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RESET OF MULTI-CORE PROCESSING SYSTEM

TECHNICAL FIELD

This disclosure relates generally to the field of microprocessors. In particular,

this disclosure relates to a global reset mechanism for processing cores of a multi-core

processing unit.

BACKGROUND ART

Until recently, computing devices typically included a single processing unit

for each socket available on the computing device's main circuit board. More recently,

the single processing unit has been improved to include multiple cores, which enable

the processor to execute instructions in parallel using the various cores. An ability to

include additional processors or cores on a chip becomes more readily available as the

footprint of the cores continues to decrease through advancements in manufacturing.

The inclusion of many cores on a chip, termed "system on a chip" or "SOC",

where the SOC is accessible to the computing device through a socket, may present

some new challenges to both hardware and software architects. One challenge is that

the additional cores should be accessible by the socket with minimized

communication paths that link the cores, thereby saving valuable space on the chip for

additional cores or other necessary components. These challenges are further

complicated when the availability of the cores may change during an operational life

of the SOC.



BRIEF DESCRIPTION OF THE DRAWINGS

The detailed description is described with reference to the accompanying

figures. In the figures, the left-most digit(s) of a reference number identifies the figure

in which the reference number first appears. The same reference numbers in different

figures indicate similar or identical items.

FIG. 1 is a schematic diagram of an illustrative multi-core processing unit that

uses an interconnect to facilitate communication between the cores.

FIG. 2 is a schematic diagram of an illustrative multi-core processing unit that

uses an interconnect arranged as a ring structure.

FIG. 3 is a schematic diagram of an illustrative multi-core processing unit that

uses an interconnect arranged as a mesh.

FIG. 4 is a schematic diagram of an illustrative multi-core processing unit that

uses an interconnect arranged in a peer-to-peer configuration.

FIG. 5 is a schematic diagram showing illustrative packets that are transmitted

to various cores to perform a global reset.

FIG. 6 is a schematic diagram of a multi-core processing unit where an

initialization core issues a global reset in response to receipt of a global reset signal.

FIG. 7 is a schematic diagram of a multi-core processing unit where the

initialization core issues an unreset message to stagger activation of the reset cores to

gradually ramp up power consumption of the processing unit.

FIG. 8 is a flow diagram of an illustrative process to perform a global reset of

cores of a multi-core processing unit.



FIG. 9 is a flow diagram of another illustrative process to perform a global

reset of cores of a multi-core processing unit.

FIG. 10 is a flow diagram of an illustrative process to stagger activation of

reset cores to gradually ramp up power consumption of the processing unit.

FIG. 11 is a block diagram of an illustrative system to perform a global reset of

cores of a multi-core processing unit.

DETAILED DESCRIPTION

Overview

This disclosure is directed to performing a controlled and configurable global

reset of cores in a multi-core processor. The multi-core processor may include many

cores, which may be central processing units (CPUs), graphical processing units

(GPUs), general processing graphical processing units (GPGPUs), other processing

logic, or a combination thereof. The various cores may be in communication with

each other and/or an initialization core via an interconnect. The interconnect may be

arranged as a mesh interconnect, a shared interconnect, a peer-to-peer (P2P)

interconnect, or a ring interconnect.

In accordance with at least some embodiments, an initialization core may

include reset logic that may detect a global reset signal (GRS). The GRS may indicate

that the initialization core is to perform a global reset of the cores. For example,

during a first run of a machine, all the cores may be reset. The cores may also be reset

following a rebooting operation or during other computing events. To perform the

reset (and subsequent unreset), the initialization core may generate one or more



packets that enable communication with the cores. The initialization core may send

reset packets to each of the cores that instruct the cores to perform a reset. In some

embodiments, the reset command may power-off, turn off, or otherwise terminate

operation in the cores. The initialization core may then transmit unreset packets to

each of the cores that instruct the cores to perform an unreset and power-on the cores.

In some embodiments, the cores may resume operation automatically without receipt

of the unreset packet. The transmission of the packets may be staggered, as discussed

below, to control the power-on of the processor.

When the cores return to operation, the processor core may experience a rapid

change in power (watts) between a first time just prior to powering-on the cores and a

second time when all of the cores are powered-on and operational. Thus, reset may

cause a large drain (di/dt, excessive current draw or voltage drop from current surges)

on a processor to get all the cores in a powered-on state (i.e., running). To reduce a

potential of harmful effects caused by this rapid change in power, the cores may be

returned to operation in a staged, staggered, or delayed process that spreads the

power-up process over time. For example, the initialization core may purposely

withhold some packets that unreset some cores and thus intentionally delay the

powering-on of those respective cores, and thereby, enable the processor unit to more

slowly increase its power state.

The techniques, apparatuses, and systems described herein may be

implemented in a number of ways. Example implementations are provided below

with reference to the following figures.



Illustrative Environment

FIG. 1 is a schematic diagram of an illustrative multi-core processing unit 100

that uses an interconnect 102 to facilitate communication between the cores. In

various embodiments, the multi-core processing unit 100 (or processor) may include a

plurality of cores 104, which may be central processing units (CPUs), graphical

processing units (GPUs), general processing graphical processing units (GPGPUs),

other processing logic, or a combination thereof.

In accordance with the some embodiments, the various cores may be in

communication with each other and/or an initialization core 106 via the interconnect

102. In accordance with various embodiments, the interconnect 102 may be arranged

as a shared interconnect as shown in FIG. 1, as a ring interconnect as shown in FIG. 2,

as a mesh interconnect as shown in FIG. 3, or as a peer-to-peer (P2P) interconnect as

shown in FIG. 4.

The initialization core 106 may be a processor core that includes system logic

108. The system logic 108 may be used to transmit reset information (and possibly

unreset information) to one or more of the plurality of cores through use of a packet

110. The system logic 108 may include reset logic 112 and packet generation logic.

114. The reset logic may determine how to execute the reset and unreset of the cores.

For example, the reset logic 112 may reset all of the cores in a short amount of time or

stagger the reset of the cores to power-off the cores over a longer amount of time. The

reset logic 112 may then unreset (or power-on) the cores (which are in a standby state

and powered-off) using a staggered (or staged) approach that spreads out the power-on

process of the cores over time to reduce a power ramp up of the processing core, and



thereby reduces potential harm to the processing unit due to a rapid change in power

over a relatively short period of time. In some embodiments, the reset logic 112 may

be tuned or configured to delay the reset and/or unreset of each of the cores. The reset

logic 112 may also include a feedback loop that monitors a time from reset to unreset

of the cores and a change in power, and use this information to adjust the delay of the

reset and/or unreset of each of the cores.

In accordance with various embodiments, the packet generation logic 114 may

create packets that may include reset packets and unreset packets. The packets may

communicate instructions, commands, and/or information to the various cores of the

multi-core processing unit. For example, the packet generation logic 114 may create a

packet for each of the cores to communicate to the cores to perform a reset and power-

off the cores. The packet generation logic 114 may then create a second set of packets

(one for each core, one for multiple cores, etc.), that communicates to the respective

cores to perform an unreset and power-on. The packet generation logic 114 may

transmit the second set of packets in a staggered (staged, delayed, spread out) manner

such that the cores do not all power-on at a same time.

The packet 110 may include an address of a recipient core, such as the core N-

M or another core. In some embodiments, the packet may include multiple addresses

of different cores, where the cores may have different information to be transmitted to

the respective cores or the cores may have the same information to be transmitted to

the respective cores. When the packet 110 is received by a core having a destination

address 116 specified by the packet, the core may read at least a portion of the

contents 118 of the packet that applies to the core. In some embodiments, a core may



read a command (e.g., from a "type", "payload" or other part of the packet) from the

packet. The core may then implement the command, such as by resetting (powering-

off), unresetting (powering-on), or performing other tasks or functionality as described

herein.

In accordance with some embodiments, the initialization core 106 may

combine both a reset command and an unreset command into a single packet for a

core. In these embodiments, the unreset command may be delayed a predetermined

amount of time, thus causing the core to remain in a reset (powered off) state for the

predetermined amount of time. Some of the cores may have different delay times,

which may cause the power-on of the cores to be staggered and thus not occur at a

same time.

In various embodiments, the initialization core 106 may stagger the reset

commands to reset the cores at different times. In these instances, the cores may

automatically power-on after the reset operation is complete. Thus, no unreset

command may be used to power on the cores in some embodiments.

FIG. 2 is a schematic diagram of an illustrative multi-core processing unit 200

that uses an interconnect arranged as a ring structure 202. The ring structure 202 may

accommodate an exchange of the packet 110 between the initialization core and the

other cores or between any combinations of the cores.

FIG. 3 is a schematic diagram of an illustrative multi-core processing unit 300

that uses an interconnect arranged as a mesh 302. The mesh 302 may accommodate an

exchange of the packet 110 between the initialization core and the other cores or

between any combinations of the cores.



FIG. 4 is a schematic diagram of an illustrative multi-core processing unit 400

that uses an interconnect arranged in a peer-to-peer configuration 402. The peer-to-

peer configuration 402 may accommodate an exchange of the packet 110 between the

initialization core and the other cores or between any combinations of the cores.

Illustrative Global Reset

FIG. 5 is a schematic diagram showing packets 500 that are transmitted over

time (t) to various cores to perform a controlled and configurable global reset. The

packets 500 may be generated by the packet generation logic 114 and transmitted to

the various cores 502 in response to instructions from the reset logic 112. For

example, the system logic 108 may receive a global reset signal that indicates that the

cores 502 are to be reset. The reset logic 112 may then issue a request to the packet

generation logic 114 to transmit reset packets 504, such as reset packets 504(0),

504(1), . . ., 504(n-l) to each of the cores 502 at a particular time t .

An illustrative reset packet 504(n-l) shows example information that may be

included in the packet. The packet may include a destination address 506 that

indicates a core that the packet is to be delivered to, such as core n-1, etc. A source

address 508 may indicate an address of a sender of the packet. A packet type 510 may

indicate an operation for the core or provide general information to the core. For

example, the packet type 510 may be "reset," "unreset," or another packet type. When

the packet type 510 is reset, the core having the destination address may perform the

reset. The packet may also include a payload 512 and mask 514. The payload 512

may include additional information or instructions for the core having the destination



address. For example, the payload may instruct the core to delay a reset or an unreset

operation for a predetermined amount of time (e.g., delay x milliseconds) or to

perform the reset or the unreset operation at a designated time (e.g., perform at

xx:xx:xx.yyy (where xx:xx is a time in the future).

After at least a portion of the reset messages have been transmitted by the

packet generation logic 114 and the respective cores have been reset (powered-off),

then the reset logic 112 may instruct the packet generation logic 114 to transmit

unreset messages to at least some of the cores that are reset, thereby causing the cores

to power-on. In some embodiments, the reset logic 112 may reset all the cores at

substantially a same time. The reset logic 112 may then stagger the unreset of the

cores to gradually power-on the cores. For example, all of the cores may be powered

off within a time period. However, the powering-on may be staggered such that the

powering on is performed to extend longer than the time period. Thus, the time

between transmission of the reset packets ( t ) may be less than the time between

transmission of the unreset packets ( tu) .

In various embodiments the cores may all be reset prior to unresetting any

cores. However, in some embodiments, some cores may be reset and then unreset

before other cores are reset. In some instances, the packet 500 may include a

predetermined delay to delay a reset and/or an unreset of the core having the

destination address. In such instances, the packets may be transmitted at a same or

substantially same time and still have the cores reset or unreset at different times.

Further, due to a core's location with respect to a location of the initialization core 106,

the time for delivery of the packet may also be a factor in the timing of the reset or



unreset operation of a respective core. Thus, the reset logic 112 may be tuned to use

the aforementioned factors to stagger the reset and/or the unreset of the cores.

In accordance with some embodiments, the unreset operation may be

performed in such a manner that the power increase of the processor follows a

substantially linear pattern over time, and thus gradually powers-on. To create a

linear pattern of power over time, the cores may be grouped in such a way that low

power cores are paired with other low power cores and unreset in groups while high

power cores are reset individually, thereby creating or maintaining a linear pattern

with minimal spikes or variances during the power-on of the processor (the unreset

process).

FIG. 6 is a schematic diagram of a multi-core processing unit 600 where an

initialization core issues a global reset 602 in response to receipt of a global reset

signal 604. The initialization core 106 may transmit the reset packets out to the

various cores at a same time or substantially same time to reset the cores and power-

off the cores. In some embodiments, the packet generation logic 114 may send the

global reset using one packet for each core while the packet generation logic may also

use fewer packets than cores to accomplish the global reset.

FIG. 7 is a schematic diagram of a multi-core processing unit 700 where the

initialization core issues multiple unreset messages to stagger activation of the reset

cores to gradually ramp up power consumption of the processing unit. An unreset

packet 702 may be sent to each core at various times. For example, core 2 may

receive the unreset packet at core n-m may receive the unreset packet at t2, core n-3

may receive the unreset packet at t3, and core n-2 may receive the unreset packet at t
X



where t ≠ t ≠ t3 ≠ tx. Thus, by receiving the packets at different times, the unreset

operations may be staggered to more slowly ramp up a power-on of the cores of the

multi-core processor.

Illustrative Operation

FIGS. 8-10 show illustrative processes to perform a global reset of cores of a

multi-core processor. The processes are illustrated as a collection of blocks in a

logical flow graph, which represent a sequence of operations that can be implemented

in hardware, software, or a combination thereof. The order in which the operations

are described is not intended to be construed as a limitation, and any number of the

described blocks can be combined in any order and/or in parallel to implement the

processes. The processes are described with reference to the previously described

environments. Of course, the processes may be performed in other similar and/or

different environments.

FIG. 8 is a flow diagram of an illustrative process 800 to perform a global reset

of cores of a multi-core processing unit. The process 800 may perform a staggered

global reset of the cores by issuing a reset command. The cores may automatically

return to power following the reset without an additional command, such as an unreset

command.

At 802, the initialization core 106 may receive a global reset signal. The global

reset signal may be activated in response to a user command, the system logic, or a

combination of both. The global reset command may be received by the system logic

108 and/or the reset logic 112.



At 804, the initialization core 106 may generate a reset message for the cores.

For example, the reset logic 112 may determine that the cores are to be reset based on

the global reset signal. The reset logic 112 may then request packet transmission from

the packet generation logic 114 to transmit the reset commands to the various cores.

The reset logic 112 may also create or implement a staggered approach (using delays)

to ensure that the cores do not all return to power (power-on) at a same time.

At 806, the packet generation logic 114 may transmit the reset message to each

of the cores. In some instances, the reset messages may be staggered and thus arrive

at the cores at different times. The cores may perform a reset upon receipt of the

packet and command (or after a predetermined delay provided in the packet). The

cores may then return to power after the reset. Thus, the packet generation logic 114

may not transmit a second packet to each core in some embodiments while still

providing a staggered power on of the various cores. In some embodiments, the

packets may include a delay command that causes the staggered power-on. Thus, the

core may receive a packet, execute a delay, and then reset and unreset to power-on.

The delay may be different for at least some cores to cause the staggered power-on of

the processor.

FIG. 9 is a flow diagram of another illustrative process 900 to perform a global

reset of cores of a multi-core processing unit. The process 900 may perform a global

reset of the cores by issuing a reset command. The process 900 may then perform a

staggered unreset of the cores.



At 902, the initialization core 106 may receive a global reset signal. The global

reset signal may be activated in response to a user command, the system logic, or a

combination of both.

At 904, the initialization core 106 may generate a reset message for the cores.

For example, the reset logic 112 may determine that the cores are to be reset based on

the global reset signal. The reset logic 112 may then request packet transmission from

the packet generation logic 114 to transmit the reset commands to the various cores.

At 906, the packet generation logic 114 may transmit the reset message to each

of the cores. The cores may perform a reset upon receipt of the packet and command

(or after a predetermined delay). In accordance with various embodiments, a core,

when reset, may remain in a powered-off state until the core receives an unreset

message that initiates powering-on the core.

At 908, the initialization core 106 may generate an unreset message for each of

the cores. For example, the reset logic 112 may determine that the cores are to be

unreset in a staggered process to gradually return the processor to full power rather

than powering on all cores at a same or substantially same time. The reset logic 112

may be tunable and thus may stagger the powering-on of the cores to create a

consistent increase (e.g., linear increase) in power consumption of the processor. For

example, the reset logic 112 may power on larger cores (cores that consume more

power) one-at-a-time, while powering on smaller cores (that consume less power) in

groups or individually. The reset logic 112 may then request packet transmission

from the packet generation logic 114 to transmit the unreset commands to the various

cores.



At 910, the packet generation logic 114 may transmit the unreset message to

each of the cores. The cores may perform the unreset (power-on) upon receipt of the

packet and command (or after a predetermined delay). For example, the packet may

include a message that, upon receipt, causes the core to power-on. In another example,

the message may include a predetermined delay for the core which, once expired,

causes the core to power-on.

FIG. 10 is a flow diagram of an illustrative process 1000 to stagger activation

of reset cores to gradually ramp up power consumption of the processing unit.

At 1002, the system logic 106, via the packet generation logic 114, may

transmit a reset message to each core as discussed in the operation 906.

At 1004, the system logic 106, via the reset logic 112, may generate an unreset

message for a core that is in a reset state.

At 1006, the system logic 106, via the packet generation logic 114, may

transmit the unreset message to the core. The core may then return to a powered-on

state after receipt of the unreset message via a packet.

At 1008, the system logic 106, via the reset logic 112, may detect whether

other cores remain in a reset state, and thus are powered off. When the reset logic 112

determines that at least one other core is reset and powered-off (following the "yes"

route from the decision operation 1008), then the process 1000 may then perform a

delay at 1010 and then return to the operation 1004 to generate the unreset message

for the core that is still reset.

In accordance with various embodiments, the delay 1010 may stagger the

powering-on of the cores to enable a gradual ramp up of the power of the processor.



In various embodiments, groups of cores may be unreset at a same time or

substantially same time while still staggering the powering-on of the cores.

When no remaining cores are reset (all cores are powered-on in an unreset

state), then the process 1000 may return to an operational state at 1012 following the

"no" route from the decision operation 1008.

Illustrative System

FIG. 11 illustrates nonlimiting select components of an illustrative system

900 according to some implementations herein that may include one or more instances

of the processor architecture discussed above for implementing a global reset of cores

in a multi-core processor. The system 1100 may include one or more processors

1102-1, 1102-2, 1102-N (where N is a positive integer > 1), each of which may

include one or more processor cores 1104-1, 1104-2, 1104-M (where M is a

positive integer > 1). In some implementations, as discussed above, the processor(s)

1102 may be a single core processor, while in other implementations, the processor(s)

1102 may have a large number of processor cores, each of which may include some or

all of the components illustrated in FIG. 11. For example, each processor core 1104-1,

1104-2, 1104-M may include an instance of logic 1105 to perform various tasks

for that respective processor core 1104-1, 1104-2, 1104-M. The logic 1105 may

include one or more of dedicated circuits, logic units, microcode, or the like.

The processor(s) 1102 and processor core(s) 1104 can be operated to fetch

and execute computer-readable instructions stored in a memory 1108 or other

computer-readable media. The memory 1108 may include volatile and nonvolatile



memory and/or removable and non-removable media implemented in any type of

technology for storage of information, such as computer-readable instructions, data

structures, program modules or other data. Such memory may include, but is not

limited to, RAM, ROM, EEPROM, flash memory or other memory technology. In the

case in which there are multiple processor cores 1104, in some implementations, the

multiple processor cores 1104 may share a shared cache 1110. Additionally, storage

1112 may be provided for storing data, code, programs, logs, and the like. The

storage 1112 may include solid state storage, magnetic disk storage, RAID storage

systems, storage arrays, network attached storage, storage area networks, cloud

storage, CD-ROM, digital versatile disks (DVD) or other optical storage, magnetic

cassettes, magnetic tape, or any other medium which can be used to store desired

information and which can be accessed by a computing device. Depending on the

configuration of the system 1100, the memory 1108 and/or the storage 1112 may be a

type of computer readable storage media and may be a non-transitory media.

The memory 1108 may store functional components that are executable by

the processor(s) 1102. In some implementations, these functional components

comprise instructions or programs 1114 that are executable by the processor(s) 1102.

The example functional components illustrated in FIG. 11 further include an operating

system (OS) 1116 to mange operation of the system 1100.

The system 1100 may include one or more communication devices 1118

that may include one or more interfaces and hardware components for enabling

communication with various other devices over a communication link, such as one or

more networks 1120. For example, communication devices 1118 may facilitate



communication through one or more of the Internet, cable networks, cellular networks,

wireless networks (e.g., Wi-Fi, cellular) and wired networks. Components used for

communication can depend at least in part upon the type of network and/or

environment selected. Protocols and components for communicating via such

networks are well known and will not be discussed herein in detail.

The system 1100 may further be equipped with various input/output (I/O)

devices 1122. Such I/O devices 1122 may include a display, various user interface

controls (e.g., buttons, joystick, keyboard, touch screen, etc.), audio speakers,

connection ports and so forth. An interconnect 1124, which may include a system bus,

point-to-point interfaces, a chipset, or other suitable connections and components,

may be provided to enable communication between the processors 1102, the memory

1108, the storage 1112, the communication devices 1118, and the I/O devices 1122.

Conclusion

Although the subject matter has been described in language specific to

structural features and/or methodological acts, it is to be understood that the subject

matter defined in the appended claims is not necessarily limited to the specific

features or acts described. Rather, the specific features and acts are disclosed as

illustrative forms of implementing the claims.



CLAIMS

What is claimed is:

1. A processor comprising:

a plurality of processing cores;

an interconnect coupled to the plurality of processing cores; and

a first logic to transmit a reset signal to the plurality of processing cores on the

interconnect.

2. The processor as recited in claim 1, wherein the reset signal causes a

staggered power-on of the plurality of processing cores.

3. The processor as recited in claim 1, wherein the interconnect is arranged as

a ring structure.

4. The processor as recited in claim 1, wherein the reset signal is transmitted

to the plurality of processing cores by a packet that is transmitted using the

interconnect.

5. The processor as recited in claim 1, wherein the reset signal includes a reset

operation to power-off the plurality of processing cores and an unreset operation to

power-on the plurality of processing cores, and wherein at least one of the reset

operation or the unreset operation is staggered to extend a power-on of the processor.



6. A processor comprising:

a plurality of processing cores;

an interconnect coupled to the plurality of processing cores; and

a system logic to transmit reset information to the plurality of processing cores

on the interconnect, wherein the reset information is to be formatted into a packet.

7. The processor as recited in claim 6, wherein the reset information causes a

staggered power-on of the plurality of processing cores.

8. The processor as recited in claim 6, wherein the reset information powers-

off the plurality of processing cores, and wherein the system logic further transmits

unreset information to the plurality of processing cores, the unreset information to

power-on the cores.

9. The processor as recited in claim 8, wherein the unreset information is

staggered to delay the power-on of at least some of the plurality of processing cores.

10. The processor as recited in claim 6, wherein the packet includes a delay to

implement the reset information by a destination core that is a recipient of the packet.

11.The processor as recited in claim 6, wherein the system logic includes reset

logic to stagger the reset information to the plurality of the processing cores, and

wherein the system logic includes a packet generation logic to generate the packets

having the reset information.



12. A method comprising:

generating a reset signal to reset a plurality of processing cores; and

transmitting the reset signal on an interconnect coupled to the plurality of

processing cores.

13. The method as recited in claim 12, wherein the reset signal powers-off the

plurality of processing cores, and further comprising transmitting an unreset signal on

the interconnect to power-on the plurality of processing cores in a staggered process

that includes a delay between the unreset of at least some of the plurality of processing

cores.

14. The method as recited in claim 12, wherein the transmitting is staggered to

cause at least some of the plurality of processing cores to reset at different times.

15. The method as recited in claim 12, wherein the reset signal is transmitted to

the plurality of processor cores by a packet that is transmitted using the interconnect.

16. The method as recited in claim 15, wherein the packet includes a delay to

implement the reset signal by a destination core that is a recipient of the packet.

17. The method as recited in claim 12, wherein the interconnect is arranged as a

ring structure.



18. A method comprising:

formatting a packet to include reset information; and

transmitting the packet over an interconnect to a plurality of processing cores.

19. The method as recited in claim 18, wherein the reset information powers-off

the plurality of processing cores, and further comprising transmitting unreset

information on the interconnect to power-on the plurality of processing cores in a

staggered process that includes a delay between the unreset of at least some of the

plurality of processing cores.

20. The method as recited in claim 19, wherein the reset information and the

unreset information is transmitted using different packets.

21. The method as recited in claim 18, wherein the transmitting the packet is

staggered to cause at least some of the plurality of processing cores to reset at

different times.

22. The method as recited in claim 18, wherein the packet includes a delay to

implement the reset information by a destination core that is a recipient of the packet.
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