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ABSTRACT
This paper compares file systems in Ubuntu Linux and FreeBSD and then analyzes the best utilization. The generic file
systems, Extended File System (EXT2) of Linux and Fast File System (FFS) of FreeBSD operating systems, are evaluated
using benchmark tests. It is proposed that a better file system could be assembled and implemented for improving
performance and reducing bottleneck with consideration of modern intricacies.
Keywords: Extended File System; Fast File System; Bonnie++; Iozone.

1. INTRODUCTION
File systems of FreeBSD and Linux are very
similar in general, but there are a few differences. This
paper finds certain aspects of both file systems lacking in
keeping up with performance for I/O devices. These file
systems, long identified with FreeBSD and Linux are out
of date, and cause bottleneck since they do not keep up
with the performance levels of today's technology [7].
Therefore, it is proposed that a better file system could be
implemented improving performance and reducing
bottleneck.
CPU speeds and hard drive technology have been
impressive growth in recent years [5]. In particular, data
transfer rates of hard drives have improved dramatically
with an increase in the performance of the data transfer
paths and rotational speeds. However, processing
capabilities have improved even more than disk access
rates. At the same time, the demands for handling I/O and
large data sets have also grown.
Both file systems have incorporated areas for
updating their respective systems [4]. Even with these
goals in place, the file systems are structured so that their
performance leads to continuous I/O bottleneck. It has
been shown that testing data can be altered to appear
swayed. This benchmark test tries increase reliability in
the test by reducing biased testing marks.
The rest of this paper is organized as follows.
Section 2 discusses background information of both
operating systems and compares the implementation of
both file systems. Section 3 presents related work
evaluation. Section 4 describes how we evaluated our
system and presents the benchmark test results. Section 5
presents our conclusions and describes future work.

2. BACKGROUND
File management is one of the most noticeable
components of operating systems [18]. The file system
provides the mechanism for on-line storage and access to
file contents, including data and programs. The operating
system implements the abstract concept of a file by
managing mass-storage media and the devices that control
them [16]. It abstracts from the physical properties of its

storage devices to define a logical storage unit. The
operating systems maps files onto physical media and
accesses these files via the storage devices. The file
system resides permanently on secondary storage, which is
designed to hold a large amount of data permanently.
There are different ways to structure file use to allocate
disk space, to recover freed space, to track the locations of
data, and to interface other parts of the operating system to
secondary storage. Due to the various devices attached to a
computer, the operating system uses a file system that
provides a wide range of functionality to applications, to
allow them to control all aspects of the devices. It should
also provide the simplest interface possible to the rest of
the system. Because devices are a performance bottleneck,
another key target is to optimize I/O for optimal
compliance.
Since both FreeBSD and Linux have their origins
in UNIX, their operating systems coexistence have similar
file systems [14]. It handles multiple types of files by
hiding the implementation details of single file types
behind a software layer, the Virtual File System (VFS).
This allows for a lack of duplication due to layering with
object-oriented design principles. Both systems
incorporate the Virtual File System, which makes all the
files on the devices appear to exist in a single hierarchy.
The file system starts with a root directory with
all other files down the tree-like structure. Every other file
system is then mounted under the root file system [19].
Therefore, every directory appears to be part of the same
disk. To gain access to files on another device, the
operating system must first be informed where in the
directory tree those files should appear.
The Second Extended File System (EXT2) is the
most widely used file system in the Linux community [4].
It provides standardized Unix file semantics and advanced
features. The EXT2 supports standard Unix file types such
as regular files, directories, device special files and
symbolic links. EXT2 is able to manage file systems
created on big partitions. While the original kernel code
restricted the maximal file system size to 2 GB, recent
work in the VFS layer have raised this limit to 4 TB. Thus,
it is possible to use big disks without the need of creating
many partitions. EXT2 provides long file names. It uses
variable length directory entries. The maximal file name
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size is 255 characters. This limit could be extended to
1012 if needed.
FreeBSD preferred native file system for local
disks is the Berkeley Fast File System (FFS) [10]. It
supports file systems up to 16TB and, depending on some
parameters, files up to several terabytes in size. Files
larger than 2GB on 32-bit platforms have been supported
since BSD version 4.4 (1993) [11]. FreeBSD FFS and
Linux EXT2 are generally very similar, which comes as
no surprise considering that EXT2 was designed with FFS
in mind.
File systems update their structural information
called metadata by synchronous writes. Each metadata
update may require many separate writes, and if the
system crashes during the write sequence, metadata may
be in inconsistent state [16]. At the next boot, the file
system check utility called fsck must walk through the
metadata structures, examining and repairing them. This
operation takes a very long time on large filesystems.
Moreover, the disk may not contain sufficient information
to correct the structure. This results in misplaced or
removed files.
3. COMPARISONS
The default Linux file system, EXT2, is
influenced by the Berkeley Fast File System (FFS).
However, EXT2 is notable since it is about the highest
performance file system in general on any operating
systems. In its general characteristics, EXT2 is very much
like FreeBSD FFS with the "-o async" mount option. The
Linux EXT2 file system gets its performance from having
an asynchronous mount.
In terms of disk partitioning, the major difference
between FreeBSD and Linux is that Linux uses the same
partition scheme as IBM/Microsoft, while FreeBSD has its
own partition scheme [12]. A place for this "slice" is
sectioned on part of the disk. It is in this slice that the
FreeBSD partitions are place. The terms "slice" and
"partition" are used in opposite context for each operating
systems.
One difference between FFS and EXT2 that
draws a lot of attention are the defaults for a particular
safety or performance trade-off [13]. EXT2 defaults to
writing metadata asynchronously, FFS to synchronously.
Both file systems write normal data asynchronously. This
gives EXT2 superior performance for operations involving
metadata manipulations. Metadata refers to all data not
contained within the files themselves: directory
information, inodes, block allocation maps, etc. On the
other hand, asynchronous handling of metadata exposes
EXT2 to a substantial risk in case of a system crash or
power outage. The file system may end up in an
inconsistent state, which can entail severe data loss
including loss of the complete file system. In comparison,
FreeBSD uses soft updates. Ordered writes guarantee file
system consistency and performance is similar to that of
asynchronous
metadata
writing.
The
FreeBSD
implementation was done by Kirk McKusick, the creator
of FFS [1]. No structural changes to the on-disk
filesystems are required.

4. BENCHMARK PERFORMANCE ANALYSIS
Benchmarks using Bonnie++ and Iozone have
been performed for Ubuntu and FreeBSD. The versions
were Ubuntu 8.10 (x86_64) with the Linux 2.6.27 kernel,
X Server 1.5.2, GCC 4.3.2, GNOME 2.24, the EXT2 filesystem, and FreeBSD 7.1 Beta 2 (AMD64) with X Server
1.5.2, GNOME 2.24, the FFS file-system, GCC 4.3.2, and
Java 1.6.0_07-b02. Both operating systems were left in
their default configuration. While testing for both
operating systems comparison was completed on a single
computer, with AMD hardware, the strongest performance
is exhibited with Ubuntu 8.10.
Bonnie++ is a program to test file systems for
performance. Bonnie++ tests file system operations for
different applications used to unlike degrees. It gives a
result of the amount of work done per second and the
percentage of CPU time this took. For performance
results, higher numbers are better. The step used here is to
test creation, reading, and deleting many small files. One
run like the following was issued: “bonnie++ -r 4096 -s 2048
-x1 -f | bon_csv2html > bonTest.html,” to run the application.
This says to start bonnie++ with a record size of 4k, this
size is derived from the standard block size. The file size
2048 mb that is twice the size of the ram, it is to have one
fast test performed for accuracy. The standard output is to
become standard input and put through the bon_csv2 html
application and that standard output is to be put into an
.html file called bonTest. Note that the size of the test,
record, number of threads and character all play a factor in
determining the time length of the test. The larger is the
longer the length of the test. One, rather inconclusive test,
ran for three hours.
In the EXT2, Bonnie++ used a 2-Gigabyte file to
perform the test shown in Figure 1. When writing the file
by doing 2 billion putc() macro invocations, Bonnie
recorded an output rate of 329 K per second. When
writing the file by doing 2 billion putc() macro
invocations, the operating system reported that this work
consumed 86% of one CPU's time. This is not very good;
it suggests either a slow CPU or an inefficient
implementation of the stdio interface. When writing the 2Gb file using efficient block writes, Bonnie recorded an
output rate of 10,050 K per second. When writing the 2Gb file using efficient block writes, the operating system
reported that this work consumed 24% of one CPU's time.
While running through the 2-Gb file just creating,
changing each block, and rewriting, it, Bonnie recorded an
ability to cover 7,946 K per second. While running
through the 2-Gb file just creating, changing each block,
and rewriting, it, the operating system reported that this
work consumed 24% of one CPU's time. While reading
the file using 2 billion getc() macro invocations, Bonnie
recorded an input rate of 7946 K per second. While
reading the file using 2 billion getc() macro invocations,
the operating system reported that this work consumed
26% of one CPU's time. While reading the file using
efficient block reads, Bonnie reported an input rate of
19,318 K per second. While reading the file using efficient
block reads, the operating system reported that this work
consumed 30% of one CPU's time. Bonnie created four
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child processes, and had them execute 4000 seeks to
random locations in the file. On 10% of these seeks, they
changed the block that they had read and re-wrote it. The
effective seek rate was 87.5 seeks per second. During the
seeking process, the operating system reported that this
work consumed 33% of one CPU's time.
Version 1.93d

Sequential Output

Concurrency Size

Per Char

1

2G

Sequential Input

Block

Rewrite

K/sec

%
CPU

K/sec

329

86

10050 24

%
CPU

Figure 1.

K/sec

%
CPU

7946 26

Per Char

Random
Seeks

Block

K/sec

%
CPU

K/sec

500

85

19318 30

%
CPU

/sec

%
CPU

87.5 33

Bonnie++ using Linux

For FFS, displayed in Figure 2, when writing the
file by doing 2 billion putc() macro invocations, Bonnie
recorded an output rate of 10,468 K per second. When
writing the file by doing 2 billion putc() macro invocations,
the operating system reported that this work consumed
90% of one CPU's time. When writing the 2-Gb file using
efficient block writes, Bonnie recorded an output rate of
25,075 K per second. When writing the 2-Gb file using
efficient block writes, the operating system reported that
this work consumed 43% of one CPU's time. While
running through the 2-Gb file just creating, changing each
block, and rewriting, it, Bonnie recorded an ability to cover
9,711 K per second. While running through the 2-Gb file
just creating, changing each block, and rewriting, it, the
operating system reported that this work consumed 13% of
one CPU's time. While reading the file using 2 billion
getc() macro invocations, Bonnie recorded an input rate of
13,019 K per second. While reading the file using 2 billion
getc() macro invocations, the operating system reported
that this work consumed 78% of one CPU's time. While
reading the file using efficient block reads, Bonnie reported
an input rate of 19,812 K per second. While reading the file
using efficient block reads, the operating system reported
that this work consumed 17% of one CPU's time. Bonnie
created four child processes, and had them execute 4000
seeks to random locations in the file. On 10% of these
seeks, they changed the block that they had read and rewrote it. The effective seek rate was 86.9 seeks per second.
During the seeking process, the operating system reported
that this work consumed 20% of one CPU's time.

Iozone is a file system benchmark tool. The
benchmark generates and measures a variety of file
operations. Iozone has been ported to many machines and
runs under many operating systems. Iozone seems to be
able to perform a broader file system analysis than
bonnie++.
However, through this analysis, the
comparisons were kept the came. The benchmark tests file
I/O performance for the following operations: read, write,
re-read, random write, random read. Iozone enables the
administrator to receive a broad file system performance
analysis to optimize his operating system for the best
performance. A sample run is : “iozone -R -l 5 -u 5 -r 4k -s
100m -F /home/f1 /home/f2 /home/f3 /home/f4 /home/f5 | tee -a
/tmp/iozone_results.txt &.” This enables an excel component

with an upper and lower bounds of 5 threads with a record
size of 4k and a file size of 100mb. The capitalized F
instructs iozone the temporary filenames used during
testing and pipe the standard output to a .txt file called
iozone_results.
Figure 3 below is a view of the standard
output dumped on the terminal and text file after Iozone
has executed. This particular execution had four threads
total. The graphical comparisons of Write and Re-Read
between the two systems are then as follows. Figure 4
shows that in the Write, the EXT2 begins with grater than
17,000 Kbytes per second and continues in that range.
While the FFS, starts around 9,000 Kbytes per second and
decreases. Figure 5 shows that while they start at the same
range, 18,000 Kbytes per second, the FFS continually
declines and the EXT2 varyingly increases.

The results of Bonnie++ are rather surprising,
when looked at with all the previous benchmark results in
mind. These results are typical of all those performed by
Bonnie++. They show that FreeBSD lags behind Linux in
performance. This margin that the EXT2 file system by
which it won was larger than expected based on the
differences between FreeBSD and Linux.
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5. CONCLUSIONS
In conclusion, both file systems are outdated and
have already been revised for modern considerations.
However, EXT2 appears to execute more efficiently than
FFS in this limited amount of testing. Thus, Linux
performs better than FreeBSD in these specific tests. FFS
had a startling disappointment: it never scaled upward. In
fact, every single test had better performance with fewer
threads. Testing could have been swayed by the
parameters set in the runnings. In addition, these tests do
not by any means pretend to add additional substantive
support to the optimization of any file system or operating
system. Future applications include a greater variety of
benchmark I/O performance bottleneck testing through
new tests and techniques with RAID applications. Other
options include applications that are much read and write
intensive tests, measuring the performance of RAID
levels, and the performance differences in changing the
storage parameters. In the future, full, more inclusive
benchmarks must be run for validity of the data.

Figure 4.

Figure 5.

Iozone Write for EXT2 and FFS
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