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ABSTRACT
Analysis of the Usability of Xen with Mysql Databases (RICHARD HANSEN, University of Chicago, Chicago, IL 60637) ALEXANDRE VANIACHINE (Argonne National Laboratory, Argonne, IL 60439).

The Xen Linux kernel is specially designed for emulation purposes. It can be built into a standard Linux build with relatively minor alteration of the kernel. It allows for the creation of virtual machines running Xen compatible operating systems with very little overhead. An important concern is how efficient and how stable are Xen VMs. It was determined that it was required to run tests on Xen VMs in conditions approximate to the real world, specifically database employment. A Xen server was built using and from there two identical VMs were created. A TAGS database was then replicated on all the systems. A variety of tests were run against the setup. These included loading data into a database, running select queries, and additionally running some specialized testing tools. The tests were run individually against each server, and also in tandem, for example running a writing test on one VM while simultaneously running a reading test on another. All tests results seem to indicate that Xen runs flawlessly and is perfectly suited to running a VM with a database. There were also some interesting results regarding how the system allocates resources that should be taken note of if the system was to be deployed. 
INTRODUCTION


Under the current grid setup, if a person wishes to run a job requiring a special machine setup, considerable work needs to be done. The person would need to contact the administrator in charge of the grid node that he wishes to use and request that a machine be set up on the grid. Hopefully the machine is then set up properly. One of the most common situations in which this occurs is when a job requires a local database with a specialized setup.


Recently a new modification to the Linux kernel known as Xen was developed at the University of Cambridge 1. Basically Xen allows the emulation of other operating system in completely independent environments. This provides a unique solution to the problem mentioned above. Rather than requesting a machine to be set up, one only needs to request access to a virtual machine. This virtual machine could conceivably be configured to run any type of environment the user wished, thus removing limitations along the lines of what type of systems the node administrator normally deals with.


Generally Xen is installed into a system running a standard Linux distribution, and it will boot up and run over the standard kernel. This machine is known as the host machine. A virtual machine (VM) can then be created on a properly set up system. Each machine may be refereed to as a domain. The host is always domain 0. The system is created by creating an image file which will become the ‘hard drive’ for the VM. A standard configuration file determines how many system resources will be allocated to this virtual machine.

Once an OS has been installed in the image file and the VM has been booted, it runs as if it was a completely independent system. A consol can be accessed through a Xen tool, or an ssh connection can be established to the VM. The VM will actually have its own unique IP address and seem to be on the network as if it was a physically separate machine.  The host machine will create a virtual router and the VM’s will have virtual Ethernet cards. Granted all domains will need to share the bandwidth that is available to the host machine.

The Xen documentation claims that there is little overhead, and that a virtual machine will run with the performance of an actual machine with the same allocated system resources. In regards to physical memory, Xen requires only 32 megabytes to run the necessary software. This is supposedly the only major overhead.


However, there were concerns regarding how a Xen VM would perform under real world like conditions while running a database. The file backed method of creating an ISO to act as the VM’s hard drive had also been reported as being unstable when under heavy I/O operations. The purpose of this experiment was to test Xen’s performance in regards to database operations and ensure that it could be usable in actual applications. 

MATERIALS AND METHODS


Our test computer, known as Atlas10, was running with a 2.6 Ghz Pentium 4 with 512 megabytes of RAM. The hardware of the machine used as a client machine in some of the tests is not too important as long as it is comparable to the test machine. The Client machine, known as Atlas12, was identical with the test machine with the exception of 1024 megabytes of RAM. The network is capable of data speeds of up to 100 kb/s.
When creating a Xen VM it is necessary to deviate from the standard procedure the Xen manual gives 1. In our particular instance we had Xen running on a Fedora Core 4 system and created similar VMs. However, following the manual to create a VM would result in a VM that would not be able to boot. As such we followed the instructions listed on the Fedora Core Project Wiki 2, under the building a Fedora Core guest system section. It should be noted here that we used eight gigabyte iso files for the virtual machines. After this was done the ifconfig and route commands were used to configure the system for the network. Some additional configuration changes were needed, including the need to acquire some missing modules. Once one VM was created it was sufficient to simply copy its disk image file and configuration file and change the name. Once this was completed we had two VMs running Fedora Core 4 with mysql databases network ready. The memory was divided evenly among the domains with each virtual domain having 145 megabytes. The two virtual machines were given the designation Atlas13 and Atlas14
To prepare the mysql TAG databases that were used in the test it was sufficient to simply mount the virtual file systems and copy a preprepared database from the host system. Some additional library files were also needed for mysql to run properly but it was not a problem.

Essentially two different test types were preformed. One type used tools external from mysql to directly test the performance of the system. The other type would run various mysql jobs and record the time required for the job to complete.


The external tools that were used were IOzone 3 and iperf 4. The first of these tools, IOzone, is to test disk and cache performance. It is an I/O test program. The other application, iperf, is designed to test network performance. IOzone was run on the host machine, on a VM, then on two VMs simultaneously. IOzone has a vast variety of tests it can run, however, for our needs we went with the random read and random write tests. These test will non-sequentially write and read to files of varriing sizes. To run iperf one machine must be set as a client the other must be set as a server where the client sends the server data. The various tests that were run included having Atlas12 act as the client and just the host domain on Atlas10, a VM, server, the host domain and one of the VMs, both VMs, and the host domain and both VMs acting as a server. It also included a test in which one of the domains was the server and another was the client.
The mysql tests were then divided into two categories, write and read tests. The writing tests involved loading TAG data into the database. The TAG data was from simulations as to resemble real world data that would be used in an actual application. It was 2.5 gigabytes in size. The read tests were performed by running select queries on the data that had been loaded into the database. The queries resembled real world queries and were sufficiently complex that they took a satisfactory amount of time to run. These tests were run from the client machine with the Xen domains acting as hosts.

Like the previous tests, the mysql tests were run in a variety of configurations. They were run on each domain independently to get some base data. They were then run in combinations. The different combinations were that connections were made to both domain 0 and one of the VMs, connections were made to both VMs at the same time, and a read test would be run on one of the virtual machines, while a write test was being run on the other one.
RESULTS


An interesting observation will be made before going into the results in detail. This observation is in regards to the host domain. Several of the tests, such as the database loading test, would cause the host machine to run flat out. The CPU usage would hover around 97%. When a situation like this would arise, in which there is much work for the host machine, the VMs available CPU power would drop down to less than one percent. As such it was impossible to run most tests in parallel between the host machine and a virtual machine as the VMs would be reduced to a crawl. It can also be noted that in the iperf test Atlas12’s CPU usage never exceeded 5%.

First we will discuss the results of the IOzone tests. The peak of each ‘mountain’ is affected by the CPU cache while the area to the right of it is affected by the buffer cache. Comparing figures 1 and 3 they seem fairly similar. The differences in performance are that in 3, the peak is missing and the area affected by the buffer is much smaller. Figures 2 and 4 are also similar. Comparing figures 3 and 4 with figures 5 and 6 respectively it can be seen that the performances are comparable, but the buffer area took a large hit during the dual run test.

Looking at the iperf results in table 1, it can be seen that connecting with Atlas12 with any given domain returns results just under the hardware limit as could have been expected. Communication between two VMs actually exceeds this, while communication between a VM and the host domain more than doubles this. Also to note is that when multiple domains are acting as servers, the total data speed adds up to approximately the hardware limit. It also seems that the host domain uses twice the amount of bandwidth that it allocates the VMs. The VMs seem to share resources evenly.

Looking at table 2, it seems that the performance of the host machine is slightly better in write test; however the VM does not do too poorly. When two VMs are being written two the time to completion is approximately double.  In table 3 the reading tests show similar behavior. The results of table 4 are actually better than what would be expected from simply doubling the times from the previous tests.

All the results on tables 1-4 are rounded averages from a series of runs. At no time during the tests where errors reported. 

DISCUSSION AND CONCLUSION

As mentioned it seems that when the host domain is under heavy load it takes resources from the VMs until the task is done. This is important to keep in mind because it means that the host domain should be kept free of any intensive applications if one wishes all of the VMs to continue running smoothly. However, in a situation where the host domain is using the majority of the process power, the VMs still continue to run just extremely slow. There does not seem to be any issue with the VMs sharing CPU time with one another.


The IOzone tests seem to indicate that the VMs are unable to benefit from the CPU’s cache. This is most likely reserved for the host, or simply occupied with Xen activities. The VMs also appear unable to access as much as the buffer. However, other than that the results were reasonable. It could be interesting to see how this behavior changes in a multi CPU environment.

The iperf results were encouraging. Once again they demonstrate Xen’s trend of giving more resources to the host while it is occupied. However, as long as the host is not being given jobs this should not be a problem.

The mysql results, perhaps the most important, are very encouraging. A single VM appears to be able to run just as well as an actual machine. There also appears to be little performance loss while increasing the number of VMs.

Also heartening is that at no time was there an indication that the file backed system was a problem. This was an initial concern due to reports that it would be unstable while under heavy I/O load.


The tests that have run seem to indicate that Xen would do very well as a database solution. While there are a number of other tests that could be run, there are a few in particular that seem like they may be useful to perform. It could be helpful to see how Xen performed in a multi core or multi CPU environment. It might also be useful to check how the replication and creation of new VMs affects ones that are already running. This is a fairly intensive process for the host machine so it could potentially bring the system to a crawl.


In the tests we ran there were two bottle necks. In the iperf tests it was bandwidth, while in the database tests it was CPU power. It would be interesting to rerun these tests if these constraints were improved.


Varying the OS’s run on the VMs would be an interesting and realativly easy task. One could then see if Xen deals with each OS. However reference systems would be needed. More complicated but potentially more rewarding would be varying the host domain’s core OS. 

Finally it might be prudent to see how Xen handles file backed systems of differing sizes. It is possible that complications might arise with files larger than 8 gigs.
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Figure 6
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Table 1

	ifperf tests

	Server
	Client
	kb/s

	VM
	Atlas12
	94

	Atlas12
	VM
	94.1

	Atlas12
	Domain 0
	94.1

	Domain 0
	Atlas 12
	94.2

	VM
	VM
	135

	VM
	Domain 0
	230

	2 VMs
	Atlas 12
	47 / 47

	Domain 0 + VM
	Atlas 12
	62.4 / 31.4

	Domain 0 + 2 VMs
	Atlas 12
	46.8 / 23.7 / 23.7


Table 2

	Mysql Database Writing Test

	Domain
	Time (sec)

	Host
	416

	VM
	542

	2 VMs
	1142 (each)


Table 3

	Mysql Database Reading Test

	Domain
	Time (Sec)

	Host
	391

	VM
	477

	2 VMs
	1094 (each)


Table 4

	Mysql Read / Write Test

	Read Time (sec):
	918

	Write Time (sec):
	920
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		1024		658518		826500		986621		885770		950797		815241		609144		589194		540630

		2048		609907		697558		784388		782262		798426		716096		645449		575434		570951		569061

		4096		566128		618722		702094		722781		723299		714575		584557		577802		537313		569919		559332

		8192		520989		599050		648095		692118		686845		657880		580045		536510		552651		558190		550534		546531

		16384		513862		589948		642662		654624		656882		682439		596803		552225		481713		546863		541546		549078		535582

		32768		0		0		0		0		673892		659368		590937		544862		549061		545169		547583		545207		544726

		65536		0		0		0		0		663668		661471		591314		546187		549632		550880		547186		549066		545610

		131072		0		0		0		0		567101		594177		538708		493100		505919		492080		498357		485335		489202

		262144		0		0		0		0		161493		431683		317532		209408		227710		171052		205117		160570		105766

		524288		0		0		0		0		17971		20796		23722		29363		28278		32385		34638		40745		33414

		A13

		Random read report

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

		64		1124387		1724913		1734283		2290247		1728824

		128		1254026		1660331		2173265		1968545		2241421		1729754

		256		1266610		1789536		2017507		2266739		2098264		2393770		1225303

		512		1202128		1604910		1909934		2064824		2327811		1961728		1176946		803729

		1024		1146785		1533059		1796288		1935312		2019316		1965504		974346		689093		730920

		2048		1134067		1467068		1739959		1889426		1930179		1641012		908984		705977		651406		679294

		4096		1083024		1389364		1618392		1763989		1901551		1665760		946415		644738		673911		670590		688182

		8192		1074345		1392978		1628966		1752707		1873324		1743314		804802		688809		652437		670812		670427		683299

		16384		517073		735536		1672188		1609095		1949784		1652798		870846		697219		664528		675711		682129		680287		220927

		32768		0		0		0		0		374576		328821		248507		287076		260123		305289		261898		217242		220324

		65536		0		0		0		0		69665		256152		186501		215508		235548		223612		243423		199093		203632

		131072		0		0		0		0		257849		222668		166935		187747		195863		202772		219179		210064		200686

		262144		0		0		0		0		5210		8382		10909		22836		33979		45416		45386		48932		41025

		524288		0		0		0		0		2810		5101		7846		13213		19773		24694		30965		34647		30036

		Random write report

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

		64		1304441		1776029		2138494		2463802		2279460

		128		1420531		1911279		2415648		2614728		2915810		2510707

		256		1447023		1984056		2327759		2909334		2583775		3119225		1058041

		512		680747		1679292		1932683		1916793		2370006		1462675		1013645		729443

		1024		979979		1077892		1336876		1336614		1220600		1250285		683983		696070		643624

		2048		760471		873347		1020951		989380		967353		952608		675670		652434		639022		661930

		4096		679831		789678		793015		887735		796583		870917		730789		657572		643221		641314		649439

		8192		653003		740292		807893		832597		852012		799678		625587		651919		641146		626154		644019		333049

		16384		366525		427491		472105		509929		519716		368968		432375		331908		438825		331968		435306		333305		237852

		32768		0		0		0		0		280272		108646		276476		107133		278083		251767		229135		210816		238957

		65536		0		0		0		0		193985		231586		28690		225039		221439		21524		213549		98337		50982

		131072		0		0		0		0		25482		44097		66828		78385		199865		45495		183788		90041		117952

		262144		0		0		0		0		137840		76591		52603		154594		34300		50078		85307		68414		34000

		524288		0		0		0		0		14741		17388		26286		22930		30449		27576		27440		30832		26509

										DUEL

		A13

		Random read report

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

		64		1123110		1882305		2197967		2557181		2213490

		128		1375235		1882986		2411315		2506391		2841496		2094846

		256		1286210		1764068		2082498		2463273		2307857		2534207		907864

		512		1096154		1384206		1668379		1777092		2548275		2090739		1434645		844722

		1024		1203371		1635655		1961401		2151655		2221706		2068393		1139175		703335		713075

		2048		1175004		1538615		1823679		2104623		2131288		2029703		994600		717088		706196		654946

		4096		1097219		1475446		1758004		1943056		1645612		1923906		1007391		708768		711477		299086		362992

		8192		442475		763044		716087		1831824		679719		962625		406914		349457		322127		346456		695594		323565

		16384		463596		610706		731070		773702		704264		686846		523935		407674		328685		310838		329048		326576		327962

		32768		0		0		0		0		695916		737701		662902		348799		323576		338166		657148		343588		337431

		65536		0		0		0		0		1674996		625546		847990		305045		294188		636049		307705		255900		555855

		131072		0		0		0		0		5226		15192		8920		10414		15904		24971		44610		13699		25482

		262144		0		0		0		0		2597		3521		3337		11096		11156		10661		13312		15577		20024

		524288		0		0		0		0		922		2402		3813		4414		8471		11333		13193		12854		11359

		Random write report

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

		64		1309073		1829299		2209637		1450845		2556824

		128		1439294		1912879		230259		2665521		3041062		2606990

		256		1438733		1985296		2483744		2726422		1362277		3121718		1261338

		512		1286609		1795784		2032125		2358358		2843214		1609801		1303000		663976

		1024		882839		1092772		1454659		1450258		1168840		1006897		732464		722148		665325

		2048		781950		893568		1034887		1014834		1018959		957908		690039		692816		685631		676346

		4096		711491		822479		883131		945072		944424		848907		756974		691297		693649		307599		320300

		8192		334572		468700		425935		774882		467740		570477		364686		301886		326752		348224		292008		222972

		16384		352974		402131		451014		467512		472815		512639		459153		398385		314073		320018		310355		253830		318842

		32768		0		0		0		0		257015		246329		528686		233695		207128		214920		363450		183008		142119

		65536		0		0		0		0		244445		345191		705591		175068		314611		571852		617885		250933		543168

		131072		0		0		0		0		314726		230084		275975		41845		101557		200740		70295		52234		186155

		262144		0		0		0		0		17891		124856		48675		66122		27462		14325		16984		23106		16387

		524288		0		0		0		0		8781		10645		7357		7302		7766		7919		8621		11802		15170

		A14

		Random read report

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

		64		1142974		1831176		1941083		2199365		2004980

		128		1320544		1730347		2169217		2170309		2411415		1802383

		256		1045143		1651974		1542403		2284348		1579672		1985061		1286514

		512		357036		1450119		1882020		578571		2152172		1888943		483068		275705

		1024		522743		838610		827869		495140		950731		1278411		533897		381532		344328

		2048		450311		673262		1053433		1026061		1028103		569512		427015		376605		273903		306905

		4096		481203		644630		658200		792415		641291		562787		397822		359427		320325		364480		318752

		8192		491862		651451		631074		451373		1053373		587113		463218		316426		288329		380777		408843		321834

		16384		449404		610386		761549		1676094		684864		597913		367032		360039		347236		346751		318872		663133		328989

		32768		0		0		0		0		624878		542678		336915		322405		323666		322700		336787		673682		643772

		65536		0		0		0		0		545428		548891		328489		384824		283990		286790		318217		190374		318722

		131072		0		0		0		0		2583		4900		5022		10560		7589		16170		7488		10385		6827

		262144		0		0		0		0		1033		2136		3036		5255		6642		11006		20486		16558		19950

		524288		0		0		0		0		824		1799		2494		4518		5301		6162		26210		28819		29139

		Random write report

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

		64		1304924		1776390		1887715		2372274		2291307

		128		1406301		1802888		2466013		2456459		2725016		2101793

		256		284771		1938421		2264393		2843517		2369657		2536891		250490

		512		395982		524030		616209		454661		514520		536668		260567		263932

		1024		556537		317520		364661		377588		583785		552613		402361		421909		347834

		2048		348529		504791		537673		445694		406344		445208		405946		605397		323432		320446

		4096		341648		375191		456836		458317		461984		409767		330027		318409		313843		328229		301620

		8192		332993		438120		438778		399531		602707		369210		406833		310210		287327		386323		409209		268864

		16384		300194		353507		430579		791917		441011		384780		346048		297096		308933		356344		348017		651009		305307

		32768		0		0		0		0		324830		275285		247870		244114		232596		249303		336662		432895		641817

		65536		0		0		0		0		699387		342887		268948		263311		275799		514173		348644		247968		13782

		131072		0		0		0		0		87431		34936		124392		94739		15409		52927		20805		27223		98094

		262144		0		0		0		0		7508		11940		12787		7074		12837		7060		21982		18649		14256

		524288		0		0		0		0		4446		6299		7152		6608		7431		8178		30502		32395		32982
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		Random read report

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

		64				1161729		1883731		2130835		2550407		2785829

		128				1376047		1852317		2419300		2417927		2668885		1939539

		256				1255521		1867191		2189269		2558303		2047416		2286057		911405

		512				1224883		1585172		2024174		2177777		1816142		1854958		1160777		812695

		1024				1167674		1582879		1875625		1787014		2068487		1861694		983607		724227		701900

		2048				982751		1486102		1757791		1898164		1963759		1831808		1025579		716106		692141		701101

		4096				990320		1428657		1457073		1870389		1881411		1814890		979411		692815		682450		696709		651407

		8192				1093449		1449898		1731891		1851309		1956972		1818401		1010114		711661		695884		665424		667207		676802

		16384				1038605		1396885		1630915		1877201		2019965		1918521		996474		992184		680684		660643		682923		666017		680739

		32768				0		0		0		0		1960272		1931048		1001495		686541		684563		682437		673822		685564		672770

		65536				0		0		0		0		1971131		1882678		1023840		689692		682744		681736		683221		677774		682844

		131072				0		0		0		0		1852426		1884814		1022187		686747		680734		677056		680433		678279		674905

		262144				0		0		0		0		17338		17267		18217		30289		48090		65109		53497		74539		50285

		524288				0		0		0		0		9155		8386		10278		17067		25593		26484		36709		39477		34772

		Random write report

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

		64		890093		1142720		1255539		1424112		1388359

		128		976235		1207088		1455231		1488687		1559139		1113192

		256		973097		1201916		1333408		1515659		1361961		1347009		812723

		512		786453		1142971		1239432		1270825		1025837		1000195		799902		604570

		1024		658518		826500		986621		885770		950797		815241		609144		589194		540630

		2048		609907		697558		784388		782262		798426		716096		645449		575434		570951		569061

		4096		566128		618722		702094		722781		723299		714575		584557		577802		537313		569919		559332

		8192		520989		599050		648095		692118		686845		657880		580045		536510		552651		558190		550534		546531

		16384		513862		589948		642662		654624		656882		682439		596803		552225		481713		546863		541546		549078		535582

		32768		0		0		0		0		673892		659368		590937		544862		549061		545169		547583		545207		544726

		65536		0		0		0		0		663668		661471		591314		546187		549632		550880		547186		549066		545610

		131072		0		0		0		0		567101		594177		538708		493100		505919		492080		498357		485335		489202

		262144		0		0		0		0		161493		431683		317532		209408		227710		171052		205117		160570		105766

		524288		0		0		0		0		17971		20796		23722		29363		28278		32385		34638		40745		33414

		A13

		Random read report

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

		64		1124387		1724913		1734283		2290247		1728824

		128		1254026		1660331		2173265		1968545		2241421		1729754

		256		1266610		1789536		2017507		2266739		2098264		2393770		1225303

		512		1202128		1604910		1909934		2064824		2327811		1961728		1176946		803729

		1024		1146785		1533059		1796288		1935312		2019316		1965504		974346		689093		730920

		2048		1134067		1467068		1739959		1889426		1930179		1641012		908984		705977		651406		679294

		4096		1083024		1389364		1618392		1763989		1901551		1665760		946415		644738		673911		670590		688182

		8192		1074345		1392978		1628966		1752707		1873324		1743314		804802		688809		652437		670812		670427		683299

		16384		517073		735536		1672188		1609095		1949784		1652798		870846		697219		664528		675711		682129		680287		220927

		32768		0		0		0		0		374576		328821		248507		287076		260123		305289		261898		217242		220324

		65536		0		0		0		0		69665		256152		186501		215508		235548		223612		243423		199093		203632

		131072		0		0		0		0		257849		222668		166935		187747		195863		202772		219179		210064		200686

		262144		0		0		0		0		5210		8382		10909		22836		33979		45416		45386		48932		41025

		524288		0		0		0		0		2810		5101		7846		13213		19773		24694		30965		34647		30036

		Random write report

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

		64		1304441		1776029		2138494		2463802		2279460

		128		1420531		1911279		2415648		2614728		2915810		2510707

		256		1447023		1984056		2327759		2909334		2583775		3119225		1058041

		512		680747		1679292		1932683		1916793		2370006		1462675		1013645		729443

		1024		979979		1077892		1336876		1336614		1220600		1250285		683983		696070		643624

		2048		760471		873347		1020951		989380		967353		952608		675670		652434		639022		661930

		4096		679831		789678		793015		887735		796583		870917		730789		657572		643221		641314		649439

		8192		653003		740292		807893		832597		852012		799678		625587		651919		641146		626154		644019		333049

		16384		366525		427491		472105		509929		519716		368968		432375		331908		438825		331968		435306		333305		237852

		32768		0		0		0		0		280272		108646		276476		107133		278083		251767		229135		210816		238957

		65536		0		0		0		0		193985		231586		28690		225039		221439		21524		213549		98337		50982

		131072		0		0		0		0		25482		44097		66828		78385		199865		45495		183788		90041		117952

		262144		0		0		0		0		137840		76591		52603		154594		34300		50078		85307		68414		34000

		524288		0		0		0		0		14741		17388		26286		22930		30449		27576		27440		30832		26509

										DUEL

		A13

		Random read report

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

		64		1123110		1882305		2197967		2557181		2213490

		128		1375235		1882986		2411315		2506391		2841496		2094846

		256		1286210		1764068		2082498		2463273		2307857		2534207		907864

		512		1096154		1384206		1668379		1777092		2548275		2090739		1434645		844722

		1024		1203371		1635655		1961401		2151655		2221706		2068393		1139175		703335		713075

		2048		1175004		1538615		1823679		2104623		2131288		2029703		994600		717088		706196		654946

		4096		1097219		1475446		1758004		1943056		1645612		1923906		1007391		708768		711477		299086		362992

		8192		442475		763044		716087		1831824		679719		962625		406914		349457		322127		346456		695594		323565

		16384		463596		610706		731070		773702		704264		686846		523935		407674		328685		310838		329048		326576		327962

		32768		0		0		0		0		695916		737701		662902		348799		323576		338166		657148		343588		337431

		65536		0		0		0		0		1674996		625546		847990		305045		294188		636049		307705		255900		555855

		131072		0		0		0		0		5226		15192		8920		10414		15904		24971		44610		13699		25482

		262144		0		0		0		0		2597		3521		3337		11096		11156		10661		13312		15577		20024

		524288		0		0		0		0		922		2402		3813		4414		8471		11333		13193		12854		11359

		Random write report

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

		64		1309073		1829299		2209637		1450845		2556824

		128		1439294		1912879		230259		2665521		3041062		2606990

		256		1438733		1985296		2483744		2726422		1362277		3121718		1261338

		512		1286609		1795784		2032125		2358358		2843214		1609801		1303000		663976

		1024		882839		1092772		1454659		1450258		1168840		1006897		732464		722148		665325

		2048		781950		893568		1034887		1014834		1018959		957908		690039		692816		685631		676346

		4096		711491		822479		883131		945072		944424		848907		756974		691297		693649		307599		320300

		8192		334572		468700		425935		774882		467740		570477		364686		301886		326752		348224		292008		222972

		16384		352974		402131		451014		467512		472815		512639		459153		398385		314073		320018		310355		253830		318842

		32768		0		0		0		0		257015		246329		528686		233695		207128		214920		363450		183008		142119

		65536		0		0		0		0		244445		345191		705591		175068		314611		571852		617885		250933		543168

		131072		0		0		0		0		314726		230084		275975		41845		101557		200740		70295		52234		186155

		262144		0		0		0		0		17891		124856		48675		66122		27462		14325		16984		23106		16387

		524288		0		0		0		0		8781		10645		7357		7302		7766		7919		8621		11802		15170

		A14

		Random read report

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

		64		1142974		1831176		1941083		2199365		2004980

		128		1320544		1730347		2169217		2170309		2411415		1802383

		256		1045143		1651974		1542403		2284348		1579672		1985061		1286514

		512		357036		1450119		1882020		578571		2152172		1888943		483068		275705

		1024		522743		838610		827869		495140		950731		1278411		533897		381532		344328

		2048		450311		673262		1053433		1026061		1028103		569512		427015		376605		273903		306905

		4096		481203		644630		658200		792415		641291		562787		397822		359427		320325		364480		318752

		8192		491862		651451		631074		451373		1053373		587113		463218		316426		288329		380777		408843		321834

		16384		449404		610386		761549		1676094		684864		597913		367032		360039		347236		346751		318872		663133		328989

		32768		0		0		0		0		624878		542678		336915		322405		323666		322700		336787		673682		643772

		65536		0		0		0		0		545428		548891		328489		384824		283990		286790		318217		190374		318722

		131072		0		0		0		0		2583		4900		5022		10560		7589		16170		7488		10385		6827

		262144		0		0		0		0		1033		2136		3036		5255		6642		11006		20486		16558		19950

		524288		0		0		0		0		824		1799		2494		4518		5301		6162		26210		28819		29139

		Random write report

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

		64		1304924		1776390		1887715		2372274		2291307

		128		1406301		1802888		2466013		2456459		2725016		2101793

		256		284771		1938421		2264393		2843517		2369657		2536891		250490

		512		395982		524030		616209		454661		514520		536668		260567		263932

		1024		556537		317520		364661		377588		583785		552613		402361		421909		347834

		2048		348529		504791		537673		445694		406344		445208		405946		605397		323432		320446

		4096		341648		375191		456836		458317		461984		409767		330027		318409		313843		328229		301620

		8192		332993		438120		438778		399531		602707		369210		406833		310210		287327		386323		409209		268864

		16384		300194		353507		430579		791917		441011		384780		346048		297096		308933		356344		348017		651009		305307

		32768		0		0		0		0		324830		275285		247870		244114		232596		249303		336662		432895		641817

		65536		0		0		0		0		699387		342887		268948		263311		275799		514173		348644		247968		13782

		131072		0		0		0		0		87431		34936		124392		94739		15409		52927		20805		27223		98094

		262144		0		0		0		0		7508		11940		12787		7074		12837		7060		21982		18649		14256

		524288		0		0		0		0		4446		6299		7152		6608		7431		8178		30502		32395		32982
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		2048		1134067		1467068		1739959		1889426		1930179		1641012		908984		705977		651406		679294

		4096		1083024		1389364		1618392		1763989		1901551		1665760		946415		644738		673911		670590		688182

		8192		1074345		1392978		1628966		1752707		1873324		1743314		804802		688809		652437		670812		670427		683299

		16384		517073		735536		1672188		1609095		1949784		1652798		870846		697219		664528		675711		682129		680287		220927

		32768		0		0		0		0		374576		328821		248507		287076		260123		305289		261898		217242		220324

		65536		0		0		0		0		69665		256152		186501		215508		235548		223612		243423		199093		203632

		131072		0		0		0		0		257849		222668		166935		187747		195863		202772		219179		210064		200686

		262144		0		0		0		0		5210		8382		10909		22836		33979		45416		45386		48932		41025

		524288		0		0		0		0		2810		5101		7846		13213		19773		24694		30965		34647		30036

		Random write report

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

		64		1304441		1776029		2138494		2463802		2279460

		128		1420531		1911279		2415648		2614728		2915810		2510707

		256		1447023		1984056		2327759		2909334		2583775		3119225		1058041

		512		680747		1679292		1932683		1916793		2370006		1462675		1013645		729443

		1024		979979		1077892		1336876		1336614		1220600		1250285		683983		696070		643624

		2048		760471		873347		1020951		989380		967353		952608		675670		652434		639022		661930

		4096		679831		789678		793015		887735		796583		870917		730789		657572		643221		641314		649439

		8192		653003		740292		807893		832597		852012		799678		625587		651919		641146		626154		644019		333049

		16384		366525		427491		472105		509929		519716		368968		432375		331908		438825		331968		435306		333305		237852

		32768		0		0		0		0		280272		108646		276476		107133		278083		251767		229135		210816		238957

		65536		0		0		0		0		193985		231586		28690		225039		221439		21524		213549		98337		50982

		131072		0		0		0		0		25482		44097		66828		78385		199865		45495		183788		90041		117952

		262144		0		0		0		0		137840		76591		52603		154594		34300		50078		85307		68414		34000

		524288		0		0		0		0		14741		17388		26286		22930		30449		27576		27440		30832		26509

										DUEL

		A13

		Random read report

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

		64		1123110		1882305		2197967		2557181		2213490

		128		1375235		1882986		2411315		2506391		2841496		2094846

		256		1286210		1764068		2082498		2463273		2307857		2534207		907864

		512		1096154		1384206		1668379		1777092		2548275		2090739		1434645		844722

		1024		1203371		1635655		1961401		2151655		2221706		2068393		1139175		703335		713075

		2048		1175004		1538615		1823679		2104623		2131288		2029703		994600		717088		706196		654946

		4096		1097219		1475446		1758004		1943056		1645612		1923906		1007391		708768		711477		299086		362992

		8192		442475		763044		716087		1831824		679719		962625		406914		349457		322127		346456		695594		323565

		16384		463596		610706		731070		773702		704264		686846		523935		407674		328685		310838		329048		326576		327962

		32768		0		0		0		0		695916		737701		662902		348799		323576		338166		657148		343588		337431

		65536		0		0		0		0		1674996		625546		847990		305045		294188		636049		307705		255900		555855

		131072		0		0		0		0		5226		15192		8920		10414		15904		24971		44610		13699		25482

		262144		0		0		0		0		2597		3521		3337		11096		11156		10661		13312		15577		20024

		524288		0		0		0		0		922		2402		3813		4414		8471		11333		13193		12854		11359

		Random write report

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

		64		1309073		1829299		2209637		1450845		2556824

		128		1439294		1912879		230259		2665521		3041062		2606990

		256		1438733		1985296		2483744		2726422		1362277		3121718		1261338

		512		1286609		1795784		2032125		2358358		2843214		1609801		1303000		663976

		1024		882839		1092772		1454659		1450258		1168840		1006897		732464		722148		665325

		2048		781950		893568		1034887		1014834		1018959		957908		690039		692816		685631		676346

		4096		711491		822479		883131		945072		944424		848907		756974		691297		693649		307599		320300

		8192		334572		468700		425935		774882		467740		570477		364686		301886		326752		348224		292008		222972

		16384		352974		402131		451014		467512		472815		512639		459153		398385		314073		320018		310355		253830		318842

		32768		0		0		0		0		257015		246329		528686		233695		207128		214920		363450		183008		142119

		65536		0		0		0		0		244445		345191		705591		175068		314611		571852		617885		250933		543168

		131072		0		0		0		0		314726		230084		275975		41845		101557		200740		70295		52234		186155

		262144		0		0		0		0		17891		124856		48675		66122		27462		14325		16984		23106		16387

		524288		0		0		0		0		8781		10645		7357		7302		7766		7919		8621		11802		15170

		A14

		Random read report

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

		64		1142974		1831176		1941083		2199365		2004980

		128		1320544		1730347		2169217		2170309		2411415		1802383

		256		1045143		1651974		1542403		2284348		1579672		1985061		1286514

		512		357036		1450119		1882020		578571		2152172		1888943		483068		275705

		1024		522743		838610		827869		495140		950731		1278411		533897		381532		344328

		2048		450311		673262		1053433		1026061		1028103		569512		427015		376605		273903		306905

		4096		481203		644630		658200		792415		641291		562787		397822		359427		320325		364480		318752

		8192		491862		651451		631074		451373		1053373		587113		463218		316426		288329		380777		408843		321834

		16384		449404		610386		761549		1676094		684864		597913		367032		360039		347236		346751		318872		663133		328989

		32768		0		0		0		0		624878		542678		336915		322405		323666		322700		336787		673682		643772

		65536		0		0		0		0		545428		548891		328489		384824		283990		286790		318217		190374		318722

		131072		0		0		0		0		2583		4900		5022		10560		7589		16170		7488		10385		6827

		262144		0		0		0		0		1033		2136		3036		5255		6642		11006		20486		16558		19950

		524288		0		0		0		0		824		1799		2494		4518		5301		6162		26210		28819		29139

		Random write report

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

		64		1304924		1776390		1887715		2372274		2291307

		128		1406301		1802888		2466013		2456459		2725016		2101793

		256		284771		1938421		2264393		2843517		2369657		2536891		250490

		512		395982		524030		616209		454661		514520		536668		260567		263932

		1024		556537		317520		364661		377588		583785		552613		402361		421909		347834

		2048		348529		504791		537673		445694		406344		445208		405946		605397		323432		320446

		4096		341648		375191		456836		458317		461984		409767		330027		318409		313843		328229		301620

		8192		332993		438120		438778		399531		602707		369210		406833		310210		287327		386323		409209		268864

		16384		300194		353507		430579		791917		441011		384780		346048		297096		308933		356344		348017		651009		305307

		32768		0		0		0		0		324830		275285		247870		244114		232596		249303		336662		432895		641817

		65536		0		0		0		0		699387		342887		268948		263311		275799		514173		348644		247968		13782

		131072		0		0		0		0		87431		34936		124392		94739		15409		52927		20805		27223		98094

		262144		0		0		0		0		7508		11940		12787		7074		12837		7060		21982		18649		14256

		524288		0		0		0		0		4446		6299		7152		6608		7431		8178		30502		32395		32982
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