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[bookmark: _Toc496813545]PREFACE
This interactive book for teaching Data Warehouse is a result of the project “Developing the innovative methodology of teaching Business Informatics” (dimbi.eu). The project has been financed within the framework of the Erasmus+ Program, Key Action 2 “Cooperation for innovation and the exchange of good practices – Strategic Partnerships for higher education”. The Partnership was composed of Jan Wyżykowski University (Polkowice, Poland) - Leader, University of Economics (Varna, Bulgaria), Wroclaw University of Economics (Wroclaw, Poland) and Paragon Europe (Mosta, Malta).
Our project, related to fast-growing field Business Informatics, aimed at supporting the development of higher education and the introduction of innovative tools at European level.
Many professors and researchers from four organizations in three countries have contributed to this book. Also, the group of 30 international students have tested the solutions included in the book during the Intensive Study Program in Varna (Bulgaria) and Wroclaw (Poland). Two international conferences have promoted results of the project. 
This active book is the tool creating the environment for learning and teaching, where various content is generated in a dynamic way as to the needs of the learner and the teacher. The substantiative level, methodological one, multimedia one, as well as the level of accessibility is correlated with the educational needs of the students, their learning styles, labour market, the requirements of foreign partners and the recommendations within the National Qualification Framework.
This book has a unique character. It can be used as a teaching material in Data Warehouse by university professors/scientists or as a self-learning material by students. It is also handy useful for business or anyone else interested in Data Warehouse. 
Finally, I would like to thank all the contributors for their quality chapters, the students from Bulgaria, Romania and Poland for their help, and reviewers for their support.

I hope you enjoy reading.

Dariusz Zając, PhD
Project Manager
Chancellor of the Jan Wyżykowski University
Polkowice, Poland

[bookmark: _Toc496813546]Introduction (Małgorzata Nycz)

In the dynamic, ever-changing business industry one thing remains the same,  knowledge. It  is the most powerful tool of control. The 21st century is known as the era of knowledge and information and every  bigger or smaller company possesses different amounts of data, no matter what industry they operate in. The biggest problem can occur during data analysis. It is very difficult to analyse and compare data from different sources and formats. 

Data analysis is crucial for all types of companies because it is one of the basic knowledge resources for decision making. The most important factor here is the process of data integration and transformation into one common format. This process is necessary and has to be done correctly and thoroughly in order for the data to be consistently  valid, true and accessible, even if its format changes. Fortunately, the market offers a lot of solutions for that matter. Many data archiving and sharing environments have already developed their own tools that provide the user with data integration processes or similar facilities in order to transform heterogeneous data and store it in a homogeneous format.

One of the most popular and often implemented tools is creating a data warehouse, where all data from a given company is stored in one, homogeneous format. This solution makes it easy to access data from different sources and use in later analysis without the need to spend unnecessary time on integrating  the data all over again. This book consists of 9 chapters devoted to different aspects of Data Warehouse theory and practice. The book ends with a short summary.







[bookmark: _Toc496813547]From Databases to Data Warehouses  (Mieczysław L. Owoc)
1.1. [bookmark: _Toc496813548]Database technology fundamentals

Living in the information society we need information technologies in professional activities as well as in our personal life. Information technology (usually in unison  with communication facilities) can be defined as the application of computers and telecommunications equipment to store, retrieve, transmit and manipulate data, often in the context of a business or other enterprise[footnoteRef:1].  [1: Daintith, John, "IT", A Dictionary of Physics, Oxford University Press, 2009,retrieved 1 August 2012, [Online], Available at:  http://www.oxfordreference.com/view/10.1093/acref/9780199233991.001.0001/acref-9780199233991, Accessed [2 August 2017].] 

  We may use computer applications in different ways e.g. several types of contexts can be highlighted as   presented in Figure 1. 

	[image: ]



[bookmark: _Toc496662851]Figure 1  Database in the Information Technology context[footnoteRef:2]. [2: Database in the Information Technology context, [Online], Available at: https://gist.github.com/deepak-rajpal/124b3f5ba174c019e531, Accessed [2 August 2017].
] 


There is  a large  number (still increasing) of modern technologies and components that constitute contents of IT –  decades ago database technology became one of the most important approaches to information management. Nevertheless, the crucial goal of data processing is constant: transforming an input (using a large  number of computer operations,  identified with the processes) into  useful information as an output (see Figure 2). 
[image: Znalezione obrazy dla zapytania tps transaction processing systems]

[bookmark: _Toc496662852]Figure 2 General idea of data processing[footnoteRef:3]. [3:  General idea of data processing, [Online], Available at  https://www.slideshare.net/inam12/transaction-processing-system-26643229  Accessed [2 August 2017].] 


There are different sources of data input and  output information can vary, but the general idea is the same,  regardless  of more or less complex algorithms and the use of better and better information technologies.  Nowadays, more universal data processing models are being proposed – see for example:
http://www.universaldata.co.in/data-processing/  or 
https://marketplace.informatica.com/solutions/universal_data_models
There are plenty of examples of supporting different users in data processing at different levels (see: Table. 1). 
[bookmark: _Toc496662674]Table. 1  Main purposes of data processing.
	Definition and purpose
	Examples of Use

	(1) Records all daily routine
      transactions in an organization


(2) Used mainly by operational  
      level managers

(3) Supplies summary data to DSS and MIS

	(1) Sales/marketing systems.
Record sales transactions  and provide details on marketing and promotional  activities.
(2) Manufacturing production systems. 
      Records details of purchases, production and shipping of goods.
(3) Finance/accounting systems.
     Maintenance of  financial data  in organisation.
(4) Human resources  systems. 
     Maintenance details of employees.



Having different users with various  requirements we need a universal technology where typical problems with data processing are solved.  The answer is very simple – the necessity to use  databases seems to be obvious (see: https://www.reference.com/technology/databases-important-f0fe51a39eb47be0).
Intuitively we may define a database  as an organized collection of data. The data are typically organized to model aspects of reality in a way that supports processes requiring information[footnoteRef:4]. [4: Davila E., (2016), Dell, Mexico, posted on 12 July 2016, [Online], Available at:  https://www.quora.com/What-is-a-database   Accessed [2 August 2017].] 



[image: http://www.riceconsultingllc.com/images/database-design-development.jpg]









[bookmark: _Toc496662853]Figure 3 A database as a container of user’s data[footnoteRef:5]. [5: A database as a container of user’s data, [Online], Available at:  http://labs.sogeti.com/modern-databases-of-the-21st-century/,   Accessed [2 August 2017].] 

More formally a database can be defined in the following way: 
A database is an organized collection of data.  It is the collection of schemas, tables, queries, reports, views, and other objects. The data are typically organized to model aspects of reality in a way that supports processes requiring information, such as modeling the availability of rooms in hotels in a way that supports finding a hotel with vacancies[footnoteRef:6]. [6: Khandelwal A., Dell, Mexico, posted on 21 May 2017, [Online], Available at:  http://practice.geeksforgeeks.org/problems/what-is-database ,  Accessed [2 August 2017].] 


For any database, several essential properties are expected: 
non-redundancy of data – explained as storing data once; in other words, database schema prepared for potential applications doesn’t contain repetition of data,
data and program independence – assuming that data (as database schema) are prepared for many purposes and using different programs it is possible to work with these data,
data sharing and concurrency – focused on offering access to databases for many users at the same time,
data privacy – as a consequence of data sharing denotes defining access and privileges for particular users and roles, 
data integrity -  in order to assure data quality, data should be consistent and valid from the user’s point of view; in other words, there are some mechanisms in databases responsible for storing correct data including relationships between data.
data security – defined basically as protecting data but also connected with procedures responsible for maintenance of databases after some destructive forces - for example in order to recover databases. 

All the enumerated  above features are actual nowadays in spite of the development of information technologies. 
Databases are created as the main technological support of business applications identified with Management Information Systems (MIS). Therefore, database technology is able to support decision making with  processes such as Transaction Processing Systems (TPS) or closer to management – Decision Support Systems (DSS). 
The main software tool used to create  and maintain  databases is the  Database Management System (DBMS) defined as a collection of interrelated data and facilities to access and serve that data. The general infrastructure of any DBMS is presented in Figure 4. 

[image: Znalezione obrazy dla zapytania database management system components]
[bookmark: _Toc496662854]Figure 4 A Database Management System Structure[footnoteRef:7]. [7: A Database Management System Structure, [Online], Available at:  http://www.allinfi.com/database-management-applications-overview/,  Accessed [2 August 2017].

] 


Going into details, there are two main components of DBMS: Query Processor – responsible for performing any defined and addresses for the database server task (by different users) and Storage Manager that organizes the internal processing of those tasks in communication with Disk Storage. 




	 










[bookmark: _Toc496662855]Figure 5 Oracle demo[footnoteRef:8].			Figure 6 MySQL demo[footnoteRef:9]. [8: Oracle demo, [Online], Available at: www.oracle.com,  Accessed [2 August 2017].]  [9: MySQL demo, [Online], Available at: www.mysql.com,  Accessed [2 August 2017].
] 

There is a large  number of commercial and open-source DBMS with determined data models and a list of facilities available for database designers, administrators, and users. In the next pages, the following selected DBMS are presented: Oracle, MySQL, MS SQL Server and IBM DB2. All the mentioned software tools have a great  tradition in supporting databases initially started as servers oriented on structured data expressed typically as a relational model (described later on) – see: Figures 7-10. 

[image: ][image: ]

[bookmark: _Toc496662856]Figure 7  Microsoft SQL Server demo[footnoteRef:10]. 	                        Figure 8 IBM DB2 demo[footnoteRef:11]. [10: Microsoft SQL Server demo, [Online], Available at: https://www.microsoft.com/en-us/sql-server/sql-server-2016,  Accessed [2 August 2017].]  [11: IBM DB2 demo, [Online], Available at:  https://www.ibm.com/analytics/us/en/technology/db2/ ,  Accessed [2 August 2017].] 




[bookmark: _Toc496662857]Figure 9 MongoDB demo[footnoteRef:12].		 [12: MongoDB demo, [Online], Available at: www.mongodb.com ,  Accessed [2 August 2017].] 






[bookmark: _Toc496662858]Figure 10 MariaDB demo[footnoteRef:13]. [13: MariaDB demo, [Online], Available at: https://mariadb.org/ ,  Accessed [2 August 2017].] 


In the last decade, new ideas of supporting databases in more flexible ways have appeared,  so new DBMS oriented on unstructured data models have enriched the database market like MongoDB and MariaDB presented above  in  Figures 9 and 10. Both are offered as open-source tools.
In the  general concept of database systems (known as ANSI-SPARC architecture) data can be retrieved  for users in a very easy way but all the mentioned database properties should be fulfilled. Therefore, a database can be viewed through three basic levels of abstraction: external, conceptual and internal, as presented in Figure 11. 
[image: https://upload.wikimedia.org/wikipedia/commons/5/5c/ANSI-SPARC_DB_model.jpg]
[bookmark: _Toc496662859]Figure 11 Levels of abstraction in database systems[footnoteRef:14]. [14: Levels of abstraction in database systems, [Online], Available at: https://en.wikipedia.org/wiki/ANSI-SPARC_Architecture ,  Accessed [2 August 2017].] 



A conceptual level is prepared for all users as a representation of potential data inquiries expressed as a database schema – therefore it can be termed as the community view of a database.   An external level of abstraction is prepared for particular users and supports the performance of  their tasks – so it is a multi-user perspective. The lowest layer called internal level is responsible for the physical storing of detailed data – they are placed in database files. 
A database as an interrelated group of data which consists of different data types.  In the presented earlier DBMS, the following data types are available: String, Boolean, Numeric, Currency and Binary Objects. Details about the implementation of particular data types are presented in Table 2.
[bookmark: _Toc496662675]Table. 2 Implementation of data types in different DBMS[footnoteRef:15]. [15: Implementation of data types in different DBMS, [Online], Available at: http://www.sqlqueryexamples.com/sql-datatypes.htm,  Accessed [2 August 2017].
] 

	Data type
	SQLServer
	Oracle
	MySQL

	Boolean
	Bit
	Byte
	N/A

	Integer
	Integer
	Number
	Integer

	Float
	Float, Real
	Number
	Float

	Date 
	DateTime
	Date, Timestamp
	Date, DateTime

	Currency
	Money
	N/A	
	N/A

	String (fixed)
	Char
	Char, NChar
	Char

	String (variable)
	Varchar
	Varchar
Varchar2
	Varchar

	Binary object
	Binary (fixed up to 8K) Varbinary (<8K)
Image (<2GB)
	Long, Raw
BLOB
	BLOB
Text


		
One of the basic differentiators of DBMS is a data model acceptable by the database server. A data model is a result of real world modelling; a collection of conceptual tools for describing data, data relationships, data semantics and consistency constraint. In other words, a data model is an abstract model that organizes elements of data and standardizes how they relate to one another and to properties of the real-world entities[footnoteRef:16]. [16: AAEC_AFRICAN, (2016), The Role of Data Models-WestBlue-SWC2016, posted on 13 Sep 2016, [Online], Available at :  https://www.slideshare.net/Africanalliance/the-role-of-data-models-communication-and-security-controls-in-a-single-window-environment-westblueswc2016,  Accessed [2 August 2017].] 

One of the most widely used models is a relational model (proposed by E.F. Codd) where data are stored in connected tables.  A concept of tables as a basic form of presentation data in the relational model is presented below[footnoteRef:17]: [17: Microsoft, Object Role Modelling: An Overview (msdn.microsoft.com). Retrieved 19 September 2008.] 





[bookmark: _Toc496662860]Figure 12 Components of a table in the relational model[footnoteRef:18]. [18: Components of a table in the relational model, [Online], Available at: https://www.tutorialspoint.com/dbms/dbms_data_models.htm, Accessed [2 August 2017].] 


Essential features of any table are itemized below: 
non-redundant tuples – in order to avoid data redundancy,
defined primary key – to identify data about particular objects stored in a table (column SID),
unordered tuples – the sequence of stored records is  not important; data are selected using indexes (SID or SName) and defined conditions, 
unordered attributes-presentation of data values is through names of attributes (SID, SName, SAge SClass and SSection)
atomic values – data should be stored in an elementary way. 
Between two tables the relationships 1:1 or 1:N can be defined. Basically, primary and foreign keys are applied to constitute relations. A foreign key supports the connection between records in two tables; values in one table should be equal in the second table – referenced records. 
In the  case of relationships between objects identified as M:N, direct connections between records is not possible. The so-called associative table must be created and as a result relationships M:N is transformed into two relationships 1:N. An example of this case is presented in Figure 13.  




[bookmark: _Toc496662861]Figure 13 Creation of associative table resolving M:N  relationship[footnoteRef:19]. [19: Own elaboration.] 

1.2. [bookmark: _Toc496813549]SQL as a universal database language
The  problem of users communicating with databases is solved  through query languages. The main elements of data processing are depicted in Figure 14. A user can activate interface programs in order to select possible actions addressed to databases. By using query languages a user is able to perform his/her unpredictable tasks in more flexible way. 
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[bookmark: _Toc496662862]Figure 14 The general concept of communication with databases through Query Language[footnoteRef:20]. [20: Own elaboration.] 


The most important communication language with databases is Structured Query Language (in short  SQL) which can be defined as a domain-specific language applied in programming and designed for managing data stored in different databases and supporting relational as well as object-oriented models. The main features of SQL embrace the following: standardization, multi-modelling and the serving of many DBMS platforms and architectures. In addition, it is easy to learn (based on English) rules  for performing any commands oriented on a database (e.g.  completed database language). SQL standards are presented at     http://web.cecs.pdx.edu/~len/sql1999.pdf. From  1986  to 2016 several SQL versions were elaborated and SQL can be used in three main forms: as interactive, as static or dynamic. 
There are three groups of commands available in SQL:
1) Data Definition Language (DDL) with Create, Alter and Drop orders;
2) Data Manipulation Language (DML) with Insert, Update, Delete and Select;
3)Data Control Language (DCL) with Grant, Revoke, Commit, Rollback, Backup, Recovery and many others.
The knowledge and capabilities of SQL functionality are very important nowadays in database processing. SQL is available on many platforms – a comparison of different implementations of SQL language is available at http://troels.arvin.dk/db/rdbms/
To summarise  SQL commands, the presentation of SQL main possibilities in database processing relates to three (earlier mentioned) groups of commands:  DDL, DML, and DCL. 
Examples of syntax and correct commands are presented in the next sections (all examples with databases are available at the DIMBI portal: http://dimbi.pl/moodle/mod/assign/view.php?id=176)

DDL commands
. Create table tablename (fieldname1 fieldtype1, ... fieldname2 fieldtype2 …) [NOT NULL],
[, primary key (fieldname...)] 
[, foreign key (fieldname...)...]);
Create table Countries (Country_Id  char(2), Country_Name varchar2(40)      NOT NULL,  Region_Id number   NOT NULL, Primary key (Country_Id) );





Alter table tablename add fieldname fieldtype;
Alter table Countries add Status char(1); 



Drop table tablename; 
Drop index indexname;
Drop table HR.Employees;
Drop index Names; 




DML commands
Insert into tablename 
 [(fieldname1, ... [,fieldnamen])] values (value1, ... [,valuen]);
Insert into tablename [(fieldname1, ...[,fieldnamen])] Select ...
Insert Spain into Countries table 
  Insert into HR.Countries values  ('S', ‘Spain', 1);






Update tablename set fieldname1 = ‘value1 [,... fieldname = 'valuen] [where condition]
Put salary of employee with Id = 999 
  Update HR.Employees set Salary = 2500
where Employee_Id=999;
Set null salary of employees working in 1400 location 
  Update HR.Employee set Salary= 0 where 1400 = 
(Select Location_Id from HR.Departments, HR.Employees where Employees.Department_Id =Departments.Department_Id);








Delete from tablename [where condition];
Delete all job histories
  Delete from HR.Job_History;
Delete employees with salary 0
  Delete from HR.Employee where Salary = 0;
Delete employees working in location 1400
  Delete from HR.Employees where 1400 = 
(Select Location_Id from HR.Departments, HR.Employees where Employees.Department_Id =Departments.Department_Id);    










Select [Distinct] expression | fieldname1, ... fieldname2  | * [as alias]  
   [Rank () Over][…]
From tablename1 [,... tablenamen]
[Where condition] (=,>, <, ..., and, or, not, [Not] Exists, [Not] In, [Not] Like, Is [Not] Null, Between])
[Group by [Rollup] [Cube] fieldname1, ... fieldnamen]
[Having condition]
[Union, Intersect, Except]
[Order by fieldname1, ... fieldnamen [Asc|Desc]];










List all data about employees 
 Select * from HR.Employees;
Selection of country Id and Names with 1 (Region_Id) from Countries table 
 Select Country_Id, Country_Name from SH.Countries where Region_Id=1;
Selection of unique first names from Employee table
  Select distinct First_Name from HR.Employees;











List of employee’s ID from Employee table with salary over 2000 and working in  department 50
  Select Employee_Id from HR. Employees where Department_Id=50 and Salary > 2000;
List of countries in  alphabetic order 
   Select Country_Name, Region_Id from HR.Countries order by Country_Name asc;
List of employee and departments
Select Employee_Id, Last_Name, Department_Name from HR.Employees, HR.Departments where Employees.Department_Id = Departments.Department_Id;
Give  employee count 
  Select count (*) '' Numer of empl. '' from HR.Employees;
Give minimum salary of employees from  department 50
  Select min(Salary) from HR.Employees where  Department_Id='50';














[bookmark: _Toc496813550]2.3 	Comparing OLTP and OLAP 

The main goal of traditional databases is registering data and offering tools supporting data searching and processing in more advanced ways. These systems can be defined as OnLine Transaction Processing (OLTP). When we need to perform analysis, specialized models as well as operations should be designed. This way of data processing can be defined as On Line Analytical Processing (OLAP)[footnoteRef:21]. Comparison between these two approaches is presented in the next table.  [21: Data Mining: Concepts and Techniques, [Online],Available at: https://www.slideshare.net/ethantelaviv/data-warehousing-and-mining-56472441 Accessed[ 21 August 2017]] 

[bookmark: _Toc496662676]Table. 3  OLTP vs OLAP[footnoteRef:22], [footnoteRef:23]. [22: OLTP vs OLAP, [Online], Available at: https://www.slideshare.net/ethantelaviv/data-warehousing-and-mining-56472441 Accessed[ 21 August 2017]]  [23: OLTP vs OLAP, [Online], Available at: https://courses.cs.washington.edu/courses/cse592/01sp/lectures/class1/sld025.htm  Accessed [2 August 2017].
 ] 

	
	OLTP
	OLAP

	Users
	Clerk, IT professional
	Knowledge worker

	Function
	Day to day operations
	Decision support

	DB design
	Application-oriented
	Subject-oriented

	Data
	Current, up-to-date detailed, flat relational isolated
	Historical, summarized, multidimensional integrated, consolidated

	Usage
	Repetitive
	Ad-hoc

	Access
	Read/write
index/hash on prim. key
	Lots of scans

	Unit of work
	Short, simple transaction
	Complex query

	# records accessed
	Tens
	Millions

	# users
	Thousands
	Hundreds

	DB size
	100MB-GB 
	100GB-TB

	metric
	Transaction throughput
	Query throughput, response


  
Finally, the  crucial benefits of OLAP processing should be presented. There are two main typical reports generated as a result of OLAP: 
analytical reports
analyses of the “what – if” type

Analytical processing is needed in:
analysis of the activity of the company
analysis of trends and anomalies
business administration
developing a marketing strategy
analysis of the return on investment

Analytical applications require:
Integration of data
Complex data analysis
Exploration of data

Some examples of OLAP implementation in different sectors:	
Finances of companies: forecasting, draft budget, analysis of costs and profits
Personal politics: optimization of employment, drawing up a schedule
Distribution: planning and optimization
Trade: analysis of market
Retail sales: location of sale, demographic analyses
Health care: costs and service quality
Financial consultancy: analysis and risk management
Data warehouses and OLTP systems have very different requirements – the details are presented in Table 4.

[bookmark: _Toc496662677]Table. 4 Comparison OLTP and Data Warehouse[footnoteRef:24],[footnoteRef:25]. [24: Comparison OLTP and Data Warehouse, [Online]. Available at: https://www.slideshare.net/EdurekaIN/informatica-interview-questions-informatica-tutorial-informatica-training-edureka, Accessed [21 August 2017]. ]  [25: Comparison OLTP and Data Warehouse, [Online]. Available at: https://learnibm.wordpress.com/category/datawarehouse-concepts,  Accessed [2 August 2017].] 

	OLTP
	Data Warehouse

	Application oriented
	Subject Oriented

	Used to run business
	Used to analyse business

	Detailed data
	Summarized and refined

	Current, up to date
	History to Current (Snapshot data)

	Repetitive access
	Ad-hoc access

	Clerical User
	Knowledge User (Manager)

	Performance Sensitive
	Performance relaxed

	Few Records accessed at a time(tens)
	Large volumes accessed at a time(millions)

	Read/Update Access
	Mostly Read (Batch Update)

	No data redundancy
	Redundancy present

	Database Size    100MB-100GB
	Database Size     100 GB – few terabytes

	Thousands of users
	Hundreds of users
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1.3. [bookmark: _Toc496813553]Genesis of Data Warehousing
All companies need to store their data. Depending on the business or industry branch, this data might come in different types, formats, and amounts. As the market expands, there are more and more companies and more data gathered or carried. Throughout the past decades, a lot of companies have expanded and the amount of data held by each entity has dramatically increased. This has meant that managerial and executive bodies had gained a lot of support from information that was already available and presumably made better decisions regarding the company strategy, budgeting or marketing. Unfortunately, bigger amounts of data were not as useful to employees or users as first thought..
A lot of companies have a couple of software systems or programs that process different activities in the business. For example, a bank might have one system for processing money deposits and a totally different program for calculating and giving loans  and then a separate entity for managing customers’ online accounts and so on. Different systems mean different types of data stored in different ways. If a manager from a certain department decides to analyze their data, the manager most probably would have a lot of problems with that, as the issue lies  in a multi-departmental analysis, when data from many – if not all – parts of the company is needed.
Processing different formats of data is  difficult and time-consuming because companies cannot have one particular system that stores it. Each separate entity and department can process its own data and then the user can manually analyze those different types of results by themselves. This is, of course, unimaginable in companies where managers and executives need to take quick actions and make the right decisions regarding their business. Data needs to be analyzed from different viewpoints at the same time,  requiring it to be in the same format regardless of what functional department it is stored in[footnoteRef:26]. [26: Ponniah P., Wiley J. & Sons, Data warehousing fundamentals for IT professionals, Second Edition, New Jersey, Inc, 2010.
] 

Nowadays, hundreds of global companies have to store large amounts of data gathered during different processes such as sales, customer services or product inventories. All this information has been often stored in different databases. Databases used to be widely popular because of their flexibility and ability to be edited in a quick and easy way. With time, these advantages started to turn into disadvantages when larger amounts of data were stored in different tables that grew in size. Making changes in such tables was difficult because systems needed more and more time to process multiple – and in many cases simultaneous – edits made by different users.
In order to minimize the time needed to add changes into the data that is already stored, data warehouses were created. They are much larger than databases and store data in a different way. Information in databases is stored in records represented by rows and columns in the table. Data warehouses use arrays that connect integrated information and data in a much more complex way than databases which makes it very useful for later analysis of gathered data and retrieval of specific details by using certain queries[footnoteRef:27]. [27: Henderson H., Encyclopaedia Of Computer Science and Technology, Revised Edition, New York, 2009.] 

Operational data usually covers a short period, because most transactions involve the latest data. A data warehouse should enable analyses that instead cover a few years. For this reason, data warehouses are regularly updated from operational data and keep on growing. If data were visually represented, it might progress like so: a photograph of operational data would be taken  at regular intervals. The sequence of photographs would be stored in a data warehouse, and results would be shown in a movie that reveals the status of an enterprise from its founding to  present. Fundamentally, data is never deleted from data warehouses and updates are normally carried out when data warehouses are offline. This means that data warehouses can be essentially viewed as read‐only databases. This satisfies the users’ need for a short analysis query response time and has other important effects. First, it affects data warehouse, specific database management system (DBMS) technologies, because there is no need for advanced transaction management techniques required by operational applications. Second, data warehouses operate in the read‐only mode, so data warehouse–specific logical design solutions are completely different from those used for operational databases. For instance, the most obvious feature of data warehouse relational implementations is that table normalization can be given up to partially denormalized tables and improve performance. Other differences between operational databases and data warehouses are connected with query types[footnoteRef:28]. [28: Anna University, Computer Science 01, Chennai, 2009, [Online], Available at: https://www.coursehero.com/file/pu3hvb9/This-implicitly-means-that-an-information-system-should-be-previously-available/, Accessed [01 August 2017].] 

Operational queries execute transactions that generally read/write a small number of tuples from/to many tables connected by simple relations. For example, this applies if you search for the data of a customer in order to insert a new customer order. This kind of query is an OLTP query. On the contrary, the type of query required in data warehouses is OLAP (On Line Analytical Processing). It features dynamic, multidimensional analyses that need to scan a huge amount of records to process a set of numeric data summing up the performance of an enterprise.
 It is important to note that OLTP systems have an essential workload core “frozen” in application programs, and ad hoc data queries are occasionally run for data maintenance. Conversely, data warehouse interactivity is an essential property for analysis sessions, so the actual workload constantly changes as time goes by. The distinctive features of OLAP queries suggest the adoption of a multidimensional representation of data warehouse data. Basically, data is viewed as points in space, whose dimensions correspond to many possible analysis dimensions. Each point represents an event that occurs in an enterprise and is described by a set of measures relevant to decision ‐ making processes[footnoteRef:29].  [29: Golfarelli M., Rizzi S., Data Warehouse Design: Modern Principles and Methodologies,[Online], Available at: http://cdn.ttgtmedia.com/searchDataManagement/downloads/Data_Warehouse_Design.pdf Accessed [21 August 2017].] 

    According to how we store and process the multidimensional model in the data warehouse (DW) we distinguish between the following:
-    DW using the relational model – ROLAP (Relational OLAP)
-    DW with the multi-dimensional model -  MOLAP (Multidimensional OLAP) 
-    DW based on HOLAP (Hybrid OLAP).
The Table below summarizes the main differences between operational databases and data warehouses[footnoteRef:30]. [30: Golfarelli & Rizzi, Data Warehouse Design: Modern Principles and Methodologies, 2009, [Online], Available at: http://www.academia.edu/6144550/CompRef8_Data_Warehouse_Design_Modern_Principles_and_Methodologies_Golfarelli_and_Rizzi_039-1_1_Introduction_to_Data_Warehousing, Accessed [01 August 2017].] 


[bookmark: _Toc496662678]Table. 5 Comparison of Operational Databases and Data Warehouses[footnoteRef:31]. [31: Comparison of Operational Databases and Data Warehouses ,[Online],Available at: http://cdn.ttgtmedia.com/searchDataManagement/downloads/Data_Warehouse_Design.pdf ] 

	Feature
	Operational Databases
	Data Warehouses

	Users
	Thousands
	Hundreds

	Workload
	Present Transactions
	Specific analysis queries

	Access
	To hundreds of records, write and read mode
	To millions of records, mainly read-only mode

	Goal
	Depends on applications
	Decision-making support

	Data 
	Detailed, both numeric and alphanumeric
	Summed up, mainly numeric

	Data Integration
	Application-based
	Subject-based

	Quality
	In terms of integrity
	In terms of consistency

	Time coverage
	Current data only
	Current and historical data

	Updates
	Continuous
	Periodical

	Model
	Normalized
	Denormalized, multidimensional

	Optimization
	For OLTP access to a database part
	For OLAP access to most of the database



The main goal of traditional databases (see: Chapter 2) is registering data and offering tools supporting data searching and processing in more advanced ways. These systems can be defined as OnLine Transaction Processing (OLTP). When we need to perform analysis specialized models as well as operations should be designed. This way of data processing can be defined as On Line Analytical Processing (OLAP). 
1.4. [bookmark: _Toc496813554]Basic definitions
The term „Data Warehouse“ has many definitions and descriptions.  You can read that Data Warehouse (DW) is a system used for reporting and data analysis, and is considered a core component of business intelligence. Data Warehouses are central repositories of integrated data from one or more disparate sources. They store current and historical data in one single place and are used for creating analytical reports for knowledge workers throughout the enterprise[footnoteRef:32]. [32: Abdalla Mbaideen, Data warehouse, 2015, [Online], Available at: https://prezi.com/15eb4klpaw7y/data-warehouse/, Accessed [01 August 2017].] 

Examples of reports could range from annual and quarterly comparisons and trends to detailed daily sales analysis[footnoteRef:33]. A data warehouse is defined as a relational database that is made to hold a large number of homogenous data that is in a standardized format[footnoteRef:34]. [33:  [Online], Available at: https://e-md.co.za/product/details/data-warehousing, Accessed [21 August 2017].]  [34: Benelallam I., Data Warehouse, 2016-2017, [Online], Available at: http://www.benelallam.org/teaching/data-warehouse/, Accessed [01 August 2017].] 

As opposed to databases, it is used for analysis purposes like Business Intelligence rather than real-time transaction processing[footnoteRef:35]. Another similar definition is given by H.W. Inmon in 1990 who defines a data warehouse as “a subject-oriented, integrated, time variant and nonvolatile collection of data used in strategic decision making”[footnoteRef:36],[footnoteRef:37]. W.H. Inmon’s definition contains a couple of crucial terms that are strictly connected with the basic concept of a data warehouse. First of all,  subject orientation, which means that a data warehouse contains information related to certain ‘areas’ of a company’s interest. For example, a company that sells certain products will have a data warehouse concerning sales, customer or products, whereas operational databases would have to split up the ‘sales’ segment into different parts such as order processing or consumer billing[footnoteRef:38].   [35: Lane P., Oracle Database Data Warehousing Guide, page 35, California: Oracle, Inc., 2005.]  [36: Data Mining, 2015, Online Available at: https://www.slideshare.net/ethantelaviv/data-warehousing-and-mining-56472441, Accessed [21 August 2017].]  [37: Inmon W., Building the data warehouse, Third Edition, page 31, New Jersey: John Wiley & Sons, Inc. 2002.]  [38: Ponniah P., Data warehousing fundamentals for IT professionals, Second Edition, page 24, New Jersey: John Wiley & Sons, Inc., 2010.] 

The second term used in W.H. Inmon’s definition of a data warehouse is integration. An integrated data warehouse is the one where all data is of the same type, even if the source systems or databases contain heterogeneous or different data. The main purpose of a data warehouse is to store historical information gathered from different parts of an organization, this means that one of its most important roles is to have integrated, homogeneous data. Unintegrated information is complex and difficult to handle and analyze (Inmon, 2002, p.19).   
The next aspect is the time variant. As mentioned previously, the data warehouse’s main aim is to provide historical data that will be used for analysis[footnoteRef:39] .  [39: Ponniah P., Data warehousing fundamentals for IT professionals, Second Edition, page 26, New Jersey: John Wiley & Sons, Inc. 2010.] 

The data warehouse works like a ‘physical archive’ that stores all data concerned with certain departments. This data can be retrieved from ‘shelves’ in order to be analyzed or read by the user and after they are done with it is always put back in its original place in the data warehouse.
Last, but also a very important aspect is non-volatility. Data in the data warehouse can be accessed easily, but it cannot be changed in real-time. Data warehouses are usually updated with a ‘package’ of information[footnoteRef:40]. [40: Inmon W., Building the data warehouse, Third Edition, page 34, New Jersey: John Wiley & Sons, Inc., 2002.] 

 Contrary to databases where information can be changed quickly, data warehouses load whole data sets. That is because they are dealing with large amounts of data, and if everyone could make changes at any time they wished to, it would be extremely difficult to manage a data warehouse. Those four aspects, subject-orientation, integration, time variant and non-volatility are usually called the characteristics of a data warehouse[footnoteRef:41].  [41: Lane P., Oracle Database Data Warehousing Guide, 10g Release 2 (10.2), page 35, California: Oracle, Inc., 2005.] 

They are inseparable features that define a data warehouse.
The data stored in the warehouse is uploaded from the operational systems (such as marketing or sales). The data may pass through an operational data store and may require data cleansing for additional operations to ensure data quality before it is used in the DW for reporting[footnoteRef:42].   [42: [Online],Available at: http://porvustech.com/dataware.html , Accessed [21 August 2017].] 




[bookmark: _Toc496662863]
Figure 15 Data Warehouse.




[bookmark: _Toc496662864]Figure 16 Contrasting OLTP and Data Warehousing Environments[footnoteRef:43],[footnoteRef:44]. [43: [Online],Available at: https://docs.oracle.com/cd/B10501_01/server.920/a96520/concept.htm, Accessed [21 August 2017].]  [44: Contrasting OLTP and Data Warehousing Environments, [Online], Available at: https://docs.oracle.com/cd/B10500_01/server.920/a96520/concept.htm, Accessed [03 August 2017].

] 


One major difference between the types of system is that data warehouses are not usually in third normal form (3NF), a type of data normalization common in OLTP environments. 
Data warehouses and OLTP systems have very different requirements. Here are some examples of differences between typical data warehouses and OLTP systems:
1.4.1. [bookmark: _Toc496813555]Workload 
Data warehouses are designed to accommodate ad hoc queries. You might not know the workload of your data warehouse in advance, so a data warehouse should be optimized to perform well for a wide variety of possible query operations.
OLTP systems support only predefined operations. Your applications might be specifically tuned or designed to support only these operations.
1.4.2. [bookmark: _Toc496813556]Data modifications
[bookmark: tyjcwt]A data warehouse is updated on a regular basis by the ETL process (run nightly or weekly) using bulk data modification techniques.[footnoteRef:45] The end users of a data warehouse do not directly update it . [45: Kimball R., The Data Warehouse Toolkit 1996, Inmon W., Building the Data Warehouse, 1996, [Online], Available at: https://docs.oracle.com/cd/B10500_01/server.920/a96520/concept.htm, Accessed [01 August 2017].] 

In OLTP systems, end users routinely issue individual data modification statements to the database. The OLTP database is always up to date and reflects the current state of each business transaction.
1.4.3. [bookmark: _Toc496813557]Schema design 
Data warehouses often use denormalized or partially denormalized schemas (such as a star schema) to optimize query performance. 
[bookmark: 4d34og8][bookmark: 1t3h5sf]OLTP systems often use fully normalized schemas to optimize update/insert/delete performance and to guarantee data consistency. 
A typical data warehouse query scans thousands or millions of rows. For example, "Find the total sales for all customers last month."
[bookmark: 2s8eyo1]A typical OLTP operation accesses only a handful of records. For example, "Retrieve the current order for this customer historical data[footnoteRef:46]. [46: Symbiosis International University, CS1, [Online], Available at: https://www.coursehero.com/file/p74bbcu0/The-end-users-of-a-data-warehouse-do-not-directly-update-the-data-warehouse-In/, Accessed [01 August 2017].] 

[bookmark: 17dp8vu][bookmark: 3rdcrjn]Data warehouses usually store many months or years of data. This is to support historical analysis.
OLTP systems usually store data from only a few weeks or months. The OLTP system stores only historical data as needed to successfully meet the requirements of the current transaction[footnoteRef:47]. [47: [Online],Available at: https://docs.oracle.com/cd/B10501_01/server.920/a96520/concept.htm, Accessed [21 August 2017].] 


The business analyst gets the information from the data warehouses to measure  performance and make critical adjustments in order to win over other business holders on  the market. Having a data warehouse offers the following advantages:
• Since a data warehouse can gather information quickly and efficiently, it can enhance business productivity.
• A data warehouse provides us with a consistent view of customers and items, hence it helps us manage the customer relationship.
• A data warehouse also helps in bringing down the costs by tracking trends, patterns over a long period in a consistent and reliable manner.
To design an effective and efficient data warehouse, we need to understand and analyze  business needs and construct a business analysis framework.
 Each person has different views regarding the design of a data warehouse. These views are as follows:
• The top‐down view ‐ this view allows the selection of relevant information needed for a data warehouse.
• The data source view ‐ this view presents the information being captured, stored, and managed by the operational system.
• The data warehouse view ‐ this view includes the fact tables and dimension tables. It represents the information stored in the data warehouse.
• The business query view ‐ it is the view of the data from the viewpoint of the end‐user[footnoteRef:48],[footnoteRef:49]. [48: [Online],Available at: https://www.tutorialspoint.com/dwh/dwh_architecture.htm, Accessed[ 21 August 2017]]  [49: Kimball R., The Data Warehouse Toolkit 1996, The Definitive Guide to Dimensional Modeling, [Online], Available at: https://www.tutorialspoint.com/dwh/dwh_architecture.htm, Accessed [01 August 2017].] 


1.5. [bookmark: _Toc496813558]Data Warehouse architectures

Generally, a data warehouse adopts a three‐tier architecture. The following are the three tiers of the data warehouse architecture:
• Bottom Tier ‐ the bottom tier of the architecture is the data warehouse database server. It is the relational database system. We use the back-end tools and utilities to feed data into the bottom tier. These back-end tools and utilities perform the Extract, Clean, Load, and refresh functions.
• Middle Tier ‐ in the middle tier, there is  the OLAP Server that can be implemented in either of the following ways.
• By Relational OLAP (ROLAP), which is an extended relational database management system. The ROLAP maps the operations on multidimensional data to standard relational operations.
• By Multidimensional OLAP (MOLAP) model, which directly implements the multidimensional data and operations.
• Top‐Tier ‐ This tier is the front‐end client layer. This layer holds the query tools and reporting tools, analysis tools and data mining tools[footnoteRef:50]. [50: [Online],Available at: https://www.tutorialspoint.com/dwh/dwh_architecture.htm, Accessed[ 21 August 2017]
] 




[bookmark: _Toc496662865]Figure 17 Data Warehouse architecture[footnoteRef:51]. [51: Data Warehouse architecture, [Online], Available at: https://www.wisdomjobs.com/e-university/data-warehousing-tutorial-237/data-warehouse-architectures-1969.html ,Accessed [21 August 2017]] 


Data warehouses and their architectures vary depending upon the specifics of an organization’s situation.  Three common architectures can be distinguished:
Basic Data Warehouse Architecture 
Data Warehouse Architecture with a Staging Area
Data Warehouse Architecture with a Staging Area and Data Marts
Basic Data Warehouse Architecture[footnoteRef:52]: [52: [Online],Available at: https://www.slideshare.net/TahirAyoub1/pimsfinalreport, Accessed[ 21 August 2017]
] 




[bookmark: _Toc496662866]Figure 18 Basic Data Warehouse architecture[footnoteRef:53]. [53: Basic Data Warehouse architecture, [Online], Available at: https://www.wisdomjobs.com/e-university/data-warehousing-tutorial-237/data-warehouse-architectures-1969.html ,Accessed [21 August 2017]] 





[bookmark: _Toc496662867]Figure 19 Data Warehouse architecture precise[footnoteRef:54]. [54: Data Warehouse architecture precise, [Online], Available at: https://docs.oracle.com/cd/B10500_01/server.920/a96520/concept.htm, Accessed [03 August 2017].
] 



End users directly access data derived from several sources systems through the data warehouse.   The metadata and raw data of traditional OLTP systems are presented, as is an additional type of data, summary data. Summaries are valuable in DW because they pre-compute long operations in advance.   E.g. a typical DW query is to retrieve something such as August sales. A summary in an Oracle database is called a materialized view[footnoteRef:55]. [55: [Online], Available at: https://www.wisdomjobs.com/e-university/data-warehousing-tutorial-237/data-warehouse-architectures-1969.html ,Accessed [21 August 2017]] 





[bookmark: _Toc496662868]Figure 20 Data Warehouse Architecture with a Staging Area[footnoteRef:56]. [56: Data Warehouse Architecture with a Staging Area, [Online], Available at: https://docs.oracle.com/cd/B10500_01/server.920/a96520/concept.htm ,Accessed [03 August 2017].] 


Very often we need to clean and process our operational data before putting it into the warehouse.  We can do this programmatically, although most DWs use a staging area instead. A staging area simplifies the building of summaries and general warehouse management[footnoteRef:57]. [57: [Online],Available at: https://docs.oracle.com/cd/B10500_01/server.920/a96520/concept.htm, Accessed [21 August 2017].] 




[bookmark: _Toc496662869]Figure 21 Data Warehouse Architecture with a Staging Area and Data Marts[footnoteRef:58],[footnoteRef:59]. [58: Data Warehouse Architecture with a Staging Area and Data Marts, [Online], Available at: https://docs.oracle.com/cd/B10500_01/server.920/a96520/concept.htm Accessed [03 August 2017].]  [59: [Online],Available at: https://docs.oracle.com/cd/B28359_01/server.111/b28313/concept.htm, Accessed [21 August 2017]] 


We may optimize our data warehouse’s architecture for different groups within our organization. We can do this by adding data marts, which are systems designed for a particular line of business for instance  purchasing, sales and inventories are separated. A financial analyst might want to analyze historical data for purchases and sales[footnoteRef:60],[footnoteRef:61]. [60: [Online],Available at: https://docs.oracle.com/database/122/DWHSG/DWHSG.pdf ,Accessed[ 21 August 2017]]  [61: Kimball R., Wiley J and Sons, The Data Warehouse Toolkit 1996, Inmon W., John Wiley and Sons, Building the Data Warehouse, 1996.
] 

Sometimes it is useful to show the Data Warehouse architecture in the following way:



[bookmark: _Toc496662870]Figure 22 Data Warehouse Architecture Complex.

 In this Figure;
TSA – Temporary Staging Area
ODS – Operational Data Store

The data mart is a subset of the data warehouse and it is usually oriented to a specific business line or team. Whereas data warehouses have an enterprise‐wide depth, the information in data marts pertains to a single department. In some deployments, each department or business unit is considered the owner of its data mart including all the hardware, software and data[footnoteRef:62]. [62: [Online] Available at: http://desarrolloweb.dlsi.ua.es/data-warehouse-design/what-is-a-data-;arehouse, Accessed [21 August 2017]] 

The main features of a data mart are the following:
-In comparison to the DW, it is designed to be fast but not necessary flexible 
-It is separated from the operational systems in an enterprise (generally)
-It deals with standard questions/queries
-It collects strategic or tactical information, whose  structure is highly specialized
-It has not much data and often it is aggregated
But some information needs especially more complicated analytical questions, where the user will have to address directly  the DW. The task of the data mart is to intercept the most often queries - and in this sense, we can describe a data mart as a cache. The data marts support the needs of the particular departments in an enterprise. ODS – Operational Data Store: a store with operational data. It opens the possibilities to use data that has been already collected and integrated for  operational needs. For example, we can make available information about our clients, contracting parties (or their profiles), pasted  from some different sources.
 The main features are:
    It is a source of operational information that integrates data coming from different applications;
 It contains a small amount  of data, mainly actual. Its task is to solve  actual problems depicting actual data;
ODS can be treated as a  place of cleansing, integrating and preparing data for the DW (and in this meaning, ODS can be seen as, more or less,   TSA.
Metadata – data about data. It enables the user moving around the warehouse  to convert tricky ,  for them,   terms into clear business meanings as well as it informing them (the users) which data is actually accessible. Briefly speaking, metadata is a catalog of accessible information.
Metadata should contain the following information:
    Description of data in a DW;
    Description of the data accessibility, e.g. “data about invoices actually accessible from the period between 2017-01-01 and 2017-07-31”;
    The name of the source systems from which data has been derived;
    Lists of operations done on the data when the data was loaded into the warehouse e.g., what aggregates, filtering has been done;
    Metadata version, e.g.: when the source of data about clients has been changed; 
Information about data (e.g. number of rows in a table) enabling the Berlin Schönefeld Airport user to  quickly assess whether the answer to  his query will be in a short time or rather longer.
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[bookmark: _Toc496813560] Data Warehouse Models (Małgorzata Nycz)
1.6. [bookmark: _Toc496813561]Basics of Data Warehouse modeling
A Data Warehouse (DW) is just a consolidation of data from a diversity of informants that is projected to support strategic and tactical decision making. Its main aim is to offer a consistent depiction of the commercial enterprise at a period in time. Using various Data Warehousing toolsets, users are able to run online queries and 'mine’ their data[footnoteRef:63]. [63: Russom P., Defining the Logical Data Warehouse, [Online], Available at: http://data-warehouses.net/guide/introduction.html, Accessed [28 July 2017].] 

To make a system deliverable, you need to create the physical and logical pattern. In order  to answer this you need to set:
The specific data content;
[bookmark: 3znysh7]Relationships within and between groups of data;
[bookmark: 2et92p0]The system environment supporting your data warehouse;
The data transformations required;
[bookmark: 3dy6vkm]The frequency with which data is refreshed.
The logical data warehouse (LDW) is the uppermost stratum of the DW architecture. This stratum is a data architecture, in that it is largely a collection of data models and databases (that's "database" in the mother wit of a collection of information, not a DBMS), plus the keys, interfaces, and dependencies that tie the models together into a connected logical design[footnoteRef:64]. [64: Russom P., Defining the Logical Data Warehouse, 2015, [Online], Available at: https://tdwi.org/articles/2015/10/20/Defining-the-Logical-Data-Warehouse.aspx , Accessed [28 July 2017]. ] 

Physical design provides  an  effective way of storing and calling back the information. In the physical blueprint, the logical design needs to be converted into a description of the physical database structures.
Physical design involves the creative activity of the database objects like tables, columns, indexes, primary keys, strange keys, views, sequences etc[footnoteRef:65]. [65: Folks talk, [Online], Available at: http://www.folkstalk.com/2011/04/logical-and-physical-design-of-data.html ,Accessed [28 July 2017].] 

Adapt your design to the demands of the end users. End users typically want to execute analysis and look at aggregated data, rather than at  single transactions[footnoteRef:66].However, end users might not experience what they need until they experience it. To  summarise, a well-planned design allows for maturing and modifications as the needs of users change and evolve. [66: Oracle9i Data Warehousing Guide Release 2 (9.2), [Online], Available at: https://docs.oracle.com/cd/B10501_01/server.920/a96520/logical.htm , Accessed at [01 August 2017].] 

By starting with  logical intent, you focus on the information requirements and save the implementation details for later.
[bookmark: _Toc496813562]4.2. 	Logical design
A logical design is conceptual and abstract. You have not dealt with the physical implementation details so far. You distribute only with defining the types of data that you require.
One technique you can use to model your organization's logical information requirements is the process of entity-relationship modelling. Entity-relationship modelling involves identifying the matters of importance (entities), the properties of these things (attributes), and how they are connected to one another (relationships).
The operation of logical design involves arranging data into a series of logical relationships called entities and properties. An entity represents a chunk of data. In relational databases, an entity often maps to a table. An attribute is a part of an entity that determines the singularity of the entity. In relational databases, an attribute maps to a pillar.
To be certain that your data is consistent, you can demand to use unique identifiers. A unique identifier is something you add to tables so that you can distinguish  between the same item when it appears in different positions. In a physical pattern, this is normally the  master key[footnoteRef:67]. [67: [Online], Available at: https://docs.oracle.com/database/122/DWHSG/DWHSG.pdf , Accessed [21 August 2017]] 

Our logical design should result in:
(1) a set of entities and attributes corresponding to fact tables and dimension tables and 
(2) a model of operational data from your source into subject-oriented information in your target data warehouse schema.
You can make a  logical design using a pen and paper, or you can practice a design tool such as  Oracle Warehouse Builder (specifically designed to support modelling the ETL process) or Oracle Designer (a general-purpose modelling tool)[footnoteRef:68],[footnoteRef:69]. [68: [Online], Available at: https://www.ijser.org/paper/Data-warehouse-Data-Mining-logical-design-Implementation.html, Accessed [21 August 2017]]  [69: Parida R., New Deplhi, Principles & Implementation of Datawarehousing, (2006),  [Online], Available at: https://books.google.pl/books?id=5pfgv9tZE5YC&pg=PA7&lpg=PA7&dq=%22A+unique+identifier+is+something+you+add+to+tables+so+that+you+can+differentiate+between+the+same+item+when+it+appears+in+different+places.%22&source=bl&ots=rLWzaAhWli&sig=RENixWOr50qz2FFnY0taMiVC8e8&hl=ro&sa=X&ved=0ahUKEwig4MSO1KbVAhUBD5oKHdlKCZAQ6AEIMDAB#v=onepage&q=%22A%20unique%20identifier%20is%20something%20you%20add%20to%20tables%20so%20that%20you%20can%20differentiate%20between%20the%20same%20item%20when%20it%20appears%20in%20different%20places.%22&f=false, Accessed [28 July 2017].] 

[bookmark: _Toc496813563]4.3.	Physical design
The physical data model represents how the mannequin will be built into the database.
A physical database model shows all table structures, including column names, column data type, column, constraints, primary key, foreign key, and relationships between boards.[footnoteRef:70],[footnoteRef:71] [70: [Online],Available at: http://www.umsl.edu/~sauterv/analysis/Fall2010Papers/varuni/, Accessed [21 August 2017]]  [71: Mar W., Data Warehousing, Business Intelligence Resources, 2007, [Online], Available at: https://www.tutorialspoint.com/dwh/dwh_schemas.html, Accessed [01 August 2017].] 

More elaborate information on Data Warehouse designing  will be delivered in  chapter 5 of this book.	
[bookmark: _Toc496813564]4.4. 	Data Warehouse Schemas (models)
The outline is a legitimate description of the full database. It includes the name and description of the records of all record types including all linked data-items and totals. A lot like a database, a data warehouse also requires maintaining a scheme. A database uses the relational model, while a data warehouse uses Star, Snowflake, and Fact Constellation schemas[footnoteRef:72]. [72: [Online],Available at: https://www.tutorialspoint.com/dwh/pdf/dwh_quick_guide.pdfhttps://www.tutorialspoint.com/dwh/pdf/dwh_quick_guide.pdf, Accessed [21 August 2017]] 

The exemplar of your source information and the prerequisites of your users help you design the data warehouse schema. You can sometimes get  the source model from your company’s enterprise data model and reverse-engineer the logical information model for the data warehouse from this. The physical implementation of the logical data warehouse model may need some modifications to adapt it to your system parameters in terms of the size of the machine, number of users, storage capability, type of network, and software[footnoteRef:73]. [73: [Online],Available at: https://docs.oracle.com/database/122/DWHSG/DWHSG.pdf, Accessed [21 August 2017]] 

There can be distinguished 3 types of logical schemas in the DW:
star schema,
snowflake schema,
hybrid scheme (constellation of facts).
Data can be actualized (describing the real situation, e.g. transaction in a  shop, banking transaction), or referential (describing the proportions into which actual data is broken down).
Collective information - aggregated copies of specific information stored in relations of facts.
Metadata - is describing the DW contents (specific data about the position and characteristics of information sources, definitions of units, information allowing for directing inquiries to the most appropriate DW fragments, and so on).
[bookmark: _Toc496813565]4.4.1. The star schema
The star schema and the snowflake schema are ways to organize data marts or entire data warehouses using relational databases. Both of them use dimension tables to describe data aggregated in a fact table.
Everyone sells something, be it knowledge, a product, or a service. Storing this information, either in an operational system or in a reporting system, is also necessary . Thus, we can look to see some type of sales model inside the data warehouse of almost every company[footnoteRef:74]. [74: [Online],Available at: http://www.vertabelo.com/blog/technical-articles/data-warehouse-modeling-star-schema-vs-snowflake-schema, Accessed [21 August 2017]] 

Let’s get one more visual  impression at the sales model in both the star and snowflake schemas.



[bookmark: _Toc496662871]Figure 23 Star Schema[footnoteRef:75]. [75: Oracle9i, Star Schema, 28 April 2016, [Online], Available at:
https://docs.oracle.com/cd/B10501_01/server.920/a96520/logical.htm, Accessed at [01 August 2017].] 





[bookmark: _Toc496662872]Figure 24 The star schema[footnoteRef:76]. [76: Drkušić E., The star schema,28 April 2016, [Online], Available at: http://www.vertabelo.com/blog/technical-articles/data-warehouse-modeling-star-schema-vs-snowflake-schema, Accessed at [01 August 2017]] 


The most obvious feature of the star schema is that dimension tables are not normalized. 
[bookmark: _Toc496813566]4.4.2. The snowflake schema
This snowflake schema stores exactly the same data as the star outline. The fact table has the same proportions as  in the star schema model. The most significant divergence is that the dimension tables in the snowflake schema are normalized. Interestingly, the process of normalizing dimension tables is called snow flaking[footnoteRef:77]. [77: Drkušić E. , Data Warehouse Modeling , 28 April  2016, [Online], Available at: http://www.vertabelo.com/blog/technical-articles/data-warehouse-modeling-star-schema-vs-snowflake-schema, Accessed [28 July 2017].] 





[bookmark: _Toc496662873]Figure 25 Snowflake schema[footnoteRef:78]. [78: Oracle,Snowflake schema , 2006,[Online] ,Available at: http://oracle-online-help.blogspot.com/2006/11/star-vs-snowflake-schema.html, Accessed [3 August 2017].] 


[bookmark: _Toc496813567]4.4.3. The hybrid schema (constellation of facts) 
For each star schema, it is possible to construct a fact constellation schema (for example by splitting open the original star schema into more star schemas, each of them describing facts on another layer of dimension hierarchies). The fact constellation architecture contains multiple fact tables that share many dimension tables. This outline consists of some facts and dimensions and enables sharing dimensions among facts on different levels.




[bookmark: _Toc496662874][bookmark: _Toc491864246]Figure 26 TheHybrid schema  

The next example of the constellation of facts: 


[bookmark: _Toc496662875]
Figure 27 Fact constellation schema[footnoteRef:79]. [79: Fact constellation schema, [Online], Available at: http://datawarehouse4u.info/Data-warehouse-schema-architecture-fact-constellation-schema.html, Accessed [3 August 2017]] 


[bookmark: _Toc496813568]4.5. Data Warehousing Objects

Fact tables and dimension tables are the two examples  of objects commonly used in dimensional data warehouse schemas. Fact tables are the heavy table in your warehouse schema that store business measurements. Fact tables typically contain facts and foreign keys to the dimension tables. Fact tables represent data, usually numeric and additive, that can be examined and examined. Examples include sales, monetary value, and earnings.
Dimension tables, also  known as lookup or reference tables, take the relatively static data in the warehouse. Dimension tables store the information you normally employ to contain queries. Dimension tables are usually textual and descriptive and you can use them as the row headers of the answer set. Examples are customers or products[footnoteRef:80]. [80: [Online],Available at: https://www.ijser.org/paper/Data-warehouse-Data-Mining-logical-design-Implementation.html, Accessed [21 August 2017]] 

[bookmark: _Toc496813569]4.5.1. Fact tables
Fact tables are the central tables in the star schema of your data warehouse. 
They  usually contain numeric or quantitative data (called standards) that identify a specific case.
For instance, if you suffer a data warehouse that you use to generate a report on company revenue, you would have dollar_sales, and dollar_cost as columns within your fact table, as exhibited in the example above.
Typically, facts are continuously valued and added. "Continuously valued" means that the fact is a numeric measurement that holds a value every time it is evaluated.  “Additive” means that the fact can be summarized through addition.
 
Fact tables also contain a circle of columns that form a concatenated, or composite key. Each tower of the concatenated key is a foreign key drawn from a dimension table's primary key. For instance, in the above example the fact table contains a column product_key which associates the fact with a specific product in the product_dimension table. 
The degree of detail in a fact table is called the grain.

Every course in the fact table must be put down to the same degree of detail. In the diagram above, the measurements in the fact table are daily totals of gross revenue in dollars, sales in units, and the cost in dollars of each product sold. The grain is daily[footnoteRef:81]. Each book in the fact table represents the total sales of a specific product in a retail store on one day. Each new combination of product, store, or day generates a different book in the fact table. [81: [Online],Available at: https://anuradhasrinivas.files.wordpress.com/2013/03/data-warehousing-fundamentals-by-paulraj-ponniah.pdf, Accessed [21 August 2017]] 


Fact tables are populated with data pulled from a data root. The data source can be an OLTP system or a data warehouse. Spectrum™ Technology Platform takes a snapshot of the source data on a regular schedule and moves the data to the data warehouse, normally at the same time every day, week or month.
A star schema can have multiple fact tables. Apply a scheme with multiple fact tables to separate sets of measurements that share a common subset of dimension tables, or to track measurements with different grains[footnoteRef:82]. [82: INEGI (Instituto Nacional de Estadística y Geografía), Spectrum Technology Platform, Enterprise Data Integration Guide, 2013.] 

[bookmark: _Toc496813570]4.5.2. Dimension tables

Dimension tables store information that  identifies the data in the fact table. For instance, if the sales_total differed one month from the next, you would look to the dimensions to tell you why. The same dimension table can be utilized with different fact tables. Dimension tables have attributes and a single part primary key that links up the dimension table to the fact table. Properties are the pillars in the dimension table.
The single partition primary key allows you to quickly browse a single dimension table. Browsing a dimension table can serve as the best means to query the fact table. Time dimension tables are necessary for precise time-based calculations because you sometimes cannot easily pull the necessary date data from the discs. For instance, the following discs are in a sales database. Observe that there are time gaps between books. For instance, there is no book for the day 1/4/2012.

[bookmark: _Toc496662679]Table. 6 Example use of a time dimension table[footnoteRef:83]. [83: Example use of a time dimension table, INEGI (Instituto Nacional de Estadística y Geografía),  Spectrum Technology Platform, Enterprise Data Integration Guide, 2013, [Online], Available at: http://support.pb.com/help/spectrum/9.0/pdf/en/Spectrum_9.0_EnterpriseDataIntegrationGuide.pdf, Accessed [3 August 2017].
] 


	Date 
	Product
	Amount

	1/3/2012
	Red Shirt
	$10.00

	1/5/2012
	Red Shirt
	$5.00

	1/7/2012
	Red Shirt
	$15.00



If you query these records and compute the average sales per day, the result would be $10.00 ($30/ 3 records). All the same, this is incorrect because the three records actually span a period of five days. If you induce a time dimension table with a record for each day, you could join that board with the above table to find this:

	Date
	Product
	Amount

	1/3/2012
	Red Shirt
	$10.00

	1/4/2012
	
	

	1/5/2012
	Red Shirt
	$5.00

	1/6/2012
	
	

	1/7/2012
	Red Shirt
	$15.00



Figuring the average gross revenue per day using these records, you would receive the correct answer: $6.00 ($30 / 5 days). To sum up, you could account for arbitrary time attributes such as holidays, weekends, and quarters in your deliberation. For exemple, if 1/6/2012 happened to be a holiday and you were merely interested in average sales per workday then the result would be $7.50.[footnoteRef:84] [84: NAVTEQ North America, LLC, Spectrum Technology Platform, Enterprise Data Integration Guide, 2013, [Online], Available at: http://support.pb.com/help/spectrum/9.0/pdf/en/Spectrum_9.0_EnterpriseDataIntegrationGuide.pdf, Accessed [28 July 2017].] 

Data analysis typically takes off at higher strata in the dimension hierarchy and gradually drills down if the situation warrants such analysis. Dimensions do not have to be seen, only spending time creating them can yield significant benefits because they help query  perform more complex types of a rewrite. They are needed if you use the Summary Advisor (a GUI tool for materialized view management) to recommend which materialized views to create, drop, or composition[footnoteRef:85]. [85: [Online],Available at: https://docs.oracle.com/cd/B10500_01/server.920/a96520/dimensio.htm, Accessed [21 August 2017]] 

[bookmark: _Toc496813571]4.5.3. Hierarchies
Hierarchies are logical constructions that use ordered levels as a way of organizing information. A power structure can be applied to define data aggregation. For instance, in a time dimension, a hierarchy might aggregate data from the month level to the quarter level to the year level. A power structure can also be applied to define a navigational drill path and to plant a family social system[footnoteRef:86]. [86: [Online],Available at: https://docs.oracle.com/database/122/DWHSG/DWHSG.pdf, Accessed [21 August 2017]] 

Data warehouse (DW) serves analytical purposes by taking in the multidimensional data model. It provides for exploring specific elements of analysis (measures) from different perspectives (dimensions). The dimension’s attributes either form a hierarchy or are simply descriptive. Dimensional hierarchies allow for obtaining positions of information with different granularity, i.e. summarized or detailed through roll-up and drill-down operations respectively.
A categorization of dimensional hierarchies has been shown in figure 28. The simple power structure has a tree structure generated for the instances with one-to-many parent-kid relationships. A simple power structure is symmetric if there exists a single path from bottom level members to the top and all grades are mandatory.
An exemplar of a simple and symmetric hierarchy is shown down. The simple power structure is asymmetric when not all points are mandatory[footnoteRef:87]. [87: Rozeva A., Dimensional Hierarchies – Implementation in Data Warehouse Logical Scheme Design, [Online], Available at: http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.83.200&rep=rep1&type=pdf,  Accessed [28 July 2017].] 



        

[bookmark: _Toc496662876]Figure 28 Symmetric dimensional hierarchy and asymmetric dimensional hierarchies.
Hierarchies are multiple if multiple paths exist from the bottom level to the crest or in the case of many-to-one parent-child relationships among layers. Multiple hierarchies are shown in figure 29 These hierarchies aren’t fully summarizable as well.

    
[bookmark: _Toc496662877]Figure 29 Multiple dimensional hierarchies.
[bookmark: _Toc496813572]4.5.4. Levels 
A level represents a location of a pecking order. For example, a time dimension might have a pecking order that represents data at the month, quarter, and year levels. Scores range from general to specific, with the root level as the highest or most general level. The layers in a dimension are organized into one or more hierarchies[footnoteRef:88]. [88: [Online],Available at: https://www.ijser.org/paper/Data-warehouse-Data-Mining-logical-design-Implementation.html, Accessed [21 August 2017]] 

[bookmark: _Toc496813573]4.5.5. Level relationships 
Level relationships specify top-to-bottom ranking of levels from most general (the root) to more specific information. They define the parent-child relationship between the levels of a pecking order.
Pecking orders are also essential components in enabling more complex rewrites. For example, the database can aggregate existing sales revenue on a quarterly basis to a yearly aggregation when the dimensional dependencies between a quarter and year are known[footnoteRef:89]. [89: [Online],Available at: https://docs.oracle.com/database/122/DWHSG/DWHSG.pdf, Accessed [21 August 2017]] 

The typical stages of a dimension hierarchy can be viewed below :


Figure 30 Typical Levels in a Dimension Hierarchy[footnoteRef:90],[footnoteRef:91]. [90: [Online],Available at: https://docs.oracle.com/database/122/DWHSG/DWHSG.pdf, Accessed [21 August 2017]]  [91: Oracle9i, Typical Levels in a Dimension Hierarchy, 2016, [Online], Available at: https://docs.oracle.com/cd/B10501_01/server.920/a96520/logical.htm, Accessed [3 August 2017].] 

Where:
region: is at the top of the dimension hierarchy
sub region: is below the region
country name: is below the sub region
customer: is at the bottom of the dimension hierarchy
[bookmark: _Toc496813574]4.5.6. Unique identifiers
Unique identifiers are assigned for one distinct record in a dimension table. Artificial unique identifiers are often utilized to obviate the possible problem of unique identifiers changing. Unique identifiers are represented by the # character. For example, #customer_id.
[bookmark: _Toc496813575]4.5.7. Relationships
Relationships guarantee business integrity. An exemplar is that if a business sells something, there is  apparently a customer and a product. Designing a relationship between the sales information in the fact table and the dimension tables products and customers enforces the business rules in databases[footnoteRef:92],[footnoteRef:93]. [92: [Online],Available at: https://www.ijser.org/paper/Data-warehouse-Data-Mining-logical-design-Implementation.html, Accessed [21 August 2017]]  [93: Mohammad S. Qaseem, Dr. A. Govardhan, S. Nasira Tabassum, Syed.Asadullah Hussaini, Data warehouse & Data Mining logical design, 2011.] 

An example of the typical Data Warehouse objects is the following:



[bookmark: _Toc496662879]Figure 31 Example of Data Warehousing Objects and their Relationships[footnoteRef:94]. [94: Mohammad S. Qaseem, Dr. A. Govardhan, S. Nasira Tabassum, Syed.Asadullah Hussaini, Example of Data Warehousing Objects and their Relationships, 2011, [Online], Available at: https://www.ijser.org/paper/Data-warehouse-Data-Mining-logical-design-Implementation.html, Accessed [3 August 2017].

] 
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[bookmark: _Toc496813577] Analytical Processing and Data Warehouse (Małgorzata Nycz)
[bookmark: _Toc496813578]5.1. Online analytical processing (OLAP) 
OLAPcan be treated as  a way  to  answer multi-dimensional analytical (MDA) queries and can be seen as part of the broader category of business intelligence, which also encompasses relational database (see Chapter 2), report writing and data mining. It enables the  extraction and viewing of data from different points of view. Typical applications of OLAP include business reporting for sales, marketing, management reporting, business process management (BPM), budgeting and forecasting, financial reporting and similar areas, with new applications coming up, such as agriculture. The term OLAP was created as a slight modification of the traditional database term online transaction processing (OLTP)[footnoteRef:95] (see Chapter 2).  [95: Definition available at: http://olap.com/olap-definition/
[Online], Available at: http://luxena.com/ru/wiki/olap/, Accessed [04 August 2017].] 

The main goal of analytical processing is to support the processes of analyses in DW. Analysis  means the calculation of aggregates for  given dimensions (see Chapter 4) of the DW. The logical data model consists of three elements, such as:
Data structures (logical organization of data and the  way the users see it).
Set of operators enabling searching and modification operations of the data.
Limitations of integrity that specify the correctness of data.
 How we store and process the multidimensional model in DW is as follows:
DW using the relational model - ROLAP (Relational OLAP)
DW with the multi-dimensional model - MOLAP (Multidimensional OLAP)
DW based on HOLAP (Hybrid OLAP)
At the core of any OLAP system is an OLAP cube (also called a 'multidimensional cube' or a hypercube). It consists of numeric facts called measures that are categorized by dimensions. The measures are placed at the intersections of the hypercube, which is spanned by the dimensions as a vector space. The usual interface to manipulate an OLAP cube is a matrix interface, like Pivot tables in a spreadsheet program, which performs projection operations along the dimensions, such as aggregation or averaging. The cube metadata is typically created from a star schema or snowflake schema or fact constellation of tables in a relational database. Measures are derived from the records in the fact table and dimensions are derived from the dimension tables[footnoteRef:96] (see Chapter 3).  [96: Williams C., Garza V.R., Tucker S., Marcus, A.M. Multidimensional models boost viewing options. InfoWorld, 16(4), 24 January 1994,
[Online], Available at: https://en.wikipedia.org/wiki/Online_analytical_processing, Accessed [04 August 2017].] 

ROLAP works directly with relational databases and does not require pre-computation. The base data and the dimension tables are stored as relational tables and new tables are created to hold the aggregated information. It depends on a specialized schema design. This methodology relies on manipulating the data stored in the relational database to give the appearance of traditional OLAP's slicing and dicing functionality. In essence, each action of slicing and dicing is equivalent to adding a "WHERE" clause in the SQL statement. ROLAP tools do not use pre-calculated data cubes but instead pose the query to the standard relational database and its tables in order to bring back the data required to answer the question. ROLAP tools feature the ability to ask any question because the methodology is  not limited to the contents of a cube. ROLAP also has the ability to drill down to the lowest level of detail in the database[footnoteRef:97].   [97: Pendse N., Commentary: OLAP API wars. OLAP Report. Archived from the original on May 28, 2008. Retrieved 2008-03-18.] 

MOLAP is the classic form of OLAP and is sometimes referred to as just OLAP. MOLAP stores this data in optimized multidimensional array storage, rather than in a relational database. Some MOLAP tools require the pre-computation and storage of derived data, such as consolidations – the operation known as processing. Such MOLAP tools generally utilize a pre-calculated data set referred to as a data cube. The data cube contains all the possible answers to a given range of questions. As a result, they have a very fast response to queries. On the other hand, updating can take a long time depending on the degree of pre-computation. Pre-computation can also lead to what is known as data explosion. Other MOLAP tools, particularly those that implement the functional database model do not pre-compute derived data but make all calculations on demand other than those that were previously requested and stored in a cache[footnoteRef:98].  [98: Abdullah, Ahsan, Analysis of mealybug incidence on the cotton crop using ADSS-OLAP (Online Analytical Processing) tool. Computers and Electronics in Agriculture. PAGES 69 (1): 59–72, November 2009.] 

HOLAP is the combination of relational online analytical processing (ROLAP) and multidimensional online analytical processing (MOLAP). It supports both storage formats and therefore provides advantages from both processes. HOLAP was developed to put an end to the "which is better?" debate by combining the data capacity of a ROLAP and the processing capability of a MOLAP. Because the hybrid OLAPs enables the use of various combinations of the two OLAPs, they basically store data in both a relational database and a multidimensional database. As a result, the decision to access one of the two databases depends solely on which is best suited for the desired processing type or application. This provides much more flexibility when handling data. For heavy data processing, the data is stored in a relational database, while for theoretical processing, the data is stored in a multidimensional database. Because hybrid OLAPs enable the use of various combinations of the two OLAPs, they basically store data in both a relational database and a multidimensional database. As a result, the decision to access one of the two databases depends solely on which is best suited for the desired processing type or application. This provides much more flexibility when handling data. For heavy data processing, the data is stored in a relational database, while for theoretical processing, the data is stored in a multidimensional database[footnoteRef:99],[footnoteRef:100].    [99: [Online],Available at: https://www.techopedia.com/definition/12830/hybrid-online-analytical-processing-holap, Accessed [21 August 2017]]  [100: Torben B. P., Jensen C. S., Multidimensional Database Technology, December 2001 [Online], Available at: http://infolab.usc.edu/csci585/Spring2006/den_ar/pederson_p40.pdf, Accessed [04 August 2017].] 

[bookmark: _Toc496813579]5.2. Analytical Operations
Many different operations can be realized on data collected in Data Warehouse. These operations are following:
Pivoting
Rolling up
Drilling down
Rotating
Slicing
Dicing
Ranking
Pivoting means appointing the focal point. It relies on indicating the measure and determining dimensions, in which the chosen measure will be presented.



[bookmark: _Toc496662880]Figure 32 Pivoting.
Rolling up depicts navigation in the dimension up in the hierarchy in order to calculate more and more aggregated values. Roll-up refers to the process of viewing data with decreasing detail.
Drilling down means going deep into the hierarchy of the given dimension in order to conduct a more detailed analysis; seeking specific information about the sale in every shop, every day for the established category of product can be an example. Drill-down refers to the process of viewing data at a level of increased detail[footnoteRef:101].  [101: Mailvaganam H. "Introduction to OLAP – Slice, Dice and Drill!”. Data Warehousing Review. Retrieved 2008-03-18, Accessed [04 August 2017].] 




[bookmark: _Toc496662881]Figure 33 Drilling down.

Rotating enables us to present data in different pivots of the dimension.
Ranking organizing information in the given dimension.
Slicing and dicing narrowing analyzed data to chosen dimensions, and in frames of every dimension narrowing analysis to specify its values[footnoteRef:102]. [102: Kimball R., Ross M., The data warehouse toolkit - The definitive guide to Dimensional modelling, Wiley 2013 [Online], Available at: http://athena.ecs.csus.edu/~olap/olap/OLAPoperations.php, Accessed [04 August 2017].] 




[bookmark: _Toc496662882]Figure 34 Slicing and dicing.
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1.7. [bookmark: _Toc496813582]Basic characteristics of a data warehouse design

In their operation and development,  various organizations accumulate huge amounts of data, the use of which is becoming more and more difficult. The main reason for this is the fact that different platforms, file structures, and databases are used in the process of creating this resource.
The solution to the problem involves the use of data warehouses. Using a data warehouse corporate data is integrated into a single structure to which users can query and receive reports.
The data warehouse design concept was  developed by Bill Inmon. Initially, it was  conceived as a technology to support decision support systems by summing up a variety of operational data. The data warehouse provides access to heterogeneous data sources while also ensuring their filtering, removal of unnecessary elements, and reinventing and storing in a comprehensible and user-friendly structure. It should be emphasized that the construction approach is radically different from the dynamic integration of heterogeneous databases. By its very nature, "the data warehouse is object-oriented, integrated, time-based and non-volatile dataset designed to support decision-making." It greatly facilitates managers in formulating management decisions by providing timely, full information on the state and the critical situations of their business units.
According to research and business analyses conducted globally, data warehouses are a key prerequisite for the successful development and deployment of both the Executive Information Systems and Decision Support Systems. The effective use of a Data Warehouse provides additional opportunities for companies to achieve a higher return on investment and greater stability and competitiveness[footnoteRef:103]. [103: Gartner, Of Data Warehouses, Operational Data Stores, Data Marts and Data Outhouses, Dec 2005, [Online], Available at: https://www.gartner.com/doc/487764/data-warehouses-operational-data-stores, Accessed [04 August 2017].] 


The basis of the data warehouses design concept is based on two ideas:
The first idea – for the integration of the detailed data (those that describe the specific facts, events and properties) in a single repository and their aggregation if necessary.
The second idea – to distinguish data sets and applications used for processing from those used to solve analytical tasks.
According to Bill Inmon, the main features of a Data Warehouse can be formulated as in the following sub-chapters:
Subject orientation 
The data warehouse reflects the overall development of a company over time. It is organized around its main subjects (clients, goods, sales, etc.) and not around its application areas. In this regard, the data stored in the warehouse is mainly intended to assist in making management decisions.
Data integrity
In the warehouse, the data comes from different sources and is characterized by various attributes and formats. Before being stored, they integrate and conform to the requirements of the specific repository. In this way, users receive a unified overview of the data.
Invariance (adaptability) over time 
Storage of data in warehouses uses a time attribute (day, week, etc.). As a result, the records in the tables never change and can be classified as snapshots of the data made in certain time slots.
Stability (non-variability) of the information
 It is realized as a result of the periodic completion of the warehouse, where there is no updating in operating mode and change of the existing data in it. Once loaded into the warehouse, these data can only be read.
Minimum data surplus
 It is achieved by filtering and clearing unnecessary data before it is placed in the data warehouse.
1.8. [bookmark: _Toc496813583]Data warehouse maintenance
The classic data warehouse is a widespread and unique means of storing the information resources of individual companies and corporations. It contains data with different features that users can only read and use to manage the particular business. 
According to their specifics, data can be classified into the groups in the following sub-chapters:
1.8.1. [bookmark: _Toc496813584]Operational data 
This data found in the warehouses, which come from the following sources, are characterized. Operational data is contained in first-generation georeferenced and networked databases. According to some estimates, much of the operational corporate data is stored in systems of this type. The data of the different subdivisions is stored in the specialized file systems relational DBMS. Hidden / internal data is stored in workstations and internal servers. External systems, such as the internet, are stored in commercially available databases or databases belonging to suppliers or customers of organizations[footnoteRef:104]. [104: Patil B., Preeti S., Srikantha R., Suryakant (2011), Optimization of Data Warehousing System: Simplification in Reporting and Analysis, IJCA Proceedings on International Conference and workshop on Emerging Trends in Technology (ICWET). Foundation of Computer Science, [Online], Available at: http://www.ijcaonline.org/proceedings/icwet/number9/2131-db195, Accessed [04 August 2017].] 

1.8.2. [bookmark: _Toc496813585]Detailed data
In most cases, detailed data is stored not at the operational level but in the form of information aggregated to the next level of detail. As a rule, detailed data is periodically added to the warehouse by automatically aggregating the input to the required level.
1.8.3. [bookmark: _Toc496813586]Summary data
These data are data pre-processed by the warehouse manager for their partial or total aggregate. This portion of the warehouse is temporary as long as it is permanently subject to changes in response to changing request filters. The primary purpose of aggregated data is to increase query performance. Although preliminary aggregation of information is linked to some increases in service costs, these additional costs are offset. This happens as a result of the elimination of the need to perform multiple aggregation operations (sorting or grouping) in the processing of each of the users' requests. Stored aggregated data is updated by adding new batch details to the warehouse.
1.8.4. [bookmark: _Toc496813587]Archives and backups
Although aggregated data is generated on the basis of detailed data, in certain cases it is necessary to back up pre-aggregated information sets. This is especially the case when the presumed storage period exceeds the storage period for the detailed data on the basis of which they were created. As a rule, backup and backup copies are placed on such media as a magnetic tape or optical disc.
1.8.5. [bookmark: _Toc496813588]Metadata (data describing data sets)
In this area of ​​the warehouse the descriptions of all the data available in the warehouse are stored. Metadata can be used for various purposes, such as extracting and loading data from the warehouse, and servicing the warehouse. Metadata are used to automate the preparation of tables with generalized meanings, serving requests. Metadata is used to send queries to the most relevant data source.
There may be differences in the metadata structure that arise from their purpose. This means that several varieties of metadata can be stored for the same data item in the warehouse. In addition, a large number of developer companies apply both their own meta data structure versions and access tools for end-users. In particular, data copying management tools use metadata to define display rules that need to be applied to convert incoming data into a commonly accepted form. The end-user access tools to the data use metadata to select how to compile the request. Managing metadata inside the data warehouse is a very complex task.
1.8.6. [bookmark: _Toc496813589]Data Marts
Data marts (or as they are sometimes called "data stores") contain a subset of store data. In the standard case, it is presented in the form of aggregated information relating to a subdivision or the business sphere of the enterprise. The data store may be independent or in a particular way linked to the centralized data warehouse.
The main scheme of the classic data warehouse is given in Chapter Two.
The merits of the classical architecture of data warehouses can be defined in the following aspects:

- General semantics and contradiction of information sets.
- A single data mining tool.
- Centralized managed environment.
- Easily accessible and convenient tools for creating and loading data displays.
- Single access to metadata.
It is quite natural for such an architectural decision to have some drawbacks. The most important of these are the following: high resource intensity; high costs, and the need for enterprise-wide resources and specialized systems.
The overall maintenance of a data warehouse is made up of the next three main components:

Data warehouse load manager
The load manager, called the front-end component, performs all operations related to retrieving and entering data in the warehouses. These operations include simple data conversions necessary for their preparation for entry into the warehouse. This component typically includes not only proprietary development programs but also tools developed by external providers.

Data warehouse manager
The data warehouse manager performs all operations related to the management of the information stored in the data warehouse. This component can also include both proprietary development programs and tools provided by outside companies. The warehouse manager performs the following operations:

- Analysis of data integrity;
- Converting and moving data from the temporary warehouse into the main data warehouse tables;
- Creating indices and identifiers for base tables;
- Denomination of data if necessary;
- Summary of data if necessary;
- Backup and backup of data.

In some cases, the warehouse manager also performs the filtering of queries to determine the necessary indices and required pre-aggregated data. Filtering the request can be done for an individual user, a group of users or data warehouse entirely. 

Query manager
The query manager, which is often characterized as a back-end component, performs all operations related to user queries management. The complexity of request management is determined by the functional capabilities of the available data access tools and the DBMS itself. The list of operations performed by this component concerns the management of the requests to the existing table and the compilation of schedules for executing these requests. 

In some cases, the Query Manager also generates query filtering, allowing the warehouse manager to determine the set of required indices and aggregated data.
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[bookmark: _Toc496813592]7.1. 	SMEs importance

Micro and SMEs are the engine  of the European economy, which represents 99,8% of all enterprises, and SMEs are the backbone of the service-driven economy (European Commission, 2005). According to Deloitte, a typical EU enterprise is an SME which has fewer than ten employees. About 67% of workers are employed by SMEs, and 85% of the net new jobs in the EU between 2002 and 2010 were created  by SMEs. In the report Polityka Insight (2016), the authors talk about the importance of SMEs for the Polish economy and show that this sector has large growth potential.
Moreover, they acknowledged that there is still space for development  for many new SMEs before the economy extends to a saturation of these entities . The SMEs sector can be characterized as follows:
The Polish SME sector is smaller than in other EU states.
Industrial and trading types of activities dominate among the SMEs. 
SMEs use bank loans three times more than large enterprises. 
SMEs are  growing on average at the same rate as large companies. 
The biggest barrier to the growth of SMEs is the high tax burden and bureaucracy.
The development of SMEs is based mainly on increasing productivity.
SMEs are investing more in people than in machines. The share of SMEs in the total value of  business investment is gradually decreasing, and the share of people working in the SME sector is growing steadily. Importantly, this group of companies provides in wages one-third more income than large companies.
The difficult access to finance for SMEs usually inhibits innovation. According to entrepreneurs, the difficulty of obtaining funds is the biggest barrier to the development of innovation.
The difficulty in finding skilled workers is growing by the size of the company. The lack of adequately trained personnel in the industrial and building sector is quite visible. The problem of gaps in education also applies to directors and owners of SMEs who often do not have management skills and basic knowledge of finance and accounting. 
The biggest barrier to growth is the small trap scale. This phenomenon is low growth in the scale of micro-enterprises, employing fewer than ten people. What's more, it turns out that these companies are developing more slowly than the competition, even if they have become small businesses, and will be included in the SME sector. This phenomenon results from the  different development model of micro enterprises, which quite often are focused on activities only on a local scale, with high non-willingness to take business risks and with deficiencies in management skills[footnoteRef:105]. [105: Czerniak A., Stefański M., Małe i średnie firmy w Polsce – barieryi rozwój, Polityka Insight, Posted 2016, [Online], Available at: https://static3.bzwbk.pl/asset/m/a/l/male-i-srednie-firmy-w-polsce2_-polityka-insight_61682.pdf,  Accessed [04 August 2017].] 

With easier and cheaper access to servers and data centres, delivered through cloud computing (CC) vendors, SMEs now face fewer constraints on upfront investment; the challenges present themselves as organizational and strategic by nature. Data is collected and analyzed to provide new information and knowledge for useful business. Similar theoretical assumptions were the basis of ICT systems. Therefore, where  something new or the evolution of technology are  concerned, ICT will always evolve. 
[bookmark: _Toc496813593]7.2. 	Definition of Big Data
Big Data is a term that describes the large volume of data both structured and unstructured that inundates a business on a daily basis. But it’s not the amount of information that’s important. It’s what organizations do with the data that matters. Big Data can be analyzed for insights that contribute to better conclusions and strategic business moves[footnoteRef:106]. [106: SAS, Big Data What it is and why it matters, SAS, [Online], Available at: http://www.sas.com/en_th/insights/big-data/what-is-big-data.html, Accessed [04 August 2017].] 




[bookmark: _Toc496662883]Figure 35 Growth of memory size for information storing on  a global scale within the last 30 years [2][footnoteRef:107]. [107: Hilbert M., Lopez P., The World's Technological Capacity to Store, Communicate and Compute Information, Science, 332(6025), 60-65, [Online], Available at: http://www.martinhilbert.net/WorldInfoCapacity.html, Accessed [04 August 2017].] 


Big Data can be described regarding data management challenges that – due to increasing volume, velocity and variety of data – cannot be resolved with traditional databases. While there are plenty of definitions for Big Data, most of them include the concept of what’s commonly known as the “four  V’s” of Big Data:
Volume: Ranges from terabytes to petabytes of data
Variety: Includes data from a broad range of authors and formats (e.g. web logs, social media interactions, e-commerce and online transactions, financial transactions, etc.)
Velocity: Increasingly, businesses have stringent requirements from the time data is generated, to the time actionable insights are delivered to the users. Therefore, data needs to be collected, stored, processed, and analyzed within relatively short windows ranging from daily to real-time [footnoteRef:108]. [108: Amazon Web Services, What is Big data?, Amazon Web Services, [Online], Available at: https://aws.amazon.com/big-data/what-is-big-data/, Accessed [04 August 2017].] 

Value: In 2012, Gartner extended this definition of a new component: evaluation/verification of their data (Value) showing that Big Data is high-volume collections of information, indicating considerable volatility and requiring new types of processing to support decision-making processes to discover new phenomena or process optimization[footnoteRef:109]. [109: Douglas L., The importance of Big Data: A Definition, Gartner, [Online], Available at: http://www.gartner.com/resId=2057415, Accessed [04 August 2017].] 

Big Data applications can store, integrate and present both structured and unstructured data/semi-unstructured, providing a comprehensive view of the business environment for easier analysis and consumption[footnoteRef:110]. [110: Pentaho, What is Big Data?, Pentaho, [Online],  Available at: http://www.pentaho.com/what-is-big-data, Accessed [04 August 2017].] 

The importance of Big Data doesn’t revolve around how much data you have, but what you do with it. You can get information from anywhere  and analyze it to ascertain answers that enable:
Cost reductions, 
Time reductions, 
New product development and optimized offerings,
Smart decision making. 
When you combine Big Data with high-powered analytics, you can carry out business-associated projects such as:
Determining root causes of failures, issues, and defects in near-real time.
Generating coupons at the point of sale based on the customer’s buying habits.
Recalculating entire risk portfolios in minutes.
Detecting fraudulent behaviour before it affects your organization[footnoteRef:111]. [111: SAS, Big Data What it is and why it matters, SAS, [Online], Available at: http://www.sas.com/en_th/insights/big-data/what-is-big-data.html, Accessed [04 August 2017].] 

Currently, Big Data, which is the analysis of large data sets, is used mainly in the largest companies in the financial sector. But that will change shortly - the Big Data will also benefit SMEs. The key is to ask relevant business questions and appropriate selection of data for analytic thinking. Gathering and analyzing Big Data - heavy data sets - is relevant in  global industry, banking, and business deals. The advantage of large companies lies in the fact that having a huge number of users creates an appropriate amount of comparative data[footnoteRef:112]. [112: Na Big Data stać małe i średnie firmy, Rynek Informacji, Posed 2014, [Online], Available at: http://rynekinformacji.pl/na-big-data-stac-male-i-srednie-firmy/, Accessed [04 August 2017].] 

[bookmark: _Toc496813594]7.3. 	Big Data solutions in SMEs 
Big Data technology, which is mentioned above, is not given exclusively to the biggest companies. It is a tool becoming more accessible to SMEs as well. Of path, most of the available instruments are produced for large societies. Nevertheless, tools are becoming more prevalent  that can be utilized in the SMEs. In many cases, Big Data pre-war to small business in ways that it never was for big business – even the most potent insights are valueless if your business is not agile enough to act on them in a timely fashion. Small jobs hold the advantage of agility, making it perfectly suited to work on data-derived insights with speed and efficiency[footnoteRef:113],[footnoteRef:114]. [113: [Online], Avaialable at: https://www.forbes.com/sites/howardbaldwin/2015/06/01/does-big-data-have-a-place-in-small-business/, Accessed[ 21 August 2017]]  [114: Marr B., How small businesses can get started with big data, Hiscox, Posted 2015, [Online], Available at: https://www.hiscox.co.uk/business-blog/bernard-marr-column-small-businesses-can-get-started-big-data, Accessed [04 August 2017].] 

Lots of analytics solutions cater to larger enterprises, which makes them expensive and inaccessible to SMEs’ owners. Luckily, there is a spate of companies out there, large and small, looking to democratize Big Data to help SMEs’ owners find the right instruments to fix their study more efficiently[footnoteRef:115]. [115: FUNDBOX TEAM, What Can Big Data Do for Your Small Business?, Fundera, Posted 2016, [Online], Available at: https://www.fundera.com/blog/big-data-small-business, Accessed [04 August 2017].] 

There are more and more reports of specialists as well as valuable scientific studies around the Big Data tools. The following are selected results that can be applied successfully in the sector of SMEs.
For example, you can use the data on the volume and location of purchases provided by, among others, Factual. Factual focuses on positioning data about where places are and how to better understand people based on their geographic behaviour. Factual has APIs, mobile drivers, and on premise implementations to create data which is easy to practice and incorporate. The companies, across some categories including local search, mapping/navigation, social/messaging, mobile advertising, and payments, use Factual data to improve their products - products that are applied daily by people[footnoteRef:116]. [116: Elbaz G., About Us, Factual, [Online], Available at: https://www.factual.com/about, Accessed [04 August 2017].] 

According to the authors, also services such as Kaggle may be helpful, which cooperate with experts from around the world specializing in solving analytical problems. Kaggle was founded as a platform for predictive modelling and analytics competitions on which companies and researchers post their data and statisticians and data miners from all over the world compete to produce the best models. This crowdsourcing approach relies on the fact that at that place there are countless strategies that can be used for  any predictive modelling task and it is unimaginable to know at the outset which technique or analyst will be most efficient. Kaggle also hosts recruiting competitions in which data scientists compete for a chance to interview at leading data science companies like Facebook, Winton Capital, and Walmart[footnoteRef:117],[footnoteRef:118]. [117: [Online],Available at: http://adrianbarwicki.com/2017/06/04/ai-startup-acquisitions-google/, Accessed [21 August 2017]]  [118: Seroussi Y., 10 Steps to Success in Kaggle Data Science Competitions, KD Nuggets, [Online], Available at: http://www.kdnuggets.com/2015/03/10-steps-success-kaggle-data-science-competitions.html/3, Accessed [04 August 2017].] 

 Another solution in the field of BI and analysis of Big Data is Apache Hadoop. Hadoop enables a  cost-effective platform to manage and analyze vast amounts of text, graphics, and movies; both ordered and devoid of structure form. For example, typical business applications can be used as monitoring systems, customer service, text analysis and forecasting. It is worth mentioning that some companies are trying to prepare the IT infrastructure for future Hadoop projects. Planned investments apart from the necessary equipment also include training for specialists, the introduction of new specialized jobs and increasing budgets to finance future resources.




[bookmark: _Toc496662884]Figure 36 Map-Reduce Jobs[footnoteRef:119]. [119: Klockwood G., Conceptual Overview of Map-Reduce and Hadoop, glennklockwood, Posted 2015, [Online], Available at: http://www.glennklockwood.com/data-intensive/hadoop/overview.html, Accessed [04 August 2017].] 


The aim is to prepare to use Big Data technology in many areas such as study data aggregation and processing of diverse data sets. As an important area of the use of the platform, Hadoop is the expansion of the existing data warehouse. The most frequently cited barriers to the use of solutions of this type are the lack of technical knowledge, implausible scenarios of applications, the lack of a solid business case and depreciation doubts about the new technology concepts[footnoteRef:120]. [120: Oracle One Magazine, Posted 2015, [Online], Available at: https://www.oracle.com/assets/fy16q3-one-pl-web-2861776-pl.pdf, Accessed [04 August 2017].] 

Dariusz Flisiak (2015) believes that you have to remember that Big Data is not a means to solve all problems. First of all, you should define your business needs, and with the first attempt to carry out carefully and rather on a small scale. We often have to deal with the situation that companies are trying to gain too much detailed data from different sources, while most of them will never be used. Large amounts of  money spent on analytical tools and technologies needed to perform the analyses are not a guarantee of success. Very few owners of companies understand that the strength and quality of Big Data have little in common with the purchased IT tools. Instead of costly investments in infrastructure and the accumulation of huge amounts of data from the beginning, they  should learn how to properly use the data they already have, and come back later to complement the analysis, e.g., Data from social networks. Above all, remember that a vision of the business should define what data and technology we need, and not vice versa[footnoteRef:121]. [121: Deloitte, Big Data dla MSP?, it-manager, Posted 2016, [Online], Available at: http://it-manager.pl/big-data-dla-msp/, Accessed [04 August 2017].] 

[bookmark: _Toc496813595]7.4.  	Selected aspects of the usage of  Big Data in SMEs
Big Data is a big problem for the owners of SMEs. For this reason, the authors present, in the next paragraphs, a list of recommendations for the owners of SMEs, which can be a stage of the initial implementation of this technology.

Knowledge of corporate e-mails
The source of the data which you can use to improve your business e-mails. During a thorough analysis of the company's employees’ correspondence with customers and partners, a lot of gaps and oversights can be found, which can be eliminated in the further operation of the company.

Website analysis 
Representatives of SMEs should analyze as much data on the use of the website, its suitability for business, user experience, etc. as possible. It provides a basis for conclusions which most customers are interested in and what type of content or product must be offered to them.

Customers on Facebook
 SMEs can take advantage of the large amounts of data which are provided by social media. Keeping a Facebook profile also provides accurate information about customers, their preferences and how to effectively reach them. Tracking specific entries can measure the popularity of the brand or website and, if necessary, the study of which is the weakest and the strongest point. Even with a single entry on Twitter, you can get information such as the place from which it was sent, the user's name, its operating system and the browser. With built-in GPS transmitters in increasingly popular smartphones, you know the whereabouts and residence of their owners. Based on the analysis of the behaviour of an Internet user, gender and age are requested. Knowing these parameters, it is much easier to plan a marketing campaign, even realized offline.

The analysis of accounting documents 
Corporate balance sheets contain a lot of tips about potential savings or poorly developed measures. It optimizes fixed expenses and sees if the use of other, more expensive technology did not return quickly enough the investment and was worth it. Even small prompt savings and scale can significantly improve the functioning of the business.
The most important is not the collection, but the use of information and drawing conclusions from them leads to business benefits. Properly prepared and interpreted information can bring profit on every possible level - from improving the relationship with the customer to savings associated with the business[footnoteRef:122]. [122: Budek K., Wielkie dane w małym biznesie, Computerworld, Posted 2012, [Online], Available at: http://www.computerworld.pl/news/385145/Wielkie.dane.w.malym.biznesie.html, Accessed [04 August 2017].] 


Possible areas to use Big Data solutions in SMEs
Quite interesting examples of Big Data technologies are presented by Piotr Płoszajski (2013) in the article "Big Data: nowe źródło przewagiwzrostu firm". The analysis mainly concerns large companies, but  some of the solutions given below can be successfully employed in the subject area of SMEs. Instances of the use of Big Data can be enumerated as follows:
The bank implements the methods of the segmentation of millions of credit card owners to customize products to individual risk profiles.
Hypermarkets perform daily analysis of data on transactions using their loyalty card - for better promotion of specific client segments.
Sales networks of fruits and vegetables can undertake every day (sometimes even more) to make an automatic adjustment of prices and launch new promotions by data on online transactions, customer visits to the website and customer service departments.
Companies producing cars or airlines follow posts on Facebook and Twitter to react immediately to changes in customer attitudes towards companies and products.
Supermarket chains predict how the weather affects customer purchases and adjust delivery.
Travel Agents use data analysis to determine pricing policy and marketing strategies for vacation packages.
Real estate companies test mathematical models to understand the trends in demand for office space.
Forecast, the tool associated with the Microsoft search engine Bing, advises clients about the best time to buy an airplane ticket, analyzing for each question up to 225 billion data about flights and prices. The same method is used to book hotel rooms and cars.
Analysis of large data sets led to the discovery of the practice of match-fixing and fraud against the                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           totalizator.
Insurance companies are beginning to test the sensors placed in cars to monitor driving customers and enable the calculation of appropriate rates. Specialized sensors can indeed be replaced by much simpler ones to use the data from the clients’ smartphones, whose advanced models have a GPS, accelerometers and position sensors[footnoteRef:123]. [123: Płoszajski P., Big Data: nowe źródło przewag i wzrostu firm, E-mentor nr 3 (50) / 2013, [Online], Available at: http://www.ementor.edu.pl/artykul/index/numer/50/id/1016,  Accessed Accessed [04 August 2017].] 

Big Data is rapidly evolving into an analysis allowing for the acquisition of valuable information and knowledge. For this reason, attempts are being made to establish areas for future study. As a suggestion for future research on Big Data, the study creates an opportunity towards the new business model for SMEs, which could be implemented in companies regardless of their type and activity. Since the study focuses on Polish enterprises, the resulting contents reflect the situation in Poland and probably in some SMEs of the EU as well. Thus, it may be a starting point for analyzing other regions all over the world.
Figure 40 shows the forecast of the effect of Big Data on the supply chain issue. However, you can expect similar forecasts of Big Data in SMEs. A rational approach would be to determine the possibility of using the applications characterized in this article to perform the tasks associated with Big Data in the sector of SMEs.



[bookmark: _Toc496662885]Figure 37 Use of supply chain capabilities[footnoteRef:124]. [124: Columbus L., 10 Ways Big Data Is Revolutionizing Supply Chain Management, Softwarestrategiesblog, Posted 2015, [Online], Available at: https://softwarestrategiesblog.com/2015/09/05/10-ways-big-data-is-revolutionizing-supply-chain-management/, Accessed [ 04 August 2017].] 


Big Data and advanced analytics are being integrated into optimization tools, and demand prediction, integrated business planning, and supplier collaboration & risk analytics at a quickening rate. These are the top four supply chain capabilities that Deloitte found currently in use from their recent study, Supply Chain Talent of the Future Findings from the 3rd Annual Supply Chain Survey[footnoteRef:125]. [125: [Online], Available at: https://softwarestrategiesblog.com/2015/09/05/10-ways-big-data-is-revolutionizing-supply-chain-management/, Accessed [21 August 2017]] 


The role of Big Data in SMEs is still increasing. SMEs need to take decisions with synthesized information about the company and the market in which they operate. With the help of these analyses and forecasts, the company can make better decisions, which in effect will be fruitful in increasing competitiveness. Despite the fact that Big Data presents many opportunities for SMEs, the utilization of Big Data in SMEs is very seldom. Mobile, social media and the Internet of Things will have more and more influence for Big Data solutions in SMEs.
Unfortunately, we still have to deal with many restrictions. Someone still has to manage the processes and read the answers hidden in the data. So, we need specialists in Big Data analytics. Data science, data scientists, data experts, and even the ruler of the data - these various professions will be on the lists of the most popular and most desired professions of the future.
Most SMEs can’t afford to hire a dedicated analyst or order sophisticated market analyses. One answer may be to use outsourcing companies as well as the purchase of ready-made solutions at an affordable price with implementation. Providers are increasingly identifying the need to work with the SME segment. Innovative solutions are currently available on the market (e.g., Data Platform Beat - analysis of BI in the formula SaaS for small and medium-sized enterprises). These tools allow the integration of multiple types of data from different sources, providing some work modules.
In conclusion, it should be noted that companies that invest in Big Data solutions will open in front of themselves a chance to not only improve the performance of their existing lines and business processes, but also to start the next, based on new information on consumer trends, obtained from the Big Data tools. It is a solution that can support decision-making in business, allowing quick collection, storage, analysis and sharing of relevant data for running and developing the business. Access to such information and, in a broader context, knowledge, will enable SMBs quickly and efficiently to adapt to necessary changes and identify new opportunities for business tasks.

[bookmark: _Toc496813596]Resources 
Videos:
[Online], Available at: https://www.youtube.com/watch?v=L6bSjNwOZUI, Accessed [ 11 August2017].
[Online], Available at: https://www.youtube.com/watch?v=7Ocktmltxb0, Accessed [ 11 August2017].
[Online], Available at: https://www.youtube.com/watch?v=bniZvzKZ-rw, Accessed [ 11 August2017]. 
[Online], Available at: https://www.youtube.com/watch?v=3gEayYI1iww, Accessed [ 11 August2017]. 
[Online], Available at: https://www.youtube.com/watch?v=7Ocktmltxb0&t=114s, Accessed [ 11 August2017]. 
Documents in pdf and ppt format:
[Online], Available at: https://web.stanford.edu/class/msande238/projects/2014/GainIT.pdf, Accessed [ 11 August2017]. [Online], Available at: http://www.enbis.org/dl/9313_0081943714.pdf/as/Coleman_et_al-How%20Can%20SMEs%20Benefit%20from%20Big%20Data.pdf?_ts=1&_ts=1, Accessed [ 11 August2017]. 
[Online], Available at: http://www.iosrjournals.org/iosr-jce/papers/Vol17-issue6/Version-4/F017643543.pdf, Accessed [ 11 August2017].
[Online], Available at: https://computing.derby.ac.uk/ojs/index.php/itpsme/article/download/91/68/, Accessed [ 11 August2017].
[Online], Available at: http://www.pentaho.com/sites/default/files/uploads/resources/big_data_whitepaper.pdf, Accessed [ 11 August2017].
	





























[bookmark: _Toc496813597]  The Basics of Working with Pentaho (Wojciech Grzelak and Katarzyna Marciniak)
1.9. [bookmark: _Toc496813598]Software components 
 In Table 8 please find all the application names and possible sources for  downloading the installation files. 
[bookmark: _Toc496662680]Table. 7 List of applications needed for Pentaho environment preparation.

	Application
			Source 

	Java jdk 8u71 64bit
	http://www.oracle.com/technetwork/java/javase/downloads/jdk8downloads-2133151.html 

	7-zip
	http://7-zip.softonic.pl/download  

	Schema
Workbench
	https://sourceforge.net/projects/mondrian/files/schema%20workbench/3.1
2.0/  

	Xamp
	https://sourceforge.net/projects/xampp/files/XAMPP%20Windows/5.6.24/ 

	DB Connector
	http://dev.mysql.com/downloads/connector/j/ 

	Pentaho Business Intelligence Server
	https://sourceforge.net/projects/pentaho/files/Business%20Intelligence%20 Server/6.1/  


 
The presented table contains all the applications which are compliant with Windows 7/8/10 64-bit environment.  

[bookmark: _Toc496813599]8.2. Installation 
[bookmark: _Toc496813600]8.2.1 Java JDK 
 Please enter the page and choose min. version JAVA SE Development Kit 8u101.exe. (figure 41). 
[image: ]

[bookmark: _Toc496662886]Figure 38 JAVA SE Development Kit 8u101.exe download page[footnoteRef:126]. [126: Own elaboration.] 


When downloading is finished, please open the JAVA SE Development Kit 8u101.exe and follow the next steps presented in your installation wizard. Please leave them by default. (figure 42)

[image: ]

[bookmark: _Toc496662887]Figure 39 JAVA SE Development Kit 8u101.exe installation wizard[footnoteRef:127]. [127: Own elaboration.] 

When installation of Java JDK is finished, please go to your Java catalogue and open the JRE folder – if you left default customs, it should be available by C:\Program Files\Java\jdk1.8.0_91\jre (figure 43).

[image: ]

[bookmark: _Toc496662888]Figure 40 Java JRE sub folder[footnoteRef:128]. [128: Own elaboration.] 


Please leave this window open.  
Go to: Start, in searching bar please type system environment. Choose Edit system environment variables in control panel (figure 44).

[image: ]

[bookmark: _Toc496662889]Figure 41 Edit system environment step 1[footnoteRef:129]. [129: Own elaboration. ] 


Please copy the path to your Java JRE sub folder – C:\Program Files\Java\jdk1.8.0_91\jre (step 1 on figure 45).
In system properties please chose Advanced tab and Environment Variables (step 2 on figure 45).
Please create new system variable (step 3 on figure 45) by adding: 
Name: Java_home 
Variable value: C:\Program Files\Java\jdk1.8.0_91\jre (please paste your path to Java JRE subfolder) (step 4 on figure 45).

[image: ]
[bookmark: _Toc496662890]Figure 42 Updating environment variables[footnoteRef:130]. [130: Own elaboration.] 


Click OK for each window to save and close the changes.  
Close the window for Java JRE sub folder. 

[bookmark: _Toc496813601] 8.2.1 7-Zip 
Please enter the page and choose the FREE DOWNLOAD button to start downloading the installation file (figure 46). 

[image: ]

[bookmark: _Toc496662891]Figure 43 Downloading the 7-Zip[footnoteRef:131]. [131: Own elaboration.] 


Please follow the installation wizard by default customs.  
When the installation is finished, restart Windows system. 
 
[bookmark: _Toc496813602]8.2.3 Schema Workbench 
 
Please go to the page and choose folder 3.12.0 to install the Schema Workbench (figure 47). 

[image: ]

[bookmark: _Toc496662892]Figure 44 Downloading source for Schema Workbench[footnoteRef:132]. [132: Own elaboration.] 

 
Please go to My computer/Disk (C:)/Users and choose the place to create New Folder as a placeholder for Schema Workbench (figure 48).  
Please rename New Folder to Pentaho. 

[image: ]

[bookmark: _Toc496662893]Figure 45 Creating the Schema Workbench folder[footnoteRef:133]. [133: Own elaboration.] 


 Please open Pentaho folder. (Figure 49) 

[image: ]

[bookmark: _Toc496662894]Figure 46 Schema Workbench for Pentaho[footnoteRef:134]. [134: Own elaboration.] 


Go to your downloads and open downloaded Schema Workbench 3.12.0 by opening it with a 7-zip file manager (figure 50). 

[image: ]

[bookmark: _Toc496662895]Figure 47 Schema workbench installation with 7-zip[footnoteRef:135]. [135: Own elaboration.] 

 	 
Please mark the schema-workbench and click the copy button. Choose (step 1 on figure 51) the location in your Pentaho folder from Disk (C:) (step 2 on figure 51). 

[image: ]

[bookmark: _Toc496662896]Figure 48 Schema Workbench un-zipping[footnoteRef:136]. [136: Own elaboration.] 


When un-zipping is finished, please close the 7-zip. 
 	 
[bookmark: _Toc496813603]8.2.4. Pentaho Business Intelligence Server 6.1

Please go to the page and download the 6.1 folders for Pentaho Business Intelligence Server (figure 52).   

[image: ]

[bookmark: _Toc496662897]Figure 49 Pentaho Business Intelligence Server downloading source[footnoteRef:137]. [137: Own elaboration. ] 


When downloading is finished, please extract file to biserver-ce6.1….. to …/Pentaho/biserver-ce following instruction from Schema Workbench. 
 	
[bookmark: _Toc496813604]8.2.5. Xampp 
Please visit the page and download the xampp-portable-win32-5.6.24-1-VC11-installer.exe (figure 53). 


[image: ]

[bookmark: _Toc496662898]Figure 50 Xampp downloading source[footnoteRef:138]. [138: Own elaboration.] 


When download is finished, please open the installation file (step 1 on figure 45). 
In the installation wizard please mark MySQL component to lists of necessary elements (step 2 on figure 45) and click next (step 2 on figure 45). 

[image: ]

[bookmark: _Toc496662899]Figure 51 Xampp installation step 1[footnoteRef:139]. [139: Own elaboration.] 

 	 
Please choose the installation folder to find the location of your Pentaho folder (on Disk (C:), in which please create new folder and please rename it to Xampp (figure 55). 
[image: ]

[bookmark: _Toc496662900]Figure 52 Xampp installation step 2[footnoteRef:140]. [140: Own elaboration.] 


Please click next to follow the default steps prepared in wizard.  
[bookmark: _Toc496813605]8.2.6. DB Connector 
Please go to the page and download the Connector/J 5.1.40 by choosing the Platform Independent (Architecture Independent, Zip archive) (figure 56).

[image: ]

[bookmark: _Toc496662901]Figure 53 Downloading source for DB Connector[footnoteRef:141]. [141: Own elaboration.] 


When downloading is finished, please extract file to your Pentaho folder following the steps presented in figure 57. 
[image: ]

[bookmark: _Toc496662902]Figure 54 Extracting DB Connector[footnoteRef:142]. [142: Own elaboration.] 


 	 To complete the  installation process, it is necessary  to open the my-sql-connector-java-5.1.40 folder and copy the file named my-sql-connector-java-5.1.40-bin to Schema Workbench folder in subfolder Drivers (figure 58). 
 
[image: ]

[bookmark: _Toc496662903]Figure 55 DB Connector installation[footnoteRef:143]. [143: Own elaboration.] 


Please close all the windows.  
 	 
1. [bookmark: _Toc496813606]Connecting  
Please open Xampp (Start -> xampp) 
Run Apache by clicking start button (step 1 on figure 59). 
Run MySQL by clicking start button (step 2 on figure 59). 
[image: ]

[bookmark: _Toc496662904]Figure 56 Starting the environment[footnoteRef:144]. [144: Own elaboration.] 


When both modules are  running (green colours should appear), please go to your web browser and type:  http://localhost (figure 60). 
 
[image: ]

[bookmark: _Toc496662905]Figure 57 Localhost view[footnoteRef:145]. [145: Own elaboration.] 


Next choose phpMyAdmin from ribbon (figure 61).  
As the alternative to presented path, you can go straight  to database location by typing in the browser: http://localhost/phpmyadmin (figure 61). 

[image: ]

[bookmark: _Toc496662906]Figure 58 phpMyAdmin view[footnoteRef:146]. [146: Own elaboration.] 

 
Choose User accounts tab (step 1 on figure 62). 

[image: ]
[bookmark: _Toc496662907]Figure 59 Password changing in database[footnoteRef:147]. [147: Own elaboration.] 

Next, change passwords for all users defined as root.  
To do it, click edit privileges for each of them (each root user is marked by number 2,3,4 on figure 63).  When windows appear, choose change password tab. In boxes please type: 
Password: root (step 2 in figure 63). 
Re-type: root (step 2 in figure 63).  
Save the changes.  
Please make sure you changed all the passwords for all root users. 


[image: ]

[bookmark: _Toc496662908]Figure 60 Changing passwords for root users[footnoteRef:148]. [148: Own elaboration.] 


When passwords are changed, please resume to Xampp window. 
Stop MySQL and Apache (step 1 and 2 on figure 64).
Click Config button and choose phpMyAdmin (config.inc.php) (step 3 on figure 64). 

[image: ]

[bookmark: _Toc496662909]Figure 61 Configuration phpMyAdmin step 1[footnoteRef:149]. [149: Own elaboration.] 

 	 
In phpMyAdmin (config.inc.php) window please switch ‘9876’ on ‘root’ – to ensure consistency of password authorization for database connection (figure 65). 

[image: ]

[bookmark: _Toc496662910]Figure 62 Configuration phpMyAdmin step 2[footnoteRef:150]. [150: Own elaboration.] 


When it is done, close the phpMyAdmin (config.inc.php) window confirming the changes. Start Apache and MySQL once again. (figure 66). 
[image: ] 

[bookmark: _Toc496662911]Figure 63 Configuration phpMyAdmin step 3[footnoteRef:151]. [151: Own elaboration.] 


Go to your Pentaho folder and choose the Schema-workbench folder. Start wokbench.bat file by double click (Step 1 on figure 67). 
Wait a few seconds for window appearing. 
Choose Options tab on the ribbon (Step 2 on figure 67). 
Type Connection Name: test (Step 3 on figure 67). 
Choose MySQL in Connection Type (Step 4 on figure 67). 
Type Host Name: localhost (Step 5 on figure 67). 
Define database name: test (Step 6 on figure 67). 
Type port number: 3306 (Step 6 on figure 67).
Type User name: root (Step 7 on figure 67). 
Password: root 
Leave Access: Native (JDBC). 
Click Test button (Step 9 on figure 67). 
 
[image: ]

[bookmark: _Toc496662912]Figure 64 Schema workbench database connection configuration step 1[footnoteRef:152]. [152: Own elaboration.] 


If connection is  tested successfully, a message will appear (figure 68).

[image: ]

[bookmark: _Toc496662913]Figure 65 Schema workbench database connection configuration step 2[footnoteRef:153]. [153: Own elaboration.] 

Click OK in the message window. 
Click OK in the Database Connection Window.  
Go to your Pentaho folder and choose biserver-ce folder (figure 69). Start start-pentaho.bat file by double click (figure 69). Please wait a while for tomcat starting. 

[image: ]

[bookmark: _Toc496662914]Figure 66 Pentaho starting[footnoteRef:154]. [154: Own elaboration.] 

 	 
Go to your web browser and type: http://localhost:8080/pentaho 
Please type: User name: admin and Password: password (figure 70). 
[image: ]

[bookmark: _Toc496662915]Figure 67 Pentaho starting[footnoteRef:155]. [155: Own elaboration.] 


When everything is configured according to the presented instruction, the Pentaho Business Analytics window should appear (figure71). 

[image: ]

[bookmark: _Toc496662916]Figure 68 Pentaho Business Analytics[footnoteRef:156]. [156: Own elaboration.] 

[bookmark: _Toc496813607]Resources
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Accessed [11 August 2017].
[Online], Available at: https://www.youtube.com/watch?v=J8NbYQaQiPo&t=4665s
Accessed [11 August 2017].
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[Online], Available at: https://www.youtube.com/watch?v=IU_ipOHE4rg
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Documents in pdf and ppt format:
[Online], Available at: https://casci.umd.edu/wp-content/uploads/2013/12/FinalReport-Pentaho.pdf
Accessed [11 August 2017].
[Online], Available at:  https://www.pentaho.com/sites/default/files/uploads/resources/data_integration.pdf
Accessed [11 August 2017].
[Online], Available at: http://slideonline.com/presentation/26697-pentaho-online-training-pptx
Accessed [11 August 2017].
[Online], Available at: http://www.di.univr.it/documenti/OccorrenzaIns/matdid/matdid267816.pdf, Accessed [11 August 2017].
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[bookmark: _Toc496813608]The Creation of a Data Warehouse in Pentaho (Wojciech Grzelak and Katarzyna Marciniak)
1.11. [bookmark: _Toc496813609]Introductory notes
The presented instruction is a continuity of Data Warehouse laboratories Pentaho Environment Installation Guide for Windows 7/8/10 64-bit Instruction.
Provided by laboratories data source in the form of .sql and .csv file for the presented example, it can be found in the DIMBI portal in the Data Warehouse module in Topic 4 (http://dimbiportal.com/course/view.php?id=8).
The presented scenario is a simple example of star schema data warehouse for the sales division in a medium sized company.
Delivered data source for assumed data warehouse is already present after the extraction and transformation process. Such an approach simplifies understanding of data warehouse modelling.
The main aim of the presented instruction is to present briefly the possibilities of Pentaho as the powerful tool for data warehousing.
Laboratories will consist of 3 parts:
preparation of data sourcing in MariaDB,
creating a logical model of the data warehouse in Schema Workbench,
Pentaho Business Analysis for physical model and visualizations – presented in Working with the Data Warehouse in Pentaho.
[bookmark: _Toc496813610]9.3. Preparation of data source for Data Warehouse  
        If you have already prepared Pentaho environment, please start Xampp and turn on Apache, MySQL and Tomcat. 
Go to your web browser and type http://localhost/phpmyadmin.
Choose from the left side menu button new to create a new database (step 2 on figure 72). 
Type name of database: sales_db (step 1 on figure 72) and click button Create (step 3 on figure 72).

[image: ]
[bookmark: _Toc496662917]Figure 69 Database creation[footnoteRef:157].  [157: Own elaboration.] 


If your database is already created in phpMyAdmin, please mark it by clicking it once on the side menu. In the main window please choose tab Import (step 1 in figure 73). 
Click the Browse button to find already prepared data source (check in the introduction, where to find the data source) (step 2 on figure 73), select downloaded data source. 
Tick boxes for Partial import and other options (step 2 on figure 73). 

[image: ]

[bookmark: _Toc496662918]Figure 70 Importing data source[footnoteRef:158]. [158: Own elaboration.] 


Next, choose the format which is adequate to the format of your data source (.csv) (step 1 on figure 74).

[image: ]

[bookmark: _Toc496662919]Figure 71 Import configuration[footnoteRef:159]. [159: Own elaboration.] 


Columns separated with; (step 2 on figure 74) 
Columns enclosed with “(step 3 on figure 74) 
Columns escaped with “(step 4 on figure 74) 
Lined terminated with auto.  
Tick the box for: The first line of the file contains the table column names (step 5 on figure 74).
Approve changes by clicking GO button (step 6 on figure 74) 
When all steps have been done correctly, new table should be added to your sales_db database (figure 74).
Click table 1 on the left side menu (step 1 on figure 76) and go to operations tab (step 2 on figure 76).

[image: ]
[bookmark: _Toc496662920]Figure 72 Table creation[footnoteRef:160]. [160: Own elaboration.] 


In Table, Options provide table name: customers (step 1 on figure 76) and click go button to save changes (step 2 on figure 76). 

[image: ]

[bookmark: _Toc496662921]Figure 73 Providing table name[footnoteRef:161]. [161: Own elaboration.] 


Click the Customer table (step 1 on figure 77) on the left side menu and choose the Structure tab in the main window (step 2 on figure 77). 
Choose the Customer ID as a Primary Key for the table by clicking the Primary button (step 3 in figure 77). 

[image: ]
[bookmark: _Toc496662922]Figure 74 Adding a primary key to the table[footnoteRef:162]. [162: Own elaboration.] 


Please repeat all the steps starting from Importing table (figure 74) to  adding the Primary keys to the table (figure 77) for all the next data sources in the following  order: 
Product, 
Shop, 
Time, 
Sales, defining particular table_id as the Primary keys (product_id, shop_id, time_id, sale_id). 
When all the tables are in place, please click sales_db on the left side menu (step 1 on figure 78). Choose SQL tab (step 2 on figure 78).  
In the window, provide: 
ALTER TABLE sales ADD FOREIGN key (time_id) REFERENCES time (TIME_ID); 
ALTER TABLE sales ADD FOREIGN key (CUSTOMER_ID) REFERENCES customer (CUSTOMER_ID); 
ALTER TABLE sales ADD FOREIGN key (PROD_ID) REFERENCES Product (product_ID); ALTER TABLE sales ADD FOREIGN key (SHOP_ID) REFERENCES shop(SHOP_ID); (step 3 on figure 78), and click go button to provide constraints. 

 
[image: ]

[bookmark: _Toc496662923]Figure 75 Adding foreign keys[footnoteRef:163]. [163: Own elaboration.] 


To see what changes have been made, please click sales table from the left side menu and Structure tab in the main window. (figure 79). 

[image: ]

[bookmark: _Toc496662924]Figure 76 Constraints between data in sales table[footnoteRef:164]. [164: Own elaboration.] 


This is the final result of preparing data source for the data warehouse. In table sales all the constraints between the rest of the data in the data repository should be visible.
In the next part, you will be able to prepare a logical model of data warehouse based on an already prepared data source in MariaDB repository. 
 	 
[bookmark: _Toc496813611]9.4. Creating a logical model of star schema data warehouse in Schema Workbench 
Go to your Pentaho folder and choose the Schema-workbench folder. Start workbench.bat file by double click (Step 1 on figure 80 in Pentaho installation and configuration guide). 
Wait for a few seconds for window appearing.
1. Choose Options tab on the ribbon. (figure 80) 
 
[image: ]

[bookmark: _Toc496662925]Figure 77 Checking the connection in schema workbench[footnoteRef:165]. [165: Own elaboration.] 


Type Connection Name: sales_db (Step 1 on figure 81) 
Choose MySQL in Connection Type (Step 2 on figure 81) 
Type Host Name: localhost (Step 3 on figure 81) 
Define database name: sales_db (Step 4 on figure 81) 
Type port number: 3306 (figure 81) 
Type User name: root (Step 5 on figure 81) 
Type Password: root (Step 6 on figure 81) 
Leave Access: Native (JDBC) 
Click Test button (Step 7 on figure 81) 
Click OK in Message Box (Step 8 on figure 81) 
Click OK in Database Connection window to save the changes. 
 
[image: ]

[bookmark: _Toc496662926]Figure 78 Setting up the connection with sales_db in MariaDB[footnoteRef:166]. [166: Own elaboration.] 


To start working in Schema Workbench, please go to File, choose New and pick Schema. (figure 82)
[image: ]

[bookmark: _Toc496662927]Figure 79  Starting new logical model of a data warehouse[footnoteRef:167]. [167: Own elaboration.] 


Double click on Schema in left side menu, to provide  Name of data warehouse: star_schema (figure 83).

[image: ]

[bookmark: _Toc496662928]Figure 80  Providing the name of a data warehouse[footnoteRef:168]. [168: Own elaboration.] 

 	 
Create new cube by clicking the cube icon (step 1 on figure 84). 
Change cube name to sales (step 2 on figure 84). 
[image: ]

[bookmark: _Toc496662929]Figure 81 Defining the cube[footnoteRef:169]. [169: Own elaboration.] 


To ensure data source for a cube in prepared data warehouse, it is necessary to add a table by choosing it from the pop-up menu available on the pre-defined cube in the right-side menu. (figure 85) 
[image: ]

[bookmark: _Toc496662930]Figure 82 Defining the data source for a cube[footnoteRef:170]. [170: Own elaboration.] 

 
The next step is to provide a measure for the cube. To do it, please click the Ruler icon on top ribbon (step 1 on figure 86).
Add a name of measure: income (step 2 on figure 86). 
Choose the linking between measure and data source by picking the correct column: sales->sales>Income – INTEGER (10) (step 3 on figure 86). 
[image: ]

[bookmark: _Toc496662931]Figure 83 Measure defining[footnoteRef:171]. [171: Own elaboration.] 


Next provide a description of the measure, as follows (figure 87): 
Aggregator: distinct-count 
Data type: Numeric 

[image: ]

[bookmark: _Toc496662932]Figure 84 Measure defining step 2[footnoteRef:172]. [172: Own elaboration.] 

 	 
Create new dimension by clicking the dimension icon  on the ribbon (step 1 on figure 88).
Provide dimension name: customer_dim (figure 88) 
Pick the foreign key sales->sales->CUSTOMER_ID – VARCHAR (2) (step 2 on figure 88).

[image: ]

[bookmark: _Toc496662933]Figure 85 Creating dimension[footnoteRef:173]. [173: Own elaboration.] 


Next, add a hierarchy (step 2 figure 89) to created dimension by choosing it from pop-up menu (step 1 figure 89) 

[image: ]

[bookmark: _Toc496662934]Figure 86 Hierarchy defining step 1[footnoteRef:174]. [174: Own elaboration.] 


To  provide future data transfer to defined dimension, it is necessary  to add a source table to each of the hierarchies which will be defined to particular dimensions. 
To do that, please choose Add Table from the pop-up menu on the created Hierarchy (step 2 on figure 90).
Provide the name of the Hierarchy, which will be customer_gen_lev. (step 1 on figure 90). 

[image: ]

[bookmark: _Toc496662935]Figure 87 Adding source table to dimension step 1[footnoteRef:175]. [175: Own elaboration.] 


Pick the table name from available Dimension Tables matching it to the prepared dimension, which in this case will be Customer. (figure 91) 
[image: ]

[bookmark: _Toc496662936]Figure 88  Adding source table to dimension step 2[footnoteRef:176]. [176: Own elaboration.] 


Each hierarchy needs to include attributes, which make  future data analysis easier to understand. To ensure those  processes it is necessary  to Add Attribute by choosing it from customer_gen_lev hierarchy left side menu.  
Each attribute needs to be added separately and described according to the template presented in figure 92.  
Each attribute needs to be described by: 
Name: Customer_ID (step 1 on figure 92) 
Table: customer (step 2 on figure 92) 
Column: customer_ID (step 3 on figure 92) 
Type: String (step 4 on figure 92) 
Level Type: Regular (step 5 on figure 92)
 
[image: ]

[bookmark: _Toc496662937]Figure 89 Attribute defining[footnoteRef:177]. [177: Own elaboration.] 


To ensure the reduction of  the time of data loading during OLAP analysis, it is necessary  to have a few hierarchies with different attributes. For the purposes of the presented example, it is necessary  to have two hierarchies:
Tablename_gen_level described by the 3 most general attributes and 
Tablename_det_level described by all available attributes in the table. 
 	 
Following the rules, customer_dim should be described in the presented form: 
customer_gen_level described by the 3 most general attributes: customer_ID, cutomer_name, customer_address and 
customer_det_level described by all available attributes in the table: customer_ID, cutomer_name, customer_address, city, zip, phone. 
The result is presented in figure 93. 

[image: ]

[bookmark: _Toc496662938]Figure 90 Accomplished dimension configuration[footnoteRef:178]. [178: Own elaboration.] 


To prepare the whole data warehouse, please follow all the steps from figure 94 to  figure 102 in the presented order, for defining product_dim, shop_dim and time_dim. The final result of your work should be the same as figure 102.
 
[image: ]

[bookmark: _Toc496662939]Figure 91 Figure Logical model of the data warehouse[footnoteRef:179]. [179: Own elaboration.] 

 	 
[bookmark: _Toc496813612]9.4. Visualization of a physical model 
When all the steps are done:  
Defining cube, 
Defining dimension, 
Defining dimensions’ levels 
Defining root tables for dimension and 
Defining measurements, a logical model of data warehouse has been provided.
Please save your work using File->Save As. 
The next step in building data warehouse is to move to Pentaho Business Analysis to provide visualizations. 
Go to File and choose Publish… (Step 1 in figure 95). Next: 
Provide Server URL: http://localhost:8080/pentaho/ (figure 95) 
Type User: Admin (step 2 on figure 95) and Password: password (step 3 on Figure 95) 
Provide Pentaho or JNDI Data Source:  sales_db (step 4 on figure 95) and click the Publish button (step 5 in Figure 95) 

[image: ]

[bookmark: _Toc496662940]Figure 92 Publishing configuration in schema workbench[footnoteRef:180]. [180: Own elaboration.] 


Go to your web browser and type: http://localhost:8080/pentaho 
Please type: Username: admin and Password: password (figure 92). 

When everything is configured according to the presented instruction, the Pentaho Business Analytics window should appear (Figure 94). 

[image: ]

[bookmark: _Toc496662941]Figure 93  Pentaho Business Analytics[footnoteRef:181]. [181: Own elaboration.] 


Please choose the Manage Data Sources button. (Figure 95). 
Please Create New Data Source to establish New Connection. (Figure 95). 
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[bookmark: _Toc496662942]Figure 94 Creating a new data source[footnoteRef:182]. [182: Own elaboration.] 

In Database Connection window, please: 
Choose database type: MySQL (step 1 on figure 99) 
Provide connection name: star_sales (step 2 on figure 99) 
Host name: localhost (step 3 on figure 99) 
Database name: sales_db (step 4 on figure 99) 
Port number: 3306 
Username: Root (step 5 on figure 96) 
Password: root (step 6 on figure 96) 
Access: Native (JDBC) 
Click Test button (step 7 on figure 96) and 
OK button in Database Connection window, to save provided changes (step 8 on Figure 96). 
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[bookmark: _Toc496662943]Figure 95 Configuration database connection in Pentaho Business Analytics[footnoteRef:183]. [183: Own elaboration.] 


Next, choose File from the top ribbon, Create New (step 1 on figure 97) and jPivot View (step 1 on Figure 97) 
[image: ]

[bookmark: _Toc496662944]Figure 96 Creating jPivot step 1[footnoteRef:184]. [184: Own elaboration.] 

Choose sales_star Schema (step 1 on figure 92), define cube: sales (step 2 on figure 98), and confirm by clicking the OK button (step 3 in Figure 98).
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[bookmark: _Toc496662945]Figure 97 Creating jPivot step 2[footnoteRef:185]. [185: Own elaboration.] 


If everything has been done correctly, the presented on figure 99 view of data warehouse should load. 
[image: ]

[bookmark: _Toc496662946]Figure 98 Data warehouse visualization[footnoteRef:186]. [186: Own elaboration.] 


With  available in Pentaho Business Analytics tools it is possible to provide OLAP operations. 
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[bookmark: _Toc496813614]Working with data warehouse in Pentaho (Wojciech Grzelak) (Katarzyna Marciniak) 

The following instruction of working with a data warehouse in Pentaho requires students to follow the steps taken in Creation of a data warehouse in the Pentaho chapter.
When all the steps are done:  
Defining cube, 
Defining dimension, 
Defining dimensions’ levels 
Defining root tables for dimension and 
Defining measurements, a logical model of data warehouse has been provided. 
Please save your work using File->Save As. 
The next step in building data warehouse is to move to Pentaho Business Analysis to provide visualizations. 
Go to File and choose Publish… (step 1 in figure 103). Next: 
Provide Server URL: http://localhost:8080/pentaho/ (figure 100) 
Type User: Admin (step 2 on figure 103) and Password: password (step 3 on figure 100) 
Provide Pentaho or JNDI Data Source: sales db (step 4 on figure 100) and click the Publish button (step 5 in figure 100) 
[image: ]
[bookmark: _Toc496662947]Figure 99 Publishing configuration in schema workbench[footnoteRef:187]. [187: Own elaboration.] 


Go to your web browser and type: http://localhost:8080/pentaho 
Please type User name: admin and Password: password (Figure 101).
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[bookmark: _Toc496662948]Figure 100 Pentaho starting[footnoteRef:188]. [188: Own elaboration.] 

When everything is configured according to the presented instruction, Pentaho Business Analytics window should appear (Figure 102). 
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[bookmark: _Toc496662949]Figure 101 Pentaho Business Analytics[footnoteRef:189].  [189: Own elaboration.] 


Please choose Manage Data Sources button. (Figure 103) 
Please Create New Data Source to establish New Connection. (Figure 103) 
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[bookmark: _Toc496662950]Figure 102 Creating a new data source[footnoteRef:190]. [190: Own elaboration.] 

In Database Connection window, please: 
Choose database type: MySQL (step 1 on figure 104) 
Provide connection name: star_sales (step 2 on figure 104) 
Host name: localhost (step 3 on figure 104) 
Database name: sales_db (step 4 on figure 104) 
Port number: 3306 
Username: Root (step 5 on figure 104) 
Password: root (step 6 on figure 104) 
Access: Native (JDBC)
Click Test button (step 7 on figure 104) and 
OK button in Database Connection window, to save provided changes (step 8 on figure 104)
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[bookmark: _Toc496662951]Figure 103  Configuration database connection in Pentaho Business Analytics[footnoteRef:191]. [191: Own elaboration.] 


Next, choose File from the top ribbon, Create New and jPivot View (step 1 on figure 105) 

[image: ]
[bookmark: _Toc496662952]Figure 104 Creating jPivot step 1
Choose sales_star Schema (step 1 on figure 106), define cube: sales (step 2 on figure 109), and confirm by clicking the OK button (step 3 on figure 106). 
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[bookmark: _Toc496662953]Figure 105 Creating jPivot step 2[footnoteRef:192].  [192: Own elaboration.] 

If everything has been done correctly, the presented on figure 107 view of data warehouse should load. 
[image: ]
[bookmark: _Toc496662954]Figure 106 Data warehouse visualization

By available in Pentaho Business Analytics tools it is possible to provide OLAP operations. 
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[bookmark: _Toc496813616]Summary (Mieczysław L. Owoc)

The presented version of an active book covered all the most essential topics identified with the area of Data Warehouse. Some of these chapters can be extended via new approaches to data warehouse creation and supplied with more advanced solutions strictly connected with Business Intelligence applications. These new elements are:
Service-Oriented-Architecture
Mobile Processing
Cloud Computing 
It means that all knowledge delivered and capabilities obtained should be gradually improved also in terms of updating new solutions or changing the tools available.
Active books should be also integrated with the teaching methods presented in the separate documents.
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