protocol,
which provides for point-to-point (PtP) links in a cache coherent protocol that
includes multiple layers including a physical layer, a link layer and a protocol layer.
As will be described herein via one or more QPI interfaces, uncore frequency
coordination messages may be communicated between processor sockets of a
multiprocessor system. In turn, interface 134 may be in accordance with a
Peripheral Component Interconnect Express (PCle ™) specification, e.g., the PCI
Express™ Specification Base Specification version 2.0 (published January 17,
2007).

[0022]  Also shown is a power control unit (PCU) 138, which may include
hardware, software and/or firmware to perform power management operations with
regard to processor 110. In various embodiments, PCU 138 may include logic to
perform uncore frequency control in accordance with an embodiment of the present
invention. Furthermore, PCU 138 may be coupled via a dedicated interface to
external voltage regulator 160. In this way, PCU 138 can instruct the voltage

regulator to provide a requested regulated voltage to the processor.

[0023] While not shown for ease of illustration, understand that additional
components may be present within processor 110 such as additional uncore logic
and other components such as internal memories, e.g., one or more levels of a
cache memory hierarchy, a coherency controller such as a home agent and so forth.
Furthermore, while shown in the implementation of FIG. 1 with an integrated voltage

regulator, embodiments are not so limited.
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[0024]  Although the following embodiments are described with reference to
energy conservation and energy efficiency in specific integrated circuits, such as in
computing platforms or processors, other embodiments are applicable to other types
of integrated circuits and logic devices. Similar techniques and teachings of
embodiments described herein may be applied to other types of circuits or
semiconductor devices that may also benefit from better energy efficiency and
energy conservation. For example, the disclosed embodiments are not limited to
any particular type of computer systems, and may be also used in other devices,
such as handheld devices, systems on chip (SoCs), and embedded applications.
Some examples of handheld devices include cellular phones, Internet protocol
devices, digital cameras, personal digital assistants (PDAs), and handheld PCs.
Embedded applications typically include a microcontroller, a digital signal processor
(DSP), network computers (NetPC), set-top boxes, network hubs, wide area network
(WAN) switches, or any other system that can perform the functions and operations
taught below. Moreover, the apparatus’, methods, and systems described herein are
not limited to physical computing devices, but may also relate to software
optimizations for energy conservation and efficiency. As will become readily
apparent in the description below, the embodiments of methods, apparatus’, and
systems described herein (whether in reference to hardware, firmware, software, or
a combination thereof) are vital to a ‘green technology’ future, such as for power
conservation and energy efficiency in products that encompass a large portion of the

US economy.

[0025] Note that the remote processor latency detection and uncore frequency
control described herein may be independent of and complementary to an operating
system (OS)-based mechanism, such as the Advanced Configuration and Platform
Interface (ACPI) standard (e.g., Rev. 3.0b, published October 10, 2006). According
to ACPI, a processor can operate at various performance states or levels, namely
from PO to PN. In general, the P1 performance state may correspond to the highest
guaranteed performance state that can be requested by an OS. In addition to this
P1 state, the OS can further request a higher performance state, namely a PO state.
This PO state may thus be an opportunistic state in which, when power and/or

thermal budget is available, processor hardware can configure the processor or at
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least portions thereof to operate at a higher than guaranteed frequency. In many
implementations a processor can include multiple so-called bin frequencies above a
guaranteed maximum frequency, also referred to as a P1 frequency. In addition,
according to ACPI, a processor can operate at various power states or levels. With
regard to power states, ACPI specifies different power consumption states, generally
referred to as C-states, C0O, C1 to Cn states. When a core is active, it runs at a CO
state, and when the core is idle it may be placed in a core low power state, also
called a core non-zero C-state (e.g., C1-C6 states), with each C-state being at a
lower power consumption level (such that C6 is a deeper low power state than C1,
and so forth). Note that as more cores of a processor socket enter into deeper low
power states, the activity level of the processor reduces and accordingly, so too may
the uncore frequency, according to certain power management features of the

processor such as implemented via the PCU.

[0026] In an embodiment, a dedicated communication protocol is provided for
inter-processor frequency coordination. When the low remote processor frequency
control feature is triggered in a processor, one or more messages according to this
protocol are sent over an inter-processor interconnect (such as a QP! link or other
point-to-point (PtP) interconnect that couples different processor sockets of a
multiprocessor system). This message thus provides signaling that a processor has
detected a condition that indicates inter-processor frequency coordination (and,
optionally, the frequency it is requesting). In different embodiments, this
communication protocol may be implemented in either a peer-to-peer manner (where
each processor has the same behavior and sends requests to all other processors
when it seeks frequency coordination), or in a master-slave manner (where a
processor is designated as master and collects information from other processors,
makes a decision, and sends requests to all other processors). In either case, the

system behavior is the same.

[0027] Note that this requested updated frequency may be at a floor frequency
that is deadlock-free. For example, setting the floor frequency to a maximum of the
uncore frequencies of all the other processors would lead to a deadlock scenario

where no processor could reduce its uncore frequency, thus adversely affecting
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power savings. A corresponding deadlock-free example is to select a floor
frequency that is less than a maximum of the uncore frequencies of all the other
processors by a predetermined amount (such as 1 or 2 bin frequencies (where a bin
frequency is 100 megahertz (MHz), in an embodiment)). In this way, processors

may be allowed to reduce frequency as workload behavior changes.

[0028] Referring now to FIG. 2, shown is a flow diagram of a method in
accordance with of an embodiment of the present invention. As shown in FIG. 2,
method 200 may be performed by logic of a home agent or other circuitry of a
processor. Note that these operations shown in FIG. 2 are with regard to a home
agent that owns the local memory and provides responses to various memory
requests from agents such as cores of the local processor socket. In general,
method 200 may be used to analyze information regarding receipt of responses to
various transactions in order to determine whether an excessive latency is occurring
with regard to such responses received from remote processor sockets. As seen,
method 200 begins by receiving a read request in a home agent (block 205). This
read request may come from a core of the processor, which seeks to read a given
piece of data located at a particular memory address. Assume for purposes of
discussion that this memory address is located in a portion of a system memory local
to the processor. In the course of performing this read request, one or more snoop
requests are sent to remote processor sockets to determine whether any copies of

this requested data are present and if so whether they are in a modified state.

[0029]  Still referring to FIG. 2, control passes to block 210 where the memory
access can be sent to the memory and a snoop request can be sent to a remote
processor socket. For example, assume a two processor socket system. Thus in
addition to sending the read request via a memory controller to the local memory, a
snoop request can be sent from the home agent to the remote socket to thus request
a status of the requested data in that processor (if present). Next it can be
determined whether both requests have been received in the home agent (diamond
215).

[0030] Control next passes to diamond 220 to determine whether the remote

processor response was received after the memory response. Here, the memory
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response may be a read completion that includes the requested data. In turn, the
response from the other processor socket is a snoop response indicating whether
the requested data was present in a cache memory of the other processor socket

and if so, its state.

[0031] If it is determined that the remote processor socket response is received
after the memory response, control passes to block 225 where two counters can be
incremented based on this delay in receiving the remote processor response.
Specifically, these counters, which may be part of latency detection logic of a home
agent, includes a first counter that maintains a count of transactions for which a
response from a remote processor socket is delayed as compared to a response
from local memory. The second counter may maintain a count of the number of
cycles of these delayed responses. Thus for each response, a single increment can
occur to the first counter while a variable amount of increment occurs to the second
counter, namely corresponding to the difference in cycles between receipt of the
memory response from the local memory and receipt of the corresponding snoop
response from the remote processor socket. In either event, control passes to block
230 where the requested read data can be provided to the requester. Although
shown at this high level in the embodiment of FIG. 2, understand the scope of the

present invention is not limited in this regard.

[0032] Based on the count values, either this logic of the home agent or other
processor logic (such as of a PCU) can determine whether the latency for receiving
responses from one or more remote processor sockets is at an undesired high level
and if so to take appropriate corrective action. In an embodiment, uncore frequency
control logic of a PCU can read these counters at a predetermined interval, and
based on the values of these counters determine whether a request for an updated
uncore frequency in the one or more remote processor sockets is warranted. If so,

the request can be generated and sent to the appropriate processor socket(s).

[0033] Referring now to FIG. 3A, shown is a flow diagram of a method for
requesting frequency coordination in accordance with an embodiment of the present
invention. Note that in FIG. 3A, method 240 can be implemented within various logic

of a processor, such as PCU logic or a dedicated uncore frequency control logic,
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which may be a standalone logic or can be incorporated into a PCU, in some
implementations. As seen, method 240 begins by determining whether remote
processor response latency is greater than a threshold (diamond 245). As described
above, values stored in a set of counters can be read to determine whether the
remote processor latency exceeds this latency threshold. Although described in this
embodiment with this counter-based latency determination, in other embodiments
different detection mechanisms are possible to detect undesired remote processor

latency.

[0034] Referring still to FIG. 3A, next at block 250 a frequency update request
may be generated. This request can take different forms in various embodiments.
For example, a request to update an uncore frequency can be generated, e.g., with a
preprogrammed value for the updated uncore frequency. Or a calculation can be
made. In yet other embodiments, a simple request to update frequency can be
generated that in turn enables the receiving processor to perform a calculation as to

an appropriate uncore frequency.

[0035]  Still referring to FIG. 3A, control passes next to block 255 where the
frequency update request can be communicated to one or more processors coupled
to the processor. As discussed above, this communication may be via a PtP
interconnect that couples the processors such as a QPI or other interconnect.
Different types of messages can be sent, including, in an embodiment, a frequency
control message that includes an encoding for this requested operation as well as an
identification of the requested updated frequency value. Although shown at this high
level in the embodiment of FIG. 3A, understand the scope of the present invention is

not limited in this regard.

[0036] Referring now to FIG. 3B, shown is a flow diagram of a method for
performing an uncore frequency update in accordance with an embodiment of the
present invention. This method can be performed by uncore frequency control logic
of a processor, as with the above discussion of FIG. 3A, in some embodiments.
However understand that this uncore frequency control logic that handles incoming
requests for increased uncore frequency may be different than logic of a PCU that

initiates a request to a remote processor for increased frequency within the remote
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processor. As seen, method 260 begins by receiving an uncore frequency request
from a remote processor (block 265). As described above, this request can be
received via a PtP interconnect and may include information such that the request
can be directed to be received within the uncore frequency control logic. Note that
this request may include a requested updated frequency or can simply be a request
to update the uncore frequency. Next, control passes to diamond 270 where it can
be determined whether the processor can update its uncore frequency to the
requested uncore frequency, within various constraints of the processor. This
determination may be made within the uncore frequency control logic, e.g., with input
from a PCU that thus provides information regarding various constraints on the
processor such as power and/or thermal constraints or the PCU may indicate
whether an increased uncore frequency is allowed. In this way, the uncore
frequency control logic can determine whether the requested uncore frequency
(when the request includes a requested frequency value) can be effected. If so,
control passes to block 275 where the uncore frequency can be updated to the
requested uncore frequency. Thus this updated uncore frequency is at a greater
value than a uncore frequency determined by the PCU for a current level of a
workload being executed on the processor. Note here that this updated uncore
frequency may be at a value higher (and potentially much higher) that a frequency
needed to handle current activity of this local processor. Stated another way, this
increased uncore frequency is to enable greater system performance overall,

although it is not needed to handle the local processor workload.

[0037]  Otherwise, if the processor cannot perform the update to the requested
uncore frequency, control passes instead to block 280 where an available uncore
frequency can be determined according to the processor constraints. The uncore
frequency control logic can perform this determination or in some embodiments the
PCU itself may make this determination. Finally, control passes to block 290 where
the uncore frequency can be updated to the determined available uncore frequency.
Although shown at this high level in the embodiment of FIG. 3B, understand the

scope of the present invention is not limited in this regard.
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[0038] Referring now to FIG. 4A, shown is a block diagram of an example two
processor system in accordance with an embodiment of the present invention. As
shown in FIG. 4A, system 300 is a multiprocessor system including a first processor
socket 310a and a second processor socket 310b. Each of the sockets may be
configured the same and thus only the components of processor socket 310a are
discussed, although the same components are present in socket 310b. Of course in
other embodiments, the processor sockets may be heterogeneous sockets in that
different types of processors may be present, such as having different numbers of
cores and other processing engines, differently sized cache memories, among other

differences.

[0039] As seen, processor socket 310a includes a plurality of cores 315,0-315an
that couple to other components of the socket via an interconnect 320a which in an
embodiment can be a ring interconnect. Each of the cores may be of a common
architecture or there can be cores of multiple micro-architectures. Each such core
may include a local cache memory. In addition via interconnect 320a the cores are
coupled to a cache memory 340a which in an embodiment is a shared cache
memory such as a last level cache (LLC).

[0040]  Also via interconnect 320a the cores couple to a home agent 325a that
acts as a coherency controller, and includes latency detection logic in accordance
with an embodiment of the present invention (not shown in FIG. 4A for ease of
illustration). This latency detection logic is configured to determine an amount of
latency for responses from one or more remote processor sockets to requests such
as snoop requests issued by the home agent. More specifically, this latency may be
a duration longer than receipt of a corresponding response received from a local
memory for the same transaction. Using latency detection logic of the home agent, it
can be determined whether excessive latencies are occurring as to responses
received from one or more processor sockets and if so, an indication can be made to
an appropriate entity of the processor that can generate a request to such remote
processor socket(s) to attempt to reduce the latency. In turn, home agent 325a
couples to a memory controller 330a that in turn couples to a local portion of a

system memory. More specifically, via a memory interconnect 365a, memory
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controller 330a is coupled to and controls access to a dynamic random access
memory (DRAM) 370a.

[0041] For purposes of discussion of embodiments herein, processor socket 310a
includes an interface 360a which in an embodiment may be a QP interface to
provide interconnection between first processor socket 310a and second processor
socket 310b via a QP interconnect 380. As further shown, a PCU 350a (which may
include uncore frequency control logic as described herein) is coupled to interface

360 to enable communication of frequency control messages between the cores.

[0042] Note that embodiments scale to a system with more than two processors
as well. In systems where not all processors are connected to each other (for
example, where the processors are arranged as a ring, torus or other non-fully-
connected topology), intermediate processors act as a local repeater for frequency
coordination requests, so that each processor can receive frequency coordination
requests from all other processors in the system. Using an embodiment of the
present invention, improved power/performance in multiprocessor platforms when

running low-bandwidth latency-sensitive server workloads may be realized.

[0043] FIG. 4B is a block diagram illustrating a flow of communications regarding
handling of a memory access request in accordance with an embodiment of the
present invention. As seen in FIG. 4B, first home agent 325a (or other coherency
controller) receives a read request for a given address (1). This request may be part
of a larger read transaction flow of a coherency protocol. To respond to the request,
a snoop request (2) is sent to remote processor 310b and a memory access is sent
to local memory 365a (3). The snoop request may be sent by home agent 325a or by
the cache itself, depending on the implementation. In response, remote processor
310b sends a snoop response (4), and local memory 370a sends data for the read
(5). Home agent 325a waits for both responses and resolves any conflicts before
continuing with the rest of the flow, which includes sending a read completion to the
requester. For optimal operation both responses may be received at home agent

325a at substantially the same time.
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[0044] In an embodiment, home agent 325a includes counters to count the
number of times and the number of cycles that a read completion was stalled waiting
for a response from the remote processor (in other words, (4) occurred after (5)).
These counters are read by the local PCU, which compares them with thresholds to
determine whether to request an increase in the uncore frequency of remote
processor 310b. If so, this request is generated and communicated from one PCU to
the other by tunneling over interconnect 380. Note that when the counter counts are
less than the associated thresholds for a given duration, the PCU may stop
requesting an elevated uncore frequency from the remote processor socket, allowing

the remote processor socket to return to a frequency based on its own activity level.

[0045]  Thatis, frequency control logic of the PCU can either receive an indication
of high latency from the home agent or can periodically read counter values or other
information within the latency detection logic of the home agent to determine that
such a latency exists and to take appropriate action, namely communication of a

frequency coordination request.

[0046] Embodiments can be implemented in processors for various markets
including server processors, desktop processors, mobile processors and so forth.
Referring now to FIG. 5, shown is a block diagram of a processor in accordance with
an embodiment of the present invention. As shown in FIG. 5, processor 400 may be
a multicore processor including a plurality of cores 410a —410n. In one
embodiment, each such core may be of an independent power domain and can be
configured to enter and exit active states and/or maximum performance states based
on workload. The various cores may be coupled via an interconnect 415 to a system
agent or uncore 420 that includes various components. As seen, the uncore 420
may include a shared cache 430 which may be a last level cache. In the
embodiment shown, the uncore further includes a home agent 445 including a
latency detection logic 446. This logic may include a set of counters used for
performing latency detection, including a first counter 447 and a second counter 448.
In addition, the uncore may include an integrated memory controller 440, various

interfaces 450 and a power control unit 455.
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[0047] In various embodiments, power control unit 455 may include a uncore
frequency control logic 459 in accordance with an embodiment of the present
invention. As described above, this logic acts to determine whether an update to a
remote processor’'s uncore frequency is called for (e.g., based on count values
received from the counters of latency detection logic 446) and if so to generate a
request for an updated uncore frequency to be communicated to one or more remote
processors. In addition this logic may perform calculations responsive to messages
received from remote processor sockets to enable a coordinated uncore frequency
to be generated and communicated to the other processor sockets. Still further, this
logic can receive an incoming request for an uncore frequency update and determine
whether the requested uncore frequency update is allowed and if so to effect the

change, as described herein.

[0048]  With further reference to FIG. 5, processor 400 may communicate with a
system memory 460, e.g., via a memory bus. In addition, by interfaces 450,
connection can be made to various off-chip components such as peripheral devices,
mass storage and so forth. While shown with this particular implementation in the
embodiment of FIG. 5, the scope of the present invention is not limited in this regard.

[0049] Referring now to FIG. 6, shown is a block diagram of a multi-domain
processor in accordance with another embodiment of the present invention. As
shown in the embodiment of FIG. 6, processor 500 includes multiple domains.
Specifically, a core domain 510 can include a plurality of cores 510,—-510,, a
graphics domain 520 can include one or more graphics engines, and a system agent
domain 550 may further be present. In some embodiments, system agent domain
550 may execute at an independent frequency than the core domain and may
remain powered on at all times to handle power control events and power
management such that domains 510 and 520 can be controlled to dynamically enter
into and exit high power and low power states. Each of domains 510 and 520 may
operate at different voltage and/or power. Note that while only shown with three
domains, understand the scope of the present invention is not limited in this regard
and additional domains can be present in other embodiments. For example, multiple

core domains may be present each including at least one core.
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[0050] In general, each core 510 may further include low level caches in addition
to various execution units and additional processing elements. In turn, the various
cores may be coupled to each other and to a shared cache memory formed of a
plurality of units of a last level cache (LLC) 540¢ — 540,. In various embodiments,
LLC 540 may be shared amongst the cores and the graphics engine, as well as
various media processing circuitry. As seen, a ring interconnect 530 thus couples
the cores together, and provides interconnection between the cores, graphics
domain 520 and system agent circuitry 550. In one embodiment, interconnect 530
can be part of the core domain. However in other embodiments the ring interconnect

can be of its own domain.

[0051]  As further seen, system agent domain 550 may include display controller
552 which may provide control of and an interface to an associated display. As
further seen, system agent domain 550 may include a power control unit 555 which
can include an uncore frequency control logic 559 in accordance with an
embodiment of the present invention to enable control and/or coordination of uncore
frequency in multiple sockets of a multiprocessor system. In various embodiments,

this logic may execute the algorithms described above in FIGS. 3A and 3B.

[0052]  As further seen in FIG. 6, processor 500 can further include an integrated
memory controller (IMC) 570 that can provide for an interface to a system memory,
such as a dynamic random access memory (DRAM). In turn, this local memory may
be owned by a home agent 545 that includes latency detection logic 546 to
determine whether remote processor socket responses received by home agent 545
have a latency greater than a threshold value. Multiple interfaces 580, — 580, may
be present to enable interconnection between the processor and other circuitry. For
example, in one embodiment at least one direct media interface (DMI) interface may
be provided as well as one or more Peripheral Component Interconnect Express
(PCl Express™ (PCle™)) interfaces. Still further, to provide for communications
between other agents such as additional processors or other circuitry, one or more
interfaces in accordance with an Intel® Quick Path Interconnect (QPI) protocol may
also be provided. Although shown at this high level in the embodiment of FIG. 6,

understand the scope of the present invention is not limited in this regard.
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[0053] Embodiments may be implemented in many different system types.
Referring now to FIG. 7, shown is a block diagram of a system in accordance with an
embodiment of the present invention. As shown in FIG. 7, multiprocessor system
600 is a point-to-point interconnect system, and includes a first processor 670 and a
second processor 680 coupled via a point-to-point interconnect 650. As shown in
FIG. 7, each of processors 670 and 680 may be multicore processors, including first
and second processor cores (i.e., processor cores 674a and 674b and processor
cores 684a and 684Db), although potentially many more cores may be present in the
processors. Each of the processors can include a PCU, a home agent, and other
logic to perform remote processor latency detection and uncore frequency control

and coordination, as described herein.

[0054]  Still referring to FIG. 7, first processor 670 further includes a memory
controller hub (MCH) 672 and point-to-point (P-P) interfaces 676 and 678. Similarly,
second processor 680 includes a MCH 682 and P-P interfaces 686 and 688. As
shown in FIG. 7, MCH’s 672 and 682 couple the processors to respective memories,
namely a memory 632 and a memory 634, which may be portions of system memory
(e.g., DRAM) locally attached to the respective processors. First processor 670 and
second processor 680 may be coupled to a chipset 690 via P-P interconnects 662
and 664, respectively. As shown in FIG. 7, chipset 690 includes P-P interfaces 694
and 698.

[0055] Furthermore, chipset 690 includes an interface 692 to couple chipset 690
with a high performance graphics engine 638, by a P-P interconnect 639. In turn,
chipset 690 may be coupled to a first bus 616 via an interface 696. As shown in FIG.
7, various input/output (I/O) devices 614 may be coupled to first bus 616, along with
a bus bridge 618 which couples first bus 616 to a second bus 620. Various devices
may be coupled to second bus 620 including, for example, a keyboard/mouse 622,
communication devices 626 and a data storage unit 628 such as a disk drive or other
mass storage device which may include code 630, in one embodiment. Further, an
audio 1/0 624 may be coupled to second bus 620. Embodiments can be
incorporated into other types of systems including mobile devices such as a smart

cellular telephone, tablet computer, netbook, Ultrabook™, or so forth.
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[0056] Embodiments may be used in many different types of systems. For
example, in one embodiment a communication device can be arranged to perform
the various methods and techniques described herein. Of course, the scope of the
present invention is not limited to a communication device, and instead other
embodiments can be directed to other types of apparatus for processing instructions,
or one or more machine readable media including instructions that in response to
being executed on a computing device, cause the device to carry out one or more of

the methods and techniques described herein.

[0057] Embodiments may be implemented in code and may be stored on a non-
transitory storage medium having stored thereon instructions which can be used to
program a system to perform the instructions. The storage medium may include, but
is not limited to, any type of disk including floppy disks, optical disks, solid state
drives (SSDs), compact disk read-only memories (CD-ROMs), compact disk
rewritables (CD-RWs), and magneto-optical disks, semiconductor devices such as
read-only memories (ROMs), random access memories (RAMs) such as dynamic
random access memories (DRAMs), static random access memories (SRAMs),
erasable programmable read-only memories (EPROMSs), flash memories, electrically
erasable programmable read-only memories (EEPROMSs), magnetic or optical cards,

or any other type of media suitable for storing electronic instructions.

[0058]  While the present invention has been described with respect to a limited
number of embodiments, those skilled in the art will appreciate numerous
modifications and variations therefrom. It is intended that the appended claims cover
all such modifications and variations as fall within the true spirit and scope of this

present invention.
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What is claimed is:

1. A processor comprising:

at least one core to execute instructions; and
uncore means coupled to the at least one core, the uncore logic including a first
means for receiving memory access requests from the at least one core and routing
the memory access requests to a local memory coupled to the processor and routing
snoop requests corresponding to the memory access requests to at least one remote
processor coupled to the processor, wherein the first means is to maintain latency
information regarding a difference between receipt of responses to the snoop
requests from the at least one remote processor and receipt of responses to the

memory access requests from the local memory.

2. The processor of claim 1, wherein the first means includes a first counter
means for maintaining a count of a number of instances in which a response from a
remote processor regarding a snoop request was received after a response from the

local memory regarding a corresponding memory access request.

3. The processor of claim 2, wherein the first means is to increment the first

counter means per instance.

4. The processor of claim 2, wherein the first means includes a second counter

means for maintaining a count of a number of cycles for the number of instances.

5. The processor of claim 4, wherein the first means is to update the second
counter means for each instance by a number of cycles of delay that the response

from the remote processor was received after the response from the local memory.

6. The processor of claim 4, further comprising a power control means for
receiving the latency information, and responsive to the latency information,

generating a request for communication to the at least one remote processor to



B W N =

AW N =

NS AW N -

-—

WO 2014/099016 PCT/US2013/048079

20

request frequency coordination between the processor and the at least one remote

processor.

7. The processor of claim 6, wherein the power control means is to read the first
counter means and the second counter means and to generate the request based at

least on the first and second counter means.

8. The processor of claim 1, wherein the processor and the at least one remote

processor are of a multiprocessor platform.

9. The processor of claim 1, further comprising an uncore frequency control
means for receiving a frequency coordination request from the at least one remote
processor and updating a frequency for the uncore means responsive to the

frequency coordination request.

10.  The processor of claim 9, wherein the uncore frequency control means is to
receive a plurality of frequency coordination requests each from a processor coupled
to the processor and to select an updated frequency for the uncore means
corresponding to a frequency less than a maximum requested frequency of the

plurality of frequency coordination requests by at least one bin frequency.

11. A method comprising:

receiving a first response in a first logic of a processor responsive to sending a
memory access request to a first memory coupled to the processor and receiving a
second response in the first logic responsive to sending a snoop request to a remote
processor coupled to the processor;

updating a first counter and a second counter based on a delay between receipt of
the first response and receipt of the second response; and

providing data obtained responsive to the memory access request to a requester.

12.  The method of claim 11, further comprising incrementing the first counter per

instance of the delay, the first counter to maintain a count of a number of instances
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in which a response from the remote processor to a snoop request was received

after a corresponding response from the first memory to a memory access request.

13.  The method of claim 12, further comprising incrementing the second counter
for each instance by a number of cycles of the delay, the second counter to maintain

a count of a number of cycles for the number of instances.

14.  The method of claim 11, further comprising responsive to a value of the first
counter and a value of the second counter, generating a request for communication

to the remote processor to request frequency coordination.

15.  The method of claim 11, further comprising:

receiving a frequency update request in the processor from the remote processor;
and

updating a frequency of an uncore logic of the processor responsive to the frequency
update request, wherein the updated frequency is at a value greater than a
frequency determined by a power controller of the processor based on a workload

being executed by the processor.

16. A system comprising:

a first processor including at least one core to execute instructions, uncore
logic coupled to the at least one core, a power control unit (PCU) coupled to the at
least one core to control a power consumption level of the at least one core, the PCU
including an uncore frequency control means for receiving a frequency coordination
request from a second processor and updating a frequency for the uncore logic
responsive to the frequency coordination request, and a communication interface to
receive the frequency coordination request from the second processor via an
interconnect;
the second processor coupled to the first processor via the interconnect and
including a second uncore logic, a second core, and a latency detection means for
determining a latency between receipt of a response to a snoop request received

from the first processor and receipt of a corresponding response to a memory
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access request received from a second local memory coupled to the second

processor, the second processor to generate the frequency coordination request
based at least in part on the latency; and
a first local memory coupled to the first processor and the second local

memory coupled to the second processor.

17.  The system of claim 16, wherein the second processor further comprises a
home agent including the latency detection means to receive the memory access
request from the second core and to route the memory access request to the second

local memory and to route the snoop request to the first processor.

18.  The system of claim 16, wherein the latency detection means comprises:

a first counter to maintain a count of a number of instances in which a response from
the first processor regarding a snoop request was received after a response from the
second local memory regarding a corresponding memory access request; and

a second counter to maintain a count of a number of cycles for the number of

instances.

19.  The system of claim 18, wherein the latency detection means is to update the
first counter per instance and update the second counter for each instance by a
number of cycles of delay that the response from the first processor was received

after the response from the second local memory.

20. The system of claim 16, wherein the second processor further comprises a
second uncore frequency control means for receiving information regarding the
latency and responsive to the latency information, generating the frequency

coordination request.

21.  The system of claim 16, wherein the first processor is to receive a plurality of
frequency coordination requests each from a processor coupled to the first processor
and to select an updated frequency corresponding to a frequency less than a

maximum requested frequency of the plurality of frequency coordination requests by
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at least one bin frequency, and to communicate the selected updated frequency to

each of the processors.

22.  The system of claim 16, wherein responsive to the updated uncore logic
frequency, a home agent of the second processor is to receive a second response to
a second snoop request from the first processor and a corresponding second
response to a second memory access request from the second local memory at

substantially the same time.
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