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Introduction

This paper describes an implementation of distributing engineering services over the Internet2 infrastructure.  Specifically, we compare the run times of a wheelchair analysis of a Stanford University building distributing the engineering analysis over three computer networks:

· The internal Stanford University Network (SUNet).

· The traditional Internet backbone between Stanford and Illinois Institute of Technology (IIT) Main Campus.

· The Internet2 backbone between Stanford and the University of Illinois at Urbana-Champaign (UIUC).

From these comparisons, we gain a better understanding about the strengths and weaknesses of various elements of our implementation choices including the distributed object environment, the distributed analysis architecture, and the wheelchair simulation.  In addition, we discuss the advantages or lack thereof of the Internet2 backbone over the traditional Internet.

The Distributed Architecture

This study extends the work presented in [1] and [2] that describe an architecture to distribute engineering services over the Internet.  Figure 1 illustrates the three-tiered distributed architecture:

· The first tier consists of a common communication protocol which allows the services to communicate with each other.

· The second tier consists of an optional common product model interface.

· The third tier holds the actual analysis module of the service.

The prototype uses CORBA for its distributed communication protocol, and most of the services are implemented using the Java programming language [3].  Note that services can register with other services to aggregate and form composite services.

Figure 2 shows the implemented services in the prototype.  For this Internet2 exercise, the study focused on the analysis of a Stanford University building for wheelchair accessibility (the Disabled Access Analysis Service shown in the middle of Figure 2).

Figure 3 shows the decomposition of the composite wheelchair analysis service.  The building model is decomposed at each service module by architectural function (building, story, and space), and the leaf service, a motion planner, generates paths among entry points of a space.  The composite service then takes the path segment information and attempts to construct a path through the entire building.  Figure 4 illustrates the calculate path for the Stanford University building between the entrance and a toilet in a bathroom.  This is the path calculated for this study.

Results

Figure 5 illustrates the distribution of the Disabled Access Analysis Service between Stanford University (SUNet) and the Illinois facilities (IIT for the non-I2 runs and UIUC for the I2 runs).  Before executing and comparing the SUNet-IIT and SUNet-UIUC runs, two preliminary benchmarks were established:

· A traceroute comparison among the machines used for an internal Stanford run of the analysis (ce-556k-pent-1.stanford.edu to ce-556k-sun-1.stanford.edu), the SUNet-IIT path (ce-556k-pent-1.stanford.edu to host54.cae.iit.edu), and the SUNet-UIUC path (ce-556k-pent-1.stanford.edu to ampere-ceg.uiuc.edu) shown in Table 1.

· The execution time of the internal SUNet run of the analysis shown in Table 2.

The comparison between the SUNet-IIT and SUNet-UIUC runs is summarized in the following tables:

· Table 3 shows the SUNet-IIT (non-Internet2 runs)

· Table 4 shows the SUNet-UIUC (Internet2 runs)

· Table 5 compares the averages of all three runs (the SUNet internal run, the SUNet-IIT run, and the SUNet-UIUC run.

As expected and as shown in Table 1, the traceroute time for the internal SUNet path is significantly faster than the SUNet-Illinois runs.  However, the traceroute times for the non-I2 and I2 paths are within about one percent of each other with the I2 path being only slightly faster.  As shown in Table 5 and paralleling the traceroute results, the average execution times of the non-I2 and I2 runs are similar (average times of 2,170 and 2,286 seconds respectively) with both being about twice as slow as the internal SUNet run (1,205 seconds).

Discussion

For the comparison test outlined in this study, no gain was realized using the Internet2 infrastructure comparing a run with a similar physical distance using the non-Internet2 infrastructure.  The overhead associated with the CORBA distributed object protocol can be ruled out as the overriding bottleneck since the internal SUNet run was twice as fast as the SUNet-Illinois runs.  In addition, the majority of the processing time takes place in the motion planning service, and this service is hosted by an SUNet server in all the runs.

More likely, the overriding bottleneck occurred at the termination points of the SUNet-UIUC run.  From the SUNet side, the 622 megabit Internet2 speeds could not be fully-realized: as shown in Table 1, the traceroute takes three hops along the 100 megabit SUNet infrastructure before reaching the Internet2 gateway.  On the UIUC side, the traceroute leaves the Internet2 backbone and takes four hops along the 10/100BaseT infrastructure.  Thus, the potential six-fold increase in speed along the Internet2 backbone is negated by the bottlenecks at the terminus points.

As demonstrated by this study, to fully-realize the potential speed of the Internet2 infrastructure for distributing engineering analysis services, the complete run between servers must be free of non-Internet2 bottlenecks.
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Table 1: Traceroutes from ce-556k-pent-1.stanford.edu (Internet2 hubs in italics).
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Table 2: Internal SUNet Wheelchair Analysis Runs
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Table 3: SUNet-IIT Wheelchair Analysis Runs
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Table 4: SUNet-UIUC (using Internet2) Wheelchair Analysis Runs
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Table 5: Comparison and summary of runs.
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Figure 1: The three-tiered distributed service architecture
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Figure 2: The prototype services
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Figure 3: The distribution of the Disabled Access Analysis services
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Figure 4: The calculated wheelchair route 
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Figure 5: The distribution of services
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		Check		elapsed:		0		0		0		0		0		0		2,117.36

		CI2-2

		----------

		Check		start:		Tue		Jul		25		12:18:20		PDT		2000

		puts		start:		Tue		Jul		25		12:19:06		PDT		2000

		puts		stop:		Tue		Jul		25		12:19:10		PDT		2000

		puts		elasped:		4.386

		Check:		performanceServer.analyze()

		Check		stop:		Tue		Jul		25		12:56:08		PDT		2000

		Check		elapsed:		0		0		0		0		0		0		2,268.24

		CI2-3

		----------

		Check		start:		Tue		Jul		25		13:04:41		PDT		2000

		puts		start:		Tue		Jul		25		13:05:27		PDT		2000

		puts		stop:		Tue		Jul		25		13:05:31		PDT		2000

		puts		elasped:		3.947

		Check:		performanceServer.analyze()

		Check		stop:		Tue		Jul		25		13:41:13		PDT		2000

		Check		elapsed:		0		0		0		0		0		0		2,191.46

		CI2-4

		----------

		Check		start:		Tue		Jul		25		13:42:40		PDT		2000

		puts		start:		Tue		Jul		25		13:43:25		PDT		2000

		puts		stop:		Tue		Jul		25		13:43:29		PDT		2000

		puts		elasped:		4.392

		Check:		performanceServer.analyze()

		Check		stop:		Tue		Jul		25		14:18:17		PDT		2000

		Check		elapsed:		0		0		0		0		0		0		2,137.51

		CI2-5

		----------

		Check		start:		Tue		Jul		25		14:20:26		PDT		2000

		puts		start:		Tue		Jul		25		14:21:11		PDT		2000

		puts		stop:		Tue		Jul		25		14:21:15		PDT		2000

		puts		elasped:		3.89

		Check:		performanceServer.analyze()

		Check		stop:		Tue		Jul		25		14:56:01		PDT		2000

		Check		elapsed:		0		0		0		0		0		0		2,135.31

		Check		elapsed		average:

		Check		elapsed		min:

		Check		elapsed		max:

		CNoI2-1

		----------

		Check		start:		Wed		Jul		26		15:13:22		PDT		2000

		puts		start:		Wed		Jul		26		15:14:07		PDT		2000

		puts		stop:		Wed		Jul		26		15:14:11		PDT		2000

		puts		elasped:		4.313

		Check:		performanceServer.analyze()

		Check		stop:		Wed		Jul		26		15:50:09		PDT		2000

		Check		elapsed:		0		0		0		0		0		0		2,207.31

		CNoI2-2

		----------

		Check		start:		Wed		Jul		26		14:31:32		PDT		2000

		puts		start:		Wed		Jul		26		14:32:18		PDT		2000

		puts		stop:		Wed		Jul		26		14:32:22		PDT		2000

		puts		elasped:		4.314

		Check:		performanceServer.analyze()

		Check		stop:		Wed		Jul		26		15:11:02		PDT		2000

		Check		elapsed:		0		0		0		0		0		0		2,369.58

		CNoI2-3

		----------

		Check		start:		Wed		Jul		26		13:50:59		PDT		2000

		puts		start:		Wed		Jul		26		13:51:45		PDT		2000

		puts		stop:		Wed		Jul		26		13:51:49		PDT		2000

		puts		elasped:		4.267

		Check:		performanceServer.analyze()

		Check		stop:		Wed		Jul		26		14:29:58		PDT		2000

		Check		elapsed:		0		0		0		0		0		0		2,338.73

		CNoI2-4

		----------

		Check		start:		Wed		Jul		26		13:12:15		PDT		2000

		puts		start:		Wed		Jul		26		13:13:00		PDT		2000

		puts		stop:		Wed		Jul		26		13:13:04		PDT		2000

		puts		elasped:		4.306

		Check:		performanceServer.analyze()

		Check		stop:		Wed		Jul		26		13:49:56		PDT		2000

		Check		elapsed:		0		0		0		0		0		0		2,260.92

		CNoI2-5

		----------

		Check		start:		Wed		Jul		26		12:26:24		PDT		2000

		puts		start:		Wed		Jul		26		12:27:54		PDT		2000

		puts		stop:		Wed		Jul		26		12:28:01		PDT		2000

		puts		elasped:		6.662

		Check:		performanceServer.analyze()

		Check		stop:		Wed		Jul		26		13:03:57		PDT		2000

		Check		elapsed:		0		0		0		0		0		0		2,253.18

		Check		elapsed		average:

		Check		elapsed		min:

		Check		elapsed		max:
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CAll

		SUNet runs

		Run 1

		Check		start:		Tue		Jul		25		15:06:29		PDT		2000

		Check		stop:		Tue		Jul		25		15:26:52		PDT		2000

		Check		elapsed:														1,222.75

		Run 2

		Check		start:		Wed		Jul		26		11:14:30		PDT		2000

		Check		stop:		Wed		Jul		26		11:36:28		PDT		2000

		Check		elapsed:														1,317.99

		Run 3

		Check		start:		Tue		Jul		25		17:51:23		PDT		2000

		Check		stop:		Tue		Jul		25		18:10:29		PDT		2000

		Check		elapsed:														1,146.28

		Run 4

		Check		start:		Wed		Jul		26		10:17:44		PDT		2000

		Check		stop:		Wed		Jul		26		10:36:54		PDT		2000

		Check		elapsed:														1,149.89

		Run 5

		Check		start:		Wed		Jul		26		10:50:27		PDT		2000

		Check		stop:		Wed		Jul		26		11:10:13		PDT		2000

		Check		elapsed:														1,186.14

				SUNet runs																		SUNet-UIUC runs																		SUNet-IIT runs

		Check		elapsed		average:												1,204.61				elapsed		average:												2,285.94				elapsed		average:												2,169.97

		Check		elapsed		min:												1,146.28				elapsed		min:												2,207.31				elapsed		min:												2,117.36

		Check		elapsed		max:												1,317.99				elapsed		max:												2,369.58				elapsed		max:												2,268.24

		SUNet-IIT runs

		Run 1

		Check		start:		Tue		Jul		25		11:36:55		PDT		2000

		Check		stop:		Tue		Jul		25		12:12:12		PDT		2000

		Check		elapsed:														2,117.36

		Run 2

		Check		start:		Tue		Jul		25		12:18:20		PDT		2000

		Check		stop:		Tue		Jul		25		12:56:08		PDT		2000

		Check		elapsed:														2,268.24

		Run 3

		Check		start:		Tue		Jul		25		13:04:41		PDT		2000

		Check		stop:		Tue		Jul		25		13:41:13		PDT		2000

		Check		elapsed:														2,191.46

		Run 4

		Check		start:		Tue		Jul		25		13:42:40		PDT		2000

		Check		stop:		Tue		Jul		25		14:18:17		PDT		2000

		Check		elapsed:														2,137.51

		Run 5

		Check		start:		Tue		Jul		25		14:20:26		PDT		2000

		Check		stop:		Tue		Jul		25		14:56:01		PDT		2000

		Check		elapsed:														2,135.31

		Check

		Check

		Check

		SUNet-UIUC runs

		Run 1

		Check		start:		Wed		Jul		26		15:13:22		PDT		2000

		Check		stop:		Wed		Jul		26		15:50:09		PDT		2000

		Check		elapsed:														2,207.31

		Run 2

		Check		start:		Wed		Jul		26		14:31:32		PDT		2000

		Check		stop:		Wed		Jul		26		15:11:02		PDT		2000

		Check		elapsed:														2,369.58

		Run 3

		Check		start:		Wed		Jul		26		13:50:59		PDT		2000

		Check		stop:		Wed		Jul		26		14:29:58		PDT		2000

		Check		elapsed:														2,338.73

		Run 4

		Check		start:		Wed		Jul		26		13:12:15		PDT		2000

		Check		stop:		Wed		Jul		26		13:49:56		PDT		2000

		Check		elapsed:														2,260.92

		Run 5

		Check		start:		Wed		Jul		26		12:26:24		PDT		2000

		Check		stop:		Wed		Jul		26		13:03:57		PDT		2000

		Check		elapsed:														2,253.18

		Check

		Check

		Check
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		SUNet runs

		Run 1

		Check		start:		Tue		Jul		25		15:06:29		PDT		2000

		Check		stop:		Tue		Jul		25		15:26:52		PDT		2000

		Check		elapsed:														1,222.75

		Run 2

		Check		start:		Wed		Jul		26		11:14:30		PDT		2000

		Check		stop:		Wed		Jul		26		11:36:28		PDT		2000

		Check		elapsed:														1,317.99

		Run 3

		Check		start:		Tue		Jul		25		17:51:23		PDT		2000

		Check		stop:		Tue		Jul		25		18:10:29		PDT		2000

		Check		elapsed:														1,146.28

		Run 4

		Check		start:		Wed		Jul		26		10:17:44		PDT		2000

		Check		stop:		Wed		Jul		26		10:36:54		PDT		2000

		Check		elapsed:														1,149.89

		Run 5

		Check		start:		Wed		Jul		26		10:50:27		PDT		2000

		Check		stop:		Wed		Jul		26		11:10:13		PDT		2000

		Check		elapsed:														1,186.14

		Check		elapsed		average:												1,204.61

		Check		elapsed		min:												1,146.28

		Check		elapsed		max:												1,317.99

		SUNet-IIT runs

		Run 1

		Check		start:		Tue		Jul		25		11:36:55		PDT		2000

		Check		stop:		Tue		Jul		25		12:12:12		PDT		2000

		Check		elapsed:														2,117.36

		Run 2

		Check		start:		Tue		Jul		25		12:18:20		PDT		2000

		Check		stop:		Tue		Jul		25		12:56:08		PDT		2000

		Check		elapsed:														2,268.24

		Run 3

		Check		start:		Tue		Jul		25		13:04:41		PDT		2000

		Check		stop:		Tue		Jul		25		13:41:13		PDT		2000

		Check		elapsed:														2,191.46

		Run 4

		Check		start:		Tue		Jul		25		13:42:40		PDT		2000

		Check		stop:		Tue		Jul		25		14:18:17		PDT		2000

		Check		elapsed:														2,137.51

		Run 5

		Check		start:		Tue		Jul		25		14:20:26		PDT		2000

		Check		stop:		Tue		Jul		25		14:56:01		PDT		2000

		Check		elapsed:														2,135.31

		Check		elapsed		average:												2,169.97

		Check		elapsed		min:												2,117.36

		Check		elapsed		max:												2,268.24

		SUNet-UIUC runs

		Run 1

		Check		start:		Wed		Jul		26		15:13:22		PDT		2000

		Check		stop:		Wed		Jul		26		15:50:09		PDT		2000

		Check		elapsed:														2,207.31

		Run 2

		Check		start:		Wed		Jul		26		14:31:32		PDT		2000

		Check		stop:		Wed		Jul		26		15:11:02		PDT		2000

		Check		elapsed:														2,369.58

		Run 3

		Check		start:		Wed		Jul		26		13:50:59		PDT		2000

		Check		stop:		Wed		Jul		26		14:29:58		PDT		2000

		Check		elapsed:														2,338.73

		Run 4

		Check		start:		Wed		Jul		26		13:12:15		PDT		2000

		Check		stop:		Wed		Jul		26		13:49:56		PDT		2000

		Check		elapsed:														2,260.92

		Run 5

		Check		start:		Wed		Jul		26		12:26:24		PDT		2000

		Check		stop:		Wed		Jul		26		13:03:57		PDT		2000

		Check		elapsed:														2,253.18

		Check elapsed average						(secs):										2,285.94

		Check elapsed minimum						(secs):										2,207.31

		Check elapsed maximum						(secs):										2,369.58






_1026202971.xls
traceroute stanford

		Hops to CE-556K-Sun-1.Stanford.EDU				IP Address		msec		msec		msec

		1		CE-556K-Sun-1.Stanford.EDU		(171.64.54.78)		0.647		*		0.472

		Hops to host54.cae.iit.edu				IP Address		msec		msec		msec

		1		panama-gateway.Stanford.EDU		(171.64.52.1)		1.747		1.044		0.875

		2		Core4-gateway.Stanford.EDU		(171.64.3.82)		1.112		0.931		1.26

		3		i2-gateway.Stanford.EDU		(171.64.1.225)		0.72		0.818		0.712

		4		Core-gateway.Stanford.EDU		(171.64.1.210)		1.282		2.024		1.234

		5		sunet-gateway.Stanford.EDU		(171.64.1.36)		1.464		2.19		1.712

		6		f1-0-0.paloalto-cr18.bbnplanet.net		(198.31.10.2)		2.016		2.231		1.905

		7		p3-2.paloalto-nbr2.bbnplanet.net		(4.0.3.85)		3.104		3.986		2.958

		8		p1-0.paloalto-cr2.bbnplanet.net		(4.0.6.78)		3.056		1.942		3.011

		9		192.205.32.145		(192.205.32.145)		3.799		3.735		3.819

		10		gbr3-p50.sffca.ip.att.net		(12.123.13.66)		4.46		3.306		4.167

		11		gbr3-p20.cgcil.ip.att.net		(12.122.2.154)		52.25		51.888		52.654

		12		gbr1-p100.cgcil.ip.att.net		(12.122.1.154)		53.702		52.404		51.914

		13		ar3-a300s4.cgcil.ip.att.net		(12.123.4.57)		53.246		53.266		52.095

		14		12.127.229.202		(12.127.229.202)		56.825		57.211		53.393

		15		216.47.128.7		(216.47.128.7)		55.902		57.564		57.302

		16		host54.cae.iit.edu		(216.47.148.54)		55.926		*		55.523

		Hops to ampere.ceg.uiuc.edu				IP Address		msec		msec		msec

		1		panama-gateway.Stanford.EDU		(171.64.52.1)		1.542		1.011		0.942

		2		Core4-gateway.Stanford.EDU		(171.64.3.82)		0.894		0.762		0.844

		3		i2-gateway.Stanford.EDU		(171.64.1.225)		0.837		0.985		1.018

		4		STAN.POS.calren2.NET		(171.64.1.213)		1.011		0.795		0.93

		5		SUNV--STAN.POS.calren2.net		(198.32.249.73)		1.304		1.123		1.055

		6		abilene--QSV.POS.calren2.net		(198.32.249.62)		4.552		4.307		4.52

		7		dnvr-scrm.abilene.ucaid.edu		(198.32.8.2)		26.229		26.035		27.04

		8		kscy-dnvr.abilene.ucaid.edu		(198.32.8.14)		36.637		36.786		37.216

		9		ipls-kscy.abilene.ucaid.edu		(198.32.8.6)		45.827		45.641		46.28

		10		uiuc-abilene-net.gw.uiuc.edu		(192.17.10.21)		53.01		53.52		*

		11		t-exit1.gw.uiuc.edu		(128.174.0.226)		55.355		54.352		53.879

		12		t-world.gw.uiuc.edu		(128.174.1.225)		54.265		53.998		53.619

		13		128.174.213.1		(128.174.213.1)		54.895		55.198		54.273

		14		ampere.ceg.uiuc.edu		(130.126.121.197)		55.418		54.03		54.936






