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FIELD OF THE INVENTION

[0001] Aspects of the present invention relate generally to the field of memory storage and

more specifically to improving access to non-volatile memory.

BACKGROUND

[0002] In many processors, main memory is often much smaller than the amount of data
stored on an associated disk. Therefore, there are severa regular transaction types that are
achieved via access to the disk, such as initialization routines, searching index tables,
swapping page tables, error recovery, page replacement, and retrieving datain response to a
cache miss. Avoiding these disk accesses, can reduce the power and improve performance
of the memory processes in the CPU.

[0003] For example a disk data access must go through a complex path having along latency
when a memory miss occurs. Then when critical data is corrupted in the main memory and
needs to be recovered, it is typically recovered from disk. Erroneous data recovered from
disk to main memory has to go through a complex path that may include amemory channel,
interconnect, PCle buffer, PCH bus, and disk interface wherein any error in this path can
shut down the recovery process. Furthermore, if the data to transmit the recovery request to

the disk itself is corrupted, recovery may not be possible.

[0004] Main memory is typicaly implemented as standard double data rate (DDR) dua in-
line memory modules (DIMMs) or could also be eDRAM or MCDRAM or other
conventional DRAM solution. Therefore, in low power situations, or to initialize instant
resume from a sleep state, an NVM is desirable to conserve energy otherwise consumed by
the volatile memory of DDR DIMMs and to resume from the sleep state without the high
latency of accessing the disk. This kind of fast power state transition is essential for the
system total power efficiency. This architecture can be extremely useful for future computer
system across all segments. However, a large-capacity secondary level of memory has not
traditionally been feasible in light of the latency associated with the use of NVM-based

memory units.

[0005] The cost and latency of non-volatile memory (NVM) was traditionally a deterrent in
implementing a large-capacity NVM as a part of a storage system in a computer system.

However, improved performance and cost of NVMs, including for example PCM and PCM S
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type solutions, makes implementing an NVM as part of a memory hierarchy feasible.
Accordingly, there is a need in the art for an efficient implementation of large-capacity
NVM technologies in a CPU.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Embodiments are illustrated by way of example and not limitation in the Figures of

the accompanying drawings:
[0007] Figure lisablock diagram of a system according to an embodiment;

[0008] Figure 2 isasimplified block diagram that illustrates an exemplary system according

to an embodiment;

[0009] Figure 3 isaflow diagram illustrating an exemplary method for managing a memory

transaction according to an embodiment;

[0010] Figure 4 illustrates an exemplary method for reading data from memory according to

an embodiment;

[0011] Figure 5 is a smplified block diagram of a multicore processor with a memory

controller implemented according to an embodiment;

DETAILED DESCRIPTION

[0012] The following description describes systems and methods to implement a multi-level
memory system having afirst level volatile memory and a second level non-volatile memory
(NVM). A home agent may control memory access to both a volatile main memory and a
non-volatile second level memory. The second level memory may be inclusive of the main
memory.

[0013] Embodiments of the home agent may be configured to manage and directly access the
second level memory. The home agent manages memory access for different types of
memory modules having different access latencies. Considering the different latencies, the
home agent may determine which level memory to access for a given transaction or
command. By accessing multiple memory types from a single home agent, home agent
based local transactions may transfer data between memory modules via the home agent and

may have low latency and no impact on interconnect traffic. Thus the transfer time for data
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to the first level memory is significantly faster than traditional memory to disk processes and

the overall power of system components is reduced.

[0014] In an embodiment, the home agent may be configured to manage the memory system
in alow power mode. In alow power mode, the volatile memory may be shut down and the
non-volatile memory utilized as the only local memory. In alow power mode, the home
agent may conserve battery power by shutting down the volatile memory and relying on
NVM. Operating in a low power mode by accessing only the NVM allows for an instant

resume from the local memory NVM.

[0015] In an embodiment, the home agent may be configured to manage error recovery for
the first level memory by recovering the data saved locally from the second level memory.
Additionally, an error recovery policy may be implemented that provides check-pointing the
first level memory. Then data stored in the first level memory may be copied to the second
level memory. For example a complete copy of the cache may be stored in the second level
memory and regular or periodic updates of the state of the first level memory, including the

most recent changes to the cache, may be stored in the second level memory.

[0016] According to an embodiment, a non-transitory machine-readable medium may store
data that, when performed by a machine, causes the machine to fabricate a least one
integrated circuit to perform a method to selectively apply commit and rollback operations.
The method may include monitoring a change state for a plurality of entries in a primary
storage element and upon receipt of an instruction comprising a request to access a backup
storage element, checking the change state for each entry in the primary storage element for
which the request applies. If the change state indicates the entry has been changed, the

received instruction may be executed for that entry.

[0017] Embodiments may be implemented in a cloud computing or related system. Asthe
computer system or cloud continues to increase in size, embodiments of the disclosed
invention proposed may enable a new computing model for such large systems. In an
exemplary system, the data contents may be distributed to main memory and an NVM 2nd
level memory to avoid long and slow disk accesses. In this way, the data access utilization

can be improved 100 to 1000 times by eliminating long data access waiting time.

[0018] In the following description, numerous specific details such as processing logic,

processor types, micro-architectural conditions, events, enablement mechanisms, and the like
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are set forth in order to provide a more thorough understanding of embodiments of the
present invention. It will be appreciated, however, by one skilled in the art that the invention
may be practiced without such specific details. Additionally, some well-known structures,
circuits, and the like have not been shown in detail to avoid unnecessarily obscuring

embodiments of the present invention.

[0019] Although the following embodiments are described with reference to a processor,
other embodiments are applicable to other types of integrated circuits and logic devices.
Similar technigues and teachings of embodiments of the present invention can be applied to
other types of circuits or semiconductor devices that can benefit from reduced memory
operations and improved performance. The teachings of embodiments of the present
invention are applicable to any processor or machine that performs memory storage
manipulations with a shadow element. The following description provides examples, and
the accompanying drawings show various examples for the purposes of illustration.
However, these examples should not be construed in a limiting sense as they are merely
intended to provide examples of embodiments of the present invention rather than to provide

an exhaustive list of al possible implementations of embodiments of the present invention.

[0020] Embodiments of the present invention are not limited to any specific combination of
hardware circuitry and software. Although the below examples describe multi-level memory
storage systems, other embodiments of the present invention can be accomplished by way of
a data or instructions stored on a machine-readable, tangible medium, which when
performed by amachine cause the machine to perform functions consistent with at least one
embodiment of the invention. In one embodiment, functions associated with embodiments
of the present invention are embodied in machine-executable instructions. The instructions
can be used to cause a general-purpose or special-purpose processor that is programmed with
the instructions to perform the steps of the present invention. Embodiments of the present
invention may be provided as a computer program product or software, which may include a
machine or computer-readable medium having stored thereon instructions which may be
used to program a computer (or other electronic devices) to perform one or more operations
according to embodiments of the present invention. Alternatively, steps of embodiments of
the present invention might be performed by specific hardware components that contain
fixed-function logic for performing the steps, or by any combination of programmed

computer components and fixed-function hardware components.
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[0021] Instructions used to program logic to perform embodiments of the invention can be
stored within a memory in the system, such as DRAM, cache, flash memory, or other
storage. Furthermore, the instructions can be distributed via a network or by way of other
computer readable media. Thus a machine-readable medium may include any mechanism
for storing or transmitting information in a form readable by a machine (e.g., a computer),
but isnot limited to, floppy diskettes, optical disks, Compact Disc, Read-Only Memory (CD-
ROMSs), and magneto-optical disks, Read-Only Memory (ROMs), Random Access Memory
(RAM), Erasable Programmable Read-Only Memory (EPROM), Electrically Erasable
Programmable Read-Only Memory (EEPROM), magnetic or optical cards, flash memory, a
large or cloud computing system scale out storage, or atangible, machine-readable storage
used in the transmission of information over the Internet via electrical, optical, acoustical or
other forms of propagated signals (e.g., carrier waves, infrared signals, digital signals, etc.).
Accordingly, the computer-readable medium includes any type of tangible machine-readable
medium suitable for storing or transmitting electronic instructions or information in a form

readable by amachine (e.g., a compulter).

[0022] A design may go through various stages, from creation to simulation to fabrication.
Data representing a design may represent the design in a number of manners. First, asis
useful in simulations, the hardware may be represented using a hardware description
language or another functional description language. Additionally, a circuit level model
with logic and/or transistor gates may be produced a some stages of the design process.
Furthermore, most designs, a some stage, reach a level of data representing the physical
placement of various devices in the hardware model. In the case where conventional
semiconductor fabrication techniques are used, the data representing the hardware model
may be the data specifying the presence or absence of various features on different mask
layers for masks used to produce the integrated circuit. In any representation of the design,
the data may be stored in any form of a machine readable medium. A memory or amagnetic
or optical storage such as a disc may be the machine readable medium to store information
transmitted via optical or electrical wave modulated or otherwise generated to transmit such
information. When an electrical carrier wave indicating or carrying the code or design is
transmitted, to the extent that copying, buffering, or re-transmission of the electrical signal is
performed, anew copy ismade. Thus, acommunication provider or anetwork provider may

store on a tangible, machine-readable medium, at least temporarily, an article, such as
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information encoded into a carrier wave, embodying techniques of embodiments of the

present invention.

[0023] In modern processors, a number of different execution units are used to process and
execute avariety of code and instructions. Not al instructions are created equal as some are
quicker to complete while others can take a number of clock cycles to complete. The faster
the throughput of instructions, the better the overall performance of the processor. Thus it
would be advantageous to have as many instructions execute as fast as possible. However,
there are certain instructions that have greater complexity and require more in terms of
execution time and processor memory and storage resource, for example, load/store
operations or data moves. Therefore, improving the execution time of cycle heavy

operations, commit and rollback for example, could improve timing and throughpuit.

[0024] In one embodiment, an instruction set architecture (ISA) may be implemented by one
or more micro-architectures, which includes processor logic and circuits used to implement
one or more instruction sets. Accordingly, processors with different micro-architectures can
share a least a portion of a common instruction set. For example, the same register
architecture of the ISA may be implemented in different ways in different micro-
architectures using new or well-known techniques, including dedicated physical registers,
one or more dynamically allocated physical registers using a register renaming mechanism
(e.g., the use of a Register Alias Table (RAT)), a Reorder Buffer (ROB) and a retirement
register file. In one embodiment, registers may include one or more registers, register
architectures, register files, or other register sets that may or may not be addressable by a

software programmer.

[0025] Figure 1 is a block diagram of an exemplary computer system formed with a
processor 102 or core that includes amemory 120 and memory controller 116 in accordance

with one embodiment of the present invention.

[0026] Embodiments are not limited to computer systems. Alternative embodiments of the
present invention can be used in large computing systems, including for example cloud
computing systems, as well as other devices such as handheld devices and embedded
applications. Some examples of handheld devices include cellular phones, Internet Protocol
devices, digital cameras, personal digital assistants (PDAS), and handheld PCs. Embedded
applications can include a micro controller, a digital signal processor (DSP), system on a
chip, network computers (NetPC), set-top boxes, network hubs, wide area network (WAN)

-7-
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switches, or any other system that implements a non-volatile memory managed in
accordance with at least one embodiment. It will bereadily appreciated by one of skill in the
art that the embodiments described herein can be used with aternative processing systems

without departure from the scope of embodiments of the invention.

Figure 1lis ablock diagram of a computer system 100 formed with a processor 102
that includes a memory 120 managed in accordance with an embodiment of the present
invention. One embodiment may be described in the context of a single processor desktop
or server system, but aternative embodiments can be included in a multiprocessor system.
The computer system 100 includes a processor 102 to process data signals. The processor
102 can be a complex instruction set computer (CISC) microprocessor, areduced instruction
set computing (RISC) microprocessor, avery long instruction word (VLIW) microprocessor,
a processor implementing a combination of instruction sets, or any other processor device,
such as a digital signal processor, for example. The processor 102 is coupled to a processor
bus 110 that can transmit data signals between the processor 102 and other components in
the system 100. The elements of system 100 perform their conventional functions that are

well known to those familiar with the art.

In one embodiment, the processor 102 includes alLevel 1(LI) internal cache memory
104. Depending on the architecture, the processor 102 can have a single internal cache or
multiple levels of internal cache. Alternatively, in another embodiment, the cache memory
can reside external to the processor 102. Other embodiments can also include a combination
of both internal and external caches depending on the particular implementation and needs.
Register file 106 can store different types of data in various registers including integer

registers, floating point registers, status registers, and instruction pointer register.

Execution unit 108, including logic to perform integer and floating point operations,
also resides in the processor 102. The processor 102 aso includes a microcode (ucode)
ROM that stores microcode for certain macroinstructions. Alternate embodiments of an
execution unit 108 can also be used in micro controllers, embedded processors, graphics

devices, DSPs, and other types of logic circulits.

System 100 includes amemory 120. Memory 120 can store instructions and/or data
represented by data signals that can be executed by the processor 102. Memory can be a
non-volatile memory, for example PCM and PCMS type non-volatile memory. Memory 120

can also be a combination of non-volatile and volatile memory, including for example a

-8-
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dynamic random access memory (DRAM) device, a static random access memory (SRAM)
device, flash memory device, or other memory device. Memory 120 may include separate

instruction and data cache units and a shared L2 cache unit.

[0031] A system logic chip 116 is coupled to the processor bus 110 and memory 120. The
system logic chip 116 in the illustrated embodiment is a memory controller hub (MCH).
The processor 102 can communicate to the MCH 116 via a processor bus 110. The MCH
116 may direct data signals between the processor 102, memory 120, and other components
in the system 100 and bridge the data signals between processor bus 110, memory 120, and
system 1/0O 122. The MCH 116 is coupled to memory 120 through amemory interface 118.
The MCH 116 may include or be coupled to a home agent configured to manage coherence
for the attached memory 120, resolve conflicts, manage memory requests, manage channel
arrangement, schedule memory transactions, and manage power settings for the connected

units.

[0032] For another embodiment of a system, a non-volatile memory managed in accordance
with one embodiment can be used with a system on a chip. The NVM can be located on the

same die asthe processor and other system components, including amemory controller.

[0033] Figure 2 is a smplified block diagram that illustrates an exemplary system 200
implementing a non-volatile memory in accordance with an embodiment. As shown in
Figure 2, a socket 215 may be fitted with a system on a chip or CPU 210 that includes one or
more cores 205 as well as off core elements. The off core elements may include a home
agent (HA) 215 coupled to one or more DDR DIMMs 235A-N representing main memory
for the CPU 210 and at least one NVM DIMM 230 representing a second level memory for
the CPU. The home agent 220 may be coupled to each of the memory units via an interface
225A-N which may include temporary data and command buffers. The HA 215 may
additionally interface to an internal interconnect, such as either ring or mesh (not shown). In
an embodiment, the HA 215 may be connected to an NVM-based DIMM via the same
transmission DDR fabric. Then the HA 215 may implement a scheduling mechanism to
trigger cycle stealing to write to the NVM DIMM.

[0034] The HA 215 may include logic for address range detection, transaction package
decoding, conflict resolution, scheduling, control flow management, error handling, retry

and recovery functions, and transmitting requested data, completion, and snoop packets to
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the requester. The HA 215 may work with memory controllers to address different memory
modules 230, 235A-N. New address rules may be defined for managing a high-capacity
second level memory. The memory modules 230, 235A-N may be built with different

memory technologies, each having different latency characteristics.

[0035] The system 200 may map the memory addresses to define address ranges for the main
memory 235 and second level memory 230. The second level memory 230 and main
memory 235 may be inclusive, such that data in the main memory 235 can be evicted to
second level memory 230 whereas some data in the second level memory 230 may not be in
the main memory 235. Data may be directly stored in the second level memory 230 and can
be directly read from the second level memory 230 without passing through the main
memory 235. The HA 215 may have one or more buffers or other temporary storage to
facilitate the transmission of requests, commands and data to or from the memory modules
230, 235, and to or from arequester.

[0036] The HA 215 may be implemented with tag address decoding logic to detect the
address range in which a memory transaction belongs. The HA 215 may then evaluate the
transaction type and priority based in part on the assigned address range. The HA 215 may
implement a scheduler algorithm that arranges and dispatches a direct second level memory
230 request that goes directly to the second level memory 230. As second level memory 230
may have greater access latency than the main memory 235, the architecture may be
optimized to tolerate longer access latency for second level memory access requests.

[0037] The HA 215 may be responsible for scheduling return of data and completion
messages to the requester and may guarantee that messages and data are correctly and
successfully delivery to the destination. Therefore, the HA 215 may be implemented with
additional error handling logic to detect and manage second level memory errors and

transmission errors, categorize of error classes, report errorsto system software and OS.

[0038] The HA 215 may include logic to manage error recovery by implementing a policy
for check-pointing the main memory 235 by storing data from the cache in the second level
memory 230. For example a complete copy of the cache may be stored in the second level
memory 230. Then regular or periodic updates of the state of the main memory, including

the most recent cache changes may be stored in the second level memory 235.

[0039] The HA 215 may additionally include logic to manage a low power state by
performing a main memory 235 dump and shutting down the main memory 235. Then the

-10-
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lower power second level memory 230 may be the primary memory for low power
operations. For example, when the computer system is operating in battery mode, or has a
low battery, and to facilitate a quicker startup when the system enters sleep mode, the second
level memory 230 may bethe primary memory.

[0040] Figure 3 is a flow diagram illustrating an exemplary method 300 for managing a
memory transaction with a home agent according to an embodiment. As shown in Figure 3,
when the home agent or controller receives amemory access transaction, the controller may
detect a property of the transaction, including for example, the address range and transaction
type (block 305). If the transaction is coherent (block 310), the controller initially resolves
the conflict (block 315). If the transaction is not coherent, the controller decodes additional

properties of the transaction, including the priority of the transaction (block 320).

[0041] The controller may then decide the destination of the transaction (block 325). If the
transaction is to go to the main memory, a command and corresponding data for the
transaction may be dispatched to the main memory (block 330). If the second level memory
is inclusive, the data will be additionaly written to the second level memory and is
dispatched to an NVM interface for transmission to an NVM memory (block 335).
However, if the transaction is second level specific, then the command may go to second
level or NVM memory only and the command and corresponding data may then be directly
dispatched to the NVM interface for transmission to the NVM memory (block 340).

[0042] If the second level memory is not inclusive, the controller may determine whether the
transaction is one that requires quick resolution, for which the lower latency main memory
may be appropriate (block 345). Then the command and corresponding data for the
transaction may be dispatched to the main memory (block 330). Otherwise, to improve
capacity of the memory subsystem, the controller may determine that the second level
memory is appropriate (block 345). Then the command and corresponding data may then be
directly dispatched to the NVM interface for transmission to the NVM memory (block 340).

[0043] The controller may have other reasons to determine whether to transmit the command
and corresponding data to the second level memory or main memory. For example, the
controller may determine that requested data objects are too large to be effectively stored on
the main memory, but that the second level memory has the capacity to manage the
requested data. Additionally, only aportion of the second level memory may be inclusive of

-11 -
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the main memory, for example for a specific application, and the remaining portion of the

second level memory may exclusively store data.

[0044] Figure 4 illustrates an exemplary method for reading data from memory according to
an embodiment. As shown in Figure 4, upon receipt of arequest for data, a home agent may
lookup the data in the main memory (block 405). If the dataisin the main memory, the data
may be retrieved and returned to the home agent (block 415). Upon a main memory miss
(block 410), if a second level memory is implemented, the home agent may perform a
lookup of the data in the second level memory (block 420). If the dataisin the second level
memory, the data may be retrieved and returned to the home agent (block 425). In some
embodiments, the process of retrieving data from a second level memory implemented with

an NVM as described herein may take approximately 100ns.

[0045] If no second level memory is implemented, or if the data is not in the second level
memory, the data may then be read from a disk, for example a hard disk drive (HDD) or
solid state drive (SSD) (block 430). The process of retrieving data from a disk may include
passing the request through a series of elements including aring, mesh, or other interconnect
(block 431), to a PCle buffer (block 432), to a PCH I/O hub (block 433), to a SATA
interface (block 434), to the disk to retrieve the data (block 435). The data may then be
returned through the same series of elements. In some embodiments, the process of

retrieving data from adisk may take approximately |Ous or more.

[0046] Therefore to take advantage of the decreased access time for accessing data in a
second level memory rather than a disk drive, the second level memory may be implemented
as an additional memory hierarchy with inclusion property to the main memory. Then pages
and modified cached lines that are evicted from the main memory may be stored in a second
level memory to meeting data coherency and consistency requirements. Then transactions
that require disk access may be avoided. For example, the page table may be stored in
second level memory at initialization or the primary and secondary search indexes may be
built in the second level memory at runtime. Additionaly, if critical datais corrupted in the
main memory and needs to be recovered, rather than bringing that critical data from disk to
main memory which may take a long time or may not be possible, the transaction of
restoring data to main memory from the second level memory may quickly and safely

recover the system with minimal system impact.

-12 -
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[0047] To meet data coherency and consistency requirements in the second level memory, a
replaced page may first be loaded into the main memory, which may have a lower latency
than the second level memory. Data may then be passed between the main memory and the
second level memory via the home agent. These home agent based local transactions may
have low latency and no impact on interconnect traffic. Therefore, second level memory can
either quickly exchange or replace the content in main memory as they are both controlled

from the same home agent.

[0048] However, any transactions marked as second level memory only may be directly
stored and read out from the second level memory to the processor. Content of the second
level memory may be written back to the disk upon a memory eviction event. The second
level memory may be implemented with a lazy eviction policy in which the second level
memory automatically writes back a selected page to disk when the total page occupancy of
the second level memory is over a given threshold. Other known methods of memory

management may be implemented for the main and second level memories.

[0049] Figure 5 is a smplified block diagram of a multicore processor 500 with a memory
controller implemented according to an embodiment. Figure 5 illustrates a processor 500
with multiple cores 502A-N, and a set of one or more integrated memory controller unit(s)
514 connected to a system agent unit 510. While in one embodiment a ring based
interconnect unit 512 interconnects the set of shared cache units 506 and the system agent
unit 510, any number of well-known techniques may be used for interconnecting such units.
In some embodiments, one or more of the cores 502A-N are capable of multi-threading. The
cores 502A-N may be homogenous or heterogeneous in terms of architecture and/or
instruction set. For example, some of the cores 502A-N may be in order while others are
out-of-order. As another example, two or more of the cores 502A-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 adifferent instruction set.

[0050] The memory hierarchy includes one or more levels of cache within the cores, a set or
one or more shared cache units 506, and external memory (not shown) coupled to the set of
memory controller units 514. The set of shared cache units 506 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. The shared cache units 506 may

-13-
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include & least one NVM DDIM as previously described. Then the memory controller unit
may include a home agent to manage access by each of the multiple cores 502A-N to the
NVM.

The system agent 510 includes those components coordinating and operating cores
502A-N. The system agent unit 510 may include for example a power control unit (PCU)
and adisplay unit. The PCU may be or include logic and components needed for regulating
the power state of the cores 502A-N. The PCU, for example may manage power by setting
the system to utilize a second level NVM memory in low power modes.

The processor may be a general-purpose processor or a special-purpose processor,
such as, for example, a network or communication processor, compression engine, graphics
processor, co-processor, embedded processor, or the likee The processor may be
implemented on one or more chips. The processor 500 may be a part of and/or may be
implemented on one or more substrates using any of anumber of process technologies, such
as, for example, BICMOS, CMOS, or NMOS.

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 a least one processor, a storage system (including
volatile and non-volatile memory and/or storage elements), a least one input device, and at
least one output device.

Program code 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. The program code may be implemented in a high
level procedural or object oriented programming language to communicate with aprocessing
system. The program code may aso 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.

One or more aspects of a 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
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logic to perform the techniques described herein. Such representations 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.

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-ROMSs), compact disk rewritable's (CD-RWSs), and
magneto-optical disks, semiconductor devices such asread-only memories (ROMs), random
access memories (RAMs) such as dynamic random access memories (DRAMS), static
random access memories (SRAMS), erasable progranmable read-only memories
(EPROMs), flash memories, electrically erasable programmable read-only memories
(EEPROMSs), magnetic or optical cards, or any other type of media suitable for storing

electronic instructions.

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.

Thus, techniques for performing NVM memory functions according to at least one
embodiment are disclosed. While certain exemplary embodiments have been described and
shown in the accompanying drawings, it is to be understood that such embodiments are
merely illustrative of and not restrictive on the broad invention, and that this invention not be
limited to the specific constructions and arrangements shown and described, since various
other modifications may occur to those ordinarily skilled in the art upon studying this
disclosure. In an area of technology such as this, where growth is fast and further
advancements are not easily foreseen, the disclosed embodiments may be readily modifiable
in arrangement and detail as facilitated by enabling technological advancements without
departing from the principles of the present disclosure or the scope of the accompanying

clams.
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CLAIMS

What isclamed is:

1. A method comprising:

receiving a acontroller atransaction request from aprocessor comprising a command
to access data stored in local memory;

determining if the dataisin amain memory or a second level memory; and

accessing the local memory in response to the command.

2. The method of claim 1, further comprising:

maintaining inclusivity in the second level memory for datain the main memory.

3. The method of claim 1, further comprising:

managing an error recovery policy for data in the main memory.

4. The method of claim 3, further comprising:

recovering data causing an error in the main memory from the second level memory.

5. The method of claim 3, further comprising:

periodically copying the state of the main memory to the second level memory.

6. The method of claim 1, further comprising:
managing the local memory in a low power mode by shutting down the main

memory.

7. The method of claim 6, further comprising:
accessing the second level memory for each command received while in low power

mode.
8. The method of claim 6, further comprising:

copying data evicted from the main memory to the second level memory in

accordance with a cache coherence policy.
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9. The method of claim 1, wherein the second level memory comprises a PCM DIMM.

10. The method of claim 1, wherein the main memory comprises aDDR DIMM.

11. A system comprising:

amain memory unit comprising volatile memory;

a second memory unit comprising non-volatile memory;

aprocessor having an execution unit configured to execute commands to access data
stored in either the main memory unit or the second memory unit; and

acontroller coupled to the processor, the main memory unit and the second memory
unit, the controller configured to receive transactions from the processor and to manage

access to the main memory and the second memory to execute the transaction.

12. The system of clam 11, wherein the second memory unit is inclusive of the main

memory unit.

13. The system of claim 11, the controller further comprising:
logic configured to manage error recovery for data in the main memory unit
comprising recovering the data from the second memory unit.

14. The system of claim 13, wherein the logic is configured to periodically copy the state

of the main memory unit to the second memory unit.

15. The system of claim 11, the controller further comprising:
logic configured to manage the system in alow power state comprising shutting down

the main memory unit.

16. The system of claim 15, wherein the logic is configured to process transactions
received from the processor with the second memory unit.

17. The system of claim 11, the controller further comprising:
logic configured to manage cache coherency for data in the main memory unit
comprising copying data evicted from the main memory unit to the second memory unit.
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18. The system of claim 11, the controller further comprising:
logic configured to manage a cache coherency policy for the combined main memory

unit and second memory unit.

19. The system of claim 11, wherein the second memory unit comprises aPCM DIMM.

20. The system of claim 11, wherein the main memory unit comprises aDDR DIMM.

21. The system of claim 11, further comprising:
a second processor coupled to a second main memory unit and to the second memory

unit.

22. A processor comprising:

afirst memory unit comprising volatile memory;

a second memory unit comprising non-volatile memory;

acore having an execution unit configured to execute commands to access data stored
in either the first memory unit or the second memory unit; and

ahome agent coupled to the processor, the first memory unit and the second memory
unit, the home agent configured to receive transactions from the core and to manage access to

the first memory and the second memory to execute the transaction.

23. The processor of claim 22, wherein the second memory unit is inclusive of the first

memory unit.

24. The processor of claim 22, the home agent further comprising:
logic configured to manage error recovery for data in the first memory unit
comprising recovering the data from the second memory unit.

25. The processor of claim 22, the home agent further comprising:

logic configured to manage the processor in a low power state comprising shutting
down the first memory unit.
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26. The processor of claim 22, the home agent further comprising:
logic configured to manage cache coherency for data in the main memory unit
comprising copying data evicted from the main memory unit to the second memory unit.

27. A non-transitory machine-readable medium having stored thereon data, which if
performed by at least one machine, causes the a least one machine to fabricate at least one
integrated circuit to perform amethod comprising:

receiving a a home agent a transaction request from a processor core comprising a
command to access data stored in local memory;

determining if the dataisin afirst level memory or a second level memory; and

accessing the local memory in response to the command.

28. The machine-readable medium of claim 28, further comprising:

maintaining inclusivity in the second level memory for datain the first level memory.

29. The machine-readable medium of claim 28, further comprising:
recovering data causing an error in the first level memory from the second level

memory in accordance with an error recovery policy.

30. The machine-readable medium of claim 28, further comprising:
managing the local memory in alow power mode by shutting down the main memory
and accessing the second level memory for each command received while in low power

mode.
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