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Abstract---

Probing the communication protocol stack in Linux PC-based clusters to investigate erratic TCP/IP performance has led to a new metric, data stream stall, which is analogous to instruction stream stall in CPUs. Data stream stalling correlates well with unexpected throughput performance dips; the dips are usually due to delayed ACKs or questionable handling of them. We illustrate the use of this data stream stall metric by isolating and correcting the cause of these communication throughput dips in our version of Linux (2.0.29). The availability of this data stream stall metric would provide useful feedback to users by indicating deficient communications performance. 
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I.    INTRODUCTION

While evaluating the performance of MPI based applications [IND98] on commodity clusters [BEC95], using both ATM and Fast Ethernet communications, we encountered a communications performance anomaly. This anomaly manifested itself as a sharp degradation in TCP/IP communications throughput for slightly different message sizes. To probe the cause of this anomaly, we used the NIST developed low perturbation MultiKron® performance data collection instrumentation and NIST time synchronization instrumentation to delve into the Linux communication protocol. Using the time synchronized MultiKron we were able to measure directly the communication latency between nodes and across switches, rather than infer latency from average round trip times. We were also able to obtain accurate measurements of processing rates and latencies within the various communication protocol layers. 

In probing the Linux communication protocol stack to investigate the erratic TCP/IP performance we developed a new metric, data stream stall. This metric closely tracks the observed unexpected throughput performance. Using this metric along with MultiKron performance probes we were able to isolate the cause of the throughput dips and correct them in our version of Linux (2.0.29).

II.   MEASUREMENT INSTRUMENTATION

Current NIST instrumentation consists of the MultiKron_II [MIN94] custom VSLI chip and its associated toolkits [MIN95,MIN97] for standard I/O buses (currently VME, SBus, and PCI). The MultiKron_II provides a high-precision clock, event tracing and 16 performance counters.  Performance counters can be used to count the number of occurrences of a target event or as a stopwatch to record the elapsed time between events. 

Operationally the MultiKron is a passive, memory-mapped device.  Programmers interact with MultiKron via reads and writes to the mapped memory region.  To generate traces, a software measurement event is triggered by the execution of a specific statement, a measurement probe, inserted into the application program. A measurement probe can be added to the source code, requiring recompilation, or added directly to the executable code via a binary patch [HOL97].

The probe instruction appears as an assignment statement to a memory mapped MultiKron address.  When the measurement probe code is executed, the data value from the assignment statement (generally an event ID) is written to the MultiKron. The MultiKron then appends its current timestamp (precision on the order of 100 ns), the identity of the process, and (in multi-processor systems) the identity of the CPU, to that data to form an event trace sample. The trace sample is then automatically buffered and written to the MultiKron data storage interface. Operating system support is necessary during context switches to load the MultiKron with the current process ID. Thus, MultiKron provides a hardware assist to traditional software-based instrumentation systems thereby minimizing the perturbation to the executing program by simplifying the probe code to a single write operation and recording the time-stamped samples into the MultiKron’s own memory.

Current software techniques [LEV95,MIL92] can attain time synchronization between cooperating computers on the order of 1 ms. This accuracy of time synchronization is insufficient for system level performance measurement in cluster computing environments, where time intervals are in the range of tens to hundreds of microseconds. NIST has developed time synchronization instrumentation that integrates with the MultiKron toolkits. A version of this instrumentation, which operates in a local cluster environment, supplies MultiKron devices on all the nodes of a cluster with a common clock and a common reset signal, so that all MultiKron clocks will advance in lock-step. Thus the time synchronization achieved is better than 25 ns. Another version of this instrumentation can operate in a global environment by using pulses from the global positioning system (GPS) to "train" a local oscillator. These pulses occur once per second to within an accuracy of 1 (s. The global version will supply geographically distributed MultiKrons with a clock and a reset signal, in the same way as the local version, but not in lock step -- only to within 1 (s accuracy. Both versions of this time synchronization instrumentation are operational, but the local version was used in these measurements.

III.   ATM AND FAST ETHERNET PERFORMANCE

The anomalous communication behavior that we encountered is illustrated by the performance of our micro-kernel, shown in Figure 1. This is a standard plot of the communication throughput versus the message size for both ATM and Fast Ethernet in which we see large dips that degrade throughput by as much as 80% for some message sizes. In contrast, once the problem was found and corrected we obtained the curves of Figure 2. Figure 1 contains two curves, one for ATM and one for Fast Ethernet, while Figure 2 contains four curves, two for ATM and two for Fast Ethernet. The two ATM and two Fast Ethernet network interface cards (NIC) are all from different manufacturers. The two Fast Ethernet curves are so close they appear as one curve.

To determine the cause of this anomalous behavior we inserted MultiKron probes into the application, socket, TCP/IP and device driver layers of the kernel communications protocol on both the source and destination nodes. Although this provided us with selective event timing interval information, it didn’t provide us with any overall feedback as to when performance was being degraded. This desire for an overall indicator was the basis of the stall metric. We wanted to know when the communication stack was waiting, or stalled. What we needed was a “stopwatch” which would accumulate the stall time by re-starting when a protocol stack stall occurred and by pausing when the stack was active or complete. We used one of the MultiKron performance counters, which is capable of functioning as a stopwatch, to accumulate the stall time. Alternatively, we could have built software routines around the Pentium clock to obtain the abstraction of a stopwatch, but instead we opted for the more direct, lower perturbation MultiKron approach. We define stall time as any period when the device driver is not active and the protocol software waits for an event to occur, either by sleeping or enqueueing packets. We consider the device driver active when its software is executing or the NIC is active. When the protocol software waits for an event to occur and the device driver is not active, the stopwatch is re-started. When the protocol software or the device driver becomes active, the stopwatch is paused. When the protocol software completes the stopwatch is also paused. At any time during or after program execution we can read the stopwatch to determine whether a communication stall has occurred along with the associated performance degradation.
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Figure 1. Fast Ethernet and ATM Over TCP/IP Throughput Original.
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Figure 2. Fast Ethernet and ATM Over TCP/IP Throughput Corrected.

A discussion of our stall algorithm follows. Upon entering the protocol software, pause the stopwatch. At any stall point, before stalling, if the device driver status is not active re-start the stopwatch. When the stall is completed, pause the stopwatch before continuing with the protocol software. When entering the device driver, set its state as active and pause the stopwatch. When the NIC interrupts with a transmit complete status signal, if any stall events are occurring then re-start the stopwatch. Pausing a paused stopwatch or re-starting a counting stopwatch has no effect. In the Linux 2.0.29 kernel there are three stall points in the TCP/IP protocol software. One stall point is when a packet buffer is allocated which will be used to copy the segmented user data into the kernel. If there is not enough available memory to complete the segmentation, the protocol software will sleep, waiting to be awakened when memory becomes available. The other two stall points are when the transmission window is full or a partial packet is to be sent, causing these packets to be placed on the transmission queue, waiting for incoming ACKs to open up the window. One complication in obtaining the stall metric is that it requires information from independently operating protocol layers ( TCP/IP and the device driver/NIC.  The TCP/IP software operates in parallel with the NIC, which is a separate hardware device managed by a device driver.  Thus, it becomes necessary to implement a set of flags, which are accessible between the two software layers asynchronously.  These flags are implemented in the socket data structure, thus providing a per-socket metric.

Through a combination of the timed event traces and the stall metric we were able to determine the cause of the anomalous behavior. It seems that the protocol implementation was erroneously handling the transmission of partial packets, although the slow start algorithm did contribute slightly. Our 2.0.29 Linux implementation provides for two options in the handling of partial packets. One option is trying to conserve network resources by delaying the transmission of partial packets, waiting for a timeout or additional message data to become available within a short time so a full packet can be sent rather than just a partial packet. This option is the default. The other option is to send partial packets as soon as possible. This option can be invoked via “TCP_NODELAY” parameter. Due to a bug in this code
, when a partial packet was delayed because of insufficient space in the transmission window, instead of it being sent immediately when space became available it was erroneously being delayed until the timeout occurred. The stall metric is plotted in Figure 3 and tracks well with the observed performance dips. The stall metric has been normalized for display here. The performance of the corrected version of TCP/IP, shown in Figure 2, displays none of the anomalous dips in performance that occurred in the original version.

The slow start algorithm and the last partial segment delay are mechanisms that optimize network traffic (a system metric) rather than user throughput (a response metric). These two classes of metrics are normally inversely related, so that enhancing one degrades the other. In switched LAN environments, which are common for most cluster computing configurations, there should be a means to over-ride these mechanisms so that specific applications can realize their full potential of these fast network technologies. The “TCP_NODELAY” parameter provides the means to disable partial packet delays, but there is no way to disable the slow start algorithm.
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Figure 3. ATM and Fast Ethernet Throughput, Respectively, Plotted Along with its Associated Normalized Stall Metric.

During the course of our measurements we obtained the application layer send-receive latencies of both ATM and Fast Ethernet messages. A MultiKron timestamp was acquired on the sending machine immediately prior to the "send"  and  another  synchronized  timestamp was acquired 

TABLE  I

Application layer "send-receive" latencies, in (s, of TCP/IP over ATM and Fast Ethernet. We are using two different interface cards for network technology and two connection methods for each card, switch (a switch connecting the nodes) and direct (no switch, just a wire connecting the two nodes).
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on the receiving machine immediately following the "receive". This provided a direct measurement of latency versus one inferred from round-trip time. The results of these send-receive latency measurements are shown in Table I  for  two  different  ATM  NICs  and two different Fast Ethernet NICs communicating using a switch as well as a direct connection  without  a  switch.  There  was approximately a 10% variation in these numbers. 

We would like to note two points about Table I.  First, there is a significant performance difference between the ATM NICs, due to implementation differences, while the performance of the Fast Ethernet NICs is about the same. Second, both ATM and Fast Ethernet are advertised as "wire speed forward" capable. ATM cells are too small to incur a significant overhead due to buffering. The approximately 20 (s ATM switch latency appears to be independent of message size. The Fast Ethernet switches seem to buffer the packet before routing it, as indicated by its proportionally increasing switch latency up to a full packet size which then becomes constant at approximately 125 (s. This Fast Ethernet behavior is similar for a number of different manufacturers and most likely is due to the use of standard Ethernet receiver chips. It should be noted that the latency for all but the first packet of each burst is hidden due to pipelining.

IV.   CONCLUSION

We have introduced a new communications performance metric, the data stream stall time. We have used this metric to identify communication performance degradation in the TCP/IP protocol stack of the Linux (2.0.29) kernel. After determining and correcting the cause of this performance degradation, which was due to erroneous handling of partial packets, we demonstrated significantly improved communication performance. In addition, we have shown a performance differential between two different ATM NICs, which contrasts with the uniform performance between two different Fast Ethernet NICs. We have also shown that many Fast Ethernet switches buffer, rather than cut-thru route, incoming packets before routing.

Using an open operating system, such as Linux, yields a significant benefit by providing source code access. Source code access allows one to understand the specific implementation details, to instrument the code for performance measurement, and to make modifications to the kernel to obtain customized performance and/or functionality.
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� Certain commercial items may be identified but that does not imply recommendation or endorsement by NIST, nor does it imply that those items are necessarily the best available for the purpose.


� For a complete description of the bug in 2.0.29 refer to www.cmr.ncsl.nist.gov/scalable/misc_info/Linux_TCP.html
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		ATM:		Efficient		Fore		Intel		SMC

		Msg Size		ATM-1		ATM-2		FE-1		FE-2

		1000		3.846154		4.950495		5.102041		5.319149

		2000		5		6.622517		6.896552		7.067138

		3000		5.681818		8.152174		7.915567		8.174387

		4000		5.925926		8.281573		8.849558		8.45666

		5000		6.385696		9.469697		9.191176		9.487666

		6000		7.47198		10.909091		9.230769		9.630819

		7000		8.393285		11.494253		9.957326		10.144928

		8000		8.602151		11.713031		10.139417		10.29601

		9000		8.555133		11.553273		10.11236		10.285714

		10000		9.242144		12.300123		10.405827		10.59322

		11000		9.90991		12.865497		10.617761		10.773751

		12000		10.152284		12.765957		10.572687		10.695187

		13000		9.946442		12.548263		10.726073		10.824313

		14000		10.25641		13.182674		10.744436		10.997643

		15000		10.775862		13.69863		10.744986		10.940919

		16000		11.149826		13.490725		10.906612		10.996564

		17000		11.024643		13.36478		11.003236		11.038961

		18000		11.131725		13.432836		11.009174		11.124845

		19000		11.606597		13.788099		10.963647		11.059371

		20000		11.764706		14.015417		11.123471		11.210762

		21000		11.993147		13.925729		11.105235		11.24197

		22000		11.83432		13.77583		11.099899		11.133603

		23000		12.253596		14.127764		11.208577		11.291114

		24000		12.461059		14.414414		11.214953		11.288805

		25000		12.722646		14.43418		11.150758		11.235955

		26000		12.40458		14.16122		11.279826		11.353712

		27000		12.569832		14.508329		11.287625		11.26408

		28000		12.814645		14.575742		11.177645		11.317704

		29000		12.483857		14.587525		11.284047		11.394892

		30000		12.254902		14.577259		11.269722		11.446013

		31000		12.195122		14.622642		11.289148		11.376147

		32000		12.326656		13.787161		11.367673		11.375755

		33000		12.600229		13.807531		11.410788		11.410788

		34000		12.573964		13.49742		11.371237		11.394102

		35000		12.26349		13.560635		11.404366		11.441648

		36000		12.596221		13.740458		11.439466		11.485403

		37000		12.824957		13.873266		11.419753		11.430337

		38000		12.833502		13.843352		11.40114		11.421701

		39000		12.658228		13.603069		11.467216		11.490866

		40000		12.85347		13.922729		11.444921		11.494253

		41000		13.12		14.152572		11.411077		11.446119

		42000		13.186813		14.131898		11.481684		11.522634

		43000		13.026356		14.224281		11.433129		11.506556

		44000		13.122577		14.08		11.387164		11.464304

		45000		13.313609		14.290251		11.500128		11.523688

		46000		13.169196		14.259144		11.508631		11.560694

		47000		12.901455		14.122596		11.477411		11.513964

		48000		12.661567		14.243323		11.527378		11.527378

		49000		12.935586		13.826185		11.519435		11.545712

		50000		13.594345		13.80834		11.49954		11.536687

		51000		13.03681		13.661934		11.541073		11.567249

		52000		13.02279		13.677012		11.552988		11.589035

		53000		13.105836		13.759086		11.534276		11.556912

		54000		13.300493		13.849705		11.540928		11.563169

		55000		13.301088		13.892397		11.578947		11.593592

		56000		13.078001		13.83741		11.555922		11.599006

		57000		13.237343		13.868613		11.533792		11.583012

		58000		13.394919		14.081088		11.55839		11.611612

		59000		13.556985		14.044275		11.582254		11.591356

		60000		13.419817		14.074595		11.540681		11.56961

		61000		13.453904		14.084507		11.588146		11.621261

		62000		13.513514		14.226709		11.584454		11.623547

		63000		13.372957		14.100269		11.559633		11.580882

		64000		13.590996		14.035088		11.608924		11.519078

		65000		13.139276		14.115092		11.602999		11.59472

		66000		13.155272		14.196601		11.572856		11.607457

		67000		13.418786		13.871636		11.605751		11.631944

		68000		13.338564		13.804304		11.635866		11.651816

		69000		13.561321		13.8		11.571357		11.627907

		70000		13.346044		13.78767		11.627907		11.620186

		71000		13.350884		13.957146		11.641253		11.658456

		72000		13.758838		13.862149		11.601676		11.644833

		73000		13.399413		14.418329		11.611261		11.639031

		74000		13.844715		13.909774		11.63888		11.653543

		75000		13.491635		13.96388		11.62971		11.65139

		76000		13.671524		13.965454		11.606597		11.635028

		77000		13.814137		14.479127		11.643732		11.657835

		78000		13.54637		14.033825		11.634845		11.603689

		79000		13.651287		14.061944		11.590376		11.629619

		80000		13.520365		14.194464		11.653314		11.655012

		81000		13.787234		14.033264		11.651323		11.664747

		82000		13.403073		14.038692		11.613086		11.632856

		83000		13.389256		14.144513		11.652394		11.665495

		84000		13.561511		13.743455		11.661808		11.660189

		85000		13.432364		13.814399		11.626317		11.643836

		86000		13.528394		14.135437		11.657855		11.681608

		87000		13.540856		13.915547		11.662198		11.671586

		88000		13.834303		13.926254		11.652542		11.671088

		89000		13.488936		13.954218		11.664482		11.682856

		90000		13.68405		13.869626		11.677696		11.677696

		91000		13.952775		13.882532		11.656206		11.675648

		92000		13.692514		14.343623		11.651469		11.673645

		93000		13.765542		13.953488		11.677549		11.686353

		94000		13.793103		13.99226		11.661084		11.684276

		95000		13.704559		14.372163		11.645011		11.649295

		96000		13.757524		13.955517		11.684518		11.698757

		97000		13.60258		14.09474		11.678305		11.685339

		98000		13.532173		14.090582		11.652794		11.681964

		99000		13.522743		14.084507		11.684173		11.702128

		100000		13.823611		14.166313		11.671335		11.695906
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new-fe-2-ST

		Msg Size (Bytes)		Thru-put (MB/s)		Stall Metric (Norm)

		1000		2.659574		0

		2000		4.524887		0

		3000		5.649718		0

		4000		6.745363		0

		5000		7.36377		0

		6000		7.692308		0

		7000		8.323424		0

		8000		8.67679		0

		9000		8.77193		0

		10000		9.157509		0

		11000		9.417808		0

		12000		9.367681		0

		13000		9.687034		0

		14000		9.880028		0

		15000		9.90099		0

		16000		9.931719		0

		17000		10.13715		0

		18000		10.180995		0

		19000		10.187668		0

		20000		10.351967		0

		21000		10.365252		0

		22000		10.343206		0

		23000		10.51669		0

		24000		10.540184		0

		25000		10.504202		0

		26000		10.590631		0

		27000		10.710036		0

		28000		10.642341		0

		29000		10.756677		0

		30000		10.706638		0

		31000		10.782609		0

		32000		5.406319		2.684575

		33000		10.006064		0.783808

		34000		2.086914		4.131782

		35000		1.74407		4.251296

		36000		3.667482		3.446923

		37000		3.77397		3.424623

		38000		3.876364		3.40202

		39000		3.874429		3.350884

		40000		4.077472		3.284913

		41000		4.18154		3.264151

		42000		4.172047		3.218933

		43000		4.384623		3.167635

		44000		4.487964		3.146165

		45000		4.466945		3.102045

		46000		4.693878		3.032653

		47000		4.804252		3.008791

		48000		4.769949		2.974262

		49000		10.555795		0.560103

		50000		3.348289		3.605438

		51000		2.54098		3.917094

		52000		5.301254		2.763279

		53000		5.407611		2.740537

		54000		5.368327		2.711005

		55000		11.249744		0.015341

		56000		11.260808		0.014076

		57000		11.242604		0.013807

		58000		11.288439		0.013624

		59000		11.287545		0.013392

		60000		11.259148		0.012197

		61000		11.308862		0.012977

		62000		11.311804		0.012771

		63000		11.286277		0.01254

		64000		11.327434		0.009735

		65000		4.12175		3.270767

		66000		3.333838		3.613679

		67000		3.339148		3.587341

		68000		6.92676		2.090252

		69000		7.035073		2.065661

		70000		6.954794		2.051664

		71000		7.241942		1.946144

		72000		7.340946		1.931077

		73000		11.379579		0.010133

		74000		5.504724		2.679833

		75000		7.646819		1.798532

		76000		7.751147		1.776645

		77000		7.646475		1.772095

		78000		7.956748		1.662246

		79000		8.055471		1.642194

		80000		7.947546		1.639181

		81000		11.053493		0.354121

		82000		6.705372		2.19928

		83000		4.14089		3.247356

		84000		8.557457		1.407396

		85000		8.6717		1.383391

		86000		8.543612		1.38784

		87000		9.127151		0.010491

		88000		11.452369		0.011713

		89000		7.162978		1.969014

		90000		11.488384		0.012765

		91000		11.466734		0.024572

		92000		11.457036		0.023039

		93000		11.108457		0.320115

		94000		11.471809		0.011594

		95000		11.47343		0.012077

		96000		9.211284		1.115429

		97000		11.182845		0.30724

		98000		11.470037		0.030431

		99000		11.508951		0.014532

		100000		11.194448		0.295533
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				ATM/TCP

		Msg Size		Thru-put (MB/s)		Stall Metric (Norm)

		1000		2.702703		0

		2000		4.514673		0

		3000		4.823151		0

		4000		5.617978		0

		5000		5.995204		0.035971

		6000		7.092199		0.023641

		7000		7.882883		0.022523

		8000		8.316008		0.02079

		9000		8.219178		0.018265

		10000		9.082652		0.018165

		11000		9.683099		0.017606

		12000		9.569378		0.015949

		13000		9.833585		0.015129

		14000		10.35503		0.014793

		15000		10.980966		0.014641

		16000		11.111111		0.013889

		17000		10.960671		0.012895

		18000		11.063307		0.012293

		19000		11.494253		0.145191

		20000		11.743981		0.011744

		21000		11.871114		0.011306

		22000		11.733333		0.010667

		23000		12.118019		0.010537

		24000		12.506514		0.010422

		25000		12.658228		0.005063

		26000		12.440191		0.009569

		27000		12.711864		0.009416

		28000		12.968967		0.009264

		29000		13.163867		0.009079

		30000		12.981393		0.008654

		31000		13.030685		0.008407

		32000		11.41634		5.829468

		33000		3.302642		8.669936

		34000		3.402722		8.523819

		35000		12.22067		6.354749

		36000		12.072435		6.19383

		37000		11.802233		5.910686

		38000		11.688711		5.684405

		39000		2.350955		9.402013

		40000		2.0007		9.358275

		41000		2.05082		9.347239

		42000		2.101681		9.289932

		43000		2.15		9.219

		44000		4.66497		8.781807

		45000		4.49955		8.719128

		46000		4.601841		8.581433

		47000		4.716508		8.427496

		48000		5.093919		8.802929

		49000		4.907853		8.739984

		50000		5.002501		8.615308

		51000		5.105105		8.482482

		52000		13.468013		7.122507

		53000		13.25		6.9275

		54000		4.673706		8.77445

		55000		12.941176		6.477647

		56000		3.694663		9.283499

		57000		2.849288		9.379155

		58000		2.902903		9.311311

		59000		2.950738		9.246312

		60000		3.002552		9.182805

		61000		6.464604		8.664688

		62000		6.205585		8.611751

		63000		6.307569		8.462155

		64000		6.412183		8.349865

		65000		14.666065		4.169675

		66000		14.818141		4.250112

		67000		6.376094		8.493529

		68000		6.810215		8.27341

		69000		14.185855		7.140214

		70000		4.812981		8.935644

		71000		13.823988		6.590732

		72000		4.856661		8.69882

		73000		13.521022		6.138174

		74000		3.084104		9.308994

		75000		3.754505		9.097918

		76000		3.803613		9.029578

		77000		3.85289		8.964724

		78000		8.266214		8.221704

		79000		7.913453		8.192928

		80000		8.015229		8.059313

		81000		8.107297		7.92213

		82000		8.722476		8.240613

		83000		8.304152		8.202101

		84000		8.411776		8.055277

		85000		8.513622		7.920673

		86000		8.617234		7.788577

		87000		14.346966		7.072889

		88000		14.232573		6.946466

		89000		14.097893		6.771741

		90000		13.927577		6.606314

		91000		6.622035		8.694513

		92000		4.607141		9.015975

		93000		4.655354		8.928268

		94000		4.705411		8.8697

		95000		10.06996		8.031588

		96000		9.620202		7.995791

		97000		9.720413		7.860507

		98000		9.816688		7.731143

		99000		15.261292		5.047017

		100000		14.630578		7.087052
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fe_atm_thruput

		throughput		data		for TCP		over ATM		and FE,		using		Linux		2.0.29		(stock,

		un-fixed		kernel)		on the		200MHz		machines.

				Throughput

		Pkt Size		FE/TCP		ATM/TCP

		1000		3.355705		2.702703

		2000		6.21118		4.514673

		3000		7.537688		4.823151

		4000		8.67679		5.617978

		5000		9.090909		5.995204

		6000		9.27357		7.092199

		7000		9.817672		7.882883

		8000		10.050251		8.316008

		9000		10.033445		8.219178

		10000		10.309278		9.082652

		11000		10.587103		9.683099

		12000		10.480349		9.569378

		13000		10.655738		9.833585

		14000		10.827533		10.35503

		15000		10.806916		10.980966

		16000		10.921502		11.111111

		17000		10.960671		10.960671

		18000		10.995724		11.063307

		19000		10.932106		11.494253

		20000		11.104942		11.743981

		21000		10.88647		11.871114

		22000		11.060835		11.733333

		23000		11.197663		12.118019

		24000		11.19403		12.506514

		25000		11.145787		12.658228

		26000		11.279826		12.440191

		27000		11.311269		12.711864

		28000		11.217949		12.968967

		29000		11.319282		13.163867

		30000		11.372252		12.981393

		31000		11.313869		13.030685

		32000		5.885599		11.41634

		33000		10.77727		3.302642

		34000		2.044744		3.402722

		35000		1.75		12.22067

		36000		3.649635		12.072435

		37000		3.751394		11.802233

		38000		3.855911		11.688711

		39000		3.897272		2.350955

		40000		4.057618		2.0007

		41000		4.157793		2.05082

		42000		4.197062		2.101681

		43000		4.362825		2.15

		44000		4.46338		4.66497

		45000		4.494606		4.49955

		46000		4.667208		4.601841

		47000		4.778851		4.716508

		48000		4.79904		5.093919

		49000		11.090991		4.907853

		50000		3.278044		5.002501

		51000		2.55051		5.105105

		52000		5.271161		13.468013

		53000		11.516732		13.25

		54000		11.550802		4.673706

		55000		11.574074		12.941176

		56000		11.570248		3.694663

		57000		11.538462		2.849288

		58000		11.579158		2.902903

		59000		11.561826		2.950738

		60000		11.540681		3.002552

		61000		11.596958		6.464604

		62000		11.588785		6.205585

		63000		11.561754		6.307569

		64000		11.61103		6.412183

		65000		11.282763		14.666065

		66000		11.583012		14.818141

		67000		4.147066		6.376094

		68000		6.892358		6.810215

		69000		7.006499		14.185855

		70000		7.002801		4.812981

		71000		7.20739		13.823988

		72000		7.309645		4.856661

		73000		11.627907		13.521022

		74000		5.464077		3.084104

		75000		7.609578		3.754505

		76000		7.718087		3.803613

		77000		7.706165		3.85289

		78000		7.924413		8.266214

		79000		8.020305		7.913453

		80000		8.006405		8.015229

		81000		11.3812		8.107297

		82000		6.526064		8.722476

		83000		4.157067		8.304152

		84000		8.522727		8.411776

		85000		11.643836		8.513622

		86000		6.858601		8.617234

		87000		9.011809		14.346966

		88000		11.660262		14.232573

		89000		11.41904		14.097893

		90000		11.68376		13.927577

		91000		11.648746		6.622035

		92000		11.657375		4.607141

		93000		11.687822		4.655354

		94000		11.66977		4.705411

		95000		11.656442		10.06996

		96000		5.925194		9.620202

		97000		11.464366		9.720413

		98000		11.65418		9.816688

		99000		11.685552		15.261292

		100000		11.683608		14.630578
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