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METHOD AND APPARATUS FOR 
EVALUATING PERFORMANCE OF MOBILE 

TERMINAL 

PRIORITY 

[0001] This application claims the bene?t under 35 U.S.C. 
§ 1 19(a) of a Korean patent application ?led on J an. 5, 201 1 in 
the Korean Intellectual Property O?ice and assigned Serial 
No. 10-2011-0000718, the entire disclosure of Which is 
hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates to a method and an 
apparatus for evaluating performance of a mobile terminal 
More particularly, the present invention relates to a method 
for analyzing storage approach patterns for applications 
installed in a mobile terminal to evaluate performance of the 
mobile terminal, and an apparatus implementing the same. 
[0004] 2. Description of the Related Art 
[0005] Recently, With increased use of a mobile terminal, 
the mobile terminal has become popular. The mobile terminal 
may provide functions such as a unique voice call service, 
various data transmission services and various additional ser 
vices, and has been used as a multimedia communication 
device. 
[0006] There are various types of mobile terminals and 
performance differs according to type. In general, upon 
evaluating the mobile terminal, clocks of a Central Processing 
Unit (CPU), the siZe of a memory, capacity of a battery, and a 
type of LCD are evaluated. The time taken to execute 1 MB 
read/Write/copy or 10 KB><100 ?les read/Write/copy in a stor 
age installed in the mobile terminal is measured to evaluate 
performance of the mobile terminal. 
[0007] A variety of applications are provided in the mobile 
terminal Since a method for evaluating performance as illus 
trated above is not a method based on an Input/ Output (I/O) 
pattern upon driving a real application, it is dif?cult to deter 
mine that an evaluation result objectively re?ects perfor 
mance of a mobile terminal. 

SUMMARY OF THE INVENTION 

[0008] Aspects of the present invention are to address at 
least the above-mentioned problems and/or disadvantages 
and to provide at least the advantages described beloW. 
Accordingly, an aspect of the present invention is to provide 
a method for evaluating performance of a mobile terminal 
capable of re?ecting the performance of the mobile terminal, 
and an apparatus thereof. 
[0009] In accordance With an aspect of the present inven 
tion, a method for evaluating performance of a mobile termi 
nal is provided. The method includes executing applications 
of a preset list, extracting storage approach patterns for the 
executed applications, generating test scenarios for the 
executed applications using the extracted storage approach 
patterns, performing benchmarking tests for the applications 
using the generated test scenarios, and evaluating the mobile 
terminal based on results of the performed benchmarking 
tests. 

[0010] In accordance With another aspect of the present 
invention, a mobile terminal is provided. The mobile terminal 
includes a storage unit for storing at least one application and 
benchmarking program, an approach pattern extracting unit 
for extracting storage approach patterns by executed applica 
tions, an approach pattern analyZing unit for generating test 
scenarios for the executed applications using the extracted 
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storage approach patterns, a test performing unit for perform 
ing benchmarking tests by applications using the generated 
test scenarios, and a performance evaluating unit for evaluat 
ing performance of the mobile terminal using results of the 
performed benchmarking tests. 
[0011] Exemplary embodiments of the present invention 
generate a test scenario using an approach pattern indicating 
hoW to approach a storage unit for every executed application 
and perform a benchmarking test using the generated test 
scenario. That is, since the present invention generates a test 
scenario according to an approach pattern by directly execut 
ing an application, it may re?ect a real application operation. 
Accordingly, the present invention may evaluate performance 
of the mobile terminal more exactly and objectively. 
[0012] Other aspects, advantages, and salient features of 
the invention Will become apparent to those skilled in the art 
from the folloWing detailed description, Which, taken in con 
junction With the annexed draWings, discloses exemplary 
embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The above and other aspects, features, and advan 
tages of certain exemplary embodiments of the present inven 
tion Will be more apparent from the folloWing description 
taken in conjunction With the accompanying draWings, in 
Which: 
[0014] FIG. 1 is a block diagram illustrating a con?guration 
of a mobile terminal according to an exemplary embodiment 
of the present invention; 
[0015] FIG. 2 is a vieW illustrating a protocol stack of a 
benchmarking system according to an exemplary embodi 
ment of the present invention; 
[0016] FIG. 3 is a ?owchart illustrating a method for evalu 
ating performance of a mobile terminal according to an exem 
plary embodiment of the present invention; 
[0017] FIG. 4 is a vieW illustrating a data format of a storage 
access pattern according to an exemplary embodiment of the 
present invention; 
[0018] FIG. 5 is a vieW illustrating a data format of a test 
scenario according to an exemplary embodiment of the 
present invention; 
[0019] FIG. 6 is a ?oWchart illustrating a procedure for 
benchmarking tests for applications using generated test sce 
narios according to an exemplary embodiment of the present 
invention; 
[0020] FIG. 7 is a ?oWchart illustrating a procedure for 
evaluating performance of a mobile terminal using results of 
performed benchmarking tests according to an exemplary 
embodiment of the present invention; 
[0021] FIG. 8 and FIG. 9 are vieWs illustrating execution 
screens of a benchmarking program according to an exem 
plary embodiment of the present invention; and 
[0022] FIG. 10 is a vieW illustrating an execution screen of 
a benchmarking program according to an exemplary embodi 
ment of the present invention. 
[0023] Throughout the draWings, it should be noted that 
like reference numbers are used to depict the same or similar 
elements, features, and structures. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

[0024] The folloWing description With reference to the 
accompanying draWings is provided to assist in a comprehen 
sive understanding of exemplary embodiments of the inven 
tion as de?ned by the claims and their equivalents. It includes 
various speci?c details to assist in that understanding but 
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these are to be regarded as merely exemplary. Accordingly, 
those of ordinary skill in the art Will recognize that various 
changes and modi?cations of the embodiments described 
herein can be made Without departing from the scope and 
spirit of the invention. In addition, descriptions of Well 
knoWn functions and constructions may be omitted for clarity 
and conciseness. 
[0025] The terms and Words used in the folloWing descrip 
tion and claims are not limited to the bibliographical mean 
ings, but, are merely used by the inventor to enable a clear and 
consistent understanding of the invention. Accordingly, it 
should be apparent to those skilled in the art that the folloWing 
description of exemplary embodiments of the present inven 
tion is provided for illustration purpose only and not for the 
purpose of limiting the invention as de?ned by the appended 
claims and their equivalents. 
[0026] It is to be understood that the singular forms “a,” 
“an,” and “the” include plural referents unless the context 
clearly dictates otherWise. Thus, for example, reference to “a 
component surface” includes reference to one or more of such 
surfaces. 
[0027] As used herein, the term “Benchmarking” denotes 
an operation and a system for measuring and evaluating per 
formance of a mobile terminal Concretely, the Benchmarking 
is an operation for measuring and evaluating performance of 
a ?le system in the mobile terminal. As used herein, the term 
“Benchmarking program” denotes an application for evalu 
ating performance of a mobile terminal and is stored in a 
storage unit in the mobile terminal As used herein, the term 
“Benchmarking test” denotes a test that executes an applica 
tion according to a test scenario to measure execution time 
and evaluates performance of the mobile terminal for the 
measured execution time. 
[0028] As used herein, the term “File System” denotes a 
system approaching a storage installed in the mobile terminal 
In the mobile terminal, if an application approaches a ?le 
system, the ?le system approaches a ?ash memory as the 
storage through a Flash Translation Layer. The ?le system 
may include a File System Driver (FSD) Manager, a Cache 
Manager, an Extended File Allocation Table ExFAT ?le sys 
tem, a Disk Cache, a Partition Driver, and a Block Driver. 
[0029] The mobile terminal according to an exemplary 
embodiment of the present invention may be an information 
communication device and a multimedia device such as a 
Portable Multimedia Player (PMP), a Personal Digital Assis 
tant (PDA), a Smart Phone, or a Moving Picture Experts 
Group (MPEG)-l or MPEG-2 Audio Layer 3 (MP3) player. 
[0030] FIG. 1 is a block diagram illustrating a con?guration 
of a mobile terminal according to an exemplary embodiment 
of the present invention. 
[0031] Referring to FIG. 1, the mobile terminal 100 
includes a Radio Frequency (RF) communication unit 110, an 
audio processing unit 120, a storage unit 130, an input unit 
140, a display unit 150, and a controller 160. 
[0032] The RF communication unit 110 performs transmit 
ting and receiving functions of corresponding data for RF 
communication. The RF communication unit 110 may 
include a transmitter (not illustrated) for up-conver‘ting a fre 
quency of a transmitted signal and for amplifying the signal, 
a receiver (not illustrated) for loW-noise-amplifying a 
received signal and for doWn-conver‘ting the signal. Further, 
the RF communication unit 110 receives data through an RF 
channel and outputs the received data to the controller 160. 
The RF communication unit 110 may transmit data output 
from the controller 160 through the RF channel. 
[0033] The audio processing unit 120 may be con?gured by 
a COder-DECoder (CODEC). The CODEC may include a 
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data CODEC processing packet data and an audio CODEC 
processing an audio signal. The audio processing unit 120 
converts a digital audio signal into an analog audio signal 
using the audio CODEC, and plays the analog audio signal 
using a Speaker (SPK). The audio processing unit 120 con 
ver‘ts an analog audio signal input from a Microphone (MIC) 
into a digital audio signal using the audio CODEC. 
[0034] The storage unit 130 stores programs and data nec 
essary for an operation of the mobile terminal 100. The stor 
age unit 130 may be divided into a program area and a data 
area. The program area stores a program for controlling an 
overall operation of the mobile terminal 100, an Operating 
System (OS) booting the mobile terminal 100, and other 
applications. The other applications may include an Internet 
broWser application, a map searching application, a music 
and video playing application, a photographing application, 
and a moving image photographing application, and the like. 
The data area is an area for storing data created according to 
use of the mobile terminal 100, and may store images, moving 
images, phone-books, audio data, and the like. 
[0035] The storage unit 130 according to an exemplary 
embodiment of the present invention may be con?gured by a 
?ash memory. More particularly, the ?ash memory may be 
con?gured by an Embedded NAND Flash Memory such as an 
iNAND or a moviNAND. In a case of the iNAND, a Flash 
Translation Layer is mounted as a FirmWare, read speed is 30 
MB/ sec, Write speed is 12 MB/ sec, and a driving voltage of 
3.3V is required. Maximum capacity of the moviNAND is 32 
GB, maximum speed thereof is 52 MB/sec, and the movi 
NAND requires a driving voltage of 3.3V. 
[0036] The storage unit 130 also stores a benchmarking 
program for measuring performance of the mobile terminal 
100. Further, the storage unit 130 stores a list of applications 
to be executed, information on storage approach patterns for 
applications, information regarding test scenarios for appli 
cations upon execution of a benchmarking program, and 
information regarding Weights applied by applications upon 
evaluating of performance. 
[0037] The input unit 140 receives a key operation signal of 
a user for controlling the mobile terminal 100 and transfers 
the received key operation signal to the controller 160. The 
input unit 140 may be con?gured by a key pad such as a 3*4 
pad or a QWERTY pad including numeral keys, character 
keys, and arroW keys or a touch panel. Further, the input unit 
140 may be con?gured by a button key, a jog key, a Wheel key, 
and the like. The input unit 140 generates and transfers an 
input signal executing applications (e.g., a call function, a 
music playing function, a moving image playing function, an 
image display function, a camera photographing function, or 
a Digital Multimedia Broadcasting (DMB) output function) 
of the mobile terminal according to user input. 
[0038] The display unit 150 may be con?gured by a Liquid 
Crystal Display (LCD), an Organic Light Emitting Diode 
(OLED), or an Active Matrix Organic Light Emitting Diode 
(AMOLED). The display unit 160 visibly provides a menu of 
the mobile terminal 100, input data, function setting informa 
tion, and a variety of other information to a user. The display 
unit 150 performs a function for outputting a booting screen, 
an idle screen, a menu screen, a call screen, and other appli 
cation screens of the mobile terminal 100. The display unit 
150 also separates and displays representative times of 
respective applications corresponding to benchmarking test 
execution results by applications. Further, the display unit 
150 displays a benchmarking test result screen including a 
performance score of the mobile terminal 100. 
[0039] The controller 160 controls an overall operation 
With respective structural elements of the mobile terminal 



US 2012/0173187 A1 

100. The controller 160 includes an approach pattern extract 
ing unit 161, an approach pattern analyzing unit 162, a test 
performing unit 163, and a performance evaluating unit 164. 
[0040] The approach pattern extracting unit 161 extracts 
storage approach patterns for executed applications. Upon 
executing applications, the approach pattern extracting unit 
161 hooks a ?le system to extract storage approach patterns 
for applications. A ?le system stage in a protocol stack of a 
storage approach is located under an application stage. The 
approach pattern extracting unit 161 retrieves an approach 
pattern betWeen the application stage and the ?le system 
stage. The storage approach pattern may include a current 
time after booting the mobile terminal, an elapsed Time of 
operation, a type (Read/Write) of operation, a Start Sector 
Which an Input/Output (I/O) Request approaches, and the 
Sector SiZe. 
[0041] The approach pattern analyZing unit 162 generates 
test scenarios for executed applications using the extracted 
storage approach pattern. The approach pattern analyZing 
unit 162 determines a statistic value on Whether the siZe of 
approached data is small or large, and a statistic value on 
Whether an approach location is sequential or random to 
generate a test scenario With respect to hoW to benchmark. 
The test scenario may include Test IDenti?cation (ID), a Start 
Sector, a Sector SiZe, a type (Read/Write) of operation, a 
Delay Time With next test, and an application name. 
[0042] The test performing unit 163 performs benchmark 
ing tests for applications using the generated test scenarios. 
The test performing unit 163 according to an exemplary 
embodiment of the present invention performs the bench 
marking test using the generated test scenarios With respect to 
an application executed for extracting a storage approach 
pattern, performs tests for applications, for preset times, to 
measure test performing times, determines an average of the 
test performing times, and determines the determined average 
as representative time of a corresponding application. 
[0043] The performance evaluating unit 164 evaluates per 
formance of a mobile terminal 100 using results of the per 
formed benchmarking test. The performance evaluating unit 
164 veri?es Weights allotted by applications in Which a 
benchmarking test is performed from the storage unit 130, 
applies a corresponding Weight to the determined represen 
tative times of applications, respectively, determines an aver 
age of representative times of applications to Which the 
Weight is applied, and evaluates a score corresponding to the 
determined average as performance of the mobile terminal. 
[0044] FIG. 2 is a vieW illustrating a protocol stack of a 
benchmarking system according to an exemplary embodi 
ment of the present invention. 
[0045] The protocol stack of a benchmarking system con 
sists of a benchmark 201, an application 202, a ?le system 
203, a ?ash translation layer 204, and a ?ash memory 205. 
[0046] The benchmark 201, the application 202, the ?le 
system 203, and the ?ash translation layer 204 are softWare 
layers, and the ?ash memory 205 is a hardWare layer. 
[0047] The ?le system 203 may be con?gured by a File 
Allocation Table 32 (FAT32) ?le system, or an ExFAT ?le 
system. The sector siZe in the ExFAT ?le system may use 
5l2~4096 bytes, and 2,796,202 ?les may be stored in one 
directory. 
[0048] A procedure for evaluating performance of a mobile 
terminal 100 according to an exemplary embodiment of the 
present invention is performed in the benchmark 201. The 
approach pattern extracting unit 161, the approach pattern 
analyZing unit 162, the test performing unit 163, and the 
performance evaluating unit 164 are included in the bench 
mark 201. 
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[0049] If the benchmark 201 executes an application 202, 
the application 202 approaches a ?le system 203 . At this time, 
the benchmark 201 hooks a pattern that an application 202 
approaches betWeen the application 202 and the ?le system 
203 to extract an approach pattern. The benchmark 201 
extracts a current time after booting the mobile terminal, an 
elapsed Time of operation, a type (Read/Write) of operation, 
a Start Sector that I/O Request approaches, and a Sector SiZe 
as the approach pattern, and temporarily stores them. 
[0050] The benchmark 201 generates a test scenario using 
approach patterns extracted for applications 202. The bench 
mark 201 applies the generated scenarios to the ?ash transla 
tion layer 204 to perform the benchmarking test, and receives 
a benchmarking test performing result from the ?ash transla 
tion layer 204. The benchmark 201 performs a benchmarking 
test for one application, for preset times, to retrieve a plurality 
of test performing results from the ?ash translation layer 204. 
The test performing result corresponds to an elapsed time of 
test performing. 
[0051] The benchmark 201 determines representative 
times for applications using a plurality of test performing 
results from the ?ash translation layer 204. The benchmark 
201 determines an average of test performing times measured 
for applications and determines the average thereof as a rep 
resentative time of a corresponding application. 
[0052] The benchmark 201 evaluates performance of the 
mobile terminal 1 00 using the determined representative time 
of an application. The benchmark 201 applies Weights to 
representative times for applications, determines an average 
of representative times of an application to Which the Weights 
are applied, and evaluates performance of the mobile terminal 
100 With a score corresponding to the determined average 
thereof. 
[0053] The foregoing exemplary embodiment of the 
present invention has described an internal construction of the 
mobile terminal evaluating performance and the protocol 
stack of a benchmark system. Hereinafter, a method for evalu 
ating performance in the mobile terminal 100 Will be 
described. 
[0054] FIG. 3 is a ?oWchart illustrating a method for evalu 
ating performance of a mobile terminal according to an exem 
plary embodiment of the present invention. 
[0055] Referring to FIG. 3, a controller 160 executes a 
benchmarking program stored in a storage unit 130 at step 
301. The benchmarking program refers to an application for 
evaluating performance of the mobile terminal 100. A bench 
marking program execution menu is included in the mobile 
terminal 100, and a user may execute the benchmarking pro 
gram through an input unit 140 using the benchmarking pro 
gram execution menu. 

[0056] If the benchmarking program is executed according 
to user input, the controller 160 executes applications of a 
preset list at step 302. In order to evaluate the performance of 
the mobile terminal 100, the present invention executes at 
least one application installed in the mobile terminal 100 to 
extract a storage approach pattern. At this time, the executed 
application may be con?gured by the most frequently used 
applications in the mobile terminal 100. The controller 160 
constructs one list With the most frequently used applications. 
When executing the benchmarking program, the controller 
160 may execute applications included in the list. The appli 
cation list may be ?xed or changed according to a user setting. 
Further, upon execution of the applications, the controller 1 60 
may measure an execution frequency for every application 
and re?ect a rank of the execution frequency to construct the 
application list. The controller 160 may execute ?ve applica 
tions, namely, an Internet BroWser application, a Map search 








