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PREFACE

During the analysis of the topic I considered the potentials of DW in E-Commerce as what a company who deals with E-Commerce might achieve deploying web-based DW. But, afterwards, when I became more familiar with all the “depth” of chosen topic, I recognized that it might be also considered as DW possible developments, new functions and tools (e.g. SAP, OMNIDEX etc) which Internet brings to DW. I decided to examine only “theoretical” perspectives of usage of DW in E-Commerce. The technical part of DW future is left beyond my work, because:

1. I have never used such applications

2. Making prognosis regarding new features and tools of DW is rather complicated area to analyze

3. Such a work would be a real research (ca 50 pages)

While working on the topic, I got in touch with some gurus of DW (i.e. Jaak Kirsipuu - DW Manager of Hansapank; Olav Rein - IT Manager of www.delfi.ee), who advised me on contents of my work and also got familiar with the final version.
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Introduction

Data 
warehousing (DW) has become very popular among organizations seeking to utilize information technology to gain a competitive advantage. Moreover, many vendors, having noticed this trend, have begun to manufacture various kinds of hardware, software, and tools to help data warehouses function more effectively. Companies have made millions of dollars by slicing and dicing detailed data, scanning historical information for trends, and tailoring marketing programs based on newfound customer knowledge. As we all know, understanding customer behavior can make the difference between a moderately successful company and one that claims industry leadership. Despite the well-worn battle call of data warehouse vendors, what everyone is saying is true: a data warehouse can mean nothing less than competitive advantage.

The Information Age is officially here. Companies are constantly endeavoring to keep up and get ahead, and they realize that information is the key to a competitive advantage. Data warehousing has become the established paradigm for knowledge workers to sift through mountains of historical data in order to extract nuggets of business information, and it's paying off with a significant return on investment (ROI). 

According to a recent study by International Data Corporation [www.idc.com], data warehousing generated an average three-year ROI of 401% among the 62 organizations examined. So, if everyone has a similar strategy, what separates the leaders from the rest of the competition? The answer is simple - instant access to the data through the Internet, using E-Commerce techniques.
We are all familiar with the growth rate of the public Web. Regardless of the metric used to measure its growth ­ attached networks, servers, users or pages ­ the growth rate continues to exhibit an exponential pattern. In the same vein, the adoption rate of Intranet and Extranet data warehouses (i.e. Web warehouses) has exhibited a similar pattern, although the pattern has lagged public adoption. 

To date, the usage of Web warehouses has been business as usual with increased efficiency as the primary focus. Not only has the public Web proven to be an efficient medium for business communications, but ­ more importantly ­ it has also engendered an amazing array of new business forms that are changing the overall structure of the global economy.

As the current business environment continues to shift and change, we can anticipate specific trends and demands for DW in E-Commerce. For instance, global companies across various industries will improve their competitiveness by relying on data warehouses and data marts as the enabling foundation for their Internet-enabled initiatives. These initiatives include sales management, financial management, human resources management etc, which will be examined in my work. The core theme to discuss is possible achievements (potentials of usage of web-based DW: more cost-effective decision making, enhanced customer service etc) for those companies who (is going to) deploy web-based DW. The attention is also drawn to DW trends in E-Commerce: data integration and business planning. But, it does not mean that there are no more trends. I want just highlight the most important ones for company’s performance and enterprise intelligence.

1. DW BACKGROUND

Data warehousing is one of the fastest growing client/server applications. It is informational and analysis and decision support oriented, not operational or transaction processing oriented. Whitten et al. (1994) define data warehouses as stored data that is extracted from production databases and conventional files. William Inmon, who coined the term "data warehouse" in 1990, defined a data warehouse as a managed database in which the data is [Inmon; Building the Data Warehouse 1996]:

· Subject oriented: There is a shift from application-oriented data (i.e. data designed to support application processing) to decision-support data (i.e. data designed to aid in decision making). If designed well, subject-oriented data provides a stable image of business processes, independent of legacy systems. In other words, it captures the basic nature of the business environment.

· Integrated: The database consolidates application data from different legacy systems (usually means old-style mainframe databases) which use different encoding, measurement units, and so on, and eliminates inconsistencies in the data. 

· Time-variant: Informational data has a time dimension: each data point is associated with a point in time, and data points can be compared along that time axis unlike operational data which is valid only at the moment of access capturing a moment in time.

· Nonvolatile: New data is always appended rather than replaced. The database continually absorbs new data, integrating it with the previous data. 

A data warehouse may have any of several structures [J.Griffin; www.datawarehouse.com; 2000]:

· Physical Data Warehouse - physical database in which all the data for the data warehouse are stored, along with metadata and processing logic for scrubbing, organizing, packaging and processing the detail data. 

· Logical Data Warehouse - also contains metadata including enterprise rules and processing logic for scrubbing, organizing, packaging and processing the data, but does not contain actual data. Instead it contains the information necessary to access the data wherever they reside. 

· Data Mart - subset of an enterprise-wide data warehouse. Typically it supports an enterprise element (department, region, function, etc.). As part of an iterative data warehouse development process, an enterprise builds a series of physical data marts over time and links them via an enterprise-wide logical data warehouse or feeds them from a single physical warehouse. 
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Figure 1. DW Architecture [M. Cooper; The DW Architecture; 1999]
The data warehouse serves the following primary functions [J. G. Geiger; The DW Model; 2000]:

1. It is a reflection of the business rules of the enterprise – not just of a specific function or business unit – as they apply to strategic decision support information. This characteristic requires resiliency to easily accommodate changes to the business rules that include new data elements, shifts in hierarchical relationships or changes to relationships between existing entities. 

2. It is the collection point for the integrated, subject-oriented strategic information that is handled by the data acquisition process. This characteristic calls for a modeling technique that supports subject-orientation and provides the flexibility to integrate data from additional sources over time. 

3. It is the historical store of strategic information, with the history relating to either the data or its relationships. This characteristic calls for a modeling technique that easily supports incorporation of history. 

4. It is the source of information that is subsequently delivered to the data marts. The data marts in question may be used for exploration, data mining, managed queries or online analytical processing. This requires the model to provide unbiased data that can subsequently be filtered to meet specific objectives. It further requires the model to support summarized and aggregated data. 

5. It is the source of stable data regardless of how the processes may change. This requires a data model that is not influenced by the operational processes creating the data. 
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The data warehouse, as shown in Figure 2, is the target of data acquisition and the source for data delivery.

Figure 2. Data Warehouse Position [Ibid.]
The data warehouse serves a secondary function to directly support queries. While there should be nothing in the data warehouse design that should inhibit these queries, this is not the primary function, and is only a secondary consideration in the design. Stated another way, queries that go directly against the data warehouse do not need to be "user friendly" and do not need to provide rapid response time. Some optimization of the model, such as partitioning, incorporation of additional indexes and further denormalization, is often appropriate, since it improves query performance without detracting from the data warehouse’s ability to serve its main role. 

So, Data Warehouse is a collection of computer-based information that is critical to the successful execution of enterprise initiatives. A data warehouse is a computer system designed to give business decision-makers instant access to information. The warehouse copies its data from existing systems like order entry, general ledger, human resources and stores it for use by executives rather than programmers. Data warehouse users use special software that allows them to create and access information when they need it, as opposed to a reporting schedule defined by the information systems (IS) department.

A 
data warehouse, which should more accurately be called an "information warehouse," is a subject-oriented database designed with enterprise-wide access in mind. It provides tools to satisfy the information needs of enterprise managers at all organizational levels - not just for complex data queries, but as a general facility for getting quick, accurate, and often insightful information. A data warehouse is designed so that users can recognize the information they want and access that information using simple tools. Nowadays it is so important especially for companies who are dealing with trading and marketing through Internet.

A data warehouse is a blending of technologies, including relational and multi-dimensional databases, client/server architecture, graphical user interfaces and more. Data in a data warehouse differ from operational systems data in that it can only be read, not modified. Operational systems create, update and delete production data that "feed" the data warehouse. The principal reason for developing a data warehouse is to integrate operational data from various sources into a single and consistent warehouse that supports analysis and decision making within the enterprise.

For those enterprises that believe information is a valuable resource, a data warehouse is analogous to a physical warehouse. Operational systems create data "parts" that are loaded into the warehouse. Some of those parts are summarized into information "components" and stored in the warehouse. Data warehouse users make requests and are delivered "products" that are created from the components and parts stored in the warehouse.
Data warehousing is not a piece of software; it is the process of reengineering the data flow and information providing strategy [J. Wu; www.datawarehouse.com; 2000]. The value of data warehousing is not how much data can be jammed into a repository, but the quality of the information and analysis that can be attained from it. Data warehousing includes all of the functions that support the creation and maintenance of easy access for all users to enterprise wide consistent data. This includes data replication, data scrubbing, data refinement and metadata creation and maintenance.

2. DW IN E-COMMERCE

What is E-Commerce? E-Commerce (electronic commerce or EC) is the buying and selling of goods and services on the Internet, especially the World Wide Web. In practice, this term and a new term, "E-Business," are often used interchangably. For online retail selling, the term E-Tailing is sometimes used [www.whatis.com].

Electronic Commerce seems to be everywhere these days. It's nearly impossible to open a newspaper or magazine without coming across an article about how Electronic Commerce is going to change all our lives. Businesses of all sizes are bombarded with adverts that seem to imply that any company not investing in E-Commerce will be left behind. Reduced administrative costs, fast response time and a flexible, personalized buying experience draw buyers and sellers to Web-based E-Commerce. Many early E-Commerce success stories, such as Amazon.com, involved business-to-consumer (B2C) interactions; but an increasing number of Global 2000 companies are putting their business-to-business (B2B) transactions on the Web. A second generation E-Commerce application will exchange data with systems throughout the organization [www.idc.com]:

1. Web-page content, format and links may be personalized based on customer data drawn from existing systems (previous purchases, frequent buyer programs, negotiated discounts, etc).

2. Detailed product selection pages should include data from inventory and/or ERP systems (product options and prices, stock on hand, substitute products, etc.). 

3. When a visitor makes a purchase, the E-Commerce application may exchange information with credit card, credit approval, order entry, invoicing, sales analysis and other systems. 
At each point where an E-Commerce application integrates with another system, there are at least two views of the data. When the two views have inconsistent fields, formats or definitions, the differences must be resolved before the systems can be integrated. 

Most organizations rely on manual analysis to resolve data quality problems and differences between systems. This difficult and time-consuming task generally results in lengthy delays in deployment of the E-Commerce system, reduction and simplification of the integration points which means that desirable features such as personalization are either eliminated or reduced in effectiveness, and integration errors and major data quality problems which anger customers and lose business. 

In recent years, companies of all sizes have developed data warehouses as a comprehensive and integrated source of business intelligence. A large data warehouse may bring together data from diverse in-house systems, business partners and other sources. The data warehouse is intended to be an easily accessible, centralized source of integrated data. Data warehouses have been built to support all sorts of business activities and analysis, including customer support, market analysis, cross-selling and virtually every aspect of business. 

Both the Web and data warehousing are hot technologies receiving considerable attention within the IT industry. In several areas, the combination has proven highly successful. Publishing warehouse data via the Intranet is a highly productive approach that combines Web delivery mechanisms with Web-enabled databases. Generating dynamic pages from Web-enabled databases and adding Java applets to manipulate data locally to the browser has made available whole new areas of data analysis and data mining for warehouse users.

But how Internet (will) change(s) Data Warehousing? It is a matter of great importance to understand the general potentials of DW in E-Commerce. There are several themes involving data warehousing on the web that warehousers should be keeping an eye on [R. Kimball et al; 2000]: 

1. A few years ago, it looked as if the Web might divert attention from data warehousing, but the two magically came together. The Web became a two-fold advocate of data warehousing. The Web created a delivery vehicle that enabled many data warehouses to connect with a much larger community of users. A larger community of users means a higher utilization of the data warehouse that translates into increased support for the data warehouse. The web expands the data warehouse user base exponentially. Instead of being dependent on the rollout of a client-server network, a web warehouse gives users access from across a range of geographic locations.

2. As companies continue to develop and deploy E-Commerce solutions, they find that understanding their new electronic customers is critical. The immediate and/or real-time nature of the Web only has increased the demand to analyze customer and product trends to determine a company’s next phase or move in an electronic environment.
3. The web saves money on data warehousing projects. This cost-savings leads to more willingness to sign off on additional data warehousing projects and software upgrades. The cost-effectiveness of the web can be traced to: cheaper installation (software does not have to be installed on each client); more affordable training (web products are easier to train users on since they share a standard GUI interface); and significantly cheaper administrative costs. 
4. Transactional systems such as ERP and CRM are merging with analytical and DW apps. More and more companies are moving towards "enterprise portals", where all corporate users can access the strategic and transactional information they need each day via the web. These users don't care whether their information came from an analytic application or an ERP transactional system, they just turn on their browser each day, log into their corporate web portal, and call up the information they need. To make this happen, of course, a company needs a web warehouse that can gather and distribute this information from a diverse group of applications and data marts. 
3. DW ACHIEVEMENTS IN E-COMMERCE

In order to understand DW potentials in E-Commerce, we should answer the question: What could we do with a warehouse that we can't do today? Companies turn to warehouses to answer a limitless variety of questions and in almost all fields. Web-based DW applications include [A. Perkins; Success Factors for DW; 1999]: 

1. Sales Analysis

· Determine "moment in time" product sales to make vital pricing and distribution decisions 

· Analyze past product sales to determine success or failure attributes 

· Evaluate successful products and determine key success factors 

· Use corporate data to understand the margin as well as the revenue implications of a decision 

· Rapidly identify a preferred customer profile based on revenue and margin

· Quickly isolate past preferred customers who no longer buy 

· Identify daily where product is in the manufacturing and distribution pipeline

· Instantly determine which salespeople are performing, on both a revenue and margin basis, and which are behind 

2. Financial Analysis

· Compare actual expenses to budgets on an annual, monthly and month-to-date basis 

· Review past cash flow trends and forecast future needs 

· Identify and analyze key expense generators

· Instantly generate a current set of key financial ratios and indicators

· Receive near-real-time, interactive financial statements 

3. Human Resource Analysis
· Evaluate trends in benefit program use 

· Identify the wage and benefits costs to determine company-wide variation 

· Review compliance levels for EEOC and other regulated activities

4. Other Areas
Web-based warehouses have also been applied to areas such as: logistics, inventory, purchasing, detailed transaction analysis and load balancing. 

So, considering the above-mentioned aspects, we should emphasize the following potentials of DW in E-Commerce (i.e. what a company may achieve deploying Web-based DW) [A. Perkins; Developing a DW; 2000]:

· More cost-effective decision making. A data warehouse allows elimination of staff and computer resources required to support queries and reports against operational and production databases. This typically offers significant savings. Having a web-based data warehouse also eliminates the resource drain on production systems when executing long-running, complex queries and reports. 

· Better enterprise intelligence. Increased quality and flexibility of enterprise analysis arises from the multi-tiered data structures of a web-based data warehouse that support data ranging from detailed transactional level to high-level summary. Guaranteed data accuracy and reliability result from ensuring that a data warehouse contains only "trusted" data. 

· Enhanced customer service. An enterprise can maintain better customer relationships by correlating all customer data via a single web-base data warehouse. 

· Business Process Re-Engineering. Allowing unlimited analysis of enterprise information often provides insights into enterprise processes which may yield breakthrough ideas for re-engineering those processes. Just defining the requirements for a data warehouse results in better enterprise goals and measures. We all know very well how it is important under conditions of E-Market.

· Information System Re-Engineering. A data warehouse that is based upon enterprise-wide data requirements, provides a cost-effective means of establishing both data standardization and operational system interoperability. 

· Immediate information delivery. Data warehouses shrink the length of time it takes between when business events occurrence and executive alert. Given this data delivery time compression, business decision-makers can exploit opportunities that they would otherwise miss.

· Data integration from across, and even outside, the organization. To provide a complete picture, warehouses typically combine data from multiple sources such as a company's order entry and warranty systems. Thus, with a web-based warehouse, it may be possible to track all interactions a company has with each customer - from that customer's first inquiry, through the terms of their purchase all the way through any warranty or service interactions. 

· Future vision from historical trends. Effective business analysis frequently includes trend and seasonality analysis. To support this, warehouses typically contain multiple years of data.

· Tools for looking at data in new ways. Instead of paper reports, web-based warehouses give users tools for looking at data differently. They also allow those users to manipulate their data. There are times when a color coded map speaks volumes over a simple paper report. An interactive table that allows the user to drill down into detail data with the click of a mouse can answer questions that might take months to answer in a traditional system. 

· Freedom from IS department resource limitations. One of the problems with computer systems is that they usually require computer experts to use them. When a report is needed, the requesting manager calls the IS department. IS then assigns a programmer to write a program to produce the report. The report can be created in a few days or, in extreme cases, in over a year. With a web-based warehouse, users create most of their reports themselves. Thus, if a manager needs a report for a meeting in half an hour (wherever he is at the moment !!!), they, or their assistant, can create that report in a matter of minutes and a manager just has to log in and print a ready report up.

4. DW TRENDS IN E-COMMERCE

4.1. DATA INTEGRATION

Companies around the world have heralded the rise of the Internet as an opportunity to reach more customers and gather detailed data about their needs and preferences. Along with these advantages, the Internet has delivered an interesting challenge for enterprises: customers who are more informed, empowered, and demanding than ever before. Customers currently enjoy an unprecedented array of channels both for communicating with enterprises and purchasing goods and services. Expectations regarding channel availability and convenience are high. Customers want the ability to reach sellers at all hours of the day and through the channels of their choice. Companies that aren’t prepared to deliver goods and information through multiple touchpoints will operate at a disadvantage in terms of customer service and satisfaction. In fact, GartnerGroup predicts that an enterprise without a multichannel sales strategy will face extinction by 2003 [D. Hoss; DW Trend Report; 2000]. 

Multichannel selling is very important for enterprises, but it will not succeed without technology to enable data integration across channels. Sellers need to get a unified view of their customers’ activities and communicate consistently with them across all touchpoints. Without a comprehensive set of customer data, an enterprise will have difficulty developing effective marketing strategies and will risk committing costly customer service errors.

Data integration enables channel synergy
In order to understand the important role data integration plays in customer service and satisfaction, an enterprise must consider the information needs of three different audiences [Ibid.]

· Internal marketing staff — Staff members who are responsible for setting marketing and sales strategy need accurate and comprehensive customer information in order to make the best decisions possible. Without a complete picture of customer activity across the organization, these strategists will have difficulty effectively allocating marketing’s scarce resources. Tracking customer behavior throughout the enterprise is also crucial if technology-aided marketing initiatives like campaign management and web personalization are to be successful. For example, in order to provide a customer with the best web shopping experience possible, the seller needs to integrate real-time web data with information about all of the customer’s other dealings with the enterprise, including purchases through mail-order catalogs and inquiries placed through the call center. 

· Internal customer-facing staff — Customer service representatives and salespeople need complete and accurate information in order to make their communications with customers as effective as possible. For example, if a customer places an order through the enterprise web site, call center representatives will require access to that information almost instantaneously in order to capably handle follow-up inquiries from the customer. 

· External customers — Finally, customers themselves want their data to be accurate across all channels and want to be assured of efficient service at all touchpoints. Few things are more frustrating to a customer than getting inconsistent account information from different sources or having access to only limited service and support through certain channels. Many click-and-mortar retailers are now making it possible for customers to return online purchases to their brick-and-mortar stores, providing the kind of convenient service that customers are coming to expect. 

Best practices for data integration

Although a discussion of data integration technology is beyond the scope of my topic, analyst organizations and industry experts agree on a set of general best practices for customer data integration [Ibid]:

1. Understand the different data opportunities and challenges presented by each channel. Different types of customer information are available through different channels — what META Group calls differing data footprints. For example, it’s impossible to collect data on the browsing patterns of customers in brick-and- mortar stores, but it is possible when customers shop on the web. And although the web yields detailed and valuable customer information, like browsing patterns, it is also the most technically complex channel from which to gather data. Enterprises can make the most of their data integration efforts by mapping out beforehand the types of data that can be gathered from each channel, and then balancing the need for each type of data with the technical challenges inherent in its acquisition and integration. 

2. Choose CRM products and vendors very carefully. Enterprises must be careful not to let CRM projects create even more silos of customer data. No vendor today offers a complete CRM solution, so enterprises are forced to take a "best-of-breed" approach when selecting software. According to GartnerGroup, it is not unusual for an organization to have between seven and nine vendor products as part of a broad CRM initiative. Although this product proliferation is currently unavoidable, GartnerGroup says that enterprises can minimize the risk of data disintegration by avoiding vendors that create proprietary data marts as part of their solutions and taking extra time to ensure all products work with each other. 

3. Choose the right service provider to help implement CRM system. Enterprises should work with consultants and systems integrators who understand the importance of integrated data. According to GartnerGroup, pure-play E-Commerce service providers probably do not have the expertise to deliver an enterprise-wide CRM solution, and might actually create additional silos of customer data by isolating an organization’s E-Commerce operations from other channels. 
4. Eliminate organizational boundaries for customer data. Data integration is more than a technology problem. Enterprises must overcome organizational boundaries to involve all business units in data integration efforts. Customer data resides in all areas of an organization, not just in the marketing or IT departments. Ideally, a data integration initiative should have high-level executive support. 
5. Make data integration an ongoing project. Data integration is a complex process and requires ongoing attention and investment. As an enterprise’s systems and business strategies change, its data integration efforts must keep pace with new channels and new sources of customer data.
4.2. BUSINESS PLANNING

The data warehouse is the single, integrated source of data for decision making. The next prospective for data warehouses is the support of the collaborative planning functions essential for decision implementation [R. Tanler; www.DMReview.com; 2000]. The most actionable data, uniting marketing, finance and operations, is the demand forecast. A significant change in the forecast affects virtually every business management discipline. The forecast is the language of interdepartmental collaboration.

The Internet makes it easier for suppliers and vendors to collaborate to achieve a new level of supply chain efficiency. An essential goal in this business-to-business collaboration is reaching consensus on the forecast. Again, the demand forecast represents the common language for collaboration among members of the trading community. 
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Figure 3. DW becomes a center of a “copmany’s universe” [Ibid.]
The next big thing is for the data warehouse to be come a read/write tool at the center of a “copmany’s universe”. All entries work from this single source, creating a collaborative demand forecast.

Arguably, the best source of data to support the demand forecasting process is the data warehouse. The data has been subjected to considerable cleansing in order to accurately reflect consistent historical trends. The data is also extracted from a number of sources, providing a rich analytic base for cause-and-effect analysis. The one thing that statisticians will agree on is that the weakness of a sophisticated statistical forecasting model is the lack of reliable data. Much as the data warehouse provides a single source of management information about the past, it should also provide information about the future [Ibid.]. 

The data warehouse was created because there was a need to separate user-accessible data for business intelligence from the transactional data required by operational systems. Bill Inmon's original definition of a data warehouse was "... a subject-oriented, integrated, time-variant, nonvolatile collection of data in support of management’s decision- making process" (see 1 chapter). This definition does not specify that the data warehouse is intended to be read only. 

Maintaining a forecast in the data warehouse requires periodic update of the tables or, more appropriately, creating new tables reflecting a new forecast version. This translates into providing users with limited read/write access to portions of the data warehouse. In order to enforce the nonvolatile requirement, a method of committing each forecast version is required. As each new forecast version is developed, users are granted limited read/write access. Once the forecast is committed, it becomes a nonvolatile version that can be used for reporting and analysis.

Conclusion

In the Information Age, data warehousing is a key strategic weapon. As we have discussed, not only does it let a company compete across time, it is a rising tide strategy that can elevate the strategic acumen of all employees. In recent years, data warehousing has emerged as the primary method of analyzing sales and marketing data for a competitive advantage. 

E-Companies enter E-market to win profits, not to engage in expensive and endless pitched battles with competitors. Data warehousing is of strategic value because it enables a company to achieve the former while deftly avoiding the latter. This is the strategic spirit in which a company should understand, implement, and manage data warehousing. 

The strategic intent of data warehousing strategy is to enable the business to win in the marketplace every day, with every customer, and with every purchase. By repositioning operational data and combining it with selected foreign data, a company will empower own employees so that they can routinely delight and excite customers. Through unique appreciation of the value of data assets, a company will elevate data warehouses to the point where they become a compelling and durable contributor to the sustainable competitive advantage of the business. In this way, data warehousing will enable the business to impress its attitude on the marketplace and prevail over competitors.
Over the next few years, the growth of data warehousing is going to be enormous with new products and technologies coming out frequently. Internet is changing DW, bringing to it new features and potentials. Utilizing the Web opens up new avenues of flexibility and access for the warehouse. In order to get the most out of this, it is going to be important that data warehouse planners and developers have a clear idea of what they are looking for and then choose strategies and methods that will provide them with performance today and flexibility for tomorrow. It is the most important factor on which depend potentials and future trends of DW in E-Commerce.
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