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SEG655 PROJECT REPORT
PERFORMANCE COMPARISON OF MICROSOFT’S COM ADO AND
ADO.NET DATABASE CONNECTORS

1. Introduction

In the current era of computing, society has become ever more dependent on the processing of vast quantities of data at
near instantaneous speeds. In order to handle this ever increasing demand, a tremendous effort has gone into
developing relational database systems since the late 1960’s when E.F. Codd first presented the concept. Today, these
database systems handle terabytes of information across the globe providing the lifeblood for the majority of the
commerce that takes place where delays measured in mere seconds can result in the loss of incredible sums of money.
With this in mind, a significant focus has been placed on the transactional performance of the major database systems
on the market and this project looks at the software connection between the client, perhaps a desktop application for a
single user or a website servicing millions of users, and the database system. With Microsoft placed as a major
contender in the database industry through their SQL Server family, the ADO connection based on Microsoft’s legacy
COM platform is pitted against the newest rendition based on the .NET 2.0 platform. With the many advances in
architecture between these two platforms the newer .NET is expected to show a significant improvement in
performance.

1.1 Purpose

The purpose of this report is to outline the experiments performed in testing the read and write performance of
Microsoft’s ADO.NET connector and ADO COM connector against SQL Server 2000 and SQL Server 2005. The
initial hypothesis of the analyst is that the performance for the latest ADO.NET connector used in conjunction with
the .NET 2.0 platform is significantly higher. Through the application of various statistical tools it is the aim of this
project to prove or disprove the stated hypothesis.

1.2 Scope

This report is intended as an assessment of the query execution performance between the two ADO connectors
provided by Microsoft using their legacy COM platform and the current .NET 2.0 platform. The information contained
within is not intended to determine which connector performs better in all applications but rather provide another piece
in assessing performance for a particular write (INSERT) scenario as well as a particular read (SELECT) scenario.

1.3 Intended Users

The intended users for the report in general includes any person interested in comparing the performance between
Microsoft’s ADO connectors based on the COM platform and the .NET 2.0 platform. In addition, the specific users
related to the completion of the objectives in the course SE655 — Performance Analysis of Real-Time Systems are
outlined in the following table:

Table 1 - Intended users

User Description
Project Sponsor Dr. Andrew Kornecki is the professor for the SE655 course at Embry Riddle
Aeronautical University.
Course members Course members attending the spring 2008 semester.
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1.4 Definitions, Acronyms and Abbreviations

Table 2 - Definitions, acronyms and abbreviations
Term Definition
ADO ActiveX Data Object for the COM platform (also referred to as ADODB)
Microsoft’s database connector based on their Component Object Model platform (COM) to
provide an abstracted communications layer between the software accessing the database
and the database itself.

ADO.NET ActiveX Data Object for the .NET platform

Microsoft’s latest rendition of its abstracted communications layer between software
accessing a database and the database itself. It is substantially different from ADO stated
above as it is incorporated under their new .NET platform coupled with advances such as
strong data typing.

COM Component Object Model

A programming platform defined by Microsoft to provide a software interoperability
framework originally specified for Windows 95. Programs implemented under COM can be
written in a variety of languages, perform any kind of processing and even make calls to
other COM programs or objects written in a different programming language. DCOM
(Distributed COM) was later created for making calls to programs and objects located on
remote systems via a network connection.

2. Executive Overview

A complete overview of the experiments performed are outlined in the subsequent sections giving a broad idea of what
the study objective is, a summary of the project and some performance issues noted.

2.1 Study Objective

The objective of this study is to test the performance of a SELECT and INSERT SQL query on Microsoft’s latest
rendition of its database connector for the .NET platform against its now legacy connector used in the COM platform.
In addition, these connectors will also address any performance differences when used with Microsoft’s SQL Server
2000 and their most recent version SQL Server 2005.

2.2 Project Summary

For this project two types of experiments were performed with the first one testing the read (SELECT) execution time
of an SQL query across both the ADO COM and ADO.NET connectors against Microsoft SQL Server 2000 and
Microsoft SQL Server 2005. The second experiment type tested the write (INSERT) execution time of an SQL query
using the same database connector setup against the same two database servers. The actual queries used were obtained
by tracking all queries executed on a production helpdesk trouble ticket system used by a customer and selecting the
most used SELECT SQL statement and the most used INSERT SQL statement. From seven major systems that makeup
this helpdesk trouble ticket system, the query required for searching trouble tickets was used as the statement to test
read execution time while the query required to insert new service cost estimates into the system was used to represent
the test write execution time.

Initially the SELECT and INSERT SQL queries were repeated twenty times each to establish baseline statistical values
as noted in the following table. From this point the total number of measurements required using a 95% confidence

interval with a 5% (+/- 2.5%) error margin was calculated for both the SELECT and INSERT query statements against
the database connection type and database servers. Results indicated that a wide range of measurements were going to
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be required and was noted with the lowest being one measurement and the highest being 1506 measurements. To err
on the side of accuracy, the highest value was rounded to 2,000 measurements as the number of experiments required
to be conducted for all tests in both SELECT and INSERT query execution time performance experiments.

Upon completion of all execution time tests using 2,000 measurements each, another set of basic statistical tests were
taken along with a before-and-after comparison to check for statistical significance of the average performance between
the two database connectors for both SELECT and INSERT SQL queries. Next a full ANOVA analysis comparing not
only the average execution time of the two connectors in isolation but also any differences in average execution time as
a result of SQL Server 2000 and SQL Server 2005. Results from the SELECT SQL query experiment indicated that
the ADO.NET connector had an average execution time of 0.6184 milliseconds and the ADO COM connector had an
average execution time of 2.4158 milliseconds against the SQL Server 2000 database. The same experiment was
repeated using the same SELECT SQL query on SQL Server 2005 and the ADO.NET connector had an average
execution time of 0.7630 milliseconds and ADO COM came in at 3.0513 milliseconds. Moving to the INSERT
performance experiment on SQL Server 2000, ADO.NET had an average execution time of 13.7553 milliseconds and
ADO COM had an average of 33.8934 milliseconds.

In order to substantiate the above values additional analysis was performance using first the before and after
comparison to test the performance significance between the database connectors via the difference in execution times
of the two for each iteration of the experiment and then calculating a confidence interval at the 95% confidence level.
Results for this analysis indicated that there is indeed a significant difference in performance between the ADO.NET
connector and the ADO COM connector on SQL Server 2000 and SQL Server 2005 for both the SELECT and INSERT
SQL queries. To further refine the analysis ANOVA testing was applied to both SELECT and INSERT SQL queries
which gave better insight to the average execution time difference not only between connector types but also between
database systems.

2.3 Performance Issues

Issues impacting performance include background services executing on both the client and server operating systems
that are inherit with their designs along with fluctuations in the SQL Server database systems themselves and the
Ethernet connection. To minimize these areas, any unnecessary services such as the IIS web server were disabled and
all devices connected to the Ethernet network besides the client and server were shutdown. For the database servers,
both SQL 2000 Server and SQL 2005 Server were installed using standard settings and had all recent service packs and
patches applied

3. Test Environment

In the following section the complete test environment is described starting off with the physical system setup followed
by the system under test, the component under test and finally the metrics used in this experiment.

3.1 System definition

The system definition gives an overview of the system under test (SUT) along with details of the component under test
(CUT). From there the metrics used to measure query execution performance are established along with experiment’s
parameters, factors and workload.

3.2 SUT

The system under test is comprised of two physically distinct computer systems both based on the Intel x86 processor
architecture connected through an Ethernet network. The first system, using the NETBIOS name Odie on a Windows
network, is assigned the role of “client” which executes the client application running the SQL performance tests and
reporting the execution times. The second system, using the NETBIOS name Scooby on the same Windows network, is
assigned the role of “server” running a Windows Server 2003 OS (operating system) with both SQL Server 2000

8
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Enterprise and SQL Server 2005 Enterprise database systems installed. Scooby receives the SQL query statement from
the client application on Odie and executes the statement on both database systems.

(100 MBs LANT)

Scooby

Switch
Figure 1 - Test environment network setup
3.2.1 Client - Odie

The client system, Odie, is an Intel x86 based system running Windows XP 32 bit with service pack 2 and all critical
updates as of 20 April 2008 applied. The processor is a Core 2 Duo running at 2.13 GHz with two separate cores
combined with 2 GBs of DDR2 SDRAM and a SCSI320 disk subsystem running in RAID 0 configuration. A clean
install of the OS was performed prior to the experiment and the only applications installed are SQL Server 2005 Studio
Manager used to remotely manipulate the SQL Server 2000 and SQL Server 2005 running on Scooby and Visual
Studio 2005 with service pack 1 for the development of the client application that executes the test SQL statement and
records the execution time of the ADO connector.

3.2.2 Server — Scooby

The server system, Scooby, uses the same processor, main board and memory as Odie however the disk subsystem is
composed of four SATA II drives. The first pair of drives are 160 GBs running in RAID 1 and contains the OS and all
required programs for operation. The second pair of drives are 320 GBs running also in RAID 1 and contain the actual
SQL databases used by SQL Server 2000 and SQL Server 2005. The OS is Windows Server 2003 with service pack 2
and all critical updates as of 20 April 2008 applied.

3.3 CUS

The component under test is the abstract software connector used between the client application and the SQL database
server. For this experiment Microsoft’s previous generation ADO database connector used under the COM platform is
tested against the current generation ADO connector for the .NET platform executing a SELECT and INSERT query.

3.4 Metrics

The metric for the experiment is the execution time required for the SQL query measured in milliseconds. For an SQL
query to be executed the client application submits the query via the Ethernet network to the SQL Server where the
server accepts the query, evaluates it and processes it. As the query is processed a data record set is created and
returned to the client. All other factors including opening and closing the database connector are not considered.

9
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3.5 Parameters
The parameters established for this experiment are as follows:

1. An SQL read (SELECT) query that will be issued by the client application to be executed on the database
server with the total execution time recorded.

2. An SQL INSERT (INSERT) query that will be issued by the client application to be executed on the database
server with the total execution time recorded.

3.6 Factors

The factors for this experiment are the database connector choice and the database system which an SQL query is to be
executed against as follows:

3.6.1 Database Connectors

The following sections detail the first factor used in conjunction with this experiment: the database connectors
ADO.NET and ADO COM. The second factor is represented by the choice in database server which is limited to SQL
Server 2000 and SQL Server 2005.

3.6.1.1 ADO COM

COM is a language neutral programming platform for the Windows operating system that was introduced in 1993 by
Microsoft Corporation. The technology is quite complex and is comprised of several other technologies including
ActiveX, OLE, OLE Automation and DCOM (distributed COM) [8]. To enhance database client developer
productivity, an abstract database connector, COM ADO or ActiveX Data Objects, was introduced. This provides a
layer that abstracts the implementation of the database itself as well as creating a uniform method of accessing the
database system.

Over nearly a decade, COM ADO has been enhanced through several revisions and has generally focused on improving
performance as well as adding new features. At this time, COM ADO is considered a legacy technology that is slowly
being phased out by Microsoft. However it is still an option for database developers even in Visual Studio 2005, a key
element for developing on the latest platform - .NET 2.0.

3.6.1.2 ADO.NET

Since the introduction of the .NET platform Microsoft has brought a new era to programming productivity. Using an
interpreted language and completely object oriented platform, Microsoft has created an environment similar to what
Java offers with the addition of being able to use more than one language in developing a software project such as C#
or Visual Basic. Along with these new features is a new ADO connector referred to as ADO.NET. This connector
provides the same abstraction of the implemented database as ADO COM does but it can only be used in conjunction
with the NET framework which is currently at version 2.0. In developing this connector, ADO.NET focused more on
refining features and enhancing performance [9].

3.7 Workload

During the execution of these experiments, a workload consisting of a SELECT or INSERT SQL query is sent to the
database server that in turn executes the query and returns a record set in the event of a SELECT query or nothing for
an INSERT query.

10
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4. Experiment Design

The outline of the steps taken to execute the experiment is next in the measurement methodology section followed by
some results of the initials runs and what was encountered.

4.1 Measurement methodology

The principal method for performing this experiment is to time the duration of executing defined SQL transactions that
will used to gain a perspective on the average query execution time. The following outlines the steps taken to conduct
the experiment:

1. Record all transactions over a 4 week interval.

SQL query being execute.

Table name the query is being execute against.

Time data stamp executed.

6519 independent queries recorded from 2008 Feb 20 to 2008 March 21 covering 7 major systems.

po o

2. Determine which read (SELECT) and write (INSERT) query is executed most often and use it to test execution
time in this experiment.

3. Create C# program that will execute the either the SELECT or INSERT query repeated as many times as the
experiments requires.

a. Alternates between COM ADO and ADO.NET connections.
b. Executes all or any user selected SQL statements.
c. Timer is used to gauge how long each transaction takes in the following sequence:
i.  Open connection (ADODB or ADO.NET)
ii. Begin transaction
iii.  Start timer
iv. Execute SQL query
v. Stop timer
vi. Close connection
vii. Calculate difference between start time and stop time in milliseconds.
viii. Display results on screen.

4. Perform analysis on data.
4.2 |Initial runs
Initial runs were conducted on the SELECT and INSERT SQL queries twenty times to acquire some basic statistical
data in the following table. From that point the number of measurements required to obtain a 95% confidence interval
with 5% (+/- 2.5%) error margin were calculated for each connector type against each SQL Server system. The largest

number rounded up was taken and used in all subsequent experiments.

Table 3 - SELECT SQL query execution time statistics

SQL Server 2000 SQL Server 2005
COM (ms) NET (ms) COM (ms) NET (ms)
Average 44.1573 13.7651 7.2470 2.5795
Standard Deviation 0.9488 0.0735 2.3694 0.1699
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The next table summarizes the execution time averages and standard deviation for the initial run of INSERT SQL query
used in this experiment executed twenty times.

Table 4 - INSERT SQL query execution time averages

SQL Server 2000 SQL Server 2005
COM (ms) NET (ms) COM (ms) NET (ms)
Average 1.3666 0.4496 2.1096 0.6744
Standard Deviation 0.0891 0.0070 0.6446 0.0187

4.3 Outliers and replication handling

The initial twenty execution were repeated numerous times as the client application used in this experiment to test the
SQL queries was being developed but there were execution times for both types of connectors on both database
systems that were significantly different from the average. For example the COM connector for the SELECT SQL
statement had a low of 40.7230 ms and a high of 45.5407 ms on SQL Server 2000 and then again a low of 3.9072 on
SQL Server 2005 coupled with a high of 14.8376 ms for the INSERT query statement.

The potential sources of errors in this experiment could be the actual timer provided by C# in the .NET framework as
used in the client application to the Ethernet connection between the client and server or even the database server itself.
Steps have been taken to prevent this as much as possible including shutting down all devices connected to the network
other than the client and server and only enabling the services on the client and server systems as set by default after a
fresh OS install.

4.4 Working runs

A client application based on C# was devised to execute the SELECT and INSERT SQL queries using both ADO.NET
and ADO COM connectors. As depicted below the application is simple in nature and allows the user to test selected
queries against both connectors with the status and execution time reported. The status column is a pass or fail flag
indicating that the SQL query is either syntactically correct for the database it is being executed on or not. In the event
a query does fail then no time is recorded. For the purpose of these experiments, the same SELECT and INSERT SQL
query was repeated and no failures were encountered. Finally, all results can be exported to a CSV (comma delimited)
file that can be opened in a spreadsheet application such as Microsoft’s Excel and the available statistical tools can be
applied. )
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Figure 2 - Client test application
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4.5 Result summary

The initial runs created a baseline set of summary statistics including a solid average and standard deviation at the 95%
confidence level to start off with. From this point the number of measurements required was calculated for both
SELECT and INSERT queries executing on the ADO.NET and ADO COM connectors against SQL Server 2000 and
SQL Server 2005. By rounding the largest number obtained the results stated that 2,000 measurements would be
adequate given a 95% confidence level with 5% error margin (+/- 2.5%).

The analysis section coming up next details the actual results obtained after extensive testing and the application of
various statistical tools and methods.

5. Analysis

This section provides the details of the analysis performed on the data gathered from the experiments conducted.
Included is an overview of the methodology, the aggregated results and finally an interpretation of the results.

5.1 Analysis methodology

For analysis of the data collected from executing the SELECT and INSERT queries on both ADO connectors, both
before and after comparison and ANOVA analysis methods were employed. The before and after comparison allows a
quick and simple analysis between the ADO.NET connector and ADO COM connector execution time performance on
both database servers. From that point ANOVA analysis was employed to test not only the difference between
connector execution time but also the differences in this time that may be a result of changing between SQL Server
2000 and SQL Server 2005.

5.2 Aggregated results presentation
5.2.1 Before and After Comparison

Due to its simplicity and ease of use, the before and after comparison was applied to both types of queries running on
the ADO.NET connector and ADO COM connector against SQL Server 2000 and SQL Server 2005. The results are

outlined in the next sequence of tables.

Table 5 - SQL Server 2000 SELECT SQL before and after analysis

Summary Statistics

COM (ms) .NET (ms) Difference
DATA POINTS 2000 2000 2000
MEAN 33.8934 13.7553 20.1382
STDEV 5.6062 0.2765 5.5930
ALPHA 0.05 0.05 0.05
CONFIDENCE 0.2457 0.0121 0.2451
C1 33.6477 13.7431 19.8930
C2 34.1391 13.7674 20.3833
COoVv 0.0072 0.0009 0.0122

Starting with the SELECT SQL query executed on SQL Server 2000, there is a statistically significant difference in
performance between the ADO COM and ADO.NET connectors. Ata 95% confidence level, ADO.NET leads the way
with an average execution time of 0.2765 ms against ADO COM’s execution time of 5.6062 ms.

13



SE 655 Project — Spring 2008

Date Created 2008 Apr 01
Last Updated 2008 Apr 28
Version 1.0

Table 6 - SQL Server 2005 SELECT SQL before and after analysis

Summary Statistics

COM (ms) .NET (ms) Difference
DATA POINTS 2000 2000 2000
MEAN 7.2470 2.5797 4.6673
STDEV 5.0888 0.2599 5.1061
ALPHA 0.05 0.05 0.05
CONFIDENCE 0.2230 0.0114 0.2238
C1 7.0240 2.5683 4.4435
C2 7.4700 2.5911 4.8911
Cov 0.0308 0.0044 0.0479

Next the same SELECT SQL query was executed again 2000 times against SQL Server 2005 with the end results again
favoring the ADO.NET connector with an average execution time of 2.5797 ms versus ADO COM’s execution time of
7.2470 ms. One thing to note here is a rather large increase in standard deviation for the execution time on SQL Server

2005 compared to SQL Server 2000.

Table 7 - SQL Server 2000 INSERT SQL before and after analysis

Summary Statistics
COM (ms) .NET (ms) Difference

DATA POINTS 2000 2000 2000
MEAN 2.4158 0.6184 1.7974
STDEV 2.0271 0.0551 2.0279
ALPHA 0.05 0.05 0.05
CONFIDENCE 0.0888 0.0024 0.0889

C1 2.3270 0.6160 1.7085

C2 2.5046 0.6209 1.8862
Cov 0.0368 0.0039 0.0494

After completing the SELECT SQL query experiments, the INSERT SQL statement was executed on SQL Server 2000
using the same ADO.NET and ADO COM connectors 2000 times. The results again put ADO.NET in the lead with an
average execution time of 0.6184 ms while ADO COM comes in with an average execution time of 2.4158 ms. One
observation to note is a somewhat large standard deviation for the ADO COM connector at 2.0271 ms. However, the
coefficient of variation is still under 4% for this connector.

Table 8 - SQL Server 2005 INSERT SQL before and after comparison

Summary Statistics

COM (ms) .NET (ms) Difference
DATA POINTS 2000 2000 2000
MEAN 3.0513 0.7630 2.2883
STDEV 2.9871 0.0559 2.9872
ALPHA 0.05 0.05 0.05
CONFIDENCE 0.1309 0.0024 0.1309
C1 2.9204 0.7605 2.1574
C2 3.1822 0.7654 2.4193
Cov 0.0429 0.0032 0.0572
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For the final before and after comparison, the INSERT SQL statement was executed again 2000 times on SQL Server
2005 using both ADO.NET and ADO COM connectors. Yet again the ADO.NET connector comes in at first place
with an average execution time of 0.7630 ms against ADO COM’s 3.0513 ms.

5.2.2 ANOVA Analysis

The first analysis using before and after comparison only compared the two database connectors against each other
running on two different databases but did not consider the differences that might be created between the databases
themselves. In order to alleviate this ANOVA analysis was performed for both the SELECT and INSERT SQL queries
so that any differences due to errors created by the experiment itself as well as differences between the database
systems were taken into account. The following tables and summaries outline the results for this analysis at a 95%
confidence level.

Table 9 - SELECT SQL query ANOVA analysis

Source of Variation | SS Df MS F F crit
Sample 715249.5481 1 715249.5481 49782.8012 3.8426
Columns 307655.0645 1 307655.0645 21413.4087 3.8426
Interaction 119674.1189 1 119674.1189 8329.5584 3.8426
Within 114881.7513 7996 14.3674

The results from the SELECT SQL query ANOVA analysis summarizes that there is indeed a significant difference in

performance not only between the ADO connectors themselves but also between SQL Server 2000 and SQL Server
2005.

Table 10 - INSERT SQL query ANOVA analysis

Source of Variation | SS Df MS F F crit
Sample 304.2446 1 304.2446 93.3386 3.8428
Columns 8346.5004 1 8346.5004 2560.6057 3.8428
Interaction 120.5287 1 120.5287 36.9797 3.8428
Within 26063.6058 7996 3.2596

Finally one last analysis was performed, this time on the INSERT SQL query using ANOVA. Again the results
indicate a significant execution time difference between the ADO.NET connector and ADO COM connector as well as
significant differences between database systems.

5.3 Interpretation

Overall, using the results gathered from the summary statistics of 2000 runs for the SELECT and INSERT SQL queries,
before and after comparisons and ANOVA analysis, it can be stated that there is a statistically significant difference in
execution time between the ADO.NET connector and the ADO COM connector. This statement goes in favor with this
analyst’s initial thoughts on the outcomes and further in-depth analysis could provide greater insight into which areas
are impacting connector performance.

6. Alternative approach outline

This section discusses a possible secondary approach that could be taken in gathering and analyzing performance data
between the ADO.NET connector and the ADO COM connector.

6.1 Analytical Modeling — Queuing Theory

For a second approach to this experiment, analytical modeling using queuing analysis could be used in assessing
performance results. In this situation a single queue, single server (M/M/1) system could be setup with an emphasis
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placed on assessing time spent on the query being processed. This would represent a similar approach to what was
achieved in this experiment as well as provide additional insight into time spent waiting in the queue, average number
of queries in the system and a host of other tools available through this form of analysis.

7. Conclusions

In concluding these experiments, it can be stated that Microsoft has made a significant performance enhancement in
their latest version of the ADO connector: ADO.NET. Regardless of the results though, Microsoft is quickly putting
the COM platform out to pasture along with the ADO COM connector. This particular connector is still an option for
the time being but a serious push by the company is being made for all developers to convert to the .NET platform.
The good news in addition to a performance enhancement is the fact that the ADO.NET connector is object oriented
and provides a host of new features that will make software development faster and less prone to errors. Before
wrapping up, one thing that must be kept in mind is the fact that only one SQL statement representing a SELECT SQL
query and one SQL statement representing the INSERT SQL query were used. The SQL update query was not
examined in this case and there remains the fact that SQL queries are very dynamic and have a diverse range in
complexity. This one factor alone could have an impact on performance results as well.

8. Attachments
8.1 System configuration

The following tables outlines the hardware that makes up the client system, Odie, and the server system, Scooby. Both
systems were hand built by the analyst and are used every day in various software development activities.

Table 11 — Scooby’s hardware (SQL database server)

Hardware

CPU

Intel Core2 Duo 6420 running at 2.14 GHz

Memory

2 GB DDR2 SDRAM

Storage subsystem

2 x 160 GB SATA Il drives in RAID 1 configuration hosting OS and SQL
Server 2000 and SQL Server 2005

2 x 320 GB SATA Il drives in RAID 1 configuration containing SQL Server
databases and other file storage

0S Windows Server 2003 SP2 with all updates available as of 20 April 2008
Apps Visual Studio 2005 SP1
SQL 2005 Server Management Studio SP2
Table 12 - Odie's hardware (client)
Hardware
CPU Intel Core2 Duo 6420 running at 2.14 GHz
Memory 2 GB DDR2 SDRAM

Storage subsystem

2 x 74 GB SCSI320 drives in RAID 0 configuration hosting OS and client
application
1 x 74 GB SCSI320 used as a scratch drive to hold local work data

(O]

Windows XP SP2 with all updates available as of 20 April 2008

Apps

SQL Server 2000 SP4
SQL Server 2005 SP2

8.2 Parameter values

8.2.1 SELECT Query
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The following image was taken with the SELECT query used in evaluating the ADO connector performance in all
experiments. This query is used in searching all trouble tickets on a live system and is generated dynamically based on

what search parameters a user enters.
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Figure 3 - SELECT query used in all experiments

The next image depicts the INSERT SQL query used in evaluating the write performance across the ADO connectors
in all experiments. This particular query comes from the same trouble ticket system and is used to create new billing

estimate records for customers.
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Figure 4 - INSERT query used in all experiments
8.3 Collected raw and processes data

All data collected from the experiments is contained in the attached Microsoft Excel file along with the results from
analysis performed.

8.4 Computation formulae and the intermediate results

Computations were based on the analysis formulas provided in the course text book “Measuring Computer
Performance — A practitioner’s guide” by David J Lilja and automated via the statistical tools included in Microsoft
Excel.

8.4.1 Measurements required for analysis

n = ( ( z(1-alpha2)*s )/( €*Xavg ) )2

s = standard deviation

e = error allowed (if within 5%, this value would be 0.025)

Xavg = average over initial runs

8.4.2 Before and after comparison

This was completed with the attached Microsoft Excel spreadsheet using the built-in statistical analysis pack.

8.4.3 ANOVA analysis

This was completed with the attached Microsoft Excel spreadsheet using the built-in statistical analysis pack.
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