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UNIT-IV

2MARKS

1. What is Data warehousing? 


Data warehousing is a process, not a product, for assembling and managing data from various sources for the purpose of gaining a single detailed view of part or all of a business. The single view is the data warehouse (DW) which provides the enterprise’s information environment that is separate from OLTP. DW is important since information is a powerful asset for every enterprise.
     2.  Define Data mart?


The data mart is a subset of the data warehouse that is usually oriented to a specific business line or team. Data marts are small slices of the data warehouse. Whereas data warehouses have an enterprise-wide depth, the information in data marts pertains to a single department.
3. Define: Meta data.

Metadata is data about data or documentation about the data that is needed by the users.
4. Define operational data stores.

· ODS or Operational Data Store are data store required when neither Data warehouse nor OLTP systems supports organizations reporting need. ODS is neither Data Warehouse nor OLTP reporting systems, rather it can be viewed as data store that is between Data Warehouse and OLTP Database.

· Generally ODS are set up when Data Warehouse cannot provide real time reporting nor the OLTP systems.
1. What is an ETL?

ETL stands for extraction, transformation and loading. Etl is a process that involves the following tasks:

· extracting data from source operational or archive systems which are the primary source of data for the data warehouse

· transforming the data - which may involve cleaning, filtering, validating and applying business rules

· loading the data into a data warehouse or any other database or application that houses data
     6. What is a Star Schema?

· A star schema model can be depicted as a simple star: a central table contains fact data and multiple tables radiate out from it, connected by the primary and foreign keys of the database. In a star schema implementation, Warehouse Builder stores the dimension data in a single table or view for all the dimension levels.
7. Define ZLE?

· Zero-latency enterprise (ZLE) is any strategy that exploits the immediate exchange of information across technical and organizational boundaries to achieve business benefit. 

· For example, technical boundaries exist between different operating systems, database management systems and programming languages.

· “Immediate” implies being fast enough to bring all of the business benefits that simultaneous knowledge can potentially achieve. Latency cannot literally be zero in any real system because computers need time to “think.”
8. What is dimensional table?
· Dimensional table contains textual attributes of measurements stored in the facts tables. Dimensional table is a collection of hierarchies, categories and logic which can be used for user to traverse in hierarchy nodes.
 9. Define datacleaning?
· Data scrubbing also called data cleansing, is the process of amending or removing data in a database that is incorrect, incomplete, improperly formatted, or duplicated.
10. What are the major properties of data warehouse?

· Subject Oriented 

· Integrated

· Time-Variant 

· Non Volatile 

5 MARKS

1. What are the Meta data repositories? 

· Metadata is data about data or documentation about the data that is needed by the users.

· It is not the actual data warehouse, but answers the “who, what, where, when, why and how “questions about the data warehouse

· It is a structured data which describes the characteristics of a resource.

· Some examples of metadata

1. A Library catalogue may be considered metadata. The catalogue metadata consists of a number of predefined elements representing specific attributes of a resource, and each element can have one or more values. These elements could be the name of the author, the name of the document, the publisher’s name, the publish on and the category to which it belongs. They could even include an abstract of the data.

2. The table of contents and the index in a book may be considered metadata for the book.

3. Suppose we say that a data element about a person is 80.This must then be described by noting that it is the person’s weight and the unit is kilograms. Therefore (weight, kilogram) is the metadata about the data 80.

· In a database, metadata usually consists of table(relation)lists, primary key names, attribute names, their domains, schemas, record counts and perhaps a list of the most common queries.

· In the context of a data warehouse, metadata has been defined as “all of the information in the data warehouse environment that is not the actual data itself”.
2. Compare operation data stores(ODS) with data warehouse
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· It involved extracting information from source systems by using ETL processes and then storing the information .The architecture of a system that includes an ODS and a data warehouse shown in Figure is more complex. It involves extracting information from source systems by using an ETL process and then storing the information in a staging database. The daily changes also

· Come to the staging area. Another ETL process is used to transform information from the

· Staging area to populate the ODS. The ODS is then used for supplying information via another ETL process to the area warehouse which in turn feeds a number of data marts that generate the reports required by management. It should be noted that not all ETL processes in this architecture involve data cleaning; some may only involve data extraction and transformation to suit the target systems.
3. Explain about Data warehouse Metadata?

Metadata:
· Metadata is data about data or documentation about the data that is needed by the users.

· It is not the actual data warehouse, but answers the “who, what, where, when, why and how “questions about the data warehouse.

· It is a structured data which describes the characteristics of a resource.

· Some examples of metadata

1. A Library catalogue may be considered metadata. The catalogue metadata consists of a number of predefined elements representing specific attributes of a resource, and each element can have one or more values. These elements could be the name of the author, the name of the document, the publisher’s name, the publish on and the category to which it belongs. They could even include an abstract of the data.

2. The table of contents and the index in a book may be considered metadata for the book.

3. Suppose we say that a data element about a person is 80.This  must then be described by noting that it is the person’s weight and the unit is kilograms. Therefore (weight, kilogram) is the metadata about the data 80.

· In a database, metadata usually consists of table (relation)lists, primary key names, attribute names, their domains, schemas, record counts and perhaps a list of the most common queries.

· In the context of a data warehouse, metadata has been defined as “all of the information in the data warehouse environment that is not the actual data itself”.

· In a data warehouse, metadata needs to be much more comprehensive. It may be classified into two groups.

1. Backroom metadata

2. Front room metadata.

1. Backroom metadata
· Much important information is included in the backroom metadata that is process related and guides, for example, the ETL processes. This could include information on what source systems the ETL process uses and their schemas.

2. Front room metadata.
· The front room metadata is more descriptive and could include information needed by the users, for example, user security privileges, various statistics about usage, information on network security and so on. Recently a Meta data standard called the Common Data Warehouse Meta model (CWM) has been developed.

Uses:
Meta data gives not only providing information about the data but also maintaining a history of changes to the data, the metadata itself can become very large and it may become necessary to set up a metadata database

· If the source and changes to every data element were to be stored in the metadata of a data warehouse then the metadata would keep growing.
4. Write down the implementation steps of data warehouse.

1. Build incrementally: Data warehouses must be built incrementally. Generally it is recommended that a data mart may first be built with one particular project in mind and once it is implemented a number of other sections of the enterprise may also wish to implement similar systems.

2. Need a champion:

A data warehouse project must have a champion who is willing to carry out considerable research into expected costs and benefits of the project.

3. Senior management support: A data warehouse project must be fully supported by the senior management. Given the resource intensive nature of such projects and the time they can take to implement, a warehouse project calls for a sustained commitment from senior management.
4. Ensure quality:

Only data that has been cleaned and is of a quality that is understood by the organization should be loaded in the data warehouse. The data quality in the source systems is not always high and often little effort is made to improve data quality in the source systems.

5. Corporate strategy: A data warehouse project must fit with corporate strategy and business objectives. The objectives of the project must be clearly defined before the start of the project.

6. Business plan: The financial costs (hardware, software, people ware), expected benefits and a project plan (including an ETL plan) for a data warehouse project must be clearly outlined and understood by all stakeholders.

7. Training: A data warehouse project must not overlook data warehouse training requirements. For a data warehouse project to be successful, the users must be trained to use the warehouse and to understand its capabilities.

8. Adaptability: The project should build in adaptability so that changes may be made to the data warehouse if and when required. Like any system, a data warehouse will need to change, as needs of an enterprise change.

9. Joint management: The project must be managed by both IT and business professionals in the enterprise.
5. Write a note on Data warehouse design.

[image: image2.emf]
The data warehouse may be a central enterprise-wide data warehouse for use by all the decision makers in the enterprise or it may consist of a number of smaller data warehouse (often called data marts or local data warehouses)

· A data mart stores information for a limited number of subject areas. For example, a company might have a data mart about marketing that supports marketing and sales. 

· The data mart approach is attractive since beginning with a single data mart is relatively inexpensive and easier to implement.

· A centralized data warehouse project can be very resource intensive and requires significant investment at the beginning although overall costs over a number of years for a centralized data warehouse and for decentralized data marts are likely to be similar. A centralized warehouse can provide better quality data and minimize data inconsistencies since the data quality is controlled centrally.

· As an example of a data warehouse application we consider the telecommunications industry which in most countries has become very competitive during the last few years.
6. What are OLTP and OLAP database systems?What is the difference between the two?

OLTP (On-line Transaction Processing) is characterized by a large number of short on-line transactions (INSERT, UPDATE, DELETE). The main emphasis for OLTP systems is put on very fast query processing, maintaining data integrity in multi-access environments and an effectiveness measured by number of transactions per second. In OLTP database there is detailed and current data, and schema used to store transactional databases is the entity model (usually 3NF). 
 OLAP (On-line Analytical Processing) is characterized by relatively low volume of transactions. Queries are often very complex and involve aggregations. For OLAP systems a response time is an effectiveness measure. OLAP applications are widely used by Data Mining techniques. In OLAP database there is aggregated, historical data, stored in multi-dimensional schemas (usually
	
	Om OLTP
(Operational System)
	OOLAP)

	Source of data
	Operational data; OLTPs are the original source of the data.
	Consolidation data; OLAP data comes from the various OLTP Databases

	Purpose of data
	To control and run fundamental business tasks
	To help with planning, problem solving, and decision support

	What the data
	Reveals a snapshot of ongoing business processes
	Multi-dimensional views of various kinds of business activities

	Inserts and Updates
	Short and fast inserts and updates initiated by end users
	Periodic long-running batch jobs refresh the data

	Queries
	Relatively standardized and simple queries Returning relatively few records
	Often complex queries involving aggregations

	Processing Speed
	Typically very fast
	Depends on the amount of data involved; batch data refreshes and complex queries may take many hours; query speed can be improved by creating indexes

	Space Requirements
	Can be relatively small if historical data is archived
	Larger due to the existence of aggregation structures and history data; requires more indexes than OLTP

	Database Design
	Highly normalized with many tables
	Typically de-normalized with fewer tables; use of star and/or snowflake schemas

	Backup and Recovery
	Backup religiously; operational data is critical to run the business, data loss is likely to entail significant monetary loss and legal liability
	Instead of regular backups, some environments may consider simply reloading the OLTP data as a recovery method

	


7. Differences between an OLTP system and a data warehouse system?
	SN
	Data Warehouse (OLAP)
	Operational Database(OLTP)

	1
	This involves historical processing of information.
	This involves day to day processing.

	2
	OLAP systems are used by knowledge workers such as executive, manager and analyst.
	OLTP system are used by clerk, DBA, or database professionals.

	3
	This is used to analysis the business.
	This is used to run the business.

	4
	It focuses on Information out.
	It focuses on Data in.

	5
	This is based on Star Schema, Snowflake Schema and Fact Constellation Schema.
	This is based on Entity Relationship Model.

	6
	It focuses on Information out.
	This is application oriented.

	7
	This contains historical data.
	This contains current data.

	8
	This provides summarized and consolidated data.
	This provide primitive and highly detailed data.

	9
	This provide summarized and multidimensional view of data.
	This provides detailed and flat relational view of data.

	10
	The number or users are in Hundreds.
	The number of users are in thousands.

	11
	The number of records accessed are in millions.
	The number of records accessed are in tens.

	12
	The database size is from 100GB to TB
	The database size is from 100 MB to GB.

	13
	This are highly flexible.
	This provide high performance.


10 MARKS

1. Explain Data Warehouse Architecture
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ODS or Operational Data Store are data store required when neither Data warehouse nor OLTP systems supports organizations reporting need. ODS is neither Data Warehouse nor OLTP reporting systems, rather it can be viewed as data store that is between Data Warehouse and OLTP Database.

Generally ODS are set up when Data Warehouse cannot provide real time reporting nor the OLTP systems.
E.g.
Call neither Center Data warehouse can not feed reports to show real time call-in details of customer nor the OLTP due to performance consideration. In order to meet this reporting requirement, ODS can be setup which can take dimensional data from Data warehouse and call details from OLTP and provide data for real time reports without burdening OLTP systems.
ETL.

· The term ETL which stands for extraction, transformation, & loading is a batch or scheduled data integration processes that includes extracting data from their operational or external data sources, transforming the data into an appropriate format, and loading the data into a data warehouse repository. 
· ETL enables physical movement of data from source to target data repository. 
· The first step, extraction, is to collect or grab data from from its source(s).  
· The second step, transformation, is to convert, reformat, cleanse data into format that can be used be the target database.  
· Finally the last step, loading, is import the transformed data into a target database, data warehouse, or a data mart.
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Step1–Extraction:
· The extraction step of an ETL process involves connecting to the source systems, and both selecting and collecting the necessary data needed for analytical processing within the data warehouse or data mart.

· Usually data is consolidated from numerous, disparate source systems that may store the date in a different format. 

· Thus the extraction process must convert the data into a format suitable for transformation processing. 

· The complexity of the extraction process may vary and it depends on the type and amount of source data.

Step2–Transformation:
The transformation step of an ETL process involves execution of a series of rules or functions to the extracted data to convert it to standard format.

· It includes validation of records and their rejection if they are not acceptable. 

· The amount of manipulation needed for transformation process depends on the data. Good data sources will require little transformation, whereas others may require one or more transformation techniques to to meet the business and technical requirements of the target database or the data warehouse.

 Step3–Loading:
· The load is the last step of ETL process involves importing extracted and transformed data into a target database or data warehouse. 

Some load processes physically insert each record as a new row into the table of the target warehouse utilizing a SQL insert statement.  Whereas other load processes include a massive bulk insert of data utilizing a bulk load routine.  
UNIT V
2 MARKS

1. Define OLAP?


OLAP is the dynamic enterprise analysis required to create, manipulate, animate and synthesis information from exegetical, contemplative and formulate data analysis models.

2. What are CUBES? 

A data cube stores data in a summarized version which helps in a faster analysis of data. The data is stored in such a way that it allows reporting easily.

E.g. using a data cube A user may want to analyze weekly, monthly performance of an employee. Here, month and week could be considered as the dimensions of the cube. 

3. Define: dimension, members, measure and fact table?

Dimension:

A dimension is an attribute or an ordinate within a multidimensional structure consisting of a list of values (members). For example, the degree, the country, the scholarship and the year were the four dimensions used in the student database.
Measure:


The non-null values of facts are the numerical values stored in each data cube cell. They are called measures. A measure is a non-key attribute in a fact table and the value of the measure is dependent on the values of the dimensions.
Fact:


A fact is defined or determined by a combination of dimension values for which a non-null value exists

4. Define Rollup and cube.

Custom rollup operators provide a simple way of controlling the process of rolling up a member to its parents values. The rollup uses the contents of the column as custom rollup operator for each member and is used to evaluate the value of the member’s parents.

If a cube has multiple custom rollup formulas and custom rollup members, then the formulas are resolved in the order in which the dimensions have been added to the cube.
5. List some of the motivations for using OLAP?

1. Understanding and improving sales: For an enterprise that has many products and uses a number of channels for selling the products, OLAP can assist in finding the most popular products and the most popular channels.
2. Understanding and reducing costs of doing business:
 Improving sales is one aspect of improving a business, the other aspect is to analyze costs and to control them as much as possible without affecting sales.
6. What is information privacy?

1. Information privacy as the individual’s ability to control the circulation of information relating to him.


2. It is the claim of individuals groups, or institutions to determine for themselves when, how, and to what extent information about them is communicated to others.

7. What is Anonymization?


Anonymization is removal of identifying information from data in order to protect privacy of the data subjects while allowing the data so modified to be used for secondary purposes like data mining.

Example: Anonymization may be used by a web user to prevent collection of his information by hiding personal information like cookies and IP address.

8. What are pitfalls in the data mining process?


· Unintentional mistake(Mistaken identity)

· Unintentional mistake (faulty inference)

· Intentional abuse

· Security breach

· Mission creep

5 MARKS

1. List the characteristics of OLAP systems?

The following are the differences between OLAP and OLTP systems.

1. Users: OLTP systems are designed for office workers while the OLAP systems are designed for decision makers. Therefore while an OLTP system may be accessed by hundreds or even thousands of users in a large enterprise, an OLAP system is likely to be accessed only by a select group of managers and may be used only by dozens of users.
2. Functions: OLTP systems are mission-critical. They support day-to-day operations of an enterprise and are mostly performance and availability driven. These systems carry out simple repetitive operations. OLAP systems are management-critical to support decision of an enterprise support functions using analytical investigations.
3. Nature: Although SQL queries often return a set of records, OLTP systems are designed to process one record at a time, for example a record related to the customer who might be on the phone or in the store.
4. Design: OLTP database systems are designed to be application-oriented while OLAP systems are designed to be subject-oriented.
5. Data: OLTP systems normally deal only with the current status of information. For example, information about an employee who left three years ago may not be available on the Human Resources System.
6. Kind of use: OLTP systems are used for reading and writing operations while OLAP systems normally do not update the data.
2. List the FASMI Characteristics of the OLAP system?

In the FASMI characteristics of OLAP systems, the name derived from the first letters of the characteristics are:
Fast: As noted earlier, most OLAP queries should be answered very quickly, perhaps within seconds. The performance of an OLAP system has to be like that of a search engine. If the response takes more than say 20 seconds, the user is likely to move away to something else assuming there is a problem with the query.
Analytic: An OLAP system must provide rich analytic functionality and it is expected that most OLAP queries can be answered without any programming.

Shared: An OLAP system is shared resource although it is unlikely to be shared by hundreds of users. An OLAP system is likely to be accessed only by a select group of managers and may be used merely by dozens of users.
Multidimensional: This is the basic requirement. Whatever OLAP software is being used, it must provide a multidimensional conceptual view of the data. It is because of the multidimensional view of data that we often refer to the data as a cube.
Information: OLAP systems usually obtain information from a data warehouse.

The system should be able to handle a large amount of input data.
3. List the Codd’s OLAP characteristics or rules of OLAP systems?
Codd restructured the 18 rules into four groups. These rules provide another point of view on what constitutes an OLAP system.
1. Multidimensional conceptual view: By requiring a multidimensional view, it is possible to carry out operations like slice and dice.
2. Accessibility (OLAP as a mediator): The OLAP software should be sitting between data sources (Ex: data warehouse) and an OLAP front-end.
3. Batch extraction Vs interpretive: An OLAP system should provide multidimensional data staging plus pre-calculation of aggregates in large multidimensional databases.
4. Multi-user support: Since the OLAP system is shared, the OLAP software should  provide many normal database operations including retrieval, update, concurrency control, integrity and security.
5. Storing OLAP results: OLAP results data should be kept separate from source data.
6. Extraction of missing values: The OLAP system should distinguish missing values from zero values.

7. Treatment of missing values: An OLAP system should ignore all missing values regardless of their source. Correct aggregate values will be computed once the missing vlues are ignored.

8. Uniform reporting performance: Increasing the number of dimensions or database size should not significantly degrade the reporting performance of the OLAP system.

9. Generic dimensionality: An OLAP system should treat each dimension as equivalent in both is structure and operational capabilities.

10. Unlimited dimensions and aggregation levels: An OLAP system should allow unlimited dimensions and aggregation levels.
4. Explain the differences between ROLAP and MOLAP?

	Sr.No.
	MOLAP
	ROLAP

	1
	Information retrieval is fast.
	Information retrieval is comparatively slow.

	2
	Uses sparse array to store data-sets.
	Uses relational table.

	3
	MOLAP is best suited for inexperienced users, since it is very easy to use.
	ROLAP is best suited for experienced users.

	4
	Maintains a separate database for data cubes.
	It may not require space other than available in the Data warehouse.

	5
	DBMS facility is weak.
	DBMS facility is strong.


5. List some guidelines for implementing OLAP?

Following are a number of guidelines for successful implementation of OLAP. The guidelines are, somewhat similar to those presented for data warehouse implementation.

1. Vision: The OLAP team must, in consultation with the users, develop a clear vision for the OLAP system.

2. Senior management support: The OLAP project should be fully supported by the senior managers.

3. Selecting an OLAP tool: The OLAP team should familiarize themselves with the ROLAP and MOLAP tools available in the market.

4. Corporate strategy: The OLAP strategy should fit in with the enterprise strategy and business objectives. A good fit will result in the OLAP tools being used more widely.

5. Focus on the users: The OLAP project should be focused on the users. Users should,

in consultation with the technical professional, decide what tasks will be done first and what will be done later.

6. Joint management: The OLAP project must be managed by both the IT and business professionals.

7. Review and adapt: organizations evolve and so must the OLAP systems. Regular reviews of the project may be required to ensure that the project is meeting the current needs of the enterprise.
6. What are the basic principles to protect Information privacy?
1. Collection limitation: There should be limits to the collection of personal data and any such data should be obtained by lawful and fair means and, where appropriate, with the knowledge or consent of the data subject.
2. Data quality: Personal data should be relevant to the purposes for which they are to be used, and, to the extent necessary for those purposes, should be accurate, complete and kept up-to-data.
3. Purpose specification: The purpose for which personal data are collected should be specified not later than at the time of data collection and the subsequent use limited to the fulfilment of those purposes or such others as are not incompatible with those purposes and as are specified on each occasion of change of purpose.
4. Use limitation: Personal data should not be disclosed, made available or otherwise used for purposes other than those specified in accordance with Principle 3 except with the consent of the data subject or by the authority of law.
5. Security safeguards: Personal data should be protected by reasonable security safeguards against such risks as loss of unauthorized access, destruction, use, modification or disclosure of data.
6. Openness: There should be general policy of openness about developments, practices and policies with respect to personal data. Means should be readily available for establishing the existence and nature of personal data, and the main purposes of their use, as well as the identity and usual residence of the data controller.
7. Individual participation: An individual should have the right:
(a) To obtain from a data controller, or otherwise, confirmation of whether or not the data controller has data relating to him;
(b) To have communicated to him, data relating to him within a reasonable time; at a charge, if any, that is not excessive; in a reasonable manner; and in a form that is readily intelligible to him;
(c) To be given reasons if a request made under subparagraphs (a) and (b) is denied, and to be able to challenge such denial; and

(d) To challenge data related to him and, if the challenge is successful, to have the data erased, rectified, completed or amended.

8. Accountability: A data controller should be accountable for complying with measures which give effect to the principles stated above.

These privacy protection principles were developed for online transaction processing

(OLTP) systems before technologies like data mining became available. In OLTP systems, the purpose of the system is quite clearly defined since the system is used for a particular operational purpose of an enterprise (e.g. student enrolment).
7. What are primary aims of data mining?

Data mining is used for many purposes that are beneficial to society, as the list of some of the common aims of data mining below shows.

· The primary aim of many data mining applications is to understand the customer better and improve customer services.

· Some applications aim to discover anomalous patterns in order to help identify, for example, fraud, abuse, waste, terrorist suspects, or drug smugglers.

· In many applications in private enterprises, the primary aim is to improve the profitability of an enterprise

· The primary purpose of data mining is to improve judgement, for example, in making diagnoses, in resolving crime, in sorting out manufacturing problems, in predicting share prices or currency movements or commodity prices.

· In some government applications, one of the aims of data mining is to identify criminal and fraud activities.

· In some situations, data mining is used to find patterns that are simply not possible without the help of data mining, given the huge amount of data that must be processed
8. Give examples of uses and misuses of data mining?

· Data mining involves the extraction of implicit, previously unknown and potentially useful knowledge from large databases. Data mining is a very challenging task since it involves building and using software that will manage, explore, summarize, model, analyze and interpret large datasets in order to identify patterns and abnormalities.

Uses
Data mining techniques are being used increasingly in a wide variety of applications. The applications include fraud prevention, detecting tax avoidance, catching drug smugglers, reducing customer churn and learning more about customers’ behavior.
Misuses:
· There are also some (mis)uses of data mining that have little to do with any of these applications. For example, a number of newspapers in early 2005 have reported results of analyzing associations between the political party that a person votes for and the car the person drives. A number of car models have been listed in the USA for each of the two major political parties.

· In the wake of the 9/11 terrorist attacks, considerable use of personal information, provided by individuals for other purposes as well as information collected by governments including intercepted emails and telephone conversations, is being made in the belief that such information processing (including data mining) can assist in identifying persons who are likely to be involved in terrorist networks or individuals who might be in contact with such persons or other individuals involved in illegal activities (e.g. drug smuggling).

· Under legislation enacted since 9/11, many governments are able to demand access to most private sector data. This data can include records on travel, shopping, utilities, credit, telecommunications and so on. Such data can them be mined in the belief that patterns can be found that will help in identifying terrorists or drug smugglers.
10 Marks
1. What are the different implementations of a data cube?


1. Pre-compute and store all: This means that millions of aggregates will need to be computed and stored.

2. Pre-compute (and store) none: This means that the aggregates are computed on the- fly using the raw data whenever a query is posed.

3. Pre-compute and store some:

This means that we pre-compute and store the frequently queried aggregates and compute others as the need arises. It can be shown that large numbers of cells do have an “ALL” value and may therefore be derived from other aggregates. 
Let us reproduce the list of queries we had and define  them as (a, b, c) where a stands for a value of the degree dimension, b for country and c for starting semester:

1. (ALL, ALL, ALL) null (e.g. how many students are there? Only 1 query)

2. (a, ALL, ALL) degrees (e.g. how many students are doing BSc? 5 queries)

3. (ALL, ALL, c) semester (e.g. how many students entered in semester 2000-01? 2 queries)

4. (ALL, b, ALL) country (e.g. how many students are from the USA? 7 queries)

5. (A, ALL, c) degrees, semester (e.g. how many students entered in 2000-01 to enroll in BCom? 10 queries)

6. (ALL, b, c) semester, country (e.g. how many students from the UK entered in 2000-01? 14 queries)

7. (a, b, ALL) degrees, country (e.g. how many students from Singapore are enrolled in BCom? 35 queries)

8. (a, b, c) all (e.g. how many students from Malaysia entered in 2000-01 to enroll in BCom? 70 queries)

It is therefore possible to derive the other 74 of the 144 queries from the last 70 queries of type (a, b, c). .In Figure 8.3 we show how the aggregated above are related and how an aggregate at the higher level may be computed from the aggregates below. For example, aggregates

(ALL, ALL, c) may be derived from either (a, ALL, c) by summing over all a values from (ALL, b, c) by summing over all b values.
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Data cube products use different techniques for pre-computing aggregates and storing them. They are generally based on one of two implementation models. The first model, supported by vendors of traditional relational model databases, is called the ROLAP model or the Relational OLAP model. The second model is called the MOLAP model for multidimensional OLAP. The MLOAP model provides a direct multidimensional view of the data whereas the RLOAP model provides a relational view of the multidimensional data in the form of a fact table.

ROLAP
 ROLAP uses a relational DBMS to implement an OLAP environment. It may be considered a bottom-up approach which is typically based on using a data warehouse that has been designed using a star schema. The advantage of using ROLAP is that it is more easily used with existing relational

DBMS and the data can be stored efficiently using tables since no zero facts need to be stored. The disadvantage of the ROLAP model is its poor query performance.

MOLAP
MOLAP is based on using a multidimensional DBMS rather than a data warehouse to store and access data. It may be considered as a top-down approach to OLAP. The multidimensional database systems do not have a standard approach to storing and maintaining their data.
2. Briefly explain ROLAP AND MOLAP?

Relational OLAP:

Relational OLAP servers are placed between relational back-end server and client front-end tools. To store and manage the warehouse data, the relational OLAP uses relational or extended-relational DBMS.

ROLAP includes the following:

· Implementation of aggregation navigation logic

· Optimization for each DBMS back-end

· Additional tools and services

Points to Remember

· ROLAP servers are highly scalable.

· ROLAP tools analyze large volumes of data across multiple dimensions.

· ROLAP tools store and analyze highly volatile and changeable data.

Relational OLAP Architecture

ROLAP includes the following components:

· Database server

· ROLAP server

· Front-end tool.
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Advantages

· ROLAP servers can be easily used with existing RDBMS.

· Data can be stored efficiently, since no zero facts can be stored.

· ROLAP tools do not use pre-calculated data cubes.

· DSS server of micro-strategy adopts the ROLAP approach.

Disadvantages

· Poor query performance.

· Some limitations of scalability depending on the technology architecture that is utilized.

 Multidimensional OLAP:

Multidimensional OLAP (MOLAP) uses array-based multidimensional storage engines for multidimensional views of data. With multidimensional data stores, the storage utilization may be low if the data set is sparse. Therefore, many MOLAP servers use two levels of data storage representation to handle dense and sparse data-sets.

Points to Remember:

· MOLAP tools process information with consistent response time regardless of level of summarizing or calculations selected.

· MOLAP tools need to avoid many of the complexities of creating a relational database to store data for analysis.

· MOLAP tools need fastest possible performance.

· MOLAP server adopts two level of storage representation to handle dense and sparse data sets.

· Denser sub-cubes are identified and stored as array structure.

· Sparse sub-cubes employ compression technology.

MOLAP Architecture

MOLAP includes the following components:

· Database server.

· MOLAP server.

· Front-end tool.
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Advantages

· MOLAP allows fastest indexing to the pre-computed summarized data.

· Helps the users connected to a network who need to analyze larger, less-defined data.

· Easier to use, therefore MOLAP is suitable for inexperienced users.

Disadvantages

· MOLAP are not capable of containing detailed data.

· The storage utilization may be low if the data set is sparse.

3. Describe the operations roll-up, drill-down, slice and dice and pivot?

Roll-up performs aggregation on a data cube in any of the following ways:

· By climbing up a concept hierarchy for a dimension

· By dimension reduction

The following diagram illustrates how roll-up works.
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· Roll-up is performed by climbing up a concept hierarchy for the dimension location.

· Initially the concept hierarchy was "street < city < province < country".

· On rolling up, the data is aggregated by ascending the location hierarchy from the level of city to the level of country.

· The data is grouped into cities rather than countries.

· When roll-up is performed, one or more dimensions from the data cube are removed.

Drill-down:
Drill-down is the reverse operation of roll-up. It is performed by either of the following ways:

· By stepping down a concept hierarchy for a dimension

· By introducing a new dimension.

The following diagram illustrates how drill-down works:
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· Drill-down is performed by stepping down a concept hierarchy for the dimension time.

· Initially the concept hierarchy was "day < month < quarter < year."

· On drilling down, the time dimension is descended from the level of quarter to the level of month.

· When drill-down is performed, one or more dimensions from the data cube are added.

· It navigates the data from less detailed data to highly detailed data.

Slice:
The slice operation selects one particular dimension from a given cube and provides a new sub-cube. Consider the following diagram that shows how slice works.
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· Here Slice is performed for the dimension "time" using the criterion time = "Q1".

· It will form a new sub-cube by selecting one or more dimensions.

Dice:
Dice selects two or more dimensions from a given cube and provides a new sub-cube. Consider the following diagram that shows the dice operation.
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The dice operation on the cube based on the following selection criteria involves three dimensions.

· (location = "Toronto" or "Vancouver")

· (time = "Q1" or "Q2")

· (item =" Mobile" or "Modem")

Pivot:
The pivot operation is also known as rotation. It rotates the data axes in view in order to provide an alternative presentation of data. Consider the following diagram that shows the pivot operation.
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In this the item and location axes in 2-D slice are rotated.
























