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1. Overview

CASPUR, a computing consortium of Italian Universities, has completed an evaluation of Linux
cluster file systems for the deployment of a new email service, Refero. We are primarily concerned with
absolute file system performance based on I/O throughput and its ability to serve 800,000 concurrent
users. In this application the file system would have to cope with millions of small files (between 0.5KB
and 22KB), which is a very challenging and rigorous workload for typical cluster file system
architectures.

For this evaluation we chose two performance benchmarks. The first benchmark we used,
Postmark 1.5, is an accepted industry standard benchmark which characterizes the I/O performance of
workloads similar to email applications. We ran this benchmark as a single process on a single server
and as two processes running concurrently on a cluster of two servers. Each test was run with multiple
file sizes. The second benchmark we developed internally to simulate operation of IMAP during a “stat”
call in the Maildir format. Each benchmark is explained in greater detail in its specific section below.

CASPUR, Consorzio interuniversitario per le Applicazioni di Supercalcolo Per Universita e
Ricerca, was established in 1992 as an inter-university computing consortium, in Rome, Italy. The
Consortium, a non-profit organization, is financed by MIUR (the Ministry for Education, Universities and
Research) and by associated Universities. Its purposes are to manage a High Performance Computing
(HPC) center, to promote the use of the most advanced information processing systems and to develop
research programs aimed at a more effective and innovative usage of information and communication

technology.

2. Involved hardware

The hardware remained constant for each of the benchmark tests. The specific hardware used is as

follows:

2 node cluster
e Servers: Dell PE2650, 2x2.8GHz Xeon (533MHz FSB), 2GB RAM, 2x36GB system disks
(RAID1), Qlogic 2340 HBA
e Operating System: Linux RHEL 3.0 Update 3 (kernel 2.4.21-15.0.3)

SAN
e FC switch: Brocade Silk Worm 2400 (8 ports, 1Gb fabric, no zones)
e Storage Array: EMC Clariion CX300, 14x146GB FC spindles (10K RPM) + 1 Hot Spare, single
Storage Processor attached to FC switch, single 330GB RAID5 LUN, read+write cache enabled

(with mirroring between the two storage processors)
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SAN for IBM TotalStorage SAN File System 2.1 (SANFS)

e FC switch: Qlogic SANBox 5200 (16 ports, 2Gb fabric, no zones)

e 2xIBM DS4500 (FAStT900), 4xEXP100 Storage Expansion Unit, 4x14x250GB SATA spindles
(7.2K RPM), parallel use of all four controllers, 4x2TB RAID5 LUNs spanning all spindles, the
single 8TB file system use for testing was created by the means of a volume manager collecting
all the four LUNSs, read+write cache enabled (mirroring disabled between the four controllers).

e 2xIBM dedicated metadata servers.

3. Tuning considerations

Before starting the evaluation, we tried various tuning options for all the cluster file system
solutions under test. For our particular application (millions of small files), we found the best results
(performance and reliability) were achievable with the default software configurations. This is how we

ran the benchmarks.

4. First test

4.1. Goal

Evaluate the general performance of several Linux cluster file systems for a large scale e-mail
service. In this application the file system has to cope with millions of small files (between 0.5KB and
22KB), which is a very challenging and rigorous workload for typical cluster file system architectures.

4.2. The benchmark

We used Postmark 1.5 (http://www.netapp.com/tech_library/3022.html). A description of the

benchmark, from the Postmark website, follows:

PostMark was designed to create a large pool of continually changing files and to measure the

transaction rates for a workload approximating a large Internet electronic mail server.

PostMark generates an initial pool of random text files ranging in size from a configurable low bound
to a configurable high bound. This file pool is of configurable size and can be located on any

accessible file system.

Once the pool has been created (also producing statistics on continuous small file creation
performance), a specified number of transactions occurs. Each transaction consists of a pair of

smaller transactions:
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o Create file or Delete file

¢ Read file or Append file

The incidence of each transaction type and its affected files are chosen randomly to minimize the
influence of file system caching, file read ahead, and disk level caching and track buffering. This
incidence can be tuned by setting either the read or create bias parameters to produce the desired

results.

When a file is created, a random initial length is selected, and text from a random pool is appended

up to the chosen length. File deletion selects a random file from the list of active files and deletes it.

When a file is to be read, a randomly selected file is opened, and the entire file is read (using a
configured block size) into memory. Either buffered or raw library routines may be used, allowing

existing software to be approximated if desired.

When all of the transactions have completed, the remaining active files are all deleted (also

producing statistics on continuous file deletion).

Postmark is a single process benchmark, and in this case a single instance of it was started. The
chosen workload was 100K files and 100K transactions in a single directory. No “append” on files was
allowed (Biases are: read/append=10, create/delete=5). We used Unix buffered file 1/O.

Each test was run five times. We discarded the best and the worst results. The data presented

herein are the mean values of the three remaining benchmark runs.

Following is a legend of the tests run:

Tps: Average transaction rate (files/second)
Create/s: Average file creation rate (files/second)

Create/s with Trans: Average creation rate (files/second) for files created during sequence of

transactions
Read/s: Average file read rate (files/second)
Delete/s: Average file deletion rate (files/second)

Delete/s with Trans: Average deletion rate (files/second) for files deleted during sequence of

transactions
Read (KBps): Over total size of data read, the average input rate (bytes/second)
Write (KBps): Over total size of data written, the average output rate (bytes/second)
4.3. Players
PSFS: Polyserve Matrix Server 2.6.1
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SANFS: IBM TotalStorage San File System 2.1

GFS: Red Hat GFS 6.0
VXFS: Veritas Cluster File System 4.0
Ext3: standard Linux Journal File System (the baseline)

At the beginning ADIC StorNext was also considered, but we decided lately to remove it from the
panel because it has a limitation in terms of the maximum number of files the file system can host. The
maximum i-node number depends on the file system block size, and with large block size (32KB) we

experience a serious decay of overall cluster performance.

4.4, Results

First workload:

Default file size (0.5KB-10KB). A single Postmark process ran on a single server, while the other cluster
member was idle.

For SANFS, (*) highlights it used a different SAN configuration.

Single Node Performance Comparison using Postmark Benchmark
100K files/100K transactions (default filesize)
3000.00
2500.00 -
2000.00 ]
1500.00
1000.00 —‘
500.00 -
0007 Create/s with Delete/s with |
Tps Create/s reate/s wit Read/s Delete/s elete/s wit Read (KBps) Write (KBps)
trans. trans.
OPSFS 543.00 1785.00 271.00 543.00 666.00 271.00 1310.72 1976.32
B SANFS (*) 281.00 416.00 140.00 281.00 436.00 140.00 621.33 933.60
OGFS 60.00 446.00 30.00 60.00 137.00 30.00 197.22 296.33
OVXFS 165.00 281.00 82.00 165.00 653.00 82.00 459.99 691.18
Eext3 429.00 321.00 214.00 429.00 2776.00 214.00 882.71 1331.20

Second workload:
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8KB-12KB file size. A single Postmark process ran on a single server, while the other cluster member

was idle.

For SANFS, (*) highlights it was used a different SAN configuration.

3000.00

Single Node Performance Comparison using Postmark Benchmark
100K files/100K transactions (8KB - 12KB filesize)

2500.00

2000.00 -

1500.00

1000.00

500.00

Iy |

-l

Create/s with

i 0= |

Delete/s with

Tps Createls trans. Read/s Delete/s trans. Read (KBps) | Write (KBps)
OPSFS 273.00 1724.00 137.00 273.00 732.00 136.00 1740.80 2611.20
B SANFS (*) 264.00 354.00 132.00 264.00 414.00 131.00 1085.44 1628.16
OGFS 47.00 277.00 23.00 47.00 159.00 23.00 315.81 473.92
OVXFS 120.00 207.00 60.00 120.00 655.00 59.00 666.06 999.53
Wext3 421.00 318.00 211.00 421.00 2711.00 210.00 1658.88 2498.56
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Third workload:

18KB-22KB file size. A single Postmark process ran on a single server, while the other cluster member
was idle.
For SANFS, (*) highlights it was used a different SAN configuration.

Single Node Performance Comparison using Postmark Benchmark
100K files/100K transactions (18KB - 22KB filesize)

4000.00

3500.00 -

3000.00 ]

2500.00

2000.00 -

1500.00

1000.00

500.00 —|
000 1 Create/s with Delete/s with |
Tps Create/s reate/s wit Read/s Delete/s elete/s wit Read (KBps) Write (KBps)
trans. trans.

OPSFS 134.00 746.00 67.00 134.00 1672.00 67.00 2088.96 3133.44
W SANFS (*) 210.00 262.00 105.00 210.00 416.00 105.00 1781.76 2672.64
OGFS 24.00 203.00 12.00 24.00 156.00 12.00 371.17 557.50
OVXFS 123.00 198.00 61.00 123.00 664.00 61.00 1331.20 1996.80
Wext3 192.00 309.00 96.00 192.00 2788.00 95.00 2222.08 3338.24
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5. Second test
5.1. Goal

Evaluate the concurrent access performance of the Linux cluster file systems for a large scale e-
mail service.

In this application the file system would have to cope with multiple servers having concurrent

access to millions of small files (between 0.5KB and 22KB), which is a very challenging and rigorous

workload for typical cluster file system architectures.

5.2. The benchmark

We used Postmark 1.5 (http://www.netapp.com/tech_library/3022.html). It is a single process

benchmark, and a single instance of it was started concurrently on each of the two cluster members. No
“append” on files was allowed (Biases are: read/append=10, create/delete=5). We used Unix buffered
file /0. We chose two different datasets. The first was 100K files and 100K transactions in a single
directory for each server. The second carried out half the load: 50K files and 50K transactions in a single
directory for each server.

Each test was run five times. We collected the overall results as the sum of the results given by
the benchmark running on each server. Then we discarded the best and the worst overall results. The

data presented herein are the mean values of the three remaining overall results.

5.3. Players

PSFS: Polyserve Matrix Server 2.6.1

SANFS: IBM TotalStorage San File System 2.1
GFS: Red Hat GFS 6.0

VXFS: Veritas Cluster File System 4.0
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5.4. First dataset

First workload:

A single Postmark process ran on each of the two servers. Each server processed 100K files of default
file size (0.5KB-10KB) with 100K transactions.

For SANFS, (*) highlights it was used a different SAN configuration.

Two-Node Concurrent Use Performance Testing using Postmark Benchmark
100K files/100K transactions (default filesize)

3500

3000

2500

2000

1500
1000
500
0 C /s with Delete/s with
Tps Create/s reate/s wit Read/s Delete/s elete/s wit Read (KBps) | Write (KBps)
trans. trans.
OPSFS 1170 1950 584 1170 1065 586 2203 3297
B SANFS (*) 278 608 139 278 647 139 752 1130
OGFs 86 613 43 86 266 43 303 455
OVXFS 210 235 104 210 713 104 492 739
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Second workload:

A single Postmark process ran on each of the two servers. Each server processed 100K files (8KB-12KB
file size) with 100K transactions.
For SANFS, (*) highlights it was used a different SAN configuration.

Two-Node Concurrent Use Performance Testing using Postmark Benchmark
100K files/100K transactions (8KB - 12 KB filesize)

4500
4000
3500
3000
2500
2000
1500
1000
500
0 C /s with Delete/s with
Tps Create/s reate/s wit Read/s Deletels elete/s wit Read (KBps) | Write (KBps)
trans. trans.
BOPSFS 372 2196 186 372 1496 184 2560 3850
B SANFS (*) 235 492 107 235 738 117 1281 1922
OGFS 71 510 35 71 282 35 502 753
OVXFS 176 231 88 176 701 87 851 1278
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Third workload:

A single Postmark process ran on each of the two servers. Each server processed 100K files (18KB-
22KB file size) with 100K transactions.

For SANFS, (*) highlights it was used a different SAN configuration.

Two-Node Concurrent Use Performance Testing using Postmark Benchmark
100K files/100K transactions (18KB - 22KB filesize)

4500
4000
3500
3000
2500
2000
1500
1000
500
0 C /s with Delete/s with
Tps Create/s reate/s wit Read/s Deletels elete/s wit Read (KBps) | Write (KBps)
trans. trans.
OPSFS 190 812 94 190 1568 94 2744 4116
B SANFS (*) 141 170 71 141 760 70 1373 2068
OGFS 0 0 0 0 0 0 0 0
OVXFS 123 198 61 123 664 61 1331 1997

Note: Red Hat GFS was unable to finish this test and therefore showed no results.
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5.5. Second dataset

First workload:

A single Postmark process ran on each of the two servers. Each server processed 50K files of default
file size (0.5KB-10KB) with 50K transactions.

For SANFS, (*) highlights it was used a different SAN configuration.

Two-Node Concurrent Use Performance Testing using Postmark Benchmark
50K files/50K transactions (default filesize)

12000

10000

8000

6000

4000

2000

0
Tps Create/s Cre?rt:r/]ss'wnh Read/s Delete/s Del?rt:rl]ss?mth Read (KBps) | Write (KBps)
OPSFS 2174 2021 1063 2174 10517 1090 4884 7322
B SANFS (*) 476 698 237 476 772 238 1062 1595
OGFs 168 707 83 168 259 84 518 777
OVXFS 357 340 178 357 698 179 717 1076

CASPUR - Via dei Tizii, 6/B — 00185 Roma — Tel. 06/444861 — Fax 06/4957083 — www.caspur.it/en



Second workload:

A single Postmark process ran on each of the two servers. Each server processed 50K files (8KB-12KB
file size) with 50K transactions.
For SANFS, (*) highlights it was used a different SAN configuration.

Two-Node Concurrent Use Performance Testing using Postmark Benchmark
50K files/50K transactions (8KB - 12KB filesize)

14000

12000

10000

8000

6000

4000

2000

0
Tps Create/s Cre?rt:éss _Wlth Read/s Deletels Del?rt;ss ?N'th Read (KBps) | Write (KBps)
BOPSFS 1602 1429 802 1602 12516 800 8187 10445
B SANFS (*) 316 362 201 403 794 201 1507 2263
OGFS 208 466 104 208 181 103 883 1324
OVXFS 387 307 194 387 772 193 1361 2040
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Third workload:

A single Postmark process ran on each of the two servers. Each server processed 100K files (18KB-
22KB file size) with 100K transactions.

For SANFS, (*) highlights it was used a different SAN configuration.

Two-Node Concurrent Use Performance Testing using Postmark Benchmark
50K files/50K transactions (18KB - 22KB filesize)
9000
8000 - ]
7000
6000
5000 -
4000 1
3000 -
2000 -
1000 —
0 J:h—m |_U_|_| Cew— |_h_|_| I—ﬂ Cew—
Tps Create/s Create/s with Read/s Delete/s Delete/s with Read (KBps) Write (KBps)
trans. trans.
OPSFS 595 598 298 595 5961 295 5376 8069
B SANFS (¥) 323 193 162 323 844 160 2068 3103
OGFS 122 485 111 222 246 110 1614 2423
OVXFS 371 317 186 371 738 184 2714 4076
6. Third test
6.1. Goal

Evaluate the performance of the Linux cluster file systems for a large scale e-mail service, when
an IMAP server has to “stat” messages stored in a Maildir format. Maildir stores each message in a

single file in three directories per user.

6.2. The benchmark

We simulated an IMAP listing of a user's message folder by performing a “Is - * > /dev/null” in a
directory containing approximately 100K files (0.5-10K file size). The results are in seconds. (Less is
better, time is in seconds).

For SANFS, (*) highlights it was used a different SAN configuration.
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6.3. Players

PSFS: Polyserve Matrix Server 2.6.1
SANFS: IBM TotalStorage San File System 2.1
GFS: Red Hat GFS 6.0

VXFS: Veritas Cluster File System 4.0

6.4. The Dataset

IMAP message listing simulation (approx. 100K files, 0.5KB-10KB filesize)

08:38,4

07:12,0 A

05:45,6 -

04:19,2

02:52,8 A

01:26,4

00:00,0
PSFS

SANFS (¥)

GFS

VXFS

Btime Is -| 00:04,0

00:30,5

08:03,4

00:19,6

6. Conclusions

Cluster file systems are now a mature technology and the market today shows a variety of
solutions. Each one addresses a particular need and represents a specific vision of data access
concurrency, and therefore, they show differences in performance. For instance, IBM TotalStorage San

File System, has the capability to share data between server platforms, while Veritas Cluster File System

incorporates all well known storage management features of the Veritas Volume Manager.

The test we performed highlighted how Polyserve Matrix Server is focused on file serving, taking
advantage of its symmetric design and reduced metadata traffic to achieve outstanding performance in

small file concurrent access, which — as we have said — is a very challenging workload for cluster file

system architectures.
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