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Testbed Setup

The performance of the TarantulaWEB server was measured while running under Windows NT 4.0 on a Pentium 200 MHz MMX system with 64 MB of memory. The computer was connected to the network via 10 Mbps Ethernet. The client was running on parker.eecs.berkeley.edu, a HP-UX 10.0 machine.

Large file transfer rate was performed on a different network, due to limitations of the performance testbed.  Namely the lack of another computer on the local network.  The loopback test was performed on a P2-350 with 160 MB of memory, a 10Mbps ethernet connection, and a SCSI storage device (this affects the rate at which data can be pulled from disk).  For the testing of file transferring across two computers on the same local network, the server was running on the same machine, and the client was a Pentium 166 MHz system with 64 MB of memory.

Memory Usage

The TarantulaWEB server was optimized to run under Windows NT. In this operating system, the web server occupies 1864 KB of memory initially, but varies in the ~2MB range over execution lifetime. This information was obtained using the Windows NT Task Manager.
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Performance Results
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A program known as ‘httperf 0.6’, developed by HP Labs researchers, David Mosberger and Tai Jin, was used to test our web server’s performance characteristics. With this tool, two key characteristics were tested, measured and analyzed. These are the reply rate and the reply response time versus request rate.

In the reply rate versus request rate chart, we can see an increasing reply rate from 85 to 115 replies per second as requests increase from 100 to 300 requests per second. As the number of requests increase, the replies increase. However, after 300 requests per second, performance drops sharply and averages about 50 replies per second. The remaining requests are unserviced since our server cannot handle that load.

In the response time versus request rate graph, for 100 to 300 requests per second, the response time is less than 100 ms. This is a reasonable response time. As the number of requests per second increases beyond 300 requests per second, the response time increases substantially and tops out at about 3000 ms per reply. This result indicates that the maximum recommended load for our server is 300 requests per second.  Please see chart 1 for an overview.

Maximum Simultaneous Clients

The maximum number of clients accessing the server simultaneously is less than 1022 clients. This information was obtained using the ‘httperf’ test program described above. The output of the tests that were run is available at the end of this document.

Average Throughput for Large Files
A 32 MByte file was transferred via our web server to test the average throughput. These tests were conducted under 3 conditions. First, to determine the upper bound on throughput, the file was transferred locally using Netscape Navigator 4 on the same machine that the server was running on. This yielded an average throughput of 1300 KB/s with a peak throughput of 1451 KB/s.

Second, the file was transferred between different hosts on the same subnet.  The average KB/s dropped to an average of 708 KB/s, and the peak dropped to an average peak of 862 KB/s.

Originally, we were going to try the same test with two machines on different subnets, but we realized this would be only testing the routing performance of the gateway in between, so we threw it out.

Please see the below charts for more information

Local Loop Back



32 MB
Avg. K/s
Peak K/s

Trial 1
1200
1324

Trial 2
1350
1529

Trial 3
1350
1499

AVG
1300
1451

STDEV
70
90

Across Hosts on Same Subnet



32 MB
Avg. K/s
Peak K/s

Trial 1
600
702

Trial 2
675
879

Trial 3
850
1006

AVG
708
862

STDEV
105
125

Captured ‘httperf’ output data

100

httperf --timeout=5 --client=0/1 --server=ckc-110-92.reshall.berkeley.edu --port=80 --uri=/testme.htm --rate=100 --send-buffer=4096 --recv-buffer=16384 --num-conns=6000 --num-calls=1

Maximum connect burst length: 246

Total: connections 5992 requests 5166 replies 5166 test-duration 60.002 s

Connection rate: 99.9 conn/s (10.0 ms/conn, <=272 concurrent connections)

Connection time [ms]: min 5.3 avg 74.5 max 3943.0 median 20.5 stddev 267.1

Connection time [ms]: connect 58.7

Connection length [replies/conn]: 1.000

Request rate: 86.1 req/s (11.6 ms/req)

Request size [B]: 92.0

Reply rate [replies/s]: min 52.6 avg 84.8 max 99.8 stddev 16.1 (11 samples)

Reply time [ms]: response 36.6 transfer 2.4

Reply size [B]: header 139.0 content 105.0 footer 0.0 (total 244.0)

Reply status: 1xx=0 2xx=5166 3xx=0 4xx=0 5xx=0

CPU time [s]: user 11.24 system 26.21 (user 18.7% system 43.7% total 62.4%)

Net I/O: 28.3 KB/s (0.2*10^6 bps)

Errors: total 834 client-timo 1 socket-timo 0 connrefused 825 connreset 0

Errors: fd-unavail 0 addrunavail 0 ftab-full 0 other 8

httperf --timeout=5 --client=0/1 --server=ckc-110-92.reshall.berkeley.edu --port=80 --uri=/testme.htm --rate=200 --send-buffer=4096 --recv-buffer=16384 --num-conns=12000 --num-calls=1

Maximum connect burst length: 97

--------------------------------------------------------------------------

200

Total: connections 12000 requests 6236 replies 6231 test-duration 64.972 s

Connection rate: 184.7 conn/s (5.4 ms/conn, <=1012 concurrent connections)

Connection time [ms]: min 5.0 avg 67.2 max 2371.6 median 50.5 stddev 71.1

Connection time [ms]: connect 174.8

Connection length [replies/conn]: 1.000

Request rate: 96.0 req/s (10.4 ms/req)

Request size [B]: 92.0

Reply rate [replies/s]: min 0.0 avg 103.8 max 138.2 stddev 52.2 (12 samples)

Reply time [ms]: response 52.2 transfer 2.7

Reply size [B]: header 139.0 content 105.0 footer 0.0 (total 244.0)

Reply status: 1xx=0 2xx=6231 3xx=0 4xx=0 5xx=0

CPU time [s]: user 10.42 system 40.64 (user 16.0% system 62.6% total 78.6%)

Net I/O: 31.5 KB/s (0.3*10^6 bps)

Errors: total 5769 client-timo 1908 socket-timo 0 connrefused 3861 connreset 0

Errors: fd-unavail 0 addrunavail 0 ftab-full 0 other 0

httperf --timeout=5 --client=0/1 --server=ckc-110-92.reshall.berkeley.edu --port=80 --uri=/testme.htm --rate=300 --send-buffer=4096 --recv-buffer=16384 --num-conns=18000 --num-calls=1

Maximum connect burst length: 1000

--------------------------------------------------------------------------

300

Total: connections 17948 requests 7048 replies 7048 test-duration 60.823 s

Connection rate: 295.1 conn/s (3.4 ms/conn, <=1022 concurrent connections)

Connection time [ms]: min 17.2 avg 245.7 max 5126.9 median 54.5 stddev 608.0

Connection time [ms]: connect 273.1

Connection length [replies/conn]: 1.000

Request rate: 115.9 req/s (8.6 ms/req)

Request size [B]: 92.0

Reply rate [replies/s]: min 34.2 avg 116.6 max 142.0 stddev 32.7 (11 samples)

Reply time [ms]: response 113.4 transfer 30.5

Reply size [B]: header 139.0 content 105.0 footer 0.0 (total 244.0)

Reply status: 1xx=0 2xx=7048 3xx=0 4xx=0 5xx=0

CPU time [s]: user 8.72 system 36.68 (user 14.3% system 60.3% total 74.6%)

Net I/O: 38.0 KB/s (0.3*10^6 bps)

Errors: total 10952 client-timo 308 socket-timo 0 connrefused 10592 connreset 0

Errors: fd-unavail 52 addrunavail 0 ftab-full 0 other 0

httperf --timeout=5 --client=0/1 --server=ckc-110-92.reshall.berkeley.edu --port=80 --uri=/testme.htm --rate=400 --send-buffer=4096 --recv-buffer=16384 --num-conns=24000 --num-calls=1

Maximum connect burst length: 5183

--------------------------------------------------------------------------

400

Total: connections 12439 requests 478 replies 437 test-duration 63.715 s

Connection rate: 195.2 conn/s (5.1 ms/conn, <=1022 concurrent connections)

Connection time [ms]: min 59.4 avg 2248.3 max 11205.8 median 661.5 stddev 2931.6

Connection time [ms]: connect 1821.1

Connection length [replies/conn]: 1.000

Request rate: 7.5 req/s (133.3 ms/req)

Request size [B]: 92.0

Reply rate [replies/s]: min 0.0 avg 7.3 max 48.8 stddev 14.5 (12 samples)

Reply time [ms]: response 1341.3 transfer 70.4

Reply size [B]: header 139.0 content 105.0 footer 0.0 (total 244.0)

Reply status: 1xx=0 2xx=437 3xx=0 4xx=0 5xx=0

CPU time [s]: user 4.08 system 32.34 (user 6.4% system 50.8% total 57.2%)

Net I/O: 2.3 KB/s (0.0*10^6 bps)

Errors: total 23563 client-timo 3958 socket-timo 0 connrefused 8042 connreset 2

Errors: fd-unavail 11561 addrunavail 0 ftab-full 0 other 0

httperf --timeout=5 --client=0/1 --server=ckc-110-92.reshall.berkeley.edu --port=80 --uri=/testme.htm --rate=500 --send-buffer=4096 --recv-buffer=16384 --num-conns=30000 --num-calls=1

Maximum connect burst length: 5173

--------------------------------------------------------------------------

500

Total: connections 19239 requests 3955 replies 2645 test-duration 61.050 s

Connection rate: 315.1 conn/s (3.2 ms/conn, <=1022 concurrent connections)

Connection time [ms]: min 17.2 avg 2998.4 max 11499.2 median 2891.5 stddev 2643.2

Connection time [ms]: connect 1027.8

Connection length [replies/conn]: 1.000

Request rate: 64.8 req/s (15.4 ms/req)

Request size [B]: 92.0

Reply rate [replies/s]: min 0.0 avg 46.2 max 128.0 stddev 46.9 (11 samples)

Reply time [ms]: response 1895.7 transfer 70.9

Reply size [B]: header 139.0 content 105.0 footer 0.0 (total 244.0)

Reply status: 1xx=0 2xx=2645 3xx=0 4xx=0 5xx=0

CPU time [s]: user 5.46 system 37.59 (user 8.9% system 61.6% total 70.5%)

Net I/O: 16.1 KB/s (0.1*10^6 bps)

Errors: total 27355 client-timo 1917 socket-timo 0 connrefused 14100 connreset 577

Errors: fd-unavail 10761 addrunavail 0 ftab-full 0 other 0

httperf --timeout=5 --client=0/1 --server=ckc-110-92.reshall.berkeley.edu --port=80 --uri=/testme.htm --rate=600 --send-buffer=4096 --recv-buffer=16384 --num-conns=36000 --num-calls=1

Maximum connect burst length: 1077

--------------------------------------------------------------------------

600

Total: connections 27000 requests 5116 replies 4221 test-duration 62.448 s

Connection rate: 432.4 conn/s (2.3 ms/conn, <=1022 concurrent connections)

Connection time [ms]: min 46.2 avg 3480.5 max 6638.2 median 3522.5 stddev 1431.1

Connection time [ms]: connect 678.8

Connection length [replies/conn]: 1.000

Request rate: 81.9 req/s (12.2 ms/req)

Request size [B]: 92.0

Reply rate [replies/s]: min 10.4 avg 63.7 max 125.3 stddev 41.0 (12 samples)

Reply time [ms]: response 2311.9 transfer 29.5

Reply size [B]: header 138.0 content 105.0 footer 0.0 (total 243.0)

Reply status: 1xx=0 2xx=4185 3xx=0 4xx=0 5xx=36

CPU time [s]: user 8.13 system 40.83 (user 13.0% system 65.4% total 78.4%)

Net I/O: 23.5 KB/s (0.2*10^6 bps)

Errors: total 31779 client-timo 305 socket-timo 0 connrefused 21579 connreset 895

Errors: fd-unavail 9000 addrunavail 0 ftab-full 0 other 0

httperf --timeout=5 --client=0/1 --server=ckc-110-92.reshall.berkeley.edu --port=80 --uri=/testme.htm --rate=700 --send-buffer=4096 --recv-buffer=16384 --num-conns=42000 --num-calls=1

Maximum connect burst length: 2031

--------------------------------------------------------------------------

700

Total: connections 15869 requests 8401 replies 5008 test-duration 62.302 s

Connection rate: 254.7 conn/s (3.9 ms/conn, <=1022 concurrent connections)

Connection time [ms]: min 2155.1 avg 5275.9 max 8555.6 median 5500.5 stddev 1510.0

Connection time [ms]: connect 1565.0

Connection length [replies/conn]: 1.000

Request rate: 134.8 req/s (7.4 ms/req)

Request size [B]: 92.0

Reply rate [replies/s]: min 6.4 avg 75.4 max 110.0 stddev 30.1 (12 samples)

Reply time [ms]: response 2601.6 transfer 55.6

Reply size [B]: header 139.0 content 105.0 footer 0.0 (total 244.0)

Reply status: 1xx=0 2xx=5008 3xx=0 4xx=0 5xx=0

CPU time [s]: user 7.93 system 38.73 (user 12.7% system 62.2% total 74.9%)

Net I/O: 31.3 KB/s (0.3*10^6 bps)

Errors: total 36992 client-timo 329 socket-timo 0 connrefused 7261 connreset 3271

Errors: fd-unavail 26131 addrunavail 0 ftab-full 0 other 0

httperf --timeout=5 --client=0/1 --server=ckc-110-92.reshall.berkeley.edu --port=80 --uri=/testme.htm --rate=800 --send-buffer=4096 --recv-buffer=16384 --num-conns=48000 --num-calls=1

Maximum connect burst length: 4456

--------------------------------------------------------------------------

800

Total: connections 14692 requests 6429 replies 3566 test-duration 65.902 s

Connection rate: 222.9 conn/s (4.5 ms/conn, <=1022 concurrent connections)

Connection time [ms]: min 22.9 avg 5032.9 max 9240.6 median 5156.5 stddev 1495.6

Connection time [ms]: connect 1549.1

Connection length [replies/conn]: 1.000

Request rate: 97.6 req/s (10.3 ms/req)

Request size [B]: 92.0

Reply rate [replies/s]: min 0.0 avg 54.7 max 114.2 stddev 37.9 (13 samples)

Reply time [ms]: response 2527.2 transfer 0.0

Reply size [B]: header 139.0 content 105.0 footer 0.0 (total 244.0)

Reply status: 1xx=0 2xx=3566 3xx=0 4xx=0 5xx=0

CPU time [s]: user 6.86 system 38.61 (user 10.4% system 58.6% total 69.0%)

Net I/O: 21.7 KB/s (0.2*10^6 bps)

Errors: total 44434 client-timo 2297 socket-timo 0 connrefused 6638 connreset 2191

Errors: fd-unavail 33308 addrunavail 0 ftab-full 0 other 0

httperf --timeout=5 --client=0/1 --server=ckc-110-92.reshall.berkeley.edu --port=80 --uri=/testme.htm --rate=900 --send-buffer=4096 --recv-buffer=16384 --num-conns=54000 --num-calls=1

Maximum connect burst length: 3253

--------------------------------------------------------------------------

900

Total: connections 23595 requests 4118 replies 3524 test-duration 63.231 s

Connection rate: 373.2 conn/s (2.7 ms/conn, <=1022 concurrent connections)

Connection time [ms]: min 337.4 avg 3667.7 max 9822.2 median 3440.5 stddev 1330.1

Connection time [ms]: connect 1193.2

Connection length [replies/conn]: 1.000

Request rate: 65.1 req/s (15.4 ms/req)

Request size [B]: 92.0

Reply rate [replies/s]: min 2.0 avg 48.2 max 101.6 stddev 39.0 (12 samples)

Reply time [ms]: response 2240.6 transfer 52.4

Reply size [B]: header 136.0 content 106.0 footer 0.0 (total 242.0)

Reply status: 1xx=0 2xx=3402 3xx=0 4xx=0 5xx=122

CPU time [s]: user 8.02 system 39.28 (user 12.7% system 62.1% total 74.8%)

Net I/O: 19.1 KB/s (0.2*10^6 bps)

Errors: total 50476 client-timo 380 socket-timo 0 connrefused 19097 connreset 594

Errors: fd-unavail 30405 addrunavail 0 ftab-full 0 other 0

httperf --timeout=5 --client=0/1 --server=ckc-110-92.reshall.berkeley.edu --port=80 --uri=/testme.htm --rate=1000 --send-buffer=4096 --recv-buffer=16384 --num-conns=60000 --num-calls=1

Maximum connect burst length: 6679

--------------------------------------------------------------------------

1000

Total: connections 15854 requests 5147 replies 2533 test-duration 63.712 s

Connection rate: 248.8 conn/s (4.0 ms/conn, <=1022 concurrent connections)

Connection time [ms]: min 1318.0 avg 6281.6 max 10260.1 median 6433.5 stddev 1478.2

Connection time [ms]: connect 1623.0

Connection length [replies/conn]: 1.000

Request rate: 80.8 req/s (12.4 ms/req)

Request size [B]: 92.0

Reply rate [replies/s]: min 0.0 avg 41.8 max 100.7 stddev 31.2 (12 samples)

Reply time [ms]: response 2699.2 transfer 8.3

Reply size [B]: header 139.0 content 105.0 footer 0.0 (total 244.0)

Reply status: 1xx=0 2xx=2533 3xx=0 4xx=0 5xx=0

CPU time [s]: user 6.75 system 41.03 (user 10.6% system 64.4% total 75.0%)

Net I/O: 16.7 KB/s (0.1*10^6 bps)

Errors: total 57467 client-timo 1683 socket-timo 0 connrefused 9364 connreset 2274

Errors: fd-unavail 44146 addrunavail 0 ftab-full 0 other 0

httperf --timeout=5 --client=0/1 --server=ckc-110-92.reshall.berkeley.edu --port=80 --uri=/testme.htm --rate=1100 --send-buffer=4096 --recv-buffer=16384 --num-conns=66000 --num-calls=1

Maximum connect burst length: 7489
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Chart 1: performance results overview
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