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(57) ABSTRACT 

The method of controlling an information processing device 
according to the present invention is a method of controlling 
an information processing device which includes a processor 
having a cache memory, and a clock supplying unit that 
supplies a clock signal to the processor. The method 
includes: predicting a hit rate of the cache memory; and 
controlling the clock supplying unit so as to change a 
frequency of the clock signal in accordance with the pre­
dicted hit rate. 
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METHOD OF CONTROLLING 
INFORMATION PROCESSING DEVICE, 
INFORMATION PROCESSING DEVICE, 

PROGRAM, AND PROGRAM CONVERTING 
METHOD 

BACKGROUND OF THE INVENTION 

[0001] (1) Field of the Invention 
[0002] The present invention relates to: a method of 
controlling an information processing device which inclu~es 
a processor having a cache memory, and a clock supplymg 
unit which supplies a clock signal to the processor; an 
information processing device; a program; and a program 
converting method. 
[0003] (2) Description of the Related Art 
[0004] As a conventional technology related to controlling 
electric power consumption of an information processing 
device, there is a method of controlling a clock frequency of 
a Central Processing Unit (CPU) in accordance with a cache 
hit rate (see, for example, Japanese Unexamined Patent 
Application Publications No. 11-134077, No. 2000-148582 
and No. 2005-115769). The information processing device 
includes hardware which is exclusively used for measuring 
a cache hit rate of the CPU, and increases the clock 
frequency of the CPU when the cache hit rate is high, and 
decreases the clock frequency of the CPU when the cache hit 
rate is low. With use of this method, it is possible to more 
effectively reduce electric power consumption, compared to 
when the clock frequency is constant. FIG. 1 is a block 
diagram showing configuration of an information processing 
device for which the conventional method is used. This 
information processing device includes a CPU 0101 having 
a built-in cache, a cache hit rate monitoring circuit 0102, and 
a clock controlling unit 0103 which controls a clock of the 
CPU. 
[0005] The following is a description of operations of the 
conventional information processing device configured in 
such manner as described above. 
[0006] The cache hit rate monitoring circuit 0102 d~rives 
a hit rate of the cache equipped in the CPU 0101, and mputs 
the derived hit rate to the clock controlling unit 0103 as 
cache hit rate information 0104. The clock controlling unit 
0103 controls a frequency of a clock 0105 which is to be 
supplied to the CPU 0101 in accordance with the c~che ~t 
rate information 0104. In doing so, the clock controllmg umt 
0103 increases the clock frequency of the CPU 0101 when 
the cache hit rate is high, and decreases the clock frequency 
of the CPU 0101 when the cache hit rate is low. At the same 
time, the clock controlling unit 0103 decreases clock fre­
quencies of a bus and a memory connected to the CPU 0101 
when the cache hit rate is high, and increases the clock 
frequencies of the bus and the memory when the cache hit 
rate is low. 
[0007] Therefore, the CPU effectively performs its pro­
cessing when the hit rate is high, and the speed of the bus 
and the memory is increased when the hit rate is low. In 
other words, the conventional method attempts to achieve 
both an improvement in processing efficiency and a reduc­
tion in electric power consumption. 

SUMMARY OF THE INVENTION 

[0008] However, the above conventional technology has a 
problem that controlling the clock frequency of the CPU 
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after there is a change in the cache hit rate results in a slow 
response. FIG. 2 is a graph showing changes in the cache hit 
rate, the clock frequency of the CPU, and the clock frequen­
cies of the bus and the memory. As the figure shows, there 
is a delay time d from when the cache hit rate changes, until 
when the clock frequency of the CPU and the clock fre­
quencies of the bus and the memory change. It is consi~ered 
that the delay time d can be shortened by shortenmg a 
monitoring cycle monitored by the cache hit rate monitoring 
circuit 0102. Nonetheless, the shortened monitoring cycle 
may result in degraded accuracy in measuring the cache hit 
rate and thus in a failure to achieve an improvement in 
pro~essing efficiency and a reduction in electric power 
consumption. 
[0009] As described above, the above mentioned conven­
tional technology inevitably has an inherent problem that the 
response time is long from when the cache hit rate changes 
until the clock frequency of the CPU is controlled. Conse­
quently, the improvement in the processing efficiency is not 
fully achieved even when the reduction in the electric power 
consumption is realized. 
[0010] In order to solve the above described problem, an 
object of the present invention is to provide: a method of 
controlling an information processing device which con­
trols in accordance with a cache hit rate, a CPU clock 
with~ut generating a delay time; an information processing 
device; a program; and a program converting method. 
[0011] In order to solve the above described problem, the 
preset invention is a method of controlling an information 
processing device which includes a processor having a cache 
memory, and a clock supplying unit that supplies a clock 
signal to the processor. The method includes: predicting a hit 
rate of the cache memory; and controlling the clock sup­
plying unit so as to change a frequency of the clock signal 
in accordance with the predicted hit rate. With this structure, 
a frequency of the clock signal is controlled in accordance 
with the predicted hit rate, and thus it is possible to eliminate 
the delay time from when the cache hit rate changes until_ t~e 
clock frequency of the CPU is controlled. As a result, 1t 1s 
possible to optimally achieve both a reduction in the electric 
power consumption and an improvement in the processing 
efficiency which are trade-offs of each other. Furthermore, 
since it is not necessary to mount special hardware used for 
monitoring the actual cache hit rate, a circuit area of the 
information processing device can be smaller. In an example 
case of mobile terminal devices, consumption of batteries 
can be reduced, and the circuit can be minitualized. 
[0012] Here, the predicting may include: detecting an 
occurrence of a first process in the processor; identifying a 
type of a second process which starts as a res~lt. of the 
detected occurrence of the first process; and pred1ctmg the 
hit rate in accordance with the identified type. With this 
structure, mounting special hardware used for monitoring an 
actual cache hit rate is unnecessary, and it is possible to 
easily predict a hit rate by software or hardware. In addition, 
for example, when a hit rate table and the like in which types 
of the second processes and hit rates correspond with each 
other is provided in advance, it is possible to accurately 
predict a hit rate. 
[0013] Here, the predicting may further include predicting 
that the hit rate increases above a predetermined value in the 
case where the first process is not detected during a prede­
termined period of time. With this structure, in the case 
where the first process is not detected during the predeter-
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mined period of time, it is predicted that the hit rate 
gradually increases since there is no particular factor causing 
the hit rate to decrease. Therefore, it is possible to improve 
the processing efficiency of the processor. 

[0014] Here, the first process may be an event which 
occurs in an operating system, and the predicting may 
include predicting that the hit rate falls below a predeter­
mined value in the case where the second process is iden­
tified as a process of transferring data between a recording 
medium and a memory. With this structure, in the case of 
transferring data between the recording medium and the 
memory, for example in the case of loading data ( or a 
program) stored in a storage medium or a hard disk to the 
memory, it is possible to easily predict that the hit rate falls 
below the predetermined value. 
[0015] Here, the predicting may include predicting the hit 
rate in accordance with the size of the data transferred. With 
this structure, the larger the size of transferred data, the more 
the cache hit rate is likely to decrease, and thus it is possible 
to more accurately predict the hit rate. 

[0016] Here, the predicting may further include predicting 
that the hit rate falls below the predetermined hit rate in the 
case where the second process is identified as: a process of 
activating a new application program; a process of flushing 
the cache memory; or a process of copying a region between 
the memories. With this structure, in the case where the 
cache memory is flushed or the region is copied between 
memories, there is a likelihood that the hit rate decreases, 
and thus it is possible to easily predict the hit rate. 

[0017] Here, the information processing device may 
include a memory management unit which converts a virtual 
address into an actual address for virtual storage of a demand 
loading mechanism. Here, the first process may be an access 
violation in the memory management unit, and the predict­
ing may include predicting that the hit rate falls below a 
predetermined value in the case where the second process is 
identified as a process of performing the demand loading. 
With this structure, in the case of carrying out demand 
loading due to the access violation in the memory manage­
ment unit, there is a likelihood that the hit rate decreases, and 
thus it is possible to easily predict the hit rate. 

[0018] Here, the memory management unit may further 
have a table of a software table walk, for temporarily 
flushing the virtual address and the actual address corre­
sponding to the virtual address. Here, the first process may 
be an access miss in the table, and the predicting may 
include predicting that the hit rate falls below the predeter­
mined value in the case where the second process is iden­
tified as a process of updating the table. With this structure, 
in the case of performing the process of updating the above 
mentioned table, there is a likelihood that the hit rate 
decreases, and thus it is possible to easily predict the hit rate. 

[0019] Here, the first process may be an interrupt, and the 
predicting may include: predicting that the hit rate is higher 
than a predetermined value in the case where the second 
process is identified as a pre-process of identifying a type of 
the interrupt; and predicting that the hit rate is lower than the 
predetermined value in the case where the second process is 
identified as an individual process unique to the identified 
type of the interrupt. With this structure, the pre-process is 
a common process performed irrespective of the type of the 
interrupt, and thus there is a likelihood that the cache hit rate 
is high. Conversely, the individual process is dependent on 
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the type of the interrupt, and thus there is a likelihood that 
the hit rate is low. Therefore, it is possible to easily predict 
the hit rate. 
[0020] Here, the predicting may further include: identify­
ing a type of an input/output unit in the case where the 
individual process is a process of controlling the input/ 
output unit; and predicting the hit rate in accordance with the 
identified type of the input/output unit. With this structure, 
details of the individual process vary depending on the type 
of the input/output unit, and thus the degree of the change in 
the cache hit rate varies. Using this property, it is possible to 
more accurately predict the hit rate. 
[0021] Here, the method of controlling the information 
processing device may further include measuring an occur­
rence-frequency of the interrupt for each type of the inter­
rupt, and predicting may further include predicting the hit 
rate in accordance with the occurrence-frequency of the 
identified individual process. With this structure, using the 
property that the higher the occurrence-frequency, the more 
the hit rate is likely to increase, it is possible to more 
accurately predict the hit rate. 
[0022] Here, the first process may be a system call, and the 
predicting may include: identifying a system call number as 
the second process; and predicting the hit rate in accordance 
with the identified system call number. With this structure, 
a device access attributable to a system call, an acquirement 
of a new region, and the like lead to a likeliness that the 
cache hit rate decreases, and thus it is possible to easily 
predict the hit rate. In addition, details of the process of each 
system call are distinguished by the system call number, and 
the degree of the change in the cache hit rate varies depend­
ing on the details of the process. Therefore, it is possible to 
more accurately predict the hit rate. 
[0023] Here, the information processing device may 
include a monitoring unit which monitors the hit rate of the 
cache memory, and the method of controlling the informa­
tion processing device may further include saving a hit rate 
of an application program when the application program is 
suspended. Here, the first process may a process of restarting 
the suspended application program, and the predicting may 
include: identifying a type of the application program which 
needs to restart; and predicting a hit rate of the restarted 
application program in accordance with the saved hit rate of 
the identified application program. With this structure, it is 
possible to easily predict the hit rate of the restarted appli­
cation program, in accordance with the saved hit rate. 
[0024] Here, the predicting may include predicting the hit 
rate in accordance with a period of time from when the 
application program is suspended until when the suspended 
application program restarts. With this structure, the longer 
the time elapsed until the restart, the less likelihood that the 
cache memory still has data of the restarted application 
program at the time of the restart, and thus it is possible to 
accurately predict the hit rate of the restarted application 
program. 
[0025] Here, the information processing device may 
include a monitoring unit which monitors the hit rate of the 
cache memory, and the predicting may include predicting 
the hit rate based on a history of a hit rate monitored by the 
monitoring unit. With this structure, it is possible to accu­
rately predict the hit rate of the restarted application program 
in accordance with the history. 
[0026] Here, the information processing device may 
include a memory management unit which converts a virtual 
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address into an actual address for virtual storage of a demand 
loading mechanism, the memory management unit may 
further have a table of a hardware table walk, for temporarily 
flushing the virtual address and the actual address corre­
sponding to the virtual address, and the predicting may 
include predicting the hit rate based on an updating-fre­
quency and the history of the past hit rate. 

[0027] Here, the information processing device may fur­
ther include a power unit which supplies power to the 
processor, and the controlling may further include control­
ling the power unit so as to change a power voltage of the 
power supplied to the processor in accordance with the 
predicted hit rate. With this structure, it is further possible to 
optimize a reduction in the electric power consumption. 

[0028] Here, the information processing device according 
to the present invention includes: a processor having a cache 
memory; a clock supplying unit which supplies a clock 
signal to the processor; a predicting unit which predicts a hit 
rate of the cache memory; and a controlling unit which 
controls the clock supplying unit so as to changes a fre­
quency of the clock signal in accordance with the predicted 
hit rate. 

[0029] Here, the program according to the present inven­
tion is a program for controlling a computer which includes 
a clock supplying unit that supplies a clock signal to a 
processor, the program causing the computer to execute: 
predicting a hit rate of the cache memory; and controlling 
the clock supplying unit so as to change a frequency of the 
clock signal in accordance with the predicted hit rate. 

[0030] Here, the program converting method according to 
the present invention is a program converting method of 
converting a first program into a second program, in which 
the second program is used for an information processing 
device which includes a processor having a cache memory 
and a clock supplying unit which supplies a clock signal to 
the processor. The program converting method includes: 
predicting a hit rate of a predetermined section of the first 
program; and generating the second program by adding, to 
the first program, an instruction which specifies a frequency 
of the clock signal in the predetermined section in accor­
dance with the predicted hit rate. 

[0031] Here, the predetermined section may be the second 
process which starts due to the first process, and the pre­
dicting may include: identifying a type of the second pro­
cess, predicting the hit rate of the cache memory during the 
second process in accordance with the identified type; and 
adding, to the end of the first process or to the head of the 
second process, the instruction by the clock supplying unit 
which specifies the frequency of the clock signal in accor­
dance with the predicted hit rate. 

[0032] According to the present invention, since the fre­
quency of the clock signal is controlled in accordance with 
a predicted hit rate, it is possible to eliminate the delay time 
from when the cache hit rate changes until the clock fre­
quency of the CPU is controlled. As a result, it is possible to 
optimally achieve both a reduction in the electric power 
consumption and an improvement in the processing effi­
ciency which are trade-offs of each other. Furthermore, since 
it is not necessary to mount hardware which is exclusively 
used for monitoring the actual cache hit rate, a circuit area 
of the information processing device can be smaller. In an 
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example case of mobile terminal devices, consumption of 
batteries can be reduced, and the circuit can be minitualized. 

FURTHER INFORMATION ABOUT 
TECHNICAL BACKGROUND TO THIS 

APPLICATION 

[0033] The disclosure of Japanese Patent Application No. 
2006-178607 filed on Jun. 28, 2006 including specification, 
drawings and claims is incorporated herein by reference in 
its entirety. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] These and other objects, advantages and features of 
the invention will become apparent from the following 
description thereof taken in conjunction with the accompa­
nying drawings that illustrate a specific embodiment of the 
invention. In the Drawings: 
[0035] FIG. 1 is a block diagram showing configuration of 
a conventional information processing device; 
[0036] FIG. 2 is a graph showing changes in a cache hit 
rate, a clock frequency of a CPU, and clock frequencies of 
a bus and a memory. 
[0037] FIG. 3 is a block diagram showing configuration of 
an information processing device according to a first 
embodiment. 
[0038] FIG. 4 is a block diagram showing configuration of 
a controlling unit. 
[0039] FIG. 5 is a diagram showing a flowchart of a 
process performed by a cache hit rate predicting unit. 
[0040] FIG. 6A is a diagram showing a prediction table 
which shows events and predicting hit rates. 
[0041] FIG. 6B is a diagram showing a prediction table 
which shows system calls and predicting hit rates. 
[0042] FIG. 7A is a diagram showing a table of clock 
frequencies corresponding to predicting hit rates. 
[0043] FIG. 7B is a diagram showing a table of power 
voltages corresponding to predicting hit rates. 
[0044] FIG. 8 is a diagram showing changes in a hit rate 
and changes in frequencies. 
[0045] FIG. 9 is a block diagram showing configuration of 
an information processing device according to a second 
embodiment. 
[0046] FIG. 10 is a flowchart showing a process per­
formed by a cache hit rate predicting unit. 
[0047] FIG. 11 is a diagram showing a prediction table 
which shows events and predicting hit rates. 
[0048] FIG. 12 is a block diagram showing configuration 
of an information processing device according to a third 
embodiment. 
[0049] FIG. 13 is a block diagram showing configuration 
of a program converting device according to a fourth 
embodiment. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0050] With reference to the drawings, details of preferred 
embodiments of the present invention are described. 

First Embodiment 

[0051] The present embodiment describes an information 
processing device which includes a processor having a cache 
memory, a clock supplying unit which supplies a clock 
signal to the processor, and a power unit which supplies a 
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power voltage to the processor. The information processing 
device predicts a hit rate of the cache memory, controls the 
clock supplying unit so as to change a frequency of the clock 
signal in accordance with the predicted hit rate, and controls 
the power unit so as to change a power voltage in accordance 
with the predicted hit rate. 
[0052] FIG. 3 is a block diagram showing configuration of 
the information processing device according to the first 
embodiment. The information processing device includes a 
CPU 101, a memory 104, a storage medium 111, a clock 
supplying unit 150, and a power unit 151. 
[0053] The CPU 101 includes a cache memory 160, a 
controlling unit 161, and an interrupt controller 112. 
[0054] The cache memory 160 is used as a data cache or 
an instruction cache. 
[0055] The controlling unit 161: predicts a hit rate of the 
cache memory 160; determines a frequency of the clock 
signal in accordance with the predicted hit rate; and controls 
the clock supplying unit 150 so as to change to the deter­
mined frequency. The controlling unit 161 also determines a 
power voltage in accordance with the determined frequency, 
and controls the power unit 151 so as to change to the 
determined power voltage. 
[0056] FIG. 4 is a block diagram showing detailed con­
figuration of the controlling unit 161. The controlling unit 
161 includes a cache hit 10 rate predicting unit 201, a 
frequency determining unit 203, a clock controlling unit 
205, a voltage determining unit 206, and a voltage control­
ling unit 208. These functions of the controlling unit 161 are 
described as functions added to a part of an Operating 
System (hereinafter referred to as "OS"). First, an overview 
of an operation of the controlling unit 161 is provided. 
[0057] FIG. 5 is a flowchart showing the overview of 
operations of the controlling unit 161. The cache hit rate 
predicting unit 201 detects an occurrence of a first process 
in the CPU 101 (S30), identifies a type of a second process 
which starts or is called by the occurrence of the detected 
first process (S32), and predicts the above mentioned hit rate 
in accordance with the identified type of the second process 
(S34). Based on the cache hit rate 202 determined by the 
cache hit rate predicting unit 201, the frequency determining 
unit 203 determines frequencies 204 which include a fre­
quency of a CPU clock 102, a frequency of a memory clock 
106, a frequency of a bus clock 107 (S36). The clock 
controlling unit 205 controls the clock supplying unit 150 so 
as to supply a clock signal corresponding to the frequencies 
204 determined by the frequency determining unit 203. 
Further, based on the frequencies 204, the voltage determin­
ing unit 206 determines a voltage 207 which is at least one 
or more of a CPU voltage 108, a memory voltage 109, and 
a bus voltage 110 (S38). The voltage controlling unit 208 
sets at least one of the CPU voltage 108, the memory voltage 
109, and the bus voltage 110 in accordance with the voltage 
207 determined by the voltage determining unit 206. As 
described, by controlling the frequencies 204 of the CPU 
101 based on the cache hit rate 202 predicted by the cache 
hit rate predicting unit 201, the controlling unit 161 
decreases the frequencies 204 of the CPU 101 when the 
cache hit rate 202 is low, and increases the frequencies 204 
of the CPU 101 when the cache hit rate 202 is high. As a 
result, the controlling unit 161 can optimally control the 
electric power consumption. 
[0058] More specifically, the above mentioned first pro­
cess refers to each of various events that occur in the OS. 
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The various events include events such as system calls, 
interrupts, exception processes, switching of application 
programs (task switching), activation of application pro­
grams, and completion of application programs. The second 
process refers to a process which starts as a result of these 
events or which is called up by these events. 
[0059] For example, when an event (the first process) is an 
event of instructing file reading, the second process is 
identified as a process of transferring data between a record­
ing medium and a memory. In such a case, the cache hit rate 
predicting unit 201 predicts that the hit rate falls below a 
predetermined value. With reference to FIG. 6A, an example 
of predicting the hit rate is described. 
[0060] FIG. 6A is a diagram showing a prediction table 
which contains the second processes corresponding to 
events and predicting hit rates. The cache hit rate predicting 
unit 201 obtains a predicting hit rate by referring to a 
prediction table such as the one shown in FIG. 6A. 
[0061] The frequency determining unit 203 determines the 
clock frequencies 204 based on the hit rate 202 predicted by 
the cache hit rate predicting unit 201. The clock frequencies 
204 include a frequency of the CPU clock 102, a frequency 
of the bus clock 107, and a frequency of the memory clock 
106. With reference to FIG. 7A, an example of a method of 
determining the frequencies is described. 
[0062] FIG. 7A is a diagram showing a table which 
contains clock frequencies 204 that are suitable for predict­
ing hit rates. The frequency determining unit 203 obtains a 
frequency by referring to a frequency table shown in FIG. 
7 A. The frequency table shown in FIG. 7 A stores in advance 
frequencies of the CPU clock 102, frequencies of the bus 
clock 107, and frequencies of the memory clock 106, 
making these frequencies correspond with predicting hit 
rates. This frequency table is set in such manner that when 
it is predicted that the cache hit rate 202 decreases, the 
frequency of the CPU clock 102 is decreased, and when it 
is predicted that the cache hit rate 202 increases, the fre­
quency of the CPU clock 102 is increased. Therefore, the 
consumption of electric power can be optimally controlled. 

[0063] The clock controlling unit 205 controls the clock 
supplying unit 150 so as to supply each clock signal which 
is in accordance with the frequencies 204 determined by the 
frequency determining unit 203. 
[0064] The voltage determining unit 206 determines the 
CPU voltage 108, the memory voltage 109, and the bus 
voltage 110 based on the frequencies 204 determined by the 
frequency determining unit 203. Note that the voltage deter­
mining unit 206 may determine the CPU voltage 108, the 
memory voltage 109, and the bus voltage 110 based on a 
predicting hit rate. With reference to FIG. 7B, an example of 
a method of determining the voltages is described. 

[0065] FIG. 7B is a diagram showing a table which 
contains the CPU voltages 108, the bus voltages 110, and the 
memory voltages 109 which are suitable for predicting hit 
rates. 

[0066] The voltage controlling unit 208 controls the power 
unit 151 so as to supply each power voltage in accordance 
with the voltage 207 determined by the voltage determining 
unit 206. 
[0067] Note that although, in the present embodiment, the 
controlling unit 161 is described as a function added to a part 
of the OS, the controlling unit 161 may be embodied in a 
program other than the OS, or embodied as hardware. 
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[0068] The storage medium 111 is a recording medium 
such as a hard disk and an optical disk. 
[0069] The interrupt controller 112 controls interrupts to 
the CPU 101. Each type of the interrupts to the CPU 101 is 
handled as a part of the above events (first processes) by the 
controlling unit 161. 
[0070] The following is a description of operations of the 
information processing device which is configured in such 
manner as described above. The above events (first pro­
cesses) include various events such as events which occur 
within the OS, events which occur as system calls from 
application programs, and events which occur as interrupts 
from outside. 
[0071] First, the following describes operations, per­
formed by the controlling unit 161, of predicting a hit rate 
in accordance with details of the second process called from 
an event, irrespective of the type of the event. 
[0072] For example, as shown in the event No. 1 in FIG. 
6A, when the second process which corresponds to an event 
is a process of loading data stored in the storage medium 111 
to the memory 102, the cache hit rate predicting unit 201 
predicts that the cache hit rate of the CPU 101 is low from 
the start until the end of the loading. 
[0073] Further, as shown in the event No. 5 in FIG. 6A, 
when the second process which corresponds to an event is a 
process of activating an application program stored in the 
storage medium 111, the OS usually reads the application 
program from the storage medium 111, and loads the appli­
cation program in the memory 102. In doing so, since there 
is a high likelihood that a hit does not occur in the cache of 
the CPU 101 for an access to the storage medium 111, the 
cache hit rate predicting unit 201 predicts that the cache hit 
rate is low, and determines the cache hit rate 202 accord­
ingly. 
[0074] For example, as shown in the event No. 3 in FIG. 
6A, when the second process which corresponds to an event 
is a process of carrying out a memory copying function or 
a memory filling function to a region, the region is often 
unused and the cache hit rate is likely to decrease. Therefore, 
the cache hit rate predicting unit 201 predicts that the cache 
hit rate decreases and determines the cache hit rate 202 
accordingly. 
[0075] Further, after performing the second process which 
corresponds to an event, that is, as shown in the event No. 
4 in FIG. 6A, after performing a process of flushing all of, 
or most of the cache region, the cache hit rate of the CPU 
101 is likely to fall, and therefore the cache hit rate predict­
ing unit 201 predicts that the cache hit rate of the CPU 101 
is low, and determines the cache hit rate 202 accordingly. 
For example, in order to create consistency between an 
external memory and the cache, there are cases where the 
OS flushes the cache. 
[0076] For example, as shown in the event No. 3 in FIG. 
6A, when the second process which corresponds to an event 
is a process of carrying out the memory copying function or 
the memory filling function, the larger the region to be 
copied or filled, the higher the likelihood that the cache hit 
rate decreases. Therefore, the cache hit rate predicting unit 
201 predicts the cache hit rate in accordance with the size, 
and determines the cache hit rate 202 accordingly. 
[0077] Further, as shown in the event No. 5 in FIG. 6A, 
when the second process which corresponds to an event is a 
process of activating an application program, there is no 
application program in the cache of the CPU 101 to be 
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executed immediately after the activation, and the cache hit 
rate is likely to decrease. Therefore, the cache hit rate 
predicting unit 201 predicts that the cache hit rate decreases, 
and determines the cache hit rate 202 accordingly. 
[0078] Next, the following describes a case where, as 
shown in the event No. 9 in FIG. 6A, the second process 
which corresponds to an event is an MMU access violation. 
Here, the CPU 101 is assumed to internally have a memory 
management unit (hereinafter referred to as "MMU") which 
converts a virtual address into an actual address for virtual 
storage of a demand loading mechanism. For example, in a 
case of an OS such as Linux, a method of not assigning an 
actual memory until an access actually occurs, is used 
(hereinafter referred to as "demand loading"). In order to 
realize this demand loading, access authorization is set in 
such manner that the access is prohibited until an access 
actually occurs, using an access authorization function 
which is a function of the MMU. When a region, an access 
to which is prohibited, is accessed, an exception process 
occurs and is processed by the OS. After the demand loading 
occurs, a memory which is newly assigned is often accessed, 
and thus there is a high likelihood that the access does not 
hit the cache of the CPU 101. Therefore, the cache hit rate 
predicting unit 201 predicts that the cache hit rate is low, and 
determines the cache hit rate 202 accordingly. 
[0079] Further, the following describes a case where, as 
shown in the event No. 10 in FIG. 6A, the second process 
is a TLB miss hit event. Here, the above described MMU 
further has a Table Lookaside Buffer (hereinafter referred to 
as "TLB") of a software table walk, for temporarily caching 
a virtual address and a corresponding actual address. 
[0080] When a TLB miss hit occurs, it often shows that an 
access to a region which has conventionally not been 
accessed has started, and the cache hit rate is likely to 
decrease hereafter. Therefore, when detecting the TLB miss 
hit, the cache hit rate predicting unit 201 predicts that the 
cache hit rate decreases, and determines the cache hit rate 
202 accordingly. 
[0081] Note that with the TLB of the software table walk 
installed in the CPU 101, the OS updates an entry of the TLB 
when a miss hit occurs in the TLB, and thus the occurrence 
of the TLB miss hit can be detected by the cache hit rate 
predicting unit 201. 
[0082] Further, when the TLB miss hit and updating of the 
TLB occur in the CPU 101, the cache hit rate predicting unit 
201 determines the cache hit rate 202 based on details of the 
updated TLB entry. For example, when the details of the 
updated TLB entry indicate a non-cache attribute, there is a 
high possibility that the region which is to about be accessed 
is a non-cache region, and there is a likelihood that the cache 
hit rate decreases hereafter. Therefore, 10 when the TLB 
entry which is updated after the detection of the TLB miss 
hit indicates the non-cache attribute, the cache hit rate 
predicting unit 201 may predict that the cache hit rate 
decreases and determine the cache hit rate 202 accordingly. 
[0083] Next, the following describes operations per­
formed by the controlling unit 161 in regard to interrupts as 
parts of the above events (the first process). 
[0084] For example, as shown in the event No. 11 in FIG. 
6A, in the case where the second process which corresponds 
to an event is an interrupt pre-process, the OS starts an 
interrupt when an interrupt 114 issued by the interrupt 
controller 112 is accepted by the CPU 101. The interrupt can 
mainly be divided into: a pre-process part in which a 
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process, such as identification of a type of an interrupt, is 
performed; and an interrupt handler process in which a 
process is performed in accordance with the type of the 
interrupt. Since the pre-process part is a common process 
performed irrespective of the type of the interrupt, there is 
a likelihood that the cache hit rate is high. Therefore, from 
when the interrupt starts until when each interrupt handler 
process is carried out, the cache hit rate predicting unit 201 
predicts that the cache hit rate is high, and determines the 
cache hit rate 202 accordingly. 

[0085] Also, as shown in the event No. 12 and 13 in FIG. 
6A, when the second process which corresponds to an event 
is an interrupt handler process, that is, the interrupt handler 
process carried out after the pre-process of the interrupt in 
accordance with the type of the interrupt, there is a likeli­
hood that the cache hit rate is low, because the interrupt 
handler process is a process of operating a peripheral device 
of the CPU 101. Using this property, in each interrupt 
handler process, the cache hit rate predicting unit 201 
predicts that the cache hit rate is low, and determines the 
cache hit rate 202 accordingly. Details of each interrupt 
handler process differ depending on the type of the device, 
and thus the degree of the change in the cache hit rate varies. 
Consequently, the cache hit rate predicting unit 201 predicts 
the cache hit rate of each interrupt handler process in 
accordance with the type of the device, and determines the 
cache hit rate 202 accordingly. 

[0086] Note that the cache hit rate predicting unit 201: 
manages an occurrence-frequency of each interrupt; predicts 
the cache hit rate of each interrupt handler process in 
accordance with the occurrence-frequency, using the prop­
erty that the higher the occurrence-frequency of the inter­
rupt, the higher the cache hit rate; and determines the cache 
hit rate 202 accordingly. This occurrence-frequency may be 
dynamically managed or be managed using a predetermined 
static value. 

[0087] In addition, the following describes operations, 
performed by the controlling unit 161, of handling a system 
call as a part of the above described events. When a system 
call (also known as "software interrupt") is issued to the OS, 
the functions of the OS can be used in the application 
program. When the functions of the OS, such as a device 
access and an acquirement of a new region, are carried out, 
there is a likelihood that the cache hit rate decreases. 
Therefore, after the system call is issued, the cache hit rate 
predicting unit 201 predicts that the cache hit rate decreases, 
and determines the cache hit rate 202 accordingly. 

[0088] Furthermore, as shown in FIGS. 6B and 11, details 
of the process of each system call are distinguished by the 
system call number, and the degree of the change in the 
cache hit rate varies depending on the details of the process 
of each system call. Therefore, after the system call is issued, 
the cache hit rate predicting unit 201 predicts the cache hit 
rate in accordance with the system call number, and deter­
mines the cache hit rate 202 accordingly. 

[0089] FIGS. 6B and 11 are diagrams showing prediction 
tables which hold second processes and predicting hit rates 
which correspond to system call numbers. A socket system 
call having the system call number 1 is a system call for 
carrying out network communication, and thus a network 
device is frequently accessed. Therefore, the controlling unit 
161 predicts that the hit rate decreases, and the predicting hit 
rate is very low. 
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[0090] A file read system call having the system call 
number 2 is a system call for a process of reading out a file 
from the storage medium 111, and thus the controlling unit 
161 predicts that the hit rate is very low. 
[0091] A file write system call having the system call 
number 3 is a system call for a process of writing a file in 
the storage medium 111, and thus the controlling unit 161 
predicts that the hit rate is very low. 
[0092] A file attribute change system call having the 
system call number 4 is a system call for accessing a file, 
however, only for changing an attribute (for example, access 
authorization and the owner of the file). Therefore, the 
controlling unit 161 predicts that although the hit rate 
slightly decreases, the rate is almost unchanged. 
[0093] A memory region change system call having the 
system call number 5 is used for changing a memory region 
of a process program (for example, malloc). In particular, 
expanding the region means that an unknown region is 
accessed, and thus the larger the size of the expanded 
memory, the lower the hit rate the controlling unit 161 
predicts. 
[0094] A signal system call having the system call number 
6 is a system call for an event notification from an applica­
tion program to a different application. However, the noti­
fication itself is only a piece of data, and thus the controlling 
unit 161 predicts that the hit rate does not change. 
[0095] As described above and shown in FIG. 8, according 
to the information processing device of the present embodi­
ment, a frequency of the clock signal is controlled in 
accordance with the predicted hit rate, and thus it is possible 
to eliminate the delay time lo from when the cache hit rate 
changes until the clock frequency of the CPU is controlled. 
As a result, it is possible to optimally achieve both a 
reduction in the electric power consumption and an 
improvement in the processing efficiency which are trade­
offs of each other. Furthermore, since it is not necessary to 
mount special hardware used for monitoring the actual cache 
hit rate, a circuit area of the information processing device 
can be smaller. In an example case of mobile terminal 
devices, consumption of batteries can be reduced, and the 
circuit can be minitualized. 
[0096] Note that the information processing device of the 
first embodiment is embodied as a Large-Scale Integration 
(LSI) which is a typical integrated circuit. Here, it is referred 
to as an LSI, however, it is sometimes referred to as an IC, 
a system LSI, a super LSI or an ultra LSI, depending on the 
degree of integration. 
[0097] The information processing device of the first 
embodiment is applicable to mobile phones, accumulating 
and reproducing devices, digital TVs, on-vehicle appara­
tuses, and the like. 
[0098] Further, when the frequency of the memory clock 
106 and the frequency of the bus clock 107 are to be 
controlled, it is necessary to consider whether or not the 
memory 104 and the bus 105 are being used in a bus master 
circuit (for example, a Direct Memory Access Controller: 
DMAC) other than the CPU 101. 

Second Embodiment 

[0099] FIG. 9 is a block diagram showing configuration of 
an information processing device according to a second 
embodiment. FIG. 9 is different from FIG. 3 of the first 
embodiment in that a cache hit rate monitoring circuit 103 
is added. 
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[0100] With the information processing device configured 
in the manner shown in FIG. 9, a cache hit rate predicting 
unit 201 in a controlling unit 161 obtains information about 
a current cache hit rate (hardware information) from the 
cache hit rate monitoring circuit 103, and predicts a cache hit 
rate 202 based on the obtained information. 
[0101] Since the cache hit rate predicting unit 201 predicts 
the cache hit rate based on the information about the current 
cache hit rate obtained from the cache hit rate monitoring 
circuit 103, the prediction accuracy is higher compared to 
that of the first embodiment. The following is a description 
of some examples of operations of the cache hit rate pre­
dicting unit 201. 
[0102] For example, the cache hit rate predicting unit 201 
is activated on a regular basis by a timer and the like, and 
predetermined information is recorded in the cache hit rate 
predicting unit 201. Based on previously recorded informa­
tion, the cache hit rate predicting unit 201 statistically 
determines the cache hit rate 202. 
[0103] Further, when there is no predetermined process 
which causes the cache hit rate to decrease, there is a high 
likelihood that the hit rate rises. Thus, when there is no 
predetermined process which causes the cache hit rate to 
decrease, the cache hit rate predicting unit 201 predicts that 
the cache hit rate rises, and determines the cache hit rate 202 
accordingly. 
[0104] The ratio of a rise in the hit rate differs depending 
on the application program. Therefore, when there is no 
predetermined process which causes the cache hit rate to 
decrease, the cache hit rate predicting unit 201 predicts that 
the cache hit rate rises, and determines the cache hit rate 202 
accordingly for each application program. 
[0105] Also, the cache hit rate predicting unit 201: is 
activated on a regular basis; obtains and records hardware 
information; saves the obtained and recorded hardware 
information as a history; and statistically determines the 
cache hit rate 202 based on the hardware information 
recorded when the cache hit rate predicting unit 201 has 
previously been activated. 
[0106] Next, it is assumed that the MMU in the CPU 101 
has a TLB of a hardware table walk. When a temporal 
locality of an instruction and data is low, many miss hits of 
the TLB occur, and an updating-frequency of the TLB 
increases. In such a case, the cache hit rate is likely to be low. 
Therefore, the cache hit rate predicting unit 201 periodically 
monitors the TLB, predicts that the cache hit rate decreases 
when the updating-frequency of the TLB is high, and 
determines the cache hit rate 202 accordingly. 
[0107] Furthermore, by periodically monitoring a program 
counter, the cache hit rate predicting unit 201 is capable of 
judging whether or not the temporal locality of the instruc­
tion is high. When the locality of the instruction is low, there 
is a likelihood that the cache hit rate is low. Therefore, the 
cache hit rate predicting unit 201 periodically monitors the 
program counter, predicts the cache hit rate in accordance 
with the locality of the instruction, and determines the cache 
hit rate 202 accordingly. 
[0108] Moreover, the cache hit rate predicting unit 201 
may record, on a regular basis, values of the cache hit rate 
monitoring circuit 103, predict the cache hit rate based on 
the recorded information, and determine the cache hit rate 
202 accordingly. 
[0109] For example, as shown in the event No. 7 in FIG. 
6A, when the second process which corresponds to an event 
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is a process of suspending an application program which is 
being executed, the controlling unit 161, as shown in FIG. 
10, saves information about the cache hit rate of the appli­
cation program at the time of the suspension. Examples of 
the suspension include an exception process such as an 
interrupt, and a shift to a different application program. 

[0110] After that, as shown in the event No. 8 in FIG. 6A, 
when the second process which corresponds to an event is a 
process of restarting the execution of the suspended appli­
cation program, the cache hit rate predicting unit 201 
determines the cache hit rate 202 based on the saved cache 
hit rate, at the time of the restart. The longer the time elapsed 
until the restart of the application program, the less the 
possibility that the CPU 101 still has, at the time of the 
restart, data of the application program which is to restart, 
and thus the cache hit rate decreases. Therefore, based on the 
time elapsed until the application program restarts, the cache 
hit rate predicting unit 201 determines the cache hit rate 202 
of the application program. 

[0111] For example, when there is more than one appli­
cation program which needs to be executed, the OS switches 
an application program which is being executed at a point in 
time (application program A) to a different application 
program (application program B). Then after some time 
elapses, the OS switches the application program B back to 
the application program A. As with the case of the events 
No. 7 and 8 in FIG. 6A, the cache hit rate predicting unit 201 
saves a cache hit rate of the application program A when the 
application program A is switched to the application pro­
gram B. Then, when the application program A restarts, the 
cache hit rate 202 is determined based on the saved cache hit 
rate. 

[0112] Further, as with the case of the events No. 7 and 8 
in FIG. 6A, the cache hit rate predicting unit 201 saves 
information about a cache hit rate of an application program 
which has been executed until just before an exception 
process has occurred due to a system call or an interrupt. 
When the application program restarts, the cache hit rate 
predicting unit 201 predicts the cache hit rate based on the 
saved information about the cache hit rate, and determines 
the cache hit rate 202 accordingly. 

Third Embodiment 

[0113] FIG. 12 is a block diagram showing configuration 
of an information processing device according to a third 
embodiment. FIG. 12 is different from FIG. 9 in that the 
information processing device shown in FIG. 12 has mul­
tiprocessor configuration. More specifically, the information 
processing device shown in FIG. 12 has plural sets of a CPU, 
a supplying unit, and a power unit, namely, CPUs 114a-
114c, clock supplying units 150a-150c and power units 
151a-15lc. 
[0114] With the information processing device configured 
in such manner as described above, a cache hit rate moni­
toring circuit 103, an interrupt controller 112, a cache 
memory 160, and a controlling unit 161 are mounted in each 
of the CPU 114a-114c, and a clock 102 in each of the CPU 
114a-114c is independently controlled. However, it is nec­
essary to arbitrate details of the setting of the frequencies 
between the CPU clock, the bus clock and the memory 
clock, or to fix these frequencies. It is also necessary to 
arbitrate details of the setting of the voltages between the 
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CPU voltage, the bus voltage and the memory voltage to 
determine whether or not these voltages are to be fixed. 

Fourth Embodiment 

[0115] The present embodiment describes a program con­
verting device which: statically predicts a cache hit rate in a 
processor instead of dynamically predicting the cache hit 
rate; and adds, in accordance with a predicting result, an 
instruction which specifies a frequency of a clock signal and 
an instruction which specifies a power voltage during a 
program execution. 
[0116] FIG. 13 is a block diagram showing configuration 
of the program converting device of the fourth embodiment. 
The program converting device of FIG. 13 includes a 
compiler 1, an assembler 18 and a linker 19. The compiler 
1 includes a parsing unit 10, an intermediate code generating 
unit 11, a clock and voltage controlling unit 12, and a code 
generating unit 13. The program converting device shown in 
FIG. 13 is embodied by executing, on a computer, software 
which functions as a functional block. 
[0117] The compiler 1 converts a program written in a 
high level language into a program written in an assembly 
language. The high level language is, for example, a C 
language. 
[0118] The parsing unit 10 parses a high level language 
program Pl written in the high level language such as the C 
language. 
[0119] The intermediate code generating unit 11 generates 
an intermediate code instruction sequence P2 which is the 
high level language program Pl rewritten in a writing format 
of an intermediate instruction (hereinafter simply referred to 
as "instruction") based on the parsing result. 
[0120] The clock and voltage controlling unit 12 is equiva­
lent to the controlling unit 161 of the first and the second 
embodiments. The clock and voltage controlling unit 12 
predicts a hit rate of a predetermined program section, and 
adds, to the intermediate code instruction sequence P2, an 
instruction which specifies a frequency of a clock signal and 
an instruction which specifies a power voltage in the pro­
gram section in accordance with the predicted hit rate. Here, 
the predetermined program section refers to a section of the 
second processes shown in FIGS. 6A, 6B and 11, in the 
intermediate code instruction sequence P2. 
[0121] From the intermediate code instruction sequence 
P2 to which the above mentioned instruction is added by the 
clock and voltage controlling unit 12, the code generating 
unit 13 generates an instruction sequence (an instruction 
sequence of a nmemonic format written in the assembly 
language. 
[0122] The clock and voltage controlling unit 12 in FIG. 
13 includes a program section detecting unit 14, a cache hit 
rate predicting unit 15, a frequency and voltage determining 
unit 16 and an instruction inserting unit 17. 
[0123] The program section detecting unit 14 detects 
program sections which correspond to the second processes 
shown in FIGS. 6A, 6B and 11. In doing so, the program 
section detecting unit 14 may detect the first process ( occur­
rence of an event, a system call, a software interrupt) 
described in the first and the second embodiments, and 
detect the second process (program section) which is to 
restart ( or to be called) as a result of the first process. 
[0124] The cache hit rate predicting unit 15 predicts a 
cache hit rate of the program section detected by the 
program section detecting unit 14. As with Step S34 shown 
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in FIG. 5, the cache hit rate is predicted by referring to a 
prediction table (FIGS. 6A and 6B, for example). 
[0125] The frequency and voltage determining unit 16 
determines each frequency of a CPU clock, a bus clock and 
a memory clock, in accordance with the hit rate predicted by 
the cache hit rate predicting unit 15. Further, the frequency 
and voltage determining unit 16 determines a CPU voltage, 
a bus voltage and a memory voltage in accordance with the 
hit rate predicted by the cache hit rate predicting unit 15. 
These determinations of the frequencies and the voltages are 
the same as the determinations in Steps S36 and S38 shown 
in FIG. 5. 
[0126] The instruction inserting unit 17 adds the following 
instructions to the head of the program section detected by 
the program section detecting unit 14: an instruction which 
specifies, to a clock supplying unit, the frequencies deter­
mined by the frequency and voltage determining unit 16; 
and an instruction which specifies, to a power unit, the 
power voltages determined by the frequency and voltage 
determining unit 16. Note that the instruction inserting unit 
17 may insert the above described instructions at the end of 
the first process which calls up the program section, instead 
of inserting the instructions to the head of the program 
section. 
[0127] From the intermediate code instruction sequence 
which is the instruction sequence after the above described 
instructions are inserted by the instruction inserting unit 17, 
the code generating unit 13 generates an instruction 
sequence written in the assembly language (nmemonic 
instruction sequence). 
[0128] The assembler 18 converts an instruction sequence 
written in the assembly language into a machine language 
instruction sequence. 
[0129] The linker 19 links plural machine language 
instruction sequences, and generates an execution file. 
[0130] As described above, the program converting device 
according to the present embodiment statically predicts a 
cache hit rate at the stage of compiling, and adds an 
instruction which specifies a frequency of a clock signal, and 
an instruction which specifies a power voltage during a 
program execution in accordance with the predicting result. 
Therefore, it is possible to eliminate an overhead created 
when a processor dynamically inserts the above described 
instructions, and to improve the processing capability. Fur­
ther, since the program converting device according to the 
present embodiment is capable of converting an existing 
program, the present invention can be applied even to a CPU 
which does not have the controlling unit 161 of the first 
through to third embodiments. 
[0131] Note that although the program converting device 
according to the fourth embodiment inserts the above 
described instructions into the intermediate code instruction 
sequence P2 in the compiler, the following may be per­
formed instead: (i) insert, into the high level language 
program Pl, a program statement (such as a function) which 
corresponds to the above described instructions; (ii) insert, 
into the assembly language instruction sequence, a nme­
monic instruction which corresponds to the above described 
instructions; or (iii) insert, into the machine language 
instruction sequence, a machine language instruction which 
corresponds to the above described instructions. Further­
more, the first processes or the second processes are clas­
sified according to in which stages, among the above 
described (i), (ii) and (iii), each first and second process can 
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most easily be detected, and the process of the clock and 
voltage controlling unit 12 may be performed at the stage 
corresponding to the classified first or second process. 
[0132] The present invention is suitable for a method of 
controlling a clock frequency and a power voltage of an 
information processing device, an information processing 
device, a program, and a program converting method, and in 
particular to: an information processing device having a 
processor which has a cache memory and a clock supplying 
unit which supplies a clock signal to the processor; a 
program for an operating system of the information process­
ing device; a compiler for the information processing 
device; and a program converting device such as an assem­
bler. 
[0133] Although only some exemplary embodiments of 
this invention have been described in detail above, those 
skilled in the art will readily appreciate that many modifi­
cations are possible in the exemplary embodiments without 
materially departing from the novel teachings and advan­
tages of this invention. Accordingly, all such modifications 
are intended to be included within the scope of this inven­
tion. 

What is claimed is: 
1. A method of controlling an information processing 

device which includes a processor having a cache memory, 
and a clock supplying unit that supplies a clock signal to the 
processor, said method comprising: 

predicting a hit rate of the cache memory; and 
controlling the clock supplying unit so as to change a 

frequency of the clock signal in accordance with the 
predicted hit rate. 

2. The method of controlling the information processing 
device according to claim 1, 

wherein said predicting includes: 
detecting an occurrence of a first process in the processor; 
identifying a type of a second process which starts as a 

result of the detected occurrence of the first process; 
and 

predicting the hit rate in accordance with the identified 
type. 

3. The method of controlling the information processing 
device according to claim 2, 

wherein said predicting further includes predicting that 
the hit rate increases above a predetermined value in 
the case where the first process is not detected during 
a predetermined period of time. 

4. The method of controlling the information processing 
device according to claim 2, 

wherein the first process is an event which occurs in an 
operating system, and 

said predicting includes predicting that the hit rate falls 
below a predetermined value in the case where the 
second process is identified as a process of transferring 
data between a recording medium and a memory. 

5. The method of controlling the information processing 
device according to claim 4, 

wherein said predicting includes predicting the hit rate in 
accordance with the size of the data transferred. 

6. The method of controlling the information processing 
device according to claim 4, 

wherein said predicting further includes predicting that 
the hit rate falls below the predetermined hit rate in the 
case where the second process is identified as: a process 
of activating a new application program; a process of 
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flushing the cache memory; or a process of copying a 
region between the memories. 

7. The method of controlling the information processing 
device according to claim 2, 

wherein the information processing device includes a 
memory management unit operable to convert a virtual 
address into an actual address for virtual storage of a 
demand loading mechanism, 

the first process is an access violation in the memory 
management unit, and 

said predicting includes predicting that the hit rate falls 
below a predetermined value in the case where the 
second process is identified as a process of performing 
the demand loading. 

8. The method of controlling the information processing 
device according to claim 7, 

wherein the memory management unit further has a table 
of a software table walk, for temporarily flushing the 
virtual address and the actual address corresponding to 
the virtual address, 

the first process is an access miss in the table, and 
said predicting includes predicting that the hit rate falls 

below the predetermined value in the case where the 
second process is identified as a process of updating the 
table. 

9. The method of controlling the information processing 
device according to claim 2, 

wherein the first process is an interrupt, 
said predicting includes: 
predicting that the hit rate is higher than a predetermined 

value in the case where the second process is identified 
as a pre-process of identifying a type of the interrupt; 
and 

predicting that the hit rate is lower than the predetermined 
value in the case where the second process is identified 
as an individual process unique to the identified type of 
the interrupt. 

10. The method of controlling the information processing 
device according to claim 9, 

wherein said predicting further includes: 
identifying a type of an input/output unit in the case where 

the individual process is a process of controlling the 
input/output unit; and 

predicting the hit rate in accordance with the identified 
type of the input/output unit. 

11. The method of controlling the information processing 
device according to claim 9, further comprising 

measuring an occurrence-frequency of the interrupt for 
each type of the interrupt, 

wherein said predicting further includes predicting the hit 
rate in accordance with the occurrence-frequency of the 
identified individual process. 

12. The method of controlling the information processing 
device according to claim 2, 

wherein the first process is a system call, and 
said predicting includes: 
identifying a system call number as the second process; 

and 
predicting the hit rate in accordance with the identified 

system call number. 
13. The method of controlling the information processing 

device according to claim 2, 
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wherein the information processing device includes a 
monitoring unit operable to monitor the hit rate of the 
cache memory, and 

said method of controlling the information processing 
device further comprises 

saving a hit rate of an application program when the 
application program is suspended, 

wherein the first process is a process of restarting the 
suspended application program, 

said predicting includes: 
identifying a type of the application program which needs 

to restart; and 
predicting a hit rate of the restarted application program 

in accordance with the saved hit rate of the identified 
application program. 

14. The method of controlling the information processing 
device according to claim 13, 

wherein said predicting includes predicting the hit rate in 
accordance with a period of time from when the 
application program is suspended until when the sus­
pended application program restarts. 

15. The method of controlling the information processing 
device according to claim 1, 

wherein the information processing device includes a 
monitoring unit operable to monitor the hit rate of the 
cache memory, and 

said predicting includes predicting the hit rate based on a 
history of a hit rate monitored by the monitoring unit. 

16. The method of controlling the information processing 
device according to claim 2, 

wherein the information processing device includes a 
memory management unit operable to convert a virtual 
address into an actual address for virtual storage of a 
demand loading mechanism, 

the memory management unit further has a table of a 
hardware table walk, for temporarily flushing the vir­
tual address and the actual address corresponding to the 
virtual address, and 

said predicting includes predicting the hit rate based on an 
updating-frequency and the history of the past hit rate. 
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17. The method of controlling the information processing 
device according to claim 1, 

wherein the information processing device further 
includes a power unit operable to supply power to the 
processor, and 

said ~ontrolling further includes controlling the power 
unit so as to change a power voltage of the power 
supplied to the processor in accordance with the pre­
dicted hit rate. 

18. An information processing device comprising: 
a processor having a cache memory; 
a clock supplying unit operable to supply a clock signal to 

said processor; 
a predicting unit operable to predict a hit rate of said cache 

memory; and 
a con_trolling unit operable to control said clock supplying 

unit so as to changes a frequency of the clock signal in 
accordance with the predicted hit rate. 

19. A computer-readable program for controlling a com­
puter ~hich includes a clock supplying unit that supplies a 
clock signal to a processor, said program causing the com­
puter to execute: 

predicting a hit rate of the cache memory; and 
controlling the clock supplying unit so as to change a 

frequency of the clock signal in accordance with the 
predicted hit rate. 

20. A program converting method of converting a first 
program into a second program, 

wherein the second program is used for an information 
processing device which includes a processor having a 
cache memory and a clock supplying unit operable to 
supply a clock signal to the processor, 

said program converting method comprises: 
predicting a hit rate of a predetermined section of the first 

program; and 
generating the second program by adding, to the first 

program, an instruction which specifies a frequency of 
the clock signal in the predetermined section in accor­
dance with the predicted hit rate. 

* * * * * 

Petitioner Samsung Ex-1006, 0024




