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(54) ELECTRONIC DEVICES AND OPERATION METHODS OF THE SAME

(57) An electronic device according to some example
embodiments includes a clock management circuit (210)
configured to control a clock signal (CLK) and a processor
circuit (220) directly connected to the clock management

circuit (210) and configured to provide a clock control
request for the clock signal (CLK) to the clock manage-
ment circuit (210) according to an operation status of the
processor circuit (220).
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Description

BACKGROUND

1. Field

[0001] The present disclosure relates to electronic de-
vices and operation methods of the same.

2. Description of the Related Art

[0002] In a system on chip (SoC) where several devic-
es of an electronic device are integrated into one chip,
power management may be easy to perform. In some
cases, if and/or when clock gating for disabling a clock
for a device integrated in the SoC is performed, dynamic
power of the device may be reduced. In some cases, if
and/or when clock gating is performed for a particular
device, a central processing unit (CPU) may access a
driver of the device to check a job queue, and if the job
queue is empty, the CPU may determine that the device
is in an idle status. Thereafter, the CPU may control a
clock management unit (CMU), which is one of the de-
vices integrated in the SoC, through a driver of the CMU
to gate a clock of the device.

SUMMARY

[0003] Provided are an electronic device and an oper-
ation method of the same, by which dynamic power may
be reduced.
[0004] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent
from the description, or may be learned by practice of
some example embodiments.
[0005] According to some example embodiments, an
electronic device may include a clock management cir-
cuit and a processor circuit directly connected to the clock
management circuit. The clock management circuit may
be configured to control a clock signal. The processor
circuit may be configured to communicate a clock control
request associated with the clock signal to the clock man-
agement circuit according to an operation status of the
processor circuit.
[0006] According to some example embodiments, an
operation method of an electronic device may include
determining an operation status of a processor circuit of
the electronic device, and directly communicating, based
on using the processor circuit, a clock control request
associated with a clock signal to a clock management
circuit according to the operation status of the processor
circuit.
[0007] According to some example embodiments, an
electronic device may include a first processor circuit and
a second processor circuit configured to support hard-
ware cache coherence, and a clock management circuit
configured to control both a clock signal of the first proc-
essor circuit and a clock signal of the second processor

circuit. The second processor circuit may be configured
to communicate a clock enable request to the clock man-
agement circuit based on a determination that the second
processor circuit has received a cache coherence signal
from the first processor circuit. The clock management
circuit may be configured to enable the second processor
circuit in response to the clock enable request.
[0008] According to some example embodiments, an
electronic device may include a memory storing a pro-
gram of instructions, and a processor. The processor
may be configured to execute the program of instructions
to determine an operation status associated with the
processor and communicate a clock control request as-
sociated with a clock signal to a clock management circuit
according to the operation status of the processor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] These and/or other aspects will become appar-
ent and more readily appreciated from the following de-
scription of the embodiments, taken in conjunction with
the accompanying drawings in which:

FIG. 1 illustrates an electronic device according to
some example embodiments;
FIG. 2 is a block diagram illustrating an internal struc-
ture of an electronic device according to some ex-
ample embodiments;
FIG. 3 illustrates a clock control operation of an elec-
tronic device according to some example embodi-
ments;
FIG. 4 illustrates an operation between a clock man-
agement request interface and a clock management
unit (CMU) according to some example embodi-
ments;
FIG. 5 illustrates an operation of transmitting a clock
enable request or a clock disable request to a CMU
based on a determination result of a clock manage-
ment request determination unit according to some
example embodiments;
FIG. 6 is a block diagram of a clock management
request interface and a cache coherence interface
according to some example embodiments;
FIG. 7 is a flowchart of an operation method of an
electronic device according to some example em-
bodiments; and
FIG. 8 is a flowchart of a method of determining an
operation status of a processor according to some
example embodiments.

DETAILED DESCRIPTION

[0010] Reference will now be made in detail to example
embodiments, examples of which are illustrated in the
accompanying drawings, wherein like reference numer-
als refer to like elements throughout. In this regard, some
example embodiments may have different forms and
should not be construed as being limited to the descrip-
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tions set forth herein. Accordingly, the example embod-
iments are merely described below, by referring to the
figures, to explain aspects. As used herein, the term
"and/or" includes any and all combinations of one or more
of the associated listed items.
[0011] Hereinafter, various example embodiments will
be described in detail with reference to the accompanying
drawings. Example embodiments to be described below
may be carried out after being modified in various differ-
ent forms. To clearly describe characteristics of the ex-
ample embodiments, matters widely known to those of
ordinary skill in the art to which the example embodiments
belong will not be described in detail.
[0012] Herein, when an element is connected to an-
other element, the element is not only directly connected
to another element but also electrically connected to an-
other element with another element intervening in them.
If it is assumed that a certain element includes a certain
element, the term ’including’ means that a corresponding
element may further include other elements unless a spe-
cific meaning opposed to the corresponding element is
written.
[0013] FIG. 1 illustrates an electronic device according
to some example embodiments.
[0014] Referring to FIG. 1, an electronic device 100
according to some example embodiments may include
a central processing unit (CPU) 110, a digital signal proc-
essor (DSP) 120, a memory 130, a graphics processing
unit (GPU) 140, and a clock management unit (CMU)
150. However, such a structure is merely an example,
and the electronic device 100 may further include various
other devices. For example, the electronic device 100
may further include an input/output (I/O) interface. Each
of the CPU 110, the DSP 120, the GPU 140, and the
CMU 150 may include an instance of electronic circuitry
configured to implement the CPU 110, the DSP 120, the
GPU 140, and the CMU 150, respectively. One or more
of the CPU 110, the DSP 120, the GPU 140, and the
CMU 150 may include a processor. As referred to herein,
a processor may be interchangeably referred to as a
"processor circuit" and/or a "processing device."
[0015] Processing devices such as the CPU 110, the
DSP 120, the GPU 140, and the CMU 150 may include
one or more instances of electronic circuitry that are con-
figured to process data by receiving, storing, calculating,
and outputting the data, depending on their functions,
respectively. Processing devices such as the CPU 110,
the DSP 120, the GPU 140, and the CMU 150 may be
processing devices ("processor circuits") that are asso-
ciated with different types of processing devices (e.g.,
different processor circuit types). Such processing de-
vices may include caches 111, 121, and 141 for data
processing, respectively. The electronic device 100 may
support cache coherence for sharing stored data among
the caches 111, 121, and 141. The cache coherence may
be supported through direct connection between hard-
ware, instead of software processing. This will be de-
scribed in more detail below.

[0016] The memory 130 (also referred to interchange-
ably herein as a "memory device") may include an in-
stance of electronic circuitry that is configured to store
an operating system (OS), various programs and data
related to driving of the electronic device 100. The data
stored in the memory 130 may be provided to each
processing device. In some example embodiments, the
CPU 110, the DSP 120, the GPU 140, and the CMU 150
may each be configured to implement one or more in-
stances of functionality and/or units, elements, etc. as
described herein based on executing a program of in-
structions stored at the memory 130. The memory 130
may be a non-transitory computer readable storage me-
dium that stores one or more programs of instruction.
[0017] The CMU 150 may include an instance of elec-
tronic circuitry that is configured to manage a clock signal
of the electronic device 100. The CMU 150 may control
a clock signal input to each device such as the CPU 110,
the DSP 120, the memory 130, the GPU 140, or the like.
More specifically, the CMU 150 selectively enables or
disables a clock signal input to each device. The clock
management unit (CMU) is referred to interchangeably
herein as a "clock management circuit."
[0018] Separate devices are connected to a bus 160.
The bus 160 may include a system bus and may be im-
plemented as a bus to which a protocol having specific
standard bus specifications is applied. For example, as
the standard bus specifications, an Advanced Microcon-
troller Bus Architecture (AMBA) protocol of Advanced
RISC Machine (ARM) may be applied. In addition, other
types of protocols such as uNetwork of SONICs, Inc.,
CoreConnect of IBM, Open Core Protocol of OCP-IP,
etc., may also be applied to a system bus.
[0019] The electronic device 100 may be implemented
with a system on chip (SoC). In other words, the CPU
110, the DSP 120, the memory 130, the GPU 140, and
the CMU 150 may be integrated into one chip.
[0020] FIG. 2 is a block diagram illustrating an internal
structure of an electronic device according to some ex-
ample embodiments.
[0021] Referring to FIG. 2, an electronic device 200
may include a CMU 210 and a processor 220. As shown
in FIG. 2, the processor 220 may include a cache 221, a
status register 222, a clock management request deter-
mination unit 223, and a clock management request in-
terface 224. Each of the cache 221, the status register
222, the clock management request determination unit
223, and the clock management request interface 224
may be implemented by separate, respective instances
of electrical circuitry in the processor 220. The processor
220 may be directly connected to the CMU (e.g., via one
or more hardware direct structural interfaces, hardware
direct communication interfaces, some combination
thereof, or the like).
[0022] The CMU 210 controls a clock signal. The CMU
210 may control a clock signal to multiple circuits (e.g.,
control both a clock signal of a first processor circuit and
a clock signal of a second processor circuit). The CMU
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210 receives a clock control request from the processor
220 directly connected thereto. The CMU 210 may di-
rectly receive the clock control request from the proces-
sor 220 without the clock control request passing through
another device. The processor 220 may be referred to
interchangeably herein as a processor circuit.
[0023] The CMU 210 may selectively enable (e.g., se-
lectively enable or disable) a clock signal input to the
processor 220 at the request of the processor 220 (e.g.,
selectively enable or disable the clock signal input based
on whether a clock enable request or a clock disable
request is received from the processor 220, respectively).
The CMU 210, even when the CMU 210 receives a clock
disable request from the processor 220, may selectively
maintain a clock signal input to the processor 220 ena-
bled (e.g., selectively enable the clock signal input) with-
out disabling the clock signal, based on a determination
that a time interval between the reception of the clock
disable request and the immediately previous ("immedi-
ately preceding") enabling of the clock signal is less than
or equal to a particular threshold time. As such, the CMU
210 may improve the processing efficiency of the proc-
essor 220 by maintaining a clock status change interval
for a specific time or longer.
[0024] A clock control operation of the CMU 210 will
be described in detail with reference to FIGS. 3 and 4.
[0025] FIG. 3 illustrates a clock control operation of an
electronic device according to some example embodi-
ments.
[0026] In FIG. 3, a processor 340, e.g., a processing
device such as a GPU, a DSP, or the like, receives a
clock under control of a CMU 310.
[0027] The CMU 310 receives a clock control request
from the processor 340 and outputs 0 or 1 to an AND
gate 330.
[0028] A clock generation unit 320 (also referred to
herein as a "clock generation circuit") may generate a
clock signal and outputs ("communicates") the generated
clock signal to the AND gate 330.
[0029] When the CMU 310 outputs 0, a signal input to
the processor 340 by the AND gate 330 is 0, such that
the clock signal of the processor 340 is disabled. When
the CMU 310 outputs 1, the clock signal generated by
the clock generation unit 320 is input ("communicated")
to the processor 340 by the AND gate 330, such that the
clock signal of the processor 340 is enabled.
[0030] According to some example embodiments, the
processor 340 may be directly connected to the CMU
310 without being connected thereto through another de-
vice (e.g., directly communicatively connected to the
CMU 310 via a hardware direct communication inter-
face), such that the processor 340 is configured to se-
lectively deliver ("communicate") a clock enable request
or a clock disable request, for the clock signal input to
the processor 340, directly to the CMU 310 (e.g., via a
hardware direct communication interface) based on
whether the processor 340 is in an idle status or an active
status, respectively. Thus, there is no signal processing

delay, allowing the clock signal to be immediately ena-
bled or disabled.
[0031] FIG. 4 illustrates an operation between a clock
management request interface and a CMU according to
some example embodiments.
[0032] Referring to FIG. 4, the processor 220 selec-
tively provides ("communicates") a clock management
request signal CLK REQ to the CMU 210, where the clock
management request signal CLK REQ is a clock enable
request or a clock disable request, based on whether the
processor 220 is in the idle status or the active status,
respectively.
[0033] The CMU 210, having received the clock man-
agement request signal CLK REQ, provides ("communi-
cates") a signal ACCEPT, indicating signal reception, to
the processor 220, such that a handshake is implement-
ed between the processor 220 and the CMU 210.
[0034] In response to the processor 220 receiving the
signal ACCEPT, the processor 220 sends ("communi-
cates") a signal ACK associated with acknowledging the
reception of the signal ACCEPT to the CMU 210.
[0035] Referring back to FIG. 2, the processor 220 may
include a cache 221, a status register 222 that may store
an operation status of ("associated with") the processor
220, a clock management request determination unit 223
that may determine the operation status of the processor
220, stored in the status register 222 (e.g., the "stored
operation status"), and a clock management request in-
terface 224 directly connected with the CMU 210. The
processor 220 may be configured to implement some or
all of the cache 221, the status register 222, the clock
management request determination unit 223, and the
clock management request interface 224 based on exe-
cuting a program of instructions. Such a program of in-
structions may be stored in a memory, such as the mem-
ory 130 shown in FIG. 1.
[0036] The cache 221 may be a last level cache (LLC).
The cache 221 may include a cache coherence interface
221-1 that is configured to support cache coherence, and
is configured to support hardware cache coherence in
conjunction with a cache included in another device
based on using the cache coherence interface.
[0037] The processor 220 may directly and selectively
provide ("communicate") the clock enable request or the
clock disable request to the CMU 210 through the clock
management request interface 224 according to a deter-
mination result of the clock management request deter-
mination unit 223 (e.g., based on whether the processor
220 is in the idle status or the active status, respectively).
[0038] The status register 222 may include a processor
status register 222-1 that may store a status of a pipeline
of the processor 220 and a cache status register 222-2
that may store a status of the cache 221. The processor
status register 222-1 may store an indication of whether
the pipeline of the processor 220 is in an active status or
an idle status. More specifically, the processor status reg-
ister 222-1 may be updated to the idle status based on
the processor 220 completing the last job in a job queue
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(e.g., based on a determination that the processor circuit
has completed a last job in a job queue). The cache status
register 222-2 may store an indication of whether the
cache 221 is in the active status or the idle status. More
specifically, the cache status register 222-2 may be up-
dated to the idle status based on the cache 221 complet-
ing a requested job (e.g., a determination that the cache
221 has completed a requested job) and being under a
First-In-First-Out (FIFO) empty condition. The cache sta-
tus register 222-2 may indicate whether a memory sys-
tem of the processor 220 is in the idle status.
[0039] The clock management request determination
unit 223 may determine, based on using the status reg-
ister 222, whether the processor 220 is in the idle status
or the active status. More specifically, the clock manage-
ment request determination unit 223 may determine,
based on the status of the pipeline of the processor 220
and the status of the cache 221, which are stored in the
status register 222, whether the processor 220 is in the
idle status or the active status.
[0040] The clock management request determination
unit 223 may determine whether a cache coherence sig-
nal related to cache coherence is transmitted to or re-
ceived from another processor, at the processor 220,
through a cache coherence interface. To be more spe-
cific, the clock management request determination unit
223 determines whether a cache coherence traffic is be-
ing transmitted to or received from another processor.
More specifically, the clock management request deter-
mination unit 223 may determine whether a snoop traffic
for cache coherence is transmitted to or received from
another processor. The clock management request de-
termination unit 223 determines whether another device
(e.g., a separate device) has accessed the processor
220 (e.g., a processor circuit). More specifically, the clock
management request determination unit 223 may deter-
mine whether another device is performing a read or write
operation with respect to a control register or a status
register of the processor 220 through a processor device
driver.
[0041] Based on the clock management request de-
termination unit 223 determining that the pipeline of the
processor 220 and the cache 221 are in the idle state
and the cache coherence traffic is not being transmitted
or received, and another device (e.g., the separate de-
vice) has not accessed the processor 220 (e.g., the proc-
essor circuit), the clock management request determina-
tion unit 223 may determine that the processor 220 is in
the idle state. Based on the clock management request
determination unit 223 determining that the pipeline of
the processor 220 or the cache 221 is in the active state,
or the cache coherence traffic is being transmitted or re-
ceived, or another device has accessed the processor
220, the clock management request determination unit
223 may determine that the processor 220 is in the active
state.
[0042] A more detailed description will be made with
reference to FIG. 5.

[0043] FIG. 5 illustrates an operation of selectively
transmitting ("communicating") a clock enable request or
a clock disable request to a CMU based on a determina-
tion result of a clock management request determination
unit according to some example embodiments (e.g.,
based on whether a processor is in an idle status or an
active status, respectively). The operation illustrated in
FIG. 5 may be implemented by some or all of the proc-
essors, processing devices, etc. described herein.
[0044] Referring to FIG. 5, the clock management re-
quest determination unit 223 determines the clock enable
request or the clock disable request for the CMU 210
according to the following four conditions:

1. the status of the pipeline of the processor 220;
2. the status of the cache 221;
3. whether a cache coherence traffic is transmitted
to or received from another processor; and
4. whether another device has accessed the proc-
essor 220.

[0045] In some example embodiments, based on the
clock management request signal CLK REQ output from
the clock management request interface 224 being 0
(e.g., having a value of 0), the clock disable request may
be selectively sent ("communicated") to the CMU 210.
More specifically, based on a first input 521 of an OR
gate 510 being 0 because the pipeline of the processor
220 is in the idle state, a second input 522 of the OR gate
510 being 0 because the cache 221 is in the idle state,
a third input 523 of the OR gate 510 being 0 because the
cache coherence traffic is not transmitted or received,
and a fourth input 524 of the OR gate 510 being 0 because
another device has not accessed the processor 220, that
is, if all the first to fourth inputs 521 through 524 of the
OR gate 510 are 0, then an output of the OR gate 510
may be 0. In this case, the clock management request
determination unit 223 determines that the processor 220
is in the idle state and provides ("communicates") the
clock disable request in which the clock management
request signal CLK REQ is 0 to the CMU 210 through
the clock management request interface 224.
[0046] On the other hand, based on the clock manage-
ment request signal CLK REQ output from the clock man-
agement request interface 224 being 1, the clock enable
request may be selectively provided to the CMU 210.
More specifically, based on the first input 521 of the OR
gate 510 being 1 because the pipeline of the processor
220 is in the active state, or the second input 522 of the
OR gate 510 being 1 because the cache 221 is in the
active state, or the third input 523 of the OR gate 510
being 1 because the cache coherence traffic is transmit-
ted or received, or the fourth input 524 of the OR gate
510 being 1 because another device has accessed the
processor 220, that is, if any one of the four inputs 521
through 524 of the OR gate 510 is 1, then the output of
the OR gate 510 is 1. The clock enable request is gen-
erated based on the clock of the processor 220 being in
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a disabled state, such that based on the cache coherence
traffic being transmitted or received (e.g., communicated
between the processor 220 and another "separate" de-
vice) or another device has accessed the processor 220,
the clock enable request is provided. Thus, the processor
220 provides the clock enable request in which the clock
management request signal CLK REQ is 1 to the CMU
210 through the clock management request interface
224.
[0047] According to some example embodiments, an-
other "separate" device accessing the processor 220
does not determine the operation status of the processor
220; instead, the clock management request determina-
tion unit 223 included in the processor 220 determines
an idle point in time of the processor 220. The processor
220 is directly connected to the CMU 210 (e.g., via one
or more hardware direct structural interfaces, hardware
direct communication interfaces, some combination
thereof, or the like) such that the processor 220 is con-
figured to provide a clock control request directly (e.g.,
via a hardware direct communication interface), such that
another device may not store a command for controlling
the clock of the processor 220 in the control register of
the CMU 210. Thus, there is no signal processing delay,
allowing the clock to be immediately enabled or disabled.
[0048] Referring back to FIG. 2, the electronic device
200 may include a bus, and the clock management re-
quest interface 224 may be directly connected to the
CMU 210 through the bus. The electronic device 200
supports cache coherence between the cache 221 of the
processor 220 and a cache included in another device
through the bus. A more detailed description will be made
with reference to FIG. 6.
[0049] FIG. 6 is a block diagram of a clock manage-
ment request interface and a cache coherence interface
according to some example embodiments.
[0050] Referring to FIG. 6, the electronic device 200
may include the CMU 210, the processor 220, and an-
other device 230. "Another device," as described herein,
may be referred to interchangeably herein as a "separate
device." Furthermore, as noted herein, a "processor" may
be referred to interchangeably herein as a "processor
circuit."
[0051] The processor 220 may include the cache 221
and the clock management request interface 224, and
the cache 221 may include a cache coherence interface
610. The device 230 may include a cache 232 which may
include a cache coherence interface 620. The device 230
may be, for example, a CPU, and the processor 220 may
be a processor such as a GPU or a DSP. The processor
220 may implement the cache 221 and the clock man-
agement request interface 224 based on executing a pro-
gram of instructions stored in a memory (not shown in
FIG. 6). Such a memory may be the memory 130 shown
in FIG. 1.
[0052] The cache coherence interface 610 of the proc-
essor 220 is directly connected to the cache coherence
interface 620 of the device 230 through a bus 240. Thus,

the electronic device 200 may support cache coherence
in light of hardware through direct connection between
the caches 221 and 232 without using a memory.
[0053] When cache coherence is supported in light of
hardware, the processor 220 may be configured to con-
ventionally enable the clock at all times so as to serve
the snoop traffic. In some example embodiments, the
processor 220 may be directly connected to the CMU
210 through the clock management request interface 224
such that the processor 220 is configured to provide the
clock control request directly to the CMU 210 (e.g., with-
out being communicated through any intervening devic-
es), such that clock gating may be performed in an en-
vironment supporting hardware cache coherence and
thus dynamic power consumption may be reduced.
[0054] Referring back to FIG. 2, the CMU 210 may be
controlled by a separate device (not shown in FIG. 2).
The separate device that controls the CMU 210 may con-
trol the CMU 210 through the device driver of the CMU
210. More specifically, the separate device that controls
the CMU 210 accesses the control register of the CMU
210 and stores a command for controlling the clock of
each device included in the electronic device 200 in the
control register of the CMU 210. The separate device
that controls the CMU 210 may be the CPU 110 shown
in FIG. 1.
[0055] So far, the structure of the electronic device 200
has been described. Hereinbelow, an operation method
of the electronic device 200 will be described.
[0056] FIG. 7 is a flowchart of an operation method of
an electronic device according to some example embod-
iments. The operation illustrated in FIG. 7 may be imple-
mented by some or all of the processors, processing de-
vices, etc. described herein.
[0057] Referring to FIG. 7, in operation 710, the elec-
tronic device 200 determines the operation status of the
processor 220, that is, whether the processor 220 is in
the idle status or the active status.
[0058] In operation 720, the processor 220 directly pro-
vides ("communicates") a clock control request to the
CMU 210 according to the operation status of the proc-
essor 220. Based on the processor 220 determining that
the operation status of the processor 220 is the idle status
in operation 710, the processor 220 selectively provides
the clock disable request to the CMU 210. By contrast,
based on the processor 220 determining that the opera-
tion status of the processor 220 is the active status in
operation 710, the processor 220 selectively provides
the clock enable request to the CMU 210.
[0059] Upon receiving the clock enable request from
the processor 220, the CMU 210 enables the clock input
to the processor 220; based on the CMU 210 receiving
the clock disable request from the processor 220, the
CMU 210 disables the clock input to the processor 220.
However, if a time interval between the reception of the
clock disable request and the immediately previous en-
abling of the clock signal is less than or equal to a par-
ticular threshold time, the CMU 210 may maintain the
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enabled status of the clock input to the processor 220
without disabling the clock.
[0060] FIG. 8 is a flowchart of a method of determining
an operation status of a processor according to some
example embodiments. The method illustrated in FIG. 8
may be implemented by some or all of the processors,
processing devices, etc. described herein.
[0061] Referring to FIG. 8, in operation 810, the proc-
essor 220 determines the status of the pipeline of the
processor 220. Based on the processor 220 determining
that the pipeline is in the active status in operation 810,
the processor 220 performs operation 860 to provide the
clock enable request to the CMU 210. Based on the proc-
essor 220 determining that the pipeline is in the idle status
in operation 810, the processor 220 performs operation
820.
[0062] In operation 820, the processor 220 determines
the status of the cache 221 of the processor 220. Based
on the processor 220 determining that the cache 221 is
in the active status in operation 820, the processor 220
performs operation 860 to provide the clock enable re-
quest to the CMU 210. Based on the processor 220 de-
termining that the cache 221 is in the idle status in oper-
ation 820, the processor 220 performs operation 830.
[0063] In operation 830, the processor 220 determines
whether a cache coherence traffic is transmitted or re-
ceived. Based on the processor 220 determining that the
cache coherence traffic is transmitted or received in op-
eration 830, the processor 220 performs operation 860
to provide the clock enable request to the CMU 210.
Based on the processor 220 determining that the cache
coherence traffic is not transmitted or received in oper-
ation 830, the processor 220 performs operation 840.
[0064] In operation 840, the processor 220 determines
whether another device has accessed the processor 220.
Based on the processor 220 determining that another
device has accessed the processor 220 in operation 840,
the processor 220 performs operation 860 to provide the
clock enable request to the CMU 210. Based on the proc-
essor 220 determining that another device has not ac-
cessed the processor 220 in operation 840, the processor
220 performs operation 850 to provide the clock disable
request to the CMU 210.
[0065] A method of determining the operation status
of the processor 220 shown in FIG. 8 is according to
some example embodiments, and may be implemented
in other ways. For example, operation 830 of determining
whether the cache coherence traffic is transmitted or re-
ceived may be performed first. Operation 840 of deter-
mining whether another device has accessed the proc-
essor 220 may be performed prior to operation 820 of
determining the status of the cache 221.
[0066] An apparatus according to some example em-
bodiments may include a processor, a memory for storing
program data and executing the program data, a perma-
nent storage such as a disk drive, a communication port
for communicating with external devices, and user inter-
face devices, such as a touch panel, a key, a button, etc.

Methods implemented with a software module or algo-
rithm may be stored as computer-readable code or pro-
gram instructions executable on the processor on com-
puter-readable recording media. Examples of the com-
puter-readable recording media may include a magnetic
storage medium (e.g., read-only memory (ROM), ran-
dom-access memory (RAM), a floppy disk, a hard disk,
etc.) and an optical medium (e.g., a compact disc-ROM
(CD-ROM), a digital versatile disc (DVD), etc.), and so
forth. The computer-readable recording medium may be
distributed over network-coupled computer systems so
that computer-readable code is stored and executed in
a distributed fashion. The medium may be read by a com-
puter, stored in a memory, and executed by a processor.
[0067] Some example embodiments may be repre-
sented by block components and various process oper-
ations. Such functional blocks may be implemented by
various numbers of hardware and/or software compo-
nents which perform specific functions. For example,
some example embodiments may employ various inte-
grated circuit components, e.g., memory elements,
processing elements, logic elements, look-up tables, and
the like, which may carry out a variety of functions under
the control of one or more microprocessors or other con-
trol devices. Similarly, where the elements are imple-
mented using software programming or software ele-
ments, some example embodiments may be implement-
ed with any programming or scripting language such as
C, C++, Java, assembler, or the like, with the various
algorithms being implemented with any combination of
data structures, objects, processes, routines or other pro-
gramming elements. Functional aspects may be imple-
mented as an algorithm executed in one or more proc-
essors. Furthermore, some example embodiments may
employ any number of conventional techniques for elec-
tronics configuration, signal processing and/or control,
data processing and the like. The term "mechanism", "el-
ement", "means", or "component" is used broadly and is
not limited to mechanical or physical embodiments. The
term may include a series of routines of software in con-
junction with the processor or the like.
[0068] Particular executions described in some exam-
ple embodiments are merely examples, and do not limit
a technical range with any method. For the sake of brev-
ity, conventional electronics, control systems, software
development and other functional aspects of the systems
may not be described in detail. Furthermore, the con-
necting lines, or connectors shown in the various figures
presented are intended to represent example functional
relationships and/or physical or logical couplings be-
tween the various elements.
[0069] In the present disclosure (especially, in the
claims), the use of "the" and other demonstratives similar
thereto may correspond to both a singular form and a
plural form. Also, if a range is described in the present
disclosure, the range has to be regarded as including
inventions adopting any individual element within the
range (unless described otherwise), and it has to be re-
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garded as having written in the detailed description of
the disclosure each individual element included in the
range. Unless the order of operations of a method is ex-
plicitly mentioned or described otherwise, the operations
may be performed in a proper order. The order of the
operations is not limited to the order the operations are
mentioned. The use of all examples or example terms
(e.g., "etc.,", "and (or) the like", and "and so forth") is
merely intended to describe the exemplary embodiments
in detail, and the scope is not limited by the examples or
example terms unless defined by the claims.

Claims

1. An electronic device comprising:

a clock management circuit (150; 210) config-
ured to control a clock signal (CLK); and
a processor circuit (220) directly connected to
the clock management circuit (150; 210), the
processor circuit (220) configured to communi-
cate a clock control request (CLK REQ) associ-
ated with the clock signal (CLK) to the clock man-
agement circuit (150; 210) according to an op-
eration status of the processor circuit (220).

2. The electronic device of claim 1, wherein,
the processor circuit (220) includes a clock manage-
ment request interface (224) that is directly connect-
ed to the clock management circuit (150; 210), and
the processor circuit (220) is further configured to
store the operation status of the processor circuit
(220), and
determine the stored operation status of the proces-
sor circuit (220).

3. The electronic device of claim 1 or 2, wherein the
processor circuit (220) is further configured to deter-
mine whether the processor circuit (220) is in an idle
status or an active status.

4. The electronic device of claim 3, wherein the proc-
essor circuit (220) is further configured to
communicate a clock disable request to the clock
management circuit (150; 210) based on a determi-
nation that the processor circuit (220) is in the idle
status, and
communicate a clock enable request to the clock
management circuit (150; 210) based on a determi-
nation that the processor circuit (220) is in the active
status.

5. The electronic device of claim 4, wherein the clock
management circuit (150; 210) is further configured
to
enable a clock signal input to the processor circuit
(220) based on a determination that the clock man-

agement circuit (150; 210) has received the clock
enable request from the processor circuit (220); and
disable the clock signal input to the processor circuit
(220) based on a determination that the clock man-
agement circuit (150; 210) has received the clock
disable request from the processor circuit (220).

6. The electronic device of claim 5, wherein the clock
management circuit (150; 210) is further configured
to
maintain an enabled status of the clock signal input
to the processor circuit (220) without disabling the
clock signal (CLK), based on a determination that
the clock disable request is received at the clock
management circuit (150; 210), and
a time interval between the reception of the clock
disable request at the clock management circuit
(150; 210) and an immediately preceding enabling
of the clock signal is less than or equal to a particular
threshold time.

7. The electronic device of any one of claims 2 to 6,
wherein
the processor circuit (220) includes
a processor status register (222-1) configured to
store a status of a pipeline of the processor circuit
(220), and
update the status of the pipeline to an idle status
based on a determination that the processor circuit
(220) has completed a last job in a job queue, and
a cache status register (222-2) configured to
store a status of a cache (221) included in the proc-
essor circuit (220), and update the status of the
cache (221) to an idle status based on a determina-
tion that the cache (221) completes a requested job
and is under a FIFO empty condition.

8. The electronic device of claim 7, wherein the cache
(221) includes a cache coherence interface (221-1;
610) configured to support cache coherence.

9. The electronic device of claim 8, wherein the proc-
essor circuit (220) is further configured to
determine whether a separate device (230) has ac-
cessed the processor circuit (220) and a cache co-
herence traffic is being communicated between the
processor circuit (220) and the separate device (230)
through the cache coherence interface (221-1; 610);
determine that the processor circuit (220) is in an
idle status based on a determination that
the pipeline of the processor circuit (220) or the
cache (221) are in the idle status,
the cache coherence traffic is not being communi-
cated between the processor circuit (220) and the
separate device (230), and
the separate device (230) has not accessed the proc-
essor circuit (220); and determine that the processor
circuit (220) is in an active status based on a deter-
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mination that
the pipeline of the processor circuit (220) or the
cache (221) are in the active status,
the cache coherence traffic is being communicated
between the processor circuit (220) and the separate
device (230), or
the separate device (230) has accessed the proces-
sor circuit (220).

10. The electronic device of claim 8 or 9, further com-
prising:

a device configured to support cache coherence
with the processor circuit (220),
wherein a cache (231) included in the device
(230) includes a cache coherence interface
(620) configured to support the cache coher-
ence, and
the cache (221) of the processor circuit (220) is
directly connected to the cache (232) of the de-
vice (230) through the cache coherence inter-
face (221-1; 610) of the processor circuit (220)
and the cache coherence interface (620) of the
device (230), respectively, such that the cache
(221) of the processor circuit (220) is configured
to support hardware cache coherence.

11. An operation method of an electronic device, the op-
eration method comprising:

determining an operation status of a processor
circuit (220) of the electronic device; and
directly communicating, based on using the
processor circuit (220), a clock control request
associated with a clock signal (CLK) to a clock
management circuit (150; 210) according to the
operation status of the processor circuit (220).

12. The operation method of claim 11, wherein the de-
termining the operation status of the processor circuit
(220) includes determining whether the processor
circuit (220) is in an idle status or an active status.

13. The operation method of claim 12, wherein the com-
municating the clock control request according to the
operation status of the processor circuit (220) in-
cludes selectively communicating a clock enable re-
quest or a clock disable request to the clock man-
agement circuit (150; 210) based on whether the
processor circuit (220) is in the idle status or the ac-
tive status, respectively, the selectively communicat-
ing including performing one of
communicating the clock disable request to the clock
management circuit (150; 210) based on a determi-
nation that the processor circuit (220) is in the idle
status; or
communicating the clock enable request to the clock
management circuit (150; 210) based on a determi-

nation that the processor circuit (220) is in the active
status.

14. The operation method of claim 11 or 12, further com-
prising:

selectively enabling a clock signal input to the
processor circuit (220) based on whether a clock
enable request or a clock disable request is re-
ceived from the processor circuit (220), the se-
lectively enabling including performing one of
enabling the clock signal input to the processor
circuit (220) based on receiving, using the clock
management circuit (150; 210), the clock enable
request from the processor circuit (220); and
disabling the clock signal input to the processor
circuit (220) based on receiving, using the clock
management circuit (150; 210), the clock disa-
ble request from the processor circuit (220).

15. The operation method of claim 14, further compris-
ing:

maintaining an enabled status of the clock signal
input to the processor circuit (220) without dis-
abling the clock signal (CLK), based on a deter-
mination that
the clock disable request is received from the
processor circuit (220), using the clock manage-
ment circuit (150; 210); and
a time interval between reception of the clock
disable request and an immediately preceding
enabling of the clock signal is less than or equal
to a particular threshold time.

16. The operation method of any one of claims 11 to 15,
wherein the determining of the operation status of
the processor circuit (220) includes
determining whether a pipeline and a cache (221-1;
610) of the processor circuit (220) are in an idle sta-
tus;
determining whether a cache coherence traffic is be-
ing communicated via the processor circuit (220);
and
determining whether a separate device (230) has
accessed the processor circuit (220).

17. The operation method of claim 16, wherein the de-
termining of the operation status of the processor
circuit (220) includes
communicating a clock disable request based on a
determination that
the pipeline and the cache (221-1; 610) of the proc-
essor circuit (220) are in the idle status,
the cache coherence traffic is not being communi-
cated between the processor circuit (220) and the
separate device (230), and
the separate device (230) has not accessed the proc-
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essor circuit (220); and communicating the clock en-
able request based on a determination that
the pipeline or the cache (221-1; 610) of the proces-
sor circuit (220) are in an active status,
the cache coherence traffic is being communicated
between the processor circuit (220) and the separate
device (230), or
the separate device (230) has accessed the proces-
sor circuit (220).

18. The operation method of any one of claims 11 to 17,
further comprising:

updating a status of a pipeline of the processor
circuit (220) to an idle status based on a deter-
mination that the processor circuit (220) has
completed a last job in a job queue; and
updating a status of a cache (221) of the proc-
essor circuit (220) to an idle status based on a
determination that the cache (221) of the proc-
essor circuit (220) has completed a requested
job and is under a FIFO empty condition.
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