
CHAPTER 15

DATABASE DESIGN USING 

THE REA DATA MODEL

INTRODUCTION

· Questions to be addressed in this chapter include:

· What steps are followed to design and implement a database system?

· How is the REA data model used to design an AIS database?

· How is an entity-relationship (E-R) diagram of an AIS database drawn?

· How are E-R diagrams read, and what do they reveal about the business activities and policies of the organization being modeled?

· Steps in database design include the following:

· Planning—determining need and feasibility.

· Requirements analysis—identifying specific user needs; defining scope; making preliminary hardware and software decisions.

· Design—developing schemas.

· Coding—translating internal-level schema into database structures.

· Implementation—transferring data from old to new system; testing; training employees.

· Operation and maintenance—using and monitoring.

· Eventually, changes in business strategy and practices or new IT developments lead to the need for a new system and the process starts over.

· Accountants can and should participate in all stages of the database design process.  But they provide the greatest value by taking responsibility for data modeling—the process of defining a database to faithfully represent all aspects of the organization, including interactions with the external environment.

· Two important tools to facilitate data modeling include:

· Entity-relationship diagramming

· REA data model

ENTITY RELATIONSHIP DIAGRAMS

· An entity-relationship (E-R) diagram is a graphical technique for portraying a database schema.  It shows the various entities being modeled and the important relationships among them.

· An entity is anything about which the organization wants to collect and store information.  In a relational database, separate tables would be created to store information about each distinct entity.  In an object-oriented database, separate classes would be created for each distinct entity.

· In an E-R diagram, entities are depicted as rectangles.  But there are no industry standards for other aspects of these diagrams.  In this book, lines are drawn to represent relationships between entities, and the attributes of each entity are listed in a separate table.

· In addition to their use in designing databases, E-R diagrams can be used to document and understand existing databases or re-engineer business processes.  In this chapter, we’ll use E-R diagrams for designing new databases and understanding existing ones.

THE REA DATA MODEL

· The REA data model was developed specifically for use in designing accounting information systems.  It focuses on business semantics underlying an organization’s value chain activities.  It provides guidance for identifying the entities to be included in a database and structuring the relationships among the entities.

· REA data models are usually depicted in the form of E-R diagrams.  Therefore, we refer to E-R diagrams developed with the REA model as REA diagrams.

· The REA data model is so named because it classifies entities into three distinct categories:  resources that the organization acquires and uses; events in which the organization engages; and agents participating in these events.
· The REA data model prescribes a basic pattern for how the three types of entities (resources, events, and agents) should relate to one another.

· Rule 1:  Each event is linked to at least one resource that it affects.

· Rule 2:  Each event is linked to at least one other event.

· Rule 3:  Each event is linked to at least two agents.

· Let’s take a closer look at each of these rules.

· Rule 1:  Every event entity must be linked to at least one resource entity.  Some events affect the quantity of a resource.  If they increase the quantity of a resource, they are called a “get” event.  If they decrease the quantity of a resource they are called a “give” event.  Relationships that affect the quantity of a resource are sometimes referred to as stockflow relationships.  But some events do not directly alter the quantity of a resource.  If a customer orders goods but has not paid and has not received goods, this activity is called a commitment event.  Organizations track the effects of commitments to provide better service and for planning purposes.

· Rule 2:  Every event entity must be linked to at least one other event entity.  Give and get events are linked together in what is labeled an economic duality relationship.  These relationships reflect the basic business principle that organizations engage in activities that use up resources in hopes of acquiring other resources in exchange.  Each accounting cycle can be described in terms of give-to-get economic duality relationships.

· Revenue cycle:  Sell goods or services and get cash.

· Expenditure cycle:  Buy goods or services and pay cash.

· Production cycle:  Use raw materials, labor, and machinery and equipment time; get finished goods.

· Human Resources/Payroll Cycle:  Get labor; give cash.

· Financing Cycle:  Give cash; get cash.

· Not every relationship between two events represents a give-to-get economic duality.  Commitment events are linked to other events to reflect sequential cause-effect relationships.

· Rule 3:  Every event entity must be linked to at least two participating agents.  For accountability, organizations need to be able to track actions of employees.  They also need to monitor the status of commitments and exchanges with outside parties.  Therefore, each event links to at least two participating agents.

· For events that involve transactions with external parties, the internal agent is the employee responsible for the affected resource, and the external agent is the outside party to the transaction.  For internal events, such as transferring raw materials to the production floor, the internal agent is the employee who gives up responsibility or custody for the resource, and the external agent is the one who receives it.

· To design an REA diagram for an entire AIS, one would develop a model for each transaction cycle and then integrate the separate diagrams into an enterprise-wide model.  However, in this chapter, we focus on the individual transaction cycles.

· Developing an REA diagram for a specific transaction cycle consists of three steps:

· STEP ONE:  Identify the events about which management wants to collect information.

· STEP TWO:  Identify the resources affected by the events and the agents who participated.

· STEP THREE:  Determine the cardinalities of the relationships.

STEP ONE:  IDENTIFY RELEVANT EVENTS

· At a minimum, every REA model must include the two events that represent the basic give-to-get” economic exchange performed in that transaction cycle.  The give event reduces one of the organization’s resources.  The get event increases a resource.  There are usually other events that management is interested in planning, controlling, and monitoring.  These should be included in the model.

· Example:  Typical activities in the revenue cycle include:

· Take customer order (commitment event).

· Fill customer order (give event).

· Bill customer (involves an exchange of information but does not affect resources).

· Collect payment (get event).

· While accounts receivable is an asset for financial reporting purposes, it is not represented as a resource in an REA model.  It represents the difference between total sales to a customer and total cash collections from the customer.  The information to calculate an accounts receivable balance is already there because the sales and cash receipt information is captured.

· Events that pertain to “entering” data or “re-packaging” data in some way do not appear on the REA model.  They are not primarily value-chain activities.  What is modeled is the business event and the facts management wants to collect about the event, not the data entry process.

· In completing the first step of an REA diagram, the event entities are typically drawn from top to bottom in the sequence in which they normally occur.

STEP TWO:  IDENTIFY RESOURCES AND AGENTS

· In the revenue cycle, as an example, the “give” resource is inventory (or services), and the “get” resource is cash.

· The agents who participate in each event should also be identified.

· There will always be at least one internal agent (employee).

· In most cases, there will also be an external agent (e.g., customer or supplier) who participates.

STEP THREE:  DETERMINE THE CARDINALITIES OF THE RELATIONSHIPS

· The final step in an REA diagram for a transaction cycle is to add information about the relationship cardinalities.  A cardinality describes the nature of the relationship between two entities.  It indicates how many instances of one entity can be linked to a specific instance of another entity.  For example, the cardinality between the event Sales and the agent Customer answers the question: for each sale a company makes, how many customers are associated with that sale?

· There is no universal standard for diagramming cardinalities.  In this text, we adopt the graphical “crow’s feet” notation style because it is becoming increasingly popular and it is used by many software design tools.

· Using the crow’s feet notation: The symbol for zero is a circle:  O.  The symbol for one is a single stroke:  |.  The symbol for many is the crow’s foot.  

· There is typically a minimum and maximum cardinality for each entity participating in a relationship.  The minimum cardinality can be either 0 or 1.  In the relationship between sale and customer shown in the following diagram, the minimum cardinality symbol next to customer is the symbol for one, meaning that for every occurrence of a sale, there must be a minimum of one customer involved.  The minimum on the sale side is zero, meaning that for every customer, there is a minimum of zero sales (allows for a prospective customer to be included in the customer database).
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· The maximum cardinality can be either 1 or N (many).  On the customer side in the preceding figure, the maximum cardinality is 1, meaning that for every sale, there can be a maximum of one customer.  The maximum cardinality on the sale side is many (the crow’s foot), meaning that for every customer there can be many (more than one) sales.

· Three types of relationships are possible between entities.  Relationships depend on the maximum cardinality on each side of a relationship.  A one-to-one relationship (1:1) exists when the maximum cardinality for each entity in the relationship is 1.  A one-to-many (1:N) relationship exists when the maximum cardinality on one side is 1 and the maximum on the other side is many.  A many-to-many (M:N) relationship exists when the maximum on both sides is many.

· The choice of cardinalities is not arbitrary.  It reflects facts about the organization that are obtained during the requirements definition stage of the database design process.

· The relationship between events and agents is typically (1:N):  For example, when a sale occurs, there is usually one and only one customer.  Also, there is usually one and only one salesperson, which makes it more feasible for the organization to establish employee accountability for the event.

· In the cardinality between agent and event, the minimum is typically 0, and the maximum is usually N.  For example, a salesperson could have a minimum of zero sales (allows for inclusion of a new salesperson who has not yet made any sales yet) and a maximum of many sales.  A customer would have a minimum of zero sales (to allow for the inclusion of prospective customers who haven’t bought anything yet) and a maximum of many sales.

· In the relationship between events and resources, the minimum cardinality between event and resource is typically one, because an event can’t occur without affecting at least one resource.  The maximum could be one or many.  For example, each sale can involve many items of inventory; but in many scenarios, every receipt of cash is deposited to one and only one cash account.

· In the cardinality between resource and event, the minimum is typically zero.  A company can have an inventory item for which there has never been a sale.  When the company’s cash account is new, there has never been a cash receipt deposited in it.

· In the cardinality between resource and event, the maximum is typically many.  Most inventory items can be sold many times.  (An exception might occur if each inventory item is one unique item, such as a piece of real estate.)  The company’s cash account can have many cash receipts.

· Finally, let’s look at the relationships between events.  When events occur in a sequence, the minimum cardinality between the first event and the second event is always zero, because there is a span of time (although possibly quite short) when the first event has occurred but there are zero occurrences of the second event.  For example, when an order is first taken, there have been no deliveries of goods (sale event) to the customer.

· The minimum cardinality between the second event and the first event is typically one, because the second event can’t occur without the first event having occurred.  An exception could arise if the first event is not required for the second event to occur.  For example, if a sale can be made without first taking an order, then the minimum cardinality between sale and take order could be zero.

· The maximums in the cardinalities between events can be either one or many, and these maximums vary based on business practices.

· Each organization will have its own unique REA diagram.  Business practices differ across companies, so cardinalities and relationships will differ.  A given organization can change business practices, leading to a change in its REA diagram.  A change in practice could cause a change in cardinalities or could even lead to the inclusion of different entities on the diagram.

· Data modeling can be complex and repetitive.  Data modelers must discuss their drafts of models with intended users to ensure that key dimensions are not omitted or misunderstood and that terminology is consistent.

SUMMARY OF MATERIAL COVERED

· The steps to follow in designing and implementing a database system.

· How the REA data model is used to design an AIS database and how an entity-relationship diagram of an AIS database is drawn.

· How to read REA diagrams and what they reveal about the activities and policies of the organization being modeled.

TEACHING TIPS

· Chapters 15 and 16 are probably more fun to teach than any other chapters in the textbook, but the students struggle with it.  The accounting majors have typically not been exposed to a similar process before, and the MIS majors want to skip it completely and develop databases using the third-normal form.  What is certain is that they must understand Chapter 15 if they are going to understand the ensuing chapters.

· Because the cardinalities are decidedly the most difficult concept for them to grasp, it is a good idea to query them about cardinalities that are likely to change with business circumstances.  Multiple choice questions 5, 7, 8, and 10 at the back of the chapter provide a good forum to help them get a handle on cardinalities before they draw their first diagrams.

· Students should be assigned several diagrams to create on their own, and plenty of class time should be allowed to go over the completed assignments.
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