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Chapter 3
Modeling Data in the Organization

Chapter Objectives

The purpose of this chapter is to present a detailed description of the entity-relationship model and the use of this tool within the context of conceptual data modeling.  This chapter presents the basic entity-relationship (or E-R) model, while advanced features are presented in Chapter 4.  


Specific student learning objectives are included in the beginning of the chapter.  From an instructor’s point of view, the objectives of this chapter are to:
1.
Emphasize the importance of understanding organizational data, and to convince your students that unless they can represent data unambiguously in logical terms, they cannot implement a database that will effectively serve the needs of management.

2.
Present the E-R model as a logical data model that can be used to capture the structure and much (although not all) of the semantics (or meaning) of data.

3.
Apply E-R modeling concepts to several practical examples including the Pine Valley Furniture Company case.

Classroom Ideas
1.
Review the major steps in the database development process (Figure 2-5).  Lead a discussion concerning who in the organization is typically most heavily involved in each of the steps, and how end users may best participate in the process.

2.
Use the sample E-R diagram shown in Figure 3-1 to “jump-start” your students’ understanding.  Ask your students to explain the business rules represented in this diagram.

3.
Use Figure 3-2 to summarize the basic E-R notation used in this chapter (and throughout the remainder of the text).

4.
Contrast the terms, entity type and entity instance (see Figure 3-3).  Discuss other examples: STUDENT (with each student in the classroom as an instance), etc. Warn the students that the term ‘entity’ is often used either way, with the meaning intended to come from the context in which it is used.

5.
Give examples of common errors in E-R diagramming, including inappropriate entities (see Figure 3-4).  Ask your students for other examples.

6.
Compare strong versus weak entities, using Figure 3-5.  Ask your students for other examples.

7.
Discuss the various types of attributes that are commonly encountered (Figures 3-7 through 3-9).  Again, ask your students to think of other examples.

8.
Make sure your students understand the difference between relationship types and relationship instances (Figures 3-10 and 3-11).

9.
Introduce the notion of an associative entity by using Figure 3-11.  Discuss the three reasons (presented in the text) for converting a relationship to an associative entity.

10.
Discuss unary, binary, and ternary relationships (Figure 3-12).  Have the students brainstorm at least two additional examples for each of these relationship degrees.

11.
Discuss the bill-of-materials unary relationship (Figure 3-13).  Use a simple and familiar product (such as a toy) to illustrate this structure.

12.
Introduce the concept and notation of cardinalities in relationships (Figures 3-15, 3-16, and 3-17).  Emphasize that these constraints are important expressions of business rules.

13.
Introduce the problem of representing time dependencies data.  Use Figure 3-19 to illustrate different means of coping with time dependencies.

14.
Discuss examples of multiple relationships between entities (Figure 3-21).  Ask your students to suggest other examples.

15.
Use the diagram for Pine Valley Furniture Company (Figure 3-22) to illustrate a more comprehensive E-R diagram.  Stress that in real-world situations, E-R diagrams are often much more complex than this example.

16.
As time permits, have your students work in small teams (2 or 3 students each) to solve some of the E-R diagramming exercises at the end of the chapter.  We have included a number of new examples for this purpose.  Also, you may assign the project case as a homework exercise.

Answers to Review Questions
1.
Define each of the following terms:

a. Entity type.  A collection of entities that share common properties or characteristics.

b. Entity-relationship model.  A logical representation of the data for an organization or for a business area.

c. Entity instance.  A single occurrence of an entity type.

d. Attribute.  A property or characteristic of an entity type that is of interest to the organization.

e. Relationship type.  A meaningful association between (or among) entity types.

f. Identifier.  An attribute (or combination of attributes) that uniquely identifies individual instances of an entity type.

g. Multivalued attribute.  An attribute that may take on more than one value for a given entity instance.

h. Associative entity.  An entity type that associates the instances of one or more entity types and contains attributes that are peculiar to the relationship between those entity instances.

i. Cardinality constraint.  Specifies the number of instances of one entity that can (or must) be associated with each instance of another entity.

j. Weak entity.  An entity type whose existence depends on some other entity type.

k. Identifying relationships.  The relationship between a weak entity type and its owner.

l. Derived attribute.  An attribute whose values can be calculated from related attribute values.

m. Multivalued attribute: see g

n. Business rule: a statement that defines or constrains some aspect of the business.
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3.
Contrast the following terms:

a. Stored attribute; derived attribute.  A stored attribute is one whose values are stored in the database, while a derived attribute is one whose values can be calculated or derived from related stored attributes.

b. Entity type; entity instance.  An entity type is a collection of entities that share common properties or instances, while an entity instance is a single occurrence of an entity type.

c. Simple attribute; composite attribute.  A simple attribute is an attribute that cannot be broken down into smaller components, while a composite attribute can be broken down into component parts.

d. Entity type; relationship type.  An entity type is a collection of entities that share common properties or characteristics, while a relationship type is a meaningful association between (or among) entity types.

e. Strong entity type; weak entity type.  A strong entity type is an entity that exists independently of other entity types, while a weak entity type is an entity type whose existence depends on some other entity type.

f. Degree; cardinality.  The degree (of a relationship) is the number of entity types that participate in that relationship, while cardinality is a constraint on the number of instances of one entity that can (or must) be associated with each instance of another entity.

4.
Three reasons why data modeling is the most important part of the system development process:

a. The characteristics of data captured during data modeling are crucial in the design of databases, programs, and other system components.  Facts and rules that are captured during this process are essential in assuring data integrity in an information system.

b. Data rather than processes are the most important aspects of many modern information systems and hence require a central role in structuring system requirements.

c. Data tend to be more stable than the business processes that use the data.  Thus an information system that is based on a data orientation should have a longer useful life than one based on a process orientation.

5. Four reasons why a business rules approach is advocated as a new paradigm for specifying information systems requirements:

a. Business rules are a core concept in an enterprise since they are an expression of business policy and guide individual and aggregate behavior.  Well-structured business rules can be stated in a natural language for end users and in a data model for system developers.

b. Business rules can be expressed in terms that are familiar to end users.  Thus users can define and then maintain their own rules.

c. Business rules are highly maintainable.  They are stored in a central repository and each rule is expressed only once, then shared throughout the organization.

d. Enforcement of business rules can be automated through the use of software that can interpret the rules and enforce them using the integrity mechanisms of the database management system.

6. Explain where you can find business rules in an organization:

Business rules appear in descriptions of business functions, events, policies, units, stakeholders, and other objects.   These descriptions can be found in interview notes from individual and group information systems requirements collection sessions, organizational documents, and other sources.  Rules are identified by asking questions about the who, what, when, where, why, and how of the organization.

7. State six general guidelines for naming data objects in a data model:

a. Data names should relate to business, not technical characteristics.

b. Data names should be meaningful, almost to the point of being self-documenting.

c. Data names should be unique from the name used for every other distinct data object.

d. Data names should be readable, so the name is structured as the concept would most naturally be said.

e. Data names should be composed of words taken from an approved list.

f. Data names should be repeatable, meaning that different people or the same person at different times should develop exactly or almost the same name.

8.
Four criteria for selecting identifiers for entities:

a.
Choose an identifier that will not change its value over the life of each instance of the entity type.

b.
Choose an identifier such that for each instance of the entity the attribute is guaranteed to have valid values and not be null (or unknown).

c.
Avoid the use of so-called intelligent identifiers (or keys), whose structure indicates classifications, locations, and so on.

d.
Consider substituting single-attribute surrogate identifiers for large composite identifiers.

9.
Three conditions that suggest the designer model a relationship as an associative entity type:

a. All of the relationships for the participating entity types are “many” relationships.

b. The resulting associative entity type has independent meaning to end users, and preferably can be identified with a single-attribute identifier.

c. The associative entity has one or more attributes, in addition to the identifier.

10.  Four types of cardinality constraints:

a. Optional one:
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b.
Mandatory one:


c.
Optional many:


d.
Mandatory many:


11.



12.
The degree of a relationship is the number of entity types that participate in the relationship.

a. Unary (one entity type):


b. Binary (two entity types):


c. Ternary (three entity types):


13.
Attribute examples:

a.
Derived – distance (rate x time)

b.
Multivalued – spoken language

c.
Composite – flight ID (flight number + date)

14.
Examples of relationships:

a. Ternary


b. Unary


15. Give an example of the use of effective dates as attributes of an entity:
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16. State a rule that says when to extract an attribute from one entity type and place it in a linked entity type:

When the attribute is the identifier or some other characteristic of an entity type in the data model and multiple entity instances need to share these same attributes.

Answers to Problems and Exercises
1. A term is a word or phrase that has a specific meaning for a business.  An example of a term might be course.  A fact is an association between two or more terms.  An example of a fact is the following (the terms are underlined):

A customer may request a model of car  from a rental branch  on a particular date.

2.
Analysis of Figure 3-21:

a. Entities PRODUCT, PRODUCT LINE; relationship Includes.

b. Entities CUSTOMER, ORDER; relationship Subunits.

c. Entities ORDER, PRODUCT; associative entity ORDER LINE.

d. Entities CUSTOMER, SALES TERRITORY; Does-business-in.

e. Entities SALESPERSON, SALES TERRITORY; relationship Serves.

f. Entities PRODUCT, RAW MATERIAL; relationship Uses.

g. Entities RAW MATERIAL, VENDOR; relationship Supplies.

h. Entities WORK CENTER, PRODUCT; relationship Produces-in.

i. Entities EMPLOYEE, WORK CENTER; relationship Works-in.

j. Entity EMPLOYEE; relationship Supervises.

3.


a.



b.



c.



d.





e.


4.

5.


Notes:

1. Assume that Student_Name is the identifier.

2. Age cannot be calculated without date-of-birth.

6.





6. (note-- attributes are omitted to save space)


a.


b.


c.



d.
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9. Instructor assignment.

10. This is a good in-class exercise.

11.




































12.

13.



14.


15.

16.  

17. We have the following M:N relationships:


Does_business_in: between SALES_TERRITORY and CUSTOMER



This has no entities, therefore we should leave it as an M:N.


Uses: between PRODUCT and RAW MATERIALS



This has one entity, Goes_into_quantity.  It also may have independent



meaning, so we should convert this to an associative entity.  The 



segment of the E-R diagram would now look like the following:



Supplies: between RAW MATERIALS and VENDOR





Since there is an attribute on this entity and it can have independent




meaning, it might be a good candidate to convert to an associative entity.  




The segment of the E-R diagram would be revised as follows:




Produced_in: between WORK CENTER and PRODUCT:




Since there are no attributes on this relationship, it is best to leave as an 




M:N.







Works_in: between WORK CENTER and EMPLOYEE




Since there are no attributes on this relationship, it is best to leave as an 




M:N.


Suggestions for Field Exercises

1.  The intent of this exercise is to have your students gain some exposure to standards in the business world.  This is a good opportunity for your students to learn the benefits of enforcing naming standards, whether for E-R models or for programming code.  If standards do not exist in the organization, have your students come up with some guidelines for naming standards.  If standards do exist, your students should ask the database or systems analyst for an opportunity to review these standards to see if they are consistent and uniform.

2.  You may choose to use the same organizations for this field exercise that were used in Field Exercise 4 in Chapter 1, or instead choose different organizations. It is likely that some of your students may have contacts in suitable organizations. The main difference that students are likely to find in a manufacturing company (compared to a service company) is the complexity encountered in modeling a product structure (or bill of materials). This often results in a recursive unary relationship, which is described in this chapter. 
3.  This field exercise can be performed in conjunction with Exercise 2 above. Most organizations will probably have examples of each of these types of relationships. Be on the alert to discover ternary relationships that are mistakenly modeled as multiple binary relationships.
4.  This field exercise can be combined with Exercise 3 above. It is quite likely the organization will be using E-R notations that are different from the text, but students should be able accommodate different notations with some explanation.
5.  We suggest you combine this with Exercise 4 (and perhaps Exercise 3) above. If time-dependent data is apparent in the models, you might ask (for example) how the organization tracks customer sales over time.

Project Case
Project Questions
1. Mountain View Community Hospital would want to use E-R modeling to understand its data requirements because this approach will result in capturing the business rules that are required to maintain data integrity (see the answer to Review Question #3 above for a more detail statement of reasons).  The hospital might also want to model their requirements using the object-oriented model (see Chapter 5).

2. No, there are no obvious weak entities.  TREATMENT is the most likely candidate for a weak entity.  However, TREATMENT has its own identifier (Treatement_ID, a composite attribute).  Hence, we assume that this entity has an independent existence.

3. At this stage in our understanding of E-R diagram, we simply diagram the relationship (called Is_assigned) between PATIENT and BED as an optional 0-1 relationship.  In Chapter 4 we will learn how to model the subtypes of PATIENT (IN PATIENT and OUT PATIENT) and then create a mandatory relationship between IN PATIENT and BED.

4. No.  Mountain View Community Hospital is an instance of the entity type HOSPITAL.  Since there is only one instance, there is no need to model the HOSPITAL entity type.

Project Exercises

1. Some other questions we might like to ask are the following:

a. Should we model pharmaceutical items separately from ITEM, since such items are prescribed by a physician for a patient?

b. Is there a need to maintain a historical record of a patient’s relationship with the hospital?  If so, how can this be modeled in the E-R diagram?

c. Need we model the various subtypes of EMPLOYEE (nurses, staff, physicians, etc.)?

d. Is there a need to model the relationship with other persons such as volunteers and donors?

You should ask your students to develop additional questions to ask.




2. No.  The entity type ITEM has a Unit-Cost attribute, but has no provision to represent a unit cost per day which would be required for items such as in-room TVs.


5. 

6.
Yes. Any combination of patient and treatment has multiple physicians who perform that treatment.

7.
Yes. The model records the date, time, and results for each treatment occurrence performed by a physician on behalf of a patient.
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