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PROCESSORS HAVING VIRTUALLY CLUSTERED CORES
AND CACHE SLICES

BACKGROUND

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is a continuation Application No. 13/729,579, filed December 28,
2012, entitled as “PROCESSORS HAVING VIRTUALLY CLUSTERED CORES AND
CACHE SLICES*, which is herein incorporated by reference.

Field

[0002] Embodiments relate to the field of processors. In particular, embodiments relate

to the field of cache management in multi-core processors.

Background Information

[0003] Advances in semiconductor processing and logic design have permitted an
increase in the amount of logic that may be included in processors and other integrated
circuit devices. As a result, many processors now have multiple to many cores that are
monolithically integrated on a single integrated circuit or die. The multiple cores
generally help to allow multiple threads or other workloads to be performed concurrently,

which generally helps to increase execution throughput.

[0004] However, the multiple cores may have a downside in terms of longer hit and/or
miss latencies to a shared cache. Often, the processors have a shared cache that is
physically distributed across the integrated circuit or die. For example, cache slices of
the distributed cache may be co-located with corresponding cores. Commonly, all of the
cores are able to access all of the cache slices. The time for a core to access data from a
given cache slice generally depends on the distance between the core and the given cache
slice. As aresult, as the number of cores on the processor increases, the average distance
between cores and cache slices, as well as the average access hit and/or miss latencies,
also generally increases. In addition, the multiple or many cores also tend to increase the
memory address entropy at memory controllers, which may tend to result in lower

effective memory bandwidth.
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0004] The invention may best be understood by referring to the following description
and accompanying drawings that are used to illustrate embodiments of the invention. In

the drawings:

[0005] Figure 1 is a block diagram of an example computer system including an

embodiment of a processor.

[0006] Figure 2 is a block diagram of a first detailed example embodiment of a processor

having virtual clusters.

[0007] Figure 3 is a block diagram of a second detailed example embodiment of a

processor having virtual clusters.

[0008] Figure 4 is a block flow diagram of an embodiment of a method of using virtual

clusters.

[0009] Figure 5 is a block diagram of an embodiment of a processor having virtual

clusters having virtual sub-clusters.

[0010] Figure 6 is a block diagram of an embodiment of a processor having a first virtual
cluster with a higher power consumption state and a second virtual cluster with a

selectively reduced lower power consumption state.

[0011] Figure 7 is a block diagram of an embodiment of computer system including a

processor having virtual clusters and a memory storing virtual cluster aware software.

[0012] Figure 8A is a block diagram illustrating both an exemplary in-order pipeline and
an exemplary register renaming, out-of-order issue/execution pipeline according to

embodiments of the invention.

[0013] Figure 8B is a block diagram illustrating both an exemplary embodiment of an
in-order architecture core and an exemplary register renaming, out-of-order
issue/execution architecture core to be included in a processor according to embodiments

of the invention.
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[0014] Figure 9A is a block diagram of a single processor core, along with its connection
to the on-die interconnect network and with its local subset of the Level 2 (L2) cache,

according to embodiments of the invention.

[0015] Figure 9B is an expanded view of part of the processor core in Figure 9A

according to embodiments of the invention.

[0016] Figure 10 is a block diagram of a processor that may have more than one core,
may have an integrated memory controller, and may have integrated graphics according

to embodiments of the invention.

[0017] Figure 11 shown is a block diagram of a system in accordance with one

embodiment of the present invention.

[0018] Figure 12 shown is a block diagram of a first more specific exemplary system in

accordance with an embodiment of the present invention.

[0019] Figure 13 shown is a block diagram of a second more specific exemplary system

in accordance with an embodiment of the present invention.

[0020] Figure 14 shown is a block diagram of a SoC in accordance with an embodiment

of the present invention.

[0021] Figure 15 is a block diagram contrasting the use of a software instruction
converter to convert binary instructions in a source instruction set to binary instructions

in a target instruction set according to embodiments of the invention.
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DETAILED DESCRIPTION

[0022] Disclosed herein are processors having virtually clustered cores and cache slices,
methods performed by and/or within the processors, and systems incorporating one or
more of such processors. In the following description, numerous specific details are set
forth (e.g., specific numbers and arrangements of cores and cache slices, specific ways of
groupings of cores and cache slices into clusters, specific interconnects, processor
configurations, microarchitectural details, logic partitioning/integration details, sequences
of operations, types, interrelationships of system components, and the like). However, it
is understood that embodiments of the invention may be practiced without these specific
details. In other instances, well-known circuits, structures and techniques have not been

shown in detail in order not to obscure the understanding of this description.

[0023] Figure 1 is a block diagram of an example computer system 100 including an
embodiment of a processor 101. In some embodiments, the processor may be a general-
purpose processor (e.g., of the type used in server, desktop, laptop, netbook, tablet,
smartphone, cell phone, smart television, video game console, and like computer
systems). Alternatively, the processor may be a special-purpose processor. Examples of
suitable special-purpose processors include, but are not limited to, network processors,
communications processors, cryptographic processors, graphics processors, co-
processors, embedded processors, and digital signal processors (DSPs), to name just a

few examples.

[0024] The processor represents a physical processor, integrated circuit, or die. The
physical processor may include any desired number of cores, other processing elements,
or other logical processors. The illustrated embodiment of the physical processor is a
multi-core processor including a first core 1 102-1 through an Nth core N 102-N, where
N may be any appropriate number, often ranging from two to several hundred, more often
on the order of tens (e.g., ten to one hundred). The cores are coupled together by one or
more on-die or on-substrate interconnect structures (e.g., a ring, torus, mesh, other known
interconnect structure, etc.). The core 1 includes an execution pipeline 103-1. Similarly,
the core N includes an execution pipeline 103-N. Each execution pipeline may represent

any known pipeline, and may include, for example, fetch logic, decode logic, allocation
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logic, renaming logic, scheduling logic, register access logic, execution logic, write back
logic, and commit logic, or various combinations thereof. The cores may be either single
threaded or multi-threaded. The cores 102 may be symmetric cores, asymmetric cores

(e.g., heterogeneous cores), or some may be symmetric and others asymmetric.

[0025] The term core often refers to logic located on an integrated circuit that is capable
of maintaining an independent architectural state (e.g., an execution state), in which the
independently maintained architectural state is associated with dedicated execution
resources. In contrast, the term hardware thread often refers to logic located on an
integrated circuit that is capable of maintaining an independent architectural state, in
which the independently maintained architectural state shares access to the execution
resources it uses. When certain resources are shared by an architectural state, and others
are dedicated to the architectural state, the line between a core and a hardware thread is
less distinct. Nevertheless, the core and the hardware thread are often viewed by an
operating system as individual processing elements or logical processors. The operating
system is generally able to individually schedule operations on each of the cores,
hardware threads, or other logical processors or processing elements. In other words, a
processing element or logical processor, in one embodiment, may represent any on-die
processor logic capable of being independently associated with code, such as a software
thread, operating system, application, or other code. While many of the embodiments
herein show cores as examples of the logical processors or processing elements, in other
embodiments these cores may be replaced by other logical processors or processing
elements. Examples of such other logical processors or processing elements include, but
are not limited to, hardware threads, thread units, thread slots, process units, contexts,
and/or any other logic that is capable of holding state and being independently associated

with code.

[0026] Referring again to Figure 1, the core 1 includes one or more lower level caches
104-1. Similarly, the core N includes one or more lower level caches 104-N. In some
embodiments, each core may have a single level of lower level cache. In other
embodiments, each core may have two or more levels of lower level cache (e.g., a lowest

level of cache closest to the core and a mid-level cache farther from the core). Each of
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the one or more lower level caches may cache recently obtained data and/or instructions.
The pipelines within each core may attempt to access data and/or instructions within the

one or more lower level cache(s) of the corresponding core.

[0027] The core 1 102-1 through the core N 102-N also share a higher level cache 105.
The one or more lower level caches 104 are referred to as lower level because they are
closer physically and/or logically to their corresponding cores (e.g., the execution logic
within the cores) than the shared higher level cache. In some embodiments, the cores
may check the one or more lower level caches for data and/or instructions first. Then, if
the sought data is not found in the one or more lower levels of cache, the cores may
proceed to check the shared higher level cache. In some embodiments, the higher level
shared cache may represent a last level data and/or instruction cache (LLC). The LLC

may represent the last cache in the memory hierarchy on the processor (e.g., on die).

[0028] The processor also includes a first cache coherency aware memory controller 108-
1 to couple the processor with a first memory 109-1, and a second cache coherency aware
memory controller 108-2 to couple the processor with a second memory 109-2. In some
embodiments, each cache coherency aware memory controller may include home agent
logic that is operable to perform cache coherency and second memory controller logic
that is operable to interact with the memory. For simplicity, in the present description,
such a home agent and memory controller functionalities will be referred to as a cache
coherency aware memory controller. Other embodiments may include fewer or more
cache coherency aware memory controllers. Moreover, while in the illustrated
embodiment, the cache coherency aware memory controllers are on-die or on-processor,
in other embodiments they may instead be off-die or off-processor (e.g., as one or more

chipset components).

[0029] Conventionally, the cores would generally access the first and second memories
through the first and second cache coherency aware memory controllers, as well as
through any intervening cores that are coupled between the accessing cores and the cache
coherency aware memory controllers. Accesses through multiple or potentially many
intervening cores generally tends to take more time, resulting in greater memory access

latencies, than accesses through less or no intervening cores. This generally translates to
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reduced performance in a conventional system, as well as possibly extra power
consumption and heat generation (e.g., due to extra electrical signals, to wake intervening

sleeping cores, etc.).

[0030] The processor also includes first optional bus interface logic 110 to couple the
processor with an input/output (I/O) controller hub 111 and one or more I/O devices 112.
In other embodiments, the I/O controller hub may be replaced by another type of chipset
component, or the I/O controller hub may be integrated on-die. The processor also
includes second optional bus interface logic 113 to couple the processor with one or more
other processors 114 (e.g., in the case of a server or other multi-socket system). In the
illustration, the first and second memories 109, the I/O controller hub 111, the I/O
device(s) 112, and the one or more processors 114, are shown in dashed lines to indicate
that, in some embodiments, they are system-level components of a system in which the

processor is deployed, and are not necessarily components of the processor.

[0031] The shared higher level cache 105 is commonly implemented as a distributed
cache including multiple physically distributed cache slices 107. For example, a first
cache slice 1 107-1 may correspond to, and often be closely physically located on die
with (e.g., co-located with), the first core 1 102-1. Similarly, an Nth cache slice N 107-N
may correspond to, and often be closely physically located on die relative to (e.g., co-
located with), the Nth core N 102-N. The cache slices are often in the uncore portion of

the processor.

[0032] A first core-cache slice interface logic 1 106-1 may interface the cores to the first
cache slice 1 107-1. Similarly, an Nth core-cache slice interface logic N 106-N may
interface the cores to the Nth cache slice N 107-N. In some embodiments, each core-
cache slice interface logic may include a first core interface logic (e.g., a corebo) and a
second cache slice interface logic (e.g., a cachebo) that work together to provide a core-
cache slice interface, although this is not required. The set of all cache slice interface
logic may also be referred to herein as a caching agent. The collective set of cache slice
interface logic (e.g., the set of all cachebo) may also be referred to as a caching agent of

the processor or physical socket.
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[0033] As discussed above in the background section, the distributed shared cache may
have a downside of longer shared cache hit and/or miss latencies especially when there
are many cores. Conventionally, all of the cores of the processor usually have access to
all of the cache slices on the die. The time for a core to access data from a given cache
slice generally depends on the distance between the core and the given cache slice. For
example, it will generally take longer for a core to access data from a remote cache slice
than from a nearby cache slice. As a result, as the number of cores on the processor
increases, the average distance between cores and cache slices, as well as the average
access hit and/or miss latencies, also generally increases. In addition, the multiple or
many cores generally tend to increase the address entropy at cache coherency aware
memory controllers (e.g., different cores may be processing different workloads and
accessing different pages and/or data structures in memory) which may tend to result in

lower effective memory bandwidth.

[0034] In some embodiments, the cores 102 and distributed portions of the shared higher
level cache 105 of the same monolithic integrated circuit, die, or semiconductor substrate
may be logically or virtually partitioned, clustered, or otherwise grouped into two or
more partitions, clusters, or other groups. For example, as shown in the illustrated
embodiment, the first core 1 102-1, the first cache slice 1 107-1, the first interface logic 1
106-1, and the first cache coherency aware memory controller 108-1 may be logically or
virtually clustered or grouped into a first virtual cluster 115-1. Similarly, the Nth core N
102-N, the Nth cache slice N 107-1, the Nth interface logic N 106-N, and the second
cache coherency aware memory controller 108-1 may be logically or virtually clustered
or grouped into a second virtual cluster 115-2. Other analogous components (e.g., other
cores, other cache slices, etc.) may also be included in each virtual cluster. In other
embodiments, instead of the cores, other logical processors and/or processing elements
and their corresponding shared higher level cache slices may be similarly logically or
virtually clustered. In other embodiments, instead of just two virtual clusters there may

be three or more virtual clusters each having a set of one or more cores and cache slices.

[0035] In some embodiments, when an access (e.g., a memory request) misses in the one

or more lower level caches 104 of a core 102, the access may be directed initially to only
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the cache slices 107 of the shared higher level cache 105 that are in the corresponding
virtual cluster 115. In some embodiments, the logical or virtual partitioning, clustering,
or grouping may be done to reduce average access hit and/or miss latencies. For
example, in some embodiments, the grouping may be done based on physical proximity.
For example, neighboring or physically proximate cores and/or their corresponding cache
slices may be preferentially or predominantly clustered or grouped together. In some
embodiments, the average distance between cores and/or cache slices within a virtual
cluster (e.g., the intra-virtual cluster distance) may be less than the average distance
between all cores and/or cache slices between virtual clusters and/or within a socket (e.g.,
the inter-virtual cluster distance). As another example, in some embodiments, the
grouping may be done based on the coupling of the cores to interconnect structures. For
example, the grouping may be done to predominantly virtually group cores on a common

ring interconnect or other interconnect structure together.

[0036] Advantageously, this may help to improve performance by reducing hit and/or
miss latencies for accesses to the shared higher level cache 105. For example, when
neighboring or proximate cores and their corresponding cache slices are grouped, the
accesses may be directed initially to only the neighboring or proximate cache slices of the
shared higher level cache in the corresponding virtual cluster. Instead of having to check
all of the cache slices, only those cache slices in the virtual cluster may need to be
checked initially. Moreover, this may tend to increase the likelihood that the accesses are
serviced by nearby/proximate cache slices instead of the accesses needing to travel all the
way to the farthest or most remote cache slices on the die. This may tend to reduce the
average distance the accesses need to travel in order to be serviced, which in turn may
tend to reduce access hit and/or miss latencies. Moreover, when cores and/or cache slices
on the same ring interconnect or other interconnect structure are grouped together, shorter
ring stop hops, or other shorter interconnect accesses on average may be achieved as
compared to if they were not on the same interconnect structures. This also may tend to

reduce access hit and/or miss latencies.

[0037] In some embodiments, if the access also misses in the cache slices 107 in the

corresponding virtual cluster 115, then the access may initially be directed only to a

10
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cache coherency aware memory controller 108 in the same corresponding virtual cluster
115. In some embodiments, the cache coherency aware memory controller may be the
one closest to the cores and/or cache slices of that virtual cluster (e.g., closest on average,
closest to the majority, or the like.). The cache coherency aware memory controller may
be operable to snoop or otherwise communicate with other cache coherency aware
memory controllers in order to attempt to service the request (e.g., determine where the

memory address is homed).

[0038] Advantageously, this may also help to improve performance by decreasing the
address entropy experienced by the cache coherency aware memory controllers. Rather
than receiving addresses from all of the cores (e.g., all the different threads or other
processes executing thereon), each cache coherency aware memory controllers may only
receive addresses from a subset of the cores in that memory controllers virtual cluster
(e.g., in some cases about half or less of the cores). As a result, each cache coherency
aware memory controller may tend to see less address entropy from fewer cores serviced
over a given period of time. Often, different threads or software processes tend to use
different data structures in memory so reducing the number of different threads or
software processes handled by a memory controller generally tends to reduce the
randomness or entropy of the memory addresses it receives. This may help to improve
the overall efficiency of the adaptive page open policy implemented by the cache
coherency aware memory controller (e.g., resulting in improved page hit ratios). This in

turn may tend to increase the effective memory bandwidth and/or memory throughput.

[0039] In some embodiments, the cache coherency aware memory controller may include
logic that is operable to snoop one or more caching agents of one or more other virtual
clusters of the processor (i.e., on the same die and/or within the same physical socket). In
some embodiments, the cache coherency aware memory controller may include logic that
is operable to indicate a particular virtual cluster and/or a particular virtual socket (e.g.,
by targeting a particular QPI port) when snooping a remote caching agent of a different
processor (i.e., on a different die and/or in a different physical socket). Advantageously,
this may help to utilize bus bandwidth efficiently (e.g., utilize QPI bandwidth in a

balanced fashion). In some embodiments, the cache coherency aware memory controller
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may include logic that is operable to filter snoops to remote and/or local caching agents
of virtual clusters/sockets using a snoop filter. In some embodiments, the cache
coherency aware memory controller may include logic that is operable to reduce bus
traffic (e.g., QPI bandwidth) and/or the associated power consumption by utilizing fanout
snoops when snooping remote caching agents for virtual clusters of a different processor,
as opposed to directed snoops that may result in multiple snoop messages to the same
socket. In some embodiments, a single snoop fanout may arrive at a physical socket
(e.g., at a QPI module) and in response to the single snoop fanout multiple directed
snoops may be performed within the physical socket to multiple caching agents and/or
virtual clusters within the physical socket (e.g., the QPI module may send one directed

snoop to each of the caching agents in the physical socket).

[0040] In some embodiments, each virtual cluster of a processor (e.g., a physical socket
or die) may have a copy of a cache line. Some other approaches only allow one copy of
the cache line for the processor. Allowing each virtual cluster of the processor to have a
copy of the cache line may offer an advantage if the operating system allocates memory
in the adjacent cluster or the operating system migrates a process from one virtual cluster
to another while the memory pages were not migrated to the cluster where the process

presently resides.

[0041] In the illustrated embodiment, for simplicity, only two virtual clusters are shown.
Other embodiments may include three, four, or more virtual clusters. In one aspect, there
may be as many clusters as cache coherency aware memory controllers if it is desired to
include a cache coherency aware memory controller within each cluster, which is often
advantageous but is not required. In some embodiments, each of the virtual clusters may
have the same number of cores and/or cache slices. This may offer certain advantages
(e.g., in implementation efficiency). In other embodiments, each of the virtual clusters

may have a different number of cores and/or cache slices.

[0042] To avoid obscuring the description, a relatively simple processor 101 has been
shown and described. In other embodiments, the processor may optionally include other
well-known components, such as, for example, an instruction fetch unit, an instruction

scheduling unit, a branch prediction unit, instruction and data caches, instruction and data
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translation lookaside buffers, prefetch buffers, microinstruction queues, microinstruction
sequencers, bus interface units, second or higher level caches, a retirement unit, a register
renaming unit, other conventional components, and various combinations thereof. There
are literally numerous different combinations and configurations of components in
processors, and embodiments are not limited to any particular combination or
configuration. The processor may represent an integrated circuit or set of one or more
semiconductor dies or chips (e.g., a single die or chip, or a package incorporating two or
more die or chips). In some embodiments, the processor may represent a system-on-chip

(SoC) and/or a chip multi-processor (CMP).

[0043] Figure 2 is a block diagram of a first detailed example embodiment of a processor
201 having a first virtual cluster 215-1 and a second virtual cluster 215-2. In some
embodiments, the processor of Figure 2 may be included in the system of Figure 1.
Alternatively, the processor of Figure 2 may be included in a similar or different system.
Moreover, the system of Figure 1 may include either the same, similar, or different

processor than that of Figure 2.

[0044] The processor includes eighteen cores and eighteen corresponding (e.g., co-
located) cache slices. Each of these is shown in the illustration as a core/slice. A
leftmost eight of the cores/slices are coupled with a first ring interconnect 220-1. A
rightmost ten of the cores/slices are coupled with a second ring interconnect 220-2. The
first and second ring interconnects are coupled by a first inter-ring connection logic 222-1
and a second inter-ring connection logic 222-2. In some embodiments, each of the first
and second inter-ring connection logics may be a switch box (Sbox), or other mechanism

for coupling ring interconnects.

[0045] Also coupled with the first ring interconnect is an optional first bus interface logic
213 and an optional second bus interface logic 210. An optional third bus interface logic
224 is coupled with the second ring interconnect. In some embodiments, the first bus
interface logic may be used to couple the processor with one or more other processors.
Alternatively, in a single socket system, the first bus interface logic may be omitted. In
some embodiments, the second bus interface logic may be used to couple the processor

with an I/O hub (not shown). In other embodiments, an I/O controller may be integrated
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on processor. Examples of suitable bus interface logic include, but are not limited to,
Quick Path Interconnect (QPI), other point-to-point interconnects, and other

interconnects known in the arts.

[0046] A first cache coherency aware memory controller 208-1 is coupled with the first
ring interconnect. A second cache coherency aware memory controller 208-2 is coupled
with the second ring interconnect. The first cache coherency aware memory controller
may be used to couple the processor with a first memory (not shown). The second cache
coherency aware memory controller may be used to couple the processor with a second
memory (not shown). In some embodiments, each of the cache coherency aware memory
controllers includes a home agent including cache coherency functionality and a memory

controller including memory interface functionality.

[0047] In the illustrated embodiment, the first virtual cluster includes all eight of the
cores/slices (i.e., core/slice 0 through core/slice 7) coupled with the first ring interconnect
as well as one core/slice (i.e., core/slice 8) coupled with the second ring interconnect.
The second virtual cluster includes all remaining nine cores/slices (i.e., core/slice 0
through core/slice 8) coupled with the second ring interconnect. In other embodiments,
different ways of dividing the cores/slices between the virtual clusters may be used.
Notice that, in some embodiments, physically proximal cores/slices and/or cores/slices on
the same interconnect structure may be preferentially or predominantly (i.e., at least a
majority) included in a virtual cluster. Although this is not required, this may offer

advantages of reduced hit/miss latencies, as described elsewhere herein.

[0048] Notice also that, in some embodiments, an equal number of cores/slices may be
included in each of the virtual clusters. This is not required, but often offers an advantage
of a simpler implementation. Commonly the memory address space of the memory may
be mapped across all of the cache slices. For example, each memory address may be
mapped to a cache slice through a hash function. For example, the hash of a given
memory address may always provide the same value which may always map to the same
cache slices. Often the hash function may attempt to approximately evenly distribute the
memory addresses across the cache slices. For example, memory address A may always

hash to the binary value 0111, memory address B may always hash to the binary value

14
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0101, and so on. Since there are fewer cores/slices in a virtual cluster (e.g., half in the

illustrated embodiment), a smaller hash may be used.

[0049] Referring again to Figure 2, each of the cores/slices has a corresponding
identifier as shown within the core/slice. These identifiers may be referred to as
core/slice identifiers and/or ring stop identifiers. Each identifier uniquely identifies a
corresponding core/slice (i.e., each core/slice has a different identifier). For example, the
identifier value 00000 identifies core/slice O of the first virtual cluster, the identifier value
10000 identifies core/slice 8 of the first virtual cluster, the identifier value 00111
identifies core/slice 3 of the second virtual cluster, and so on. As shown, in one possible
embodiment, the IDs for the cores/slices may be assigned starting from the lower left
corner (as viewed) of the leftmost ring and moving around the leftmost ring
counterclockwise, and starting from the lower left corner of the rightmost ring and

moving around the rightmost ring counterclockwise.

[0050] Notice that, in some embodiments, the bit-0 (i.e., the rightmost bit) of each of the
identifiers is always binary zero (i.e., 0) for the first virtual cluster and is always binary
one (i.e., 1) for the second virtual cluster. In some embodiments, this bit-0 having a
value of binary zero (i.e., 0) may be used as an identifier of the first virtual cluster, and
this bit-0 having a value of binary one (i.e., 1) may be used as an identifier of the second
virtual cluster. The remaining more significant bits of the ID uniquely identify one of the
cores/slices within the virtual cluster identified by bit-0. Looking at this another way, the
cores/slices of one virtual cluster may be evenly numbered (e.g., 0, 2, 4, 6, etc.) and the

cores/slices of the other virtual cluster may be oddly numbered (e.g., 1, 3, 5, etc.).

[0051] In some embodiments, this may allow the hash of a given memory address to
always map to the same corresponding core/slice in all of the virtual clusters. For
example, the hash of a given memory address with a value of 0111 may always map to
core/slice 7 in the first virtual cluster as well as core/slice 7 in the second virtual cluster.
In some embodiments, this may be used to efficiently implement virtual cluster-to-virtual
cluster transfers of cache data. For example, if the cache data comes from core/slice 7 of
the first virtual cluster and has ring stop ID 01110, then only bit-0 of the ring stop ID may
be changed/flipped to obtain the ring stop ID for the corresponding core/slice 7 of the
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second virtual cluster (i.e., changing from 01110 to 01111). Accordingly, in some
embodiments, having the same number of cores/slices in each virtual cluster may
simplify determining to which core/slice to forward data to in the other virtual clusters,

although this is not required.

[0052] Figure 3 is a block diagram of a second detailed example embodiment of a
processor 301 having a first virtual cluster 315-1 and a second virtual cluster 315-2. In
some embodiments, the processor of Figure 3 may be included in the system of Figure
1. Alternatively, the processor of Figure 3 may be included in a similar or different
system. Moreover, the system of Figure 1 may include either the same, similar, or

different processor than that of Figure 3.

[0053] The second detailed example embodiment is similar in many ways to the first
detailed example embodiment previously described. Unless otherwise specified or
clearly apparent the correspondingly named components may optionally have the same or
similar characteristics. To avoid obscuring the description, primarily different and/or
additional structures and characteristics of the second detailed example embodiment will

be described, without repeating all of the similar or same features.

[0054] The processor includes twelve cores/slices. A leftmost eight of the cores/slices
are coupled with a first ring interconnect 320-1. A rightmost four of the cores are
coupled with a second half-ring interconnect 320-2. The first and second interconnects
are coupled by a first inter-ring connection logic 322-1 and a second inter-ring

connection logic 322-2.

[0055] Also coupled with the first ring interconnect is an optional first bus interface logic
313 (e.g., to couple with one or more other processors), an optional second bus interface
logic 310 (e.g., to couple with an I/O hub), and a first cache coherency aware memory
controller 308-1 (e.g., to couple with a memory). Examples of suitable bus interface
logic include, but are not limited to, QPI. Also coupled with the second interconnect is a
second cache coherency aware memory controller 308-2 (e.g., to couple with a memory).
In some embodiments, each of the cache coherency aware memory controllers includes a
home agent including cache coherency functionality and a memory controller including

memory interface functionality.
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[0056] In the illustrated embodiment, the first virtual cluster includes six (i.e., core/slice
0 through core/slice 5) of the eight cores/slices coupled with the first ring interconnect.
The second virtual cluster includes the remaining two (i.e., core/slice O and core/slice 1)
of the eight cores/slices coupled with the first ring interconnect and all four of the
cores/slices coupled with the second interconnect (i.e., core/slice 2 through core/slice 5).
In other embodiments, different ways of dividing the cores/slices between the virtual
clusters may be used. Notice that, in some embodiments, physically proximal
cores/slices and/or cores/slices on the same interconnect structure may be preferentially
or predominantly included in a virtual cluster. Although this is not required, this may
offer advantages of reduced hit/miss latencies, as described elsewhere herein. Notice also
that, in some embodiments, an equal number of cores/slices may be included in each of
the virtual clusters. This is not required, but often offers an advantage of a simpler

implementation, as previously described.

[0057] Each of the cores/slices has a corresponding core/slice identifier and/or ring stop
identifier as shown within the core/slice. Notice that, in some embodiments, the bit-0
(i.e., the rightmost bit) of each of the identifiers is always binary zero (i.e., 0) for the first
virtual cluster and is always binary one (i.e., 1) for the second virtual cluster. In some
embodiments, this bit-0 having a value of binary zero (i.e., 0) may be used as an identifier
of the first virtual cluster, and this bit-0 having a value of binary one (i.e., 1) may be used
as an identifier of the second virtual cluster. In other embodiments, if there are three or
more virtual clusters, then two or more bits may be used to uniquely identify one of the
virtual clusters. In some embodiments, this may allow the hash of a given memory
address to always map to the same corresponding core/slice in all of the virtual clusters.
In some embodiments, this may be used to efficiently implement virtual cluster-to-virtual

cluster transfers of cache data.

[0058] Figures 2-3 are illustrative examples of virtual clusters, although the scope of the
invention is not limited to just these examples. Other embodiments may include other
numbers of cores and/or cache slices, other couplings of cores and/or cache slices, other
types of interconnects, other numbers and couplings of cache coherency aware memory

controllers, may omit some of the illustrated components and/or include additional
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components, may group cores and/or slices and/or memory controllers differently into

virtual clusters, may have more than two virtual clusters, etc.

[0059] Figure 4 is a block flow diagram of an embodiment of a method 440 of using
virtual clusters. In some embodiments, the method may be performed by the processor of
any of Figures 1-3. Alternatively, the method may be performed by similar or different
processors. Moreover, the processors of any of Figures 1-3 may perform the same,
similar, or different methods. The features and optional details of the processors also

may apply to the method, which may be performed by and/or within the processors.

[0060] The method includes virtually clustering logical processors into a virtual cluster,
at block 441. In some embodiments, each of the logical processors has one or more
corresponding lower level caches. The method also includes directing an access that
misses in one or more lower level caches corresponding to a logical processor to a subset
of distributed cache slices, of a shared higher level cache, that are in a virtual cluster that

corresponds to the logical processor, at block 442.

[0061] Figure S is a block diagram of an embodiment of a processor 501 having virtual
clusters 515 that have virtual sub-clusters 530. The processor includes first though fourth
sets of cores/slices 528-1 through 528-4. The processor also includes first, second, third,
and fourth cache coherency aware memory controllers 508-1 through 508-4. Each of the
cores/slices and the cache coherency aware memory controllers may be substantially as

described elsewhere herein aside from different features mentioned below.

[0062] The first and second sets of cores/slices 528-1, 528-2 and the first and second
cache coherency aware memory controllers 508-1, 508-2 are included in a first virtual
cluster 515-1. The third and fourth sets of cores/slices 528-3, 528-4 and the third and
fourth cache coherency aware memory controllers 508-3, 508-4 are included in a second
virtual cluster 515-2. In some embodiments, the first virtual cluster 515-1 is logically or
virtually divided, partitioned, or clustered into a first virtual sub-cluster 530-1 including
the first set of cores/slices 528-1 and the first cache coherency aware memory controller
508-1, and a second virtual sub-cluster 530-2 including the second set of cores/slices 528-
2 and the second cache coherency aware memory controller 508-2. Likewise, the second

virtual cluster 515-2 is logically or virtually divided, partitioned, or clustered into a third
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virtual sub-cluster 530-3 including the third set of cores/slices 528-3 and the third cache
coherency aware memory controller 508-3, and a fourth virtual sub-cluster 530-4
including the fourth set of cores/slices 528-4 and the fourth cache coherency aware

memory controller 508-4.

[0063] In some embodiments, the sub-clusters of a virtual partition are predominantly
physically proximately grouped. In some embodiments, the sub-clusters of a virtual
partition are part of a same interconnect ring or other interconnect structure 520-1, 520-2.
In some embodiments, the cores/slices of one virtual sub-cluster of a given virtual
partition are on average closer and/or on average have shorter hit/miss latencies to a
memory controller of another virtual sub-cluster of the given virtual partition than virtual
sub-clusters of other virtual partitions of a processor. In some embodiments, misses to a
cache coherency aware memory controller of one virtual sub-cluster of a given virtual
cluster may be preferentially or initially attempted to be serviced only by one or more
other virtual sub-clusters of the same given virtual cluster. This may help to provide

improved performance.

[0064] This is just one illustrative example of sub-clustering. Other embodiments may
have other numbers of virtual clusters, other numbers of virtual sub-clusters, other

numbers of memory controllers, etc.

[0065] Figure 6 is a block diagram of an embodiment of a processor 601 having a first
virtual cluster with a higher power consumption state 615-1 and a second virtual cluster
with a selectively reduced lower power consumption state 615-2. Each of the virtual
clusters includes one or more cores 602 and one or more cache slices 607. The terms
lower and higher are relative terms that are relative to one another not absolute terms.
Examples of suitable ways to reduce the power consumption state include, but are not
limited to, reducing the frequency of the virtual cluster, reducing the voltage of the virtual
cluster, gating power to the virtual cluster, and other approaches known in the arts (e.g.,

selectively gating power to portions of the second virtual cluster).

[0066] In some embodiments, the power consumption of the second virtual cluster may
be selectively reduced based on workload (e.g., current or estimated future). For

example, when the workload is not sufficient to keep both virtual clusters busy (e.g., less
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than a threshold amount for example 30%), an operating system, virtual machine monitor
(VMM), or other software, which may be aware of the virtual clustering of the processor,
may migrate or move active pages from a cache coherency aware memory controller for
the second virtual cluster to that of the first virtual cluster, migrate all threads, processes,
or other workloads from the second virtual cluster to the first virtual cluster, and then
selectively reduce the power consumption state of the second virtual cluster. For
example, the software may gate power to the one or more cores 602, the one or more
cache slices 607, the cache coherency aware memory controller of the second virtual
cluster, put the corresponding memory to sleep, or some combination thereof. When the
workload increases, the second virtual cluster may be brought back to its previous higher

power consumption state.

[0067] Figure 7 is a block diagram of an embodiment of computer system 700 including
a processor 701 having virtual clusters 715 and a memory 709 storing virtual cluster
aware software 740. The virtual clusters include a first virtual cluster 715-1 through an
Nth virtual cluster 715-N, where N may be any appropriate number, often ranging from
two to on the order of around ten, or so. Each virtual cluster includes one or more cores
702 and one or more cache slices 707. The virtual cluster aware software 740 is aware of
the virtual clusters 715. Examples of suitable virtual cluster aware software include, but
are not limited to, an operating system, a virtual machine monitor, other privileged

software, user-level applications, etc.).

[0068] In some embodiments, the virtual cluster aware software may include virtual
cluster aware and Non-Uniform Memory Access (NUMA) aware software 742. NUMA
recognizes that memory accesses in systems may be non-uniform. For example, memory
access times may depend on the location of the memory relative to a core and/or the
location of the memory controller. The processor is commonly connected with a single
physical socket. The physical socket may represent the physical connector on a board
(e.g., a motherboard) where the processor is connected when deployed in a system. In
some embodiments, logically or virtually clustering or grouping the cores and cache

slices into the virtual clusters may effectively provide multiple logical or virtual sockets.
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[0069] In some embodiments, the NUMA aware software may perform virtual cluster
level NUMA improvements or optimizations. For example, the NUMA aware software
may attempt to minimize or at least reduce cross-virtual-socket traffic and/or cross-
physical socket traffic, which may help to achieve higher throughput. In some
embodiments, the virtual clusters may be treated by the software as virtual sockets. In
some embodiments, when a process of a given virtual cluster (e.g., running on a core of
that given virtual cluster) needs more memory allocated, the NUMA aware software may
allocate the additional memory from a portion of the overall memory corresponding to
that given virtual cluster instead of from other memory not corresponding to that given
virtual cluster. In addition, in the event of there being no available memory for the given
virtual cluster, in some embodiments, the NUMA aware software may allocate the
additional memory from a portion of the overall memory corresponding to another virtual
cluster within the same physical socket instead of from memory corresponding to other
physical sockets. Cache-to-cache transfers within a physical socket generally tend to be

faster than cache-to-cache transfers between physical sockets.

[0070] Accordingly, in some embodiments, the NUMA aware software may allocate
memory in a way that is based on and aware of the virtual clusters in order to help
improve performance. For example, in some embodiments, the NUMA aware software
may preferentially or initially allocate memory for a given virtual cluster (or given virtual
socket) intra-virtual cluster (or intra-virtual socket), rather than inter-virtual cluster (or
inter-virtual socket). In some embodiments, the NUMA aware software may
preferentially or initially allocate memory for a given virtual cluster (or virtual socket)
intra-physical socket (e.g., from virtual clusters within that physical socket) rather than

inter-physical socket (e.g., from virtual clusters of different physical sockets).

[0071] In some embodiments, the virtual cluster aware software may also include virtual
cluster aware power management software 744. The virtual cluster aware power
management software may perform power management of a virtual cluster as previously

described in conjunction with Figure 6.

[0072] In some embodiments, the features of the processors of Figures 6-7 may be

included in the processors of any of Figures 1-3. Alternatively, the features of the
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processors of Figures 6-7 may be included in similar or different processors. Moreover,
the processors of any of Figure 1-3 may have the same, similar, or different features than

the processors of Figures 6-7.

[0073] While distributed shared caches have been disclosed herein, other embodiments
may use centralized shared caches. These embodiments may still benefit from reduced
address entropy at the cache coherency aware memory controllers. While embodiments
have shown ring-type interconnects, other embodiments may use other interconnects,
such as, for example, torus, mesh, point-to-point, multi-drop, or other known types of

interconnects. Exemplary Core Architectures, Processors, and Computer Architectures

[0074] Processor cores may be implemented in different ways, for different purposes,
and in different processors. For instance, implementations of such cores may include: 1)
a general purpose in-order core intended for general-purpose computing; 2) a high
performance general purpose out-of-order core intended for general-purpose computing;
3) a special purpose core intended primarily for graphics and/or scientific (throughput)
computing. Implementations of different processors may include: 1) a CPU including
one or more general purpose in-order cores intended for general-purpose computing
and/or one or more general purpose out-of-order cores intended for general-purpose
computing; and 2) a coprocessor including one or more special purpose cores intended
primarily for graphics and/or scientific (throughput). Such different processors lead to
different computer system architectures, which may include: 1) the coprocessor on a
separate chip from the CPU; 2) the coprocessor on a separate die in the same package as
a CPU; 3) the coprocessor on the same die as a CPU (in which case, such a coprocessor is
sometimes referred to as special purpose logic, such as integrated graphics and/or
scientific (throughput) logic, or as special purpose cores); and 4) a system on a chip that
may include on the same die the described CPU (sometimes referred to as the application
core(s) or application processor(s)), the above described coprocessor, and additional
functionality. Exemplary core architectures are described next, followed by descriptions
of exemplary processors and computer architectures.

Exemplary Core Architectures

In-order and out-of-order core block diagram
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[0075] Figure 8A is a block diagram illustrating both an exemplary in-order pipeline and
an exemplary register renaming, out-of-order issue/execution pipeline according to
embodiments of the invention. Figure 8B is a block diagram illustrating both an
exemplary embodiment of an in-order architecture core and an exemplary register
renaming, out-of-order issue/execution architecture core to be included in a processor
according to embodiments of the invention. The solid lined boxes in Figures 8A-B
illustrate the in-order pipeline and in-order core, while the optional addition of the dashed
lined boxes illustrates the register renaming, out-of-order issue/execution pipeline and
core. Given that the in-order aspect is a subset of the out-of-order aspect, the out-of-

order aspect will be described.

[0076] In Figure 8A, a processor pipeline 800 includes a fetch stage 802, a length decode
stage 804, a decode stage 806, an allocation stage 808, a renaming stage 810, a
scheduling (also known as a dispatch or issue) stage 812, a register read/memory read
stage 814, an execute stage 816, a write back/memory write stage 818, an exception
handling stage 822, and a commit stage 824.

[0077] Figure 8B shows processor core 890 including a front end unit 830 coupled to an
execution engine unit 850, and both are coupled to a memory unit 870. The core 890
may be a reduced instruction set computing (RISC) core, a complex instruction set
computing (CISC) core, a very long instruction word (VLIW) core, or a hybrid or
alternative core type. As yet another option, the core 890 may be a special-purpose core,
such as, for example, a network or communication core, compression engine, COprocessor
core, general purpose computing graphics processing unit (GPGPU) core, graphics core,
or the like.

[0078] The front end unit 830 includes a branch prediction unit 832 coupled to an
instruction cache unit 834, which is coupled to an instruction translation lookaside buffer
(TLB) 836, which is coupled to an instruction fetch unit 838, which is coupled to a
decode unit 840. The decode unit 840 (or decoder) may decode instructions, and
generate as an output one or more micro-operations, micro-code entry points,
microinstructions, other instructions, or other control signals, which are decoded from, or
which otherwise reflect, or are derived from, the original instructions. The decode unit

840 may be implemented using various different mechanisms. Examples of suitable
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mechanisms include, but are not limited to, look-up tables, hardware implementations,
programmable logic arrays (PLAs), microcode read only memories (ROMs), etc. In one
embodiment, the core 890 includes a microcode ROM or other medium that stores
microcode for certain macroinstructions (e.g., in decode unit 840 or otherwise within the
front end unit 830). The decode unit 840 is coupled to a rename/allocator unit 852 in the
execution engine unit 850.

[0079] The execution engine unit 850 includes the rename/allocator unit 852 coupled to a
retirement unit 854 and a set of one or more scheduler unit(s) 856. The scheduler unit(s)
856 represents any number of different schedulers, including reservations stations, central
instruction window, etc. The scheduler unit(s) 856 is coupled to the physical register
file(s) unit(s) 858. Each of the physical register file(s) units 858 represents one or more
physical register files, different ones of which store one or more different data types, such
as scalar integer, scalar floating point, packed integer, packed floating point, vector
integer, vector floating point,, status (e.g., an instruction pointer that is the address of the
next instruction to be executed), etc. In one embodiment, the physical register file(s) unit
858 comprises a vector registers unit, a write mask registers unit, and a scalar registers
unit. These register units may provide architectural vector registers, vector mask
registers, and general purpose registers. The physical register file(s) unit(s) 858 is
overlapped by the retirement unit 854 to illustrate various ways in which register
renaming and out-of-order execution may be implemented (e.g., using a reorder buffer(s)
and a retirement register file(s); using a future file(s), a history buffer(s), and a retirement
register file(s); using a register maps and a pool of registers; etc.). The retirement unit
854 and the physical register file(s) unit(s) 858 are coupled to the execution cluster(s)
860. The execution cluster(s) 860 includes a set of one or more execution units 862 and a
set of one or more memory access units 864. The execution units 862 may perform
various operations (e.g., shifts, addition, subtraction, multiplication) and on various types
of data (e.g., scalar floating point, packed integer, packed floating point, vector integer,
vector floating point). While some embodiments may include a number of execution
units dedicated to specific functions or sets of functions, other embodiments may include
only one execution unit or multiple execution units that all perform all functions. The

scheduler unit(s) 856, physical register file(s) unit(s) 858, and execution cluster(s) 860
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are shown as being possibly plural because certain embodiments create separate pipelines
for certain types of data/operations (e.g., a scalar integer pipeline, a scalar floating
point/packed integer/packed floating point/vector integer/vector floating point pipeline,
and/or a memory access pipeline that each have their own scheduler unit, physical
register file(s) unit, and/or execution cluster — and in the case of a separate memory
access pipeline, certain embodiments are implemented in which only the execution
cluster of this pipeline has the memory access unit(s) 864). It should also be understood
that where separate pipelines are used, one or more of these pipelines may be out-of-
order issue/execution and the rest in-order.

[0080] The set of memory access units 864 is coupled to the memory unit 870, which
includes a data TLB unit 872 coupled to a data cache unit 874 coupled to a level 2 (L2)
cache unit 876. In one exemplary embodiment, the memory access units 864 may include
a load unit, a store address unit, and a store data unit, each of which is coupled to the data
TLB unit 872 in the memory unit 870. The instruction cache unit 834 is further coupled
to a level 2 (L2) cache unit 876 in the memory unit 870. The L2 cache unit 876 is
coupled to one or more other levels of cache and eventually to a main memory.

[0081] By way of example, the exemplary register renaming, out-of-order
issue/execution core architecture may implement the pipeline 800 as follows: 1) the
instruction fetch 838 performs the fetch and length decoding stages 802 and 804; 2) the
decode unit 840 performs the decode stage 806; 3) the rename/allocator unit 852
performs the allocation stage 808 and renaming stage 810; 4) the scheduler unit(s) 856
performs the schedule stage 812; 5) the physical register file(s) unit(s) 858 and the
memory unit 870 perform the register read/memory read stage 814; the execution cluster
860 perform the execute stage 816; 6) the memory unit 870 and the physical register
file(s) unit(s) 858 perform the write back/memory write stage 818; 7) various units may
be involved in the exception handling stage 822; and 8) the retirement unit 854 and the
physical register file(s) unit(s) 858 perform the commit stage 824.

[0082] The core 890 may support one or more instructions sets (e.g., the x86 instruction
set (with some extensions that have been added with newer versions); the MIPS
instruction set of MIPS Technologies of Sunnyvale, CA; the ARM instruction set (with
optional additional extensions such as NEON) of ARM Holdings of Sunnyvale, CA),
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including the instruction(s) described herein. In one embodiment, the core 890 includes
logic to support a packed data instruction set extension (e.g., AVXI1, AVX2), thereby
allowing the operations used by many multimedia applications to be performed using
packed data.

[0083] It should be understood that the core may support multithreading (executing two
or more parallel sets of operations or threads), and may do so in a variety of ways
including time sliced multithreading, simultaneous multithreading (where a single
physical core provides a logical core for each of the threads that physical core is
simultaneously multithreading), or a combination thereof (e.g., time sliced fetching and
decoding and simultaneous multithreading thereafter such as in the Intel®
Hyperthreading technology).

[0084] While register renaming is described in the context of out-of-order execution, it
should be understood that register renaming may be used in an in-order architecture.
While the illustrated embodiment of the processor also includes separate instruction and
data cache units 834/874 and a shared L2 cache unit 876, alternative embodiments may
have a single internal cache for both instructions and data, such as, for example, a Level 1
(L1) internal cache, or multiple levels of internal cache. In some embodiments, the
system may include a combination of an internal cache and an external cache that is
external to the core and/or the processor. Alternatively, all of the cache may be external

to the core and/or the processor.
Specific Exemplary In-Order Core Architecture

[0085] Figures 9A-B illustrate a block diagram of a more specific exemplary in-order
core architecture, which core would be one of several logic blocks (including other cores
of the same type and/or different types) in a chip. The logic blocks communicate through
a high-bandwidth interconnect network (e.g., a ring network) with some fixed function
logic, memory I/O interfaces, and other necessary I/O logic, depending on the

application.

[0086] Figure 9A is a block diagram of a single processor core, along with its connection
to the on-die interconnect network 902 and with its local subset of the Level 2 (LL2) cache
904, according to embodiments of the invention. In one embodiment, an instruction

decoder 900 supports the x86 instruction set with a packed data instruction set extension.
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An L1 cache 906 allows low-latency accesses to cache memory into the scalar and vector
units. While in one embodiment (to simplify the design), a scalar unit 908 and a vector
unit 910 use separate register sets (respectively, scalar registers 912 and vector registers
914) and data transferred between them is written to memory and then read back in from
a level 1 (L1) cache 906, alternative embodiments of the invention may use a different
approach (e.g., use a single register set or include a communication path that allow data

to be transferred between the two register files without being written and read back).

[0087] The local subset of the L2 cache 904 is part of a global L2 cache that is divided
into separate local subsets, one per processor core. Each processor core has a direct
access path to its own local subset of the L2 cache 904. Data read by a processor core is
stored in its L2 cache subset 904 and can be accessed quickly, in parallel with other
processor cores accessing their own local L2 cache subsets. Data written by a processor
core is stored in its own L2 cache subset 904 and is flushed from other subsets, if
necessary. The ring network ensures coherency for shared data. The ring network is bi-
directional to allow agents such as processor cores, L2 caches and other logic blocks to
communicate with each other within the chip. Each ring data-path is 1012-bits wide per

direction.

[0088] Figure 9B is an expanded view of part of the processor core in Figure 9A
according to embodiments of the invention. Figure 9B includes an L1 data cache 906A
part of the L1 cache 904, as well as more detail regarding the vector unit 910 and the
vector registers 914. Specifically, the vector unit 910 is a 16-wide vector processing unit
(VPU) (see the 16-wide ALU 928), which executes one or more of integer, single-
precision float, and double-precision float instructions. The VPU supports swizzling the
register inputs with swizzle unit 920, numeric conversion with numeric convert units
922A-B, and replication with replication unit 924 on the memory input. Write mask

registers 926 allow predicating resulting vector writes.

Processor with integrated memory controller and graphics

[0089] Figure 10 is a block diagram of a processor 1000 that may have more than one
core, may have an integrated memory controller, and may have integrated graphics
according to embodiments of the invention. The solid lined boxes in Figure 10 illustrate

a processor 1000 with a single core 1002A, a system agent 1010, a set of one or more bus
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controller units 1016, while the optional addition of the dashed lined boxes illustrates an
alternative processor 1000 with multiple cores 1002A-N, a set of one or more integrated
memory controller unit(s) 1014 in the system agent unit 1010, and special purpose logic
1008.

[0090] Thus, different implementations of the processor 1000 may include: 1) a CPU
with the special purpose logic 1008 being integrated graphics and/or scientific
(throughput) logic (which may include one or more cores), and the cores 1002A-N being
one or more general purpose cores (e.g., general purpose in-order cores, general purpose
out-of-order cores, a combination of the two); 2) a coprocessor with the cores 1002A-N
being a large number of special purpose cores intended primarily for graphics and/or
scientific (throughput); and 3) a coprocessor with the cores 1002A-N being a large
number of general purpose in-order cores. Thus, the processor 1000 may be a general-
purpose processor, coprocessor or special-purpose processor, such as, for example, a
network or communication processor, compression engine, graphics processor, GPGPU
(general purpose graphics processing unit), a high-throughput many integrated core
(MIC) coprocessor (including 30 or more cores), embedded processor, or the like. The
processor may be implemented on one or more chips. The processor 1000 may be a part
of and/or may be implemented on one or more substrates using any of a number of
process technologies, such as, for example, BICMOS, CMOS, or NMOS.

[0091] The memory hierarchy includes one or more levels of cache within the cores, a set
or one or more shared cache units 1006, and external memory (not shown) coupled to the
set of integrated memory controller units 1014. The set of shared cache units 1006 may
include one or more mid-level caches, such as level 2 (L2), level 3 (L3), level 4 (L4), or
other levels of cache, a last level cache (LLC), and/or combinations thereof. While in
one embodiment a ring based interconnect unit 1012 interconnects the integrated graphics
logic 1008, the set of shared cache units 1006, and the system agent unit 1010/integrated
memory controller unit(s) 1014, alternative embodiments may use any number of well-
known techniques for interconnecting such units. In one embodiment, coherency is
maintained between one or more cache units 1006 and cores 1002-A-N.

[0092] In some embodiments, one or more of the cores 1002A-N are capable of multi-

threading. The system agent 1010 includes those components coordinating and
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operating cores 1002A-N. The system agent unit 1010 may include for example a power
control unit (PCU) and a display unit. The PCU may be or include logic and components
needed for regulating the power state of the cores 1002A-N and the integrated graphics
logic 1008. The display unit is for driving one or more externally connected displays.
[0093] The cores 1002A-N may be homogenous or heterogeneous in terms of
architecture instruction set; that is, two or more of the cores 1002A-N may be capable of
execution the same instruction set, while others may be capable of executing only a
subset of that instruction set or a different instruction set.

Exemplary Computer Architectures

[0094] Figures 11-14 are block diagrams of exemplary computer architectures. Other
system designs and configurations known in the arts for laptops, desktops, handheld PCs,
personal digital assistants, engineering workstations, servers, network devices, network
hubs, switches, embedded processors, digital signal processors (DSPs), graphics devices,
video game devices, set-top boxes, micro controllers, cell phones, portable media players,
hand held devices, and various other electronic devices, are also suitable. In general, a
huge variety of systems or electronic devices capable of incorporating a processor and/or
other execution logic as disclosed herein are generally suitable.

[0095] Referring now to Figure 11, shown is a block diagram of a system 1100 in
accordance with one embodiment of the present invention. The system 1100 may include
one or more processors 1110, 1115, which are coupled to a controller hub 1120. In one
embodiment the controller hub 1120 includes a graphics memory controller hub (GMCH)
1190 and an Input/Output Hub (IOH) 1150 (which may be on separate chips); the GMCH
1190 includes memory and graphics controllers to which are coupled memory 1140 and a
coprocessor 1145; the IOH 1150 is couples input/output (I/O) devices 1160 to the GMCH
1190. Alternatively, one or both of the memory and graphics controllers are integrated
within the processor (as described herein), the memory 1140 and the coprocessor 1145
are coupled directly to the processor 1110, and the controller hub 1120 in a single chip
with the IOH 1150.

[0096] The optional nature of additional processors 1115 is denoted in Figure 11 with
broken lines. Each processor 1110, 1115 may include one or more of the processing

cores described herein and may be some version of the processor 1000.
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[0097] The memory 1140 may be, for example, dynamic random access memory
(DRAM), phase change memory (PCM), or a combination of the two. For at least one
embodiment, the controller hub 1120 communicates with the processor(s) 1110, 1115 via
a multi-drop bus, such as a frontside bus (FSB), point-to-point interface such as
QuickPath Interconnect (QPI), or similar connection 1195.

[0098] In one embodiment, the coprocessor 1145 is a special-purpose processor, such as,
for example, a high-throughput MIC processor, a network or communication processor,
compression engine, graphics processor, GPGPU, embedded processor, or the like. In
one embodiment, controller hub 1120 may include an integrated graphics accelerator.
[0099] There can be a variety of differences between the physical resources 1110, 1115
in terms of a spectrum of metrics of merit including architectural, microarchitectural,
thermal, power consumption characteristics, and the like.

[00100] In one embodiment, the processor 1110 executes instructions that control
data processing operations of a general type. Embedded within the instructions may be
coprocessor instructions. The processor 1110 recognizes these coprocessor instructions
as being of a type that should be executed by the attached coprocessor 1145.
Accordingly, the processor 1110 issues these coprocessor instructions (or control signals
representing coprocessor instructions) on a coprocessor bus or other interconnect, to
coprocessor 1145. Coprocessor(s) 1145 accept and execute the received coprocessor
instructions.

[00101] Referring now to Figure 12, shown is a block diagram of a first more
specific exemplary system 1200 in accordance with an embodiment of the present
invention. As shown in Figure 12, multiprocessor system 1200 is a point-to-point
interconnect system, and includes a first processor 1270 and a second processor 1280
coupled via a point-to-point interconnect 1250. Each of processors 1270 and 1280 may
be some version of the processor 1000. In one embodiment of the invention, processors
1270 and 1280 are respectively processors 1110 and 1115, while coprocessor 1238 is
coprocessor 1145. In another embodiment, processors 1270 and 1280 are respectively
processor 1110 coprocessor 1145.

[00101] Processors 1270 and 1280 are shown including integrated memory
controller (IMC) units 1272 and 1282, respectively. Processor 1270 also includes as part

30

Petitioner Samsung Ex-1004, 0030



Attorney Docket No. P49345-C2

of its bus controller units point-to-point (P-P) interfaces 1276 and 1278; similarly, second
processor 1280 includes P-P interfaces 1286 and 1288. Processors 1270, 1280 may
exchange information via a point-to-point (P-P) interface 1250 using P-P interface
circuits 1278, 1288. As shown in Figure 12, IMCs 1272 and 1282 couple the processors
to respective memories, namely a memory 1232 and a memory 1234, which may be
portions of main memory locally attached to the respective processors.

[00102] Processors 1270, 1280 may each exchange information with a chipset
1290 via individual P-P interfaces 1252, 1254 using point to point interface circuits 1276,
1294, 1286, 1298. Chipset 1290 may optionally exchange information with the
coprocessor 1238 via a high-performance interface 1239. In one embodiment, the
coprocessor 1238 is a special-purpose processor, such as, for example, a high-throughput
MIC processor, a network or communication processor, compression engine, graphics
processor, GPGPU, embedded processor, or the like.

[00103] A shared cache (not shown) may be included in either processor or outside
of both processors, yet connected with the processors via P-P interconnect, such that
either or both processors’ local cache information may be stored in the shared cache if a
processor is placed into a low power mode.

[00104] Chipset 1290 may be coupled to a first bus 1216 via an interface 1296. In
one embodiment, first bus 1216 may be a Peripheral Component Interconnect (PCI) bus,
or a bus such as a PCI Express bus or another third generation I/O interconnect bus,
although the scope of the present invention is not so limited.

[00105] As shown in Figure 12, various I/O devices 1214 may be coupled to first
bus 1216, along with a bus bridge 1218 which couples first bus 1216 to a second bus
1220. In one embodiment, one or more additional processor(s) 1215, such as
coprocessors, high-throughput MIC processors, GPGPU’s, accelerators (such as, e.g.,
graphics accelerators or digital signal processing (DSP) units), field programmable gate
arrays, or any other processor, are coupled to first bus 1216. In one embodiment, second
bus 1220 may be a low pin count (LPC) bus. Various devices may be coupled to a
second bus 1220 including, for example, a keyboard and/or mouse 1222, communication
devices 1227 and a storage unit 1228 such as a disk drive or other mass storage device

which may include instructions/code and data 1230, in one embodiment. Further, an
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audio I/O 1224 may be coupled to the second bus 1220. Note that other architectures are
possible. For example, instead of the point-to-point architecture of Figure 12, a system
may implement a multi-drop bus or other such architecture.

[00106] Referring now to Figure 13, shown is a block diagram of a second more
specific exemplary system 1300 in accordance with an embodiment of the present
invention. Like elements in Figures 12 and 13 bear like reference numerals, and certain
aspects of Figure 12 have been omitted from Figure 13 in order to avoid obscuring other
aspects of Figure 13.

[00107] Figure 13 illustrates that the processors 1270, 1280 may include
integrated memory and 1I/O control logic (“CL”) 1272 and 1282, respectively. Thus, the
CL 1272, 1282 include integrated memory controller units and include I/O control logic.
Figure 13 illustrates that not only are the memories 1232, 1234 coupled to the CL 1272,
1282, but also that I/O devices 1314 are also coupled to the control logic 1272, 1282.
Legacy I/0O devices 1315 are coupled to the chipset 1290.

[00108] Referring now to Figure 14, shown is a block diagram of a SoC 1400 in
accordance with an embodiment of the present invention. Similar elements in Figure 10
bear like reference numerals. Also, dashed lined boxes are optional features on more
advanced SoCs. In Figure 14, an interconnect unit(s) 1402 is coupled to: an application
processor 1410 which includes a set of one or more cores 202A-N and shared cache
unit(s) 1006; a system agent unit 1010; a bus controller unit(s) 1016; an integrated
memory controller unit(s) 1014; a set or one or more coprocessors 1420 which may
include integrated graphics logic, an image processor, an audio processor, and a video
processor; an static random access memory (SRAM) unit 1430; a direct memory access
(DMA) unit 1432; and a display unit 1440 for coupling to one or more external displays.
In one embodiment, the coprocessor(s) 1420 include a special-purpose processor, such as,
for example, a network or communication processor, compression engine, GPGPU, a
high-throughput MIC processor, embedded processor, or the like.

[00109] Embodiments of the mechanisms disclosed herein may be implemented in
hardware, software, firmware, or a combination of such implementation approaches.
Embodiments of the invention may be implemented as computer programs or program

code executing on programmable systems comprising at least one processor, a storage
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system (including volatile and non-volatile memory and/or storage elements), at least one
input device, and at least one output device.

[00110] Program code, such as code 1230 illustrated in Figure 12, may be applied
to input instructions to perform the functions described herein and generate output
information. The output information may be applied to one or more output devices, in
known fashion. For purposes of this application, a processing system includes any system
that has a processor, such as, for example; a digital signal processor (DSP), a
microcontroller, an application specific integrated circuit (ASIC), or a microprocessor.
[00111] The program code may be implemented in a high level procedural or
object oriented programming language to communicate with a processing system. The
program code may also be implemented in assembly or machine language, if desired. In
fact, the mechanisms described herein are not limited in scope to any particular
programming language. In any case, the language may be a compiled or interpreted
language.

[00112] One or more aspects of at least one embodiment may be implemented by
representative instructions stored on a machine-readable medium which represents
various logic within the processor, which when read by a machine causes the machine to
fabricate logic to perform the techniques described herein. Such representations, known
as “IP cores” may be stored on a tangible, machine readable medium and supplied to
various customers or manufacturing facilities to load into the fabrication machines that
actually make the logic or processor.

[00113] Such machine-readable storage media may include, without limitation,
non-transitory, tangible arrangements of articles manufactured or formed by a machine or
device, including storage media such as hard disks, any other type of disk including
floppy disks, optical disks, compact disk read-only memories (CD-ROMs), compact disk
rewritable’s (CD-RWs), and magneto-optical disks, semiconductor devices such as read-
only memories (ROMs), random access memories (RAMs) such as dynamic random
access memories (DRAMSs), static random access memories (SRAMs), erasable
programmable read-only memories (EPROMs), flash memories, electrically erasable

programmable read-only memories (EEPROMs), phase change memory (PCM),
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magnetic or optical cards, or any other type of media suitable for storing electronic
instructions.

[00114] Accordingly, embodiments of the invention also include non-transitory,
tangible machine-readable media containing instructions or containing design data, such
as Hardware Description Language (HDL), which defines structures, -circuits,
apparatuses, processors and/or system features described herein. Such embodiments may
also be referred to as program products.

Emulation (including binary translation, code morphing, etc.)

[00115] In some cases, an instruction converter may be used to convert an
instruction from a source instruction set to a target instruction set. For example, the
instruction converter may translate (e.g., using static binary translation, dynamic binary
translation including dynamic compilation), morph, emulate, or otherwise convert an
instruction to one or more other instructions to be processed by the core. The instruction
converter may be implemented in software, hardware, firmware, or a combination
thereof. The instruction converter may be on processor, off processor, or part on and part
off processor.

[00116] Figure 15 is a block diagram contrasting the use of a software instruction
converter to convert binary instructions in a source instruction set to binary instructions
in a target instruction set according to embodiments of the invention. In the illustrated
embodiment, the instruction converter is a software instruction converter, although
alternatively the instruction converter may be implemented in software, firmware,
hardware, or various combinations thereof. Figure 15 shows a program in a high level
language 1502 may be compiled using an x86 compiler 1504 to generate x86 binary code
1506 that may be natively executed by a processor with at least one x86 instruction set
core 1516. The processor with at least one x86 instruction set core 1516 represents any
processor that can perform substantially the same functions as an Intel processor with at
least one x86 instruction set core by compatibly executing or otherwise processing (1) a
substantial portion of the instruction set of the Intel x86 instruction set core or (2) object
code versions of applications or other software targeted to run on an Intel processor with
at least one x86 instruction set core, in order to achieve substantially the same result as an

Intel processor with at least one x86 instruction set core. The x86 compiler 1504
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represents a compiler that is operable to generate x86 binary code 1506 (e.g., object code)
that can, with or without additional linkage processing, be executed on the processor with
at least one x86 instruction set core 1516. Similarly, Figure 15 shows the program in the
high level language 1502 may be compiled using an alternative instruction set compiler
1508 to generate alternative instruction set binary code 1510 that may be natively
executed by a processor without at least one x86 instruction set core 1514 (e.g., a
processor with cores that execute the MIPS instruction set of MIPS Technologies of
Sunnyvale, CA and/or that execute the ARM instruction set of ARM Holdings of
Sunnyvale, CA). The instruction converter 1512 is used to convert the x86 binary code
1506 into code that may be natively executed by the processor without an x86 instruction
set core 1514. This converted code is not likely to be the same as the alternative
instruction set binary code 1510 because an instruction converter capable of this is
difficult to make; however, the converted code will accomplish the general operation and
be made up of instructions from the alternative instruction set. Thus, the instruction
converter 1512 represents software, firmware, hardware, or a combination thereof that,
through emulation, simulation or any other process, allows a processor or other electronic
device that does not have an x86 instruction set processor or core to execute the x86
binary code 1506.

[00117] In the description and claims, the term “logic” may have been used. As
used herein, the term logic may include but is not limited to hardware, firmware,
software, or a combination thereof. Examples of logic include integrated circuitry,
application specific integrated circuits, analog circuits, digital circuits, programmed logic
devices, memory devices including instructions, etc. In some embodiments, the logic

may include transistors and/or gates potentially along with other circuitry components.

[00118] In the description and claims, the terms “coupled” and “connected,” along
with their derivatives, may have been used. It should be understood that these terms are
not intended as synonyms for each other. Rather, in particular embodiments,
“connected” may be used to indicate that two or more elements are in direct physical or
electrical contact with each other. “Coupled” may mean that two or more elements are in

direct physical or electrical contact. However, “coupled” may also mean that two or
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more elements are not in direct contact with each other, but yet still co-operate or interact

with each other.

[00119] The term “and/or” may have been used. As used herein, the term “and/or™

means one or the other or both (e.g., A and/or B means A or B or both A and B).

[00120] In the description above, for the purposes of explanation, numerous
specific details have been set forth in order to provide a thorough understanding of the
embodiments of the invention. It will be apparent however, to one skilled in the art, that
one or more other embodiments may be practiced without some of these specific details.
The particular embodiments described are not provided to limit the invention but to
illustrate it. The scope of the invention is not to be determined by the specific examples
provided above but only by the claims below. All equivalent relationships to those
illustrated in the drawings and described in the specification are encompassed within
embodiments of the invention. In other instances, well-known circuits, structures,
devices, and operations have been shown in block diagram form or without detail in order

to avoid obscuring the understanding of the description.

[00121] Where considered appropriate, reference numerals have been repeated
among the figures to indicate components that may optionally be substantially the same
and have similar characteristics. In other instances, terminal portions of reference
numerals have been repeated among the figures to indicate corresponding or analogous
elements, which may optionally have similar or the same characteristics unless specified
or clearly apparent otherwise. In some cases, where multiple components have been
shown and described, they may be incorporated into a single component. In other cases,
where a single component has been shown and described, it may be separated into two or
more components. In the drawings, arrows represent couplings and bidirectional arrows

represent bidirectional couplings.

[00122] Various operations and methods have been described. Some of the
methods have been described in a relatively basic form in the flow diagrams, but
operations may optionally be added to and/or removed from the methods. In addition,
while the flow diagrams show a particular order of the operations according to example

embodiments, it is to be understood that that particular order is exemplary. Alternate
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embodiments may optionally perform the operations in different order, combine certain
operations, overlap certain operations, etc. The components, features, and specific
optional details described herein for an apparatus also optionally apply to the methods
described herein which may in embodiments be performed by and/or with such an

apparatus.

[00123] Some embodiments include an article of manufacture (e.g., a computer
program product) that includes a machine-readable medium. The medium may include a
mechanism that provides, for example stores, information in a form that is readable by
the machine. The machine-readable medium may provide, or have stored thereon, one or
more, or a sequence of instructions, that if executed by a machine causes the machine to
perform and/or results in the machine performing one or operations, methods, or
techniques disclosed herein. In some embodiments, the machine-readable medium may
include a tangible non-transitory machine-readable storage media. For example, the
tangible non-transitory machine-readable storage media may include a floppy diskette, an
optical storage medium, an optical disk, a CD-ROM, a magnetic disk, a magneto-optical
disk, a read only memory (ROM), a programmable ROM (PROM), an erasable-and-
programmable ROM (EPROM), an electrically-erasable-and-programmable ROM
(EEPROM), a random access memory (RAM), a static-RAM (SRAM), a dynamic-RAM
(DRAM), a Flash memory, a phase-change memory, or the like. The tangible medium
may include one or more solid or tangible physical materials, such as, for example, a
semiconductor material, a phase change material, a magnetic material, etc. In another
embodiment, the machine-readable media may include a non-tangible transitory machine-
readable communication medium, for example, the electrical, optical, acoustical or other

forms of propagated signals, such as carrier waves, infrared signals, digital signals, etc.

[00124] Examples of suitable machines include, but are not limited to, computer
systems, desktops, laptops, notebooks, netbooks, nettops, Mobile Internet devices
(MIDs), servers, network elements (e.g., routers, switches, etc.) cellular phones, media
players, nettops, set-top boxes, video game controllers, and other electronic devices
having one or more processors or other instruction execution apparatus. Such electronic

devices typically include one or more processors coupled with one or more other
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components, such as one or more storage devices (non-transitory machine-readable
storage media), user input/output devices (e.g., a keyboard, a touchscreen, and/or a
display), and/or network connections. The coupling of the processors and other
components is typically through one or more busses and bridges (also termed bus
controllers). Thus, the storage device of a given electronic device may store code and/or
data for execution on the one or more processors of that electronic device. Alternatively,
one or more parts of an embodiment of the invention may be implemented using different

combinations of software, firmware, and/or hardware.

[00125] It should also be appreciated that reference throughout this specification to
"one embodiment”, "an embodiment”, or “one or more embodiments”, for example,
means that a particular feature may be included in the practice of the invention.
Similarly, it should be appreciated that in the description various features are sometimes
grouped together in a single embodiment, Figure, or description thereof for the purpose
of streamlining the disclosure and aiding in the understanding of various inventive
aspects. This method of disclosure, however, is not to be interpreted as reflecting an
intention that the invention requires more features than are expressly recited in each
claim. Rather, as the following claims reflect, inventive aspects may lie in less than all
features of a single disclosed embodiment. Thus, the claims following the Detailed
Description are hereby expressly incorporated into this Detailed Description, with each

claim standing on its own as a separate embodiment of the invention.
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CLAIMS
What is claimed is:
1. A system comprising:

a plurality of cores to execute instructions and process data, the plurality of cores

comprising symmetric multi-threaded cores;

a cache subsystem to store the instructions and data, the cache subsystem comprising a

plurality of first level caches and at least one higher level distributed cache comprising a
plurality of cache portions shared by the plurality of cores, each first level cache integral
to one of the plurality of cores and each cache portion accessible to each of the plurality

of cores;

cache management circuitry to provide coherent, non-uniform access to the plurality of

cache portions by the plurality of cores;

power management circuitry to enable a first frequency to be set for a first subset of the
plurality of cores and a second frequency to be set for a second subset of the plurality of
cores, the power management circuitry to selectively gate power to the first subset of the
plurality of cores, the second subset of the plurality of cores, and/or one or more of the

cache portions;

a first integrated memory controller to couple the symmetric multi-threaded cores to a

first system memory; and

a second integrated memory controller to couple the symmetric multi-threaded cores to a

second system memory.

2. The system of claim 1 wherein the power management circuitry is to selectively
gate power to one or more of the first and/or second subsets of the plurality of cores and

corresponding cache portions.

3. The system of claim 1 wherein a first core of a first predetermined subset is

physically proximate to a first cache portion.
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4. The system of claim 3 further comprising:
a local core-cache interconnect to couple the first core to the first cache portion; and
an on-die interconnect to couple one or more other cores to the first cache portion.

5. The system of claim 4 wherein the local core-cache interconnect and on-die
interconnect provide different access latency and/or data throughput to a given cache

portion.

6. The system of claim 4 wherein the local core-cache interconnect is to provide
relatively lower latency and/or higher data throughput to the first core when the first core
accesses the first cache portion than the on-die interconnect is to provide to the one or

more other cores when the one or more other cores access the first cache portion.

1. The system of claim 1 wherein, based on workload on each of the first and second
subsets of the plurality of cores, a thread is to be selectively migrated from the first subset

to the second subset.
8. The system of claim 1 wherein at least one of the plurality of cores comprises:

an instruction fetch circuit to fetch instructions from a corresponding first level cache or a

system memory; and
a decode circuit to decode the instructions; and
an execution circuit comprising a plurality of functional units to execute the instructions.

9. The system of claim 6 wherein the first subset of the plurality of cores form a first
virtual processor and the second subset of the plurality of cores form a second virtual

processor.

10.  The system of claim 9 wherein the execution circuit is to execute instructions to
implement a virtual machine monitor (VMM), the VMM to form the first virtual
processor by combining the first subset of the plurality of cores and to form the second

virtual processor by combining the second subset of the plurality of cores.
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11.  The system of claim 1 further comprising a Peripheral Component Interface
Express (PCle) interface to couple the plurality of cores to one or more system

components.

12. The system of claim 1 wherein the non-uniform access to the plurality of cache
portions by the plurality of cores is based, at least in part, on each cache portion being
coupled to a proximate subset of the plurality of cores over a first interconnect having
first characteristics and being coupled to a non-proximate subset of the plurality of cores

over a second interconnect having second characteristics.
13. A method comprising:

executing instructions and processing data with a plurality of cores, the plurality of cores

comprising symmetric multi-threaded cores;

storing the instructions and the data in a cache subsystem, the cache subsystem
comprising a plurality of first level caches and at least one higher level distributed cache
comprising a plurality of cache portions, each first level cache integral to one of the

plurality of cores and each cache portion accessible to each of the plurality of cores;
sharing the plurality of cache portions among the plurality of cores;

providing coherent, non-uniform access to the plurality of cache portions by the plurality

of cores;

enabling a first frequency to be set for a first subset of the plurality of cores and a second

frequency to be set for a second subset of the plurality of cores;

selectively gating power to the first subset of the plurality of cores, the second subset of

the plurality of cores, and/or one or more of the cache portions;

controlling access by the symmetric multi-threaded cores to a first system memory with a

first integrated memory controller; and

controlling access by the symmetric multi-threaded cores to a second system memory

with a second integrated memory controller.
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14.  The method of claim 13 further comprising selectively migrated a thread from the
first subset to the second subset based on a workload on each of the first and second

subsets of the plurality of cores.

15. The method of claim 13 wherein said providing the non-uniform access to the
plurality of cache portions by the plurality of cores is based, at least in part, on each
cache portion accessing a proximate subset of the plurality of cores over a first
interconnect having first characteristics and accessing a non-proximate subset of the

plurality of cores over a second interconnect having second characteristics.

16. The method of claim 13 further comprising forming the first subset of the
plurality of cores as a first virtual processor and forming the second subset of the

plurality of cores as a second virtual processor.

17. The method of claim 16 further comprising executing instructions to implement a
virtual machine monitor (VMM), the VMM to form the first virtual processor by
combining the first subset of the plurality of cores and to form the second virtual

processor by combining the second subset of the plurality of cores.

18. The system of claim 1 further comprising transmitting data between the plurality
of cores and one or more system components via a Peripheral Component Interface

Express (PCle) interface.
19. A machine comprising:
a processor comprising:

a plurality of cores to execute instructions and process data, the plurality of cores

comprising symmetric multi-threaded cores;

a cache subsystem to store the instructions and data, the cache subsystem comprising a

plurality of first level caches and at least one higher level distributed cache comprising a
plurality of cache portions shared by the plurality of cores, each first level cache integral
to one of the plurality of cores and each cache portion accessible to each of the plurality

of cores; and
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cache management circuitry to provide coherent, non-uniform access to the plurality of
cache portions by the plurality of cores;

an article of manufacture comprising a machine-readable storage medium storing a
plurality of instructions, the plurality of instructions, if performed by a machine, to cause

the machine to perform operations comprising to:

enable a first frequency to be set for a first subset of the plurality of cores and a second

frequency to be set for a second subset of the plurality of cores; and

selectively gate power to the first subset of the plurality of cores, the second subset of the

plurality of cores, and/or one or more of the cache portions;

a first integrated memory controller to couple the symmetric multi-threaded cores to a

first system memory; and

a second integrated memory controller to couple the symmetric multi-threaded cores to a

second system memory.

20. The machine of claim 19 further comprising a Peripheral Component Interface
Express (PCle) interface to couple the plurality of cores to one or more system

components.
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ABSTRACT OF THE DISCLOSURE

A processor of an aspect includes a plurality of logical processors each having
one or more corresponding lower level caches. A shared higher level cache is shared by
the plurality of logical processors. The shared higher level cache includes a distributed
cache slice for each of the logical processors. The processor includes logic to direct an
access that misses in one or more lower level caches of a corresponding logical processor
to a subset of the distributed cache slices in a virtual cluster that corresponds to the

logical processor. Other processors, methods, and systems are also disclosed.
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FIG. 6
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Basns an PTO/AIA {06-12) 88 modifed by Blﬂkﬂ% Sﬂlukcﬁ Terlor ] zsiman
Approved for use tr-mu 071132074 g
.5, Petent Bna Trademark Offiea EPARTMENT OF UMMERE:E
Under the Papenwerk Reduetion Aat of 1985, no parsans are mauited to rspand to 8 coliection of Intormalien uakies dlﬂplnys g velld OMB cantrel Aumbar,

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76

PROCESSORS HAVING VIRTUALLY CLUSTERED CORES
AND CACHE SLICES

Title of
invention

As the balow named inventor, | hereby declare that;

This declaration [ The attached application, or
is directed to:

X United States application or PCT international application number
__13/729579 filed on __12/28/2012

The above-identified application was made or authorized to be made by me.

| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

I hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.8.C. 1001 by
fine or imprisonment of not more than five (5) years, or both.

WARNING:

Petitionerfapplicant is cautioned to avoid submitting personal infarmation in documents filed in a patent application
that may contribute to identity theft, Personal information such as social security numbers, bank account numbers, or
credit card numbers (other than a check or credit card authorization form PTO-2038 submitted for payment purposes)
is never required by the USPTO to suppert a petition or an application. If this type of personal information is included
in documents submitted to the USPTO, petitioners/applicants should consider redacting such personal information
from the documents before submitting them to the USPTO. Petitioner/applicant is advised that the record of a patent
application is available to the public after publication of the application (unless a non-publication request in
compliance with 37 CFR 1.213(a) is made in the application) or issuance of a patent, Furthermore, the record from
an abandanhed application may also be available to the public if the application is referenced in a published
application oran issued patent (see 37 CFR 1.14). Checks and credit card authorization forms PTO-2038 submitted
for payment purposes are not retained in the applicaticn file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Date (Optional): !// £ / zol3

|nventor:
Signature: )//Cy%—'_}///' A————

Note: An application data sheet (FTO/S5B/14 or equivalent), inaluding naming the entire inventive entity, must accompany this farm
or must have baen previously filed. Use an additional PTO/AIA/0T form for each additional inventor,

Thia coliection of Informatioh is raquirad by 35 U, C 115 end 37 CFR 1,83, The infaemalion & rduired 6 ablain dr rétain 2 Borefl by thn Publr. whhh I 15 fil (npd by the LUSFTO o prnca?s) an

application. Ceafidentiaiy i gavamad 35 US 1:2 and 07 OFR 1.171 and 1,14, This saliectian i aatimisted te telie | minut te wmpnta gthar preparlrm en:i submitting the

uﬂrnr-dntnd alﬁpumiun rqrm tn tm USPT a cepending wpon the individuel crss, comments on the amount of Ume you raquire :o wrnp e (htg form ana/or Blicna for ragucing thia
0 8. Fatam and acemark Otfios, LS. nmpmcf ommerce, P.0. Box 1450, Alexandria, VA 22313-1460. DO N SEND FEES DR

COMFLE‘I'ED FORME TO THla ABDRES Commissionar for Palaptn, F,Q, Box 1450, Alexendrla, VA 22713-14 u

lryuu need assistance in campleting the faem, el 1.800.8T0.2138 atd relnet eption 2,

42P48345

Petitioner Samsung Ex-1004, 0060



Basedon PTO/ALA {06.12} as madifies by Siakaly, Soloko!f, Taylor & Zafman

Approved for use through DI04 OME 06510032

.S Patent and Trademark Office, U.S. DEPARTMENT OF COMMERCE

Linger the Paperwark Redichon Act of 1995, no persons are requred 1o respond 1o @ collection of infarmaticn: umess it displays a vafid OMB conrat number.

' ™™
DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN

APPLICATION DATA SHEET (37 CFR 1.76) )

PROCESSORS HAVING VIRTUALLY CLUSTERED CORES
AND CACHE SLICES

Title of
Invention

As the below named inventor, | hereby declare that:

This declaration [ The attached application, or
is directed to:

United States application or PCT international application number
3/r28879 . filedon __12/28/2012 .

The above-identified application was made or authorized to be made by me.

| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

I hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001 by
fine or imprisonment of not more than five (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application
that may contribute to identity theft. Personal information such as social security numbers, bank account numbers, or
credit card numbers (other than a check or credit card authorization form PTQO-2038 submitted for payment purposes)
is never required by the USPTO to support a petition or an application. If this type of personal information is included
in documents submitted to the USPTO, petitioners/applicants should consider redacting such personal information
from the documents before submitting them to the USPTO. Petitioner/applicant is advised that the record of a patent
application is available to the public after publication of the application (unless a non-publication request in
compliance with 37 CFR 1.213(a) is made in the application) or issuance of a patent. Furthermore, the record from
an abandoned application may also be available to the public if the application is referenced in a published
application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms PTO-2038 submitted
for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Inventor: ———— . BRINDAGANESH .. .

Signature: LT

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form.
Use an additional PTO/AIA/O1 form for each additional inventor.

Tnis collectc of information is requirea by 35 U SC 115 and 37 CFR 1.63 Theinformation is required o oblain of retain a benefit oy the pusiic which s o file (and by the USPTO to process) an
application Confidenhiaity sgovemed by 35U S C 122and37 CFR 117 ang 114 This collechon 1§ sstimated 10 lake 1 minute lo compiete. includg gathenng, prapanng, and submiing the
compieted appication form 1o the USPTO Time wei vary dependng upoh 2 indnaduai case Any comments on the armount of ime you regure (o complets this form andlor stcr:q[ges_b:n 5101 reduoing ths
bairden, should be sent fo the Chief Information Officer, U.S. Patent ang Trademark Office, U §. Departrnent of Comrerce, PO Box 1450, Alexandna, VA 223131450 DO NOT SEND FEES OR
COMPLETED FORMS T0 THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450,

if you need assistance in completing the form calf 4-800PTO-8159 and select option 2

42P49345

Petitioner Samsung Ex-1004, 0061



Basedon PTOAIA (Dﬁ -12} asmadified by Blakely, Solokotf, Tayior & Zafman

p&;ﬁ foru sotnmulghc}ﬂ §3/2014, OMB 06510032

: LS, Patent and Tra rk Office; US. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1985 no persons are requred to respond 1o a coliection of information unless it cispiays a valic OMB confol number

{ =%

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN

{ APPLICATION DATA SHEET (37 CFR 1.76) )

PROCESSORS HAVING VIRTUALLY CLUSTERED CORES

Title of | \\D CACHE SLICES

Invention

As the below named inventor, | hereby declare that:

This declaration [] The attached application, or
is directed to:

X United States application or PCT international application number
131729579 filed on __12128/2012

The above-identified application was made or authorized to be made by me.

| believe that | am the original inventor or an original joint inventor of a claimed invention in the application,

| hereby acknowledge that any willful faise statement made in this declaration is punishable under 18 U.S.C. 1001 by
fine or imprisonment of not more than five (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application
that may contribute to identity theft. Personal information such as social security numbers, bank account numbers, or
credit card numbers (other than a check or credit card authorization form PTO-2038 submitted for payment purposes)
is never required by the USPTO fo support a petition or an application. If this type of personal information is included
in documents submitted to the USPTO, petitionersfapplicants should consider redacting such personal information
from the documents before submitting them to the USPTO. Petitioner/applicant is advised that the record of a patent
application is available to the public after publication of the application (unless & non-publication requestin
compliance with 37 CFR 1.213(a) is made in the application) or issuance of a patent. Furthermore, the record from
an abandoned application may also be available to the public if the application is referenced in a published
application or an issued patent (see 37 CFR 1.14) Checks and credit card authorization forms PTO-2038 submitted
for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

ventor: . _JAMESR.VASH ____ _  Date (Optional) /143
) —

Signature: . N\ 5;,-4, I . e s R R
e

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form
Use an additional PTO/AIAJ01 form for each additional inventor.

This coliecton of information is requred by 35 US C 145and 37CFR 165 The information is requirsd 1o oblain or retain a bereft by the pultic which 1s 1 file {30 by the USFTO 1 procesg) an
applcation Confidantiakty is governed by 35 U.S.C 122 and 37 CFR 411 and 1 44 This collaction is estimated to ta%e 1 minze to complete, induding gstrenn? preparing, ant submtting the
cu'n:‘}e E:f ap;d-ﬁ on fom' 1 tne USS’ Time will vary Gependng upon the ! 1d-v-d.ea| case A m*nme-ﬂs on tma:i'm.."t of Lire you requre 1o compiete this Tom andfor £ suggestons for reducing ths
onmation Officer, U S, Pateniand Tragemark Office, U S Depanment of Commerce, PO, Box 1450, Alexangna, VA 223131450 DO NOYT SEND FEES OR
uOM’iE’ED Fows TO ,H\t': ADSR“SS SEND TO: Commisslaner for Patents, P.O. Box 1450, Mexam:lm VA 22313 1450,
if you need assistance in compléting the form, cail 1-800-2T0-2189 andseloct option 2

42P49345

Petitioner Samsung Ex-1004, 0062
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DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 GFR 1.7€

PROCESSORS HAVING VIRTUALLY CLUSTERED CORES
AND CACHE ELICES

Title of
Invention

As the below named Inventor, | hereby daclars that:

This declaration The attached application, or
Is diracted to:

O United States application or PCT International application number
filed on ¥

The abova-Idantified applleation was made or authorized to be made by me.
! belleve that | am the orlginal Inventor or an ariginal joint inventor of a clalmed invention in the epplication,

| hereby acknowledge that any willful false stotement made In this declaratlon Is punlshable undar 18 U.8.C. 1001 by
fine or imprisonment of not mare than five (5) vears, or both.

WARNING:
Pefitloner/applicant is caufioned to avoid submitting personal Information In documents filed In & patsnt application
that may contribute to Identity theft, Persenal Information such as soclal securlty numbare, bank account numbers, or
credlt card numbers (other than a check or credit card authorization form PTO-2038 submltted for payment purposss)
is never required by the USPTO to support s petition or an application. if thig type of parsonal information s Included
in documents submitted to the USPTQ, petitionars/applicants should considar redacting such personal information
from the documents before submitting them ta the USPTO, Patitloner/applicant le adviead that the record of a patent
application [s available to the publlc efter publication of the application (unless a non-putlication raquest In
compllance with 37 CFR 1.213(a) is mada In tha appllcation) or isauanca of a patent. Furtharmore, tha record from
an abandoned application may aiso be available to the public If the application |s referenced In & published
application or an lssued patent (ses 37 CFR 1.14). Checke and cradlt card authorization forms PT0-2038 submitted
for paymant purposes are not ratained In the application fila and tharefore are not publicly available,

LEGAL NAME OF INVENTOR
Date (Optional):

Inventor:

Slanature: 4 % / o

Note: An application date sheet (PTO/GB/14 cr equivalent), including naming the antirs Inventive antity, must accompany th!s form,
Use an addllional PTQ/AIA/Q1 form for each additional inventor.

nigly I gavermed by ‘&ﬁ&' B e e ’"""
NN e m”*”*“a:r' e ATy Lo e

* Batert, P.
1lmmdmnnnjncumw wam Aeiect option 7.

42P49345

Petitioner Samsung Ex-1004, 0063



Basedon PTO/AIA (08-12) asmodiﬂad by Blakely, Solokoff, Taylor & Zafman

A use through 01/13/2014. OMB 0651-0032

U.8. Patent and Tra rrmomoe U, S EPARTMENT OF COMMERCE

Under the Paperwork Redicion Act of 1995, no persens are required 10 respond toa collection of information Uniess It dispiays a valid OMB control number.

"

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76

PROCESSORS HAVING VIRTUALLY CLUSTERED CORES

Title of | ) ND CACHE SLICES

Invention

As the below named inventor, | hereby declare that:

This declaration [ The attached application, or
is directed to:

X United States application or PCT international application number
13/729579 filed on ___12/28/2012

The above-identified application was made or authorized to be made by me.

| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001 by
fine or imprisonment of not more than five (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application
that may contribute to identity theft. Personal information such as social security numbers, bank account numbers, or
credit card numbers (other than a check or credit card authorization form PTO-2038 submitted for payment purposes)
is never required by the USPTO to support a petition or an application. If this type of personal information is included
in documents submitted to the USPTO, petitioners/applicants should consider redacting such personal information
from the documents before submitting them to the USPTO. Petitioner/applicant is advised that the record of a patent
application is available to the public after publication of the application (unless a non-publication request in
compliance with 37 CFR 1.213(a) is made in the application) or issuance of a patent. Furthermore, the record from
an abandoned application may also be available to the public if the application is referenced in a published
application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms PTO-2038 submitted
for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR
Js/ (3 202

Inventor: Date (Optional):

Signature: //@*« %@w A

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form.
Use an additional PTO/AIA/O1 form for each additional inventor.

This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.83 The information is requiredto obtan or retain a benefit by the public which is to file (and by the USPTO o pnocess: an
applecatlon Confidentiality is govamed h535 U.S.C 122 and37 CFR 1.11 and 1.14. This collection is estimated to take 1 minute to complete, including gathering, prepanrg and submitting
cowfl application form to the USPTO. Time will var{]dependng upon the mdiwdual case, Anov comments on the amount of time you require to complete this and/or suggestions for reducmg this
n, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S nt of Commerce, P.O. Box 1450, Alexanchia, VA 22313-1450 DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner far Palents P.O Box 1450, Alexandria, VA 22313-1450,
If you need assistance in cornpletmg the farm, call 1-30GPTO-91993nd select option 2,
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Petitioner Samsung Ex-1004, 0064



Based on PTC/AIA (06-12) as modified by Blakely, Solokoff, Taylor & Zafman
Approved for use through 01132014, OMB 0651-0032
us. IPate_ni aar;d_ Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a unless it displays a valid OMB control number.

4 )

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN

APPLICATION DATA SHEET (37 CFR 1.76) )

PROCESSORS HAVING VIRTUALLY CLUSTERED CORES
AND CACHE SLICES

Title of
Invention

As the below named inventor, | hereby declare that:

This declaration B The attached application, or
is directed to:

[J United States application or PCT international application number
. filed on

The above-identified application was made or authorized to be made by me.

| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001 by
fine or imprisonment of not more than five (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application
that may contribute to identity theft. Personal information such as social security numbers, bank account numbers, or
credit card numbers (other than a check or credit card authorization form PTO-2038 submitted for payment purposes)
is never required by the USPTO to support a petition or an application. If this type of personal information is included
in documents submitted to the USPTO, petitioners/applicants should consider redacting such personal information
from the documents before submitting them to the USPTO. Petitioner/applicant is advised that the record of a patent
application is available to the public after publication of the application (unless a non-publication request in
compliance with 37 CFR 1.213(a) is made in the application) or issuance of a patent. Furthermore, the record from
an abandoned application may also be available to the public if the application is referenced in a published
application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms PTQ-2038 submitted
for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Inventor: _ SCOTT.J.ERLANGER Date (Optional): i?. [ {2000

Signature: M 9/ W

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form.
Use an additional PTO/AIA/01 form for each additional inventor.

This collection of information is required by 35 U.8.C. 115 and 37 CFR 1.63. The information is required 1o obtain or refain a benefit by tne public which is o file {and by the USPTO to process) an
application. Confidentiality is governad by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 1 minute to complete, including gathering, preparing, and submilting the
completed appiication form to the LISPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to compiete this form and/or suggestions for reducing this
burden, snould be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. D:gamnent of Commerce, P.O. Box 1450, Alexandra, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TG: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select optien 2,

42P49345

Petitioner Samsung Ex-1004, 0065
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DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN w

APPLICATION DATA SHEET (37 CFR 1.76)

PROCESSORS HAVING VIRTUALLY CLUSTERED CORES

Title of |\ \ID CACHE SLICES

Invention

As the below named inventor, | hereby declare that:

This declaration [] The attached application, or
is directed to:

B United States application or PCT international application number
328878 . filedon _12/28/2012 .

The above-identified application was made or authorized to be made by me.

| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001 by
fine or imprisonment of not more than five (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application
that may contribute to identity theft. Personal information such as social security numbers, bank account numbers, or
credit card numbers (other than a check or credit card authorization form PTO-2038 submitted for payment purposes)
is never required by the USPTO to support a petition or an application. If this type of personal information is included
in documents submitted to the USPTO, petitioners/applicants should consider redacting such personal information
from the documents before submitting them to the USPTO. Petitioner/applicant is advised that the record of a patent
application is available to the public after publication of the application {unless a non-publication request in
compliance with 37 CFR 1.213(a) is made in the application) or issuance of a patent. Furthermore, the record from
an abandoned application may also be available to the public if the application is referenced in a published
application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms PTO-2038 submitted
for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

inventorr .. ERICJ.DEHAEMER Date (Optional): 2‘_-___/__&?*/&_@1_3__.

QU

Signature:

Note: An application data sheet (PFTO/SB/14 or equivalent). including naming the entire inventive entity, must accompany this form.
Use an additional PTO/AIA/C1 form for each additional inventor.

asonisrequred by 35U 5.C 113 ang 37 CFR 1 63 Tnejnf is required DE.J.!I"D"?[E"I&.;"”Cf 1oy e Pubic whicT 5 ¢
appicaton Contid gls:,o\m"ecb IBUSC 122and 37 CFR 111 and .14 This iof 1% estmated 10 1ake T mingde to comple g 3
completed appt farm 1o the USPTO Time will vary depencing upon the indi widual case. An Ty comrants on the amount of me you Tequire to comp.ale
burten, showld pe sent olne{,ha‘i*'erra.aﬂ@"‘acor 1 5 Paent and Trademark Office. U.S Dapartment of Commaeres, P.O. Bex 1450, Alexandnia, VA 22313, -53
CONPLETED FORMS TO THIS ADDRESS SEND TO: Commissioner for Patents, P.O, Box 1450, Aiex:ndriu WA 223131450,

if you need assistance in completing the foem, call 1-800-PTQ 9788 ana select asten 2

Tris collesion of o
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Petitioner Samsung Ex-1004, 0066



Based on PTOMAIA (05-12) as madified by Blakely, Solckoff, Taylor & Zatrman

Approved for use through 091132014, OMB 06510032

U £ Palent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Linder the Paperweork Recustien At of 1905 no persens ame required to recpond toa collecion of information unkees it displays a vald OMB convel number.

\

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76

PROCESSORS HAVING VIRTUALLY CLUSTERED CORES
AND CACHE SLICES

Title of
Invention

As the below named inventor, | hereby declare that:

This declaration [ The attached application, or
is directed to:

X United States application or PCT international application number
13729579 filedon __12/28/2012

The above-identified application was made or authorized to be made by me.

| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001 by
fine or imprisonment of not more than five (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application
that may contribute to identity theft. Personal information such as social security numbers, bank account numbers, or
credit card numbers (other than a check or credit card authorization form PTO-2038 submitted for payment purposes)
is never required by the USPTO to support a petition or an application. If this type of personal information is included
in documents submitted to the USPTO, petitioners/applicants should consider redacting such personal information
from the documents before submitting them to the USPTO. Petitioner/applicant is advised that the record of a patent
application is available to the public after publication of the application (unless a non-publication request in
compliance with 37 CFR 1.213(a) is made in the application) or issuance of a patent. Furthermore, the record from
an abandoned application may also be available to the public if the application is referenced in a published
application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms PTO-2038 submitted
for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Inventor: ——— ... ADRIANC.MOGA Date (Optional): 7"’1,“?:( ‘2_01’3'—_

Signature:

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form.
Use an additional PTO/AIA/1 form for each additional inventor.

This coliection of infermation is required by 35 USC . 115and 37 CFR 1,63 The mformaticn is required to oblain of retan a benefit by ihe public which is o file {and by the USPTO fo process) an
application, Confdentiahty is govemned by 55 US.C 122ana 37 CFR 1.11 and 1 14 This caifecion |5 estimated to take 1 minute o complete, inchuding gathenng, prepanng, and submitling the
ted application form to the USPTO. Time will vary depondng upen the indhicual case. Any commants on ihe amount of fime you require fo complets this Tom andfor suggestions for reducing the
burden, should be sent to the Cuef |nformation Giﬁbef,nf}.s Fatont and Trademark Office, U S. Department of Commerce, P O, Box 1450, Alexsndna, VA 2231131450 DO NKOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Cammissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
If you need assistance in completing the form, eall 1-806-PT0-4199 and seect opan 2

42P49345

Petitioner Samsung Ex-1004, 0067



Basedon PTOMALA (06-12) as modifieg Dy Blakely, Soickof, Taylor & Zefman

Approved for see throc h G1/13/2014  OMB 06510032

. U S Patent and Trademark Office US DEPARTMENT OF COMMERCE

Unger the Paperwork Reducion Act of 1885, no persons are required to respond 1o a collection of information uness i dispiays a valid OME cortol number.

“

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN

| APPLICATION DATA SHEET (37 CFR 1.76)

Title of PROCESSORS HAVING VIRTUALLY CLUSTERED CORES
AND CACHE SLICES

invention

As the below named inventor, | hereby declare that:

This declaration  [] The attached application, or
is directed to:

X United States application or PCT international application number
_13/729578 _filedon __12/28/2012 .

The above-identified application was made or authorized to be made by me.

| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

I hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.5.C. 1001 by
fine or imprisonment of not more than five (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to aveid submitting personal information in documents filed in a patent application
that may contribute to identity theft. Personal information such as social security numbers, bank account numbers, or
credit card numbers (other than a check or credit card authorization form PTO-2036 submitted for payment purposes)
is never required by the USPTO to support a petition or an application. If this type of personal information is included
in documents submitted to the USPTQO, petitioners/applicants should consider redacting such personal information
from the documents before submitting them to the USPTOQ. Petitioner/applicant is advised that the record of a patent
application is available to the public after publication of the application (unless a non-publication request in
compliance with 37 CFR 1.213(a) is made in the application) or issuance of a patent. Furthermore, the record from
an abandoned application may also be available to the public if the application is referenced in a published
application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms PTO-2038 submitted
for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

/2 /2003
nventor. . MICHELLEM.SEBOT. ____  Date(Optional: __I/_T/Z°1>

Note: An application data sheet (PTG/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form.
Use an additional PTO/AIA/O1 form for each additional inventor.

e (ang oy the USPTO 1@ process) an
9. Preparing, and submiting the

This eollestion of information is required by 35 U.S.C. 115 and 37 CFR 1.63 The infommation is reawired 1o obian of retain 2 beneft by the public wheh s ‘o L
application Confidertialty is govemad ey 38U SC 2” and 37 CFR 1.11 and 1 14 This collection is estimated lo tare 1 o compleie, including F
competed a:;ﬁlca on form ie the USPTO. Time wili VEIY dependng upon the individual case. Any comments on .ru;- ay 'nu*" e Yo T reture {o compleda this 'm’n anaion $u Lgee:
burcen, shouid be sent 10 the Crief information Oitficer, U S. Patent and Trademark Office. U S Depanment of Cony 30K 1450, Algandria, VA 223133450 DO NOT S8
COMPL Tﬂ-n FORMS TO THIS ADDRESS SEND TO: Commissioner for Patents, P.O. Box 14580, Menﬂdﬂa VA 22313 1450,
If you need assistance in ::omple'mg the form, calf 18000700190 and select option 2
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DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76

PROCESSORS HAVING VIRTUALLY CLUSTERED CORES

Title of
Invention AND CACHE SLICES

As the balow hamed Inventor, | hereby declars that:

This declaration The attached appliostion, or
is dirested to:
[0 United States application or POT international application number
flisd on ;

The above-ldentified application was made or authorized to be made by me.
[ beligve that | am the erigingl Invantor or an original jolnt inventor of a claimed inventien In the application,

| hereby acknowladgs that any willful falge statemant made In this declaration [s punishable under 18 U.8.C. 1001 by
fina or Imprisonment of not more than five'(5) years, or both,

WARNING:
Petitioner/applicant Is cautionad to avoid submitiing personal Information In documants filed in a patent application
that may contribute to identity theft. Personal Informatlon such as seofal security numbers, bank account numbers, or
cradlt cand numbars (other than a check or credit card authorizatien form PTQ-2038 submitted for payment purposea)
I8 naver required by the USPTO to support & petition or an application. If this type of personal informetion Is Includad
In documants submitted to the USPTO, patitioners/applicants shauld censider redacting such personal Information
fram tha documente before submitting them fo the UBPTO, Petitionerfapplicant Is advised that the record of a patent
application [s avallable to the public after publication of the appllcation (unless a non-publication request in
complliance with 37 CFR 1.213(a) Is made In the appllcation) or issuance of & patent. Furthermore, the record from
an abandaned application may also ba avallable ta the public If the application Is referenced in a published
application or an lasued patent (see 37 CFR 1.14). Checka and credit card authorization forms PT0-2038 submitted
for payment purposes ara not retained In the application file and therefore are not publicly svaliable.

LEGAL NAME OF INVENTOR
Date (Optlonal): l 0 '

Inventor;
Slgnsetura: M [ M«

Note: An application data shest (FTO/EBM4 or equivelent), including naming the entire Inventive enlity, must accompany this form,
Uss an additional PTO/AIA/D1 form for 2ach additional inventor.
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DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLIGATION DATA SHEET (37 CFR 1.78

PROCESSORS HAVING VIRTUALLY CLUSTERED CORES
AND CACHE SLICES

Title of
Invention

Ag the balow namad inventor, | hereby declare that;

This declaration [ The attached application, or
Is directed to:

& United States application or PCT international appllcetion number
_13/728579 filed on __12/28/2012

The abave-dentified spplicstion was mada or authorized to be made by me,
| bellave that ] am the original Inventor or an orlginal Jeint Inventor of & claimed invention in the application,

| hereby acknowledge that any willful false statement made In thls declaration Is punishable under 18 U.8.C. 1001 by
fine or Imprisonmant ef not mora than five () years, or both,

WARNING:

Petitioner/applicant s cautlaned to avold submitting personal information in documents filed in a patent application
that may contribute to (dentity theft, Personal Information such as social security numbers, bank account numbers, or
cradit card numbers {other than & check or credit card authorzation form PTO-2038 submitted for paymant purposes)
Is never raquired by the USPTO to support a patition or an application. If this type of personal Infarmatlon Is Ihcluded
in documents submittad to the USPTQ, petitionersfapplicants should consider redacting such personal information
fram the documents before submitting them to the USPTOQ. Petitioner/applicant is advised that the record of a patent
application s avallable to the public after publiation of the application (unless a non-publication raquest in
compllance with 37 CFR 1.213(a) is made In the application) or (ssuance of a patent, Furthermore, the record from
an abandoned application may also be avallable to the public ff the application Is rafarenced In a published
application or an igsued patent (see 37 CFR 1.14). Checks and credlt card authorization forms PTO-2038 submitted
for paymant purposes are not retainad in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTCOR

-/
Inventor: DAVID BUBIEN Date (Obtlonal): __&- /1 J / 2p) 1

Signature; D@vf’/‘%ryg{/ /fg‘!’/éfw S

Note: An applicatlon dota eheat (PTO/SB/4 or equivalent), including naming the entire inventive entity, must accampany this form,
Use an addltlonal PTO/AIA/1 forrn for each additional Inventar.

This colect alon (s roqubed ac renC e allon s roaured 18 1 by tne bl which i o F
Triicaton Conn Mmﬂr gmﬁ emm mmmm»uﬂmm oabe § ks 18 CLTEIR (hacin Gk, BRGS0 ST g
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Petitioner Samsung Ex-1004, 0070
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PECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.78

PROGESSOR& HAVING VIRTUALLY CLUSTERED CORES

Title of
Inventian | AND CACHE SLICES

As the below named Inventor, | haraby declars that!

This declaretion B The attached application, or
i@ directed to;

[ United States application or PCT International application number

filed on

The above-ldentified application was mede or authorized to be meds by me.
| bellave that | am the original Inventer or an ariginal Joint inventor of a clalmed inventien In the application.

| heraby acknowladge that any willful false stalement made In this daclaration 1s punishable under 18 U.8.C, 1001 by
fine of Imprisonmant of not mora than five (8) years, or both,

WARNING:
Patlitioner/applicant is cautionad to avoid submitting personal information in documenta filed In & patent application
that may contribute to identlty theft. Parsonsl Information such &5 soolal security numbers, bank account humbars, or
credlt card numbers (other than a check or credit card authorizatlon form PTO-2038 submitted for payment purposes)
Is never required by the USPTO to support a patition or an application. If this type of peraonal information Ig included
In documents submittad to the USPTO, petitionars/applicants should consider redacting such parsonal Information
from the documents before submitting them to the USPTQ, Petitionar/applicant I3 advised that the record of a patent
application is available to the public after publication of the eppllcation (unless a non-publication request In
compliance with 37 CFR 1.213(a) Is made In the appileation) or lasuance of a patent, Furthefmars, the record from
an abandoned application may also be available to the public if tha appilcatlon |s referenced In a published
applicalion or an |ssued patent (see 37 CFR 1.14). Checks and credit card autharization forms PTC-2038 submitted
for payment purposes ara not retained In the application file and tharefore are not publicly avallable,

LEGAL NAME OF INVENTOR

invantars ERIC DELANO Date (Optional)
Sipnature: Ou"" ?‘Cj‘-’%g/‘/

Nota: An epplication data shest (PTO/SB/14 or equivalent), Including naming the entlre Invantive entily, must accompany this form
or must have been praviously flled. Usa an additional PTO/AIAN form for esch addltional [nventar.
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PTO/AIAN4
US. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

N Attorney Docket Number P49345-C2
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention PROCESSORS HAVING VIRTUALLY CLUSTERED CORES AND CACHE SLICES

The application data sheet is part of the provisional or nonprovisional application for which it is baing submitted. The following form contains the
bibliographic data arranged in a format specified by the Unitad States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Dffice in alectronic format using the Electronic Filing System (EFS) or the docurment
may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2:

Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to 37
O CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor Information:

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Herbert H. HUM

Residence Information (Select One) (®) USResidency (O NonUSResidency () Active US Military Service

City | Portland ‘ State/Province | OR | Country of Residence ! | US

Mailing Address of Inventor:

Address 1 3924 NW Teakwood Place

Address 2

City | Portland | State/Province | OR

Postal Code 97229 Country i us

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Brinda GANESH

Residence Information (Select One) (®) US Residency () Non US Residency () Active US Military Service

City | Hillsboro ‘ State/Province | OR | Country of Residence | | US

Mailing Address of Inventor:

Address 1 179 SE 49th Ct.

Address 2

City | Hillsboro | State/Province | CR
Postal Code | 97123 \ Country i ‘ us

Inventor 3

Legal Name
Prefix| Given Name Middle Name Family Name Suffix
James R. VASH
WEB ADS 1.0

Petitioner Samsung Ex-1004, 0072



PTO/AIA/14 (08-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.5. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number P49345-C2

Application Data Sheet37 CFR 1.76

Application Number

Title of Invention PROCESSCRS HAVING VIRTUALLY CLUSTERED CORES AND CACHE SLICES

Residence Information (Select One) (®) US Residency (O Non US Residency (O Active US Military Service
City | Littleton ‘ State/Province | MA | Country of Residence Pl us

Mailing Address of Inventor:

Address 1 85 Grist Mill Rd.

Address 2

City | Littleton | State/Province | MA

Postal Code 01460 Country i us

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Ganesh KUMAR

Residence Information (Select One) (8} US Residency (O NonUSResidency () Active US Military Service

City | Fort Collins ‘ State/Province | co | Country of Residence | | us

Mailing Address of Inventor:

Address 1 1421 Redberry Ct.

Address 2

City | Fort Collins | State/Province | o
Postal Code 80525 Country i us

Inventor 5

Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Leena K. PUTHIYEDATH
Residence Information (Select One) (®) US Residency (O Non US Residency (O Active US Military Service
City | Portland | StatesProvince | OR | Country of Residence | | Us

Mailing Address of Inventor:

Address 1 1592 NW Jolie PL

Address 2

City | Portland | State/Province | co

Postal Code Portland Country i us

Legal Name

Prefix| Given Name Middle Name Family Name Suffix

Scott iR ERLANGER
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Application Number

Title of Invention PROCESSCRS HAVING VIRTUALLY CLUSTERED CORES AND CACHE SLICES

Residence Information (Select One) (®) US Residency (O Non US Residency (O Active US Military Service
City | Boston ‘ State/Province | MA | Country of Residence Pl us

Mailing Address of Inventor:

Address 1 221 West Newton Street, Apt. 3
Address 2
City | Boston | State/Province | MA
Postal Code 02116 Country i us
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Eric ) DEHAEMER
Residence Information (Select One) (8} US Residency (O NonUSResidency () Active US Military Service
City | Shrewsbury ‘ State/Province | MA | Country of Residence ' | uUs

Mailing Address of Inventor:

Address 1 161 Floral St.

Address 2

City | Shrewsbury | State/Province | MA

Postal Code 01545 Country i us

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Adrian C MOGA

Residence Information (Select One) (®) US Residency (O Non US Residency (O Active US Military Service

City | Portland | StatesProvince | OR | Country of Residence | | Us

Mailing Address of Inventor:

Address 1 3697 NW 115th Ave.

Address 2

City | Portland | State/Province | OR

Postal Code 97229 Country i us

Legal Name

Prefix| Given Name Middle Name Family Name Suffix

Michelle M. SEBOT
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Application Number

Title of Invention PROCESSCRS HAVING VIRTUALLY CLUSTERED CORES AND CACHE SLICES

Residence Information (Select One) (®) US Residency (O Non US Residency (O Active US Military Service
City | Portland ‘ State/Province | OR | Country of Residence Pl us

Mailing Address of Inventor:

Address 1 3067 NW Wilson Street

Address 2

City | Portland | State/Province | CR
Postal Code 97210 Country i us

Inventor 10

Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Richard L. CARLSON
Residence Information (Select One) (8} US Residency (O NonUSResidency () Active US Military Service
City | Fort Collins ‘ State/Province | co | Country of Residence | | us

Mailing Address of Inventor:

Address 1 1443 Clementine Ct.

Address 2

City | Fort Collins | State/Province | o
Postal Code 80526 Country i us

Inventor 11

Legal Name
Prefix| Given Name Middle Name Family Name Suffix
David BUBIEN
Residence Information (Select One) (®) US Residency (O Non US Residency (O Active US Military Service
City | Fort Collins | StatesProvince | 0 | Country of Residence | | Us

Mailing Address of Inventor:

Address 1 412 Flagler Rd.

Address 2

City | Fort Collins | State/Province | co
Postal Code 80525 Country i us

Inventor 12

Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Eric DELANO
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Application Number

Title of Invention PROCESSORS HAVING VIRTUALLY CLUSTERED CCRES AND CACHE SLICES

Residence Information (Select One) (® US Residency (O Non US Residency (O Active US Military Service
City | FortCollins | State/Province | co ’ Country of Residence | | US

Mailing Address of Inventor:

Address 1 6237 Eagle Ridge Ct.

Address 2

City Fort Collins | State/Province | co
Postal Code ‘ 80525 ‘ Country i us

All Inventors Must Be Listed - Additional Inventor Information blocks may be generated

within this form by selecting the Add button.

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[] AnAddress is being provided for the correspondence Information of this application.

Customer Number 124662

Email Address l | Add Email I | Remove Email

Application Information:

Title of the Invention PROCESSCRS HAVING VIRTUALLY CLUSTERED CORES AND CACHE SLICES

Attorney Docket Number | P49345-C2 Small Entity Status Claimed ]
Application Type

Subject Matter

Total Number of Drawing Sheets (if any) 15 Suggested Figure for Publication {if any)

Filing By Reference:

Only complete this section when filing an application by reference under 35 U.S.C. 111(c} and 37 CFR 1.57(a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., “Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

For the purposes of a filing date under 37 CFR 1.53{b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a).

Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country N
filed application
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Application Number

Title of Invention PROCESSCRS HAVING VIRTUALLY CLUSTERED CORES AND CACHE SLICES

Publication Information:
[C] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that the attached application not be published under 35US.C

] 122(b) and certify that the invention disclosed in the attached application has not and will not be the subject of an
application filed in another country, or under a multilateral international agreement, that requires publication at eighteen
months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application {see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer Number
will be used for the Representative Information during processing.

Please Select One: (® Customer Number ‘ (O US Patent Practitioner ‘ (O Limited Recognition (37 CFR 11.9)
Customer Number 124662
Prefix Given Name Middle Name Family Name Suffix

Registration Number

Prefix Given Name Middle Name Family Name Suffix

I

Registration Number

Additional Representative Information blocks may be generated within this form by
selecting the Add button.

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(ge), 120, 121, 365(c), or 386(c) or indicate National
Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes the specific
reference required by 35 US.C. 119(e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the “Application Number” field blank.

Prior Application Status | Pending

Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
Continuation of 13729579 2012-12-28

Additional Domestic Benefit/National Stage Data may be generated within this form by
selecting the Add button.

Foreign Priority Information:

WEB ADS 1.0
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Application Number

Title of Invention PROCESSCRS HAVING VIRTUALLY CLUSTERED CORES AND CACHE SLICES

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 US.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application that is eligible
for retrieval under the priority document exchange program {PDX) the information Will be used by the Office to automatically attempt retrieval
pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate responsibility for ensuring that a copy of the foreign
application is received by the Cffice from the participating foreign intellectual property office, or a certified copy of the foreign priority
application is filed, within the time period specified in 37 CFR 1.55(g}1).

Application Number Ccuuntryl Filing Date (YYYY-MM-DD) Access Codei(if applicable)

Additional Foreign Priority Data may be generated within this form by selecting the Add
button.

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition
Applications

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 16,2013

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

16, 2013, will be examined under the first inventor to file provisions of the AlA.
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Application Number

Title of Invention PROCESSORS HAVING VIRTUALLY CLUSTERED CCRES AND CACHE SLICES

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written authority to
permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see paragraph Ain
subsection 1 below) and the European Patent Office (EPO} access to any search results from the instant application (see
paragraph B in subsection 1 below).

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the
authorization by checking the corresponding box A or B or both in subsection 2 below.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an application.
After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind authorization for access
by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange (PDX} - Unless box A in subsection 2 (opt-out of authorization) is checked, the undersigned
hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office (JPO), the Korean
Intellectual Property Office (KIPO), the State Intellectual Property Office of the People’s Republic of China (SIPO)}, the World
Intellectual Property Organization (WIPQO), and any other foreign intellectual property office participating with the USPTO in a
bilateral or multilateral priority document exchange agreement in which a foreign application claiming priority to the instant
patent application is filed, access to: (1) the instant patent application-as-filed and its related bibliographic data, {2) any foreign
or domestic application to which priority or benefit is claimed by the instant application and its related bibliographic data, and
(3) the date of filing of this Authorization. See 37 CFR 1.14(h)(1).

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search results from
the instant patent application when a European patent application claiming priority to the instant patent application is filed. See
37 CFR 1.14(h)(2).

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a copy of
search results from the instant application without delay in a European patent application that claims priority to the instant
application.

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s)

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
[ ] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with any
documents and information identified in subsection 1A above.

[ B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent
application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant application.

NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the application in
accordance with 37 CFR 1.14.
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Application Number

Title of Invention PROCESSCRS HAVING VIRTUALLY CLUSTERED CORES AND CACHE SLICES

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR to have
an assignment recorded by the Office.

Applicant 1

If the applicant is the inventor (ar the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed. The
information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR 1.43; or the
name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person who otherwise shows
sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an applicant under 37 CFR 1.46 (assignee,
person to whom the inventor is obligated to assign, or person who otherwise shows sufficient proprietary interest) together with one or more
joint inventors, then the joint inventor or inventors who are also the applicant should be identified in this section.

{®) Assignee (O Legal Representative under 35 U.S.C. 117 (O JointInventor

O Person to whom the inventor is obligated to assign. O Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. =

Organization Name Intel Corporation

Mailing Address Information For Applicant:

Address 1 2200 Mission College Boulevard

Address 2

City Santa Clara State/Province CA
Country' us Postal Code 95054
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button.
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Application Number

Title of Invention PROCESSCRS HAVING VIRTUALLY CLUSTERED CORES AND CACHE SLICES

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of
CFR to have an assignment recorded by the Office.

Assignee 1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent application
publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application publication as an

applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the patent application
publication.

If the Assignee or Non-Applicant Assignee is an Organization check here. []

Prefix Given Name Middle Name Family Name Suffix

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City State/Province
Country i Postal Code
Phone Number Fax Number

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by
selecting the Add button.
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Attorney Docket Number

P49345-C2

Application Number

Title of Invention

PROCESSORS HAVING VIRTUALLY CLUSTERED CCRES AND CACHE SLICES

Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b}. However, if this Application Data Sheet
is submitted with the INITIAL filing of the application and either box A or B is not checked in subsection 2 of the
“Authorization or Opt-Out of Authorization to Permit Access” section, then this form must also be signed in accordance
with 37 CFR 1.14(c).
This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic entity (e.
g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a patent practitioner,
all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given power of attorney {e.g.,
see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature

/Brent E. Vecchia/

Date (YYYY-MM-DD)

First Name

Brent E.

Last Name

Vecchia

Registration Number 48011

Additional Signature may be generated within this form by selecting the Add button.

WEB ADS 1.0
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Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

Title of Invention: PROCESSORS HAVING VIRTUALLY CLUSTERED CORES AND CACHE SLICES
First Named Inventor/Applicant Name: Herbert H. HUM

Filer: Brent E. Vecchia

Attorney Docket Number: P49345-C2

Filed as Large Entity

Filing Fees for Utility under 35 USC111(a)

Description Fee Code Quantity Amount SuI:J—s'I'g(tsa; in
Basic Filing:
UTILITY APPLICATION FILING 1011 1 300 300
UTILITY SEARCH FEE 111 1 660 660
UTILITY EXAMINATION FEE 1311 1 760 760
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:
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Description Fee Code Quantity Amount Sul:j—;l’;(tsa)l in
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1720
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Electronic Acknowledgement Receipt

EFS ID: 32257787
Application Number: 15947830
International Application Number:
Confirmation Number: 5561

Title of Invention:

PROCESSORS HAVING VIRTUALLY CLUSTERED CORES AND CACHE SLICES

First Named Inventor/Applicant Name:

Herbert H. HUM

Customer Number:

124662

Filer:

Brent E. Vecchia

Filer Authorized By:

Attorney Docket Number: P49345-C2
Receipt Date: 08-APR-2018
Filing Date:
Time Stamp: 13:53:44

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes
Payment Type DA
Payment was successfully received in RAM $1720

RAM confirmation Number

040918INTEFSW00007285506674

Deposit Account

506674

Authorized User

Brent Vecchia

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

37 CFR 1.16 (National application filing, search, and examination fees)

37 CFR 1.17 (Patent application and reexamination processing fees)
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37 CFR 1.19 (Document supply fees)

37 CFR 1.20 {Post Issuance fees)

37 CFR 1.21 (Miscellaneous fees and charges)
File Listing:

D e . . ile Size e i e
ocument Document Description File Name File Siz (B}ft s)/ Multl. .Pag s
Number Message Digest | Part/.zip| (ifappl.)

225530
1 P49345C2_APPLICg:ION_04fO yes 24
67 201 8 p c6f1cb8480606c90fedbech271c6b9feb2be
662e
Multipart Description/PDF files in .zip description
Document Description Start End
Specification 1 38
Claims 39 43
Abstract 44 44
Warnings:
Information:
684097
2 Drawings-only bIa.ck and white line P49345_FIGS.pdf no 15
drawings
4561467153c72d9724ccf2df73a3aedb2920)
Warnings:
Information:
1303972
3 Oath or Declaration filed P49345_DEC.pdf no 12
32c6f70eee041¢a28de01102e5533¢e077b
6el5e
Warnings:
Information:
234038
4 Application Data Sheet WebADS.pdf no 11
b8eB862a06773eba7ce92fc0907cObbbd6a3|
9fee8
Warnings:
Information:
34877
5 Fee Worksheet (SB06) fee-info.pdf no 2
7c4436ec428269bf215aa5afcb2ec920cadf|

Petitioner Samsung Ex-1004, 0086



Warnings:

Information:

Total Files Size (in bytes)1 2482514

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b})-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 15/947,830
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR 1.16(), (b}, or (c) N/A N/A N/A N/A 300
SEARCH FEE
(37 CFR 1.16(K), {i), o (m)) N/A N/A N/A N/A 660
EXAMINATION FEE
(37 CFR 1.16(0), (p), or (a) N/A N/A N/A N/A 760
TOTAL CLAIMS ]
(37 CFR 1.16()) 20 minus 20= OR |x 100 - 0.00
INDEPENDENT CLAIMS ’
(37 GFR 1.16(h)) 3 minus 3 = x 460 - 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereol. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 GFR 1.16(j)) 0.00
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1720
APPLICATION AS AMENDED - PART Il
OTHER THAN
{Column 1) {Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(®) FEE(®) RATES) FEE(S)
E AMENDMENT PAID FOR
w Total " =
= (a7 CFg T.we(i)) Minus = OR [x -
=] Independent Minus =
E (37 orR 116(h) = OR [x =
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 GFR 1.16())) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) {Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE() FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
L Total Minus = =
S| @ oFm T.we(i)) OR | =
% Irldependem Minus = = OR b3 =
w (37 CFR 1.16(h))
<§( Application Size Fee (37 CGFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 GFR 1.16()))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* Ifthe entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter "20"
*** |1 the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3",
The "Highest Number Previously Paid For' (Total or Independent) is the highest found in the appropriate box in column 1
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UNITED STaTES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO, Bax 1450

Alexandria, Vinginia 22313-1450

WWW.USDLe ZoY

APPLICATION FILING or GRP ART
NITMBER I 371(c) DATE I UNIT I FIL FEE RECD I ATTY.DOCKET.NO ITOT (tI,AIMSI IND CLAIMS |
15/947,830 04/08/2018 2139 1720 P49345-C2 20 3
CONFIRMATION NO. 5561
124662 FILING RECEIPT

Vecchia/NDWE/Intel
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For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
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No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
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community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.
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Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6} MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by stalute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on 08 April 2018.
(J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .
2a)[] This action is FINAL. 2b) ¥l This action is non-final.

3)J An election was made by the applicant in response to a restriction requirement set forth during the interview on
; the restriction requirement and election have been incorporated into this action.

4)[J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parfe Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s) 1-20 is/are pending in the application.

5a) Of the above claim(s) ____ is/are withdrawn from consideration.
6) (J Claim(s)___is/are allowed.
7) Claim{s) 1-20 is/are rejected.
8) (O Claim(s) ___is/are objected to.
9) [0 Claim{s) ___are subject to restriction and/or election requirement
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a

participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

Application Papers
10)() The specification is objected to by the Examiner.
11} The drawing(s) filed on 04/08/2018 is/are: a)l¥] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)(] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f}.
Certified copies:
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1.0 Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No.

3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

** See the attached detailed Office action for a list of the certified copies not received.
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1) Notice of References Cited (PTO-892) 3) [] Interview Summary (PTO-413)
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Application/Control Number: 15/947,830 Page 2
Art Unit: 2139

Notice of Pre-AIA or AIA Status
The present application is being examined under the pre-AIA first to invent provisions.
Double Patenting

The nonstatutory double patenting rejection is based on a judicially created doctrine
grounded in public policy (a policy reflected in the statute) so as to prevent the unjustified or
improper timewise extension of the “right to exclude” granted by a patent and to prevent possible
harassment by multiple assignees. A nonstatutory double patenting rejection is appropriate where
the conflicting claims are not identical, but at least one examined application claim is not
patentably distinct from the reference claim(s) because the examined application claim is either
anticipated by, or would have been obvious over, the reference claim(s). See, e.g., In re Berg,
140 F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 USPQ2d
2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); In re Van
Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 USPQ 619
(CCPA 1970); In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d) may
be used to overcome an actual or provisional rejection based on nonstatutory double patenting
provided the reference application or patent either is shown to be commonly owned with the
examined application, or claims an invention made as a result of activities undertaken within the
scope of a joint research agreement. See MPEP § 717.02 for applications subject to examination
under the first inventor to file provisions of the AIA as explained in MPEP § 2159. See MPEP
§8§ 706.02(1)(1) - 706.02(1)(3) for applications not subject to examination under the first inventor
to file provisions of the AIA. A terminal disclaimer must be signed in compliance with 37 CFR

1.321(b).
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Application/Control Number: 15/947,830 Page 3
Art Unit: 2139

The USPTO Internet website contains terminal disclaimer forms which may be used.
Please visit www.uspto.gov/patent/patents-forms. The filing date of the application in which the
form is filed determines what form (e.g., PTO/SB/25, PTO/SB/26, PTO/AIA/2S5, or
PTO/AIA/26) should be used. A web-based eTerminal Disclaimer may be filled out completely
online using web-screens. An eTerminal Disclaimer that meets all requirements is auto-
processed and approved immediately upon submission. For more information about eTerminal
Disclaimers, refer to www.uspto.gov/patents/process/file/efs/guidance/eTD-info-1.jsp.

Claims 1-4, 13-16 and 19-20 are provisionally rejected on the ground of nonstatutory
double patenting as being unpatentable over claim 1-4, 13-16 and 21-23 of copending
Application No. 13/729,579 in view of O’Connor et al. (US 2014/0089699) (hereafter
O’Connor).

Claims 1-4, 13-16 and 21-23 of Application No. 13/729,579 teaches the limitations of
claims 1-4, 13-16 and 19-20 of the present application.

Application No. 13/729,579 does not teach power management circuitry to enable a first
frequency to be set for a first subset of the plurality of cores and a second frequency to be set for
a second subset of the plurality of cores, the power management circuitry to selectively gate
power to the first subset of the plurality of cores, the second subset of the plurality of cores,
and/or one or more of the cache portions.

However, O’Connor teaches power management circuitry to enable a first frequency to
be set for a first subset of the plurality of cores and a second frequency to be set for a second
subset of the plurality of cores, the power management circuitry to selectively gate power to the
first subset of the plurality of cores, the second subset of the plurality of cores, and/or one or

more of the cache portions ([0042]).
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Application/Control Number: 15/947,830 Page 4
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It would have been obvious to a person of ordinary skill in the art at the time of the
invention to have combined the power management circuitry of O’Connor with the invention of
Application No. 13/729,579 because it increases efficiency by performing power configuration
adjustments while satisfying the memory and computational requirements of the system and
while minimizing GPU power consumption and/or maximizing performance under a power
constraint ([0015]).

Claims 1-20 are provisionally rejected on the ground of nonstatutory double patenting as
being unpatentable over claim 1-20 of copending Application No. 15/947,829. Claims 1- 20 of
US Application No. 15/947,829 contains every element of claims 1-20 of the instant application
and as such anticipates claims 1- 20 of the instant application.

Claims 1-20 are provisionally rejected on the ground of nonstatutory double patenting as
being unpatentable over claim 1-20 of copending Application No. 15/947.831. Claims 1- 20 of
US Application No. 15/947,831 contains every element of claims 1-20 of the instant application
and as such anticipates claims 1- 20 of the instant application.

"A later patent claim is not patentably distinct from an earlier patent claim if the later
claim is obvious over, or anticipated by, the earlier claim. In re Longi, 759 F.2d at 896,225
USPQ at 651 (affirming a holding of obviousness-type double patenting because the claims at
issue were obvious over claims in four prior art patents); In re Berq, 140 F.3d at 1437, 46
USPQ2d at 1233 (Fed. Cir. 1998) (affirming a holding of obviousness-type double patenting
where a patent application claim to a genus is anticipated by a patent claim to a species within
that genus). " ELI LILLY AND COMPANY v BARR LABORATORIES, INC., United States
Court of Appeals for the Federal Circuit, ON PETITION FOR REHEARING EN BANC

(DECIDED: May 30, 2001).
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Application/Control Number: 15/947,830 Page 5
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This is a provisional nonstatutory double patenting rejection.

Claim Rejections - 35 USC § 112

The following is a quotation of 35 U.S.C. 112(b):

(b) CONCLUSION.—The specification shall conclude with one or more claims particularly pointing
out and distinctly claiming the subject matter which the inventor or a joint inventor regards as the
invention.

The following is a quotation of 35 U.S.C. 112 (pre-AlA), second paragraph:

The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

Claims 1-12 and 19-20 are rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AlA),
second paragraph, as being indefinite for failing to particularly point out and distinctly claim the
subject matter which the inventor or a joint inventor, or for pre-AIA the applicant regards as the
invention.

Claim 1, line 2 recites the limitation “a plurality of cores to execute”. Claim scope is not
limited by claim language that suggests or makes optional but does not require steps to be
performed. Here, Applicant recites a plurality of cores to execute, but never actually recite that
the cores actually perform the execution. Therefore, this language is construed to be non
limiting. Applicant correction and/or clarification is required.

Claim 1, line 4 recites “a cache subsystem to store”. Claim scope is not limited by claim
language that suggests or makes optional but does not require steps to be performed. Applicant
correction and/or clarification is required.

Claim 1, line 9 recites “circuitry to provide”. Claim scope is not limited by claim
language that suggests or makes optional but does not require steps to be performed. Applicant

correction and/or clarification is required.
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Claim 1, line 11 recites “circuitry to enable”. Claim scope is not limited by claim
language that suggests or makes optional but does not require steps to be performed. Applicant
correction and/or clarification is required.

Claim 1, line 11 recites “frequency to be set”. Claim scope is not limited by claim
language that suggests or makes optional but does not require steps to be performed. Applicant
correction and/or clarification is required.

Claim 1, line 12 recites “frequency to be set”. Claim scope is not limited by claim
language that suggests or makes optional but does not require steps to be performed. Applicant
correction and/or clarification is required.

Claim 1, line 13 recites “circuitry to selectively”. Claim scope is not limited by claim
language that suggests or makes optional but does not require steps to be performed. Applicant
correction and/or clarification is required.

Claim 1, line 16, recites “memory controller to couple”. Claim scope is not limited by
claim language that suggests or makes optional but does not require steps to be performed.
Applicant correction and/or clarification is required.

Claim 1, line 18, recites “memory controller to couple”. Claim scope is not limited by
claim language that suggests or makes optional but does not require steps to be performed.
Applicant correction and/or clarification is required.

Claims 2-12 and 19-20 recite similar language. Claim scope is not limited by claim
language that suggests or makes optional but does not require steps to be performed. Applicant
correction and/or clarification is required.

Claim 19 recites the limitation “the plurality of instructions, if performed by a

machine...” Claim scope is not limited by claim language that suggests or makes optional but
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does not require steps to be performed. Therefore, all steps following this language are
construed to be non-limiting.
Claim 20 depend from claim 19 and is rejected for the reasons cited above.
Claim Rejections - 35 USC § 103
The following is a quotation of pre-AIA 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102, if the differences between the subject matter sought to be patented and the prior art
are such that the subject matter as a whole would have been obvious at the time the invention was made
to a person having ordinary skill in the art to which said subject matter pertains. Patentability shall not
be negatived by the manner in which the invention was made.

Claims 1-6, 8, 12, 13, 15, and 19 are rejected under pre-AIA 35 U.S.C. 103(a) as being
unpatentable over Wang et al. (US 2005/0027941) (hereafter Wang), in view of O’Connor et al.
(US 2014/0089699) (hereafter O’Connor).

As per claims 1, 13 and 19, Wang teaches a processor comprising:

a plurality of cores to execute instructions and process data, the plurality of cores
comprising symmetric multi-threaded cores ([0026]);

a cache subsystem to store the instructions and data, the cache subsystem comprising a
plurality of first-level caches and at least one higher-level distributed cache comprising a
plurality of cache portions shared by the plurality of cores, each first-level cache integral to one
of the plurality of cores and each cache portion accessible to each of the plurality of cores (fig.
1);

cache management circuitry to provide coherent, non-uniform access to the plurality of
cache portions by the plurality of cores ([0022] describes the use of ring topologies for a NUMA

configuration);
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a first integrated memory controller to couple the symmetric multi-threaded cores to a
first system memory (fig. 4, 105a...105n); and

a second integrated memory controller to couple the symmetric multi-threaded cores to a
second system memory (fig. 4, 105a...105n).

Wang does not explicitly teach

power management circuitry to enable a first frequency to be set for a first subset of the
plurality of cores and a second frequency to be set for a second subset of the plurality of cores,
the power management circuitry to selectively gate power to the first subset of the plurality of
cores, the second subset of the plurality of cores, and/or one or more of the cache portions.

However, O’Connor teaches power management circuitry to enable a first frequency to
be set for a first subset of the plurality of cores and a second frequency to be set for a second
subset of the plurality of cores (figs. 6-9), the power management circuitry to selectively gate
power to the first subset of the plurality of cores, the second subset of the plurality of cores,
and/or one or more of the cache portions ([0042]).

It would have been obvious to a person of ordinary skill in the art at the time of the
invention to have combined the power management circuitry of O’Connor with the processor of
Wang because it increases efficiency by performing power configuration adjustments while
satisfying the memory and computational requirements of the system and while minimizing
power consumption and/or maximizing performance under a power constraint ([0015]).

As per claim 2, O’Connor teaches wherein the power management circuitry is to
selectively gate power to one or more of the first and/or second subsets of the plurality of cores

and corresponding cache portions ([0042]).
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As per claim 3, Wang teaches wherein a first core of a first predetermined subset is
physically proximate to a first cache portion (fig. 1).

As per claim 4, Wang teaches a local core-cache interconnect to couple the first core to
the first cache portion; and an on-die interconnect to couple one or more other cores to the first
cache portion (fig. 3, on chip).

As per claim 5, Wang teaches wherein the local core-cache interconnect and on-die
interconnect provide different access latency and/or data throughput to a given cache portion (As
illustrated in fig. 1, the data accessed in L2 is faster than L3).

As per claim 6, Wang teaches wherein the local core-cache interconnect is to provide
relatively lower latency and/or higher data throughput to the first core when the first core
accesses the first cache portion than the on-die interconnect is to provide to the one or more other
cores when the one or more other cores access the first cache portion (As illustrated in fig. 4 with
remote fetches as response to a miss).

As per claim 8, Wang teaches wherein at least one of the plurality of cores comprises: an
instruction fetch circuit to fetch instructions from a corresponding first level cache or a system
memory; and a decode circuit to decode the instructions; and an execution circuit comprising a
plurality of functional units to execute the instructions ([0030]).

As per claims 12 and 15, Wang teaches wherein the non-uniform access to the plurality
of cache portions by the plurality of cores is based, at least in part, on each cache portion being
coupled to a proximate subset of the plurality of cores over a first interconnect having first
characteristics and being coupled to a non-proximate subset of the plurality of cores over a
second interconnect having second characteristics ([0022] by definition of a ring interconnect

this would occur).
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Claims 7 and 14 rejected under pre-AIA 35 U.S.C. 103(a) as being unpatentable over the
combination of Wang and O’Connor as applied to claims 1 and 13 above, and further in view of
Cai et al. (US 2009/0172424) (hereafter Cai).

As per claims 7 and 14, the combination of Wang and O’Connor teaches all the
limitations of claims 1 and 13. The combination does not explicitly teach wherein, based on a
workload on each of the first and second subsets of the plurality of cores, a thread is to be
selectively migrated from the first subset to the second subset.

However, Cai teaches wherein, based on a workload on each of the first and second
subsets of the plurality of cores, a thread is to be selectively migrated from the first subset to the
second subset ([0022]).

It would have been obvious to a person of ordinary skill in the art at the time of the
invention to have combined the thread migration of Cai with the cores of the combination of
Wang and O’ Connor because it will improve thread synchronization and create opportunities to
improve power efficiency ([0022]).

Claims 9-10 and 16-17 are rejected under pre-AIA 35 U.S.C. 103(a) as being
unpatentable over the combination of Wang and O’Connor as applied to claims 1 and 13 above,
and further in view of Rajamony et al. (US 2011/0022773)(hereafter Rajamony).

As per claims 9 and 16, the combination of Wang and O’Connor teaches all the
limitations of claims 6 and 13. The combination does not explicitly teach wherein the first
subset of the plurality of cores form a first virtual processor and the second subset of the plurality

of cores form a second virtual processor.
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However, Rajamony teaches wherein the first subset of the plurality of cores form a first
virtual processor and the second subset of the plurality of cores form a second virtual processor
([0040])

It would have been obvious to a person of ordinary skill in the art at the time of the
invention to have combined the virtual processors of Rajamony with the cores of the
combination of Wang and O’ Connor because by using virtualization, multiple operating systems
can run in the same server, eliminating the need to dedicate a single machine to one application
([0006]).

As per claims 10 and 17, Rajamony teaches wherein the execution circuit is to execute
instructions to implement a virtual machine monitor (VMM), the VMM to form the first virtual
processor by combining the first subset of the plurality of cores and to form the second virtual
processor by combining the second subset of the plurality of cores ([0040]).

Claims 11, 18 and 20 rejected under pre-AIA 35 U.S.C. 103(a) as being unpatentable
over the combination of Wang and O’Connor as applied to claims 1 and 19 above, and further in
view of Zhu et al. (US 8,725,919) (hereafter Zhu).

As per claims 11 and 20, the combination of Wang and O’Connor teaches all the
limitations of claims 1 and 19. The combination does not explicitly teach a Peripheral
Component Interface Express (PCle) interface to couple the plurality of cores to one or more
system components.

However, Zhu teaches a Peripheral Component Interface Express (PCle) interface to

couple the plurality of cores to one or more system components (col. 3, lines 10-25).

Petitioner Samsung Ex-1004, 0104



Application/Control Number: 15/947,830 Page 12
Art Unit: 2139

It would have been obvious to a person of ordinary skill in the art at the time of the
invention to have combined the PCle interface of Zhu with the interconnect of the combination
of Wang and O’Connor because it provides high speed connectivity (col. 3, lines 10-25).

As per claim 18, the combination of Wang and O’Connor teaches all the limitations of
claim 1. Wang further teaches transmitting data between the plurality of cores and one or more
system components (fig. 4).

The combination does not explicitly teach wherein the data is transmitted via a Peripheral
Component Interface Express (PCle) interface.

However, Zhu teaches wherein the data is transmitted via a Peripheral Component
Interface Express (PCle) interface (col. 3, lines 10-25).

It would have been obvious to a person of ordinary skill in the art at the time of the
invention to have combined the PCle interface of Zhu with the interconnect of the combination
of Wang and O’Connor because it provides high speed connectivity (col. 3, lines 10-25).

Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to GURTEJ BANSAL whose telephone number is (571)270-5588.
The examiner can normally be reached on M-F 8am-5pm.

Examiner interviews are available via telephone, in-person, and video conferencing using
a USPTO supplied web-based collaboration tool. To schedule an interview, applicant is
encouraged to use the USPTO Automated Interview Request (AIR) at

http://www.uspto.gov/interviewpractice.
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If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Reginald Bragdon can be reached on (571)-272-4204. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would
like assistance from a USPTO Customer Service Representative or access to the automated

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/GURTEJ BANSAL/
Primary Examiner, Art Unit 2139
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National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/AIA/S6 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB contral number.

STATEMENT UNDER 37 CFR 3.73(c)
INTEL CORPORATION

Application No./Patent No.: 15/947,830 Filed/Issue Date: 04/08/2018
Titted: PROCESSORS HAVING VIRTUALLY CLUSTERED CORES AND CACHE SLICES

INTEL CORPORATION . a CORPORATION

Applicant/Patent Owner:

{Name of Assignee) {Type of Assignee, e.g., corporaticn, partnership, university, government agency, etc.)
states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

2. |:] An assignee of less than the entire right, title, and interest (check applicable box):

|_| The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

D There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s}) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. D The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4. D The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below):

A An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel 030114 , Frame 0247 , or for which a copy
thereof is attached.

B. D A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: To:

The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
2. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b). The informaticn is required to obtain or retain a benefit by the public which is to file {and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTQ. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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PTO/AIA/96 (08-12)
Approved for use through 01/31/2013. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are reguired to respond to a collection of information unless it displays a valid OMB control number.

3. From:

STATEMENT UNDER 37 CFR 3.73(c)

To:

4. From:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

To:

5. From:

The document was recorded in the United States Patent and Trademark Office at

6. From:

Reel , Frame , or for which a copy thereof is attached.
To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.
To:

|:| Additional documents in the chain of title are listed on a supplemental sheet(s).

As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

/Brent E. Vecchia/ 2018-09-21

Signature Date

Brent E. Vecchia 48011

Printed or Typed Name Title or Registration Number
[Page 2 of 2]
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is 35
U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the
information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related
to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark
Office may not be able to process and/or examine your submission, which may result in termination of proceedings
or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is
required by the Freedom of Information Act.

2. Arecord from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the
course of settlement negotiations.

3. Avrecord in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

4. Arecord in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be required
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. Arecord related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. Arecord in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act
(42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency’s
responsibility to recommend improvements in records management practices and programs, under
authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA
regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or
Commerce) directive. Such disclosure shall not be used to make determinations about individuals.

8. Arecord from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C.
151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the
public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to
public inspection or an issued patent.

9. Arecord from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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UNITED STaTES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO, Bax 1450

Alexandria, Vinginia 22313-1450

WWW.USDLe ZoY

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED AFPLICANT | ATTY. DOCKET NOJTITLE |
15/947,830 04/08/2018 Herbert H. HUM P49345-C2
CONFIRMATION NO. 5561
124662 POA ACCEPTANCE LETTER

o6 Amaden Bouibverd, Suts 710 T

San Jose, CA 95113
Date Mailed: 09/26/2018

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 09/21/2018.
The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

fatesfai/

page 1 of 1
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Doc code: IDS PTO/SB/08a (02-18)

Doc description: Infarmation Disclosure Statement {IDS) Filed S Pt e R e )

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a cellection of information unless it contains a valid OMB control number.

Application Number 15947830
Filing Date P018-04-08
INFORMATION DISCLOSURE First Named Inventor ‘ HUM; Herbert H.
STATEMENT BY APPLICANT  ——— B
( Not for submission under 37 CFR 1.99)
Examiner Name | BANSAL, GURTEY
Attorney Docket Number ‘ P49345C2
U.S.PATENTS | Remove |
Examiner| Cite Kind Name of Patentee or Applicant Pages,Columns, Lines where
iy Patent Number Issue Date ; Relevant Passages or Relevant
Initial No Code’ of cited Document .
Figures Appear
1 5115790 P000-09-05 CHIMMEL; Curt F.
2 5542966 P003-04-01 RAWFORD; John et al.
3 [r055007 P006-05-30 LAUTNER; Krisztian et al.
4 p037476 P011-10-11 HAVIT; Nir N et al.
5 B108610 P012-01-31 LASCO; David B. et al.
6 P219996 P012-07-10 ORRIS; Dale C.
7 261024 P012-09-04 HAVIT; Nir N. et al.
8 p429656 P(013-04-23 ULUK Jr_; Jerome F_ et al.

EFS Web 2.1.18
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Application Number 15947830
Filing Date 2018-04-08
INFORMATION DISCLOSURE First Named Inventor ‘ HUM; Herbert H.
STATEMENT BY APPLICANT 2139
( Not for submission under 37 CFR 1.99)
Examiner Name | BANSAL, GURTE
Attorney Docket Number ‘ P49345C2
9 B725919 2014-05-13 HU; Julianne J. et al.
10 [p862828 P014-10-14 ARAF; Ravindra P. et al.
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S_PATENT APPLICATION PUBLICATIONS | Remove |
Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages.Colymns.Liies g
b Cite No : Relevant Passages or Relevant
Initial Number Code’| Date of cited Document :
Figures Appear
1 20020046324 002-04-18 ARROSQ; Luiz Andre et al.
2 0020049859 P002-04-25 RUCKERT; William et al.
3 20030061423 P003-03-27 NKIN; Linda J. et al.
4 20040226026 P004-11-11 LASS; Adam B. et al.
5 20060004796 006-01-05 KAMURA; Shuiji
6 P0060206635 P006-09-14 LEXANDER; Thomas et al.
7 0070156964 P007-07-05 ISTLA; Krishnakanth V.

EFS Web 2.1.18
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number 15947830

Filing Date

2018-04-08

First Named Inventor ‘ HUM; Herbert H.

Art Unit

‘2139

Examiner Name

‘ BANSAL, GURTEJ

Attorney Docket Number ‘P4934502

8 20080022261 P008-01-24 OODING; Thomas Michael
9 0080126750 P008-05-29 ISTLA; Krishnakanth

10 0080195719 P00B-08-14 U; Yuguang et al.

11 0090037658 P009-02-05 ISTLA; Krishnakanth

12 20090049248 P009-02-19 LARK; Leo James et al.
13 0090063715 P009-03-05 E; Cesare Joshua et al.
14 20090089470 P009-04-02 EN; Adriaan Van De et al.
15 0090187642 P009-07-23 CGRATH,; Michael P.

16 20090193064 P009-07-30 HEN; Ying et al.

17 20090265514 P009-10-22 ILES; Stuart David et al.
18 2009027 1646 P009-10-29 ALWAR; Vanish ef al.

EFS Web 2.1.18
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number 15947830

Filing Date

2018-04-08

First Named Inventor ‘ HUM; Herbert H.

Art Unit

‘2139

Examiner Name

‘ BANSAL, GURTEJ

Attorney Docket Number ‘P4934502

18 20100074106 P010-03-25 HOU; Ching-Tsun et al.
20 0100257316 P010-10-07 RIMILLI; Ravi K. et al.
21 20110035555 P011-02-10 ANG; Hong et al.

22 0110055482 2011-03-03 O; Kimming et al.

23 20110087840 P011-04-14 LASCO; David B. et al.
24 20110087843 P011-04-14 HAQ; Li et al.

25 20110119397 2011-05-19 VANS; John et al.

26 20110153936 P011-06-23 TARKE; William J.

27 20110173394 P011-07-14 ARA; Alan et al.

28 20110179199 P011-07-21 HEN; Dong et al.

29 20110219208 2011-09-08 SAAD; Sameh et al.

EFS Web 2.1.18
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Application Number 15947830

Filing Date 2018-04-08
INFORMATION DISCLOSURE First Named Inventor ‘ HUM; Herbert H.
STATEMENT BY APPLICANT —
L nit ‘ 2139
( Not for submission under 37 CFR 1.99)
Examiner Name ‘ BANSAL, GURTEJ

Attorney Docket Number ‘P4934502

30 20110252216 P011-10-13 LONEN; Tatu J. et al.

3 20110296406 P011-12-01 HANDARI; Aditya et al.

32 20130073811 P013-03-21 ECKMANN; Bradford M. et al.
33 20130085999 2013-04-04 UNG; Teresa et al.

34 20130311724 P013-11-21 ALKER; William L. et al.

35 20140189239 P014-07-03 UM; Herbert H. et al.

If you wish to add additional U.S. Published Application citation information please click the Add button] Add |

FOREIGN PATENT DOCUMENTS |Remove|

Riairies of Patariua o Pages,Columns,Lines
Examiner| Cite | Foreign Document | Country Kind | Publication Avplicantcf cited where Relevant Ts
Initial™ No | Number? Code?j Code?| Date Dpp Passages or Relevant
ocument ;
Figures Appear
1 None

If you wish to add additional Foreign Patent Document citation information please click the Add button | Add |

NON-PATENT LITERATURE DOCUMENTS |Remove|
. .. | Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
Examiner| Cite PR ; . :
S (book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s}, TS
Initials No : : ;
publisher, city and/or country where published.

EFS Web 2.1.18
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Application Number 15947830

Filing Date 2018-04-08
INFORMATION DISCLOSURE First Named Inventor ‘ HUM; Herbert H.
STATEMENT BY APPLICANT —
L nit ‘ 2139
( Not for submission under 37 CFR 1.99)
Examiner Name ‘ BANSAL, GURTEJ

Attorney Docket Number ‘P4934502

1 FFinal Office Action received for U.S. Patent Application No. 13/729,579, mailed on February 09, 2016, 14 pages.

2 Final Office Action received for U.S. Patent Application No. 13/729,579, mailed on October 18, 2017, 17 pages.

Non-Final Office Action from U.S. Patent Application No. 15/947,829 {(Alty. Docket No. 42P49345C1), mailed July 19,
2018, 14 pages.

Non-Final Office Action from U.S. Patent Application No. 15/947 831 {Atty. Docket No. 42P49345C3), mailed August
D2, 2018, 14 pages.

5 Non-Final Office Action received for U.S. Patent Application No. 13/584,656, mailed on February 13, 2014, 17 pages.

6 MNon-Final Office Action received for U.S. Patent Application No. 13/729,579, mailed on February 07, 2017, 16 pages.

T Non-Final Office Action received for U.S. Patent Application No. 13/729,579, mailed on June 01, 2015, 13 pages.

Notice of Allowance from U.S. Patent Application No. 13/729,579 (Atly. Docket No. 42P49345), mailed May 02, 2018,
B pages.

9 Notice of Allowance received for U.S. Patent Application No. 13/584,656, mailed on June 09, 2014, 11 pages.

AM D, "Operating System Management of Shared Caches on Multicore Processors,” University of Toronto, 2010,

19 70 pages.

If you wish to add additional non-patent literature document citation information please click the Add button| Add |

EFS Web 2.1.18
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Application Number 15947830

Filing Date 2018-04-08
INFORMATION DISCLOSURE First Named Inventor l HUM:; Herbert H.
STATEMENT BY APPLICANT At Un
e nit | 2139
( Not for submission under 37 CFR 1.99)
Examiner Name ‘ BANSAL, GURTEJ

Attorney Docket Number | P49345C2

EXAMINER SIGNATURE

Examiner Signature Date Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO

Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
1 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 3 Applicant is to place a check mark here if]
English language translation is attached.

EFS Web 2.1.18
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Application Number 15947830

Filing Date 2018-04-08

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor l HUM: Herbert H.
Art Unit | 2139
Examiner Name ‘ BANSAL, GURTEJ

Attorney Docket Number | P49345C2

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

See attached certification statement.
X The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

A certification statement is not submitted herewith.

SIGNATURE

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature Brent E. Vecchia/ Date (YYYY-MM-DD) 2018-10-24
Name/Print Brent E. Vecchia Registration Number ’48011

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND

FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.

EFS Web 2.1.18
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Privacy Act Statement

The Privacy Act of 1874 (P.L. 83-578) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1874, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.

EFS Web2.1.18
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Electronic Patent Application Fee Transmittal

Application Number: 15947830

Filing Date: 08-Apr-2018

Title of Invention: PROCESSORS HAVING VIRTUALLY CLUSTERED CORES AND CACHE SLICES
First Named Inventor/Applicant Name: Herbert H. HUM

Filer: David F. Nicholson/Nithya P

Attorney Docket Number: P49345-C2

Filed as Large Entity

Filing Fees for Utility under 35 USC111(a)

Description Fee Code Quantity Amount SUB'STS:;)I in
Basic Filing:
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:

Petitioner Samsung Ex-1004, 0133



Description Fee Code Quantity Amount Sul:j—;l’g(tsa)l in
Miscellaneous:
SUBMISSION- INFORMATION DISCLOSURE STMT 1806 1 240 240
Total in USD ($) 240
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Electronic Acknowledgement Receipt

EFS ID: 34095755
Application Number: 15947830
International Application Number:
Confirmation Number: 5561

Title of Invention:

PROCESSORS HAVING VIRTUALLY CLUSTERED CORES AND CACHE SLICES

First Named Inventor/Applicant Name:

Herbert H. HUM

Customer Number:

124662

Filer:

David F. Nicholson/Nithya P

Filer Authorized By:

David F. Nicholson

Attorney Docket Number: P49345-C2
Receipt Date: 24-0CT-2018
Filing Date: 08-APR-2018
Time Stamp: 07:01:15

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes
Payment Type CARD
Payment was successfully received in RAM $240

RAM confirmation Number

102418INTEFSW07024200

Deposit Account

Authorized User
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Attorney Docket No: P49345-C2 Patent

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re Application: Examiner: Gurtej BANSAL
First Named Inventor: Art Unit: 2139
Herbert H. HUM Confirmation No: 5561

Application No. 15/947,830
Filed: 04/08/2018

For: PROCESSORS HAVING VIRTUALLY
CLUSTERED CORES AND CACHE SLICES

EFS Filing

Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

AMENDMENT

In response to the Office Action dated July 23, 2018, please amend the above-identified

application as follows and consider the following remarks:

EFS WEB FACSIMILE
X submitted electronically via EF'S Web to the O transmitted by facsimile to the Patent and
Patent and Trademark Office. Trademark Office.

/Brent E. Vecchia/  12/26/2018
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IN THE CLAIMS

This listing of claims will replace all prior versions, and listings, of claims in the

application:
1. (Currently Amended) A system comprising:

a plurality of cores to execute instructions and process data, the plurality of cores comprising

symmetric multi-threaded cores;

a cache subsystem to store the instructions and the data, the cache subsystem comprising a
plurality of first level caches and at least one higher level distributed cache comprising a
plurality of cache portions shared by the plurality of cores, each first level cache integral to one

of the plurality of cores and each cache portion accessible to each of the plurality of cores;

cache management circuitry to provide coherent, non-uniform access to the plurality of cache

portions by the plurality of cores;

power management circuitry to enable a first frequency te-beset of operation for a first subset

cluster of the plurality of cores which are physically proximate to one another and a second

frequency te-be-set of operation for a second subset cluster of the plurality of cores_which are

physically proximate to one another, the power management circuitry to selectively gate power

to the first subset cluster of the plurality of eeres; cores and cache portions that correspond to the

first cluster and/or the second subset cluster of the plurality of cores and cache portions that

correspond to the second cluster; eeres—and/or-one-ormeore-of the-cacheportions:

a first integrated memory controller to couple the symmetric multi-threaded cores to a first

system memory; and

a second integrated memory controller to couple the symmetric multi-threaded cores to a second

system memory.

2. (Currently Amended) The system of claim 1 wherein the power management circuitry is
to selectively gate power to one or more of the first and/or second subsets clusters of the plurality

of cores and corresponding cache portions.
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3. (Currently Amended) The system of claim 1 wherein a first core of a first predetermined

subset cluster is physically proximate to a first cache portion.

4. (Original) The system of claim 3 further comprising:

a local core-cache interconnect to couple the first core to the first cache portion; and
an on-die interconnect to couple one or more other cores to the first cache portion.

5. (Currently Amended) The system of claim 4 wherein the local core-cache interconnect
and the on-die interconnect provide different access latency and/or data throughput to the first a

etven cache portion.

6. (Original) The system of claim 4 wherein the local core-cache interconnect is to provide
relatively lower latency and/or higher data throughput to the first core when the first core
accesses the first cache portion than the on-die interconnect is to provide to the one or more other

cores when the one or more other cores access the first cache portion.

7. (Currently Amended) The system of claim 1 wherein, based on workload on each of the
first and second subsets clusters of the plurality of cores, a thread is to be selectively migrated

from the first subset cluster to the second subset cluster.
8. (Original) The system of claim 1 wherein at least one of the plurality of cores comprises:

an instruction fetch circuit to fetch instructions from a corresponding first level cache or a system

memory; and
a decode circuit to decode the instructions; and
an execution circuit comprising a plurality of functional units to execute the instructions.

9. (Currently Amended) The system of elatm6 claim 8 wherein the first subset cluster of
the plurality of cores form a first virtual processor and the second subset cluster of the plurality

of cores form a second virtual processor.

10.  (Currently Amended) The system of claim 9 wherein the execution circuit is to execute
instructions to implement a virtual machine monitor (VMM), the VMM to form the first virtual
processor by combining the first subset cluster of the plurality of cores and to form the second

virtual processor by combining the second subset cluster of the plurality of cores.
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11. (Original) The system of claim 1 further comprising a Peripheral Component Interface

Express (PCle) interface to couple the plurality of cores to one or more system components.

12.  (Currently Amended) The system of claim 1 wherein the non-uniform access to the
plurality of cache portions by the plurality of cores is based, at least in part, on each cache
portion being coupled to a proximate subset cluster of the plurality of cores over a first
interconnect having first characteristics and being coupled to a non-proximate subset cluster of

the plurality of cores over a second interconnect having second characteristics.
13.  (Currently Amended) A method comprising:

executing instructions and processing data with a plurality of cores, the plurality of cores

comprising symmetric multi-threaded cores;

storing the instructions and the data in a cache subsystem, the cache subsystem comprising a
plurality of first level caches and at least one higher level distributed cache comprising a
plurality of cache portions, each first level cache integral to one of the plurality of cores and each

cache portion accessible to each of the plurality of cores;
sharing the plurality of cache portions among the plurality of cores;

providing coherent, non-uniform access to the plurality of cache portions by the plurality of

cores;

enabling a first frequency to be set for a first subset cluster of the plurality of cores which are

physically proximate to one another and a second frequency to be set for a second subset cluster

of the plurality of cores_which are physically proximate to one another;

selectively gating power to the first subset cluster of the plurality of eeres; cores and cache
portions that correspond to the first cluster and/or the second subset cluster of the plurality of
cores and cache portions that correspond to the second cluster; eores—andlorone-ormore-ofthe

cache-portions:

controlling access by the symmetric multi-threaded cores to a first system memory with a first

integrated memory controller; and

controlling access by the symmetric multi-threaded cores to a second system memory with a

second integrated memory controller.
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14. (Currently Amended) The method of claim 13 further comprising selectively migrated a
thread from the first subset cluster to the second subset cluster based on a workload on each of
the first and second subsets clusters of the plurality of cores.

15. (Currently Amended) The method of claim 13 wherein said providing the non-uniform
access to the plurality of cache portions by the plurality of cores is based, at least in part, on each
cache portion accessing a proximate subset cluster of the plurality of cores over a first
interconnect having first characteristics and accessing a non-proximate subset cluster of the

plurality of cores over a second interconnect having second characteristics.

16. (Currently Amended) The method of claim 13 further comprising forming the first
subset cluster of the plurality of cores as a first virtual processor and forming the second subset

cluster of the plurality of cores as a second virtual processor.

17.  (Currently Amended) The method of claim 16 further comprising executing instructions
to implement a virtual machine monitor (VMM), the VMM to form the first virtual processor by
combining the first subset cluster of the plurality of cores and to form the second virtual

processor by combining the second subset cluster of the plurality of cores.

18.  (Original) The system of claim 1 further comprising transmitting data between the
plurality of cores and one or more system components via a Peripheral Component Interface

Express (PCle) interface.
19. (Currently Amended) A machine comprising:
a processor comprising:

a plurality of cores to execute instructions and process data, the plurality of cores comprising

symmetric multi-threaded cores;

a cache subsystem to store the instructions and data, the cache subsystem comprising a plurality
of first level caches and at least one higher level distributed cache comprising a plurality of cache
portions shared by the plurality of cores, each first level cache integral to one of the plurality of

cores and each cache portion accessible to each of the plurality of cores; and

cache management circuitry to provide coherent, non-uniform access to the plurality of cache

portions by the plurality of cores;
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an article of manufacture comprising a machine-readable storage medium storing a plurality of
instructions, the plurality of instructions, #perfermed when performed by a-machine; the

machine, to cause the machine to perform operations comprising to:

—_—

enable a first frequency te-be-set of operation for a first subset cluster of the plurality of cores

which are physically proximate to one another and a second frequency te-be-set of operation for

a second subset cluster of the plurality of cores_which are physically proximate to one another;

and

selectively gate power to the first subset cluster of the plurality of eeres; cores and cache portions

that correspond to the first cluster and/or the second subset cluster of the plurality of cores and
cache portions that correspond to the second cluster; -cores;-andiorone-ormore-of- the-cache

a first integrated memory controller to couple the symmetric multi-threaded cores to a first

system memory; and

a second integrated memory controller to couple the symmetric multi-threaded cores to a second

system memory.

20. (Original) The machine of claim 19 further comprising a Peripheral Component Interface

Express (PCle) interface to couple the plurality of cores to one or more system components.
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REMARKS

The Applicants respectfully request reconsideration of this application in view of the

above amendments and the following remarks.
Double Patenting

Claims 1-4, 13-16, and 19-20 have been provisionally rejected on the ground of non-
statutory double patenting as allegedly being unpatenable over claims 1-4, 13-16, and 21-23 of co-
pending U.S. Patent Application Serial No. 13/729,579 in view of U.S. Patent Application
Publication 2014/0089699 to O’ Connor et al. (hereinafter “O’Connor™).

Claims 1-20 have been provisionally rejected on the ground of non-statutory double
patenting as allegedly being unpatenable over claims 1-20 of co-pending U.S. Patent Application
Serial No. 15/947,829.

Claims 1-20 have been provisionally rejected on the ground of non-statutory double
patenting as allegedly being unpatenable over claims 1-20 of co-pending U.S. Patent Application
Serial No. 15/947,831.

Applicants respectfully submit that these rejections are provisional double-patenting
rejections. Applicants will consider submitting a terminal disclaimer at another time if the double

patenting rejections are maintained.
35 U.S.C. §112(b)/35 U.S.C. §112(pre-AIA), Second Paragraph - Definiteness

Claims 1-12 and 19-20 have been rejected under 35 U.S.C. §112(b)/35 U.S.C. §112(pre-
ATA), Second Paragraph for allegedly being indefinite.

Applicants respectfully submit that claims 1 and 19 have has been amended to replace
“frequency to be set” with “frequency of operation”. Also, claim 19 has been amended to replace
“if performed” with “when performed’. Accordingly, Applicants respectfully request that the

rejections in these regards be withdrawn.

Applicants respectfully submit that claims 1-12 and 19-20 are definite. In brief, the reasons
articulated in the Office Action for the rejection of these claims is essentially that claim scope is
not limited by claim language that suggests or makes optional but does not require steps to be

performed. However, Applicants respectfully submit that independent claim 1, and its dependent

Inventor(s): Herbert H. HUM et al Examiner: Gurtej BANSAL
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claims, pertain to a system not to a method. Independent claim 19 and its dependent claim 20
pertain to a machine. Applicants respectfully submit that there is no requirement that a claim to a
system or machine (or other apparatus) recite that steps be performed. Rather, system or machine
(or other apparatus) claims are allowed to claim what the apparatus is capable of doing, operative
to do, able to do, or otherwise “to” do, if it were in operation or use. Applicants respectfully submit
that it is permissible to claim the apparatus in a way that covers the system or machine when in a
powered-off or non-operational state in which no steps are being performed but rather claiming
what the system or machine is capable of doing, operative to do, able to do, or otherwise “to” do
if it were in operation or use. That is what is being done in claims 1-12 and 19-20. As understood
by Applicants, such claims are definite and permitted. Accordingly, Applicants respectfully
request that the rejection be withdrawn. Alternatively, if the Office intends to maintain the
rejection, then Applicants respectfully request that the Office clearly indicate where in the laws or

rules it is required that an apparatus claim recite that steps be performed.
35 U.S.C. §103(a) Rejection - Wang, O’Connor

Claims 1-6, 8, 12, 13, 15, and 19 have been rejected under 35 U.S.C. §103(a) as allegedly
being unpatentable over U.S. Patent Application Publication No. 2005/0027941 to Wang et al
(hereinafter “Wang”) in view of U.S. Patent Application Publication No. 2014/0089699 to
O’Connor et al. (hereinafter “O’Connor”). Without admitting that these references could or should
be combined, the Applicants respectfully submit that the present claims are allowable over Wang

and O’Connor.
Claim xxx recites:
“l A system comprising:

a plurality of cores to execute instructions and process data, the plurality of cores

comprising symmetric multi-threaded cores;

a cache subsystem fo store the instructions and the data, the cache subsystem comprising
a plurality of first level caches and at least one higher level distributed cache comprising
a plurality of cache portions shared by the plurality of cores, each first level cache

integral to one of the plurality of cores and each cache portion accessible to each of the

plurality of cores;
Inventor(s): Herbert H. HUM et al Examiner: Gurtej BANSAL
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cache management circuitry to provide coherent, non-uniform access to the plurality of

cache portions by the plurality of cores;

power management circuitry to enable a first frequency of operation for a first cluster of
the plurality of cores which are physically proximate to one another and a second
frequency of operation for a second cluster of the plurality of cores which are physically
proximate to one another, the power management circuitry to selectively gate power to
the first cluster of the plurality of cores and cache portions that correspond to the first
cluster and/or the second cluster of the plurality of cores and cache portions that

correspond to the second cluster;

a first integrated memory controller to couple the symmetric multi-threaded cores to a

first system memory, and

a second integrated memory controller to couple the symmetric multi-threaded cores to a

second system memory.”

Applicants respectfully submit that Wang and O’Connor do not disclose these limitations

or render them obvious.

Firstly, for example, as understood by Applicants, Wang and O’Connor do not disclose or

render obvious “power management circuitry to enable a first frequency of operation for a first
cluster of the plurality of cores which are physically proximate to one another and a second
frequency of operation for a second cluster of the plurality of cores which are physically

proximate to one another.”

Secondly, for example, as understood by Applicants, Wang and O’Connor do not disclose
or render obvious “power management circuitry to selectively gate power fo the first cluster of the
plurality of cores and cache portions that correspond to the first cluster and/or the second cluster

of the plurality of cores and cache portions that correspond to the second cluster.”

For at least one or more of these reasons, independent claim 1 is believed to be allowable.
The dependent claims of claim 1 each include all of the limitations of independent claim 1, and
are believed to be allowable for at least this reason, as well as for the recitations separately set

forth in each of these dependent claims.
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Independent claims 13 and 19, and their respective dependent claims, are believed to be

allowable for one or more similar reasons.
35 U.S.C. §103(a) Rejection - Wang, O’Connor, Cai

Claims 7 and 14 have been rejected under 35 U.S.C. §103(a) as allegedly being
unpatentable over Wang and O’Connor as applied to claims 1 and 13 above, and in further view

of U.S. Patent Application Publication No. 2009/072424 to Cai et al. (hereinafter “Cai”).

Claims 7 and 14 are dependent claims. As discussed above, Wang and O’Connor do not

disclose or render obvious the limitations of independent claims 1, 13, or 19. As understood by
Applicants, Cai does not remedy all of what is missing from these references and/or the Examiner
does not appear to have sufficiently articulated where all of these missing limitations are found in
Cai. Accordingly, without admitting that these references could or should be combined,
Applicants respectfully submit that independent claims 1, 13, and 19 are believed to be allowable

over Wang, O’Connor, and Cai. Dependent claims 7 and 14 are believed to be allowable for at

least this reason, as well as for the recitations separately set forth in each of these dependent claims
Without admitting that these references could or should be combined, the Applicants respectfully

submit that the present claims are allowable over Wang, O’ Connor, and Cai.

35 U.S.C. §103(a) Rejection - Wang, O’Connor, Rajamony

Claims 9-10 and 16-17 have been rejected under 35 U.S.C. §103(a) as allegedly being

unpatentable over Wang and O’Connor as applied to claims 1 and 13 above, and in further view

of U.S. Patent Application Publication No. 2011/0022773 to Rajamony et al. (hereinafter

“Rajamony”).

Claims 9-10 and 16-17 are dependent claims. As discussed above, Wang and O’ Connor

do not disclose or render obvious the limitations of independent claims 1, 13, or 19. As understood
by Applicants, Rajamony does not remedy all of what is missing from these references and/or the
Examiner does not appear to have sufficiently articulated where all of these missing limitations
are found in Rajamony. Accordingly, without admitting that these references could or should be
combined, Applicants respectfully submit that independent claims 1, 13, and 19 are believed to be

allowable over Wang, O’Connor, and Rajamony. Dependent claims 9-10 and 16-17 are believed
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to be allowable for at least this reason, as well as for the recitations separately set forth in each of

these dependent claims.
35 U.S.C. §103(a) Rejection - Wang, O’Connor, Zhu

Claims 11, 18, and 20 have been rejected under 35 U.S.C. §103(a) as allegedly being
unpatentable over Wang and O’Connor as applied to claims 1 and 19 above, and in further view

of U.S. Patent 8,725,919 to Zhu et al. (hereinafter “Zhu”).

Claims 11, 18, and 20 are dependent claims. As discussed above, Wang and O’Connor do

not disclose or render obvious the limitations of independent claims 1, 13, or 19. As understood
by Applicants, Zhu does not remedy all of what is missing from these references and/or the
Examiner does not appear to have sufficiently articulated where all of these missing limitations
are found in Zhu. Accordingly, without admitting that these references could or should be
combined, Applicants respectfully submit that independent claims 1, 13, and 19 are believed to be

allowable over Wang, O’Connor, and Zhu. Dependent claims 11, 18, and 20 are believed to be

allowable for at least this reason, as well as for the recitations separately set forth in each of these

dependent claims.
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Conclusion

In view of the foregoing, it is believed that all pending claims patentably define the
subject invention over the cited art of record and are in condition for allowance. Applicants
respectfully request that the rejections be withdrawn and the claims be allowed at the earliest

possible date.
Request for Telephone Interview

The Examiner is invited to call Brent E. Vecchia at (408) 471-9791 if there remains any

issue with allowance of the case.
Request for An Extension of Time

The Applicants petition for an extension of time to respond to the outstanding Office
Action pursuant to 37 C.F.R. § 1.136(a) should one be necessary. Please charge our Deposit
Account No. 50-6674 to cover the necessary fee under 37 C.F R. § 1.17 for such an extension.

Charge Our Deposit Account

Please charge any shortage or any necessary fee, either now or during the pendency of

this application, to our Deposit Account No. 50-6674.

Respectfully submitted,
Nicholson, DeVos, Webster, Elliott, LLP
Customer No. 124662

Dated: 12/26/2018 By /Brent E. Vecchia/
Brent E. Vecchia, Reg. No. 48,011
Tel.: (408) 471-9791 (Mountain Time)
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Claims ******* depend from, and include all of the limitations of, independent claim
XXX. Asdiscussed above, REFERENCE1***** and REFERENCE2***** do not disclose or
render obvious the limitations of independent claim XXX. As understood by Applicants,
REFERENCE3***** does not remedy all of what is missing from these references and/or the
Examiner does not appear to have sufficiently articulated where all of these missing limitations
are found in REFERENCE3**#***  Accordingly, Applicants respectfully submit that
independent claim XXX is believed to be allowable over REFERENCET1*****/
REFERENCE2*##*** and REFERENCE3*****  Dependent claims ******* are believed to be
allowable for at least this reason, as well as for the recitations separately set forth in each of these

dependent claims.
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Deposit Account

506674

Authorized User

Brent Vecchia

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

37 CFR 1.16 (National application filing, search, and examination fees)

37 CFR 1.17 (Patent application and reexamination processing fees)
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37 CFR 1.19 (Document supply fees)

37 CFR 1.20 {Post Issuance fees)

37 CFR 1.21 (Miscellaneous fees and charges)
File Listing:

D o e . ile Si i
ocument Document Description File Name File Slze(B)ftes)/ Multl. .Pages
Number Message Digest | Part/.zip| (ifappl.)

557814
1 P49345C2_ROA.pdf yes 13
daal31275fe%4b74e%fcbda86b6981630eb|
e558a
Multipart Description/PDF files in .zip description
Document Description Start End
Amendment/Req. Reconsideration-After Non-Final Reject 1 1
Claims 2 6
Applicant Arguments/Remarks Made in an Amendment 7 13
Warnings:
Information:
31029
2 Fee Worksheet (SB06) fee-info.pdf no 2
5da4500a6622e66f7732e9e5f0bd 108f0815)
25ec
Warnings:
Information:
Total Files Size (in bytes)1 588843
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/SB/25
Doc Code: DIST.E.FILE PTO/SB/26
Document Description: Electronic Terminal Disclaimer - Filed U.S. Patent and Trademark Office
Department of Commerce

Electronic Petition Request TERMINAL DISCLAIMER TO OBVIATE A PROVISIONAL DOUBLE PATENTING
REJECTION OVER A PENDING "REFERENCE" APPLICATION

AND TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING REJECTION OVER A
“PRIOR” PATENT

Application Number 15947830
Filing Date 08-Apr-2018
First Named Inventor Herbert HUM
Attorney Docket Number P49345-C2

Title of Invention

PROCESSORS HAVING VIRTUALLY CLUSTERED CORES AND CACHE SLICES

X Filing of terminal disclaimer does not obviate requirement for response under 37 CFR 1.111 to outstanding
Office Action

IX] This electronic Terminal Disclaimer is not being used for a Joint Research Agreement.

Owner Percent Interest

Intel Corporation 100 %

The owner(s) of percent interest listed above in the instant application hereby disclaims, except as provided below, the terminal
part of the statutory term of any patent granted on the instant application which would extend beyond the expiration date of the
full statutory term of any patent granted on pending reference Application Number(s)

15947829 filed on 04/08/2018
15947831 filed on 04/08/2018

as the term of any patent granted on said reference application may be shortened by any terminal disclaimer filed prior to the
grant of any patent on the pending reference application. The owner hereby agrees that any patent so granted on the instant
application shall be enforceable only for and during such period that it and any patent granted on the reference application are
commonly owned. This agreement runs with any patent granted on the instant application and is binding upon the grantee, its
suCCessors or assigns.

In making the above disclaimer, the owner does not disclaim the terminal part of any patent granted on the instant application
that would extend to the expiration date of the full statutory term of any patent granted on said reference application, "as the
term of any patent granted on said reference application may be shortened by any terminal disclaimer filed prior to the grant of
any patent on the pending reference application,” in the event that any such patent granted on the pending reference
application: expires for failure to pay a maintenance fee, is held unenforceable, is found invalid by a court of competent
jurisdiction, is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321, has all claims canceled by a
reexamination certificate, is reissued, or is in any manner terminated prior to the expiration of its full statutory term as shortened
by any terminal disclaimer filed prior to its grant.
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The owner(s) with percent interest listed above in the instant application hereby disclaims, except as provided below, the
terminal part of the statutory term of any patent granted on the instant application which would extend beyond the expiration
date of the full statutory term of prior patent number(s)

10073779

as the term of said prior patent is presently shortened by any terminal disclaimer. The owner hereby agrees that any patent so
granted on the instant application shall be enforceable only for and during such period that it and the prior patent are commonly
owned. This agreement runs with any patent granted on the instant application and is binding upon the grantee, its successors
or assigns.

In making the above disclaimer, the owner does not disclaim the terminal part of the term of any patent granted on the instant
application that would extend to the expiration date of the full statutory term of the prior patent, "as the term of said prior patent
is presently shortened by any terminal disclaimer,” in the event that said prior patent later:

- expires for failure to pay a maintenance fee;

- is held unenforceable;

- is found invalid by a court of competent jurisdiction;

- is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321;

- has all claims canceled by a reexamination certificate;

- is reissued; or

- is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer.

(® Terminal disclaimer fee under 37 CFR 1.20(d) is included with Electronic Terminal Disclaimer request.

O | certify, in accordance with 37 CFR 1.4(d)(4), that the terminal disclaimer fee under 37 CFR 1.20(d)
required for this terminal disclaimer has already been paid in the above-identified application.

Applicants claims the following fee status:

(O Small Entity
(O Micro Entity

(® Regular Undiscounted

| hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and
belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and
the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and
that such willful false statements may jeopardize the validity of the application or any patent issued thereon.

THIS PORTION MUST BE COMPLETED BY THE SIGNATORY OR SIGNATORIES

| certify, in accordance with 37 CFR 1.4(d)(4) that | am:

® An attorney or agent registered to practice before the Patent and Trademark Office who is of record in
this application

Registration Number 48011

(O Asole inventor

O A joint inventor; | certify that | am authorized to sign this submission on behalf of all of the inventors as evidenced by the
power of attorney in the application

(O Ajointinventor; all of whom are signing this request

Signature /Brent E. Vecchia/
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Name

Brent E. Vecchia

*Statement under 37 CFR 3.73(b) is required if terminal disclaimer is signed by the assignee (owner).

Form PTO/SB/96 may be used for making this certification. See MPEP § 324.
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Electronic Patent Application Fee Transmittal

Application Number: 15947830

Filing Date: 08-Apr-2018

Title of Invention: PROCESSORS HAVING VIRTUALLY CLUSTERED CORES AND CACHE SLICES
First Named Inventor/Applicant Name: Herbert H. HUM

Filer: Brent E. Vecchia/Richard Pagaduan

Attorney Docket Number: P49345-C2

Filed as Large Entity

Filing Fees for Utility under 35 USC111(a)

Description Fee Code Quantity Amount Sut';g:sa)l in
Basic Filing:
STATUTORY OR TERMINAL DISCLAIMER 1814 1 160 160
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:
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Description Fee Code Quantity Amount Sul:j—;l’;(tsa)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 160
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Doc Code: DISQ.E.FILE
Document Description: Electronic Terminal Disclaimer — Approved

Application No.: 15947830
Filing Date: 08-Apr-2018

Applicant/Patent under Reexamination: HUM

Electronic Terminal Disclaimer filedon  January 4, 2019

X APPROVED

This patent is subject to a terminal disclaimer

] DISAPPROVED

Approved/Disapproved by: Electronic Terminal Disclaimer automatically approved by EFS-Web

U.S. Patent and Trademark Office

Petitioner Samsung Ex-1004, 0163



Electronic Acknowledgement Receipt

EFS ID: 34770269
Application Number: 15947830
International Application Number:
Confirmation Number: 5561

Title of Invention:

PROCESSORS HAVING VIRTUALLY CLUSTERED CORES AND CACHE SLICES

First Named Inventor/Applicant Name:

Herbert H. HUM

Customer Number:

124662

Filer:

Brent E. Vecchia/Richard Pagaduan

Filer Authorized By:

Brent E. Vecchia

Attorney Docket Number: P49345-C2
Receipt Date: 04-JAN-2019
Filing Date: 08-APR-2018
Time Stamp: 23:42:35

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes
Payment Type CARD
Payment was successfully received in RAM $160

RAM confirmation Number

010719INTEFSW23423200

Deposit Account

506674

Authorized User

Richard Pagaduan

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

37 CFR 1.16 (National application filing, search, and examination fees)

37 CFR 1.17 (Patent application and reexamination processing fees)
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37 CFR 1.19 (Document supply fees)
37 CFR 1.20 {Post Issuance fees)

37 CFR 1.21 (Miscellaneous fees and charges)

File Listing:

Document . . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)

37018

1 Terminal Disclaimer-Filed (Electronic) eTerminal-Disclaimer.pdf no 3

059f2fcf9594af0d0ced 30c5dda38403eb16
55ca

Warnings:

Information:

30611

2 Fee Worksheet (SB06) fee-info.pdf no 2

16494d4fedadfic5e50a3ed3addc166afh2b)
e719

Warnings:

Information:

Total Files Size (in bytes)1 67629

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Unitep STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0. Box 1450

Alexandria. Virginia 22313-1450

www.usplo.goy

| APPLICATION NO. I FILING DATE FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. | CONFIRMATION NO. I
15/947.830 04/08/2018 Herbert H. HUM P49345-C2 5561
124662 7590 02/26/2019 I o —— I
Vecchia/NDWE/Intel
99 Almaden Boulevard, Suite 710 BANSAL, GURTE]
San Jose, CA 95113
I ART UNIT | PAPER NUMBER I
2139
I NOTIFICATION DATE | DELIVERY MODE I
02/26/2019 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.
Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

ndwe_docketing @cardinal-ip.com
patent@ndwe.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

15/947,830 HUM et al.
Office Action .S'ummary Examiner Art Unit AlA Status
GURTEJ BANSAL 2139 No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

Extensions of ime may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing
date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX () MONTHS from the mailing date of this communication.

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status
1)@ Responsive to communication(s) filed on 12/27/2018.
(] A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon .
2a)¥ This action is FINAL. 2b) [ This action is non-final.

3)J An election was made by the applicant in response to a restriction requirement set forth during the interview on
; the restriction requirement and election have been incorporated into this action.

4)[J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s) 1-20 is/are pending in the application.

5a) Of the above claim(s) ___ is/are withdrawn from consideration.
6) (J Claim(s) ___is/are allowed.
7) Claim{s) 1-20 is/are rejected.
8) (O Claim{s) __is/are objected to.
9) (O Claim{s) ___are subject to restriction and/or election requirement
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a

participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

Application Papers
10)(]J The specification is objected to by the Examiner.
11} The drawing(s) filed on 04/08/2018 is/are: a)l¥] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)(] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f}.
Certified copies:

a)(J Al b)( Some**  ¢)[J None of the:
1.[J Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No.

3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) (] Notice of References Cited (PTO-892) 3) [] Interview Summary (PTO-413)
. . Paper No(s)/Mail Date
2) Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4) [ Other:
Paper No(s)/Mail Date 10/24/2018 f—
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20190220
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Application/Control Number: 15/947,830 Page 2
Art Unit: 2139

DETAILED ACTION
Notice of Pre-AIA or AIA Status
The present application is being examined under the pre-AlA first to invent provisions.
Claim Rejections - 35 USC § 112

The following is a quotation of 35 U.S.C. 112(b):

(b) CONCLUSION.—The specification shall conclude with one or more claims particularly pointing
out and distinctly claiming the subject matter which the inventor or a joint inventor regards as the
invention.

The following is a quotation of 35 U.S.C. 112 (pre-AlA), second paragraph:

The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

Claims 1-12 and 19-20 are rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AlA),
second paragraph, as being indefinite for failing to particularly point out and distinctly claim the
subject matter which the inventor or a joint inventor, or for pre-AIA the applicant regards as the
invention.

Claim 1, line 2 recites the limitation “a plurality of cores to execute”. Claim scope is not
limited by claim language that suggests or makes optional but does not require steps to be
performed. Here, Applicant recites a plurality of cores to execute, but never actually recite that
the cores actually perform the execution. Therefore, this language is construed to be non
limiting. Applicant correction and/or clarification is required.

Claim 1, line 4 recites “a cache subsystem to store”. Claim scope is not limited by claim
language that suggests or makes optional but does not require steps to be performed. Applicant
correction and/or clarification is required.

Claim 1, line 9 recites “circuitry to provide”. Claim scope is not limited by claim
language that suggests or makes optional but does not require steps to be performed. Applicant

correction and/or clarification is required.
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Application/Control Number: 15/947,830 Page 3
Art Unit: 2139

Claim 1, line 11 recites “circuitry to enable”. Claim scope is not limited by claim
language that suggests or makes optional but does not require steps to be performed. Applicant
correction and/or clarification is required.

Claim 1, line 13 recites “circuitry to selectively”. Claim scope is not limited by claim
language that suggests or makes optional but does not require steps to be performed. Applicant
correction and/or clarification is required.

Claim 1, line 16, recites “memory controller to couple”. Claim scope is not limited by
claim language that suggests or makes optional but does not require steps to be performed.
Applicant correction and/or clarification is required.

Claim 1, line 18, recites “memory controller to couple”. Claim scope is not limited by
claim language that suggests or makes optional but does not require steps to be performed.
Applicant correction and/or clarification is required.

Claims 2-12 and 19-20 recite similar language. Claim scope is not limited by claim
language that suggests or makes optional but does not require steps to be performed. Applicant
correction and/or clarification is required.

Claim 19 recites the limitation “the plurality of instructions, if performed by a
machine...” Claim scope is not limited by claim language that suggests or makes optional but
does not require steps to be performed. Therefore, all steps following this language are
construed to be non-limiting.

Claim 20 depend from claim 19 and is rejected for the reasons cited above.

Claim Rejections - 35 USC § 103
The following is a quotation of pre-AIA 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:
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Application/Control Number: 15/947,830 Page 4
Art Unit: 2139

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102, if the differences between the subject matter sought to be patented and the prior art
are such that the subject matter as a whole would have been obvious at the time the invention was made
to a person having ordinary skill in the art to which said subject matter pertains. Patentability shall not
be negatived by the manner in which the invention was made.

Claims 1-6, 8, 12, 13, 15, and 19 are rejected under pre-AIA 35 U.S.C. 103(a) as being
unpatentable over Wang et al. (US 2005/0027941) (hereafter Wang), in view of O’Connor et al.
(US 2014/0089699) (hereafter O’ Connor).

As per claims 1, 13 and 19, Wang teaches a processor comprising:

a plurality of cores to execute instructions and process data, the plurality of cores
comprising symmetric multi-threaded cores ([0026]);

a cache subsystem to store the instructions and data, the cache subsystem comprising a
plurality of first-level caches and at least one higher-level distributed cache comprising a
plurality of cache portions shared by the plurality of cores, each first-level cache integral to one
of the plurality of cores and each cache portion accessible to each of the plurality of cores (fig.
D;

cache management circuitry to provide coherent, non-uniform access to the plurality of
cache portions by the plurality of cores ([0022] describes the use of ring topologies for a NUMA
configuration);

a first integrated memory controller to couple the symmetric multi-threaded cores to a
first system memory (fig. 4, 105a...105n); and

a second integrated memory controller to couple the symmetric multi-threaded cores to a
second system memory (fig. 4, 105a...105n).

Wang does not explicitly teach

power management circuitry to enable a first frequency of operation for a first cluster of

the plurality of cores which are physically proximate to one another and a second frequency of
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Application/Control Number: 15/947,830 Page 5
Art Unit: 2139

operation for a second cluster of the plurality of cores which are physically proximate to one
another, the power management circuitry to selectively gate power to the first cluster of the
plurality of cores and cache portions that correspond to the first cluster and/or the second cluster
of the plurality of cores and cache portions that correspond to the second cluster.

However, O’Connor teaches power management circuitry to enable a first frequency of
operation for a first cluster of components which are physically proximate to one another and a
second frequency of operation for a second cluster of components which are physically
proximate to one another, the power management circuitry to selectively gate power to the first
cluster of the plurality of components that correspond to the first cluster and/or the second cluster
of components that correspond to the second cluster ([0042]; also see [0053]).

It would have been obvious to a person of ordinary skill in the art at the time of the
invention to have combined the power management circuitry of O’Connor with the processor of
Wang because it increases efficiency by performing power configuration adjustments while
satisfying the memory and computational requirements of the system and while minimizing
power consumption and/or maximizing performance under a power constraint ([0015]).

As per claim 2, O’Connor teaches wherein the power management circuitry is to
selectively gate power to one or more of the first and/or second clusters of the plurality of cores
and corresponding cache portions ([0042]).

As per claim 3, Wang teaches wherein a first core of a first predetermined cluster is
physically proximate to a first cache portion (fig. 1).

As per claim 4, Wang teaches a local core-cache interconnect to couple the first core to
the first cache portion; and an on-die interconnect to couple one or more other cores to the first

cache portion (fig. 3, on chip).
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Application/Control Number: 15/947,830 Page 6
Art Unit: 2139

As per claim 5, Wang teaches wherein the local core-cache interconnect and on-die
interconnect provide different access latency and/or data throughput to the first cache portion (As
illustrated in fig. 1, the data accessed in L2 is faster than L3).

As per claim 6, Wang teaches wherein the local core-cache interconnect is to provide
relatively lower latency and/or higher data throughput to the first core when the first core
accesses the first cache portion than the on-die interconnect is to provide to the one or more other
cores when the one or more other cores access the first cache portion (As illustrated in fig. 4 with
remote fetches as response to a miss).

As per claim 8, Wang teaches wherein at least one of the plurality of cores comprises: an
instruction fetch circuit to fetch instructions from a corresponding first level cache or a system
memory; and a decode circuit to decode the instructions; and an execution circuit comprising a
plurality of functional units to execute the instructions ([0030]).

As per claims 12 and 15, Wang teaches wherein the non-uniform access to the plurality
of cache portions by the plurality of cores is based, at least in part, on each cache portion being
coupled to a proximate cluster of the plurality of cores over a first interconnect having first
characteristics and being coupled to a non-proximate cluster of the plurality of cores over a
second interconnect having second characteristics ([0022] by definition of a ring interconnect
this would occur).

Claims 7 and 14 rejected under pre-AIA 35 U.S.C. 103(a) as being unpatentable over the
combination of Wang and O’Connor as applied to claims 1 and 13 above, and further in view of
Cai et al. (US 2009/0172424) (hereafter Cai).

As per claims 7 and 14, the combination of Wang and O’ Connor teaches all the

limitations of claims 1 and 13. The combination does not explicitly teach wherein, based on a
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workload on each of the first and second clusters of the plurality of cores, a thread is to be
selectively migrated from the first cluster to the second cluster.

However, Cai teaches wherein, based on a workload on each of the first and second
clusters of the plurality of cores, a thread is to be selectively migrated from the first cluster to the
second cluster ([0022]).

It would have been obvious to a person of ordinary skill in the art at the time of the
invention to have combined the thread migration of Cai with the cores of the combination of
Wang and O’ Connor because it will improve thread synchronization and create opportunities to
improve power efficiency ([0022]).

Claims 9-10 and 16-17 are rejected under pre-AlIA 35 U.S.C. 103(a) as being
unpatentable over the combination of Wang and O’Connor as applied to claims 1 and 13 above,
and further in view of Rajamony et al. (US 2011/0022773)(hereafter Rajamony).

As per claims 9 and 16, the combination of Wang and O’Connor teaches all the
limitations of claims 6 and 13. The combination does not explicitly teach wherein the first
cluster of the plurality of cores form a first virtual processor and the second cluster of the
plurality of cores form a second virtual processor.

However, Rajamony teaches wherein the first cluster of the plurality of cores form a first
virtual processor and the second cluster of the plurality of cores form a second virtual processor
([0040])

It would have been obvious to a person of ordinary skill in the art at the time of the
invention to have combined the virtual processors of Rajamony with the cores of the

combination of Wang and O’Connor because by using virtualization, multiple operating systems
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can run in the same server, eliminating the need to dedicate a single machine to one application
([0006]).

As per claims 10 and 17, Rajamony teaches wherein the execution circuit is to execute
instructions to implement a virtual machine monitor (VMM), the VMM to form the first virtual
processor by combining the first cluster of the plurality of cores and to form the second virtual
processor by combining the second cluster of the plurality of cores ([0040]).

Claims 11, 18 and 20 rejected under pre-AIA 35 U.S.C. 103(a) as being unpatentable
over the combination of Wang and O’Connor as applied to claims 1 and 19 above, and further in
view of Zhu et al. (US 8,725,919) (hereafter Zhu).

As per claims 11 and 20, the combination of Wang and O’Connor teaches all the
limitations of claims 1 and 19. The combination does not explicitly teach a Peripheral
Component Interface Express (PCle) interface to couple the plurality of cores to one or more
system components.

However, Zhu teaches a Peripheral Component Interface Express (PCle) interface to
couple the plurality of cores to one or more system components (col. 3, lines 10-25).

It would have been obvious to a person of ordinary skill in the art at the time of the
invention to have combined the PCle interface of Zhu with the interconnect of the combination
of Wang and O’Connor because it provides high speed connectivity (col. 3, lines 10-25).

As per claim 18, the combination of Wang and O’Connor teaches all the limitations of
claim 1. Wang further teaches transmitting data between the plurality of cores and one or more
system components (fig. 4).

The combination does not explicitly teach wherein the data is transmitted via a Peripheral

Component Interface Express (PCle) interface.
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However, Zhu teaches wherein the data is transmitted via a Peripheral Component
Interface Express (PCle) interface (col. 3, lines 10-25).

It would have been obvious to a person of ordinary skill in the art at the time of the
invention to have combined the PCle interface of Zhu with the interconnect of the combination
of Wang and O’Connor because it provides high speed connectivity (col. 3, lines 10-25).

Response to Arguments

In light of Terminal Disclaimer filed 01/04/2019, the Double Patenting rejection is
withdrawn.

Applicant's arguments filed 12/27/2018 have been fully considered but they are not
persuasive.

With respect to the 35 USC 112 rejection, the rejection is maintained. Claim scope is not
limited by claim language that suggests or makes operation but does not require steps to be
performed, or by claim language that does not limit a claim to a particular structure. In
Applicant’s arguments, Applicant explicitly states that the claimed subject matter is directed to
embodiments when the system is in a power off state and not performing any instructions
whatsoever. "[A]pparatus claims cover what a device is, not what a device does." Hewlett-
Packard Co. v. Bausch & Lomb Inc., 909 F.2d 1464, 1469, 15 USPQ2d 1525, 1528 (Fed. Cir.
1990) (emphasis in original). In the power off state, the device is merely components which
perform no steps whatsoever. Applicant never actually positively recites the steps being
performed. Therefore, as applicant has clearly articulated that their intention is to have the scope
of the claims covering powered off states, the actions taken by each component are merely
intended uses and therefore, not limiting. For the purposes of examination, the Examiner is

interpreting the claims such that the structure is limiting however, the intended uses of these
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structures are nonlimiting. If Applicant would like the claims to be interpreted such that the
steps recited are limiting, Examiner respectfully suggests amending the claims to positively
recite the steps being performed. Applicant correction and/or clarification is required.

With respect to the prior art rejection, Applicant’s arguments have been fully considered
but are unpersuasive and as a result, the rejection is maintained.

Applicant argues that the combination of Wang and O’Connor does not teach “power
management circuitry to enable a first frequency of operation for a first cluster of the plurality of
cores which are physically proximate to one another and a second frequency of operation for a
second cluster of the plurality of cores which are physically proximate to one another.

Examiner respectfully disagrees. O’Connor teaches dynamically controlling the
operating frequency of a group of compute units and powering down other compute units.
Therefore, one group has a dynamically adjusted first frequency and the other group has a
frequency of 0. Applicant is also directed to paragraph [0053] of Wang which also teaches
changing operating frequencies.

Applicant also submits that the cited prior art does not teach “power management
circuitry to selectively gate power to the first cluster of the plurality of cores and cache portions
that correspond to the first cluster and/or the second cluster of the plurality of cores and cache
portions that correspond to the second cluster”.

Examiner respectfully disagrees. Wang teaches cores with a plurality of cache portions
and O’Connor teaches selectively gating power to components to reduce power consumption.
Therefore, the combination does teach this limitation.

For at least these reason, the rejection is maintained.
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Conclusion

THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time
policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within TWO
MONTHS of the mailing date of this final action and the advisory action is not mailed until after
the end of the THREE-MONTH shortened statutory period, then the shortened statutory period
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37
CFR 1.136(a) will be calculated from the mailing date of the advisory action. In no event,
however, will the statutory period for reply expire later than SIX MONTHS from the mailing
date of this final action.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to GURTEJ BANSAL whose telephone number is (571)270-5588.
The examiner can normally be reached on M-F 8am-5pm.

Examiner interviews are available via telephone, in-person, and video conferencing using
a USPTO supplied web-based collaboration tool. To schedule an interview, applicant is
encouraged to use the USPTO Automated Interview Request (AIR) at
http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Reginald Bragdon can be reached on (571)-272-4204. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent

Application Information Retrieval (PAIR) system. Status information for published applications
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may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would
like assistance from a USPTO Customer Service Representative or access to the automated

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/GURTEJ BANSAL/
Primary Examiner, Art Unit 2139
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information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of infermation contained in the information disclosure statement was known to

[] any individual designated in 37 CFR 1.56(c) mare than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

See attached certification statement.

X The fee setforth in 37 CFR 1.17 (p) has been submitted herewith.

A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /Brent E. Vecchia/ Date (YYYY-MM-DD) 2018-10-24
Name/Print Brent E. Vecchia Registration Number |4801 1

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file {and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.

EFS Web 2.1.18 BLI. REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /G.B/
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Receipt date: 10/24/2018 15/947,830 - GAU: 2139

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be ahle to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:
1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act

(5 U.S.C. 352) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settiement
negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a

request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1874, as amended, pursuant to 3 U.S.C. 532a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to ancther federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atemic Energy Act (42 U.S.C. 218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /G.B/
EFS Web 2.1.18
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PTO/SB/06 (09-11)

Approved for use through 1/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the PaJ)erwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PATENT APPLICATION FEE DETERMINATION RECORD | Application or Docket Number Filing Date
Substitute for Form PTO-875 15/947.830 04/08/2018 (7o be Mailed
ENTITY: Large U smaLL J micro
APPLICATION AS FILED - PART |
(Column 1) (Column 2}
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
) BAsIC FEE N/A N/A N/A
(37 GFR 1.16(a), (b). or (c))
SEARCH FEE
(37 GFR 1.16(K), (i), or (m)) N/A N/A N/A
[_J EXAMINATION FEE
(37 GFR 1.16(0), (9), o7 () N/A N/A N/A
TOTAL CLAIMS ) .
(37 GFR 1.16(i)) minus 20 = x 5100 -
INDEPENDENT CLAIMS ) .
(37 GFR 1.16(h) minus 3 = x $460 -
If the specification and drawings exceed 100 sheets
of paper, the application size fee due is $310 ($155
Déi;uf?g(cs))’\; SIZE FEE (37 for small entity) for each additional 50 sheets or
: fraction thereof. See 35 U.S.C. 41(a)(1){G) and 37
CFR 1.16(s).
() MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j))
 If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL
APPLICATION AS AMENDED - PART I
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
— 07/26/2019 iE#AEAF"N'NG Eggﬁgﬁsw PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
Total B : o - _
E (3gcaFR1 16() 21 Minus 21 =0 x $100 - 0
Z | Independent . . - —
% (370&116@) 3 Minus 3 =0 x $460 - 0
= | [ Application Size Fee (37 CFR 1.16(s))
D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16())
TOTAL ADD'L FEE 0
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
RERAFAT'EL‘NG PRNELill\IAC?EgLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
w | Total . ; o - -
= (sgcaFm 16(i)) Minus = x $0 =
[a) )
E gg;jCerFﬁngﬁS)t * Minus | *** = x 30 =
E U Application Size Fee (37 CFR 1.16(s))
D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16(j))
TOTAL ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. LIE
** If the "Highest Number Previously Paid For" IN THIS SPAGE is less than 20, enter "20". /EMORY T LANE/
*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

/f you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.

Petitioner Samsung Ex-1004, 0192



PTO/SB/06 (09-11)

Approved for use through 1/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the PaJ)erwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

Application or Docket Number Filing Date
PATENT APPLICg;rggmggig&g;ggﬂgmﬂoN RECORD 151647 830 040872018 7o be Maied

ENTITY: LARGE [JsmaLL (O micro

APPLICATION AS FILED - PART I

(Column 1) (Column 2}
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
) BAsIC FEE N/A N/A N/A
(37 GFR 1.16(a), (b) or (c))
SEARCH FEE
(37 CFR 1.16(K), (i), or (m)) N/A N/A N/A
[_J EXAMINATION FEE
(37 CFR 1.16(0), (p), or (q)) N/A N/A N/A
TOTAL CLAIMS ) N
(37 GFR 1.16()) minus 20 = X $100 =
INDEPENDENT CLAIMS ) .
(37 GFR 1.16(h) minus 3 = x $460 -
If the specification and drawings exceed 100 sheets
of paper, the application size fee due is $310 ($155
Déi;uf?go)’\; SIZE FEE (37 for small entity) for each additional 50 sheets or
18(s fraction thereof. See 35 U.S.C. 41(a)(1){G) and 37
CFR 1.16(s).
() MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j))
 If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL
APPLICATION AS AMENDED - PART Il
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
— 07/26/2019 2E¥E/\FLN'NG Egg\ﬁgzsw PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
Total « : - -
E o 1oy 21 Minus 20 =1 x $100 - 100
Z | Independent . . - —
% (370&116@) 3 Minus 3 =0 x $460 = 0
= | [ Application Size Fee (37 CFR 1.16(s))
D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16())
TOTAL ADD'L FEE 100
(Column 1} (Column 2} (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
w [ Total . ; N - -
= (sgcaFm 16(i)) Minus = x $0 =
[a) )
E gg;jCerFﬁngﬁS)t * Minus | *** = x $0 =
E U Application Size Fee (37 CFR 1.16(s))
D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16(j))
TOTAL ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. LIE
** If the "Highest Number Previously Paid For" IN THIS SPAGE is less than 20, enter "20". /TAMMY D MCBETH BROWN/

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

/f you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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Doc code: RCEX PTO/SBI30EFS (07-09)

Doc description: Request for Contnued Examination (RCE) Approved for use through 07/31/2012. CMB 0651-0031
U.S. Patent and Trademark Office; U S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1925, no persons are required to respond to 2 collection of information uniess it contains a valid OMB controf number.

REQUEST FOR CONTINUED EXAMINATION(RCE)TRANSMITTAL
{Submitted Only via EFS-Web)

Appiication Filing 8.04 Docket Number Art

Number I'IMMT'{BD Date i e (if applicable) PGS Unit e
First Named| o bert H. HUM Examiner Bansal GURTEJ

Inventor MName

This is a Request for Continued Examination (RCE} under 37 CFR 1.114 of the above-identified application.
Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to any ulility or plant application filed prior to June 8,
1995, or fo any design application. The Instruction Sheet for this form is located at WWW USPTO GOV

SUBMISSION REQUIRED UNDER 37 CFR 1114

Note: If the RCE is proper, any previously filed unentered amendments and amendments enclosed with the RCE will be entered in the order
in which they were filed unless applicant instruets otherwise, If applicant does not wish {0 have any previously filed unentered amendment(s)
entered, applicant must reguest non-entry of such amendmeni{s}.

Previously submitted. if a final Office action is outstanding, any amendments filed after the final Office action may be considered as a
submission even if this box is not checked.

DX

| Consider the arguments in the Appeal Brief or Reply Brief previously filed on

D] ‘Ciher Lng previously submitied but nof yet considered IDSs

Enclosed

Amendment/Reply
D Information Disclosure Statement (IDS)

] Amidavit{sy Declaration{s)

[] Other

MISCELLANEOUS

D Suspension of action on the above-idenlified application is requested under 37 CFR 1.103{c) for a pericd of months
{Period of suspension shall not exceed 3 months,; Fee under 37 CFR 1.17(i) required)

[] Other

FEES

The RCE fee under 37 CFR 1.17(e} is required by 37 CFR 1.114 when the RCE is filed.
E The Director is hereby authorized to charge any underpayment of fees, or credit any overpayments, to

Deposit Account No Fmﬁeﬂ;
SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED

> Patent Practitioner Signature

Applicant Signature

EFS - Web2.1.15
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Doc code: RCEX
Doc description: Request for Contnued Examination (RCE) Approved for use through 07/31/2012. CMB 0651-0031

PTO/SB/IOEFS (07-03)

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1925, no persons are required to respond to 2 collection of information uniess it contains a valid OMB controf number.

Signature of Registered U.S. Patent Practitioner

Signature

fBrent £. Vecchial

Name

RBrent E. Vecchia

Registration Number 11

This collection of information is required by 37 CFR 1.114. The information is required to obtain or retain a benefit by the public which is to
file {and by the USPTO {o process) an application. Confidentiality is governed by 35 US.C. 122 and 37 CFR 1.11 and 1.14. This collection is
estimated to take 12 minutes to complete, including gathenng, preparing, and submitting the completed application form to the USPTO. Time
will vary depending upon the individual case. Any comments on the amount of ime you require to complete this form andfor suggestions for
reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Deparfment of Commerce,
P.0O. Box 1450, Alexandria, VA 22313-1450.

if you need assislance in completing the form, call 1-800-PT0-9199 and sefect option 2.

EFS - Web2.1.15
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Privacy Act Statement

The Privacy Act of 1874 (P.L. 83-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be
advised that: (1) the general authority for the collection of this information is 35 U.5.C. 2(b)(2); (2) furnishing of the information
solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office
is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information
Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disciosures to opposing counsel in the course of settlement
negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need
for the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Inteliectual Property Organization,
pursuant to the Patent Cooperation Treaty.

8. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
Naticnal Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2908. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may
be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in an
application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTQO becomes aware of a viclation or potential violation of law or regulation.

EFS - Web 2.1.15
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Electronic Patent Application Fee Transmittal

Application Number: 15947830

Filing Date: 08-Apr-2018

Title of Invention: PROCESSORS HAVING VIRTUALLY CLUSTERED CORES AND CACHE SLICES
First Named Inventor/Applicant Name: Herbert H. HUM

Filer: Brent E. Vecchia

Attorney Docket Number: P49345-C2

Filed as Large Entity

Filing Fees for Utility under 35 USC111(a)

Description Fee Code Quantity Amount SUB'STS:;)I in
Basic Filing:
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:
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Description Fee Code Quantity Amount Sul:j—;l’;(tsa)l in
Extension - 2 months with $0 paid 1252 1 600 600
Miscellaneous:
RCE-1ST REQUEST 1801 1 1300 1300
Total in USD ($) 1900
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Electronic Acknowledgement Receipt

EFS ID: 36706168
Application Number: 15947830
International Application Number:
Confirmation Number: 5561

Title of Invention:

PROCESSORS HAVING VIRTUALLY CLUSTERED CORES AND CACHE SLICES

First Named Inventor/Applicant Name:

Herbert H. HUM

Customer Number:

124662

Filer:

Brent E. Vecchia

Filer Authorized By:

Attorney Docket Number: P49345-C2
Receipt Date: 26-JUL-2019
Filing Date: 08-APR-2018
Time Stamp: 18:52:11

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes
Payment Type DA
Payment was successfully received in RAM $1900

RAM confirmation Number

072619INTEFSW00017943506674

Deposit Account

506674

Authorized User

Brent Vecchia

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

37 CFR 1.16 (National application filing, search, and examination fees)

37 CFR 1.17 (Patent application and reexamination processing fees)
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37 CFR 1.19 (Document supply fees)
37 CFR 1.20 {Post Issuance fees)

37 CFR 1.21 (Miscellaneous fees and charges)

File Listing:

D e . . ile Size e i e
ocument Document Description File Name File Siz (B}ft s/ Multl. .Pag s
Number Message Digest | Part/.zip| (ifappl.)

589345
1 P49345C2_RFOA.pdf yes 17
Sabalae4d8cd6aa494033736329%ede8a2eq|
37ab8
Multipart Description/PDF files in .zip description
Document Description Start End
Response After Final Action 1 1
Claims 2 9
Applicant Arguments/Remarks Made in an Amendment 10 17
Warnings:
Information:
697647
2 Request for ContnglLEJed Examination P49345C2_RCE.pdf no 3
( ) ©15d8488dba170f919850c7279d8f8e9267
Warnings:
Information:
32678
3 Fee Worksheet (SB06) fee-info.pdf no 2
64081fcf2za3de42192ba71a2d33e9d0992a
90%ac
Warnings:
Information:
Total Files Size (in bytes):| 1319670
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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RESPONSE UNDER 37 CFR § 1.116
EXPEDITED PROCEDURE
EXAMINING GROUP «2139»

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re Application: Examiner: Bansal GURTE]
First Named Inventor: Art Unit: 2139
Herbert H. HUM Confirmation No: 5561

Application No. 15/947.830

Filed: 04/08/2018

EFS Filing

Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

RESPONSE TO OFFICE ACTION UNDER 37 CFR § 1.116
Sir:
In response to the Final Office Action mailed February 26, 2019, the Applicants

respectfully request that the Examiner enter the following amendments and consider the following

remarks.

CERTIFICATE OF SUBMISSION/TRANSMISSION (37 CFR 1.84)

I hereby certifyv that this correspondence is, on the date shown below, being:

EFS WEB FACSIMILE
X submitted electronically via EFS Web to the O transmitted by facsimile to the Patent and
Patent and Trademark Office. Trademark Office.

/Brent E. Vecchia/ 07/26/2019
Date
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AMENDMENTS TO THE CLAIMS

This listing of claims will replace all prior versions, and listings, of claims in the

application.

1. (Currently Amended) A system comprising:

a plurality of cores, eeresto-exeeute-instructions-and-process-data; the plurality of cores

comprising symmetric multi-threaded cores;

a cache subsystemto-store-the-instructionsand-the-data; subsystem, the cache subsystem

comprising a plurality of first level caches and at least one higher level distributed cache

comprising a plurality of distributed cache portions that are physically distributed across a die

and shared by the plurality of cores, each first level cache integral to one of the plurality of cores

and each distributed cache portion accessible to each of the plurality of cores;

cache management circuitry operative to provide coherent, non-uniform access to the

plurality of distributed cache portions by the plurality of cores;

power management circuitry operative to enable a first frequency of operation for a first
cluster of the plurality of cores which are physically proximate to one another and a second
frequency of operation for a second cluster of the plurality of cores which are physically

proximate to one another, wherein an average distance between cores in the first cluster is less

than an average distance between the plurality of cores, the power management circuitry

operative to selectively gate power to the first cluster of the plurality of cores and distributed

cache portions of the at least one higher level distributed cache that correspond to the first cluster
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and/or the second cluster of the plurality of cores and distributed cache portions of the at least

one higher level distributed cache that correspond to the second cluster;

a first integrated memory controller to-eeuple coupled with the symmetric multi-threaded

cores: and eeresto-a-firstsystemmenory—and

a second integrated memory controller te-eetpte coupled with the symmetric multi-

threaded cores. eeresto-a-second-systermmemory-

2. (Cancelled)

3. (Previously Presented) The system of claim 1 wherein a first core of a first

predetermined cluster is physically proximate to a first distributed cache portion.
4. (Currently Amended) The system of claim 3 further comprising:

a local core-cache interconnect te-ceupte coupling the first core to the first distributed

cache portion; and

an on-die interconnect te-eeuple coupling one or more other cores to the first distributed

cache portion.

5. (Currently Amended) The system of claim 4 wherein the local core-cache interconnect
and the on-die interconnect provide different access latency and/or data throughput to the first

distributed cache portion.

6. (Currently Amended) The system of claim 4 wherein the local core-cache interconnect is
operative to provide relatively lower latency and/or higher data throughput to the first core when

the first core accesses the first distributed cache portion than the on-die interconnect is operative
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to provide to the one or more other cores when the one or more other cores access the first

distributed cache portion.

7. (Currently Amended) The system of claim 1 wherein, based on workload on each of the

first and second clusters of the plurality of cores, the system is operative to selectively migrate a

thread is-to-be-selectivelymisrated from the first cluster to the second cluster.

8. (Cancelled)

9. (Previously Presented) The system of claim 8 wherein the first cluster of the plurality of
cores form a first virtual processor and the second cluster of the plurality of cores form a second

virtual processor.

10.  (Currently Amended) The system of claim 9 wherein the execution circuit is operative to

execute instructions to implement a virtual machine monitor (VMM), the VMM operative to

formthe-first-virtual-processor-by-combining combine the first cluster of the plurality of cores
into the the first virtual processor and-tefersr combine the-second-virtual-processorby

combintng the second cluster of the plurality of cores into the second virtual processor.

11. (Currently Amended) The system of claim 1 further comprising a Peripheral Component
Interface Express (PCle) interface te-eetpte coupled with the plurality of cores. eeres-to-one-of

mere-systenr-components-

12. (Currently Amended) The system of claim 1 wherein the non-uniform access to the
plurality of distributed cache portions by the plurality of cores is based, at least in part, on each

distributed cache portion being coupled to a proximate cluster of the plurality of cores over a first
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interconnect having first characteristics and being coupled to a non-proximate cluster of the

plurality of cores over a second interconnect having second characteristics.

13. (Currently Amended) A method comprising:

executing instructions and processing data with a plurality of cores, the plurality of cores

comprising symmetric multi-threaded cores;

storing the instructions and the data in a cache subsystem, the cache subsystem
comprising a plurality of first level caches and at least one higher level distributed cache

comprising a plurality of distributed cache portions_that are physically distributed across a die,

each first level cache integral to one of the plurality of cores and each distributed cache portion

accessible to each of the plurality of cores;

sharing the plurality of distributed cache portions among the plurality of cores;

providing coherent, non-uniform access to the plurality of distributed cache portions by

the plurality of cores;

enabling a first frequency to be set for a first cluster of the plurality of cores which are
physically proximate to one another and a second frequency to be set for a second cluster of the

plurality of cores which are physically proximate to one another, wherein an average distance

between cores in the first cluster is less than an average distance between the plurality of cores;

selectively gating power to the first cluster of the plurality of cores and distributed cache
portions that correspond to the first cluster and/or the second cluster of the plurality of cores and

distributed cache portions that correspond to the second cluster;
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controlling access by the symmetric multi-threaded cores to a first system memory with a

first integrated memory controller; and

controlling access by the symmetric multi-threaded cores to a second system memory

with a second integrated memory controller.

14. (Previously Presented) The method of claim 13 further comprising selectively migrated a
thread from the first cluster to the second cluster based on a workload on each of the first and

second clusters of the plurality of cores.

15. (Currently Amended) The method of claim 13 wherein said providing the non-uniform
access to the plurality of distributed cache portions by the plurality of cores is based, at least in
part, on each distributed cache portion accessing a proximate cluster of the plurality of cores over
a first interconnect having first characteristics and accessing a non-proximate cluster of the

plurality of cores over a second interconnect having second characteristics.

16.  (Previously Presented) The method of claim 13 further comprising forming the first
cluster of the plurality of cores as a first virtual processor and forming the second cluster of the

plurality of cores as a second virtual processor.

17.  (Previously Presented) The method of claim 16 further comprising executing instructions
to implement a virtual machine monitor (VMM), the VMM to form the first virtual processor by
combining the first cluster of the plurality of cores and to form the second virtual processor by

combining the second cluster of the plurality of cores.

18. (Cancelled)

Petitioner Samsung Ex-1004, 0207



19. (Currently Amended) A machine comprising:

a processor comprising:

a plurality of cores, eeres-to-exeeute-instructions-and-process-data; the plurality of cores

comprising symmetric multi-threaded cores;

a cache subsystem, subsystem-to-store-the-instructions-and-data; the cache subsystem

comprising a plurality of first level caches and at least one higher level distributed cache

comprising a plurality of distributed cache portions_that are physically distributed across a die

and shared by the plurality of cores, each first level cache integral to one of the plurality of cores

and each distributed cache portion accessible to each of the plurality of cores; and

cache management circuitry configured to provide coherent, non-uniform access to the

plurality of distributed cache portions by the plurality of cores;

an article of manufacture comprising a machine-readable storage medium storing a

plurality of instructions, the plurality of instructions, when performed by the machine, te-cause

causing the machine to perform operations eemptistiete- comprising:

enable a first frequency of operation for a first cluster of the plurality of cores
which are physically proximate to one another and a second frequency of operation for a
second cluster of the plurality of cores which are physically proximate to one another,

wherein an average distance between cores in the first cluster is less than an average

distance between the plurality of cores; and
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selectively gate power to the first cluster of the plurality of cores and distributed
cache portions that correspond to the first cluster and/or the second cluster of the plurality

of cores and distributed cache portions that correspond to the second cluster;

a first integrated memory controller te-eeuple coupled with the symmetric multi-threaded

cores; and eeres-to-a-frst-system-mermory—and

a second integrated memory controller te-eeupte coupled with the symmetric multi-

threaded cores. eeresto-a-second-systermmemory-

20. (Currently Amended) The machine of claim 19 further comprising a Peripheral

Component Interface Express (PCle) interface te-eeuple coupled with the plurality of cores.

cores-to-one-or-more-system-components:

21.  (New) The system of claim 1, wherein each distributed cache portion is a cache slice and
is physically co-located with one of the cores, wherein, based on workload on each of the first
and second clusters of the plurality of cores, the system is operative to selectively migrate a
thread from the first cluster to the second cluster, and wherein the first cluster of the plurality of
cores form a first virtual processor and the second cluster of the plurality of cores form a second

virtual processor.

22. (New) The system of claim 1, wherein, based on workload on each of the first and second
clusters of the plurality of cores, the system is operative to selectively migrate a thread from the
first cluster to the second cluster, and further comprising a Peripheral Component Interface

Express (PCle) interface coupled with the plurality of cores.
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23. (New) The system of claim 1, wherein the first cluster of the plurality of cores form a
first virtual processor and the second cluster of the plurality of cores form a second virtual
processor, and further comprising a Peripheral Component Interface Express (PCle) interface

coupled with the plurality of cores.

24, (New) The system of claim 1, wherein each distributed cache portion is a cache slice and
is physically co-located with one of the cores, wherein, based on workload on each of the first
and second clusters of the plurality of cores, the system is operative to selectively migrate a
thread from the first cluster to the second cluster, wherein the first cluster of the plurality of cores
form a first virtual processor and the second cluster of the plurality of cores form a second virtual
processor, and further comprising a Peripheral Component Interface Express (PCle) interface

coupled with the plurality of cores.

Petitioner Samsung Ex-1004, 0210



REMARKS

The Applicants respectfully request reconsideration of this application in view of the above

amendments and the following remarks.
35 U.S.C. §112(b)/35 U.S.C. §112(pre-AIA), Second Paragraph - Definiteness

Claims 1-12 and 19-20 have been rejected under 35 U.S.C. §112(b)/35 U.S.C. §112(pre-

AIA), Second Paragraph for allegedly being indefinite.

Without admitting the appropriateness of the rejection, Applicants respectfully submit that
the claims have been amended to overcome the rejection. Accordingly, Applicants respectfully

request that the rejections in these regards be withdrawn.

Additionally, Applicants respectfully clarify that claims 1-12 are directed to a system, and
claims 19-20 are directed to a machine. These claims cover the system or machine, respectively,
when it is in a powered-off or non-operational state. That is, these claims do not recite that any
steps are actually being performed. Rather, these claims recite what the system or machine,
respectively, is arranged to do, configured to do, able to do, or otherwise operative to do, if it were
powered on and operational. Asunderstood by Applicants, such claims are definite and permitted.
Applicants are unaware of any requirement in the rules or laws that require an apparatus claim to
recite that steps or operations are actually performed. If the rejection is maintained, Applicants
respectfully request that the Examiner clearly provide a basis in the rules or laws requiring that an

apparatus claim recite that steps or operations are actually performed.

35 U.S.C. §103(a) Rejection - Wang, O’Connor
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Claims 1-6, 8, 12, 13, 15 and 19 have been rejected under 35 U.S.C. §103(a) as allegedly
being unpatentable over U.S. Patent Application Publication No. US2005/0027941 to Wang et al ,
(hereinafter “Wang”) in view of U.S. Patent Application Publication No. US2014/0089699 to
O’Connor et al., (hereinafter “O’Connor”). Without admitting that these references could or
should be combined, the Applicants respectfully submit that the present claims are allowable over

Wang and O’Connor.

Claim 1 recites:
“l A system comprising:

a plurality of cores, the plurality of cores comprising symmetric multi-threaded

cores;

a cache subsystem, the cache subsystem comprising a plurality of first level
caches and at least one higher level distributed cache comprising a plurality of
distributed cache portions that are physically distributed across a die and shared by the
plurality of cores, each first level cache integral to one of the plurality of cores and each

distributed cache portion accessible to each of the plurality of cores;

cache management circuitry operative to provide coherent, non-uniform access to

the plurality of distributed cache portions by the plurality of cores;

power management circuitry operative to enable a first frequency of operation for
a first cluster of the plurality of cores which are physically proximate to one another
and a second frequency of operation for a second cluster of the plurality of cores which

are physically proximate to one another, wherein an average distance between cores in
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the first cluster is less than an average distance between the plurality of cores, the
power management circuitry operative to selectively gate power 1o the first cluster of the
plurality of cores and distributed cache portions of the at least one higher level
distributed cache that correspond to the first cluster and/or the second cluster of the
plurality of cores and distributed cache portions of the at least one higher level

distributed cache that correspond to the second cluster;

a first integrated memory controller coupled with the symmetric multi-threaded

cores; and

a second integrated memory controller coupled with the symmetric multi-

threaded cores.”

Applicants respectfully submit that Wang and O’Connor do not disclose these limitations

or render them obvious.

(1)  Firstly, for example, as understood by Applicants, Wang and O’Connor do not disclose or

render obvious “power management circuitry operative 1o enable a first frequency of operation
for a first cluster of the plurality of cores which are physically proximate to one another and a
second frequency of operation for a second cluster of the plurality of cores which are physically
proximate to one another, wherein an average distance between cores in the first cluster is less
than an average distance between the plurality of cores, the power management circuitry
operative 1o selectively gate power to the first cluster of the plurality of cores and distributed
cache portions of the at least one higher level distributed cache that correspond to the first cluster
and/or the second cluster of the plurality of cores and distributed cache portions of the at least

one higher level distributed cache that correspond to the second cluster.”
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The Office Action has already admitted that Wang does not disclose these limitations. See
e.g., the bottom of page 4 and the top of page 5 of the Office Action. The Office Action asserts
that O’Connor discloses these limitations. However, O’Connor does not disclose or render
obvious enabling frequencies of operation and power gating clusters of a plurality of cores.
O’Connor discusses adjusting the frequency of compute units and disabling compute units, but
does not disclose adjusting the frequency of a first cluster and a second cluster of the compute
units, and does not disclose disabling power to the first cluster and/or the second cluster of the
compute units. Moreover, O’Connor does not disclose or render obvious these limitations in which
an average distance between cores in the first cluster is less than an average distance between
the plurality of cores. There simply is no disclosure in O’Connor that a cluster have such an

average distance.

2) Secondly, for example, as understood by Applicants, Wang and O’ Connor do not disclose

or render obvious “af least one higher level distributed cache comprising a plurality of distributed

cache portions that are physically distributed across a die.”

The Office Action has relied on Figure 1 of Wang to reject these limitations. See e.g., the
middle of page 4 of the Office Action. However, Wang does not disclose or render obvious a
distributed cache including distributed cache portions that are physically distributed across a

die.

(3)  Thirdly, for example, as understood by Applicants, Wang and O’Connor do not disclose

or render obvious “the power management circuitry operative to selectively gate power to the first
cluster of the plurality of cores and distributed cache portions of the at least one higher level

distributed cache that correspond to the first cluster and/or the second cluster of the plurality of
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cores and distributed cache portions of the at least one higher level distributed cache that

correspond to the second cluster.”

In the response to arguments section of the Office Action at the bottom of page 10 the
Examiner asserts “Wang teaches cores with a plurality of cache portions and O ’Connor teaches
selectively gating power to components to reduce power consumption. Therefore the combination

does teach this limitation.” However, neither Wang or O’Connor disclose or render obvious a
2

distributed cache including distributed cache portions that are physically distributed across a
die. The cache portions inside the cores in Wang are not distributed cache portions of the at least
one higher level distributed cache, but rather are non-distributed L1 and L2 caches inside the
cores. Turning off cores and the non-distributed L1 and L2 caches inside the cores is not the
same thing as, and does not render obvious, the claimed limitations of “the power management
circuitry operative to selectively gate power to the first cluster of the plurality of cores and
distributed cache portions of the at least one higher level distributed cache that correspond to the
first cluster and/or the second cluster of the plurality of cores and distributed cache portions of

the at least one higher level distributed cache that correspond to the second cluster.”

For at least one or more of these reasons, independent claim 1 is believed to be allowable.
The dependent claims of claim 1 each include all of the limitations of independent claim 1, and
are believed to be allowable for at least this reason, as well as for the recitations separately set

forth in each of these dependent claims.

Independent claims 13 and 19, and their respective dependent claims, are believed to be

allowable for one or more similar reasons.

35 U.S.C. §103(a) Rejection - Wang, O’Connor, Cai
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Claims 7 and 14 have been rejected under 35 U.S.C. §103(a) as allegedly being

unpatentable over Wang and O’Connor as applied to claims 1 and 13 above, in further view of

U.S. Patent Application Publication No. 2009/0172424 to Cai et al., (hereinafter “Cai”). Without
admitting that these references could or should be combined, the Applicants respectfully submit

that the present claims are allowable over Wang, O’Connor and Cai.

Claims 7 and 14 are dependent claims. As discussed above, Wang and O’Connor do not

disclose or render obvious the limitations of independent claims 1, 13, or 19. As understood by
Applicants, Cai does not remedy all of what is missing from these references and/or the Examiner
does not appear to have sufficiently articulated where all of these missing limitations are found in
Cai. Accordingly, without admitting that these references could or should be combined,
Applicants respectfully submit that independent claims 1, 13, and 19 are believed to be allowable

over Wang, O’Connor, and Cai. Dependent claims 7 and 14 are believed to be allowable for at

least this reason, as well as for the recitations separately set forth in each of these dependent claims
Without admitting that these references could or should be combined, the Applicants respectfully

submit that the present claims are allowable over Wang, O’ Connor, and Cai.

35 U.S.C. §103(a) Rejection - Wang, O’Connor, Rajamony

Claims 9-10 and 16-17 have been rejected under 35 U.S.C. §103(a) as allegedly being

unpatentable over Wang and O’Connor as applied to claims 1 and 13 above, in further view of

U.S. Patent Application Publication No. 2011/0022773 to Rajamony et al., (hereinafter

«

Rajamony”).

Claims 9-10 and 16-17 are dependent claims. As discussed above, Wang and O’ Connor

do not disclose or render obvious the limitations of independent claims 1, 13, or 19. As understood
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by Applicants, Rajamony does not remedy all of what is missing from these references and/or the
Examiner does not appear to have sufficiently articulated where all of these missing limitations
are found in Rajamony. Accordingly, without admitting that these references could or should be
combined, Applicants respectfully submit that independent claims 1, 13, and 19 are believed to be

allowable over Wang, O’Connor, and Rajamony. Dependent claims 9-10 and 16-17 are believed

to be allowable for at least this reason, as well as for the recitations separately set forth in each of

these dependent claims.

35 U.S.C. §103(a) Rejection - Wang, O’Connor, Cai

Claims 11, 18 and 20 have been rejected under 35 U.S.C. §103(a) as allegedly being

unpatentable over Wang and O’Connor as applied to claims 1 and 19 above, in further view of

U.S. Patent No. 8,725,919 to Zhu et al ., (hereinafter “Zhu”).

Claims 11, 18, and 20 are dependent claims. As discussed above, Wang and O’Connor do

not disclose or render obvious the limitations of independent claims 1, 13, or 19. As understood
by Applicants, Zhu does not remedy all of what is missing from these references and/or the
Examiner does not appear to have sufficiently articulated where all of these missing limitations
are found in Zhu. Accordingly, without admitting that these references could or should be

combined, Applicants respectfully submit that independent claims 1, 13, and 19 are believed to be

allowable over Wang, O’Connor, and Zhu. Dependent claims 11, 18, and 20 are believed to be
allowable for at least this reason, as well as for the recitations separately set forth in each of these

dependent claims.
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Conclusion

In view of the foregoing, it is believed that all pending claims patentably define the subject
invention over the cited art of record and are in condition for allowance. Applicants respectfully

request that the rejections be withdrawn, and the claims be allowed, at the earliest possible date.

Request for Telephone Interview

The Examiner is invited to call Brent E. Vecchia at (408) 471-9791 if there remains any

issue with allowance of the case.

Request for an Extension of Time

The Applicants petition for an extension of time to respond to the outstanding Office
Action pursuant to 37 C.F.R. § 1.136(a) should one be necessary. Please charge our Deposit

Account No. 50-6674 to cover the necessary fee under 37 C.F R. § 1.17 for such an extension.

Charge Our Deposit Account

Please charge any shortage or any necessary fee, either now or during the pendency of this

application, to our Deposit Account No. 50-6674.

Respectfully submitted,
Nicholson, DeVos, Webster, Elliott, LLP
Customer No. 124662

Dated: 07/26/2019 By /Brent E. Vecchia/
Brent E. Vecchia, Reg. No. 48,011
Tel.: (408) 471-9791 (Mountain Time)
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may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.

EFS Web2.1.18
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national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.
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If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

F.O. Box 1450

Alexandria, Virginia 22313-1450

WWW USPLO.Z0Y

NOTICE OF ALLOWANCE AND FEE(S) DUE

’ EXAMINER |
124662 7590 02/20/2020

Vecchia/NDWE/Intel BANSAL. GURTEJ

99 Almaden Boulevard, Suite 710

: e :
San JOSG. CA 95113 I ART UNIT PAPER NUMBER |
2139
DATE MAILED: 02/20/2020
| APPLICATION NO, FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. | CONFIRMATION NO.
15/947 830 04/08/2018 Herbert H. HUM P49345-C2 5561

TITLE OF INVENTION: PROCESSORS HAVING VIRTUALLY CLUSTERED CORES AND CACHE SLICES

I AFPLN. TYFE | ENTITY STATUS I ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional UNDISCOUNTED $1000 $0.00 $0.00 $1000 05/20/2020

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS 1S CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGITS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

II1. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail
Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at

www.uspto.gov/PatentMaintenanceFees.
Page | of 3
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s). by mail or fax, or via EFS-Web.

By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.
Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

124662 7590 02/20/2020 Certificate of Mailing or Transmission
Vecchia/NDWE/Intel I hereby certity that this Fee(s) Transmittal is being deposited with the United
. States Postal Service with sufficient postage for first class mail in an envelope
99 Almaden Boulevard, Suite 710 addressed to the Mail Stop 1SSUE FEE address above, or being transmitted to
San Jose, CA 95113 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.

(Typed or printed name)

(Signature)

(Date)

| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
15/947,830 04/08/2018 Herbert H. HUM P49345-C2 5561
TITLE OF INVENTION: PROCESSORS HAVING VIRTUALLY CLUSTERED CORES AND CACHE SLICES
| APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1000 $0.00 $0.00 $1000 05/20/2020
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
BANSAL. GURTEJ 2139 711-122000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys
or agents OR, alternatively, 1

| Change of correspondence address (or Change of Correspondence

Address form PTO/SB/122) attached (2) The name of a single firm (having as a member a

registered attorney or agent) and the names of up to 2
Q- e N R 2 registered patent attorneys or agents. If no name is
Fee Address” indication (or "Fee Address" Indication form PTO/ listed, 1o name will be printed.
SB/47; Rev 03-09 or more recent) attached. Use of a Customer 3

Number is required.
. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

|95}

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. 1f an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : () Individual [ Corporation or other private group entity [ Government

4a. Fees submitted: (Jissue Fee (IPublication Fee (if required) (JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

[ Electronic Payment via EFS-Web [ Enclosed check [ Non-electronic payment by credit card (Attach form PTO-2038)

(1 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Change in Entity Status (from status indicated above)

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

| Applicant certifying micro entity status. See 37 CFR 1.29

| Applicant asserting small entity status. See 37 CFR 1.27

| Applicant changing to regular undiscounted fee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date
Typed or printed name Registration No.
Page 2 of 3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB 0651-0033 U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

F.O. Box 1450

Alexandria, Virginia 22313-1450

WWW USPLO.Z0Y

I APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
15/947.830 04/08/2018 Herbert H. HUM P49345-C2 5561
’ EXAMINER |
124662 7590 02/20/2020
Vecchia/NDWE/Intel BANSAL. GURTEJ
99 Almaden Boulevard, Suite 710
: e :
San JOSG. CA 95113 I ART UNIT PAPER NUMBER |

2139

DATE MAILED: 02/2042020

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of

Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3 of 3
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget
approval before requesting most types of information from the public. When OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform
the public about the OMB Control Number’s legal significance in accordance with 5 CFR 1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection
of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment
of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5§ U.S.C 552a). Records from this system of records may
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the
Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting
a request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to comply
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility
to recommend improvements in records management practices and programs, under authority of 44 U.S.C.
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall
not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed
in an application which became abandoned or in which the proceedings were terminated and which application
is referenced by either a published application, an application open to public inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)
) - 15/947 830 HUM et al.
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
GURTEJ BANSAL 2139 No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included

herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.4 This communication is responsive to Examiner initiated interview dated 02/14/2020.

(3 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2. An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporated into this action.

3.¥] The allowed claim(s) is/are 1,3-7,9-17 and 19-24 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information
, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4. Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a) CJAl b) J Some  *c) (J None of the:

1. OO Certified copies of the priority documents have been received.
2. [J Certified copies of the priority documents have been received in Application No.

3. (J Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

O including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front {(not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6.0J DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1.(7J Notice of References Cited (PTO-892)

2. Information Disclosure Statements (PTQ/SB/08),
Paper No./Mail Date 07/31/2019.

3.03 Examiner's Comment Regarding Requirement for Deposit 7.0 Other .
of Biological Material

4. Interview Summary (PTO-413),
Paper No./Mail Date. 02/14/20.
/GURTEJ BANSAL/

Primary Examiner, Art Unit 2139

5. [¥] Examiner's Amendment’/Comment
6. (J Examiner's Statement of Reasons for Allowance

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13)

Notice of Allowability Part of Paper No./Mail Date 20200213
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Application/Control Number: 15/947,830 Page 2
Art Unit: 2139

EXAMINER’S AMENDMENT
Authorization for this examiner’s amendment was given in an interview with Brent

Vecchia on 02/14/2020.

The application has been amended as follows:

IN THE CLAIMS

In claim 9, line 1, replace “claim 8” with —claim 1--.

Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to GURTEJ BANSAL whose telephone number is (571)270-5588.
The examiner can normally be reached on M-F 8am-5pm.

Examiner interviews are available via telephone, in-person, and video conferencing using
a USPTO supplied web-based collaboration tool. To schedule an interview, applicant is
encouraged to use the USPTO Automated Interview Request (AIR) at
http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Reginald Bragdon can be reached on (571)-272-4204. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
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Application/Control Number: 15/947,830 Page 3
Art Unit: 2139

applications is available through Private PAIR only. For more information about the PAIR
system, see https://ppair-my.uspto.gov/pair/PrivatePair. Should you have questions on access to
the Private PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-
free). If you would like assistance from a USPTO Customer Service Representative or access to
the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-

1000.

/GURTEJ BANSAL/
Primary Examiner, Art Unit 2139
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Application No. Applicant(s)

. . . 15/947,830 HUM et al.
Examiner-Initiated Interview Summary
Examiner Art Unit AlA (FITF) Status
GURTEJ BANSAL 2139 No

All participants (applicant, applicant’s representative, PTO personnel):

(1) GURTEJ BANSAL. (3) .

(2) BRENT VECCHIA. (4) .

Date of Interview: 14 February 2020.

Type: Telephonic  [J Video Conference
J Personal [copy given to: (J applicant (J applicant's representative]

Exhibit shown or demonstration conducted: O Yes O No.
If Yes, brief description:

Issues Discussed (3 101 112 0102 0103 O Others

(For each of the checked box(es) above. please describe below the issue and detailed description of the discussion)

Claim(s) discussed: 9.
Identification of prior art discussed: N/A.

Substance of Interview
(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a reference

or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc...)

Claim 9 as recited depended from claim 8 which had been previously canceled. It appeared as though claim 9
should depend from claim 1. Applicant authorized the Examiner to make the amendment via an Examiner's
amendment to overcome the 112 rejection and place the Application in condition for allowance.

Applicant recordation instructions: It is not necessary for applicant to provide a separate record of the substance of interview.

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of the
substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the general
thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the general results or
outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised.

O Attachment

/GURTEJ BANSAL/
Primary Examiner, Art Unit 2139

U.S. Patent and Trademark Office
PTOL-413B (Rev. 8/11/2010) Interview Summary Paper No. 20200213
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Application/Control No.
Search Notes 15/047 830

Applicant(s)/Patent Under Reexamination

HUM et al.
AUIERPIRARRRN 1=
GURTEJ BANSAL 2139
CPC - Searched*
Symbol Date Examiner
GO06F12/0831.cpc. GO6F12/0811.cpc. GO6F12/084.cpc. 07/18/2018 GB
CPC Combination Sets - Searched”
Symbol Date Examiner
US Classification - Searched*
Class Subclass Date Examiner

* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of

the search.

Search Notes

Search Notes Date Examiner
Text Search in EAST (See Attached) 07/18/2018 GB
NPL Search in Google Scholar (See Attached) 07/18/2018 GB
Inventor Search in PE2E 07/18/2018 GB
Application search in Global Dossier 07/18/2018 GB
Text Search in EAST (See Attached) 02/21/2019 GB
Updated Text Search in EAST (See Attached) 02/13/2020 GB
Updated NPL Search in Google Scholar (See Attached) 02/13/2020 GB

/GURTEJ BANSAL/
Primary Examiner, Art Unit 2139

.S, Patent and Trademark Office

Page 1 of 2
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Application/Control No.

Applicant(s)/Patent Under Reexamination

Search Notes 15/047 830 Bkl
IUATRRNN ===
GURTEJ BANSAL 2139
Interference Search
DI S/ ERG US Subclass/CPC Group Date Examiner
Symbol
Sp(();GF‘IZ’OBsI.cpc, GO06F12/0811.cpc. GO6F12/084. 02/13/2020 GB

/GURTEJ BANSAL/
Primary Examiner, Art Unit 2139

.S, Patent and Trademark Office

Page 2 of 2
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Receipt date: 07/31/2019 15/947,830 —- GAU: 2138

Doc code: IDS PTO/SB/08a (02-18)
Doc description: Information Disclosure Statement (IDS) Filed S P T e N1 DA i P MMEREE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB contrel number.
Application Number 15947830
Filing Date P018-04-08
INFORMATION DISCLOSURE First Named Inventor ‘ HUM: Herbert H.
STATEMENT BY APPLICANT | — B
( Not for submission under 37 CFR 1.29)
Examiner Name ‘ BANSAL, Gurtej

Attorney Docket Number |P49345(12

U.S.PATENTS | Remove |
: : : Pages,Columns,Lines where
E)fgm“lner safle Patent Number Kind Issue Date ”3“."9 ot Palertesor:Apglicant Relevant Passages or Relevant
Initial No Codel of cited Document .
Figures Appear
1 None
If you wish to add additional U.S. Patent citation information please click the Add button. | Add |
U.S.PATENT APPLICATION PUBLICATIONS | R‘3"‘0‘"‘9|
Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages Columns, Lines where
ey Cite No ; Relevant Passages or Relevant
Initial Number Codel| Date of cited Document .
Figures Appear
1 Mone

If you wish to add additional U.S. Published Application citation information please click the Add buttonj Add |
FOREIGN PATENT DOCUMENTS |Remove|

Name of Patentee or Pages,Columns,Lines
Examiner| Cite | Foreign Document | Country Kind | Publication AbtllEant et where Relevant Ts
Initial* No | Number3 Codezj Caode?| Date Dpp Passages or Relevant
ocument ;
Figures Appear
1 None

If you wish to add additional Foreign Patent Document citation information please click the Add button | Add |

NON-PATENT LITERATURE DOCUMENTS Remove
Examiner| Cite Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
Initials* | No (book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), Ts
publisher, city and/or country where published.
ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /G.B/
EFS Web 2.1.18
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Raceipt dste: 07/31/2019

15/947,830 - GAU: 213

Ap

plication Number 15947830

Fili

ng Date 2018-04-08

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

First Named Inventor ‘ HUM; Herbert H.

( Not for submission under 37 CFR 1.29)

Art Unit | 2139

Examiner Name ‘ BANSAL, Gurtej

Aftorney Docket Number |P49345(22

2018, 20 pages.

Final Office Action from U.S. Patent Applicafion No. 15/947 829 (Atty. Docket No. 42P49345C1), mailed February 07,

5 Final Office Action from U.S. Patent Ap
019, 28 pages.

plication No. 15/947,831 (Atty. Docket No. 42P49345C3), mailed February 28,

If you wish to add additional non-patent literature document citation information please click the Add buttcn| Add |

EXAMINER SIGNATURE

Examiner Signature /GURTE.T BANSAL/

Date Considered ‘ 0L/21/2020

*EXAMINER: Initial if reference considered, whether or not citation is in cenfoermance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

English language translation is attached.

' See Kind Codes of USPTO Patent Documents at www.USPTC.GOV or MPEP 901.04. ? Enter office that issued the document, by the two-letter code (WIPO
Standard ST.3). ? For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPQ Standard ST.16 if possible. 9 Applicant is to place a check mark here if

EFS Web 2.1.18

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /G.B/
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Receipt dste: 07/31/2019 15/947,830 - GAU: 213

Application Number 15947830
Filing Date 2018-04-08
INFORMATION DISCLOSURE First Named Inventor ‘ HUM; Herbert H.
STATEMENT BY APPLICANT e— |2139
( Not for submission under 37 CFR 1.29)
Examiner Name ‘ BANSAL, Gurtej
Aftorney Docket Number |P49345(22

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of infermation contained in the information disclosure statement was known to

[] any individual designated in 37 CFR 1.56(c) mare than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

See attached certification statement.

The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /Brent E. Vecchia/ Date (YYYY-MM-DD) 2018-07-31
Name/Print Brent E. Vecchia Registration Number |4801 1

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file {and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.

EES Web 2118 ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /G.B/
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Receipt date: 07/31/2019 15/947,830 —- GAU: 2138

Privacy Act Statement

The Privacy Act of 1974 (P.L. 83-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:
1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act

(5 U.5.C. 552) and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

3 A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a

request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1874, as amended, pursuant to 5 U.5.C. 552a(m).

o A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to ancther federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under autherity of 44 U.5.C. 2904 and
2806. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.5.C. 122(b) or issuance of a patent pursuant to 35 U.5.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

8. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.

ELL BEFERENCES CUNSIDERED EXCEPT WHERE LINED THROUGH. /G.B/
EFS Web 2.1.18
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Doc Code: MFEE.C.AD PTO/SB/47-EFS
Document Description: Maintenance Fee Address Change

FEE ADDRESS INDICATION FORM

Application Number Art Unit

15947830 2139
Filing Date Examiner Name

08-Apr-2018 GURTEJ BANSAL
First Name Inventor Attorney Doc. Number

Herbert HUM P49345-C2

INSTRUCTIONS: In order for the fee address identified on this form to be effective, the issue fee must have been paid for the application
listed on this form. Only an address represented by a customer number can be established as the fee address for maintenance fee
purposes (hereafter, fee address). A fee address should be established when correspondence related to maintenance fees should be
mailed to a different address than the correspondence address for the application. For more information on customer numbers, see the
Manual of Patent Examining Procedure (MPEP) § 403.

Please recognize as the Fee Address under the provisions of 37 CFR 1.363 the address associated with:

Customer Number: 000197
CPA GLOBAL LIMITED

2318 Mill Road 12th Floor
ALEXANDRIA VA 22314

UNITED STATES
7037392234

Signature :

I certify, in accordance with 37 CFR 1.4(d)(4) that | am an attorney or agent registered to practice before the Patent and Trademark Office who
has filed and has been granted power of attorney in this application.

Signature /Brent E. Vecchia/ Date 05-20-2020

Name Brent E. Vecchia Registration Number 48011
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Electronic Patent Application Fee Transmittal

Application Number:

15947830

Filing Date:

08-Apr-2018

Title of Invention:

PROCESSORS HAVING VIRTUALLY CLUSTERED CORES AND CACHE SLICES

First Named Inventor/Applicant Name:

Herbert H. HUM

Filer: Brent E. Vecchia/Richard Pagaduan
Attorney Docket Number: P49345-C2
Filed as Large Entity
Filing Fees for Utility under 35 USC111(a)
Description Fee Code Quantity Amount SuI:J—s'I'g(tsa; in
Basic Filing:
UTILITY APPL ISSUE FEE 1501 1 1000 1000
PUBL. FEE- EARLY, VOLUNTARY, OR NORMAL 1504 1 0 0
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:
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Description Fee Code Quantity Amount Sul:j—;l’;(tsa)l in
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1000
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Electronic Acknowledgement Receipt

EFS ID: 39482574
Application Number: 15947830
International Application Number:
Confirmation Number: 5561

Title of Invention:

PROCESSORS HAVING VIRTUALLY CLUSTERED CORES AND CACHE SLICES

First Named Inventor/Applicant Name:

Herbert H. HUM

Customer Number:

124662

Filer:

Brent E. Vecchia/Richard Pagaduan

Filer Authorized By:

Brent E. Vecchia

Attorney Docket Number: P49345-C2
Receipt Date: 20-MAY-2020
Filing Date: 08-APR-2018
Time Stamp: 16:58:23

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type CARD

Payment was successfully received in RAM $1000

RAM confirmation Number E20205JG58205709
Deposit Account 506674

Authorized User

Richard Pagaduan

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

37 CFR 1.20 {Post Issuance fees)
37 CFR 1.21 (Miscellaneous fees and charges)
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File Listing:

Document s . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
46096
1 Issue Fee Payment (PTO-85B) Web85b.pdf no 2
69f8ca4922e2439d0abd 5899888352 ch0d 3]
1661a
Warnings:
Information:
32467
2 Maintenance Fee Address Change web85feeaddress.pdf no 1
8b2a4a678241aeb29a1a582d98b2226ec1 3|
Warnings:
Information:
31910
3 Fee Worksheet (SB06) fee-info.pdf no 2
00efaa57b347117985f0ba7ad001f/5b50b7
Warnings:
Information:
Total Files Size (in bytes)1 110473

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Doc Code: IFEE

Document Description: Issue Fee Payment (PTO-85B)

PTOL/B5B-EFS

Issue Fee Transmittal Form

Application Number Filing Date First Named Inventor Atty. Docket No. Confirmation No.
15947830 08-Apr-2018 Herbert HUM P49345-C2 5561
TITLE OF INVENTION :
PROCESSORS HAVING VIRTUALLY CLUSTERED CORES AND CACHE SLICES
Entity Status Application Type ArtUnit |Class-Subclass EXAMINER
Regular Undiscounted Utility under 35 USC111(a) |2139 122000 GURTEJ BANSAL
Issue Fee Due Publication Due Total Fee(s) Due Date Due Prev. Paid Fee
$1000 50 $1000 20-May-2020 $0

1.Change of Correspondence Address and/or Indication Of Fee Address (37 CFR 1.33 & 1.363)

Current Correspondence Address:

124662
Vecchia/NDWE/Intel

99 Almaden Boulevard, Suite 710

San Jose CA95113
UNITED STATES
408-675-0441

-rdwe docketing@cardinal-ip.com

Current Indicated Fee Address:

[ Change of correspondence address requested, system
generated AlA/122-EFS form attached

¢ Fee Address indication requested, system generated SB/47-EFS
form attached

2.Entity Status

Change in Entity Status

Applicant certifying micro entity status; system generated Micro Entity certification form attached. See 37 CFR 1.29.
Note: Absent a valid certification of micro entity status, issue fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
O If this box is checked, you will be prompted to choose a micro entity status on the gross income basis (37 CFR 1.29(a)) or the institution of higher education basis

(37 CFR 1.29(d)}, and make the applicable certification online.

e Applicant asserting small entity status. See 37 CFR 1.27.

Note: If the application was previously under micro entity status, checking this box will be taken to be a notification of loss of entitlement to micro entity status.

® Applicant changing to regular undiscounted fee status.
MNote: Checking this box will be taken to be a notification of loss of entitlement to small or micro entity status, as applicable.

WEB IFEE 1.0
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Doc Code: IFEE PTOL/85B-EFS

Document Description: Issue Fee Payment (PTO-85B)

3.The Following Fee(s) Are Submitted:

| authorize USPTO to apply my previously paid issue fee to the
DX Issue Fee O current fees due

The Director is hereby authorized to apply my previously paid
[] Publication Fee [] issue fee to the current fee due and to charge deficient fees to
Deposit Account Number

If in addition to the payment of the issue fee amount submitted
with this form, there are any discrepancies in any amount(s) due,
the Director is authorized to charge any defg:b%%% or credit any
overpayment, to Deposit Account Number

X The issue fee must be submitted with this form. If payment of
the issue fee does not accompany this form, checking this box
and providing a deposit account number will NOT be
effective to satisfy full payment of the fee(s) due.

[] Advance Order - # of copies

4.Firm and/or Attorney Names To Be Printed

NOTE: If no name is listed, no name will be printed
For printing on the patent front page, list to be displayed as entered

1. NDWE, LLP

5.Assignee Name(s) and Residence Data To Be Printed

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

Name City State Country Category

Intel Corporation Santa Clara  CALIFORNIA  united states corporation

6.Signature

| certify, in accordance with 37 CFR 1.4(d)(4) that | am an attorney or agent registered to practice before the Patent and Trademark Office who has filed and has been granted
power of attorney in this application. | also certify that this Fee(s) Transmittal form is being transmitted to the USPTO via EFS-WEB on the date indicated below.

Signature /Brent E. Vecchia/ Date 05-20-2020
Name Brent E. Vecchia Registration Number (48011
WEB IFEE 1.0
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Doc code: IDS PTO/SB/08a (02-18)

Doc description: Information Disclosure Statement (IDS) Filed s e e o gL ges R ]

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a cellection of information unless it contains a valid OMB control number.

Application Number 15947830
Filing Date P018-04-08
INFORMATION DISCLOSURE First Named Inventor ‘ Herbert H. HUM
STATEMENT BY APPLICANT -~ BE:
( Not for submission under 37 CFR 1.99)
Examiner Name | BANSAL, GURTEY
Attorney Docket Number ‘ P49345-C2

U.S.PATENTS | Remove |
Examiner| Cite Kind Name of Patentee or Applicant Pages,Columns, Lines where
iy Patent Number Issue Date ; Relevant Passages or Relevant
Initial No Code? of cited Document .
Figures Appear
1
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS | Remove |
Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages,Columns, Lines where
s Cite No ; Relevant Passages or Relevant
Initial Number Code’| Date of cited Document -
Figures Appear
1

If you wish to add additional U.S. Published Application citation information please click the Add button.l Add |

FOREIGN PATENT DOCUMENTS |Remove|

Name of Patentee or Pages,Columns, Lines
Examiner| Cite | Foreign Document | Country Kind | Publication Avblicant of cited where Relevant TS
Initial* No | Number? Code?j Code?| Date Dpp Passages or Relevant
ocument :
Figures Appear
1
If you wish to add additional Foreign Patent Document citation information please click the Add button | Add |
NON-PATENT LITERATURE DOCUMENTS |Remove|
; .. | Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
Examiner| Cite Voo : ; '
o (book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s}, TS
Initials No ; ; 2
publisher, city and/or country where published.

EFS Web 2.1.18
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number

15947830

Filing Date 2018-04-08
First Named Inventor ‘ Herbert H. HUM
Art Unit | 2139
Examiner Name | BANSAL, GURTE
Attorney Docket Number ‘ P49345-C2

1 Notice of Allowance, US App. No.

15/947,829 (Atty. Docket No. P49345-C1), March 05, 2020, 5 pages.

2 Notice of Allowance, US App. No. 15/947,831 (Atty. Docket No. P49345C3), March 18, 2020, 5 pages.

If you wish to add additional non-patent literature document citation information please click the Add butlaon| Add |

EXAMINER SIGNATURE

Examiner Signature

Date Considered ‘

*EXAMINER: Initial if reference considered, whether or net citation is in cenformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www. USPTO.GOV or MPEP 901.04. 2 Enter office thal issued the document, by the two-letter code (WIPO
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent documeni.
1 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here if|

English language translation is attached.

EFS Web 2.1.18
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Application Number 15947830

Filing Date 2018-04-08

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor l Herbert H. HUM
Art Unit | 2139
Examiner Name ‘ BANSAL, GURTEJ

Attorney Docket Number | P49345-C2

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

X See attached certification statement.
The fee set forth in 37 CFR 1.17 {(p) has been submitted herewith.

A certification statement is not submitted herewith.

SIGNATURE

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature Brent E. Vecchia/ Date (YYYY-MM-DD) 2020-05-20
Name/Print Brent E. Vecchia Registration Number ’48011

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.

EFS Web 2.1.18
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Privacy Act Statement

The Privacy Act of 1874 (P.L. 83-578) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1874, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Attorney Docket No: P49345-C2 Patent

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re Application: Examiner: Gurtej BANSAL
First Named Inventor: Art Unit: 2139
Herbert H. HUM Confirmation No: 5561

Application No. 15/947.830
Filed: 04/08/2018
For:  PROCESSORS HAVING VIRTUALLY

CLUSTERED CORES AND CACHE
SLICES

EFS Filing

Commissioner for Patents
P.O. Box 1450

Alexandria. VA 22313-1450

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT PER 37 C.ER. § 1.97(1)

Sir or Madam:

Pursuant to 37 C.F.R. § 1.97(i), this Information Disclosure Statement is being submitted
to be placed in the file. Applicant understands this Information Disclosure Statement will not be
considered by the Office.

Enclosed is a copy of Information Disclosure Citation Form PTO-1449 or PTO/SB/08
together with copies of the documents cited on that form, except for copies not required to be

submitted (c.g.. copies of U.S. patents and U.S. published patent applications need not be

enclosed).
Inventor(s): Herbert H. HUM et al. Examiner: Gurtej BANSAL
Application No.: 15/947,830 -1/2- Art Unit: 2139
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Pursuant to 37 C.F.R. § 1.97(h), the submission of this Information Disclosure Statement
is not to be construed as a representation that a search has been made and is not to be construed
as an admission that the information cited in this statement is material to patentability.

If there are any additional charges, you are hereby authorized to charge Deposit Account

No. 50-6674.

Respectfully submitted,

NICHOLSON DE VOS WEBSTER & ELLIOTT, LLP

Date: 5/20/2020 /Brent E. Vecchia/
Brent E. Vecchia
Reg. No. 48,011

Inventor(s): Herbert H. HUM et al. Examiner: Gurtej BANSAL
Application No.: 15/947,830 -2/2- Art Unit: 2139
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Electronic Acknowledgement Receipt

EFS ID: 39495935
Application Number: 15947830
International Application Number:
Confirmation Number: 5561

Title of Invention:

PROCESSORS HAVING VIRTUALLY CLUSTERED CORES AND CACHE SLICES

First Named Inventor/Applicant Name:

Herbert H. HUM

Customer Number:

124662

Filer:

Brent E. Vecchia/Richard Pagaduan

Filer Authorized By:

Brent E. Vecchia

Attorney Docket Number: P49345-C2
Receipt Date: 20-MAY-2020
Filing Date: 08-APR-2018
Time Stamp: 16:08:55

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Size( B)ttes)l Multl' 'Pages
Number Message Digest | Part/.zip| (ifappl.)
1043586
1 Information Disclosure Statement (IDS) IDS_15947830_1.pdf o 4
Form (SB08)
ee36c202b754h9e777b4d 3af2dabe50d 23 3]
2a3fs
Warnings:
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Information:

20300

2 Transmittal Letter Transmittal_15947830.pdf no 2

2492afd5c22805309ec80691 08926978194

Warnings:

Information:

358976

3 Non Patent Literature 1_46120_408266.pdf no 5

d7¢c7ecc06f1591168b8ce371618376d88d|
abc7b

Warnings:

Information:

359110

4 Non Patent Literature 2_46811_421552.pdf no 5

6bd4cb76db4b9f13d4ff1 cOafcdfb574c9eb
47¢ca

Warnings:

Information:

Total Files Size (in bytes):| 1781972

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR

1.53(b})-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Qffice
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alesandria, Virginia 223131430

WINW, LSO, ROV

| APPLICATION NO. | FILING DATE ] FIRST NAMED INVENTOR IATTORNEV DOCKET NO.| CONFIRMATION NO. I
15/947 830 04/08/2018 Herbert H. HUM P49345-C2 5561
7590 05/25/2020 | EXAMINER |
Vecchia/NDWE/Intel BANSAL, GURTEJ
99 Almaden Boulevard, Suite 710
San Jose, CA 95113 | arTUNIT | PapernumeER |

2139

| NOTIFICATION DATE l DELIVERY MODE I
05/26/2020 ELECTRONIC

NOTICE OF NON-COMPLIANT INFORMATION DISCLOSURE STATEMENT

An Information Disclosure Statement (IDS) filed _05/20/2020 in the above-identified application fails to
meet the requirements of 37 CFR 1.97(d) for the reason(s) specified below. Accordingly, the IDS will be
placed in the file, but the information referred to therein has not been considered.

The IDS is not compliant with 37 CFR 1.97(d) because:
@ The IDS lacks a statement as specified in 37 CFR 1.97(e).
O The IDS lacks the fee set forth in 37 CFR 1.17(p).

O The IDS was filed after the issue fee was paid. Applicant may wish to consider filing a petition to
withdraw the application from issue under 37 CFR 1.313(c) to have the IDS considered. See
MPEP 1308.

/BC/

571-272-4200 or 1-888-786-0101
Application Assistance Unit
Office of Data Management
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FORM FTOM327-B (Rev. 02/08)
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0. Box 1450

Alexandria, Virginia 22313-1450

www. nspto. gov

| APPLICATION NO ISSUE DATE PATENT NO ATTORNEY DOCKET NO. CONFIRMATION NO
15/947,830 07/07/2020 10705960 P49345-C2 5561
124662 7590 D6T/2020
Vecchia/NDWE/Intel

99 Almaden Boulevard, Suite 710
San Jose, CA 95113

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 0 day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments
should be directed to the Application Assistance Unit (AAU) of the Office of Data Management (ODM) at
(571)-272-4200.

APPLICANTY(s) (Please sce PAIR WEB site http:/pair.uspto.gov for additional applicants):

Herbert H. HUM, Portland, OR:

Intel Corporation, Santa Clara, CA;
Brinda GANESH, Hillsboro, OR;

James R. VASH, Littleton, MA;

Ganesh KUMAR, Fort Colling, CO;
Leena K. PUTHIYEDATH, Portland, OR:
Scott J. ERLANGER, Boston, MA;

Eric J. DEHAEMER, Shrewsbury, MA;
Adrian C. MOGA, Portland, OR;
Michelle M. SEBOT, Portland, OR;
Richard L. CARLSON, Fort Collins, CO;
David BUBIEN, Fort Collins, CO;

Eric DELANO, Fort Collins, CO;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.
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