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ABSTRACT 

The widespread need within corporate Information Sys- 
tems (IS) divisions to migrate large quantities of data be- 
tween data stores has spawned a family of commercial 
products, whch are commonly referred to as Extract- 
Transform-Load (ETL) tools. The focus of th is  paper is 
the development of engineering trade studies to be used 
for ETL tool evaluation. n s  approach; (1) Identifies se- 
lection criteria that are essential in the evaluation of an 
ETL too1, (2) Develops scenarios that examine each crite- 
rion, and (3) Develops quantitative measures useful for 
evaluating the various aspects of ETL usage. This ap- 
proach generates replicable evaluation methods that can be 
used and modlfied by companies to address their own ETL 
product needs.. With the results generated through such 
evaluationst companies will be able to make informed de- 
cisions and choose the best ETL tool for their purposes. 

1 INTRODUCTION 

The widespread need wittun corporations to migrate large 
quantities of data between data stores and to turn the data 
into strategic information has generated a set of commer- 
cial products, whch are referred to as Extract-Tmsform- 
Load (Em) tools. This paper documents an engineering 
trade study for evaluating ETL tools. The trade study con- 
sists of selection criteria scenarios, quantitative measures, 
and evaluation procedures. This ceport outlines the struc- 
tu=, technolop, and applications of the trade study. 

1.1 Problem Definition: Selecting an ETL tool 

In the 1990s: business executives became desperate for in- 
formation to stay competitive and improve their business 
operations. Operational computer systems did provide in- 
formation to run daily operations, but what executives 
needed were dfferent types of information that could be 
used to make strategic decisions. This prevalent need 
within corporations spurred the development of ETL tools. 

Since its origins in the mid-l990s, the ETL market has 
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evolved rapidly. A number of products have reached a 
level of maturiv and nest generation products are becom- 
ing available. Many corporations have a need to integrate 
their data from relational databases and to transform data 
into information for moE efficient decision-"king. 

The focus of this methodology is developing a stan- 
dardized test suite consisting of selection criteria, scenar- 
ios. quantitative measures. and evaluation procedures. In 
addition. these procedures are applied to commercial ETL 
products to esamine the effectiveness of the test suite in 
the evaluation of ETL tools. This methodology is replic- 
able and adaptable, allowing any company to apply it to 
new generation ETL tools and other softwm products. 

1.2 Context: Importance of Business Intelligence 

Business intelligence (BI) has matured to be an increas- 
ingly well-defined subset of infonnarion technology that 
addresses the challenges of turning raw data into useful in- 
formation. It encompasses issues such as reporting, analy- 
sis, data presentation and data integration. 

BI technologies attempt to help people understand data 
more quickly so that they can make better and faster deci- 
sions. The key drivers behind BT objectives are to increase 
organizational efficiency and effectiveness (Eckerson 
2003). The ETL process is the lifeline for any business in- 
telligence solution. ETL design and development work 
consumes 60 to 80 percent of the resources of an entire BI 
project (Variar, 2004). ETL tools are used in desigrung and 
populating analytic databases such as data warehouses and 
data marts, Specifically, these tools provide for the peri- 
odic emaction transformation, and integration of data 
from any number of heterogeneous data sourt3es into time- 
variant databases used predominantly for business intelli- 
gence (Sweiger, 2002). 

1.3 Role of ETL tools 

ETL programs periodically extract data from source sys- 
tem. transform the data into a common format, and then 
load the data into the target data store. ETL tools a h  
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move or transport data between sources and targets, docu- 
ment how data elements change as the! move between 
source and target (i.e.. metadata). exclmge this metadata 
with other applications as needed. and admnister all run- 
time processes and operations (e.g.. scheduling. error mnan- 
agement. audit logs. and statistics) (Eckerson 2003). 

ETL tools serve hvo veq- specific purposes. First. they 
’ provide a development environmenl tlmt is easy to manage 

and embedded into the graphical interface. Second. ETL 
tools provide increased throughput. which increases the 
productivitj- of the user. The increased throughput is 
achieved by separating data management from data access. 
Data management is the coordmtion of data from source 
to target systems, while data access is the delivety of in- 
formation from the database to the end user (Krudop. 
2005). 

1.4 ETL Market 

The ETL market comprises vendors that offer tools used in 
‘designing and populating analytic databases. In the early 
days of ETL tools. the idea of being able to “move any- 
thing from anywhere to anywhere else’’ was nothing more 
than a pipe dream. Over the years. vendors came much 
closer to being able to provide real business value bp ac- 
complishing tasks such as recognizing metadata, examin- 
ing complex source systems, moving very large datasets 
quickly, and providing a graphical development environ- 
ment. 

Market leaders have stable, mature products with 
the ability to connect to a broad array of data types, robust 
developer environments, and job parallelization capabili- 
ties (META Group. 2004). They also have strong financial 
stabilin- that enables them to innovate and acquire ancillaq 
capabilities, such as data quality, throughout a slow econ- 
omy. 

The ETL adoption m e  will exqxmd 10%20% annually 
during the next three to five years (META Group, 2004). 
The estimated sales of ETL pmducts doubled from 101 
million in 1998 to 210 million in 2002 (Jarke et al.. 2003). 
In 2004$ the ETL market was expected to experience high 
growth rate due to an aggressive uptake in customer data 
integration efforts and consolidation of departmental data 
warehouse efforts (META Group, 2004). In 2005, Forres- 
ter Research (2004) forecasts that the ETL market will ex- 
ceed $1 billion. 

ETL tools have become a .necessity in today’s market. 
and investors are not giving the selection process as much 
attention as they should. Before purchasing an ETL prod- 
uct, investors need to ‘first identify the needs of the corpo- 
ration. followed by essential selection criteria. 

1.5 Project Scope: Engineering Trade Study for the 
Evaluation of ETL tools 

This study‘s final product is a standardized test suite con- 
sisting of selection criteria. scenarios. quantitative meas- 
ures. and procedures. By designing and validating the en- 
gineering trade study methodology. four specific goals are 
accomplished: (1) Development of selection criteria that 
are essential in the evaluation of an ETL tool. (2) devel- 
opment of scenarios that examine each criterion and are 
effective in testing the various characteristics of an ETL 
tool. and (3) development of quantitative measures useful 
for evaluating the various aspects of ETL usage. 

This work has the potential to add real value ETL tool 
decision makers. The me tho do lo^ developed is effective 
in evaluating ETL tools and will help companies select the 
“best” ETL tool that meets the needs of their corporation. 

1.6 Document Overview . 

The remainder of the document presents the development 
of an engineering trade study approach for the evaluation 
of ETL tools with the following: Methodology, validation 
and conclusions and future work. 

2 METHODOLOGY 

The following sections present the development of the en- 
gineering trade study for the evaluation of ETL tools. The 
sections are 1) figures of merit, 2) criteria, 3) test scenar- 
ios. 4) quantitative measures, 5 )  evaluation matrix. and 6) 
procedure. 

2.1 Figures of Merit 

The first step in the developing the engineering trade study 
is to develop figures of merit, which are measures of qual- 
ity. in this case, the performance of an ETL tool. The six 
figures of merit are: cost: ease of use, flexibility, robust- 
ness, scalability. and speed. . 

The cost of the ETL tool is important since most or- 
ganizations will have a price limit. Consumers should take 
into account the actual product cost as well as hdden sup- 
port costs. Hidden costs included the price of required 
training, implementation, maintenance. and future software 
costs for upgndes and support from the vendor. 

Ease of use is another factor. The complexity and the 
size of the learning curve should be taken into considera- 
tion. The product would be worthless to the organization if 
an ETL tool with many features and functionalities were 
difficult to learn and complicated to use. 

The flexibility of the ETL tool entails how easily the 
product can be customized to specific uses. It also meas- 
ures how complete the functionalities of the tool are. Ro- 
bustness measured the dependability of the product and 
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whether the tool could continue operatc well under the 
constantly changing environments. A robust product 
should be able to handle failures such as network outages, 
sever crashes, or a lack of disk space. 

The scalability assesses the product's ability to handle 
different project sizes as well as different sizes of input 
data. Scalability could also measure how well the tool 
could process the complex prqjects well. The last figure of 
merit, speed, incasures how quickly the ETL tool per- 
formed. The speed of the tool couId vary by the size and 
complexities of the projects. 

Since ETL tools had numerous features and function- 
alities to evaluate, it would not be feasible to directly apply 
these figures of merit to the products. Therefore, the sec- 
ond step involved the development of essential criteria in 
w:luch the figures of merit could be applied to evaluate the 
various aspects of ETL usage. 

' 

2.2 Criteria 

Selection criteria are standards by which one judges the 
achievement of required system operational effectiveness. 
suitability characteristics. or resolution of technical or op- 
erational issues, Since ETL tools are so complex, the crite- 
ria are grouped into eight drfferent categories. Each cate- 
go? includes specific attributes that should be considered 
in the evaluation of ETL tools. The detailed descriptions 
of the eight main categories is included in the following 
sections. 

Each main criteria category contains a detailed list of 
attributes. Each attribute falls under one or more of the 
relevant figures of merit. For instance. product architec- 
ture will be assessed according to the ease of use. flexibil- 
ity. robustness. scalability, and speed. Listed below are the 
details of the eight groups. 

2.2.1 Product Architecture 

Product architecture specifies how the product is imple- 
mented. Information about the product such as the installa- 
tion process or the platfonns that the product supported fall 
under this category. Another important feature of product 
archtecture is the ability to perform multiple jobs concur- 
rently. Listed below are the cfiteria included in product 
archtecture : 

(i) Insdallafion process. The ease of the installing the ETL 
tool. 

(U) Plalforni support. The support for source and target 
operating systems and databases. 

(iii) Recovep logic. If there is a problem that results in a 
system crash d h g  the ETL processing one should 
be able to recover to the point it last completed suc- 
cessfully. Likewise, the ETL product itself should not 
require manual work to correct problems after a crash 

due to its handling of metadata, schedules or job 
states. 

(iv) Restart logic. Similar IO recoveq logic is the ability 
to restart ETL processing if a processing step fails to 
execute properl!,. One should have the abilip to re- 
start processing at the step where it failed as well as 
the ability to restart the entire ETL session. 
htemiedic& storage. The product should allow for 
the use of intermediate storage between processing 
steps. Typically, tlus is in a relational database. but 
the product should allow staging and interim process- 
ing in both databases and files. A key item here is the 
support for simultaneous actilrities regardless of loca- 
tion. For example, one might haye data coming from 
a relational source, to be combined with data from a 
flat file. You should not be forced to bring all data 
into a single format prior to working witli it. 

(vi) Parallel support. One component of parallel execu- 
tion is that the product should be capable of execut- 
ing multiple different jobs or modules concurrently. 
The second component is the ability of the product to 
support multi-threaded operation and parallel code 
execution internally. so that a given job can take ad- 
vantage of the inherent parallelism of the platform it 
is running on. The tiurd component is load balancing, 
if applicable. The product should be able to distribute 
load across multiple servers if it operates under a cen- 
tralized control mode, 

(vii) D o c u m e n ~ i o n .  The documentation of the ETL tool 
should be complete, containing information about all 
the essential technical aspects of the'tool. The online 
help should be provided for both developer and ad- 
ministrator tools, and should be available in an online 
format that allows access from within the ETL envi- 
ronment as well as separately. 

(v) 

2.2.2 Data Support 

Data Support focused on the dfferent types of data that the 
ETL tool can support. 

(i) Dam foririafs support, The support for text. comma 
delimited files, excel, XML. HTML. etc. 

(ii) Data type support. The support for integers, decimals, 
dates, times, string. user-defined types. etc. 

(iii)Real-time &fa The support for data that is time- 
dependent and information on current conditions. 

2.2.3 Data Extraction 

Data extraction is one of the three main functionalities of 
the ETL tools. A main consideration to assess is the prod- 
uct's ability to extract from a variety of various data 
sources. 

3 



Henty, Hoon, Hw ang, Lee, nnd Devors 

.2.2.1 Data Transformation therefore ETL tools should have functionalities to help the 
users manage metadata. 

4Data transfonnation is one of the more important function- 
alities of an ETL 1001. This criterion includes being able to 
define the rules of transformation as well as the number of 
pre-built functions the product has. Esamples of pre-built 
functions included changing the letter case or changing the 
time format from a 12 hour format to a 23 hour format. 
Data cleansing is another important factor that should be 
considered under t h s  categoc due to the importance of 
high data quality. 

(i) Pre-built rules and transformations. There are fre- 
quently encountered tasks that vendors can provide 
pre-built functionality to support. Ths can be a simple 
thing such as changing a letter case to more compli- 
cated tasks such as sorting a large file containing 
names and addresses. 

(iij Rule-based trunsformarions. One should be able to 
specie that transformations be executed only when 
certain conditions are met, and be able to merge these 
rules together in m y  dlfferent ways. It is an admn- 
tage to have sample rule-based transformations in the 
environment and to be able to check how to implement 
them in the tool. 

(iii) Siippori for all basic nrathernaticul and statistical 
funcrions. 

(iv) Basic data cleansing finctionali& shoirld be available. 
(v) Recursive processing support. One should be able to 

build new rules and transformations and save them for 
later use.. 

'(vi) Cocle/scripring support. The support for code or 
scripts written in programming languages such as C* 
and Java. 

', 

2.2.5 Data Loading 

Loading, along with transformation and extraction is one 
of the tlwee main functionalities of the ETL tools. Data 
loading assesses the product's ability to load data to a vari- 
ety of different targets and databases. 

. 2.2.6 Matching 

The ability to match and merge information between mul- 
tiple data sets is an important capability for ETL tools to 
have and thus should be evaluated. 

2.2.7 Metadata Management 

Metadata is a component of data which describes the data. 
Essentially. it is the "data about data" which describes the 
content. quality, condition. and other characteristics of 
data. Metadata is crucial to building a data warehouse and 

(i) Exrensibiligf. The metadata repository should be easily 
exqensible so tlmt items can be added that the product 
did not take into consideration. 

(iij Open storage fornrat. The metadata should be stored 
in an open, documented and easily accessible format. 
The obvious choice is in a relational database. prefera- 
bly of the client's choice and not the vendor's. 

(iii) Adetadata sliaring. EveF ETL tool should have the 
ability to share metadata with third party applications. 
Typically, one should look for support of common 
metadata interchange standads. Tlus sharing includes 
integration of business intelligence products. 

(iv) Contenr reporting. Any ETL tool with a metadata re- 
positov should be able to report on the contents. It is 
important to see things like what Vstems data is com- 
ing from, where it is being used, what data is ignored, 
etc. 

2.2.8 Development Environment 

The development environment is where most of the users 
will spend their time developing the projects. Features to 
consider in the development environment include the inter- 
face of the product, the error rqmrting capabilities, and 
support for add-in tools and software upgrades. 

(i) Graphical User Interface (CUI) support. The support 
for a graphical environment for both novice and expert 
users, particularly when dealing with scheduling and 
job dependencies. 

(ii) Command line support. The support for invoking jobs 
or entire sessions is particularly useful, This allows 
for the creation of much more flexible ETL processes, 
such that every job can be executed without going 
back to the GUI. 

(iiij Integrured toolser. With an integrated toolset. develop- 
ers do not need to switch from one interface to an- 
other, as might happen when developing a transforma- 
tion and then having to make changes to the metadata. 

(iv) Sequential processing. In the context of information 
storage, sequential processing means that each item 
must be read one at a time, going through all the pre- 
ceding records to get to the nest record in sequential 
order. In an SQL environment. sequential processing 
is executed using a cursor. The support for cursors in 
relational databases is important for sequential proc- 
essing. 

(11) Debugging support. The ETL developer is able to see 
data both before and after transformations. 

(vi) ETL reporring. Every product should provide reports 
on ETL sessions and jobs so one can see how the sys- 
tem is functioning. 
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(vii)Centrn/izerl ndministmtIo17. It is critical that there be a 
single place to view the entire ETL process, even if 
jobs are running across both the source and target plat- 
forms under different operating systems. Updating job 
schedules and nunaging jobs should be Iocation- 
independent. 

( \ i i )  Sclwdzrlinp. The scheduling of tasks withm an ETL 
session is often not a tri~ial lask. There are many de- 
pendencies between jobs. inaking it hard to determine 
what tasks can continue to run when an earlier job 
fails. It would be helpful to I w e  built-in support for 
task scheduling. 

Numerical Value 
1 
2 
3 
4 
5 

2.3 Test Scenarios 

Definition 
Does not meet expectations 
Slightl?, beIow expectations 

Meets eqectations 
Slightly above espectations 

Exceeds espectations 

After establishing a list of criteria, the next step in the de- 
velopment is to design test scenarios for each criterion. 
Different h p e s  of data must also be acquired to use in 
these scenarios. Ideally. the data used in these scenarios 
should be similar to the size and format of the data that is 
intended for final ETL processing. These data consist of 
text files, commadelimited files, and XML. 

When designing the test scenarios? we had two re- 
quirements: (1) They have to be effective in testing each 
criterion and (2) they l w e  to be scalable. Table 1 below 
shows an exampie of test scenarios designed for evaluating 
Data Estraction. 

Basic 
Processes 

Using CD data; filter data by searching for 
informatioil on any county where ELEM 
SNOW. Continue with query by adding 
more restrictions such as q u q i n g  for 
where ELEM = SNOW or PRCP, 
YEARMO <I980 but not 1975. Estract 
only tlus filtered data. Once data is es- 
tracted, sort the data by descending year. 
Save this q u q  and nul it on a different 
larger tile of CD data. View the quey and 
attempt to paste results into excel. Monitor 
display and edit extraction commands. 

If a company were to use different data sets than those 
used in this study. the scenarios would need to be slightly 
edited to l i t  the different data. Howewr. the basic proc- 
esses performed in each scenarios should be comparable to 
those performed in this study. 

2.1 Quantitative Measures 

After designing the test scenarios, the nexl important step 
is to develop quantitative measures to assess the criteria. 
The following sections document the development of a 
scale and applying weighting factors. 

2.4.1 Scale 

In order to convert the qualitative figures of merit and cri- 
teria into quantitatiye values. a scale is created in which the 
products were scaled on a one to five scale (Table 2). 

2.4.2 Weights 

Numerical weights are assigned to the selection criteria and 
figures of merit to quantfi their relative importance. Nu- 
merical weights are given to reduce the effects of evaluator 
bias on the analysis: this allows the evaluator to obtain an 
objective assessment of the alternatives. Therefore, the 
weights should be assigned before the scenarios are per- 
fonned. In addition numerical weighting facilitates com- 
parison among criteria that are not related. For ease in 
comparing diverse criteria. the sum of all these criteria 
weighting factors equals 1.00. After scoring. the weights 
are applied using the following equation: 

Where, 
a is weight of figure of merit 

b is weight of criterion 
A-is figure of merit 
i is the numbers of figures of merits 

j is the numbers of criteria within each figure of merit 

2.5 Evaluation Matrix 

An eduation matrix is created consisting of the figures of 
merit as column headings and the criteria as row. headings. 
The evaluation matrix is used to quantitatively score the 
product according to how well it performed relatiye to the 
figures of merit. Table 3 belay depicts how the criteria, 
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Ease of Use 
Product Architecture 

Data Extraction 
Data Transfomation 

Data Loadins 
Matching 

figures of merit, and scores relate to one another in the 
'evaluation mauis. 

Weight 

0.10 
0.15 
0.15 
0.15 
0.05 

Table 3 :  Evaluation Matrix 
I 1 Ease I Flexibil- I Robustness 1 Scdability 1 Speed 1 

Metadata Mana, wment 
Development Environment 

1 ARCHITEG I I I I I I 

0.15 
0.25 

2.6 Procedure 

Data Loading 
Matching 

The procedure of this engineering trade study consists of 
five steps: (1) The developer will assign the weights. (2) 
The developer will perform the scenarios for a specific cri- 
terion. (3) The developer will assign scores for the relevant 
figures of merit. (4) The developer will repeat steps two 
and three for all the criteria. ( 5 )  The developer will appij? 
the weights as shown in $2.4.2 and come up with a single 
value. 

0.15 
0.05 

3 EXAMPLE 

Speed 
Product Architecture 

Data Extraction 
Data Transformation 

Data Loading 
Matching 

The evaluation methodology was validated against the 
En tools of some prominent ETL vendors. The folowing 
section describes an example of how a fictitious company 
called Dnta Corp could proceed with this evaluation. 

0.05 
0.30 
0.30 
0.30 
0.05 3.1 Assigning Weights 

Figure of Merit 

Dam Corp assigns weights to the figures of merit based on 
their experience with ETL tools and what is important to 
their needs. Table 4 shows these assigned weights. 

Data Corp felt that they wanted an easy to use, flexi- 
ble, robust tool that could easily be scaled up for large pro- 
jects. They were not as concerned about the price or speed 
of the tool, therefore lower weights were assigned to those 
figures of merit. 

Weight 
cost 

Ease of Use 
Flexibility 
Robusmess 
ScaIabilitv 

0.10 

r -  h e e d  I 0.10 1 

Scalability 
Product Architecture 

Data Extraction 
Data Transformation 

Data Loading 
Matching 

Weight 
0.10 
0.20 
0.20 
0.20 
0.05 

Flexibility 
Product Architecture 

Data Support 
Data Extraction 

Data Transformation 

I MetadataManagement 1 0.20 1 
I Development Environment 0.10 I 

Robustness 

Data Support 
Product Architecture 0.20 

Data Extraction 0.20 
Data Transformation 0.20 

I Data Loading I 0.15 I 
Matching 

Metadata Management 
Development Environment 

1 DevelopmentEnvironment I 0.05 I 

6 



For the criteria. Darn Corp assigned weights to 'each 
criterion categov with respect to all of the figures of merit 
except cost. Again these \\.eights were assigned according 
to what Dola Corp felt vas tlie level of importance of the 
criteria in each of tlle areas. Table 5 slioivs the assigned 
weights for each criterion categoF that Dnsn Corp decided 
upon. 

The basis for assigning these weights should be an es- 
ainination of each of the criteria in regards to each figure 
of merit. Questions lrke "Would our company rather l w e  
a robust user interface: an ea? to use one. or both? and 
"Would our company rather have flexible data loading or 
data support?'' must be answered. Companies such as Data 
Corp must determine what areas of the criteria are more 
critical to their needs within each figure of merit. TIUS 
mans that under some figures of merit. certain criterion 
will me more important t l m  others. A few examples of 
Dota Corp 's weighting assignment esplanations are in- 
cluded below: 

(i) Darn Corp hghl? valued an easy to use develop- 
ment emiironment because the bulk of their work would 
reside in this area and they wanted to train multiple people 
on these tools quickly. 

(ii) Matcling, an aspect of ETL tools that Dntn Corp 
did not plan on utilizing ofien, received small weights in 
all five categories. 

(iii) Datu Corp wanted the ability to create and ma- 
nipulate metadata extensively: therefore this area received 
a large weight under flexibility. Data support also received 
a high weighting under flesibilie because Dam Corp ma- 
nipulates a large variew of data formats on a regular basis. 

(iu) For the most part, Data Carp felt the estraction, 
transformation. and loading steps of their work were 
equally important across the board, Therefore, these time 
areas haw the same lugh weightings in each of the catego- 
ries. One exception to tlus however is under robustness, 
where Data Corp decided that since many of the loading 
jobs they would perform would be v e v  straightforward 
and simple, loading's weight could be less than that of e?- 
tract and transform. 

(v) When looking at performing large jobs: Data Corp 
decided to give hgh weights to each part of the ETL proc- 
ess, as well as metadata management. In order for a job to 
be scaled effectively for their purposes, Data Cor-  needed 
each of these areas to perform equally well. 

Criteria 
Rule-based 
transfornutions 

3.2 Test Scenarios 

Comments 
Completion of the scenario nas SUC- 

cessful. The ptocess was relatively in- 
tuitive. Eaq- to define ne\\ columns 
and create different rules with cspres- 
sion builder. 

D m  Carp performed the majority of the scenarios suc- 
cessfully with little dLffkulQ. After completing each sce- 
nario. they wrote comments about how the ETL product 
performed. Table 6 shows an example of comments made 
after performing the scenario for rule-based transforma- 
tions. 

Doto Corp then scored each criteria based off their es- 
perience froin performing the scenarios. Finall!.. Dam 
Corp applied the \\.eights using Equation 1 found in 52.4.2 
to generate final scores on the tools they evaluated. These 
scores indicated tlie tools' perfommnces according to Dntn 
Corp 's specifications and allowed them to determine 
which tool was better for their purpose. 

After testing the scenarios much like the Darn Corp 
esample above, the team revised the scenarios as needed. 
The figures of merits and criteria were also updated so that 
they could better serve the purpose of ETL evaluation. The 
final version of the evaluation matris includes eight criteria 
(product architecture. data support, data extraction, data 
transfonnation. data loading. matclung. metadata manage- 
ment, development environment). and sis figures of Inerits 
(cost, ease of use, flesibility!-, robustness, scalability, 
speed). The final results were the ones included in section 
2 of this paper. 

4 CONCLUSIONS AND FUTURE WORK 

In this paper, a useful engineering uade study for ETL tool 
selection was developed. In the end. all three initial objec- 
tives were achieved. Comprehensive ETL criteria were 
identified. testing procedures were developed. and this 
work was applied to commercial ETL tools. The study 
covered all major aspects of ETL usage and can be used to 
effectivel! compare and evaluate various ETL tools. Ths 
study will be an asset to any companies and organizations 
wishing to evaluate ETL tools in the future. Ths study 
produced replicable evaluation methods that can be used 
and modified by companies to address their own ETL tool 
needs. Using this study. companies will have the ability to 
make informed decisions about the best ETL tool for their 
purposes and will thereby Educing the risks of investing 
into an ETL venture. 

This study could benefit from several improvements 
and future studies. For instance. the generated scenarios 
could be more comprehensive and complex. Thus study's 
scenarios could be used as building blocks to create more 
complex testing scenarios to better replicate ETL usage. 
Companies themselves could develop specific scenarios 
tlmt might be more representative of their particular ETL 
needs. In the future. this study's testing procedures should 
be implemented on a company in need of an ETL product. 
Conducting a case study using the methodologies outlined 
in this paper would help to further validate this study. Fi- 
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nally. the list of criteria and scenarios generated in this 
study wiI1 undoubtedly need updating in tlie future as ETL 
processes continue to become more and more evolved as 
time progresses. 
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