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IOzone is a benchmarking tool useful for analyzing file system performance on a number of different platforms, including Linux, HP-UX, Solaris, and many others.  It uses file system IO as its primary load  generation, presenting the systems under test with a large range of file IO requests, running from small to very large file sizes, with varying record sizes, while performing a number of different file access patterns. It also permits the benchmark administrator to modify system test parameters, affecting the underlying system response to these differing access sizes and patterns in order to illustrate system issues that might not otherwise be obvious, or which might vary from platform to platform.

In addition to measuring local file system behavior, IOzone may be used for analyzing client performance in an NFS client/server environment, when using NFS mounted file systems as the target for its IO request set.  This paper will discuss the usage of IOzone as a performance analysis tool for NFS clients.  It will cover the complete IO request set, possible options for varying system response, and the possible arrangement of output data that will be most illustrative of the system behavior.  In addition, it will discuss general system parameters as well, in order to learn the most about system response to the demands of the benchmark.

Finally, note that IOzone, plus accompanying documentation, may be downloaded from www.iozone.org.

File System IO Requests

The benchmark will execute file IO to a broad range of file sizes, from 64Kbytes to 512Mbytes in the default test case, using record sizes ranging from 4Kbytes to 16Mbytes. For both files and records, each size increase will simply be a doubling of the previous value.  If requested, the benchmark will also increase the file sizes to an optional larger value, in order to allow testing of large file systems supported by 64-bit platforms. Note that the word “test”, the term used in this paper and in the IOzone documentation, refers to a single type of access - a sequential write, from the beginning to the end of the file, for example - executed against all files of the given file sizes defined by the command line. When executing the IO on each file, it will use the following access patterns:

· Sequential  read/write – The records will be written to a new file, and read from an existing file, from beginning to end.

· Sequential  rewrite – The records will be rewritten to an existing file, from beginning to end.

· Sequential  reread – The records of a recently read file will be reread, from beginning to end.  This usually results in better performance than the read, due to cached data.

· Backwards read – The records will be read from the end of the file to the beginning.  Few operating systems optimize file access according to this pattern, and some applications, such as MSC Nastrans, do this often.

· Random read/write – The records, at random offsets will be written and read.
· Record rewrite – A record will be rewritten in an existing file, starting at the beginning of the file.
· Strided read – Records will be read at specific constant intervals, from beginning to end.

· fread/fwrite – The fread() and fwrite() functions will be invoked to write to a new file, and read from an existing file, from beginning to end.

· freread – The fread() function is invoked on a recently read file.

· frewrite – The fwrite() function is invoked on an existing file.

· pread/pwrite – The performance of pread() and pwrite() on systems that support these system calls will be measured.
Note that when running the benchmark under normal circumstances, it is important to limit the size of the buffer cache to something less than the maximum file size, in order to see the effect of cache misses on the benchmark.  This is, of course, not relevant to memory mapped files, but note that when reviewing the benchmark results, you may see the performance effects of other caches, in addition to the buffer cache, when executing IO requests within those cache limits. These will include the processor cache and secondary memory caches, as well as the buffer cache.  Assuring that the larger file sizes exceed these limits will accurately illustrate the effects of cache hits and misses.



  
Standard setups for NFS Clients
A common configuration for NFS client analysis with IOzone includes the following features:

· IOzone is executed from a locally mounted directory

· File IO is limited to files contained in NFS mounted directories

· Client caches are cleared out by unmounting and remounting the file system between tests (“-U mountpoint”)

· Commit time for NFS V3 is included in the measurements by including file closure times (“-c”)
· File sizes run from 64Kbytes to 512Mbytes, using record sizes from 4Kbytes up to 16Mbytes (-a”)
· When the file size exceeds 32Mbytes, the record size will have a lower limit of 64K.  This limit may be removed with the “-z” option
· Aside from the above limit, all record sizes are used for those files which can contain them (e.g., 64K files will be tested with record sizes running from 4K to 64K, doubling in size with each iteration)

· Reports are generated in Excel spreadsheet format (“-R”)

· The Excel spreadsheet format is used to generate graphical images in a designated file (”-b filename”).
· Results from standard out are piped into a local file.

The IOzone command which accomplishes the above, assuming /mnt/foo is an NFS mounted directory, and that the local directory is locally mounted, is as follows:


./iozone –azcR -U /mnt/foo –f /mnt/foo/testfile –b exceloutput.xls > logfile
System Level Variations
Several variations which account for system level features of the client may be invoked through benchmark parameters.  These should be used as variants for data gathering in addition to the standard runs, in order to analyze system level effects of client capabilities, particularly when analyzing SMP clients.  These variations include:

· Processor affinity of all threads/processes (“-P #”)
· Limit on the least number of processes (“-l n”)
· Processor cache purges (“-p”)
· CPU cache size and cache line size (“-S size” and “-L size”)
· Removal of “stonewalling”, an internal feature of IOzone (“-x”)

· 
· 
All of these should be carefully considered before adding them to the benchmark configuration.  The one which may have the most benefit from the system point of view is the invocation of processor affinity, guaranteeing that processes will be distributed evenly among a set number of processors on the SMP client, starting with processor # n, as given in the parameter list.  You may also invoke the assurance that all processor caches are purged at the end of each test, and that a certain number of processes will be running as part of the benchmark.  

In addition to purging caches, you may wish to manage system cache behavior to some extent, as mentioned in the previous section.  Depending on various system characteristics, you should limit the size of the buffer cache, and also the size of memory and processor caches, in order to obtain a clear picture of system behavior that is not masked by cache effects.

Another variation that involves the internal design of IOzone, is the request to remove an internal feature called “stonewalling”, which refers to the attempt to launch all threads/processes involved in a single test at the same time.  Stonewalling also halts all threads/processes when one has completed, and recalculates the IO times based on all currently completed IO.  This assures that the system is exposed to a consistent process load at all phases of the tests, and that a single IO request encountering system delays unique to that request does not distort the overall results of the benchmark.  Since the causes of such delays may need to be investigated, regardless of the effect on the overall benchmark, the option to remove this constraint is available.

File System Behavior Variations
In addition to system level variations, the behavior of the file system is critical to the results seen in the benchmark; perhaps much more critical than the system level variants.  The most commonly encountered variant calls for complete synchronous IO, using the “O_SYNC” option when opening all files under test. This variant requires that all IO requests should be sent immediately to stable storage, which, in the NFS client case, is the disk on the server.  This should, of course, force NFS V2 and NVS V3 to behave identically; in this case, even the usual V3 commit at file close time should not take place, since the client will have already demanded that it receive the “NFS_FILE_SYNC” reply status from the server for all IO requests, forcing the server to send each individual request to stable storage, and making the final commit request unnecessary.

Another commonly used feature is file locking; the benchmark will allow the administrator to force locking for all file accesses.  This has a side effect of causing most NFS implementations to disable the client and server caches.  As before, this should be used when comparing runs to the standard run given above. 

The benchmark administrator may choose to use memory mapped file IO, if the client supports memory mapping when opening files exported from an NFS server.  Since memory mapped IO may not result in the occurrence of any immediate file IO, the administrator may also choose to control the client’s file access behavior by specifying synchronous IO with the IO_SYNC option, or by invoking the msync() system call, with the MS_SYNC option, which will guarantee a file IO call, along with the subsequent wait for IO completion. If desired, asynchronous IO might also be requested with the MS_ASYNC option, allowing internal system mechanisms to control data transfers to the server.  Note that this does not emulate asynchronous exports of an NFS server, available on some platforms.  These features are client based, and control IO access requests from the client to the server.

Another control of client IO, which may be considered equally complex and possibly dangerous in an NFS client, is POSIX asynchronous IO, implemented by calls to POSIX routines such as  aio_read(),  aio_write(), and aio_error().

Finally, the Benchmark administrator may choose to include the delays incurred by fsync() and fflush() calls.  This will reduce the NFS V3 client side effects due to caches.  This is particularly useful when comparing different platforms, if one wishes to eliminate cache effects and concentrate on other platform differences.  To reiterate, the interesting file system variants are

· Total synchronous file access, using the O_SYNC option when creating/opening files (“-o”)

· Files locking used for all IO requests (“-W”)

· Memory mapped file access (either synchronous or asynchronous mode) used in the client (“-B”)

· 
· POSIX Asynchronous IO used in the client, which should not be confused with Asynchronous IO implemented on some Servers, such as Linux and HP-UX.) ) (“-H n” or “-k n”) 
· Include fsync and fflush calls in the timings (“-e”)
Network Variations
When setting up clients and servers for benchmark analysis, many network configuration variations may be selected in order to illustrate system behavior across a range of conditions.   The most significant ones with regards to NFS client performance analysis are:

· Network protocol – TCP or UDP

· Network speed, duplex settings, and auto-negotiation

· Client transfer size settings (rsize and wsize)

· Gigabit Ethernet and jumbo frames

· Number of stream heads

· Number of networking buffers for sockets
The most obvious may be which network protocol to select – TCP or UDP – when mounting the file system on the client.  As is well known, TCP will impose a slight performance cost in an ideal, loss-free network, but given that such clean networks are rare, and may not even exist in a non-isolated network environment, the advantages of TCP’s handling of the network transactions at the lower levels of the network stack, rather than up at the RPC layer with UDP, creates a significant advantage, particularly when confronted with lossy networks and the resulting cost of the inevitable retransmissions occurring in such networks.  It may be useful to determine the actual cost of using TCP in an isolated environment, in comparison with UDP, but that should be a decision made by the individual benchmark analyst.

One issue that should be studied carefully is assuring that the network components negotiate full duplex behavior, either by explicit settings, or by auto-negotiation.  An environment which accidentally defaults to half-duplex will introduce network collisions which are somewhat harmful to TCP performance, but deadly to UDP performance.  The management of collisions are the single worst performance inhibitor for NFS, and must be avoided whenever possible, whether by using the correct duplex settings, or by eliminating network bottlenecks in intervening switches or servers, or by addressing any other network performance issue.

Given optimal settings for the network environment, the specific values of the NFS client’s transfer sizes – the sizes set in the rsize and wsize parameters of the mount command – should be studied by the benchmark administrator, and may require that the benchmark be run at a variety of settings.  

When using Gigabit Ethernet, many clients, servers, and switches now support jumbo frames.  This will be particularly helpful when using the largest transfer sizes allowed, such as 32K, or even 64K, limiting the network packet fragmentation necessary for accomplishing each request.  Note that the standard MTU size is 1500 bytes, and the Jumbo Frame MTU size is 9000 bytes.

New Features

Several new parameters have been added to IOzone, and may be invoked with a special parameter syntax, using the standard minus sign, and then a plus sign before giving the particular parameter letter.  Please be sure to use both the minus and the plus sign, since the new parameters will be confused with old parameters if this difference is not seen.

One new feature is special debugging mode, invoked for error detection if the benchmark administrator suspects either internal benchmark problems, or platform data corruption problems.  IOzone normally does a minimal amount of data validation so that the intrusion in the measurement is minimized. If one suspects a data integrity problem then one can enable the “-+d” option. This is activates a very intensive data validation model inside of IOzone. 


Another feature of IOzone is the ability to test the aggregate throughput of an NFS server as seen by multiple NFS clients. This is called “distributed mode” or “cluster mode” and is activated using the “-+m filename” option
).

The file "filename" contains lines in the following format:

client_name      work_dir_on_client     path_to_IOzone_on_client

client1.home.org        /home/foo                 /home/foo/iozone
client2.home.org        /home/foo                 /home/foo/iozone

Now, if you were to do something like:

iozone -t 2 -r 64 -s 1024 -+m filename

IOzone would then conduct throughput testing across all of the clients in the file "filename" Each client will start IOzone in the directory specified in the "filename" and run IOzone with 64kbyte records for a file of size 1 Mbyte. The collective throughput result will be displayed.

How does this magic work ?

IOzone, when invoked with the “-+m” option,  becomes the controlling process which coordinates distributed IOzone testing, and does not itself do any direct I/O. 

It uses remsh/rsh to start IOzone on each of  the clients. Each client's IOzone notifies the controlling process of its startup and awaits instructions on what to do. The controlling process tells each of the clients which test to run. The clients begin the selected test, run to a barrier and inform the controlling process that it is at the barrier. When the controlling process sees that all of the clients are at the barrier then it tells them to start. When the clients finish the test they send their results back to the controlling process. When any client finishes it’s work it will send notification to the controlling process. If stonewalling is enabled (Enabled by default. See –x flag) then the controlling process will contact all of the clients and request their current results. This mechanism is used to guarantee that the measurement was taken only during a period of time when all of the clients were running in parallel. When all of the clients are finished the controlling process  then calculates the throughput and provides the results.

The software model in use is similar to a distributed shared memory model. The controlling process has the master copy and uses sockets to collect and distribute data to the clients so that they can update their copy. The clients send their changes back to the controlling process so that it has the most recent changes and is coherent. The underlying communication model provides for barriers, synchronous data flow, and asynchronous data flow. 

Things you need to make it work:

· IOzone must be able to launch a rsh/remsh onto the clients in the client file "filename" without being challenged for a password. ( .rhosts would be a good thing here )
· The clients must be able to contact the controlling host, where you started IOzone, by its hostname. (assuming DNS is working )
· IOzone must be able to contact the clients by their names that are in the client file. (assuming DNS is working)
· Revision 3.74 or later of IOzone.

Finally, note that you should avoid running out of space on the clients. Error handling is not robust in this mode.
Interesting system parameters

A number of system parameters will have an effect on the system performance results measured by IOzone.  The following is a short list of several system values which have proved to be interesting.  Any additions to this list would be welcome information.

Number of biod daemons – 


The number of biod daemons can have a significant impact on the throughput of an NFS client. These daemons are used to perform I/O from the client application to the NFS server. In some cases these daemons provide read-ahead and write behind for the client application. .
Number of nfsd daemons –


The number of nfsd daemons can have a significant impact on the throughput that the NFS server is providing to the client. The number of server daemons must be carefully monitored in order to make client comparisons valid.
Number of inodes/vnodes –
Both the server and client operating systems keeps a cache of inode/vnodes and/or file handles, plus rnodes, in the case of the client. These cached structures can satisfy file attribute requests quickly, but if the number of these is too small then the operating system will have to perform real disk activity to re-read the attributes of the files.
Size of the name lookup cache –


If the server’s name lookup cache is too small then real physical I/O operations may be required when they could have been avoided. This is a tunable that is more likely to need to be tuned if the NFS server has a large number of files that are being served to the clients. 
Size of the network buffers for udp and tcp –
In reviewing server performance tuning activities logged in the SPECsfs benchmark submittals, the defined sizes of the server’s network buffers was increased for many benchmark runs.  This would have an effect on the client network, as well, so it is recommended that this value be reviewed.  In linux, the value names – which can be tuned by writing to the “proc” file system, a subdirectory in the local file system which manages system parameters - are known as

“wmem_max”, “ rmem_max”,“ tcp_wmem” and “ tcp_rmem”.



Displaying Results

The default results file will give the test results in tabular text format.  For graphical representation, the benchmark administrator should request that the benchmark should also generate results in an Excel spreadsheet format ( “-R” for output directed to standard out, and “-b filename” for output in the designated file .  With the Excel spreadsheet, you will see the tabular results as seen in the default format, plus the Excel output for the individual tests, labeled as “iozone.runlog”.  In addition, the surface graphs generated by the Excel Chart Wizard, using the standard “Surface” plot set to the 3-D surface representation, may be seen under the names of each individual test – that is, “Write”, “Rewrite”,  “Read”, Reread”, etc. This gives a very clear picture of the behavior of the system for the individual tests.

The IOzone web site contains an example spreadsheets, including some analyses of 8K vs. 32K transfer sizes for both UDP and TCP,  which you may review at http://www.iozone.org/src/current/ .  An example, showing features such as the effects of CPU cache size, memory cache size, and disk IO delays, is given below by a test run on a local file system.  The examples at the given web site also have these effects labeled, and should provide an interesting illustration of the graphical capabilities of IOzone.

· 
· 
· 
Example of local filesystem result.

· 
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Summary

The IOzone benchmark is a useful and easily used tool for measuring file system performance, both in the local file system context, and for NFS clients.  The definition of a standard run is easily determined and executed, and the tool provides many variants for focusing on specific features of both the NFS client, and of the NFS Server as well, since the server will affect the overall client behavior in several specified ways.

In addition to the specified command line instructions given in this paper, IOzone may also be run, on the Linux operating system, from a GUI-based interface embedded in an NFS test and measurement tool currently published on the Sourceforge software foundary, www.sourceforge.net.  The tool may be downloaded from its Sourceforge home page, http://sourceforge.net/projects/nfstestmatrix/.  

Finally, when running IOzone, it is important to gather baseline data first, prior to looking at system variations.  With the baseline data as a fixed beacon, you should be able to study the behavior of your system, modify its behavior with any available methods, and determine the real effect of such modifications.
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105440

97940

90172

93526

91905

101823

106759

99285

109491

111346

116451

119531

109207

106925

96494

78986

91529

83517

101502

106210

105051

110455

111157

40416

28638

109146

105326

97153

73912

89122

94111

95161

106576

108705

105810

107328

36734

40174

29779

49671

31446

43186

48835

41076

29276

46435

41988

28496

31112

32109

25544

31928

31562

32799

28577

32994

31173

31439

30663

32182

31626

30143



Read

		64		64		64		64		64		64		64		64		64		64		64		64		64

		128		128		128		128		128		128		128		128		128		128		128		128		128

		256		256		256		256		256		256		256		256		256		256		256		256		256

		512		512		512		512		512		512		512		512		512		512		512		512		512

		1024		1024		1024		1024		1024		1024		1024		1024		1024		1024		1024		1024		1024

		2048		2048		2048		2048		2048		2048		2048		2048		2048		2048		2048		2048		2048

		4096		4096		4096		4096		4096		4096		4096		4096		4096		4096		4096		4096		4096

		8192		8192		8192		8192		8192		8192		8192		8192		8192		8192		8192		8192		8192

		16384		16384		16384		16384		16384		16384		16384		16384		16384		16384		16384		16384		16384

		32768		32768		32768		32768		32768		32768		32768		32768		32768		32768		32768		32768		32768

		65536		65536		65536		65536		65536		65536		65536		65536		65536		65536		65536		65536		65536

		131072		131072		131072		131072		131072		131072		131072		131072		131072		131072		131072		131072		131072

		262144		262144		262144		262144		262144		262144		262144		262144		262144		262144		262144		262144		262144

		524288		524288		524288		524288		524288		524288		524288		524288		524288		524288		524288		524288		524288

		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576



CPU Cache effect

Memory /
buffer cache

Not measured

Physical disk I/O

4

8

16

32

64

128

256

512

1024

2048

4096

8192

16384

File size in Kbytes

Kbytes/sec

Record size in Kbytes

Read Performance

300401

367910

351656

410251

294867

290937

292277

306953

241986

92686

186314

241042

254484

274088

298388

287653

199693

144304

331183

271908

284294

168199

151525

123911

102626

93345

203902

240938

316830

234807

377027

194344

101065

93235

98443

265630

333442

252806

285635

247700

80238

101859

95848

103064

101723

264719

293324

324128

264019

271924

144276

102091

106694

101046

107205

108199

309809

273833

370880

376038

193595

136319

116690

103401

101432

105738

111814

116725

293456

349294

288862

380713

293814

130416

109413

103597

100905

109531

112371

112220

117243

291335

301029

378545

339674

350707

155168

119655

99399

105528

104868

111923

116013

116474

290121

292326

163972

333002

345672

155346

119650

98806

105865

108669

82981

115587

116621

267545

294567

313267

317534

293560

153159

112011

100052

105682

110942

113444

115776

116690

27663

49548

308388

320458

309984

155658

109739

91833

106162

111689

113373

115948

116907

22553

27600

26769

27343

27297

17822

27063

18145

19643

20368

23919

26004

27606

27324

27564

24501

26942

25371

23195

27129

23709

25198

24426

22830

22523

26427



Re-read

		64		64		64		64		64		64		64		64		64		64		64		64		64

		128		128		128		128		128		128		128		128		128		128		128		128		128

		256		256		256		256		256		256		256		256		256		256		256		256		256

		512		512		512		512		512		512		512		512		512		512		512		512		512

		1024		1024		1024		1024		1024		1024		1024		1024		1024		1024		1024		1024		1024

		2048		2048		2048		2048		2048		2048		2048		2048		2048		2048		2048		2048		2048

		4096		4096		4096		4096		4096		4096		4096		4096		4096		4096		4096		4096		4096

		8192		8192		8192		8192		8192		8192		8192		8192		8192		8192		8192		8192		8192

		16384		16384		16384		16384		16384		16384		16384		16384		16384		16384		16384		16384		16384

		32768		32768		32768		32768		32768		32768		32768		32768		32768		32768		32768		32768		32768

		65536		65536		65536		65536		65536		65536		65536		65536		65536		65536		65536		65536		65536

		131072		131072		131072		131072		131072		131072		131072		131072		131072		131072		131072		131072		131072

		262144		262144		262144		262144		262144		262144		262144		262144		262144		262144		262144		262144		262144

		524288		524288		524288		524288		524288		524288		524288		524288		524288		524288		524288		524288		524288

		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576



CPU Cache effect

Memory /
buffer cache

Not measured

Physical disk I/O

4

8

16

32

64

128

256

512

1024

2048

4096

8192

16384

File size in Kbytes

Kbytes/sec

Record size in Kbytes

Re-read performance

735985

116141

457272

492358

474060

356577

231032

259641

473999

248073

235305

305852

244745

372604

361573

358031

228560

149623

278108

352118

363115

332255

333558

116549

104810

77166

323843

335183

371817

258712

203374

210309

107710

84774

106923

251657

312670

260228

329899

263746

143659

105474

94325

92791

111583

283972

295036

309600

330642

290683

146129

103838

95420

101941

111790

115344

292780

274724

327078

363732

264873

141258

115999

101142

105192

110513

113552

114322

226457

301603

287272

371208

281787

138438

112722

98819

106418

111732

115056

116184

116904

237127

263579

323634

324259

276775

148936

110438

99922

105904

107386

114510

115996

116239

248810

292382

223121

305867

278913

147787

110668

100109

105453

111156

114243

115865

117033

236117

297856

317104

314934

286943

147429

110025

98763

105257

110265

114087

115640

116653

27942

26611

302258

322394

302616

157090

110301

100771

105898

111330

113652

115648

117001

27632

27038

25517

27659

27802

26200

27133

27645

27202

27272

20911

27366

26856

23479

27354

27314

27628

27376

27253

26165

27382

27291

27348

27645

27616

24319



Rand_Read

		64		64		64		64		64		64		64		64		64		64		64		64		64

		128		128		128		128		128		128		128		128		128		128		128		128		128

		256		256		256		256		256		256		256		256		256		256		256		256		256

		512		512		512		512		512		512		512		512		512		512		512		512		512

		1024		1024		1024		1024		1024		1024		1024		1024		1024		1024		1024		1024		1024

		2048		2048		2048		2048		2048		2048		2048		2048		2048		2048		2048		2048		2048

		4096		4096		4096		4096		4096		4096		4096		4096		4096		4096		4096		4096		4096

		8192		8192		8192		8192		8192		8192		8192		8192		8192		8192		8192		8192		8192

		16384		16384		16384		16384		16384		16384		16384		16384		16384		16384		16384		16384		16384

		32768		32768		32768		32768		32768		32768		32768		32768		32768		32768		32768		32768		32768

		65536		65536		65536		65536		65536		65536		65536		65536		65536		65536		65536		65536		65536

		131072		131072		131072		131072		131072		131072		131072		131072		131072		131072		131072		131072		131072

		262144		262144		262144		262144		262144		262144		262144		262144		262144		262144		262144		262144		262144

		524288		524288		524288		524288		524288		524288		524288		524288		524288		524288		524288		524288		524288

		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576



CPU Cache effect

Memory /
buffer cache

Not measured

Physical disk I/O

4

8

16

32

64

128

256

512

1024

2048

4096

8192

16384

File size in Kbytes

Kbytes/sec

Record size in Kbytes

Random Read Performance

353500

460618

274687

353511

248985

405106

470678

587310

364681

450798

198134

362579

389034

378148

442910

379821

164318

130348

301347

334426

362360

314505

296132

116098

111545

106025

191903

231203

341897

259960

240716

123359

96212

94999

106600

209001

277844

247045

283419

293326

130795

89970

92901

101215

107298

244128

250903

248634

304150

241438

137201

104942

94720

99109

105815

107346

238910

267371

263577

333523

242553

136276

106171

92571

89231

105720

109899

113898

214934

244533

263476

318209

252714

128065

106725

100419

102974

107503

108164

111240

116141

216001

261228

258377

303592

263101

139019

107166

95105

104053

108327

112260

115274

116381

213889

279006

291233

296876

253090

140600

108802

97585

104641

107195

112907

114748

116419

226855

276544

295609

308470

284399

146429

107966

99091

105355

110926

113343

114003

116359

892

18154

285143

310127

293976

147943

110264

100509

106113

111083

113209

115668

116997

698

978

2782

5455

10539

17718

25368

29953

35772

38497

44333

44565

43361

419

834

1507

2868

4998

8059

14443

20293

25060

28806

30902

33289

34213



Random_write

		64		64		64		64		64		64		64		64		64		64		64		64		64

		128		128		128		128		128		128		128		128		128		128		128		128		128

		256		256		256		256		256		256		256		256		256		256		256		256		256

		512		512		512		512		512		512		512		512		512		512		512		512		512

		1024		1024		1024		1024		1024		1024		1024		1024		1024		1024		1024		1024		1024

		2048		2048		2048		2048		2048		2048		2048		2048		2048		2048		2048		2048		2048

		4096		4096		4096		4096		4096		4096		4096		4096		4096		4096		4096		4096		4096

		8192		8192		8192		8192		8192		8192		8192		8192		8192		8192		8192		8192		8192

		16384		16384		16384		16384		16384		16384		16384		16384		16384		16384		16384		16384		16384

		32768		32768		32768		32768		32768		32768		32768		32768		32768		32768		32768		32768		32768

		65536		65536		65536		65536		65536		65536		65536		65536		65536		65536		65536		65536		65536

		131072		131072		131072		131072		131072		131072		131072		131072		131072		131072		131072		131072		131072

		262144		262144		262144		262144		262144		262144		262144		262144		262144		262144		262144		262144		262144

		524288		524288		524288		524288		524288		524288		524288		524288		524288		524288		524288		524288		524288

		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576



CPU Cache effect

Memory /
buffer cache

Not measured

Physical disk I/O

4

8

16

32

64

128

256

512

1024

2048

4096

8192

16384

File size in Kbytes

Kbytes/sec

Record size in Kbytes

Random write performance

289651

547212

484770

423840

383261

439908

500025

633758

499916

524474

194222

310318

419690

235074

540018

298000

139431

133959

244046

252214

236271

144590

198373

110966

96006

120840

132779

154285

128128

146055

140717

111111

92510

92947

100896

108400

136706

128328

111534

100332

91781

90499

92256

97943

103669

122305

132595

118845

112053

93897

83600

85884

90913

97063

104569

109113

108792

112268

109393

100429

92324

85562

91551

90447

100015

103365

107557

110070

104628

109007

112905

104890

94650

73096

90675

92212

101630

106466

109292

107143

110209

108328

115997

111685

105790

96029

90797

90023

93492

101730

103936

109569

110583

111993

109096

115950

115488

107195

96273

89749

90894

91814

101375

106672

108638

110806

111490

111088

4078

114084

100452

95907

89440

90587

27531

101073

106217

101153

110840

110969

3229

116144

112820

105444

96999

88438

20001

27836

101954

107128

109174

38380

111962

2921

4171

6670

11743

24294

16489

22857

23231

27000

27493

30474

46315

31987

954

2019

3831

6685

9341

13544

20316

19750

22441

27801

27241

32191

28571



Rewrite_rec

		64		64		64		64		64		64		64		64		64		64		64		64		64

		128		128		128		128		128		128		128		128		128		128		128		128		128

		256		256		256		256		256		256		256		256		256		256		256		256		256

		512		512		512		512		512		512		512		512		512		512		512		512		512

		1024		1024		1024		1024		1024		1024		1024		1024		1024		1024		1024		1024		1024

		2048		2048		2048		2048		2048		2048		2048		2048		2048		2048		2048		2048		2048

		4096		4096		4096		4096		4096		4096		4096		4096		4096		4096		4096		4096		4096

		8192		8192		8192		8192		8192		8192		8192		8192		8192		8192		8192		8192		8192

		16384		16384		16384		16384		16384		16384		16384		16384		16384		16384		16384		16384		16384

		32768		32768		32768		32768		32768		32768		32768		32768		32768		32768		32768		32768		32768

		65536		65536		65536		65536		65536		65536		65536		65536		65536		65536		65536		65536		65536

		131072		131072		131072		131072		131072		131072		131072		131072		131072		131072		131072		131072		131072

		262144		262144		262144		262144		262144		262144		262144		262144		262144		262144		262144		262144		262144

		524288		524288		524288		524288		524288		524288		524288		524288		524288		524288		524288		524288		524288

		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576



CPU Cache effect

Memory /
buffer cache

Not measured

4

8

16

32

64

128

256

512

1024

2048

4096

8192

16384

File size in Kbytes

Kbytes/sec

Record size in Kbytes

Rewrite record performance

250972

251930

309146

277060

153487

453866

426726

402590

364664

292868

132497

527868

684411

663269

563894

396309

167984

101868

592620

505913

760731

695606

518207

127935

88047

79577

326737

734573

835205

877472

742047

149379

92310

88041

78623

482785

566208

593793

674347

852964

149642

98295

83581

88104

82704

653994

838134

701848

703178

659685

143206

101013

89604

93364

92552

83651

602618

678709

804006

763184

647540

149806

103643

89853

94755

97061

93219

85388

537638

784410

684949

900761

785010

94342

98740

91272

97430

98990

92162

98170

88288

542714

668653

726692

828521

620054

168003

98963

94253

101102

104233

105109

104977

99363

543407

709272

768894

783717

729092

150519

100970

94809

100355

106180

107676

108251

97434

559276

724943

749827

805308

756740

151364

105585

95408

102294

107075

107253

109743

107519

570240

697159

744847

768595

759474

199206

102066

94858

101127

105928

108774

52886

24916

556733

686358

738571

780200

777176

176340

104728

96595

101841

107002

109901

109305

110425

564365

705701

723473

779517

606516

173727

103688

94153

101850

96656

109641

110150

110884



Stride_read

		64		64		64		64		64		64		64		64		64		64		64		64		64

		128		128		128		128		128		128		128		128		128		128		128		128		128

		256		256		256		256		256		256		256		256		256		256		256		256		256

		512		512		512		512		512		512		512		512		512		512		512		512		512

		1024		1024		1024		1024		1024		1024		1024		1024		1024		1024		1024		1024		1024

		2048		2048		2048		2048		2048		2048		2048		2048		2048		2048		2048		2048		2048

		4096		4096		4096		4096		4096		4096		4096		4096		4096		4096		4096		4096		4096

		8192		8192		8192		8192		8192		8192		8192		8192		8192		8192		8192		8192		8192

		16384		16384		16384		16384		16384		16384		16384		16384		16384		16384		16384		16384		16384

		32768		32768		32768		32768		32768		32768		32768		32768		32768		32768		32768		32768		32768

		65536		65536		65536		65536		65536		65536		65536		65536		65536		65536		65536		65536		65536

		131072		131072		131072		131072		131072		131072		131072		131072		131072		131072		131072		131072		131072

		262144		262144		262144		262144		262144		262144		262144		262144		262144		262144		262144		262144		262144

		524288		524288		524288		524288		524288		524288		524288		524288		524288		524288		524288		524288		524288

		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576



CPU Cache effect

Memory /
buffer cache

Not measured

Physical disk I/O

4

8

16

32

64

128

256

512

1024

2048

4096

8192

16384

File size in Kbytes

Kbytes/sec

Record size in Kbytes

Stride read performance

508165

639880

546853

125009

252017

255459

735552

719147

673524

410261

173436

232523

148835

958947

927407

644814

222603

110105

275260

292071

321815

355313

301533

217683

97971

102174

201693

255619

335074

323024

1043819

164658

125876

95220

98442

161577

256416

259012

248061

233629

205046

103649

96841

101728

105965

252309

305126

269970

309834

302130

136278

104738

92496

101703

106444

108713

244588

260451

263408

274025

251852

130483

102224

91892

100776

107343

110857

108517

213158

260390

272625

281541

250834

72971

107216

97727

102316

109311

107623

108629

116096

213465

253622

257274

296140

265586

145785

105231

97591

104785

109135

63225

114819

116884

225472

275406

293468

293182

278239

147331

107447

96733

104978

109213

112463

114254

115422

241835

278688

289499

303898

285987

146805

109693

99419

105382

110065

113904

115091

116219

17959

30261

304253

296151

294748

151358

109911

99245

105902

111431

113208

115863

116422

4840

4317

3354

6467

10293

14686

6326

23081

31357

33300

34132

35066

35029

4019

3070

2417

4738

8834

11192

11661

19415

22407

23020

24851

25752

28697



Backwards_read

		64		64		64		64		64		64		64		64		64		64		64		64		64

		128		128		128		128		128		128		128		128		128		128		128		128		128

		256		256		256		256		256		256		256		256		256		256		256		256		256

		512		512		512		512		512		512		512		512		512		512		512		512		512

		1024		1024		1024		1024		1024		1024		1024		1024		1024		1024		1024		1024		1024

		2048		2048		2048		2048		2048		2048		2048		2048		2048		2048		2048		2048		2048

		4096		4096		4096		4096		4096		4096		4096		4096		4096		4096		4096		4096		4096

		8192		8192		8192		8192		8192		8192		8192		8192		8192		8192		8192		8192		8192

		16384		16384		16384		16384		16384		16384		16384		16384		16384		16384		16384		16384		16384

		32768		32768		32768		32768		32768		32768		32768		32768		32768		32768		32768		32768		32768

		65536		65536		65536		65536		65536		65536		65536		65536		65536		65536		65536		65536		65536

		131072		131072		131072		131072		131072		131072		131072		131072		131072		131072		131072		131072		131072

		262144		262144		262144		262144		262144		262144		262144		262144		262144		262144		262144		262144		262144

		524288		524288		524288		524288		524288		524288		524288		524288		524288		524288		524288		524288		524288

		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576



CPU Cache effect

Memory /
buffer cache

Not measured

Physical disk I/O

4

8

16

32

64

128

256

512

1024

2048

4096

8192

16384

File size in Kbytes

Kbytes/sec

Record size in Kbytes

Backwards read performance

224531

256040

279532

306226

241560

207801

280069

280077

289572

204794

166462

236829

262842

262302

260151

255741

213518

131417

260831

290916

274086

302058

264865

125983

105501

101669

267853

223776

229391

334316

306768

188132

101455

97052

98395

209879

220975

277129

243868

283694

143537

103345

97190

100534

105208

287741

329470

298935

343479

284325

116320

101713

96825

101827

104853

107101

298454

276281

365388

324461

270228

136843

105673

95717

100895

104755

109007

115740

303874

340808

271374

381014

259425

136872

122535

103322

103495

107126

109330

112378

114143

297750

332484

335582

288377

282870

155260

117225

101789

105887

109063

111683

114000

116928

257627

296995

315119

304586

272982

154779

115566

100748

105681

110428

113962

115352

116508

203917

289459

301061

322489

293308

151984

112564

99966

106276

111138

113517

115344

116708

3398

19025

306450

303806

297187

153317

102876

100887

98892

111520

113456

115925

116785

4694

5864

8155

9603

9216

8786

17638

22525

26813

28778

28686

23463

24874

5386

6131

3089

6807

7389

6387

11466

18652

23466

24328

27125

26570

26970



Fwrite

		64		64		64		64		64		64		64		64		64		64		64		64		64

		128		128		128		128		128		128		128		128		128		128		128		128		128

		256		256		256		256		256		256		256		256		256		256		256		256		256

		512		512		512		512		512		512		512		512		512		512		512		512		512

		1024		1024		1024		1024		1024		1024		1024		1024		1024		1024		1024		1024		1024

		2048		2048		2048		2048		2048		2048		2048		2048		2048		2048		2048		2048		2048

		4096		4096		4096		4096		4096		4096		4096		4096		4096		4096		4096		4096		4096

		8192		8192		8192		8192		8192		8192		8192		8192		8192		8192		8192		8192		8192

		16384		16384		16384		16384		16384		16384		16384		16384		16384		16384		16384		16384		16384

		32768		32768		32768		32768		32768		32768		32768		32768		32768		32768		32768		32768		32768

		65536		65536		65536		65536		65536		65536		65536		65536		65536		65536		65536		65536		65536

		131072		131072		131072		131072		131072		131072		131072		131072		131072		131072		131072		131072		131072

		262144		262144		262144		262144		262144		262144		262144		262144		262144		262144		262144		262144		262144

		524288		524288		524288		524288		524288		524288		524288		524288		524288		524288		524288		524288		524288

		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576



CPU Cache effect

Memory /
buffer cache

Not measured

Physical disk I/O

4

8

16

32

64

128

256

512

1024

2048

4096

8192

16384

File size in Kbytes

Kbytes/sec

Record size in Kbytes

Fwrite performance

123090

158044

179245

203795

156844

140356

143491

146281

158022

69487

54236

130546

140201

142620

119739

118519

126353

102520

102011

92770

115967

89323

73257

72143

89385

95523

83190

94152

95202

72495

63812

55764

59095

89643

79756

78690

74578

78960

74432

58226

59799

55130

63050

87645

81289

82209

84547

80495

71515

61333

51898

50939

54334

62797

88796

84849

77052

78010

76459

70217

60268

49672

48908

54328

57573

65894

89317

85398

75397

77986

80842

70636

59427

49668

50232

52331

55350

59111

67730

87962

88543

76192

80668

78790

68383

59995

50886

50182

52000

54435

54228

57631

69522

91604

74336

81848

78959

72441

59570

51686

49724

44030

52876

55726

55800

61537

68323

75037

50492

48792

35985

56886

36606

47512

36906

53786

52354

38168

58559

48761

25009

48856

48939

32051

56617

23237

35660

21094

50908

29601

23275

24571

58764

34344

28716

25836

27500

26321

30494

26655

25342

23243

27099

26798

22250

30667

27372

21866

26346

26985

25479

25184

25590

22605

26457

27423

23779

28293

23065



Re-fwrite

		64		64		64		64		64		64		64		64		64		64		64		64		64

		128		128		128		128		128		128		128		128		128		128		128		128		128

		256		256		256		256		256		256		256		256		256		256		256		256		256

		512		512		512		512		512		512		512		512		512		512		512		512		512

		1024		1024		1024		1024		1024		1024		1024		1024		1024		1024		1024		1024		1024

		2048		2048		2048		2048		2048		2048		2048		2048		2048		2048		2048		2048		2048

		4096		4096		4096		4096		4096		4096		4096		4096		4096		4096		4096		4096		4096

		8192		8192		8192		8192		8192		8192		8192		8192		8192		8192		8192		8192		8192

		16384		16384		16384		16384		16384		16384		16384		16384		16384		16384		16384		16384		16384

		32768		32768		32768		32768		32768		32768		32768		32768		32768		32768		32768		32768		32768

		65536		65536		65536		65536		65536		65536		65536		65536		65536		65536		65536		65536		65536

		131072		131072		131072		131072		131072		131072		131072		131072		131072		131072		131072		131072		131072

		262144		262144		262144		262144		262144		262144		262144		262144		262144		262144		262144		262144		262144

		524288		524288		524288		524288		524288		524288		524288		524288		524288		524288		524288		524288		524288

		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576



CPU Cache effect

Memory /
buffer cache

Not measured

Physical disk I/O

4

8

16

32

64

128

256

512

1024

2048

4096

8192

16384

File size in Kbytes

Kbytes/sec

Record size in Kbytes

Re-fwrite performance

214082

273446

281869

277014

296289

226964

267231

256501

248516

216927

208456

195422

207797

220699

193798

161926

157732

90748

157009

153249

142418

112085

93328

79551

94187

123611

112949

124271

116509

120287

89314

66005

69002

87089

94073

124764

109900

105626

96553

67604

62980

60206

69607

98984

101971

119878

128445

119787

103041

76753

58774

60856

65760

74942

93787

108604

110678

110874

111839

92006

74421

61044

59883

61418

68866

74839

94239

110048

108855

108607

103732

92261

77831

64408

53012

58446

62115

69783

76249

94304

111782

113251

108367

97239

92738

75727

61590

56630

59382

64002

66639

69513

76736

95718

102848

108002

106238

92346

74769

61272

53824

59104

62780

64746

67062

68833

77206

105057

108735

105520

93267

74507

58192

57701

58921

62036

59342

64897

63574

55178

20049

105210

103812

85086

70903

57470

58738

54160

56904

60923

56264

62681

57778

29933

26214

43394

30931

40139

41150

26144

45168

48319

22510

37867

42544

33383

22967

32585

26578

30406

32401

24703

29569

29126

27056

28987

29682

32476

32296



Fread

		64		64		64		64		64		64		64		64		64		64		64		64		64

		128		128		128		128		128		128		128		128		128		128		128		128		128

		256		256		256		256		256		256		256		256		256		256		256		256		256

		512		512		512		512		512		512		512		512		512		512		512		512		512

		1024		1024		1024		1024		1024		1024		1024		1024		1024		1024		1024		1024		1024

		2048		2048		2048		2048		2048		2048		2048		2048		2048		2048		2048		2048		2048

		4096		4096		4096		4096		4096		4096		4096		4096		4096		4096		4096		4096		4096

		8192		8192		8192		8192		8192		8192		8192		8192		8192		8192		8192		8192		8192

		16384		16384		16384		16384		16384		16384		16384		16384		16384		16384		16384		16384		16384

		32768		32768		32768		32768		32768		32768		32768		32768		32768		32768		32768		32768		32768

		65536		65536		65536		65536		65536		65536		65536		65536		65536		65536		65536		65536		65536

		131072		131072		131072		131072		131072		131072		131072		131072		131072		131072		131072		131072		131072

		262144		262144		262144		262144		262144		262144		262144		262144		262144		262144		262144		262144		262144

		524288		524288		524288		524288		524288		524288		524288		524288		524288		524288		524288		524288		524288

		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576



CPU Cache effect

Memory /
buffer cache

Not measured

Physical disk I/O

4

8

16

32

64

128

256

512

1024

2048

4096

8192

16384

File size in Kbytes

Kbytes/sec

Record size in Kbytes

Fread performance

237931

274661

261268

268949

171581

261742

273512

260192

254985

257554

179769

237477

249987

277971

262561

271184

203817

140814

229496

271761

310674

171354

293586

107496

140852

97208

148341

326322

367021

323022

167020

120018

102349

96294

99970

285277

225055

261258

249238

272593

134879

95871

84065

103664

106749

229377

323156

296726

270576

248754

147688

100109

95271

100646

105711

106480

223063

319275

349159

276710

252224

134705

109656

97418

99076

106041

108608

116409

229403

280701

356942

327352

357456

153032

107273

105203

100713

110083

110321

113449

116839

258937

266568

341098

332619

366278

145967

120699

102986

105979

109316

111554

113032

115174

251641

271461

329593

334067

312977

146310

108276

102717

105404

110934

113790

115299

116989

239132

278195

299573

316371

297390

149958

112073

99552

105679

110221

113920

115051

116656

26944

281242

318631

313143

294718

151536

114893

100806

106014

110356

94942

115668

99936

25910

24329

27045

27518

26698

26087

27622

22470

27947

27337

27557

27386

21101

23138

26632

26627

26051

17029

23900

25725

25947

27016

25653

27331

25322

24074



Re-fread

		64		64		64		64		64		64		64		64		64		64		64		64		64

		128		128		128		128		128		128		128		128		128		128		128		128		128

		256		256		256		256		256		256		256		256		256		256		256		256		256

		512		512		512		512		512		512		512		512		512		512		512		512		512

		1024		1024		1024		1024		1024		1024		1024		1024		1024		1024		1024		1024		1024

		2048		2048		2048		2048		2048		2048		2048		2048		2048		2048		2048		2048		2048

		4096		4096		4096		4096		4096		4096		4096		4096		4096		4096		4096		4096		4096

		8192		8192		8192		8192		8192		8192		8192		8192		8192		8192		8192		8192		8192

		16384		16384		16384		16384		16384		16384		16384		16384		16384		16384		16384		16384		16384

		32768		32768		32768		32768		32768		32768		32768		32768		32768		32768		32768		32768		32768

		65536		65536		65536		65536		65536		65536		65536		65536		65536		65536		65536		65536		65536

		131072		131072		131072		131072		131072		131072		131072		131072		131072		131072		131072		131072		131072

		262144		262144		262144		262144		262144		262144		262144		262144		262144		262144		262144		262144		262144

		524288		524288		524288		524288		524288		524288		524288		524288		524288		524288		524288		524288		524288

		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576		1048576



CPU Cache effect

Memory /
buffer cache

Not measured

Physical disk I/O

4

8

16

32

64

128

256

512

1024

2048

4096

8192

16384

File size in Kbytes

Kbytes/sec

Record size in Kbytes

Re-fread

627734

659415

537954

460432

300426

268317

281288

418222

442877

368905

228563

224770

307691

354586

338616

279763

181053

147124

289584

198831

352853

157779

208806

130846

148317

98216

234753

319396

336617

214269

371151

125228

96394

96549

106577

262495

231282

300381

323744

290291

147635

99576

97149

101870

105279

218720

293157

333606

319576

235064

127098

104738

96485

100436

84436

114471

231281

295270

328021

294189

257157

138736

115533

96872

100562

108208

115577

116612

233055

274218

269842

309874

362285

145463

110130

98923

105907

110254

113581

115875

117041

228226

279247

320488

289214

283298

149918

108255

98838

104978

110858

114171

115605

116983

232764

277911

291517

294534

268494

145791

110134

98112

105284

110802

114052

115888

116697

252016

287675

310575

304717

284269

146032

109194

97654

105539

110470

114102

115735

116786

27584

261280

290648

296292

301230

151300

112318

99739

106192

101832

113236

116035

116971

26399

27732

27129

27378

27189

27140

25906

27572

26840

27526

26864

27809

27493

26343

23567

24152

27176

26829

23566

26506

26433

27212

27559

27351

27560

27453



lab

		933 Mhz Pentium III running RedHat 7.2 Linux with single ATA Ultra IDE drive.

		./iozone -Raz -b lab.wks -g 1G

		Writer Report

				4		8		16		32		64		128		256		512		1024		2048		4096		8192		16384

		64		137349		128523		164103		150952		109767

		128		145295		174381		155146		145618		125365		108660

		256		134528		136898		146456		148237		126859		105565		61405

		512		112035		125612		93430		89509		84698		68194		69142		66192

		1024		104756		90884		52677		94325		83090		82295		78102		75166		75095

		2048		83619		104409		89951		82878		76193		67033		72505		75711		79244		80395

		4096		85051		85647		91038		83612		72186		72772		70830		74352		77854		81776		82547

		8192		83028		86516		86080		78023		74029		67130		70229		73426		78785		82263		84678		83939

		16384		81253		86635		87029		82242		74194		70879		72298		73368		78689		83582		85253		86500		87676

		32768		82924		87902		87912		81462		72742		45504		72776		75402		80361		83862		85647		87147		88618

		65536		80955		88566		87376		76439		75388		70364		72073		75415		81393		84557		86246		87155		88130

		131072		35931		82613		87435		82493		74378		71184		67355		76209		81491		84533		86219		87554		83903

		262144		37876		34680		80050		81652		24305		36623		72407		74783		81914		35975		34331		82250		84096

		524288		30558		24683		29551		28339		25543		28070		24289		29640		31018		28931		26710		28992		29379

		1048576		27430		27223		25982		28442		24614		25833		26192		26155		26770		27109		27434		27484		27535

		Re-writer Report

				4		8		16		32		64		128		256		512		1024		2048		4096		8192		16384

		64		280722		280724		426583		301828		294881

		128		255490		295647		329943		299736		277087		210546

		256		229189		248296		253720		246148		224766		172158		137557

		512		182077		180598		178399		125490		112576		103434		90156		85762

		1024		159005		115692		132179		115719		99446		107360		95043		85747		97626

		2048		110368		125167		113948		118299		95732		94543		89832		90539		98084		92749

		4096		131742		146673		121251		118641		98561		91206		90571		91832		103512		107458		109530

		8192		115530		119585		96482		118783		96891		89718		91592		100522		99121		107341		109666		110309

		16384		116452		116630		118538		112558		100361		95287		90460		94474		99898		106014		109254		109964		110790

		32768		126236		130361		121466		110764		99785		95738		95133		96335		95806		106539		108742		110652		111313

		65536		116682		118681		118653		105440		97940		90172		93526		91905		101823		106759		99285		109491		111346

		131072		116451		119531		109207		106925		96494		78986		91529		83517		101502		106210		105051		110455		111157

		262144		40416		28638		109146		105326		97153		73912		89122		94111		95161		106576		108705		105810		107328

		524288		36734		40174		29779		49671		31446		43186		48835		41076		29276		46435		41988		28496		31112

		1048576		32109		25544		31928		31562		32799		28577		32994		31173		31439		30663		32182		31626		30143

		Reader Report

				4		8		16		32		64		128		256		512		1024		2048		4096		8192		16384

		64		300401		367910		351656		410251		294867

		128		290937		292277		306953		241986		92686		186314

		256		241042		254484		274088		298388		287653		199693		144304

		512		331183		271908		284294		168199		151525		123911		102626		93345

		1024		203902		240938		316830		234807		377027		194344		101065		93235		98443

		2048		265630		333442		252806		285635		247700		80238		101859		95848		103064		101723

		4096		264719		293324		324128		264019		271924		144276		102091		106694		101046		107205		108199

		8192		309809		273833		370880		376038		193595		136319		116690		103401		101432		105738		111814		116725

		16384		293456		349294		288862		380713		293814		130416		109413		103597		100905		109531		112371		112220		117243

		32768		291335		301029		378545		339674		350707		155168		119655		99399		105528		104868		111923		116013		116474

		65536		290121		292326		163972		333002		345672		155346		119650		98806		105865		108669		82981		115587		116621

		131072		267545		294567		313267		317534		293560		153159		112011		100052		105682		110942		113444		115776		116690

		262144		27663		49548		308388		320458		309984		155658		109739		91833		106162		111689		113373		115948		116907

		524288		22553		27600		26769		27343		27297		17822		27063		18145		19643		20368		23919		26004		27606

		1048576		27324		27564		24501		26942		25371		23195		27129		23709		25198		24426		22830		22523		26427

		Re-reader Report

				4		8		16		32		64		128		256		512		1024		2048		4096		8192		16384

		64		735985		116141		457272		492358		474060

		128		356577		231032		259641		473999		248073		235305

		256		305852		244745		372604		361573		358031		228560		149623

		512		278108		352118		363115		332255		333558		116549		104810		77166

		1024		323843		335183		371817		258712		203374		210309		107710		84774		106923

		2048		251657		312670		260228		329899		263746		143659		105474		94325		92791		111583

		4096		283972		295036		309600		330642		290683		146129		103838		95420		101941		111790		115344

		8192		292780		274724		327078		363732		264873		141258		115999		101142		105192		110513		113552		114322

		16384		226457		301603		287272		371208		281787		138438		112722		98819		106418		111732		115056		116184		116904

		32768		237127		263579		323634		324259		276775		148936		110438		99922		105904		107386		114510		115996		116239

		65536		248810		292382		223121		305867		278913		147787		110668		100109		105453		111156		114243		115865		117033

		131072		236117		297856		317104		314934		286943		147429		110025		98763		105257		110265		114087		115640		116653

		262144		27942		26611		302258		322394		302616		157090		110301		100771		105898		111330		113652		115648		117001

		524288		27632		27038		25517		27659		27802		26200		27133		27645		27202		27272		20911		27366		26856

		1048576		23479		27354		27314		27628		27376		27253		26165		27382		27291		27348		27645		27616		24319

		Random Read Report

				4		8		16		32		64		128		256		512		1024		2048		4096		8192		16384

		64		353500		460618		274687		353511		248985

		128		405106		470678		587310		364681		450798		198134

		256		362579		389034		378148		442910		379821		164318		130348

		512		301347		334426		362360		314505		296132		116098		111545		106025

		1024		191903		231203		341897		259960		240716		123359		96212		94999		106600

		2048		209001		277844		247045		283419		293326		130795		89970		92901		101215		107298

		4096		244128		250903		248634		304150		241438		137201		104942		94720		99109		105815		107346

		8192		238910		267371		263577		333523		242553		136276		106171		92571		89231		105720		109899		113898

		16384		214934		244533		263476		318209		252714		128065		106725		100419		102974		107503		108164		111240		116141

		32768		216001		261228		258377		303592		263101		139019		107166		95105		104053		108327		112260		115274		116381

		65536		213889		279006		291233		296876		253090		140600		108802		97585		104641		107195		112907		114748		116419

		131072		226855		276544		295609		308470		284399		146429		107966		99091		105355		110926		113343		114003		116359

		262144		892		18154		285143		310127		293976		147943		110264		100509		106113		111083		113209		115668		116997

		524288		698		978		2782		5455		10539		17718		25368		29953		35772		38497		44333		44565		43361

		1048576		419		834		1507		2868		4998		8059		14443		20293		25060		28806		30902		33289		34213

		Random Write Report

				4		8		16		32		64		128		256		512		1024		2048		4096		8192		16384

		64		289651		547212		484770		423840		383261

		128		439908		500025		633758		499916		524474		194222

		256		310318		419690		235074		540018		298000		139431		133959

		512		244046		252214		236271		144590		198373		110966		96006		120840

		1024		132779		154285		128128		146055		140717		111111		92510		92947		100896

		2048		108400		136706		128328		111534		100332		91781		90499		92256		97943		103669

		4096		122305		132595		118845		112053		93897		83600		85884		90913		97063		104569		109113

		8192		108792		112268		109393		100429		92324		85562		91551		90447		100015		103365		107557		110070

		16384		104628		109007		112905		104890		94650		73096		90675		92212		101630		106466		109292		107143		110209

		32768		108328		115997		111685		105790		96029		90797		90023		93492		101730		103936		109569		110583		111993

		65536		109096		115950		115488		107195		96273		89749		90894		91814		101375		106672		108638		110806		111490

		131072		111088		4078		114084		100452		95907		89440		90587		27531		101073		106217		101153		110840		110969

		262144		3229		116144		112820		105444		96999		88438		20001		27836		101954		107128		109174		38380		111962

		524288		2921		4171		6670		11743		24294		16489		22857		23231		27000		27493		30474		46315		31987

		1048576		954		2019		3831		6685		9341		13544		20316		19750		22441		27801		27241		32191		28571

		Backward Read Report

				4		8		16		32		64		128		256		512		1024		2048		4096		8192		16384

		64		224531		256040		279532		306226		241560

		128		207801		280069		280077		289572		204794		166462

		256		236829		262842		262302		260151		255741		213518		131417

		512		260831		290916		274086		302058		264865		125983		105501		101669

		1024		267853		223776		229391		334316		306768		188132		101455		97052		98395

		2048		209879		220975		277129		243868		283694		143537		103345		97190		100534		105208

		4096		287741		329470		298935		343479		284325		116320		101713		96825		101827		104853		107101

		8192		298454		276281		365388		324461		270228		136843		105673		95717		100895		104755		109007		115740

		16384		303874		340808		271374		381014		259425		136872		122535		103322		103495		107126		109330		112378		114143

		32768		297750		332484		335582		288377		282870		155260		117225		101789		105887		109063		111683		114000		116928

		65536		257627		296995		315119		304586		272982		154779		115566		100748		105681		110428		113962		115352		116508

		131072		203917		289459		301061		322489		293308		151984		112564		99966		106276		111138		113517		115344		116708

		262144		3398		19025		306450		303806		297187		153317		102876		100887		98892		111520		113456		115925		116785

		524288		4694		5864		8155		9603		9216		8786		17638		22525		26813		28778		28686		23463		24874

		1048576		5386		6131		3089		6807		7389		6387		11466		18652		23466		24328		27125		26570		26970

		Record Rewrite Report

				4		8		16		32		64		128		256		512		1024		2048		4096		8192		16384

		64		250972		251930		309146		277060		153487

		128		453866		426726		402590		364664		292868		132497

		256		527868		684411		663269		563894		396309		167984		101868

		512		592620		505913		760731		695606		518207		127935		88047		79577

		1024		326737		734573		835205		877472		742047		149379		92310		88041		78623

		2048		482785		566208		593793		674347		852964		149642		98295		83581		88104		82704

		4096		653994		838134		701848		703178		659685		143206		101013		89604		93364		92552		83651

		8192		602618		678709		804006		763184		647540		149806		103643		89853		94755		97061		93219		85388

		16384		537638		784410		684949		900761		785010		94342		98740		91272		97430		98990		92162		98170		88288

		32768		542714		668653		726692		828521		620054		168003		98963		94253		101102		104233		105109		104977		99363

		65536		543407		709272		768894		783717		729092		150519		100970		94809		100355		106180		107676		108251		97434

		131072		559276		724943		749827		805308		756740		151364		105585		95408		102294		107075		107253		109743		107519

		262144		570240		697159		744847		768595		759474		199206		102066		94858		101127		105928		108774		52886		24916

		524288		556733		686358		738571		780200		777176		176340		104728		96595		101841		107002		109901		109305		110425

		1048576		564365		705701		723473		779517		606516		173727		103688		94153		101850		96656		109641		110150		110884

		Stride Read Report

				4		8		16		32		64		128		256		512		1024		2048		4096		8192		16384

		64		508165		639880		546853		125009		252017

		128		255459		735552		719147		673524		410261		173436

		256		232523		148835		958947		927407		644814		222603		110105

		512		275260		292071		321815		355313		301533		217683		97971		102174

		1024		201693		255619		335074		323024		1043819		164658		125876		95220		98442

		2048		161577		256416		259012		248061		233629		205046		103649		96841		101728		105965

		4096		252309		305126		269970		309834		302130		136278		104738		92496		101703		106444		108713

		8192		244588		260451		263408		274025		251852		130483		102224		91892		100776		107343		110857		108517

		16384		213158		260390		272625		281541		250834		72971		107216		97727		102316		109311		107623		108629		116096

		32768		213465		253622		257274		296140		265586		145785		105231		97591		104785		109135		63225		114819		116884

		65536		225472		275406		293468		293182		278239		147331		107447		96733		104978		109213		112463		114254		115422

		131072		241835		278688		289499		303898		285987		146805		109693		99419		105382		110065		113904		115091		116219

		262144		17959		30261		304253		296151		294748		151358		109911		99245		105902		111431		113208		115863		116422

		524288		4840		4317		3354		6467		10293		14686		6326		23081		31357		33300		34132		35066		35029

		1048576		4019		3070		2417		4738		8834		11192		11661		19415		22407		23020		24851		25752		28697

		Fwrite Report

				4		8		16		32		64		128		256		512		1024		2048		4096		8192		16384

		64		123090		158044		179245		203795		156844

		128		140356		143491		146281		158022		69487		54236

		256		130546		140201		142620		119739		118519		126353		102520

		512		102011		92770		115967		89323		73257		72143		89385		95523

		1024		83190		94152		95202		72495		63812		55764		59095		89643		79756

		2048		78690		74578		78960		74432		58226		59799		55130		63050		87645		81289

		4096		82209		84547		80495		71515		61333		51898		50939		54334		62797		88796		84849

		8192		77052		78010		76459		70217		60268		49672		48908		54328		57573		65894		89317		85398

		16384		75397		77986		80842		70636		59427		49668		50232		52331		55350		59111		67730		87962		88543

		32768		76192		80668		78790		68383		59995		50886		50182		52000		54435		54228		57631		69522		91604

		65536		74336		81848		78959		72441		59570		51686		49724		44030		52876		55726		55800		61537		68323

		131072		75037		50492		48792		35985		56886		36606		47512		36906		53786		52354		38168		58559		48761

		262144		25009		48856		48939		32051		56617		23237		35660		21094		50908		29601		23275		24571		58764

		524288		34344		28716		25836		27500		26321		30494		26655		25342		23243		27099		26798		22250		30667

		1048576		27372		21866		26346		26985		25479		25184		25590		22605		26457		27423		23779		28293		23065

		Re-fwrite Report

				4		8		16		32		64		128		256		512		1024		2048		4096		8192		16384

		64		214082		273446		281869		277014		296289

		128		226964		267231		256501		248516		216927		208456

		256		195422		207797		220699		193798		161926		157732		90748

		512		157009		153249		142418		112085		93328		79551		94187		123611

		1024		112949		124271		116509		120287		89314		66005		69002		87089		94073

		2048		124764		109900		105626		96553		67604		62980		60206		69607		98984		101971

		4096		119878		128445		119787		103041		76753		58774		60856		65760		74942		93787		108604

		8192		110678		110874		111839		92006		74421		61044		59883		61418		68866		74839		94239		110048

		16384		108855		108607		103732		92261		77831		64408		53012		58446		62115		69783		76249		94304		111782

		32768		113251		108367		97239		92738		75727		61590		56630		59382		64002		66639		69513		76736		95718

		65536		102848		108002		106238		92346		74769		61272		53824		59104		62780		64746		67062		68833		77206

		131072		105057		108735		105520		93267		74507		58192		57701		58921		62036		59342		64897		63574		55178

		262144		20049		105210		103812		85086		70903		57470		58738		54160		56904		60923		56264		62681		57778

		524288		29933		26214		43394		30931		40139		41150		26144		45168		48319		22510		37867		42544		33383

		1048576		22967		32585		26578		30406		32401		24703		29569		29126		27056		28987		29682		32476		32296

		Fread Report

				4		8		16		32		64		128		256		512		1024		2048		4096		8192		16384

		64		237931		274661		261268		268949		171581

		128		261742		273512		260192		254985		257554		179769

		256		237477		249987		277971		262561		271184		203817		140814

		512		229496		271761		310674		171354		293586		107496		140852		97208

		1024		148341		326322		367021		323022		167020		120018		102349		96294		99970

		2048		285277		225055		261258		249238		272593		134879		95871		84065		103664		106749

		4096		229377		323156		296726		270576		248754		147688		100109		95271		100646		105711		106480

		8192		223063		319275		349159		276710		252224		134705		109656		97418		99076		106041		108608		116409

		16384		229403		280701		356942		327352		357456		153032		107273		105203		100713		110083		110321		113449		116839

		32768		258937		266568		341098		332619		366278		145967		120699		102986		105979		109316		111554		113032		115174

		65536		251641		271461		329593		334067		312977		146310		108276		102717		105404		110934		113790		115299		116989

		131072		239132		278195		299573		316371		297390		149958		112073		99552		105679		110221		113920		115051		116656

		262144		26944		281242		318631		313143		294718		151536		114893		100806		106014		110356		94942		115668		99936

		524288		25910		24329		27045		27518		26698		26087		27622		22470		27947		27337		27557		27386		21101

		1048576		23138		26632		26627		26051		17029		23900		25725		25947		27016		25653		27331		25322		24074

		Re-fread Report

				4		8		16		32		64		128		256		512		1024		2048		4096		8192		16384

		64		627734		659415		537954		460432		300426

		128		268317		281288		418222		442877		368905		228563

		256		224770		307691		354586		338616		279763		181053		147124

		512		289584		198831		352853		157779		208806		130846		148317		98216

		1024		234753		319396		336617		214269		371151		125228		96394		96549		106577

		2048		262495		231282		300381		323744		290291		147635		99576		97149		101870		105279

		4096		218720		293157		333606		319576		235064		127098		104738		96485		100436		84436		114471

		8192		231281		295270		328021		294189		257157		138736		115533		96872		100562		108208		115577		116612

		16384		233055		274218		269842		309874		362285		145463		110130		98923		105907		110254		113581		115875		117041

		32768		228226		279247		320488		289214		283298		149918		108255		98838		104978		110858		114171		115605		116983

		65536		232764		277911		291517		294534		268494		145791		110134		98112		105284		110802		114052		115888		116697

		131072		252016		287675		310575		304717		284269		146032		109194		97654		105539		110470		114102		115735		116786

		262144		27584		261280		290648		296292		301230		151300		112318		99739		106192		101832		113236		116035		116971

		524288		26399		27732		27129		27378		27189		27140		25906		27572		26840		27526		26864		27809		27493

		1048576		26343		23567		24152		27176		26829		23566		26506		26433		27212		27559		27351		27560		27453






