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Abstract

One good quantitative means of gauging research progress is through like-for-like comparative evaluation of software implementations and algorithms.  However, a notable omission from the work in the new field of electronic contracting, is a standard means of evaluating performance of the components used for contract consistency-checking and monitoring, against earlier approaches.  In this paper we propose a benchmark for assessing the efficiency of such components.  We define a replicable experimental framework and use it to test a basic but expressive contract assessment prototype, Edee.  Edee’s execution metrics set the bar for other contract assessment approaches.  We hope that this experimental framework will stimulate researchers in the e‑contracting community to develop competing data models and algorithms and raise the bar for time and space efficiency of contract checking and monitoring software.

1 Introduction

There has been much recent work on electronic contracting, but we are not aware of any research that evaluates contract-checking efficiency on meaningful tasks.  If the state of the art in this field is to advance, objective means are required of assessing the performance of competing implementations on a standard problem set of reasonable complexity.

This paper begins with an overview of related work in e-contracting (Section 2), highlighting the absence of a yardstick for quantitative comparison.   Section 3 then sets out the experimental framework we propose for benchmarking in the community.  In Section 4, we record the performance of our own implementation, Edee, using the proposed testing methodology.   We conclude with a set of opportunities for improvement in our architecture, and research challenges for the field as a whole.

2 Related Work

Past research in general rule-based performance assessment (§2.1) and in e‑contracting (§2.2) pertains:

2.1 General Performance Assessment Benchmarks

Performance benchmarks from the fields of event monitoring, active databases, view containment-checking, and expert systems are not appropriate for e‑contracting environments, since these approaches do not express conflicts and violations, and do not keep event histories that are essential for contract-checking purposes.

E‑contracting environments would under-perform against existing event monitoring and active database systems (e.g. [4, 8, 10, 21]) which monitor for low-level system and database events.  The most efficient event-monitoring approaches may detect up to 600 events per second against 6 million subscriptions held in RAM [10].  Such approaches treat events as transient, held briefly in memory rather than stored in a database, with rudimentary event types [1, p18], and event attributes being simple string values only.  Event monitors are less expressive than expert systems approaches, which perform slowly as they indulge in more complex inferencing.

In the database view literature, the MiniCon containment-checking algorithm – demonstrably more scalable than the Bucket and Inverse-Rules approaches [23] – is able to check a query against 1000 views (named queries) in less than one second.  MiniCon is targeted at the data integration problem, and rewrites queries in terms of a maximal union of conjunctive queries over available views.  Though it could be relevant, it has not been applied to the challenge of contract consistency-checking.

Expert system benchmarks use artificial intelligence problems with small, static rule sets.  Typical commercial rule engines (e.g. [5, 13]) use tests such as the NASA Monkeys & Bananas example as their benchmark.  ILOG claims to solve this problem in less than 10 minutes [13].  Problems mentioned in the academic expert systems literature include finding optimal seating arrangements for guests at a dinner party (‘Manners’ benchmark), labelling lines for simple scenes (‘Waltz’), designing computer chip circuitry (‘Weaver’), or determining the lowest-cost route plan for an aeroplane (‘ARP’) [7].  The basic ‘Manners’ benchmark uses only 8 rules, while the ‘Waltz’ benchmark uses 33 rules.  The most complex of the benchmarks, ‘Weaver’, uses 1831 facts and 637 rules; it compiles to a rigid constraint network in 2-3 hours and executes in just over 11 minutes.  Commercial contract evaluation scenarios, with large numbers of dynamic and conflicting rules cannot be meaningfully assessed against these fixed object-pattern matching application benchmarks, which bear scant relation to workflow scenarios.  For contract monitoring and checking, both object-pattern (check if item is covered by a provision) and dynamic pattern-pattern matching (check if provisions overlap) are required.  In commercial trade environments, occurrences must be assessed against a large and periodically changing number of applicable provisions, and in the light of complex historical circumstances.

2.2 E-Contracting

A multitude of electronic contracting approaches exist: (e.g. [6, 9, 11, 12, 14 - 20, 22, 24, 27] - see [1] for a detailed review of these and others).  However, most of these approaches cannot express or detect conflicting provisions, and many cannot monitor for contract violations.  Furthermore, none of these existing approaches specify metrics for assessing the efficiency of contract consistency-checking and monitoring.  Previous contract assessment work has been based on small, single contracts.  Lee and co-workers [6] have implemented a Petri-Net-based trade procedure executor, whilst Daskalopulu and colleagues [9] provide a finite-state-machine-based conceptual framework for assessment of a small number of obligations (i.e. 2 or 3).  Previous work has focused on developing small-scale conceptual solutions to the problem, rather than on studying actual performance of implementations.  In the field of legal expert systems, Sergot et al [138], using the relatively limited computing resources available at the time, showed in Prolog that the citizenship of an individual could be determined on the basis of approximately 500 rules of legislation.  Performance figures were not provided.  We are not aware of any experimental studies of algorithms for ascertaining contract status or for determining the implications of business occurrences on contract consistency during workflow execution.  We believe our evaluation framework (§3) is a significant contribution that fills a void in previous work on this topic.

3 Experimental Framework

An experimental framework for e‑contract checking should begin with a practical, albeit stylized, example.  Take the following trace of a realistic contracting and operational scenario:

Scenario A:

Provision 1:
SkyHi is obliged to pay Steelmans $25,000.

Provision 2:
Payments of more than $10,000 to a supplier are prohibited.

Fact 1:
Steelmans is a supplier.

Fact 2:
SkyHi pays Steelmans $25,000.

In terms of contract checking, an effective component should quickly notice that the obligation in Provision 1 conflicts with the prohibition in Provision 2 (though this conflict only becomes evident when Fact 1 comes to light).  Regarding contract monitoring, the component should rapidly flag that Fact 2 violates the prohibition in Provision 2 (and, simultaneously, fulfils the obligation in Provision 1).  At a minimum, e‑contracting software should have the expressiveness to assess (check and monitor) Scenario A above.  Taking this as our basis for understanding contract assessment, let us now investigate an experimental setup that will exercise e‑contract monitoring approaches.  The methodology and metrics used are as follows:

3.1 Methodology

Our intention is to exercise conflict detectors and violation monitors quite strenuously by generating a scenario set containing hundreds of intermingled variants of the provisions and facts (and hence conflicts and violations) in Scenario A above.  We make use of a biased quasi-random provision, occurrence (i.e. fact), and entity generator in order to achieve this; this creates an interesting mix of provisions, and a good spread of occurrence and entity types, with some common types predominating, as would be expected in real business scenarios.  The randomizer ensures that:

Approximately 50% of provisions are obligations, and 50% are prohibitions.  Obligations are generated following a general schema for obligations and prohibitions.  That is, obligations are “to (some occurrence) (some amount) to (some participant)” (an instance of this schema would be the obligation in Provision 1 above: “to pay $25,000 to Steelmans”).  Similarly, prohibitions are constructed following the template “against (more-than/less-than) (some amount) (some role) to (some role)”, which builds instances like the prohibition in Provision 2 above: “against more-than $10,000 paid to a supplier”.  Approximately 50% of comparisons are more-than and 50% are less-than.

Approximately 20% of workflow occurrences (i.e. facts) are one of 2 types (being_supplier as in Fact 1 above, and paying as in Fact 2 above), 20% of occurrences are of 4 types, a further 20% of occurrence are one of 4 additional types, another 20% of occurrences are also one of 4 further types, and the final 20% of occurrences are one of a million types. 

Approximately 20% of participants are one of 2 individuals (SkyHi and Steelmans from Scenario A above), 20% of participants are one of 4 individuals, a further 20% of participants are one of 4 additional individuals, another 20% of participants are also one of 4 further individuals, and the final 20% of participants are one of a million individuals.

Numbers (amounts) are arbitrarily chosen floating-point numbers, between 0 and 1,000,000.

3.2 Metrics

For our experiments we need to record:

Time

We need to record both the time taken to insert and conflict-check provisions in seconds, and the time taken to insert and monitor occurrences, in seconds.  Varying occurrence-insertion batch sizes (e.g. batch-size 1 vs. batch-size 50) could be measured.

Space

We need to determine the space used by the contract assessment engine for storing provisions and occurrences, recorded as size-on-disk in megabytes.

Conflicts

We should note the number of conflicts detected between individual obligations and prohibitions.  This is used to show that the assessment engine is effective (and not only time and space efficient).

4 Tests and Results

Our contract consistency checking and monitoring prototype is called Edee.  Edee’s implementation and architecture are detailed in our earlier work [1, 2].  Contractual provisions are appendable on a provision-by-provision basis, to support a fine granularity of update.  A coverage-checking component [3] looks for conflicting contractual provisions (contract checking) and flags violations (contract monitoring).  Following is the exact hardware and software configuration employed, and the results of our tests.

4.1 Experimental Setup: Hardware and Software

Our algorithm was implemented in Java, and we undertook multiple runs on diverse platforms.  Table 1 provides the detailed hardware and software specifications of the machines used for our tests.

	Machine Name
	Operating System
	Database
	Java
	CPU(s)
	Memory

	Teme
	Windows 2000 Pro
	Microsoft Access 2000
	1.3.0
	800 Mhz AMD Athlon
	256 MB

	Citadel
	Windows XP Pro
	Microsoft Access 2002
	1.4.0

(_01)
	500 Mhz Pentium III
	256 MB

	Jetset
	Windows 2000
	Microsoft Access 2000
	1.3.1
	500 Mhz Pentium III
	256 MB

	All Windows platforms employed Sun’s JDBC-ODBC driver, included with their respective Java distributions.

	Flute
	Red Hat Linux 7.2
	PostgreSQL 7.2.1
	1.4.0

(_01)
	1.4 Ghz AMD Athlon
	512 MB

	hot-spare-00 (elbe)
	Red Hat Linux 7.1
	PostgreSQL 7.0.3
	1.4.0

(_01)
	2 x 1.4 Ghz AMD Athlon
	2.5 GB

	hot-spare-01 (nidd)
	Red Hat Linux 7.1
	PostgreSQL 7.0.3
	1.4.0

(_01)
	2 x 1.4 Ghz AMD Athlon
	512 MB

	hot-spare-02 (loire)
	Red Hat Linux 7.2
	PostgreSQL 7.2.1
	1.4.0

(_01)
	2 x 1.4 Ghz AMD Athlon
	882 MB

	hot-spare-03 (lyd)
	Red Hat Linux 7.1
	PostgreSQL 7.0.3
	1.4.0

(_01)
	1.4 Ghz AMD Athlon
	878 MB

	Gargantubrain
	Red Hat Linux 7.1
	PostgreSQL 7.1.3-3
	1.4.1

beta
	4 x 800 Mhz Itanium
	16 GB

	All Unix platforms employed the Postgres JDBC driver that is included with the PostgreSQL 7.1 distribution.


Table 1: Specifications of machines used for experiments
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The same seed was used to propagate the random generator (§3.1) in all cases, aside from the tests on the machines citadel and jetset where a different seed was used for variety.  For researchers wishing to replicate the experiments and do a comparison to their own work, the Edee source code and parameters used for the experiments, and the detailed results from Edee execution on our platforms, can be obtained from http://www.cl.cam.ac.uk/~asa28/.

4.2 Raw Results

Following is a synopsis of Edee’s results, using the metrics proposed in Section 3.2 (see also [1]): 

Time

Figure 1 gives the average time in seconds per provision.  All results here pertain to a batch-size of 1.  Figure 2 shows the average time to input occurrences, as the number of provisions varies, for the best-performing machine, teme.  Figure 3 shows the average time to insert occurrences with 251 stored provisions, comparing batch-size 1 to batch-size 50.

Space

We periodically recorded size-on-disk for the Microsoft Access databases and found: 0.25MB for an empty database, 0.5MB for 10 provisions and 10 occurrences, and 95MB for 351 provisions and 200 occurrences.

Conflicts

Figure 4 shows the total conflicts detected as the number of provisions and occurrences vary. 

4.3 Analysis of Results

We have shown for the first time that contract performance assessment and dynamic validation is viable on medium-scale problems with hundreds of provisions, small event histories, and a high proportion of run-time conflicts.  Figure 4 shows that Edee successfully detects provisions coming into conflict with each other at run-time as new occurrences are added.

On the best performing machine, teme, it took an average of 280 seconds (almost 5 minutes) to individually insert and coverage-check a provision, when there were 351 provisions in the database.  Similarly, it took an average of 136 seconds (just over 2 minutes) to insert and coverage-check an occurrence, for 351 provisions and 500 stored occurrences.  For less-conflicting sets of provisions, performance is likely to be substantially better than this, as the main overhead is the storage of overlap relations between provisions.
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As expected, Figure 3 demonstrates that large batch sizes improve performance, though this leads to a lag in the detection of conflicts, when compared to coverage-checking of each provision or occurrence individually.

5 Conclusion

The eventual goal for e‑contracting engines should be to assess tens of thousands of occurrences against thousands of provisions within milliseconds.  Clearly the current Edee implementation is a long way from this target.  [image: image3.wmf]0
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However, we see significant opportunities for improving Edee’s performance on contract assessment tasks.  Firstly, implementation of a native active database layer within the database kernel should yield significantly better performance, and will need to be examined.  Mechanisms for reducing the storage space requirement for overlap relations between provisions should be investigated.  A possibility is to tag transitively related data with sequence numbers as the data is added to the database; this would allow faster determination of transitive closure.  We will need to reconsider the triple store (vertical schema) used by Edee [1, 2, 3], in search of a more efficient implementation with appropriate data structures.  Alternatively, special-purpose optimizations to relational database query planners, such as those recently suggested by Wang, Chang, and Padmanabhan for vertical schemas, could potentially reduce query execution time by up to 80% [26].  Further development of Edee – to improve its efficiency and user interface – is being pursued under the new name, Campace (Cambridge Policy Analysis and Checking Environment).  We have recently reimplemented Edee’s conflict-checker for Campace, using a combination of Prolog and C#, instead of Java, to capture and enforce the conflict detection rules.  The new implementation achieves a 60-fold performance improvement over the original.  Full source code of both our Java (Edee) and C#/Prolog (Campace) benchmark implementations are freely available at:  http://www.cl.cam.ac.uk/~asa28/
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As a final remark, our hope is that other implementers of e‑contracting engines will rise to the challenge of building software capable of representing and checking the practical scenario and experimental framework of Section 3.  The community can then objectively assess software against the benchmark set by the initial Edee prototype.
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Figure 1: Average time, in seconds per provision, �to insert and conflict-check provisions
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Figure 2: Average time, in seconds per occurrence, �to insert and assess occurrences
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Figure 3: Average time, in seconds per occurrence, �to insert and assess occurrences
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Figure 4: Total conflicts detected between individual prohibitions and obligations�
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Unique Identifiers

				SEED = 1029353288745. RUN NUMBER 1.  BATCH SIZE = 1.

				RUNNING ON MACHINE teme.  This test started at: Wed Aug 14 20:28:08 GMT+01:00 2002

				STARTING AT 0 PROVISIONS. (This number will be greater than zero if these results are restarting an earlier interrupted test).

				____________________________________________________________________________________________________

				TOTAL CONCEPTS IN DATABASE.

				This number is 'n'.  Theoretical maximum time and space requirements are 'n-squared' so squaring this number should give you an idea of scale factors for time and space requirements.

				Note that the maximum space/time complexity is therefore number of unique (provisions + queries + query_criteria +

				criteria_values + occurrences + roles + participants)^2 and *not* just (provisions + occurrences)^2 !

				(Each provisions contains an average of 10 queries with each query having 3 and 3 criteria-values.

				(Each occurrence contains an average of 3 roles and 3 participants).

						Number of Occurrences

						50		100		150		200		250		300		350		400		450		500

		Number of Provisions		1		190		302		418		538		663		794		907		1,029		1,141		1,263

				51		876		982		1,098		1,218		1,343		1,474		1,587		1,709		1,821		1,943

				101		1,508		1,612		1,723		1,843		1,968		2,099		2,212		2,334		2,446		2,568
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				201		2,869		2,973		3,072		3,167		3,287		3,418		3,531		3,653		3,765		3,887
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				301		4,195		4,299		4,398		4,493		4,606		4,716		4,822		4,944		5,056		5,178

				351		4,855		4,959		5,058		5,153		5,266		5,376		5,482		5,602		5,713		5,835
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Total Time Provisions

		

				SEED = 1029353288745. RUN NUMBER 1.  BATCH SIZE = 1.

				TOTAL TIME (IN SECONDS) TO ADD ALL PROVISIONS

						Machine Name

						teme		citadel		jetset		flute		hot-spare-00		hot-spare-01		hot-spare-02		hot-spare-03		gargantubrain

		Number of Provisions		1		2.5		4.1		2.8		2.3		1.8		1.8		1.0		2.0		2.5

				51		613.0		794.3		768.7		493.2		1,072.3		1,053.3		251.7		1,066.7		5,978.7

				101		2,806.4		3,872.1		3,885.1		3,792.3		38,436.2		38,275.1		2,712.9		38,402.6

				151		8,275.3		12,908.7		13,042.7		13,159.4						10,946.2

				201		18,546.9		32,606.8		33,748.6		34,852.2						30,414.0

				251		35,681.3		65,416.0		69,879.0		80,641.8						76,281.1

				301		61,343.2		114,650.3		118,250.7

				351		98,047.5		188,430.7		199,033.4



&LPage &P of &N&C&F
&D
&T&R&A



Total Time Provisions
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Avg Time Provisions

		

				SEED = 1029353288745. RUN NUMBER 1.  BATCH SIZE = 1.

				AVERAGE TIME (IN SECONDS PER PROVISION) TO ADD ALL PROVISIONS

						Machine Name

						teme		citadel		jetset		flute		hot-spare-00		hot-spare-01		hot-spare-02		hot-spare-03		gargantubrain

		Number of Provisions		1		2.5		4.1		2.8		2.3		1.8		1.8		1.0		2.0		2.5

				51		12.0		15.6		15.1		9.7		21.0		20.7		4.9		20.9		117.2

				101		27.8		38.3		38.5		37.5		380.6		379.0		26.9		380.2

				151		54.8		85.5		86.4		87.1						72.5

				201		92.3		162.2		167.9		173.4						151.3

				251		142.2		260.6		278.4		321.3						303.9

				301		203.8		380.9		392.9

				351		279.3		536.8		567.0
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Avg Time Provisions
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Total Time Occurrences

		

				SEED = 1029353288745. RUN NUMBER 1.  BATCH SIZE = 1.

				RUNNING ON MACHINE teme.  This test started at: Wed Aug 14 20:28:08 GMT+01:00 2002

				STARTING AT 0 PROVISIONS. (This number will be greater than zero if these results are restarting an earlier interrupted test).

				____________________________________________________________________________________________________

				TOTAL TIME (IN SECONDS) TO ADD OCCURRENCES

						Number of Occurrences

						50		100		150		200		250		300		350		400		450		500

		Number of Provisions		1		20		37		54		74		94		117		140		164		193		219

				51		232		389		587		863		1,092		1,339		1,579		1,793		2,113		2,412

				101		659		1,108		1,626		2,411		3,051		3,736		4,405		4,990		5,884		6,715

				151		1,522		2,527		3,407		4,748		6,082		7,536		8,866		10,118		11,955		13,591

				201		2,771		4,574		6,086		8,152		10,155		12,694		14,941		17,164		20,370		23,181

				251		4,343		7,207		9,618		12,788		15,686		18,609		22,032		25,313		30,233		34,459

				301		6,124		10,104		13,624		18,227		22,478		26,472		31,031		35,621		42,797		48,932

				351		8,577		14,463		19,382		25,860		31,956		37,627		43,884		49,989		59,647		68,285

				**********************************************************************************************************************************************************************

				**********************************************************************************************************************************************************************

				SEED = 1029353288745. RUN NUMBER 1.  BATCH SIZE = 50.

				RUNNING ON MACHINE teme.  This test started at: Mon Aug 19 20:33:48 GMT+01:00 2002

				STARTING AT 0 PROVISIONS. (This number will be greater than zero if these results are restarting an earlier interrupted test).

				____________________________________________________________________________________________________

				TOTAL TIME (IN SECONDS) TO ADD OCCURRENCES

						Number of Occurrences

						50		100		150		200		250		300		350		400		450		500

		Number of Provisions		1		5		20		31		45		61		78		95		111		131		154

				51		10		244		401		598		865		1,100		1,344		1,564		1,777		2,097

				101		12		664		1,119		1,671		2,486		3,197		3,932		4,582		5,206		6,076

				151		14		1,527		2,497		3,382		4,689		6,023		7,474		8,714		9,986		11,712

				201		16		2,789		4,556		6,116		8,104		10,149		12,682		14,794		17,028		20,061

				251		19		4,324		6,935		9,379		12,410		15,300		18,301		21,387		24,615		29,331

				301

				351

												Note: This graph compares total occurrence insertion time for different batch sizes

														with varying numbers of occurrences

														and a constant number of provisions (250 provisions)
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Avg Time Occurrences
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Total Space Provisions

		

				SEED = 1029353288745. RUN NUMBER 1.  BATCH SIZE = 1.

				RUNNING ON MACHINE teme.  This test started at: Wed Aug 14 20:28:08 GMT+01:00 2002

				STARTING AT 0 PROVISIONS. (This number will be greater than zero if these results are restarting an earlier interrupted test).

				____________________________________________________________________________________________________

				AVERAGE TIME (IN SECONDS PER OCCURRENCE) TO ADD OCCURRENCES

						Number of Occurrences

						50		100		150		200		250		300		350		400		450		500

		Number of Provisions		1		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4

				51		4.6		3.9		3.9		4.3		4.4		4.5		4.5		4.5		4.7		4.8

				101		13.2		11.1		10.8		12.1		12.2		12.5		12.6		12.5		13.1		13.4

				151		30.4		25.3		22.7		23.7		24.3		25.1		25.3		25.3		26.6		27.2

				201		55.4		45.7		40.6		40.8		40.6		42.3		42.7		42.9		45.3		46.4

				251		86.9		72.1		64.1		63.9		62.7		62.0		62.9		63.3		67.2		68.9

				301		122.5		101.0		90.8		91.1		89.9		88.2		88.7		89.1		95.1		97.9

				351		171.5		144.6		129.2		129.3		127.8		125.4		125.4		125.0		132.5		136.6

				**********************************************************************************************************************************************************************

				**********************************************************************************************************************************************************************

				SEED = 1029353288745. RUN NUMBER 1.  BATCH SIZE = 50.

				RUNNING ON MACHINE teme.  This test started at: Mon Aug 19 20:33:48 GMT+01:00 2002

				STARTING AT 0 PROVISIONS. (This number will be greater than zero if these results are restarting an earlier interrupted test).

				____________________________________________________________________________________________________

				AVERAGE TIME (IN SECONDS PER OCCURRENCE) TO ADD OCCURRENCES

						Number of Occurrences

						50		100		150		200		250		300		350		400		450		500

		Number of Provisions		1		0.1		0.2		0.2		0.2		0.2		0.3		0.3		0.3		0.3		0.3

				51		0.2		2.4		2.7		3.0		3.5		3.7		3.8		3.9		3.9		4.2

				101		0.2		6.6		7.5		8.4		9.9		10.7		11.2		11.5		11.6		12.2

				151		0.3		15.3		16.6		16.9		18.8		20.1		21.4		21.8		22.2		23.4

				201		0.3		27.9		30.4		30.6		32.4		33.8		36.2		37.0		37.8		40.1

				251		0.4		43.2		46.2		46.9		49.6		51.0		52.3		53.5		54.7		58.7

				301

				351

												Note: This graph compares average occurrence insertion time for different batch sizes

														with varying numbers of occurrences

														and a constant number of provisions (250 provisions)
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Total Space Occurrences
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Total Conflicts

		

				SEED = 1029353288745. RUN NUMBER 1.  BATCH SIZE = 1.

				TOTAL SPACE (ROWS IN EDEECOVERER) TO ADD ALL PROVISIONS

						Total Space

		Number of Provisions		1		7

				51		2,972

				101		12,572

				151		28,031

				201		49,007

				251		75,563

				301		107,949

				351		146,659

						I initially also plotted:

								Total Space (Theoretical Limit) - calculated as n-squared where n is the number of unique concepts in the database

								Average Space Per Provision (Theoretical Limit) - calculated as n, where n is the number of unique concepts in the database

						However, these figures were so high that it made it difficult to read the actual total and actual average figures, so I decided to take the theoretical figures out.

						Also, theoretical figures were only available for 50 occurrences (not 0 occurrences) so the results for 'n' would have been obscured by the fact that

						occurrences would be taken into consideration when they shouldn't be !

						Average Space Per Provision

		Number of Provisions		1		7

				51		58

				101		124

				151		186

				201		244

				251		301

				301		359

				351		418
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				SEED = 1029353288745. RUN NUMBER 1.  BATCH SIZE = 1.

				RUNNING ON MACHINE teme.  This test started at: Wed Aug 14 20:28:08 GMT+01:00 2002

				STARTING AT 0 PROVISIONS. (This number will be greater than zero if these results are restarting an earlier interrupted test).

				____________________________________________________________________________________________________

				TOTAL SPACE FOR ALL (COVERING DATA OF) OCCURRENCES.  METRIC IS NUMBER OF ROWS IN EDEECOVERER TABLE.

						Number of Occurrences

						50		100		150		200		250		300		350		400		450		500

		Number of Provisions		1		26		33		45		64		75		90		101		120		147		167

				51		687		1,183		1,717		2,423		2,972		3,544		4,115		4,595		5,308		5,921

				101		1,433		2,620		3,699		5,272		6,500		7,766		8,990		10,053		11,514		12,816

				151		2,331		4,326		5,578		7,325		9,036		10,832		12,559		14,109		16,217		18,043

				201		3,276		6,276		7,911		10,050		12,075		14,488		16,721		18,811		21,637		24,010

				251		4,150		7,913		10,200		12,781		15,051		17,390		20,169		22,708		26,174		29,030

				301		5,125		9,873		12,699		15,753		18,570		21,279		24,316		27,326		31,387		34,727

				351		6,502		12,969		16,325		19,925		23,451		26,780		30,351		33,838		38,556		42,486
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				SEED = 1029353288745. RUN NUMBER 1.  BATCH SIZE = 1.

				RUNNING ON MACHINE teme.  This test started at: Wed Aug 14 20:28:08 GMT+01:00 2002

				STARTING AT 0 PROVISIONS. (This number will be greater than zero if these results are restarting an earlier interrupted test).

				____________________________________________________________________________________________________

				TOTAL CONFLICTS DETECTED (with this number of provisions and occurrences)

				NOTE: This should be monotonically increasing (i.e. rows always increasing and columns always increasing) if the randomizer is working properly!

						Number of Occurrences

						50		100		150		200		250		300		350		400		450		500

		Number of Provisions		1		0		0		0		0		0		0		0		0		0		0

				51		1		4		5		5		5		5		5		5		5		5

				101		3		12		15		16		17		17		18		22		22		22

				151		12		31		39		42		44		45		50		56		57		57

				201		21		60		70		79		84		87		94		103		108		108

				251		27		73		91		102		109		115		127		136		143		143

				301		37		94		119		132		143		152		167		176		185		185

				351		57		151		179		197		217		231		250		264		273		274

				**********************************************************************************************************************************************************************

				**********************************************************************************************************************************************************************

				SEED = 1029353288745. RUN NUMBER 1.  BATCH SIZE = 50.

				RUNNING ON MACHINE teme.  This test started at: Mon Aug 19 20:33:48 GMT+01:00 2002

				STARTING AT 0 PROVISIONS. (This number will be greater than zero if these results are restarting an earlier interrupted test).

				____________________________________________________________________________________________________

				TOTAL CONFLICTS DETECTED (with this number of provisions and occurrences)

				NOTE: This should be monotonically increasing (i.e. rows always increasing and columns always increasing) if the randomizer is working properly!

						Number of Occurrences

						50		100		150		200		250		300		350		400		450		500

		Number of Provisions		1		0		0		0		0		0		0		0		0		0		0

				51		0		1		4		4		4		4		4		4		4		4

				101		0		3		12		16		16		17		17		18		22		22

				151		0		11		27		36		38		40		41		46		52		53

				201		0		22		60		75		78		83		86		93		102		107

				251		0		28		73		97		102		109		115		127		136		143

												Note: This graph compares total conflicts detected for different batch sizes

														with varying numbers of occurrences

														and a constant number of provisions (250 provisions)
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Unique Identifiers

				SEED = 1029353288745. RUN NUMBER 1.  BATCH SIZE = 1.

				RUNNING ON MACHINE teme.  This test started at: Wed Aug 14 20:28:08 GMT+01:00 2002

				STARTING AT 0 PROVISIONS. (This number will be greater than zero if these results are restarting an earlier interrupted test).

				____________________________________________________________________________________________________

				TOTAL CONCEPTS IN DATABASE.

				This number is 'n'.  Theoretical maximum time and space requirements are 'n-squared' so squaring this number should give you an idea of scale factors for time and space requirements.

				Note that the maximum space/time complexity is therefore number of unique (provisions + queries + query_criteria +

				criteria_values + occurrences + roles + participants)^2 and *not* just (provisions + occurrences)^2 !

				(Each provisions contains an average of 10 queries with each query having 3 and 3 criteria-values.

				(Each occurrence contains an average of 3 roles and 3 participants).

						Number of Occurrences

						50		100		150		200		250		300		350		400		450		500

		Number of Provisions		1		190		302		418		538		663		794		907		1,029		1,141		1,263

				51		876		982		1,098		1,218		1,343		1,474		1,587		1,709		1,821		1,943

				101		1,508		1,612		1,723		1,843		1,968		2,099		2,212		2,334		2,446		2,568

				151		2,200		2,304		2,403		2,506		2,631		2,762		2,875		2,997		3,109		3,231

				201		2,869		2,973		3,072		3,167		3,287		3,418		3,531		3,653		3,765		3,887

				251		3,559		3,663		3,762		3,857		3,970		4,085		4,198		4,320		4,432		4,554

				301		4,195		4,299		4,398		4,493		4,606		4,716		4,822		4,944		5,056		5,178

				351		4,855		4,959		5,058		5,153		5,266		5,376		5,482		5,602		5,713		5,835
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Total Time Provisions

		

				SEED = 1029353288745. RUN NUMBER 1.  BATCH SIZE = 1.

				TOTAL TIME (IN SECONDS) TO ADD ALL PROVISIONS

						Machine Name

						teme		citadel		jetset		flute		hot-spare-00		hot-spare-01		hot-spare-02		hot-spare-03		gargantubrain

		Number of Provisions		1		2.5		4.1		2.8		2.3		1.8		1.8		1.0		2.0		2.5

				51		613.0		794.3		768.7		493.2		1,072.3		1,053.3		251.7		1,066.7		5,978.7

				101		2,806.4		3,872.1		3,885.1		3,792.3		38,436.2		38,275.1		2,712.9		38,402.6

				151		8,275.3		12,908.7		13,042.7		13,159.4						10,946.2

				201		18,546.9		32,606.8		33,748.6		34,852.2						30,414.0

				251		35,681.3		65,416.0		69,879.0		80,641.8						76,281.1

				301		61,343.2		114,650.3		118,250.7

				351		98,047.5		188,430.7		199,033.4
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Total Time Provisions
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Avg Time Provisions

		

				SEED = 1029353288745. RUN NUMBER 1.  BATCH SIZE = 1.

				AVERAGE TIME (IN SECONDS PER PROVISION) TO ADD ALL PROVISIONS

						Machine Name

						teme		citadel		jetset		flute		hot-spare-00		hot-spare-01		hot-spare-02		hot-spare-03		gargantubrain

		Number of Provisions		1		2.5		4.1		2.8		2.3		1.8		1.8		1.0		2.0		2.5

				51		12.0		15.6		15.1		9.7		21.0		20.7		4.9		20.9		117.2

				101		27.8		38.3		38.5		37.5		380.6		379.0		26.9		380.2

				151		54.8		85.5		86.4		87.1						72.5

				201		92.3		162.2		167.9		173.4						151.3

				251		142.2		260.6		278.4		321.3						303.9

				301		203.8		380.9		392.9

				351		279.3		536.8		567.0
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Total Time Occurrences

		

				SEED = 1029353288745. RUN NUMBER 1.  BATCH SIZE = 1.

				RUNNING ON MACHINE teme.  This test started at: Wed Aug 14 20:28:08 GMT+01:00 2002

				STARTING AT 0 PROVISIONS. (This number will be greater than zero if these results are restarting an earlier interrupted test).

				____________________________________________________________________________________________________

				TOTAL TIME (IN SECONDS) TO ADD OCCURRENCES

						Number of Occurrences

						50		100		150		200		250		300		350		400		450		500

		Number of Provisions		1		20		37		54		74		94		117		140		164		193		219

				51		232		389		587		863		1,092		1,339		1,579		1,793		2,113		2,412

				101		659		1,108		1,626		2,411		3,051		3,736		4,405		4,990		5,884		6,715

				151		1,522		2,527		3,407		4,748		6,082		7,536		8,866		10,118		11,955		13,591

				201		2,771		4,574		6,086		8,152		10,155		12,694		14,941		17,164		20,370		23,181

				251		4,343		7,207		9,618		12,788		15,686		18,609		22,032		25,313		30,233		34,459

				301		6,124		10,104		13,624		18,227		22,478		26,472		31,031		35,621		42,797		48,932

				351		8,577		14,463		19,382		25,860		31,956		37,627		43,884		49,989		59,647		68,285

				**********************************************************************************************************************************************************************

				**********************************************************************************************************************************************************************

				SEED = 1029353288745. RUN NUMBER 1.  BATCH SIZE = 50.

				RUNNING ON MACHINE teme.  This test started at: Mon Aug 19 20:33:48 GMT+01:00 2002

				STARTING AT 0 PROVISIONS. (This number will be greater than zero if these results are restarting an earlier interrupted test).

				____________________________________________________________________________________________________

				TOTAL TIME (IN SECONDS) TO ADD OCCURRENCES

						Number of Occurrences

						50		100		150		200		250		300		350		400		450		500

		Number of Provisions		1		5		20		31		45		61		78		95		111		131		154

				51		10		244		401		598		865		1,100		1,344		1,564		1,777		2,097

				101		12		664		1,119		1,671		2,486		3,197		3,932		4,582		5,206		6,076

				151		14		1,527		2,497		3,382		4,689		6,023		7,474		8,714		9,986		11,712

				201		16		2,789		4,556		6,116		8,104		10,149		12,682		14,794		17,028		20,061

				251		19		4,324		6,935		9,379		12,410		15,300		18,301		21,387		24,615		29,331

				301

				351

												Note: This graph compares total occurrence insertion time for different batch sizes

														with varying numbers of occurrences

														and a constant number of provisions (250 provisions)



&LPage &P of &N&C&F
&D
&T&R&A



Total Time Occurrences

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0



1

51

101

151

201

251

301

351

Occurrences

Total Time in Seconds

Provisions

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Avg Time Occurrences
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Total Space Provisions

		

				SEED = 1029353288745. RUN NUMBER 1.  BATCH SIZE = 1.

				RUNNING ON MACHINE teme.  This test started at: Wed Aug 14 20:28:08 GMT+01:00 2002

				STARTING AT 0 PROVISIONS. (This number will be greater than zero if these results are restarting an earlier interrupted test).

				____________________________________________________________________________________________________

				AVERAGE TIME (IN SECONDS PER OCCURRENCE) TO ADD OCCURRENCES

						Number of Occurrences

						50		100		150		200		250		300		350		400		450		500

		Number of Provisions		1		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4

				51		4.6		3.9		3.9		4.3		4.4		4.5		4.5		4.5		4.7		4.8

				101		13.2		11.1		10.8		12.1		12.2		12.5		12.6		12.5		13.1		13.4

				151		30.4		25.3		22.7		23.7		24.3		25.1		25.3		25.3		26.6		27.2

				201		55.4		45.7		40.6		40.8		40.6		42.3		42.7		42.9		45.3		46.4

				251		86.9		72.1		64.1		63.9		62.7		62.0		62.9		63.3		67.2		68.9

				301		122.5		101.0		90.8		91.1		89.9		88.2		88.7		89.1		95.1		97.9

				351		171.5		144.6		129.2		129.3		127.8		125.4		125.4		125.0		132.5		136.6

				**********************************************************************************************************************************************************************

				**********************************************************************************************************************************************************************

				SEED = 1029353288745. RUN NUMBER 1.  BATCH SIZE = 50.

				RUNNING ON MACHINE teme.  This test started at: Mon Aug 19 20:33:48 GMT+01:00 2002

				STARTING AT 0 PROVISIONS. (This number will be greater than zero if these results are restarting an earlier interrupted test).

				____________________________________________________________________________________________________

				AVERAGE TIME (IN SECONDS PER OCCURRENCE) TO ADD OCCURRENCES

						Number of Occurrences

						50		100		150		200		250		300		350		400		450		500

		Number of Provisions		1		0.1		0.2		0.2		0.2		0.2		0.3		0.3		0.3		0.3		0.3

				51		0.2		2.4		2.7		3.0		3.5		3.7		3.8		3.9		3.9		4.2

				101		0.2		6.6		7.5		8.4		9.9		10.7		11.2		11.5		11.6		12.2

				151		0.3		15.3		16.6		16.9		18.8		20.1		21.4		21.8		22.2		23.4

				201		0.3		27.9		30.4		30.6		32.4		33.8		36.2		37.0		37.8		40.1

				251		0.4		43.2		46.2		46.9		49.6		51.0		52.3		53.5		54.7		58.7

				301

				351

												Note: This graph compares average occurrence insertion time for different batch sizes

														with varying numbers of occurrences

														and a constant number of provisions (250 provisions)
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Total Space Occurrences
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Total Conflicts

		

				SEED = 1029353288745. RUN NUMBER 1.  BATCH SIZE = 1.

				TOTAL SPACE (ROWS IN EDEECOVERER) TO ADD ALL PROVISIONS

						Total Space

		Number of Provisions		1		7

				51		2,972

				101		12,572

				151		28,031

				201		49,007

				251		75,563

				301		107,949

				351		146,659

						I initially also plotted:

								Total Space (Theoretical Limit) - calculated as n-squared where n is the number of unique concepts in the database

								Average Space Per Provision (Theoretical Limit) - calculated as n, where n is the number of unique concepts in the database

						However, these figures were so high that it made it difficult to read the actual total and actual average figures, so I decided to take the theoretical figures out.

						Also, theoretical figures were only available for 50 occurrences (not 0 occurrences) so the results for 'n' would have been obscured by the fact that

						occurrences would be taken into consideration when they shouldn't be !

						Average Space Per Provision

		Number of Provisions		1		7

				51		58

				101		124

				151		186

				201		244

				251		301

				301		359

				351		418
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				SEED = 1029353288745. RUN NUMBER 1.  BATCH SIZE = 1.

				RUNNING ON MACHINE teme.  This test started at: Wed Aug 14 20:28:08 GMT+01:00 2002

				STARTING AT 0 PROVISIONS. (This number will be greater than zero if these results are restarting an earlier interrupted test).

				____________________________________________________________________________________________________

				TOTAL SPACE FOR ALL (COVERING DATA OF) OCCURRENCES.  METRIC IS NUMBER OF ROWS IN EDEECOVERER TABLE.

						Number of Occurrences

						50		100		150		200		250		300		350		400		450		500

		Number of Provisions		1		26		33		45		64		75		90		101		120		147		167

				51		687		1,183		1,717		2,423		2,972		3,544		4,115		4,595		5,308		5,921

				101		1,433		2,620		3,699		5,272		6,500		7,766		8,990		10,053		11,514		12,816

				151		2,331		4,326		5,578		7,325		9,036		10,832		12,559		14,109		16,217		18,043

				201		3,276		6,276		7,911		10,050		12,075		14,488		16,721		18,811		21,637		24,010

				251		4,150		7,913		10,200		12,781		15,051		17,390		20,169		22,708		26,174		29,030

				301		5,125		9,873		12,699		15,753		18,570		21,279		24,316		27,326		31,387		34,727

				351		6,502		12,969		16,325		19,925		23,451		26,780		30,351		33,838		38,556		42,486
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				SEED = 1029353288745. RUN NUMBER 1.  BATCH SIZE = 1.

				RUNNING ON MACHINE teme.  This test started at: Wed Aug 14 20:28:08 GMT+01:00 2002

				STARTING AT 0 PROVISIONS. (This number will be greater than zero if these results are restarting an earlier interrupted test).

				____________________________________________________________________________________________________

				TOTAL CONFLICTS DETECTED (with this number of provisions and occurrences)

				NOTE: This should be monotonically increasing (i.e. rows always increasing and columns always increasing) if the randomizer is working properly!

						Number of Occurrences

						50		100		150		200		250		300		350		400		450		500

		Number of Provisions		1		0		0		0		0		0		0		0		0		0		0

				51		1		4		5		5		5		5		5		5		5		5

				101		3		12		15		16		17		17		18		22		22		22

				151		12		31		39		42		44		45		50		56		57		57

				201		21		60		70		79		84		87		94		103		108		108

				251		27		73		91		102		109		115		127		136		143		143

				301		37		94		119		132		143		152		167		176		185		185

				351		57		151		179		197		217		231		250		264		273		274

				**********************************************************************************************************************************************************************

				**********************************************************************************************************************************************************************

				SEED = 1029353288745. RUN NUMBER 1.  BATCH SIZE = 50.

				RUNNING ON MACHINE teme.  This test started at: Mon Aug 19 20:33:48 GMT+01:00 2002

				STARTING AT 0 PROVISIONS. (This number will be greater than zero if these results are restarting an earlier interrupted test).

				____________________________________________________________________________________________________

				TOTAL CONFLICTS DETECTED (with this number of provisions and occurrences)

				NOTE: This should be monotonically increasing (i.e. rows always increasing and columns always increasing) if the randomizer is working properly!

						Number of Occurrences

						50		100		150		200		250		300		350		400		450		500

		Number of Provisions		1		0		0		0		0		0		0		0		0		0		0

				51		0		1		4		4		4		4		4		4		4		4

				101		0		3		12		16		16		17		17		18		22		22

				151		0		11		27		36		38		40		41		46		52		53

				201		0		22		60		75		78		83		86		93		102		107

				251		0		28		73		97		102		109		115		127		136		143

												Note: This graph compares total conflicts detected for different batch sizes

														with varying numbers of occurrences

														and a constant number of provisions (250 provisions)
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Chart2
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		51		51		51		51		51		51		51		51		51
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		151		151		151		151		151		151		151		151		151

		201		201		201		201		201		201		201		201		201

		251		251		251		251		251		251		251		251		251

		301		301		301		301		301		301		301		301		301

		351		351		351		351		351		351		351		351		351
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Unique Identifiers

				SEED = 1029353288745. RUN NUMBER 1.  BATCH SIZE = 1.

				RUNNING ON MACHINE teme.  This test started at: Wed Aug 14 20:28:08 GMT+01:00 2002

				STARTING AT 0 PROVISIONS. (This number will be greater than zero if these results are restarting an earlier interrupted test).

				____________________________________________________________________________________________________

				TOTAL CONCEPTS IN DATABASE.

				This number is 'n'.  Theoretical maximum time and space requirements are 'n-squared' so squaring this number should give you an idea of scale factors for time and space requirements.

				Note that the maximum space/time complexity is therefore number of unique (provisions + queries + query_criteria +

				criteria_values + occurrences + roles + participants)^2 and *not* just (provisions + occurrences)^2 !

				(Each provisions contains an average of 10 queries with each query having 3 and 3 criteria-values.

				(Each occurrence contains an average of 3 roles and 3 participants).

						Number of Occurrences

						50		100		150		200		250		300		350		400		450		500

		Number of Provisions		1		190		302		418		538		663		794		907		1,029		1,141		1,263

				51		876		982		1,098		1,218		1,343		1,474		1,587		1,709		1,821		1,943

				101		1,508		1,612		1,723		1,843		1,968		2,099		2,212		2,334		2,446		2,568

				151		2,200		2,304		2,403		2,506		2,631		2,762		2,875		2,997		3,109		3,231

				201		2,869		2,973		3,072		3,167		3,287		3,418		3,531		3,653		3,765		3,887

				251		3,559		3,663		3,762		3,857		3,970		4,085		4,198		4,320		4,432		4,554

				301		4,195		4,299		4,398		4,493		4,606		4,716		4,822		4,944		5,056		5,178

				351		4,855		4,959		5,058		5,153		5,266		5,376		5,482		5,602		5,713		5,835
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Total Time Provisions

		

				SEED = 1029353288745. RUN NUMBER 1.  BATCH SIZE = 1.

				TOTAL TIME (IN SECONDS) TO ADD ALL PROVISIONS

						Machine Name

						teme		citadel		jetset		flute		hot-spare-00		hot-spare-01		hot-spare-02		hot-spare-03		gargantubrain

		Number of Provisions		1		2.5		4.1		2.8		2.3		1.8		1.8		1.0		2.0		2.5

				51		613.0		794.3		768.7		493.2		1,072.3		1,053.3		251.7		1,066.7		5,978.7

				101		2,806.4		3,872.1		3,885.1		3,792.3		38,436.2		38,275.1		2,712.9		38,402.6		235,319.5

				151		8,275.3		12,908.7		13,042.7		13,159.4		330,584.8		328,217.0		10,946.2		328,737.1

				201		18,546.9		32,606.8		33,748.6		34,852.2						30,414.0

				251		35,681.3		65,416.0		69,879.0		80,641.8						76,281.1

				301		61,343.2		114,650.3		118,250.7		166,717.8						155,840.9

				351		98,047.5		188,430.7		199,033.4		304,569.4						289,757.6

						Blank cells appear because tests on poorly-performing configurations were manually terminated at an early stage.
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Total Time Provisions
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Avg Time Provisions

		

				SEED = 1029353288745. RUN NUMBER 1.  BATCH SIZE = 1.

				AVERAGE TIME (IN SECONDS PER PROVISION) TO ADD ALL PROVISIONS

						Machine Name

						teme		citadel		jetset		flute		hot-spare-00		hot-spare-01		hot-spare-02		hot-spare-03		gargantubrain

		Number of Provisions		1		2.5		4.1		2.8		2.3		1.8		1.8		1.0		2.0		2.5

				51		12.0		15.6		15.1		9.7		21.0		20.7		4.9		20.9		117.2

				101		27.8		38.3		38.5		37.5		380.6		379.0		26.9		380.2		2329.9

				151		54.8		85.5		86.4		87.1		2189.3		2173.6		72.5		2177.1

				201		92.3		162.2		167.9		173.4						151.3

				251		142.2		260.6		278.4		321.3						303.9

				301		203.8		380.9		392.9		553.9						517.7

				351		279.3		536.8		567.0		867.7						825.5

						Blank cells appear because tests on poorly-performing configurations were manually terminated at an early stage.
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Avg Time Provisions
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Total Time Occurrences

		

				SEED = 1029353288745. RUN NUMBER 1.  BATCH SIZE = 1.

				RUNNING ON MACHINE teme.  This test started at: Wed Aug 14 20:28:08 GMT+01:00 2002

				STARTING AT 0 PROVISIONS. (This number will be greater than zero if these results are restarting an earlier interrupted test).

				____________________________________________________________________________________________________

				TOTAL TIME (IN SECONDS) TO ADD OCCURRENCES

						Number of Occurrences

						50		100		150		200		250		300		350		400		450		500

		Number of Provisions		1		20		37		54		74		94		117		140		164		193		219

				51		232		389		587		863		1,092		1,339		1,579		1,793		2,113		2,412

				101		659		1,108		1,626		2,411		3,051		3,736		4,405		4,990		5,884		6,715

				151		1,522		2,527		3,407		4,748		6,082		7,536		8,866		10,118		11,955		13,591

				201		2,771		4,574		6,086		8,152		10,155		12,694		14,941		17,164		20,370		23,181

				251		4,343		7,207		9,618		12,788		15,686		18,609		22,032		25,313		30,233		34,459

				301		6,124		10,104		13,624		18,227		22,478		26,472		31,031		35,621		42,797		48,932

				351		8,577		14,463		19,382		25,860		31,956		37,627		43,884		49,989		59,647		68,285

				**********************************************************************************************************************************************************************

				**********************************************************************************************************************************************************************

				SEED = 1029353288745. RUN NUMBER 1.  BATCH SIZE = 50.

				RUNNING ON MACHINE teme.  This test started at: Mon Aug 19 20:33:48 GMT+01:00 2002

				STARTING AT 0 PROVISIONS. (This number will be greater than zero if these results are restarting an earlier interrupted test).

				____________________________________________________________________________________________________

				TOTAL TIME (IN SECONDS) TO ADD OCCURRENCES

						Number of Occurrences

						50		100		150		200		250		300		350		400		450		500

		Number of Provisions		1		5		20		31		45		61		78		95		111		131		154

				51		10		244		401		598		865		1,100		1,344		1,564		1,777		2,097

				101		12		664		1,119		1,671		2,486		3,197		3,932		4,582		5,206		6,076

				151		14		1,527		2,497		3,382		4,689		6,023		7,474		8,714		9,986		11,712

				201		16		2,789		4,556		6,116		8,104		10,149		12,682		14,794		17,028		20,061

				251		19		4,324		6,935		9,379		12,410		15,300		18,301		21,387		24,615		29,331

												Note: This graph compares total occurrence insertion time for different batch sizes

														with varying numbers of occurrences

														and a constant number of provisions (250 provisions)
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Total Space Provisions

		

				SEED = 1029353288745. RUN NUMBER 1.  BATCH SIZE = 1.

				RUNNING ON MACHINE teme.  This test started at: Wed Aug 14 20:28:08 GMT+01:00 2002

				STARTING AT 0 PROVISIONS. (This number will be greater than zero if these results are restarting an earlier interrupted test).

				____________________________________________________________________________________________________

				AVERAGE TIME (IN SECONDS PER OCCURRENCE) TO ADD OCCURRENCES

						Number of Occurrences

						50		100		150		200		250		300		350		400		450		500

		Number of Provisions		1		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4

				51		4.6		3.9		3.9		4.3		4.4		4.5		4.5		4.5		4.7		4.8

				101		13.2		11.1		10.8		12.1		12.2		12.5		12.6		12.5		13.1		13.4

				151		30.4		25.3		22.7		23.7		24.3		25.1		25.3		25.3		26.6		27.2

				201		55.4		45.7		40.6		40.8		40.6		42.3		42.7		42.9		45.3		46.4

				251		86.9		72.1		64.1		63.9		62.7		62.0		62.9		63.3		67.2		68.9

				301		122.5		101.0		90.8		91.1		89.9		88.2		88.7		89.1		95.1		97.9

				351		171.5		144.6		129.2		129.3		127.8		125.4		125.4		125.0		132.5		136.6

				**********************************************************************************************************************************************************************

				**********************************************************************************************************************************************************************

				SEED = 1029353288745. RUN NUMBER 1.  BATCH SIZE = 50.

				RUNNING ON MACHINE teme.  This test started at: Mon Aug 19 20:33:48 GMT+01:00 2002

				STARTING AT 0 PROVISIONS. (This number will be greater than zero if these results are restarting an earlier interrupted test).

				____________________________________________________________________________________________________

				AVERAGE TIME (IN SECONDS PER OCCURRENCE) TO ADD OCCURRENCES

						Number of Occurrences

						50		100		150		200		250		300		350		400		450		500

		Number of Provisions		1		0.1		0.2		0.2		0.2		0.2		0.3		0.3		0.3		0.3		0.3

				51		0.2		2.4		2.7		3.0		3.5		3.7		3.8		3.9		3.9		4.2

				101		0.2		6.6		7.5		8.4		9.9		10.7		11.2		11.5		11.6		12.2

				151		0.3		15.3		16.6		16.9		18.8		20.1		21.4		21.8		22.2		23.4

				201		0.3		27.9		30.4		30.6		32.4		33.8		36.2		37.0		37.8		40.1

				251		0.4		43.2		46.2		46.9		49.6		51.0		52.3		53.5		54.7		58.7

												Note: This graph compares average occurrence insertion time for different batch sizes

														with varying numbers of occurrences

														and a constant number of provisions (250 provisions)
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Total Space Occurrences
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Total Conflicts

		

				SEED = 1029353288745. RUN NUMBER 1.  BATCH SIZE = 1.

				TOTAL SPACE (ROWS IN EDEECOVERER) TO ADD ALL PROVISIONS

						Total Space

		Number of Provisions		1		7

				51		2,972

				101		12,572

				151		28,031

				201		49,007

				251		75,563

				301		107,949

				351		146,659

						I initially also plotted:

								Total Space (Theoretical Limit) - calculated as n-squared where n is the number of unique concepts in the database

								Average Space Per Provision (Theoretical Limit) - calculated as n, where n is the number of unique concepts in the database

						However, these figures were so high that it made it difficult to read the actual total and actual average figures, so I decided to take the theoretical figures out.

						Also, theoretical figures were only available for 50 occurrences (not 0 occurrences) so the results for 'n' would have been obscured by the fact that

						occurrences would be taken into consideration when they shouldn't be !

						Average Space Per Provision

		Number of Provisions		1		7

				51		58

				101		124

				151		186

				201		244

				251		301

				301		359

				351		418
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				SEED = 1029353288745. RUN NUMBER 1.  BATCH SIZE = 1.

				RUNNING ON MACHINE teme.  This test started at: Wed Aug 14 20:28:08 GMT+01:00 2002

				STARTING AT 0 PROVISIONS. (This number will be greater than zero if these results are restarting an earlier interrupted test).

				____________________________________________________________________________________________________

				TOTAL SPACE FOR ALL (COVERING DATA OF) OCCURRENCES.  METRIC IS NUMBER OF ROWS IN EDEECOVERER TABLE.

						Number of Occurrences

						50		100		150		200		250		300		350		400		450		500

		Number of Provisions		1		26		33		45		64		75		90		101		120		147		167

				51		687		1,183		1,717		2,423		2,972		3,544		4,115		4,595		5,308		5,921

				101		1,433		2,620		3,699		5,272		6,500		7,766		8,990		10,053		11,514		12,816

				151		2,331		4,326		5,578		7,325		9,036		10,832		12,559		14,109		16,217		18,043

				201		3,276		6,276		7,911		10,050		12,075		14,488		16,721		18,811		21,637		24,010

				251		4,150		7,913		10,200		12,781		15,051		17,390		20,169		22,708		26,174		29,030

				301		5,125		9,873		12,699		15,753		18,570		21,279		24,316		27,326		31,387		34,727

				351		6,502		12,969		16,325		19,925		23,451		26,780		30,351		33,838		38,556		42,486



&LPage &P of &N&C&F
&D
&T&R&A



		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0



1

51

101

151

201

251

301

351

Occurrences

Total Rows in EdeeCoverer

Provisions

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



				SEED = 1029353288745. RUN NUMBER 1.  BATCH SIZE = 1.

				RUNNING ON MACHINE teme.  This test started at: Wed Aug 14 20:28:08 GMT+01:00 2002

				STARTING AT 0 PROVISIONS. (This number will be greater than zero if these results are restarting an earlier interrupted test).

				____________________________________________________________________________________________________

				TOTAL CONFLICTS DETECTED (with this number of provisions and occurrences)

				NOTE: This should be monotonically increasing (i.e. rows always increasing and columns always increasing) if the randomizer is working properly!

						Number of Occurrences

						50		100		150		200		250		300		350		400		450		500

		Number of Provisions		1		0		0		0		0		0		0		0		0		0		0

				51		1		4		5		5		5		5		5		5		5		5

				101		3		12		15		16		17		17		18		22		22		22

				151		12		31		39		42		44		45		50		56		57		57

				201		21		60		70		79		84		87		94		103		108		108

				251		27		73		91		102		109		115		127		136		143		143

				301		37		94		119		132		143		152		167		176		185		185

				351		57		151		179		197		217		231		250		264		273		274

				**********************************************************************************************************************************************************************

				**********************************************************************************************************************************************************************

				SEED = 1029353288745. RUN NUMBER 1.  BATCH SIZE = 50.

				RUNNING ON MACHINE teme.  This test started at: Mon Aug 19 20:33:48 GMT+01:00 2002

				STARTING AT 0 PROVISIONS. (This number will be greater than zero if these results are restarting an earlier interrupted test).

				____________________________________________________________________________________________________

				TOTAL CONFLICTS DETECTED (with this number of provisions and occurrences)

				NOTE: This should be monotonically increasing (i.e. rows always increasing and columns always increasing) if the randomizer is working properly!

						Number of Occurrences

						50		100		150		200		250		300		350		400		450		500

		Number of Provisions		1		0		0		0		0		0		0		0		0		0		0

				51		0		1		4		4		4		4		4		4		4		4

				101		0		3		12		16		16		17		17		18		22		22

				151		0		11		27		36		38		40		41		46		52		53

				201		0		22		60		75		78		83		86		93		102		107

				251		0		28		73		97		102		109		115		127		136		143

												Note: This graph compares total conflicts detected for different batch sizes

														with varying numbers of occurrences

														and a constant number of provisions (250 provisions)
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Unique Identifiers

				SEED = 1029353288745. RUN NUMBER 1.  BATCH SIZE = 1.

				RUNNING ON MACHINE teme.  This test started at: Wed Aug 14 20:28:08 GMT+01:00 2002

				STARTING AT 0 PROVISIONS. (This number will be greater than zero if these results are restarting an earlier interrupted test).

				____________________________________________________________________________________________________

				TOTAL CONCEPTS IN DATABASE.

				This number is 'n'.  Theoretical maximum time and space requirements are 'n-squared' so squaring this number should give you an idea of scale factors for time and space requirements.

				Note that the maximum space/time complexity is therefore number of unique (provisions + queries + query_criteria +

				criteria_values + occurrences + roles + participants)^2 and *not* just (provisions + occurrences)^2 !

				(Each provisions contains an average of 10 queries with each query having 3 and 3 criteria-values.

				(Each occurrence contains an average of 3 roles and 3 participants).

						Number of Occurrences

						50		100		150		200		250		300		350		400		450		500

		Number of Provisions		1		190		302		418		538		663		794		907		1,029		1,141		1,263

				51		876		982		1,098		1,218		1,343		1,474		1,587		1,709		1,821		1,943

				101		1,508		1,612		1,723		1,843		1,968		2,099		2,212		2,334		2,446		2,568

				151		2,200		2,304		2,403		2,506		2,631		2,762		2,875		2,997		3,109		3,231

				201		2,869		2,973		3,072		3,167		3,287		3,418		3,531		3,653		3,765		3,887

				251		3,559		3,663		3,762		3,857		3,970		4,085		4,198		4,320		4,432		4,554

				301		4,195		4,299		4,398		4,493		4,606		4,716		4,822		4,944		5,056		5,178

				351		4,855		4,959		5,058		5,153		5,266		5,376		5,482		5,602		5,713		5,835
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Total Time Provisions

		

				SEED = 1029353288745. RUN NUMBER 1.  BATCH SIZE = 1.

				TOTAL TIME (IN SECONDS) TO ADD ALL PROVISIONS

						Machine Name

						teme		citadel		jetset		flute		hot-spare-00		hot-spare-01		hot-spare-02		hot-spare-03		gargantubrain

		Number of Provisions		1		2.5		4.1		2.8		2.3		1.8		1.8		1.0		2.0		2.5

				51		613.0		794.3		768.7		493.2		1,072.3		1,053.3		251.7		1,066.7		5,978.7

				101		2,806.4		3,872.1		3,885.1		3,792.3		38,436.2		38,275.1		2,712.9		38,402.6

				151		8,275.3		12,908.7		13,042.7		13,159.4						10,946.2

				201		18,546.9		32,606.8		33,748.6		34,852.2						30,414.0

				251		35,681.3		65,416.0		69,879.0		80,641.8						76,281.1

				301		61,343.2		114,650.3		118,250.7

				351		98,047.5		188,430.7		199,033.4
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Total Time Provisions
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Avg Time Provisions

		

				SEED = 1029353288745. RUN NUMBER 1.  BATCH SIZE = 1.

				AVERAGE TIME (IN SECONDS PER PROVISION) TO ADD ALL PROVISIONS

						Machine Name

						teme		citadel		jetset		flute		hot-spare-00		hot-spare-01		hot-spare-02		hot-spare-03		gargantubrain

		Number of Provisions		1		2.5		4.1		2.8		2.3		1.8		1.8		1.0		2.0		2.5

				51		12.0		15.6		15.1		9.7		21.0		20.7		4.9		20.9		117.2

				101		27.8		38.3		38.5		37.5		380.6		379.0		26.9		380.2

				151		54.8		85.5		86.4		87.1						72.5

				201		92.3		162.2		167.9		173.4						151.3

				251		142.2		260.6		278.4		321.3						303.9

				301		203.8		380.9		392.9

				351		279.3		536.8		567.0
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Avg Time Provisions
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Total Time Occurrences

		

				SEED = 1029353288745. RUN NUMBER 1.  BATCH SIZE = 1.

				RUNNING ON MACHINE teme.  This test started at: Wed Aug 14 20:28:08 GMT+01:00 2002

				STARTING AT 0 PROVISIONS. (This number will be greater than zero if these results are restarting an earlier interrupted test).

				____________________________________________________________________________________________________

				TOTAL TIME (IN SECONDS) TO ADD OCCURRENCES

						Number of Occurrences

						50		100		150		200		250		300		350		400		450		500

		Number of Provisions		1		20		37		54		74		94		117		140		164		193		219

				51		232		389		587		863		1,092		1,339		1,579		1,793		2,113		2,412

				101		659		1,108		1,626		2,411		3,051		3,736		4,405		4,990		5,884		6,715

				151		1,522		2,527		3,407		4,748		6,082		7,536		8,866		10,118		11,955		13,591

				201		2,771		4,574		6,086		8,152		10,155		12,694		14,941		17,164		20,370		23,181

				251		4,343		7,207		9,618		12,788		15,686		18,609		22,032		25,313		30,233		34,459

				301		6,124		10,104		13,624		18,227		22,478		26,472		31,031		35,621		42,797		48,932

				351		8,577		14,463		19,382		25,860		31,956		37,627		43,884		49,989		59,647		68,285

				**********************************************************************************************************************************************************************

				**********************************************************************************************************************************************************************

				SEED = 1029353288745. RUN NUMBER 1.  BATCH SIZE = 50.

				RUNNING ON MACHINE teme.  This test started at: Mon Aug 19 20:33:48 GMT+01:00 2002

				STARTING AT 0 PROVISIONS. (This number will be greater than zero if these results are restarting an earlier interrupted test).

				____________________________________________________________________________________________________

				TOTAL TIME (IN SECONDS) TO ADD OCCURRENCES

						Number of Occurrences

						50		100		150		200		250		300		350		400		450		500

		Number of Provisions		1		5		20		31		45		61		78		95		111		131		154

				51		10		244		401		598		865		1,100		1,344		1,564		1,777		2,097

				101		12		664		1,119		1,671		2,486		3,197		3,932		4,582		5,206		6,076

				151		14		1,527		2,497		3,382		4,689		6,023		7,474		8,714		9,986		11,712

				201		16		2,789		4,556		6,116		8,104		10,149		12,682		14,794		17,028		20,061

				251		19		4,324		6,935		9,379		12,410		15,300		18,301		21,387		24,615		29,331

				301

				351

												Note: This graph compares total occurrence insertion time for different batch sizes

														with varying numbers of occurrences

														and a constant number of provisions (250 provisions)
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Total Space Provisions

		

				SEED = 1029353288745. RUN NUMBER 1.  BATCH SIZE = 1.

				RUNNING ON MACHINE teme.  This test started at: Wed Aug 14 20:28:08 GMT+01:00 2002

				STARTING AT 0 PROVISIONS. (This number will be greater than zero if these results are restarting an earlier interrupted test).

				____________________________________________________________________________________________________

				AVERAGE TIME (IN SECONDS PER OCCURRENCE) TO ADD OCCURRENCES

						Number of Occurrences

						50		100		150		200		250		300		350		400		450		500

		Number of Provisions		1		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4

				51		4.6		3.9		3.9		4.3		4.4		4.5		4.5		4.5		4.7		4.8

				101		13.2		11.1		10.8		12.1		12.2		12.5		12.6		12.5		13.1		13.4

				151		30.4		25.3		22.7		23.7		24.3		25.1		25.3		25.3		26.6		27.2

				201		55.4		45.7		40.6		40.8		40.6		42.3		42.7		42.9		45.3		46.4

				251		86.9		72.1		64.1		63.9		62.7		62.0		62.9		63.3		67.2		68.9

				301		122.5		101.0		90.8		91.1		89.9		88.2		88.7		89.1		95.1		97.9

				351		171.5		144.6		129.2		129.3		127.8		125.4		125.4		125.0		132.5		136.6

				**********************************************************************************************************************************************************************

				**********************************************************************************************************************************************************************

				SEED = 1029353288745. RUN NUMBER 1.  BATCH SIZE = 50.

				RUNNING ON MACHINE teme.  This test started at: Mon Aug 19 20:33:48 GMT+01:00 2002

				STARTING AT 0 PROVISIONS. (This number will be greater than zero if these results are restarting an earlier interrupted test).

				____________________________________________________________________________________________________

				AVERAGE TIME (IN SECONDS PER OCCURRENCE) TO ADD OCCURRENCES

						Number of Occurrences

						50		100		150		200		250		300		350		400		450		500

		Number of Provisions		1		0.1		0.2		0.2		0.2		0.2		0.3		0.3		0.3		0.3		0.3

				51		0.2		2.4		2.7		3.0		3.5		3.7		3.8		3.9		3.9		4.2

				101		0.2		6.6		7.5		8.4		9.9		10.7		11.2		11.5		11.6		12.2

				151		0.3		15.3		16.6		16.9		18.8		20.1		21.4		21.8		22.2		23.4

				201		0.3		27.9		30.4		30.6		32.4		33.8		36.2		37.0		37.8		40.1

				251		0.4		43.2		46.2		46.9		49.6		51.0		52.3		53.5		54.7		58.7

				301

				351

												Note: This graph compares average occurrence insertion time for different batch sizes

														with varying numbers of occurrences

														and a constant number of provisions (250 provisions)
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Total Space Occurrences

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



Batch Size 1

Batch Size 50

Occurrences

Average Time in Seconds Per Occurrence

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Total Conflicts

		

				SEED = 1029353288745. RUN NUMBER 1.  BATCH SIZE = 1.

				TOTAL SPACE (ROWS IN EDEECOVERER) TO ADD ALL PROVISIONS

						Total Space

		Number of Provisions		1		7

				51		2,972

				101		12,572

				151		28,031

				201		49,007

				251		75,563

				301		107,949

				351		146,659

						I initially also plotted:

								Total Space (Theoretical Limit) - calculated as n-squared where n is the number of unique concepts in the database

								Average Space Per Provision (Theoretical Limit) - calculated as n, where n is the number of unique concepts in the database

						However, these figures were so high that it made it difficult to read the actual total and actual average figures, so I decided to take the theoretical figures out.

						Also, theoretical figures were only available for 50 occurrences (not 0 occurrences) so the results for 'n' would have been obscured by the fact that

						occurrences would be taken into consideration when they shouldn't be !

						Average Space Per Provision

		Number of Provisions		1		7

				51		58

				101		124

				151		186

				201		244

				251		301

				301		359

				351		418
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				SEED = 1029353288745. RUN NUMBER 1.  BATCH SIZE = 1.

				RUNNING ON MACHINE teme.  This test started at: Wed Aug 14 20:28:08 GMT+01:00 2002

				STARTING AT 0 PROVISIONS. (This number will be greater than zero if these results are restarting an earlier interrupted test).

				____________________________________________________________________________________________________

				TOTAL SPACE FOR ALL (COVERING DATA OF) OCCURRENCES.  METRIC IS NUMBER OF ROWS IN EDEECOVERER TABLE.

						Number of Occurrences

						50		100		150		200		250		300		350		400		450		500

		Number of Provisions		1		26		33		45		64		75		90		101		120		147		167

				51		687		1,183		1,717		2,423		2,972		3,544		4,115		4,595		5,308		5,921

				101		1,433		2,620		3,699		5,272		6,500		7,766		8,990		10,053		11,514		12,816

				151		2,331		4,326		5,578		7,325		9,036		10,832		12,559		14,109		16,217		18,043

				201		3,276		6,276		7,911		10,050		12,075		14,488		16,721		18,811		21,637		24,010

				251		4,150		7,913		10,200		12,781		15,051		17,390		20,169		22,708		26,174		29,030

				301		5,125		9,873		12,699		15,753		18,570		21,279		24,316		27,326		31,387		34,727

				351		6,502		12,969		16,325		19,925		23,451		26,780		30,351		33,838		38,556		42,486
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				SEED = 1029353288745. RUN NUMBER 1.  BATCH SIZE = 1.

				RUNNING ON MACHINE teme.  This test started at: Wed Aug 14 20:28:08 GMT+01:00 2002

				STARTING AT 0 PROVISIONS. (This number will be greater than zero if these results are restarting an earlier interrupted test).

				____________________________________________________________________________________________________

				TOTAL CONFLICTS DETECTED (with this number of provisions and occurrences)

				NOTE: This should be monotonically increasing (i.e. rows always increasing and columns always increasing) if the randomizer is working properly!

						Number of Occurrences

						50		100		150		200		250		300		350		400		450		500

		Number of Provisions		1		0		0		0		0		0		0		0		0		0		0

				51		1		4		5		5		5		5		5		5		5		5

				101		3		12		15		16		17		17		18		22		22		22

				151		12		31		39		42		44		45		50		56		57		57

				201		21		60		70		79		84		87		94		103		108		108

				251		27		73		91		102		109		115		127		136		143		143

				301		37		94		119		132		143		152		167		176		185		185

				351		57		151		179		197		217		231		250		264		273		274

				**********************************************************************************************************************************************************************

				**********************************************************************************************************************************************************************

				SEED = 1029353288745. RUN NUMBER 1.  BATCH SIZE = 50.

				RUNNING ON MACHINE teme.  This test started at: Mon Aug 19 20:33:48 GMT+01:00 2002

				STARTING AT 0 PROVISIONS. (This number will be greater than zero if these results are restarting an earlier interrupted test).

				____________________________________________________________________________________________________

				TOTAL CONFLICTS DETECTED (with this number of provisions and occurrences)

				NOTE: This should be monotonically increasing (i.e. rows always increasing and columns always increasing) if the randomizer is working properly!

						Number of Occurrences

						50		100		150		200		250		300		350		400		450		500

		Number of Provisions		1		0		0		0		0		0		0		0		0		0		0

				51		0		1		4		4		4		4		4		4		4		4

				101		0		3		12		16		16		17		17		18		22		22

				151		0		11		27		36		38		40		41		46		52		53

				201		0		22		60		75		78		83		86		93		102		107

				251		0		28		73		97		102		109		115		127		136		143

												Note: This graph compares total conflicts detected for different batch sizes

														with varying numbers of occurrences

														and a constant number of provisions (250 provisions)
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