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Data Warehousing & Data Mining 


1. INTRODUCTION:

                                                         A data warehouse is a relational database management system designed specifically to meet the needs of transaction processing systems. Data warehousing is a new powerful technique making it possible to extract archived operational data and overcome inconsistencies between different legacy data formats. Data warehouses contain consolidated data from many sources, with summary information and covering a long time period. The sizes of data warehouses ranging from several gigabytes to terabytes are common. Data warehousing technology comprises a set of new concepts and tools, which support the knowledge worker (executive, manager and analyst) with information material for decision making. Thus, the Data warehousing is the process of extracting and transforming operational data into informational data and loading it into a central data store or warehouse.

      Data Mining or Knowledge Discovery in Databases (KDD) is the nontrivial extraction of implicit, previously unknown, and useful information from data. Data mining can be defined as "a decision support process in which we search for patterns of information in data". Data mining uses sophisticated statistical analysis and modeling techniques to find patterns and relationships hidden in organizational databases. Once found, the information needs to be presented in a suitable form, with graphs, reports etc. Data Mining includes a number of different technical approaches for extraction of information such as clustering, data summarization, learning classification rules, finding dependency networks, analysing changes, and detecting anomalies. Basically data mining is concerned with the analysis of data and the use of software techniques for finding patterns and regularities in sets of data.

2. DATA WAREHOUSING (DWH):
The fundamental reason for building a data warehouse is to improve the quality of information in the organization. Data coming from internal and external sources, existing in a variety of forms from traditional structural data to unstructured data like text files or multimedia is cleaned and integrated into a single repository. The need of data warehousing is that information systems must be distinguished into operational and informational systems. Operational systems support the day-to-day conduct of the business, and are optimized for fast response time of predefined transactions, with a focus on update transactions. Operational data is a current and real-time representation of the Business State. In contrast, informational systems are used to manage and control the business. They support the analysis of data for decision making about how the enterprise will operate now and in the future. A data warehouse can be normalized or denormalized. It can be a relational database, multidimensional database, flat file, hierarchical database, object database etc. And data warehouses often focus on a specific activity or entity.

2.1 Characteristics of a Data warehouse:
There are generally four characteristics that describe a data warehouse: 

1) Subject-oriented: Data are organized according to subject instead of application e.g. an insurance company using a data warehouse would organize their data by customer, premium, and claim, instead of by different products (auto, life, etc.). The data organized by subject contain only the information necessary for decision support processing. 

2) Integrated: When data resides in many separate applications in the operational environment, encoding of data is often inconsistent. For instance, in one application, gender might be coded as "m" and "f" in another by 0 and 1. When data are moved from the operational environment into the data warehouse, they assume a consistent coding convention e.g. gender data is transformed to "m" and "f". 

        3) Time-variant: The data warehouse contains a place for storing data that are 5 to 10 years 

 old, or older, to be used for comparisons, trends, and forecasting. These data are not updated. 

4) Non-volatile: Data are not updated or changed in any way once they enter the data warehouse, but are only loaded and accessed. Modifications of the warehouse data take place only when modifications of the source data are propagated into the warehouse.

 5) Derived Data: A data warehouse contains usually additional data, not explicitly stored in the operational sources, but derived through some process from operational data called as derived data. For example, operational sales data could be stored in several aggregation levels (weekly, monthly, quarterly sales) in the warehouse

2.2 Data warehouse systems:
                                                                      A data warehouse system (DWS) comprises the data warehouse and all components used for building, accessing and maintaining the DWH as shown in Figure 1. The center of a data warehouse system is the data warehouse itself. The data acquisition includes all programs, applications and legacy systems interfaces that are responsible for extracting data from operational sources, preparing and loading it into the warehouse. The access component includes all different applications that make use of the information stored in the warehouse. The typical components of a DWS are as follows:

1) Pre-Data Warehouse

2) Data Acquisition

3) Data Repositories

4) Front End Analytics 
1) Pre-Data Warehouse: The pre-Data Warehouse zone provides the data for data warehousing. OLTP databases are where operational data are stored. OLTPs are design for transaction speed and accuracy. Organizations daily operations access and modify operational databases. Data from these opertional databases and any other external data sources are extraced by using interfaces such as JDBC.The Metadata Repository keeps the track of data currently stored in the DWH. Metadata ensures the accuracy of data entering into the DWH. Meta-data ensures that data has the right format and relevancy. The Meta data is "data about data or data describing the meaning of data”.
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                   Figure 1: A typical data warehouse system architecture
2) Data Acquisition: Data acquisition is achieved by using following five steps:

a) Extract: Data is extracted from opertational databases and external sources by using interfaces such as JDBC.

b) Clean: Data is cleaned to minimize errors, fill in missing information and removal of as low-level transaction information, which slow down the query times.

c) Transform: The data is transformed to enrich data to correct values & reconcile differences between multiple sources, due to the use of homonyms, synonyms or different units of measurement.

d) Load: The cleaned & transformed data is finally loaded into the warehouse. Additional preprocessing such as sorting and generation of summary information is carried out at this stage. Data is partitioned and indexes are built for efficiency. Due to large volume of data, loading is a slow process. 

e) Refresh: Data in the data warehouse is periodically refreshed to reflect updates to the data sources.    
3) Data Repositories: The Data Warehouse repository is the database that stores active data of business value for an organization. There are variants of Data Warehouses - Data Marts and ODS. Data Marts are smaller Data Warehouses built on a departmental rather than on a company-wide level.  Instead of running ad hoc queries against a huge data warehouse, data marts allow the efficient execution of predicted queries over a significantly smaller database. Data Warehouses collects data and is the repository for historical data. Hence it is not always efficient for providing up-to-date analysis. Hence, the ODS, Operational Data Stores are used. ODS are used to hold recent data before migration to the Data Warehouse.

4) Front End Analytics: Different users to interact with data stored in the repositories use the front-end Analytics potion of the Data Warehouse. Data Mining is the discovery of useful patterns in data. Data Mining are used for prediction analysis and classification. OLAP, Online Analytical Processing, is used to analyze historical data and slice the business information required. Reporting tools are used to provide reports on the data. Data are displayed to show relevancy to the business and keep track of key performance indicators. Data Visualization tools is used to display data from the data repository. Data visualization is combined with Data Mining and OLAP tools. Data visualization shows relevancy and patterns.

2.3 Stages in Implementation: A DW implementation requires the integration of implementation of many products. Following are the steps of implementation:
Step1: Collect and analyze the business requirements.

Step2: Create a data model and physical design for the DW.

Step3: Define the Data sources.

Step4: Choose the DBMS and software platform for DW.

Step5: Extract the data from the operational data sources, transfer it, clean it  & load into the DW model or data mart.

Step6: Choose the database access and reporting tools.

Step7: Choose the database connectivity software.

Step8: Choose the data anlysis and presentation software.

Step9: Keep refreshing the data warehouse periodically.

3. DATA MINING:
                                               Basically data mining is concerned with the analysis of data and the use of software techniques for finding patterns and regularities in sets of data. Data mining analysis process starts with a set of data uses a methodology to develop an optimal representation of the structure of the data during which time knowledge is acquired. The importanta charactristics of data mining is the volume of data is very large. 

3.1 Data Mining Process: The data mining process can be divided into four steps.

1) Data Selection: The target subset of data and the attributes of interest are identified by examining the entire  raw dataset. This includes selecting or segmenting the data according to some criteria e.g. all those people who own a car, in these way subsets of the data can be determined. 

2) Data Cleaning: In this step, noise and outliers are removed, field values are transformed to common units and some new fields are created by combining existing fields to facilitate analysis. The data is typically put into a relational format, and several tables might be combined in a denormalization step. Also the data is reconfigured to ensure a consistent format as there is a possibility of inconsistent formats because the data is drawn from several sources e.g. sex may recorded as f or m and also as 1 or 0. 

3) Data Mining: This stage is concerned with the extraction of patterns from the data. Data mining algorithms can be applied to extract the interesting patterns of data.

4) Interpretation & Evaluation: The patterns identified by the system are interpreted into knowledge which can then be used to support human decision-making e.g. prediction and classification tasks, summarizing the contents of a database or explaining observed phenomena. The patterns are presented to end users in an understandable form, e.g. through visualization.

3.2 Data Mining Models: There are two types of model or modes of operation, which may be used to discover information of interest to the user. 

1) Verification Model:  
                                           The verification model takes input from the user and tests the validity of it against the data. The emphasis is with the user who is responsible for formulating the hypothesis and issuing the query on the data to affirm or negate the hypothesis. 

The problem with this model is the fact that no new information is created in the retrieval process but rather the queries will always return records to verify or negate the hypothesis. The user is discovering the facts about the data using a variety of techniques such as queries, multidimensional analysis and visualization to guide the exploration of the data being inspected. 

2) Discovery Model:

                                         The discovery model differs in its emphasis in that it is the system automatically discovering important information hidden in the data. The data is sifted in search of frequently occurring patterns, trends and generalisations about the data without intervention or guidance from the user. 

3.3 Data Mining Users and Activities: Data mining activities are usually performed by three different classes of users - executives, end users and analysts.

1) Executives spend much less time with computers than the other groups.

2) End users are sales people, market researchers, scientists, engineers, physicians, etc.

3) Analysts may be financial analysts, statisticians, consultants, or database designers.

These users usually perform three types of data mining activity within a corporate environment: episodic, strategic and continuous data mining.

In episodic mining we look at data from one specific episode such as a specific direct marketing campaign. Analysts usually perform episodic mining. In strategic mining we look at larger sets of corporate data with the intention of gaining an overall understanding of specific measures such as profitability. Hence, a strategic mining exercise may look to answer questions such as: "where do our profits come from?” In continuous mining we try to understand how the world has changed within a given time period and try to gain an understanding of the factors that influence change. For instance, we may ask: "how have sales patterns changed this month?" 

3.4 Data Mining Functions: Data mining methods may be classified by the function they perform or according to the class of application they can be used in. The data mining functions are as follows.

 1) Classification: The clustering techniques analyze a set of data and generate a set of grouping rules that can be used to classify future data. The mining tool automatically identifies the clusters, by studying the pattern in the training data. Once the clusters are generated, classification can  be used to identify, to which particular cluster, input belongs. For example, one may classify diseases and provide the symptoms, which describe each class or subclass.
2) Associations: Given a collection of items and a set of records, each of which contain some number of items from the given collection, an association function is an operation against this set of records which return patterns that exist among the collection of items. These patterns can be expressed by rules such as "72% of all the records that contain items A, B and C also contain items D and E." The specific percentage of occurrences (in this case 72) is called the confidence factor of the rule. Also, in this rule, A, B and C are said to be on an opposite side of the rule to D and E. Associations can involve any number of items on either side of the rule. 

A typical application that can be built using an association function is Market Basket Analysis. Thus, by invoking an association function, the market basket analysis application can determine affinities such as "20% of the time that a specific brand toaster is sold, customers also buy a set of kitchen gloves and matching cover sets." 

3) Sequential/Temporal patterns: Sequential/temporal pattern functions analyse a collection of records over a period of time for example to identify trends. The identity of a customer who made a purchase is known, an analysis can be made of the collection of related records of the same structure. Sequential pattern mining functions can be used to detect the set of customers associated with some frequent buying patterns. For example a set of insurance claims can lead to the identification of frequently occurring sequences of medical procedures applied to patients which can help identify good medical practices as well as detect some medical insurance fraud. 
4) Clustering/Segmentation: Clustering and segmentation are the processes of creating a partition so that all the members of each set of the partition are similar according to some measure. A cluster is a set of objects grouped together because of their similarity or proximity. When learning is unsupervised then the system has to discover its own classes i.e. the system clusters the data in the database. The cluster can be formed by using the rules or functions.      
3.5 Data Mining Techniques: The data mining techniques are as follows: 
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 1) Cluster Analysis: In an unsupervised learning environment the system has to discover its own classes. We can cluster the data in the database as shown in the Figure 2. The first step is to discover subsets of related objects and then find descriptions eg D1, D2, D3 etc. which describe each of these subsets. 
              Figure 2: Discovering clusters and descriptions in a database

Clustering and segmentation basically partition the database so that each partition or group is similar according to some criteria. Clustering/segmentation in databases are the processes of separating a data set into components that reflect a consistent pattern of behaviour. Once the patterns have been established they can then be used to "deconstruct" data into more understandable subsets and also they provide sub-groups of a population for further analysis or action, which is important when dealing with very large databases. 

2) Induction: Induction is the inference technique, which can be used to infer the generalised information from the database. Induction has been used in the following ways within data mining. 

1) Decision trees: Decision trees are simple knowledge representation and they classify examples to a finite number of classes, the nodes are labelled with attribute names, the edges are labelled with possible values for this attribute and the leaves labelled with different classes. Objects are classified by following a path down the tree, by taking the edges, corresponding to the values of the attributes in an object. 
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The following is an example of objects that describe the weather at a given time. The objects contain information on the outlook, humidity etc. Some objects are positive examples denote by P and others are negative i.e. N. Classification is in this case the construction of a tree structure, illustrated in the figure 3 which can be used to classify all the objects correctly. 

                                        Figure 3: Decision tree structure 

2) Rule induction: A data mine system has to infer a model from the database that is it may define classes such that the database contains one or more attributes that denote the class of a tuple is the predicted attributes while the remaining attributes are the predicting attributes. Class can then be defined by condition on the attributes. When the classes are defined the system should be able to infer the rules that govern classification. Production rules have been widely used to represent knowledge in expert systems and they have the advantage of being easily interpreted by human experts because of their modularity i.e. a single rule can be understood in isolation and doesn't need reference to other rules. The structure of such rules is in the form of if-then rules.
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3) Neural networks: Neural networks are an approach to computing that involves developing mathematical structures with the ability to learn. Neural networks can derive meaning from complicated or imprecise data and can be used to extract patterns and detect trends that are too complex to be noticed by either humans or other computer techniques. A trained neural network can be thought of as an "expert" in the category of information it has been given to analyse. Neural networks identify patterns or trends in data, they are good for prediction or forecasting. Neural networks use a set of processing elements (or nodes) analogous to neurons in the brain. These processing elements are interconnected in a network that can then identify patterns in data once it is exposed to the data, i.e the network learns from experience just as people do. This distinguishes neural networks from traditional computing programs that simply follow instructions in a fixed sequential order. The structure of a neural network is shown in the figure 4.

                                        Figure 4: Structure of a neural network


The bottom layer represents the Input layer, in this case with 5 input labels X1 through X5. The middle layer is called the hidden layer, with a variable number of nodes. The output layer in this case has two nodes, Z1 and Z2 representing output values we are trying to determine from the inputs. Neural networks suffered from long learning times which become worse as the volume of data grows. 

4) Data Visualization: Data visualization makes it possible for the analyst to gain a deeper, more intuitive understanding of the data and can work well for data mining. Data mining allows the analyst to focus on certain patterns and trends and explore in-depth using visualization. The data visualization can be overwhelmed by the volume of data in a database but in conjunction with data mining can help with exploration.    
3.6 Data mining problems: The problems with data mining are as follows:

1) Limited Information: If some attributes essential to knowledge about the application domain are not present in the data it is impossible to discover significant knowledge about a given domain. 

2) Noise and missing values: Error in either the values of attributes or class information are known as noise. We have to omit the corresponding records of missing data or average over the missing values using Bayesian techniques.

3) Uncertainty: Uncertainty refers to the severity of the error and the degree of noise in the data. 

4) Size, updates, and irrelevant fields: Databases are large and dynamic & their contents are changing as information is added, modified or removed. So, it is difficult to ensure that the rules are up-to-date and consistent with the most current information. 

3.7 Applications of Data Mining: Data mining has many and varied fields of application, some of which are listed below. 

1) Marketing: Identify buying patterns from customers & Market basket analysis.
2) Banking: Detect patterns of fraudulent credit card use & Identify `loyal' customers.

3) Insurance and Health Care: Claims analysis, Predict which customers will buy new policies & Identify fraudulent behaviour. 

4) Transportation: Determine the distribution schedules & Analyse loading patterns.
. 

4. Conclusion:

Data mining offers an important approach to achieving valuable data from the data warehouse for use in decision support. Linking data warehouse to the Internet gains more attention because it allows companies to extend the scope of warehouse to external information. Thus, data warehousing has become a popular activity in information systems development and management. Improving access to information and delivering better and more accurate information, is the motivation for using data warehouse technology. Data mining offers great promise in helping organizations to find patterns in data. However, data mining tools must be guided by users who understand the business, the data, and the general nature of the analytical methods involved. The tools used for data mining process in an easy to use fashion are rare. However, one of the most important issues facing researchers is the use of techniques against very large data sets. All the mining techniques are based on Artificial Intelligence, where they are generally executed against small sets of data, which can fit in memory. However, in data mining applications these techniques must be applied to data held in very large databases. These include use of parallelism and development of new database oriented techniques. However, much work is required before data mining can be successfully applied to large data sets. 
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