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Chapter 3   –   The Entity-Relationship Model

Chapter 3

The Entity-Relationship Model

Answers to Group I Questions

3.1
Define entity and give an example.
An entity is something of importance to the user.  Something the user wants to track.  VEHICLE.

3.2
Explain the difference between an entity class and an entity instance.
An entity class is a group of entities of the same type, i.e. VEHICLE.  An entity instance is a particular entity, i.e. VEHICLE 12345.

3.3
Define attribute and give examples for the entity you described in Question 3.1.
An item that describes a characteristic of the entity.  VehicleSerialNumber, VehicleType, VehicleLicenseNumber are attributes of VEHICLE.

3.4
Explain what a composite attribute is and give an example.
An attribute that contains several types of sub-attributes.  VehicleOwner could be the composite {FirstName, MiddleInitial, LastName}.

3.5
Which attribute defined in your answer to Question 3.3 identifies the entity?
VehicleSerialNumber.

3.6
Define relationship and give an example.

An association among entities.  VEHICLE has a relationship with OWNER.

3.7
Explain the difference between a relationship class and a relationship instance.

A relationship class is an association among entity classes; a relationship instance is an association among entity instances.

3.8
Define degree of relationship. Give an example, other than the one in this text, of a relationship greater than degree 2.

Degree is the number of entities that participate in a relationship.  The relationship ASSIGNMENT associates a CLIENT with an ATTORNEY with a TASK.

3.9 List and give an example of the three types of binary relationships. Draw an E-R diagram for each.

1:1, ATTORNEY to COMPUTER


1:N, VEHICLE to REPAIR


N:M, VEHICLE to OWNER


The diagrams look just like Figure 3-3 a, b, and c, respectively.

3.10
Define the terms maximum cardinality and minimum cardinality.

Maximum cardinality is the maximum number of instances of an entity that can participate in an instance of a relationship.  Minimum is the least number of instances of an entity that can participate in an instance of a relationship.

3.11
Name and sketch the symbols used in entity-relationship diagrams for (a) entity, (b) relationship, (c) weak entity and its relationship, (d) recursive relationship, and (e) subtype entity.

(a) Rectangle, (b) diamond, (c) rounded-corner rectangle and rounded-corner diamond, (d) line with diamond back to entity, (e) entity with existence symbol.

3.12
Give an example E-R diagram for the entities DEPARTMENT and EMPLOYEE, which have a 1:N relationship. Assume that a DEPARTMENT does not need to have any EMPLOYEE but that every EMPLOYEE does have a DEPARTMENT.
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3.13 Give an example of a recursive relationship and show it in an E-R diagram.

Maps that refer to each other.  Say, for example, a map of the world has references to a map of the continents.  A map of the continents has references to maps of countries.  A map of a country has references to maps of state/provinces.  A map of state/provinces has references to maps of cities.  This is 1:N recursion of the entity MAP.
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3.14
Show example attributes for DEPARTMENT and EMPLOYEE (from Question 3.12).  Use UML-style symbols.
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3.15
Define the term weak entity and give an example other than the one in this text.

In this text, any entity that is logically dependent on another entity.  See also question.  For the Audubon Society, A BIRD-OBSERVATION is a weak-entity on a BIRD.

3.16 Explain the ambiguity in the definition of the term weak entity. Explain how the text interprets this term. Give examples, other than those in the text, of each type of weak entity.

Definition depends on the source.  Some say any entity whose presence depends on the presence of another entity in the database; hence any entity in a relationship having a minimum cardinality greater than or equal to one.  Others say only ID-Dependent entities.  The text says any entity that is logically dependent on another entity.

3.17 Define the term ID-dependent entity and give an example other than one in the text. 

An ID-dependent entity is one whose identifier contains the identifier of another entity.  The entity WEIGHT-MEASURE, with identifier (PersonNumber, Date), where PersonNumber is the identifier of another entity named PERSON.

3.18
Show how to use a weak entity to represent the multi-value attribute Skill in an EMPLOYEE entity. Indicate both the maximum and minimum cardinalities on both sides of the relationship. Use traditional symbols.
Define an entity EMPLOYEE and an entity SKILL.  Let SKILL have the sole attribute SkillName.  The relationship from EMPLOYEE to SKILL is 1:N; a SKILL is required to have an EMPLOYEE, and in fact is a weak entity on EMPLOYEE.  An EMPLOYEE may or may not be required to have a SKILL depending on the users’ requirements.
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3.19
Show how to use a weak entity to represent the multi-value composite attribute Phone that contains the single-value attributes AreaCode, PhoneNumber. Assume Phone appears in an entity called SALESPERSON.  Indicate both the maximum and minimum cardinalities on both sides of the relationship. Use UML-style symbols.

Define entities SALESPERSON and PHONE.  Let PHONE have the attributes AreaCode, PhoneNumber.  The relationship from SALESPERSON to PHONE is 1:N.  A PHONE is required to have a SALESPERSON, but a SALESPERSON may or may not be required to have a PHONE, depending on the users’ requirements.
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3.20
Describe subtype entities and give an example other than those in this text.

A subtype entity is a special variety of a supertype entity.  Consider the supertype ARTIST with properties SocialNecurityNumber, FName, LName, NetWorth and subtype MUSICIAN with properties SocialSecurityNumber, Instrument, YearsExperience and subtype PAINTER with properties SocialSecurityNumber, PreferredMedium, PaintingStyle.

3.21
Explain the term inheritance and show how it applies to your answer to Question 3.20.

Subtype entities take on the properties of the supertype.  In question 3.20, both PAINTER and MUSICIAN inherit the properties of ARTIST.

3.22
Explain the difference between a HAS-A relationship and an IS-A relationship, and give an example of each.

A HAS-A relationship is an association among entities of different logical types.  A DEPARTMENT HAS-A relationship(s) with EMPLOYEE.  An IS-A relationships is an association among entities of the same logical type.  PAINTER IS-A ARTIST, and MUSICIAN IS-A ARTIST.

3.23
How are business rules treated in an E-R model? 

Business rules are limitations on data modification activity.  Other than minimum and maximum cardinality, they are documented apart from entity-relationship diagrams as part of the systems requirements.

3.24 Describe why it is important to evaluate a data model once it has been created. Summarize one technique for evaluating a data model, and explain how that technique could be used to evaluate the data model in Figure 3-21.

Changes are much cheaper at the data model stage than at later stages.  Data modeling is artistic, difficulty, and risky.  Construct prototypes that show implications of data model decisions.  Ask users if prototypes seem correct.  Change data model (and prototype) if not, and ask again.

Answers to Group II Questions

3.25 Change the E-R diagram in Figure 3-19 to include an entity LESSON. Let PRIVATE-LESSON and GROUP-LESSON be subtypes of LESSON. Modify the relationships as necessary. Use traditional symbols.
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3.26
Change the E-R diagram in Figure 3-19 to exclude TEACHER. Modify the relationships as necessary. Use UML-style symbols.
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Note that there is no way to make PRIVATE-LESSON existence dependent on two entities at the same time.  Hence, PRIVATE-LESSON is modeled as a strong entity.

3.27 Which of the models in Figure 3-19 and in your answers to Questions 3.25 and 3.26 do you prefer? Explain the reason for your preference. 

I don’t like either of them.  In 3.25, the LESSON supertype adds nothing to the design; the relationships still must arise from the subtype because one of them is weak; also the cardinalities are different.  In 3.26, all of the mandatory relationships that were out of TEACHER had to be made optional.  If not, the design would imply, for example, that both a FULL-TIME and PART-TIME TEACHER are required to be at a DANCE.  One of the two of them are required, but not both.  Hence the model was better with the TEACHER supertype.  This is a great example, by the way, of the utility of supertypes.  A teacher (of some type) is required at a DANCE.  Without the supertype, there is no way to show this constraint.

3.28
Change the E-R diagram in Figure 3-21 to include subtypes of equipment. Assume that the equipment owned by San Juan Charters pertains to LEASE and that other equipment pertains to BOAT. Model the differences between the BOAT-related EQUIPMENT that is fixed on the boats and the BOAT-related EQUIPMENT that is not fixed. What benefits does the added complexity of this model bring?
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The only significant advantage of this design is that FIXED BOAT EQUIPMENT is required to have a relationship to BOAT. It is tempting to say that this design allows the users to discriminate between equipment owned by San Juan and that owned by the boat (and indirectly OWNER).  This distinction could more easily be made by creating an Owner attribute in EQUIPMENT in the design in Figure 3-16.  I don’t think this design is worth the trouble.

Answers to Projects

In these diagrams I have omitted relationship names because they clutter the diagram and add little to the discussion.

A. Develop an E-R diagram for a database to support the tracking needs of the following organization: The Metropolitan Housing Agency (MHA) is a nonprofit organization that advocates the development and improvement of low-income housing. The MHA operates in a metropolitan area of approximately 2.2 million people in a midwestern city.  

The MHA maintains data about the location, availability, and condition of low-income housing in 11 different census tracts in the metropolitan area. Within the boundaries of these tracts are approximately 250 different buildings that provide low-income housing. On average, each building contains 25 apartments or other units.  

The MHA keeps data about each census tract, including geographic boundaries, median income of the population, elected officials, principal businesses, principal investors involved in attributes in that tract, and other demographic and economic data. It also maintains a limited amount of data about crime. For each building, the MHA stores the name, address, size, owner(s)’s name and address, mortgagor(s)’s name and address, renovations and repairs, and availability of facilities for handicapped people. In addition, the MHA keeps a list of each of the units within each building, including the type of unit, size, number of bedrooms, number of baths, kitchen and dining facilities, location in the building, and any special remarks. The MHA would like to maintain data regarding the average occupancy rates for each unit, but, to date, it has been unable to collect or store such data. The MHA does, however, keep data about whether a given unit is occupied.  

The MHA serves as an information clearinghouse and offers three basic services.  First, it works with politicians, lobbyists, and advocacy groups to support legislation that encourages the development of low-income housing through tax incentives, developmental zoning preferences, and other legislative inducements.  To accomplish this, the MHA provides information about low-income housing to state, county, and city governments. Second, through speeches, seminars, displays at conventions, and other public relations activities, the MHA officials strive to raise the community’s consciousness about the need for low-income housing.  Finally, the MHA provides information about the availability of low-income housing to other agencies that work with the low-income and homeless populations.  
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This model assumes that ELECTED OFFICIAL only exists in the context of a census tract.  Also, it assumes that there is no need to track such officials independent of the tracks in which they have been elected.  If these assumptions are not made, then ELECTED OFFICIAL should not be a weak entity and the relationship between it and CENSUS TRACT should be N:M.  Similar comments pertain to BUSINESS; businesses are assumed to reside in a single census tract.

Attributes of the entities are as follows:

	ENTITY
	Attributes

	CENSUS TRACT
	TractName

Boundary Description

MedianIncome

CrimeData

	ELECTED OFFICIAL
	Name

	BUSINESS
	Name

	INVESTOR
	Name

AreaCode

PhoneNumber

FaxAreaCode

FaxPhoneNumber

Street

City

State

Zip

	BUILDING
	Name

Street

City

State

Zip

TotalSquareFootage

Renovation/Repair Desc

Handicap Facilities Desc


B. Access the Web site for a computer manufacturer such as Dell (www.dell.com).  Use the Web site to determine which laptop computer you would buy for a power user who has a budget of $10,000. As you use the Web site, think about the structure of a possible database of computer systems and subsystems to support this site. 

 Develop an E-R diagram of computer system and subsystem database for this Web site. Show all entities and relationships and at least two or three attributes per entity. Indicate minimum and maximum cardinalities for both sides of each relationship. Possible entities are BASE-SYSTEM, MEMORY-OPTION, VIDEO-CARD, and PRINTER. Of course there are many more possible entities. Model any multi-value attributes as shown in the text. Use subtypes where appropriate. To keep this project from exploding in size, constrain your design to the needs of someone who is making a purchase decision.
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	ENTITY
	Attributes

	BASE-SYSTEM
	ProductNumber

BrandName

Type

Description

Processor

BaseMemory

BasePrice

TotalPrice (computed on the fly, not stored?)

	DISK
	ProductNumber

BrandName

Type

Description

	PRINTER
	ProductNumber

BrandName

Type

Description

	SOFTWARE
	ProductNumber

BrandName

Type

Description

	ACCESSORY (including video cards)
	ProductNumber

BrandName

Type

Description

	OPERATING SYSTEM
	ProductNumber

BrandName

Type

Description

	MEMORY-OPTION
	ProductNumber

BrandName

Type

Description 

OptionPrice

	All N:M relationships
	OptionPrice


This model is straightforward except for three characteristics.  The first is modeling MEMORY-OPTION as a weak entity.  I did this for two reasons.  First, because one can argue that various memory options logically depend on the architecture of a particular computer.  This is the definition of a weak entity.  On the other hand, processor boards are standardized, and so this argument may not be appropriate.  This leads to the second reason:  to stimulate discussion among the students about the artistic nature of data modeling and to drive home the point that the answer lies in the minds of the marketing department at Dell.  No amount of arguing that my students and I do will ever generate the correct answer.  The correct answer is at Dell!  We need to develop a plausible data model (or several) and check it out with the users.

The second unusual characteristic is to give all N:M relationships the attribute OptionPrice.  One can argue that a better design uses weak entities to represent the OptionPrice.  The database design that results is the same, so perhaps it doesn’t matter.

Third, I chose not to model VIDEO-CARD as a separate entity, but instead included it with ACCESSORY.  This is arbitrary on my part; again, the answer depends on how Dell’s marketing department wants to show their options.  My guess is that if they make a good margin on video cards, they would show them as a separate category; if not, they’re probably just an accessory.  One message to the students is that business needs drive database design. 

Finally, note that this model requires computers to have a disk, memory, and an operating system.  This, too, may or may not be correct depending on how they view things at Dell.

As an aside, ProductNumber, BrandName, Type, and Description are shared by all entities.  This suggest that they might all be subtypes of a generic entity PRODUCT. While this is true, I do not think anything is gained by modeling it that way.


C. Access the Web site for a bookseller such as Amazon (www.amazon.com). Use the Web site to determine the three best books on XML (Extended Markup Language) for someone who is just learning that subject. As you use the Web site, think about the structure of a possible database of books, authors, subjects, and related topics.  

Develop an E-R diagram of a book database for this for this Web site. Show all entities and relationships and at least two or three attributes per entity. Indicate minimum and maximum cardinalities for both sides of each relationship. Possible entities are TITLE, AUTHOR, PUBLISHER, COPY, and SUBJECT. Of course there are many more possible entities. Model any multi-value attributes as shown in the text. Use subtypes where appropriate. To keep this project from exploding in size, assume that only books are to be tracked. Further, constrain your design to the needs of someone who is looking for books to purchase. Do not consider customer ordering, order fulfillment, purchase ordering, and other such business processes.
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	ENTITY
	Attributes

	TITLE
	ISBN

Title

PublicationDate

QuantityOnHand

PublisherPrice

OurPrice

	AUTHOR
	FirstName

Middle Initial

LastName

	SUBJECT
	Name

Description

	PUBLISHER
	Name

PhoneAreaCode

PhoneLocalNumber

FaxAreaCode

FaxLocalNumber

Street

City

State

Zip

Email

GrossMargin

	KEYWORDS
	Keyword


This is a very straightforward design.  For the purposes of locating a title, there is no need to include COPY; QuantityOnHand will show how many are available in stock.  Name of author is separated into three parts to ease searching.  The recursive relationship on TITLE is intended to support the “Readers who bought this title, also bought . . .”  I omitted the reviews portion of the Amazon Web site because I didn’t think it was relevant to finding a book.  One could persuasively argue that this is wrong, however, because reading what others said helps to select among possibilities.  If reviews are included, they would have a 1:N relationship to TITLE.  I would not add another entity for REVIEWER because they are normally anonymous.  REVIEW might have an optional 1:N relationship to AUTHOR and an optional 1:1 relationship to PUBLISHER, if author and publisher reviews are to be represented.

I included GrossMargin in PUBLISHER to bring up the commercial nature of this Web site.  Amazon might want to sort the results of a user’s query on the basis of the margin they make.  This could be done in a gross way by sorting on the books from publishers that give the biggest discount or on a book-by-book basis computing the difference between cost and retail price (not shown in the model).  My guess is that if they do this, they do it on publishers discount — and think of the leverage such a strategy would give the book buyers.  Again, this is a dangerous Web site because it looks like the friendly, local librarian, but it is not.  When I ask a used car salesperson what car I should buy, I expect that his or her answer will be conditioned by margin and inventory and other factors.  There is no reason for Amazon to run its business any differently. 

Answers to FiredUp Project Questions

Consider the situation of FiredUp discussed at the end of Chapters 1 and 2. Assume that FiredUp has now developed a line of three different stoves: FiredNow, FiredAlways, and FiredAtCamp. Further, assume that the owners are selling spare parts for each of their stoves and that they also are making stove repairs. Some repairs are at no charge because they are within the stove warranty period; other repairs are made at a charge for parts only; and still others are made for parts and labor. FiredUp wants to keep track of all of these data. When asked for further details, the owners made the following list:

CUSTOMER: Name, StreetAddress, ApartmentNumber, City, State/Province,

Zip/PostalCode, Country, EmailAddress, PhoneNumber

STOVE: SerialNumber, Type, ManufactureDate, InspectorInitials

INVOICE: InvoiceNumber, Date, Customer, with a list of items and prices that

were sold, TotalPrice

REPAIR: RepairNumber, Customer, Stove Description, with a list of items that were used in the repair and the charge for them, if any, and TotalAmount of therepair

PART: Number, Description, Cost, SalesPrice

A. Create an entity-relationship diagram of a database for FiredUp. Set the minimum and maximum cardinality of the relationships among entities as you think is appropriate. Explain your rationale for each cardinality value. Use weak entities as you see appropriate. Do not use subtypes. Name any ID-dependent entities, if any.

In the following diagram, EmailAddress is used as the identifier of CUSTOMER; this is OK, but in my opinion, a surrogate key would be a better choice.  This topic is addressed in Chapter 6.  Also, both INV-LINE-ITEM and REP-LINE-ITEM are weak entities (as shown) and are also ID-dependent on INVOICE and REPAIR, respectively.

Note that no customer or stove attribute is necessary in INVOICE or REPAIR because that data will be obtained from CUSTOMER or STOVE entities via the relationship.  Cardinality values are obvious except that both INVOICE and REPAIR are required to have a CUSTOMER.  This means no cash sales, which may or may not be appropriate.  Also, a REPAIR is not required to have a STOVE, which means that some repairs are non-stove repairs.

Finally, the description from the owners implies that invoices are used to sell spare parts.  Is an invoice also used to sell a stove?  Most likely it is, so that three of the PART entity instances will be the three models of stoves.  Thus STOVE is a particular stove that has been sold and registered to a customer.  The three generic types of stove are three entity instances in PART.  These three entity instances are used to sell stoves using invoices.
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B. 
Modify your entity-relationship diagram in your answer to Question A by representing INVOICE and REPAIR with appropriate subtypes. Under what circumstances is this design better than the one in your answer to question A?

Define a supertype BILL that has attributes BillNumber and TotalDue.  Then define two subtypes INVOICE and REPAIR.  INVOICE has the attribute Date and no relationship to STOVE.  REPAIR has the attribute Description and a relationship to STOVE.

(More realistically, REPAIR will have Date as well as INVOICE, so the subtype INVOICE will have no attributes.  In that case, the INVOICE subtype could be deleted and BILL renamed to INVOICE.  REPAIR would then be a subtype of INVOICE.)

These designs, while good object programming models, don’t really add anything to the data model and I would not recommend them.  The only reason to use subtypes in a data model is to avoid value inappropriate nulls, in this case, a value inappropriate relationship to STOVE.  This just seems to hard a way to do that. 

C. 
Suppose that FiredUp wants to keep track of home, fax, and cell phone numbers as well as multiple e-mail addresses for each of their customers. Modify your E-R diagram to allow for multiple values of PhoneNumber and EmailAddress. 

The following diagram shows the definition of weak entities for multiple values of PhoneNumber and EmailAddress.  This change has an unfortunate side consequence, however.  CUSTOMER no longer has an obvious identifier.  Now we really do need a surrogate key!
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D. 
Suppose that FiredUp develops different versions of the same stove product.  Thus, they develop a FiredNow Version 1 and a FiredNow Version 2, and so on.  Modify your entity-relationship diagram from Question A, above, as necessary to account for this situation.

Just add a new attribute, Version, to the STOVE entity.

E. When asking users for the data they want to track, they will not necessarily remember everything they need. Using your knowledge of small business operations, make a list of entities that they may have forgotten. Show potential relationships among these entities in an E-R diagram. How would you go about determining if any of these additional data are needed at FiredUp?

Two additional entities that come to mind are EMPLOYEE and SUPPLIER.  EMPLOYEE could have a 1:N relationship to INVOICE as SALESPERSON, and it could also have a relationship to REPAIR as repairperson.  This latter relationship could be either 1:N or N:M.  SUPPLIER could have an N:M relationship to PART.

The only way to determine if these are needed is to ask the owners and employees of FiredUp.  Even if they say they need these changes, however, it would be a good idea to look further to see what use would be made of them.  The fact that the entities and relationships are accurate portrayals of the users’ model does not necessarily mean they should be in the database.  The question is, will there be forms or reports or queries that necessitate these entities and relationships?
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