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DATA WAREHOUSING AND TESTING

VENKATESH RAMASAMY
SENIOR TEST ANALYST
COGNIZANT TECHNOLOGY SOLUTIONS
SIRUSERI

ABINAYA MURUGANANDHAN
MBA STUDENT
ANNA UNIVERSITY
TIRUCHIRAPPALLI

Over the last 20 years, with the advancement in the computing technology, the fall in the computer hardware and change in the nature of business — the value of
information has been raised dramatically. The need of making good decisions on the basis of large amount of data, which has the property of diversification
among the different units of organization, has risen to a level not comparable to any phase throughout the history of Information Technology. The indispensable
requirement to store enormous amount of data lead to the analytic systems which in turn gave birth to the idea of Data Warehousing. In this paper, we discuss
about the data warehouse design, implementation and its testing activities, also we classify them in terms of what is tested, how it is tested, and we explain how
the test approach can be effectively designed.

KEYWORDS
Data Warehouse (DW), Data Mining (DM), Query Processing, Testing.

INTRODUCTION
he Data Warehouse (DW) integrates data from multiple heterogeneous information sources and transforms them into a multidimensional representation
@fcr making decisions more effective. The responsibility of a data warehouse is to provide robust data management, scalability, high performance query
processing and integration with organization data servers. “Data Warehousing is a Subject-Oriented, Integrated, Non-volatile, and Time variant collection
of data in support of Management Decisions”, - W.H. Inmon.

FIG. 01 — DATA WAREHOUSING INTRODUCTION
A —

Subject
Oriented

N\ s ¢

Non -Volatile

SUBJECT-ORIENTED

In data warehousing the prime objective of storing data is to facilitate decision process of a company, and within any company data naturally concentrates
around subject area. This leads to the gathering of information around these subjects rather than around the applications or processes.

INTEGRATED

Though the data in the warehouses is scattered around different tables, databases or even servers, the data is integrated consistently in the values of variables,
naming conventions and physical data definitions.

NON-VOLATILE

Being the snapshot of operational data on a given specific time, the data in the data warehouses should not be changed or updated, once it’s loaded from
organizational system. As the snapshot shows operational data at some moment of time and one expects data warehouse to reflect accurate values of that time
frame. There exists only two operations — the time based loading of data, accessing the loaded data.

TIME VARIANT

The time based archival of data from operational systems to data warehouse, makes value of data, in the data warehouses, being function of time. As the data
warehouse gives accurate picture of operational data for some given time and the change in the data in warehouse is based on time based change in operational
data, data in the data warehouse is called, “time-variant”.

Most of the organizations run their businesses on the basis of collection of data for strategic decision- making. To get a competitive edge the organization should
have the ability to review historical trends and monitor real-time functional data. Hence, the concept of data warehousing in the sense, once the data is
extracted from the operational system it can be validated, reformatted, reorganized, summarized, restructured and supplemented with data from other source.
The resulting data warehouse become the best source of information for the decision making process. Data Warehousing technology has grown much in scale
and reputation in the past few years, as evidenced by Gartner Group survey of Fortune 500 IT managers who found that 90% of all organizations had planned to
implement Data Warehouses by 2011.
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NEED OF DATA WAREHOUSING

BUSINESS PROCESSING AND DECISION MAKING

In large organizations good decision-making process becomes very critical because of its diversified data which is available across different platforms. The best
decisions are made when all the relevant data available are taken into consideration. The best possible source for that data is a well-designed Data Warehouse
System.

DATA MINING AND DATA TRANSFORMATION

A common problem that exists in many organizations is the inability to quickly retrieve and combine operational data about the same entity that exists in
multiple systems. At a very simple level, data reporting quality are concerned with collecting accurate data, transforming it into a common presentation format
that is convenient for business partners. This sounds simple enough but there are many complicating factors that must be considered.

DATA SECURITY

With the provision of being multi-user database system, the primary focus is on providing controls for the security of database. The controls include
unauthorized access to database as well as individual schema objects, assessment of environment parameters such as disk usage and system resource usage. It
needs a set of privileges and a user is restricted by the grants given by these privileges. Data Warehousing provides a multi-level secure database management
and mandatory access control to monitor the user actions on the Database.

DATA VOLUME

In any organization, it is frequently necessary to load a very large volume of data into the databases in a short amount of time, thereby requiring parallel
processing of different data. The initial data loads are usually the most voluminous, so the organizations need to have a relatively long load window to
accomplish this task.

Even though additional hardware and software are needed, the presence of a data warehouse is obligatory to handle the huge volume of data.

DATA WAREHOUSING ARCHITECTURE

Many organizations want to implement an integrated enterprise warehouse that collects information about all subjects (e.g., customers, products, sales, assets,
personnel) spanning the whole organization. However, building an enterprise warehouse is a long and complex process, requiring extensive business modeling,
and may take many years to succeed. The below architectural design explains about the implementation of data warehousing in organization. It includes tools
for extracting data from multiple operational databases and external sources; for cleaning, transforming and integrating this data; for loading data into the data
warehouse and for periodically refreshing the warehouse to reflect updates at the sources and to purge data from the warehouse, perhaps onto slower archival
storage. In addition to the main warehouse, there may be several departmental data marts.

FIG.2: DATA WAREHOUSING ARCHITECTURE
OLAP Servers

Meta data > _Ik-

Repositories %ﬂ
Data Warehouse S A:

= &

Data Query / Reporting

External
Sources ‘
Data Marts
Data Marts
Operational

Data Sources

OLAP Servers

Note: Data marts are departmental subsets focused on selected subjects (e.g., a marketing data mart may include customer, product, and sales information).
These data marts enable faster roll out, since they do not require enterprise-wide consensus, but they may lead to complex integration problems in the long run,
if a complete business model is not developed.]

Data in the warehouse and data marts is stored and managed by one or more warehouse servers, which present multidimensional views of data to a variety of
front end tools: query tools, report writers, analysis tools, and data mining tools. Finally, there is a repository for storing and managing metadata, and tools for
monitoring and administering the warehousing system.

The warehouse may be distributed for load balancing, scalability, and higher availability. In such a distributed architecture, the metadata repository is usually
replicated with each fragment of the warehouse, and the entire warehouse is administered centrally. An alternative architecture, implemented for expediency
when it may be too expensive to construct a single logically integrated enterprise warehouse, is a federation of warehouses or data marts, each with its own
repository and decentralized administration.

The designing and rolling out of a data warehouse is a complex process, consisting of the following activities,

. Define the architecture, do capacity planning, and select the storage servers, database and OLAP servers, and tools.

. Integrate the servers, storage, and client tools.

3 Design the warehouse schema and views.

. Define the physical warehouse organization, data placement, partitioning, and access methods.

. Connect the sources using gateways, ODBC drivers, or other wrappers.

. Design and implement scripts for data extraction, cleaning, transformation, load, and refresh.

. Populate the repository with the schema and view definitions, scripts, and other metadata.

. Design and implement end-user applications.

3 Roll out the warehouse and applications.

FACTORS INFLUENCING THE DATA WAREHOUSING DESIGN & IMPLEMENTATION

When designing a data warehouse, organizations employ either a top-down or bottom-up development approach. In the top-down approach, an enterprise
data warehouse is built and information processes are created business area by business area with underlying dependent data marts pulled out from the
enterprise data warehouse contents. In the bottom-up approach, independent data marts with information processes are created with the view of integrating
them into an enterprise data warehouse in the future. The six important factors that potentially influence the design and implementation of data warehousing,
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INFORMATION INTERDEPENDENCE BETWEEN ORGANIZATIONAL UNITS

There is a high level of information interdependence when the work of one organizational unit is dependent upon information from one or more other
organizational units. In this situation, the ability to share consistent, integrated information is important.

UPPER MANAGEMENT’S INFORMATION NEEDS

In order to carry out their job responsibilities, senior management often requires information from lower organizational levels. It may need to monitor progress
on meeting company goals, drill down into areas of interest, aggregate lower-level data, and be confident that the company is in compliance with regulations.
NATURE OF END USERS TASKS

Some users perform non-routine tasks. Structured queries and reports are insufficient for their needs. They have to analyze data in novel ways. These users
require an architecture that provides enterprise-wide data that can be analyzed “on the fly” in creative ways.

COMPATIBILITY WITH EXISTING SYSTEMS

There are many benefits to implementing IT solutions that are compatible with the existing computing environment. Consequently, the design of data
warehouse architecture is likely to be impacted by the systems and technologies that are already in place. This may include compatibility with source systems,
metadata integration, data access tools, and technology vendors.

TECHNICAL ISSUES

A variety of technical considerations can affect the design of architecture — the ability to integrate metadata; scalability in terms of the number of users, volume
of data, and query performance; the ability to maintain historical data; and the ability to adapt to technical changes, such as in source systems.

CONSTRAINTS ON RESOURCES

The data warehouse architecture requires more resources to develop and operate. As a result, the availability of IT personnel, business unit personnel, and
monetary resources can impact the design of the architecture.

DATA ANALYSIS TECHNIQUES

A data warehouse is built to provide an easy to access source of high quality data. It is typically the need to perform analysis and decision making through the
use of that source of data. There are several techniques for data analysis that are in common use today. They are query and reporting, multidimensional
analysis, and data mining. They are used to formulate and display query results, to analyze data content by viewing it from different perspectives, and to
discover patterns and clustering attributes in the data that will provide further insight into the data content. The techniques of data analysis can impact the type
of data model selected and it’s content. It also seems clear that, in most implementations, multiple types of data models might be used to best satisfy the
varying requirements.

QUERYING AND REPORTING

Query and reporting analysis is the process of posing a question to be answered, retrieving relevant data from the data warehouse, transforming it into the
appropriate context, and displaying it in a readable format. It is driven by analysts who must pose those questions to receive an answer. Traditionally, queries
have dealt with two dimensions, or two factors, at a time. Query definition is the process of taking a business question or hypothesis and translating it into a
query format that can be used by a particular decision support tool. When the query is executed, the tool generates the appropriate language commands to
access and retrieve the requested data, which is returned in what is typically called an answer set. The data analyst then performs the required calculations and
manipulations on the answer set to achieve the desired results. Those results are then formatted to fit into a display or report template that has been selected
for ease of understanding by the end user. The report is delivered to the end user on the desired output medium, which could be printed on paper, visualized on
a computer display device, or presented audibly.

MULTI DIMENSIONAL ANALYSIS

Multi-dimensional analysis has become a popular way to extend the capabilities of query and reporting. That is, rather than submitting multiple queries, data is
structured to enable fast and easy access to answers to the questions that are typically asked. For example, the data would be structured to include answers to
the question, “How much of each of our products was sold on a particular day, by a particular sales person, in a particular store?” Each separate part of that
query is called a dimension. By pre calculating answers to each sub-query within the larger context, many answers can be readily available because the results
are not recalculated with each query; they are simply accessed and displayed. By having the results to the above query, one would automatically have the
answer to any of the sub-queries. Multidimensional analysis enables users to look at a large number of interdependent factors involved in a business problem
and to view the data in complex relationships. End users are interested in exploring the data at different levels of detail, which is determined dynamically. The
complex relationships can be analyzed through an iterative process that includes drilling down to lower levels of detail or rolling up to higher levels of
summarization and aggregation.

DATA MINING

Data mining is a relatively new data analysis technique. It is very different from query and reporting and multidimensional analysis in that is uses a discovery
technique. That is, we do not ask a particular question on the data but rather use specific algorithms that analyze the data and report what they have
discovered. Unlike query and reporting and multidimensional analysis where the user has to create and execute queries based on hypotheses, data mining
searches for answers to questions that may have not been previously asked. This discovery could take the form of finding significance in relationships between
certain data elements, a clustering together of specific data elements, or other patterns in the usage of specific sets of data elements. After finding these
patterns, the algorithms can infer rules. These rules can then be used to generate a model that can predict a desired behavior, identify relationships among the
data, discover patterns, and group clusters of records with similar attributes. Data mining is most typically used for statistical data analysis and knowledge
discovery. Statistical data analysis detects unusual patterns in data and applies statistical and mathematical modeling techniques to explain the patterns. The
models are then used to forecast and predict. Knowledge discovery extracts implicit, previously unknown information from the data. This often results in
uncovering unknown business facts. Data mining can help discover new insights about the business by giving us answers to questions we might never have
thought to ask.

TOOLS USAGE IN DATA WAREHOUSING

Creating and managing a data warehousing system is a complex computing problem because of its integration with different organizational data sources. Many
different classes of tools are available to facilitate different aspects of the design and implementation process. Development tools are used to design and edit
schemas, views, scripts, rules, queries, and reports. Planning and analysis tools are used for what-if scenarios such as understanding the impact of schema
changes or refresh rates, and for doing capacity planning.

Data Warehouse management tools (e.g., HP Intelligent Warehouse Advisor, IBM Data Hub, Prism Warehouse Manager) are used for monitoring a warehouse,
reporting statistics and making suggestions to the administrator: usage of partitions and summary tables, query execution times, types and frequencies of drill
downs or rollups, which users or groups request which data, peak and average workloads over time, exception reporting, detecting runaway queries, and other
quality of service metrics. System and network management tools (e.g., HP OpenView, IBM NetView, and Tivoli) are used to measure traffic between clients and
servers, between warehouse servers and operational databases, and so on. Finally, only recently have workflow management tools been considered for
managing the extract-scrub-transform-load-refresh process. The steps of the process can invoke appropriate scripts stored in the repository, and can be
launched periodically, on demand, or when specified events occur. The workflow engine ensures successful completion of the process, persistently records the
success or failure of each step, and provides failure recovery with partial roll back, retry, or roll forward. Data quality tools are available to enhance the quality of
the data at several stages in the process of developing a data warehouse. Data Cleansing tools like SAP Business Objects Data Services XI, can be useful in
automating many of the activities that are involved in cleansing the data- parsing, standardizing, correction, matching, transformation and house holding.
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DATA WAREHOUSE TESTING

Testing is an essential part of the design life-cycle of any software product. Needless to say, testing is especially critical to success in data warehousing projects

because users need to trust in the quality of the information they access. Data warehouse testing may have the same principles/fundamentals of a general

testing project, but testing data warehousing projects involve significant programming work as there are limited front end screens but mostly back end
processes that work on data sets. The attitude and methodology required for data warehousing testing are not same as those required for normal testing. The
skill sets required includes resources with a strong aptitude and with technology specialization and programming language.

The difference between testing data warehouse systems and generic software systems or even transactional systems depends on several aspects,

. Software testing is predominantly focused on program code, while data warehouse testing is directed at data and information. As a matter of fact, the key
to data warehouse testing is to know the data and what the answers to user queries are supposed to be.

3 Differently from generic software systems, data warehouse testing involves a huge data volume, which significantly impacts performance and productivity.

. Data warehouse testing has a broader scope than software testing because it focuses on the correctness and usefulness of the information delivered to
users. In fact, data validation is one of the main goals of data warehouse testing.

3 Though a generic software system may have a large number of different use scenarios, the valid combinations of those scenarios are limited. On the other
hand, data warehouse systems are aimed at supporting any views of data, so the possible combinations are virtually unlimited and cannot be fully tested.

3 While most testing activities are carried out before deployment in generic software systems, data warehouse testing activities still go on after system
release.

. Typical software development projects are self-contained. Data warehousing projects never really come to an end; it is very difficult to anticipate future
requirements for the decision-making process, so only a few requirements can be stated from the beginning. Besides, it is almost impossible to predict all
the possible types of errors that will be encountered in real operational data. For this reason, regression testing is inherently involved.

Key focus areas need to be considered before data warehouse testing,

. Loss of data during the ETL process.

3 Inaccurate and incomplete data coming from disparate source systems.

. Data duplication appearing in source feeds.

. Differing definitions of operational data from disparate systems.

. Authentication and security concerns.

3 Multiple country integration issues, business definition and source systems disparity.

. Non-availability of comprehensive test bed.

3 Imbalances in performance across the different environment like Development, UAT and Production.

3 Data Quality Issues.

Data Warehouse Testing attempts to plug each of the above gaps by ensuring that every stage of the source to target movement/transformation of data is

tested and is working fine.

CHALLENGES IN DATA WAREHOUSE TESTING

. Voluminous data, from heterogeneous sources.

3 Data Quality not assured at source.

. Transaction-level traceability will be difficult to attain in a Data Warehouse.

. Difficult to estimate. Only volume might be available. No accurate picture of the quality of the underlying data.

. Business Knowledge. Organization-wide Enterprise data knowledge may not be feasible.

3 100% Data verification will not be feasible. In such cases, the extraction, transformation and loading components will be thoroughly tested to ensure all
types of data behaves as expected, within each of these modules.

. Very High Cost of Quality. This is because any defect slippage will translate into significantly high costs for the organization.

3 The Heterogeneous sources of data will be updated asynchronously. Temporal Inconsistency is part and parcel of a Data warehouse implementation.

DATA WAREHOUSE TEST APPROACH

Like for most generic software systems, different types of tests can be devised for data warehouse system. The peculiar characteristics of data warehouse

testing and the complexity of data warehouse projects ask for a deep revision and contextualization of these test types, aimed in particular at emphasizing the

relationships between testing activities.

Since the correctness of a system can only be measured with reference to a set of requirements, a successful testing begins with the gathering and

documentation of end-user requirements. Since most end-users requirements are about data analysis and data quality, it is inevitable that data warehouse

testing primarily focuses on the ETL process on the one hand (this is sometimes called back- end testing), on reporting and OLAP on the other (front-end testing).

While back-end testing aims at ensuring that data loaded into the data warehouse are consistent with the source data, front-end testing aims at verifying that

data are correctly navigated and aggregated in the available reports.

The below mentioned testing types are tightly related to the software quality factors like correctness, usability, efficiency, reliability, integrity, flexibility and also

best fit the characteristics of data warehouse systems:

UNIT TESTING

It has been the task of the developer. This is white-box testing to ensure the module or component is coded as per agreed upon design specifications. The

developer should focus on the following:

3 That all inbound and outbound directory structures are created properly with appropriate permissions and sufficient disk space. All tables used during the
ETL3 are present with necessary privileges.

. The ETL routines give expected results:

i. All transformation logics work as designed from source till target

ii. Boundary conditions are satisfied- e.g. check for date fields with leap year dates

iii. Surrogate keys have been generated properly

iv. NULL values have been populated where expected

v. Rejects have occurred where expected and log for rejects is created with sufficient details

vi. Error recovery methods

vii. Auditing is done properly

3 That the data loaded into the target is complete:

i. All source data that is expected to get loaded into target actually get loaded- compare counts between source and target and use data profiling tools

ii. All fields are loaded with full contents- i.e. no data field is truncated while transforming

iii. No duplicates are loaded

iv. Aggregations take place in the target properly

v. Data integrity constraints are properly taken care of
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SYSTEM TESTING

It verifies that the item is compliant with its specified business requirements. We test for the functionality of the application and mostly it is black-box. The
major challenge here is preparation of test data. An intelligently designed input dataset can bring out the flaws in the application more quickly.

The QA team must test for:

3 Data completeness — match source to target counts.

3 Data aggregations — match aggregated data against staging tables and/or ODS4.

. Granularity of data is as per specifications.

3 Error logs and audit tables are generated and populated properly.

3 Notifications to IT and/or business are generated in proper format.

INTEGRATION TESTING

It is used to ensure that the application developed works from an end-to-end perspective. We must consider the compatibility of the Data Warehouse
application with upstream and downstream flows. We need to ensure for data integrity across the flow. It is a combined responsibility and participation of
experts from all related applications is a must in order to avoid misinterpretation of results.

PERFORMANCE TESTING

The Data Warehouse must necessarily go through another phase called performance testing. It checks that the item performance is satisfactory under typical
workload conditions with huge volume of data. Any Data Warehousing application is designed to be scalable and robust. Therefore, when it goes into production
environment, it should not cause performance problems. We must ensure that the load window is met even under such volumes. This phase should involve DBA
team, and ETL expert and others who can review and validate the code for optimization.

REGRESSION TESTING

Data Warehouse application is not a one-time solution. Possibly it is the best example of an incremental design where requirements are enhanced and refined
quite often based on business needs and feedbacks. In such a situation it is very critical to test that the existing functionalities of a DW application are not
messed up whenever an enhancement is made to it. Generally this is done by running all functional tests for existing code whenever a new piece of code is
introduced. However, a better strategy could be to preserve earlier test input data and result sets and running the same again. Now the new results could be
compared against the older ones to ensure proper functionality.

RECOVERY TESTING

It checks how well an item is able to recover from crashes, hardware failures and other similar problems. The recovery test of ETL checks for robustness by
simulating faults in one or more components and evaluating the system response. For example, you can cut off the power supply while an ETL process is in
progress or you can set a database offline while an OLAP session is in progress to check for restore policies effectiveness. It enables testers to verify the Data
Warehouse behavior after critical errors such as power leaks during update, network fault, and hard disk failures.

SECURITY TESTING

It mainly concerns the possible adoption of some cryptography technique to protect data and the correct definition of user profiles and database access grants.
It checks for user profiles to be properly set up. It is also check for single-sign-on policies to be set up properly after switching between different analysis
applications.

TESTING PHASES
. Business Understanding Document
a. High Level Test Approach & Test Estimation
b. Review Business & Technical Specification
. Test Plan Creation, Review and Walkthrough
. Test Case Creation, Review and Walkthrough
3 Test Bed & Environment Setup
. Test Data Creation
. Test Predictions Creation, Review (Setting up the expected results)
. Test Case Execution
3 Deployment
. Test Summary & Deliverables

CONCLUSION

Now-a-days every organization recognizes the significant advantages and values that data warehousing can provide for data analysis and decision making with
complex operational systems. The implementation of dedicated data warehousing system ensures robust data management, faster query processing and
dynamic report generations at any point of time with utmost quality. The well defined test approach & strategy for data warehousing system ensures that the
data from Data Warehouse is uniform, accurate, and consistent and thereby serves as a “single version of truth” for the enterprise.
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