
Copyright 2002 © Open Source Development Lab, Inc. 1TM

Linux Journaling Filesystems
and Workloads

Randy Dunlap

Open Source Development Lab

LinuxWorld Conference and Expo
August 15, 2002



Copyright 2002 © Open Source Development Lab, Inc. 2TM

Agenda

Selection criteria
Feature differentiation
Methodology to test and compare 
filesystems
Resources to support testing
Summary

Linux(tm) is a trademark of Linus Torvalds





Copyright 2002 © Open Source Development Lab, Inc. 4TM

Journaling Filesystems for 
Linux 2.4/2.5

Reiserfs  2.4.1

ext3fs  2.4.15

JFS  2.5.6; external 2.4 patch

XFS  external patch only
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Some Filesystem selection criteria

Stability:  no data loss
Capability:  performance requirements
Capacity:  filesystem limits
Maintainability:  does the filesystem require 
downtime for maintenance?
Tuning:  can the filesystem be tuned, and do 
the tuning options make sense for my 
workload(s)?
Support:  is filesystem development 
supported, continuing?
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Common Features of
Advanced Filesystems

Journaling/logging
Quick filesystem recovery (availability is 
scalable)
Support MANY LARGE drives, partitions, files, 
& directories in a scalable manner
Flexible, scalable, extensible metadata 
structures

Dynamic metadata/inode allocation
Extents:  contiguous block allocation
Quick directory lookup, creation, deletion 
(not linear; independent of dir. size)
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Unique Filesystem Features

Reiserfs
Space-efficient for small files (tail merging)

Ext3fs:
Small, simple, mature, robust
Forward/backward compatibility

JFS
Inode metadata can contain subdirectory 
names, symlinks, EAs, etc. if there is space

XFS
Designed to support large MP systems
Page buffer subsystem avoids locking and 
cache thrashing
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Journaling Modes

Reiserfs Ext3fs JFS XFS

metadata ordered Y Y Y

metadata minimal Y Y

metadata + data Y

Y (- )

Y (- )

-  Soon
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Features Reiserfs Ext3fs JFS XFS
Journal file on
sep. partition Y Y Y Y
Can be /root
partition? Y Y Y Y

EAs and ACLs N $ - Y

Volume labels Y + U Y + U Y Y+U

Dynamic inodes Y N Y Y

U: UUID also$ : External patch - : Soon
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Features Reiserfs Ext3fs JFS XFS

Online partition

resize + planned +

Offline partition

resize + or - + or - planned

Bad block support Y Y @ mkfs N

Quota support $ Y N Y

+ $

$ : External patch - : Soon
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Filesystem limits... with 4 KB block 
sizes on 32-bit architectures:

Ext2/3 Reiserfs JFS

Max. files 4G 4G 4G 4G

Files/dir. 4G 2G 2G 4G

Subdirs/dir. 32000 64.5K 65533 4G

Max. filesize 4TB& 16TB$ 16TB$% 16TB$

Max. FS size 16TB& 16TB& 16TB$ 16TB$

4PB& 8EB&

Blkdev limit 2TB 2TB 2TB 2TB

$kernel limit

&fs limit %4K pages

XFS
�

�

all kernel limits
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ext2 Ext3fs jfs Reiserfs xfs
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What price for speed?
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Intangibles

Reiserfs
Distributions => users/testers; team; 
sponsors

Ext3fs
Compatibility with ext2fs; based on Linux 
native filesystem; proven tools; developers; 
recently added to distributions

JFS
Mature code ported; docs; support;
AIX JFS team

XFS
Mature code ported; docs; robustness
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Agenda check

Methodology for Workloads and Performance
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Workload Results
Performance results are specific to platform 
and software workload.
There isn't a benchmarking suite that's good 
for all of us...that's representative of our 
workloads.
You should perform your own workload tests 
to see what is good for your hardware and 
applications.
All of these Linux journaling filesystems are 
still being worked on.

Can use OSDL STP to run Linux filesystem
workloads !!  (   http://www.osdl.org/stp/)
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Filesystem Workloads

postmark (
http://www.netapp.com/tech_library/3022.html)

Much open, read/write, delete, search
iostone {modified to use much more RAM} 
(http://www.acnc.com/benchmarks.html)

Lots of files, open, read/write, close
iozone  (http://www.iozone.org)

Detailed random/sequential read/write performance 
data

tiobench  (http://tiobench.sf.net)
Multiple threads, throughput & latency
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Small Server Configuration

2-processor Pentium 4 (1.7 GHz)
512 MB RAM
Target storage: 19 GB ATA hard drive
Linux 2.4.19-rc1 kernel (-rc3 for reiserfs)

+ JFS, XFS patches
All Reiserfs with "notail" mount option
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Full journaling is very slow --
not considered any further.

ext2 ext3.j ext3.o ext3.
w
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Difficult to match ext2 Throughput

ext2 ext3.o ext3.w jfs rsfs.o rsfs.w xfs
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Directory lookups are killing ext3fs and JFS.

ext2 ext3.o ext3.w jfs rsfs.o rsfs.w xfs
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Large Server Environment

4-processor Pentium III (700 MHz)
1 GB RAM
Target storage: 342 GB SCSI RAID-0 disk 
array (5 x 73 GB)
Linux 2.4.19-rc1 kernel (-rc3 for reiserfs)

+ JFS, XFS patches
All Reiserfs with "notail" mount option
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Sequential reads don't stress
journaling filesystems.
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Ext2-4 E3o-4 E3w-4 Jfs-4 Rso-4 Rsw-4 Xfs-4
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TP(MB) are < 2 threads: not scaling.
8 Thr. similar.  Locking problems?
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Ext2-2 E3o-2 E3w-2 Jfs-2 Rso-2 Rsw-2 Xfs-2
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All similar:  looks IO limited.
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Ext2-8 E3o-8 E3w-8 Jfs-8 Rso-8 Rsw-8 Xfs-8
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CPU: not scaling:
ext3 slightly better.
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Ext2-2 E3o-2 E3w-2 Jfs-2 Rso-2 Rsw-2 Xfs-2
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JFS: haven't addressed
performance yet.



Copyright 2002 © Open Source Development Lab, Inc. 27TM

Ext2-4 E3o-4 E3w-4 Jfs-4 Rso-4 Rsw-4 Xfs-4
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Scaling and locking problems:
especially ext3fs and reiserfs.
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Ext2-4 E3o-4 E3w-4 Jfs-4 Rso-4 Rsw-4 Xfs-4
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Scaling / locking problems:
          ext3fs and xfs.
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ext2 ext3.o ext3.w jfs rsfs.o rsfs.w xfs
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JFS and XFS showing well.
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ext2 ext3.o ext3.w jfs rsfs.o rsfs.w xfs
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Reading not a problem for
any journaling filesystem.
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ext2 ext3.o ext3.w jfs rsfs.o rsfs.w xfs
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Even random writes fair well here.
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Resources

OSDL STP available for free use

Many web references about OSDL, Linux, and 
journaling filesystems....
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Summary

Selection criteria
Filesystem differentiators, features
Test methodology -- although finding the 
"right" benchmark is very tough.

All seem to have been focusing on 
correctness, reliability, and data integrity, and 
not performance.
They really aren't very mature in Linux right 
now and we can expect lots of improvements 
from all of them in the future.
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OSDL Resources

OSDL

OSDL STP www.osdl.org/stp/

Sponsors www.osdl.org/sponsors/

Presentations www.osdl.org/presentations/

Newsletters www.osdl.org/newsletters/

Carrier Grade Linuxwww.osdl.org/projects/cgl/

CGL development developer.osdl.org

www.osdl.org
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References: Project Web Sites

Reiserfs: http://www.namesys.com
Ext2: http://e2fsprogs.sf.net/ext2intro.html
Ext3: ftp://ftp.uk.linux.org/pub/linux/sct/fs/jfs/
ftp://ftp.kernel.org/pub/linux/kernel/people/sct/ext3/
http://www.zip.com.au/~akpm/linux/ext3/
ext-resize <http://sf.net/projects/ext2resize> or
<http://www-mddsp
.enel.ucalgary.ca/People/adilger/online-ext2/>
JFS: http://oss.software.ibm.com/jfs
XFS: http://oss.sgi.com/projects/xfs/
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References- Journaling
IBM DeveloperWorks series on journaling filesystems in 
Linux:
http://www-106.ibm.com/developerworks/library/l-fs.html

USENIX 2002 paper  (SGI and IBM)

Linux filesystems...
http://www.xenotime.net/linux/linux-fs.html

Updated iostone benchmark
http://www.osdl.org/archive/rddunlap/tools/i
ostone-cii.tgz

Linux benchmark suite web page
http://lbs.sf.net
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References- Reiserfs

'Journaling-Filesystem Fragmentation Project', 
http://www.informatik.unifrankfurt.de/~loizides/reiserfs/
'Journaling with ReiserFS', Chris Mason:
http://www.linuxjournal.com/article.php?sid=4466

And Ext3fs...

Ext3 usage:
www.zip.com.au/~akpm/linux/ext3/ext3-usage.html
Ext3 HOWTO:
www.symonds.net/~rajesh/howto/ext3/toc.html
Ext3 Journaling Filesystem

http://olstrans.sourceforge.net/release/OLS2000-ext3/OLS2000-ext3.html
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More Information
Compare ext3/reiser performance

http://www.gurulabs.com/ext3-reiserfs.html
Journaling File Systems in Linux

http://bulmalug.net/body.phtml?nIdNoticia=1154
Journal File Systems (Florido)

http://www.linuxgazette.com/issue55/florido.html
Journalling Filesystems for Linux 
(Dell'Omodarme)

http://www.linuxgazette.com/issue68/dellomodarme.html

Journaling File Systems for Linux (Bar)
http://www.byte.com/documents/s=365/byt2000052
4s0001/

Journaling Filesystems (Bar)
http://www.linux-mag.com/2000-
08/journaling_01.html


