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Abstract—As the number of mobile phone users are in-
creasing, the importance of understanding its I/O behavior is
also increasing. In this paper, after analyzing the basic I/O
behavior of fourteen popular smartphone workloads, we chose
three applications for deeper analysis. The three applications,
Contacts, Web Browser, and Camera, are not only the heaviest
I/O generator on Android and Tizen, but also the ones with
the highest End-to-End Write Amplification, which is the ratio
between the actual volume of data written to the storage and the
volume of data user or application intended to create; Contacts
Manager, for example, has 1.7 x 10° and 3.9 x 10" on Android
and Tizen, respectively. We observed that although background
applications, such as spell checker and auto-input-completion are
not essential part of using aforementioned applications, but they
the critical root of generating heavy I/O overhead on Android
devices. We also find that applications keep records of numerous
auxiliary information on many different databases and a lot of
index tables to enhance the user experience; but some of them
are merely a duplicate of same information. The fact that each
insert in a table creates ripples of side-effect on index tables and
on other related tables, the I/Os are easily amplified and causes
heavy overhead on the storage system.

Index Terms—End-to-end write amplification, Android, Tizen,
smartphone, SQLite, IO analysis

I. INTRODUCTION

Since the advent of the smartphone, the number of mobile
phone users have increased constantly to surpass the traditional
desktop computers by about 9 times more in shipment, and
Android platform is deployed almost twice as widely as Win-
dows and iOS/Mac OS combined [1]. Thus, understanding the
mobile I/O workload is gaining much importance in designing
underlying hardware [2] and software [3], [4]. Despite the
rapid proliferation of the Android, however, the software layers
of the Android are not optimally orchestrated with different I/O
layers [5]-[7], and recent studies conveys that I/Os generated
from SQLite, and file system creates a unique problem called
Journaling of Journal Anomaly in Android I/O stack [7], [8].

Number of works [7]-[10] showed that how a simple
insert/update query synchronized with fsync () can
interact with underlying journaling mechanism of file system
to create as much as twelve I/Os summing up to 68 KB.
Howeyver, these works are based on controlled environment
which only illustrates glimpse of what real world applications
do, particularly provided information is impossible to estimate
how many or much I/Os are generated by applications while
creating a profile in the contact manager or similar works done
on other applications.
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Fig. 1: End-to-End Write Amplification

We use Android [11] and Tizen [12] platform to analyze the
I/O behavior, and both platforms share similar software stacks
based on Linux kernel. One major difference is that applica-
tions on Android runs on top of Dalvik VM, but applications
on Tizen runs on top of W3C/HTMLS web framework.

To understand the I/O behavior of two different smartphones
and analyze the file system and block level I/O characteristics,
we chose fourteen different workloads form seven daily-use
applications, such as mail client, camera, multimedia player,
etc. And, we chose three most I/O intensive applications,
Contact Manager, Camera, and Web Browser, to have deeper
understanding of their effect on the storage and examine how
databases and schema are exploited.

In this paper, we define a term called End-to-End Write
Amplification to understand the effect of the user behavior
on storage device, which is shown in Fig. 1. It is the ratio
between the actual volume of data written to the storage and
the volume of data user or application intended to create. For
example, creating an entry which stores 20Byte of data in the
contact manager generates 3.3MB and 770KB on the storage
of Android and Tizen, respectively, which is End-to-End Write
Amplification of about 173,015 and 39,424.

Although there could be a lot of different reasons for using
the storage recklessly, we identified three root causes for
such write amplification as follows: (i) background utility
applications to enhance the user experience such as spell
checker and auto-input-completion features are one of main
sources of generating excessive amount of I/Os. (ii) SQLite
database designs are not properly normalized and contains a
lot of redundancy, and (iii) same data is not shared across the
databases but rather duplicated.

Here are some of our important findings.

o SQLite-related file I/Os are dominant: SQLite-related

file I/Os constitute approximately 48% and 75% of the
total I/Os incurred in Android and Tizen, respectively.



TABLE I: Tizen and Android Smartphones

TABLE II: Record and Database File Size Statistics

\ \ Android Tizen ‘ Android Tizen
Model Galaxy S3 RD-PQ Type /0 .db | .db-j | .wal | /O | .db | .wal
Platform || Android 4.1.2 Tizen 2.2.1 Unit B KB | KB | KB | B | KB | KB
Processor Exynos 4412 Cortex-A9 1.4GHz Min 15 0 0 0 18 0 0
DRAM 1 GB Mobile DDR2 25% 81 20 0 40 71 16 1
Display 4.8 inch AMOLED (1280x720) Med. 108 28 9 52 132 | 16 9
Kernel Linux 3.0.31 Linux 3.0.15 Avg. 565 181 12 924 191 | 50 15
SQLite 3.7.14 3.7.13 75% 172 72 13 529 | 196 | 28 13
Storage eMMC 32 GB eMMC 16 GB Max || 53KB | 2KB | 249 | 4MB | 2KB | 620 | 413

o Most of the £sync () calls are issued by SQLite: Of
all fsync ()/fdatasync () system calls issued on An-
droid and Tizen, 71% and 83% are issued to synchronize
SQLite database using fsync (), respectively. Usage of
fdatasync () is very rare in Tizen (2%), but 57% in
Android is issued using fdatasync ().

o Background Applications generates excessive I10:
Background utility on Android such as spell checker and
auto-input-completion feature generates excessive I/O, in
some cases Android generates as much as five times more
1/Os than Tizen.

« Databases are not normalized: Name attribute of Con-
tact Manager in Tizen is stored in seven different fields.
One large database manages metadata for different mul-
timedia types, such as image, audio, and video.

II. ENVIRONMENT & SCENARIO

We used Galaxy S3 Android platform and RD-PQ [13] Ti-
zen platform to analyze the I/O behavior and further investigate
issues in exploiting underlying database management system.
Table I illustrates specifications for both devices, and both
devices share similar hardware specs, except for the volume
of the storage.

A. Data Acquisition

We used MOST (Mobile Storage Analyzer) [6] to collect
I/0s. We carefully built scenarios to gain insights on cross
layer designs of the devices. The applications we used and
the scenarios are as follows. Contact Manager: Add a name
and phone number in the address book. Web Browser: visit
three different web sites. Mail Client: send an email. Camera
Application: Take a picture and record a video. Media Player:
play a music and video. Gallery: view pictures. Streaming:
Play a video clip on Youtube. And, HTMLS5: Access two
benchmark sites. Using the acquired I/O trace, we first begin
the analysis with understanding the general I/O characteristics
of the devices, which includes I/O size and count, file and
block type, ratio of buffered and synchronous I/O, number of
fsync () calls, and number of updates on databases.

B. Case Study

We provide detailed 10 investigation of usage three scenar-
ios: Contact Manager, Web Browser, and Camera app.

Contact Manager: After launching the contact manager,
we create a new entry with name and phone number, which
has 8 Byte and 12 Byte in size, and capture the 1/O trace for 25
seconds. To analyze the acquired data, we categorized the 1/Os
into three groups called Launch, Input, and Save. The Launch
denotes initialization of the application and being ready for the
user input. The Input denotes where application receive new
data form the user. And, the new data is stored to the storage
device in the Save.

Web Browser: We used built-in web browser in Android
and Tizen to visit a web page (Wwww.daum.net), which down-
loads approximately 250KB of HTML objects in both devices.
We captured the I/O trace for 60 seconds. Since browsers
actively make use of caching, we flushed the cache to minimize
the effect. There are two phases in the Web Browser called
Launch and Cache. The Launch is same as the previous,
and the Cache denotes storing the HTML objects in its local
repository.

Camera Application: We used built-in camera application
to take a picture. Since hardware specifications of both devices
are similar to each other, we used the default camera settings.
After launching the application, we waited five seconds to
distinguish launch of the application and taking the picture.
There are also two phases in the Camera application, which
are Launch and Save. We categorize metadata update for the
new picture as Save phase.

III. GENERAL I/O CHARACTERISTICS

Before we delve into analyzing the I/O characteristics of
specific scenarios, we provide the overview of I/O character-
istics of the trace.

A. Size Distribution

Table II shows quantile statistics of record size and database
file size observed in fourteen different workloads using seven
different applications. In general, median is lot smaller than the
average record and DB file and in some cases 75% is smaller
than the average, which means that generated I/Os tend to have
small size and have very few large I/Os.

B. 1I/O Characteristics

Table III shows the summary of the I/O characteristics
of Android and Tizen, which includes ratio of random 4KB



TABLE III: I/O Characteristics (Ratio of Number of 1/Os)

TABLE IV: Frequently Updated Database Files (Cnt: Count)

|| 4KB RW | Data | SQLite | Sync. | Rand Cnt | | Android (Total: 2,171) || Tizen (Total: 2,347) \
Android 65% 55% 48% 51% 81% .db name Cnt | % .db name Cnt | %
Tizen 45% 34% | 15% 90% 86% ContextDB 322 | 14.8|| email-service | 542 | 23.1
webviewCookies| 273 | 12.6|| media 478 | 204
500 - C  Erom Database logs 167 | 7.7 || browserhistory | 401 | 17.1
5 400 — Others.. iu.upload 154 | 7.1 || contacts-svc 298 | 12.7
2 300 browser2 146 | 6.7 || icon 252 1 10.7
S 200 pen_memo 142 | 6.5 || rua 187 | 8
2 00 s ( es0 138 | 6.4 || Databases 86 | 3.7
o = EmailProvider | 133 | 6.1 || cookie 2% [ 12
&Y &k BT &3 &3 AT AT &7 A M &a Yol A & Others 504 [ 32.1]| Others 75 [ 3.1

Fig. 2: fsync()/fdatasync() System Call Counts
(Cn:Contact, Br:Browser, Ml:mail, C:Camera, Cc:Camcorder,
Me:Multimedia, Mus:Music, Gal:Gallery, You:Youtube, Fsb
and Gam: HTMLS5 Benchmark, A:Android, T:Tizen)

write I/O against all I/Os, ratio of Data and file system
Metadata/Journal I/O (denoted as Data), ratio of SQLite related
files against all I/Os, synchronous and buffered I/O (denoted
as Sync.), and random and sequential I/O.

We observe that applications on both Android and Tizen
generates a lot of random 4KB write 1/0s—65% for Android
and 45% for Tizen. For Tizen, it is interesting to see that 90%
of all writes are synchronous I/O and about 75% of writes are
for updating SQLite related files. As a result about 66% of all
writes are for writing file system metadata and journal logs.
On the other hand Android exhibits comparably lower ratio
of I/O for Synchronous, SQLite related I/0, and metadata and
journals.

C. More on Synchronization

According to our study, the ratio of synchronous I/Os
on Android is 51% which is lower than what Jeong ef al.
[7] reported (70% of all writes are synchronous). Thus, we
further analyze the number of synchronous I/O calls made
using fsync ()/fdatasync () system calls. Fig. 2 illus-
trates the number of £sync () system calls made by each
of fourteen workloads. Note that email client generates the
most fsync () calls. We examine the ratio of SQLite related
fsync ()/ fdatasync () calls, and found that about 71%
and 83% of all fsync () calls are for SQLite on Android and
Tizen, respectively. The rest of £sync () calls on Android
is used to synchronize ».xml and WebKit local storage
data, that is =.localstorage. Note that only 2% of all
synchronous calls on Tizen are made with fdatasync (),
whereas it is 57% in Android.

D. Database 10 Characteristics

The ratio of SQLite related files, such as database (* .db),
rollback journal (x .db-journal), and WAL (Write-Ahead
Logging, «.wal and =.shm), are very high on Android
and Tizen. Such files account for 48% and 75% of 1/Os

on Android and Tizen, respectively. Table IV illustrates
the rank of accessed databases. We can see that update
requests on database are spread across different database
files. Tizen, on the contrary, top five databases are respon-
sible for 80% of all updates. The most frequently updated
database in Android is ContextDB.db which is respon-
sible for keeping track of launch history of applications
and in Tizen is email-service.db which is used by
email application. Note that database used by email client,
EmailProvider.db, in Android generates about 25% of
Tizen’s email-service.db.

IV. CASE STUDY I: CONTACT MANAGER

A. 1/O Access Pattern

There are three distinguishable phases, i.e., Launch, Input,
and Save, using Contact Manager in Android and Tizen, and
Fig. 3 illustrates the I/O access patterns on each phases. Note
that inserting a <name, phone-number> pair on the manager
takes 20Byte of space on both platforms. We used bubble chart
with center of the point as LBA and radius as I/O size to
visualize the I/O behavior.

Launch Phase (Android: 220KB, Tizen: 116KB):
Both platforms use a database to record the history of
launched application—Android uses ContextDB.db and Ti-
zen uses rua.db. Information such as application name,
time, path, and security key are stored in the database. When
ContextDB.db runs on Android, it stores 12KB for itself,
20KB for .db-journal, 156KB for EXT4 journal, and
24KB for EXT4 Metadata, which sums up to 22KB. In Launch
phase, Android writes 220KB and Tizen writes 116KB of data
to the storage.

Input Phase (Android: 2.6MB, Tizen: 32Byte): This phase
includes behavior of background applications such as spell
checker, auto-input-completer, and touch position calibrator.
We observed that all three utilities running on background of
Android but none of them were active on Tizen. These auxil-
iary applications introduced a lot of I/Os both in terms of the
count and the volume. For example, touch position calibrator
stores 49KB in TI9DB.dat, and auto-input-completer stores
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Fig. 4: Contact Manager: 10 Size and Block Types

2.3MB of data in false.db. In Input phase, Android writes
2.6MB and Tizen writes 32Byte.

Save Phase (Android: 520KB, Tizen: 624KB): Ac-
tual user recorded data is stored in Contacts2.db and
context—svc.db for Android and Tizen, respectively.
Since each of the SQLite journaling modes has its own unique
IO footprint [7], we were able to identify the type of journal
they used and how many updates each platform performed
to store the data to the storage—Android performs one update
to store 150KB of data with WAL, and Tizen performs three
updates to store 184KB of data with PERSIST rollback journal.
Android writes 520KB and Tizen writes 624KB in Save phase.

B. Comparison

Fig. 4 compares the volume and the type of data stored
in each phases of the contact manager in both platforms. In
Android and Tizen, 3,360KB and 772KB is written to insert
<name, phone-number> pair (20Byte), respectively. Creating
a profile in the Contacts Manager generates End-to-End Write
Amplification of 1.7 x 10° and 3.9 x 10%.

When a user stores a profile in the Contact Manager,
Android makes update to Contact?2.db, the database holds
40 tables with 289 columns. On the other hand, Tizen
uses Contacts-svc.db which includes 28 tables and 165
columns. We find that some of the fields and even table itself
are duplicated across several tables. For example, Tizen stores

second, update in the original table forces index tables to be
updated as well. We found 29 index tables in Tizen, and 12
of them are indexing one table called, data.

V. CASE STUDY II: WEB BROWSER
A. I/O Access Pattern

There are two phases (Launch and Cache) in Web Browser
on Android and Tizen, and Fig. 5 shows the access pattern of
two devices.

Launch Phase (Android: 320KB, Tizen: 408KB): Android
and Tizen behaves very differently from each other. First
of all, Android uses WAL with WAL-index and Tizen uses
PERSIST journal mode. They use different WebKit version—
Android uses Ver. 534.30 and Tizen uses Ver. 537.3. Third,
Android stores history of visited sites in browser2.db,
which consists of 12 tables and four index tables, and stores
cookie on webviewCookies.db. Visited website history
on Tizen, on the other hand, is stored in two databases
called StorageTracker.db and Databases.db. Note
that visit history stored in the two databases on Tizen is almost
identical. Android and Tizen stores 320KB and 408KB of data
in Launch phase, respectively.

Cache Phase (Android: 520KB, Tizen: 712KB): In the
case of Android, it maintains three container files and one
index file to harbor the HTML objects instead of caching each
HTML object as a separate file [14]. Android stores total of
520KB to the storage (332KB is for data, 108KB is for EXT4
journal, and 80KB is for Metadata). On the contrary, Tizen
stores each HTML objects in local cache directory, which
stored 21 separate files. As a result, Tizen Web Browser stored
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Fig. 5: Web Browser

total of 712KB to the storage (336KB for data, 192KB for
EXT4 journal, 184KB for Metadata).

B. Comparison

Fig. 6 illustrates the amount of blocks written to the storage
on Launch and Cache phase of each platform. While visiting
the same web page, www.daum.net, Android and Tizen gener-
ated 840KB and 1120KB of data to the storage, respectively,
where the total volume of the page is about 250KB. Although
the amount of data written in both platforms are similar—
Android stores 428KB and Tizen stores 404KB—the difference
comes from caching and storing file system journal logs.
For example, Tizen generates 184% more EXT4 journal than
Android.

Fig. 7 shows the amount of data stored using synchronous
write and buffered write while visiting the web page. The ratio
of EXT4 journal while visiting the site is about 34% and 48%
for android and Tizen, respectively. Benefit of performing a
synchronous write is that it makes data persistently stored in
the storage device; however, it comes with a price of I/O
performance. The fact that most of the synchronous write
occurs in Cache phase, it seems like its better to exploit

buffered write instead.
200 | . -
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Fig. 6: Web Browser: 10 Size and Block Types

VI. CASE STUDY III: CAMERA APPLICATION
A. I/0 Access Pattern

We distinguished two phases in Camera Application, the
first phase is Launch and the second phase is Save phase.
Note that we waited five seconds after launch the application
before taking the picture. Fig. 8 and Fig. 9 shows the /O
pattern for Android and Tizen, respectively. Note that the size
of the picture in Android is 428KB and Tizen is 437KB.

Launch Phase (Android: 276KB, Tizen: 56KB): During
Launch phase of Camera application, Tizen records 56KB of
data to rua.db for saving app launching history. On the
contrary, Android writes five times more data (276KB) than
Tizen to saves the launch history to ContextDB.db and
saving metadata for image to external . db. Its I/O behavior
is shown in left half of Fig. 8. thumbnail image read 1/Os are
generated.

Save Phase (Android: 1,532KB, Tizen: 929KB): While
taking a picture two databases, namely esO.db for Google
Plus service and iu.upload.db for logging accesses to
media files, in Android are repeatedly updated. Particularly,
nine new entries, which is marked as e/ to €9 in the figure, are
inserted to esO . db and six new entries, which is marked as i/
to i6 in the figure, are inserted to iu.upload.db database.
Fig. 8(b) and Fig. 8(c) shows the inserts to each database.
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Fig. 7: Web Browser: Synchronous (WS) vs. Buffered (W)
Write with File Types
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Fig. 9: Camera Application: Tizen

Save phase on Android Camera stores 1532KB of data to the
storage. On the other hand, Tizen uses only one database called
media.db, and two updates are made to the database which
saves 985KB of data. media . db has attribute of media files.
Note that Tizen stores about double the amount of the actual
picture and Android stores about three times more data to the
storage in Save phase.

SQLite transaction leaves distinctive I/O footprint. Database
update operation 1 and 2 in Fig. 9(a) are the examples of the
transaction. Players in a PERSIST mode transaction is consist
of Journal Header (JH), Journal Data (JD), and Data (D). Fig.
9(b) shows the pattern. The first set of I/Os of a transaction
is composed of JH+JD which updates the header information
and records the old data in the rollback journal. Second set
of I/Os, denoted as JH, notes the completion of writing the
journal data. The third set of writes update the actual data on
the database, and then finally JH is zero filled to reuse the
rollback journal. Note that there are four £sync () calls to
synchronize the updates to the storage through journal block
device and file system, which amplifies the generated volume
of I/0 even further.

B. Comparison

Fig. 10 shows the volume and the type of data stored while
taking a picture using the camera application in two platforms.
Although the size of the pictures are similar in both devices—
Android 428KB and Tizen 437KB- the amount of each device
generates and the way they are flushed to the storage is
different. Android uses four database files to save 1,808KB
of data an Tizen uses one database file to save 985KB of data;
however, as we can see from Fig. 10, journal overhead of Tizen
is much greater than Android, indeed Tizen shows heavy use
of synchronous write with fsync ().

VII. END-TO-END WRITE AMPLIFICATION

Table V summarizes the size of original data and the total
amount of I/Os generated as the data travels down the 1/O
stacks and finally reaches the storage. We have also provided
the End-to-End Write Amplification and break down of the
total volume with respect to Data, file system Journal, and
Metadata.

We find that adding a profile in Contact Manager is worst
scenario for the storage device because End-to-End Write
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Amplification is few orders of magnitude higher than the other
applications. End-to-End Write Amplification of Web Browser
and Camera application is not as high as Contact manager,
but it is clear that significantly larger amount of data than the
original data goes down the storage. Browsing a web page and
taking a picture, which are common activities on the mobile
phone, generates End-to-End Write Amplification of 3.2 and
4.2 on Android and 4.8 and 2.3 on Tizen respectively.
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Fig. 11: Updating Picture Information in media.db on Tizen

To have better understanding of why such End-to-End Write
Amplification occurs on mobile devices, let’s look at Fig. 11
which shows nine tables that composes the media.db on
Tizen. When a user takes a picture on Tizen, a row is inserted
in media table which has 39 fields. Since there are 28 index
tables, these indexes are also updated. Among 39 fields of
media, some are only used for pictures (e.g., width, height,
etc.), some are used for audio (e.g., album_id, composer, etc.).
Note that sum of all fields is 390Byte but not all fields are
relevant to pictures, and such fields are initialized as NULL,
’(’, or unknown.

After a row data is inserted to the table and related index
tables are updated on the database, then not only SQLite
journal header and rollback journals are waiting to flushed
to the storage, but also the file system Metadata and Journal
has to be prepared to go down to the storage. The first part
of I/Os sums up to 120KB of data, and the second part where
file system intervenes sums up to 244KB. As a result, updating
390Byte of data in a table is responsible for 364KB of data
on the storage, which is 980 times the original data.

In the case of Android, the role of many of the tables are

TABLE V: Size of Original data and Generated 10 Sizes in
Three Scenarios (Unit: KB, A:Android, T:Tizen, Cnt: Contact,
Web: Web browser, Cam: Camera, D: Data, J:Journal, M:Meta,
E-WAF: End-to-End Write Amplification)

| [ Case | Original [D J M |  Total | E-WAF
Cnt | 20 Byte [ 2640 616 104] 3360 KB | 168000
A | Web [ 260 KB [ 428 283 124] 840 KB 32
Cam | 428 KB | 1080 560 168 1808 KB 42
Cnt | 20 Byte [ 440 300 32 | 772 KB | 38600
T | Web [ 232 KB [ 404 532 184] 1120 KB 48
Cam | 437 KB | 757 220 8 | 985KB 23

to read and record the user behavior. These tables are used to
predict actions and improve the user experience. For example,
Google Plus service records many detailed information on
all_photo table in es0.db database. The table has 13
fields and six indexes, and it keeps record of id of the picture,
fingerprint, path of local file and its representation in URL
format, timestamp, media attributes, URL of the image in the
Google Plus web site, and some other fields with unknown
purposes. Note that these information is not essential in taking
a picture but are stored along with the essential metadata as a
user take a picture.

VIII. RELATED WORK

There are several works that point out the I/O overhead
present in mobile devices [5]-[8]. While Kim et al. [5] set
out to show that network and storage performance of mobile
device may affect the system performance in general, they
made a clear case where application saves about 20 times more
data to storage than what is transmitted over the network. Lee
et al. [6] took a step further to analyze the I/O behaviors of
applications, and found out that SQLite related writes accounts
for dominant fraction of writes in smartphones. They have also
showed that about 70% of all writes are random writes, and
SQLite and EXT4 journal is the main sources of the I/O gen-
eration. Jeong et al. [7] clearly showed that the smartphones
suffer from journaling of journal, and provided optimization
techniques to enhance the performance of Android devices.
Kim et al. [15] reports that the same journaling of journal
problem is observed in Tizen platforms.

Some of the recent works have tried to resolve the journaling
of the journal problem exist in mobile devices [7], [8]. Jeong
et al. [7] proposed to use fdatasync mode and WAL mode
to reduce the journaling overhead. Kim et al. [8] proposed
embedding metadata and lazy split of the B-tree to reduce the
number of dirty pages to be synchronized in a £sync () call.
Some other methods have tried to store the SQLite journal
files on NVRAM [16] and modify the EXT4 file system [17].

Write amplification in storage system, especially NAND
Flash based storages such eMMC in smartphones, occurs
when the amount of data physically written on the storage
is more than the amount of data logically written by the host



system. The ratio of this phenomenon is called Write Amplifi-
cation Factor (WAF), and commonly observed in NAND Flash
memories because of it has to be erased before new data is
overwritten in-place and the unit of read/write is page (4KB-
8KB in general) and erase is a block (128 or 256 pages). There
are several works that analyzes the effect of write amplification
on the storage systems [18]-[20]. In this work, we build up
the idea of write amplification to indicate the amount of data
created by the user and the amount of data physically written
to the storage. We defined this phenomenon as End-to-End
Write Amplification.

IX. CONCLUSION

As mobile devices are widely used in our everyday life,
understanding the user behavior and resulting I/O access
pattern is becoming more important because they are key to
enhancing the performance. Although some of the existing
works have tried to address the issues in the I/O stack, they did
not provide enough analysis on how much I/O overheads the
common smartphone activities have. In this work, we provide
I/O pattern analysis of three most I/O influential workload
which are adding a profile in Contact Manager, vising a site
in a Web Browser, and taking a picture in the default Camera
application. We find that SQLite related I/Os are dominant
on both Android and Tizen, which is consistent with previous
studies. We also find that most of £sync () system calls are
made by SQLite, 71% and 83% of all synchronous writes
are issued by SQLite on Android and Tizen, respectively.
Android, however, issued 57% of the synchronous writes
with fdatasync (), but only 2% in Tizen. Background
applications in Android are another sources of I/O. Spell
checker, auto-input-completion and other application runs in
background to auto-correct the user inputs to improve the
user experience. We defined End-to-End Write Amplification
to understand the I/O overhead of an application. Simple
adding a profile in Contact Manager creates End-to-End Write
Amplification of 1.7 x 10° and 3.9 x 10* for Android and
Tizen, respectively. End-to-End Write Amplification of taking
a picture or browsing a web page corresponds to 3.2 and 4.2
for Android, and 4.8 and 2.3 for Tizen, respectively, which
should not be overlooked in designing the application.
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