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	Building Business Intelligence: Data Warehouse Design in the Real World, Part 1

by William McKnight 

William wishes to thank Mike Cross (mcross@racenter.com), data warehouse director at Rent-A-Center, for his contributions to this month's column.
Over the next few columns, Mike Cross and I are going to address a myriad of best practice data warehouse architecture subjects that we believe have been left out of the literature or at least not dealt with on a detailed, implementation level.

What Really Belongs in a Data Warehouse

There is a notion that all of an organization's data, both current and historical, needs to be in the enterprise data warehouse, regardless of its current or future necessity. In today's world of exploding data, limited resources and viable architectural alternatives, this is not very practical.

Within most enterprises, there are three general areas where data is stored and maintained. Each of these serves different specific purposes and should be populated and maintained uniquely. The operational systems supporting the day-to-day operations are often transactional and are concerned with the here and now. Data warehouses provide historical depth and breadth, are designed to provide an enterprise view of data and are the foundation for data mining and sophisticated business intelligence (BI). Data marts are primarily for specific, parochial requirements, alleviating cycles from the data warehouse and utilizing application-specific transformations. None of the three should contain the exact same data or try to act as substitutes for each other.

All operational systems have data that is of little or no use in a data warehouse, and every attempt should be made to resist loading this data. Have the courage to say no! The Rent-A-Center (RAC) point-of-sale system, has 10 different fields for free-form text comments about a customer, from where to deliver their big-screen TV to the best time to call. All of the fields are valuable to the store personnel and have operational significance (when used in their prescribed manner), but offer little, if any, useful information for the purpose of BI or data mining. And because RAC treats the customer information as a slowly changing dimension, every change in customer information creates a new record in the warehouse.

From an historical perspective, do we care what an individual customer's delivery note was on a specific day? We couldn't think of a business reason to include it, so that data doesn't make it to the data warehouse. If, however, the answer to a question is yes, we press hard for the true business requirement and do not just pick it up because it is customer data. This practice, compounded, could result in a data warehouse so bloated that load, query and backup cycles are noticeably elongated. The defense that the users wanted all possible data begins to pale at that point. Even if this is a real-time, operational data warehouse, it is no substitute for the operational system, which should also be considered for modification as appropriate.

However, you may load it in the staging area if you have one. If you want to bring it into the data warehouse at some future point, your ETL is already primed for it. Some architects go a step beyond and keep history in the staging area as well - after all, if you want a field, you want its history, too. In this case, you are also rolling the dice that the field is exactly as you will want it in the data warehouse (when you want it in the future) because you wouldn't bother to do transformations on data that you will not be bringing into the warehouse now. That is too much of a stretch, so limit your source system "triage" to ETL and age-off your staging area every few days or weeks.

In general, data marts are aggregates, contain application-specific transformations and redesigned representations of the data warehouse data and are optimized for reporting and quick analysis. Data marts can also serve as repositories for transitory data that needs to be reported but not maintained historically. A primary example of such is the RAC data mart for exception reporting. As with any retail business, operational exceptions happen in stores almost every day, e.g., price overrides and missing merchandise. Operations should have an interactive system that identifies these exceptions and allows for the entry of comments and explanations that are reviewed at different levels with the organization. The exception items are derived from information within the warehouse, which feeds a data mart for the entry and review of comments. These comments, however, are never fed back into the warehouse, as they have no real historical significance.

Source systems may be excluded from the data warehouse because of the evolving capabilities of enterprise information integration (EII) approaches and EII's ability to combine data from the data warehouse and an operational system in a single, albeit limited, query. If this technology is enabled at your organization, given EII's advancement in handling multiple databases in multiple formats, referential integrity, XML and basic transformations, it may serve as the method for appropriate, selective exclusion from the data warehouse. EII still has a long way to go (query tuning, two-phase commit, business metadata, memory constrained, etc.). Data warehouses are still absolutely vital, but EII shows promise and is another factor chipping away at the need to overload the data warehouse.
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	Building Business Intelligence: DW Design in the Real World, Part 2: Abstract Design

by William McKnight 

William wishes to thank Mike Cross (mcross@racenter.com), data warehouse director at Rent-A-Center, for his contributions to this month's column.

The one overriding constant about data warehousing is that the data warehouse will change. Data designs that you spend months perfecting will become obsolete overnight, and unforeseen business requirements will require a different view of the data. If you want to be a successful data warehouse architect, you can either become very astute at accommodating change or you can design for the unknown.

One way to architect your data warehouse for the unknown is abstract design. Abstract design allows for and welcomes change without impacting the overall structure or design of your data warehouse. The primary benefit of abstract design is flexibility. This design technique can represent the data more naturally, is easily understood by end users, allows for unforeseen changes, requires less knowledge of the data and data relationships by the end user, and prevents the carrying forward of legacy data elements. Additionally, database indexing techniques can be fully exploited to make querying abstract designs much faster than straight normalized or dimensional designs.

As the name implies, abstract design removes most of the rigidity of traditional data design and replaces it with one or more levels of abstraction. Abstract design is characterized by heavy use of supertypes and subtypes, surrogate keys representing natural keys, very simple elements - such as amount, count and date - and lookup tables that define element types and relationships between element types.

As an example, consider a simplified daily income table for a convenience store. Traditionally, it may look something like Figure 1.
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Figure 1: Simplified Daily Income Table
One of the problems with this design is that if additional income categories appear, as they inevitably will, you will need to add them to the table structure. After several iterations of adding, renaming and subtracting, the table transforms itself into a very inefficient structure. Other problems with this design are that developers need to understand the history of all changes to use it effectively, and you will need to include all income columns for every store, even if it does not apply to that store. An abstract design for this same structure would look like Figure 2.
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Figure 2: Abstract Design Daily Income Table
This structure, combined with the lookup table, which is shown in Figure 3, allows for new income categories without changing the existing structure and provides the added benefit of defining categories and showing relationships between categories.
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Figure 3: Lookup Table
An Example of Abstract Design

Consider the following. You have the new capability to break fuel sales into diesel and unleaded. Traditionally, you would need to add two additional columns to the income table and begin populating these. Developers would need to know when this change was made and query the table accordingly. (Because this change would probably not happen in all stores at the same time, more complicated logic will probably be necessary.) In the abstract design, you would simply add two income types whose parents are fuel sales. If developers were querying the data at the lowest possible level, they would not even have to be cognizant of this change and would automatically receive the lowest level of detail data available, regardless of the implementation schedule.

The use of surrogate keys means you are not tied to current names and allows for the renaming of types without changing the structure, breaking existing queries or needing to notify developers or end users. The use of recursive parent-child relationships allows for the simple aggregation of types without having to know the children or the number of generations below the parent. Again, developers simply need to write code once that anticipates these situations.

The heavy use of supertypes and subtypes aids in abstract data design. By combining multiple related entity types under a single supertype, you can exploit the abstract design to show relationships between items that are not within the same subtype without having to worry about tracking which subtype they belong to or having to perform "tricks" if an entity belongs to multiple subtypes. The fundamental principle that subtypes must be exclusive and exhaustive is great in theory, but in practice becomes very limiting, if not impossible to implement. In addition, there is no implied relationship or hierarchy between subtypes. This is defined elsewhere if necessary.

In an insurance example, there are agents, adjusters, agencies and companies. An abstract design would create a supertype of organization, containing the core information about each organization (such as name, address and tax ID) and the subtypes of agent, adjuster, agency and company, which have specific information pertinent to each subtype. With this design, a person would be defined once as an organization, possibly once as an agent and once as an adjuster; all three would have the same surrogate key. A relationship table could then be created that relates agents to agencies and agencies to companies. However, because there is not an implied relationship or order within the subtypes, an agent could be the child of a company and an agency could be the child of another agency. The only relationship not allowed is a child being its own parent.

Before tackling abstract design, a thorough understanding of the underlying data and its relationship with other data is necessary. Relational and dimensional tables, though inefficient at times, do not require as much understanding of the data. The elements are grouped according to a certain granularity level (i.e., the primary key), and all relationships between the elements below the key are left to the end user to understand and implement accordingly. Abstract design, however, requires the complete understanding of data for its full potential to be realized.

Abstract design is not the answer to all data modeling challenges and should not be taken to an extreme, but it is a very powerful technique that allows the data warehouse to accommodate unforeseen changes without having to be redesigned, because we all know that change happens.
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	Building Business Intelligence: DW Design in the Real World, Part 3: Event-State Management

by William McKnight 

William would like to thank Mike Cross (mcross@racenter.com), data warehouse director at Rent-A-Center, for his contributions to this month's column.
Events and states are similar and related but need to be modeled and treated distinctly within your data warehouse. An event is simply a point-in-time occurrence and has only one time associated with it. This does not imply that an event can happen only once, rather, an event is a single occurrence. A state, on the other hand, represents something over a period of time and has a specific start and end time. States may have a null end time, but only one per subject. Examples of inventory events are delivery, return, to-service and from-service. Inventory states are on-rent, idle, on-loan and in-service. Events often trigger changes in states, e.g., a delivery begins the on-rent state, and if enough events are defined, maintaining the state of an inventory item is not necessary. Maintaining the state of events makes querying and reporting much easier and does not require the understanding of complicated business rules that associate events with states by the user. The business rules behind state changes can be implemented within the extract, transform and load (ETL) and with triggers, removing this burden from the report developers and user community.

When architecting your data warehouse, it is best to define and accommodate events and states as separate entities and not mix or imply one with the other. In addition, when gathering business intelligence requirements, it is vital that the user community differentiates states and events.

Every business organization has complicated business rules that drive reporting. These same criteria are often used in multiple places across the organization and are included in a myriad of reports. Consider the following simple business example. When reporting year-over-year "same stores," only include stores that: have been open for more than 18 months; have not been remodeled, enlarged or relocated and were not part of any test marketing. And, do not include data from any day that was a holiday or the store was open less than six hours. If this same criteria, which is often subject to change, is used by 50 different reports, ranging from revenue reporting to employee turnover, the maintenance burden becomes onerous and the potential for inconsistent results very likely.

Data-Driven Criteria

Consider using data-driven criteria, which can be used to implement complex business rules that are repeated throughout your enterprise. Instead of replicating and maintaining business rules everywhere they are needed, it is easier to create a simple reference filter table used by all reporting that is maintained by a single ETL process. The filter table should consist of five fields (store identifier, filter identifier, start date, end date and an include/exclude flag) and will contain data filters as well as report filters. A data filter says whether or not to include data from this period for this store, and a report filter says whether or not to include this store on reports for this period. Rent-A-Center (RAC) uses a stored procedure at the end of every data warehouse refresh to refresh the filters. This stored procedure contains all of the business rules in a single, easily maintained place, and the logic is only coded once. When a report developer needs to develop a report for "same stores," I simply instruct him to use filter X for data and filter Y for the report. He does not need to know the business rules behind them unless he wants to. As the business rules change, the filter logic is updated and the reports automatically get updated without any code changes. Using a filter table is a very simple solution to a complicated business problem.

In addition to using a filter table at RAC, we often encounter business requirements that must filter data based upon dimension values. For these requirements, we add flag columns to the dimension tables to indicate inclusion/exclusion for certain categories. Consider, for example, which revenue categories should be included in the nebulous summation "total revenue." RAC's revenue type dimension table simply has an attribute entitled "total revenue" that contains a yes/no flag. Report developers simply need to reference this attribute to determine which revenue values should be reported in total revenue and do not need to maintain a lengthy list of surrogate keys or business rules everywhere the value is needed. Again, an ETL process maintains the attribute, contains all the business rules and reports problems when new revenue categories appear that it does not know how to address.

Event-state management and data-driven criteria are common business problems that can easily be addressed within your data warehouse instead of in reporting logic to provide consistent, reliable results to the business community.
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	Building Business Intelligence: DW Design in the Real World, Part 4: Hierarchical Relationships

by William McKnight 

William wishes to thank Mike Cross (mcross@racenter.com), data warehouse director at Rent-A-Center, for his contribution to this month's column.
Data Warehouse Design in the Real World, Part 1
Data Warehouse Design in the Real World, Part 2: Abstract Design
Data Warehouse Design in the Real World, Part 3: Event-State Management
This is the fourth in a series of articles on data warehousing concepts and best practices. In this article, we will address a new area that is fundamental to good data warehouse design - hierarchical relationships.

Parent-child or hierarchical relationships are a quintessential element of every organization and every data warehouse. They define the relationship between two entities (whether it be a subpart to a part, a worker to her manager or a store to a market) and underlie almost all BI reporting. For example, Rent-A-Center has more than 3,500 stores that report through markets and regions to 12 divisions. For home office use, our BI group aggregates and reports the data at the division level. Because data warehouses usually store data at a much lower aggregation level than how it is reported, designing, representing and traversing hierarchies is fundamental to the success of the warehouse.

There are multiple ways to architect hierarchical relationships within data warehouses and data marts, all of which have advantages and disadvantages. Before looking at the modeling techniques, there are some basic assumptions about the data and hierarchical relationships. We will use the term "parent and child" to imply a hierarchical relationship, but realize that most entities will be both children and parents, depending upon the level you are at within the hierarchy. The first and foremost assumption is that at any given point in time, a child may have only one parent; second, with the exception of the top parent, a.k.a. head, all children have a parent; and third, data is maintained at the leaf level, that is, a child that is not a parent.

There are two basic modeling techniques: a flattened (horizontal) hierarchy and a relative (vertical) hierarchy. The first technique simply employs a table with one column for each potential level within an organization and one record for each leaf entity. The table is then populated horizontally either top down (head first) or bottom up (leaf first). It is often the case where some entities will not all have the same number of hierarchical levels as other entities (such as an employee table) and the horizontal approach will create a "ragged" alignment.

Vertical hierarchies, because of their abstract nature, are more powerful and can replicate any hierarchy that meets the just-mentioned assumptions. They are, however, much more difficult to maintain, query and use for reporting. A vertical hierarchy simply defines a parent-child relationship between two entities. To determine the full ancestry of a given entity, you must recursively find the parent of a parent until there is no parent. Conversely, to find all descendants of an entity, you must recursively find all children of all children until there are no children. For database management systems that have recursive capabilities, this is relatively easy; for those that do not, it is not so easy.

A more robust form of the vertical hierarchy goes beyond parent-child and links all ancestors while providing a relative distance between the two. For example, in a simple parent-child structure where Mike's parent is John, Chad's parent is John, John's parent is Robert and Robert has no parent, four records would be created. In a robust vertical hierarchy that fully links all ancestors, two additional records would be added showing a relationship between Mike and Robert, and Chad and Robert both with a relative distance of two. This expanded technique, while unnecessary, greatly eases reporting and eliminates the need to recursively traverse the hierarchy.

An additional consideration for all hierarchical relationships is a time factor. You want to be able to show how a relationship looks not only now, but also in the past and possibly in the future. To accomplish this, simply add a start time and an end time to each record. The start time becomes part of the key, but should not be included as part of the reference or foreign key for parents in vertical hierarchies. End times are only populated when relationships cease to exist or are replaced by new relationships. If you want to do an end-of-year report at the division level that includes all that were open any time during the year, you simply need to find the alignment where the end date is between January 1 and December 31 or the start date is before December 31 and the end date is blank.

Both hierarchical techniques have their uses within data warehouses and data marts. For relationships that have well-defined levels that all organizational entities fall within, the horizontal hierarchy is by far the easiest to implement and understand, but may create significant challenges if your assumptions change. For hierarchies that are variable in depth, a vertical approach should be taken. At Rent-A-Center, we maintain five different pure parent-child hierarchies within the data warehouse. This technique was chosen because of its capability to adapt to almost any operational change despite promises that "this will never change" (it has), it is the easiest for us to maintain and because it ultimately consumes the least amount of storage. Within the data marts, these hierarchies are transformed into horizontal and robust vertical hierarchies, depending upon the needs of the reporting tool and user community.



William McKnight has architected and directed the development of several of the largest and most successful business intelligence programs in the world and has experience with more than 50 business intelligence programs. He is senior vice president, Information Management, for Conversion Services International, Inc. (CSI), a leading provider of a new category of professional services focusing on strategic consulting, data warehousing, business intelligence and information technology management solutions. McKnight is a Southwest Entrepreneur of the Year Finalist, keynote speaker, an international speaker, a best practices judge, widely quoted on BI issues in the press, an expert witness, master's level instructor, author of the Reviewnet competency exams for data warehousing and has authored more than 80 articles and white papers. He is the business intelligence expert at www.searchcrm.com. McKnight is a former Information Technology vice president of a Best Practices Business Intelligence Program and holds an MBA from Santa Clara University. He may be reached at (214) 514-1444 or wmcknight@csiwhq.com.
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