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A METHOD, APPARATUS, AND SYSTEM FOR ENERGY EFFICIENCY
AND ENERGY CONSERVATION INCLUDING AUTONOMOUS
HARDWARE-BASED DEEP POWER DOWN IN DEVICES

FIELD

This disclosure pertains to energy efficiency and energy conservation in

integrated circuits, and in particular but not exclusively, to reducing power

consumption of devices in acomputer processing system.

BACKGROUND

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

inclusion in the typical computer, automobiles, and televisions to biotechnology).

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention isillustrated by way of example and not limitation in
the figures of the accompanying drawings, in which like references indicate similar
elements and in which:

Figure 1lillustrates ablock diagram of a system with deep power down for
devices.

Figure 2A illustrates an embodiment of a method for performing deep power

down in adevice of aprocessing system.

PCT/US2012/066557
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Figure 2B illustrates an embodiment of amethod for waking a device from a
deep power down state of aprocessing system.

Figure 3A isablock 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 3B isablock 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 aprocessor according to
embodiments of the invention.

Figures 4A-B illustrate block diagrams of a more specific exemplary in-
order core architecture.

Figure5isablock diagram of aprocessor.

Figures 6-9 are block diagrams of exemplary computer architectures.

Figure 10 isablock diagram contrasting the use of a software instruction
converter to convert binary instructions in a source instruction set to binary

instructions in atarget instruction set according to embodiments of the invention.

DETAILED DESCRIPTION

In the following description, numerous specific details are set forth.
However, it isunderstood 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.

References in the specification to "one embodiment,” "an embodiment,” "an
example embodiment,” etc., indicate that the embodiment described may include a
particular feature, structure, or characteristic, but every embodiment may not
necessarily include the particular feature, structure, or characteristic. Moreover, such
phrases are not necessarily referring to the same embodiment. Further, when a
particular feature, structure, or characteristic is described in connection with an
embodiment, it is submitted that it is within the knowledge of one skilled in the art to
affect such feature, structure, or characteristic in connection with other embodiments

whether or not explicitly described.
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Although the following embodiments are described with reference to energy
conservation and energy efficiency in specific integrated circuits, such asin
computing platforms or microprocessors, other embodiments are applicable to other
types of integrated circuits and logic devices. Similar techniques and teachings of
embodiments described herein may be applied to other types of circuits or
semiconductor devices that may also benefit from better energy efficiency and energy
conservation. For example, the disclosed embodiments are not limited to desktop
computer systems, and may be also used in other devices, such as handheld devices,
systems on achip (SOC), and embedded applications. Some examples of handheld
devices include cellular phones, Internet protocol devices, digital cameras, personal
digital assistants (PDAS), and handheld PCs. Embedded applications typically
include amicrocontroller, adigital signal processor (DSP), a system on achip,
network computers (NetPC), set-top boxes, network hubs, wide area network (WAN)
switches, or any other system that can perform the functions and operations taught
below. Moreover, the apparatus, methods, and systems described herein are not
limited to physical computing devices, but may also relate to software optimizations
for energy conservation and efficiency. Aswill become readily apparent in the
description below, the embodiments of methods, apparatus, and systems described
herein (whether in reference to hardware, firmware, software, or acombination
thereof) are vital to a 'green technology' future, such asfor power conservation and
energy efficiency in products that encompass alarge portion of the US economy.

Below are embodiments for enabling autonomous deep power down in
devices in aprocessing system, which isbeneficial inreducing energy consumption of
the devices, aswell asreducing the overall energy consumption of the processing
system. Computing systems consume power when they are active, such as when they
are performing processing operations, displaying data, etc. In order to save power
when the computing system is not active, processing cores may enter a deep power
down state. The deep power down state enables the processing core's voltage to be
reduced, which in turn lowers the power consumption of the processing core. In
embodiments discussed herein, adevice, such as agraphics processing device,
display, peripheral component interconnect (PCl) controller, image signal processor,
audio accelerators, video accelerators, etc., isenabled to enter a deep power down

state without software intervention. In one embodiment, the device is monitored to

PCT/US2012/066557
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determine when the device goesidle. In one embodiment, when the device goes idle,
adedicated static random access memory (static RAM) stores context data (e.g., a
boot context, data within internal registers, etc.) for the device, a sustain rail for the
RAM provides anominal amount of power to enable the RAM to maintain storage of
the context data, and the device is set to a deep power down state. In one
embodiment, the deep power down state is a C6 power state. In one embodiment, the
storage of context data and entry into a deep power down state enables the device's
internal voltage to be lowered to any value, including zero which would completely
turn off the device. Thus, power consumption by the device may be minimized, and
even diminated, by placing the device in adeep power down state.

In one embodiment, the device is further monitored to determine when the
device isto wake from the deep power down state. In one embodiment, when the
device wakes from the deep power down, and is powered back on, the context data is
loaded from the dedicated static RAM into the device. In one embodiment, the
context data isloaded into the device so that the device has the same configuration as
when the device entered into the deep power down state, and the device's entry into
and exit from the deep power down state is transparent to the processing system and
software applications executed by the processing system. Furthermore, aswill be
discussed in greater detail below, when adevice isdetermined to beidle and is placed
in adeep power down state, as well as when the device is determined to be awoken to
exit the deep power down state, may be determined by different heuristics.

Figure lillustrates ablock diagram of a system 100 with deep power down
for devices. In one embodiment, the system 100 is part of alarger computer
processing system such as those illustrated in Figures 6-9 below. In one embodiment,
system 100 includes a sustain power well 110, apower control unit 102, and a device
130.

Asdiscussed above, the device 130 may be a graphics processing device,
display, PCI controller, etc. In one embodiment, the operation of device 130 is
controlled by adevice driver 140. In one embodiment, the device driver 140 is
software, hardware, or acombination that enables device 130 to interact with a
processing system. In one embodiment, power control unit 102 includes deep power
down logic 104, such as ahardware-based finite state machine, to monitor the status

of device 130. In one embodiment, deep power down logic 104 is an always-awake
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logic that monitors the state of the device 130, by monitoring commands received
from the device driver 140, operations performed on registers 132, 134, power control
operations, transactions between device 130 and other devices (not shown) or a CPU
core (not shown) of system 100, etc. In one embodiment, deep power down logic
104 determines based on the monitored state of the device 130 whether the device is
idle (i.e., is not receiving commands, has not received aregister read or write
command in agiven time, etc.), and that the device 130 should enter a deep power
down state.

In one embodiment, power control unit 102 initiates the process of placing
device 130 in adeep power down state. In one embodiment, power control unit 102
stores context data maintained by device 130 in registers 132, 134, aswell as other
context data, in static RAM 112. In one embodiment, static RAM 112 is adedicated
RAM. Inone embodiment, the context data provides a snapshot of the state that the
device 130 was in before device 130 entered a deep power down state. In one
embodiment, static RAM 112 is coupled with a sustain power well 110 which
provides sufficient power to static RAM 112 to retain the integrity of the context data.
However, the power provided by the sustain power well 110 to static RAM 112 isless
than the power that would be need to operate aprocessor and maintain the device 130
in anidle state. 1n one embodiment, the device 130 isplaced in the deep power down
state to save energy utilized by system 100 by conserving the energy that device 130
would have consumed should the device 130 have remained in an idle state, and not a
deep power down state. In one embodiment, each device, such as device 130, has its
own static RAM and sustain rail for entering and exiting a deep power down state.

In one embodiment, deep power down logic 104 of power control unit 102
continues to monitor device 130 to determine when the device 130 isto enter awake
state (i.e., leave the deep power down state, and power up for regular operation). In
one embodiment, deep power down logic 104 monitors registers 132, 133, device
driver 140, etc. to determine when one or more services of device 130 are requested.
In one embodiment, in response to deep power down logic 104 determining that
device 130 should enter awake state, power control unit 102 loads the context data
from static RAM 112 into device 130. In one embodiment, the context data returns

device 130 to the state the device 130 was in before it entered the deep power down



10

15

20

25

30

WO 2013/095869 PCT/US2012/066557

state, such as by restoring the values in registers 132, 134, setting device
configurations, etc. Device 130 may then perform tasks in the wake state.

In one embodiment, as discussed herein, device 130 isenabled to enter and
exit a deep power down state transparently to other devices or software in a
processing system, such asthose illustrated in Figures 6-9. Thus, athough the system
in which device 130 islocated isnot in an idle or deep power down state, device 130
may enter adeep power down state when the device 130 isidle, thereby saving energy
usage by the device 130. Furthermore, power control unit 102 may further transition
device 130 into and out of adeep power down state based on several heuristics.

In one embodiment, device 130 will enter a deep power down state when a
central processing unit (CPU) core (nhot shown) of system 100 enters an idle mode. In
one embodiment, because the device 130 will eventualy follow the CPU core into
idle, power control unit 102 sends device 130 to a deep power down state in lockstep
with the CPU core. In another embodiment, when the device 130isidle, but a CPU
core is not idle, power control unit 102 may still send device 130 to a deep power
down state based on the idle nature of the device 130. By not locking the device 130
into the same power status of a CPU core, power control unit 102 is enabled to take
advantage of periods of device 130 idleness that may be substantially greater than
those of the CPU core, thus leading to wakeup rate frequencies that are substantially
lower than those for a CPU core or operating system. Furthermore, energy usage by
the device 130 may be reduced by enabling entry into adeep power down state
independent of a CPU core.

Similarly, power control unit 102 may cause device 130 to enter awake state
in accordance with a CPU core, or independently of the CPU core. In one
embodiment, when the CPU core goes idle, device 130 will also eventualy go idle,
and will not become active again until the CPU core becomes busy again. Thus, in
one embodiment, when a CPU core exits adeep power down state, device 130 again
follows the CPU core in lockstep and also exits a deep power down state. By
enabling some of the device's 130 wake time to be in parallel with the CPU core wake
time, impact on the CPU's power consumption and performance may be reduced. In
another embodiment, the device 130 may remain in a deep power down state even
when a CPU core enters awake state. By providing device 130 with an independent

wake period, power may be conserved for extended periods of device 130 idle time.
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In one embodiment, deep power down logic 104 of power control unit 102
may decide which heuristic (i.e., following the deep power down state of a CPU core,
or transitioning to/from a deep power down state independent of a CPU core) power
control unit 102 applies to device 130. In one embodiment, deep power down logic
104 may decide on-the-fly based on one or more metrics for a status of device 130,
status of components of system 100, a pattern or timing of commands received by
device 130, apattern or timing of read/write operations at registers 132, 134, apattern
or timing of transactions with another device or a CPU core, etc. In one embodiment,
deep power down logic 104 monitors the various metrics associated with device 104,
other devices, and aprocessing system over an interval of time to determine which
heuristic (i.e., following the deep power down state of a CPU core, or transitioning
to/from adeep power down state independent of a CPU core) can be employed to
obtain amaximal power/performance optimization point. In one embodiment, deep
power down logic 104 periodically monitors the various metrics to update which
heuristic iscurrently being employed by deep power down logic 104. For example,
deep power down logic 104 could determine that for agiven interval, device 130
should follow aprocessor's deep power down state changes, but for a different
interval determine that device 130 should independently enter and exit a deep power
down state.

Figure 2A illustrates an embodiment of a method 200 for initiating deep
power down in adevice of aprocessing system. In one embodiment, the method is
performed by aprocessing logic, such as ahardware-based finite state machine.

In one embodiment, an active device, such as agraphics controller, monitor,
PCI interface, etc. ismonitored (processing block 202). In one embodiment, the
device ismonitored at periodic intervals, or continuously. In one embodiment,
operations requested of the device, performed by the device, and transactions between
the device and other devices in aprocessing system are monitored. Furthermore,
internal device operations, such asregister read/write operations and power operations
of the device, are also monitored. |In one embodiment, the status of other devices in a
processing system, such as that status of CPU core(s), are also monitored.

In one embodiment, processing logic determines whether the device isidle
(processing block 204). In one embodiment, the device is determined to be idle based

on one or more heuristics. In one embodiment, the device is determined to be idle
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when a CPU core is also determined to bein an idle or deep power down state. In
another embodiment, the device is determined to be idle when the device has not
performed an operation for agiven amount of time (e.g., in 0.5 milliseconds, atime
interval based on apower/policy mode for the device, etc.).

In one embodiment, when processing logic determines that the device is not
idle (processing block 204), the process ends. However, when processing logic
determines that the device isidle, processing logic stores device context datain a
dedicated memory (processing block 206), and transfers the device to adeep power
down state (processing block 208). 1n one embodiment, the dedicated memory isa
static RAM memory. In one embodiment, the deep power down state is a Cé power
state.

Figure 2B illustrates an embodiment of amethod 250 for waking a device
from the deep power down state. In one embodiment, the method is performed by a
processing logic, such as a hardware-based finite state machine.

In one embodiment, adevice in the deep power down state, such as a
graphics controller, monitor, PCI interface, etc. is monitored (processing block 252).
Asdiscussed above, various aspects concerning the device may be monitored, as well
as aspects concerning other devices and computer processing system components.

In one embodiment, processing logic determines whether the device should
be awoken from the deep power down state (processing block 254). 1n one
embodiment, processing logic will cause the device to enter awake state according to
one or more heuristics, as discussed herein. 1n one embodiment, the device will enter
awake state when a CPU core transitions from an idle or deep power down state to a
wake state. 1n another embodiment, processing logic will cause the device to enter a
wake state when atransaction requests an action by the device. For example, when
another device or CPU requests the device to perform an operation, when aregister
read/write request isreceived by the device, etc.

When processing logic determines that the device should not leave the deep
power down state, the process ends. However, when processing logic determines that
the device should wake, processing logic initiates the powering on of the device to an
active state (processing block 256) and loads context datainto the device (processing

block 258). In one embodiment, the context data is data from device registers, as well
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as other data, that was maintained by the device before the device entered deep power

down.

Exemplary Core Architectures, Processors, and Computer Architectures

Processor cores may be implemented in different ways, for different
purposes, and in different processors. For instance, implementations of such cores
may include: 1) ageneral purpose in-order core intended for general-purpose
computing; 2) ahigh 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
specia 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 asintegrated graphics and/or scientific (throughput) logic, or as special
purpose cores); and 4) asystem on achip 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

Figure 3A isablock 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 3B is ablock 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 3A-B illustrate the in-order pipeline and in-order core, while the optional
9
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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.

In Figure 3A, aprocessor pipeline 300 includes afetch stage 302, alength
decode stage 304, a decode stage 306, an alocation stage 308, arenaming stage 310, a
scheduling (also known as adispatch or issue) stage 312, aregister read/memory read
stage 314, an execute stage 316, awrite back/memory write stage 318, an exception
handling stage 322, and acommit stage 324.

Figure 3B shows processor core 390 including afront end unit 330 coupled
to an execution engine unit 350, and both are coupled to amemory unit 370. The core
390 may be areduced instruction set computing (RISC) core, a complex instruction
set computing (CISC) core, avery long instruction word (VLIW) core, or ahybrid or
aternative core type. Asyet another option, the core 390 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.

The front end unit 330 includes abranch prediction unit 332 coupled to an
instruction cache unit 334, which is coupled to an instruction translation lookaside
buffer (TLB) 336, which is coupled to an instruction fetch unit 338, which is coupled
to adecode unit 340. The decode unit 340 (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 340 may be implemented using various different mechanisms. Examples
of suitable 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 390 includes a microcode ROM or other
medium that stores microcode for certain macroinstructions (e.g., in decode unit 340
or otherwise within the front end unit 330). The decode unit 340 is coupled to a
rename/allocator unit 352 in the execution engine unit 350.

The execution engine unit 350 includes the rename/allocator unit 352
coupled to aretirement unit 354 and a set of one or more scheduler unit(s) 356. The

scheduler unit(s) 356 represents any number of different schedulers, including
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reservations stations, central instruction window, etc. The scheduler unit(s) 356 is
coupled to the physical register file(s) unit(s) 358. Each of the physical register file(s)
units 358 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 358 comprises avector registers
unit, awrite 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) 358 is overlapped by the retirement unit
354 toillustrate various ways in which register renaming and out-of-order execution
may be implemented (e.g., using areorder buffer(s) and aretirement register file(s);
using afuture file(s), ahistory buffer(s), and aretirement register file(s); using a
register maps and apool of registers; etc.). The retirement unit 354 and the physical
register file(s) unit(s) 358 are coupled to the execution cluster(s) 360. The execution
cluster(s) 360 includes a set of one or more execution units 362 and a set of one or
more memory access units 364. The execution units 362 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) 356, physical register file(s) unit(s) 358, and
execution cluster(s) 360 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 amemory 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) 364). 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.
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The set of memory access units 364 is coupled to the memory unit 370,
which includes adata TLB unit 372 coupled to a data cache unit 374 coupled to a
level 2 (L2) cache unit 376. In one exemplary embodiment, the memory access units
364 may include aload unit, a store address unit, and a store data unit, each of which
is coupled to the data TLB unit 372 in the memory unit 370. The instruction cache
unit 334 isfurther coupled to alevel 2 (L2) cache unit 376 in the memory unit 370.
The L2 cache unit 376 is coupled to one or more other levels of cache and eventually
to amain memory.

By way of example, the exemplary register renaming, out-of-order
issue/execution core architecture may implement the pipeline 300 as follows: 1) the
instruction fetch 338 performs the fetch and length decoding stages 302 and 304; 2)
the decode unit 340 performs the decode stage 306; 3) the rename/allocator unit 352
performs the allocation stage 308 and renaming stage 310; 4) the scheduler unit(s) 356
performs the schedule stage 312; 5) the physical register file(s) unit(s) 358 and the
memory unit 370 perform the register read/memory read stage 314; the execution
cluster 360 perform the execute stage 316; 6) the memory unit 370 and the physical
register file(s) unit(s) 358 perform the write back/memory write stage 318; 7) various
units may be involved in the exception handling stage 322; and 8) the retirement unit
354 and the physical register file(s) unit(s) 358 perform the commit stage 324.

The core 390 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), including the instruction(s) described herein. In one embodiment,
the core 390 includes logic to support a packed data instruction set extension (e.g.,
AV X1, AVX2), thereby allowing the operations used by many multimedia
applications to be performed using packed data.

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 avariety of ways
including time sliced multithreading, simultaneous multithreading (where asingle
physical core provides alogical core for each of the threads that physical coreis

simultaneously multithreading), or acombination thereof (e.g., time sliced fetching
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and decoding and simultaneous multithreading thereafter such asin the Intel®
Hyperthreading technology).

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 theillustrated embodiment of the processor aso includes separate instruction
and data cache units 334/374 and a shared L2 cache unit 376, alternative
embodiments may have a single internal cache for both instructions and data, such as,
for example, aLevel 1(LI) interna cache, or multiple levels of internal cache. In
some embodiments, the system may include acombination of an internal cache and an
external cache that is external to the core and/or the processor. Alternatively, al of the

cache may be external to the core and/or the processor.

Specific Exemplary In-Order CoreArchitecture

Figures 4A-B illustrate ablock diagram of amore 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 achip. The logic blocks
communicate through a high-bandwidth interconnect network (e.g., aring network)
with some fixed function logic, memory 1/O interfaces, and other necessary 1/0O logic,
depending on the application.

Figure 4A isablock diagram of a single processor core, along with its
connection to the on-die interconnect network 402 and with its local subset of the
Level 2 (L2) cache 404, according to embodiments of the invention. In one
embodiment, an instruction decoder 400 supports the x86 instruction set with a
packed data instruction set extension. An LI cache 406 allows low-latency accesses
to cache memory into the scalar and vector units. While in one embodiment (to
simplify the design), a scalar unit 408 and avector unit 410 use separate register sets
(respectively, scalar registers 412 and vector registers 414) and data transferred
between them is written to memory and then read back in from alevel 1(LI) cache
406, aternative embodiments of the invention may use adifferent approach (e.g., use
asingle register set or include acommunication path that allow data to be transferred
between the two register files without being written and read back).

The local subset of the L2 cache 404 ispart of aglobal L2 cache that is

divided into separate local subsets, one per processor core. Each processor core has a
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direct access path to its own local subset of the L2 cache 404. Dataread by a
processor core is stored in its L2 cache subset 404 and can be accessed quickly, in
paralel with other processor cores accessing their own local L2 cache subsets. Data
written by aprocessor core is stored in its own L2 cache subset 404 and isflushed
from other subsets, if necessary. The ring network ensures coherency for shared data.
The ring network is bi-directiona 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.

Figure 4B is an expanded view of part of the processor core in Figure 4A
according to embodiments of the invention. Figure 4B includes an L1 data cache
406A part of the L1 cache 404, as well as more detail regarding the vector unit 410
and the vector registers 414. Specifically, the vector unit 410 is a 16-wide vector
processing unit (VPU) (seethe 16-wide ALU 428), 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 420, numeric conversion with
numeric convert units 422A-B, and replication with replication unit 424 on the

memory input. Write mask registers 426 allow predicating resulting vector writes.

Processor with integrated memory controller and graphics

Figure 5isablock diagram of aprocessor 500 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 5
illustrate a processor 500 with a single core 502A, a system agent 510, a set of one or
more bus controller units 516, while the optional addition of the dashed lined boxes
illustrates an alternative processor 500 with multiple cores 502A-N, a set of one or
more integrated memory controller unit(s) 514 in the system agent unit 510, and
specia purpose logic 508.
[0036] Thus, different implementations of the processor 500 may include: 1) a
CPU with the specia purpose logic 508 being integrated graphics and/or scientific
(throughput) logic (which may include one or more cores), and the cores 502A-N
being one or more general purpose cores (e.g., general purpose in-order cores, general
purpose out-of-order cores, acombination of the two); 2) acoprocessor with the cores

502A-N being alarge number of special purpose cores intended primarily for graphics
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and/or scientific (throughput); and 3) acoprocessor with the cores 502A-N being a
large number of general purpose in-order cores. Thus, the processor 500 may be a
general-purpose processor, coprocessor or special-purpose processor, such as, for
example, anetwork or communication processor, compression engine, graphics
processor, GPGPU (genera 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 500 may be apart 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.

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 integrated memory controller units 514. The set of shared cache
units 506 may include one or more mid-level caches, such aslevel 2 (L2), level 3
(L3), level 4 (L4), or other levels of cache, alast level cache (LLC), and/or
combinations thereof. While in one embodiment aring based interconnect unit 512
interconnects the integrated graphics logic 508, the set of shared cache units 506, and
the system agent unit 510/integrated memory controller unit(s) 514, aternative
embodiments may use any number of well-known techniques for interconnecting such
units. 1n one embodiment, coherency is maintained between one or more cache units
506 and cores 502-A-N.

In some embodiments, one or more of the cores 502A-N are capable of
multi-threading. 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 and the
integrated graphics logic 508. The display unit isfor driving one or more externally
connected displays.

The cores 502A-N may be homogenous or heterogeneous in terms of
architecture instruction set; that is, 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 a different instruction set.
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Exemplary Computer Architectures

Figures 6-9 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, ahuge variety of systems or electronic devices capable of
incorporating aprocessor and/or other execution logic as disclosed herein are
generally suitable.

Referring now to Figure 6, shown is ablock diagram of a system 600 in
accordance with one embodiment of the present invention. The system 600 may
include one or more processors 610, 615, which are coupled to a controller hub 620.
In one embodiment the controller hub 620 includes a graphics memory controller hub
(GMCH) 690 and an Input/Output Hub (IOH) 650 (which may be on separate chips);
the GMCH 690 includes memory and graphics controllers to which are coupled
memory 640 and a coprocessor 645; the IOH 650 is couples input/output (I/0) devices
660 to the GMCH 690. Alternatively, one or both of the memory and graphics
controllers are integrated within the processor (as described herein), the memory 640
and the coprocessor 645 are coupled directly to the processor 610, and the controller
hub 620 in a single chip with the IOH 650.

The optional nature of additional processors 615 is denoted in Figure 6 with
broken lines. Each processor 610, 615 may include one or more of the processing
cores described herein and may be some version of the processor 500.

The memory 640 may be, for example, dynamic random access memory
(DRAM), phase change memory (PCM), or acombination of the two. For at least one
embodiment, the controller hub 620 communicates with the processor(s) 610, 615 via
amulti-drop bus, such as afrontside bus (FSB), point-to-point interface such as
QuickPath Interconnect (QPI), or similar connection 695.

In one embodiment, the coprocessor 645 is a special-purpose processor, such
as, for example, ahigh-throughput MIC processor, a network or communication

processor, compression engine, graphics processor, GPGPU, embedded processor, or
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the like. In one embodiment, controller hub 620 may include an integrated graphics
accelerator.

There can be avariety of differences between the physical resources 610, 615
in terms of a spectrum of metrics of merit including architectural, microarchitectural,
thermal, power consumption characteristics, and the like.

In one embodiment, the processor 610 executes instructions that control data
processing operations of ageneral type. Embedded within the instructions may be
coprocessor instructions. The processor 610 recognizes these coprocessor instructions
as being of atype that should be executed by the attached coprocessor 645.
Accordingly, the processor 610 issues these coprocessor instructions (or control
signals representing coprocessor instructions) on acoprocessor bus or other
interconnect, to coprocessor 645. Coprocessor(s) 645 accept and execute the received
Coprocessor instructions.

Referring now to Figure 7, shown is ablock diagram of afirst more specific
exemplary system 700 in accordance with an embodiment of the present invention.
Asshown in Figure 7, multiprocessor system 700 is a point-to-point interconnect
system, and includes afirst processor 770 and a second processor 780 coupled via a
point-to-point interconnect 750. Each of processors 770 and 780 may be some
version of the processor 500. In one embodiment of the invention, processors 770 and
780 are respectively processors 610 and 615, while coprocessor 738 is coprocessor
645. In another embodiment, processors 770 and 780 are respectively processor 610
coprocessor 645.

Processors 770 and 780 are shown including integrated memory controller
(IMC) units 772 and 782, respectively. Processor 770 aso includes as part of its bus
controller units point-to-point (P-P) interfaces 776 and 778; similarly, second
processor 780 includes P-P interfaces 786 and 788. Processors 770, 780 may
exchange information via a point-to-point (P-P) interface 750 using P-P interface
circuits 778, 788. Asshown in Figure 7, IMCs 772 and 782 couple the processors to
respective memories, namely amemory 732 and amemory 734, which may be
portions of main memory locally attached to the respective processors.

Processors 770, 780 may each exchange information with achipset 790 via
individual P-P interfaces 752, 754 using point to point interface circuits 776, 794, 786,
798. Chipset 790 may optionally exchange information with the coprocessor 738 via
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ahigh-performance interface 739. In one embodiment, the coprocessor 738 is a
special-purpose processor, such as, for example, ahigh-throughput MIC processor, a
network or communication processor, compression engine, graphics processor,
GPGPU, embedded processor, or the like.

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
aprocessor isplaced into alow power mode.

Chipset 790 may be coupled to afirst bus 716 via aninterface 796. In one
embodiment, first bus 716 may be a Peripheral Component Interconnect (PCI) bus, or
abus such as a PCI Express bus or another third generation 1/0O interconnect bus,
although the scope of the present invention is not so limited.

As shown in Figure 7, various I/0O devices 714 may be coupled to first bus
716, along with abus bridge 718 which couples first bus 716 to a second bus 720. In
one embodiment, one or more additional processor(s) 715, 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 716. In one embodiment, second bus
720 may be alow pin count (LPC) bus. Various devices may be coupled to a second
bus 720 including, for example, akeyboard and/or mouse 722, communication
devices 727 and a storage unit 728 such as adisk drive or other mass storage device
which may include instructions/code and data 730, in one embodiment. Further, an
audio 1/0 724 may be coupled to the second bus 720. Note that other architectures are
possible. For example, instead of the point-to-point architecture of Figure 7, a system
may implement a multi-drop bus or other such architecture.

Referring now to Figure 8, shown is ablock diagram of a second more
specific exemplary system 800 in accordance with an embodiment of the present
invention. Like elements in Figures 7 and 8 bear like reference numerals, and certain
aspects of Figure 7 have been omitted from Figure 8 in order to avoid obscuring other
aspects of Figure 8.

Figure 8 illustrates that the processors 770, 780 may include integrated
memory and 1/O control logic ("CL") 772 and 782, respectively. Thus, the CL 772,

782 include integrated memory controller units and include I/O control logic. Figure
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8 illustrates that not only are the memories 732, 734 coupled to the CL 772, 782, but
also that 1/0 devices 814 are also coupled to the control logic 772, 782. Legacy 1/0
devices 815 are coupled to the chipset 790.

Referring now to Figure 9, shown is ablock diagram of a SoC 900 in
accordance with an embodiment of the present invention. Similar elements in Figure
5 bear like reference numerals. Also, dashed lined boxes are optional features on
more advanced SoCs. In Figure 9, an interconnect unit(s) 902 is coupled to: an
application processor 910 which includes a set of one or more cores 202A-N and
shared cache unit(s) 506; a system agent unit 510; a bus controller unit(s) 516; an
integrated memory controller unit(s) 514; aset or one or more coprocessors 920
which may include integrated graphics logic, an image processor, an audio processor,
and avideo processor; an static random access memory (SRAM) unit 930; adirect
memory access (DMA) unit 932; and adisplay unit 940 for coupling to one or more
external displays. In one embodiment, the coprocessor(s) 920 include a special-
purpose processor, such as, for example, anetwork or communication processor,
compression engine, GPGPU, ahigh-throughput MIC processor, embedded processor,
or the like.

Embodiments of the mechanisms disclosed herein may be implemented in
hardware, software, firmware, or acombination 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
system (including volatile and non-volatile memory and/or storage elements), at least
one input device, and at least one output device.

[0037] Program code, such ascode 730 illustrated in Figure 7, 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, aprocessing system includes any
system that has aprocessor, such as, for example; adigital signa processor (DSP), a
microcontroller, an application specific integrated circuit (ASIC), or a

Mi Croprocessor.

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

program code may also be implemented in assembly or machine language, if desired.
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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 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 atangible, 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 amachine 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
as read-only memories (ROMSs), random access memories (RAMS) such as dynamic
random access memories (DRAMS), static random access memories (SRAMS),
erasable programmable read-only memories (EPROMS), flash memories, electrically
erasable programmable read-only memories (EEPROMS), phase change memory
(PCM), 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.

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

In some cases, an instruction converter may be used to convert an instruction
from a source instruction set to atarget instruction set. For example, the instruction
converter may trandate (e.g., using static binary translation, dynamic binary
trandation including dynamic compilation), morph, emulate, or otherwise convert an

instruction to one or more other instructions to be processed by the core. The
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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.

Figure 10 isablock diagram contrasting the use of a software instruction
converter to convert binary instructions in a source instruction set to binary
instructions in atarget instruction set according to embodiments of the invention. In
the illustrated embodiment, the instruction converter is a software instruction
converter, athough alternatively the instruction converter may be implemented in
software, firmware, hardware, or various combinations thereof. Figure 10 shows a
program in ahigh level language 1002 may be compiled using an x86 compiler 1004
to generate x86 binary code 1006 that may be natively executed by aprocessor with at
least one x86 instruction set core 1016. The processor with at |east one x86
instruction set core 1016 represents any processor that can perform substantialy 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 1004 represents
acompiler that is operable to generate x86 binary code 1006 (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 1016. Similarly, Figure 10 shows the program in
the high level language 1002 may be compiled using an alternative instruction set
compiler 1008 to generate alternative instruction set binary code 1010 that may be
natively executed by aprocessor without at least one x86 instruction set core 1014
(e.g., aprocessor 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). Theinstruction converter 1012 isused to convert the
x86 binary code 1006 into code that may be natively executed by the processor
without an x86 instruction set core 1014. This converted code is not likely to be the
same as the aternative instruction set binary code 1010 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
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instruction set. Thus, the instruction converter 1012 represents software, firmware,
hardware, or acombination thereof that, through emulation, ssimulation or any other
process, allows aprocessor or other electronic device that does not have an x86
instruction set processor or core to execute the x86 binary code 1006.

While the flow diagrams in the figures show aparticular order of operations
performed by certain embodiments of the invention, it should be understood that such
order is exemplary (e.g., aternative embodiments may perform the operations in a
different order, combine certain operations, overlap certain operations, etc.).

In the description above, for the purposes of explanation, numerous specific
details have been set forth in order to provide athorough 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 embodiments of the invention. The scope of the invention is not to be

determined by the specific examples provided above but only by the claims below.
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CLAIMS

What isclaimed is;

1. A system for efficient energy consumption, comprising:

adevice;

a static memory; and

apower control unit coupled with the device and the static memory, the power
control unit comprises a deep power down logic to monitor a status of the device, and
to transfer the device to a deep power down state when the device isidle, wherein the

device consumes less power when in the deep power down state than in the idle state.

2. The system of claim 1, further comprising:
the power control unit to store context data obtained from the device in the

static memory when the device istransferred to the deep power down state.

3. The system of claim 2, further comprising:

in response to the deep power down logic monitoring an event, the deep power
down logic to wake the device, wherein the deep power down logic transfers the
device to an active state and loads the context data from the static memory into the

device.

4. The system of claim 3, wherein the event is aprocessor of the system

waking from an idle state.

5. The system of claim 3, wherein the event is an event to be processed

by the device, and where aprocessor of the system remains in an idle state.
6. The system of claim 1, wherein the deep power down logic determines

that the device isidle and initiates the transfer when a processor of the system enters

into an idle state.
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7. The system of claim 1, wherein the deep power down logic initiates the
transfer of the device to the deep power down state when aprocessor of the systemiis

in an active state.

8. The system of claim 1, wherein the static memory is coupled with a

sustain power well to provide power to the static memory.

9. The system of claim 1, wherein the device is a graphics processing
unit.

10. The system of claim 1, wherein the deep power down stateisaC6
state.

11. A method for efficient energy consumption, comprising:

monitoring a status of a device;

determining an idle state corresponding to the device; and

transferring, with ahardware-based deep power down logic, the device to a
deep power down state when the device is determined to be idle, wherein the device

consumes less power when in the deep power down state than in the idle state.

12.  The method of claim 11, further comprising:
storing context data obtained from the device in the static memory when the

device istransferred to the deep power down state.

13. The method of claim 12, further comprising:
waking the device in response monitoring an event;
transferring the device to an active state; and

loading the context data from the static memory into the device.

14. The method of claim 13, wherein the event isa processor of the system

waking from an idle state.
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15. The method of claim 13, wherein the event is an event to be processed

by the device, and where aprocessor of the system remains in an idle state.

16. The method of claim 11, wherein the transfer of the device to the deep

power down state isinitiated when aprocessor of the system enters into anidle state.

17. The system of claim 11, when aprocessor of the system isin an active

state.

18. The method of claim 11, wherein the device is a graphics processing

unit.

19. An apparatus for efficient energy consumption, comprising:

a static memory; and

apower control unit coupled with adevice and the static memory, the power
control unit comprises a deep power down logic to monitor a status of the device, and
to transfer the device to a deep power down state when the device isidle, wherein the

device consumes less power when in the deep power down state than in the idle state.
20. The apparatus of claim 19, wherein the power control unit stores

context data obtained from the device in the static memory when the device is

transferred to the deep power down state.
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INTERNATIONAL SEARCH REPORT

A. CLASSIFICATION OF SUBJECT MATTER
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According to International Patent Classification (IPC) or to both national classification and IPC
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eKOMPASS(KIPO internal) & keywords:
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Y USs 2011-0060928 Al (KHoDORKOVSKY, OLEKSANDR et al.) 10 March 2011 1-4 ,8-14 ,18-20
See paragraphs [0022H0041] and [0057] -[0062] ; clams 1-5;
A and figures 1-3 and 11. 57 ,15-16
Y US 2011-0231681 Al (ALLAREY, JOSE et al.) 22 September 2011 1-4 ,8-14 ,18-20
See paragraphs ~ [0023]-[0024] , [0031] , [0038] , [0048] -[0061] , [0079] , [0093],
A and [0109H0116] ; clams 1-2 and 8; and figures 1-2A and 6A-7. 5-7 ,15-16
A Us 5,586,332 A (JAIN, SANJAY et al.) 17 December 1996 1-16 ,18-20
See column 2, lines 11-52 ; clam 1; and figures 1-2.
A US 2009-0204837 Al (RAVAL, UDAYKUMAR et al .) 13 August 2009 1-16 ,18-20
See paragraphs [0025]-[0035] and [0038] -[0057] ; clams 1 and 11;
and figures 1A-2 and 5-7.
A US 2005-0044436 Al (HOLLE, MATTHEW H.) 24 February 2005 1-16 , 18-20
See paragraphs [0025] , [0028]-[0043] , and [0064] -[0065] ; clam 1;
and figures 1-2 and 7.

l:l Further documents are listed in the continuation of Box C. IE See patent family annex.

than the priority date claimed

* Specia categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which isnot considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered toinvolve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document istaken aone
cited to edtablish the publication date of citation or other "Y" document of particular relevance; the claimed invention cannot be
special  reason (as specified) considered to involve an inventive step when the document is
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to aperson skilled inthe art
"P"  document published prior tothe international filing date but later "&" document member of the same patent family
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Box No. ||  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. ClaimsNos.: 17
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

Claim 17 istoo unclear to make a meaningful search.

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Ill  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, asfollows:

1. 1_|Asall required addtional search fees were timely paid by the applicant, this international search report covers all searchable
~ claims.

2. 1_|Asall searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3. 1__|Asonly some of the required additional search fees were timely paid by the applicant, this international search report covers
~— only those claims for which fees were paid, specifically claims Nos.:

4. 1—| No required additional search feeswere timely paid by the applicant. Conseguently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest | | The additional search fees were accompanied by the applicant's protest and, where applicable, the
T payment of aprotest fee.
i i The additional search fees were accompanied by the applicant's protest but the applicable protest
+4 fee was not paid within the time limit specified in the invitation.

1_|_ No protest accompanied the payment of additional search fees.
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