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 

Abstract: Data warehouse is a central storage facility that stores 

information from many sources which can be in structured or 

unstructured format, queries this information for retrieval based 

on certain input facts and delivers the outcome analysis to many 

analysts, to meet decision support and business intelligence 

requirement. Not much research has been carried out in this 

research area in the past few years.  In this research paper, we are 

discussing the data warehouse architecture and the testing 

techniques that are used for best suited to be used for the data 

warehouses. Literature for the testing techniques is integrated at 

one place and the outcome is to focus on security issues while 

performing data warehouse testing. 

 

 
Index Terms: Database, Data Warehouse, Data Warehouse 

Testing, Database Testing, Software Testing 

I. INTRODUCTION 

Data warehouse are decision support systems used for 

reporting and data analysis to enable the users (Executives, 

Managers and Analysts) to make effective and efficient 

decisions faster. Data warehouse technology has been 

successfully deployed in many industries for eg: financial 

services (for claims analysis, risk analysis, credit card 

analysis, and fraud detection), manufacturing industry (for 

order shipment and customer support analsis), retail industry 

(for user profiling and inventory management), 

transportation industry (for fleet management), 

telecommunications (for call analysis and fraud detection), 

utilities (for power usage analysis) and healthcare (for 

outcomes analysis).  

A data warehouse consolidates the historical data, which 

helps the organization to analyze its business and predict the 

outcomes based on the trend analysis. It helps the executives 

to organize, understand and use their data to take strategic 

decisions. Data warehouse systems help in the integration of 

diversity of application systems. 

The banking sector over the years, has accumulated large 

amount  of customer data and operational data which is a 

valuable asset of the banks and this data when analysed 

efficiently can be used for report generation and for 

performing statistical analysis for various meta data collected 

to meet the needs of the bank customer analysis [1-2]. Thus 

the banking data warehouse technology shall help the banks 

to expand their business scope, improve customer service 

levels, strengthen internal management, help them further in 

development of healthy banks and also help them to be 

successful as compared to their competitors [3]. 
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II. PROCEDURE FOR PAPER SUBMISSION 

  Databases are designed to make transactional systems run 

efficiently. Databases basically are called as OLTP (Online 

Transaction Processing Systems). They are not used for 

analytics. On the other hand, the primary usage of data 

warehouses are they are used for analytics. Therefore, data 

warehouse thus, can be called OLAP (Online Analytical 

Processing) database. The data warehouse takes the data from 

all the databases and creates a layer dedicated to data 

analytics. The databases are therefore designed to handle 

only transactions whereas data warehouses are designed to 

handle analytical processing of data.  

Database consist of collection of data that is organized for 

storage, retrieval and accessibility of operations. Data 

warehouse on the other hand, integrates copies of transaction 

data from various sources and uses them for analytical 

purpose.  

Each database is constrained to run on a single application 

whereas data warehouse accommodates data storage for any 

number of applications thereby stating that one data 

warehouse consists of infinite applications and infinite 

databases.  

OLTP databases must be up every time as failure in the 

system will lead to chaos. The database is linked to the 

front-end application. OLAP databases are scalable and not 

linked to the front-end databases. Data is refreshed from the 

source system as needed and results in historical trend 

analytics and help in making business decisions.  

OLTP database are optimized for performing read write 

operations for single point transactions. Performing large 

analytical queries is not preferred. OLAP databases are 

optimized for efficiently and effectively reading and 

retrieving large data sets and aggregating the data. The data 

warehouse are designed to handle large analytical queries.  

The structure of the OLTP database is very complex as it 

consists of large number of joins because the data is 

normalized, and it is structures as there is no data duplication. 

On the other hand, the structure of OLAP database is not very 

complex and denormalized to enhance analytical query 

response time to specially facilitate analysis and reporting. 
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III. COMPARISON TABLE  

DATABASE DATAWAREHOUSE 

They are OLTP (Online 

Transaction Processing 

Systems) 

They are OLAP (Online 

Analytical Processing 

Systems) 
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It consists of collection of 

data 

It consists of collection of 

copies of transaction data 

It stores data on single 

application 

It stores data from number of 

applications 

Data is used for storage, 

retrieval and accessibility 

of operations 

Data is used for analytical 

processing 

They are linked to 

front-end applications; 

thus failure needs to be 

handled properly 

They are not linked to 

front-end applications and are 

scalable 

They are designed to 

perform single point 

transactions 

They are designed to handle 

large analytical queries 

The structure is complex 

and normalized 

The structure is not complex 

and denormalized 

Real time data processing 

is done 

Data is refreshed from source 

systems when required  

 

IV. DATA WAREHOUSE ARCHITECTURE 

A data warehouse is a “subject-oriented, integrated, 

timevarying, non-volatile collection of data that is used 

primarily in organizational decision making [4]. A data 

warehouse is used by organizations to provide efficient data 

analysis to decision makers [5]. Figure 1 shows a typical 

three tier architecture of data warehouse where at the first 

level the data is gathered from various data sources (any 

organization databasee.g: CRM, Bank, ERP Systems, etc.) 

and transformed into the desired format through Extract, 

Transform and Load (ETL) Process at the second level. Then 

the desired data is stored in the data warehouse. At the third 

level, data analysis is performed using decision support 

systems and reports are generated for the users for the 

purpose of strategic decision making.    

The three-tier architecture of data warehouse [6] can be 

explained as: 

1. Enterprise Warehouse – It is the bottom tier of a data 

warehouse consisting of database server consisting of 

relational database system. The data is gathered from 

operational data sources and other external databases and 

data is extracted using application program interfaces known 

as gateways. A gateway is database management system and 

allows the client program to execute code. It consists of 

details comprising of all information about subjects related to 

the entire organization. 

2. Data Mart – It is the middle tier of a data warehouse 

consisting of OLAP Server performing OLAP operations. 

The data mart is a subset of data warehouse and contains 

information related to a specific department or group of 

users.  

3. Virtual Warehouse – It is the top tier of a data warehouse 

which consists of query, reporting, analysis or data mining 

tools. Analytical analysis is carried out and reports are 

generated for the users to forecast strategic business 

decisions. 

 
Figure 1.  Architecture of Data warehouse 

V. SOFTWARE TESTING VS DATA WAREHOUSE 

TESTING 

In a data warehouse, the data passes through several stages, 

wherein each stage certain changes are made in the data 

before it finally reaches the user in the form of a chart, table 

or a report. Thus, at every stage of the data warehouse data 

should be tested to guarantee accuracy and preserve the 

quality of data. Data warehouse consisting of high-quality 

data is termed as a good data warehouse.  Thus, before we see 

what testing techniques can be best applied to the data 

warehouse, let us see how software testing is different from 

data warehouse testing. 

The difference between Software testing and Data 

warehouse testing [8] is represented in Table 1as shown 

below: 

SOFTWARE TESTING DATA WAREHOUSE 

TESTING 

It is a carried out prior to 

deployment of software. 

It is carried out post 

deployment of the 

application. 

It focuses on testing of 

each use case which 

contains various test cases 

[7]. 

It is focused on querying the 

test data loaded by the ETL 

process.  

It is source code specific. It is content specific. 

Focus is on generation and 

testing of test cases. 

Focus is on query triggered 

operation in testing. 

Tester bridges the gap 

between informal 

specifications and formal 

verification in software 

testing [7]. 

As volume of data is large it is 

not possible in data 

warehouse testing. 

It is carried out through 

user interface. 

It is primarily carried out on 

business logic 

Instant or overnight result 

is generated by execution 

of transactions. 

Execution of transactions 

take a long time due to large 

volume of data. 

It is user triggered as the 

input is given by the user 

and individual transactions 

are processed. 

It is system triggered due to 

Extraction, Transformation 

and Loading process [9]. 

Software defects found 

later in development 

lifecycle increases the 

development cost.  

data warehouse focuses on 

correctness of data based on 

which critical business 

decisions shall be taken. 
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The testing process ends 

with the development life 

cycle. 

The testing process continues 

after system delivery. 

Either manual or 

automated testing is 

carried out on the test data. 

Only automated testing is 

done on the test data. 

Thus, it can be seen that software testing basically focuses 

on see and test whereas data warehouse testing is an 

automated testing where smart scripts are written to validate 

business. Thus, due to volume of data, processing may take 

time but the outcomes are efficient and effective as the 

reports are used for decision making purposes.  

VI. DATA WAREHOUSE TESTINGTECHNIQUES 

With data being the most important factor in driving critical 

business decisions, testing the data warehouse becomes a 

critical process. Data in the data warehouse is integrated from 

numerous sources. The data source affects the data quality, so 

data profiling and data cleaning must be carried out. Data 

Warehouse testing consists of Extract, Transform and Load 

(ETL) testing to validate that the data has been transformed 

and loaded as expected and Business Intelligence (BI) 

testing to validate that the data shown in the reports is 

accurate [10]. Data Warehouse testing is very important 

because the business relies upon this data to make key 

decisions. Bad data and issues in Data Warehouse can lead to 

failures of the Data Warehouse projects because lack of trust 

in the data and consequently low usage.  

Unlike software testing where a software is tested with the 

intent of finding errors, data warehouse testing is carried out 

to ensure that the data has been loaded from the source to the 

destination after business transformation is accurate. It also 

involves the verification of data at various middle stages that 

are being used between source and destination.  

Much literature is available on what testing technique are 

best best suited for the various stages of the data warehouse 

testing.  In this section, we shall be integrating all the testing 

techniques to help us analyse the essential techniques that 

should be carried out at various stages of the data warehouse.  
Refer-

ence 

Publis

hed 

date 

Testing 

Technique 

Proposed at 

Backend (DS -> 

ODS -> DW) 

Testing 

Technique 

Proposed at 

Frontend  

(DW -> DM 

-> UI) 

Conclusion 

[12]  2007 Requirements 
Testing 

Unit Testing 

Integration 
Testing  

User 

acceptance 
Testing 

Unit testing 
is essential 

to be done at 

the backend 
to check the 

integration 

of data along 
with User 

Acceptance 

testing at the 
frontend to 

see that 

query 
analysis is as 

per the user 

requirements 
[17] 2007 Unit Testing.  

Technical 

Shakedown 
Testing 

System 

Testing 

Integration 

Testing  

Operation 
readiness 

Testing 

User 
acceptance 

Testing 

Unit testing 

is essential 

to be done at 
the backend 

to check the 

integration 
of data along 

with User 

Acceptance 

testing at the 
frontend to 

see that 

query 
analysis is as 

per the user 

requirements 
[13] 2008 Unit Testing Integration 

Testing  

User 

acceptance 
Testing 

Performan

ce Testing 

Unit testing 
is essential 

to be done at 

the backend 
to check the 

integration 

of data along 
with User 

Acceptance 

testing at the 
frontend to 

see that 

report 
generated 

are 

satisfactory. 
[18] 2008 Data 

Validation 

Testing 
Oneshot/Retr

ospective 

Testing  
View Testing 

Prospectiv

e Testing 

Regression 
Testing 

Data 

validation 

testing is 
essential to 

be done at 

the backend 
to check the 

integrity of 

the data 
along with 

Regression 

testing at the 
frontend to 

check the 

data 
functions 

correctly 

after the 

changes has 

been made. 
[11] 2009 Functional 

Testing 

Usability 

Testing 
Stress 

Testing 

Performan
ce Testing 

Security 

Test 
Recovery 

Test 

Regression 
Test 

Functional 
testing is 

essential to 

be done at 
the backend 

to check the 

data is 
compliant as 

per the 

business 
requirements 

along with 

Security 
testing at the 

frontend to 

check the 
data is 

protected 

and  
functionality 

is 

maintained. 
[19] 2009 Multidimensi

onal database 

testing 
Data pump 

(ETL) testing  

Metadata 

Testing 

OLAP 
testing. 

ETL testing 

is essential 

to be done at 
the backend 

to check the 

data 
validation 

along with 

OLAP 
testing at the 

frontend for 

report and 
query 

analysis. 
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[9] 2010 Extraction 

Testing 
Transformati

on Testing 

Load Testing 
Stress and 

Volume 

Testing 

Adhoc 

Query 
Testing 

End to End 

Integrated 
Testing 

Security 

Testing 
Parallel 

Testing 

ETL testing 

is essential 
to be done at 

the backend 

to check the 
data 

validation 

along with 
Security 

testing at the 

frontend to 
check the 

data is 

protected 
and 

functionality 

is 
maintained. 

[15] 2010 Unit Testing Integration 

Testing  

System 
Testing 

User 

acceptance 
Testing 

Unit testing 

is essential 

to be done at 
the backend 

to check the 

integration 
of data along 

with User 
Acceptance 

testing at the 

frontend to 
see that 

query 

analysis is as 
per the user 

requirements 
[16] 2011 End to End 

Testing 
Row Count 

Testing 

Field Size 
Testing 

Report 

Testing 
End to End 

testing is 
essential to 

be done at 

the backend 
to check the 

data has 

been loaded 

along with 

Report 

testing at the 
frontend for 

report and 

query 
analysis. 

[20] 2012 Functional 

Test 
Usability 

Test 

Security 

Test 
Performan

ce Test 

Maintaina
bility Test 

Functional 

testing is 
essential to 

be done at 

the backend 
to check the 

data is 

compliant as 
per the 

business 

requirements 
along with 

Security 

testing at the 
frontend to 

check the 

data is 
protected 

and  

functionality 
is 

maintained. 
[21] 2013 New Data 

warehouse 

Testing 

Migration 
Testing 

Change 

Request 

Report 
Testing 

New data 
warehouse 

testing is 

essential to 
be done at 

the backend 

as complete 
transformed 

data is 

loaded along 

with Report 
testing at the 

frontend for 

report 
generation 

and query 

analysis as 
per user 

business 

requirements
. 

[22] 2015 ETL Testing Security 

Testing 

Regression 
Testing 

ETL testing 

is essential 

to be done at 
the backend 

to check the 

data 
validation as 

bank 

database is 
voluminous 

along with 

Security 
testing at the 

frontend to 
check the 

data is 

protected 
and 

functionality 

is 
maintained. 

[23]  2015 ETL Testing Automated 

Testing 

 
 

 

 
 

 

Testing ETL 

(Extract, 

Transform, 
and Load) 

procedures 

is an 
important 

and vital 

phase during 

testing of 

Data 

warehouse 
as it affects 

the quality of 

data, so 
automated 

testing   

improves 
data quality 

in less time, 
cost and 

attains good 

data quality. 
[25] 2016 New Data 

warehouse 

Testing 

Migration 
Testing 

Change 

Request 

Report 
Testing 

New data 
warehouse 

testing is 

essential to 
be done at 

the backend 

as complete 
transformed 

data is 

loaded along 
with Report 

testing at the 

frontend for 
report 

generation 

and query 
analysis as 

per user 

business 
requirements

. 
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[24] 2018 End to End 

Testing 
Regression 

Testing 
End to end 

testing at the 
backend 

helps to 

verify that 
the data 

warehouse 

system 
meets its 

design 

specification
s and other 

requirements  

and 
Regression 

Testing at 

the frontend 
to  support 

agile and 

iterative 
development 

processes. 

 

Contrary, on the other hand, data warehouse testing when 

compared with the software testing techniques that are 

carried out for testing of the software, the literature available 

is integrated in the table given below. 

 

 
Refer-

ence 

Publis

hed 

date 

Software Testing 

Technique 

Proposed at 

Backend 

(Database) 

Software 

Testing 

Technique 

Proposed at 

Frontend 

(GUI) 

Conclusion 

[26] 2010 Correctness 

Testing 

Performance 
Testing 

Security 

Testing 
Stress 

Testing 

Reliability 
Testing 

Unit 

Testing 

Regression 
Testing 

Performance 

and Security 

Testing are 
essential to 

be 

performed 
for checking 

data 

validation at 
the backend 

whereas 

Regression 
testing is 

performed at 

the frontend 
to check the 

application 

performance
. 

[27] 2012 Correctness 

Testing 

Performance 
Testing 

Security 
Testing 

Reliability 

Testing 

Manual 

Testing 

Unit 
testing   

Integration 
testing  

Acceptanc

e / 
Validation 

testing  

System 
testing 

Security 

Testing aims 

to verify that 
protection 

mechanisms 
built into a 

system thus 

it is essential 
to be 

performed at 

backend 
whereas to 

check the 

functionality 
of a system 

System 

Testing is 
performed at 

the front 

end.  
[28] 2014 Performance 

Testing 

Security 

Testing 
Reliability 

User 
Acceptanc

e Testing 

Security 
Testing aims 

to verify that 

protection 
mechanisms 

Testing built into a 

system thus 
it is essential 

to be 

performed at 
backend 

whereas to 

check the 
User 

acceptance 

Testing is 
performed at 

the front end 

so that the 
software is 

completely 

accepted by 
the user. 

[29] 2016 Performance 

Testing 

Security 
Testing 

Reliability 

Testing 
System 

testing 

Unit 

testing   

Integration 
testing   

Security 

Testing aims 

to verify that 
protection 

mechanisms 

built into a 
system thus 

it is essential 
to be 

performed at 

backend 
whereas to 

check the 

functionality 
of a system 

System 

Testing is 
performed at 

the front 

end.  
[30] 2018 Performance 

Testing 

Security 

Testing 

Load Testing 

Stress 

Testing 

Unit 
Testing 

Fuzz 

Testing 

Regression 

Testing 

System 
Testing 

Security 
Testing aims 

to verify that 

protection 

mechanisms 

built into a 

system thus 
it is essential 

to be 

performed at 
backend 

whereas to 

check the 
functionality 

of a system 
System 

Testing is 

performed at 
the front 

end.  
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VII. DISCUSSION 

In software systems, Front-end Testing is testing or 

verifying the frontend functionality, GUI, and Usability. The 

main aim of Frontend testing to make sure that every user is 

well-protected from bugs. Figure 2 represents the most 

frequently software testing techniques used at the frontend. 

User Acceptance testing is done at the front end so check that 

the application made is as per the user requirements. 

 

 

 

 
 

 
 

Figure 2.Frequently used Software Testing Techniques at Frontend 
 

 

On the other hand, Backend testing is defined as a type 

of testing that checks the server side or Database. It is also 

known as Database Testing. The data entered in the front end 

will be stored in the back-end database. From the literature 

gathered, it can be concluded that Performance and Security 

Testing are performed at the backend as shown in Figure 3 

which also represent the frequently used backend software 

testing techniques. 

 

 

 

 
 

 
 

Figure 3.Frequently used Software Testing Techniques at Backend 
 

 

In data warehouse systems, in the frontend testing, 

regression, security or report testing takes place to check the 

generated query or report analysis is as per the customer 

requirements. Figure 4 represents the most frequently used 

front end testing techniques for a data warehouse.  

 

 

 

 
 
 

 

Figure 4.Frequently used Data Warehouse Testing Techniques at Frontend 
 

 

 

The backend testing data warehouse is tested using mainly 

ETL Testing to check for data validation and there is no loss 

in quality of data during the 

ETL process. Figure 5 

represents the most 
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frequently used testing techniques at the backend testing of a 

data warehouse. 

 

 

 
 

 
Figure 5.Frequently used Data Warehouse Testing Techniques at Backend 

VIII. CONCLUSION 

In this paper, we have integrated the literature available 

over the years, about the testing techniques which are being 

used for testing in the data warehouse. As the architecture of 

the data warehouse has evolved, thus the testing techniques 

will also evolve according to the architecture of the data 

warehouse. In future, we would like to apply the frequently 

used techniques in a proposed architecture featuring more on 

the security aspects of data in data warehouse testing. Apart 

from maintaining high quality of data in a data warehouse, 

the security of the data should also be focused to get a secure 

data at the target in the data warehouse. 
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