Deepa Vaidhyanathan

Graduate Student- Department of Computer and Information Systems.

Data Warehousing/OLAP Report

Table of Contents

 1  The Evolution: 
2

 1.1  Problems with the Naturally Evolving Architecture
2

 1.2  Architected Environment:
2

 2  Data warehouse environment
3

 2.1  Subject orientation
3

 2.2  Integration
4

 2.3  Time Variant:
4

 2.4  Non Volatile:
5

 2.5  Structure of a Data warehouse
6

 2.6  Flow of data
7

 2.7  Granularity
8

 2.8  Partitioning Approach
9

 3  The Data warehouse and Design
10

 3.1  Data Extraction from Operational Environment
10

 3.2  The Data Warehouse and Data Models
11

 3.3  Corporate Data Model
11

 3.4  Data Warehouse Data Model
12

 3.5  Mid level Data Model
12

 3.6  The Physical Data Model
13

 4  Granularity in the Data Warehouse
13

 4.1  Raw Estimates
13

 4.2  Levels of Granularity
14

 5  Migration to the Architected Environment
14

 5.1  A Migration Plan
14

 6  Conclusion
15

 7  Books and References
15


Data warehouse is a repository of an organization's electronically stored data. Data warehouses are designed to facilitate reporting and analysis in this course we would cover all the basic concepts of data warehousing. By the end of this course work we will also know how a data warehouse is being build and maintained.

 1  The Evolution: 

Previously in the beginning the DSS (decision support systems) was developed after a long and complex evolution of information technology. Some of the main evolutions included the punch cards, magnetic tapes etc. Around the mid 1960s the growth of master files exploded and this resulted in the redundant data. The 1970s saw the advent of the disk storage and how data could be directly accessed on DASD without any sequential access. 

With this DASD came the new type of system software namely Database management System (DBMS). The main aim of the DBMS was to make it easy for the programmer to store and access data on the DASD. In addition to this DBMS also took care of storing the data, indexing etc.

 1.1  Problems with the Naturally Evolving Architecture

The main challenges in the above mentioned architecture are as follows

Data Credibility: This mainly revolves around the discrepancy in the data between two different data sources which leads to confusion. For such scenarios proper documentation and tracking needs to be done for the data to be accurate. In practical this is impossible if it is done as a manual task.

Productivity: This is also an abysmal problem when we need to analyze the data across a big organization. In an organization level when the developer has to generate a report he needs to locate the data  from many files and layouts of data needs to be analyzed to get useful information. The next task of producing the report from the data is very complicated process when the amount of data is very huge this affects greatly the productivity of the system.

Inability to transfer Data to Information: This is also a main flaw in the traditional data environment. The main problem in this is the lack of proper integration of data which leads to the incompleteness of the information.

 1.2  Architected Environment:

To overcome the above challenges the Architected Environment was developed in which data was maintained at different levels so that the data is least redundant. There are basically four different levels of data in this environment. The levels are operational level, atomic or data warehouse level, departmental level or meta data level and the individual level.

Operational level: It holds the data which corresponds to the application-oriented primitive data which primarily serves only for transaction processing.

Data warehouse level: This level holds the integrated, historical primitive data which cannot be updated there are also some derived data which is present in this level.

Departmental/data mart level: This contains derived data which is exclusively shaped by the end-user requirements into a form specifically suited to satisfy the needs of the department.

 2  Data warehouse environment

In this course we would concentrate more on the data warehouse level. The data warehouse level is the main source of the entire departmental /data mart. This forms the heart of the architected environment and it is the foundation of all the DSS processing

Data warehouse is the center of the architecture for information systems for the 1990's. Data warehouse supports informational processing by providing a solid platform of integrated, historical data from which to do analysis. Data warehouse provides the facility for integration in a world of non integrated application systems. Data warehouse is achieved in an evolutionary, step at a time fashion. Data warehouse organizes and stores the data needed for informational, analytical processing over a long historical time perspective. 

It is a  subject-oriented, integrated, non-volatile and time variant collection of data. They contain granular corporate data in the later half of the report the granularity concept would be explained in detail. 

 2.1  [image: image1.emf]Subject orientation

The main feature of the data warehouse is that the data is oriented around major subject areas of business. Figure 2 shows the contrast between the two types of orientations.

[image: image2.emf]The operational world is designed around applications and functions such as loans, savings, bankcard, and trust for a financial institution. The data warehouse world is organized around major subjects such as customer, vendor, product, and activity. The alignment around subject areas affects the design and implementation of the data found in the data warehouse. 

Another important way in which the application oriented operational data differs from data warehouse data is in the relationships of data. Operational data maintains an ongoing relationship between two or more tables based on a business rule that is in effect. Data warehouse data spans a spectrum of time and the relationships found in the data warehouse are vast.

 2.2  Integration

The most important aspect of the data warehouse environment is the data integration. The very essence of the data warehouse environment is that data contained within the boundaries of the warehouse is integrated. The integration is seen in different ways- one would be the consistency of naming conventions, consistency in the measurement variables, consistency in the physical attributes of the data and so forth. Figure 3 shows the concept of integration in a data warehouse

 2.3  [image: image3.emf]Time Variant:

All data in the data warehouse is accurate as of some moment in time. This basic characteristic of data in the warehouse is very different from data found in the operational environment. In the operational environment data is accurate as of the moment of access. In other words, in the operational environment when you access a unit of data, you expect that it will reflect accurate values as of the moment of access. Because data in the data warehouse is accurate as of some moment in time (i.e., not "right now"), data found in the warehouse is said to be "time variant". Figure 4 shows the time variance of data warehouse data.

[image: image4.emf]
The time variant of data in this shows up in different ways. The simplest way would be the data for a time horizon of 10 to 15 years, but in the case of an operational environment the time span is much shorter.

The second way that time variance shows up in the data warehouse is in the key structure. Every key structure in the data warehouse contains - implicitly or explicitly - an element of time, such as day, week, month, etc. The element of time is almost always at the bottom of the concatenated key found in the data warehouse.

The third way that time variance appears is that data warehouse data, once correctly recorded, cannot be updated. Data warehouse data is, for all practical purposes, a long series of snapshots. Of course if the snapshot of data has been taken incorrectly, then snapshots can be changed. But assuming that snapshots are made properly, they are not altered once made.

 2.4  Non Volatile:

Figure 5 explains the concept of non volatile. Figure 5 shows that updates (inserts, deletes, and changes) are done regularly to the operational environment on a record by record basis. But the basic manipulation of data that occurs in the data warehouse is much simpler. There are only two kinds of operations that occur in the data warehouse - the initial loading of data, and the access of data. There is no update of data (in the general sense of update) in the data warehouse as a normal part of processing.

[image: image5.emf]
 2.5  Structure of a Data warehouse

Data warehouses have a distinct structure. There are different levels of summarization and detail. The structure of a data warehouse is shown by Figure 6.

[image: image6.emf]
Older detail data is data that is stored on some form of mass storage. It is infrequently accessed and is stored at a level of detail consistent with current detailed data

Lightly summarized data is data that is distilled from the low level of detail found at the current detailed level. This level of the data warehouse is almost always stored on disk storage

Highly summarized data is compact and easily accessible. Sometimes the highly summarized data is found in the data warehouse environment and in other cases the highly summarized data is found outside the immediate walls of the technology that houses the data warehouse

The final component of the data warehouse is that of meta data. In many ways meta data sits in a different dimension than other data warehouse data, because meta data contains no data directly taken from the operational environment. Meta data plays a special and very important role in the data warehouse. Meta data is used as:

• a directory to help the DSS analyst locate the contents of the data warehouse,

• a guide to the mapping of data as the data is transformed from the operational environment to the data warehouse environment.

Meta data plays a much more important role in the data warehouse environment than it

ever did in the classical operational environment.

 2.6  Flow of data

There is a normal and predictable flow of data within the data warehouse. Figure 7 shows that flow.

[image: image7.emf]
Data enters the data warehouse from the operational environment. Upon entering the data warehouse, data goes into the current detail level of detail, as shown. It resides there and is used there until one of three events occurs:

• it is purged,

• it is summarized, and/or

• it is archived

The aging process inside a data warehouse moves current detail data to old detail data, based on the age of data. As the data is summarized, it passes from the lightly summarized data to highly summarized.

Based on the above facts we now realize that the data warehouse is not built at once. Instead it is populated and designed one step at a time, it develops based on the evolutionary phenomenon and not revolutionary. The cost of building a data warehouse all at once would be very expensive and the results also would not be very accurate. So it is always suggested and dictated that the environment is build using the step by step approach.

 2.7  Granularity

The single most important aspect and issue of the design of the data warehouse is the issue of granularity. It refers to the detail or summarization of the units of data in the data warehouse. The more detail there is, the lower the granularity level. The less detail there is, the higher the granularity level.

Granularity is a major design issue in the data warehouse as it profoundly affects the volume of data. The figure below shows the issue of granularity in a data warehouse.

[image: image8.emf]
Dual levels of Granularity:

Sometimes there is a great need for efficiency in storing and accessing data and the ability to analyze the data in great data. When an organization has huge volumes of data it makes sense to consider two or more levels of granularity in the detailed portion of the data warehouse. The figure below shows two levels of granularity in a data warehouse. In the below figure we see a phone company which fits the needs of most of its shops. There is a huge amount of data in the operational level. The data up to 30 days is stored in the operational environment. Then the data shifts to the lightly and highly summarized zone. 

[image: image9.emf]
This process of granularity not only helps the data warehouse it supports more than data marts. It supports the process of exploration and data mining. Exploration and data mining takes masses of detailed historical data and examine the same to analyze and previously unknown patterns of business activity.

 2.8  Partitioning Approach

A second major design issue of data in a data warehouse is that of partitioning. The figure below depicts the concept of partitioning. This refers to the breakup of data into separate physical units so that it can be handled independently. 

[image: image10.emf]
It is usually said that if both granularity and partitioning are done properly then all most all the aspects of the data warehouse implementation comes easily. Proper partitioning of data allows the data to grow and to be managed

Partitioning of data:

The main purpose of this partitioning is to break up the data into small manageable physical units the main advantage of this would be that the developer would have a greater flexibility in managing the physical units of the data.

The main tasks that are carried out while partitioning is as follows:

· Restructuring

· Indexing

· Sequential scanning 

· Reorganization

· Recovery

· Monitoring

In short the main aim for this activity is the flexible access of data. Partitioning can be done in many different ways. One of the major issues facing the data warehouse developer is whether the partitioning is done at system or application level. Partitioning at system level is a function of the DBMS and operating system to some extent. 

 3  The Data warehouse and Design

 3.1  Data Extraction from Operational Environment

The main design of the data warehouse starts from the data which comes from the operational environment. The data in the legacy systems would be in the form of flat file, DB, Sybase or in mainframe systems. Using the concept of extraction the data is fed inside the data warehouse. But the main problem with this transaction is the integration factor which is usually very less in the operational environment. This extraction and unification of data is a very complex process and this needs to be done for sure for the success and stability of the data warehouse.

One of the common integration examples would be the data that is not encoded consistently in all the places, as shown below by the encoding of gender in one place it would be m/f in another it would be 1/0 so this ch[image: image11.emf]anging of values to a standard universally accepted value corresponds to data integration.

The Integration of the existing legacy systems is not the only difficulty in the transformation of data to the data warehouse. Another major problem would be the efficiency of accessing existing system data.

There are three types of loads which are made into the data warehouse from the operational environment:

· Archival data

· Data currently from the operational environment

· On-going changes to the data warehouse environment after the last refresh.

Loading archival data into the data warehouse is the first load which is done as it represents very minimal challenges. The second advantage of this being done is that it is just a one time event.

Loading the current non-archival data from the operational environment to the data warehouse is also not of a big challenge because even this is done once and the event is minimally disruptive.

Loading the on-going changes of data from the operational environment to the data warehouse is one of the biggest challenges of the data architect. This on-going changes happens daily and tracking and manipulating them is also not very easy.

There are some common techniques which are followed for the data extraction so that the amount of operational data is also limited. The first technique would be to scan the data that has been time-stamped in the operational environment.  The second technique to limit the data to be scanned is to scan the “delta” files. These delta files contain only the changes which were made in the application after the last run. The third technique is to scan a log file or an audit file created as a by product of the transaction processing.  The last and final technique for managing the amount of data scanned is done by modifying the code. This is not a very popular option as most of the source code is very old and fragile.
 3.2  The Data Warehouse and Data Models

Before attempting to apply the conventional database design techniques the designer must make an attempt to understand the applicability and the limitation of those techniques. The process model applies only to the operational environment as it is a requirement driven but the data model concept is applicable for both the operational and the data warehouse environment we cannot use the process model in data warehousing as many development tools and requirement are not applicable for the data warehouse.

 3.3  Corporate Data Model

The corporate data model focuses only on and represents only primitive data. To construct a separate existing data model the corporate data model is the first step. There are a fair number of changes which are made to the corporate data model when the data moves to the data warehouse environment. First the data which is only used in the operational environment is completely removed. Then we enhance the key structure of the data by adding the time factor into consideration. Then we take the derived data and add it into the corporate model we also see if the derived data is continuously changing or historically changing what ever is the scenario we do the changes in the data. Finally, data relationships in the operational environment are turned into artifacts in the data warehouse.

So during this analysis what we do is we group the data which seldom changes and then we group the data which regularly changes and then we do a stability analysis to create groups of data which are having similar characteristics. The stability analysis is done as shown in the figure.

[image: image12.emf]
 3.4  Data Warehouse Data Model

We have three levels of data modeling: high level data modeling(ER model), middle level modeling (DIS or data item set) and low-level modeling (physical modeling).

In the high level modeling the features entities and relationships are shown. The entities that are shown in the ERD level are at the highest level of abstraction. What entities belong and what entities don't belong is determined by what we termed as “scope of integration”. Separate high level data models have been created for different communities within the corporation and they collectively make the corporate ERD.

 3.5  Mid level Data Model

As a next level the mid level data model is created. For each major subject or area, separate entities are identified and each of these generates their own mid level model. The four basic things done in the mid level data model is as follows

· A primary grouping of data

· A secondary grouping of data

· A connector specifying the relation between arcs

· “Type of” data

The primary grouping is done only once for a major subject area. They basically have the primary keys of the major subject area.

The secondary groupings hold data that can exist multiple times in a major subject area. There may be multiple secondary groupings as there are distinct group of data which can occur multiple times in a major database.

The connector relates the data from one grouping to the other. They are like foreign keys in tables.

The “type of” data is indicated by a line leading to the right of a grouping of data. The grouping of data to the left is a super type and one to the right is the subtype. Below shows a DIS

[image: image13.emf]
 3.6  The Physical Data Model

They are basically constructed merely from the mid level data model by extending the mid level data model to include keys and physical characteristic of the model. In this the data looks like series of tables. The next main step done on this physical data model is the granularity and partitioning of data this is the most crucial step for the creation of the data warehouse

 4  Granularity in the Data Warehouse

Granularity is the most important to the data warehouse architect because it affects all the environments that depend in the data warehouse for data. The main issue of granularity is that of getting it at the right level. The level of granularity needs to be neither too high nor too low.

 4.1  Raw Estimates

The starting point to determine the appropriate level of granularity is to do a rough estimate of the number of rows that would be there in the data warehouse. If there are very few rows in the data warehouse then any level of granularity would be fine. After these projections are made the index data space projections are calculated. In this index data projection we identify the length of the key or element of data and determine whether the key would exist for each and every entry in the primary table.

Data in the data warehouse grows in a rate never seen before. The combination of historical data and detailed data produces a growth rate which is phenomenal. It is only after data warehouse the terms terabyte and petabyte came into existence. As data keeps growing some part of the data becomes inactively used and they are sometimes called as dormant data. So it is always better to have these kinds of dormant data in external storage media.

Data which is usually stored externally are much less expensive than the data which resides on the disk storage. Some times as these data are external it becomes difficult to retrieve the data and this causes lots of performance issues and these issues cause lots of effect on the granularity. It is usually the rough estimates which tell whether the overflow storage should be considered or not.

 4.2  Levels of Granularity

After simple analysis is done the next step would be to determine the level of granularity for the data which is residing on the disk storage. Determining the level of granularity requires some extent of common sense and intuition. Having a very low level of granularity also doesn't make any sense as we will have to need many resources to analyze and process the data. While if the level of granularity is very high then this means that analysis needs to done on the data which reside in the external storage. Hence this is a very tricky issue so the only way to handle this to put the data in front of the user and let he/she decide on what the type of data should be. The below figure shows the iterative loop which needs to be followed.

[image: image14.emf]The process which needs to be followed is.

· Build a small subset quickly based on the feedback

· Prototyping

· Looking what other people have done

· Working with experienced user

· Looking at what the organization has now

· Having sessions with the simulated output.

 5  Migration to the Architected Environment

The migration process of data to the architected data warehouse is a step-by-step activity that is accomplished one deliverable at a time.

 5.1  A Migration Plan

This basically addresses the issues transforming data out of the existing data environment to the data warehouse environment. As we already know that the starting point for the design of the data warehouse is the corporate data model which identifies the major subject areas. After the corporate data model the mid level model is created which creating this model the factors like number of occurrences, rate at which the data is used, patterns of usage etc are considered.

The feedback loop between the data architect and the end user us an important part of the migration process. It is easy to do repairs in the early stage of the development as the stages passes the number of repairs drops off.

 6  Conclusion

Data warehousing and business intelligence are fundamentally about providing business people with information and tools they need to make both operational and business decisions. They are very useful when especially when the decision maker needs historical or integrated data from multiple sources to do the data analysis. In this paper, we have examined what is a data warehouse is, how the data warehouse works and finally how it is developed and maintained. A small project is done based on the above concepts using the Microsoft SQL server 2008.
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